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Gidi thiéu vé Bayesian classification
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Bayesian classification

m 1Op cac giai thuat hoc
e dua trén dinh ly Bayes
e mang Bayes va naive Bayes
o két qua sinh ra co thé dich duoc
e giai quyét cac van dé vé phan 16p, gom nhom, etc.

e duogc irng dung thanh cong : phan tich dir liéu, phan loai text,
spam, etc.



m Giéi thiéu vé Bayesian classification

u Giai thuat hoc cua naive Bayes
= két luan va hudng phat trién

Top 10 DM algorithms (2015)

Top 10 Data
Mining

o Algorithms

Here are the algorithms:

« 1.C45

e 2. k-means

s 3. Support vector machines

o 4. Apriori

e 5.EM

6. PageRank

e /.AdaBoost

e 8. kNN

9. Naive Bayes

o 10.CART 5
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Gidi thi¢u vé Bayesian classification
Giai thuat hoc cua naive Bayes

két luan va hudng phat trién

Giai1 thuat naive Bayes

B ngay tho
e cac thudc tinh (bién) c6 do quan trong nhu nhau
e cac thudc tinh (bién) doc lap co diéu kién khi duoc cho
16p/nhan
® nhan x¢ét
e gia thiét cac thudc tinh doc 1ap khong bao gio dung
e nhung trong thuc té, naive Bayes cho két qua kha t6t ©
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Gidi thi¢u vé Bayesian classification

Giai thuat hoc cua naive Bayes

két luan va hudng phat trién

Outlook Temperature Humidity Windy Play
Yes MNo Yes MNo Yes MNo Yes MNo | Yes Mo
Sunny 2 3 | Hot 2 High 3 4 | False 6 9 5
Overcast 4 0 [ Mild Normal 6 1 | True 3
Rainy 3 2 | Cool 1
Sunny 2/9 3/5 | Hot 2/9 2/5 | High 3/9 4/5 | False 6/9 2/519/14 5/14
Overcast 4/9 0/5 | Mild 4/9  2/5 | Normal 6/9 1/5 [ True 3/9 3/5
Rainy 3/9 2/5 Cool 3/9 1/5 Outlook Temp Humidity Windy] Play
Sunny Hot High False No
Sunny Hot High True No
Overcast Hot High False Yes
Rainy Mild High False Yes
Rainy Cool Normal False Yes
Rainy Cool Normal True No
Overcast Cool Normal True Yes
Sunny Mild High False No
Sunny Cool Normal False Yes
Rainy Mild Normal False Yes
Sunny Mild Normal True Yes
Overcast Mild High True Yes
Overcast Hot Normal False Yes
Rainy Mild High True No 9




Dt 1éu weather, dua trén cac thudc

Gidi thi¢u vé Bayesian classification
Giai thuat hoc cua naive Bayes

két luan va hudng phat trién

tinh (Outlook, Temp, Humidity, Windy), qUYét dlnh (play/no)

Outlook Temperature Humidity Windy Play
Yes MNo Yes NMNo Yes Mo Yes NMNo | Yes Mo
Sunny 2 Hot 2 High 3 4 | False 6 2 9 5
Overcast Mild Normal 6 1 | True 3 3
Rainy 3 Cool 3
Sunny 2/9 3/5 | Hot 2/9 2/5 | High 3/9 4/5 | False 6/9 2/5(9/14 5/14
Overcast 4/9 0/5 | Mild 4/9  2/5 | Normal 6/9 1/5 | True 3/9 3/5
Rainy 3/9 2/5 | Cool 3/9 1/5
X . Outlook Temp. Humidity Windy Play
- quyet dlnh (play_yeS/nO) Sunny Cool High True ?

Likelihood(yes) = 2/9 x 3/9 x 3/9 x 3/9 x 9/14 = 0.0053

Likelihood(no) = 3/5 x 1/5 x 4/5 x 3/5 x 5/14 = 0.0206

Xac suat :

P(yes) = 0.0053 / (0.0053 + 0.0206) = 0.205
P(no) = 0.0206 / (0.0053 + 0.0206) = 0.795
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Gidi thi¢u vé Bayesian classification

Giai thuat hoc cua naive Bayes

két luan va hudng phat trién

Dinh 1y Bayes

m Probability of event H given evidence E :
Pr[E | H]Pr[H]
Pr[ E]
m A priori probability of H : Pr[H]
e Probability of event before evidence 1s seen
m A posteriori probability of H : Pr[H | E]
e Probability of event affer evidence 1s seen

Pr[H | E]=

11



Gidi thi¢u vé Bayesian classification
Giai thuat hoc cua naive Bayes

két luan va hudng phat trién

Luat Bayes

= hoc phan 16p khi c6 dit liéu dén
e Evidence £ =dtr liéu
e Event H = gia tr1 I&p cua dir licu

® naive:

Pr[E, |H]|Pt[E, | H]...Pt[E | H]Pr[H]
Pr| E]

Pr[H | E]=

12



] Gidi thi¢u vé Bayesian classification
" Giai thuat hoc cua naive Bayes

= két luan va hudng phat trién

<+— Fvidence E

el
Luat Bayes
Outlook Temp. Humidity Windy Play
Sunny Cool High True ?

Pr[ves | E]= Pr[Outlook = Sunny | yes]

d

xdc sudat
cua lop

“:Ves 3

x Pr

x Pr

[ Temperature = Cool | yes]

| Humidity = High | yes]

x Pr[Windy = True| yes]|
y Pr| yes]|
Pr| E]
23 vw3w3yw.d
RO RO RO RART
Pr| E]
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Gidi thi¢u vé Bayesian classification
Giai thuat hoc cua naive Bayes

két luan va hudng phat trién

X4c suat =0

= gia tri cia thudc tinh khong xuat hién trong tat ca cac 16p
(“Humidity = high” cua 16p “yes”)
e Probability will be zero! Pr[Humidity = High| yes]=0
e A posteriori probability will also be zero! Pr[yes|E]=0

m  su dung Laplace estimator

®m  xac suat khong bao gio co gia tr1 0
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Gidi thi¢u vé Bayesian classification
Giai thuat hoc cua naive Bayes

két luan va hudng phat trién

Laplace estimator

®m vidu: thudc tinh outlook cho 16p yes

2+u/3 4+u/3 3+ u/3
O+ u 9O+ u O+ u
Sunny Overcast Rainy

= trong sb co thé khong bang nhau, nhung tong phai 1a 1

2+ up, 4+ up, 3+ up;
9+ u O+ u 9O+ u
Sunny Overcast Rainy

15



Gidi thi¢u vé Bayesian classification

Giai thuat hoc cua naive Bayes

két luan va hudng phat trién

Gia tri thudc tinh nhiéu

®  hoc : bo qua dir 1i€u nhiéu

= phan 16p : bo qua cac thudc tinh nhiéu

vidu:

Outlook Temp. Humidity = Windy Play
? Cool High True ?

Likelihood(yes) = 3/9 x 3/9 x 3/9 x 9/14 = 0.0238
Likelihood(no) = 1/5 x 4/5 x 3/5 x 5/14 = 0.0343
P(yes) = 0.0238 / (0.0238 + 0.0343) = 41

P(no) = 0.0343 / (0.0238 + 0.0343) = 59
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] Gidi thi¢u vé Bayesian classification
" Giai thuat hoc cua naive Bayes

két luan va hudng phat trién

Dt l1€u lién tuc

Outlook | Temperature Humidity Windy Play
sunny 85 85 false no
sunny a0 90 true no

overcast 83 78 false yes

rain 70 06 false yes
rain 68 80 false yes
rain 65 70 true no
overcast 64 65 true yes
sunny 72 a5 false no
sunny 69 70 false VEes
rain 75 80 false yes
sunny 75 70 true yes
overcast 72 90 true yes
overcast 81 75 false Ves
rain 71 80 true no
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] Gidi thi¢u vé Bayesian classification
" Giai thuat hoc cua naive Bayes

= két luan va hudng phat trién

Dt l1€u lién tuc

®m gia su cac thudc tinh c6 phan pho1 Gaussian
®=  ham mat d0 xac suat duoc tinh nhu sau

e mean U

1 n
H —n;xi

e standard deviation o

2 1 < 2
O =—— X. —
n—1;(l 1)

e ham mat do xac suat f{x)
1 _(x-#)*  Karl Gauss, 1777-1855

f(x) =& 20° great German mathematician
N2mo .



L] Gidi thiéu vé Bayesian classification

= Giai thuat hoc cua naive Bayes
= két luan va hudng phat trién
D I1€u lién tuc
Outlook Temperature Humidity Windy Play
yes no yes no yes  no yes no yes no
sunny 2 3 83 85 86 85 false 6 2 9 5
overcast 4 0 70 80 96 90 true 3 3
rainy 3 2 68 65 80 70
64 72 65 95
69 71 70 91
75 80
75 70
72 90
81 75
sunny 2/9 3/5 mean 73 746 mean 791 86.2 false 6/9 2/5 9/14 5/14
overcast 49 0/5 std.dev. 62 79 std dev 102 97 true 3/9 3/5
rainy 3/9 2/5
1 (66-73)°
2
262" = ().0340

m vidu: f(temperature = 66| yes) = 2262 e
7 6.
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Gidi thi¢u vé Bayesian classification

Giai thuat hoc cua naive Bayes

két luan va hudng phat trién

Dt l1€u lién tuc

phan 16p Outiook  Temp.  Humidity Windy Play

Sunny 66 90 true ?

Likelihood(yes) = 2/9 x 0.0340 x 0.0221 x 3/9 x 9/14 = 0.000036
Likelihood(no) = 3/5 x 0.0291 x 0.0380 x 3/5 x 5/14 =0.000136
P(yes) = 0.000036 / (0.000036 + 0. 000136) = 20.9

P(no) =0.000136/(0.000036 + 0. 000136) = 79.1
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Gidi thidu vé Bayesian classification
Giai thuat hoc cua naive Bayes
két luan va huéng phat trién

Két luan

® naive Bayes

e cho két qua tot trong thurc té mic du chiu nhiing gia thiét vé
tinh doc lap co diéu kién (khi dugc cho nhan/ldp) cua cac
thudc tinh

e phén lop khong yéu cau phai udc lugng mot cach chinh xéac
xac suat

e dé cai dit, hoc nhanh, két qua dé hiéu

e su dung trong phan loai text, spam, etc

e tuy nhién khi dir liéu c6 nhiéu thudc tinh du thira thi naive
Bayes khong con hi€u qua

e dit liéu lién tuc co thé khong tuan theo phan phdi chuan (=>

kernel density estimators)
22



= Gidi thidu vé Bayesian classification
m Giai thuat hoc cua naive Bayes
= két luan va hudng phat trién

Hudng phat trién

® naive Bayes
e chon thudc tinh con tir cac thudc tinh ban dau
e chi sir dung cac thudc tinh con dé hoc phan 16p
e mang Bayes : mdi lién quan gitta cac thudc tinh

e tim kiém thdng tin (ranking)
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