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5.1 JUAHEZ
5.1.1 FWHH=R
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(DR EEE U PP NER /N RS = AU P U UK (52 bR i AN SOV N N YU R S TR A IR
B UL 207 A8 5 LR A A i PR 9 B A AR L TR e — o 2 AR

P PRAE AT BE B IE S W P AR T L e S AR AR IR W AR X A
WA AE 5 100 DU - $r A8 5 JU) i 4> AR £ B8 T 2% D 10 3] B A R

[RLRE B 1) 538 AT — Aol ZEN D — TR ™ S AR R T 3 B B RO BE RO 0.8, 1K
LAY 0.8 JE AR AL 2 4F i 22 90 M Y I Y — 26T 3 05 B 28 A R S A fE

— BT N W S I SR BE AR AT AR R RO 0. 6. X HLAY 0. 6 SRR
WA A C 248 B AR R 2 00 R 2 I B SR AT 6 208 1T A AR A&

DU IS0 AL 23 S 0L 4 X A T Bk T S 8 A TR 9% T A RS 6 TR S R U
JE o PRI DU S0 R 5 o T BE B I N B AR A B B A [ T R A AR A

X BICRE HEAT A9 5P B Bk AT HE R A SR AT BN L A ) A Jik 97 A 32 0L B AR AN TR .
SR PN B A 0 R 25 b B 37 B4 0 B — D0 T 00 A0 2 A8 P B IR LR O T 1 R
I H R — AN AT B2 22 P B B AT 75 L T 75 — A U B84 BB BA 5% I AT RE 25 i A 4R
R I B ia 23 AR DA A B A BE 7 G 3 ¢ 15 A SRk — 2 M 3 B As e A W AR T 3
LU 32 2 7 UK AT A BE 400 ) 2 IR TN P RE 2 T A 2 ¢ 1o BT A A T A O R
LA T 6 PR A — B IR T 2% A A R

28 B A< 7 1% 5 A B WLAF A B A AN B PR LA AR Y . A TR R B P B B
FTHEFEFOI o A 22 SRR B fy 2 A 2R DO B 9 1 1 DU R R S 7 AR IR Y 2%
PET AR PN BEAT 100 35 L 38 o — AT BB 22 BUAT 50 35 89 i 4[] iF 2% 452 55 4b
50 .,

EME R A B SRR Z R EE NI F Z A R B EE FHIEN Y
GRS BVARLF p I o T R 3 Y Al ZX R R 7 e T B A R R SR g
5% e WA A 1) FOUN L % P B BR LU T U G A0 TN b RO RT BB R AT R A A S I kL R ]
MR AR e HE A AGF =5 00 R A5 R T X S A8 S A DB — AR AR 5 B HL 5 T R R
Jiike
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501.2 NHHEE

1. AR

(D EMFE A REMFAET FE B RARBR, AR BIEFMFA LA TH
SRR L P(B[A) Hr P A MARESESAESR P (B[ A) WA S0 2, TH3 A1

R AAX N
_pPANB .
P(B|A)= DA (5-1)
AR AR A AR R4S B R iR A U
P(AN B)=P(B|AP(A) (5-2)

(2) WA BNEAFEHILF SRR P(AB) =P (A)P (B) oL, WA FH A A 1 B
ARE L. BB A P(A[B)=P(A).P(AB)=P(A)P (B) L.
BWALA Ay o ABENLE R R H AR m Q<m<) DN FEAMF AL
Ak2 "“’A’Z,” ’%[Sﬁ
P (A Ay s+ 3A, )= P(A, OP (A, )P(A, ) (5-3)
AL W FRFAE A LA, o A, B E ST,

(3) ﬁ Bl 982""9871 %EK*H%{%{#?P(B{)>OJ:1’29"'771aHL7J1 B,:Q9X¢’ﬁ5‘%’:\
tyirt AC U B, S5 depk A BER I 24 R

P(A)= D> P(B)P(A|B) (5-4)
i=1

&Bl »B; 5+, B, iﬂl—iﬁ*ﬁfg%ﬁ:vp(ﬂ>>0»i:1’2"“’n’P(A)>0vm\'ﬂ'£$ﬁ:A
RAEMZMT M B KRR S
P(BA) _ P(B)OP(A|B)

P(B;|A)= P A -
DIYP(BHP(A|B)
=1

(5-5)

RS /N WS AL /N WS

2. DURH R 3R

BB Q= {C,Coreee s O} A m AR B 5 FRAE [ X % d 4E ] 4,
P(X|CoHRFFAEM & X FE2 ) C, RE T IR AR P (COH R C, B iR, ]
A 7 T8 T 3 1 DL A 2L R SR P (G| XO SR ARl

P(X|c)H

P(C[X)= P(X)

P(C)H (5-6)

Hrh P(X)= ZP(x\cJ»)P(c,.)o
DL I3 e S 0« SR AR RS i BB P (C | X) >P (C; | X)) a7 W RE A A
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X BHE NI C, .
3. MAREREIE

AR DU 3 24 SR 2 —Bh 3+ 50 5 LR 09 07 vk« fE — IR A F T R e g
MR MG TR ARG 15 B AR L T U 25 Rt R .

4 P (o) 2R e MSEEIER . BERR o ZIEM R, P (X) &A1 ZHEA
X (Mg P (X | o) RARTEMBE ¢ LM A FREA X S A8 B B HE =% L AR 438 DL it
28 3URT LAAS B )5 S0 ME R 1T 50k

Pl x)—= PXIOP @)

P (XD
B C ORI AW T RO R 7 40 E R M ZEAR S HEA X I a5 31 5 4k
FIRTREME R KA R B3 c € Co B A f5 K AT RE k09 1B B a1l 28 50 Bl Ak O i K e 38 ik 3

(maximum a posteriori) s ICAE Cuap o

(5-7)

- Xy = P(X|o)P () )
Conap argerr(}axp (c|X) argmax PX) (5-8)
T P(X) 50K ¢ Jooe. 8 BaAnl 48k
Coap = argmaxP(X‘C)P(() (5-9)
ceC

LA G ERMNBREIET iR R AR E . ki C iR MR B A A 55 10 56
AR WX TAE R v, € CGFE)) A P (ei) =P (¢, BHGHE — P ik, A&
TP (X[ o Bl 2 3k 3] 5 K. P (X[ o) B FK  #) K B 44 B 82 (maximum
likelihood) ,iC M cpi o

Col = arg(;err(}axP (X|e) (5-10)

5.2 DI Groy R DR AR
5.2.1 FvENMHHErHFEHER

DL 37 03 8 i 15 22 501 A 3R DU By 70 SR B 2 e BB B A 0k 12 A T L A
RN 2R DL IS8y AL TR 25 Al LU T B o B L R SR SRR AR 22 20 288 e 7 ) I 1 A
PR I HOR Z2 8O 00T 20 SR Bt L » IR AR SE PR A 38 T T2 B . 0326
A — DANRERE - USRI S SR A e AR B BT - B 45 72 RS B & 1F T
JE Ak Z T e A B ST A o ADER DL 23 AR B S A R T AP 5-1 s

BBREARZ A m DI {C L Coseen, SRR ERA 0 DEPEA LA, AL RE
—ARMERNFEAR X= (wroas ez, P 2 FoRE ¢ AR HUE . B 2 € A AT
A A SRR X= (2 v B T2 C A<k<sm) BIBER . i DT 24

PGP XICO 1p (P (X W8] P(C X0 B A

FHE P(X|COMP(CoH. 4 C(X) N X FrE e mIAREs . i D307 20 28 v ], 40 51 %t

.6 PC | X)=
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JRMETT A5

P 5-1 b2 DL 38 23 26 % B 5 A R IR

TAER i) #HA P (C | X)=>P (C; | X) B WK 20 i HE A X F1IR 43 2600 €., I
W38 3 28 4% B9 TR R Oy

ViX)= argmaxP(C,)P(X‘C,) (5-11D)
H AN 2K DL 307 23 25 % 10 J M S MR L R A R M 20 (G=1,2. w00 o) 1)K L S A5 1
7 ]
Px|CcoH= [[Pc|CDH (5-12)
k=1

FEAXG- 1D BHR N

V(X)= argmaxP (C;)) [[ P (a2, |C) (5-13)
‘ k=1

P(CHRETME . @ P(CH=d,/d itHER, Hrh d, &8 T2 C, I ZRFEA R
MG BNGFREAR M BE, BRI A BB MR H P (x| CH=d,/d, H5 1%
F, Hp dy RN GHEARESGTETRC HHBEEA BUEN 2 WEARN. 4 2R T
C WNZREARN B AR 250 TAEE AN T

(D H—"n EFFIEm X = (21205000 2,) RFERBARFEAR R EAR X X n N8
A LA LA IR,

(2) REFEARZS A m PEIPRE C, o Cy e s C s 3T T4 58 1) — S A 50 2 Bl bR 5 119
BARFEAR X, 0 RE R X A e o B s J5 AR 25 09 28 1), st 2 v, AN ER DL B 432
BEER R AN REAR X A 20 Co 2 HAU S X FAT R j. & A P(C | X) >
P(C; | X) ar  1<<i<lm , 1< j<m, j 741, f# P (C, | X) W5 fie KAK 926 51 C, BEFR h i K
Ja BB .

(3) T P X)) AR ANIR A, X T BT A 2 51 A8 2 5 55, B 4 DL o 07 2, i K
b P(C | X) BB KA P (X|CHP (CHBIAT 4 5 25 A 56 56 HE %< R 260, U] 5 3 1% %
R HE R JE A SE Y, B P (C) =P (C,)=--=P(C,), ir LI H 7% & Kk
P(X|CHBIA], & Wk B KAk P(X|CHP (C), Hhaf iR S,/S %t P (C)) #174h
TR S R 20 Co AR A5 S 2 I ZRbE AR CSE 125 [H)D 1) B 58

(4) 52523 ] b Il R AR A B 8 PE 3 2 it L 5 P (X Co) Al BE 4 e # B ik, P B 4
K, BEB A DA A S YE B« A4 e REAR bR 5 1 50 T e SR MR 2 A0 B

S ST B R 22 R AEFEAT AR A 6 L I R i s ksr: P(X|Coh= [[ P |G
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HAMER Py |G P (2 [C)seen s P, | Co) B 3FSE AT o A AR 25 i) v 09 DI SRR AR 30474
Tho SEBRIE P ARYEREA B A BB HIGE SRV T, % B8 T 1 ARG T
o WIRJEME AL RIELLR W — AR E IR IEZS S A0 AT R TR SRR
o WRJEME A RBESHN W P (x| CHO=S,/S, , Horp S, JRAE S A5 0] h J 51k C,
MREAR T EE Ae EBUER 20 BINRFEARDN RN S, 2| T30 C il e A
AL
(5) X F AR AFEA X X520 C, AR P (X | COHP (Co o FEA X BN
KB TN CL S HALY P(X|CHP (CH>P(X|CHP (C) A<i<<m 1<j<<m,jFi,
W2 VEREA X PR IRENME P (X[ COP (CoH B KA 5 C,
FNZR DU 37 43 JEAE R A S A AR T
(1) X YIS B A2 0000 3 A 3000 A R AT 18 IO A 3E R e 2 (b 32
(2) FARVILGREABIEE Gt I E R C AEd, s T25) C 1
A E A BUE R 20 B SEBIREARNE 0 F ST 3
(3) RS P(CH=d./d MAMMER P (Av=x,|CO)=da/d: FIBMEFFK.
(4) HR 5T FEBER V (X) =argmaxP (CHOP (X[C) .
(5) FHERE S RE A B a4 98 T 159 B 10 G 1T 26 M 238 3% LA K b 2 4 19 0 28 1
W A5 oy AR

5.2.2 NMME{EZMLEK

D ZR DLt 307 73 & A5 4 2% A0 20 ST B BT K™ K 1 A ) 2 X R L Jg Pk =2 18] A — R A
KMEM S, T A 20— Fh S RS B2 AR AR P (X[ Y) BT . TR
BEOR 25 58 S BT B M AR ST L T SRV S MR R P AR A ST

1. EERTR

D1 -3 15 25 ) 2% (Bayesian Belief Networks, BBN) , faj Fi D1 -3 ) 2%, i B I Feom —
HBENLAS B Z A BEROC R . DU 28 DL AN £ 22 1040

(1) — A mICHE (Directed Acyclic Graph, DAG) , £ m Z M KBTI LR,

(2) —MHEARFR BT GUHE B BT ORI .

HBEAMALE R AB M C, b AR B B S I HAS EL 3 m 5 — A48 i C,
SRR ZEMSCHR AT LU E 5-2Ca) Hay A 1n T B SE . B th A1 SRR — AR
i, B ARIME R | Z MK SR, RN X BY A —FAmI00 X 2 Y i E:Y
EXWFL., B MRMEPEE 5N X 2] Z WA m a0 X & Z k. mZ
X WER. g e 5-2(bh i AR D MEL.D & B LS. H B fl D A2
A WEACT A DU 0T 0 4% 0 E PR B s DL ST I 2% e 5 — A R R B R AR Y
SO AL &S TERAMIEERT S, B’ 5-2(bhihgiE CoA KM T B M
D.KJ B A D #J& A ARG m . AN D7 43 28 % v i1 S5 4l ST A st mT L D
MR 28 ok KR . AR 5-2(O R P Y B HARSE (X X, X BB .
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R P

B 5-2 DU & M 4%

P DU B A5 A8 0 v B T I 28 I 45 A SR 45 A i ST M A S AT R DGR — A HE
R QR X WA B AL R A S el P (X)), R A X B —14
A S Y, M FEFR G EMEHEE P XY, MEWE X AHEZAHLHN N
(Y .Y, Y, MR & R P(XY LY, Y0

WP 5-3 BT 7R S DU 37 I 266 6 — 4~ 491 7 60 JOE 39 80 1198 JB 3 s . R I v
BEASAS B AR T AE O E S T s CHD) (14 A BE T A 6 B T 52 0 3% 958 95 19 78 B R 2K
B an $B B CED AR B (D) 8% . 0 JIE 76 1 50 749 6 B 1 9299 1 RE IR, i g g (CP) Al
LR (BP) %5 40 5-3 FF /s .0 98 CHB) AT B I T A fil e 19 2K £ . [l i 3 AT fiE 3 3%
i 9

E=yes D={g
0.7 0.25

HD=yes
E=yes 025 HB=yes
D=1 E D={gt 0.2
E=yes G D= {5 0.85
D= {5 )
E=no ST
IBYNE]
D-figE | 0 -
E=no CP=
0.75 yes

D=A{a HD=yes

HB=yes e

BP=p5;

HD=yes
HD=yes 0.85 HB:I}I/O e
HD=no 0.2 HD=

HBve 0.4

=yes
HD=no
HB=no 0.1

P 5-3 D 3 JUE S R0 9 i A9 D i 38 7

S W) 5 995 T A 88 R 28 0 Bz ) 4 s R 5 2 3 R 3 T IR 0 10 DL BB AT R A
o S AR BT T AR B AR, M T A S, BT AR T R, R
P(X=2)=1-P(X=x),P(X=2|Y)=1-P(X=z|Y), Hth = £m5 = HZ s
o UL AP RES AT LIRS 55 kA% . Flan , SRR
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P GRHERE = no| Bl = no KB = ) =1— P GLAERN = yes| 88 = no k& = {5
=1—0.55
=0.45

2. fREES

DL P 7 00 285 (10 S 5 A A5 B B I 4% 5 AR LA R A — A S B R P
WESRAE . L8 FN a8 A8 AT LU TE o % 32 L A9 45 B0 4 58 iR i A5 . 380k 5. 1 45 i T A g
DU 07 R 28 3 F N SR 1Y) — > R G AR

BES. 1 DU 2 P A5 R Y A iU T

(D # T= (X, X X)) FRA B — D BIRKF .

(2) FOR j=1 to d DO,

(3) & Xr (DFRRT W8] DWIFem i EG,

4) /ﬁ\ (X ()= (X1, X050, Xy (thl) }%%/j?ﬁﬁlf Xr (])WEE@@%E"J%QQ

(5) M (X () R R4wxt X A 52 1) A28 & T ZE 50 HTD .

(6) 78 Xr ()M (X (G o A3 9 A8 H 22 1] 5,

(7) END FOR,

FATLAEL 5.3 g foi) fige B L3R 20 B8, g A7 25 3R (D) Ji5 . A2 /¥ i (E. D, HD, HB,
CP,BP), AR & D JFlf . &3 2 R (2) ~ (7) A EI LT 45 A5

s P(D|EYikfE R P (D),

« P(HD|E.D) Rfigfbfii.

« P(HB|HD.E.D){kf A P (HB| D),

e« P(CP|HB,HD,E,D){kf& N P (CP|HB,HD),

+ P(BP|CP.HB.HD.E.D){kfii}y P (BP|HD),

FT LB AR A Sz E A 9K (E.HD) . (D,HD) ., (D.HB), (HD,CP) .
(HB.CP)# (HD,BP) . X L3[4 a1 4N &l 5-3 i 7 09 9 28 4544

TEVE 501 PRIEAR B F N EE A R AL FE IR . X — AR IE B AR R . WRAEAE IR
B2 Z DA — S5 IR MAIR 5 5048 ] & 7 19 a5, OF BB DR O — 0 i U5 49 i 48 )
PP . B TR 501 AN A e IR 5 0 30 8 3 19 a5 i A 7 PRI HR Fh 25 4 v oR
R,

SR W5 X A8 1 R FHOR ) B HE P 7 8, 19 20 I M R b a5 i T BE s A A8 Mk, Jhdkdn
FEE R AT e i AR 25 L R EAE R R B SO 2 ) e AR T AR Z 450K, IS BE L AT RERR
BRI d) AT RE A HEY A RE I A R PN A A 3O — T A TT A AR R AT 5 .
— PR ARy R AR B A I DR AR R4 SR AR g, AR S N A5 D DR A ) HL 6 Y A 4
AR, XA AL T UL g A . — BRI T A RN 5 &
R ORI MR R E T . XX SRR A T LA B L AN 3 DL 43 28 2% o it
1 5 kA
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5.3 VUMMM S B o B
5.3.1 AMEIUMHT S %58

[6 5. 10 5 FHARZR DU 307 53 28 248 5 fif R A — A4~ 23 2R 1) . AR 40 R A0R 100 ok ) iy
FRETESITRIEK, 45E K 5-1 Fros iy 14 DY E) K& — K i J& 7% outlook,
temperature, humidity, windy &1k .22 JE 4 play tennis,

£ 51 14 Nl

day outlook temperature humidity windy play tennis
1 sunny hot high weak no
2 sunny hot high strong no
3 overcast hot high weak yes
4 rain mild high weak yes
5 rain cool normal weak yes
6 rain cool normal strong no
7 overcast cool normal strong yes
8 sunny mild high weak no
9 sunny cool normal weak yes
10 rain mild normal weak yes
11 sunny mild normal strong yes
12 overcast mild high strong yes
13 overcast hot normal weak yes
14 rain mild high strong no

WA — M3k 32 4 2. <outlook = sunny, temperature = cool, humidity = high, windy =
strong™, [A] X — K BiE G TR ER? B8, KATHY Q
A 55 5 2 22 Y0 0 S48 9 28 1 play tennis AYHRL
fH (yes B no), Stk FATH T 418l 5-4 7R (9 Ak
E UL A

K 2y fl C 3Rn 2R Jm PE play tennis, HiAl (i) () %) )
AT ALA LA AL R4 AN JE E outlook,
temperature, humidity, windy, K & C 2 A )@
P AL 2T A P AR JE MR A 2 R R A
ERONVE TSI S/ /AW &)

P 5-4 Kb E UL IS 2326 3 B A A
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V(x)= argmax P (¢)P (sunny|c)P (cool|c)P (high|c)P (strong|c)

c€ {yes,no }
RIHE V(). FFENNFE 5-1 Froa iy 14 DS INRSZB] hAGTF 1 HESE
P (yes),P(sunny|yes),P (cool|yes),P (high|yes).P (strong|yes),P(no),
P (sunny|no), P (cool |no), P (high|no).P (strong|no).

HARMHEIT

P(yes)=9/14
P(sunny‘yes)z 2/9
P (cool | yes)= 3/9
P(high‘yes)z 3/9
P (strong | yes) = 3/9
P(no)=5/14
P (sunny|no)= 3/5
P (cool|no)=1/5
P(high‘no): 4/5
P (strong|no)= 3/5

B LA

P (yes) P (sunny | yes) P (cool|yes) P (high|yes) P (strong|yes)= 0. 005 291

P(no)P(sunny\ no) P (cool \ no)P(high\ no)P(strong\ no)= 0.020570 4
ALUL AN R DL 37 73 28 f 45 e SE 1) 73265 no

(615,25 FHANER DL 307 53 258 8 R il e ik A — A3 8 Tl AT . 2 Y — 1 T 3 Jost 2% 4

P e M GRAEARLE G FIWT I — I % R 5 23K ik . 455 Q3R 5-2 Fron iy 15 Sl sk
11, Hevp A A~ SE 45 1 JE 7 agesincome, student, credit rating R RAE A 5 192 51 Jm
A buy computer, % J& £ A W > A [R] B9 BAE L B {yes.no ) . BRI A7 5 > AN ) 19 25 5l
(m=2), ¥ C, XN yes 251, C, XL no &5,

F 52 15 EH

age income student credit rating buy computer
<30 high no fair no
<30 high no excellent no
31-++40 high no fair yes
>40 medium no fair yes
>40 low yes fair yes
=>40 low yes excellent no
31+--40 low yes excellent yes
<30 medium no fair no
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izt
age income student credit rating buy computer
<30 low yes fair yes
=40 medium yes fair yes
<30 medium yes excellent yes
31+-40 medium no excellent yes
31+:40 high yes fair yes
=>40 medium no excellent no

WA — K524 x. (age<<=30,income = medium, student = yes, credit rating =
fair) ] 33X — S22 A5 25 K7 FRATT A AT 55 J2 22 A W 45 08 /9 ik SE 2 s 7 G ik
2= C,

A 2 XA

V(x)= argmax P (¢)P (age << 30 |¢)P (medium | ¢)P (yes| )P (fair|c)

€ {yeseno }
RV o AT A KRR RE P(CH.
P(C;): P(buy computer = 'yes') = 9/14 = 0. 643
P (buy computer = 'no') = 5/14 = 0. 357
R P (X[ Cowi=1.2, 7150 F I & 3
P (age = '<C 30'| buy computer = 'yes') = 2/9 = 0. 222
P (age = '<C 30'| buy computer = 'no') = 3/5 = 0.6
P (income = 'medium'| buy computer = 'yes') = 4/9 = 0. 444
P (income = 'medium'| buy computer = 'no") = 2/5 = 0. 4

P (student = 'yes'| buy computer = 'yes') = 6/9 = 0. 667

P (student = 'yes‘\ buy computer = 'no")= 1/5 = 0. 2

P (credit rating = 'fair'| buy computer = 'yes') = 6/9 = 0. 667

P (credit rating = 'fair'| buy computer = 'mo') = 2/5 = 0. 4

X = (age << 30,income = medium,student = yes, credit rating = fair)

P(X|C,): P(X|buy computer = 'yes') = 0. 222 X 0. 444 X 0,667 X 0. 667 = 0. 044
P (X | buy computer = mo")= 0.6 X 0.4 X 0.2 X 0.4 = 0.019

P(X|C,)+ P(C;): P(X]|buy computer = 'yes')» P (buy computer = 'yes') = 0. 028

P (X | buy computer = 'mo')» P (buy computer = 'no') = 0. 007

K, T AREAS X, AM 2R DL M0 25 F 0 buy computer="yes",
5.3.2 BBN

AN TE 5-3 Brzn 9 BBN K2 Wr— A A2 0 A0 IERT . T T B RS 7 A [a] 69 1 2




