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1. SAERICKAHESE

M M BERBRIFTERAE-EHGEE)*
BAT, TDEEZERDOHEETEZLD. LVFE,
#ITAHEIEEN EL, ROE-EI#HNn, LT 5HE,

n—ooMEE, % >3

2

ERBIENTFEEINS. DK, [AEBE

BRZEAEVYRLTn EF, ERAN ny BIHFELE,

~EADHERLERTLONEETETHD.

LML, CDFE Tligwﬁﬁiliﬂﬂﬂﬁl%%ﬁ
LRI NIEESELD TIRAZEF A AT EE
Hhd.

2. FEIER
BIZIE, LTOESLGLEBEEEZDHNDS.

L O"i'—zkﬁﬁjwjm\zoxx FETICRHRIAERMN
2. A8, S O%RDMIEH LA SHEZERM0.35
3. EENDSH, ERCHRABEAEENMNS

NA X#|ETTIT, _*Lba)IﬁﬁﬁE—%—liﬁlk(DE
BRED=H 1—'“&L’C""*‘c‘<1’b E)—2
(bellef)tﬂﬁihé LR, ME MRS T EE
7%0?“@&:77&73?'_&75\1%675\ FOH LAY L
=AY A}
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3. SR

E &3 (KU TEmHEER)

A € 4B € 4ZDLWT, BFRB AEIofz&LD
SEHDTT, BERANRIDEREFHMAE
¥ 3E (conditional probablity) &FET,

_P(4N B)

P(A B) =55

TTY.

4. [E]RFHESR

P(a18) LYy F o imasta

YL D.
EHES (FEAR)
P(4 N B) = P(A | B)P(B)

CDEE, P(ANB) %A B DEIFFHEE
(joint probability) &FE5N.
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5. JRILTE

E A (L)

HEERDERT DHEERN, hOHLEERN
AT HIHERITIKFLENESE, ZONFERIE
37 (independent) THHEWD. THHEER
A EEZRB NHEILEIIP(A | B) = P(A) THY,

P(4 N B) = P(A)P(B)

MY DI EELS.

6. Fr—>2J)L—)L
SHICEENRE—MRILTHEUTODFI—V
IL—ILBREMIND.

P(AN BN C)=P(A|BNC)P(B | C)P(C)
SELULEDERIZHILETELDT, F—V
JL—JL (chain rule) [

UTDEOZEITS.

2019/7/29



2019/7/29

6. Fr—2IL—IL

FHEH6 FI—2I)IL—IL

NEDEZR {4, 4y, - AyHZDWT

P(AL 1A 11 Ay)
=P(Ay/A;NA3N-NANP(Ay ] A3 AL

il

7. EEEDTEH

TEIR7 (& HEED E I (total probability theorem))

W ERBEERAL Ay, - - 7, A, (4; € A
MEBZRQZEZRNEIL TS EE,

EEB e 42D\,

P(B) =X™ , P(4;)P(B|A;) BXERYILD.




8. NAXDTEHE

EHEG (N4 XD EHE (Bayes’ theorem))
FEAWIERGERAL Ay, - - - A, BEE
RO ZHEILTNSDET D.

CDEE, FHBE 4I12DUVT,

P(a)P(Bl4y)

P(AiIB) = S p(anP(BIa)

MREYIID.

151 %5 1

FNAMDBF=HIEFIRIDEFEZZEAT
WELTz, HEYIZEEA D EITEFTHLLITLY
BEITOATEX)AMIBRZATLEIZELH
UET, B FNFTI)RNDEFRETRI-LAET
BEZREA ERIZXIRAMEFLI-ELDSE
#£%BL9 5. P(4|B) = 1.0, P(4]-B) = 0.5,
P(B) = 0.000001 &9 %. H5BFMNFIJRE
DEFER=EEELIZEE. REIZTTUXE
MEFBLI-EREZRDTHED.
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(6%

(A|B) = 1.0, P(A|-B) = 0.5,
P(B) = 0.000001
P(B)P(A|B)

Y. P(B)P(A|B)
0.000001 X 1.0

P(B|A) =

~0.000001 x 1.0 + (1 — 0.000001) x 0.5

= 0.000002
W2 E(Tlgof= ! !

f5lgE1-2

ZDE.IOADEFHIHILICFIRID
BEER-EIEL-. AYHIZTI R
MEFELI-HEREZ RO THED.
P(A|B) = 1.0, P(4|-B) = 0.5, P(B) =
0.000002&9 5.
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EIE=

P(A|B) = 1.0, P(4]=B) = 0.5,
P(B) = 0.000002&Y
P(B)P(A|B)3°
P(B)P(A|B) 30+P(~B)P(A|=B)3°

0.000002 x 1.03°

P(B|A) =

~0.000002 x 1.03% + (1 — 0.000002) x 0.530
= 0.99953

f5lgE1-3

EFIFMADEFATIRNDEFEZR
FEEE L - REITHFYRINAERL
-FERZ KD THED.

P(A|B) = 1.0, P(A|=B) = 0.5, P(B) =
0.000001&79 5.
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EIE=

P(A|B) = 1.0, P(4]=B) = 0.5,
P(B) = 0.000001&Y
P(B)P(A|B) !
P(B)P(A|B) 114+P(=B) P(4|-B) 11
0.000001 x 1.0'1
~0.000001 x 1.011 + (1 — 0.000001) x 0.511
= 0.002044

P(B|A) =

9. E)—J(EX)
DEDZDONEEITEEZ L.
1. ELFURMEZFELTLONIEXL BFAEELLR 5.
2. 77En @, BE100-n BN A-TLNSEET100 D EH
ADTWBDTEDFM—DEHFIREHL, TNAFELSL
FHEE525.
EFEoNETERANELDANE, 2 BBDETTHRE
HM100 LS, HEARHT2 BFEDETEESIEASL,
HIIn=0%45E, 1 BB DEITEESTEAS. COZDONDEE
(TMEESERFICHDBLSICNEZHRTFETHEMNTENIL,
%b%tﬁf:d)F#')ZM“TE%LT:Jt‘")—7(:7f;%>. ZD&ES
(2, RAX$REHZB T AHEEOBRIE)—TJIITHEETE

DHERTRASHMRENIRTE, EARNGEZTOENICE
NHKEBREZLSENICRADY—ILELS.
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51 TIX, HEBEDFYRAINEET HHEER
P(B) A%, B FDIFMEIZKYPB | A) I[CE!)—
IHWEHFHINTWWAIENDMNS. Tahb,
BFDIESICE>TEHERDE)—THNEED
EYU—DICEHIN-DTHAH. ZDLE, RA
A#fEtTIE,

BFDIEEEITE T X (evidence) EFEL,

ERIOE)—DJ% T ERIHEE | (prior
probability), E#&DE) — D& EHREE)
(posterior probability) &FE.5

15 =82

WEEXIIHSHHEEIN:-, CDE
REEELES,

P ESE|D R F A /N —AL2E|D R
FAIN—BDELLMHILANTHSZ
EMRMHOTNDS, §. EBLMILA
AN =X o VA=Y A AN
FNENDILATHIEERET RO K,
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[B] &
ADNBOIVHDBIELND T

1

P =P(B) =
P(A|E) = 5708 _ 04
1 1 o, 05

E'O'f +5-02
5 0.2 0.1
P(B|E) = _

1 1

05
5 0.8+5:0.2

2

0.8

0.2

HIREDDE

ZTDHESHIZ2FEXIZEFHEMIT=-NT=-h2FK L

£ Tz, COBEREELELTENTRALAT

HOMERERD K,
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[B] &5
P(A) = 0.8,P(B) = 0.2

P(A|E)
| 0.8-(1—0.8)-(1—0.8)

T 08-(1—-08)-(1-08)+02-(1—-0.2)-(1-02)
0.032

= = 0.2
0.032 + 0.128
P(B|E)

0.2-(1-02)-(1-0.2)

~08-(1—-08)-(1-08)+02-(1—-0.2)-(1-02)
0.128 08

~0032+0128

BlIED D=

H-HBRREELTRFA/NN—CHNFLELTE

f=o COERPEII4E|ITH S, AB,COHEAIL AN

Moo, RPIZERP. FDHE20E45M N

g:)-‘r“—stott)s FNENDNILATHAEREZR
Ko
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E1E=3
|
PA*l PB*l P -
()739 ()739 (C)73
P(A|E)
%-0.8-(1—0.8)-(1—0.8)
%-0.8~(1—0.8)~(1—0.8)+%-0.2-(1—0.2)-(1—0.2)+%~0.4~(1—0.4)'(1—0.4)
= 0.032 =0.10526
T 0.0324+0.12840.144
P(B|E)
§0241—0m-u—an
$:08-(1-08)(1-08)+5-02-(1-02)(1-02)+5-04-(1-04)-(1-04)
= 0.128 = 0.421053
T 0.032+0.128+0.144
P(CIE)
%-0.4-(1—0.4)-(1—0.4)
%-0.8-(1—0.8)-(1—0.8)+%-0.2-(1—0.2)-(1—0.2)+%-0.4-(1—0.4)-(1—0.4)
0.144

= 0.473684

T 0.032+0.128 +0.144

AFAIR—CHHPLLY

LE
AFTAIN—ABCOHOT—HR/\3—>
E=(drd. S, S )H SR
P(E|A), P(E|B),P(E|C) &XR&1=,
NoZEI AEIEMFES, FRITER
2R AERETEEZEZADT(Y
Ux—T=bDFIRELEIREMESS,
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51283 (3 N ARRE)
HBERIZT IV, 1N\—F—F, Fr—I)LXEWLI3 A
DERADNT, ZRNZTNHEICANLGATINS. 3 A
(ZELLTFIEN DT EIZHES>TUL A, BfAETI A
DOIBIAEZITRBREN A EIZH2=ELNS. M AR
[ZIEEMEBANSINTELT, TNZENDOERAHLTFA
EFIRBENZ2DOMN?IEBNTEESFITZZ G0, TA
TS5UIE—5EZEL, ESFIZANSTIRALSN D2 AD
SHEA0ECEDLL NXFERIIZEBIET . ZDEDEFI
MEIYUT=LY. FAD ZEL VAN SEHZ TN TEL
WA 1 ERBA T T HERSFIEIN—F—FIXFEHIIZ
HBHIEBZ TN TNEE W =TIV TR
BMENBFEREMNLI NS EAR>T=1EVDFNZEA
2. BRI=-LTT7oUNEALEDIZELLNCOMN?

ek

TIOUDNRMENDZEZFAN—F—FDBRKE
NBZEEB, Fr—ILADNFRBENBIEECE
E( G, EARBESNDINEIHHISELND T,

P(4)=1, P(B)=7, P(C)=~ . BSFDIEEZELT D,

P(E|A)=?, P(E|B)=?, P(E|C)=?

_ P(A)P(E|A)
PAIE) = pCayPE)+P(B)P(EIB)+ P(O)P(EIC)

%*&)C’:o
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[@] &
TIOUNRBREINEZEZAN—F—FDHFRKS
NBZEEB, Fr—ILAMRRMESNDIEECE
£ S, HENTRBESNSMNIHh MDD T,
P(4)=7, P(B)=7, P(O)=; . BFDFEE#ELT
.

P(E|4)=7, P(E|B)=0, P(E|C)~1

_ P(A)P(E|A) _
T(“”E )= FAPEAD)P(B)P(EB)+P(C)PEIC) ~

3

BRI MERATHELD
7L DENEROFEHTHE
P(d)=5, PB)=5, P(C)=
THoT1z. COF. PA|E)ERD K,
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[B] &

P(A)=, P(B)=7, P(C)=¢

P(E|A)= % P(E|B)=0, P(E|C)=1

_ P(A)P(E|4)
PAIE) = PeP(ETA)+P(B)P(EIB)+ P(C)PEIC)
3 1

_ 5°2 _3
3 1 1 1 5
s*pts*0+gx1
P(C|E)==
10. HEELEH
TE &S
SEFE

INNLEAITT HREBDIER. RERERELT
WYE5IE

FEMER
ERRAHESTENGERT AT,
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11. EIRFFER S
TE £6
L\i MEDHERERZLDOME
B Ap(xy, Xz, = 7 7, xy) X
?&xp Xy, " " "y Xm DI H%EE$

43%A (joint probability
distribution) &M 5.

In

12. BDiERS

E&T
x; DAHIZEIRNHDI5E, RIRFERSMHD
x; DEEDTIL, BHBEDIFE,

p(xl) le, ,.X'i_l’,xl'+1, " xmp(xly xZ, B ) xm)

17



12. B DHEZES

EE&T

EREDGE,

pOx) =f p(x1, X2, =+ =, Xpp)dixq, = -
"dxi—l)dxi+1l -t dxm

TROLMN, p(xi) ZHBE DIHE, Bl
FE=2 5> %7 (marginal probability

distribution) , E#xE Di5E, FDEERE
# (marginal probability density function) &

I 5.

13. HEEDTE/INTA—A

EFES (/\TA—FLE[EEHEES M)
K RIFTT/INTGA—FEEZ0={0,,0,, - -

0.} EECEE, BELSTIIUTDL
ST T RSN S.

f(x]|©)

Ihbhb, EEDM(x|0) DRIKIE/N
TA—RO DAL O>TREIN, /\T
A—H30 DHHNFERDf(x|O) ZTRTE
I HEHRTHD.

2019/7/29
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NA Xt
1. HERDMETFETIE /N\FA—
RFHEREHTEL
2. NAXMETETIL /35A—4
LHERLTH

14. HERDENT A=A
5l aA 2 %n EIRIFI-EE, THH
HEIMEHERTHX EL-FEEXRL
(FLLTOZESmIZHES.
fxlon) = (1)1 — o)~

ZCTC Ol a4V DRNEHHESRE
DINTGA—RETRT .

2019/7/29
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15. LERE(T1viv—)

EEI(LE) X=Xy, - = =X, = = =, Xp) DHE
RHIX;|0) ITHINMEDTHEREHET S.

nEOREERICHELTF—4 x = (1, - - -

x,) DB NI-EE,
Lol = | [feilo)
i=1

% FE B %K (likelihood function) &84 2
(Fisher, 1925).

L EE D
Bl A2 %n BFITFI=EE, RAB-BEIEHH X BT
HoT=EETDAMDRNEBBINTA—E0 DLEEIL
LBInx) = () 6% (1 — )"+
3HLLIE,
L(O|n, x) « 8X(1 — )%
THELN.
LEIX, T—3/1\3—N B SN BFERIZLLFIT
HINTA—=R0 DEAEITH 5.
AEIIEEDEEREmI-TIREENGEN=OIZTEREL
[ZFERLZLD, CNEBBICHERSMELTIRS T
O—FNERTEIRAXT7TO0—FTHA.

2019/7/29
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A E &
EEZEZRKIZTHINTGA—R0ZEROHBZEIL,
T—A3%FHE LI AEEREFRKICTT H/8\57A—430
EROBEIZHY, FOAREERALHETEE

(maxmimum likelihood estimation, MLE) &RE 51,

RALHEE
RHL (RAKTR)
F—AxEREELT, UTFOEERKRELS/T
A—BERDBEE,

L(B|x) = max{L(f]x):0 € C}

0% = A HETE = (maximum likelihood estimator) &R
A (Fisher 1925).

==L, ClZav/\I+&EE5%RT.

2019/7/29
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XA E ERa 7R
[ =InL(0|x)
ERICZIE RBALEZFZKILTS

LUTDOZDODWTIZF R LI-Xa7
BE#=0&7%150% KD 5.

9 0 AL(8]x)
39! = 99 L) = TS50

BleE4 A7 RO EARFE

Eal—O
00 |

ZIEAAE &L

2019/7/29
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alf BA
0 \_ (1 oLew
E(% )‘ <L(9|x) 00 )
1 aL(6|x) 9
=fx G ag Lo _%L L(0]x)dx
CCT [ LBlx)ox=1
&Y
d
@fx L(O|x)ox =0 |

HlRE5 ROAT7EAMDNEZEKRD &K

Var (% l)

2019/7/29
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[B] &

)=e(3i-e(0) =e(-o)

NETryor—IRERE LTS

e alz_E 1 AL\
B (%) - <L(0|x) 96 >

Zayory—IRHREIHEEEDEHEMLE

Ptag

/v o—tEmRBAE
[ biSA—giEEERE N

A \
£ g LN TAv RS
_}//,.v N SRS iR
5 10 15 20
INTA—H0
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151 EE6
f5l6 (ZIER M DEALHETE)

Az IFTn B Hx BRAH-EEDiEE
DERLHEEMEZERD K.

%86 fEE
L(@|n,x) = (Z) 0*(1—0)"*x 6X(1 — )" %

[=xlogh + (n—x)log(1—20)
dl  x n—x_n—x@—(n@—x@)

0 0 1-0 6(1—0)
B x —né
- 08(1-6)

0 +0 1KY

al - 5 _ X
Ei§:=:()é:t$%5(z)(j: 0 =

n

2019/7/29
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FIRE7 (ER 9 %)

1 (x; — 1)?
f(xill'l’o- ) — \/EO' exp{ 252 }
[2DWNT, T—3(xy, " =, x,) 551
EEDEHEINTA—Ru, BEUVDER
INTGA—Ho? DEAHETFEZEZRD K.

BIE7 @&
T80ty x5, 0, 00 VERIEEDLENR

n
L 1—[ 1 exp (_ (x; = u)2>

L _IN2no 202
{1\ n (g —w)?
_< 27w> exp<—zi=1 202 )

_ 1 n (o — )P
l= Tllog <m0_> zi:l 20_2
2 =02 = 0DEE, UIFRALLHDT

0

aual T ‘ ﬁ_2?=1xi
i~ i=1Xi — =—
_—= = =0 n
R o — " =
al n no(x;—p X — U
do o +Zi=1 o3 £ 02

o _ TG )?

2

2019/7/29
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51788
BEROEES NIRRT ST

p(w):e_)‘% (X >0, #=0,1,-

(22T BIOERBIZFITo-ECA
T—4 {xlaw% Ty wn}
/- VEmALEEE &L,

)

[B] &
sl ~ - Ax’:
SR = log [T, e 45
a /12?=1xi
=logle ™ ———
g ()
= —nA+(Z, x)logA-log (T, (x:1))
dai. §;1xi__
T = Tv+__}T__-_ 0
KU
/1 _ Z?:l xi
n

2019/7/29
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R — B
EFE1l GR—EE)
HEEEONED/NTA—20*IZHIUNER T %
EE, OIF5E—BHEE(E (strongly
consistent estimator) T &LV,
P(lim 8 =6*)=1.0

DFEY, T—AMMNRELBEEEEN
T EDEIZEDNTULEE, FOIHE
SR —HHEEE LS.

RLHETEIED—EE
TEIH (RAHETEED —EH)
RAHTEEIIIED/INSA—20*Dia—
Bt EIETH S (Wald,1949) .

2019/7/29
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A TEED#HIIERE

EE12
0 DHETEE 0L LA IERHETEE
(asymptotically normal estimator) TéH b &I,
V(8 — 6" DRHEHAERDHAICHMINEKT S
CEZELD. TahE, FEDO € OF LEED
EHITHLT

lim P vn(6 —6%)

im (07

n—oo

ZDZEE, V(- %) S N0, A(07)EEL.

< x) = d(x)

o%(0*%) Z#E 5 ER (asymptotic variance) &LVS.

B L HETE (E O il tE #R 1%
EI10

HE S22 FE B 3 AN 1E Bl 5545 (regular
condition) D T T, A AIRED EZ,

RAHEEETIESEI(07) " ZL D
IIERETEETHD.

2
d
(@ lTLL(Q |X)>

#J1v%— (Fischer) DIEIRE EMF 5.

1(9*) = EQ

2019/7/29
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FYBERGETIL

2
Vi = Wy +wiXx;; + WX, + &,

g;~N(0,02)

AT (xq, x5, y)(i=1, ...n)
T—RI74IL DFEMHAH
INDA—=Bwo, Wy, Wy, c2ERLHETEE K

[ = 1 exp <_ (Vi — Wo — wyXg — szizz 2)
=1\ﬁ§Ea 2072
_ ( 1 )" ex <_ Zn (Vi —wo — WXy — szi22)2>
-~ V2o P i=1 202
XTELE (&
= n log< 1 ) _ Zn Vi —wo — wyXy — szizz)z
\V2ro i=1 202

2019/7/29
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JEHRFET ILIZERATRIIZBR TR0

HERRIE

INSGA—FHEFEEABRITBIRELGZ NG HIC
[(FEEEFEICK>TRO S

KRG FIE
- BEEFE
« Za—b-FTVVE

2019/7/29
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BELFE(RBLFIE)

Eﬁgoé)ﬂ&*ﬂﬂﬂgﬂb\b BEAMICNFA—EZBHI H_ETHIE(H
1*’-5%75\IE73'9/\7)‘ BEEDHRAN ABENBLLERDARA

I—JL

1(X]0)

XEIE

INSA—=5 0
RIMEEROIHBOHE (T

DR T & (&RRRETE) EFEND

HEEREDTILIVX L

INSA—REE 0 = {0, - 0y}, SELEREE 1(X]0)
FILTYX L

1. BINTGA—5{0, - O HIBHLWHEZ TS

2. HPALEBRORMAAREICHAED n EFEH

0l(X|0)
0p1 =60, +1n 30, 1 vn

3. lifF@ﬂRﬁ HEEG=3 (2 TOINSA—SFHE
yAN o \IJ\E"( TAH=e LTFIZHB)ETLERE
01(X|0)
<e€
30,

2019/7/29
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—BE R

) _ Zn (Vi — Wo — WiXig — Wpxpp)?
\V2mo i=1 202

l=nlog<

al _ Zn Vi —wo —wiXjp — szizz)

dwy i=1 o2
ﬂ _ 2” X1 (Vi — Wo — WiXiq — WpXp)
ow, i=1 a?
i _ Zn X5 (yi — Wo — W1Xyg — WpX(y)
ow, Lo o?

2
ol _n N z” (yi — W — W1Xj1 — szizz)
i=1

do o o3

HE TE 1

n = 0.0001,e = 0.001 Y7 JLH 4 X1000
EﬂE:WO = 10, W1 = _10, WO = _05, o= 15,

2 W0 —=-W1 —-W2 --sigma

1.5

1

-0.5

-
\

-1

-1.5
1 1 21 31 41 51 61 71 8 91 101 111 121 131

YR L [E%
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BB £ FIEDRERE

HERFERODAH TEFARZRET H-HIRINEN
BEUNDEREZER > Za—b 3TV

Za—bkoOVUE

AEIS(x) = 02fE{Fi%,
EAXEREDSS (X, FmHMSf (1) = 0&7%55x
ZRODAEXEMEITIELL,

2019/7/29
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—a—bkr SITVVE
f(x) = 0%fE<,
MO XS I(CEHLRHEA
y B xo(CHUVTS (x) [CHERR
Z5 &, FEROBGIEN(E
y — f(x0) = f'(x0) (x — xp)
XEHED R (&

—x 2y = xo — f(x0)/f (x0)
RIZx, TODf()NDER EX
EHEDR AT ROHD, Nz
2R,

f(xn—l)

Xy = Xp_1 —
" nol f'(xn-1)

Za—bkEIFT 75—

JERRPLBEBM D AR (x,) = 0 ZFES =LY,
[ )&x, DEDLYTT—F7—ERT &
fCn) = fOn-1) + f (en-1) (Ot = xp-1) +
0((xn — Xp—1)?)
f(xn) =0&KY

fOn—1) + f (-1 (xp —xp-1) =0
b (/R

Xp = X

_ f(xn-1)
not f,(xn—l)

2019/7/29
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5l
f(x) =x2-2=0 #fiEl,
') = 2x
)
f ()
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