F AT

o FHAA

Q@ ME Tk S Mk

Q Jhfiliit

Q@ WAL (MLED

Q Faffliit
o mRAhTHIITE R 1%

IEEAR| KRR
Ttk | AHETE
AL | e R
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2.1 &M R

o [HEXN10.11Y FR—MEIEFIIW, = W,o(X1, -+, Xn) BF
O —NHH A B — 2 (Consistent ) fli T+ &7 41, Witk

W, 250, VP,
o [#110.1.2] (X WIAREE) BEXy, Xo, -+ - iiid. ~ N(0,1), P
HIX, =Ly X REROK—MEE T ETA?

Theorem (3£F10.1.3)
MRW, RS HO—METHEFS, EXF 10 € O#H 2

(i) limp—eo Varg(Wn) =0,

(i) limp—eo Biasg(Wp) =0,
MW, ZZHO0H)— MHEMG TR
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25451 35 B

o HI2.1 BeXy, Xp, - -+ iid. ~ U(0,8), 6 >0, WEHIX,) /01— MHH
EAlTHE,

o %i12.2 Xy, Xo, -+ - iid., MK HicdFNF(x), 6 >0, i
/@FQ(G) =1, 1MVx <0, FQ(X) <1, iﬂEEﬁX(n) 720 — A
T,

Theorem (FE#110.1.5)

WL RSO — MHEMTTEFS, ay,a0,---, Mby, by, -+ RHEL
Feol, 2

(i) limpseoan =1,

(ii) 1imp_se0 bp = O,

0 December 22, 2022 3/26



A Rk

o [EX10.1.7)1 XT—MEIHET,,
RlimpcoknVar(T,) = T2 < 00, Hrfi{k,}&—MNEETH,
M2 HR AR )5 % (limiting variance) B85 Z IR o
o [#110.1.8) %Xy, Xa,--- i.id., EXy = u, Var(Xy) = 02, 3RX,MH
BEIR Iy % B
I ep £ 0, THHET, =1/(X,) IR TT%.
o [iEX10.1.91 XT—AMEHET,, BEI{k, }HETF, st
k(T —T(6)) = N(0,0%), as n— co.
W ZHL o> TR T I 77 72 B T AR B 2 A5 (1) 7 22
o [#110.1.10]1 4y /ZHiA!
YolWo=wn ~ N(O,w,+ (1 —w,)o?),
W, ~ Bernoulli(pp).
I3 TR Y, (R SR 77 22 R 3 J7 22 AR EVE

TRkl 3/10: 1, Attt B RIRER 7 ZAEnL s £,
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HLAT R E AT AR R

o [EX10.1.111 Fr— "Ml ERFII W, 2 — S5 (0) KIHnL A 24
ffi 1t (Asymptotic Effective Estimators, AEE), W15
VW, — ()] 5 N(0, u(6)),

M H.
['(6))?

v(f) = :
Eof{ [ log (X|6)]*}
i.e. W,z 77 22153 7 Cramér-Rao I~ 7t
o [wEX10.1.16) HEMHAEIFEW, AV,
VlWa —7(6)] 5 N(0,0%)
ViV —7(6)] 5 N(0,0)

V,, T W, [P 8 3T A % 200 % (Asymptotic Relative Efficiency, ARE)&
2

ARE(Vp, Wy) = 20
v
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2.2 Akl

o FFELIE: MK ORI, = E(X —EX)k;

BEA KB O, = Y05 (X — X)X
o MRKMIE Ay = E(XK); PEAKI R ARy, = 0, XK
Theorem ( [2] 5€#1.9)

WXt Xo, -+ iiid. ~ X, s = E(X — EX)YAEAIR, ILE(X) =u,
Var(X) = o2, & REh(x) U SEAFE B A S, W

EA(Xn)] = )+ 5 H' ()% + O(n™?)

Varlh(Xn)] = > [H (P2 + 55 ()R Go)ps + [ ()0
+h ()" (w)o*} + O(n~3)

o 155231 WHINARXMIWIENE,X = #0, 2g(u) =1+,
W g () — DA, I AT 22 MR G i
fEk2 >]/8i10: 4

0 December 22, 2022 6 /26




AL THIAL & 1

Theorem ( [0) E23.2.1, [2] E#2.9)

BXy, Xp, o+ iiiid. ~ Fy 230 = g(ag, -+ o, pa, o
Hoap, us AW HgiEs:, WM THOvom = g(81, -+, &k, fl1,
RO (3R MEfET.

o [0] #13.2.9 %Xy, X, - - -
ASRAHE AT

—
o [0) & X322 %Xy, Xo, -+ iid. ~ f(x]8),0 € O, g,(X) =Zg()

IS &S it . FRen(X) Reg(0)IIAHGHTIE IEA (Consistent

Asymptotic Normal, fidCAND flitt, HAFTERELA,(0) F1B,(0), F
HB,(0) >0, V0 €0, s.t. %n— oo [}

id.d. ~ U(91,92), T2 0 10, 1) —

B0 A0 L, 1
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AT BT RS T

o TEAFIEIES M FHAMT, MMTHEMEWNLIES (CAND fliit.
Theorem ( [0] /E2H3.2.2, [2] E#2.10)

WXL, X, - iind. ~ Xo X lao IR 06 = (01, ,04)T, 3
0; = gi(as, -, ax), Fgi 5’%?097@@ w2, i =1, . d,

.
j=1---s, U'\UXHLQEI‘J%WE#GMOM = (gl(&)."' ,gd(&)> , H
= (&g, &))", A

5 —
0

V(0 wom — 8) 55 Ny (0, GEGT) (1)

HipiG = (%)d Ik x KRR, SEG ) TR — it
X

0 December 22, 2022 8 /26



7 %%4‘52&%%9 =gi(ay, pa, -+ ur) XBu AR, g K
Tog, o, - pr YWHIES fﬁ‘—ariﬁ ')"J%Eﬁﬁr

N T

0 mom = < 1(&1, /1), -+, ga(&a ﬁ))
FIRER O ICANIEF, W IE 45455 (1) i oy Bhs%
[0)] ©Hi3.2.3.

o B2.3 #Xy, Xo, -+ iiid. ~ X, BMAEXMagBHR. REF R
M = TG IR WL ESHE. (5% (0] $13.2.10)

k3 [0 /3. 1, FiHi S2 Mo IE A5k .

0 December 22, 2022
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2.3 AR TT (MLE)

MLERIFH &4

Theorem (E£#10.1.6)

WXy, Xo, -+ i.i.d. ~ f(x]0), WiLEg|logf(X|0')| < 0, V6,0 € O.
180, NOMIMLE, F:¥%T(0) 20 M— NMESRE. A 4f(x|0)i e T
IENZHAL — A4 B, XFE1e > 0FEAN0 € ©, A

lim P(|t(0,) — T(0)| > €) = 0.

BI, 7(0,) 23 H(0)—MAG &,

FAEA

AL X1, Xy ioid. ~ F(x]6);

A2 RO £ 0", Nf(x|0) # f(x]6);

A3 BAELL (x|0) A LRSS, JFAF(x|0) K T0m

A4 ZHEROBE ~MFRO, HESHE N IZITEN DN .

0
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MLE R A Rtk

A5 XTFRAx € Xy B (x]0) KT O _priZEsn] §;

A6 X0 € ©, FEfE—MERCHI A REM(x) (—F BTk
Wby » B THitx € X, 6g—c < 8 < 6o+ c T

‘8862 log f(X|9)‘ M(x), L\ Eq |M(X)| < c.

Theorem (E#10.1.12, [0] E#H3.3.2)

WXy, Xa, -+ i.i.d. ~ f(x|0), i/EEg|logf(X]0')] < oo, V6,0 € ©, If
180, N6 MIMLE. %t (0)20 M—ANES:mE, A4, v/ (8) # 0,
B F (x|0)i 2 IR 2% AFAL — A6 B, B

Valt(8a) —T(6)] 5 N(0,v(6))
B, 7(0,)23%(0)— MAS Hann ARt 8. CRERED

v
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o EHLE

HI(0) N Sk Fisher (5 B &,
1(6) ]Eg\—lnf (x10)[>.

o [EX10.1.11) BT, Rr(0)Mitrihit, T(0)aTit, 1(0)tFfef
., H
V[ To—1(0)] 5 N(0,v(8)),
WIFR G T e (6, T,) 0 T, B H I 2%

_[TO)?
0. T0) = {@)o(e)
(0, Ty) = 1, TIFK T, f(0) MM if 4 2cfii it
VEL 3L Cramer-Rao A2t IE &M I 20 A5, BIUnsa S, 2 Fidk
MR R M SAETE. s, A . A
JECramer-Rao 1F NI G . 7] G il 2 AH & 5 i (E A1 .

0 December 22, 2022 12 /26



o [2] #1228 #Xy, -+, X, iid. ~ e P xeR, 0 €R,
)H\[JéMLE = m1/2|:'j'fﬁﬁ’ ‘Jﬁ/%‘_fln — OOHﬂ‘,
V/n(my /2 —8) == N(0,1).
VE2 WRSCAFARTEAL, JUMLERIAH & PERIATL IEAS PRI A — € BAL
o [2] #12.29 BEXy, - - -, XorE oK B W A0 — ] FLAE AR,

0, ONHIH

P(X; =1) =1-P(X; =0) = { 1—-6, AL

W HOme = X, A4

s as, 6, ONHEMH
Ome = { 1-0, ONFLHE
ie. Qe NORIAR A1t
o B12.4 WXy, -, X, iid. ~ U(0,0),0 >0, Mdpe = X,
2n(0 — X,) N Exp(671), i.e. Onpe MBI AR IEDS .

0 December 22, 2022 13 /26



— AR R AAEAL — A6, TR ORREA I 2.
o MLE#EA M= C-RTFAAGIFMLET 2. PB4 11(*)

, [ (0)2 L0l
Varg{h(0)} ~ -
nl(6) nEq ( _ % log f(X|9)>
(A (0))2]5_s

—n25 log f(X|0)]4_g

SRk WIS B, (0).
o [#%110.1.141 WXy, Xa,--- i.i.d. ~ Bernoulli(p), icp = X,, 435
RIS (p) = (25 M7 ZATHA(R) = p(1 — p) KA STt
(175 22 I 5 Ak it

0 December 22, 2022 14 / 26



= HBUhTERE (RETETT 2D - WA R (ARE)
o [#10.1.171 Xi,---, X, i.i.d. ~ Poisson(A),
T=hA) =Py(Xy =0) =e?,

KT R R Ml E £ Mt IARE:
Q flittE—: # =17V, XRY; =/(X; =0);
@ fHilE=: % = e (MLE), HFA = X.
o [#110.1.181 Xi,---, X, i.i.d. ~ Gamma(wa, B), p.d.f

1 x—1_—x/B
r(w)ﬁax e .

K = apiame X T HAE M AvomIARE.,

f(x|a, B) =

YENV4 STRE10: 3, FEVT At S0n e WL IE AL,
YEMa [0) SJRE3: 5, 3:3k0; % T0,ARE.

0 December 22, 2022 15 / 26



o [2)] 5& 28 #Xy, Xo,--- i.id. ~ X, p.d.f Nf(x|0), 8 € ® C R¥,
ke NT. i2l(0]X) = log £(X|0), riXVe € O, W NN =A &

X
_[36(6]X) ar(0)x)\ "
SQ(X)— <891'186k> 1

Hiﬁi/@ﬁgS@(X} =0, IE9||59(X)||2 < o0, VO € O. )E'U%f”\Se(X)E’JWF
2R

1(8) = Varg(Se(X)) = Eg[Se(X)Sg (X)]
NEARX K Fisher {5 BHFE, faFRFisherf5 &

0 December 22, 2022 16 / 26



ZHSHIE

o Z i HIENR TMLERIM & SHnL IEAM: &4 HE#10.1.12,
KTOMEmM T SN R T, i =1, k E RS, U

Theorem (£ LS HIMLEK]ICAN)

15 %% Fisher(s EAEFEI(0) IE5E , 100,725 HOMIMLE, W8, &S0 —
MHEMTHE, B

Vi[t(8,) —T(0)] = —=[VT(0)lI71(8) }_ Sa(Xi) + op(1)

0 December 22, 2022 17 / 26



F2.47 Rt

o AEVFMARAE, M EREEEHET IEMIATiE FAaH. i
RN TER,  MASRE CRE S fE: 1
o BUERIIAE /NP B A 25 B 5 =k 7 5. Fafdfliih & (Robust
Estimator)
o Rl E -
Q TEREMEITAEA —NEHE (RS RE) 8%,
Q 7 LIRFAER ST, X e B A/ 25 A 51 S 1 g B A2 5
s
Q ST HMA K —E i fw B A S S H R MM R .

0 December 22, 2022 18 / 26



P {E A A 2

o [$110.21)1 (FEAMMEMEEN) BEMRAX, -+ X, iid. ~
N(p,02), i Var(X,) = € <C-R FH. ie. X J9pu HIUMVUE,
Y LR S L

o SEFRARAL (MR — 615 YA (S-contamination model) |

X~ { NG o?), DL - ol
' Fx),  LoHaRER

Horpf (x) RIEAN LT A MR /R B ENe,
HET?, M

2 2 .
Var(X,) = (1— 5)‘% + 5% Lou=9)

(6 —p)2.

o WMRO~pu Ht~o, MX i, W@ &mr2.
o MRERSET: f(x)NCauchy/>fip.d.f, Bl Var(X,) = oo

0 December 22, 2022 19 / 26



o Faf@MhscE3: ZEREWIMEN HEMEALSFERMENEF R ?

o [EX1022) & T, METFMFHAXq, -, X, NGIHE,
W T, B i1 {H (breakdown value) b, 0 < b < 1, W& T-6—
Ne >0, #H

lim T, < oo Hi lim Th =00
X(la-pyn) 7o X((a-(b+e))n) 700
i.e. bARETIETT RMIFEAE AR EL B
FE1 FEASER R BHED = 0, BMEMTHBIRIFEAER T LI 4= S
HX kT IHTT, S RN
FE2 AR AR A AL T AR, BED = 50%, Ao s MLAE A
Uk, R, FEATR A FEAIIE, e TT T A B,
HAE BT T A Pk ?

0 December 22, 2022 20 / 26



o SAEVELLEGEN]:  FEA A AL B A A W AR X 0% (ARED
o [#10.2.1 (&) 1 &f(x) NN (u, 2)KIp.d.f, M

V(X —p) = N(0"712)'
Vn(my,—p) — N(0,03),

/\q:‘
0?2 = (1-0)0+0o7°
N I
2 = 2( o +T)

MIARE(my /2, Xn) = (%Z
Q UTHLoHSR/AN, ARE(my o, Xp) < 1, BIXa T my o
@ 47 =40, 6 =0.05 5t = 100, = 0.01 i, ARE(my/5, Xpn) > 1,
B my ot T X,
Athz2% [2] #12.44.
TE REA TP AL EO REAS M I ARE, 240 A1 (1 )2 740 2. U 45 3] () ARE
Ko WHY, fEERESMEN T, HAPMHtEadcE. 2%
$110.2.4.
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o AMEHMIRZ Gith & i/ Me— R EN 25 R . 5
% p(0]x) = —log f(x|6), M

Omie = arg meaxill f(xi|0) = arg mein i;p((ﬂx,-).
o M-fliit/ZMLERIZEH (Huber,1954) .
o [2] X219 ¥oXy, -+, Xy RKEFEBEH DA, p(6]x)H
—IEEARREL AR = 0(X)l 2
Y- p(61X) = min Y- p(01)
i=1 i=1

MFRO RO —NMM-fi 1T & (M-estimator) &
o Fro(0]x)FT-OMML, ity (0]x) = 29, mIM-ffiitJy

ézp(mxo —0

o
0 December 22, 2022 22 /26



o 1#12.5 73 A UHEN %1 (x) = X2, p2(x) = |x|, W
Q@ X,=argmingy" ;1 01(X; —0),
@ my,p =argming Y7 4 p2(Xi —0),

o [#110.25) Huberftiit&E. 4

1.2
_ 2X x| < k
P ={ it i S @

BABRAEY 1 p(xi — 0)IE T/ MIORI i TH R AHUber il T 5
o HBIBLN, HhE
x = —1.28,—0.96, —0.46, —0.44, —0.26, —0.21, —0.063,0.39, 3,6, 9

X = 1.33, Phi%lixe) = —0.21, Huberfiit

k 0 1 2 3 4 5 6 8 10

fhiHE | -02110.03 ] -004 029041052087 097|133

%#3%102.1 .
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&R S B B2

Theorem (A&, [2] EH2.19)

WXy, o Xn KRB F()R—MER, ¢p(x)FE(—o00,00) EAEFE, I
WORW T HREMME—fE: A(t) = Eyp(X —t) =0. EH

FEYT (X — 0) = 0 Xt—PInfiIXy, - -+, XoFifift, LD, it e — M,
e, == .

Theorem (Wi IEZ&ME, [2] E#E2.20)

e (2] B2 19550 2, HstfFfEe > 0fE7E(0 —e, 0 +e)NH:
(1) AM(B)iES:; (2) o?(t) =: Var[p(X — t)] > OfFE A R HiEs:, T

VA(8,) /7 (8) -5 N(0,1).
WE—35, N (O)FAEEAR R0, N

VN (0)(B, — 0) /0 (8) = N(0,1).

v
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o HEW 7E [2) EH2.20 M4 F, M-fhih=EA W FinT EAM:
A L Eg[(X—6))?
ﬁ(@n — 9) — N(O, W)
o [#110.2.6] Huberflith=M#IL» M. &X1, -, X,
id.d.~ f(x—80), LT oxFR, WH(2)MA2
x, Hlx] <k
k, #ix>k
—k, Fix < —k
THEAAS, Huberfli T & WE IE A0 A HIME NG, 72

[5 2 (y)dy+k2Py (| X | > k)
[Po—o (IX[<K)]2

o JLFI AR/ Ai#% %€ HuberftiiH & ARE.

o [#110.2.5]1 Huberfliit&MARE k=1.5.

B | DA A | R A
A 0.96 1.08 1.37
5 R B b 1.51 1.31 0.68

p(x) =

L5 >JR10: 29(b)

0 December 22, 2022 25/ 26



B AR XS R

o NTHEIRMEM:, MAGTFON TERCRITTH AT REBE T 47
o T MR IR HUIRL(0]x) = log f(x — 0), NI

/ 9 /
Eoy'(X —0) = —Ep[559(x — 0)] = Bo[p(x — 6)¢'(0]X)].
o WEIM-fhiTHEMMLER #Tix 77 2

_ [Eefpe—orex)])”®
Eqly (x— O)PEa[ (B1X)F =

ARE (O, OmiLe)

o — M-I B UMLENR, R HpAe st il
(Yp=10, Oy =0me) » ERKEALRRSMLEMILEL.
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