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A Study on Projection Properties of the 12-Run
Plackett—Burman Design

DongKwon Park!’”, Manyeob Han?2
Abstract

Non-regular designs such as the Plackett-Burman(PB) design have traditionally
been used for screening only main effects because of complex aliasing. But, it was
found that these designs could be used to estimate the 2-factor interactions as well
as main effects through the hidden projection property. The goal of this paper is to
propose the estimable model when projecting the 12-run PB design using the
algebraic geometric method. The core of this method considers the design as a affine
variety, and the Grobner basis of the design ideal for this affine variety gives the
estimable polynomial models. As the results of applying to the 12-run PB design, it is
actually found that this design has the models not only with 2-factor interactions, but
with 3-factor. This design is the maximal fan in 4-factor projection.
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Adozs EFESAY

olg| gt FAE Aty Y3l B =Tl Pistoned Wynn(1996)e] A A3 47153 2
WS Foted wHEAE AZFEAT o Wy VB HEe AIAYY 2 HYzrTS o
3 GEFA(affine variety) &, G3HH A 59 sje Agoew B, °] WA S disf SdT A
A& 7Hx 2E B (Grobner) 7] A (basis)(©]3F G-71A)& o] &3l FR71538 BHL o]Fo] U
aA & Aotk o] AL WYHE AN MExge Ao tRERE AL Hy, A
Hog AYzxd}g MEste v g oj&dtes A AF Ao AT YE FERHI M9
= G718 T3 A # + dvke FHo] Utk G-7IAE Fa7) 9§ Trado g og
ol FEAEC 9 wEAR  CoCoA(Computations in Commutative Algebra; 3
cocoa@dima.unige.it)& o] &3ttt oleld th571ed WU SAS ik g LT Q)

o
ool B w=Ee AYAY nrrla

olM k=3, 4, 5 6712 o7 &

a3 gt

4 2 gel o) 19s AWRI, 12-run PB A
FPEe Mo 24 s 2PEL o ¥ *a—g— o] 3ol Fopu

2. A9A e ufrlsety

o} Hol M= Cox, Little#t O’'Shea(1992) 5& Fxste 7B d47]8 8L Heldth m
el 8918 JH AEAYNN ZE AeRse JdS m =
g & 5 Ak A4 Mg o] T U9 ol ") weld AFAFPL o
ATk o) vRFoZ miel 2de A3 nWl AP AY DE IEH o] Ey)skal

g 3 4
D: {x(l), e, x(”)’ 0:17]}\—1 x:(xl, e e e ’xm)}
dx)E o HEL d=2se dddHogt sd DE 23 Zol el £ 3y
D= {x:dx) =0)
ojgt e a9 L9 TS A Fh A d2M F AIH x=(ay,...,a,)
=i
X1~ Q1, X9 A9y v Xy~ Ay,

o} t}FA| (variety)7F €t}

EY DAA 08 wEdte ZE B A, ] TN A HE 2 BE o
g [EE e H 2ol Hostn

<)
I(D) = {f(x) : f{x)=0, V x€D}

olo]t A(ideal)ol etz F-Ert AW oz ofo]ridL ol HAES WEHI}
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@ f,ge I¥, f+tgel
® fe I he klx, ,x,] oI, hf € I ojt},
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Stk opolt Qe Bl £, -, f,o oI 44 (generated)™ 1 the wol PP F vk

Cfive fo >:{ Z‘hz‘fﬂ By, h, k[xl,“',xn]}
A7IM £, 8 1A j

dsletstd gaold B3k el HE F 18R By Al e g qYae v
Az sol ool = g4 BAZ AvenA @ Rolgh T & ATk AWAY Aol 4
A7 BA AE ol 27-294%e 49 BE A2xgH oo Hgse A, clodae
<E 1ol Aeagch 20-a948s] 4 Aezg 249 ozl F Uil ol Al go

2 Azt o] v e HEL 27t <F 1>9 kA 2 ololddz maEwE 4 Qo W) =
ololtied o ofs) Hel® tFAES WaTh oA 2°-AMUAPL o Heo PR T
g olel E thdAE 7 Ao FUFoR EF ofot]R e 7} olorde] mIFOE
Fads o] <E 1>9 vixla g3} ro] epdo)

<E 1> 22-29439 tgA g ololud

= Ty ook A of o] &

(1, 1) Vi =1, 10—1) | <xi—1, % —1>
(1,—1) Vi, —1,2,+1) | <x1—1, % +1>
(—-1,1) Vix; +1,20—1) | <xy +1, xp—1>

(-1, —-1) Vix; +1,20+1) | <x; +1, 2y +1>

229" aAdg | V(i —1,22~1) | <x—1, x5—-1>

Jole g2l frh ofoltd (fy,--, [0 o Fa=A AASE EA T oY #H FAES
Ures oA #asEe o BASAE DGt Wrrlete tEA BE 71A- g% o
Aol U] 2l EAA ged mEbA, g 8As vUre &AM wet g AR E
el $= Q7] diie] om 5dd A4FE Ad 71HE "8E2 ok ¢4 Hixd(leading
term)S &

7 J A

A Uyrte yUirr] HHE A4 = Qs d o] g Fdo| HuxtgolukE AAA
71 &) @@ FME AY Favt v B =fdAe glEieR of

(lexicographic order: lex), 2t7F & A& 2 <4 (graded lexicographic order: grelex), 47}
Bo o AbHAl £=AM(graded reverse lexicographic order: grevlex)E o] &39ith o4& Eo] £3}
F7F 25 AAY e gdad disiA ¥ 4E(indeterminates)e] 712 98 SMHE x>y>z
Z 39, lex TAE G5 2o AAH I,

x2>xy>xz>x>y2>yz>y>zz>z>1
grelex ¢4 oS3 Zol @k
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x* > xy> v > xz> yz> 2R x>y > 2> 1
oAl G-71A& At G-71AY AR @F2A &AM ofgA ooy T9 #3 BB
G={gy, ", g}7F o}l A& wFH3d, G& G-71An o
< LT(gy),,LT(g,) > = < LTU) >
AN LD = AR dFA &A stellA otelddg T8 & dadae Auaigs &
o dE B0, g =2 —2x, &=xy—2y"+x9] s AL ool [ T =
lex MMM y(2' —20) —2(x’ y= 2 + ) ==t elmz —4 & o) clolfde] @ fdath 8
A LT(g)=x", LT(g)=x'yE LT =x"% dFx 237 ge LTU)=x"2 44
2l R¥H = (g1, g0 & G-7IAZE okHth lex &AM G-7IAE &3 2ot
G={g =xy, &§,=x", g3=2v—x}
G-717= 533 A44d& 73z Jdoh. AHEZE, G={g,,.g}7F otolvd

o
%

I1C klxy,,x,19 G-71A2 stz &4 feklx, -, x,]8 a4, f= l;g,-gi + r&

HEete UMA e klx, o x,] S FAEA EAST olm UHR & ololt]d [ U
g fo AT ¥ (normal form)eolgl g} v U]z} golgld o]RE& fe [o]7] Y3 "o
w20 "ok a8y, G-7IARE FASE 949 &4, F g9 £42 ZEEd UexE 9

4 g AUE F ¢ 2HAG EAZ, URA ro o® FE LT(g), -, LT(g,) ol 9
sl UHAA et sReR wa $A% Aot de wel Hnagel waxs] W),
£4% 22 Aosd G-1A ¥ 28 £ 9

<E 259 2PTRRAUAA Bl A% 2 WUEER ooldAT TAHL, CoCoAE )&
o lex £HE G-714E 78 A7 g 2
xg— %1 XoX3, X5 +Xp X3, X4 2, %5, 65— 1, 25 —1, 25 —1>
o] G-71AZ 1A o] tiAQlo] ¥ FAHE =z wWIEA @ £ At AA= 29 g
A xy, x5, %7 T Rol mHH Q= ARG & F sl

X4 = T X1 X2, X5= T X2X3, XgT X1X2X3

AAZ <E >F ABAA [=1236=—235=—1240] 93 A7 2573 -mrgouygr}
o] AFZRE G-71AE o] &3 AL BN AS 41 A8 A F2E FT £ e

% % quk
3. 299 54 7t ¥ Fan 23 A

AN & iy < = b G-71A c]&o] ALA o] &
g2 5 e Ad dHa dHstax d@d [ C klx,,x,]E 0 olelddeldyr

fog € klx, -, x,18 Aot 8t ol f—g e [o]F f,gv ZE [ &3 &%
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-1 -1 -1 -1 -1 -1

(congruent modulo Deolgt 8t f=g mod [ 2 E7I3x BE [ T &5
Elx;, =, x, 1904 52 A Ao}k o] 2 T BAZ AWM klx, -,
ololr) Aol thall A =X F(equivalence class)@ & thatAle] R REAZEZ Radr) of7]A <
ool vt feklx,-,x,]°0 WA ZE o] #a FE GdIAEY JEFE fo F
(class)E} 3haL, otefof o] E7|gT}

[f] = {g=klx ~-,x,]: g = fmod I}
tefA o] olelt]d AL, f=gmod I(V)E & g7t G V 2l

g3 [ = IV)7 4

Ao @aE doade Ad d@ BeFizaiol Ak thAl BaW, BAA V 4N e
g2 Fods gRdse 2 I(V)d #d &% 26 gt BayEe FNFE% 94
A ggaAel Atk AT G el Be F4E HolsE GFHSS thRAlel ot
wal HEQ SARE T & F Arh

klxy, 2,11 = {lf]: fe klxy, 2,1}
mel 8208 71 nd AT A G &AM F AAT o] Al @ G-71A

G.={g1(x),, g,(x)}
aew, e gatd B8 f(x) & ohed ol vehd & gk
0 = 250 (D) + ()
o] o Foljx G-71AE wzl Hx) & FdstA BAS7) WFol UeiAe wetd o5
2ag & ok w23, 28 xVeDd Wsld g (x ) =0022, g BHA
f(x(’))= r(x ) (i=1,",n)
B 5 o84 f(0), (0 F ZE xPeDel dad (D) =£ET) e wEed
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= ggae yuxzt 2e A9 F owd (), L) S DI G.o Ba zdHe dum
; o 9 RE BRAEE klx, -, x,)/ID) A 87 Ak oy G-71A Y Hw

oF Z7] Wi o] ggAEY MygAFgozr vehtE g2 288 ¥ 37 3 (saturated model)
o] "t} (Pistone® Wynn(1996) =), & 9, (0, 0), (1, 0), (0, 1), (1, 1) 4l 7He] "oz T
A 22-gddeqade nes] B o] AP Wi G-71A9 HuAFPEL X, x5 0)nZ
klxy,x]/ID) & 7Z1AE {1,x1, %2, 5122} 7F Btk A7) o] Ae] gt 34 7158 =3
2 o] 9 gEY HAFAToZ Y oy o] 2 i3 AY FBEL FaE oS H 2
t},

ot

L~

—_—O = O

0
0
1
1

bttt
—_—0 OO

ol AY AZEL FH(non-singular) FHol7] Wi st EATE FAT & Yok AT o] ¢
AN 34w mEe gt o) Ao
y = 90+61X1+02X2+63X1X2

2PozRE 2°-gHaddPdNE ¥ 299 Fade wsAEaAE 2
2

i

2
>
o
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o
)
olf
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s
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o

Ep. = {V gieG., LT(g;) 2 WHFolAA && BE a2}

(order ideal)°ole} 2+ d thg9 ¥ AL =3}

FE9 #3 3 3Hfinite set)o]th.

@ x°€Ep.oln 2°7t x°&% yEuw, sfeE, .8 HE30

53] @9 =3E& Y71 27 (divisibility condition) %+ D-ZZelg vk Ep .= F3 71%5%

FER F w3 AEY F JAAZA G A JEg weo maA @A sA o) ue

Ep.t oe B3A85S 718 + Atk od RE 453 E,.9 38 D Blfan)eldn
2 5 Ydead)oldtn ok F F 932 4 I ol s

A Ep,% Ep,7t wE #EE M2 W, #AZe & deol HAR A we

Ep.=Ep,°ld, 5 934 &M hax 2 do &34 gt dE Sof, thgo 3477

n

FElAdd Adzgs nHE 24

by
l»}
rlr
el
X
s
o

> O
e

_0‘_1_1‘
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N
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o
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-1 -1 -1 -1
-1 0 0 0
-1 1 1 1
0 -1 0 1
0 0 1 -1
0 1 -1 0
1 -1 1 0
1 0 -1 1
1 1 0 -1
NEEME xy>a3>x 2 &z, @34 £ME lex, grelexZ 3t G-71A¢ Huadd
e Byg g 7&—4“ O}Eﬂg} Zetek webd o] AFe HAE F e thE Yol AT
o} 23 lex =MD W, 3 ox F R9Y FETNS} wEALIRE FAY F e B
grelex &A1 wf, d 7kA] @9 FaAG F e wIHEINE FAY F U Z¥EE AA
3t AlEo] A
3 3 .3
lex i}gQ]_ { x4vx31x2rx1 }
& SR
1 o (1, %1, 22, xp, x5, 217y, Xixy, 2,45, 2523}
= { 23, xgx3, x5, x4%2, %370,
grelex | x}3 X4X) X3xs, xb, x5xp xexi, A% )
A e 2 2
—5‘—)]_ { 1’ X1, X2, X3, X4, X1X2, X2, X1, X1X3 }
Epw={1, x, 2, %2, 53, 220, xix3, x1%5, #7143}
EDgreIex { ]- X1, X2, X3, X4, X1X2, x%’ x%’ X3X) }
D-23<& W& nle e@gAdez FAY ZE O3 BYPES Y Hoz 744" AY
o7 A% $ gvtd, o] tAAL Adl A A E(maximal fan design)ole}t @tk A& E°f, D-
z27Ae wEFaAM A e doz FAH Qv 2-xY RIS A A EF {lxlxﬁ}
{(Liag, 5}, {Lx,xix)el ARelck ole wisl A8 D={(0,0),(1,1),3,2)}& 243
Vb @A Ex wet o] AYeM sted 2-xd o RS AHEsd oS gk

® XQ>.X1°]_TV_
TAY o,

@ grelex

@ x,>xp012

lex A4 o,

{l’xlrx%}

{1, x;, 2,25}

lex &4 o,

{1, %, x5}
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BE g At wepr o] AFL FH o] @
. BEdo)] Ho] tix “3}‘494 %l?}% %%E AYE HF4 W (minimal fan) AYoletz st} 9=

o 3
ol $H2UEEL oW TP ENAME ste) 9 Y] YR gHeddPge HAa
Wol Aok, shte] RPHe FHY + A Advte 98 2L FAHY 5 YE Ao uy
geolgte A7 Hd @ AL e Ao F2 Aoy

6. Plackett-Burman A 3 9] fan

02 <& 3>& 12-run PBA Fo|t}t, o] Ade Fasel 2-29 B3AEFHe] TSAS Flo
1/3 B -130 Ades, 53¢ w722 A dF5Hog FEHTNL HNEss fou o g
o] gk

% 3> 12-run PBA &
run 1 2 3 4 5 6 7 8 9 10 11
1 [+ + - + ¥+ + — - — + =
2 | — + + - + + 4+ - - — 4
3 | + - 4+ -+ o+ o+ - - -
4 - + - + + -+ o+ + - -
5 | — - 4+ — + 4+ - + + + -
6 | — — — + — + + - + + +
T+ - - -+ -+ o+ - 4 o=
8 | + + - — — 4+ — + 4+ — +
9 | + 4+ + - - — 4+ - 4+ + -
0| - + + + - — — 4+ — + +
|+ - + + + - - - + - 1
I e

71X ¥4/ F(hidden projection property)°l@& FJ® Aol AP MAEY 2T L
ZA B Qolk, Zta ' AFA Po) I ALIAE FAY £ Qe ALE LI gy
o] FIHHEL ol &3tH A& AFgnA%e 28 Bt 38802 o&d £ UL Ao},
o] ¥942dE o83t PB AYS nle 890 FFHS o =4 s 28 5 seA
o2 HIste] Zopr iy, 7)Ee Ao} wlwstuzt gt £33 Ho W gRe] HiE BLE 2
olRATH k=3, 4,5 6 &9l FIE Z Agd da 94 D-2He NEIH}E BE e 2y

R

5
S AAEL, AAZ Z2aPE B8 9 AdeE FEAN YUY

(1) 3-290] T F$ :
123 PB A& ¢eoo 3-9& X el 3}

WO REoz AHACD. shte 28-gxa929e)
APtz 8o Helm, o 7

¥ 294y gt afe ol maA <E

i
o
£
i
A
|
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4>oA BE 3-29 =9 wf PB A A /Mo Fadan A e 2-808&8¥, agx g
Mo} 3-aAaRE /M 2L FHE 5 Ak
<E 4> 3-8 A we 24 Hsd 2
lex LT(G) {x%, x5, xé}
grelex
greviex E {1,x;, %2, X3, X1X2, X1X3, X3X3, X1X2X3}
(2) 4-8% Fdd 2%
AR ez 4hel B¢ Hus @ FFHe) 1270 @ shed T Aol e AH2FL 2%
A Hol 22 11719 #uto] Y=o} D-2AE 9EEA 11749 o ahE & n thaba
28& vy e T stA A$utel EA8A e
© ol e} FEFG AH A9 2-29 BEAHFEAE e Y
@ v Ae FE oA A 2-2%) BELEEF 2D, @ el 3-89 RERSEAE
Zte By
<E 5>M 2 F %ol 4-89 FAY Aot OF ©F 2¥e =¥ 4 F Uk PB
Age 7§ %741 =g ho) 9ol Y e 8ld Edstd E244Y glolE RE oA )
o EALIANAE 24 5 Atk F lex £AY W ol e FEAG W HY 2-80 &
FAg83 2elw, @ A9 3-2%) REFEENE e 2ol R/, grelex £4Y
=AY FES R RE J5Y RIFLEHE MY R0 FA7bssth gy o) dagl

< Ho A Aol A

<E 5> 4-8% %

3 2y

4 el 4 s

LT(G) (%3, 25, x5, x5, x1%0, X137 }
leX {1
E y X1, X9, X3, X4, X1X3, X1X4, XoX3,
XXy, X3Xy, XpX3Xy}
arelex LT(G)| {3, 25, x5, 5, x1%2%3, X1%9%y, X)X3%y, XpX3%y }
grevlex E {1, %1, %, X3, X4, X1Xo, X1X3, X1X4, X2X3,
XoXy X3X4}
(3) 5-89 FId A5
AgoA 5719 @& M3 o F 7px|9] AFe] rAgsith dtve, d2A 1, 2, 3,4, 10 €&
A 4-29 FAY A9 vpRsx2 3 e o] e HRFE ZA Ho 117 AW
5 ed A7t sl

A
L}l
[

ALola

, O shuE 1AM 58S A" wis} o] 127) #o] BEF
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DA A LA S s A 7ted G 28e g3t g
@ ol 7he Fadet A A9 2-29 WIALEAES ZE 2Y
@ v e Fas oAl He 2-89 wsxAEad gz 3 e 3-89 wIALEHE
e By
@ oA e FaAG A MY 2-89 R EENE e Y
@ R e Fas o e 2-29) wEAEET Yz & 49 3-89 LIALEHE
e 2y

<E 6> AH}E HY, o7]A ALEE @A FAd o8 YoM AXF 2E Zd @z @9}
@9 RE@to] 24 7t5EE & 5 Utk WA o] AL lex £AYD W Ul A9 FEI U A
g Jie] 3-8¢1 J—L’EX—}%}I#E FH3E = Ao}t 3 grelex &

2= 9

¥

2) F ", 12709 A& Ze Ay e e 2 Z¥o] shesit
O dl e FaH, AR A 2-29 wEFLEY, a2ga ¥ He 3-2% wIAEIHRES

PAS A

@ vl e FES oA R 2-89 wEALER, a8 F oY 3-29 IELLERE
e 2y

@ aA el Fasket AR e 2-89) FEALAHE e B

@ AR e FEA oA e 2-89 axAgEH, an @ A9 3-82 wxFga
g %e 2y

Al 1, 2, 3,10, 11895 MH389A grevlex &AM LT(G)E <E 6>9 AT ozt th
ERSY
LT(G) = { x%,x%,x4,x5, X1X2, X1X3, XpX3, XXy, X1X4Xs, x3x4x5}
SR, EE Zobrd FA 7hEd Ry Wgo] Qvk <E 7>% BY doA AAg 2E® F O
B @ BEPvte]l 4 shwsith webA 5-29 59U o £ oAA AGAAME lex &AM
A Hel FaFe oA sl 2-89 wEALaR a3, 3 A9 3-89 uwsALFHE FH
g = ok =3 grelex B grevlex #AMAAME A je FaIH} A she 2-29 5 HE

E%E 242 5 Ak

@) 6-29 3 A ¢
Aol A o4 el d& 4 B T b de pxg e o
12709 B 2] g D-2AL VHEFUA 124 ¥ AT Ak A mye Wl
foh 2y¥se dgn 2o
O~® 5-2% FFolA ¥ WAl 1274 P2 2= Ags 2
® 13 Aol T dAl A9 289 TEAEERE 2
® AR Ao Fad v A 2-edunEAgEy zE)lm o o 3-89 wELEFHE 2

X

fr
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<¥ 6> 5-89 F4d ujo A 7t 2 )

2 2 2 .2
LT(G) {x1, %3, x5, %3, %8, Xp%3, X2X4%s )
lex E {1, x5, x3, X4, X5, XoXy, X3X5, X3X4,
X3X5, Xy4X5, X3 X4 X5}
2 2 .2 .2 .2
LT(G) {xl,x2,x3yx4,x5, X1X2, X1X3, Xy1X4,
grelex X1 X5, X9X3, XpX4X5, X3X4Xs )
grevlex E {1,x1, %0, X3, X4, X5, XXy, XoX5, X3X4,
X3X5, X4Xs}
<E 7> 5-8% FAY e F3 s ZHQ)
2 2 .2 .2 .2
LT(G) {xl,xz,xz,x4,x5, X)Xz, X1X3, X1X4,
lex X1X5, XoX3, XgX4Xs}
E {1, %, %2, X3, X4, X5, X2X4, X2Xs5,
X3X4, X3X5, X4Xs, X3X4X5}
2 .2 2 2 .2
LT(G) {xlsXZ,x3vx41x51 X1X2, X1X3, X1X4,
grelex X1Xs5, XoX3Xy, X3X3X5, X2X4X5, X3%4 %5 }
E {1,x1, %9, X3, X4, X5, XpX3, XpX4, X2Xs5,
X3Xy, X3Xs5, X4X5}
2 2 2 2 2
LT(G) {xl,xz,XB,x4,x5, X1X3, X1X3, X1X4,
greviex XpX3, XpXgX5, X3XyXs5 )
E {1,x1, %9, x3, X4, X5, X1X5, X2X4, X2X5,
X3Xy, X3Xs5, X4X5}
<E 8> 6-89 FIY We] 24 7t v
2 .2 .2 2 2
LT(G) {xlrx2vx3’x4vx51x6! XoX3, XoXyi,
lex XoX5, XoXe, X3X4, X3X5Xe )
E {1, x2, x3, x4, X5, Xg, X3X5, X3%Xg,
X4X5, X4Xg, X5Xg, X4X5Xe )}
2 .2 .2 .2 .2 .2
{xlyxz:x3yx4»x5’x67 XyX2, X1X3, XiX4,
LT(G) X1X5, X1Xg, XoX3, X9X4, X2Xs,
grelex XpXg, X3Xy, X3X4Xg, XqX5%g )}
E {1,x1, %2, X3, X4, X5, Xg, X3X5, X3%6,
XyX5, X4Xg, X5Xg)
2 .2 .2 2 2 2
{xlsx2)x3’x4)x5!x67 xle’ x1x31
LT(G) Xi1Xy, X1Xs5, X1Xg, XaX3, XXy,
greviex XoX5, X3X4, X3X5, X4X5Xg )
B {1,x,, %0, x3, %4, X5, X5, XpXg, X3Xg,

XyXs, XgXg, X5Xg)
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6-2.2 59 o, d2A 1A 688 HET e} 1oA 587 7S A we} Zo] F 7}
2 Aol 7tseith 1AM 68 AHE oo AFAE <H 89 AYsHu. ZFHE W {9
2y T @9 ®9 ¥l 4 Jksside AS & F Utk F, lex ©AY de g A 85
et oAl Al 2-89 wEAEEFH, aga ¢ /e 3-29% wIHEERE FAHAYL F ok E
& grelex$t grevlex €A AA = AR e FaHY oAl Ao 2-89 wsALaAE FHY
ATt 2, 194 583 7TE€S MAE w9 ZAi= grevlex £AY Wl e} Zolrt gl
B UHR &AM e 2 ZA4E Y F HA gAAolA greviex &MY @Y LT(G)

Es g3 o

LT(G)={x,x5, x5, 2§, x5, 58, mixs, x1%3, X%y, X1%s5, XX,
XpXy, XoXs5, X3Xy, X3X5, X4Xs )

e mlo 4r %

E={1,x,xy, x3, x4, X5, Xg, X1Xg, XoX¢, X3Xg, X4Xg, X5X¢}

49 B%e FPHo Pstd tgH Ak

(1) 3-89 $949 495 PB AR A% @ Aol .

(2) 4-29 FIQ B9, D-2AL BEHE Yy Y OF ©F BF 4 ¥ & donw
of Age Ao W Aol Ak 23, Wang? Jeff Wu(995)% @9 =dol 54 7Hs3
2 walw gk 9 Aol daW 3-29 WEAFEHE 24 A5FE ¢ + Aok

@ 529 £9Y FF, A WA AIAE O O 2¥ol 24 A AAw 2L
F qdgith €%, Wangs Wue @9 2¥ol 53 7bsstnt #8lm Jh ¥ AA Ago
HE @3 @) 20l 7 A5 Wangsh Wb of QA @2 2ol £4 7%
e wach

4) 6-89 F9U A%, F AY BT @2 @ R¥ol 3 st 293, Wang
Wus ® 289 574 /bsae gestg,
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