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Chapter 13
Uncertainty




< ANEBEM (Uncertainty)
< HEZ (Probability)

< 1B7EF1E X (Syntax and Semantics)
< IR (Inference)
< B3I (Independence) 5 DIAHEFERN (Bayes' Rule)
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1781 A = & CRT t DHRTENIS D A BERIREITRFEX AR F?

o] &0 -
1. BBOAIMAY GERRES. EMRAHAITRIEFES)
2. BRERERSE (RBRE)
3. 1TENERWATREN (FBRH)
4. BERGZBERIUNEINRSE F%
Em, —1MaErEERAEER

1. JERXUFE: “A,; will get me there on time”, Z{&E
2. SHIREFRITKIELEIL

“A,s will get me there on time if there's no accident on the bridge and it doesn't rain and
my tires remain intact etc etc.”

(A1440 Might reasonably be said to get me there on time but I'd have to stay overnight in
the airport ...)
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< KA (default) 3¢ JEE 1 (nonmonotonic) 1545
 BREHENESZIER
= Rig A TIERYF, BRIESEMEXLTE
= (o). WRLRi%EEIER? AR E?

“* Rules with fudge factors:

= A, | >3 get there on time
= Sprinkler |— 49 WetGrass
=  WetGrass |— 4, Rain
= [o)RR: HAEEAVALIE, e.g., Sprinkler causes Rain??
< ML (Probability)
= 1R agent FIE{SE (degree of belief)
= AEFTAREFESE (available evidence)
= “A,:; will get me there on time with probability 0.04”
(IZHRIZ A TR EEE (degree of truth) MAE AN FAEM, 0 wetGrass WEEE Z 0.2)
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BT S T EA R (summarize effects)

= B4 (laziness): XMELAFIEH PR BEMMNFNEILHTEEESE, B xR XL
Edi:

= JoH (ignorance): FRHERXFSL, #MIRFMHF FFEIRTMFISSEITH)

F W (Subjective) 2 DIRHER (Bayesian) #E3: :
= ERIGHIS agent B SENRIRASHE KL
e.g., P(A,s | no reported accidents) = 0.06
= AFHEFAKRFHITEIS
= A EMEERSEENHINSAETK
e.g., P(A,; | no reported accidents, 5 a.m.) = 0.15
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“ RRFENBETERE:

P(A,: gets me there on time | ...) = 0.04
P(Aq, gets me there on time | ...) = 0.70
P(A,,, gets me there on time | ...) = 0.95
P(A,440 gets me there on time | ...) - 0.9999

< NIZIEZEUBEN1TEh?
= KT AREF (preferences) : $E33AEE vs. SR Z2AT(a]
= WAL (Utility theory) AT XMREFFHITRIAFHEIE

RIEIBIL (Decision theory) = #EZIEIP (probability theory) + 2R (utility theory)
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<o BAZEZR: BEHLEE (random variable)
< SepBliZiEEN: TR FEEXREIEENMERITE X
= Boolean fEHl T =
e.g., Cavity (do | have a cavity?)
- EHMENEE
e.g., Weather is one of <sunny,rainy,cloudy,snow>

MR BRI AL TIZTT Y (exhaustive) « B RHI (mutually)

>

¢ EARGEBERNENEENREHITHE

= e.g., Weather = sunny, Cavity = false (abbreviated as —Cavity)
< BEaBBERs#ENIZEEENE
= e.g., Weather = sunny v Cavity = false
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e BFEH: HFRREH—NTTEDE (complete specification), Agent
X Itk AT gE = AN A E BY
= E.g., tNRt-E R EFFHBoolean = Cavity F Toothache , ABAFH 4
MM EINIEFEH:

Cavity = false AToothache = false
Cavity = false A Toothache = true
Cavity = true A Toothache = false
Cavity = true A Toothache = true

¢ BEFEHERERMTER
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“ FHEERIF R A, B
= 0<PA)<1
= P(true) =1 and P(false) =0
= P(AvB)=P(A)+P(B)-P(AAB)

True
A A B B
-~ | ‘ ] h-.---“‘“-‘""-.,
L
[ e
S
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< ApRRYSEIN B TR IEER
e.g., P(Cavity = true) = 0.1 and P(Weather = sunny) = 0.72
N TFRBEMEEZRINERE

*

L= 4% (Probability distribution) 451 T B B AJ GEMR (& RO T 2R
P(Weather) = <0.72,0.1,0.08,0.1> (normalized, i.e., sums to 1)

BX& 124345 (Joint probability distribution) 3T F—4HREH R, AT X
FEA3E = AT AR R P B R T S RO R

P(Weather,Cavity) =a (4 X 2 matrix of values)

>

&

Weather = sunny  rainy cloudy snow
Cavity = true 0.144  0.02 0.016 0.02
Cavity = false 0.576  0.08 0.064  0.08

‘0

B R TixtEa o) &% EE IS MR MR TEE
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o BRESHRRA—DSBUER
= P(X=x)=U]J18, 26](x) = uniform density between 18 and 26

3

0.1257

18 26

v XE, PEBEREE, Aol
P(X =20.5) = 0.125 really means
dlimo P(20.5 < X <20.5+ dz)/dx = 0.125
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ditio: | probability)

o EHREREEE
e.g., P(cavity | toothache) = 0.8

I.e., given that toothache is all I know

< RTFEHBRERA:

P(Cavity | Toothache) = 2-element vector of 2-element vectors

< WMRFENFIEE L, e.g., cavity is also given, ABLFATA:
P(cavity | toothache,cavity) = 1

< FMEEFIBER TR, BEHITEMK, W0:
P(cavity | toothache, sunny) = P(cavity | toothache) = 0.8

o AIBITEER, XRHEEEEXERH
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ditio: | probability)

v SRR X
P(a|b)=P(aAb)/P(b)if P(b)>0
< FESEMM (Product rule) 2144 7 HE M B —FFZ
P(aab)=P(a|b)P(b)=P(b|a) P(a)
o —PMNERBESH LR AR E/RIIA, g,
P(Weather,Cavity) = P(Weather | Cavity) P(Cavity)
(View as a set of 4 X 2 equations, not matrix mult.)
< $EFEM) (Chain rule) : ZFE4LR A FEDN
P(Xy, ... X))  =P(Xy,.... X)) POX, | XgheeX0)
= P(XpXi2) P(Xi | XX 0) POX | X Xi0)

= T7_ P& | Xy oon X
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“ NEXEBR T/ A

toothache = toothache

catch| — catchl catch| — catch

cavity| .108[ .012 | .072] .008
- cavity| .016] .064 | .144| 576

o SHE—BE g, REAENETEL:
" P(p) =%t P(@)
= BEME TR X R BB

Jiij1
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“ NEXEBR T/ A

toothache = toothache

catch| — catchl catch| — catch

.072] .008
-1 cavity | .016] . 144 | .576

cavity

& JHE—RR o, KMERENRETEY:
= P(p)=%,,L, P(®)

P(toothache) = 0.108 + 0.012 + 0.016 + 0.064 = 0.2
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“ NEXEBR A

toothache

= toothache

cavity

catch

.108

= catchl| catch

.012

=1 cavity

o X\‘J' 1.'_{. S

.016

0, KMEABNRTE
" Plo) =20, P®)

.064

— catch

072 .008

P(cavityVtoothache) = 0.108 + 0.012 + 0.072 + 0.008 + 0.016 + 0.064 = 0.28
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“ NEXEBR A

catch| — catchl catch| — catch

.008
9716

 WRET T EFHHER.
P(=cavity N toothache
P(—cavity|toothache) = (Teavity A toothache)

P(toothache)
0.016 + 0.064

0.108 + 0.012 + 0.016 + 0.064
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toothache — toothache

catch| — catch\ catch| — catch

.108“.012

016/{|.064

< R IEMAYT—HEE (normalization constant) o
P(cavity | toothache) = a P(cavity,toothache)

= a [P(cavity,toothache,catch) + P(cavity,toothache,— catch)]
= a [<0.108,0.016> + <0.012,0.064>]
=2 <0.12,0.08> =<0.6,0.4>

BREBE. HEEATENHERS T, ATLIBEIERETE (evidence
variables) , SRAFTEFEZE = (hidden variables) 3k F1FHVI—1k
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X RFFARENZE, H#EM, FRNXNBRE)EE
Q[EIMLEMENEE E HUE,
THEIEMNETE Y WEREKEHMESH

WRTEAH=X-Y-E, BEERTE ERMEBREHESTHENDBE
P(Y E=e)=aP(Y,E=¢€e)=aX,P(Y,E=e,H=h)
= RAFMZIKALME, A Y, E HAE—EHRTTEZTE
< FREAYIE)RR .
1. MERREEE 2 R 0dY), XE d 2HE AT (arity)
2. WEEZFEAOW), BTFHEMHEHAEZE
3. MNfAT ARk R O(d") SEARIEE?
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“ AFIBEMIRY, HHENS
P(AIB)=P(A) or P(BJA)=P(B) or P(A, B)=P(A)P(B)

| Cavity
Cavity decomposes into \J 00thache Catch
Toothache  Catch - B

Weather —

P(Toothache, Catch, Cavity, Weather)
= P(Toothache, Catch, Cavity) P(Weather)

< 32 (8x4) NELARFER A12(8+4)1; X n NIRI B RIEIFET: O(2") —O(n)

< fEFPmII M EEAR, (BIsENAAERELD
= ZFEA (Dentistry) 2— 1M EERBN TR, BIIHAMIL, FAIE?
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- &
e » .

onditi®nal independence)

* P(Toothache, Cavity, Catch) 5 23— 1 = 7 PMJhIZSLiE

* AR BEAE cavity, MIFNZ catches IR 52 F toothache Jo % :
(1) P(catch | toothache, cavity) = P(catch | cavity)

< MREHEE cavity, XTI MHIRARFEE
(2) P(catch | toothache, —cavity) = P(catch | —cavity)

< #rECavity, Catch fBXfF Toothache = HIHIIHY
P(Catch | Toothache,Cavity) = P(Catch | Cavity)

< —EIFNAVHEIL
P(Toothache | Catch, Cavity) = P(Toothache | Cavity)
P(Toothache, Catch | Cavity) = P(Toothache | Cavity) P(Catch | Cavity)
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onditi®nal independence)

< FA#EIVENE L BNWIKEHMES
P(Toothache, Catch, Cavity)
= P(Toothache | Catch, Cavity) P(Catch, Cavity)
= P(Toothache | Catch, Cavity) P(Catch | Cavity) P(Cavity)
= P(Toothache | Cavity) P(Catch | Cavity) P(Cavity)

ie,2+2+1=5NMaIHF

o EREBBABERAT, ERAFEMIIMREBISHKSMEBETHARNDMN Y
R R PER 1

v M MERHERE TREA, @R
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INBayes' ! ule) *

» SESEMM P(a A b) = P(a| b) P(b) = P(b | a) P(a)
— DM (Bayes: rule): P(a|b) = P(b|a) P(a)/ P(b)

“ RERBMRD BN
P(Y|X) = P(X]Y) P(Y) / P(X) = a P(X]Y) P(Y)

¢ SREESRERIHEI2EHERE2IFEFHMN
= P(Cause|Effect) = P(Effect|Cause) P(Cause) / P(Effect)
= E.g., M RRIIEA (meningitis), S FRRFUSHE (stiff neck)
P(m|s) = P(s|jm) P(m) / P(s) = 0.8 X 0.0001/0.1=0.0008
GEE: RERKEREERNARZR/N)
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P(Cavity | toothache A catch)
= o P(toothache A catch | Cavity) P(Cavity)
= o P(toothache | Cavity) P(catch | Cavity) P(Cavity)

< X 24ME DIMHET (nawe Bayes) 128U fy—™ 82 8 SC 451
= P(Cause,Effect,, ... ,Effect.) = P(Cause) [ [; P(Effect;|Cause)

* BYER n LM
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1,4 2,4 3.4 4,4
1,3 2,3 3.3 4,3
1,2 2,2 3.2 4,2
B

OK

1,1 2,1 3,1 4,1
B
OK OK

P,;; =true iff [i. j] contains a pit

B;j=true iff [i, j] is breezy

o BREAMBEE D, R(IRZFEB,,, B, By,
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—In: 2 pits 5 breezes FAEPETA 1, /M0
—In: pits ZEREHAER, BNAKRBEERZ 0.2, X n 4 pits
P(Pyy, ..., Pua) =1 _ (P(Py) = 0.2" x 0.8 "

-
-
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< FHMEMELL TNEL:

b — —|b1:1 /‘\ bLQ f"\ b2:1
known = —py 1 A —pra A —pag

< BRRZE P(P3|lknown,b)

o

» BN : Unknown = Pj;s other than P 3 and Known

o REA#HEHEE, NE:
P(Py3|known,b) = &2unknown P (P13, unknown, known, b)

= SARHERARIBK

USTC AUTO



o BEARMWR: YN FRFEBR AR I E MR T RERN

3EILE@ }“___-'—'""————19-4-—___1.4_4____\

'\ OTHER

1m0

|

ey

Ve
e L e

@ EX: Unknown = FringeJ Other

P(b| Py 3, Known, Unknown) = P(b| P 3, Known, Fringe)
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P(P, slknown,b) =a ¥ P(P3,unknown, known,b)

unknown

= a Y P(b|P 3, known, unknown)P (P, 3, known, unknown)

unknoun

= a ¥ P(b|known, P, 3, fringe, other)P(P, 3, known, fringe, other)

fringe (thrr

= a ¥ ¥ P(blknown, P, 3, fringe)P(P, 3, known, fringe, other)

fringe other

= a ¥ P(blknown, P 3, fringe) ¥ P(P 3, known, fringe,other)

fringe other

= a Y P(blknown, P, 3, fringe) ¥ P(P3)P(known)P(fringe)P(other)

fringe other

= a P(known)P(Py3) >~ P(blknown, P, 3, fringe)P(fringe) > P(other)

fringe other

= o' P(P13) ¥ P(blknown, Py 3, fringe)P(fringe)

fringe
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B

OK

B

OK

oK OK
T1 T
B B B
oK 0K OK OK oK
0.2x0.2=0.04 0.2x0.8=0.16 0.8x0.2=0.16

P (P 3/known,b)

P (P, o|known, b)

U

(0.86, 0.14)

OK

0K

OK

0.2x0.2=0.04

0.2x0.8=0.16

o’ (0.2(0.04 4 0.16 + 0.16), 0.8(0.04 4 0.16))
(0.31,0.69)
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o BRR RHA T HE AR — MR 2
o BAESHAE T SN BT EIME

< BN EEREFEH Lok Fngenz 0] 2 & b)) i
o SEZGUE, FEERE—MEERERESE R HE
o AR EIE IR TEET A
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