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Abstract

Mixture experiment design mainly studies the experimental design
problem in the formula ratio, which is a mathematical theory and method
to arrange mixture experiment and analyze mixture data, and is an
important branch of mathematical statistics. Mixture experiment design is
an optimization problem in the constraint region, most of which is based
on optimal design theory. It is widely used in industrial and agricultural
production, management and scientific research, and has brought great
economic and social benefits to enterprises and society. The optimal
design problem based on different optimal criteria has always been a
research hotspot in this field under different mixing models. In recent
years, relevant researchers combine robust design with optimal design,
and it has become a new research direction to discuss the robust optimal
design of mixture model and regression model.

Firstly, the R-optimal configuration of the second-degree central
polynomial model is discussed by using R-optimal criterion theory, and
the obtained optimal configuration is proved by using the equivalence
theorem of R-optimal criterion. At the same time, this thesis discusses the
R-optimal design problem of the third-degree central polynomial model
of the concrete component, and gives the numerical solution of the

R-optimal design of the three-component third-degree polynomial model

II



N 2 e A e RO 2 TR R-F L S RadE R-F iR Bstit o 7e

by using Mathematica software.

Secondly, based on the theory of robust R-optimal criterion, the
robust R-optimal configuration of the second-degree central polynomial
model is discussed, and the optimal configuration solution is obtained.
For the specific prior measure, the robust R-optimal configuration of the
three-component second-degree mixture model is given. Then, the robust
R-optimal configuration is proved to be the robust R-optimal design by
using the equivalence theorem of the robust R-criterion and the
conditional extremum theorem of multivariate functions. Finally, the
efficiency of R-optimal design and robust R-optimal design is compared

and analyzed.

Keywords: Central polynomial model; R-optimal design; Robust

R-optimal design; Equivalence theorem; Conditional extreme value
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CIA BT TI 15,
C2AFITH A
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ﬁﬁgﬁ)ﬁ Ty T2 X3 - Tg—1 Tg T1T2 X1X3 Tg—1Tg T1T2T3 *++ Tg—2Tq—1T¢ @jﬁz
1 1 00 = 0 O
2 0O 1 0 = 0 O

0 0 1
q 000 0 1

Cy+1 12120 =+ 0 0 /4 0 = 0

C;+2 12012 =+ 0 0 0 1/4 = 0
0 r9
Con 00 0 == 12 12 0 0 - 1/4
Copp+l 131313 = 0 0 19 19 = 0 127 eeeeee 0
.................. rs
C‘12+1+Cg 0 0 e« 1/9 0 eeeees 127

2.2 YOEHEN EFN TR

AT Kiefer 78 1959 fEHE R T, BERFHEIEF RGEN —RKKiH. —
MAFILT , LR TR AR i, B e iR m e B AR BN, Jhie
AR TE ST N BN BT, S 1525 e B A BB R T S R A S H R AR B e A AL
it @AM s THENAA D-Btixih A-mfiiits R-gRixit. L —
BRI,

XTTRE R G g-1 4E IR 4IRS, ), ABORIRANTHE S — MR 2 P A Y )
AN

y=pB"f(x)+e
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KLy RS, @ = (01,00 2)T € X C S, R AR5, AL
f@) = (i), falz). o) RETF BB RISl MR, 25
B = (B for - B)THT n RSB R . SHRFMNIRET, —
B(e) = 0, Var(e) = 0%, {ERKIA, oA F RS £ A M 2 17 24 F g7
o

iE,acj = <ZIZ’]‘1,$J’2, cee ,.Ijq) € X,] = 1,2, ce ,N%iﬁgﬁiﬁx*ﬁg]\’ﬁ\iﬁgﬁ)ﬁ’

1By = (Y1, v2, - yn) TN NGRS R . 25 N ROGREIEE kN E ST AT,
WHT, T, -+, To

i AR s e e R TN B Ry, A — & iR AT R IR
Ly L2 - Tk
£ = .
T2 e Tk
)[«EAZD = (1131, Lo, - 73315)7 r= (7‘1, To,--- ,Tk); %Bé\m%ﬁ_ﬁﬂgﬁgiﬁgﬁ/ﬁ%%/ﬁ\y

N N N = k v N St N N
PR R A R AR R, LY, = 1, BRI
1=1

E=(x;r).
PAIFRE e ERBEANME RN b Swkih, SREMERITTREE, BERZ
RN . — AN THEFTT N S BAERE AT SN

— / f(@) 7 ()€ (dx)

AR E HiRie € B, SRR NARIRML, ik s]
F—FSZZ PR D(E) = O(M(€)), I BERTITRAK RHEA IR TSRS 5,

BATRGH M 25 1 5 RS S AERE Pt L [ Si2 o, SCREBSIR PR 4 1251
B A Y 2R R L T HE N o A SC A AR LT T U T DU B H x4 — i
FEEE .

(1) D-sefl v it-#EN

D- s PUHE N A G v 5 SRt AT Bt Broxt B A A5 S FEAT 71 AT S KAk, A
11673 2 KA & (0 B SRR AR R B b . — N AAT IR RO R D-IRef

(K1, SRAFAE vk RS B M (O RIAT 2 A Bl KA, B
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max |M(£7)].
D- e L st B8 A s B R DLRDRAI T — A it 2 1508 D-fefll. X FAEE
TEX, fH(r)MNEf(TFART T ZRE, £

Yp(7.€) = fH{T) M (€)f (7).
BT R DR B LAY

rTnea)gcwD(Taf) =n,

Horh n RSB AN P 2 B R A 4507 22 BR U B KA 55 T el A 7 R o
EGIES VIR 8

(2) A-seicit-Em

A-SR AR N ) GE vt 78 SRR S5 B 1) R B 1 28 B /N, AT ASE 4525 A e
SR B XK B A e — AN AT RS RRON A~ LI, an i
FAAEBCTHEEARHE AR M (R i i /), B

min Tr(M™(£Y)).

A-B AR BT I A 5 B AT RAF R AN — it 2 5o A ke

A-Fefl it 24 HALY
FHTM(E) f(r) < Tr(MTH(E)).

(3) I—stt it N

D=5 HE DN 1 Ge vt 78 SO AR Vv (17 2 T 5 25 2 22 AN 3006 DX 4k b i 3]
BN o BTFCRRONL— AR, W SAZ B TEE TR R 7 2 BR UZE IR 56 X 3 Y
SRR 7 2 Fe s, BT

min tr(M~(£%)B).

H, B= . 1f(T)fT(T)dT.

L= Ao it BS54 g AT DLAIR AW — DBt 2 S o h—m . Wit
L—mAlisert = HAL

FHr)MHE)BMTHE) f(x) < tr(MTH(E)B).
(4) R-BRAC T HE N
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M AE A3 ZH ) Bonferroni t- B A5 X [H] DX AR AR e/ o BTt FR N2 R-B ALY,
N RAFAE BT EASE SRR FE M (&) R HE R 1) =X A s R R AR s, Bl

min H(M_l(f))”-. (2-4)
i=1
HA (M) 215 BHE FE A B E X4 EER i ATt .
R-F LB it (554 e B AT DL SR AW — A it 2 5 o8 R-fedh . it R-
w3 AN

" (eF M e f(a))

= a M )e = @

S, €= (0,0, 1,0, )R n ALABFURE, BHOF i MTER L, KA
JERABIL 00 n FRSHAT LM, 5 (2-5) it M S AN S 5

FEAT DB T A3 X B R A S M T P L TR 1,
AR AR —REI, RS TR AR R, % RIS X A
o IRHARR R AL RSN SERE L4t — BB, T
MR MR AR R R B R, R, 3 SR A 2L
i SRR B AR

2.3 BRhAISE RO ER

A ITOTE (G TFRWULH RO S K REY) — g R R P ke fth i
BEATT 2B R O — RO, R AR R . A iR
VO RORRA & AR — BB RO E 3 H AR, R B TR R R AT . %
FARRHRI BT, T SRR F ..

(1) D-F B v F (1

[ det (M(E)) \ "
0= (i tarieon)

(2) A-sALBCTHHEN N RCER N
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(3) R-‘AR TN T RCE N

1
n n

[T(M~"(&r))ii

er($) = | =
Q(M*1(€>)ii
(4) L= IHAEN T 8N
_ Tr(M7'(&,)B)
6Ix(€> ~ Ty (M_l(f)B) :
s, B= [ f() T (r)ar.
Sa—1
(5) G- IHAEN R
. J+1
ea() = maxd(z, &)
(6) B-sefit st~ IR A
~ Amax (M (Ep,))
€E(f) -

AM=1(E))

Horb, SRR D-efL BT, aRom A-RALBETT,  Epfom R-ALBLT, &
TR D -, ONFHEN T RAE— B, det(M(§))FRon it HIfE SRR
FATHI, Tr(M(E))FRTE BRFERIZE, \(M)FRRFHREM (ORRHER, d(r,§)
DR TR I (R 88 22 B, n R R EN S B AN

2.4 REsURtaxXER

R BE T A2 252 ME S B 0 L 1) PR 3 A Al INAR A I 5 e ST 58 5 12 ) 52 AN

O AEIVEL Eite S
Fo={on | g@) = F1 @001 =1, ,m}. (2-6)

X (2-6) H, m NEREANE, S50, = (0, , O,) TRk HERI AR &,
R () = (fu. - o o) TRk AR EDE &, FUHRECERIE X C ROE
EEB: HZ AT

FERZHELERE O, 36 AT 08 2 Aty HARAARY 1R /D, Rk
WRERE ARSI [ AR AE ., FEXAMIE LT, S BTt il R R g A
Rt JFRE 7M. Kb RIS E 2 LauterSHE 7T 18
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(K, At A PRZL AT RERORATY P B HE s, SIN T D-se e PEHE I 1Y
B FR g ) . J&T Léuter, Cook I Nachtsheim425 87 4 2 Wi A Y (1) By
BORFANS [ e L it R . Dette M c-fe UL PEVEMIHE BIR A A2 {1 0L, 15
2T D-BARMER JUFAIHFIE . Dette A1 Studden201 7. 7 AHXT T D-Fe AR ¥ TH AR 11
IABCT- A I HER 368 AR KNP £ i) 22 TR e L Be v AT 1 SR 1T
7t Dette Al Franke* 155 18 1 22 T[] (£ D-FID; - L i1t . HuangBUSE it
w7 iRERA T AR A RS D-AT A-BRAL LT

LR AR S T AR AE D-Be Attt s Add A-sR T AR R-BR A
Beit, & PRE S AR R-RIRTH B .

% &I el it

Hrbg, e X C ST 0<r <1, >0 i = 1o FERBRIEERF, T, B g8t
XN AE B BE 9 M(€) :/ filz) fl(z)dé(x) s T wy,wa, -+ w, A IEEL H
x

Soiwr =1, FRw = (wy,wy, -, wy,) RAEEER T, N B —2H 5 m & H.
wi, = 1,2, mB 7RI E IR g (R EFEE . Liu S0 H T — M Rafi
R-BRACTERIRE L, X Lauter i H 1A g 45 178 (1) R-foe e PEAE A 1 3BT

Ww = (wy,wa, -, wy) EEF,HISGIG I F & 2w, > 0HY " w =1,

BHE € SROTRME RALIER, WARBIHE T M

be(€) = Z%log (H(Mz_l(f))u)

=1 =1

2-7)

m

ky
w _
= ;E’log (H el M, 1(5)eh> :
=1

Hr, e RN EEE i NMRALAE

Liu ZEUOHR W, — SN BE RS Wt A/ BN, TR0
A7 R RaE R- LRI SE Utk e 3. JF HoOy 1 BB [FJHE DN R i B R, X
TAEGEHWITS, & X TR R-ACREAM D2

STFAERRREW = (w,wy, - w,) T, Y w =1, XFRFE,, &t
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X T ek wietafd R-mtH) = HAN A
m ki

Z %flT(w)Mfl(g)

eiel:
elT'Mz_l(g)eli

2

M (&) filz) < 1. (2-8)

1=1

Hehe e X, HHMNEASHSHE R LIS
BT R-BCR A

— 71&5;(5;2) — =1
O (]
=108\

—_— i log (ﬁ (Mfl(;}%))zﬁi) |

WitEH) D-RCEN

> %10g|M1(5)|

Bifp(¢) = 22l _ = |
‘ Yo (Eh) 17_271:1 tlog [ M (&p)|
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3 ERPOLSIERM R-FHE T

FEREHAIE B v, AH O SR AEME L) D-Befl vt AT T KE I IT,
R HAR 3 T D-BA iR e . D-Se e N ) LA R S e MR AL 2 4 m)
B EAERERIA AT, (2 9B S H e RO, 1% B BRI AR A T
TS, HA T e sE k. BT, Ak D-sR N A 22 i,
Dette % T Bonferroni t-[X [&]32:

R={0eR 10— 9" < Sutura g v/ (XTX) Dirsi = 1,0+ k.

seehg2fnd, " i =1, KRR BRI T, s T SR 6
%ﬁ%ﬁ%&ﬁoﬁk%ﬁ%ﬁ%&ﬁ%%ﬁ%%ﬂﬁﬁJ@@xrmjm&
Hofpl, AR AR IR BUE B G, 57— S R T B R B 0 b 7 2 . R-
B B I G 7 SR 125 S5 R 1300 6 ) 3 8 4 2% 7 22 (SR A Mk, T
§115 L Bonferroni t-B 15 X 38 KR FRIA 21 £ /N .

3.1 RBINAE

T g EIRERGKY, ¢-1 4EIEMARAEES, B g Br 8 gl dt 2 10
ARy

n= Zﬁm + ) Bymiwi+ Y Bipwiwiwk o+ Praegrizz -z (3-1)

i< i<j<k
FERT g M ERRATE—POBtd, BI0H0 — IR AL
VIVSE

q N},

C2 7y B HLIREL,

COA= 43 AR HLA Y,
LA R LIRS,
BEAML, MU =2 W, g1 ERUALETES,  E 1 g R WL S 5
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R

n= Z/))Za:l + Z Bijxixj, (3-2)

1<i<y<q

B (32) 1, B, BRI RA S, BIVAC! + C2 = X, BHBM

FOCONF o IREH R NAL; ZH R0 R 1 5 jRAERDInPE R R R 2L

EE SO IREH AR N Aoy & j IREHG IR R K B s A
LG VR RE AT A 8 e N 2 2 1 2H A o
ML n=3 I, g-1 4EIEMRAES, | B g B =M 2 TN

n= Zﬁliﬂz + Z Bijxirj + Z BijrkTix Ty, (3-3)

1<i<i<q 1<i<i<h<q
B (3-3) 1, By, By, B R IOR ISR, MIEEC! 4+ C2 + CF = TE0,
ZH B SRR (3-2) PHSHE SHF . SHp RS E i SR
Oy k ARRTIPRTR R R, BRSSOV — & D IREH RN, B

JIRBHRH SN N B kIR TR N DL I & A s kR T R
TR0 YT ER Wi AT = 735 A5 L TR e A SO0 B L P 2 2

3.2 ZHriRBIRY R-RALIIT
ANB RN R R G LM B ATES, BB (3-2) 1 R-IRflikit, &
TS T IZARALLES, o )R- BT RO R IE I
5128 3,188 0 FIRBHX S, BRI Z TR, ZHAG TR Bt 32
PR RS, BRI L
T8y, o 3 AR XIS R AN TR TR e (RN E, - EL 2
Cyri+Cory = 1.

TR (3-2) BTt B2 AR RE X
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I, 0

X = :
M, .
2 4 q

RIS W)
1 1 0 0 0 0]
1 0 1 0 0 0
M2 -
i 0 0 0 1 1 i
TCI R N
7’1Iq 0
A=
0 ’I“chg

TUIZAE TR B o I PR3 LA R ML (€) 9
rI, + =M M, =2M]

M(¢) = XTAX =
2M; e

M FERE 38 2 20 (Frobenius A7), RISE EAEREM (§)IE N

1 _2pMT
. r1- 4 1 2
M~ (§) =
_le %IC? + %MQME

I

H1 RS AL HE U E SCRT A5 41T 249 SRl /)M 7] 7t

q2

min T] (M~H€); = min()1(2% + £)°,

r1 1

qr1+ Clry = 1.

ALK B H Bl 1%, 4

1\?/16 8\
H(ry,ra,A) = <—> (— - —) + A (qu +Cq27’2 — 1),

1 T 1

Xﬂ‘ﬁ, Ta, )\ﬁzﬁ?ﬂ% ’ ?%
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( 2 2

oH —q—1 (16 s\ 2,.—q—2 (16 s\t
oy = —4" (— + ,—> — 80, ( + ,—> + Ag,

2 1

2

, c2-1
aH——mc%ﬁ-Gﬁ+é) +ACE,

or o r1

| =qr 4+ C2ry— 1.

O = 0,20 = 0 21 — 0, T g A HHIRENE LS TR R
feE AN
« _ (a=1)4/2¢2+¢*—2q

T =

P M B
P — 2(¢>—+/2¢%+4?)
2 T T 22 —Ptqt

Rk, TAVSHIWF e,
T 3.0 6T IR Rb O 2 IR, R Rt

1 0 0 5 3 0
0 1 0 3 0 0
0 0 0 0 3
£ =
1
2
0 0 1 0 0 z
I & T 2 "2 "2

e R-I it
WEB A RS CHE N S AV s BRAE I o BEXT n=2 19 Bk 0 22 TR
ﬂ,%ﬁﬁﬁmﬁﬁﬁﬁ R-te it i), A /LD

M~H(¢ )f(w)) ¢ +4q
Z TM 1 ) o 2 :

2

(3-4)

EE%IIE:SI %D’ ﬁﬂl($1,$2,$3,"' 7xq)T = (%’%70* 70)T’ )I_I‘]Jﬁ

f(ZE) - ('Tla Lo, X3y ,Lg, L1X2, L1L3, """ 7$q—1xq)T

11 1 4
= _7_707'”707_707”'70 .
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112+q
+q o )
ji: (ef M=) f(x)” ()
T — * . - —
< e M ({)e; L (I(q2 1)<§+%)
_ 16T1
8(q% — q)r1ra + (44> — 3q)r3
/Q\,\
2
+ 167
G(/"larQ:(I) = 4 1 - !

2 8(q% — q)rira + (4% — 3q)r3’
Brr, e EARN, 153

G(q) = q2+q_ (16((1_1)\/W—Q(I) (_Qq'l—q3+q4) 3
2 8(q2_q)((2q3_2q2+4q)\/W_2q4_693+4q2)+4(4q2—3q) (q2—\/m)

THEAE, B > 18, G(g) >0, RG-HRWALK, EFE 3.1 53 TIEW, Bl
AN BE Bt TR 0 22 T U R 1) R-SRe 1Bt
SEFE 3.1 IEEE.

3.3 =ZHrRER) R-JALRIT

FE B, SCEVEA A T iR R G 2 T R 1 R- S PR B R L
HA ] — RS 1tk 2 BAE W 1 T3 2000 R-B U IC B 7R BN RRHX S, - bt
R-BR K AESEBRAE AR, HrRBMR AL R N o M 1Y), =By e 7
AFET =B, BT =B SRR, ELbRh IR AE S, EAERER ENEE
—E MW FUNME . A RIERHAL TR FE SRS, 5% T B R A (AT 7
R, AERERIEBNTR 1 g 70 B =Fr iRkl i 2 () 2404l 7 (1 D- e AL se it )
A, R ECT 1R T g - E bR R O 2 TR 56 T AR A i IS,
FA NS E 2B AT 1 BARRIE, LRARRIB) 53— i 1z s
%o BEEEVOIETT T g-1 Birbe v i SR ] - v s v ) /UM EL AR R P oS B FR A- i
MEE. =R AT SRR AN 2, BEERCRIFA R,
PTCAE B 18 1 B 22 (052 P ORAS 36— Bir R A 0, 6 — B AR i 4D R
LA R PR, 6 =B iR 0 2 TR R-Se L BT AT TR AR AT 6 2K o
AN H AN R-BRACHENEE 12, 456 Mathematica T PFRTT Bk 7y & =R
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Bebe 2 AR 1) R-BRAL T
RATH RN RAEIRE RGUE MR AITES, ;12 ¢=3 BIEAL (3-3) ) R-F Al
Wi, R RE BN, R ROk B H 971291 45 5 8 A Mathematica 11
FATE =4 B =0 2 DAY R-R AL E
At — T =R R 0 2 AR 1 R-AR BT, By, ro, 353 IR
NSy EIEEATI R P TR O B = TR O RS, HLs 2
Cyr1 4 Cirg + Ciry = 1.

TRERY (3-3) FIokf R A TR RE X
I3 Oal 0(13
%MQ lIB Oag )
L M. L,
Horr, 04,93 x CYHrERHFE, J, A1 x CiBrnRAN 1 AR, I =k ah
o M NCS x 3BTHI0 — RS, BAREACY
1 1 0

I ARy

0 0 r3ly
TUSZASE TR B0 87 13 EAE M (€)M
rly+ B My M, + 35 BMY + 30y 53]

34

_ e r T T T T

M(&) = M, + s nl+5J; 3JL
T s T
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T! T'Q
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PT! K'4+PT'Q
HoT-h
1
ol M
T ' = ,
—ZM, LI+ 2M,MT
T—lQ?'sl
2T+ £ M T,
1 1 71 1
TQ = ,
BM,JL -8 — EMoMTTL
PT'HN

PT ' = [-2Jo + $Ju, My BJ, MJ — 27, — 2], MM]],
K-+ PT-'QM

K'+PT'Q=[%+%2+2].

r2 r3

H1 RS L HE U RE SCRT #5411 249 SR /M 7] 7t

min TT(M7(€)) = min(£)P(2 4 2)(2 4 22 4 20)

3T1+3T2—|—7“3 =1.
MRS B H e 1%, 4

1\° /16 8\°/27 432 729
H(T‘l,rg,rg,)\):<—> <—+_> <_+ >+)\(3T1+37‘2+T3—1).

1 2 1 r ) rs

Xﬂ‘é%iﬁrly T27 T37 A*’fﬁ% ’ ?%I;

( 27(A04 8)3  gq(A04 8)2(20 492, 19 310 8)3(20 482, T2

a_H _ ro 1 _ > 1 1 7o r _ T
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16 L 843 16 4 8 \2(27 4 432 ﬁ
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ars rlr
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f(w) = ($17 Lo, T3, L1T2, 13, L2T3, 33133’2£E3)T.

&

o) = 37 TV (6*)]‘( i

=1 )62'
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4 BRHPLESMARBERE R-RHIEHT

U HeAESR,  BIG TR R i B B E AL R B R A T — S B B bR i,
FESERRRYA PR T, M SRHI FE A H s RVE R i T RS PR 1R . T 9
BRI RE A PR AR 48 AR T8 A AT R i 1) DR R ZE R AN, 5 A (R AR AL 3 ke
SERFEARAGN, AR e e v 1k i 3 R AR T e R (R PR A EOR T, X
77 il RS AR A L PR T B RS, JEXF IS 1 R LRI BE, A %
RS I 9 it () b SR PERE, CREFRARAE P I RE T AR o BRSL A U2 CHLACRE T
MASFEAEBLTE) —F P VR A MARE 1 A8 BT (0 BEABE & AR O AR (1) B BT v
SEH T A IR B TR —— AR E A bsikde it 778 TR
A w5 H B AR R-e AL B AR U B LAl R, PR B e ) B 0 2 00
AR R R-BRAIL BTt i)

4.1 ZHriRBpia R R-mIET

Liu A1 Yue SEUOHERAYFS (EVERELE N9 € 1 1 Dette $2 H ) R-FACPEHEN,
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