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ABSTRACT

Das [1,2] studied robust second order rotatable designs (RSORD) and constructed second order rotatable designs with
correlated errors (SORDWCE) under the auto correlated structure using central composite design. In this paper, a new
method of construction of RSORD using balanced incomplete block designs (BIBD) is suggested. In this method the
number of design points required is in some cases less than the number required in Das [1,2] method of construction of
robust rotatable central composite designs (RRCCD). We may point out here that this RSORD using BIBD has 113
design points for 7-factors where as the corresponding RRCCD obtained by Rajyalakshmi and Victorbabu [3] needs
157 design points. Thus the new method leads to a 7-factor RSORD in less number of design points than the corre-

sponding RRCCD. Here we also obtained the variance of the estimated response for the factors 3 <v <8.

Keywords: Response Surface Designs; Rotatability; Second Order Rotatable Designs (SORD); Robust SORD;

Robustness; Balanced Incomplete Block Designs

1. Introduction

In response surface methodology, rotatability is a natural
and highly desirable property. This was introduced and
developed by Box and Hunter [4], assuming the errors to
be uncorrelated and homoscedastic. Das and Narasim-
ham [5], constructed second order rotatable designs (SORD)
through balanced incomplete block designs (BIBD). Pan-
da and Das [6] studied first order rotatable designs with
correlated errors. Further, Rajyalakshmi and Victorbabu
[3] extended the work of Das [1,2] and constructed
RRCCD for3<v<17.

In order to study the nature of robust rotatable designs,
rotatability conditions for second order regression de-
signs have been derived, assuming the errors to be corre-
lated. These conditions have been further studied under
different variance covariance structures of errors. Here
we derive conditions for rotatability for a general corre-
lated errors structure and specialize then to the auto-
correlated structure.
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In this paper, a new method of construction of RSORD
using BIBD is suggested and also obtained the variance
of the estimated response for factors 3 <v <8.

2. Conditions of SORDWCE

Assuming that the response surface is of second order,
we adopt the model:

ﬁ0+2ﬁx +Z Zﬁl/xm‘x/u—"_e (1)
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where Y is the vector of recorded observations on the

study variable y, f’s are the vector of regression coeffi-
cients, e, are random errors with correlated errors.

2.1. Conditions of Rotatability

The estimated response at x is given by
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The variance function in (3) will be a function of » x;
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Below are given equivalent conditions for rotatability

in second order regression designs with correlated errors
model (1) in terms of the elements of the moment matrix:
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2.2. Variance Function of SORDWCE

The estimated response at x is given by
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The variance function of a SORDWCE is given by
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which is a function of d* = x7

Note: When the errors are homoscedastic, (5) and (7)
reduce respectively to the usual second order rotatability
conditions, non-singularity condition and variance func-
tion.

2.3. Conditions for Exact Rotatability

Following (4), necessary and sufficient conditions for
second order rotatability under auto-correlated structure,
it is simplifies to
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known unless special efforts are made regarding choice

( ) Viar = wa Xju XX TP me X ju X of the underlying robust design. Towards this, tremen-
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The condition for non-singularity is given by, me x;, =constant = NA,,1<i# j<v;
2 a; )
V)* —+\{ f ——OJ >0 O] Using the above relations, for the newly constructed
¢ Voo design, we get the following:
2 1 M
where v, = {N—(N—2),0}/0' (1+p) and ;afa% in =constant = NA,,1<i<v

u=1

are as in (6). "
Note: The conditions for exact rotatability, as stipu- Zxé = constant =3NA,,1<i<v,
lated above, are hard to satisfy in practice since p is un-
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Z XX 2 =constant=NA,1<i# j<v  (11)

Thus, a design satisfying the conditions mentioned
above may be successfully utilized as a rotatable design
under violation of the homoscedasticity assumption sub-
ject to the covariance structure being of the type (condi-
tions of exact rotatability). Such a design is, therefore,
robust, where ¢, N, Ny, A,,A, are constants.

3. New Method of Construction of RSORD
Using Balanced Incomplete Block Design

Here we start with usual SORD using BIBD having “n”
non-central design points involving v-factors. The set of
n design points can be extended to (2rn + 1) points by
incorporating (n + 1) central points in the following way.

One central point is placed in between each pair of non-
central design points in the sequence, resulting thereby in
(n — 1) such central points. The other two central points
are placed one at the beginning and one at the end.

If the number of central points of the usual SORD with
which we started is greater than (n + 1), the remaining
central points are placed in any manner, if the number is
less, we need to include the requisite number of addi-
tional central points. Here we examine the non-singularity
for the original design and the newly constructed design.

Let N be the number of design points of the original
design (SORD) with which we started. Out of N, let n be
the number of non-central design points and m be the
number of central points i.e., N=n + m. In general m <n
+ 1, Let N; be the number of design points of the newly
constructed design, Where N; = 2n + 1 > N. For the
original design with which we started, the following are
the moment relations:

Let (v, b, r, k, 1) denote a BIBD. 2'®) denote a frac-
tional replicate of 2 in +1 levels, in which no interaction
with less than five factors is confounded and m be the
number of central points in the design.

The design points for the newly constructed design are
obtained as follows:

3.1. Method I: When r < 3.

Here, N=b2""42v+m=n+m and N, =
n= b2’(k )4 2v.

From the design points generated from the BIBD,
simple symmetry conditions (10) and (11) are true. Con-
ditions (10) are true obviously. Conditions (11) are true
as follows:

2n + 1, where
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Using the above relations, for the newly constructed
design, we get the following:

me =2 120 = NA,,
me 94 2a* =3N4,,
me 2 =22W =Ny, (12)

The results are given in Table 1.

3.2. Method II: When r =34
Here, N=5b2"" +m =n+mand N, =2n + 1, where n=
b2'®

From the design points generated from the BIBD sim-
ple symmetry conditions (10) and (11) are true. Condi-
tions (10) are true obviously. Conditions (11) are true as
follows:

X =2 =3N4,,

u=1

N
Z Lu ju 12 ) 14’
u=l

Using the above relations, for the newly constructed
design, we get the following:

S o o)
me =r2" =NA4,,
u=l1

Zx =k

u=1

=3NA,,

me X, = =N, (13)
The results are given in Table 2.

3.3. Method III: When r > 34

Here, N=b2"" 42 4m =n+mand N, =2n + 1,
Where n= 52" 42/

From the design points generated from the BIBD sim-
ple symmetry conditions (10) and (11) are true. Condi-
tions (10) are true obviously. Conditions (11) are true as
follows:

N

Zx; =r2'®

u=1

+2'Va’ = N4,
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Table 1. Variance of the estimated response for the factors 3 <v <8, when r <34.

43

(%)
(v=3,b=3,r=2,k=2,A=1)
N =37,N=24,n=18,m=6

V(%)
(v=4,b=4r=3k=3,1=2)
N =81,N=48,n=40,m=8

(%)
(v=5b=5r=4k=41=3)
N, =181, N=100,n=90, m = 10

0.9
0.8
0.7
-0.6
0.5
-0.4
0.3
—0.2
0.1

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

-0.9
-0.8
-0.7
-0.6
0.5
0.4
0.3
0.2
0.1

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

0
0.05500” — 0.10926°d* + 0.07476°d"
0.08250* — 0.15626°d* + 0.11645°d"
0.08620 — 0.14966°d* + 0.12945°d"
0.0799¢* — 0.11966°d* + 0.13026°d"
0.07150% — 0.08416°d* + 0.12800°d"
0.06406° — 0.05036°4* + 0.01266°d"
0.05820 — 0.02066°d* + 0.12426°d"
0.054206 + 0.00406%d” + 0.1228c°d"
0.05200” + 0.02300%d” + 0.12005°d"
0.05150% + 0.03656°d + 0.11526°d"
0.05296” + 0.04466°d* + 0.10800°d"*
0.05620° + 0.0478c%d” + 0.09860°d"
0.06200” + 0.04696%d” + 0.08726°d"
0.07100* + 0.04306%d” + 0.0744c°d"
0.08466 + 0.03716%d + 0.06105°d"
0.10550% + 0.03006%d” + 0.04756°d"*
0.139606 + 0.02256%d" + 0.0344c°d"*
0.20196° + 0.01496%d” + 0.02200°d"
0.34616° + 0.00765°d* + 0.01056°d"

0

46)
(v=6,b=10,r=5k=3,1=2)
Ny =185, N=104,n=92, m=12

0
0.01776* — 0.02186°4* + 0.01126°d"
0.02340” — 0.02686°d* + 0.0168c°d"*
0.02180° — 0.02136°4* + 0.01916°d"
0.0188c° — 0.01350°@* + 0.02076°d"
0.0159¢* — 0.00616°d* + 0.02265°d"
0.01380” + 0.0004c°d” + 0.02456°d"
0.0123c6 + 0.00596%d” + 0.02636°d"
0.01136% + 0.01026%d + 0.0278c°d"
0.01080” + 0.0134c%d” + 0.02860°d"
0.01066 + 0.0154c%d" + 0.02860°d"
0.01096° + 0.01636%d” + 0.0276°d"
0.01166° + 0.01616%d" + 0.0258c°d"
0.01280* + 0.01506%d + 0.02316°d"
0.01480 + 0.01336%d + 0.02005°d"
0.0178¢* + 0.01126%@ + 0.01656°d"
0.02266” + 0.00896%d” + 0.01296°d"
0.03080” + 0.00656°d" + 0.0094c°d"*
0.04726% + 0.00426%d" + 0.0060°d"*
0.09380 + 0.0020%d” + 0.0029c°d"*

0

0
0.09380” — 0.11710°d* + 0.04145°d"*
0.08100 — 0.09600°d* + 0.03855°d"*
0.06146* — 0.06576°d* + 0.03296°d"*
0.04780% — 0.04280°d* + 0.0298c°d"*
0.03880” — 0.02560°4* + 0.02876°d"*
0.03280° — 0.01226°4* + 0.02866°d"*
0.02870* — 0.00170°d* + 0.0289°d"*
0.02626* + 0.00656°d* + 0.02925°d"
0.02476* + 0.01265°d* + 0.02926°d"
0.02436° + 0.01676°d* + 0.02865°d"
0.02480° + 0.01896%d” + 0.02725°d"
0.02636% + 0.01946%d” + 0.02516°d"
0.02906* + 0.01866%d* + 0.02245°d"
0.03346” + 0.01676°d* + 0.01926°d"
0.04006° + 0.01426%d@ + 0.01585%d"
0.05046° + 0.01146%d* + 0.01245°d"
0.068016> + 0.0084c°d* + 0.00906°4"*
0.10226% + 0.00556%d* + 0.00576°d"*
0.19246% + 0.00276°d* + 0.00276°d"

0

46
(v=Tb=T,r=4k=4,1=2)

Ny =253, N=140,n=126,m= 14

0
0.06870* — 0.06700°d* + 0.01856°d"*
0.03476% - 0.03126°4* + 0.01156° 4"
0.02266° - 0.01726°d* + 0.01016°d"
0.01666° — 0.00916°4* + 0.01026°d"
0.01300” — 0.00340°d* + 0.01106°d"
0.0108c + 0.00096%d* + 0.01205°d"
0.00946* + 0.00436°d + 0.01305°d"
0.00856” + 0.0069¢°d + 0.0138c%d"
0.00800” + 0.0088c%d” + 0.01436°d"
0.00795* + 0.01006°d” + 0.0144°d"*
0.00800> + 0.01046%d” + 0.01396°d"
0.00850% + 0.01026%d + 0.01300°d"
0.00946* + 0.00956°d@* + 0.01176*d"
0.01080* + 0.0084c%d* + 0.01016°d"
0.01316* + 0.00706d” + 0.0084°d"*
0.016606* + 0.00565°d* + 0.00656°d"*
0.02276% + 0.00416°d* + 0.0048°d"
0.034906 + 0.00266°d* + 0.00316°d"*
0.07036> + 0.00136%d* + 0.00156°d"

0

0
0.0093c* — 0.00716°d* + 0.00296°d"
0.01500* — 0.01076°@* + 0.00506°d"
0.01670* — 0.01036°@* + 0.00636°d"
0.0160c — 0.00766°d* + 0.00716°d"*
0.01456% — 0.00416°d* + 0.0078c°d"*
0.01316° — 0.00076°d* + 0.0084c°d"
0.01200” + 0.00245%d* + 0.00900°d"
0.01126 + 0.00506%d + 0.0094c°d"*
0.01085” + 0.00706%d” + 0.0096°d"*
0.01070* + 0.00826%d" + 0.00956°d"
0.01100 + 0.0088c%d" + 0.0096°d"*
0.01176% + 0.0087c%d + 0.00856°d"
0.01300” + 0.00826%d + 0.00766°d"
0.01506 + 0.00736%d* + 0.00656°d"
0.01816 + 0.00626%d” + 0.0054c°d"
0.02300 + 0.00496%d" + 0.00426°d"
0.03140 + 0.00366°d" + 0.00316°d"*
0.04820” + 0.00236%d” + 0.00200°d"
0.09576% + 0.00116%d + 0.00096°d*

0

v (3)
(v=8,b=14,r="7k=4,1=3)

Ny =482, N=257,n=240,m= 17

0
0.02106* — 0.02016°4* + 0.00626°d"*
0.01576* — 0.013606°d* + 0.00596°d"
0.01126° — 0.00806°4> + 0.0058c°d"
0.0084c” — 0.00400°* + 0.00636°d"*
0.00670* — 0.00116°@* + 0.00706°d"
0.00560” + 0.00136%d* + 0.0078c°d"
0.00496 + 0.003 1@ + 0.0086°d"*
0.00456 + 0.00465%d + 0.00926°d"
0.00426” + 0.00566°d" + 0.0096°d"*
0.00416* + 0.00636%d” + 0.0096°d"*
0.00426° + 0.00656%d” + 0.0094c°d"*
0.00456° + 0.00636%d” + 0.0088c°d"
0.0050c” + 0.00585%d + 0.0079°d"
0.0057c* + 0.00516%d* + 0.0068c°d"
0.00696 + 0.00436%d” + 0.0056°d"*
0.0088c” + 0.0034c%d” + 0.0044c°d"*
0.01200” + 0.00256%d" + 0.00326°d"
0.01860” + 0.00166°d" + 0.0021°d"*
0.03816” + 0.0008c%d” + 0.0010c°d"

0
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Table 2. Variance of the estimated response for the factors 3 <v <8, when r=3/.

V($) V(%)
p (v=4,b=6,r=3,k=2,1=1) (v=7b=T7,r=3,k=3,A=1)
N =51,N=27,n=25,m=2 N =113, N=57,n=56,m=1
-1 0 0
-0.9 0.02426% — 0.03900°4* + 0.03506°d"* 0.140006” — 0.18200°d* + 0.06776°d"*
-0.8 0.04136% — 0.06300°d* + 0.06326°d"* 0.07456% — 0.08900°d* + 0.04456°d"*
-0.7 0.04870% — 0.06600°d* + 0.08156°d"* 0.04940 — 0.05000°4* + 0.03966°d"*
-0.6 0.04936% — 0.05406°d” + 0.09280°d"* 0.03656% — 0.02606°d” + 0.04056°d"*
-0.5 0.04685> — 0.03406°d” + 0.10040°d"* 0.02895% — 0.01006°d* + 0.04376°d"*
-0.4 0.04345” - 0.01300°d” + 0.10656°d" 0.02416* + 0.00316°d” + 0.04786°d"
-0.3 0.04046> + 0.00696°d” + 0.11136°d" 0.02095> + 0.01326°d” + 0.05206°d"
-0.2 0.03826> + 0.02406°d” + 0.11456°d" 0.01906> + 0.02096°d” + 0.05536°d"
-0.1 0.03716* +0.03736°d” + 0.11556°d" 0.01796> + 0.02666°d” + 0.05736°d"
0 0.03706* + 0.04636°d* + 0.11356°d" 0.01756* + 0.03006°d* + 0.05756°d"
0.1 0.03826% + 0.05106°d* + 0.10836°d" 0.01796* + 0.03136°d* + 0.05576°d"
0.2 0.04085> + 0.05180°d” + 0.10016°d" 0.01906> + 0.03076°d” + 0.05216°d"
0.3 0.04526> + 0.04926°d” + 0.08936°d" 0.02095> + 0.02856°d” + 0.0468°d"
0.4 0.0526 + 0.04426°d” + 0.07675°d" 0.02416> + 0.02526°d” + 0.04056°d"
0.5 0.06226> + 0.03766°d” + 0.06316°d" 0.02895> + 0.02116°d” + 0.03356°d"
0.6 0.07826* + 0.03006°d” + 0.04936°d" 0.03666> + 0.01676°d* + 0.02626°d"
0.7 0.10456% + 0.02226°d* + 0.03586°d" 0.04966> + 0.01236°d* + 0.01906°d"
0.8 0.15416* + 0.01456°d” + 0.02296°d" 0.07526> + 0.00796°d” + 0.01226°d"
0.9 0.27595> + 0.00726°d” + 0.01096°d" 0.14546> + 0.00386°d” + 0.00586°d"
1 0 0
N 2 2
Tt =20 120t Z3Nz,, g = LPINE (L PN,
= o (l—pz) 02(1—,02)

N
Sula? =220 42Vt =N,
u=1

Using the above relations, for the newly constructed
design, we get the following:

N,
Zl:xfu =20 421 = a’N2,,
u=1

N
St =r2W 4200t 23N,
u=1

N
Sutal =220 420 gt = N, (14)
u=1

The results are given in Table 3.

(These expression follow easily from the definition of
points sets generated from BIBD and their consequent
multiplication with factorial combinations as explained
in Raghavarao [7], pp. 298-300)

Using (5) and (12), (13), (14) the design parameters of
the newly constructed design are the following:
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(15)
1 NAL,(1+p*) 1 (1+p*)NA,

P (R e (e

{Nl _(Nl —Z)p}(l—p)

Using (15) and noting v,, =

A7)
. 2 ( aé] T
the expression —+v| f——— | simplifies to
c Voo
29201 )
% (v+2)(1+p2)N;L4_m
o (l—p ) {Nl—(Nl—2)p}

Hence the non-singularity condition of the above de-
sign is

A4 v N(l—p)3
e 16
T I (e |
N(-p)
Let (N, Ny, p) =
g {Nl—(Nl—Z)p}(l+p2)
0Js
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Table 3. Variance of the estimated response for the factors 3 <v <8, when r> 3/.
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v (5) V(5) 7(5)
p (v=5b=10,r=4,k=2,A=1) (v=6,b=15r=5k=2,1=1) (v=7b=21Lr=6k=2,A=1)
N =113,N=72,n=56,m=16 N, =253, N=140,n=126, m = 14 Ny =482, N=257,n =240, m=17
-1 0 0 0
0.9 0.08250 — 0.1656°d* + 0.09496°4"* 0.07460” — 0.14206°d* + 0.07685°d" 0.034506 — 0.06406°d* + 0.03685°d"
-0.8 0.06356% — 0.11936°4* + 0.08165°d"* 0.044506* — 0.07906°d* + 0.05365°d" 0.0254c” — 0.04406°d* + 0.03306°d"
-0.7 0.04616* — 0.07650°d* + 0.07066°d"* 0.03000° — 0.04606°d” + 0.0458°d" 0.01816* — 0.02606°d* + 0.03116°d"
-0.6 0.035206° — 0.04676°d* + 0.0668c°d"* 0.02236° — 0.02606°d” + 0.04475°d"* 0.01370* — 0.01406°d* + 0.03236°d"
-0.5 0.0283c° — 0.02486°d* + 0.06736°d" 0.01776° — 0.01206°d* + 0.04656°d" 0.01096° — 0.00506°* + 0.03496°d"
0.4 0.02380° — 0.00800°4* + 0.0698c°d" 0.01476° — 0.00106°d* + 0.04976%d" 0.00916° + 0.0017%d” + 0.03836°d*
-0.3 0.0208c” + 0.00536%d* + 0.07295°d" 0.0128c” + 0.00726°d + 0.05305°d" 0.00800” + 0.00726°d” + 0.04166°d"
-0.2 0.01895* + 0.01576*d* + 0.07565°d" 0.01160 + 0.01376°d* + 0.0558c°d" 0.00720* + 0.01156°d” + 0.04426°d"
-0.1 0.0178¢* + 0.02326%d + 0.07695°d" 0.01100 + 0.01856°d + 0.0574c°d" 0.0068c” + 0.01466°d” + 0.0458c°d"
0 0.01756* + 0.02816°@ + 0.07615°d" 0.0107¢ + 0.02146°d* + 0.0573c°d* 0.00670* + 0.01656°d” + 0.04605°d"
0.1 0.01796* + 0.03056°d* + 0.07316°d" 0.01100° + 0.02276%d* + 0.05536°d* 0.0068c” + 0.01726°d” + 0.04466°d"
0.2 0.0196% + 0.03066°d* + 0.06796°d"* 0.01166° + 0.02256°d" + 0.05156°d* 0.00736> + 0.01696°d” + 0.04166°d*
0.3 0.02096 + 0.02886%d” + 0.0608c°d" 0.01280° + 0.02106°d” + 0.04636°d* 0.008c> + 0.01576°d* + 0.03756°d"*
0.4 0.02416* + 0.02576*d* + 0.05245°d" 0.01480” + 0.01866°d” + 0.04005°d" 0.00920” + 0.01380%d” + 0.03245°d"
0.5 0.0289¢ + 0.02176d* + 0.04325°d" 0.0178c + 0.0157¢°d* + 0.03305°d" 0.01110* + 0.01166°d + 0.0268c°d"
0.6 0.03666° + 0.01736°d* + 0.0338°d" 0.02260” + 0.01246°d* + 0.0258c°d* 0.01420” + 0.00926°d” + 0.02095°d*
0.7 0.04966° + 0.01276%d* + 0.02456°d" 0.0308c” + 0.00916%d” + 0.0188c°d* 0.0194c” + 0.00676°d” + 0.01526°d*
0.8 0.07526° + 0.00826%d* + 0.01576°d" 0.04720° + 0.00590°d” + 0.01206°d* 0.02996” + 0.00436%d” + 0.0098c°d*
0.9 0.14546% + 0.00406°d” + 0.00756°d"* 0.0938c° + 0.00280°d” + 0.0057c°d* 0.06056° + 0.00216%d" + 0.00476°d*
1 0 0 0
It is readily seen that (1-p)* NA,
- 9
0 <f(N, Nl,p)é%:%sl—lsloﬁl o*(1-°)T
! 2 3 2
We now argue as follows, the design, to start with, is a d= (l—p)[N/Q (l—p) _2/14 (12+'0 ){le _(Nl _2)’0}]
SORD in the usual sense so that /1—2 > VIZ . 24 (1 TP ){G <1_’D )}T

This condition indeed does satisfy the revised condi-
tion (16) derived here for p > 0. To take care of all values
of p, including negative values, it is enough to demand
A 2y

Azz v+2

3.4. Variance Function

The variance function of SORDWCE under the auto-
correlated structure constructed by the above method is
obtained by using (7), and (16) and noting the following:

M- -2)p)(1-p)
0'2(1—,02)
(v+2)(1+p* N4,

o’ (l—pz)T

00

00
Vv
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(I-p)N :
o (1-0°)}

.[/14(v+2){N1 —(N,=2)p}(1+ p*)=vNA; (1-p)

Hence the variance function is given by,
V(9,)=A(N,N,,v,p)+B(N,N,,v,p)d’

+C(N,N,,v, p)d* ’

i

an

say,

where,

A(N,Nl,v,p)z Z (1_’0 ()11_4/(0‘));2)(1+p )=V(,é0)
B(N,Nl,v,p)=%p4(v+z)(1+p2)]
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IBO’IBii

,)+2C0v(

<

[N =(N,=2) p} =N 22 (1= p) v (1= p) +2(1+ %)} =/

B,
B,
By

Plan of BIBD

2N, (14971,

=[ 4 (v+2)(1+ p* (M= (N, =2) p} -V (1-p) |

where
T,

B,

Example: We illustrate the above method with the
construction of RSORD for 7-factors with the help of

Bs

B

7,r=3,k=3,1

57,N, =113, n=56,m=1.

BIBD. Consider the BIBD (v=7, b

1). Here we have, N

B,

Ny N

NﬂZ,Zx

Ny

The design (denoted by d) is displayed here for ready

reference (column being runs).

—8=NJ,

X

2
Ju

2
iu

3NA, DX

4
u

> =24

u=1

u=1

1

u=

20

19

18

17

16

15

14

13

12

11

10

do

X2

X3

X4

Xs

X6

X7

40

39

38

37

36

35

34

33

32

31

30

29

28

27

26

25

24

23

22

21

do

X1

X2

X3

X4

X5

R%

X7

59

58

57

56

55

54

53

52

51

50

49

48

47

46

45

44

43

42

41

do

X1

X2

X3

X4

Xs

Xe

X7

60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78

do

X1

X2

X3

X4

Xs

X6

X7

oJS
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dy 79 8 81 82 8 8 8 8 8 8 8 9 91 92 93 94 95 96 97
X1 0 -1 o0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
xn 0 0 0 1 0 1 0 1 0 1 o -1 0 -1 0 -1 0 -l 0
xs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
xs 0 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
xs 0 -1 0 1 0 1 0 -1 0 -1 0 1 0 1 o -1 0 -1 0
x7 0 0 0 1 0 -1 0 1 0 -1 0 1 0 -1 0 1 0o -1 0
d 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113
x 1 0 1 0 1 0 1 0 -1 0 -1 0 -1 0 -1 0
xx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1 0 1 0 -1 0 -1 0 1 0 1 0 -1 0 -1 0
x 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
xs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
X« 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
v 1 0o 1 0 1 0 -1 0 1 0 -1 0 1 0 -1 0

As regards the non-singularity condition for this de-

. A .
sign, we note that Z‘; =0.7918 which exceeds

N v
n (v+2)

Hence the analysis of variance of estimated response
for various factors 3 < v < 8 and it is achieved for all
values of p, -1 <p <1.

We may point out here that this RSORD has 113 de-
sign points for 7-factors where as the corresponding
RRCCD obtained by Rajyalakshmi and Victorbabu [3]
needs 157 design points. Thus the new method leads to a
7-factor RSORD in less number of design points than the
corresponding RRCCD.

=0.7916 .
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