(3) 1HfiE & ARRTRVHEN AR

ABRAKRAZE (BEKX - BFIEH) | Construction of inferential distribu-

tions for predictive fit e 93
AREARER GRETEHE) | BHREFEL T PR T v 7 e 95
WOE (HHEMENK) | Entropy analysis of brand purchase behavior —

Sudden change of market structure ~ eeeeseeeees 97
BEEEE (REHEER-H#HT) | 2 RTHEIRIIB T A IE—HREE % |l

A Shannon LY OV —HIRE e 99
Nl (BEX - EFER  EOHEPMEL L — POTARRKIT e 101
WHEIERED GEFKER) | EBROILBEOBEBOMEA e 103

ERER (RAREK - BI) | ETREBRDILE (Selection Model D¥F4E) -+ 105
SRR (RAFEX - BT) @ EBROILEIZ D W — iR & dL iz ikag RIS

BiFAEE e 107
HFHE (FETEIEND)  JEWRMT L = b - e 109
WHE— (BRAK- L) I KR&EHRE 71 KF v F% | Balance prop-

erties of optimal binary trees e 111
HHE=ZE ONFER - %) MCQT A MIBIFE 77 V1 EHREE

.55};5 ............ 112
LOEZE (BRK - #) | Projection method for statistical inference in

nonlinear model e 114
et (PO - BT D 0T ARFOSMOEH DTN MEEICD

L2 PP 116

MARE (EEHEDN)  EEFTBRXOERDPOHIZE— A Y ME e 118



Construction of inferential distributions
for predictive fit

BORETHER ARKAZE

1. iFU»Ic

WAL78 n EOBR s, = (21,...,2,) 2O, FEOBMWE y icoWTER L
V., BIHE 2, &y 1ZHCITH BH, TNODEMEDTN g(2) - - g(2,) f(y) 1 $EEE
FNA{g(21]0) - g(za]0) f(y]0) : 0 €O} DETHZ LT R, FDEE, Wiy D
FANBTG f(y]sa) IZROFETEZ 5NS : #ll s, (ITED 7 p(8]s,), Ficid
PRI p(6) & s, WD FHEDTR p(0]s,) ZAEL,

flsn) = [ £418)p(6ls) do.

DX HIEENTES 00X &% Akaike (1978, Biometrika, 53-59) (ZHEfl]
5377 (inferential distribution) EFFATW S, FRIDEX OFHIICIE (AD) PiFL
vhobE—
f(l6)
B olT{£(16), f(lsn)} = Bunio| [ f(ylﬁ)log{m} ]
MAHWENS,

T, 0 IERINTERE Lo MWNIITERET 2 2 ENNTEEVL E X, BRIMY
TEHERAITE p(f)s,) ZODNCHER T BN E WS HIREAE X 5. SaltiF- oD 5HE—
7'— MR b5 w71 (Harris, 1989, Biometrika, 675-684) BXUP I T4 a=
7% (El-Sayyad et al., 1989, Biometrika, 343-348) —DMREINTWBA, TN oI
BEISEGOSMIND 5. AFO ML, HEWSTROFT LWORREE RS Z & TH
%, TOEBMEDE LT85 DM Lauritzen-Hinkley OFHILEDIES TH 5. Fic
s DU D ETFINAYERBITH B L X, ZDHED Jeffreys D prior 2FJFHT 5
HikEEFICBEET S L HREANS,

2. BRI

(R SSEMEREATOEINE b = (Snt1, -, Tnim) DVEDNIET S, THY
RS 0 DEAMEEE O, L9 5. EROBNE s, £FHLT 9, OBEEF
g5 LEEXD. b LI DIBDON phm(Jnls,) HHRLTENUL, ¢ IZT Dl
SEMH 9, AL THES 72 y OFRIS f(ylﬁim) A FNTEET 22 & TFRBTE
fEm(yls,) DHERTE 3. $Hbb

£ (glsa) = [ F(316)p"" (lsn) db.

L\i, Uny Um jaJ:U Un+m %%n%“n Sn, tm, jSJ:C)s (Sn,tm) @§/J\+ﬁf&m%
THbHETH. ZDEE, Hinkley (1979, Ann. Statist, 718-728) i u, 2HZX /o &



=D v, OTHAEE (Lauritzen-Hinkley O THULE) %
lik™ (v |n) = Dt v )

EERALLT. TIT An|wnsm) H wopm EHAFEED v, ORAHT X5
ThHB, YR A, = 0(v,) ERRTEBIND, v, EHEAEED 4, OTHAE
I (Brm ) ZIROBBEOEERRY (FEAELC) TERTHI LTS

L (a0 |un) = lik (@(vm)|vm) ik* (v |tn) dvpm.

n/{vm :é(vm)ed&m}

C T Ilik(lvn) 12 0 OXETH B, WE, TIEE (|u) ZITHESNBT
H5D O OEICA—F—%AT1F BREEEEZ, KRR plm(0)s,) %

p"™(Blsn) o< 1" (8]un)
THIRK G B = EA18ERT 3.

3. I EFIICHIT AR
WE, ¢(z]0) 1IEHITHBEF S :

9(z]8) = a(8)b(z)exp{6'T(z)}, H€©CR-
CDEZE, u, =T(z1)+ ...+ T(z,) DEEIL
9" (ualf) = a(8)"b™" (un) exp(6'u,)
LEREaEND JIT, T OBBIABITINE S £T5E, mAHFREVESE
lik(Jon ) HK (v ) == (27m) 73S |75 g™ (2t S)

EWHIERAEEBL. ChEFETBEE, F(Oa|u.) OEED SROTEOHERIS T
PL(H[Sn) *155

PE(8]5n) oc I*(B]un) o g™ (ua]6)]3(8)]7.
T T, i(8) 13 T(x) @ Fisher IHREITIITH 5. d70bb, pl(f]s.) \3IERMIC
13 8 4T Jeffreys @ prior Z{RGEL 7o & EDOFHRS E—ET 3.
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ABSTRACT

Frith (Akaike JIT3) BRF— KB TROAEF VORI ZFHMT 2 EMBHEED
HEBELT AIC 2BELK, AIC OREGHERIEFTICLL. BhLEkic k3¢5
A= OHEEPEDIRBAECRVOTHHFEABLLE-TLW, CCTIHR] EE-
TW3DR. BEAETBOBZEFESEVLEVWIERTH D, LTFLLBRLEEE
DEEBNELBLTH VW ENAIC OBEFRLETEH 30

BLHEBNELRLTWRVWESIKIE AIC BEX T W, AIC 28 ithik-TH
BAEBREIFREREORFE. MLE oM FERESEDLNLTVWE LD TH .

COHRXTIR. HEMOBEFMEIT T — b2 b5 9y TEEAVWRCLICE>TE
TEUADEETC S A — s EEBRINATVWEIEASLLEOERBOZRK COF
EHTEBIEEZRL. AICHEAVWLSHTOWAESFRIBAA. HEHRABI Cic
L2FHEBEAVONTOARBEICOBERTE S L ERL T,

1 WIC

Information Criterion, WIC is defined by

WIC= — 2xlogf(z|f)

+ 2 x “Bias correction” (1)
where the “Bias correction” is defined by
“Bias correction”
= E.. {log f(z"") — log f (="}

where z* is a simulated data obtained by the resampling technique. 8* is the esti-
mate of parameter based on the data z*. F.- denotes the expectation with respect
to the variation of z*, which is practically computed by the Monte Carlo method.



WIC can be computed even if the parameter estimation is not done by the maxi-
mum likelihood method. When the parameter estimation is done by the maximum
likelihood method, and the number of data is large compared to the number of
parameters to be estimated, the “Bias correction” coinsides with the number of
parameters estimated.

2 B

WIC:58ZEFVOFIR., AREFVORKBRICBEHLABEIC AICLHE
EREEHARTEEZRL.IRWT,. penalized least squr
esiC2RFEHBECHELEFEABRFOF M. LESEHBOBERTHARTDH 3
EyRlk. Bk BEEEE Y- sBIFCAVSOhBCLEANSLTRISHT
WBF—- s RBITEOHIHICIICRHTE 2EERL o

S50
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Entropy Analysis of Brand Purchase Behavior
- Sudden Change of Market Structure

ko % (BHEWHKR)

§ 1. Entry of a Nev Brand (3Xfik[11)
Herniter® T (1973) THI/ L TV 3 2-brand markel DOFIC Br.3 MBBAT
& &% LW market share R EIMUW D, 2 HEHMTHMIZT TH V.
BABZONIPIKELZHRLEDLN S
(AT A) FiBr. 0B AL ERFFO N TLETFbrand OiJD market
share BBADHETARETH S
DHETEHER
7 BANZ DA system entropy —> max
subjecct to
(a) {pes) T2\ T DG &M,
(b) ¢ (Detelz > WT DRIEE M,
(c)[M] Do &k
2025, AW n= (0.6,0.4) & &, Br.3 WHEALAS new share 12 n’
= (0.331,0.231,0.438) 25 m. = (0.493,0.342,0.165) DT B EEL N

%o

§ 2. Exit from the Existing Three-Brand Market (3Ciik(2 1)

Herniler® &k THH L TWS 3-brand market /» 5 Br. 3 AHITwW { & &
FE & 417: 2-brand market ® share WEHIEDLBZH? HHMMTHETIE share
A om= (my,maomy) O EE Br.3 AL ARKICIR

m°= (miome) tmac (my/(mitme), mz/(motmz)) = (o /{motms) ma/(nytms))
THAIM. CNREAHILEILHIN?

BB oS s, ARETDNS

(MFEAL] Br.3 KMLDH > FEFONT, T OBIFED Br. 1,2 ~DOF
THEWR noime KFL OV

DbETEL, NERBRD MEP analysis 2% %0 AW m=(0.5,0.3,0.2) @
& % new share 1d m'= (0.630,0.370) i/ BN, WEITIE n®= (0.625,0.375)

L3

TH 5o

§ 3. Introduction of the 2nd choice (XHK[3])

lerniterD Bk TH®/ L TV S 3-brand market K BWTH /T 2nd choice
(WA L) sBIRE B3 &. ordered-choice-of-tvo R EHI B M7 T
T3 Tid share A5 m= {(my.ma,mey @& X w®y=mem,/(1-m,)(i=1,2,3:ij)
THAEIN, KYILEH>NEIM?



RS L. BARLEEDLNS
[#152 As) 2nd choice ZHRING BNk, % brand @ 1Islly chosen
brand @ share & mi:maims TH B

Db ETHEREED MEP analysis 2% 2, DR, @ n= (0.5,0.3,0.2)
® & & new share 2

m' = (0.268,0.232,0.180,0.118,0.114,0.085)

for (1,2),(1,3). (2, 1), (2,8), (3, 1), (3, 2) pair

L7-M->T. & brand @ 2rid choice & L TD share 1* (0.294,0.353,0.350)
Tk Bo CHOIEMMTHTIE n®= (0.300,0.200,0.214,0.086,0.125,0.075)
& (0.339,0.375,0.286) Tdh b,

§ % Fl‘h:&. Romr\/\/k, . ‘
5] (82) wF FyBr oy AT (Frd Brio 317 ) Hr Lo 3-bruwy

monkek (2-byand manket ) 1L B9R7 122 3 2w 3 12—A% <

weFEBRrlinTEH3

[3iik]

[0} J.D.lWerniter, J. Marbeting Res. 10(1973), 361-375.

[1] M.Sakaguchi, Math. Japonica, 32(1987),475-492.

[2] M.Sakaguchi, Math. Japonica, 33(1988),943-955.

[3] M.Sakaguchi, Math. Japonica, 35(1990),171-186(with A.Doi).




LIRFTAH-ENE 1 S HIE— R B £ 81 75
Shannon - hloke—RIR &

9 CE 8 B BpEAKET

NaF A F T~ 0 RCARELDHOT, (i)l L%
ERYTA. fxsibdkorkife (1) €7 Ilodisk T
& 7 Goodman C1979) © — MK (U) T 7 I,

b= 0 £ 6% (im1,2,-75 R d=l,2, 5 C),
NDESEXENAE, 0= CH0EERGBATTIE ™
LT®A. 5, RxC & I_H 0 Tt LA (Ccit) 51
(Jedt) T 5 %A QR HTE BAfAd y XM E 0.5 vag
53 A. S, 0=l i) /By, i yen). UETUL

Dy =0 (i=1,2,, R d=l,2, -, C~1),
DES52EHtA, vorr, IETLESOPRED
DIEFERIAT o RIEIL, #HEEINTH A,

Redsdo HEGIE, UEFLE SOPMRE D OALE &85
FoORECBRET A coda. BREIABRALL,
LEFLEHIEEAD 3 MASI, O 2R
SALFVTUET LI SOME DOAVE T 50
lLigto. &, Loks5 KRELBATA.



¢, = 1~ H(@%./ [Log (R-D(C=D1T,

R-l €l . R-1CH
L, HOY==5 50 b, , 0,=0,/P, V=2 % 0.

Z sz HO) O] 12 E o ¢ Shanmon T > bk~ Td 2,
12, kollback-leidbler B7RE LR OT ) 1ok o fo1ctdbt 5,

¢ = I1(6%; ")/ [ Ly (R)(c-1)],

L, I(0%56%) = L,—,j—, L,ﬁ:;( 3/05), D 0, = 1/ (R-D(C),

A, 05l TED, UTFLERILED EDOSHES
MAMIE #=0 T35, 22 T, (0 §) LI BRI E Ty
YU, R/ M, N=SZ000 (, it T 54 00l
Ehr 3 5 v, delta method 285 <, [(Hy—4,) I
£H0, ﬁ\ﬁzv'lw ;tfaéﬂff - #HEs 4S5, T2,

= = 5-_: (Liy/Bi) /Y by (R)C-DT2,

ot

LEL,

L =@ 5 =0y ;=0 18:)0/V H Oy 4y log By 14
- Lliﬂ':@c-«,f é,Hl"i Cyd 7"@;%@;), 0£.0=0,
Swz, E B Il , By~ Ohs =Gy @e=0 (3201772F)
cAE D, foBRBEMIER, TALETLT, 0L
IPOMNEALEPAZUTTILESOMRED 0L H
a7,

%‘f FXHK  Toml zawa(1971), Statist, & [Fob. Letlers s To appear,
Goodman, L. A. (1971). T. Amer; Statist, Assoc,, 7, 537-552.
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HEHUSES tik=—2 Y v FZER (R NOEBTH-> T, BSOBLEBOEM
TELEZDIORVI, TOLSAEBIE AT X FATZTRTEF LIELITIERER L R5 -k
BHEDOT, 777 AAEBOHBE AT TVD, CORBLICERS NAEAED
V- FOFREEREER S, C OB, HREOANRIEEFSE LA 2ic, #
BoBICEF I AL, FHL LT—EL~=A D BTICHE XA ONE =DICBER,
—ANSRYVOFZEY FL—tTHB, O FHRIE, 27 ) v FEEREDRER (r |)
t335, L— O FREERT., BEERESEE (1) OHESLR—SHICH > TVW3 b EFITR
D &S REREAREINTHS

R(D) = I(p,v),

inf
vE[d(X,Y)]<D

L, (X\)Y) RERD w iS5 b0 r 35, EXRCFHELICE O CEEI N
BEAMICH L TL— 0 FABERETET 5 = LXFIRETH 3 24, fFIC, DRV
TVEETIE, R(D)~ —LlogD DIRICIRSZ$ES = LV REATES, ST, p RO
DEDN YR FATRTTH D, AHETIR., S OBEEINECHLBES B L T35EE
AFEICHHEHATEB L RR LA,

T, S=UL WS (AEL Wik SOERIER) tLE5, cDorXVre Sit
HIBYBREWSICETB0T, Mt >0l £ € WyWs,,.. W, ShB3RF b =
biby...by... PEEZ, THICKY, SEDORAIFE XM ={1,...,m} EORIE 4 I
EHRIND, p PEEIAT— MR LI,

def  Hoo(p™)
Ak = Ey- [~ log o, ]

EVIREBEETIENTES, PFRZY b o ¥—v— b, DR EEd s E
TH5, WiDRT—rEk o ¥ FB, VeeSicdLT, inf{n: Ik, o < 8} 1

Wy Wi, ... W, SHSDSELIT LR 2HMDTD n 23K, D(1) «f min, maxges d(z, y)
(<o0) b Ly BNMEEGRD Y& Ymin LB Z LITT B, W WL o Wi yin &
Xs BT E, SNREET—HESOBRFIERF—a% 521703, X;0L— DS
BIR Rs(D) &b £ D R(D) DBIRIZIRDERBICX Y 52 53,
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Theorem 1

Rs((DYr +6D7(1)Y7)) £ R(D)
< Rs((DY" = 8D(1)7))

#72 L. R(D)™ 0o for D <0 ¥ B,
Xs BRTHROBER As tRF, DL &

inf min d(m(:c),wj(z'))l/f} =e>0,

{ min

§>0 i#j 261\5/“‘,,1"61\”‘,’.
DRI ENDEL S kA Y PAMERESR, RISl TROEE 2B,
Theorem 2 S Hh v rAHERERT3 L,

Jim, [—TR(D)J = p(n) -

log D
T OICHEIRECERE LT,

Theorem 3

sup {___.Iii';(i‘_)__} =d,
u*stationary Ey-(—log oy, )

722U, d* iX S @ Hausdorff-Besicovitch RTTFHhbbH, Th ol =1 T 3H—0iR
TH3,

*5-,
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f}( e N(e, 1) o 75 ET ¢ wix)s e’ (~oo<acoo) 12 & 3
BEs v 7 3 « ¢ -‘-*' T h 3

Y
£, & Pocsson 55 o FFR, w(2)=08" (aro, a3z) t § 3 ¢

£ r & (a<t), & }‘é (az1) T % 3.

X Y -
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o ’}f EK (er%50G%x), €y ¢ wer=x (X=0 L2 ) 25
3RBE v 73 v &y 2k

o2, ] ¥ $3

a) M. I Bagarri emd M. H, Delret : Inbrpmatian m Selocteo M"‘{"’éd.
/R a/mluéil; and Bagescan Stadsdics (R Werte) ed, D, 37
New Yk + P e Press. (1984 )

(2) M.J. Bat/m/u.“ poel M. H, Do Greot™ + [:711/‘!1213‘01 o &/auauﬂz‘; we'th Mcxd-.z/;é}l
Pos e Lu.z}fn_«s 5(121 ZU-A ol /)ctf& A/ta,éaua and I;V!WUMC—Q
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iTdH 5.

BRZEM%E (Q,B,p) &L, O LD L®(Q,B,u) 2EL 5. ChicRESAEOMN, &,
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Foe g e 74K T o5 EK
: Balance Properties of Optimal Binary Trees
O RF T AP LRAP & —

We consider a binary tree with leaves weighted by probabilities.
An optimal tree (e.g., the well-known Huffman tree) is a tree that
has minimum average path length. Alsoc interesting is a binary tree
which is cons;ructed, in a top-down way, by successively dichotomizing
the sequence of the leaf-weights as equally as possible. This weight~
balanced tree is known to be nearly optimal. The inequality relation:
W] 2 W + Wiy 1s shown to hold commonly in both types of trees,
where wy is the weight of an arbitrary dinternal node at level k, and
wy_q and wp4] are its father's and son's weights. Based on this relat-
ion, we show some properties of those trees, all related to the conce-
pt of weight-balancing and all deeply connected with the Fibonacci
numbers and the Golden section.

Let a:(l-a) be called o ~balanced if ael[l-«, ] (O<ca<l, 1/2sag
1). We first show that, if (wp/wp_;):(1- wy/we_;) is out of Y -balance
such that wy/wy_1>¥, then (g1 /w3 2 (1= Wi+1/wi) is ¥ -balanced (i.e.,
the ¥ -balance is "immediately recovered" at the next level node), here

= (JE - 1)/2. The number ¥ is then seen to be the critical value for
such an immediate restoration of the balance. |

We mnext show l/ngk/wk_152/3 (best possible bounds), where the
left inequality holds in the case that node Wy is also internal. From
the right inequality wy/w,_; <F4/F,, the bound wy <2/Fi,3 (also best
possible) can be proved, using the Fibonacci numbers F, (Fp=0, Fy=1).
It follows then from this that the geometric mean of the probabilities
wi/wi—l along the path wg, wy, ... , wy form the root wy = 1 to an

internal node wy is upper bounded by ((J§+2)/&)1/kly for k »2.
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Bii®wy ooy L TSR EHEINHEMPER )
MCQFARMIZIBEILZ 7Y 4R EGHDN
MBERAZ H¥EHE HHE=®H

ZNEBIRT Z b (Multiple-Choice Questions, LI FTMC Q&3 ) IZEME
ERBEEI LS. BHEM. T#W. BEMRERW. XEL. UV F-—v
a M (OT, PT) FOBRERR. 2HREAERRRER. B L KXFX b
BREILWRAFIzbhbESTEBIRLTWS,

MCQTESBIR~—. 28X, 33X, HEERX, Kyq72ofxo
BAADBH, SPHIR-A TR SDOFERMLE XSGR, 2Oz 1 BOEXR
RPHIBEEIhTWD, ->T. THREIMLAG R THBARIC (XL /5
T)YEMEEWLHTBI LN TED, ChAUNERLBERERTEE TH TH
B, (BAZREEEDOL /SOLTHR) THH. MCQTRIHTHETIE
mAEMMT 52 LHTESD, ("The random guessing model”, Callendra)

IHIZHLT, 7B O THBLENOTEEL2MEBICLIIMCQES
DIFRIIBEELEAARTEROPE. Thbb.

(1) 5260 72BRBE0S5b, BEORREE AXHEBEOEIRKEA5M - T
Whid, EEXIEBENTES, (EEY—-—3FI)

(2) 5x6h7ZRIREORICiE. MEQO I B EFARBEEBAORIREE2HE - T
FRLTWhELTHET D, (REY—-3 )
(S)ﬁgﬁgiétxﬁéﬁﬂmfﬁ\ﬂmﬁki%%@&%fﬁﬁkié
BEOIEMCEEEL /2, | /3E0H5THEBIZIZRESFANE 3,

FMAETIE. ¥FS5BRIR—-R, 28X, Ky 7F0@20BERicoWTE
EY—3F N, ¥ Ty V. RUMCQORILM2K%E TN
o THeMILE, 2. TROOMBWMFIZLI-oTHADIHERD, &
TEMBICLIDIEDOHE. AOBRERL =,

KIZ.MCQTFALDIB, BRI IV A2BRO2HEIR—-BizonT.,
ELARETTRZZIVEVHBRICLAABLEBAOBEETF LA DD,
NRIZETWTEREOBAINERD -,

iz, SBIR-BIZOWTOHBETFVEMED, 2BIR—Broh®itt

r+ di
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(1) ZTHEEOHLVWEFWRAHAHBEOICIRREL, TLLWHM., #o 2K,
THZEOHNBZMONTETREONMMBA i LTMNEDIT 2,
(2) EOMCQEFALTIR., TLLAHMILIEREEEZEE L / mOT Y
YL HyoyPERREESh, §EE->AABICESLSKERE IR 2N
2k, SADMETRIEEZNB AT T2 BRANZABEPLLITE2HV X
m@ﬂ%t%d<&ﬂ%?w%ﬁmb EEY—IFINV (REREETS) O
Hikk, BB Y —2FN (BECHET D) OB, RUEEENL1 /2, 1/
3B rOMAE LB YT L -y Y U THEBARBOICHL ML E,
(3) THRECHBMIIAFRICEEY —3 F V. MEY - S NVHEEK. J
VY Ly AR ANEWIHBEMOMNBARTOAZ LT, E
By LS AW EEY I FLERAORBRE L ERTES,
FRIZ. BLEFLWLHBOBMOMMBRE~NORBEABMEETN E2F>THE
kL, MrOERNMIzAT2H/ATHEEMWSMNITUE,
(4) ZOBESTHICE> T, EMITHOYI > TWARRBEOR (XBREOLEA
Yy HBHLATY, FAE-THMAL ZERBEOK (ZREOMME) A
FEIzHBLZWIEERL E,

AR

(1) Arita, S., Saito, T. and Nasu, [. (1986): Score distribution of
examinees with partial knowledge by the test of multiple-choice
questions. Proc. of the Second Japan-China Symposium on
Statistics, 5-8.

(2) Arita, S. and Saito, T. (1988): Fuzzy inference in the Multiple-
Choice Question Test -Study on the principles of Fuzzy Rules-.

4th Fuzzy System Symposium, 303-307.
(3) Arita, S. and Saito, T. (1988): Fuzzy inference for finding the

correcl code in the multiple-choice question test. Proc. of

International Workshop on Fuzzy System Applications, 131-132.
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Projection method for statistical inference
in nonlinear model

S. Eguchi (:za 2% )
Department of Mathematics, Shimane University
(Biex £, $0%8)

The main purpose is to introduce and give a further development of
the projection method for a nonlinear model on the basis of
classical regression theory. Let € be a p-parameter vector in the
space 8 designating the population distribution with density p(x|#6)
and let y = zifl y(xi)/N be a higher dimensional statistic vector
with mean vector n(f) based on a random sample Xq0m Tt Xy The key
idea is to find a one-to-one transformation t of y such that the
image t(4#) is a flat subset in the transformed space with 4 =
{n(@) | 8 € 8}, or equivalently of form t(n(8)) = X8 + b, where X
is a constant matrix of size nxp. Here the original parameter
vector 9 may be reparametrized. Next we define a generalized

square distance

S(0) = N{t(¥) - X6 « b} VI{t(¥) - (X0 + b)}

~

where V is a consistent estimate of the variance matrix of t(y),

v = (%{(1 Var(n)( %% )T)Fi.

Immediately S(§) has a minimum S(8) with 6 = (XXv ix) 1x?

vy,
s¢ that

~ -~

s(8) = s(0) + N8 - ) xIV (0 - 9),

which are asymptotically independent and distributed as xi_p and xs
with the dimension n of t. Consequently we propose the statistic
S(é) as a test for a hypothesis H : n € { for the mean vector n of
y. Simultaneously é works as an estimator of 6 under the null

hypothesis H.
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We apply the projection method to a problem of testing
Hardy-Weinberg equilibrium (HWE). In a HWE population with

alleles A A _, the respective frequencies P>ty Py are

10Tt A m
summed as the homozygotes and heterozygotes

Zpiz t 22 DpyP;
i i<j
in the unit.

The HWE testing is fundamental and important in population
genetics and statistical analysis. We are concerned with further
research for HWE testing. The main purpose is to develop an
option of the projection method for detecting an individual
genotype or some group which deviates from HWE. Hernandez and
Weir have given the disequilibrium coefficient approach to the
problem where the coefficient is defined as the difference between
the frequency of each heterozygote and the Hardy-Weinberg expected
frequency. We detect a genotype away from HWE by succesive
application of the projection method to the problem of testing
whether the coefficient corresponding to the target genotype is
zero or not.

We next analyze the real data in the HLA system by the use of
the proposed method. The HLA system is characterized in
polymorphism and incomplete identification. Thus the system 1is
considered as a generalized ABO like system with identified
codominant alleles and a recessive allele, see Gart and Nam (1984).
In this context the recessive allele is considered as a set of
unidentified alleles at the stage when sampling. The projection
method for the overall test of deviations from Hardy-Weinberg
equilibrium (HWE) at a locus in the HLA system is discusséd in

Eguchi and Matsuura (1990).
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DTFAEEHSHAHOEHOD o NNZ FPHEIZIDODWVT
rhgt k% etk

1. 3 C®»IC

ONRAPEVWHI T EEFERVAVALBETHELNLIN, ROBLEDh TV S
@ /X% b {EHuber# ? ¢ -contaminationic E 36D K55, LALHMWS, &b
— By SEH E Lz, Hampel et al. (1986) @D

"In a broad informal sense, robust statistics is a body of knowledge,
partly formalized into ’'theories of robustness,’ relating to deviations

from idealized assumptions in statistics.”

Thd, EEIZIBoARNI MECHTEIBROE  ZHuber O EHIC L BZH O
T. BETA3DHRR->IBAIDTIPBRBALLBECE I K ZOoXEEERY
B SCHEFRN LRI TE200F0RhoVWTHBE, cODEE, RELALET
VE{FIETRE, TV RHOBEEH > cEF L,

(1-¢g)F,+eH

PoBOoNALDEELZ, HIF ERREIDH THO, RMTH 2, 20 . H
CHhITOEEAZZIUTIFTROZHAMLEI>EVWS LDOTH B,
CHEHMLTERELAEFLMF}IEF -2 5252 2EHDE FAGHMN £ - 72 ¢
E5EFINOBELELXI OIS, HEAE. RELALAGHLNERSIHE LI E &
BOETFTILBEOEVWTELOS 3DWHOBENINITH I B,

2. BEHODEZFA DR MNEE

FF, Huberif Do N R MHERSDVWTEZLS, o R MHERCHTEZ2HERE
EAENRBHICHHBREEREL TW3B, Hussein(198) B BIER D 74 7
VAR ODVW TR EUB-robust ER LA MR T 23D OT LT YXLESEZITY
5, ChAEBBILAZI LILT B,

X,Xp o X, BBV ICHMY CHEBEDC I I RERF>LDERET S, TITH
LDHBIS A -5 00HkFRELT

T, (X, X,) =T(E)
EZZ B, TR 74 vy —0—HEEHE > DET 3, AEKTIB-robustTH
&3, HMEMBKBIF(T.DABBE ) ILLICODVWTERBEMTHIEIESEZ VS,
oL, BERENIFR

T[(1 - &)F+€d, ]~ T(F)
€

IF(x;T,F) = lim

THEAohNd, LD, RBxDHTnassZHOBAALAAHEKTH 3, 2
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IZvon Mises D BRI KELENEMD & & T

1

T@J—nm=jmuﬁfmguwmA{%
J‘IF(x;T,F)dF(x) =0
Va[T(E,) - T(F)|—-— N(0,AV(T,F))

AV(T,F) = j IF(x;T,F)(IF(x;T,F)) dF(x)

TdH 5, Hampel(1968) idscore function,

A(x,0 = [s(x,8.) - al’,

% ¥ DM-estimators® 0 ®optimal B-robust estimator TH B3 2 & %R L 7o
Peracchi(198T) I3 C DR % —HIL L. pR ST DM-estinatoric ¢ 2 E®/AE 5 2
o LI IOBAERDBLDOTNLITY ZL%d5Z O HHussein(1989) T
H 5o

3. EEHRME&E o N2 PHEE
—BRICORNRAMMERBLSKBHEEEMKR T 203 FIr LV, BT BROER
HAHBBER I T TCHLRCHELIIZIEEBLV, Lk ->T, NEXOKEE S
2BbiICiFyrialb—var®P7—t: A9 TFEOFEEEIBENRD S,
Z Z i3, Staudte and Sheather(1990) DM 2 DF —F IO WVWTIEERXM A LK
LTH B,
% 95% {5 FX [
Student's t 31.79 30.88 32.71
Sign 31.95 31.01 32.45
Wilcexon 31.85 31.20 32.50
2%5%trmean 31.86 31.24 32.51
2%10%trmean 31.85 31.21 32.49
Huber y,,, 31.86 31.27 32.45

Kamakura and Yanagimoto(l989)ic U A4 7 A MO EHOHMIT

T(p)=h(£§_l\[i-1ogi-0
s u

nu )

EREL.TW=t - DOBELTEFEXBMEMBRTE 3& Lic, J 0Kl
BRIRETIRHLEIATABHICLL S, BOFEHHp 0Lt 2, HHEL O
YRATEHS LVWIEETONIPTHZEVSIEHRINT VB, £y fF
FXE >V TR, (30.75.32.8NEtDHOFHRERBLALERALTH B, sEF
HipEECEISRI AT oA PRI B LN D,
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1. B

E— A v bERGER quick and dirty HEE L TEO RO MM RE
EhTE7, L LABEOREAKMEHERENARETCREORNIIEETH
B, —HE—A Y FERBEBHHCSG» DBV, L TO0XSBRTHEI L,
5. LERIERTe R FTH2EMNNHEH 3B,

2. EEHFBEROHES
TEHENE L(x;60) BRKOEREEEFEIATILEEN,
a) E(L(x:6)) =0 (RRME)
b) E(L'(x:6)) = -E(L2%(x:6)) (RIMAREE)
¢) L(x:0) =0 HORMLT—BOMEL D, H2MELLLE, L(x:0) B
0 <8 <TIE. @ >0 TH.
Godambe (1 96 0) WAREMHEEME g(x:6) IKD2PWVWT—>2d criterion
M{g(x:0)) = V(g(x;0))/E(g (x:6))?
ABALTe TLTHEHEMMM criterion M(+) %(B/McFHE0VIE
ETRBETH BT EEF Lo

3. WKk
E—A Y PEEMNIEST BRDICKROFETHIREITE - o
a) MLod»BEEMMBEROE—2 Y b2 oRIFERNORELTER
%o
b) EXOE—FAviriARERBEEAE A FPERALTHEEMNEER 5,
) HEEMBoOB X% Godambe DU TIEM T 50
EFiRROFEGIRAL T W5,
d) TRTCOBEEHET 5.
e) METIREELHFUT 5,
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4. BT DRR

4) Mantel-Haenszel {EERMOBRBME XS X 1o, T Mantel RE L DR
WMEE X o

4 7)) Ay XIH canonical link & LTHEbLNZ I EAER/LT. D2
HAMTOEMKOHER, REMHBILTE S LERLA.

o) 2o0ERAMOTHO 6 = 11/22 DHENTR

(m-1/m)(x/7) - 6 =0

Xhb

BHE W,
~) LUEH 6 = c2/p? olfETR
Z(xi-x)3/(n-1) - 6 (2= (xi-0)2/n(n-1)) = 0
EHRELTHET 3,
Eh@on s,

#H (o) oXik

Yanagimoto, T. (1990a). Combining moment estimates of a parameter
common through strata (with discussion). J. Statist. Plan. Inf.
25, 187-198.

Yanagimoto, T. and Yamamoto, E. (1990). The role of unbiasedness in
estimating equations. Submitted to Estimating Function (ed. by
V.P. Godambe) Oxford University Press.

Yanagimoto, T. (1990b). The Mantel-llaenszel statistics for the
extended odds ratio in the negative binomial distribution
Manuscript.

Yanagimoto, T. and Yamamoto, E. Moment methods for the linear

canonical link regression model. (In preparation).
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