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Center Points and Curvature Check
S 2 -leved facdor- 3-leveld factor:

e Purposes of adding center points to a 2-level first-order
experiment PWL eV eilinile Qw‘rg 2P or OA

— 1t allows the check of the ove

— it provides an unbiased esti
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e Suppose that

— the first-order experiment is based on a 2- leVGIUthogonal desi érﬂ with
run size ny, and R proedon :vﬂ-o any 2 §adees
> fule 2™ design.

— n. center point runs are added to the first-order experiment.
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Center Points and Curvature Check

o Letyy "sfmp( e average over factorial runs with level +1,

V. = sam lf/average at n. center points with level 0
X/n.
e Under the second-order model

be altased
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e overall curvature parameter: Byq + - - - + B <\B

— In using the overall curvature to measure the curvature effects, it is
possible that some of the large 3;; cancel each other, thus yielding a very

small Y5, Bii. LNp3-29.
— This rarely occurs unless exp’tal region near a‘ saddle pointlof the f.
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Center Points and Curvature Check

g e To test the hypotheses
x

A
3 Hy:Bii+ 4Bk =0vs. H : P11+ +Bu #0

NS
we can use yr — ye.

o ( move Yo di ﬂ:Ulzut exp'
e If the curvature check 1s not 81gn1ﬁcant the search may continue with the uSe

of another first-order exeriment and steepest ascent. Otherwise, it should be

swithched to a second-order experiment.
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Vv Reading: textbook, 10.3.1
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Steepest Ascent Search | S
%> %ot , whoe 1A=
N l-$up ose the fitted model is Q: Whitb & cause W
%o KY's not sianificait; L ncuase/decresse on g\
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e Taking the partial derivative of ¥ with respect to x;

Lagmange w’»(dhaa(
e The steepest ascent direction (for maximization) is 3”‘;@” :& A +)t(“ %lf;d)
A-(Brr. o), A0,  EHARA) za?
. 9t 2 .
and the steepest descent direction (for minimization) is S =(§z +2AAL =0
A A A
}\'(ﬁ17aﬁk)7 A <O. %Abocs,:
p. 3-14
Steepest Ascent Search

e The scarch for a higher (lower) response continues by

— drawing a from the center point of the design in the steepest ascent

(descent) direction

- perfoming‘_geveral runs)along the steepest ascent (descent) path

— taking the location on the path where a maximum (minimum) response.

1s observed as the center point for the next experiment
N N ™

e The design for the next experiment 1s again a first-order design plus some

center runs.

Notel: the (mean approximiToon (Frrs-orden M”’M) + tha
unknown Gue response Ts ad_e_zum‘e m expitad r%ron or
fg"on« not for away the exp'bnﬁ [%FDV\.

Notez : WHFE if we cha codi % effeds, can we st
Smrilor/same m;g;t?,EESM more iesated m@%@.
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Illustrated Initial First-Order Experiment

lemperature
=
L

Figure 3: First-order experiment with steepest ascent
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Illustrated Initial First-Order Experiment

Table 3: Design Matrix and Yield Data for First-Order Design

Factor -2 level
Sull Pacorald
Run | Time Temperaturez, Yield | (on be waed
U] — 135 18071 65.60 | 4 citimate
2 | | —13Smn /70’6 1| 4559 | Xes=x
o 3 185mn, Moc—1 | 7872 | Fo X2 HKa
9."‘ C)
«-wmﬁ.« 4| | 16Smin (90%C1 | 62.96
5 Lo&om /185°C0)| 64.78
1 6 0fome, (8SC / 6433 [lsfmo(w%‘md
' L woded st werk,
7 2 2(-1.173)4\89.73
8 4 4(-1.173%5°93.04
9 6 6(-1.173) | 75.06
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Iustrated Initial First-Order Experiment

e Model:
y = Bo+ Bix1 + Baxa + Braxixz + (Br1 + P2 )x?,

Table 4: Least Square Estimates, Standard Errors, ¢ Statistics and p-values, Initial

First-Order Experiment /‘ -oakev model s OK 7
(moeto a
Standard new
ﬂ§:= 4 Effect Estimate Error t p-value
o) 16080 bBo)| intercept | 645550 02250 286.91  0.00

—
—

B1 76225 01591 4791 00
B 89425| 01591 5621 00l
. :
3 10625 01591 668 [ 0.09 \enot
Bse Elz Bp | -13375 02756  -485 sigp et
> prr+pa | -L . -4. 134
curvatung

chedl

/
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Illustrated Steepest Ascent Search

/B/ y4 ﬁz
e Steepest ascent direction: (7.622,—8.942) or equivalently, (1,—1.173)
why not( uni?

e Increasing time in steps of 2 units (10 minutes) 1s used because a step of 1
unit would give a point near the southeast corner of the first order design

e The results for three steps appear as runs 7-9 in Table 3.

e Because run 8 (time=4, temperature=4(—1.173)) correspond to the
maximum yield along the path, they would be a good center point for the

next experiment

e A first-order experiment can be run as indicated by runs 1-6 in Table 5.
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Hlustrated Steepest Ascent Search

Table 5: Design Matrix and Yicld Data for Second-Order Design

Factor
Run | Time  Temperature __Xleld/ >X=%
21
D417
8T7.46

2-levd dpsi
+ Cemvi

axind_ prs

0 —1.41
10 0 1.41]
A
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Figure 4: Second-order experiment
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Illustrated Second-Order Experiment

Table 6: Least Square Estimates, Standard Errors, ¢ Statistics and p-values for Follow-up

First-Order Experiment A0
®) > Bi &> m Table s ( Np.3-1F)
_\_ Standard
'S ho Eftect Estjimate Error t p-value
CV\O‘%\'\ intercept 9300 00100  9305.00 0.000
B, 00071 -125.17 0.005
B, 2.4700 0.0071 349,31 0.002 Lanit
N\ ﬂz ;
Bis o 0.0071 140.01 (@‘ '3
B11 +B2a 12450 0.0122 -101.63 0006 = cwwaﬁau

Table 7: Least Square Estimatgs, Standard Errors, 7 Statistics and p-values for Second-

Order Experiment @
Standard
Effect Estimate Error t p-value
intercep 93.0500 0.2028 458.90 0.000
By -0.8650 0.1014 -8.53 0.001
Bo 2.3558 0.1014 23.24 0.000
B12 0.9900 0.1434 6.90 0.002
m -0.4256 0.1341 -3.17 .034 ﬁta“\&}cqxt

By ( -0.6531 ' 0.1341 -4.87 < 0.008

N— T
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Illustrated Second-Order Experiment

: . N 2
The results in Table 6 indicate that dealias X2 Xoz-=U2
— there are significant interaction and curvature effects ;e‘g. cch

— the first-order design should be augmented to a(second-order design

The axial points of a CCD (runs 7-10 in Table 5) are performed

The results of fitting a second-order model is given in Table 7. Fitted
response surface model:

§ = 93.05 — 0.87x1 +2.36x2 +0.99x x> — 0.43x7 — 0.65x5.

Thof the fitted response surface are displayed in Figure 5.
It suggests that moving in northeast direction would increase the yield.
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Ilustrated Second-Order Experiment
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conduston 0 Fitted response surface

Vv Reading: textbook, 10.3.2
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