F_F MBS ORE: EKRaHD

September 29, 2010

There are three kinds of lies: lies, damned lies, and statistics —
Benjamin Disraeli (1804-1881), ZEIEEHSRIFR.




Bi=oE: MR Ec

O RET22RIE [TEEM (uncertainty)] B1—PIRIZ,
ST2TI8D [RULRST ) B [#mRst] 8, siEREFNA—LH
FRENBHNREE MESRSRRSEDE, HENNFHEER
BWHURE BRET .

® Question:[ BI85 | ESR—BIEHE 7



Bi=oE: MR Ec

O RET22RIE [TEEM (uncertainty)] B1—PIRIZ,
STRTRD [RULHST] 82 [#HRFST] 28, s REF AL
FIREREMREE MESIRRESESE, HERNNFEER
EIBREBRET.

® Question:[ &< | ST R—BREMEH?
Answer: No! [#8 % | 2 —BFEHER (random experiment),
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Figure: BEZR[ZERE




© PEHER (random experiment): B0, B—8 %,

® L& (outcome): —E7 B,

© HRAZER (sample space) WHEHRZEE:Q = {1,2,3,4,5,6}

0 Z1 (event): BIEAZLEHFTES (subset), B0, S
B5:A ={1,3,5}, BHE:B = {2,4,6}

O PFEEE (random variable): FEEERB—BHRAZERE
(map) BEHZREVHH,



SHEEI R

pal )

s _BERNFHEARAETRSHRMBESH

o BERER (De Morgan's law):
TAMEBR—EREEPH _BEHH, AITIIREA:
(AUB)“ = A°N B
(ANB)° = A°UB°




=259

HEAE

—REMEROBEAEP, BEWE TN
0 HE—BHA HRENREEVRE, BESR—, T
810 < P(A) < 1.
© BEENHA— PQ) = 1.

© HERSBHMBIHF: A, Ag, Az, -+ A, EEENHEREERE
BRISH R D08, TMEN:

n

P(Up_, A;) = Y P(A))

i=1




IRAFER

HEAE

FTSBEV 1  (conditional probability), P(A|B), B8 E BB 84,
ASHREMBE, BE0T:

P(AN B)

PAIB) = =55




FRIRIARER

HEAE

HPIBP(A)RIFIEHEER (unconditional probability) (B R 82 R 18
P(A)=P(ANB)+ P(AN B°)

BILRP(A)RMBATRBLROBRNNNG, SERBEREE, A
£ BAEE THR,




¥115 4+ (independent events)

HEAE

TARBRSMH, SH"SHRBIUNSH, AIRTBSHMNEERS,
RNEXBASHRE,

P(A|B) = P(A|B) = P(A)




B SHER (joint probability)

HEAE

SARBFRBIISH, BIHMESHER:

P(AnB)=P(A)+ P(B)— P(AUB).




B EE(Bayes Theorem)

BRTEIEF SRR PR EMNIELE (probability updating).
EP(A)# ¢ B P(B) # ¢, &
P(ANB)  P(A)P(B|A)

PAIB) = =5Ey =~ #B)




B EE(Bayes Theorem)

BAL Ay, A RERSBH, BA,UAU---UA, =Q, BIBEF—
HA;,i=1,2,---  n, NIVARIL:

P(4;|B) = P(Ai)P(B|A;)

P(A1)P(B|A1) + P(A2)P(B|A2) + -+ - + P(A3) P(B|A3)




BREEE R

BEI(Bayes

Theorem)

No Aids=99.9% Aids=0.1%

Negative=99%

Positive=1% Positive=09% Negative=1%

Figure: B EHEIR




B EIPE I B B

R DECHIZRE

NEPHERMABERSR, BEWREETEE_ELN. —SRBERSTEH
R, —HREOVEERBURIE L Y184 883 (relative frequency), &L
EOHIEEGRR, HESTRNEEREST. E_ERIEEREE, BEX
FEBRARSEHRMFOEEEEK (subjective probability). TTHITTE
EARFREAZEN (B, MEREENBIAIRFTRARERZEEH
BYSHIEF (prior information) #AADHTD, WEAENSHKIGHTHE

B MWK (posterior probability).
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Figure: B2 TURIZERE




B EIPE I B B

RERNPE B 2N

BEEPE R — (BB TR ENEERBRSB(finite) NI
B#EEED (countably infinite), 2.

DrE— BB, BERT, 20, x5 - -, RIRFITRELVER
L (probability function) f,73:



RERNPE B 2N

BT EE RS EMBEEE(2)R:
E(z) =) x:P(x).
RISt EMRBNERLRIE. Dg(x) R —BERE, AIHBLER:

E(g(z)) = Zg(fﬁi)P(%)'

i




B PE B BB =

BHEPES S RV E Z (moments): zBIrBEZE, m,, r = 1,2, ...
m, = E(@") =Y af f(x)
PREEFISAEEE [FB] EFI9ENSE =, AN

= B — )" = S (s — )" fa)

%




B2 F D E

ERHRHDR

B8 (Bernoulli distribution): H&RIFZEI—EIEE#E SN0 EC,
HgR DWW T:

fl@)y=p"(1=p)'*, =01




B2 F D8

BRFIERBE—ES ), HVERSEH D BIWT:

: E(x) = 1-f:(1,p)+0- f2(0,p)
R = 1xp+0x(L—p)
—
var(z) = (1—p)*fa(1,p) + (0= p)*f2(0,p)
= (1-p’p+p°(1-p)
= p(l-p)(1-p+p)
= p(l-p).




ERHRHDR

—1BnEc

— 1828 (binomial distribution): &1, - , 2, AnEBIIHB B FER
ey, BIENMRIRIE BN, RER:

T = zn:l“z ~ B(n;p)
=1

TIEN D BRI T
PriX=z)=Clp"1—-p)" ", x=1,..,n.

HY¥9ERERH D B Rnplinp(1 — p)o



ERHRHDR

KRB

K KB (Possion distribution): XKD ECHiE—REERENREA,
ESHREOREANE . RERDEKBIKNIBEIE (Poisson process),
HpBWT:

e AN

Pr(X=x)= — z=0,1,2..
x!




EHEPE B 2N

SREMBEE A, MEEE, KR EEEREE,
FPTERHEREMERHE(CDF) 20 :

S5 R A A

F.(a) = Pr(z <a)
MEKRZE, WT:

fm(a) — lim Fr(&—f— S) _ Fx(a)

s—0 S




S5 R A A

SRR BB E =

IR B REEBEEER:

m, = E(2") = /DO 2" f(z)dz.

—00

BB AR B0 2= B R B A DMRAT SR ) IMARIE DTSR [T E.



{RREFRENEAIR REFREN

IRREFREN (coefficient of skewness):

3
miEr skew = E(z —p)
o}
IEREFREN (coefficient of kurtosis):
E _ 4
o= Blz—p)
P
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Figure: HREIE, FRAGEEKIE: DEERESIERM




19D EC

— 9D, b ERIGIBE IS IS pdf 20T
HEOEEDIER 1

= = < < .
fx) p—r Ba<x<b




18RI EC

GammaZ2cH) pdf 20T

)\P
flx) = e 2P~ 2> 0,A>0,P>0

ERMSEEDE

g\ =1/2BP =n/2, 8] Gamma D EFENPTEN <7526, M
P = 165, BN ARIEEDES, pdf 20T

f@) =X >0
BHDRMTIDERESRH D BIRNHEA 2




ERMSEEDE

EREDE (normal distribution) X#EHTDEC (Gaussian distribution),

1
f(x|uva) = WGXP[_g( o
Hopfo?pRlRE o8 Rg R,



ERMSEEDE

£75(x2) PE

EBER—HNFSDRUT: & 2 ~N(0,1), 8
k=22~ x*(1)

TRED, SRR 1 (07T RE A B 1 5 AR A B D T2 75,
Bki, ko, kn 2 (1) BnBESBIINEHE A — 0 E5RERE,
BUEL D4R

B b ()

IRICEBE R ESBDE (x2(n))s



t2 8

t2B X Student’s ¢ distributiono & z ~ N (0,1), k ~ x%(v),
B-RLREEEIInEREE, 8

ERMSEEDE




t2 8

IDEREBRERE [ZEBRE] LR, HEB2HBWUT:
By > 16t DROBDMEQFBEE, BE() = 0.
v > 26 var(t)BFE,var(t) = 245 > 1o

gy > 3k, BEeETEE 2Rl o,
By > 48F, EUEESHE=A 17,

ERMSEEDE

E[z — E(x)]* 3v?
ol (v—2)(v—4)

BT RIRSIZE SIS (fat tails),

0 EEHEVBIRBEAR (DRSBITEREILR, W2
t B N(0,1) & v — 00o




ERMSEEDE

x~x2(m)y ~ x%(n), B z fy REEBIIoPEES, 8l



E—BEENERBER, IRILEROR, RIBIEBRTEHAERED
S (lognormal distribution), ALY, BARIERIE, TMEN 2 € R, HHE
EASESN  =E2 pdf W0

1

@) = exp(—5[(In @~ p)/o]?), @ >0




AN v

DUBEmE B RH), X BY RS D (joint distribution),F(z,y), &

F(z,y) = Pr(X<zY <y)
= / / f(s,t)dsdt
BEARRBED
2 FEf (2, y) REOZX YIS pdf (joint pdf)o

&0 ARZRNE I PITERIEPTET MBOERPTE SR, BF2

fley) = 0 VeyeR,

/o;/o;f(xay)dxdy - 1




BEAREBSH
=

BRI EC

—RRTNEEE NI, HENES N SREMEH T8, BMERE
R SEI e EDE" .
B DBIRTUT:

£ = [ty
EERMDENBR BEFFDES (marginal distribution) ] HERZ 28D

[SEIEH2B2 (unconditional distribution) ], TRENTE BT yHIE A
I 0ka) 8



B, yBIE (p, ¢ FEBSPREDEMLIA:

mhd = E((x — p)?(y — p1y)?)
= //x—ux (y — py)? f(z,y)dxdy, p,q=1,2,---

Mey = BT — )y — py)]

= cov(z,y)

TR —MFARIEV I R (covariance), BELlo,,FRiE.



MEEATREN

HE#Eo, Mty —RINOEE (BMEREEEER). 0,8
BEZIEEHEMUMTE, U—RESIBHE RE(L" R [1ERHRE

(correlation coefficient) o

Pzy = )
Y7 o0,

RPN EEEEENR 182120, 0,, € [-1, 1), Bp,, < 0B,

&, AR EMRIENEE, py > 0RIRT _ZHIEMIRIEAERET,
Mpzy = 0BIRID _BEIRIEABREE,



1ERASIBIIH0RY R

iElaEEsy - A O

BHBAERTAASESHR T BAMETRLREID? SRETE
. B8 NBII) MBS RERE B B8] A/)VE. B Ene
@%&%&B’J B s 2 R 0, T [MERIREL REBIRIEARRE
E.

BB (—1, 1) 809 DRR 2 ~ U(-1,1), ,
PsREBIINEREY, BRMEEy = LHBBAAE, BER1
g1, By AR T:

B V1 — 22, ﬁzzé,
YT —vis a2 mmo L



iElaEEsy - A O

BRy? =1 — 22, Piha? +y? = 1. Tz, yMBEIREAR0, R _S
FIRIEARRE, BREERY? = 1 — 22, T A28y MBRRER-1, BR

cov(z?,y?) = cov(z?,1 —2?) = —var(z?),
var(y?) = wvar(l —2?) = var(z?)
cov(a?, y?)
p$2y2 - 5 3 - _1
var(z?)var(y?)

O] B By NG 1T |



1ERASIBIIH0RY R

iElaEEsy - A O

817 BN EHEEN SH" S| "M, M [18RHRE R
BERMIEREEES, SEFBRBIIH, U ESEBREN, BR 28
FILBRITo

BINEMFRIEENSE L, KRERNBRUE AR LS ZE RN
E(HIEr, = Inp; — Inpy_q), NELEBHHZD (difference), Bl
WAy, =y — yp—1, SERFEAEED, EE2REFHANEEEIN, TNED

cov(ri—1,m) = 0

cov(ri_,r?) >0

B AR B, Bl AEBII,



DB EREEIED
=

IR D EC BRI B =

RPlo,y—B&R6I, PTEBIRLDE (conditional distribution) FLE#ES
—BEHNEA T, —BEHHDE. HIW, HBHEX = 2BIEA T, yBE

B, f(y | x), M-

_ [y

Ry EBBIIEGE, BIRIHFD BRI DEER:
flylz) = fy(y)

fBEX = o F yWiIRHFHEER:

B(y | z) = / yf(y | z)dy



IR D EC BRI B =
BREEHENEEDT:
O EOHEARA (Law of iterated expectations)

E(y) = E-(E(y | ©))

® S5E(y|z)=a+ Pz, 8l

_ cov(z,y)
b = var(z)
R AR D) a = E(y)—BE(r)

© EHRF DA (decomposition of variance)

var(y) = vary(Ey(y | 2)) + Ex(vary(y | ©))




SEEEEOL

W
Rl
il
3
R
3
&

BN, BHREBB—EL CHIEREHNHS DR (joint
distribution)e Hx1, o, -+, z, BMEEREDE, I
Br = (1,...,x,) [RIESBERZRDE (multivariate normal
distribution), FRE®:

z ~N(p,X)

ME pdf TFEBR:

/

i ®) = (=) 191 expl— o - 5o - )

5~
3



BREEZOMTEWT:
o Bn =1, EXFLEERR —MOBEZEERE pdf:
f@) = —= (") Fexpl—g (@~ w2 =)
1 1 x—p

o z;B2FRDEC (marginal distribution) TNARERE, TN
Bla; ~ N (ui,02)o

o cx ~N(cp,cXd), MEIZBEFREH RIEESIDRERE.

o TEEREDET,[TAERE] SR [B11l,

o Br~N(p,Y), IB—BITRESRIEERDE, MEAN:
z; ~ N(pi,02)e BRZBIFKUMTL, HFL2ER, BIEEBIBIREH S
HHRIL(ER) BROEK, BEMSOERUE(SH) B




1B+ E R&DBC (conditional normal distribution):
Bao=(,zh) 2R (nx1), 21 B (ng x1), B 228 (n2 x 1),
Xn = mny + ng, MENL:

[ . ]
Tr =

T2
FIIER AR B I BI:

A

Y1 Y12
Yy Yo

P—

IS Bz BT, o VR FIDE B IR A B R REE 19 B3

E(x1|z2) p1 + gy Sia (g — p2)
cov(zi|ze) = Y11 — X122, PN




BrRlyB_TTIHMEEROE, RIGE«HE T, yI R HEER:
)

cov(z,y

E(ylz) = py+ var (o) (T — piz)
= a+fx
Hop
5 - cov(z,y)
var(z)
a = py— By
IR EBER:
2
var(ylx) = var(y)—%

= war(y) — Bvar(z).




HReDEc _RIV2 DB

BRI D HARERZ R DB (multivariate standard normal
distribution), FEM:
x ~N(0,1)

BIE R R EHDE, SBERn:
ve =327 ~ \3(n)
B, Ba ~ N (u,3), BEONA—EeiEEa)

(z—p)'S Nz —p) ~ x*(n).



HReDEc _RIV2 DB

BASABATE, BUBEE—IEE P, (n x n), EEBPLP — I,
BP'P=X"1, Fi,
z—p~N(0X)

BZ =Pz —up), 8l
Z ~ N(0, PSP') ~ N (0, I)

Sl

2'7 = (w—p)P'Ple—p) = (0= )57 o —p) = 3 2f ~ x5



EREN . — R 20 fic
BAaYY [E/Eik] B X = CAC!, SP=A"3(C", 8|

P'=(A"3C") =C(A2) =CA™2

HPA2 = diag(1/v/A1, -, 1/v/An)e FIEL,

PYP = A :C'CAC'CA— %
— A GF.J-A-T-A3
— A 3T.A-A3
= In
ma
PP = CAEATRC
- CA




£

HReDEc _RIV2 DB

ARY = CAC, FTA
v = (cac)H)!
_ (Cl)—lA—lc—l
_ (C—l)—lA—lc—l
= CA IO

ERERCRIERIEE, FIAC = C 1,



