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1.1 &
o FEfr DL 28 e 33 T DU S0 20 &5 SR A\ RO SRR, BLEE:
— SR
— LISREREL
— ML
o MHRAJHE:
— ST I S B AT e SR 2 B R )
— RIE B E, TR ARERMURE AT 0, S8
SHFEEINT KREIME B (Fnsess iy sk g0y 0%,
RUE R RES SLBRFIRA—EL
— WRRECRAHE
— RTFREERRAW S —HALE, A —TA




TExample

2 [ —FIFRIE I SAR 30 s
Ho:0;, =0versus H1 : 0, #0,1 =1,2,...

% 50% MBI E. SE MBS p 8, NSz
—H p {H. AT, Bl 0.04 < p < 0.05, WA p MM TZ
JERIRR, B0 24% MBS,

|

| iExampIe

Berger and Sellke (1987) #HT T — - fafd Wt o#r, RMEIESEL
0, FEXTSZBR T 0] ABUTAT v] E(E, AN, (R0 S 56 400 #l )
LA (B2 fE— 58850 A028). WAE p fBAE 0.05 BHEMAE T, 4]
TEWT T BN S SRR I T 5N 24%. R, SEPRH Y p 24 0.05
A, ZRABL AL Y L il B T 24% 1.




B X ~ Pois(0), P—B(83% 0 BERIEE: 0 RIA— sy 0

A, OO 2, | 0.25 MECH 4. ie. PT(H<2)=05=P"(0 >
2) 1 P™(0 > 4) = 0.25 FE T —FMEI T IEEHME () m - 0 ~
Eaxp(a),a = log(2)/2; (i) 7 : log(6) ~ N (log(2), (log(2)/z25)*) ; LA

K (iii) 73 : log(#) ~ Cauchy (log(2), log(2)).

| | JExample

(i) £ m F, 0]z ~ Gamma(a+ 1,z + 1), BIEEEIEN (a +
/(@ +1).

(ii) 7€ w2, T, WERIE v = log(), Fl 7 = log(2)/ 225 = log(2)/0.675,
FA5E

E™(0|x) = E™ (exp(7)|z)

_ S e (=) exp(y(z + 1)) exp (= (7 — log(2))*/ (27°)) dvy
J70_ exp (—e7) exp(yx) exp (— (v — log(2))?/ (272)) dy

4



(iii) ££ 73, I, WHRIC v = log(8), FKATH

™ (0]z) = E™ (exp(y)|)
f_oooo exp (—e”) exp(v(x + 1)) |:1 + (7;)1;(&2()2))2} - d

2]
e (-enespinn) |1+ (282) |

m\z 0 1 2 3 4 5 10 15 20 50

w749 1.485 2.228 2.971 3.713 4.456 8.169 11.882 15.595 37.874
w2 .950 1.480 2.106 2.806 3.559 4.353 8.660 13.241 17.945 47.017
w3 761 1.562 2.094 2.633 3.250 3.980 8.867 14.067 19.178 49.402

ATLVEH, @ < 10 BMgEs RSl BAT R e v




MR |
KT EEIFN LI R B %

e M ={Qo;0€0},Qo N (X, Fr) LIIBEHRI
o MR x=(z1,...,20) = K 1(0) = 1o (O]1, ...
+ (6,F) LSRRI (L) = R 7

o KT M 5 (M)r MARENE = B4l p L.

Jo h(0)1(0) P(d0)
~ [1(O)] = efe 1(6)P(do)

*
-

R DU F 585X LE AR 1.




1.2 SERS AR

HERMEE ST RIS
o SRR
o IHEARMEME Y, I range 6 = 5 — p, p = sup,cp Ex- [h(0)]
Tl p = infrer Exx[h(0)]
— &/ Fadd
— & K WTLORAILSER 2R, Iy c T H. (30) B
— & K ANRERAIMLSEERZE, T IRIFEEE




TExample

[Berger and O’Hagan, 1988] ¥ X ~ N(0,1), 563 6 ~ N(0,2),
BEA 2 = 1.5. WILERDMN 0z ~ N(1,2/3). Ml TEA S5 ME—
HOBIZ AR AL R R4 s X ), B IX R RIS p, FASesG
N(0,2) TR,
|

| JExample

TESEEE N(0,2) T, XIH] I, BIMEE N
I | (=00, —2] (-2,-1] (-1,0] (0,1] (1,2] (2,00)
Pi .08 .16 26 .26 .16 .08
X quantile 28 T'o,I; HIGRMERIRA D ITHE

o fIIE%T I'g quantile class il I'gr unimodal quantile class
(RLE UL

e I'gu CTg, EE 90| T'qu AR

o M To fBMNN Tou Ja 6 WP TR




I; 2 I'q Fou Iy TBU
(o0, —2][.0001  (0,001)  (0,0002) (0, .0002) (0, .0002)
(-2-1] |.0070 (.001, .029) (.006, .011) (.006, .011) (.006, .010)
(-1,0] |.1031 (.024, .272) (.095, .166) (.095, .166) (.095, .155)
(0,1] |.3900 (.208, .600) (.320, .447) (.322, .447) (.332, .447)
(1,2] |.3900 (.265, .625) (.355, .475) (.357, .473) (.360, .467)
(2,00) [.1102 (0,.229)  (0,156)  (0,.156)  (0,154)




REABESHEEFREFIE
o MZEFERTREZ AL, HiRA GBSk
o BOFHNAERE (e.g. FH, SMUEL, XIFR, HRE)

o SHRIGFIINIE (e.g. quantile class), /s EAE LIS B 5655
fHE

o BRHUHE
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ERERSHE
o I'p={m:7(;w),w € Q} (Parametric class)
(BB TES
Lo = {N (p.7%) .o < i< po,7i <77 <713}
HH i, o, 7, W73 OB —SEHRE R AL
e To={m:a; < P(L;) <Bi,i=1,...,m} (Quantile class)
o I'gu = {7 € I'g, unimodal } (Unimodal quantile class)

o Tav ={m: [hi(8)dr(0) =0,i =1,...,m} (Generalised mo-

ments class)

11



o TPR = {r: L) < ar(d) < U®H),a > 0} (Density ratio

class)
o TP ={r:L(0) <7(0) <U@®)} (Density bounded class)

o I'PB = (Fecdf :Fi() <F(0) < F,9),v8} (Distribution

bounded class)

woF

P = {7 : L) < an(d) < U(H) for some a > 0}

s

(9) /
@) for all 6,60 }

Feal, L, U By AT 5.
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H

Neighborhood classes ({4 T¥U# 77 BT ARE 515 H)
o INo={r:m=(1-¢)m+eQ,Q € Q} (e-contaminations)
o I'T ={m:supycr|m(A) —m(A)| < e} (Total variation)

Bl mo(E) = 5, WIARBEART 7(E) 1£ m IT2BHT range

o Variational distance : |7(A) — m(A)| <¢e,VA e F = n(E) <

15
o ¢-contaminations (contaminating measures in 7 ): —emg(A4) <
m(A) — mo(A) < emo (A°) VA EF = (1—¢)5 < n(E) <

I-g)FH+e

13



£ R ZE (Concentration function class)
[Fortini and Ruggeri, 1994]

o Kyg={n:7m(A)>g(m(A))VA € F},g -neighbourhood of a

nonatomic 7o

o g PR, EENEEL st g(0) =0 g(1) <1
s mEKg=g(m(A)) <m(A) <1—g(1—mo(A))

o IEDL A 7ig N 7w wrt. mo MEPRI o (z)
o Kg={m:9x(z) > g(z),Vz € [0,1]}

o SRARELE PRI, )T Lorenz HiZk AR HUDM
R el

14



1.3 #REIZE
AR ([Shyamalkumaar, 2000])
o« M ={N(6,1),C(6,0.675)} (FIFIF{(ELA IQR)
e m0(6) ~ N(0,1) baseline prior

— T8y = {m:7m=09m +0.1q,q 1T}
— T35 = {m: 7 =0.9m0 + 0.1q,q T 0 XIFj ik }

o BOLBER T E(0]x)

15



Data| U5k Lo Fos
inf E(0|x) [sup E(8|z)|inf E(8|x) |sup E(8|z)
Normal 0.93 1.45 0.97 1.12
T =2 Canchy | 0.6 1.38 0.86 1.02
- Normal 1.85 4.48 1.96 3.34
Cauchy 0.52 3.30 0.57 1.62
8 Normal 2.61 8.48 2.87 5.87
Cauchy 0.20 5.54 0.33 2.88
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ZHUER [Box and Tiao, 1962]

exo {4 1221

02154050 (1.5 + 0.53)

ABT = f(y|9507/6):

IMER 0,0 > 0,8 € (—1,1].
Shyamalkumar (2000) 5 H IS ) — 41
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Neighbourhood classes

YE5E 0 < M(-) < U(-) FIISReREL 1

o Pe={f:f(2|0) = (1—e)fo(z]0) + (1 —€)g(z|0),9 € G} (e -
contaminations )

o I'pr = {f:3Jast. M(z—6) <af(z|6) <U(z—6)Va}

(density ratio class)

o ' ={1:U(0) <1(6) < M(6)} (likelihood neighbourhood)

18



1.4 m%kZE

ISR AT, JRI IR R T .
BHE L, = {L=Lu,wecQ} L(A) = Blexp{alA} — aA —

o Ay =(a—0)= L(A;) LINEX (Varian, 1975)
— a=1= L (A1) asymmetric (overestimation worse than
underestimation)

- a<0
= L (A1) =~ exponential for A; <0
= L (A1) = linear for Ay >0

— la| = 0= L (A1) =~ d*A}/2 (i.e. squared loss)

o Az =(a/6 —1) [Basu and Ebrahim, 1991]

19



o Ly ={L:L(0,a) = L(|0—al|), L(-) any nondecreasing function }
(Hwang’s universal class)

e Lo ={L:L(O,a) =(1—-¢€)Lo(0,a)+ eM(0,a)M € W} (e —

contamination class )

e Lrx={L:vi-1 <L(c)<v;,VeeCsi=1,...,n}
—(0,a) — c € C( consequence )
—{C,...,Cy,} partition of C

(Partially known class)

L,L+k € Ly, fERy/MUIEY TR HEN T 25 HAHTR By DU fh
{HRARH AR FE SRR give same Bayesian = faf@ AR E

20



NIRKRE
Ly €W, MEFHE, A e
GeP,: (AA) ERIFTABERNEEZ
Q= {L:L(6,a) = [, L(6,a)dG())}
ap FEMERIEE 7, $56 L FEY WA 73)
a=infy,cvar,,a=sup, cyar, =a<a,<aVYLEQ

— Lx(8,a) =10 —al’> X >1
— La(8,a) =D —Xa—0) —1,,A1 <A< X

— Lx(0,a) = X[a—xr,a+2)c(0),A > 0

21



4

Lya(f,a) =0 —al*,A>1
—7 € T = {FPAMFER N Ew.r. t. 1}
—=ar=u,vLeQVrel

La(0,0) = Iia—x.asnc (), A > 0
—=>FELy=1-—m(la—Xa+ )

= ar, NEABREBFRERKERN 2x KER A
—m ~ Beta(3,2) = a=1/2,,a=2/3

22



RN

pr(m,z,a) = E™CWL0,a) = [ L(0,a)w(0|x)d0 FH/MEAITEH

3t

L, preferred to La( Makov, 1994) if

o sup, inf, pr, (7, x,a) < sup, inf, pr, (7, x,a) (posterior mini-

max)
e Expr, (ﬂ,x,aﬁ) < Expr, (ﬂ,m,aﬁ) (preposterior)

o sup, |8%le (r,x,a,L,)‘ < sup, |%pL2 (w,x,aﬁ” (influence ap-

proach)

23



1.5 BIEMEEE
Global sensitivity
o SEBIEAEAMF R —LEFE (e.g. SAEL )
o BCAMRASGIEARNT T H A5G I B A I I ML

il

-3

e Range: § = p — P Hrp p = SUp,cr Ex[h(0)]x], PAK P =
infrer Ex - [h(0)]x]
A EmE

« Relative sensitivity sup, R, 2T R, = (p“;£°)2 ,po = Ery[h(0)|x], pr =
Ex.[R(0)|x] T V™ = Vars - [h(0)|x]
ZIEARLE, RRIBICHER, EiTH

24



WX ~ N (0,0%), Hrbt o? B, RSS2 TRample
Tsu = { P F00800 A FRI ol 547
%glﬂ%@\zﬁ m(m) = [7_L1¢ (=2) n(0)do [ range.
|

(E%":?Jﬁﬁ%?fké’ﬁl Oo XIFRATEME ST 7 KT G0 MFRAIEISI 53
}/EE/] l:bl:l .1H:A T'su E/]WTH‘EHI%}J\ U(90 -, 00 + ’f') .ﬂ:t

Oo+r
inf m(mr) = infi/ " 1¢( 9)030

JExample

relsy r>0 27 0o—r O
e () (o)
r>0 27 o o
1 [f%Frq -0
sup m(mw) =sup — —¢ ( ) do
m€lsy >0 21 Joo_p O

() ()
r>0 27 o o

25



K X0 ~ N(0,07%), B4EMBBEHEEE Ho : 0 < 6o <> Hy - 0 >
0o. T'sy AZHIENL. FEFEMIZIFIMER I FafEE.
|

|
K
P™ (Ho|z) = P™ (6 < 6o|z)
f_ I(—c0,60)(0) f (]0)dm(6)
foo (z|0)dn(0)

FirLA

T L 9000 ré (z?_e)de

(o, P (o) = sup L[0T 1y (=) dg

P (%7r) — @ (=)
TS0 @ (Gutrme) — g (fo=r=x)

o

TExample

JExample

26



BN

P () — @ (=)

o

o, U = G e e (e

o

ALVEH, R0 0.5 Fl o = @((z — 60) /).

)

27



Local sensitivity
« Global sensitivity —f8fE LA

o SRR M 2 SR — AN SE R U NIE AR AL S 85 R A AR
o BT A RIEURE

i P OAMEREE (©,8) LRIFTAMEERMEE, © A5k, »° AE
oA, EMEEE d 2 P — P OREASGRAREMENLL. T v
N FEWE v TS, W

) — i AT V)
I

22 P FR 2R IY 33
o WMEH) v = (I-—enm+ev
o JUAHEDN dve oc () dr

28



FESEEEE T Ay SRR U E S

s(m, T z) = sup s(m, v; x)
vell

X d 47 2 PR REERE

o (i) drv(m,v) =supsep |m(A) —v(A)], the total variation dis-

tance

I FEZRMESLBN T s(m, v 2) RIDN Fréchet SAUNAL. 3L E, HEE
X Gateaux B L 6 = 7 — v, ||0]| = drv(m,v), EX T :P — P,
HH T(n) = 7°. T 1 Gateaux FEH

7Tz7 Vez) my (CC)

o . dTV ( T T
T-(9) =1 =
( ) Elﬁ;l c o (.T) drv (7!' sV )

ESW
vi=(1-Nr"+ N

29



HE X = Ae) = emu(2)/{(1 — mx(z) + emy(z)}. BN, FEH
dry (7%, vF) = Me)drv (7%, v") . FETTIRALIAREL f(2]0) X 0 &
GE, W T (8) A— DS ERILePERL, W2

T(x +6) = T(r) + Tx () + o(||8]]), as ||6]] = 0

XA BA R 0 A SIIE 6 —EUKA7. (see Diaconis and Freed-
man (1986)). 7=

s(mT;2) = sup (K3l
S=v—m,vel ||6||

30



dv(0)

i BABA R i 25, Bl ¢(1) = 0. ILEPA ¢
-divergence measure of distance. —2E% WLH ¢ EREUE I LT
*

o (i) do(m,v) = [ & (G du(6), okt o AL, 7 1

o(x) Divergence Measure
z log(x) Kullback-Leibler
—log(x) Directed divergence

(z —1)log(z) |J-divergence

%(ﬁ —1)2 Hellinger distance or Kolmogorov’s measure of distance

1 — 2% 0 < a < 1|Generalized Bhattacharya measure
(x—1)2 Chi-squared divergence or Kagan’s measure of distance

x*—l)
A(A+1)

A # 0, —1|Power-weighted divergence

31



1.6 R4

XN

EEREYE
Range ¢ 7 K” X T #E/7 AT RERYAG 41k

o HEZFIE—E[ELE
— A ER LS TR
REEAT

— Ad-hoc tools, e.g. Fréchet FHURBEE > FIr BT IX
Ji]

o R

32



Inherently robust procedures

o FEMESELE (e.g. flat-tailed)

RO (o.g
Rt it i
B

W2

. Box-Tiao class)

33



BB
Range 6 7 K” HBCAME—DHEAME T BYRTRE

o EF T HH—DHERE, eg. MFRIEIE quantile class H Y
AT

o IRIERACTEPR LSS Erx [R(0)] BT

— I'-minimax posterior expected loss

— I'minimax posterior regret

o TEMERVEA L, 05 Eqx[h(0)] MVEH

34



T-MINIMA |

p(m,a) = E”*L(G, a) posterior expected loss, minimised by ar

o pc = infacasup, . p(m,a) (Posterior I' -minimax expected

loss)
TS AR AC R inf B sup 152 AT
o pr =infocasup,cp [p(7,a) — p (7, ax)] (Posterior I' -minimax regret )

BIEATED: am = 3(a+a), HPARME a = infrerar, Al
@ =Sup,cr ar,, A X[, LI L(0,a) = (0 — a)?

35
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