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I. Naive Bayes Classifier

1.1. Bayes’s Rule

Cong thitc Bayes

LIKELIHOOD PRIOR
The probability of “X” being The probability of “c” being
True. Given “c” True True. This is the knowledge
P(X|[c).P(c

peix) = PORIE-P(©
POSTERIOR MARGINALIZATION
The probability of “c” being The probability of “X” being
True. Given “X” True True.

Hinh 1: Bayes’ Theorem va cAc thanh phan xac suat

cho phép chiing ta cap nhat xic suat xdy ra clia mot gid thuyét ¢ khi c6 bing

ching quan sat duge X. Cu thé:

P(Xle) - P(e)

PeX) = =55

e Posterior P(c|X): La xac suat gid thuyét ¢ diung sau khi da quan sat dit kien X. Day 1a gia tri
ma ta mudn tinh toan.

e Likelihood P(X]|c): La xac suat dé dit kien X x4y ra néu gia thuyét ¢ ding. Day 14 mitc do phi
hop gitta dit kien va gia thuyét.

e Prior P(c): La x4c suat tién nghiém ctia gia thuyét ¢ truée khi quan sét dit kien. Day 1a kién
thitc sn c6 hoac gid dinh ban dau.

e Marginal likelihood P(X): La xac suat quan sat thay dit kien X bat ké gid thuyét nao. Day
con duge goi 1a gia tri chuan hoa (marginalization).

Toém lai, dinh ly Bayes 1a nén tang trong thong ké suy dién, hoc méay (machine learning), va giip
dua ra quyét dinh dya trén bang ching quan sat dugc.

1.2. Maximum A Posterior (MAP)

Trong théng ké Bayes, Maximum A Posteriori (MAP) la phuong phap uéc lugng tham sb 6 c6

x4c suat hau nghiem

cao nhat sau khi da quan sat dit lieu.
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Onvap = arg meax PO|zy,xo,...,xN)

Tit cong thitc trén ta c6 thé hiéu ring, ¥ tudng cia Mazimum A Posteriori (MAP) la chon ra
gia tri ctia 6 sao cho xac suat hau nghiem P(#|X) 1a 16n nhat trong s6 cac kha nang x1,z2,...,zN 6

thé xay ra. Ap dung dinh ly Bayes:
P(.’IZ‘l,I‘Q,. )‘TN‘G) i P(Q)

Onvap = arg max P(xy,29,...,2N)
hay:
_ P(X]0) - P(6)
POIX) = =

ta thay rang mau s6 P(X) khong phu thudc vao 0, nén khong dnh hudng dén viéc so sanh céac gia tri
ctia P(A)X) khi tim gia tri 16n nhat. Vi thé, khi so sanh giita P(C1|X) va P(C3|X), ta c6 thé b qua
mau s6 P(X), vi c hai déu c6 cing mau nay.

No6i cach khéc, do ta chi quan tam dén viec xac suat nao 16n hon (ttc 1a so sanh ti 1¢), nén mau
s6 chung khong anh hudéng dén két qua. Diéu nay cho phép ta rit gon biéu thic va tap trung vao tich
P(X]6) - P(0) khi ap dung MAP:

Onap = arg max P(x1,x9,...,2N10) - P(0)

1.3. Maximum Likelihood Estimation (MLE)

Trong phan loai bing Naive Bayes, ta gia dinh cac dic trung dau vao la doc lap cé dieu kién
(conditionally independent). Khi d6, xac suat mot 16p ¢ cho dit lieu x = (21,22, ..., zy) duge tinh
nhu sau:

P(c|x) x P(x|c) - P(c) = P(z1]|c) - P(x2|c) - P(zn|c) - P(c)

N
= CMAP = argmax P(c|x) = arg max P(c) - HP(JL‘Z|C)
i=1

Phuong phap nay don gian, hiéu qua trong thyc té va thuong dude dung trong phan loai vin ban
(text classification), phat hién spam, ho#ic cac bai todn phan loai nhi phan.

Luwu § md rong: Khi s6 lugng dic trung x tang len, tich cac xac suat P(x;|c) trong mo hinh Naive
Bayes c6 thé tré nén rat nhé (gan bang 0), gay ra hién tugng underflow trong qua trinh tinh toan. Dicu
nay lam gidm do chinh xac ctia mo6 hinh. Dé khic phuc, ta thudng 4p dung logarit lén céc x4c suit,
bién tich thanh tong:

N
log P(z1,x2,...,2N]|c) = Zlog P(zilc)
i=1

Diéu nay khong lam thay doi thi tu so sanh x4c sudt giita cac 16p, nhung gitp viéc tinh toan trd
nén on dinh va chinh x4c hon trong thuyc té.

1.4. Naive Bayes Classifier for Continuous Data
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Trong truong hgp dit lieu dau vao la lien tuc (continuous), thay vi uée lugng xac suat c6 dieu kien
P(x;|c) bang tan suat nhu véi dit lieu roi rac (discrete), ta gid dinh réng cic dic trung lien tuc nay
tuan theo phan phdi xac suat cu thé, phd bién nhét 1a phan phdi chuin (Gaussian).

V6i moi dac trung x; ting véi 16p ¢, ta uée lugng trung binh p;. vd phuong sai 02-20 tit dit lieu huan
luyén. Xac suat c6 diéu kién duge tinh bang cong thic:

P(zilc) = 1Uexp (_(%—1%)2)

2
2T ZZC 207,

Sau d6, cac xac suat nay duge két hgp véi xac suat tien nghiem P(c) va ap dung MAP tuong tu
nhu mo6 hinh Naive Bayes thong thuong:

N
¢ = argmax P(c) H P(zilc)
C
i=1

I1. Naive Bayes Classifier - Exercises

2.1. Exercise 1: PLAY TENNIS

Training Samples

Day Outlook Temperature Humidity Wind PlayTennis
D1 Sunny Hot High Weak No
D2 Sunny Hot High Strong No
D3 Overcast Hot High Weak Yes
D4 Rain Mild High Weak Yes
D5 Rain Cool Normal Weak Yes
D6 Rain Cool Normal Strong No
D7 Overcast Cool Normal Strong Yes
D8 Overcast Mild High Weak No
D9 Sunny Cool Normal Weak Yes
D10 Rain Mild Normal Weak Yes

Trong bai tap nay, ching ta st dung mo hinh Naive Bayes dé du doan kha ning choi tennis dua
trén cac dic trung thoi tiét nhu Outlook, Temperature, Humidity, Wind. Tap dit liéu huan luyén gom
10 dong, va muc tieu la du doan nhan cho ngay D11. Buéc 1: Tinh xac suét tién nghiém (prior

probability)

e P(Yes) =3 (C6 6 dong "Yes")

e P(No) = 1%

Budc 2: Tinh cac xac suat cé diéu kién (likelihood) dua trén bang tan suét:
Vi du cho P(Outlook = Sunny|PlayTennis = Yes) = &

Buéc 3: Ap dung cong thiic Naive Bayes (MAP inference)

Gia st dau vao mdi la:
D11: Sunny, Cool, High, Strong

Xac suat cho 16p "Yes":

P(Yes|X) o< P(Sunny|Yes) - P(Cool|Yes) - P(High|Yes) - P(Strong|Yes) - P(Yes)
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Xac suat cho 16p "No":

P(No|X) x P(Sunny|No) - P(Cool|No) - P(High|No) - P(Strong|No) - P(No)

Két luan: Vi P(No|X) > P(Yes|X) nén ta dy doan: Khéng chdi tennis (No) vao ngay D11.
2.2. Exercise 2: TRAFFIC DATA (MULTI-LABEL CLASSIFICATION)

Day Season Fog Rain Class
Training Samples Weekday Spring None None On Time
Weekday Winter None Slight On Time
Weekday Winter None None On Time

Holiday Winter High Slight Late
Saturday Summer Normal None On Time
Weekday Autumn Normal None Very Late
Holiday Summer High Slight On Time
Sunday Summer Normal None On Time
Weekday Winter High Heavy Very Late
Weekday Summer None Slight On Time
Saturday Spring High Heavy Cancelled
Weekday Summer High Slight On Time

Weekday Winter Normal None Late
Weekday Summer High None On Time
Weekday Winter Normal Heavy Very Late
Saturday Autumn High Slight On Time
Weekday Autumn None Heavy On Time
Holiday Spring Normal Slight On Time
Weekday Spring Normal None On Time
Weekday Spring Normal Heavy On Time

Trong bai toan nay, ching ta st dung thuat toan Naive Bayes dé phan loai trang thai Class ctia
phuong tién giao thong (On Time, Late, Very Late, Cancelled) dua trén cac dac trung nhu Day, Season,
Fog, Rain.

Buéc 1: Tinh xac suit tién nghiém (prior probabilities):
P(On Time) =
P(Late) = %

P(Very Late) = 2

P(

Cancelled) = 2%

Budc 2: Tinh xac suit cé diéu kién (likelihood) tir bang tan suit.
Vi du:
P(Fog = High|Class = Very Late) = -

Buéc 3: Pha kiém tra véi dau vao mdi:

Day Season | Fog | Rain | Class
Weekday | Winter | High | Heavy ?

Tinh toan xac suat hau nghiém cho timg 16p:
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e On Time:
9 2 4 2 14

P(On Time|X) T4 T4 14 14 30 0.0026
e Late: 1210 9
P(Late| X) o 375573750~ 0.0000
e Very Late:
P(Very Late|X) g . % : % . g : % =0.0222
e Cancelled: 0011 1
P(Cancelled|X) 1111 20 0.0000

Két luan: Vi xac suit hau nghiém cao nhat 13 véi 16p Very Late nén hé thong sé du doan trang

thai:
2.3. Exercise 3: IRIS CLASSIFICATION

Trong bai toan nay, ching ta sé phan loai hoa Iris dya trén dic trung chiéu dai (Length) bang mo
hinh Naive Bayes véi gia dinh m&i 16p ¢6 phan phdi chuan (Gaussian distribution).
Dit liéu huan luyén:

Length | Class
1.4
1.0
1.3
1.9
2.0
1.8
3.0
3.8
4.1
3.9
4.2
34

)

e i ) K== = e R an B en)

Tinh toan théng sb:
e LSp 0: ng = 6, o = 1.56, o = 0.128

e Lép 1: ny =6, 1 = 3.73, 0 = 0.172

Ham mat dé xac suat chuan:

@l o®) = —— exp <<ﬂv2—gu>2>

Pha kiém tra: Véi dau vao = = 3.4
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e Vi 16p 0: \ )
P(z|C =0) = mexp <(32_0112586)) ~ 218 x 1076
P(C =0|z) & P(z|C =0)-P(C =0)=218 x 107°. % =1.09x 107
e Vi lép 1:

_ 2
P(]C =1) = 34373)) ~ 0.697

1 (
exn [
V2r 0172 Xp( 2.0.172
6
P(C =1z) x Pa|C = 1) P(C = 1) = 0.697 - = = 0.3486

Két luan: Vi P(C = 1|x) 16n hon P(C = 0|x) nén ta phan loai x = 3.4 thuoc Class 1.

Du doan: Class = 1
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