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Probability
4 law

T

‘P(A}

Experiment

Sample space

s

(Set of possible outcomes)
Events

B 1: ARSI B A 18

e 1.2 (HERAR). ARRPEAT L&A R

LRt xr—P03F A, #E P(A) > 0.
2. Wb BAHEAZRDN LA, B P(Q) = 1.
3. AIEATINE: B Av, A, RIVEAMESEE, W P(AIUA U ) =P(A) +P(Az) +---.

Y. B A, B, C e, WA 2 B AT DA AR PR

o HHMREN 0, B P(2) =0
« ACB = P(A) < P(B)

« P(AUB) =P(A) +P(B)
« P(AUB) <P(A) +P(B)
« PLAUBUC) =P(A) +P

<
P(A) +P(B) - P(ANB)

P(A)+P

(A°NB)+PA°NB°NC)

1.2 ZefEi
X 13 (RIS & A, B WA P(B) > 0, EX B RAEMALF A %Ay

P(ANB)

P(AIB) = [

P(B)>0

EH 1.1 SRR A A EME SO B, TR A B Mot T 2 AR

IEA]. AFFRIEA R A 2 ARk . I — A Zn ik Ry
Lo dRfafe: B4




2. H—4k:

3. AR

15| - PUL 4)nB) _ P (Ui, (4N B))
P(B) P(B)

PA B) -
Zzl n ZPAlB

Bl 1.2 (IR A). B A, B WA, W e A

P(AN B) = P(B)P(A|B)
HER 1.3. 8 Ay, As,..., Ay O AR, DI

P(A1Ay---A,) =P(A;1)P(A2|A1)P(A3|A1As) - - P(AL|A1Ag -+~ Ayq)

1.3 iR A SR U 2 X

ﬁ;?fﬂ 1.4 (é%%&ﬁ)' &ADAQvaAn EK*HEv BCA1UA2UUATL7 I)—]\IJ

ZP )P (B|A)

TERA.

n

P(B)=P (B N (O Ai>> =P (U(Ai N B)) = iP(A,- NB) = iP(Ai)P(BMi)

i=1

O

T 15 (WIHHAR). ¥ Ay, As, -, A, EAMZAH P(A) >0, BC A UAU---UA,, N:

P(4,|B) = P(ﬁzg)B) _

P(A)P(Bl4)
3 P(AP(BIA,)

Hrpr P(A;) FRfESEmiaR, P(A|B) FfERBARR.

EfE (RTNMAXWE®E). WEH A 2SEFEH B REMER, HINTHE A B
AR P(A:), BHESEME B KAET, ZOREENE T —2WEE, TREATLA
LI A AR, 153 P(AB), BERMER.




1.4 Ay
e 1.4 (M55). A B RWAFEME, A5 B ML, 4

P(AN B) = P(A)P(B)

2. A P(B)#0, W A5 BN T

P(A|B) = P(4)

HME, XUMSCE B AL SEIASG ARG, AU A ZAENTR.

AT FMMSIERE RN E WA k. i, HmE A SR B EAME, A
P(A) >0, P(B) >0, WEfl—EAMIL, FA P(ANB) =0#P(A)P(B). WL, F4H
B RKAETBWE A —EBAKRE, Wit B RESHERS AWRER.

Pl 1.6 wEF A 5HF B L, WA 5 Be .

M. BT A WTEERNIARERZH A= (ANB)U (AN B°), §:
P(A)=P(ANB)+P(ANB°)
T

P(AN B°) = P(A) — P(AN B) = P(4) — P(A)P(B) = P(4)(1 — P(B)) = P(A)P(B°)

e 1.5 (FRAFISL). gt O, FRfE A, B fE%4E C RIS, 4

P(AN B|C) = P(A|C)P(B|C)

2. A, B FMSIIFAREEL A, B 5L, RZIRANAL.
X 1.6 (—HFFRH ML), B A, Ao, Ay B4, FRENTHEMSL, %

P (ﬂAZ) =[[P), vSc{12...,n}

i€S i€S



2% (WML SHEMSL). B Ar, A, As HEMSE, WA

P(A; N Az) = P(A41)P(A2)
P(A2 N A3) = P(A41)P(A3)

P(A, N A; N A3) = P(A;)P(A5)P(A3)

HI =AML B2 PO RARE R, e AR =Tkt R,
FHAKX T AR L AT =T

Bl 1.1 (PP A BRI A7), g @ B A SRR, 2 R
Hy = {55—KiEM}, H, = {_KiEH}, D = {RERAF}
g% Hy 5 Hy M55. 755h,
P(DNH) 1/4 1

P(D|H,) = “PE) —12 2 P(D)

WD 5 Hy Asr. FEETH D 5 H, Ssr, 0 H, Hy, D BB, (H:
P(H, N Hy N D) = 0 # P(H,)P(Hy)P(D) = % . % L

—['ji Hla H27D K%Zﬂjﬂgo




2 BEbLAE
2.1 JEAHRE
S 2.1 (BEHUER).  BEHLAE R AR SR S A

B 2: R BRI

A ARG TFRIORIVE R, NETRERR .

X 2.2 (BEREPLAE ). RS RO A IR ST B, RRX A BEHLAE 2 B
O

3 2.3 (BERPURKED. & HHAE R X BUER o RSO SE {X = o} MR, HrE 5
z X AR AR AL FEERR, 21F px (), HI:

px(z) = P{X = z})

B px 0 X HORERFREEL (PMF).
YR PMF 3 2 R — b 4 1

D px(x) =) P(X=x)=1

PR ¥ S AE— X aTREIUERI LA,

P(X €8) = px()

€S

Bl 2.1, F LA BEHEEYE REFEAS A 0 JUTANAA RIS RS, PEIL S A.

S 2.4 (ESBEHAS R, Wm0, RN X, B A ms fx,
P(X € B) = d
(X € B) /B fx(@)dz

XTSEBR S B ALY, WIFR X RIESkp bl &, R fx PO ZR%L (PDF). £¢il

URBHEEREBYY, H fx AR/ ATECN R S BUESE BT
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o, %4 B R XEE, A .
Pla< X <b) = / fx(x)dz

PEWR. PDE i 2 35 A — b 25 4
/OO fx(@)dr =P(—co < X < 0) =1

e XFIean/he s, A

T+
Pr < X <z+0) =/ Fe(@)de ~ f(z) -

Bl 2.2. WILAESREYIARUEYS) . 58 A, ARSI RS, ISR A

2.2 SrAi R

w3 2.5 (HARER). B X RIS E (BlieiEss), & X ikigL (CDF) Fx 4:

A DREGZm TR ENELEE Y . BEUEIE T PME. LS TR PDE A1kl
JETH) CDF #f 2 Al B FEHLAL B RO

PERR. B Fx 2R X ryorAiem %, W
Fx BRI

Fx(z) =0 (x = —00),; Fx(x) = 1(z — o0).
M X BRI, Fx 2B
M X RS R, Fx I8 R AL

SEA 2.1 (35S0 AR D). B X R R HBCRR R, )

pr . px(k)=Fx(k)— Fx(k—1)

1=—00

o AN AE AR A R BT Bl 18T



2.3 WIS 2%
w3 2.6 (UIE/IHMH). BEPLASRE X pliede SO

Y apx(@), X ESH
EX =< "
| atxds, x

Feldh, XHFIESEREIE, #5 fx RRAXTaIRE, B [7 o] fx(z)de = oo, MFRHEALELE.

Bl 2.3 (FPEREPLAE BRI EAFAE). TODO:

eI 2.7 (G, HLH). s REHLAER X 1 n Y ELXT], n BraoDaisl E[(X — EX)).
X 2.8 (52, WeifEde). & BEPLAER X pyJ5 223 2 Brepual, beiEZE N J5 Z2R0-F AR

var(X) =E [(X —EX)?], o(X)=/var(X)

Pl 2.3 (FEHLAS BB IR, i X g —REblAE R, WY = g(X) RHIEs:

Zg(w)px(l‘), X —%j}fﬁ
EY = Ejg(X)| = { ..
/_ g(0) fx(@)de, X HESE

Pk, FATABSERE Y #9501, HBRHE X Aamteesks Y g,

P 2.4 (FENLAS BRI BN AT 22). & X 2R, V=aX +b, HF a, bl
R
EY = aEX +b, var(Y) = a’var(X)

IERA. (O BSHUETEIER , EEE TR KL,
EY = Zam+bpx aprX +prX(ac):a]EX+b

var(Y) = E[(Y — EY)?] = E[((aX + b) — (aEX + b))?] = a’E[(X — EX)?] = a*var(X)

Bl 2.5 (NIRRT ZE). X 22— bR, W:

var(X) = E[X?] — (EX)?



TERA.

var(X [(X —EX)?]
[X? —2XEX + (EX)?
[X?] — 2EX -EX + (EX)?

[X°] - (EX)*?

E
E
E
E

Bl 2.4. 7 WBEHLAE R RNy 22 KOHAHE i R WL HT R A

2.4 B AL A% A

v

SHED SHRS
B4 CDF
SUERH SHRD

=9

1% PMF

4
y v
|
GEEY

l KXY
A
v
l oo+ Y XHHF XK
Iy
%
i
N

1% CDF #1% PDF

KA

Bl 3 BRE AT IS A K AR

RD

X 2.9 (REMRTREE). & XY BB R, &% (X.Y) A (v,y) B3
{X = II?,Y = y} E@%%v ‘i/a/ﬁz pX,Y(‘T7y)7 EI]

pX,Y<$7y) = P(X = I»Y = y)

% Pxy j‘? X, Y Eﬁﬁfé%ﬁﬁ%@ﬁ
L 2.10 (BRAMERERERED). & XY SESMIAE S, FAE—NER IR fxy 5

P((X,Y) € B) = y)dad
(X,Y) e B) //(x s fxy(z,y)dzdy
WP AT ESES B KoL, WK fxy WECEMEREERE. Fralk, 24 B & Kk :

Pa<X<be<y<d= [ [ forlopiny
PO, Bf PDE WAL

/ / Fr (2, y)dady = 1

10



e XTFIea/he s, A

c+4 a+é
Pa<X<atsesy<erd)= [ [ furedoy frylao) o

e 2.6 (AEAMRFRRED). W XY 2R R Bike PME O pxy, W

px(@) =Y pxy(z,y), pyv(y) =Y pxv()

W px Fl py A GRS o R AN .

M 2.7 GhGARREERED). W X, Y ZiEgepitl A& HEA PDE 3 fxy, N:
fX(:r):/ fX,Y(%Z/)d?Jv fY(y):/ px,Y(ﬂf)dx

R fx F fy R GAER o B pR A

S 2.11 (G MRE). B XY PARYVL R (BiekiEs:), & SRR G 1R Eeh :

Fxy(v,y) =P(X <z,Y <y)

Bl 2.8 (AR @R A S B k%), wREHLAE R XY FERAGHERE R REL fxy, M-

62
0xdy

FX,Y(xay) = / / fX,Y(S7t)det7 fX.,Y(:I:7y) = FX,Y(x7y)

e Bl 2.9 (FENLZS B ok BOIE). W X MY ZEEPLUAESR, W Z = g(X.Y) 2 R:

S gl vpxy (,y), X,V B
/ / ooy xy (2. y)dady, XY FEdh
SR 2.10 (FENLAS B0 TCAEREIIER). & X 1Y ZRHUSE, o b, c B,

ElaX +bY + ¢] = aEX + DEY + ¢

B 2.11 (YRR Z AR EIIE). & X0, Xo, .o, X 2 n DNEIYVE R, a1, a0, ...

e n ANER, N

E[ale + CI,2X2 + e+ aan] = alEXg + CLQEXQ + - anEXn
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2.5 ZAF

212 (FAFEAE). B XY ZEEEYAR, EXHAE Y =y T X AR ROy

px|y($|y) =P(X =z|Y =y) = P(X =z,Y = y) _ px,y(x,y)

R, ¥ X,V ZELSMYARE, EXAEY =y T X BAHFRREERECN:

_ fxy(z,y)
fX\Y(‘T|y) - fY(y)

YERG. Sk PMF/PDF 2540
> pxiv(aly) =1, X B

/ fxy(zly)de =1, X #EZE

Bl 2.12 (GREa i SEca o). B XY R E, e AT

px.y(x,y) = py W)pxy (@ly) = px (z)pyx (y|z), X BEHL
fxy(@,y) = fyr@)fxy(zly) = fx(@) frix(ylz), X #LE

Bl 2.13 (RPEa i SA%n ). B XY ZEYACE, WRIEEMR A, -

px(z) = pr|y(x\y)py(y), X B

Y

f@) = [ o aliitdy. X 5

el 2.14 (DI AR, 3 XY 2RiflAcRE, WA:

pxy(z,y)  pyix(Wle)px(®) -
py(y) X, pvix(yle)px(z)’ XY R

fX,Y(xay> _ fY\X(y|x)fX(x)

Ty (y) fix;o fY\X(y|37)fX(£E)d$’

px|Y(9C|?J) =

Fxiv (zly) = X,Y %5

e 2,13 (FIHNE). B XY ZREIPAR, WHEEY =y N X WA N:

S apxy(aly), X B
EX|Y =y]=} "
/ vy (ely)de, X 2
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XIS R R 9(X), A

Zg(x)pX\Y(ﬂy), X B
Eg(X)[Y =yl =3 "o
[ s@ray s, x s

2T BX|Y =y) 28, HERBT v, Hit EX|Y] X TRER Y fRE, Aim
RN B .

el 2.15 (EEAN). W XY ekl e (Rielis:) H X WEAE, W

SEX|Y =ylpy(y), Y B
EX = E[E[XY] = .
/_ EIXY =ylfy(y)dy, Y &2k

TE. AOERUIEN , SN,
EX =) apx(z)
=> 2> pxy(@ly)py ()
=> pr(®) Y zpxpy(zly)

=Y EX[Y = ylpv (y)

Y

HASE AT T 2R A O

A EMEAKXERE POk EHR: 4 EX AEtER, 5IA Y #mits EEX|Y]).

X 2.14 (FMTE). W XY ZEHAEE, WHEY =y F X BEATEN:

var(X|Y =y) = E[(X — E[X|Y = y])?|Y =]

Z2F. var(X[Y = y) 28, HERET v, HIE var(X[Y) 2 X THITER Y BIR%L,
M2 — bR, I HA:

var(X|Y) = E[(X — E[X|Y])’|¥] = E[X?]Y] - (E[X]Y])’

Al 2.16 (7 AN). W XY 2R H X JrEfE, W

var(X) = Elvar(X|Y)] + var(E[X|Y])
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TERA.

var(X) = E[X?] — (EX)?
=EE[X’|Y]] - (E[E[X]|Y])?
= E[E[X?Y]] - E[E[X|Y])’] + E[E[X|Y])’] - (EE[X|Y])?
= E[var(X|Y)] + var(E[X|Y])

2.6 Rtk
X 2.5 (7). B XY ZREHUAER, R X 5 Y ML,

pX,Y(may) = pX(x)pY(y)7 ViU,?Ja XaY %ﬁi

Ixy(z,y) = fx(@) fy(y), Ve,y, XY #EZ
AR BEIEET, A pvy) >0, WX 5Y MS2ERT:
px|y (zly) = px(x), Vy

HME, XU Y BEREA S X BREA R E . B

W 2,16 (FRUEMSL). WX,V Z ZREARR, BE Z =2 T (& pz(2) > 05 f2(2) > 0), 7
WP R X 5 Y &ML, %

PX,Y\Z(%ZAZ) :pX|Z($|Z)pY\Z(y|Z)7 Vae,y, X,Y Bl
Ixyiz(@,yl2) = fxiz(x]|2) friz(y|z), Ve,y, XY #%E

I 2.17. AP E XY MEMSL, )
E[XY] = EXEY

14



BB (O BIHUE PUED], EEE TR,
EXY] =) > zypxy(z,y)
=Y > aypx(@)py (y)
=Y apx(@) ) ypr(y)

=EXEY

5 AT AU ATHIE

R 2.18. ARV R XY phar, WIXMEREE g, b, F 9(X) 5 R(Y) M7,
P 2.19. AREYASR X, Y MESL, W)

var(X +Y) = var(X) + var(Y)

iER. A X =X —EX,Y =Y - EY, fiTHEEMBESGESARL, FiA:

var(X +Y) =var(X +7)
— E[(X + 7))
= E[X%+2XY +Y?
= E[X?] + 2E[XY] + E[Y?]
= varX + varY

HHFHT E[XY] = E[X]E[Y] =0.

S 217 (ZAREYLERAIE). PREEYIAE R XY, Z MBS,

pxv,z(®,y,2) = px(x)py (Y)pz(2), Vr,y,z, XY, Z BEHl
Ixyz(xy,2) = fx (@) fy (W) fz(2), Vo,y,z, XY, Z %%

e 2.20 (ZAMOZREYAS RN 2E). B Xy, Xo, .o, X NAHE IS A REDLAZ B, )

var(X; + Xo + - + X)) = var(Xy) + var(Xp) + - - - + var(X,,)
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3 FEHLE IR ANZ
3.1 BBl s s 53 Al
EP 3.1 (LA B R EL)- BIHEENLAL R, WY = g(X) B PMF -

py(y) = Z px(z)

{zly=g(z)}

WX RN R, WY = g(X) By CDF JHy:

Fy(y) =P(Y <y) =P(g(X) <y) = fx(r)dz
{elg(x)<y}
HE PDF % |
Ty (y) 3 (y)

R 3.2 (RMERECETE). & X SR, a,beR Ha#0, Y =aX +0b, N:

Fry) = fo( ”)

iE#. 55K Y [y CDF:
P (X <

Fy(y) =P(Y <y)=PaX +b<y) =
P(X >

RIERFEE Y 1y PDF:

Liv (22, a _
fY(y):dFs/;y):{af £5) Y le<yb>

Bl 3.1 (ESHHLEEZIAIARIESS ). B X ~ N(u,0?), a,b € R H a # 0,
Y =aX +0, NRHEEM 3.2, AH:

#w =i (45)

1 ( (y—au—b)2>
\/ﬂa|a| L 2a202

JiiPA, Y =aX + b~ N(ao +b,a’c?).

16



el 3.3 (FHRALIEIE). B X RESRIIAR, g 2Rl ek, HILSeREL b wlf,
WY = g(X) EHHHE {y | fr(y) >0} L PDF &:

d
Fr () = Fx (b)) ‘dyh@)‘
. 56K Y H CDF:
< h(y)) = Fx(h(y)), g B I

P(X < h(y))
Fy(y) =P <y) = {P(X S

fy(y) = Ix(h(y))W (y), g BT B
_](‘X(h(y))h'(y)7 g $i}%i§_ﬁ7}ﬁ

TR 3.4 (BEPLAS B —JCHEED). # XY BB R, W Z =g(X,Y) i) PMF -

pz(z) = Z pxv(2,y)

{(z,y)|z=g(z,y)}

W XY ZIELpitlAsE, W Z =g(X,Y) ) CDF h:

Fy(z) = P(Z< 2) = P(g(X,Y) < 2) = / / Ty (2, y)dady
{(z,v)|g(z,y)<z}
JETTi PDF .
fz(z) = &FZ(Z)

Bl 3.2 (HAl43). &K X, Y ~ N(0,0%) HMEMS., R=vVX?2+Y2, kR RMEGF510.
BG4 CDF:

Fr(r)=P(R<r)=P(X2+Y?<r?)

= // px,y (z,y)dzdy

{(@y)|z>+y><r?}

1 2242
N // om0 > dedy

224y2<r2
1 2 T 2
= 2%02/ dH/ e 252 pdp
0 0
02 (0 r2
=€ 22| =1—¢ 22
T

17



Tl Em A1) 7311y PDF 24
_dFg(r) r _
~ T a2 7

fr(r)

P 3.5 (RED ). W XY 2MSZiEEy AR, M = max(X,Y), N = min(X,Y), N

Fu(z) = Fx(2)Fy (2), Fn(z) =1-(1—Fx(2))(1 - Fy(2))

TERA.

Fru(z) =P(M <2)=P(X <2Y <2)=P(X <2)P(Y < 2) = Fx(2)Fy(2)
Fn(z)=P(N<2)=1-P(N>2)=1-P(X >2Y > 2)
1-P(X>2)PY >2)=1—(1-Fx(2))1 - Fy(z))

O

*&i’ﬁ 3.6. ﬁ X17X27'” 7Xn ZEEI n ﬁ*ﬁgzﬂjﬂglﬁﬁmﬁ%, M = max Xi7 N = min Xi7 IJIIJ

1<i<n 1<i<n

n n

Fu(z) =[] Fx.(2),  Fn(z)=1-]](1 - Fx,(2)

=1 =1
TP 3.7 (M EZ &), & XY B EEHEEIAE, Z=X+Y, N:
pz(2) =Y px(@)py(z — )
B XY R SN, Z = X 1Y,
+oo
fa(z) = / Fx (@) fy(z — 2)de

PR ERMA T B (convolution).

Bl 3.3 (AL IESHENVL B2 FRMIESH). B8 X ~ N(pe,03), Y ~ Ny, 0p) HA
HMS., Z=X+Y, WIRGEER 3.7, A

too g _emng)?  (Gme—py)? too 9 1wl wew?
— 202 202 dr = 2|02 o2 d
fz(z) = e ' U T = e 4 U U
oo oo

2moL,0y

HAP TR u=2— po, v=2—p, — py. HT:

2

v (v—u)? uw? W v 2w 02+ 02 oL N v?
—_— = u f—

020y oy\/0: + 0

18



21,2
/ﬁ\t:\/aw+0yu— 2] , )IJ
T 0y / 2+o.2

32
1 020y 0 v262 e — 142 1 = :iﬁw
fz(z) = > =€ U e dt= ——————¢ ty
20,0y /02 +o, oo \/27r\/(7£+05

Bl 3.4 (n NMSLIESHEHVAEEZHM). B Xi ~ N(wi,07), i =1,2,...,n BAHEMS, W

S xon($nsa)
i=1 =1 i=1

Bl 3.5 (szA P REYLAS B 2 AT AT P 73-477). TODO:

Bl 3.8 (FEHLAS R Z ok s (W) ). 3 X = (X1, Xo, -+, X)) B AHEbLI SR, T

e R _ER—mimgs, Y =T(X), W'Y /) PDF Jy:

Fx(y) = (T (y))]J]

H, TR Ty x, Bl x=T""(y) fHEA TSI

Ox1 Oz, Ony
691 ayz 3%
Oy Ory - Oxs
J = dy1  Oya OyYn
Oz O2n Oxn
8y1 8?;2 8yn

iE8. % D C R* B—AMERIGHIES, :

P(Y € D) = P(T(X) € D)

—P(X e T-Y(D)) ARG, T
= [, e
‘/ﬁ )| J1dy Ay = T(x)

X
PWem—Lhw@

4 D —@ErEmm:, vIA:
fr(y) = (T (y)|J]
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| m

3.2 By MG R

t

cov(X,Y)=0

([ Futn = RWRO) |

[ Px y(*%,y) = px(*)py(y) ] <= => &
)

fX, y(% ¥) = fx(fy(y)

var(X + Y) = var(X) + var(Y) J

YT

E(XY) = [E(X)[E(Y)]

p(X,Y)=0

Bl 40 BENLAZ B 7P S A MR

3.1 (M ZESMARRE). W XY BWARINAS R, & X722 5K R B30y

v(X,Y
cov(X,Y) = E[(X —EX)(Y —EY)], p(X,Y)= \;\%
Y cov(X,Y) = p(X,Y) =0, F% X F'Y AH%.

PRI, MoE SCH RS G b DA PR I -

o cov(X, X) = var(X)
o cov(X,aY +b) =a-cov(X,Y)
e cov(X,Y + 7)) =cov(X,Y) + cov(X, Z)

PERR. |o(X,Y)| < L.

PEBA. X VE e R, HITF var(Y — tX) = t?varX — 2tcov(X,Y) + varY >0, FfPA:

A = 4cov?(X,Y) — dvarXvarY <0

B [p(X,Y) < L. O

B 3.9, % XY EWAREYIA &, )

cov(X,Y) = E[XY] — EXEY

TERA.

cov(X,Y) = E[(X — EX)(Y — EY)]

[
=E[XY —EX .Y — X -EY + EXEY]
=E[XY]-EX -EY —EX -EY + EX -EY
=E[XY] - EXEY
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iR 3.10 (ML H5MK). & X, Y BB R, & XY Mo, W XY AR

EF. ZAMGL, AHRABEHE AL,

Bl 3.6 CAAMHKEAMA). &EEYZRE XY A 1/4 BRI (1,0), (0, 1), (=1,0), (0, 1),
M EX =EY =E[XY] =0, T4 cov(X,Y) = E[XY] —EXEY =0, # X,Y AtHx. H
2 pxy(1,0) =1/4 # px(py(0) = 1/4-1/2 = 1/8, $_FAM. HEMR L, X BAEFE
WEOR Y WEE, HIAMAL.

el 3.11 (REHLAERAIY T 22). bEPAR XY AARIIZE, W:
var(X +Y) = varX + 2cov(X,Y) + vary

var (Zn: XZ-> = zn:var(Xi) + Z cov(X;, X;)
i=1 i=1

{G.a)li#5}
TiE . -DlX X ]E[ ]a ]_"J
n [ n 2
var (Z Xi> =FE ( Xf)
i=1 | \i=1
i=1 j=1
=) > E [X }}
i=1 j=1
=Y EXI+ > E )”(lf(j}
=1 {(i.5) i35}

:Zvar(Xi)—l- Z cov(Xi, Xj)

i=1 {(0.9)li5}

g 3.12. WEEYILR XY AARKTE, a.b HFE, W
var(aX +bY) = a*varX + 2abcov(X,Y) + b*varY’
W H AR

varX  cov(X,Y)
cov(Y, X) varY’

a

var(aX +bY) = [a b] l ;
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3.3 MBS AT D5 2%

X 3.2 IR R). & XY BEPUAER, ¥ Y SUERRILT X A9(E Sl

B, WA PHIEYCASE Y X X fflit, Jefk:

A~

X =E[X|Y]

TR X BRENVE R Y R dE—BH, o

X=X-X
M X RN XY B ICE .
PERR. RPN, SRR, I EX =EX, & EX =0.

PER. E[X|Y] =0, EAHERE v, %54 EX|Y =y =0.

TER .
E[X|Y] =E[(X — X)|Y] =E[X|Y]-E[X|Y]=X-X =0

PERR. M X SRS X ORI,

TEB .
E[X X] = E[E[XX|Y]] = E[XE[X|Y]] = 0 = EXEX

PEIR. var(X) = var(X) + var(X).

. BT X 5 X A%, #icov(X,X) =0, X X=X+X, #:

var(X) = var(X) 4 2cov(X, X) + var(X) = var(X) 4 var(X)

3.4 JhbReR%
w3 3.3 (ERRR%). ¢ X 2 MHEbAR, o SCHARRECN

> e px(x), X B
/ " fr(a)dz, X ML

HCSE SCHN 75 Ele™] AA7ERY s. 7R LRSI AT RHCAE M (s).
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e 3.13 (FERFRRECTEA). IRBEYIA R X RAEEERRECH M(s), W

dn

M) =E[X"]

s=0

. BB (0E) SEO TR, W

d" _ d" sX1 __ d" sX | __ n  sX
ds"M(s)_ds”E[e ]_E[ds"e }—]E[X e
foA s =0 78 ;
—M =E[X"
M) =ElX)

O

EP 3.14 (FEEFRECS A1), AREYLAS R X BOAEEERE Mx (s) W FFAE— 1 IERL o, (EFFRS
Vs € [~a,a], Mx(s) #RIARAY, WIHTREREL Mx(s) ME—PE X B A1 BRAR .

ER 3.15 (MAZRENLAERZAM). W XY @ASrpEbAER, Z=X+Y, W:

Mz(S) = Mx(S)My(S)

TERA.

My(s) = E[e??] = E[e** V)] = E[e*Xe®Y] = E[e**|E[e*Y] = Mx (s) My (s)

*Ei’ﬁ 3.16. &X17X277Xn %zﬂj%m/xﬁiv Z:X1+X2++Xn7 )]_I\IJ

Myz(s) = Mx, (s)Mx,(s) - Mx, (s)

X 3.4 (ZIUHEERREL). B X0, Xo, . Xy RIS, & LENRWZ IO LN :

MX1,X2 7777 X,L(Sh Soy..n, 8n> — E[651X1+S2X2+---+snxn]

3.5 BEHLA-BABLAL H A

B 3.17 (BENLDBENLAR B2 AR e, Dy 2 AR E). & N 2 POEBEE YL &,
X1, Xoy oo ML AR BENVAE E, H N, X0, Xy, MHESL (BIX SRS B AL A R
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THRARMAIR) . WY = X1+ Xo+ -+ Xy, N

EY = ENEX
var(Y) = ENvar(X) + (EX)?var(N)

o0

My (s) = 3" (M (s))"pn(n)

n=1

Ht EX, var(X), Mx(s) F2R4 X, W, r2EfsEkmEk.

JER. BEIEEE n, BN RE X0+ Xo+- -+ X, 5 N P57, #55FEM: {N = n} M7, #e:

EY|N =n] =E[X; + Xo+--- + Xn|N = n]
=EX;+Xo+ -+ X,|N =n]
=E[X; +Xo+ -+ X,]
=nlEX

RO AR AR GUREL n FRGE, L
E[Y|N] = NEX
TRREEMHEAKX, 7
EY = E[E[Y|N]] = E[NEX] = ENEX
R, HELBEL n, A:
var(Y|N =n) =var(X; + Xo+ - + Xy|N =n)

:Var(Xl —I—X2+—|—Xn|N:n)

=var(X;+ Xo+ -+ X,,)

= nvar(X)
XL IR n #RAGL, I

var(Y|N) = Nvar(X)
TRMREETZEAKX, f:

var(Y) = E[var(Y|N)] + var(E[Y|N])
= E[Nvar(X)] + var(NEX)
= ENvar(X) + (EX)?var(N)
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Rty, HELREH n, H:

=
.
»
_=
=
|
=R
|
=
mfl:
*
+
&
+
i
S
=
=
|
=,

s(X1+Xo++Xn |N — ’I’L]

[
[
[es(X1+X2+~~+Xn]
[

ele]E[esX2] . -]E[QSX"

b SRIHERETE R 0 #ROL, UL
E[e™|N] = (Mx(s))™
TRREEMEAX, F:

oo

My (s) = E[e”] = E[E[e*”|N]] = E[(Mx(s))"] = Y _(Mx(s))"pn(n)

n=1

EFE. W My (s) 5 My(s):

My (s) = > (Mx(s))"pn(n)
My(s) = (¢*)"pn(n)

ALAR WL My (s) W5 Mn(s) YRR e* Bl X, HAEEEREL Mx (s).
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4 PRRBEE

HE—HIVISLIR AR B X, Xy, E T 0 BT Sy = X + Xo + - + X, AEMMR
HHEWIFE S, MHAH KA RAE n — oo IFHIMR RIS .

4.1 GRARAFEXGUILRRAFA

R 4.1 (BRI RAZER). xbEpA R X JUBEERML, WXHMER o >0, £

EX
P(X >a) < —
a

A RmRPE, S/RAIRAERE, — AR R RIS EARD, P2 %R RO (E
AR AR/

IER]. X ARG X RIS R, B

+o00 +oo +o0
EX = / xfx(r)dx > / zfx(z)dx > a fx(@)dx=a-P(X > a)
0 a

a

Bl 41, B X ~U0,4), MEX =2, hiZ/Ral kAR

N

2 2
P(X>2)<5=1 P(X>3) <z P(X>9

[[[=Ek &y<¥ . .
P(X>2)=5, P(X>3)=, PX>4)=0

] UL BRI RANRE UGS A _E R AR AORLRE -

B 4.2 (PIHERAGNX). WHEIVER X BI9ER 1, 2N o, WXHMERE ¢ >0, A

2
g
PIX —pl > 0) < 5

aA. ROk, UIHEIAERG, R DRIV R AT 2365, IR AR B
PHERERB AR /.

IR I SRR AR,

P(X —pul20)=P(X —p)?2) < ——5—— =75

O

MR RAZENX, IS RAFEXFM TRV R Z0EE, HILSERER . A
07 ZE WAL AL AR T RIS BERO PR, R B 4 Y B AT REAK T H R B RS A B
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Bl 4.2. AR EH 41, B X ~U(0,4), EX =2, varX = 3, WRIEIIHERAEAE:

4
P(|Xf2|>1)<§

MR —ENTET 1, AR AERH BT RALAER.

Bl 4.3. B X~ E(1), WEX = varX = 1, ¥HMER ¢ > 2, FAIHERAGRAE:

1
(c=1)

P(X>c)=P(X-1>c—1)=P(X-1|>c—1)<

MESEMERZ P(X > c) = e™, Al YIS RASEG iy LS HRRT

4.2 SHRBCEH

X 4.1 (RIS, B X0, Xo, .. RHEVVERFSI, a € R, FHAMLR >0, #A:
ILm P(|X, —a| =€ =0

MFR { X0 AR E] a.

A2 W eN EEFHHE ke P EaIRBR, WHREER IS T RSN BGR R AHER € > 0 Fl
§>0, fFIENEN, YU n> NI, #E:

P(IX, —a| =€) <6

Hor e FRERSE, 0 FRIEEFEAKT-

SEHL 4.3 (BRBOEH). B Xo, Xo, .. BUSLFEDAGEENIAS RS, HAICMAISERN o, WIEE
AEIE M, = 5 2000, X WARFSE] o, BIXHERL € >0, A

lim P(|M,, —p| =€) =0

n—oo

R X BT A R TIE M, 7 ZIC A S R BCE AR AR MGE, (ERIE AR
KT5. B M, BET %

1 n
EM, = E;EXZ-:M

2

1 < o
var(M,,) = o E var(X;) = o
i=1

TRRIEHERAZEKX, MMEE >0, A:

2
P(M, —p|>€) <~ =0 (n— o)
ne
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O

eAE. TR R FRORRUE R, 726 RO A I KA RoE . o
BRI, ST X0, Xo, .. K B(L,p) MRS, FROTERZ MBS AR Soe e

lim P(|M,, —p| =€) =0

n— oo

4.3 vl
R 4.4 (ROBBERD). 8 X0, Xo,. . JRACE RIS, FE9IE T (e
w, HEH o, WX vz eR, AH:

X —np
lim P | =2 <z | =)

n— o0 \/ﬁa'

Hrp @(z) ZaRpriE IR 11 ) CDE.

A OHMORTE, O RBE BN, FERREARRTEOLT , 20057 [ 711 B AL AL & B R REAS I (]
PIFRIE AL S5 SRR MR E IE ST

A XA B R E B RS RS- SR T DAl BR e B
AR RT X0, Xa, R B(Lp) BRI, el IRR2 ke - Ry b o s

> Xi—np
lim P| S <2z | = ®(x)
noee np(1 - p)

4.4 SEREOEH

P(lim Xn:a>:1

n—oo

R { X0} AR 1 3] @ ST RIEE] a.

B 4.5 (AKCEM). B X0, Xo,. .. IR p IS RS RENLA 875, IREA
M, =L15" X, DIMES 1) p, HI:

P(lim Mn:u>:1

n—oo

2 BHRUCERRSE M, BEMEME o WFEFIERIE n — oo BT 0, [HEXHERARAY
n, XARRATDURIER . FrART ARG, #E M, XATEGFIFAT, WHA M, BEWE
11 3R N HE— 2 5 RFRATT, R0 S i B e S R e A BRI
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5 DU bige vtk
5.1 YUTHERT 5 5 5053 i

Prior pe N AR
— Observation | % | Posterior | Pox{ X = 7) | Point Estimates i
—p Process "1 Caleulation ': Error Analysis

Conditional Lo Be
Pxie

[l 50 DUH-frae e 2

RSB ARFI SR ©, HMHA— RS S el LA S A FRE A . FRATH H A =T 2|
PIA RREALAS RE X = (X0, ..., X,) R4 © MR . RECHER S po 5 fo, PARSRM:
4310 pxje B fxje, WIDTH-HrEWTFEIE © MR TT pojx B foix TERHE . JEK/1H AR
T AT

Bl 5.1 (IESHEYLIAR B ILEIEROHERT). BRI EMME X = (X,..., X,) BRAMEK
RAME . BRAEAEIENFAT, Xi IESH, BMEMSE, 20508 of,... 00 X
¥ Xi MASIIE AR R ©, HAERNANIESHA N(zo,0). HA:

fo(B) = c; - exp (_(9—900)2>

2
204

fxje(z|0) = cz - exp <—<x1 — 9)2) . exp <_ (Tn — 9)2>

2 2
207 202

H ey, e IHR BRI AK, A

2v

foix (0]z) < fo(0)fxjo(x]6) ox exp (— Z (0 _U%i) ) x exp (_ (0 —m) >

HA AR PR w45
Z;L:o /o] . 1
Sroijer U T ST 1o

T © WJREAHZ A m SAIIE. v HITZEMIES .

m =

FESL 50 (SRHEAA). AE VUMM, 2B 40 5 g A T i — A4l ISt s o
AT IR 5 1

24 5.1 RINESE S H A BRI . XHFAR—DNERIEE, BT IESS A,
Hofth 37 UL S RO 1A A S5 R AT R =T
5.2 Kiflivh, BBekass, ok nd it e

NARTE g X OIE @, DUMHERTSS TR peix (0lz) BX fox (Olz). JEH it
T o REERITAER, (AR AA RG] MO R MR, R Rl BRI
BRI X A PRI A% 0 = g(o) FEXT © M.
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L 5.2 (ffit, ). ¥ g B—DET X RmE, WHRBEHLER © = g(X) Mffiilh. X4
WIE] X WM = J5, WIFk © WERUHE 0 = g(x) AAETHE. AR EEL g 51 HAREMNR.

X 5.3 (RKRFRMEMTTE). e X BIME o, BEREEEFEARR RN 0 MR THE,
B

0= max peyx (6]1) 54 max fo|x (6])

X 5.4 GRAIFIEMTTH). 4E X AOUIME =, PR IHNEA N EHE, A

0 =E[0]|X = ]

AR AET DR, ARSI NE I (R

Bl 5.2 (IESHEPAS R AIYERAETTR). ] 5.1 1, BATER] T IESHYLIAS R A Y E
© HER AR m NBME. v AT ER RS, He

Z?:o zi/o} 1

m= ———F v =

Yiol/0?’ Yiol/0?
F T IR S A MR 5 B R A E S A U KRB, B AR R S S A A 11y

N

6 =m
TR I ES IO S HI R, R AT gy

0=EB|X =z]=m

BAEIZAAT A, RS AR A T A A I R A TG S A TR

ek 2 MR ET, © B oi,..., 0, PH—AME, K m 2 —MR/MEE (%
Wk m=2). REM H ={0=0,} N5 i M. WE X fBUE = 5, FO0TABHRGERFNE
e —A i “AET BRI

X 5.5 (Bich B i i KR SR N, 45 e IE v, S K AR e O e A A
P(© = 0,|X = z) e Ky Hi:

argmax P(© = 0;|X = z)
s DI A2, XM T

arg max po(8:)pxie(x]0:), X BEHL

argmglx p@(ei)fX|®(m|9i)v X %L

EA RLEIME =, RS SRS U A A dme N RS HE U
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5.3 VUMMrin /5 vk

TR 5.1 (BN TEWIMEIETE). % Efen g MR T, SR 0 2443t o, 1)
R )55 E[(© — 0)%) S/t

0 =E®O

PemiEl, A
E[(© —EO)?] <E[(© —60)?], Vo

ER. XMEMIfIT 0, HTriRs:
E[(© — )?] = var(© — ) + (E[® — 6])? = var(©) + (E© — §)?

T var(©) 55 0 T3, #e4 (E© —0)2 SN yiResf/, Wi § = E6. 0

SR 5.2 (Sl M MR, B M o, WIS )y 9% EB[(0—0)2|X = 1]
MO 2R PR R

0 =E[O]|X = ]
HhEL, A
E[(© - E[0|X = 2])’|X = 2] <E[(© - 0)’|X =a], V0
BB ZEEFE 5.1 MIEB A X = o B4 EIwT . O

ER 5.3 (/MY RRIEE). kL, B 6, MR iRE E(0 - 0)?) &
AN

6 = E[O]X]

WG, A
E[(© — E[O]X])?] <E[(© - ©0)?], VO =g(X)

ER. AFAEEAE X WS =, 0= g(z) B4k, Bt
E[(© - E[0]X = z])’|X = 2] < E[(© — g(2))*|X = 2]
e o TS, A
E[(® - E[6]X])*|X] < E[(© - g(X))*|X]
AR AR, PRARUNSE:

E[(® — E[6|X])’] < E[(© — g(X))’]
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PEE.  Rid/ NI R R 2E 2 e -

6=E[O|X], 6=6-06

TE 3.3 PGS T —Lebk R, BRI -
. © ZFAwEg, B EO] =0, HHEBO|X =2]=0,Va
o fEIFRE © SR © RHIX: cov(©,0) =0

o O W ZENPASHERN: var(©) = var(©) + var(0©)
B 5.4 () BIZWMETE). BCAZMWNE X, ..., X, W/

6 =E[0|X1,...,X,]
FAIEYL, A

E[(© —E[O|Xy,...,X,])2] <E[(©-0)%, VO =yg(Xy,...,X,)

5.4 DItk i i vE

X 5.6 (LtEfita). RE g BET X MAMERE 9(X) = aX +b, PREEHIZS R
O=g(X)=aX+b

BGMERR. PE—b, P ZAIE X, ., X, W R

@:a1X1+---+aan+b

EHL 5.5 (KMER/NITIAT). BT X 1 © BLitm/ NIl

A cov(0, X) _ 70 v
O =E6 + =1 TS (X ~EX) =E6 + % (X ~ EX)
A¢p=“ﬁijj%w%§ﬁ,mﬁ%ﬁ%ﬁﬁ%ﬁ:

E[(© — aX — b)’] = (1 - p*)o?

PEA. (RIRMEE a, WSS TIRBEREL b RIS © — oX. MIEZAITHE, &
Hesh -
b=E[© — aX] =EO — aEX

PRI T A Ay -
min E[(© — aX — E[© — aX])?] = var(© — aX)

a
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P2

var(© — aX) = var(0) + var(aX) — 2cov(0,aX) = og + a’o%x — 2apreox

KRERT a B WAL, HR/MEAETURAL TG :
o% ox

PR etk /N T Al -

O =aX +b=0aX +EO — aEX = EO + p=2(X — EX)
ox

HAGTHRE R :
var(© — aX) = 03 + a’0% — 2apoeox = o4 + p*og — 2p’0s = (1 — p*)og

O

AR BMLE, MATEAES ShE, @il X - EX RBUERTAE. B, Agifix p >0,
WL E| e EX R X BUESS, FATx © Bftiih it . 74k, 24 [p] Hik
LI, X F1© mBEAHR, THF X R liEmihil o, HItyiiRER/.

Bl 5.3 (IEASREHLAERAISIERINMITR-2). 126 5.2 &, BAVHEIESHEIAS & A LIS ME
W/ MY T (GRAEIEATT) oA

b= E[O|X = ] = m = =0 "1/%%
Yo 1/07

ERE EXRMWINE 21, ..., 20 WEIEAS, HILEHSWREIER/NY I, i, 1E
R KRR /NS TR et N T A TR R A R
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6 Mg i

ZMGEHEWHIA I AR MBS EL 0 RER, W X ZEEPLRY, R4E 0 BUERAFRM px (2;0) 2
fx(;0). L, FRATRFFR AL B AR, R MRAIXTR 6 f9— AT BEAY .-

i
ox(-14) ¢ Point Estimates \
+ Obscervation % _i Hypothesis sclection |
———»  Process 1 Confidence intervals |
] N ete. I

&l 6: Ze LI

6.1 ZULBHALTH

RS 6.1 (flivhht, MHHE). Uil X = (X, X,), iR 6, = g(X) Wk,
R BERCA AT HE. TR, BT X AR T4, ]I 0, Wit T 0. it .,
HIMIEER Eo[O], Jr2Ely vare(On).

L 6.2 (hiHR%E, fi%). & 6, BRMBE 0 (—MlilE, &Rzl 6, =6, -0,
I U R TR WTH by(O,) = Eg[O,,] — 6.

T 6.3 (Tof, WiEToMm). # Eo[0,] = 0 % 0 FrG rl Rer Al o, MER O, 2T #
lim,, o0 Eg[0,,] = 0 XF 0 FiA vl RERIBUEESIRSL, WIFR O, ZWHE TEImI .

T 6.4 (FI). &XF 0 A TREMEUE, J75 O, MHEARILS B S5 0 EH, WFK O, &2 0 1
AT .

YRR 90RO, T EA 7

E¢[02] = b2(O,,) + vary(©,,)

2. XAAMER, FXEMBPIIABL T W57 Z2Z 18U .

X 6.5 (AR, (IR . B & X = (X1, ..., X,) BWIKA PMF/PDF 24 px (x;0)
B fx(z;0), Hb o= (z,...,20) B X BIE. BRRSRETT 15 px (2 0) B0 fx (2;0) 355
WK SHEE, B

0, = argmax px (x;0) B argmax fx (;0)

PR px (230) B fx (2;0) EMIRRREL, FR Inpx(;0) B0 In fx (230) JRFRARLIR R 2L

EE (ARG S B R RARRAT) . A DR R o, Al iR il
1% pe(O)pxje(z]0) LFEIFKH) 0, H pe(0) RARMSEL 0 el 1. B, HRMUARM
TRl AR A 39 21 55 8 A i s K S R A

EA 6.1 (A MARR TR ARZEIL). & O, 2 0 BB BBRETT, A FAERAT 0 19—

W BREL b, h(O) J& ¢ = h(0) BRI
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Bl 6.1 (BEPLARSERMTT). BORIME X, ..., X, WSZFESAG, HENRMSE 0, EX

FEAIIER -
X1+ + X

n
HIT Eo[M,] = Eo[X] = 0, BUEAER 0 WTLMmATT. BE—2H, MR REcEr, M,
AR R 0, HILRAMEM.

M, =

B 6.2 (BB RO 2RO, BB X, .., X, UL, KRB 0, WA
B

S= 3 (K- M, 8=

i=1 =1l

ATDAIERT 52 R A EWHE T, S W Teliid .

A FEREF] B0 [Mn] = 0, Bp0)[X7] = v+ 6%, B [M] = 3 + 6%, TR:
_ (1 &
E0,0)[5%] = Eo,0) - > (X Mﬁ]
L =1

(1S, 2M, & ,
:MMEZ&—772&+M
L i=1 =1

1 n
:mmEZﬁ—w%Mg

g=il

:v—|—02-— <%+92)
n—1

= v
n

HTF n — oo B E(g’v)[gi] — v, #S? BWHELImE. X

~ n -
E6,0)[S2] = Eo,)!

n—1 =0

W S2 R TEARA« O

XIfET AERisCH, Jeigsd DY b i S RS R AT . /Ny TlT, i G
WAL, X LT R AT, BIgR — R EAT (BA INFRATTIEARE S, —A A
XIa), Xt R EfhTr. BRmE, BATEEEE - MEEE 1 - o, K o 2 PMR/MIE. A
JE AN N O Rl IR T OF Bk EAG T ©,, 15

Py(0, <H<OH) >1-a

Xt 0 BT T RERIBUEER IR . #5 (65, 6] SIS .
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Bl 6.3 (IEZSEEHLAERAIIEM R M. BRNE X, .., X, MSZFES T N6, v),
Hh 0 KA1, JrZE v B R 3.4 g5t (L IESHYE &2 M2 IESK),
FIREAS (Al T

=

(i)n:X1+"'+X”~N<6,E>

n n

B a=0.05, RIESEE 0.95, EIESHAEG ©(1.96) =0.975 =1 — /2, T&:

P9< gL%):PQGL—L%VZ<GSQH+L%VZ):0%
[@n—L%vﬁ,@n+L%vﬁ]
n n

0, -6

ol

XA -

& 95% BEfE X,

Bl 6.4 (BT TR XEAETT). BRI X, ..., X, MSZFESAET N9, v), H
HHIIE 0 FIT2E v BRARRIN . BB I 20 TemidiTt &

n

. 1 .
SZ = (X; —0,)2
n—lzZ:;

RETE, WRGES 6.3 A OARERERE, AT — TR 1 — o BFEXE:

- S~ S,
@n—Z%, @n‘i—Z%

Hep 2z R ©(2) =1 —a/2. filln, SRl 95% EAFXIAN:

lgn__196wﬁf @n4—196vﬁj

b, M S REBEFLIE, LA

MM EHBEEHR n— 1Bt 4370 (FEILMSE C). Wik, & ¢ I TRECH U,1(2), WE
R EFRREY, » MHLE U,1(z) =1 - a/2.

6.6 (FEAGEITE). HEl X = (Xq,..., X,), BHHASR T = q(X) ART X sk
R, 7 X AESE T TR AT 0, /I

Py(X € DIT =t), Vit

XA 6 e —AER, WER T N 0 et
el 6.2 (T E). T'=q(X) 2 0 MFergeit i BOCHRIRREL px (2;0) 2K fx (z;0) W]
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PAE R r(q(z), 0)s(z) BB, b r,s 2R

EAL Rk X REHFENIAZ R, ELFERL. FhRiEM ot R px(z;0) =
r(q(z),0)s(x), BUE T =+¢, WA q(z) #t ) v, HHHIE:

Po(X = 2)Py(T = t|X =) _

Po(X =z|T =t) = Do = 1) 0
XL gz) =t iz, A:
Pg(X:$7T:t) . Pg(X:.’E) . Pg(X:x)
PolX=all =0) =5 =0~ PT=0)  T.PaX=5T=0
. P(X=2)  _ rlg@).0)s@)
Z{Z\q(z)=t} Py(X = 2) Z{z\q(z)=t} 7(q(2),0)s(2)
r(t,0)s(x) s(x)

B T(t, 0) E{z\q(z):t} S(Z) ; Z{Z\Q(z):t} S(Z)

A XTITG x, Po(X = z|T = t) AT 0, # T ER4A4GiTHE.
RIGUEHI B, & T = q(X) 2 0 MEngiita, WHEE =, f:

px(;0) =) Po(X = z|T = t)Py(T = t) = Po(X = 2|T = q(x))Py(T = q(x))

AHXPRD T, BIES 0 ok, HOTELE s(2) B, mEEHN ri(z),0) K. O

L 6.3, #7 q(X) & 0 MR giita, WXE 0 MALATREL b, o(X) #92 ¢ = h(0) ST HE .

iER. XF ¢ =h(0) F:
P((X € D|T =t) = Py(X € D|T = 1)

FtPA Pe(X € DIT =t) XA ¢ i —HE. O

TR 6.4, 7 q(X) 2 0 IR G, W 0 BRI T A1 O, = ¢(¢(X)).

EA. MRPEH T EER 6.2, px(z;0) =r(q(x),0)s(x), BRI N:

arg max r(q(x),0), s(z)>0

én = argmax px(z;0) =
f argmin r(q(x),0), s(r) <0

HD 6, Rl o(q(x) T =, #ik 6, = o(q(X)). O

. BRI G EIVE Tl X AT 0 A RLEER.
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Bl 6.5 (A5 A1), BE Xu, ..., X, MSZFEDAETSUCN 0 as A, W

& 0 MR GITE. X NPSRERECH:
px(z;0) = 9=i=1 2i(1 — 9)%2?:1% — gq(w)(l _ g)nfq(m)

MR 7(q(z),0) = 09 (1 — )" 1) HEREL s(x) = 1 FYTRAL

Q(X) :ZXz’

Bl 6.6 (EFAIAN). B Xu, ..., Xo MSZFEAGTSHON 6 BIARA AR,

2 0 Mgt . X2 A RECH
- oy 0 -0
px(2;0) = [ [ px.(2::0) = € Hﬁze
i=1 i=1 v

ATLASHEN r(q(2),0) = e7?09%) 5 s(x) = 1/ [T, ! H9TRR.

Q(X) —zn:Xz’

ga(x)
[, !

Bl 6.7 (IE&AE). 3 Xo,..., Xy, BOLFEAMET N(p,o0?), W
o 7ot BAL, M g(X
o o pBH, W g(X) =300 (X0 —p)? R o? MG
o Fop, 0 WA, W q(X) = Q0L X, Doy X7) 22 (1,0°) TSGR

) =2 X 2 o BIFER G R

P 6.5 (Rao-Blackwell).

MEMI X = (X1,...,X,), BT =qX) 235 0 WES5%iT5&,

9(X) 22 0 W—AfhiTH. W

1. Eolg(X)|T] XA 6 #s—HE, BT oA TR 0,

9(X) = E[g(X)[T]

AR 0 f— Al i, EREd T RET X
2. FrliHE o(X) ST g(X) W24,
3. X E vare(9(X)) < oo Y 0, HIITTiRE:

Eo[(§(X) = 0)°] < Eo[(9(X) — 0)°]

PP, 4 0, BAREUR RS RS HALY :

By[var(g(X)|T)] > 0
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PER . FRATTZ SRR -
L ¥ T s flivhat, FreARiFa Po(X = 2|T = t) MRIET 0, B Eolg(X)|T]
AT 6.
2. RIFEWEAX, F:

Eo[g(X)] = E[E[g(X)[T]] = Eo[g(X)]
AL i 22 AH 45 -
Eolg(x)] — 0 = Eolg(x)] —
3. XTEER 6, 30 9(X) A g(X) WlwZER be. MEEITERN, A
Eo[(g(X) — 0)*] = vare(g(X)) + bj
= Eg[var(g(X)|T)] + vare(E[g(X)|T]) + b;
)IT)] + vare(§(X)) + b5

[
= Eg[var(g(X)|T)] + Eo[(3(X) — 6)?]
> Eo(3(X) — 0)°]

= E9 var(

(X
(

HAGE 19 24 HALY Eg[var(g(X)[T)] > 0
O

72f#. Rao-Blackwell SEBEPEH, —AS— Al vl A A —AS RAKH T 7840 48 i e p A
e, it ESEMATTENWEMR, HYhREEN,

Bl 6.8. & Xi,..., X, 22 [0,0] EASLE ST SIS &
(a) WEBA T = max;—,.. , X; @A E.
(b) HERH g(X) = (2/n) >0, X; B Tmfliit.
(c) At §(X) = E[g(X)|T] MR, THEHHE Eo[(5(X) —60)%] Rl Eq[(9(X) —6)?].

GER.

(a) HTRIRRECN:

1/9”, 0 < max;—1q

.....

fx(xy,...,2n;0) = {

0, otherwise

.....

it maxi—y,. 2 KT ©, RIEE T RE B HH N G .
TRt

n

ZIEg Y

=1

B g(X) RTfmbT
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(c) BE T =¢t, W Xq,...,X, PHDFT ¢, HRWMMRM [0,¢] ERII2I010, Fit:

e +1
§(X) = Elg(0)|T] = = =T
TR . B
Eo[§(X)] = Eo[Elg(X)|T]] = Eglg(X)] = 6

HPAE H ¢(X) R TTMmATT, X476 Rao-Blackwell I b, AT

TEE e T Woh:
Fr(t;0) = Po(T < t) = (z)n — fr(t;0) = ”t; L tefo0]
T
2 2 .0 n—1 2
Bf0COP] = (P22 ) B (17 = (M50) [ eta= e
BT ¢(X) 2Tmihivt, BreARIriRzEME ) 2
. B . (n+1) B 02
Eo[(9(X) — 0)%] = Eo[(9(X))?] — 62 T 2)92 Y
R, o(X) WhiREwREy%E, H:
62 62
Eg[(9(X) — 6)?] = vary(9(X)) = 2 Zvarg(X o3 Z 5= 35
BT n(n+2)>3n, Vn>0, ATPA:
Eo[(9(X) — 0)*] < Eg[(9(X) — 6)?]
BIFATISE T A0 ZZ S/ MW TelmAtiih . X7 Rao-Blackwell 155 = 5.

6.2 eI

SNEBNC A B A S BT R, AT DA de D 3k S8 UM A 75 ZAL TR _ERYfRE, (2
AT PATEAS I A HE 2T AT AR

—ICRPEMI B 0 B (2i,y0), i =1, 0, EALRIERL:

y =~ b+ 6z
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Ht 0o, 0, BRI SEL S0, BESEIMET 00,01, WETST ©; Mfkith:
Ui = éo + éﬂ’i

HEHIE v Z 1825 PR

yizyi—ﬁi

ZAE BN Al B A i/ MEBRZZ - TR 5

min Z(yz — ;) = Z(yz — by — b12;)*

60.0
R i=1

XRRRT 0,01 B " UKBREL, BRI KGR AT -

>
=

BERHERYRRE - BRSR X THA 2, K v SEREPVZE Y B—DIE. & Y, RO
YZ-:90+91$Z+W“ i:1,...,n

Hor W, 2 EAE. Ik o BIERMSL R ABaLAL &, R Y; el sr i E SRR & H.
}/i ~ N(GQ + Glxi, 0'2)- ?%M?ﬁ@ﬁ?’ﬂ

o T (yi =00 — 0h23)°
fY(y7 H) - E \/%O' exp { 202 }
IR R KR R, $REGT b B ok, BRI I fld /e R/ D3R nT AR Y A9 &
HALPEE M IESBIR T SHL 00, 01 BRI

B HE LR - MR DL UM IGRERYE B DN R T % @,y BOUERENLE & X, Y, AOHUE, AR
(X;,Y:) Z [ RAMERY, (LR TN e a0 iR . % B R R — 210 ) o5 — B pLAS i
Xt (Xo, Yo), MRBEUINE] Xo FH-A S AMERMTHE Yo = 00 + 01 X0 KAt Yo. M4EER 5.5, Yo 1
LML N AR -

- cov(Yy, Xo)
Yo =EYy + ————= (X, — EX,
0 ot var(Xp) (Xo 0)
BH Yy, X
0, = M7 0, = EY, — 0, EX,
var(Xo)

T EROTARIE (Xo, Yo) M7, BBLAER T

1 1
EXy~z, EYy~y, cov(Yy, Xo)=~ - Z(ZL‘Z —Z)(yi —y), var(Xo)~ — Z(xl —7)?

n
i=1 i=1
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[AWANGIBIEE 1 52 Nt /= W
MEFHEZL R - LV DA i D9OMRR (X5, YD) RS2 [R 23, B 4K
s JE AR -
Yi=00+0,.X, +W,;
Horb Wi R S7 R S EME R HY X, o7 . AR E L 5.3 "I, Yo Wi/ NS Al E R
E[Yy| Xo] = E[fy + 01 X0 + W5 | Xo] = 0y + 61X,

AR UL, 6o + 61X BIH KT Xo WIREL 9(Xo) Y iRZER/IMY, TH:

0o, 0, = argmin E[(Yy — 0 — 6} X0)?]
60,61

ERE, RIS RBOER, 2 n — oo i, E3UE:
1 - ! / 2
E%}”*%*%&)
AR, M R /N A AL H AR

SLIE, HABEA LR
Y, =00+ 06z, + W,

Ht © = (09, 01) BFETTHISE (WUENRENALE) . B ©o, 01, Wi, ..., W, BMEMHIERS
BEHLASRE. W, ... W, N, J7220000 o2, ©0, 01 WA, 231N of, of. MR
DU A, AR R R A -

f@|Y<90791|y17 .- 'ayn) X f@(ao,el)fy\e(yb .- ~,yn|90, 91)
x e —9—8 H e
P\ 202 f P

03 07 y;
X exp <— <m + 20% +i=zl 952
I, R e -

N 62 62 T
00,0, = i —+-— .
0,01 ar(;gj)giln (2 5 + 207 + - 252

i)

KRGS FHNE, T
o2 - N 2

01 = o2 +o? 27:1(371 —z)? ’ Z(xl —z)(yi —y), 6o= m(y —b6,)

i=1
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ZoLetEmIH  — oM RIA T AE Y BB ZuiEE. flan, wEdEd =Jcd (z, v, z) AL,
BT R :

Yy~ 0y + 01z + 02
W22 Jede ka9 B/ IME B 22 1)~ i -

min Z(yz — 0y — O1x; — 92Zi)2

00,01,0
0,Y1,02 i=1

R, = ATRAZ o MBREL, Bl 2 = 2° A “IReRECN RN, HERARMSEL 0; 5P
B Y, RERMERR, BrAXRE T AL RIHRTEnE . —Bdl, HEaT B pgsi:

y~ 0o+ Y 0;h(x)

7=1

D) =] 0 e A H A
n m 2
9013171(}m Z (?Jz — 0 — Z ;h, (mz)>
XA /M TR R A B A2

6.3 iR

FELMGETHEWRT T, JATA A JelatiRm e, bR i AR VER 0 JUR M E )
BT FAT— B Ho 2R Bilikie, Hi FonfBix.

BN R X = (X4,..., X,), 2 P(X € A Hy) Fonfiak Hy SOLE X JET A iR, K
LI, i px(z3 Hy) B0 fx (2 Hy) 2Bk Hy WAL PME 5t PDF. ST 24k 2] — A s
DUPRF IR & WSS H o — M B ARA]— AP AR AR AR 25 [R50 738 1 A DXd——
RIS e, N BRI ATEARI, ARl Ho BdEds, Rz gk .

— N RFRENA PR AT R BOZDRIEN P E IR0 R, 5B — A RIGIELE T Ho (HESKE E
AR, R R AR a(R) = P(r € Ry Ho)s SHIMRUAREZ T Ho (e 24
DRI, MWRENR AR N B(R) = P(z € R; Hy).

X 6.7 (LUIREL). & USRSy :

_ px (z; Hy)

_ fx(z; Hy)
L(x) B Px(x;Ho)

 fx(z; Hy)

o, L(x)

BT R RS, FRATHT AR R B S E I - e — MR AE € € (0,00), MMMME = 52
L(z) > & i}, fRAJERBE Ho. Feiilih, 3 & =11, FRATEZESRLIRR AR MR, X,
AR ABL SR HE N o

OSREERRSS ¥ 0o e SRIE AR o, GRS, R RIEARIER N o

P(L(x) > & Ho) = o
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WLIELIE R = {2 | L(x) > &}, YOS AJELSR, 1 L(@) > & 1, FkATE4 Ho.
5180 6.6 (Neyman-Pearson 313). % B FLAIE h—MHRENY €, MITA ARSI

P(L(X) > & Hy) = a, P(L(X) <& H) =4
R AR S, TE4E5ECh R, S5 R PR — B /)
P(X € R;Hy) < a
AR 2X AT R 52 MR — ARl R
P(X ¢ R; H,) > 3

W P(X € Ry Hy) < a P“kINHE, P(X & R; Hy) > B8 K87

6.4 W ETERSE
FESEPR R UL, BRI P A SR A PR e, DRI i BB B 4 v v RN T
H o A /G 5 L) T AR AR T 3

BB X = (X1, ..., X)) IRAHZSE 0 JeEny PMF/PDF, H 0 fe4y @ ety M P HUE. &
IFR “Wre 0 BIEAEDN 0o € M” SAJEURSE, iCAF Ho, MIAIRNE 60 # 00 &b, iCfE Hi.

WETERE BTN X, X, WG Ho < 0 = 0o fEETT RS :

I g S =h(Xy,..., X)), HF h:R" >R

2. BRI THAEEE R O S BBUERY TR, 24 S A R Wiese Ho; Xl Al w9
Le—AHEE, ARARIRFE

3. PR EKF o

4. PRI FE & IRHHRIEA RS T HASET o IURHELIR R wise &E 1

5. 48] Xo, .., Xy BUIUE @1, .. 2, WTESRIHE s = h(21, ..., 20), #7 s YA R WHEL Ho.

A RBIME, FIAFE AR K o MIEFHE &, MRITHASIME s J5, B3I p-E:

p-{H = min{« | Hy FERE /KT o IR}
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A
AR

SELVN

LB

S5 LR LA R RIS L 522 R R AR I, b e R RS R A S A
JURAE LT RENLAS B, JESEREYLAS B AR 2. 4550 Ao, A ESREpLAL &

&E

N5 FIBEALAS

iB5: X ~ B(Lp)

Sl PO AGHE T, R EAREECE p, X ChEE N E.

PMF: py (k) = {p’ et
1—p, k=0

e EX=p

J#E: varX = p(1 —p)

FERRRE: Mx(s) =1 —p+pe’

FEHR B T

Mx(s) =E[e"X]=(1—p)-e"+p-€e" =1—p+ pe’

e 1 RV

id5: X ~ B(n,p)

B W n MOET, AEHGE T ) RIS p, X AT A
PMF:;M(M::(Z>ﬂ%1—pYIk, k=0,1,2,...,n

WE: EX =np

J2E: varX =np(l —p)

BB Mx(s) = (1—p+pe’)”

W20y

b TR (Z) _ (

e

n—1

n—1
=w§:<k %ﬂliw*%ImmHlmmdzw

k=0

n—1

n
DTt
o) A, .
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—MsEa S
Zk2<> o an( i) 1-p"*
:;n(k:ka(l_p)nk+;n(k_1)(k:i)pk(1_p)nk

n—1

>y n—1 o
o k< k )pk(l_p)n P =np+np(n—1)p

k=0

]
7 EiES
varX = EX? — (EX)? = np + n(n — 1)p? — n?p? = np — np® = np(1 — p)
]
FEHF RO HET-
M) =Ble] =3 ()40 - 9t = (= p ey
k=0
]
ARG HLAE H
o SEB: IR — R P R AR AR
k
e PMF: pX(k):e”\%, k=0,1,...
o WIHH: EX =\
o HE: varX =\
. %ELXI@I MX(S) = eMe*—1)
o PEBT: BN =mnp, WX n— oo I, YA I 1H
AT
EX = Zk‘AA = —Ai s :Ae_’\i)\—k:A
— (k—1)! k!
= =0
HAp AR T e MZEERIT. O
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s IES.

2 = 2 7)\)\k -2 = )\k
k=0 k=1

=e Nt + e M\t =\ 4+ )2

7 = a3
varX =EX? — (EX)2 = A+ A2 =22 =)

FEHF H ARG HET

it )\k [e’s) )\ -~ .
Mx(s) — E[BSX] _ Ze_k—esk _ e_)\z ( e ) _ A1)

k k n—k
0 (Vb1 o = i A (1A
Jz&@p (1=p)™ = lim 27 7% (1 n>

_ An—k)

JUITBE LA
e LT X ~G(p)
o LB MM E E N L, ST RN p, X BT R
e PMF: px(k)=(1—-p)*1p, k=1,2,...

, 1
. %%: EXzf
p

1—
o FE: varX = 2p
b
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o HRFREG Mx(s) = 1_(?;)@3

o JuitfZtk: P(X >n+m|X >n)=P(X >m)

AT W

S () - () -

k=1

-

—M4ERg S, ik

2 kel N x ' 1+2
x):;kzx :Z:lk(:c (ka) (zf(x)) = ((1—x)2) = (1j—x)3

m:
2 - 2 k 2-p_ _2-p
k=1 p p
7 E IR ) L1
_ 2 P 4 _L—=Dp
varX = EX* — (EX)° = 2 — ? =
FE B A AT

S

_ esX:OO ) lpesk — esoo _p)es)k = pe
Mx(s) =E[eX] =) (1 —-p)* 'pe’ =p Z}O P = = e

k=1

JERA AT, EYETTA AR -

P(X >n) k_zn;_l pl(l(_lp);):(lp)n
i
PX >ntmX >n)= L& >ntm) (=P _( npix s

P(X >mn) (I—=p)
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LA AL A
o B —BNA N ABR, HP M AEBRN - M ANERER, A ICHIEI n 4Bk AR
BRI, X FORBUE AR

() ()

« PMF: px (k)= I k=0,1,...,n
. nM
./t:]E,X:i
B .
nM M\ N —n
" VarXN<1_N)N—1

o PEBG: 3 N — oo i, LMLl 505017 .

BT,

n—1

sopms st () = (3 2)) 3 memsmera X () ()= (5) o

Z I 4ERY T

-2 BEE E()()
-2 ()0 g 2e-n ()0
g5 () e (12) -

» EWIET.

_ _ 2772 _
VarX:EXQ—(EX)Q:nM MM —-1)n(n—-1) n*M _nM( M)N n

N T N(N —1) ~ N2 N

RS RapLAs

e it5: X ~U(a,b)
1
Cb—a’
a+b

a<z<b

. /ﬂ;,qté ]EX:

2
(b—a)?

o . X =
FE: var 5
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1 sb __ _sa

o HiRERE Mx(s) =

b—a s
FEHF G T
b sz b/s sb sa
=S 8 = ¢ = 1 . 1 ST _ 1 ) e’ —e€
Mx(s) = Ele ]_/Gb—adx_b—a s/a/se d(sx)_b—a S
FREBEDLE &
o L5 X ~ E()N
e PDF: fx(z)=Xe™™, 1>0
. W EX :i
1
b 7‘3_‘%: VaI‘X = ﬁ
w A
o FELERH: Mx(s) = P (s <A)
o ittt P(X >z +y|X >2)=P(X >y)
HZ 0T
+oo +o00 400
EX = / xde Mdr = —/ zde ™ = / e Mdr = —% e :)roo = %
0 0 0
—Mh4Eag AT,
o0 +oo 400 2
EX2:/ :L,Q)\e)\mdx:_/ 1172(16)@:2/ xef)\zdm:_Q
0 0 0 A
7 A0S ) . .
VarX:EXQ_(EX)Q:E_EZE
FEH B AT

o0 o0 A
Mx(s) = E[e’*] = / e Metdy = )\/ e~ dy = s (s <)
0 0
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JERA AT . LT B R

+oo
P(X >z) = / e~ Mdt = e M|T =T

+oo

TR ( e
_PX>z+y) eV,
PX>z+ylX >z)= PX>2) o= =eW=PX>y)
P PHBEALAL
e it X ~ Cauchy(u,o)
1 1

« PDF: fx(x) =

o W R
. i RAHE
FERMIRE AL

FEW] G048 T A TR RO R LE
+o00
E[|X]] :/ : Lde = 400

e MO 14 (R

TRE AL, AR A ATFAE .

LB AL
o it5: X ~ Gamma(a, 3)
1
. : _ a—1_-z/
PDF fX(l’) F(a)ﬁax le B, >0

o W EX = aff
o i varX = af?
e Mx()= (125 )« s<

1—-8s

TODO:proof
DU BEMLAS i

e it X ~ Beta(a, )

. = 1 o - -
« PDF: fx(z)= B(a,ﬁ)x 1(1 —z)8-1
— _ -
- Wi EX = a+p
o JiZE: varX = o

(a+ B (a+B8+1)
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[(a+n)l'(o + 5)

o n M EX" =
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