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Summary

Formulae for variance of difference between two estimated responses
are derived for m-grouped first-order and 2-grouped second- and third-
order cylindrically rotatable designs of type 3.

1. Introduction

Work of Box and Hunter [2], Herzberg [4], [5], Das and Dey [3],
Box and Draper [1] is extended by deriving formulae for variance of
difference between two estimated responses when design is m-grouped
cylindrically rotatable of type 3.

Consider k-factor model of degree d with second-order distributional
assumptions. Let #(x) be estimated response at point x and V=No™*
-Var {#(x)—%(2)}. Let k=k,+---+k,, L={1+J(t—1),---,J(1)} where
J(0)=0 and J(3)=k,+---+k; (4=1,---, m). Consider factors partitioned
into m groups with k, factors x, (j € I,) in ith group. A design is m-
grouped cylindrically rotatable of type 3 if var {¥(x)} is a function of
only p%,=> 2% (¢=1,-.-,m) and for such a design V depends only on
ok, pli and 6,=cos™ 3} ,2,/p..p,« Where summations are over j€I,. Let
rl=pt+ 0% —20L i, co8' 0;. Let Ay, A Aup s Aup Asipg €te. denote
nonzero moments of the designs. For e.g. Ag, Asup Asipe are sixth mo-
ments involving all factors from 1 group, 2 groups and 3 groups, re-
spectively (see Huda [6] for details).

2. Results

For a first-order m-grouped cylindrically rotatable design of type
3 the standardized variance V takes the following form
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(1) V1=§ T3 Az -

For higher order designs only the case m=2 is considered. Algebra
involved for m=3 is rather complicated. For a second-order 2-grouped
cylindrically rotatable design of type 3 the function V has the form

2 2
( 2 ) 2= Vl+§ {"'gi/(zzu)+a4t(P§:i—P§i)2} +2a412 ;1;[1 (P:‘i—pii)
2 2 2
+ <;[J1 Pii"i‘i—l;l; p:—2 ;Ul PiPzi €OS 0;)[Ays

where
ay= — B{(ks+2)Audia+2ksA0 2502415 — (Koo 2) A3, A4s — Ko 2300 — Ko 2015} [ (2241)
@y =B(Ay A — Ai3)

-1

B= |:;D; {(kt + 2)141 _kizgi} - k1k2(2412— 121222)2}

and a,, may be obtained from a, by symmetry.
Similarly, for a third-order 2-grouped cylindrically rotatable design
of type 3 the variance function V has the form

2
(3) Vi=V,+ ZE=1 [73:/(626:) + (boi — A5 )73+ by {7l 4275+ (03— 03:)} /2

2
+9.{pkpdirii+ ,E. (edi—pl)} 1+ i;_l [2¢: {02025+ 00,

— PaiP:i(02; 1 02;) €08 0.} +2d, {303+ P03, — Pip(03:0% 5
+ ,Dgipij) cos 0;} +h(oki05 050 — ZPthziP?chzj cos 4,)
+ (02025 02:0% 1 — 203031055055 COS* 0; €08 0,) (226120) '] ,

where
by =D {(ky+ 4) (Fo2+2) Agy A1 — Feo(Foy + 2) 2210}
by = — Dy {(ks+2) A As120— Ko AuseAassz}
¢1=— D {(Fky+4) Aughes — (s +2) A4y Ag115} »
dy=—Dy(Ay2611— Augdass) »

91=—D\(224:) 7 { (k2 + 2) (Aps A6t A1 — b Ap120) — K Aoy Aisa+ Adradgy
— 224 i2le119)}

hy=— Dy(2kyA6120) ™ {2(Fe1 4 2) A3, Agrn +Fos(Fey 4 4) Agy Ags Agyos
+ 2hey(loy + 2) Ay Ao Ag11e— Feo(Fer +2) 251 Ay
- (kl + 2) (k2+ 2)13126122 - kz(kl + 4)2212261} ’
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D, = {(Fe,+4) (Fo3+ 2) Ags A1 Agsaa 1 2heo(For + 2) A A sz Agria — Kooy + 2) A1 Afyra
— (fey+2) (Fop 4 2) 2% Agige — Keo(For +4) Aaet}

and by, by, €3, di g hy, D, may be obtained by symmetry.

3. Comments

Even in response surface designs difference between estimated re-
sponses at two points may be of greater interest than response at in-
dividual points. Hence results on variance of difference are presented

here.
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