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Developing Noninformative Priors
for Parallel-Line Bioassay
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Abstract

This paper revisits parallel-line bioassay problem, from a Bayesian point of view
using noninformative priors such as Jeffreys’ prior, reference priors, and probability
matching priors. After finding the orthogonal transformation, the class of first order
and second order probability matching priors are derived. Jeffreys’ prior and reference
priors are derived also. Numerical examples are given to show the effectiveness of
noninformative priors.
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1. A&
B2 AH (Bioassay)el & oW AF(FE, T2E, YA, FFE F)ol dis AEFH /K714 W
A s we-g BEMFoza I AF9 ARE Hriste RS v FAEHU HE
2R3 2 A EAH PyPEc] AEAANM FE 2ol AL BE, AEHAC U
SHe A WYSo BA] 2o wl sjgseie s glvh. Finney(1971, 1978)9 23 o
B8 e EAA HHEc] g FAAIAEH, 531 Finney(197D)E F2 FHWE
(quantal response)dlo] €] e ZZ B2 ¥ (probit mode) & @F i A2™, Finney(1978)< X
o gutEQ dole e EMWMHES AT Uk

By AEAA (Parallel-line Bioassay)® 71&9%E3 Q2L ggEe AESHA a3E
= Y F ol tiREEe Fobuhg-A ¥ (dose-response experiment)oll A A vk}
k4o Zagt(log dose) MHJAE Zvda FelA Jonz, 7EYEFR 2 oF
ekl 2agtel Wi vk aize dyeln HWHFF Zo] 7 ol dHA Bt 2
olth, Wt ol2d AFe doly A dF BEAA HIYL, A FFA 7HAseA
AFHE AMgste] 5 oekEe FokFo 2aghe d e By IAALE HHEAT
© tH(Finley(1978)).
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B =FdAe ogF dd ws(response)d YV, FAHFFY 223 (log dose)S x ,
& 38] 9} 213 (log potency ratio)< , 71EY G E FoFgeFo ukgd g FAAY
AH(ntercept) S @, T AHEFS FAFETY ol g FAMY FF 71&7](common
slope)& B 2 38t3, 71&d%EFY p7tA] FEHFEF AZLE JFE9 g7tA FEFF dis) n
W ghESle] FAste] dojX BEFA ] oS EY S stAS.

Yl,-k=a+Bx1,~+€1ik , i=1,...,p, k=1,...,7’l
Yor=a+Bxo+w+egy , 7=1,...,a, k=1,...,n

A71M eq & ey £ iid o8 N(0,6%) & @WETh 5, Vi & Yy £ A2 Sy 7
zZt Yie~ N(Ca+Bxy,0), You~ N(a+B(xy+p),0") & BET T FE FsFe
23z (og dose)?l ol2 EHHE A} Z1Zk(log potency ratio)o] £ =&olA FAs3t
1z 3t Rgojtt

2N = Cox® Reid(1987)¢] =& wal F ¥ 3$(orthogonal transformation)e T3},
Jeffreys o] AFARE, FAAFA R ¥ (reference priors), probability matching priors 59 AR 3
AbA 2 ¥ (noninformative priors)E F X34 3FNAE 28dA FEEH FAHAEA ARHEX
sl BA o] Yde BFQY pd FHALEE ¥ (marginal posterior distribution)E& TF3HA T 473l
Me AA 4 S8 FAHARA AAHAEEY FEAS dF8AH

2. AR A ALAE ¥ (Noninformative Priors)

o] g ¢ Agd Wi AY EYe 2a$EF5(log likelihood function)e a3
Zr.

logL o< —(p+¢q) logo‘—‘217[ l=1(y1;'_a’_ﬁx1i)2+ ]Zl(ij_a'_B(ij+ ﬂ))z]

wel A Fisher A B3 ¥ (information matrix)e ©23 Zo] dojzo},

Bq Ba By, + Bau 0
pta %1t tqu 0

Z‘xf,- + ]Zl(xzj+ ©)? 0

SYM. 2(p+a)

A71M %), = Z\xuy X2, = ]Z\xzj‘ otk

Iy, a, B, o) =%.2
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FRARZA AAREE 37 Y9t Cox®t Reid(1987)7F  Ajetdt 2 w3 3 (orthogonal
transformation)& & 3t #Ho] v =

EF7h p olBR, WA HMSAESE gSH Fo] FAT
ot

u=0y, a=a(01,02,03,04), .3=.3((91 ,02,03,94), o= 0'((91 ,‘92,93,5’4)

Cox¢} Reid(1987)¢] & wet t&e] nlEdA4e 29 JuAgs <474 I

= —fq

@ [z +x, +qu]-g% + [ glx%rl- ;(xzj_}_ #)2]_6[1

o~ — Bxy. — Bany
2p+q) do _ 4
® p: aﬂ =

© (p+0)9%+m +x.+ aul 5o

Y 1. 9 2Hd& 95 Juvge osd g

X, tx. 140 -1
#=31,a’=53__1—"'pj_'—qq‘l528 2(6,), B=062 *(0), 0=6,

—_ba 2 xzD xlq (o, + )7 + x5 )2
(39) 4 @, @cz22e 9 nEdAde 7hee HE g3 2ol HE 5 Aok
+apt
pu=10,, a=63—ﬁl"‘%‘q—m‘5, o= 04

o8 @4 dusn S -6 ATRLO I o ogae 4o
FrLEE et R R R Ak
= [ (x1_+7;f;|)_qq+q b (xz.+at91)],8
& @A A% 222 g(6)8 A% Lol A o He e 2 B
sop-28 = -4 200,

_L _
A, Boc g “(6) OlER B = bg 2(01) 2 H3ld 9o AWE dA Yk

Remark 1. $ A& 12 d#ie] =4 diaf &3 2o 24 + Ut
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X, tx.tqu

1

B, 04=o¢

BxAeE 1. Jud@ 0= (6,0, 05,6,) o tj¢ Fisher FHLYFLL o7 g}
Co; 1 ptg 2(Q+g))

Iy = Diagonal (m , —63— g I
of7]4 C= p-li-q [pq( le%"“L g‘xi)—qx?.—px"é] ol c}.

(9) €949 2+ (1,0,8,0)9] Fisher FRPBE Q] 1§ o] &3le Bed B
0= (8,,0,,05,6,) s FAsA b3 Zon

_1 _1
Gig ' (0))q b8 *(0)q b8 2(6,) (x5 +qb)) 8

J= _1_2 pta x1, +x9 + g0,
/)
4 g:‘x%, + Jg‘(xz,--l- 61)2 0
SYM. 2(p+a)
Ao JojxlE= Jacobian FE L T3 #o)
1 da aBs 0
006, 06,
_x. tx+ g6 -7
0 1 0 0
0 0 0 1

wN Ip= J- I- J olm=z $lo AnE A4 @k
1) Jeffreys®] AHEXE (7;)

Jeffreys(1961)7F A<kt AbA R E( 7; )& Fisher & 18 E(information matrix)9] 324 kel <%
o A2l HlHez RxAe 1 25 g3 2o 7

g
/ 63g(01)

1
getA dRse Had |J|=g2(p ooz dH9 24 (g,e,8,0) o W Jeffreys9

MNAZE m(p,aB,0)E &3 2
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L
2
7 (1,2, B,0) o 171 =18l
J 0.4 g(,u) 0_4
2) ¥ 2% FAAAEX ( Two-group Reference Prior : mp )

Bg 0= (0y, 0,65 008 A2 AL (rectangular) F TFLZ YFol =6, ,
0= (05, 63, 64) B 381, Bernardo(1979), Berger $ Bernardo(1992 ab)7t #A¢tst F 1%
FEAAHE E(two-group reference prior)& Datta 9 Ghosh(1995)9] A&l & ©]&&to F3}7]
9ot BmxAe 1 A ol Fisher JEYZ S

I, = Diagonal [ ,(8), hy(0)] 2 3= 9714

h(9)=——igﬁ——h(9)=zm1mmz¥L
1 626, & (eﬁ’

pt+a 2(p+q
6 62

2} 319, Datta 9 Ghosh(1995)¢] Agldl wel F I1F FAAREE myp < US3F 2o
Fa A,
1
w1
TR g% (1)
F 3§ EAMARE 15 (u,0,80)E BE%

et A BF (u4,0,8,0) ol HE F

Fig=4
op (1, a,B,0) o 03;(#) = P

g (w

3) One-at-a-timeFAAIAEE ( 73 )

B2 0= (04, 0,, 063, 0)8 NE AU (rectangular) ¥l 2FLZE Y] ) =6,
O0p=10,, 0=06;, =20, & 331, BxAHY 1 A o FisherBRPZ S

I, = Diagonal [ 1,(8), hy(8), hy(8), hy(8)] 2 39, Datta 9 Ghosh(1995)2] Al
< OSF Zo] T

o

w2} one-at-a-time EAALAEE 7,
Tp o 1
948’(91)

wetA] dee] 2o e one-at-a-time TAAHNEE 7p(u,a,8,0)E S o

SR
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7e (g, 2, B,0) o« —L—~ 7= —1
og() 7
og“(w)

4) Second-order probability matching prior ( 75 )
T32l" WA First-order probability

Second-order probability matching prior( 7s )&
matching priors& TFaio} s, ol BREA2 1 3 Tibshirani(1989)o] 2l& otz o] 3+

T . '
o 161
F=6,2(6)
714 W8y, 05, 0))c ¥ %g4r(positive function)©] ¥, Mukerjee ¢+ Ghosh(1997)<]

Z3t= 9o kB, 05, 0,)8 FaA 1pol Y5 Second-order probability
53} 2o

h(629 63’ 04)

o
23 ¥
prior& @A drh AL BAE A HeA HAHAUR g(0) &

matchin

ng p
248+ Aok
(x;— 2= 6))°

La, m=ta o

0:‘7]*‘] 1= ﬁ(xli—z)z9 Sz = i(xﬂ_};)z’ —;I= b

(6,05, 05,0,) ° t3 Second-order probability matching prior

g(01)=81+32+'_p'%—q—

A=
“

e 2. HuwH@
1

(8, 03,0,) x 1 0|22 g3 gonf
16, |

s "6,2(6y)

240 tjale] ZHSY LT 2o

CEE
ns(p,a, B, 0)cx ‘J%J‘
(3%9) 249 1 oM A} Fisher 324BL I, = (Uy) , 4,7=1,2,3,4 & &8,
I, = Qig8doleg [,=0,V #7,47=1,2,3,4 olth. =& Mukerjee®} Ghosh(1997)¢]
A2 e ol 43y Y8 WL ANASS Hesd e o
_al\d _ P\ 1
Lul—E( 801) -0 LUZ—E(————M%MZ)— S
3%\ _ _ 31\ _ 2
)_0 o L= E( 39%304) = ", In

Axg AodH Mukerjee®t Ghosh(1997)7}
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Aol

flo

A tg Second-order probability matching prior®] Z#4 A, (7, 8) =0 & &3 2
gt}

3 [,~% 22 3 [,-%
_3‘@_2‘[111 Ly I k(8,, 63, 94)] + 3_04[111 L114144h(02,33,94)] =0

metA ZH & didste] AFeeE g3 2o,

‘/_C‘94 d VC 0
— 2(0,) 3_92_ w8y, 65,0, + "m _8_94 h(8,, 85,6, =0

9 A& nEFeE stue Tteald k(6,65 0) <1 & didsts, Ao Eao Faf #igs)

Remark 2. 77, Mg, g & 7p oA AP oo FFd5 h(6;,05,0,)8 A
First-order probability matching prior7} 8 4 $A % Second-order probability matching prior
7t 4 & fth

3. AFEE

Remark 3. Jeffeys®] AFA R X9} Second-order probability matching priore= ©&3 Zo] ¥
48 4 leow,
181

ﬂ(ﬂ,d,ﬂ,o')oc O'm

m=1 ¥ @ Second-order probability matching priorS YEl i m=4 & @ Jeffreyse] ALAE
X E JEd

Remark 4. AR X (reference priors)® t&3 Zo] Y & glow,

18l

m(p,a,B,0)x T
o" g (p)

m=1 ¥ " One-at-a-time #AALHAE X (one-at-atime reference prior)& YEY, m=4 4
T 18 FAAAE X (two-group reference prior)E YWEFAL
EFY d£3lE 989 WA g 2L B7E A
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WM., = z:l gylik ) Yo.. = 121 ﬁlhk
(y1.. + 3 )x

Sxn = gl Z:lhikxu— 1"p+2 -
(y1.. + ¥ )xo,

Sxpp = Z‘ Z,Wkazj_ 1"i,+2 :

S = ; ﬁ:‘J’uk ;1 ily?fk - (3’7;(;_:’2))

_ DV, — ..
D ="+
2
Clp) =S-— (SXH‘ZZ)E’Z)‘*‘DII)
1
_[S=C1°®
e =[2G ]

22 3. 7(u,a B 0)cx ig,,l of tla ol ZWAEETE o3 2o

”A(#) o 1 2 S_ n(g+gz)+m—4
&u) n(p+g+m—4
(ot tm~4 () bt tm=3
2o T [Twn T dw

g7 g(-) B 194 A" A 2}

A9 4. n(ﬂaﬁa)oc—iﬁi—on ge pol FANERITE goF 2o
2% ()

TP BT b
K g(u) ¥

G714 g(-) B 1944 Hod R 2}

Remark 5. A& 33 Ae] 49 F9L 1 Ao n$ Bsn Zdo] E =8 2 Y
< A3

Remark 6. &2 33 Aa] 49 FHAIEEE u(p+g) +md5 4o F A (propriety)S 2
toh oo FWe Yin(1998)8) A2l 331 % FYsrh
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3ol T3 FARA ALHE X (Noninformative Priors)e] #E4& AA 48 5344 A5
B7] 98 Finley(1978, pl05)9] HolElE A}&&th thg <E 1>9] dHolel& Hg’l By o o
3 Leichmann f4bT 9] AAwrgo] #g RAolv, Zzte] FABA AMHEXE o dEste ET9
ZWAZEEE B3 dolxe ALFRE ¥ E Y (posterior quantile)S AH&3] T+ 95%
Bayesian 413 77F2 Finley(1978)2] A= v w3 &,

<E 1> ¥e? B, ol 9¥ Leichmann 4o Ad%dkg

oFF Standard Test
ForE -1.0 0.0 1.0 -1.0 0.0 1.0
0.96 1.06 1.17 0.91 1.09 1.15
0.91 1.07 1.14 0.93 1.04 1.15
W2 0.92 0.99 1.14 0.98 0.97 1.14
0.76 0.86 113 0.96 1.06 1.16
1.03 1.06 1.13 0.89 1.04 1.10
0.93 1.02 1.15 1.01 1.02 1.15

Finley(1978)7} Fieller(1954)¢) 2¥< uw& 73 95% 4= T7+& (-0.193 |, 0551) ol AlFF
e8] ZAol= 0744 o)t} g <E 2>& A 3 3 FY 4 oA dojA FRHAFEIFFE A
£33l AdojR 95% BayesianA Z T A FHe] Zol& HAF N QU o] & T 4 F
ARA AAREI 1PN F4E & £ AL & F e, AFEEY £+ (posterior
quantile)& AHg3td Aolx Bayesian A3 Fzrol Finey(1978)9] A& 7rt &L RE & +
gk <FE 2> P, & 8¢ 100e% EAFE AW do

<¥ 2> Bayesian Posterior Quantiles

A EE Py 25 Py 915 2 o]
Ty -0.165 0.523 0.688
Top -0.170 0.517 0.687
TR -0.181 0.529 0.710
s -0.182 0.541 0.723
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