Tuan 2 - Tong hop kién thitc Budi hoc s6 1 va 2

Time-Series Team

Ngay 15 thang 7 nam 2025

Budi hoc s6 1 (Thit 3, 8/07/2025) va budi hoc s6 2 (Thit 4, 9/07/2025) c6 nhicu noi dung tuong
dong va ké thita nhau nén nhém minh sé téng hop lai thanh 4 ndi dung chinh:

o Phan 1: Events
e Phan 2: Probability

e Phan 3: Bayes’ Theorem

e Phan 4: M6 rong: Unigram trong bai todn phdn logi email spam
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Phan 1: Events

1. Su kién (Events)

1.1.

1.2.

Mot so6 khai niém co ban

Phép thit (Experiment): Viéc thuc hién mot tap hop céc diéu kién nhat dinh dé quan sét
mét hién tuong. Vi du: Tung mot con xic xzdc mot lan.

Két qua (Outcome): Két qua don 1é thu duge tit mot lan thuc hién phép thit. Vi du: Xudt
hién mat “4” khi tung zic xdc.

Khéng gian mau (Sample Space), ky hiéu S hodc Q: Tap hdp tat ci cdc két quéi co
thé xay ra ctia mot phép thit. Vi du: Tung ziic zdc:

S =1{1,2,3,4,5,6}

Sy kién (Event): Mot tap con clia khong gian mau. Vi du: “Xudt hién sé chan khi tung ic
zdc” — A ={2,4,6}.

Cac loai su kién

Sy kién chic chin (Certain Event): Ludn x4y ra trong phép thit, ky hiéu Q. V7 du (tung
ziic zdc): Q = “s6 chAm tir 1 dén 6” = {1,2,3,4,5,6}.

Su kién khéng thé xay ra (Impossible Event): Khong bao git xay ra khi thitc hién phép
thit, ky hiéu @. Vi du: “Xudt hién 7 cham khi tung zic zic” — @ = {}.

Sy kién ngiu nhién (Random Event): C6 thé xay ra hoic khong x4y ra khi thuc hién
phép thit. Vi du: “Xudt hién s6 chan khi tung zic zic” — A = {2,4,6}.

Phép thit ngdu nhién (Random Experiment): phép thit ma két qua thu dugc 1a cac sy
kién ngau nhién. V7 du: Tung zic zdc, tung dong zu.

Ky hiéu: Thong thudng cic su kién dude ky hiéu bing chi cai in hoa: A, B,C, ...

1.3. Vi du minh hoa

Tung mot con xic xac:

o Sy kién chic chin: Q = {s6 chdm tir 1 dén 6} = {1,2,3,4,5,6}
 Su kién khéng thé xay ra: @ = {7 cham}

e Sy kién ngAu nhién: A = {86 chan} = {2,4,6}
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1.4. Vi du thuc té khac
CVidedwest
Vidu 1: Mot gia dinh c6 2 dia tré
e A= “Gia dinh c6 1 trai 1 gdi” — Sy kién ngiu nhién
e B = “Gia dinh c¢6 3 dita tré” — Sy kién khong thé xay ra
e C = “Gia dinh c6 2 dita tré” — Sy kién chic chin
Vi du 2: Mgt hép c6 8 qua béng (6 xanh, 2 d6), béc ngiu nhién 3 qua
e A= “Bbc dudc 3 qua xanh” — Sy kién ngau nhién
e B = “Bbc dudc 3 qua dé6” — Sy kién khoéng thé xay ra

e C = “Bbc duge 3 qué béng” — Su kién chic chin

2. Cac phép toan trén sy kién (Operations with Events)

2.1. Giao ctia cac sy kién (Intersection)

Pinh nghia: Giao clia hai sy kién A va B, ky hiéu AN B, 14 tdp hop céc két qui ddng thai thudc
cad A va B.

C View(ungsicx)
o A= “XuAt hién s 18" — A = {1,3,5)
e B = “Xuat hién s6 chia hét cho 2” — B = {2,4,6}
e ANB={} - Khong cé giao nhau

Vi du khac:
o A= “Xuét hién s6 18" — A = {1,3,5}

e C = “Xuat hién s6 nhé hon 37 — C = {1,2}

. ANC=1{1}
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Tréi: 2 sy kién khong giao nhau
Phai: 2 sy kién giao nhau

2.2. Hgp cuia cac su kién (Union)

Dinh nghia: Hop ctia hai su kién A va B, ky hiéu A U B, 1a tap hdp cic két qua thudc A, hodc
B, hoac ca hai.

o A= “Xuat hién s6 chan” — A = {2,4,6}
e B = “Xuat hién s6 chia hét cho 3” — B = {3,6}

« AUB=1{2,3,4,6}

CJE) )
L)

Hinh 1: Hgp cta 2 su kién A va B

2.3. Phu dinh cta su kién (Complement)

Dinh nghia: Phu dinh ctia mot su kién A, ky hieu A’ (hodc A°), 1a tdp hop tat cd cic két qua
trong Q khéng thudc A. Cong thiic: AU A =Q

e A= “Xuat hién s6 16n hon 47 — A = {5,6}

o A’ = “Khong xuat hién s6 16n hon 47 — A’ = {1,2,3,4}
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2.4. Su kién xung khic (Mutually Exclusive Events)

Pinh nghia: Hai su kién A va B dugc goi 14 xung khéc (mutually exclusive) néu khong thé xay
ra dong thdi trong mot lan phép thi, tic la:

ANB=go

e A= “Xuit hién s6 chin” — A = {2,4,6}
« B = “Xuét hién s6 16" — B = {1,3,5}

e ANB=0

. e -

Mutually exclusive Non-mutually exclusive
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Phan 2: Probability

2. Xac suit (Probability)

2.1. Khai niém xac suit (Probability)

« Pinh nghia: Xac suit clia mot su kién A, ky hiéu P(A), 1a mot s6 nam trong khoing
0 < P(A) <1, thé hién mitc do x4y ra ctia su kién dé:

— P(A) — 0: RAt kh¢ xay ra.
— P(A) — 1: Gan nhu chic chan xay ra.
« Tinh chit cd ban:
0<PA<1, POQ)=1, P@) =0
2.1.1. Pinh nghia xéc suit c6 dién (Classical Probability)
Dinh nghia: Vi phép thit c6 n két qua dong kha ning, xac suat ciia mot su kién A la:

P(A) = s6 két qua thuan 1gi (n,)
~ tong s6 két qua c6 thé (ng)

Vi du:

o A= “Xuat hién s618” — A = {1,3,5}
e no =06, na=3

« P(A)=3/6=0.5

o A= “Rut dugc quan K (King)” — ngq =4

e no =52

e P(A)=4/52=1/13

2.1.2. Pinh nghia xac suit theo quan diém hinh hoc (Geometric Probability)

Pinh nghia: Quan diém hinh hoc duge sit dung khi khong thé dém sb két qua roi rac ma phai
dua trén do do hinh hoc nhu:

o Chiéu dai (1D — doan théng),
« Dién tich (2D — mit phing),

o Thé tich (3D — khéi).
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Khi d6, x4c suit ctia mot su kiéen A duge tinh bang:

D6 do ctia mién (ving) A

P(A) = <
(4) b6 do ctia toan bd khong gian mau

v6i:
« : khong gian mau (tap hop tat ci két qua cb thé xay ra),
o A C Q: mién quan tam (su kién can tinh x4c sut).

Vidu 1 (1D — doan thing):
Gid st X dugc chon ngdu nhién trén doan [0, 1]. Tim x4c suat A = {0 < X < 0.25}.

_ Chiéu dai ctia doan (0,0.25)  0.25

P(A) = < = =0.25
(4) Chieu dai cia doan (0,1) 1

e
—e

0.25

Vi du 2 (2D — hinh phing):

Mot diém duge chon ngau nhién trong hinh vudng cé canh dai 1 (toa d6 (x,%y) duge phan b6 déu
trén [0,1] x [0,1]). Tim xéc sudt diém d6 roi vao mién A = {z? + 42 < 1} (gbc phan tu hinh tron
ban kinh 1).

Phan tich:
o Toan bd khong gian mau: hinh vudng canh 1, dién tich = 12 = 1.

e Mién quan tdm: 1/4 hinh tron ban kinh 1, dién tich = ”T’J = 7.

Dién tich mién A 4
ién tich mien —%%0.785

P(A) = —
( Dién tich hinh vuéng

K&t luan: Xéc suat diém roi vao géc tron nay khoang 78.5%.

2.1.3. M6 phéng (Simulation)

o Tung dong xu nhiéu lan, dém s6 lan xuat hién mat sip (tails) va mit ngta (heads).

 Khi s6 1an thit 16n, tan suit xuat hién ~ x4c suat ly thuyét: P(Heads) ~ 0.5
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Y tuéng: Sinh ngdu nhién N diém trong hinh vuéng canh s = 2, dém s6 diém nim trong
hinh tron ban kinh r = 1. Khi dé:

2
§° X Ntrong tron
Nt

™=

ong

2.2. Céc quy tic xac suit (Rules of Probability)
2.2.1. Xéc suat thyuc nghiém (Empirical Probability)
Pinh nghia: Xic suat dugc ude lugng tir s6 lan xay ra ciia su kién trong thuc nghiém:

B s6 lan A xay ra
tong s6 lan thuc hién phép thit

P(A)

Vi du: Trong 6 lan kiém tra:

P(Pass) =3/6 =0.5, P(Fail)=3/6=0.5

2.2.2. Quy tic cong (Additive Rule)

Quy téc:
P(AUB)=P(A)+ P(B) - P(ANDB)

Néu A va B xung khic:
P(AUB)=P(A)+ P(B)

Vi du:

A={3,4} — P(A) = P(3) + P(4) = 2/6 = 1/3

e P(A = “Tham Ha No6i”) = 0.7P(B=“ThmTP.HCM”) = 0.6

« P(ANB) =04
« = P(AUB)=0.7+0.6—0.4=0.9

2.3. X4c suit c6 diéu kién (Conditional Probability)

Pinh nghia: Xac suat c6 dieu kién mé ta kha ning xay ra clia mot su kién A khi biét chic rang
mot su kién B da x&y ra.

P(AN B)

P(A|B) = “P(B)

P(B) #0

8
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Trong dé:
« P(A|B): Xéc suat A xay ra duéi diéu kién B da xay ra.
o P(AN B): Xac suit cd A va B x4y ra dong thoi.

o P(B): X4c suit B x4y ra.

Vi du: Tung xtc xic (dice example)
Gia stt ta tung mot con xtc xac cong bang, khong gian mau S = {1,2,3,4,5,6}.

o A:“Rasb3” — A= {3}, P(A) =1/6.

e B:“Rasblé” — B=1{1,3,5}, P(B)=3/6=1/2.

e ANB:“Vitarasd 3 vasddo1é” — ANB = {3}, P(ANB) =1/6.
Ap dung cong thic:

_P(ANB) 1/6 1
PABY="pE “12 73

Néu chi xét trong tap B (titc chi nhin cdc s6 1& {1,3,5}), ta c6 3 két qua kha di nhu nhau va chi
c6 1 két qua thoa man A (s6 3). VAy:

s6 két qua thoa man ca A va B 1

P(A|B) = 3 Z . ==
tong ket qua trong B 3
Minh hoa bing bang:
Lé (B) | Chan (B) | Tong
A=3 1 két qua 0 1
Khoéng phai 3 | 2 két qua | 3 két qua 5
Tong 3 3 6

Trong 3 két qué thudc B, c6 ding 1 két qua dong thai thudc A.
Tinh P(B|A) (xéc suat ra sb 1& khi biét chac 1a ra s6 3):

P(ANB) 1/6

PO = =Py =16 ~

R6 rang néu da biét két qua 1a s6 3 thi chic chin d6 1a s6 1é.

2.4. Quy tic nhan (Multiplication Rule)

Pinh nghia: Quy tic nhan cho phép tinh xic suat xay ra dong thdi cia nhiéu bién ¢b phu thudc
1an nhau:

P(ANB) = P(A) - P(B|A) = P(B) - P(A|B)

Téng quat cho n bién cb:
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P(A1As... A,) = P(A1) - P(A2|Ay) - P(A3|A142) ... P(A,|A1As ... Apq)
Trong dé:
o P(A;): xéac sudt xay ra bién c6 dau tién,
o P(A3]A1): xdc sudt Ag x4y ra khi A; da xdy ra,

C6 10 chia gidéng hét nhau, trong dé chi c6 2 chia mé duge cita. Ta chon va thit timg chia
mot, bo chia da thi.
Cau hoi: Xéc suat mé dude ctra ding vao lan thit 3?

Phan tich bién cb:
Ky hiéu:

e A;: Chia ding ngay lan dau.
o As: Chia ding & lan tht 2.
« As: Chia ding ¢ lan thit 3.
e Ay, Ay: Thitsai élan 1, 2.

Ta can tinh:

Tinh tirng budc:

1. Lan 1 sai: C6 10 chia, 2 ding — 8 sai:

2. Lan 2 sai, biét 1an 1 sai: Con 9 chia (7 sai, 2 diing):

—_— 7
P(As]Ay) = )

3. Lan 3 dting, biét 2 1an truéc sai: Con 8 chia (6 sai, 2 ding):

_ 2
P(A3|A; Ay) = 3

10
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Két qua:

P(A; Ay A3) = 1%- ~ 0.155

NeNIEN|
ool o

— Xéc suat mé dugc cita ding vao lan thit thir 3 1a khoang 15.5%.

Cau hoi mé rong: Xac sudt md duge cira trong t6i da 3 1an thi?
Ta can cong ba trudng hop: mé ding ngay lan dau, lan 2 hoac lan 3:

P(at most 3 attempts) = P(A1) + P(A1As) + P(A1 A2 A3)

_ 2,82 872
10 10 9 10 9 8
_2+16+14
10 90 90

8
= — ~0.533

15

— Xiac sudt mé dugc cita trong tdi da 3 1an thir 14 khoang 53.3%.
Nhan xét:
e Quy tdc nhan cho phép ta tinh x4c suit cho cdc chudi su kién phu thudc 14n nhau.

« Cang nhiéu lan thtt, xdc suat thanh cong tich liiy cang tang.

Bit dau (10 chia) — A; (ding ngay): 2/10

\

A (sai): 8/10 ——— Ap: 2/9

T

A72; 7/9 — Ag: 2/8

2.5. Sy kién doc lap (Independent Events)

Pinh nghia: Hai su kién A va B doc lap néu:
P(ANnB)=P(A)-P(B)
Vi du (xtic x&c): A = {4}, B ={2,4,6}:
P(A)=1/6, P(B)=1/2, P(ANnB)=1/6

P(A)P(B) =(1/6)(1/2) =1/12 # P(ANB)
— A va B khéng d6c lap.

11
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Phan 3: Bayes’ Theorem

3. Dinh 1y Bayes (Bayes’ Theorem)

3.1. Pinh 1y x4c suit toan phan (Total Probability Theorem)
Phéat bidu: Gid st Ay, Ay, ..., A, 1a mot hé ddy du cac sy kién (complete system of events),
tic la:

ATUAU---UA,=Q va A,LQAJZQ\V/Z#]

Véi mét su kién H, ta co:

n

Minh hoa hé day dt gom 3 su kién Ay, Ag, Az va su kién H

Vi du: Chon bi trong 3 tii

o (C6 3 tti, moi tui chita 100 vién bi:
— T4i 1: 75 bi d6, 25 bi xanh
— T4i 2: 60 bi d6, 40 bi xanh
— T4i 3: 45 bi d6, 55 bi xanh
o Chon ngau nhién mot t1i, sau d6 bdc ngau nhién mot vién bi.
o Tim x4c sudt dé vién bi chon dugce 1a bi dé.
Loi giai: Goi:
H : “Chon dudc bi d8”
Ay : “Chon tdi 17, P(A1) = 1/3
Ag : “Chon tui 27, P(A2) =1/3
Az : “Chon tui 3”7, P(A3) =1/3

Ta co:
P(H|A,) =0.75, P(H|A2)=0.6, P(H|A3)=0.45

12
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Ap dung dinh 1y x4c sudt toan phan:
P(H) = P(A1)P(H|Ay) + P(A2)P(H|As) + P(A3)P(H|A3)
1
= 5(0.75 + 0.6 +0.45) = 0.60

3.2. Dinh ly Bayes (Bayes’ Rule)
Phat bidu: Véi hai su kién A va B, P(A) # 0:

P(BlA) =

Téng quét, v6i hé day di cac su kién Oy, Oy, ..., Chy:

_ P@)-PXIC)
P(Ci|X) = Z;LlP(Cj)-P(XICj)’ 1=1,2,...,n

Y nghia:

o P(C;): Prior (X4c suat tién nghiém)

« P(X|C;): Likelihood (Khé nang xdy ra dr liéu X khi C; ding)
e P(C;|X): Posterior (X4c suit hdu nghiém, diéu ta mudn tim)
(

« P(X): Marginal (Xac suit tong, dung dé chuan héa)

Vi du: Phat hién email spam
R T
e (1: Email spam, Cy: Email khong spam (Not spam)
e P(Ch)=0.3, P(Cy)=0.7
e X: Email chita tit "offer"
« P(X|C1)=0.8, P(X|Cy)=0.1
Tim: P(C1|X) = Xéc suat email 1a spam khi c6 tit “offer”.
P(X) = P(C1)P(X|C1) + P(C) P(X|Cy)
=0.3-0.8+4+0.7-0.1=0.31
Ap dung dinh 1y Bayes:

P(C))P(X|C1) _ 0.3x0.8

PGX) = P(X) 03l

~ 0.774

Két luan: Xéc suat email nay 13 spam 1én t6i 77.4% — nén dude danh dau 1 spam.

13
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Vi du: Phat hién email spam bing dinh 1y Bayes

Pé bai: Gia sit trong hop thu:
e 30% email 1a spam (C}), 70% email con lai 1a khéng spam (Cy).
o Tit khoéa ~“offer'' xuat hién trong:

— 80% céc email spam: P(X|C1) =0.8
— 10% céc email khéng spam: P(X|Cs) = 0.1

Mot email méi t6i va c6 chita tit ~~offer''. Hay tinh x4c suat email d6 1 spam.

Loi giai:
Buéc 1: Goi sy kién
Cy : Email spam, P(C7)=0.3

C5 : Email khong spam, P(C2) =0.7
X : “Email chita tit offer”

Budc 2: Vé so dd cay dé dé hinh dung
Gia st ta ¢6 100 email:
o Chon ngau nhién: 30 email 1& spam, 70 email khong spam.

« Trong s6 30 email spam:

— Co tu “Toffer'': 30 x 0.8 = 24 email
— Khong ¢6 tit “~offer'': 30 x 0.2 = 6 email

« Trong s6 70 email khéng spam:

— Co tu “Toffer'': 70 x 0.1 = 7 email
— Khong ¢6 tt “~offer'': 70 x 0.9 = 63 email

/" Assume that I received 100 e-mails

100 e-mails

100*0.3=30 100*0.7=70

Spam Desired

/\ /\

Contains ‘offer’ NOT contains ‘offer’ Contains ‘offer’ NOT contains ‘offer’

30*0.8=24 30*0.2=6 70%0.1=7 70*%0.9=63

So do cay
Bang tom tit:

14
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Loai email C6 “offer” | Khéng “offer” | Téng
Spam (C1) 24 6 30
Khong spam (Cs) 7 63 70
Téng 31 69 100

Budc 3: Tinh xic suit téng ctia sy kién X (email chita “offer”)
Dua vao bang trén:
31
P(X)=—=0.31
(X) 100

hodc theo cong thiic xdc suat toan phan:

P(X) = P(C1)P(X|Cy) + P(Cy) P(X|C2) = 0.3 x 0.8 + 0.7 x 0.1 = 0.31

Buédc 4: Ap dung dinh ly Bayes

P(Cy)P(X|C1)  03x08 0.24

= = ~ 0.774
P(X) 0.31 0.31

P(Ch1]X) =

Budc 5: Két luan
Néu mot email c6 chita tit ~~offer'', xdc suat né 1a spam lén t6i 77.4%. — Nén dugc danh
dau la spam.

Tt bai todn trén, chiing ta c6 thé rit ra dude phuong phap gidi chung cho dang bai toan nay:
Budc 1: Xéc dinh céc bién cb va ky hiéu

« Chon ra céc bién c6 Cy,Cy,...,C, tao thanh hé ddy diu (phan chia toan bd khong
gian mau). Vi du: “Spam” va “Khong spam”; hodc “Bénh” va “Khong bénh”.

o Goi X la d@ kién quan sat dugc (vi du: “cé ti offer” hodc “test duong tinh”).
« Ghi 16 céc xac suat da cho:

P(C;) (x4c suat tién nghiém) P(X|C;) (khd nang x&y ra dit kién khi C; ding)

Budc 2: Vé so dd cay xac suat (ggi ¥ nén dung khi méi hoc)
o Tang 1: cidc nhanh C1,Cy,. .., C, véi x4c sudt P(C;).

« Tang 2: m6i nhanh C; tiép tuc chia thanh 2 (hodc nhi¢u) nhanh: X va X, v6i x4c suat
P(X|C;) va 1 — P(X|Cy).

« Tinh s6 phan tit gid dinh trén 100 (ho#ic 1000) déi tugng dé dé hinh dung.

Buéc 3: Tinh xac suit tong ctia dit kién X (xéc sudt toan phan)

15
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P(X) =) P(C)) P(X|Cy)
i=1
(hodc ldy tong sb phan tit thuoc nhanh X chia cho téng).

Budc 4: Ap dung dinh 1y Bayes dé tim xic sudt hau nghiém

P(Cy) P(X|Ck)

Chi can thay k bang bién ¢ can héi (thudng la “Bénh” hodc “Spam”).
Budc 5: Két luan va giai thich
« So sanh x4c suat hau nghiém v6i ngudng (vi du >50% — dut doan Spam).

« Dién giai bang cidch dém s6 phan ti trong 100 (hodc 1000): Vi du: “Trong 100 trudng
hgp c¢é di kién X, c6 bao nhiéu thudéc Cy?”

Néu thay khé nhé cong thitc, hay Iuon:
1. Vé cay — dién ting nhanh.

2. Dém phan tit — truc gidc chinh 1a dinh ly Bayes!

4. Simple Classification

Dé bai: Ta c6 dit lieu vé 6 sinh vién véi két qué thi (Result) va viéc c6 hoc bai (Studied):

Result (Két qua) | Studied (Hoc bai?)
Pass Yes
Pass Yes
Pass No
Fail Yes
Fail No
Fail No

Muc tiéu: Du dodn xéc sudt mot sinh vién sé “Pass” néu biét rang ban dy c6 hoc bai
(Studied = Yes).

Budc 1: Xac dinh cic bién cb va ky hiéu
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C1 : Result = Pass, P(C)) = P(Pass)
Cs : Result = Fail, P(Cs) = P(Fail)
X : Studied = Yes

T bang di liéu:

P(Pass) =

W

3
= 0.5P(Fail) = 6= 0.5
Buéc 2: Tinh cic xéc suét cé diéu kién P(X|C;)
e Trong 3 nguci “Pass”: ¢6 2 ngudsi hoc bai
. 2
P(Studied = Yes|Pass) = 3
o Trong 3 ngudi “Fail”: chi 1 ngudi hoc bai
1
P(Studied = Yes|Fail) = 3

Buéc 3: Tinh xac suét tong ciia X (Total Probability)

P(X)

P(Studied = Yes)

= P(C1)P(X|Cy) 4+ P(Ca) P(X|Cy)
1

2
Ox -4+05x%x =
><3—|— ><3

=0.
1
2
Budc 4: Ap dung dinh ly Bayes

P(C1)P(X|Ch)

P(Pass|Studied = Yes) =

P(X)
2
_ 0.5 x 3
1
2
1
z 2
3
=2 =-=0.67
1
§ 3

Tuong tu:

P(Fail|Studied = Yes) = 1 — P(Pass|Studied = Yes)
2 1

=1-2=-~033
33

Budc 5: Két luan

Néu mot sinh vién c6 hoc bai, xdc suat ban ay sé Pass 1a khodng 67%, cao gip doi x4c suat bi

trugt (33%).

— Nén khuyén hoc bai dé ting cd hoi dd!
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Phan 4: M§& rong: Unigram trong bai toan phin loai
email spam

“Unigram nghe cé vé hoc thudt, nhung thuc ra né chinh la cich don gidn nhat dé day

mdy tinh hiéu mot doan vin.”
4.1. Gi6i thiéu
Trong thoi dai AI, viéc méy tinh c6 thé doc email va nhan ra thu rac (spam) khong con 1a
chuyén mdéi mé. Nhung ching ta da bao gic tu hoi:

M4y lam diéu d6 nhu thé nao, chi dua vao nhitng dong chit?

Cau tra 16i nAim ¢ mot moé hinh xac suat don gian nhung cuc ky hiéu qui: Unigram model.

4.2. Bai toan: Phan loai email spam

Gid st ta ¢ 2 email sau:

e Email A:

1 Congratulations! You won a FREE iPhone. Click now.
2

e Email B:

1 Dear student, your class schedule is updated for tomorrow.
2

Cau héi: Email nao la thu rac?
V6i mot hé thong Al viée ndy tuong duong véi phan loai vin ban vao hai nhém:
o Spam (ric)

o Ham (binh thuotng)

DPay chinh 13 bai toin phan loai vin ban — mot tmg dung dién hinh ctia Naive Bayes Classifier
va, Unigram model.

4.3. Unigram model la gi?
Unigram (hay 1-gram) 13 m6 hinh don gidn nhat trong cdc mé hinh ngén ngit n-gram — nai

mot cau hodc doan vin ban dude coi nhit mot chudi cdc token (thudng 1a tit), va mdi token dudc
gia dinh la d6c lap vébi cac token khac.

18
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Unigram model gia dinh ring xac sudt xudt hién ciia timg ti trong cAu la doc
lap véi cac tu khac:

n
P(’wl,IUg, 000 ,wn) = HP(wl)
— DAy la mot m6 hinh naive (ngay tho), nhung cuc ky nhanh va dé& trién khai.

Noéi cach khic: Tu “FREE” xuat hién khong anh hudng gi dén kha ning ti
“iPhone” xuat hién sau do.

4.4. M6 hinh xac suat Naive Bayes + Unigram

Dé phan loai mét email 13 Spam hay Ham, chiing ta 4p dung m6 hinh Naive Bayes, dua trén
dinh 1y Bayes va gia dinh don gidn (naive) rang: cdc tu trong email la doc lap cé diéu kién, tic la
khong phu thudc nhaw khi biét nhan. Day chinh 1a noi mé hinh Unigram phat huy tac dung.

Cu thé, ta tinh:

P(Spam | email) o< P(Spam) x HP(wi | Spam)
i=1

n
P(Ham | email) oc P(Ham) x [ [ P(w; | Ham)
=1
Trong d6:

e Wi, Wa,..., Wy, la cdc tit trong email can phan loai.

o P(Spam) va P(Ham) la xac suét tién nghiém (prior probability), u6c lugng tit dit liéu huan
luyén:

s6 email spam s6 email ham

P(Spam) = P(Ham) =

2 A a1 ? 2 X .
tong so email tong so email

o P(w; | Spam) 1a x4c suat c6 diéu kién: tit w; xuit hién trong email spam (twong tu v6i Ham).
D4y chinh la trong tdm ctia m6 hinh ngén ng Unigram:

s6 lan tit w xuat hién trong email spam + 1

P(w | Spam) = ——=— :

tong so tu trong email spam + V

« V 1a kich thudc tit dién (corpus) — s6 lugng tit phan biét trong toan bd tdp huin luyén
(chting ta c6 thé 4p dung Laplace smoothing (gidi thi¢u sau) dé xit Ij nhitng tit chua ting
thay).

Cuoi cung, ta chon nhan c¢6 xdc suat hau nghiém (posterior) cao hon:

n

label* = P(label) x | | P(w; | label
abe arglabelG{ISIi)i}r;,Ham} (a e) H (’LU | 2 e)
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M5 hinh Unigram chinh 1a phan “P(w; | label)” trong coéng thirc trén.
N6 gi& dinh rang céc tit trong email khéng anh huéng 1An nhau, va xéc suit ciia
toan bo email 13 tich cic xdc suat tit riéng 1é.

Vi du: Gia st ta c6 email: "click here to get FREE iPhone"
Véi mbi tit trong email, ta tra:

o P(7click” | Spam), P(”click” | Ham)
o P("FREE” | Spam), ...
Tinh tich xac suat theo ting nhan, rdi so sanh:
P(Spam | email) vs P(Ham | email)
Nhan nao cao hon thi ta dy dodn dé 1a loai clia email.

T6m lai: M6 hinh Naive Bayes + Unigram la mot trong nhirng mé hinh don gian va hiéu qua
nhat trong phan loai van ban. N6 dac biét phit hop cho bai todn phan loai email spam — noi mot
s6 tit nhu "free", "buy", "click" c6 x4c suit cao trong 16p spam, va rat thap trong 16p ham.

4.5. Smoothing — xit Iy tir chua timg thay

Trong thuec té, khi 4p dung m6 hinh Naive Bayes + Unigram dé phan loai viin ban, ta thudng gip
mot van dé nghiém trong:

Néu mot tir trong email test chua tirng xuit hién trong tip huin luyén, xic suit
P(w; | label) ctia né sé bang 0.
Vi du, tit "FREEdom" chua ting xuit hién trong bat ky email ndo ban huin luyén. Khi dé:

P("FREEdom” | Spam) = 0
D11 céc tit khac c6 xac suat cao, thi:

P(Spam | email) = P(Spam) x 0 X =0
"FREEdom”

— Toan bo xéc suit tré thanh 0, lam hoéng dy doan.

Ta sit dung ki thuat Laplace smoothing (hay con goi la “add-one smoothing”) dé dam
bao rang moi tir, ké ca tit chua timg thay, déu c6 xdc suat khac 0.

Count(w) + 1
P label) =
(w] label) Total words (label) + V'

20



Al VIETNAM aivietnam.edu.vn

Trong dé:
o Count(w) 1a s 1an tit w xuat hién trong vin ban thudc nhan dé
o V la sb lugng tit phan biét (kich thudc tir dién)

« Total words (label) 1a tong s6 tit (c6 lip lai) trong tat ci van ban thudc nhan dé

Y nghia ciia Laplace smoothing:
« MBGi tir, dit xuat hién hay khoéng, déu dude cong thém 1 vao sb lan xuat hién.

« Dong thoi, mau sb (tong tir) ciing duge cong thém V (vi ta cong thém 1 cho mdi tit trong tit
dién).

o Két qua 1a x4c sudt nho nhung khac 0 cho nhitng tit chua titng xuat hién.

e
Gié st

« Tong s6 tit trong email spam 13 5000

o S6 lugng tit phan biét V' = 1000

o TUu “FREEdom” chua ting xuat hién — Count = 0
Khi dé:

0+1 1
5000 + 1000 6000

— Thay vi bang 0, ta van c6 mdt xéc suat nho cho tir chua timg thay.

P("FREEdom” | Spam) = ~ 0.000167

Tém lai: Laplace smoothing 1 mot budec bit budc trong hau hét cic moé hinh Naive Bayes dé
dam béo mo hinh khong bi “vd” khi gdp tit méi. N6 gitip dam béo tinh 6n dinh va khé ning téng
quat ctia m6 hinh khi 4p dung vao dit liéu thuc té.

4.6. Huin luyén moé hinh tir dit liéu

Dé stt dung mo hinh Naive Bayes 4+ Unigram, ta can huin luyén tit mot tap dit liéu vin ban da
duge gan nhan. Gia s ta ¢ tap dit litu gom 1000 email, trong dé:

e 600 email 1a Spam

e 400 email la Ham (khong phai spam)

Buégc 1: Tinh xac suét tién nghiém (prior)
X4c sudt mot email bat ky 1a spam hay ham (u6c lugng tir dit lidu):
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600

P =—=0.
(Spam) 1000 0.6
400

Buéc 2: Tinh xac suét cé diéu kién P(w; | label) cho tirng tir

Gia st trong toan bo cdc email spam, ban dém dugc:

« "FREE”: xuat hién 200 lan

« 7iPhone”: 120 lan

« "Click”: 180 lan

« Tong s6 tit (token) trong toan bo email spam: 5000 tit
Tuong tu, ban dém dugc trong email ham:

o "FREE”: xuat hién 5 lan

o "Téng s6 tir trong email ham”: 4000 tit

Khi doé:
200
P("FREE” !
("FR | Spam) =500 0.0
)
P(’FREE” | H = —— =0.0012
("FR | Ham) 1000 0.00125

Téng quat: V4i moi tir w, ta tinh:

s0 lan w xuat hién trong email cia label

P label) = 5 Z
(w ] label) tong so tu trong label

Buéc 3: Thém smoothing

Dé tranh xac suat bang 0 khi gip tit méi trong dit liéu test, ta ding Laplace smoothing:

count(w) + 1
total words + V

Trong d6 V 14 s6 lugng tit khac nhau (kich thude tu dién).

P(w | label) =

from collections import Counter, defaultdict

1
2

3 # Simple data simulation

4 spam_emails = [

5 "FREE iPhone click now",

6 "Click to get your FREE prize",

7 "FREE FREE FREE click click iPhone"
8
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10 ham_emails = [

11 "Meeting schedule for tomorrow",
12 "Your class has been updated",
13 "Reminder: team meeting at 10AM"
14 ]

16 # Preprocessing: split words, lowercase
17 def tokenize(email):
18 return email.lower () .split ()

20 # Count words for each class

21 spam_words = []

22 for email in spam_emails:

23 spam_words.extend (tokenize (email))

25 ham_words = []
26 for email in ham_emails:

27 ham_words.extend (tokenize (email))

29 # Total words and count times

30 spam_counts = Counter (spam_words)

31 ham_counts = Counter (ham_words)

32 spam_total = sum(spam_counts.values())
33 ham_total = sum(ham_counts.values())

35 # General dictiomnary
36 vocab = set(spam_counts) | set(ham_counts)
37 V.= len(vocab)

30 # The function P(w | label) has smoothing

10 def compute_prob(w, label):

41 if label == 'spam':

42 return (spam_counts[w] + 1) / (spam_total + V)
43 else:

44 return (ham_counts[w] + 1) / (ham_total + V)

46 # Example: calculate the probability of the word "free"

a7 print ("P('free' | spam):", compute_prob("free", "spam"))

48 print ("P('free' | ham): ", compute_prob("free", "ham"))

( A
Output:

1 P('free' | spam): 0.16666666666666666

> P('free' | ham): 0.029411764705882353

(& J

Ta thiy rang tit "free" c6 xic sudt cao trong nhém spam, va thap trong nhém ham. Piéu nay
phan anh dung truc gidc va 1a 1y do vi sao tit nay la dau hiéu manh cho spam.

Ghi chii: Viéc dém tir va tinh x4c suat c6 thé duge thuce hién trén tap dit liéu 16n hon (nhu Enron

Spam Dataset hoac SMS Spam Collection). Véi dit liéu di 16n, md hinh Unigram + Naive Bayes
c6 thé dat do chinh x4c trén 95% trong bai toan phat hién email spam.
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4.7. Lam dy doan cho mdt email méi

Sau khi da huin luyén xong mé hinh (tinh duge P(w | label) cho moi tit), ta cé thé sit dung n6 dé
phéan loai mét email mdi.

Gia st ban nhan dugc email méi:

Click now to get a FREE iPhone

Muc tiéu: Tinh:
P(Spam | email) o< P(Spam) X HP(wi | Spam)

(2

P(Ham | email) o« P(Ham) x HP(wi | Ham)
i

Trong dé:
e P(Spam) = 0.6, P(Ham) = 0.4
o Céc tit w; gom: "click", "now", "to", "get", "a", "free", "iphone"
« Céc xic suat P(w; | label) duge tinh bang Laplace smoothing & budc trude

Luu y: Néu ta nhan tat cd cdc xc suit lai v6i nhau, sé rat dé bi tran sé (underflow) do tich
clia céc s6 rat nho. Vi vdy, ta sé tinh logarithm ciia xdc suit (log-probability) dé én dinh hon:

log P(Spam | email) = log(0.6) + Zlog P(w; | Spam)

)

log P(Ham | email) = log(0.4) + Z log P(w; | Ham)
i

Sau do, ta so sanh hai gid tri nay. Nhan nao c6 gia tri log 16n hon — mé hinh du dodn nhan dé.

import math

1
2

3 # New email needs sorting

4 new_email = "Click now to get a FREE iPhone"
&)

6 # Tokenization as training step
7 words = tokenize(new_email)

9 # Function to calculate the overall log-probability of an email
10 def predict_log_prob(words, label):

11 if label == 'spam':

12 log_prob = math.log(0.6) # prior

13 else:

14 log_prob = math.log(0.4)

15

16 for w in words:

17 prob = compute_prob(w.lower (), label)
18 log_prob += math.log(prob)
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1€
20 return log_prob

21

22 # Calculate the log probability for both labels.
23 log_spam = predict_log_prob(words, 'spam')

24 log_ham = predict_log_prob(words, 'ham')

25

26 print ("Log P(Spam | email):", log_spam)

27 print("Log P(Ham | email):", log_ham)

28

29 # Predict

30 predicted_label = "Spam" if log_spam > log_ham else "Ham"

31 print ("==> Predict:", predicted_label)

( )
Output:

1 Log P(Spam | email): -19.016206980948663

> Log P(Ham | email): -25.60081440418729

3 ==> Predict: Spam

Giai thich:
o Vi xéc sudt xuat hién cdc tit nhu "free", "click", "iphone" trong email spam cao hon
trong ham.

« Tong log-x4c suit clia email roi vao spam cao hon — hé théng du doan dé 1a thu rac.

Tém lai: M6 hinh Naive Bayes + Unigram dua trén nguyén ly don gidn nhung hiéu qua:
« Udc lugng x4c suat tit — nhan/tinh log — cong don lai

« Chon nhéan cé log-xac suat cao nhat

4.8. Uu va nhugc diém ctia Unigram trong phén loai spam

Sau khi d& hiéu r6 cdch huin luyén va du dodn bang mo hinh Naive Bayes + Unigram, ta hay cling
phan tich sdu hon vé diém manh va diém yéu ctia moé hinh nay.

« Pon gian, dé& trién khai: M6 hinh Unigram chi can dém tan sudt tir va tinh xdc
suat. Khong can hoc diic trung phtic tap hay diing mang no-ron. Tham chi c6 thé viét
tit dau chi véi vai chuc dong Python.

e Tinh toAn nhanh: Moi buéc chi gom cong, chia, va log — tinh todn nhanh va cé
thé huan luyén/training trén médy yéu hodc xtt Iy thoi gian thue. Thich hgp véi email
server, hé thong spam don gian, hoic thiét bi IoT.

« Hiéu qua bt ngd véi dit liéu da 16n: Khi tap hudn luyén di phong phi (tit hang
ngan dén hang triéu email), mé hinh c6 thé hoc ra rat nhiéu tit khéa “nhay cam” véi
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spam nhu: "free", "win", "offer", "urgent",...
Trong thuc té, mo6 hinh Unigram + Naive Bayes thudng dat do chinh x4dc 90-95% trong
bai todn phét hién email spam, du don gian.

=> C6 thé dung dé khdi tao m6 hinh hoic baseline.

« Khoéng xét ngit canh giita cac tir: Unigram gid dinh rang cac tir 1a doc 1ap — mod
hinh khéng phan biét duge gitta cdc cdu cé cung ti nhung khac nghia. Vi du: "I want
to buy a phone" va "Buy I want phone a to" s& dugc gdn cling x4c suat, vi chi xét
ting tiu riéng 1é, khong xét thir tu.

« Khoéng phat hién duge cic mau theo cu tric: Nhicu thu ric st dung ciu tric
ddc biét nhu “Click here to claim”, “Act now and win”,... nhung mé hinh Unigram
khong phat hién ra cum tit nao dang lap di lap lai vi né tach ting tir rdi rac.

« D& bi sai khi gip tit méi hodic lita ddo tir vieng: Vi du: néu ké gtii spam viét
"fr33 iphOne click" thay vi "free iphone click", thi m6 hinh Unigram sé khong
nhan ra vi day 1a tit chua ting thiy — xac suat thap — khong phat hién spam. Ngoai
ra, néu email test chita qué nhiéu tit méi (khéng cé trong tit dién huan luyén), céc xac
suat trd nén thiéu én dinh — mo hinh dé doan sai.

=> Khoéng phit hgp cho cac tic vu cin hiéu ngit phap, ngit nghia.

Tém lai:
Uu diém Nhugc diém
Don gian, dé trién khai va dé hiéu Khong xét ngit canh gitta cac tit

Tinh todn nhanh, dung dudc cid trén Khoéng phat hién duge cic mau theo
méy yéu cum tir hoac ngtt phap

Hiéu qué tét khi c6 du dit lieu hudn D@ bi sai néu ti mdéi xuat hién quéa
luyén nhiéu hodc bi danh lita ct phap

4.9. Két luan

Unigram 13 mé hinh cuc ky don gian nhung lai rat hitu dung cho bai todn phén loai email spam.
Du khong xét dén ngit canh, né vAn dat hiéu qua rat tét khi két hgp véi Naive Bayes va
mot chut ky thuat nhu smoothing.
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