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(D) JBI AR, 3@ it B AR P (e | XD R T (U5  BP 2 M4 R L) .

(2) A= R aCRE AL, G X BE A AR AR P (X, o) BEAT A ARG FRIRAE P (e[ XD,
P(X.c) _P()P(X |e)
P(X) P(X)
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P( | X)=

import numpy

= ol Y R A€

nl =200;n2=40;m=4;h=6

#nl AU SRS B, n2 2 I BURE 4 m R AP IS h R AR EL

S1 = numpy. zeros((200,7))

# e — IR R

S1[0:30,0:6] = numpy. random. randn(30, 6)
51[0:30,6] =1

S1[30:60,0:6] = numpy. random. randn(30,6) * 3 + 10
S1[30:60,6]=2

S1[60:140,0:6] = nunpy. random. randn(80,6) * 5 + 20
S1[60:140,6] =3

S1[140:,0:6] = numpy. randon. randn(60,6) * 10 + 30
S1[140:,6] =
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S2 = numpy. zeros((40,6))
S52[0:10, : ] = numpy. random. randn(10, 6)
S$2[10:20, : ] = numpy. random. randn(10,6) * 3 + 10
52[20:30, : ] = numpy. random. randn(10,6) * 5+ 20
S2[30:, : ] = nunpy. random. randn(10,6) * 10 + 30
#si WEEAR, X R test BUilE
& BB AR A AR 2 ) s e i B A A
def beiyesi(X,Si):
S = numpy. cov(Si.T)
S = numpy. mat(S) ;m,n = Si. shape
a=1/((2 * numpy. pi) ** (n/2) * numpy. linalg. det(S) %% 0.5)
X = X — numpy. mean(Si, axis = 0)
ans = nunmpy. dot(X, S. I)
ans = nunpy. dot(ans, X. T)
p = numpy. log(a * (numpy. exp( — 0.5 * ans)))
return p
def many beiyesi(X,Si):
# ZABARFERR AR 2 B] S1oH LA AR
a, b = X. shape
P=[ Dbeiyesi(X[1i,: ],Si) for i in range(a)]
return P
def final(X,S,m) :
1li=1[]
w=[]
a, b = X. shape
nl,h=S. shape
h=h-1
#P[4, JIREREE JABARAESS 1 AR S ) b il 9L A%
P = numpy. zeros((m, a))
0 = numpy. zeros((m,a))
2004, JMUERS § DMBIEE TH 1 AR S [ A%
for i in range(m) :
1i. append(numpy. argwhere(S==1+1)[:,0])
w.append(len(1i[i]))
Si=S[1i[i],0:h]
p = many beiyesi(X, Si)
for j in range(a):
P[i,3]=p[]]
for i in range(m):
w[i] = float(w[i])/sum(w)
for i in range(m) :
for j in range(a):
Q[4,31="P[4,3] * w[i]/nunpy. dot(w,P[:,3])
return P, Q
P,Q=final(S2,S1,m)

AR AT

test. py:36: RuntimeWarning: divide by zero encountered in log
p = numpy. log(a * (numpy. exp( — 0.5 % ans)))



68 || PythonBlHit & & LK

test.py:64: RuntimeWarning: invalid value encountered in double scalars
0[1,31=P[4,3] * w[i]/numpy. dot(w,P[:,3])
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p(X,0
p(X |6 = 0
HR A DL e 2, A7
P X [ Dp
p(X | 6)_—p(X)
AL, 1T DA o ke 4 3 2 m RUSRPE I 5 vk . R0 S 0F X kA iz SR R L (0| XD Ak 1T

BRY W RENE
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WA AEPRIN R R — A0 A1, BESR R HUE 53 A 1) BAR S 80 B2 J %0 E AR TR [ 1 2
A, AT DGE 5 — S o R B e S8 . X B 28 B AR R RLAR A 3 2 — P AR 4l R A
Al TR R A 0 SR 2 M Tk

B RARAN T2 T3 T 0 BT REMI(E (BRI ZEFT B nTRERY 0 BUE . T3 — A
XA R TT REPE” B R AL AR Y TR R R 5% R S B L A R S5 5 . e
TAE L S R A ALAR PREK .

201 X) _p(Xp(?{))p(@)

HR A B Y U B4 5 78 2 B ST [R] 3 A REAS B, p (X0 AT LLGE 3o 45 8RR i

AR AT, FEX B QAR Z G B AT ARSI p (X BUME, JF4 H S 1R 18
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A,
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0 = argmaxp (X | 6) :argmapr(x,- | 6)
0 0

i=1
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import numpy as np
import matplotlib. pyplot as plt
fig = plt. figure()
mu = 30 e Wil ]
sigma = 2 £ 0 A BB U R 22
x = mu + sigma * np.random. randn(10000)
def mle(x):
e KA SR A T
:param x:

:return:

u = np.mean(x)
return u, np.sqrt(np.dot(x — u, (x — u).T) / x.shape[0])
print(mle(x))
num_bins = 100
plt. hist(x, num bins)
plt. show()
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3.3 MEIHH
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o BEHUANR VLT (MultinomialNB) « A 4 BE (9 RRAE #7502 25 5 R L AL &

o GELEFIFNR VLT (GaussianNB) o T4 4 i A9 R AE A 02 7% 2 B B AL AR &

o IRATANR VT (MergedNB) « £ 4E FE W RFE A 25 50 A #2281,
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PR AR TR AT 2 FH 8 L A 28 DL it 30 Dk 10 B — B2 5 1k (AR 3 S A RTR 5 7 11 A
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o FNEE DI S A AR S B R S B Y e S () (R — 3 K K. o heyamrieg )
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o FNEE UL SIS 02S 18] © AR BRI BRI S IME R p(0,) = p(y=c,) FEAZS
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pOREEKE) = p CBRIE) =0.5
R A5 2 2 Tl ) S B R0 DR SRR A T o AR TR EARUOR AR 2.3 04 ANRHAE CR/D I
NG ARSIV B9 26 PEHE AR AT A R D B R A i s 2 Il ) G B . 53 7%

p ONSER | R HEHE) :%, » CREER | A :%
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p GHFAT | R =%, » CHINER | RHEHE) =%
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D ORBRKE) = p ONIER | NIRIE) X p UM | REEKE) X p HIIER | 4B :5%
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108
Fi DL€ AR 45 78 FEAS BT S B0 5 2R S AN K
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EFFAE 55 1 AU RBLAG T I A PP RER B (X =y [y =c )WL 0, AT 5 BUA Y ]
RE MR EE LA o 27 LR AR 22 o fifp DR A [ L 1) I 3 SR A 2% NG T R A 3 T (e A
K T I I DL S ) L R
(D RSB,

N
DIy, =c) 44

i=1

N + KA

P,y =c,) = , k=1,2,,K

(2) AR,

N

ZI(IEHaﬂ sy =c,) A
; i1
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DIy, =c,)+S;2
=1

A =0 Bl R KA SRALG 11, A =1 B U]y 4 7 38 37 387 - 1 (Laplace Smoothing) ., i3
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en 11 o | e D1
pPORTAT [ K = pUHMIER | B4 = ——

NI X
25

~ ~ 25

DRI, AT 52 O 3% TN g 2 5 R AR i S SRR 25 SRR R

HERARE R WA AT 3 R A S8, 5 i B A0S A0 m] 9 e b, 5 B i —
ANFEAR DU B RZE SCHE 3 Rl B AT 2 T E A 38 H S RE L 140

o JE SCRBUINZR 4R B 31 S Bt R 19 e &5

o RO UNZRE SR UM I Sl SR AT RE S A R0 Sl R T ZEI 2 il — > B3R

PREC L 2% DR pR KRB A il 1 205 7 OO R SR AR
o M B3 R BOE ST R RORT A pR AR
AR F R XA FAFEL .

import numpy as np
&8 SUHF DU S AR R R B2 5 B LIS B4 R

class NaiveBayes(ClassifierBase) :

self. x,self. y: idHIINZENTE

self. data: %0 EUAL, F7if 55 B 6 F 04 4% 10 A 2R 19 4R OG5 8

self. func: BRI PR PREL, BENS AR IR A Y x .y i 6 R 1) S 6 A R
self. n_possibilities: jg %4 /™4 B FRAEBUE B 54 - [S1,82, -+, SN]
self. labelled x: it 4% &4 IT 5 b4 i A H0H i £ 4

self. label_zip: i ZEHIAH MG B B, MEARR L, & L&A A E
self. cat_counter: Z.O LA, if k5 1 28504k 19 %L (cat J2& category 4 )
self. _con_counter: #.0AUAL, I T i0 UG 45 10 ME 556 A 86 B R ALK £ 11
self. label dic: %005, H 1 S £U A Th 28 5l i 10 6 4 6 JR

self. feat dice: .0 F M, HI T 0 SR AUH 1b 45 4k BEARAE (feat) B Y 4540 5C R

nun

NaiveBayesTiming = Timing()
def _init_ (self, xx kwargs):
super (NaiveBayes, self). init_ ( *x kwargs)
self. x = self. y = None
self. data = self. func = None
self. n possibilities = None
self. labelled x = self. label zip = None
self. cat_counter = self. con counter = None
self. label dict = self. feat dicts = None
self. params["1b"] = kwargs.get("1lb", 1)
# HE 3 _getiten 38 FAF DL 40 8 X K& property
def getitem (self,item):
if isinstance(item, str):
return getattr(self," " + item)
# R FME LI L, X Y tar_idx A self. _tar_idx (Y2 L —F
def feed data(self,x,y, sample weight = None) :
pass
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B TSR I EIET2R0E L, X B sanple_weight ZHU KRB FE AR E
def feed sample weight(self, sample weight = None) :

pass
R BRI FAANARE L SHRATRRARGEAERFI T EF, X E
RA—ANANEG . HFARERILT ENAHFAG TR,
X AR R SR A HE SR 2 AR AR AR AR 22 Bk v B X T AR R B A R N 2 AT
TR AR OGRS . [RIRE , B 78 £ 7 ok A 4 AR R DU S OGS 8 p A AN D 2
HAEEEN .

2 E SCRA A Y I 2 R R
(@NaiveBayesTiming. timeit(level = 2, prefix="[API] ")
def fit(self, x = None, y= None, sample weight = None, 1b= None):
if sample_weight is None:
sample weight = self. params["sample weight"]
if 1b is None:
1b = self. params["1b"]
FUREAEA =, v, AT EAN %, v B0 56 LB E
if x is not None and y is not None:
self. feed data(x, y, sample weight)
= I R AZ O B R A B e 3R R AR
self. func = self. fit(lb)
BT HEEOREILFIE L
def fit(self, 1b):

pass
DL b S AR R 5G9 ot A, T T gt A B 8 O AR R . AR AT S kAT
CRNERIY LI

2 58 SCTROM 8 — 4 7K f) R 5L
& S B get_raw_result 12 il 1% p6 KO i H T 11 28 50 348 2 i 11 R 194 0 %
# get_raw result = False NI % 285, get_raw result = True M| %y H )5 36 HE R
(@WNaiveBayesTiming. timeit(level = 1, prefix="[API] ")
def predict one(self, x, get raw result =False):
& T HEAT PO 2 T, B S 4 B o A BE BB Ak
2 gAY Numpy U, B K T 4 B Python 1Y A4
#3X &l Python $ 4 78 BUE AL X A AR 2B
if type(x) is np.ndarray:
x = X.tolist()

= A, 5
else:
x = x[:]

2 I AR D 7 vk AT BB A, %07 Tk BB L (A 1 S ] i A [
x = self. transfer x(x)
m_arg, m_probability = 0, 0
3 7 4% 28 ) 4k B e A 5 AR AR e Ak Y 28 531
for i in range(len(self. cat counter)):
p = self. func(x, 1)
if p> m_probability:
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m_arg, m_probability = i, p
if not get_raw_result:
return self. label dict[m_arg]
return m_probability
258 LI 224 AR 11 bR 2, A B2 AN i ] B THEE SCHY predict_one pRi$X
(@NaiveBayesTiming. timeit(level = 3, prefix="[API] ")
def predict(self, x, get raw result = False, x* kwargs):
return np. array( [ self. predict one(xx, get raw result) for xx in x])
28 SCREXT BB A7 PPAl 1 7 ik, 3 BT LA TR SR A L o B A D TR
def evalute(self, x,y):
y_pred = self. predict(x)
print("Acc:{:12.6} %". format(100 * np. sum(y_pred ==y)/len(y)))

EE: IUMR LR ZTARNZN AR ATFRNMNE B AN BHRRRELEXEA®
SRR —ANE R 4, R R R R TS A A BE AL BEAT I F TN, 3% B A 3R T A M)
*7.

3.3.2 #ENMESXEEZTLIH _oK

2R DL 72 — P AT W Y o 2RIk L T LT T R 2k
(5] 3-4 —DEHEEIHI ML 3-3 . WAEHR —DHRHEAR, X = k. <=30,
NP PP R 3 P S (= P DI & K oy Rl 3£ 1 W T 7 3 i

*3-3 BIEELH

i & B e
w5

FR kA ¥k 5 E W) ST AL
1 <30 =] i h 4
2 <30 & 7 e 1
3 31~40 [ En H e
4 >40 i o il =
5 >40 1% P H P
6 =40 i P o o
7 31~40 i P ik 2
8 <30 oL i r 1
9 <30 i = il b=
10 =40 il P il 2
11 <30 i = L 2
12 31~40 i & e =
13 31~40 [ 2 H e
14 >40 H i e 4

1&&%%”?‘7 C(C] :I%’Cg:K)vﬁﬁ]Eg Ej:/ﬁi%}kth p(C] |X)ﬂ] p(CZ \X)e[:[ﬁ?&iﬁﬁ
Kk X o WEEAZE.
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ALK XA S A R )R R /N WA VAV A = = A
%ﬁEﬁA:uhAwAwm::imAmh%iﬁﬁﬁﬁ
AL BUE N a ), ='<=30"a,,="'30~40",a , = "> 40"
A, BUED NN ayy ="K ap,="F"a,,="5"
Ay WAEINA ay =0 vay, ="'
A BUE N ay =" " a ="
KHEMEC: c;="2".c,
FEARTTLLRIR A X =(a,) sagyaq sa,) s FiRHER I 2
P XD)=plpplay | cpDplay [epDplay | ed)play | )
P, XD =pleplay | e)play [e)play [e)play |ey)

— AR

R

6
= blay )=

9 2 4
p(c'l):ﬂ»p(an [ e :g,p(azz | L‘l)ZE,p(aBI | c)) 9

o ©o| o

5 2 1
p(c2):ﬂgp(an |c2):§,p(a22 ICZ):E,p(a;ﬂ ‘CZ)ZEMD(CI“ | c,) =
fr LA,
9 2 4 5 5
5 3 2 1 2
P(C2X> 4><€><€><€><§’\/O.006857
B p (e, XD p (e, XD EAR X BB KN o =", LR,

A Python % 5 b3 55 61 %F B2 A4S A «
£ XSS S i A7 3 IS0 43 2

if name == ' main_ ':

= i 38 J Tk 4 3 B R

HAEW, <=30-->0, 31~40-->1, >40-—->2

EA, ' ——>0, "' ——>1, 'H'——>2

FRA¥E, B -->0, ‘B -->1

% pr-—>0, 'fir-—>1

= 200 T R E R e

ERBMWEITEIE >0, H-->1

MAP = [{'<=30':0, '31~40': 1, '>40': 2},
(&0, "1, B2},
{"&':0, '&H': 1},

{0, Mt 1,
{0, '&":1}]
R =FiN
train_samples = ["<=30 FEHAH",

"<=30 BEME",
"31~40 FA PR,
"> 40 A",
"> 40 fER ",
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"> 40 fRELA",
"31~40 IREME",
"<=30 PHPAR",
"<=30 fREHE",
"> 40 PR,
"<=30 PR,
"31~40 PHRLRE",
"31~40 HETE",
"> 40 PHEA"]
T T 20 BROBE S AL S X I A
train samples = [sample.split('') for sample in train samples]
# print(train_samples)
Hexit()
train samples = [[MAP[i][attr] for i, attr in enumerate(sample)]for sample in train samples]
# print(train_samples)
F LA
X = '<=30 g
X = [MAP[i][attr] for i, attr in enumerate(X.split(''))]
# NG A
n _sample = len(train_samples)
# AR R YRR B IR JE AN 58 B
dim_sample = len(train samples[0])
# 15 A M A R L U
attr = []
for i in range(0, dim sample):
attr. append([])
for sample in train samples:
for i in range(0, dim_sample):
if sample[i] not in attr[i]:
attr[i]. append(sample[i])
2 A JE MU
n attr = [len(attr) for attr in attr]
90 SR A [F) 28 30 B B A 3
nc =[]
for i in range(0, n attr[dim sample-—1]):
n_c.append(0)
# TSN R 28 3 9 R A 3
for sample in train samples:
n c[sample[dim sample-1]] += 1
TSN F) 28 A A i o AR
pc = [n cx/ sum(n c) for n_cx inn_c]
# print(p_c)
= B BRI 4 26
samples at ¢ = {}
for ¢ in attr[dim sample—1]:
samples at c[c] = []
for sample in train samples:
samples at c[sample[dim sample— 1]]. append(sample)
SRR SN BN GRRE A v, BURE 73 28 REAR 1Y A B A 1 A A 4

n attr X = {}
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for ¢ in attr[dim sample—1]:
n attr X[c] = []
for j in range(0, dim sample-—1):
n_attr X[c].append(0)
F BB BN GREA T, BURE 73 ZEREAR 1 B 8 1 A R A 4
for ¢, samples at cx in zip(samples at c.keys(), samples at c.values()):
for sample in samples at cx:
for i in range(0, dim sample—1):
if X[1] == sample[i]:
n attr X[c][i] += 1
# I 1ist
n attr X = list(n attr X.values())
# print(n_attr X)
= TGk e R 2R
result p = []
for i in range(0, n attr[dim sample-—1]):
result p.append(p c[i])
# iR
for i in range(0, n_attr[dim sample—1]):
n_attr X[i] = [x/n_c[i] for x inn_attr X[i]]
for x inn_attr X[i]:
result p[i] * = x
print('"HEZ 43508, result_p)
= 0 B HE A d RO B B AR AS 23, AR A T A AR 1 A S T
predict class = result p. index(max(result_p))
print(predict_class)

BT T

HEZR 435 2h [0.0011757789535567313, 0.16457142857142862]
1

AR AR R 28 B W SR L. X AR S Tl i S A A R
FATA o

3.3.3 MM EELISRER A5 3K

S BT YA R 2 AR 5 Python K5 SCAS 32 X, I O A — A SCAS A X R A9 1) [6]
IFIR [, ST SRR 30 BB (AL 15 FIEF MRAE 15 S 4 S bR 4R ) 38 i 0l vk
HEATIr2E.

FE NI ILAFRSY

(1) BEUITAT IR 5

(2) g NCFR

(3) A A o W A X 7 194 1) ] 5 () SR AR AY)

(4) H sklearn Hr A2 D1y 3 5800 6 47 49 25

(5) LR PR RE DRl 44
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TSN AT E BRI RE R R R T 45 B SO S — AN TR R i K T
A BB B R B — S AN A AR RIS 3 [l — S ]

def createVocabList(dataSet) :
vocabSet = set([]) £ Qs 4R
for document in dataSet:
vocabSet = vocabSet | set(document) # B4~ If4
return list(vocabSet)
postinglList = [[ 'my', 'dog', 'dog', 'has']]
print(createVocabList(postingList))
>>>[ 'has', 'my', 'dog']

PR A 0K E F R 3 /NS E 8 91 B AR RN T AN 57 1 5
def textParse(bigString): Z A —DRFRFE, o i ) 3%

import re
listOfTokens = re.split(r'\W* ', bigString)
return [ tok. lower() for tok in 1istOfTokens if len(tok) > 2]
2 S N T AR R L, 2 7T B 2 9
s = 'i Love YYUU'
print(textParse(s))
>> ['love', 'yyuu']

Foy g i) ] i A P RR O S B — R SO R s B ] [ RE 3R ) AT EE L an R
AR TR R TR B 1 2 0. X AP R O B A IR FR A
A A (set-of-words model) 5 88 ZFh 2 6] B 58 1 H B VR B0, Bk R 1] 485 U (bag-of-words

model) ,

def setOfWords2Vec(vocabList, inputSet):
returnVec = [0] % len(vocabList)
for word in inputSet:
if word in vocabList:
returnVec[ vocabList. index(word)] = 1
else: print( "the word: % s is not in my Vocabulary!" % word)
return returnVec
vocabulary = ['wo','do', 'like', 'what', 'go']
text = ['do', 'go’', 'what', 'do']
print(setOfWords2Vec(vocabulary, text))
> [0,1,0,1, 1]
def bagOfWords2Vec(vocabList, inputSet):
returnVec = [0] * len(vocabList)
for word in inputSet:
if word in vocabList:
returnVec[ vocabList. index(word)] += 1
else: print("the word: % s is not in my Vocabulary!" % word)
return returnVec
vocabulary = ['wo','do', 'like', 'what', 'go']
text = ['do', 'go', 'what', 'do"']
print(setOfWords2Vec(vocabulary, text))
>>[0,2,0,1, 1]
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K B 3 A~ pRECS A — L s T A B AR 5 SRR B A L (EUR RS O I R

MTHM A .
def createVocabList(dataSet): b= VAR I3
vocabSet = set([]) = s 4R

for document in dataSet:
vocabSet = vocabSet | set(document) # W4~ If4E
return list(vocabSet)
def setOfWords2Vec(vocabList, inputSet) : - VAN
returnVec = [0] * len(vocabList)
for word in inputSet:
if word in vocabList:
returnVec[ vocabList. index(word)] = 1
else: print("the word: % s is not in my Vocabulary!" % word)
return returnVec
def textParse(bigString): £ —ADRTFAF R, 2 R 5 3R
import re
1istOfTokens = re.split(r'\W# ', bigString)
return [ tok. lower() for tok in 1istOfTokens if len(tok) > 2]
def preProcessing() :
docList =[]; classList = []; fullText =[]
for i in range(1,26):
wordList = textParse(open('email/spam/ % d.txt' % i).read())
docList. append(wordList) 2 A
classList. append(1) £ A SO PR %
wordList = textParse(open('email/ham/ % d.txt' % i).read())
docList. append(wordList)
classList. append(0)
vocabList = createVocabList(docList) # create vocabulary 5 i ) 3R
data = []
target = classList
for docIndex in range(30): = A —IE 30 A
data. append(setOfWords2Vec(vocabList, docList[docIndex]) ) A= i i) [n] 4
return data, target = IR [A] &b P 4 1 16] [h) & AR 2E

X AT I R I B -

import textProcess as tp

from sklearn.naive bayes import MultinomialNB

from sklearn. cross_validation import train test split

from sklearn.metrics import classification report

data, target = tp. preProcessing()

X train,X test,y train,y test = train test split(data, target,test size=0.25)
mnb = MultinomialNB()

mnb. fit(X train,y train)

y_pre = mnb.predict((X_test))

print (y_pre) 2 510 25 5

print (y_test) 2 SLPRgE R

print ('The accuracy of Naive Bayes Classifier is', mnb. score(X test,y test))
print (classification report(y test,y pre))
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3.3.4 MultinomialNB HJSEI}

XiF S BN 2R DU A AR Y S B, L B R AR R AR HEAT A AR L B LAY
S e R Al AT . BB A9 Numpy T —4J5 #— bincount /2 & 1T
TR . B REE AR B DU E A — B S AN B AR i HL T B 2 Numpy H
M7, FEB B [ Python ARUEJE collections H AT 4SS Counter R ER 5%, A
A A

o HRRAL B AL 7 R KON AL

o[ i F A R KA B Sy 3R [ S0 A R R 4 ) 9 15 4R bincount 5 X — MK

JEN 1. J6F K 1000 B THEL 3R [ 25 k2 999 4~ 0 Jm 14> 1,

JIt UATE ABCECHE T Ak 35 Bsf gl 52 50 7 1 30 3 G, LR AR A O

73 ASEA M Basic

from b_NaiveBayes.Original.Basic import *

class MultinomialNB(NaiveBayes) :
£ 5E SCT Ak HOBCE Y 7 vk
def feed data(self, x, y, sample weight = None) :
2430 DK A B x TR
if isinstance(x, list):
features = map(list, zip( * x))
else:
features=x.T
= F ] Python Ht P # 1Y 5 GUBHE 4544 G BRI A4l B (4 R AR 28 )
# R T FIH bincount 75 ¥R ARAL SR, 4 BT A R AE L 0 HF I B Ak
FER W B B AL AR i e 4 0C AR T SR M, A U T R B AT R

features = [ set(feat) for feat in features]

feat dics=[{ 1:1 for i, 1 in enumerate(feats)} for feats in features]
label dic={_1:1 for i, 1 in enumerate(set(y))}
& ) e e T N i B
x=np.array([ [ feat dics[i][ 1] for i, 1 in enumerate(sample)] for sample in features])
y=np.array([ label dic[yy] for yy iny])
# F H Numpy H11¥) bincount J5 ¥k, 2R 15 45 280 19 HUdE 19 HL
cat_counter = np.bincount(y)
210 A 4 B RRAE A IR0 4
n possibilities = [len(feats) for feats in features]
2 AR B 20 B 1 T AR
labels = [y == value for value in range(len(cat_counter)) ]
2 F T FR AR BOIC 5% 328 300 43 R 1) o A 8005 1 B
labelled x = [x[ci].T for ci in labels]
£ TR B 25 A
self. x, self. y = x, y
self. labelled x, self. label zip = labelled x, list(zip(labels, labelled x))
self. cat counter, self. feat dicts, self. n possibilities = cat counter, feat
dicts, n possibilities
self. label dict = label dict
2 1A R A B AR B 1Y R B, DT IE S AR R A R Y B
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self. feed sample weight(sample weight)
8 AL BRATE A AL TR 1Y R AR
def feed sample weight(self, sample weight = None) :
self. con counter = []
# | JA] Numpy 14 bincount Jy iz 3 U AL T 14 5% 1M 8 18 B R AL SR Al 31
for dim, p in enumerate(self. n possibilities):
if sample_weight is None:
self. con_counter. append( [
np. bincount (xx[dim], minlength=p) for xx in self. labelled x])
else:
local weights = sample weight * len(sample weight)
self. con_counter. append( [
np. bincount (xx[dim], weights = local weights[label], minlength = p)
for label, xx in self. label zip])

FE: IHMAELENLEEI B MER S 2R E LML T 0G%E T HE— L
(B TR Bt 2 b B N BB HAEAL) s BRI L AR KBRS EILTAA
TR R L,

T T A A RSO AR A T S R SO AL B SR T R AR B

£ 7 SR U 2 bR R
def fit(self, 1b):
n dim = len(self. n possibilities)
n category = len(self. cat counter)
p _category = self.get prior probability(lb)
£ data RN AN T TS (9 £ 00 BE 22 1 44l
data = [[] for _ in range(n_dim) ]
for dim, n_possibilities in enumerate(self. n possibilities):
data[dim] = [
[(self. con counter[dim][c][p] + 1b) / (self. cat counter[c] + 1lb * n possibilities)
for p in range(n_possibilities)] for ¢ in range(n category) ]
self. data = [np.asarray(dim_info) for dim_ info in data]
# I data Az e 5 e 2K
def func(input x, tar_category):
rs = 1
3 7 4% AR R, A data A& A ST R BB TSR TG S AR AR
for d, xx in enumerate(input x):
rs * = data[d][tar_category][xx]
= I 5 50 A8 23 R A S5 R MR 0GRS I R
return rs ¥ p category|tar category]
# 3R [ e 3 R AR
return func
08 SCBE AL B0 1 pR AL
def transfer x(self, x):
for j, char in enumerate(x):
x[j] = self. feat dicts[j][char]

return x

G B — 3 A RN B DL RS A s e A A g B T AT LT 2 Wi A R 0 A
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1015 SR B PR FRATT AR L . 1 e B C— > RE RS K SR 19 % dls 5% /O Python %
A

def get_dataset(name, path, n_train= None, tar idx = None, shuffle = True,
quantize = False, quantized = False, one hot = False, ** kwargs):
x =[]
£ 4 ISl utfs DI A b SCAF R IR AT
with open(path, "r", encoding = "utf8") as file:
if DataUtil. is_naive(name) :
IR SRR AR 19T, AR KGR 5 4 B AR BT
if "balloon" in name:
for sample in file:
x. append( sample. strip().split(","))
2 BRIAT AL
if shuffle:
np. random. shuffle(x)
# BOAFTE I )7 — 71
tar idx = -1 if tar idx is None else tar idx
y = np.array([xx.pop(tar_idx) for xx in x])
x = np. array(x)
# BRI RAR R Y 2 pe A
if quantized:
return x, y
2 ARAE AT UINAE AR, AR 2 4 250305 4R U0 43 2 I 25 46 R i 42

return(x[ :n_train], y[:n train]), (x[n_train:], y[n_train:])

LI 8 MultinomialNB g PEA5 (G .

if name == '_main ':

£ S AMRMERE time LUITAT, § A DataUtil 28 LA SEHUCEIE

from Util import DataUtil

import time

#7 1.0.1.5 B4 RRAS A S Bk B 4

for dataset in ("balloonl. 0", "balloonl.5"):

A B

%, _y = DataUtil.get dataset(dataset, "../../ Data/{}.txt". format(dataset))
AL BRI HEAT I 2, (5] B0 S A A 0ol R AE 28 1Y B ()
learning time = time.time()
nb = MultinomialNB()
nb. fit(_x, _y)
learning time = time.time() — learning time
print(" =" % 30)
print(dataset)
print(" -" x 30)
£ VEAGBER A I, 7] e SR TV Al 2 A2 4K 2% 19 B ]
estimation time = time.time()
nb. evaluate(_x, _y)
estimation time = time.time() — estimation time
ER AR N R AN T

print(
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"Model building : {:12.6} s\n"

"Estimation : {:12.6} s\n"

"Total : {:12.6} s". format(
learning time, estimation time,

learning time + estimation time

)
s A7 LA AU 15 3 25

ballool. 0

Acc: 100.0%

Model building : 0.0s
Estimation : 0.0s
Total : 0.0s
ballool.5

Acc: 91.6667 %
Model building : 0.0s
Estimation : 0.0s
Total : 0.0s

F T R R KD T AR R DAl B 5 7 FE 2l A IR E] 2 AT DL 22 R T R R . UBK
Bk 1.5 B A RIS H” BBt 4 BT LUANER DU S 7 B i R B2 L 22 .

PUAAE — A A A K08 5 B B A7 PRAG AT BEAS KA UL F7 il 3 A 4 1 digies 2098
HKPPAGFATA R

[ 3-51 sd st digits B R EAG R,

(D FARLERE,

from sklearn import datasets, cross_validation, naive_ bayes
import numpy as np
import matplotlib. pyplot as plt

(2) 7R Digit Dataset g%,

def show digits():
digits = datasets. load digits()
fig = plt. figure()
print("vector from images 0:",digits.data[0])
for i in range(25):
ax = fig. add_subplot(5,5,1+ 1)
ax. imshow(digits. images[i], cmap = plt. cm. gray r, interpolation = 'nearest')
plt. show() £ ROR WA 3-2 iR
show _digits()
vector from images 0: [ 0. 0. 5.13. 9. 1. 0. 0. 0. 0.13.15.10.15. 5 0. 0. 3.
5. 2. 0.11. 8 0. 0. 4.12. 0. 0. 8. 8. 0. 0. 5. 8. 0.
0. 9. 8 0. 0. 4.11. 0. 1.12. 7. 0. 0. 2.14. 5.10. 12.
0. 0. 0. 0. 6.13.10. 0. 0. 0.]
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3-2  Digit Dataset ¥ #& &

® <=

(3) I .

def load data():

digits = datasets. load_digits()

return cross_validation. train test split(digits. data, digits. target, test size = 0. 25,
random_state = 0)

(4) 3 2 1 50T i 7 26 405

def test MultinomialNB( * data):
X train,X test,y train,y test=data
cls = naive_bayes.MultinomialNB( )
cls. fit(X train,y train)
print('Training Score: % .2f'% cls. score(X_train,y train))
print('Testing Score: % .2f' % cls. score(X test,y test))
X train,X test,y train,y test = load data()
test MultinomialNB(X train,X test,y train,y test)

(5) g5 AN [l A9 a o 22 20 5K DL i85y 2 288 4 1) T 00 4 B 102

def test MultinomialNB alpha( * data):

X train,X test,y train,y test = data

alphas = np. logspace( — 2,5, num = 200)

train scores =[]

test scores =[]

for alpha in alphas:
cls = naive bayes.MultinomialNB(alpha = alpha)
cls. fit(X train,y train)
train scores. append(cls. score(X train,y train))
test_scores. append(cls. score(X test,y test))

4K

fig=plt. figure()

ax = fig.add subplot(1,1,1)

ax.plot(alphas, train scores, label = "Training Score")
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ax.plot(alphas, test_scores, label = "Testing Score")
ax. set xlabel(r" $ alpha$ ")
ax. set_ylabel("score")
ax. set_ylim(0,1.0)
ax. set title("MultinomialNB")
ax. set_xscale("log")
plt. show() ERCRME 3-3 iR
X train,X test,y train,y test = load data()
test MultinomialNB alpha(X train,X test,y train,y test)
Training Score:0.91
Testing Score:0.91

MultinomialNB

081

score

0.2r

0 "l = i 'l i d“ i d 4
102 10" 10" 10" 10° 10° 10t 10°
alpha

B 3-3 MultinomialNB T 14 8% #h 2 &

3.3.5 GaussianNB BJEI}

A TSI EEORN 2E UL T I 2R, g mT LA floh 2 55 b SR 7 S AN R DL R T,

Qb BT S AR S AT — A e ELW R 5k RN X, EE A e . T X R
T3 B IRHE T /0N DX TR) A /AN T LRI 25 B T A B OR b L T DA AR R vk R
1275 5 IR M\ IE 2543 A (B FR 181 3 20 3 - Gaussian Distribution) , £ F1] FH 8 K ALK Al 11k 1T &
AR B SRR I 7R R B R B O R A 4 LR SE R R

(1) HE AL -5,

(2) FHE SR p (XD =a; ly=c):

2
)
1 267

k
e 7

Znoy,

A FIABH e 0,0 T RURBK U H 2 3
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Z(I(’) —pp) Iy, =

O']-k N,,Izl
R XEN S MEA R A HMAEEE AR S MEL LR OB A &L
RAEFTEEMER 0), XS F EOLER RO T SR WA RAZ,
Jit AAESE L GaussianNB Z B, 75 2250 SC B — S BE W8 1 38 1 85 40 7 % B A b A7 IE & o
A B RALIRAG 092K

import numpy as np
from math import pi, exp
#903% sqrt(2n), #R IR EEEH
sqrt_pi = (2 * pi) *x 0.5
class NBFunctions:
758 SCIES 20 A 1Y% B2 2R 5
(@ staticmethod
def gaussian(x, mu, sigma):
return exp( — (x — mu) ** 2/ (2 * sigma ** 2)) / (sqrt_pi * sigma)
258 SCHAT IR AR AL T 1 bR 4K
£ B RRIR [0 — A4 2 T O A% PR AR 2 B 1 R R 3 3R
(@ staticmethod
def gaussian maximum likelihood(labelled x, n category, dim):
mu = [np. sum(
labelled x[c][dim]) / len(labelled x[c][dim]) for c in range(n_category) ]
sigma = [np. sum(
(labelled x[c][dim] —mu[c]) ** 2)/len(labelled x[c][dim]) for c in range(n category) ]
= F AR KALSR AL AR B0 0 F o, 5 SCHE BT B3 A% A1 A 25 2% B2 19 PR 4 func
def func( _c):
def sub(x):
return NBFunctions. gaussian(x, mu[ c], sigma[ c])
return sub
£ FH func iR 0] H AR50 %

return [func( _c=c) for ¢ in range(n_category) ]

B TR HOA ZR U AR DG I SCAE T, BT LA 5 B0 A G 1Y pR S0 BT SR AT,
Jﬂiﬁl\ HI T AU 15 2 2 B A L LB T Ak B 2 ) SR A (2= /0 R TR Ry 5% i A

%%E"Jﬁﬁ%iﬁﬁﬁﬁ% Lt i 7)), H &R MultmomlalNBﬁLE"J‘Eﬁ%ﬂ-‘JﬁE
* RO EEAR UL VE 2 T, L 72 35 T 2R AY GaussianNB AOAHS S P p 238 M0/ 3 B,

I TN

(61 3-61 3% 2 RUAN & DL Jr A S8

from b_NaiveBayes.Original.Basic import *
class GaussianNB(NaiveBayes) :
GaussianNBTiming = Timing()
def feed data(self, x, y, sample weight = None) :
& A7 #4194 B Python H W 1) £loat J7 ¥ K i A B3 S fE 1L
x = np.array([list(map(lambda c: float(c), sample)) for sample in x])
= B A2 5 1)
labels = list(set(y))
label dict = {label: i for i, label in enumerate(labels)}
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y = np.array([label dict[yy] for yy in y])

cat_counter = np. bincount(y)

labels = [y == value for value in range(len(cat_counter)) ]

labelled x = [x[label].T for label in labels]

£ PB4 JE

self. x, self. v = x.T, y

self. labelled x, self. label zip = labelled_x, labels

self. cat counter, self.label dict = cat counter, {i: 1 for 1, i in label dict. items()}
self. feed sample weight(sample weight)

A ULE B B WAL P — P i S AR AR £, e R B SO SR AR RS B nT
LT EATA MultinomialNB H {52 B K /] /N5

8 AL SRAT AR AR 1Y R AR
def feed sample weight(self, sample weight = None):
if sample weight is not None:
local weights = sample weight * len(sample weight)
for i, label in enumerate(self. label zip):
self. labelled x[i] * = local weights[label]
(@GaussianNBTiming. timeit(level = 1, prefix= "[Core] ")
def fit(self, 1b):
n category = len(self. cat counter)
p_category = self.get prior probability(lb)
= F AR KA SR AL T 3R A5 158 55 R MR 11 ok K, 1 RO 78 & data HEAT A7 %
data = [
NBFunctions. gaussian maximum_1ikelihood(
self. labelled x, n category, dim) for dim in range(len(self. x))]
self. data = data
def func(input x, tar_category):
rs = 1
for d, xx in enumerate(input x):
# tHF data AERE Y2 MREL, BT LV BRI TR BT AP ER T E
rs * = data[d][tar_category](xx)
return rs % p_category|tar category]

return func

P T R A B i SO 9 T DA 2 F6 R 5 R TR [T g A (ELB AT

(@ staticmethod
def transfer x(x):

return x

Z Y, S RAN R DL T A A e B s AT R Y LR I
Acc: 48.3333 %

Acc: 47.8343 %

Model building : 0.0551443 s

Estimation : 0.715473 s

Total : 0.770618 s

Al E B, JA A B MultionialNB 2R, (5 22 70 A% 3 JE % 12 (MultinomialNB kb



92 || Python®}&it 5 T Lk

TR HAS . X R R GaussianNB 7E T B B2 3547 A 5 1E 25400 %5 5 (115, i 3R AT1E
A AT A,

S RYUAD R DL S0 () B BE 8 7 A7 R0 B OB AN 2R DL S 28 R AY RT R AR, R T A Y
digits B4 R APAL FRATAYBIAY

(61 3-71  FHT 0 AD 22 DL A S 482 380 S B 22 = 77 00

R AP . 5B 6 9P ) B 119 o 7 0 0 1L
SRR R TR 7 FRATTEE BT AT Scikit-Learn 1 [ 4 1Y T 5 P AudE 4 .

(D I AL T E 8 F .

M Scikit-Learn AU 48 B DI #800E  JF iR 881t —F .

>>> from sklearn. datasets import load digits

>>> digits = load digits()

>>> digits. images. shape

(1797, 8, 8)

>>> import matplotlib. pyplot as plt

>>> fig,axes = plt.subplots(10,10, figsize= (8, 8),subplot kw= {'xticks':[], 'yticks':[]},

gridspec_kw = dict(hspace=0.1, wspace=0.1))

>>> for i, ax in enumerate(axes. flat):
... ax. imshow(digits. images[ 1], cmap = 'binary', interpolation = 'nearest')

...ax. text(0.05, 0.05, str(digits. target[i]), transform = ax. transAxes, color = 'green')
>>> plt. show()

Xy BB 2 — A = HEAE I ST 1797 DREA L Rk SR 2 8 X8 MR F . X 100
5K B AT AT AL, N 1AT 3-4 BT

P el o P D
o o s

B Sl =
e il
e A S el

= el
P g P Pl
e e
e = e B W WL

AT

PR
w

4 ERRSETH

A T 1E Scikit-Learn H i &G , 75 8 — P 4E & [ n_samples, n_features |HJ —ZEH51E
T ] LUK B A A TR i A R R A R AE g 2o B B 5 1 8 X8 1R F Tl
MK R 64 B — e8], S oh IR TR B — A BB, AR RN AN BUCE I B EH (R4 .
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X 03 B B 2O T 5 BT B AR data 5 target SRR, ELEEAEHTRI AT .

>>> X = digits. data
>>> X. shape

(1797, 64)

>>>y = digits. target
>>> y. shape

(1797,)

(2) TClB % g,

FORAENT LA 64 4k S 8078 (0] A REAS AT PR A, (FLR 76 4ot e 4 B2 1Y 2 ) v A7 n] R
ooy WxE. Rk, 7 28 B B ) ol e B e ) 4t . AE 0kl g 22 ) Bk
1) Tsomap 572 X5 B8040 i 17 o 4

>>> from sklearn. manifold import Isomap

>>> iso = Isomap(n_components = 2)

>>> iso. fit(digits. data)

Isomap(eigen solver = 'auto', max_iter = None, n components =2, n_jobs =1,
n_neighbors =5, neighbors_algorithm = 'auto', path method = 'auto', tol=0)

>>> data_projected = iso.transform(digits.data)

>>> data_projected. shape

(1797, 2)

BUE KU © 2 B8 B 4E SR 0 ok L B R S P RE A B 4

>>> plt. scatter(data_projected[:, 0], data projected[:, 1], c = digits. target, edgecolor = 'none',
alpha=0.5,cmap = plt. cm. get_cmap( 'Spectral', 10))

>>> plt. colorbar(label = 'digit label', ticks = range(10))

>>>plt.clim( - 0.5, 9.5)

>>> plt. show() 3R AnE 3-5 iR
200F !9
150} e
. 17
100} v 6 _
™ - o
50t o 15 =
14 &
ok B
U .3 °
-50} {2
~100} ]
1 1 1 0
-200 -100 0 100

35 ZHBEIHRE

ik P S B T AR B ROR LB AT RGE BT AE 64 4k =S (8] P i g B Cal D %
JE . HARA SEIOIE A A BB A RCTAES B W i B R L R AR
FESHURFAT . I — A T SR A A7 M B 0 SRR vT L SE U 55 Tﬁﬂé‘@im#To
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(3) BFsmas,
TATTER D — D REE W FERFIT02E. S0k B om0 5 A 4 , 9%
Ji FH 3T AN 28 DU i A AR R S

>>> from sklearn. model selection import train test split

>>> Xtrain, Xtest, ytrain, ytest = train test split(X,y,random state=0)
>>> from sklearn. naive bayes import GaussianNB

>>> model = GaussianNB()

>>> model. fit(Xtrain, ytrain)

GaussianNB(priors = None)

>>> y model = model.predict(Xtest)

TR T 22 58 B » BT PR TR A I 2 4 v B TE B DU R AR B 5 R R R A B A X
FU ARS8 Y 1) A %%

>>> from sklearn. metrics import accuracy score
>>> accuracy_score(ytest,y model)
0.8333333333333334

AL 38— AN R B B B R R v] DLk B 80 % D b, [HAIKR HE X
AH8 A5, AT TC 1k S0 GE B R BE B AR AN 5 g, i D X A ] B o 3k ek 2 TR VB B
(confusion matrix), FJ DA Scikit-Learn I B IR IE %, SR )5 F Seaborn I H 3% .

>>> from sklearn. metrics import confusion matrix

>>> mat = confusion matrix(ytest,y model)

>>> import seaborn as sns

>>> sns. heatmap(mat, square = True, annot = True, cbar = False)
<matplotlib. axes. subplots.AxesSubplot object at 0x000001636AC15438 >
>>> plt. xlabel( 'predicted value')

Text(0.5,64.2268, 'predicted value')

>>> plt. ylabel( 'true value')

Text(633.841,0.5, 'true value')

>>> plt. show() #HOCR N 3-6 FiR

true value

01 2 3 4 5 6 7 8 9
predicted value

B 3-6 #HFiRAEEE
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MIEL 3-6 WL SR 2R A TV 2805 2 PR AR T80y 1 880y 8. Ji—
Ao S AL R I 1 0L T R R A R AR HE T bR 25 e 72 R AL Sk (SRR 0
TEB  FAL R 00 5 R

>>> fig, axes = plt.subplots(10, 10, figsize= (8, 8), subplot kw= {'xticks':[], 'yticks':[]},
gridspec_kw = dict(hspace=0.1, wspace=10.1))
>>> test images = Xtest. reshape( - 1,8, 8)
>>> for i, ax in enumerate(axes. flat):

ax. imshow(test images[i], cmap = 'binary', interpolation = 'nearest')

ax. text(0.05, 0.05, str(y model[i]), transform = ax. transAxes, color = 'green' if (ytest[i] ==
y model[i]) else 'red')
>>> plt. show() £ ROR WA 3-7 R
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3.3.6 MergedNB BYyLI

TR G A DU 307 5300k 32 B PR R R
o T 23 A 05 B eR B R I R AR rh &SRR A A S BRI A I 4 B T B ) L R
I8 336 0 585 18 1) 15 D0 K 1 4 B R A e PRI R HORY AN 3R DL S AR
o HARSS A BHORRN R DL A0 i S AR 2 DL A
y=f(x ) =argmaxp(y =c,) H P(XT) = D =c,) H p(XT =D =c,)

J€ES, €S,
Hrp, S, M S, BB ESAEENES AR E 3.3.1 &% 3.3.5 RS,
A UL EDULA 55 R B T B 2 L S — i 1 R T — o R SR SR A 3 A R
JE R 20 A ) KR KVE” I A KA E T RE 2 B3R B ek, (HR % EF| S0
{18 5 375 R O, FR AR R T R R IR A S
AT DO SEREUE4E 1. 0 R 2l 8 BRI XA FRAE SO RBR AR R E TN
R 432 LU X IR & AR 38 DLk B 50k (Y B A . R B AR 4 3k 3-4 TR
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from b_NaiveBayes.Original.Basic import #*
from b_NaiveBayes.Original.MultinomialNB import MultinomialNB

from b_NaiveBayes. Original. GaussianNB import GaussianNB

class MergedNB(NaiveBayes) :
MergedNBTiming = Timing()

WG AL 454
self. whether discrete:ic 4%/ 4k ¥ 11748 B & 75 2 B iU A 5
self. whether continuous: it 545~ i 1Y A% i J2 75 J2 8 22 AU AR i
self. multinomial, self. gaussian: B8 | 7% 22 AN 2 D1 i A5

wnn

def init (self, xx kwargs):

self. multinomial, self. gaussian = MultinomialNB(), GaussianNB()

if we is None:

self. whether discrete = self. whether continuous = None
else:

self. whether continuous = np.asarray(wc)

self. whether discrete = ~self. whether continuous

XL A I Gk AT S B AR

£ 23 51 H) F MultinomialNB Fl GaussianNB A4 i i &b B J7 vt #E 47 509 Ak 74
def feed_data(self, x, y, sample weight = None) :
if sample weight is not None:
sample weight = np.asarray(sample weight)
x, y, wc, features, feat dicts, label dict = DataUtil.quantize data(
X, y, wc=self. whether continuous, separate = True)
WA 15 R4k % 7 2k, U] quantize_data FRR R Y 5 15 ) 2 MR S 4k i i 4
if self._whether continuous is None:
238 4 Numpy T3 4R 19 3 A AT PRGBS
self. whether continuous = wc
self. whether discrete = ~~self. whether continuous
self. label dict = label dict
discrete x, continuous_x = x
cat_counter = np.bincount(y)
self. cat counter = cat counter
labels = [y == value for value in range(len(cat counter)) ]
= I 2 s R D 22 00 At
labelled x = [discrete x[ci].T for ci in labels]
self. multinomial. x, self. multinomial. y = x, y
self. multinomial. labelled x, self. multinomial. label =zip = labelled x, list(zip
(labels, labelled x))
self. multinomial. cat counter = cat counter
self. multinomial. feat dicts = [dic for i, dic in enumerate(feat dicts) if self. whether
discrete[i]]
self. multinomial. n possibilities = [len(feats) for i, feats in enumerate(features)
if self. whether discrete[i]]
self. multinomial. label dict = label dict
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£ YN ik LL R AN R DL
labelled x = [continuous x[label].T for label in labels]
self. gaussian. x, self. gaussian. y = continuous x.T, y
self. gaussian. labelled x, self. gaussian. label zip = labelled x, labels
self. gaussian. cat counter, self. gaussian.label dict = cat counter, label dict
# 4b B A AL
self. feed sample weight(sample weight)
£ 439 F JH MultinomialNB Fil GaussianNB Ab FHL A AS A H 1Y J7 i o Ab FEAE AR AL H
def feed sample weight(self, sample weight = None) :
self. multinomial. feed sample weight(sample weight)
self. gaussian. feed sample weight(sample weight)
# 43 HI A I MultinomialNB Fl GaussianNB F{ Il 2k pR 50K 4791 2k
def fit(self, 1b):
self. multinomial. fit()
self. gaussian. fit()
p_category = self. multinomial.get prior probability(lb)
discrete func, continuous func = self. multinomial["func"], self. gaussian["func"]
# % MultinomialNB Fil GaussianNB fi¥) {55 PR ZX B 5 & i MergedNB (1) 2k 5 iR %X
T XA OR RECR IR T ST I AR, T LU B s — A SR A R
def func(input x, tar category) :
input_x = np.asarray(input x)
return discrete func(
input x[self. whether discrete].astype(np.int), tar category) * continuous_ func(
input_x[self. whether continuous], tar category) / p_category[tar category]
return func

ARSI A W S WA AT DA Ty . AT RS AR T 3 kR
WA AR S HH 3 — W AT DL T, B IR B0k — SO 2 PERE I ST, 1A Y i BT 1 R AT 2
LRI TR AR . BB B e o R A X T B A A — e, [ R T A o 2 A
W BB B P i R AT RME AL

S B TR A AU BCHE Y O %, B B MultinomialNB (Y AH i AR i

def transfer x(self, x):
feat dicts = self. multinomial["feat dicts"]
idx = 0
for d, discrete in enumerate(self. whether discrete):
SR RES A, HEH A float J7 WM H % 4 77 4L
if not discrete:
x[d] = float(x[d])
else:
2 U R R SRR B, R A e AT BB A
x[d] = feat dicts[idx][x[d]]
if discrete:
idx += 1
return x

B IRETANE DM AR R G e T,
3.3.7 BernoulliNB 43222301

BernoulliNB J21f1 55 i UL 307 48 55 58 , 162 K5 10 4% P ES% A3 L0903
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PXY | y=c)=pX" +AQ—paQ—X"Y")
Horb BORBIERHUE ) X € (0,1}, H P(XY =1]y=c)=p.
(%1 3-81 H AW digits B K Al BernoulliNB 4328 4% .
(1) HALEME,

from sklearn import datasets, cross_validation, naive_ bayes
import numpy as np
import matplotlib. pyplot as plt

(2) WML digit Dataset,

def show digits():
digits = datasets. load digits()
fig = plt.figure()
print('vector from images 0:',digits.data[0])
for i in range(25):
ax = fig.add subplot(5,5,i+1)
ax. imshow(digits. images[ i], cmap = plt. cm. gray r, interpolation = 'nearest')
plt. show()
show digits()
vector from images O:[ 0. 0. 5.13. 9. 1. 0. 0. 0. 0.13.15.10.15. 5 0. 0. 3.
5. 2. 0.11. 8. 0. 0. 4.12. 0. 0. 8. 8 0. 0. 5 8. 0.
0. 9. 8 0. 0. 4.11. 0. 1.12. 7. 0. 0. 2.14. 5.10. 12.
0. 0. 0. 0. 6.13.10. 0. 0. 0.]

(3) JmzEEELE .

def load data():
digits = datasets. load digits()

return cross_validation. train_ test split(digits. data, digits. target, test size = 0. 25,
random_state = 0)

COREE NI T s i

def test BernoulliNB( x data):
X _train, X test, y train, y test = data
cls = naive bayes.BernoulliNB()
cls. fit(X_train,y train)
print("Training score: % .2f" % cls.score(X_train, y train))
print("Testing score: % .2f" % cls. score(X test,y test))
X train, X test, y train, y test = load data()
test BernoulliNB(X train, X test, y train, y test)
Training score:0. 87

Testing score:0. 85
(5) KRB AN [F] Y a X A1 %5 1) DL it $oiy 3 25 45 1) F500 1 5 04 5% 0

def test BernoulliNB alpha( * data):
X train, X test, y train, y test = data
alphas = np. logspace( — 2,5, nun = 200)
train scores = []
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test _scores = []

for alpha in alphas:
cls = naive bayes.BernoulliNB(alpha = alpha)
cls. fit(X train,y train)
train scores. append(cls. score(X train,y train))

test scores. append(cls. score(X test,y test))
(6) Zx4,

fig = plt.figure()
ax = fig.add subplot(1,1,1)
ax. plot(alphas, train scores, label = 'Training Score')
ax. plot(alphas, test_scores, label = 'Testing Score')
ax. set_xlabel(r'$ \alpha$s ')
ax. set_ylabel( 'score')
ax. set_ylim(0,1.0)
ax. set_title('BernoulliNB')
ax. set_xscale('log')
ax. legend(loc = 'best')
plt. show() 2RO 3-8 iR
X train, X test, y train, y test = load data()
test BernoulliNB alpha(X train, X test, y train, y test)

10 BernoulliNB
: — Training Score
~—— Testing Score
0.8+
0.6+
2
=}
?
0.4+
0.2+

102 1000 10" 10t 100 100 10t 10t
o

[E 3-8 BernoulliNB i il 4 8¢ h 2 &

(7) % J& binarize 2B A %S F| U103 43 2248 B0 5200

def test_BernoulliNB_binarize( * data):
X _train, X test, y train, y test = data
min x = min(np.min(X train.ravel()),np.min(X test.ravel())) - 0.1
max_x = max(np.max(X train.ravel()),np.max(X test.ravel())) + 0.1
binarizes = np.linspace(min_x,max_x, endpoint = True, num = 100)
train scores = []
test scores = []
for binarize in binarizes:

cls = naive bayes.BernoulliNB(binarize = binarize)
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cls. fit(X train,y train)
train scores. append(cls. score(X train,y train))
test scores. append(cls. score(X test,y test))

2K
fig = plt. figure()

ax

ax.
ax.
ax.
ax.
ax.
ax.
ax.

ax.

= fig.add subplot(1,1,1)

plot(binarizes, train_scores, label = 'Training Score')
plot(binarizes, test_scores, label = 'Testing Score')
set_xlabel('binarize')

set_ylabel('score')

set ylim(0,1.0)

set xlim(min x—1,max x+ 1)

set title('BernoulliNB')

legend(loc = 'best')

plt. show() £ K 3-9 Frs
X train, X test, y train, y test = load data()

test_BernoulliNB binarize(X train, X test, y train, y test)

3.4

BernoulliNB
1.0
08
0.6 -
0
5]
@
041
0.2+
— Training Score
—— Testing Score
0 1 1 1

0 2.5 3.0 7.5 10,0 125 15.0
binarize

& 3-9 binarize Z £ %t BernoulliNB £ 5 i

HFh3E AR

FNER DU 87 S ) 9 43 28 s H2 DU 37 20 26 4 v 19 — /N2 8 T A0 ol S R AR A A 4 R
ZH G B # AS KR ST 55 rhoak B AR A ME LA RS . O T B Bl . AT 2T
AN i T HEANASE L 5 J% BE R AR T R A Ss MR AT A A s A . 7R AT AR R YR o
e 8 B A it 2 2 AD 2 D1 M 3 (Semi-Naive Bayes) £5 A i1 D1 i 3; % 45 8 (Bayesian Network)
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P T 48 1 A S e Al 5 D DR T R R MR R X LSRR A P L7 555 Al Al 5 Y I Ak ) e
JOE 3 B | A S 22 BT 5 BRI AL TE R 2P AN R DL SO 0 AR AR 0 o L L A 2 AR K DL
ML A T 3
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3.4.1 ODE Ei%x

Jiii 45 J X, ODE 7% (One-Dependent Estimator , 84§ it 1) 25 A4~ 4 B2 /Y FRAE 2 24K
R — A A SRR . A SRR B AR R A R I & 22 th — A AR F

(pai) (pa;)
=

Pl | X=0)=pG=c) ] p(XV =27 |Y=c,.X o)

BCHLE) pa (QFAERE j BB R 2
3.4.2 SPODE &%

SPODE %1% (Super-Parent ODE., # A S i/ 11) & ODE 83k B — N, 75 %5
B, T A B R AE AR AR T TR] — A G BE KRR AE 33 A4k 3 [ A4 R 10 5 0 gl U A BB AL
(Super-Parent) . QT 4L B 255 pa 4k, 1.

ple, | X=a2)=p(y =ck)Hp(X(j) =29 | Y=¢, X =2%)

i=1

— R 7 2 PR A R TR B AL
3.4.3 AODE &i%

AODE & #: (Averaged One-Dependent Estimator, 8 s MK #4511 895 5B 8= 7+ 05
HEEA . AODE 5k 2RI ] SPODE 8 JF 24 50K Z2 AN IR 5 19 A 2 68 1 )1 2k 530
SR SPODE BRI AL B 7E — A ok M fe 2 MR L, — ok U, AODE 23 DUT A3 4 B 1Y
FRAIEAE R AL 25k n A~ SPODE BLHY SR 5 R4 & 10 S e iR

3.5 HHETM™

DU 357 ) SRR “ A & 7 (Belief Network) , AN DU 3, &8 5 0 4 & T e i R
A DL E ATV 22 A W A M B, TE A IS A R AT s bl A H 2 RS R 1 X BN
HM— 1 EHWAANA,

DU HT P28 BESR T 1077, B R 4544 3 28 AT DL W 1l B 1 — 5K I 4% Horb, 24 1y
SR B —REAR Y AN YR E R BEL S B X X e XY SR R R
[i] P A3 G 3R

FE: NPT ME — B ERILEARAZE07, R ERRE P RERA K", L
) 6 I et BT W 4538 2 A w et AT W & R @ AL AE B 69, b BE S A AR A moral graph(IR2 T
e TR Ay i O o e A A 9l smoral graph REBHE A G MA P RAB LR LN E T2
B E—FRGA . mFR), A TERBEF AN, L TREWA DT F R FHRIH,

AR A T ACERA A2 B B AL AR fE Y s R SR X Sy R 2 AR O R i 2 5 L A



E3E  DIOTHT/EER || 103

Wit BIL A g 22 ] 1) 2% AR R 50 R0 T s o X sk M 2 s ok . IR FE SR PERE AL T A
FHE] m] UGG — 1 I AR 2 69 AR

DI 307 190 265 14 22 > 6 ) 28 45 4 6 22 9 175 0 AR 77 B, JHCREABURIARD 3% D0 iy 26 40«
ST S YNGR AR I B 2% AF AT T RIAT, By LA DL I $8r 100 1 2 o) A 95 32 20 25 T i 4%
P fe A W22 . L A A T e S IR AT 70 B9 pR RSO 2 T 12 o K0 o 5 b 4 %
FBORYLELT . WRAR Z S A5k —F L 75 B A7 i RE A 25 4 23 i) PP 48R de 45 4 2 —
A NP 58 42 [8) B8, 013 76 45 BRI 1) AL SR A T A — i 2 Gl PR AR 8 5 12 SR 00T L e (0 A .
WHITTEAT IR s — BRSO LI e — A0 I B I 2% S5 K O I A R R BRI
BEUS — 2500 M) 25— A 30 WO R — AR O D 1) 300 R e ok 46 T B AR 5 D 2 R KR (L
Ky I — i A BR A BB 2 i, LA o A1 5 BEOR A DL 38 I 4 — 7 & — SRR 454

527 2] 5 AR L DU ST I R D 0 1 0 AN TR R . R U PR AR A 15 0 e AR AR DL
Y07 1o 245 ) 454 T DR S A IR 4 AR R A ORI R R R (R R Y TS B TR NP S e
DR R U5, L DI 00 246 A R 52 A — A SO RIORG B B T SR A TIG 3 A B R 1) P
S FIT L TR A B 30 DA 12 SR A, — b AL ) A0 2 38 A1 8 R A (Gibbs Sampling) » B B E
SCH B By IR AT RABE B OGN X BN R IR 41

3.6 @
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