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1. IMMHRARSRIE (Bayesian decision theory)

MHERRRIE B IRRIESR FLFERRIVERTTIE, WTHRESFKR, &
FrERXRECANERL T, NHHnRRICE SUAETIXEHERR
FIRSRRIEIR RIS IFRIC,

FRIZANMEgERIEAITRIE, YV = c1,c2, N Aij B 1N ESEIRICH
c; I RNRED R FIF4ERNREK, BEFERMERP (c;|x) REEHAR
TR e TF-ERIHAEEIR K (expected loss), BIfEtFEAz_ERY"S4X,

f&"(conditional risk)

R(cile) = Y50, NijP(cjle)
FERISESH—MHEENA : X — YURIMEBIERXEE
R(h) = E;[R(h(z)|z)]

B, W IMEART EheER/IMUFEXEER(h(2) ), NS RXSE R(h) B
Fa/IME

A4 7 I EmENI(Bayes decision rule):

AEIMESEREE, RFESMEF LIGFHEEERMRBE R(c|z) g
BESE AT
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h*(x) = argminR(c|(x))

ce)y

LERS, h* (x)FRANMHHEERIUSZEEE (Bayse optimal classifier) , 523
RIAOSANEE R(B* ) FRAMMERXIEE (Bayes risk) .1 — R(h*) KRBT %
RESATREIAZIRIRIFIERE,

EERRR/IMDRERE, NIRFAREKN;IEN

)\ij:{o’ if 1==]

1, otherwise
hainliveS Uk
R(c|®) =1 — P(c|x)
/M BRI N AR 52K

h*(x) = argmazP(c|z)
cey

ETFNHETER, P(clz) = P<cl>j(’:)vlc>

ATXNATANER, REZ, KEFEHHRIIENEAEE, BoERY
IEEALBE—T. XTEEEXRER, BRANEECIMERNET
BB HRIRE.

P(c) MR
P(|c)FRAVEEAHIERE E ISR

o SR RIELERRMSTERIRIEEER,
o EIHR: REMERRETHIER, BERRNCEMEREAEA
{SHYE R SCPR B HIRZRIAIT,



TR MR EF DT AP ZEF DA EAICS, RIEAEEER (2
HAEBZN, MRETRESTHEER) | XE23)IGFEARFTERN,
P(c)RILAERSEEMABRRFNE. ELRRTRFMHRRP(2(c).E
RANERERESRS cFHIIHR, EPRAERENRRSHRAR, &
RE—BEEERE, SRESIRAMERGTHERM oM, Ei
X BRI ERATIALT

2. IRARIAZRG T

WA ELT (Maximum Likelihood Estimation, &#RMLE) , E—Ff

RIBEIRERERGIT RS MSEGA. BERKRIRRSREREAES

EMRErEIRsm, BETIIIGERIHRoHRISEHTET. EA

EISEEMHTERp(z|c)F, RiRp(z|c) RA—1MSEH 90D, RIEHEES
RIEERMBVIGEAREKMAITT. IR OBEFE: GitHIESE
(HEEMFEARHMAIEREK, BIMEEIISETERMUARR K.

4D, TG EDRECKAERES, BRRERARITRS
19, MIBE0.XIHURLED, KRS

P(D.|6.) = HweDc P(z|6.)

SF0 TR ARG T, MEESHEERALAP(D, |0, H5E1El.. B
MEE, WKUAGETEREEOFrEsERES, HEI— 1 BeEEuREH
WAy B get AR E

ETIRERIEKEREER (BZEM Fm) . —IRFRAIERXTEUUSA
(log-likelihood)

LL(ec) - logP(Dc|ec) — E lOgP(iB|06)

xeD,

IR S 210, ORISR, J
6, = argmaxzLL(6,)
0.
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FLA, A SSEsmIZRdiEmMR S EUATT. BREHEKIARE TS
ROEEE, —RRDAUTHENZE:

o 1. EHILIARRREY;

o 2 XJURRRELENTEL, FEEE,

° 3k, CIRSEN0, BEUUATSTER,
o ARUATSIEH, BEIMBSEEIARTK,

3. fhEMMHR S

NIRRT+ EBRRIDEE R, MEMRIMEDEEEN
XA ERNRIBERRINER, AN ERRBEERLEIXER: T4E

RUFDRIN, REFELCIUHIAIRA T 2S5 BIMATRR, BT &EX,

BUAALSDRIVE TINS5 BAKR, MFtXANERE, (RMED
FER—RBA, BIHMRMRIBXEHIMERS, R+8/\JUB3EMN. 7t
2We? RARAFIEEMANLERES, SRAREATREEEMABILMN

A, BESEHEIAERT, BINSEREFMHMRERRZES, XaE
FhER I HHRRYRBAR RS,

L
ETREFMPRHRIR, FTLUSE

P(c)P(x|c P(c
P(clz) = 9759 = 25 TIL, P(aile)

dABMEE, «; NeERI B ERYEUE
ha () = argmazP(c) [[%, P(z;|c)

cey
Xt s N HTRYERIATC
X, AEMEFENETREHRTRNATNFEANE N B ETTEESEN
e

| ‘DC,J:i |

WTREREE , BIESHRERLUGTA: Peic) = 45
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NFEEREE, BRLBERNESS S, NRAE=ATLUGT:

plaile) = Jh—eap(— B2
S5l
X B AN HUEEE3.0.91)
- (EELE-ANH)
1 5, B, R, miE , GO, IR, flUsk, B, SRR, 17K
2 1,8, WY, o, JE R, U6, BT ,0.697,0.46, &
32, SR WY, i, TG, Mk, iEHT,0.774,0.376, &
A 3,5 M WEYE PR, JE T, [Y1RG, iE7E,0.634,0.264, /&
54,58k, W40, Ui, TG, M, i#1E ,0.608,0.318, 2
6 5,3k, W4, PR, JE T, Y15, i#7E,0.556,0.215, &
7 6, LK, M, i, JE T, A YT, 0K, 0.403,0.237, 4%
8 7,508 RHwE , Wb, AR, RN, B0KG, 0.481,0.149, 2
9 8,58, Mk, v, JE T, AV, Y, 0.437,0.211, &
10 9, G, UL, AR, AH I, Y, 0.666,0.091, 15
11 10, F &k, Mt , JE e, G M, P4, B0kl , 0. 243,0.267, 5
12 11,3k H, 5, i, SO, F3E, iV, 0.245,0.057, %
13 12,7 H, W4, W, B0, P, 20k, 0.343,0.099, 77
14 13, T &k, Tk, o, AR, MG, iV ,0.639,0.161, 15
15 14,3 H, THES, YTk, FER, Mk, i, 0.657,0.198, 17
16 15,55 AHlE, o , 5T, AR, #0k,0.36,0.37, 1
17 16,3k H, k648, i, B, 38 , fiE ,0.593,0.042, &
18 17,7 %x, W40, Uil , AR, AT, B, 0.719,0.103, 17

A LEEEEG— RS EES, RG] W1 #HToE:

1 5, O3, AR, M, SO, TR, filUsk, B SR IR
2 A, FHex, WEa , PRI, JE T, Y15, 1Y ,0.697,0.46, 52
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? W ﬁmﬁmﬁﬁ%‘* " 4
4 gr=2)=g=
28, S AHE A% S ﬁf-ﬁ? [ ;
$ or 4 it fTA & LR - P& 3
2B wekE = ﬁ)
i S andan . a3k = W | & g
— A HEHRT. i o g =
Pﬂiﬁlg - Pﬁﬁ% = ﬁﬁ | ﬁ g
Pug|® = 2=
s =M | R =N
g K = ﬁ) é
HEE = ?ﬂiqﬂ [ ﬁ e 9
Pﬂﬁh’? = P( ﬁ% E 3 -7_
Pyt = p(5FE = M | =)= g
Pygis =P8R = it | iR =B) =g

P — PR = 1 | 1T = ) = 5 =
Py = P(BFi6 = M | R = &) = 5

Py = PO = B | /K = &) =
Pawys = P(RE = T | 7K = &) =

Per: 06072 = P(EBE = 0.697 | IR = %)
1 P (_ (0.697 — 0.574)

" Var 0129

P osona = P = 0.697 | 43 = ®)

Sl 2
o o (‘ (0.697 — 0. 49(:‘.)2 |

| 201952
P& 0.450 = p%ﬁ% 0.460 | #7 = )

Ve L;M 3
Paw. 04605 = P(ﬁ‘ﬁi {]450| “-9Jrs

0N
m exp ( (0.460 — 0.154)2






P‘hg]g — P(éﬁ N ﬁﬁ |
[Flif, IR FUFIEZR Py 2 "-ﬂ-ﬁﬁ‘%’

Py = PR = R | 18 =) = 533

K ge 4 i G BRI G

%K LA 3 YIGRAEFEAR ]
R, o5 IE S T 53 Bﬁ(prior) o) 2 qﬁ&%ﬁﬁ?ﬁ

s IS, & ER AT
ORT e g T T SRR (. 3
TS o A2 LT 2 B SR TR I, S TR
FEBER s, s VI, TR 3 DL 5 S B R (I BT R A

SE BT AR SK, IXREE AT T R “2ide” BNATREAT RN, 4R

Vv, BEELE WARA “WiHi" (lazy learning) 77K, SEANHEATEMT
RIS TR 5 e AR 24 BT B S AT M A 4 5 B AN M 38 m, s

A AR b, (U R (0 JR A AT e O A5 (AT 7 5046 TE R

RS 57 5]

SEE - (EFAPYythoni# 1T A 936

BMNARFIREUHE, FEAFDNA. BIRINEHH? XERFIERKRE
NARYEF (token) , —MAFRRFHREEES. ALUEBRAFERNER
id, tAILAERRAERIANES, WIURL, Pl EFREMFRIE,

DA RBSIRAG. ATAEBHXIARE, BIIERKREEMEN
Sit, FrAZERE— MRS, NREFESER T AEEEEENT
HIES, BFAMZBSINRAARETAS, HEXERTE—MEEIAIE
K. SULCIEREFNRA, BEEAEEEME, ER1F0D5IRT.
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"my","dog","has","flea","problems", "help","please","null"

"maybe","not","take","him","tO","dog , par\kll,llstupidll)"nullll

"my","dalmation","is","so","cute","1","1love", "him", "null”

"stop", "posting"”,"stupid", "worthless", "garbage"”,"null"

vi b W N R

"mr","licks","ate","my",
11"
6 "quit","buying","worthless","dog","food","stupid","null"

steak", "how","to","stop","him", "nu

Python3EIj :



1 # * coding:utf-8 *
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import numpy as np

def loadDataSet():

SR, VRERE
@ return postinglist: ##E%E

@ return classVec: 7r2K[r&

postinglList = [['my’', 'dog', 'has', 'flea', 'problems’,

‘help', 'please'],

[ 'maybe', 'not', 'take', 'him',
'dog', 'park', 'stupid'],

['my', 'dalmation', 'is', 'so’,
'I', 'love', 'him'],

['stop', 'posting', 'stupid',
'worthless', 'garbage'],

ltol’

‘cute’,

['mr*, 'licks', 'ate', 'my', 'steak',

"how', 'to', 'stop', 'him'],
['quit', 'buying', 'worthless’,
'food', 'stupid']]
classVec = [0, 1, 0, 1, 0, 1]
return postinglList, classVec

def createVocablList(dataSet):

B 1] 22
@ param dataSet: %t
@ return vocabSet: 1A%

vocabSet = set([])
for document in dataSet:

# SR

vocabSet = vocabSet | set(document)

ldog',



return list(vocabSet)

def setOfWords2Vec(vocablList, inputSet):
SCASR] [ B 3] RN R AR AN, SO TR, AR R AL
FRL, BALe
@ param vocabList: i#%
@ param inputSet: HiAEELE
@ return returnVec: iR[Al[]H &
returnVec = [@] * len(vocablist)
for word in inputSet:
if word in vocablList:
returnVec[vocabList.index(word)] = 1
else:
print("H.iA: %s AEFEZEFH " % word)

return returnVec

def trainNBO(trainMatrix, trainCategory):

I

@ param trainMatrix: llZ&&E

@ param trainCategory: 7728

numTrainDocs = len(trainMatrix)

numWords = len(trainMatrix[0])

pAbusive = sum(trainCategory) / float(numTrainDocs)

#B7 IEFEA KA R RIS ve, S 3E S HIRRERv0, Fr AWIUGH
AL, o BHRE 2.

pONum = np.ones(numlWords)

plNum = np.ones(numWords)
2

poDenom

1
N

plDenom



for i in range(numTrainDocs):
if trainCategory[i] == 1:
pINum += trainMatrix[i]
plDenom += sum(trainMatrix[i])
else:
pONum += trainMatrix[i]
poODenom += sum(trainMatrix[i])
# XA logek s, FETHE, BoviJagtbBoRD, FraxtsiR
BAH R .
plVect
poVect
return p@Vect, plVect, pAbusive

np.log(piNum / plDenom)

np.log(p@ONum / p@Denom)

def classifyNB(vec2Classify,p@Vec,plVec,pClassl):

FAI RN

pl = sum(vec2Classify*plVec)+np.log(pClassl)
po

if pl>p0:

sum(vec2Classify*p@Vec)+np.log(1l-pClassl)

return 1
else:

return ©

def testingNB():
listOPosts,listClasses = loadDataSet()
myVocabList = createVocabList(listOPosts)
trainMat=[]
for postinDoc in listOPosts:
trainMat.append(setOfWords2Vec(myVocablList,
postinDoc))
pov,plV,pAb =
trainNBO(np.array(trainMat),np.array(listClasses))

testEntry = ['love', 'my', 'dalmation']



thisDoc = np.array(setOfWords2Vec(myVocablList,
testEntry))

print(testEntry, 'classified as:
',classifyNB(thisDoc,p@V,plV,pAb))

testEntry = ['stupid', 'garbage’]

thisDoc = np.array(setOfWords2Vec(myVocablList,
testEntry))

print(testEntry, 'classified as:
',classifyNB(thisDoc,poV,plV,pAb))

if __name__=='_main__ "':
testingNB()
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