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Abstract

In this paper, we applied modified slope rotatability introduced by Victorbabu (2005) to the central com-
posite design of second type, and studied related content. We suggested methods of constructing central
composite designs of second type which have modified slope rotatability. Especially, this property has the
advantage that it can be used to sequential experiments, because we can obtain central composite designs of
second type which have modified slope rotatability by adding experimental points without changing the axial
values to central composite designs of second type having Box-Hunter rotatability. We explained central
composite designs of second type which have modified slope rotatability by using two examples.
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Box 2} Wilson (1951)¢ll 9]3to] 2718 SATGEA(R22 ]2 CCDloj2}t Rarh& 24 vhg%
WEH A5 de] 2ole A@dACIt k =2 & AYHsTt 7 HY B9E 2 ¥, CCD12
4708 2948 A (1, 1), (1, 1), (=1,1), (=1, -1)3 4789} F4 (a,0), (—,0),(0,a), (0, —a), L2]2L
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Narasimham, 1991; Victorbabu, 2005). 91714 ¢, A2, Aa= AF<=°]t}.
N &
E25A A9 A > [[en=0 (=D w< 4) (2.1)
u=1i=1 i=1
N
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u=1
N
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u=1
(c4k—1)As > kX3 (2.5)

M{k(5—c) = (c=3)2} + X5 {k(c—5)+4} =0 (2.6)
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CCD29|A tho] *é%i?}r/‘r.
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u=1
N
Z zh, =F+ 2na(ofll + 0/21) = cN)y, (3.2)
u=1
N
2 2
> ahai, =F =N (3.3)
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A (3.2)9} (3.3) 22 HE] 14 2n.(af +03)/F=c, & al +a5=(c—1)F/(2n,)7} BE322, 3
71 2
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Table 3.1. Data from a modified slope-rotatable CCD2

1 -1 -1 1 1 0 0 0 0
T2 -1 1 -1 1 0 0 0 0
Y 2.9492 5.8194 6.2050 5.6120 2.5504 2.4828 2.1178 2.5905
T1 0 0 0 0 0 0 0 0
T2 0 0 0 0 0 0 0 0
Y 2.4598 2.5443 2.2523 2.3809 2.6734 2.6382 2.3712 2.3716
1 —0.2673 0.2673 0 0 —1.6815 1.6815 0 0
T2 0 0 —0.2673 0.2673 0 0 —1.6815 1.6815
Y 2.2226 3.0170 2.5150 2.5924 5.5461 8.2345 4.9798 7.2623

x2

Figure 3.1. Contour plot for g.
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Table 4.1. Design levels and real values of the three independent variables

Design level

—1.6785 -1 -0.5 0 0.5 1 1.6785

Real x1(%) 1.825 2.3 2.65 3.0 3.35 3.7 4.175
value x2(%) 2.965 5.0 6.5 8.0 9.5 11.0 13.036
x3(hour) 5.929 10.0 13.0 16.0 19.0 22.0 26.071

k=3, F=8mn,=1 a1 = 0.5 az = 1.67852 CCD2E A7t B2} of + af = F/n,°|B& °]
CCD2& 3|A4S Zreth A7]d SHE W&t n, =22 3t AR WHEFE no = 19712 3
H ol + a3 = 2F /n. 7k 2AHE 2 Atz ZAE 9 £37].7]3 A4S 2= CCD27} "t} o
AZAA ZF SHYASE 7Y A SHE T o] 59 3 AA 7] #AA = Table 4.13 2t}

5. 42
B =R Victorbabu (2005)7} 2718 471273 A4S CCD20o| HL3le], o] 4AL zh=
CCD2E 3= S golEdtt. 53] Box-Hunterd] 3 AA-E zh= CCD2d| £H¥& w3ty &
ARE 71t 20 $£A7|L7)3 AAE 2= CCD2E whs 4 9long 317 A3S Edlo] 9
P 011;],
T AT

Hader-Parke] 71271824 WeEHel 712718 243 v D23 JAoug W05 ¢l 7Y
&g 2T o viye 439 2 %
u

[]
S =0
A (1t az)= A3 =220, £47]127]13 442 Hader-Park?] 712713 A4S 7HAIHAE Box-
Huntere] 31442 24 Aol AREES 2750 92 5 = Aolck. webs] Wgu ye| 7]
AE 487 SAote] NS Ze AFEAE Tl AP S & A, olWel= WeE™Y 7e7E
FAH7] Aol 712713 A8 e AFEAAE AL wll FF (aaFh az)S vHE 8 lo] A¥H
52 Frlgens Ao 402 11 AAE 2L 5 gens 0 vgde 4holsn & 4 9
g=
T
Table A.1. Some modified slope-rotatable CCD2’s (Case 1)
(a) k=2, F=4,na=1
no 12 13 14 15 16 17 18
ai 0.2673 0.4209 0.5338 0.6289 0.7137 0.7919 0.8661
asg 1.6815 1.6801 1.6775 1.6735 1.6680 1.6607 1.6514

0_2Var(ag@)) 0.10214+  0.1000+  0.0981+  0.0962+  0.0945+  0.0928+  0.0913+
O 0.2500p2  0.2500p>  0.2500p%>  0.2500p?  0.2500p>  0.2500p%  0.2500p?

(b) k=2, F=4,ng =2

no 17 18 19 20 21 22 23
ai 0.2045 0.2898 0.3557 0.4117 0.4614 0.5069 0.5492
(o) 1.4141 1.4136 1.4128 1.4117 1.4102 1.4083 1.4061

U_QVar(ag(@) 0.08224+  0.08114+  0.0801+  0.0791+  0.07814+  0.07724+  0.0762+
Oz; 0.2500p%  0.2500p°  0.2500p°  0.2500p%  0.2500p°  0.2500p°  0.2500p2
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()k=3 F=8ng=1
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ng 13 14 15 16 17 18 19
o 0.3550 0.5043 0.6206 0.7205 0.8103 0.8935 0.9721
ag 1.9995 1.9980 1.9954 1.9915 1.9864 1.9798 1.9715
o—2Var (ag(@) 0.06154+  0.0606+  0.0598+  0.0589+  0.05814+  0.0574+  0.0566+
dx; 0.1250p%  0.1250p%  0.1250p%  0.1250p%  0.1250p°  0.1250p%  0.1250p2
(d) k=3, F=8,n, =2
no 15 16 17 18 19 20 21
a1 0.1390 0.2673 0.3522 0.4209 0.4804 0.5338 0.5830
as 1.6818 1.6815 1.6810 1.6801 1.6790 1.6775 1.6757
o—2Var ("’3@)) 0.0516+2 0.0510+2 0.050542 0.0500Jr2 0.0495+2 0.049042 0.0486+2
2 0.1250p 0.1250p 0.1250p 0.1250p 0.1250p 0.1250p 0.1250p
() k=4, F=16,nq =1
ng 15 16 17 18 19 20 21
o 0.2339 0.4508 0.5952 0.7128 0.8156 0.9088 0.9954
ag 2.3784 2.3776 2.3761 2.3736 2.3701 2.3656 2.3600
o—2Var (ag@)) 0.0365+2 0.0361—; 0.03572 0.0354+2 0.03504; 0.03472 0.0343+2
2 0.0625p 0.0625p 0.0625p 0.0625p 0.0625p 0.0625p 0.0625p
(f) k=4, F=16,n, =2
no 17 18 19 20 21 22 23
a1 0.2505 0.3550 0.4357 0.5043 0.5652 0.6206 0.6721
as 1.9999 1.9995 1.9989 1.9980 1.9968 1.9953 1.9936
o—2Var (Bg@) 0.0310+2 0.0308+2 0.03054g 0.0303Jr2 0.0301+2 0.029942 0.0297+2
2 0.0625p 0.0625p 0.0625p 0.0625p 0.0625p 0.0625p 0.0625p
(g) k=5,F=32,na=1
ng 21 22 23 24 25 26 27
o 0.4097 0.5816 0.7150 0.8290 0.9308 1.0242 1.1116
as 2.8281 2.8272 2.8255 2.8232 2.8201 2.8162 2.8114
o—2Var (89@) 0.02074+  0.0205+  0.0204+  0.0203+  0.0201+  0.0200+  0.0199+
Ox; 0.0313p?  0.0313p%  0.0313p%>  0.0313p%>  0.0313p>  0.0313p2  0.0313p>
(h) k=5 F=32,nq =2
ng 22 23 24 25 26 27 28
a1 0.2339 0.3587 0.4508 0.5276 0.5952 0.6564 0.7128
as 2.3784 2.3781 2.3776 2.3770 2.3761 2.3750 2.3736
o—2Var (@g@)) 0.01824+  0.0181+  0.0180+  0.0179+  0.0179+  0.01784+  0.0177+
dx; 0.0313p2  0.0313p>  0.0313p>  0.0313p2  0.0313p>  0.0313p>  0.0313p>
() k=6, F =64, ng =1
ng 30 31 32 33 34 35 36
o 0.3718 0.5708 0.7182 0.8417 0.9507 1.0499 1.1418
as 3.3635 3.3629 3.3618 3.3603 3.3582 3.3556 3.3524
o—2Var (agm) 0.01154+  0.0115+  0.0114+  0.0114+  0.0113+  0.01134+  0.0112+
ox; 0.0156p%  0.0156p%  0.0156p%>  0.0156p%  0.0156p>  0.0156p%>  0.0156p>
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ng 33 34 35 36 37 38 39
o 0.2892 0.4097 0.5027 0.5816 0.6514 0.7150 0.7739
ag 2.8283 2.8281 2.8277 2.8272 2.8264 2.8255 2.8245
L 99(z) 0.01044+  0.0103+  0.0103+  0.0103+  0.0102+  0.01024+  0.0102+
o Var( D ) 0.0156 02 2 2 2 2 2 2
i . P 0.0156p 0.0156p 0.0156p 0.0156p 0.0156p 0.0156p
(k) k=6, F=32,n,=1
no 17 18 19 20 21 22 23
a1 0.4097 0.5816 0.7150 0.8290 0.9308 1.0242 1.1116
as 2.8281 2.8272 2.8255 2.8232 2.8201 2.8162 2.8114
o—2Var (ag@)) 0.02074+  0.0205+  0.0204+  0.0203+  0.0201+  0.02004+  0.0199+
dw; 0.0313p>  0.0313p%  0.0313p%  0.0313p%>  0.0313p%>  0.0313p%>  0.0313p?
) k=6, F=32,ng =2
ng 14 15 16 17 18 19 20
a1 0.2339 0.3587 0.4508 0.5276 0.5952 0.6564 0.7128
as 2.3784 2.3781 2.3776 2.3770 2.3761 2.3750 2.3736
o—2Var (@g@)) 0.01824+  0.0181+  0.0180+  0.0179+  0.0179+  0.01784+  0.0177+
Ow; 0.0313p2  0.0313p%  0.0313p%  0.0313p2  0.0313p>  0.0313p%  0.0313p?
Table A.2. Some modified slope-rotatable CCD2’s (Case 2)
k F Ng 0/11 0/21 [e%1 a9 ng N o~ 2Var (%4757{))
2 4 1 4 4 1.4142 1.4142 24 36 0.0833 + 0.2500p2
2 4 1 1 7 1.0000 1.6266 20 32 0.0884 + 0.2500p2
2 4 2 1 3 1.0000 1.3161 36 56 0.0668 + 0.2500p2
3 8 1 4 12 1.4142 1.8612 25 45 0.0527 + 0.1250p?
3 8 2 4 4 1.4142 1.4142 40 72 0.0417 + 0.1250p2
3 8 2 1 7 1.0000 1.6266 32 64 0.0442 + 0.1250p2
4 16 1 16 16 2.0000 2.0000 32 64 0.0313 + 0.0625p2
4 16 1 4 28 1.4142 2.3003 26 58 0.0328 + 0.0625p2
4 16 2 4 12 1.4142 1.8612 42 90 0.0264 + 0.0625p2
5 32 1 32 32 2.3784 2.3784 41 93 0.0183 + 0.0313p?
5 32 1 16 48 2.0000 2.6321 39 91 0.0185 + 0.0313p2
5 32 2 16 16 2.0000 2.0000 56 128 0.0156 + 0.0313p2
5 32 2 4 28 1.4142 2.3003 45 117 0.0163 + 0.0313p?
5 16 1 16 16 2.0000 2.0000 28 64 0.0313 + 0.0625p2
5 16 1 4 28 1.4142 2.3003 22 58 0.0328 + 0.0625p2
5 16 2 4 12 1.4142 1.8612 34 90 0.0264 + 0.0625p2
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