NTHU STAT 5550, 2013 Solution to Homework 2

5.
AR B = T FE SR T 98 og (8 SO e F

B C I E © mwean In3z
i -1 1 1 -1 -1 7.790000 -3.1117Z28
2 1 1 1 1 -1 8.4070000 -3.s800569
3 -1 -1 1 1 -1 7?.520000 -a.725454
4 1 -1 1 -1 -1 7.633333 -4.562749
5 -1 1 -1 1 -1 7.8940000 -5.6268:21
& 1 1 -1 -1 -1 7.946667 -3.003093
7 -1 -1 -1 -1 -1 7.540000 -4.779524
a 1 -1 -1 1 -1 7.686667 —-4.158350
2 -1 1 1 -1 1 7.290000 -3.288762
i 1 1 1 1 1 ?.733333 -2.740573
11 -1 -1 1 1 1 7?.520000 -6.725434
1z 1 -1 1 -1 1 7.646667 -4.684935
13 -1 1 -1 1 1 7.400000 -5.339139
14 1 1 -1 -1 1 7.623333 -5.4647664
158 -1 -1 -1 -1 1 7.203333 -6A.41713z2
16 1 -1 -1 1 1 7.633333 -3.671695
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B=CDE,C=BDE,Q=BCDEQ Eil CQ=BDEQ HYifz & figHHEH > 5 effect ordering principle

in parameter design °

i A (B,C,Q, CQ)E T 5

9L

===
=

mean: main effects and 2-way interactions

mean ~ B | Gmean~ C | Gmean~ D | Gmean ~ E | Omean ~ Q) | O
- B
— / —_— 3] 78
—— * |[[7h
/ — | 74
mean ~ B |Emean~ C | Emean~ D | Emean ~ E | Emean~ Q |E
S T -3
' ' 7.8
- 7.6
/ , __:__\ L7 4
mean ~ B | Omean ~ C | Cmean ~ D | COmean ~ E | Dmean ~ Q | D
- T -3
' -7 8
: __:__ 7.4
mean ~ B | Cnean~ C | Cnean~ D | Cmean ~ E | Cmean ~ Q) | O
- —8
e T | =
" ] e | ~7.6
1 _?4
o -l
mean ~ B | Emean~ C | Emean~ D | Bmean ~ E | Emean~ Q | B
S T 3
| [:] fff,rﬂ - | | 178
i et el el A
7.4
J
[ [ [ [ [ [ [ [ [ [
-1 1 1 1 1 1 1 1 1 1
B C O E ]

made by 5REH B2

mean

mearn

mearn

mearn

mearn



NTHU STAT 5550, 2013

J=-
N =

Solution to Homework 2

A T EBEERINERR > 5 HEE AT E B BSE - HHYE

e

ERREE A H 2568 H A A& 2T error variance » #{ifi ] half-normal plot ZKHk:
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Sorted Data
004 006 0.08

00z

0.00

Half-normal quantiles

freli]_E IR 2 (8,C,Q, CQ) VIR MEF BRBUE T AU RE - WATULL 4 (s

BAAT R

Call:
Imi{formula = mean ~ B + C + QO + C:Q, data = datal)
Fesiduals:

Min 10 Median 30 Max
-0.1586858 -0.04510 0.01146 0.04063 0.12979
Coefficients:

Eztimate 3td. Error t walue PFrix|t])

| Intercept) T.e3604 0.02534 301.327 <« Z2e-16 *%%*
E 0.11063 0.02534 4,365 0.001126 *%
i 0.085813 0.02534 3.4758 0.005171 +%
] -0.1=2979 0.02534 =5.122 0.000333 %%+
Zii -0.058271 0.02534 -3.z264 0.007545 *+%
SGignif. codes: 0O **%%5 Q. Q001 Y**F Q0,01 f Q0.05 *.°7 0.1
Fesidual standard error: 0.1014 on 11 degrees of freedom
Multiple B-=sdquared: 0.5603, Ldjusted BF-sgquared: 0.8
F-statistic: 17.01 on 4 snd 11 DF, p-wvalue: 0.0001117

15 final fitted model %
y=7.636+0.110* B+ 0.088 * C — 0.129 » Q — 0.082 x CQ

=9,

BESEF log (B BB MUAT + 142 half-normal plot( )
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Sorted Data

04

00 05 1.0 15

Half-normal quantiles
FH half-normal plot H[%1}45 B &2 » IR K

call:
Imiformila = 1ln3d ~ B, data = dataz)

Feziduals:
Min 10 Median 3 Max
—2.234983 -0.736de 0.03873 0.64590 2.53793

Coefficients:

Eztimate 3td. Error t walue Pri>|t]]
[ Intercept) -4,935313 0.3046 —-16.190 1.55e-10 #*%
E 0.9454 0.3046 3.104 0.00777 %%

SGignif. codes: 0O ****f Q0,001 **f o0.01 *f 0,05 .7 o0.1 71

Fezidusl =standard error: 1.215 on 14 degrees of freedom
Multiple R-sdquared: 0.4076, Ldjusted B-=sdquared: 0.3653
F-ztatistic: 9.6324 on 1 and 14 DF, p—wvalue: 0.007772

Final fitted model £
log(5?) = —4.931 + 0.945 % B

T Q B2 P(Q=-1)=P(Q=1)=0.5 ¥ FERkEss - HI

E(y) = 7.636 + 0.110 * B + 0.088 * C
f£ CQ [ interaction plot FJZ1E C=-1F Q MyREEER/ |\ » 1R C=-1 > FHHH target=8
A3 B=4.109 - (AL ESMERS EE > HEL B=1 » LI} bias=0.342 - 25 _f& /A& H
B2 transmitted variance model 4[| | -

var(y) = (0.129 + 0.082 * C)?

H C=-1IFKF AT var(y)fz/)N » Bil interaction plot Y& EH—E » IR ERCE
(B,C)=(1,-1) ~ (D,E) Al {FE » ¥ =% C=-1 HyAtamEfdi ] location-dispersion modeling
o
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9.

(a)

IIt: control array &— 2%* design * H: defining contrast subgroup &

| =-ABCD = ABEF = ACEG = BCEH = -CDEF = -BDEG = -ADEH = BCFG = ACFH = ABGH =
-ADFG = -BDFH = -CDGH = EFGH = -ABCDEFGH

BB Teligible ; ~ Tclear j ~ Tstrongly clear j f&E#AE ME i 2fi's | o

FRFTAHY defining word SJEEL ARG 4 H A~H SR REAE HHEAE A
defining word - [X]]Il: control factor 5] ME 305 clear {HIE strongly clear - [
HAFRAT control factor P ME #552 clear» [K] A4 control factor {4 2fi’s Hi eligible o
F#1%% defining contrast subgroup F]2EH /= Fi1{[f control factor P 7 /E &
HIFR A L& defining word A » [RIIHLf4T control factor [ 2fi’s FEANE: clear ©

FHFA noise array <&—1[& 2x4 14 full factorial design » [X]JIl; noise factor FA] ME Efil 2fi’s

FE- strongly clear

K| B4l design 5&—1[# cross array » control factor #5 ME & clear H. noise factor
FA] ME % strongly clear » {#{i145 control-by-noise "4 4 {EHHE L strongly clear °

(b)
KT M 5 4-level> EL={f E34MET] model 2 M>Mqy~ M. (see Wu and Hamada, 2009) °
H—1i 4-level [X I?_JEEI 2 1d 2-level KT » iR E R — 11 2-level

RIF1E%ET » BU—3%E [ /& G=ABC ~ H=ABD ~ L=ACDE ~ M;=ACDF + M =ABEF - [I;
B— 215, i minimum aberration &2+ (Table5A.5 in Wu and Hamada, 2009) © fiff

A1) ME (control & noise factor)& 5 clear > 4% My AT 10 {[ 2fi's 1% clear > H.
(A,B,C,D,G,H){E—Al-F-EL(E,F,L ME— X FIE B 2fi's 5 clear o HUILEE AT 2 T all

control factor MEs are clear 5 ~ Tsome CxN are clear ; Eil Tsome CxC are clear  °

7N

(c)

Array (a)Eid Array (b)Z5i/E T all control factor MEs are clear o R[AE 2fi’s FIED
Array (a){5i75:1G CxC £53E clear’{H Array(b)r] 5555 CxC clear- 54— 1] Array
(a) HI S AEFTH CxN strongly clear » {H Array (b) HEEFEHRLL CxN clear - fEFGFENY
2% T estimation capacity 4| > Array (a)%¥ run size i&: Array (b)AN AR -
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(a)
[LE%ETHY defining contrast subgroup £%
| = ABCa = BCDb = ACDc = ADab = BDac = ABbc = Cabc

FiiE 1 defining word FfEER 2 4 HAT S {E R T 28 A AF &M HERAERAE
defining word ] » B4 clear 2fi’s ©

(b)
f15< ME plot Eil 2fi’s plot 2| | -

Shrinkage: main effects and 2-way interactions

| nkage ~ Ankage ~ Hnkage ~ (nkage ~ Onkage ~ 4dnkage ~ tinkaqe_~ .
C T
- <o — G
-11 - ] F 7‘ I _4 l < 3] [T:IZ; Shrinkage
nkage ~ 4nkage ~ Bnkage ~ dnkage ~ Onkage ~ dnkage ~ inkage ~
b ] i
A4 — _
1 — i >< 7’ T | T ::| I:':':I 7.4 :tzl Shrinkage
_nkaqe ~ Ankage ~ Ankage ~ (nkage ~ [nkaqe ~ dnkage ~ inkage ~ | q
a I
—] -—a- _E
-11 - ] — 7’ >< 74 :.:| E:I —_— Jé :tzl Shrinkage
nkage ~ Ankage ~ Bnkage ~ dnkage ~ Onkage ~ gnkage ~ Qnkage ~ ;
D ] R L
- G
A 11— | == j E] >-< —= | = :;_1 Shrinkage
nkage ~ Ankage ~ Hnkage ~ dnkage ~ Onkage ~ ankage ~ inkage ~
C ] T ¢
I s e P P == >"< — | = [* Shrinkage
_| L — 2
nkage ~ ﬁnkaqe Enkaqe ~ (Inkage ~ Onkage ~ dnkage ~ finkage ~ ;
5 _ =
- G
AU ] ’< j El - / — | 7 :;_1 Shrinkage
nkage ~ Ankage ~ Ankage ~ dnkage ~ Onkage ~ ankage ~ Ankage ~
A i o
1 — *
= - I_ | I I | | | | | | | | I
1 1 1 -1 1 -1 1 -1 1 -1 1 -1 1
B B C O a b C

iR HHEARY ME B A,B,a,b,c » #5HHEAAY 2fi’s £ AB=Ca=bc - AC=Ba=Dc ~ CD=Bb=Ac *
Da=Bc=Ab ~ Cb=BD=ac » Zy 1 S ff—uklE#S EH—4H joint effect o BEFAFREUE 34T
RAE— DB
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Coefficients:
Estimate 3td. Error

Solution to Homework 2

t wvalue Pri=|t]])

[Intercept) 3.4750 0.2188 16.029 3.56e-05 *%F
A 0.3000 0.2424 1.238 0.2835

B 0.58250 0.2424 3.404 o.0272 *

C 0.0125 0.2424 0.052 0.92613

I 0.5750 0.2424 Z.372 o.07e8a .
h:BE 0.9575 0.2424 4.074 o.0152 +
h:iC 0.4250 0.2424 1.7535 0.1544

B:C -0.1500 0.24=24 -0.619 0.5685

D -0.2125 0.24=4 -0.377 0.4301

B:D -0.5125 0.24=24 -2.114 0.10z0

c:D -0.4000 0.24=24 -1.650 0.1742
biB:C -0.45875 0.24=24 -Z.011 0.114a
bL:B:D -0.o500 0.24=24 -0.206 0.5466
biC:D o.7125 0.2424 Z2.940 o.04z24 *
B:C:D o.4125 0.2424 1.702 0.1640
bA:B:C:D -0.5250 0.24=24 -3.816 0.01858 *
Jignif. codes: 0 '***7 Q0.001 *** Q0.01 **° 0.05 .7 0.1 * 7 1

Fe=zidual standard error: 0.9695 on 4 degrees of freedom
Multiple B-scquared: 0.9506, Ldjusted B-scgquared: 0.7653
F-statistic: 5.13 on 15 and 4 DF, p-walue: O0.06276

16 IR ELACHY » BRI R R B R A SIS 2 DL MY

RS

Coefficients:
Eztimate 3td. Error t walue Pri>|t|]
[Intercept) 3.4750 0.25835 12.258 7.12Ze-09 #%%
E 0.5250 o.3170 Z.603 0.02086 *
I o.5750 o.3170 1.514 0.09114 .
E:lh 0.9575 o.3170 3.116 0.00759 #%
Did:c o,.7125 o.3170 Z2.245 0.04121 *
E:D:a:C -0.9250 o.31v0 -2.915 0.01123
Signif. codes: 0O %% Q0,001 **+7 0,01 **f Q.05 *," 0,1 * * 1

Fezidual standard error: 1.2658 on 14 degrees of freedom
Multiple B-sgquared: 0.7043,; Ldjusted BE-squared: 00,5987
F-ztatistic: 6.669 on 5 and 14 DF, p-—values: 0.002Z:245

AB=Ca=bc [ effect ordering principle in parameter design F] JEf L EEZ R AR
Ca - [A|/FHF ACD ER AR ¢ » 1] ABCD=Da=Ab=Bc H model 1245 50 B,c » 3UEF
< EHIKIER Be (effect heredity principle) » Final fikd model Z[] | :

y =3.475+ 0825 B+ 0.575+*D 4+ 0.987 x Ca+ 0.712 * ¢ — 0.925 * Bc

“r(a,b,c) BT Hiw/E P(a=-1)=P(a=1)= P(b=-1)=P(b=1)= P(c=-1)=P(c=1)=0.5 HYJ[iEH%
B o HIf
E(y) = 3.475 + 0.825 * B + 0.575 % D
var(y) = (0.712 — 0.925 * B)2 + 0.9872
B=1 [ var(y)#& B=-1/]\ > I GeEd

B AT Al o LR Bl 18 VA e TR Lo e B 18 Ve T A A [ LR L e
- 3 =5

B : "; Shrinkage

interaction plot —%{ :

Y B=1 AJ[EIK noise factor 35 Aet 5
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(c)
A BEEHMEE T A BAE B ) - &8 E6TTHH model matrix - #ERIZ A
IR TE o DA B H Y58 5 25t error variance BE/E joint quadratic
effect o 5 ie- S fi# error variance » HIJZ2EE T constant variance ; BOEES KT » Ul

S BEE Y B S Y B E P e B ] b -

(d)
JFAREE R T AT 2fi's I clear » Z5FRH] a=AB,b=BC,c=AC > HI|
| = ABa = BCb = ACc = ACab = BCac = ABbc = abc
RESX resolution [ 30 {HEL D AHBARIATAT 2fi's #0ES clear o H B B 2 D L
&R ARSI
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