KHAI PHA DU LIEU - CHUONG 4
PHAN LOP DU LIEU (DATA CLASSIFICATION)

Téng hop kién thiic, cAu hoi tu ludn va tric nghiém
1. TONG QUAN VE PHAN LOP

1.1. Pinh nghia va quy trinh

Phan 16p (Classification) 1a phuong phap phan tich di liéu nham trich xuit md hinh
mo ta cdc 16p dit liéu. Pay 1a quy trinh hai budc:

1. Huén luyén (Training): X4y dung bo phan 16p bing cédch hoc (analyzing) tap huin
luyén c6 nhan (X, y).

2. Phan 16p (Classification): Phan 16p ciac mau/d6i tugng méi. Néu do chinh xéc cla
bd phan 16p chip nhan dudgc, dung né dé phan 16p di liéu méi.

Pic diém: Phan 16p 1a hoc ¢é giam sat (supervised learning) — c6 nhan 16p trong di
liéu huén luyén.

Vi du tinh hubng:

* Email: “spam” hay “not spam”.

* Giao dich truc tuyén: “gian 1an” hay “binh thudng”.

* Y té: u buéu “lanh tinh” hay “4c tinh”; bénh nhan “méc bénh” hay “khong mac bénh”.

Cic thuét toan phéan I6p phd bién:

» Logistic Regression, Decision Tree, Bayesian method, ANN, K-NN, Case-based reasoning,
Genetic algorithms, Rough/Fuzzy sets.

2. HOI QUY LOGISTIC (LOGISTIC REGRESSION)

2.1. Ham Sigmoid

Hbi quy tuyén tinh hg(X) = 07X c6 thé cho két qua > 1 hoic < 0, khong phit hgp cho
phan 16p. Hdi quy Logistic ddm bao 0 < /(X ) < 1 bang ham Sigmoid (Logistic function):

) = (67X) = g7
0= #de0



Y nghia: /ig(x) = P(y = 1 | x;0) — xac suéit nhan 12 1 khi du vao 12 x.

2.2. Decision Boundary (Ranh giéi quyét dinh)
* Dy dodn y = 1 khi 7g(X) > 0.5 < 67X > 0.
* Dy doédn y = 0 khi g(X) < 0.5 < 67X < 0.
Decision boundary 12 tap {87 X = 0} — c6 thé la dudng thing (tuyén tinh) hoic duong

cong (phi tuyén) tlly thudc vio dic trung.

2.3. Ham chi phi va Gradient Descent

Ham chi phi logistic:

—log(he(x)) néuy=1

hg(x),y) =
costlho).) —log(1 —hg(x)) néuy=0
Ruit gon: cost(hg(x),y) = —ylog(he(x)) — (1 —y)log(1 — he(x))
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Ti thidu héa J(8) biang gradient descent (dang cong thic gidng hdi quy tuyén tinh sau
khi 14y dao ham).
2.4. Phan Iop da l6p — One-vs-Rest

V6i k 16p. hun luyén k b phan 16p A% (x) (i = 1,..., k), mbi b phan biét 1dp i véi tt

¢ 16p con lai. Dy dodn 16p i ¢ hY (x) 16n nhit.

3. CAY QUYﬁT DINH (DECISION TREE)

3.1. CAu tric va y nghia
« Internal node (Niit trong): Kiém tra mot thudc tinh cu thé.
* Branch (Nhanh): Két qué ctia phép kiém tra.

* Leaf node (Nut 1a): Nhan 16p.



3.2. Thuét toan xay dung ciy quyét dinh

Pic diém: Greedy, divide-and-conquer, dé quy, top-down. D¢ phiic tap: O(n x |D| x
log|D|).

Cac thuit toan: ID3, C4.5, CART (Classification and Regression Trees — cdy nhi
phén).
3.3. Tiéu chi chon thugc tinh phan tach

(a) Information Gain (ID3):

m
Info(D) = — Y pilogy(pi), pi=|Cipl/|D|
i=1

Infos (D i ||

Gain(A) = Info(D) — Infou (D)
Chon thudc tinh ¢6 Gain 16n nhét. Han ché: vu tién thudc tinh c6 nhiéu gid tri (tao nhiéu

partition nho).

(b) Gain Ratio (C4.5):
" |Dj| D
SplitInfo, (D E: ?logz D]

Gain(A)

GainRatio(4) = g for (D)

Chuén héa Information Gain theo d6 phan tach; gidm thién vi v6i thudc tinh nhiéu gi4 tri.

(¢) Gini Index (CART):
Gini(D) =1-— Zplz

Ginis (D )—| |Glm( D))+ D |G1n1(D2)

Dl D]

Chia nhi phan; chon thudc tinh va ngudng phén tach c6 Gini nhé nhét.



4. PHAN LOP BAYESIAN

4.1. Dinh ly Bayes

P(X |H)-P(H)

PUH|X) = ==

P(H | X): x4c suét hau nghiém (posterior) — x4c suit X thudc 16p H.

P(X | H): likelihood — xdc suit quan sat X néu 16p 1a H.
P(H): xdc sut tién nghiém cda 16p (prior).

e P(X): hing sb chuén héa.

4.2. Naive Bayesian Classification

Gia dinh class conditional independence: cac thudc tinh doc 14p véi nhau trong cung
mot 16p:

P(X|C) Hka|c

Phén 16p: Chon 16p C; ¢6 P(C; | X) o< P(X | G;) - P(C;) 16n nhét.
Tinh P(x; ‘ C,'):

¢ Thudc tinh danh muc: P(x; | C;) = w

(=)
21'EG exp ( 207 )

Vén dé xac suét bang 0: Néu P(x; | G;) = 0 thi P(X | G;) = 0, gdy ra “zero-frequency
problem”.

¢ Thudc tinh lién tyc (Gauss): P(x | ;) =

Giai phap Laplace smoothing:

X' |2, = AX' € G +1

Ci
(xk ‘ ) ‘C1D|+m

trong d6 m 1a sb gid tri khac nhau ctia thudc tinh Ay.
Uu/nhuge diém ciia Naive Bayes:

« Uu: Dé cai dit, hoc nhanh, dé hiéu két qua, hiéu qué trong nhiéu trudng hop.

+ Nhugc: Gia dinh doc 1ap 16p diéu kién c6 thé khong thda trong thuc té.



5. MANG NORON NHAN TAO (ANN)

5.1. Mo hinh Neuron — Logistic Unit

M&i neuron nhan tao 12 mot logistic unit v6i ham kich hoat Sigmoid g(z):
(1 _ (I=1) (I-1)
a;" =g (Z 0 i )
1

5.2. Kién triic ANN
+ Layer 1: Input layer (16p dau vio).
* Layer 2, ..., L-1: Hidden layers (16p 4n).
+ Layer L: Output layer (16p dau ra).

Ma tran trong s6 @) ¢6 kich thudc 5,1 x (s; -+ 1) (véi s; 1a s6 nit tai 16p ).

5.3. Feedforward (Forward Propagation)
Tinh gi4 tri kich hoat tif 16p dau vao dén 16p dau ra:
) — @), U+ — g(ZU+D)

(thém bias node aél) = 1 tai mdi 16p)

5.4. Ham chi phi ANN

Phan 16p nhi phan (K = 1):

1
N !

1

™M=

J(©) = 7 loghe () + (1 =y log(1 ~ o (x")
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5.5. Backpropagation
Thuat toén tinh gradient dé ti uu héa J(®):
1. Feedforward: Tinh a¥) cho tit ca céc 16p.
2. Tinh 16i: 8 = q(b) —y,

3. Lan truyén ngudgc: 8) = (@)1 . g/ (1)),



4. Tinh gradient: a—j@ = ay) -SEHI).
L

5. Cap nhat L) bing gradient descent.

6. K-NEAREST NEIGHBOR (K-NN)

Y tudng: Phan 16p ddi tugng X bang cach bod phiéu da sd (majority vote) tif k ddi tugng
gan nhét trong tip huin luyén.

P6 do khoang cach: Thuong dung Euclidean: d(p,q) = \/Yi(pi — gi)*

Chon k:

* k qua nho: nhay cdm véi nhiéu.

* k qua 16n: c6 thé chon dbi tugng tir 16p khéc.

. Goiy: k< \/|D|.
7. PANH GIA VA CHON MO HINH PHAN LOP
7.1. Tiéu chi danh gia

+ Accuracy: Kha niing nhan dang ding cic dbi tuong.

« Speed: Chi phi tinh to4n khi huén luyén va sit dung.

* Robustness: Hoat dong tot véi dif liéu nhiéu hoic thiéu.

Scalability: X4y dung va cip nhit bo phan 16p véi tap dit liéu rat 16n.

Interpretability: Kha ning hiéu cach b phan 16p hoat dong.

7.2. Precision, Recall va F-score

Thue té: X | Thuc té: !X

Du doan: X TP FP
Du doan: !X FN TN
Precision = L, Recall = L
TP+ FP TP+FN
2XPXR
F-score = ————
P+R



7.3. Phuong phap danh gia
» Holdout method: Chia ngiu nhién D thanh tap train (2/3) va test (1/3).
+ K-fold cross-validation: Chia D thanh k phan bang nhau; lip & 1in (dung phan i dé

test, phan con lai d€ train); tinh trung binh.

8. TOM TAT
 Phan 16p: Hoc c6 gidm sat; 2 budce: training + classification.

* Logistic Regression: Sigmoid function; decision boundary; gradient descent; one-
vs-rest da 16p.

* Decision Tree (ID3/C4.5/CART): Tiéu chi phén tach: Information Gain, Gain Ratio,

Gini Index.
* Naive Bayes: Dinh ly Bayes + gia dinh doc lap; Laplace smoothing cho zero-frequency.
+ ANN: Feedforward + Backpropagation; xi ly phi tuyén phiic tap.
¢ K-NN: Lazy learning, dua trén khoang cach.

» Panh gia: Accuracy, Precision, Recall, F-score; Holdout, K-fold cross-validation.



9. CAU HOI TU LUAN

Caul.

Cau 2.

Cau 3.

Cau 4.

Cau 5.

Cau 6.

Cau7.

Cau 8.

Cau9.

Cau 10.

Cau 11.

Cau 12.

Cau 13.

Phan 16p dit liéu (Classification) 1a gi? Mo ta quy trinh 2 budc ctia phan 16p va giai
thich tai sao phan 16p 1a hoc c6 giam sat. So sanh v6i phan cum (Clustering).

Giai thich tai sao hdi quy tuyén tinh /g (X ) = 67 X khong ph hgp cho bai todn phan
16p. Ham Sigmoid gidi quyét vin dé nay nhu thé nao?

Trinh bay ham Sigmoid g(z) va ¥ nghia cta hg(x) = P(y = 1 | x;0) trong hoi quy
Logistic. Quy tic quyét dinh phan 16p dua trén hg(x) va 87 X nhu thé nao?

Giai thich khdi niém Decision Boundary trong hdi quy Logistic. Khi nao thi ranh
gidi quyét dinh 1a dudng thang? Khi nao 1a dudng cong? Cho vi du cu thé.

Trinh bay ham chi phi ctia hdi quy Logistic. Tai sao khong dung MSE nhu hdi quy
tuyén tinh? Giai thich y nghia ctia tiing trudng hop y = 1 va y = 0.

Giai thich phuong phap One-vs-Rest dé phan 16p da 16p bang Logistic Regression.
M6 ta quy trinh huén luyén va du doan. Han ché ctia phuong phap nay?

MB0 t4 céu triic ctia Decision Tree. Giai thich cdc khdi niém: internal node, branch,
leaf node. Thuit toan xay dung cdy quyét dinh c6 dic diém gi (greedy, divide-and-
conquer)?

Trinh bay va so sanh 3 tiéu chi chon thudc tinh phan tich trong cdy quyét dinh:
Information Gain, Gain Ratio va Gini Index. Khi nao Gain Ratio t6t hon Information
Gain?

Tinh Information Gain cta thudc tinh “age” trong tip dit liéu AllElectronics: Info(D) =
0.940, Infoaee (D) = 0.694. Két qué Gain(age) = 0.246. Gidi thich y nghia ctia con

s6 nay.

Trinh bay Dinh ly Bayes. Giai thich cdc khai niém: posterior probability, prior
probability, likelihood, evidence. Tai sao phan 16p Bayesian dua trén “tdi da héa

posterior’”?

Giai thich gia dinh class conditional independence trong Naive Bayes. Khi nao
gid dinh ndy c6 thé khong théa? Hé qua khi gid dinh bi vi pham 1a gi?

Trinh bay Laplace smoothing trong Naive Bayes. Tai sao cin Laplace smoothing?
Cong thiic diéu chinh nhu thé nao? C6 phucng phap thay thé nao khong?

M6 té kién tric Mang Noron Nhan Tao (ANN). Giai thich: input layer, hidden
layers, output layer, weights matrix ®/), kich thudc ctia @),



Cau 14.

Cau 15.

Cau 16.

Cau 17.

Cau 18.

Cau 19.

Céu 20.

Trinh bay thuat toin Feedforward (Forward Propagation) trong ANN. Vi sao can

thém bias node aé” = 1 tai mdi 16p?

Giai thich thuat toan Backpropagation. Muc dich cua backpropagation 1a gi? M6

t céch tinh 8(1), 8(-~1) va gradient -2,
2]

Tai sao ANN dudc st dung cho bai toan phan 16p phi tuyén phic tap ma Logistic
Regression khong xit 1y dugc? Minh hoa bang vi du bai todn XOR.

Giai thich thuit toan K-Nearest Neighbor (K-NN). Trinh bay cach chon &, d6 do
khoang cach va quy tic bd phiéu da sb. Uu va nhudc diém ctia K-NN?

Phan biét Precision va Recall. Trong tinh hudng phét hién gian 1an thé tin dung,
tiéu chi nao quan trong hon? Tai sao cin F-score?

So sanh Holdout method va K-fold cross-validation dé dinh gia bd phan 16p.
Phuong phap nao dang tin cy hon va tai sao?

So sanh toan dién 5 phuong phap phan 16p: Logistic Regression, Decision Tree,
Naive Bayes, ANN va K-NN theo céc ti€u chi: accuracy, speed, robustness, scalability

va interpretability.



10. CAU HOI TRAC NGHIEM

Caul.

Cau 2.

Cau 3.

Cau 4.

Cau 5.

Cau 6.

Phan 16p (Classification) 1a loai hoc nao?

A. Hoc khong giam sat.
B. Hoc c6 giam sat.
C. Hoc tang cudng.

D. Hoc béan giam sat.

Ham Sigmoid g(z) = H% c6 mién gid tri:
A. (=00, +00)
B. [0,1] (nhung khong dat diing 0 hodc 1, ngoai trit gidi han).
C. [-1,1]
D. [0.5,1]
Trong Logistic Regression, du doan y = 1 khi:

A. he(x) >0.5<67x>0.
B. hg(x) <0.5.
C. 87x<0.
D. he(x) =1.
he(x) = P(y=1]x;8) = 0.7 c6 nghia la:
A. 70% dbi tuong thuoc 16p 0.
B. Xdc suat 70% dbi tuong thude 16p 1 v6i dau vao x.
C. MO hinh chinh xac 70%.
D. 87x=0.7.

Ham chi phi Logistic Regression khi y = 1 va hg(x) — 0 sé:

A. Tién vé 0 (cost nhd).

B. Tién v& vd cuc (cost rat 16n — phat manh du doan sai).
C. Bing0.5.

D. Bing —1log(0.5).

Phuong phap One-vs-Rest trong phan 16p da 16p v6i k 16p cAn huin luyén:

10



Cau7.

Cau 8.

Cau 9.

Cau 10.

Cau 11.

A. 1bd phan 16p.
B. k— 1 bd phan 16p.
C. kb phan 16p.
D. k(k—1)/2 bd phan 16p.
Trong Decision Tree, Leaf node chia:

A. Diéu kién kiém tra thudc tinh.
B. Nhan 16p (class label).
C. Tap con cta dit liéu huén luyén.
D. Hé s6 Gini Index.
Information Gain Gain(A) = Info(D) — Info, (D) la:
A. Luogng thong tin can thiét d€ phan 16p sau khi dung thudc tinh A.
B. Phin gidm entropy khi biét thudc tinh A (16n hon 1a t6t hon).
C. Do do Gini ctia phan hoach.
D. Xdc suét thudc tinh A dugc chon lam niit gbc.
Thuat toan ciy quyét dinh nao sit dung Gain Ratio?
A. ID3.
B. C4.5.

C. CART.
D. K-NN.

Gini Index nhé hon tuong tng vdi:

A. Partition ¢6 d6 hén loan cao hon (impure).
B. Partition thuin hon (cic dbi tugng chi yéu thudc mot 16p).
C. Thudc tinh phan tach kém hon.

D. Entropy 16n hon.
CART (Classification and Regression Trees) ddc diém la:

A. Céy da phan (multiple branches per node).
B. Cay nhi phén (binary split); st dung Gini Index.

C. Céy nhi phan; st dung Information Gain.

11



D. Cay da phan; st dung Gain Ratio.
Cau 12. Trong Naive Bayes, gia dinh class conditional independence nghia la:

A. Tét ca cic 16p c6 xdc suét biang nhau.

B. Céc thudc tinh doc 1ap véi nhau trong cung mot 16p.

C. Cac 16p doc 1ap v6i nhau.

D. Thudc tinh lién tuc va danh muc dugc xit Iy giébng nhau.
Cau 13. Laplace smoothing trong Naive Bayes gii quyét:

A. Van dé dit liéu thiéu (missing data).

B. Vin dé x4c suit bang 0 (zero-frequency problem).

C. Van dé gia dinh doc lap bi vi pham.

D. VAn dé chiéu cao (high dimensionality).

Ciu 14. Cong thic Laplace smoothing: P(x; | C;) = fc‘"g“tirb, trong d6 m 1a:

A. S6 16p trong tap dit liéu.
B. S gi4 tri khdc nhau ctia thudc tinh Ay.
C. Sb6 mau trong tip huin luyén.
D. S6 thudc tinh ctia d6i tugng.

Cau 15. Trong ANN, ma tran trong s6 ®U) 4nh xa:
A. Tulép j+1 vé1dp j.
B. Tur 16p j sang 16p j+ 1.
C. Tir 16p dau vao truc tiép dén 16p dau ra.
D. Tir 16p 4n sang 16p dau vao.

Cau 16. Kich thudc ciia ) trong ANN véi s ; nuit tai 16p j va s;41 nut tai 16p j+ 1 la:
A. Si X Sjt1
B. sj41 X (s;+ 1) (bao gdm bias)
C. (S/“F]) XSj+1
D. Sj X (Sj+1 + 1)

Cau 17. Trong Backpropagation, 5;1) biéu dién:

12



A. Gia tri kich hoat cia neuron j tai 16p /.
B. Sai sd (error) tao ra bdi neuron j tai 16p [.
C. Trong s6 két n6i ctia neuron j tai 16p /.
D. Gid tri gradient ctia J theo ®§;).
Cau 18. K-NN phin 16p dbi tugng méi bang cach:
A. Tinh xdc suét thudc mdi 16p theo Bayes.
B. Bo phiéu da sb tii k dbi tugng gan nhét trong tip huin luyén.
C. Xay dung cay quyét dinh tf tap huin luyén.
D. Tinh sigmoid ctia 67 x.
Cau 19. Khi k trong K-NN qua nho, bd phén 16p sé:
A. On dinh hon v6i nhiéu.
B. Nhay cam hon véi nhiéu (overfitting).
C. C6 xu huéng phan 16p sai do chon qua nhiéu 16p.
D. Khong bi anh hudng béi k.

Cau 20. Gid tri k dugc ggi y trong slide C4 la:

A k=1
B. k<./ID|
C. k=10
D. k=|D|/2

Cau 21. Precision dugc tinh bing:

A. TP/(TP+FN)

B. TP/(TP+FP)

C. TN/(TN +FP)

D. (TP+TN)/(TP+FP+FN+TN)
Cau 22. Recall dugc tinh bing:

A. TP/(TP+FP)

B. TP/(TP+FN)

C. FP/(FP+TN)

13



Cau 23.

Céau 24.

Céau 25.

Cau 26.

Cau 27.

D. TN/(TN+FN)
F-score dudc tinh bing:

A. (P+R)/2
B. 2PR/(P+R)
C. VPXR

D. PxR

V6i dataset 13 flows (9 BG va 4 FG), b phan 16p xac dinh 7 flows la BG (4 BG
ding va 3 FG sai). Precision va Recall ctia 16p BG 1an luot 1a:

A. P=4/9,R=4/7.

B. P=4/7,R =4/9.

C. P=4/13,R=4/7.

D. P=4/7,R =4/13.
Thuit todn cdy quyét dinh nao st dung Information Gain va phii hop vé6i thudc
tinh danh muc?

A. C4.5.

B. CART.

C. ID3.

D. Naive Bayes.
Trong ANN, 16p d4u vao L = 1 chia:
A. Két qua du doan.
B. Cic dic trung diu vao xi,...,x, (va bias xg = 1).
C. Cic trong s6 O.
D. Gia tri delta (16i) ctia mbi neuron.
Info(D) = — Y™ | p:log, p; bang 0 khi:
A. Tit c4 d6i tugng phan b déu giita cac 16p.
B. Tét ca dbi tuong thudc cling mot 16p (partition thuin nhét).
C. m=216p.
D. D= 1.

14



Cau 28. B0 phan 16p nao dé giai thich nhét (highest interpretability)?
A. ANN véi nhiéu hidden layers.
B. K-NN.
C. Decision Tree.
D. Logistic Regression véi nhiéu bién.
Cau 29. Uu diém chinh ctia ANN so vdi Decision Tree la:
A. ANN dé hiéu va gidi thich hon.

B. ANN xt ly t6t hon céc bai toan phan 16p phi tuyén phtc tap véi dif liéu chiéu

cao.
C. ANN can it dif liéu huén luyén hon.
D. ANN huén luyén nhanh hon véi moi loai di liéu.
Céu 30. Tiéu chi Scalability trong ddnh gia bo phan 16p quan tam dén:
A. Kha ning b phan 16p hiéu dugc két qua.
B. Kha ning xiy dung va cap nhat bd phan 16p véi tap dif liéu rt 16n.
C. Kha ning phan 16p diing cic dbi tuong nhiéu.
D. Tbc d6 du doan trén tap test.

Cau 31. Trong quy trinh phén 16p 2 budc, budc Evaluation dugc thuc hién &:

A. Chi & buéc Training.

B. O diu budc Classification (diing testing dataset dé danh gid trudc khi dp
dung).

C. Sau khi da phan 16p tit ca dit liéu m&i.
D. Khong cin thuc hién evaluation néu training dataset dii 16n.
Cau 32. Phuong trinh /g(x) = g(8 + 817 + 6,x3) tao ra decision boundary dang:
A. Puong thang.
B. DPudng tron (hodc elipse).
C. Dbuong hyperbola.

D. Khong thé xic dinh.

Cau 33. Trong K-fold cross-validation, tdng s 1an mot mau di liéu dugc dung dé test 1a:

15



A. klan.
B. 1lan.
C. k—11lan.
D. 1/k lan.
Cau 34. Trong Naive Bayes, P(C;) = |C; p|/|D| bi€u dién:
A. Likelihood (xdc sut quan sat X néu 16p 1a C;).
B. Prior probability (xdc suit tién nghiém ctia 16p C;).
C. Posterior probability (x4c suit hau nghiém).
D. Evidence (hing s6 chuin héa).
Cau 35. ANN dugc lay cam hiing tir:
A. Hé théng diéu khién robot.
B. CAu tric va hoat dong clia nio ngudi.
C. Céu triic cay quyét dinh phan cip.
D. Ly thuyét tip md (Fuzzy sets).
Céu 36. Khi Naive Bayes gip vin dé P(x; | C;) = 0 ma khong dung Laplace smoothing thi:
A. Chi &nh hudng dén thudc tinh dé.
B. Toan bo P(X | C;) = 0, loai bo hoan toan 16p C; khoi xét.
C. Ting xéc suét clia cac 16p khéc.
D. Khong 4nh hudng néu c6 di thudc tinh khac.
Cau 37. Trong ddnh gid md hinh phan 16p, d6 do Accuracy c6 han ché khi:
A. Tap test qua nho.
B. Dit liéu mét can bang 16p (class imbalance), vi du 99% 16p A va 1% 16p B.
C. S616p 16n hon 2.

D. B0 phan 16p stt dung gradient descent.

16



PAP AN

Cau héi tu luan — Huéng dan tra i

Cau

Noi dung can trinh bay

Classification: xay dyng ham f(X) = y tit d@ liéu c6 nhan. Budc 1: Training
(hoc md hinh tit (X,y)). Budc 2: Classification (phan 16p dit liéu méi).
Supervised vi c6 nhan. Khac clustering: clustering khong cé nhan, tu tim
nhom.

Hoi quy tuyén tinh: hg(X) c6 thé > 1 hodc < 0 = khong phdi xac suit.
Sigmoid: g(z) = 1/(14+e %) € (0,1) = dam béo 0 < hg < 1, ¢6 thé dién

giai la xdc suat.

he(x) = g(87x) € (0,1). Y nghia: P(y = 1|x;8). Quy tic: dy dodn y = 1
khi hg(x) > 0.5 < 07x > 0; du doan y = 0 khi ngudc lai.

Decision boundary 1 tip {87 x = 0}. Pudng thang khi dic trung tuyén tinh
00+ 01x1 +02x, = 0. Budng cong khi thém déc trung bac cao: 6y + Glx% +
62x3 = 0 = dudng tron.

Dung log-loss thay MSE vi: MSE véi sigmoid cho J khong 18i (nhiéu cuc
tiéu cuc bod). Log-loss: y = 1,k — 0: cost — oo (phat manh); y = 1,h = 1:
cost =0. Tuong ty y = 0.

One-vs-Rest: v6i k 16p, huan luyén k bo phan 16p h((; ), mdi céi phan biét 16p
i vs. tit ca con lai. Dy doén: 16p i = argmax; h(el)(x). Han ché: khong xét
ddng thai tit ca 16p.

Internal node: test thudc tinh (vi du: age < 30). Branch: két qua test. Leaf:
nhin 16p. Thuat todn: greedy (chon thudc tinh tét nhit tai mdi ndt, khong
quay lai), divide-and-conquer, dé quy, top-down.

Information Gain: do giam entropy; c6 thé wu tién thudc tinh nhiéu gia tri
(bad). Gain Ratio: chuin héa biang SplitInfo = khéc phuc thién vi ctia IG;
dung khi thudc tinh c6 nhiéu gi4 tri. Gini: phan tach nhi phan, don gidn
hon.

Gain(age) = 0.940 - 0.694 = 0.246 bits. Nghia: Khi biét thudc tinh “age”,
luong thong tin cin thém d€ phan 16p gidm 0.246 bits. DE so sanh véi
Gain(income), Gain(student), Gain(credit_rating) d€ chon thudc tinh phan
tach.
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Bayes: P(H|X) = P(X|H)P(H)/P(X). Posterior: xic suit thuoc 16p sau
khi quan sat X. Prior: xdc suét 16p tru6c khi quan sat. Likelihood: xdc suat
quan sit X néu 16p 12 H. Phan 16p tdi da héa posterior dé chon 16p c6 kha
ning cao nhit.
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Cau

Ni dung can trinh bay

11

Gia dinh: P(X|C;) = [Tx P(xx|C;) — céc thudc tinh doc 1ap trong mdi 16p.
Khong thoa khi: thudc tinh c6 tuong quan (vi du: chiéu cao va cin ning).
Hé qua: xdc suét tinh toan khong phan 4nh ding thuc té, c6 thé cho két qua
sai.
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Zero-frequency: P(x¢|C;) = 0 khi gid tri x; chua gép trong 16p C; trong
training = P(X|C;) = 0, loai bd 16p sai. Laplace: thém 1 vao ti&, m vao
mau. Thay thé: z-estimate: P = (count+zP(x;))/(|Ci| + 2).
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Layer 1: input (x1,...,X,). Hidden layers: xt ly phi tuyén. Layer L: output.
©\): ma tran trong sb tit 16p j sang j+ 1; kich thudc Sjr1 % (sj+1) (bias
node thém 1 vao s;).
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Feedforward: z(+t1) = @a0); g0+ = g(z(+1); thém aél) =1 tai mdi
16p. Bias node can thiét dé cho phép dich chuyén (shift) decision boundary,
tuong tu intercept 6 trong hdi quy.
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Backprop tinh gradient 0J /000, = al) —y (15i output). &)

(O@M)TFI+) . ¢/ (z(D) (lan truyén ngIIOC) % = ay)S(H_l) Cap nhit ©
ij

bing gradient descent.
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XOR khéng phan tach tuyén tinh dugc. ANN: c6 thé biéu dién NAND —
t6 hop — XOR. ANN hoc céc dic trung phi tuyén qua hidden layers, tao
ra bién phan 16p phiic tap. Logistic Regression chi tao ra bién tuyén tinh.
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K-NN: tinh khoang céch tit X dén tat ca diém trong D; chon k diém gan
nhit; dy doan 16p c6 nhiéu phiéu nhat. Chon k: k < /|D|. Uu: don gian.
Nhugc: ton bo nhd, tinh khoang cach cham khi |D| 16n (lazy learner).
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Precision: trong s6 du dodn 1a X, bao nhiéu phan ding. Recall: trong sd
thyc su 1a X, bao nhiéu phan dugc phat hién. Phat hién gian 14an: Recall
quan trong hon (khong bd sét gian 1an that). F-score can bing ca hai.
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Holdout: chia 1 1an, két qua phu thudc cich chia. K-fold: chia & 1an, tinh
trung binh = dang tin cdy hon vi it phu thudc cach chia di li€u; tin dung
toan bd di liéu vira train vira test.

20

Logistic Reg: accuracy trung binh, nhanh, &n dinh, interpretable. Decision
Tree: tot v6i dit liéu danh muc, nhanh, interpretable t6t. Naive Bayes:
nhanh, it dif liéu, gia dinh doc 1ap. ANN: accuracy cao nhét (phi tuyén),
cham, kém interpretable. K-NN: accuracy t6t, chdm véi data 16n, tén bd
nhg.

Cau hoi trac nghiém — Dap an
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