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ABSTRACT

A Study on cDNA Microarray

Experiments based on Block Designs

BY Choi, Nam Soo.
Advisor : Prof. Choi, Kuey Chung
Department of Computer Science and Statistics,

Graduate School of Chosun University

Usually, can define that is action that raises change under several
conditions about study subject who is fixed as important terminology that is
used in society diapason such as experiment(experiment) physiotherapy,
chemistry, biomedical engineering and observes and observe the

phenomenon. Therefore, experimenter shall observes reason which make

— il —



change in result through experiment and examines closely. Causes that can
explain what present state actually exists much innumerably, and also,
various constraints with expense, time make perfect cause searching
examination difficult. Accordingly, an actuality experiment between a lot of
causes empirically or work which do to arrive in target that want
illuminating attribute of leading persons handled in an experiment thus
directly selecting some by dictionary information in several angles as
purpose of an experiment speak can.

R if summarize basis principle.A.Fisher 1s scholar that 1s lead
self-satisfaction which draft importance of experimental design in role and ,
adversely, statistics of statistics in experimental design while extends in the
1920s and the 30s and works in Rothamsted Experimental Station. He
branch of advocated important principle those randomization(randomization),
block anger (blocking), number of replication (replicates) be. And in
formality of experimental design realization of problem and purpose
establishment of an experiment, comprehension of constraint, suitable
specification of the model etc. ( that any leading person amounted interest
when consider whether covariance(covariance) confirmed Itneun and model
is crossing (crossed) model or is interest (nested) model because includes
necessary leading persons out of leading persons and those leading persons
reciprocal action in matrix to be included in matrix, and is interest model
consider

Also, model whether fixed effect(fixed effect) model or probability
(random) effect whether search and in each model whether normality
despotic rule about error is sound process of consideration ), decision

(decision of number of replication In Accordance With path of confidence

_iV_



interval or power of test required under constraint) of number of replication,
randomization, selection of experimental design, a reserve experiment, source
collection and analysis of variance follow.

In this paper, I studied desirable and reasonable balance block design for
cDNA microarray design by an experiment once for all using traditional
confounding method. Confirmed that traditional factor experimental design
that 1s gotten from this paper i1s more useful than other what confounding
method. Specially, suggested symmetrical block design for microarray
experiment design than method that is suitable according to algorithm and

circumstance, and generalized various microarray designs by latest literature.



A & (Introduction)

1.1 7§ 8 (Outline)

Landgreber 2] (2005) & Yang ¢ (2002)7} FH3l= EF dlolE BFAs dA7t
G2 dyes WiEol AAAQ m=®e AT AHF. 2 HolE 7L A3}
FTEA T dye X gene FZT A2 HolH AAAE REH. 282 5483
e ARgate] 28, 20 aEjm 3x2 AYPe AAYT Wit 9 (2004)= simulated
To &8k 219 Fo FUIEA ¢ v aE& Ao
simulated annealing €il2lFs AHEste] A= 2AR Y Rlud o FH3 2 dIY
st =3 FZ(oop) AAMES AHogth.Shah (1960) ¢ Kshirsagar (1966) °f ¢
3 EAE BVt 7P 8 A8 A (balanced factorial design)< ¥4 239 7H
off A Fa3HA dE AL, 7 tlASl(balanced design)& ©HE AN E &
sHA ARESE7] fste] EAEHATE & 9], Gupta 9 Mukerjee (1996),
Kshirsagar ¢ Wang (1996), % 7{7]°] 1&¥H= As BH, ¢ AAW(balanced
design)& =7 4(bioassay) dds A3l L3k FHASHA AFHUT. o] =&
5242 cDNA microarray A8& 98 a8 A8 H(balanced factorial design)<
A-&37] Hstolt}. 2709 A ZHAS ZZe] microarray €EFo| =0 wHA] 7] 7] W)
woll, Wigde =27] 29 E5S Pk 27 o) 2HE ATFSE 52 247
th. Kerr ¥ Churchill (2001a,b), ¥ Churchill (2002) & ANOVA E3& A}8-3}o]
microarray AEel HEAIA FH A ARAHA =& FHIHW. 52
"common reference" AW (microarray Ad< A3 gzl 2220 HAH)9 vHlaE&H
¢ Ae B AAE microarraysE 3 FZ(loop) B A (EE Aol S(cyclic) A
ARDS  A7Bskal, FZ(loop) AAMel AHE3 JHd olde a8 HelA
“common reference" AAHE AF3 S Bt I, FZ(oop) AAHE B

2 Fo Ay ZFoAME vlaEEdoltt. Kerret Churchill (20012)2 AAE &7
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ylbnlb = + T + ﬁb + elbnlb
Yo11 = P+ o+ B+ €ap

...........

yvbnl,b =K + Tn + ﬁb + 61)1)71,1,,)

Y 1 100 10-0 ‘i
w0 010 0
%}A P10 000 1 fl 61})1
yll.ml,) 1 1 0 0 0 0 1 7_ 611;7le
Yy=| Yu &= 1 Ql 0 10 0 ﬁll) +| €
yﬂ 101 010 o0f|°: 62'17121
! . = Sl :
Yo roo 100 1 €unn
Yo 1 00--100-- 1 o

= X0 + ¢
AN X=(1, | X | X;) :nxX (A +v+0b) {741 (ADi750)
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I
0 = [ Tj DR ()

g8
o
X=(1, X | X;)( TJH =1Lp+ X7+ X3+
g8

XX =R
XoX; =k
X:X;J_N

T=Xy : Aelg e

B=Xy : 2=3 w¢
G=1ly : gz &
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ym=9=p+n+06+en
Yo =16 = p+ 7+ [y + €19
o =10=p+ 1+ 6, + €
Yozt =8 = pu+ T+ B5+ €93
Ysor = 14 = p+ 715+ By + €39
Yss1 = 12 = p+ 15+ B3+ €33
ym=8=p+7+ 0 +en

o] RES {AR o= AW geu gy
=p+n+n+ntrt+ G+ 0+an
:,L[/"’Tl"’o .7—2"’0 .'7’3"’D .7—4+61+0 .ﬁg"‘u .63"‘6121

=pt+.. nt+nt. . nt+..mt+. Bt Bt Bt e

L
Y 9 11000100Y 7
Y11 16 11000010 | 4
Yo11 10 10100100 T

y=|tm =| 8 F|10100001 ] ° |+e
Yo 14 10010010 64
Yot 12 10010001 51
Vi 8 10001100 6§

y=X0+e¢
=1, X, | X;)0 +e¢

1000 100 fl
1000 010 7
0100 100 .

X=[0100| X=l001|6=|"|
0010 010 i
0010 001 B
0001 100 o
B3



252 B9 243 A79 A9

3 yilj€:M+7i+ﬁj+6ié , =1, ,v,j=1--,b /(

2y

y=X0+¢ K X= (1,,L|XT|X5)°1]/\1

(1) XfX: (lan‘r|Xﬁ)f(1n|XTIXﬂ)
n-n 1’fr/LX‘r 1'7:1,X/3

171,
= x!'|(1, X, X;)=| X1, XX XX,
X,’;l n X/;XT X/gXﬁ

¢ 111

(2) AR (X'X)) = X'y A
n rt k! lz 12
T Rf N 7; = XTIL Y
k N'" K B Xj;
np + it + kB 1y
ri+Rr+NB | =| Xy
kp + N't + Kjp X3y

np+r'r+ kB =1y =G
rii+Rr+NB=Xly=T

kpp + N't + KB = Xly = B

(r— NK '®)p +(R— NK 'N')u +(N— NK 'K)3 =T—- NK 'B

o] 7] A

T—NKilk:T—Nlb:T—T‘:O
ol
N—NK 'K=N—-—N=0

gt 7

R— NK 'N'=C, T—-NK 'B=gq

_25_



ojtf, o)A 2=gn ( f3 )7} AA"Y F424 73U A A (reduced normal equation)

C:ovxXv ARsgd
q: 23" A9 )
C :C 9 G—inverse t}d &+

:Ciq

=N

=K 'B-K'N't—K 'Ku

=K 'B—K 'N'(C q)-1,n

(48 2-1) < ARyYE C=R— NK 'N'o] 3 A >

T 0 k, 0
L R= ;k: :N: (nij)
0 - 0 k,

() C: A=A

(b) i) Co #e & =0
i) Co Ao F =0
iii) rank C =< v—1

REES ¢ =a'T: F47b 5 (estimate) a' = a'CC =

—

c)a'=a'C C oW BFFF p=are FAINS
(d) 2585 ¢ =a'r7h 34 745 A ol AET)
i) Var(a'r)=a'C ac?

i) Var(a't)e C 2 Aeo Tu (=9)

(=)

(a) C'=(R— NK 'N'=R'-NK 'N' (R'=R)
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—R-NK 'N'=C
C: dA154

(b) i) C:vxXwv f5le]mz
gPo] 4 Clv=(R— NK 'N")lv

= Rlv— NK 'N'lv
=r— NK 'k=r— N1,
=r—r=0 (- Nl,=r)

i) %9 & C'lv=(R— NK 'N")'1lv
=(R— NK 'N")1,
=r—r=0 (v eki))

(= R1,= NK !N, =r—NKE 'k =r—r)
k 1,

iWi) ColA 18] Umx & ZF (LASA 138&
oF i)l &) =5 Qo] Ha o] FHL (Colg} A

rank C=rank C,<v—1 ( C: vXwv {74 )

ok

¢ : 7 ¢
REEF U=aqa'T: estimate Ela't)=a'T

(¢c) Markov A&el 93l E(a't)=a're]w T=a'r =
Ela't)=a"E(r) =a'E(C q)
— o'C E(T— NK 'B) (~* ¢= T— NK'B)
=a'C EX/y—NK 'Xjy) (v T=Xy, B=X;y)
=a'C (X!y— NK 'X;y)E(y)

=a'C (X! — NK 'X})(X0)
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n
=a'C (X! = NK'X})(In| X, | Xﬂ)[ KT?J

=a'C™(X!In— NK'X}In| X! X, — NK 'X}X | X!X,— NKngXﬁ)[

RIE
~—

o} 7] 4]
X!'In—NK 'Xjln=r—NK 'k=r—Nl,=r—r=0
X!X, —NK 'X;X =R— NK '(X/X,)
=R—-NK 'N'=C
X!X,—NK 'X/X,=N—NK 'K=N—-N=0

=a'C'-Cr=a'r (va'=a'CrC QA 7HA)

E(a't)=a'C (0] 0|0)[

ISR

wekA Y =a'rt & FA7Fsolth
(d) i) « Cov(q)= Cov(T—NK 'B)= Cov(X/y— NK 'Xly)
= Cov((X] = NK 'X})y)
= (X! = NK'Xj)Cov(y)(X! — NK 'X})"
= (X! = NK 'X[)(¢?,)(X, — X;K 'N")
=0’ (X!X,— XK 'N'—- NK 'X X!+ NK 'X/K " 'N")
=o0?(R— NK 'N'—- NK 'N'+ NK 'N'K 'N')

=0¢*(R— NK 'N")=¢*C =+« .. D

. Cov(;') = Cov(C ¢q)=C Covl(q)(C )"
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=C (c*O)C ) (- D)

= C CC o2 (v C7} Aoz C = gAdoluz (C )i=C ott) --- @

~

e Var(a'r)=a'Cov(7)a
=a'(C~CC 0%)a (" @)

=(a'C C)C c%a

=a'C c% ( var 7} FANS)ER G(e)olM al=alC C )

= (a'C a)o?

i) v=a't7F A N5 mEFdFonE (c)dA a'=a'CC o]t}

mok fl=¢'C” B o' =0'C o)t}
Var(a't) = Var(¢'C71)
=('C)Cov(T)(L'C)!
=('c(Cc_cC o?)Ct
@® @

—0'(CCC)CC- 1 o2
=/'cCc Clo?
G — inverse )

=0t C 0. o2
Z0'=a'C” 9
Var (a't) = Var (£'CT)

=('Clo’® (9%)

_29_
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ol AL C (el A g) o el #BAglel Var(a'r)Es 44T

(RY) a4 AF :rank C=v—1 (F& rank X=v+b—1) 2
<FHu> ARYE C= R— NK 'N'oA

rank C<v—1 ola rank X< v+b—14.

(e 22 C=R— NK N7} 227359 Argao 2%

R4y U=2q'r 7} 24 7t © rank C=v—1

—~

z9) OT=q X G, HE C9 499 % G—inversedt ah4}.
a8 7 =C ¢= Gq or Gy

¢= C1 = CGq= CHq

C(G—H)g=0

AL (G- H)g=1t1, & v dth



H
i)
(2

(G=1,y)

=
Il

N
Il

=
I
<
)
!

(2) SSw, = ZZ(%-"_'& _6\.1')2
T g

= ZZ(@/U—%)Q (v op+f="7: (5-32), (5-33) elA)

=y'y— Bk 'B

(3) SSblocks = SST— SSw,

= ZZ(@/U'_ ’yo—o)Z_ SSw,
5

v b

= EZZ/,QJ_EEZJ .2 — SSw,
T

=y'y—ny..”— (y'y— Bk 'B)

2 J—
:Btkle_GT ( oy :ﬁ )

G2

B=X,-t ,B'=y"- X,
<g3> SShlock = Bk~ 'B— - [ sot,, Bi=y ﬂj

k‘:X‘g. Xﬂykilz?

3 AR CRPICIED RG]

J

b

J
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= Zk’ijJQ_ Ek/y_Q =Yk(y.;—y..)°
J J

J

o~

(4) SSE= 33 (ys;—n — 7= F;)”
2

= (y—X0)' (y—X0)=(y'—0'X")(y— X0)
=yly—0'X'y—y'X0 +0'X"'X0
=yly+0'X'X0 —20'X "y

(v ylad = (y'X0) =0'Xy)
=yly+0'X'y—20'X"y

(v (X'X)0 =Xy : AFA)

=y'y—0'X'y
G ENE
ot ot At Af_lf_AtAt
=yy—(ul7'1pY) T = 0'=| 7 |=@lr'1p5")
1G]
=y'y— (0 G+7'T+3'B) Xy=(1,lX,1Xx,)
1,y G
=y'y—pG-7".T =| x'y :[TJ
Xy B

— (K 'B—K 'N'r —1,u)'B
=y'y—nG—7'T—B'K 'B+7'NK 'B+ p1,B
=y'y— B'K 'B+7'(T—- NK 'B)—pn (G—1}B)
_ yty_BthlB_;_tq

(~ g=T—-NK 'B, G=1,B=1'T)

(5) SS,, = SSw,— SSE

= (y'y— B'K 'B)— (y'y— B'K 'B—1'q)
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A7t v A 2E AFLS d2AIYS A (L A=dY AR G 7 v Xw

rank C; = v—1)

<Hol> A ETe BRI AW <

T ogdt BP(AY Zoke BE aste] A ool L)

1. 71%& -

D (v, b,r, k) oMol Ag | ble] B2 7 Aol uhEr)

Ty =Ty= -= Tn:TE:j_ Z;}:l—l Z—} %%‘04 37]7}
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g BE A olA 5, — 7,9 B Wit ]
i = - = = — de HAA 52
=0 B5 A oA v, — 4,00 it Ha
E;: average Efficiency in d € D based on pairwise treatment differences.

3.d € Dv,b,r,k)o Arayd:

C,=R — NK 'N'
:TL,—%NNt (= =, =, k= ok, = k)
@ @
Ty 0 r 0
<7;(:]|'1> @ R = : "2 : = . " : = T‘['U, N l‘ﬂlEﬁgF/’é
0 r.,v 0 r
1 1
ky 0w 7 0N
@QNK 'N'=N| @ " =N
1 1
0 k, 0 k
_ 1 t 1 t
=+ NLN' = - NN
4. WFEs E
1) E; o 4
i) ARy=A d 7} &3 5= AFolgtd r=b,k=v o]z
N: JUXbO]Tjr- (J’U = J’UX’U> (T:Z} iaal‘o/] 1?_%0] Oé?é*&}-ﬂ] kZ‘L
W A )
= L VN
y=rl, — = NN
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= rl, — %J'uxijxbt (since r=b,k=v; N=J, )
=rl, — —J,
v
(2) B9 #5
doje  AZF KA wFFHe, A, (i=1, -, k)E A WA afA,
Pi(i:L ;k)%:)\ of 33 A9 A2 + vector@} A}
= t _ t _ . .
5, P'P=1,P'P;=0(+j)

k
A4 = E)‘iPiPit o]t}
=1
®
DARYH

AEAD O = vz A PEo) B2 thgat 2ol

S EE
i=1

T3 d7F AZAY F rank Cy=v—10l22 X\, 5 0 9 A

EREL!

& AARA ket 2ol

ii) G-inverse (', :

Z )\ P! (rank C, =wv 2 A%)
=1

®
v—1 1

VL PP (d7} A42AZA 4%)
=1 "%
i) Ak
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1 xv &gl aj= (0,
Va""(a;k"’)\/) = Vafr-(/y/\j _
v—1
t 1
= a ;. —_—
Jk(il)‘i
v—1
2 1
:0’ —
= A
v—1
2 1
1:1)‘73
iv) %Od o Al H Rl

J k
)071707 707_1707
FY/; ) :a/kO(la‘/kUQ
P,iPitja;kUZ

i =L < 1ojg Agw

Ti p.p! = i e, P; P!

i=1

C
lo] m4A2 B&
r
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ro(v—1) &, e, i i
®
2 2 v—1 el 1 '.'U*l (Plflv)Q 0
oo = v—1 ,21 € B
@)

v

% Folz7 A7} ARolmz A4 7 ojym A ! = M )\1 pip;

_ v—1
# ol Ot MR Cf = Y-y,

7

v—1 -1 = v—1

5. <A> HH AH

A% de Dw,b,r, k) oA
() A-H4 AY < J#a8& £, & J2=

2) B4 A3 29 e, 8 AG2 (7, — 7,9 AdEAE H2sh A

0
I
X

3) Di-HA AY s e, 5 HAWZ st AYGAE +99 AH(Volum)s HARE)
@) FAA HA AY s Ay, B, Di- AA AL A wEste AF
v—1 v—1

B M- 9)HA A = e, 7t A AR F Ye,” & Az = A

7=
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1) tteQ A

(ge)) al' Xap X - Xal

AZIA ay, as  a,  level

fi G=1,--¢q) : % a;° HF & (factor)F

R, F, - F;, : factor

I I _ I I fi . . .
a; = a;' : treatment combination 4~
i=1 i=1

treatment combination> W& HE o2 S dAZ AT
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i=1-a,j=1-b k=1-n
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:CLTLE(Z; j —y

N
b

(3714 an = )

A=y

SS, = EZ; ZZ;@U.—&i..—y.j.-i—y...)Q

i

:nZZ(g}U.—;i..—y.j.—ky...)Q
i

(1714 n=-<9

SSE = EZ; Yij —
i

SST= 5.+ 55+ 5S4+ SSE

= ZZ;(?MI«_Q

w
w
fo
ro
1
e
oL

2% Y= p+ A + B+ G+ (AB); + (AC)y, + (BO),
+ (ABC)ijk + €ijwe (6.4)

i=1-a ,j=1ay,k=1-ay, (=1-n

N= EZ;Z]JI = Q1G9a3M
7 J : 4
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—

(AB)U — ;U.. _yi"' _:;'j" + ;....

(A/b)m — 2;7/( _§7 _gk + Z;

—

1=1j=1lk=1U=1 i
(LZ
(Yo —yon)
= aan Y (Y. —y
j=1

SSC - a/la/anZ ((7;..](7. - :;.... )2
c=1

a, a, az p a;  a,

SSup= EZ E E (AB )ij = af’n;,gl@i-"” . g;j +y...)

i—1j=1k=1/=1

a;  ag

S840 =any Y, Wi = Yior =Yoo F Yo
==

S8pc = alnz E (y'jA;- R &k + ; )2

T TT
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- SEET i)

SST'= S5+ 9SSz + SSc + SSup~+ SSuc + SSpc + SSupc + SSE

= XX Wi

N
ui
fo
o
i
e
oL

Eﬁo szk [:/’L+AL+-BI+ q-|—

+ (4B);; +

(AC)y+ (BO) o+ -+

+(ABC);j +3B3 waztg UmA) + 4ak o4 sy

+ €ijr- v
i=1-a,,7=1ay,k=1--a5
1) HxAw FAHF
i=7
f]L:?;i- _5
Bi=yo .y
ék:Z;--k, _&

(AB)y =y =Y =Y ojor =Y
(AFC)W &ijk-- ?;u ym
F Yo Yty
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1=1
N ay _
SSp="=3(y joe—y....)’
ay =4
N as
SSo="=3 Y g =y )’
a3 =1
N a,ay _ _
SSAB_ a,a, lZ]ljz:)l(yI/ Y - Y. +y
B N a; ay, ag _ _
SSABC 0503 ,:1j:1A;:1(y7Jk yq’,j~ Yi-k

SSE = ZE; ;(y,,;jk...g—yijk..n)Q

= EZ; ;(gzjk--%_;-...-y

272 2"-q9¢ A
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1. (A2 8% : (1) S :level o] 1, 2, --- s—1 A&

(2) k : factor & A, B, -+ K 522

2.2°-909 A9 :
(1) S=2 : level

K=2 : factor <

o]
i

A

o
=3

Fad A={A4, A} B={R,B} (7 S=2 o]==)
(2) treatment combination :
1) M3 =22 or2x2=4
2) xTTA (vates A1)
00 10 01 11
<Fa> A7lEA 00 01 10 11
(3) factor effect :
B
B, B,
00 01
4 Ay
A 10 11
D 20: 00+01 00+4+01+10+11
2 4
1 _ 10411 00+01+10+11
= _
2 4
A=A9 w3 :21—20:%[(10+11)—(00+01)] (4.1)
=1 g 4
2°—1
9) BOZ 00+10 00+01+10+11

2 4
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_10+11 00+01+10+11
- 2 4

~

B = Be z3} :Bl—BU:%[(01+11)—(00+10)] (4.2)

3)

18 ABe) 73}

fol

AB = ABe) 55 = +[(BAA A2 £3) - (BelA A9 w3})

[(11—01)— (10 —00)]

l\.’)|>~

:%[(00+11)—(01+10)] (4.3)

4) 29 &3 A5 ((41),4.2)43)2 25z v 1A )

Q o a 1
AE = A - LBE & AB
00 — — —
10 + — +
01 - + -
11 + + +

3.2°-99 A%
(1) level =2
factor & K =3
factor A={Ay, 4}, B={B, B}, C={G, G}
(2) treatment combination
D AG =2° == 2X2x2=38
2) 2= A (vates &A1)

000 100 010 110 001 101 011 111

_45_




<> A7) A

000 001 010 011 100 101 110 111
(3) factor effect

A, 000 001 010 011

A, 100 101 110 111

1) Ae] &3 = [(100+ 101+ 110+ 111 ) — (000 4+ 001 4+ 010 + 011)]

»-I>|r—l

2) Be] 7 =-=—[(010+ 011+ 110+ 111 ) — (000 + 001 + 100 + 101)]

NP

3) C9o &3} Z%[(OOI—FOH+101+111)—(000+010+100+110)]

4) B3¢ ( AB, AC, BC, ABC )9 z 3}
ore] 2°-g¢1 A% Wl oate] T 4 grh ey A% dutst s o WY

T oEggos g a9 x3 Al oste] o

Mo

2 9 & 3
SICIES
A B AB ¢ | AC | BC | ABC
000 — — + — + + —
100 + - - - - + +
010 -~ + — — + — +
110 + + + — — — —
001 — — + + — — +
101 + — — + + — —
011 — + — + — + —
111 + + + + + + +

(1) level S=2

factor &= = k7|
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factor A, B, -+ K (5% K7)
(2) treatment combination
D A = 2"
2) 2'1 A 9] o A]
0000 1000 0100 1100 0010
1010 0110 1110 0001 1001

0101 1101 0011 1011 O111
1111 T ol67lolm REeAE e

29l % 0% 1& kAP s TS 9 oAleh ol

.

(3) factor effect(n & 28 F3}) @ HlE

) Ag &3 = [ (R

:#ww

o,

2) B, C, -+, KO BA$% {4
3) ABe] zﬂ:#mmm

AB -+ K9 &= o I(EH H] oK)

5 AlH &

&)
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22 - — \2
=52 Wi —y.)
i=0

— 2l -y )+ (. — 7. )"

_o[(00+01  00+01+10+11Y, (10+11 00+01+10+11Y
= — _|_ —

2 4 2 4
_ 2
16

[((00+01) — (104 11))°+ ((10+11) — (00 + 01 ))*
1 L[2((00+01) = (10+11)T (- 919+ e 28
= (A )

S5,y = %(u% B ap)’

(1) Ao] f3h= [(100 + 110 + 101 + 111 ) — (000 + 010 + 001 4+ 011 )]

x 3

1

=17 [(222 + 216 + 228 + 220 ) — (258 + 240 + 240 + 216 )]

= —5.67

_48_



(2) Bo] ax= ﬁ [(0104+ 110+ 011+ 111)— (000 + 100 + 001 + 101)]

- 11—2 [(240 + 216 + 216 + 220 ) — (258 + 222 + 240 + 228 )]

=—4.67
(3) €9 as = —2.67

(4) ABe] 23} = ==[(000 + 110 + 001 + 111) — (100 + 010 + 101 + 011 )

1

=17 [(258 + 216 + 240 4+ 220 ) — (222 + 240 + 228 + 216 )]

=2.33
AC?9 a3 =433
BCe a3 = —0.67

(5) ABC's] 73} :%[(100+010+001+111)—(000+110+101+011)]

:% [(222 + 240 + 240 + 220 ) — (258 + 216 + 228 + 216 )]

=0.33

2. A
(1) 55, = — (o] )?
77/2]{7

_ 3;23 [(100 + 110+ 101+ 111) — (000 + 010 + 001 + 011)]*

- 21—4 [(222 + 216 + 228 + 220 ) — (258 + 240 + 240 + 216 )]?

1l e 1 ]
=31 X 68°= 51 X 4624=192.67

1

Y

[(240 4+ 216 + 216 + 220) — (258 + 222 + 240 + 228)]?

_ L _
= 57 X 3136=130.67
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(3) S, = -

ﬂ[(240 + 228 4+ 216 4+ 220 ) — (258 + 222 + 240 + 216 )]?

_ 1 2
51 X 32°=42.67

1

(4) SSAB - 24

[(258 4+ 216 + 240 + 220) — (222 + 240 + 228 + 216 ))?

R Y c
= 55 X 28%=5 X T84=3267

1

5) SSic =57

[(258 + 240 + 228 +220) — (222 + 216 + 240 + 216 ))?

=L g L
51 < 52'=5 1 X 2704=11267

6) Sy = i[(258+222+216+220)—(240+216+240+228)]2

1 2 1
o1 X 8 o1 X 64=2.67
1
4

(7) SSupc = 5 [(222 4 240 + 240 + 220 ) — (258 4 216 + 228 + 216 )]?

= Lol e
= 51 X 4'=5 1 X 16=067

1 1 1 3
(8) SST = Z Z Z Z(y//kl

I
.

I
o~

I
~
-

=YY Y N

30 230 230

_ _ 2 2 _ 2 230 2 _ 2
= (84 3 )*+ (89 3 )+ (85 3 )+ (78 3 )

+ (79— 23V 4 (83— 230 2y (50— 230 24 (g - 230
3 3 3 3

(78— 230y (75 - 280 2y (79 230 y2y (7y 230 g2
3 3 3 3

+ (15— 230 (15— 204 (12— 0y (75 - 20y
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3 3 3 3
3 3 3 3
- 579i — 641.3333 -~

(9) SSE = SST—SSA_SSB_SSC_SSAB_SSAC_SSBC_SSABC
= 641.3333-192.6667-130.6667-42.6667-32.6667-112.6667
~2.6667-0.6667 = 126.6664 = 126.67

1. k=2¢°1 A3 -aq4dFH)
(1) level : s=3
factor : A, B (k=27})

(2) treatment combination

1) A5 = 3%
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i=R=) 2y T wE
= v F, R F,
Dy [00,011,[10,111,[20,21] 0 1 1
Dy, [00,11],[10,211,[20,011,[01,10],[11,201,[21,00]| 0.75 1 0.25
Dy [00,10],[10,201,[20,001,[01,11],[11,211,[21,01]1| 0.75 0 0.75
<Fa>

(1) gerneralized cyclic method
i) 108 @sto] Ao ¢dd QA A
i) 10 10 11 =AW= ¢S cdd g7 A%
el A 10 20, 112 212 3% F&
1 p, (00, 01) & 10(mod(3, 2)) = (10, 11) & 10 mod(3, 2)
= (20, 21) @ 10 mod(3, 2) = (00, 01) : main block
o', (00, 01) & 20 mod(3, 2) = (20, 21) & 20 mod(3, 2)
= (10, 11) & 20 mod(3, 2) = (00, 01) =34
D=0y
2) p, (00, 11) & 10(mod(3, 2)) = (10, 21) & 10 mod(3, 2)
= (20, 01) & 11 mod(3, 2) = (01, 10) & 10 mod(3, 2)
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= (11, 20) & 10 mod(3, 2) = (21, 00) & 11 mod(3, 2)
= (00, 11) © «=#F
main block
(2) ©+2 main design
i) p, (00,20 (10,00) (20,10)
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i) p (00, 21) (10, 01) (20, 11) (01, 20) (11, 00) (21, 10) (00,21) [<=%H]

[ &5H ©10, 10, 11, 10, ©10, H11 3]

* AN puz=D, Dys= D), °1 TF.
w2} A 3 blocke 2 ® BS designe 5707F o}y 1 3701 H
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=3

7+ o]

=5

A

25, (0000, 0001) (0010, 0011) (0100, 0101) (0110, 0111) F} Fy Fy FyF

(1000, 1001) (1010, 1011) (1100, 1101) (1110, 1111) F\F; FyF; FYFLF,

Qe FEE = (- + + )

(0000, 0010) (0001, 0011) (0100, 0110) (0101, 0111)

(1000, 1010) (1001, 1011) (1100, 1110) (1101, 1111)

(+ + — +)

\ = 3 _—
Lo BoF =

(0000, 0011) (0001, 0010) (0100, 0111) (0101, 0110)

(1000, 1011) (1001, 1010) (1100, 1111) (1101, 1110)

(+ + — -)

H = 3. —
8 BoF =

(0000, 0100) (0001, 0101) (0010, 0110) (0011, 0111)

(1000, 1100) (1001, 1101) (1010, 1110) (1011, 1111)

(+ — + +)

1= I
8 BoF =

(0000, 0101) (0001, 0100) (0010, 0111) (0011, 0110)

(1000, 1101) (1001, 1100) (1010, 1111) (1011, 1110)

(+ — + —)

H = 3. —
8 BoF =

(0000, 0110) (0001, 0111) (0010, 0100) (0011, 0101)

(1000, 1110) (1001, 1111) (1010, 1100) (1011, 1101)

(+ — — +)

\ = 3 _—
Lo BoF =

Dy, (0000, 0111) (0001, 0110) (0010, 0101) (0011, 0100)
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(1000, 1111) (1001, 1110) (1010, 1101) (1011, 1100) 777 /78, 777,

298 REF = (+ - — )

D, (0000, 1000) (0001, 1001) (0010, 1010) (0011, 1011) 7, 7 7 7/
(0100, 1100) (0101, 1101) (0110, 1110) (0111, 1111) A5 FyFy Fofy

2 Faw = (- + + 1)

Dy (0000, 1001) (0001, 1000) (0010, 1011) (0011, 1010) £, /7, /1 /7 /ol
(0100, 1101) (0101, 1101) (0110, 1111) (0111, 1110) A AF FFF, FIFEFF,
LW BoF = (— + + —)

Do (0000, 1010) (0001, 1011) (0010, 1000) (0011, 1001) Fy Fy FVFy Py Fy
(0100, 1110) (0101, 1111) (0110, 1100) (0111, 1101) A AF FFF, FIFEFF,

2 REF = (— + — +)

Dy (0000, 1011) (0001, 1010) (0010, 1001) (0011, 1000) &, 7,77 /77y 77377,
(0100, 1111) (0101, 1110) (0110, 1101) (0111, 1100) 77/ /75, FyFy s,

2 REF = (— + — )

Dy, (0000, 1100) (0001, 1101) (0010, 1110) (0011, 1111) &, 7, £\ 7477,
(0100, 1000) (0101, 1001) (0110, 1010) (0111, 1011) &7/ A /777y P FVF

89w REF = (- — + +)

Dy, (0000, 1101) (0001, 1100) (0010, 1111) (0011, 1110) F, A7\ /7y 7y oy
(0100, 1001) (0101, 1000) (0110, 1011) (0111, 1010) A AF A\ FF, FyFyFy

298 REF = (— — + )
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898 REF = (— — — )
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