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([C. ZNLUND/— RO DDEICHEDBEERZHS T &
WTE, /—FEDRRERMBESNS LD
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T. TOBREDFEIC—TEDEZERI D ENT
Tdo RYKNI—=UTHDHEVWDIEKIE. /—RDD
7% Evidence E U CHID ZCENTENEX. /—RTD
BRI CHIEXRZHMDCEEDHTEDEVNDLDIC,
WHEDHEEDH TED,

PUERATBE. BEDEZUNECHDEECTHDND
EDNDZEVEDDRETRET DEMIEHITHD. T
BhHhB,. ZHDBHEZIIATH ZHZEE Dichotomous
variable DIFETH Do

3DDKEE 3 DDBRLETRMT 2155

ERITREHEEN3ID, BUEN3DDEAEEZT
HES. M3DZD—FITHD. COBNHSBRHETI.
T2, T3DRERHBINTH (B DOBSIC, HEDH T
THEMREERDHD T ENTRECED. TOEA. D&
TD./— ROEL D RIES B DR, TEDHEREE
joint probability (& P(D)P(T1|D)P(T2|D) P(T3|D) CELH
Nn3.

3 EED3DTEMEN 3 DDBEDNA IT Ry hT—IDH

BNICBEWCTZENZND ./ — R ZENZNDDEZE
DEOBERDOHEEIRA4CRIENDABEBRHIND.
Root nodeMZDfEZ & HHEE. FiH/ — RDIBEEIF.
B/ — RICREDFSNCER, CNHITXTDREN
ZTNZND ./ — RO ZNZNDBDEZEDEDHERK(C
55,

X4 nfdD./— RDBEDRERHEE joint probability DETHE

B3DFITIE, T, T2, T3EFEWVICHIZILTHOD.
BPIZIETT DFERISD (CHEZR(TDNN T2, TIDHER
([CIFFESNEVERTH S LEZRL TS,

SRERDEZRNE CIIEHMDZRA PIRE DR (CISAEE
HdpdZENZEVDT, EHDBREDERE L TDRK
EFHDE THRE T 2MNEN DD &Z2EH27 BTN



fco BN DD EWVDRIKIE. Tc&EZA LT DD
A, BHEOBEEEERTT2OBRMERNZLEDEND
CETHD. BUTERIFABEN DD, HEEREN 1.0D
BEIF. TIORRZANDCEET2O/RZAD &I
BUBRUNDIEOSSTHMENZEDEE. KREIF
P(T1+|D+)P(T2+|D+) K D BEBRICIFKREFBICIED .
HDYBCTIHEIT D EICK>TEULWVMERE SN D,

ZINTIE. T1. T2, T3DO@\ERH 1 THoHBEDD
Hd1 ChIERZFAE L THELD. TDIEHITIFE, T1.
T2. T3DERHT1DHBEDDH AT, d2. d3THDE
FEXZZNZNETELTC. ZOHTDHdT DHEED
HEZEEITDINEND D,

T, T2. T3DERMNT1 THo1eBEDDH A1 TH
5 [EIFFRESR
P(D=d1|T1=f1,T2=f1,T3=f1) =P(D=d1)P(T1=f1|D=d1)
P(T2=f1|D=d1)P(T3=f1|D=d1) = 0.6 x0.9x0.8x0.7
=0.3024

T, T2, T3DHERMf1TH oI
5 [EIfFESR -
P(D=d2|T1=f1,T2=f1,T3=f1) =P(D=d2)P(T1=f1|D=d2)
P(T2=f1|D=d2)P(T3=f1|D=d2) = 0.3x0.2x0.3x0.1
=0.0018

T1. T2, T3DOHERP1 THoEBEDDHNA3TH
2 [EIFESR
P(D=d1|T1=f1,T2=f1,T3=f1) =P(D=d1)P(T1=f1|D=d1)
P(T2=f1|D=d1)P(T3=f1|D=d1) = 0.1x0.1x0.2x0.1
=0.0002

T, T2. T3DERMNT1 THo1eBEDDH A1 TH
BDIEER
0.3024/(0.3024+0.0018+0.0002) = 0.3024/0.3044
=0.9934

CDXIEEEZTODEESZ TIREWV, £ T,
bnlearnZAWVWCE UK DA TBNZER L. EENE
EDEFEZETOTCHED,

> DDHd2 TH

bnlearn ZFUL\fz BN O{ERL

bnlearn (C[F% < DEIFIAMEHD D THO. BNICE:E
UTcE T FEHBFD CTEDBNCRD/I\y T —ITH
5. CC Tl TNHO—8ZRANLWCWVD., RcZTH
ZHIZIFTTIEL DEEN 3 DL LD D R2HBZHZIRD &
PTCEHUVEREHZIRDCEHTED,

OEDDKREZV EDDEUNETERT S

FF. K1ICULDTEMEBID@BTZTOTHE Do
COBITIE. BRIEEN0.2. IHEDOEHEREN20%
DFFTH U CTRYZE 90 %152 E 95 % DEgl A= =it UTc
FEDT—FICHHET D, H25E Tk fc JR—
I35 Single-gate study CESNcT—FZRELTA
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BERETEEDD EEZKSNIcBIN 206, EEHFRLERZ
W NIcBIN80BITH D, RIEDA 18BN TH .
2B M. BEBOWNABINMAREE. 76 BINEEMEELD
F—HTHd. 1% Microsoft EXCELICA LD
D%ZM5 (T,

CDT— =TT Dlcsh. RZEEFHL. FTLWLRY
UTJRZFEWC. RIF« YBEEICAIU T Mzt U
EZREST LT,

FTF. RODATZUT ZEFRITUT. bnlearn®) w4
—IDFRIHAF T\ bnlearn ZEFATEDIRREICT D ',
library("bnlearn")

5 BMBKIUBHIEDERD —DEHOETT—5 D
AERIEL(E 100 BT 20 BIHYEZRS O
100D 26 IHF CTZR T
1178EFSNILTHD

RIT, FEEDExcel D¥— T, ASLBCDT—H
Z1017EFCTERLTC. AE—NR5VZIUv I T
Hh. Ctrl key+C (MacDiFE (& Command key+C)
ZEUC, JUYyTR—RICOE—T5. &H. 15
LADTIE—FARECTH D, il C. RICED. LITFD
AOUTRZRIT 4 FICETIANT. TDITICH—Y
IWEBWCIRRECTRITIRY > ZIUwITT B,

HoDUsbnlearnld A A M=)LLTHLZE

AV AR—IVAICDVNTIEFE 28BS REcIiE [APIEFEGSTE#T). 201554, RRNEBZSROIE
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AU T hDETIEWindowsDIFH Ctrl key+R.
MacDizE Command key+Enter CBBEIBETH Do
dat=read.delim(" clipboard",sep="\t",header=TRUE)
Mac D55 dat=read.delim(pipe("pbpaste"),sep="\t",
header=TRUE)

CNICKD. Excel DF—F Mo U w Ti— MEERT
ROAIDZEF dat (CHRINSNG, PEZHERT DI,
head(dat)& str(dat)Z {19 © & 32V —)LICK6 DK
DICHAIEND,

strO )BEMEEHDT —FEEZTR T CDOBITIE.
ZH DI Factor I IFHDBERERZTAO. d1D2DDL
NIUhdd &, ZHTHEULLF0. f1D2DDLANL
DHBDBEREHEUVTCTERESNTVD LN DD D,

RIC. bnlearn DEFFZ AL C dat DT —& Df##fT %
172, bnlearn TlFT—5MBN & UTDREEDEENTT
#4075 Structure learning algorithm? & U Cfaf&san am
Constraint-based algorithm & Score-based algorithm
HEESNTVD, FMlllFERT DN, BIEE Verma
and Pearl® Inductive causaion algorithm” [CE D)
THO. FAICMarkov blanket ([CBRET D7k E DHIBR
ZERITI EC. Xy D=0 DEMPHEER L. RIS
RREFRZRIKHarcZzBET 9. % EH I hill-
climbing. tabu-search’x&EDE 1 —URXT 1w IHER
ZILIVXLZAWSTEET. KEVZEH > BNHMER

Nd.

bnlearn® gs( )BI % H® Constraint-based algorithm
DRTY VT IVIEHED—D T D Grow-shrink JE7%
RITITDEMLDT. INZRVC#ERZITL. &5
[CRENZEREULUIEDAT. CPTZEH T &EZ1TD
CHEKDe TDIEHIC, LEEDAT U T MIHRWTEL
TDRIUT R ZETIT D, fERITDE. Grow-shrink
ECEHdatITHBM U T — Y Z@BITUERZE %
bn.gs(CHEM T D, KRIC. bn.gsICHULTREZ /—R
DRSS/ —RTICAIFHREL. ERZZF dag.gs(CHg
W9 D, mEIC. TESNIZDAG T&HDdag.gsz70
AN
#Learning from dat with gs method
bn.gs=gs(dat)
dag.gs=set.arc(bn.gs,from="D",to="T")
plot(dag.gs)

JOv bESNHERIFR 7 OHEAICRT .

RWT. bn fit BE#EZRAWVTCPTZER T D,
fit=bn.fit(dag.gs,dat)
fit

OV —=)UICHAESNIfit OREIFLLTODED TH D,

FF. /—RDDINSA=FDTFI(Z. Conditional
probability table:h7RENTHD dOH'0.8. d1H0.2
EVDHERDNIRENTWVD, CNIFERTEZERND0.2 TH

6 Excel 57U w IR— MEHRTHIHANLET —5 DHER

X7 E5D7F—5H5SER UZBNDDAG
ERID. RENERET DRIDbN.gs. ARINKENZRE Uz dag.gs
ZNZNplotbn.gs). plot(dag.gs) CHEESND
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D EZRULTWVD, RIT, /—RTDINSGA—=FDTF
@ Conditional probability table:[&D A d0MDHAE. f0
H0.95, DA A1 DFEE. f1HN0.90THDEVNIFER
HRENTVD, TS, TDT—FINHSEHIND
RE - HEEDECHD.

FNTlE. TOBNZBWT. TOEEN 1 THDSE
BFHEDBRICDNA TIEDOBEECHOEEXRILHDE
HFERESTE L THEK D, bnlearn Tld cpquery( )EIEL
BEEINTED. 5% evidencelCHEICIFED /—R
DIEZERTEL. 518 event (CHERZHDEL)./ — RDIE
ZRETDLDICIFEO>TWVD. methodlFT T #)U KT
logic sampling ('Is") &EoTHED. TOHITIFIs&
ULTZOHEZRELTVD., e, fitdEHIE. £
sCDbn fit( B CUB I NIIERZIEM U B E7Z %
I D, f&RIE. Evidence N5Z SNIEBED. RE
INfe/— RDENESNDEKRICIEDD. ZDEME
FEVFAINOVZab—r3av Ty TIU 2 I%g
DIRLTHEDHDT., TDEHZSIHN TEECED. n
HNEWBEICIE. RITOEICHUFDOERLEDENE

SNB. nZHRE UIEWEET T 7 )L hTEfitdD/ (5 X
— DM 5000CTH DN, ZDAFITIE. 10051
HEULCHD,
#Conditional probability query for sample data.
prob.d=cpquery(fit,event=(D=="d1"),evidence=
(T=="f1"),method="Is",n=1000000)
prob.d

HTURER. 0.8196355 WL\ SEMMFSNC. £
SEDETREDHE L FIEFE UENE SN,

TN ClE. Hill-climbing/ZZBWeBN{ERZ1T> T
HKDo
#Learning from dat data with hill-climbing method.
bn.hc=hc(dat)
plot(bn.hc)

FITUCERZR O ([CRY . KEIDERESNITIREET
JOv bENB.

RWVWC, LIFDRIUT NTCPTZER T %o
fit=bn.fit(bn.hc,dat)
fit

M8 SffIEfEERK (CPT) OF—%

9 Hill-Climbing’Ai(C K DER LI BN DAG
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BRIF. H8EEUEBEAIYY—IUICHAIND.
(FC. MFNDRIOUT hZERITIHE. 0.8167656 &
WOENRE SN, BHTDREND DN, FIEFEUE
HE5NT.
prob.d=cpquery(fit,event=(D=="d1"), evidence=
(T=="f1"),method="Is",n=1000000)
prob.d

3DDEE”Z 3 DDZRIE CRHI T 2155

3DDEEFEZ3IDDZRMIETEZIMT . KDEMS
BNZbnlearn CYERL U CH KD, EELEE USRI,
RE - BREICHEDRDICAINIER LT —5Z
10(C7R" T,

CDTF—F7ZEEDCEL T W TR— MRETH
dHAATbnlearn TET L CHE D, KT K10DAH
SLB., C. D, EQT{TENS 101{TEHEX CTZERL.
ZHdatlCT—HZBINT D, MacDIFEIF LS,
dat=read.delim(" clipboard",sep="\t",header=TRUE)

PIFDRAZU T N ZIEREITT Ho
###Three diseases three tests
#Learning from dat with gs method
bn.gs=gs(dat)

#Make a arc set and set it to bn object.

10 3DDEEBZE3 DDA T 26IDT—5

arc.set=matrix(c("D","T1","D","T2","D","T3"),byrow
=TRUE,ncol= 2,dimnames=list(NULL,c("from","to")))
arcs(bn.gs)=arc.set
plot(bn.gs)

FERTUTDERITT. B11ODAGHTOY b
[ay g/

RIS, CPTZIER T D1z, bn fit( )BEEZETI D,
fit=bn.fit(bn.gs,dat)
fit

K12 ([CRT K DOHERNE SN, CNHDCPT(E
K3 (CRITHBDERUTHBD

CDKDIC, bnlearnZAWVDCET. BEREHDWIF
BEHERDFSTENEERICTED, TNCTIE. T1. T2, T3
DERDPIXRNTCINDHEICDNAITHDEEZ
cpquery( )BEHZRVTCEIELTHE S UTDAIY
TRDEKSIC. 51 evidencelCT1, T2, T3DE%= ==
THRELUCKTHEI D ETPOD=d1|T1=f1, T2=f1,
T3=f1)ZXKIRT .
#cpquery
prob.d1=cpquery(fit,event=(D=="d1"), evidence=
(T1=="f1")&T2=="1")&(T3=="f1")))
prob.d1

11 3DDEETIDDZUTETEZETI DHBEDBN

d1DEIN60H). d2DAIA306I. d3DAIL 10BITE 100BITH DN, TD—

[:ikcnne

T, T2, T3OZNZNOEBICHITDRREER 3 ITRIEICEDL DI, f1D

EREFDIEFMZRELTVD
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fERIF0.9954128 715D, FEEDFIEETEE U
BEEFEFER UENE SN,

T, TD3DDEER 3 DDERTETEZHIT 26T
(F. T1. T2, T3M3DOZRENEWVCHIILTWVSD
CEZERHRE UCEITZIT ol 2Dz, gs( )
# 77 W\ T Grow-shrink/ A C#HfT L. KEEFZE%
arcsetlCY MU wOREUTHREZEML., TDEZ
gs( )BEBDRITIER THDbn.gs4 T T bDarcs(C
BEITHEWVDIEZAVC, BIEHC, arcset¥ b
w2 ZORBIFE13ICRTHDTHD,

CNOSXREHDOEGFEREDT—FICEDWcDHDT
FE<L, BATEN 3 DOEZMAFIITZIUL TS END
EEHEUCERELUCDDTCTHD. LML, KDEY]
HHEEUTIE. BHREBOIEEZSDSD UHETL
T. HENDDBRICIFHDETHAET DI EDHER
DPIETH D, BNOIERDERIC Hill-climbing &2 AW
JcBa. T—YhODFE CEREBDKFERDD
WERARERZA S CENTEDDD ULINEWVLD T,
EERICPO>THEKD,

12 3DDEEZE 3 DDZUHE TR DIBED CPTDIE
b fit( BRI KD ETHER

#Learning from dat data with hill-climbing method.
bn.hc=hc(dat)
plot(bn.hc)

BFONIEDAGIER 14D CELEED, K11 EFE
FHRREFEDNEESND LD ol

bnlearn® hc( )BE%L T Hill-climbing} A TF — 4% % f#
FIDEICKDT. TDKDIE/— FOERERA
HOEDPBULNEVNEWNWD CERFT—YZHTTHEXT
FHDEFDFHNULWVWTHA D, SEICDKDTH
REGRHAIRSINcDFE. H10ICRIKDIC. T—H1E
MDERIC. WIFNDEZRAICDWVWCHHEEREED LD
AICERDEHETEOE 1 DEAZEWVCfzH. B
DN R E D fcfchEBER B5ND. BIFHIC, 1.
fODEZ2, 1[CEEHA T, cortest(x, y, method="
spearman’ BERZBWVWCHEBREZESE L&A,
T1-T21& 0.792441. T1-T3(& 0.7379882, T2-T3(&
0.7693925 L@\ EEINERD SN,

13 arcset¥ hJwIXDAR

E14  Hill-cimbing34(= &2 DAG
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ZFNTIE. M14DDAGICEDL CPTOENE DX
DHETCHEKD, UMTDATZUT S ZEFETT D,
fit=bn fit(bn.hc,dat)
fit

ERIFUTDED TH Do

CORZREDEDDDLDIC. /—RDIFH./—
RZ#FFfz/EL\Root node’$DT. K12 (TR fEREE
UTHD. /—RT1HE/ —RKHBDTHBHTEFREU
DT, M12&EEUTHD, /—RT2F/—RT1E
(FHFR/ — RIZDT. T1DEH 1 DO TRESND,
T3FEE ./ —RD2DHbD. /—RT1ET2DRICKD

TP ODDERDRESNSD.

CDRDIC HRAERNDELEDBNICEDWNT. T1. T2,
TBORERNIXTINDBHICDAAI ThHDEEE
cpquery( )BEHZRVTCEIELTHE S UTDAIY
T hZRTT D
#cpquery
prob.d1=cpquery(fit,event=(D=="d1"), evidence=
(M1=="f1")&(T2=="11")&(T3=="11")))
prob.d1

f&3R(1£0.8167656 E1Eofc. K12 DAGDEBEEE
FTEVSIELDEICTE DT,

15 14DDAGICTEDL CPT
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