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1.1 BWERRHEBRE

(YET ANOTHER) HISTORY OF LIFE AS WE KNOW IT...

L

HOHO HOHO HOHO HOMO HOHO
APRIORIUS PRAGHMATICUS FREQUENTISTUS SAPIENS BAYESIANIS

BRI %M (Objective) FIFM (Subjective) M, it
b 25 = DL IS Ak R e




But to us, probability is the very
guide of life.

~ Joseph Butler
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Kolmogorov

EIRT Fermat M Pascal WF5 M1 b HIAIL 211 & SR FOHE R
g, W FEREHLE S FL Kolmogorov (1933) BEiE T ™ A& 4%
ISP EE R




The Kolmogorov axioms

i Q BN B A S ], DA
hli R LA 4 R
1. AMERFF AcQ,P(A) >0

2. P(Q) =1
3. P(Ujesdj) = X e, P(A), P {4;:5e T} A
AHEAS AR AT B

MR E AT TR A S, (H, OO Ee
EH, FAT TP T LR A — A SC RS




JUSCERE, BT AR RS

o INRIBHIRES:, BEMT B VIR IR R AR, BN, “MRHEHEk
ORI s, NN AT RE S AEA AR 2 I — KRR

o TRMERMES, WA TR LSRR RS, SR AL
K. B, “REE AR TR BES IR 10,000 47

o RELABEIEE (DRMES) MBS, i, “BOARTEARRE
HEERL TR, (HATRES T




AL R BT
o TR
o WHEE
o PURRR
o fBUEERRRE
o EAMER

Gillies (2000) 45T #4148,




Bernoulli

T Jakob Bernoulli (1713) BIAHYE, Laplace(1814) FET A
FoorHEFRJE (principle of insufficient reason/principle of indiffer-
ence), FEHE T — IR IARUFI E AR AT 77 =




The principle of insufficient reason

“If we are ignorant of the ways an event can occur (and
therefore have no reason to believe that one way will oc-
cur preferentially compared to another), the event will occur

equally likely in any way.”

o DRI, MEARRBOGERE R HUS B A Al RESE R 1R I R AL
(Hr HUHEY).

o DR FAERRIRAYE L, ASRER L T ICS 4ENIE S A

Z3[H).

http://en.wikipedia.org/wiki/Principle_of_indifference



http://en.wikipedia.org/wiki/Principle_of_indifference

B RAIBIERRE

Keynes Carnap

WHRMEARAET 1l AR AOMES, tH Keynes (1921) Ml Carnap
(1950) #EH AR, — M@l H 4580 B PSRN E
(eI LIS H RRERE. IR SRR AL el (7] B8 A A
SRR, HSANMESRETCR. flin, “BIpKdg (H) WREZ hTRE
fiditEk (E) SE0” W H B rCRe iR 2 H %558
E B2 iR,
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BB AEIS A 20E S (formal language) Kidig, HikS2%
152478k . Bernardo and Smith (1994) f5 i, MR 1B MR 5E 26t
Z ST, XS AR IR B A BRI T LTI 0E

hnfl

W R

Von Mises

Venn

ROV Venn (1876) #2HY, von Mises (1919) ¥H/T T [k, 244
ENEE K, — RO R H R AR AR AE S R

TICG5 I HIAR PR,
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BORMEARAZIHOE L, AT B A IR T 0
7.
B EERR

Popper

Poper(1957) 21 & B T iZHE. WA ANYIASE BN RS
MR B ENE, R T ARG B AN, ks
BRI T AL S A W1 L BCE T A R,
PSR AR 2, R AE R R BB AT 4, siE
MR TENEHESE AT,
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B IV RER

€
k

Ramsey

ER 0 AR R AE N B RE, & Ramsey (1926) i
18, MRIEIENE L, R KTWIERSER, TR THE RS
TATZ MR R,

SR b, REHGEATRIER, K AMATE O RE 058 BEA 2l
JEMEEATE, UL Kahneman et al (1982) . HEI, A7 = MHER Y
FESCEAA, EEAROE S TR, IEESERSE L5
BN
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Consistent degrees of belief are probabilities
Cox(1946) 1EAFEH T — B HERE P FR 2RI M50 ABER TN
TS -

o HE, AFGTE SRR G SR LR, BRI
XZAFHE A, B,C, B A= B Ml B = C, IRAIRMRAEE
A= C, Hh A= B3R A 205 B RAENFTREMEAR . X
MMEBERAE AT AR B 2o G MR, HAa S, (550
BEROR.

o HIR, MRINTEE THRAME R A WEAEZRE, B2
ARG EHEE T HAVAERIE A ARAE &L

o HA, WARENHEERNAE A REFESERER/N, LI

E A NEFEHT, IAMRFERB B NEAEEGEER/N, B
LIRS T RATHE A M B #OEAE SR,
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LR EIX LN, Cox TEM T IXFZ 4 — S LA TR EM
T 8 BB R I A A ST

EX EMBR

Cox HIJ7 P AEMIE R, MheA 25 i an i) & S — 25 5 ik
MR, B MR TT A 2R, R 25T R EAE.

De Finetti (1937) & XARHA E fEEE H FXHEMF A FF0
W3, Pp(A|H), h E EEET Y HAY A RAEMA TR —1
L (i) BN T EEWE SRR B (A PIN).

- Pu(AlH)

VIEEI ey

Py(A|H) x 1+ (1 — Pg(A|H)) x 0 = Pg(A|H)
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A AR — R T, B A D ez, B
SELBE R A T RS AR AT ESTE. FTLAED,
KT G I, DR N M A i M A

TEE R, De Finetti $8 H A SUR T BUE AEA S 48
FIRT L MER). Savage (1954) #2411 UBERABH RS — R TT
. O’ Hagan(1988) % 1 &% 3 T T HUEFR R E L MM
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RENRRAL

Classical

A summary of some interpretations of probability !

Propensity

Main hypothesis

Principle of indifference

Frequency of occurrence

Degree of belief

Degree of causal connection

Conceptual basis

Hypothetical symmetry

Past data and reference class

Knowledge and intuition

Present state of system

Conceptual approach Conjectural Empirical Subjective Metaphysical
Single case possible Yes No Yes Yes
Precise Yes No No Yes
Problems Ambiguity in principle of indifference Circular definition Reference class problem Disputed concept
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1.2 ZitHERR

BT E MR, REGHHERTT % D2 .

o L (BER) ST

o EETRMRIY T

o [FIPGET MR TT %
o DUN-SriEtT

Barnett (1999) FEAIXFLL T AR TT .
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1.2.1 THELHERT

Neyman Pearson

XN Neyman and Pearson (1933) Fl Fisher (1925) H/&
iV 3 AP
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e A

ESRETES (e
WL T URREL L(0|x) = f(x]0)
Y55E 0, BATRRERAL (a prior)) X IAHENE
T R T U T

— EMAEIT R ¢ = t(X)

— 0 =60 WEIIEMIA (B ) RS

il

L(fo|z) o< f(t(x)]00)
(3% () ARG )
— TR ¢ RTE F(t]600) WIRHE, W 00 & 0 HY—1

AHME.
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TR A RAFINE TR (TetRit, J5 /N, R
) UMb

AL PR THER T, BIIFERGTE, SRR 55
XTIl T4 SRR ER) o, W2
PU(X) <0 <u(X)f)=1—a
fYIXIE] (1(X), w(X))
A3 NI T
P (t(X) > t(z)|0o) < «

KT o TR 6,
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LR I 5 R A
FEA RN

[
—MRITE t=t(x) HKHE 0 HRASRITE, WX

Definition

flzlt)s 0 k%

Fisher(1922) W74 5N (sufficiency principle) #1F:

WR—AFERGEHR, ¢, F4E, HXMWAFRRER/ NI 21, 2,
WL t(z1) = t(ze) B, MEEE o1 M zp THIGSIRRMFRRY.

P e Wi T 6 2 3 S
EF o ke

FE 1 —MMHAE LR 0WASAHTETLEARNEAELELZI g o b
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A3
f(z]0) = g(t,0)h(x)
EEHERN
INEEZ o P15 P40 T 7 2 T 25 A0 T B2 i R A 28 1

AR Y AT At XAl LI X = AR ¢ B AR e 4
MRS T B EE MR

XA B AR B TR A g SCH A il ERIRE
ANHENE Y B AL SUR B E A I T AL AR, I, ArlRERE
HEEE x .0 WK AHEN.
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SRR R HET

o BEARILIE:
WEAR AR BRI T W] AR & BT (1 Rl RRYE . 3 —2, iy
HUHE WIS G R E S T R AT ) — A R
o FEERIE
BOG, MR AL, e — AN o AR 7 —
MEATFLE, — L8 AT 2 AT RE4h R AR Z /Il THat. @4
— # X ~ Pois(\), W ¢ = e~ MM AAELN ¢ =
(-D)¥ =+1, &M 0 < p < 1.
— XA P A LB S AL 0, LT ANAEAE. BBk, 4B
A T KA T I S Ik
— BRI AR TEER, IR X ~ U(1,0), WFEAR
1B 0 MERRSAM N 6 = X, HimZE EX -0 =
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(1—0)/2. 2% 6 BRIMWEREE R LMK, NEHARZS
R, KA A IO £ 31

NWY ~ N(0,0°L), W 0 FEcRMSARIT 6 = y(dix
INTIRAHT). BN 0 > 3 B, 0 BTN, FA
James-Stein {1 (1— (n—2)0?/||y||?)y ¥ HIRET
7N,

S R AR R AR BTl M R EE
By 95% BEAFIXIEMED (1,3), FATZATHERE?
BT A A 2 RSB H R 3 Yi; ~ N(¢i,0%),i=
L...,n;5 =1,2. BSEBBECN 02, ¢ = (p1,...,60) N
%A;‘%ﬁl {IUF2SESE S O]

L(o®,¢ly) x o~ exp( 5,3 Z Yin — ¢:)? yzz¢i)2>

it o W7 & profile(FITHT) ISR TT i
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B o2 B, 3R ¢ BIERABSAETT
Lp (o®ly) = sup L (0%, ¢ly)

- —\2
=0 exp( 222[%1—% (yi2 — i) ]>
=g 2 eXp( 422 Yi 1l — Yi,2) >

Hk, R o 1 profile USATGZ]

1
~2 X . 2
6" =5~ ;:1 (Yin1 — yi2)

{EPSS

XERT n, 6% HEAHEH.
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— ASERTFREIMIE. I X ~ £(|0). —Bokik, &
FEAR, (/] 0 BIm RMARE AU 0 JRFH s TR BT 7
i f(x]6). (L2, XA AT T I S,
e 0 REARHA.
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1.2.2  ETFUARHERT

Barnard

XFPTTEESE A AE SRR £ F i Barnard (1949) 1 Barnard
et al (1962) 2. B, BIRCSAIRMKST. Edwards (1992) 3.3 7
RE AR JE A
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TS I T

A X B9 RT 0 BBTA AR (S BB S FEMIE « T A9l
REREL. BE -, MREET 0 FIBARFEAR X, Al X,
HALSR bR 20 2

L(0]X1) = cL(0|X2), V0

WeEMEE TRT 6 MHRGE.

M2,

o WURFAVAWABLEE, FIFEA X, FARIFESAT £i(-10) TR
% Ei, i = 1,2 ZHEMER. BAMR f1(X1)0, E1) o«
f2(X2|0, B2), MR- MRAEHR 4 T HFR HIESR (EV), ATTET ¢
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WA R Y. AP

L(0|E2,X2) =cL (0|E1,X1) fOl“ some ¢ <= EV [El,X1] =FEV [E27X2]

o IHMEEWME 60, 1 0y, BISKLE L (0:1]x) /L (02]x) AEHRE S F
01 FIXET 0 UEHRAG— R R (R AR S A L A TR
N, FERRFAEL TSR G. B, FATERELFRMESR
PREL?
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fF LR R

MR FPH R, KR ST RS 0 FIEE A RE
RT3 LA

o [EIERINAEL S GE T p o FIRAESE R TE 0 U7 BB A U I d iy
(IR

o WPURGEH A S IUE IS BT R A4 1R HE U, SRR A 4 4
IERBEAT (TR R 2 2500 R AR AR 5. H e g —
AEET AR ST, AR 20T LTS 2 R LA, i andh—4>
B UG M RE B E PR A i — T B R
r BRI

o IR SR SRR SR E T B SE R, RO LA s B0 ST T
IR, AER, 20 i F SR B AN A LR st 51
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n, fB% 6 = P( head ). FATEAE 0.05 K MG Ho : 0 =
1/2& Hy:0>1/2.

BOIEFRATIERE] 9 D IETR 3 AT, MEBXFRATRBA 2
5 AR R R, TR EAE SRR A . R AT
SEPRHBRELN 12 ¥R, WIBLREEE N

Lz =9) = ( 192 ) 0°(1 —0)*

M p {EH

12

P(X >9[Ho) =" ( 12 ) (1/2)*(1 —1/2)"*7" = 0.073

r=9
R BT REIE 28 IR 3.
B FRATT I PR T B 2t S =R B . U E B A R
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ISR REL

L(6|z) = ( 191 )99(1—0)3

e o]

P (X > 9|Hy) = Z ( S ) (1/2)*(1/2)* = 0.0327

p 1HA

MTTEA L T R AB.

FEIRLSR R P S Y 2518 B2 — 3. (HE LML
TEERA L HRAETON T M T E s, A1
It SE FEAR 23 [ e 5 LA A o A 5 RS []:

1L Q={(ud):u+d=12}
2. Q={(u,d):d=3}
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FHER N

BORBEATAT AT A AR B 1 By RIERT 0, Lo
R MR T . AR AT 0 FOHERT IV 12 U T4 il

5.

HTIEAETR, IClEA B = (x4,0, fi), ZnEillE E T,

x; ~ fi(|0). BIEENLEERE B = (K,xk), 0, fx (xk)), HH
N—_——
K A 1 F1 2 BRI RIS A0, SRS

. EV[Ei,x1] i K=1sox=(1,x1)
EV[E*,x] =
EV [Ez,x2] if K =2s0x=(2,x2)
Birnbaum (1962) HERA T ik
EE 2. MARMNFT AL MR Ao L 44 H R0

FATOGERA FE 7P S AN _E 2 P SN RT LA H AL ER J
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B, 0 By, Ex RPN, & LEEIRE B RN E
SEX. FRE QxS L

L (8|E1,x7) = cL (6| E2,x3)
XFEA L ¢ 7. PRI REIRE
EV(E1,x}) = EV (Ea,x3). (1.1)

MiEGRE B, €L T

T:t(k,xk):{ (17X(1)) if k=2 x0=x9

(k,xr) otherwise

0T X (1,x0) i (2,%8) HUHRME. IBAZHR T R34 %
Sk, e (1) B

0  otherwise

Py(x" = (k,xx)|T =t) = {
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M4 ¢ = (1,x9) B

T

P jp— (1) T = ’ (1) = B
oG = ()T = (13300 = Ty 1, )~ T4

Mt = (1,x7), (& x = (2,x2) I

%f2 (Xg\e) _ 1
sH Q0+ 5f2(x80)  1+c
L f(x*|t,0) = f(x|t) B T TG

HIFEMEEIN,T((1,x9)) = T((2,x3)), #&

Py(x" = (2,%x2)|T = (l,x?)) =

EV [E*,(1,x})] = EV [E*, (2,x3)] (1.2)
P AR RO 2

EV [E*,x}] = EV [Ey, (1,x})] = EV [E*, (2,x3)] = EV [E2,x3]
(1.3)
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ML (1.1), TXRLRAA .
ALY, AT LRI + FER RN = ZPhrE 505 gk
JE + ZAFAE RN = e . O

FANIEI P LA2 A Birnbaum (1962).
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1.2.3 SN EE M
N,

Fisher

fEAMHEWTHY B IR T25 HESEL 0 BRI ENE Y S 56 B, TG 5556
JER. PRI T4 B Fisher(1930) it H.

B X|p, 0° ~ N (p,0%) . p WEBSEL hT T = (X_g)ﬁ ~
tn—1, WIXHEA] ¢, P(T > t) = p(t), 2 p(t) CAI. Fisher HJEELZ
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WHRRN
p(t) = P(T > 1)

:p(@—%\/ﬁM)

r(oen-)

SRIBREL plt) = P (<o — &) O p FHIL 7 — o M0FIDBER
(fiducial probability).
MR LT

o MR WA [ AR B 2503 (0], SERVERAT A7
o WRBARGE ARG, (B4
o a5 3 I P e 4 [P AN

IRZ e, (5T X 8] 5 48 TT 5 B 5E5 T A DU (S AR X 6]
T, Z W Fraser(1968). {HA2 VU3 {F 4T X [R5 N &34
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