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A& 2y gl gi4=7slehs 7122 3 5xt}d4] (homogeneous polynomial) 22 FAE 23
2 £Yse] BAS BT UT ol WBe] AFA2 FAMAY] LA ) FA7Rs
3 R HE AN} AUL CoCoA threlal 2z eglo] o8 ahslch
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1. A &
FHE AP WMIUSTE T4 AR Wl G WA EFBY Fol JFL WA = 5
Sak Aelth. g7he] Aol ERE QoA v E i—WA Ao Exoleln dohu, Egue
Se thes) 2L 419 Aok Wit

1+ a2+ -+ xg =1 (1.1)

FAHoF Wo ] AR El = E3HE 232 Scheffé (1958, 1963) 0l 2] A|otel F=t}dH4] (canonical
POlynomlal) 3 (S-B3 o)z} spAb)olet & 4= Ut} A 2A 23 S-RFH2 %J)r 2t}
E(Y) = piz1+ faza + -+ + Bqxq + - + Prazize + - -+ + Bg—1,¢Tq—1Zq. (1.2)

Ao S-REL2 dHE glofar thale] BE & EYo TFA|A B Aoty thE P22 &= Kro-
necker #3715 AR8-3}o] Draper$®} Pukelsheim (1998)©] A|¢Het K-2 3 o] QIt}. o224 23 K-23
< o3 2t

E(Y) = ana] + asers + -+ agqs + - + a12m122 + -+ Qgo1,qTg—1T4. (1.3)

2] (1.3)S B BE o] 27} 232 5 3t}d4] (homogenuous polynomial) @2 & 4 ).
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B

T RIS s EY JAFer HY S-RYPo| FANE A =TS glo] B HAs| Hel
U AR A (1.1)9] AA Zﬂﬂ]*ﬂb HE WHEho] 715 3}o] (Cornell, 2002; Draperg} Pukelsheim, 1998)
FTdsttia & 4 ok vk FHof glo] K-R2Fo] S-Ryo] 9 Hr} AE Fd X o drpolof] &
Ao AY 249 AL (111—c0nd1t10ning 22 collinearity) & €9 4 I+ EFolgt €8 A Aot
(Prescott 5, 2002).

AAE B A AP $E 017 S SAAY o2 RE IR (fraction)E Este] AHH Y 7Y
2 (n)9} B8] 239 59 47} A5} saturated designo] AFEET) oluf ojw@A nrje] P&
Aee = Qlerle] BAlE &5 A TR (generalized confounding relations)ol] wel 242 4

o
T

st A9 S AES H8 B =wollAe AZAZANAY FF U9 FE S, 71EEE g ok
A (variety)oll thet #A1E Al 7|2 Stod ofolt]d (ideal) &, Ui #A 2 A%slo] 3|43
= AA7EE 4= (computational commutative algebra; CCA) H2& 3HA Hth

23744 theld COA 22 Design-clolt]dl (oo]tld, 2= 714 5 71% 7de] olsh &
91 -E Cox 5, 1992; Pistones} Wynn, 1996; Kim3} Park, 2009 &%) F2 ubgog 23l 3
Rl sl Auo] 2= A Ho} AAzE BRol (k- 1)7)vke] J¥o] EaN Bebd o]

Ht}. o] & A3 3] Maruri-Aguilar 5 (2007)°] &3] A|td PHL BF tfFoix= A
Al 0°] H& oA =9 AFQ oboltE (design ideal)©] oz}, BE SATHFAESY JFA £
t% (cone ideal) Jol X EFEANE vheA At (28 F=). oFA FoeA EFEAYS A7
Aol AElE o] A S AES A9 = 9ok

280 A= CCA S F&stal, 38oAx ol TA T A g3ttt A4k CoCoA i
b AZEQolE 0|85ttt CoCoAx 7Htle] A4S ashy] st =2 o=w, olejz] A=
whthete] A4 v QA7EoIA S ST hitp://cocon dimaunige tolA] ol Bet <AE A7
A FEE Z2IRS v g 5 Qi

2. A4 B3 E-olelr]d

ol Aoj|A= WA AFG-F7F (projective space)d} E-o}o]t]d (cone ideal)o thall A7)k, 7]&
o A= o] & ol (affine) &7+ A9 design-ofo|t] o] HAE 2SI}

EFE AP APALL YL @ = 1o 93 ¢- ALY AEH2Q FY {(v1,22, -+ ,xq) € R
Yo =1,0<z; <130 HE2 79T o 2200 S8 v 2ol A}Oﬂlﬁoﬂxu CCA o]&
< A8E 4 9t

ofAF 7t RS 9% 0= (0,0,---,0)& AT F A (x1,22, -+ ,24) 9} (2, 25, -+, ) Arololl The
I} 2o ojd HA

(:Cl T2, 7:1:(1) ~ (xllvxl% 71’{1)

= OO] 01-14 /\]'{l\_ )\7]' ZZH‘G]'O# (xl,-TQ, o 737!1) = A("L‘/l7$/27 o 7‘7":])

BAoln |eEA oz E Rl T o] AW FERE shvel sl AL o v,
BA 22 BAFE] A (R — {0})/ ~ & AT P (R)0l} Bk

o} 37t RIS A 00] okl & R (21,22, ,2g) = ADFZ PIU(R)) B A4 PE AAHE
B o (21,25, )8 P B AE Brh 299 00] obd A% Al Th3 (Awy Aza, -, Aag) =
AR PO SARESL Ak J1SHeHH 02 AGBE PUU(R)Y @ B PE obAEIE RIGIA 9

= &4
A
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e Ak @ A4ole @ 4 93 webd theel 11 e uAS AL & 4 ek
PUN(R) = {RIOIH 92 Ak 445}

Skl A o] thgA| et FAF ofely Lol T o] &2 ofu] ofd-F ol A ] thYAI2} design-ofolT]
2 ol &3} $AeA AR o] ATk (Cox 5, 1992). Thatalel 7+ qe] A7k 28 A% FAT)
ol el 216l FATA o 15 1l 4 4ol F(d) = 0018 F(Ad) = A5 f(d) =

o fo 22 AHIFZ P (R)OIA & AR E & Atk AAFE 2 A0 w200
2E oI5 AHE Rlor, 0% eplE, o] AT thaae) Szt g4l o2 7}
3t (commutative ring)©] |Th Rlz1,- - ,z4]ol 3= 4o tFFA fi, fo, -, fnoll &3l A=
ofltYE 7% < fi, fa, -, fn >E 2ET o]& JFo = Hd5A o33 2ot

o 1
" o&

r&,‘irﬂ%—ﬁ_ﬂz

[eh

o e 2 9

<f17f27”’7fn> = {Zhifi|h17"'ahnGR[xly"'axq}}
=1

(e 2.1] 499 FATFAEY JE {f1, f2, -+, fu} C Rlz1,- -, 34)0 N3
V(fi,for o+ fn) ={P € P"HR) | 1 <i<nd g2 o thall fi(P) =0}

E f1, f2, -, fooll &3 AE AFATEEEA| (projective variety)2h S}

(9] 2.2] R[z1, -, x40l &3 oot Tof] thate] To] &3 7+ thdAle] BE FA3ES0] THA
I9] %3 [E Fxtoteo]t]d (homogeneous ideal) o] 2} SHc}.
[zAE] 2.1] (Cox =, 1992)

Rlz1,- - ,zq]ol &3k ote]t]Q Tof T3] tha2 5 X HA| o]t}

(1) 1= E3}obol ) Golct.
(2) 55{]"4"&.}"17]"27 7f77«0] 'AZ_ZH—B_](O:‘I - <f17f27".7f77«>
(3) Zattdd oz AHE 19 £FG-7]A (reduced Grobner basis) 7} £ gt}

olAFZE RI9] AFd e &3l EFEAE D = {di,da, - ,dn}S] 4 AL 93T dE A
v A 11 gigol Ha webs gzl DE AFEEzE POY(R)Q oA ofdE Cp =
{\d|d € D, € R}2} t)-g-31A =t}

[He] 2.3] o}2E Cpoll thst] tha3} Zo] FH thaal ofolyd
Ideal(Cp) ={f € R[z1, - ,z4] | V(a1, -+ ,aq) € Cp,f(ar, -+ ,aq) =0}
£ Cpol 93l Aol Z-ofoltjdolz} e}
[BzAe 2.2] Z-oFold 4 Ideal(Cp)E FAotolt]dolt}.
[58] Ideal(Cp)°ll &3 A thak4] foll thsl Ab4= i AR feigh BH3IH f =, fiola 49
‘9] 7‘%‘ (alv"' 7aq) € CDS)’]' ?:!"]‘0’] /\Elzl\_ )\Oﬂ EH-S‘H
= f(AarAaz, -+, Aag) = > N fi(ar,- -+ ,aq)

oty 9 FS Ao HE AR f,= filar, - ,a,) =02 BHESL waba] 2+ f,= Ideal(Cp)oll
23111, ofolt] Y Ideal(Cp)E Safobolt] Ao}, =
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AF747) BhEolzl CCA H2€ Design-obolt A2 oz RYte] 237453 2] 23
A o] Az B (k- AT gRo] TP BAA (slack) 2] Hrk. o|E 25|
90 25 el AN 0] 51 SPAES] A ool (design-ideal)o] ofifeh, 2

]_

3]
TR BAE B Bl F2T 7éﬂl7}5114 3N AEe
b5 BYL AHE 7% o2 S AFB

(Wl 2.3] olAF RO AEg 2o o= EFEAY D = {di,d2, - ,dn}ol W3l thZo] AHE

q
Ideal(D) = < Ideal(Cp),» a:—1>

=1

[59] RI19 AZdro] &3 3 A d = (di,- - ,dg) & 23 BAF o] AL I8 A dE Avke
212 9] Ao A
Ideal(Ciqy) = < daw1 —diwa,dsz1 —dixs, - ,dgTq—1 — dg—124 >

ol Z+ AL T dixj — djzie B dolA ol 00122 Ideal({d})oll &3tk = de A2 A4
o Helmz Y7 d; — 1 =00tk whebd oo Z3aA7 AP
q
< Ideal(Ciay),» wi—1> C Ideal({d}).
i=1

WM R Ideal({d}) = <x1—di1, - ,2q —dg >°12 2t Y 4] z; — d; &

q

ZIZj—de(dl-i- —|—d d]—|— d —d
i=1
—dej djz;) + d; <sz—1>
i+1

o|BE Ideal({d}) C < Ideal(Ciqy), 0, xi—1>0] Aty Ae|shd RI9 AZd o) &3k 3
A d=(di, - ,dg)oll Hate] tha Aol ATt

Ideal({d}) = < Ideal(Ca), Zx —-1>
ol D= {di,dz, - ,dn} = S5 F7|

Ideal(D) = NaepI({d}) = Naep < Ideal(C{ay), Zl‘l —1> = < Ideal(Cp), sz -1>

o] 4Ystnz AT O
3. AE9 2 MGy RAA

ol o He AZdx FANMINY ARANY A A AEFAEL AET £ e XS

FATHRAE o] &3te] AT AZPx FAMIYLS A2ds AXp AT g BE AP

Foldh AR ulgo] T Agolrh. o] B9 kMY A4S e AEHs FANA YN dojX &

(28 — 1)7he] BB D kA9 12 AR, (59 olx AR, (5) 7] 344 42 So= 24D} 7
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Fo1=Y, (%) dRan 42
0 B BAT 92 2 5 ek
B2 Dol A 00] Ho] Ideal(D)ol
9l go] Bl AT

i— 2 QR ARPE Di(i=1,... ,k, Dy =Y. D')2} dhHd,

Eok-gde ‘%‘ oA AR Zilﬂ?'& A

A DkoﬂA g4 (X 2 - 1) BE
&3HA =o] FAo] AghitA "t ol& At S & Eﬂ SIS
Z-ote|td S o] A HaL 284 Bl [FE] 2.3]2 2 3]

Maruri-Aguilar 5 (2007)2 5x}t}ah4]S o] &8 A %@%@fﬁ-ﬂ FA7FsEe A

= A= AFSat. olgA WA A& W JAFe K-239 7|4 (F47FF)
S-2ye] 7|A 7 MEH o] A2 Atk &, thed [DA 4)0dlA T SME
A7Fsd)ol =, [ 5]el4] AEE d= S-EP] 7147} "t

[HA] 1] : Z-ololtj Qo] G-7|AS L3I}
[EhA] 2] TR G-71419] leading term (LT)& 3k},

(DA 3] : &3] 2 soll daiA TS st

[HA 4] © G-71A €] LTl &3 Yol A A ¢+ standard monomial (SM)& &t}
(@70 5) : (B weh) E-okoltie] oh design-okeltlde] 714 42 @ BTk

g A I dRAA T E‘r%i’% F 7HA el #sl sy gtk =
=]
n
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o HEe kv 2w AEE E07] f%
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(A2 3.1] (Maruri-Aguilar 5, 2007)
O Fpo -oteldde o3 2ok o, m > 1.

Ideal(Cpr) = <@iTo — 2133, , Tho1@h — Tk 1T, T1T2 -+~ Ty 1, T+ Tk 1Tk >
P2 A5 2 > x](z > )& B (5, grlex £A), LT afz; 9 24, - - i,y ol 3 WRRo} A A
£ A5 58 2 Y (5) 9 ATl Al

Ao W&S k *‘J% gl Falm e RN HEAA B
[ell 3.1] (k=4 A2 FAMEHE 179 dRAUA)
D4 ={D": (1,0,0,0),(0,1,0,0), (0,0,1,0), (0,0,0, 1) }+
- (1/2,1/2,0,0), (1/2,0,1/2,0), (1/2,0,0,1/2), (0, 1/2,1/2,0), (0, 1/2,0,1/2), (0,0, 1/2, 1/2) }+
- (1/3,1/3,1/3,0), (1/3,1/3,0,1/3), (1/3,0,1/3,1/3),(0,1/3,1/3,1/3)}+
2 (1/4,1/4,1/4,1/4)}

o~ o~ o~ —

{D?
{D°
{0’
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Ff = D'+ D* F{ = D'+ D?>+ D* F] = D' + D* + D* + D*& QRAA AFo] 24 =0
Fle 97 Qgdssdids 2 ofo|tde o 2k
Ideal(C’Fi) = < xf:cg — xlxg,m?mg — m1x§7 x%m — xlmi,mgm — mQI;wg:m — xgxi,xgm — ngmz >

o|Al ARAA Ff = D' + D? (107]9] AFA)S nas Bzt (A 3.1] T2 CoCoAE AM&&td
ol#fje] AHE I& 4= Ut d7A FIA = K-EH 9 standard monomialS SM, 2} 314}
Ideal(C’sz) = < Ideal(C’Fi),xlxgxg,x1x2x4,x1x3x4,x2x3x4 >
LT(Ideal(CFzz)EI G- 71A) = {m?a:%x%wg,m?m,xgxg,a:%m,w§m47x1x2x3,:r1x2x4,x1x3334,m2w3m4}
SMs = {g;ixlxz,x1x3,x1x4,x§,l’2$3,$21’47CC§7$3$47~T121}

Al 3R Ideal( FI)-/] G-71# SMy+ [Step 5]°l whe} Design-ofo|t] Lo FH7153 =2
g5 o] AFE 4 9t} O] AL software CoCoA2] IdealOfProjective W& o]E ARg3}o] 1+&
It} (% 22). Design-o}olt) Q] G-7]A1E thg 3} o] ek,

0 = {1, x122, T1X3, T1T4, T2, T2X3, T2T4, T3, T34, T4}

£ FEIN% 24T ENT} Yo 0SS 2 5 Ak
QLA Ff = D'+ D 4+ D (14709 A2 A% 5UE HAS AA 0o AE 92 5

Ideal(CFsz) = < Ideal(Cpy), z1720324 >
LT(Ideal(CFC{)PJ G- 71A) = {m?mg,x%xg,x%m,xgxg,x§x4,x§x4,m1x2m3m4}
SMs = {x?,x%,x%,mi,mlxg,xlwg,xlxi,xga:g,xgxﬁ,x3mi7x1x2;p3,x1x2x47x1x3x47m2m3m4}
8 = {x1, X102, T1T3, T124, T2, T2X3, T2Ta, T3, T3T4, T4, T1T2T3, T1T2T4, T1T3T4, T2T3T4 }
9 AHE S grbslete] o el Zo] BE mol tis) AR S8 5+ Arh
[(Ha] 3.2] k719 AES Ze AZdxs FAMGYY dRAA FLE S-RFA ke FEe}
()N BE 22T 28, -, (

_":_.
(9] m =29 495 9A el WAL k=20 $AAFo] A= k> 28 R

Ideal(Cpy) = < Tiw2 — 125, T3 — T1X3, -, TR Tk — Tp_1TR, T1T2T3, 0, Tho2Tl_ 1Tk >

LT(Ideal(Cle)Q/] G- 7]Xi) = {.’L’%Q?Q,.’I}%.’E3, o 7.’17%,1.’13]@,1’1.’1’2.’173, o 71’1672:171671:1719}

SMs = {ai,23, - ,a}, 2123, 2123, -, Tp_1T7 }
A& G4 & 5 Utk olRAowRE 2AVSFES] BYQ s kA FaIS} (5N BE 224
RGOz, ok TiTa, T1T, -, T2 D B EITS & £ Qlrk. a#Y F o 9449 A
7t (ki + (5 )) 7} olm = ofolt]de] Aol B3 A2l (Maruri-Aguilar 5, 2007)0) &) 47153
o Aee o] 2AE 92 7 vk webA 33732

0= {-qu T, X1X2,T1X3, " " 7mk—lmk}

olth. m > 2¢1 ALE v|3HA E9o] 73ttt 0
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[ 3.2] (k=14 AEA: FAMAE 158 LR
QAN 59 Ff = D'+ D* (8 434)2 1eiRe o, th3e) d3}e 78 4+ Aot (25

z).

we

Ideal(CFSn) = < I1T3 — T2x3 — T1T4 + T2X4,T1T2 — T2T3 — T1T4 + x3m4,x§x4 — .’1735(7421,
ToT3xTq + 1/2x1:ci — 1/2x2xi — 1/2x3mz, mgm — xgaﬁ, x%m — mlmi,wgm — xzccg >
LT(Ideal(CFéz).‘l] G- 71A) = {x1x3,m1m2,m§m4,m2x3x4,:cgm,x%au,m%mg}
SM; = {x%,$1m4,x§,x2x3,x2x4,x§,mm,xi}

(5 = {ml, L1X4,X2,T2X3,T2L4,L3,T3T4, I4}

[ 3.2] & Aelstd AEdx S4AME T dRANE AFH

= =4

{(1,0,0,0),(0,1,0,0),(0,0,1,0), (0,0,0,1),(1/3,1/3,1/3,0),(1/3,1/3,0,1/3),
(1/3,0,1/3,1/3),(0,1/3,1/3,1/3)}

oA AR SMa = {21, m124, 23, 2223, T224, T3, T3Ta, 75 |- saturated design®] K-23o| 37}
Tl B3, 6 = {z1, 2124, T2, T2T3, ToTa, T3, T3T4, Ta}+= S-RP S FAH7VsT o] ALt
4. A2
2 AToE AEds FANLEe ARAN Fe F AR fadol Bl nefesich LR
m-ARAA DS QAN |, IL-38E BE %4 (corner point; D)3 m-JET A5
Ao
o .

QAPe] Ark. LRPe] A% S-2H9 BE mAT FEAGo] R 5 [LFE
SFA) 5

[ 3.2]: Fy'e] E-oto]tids} 714 MEHS 913 CoCoA =213
“For the G-basis for Ideal(( CF{I))”

Use V ::=Q[x[1..4]];

Points := [[1,0,0,0], [0,1,0,0], [0,0,1,0], [0,0,0,1],{1/3,1/3,1/3,0],[1/3,1/3,0,1/3], [1/3,0,1/3,1/3],
(0,1/3,1/3,1/3]];

F_3 A II:= IdealOfProjectivePoints(Points); F_3 A 1T;

“For Leading terms of G-basis”
LT(F_3 A I);

“For change from SM3 to 6”

NF (x[1]*(x[1]4+x[2]+x[3]+x[4]), F3minus);
F(x[2]*(x[1]+x[2]4+x[3]+x[4]), F3minus);
NF (x[3]* (x[1]4+x[2]+x[3]+x[4]), F3minus);
NF (x[4]* (x[1]4+x[2]+x[3]+x[4]), F3minus);
NF(x[1]*(x[1]+x[2]4+x[3]+x[4]) A 2, F3minus)
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Abstract

In a mixture experiment, one may be interested in estimating not only main effects
but also some interactions. Main effects and interactions may be estimated through
appropriate designs such as simplex-centroid designs. However, the estimability prob-
lems, implied by the sum to one functional relationship among the factors, have strong
consequences on the confounding and identifiability of models for such designs. To
handle these problems, we address homogeneous polynomial model based on the com-
putational commutative algebra (CCA) instead of using Scheffés canonical model which
is typically used. The problem posed here is to give how to choose estimable main ef-
fects and also some low-degree interactions. The theory is tested using a fraction of

simplex-centroid designs aided by a modern computational algebra package CoCoA.

Keywords: Grobner basis, homogeneous polynomial, ideal, simplex-centroid design.
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