SVM

Trac nghiém 16 ¥ PDF bai

Khi hai 16p dir liéu tach duge bing mdt dudng théng, thudng c6 nhiéu dusng
thang lam dugc viéc do. SVM (Support Vector Machine) chon duong nam xa
cac diém gan nhat cta cé hai 16p nhat, dé mot diém maéi léch mot chit van
dugc x€p dang. Khoang cach do goi la 1€ (margin). Bai nay tinh 1é bang tay trén
vi du nho, roi dung kernel dé SVM tach dugc dir liéu can dudng cong.

MUC TIEU

« Tinh khodng cach t6i duong phan chia va hinge loss.
 Hiéu tham s6 C, gamma va vi sao can chudn hoa.

« Dung SVC véi Pipeline va cross-validation.

Lé 16n nhat

Gan nhan y; € {—1,+1}. Mot siéu phéng w'x + b = 0 phan loai ding moi diém khi
y;(w'x; + b) > 0. Khoang cach tir x; dén siéu phang 1a

Vinhan w va b v6i ciing mot sé duong khdng ddi siéu phang, ta chudn héa sao cho cac
diém gan nhat thoa y;(w'x; + b) = 1. Khi d6 do rong 1€ (margin) gilra hai phia 1a 2/||w/|[;
chang han w = (3,4) c6 ||w|| = 5, nén 1€ rong 2/5 = 0.4. Cuc dai 1é tuong duong

1 2 , T .
min §HWH thoa y; (W' x;4+b)>1, i=1,...,n.

)

bay la bai toan t6i uu 16i bac hai: khi dit liéu tach dugce thi c6 nghiém, va khong c6 cuc
tiéu dia phuong nao dé mic ket. Cac diém nam dung trén bién 1€ 1a vector hé trg

(support vectors): chi chiing quyét dinh vi tri vach, boé cac di€ém khac di thi vach khong
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déi. (V6i 1é mém & muc sau, vector hd trg con gom ca cac diém nam trong 1€ hoac bi

phan loai sai.)

f(x) = =1 (nét dut)

khoanh: support vector

& = 2/|w| = 8.62

Chi cac diém nam trén 1é (khoanh tron) quyét dinh vi tri vach.

HOI NHANH

Sau khi chudn hoéa, hai bién 1é f(x) = +1 cach nhau dung 1 don vi. ||w|| bing bao

nhiéu?
A 0.5
B 1
c 4
D 2

Lé mém va hinge loss

Dir liéu that hiém khi tach dugc hoan toan. Lé mém (soft margin) cho phép vi pham, c6

tra gia:
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min i + O3 max(0, 1-uf(x):  f6) = wix+b

S6 hang thir hai la hinge loss: bing 0 néu diém nam ding phia va ngoai I€, tang tuyén
tinh néu 14n vao 1é hoac sang phia sai. Lai la “phat + 16i", chi khac 1a hé s6 dit & phia 16i: C

16n thi it chiu vi pham, 1€ hep, dé overfit; C' nho thi 1€ rong, mo6 hinh don gian hon.

C =0.01- 72 support vector C =100 - 11 support vector

C nho: 1€ rong, chiu nhiéu vi pham. C 16n: 1€ hep.

Lay siéu phang w = (3,4), b = —10 va ba diém:

o Diém (2,1):3-2+4-1— 10 = 0, nim dang trén siéu phang.
o Diém (3,2) nhan +1: f = 7, khoang cach 7/5 = 1.4, yf = 7 > 1, hinge loss béang 0.

o Diém (2,1.1) nhan +1: f = 0.4, nam dung phia nhung trong 1€, hinge loss = 1 —
0.4 = 0.6.
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w=(3, 4, b =-10
AN 16 = 2/5 = 0.4

(3, 2): ngoai Ié, hinge 0
(2, 1.1): trong 1€, hinge 0.6
(2, 1): ngay trén vach

biém (2, 1.1) ding phia nhung nam trong 1é nén van chiu hinge 0.6.

So véi logistic regression & bai 2.3, hai mé hinh chi khac ham mat mat. Log loss khong
bao gio bang 0, nén moi diém déu gop tiéng noi. Hinge loss bang 0 v6i diém “an toan”,

nén chi cac diém gan ranh gi¢i méi quan trong.
HOI NHANH
Cho C tién dan vé 0 trong bai toan 16 mém. Nghiém cé xu huéng thé nao?
A L& hep lai, c6 phan loai dung moi diém train
B wVeégano,lératrong, bd qua cac vi pham
¢ Khéng dbi, vi C chi anh hudng téc do téi uu

D Tré thanh SVM Ié cing, khdng chap nhan vi pham

Meo kernel

Muon ranh giéi cong, cach tho la anh xa x sang khong gian dic trung 16n hon ¢(x) roi
chay SVM tuyén tinh & do6. Piéu dac biét 1a dang ddi ngau (dual) ctia bai toan SVM chi
dung dir liéu qua tich vd hudng ¢(x;) ' #(x;). Néu c6 ham k tinh thing tich do, goi 1a
kernel, thi khong bao gi¢ phai tao ¢:
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trén truc x: khong vach nao tach dugc sau @(x) = (x, x?): mét dudng ngang
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nang méi diém |én do cao x? dudng ngang x* = 2.25 tach hai I&p

Nang mudi diém tir truc x 1én (x, x2): hai 16p khong tach dugc bing mot
ngudng trén truc lai tach dugce bing mot duong théng.

Vi du vOi X,Z < R2 Vé ¢(X) = (a‘;%’ \/ixlxz’ x%):
o(x) ' ¢(z) = 72} + 221222120 + TH25 = (xTz)2 :

Mot phép nhan v6 huéng roi binh phuong thay cho viéc 14p va nhan hai vector ba chiéu.
V6i kernel RBF (Gaussian)
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k(x,z) = exp(—v ||x — z|?)

khong gian dic trung tuong ing c6 vo han chiéu, vy ma tinh kernel chi tén O(d).

HOI NHANH
Véi x € R19% kernel (x'z)? tng v6i mot ¢ c6 khoang bao nhiéu chiéu? Tinh thang

kernel thi ton khodng bao nhiéu phép nhan?
A 2000 chiéu, khoang 2000 phép nhan
8 1000 000 chiéu, khoang 1000 000 phép nhan
¢ 500 500 chiéu, khoang 500 500 phép nhan

D 500 500 chiéu, khoang 1000 phép nhan

Ham dy doan khi d6 c6 dang f(x) = > ;. gy i k(x;,%) + b: mot tong co trong s6 theo
do giong gitra diém méi va cac vector ho trg. Nhin ky thi giong kNN ¢6 trong s6, nhung
trong s6 dugc hoc bang t6i uu. V6i RBF va v = 0.1, hai diém (1, 2) va (4,6) co ||x —

z||? = 25 nén k = e %% ~ 0.082. Mot diém test & rat xa moi vector hd trg c6 moi k gan 0,

nén f gan bang b va dau cta b quyét dinh nhan.

Hai tham s6 Cvay

V6i kernel RBF, v quy dinh “tam dnh huéng” ctia méi vector h trg. v 16n thi méi diém chi
anh huéng viing rat nhé quanh no, ranh giéi uén lugn theo ting diém. v nho thi ranh
gi6i mugt gan nhu tuyén tinh. Cung v6i C, day 1a hai nim can do, ludén trén ludi logarit,
vidu C € {0.1,1,10,100} va~ € {1073,...,1}.
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y nho: gan théng; y = 1: theo dang dit liéu; y = 100: khoanh tung diém.
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y = 30: 177 support vector, accuracy 5-fold CV 0.845 vy = 300: 200 support vector, accuracy 5-fold CV 0.640

SVM kernel RBF, C =1, trén dit liéu trang khuyét: tang y thi ving dnh huéng
ctia mdi di€ém hep lai, ranh giéi uén theo tung di€m (vong tron 1a support
vector).

SVM RBF nhay v6i khoang cach; khi cac cot khac don vi, hay chuan hoa trong Pipeline va

kiém bang validation.
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HOI NHANH

SVM vdi kernel RBF, v = 100, ding 100% trén train nhung cross-validation chi
dugc 70%. Ta nén thir gi trusc?

Tang v 1én 1000 cho ranh gidi khit hcn
Tang C dé phat vi pham ndng hon niia
Giam ~, va thir ca C nho hon

B6 chuén héa dé gilr don vi goc cua di liéu

Chi phi va gi6i han
Huén luyén SVM c6 kernel ton khoang O(n?) dén O(n?) theo s6 mau. Qua vai chuc
nghin mau la bat dau dudi.

V6i dit liéu 16n, thua, nhiéu chiéu nhu van ban, dung SVM tuyén tinh (LinearSVC): rat

nhanh va rat tot.

SVM khong cho xac suét. SVC(probability=True) hiéu chinh thém bang Platt scaling,

cham hon va khong hoan héo.

HOI NHANH
Can phan loai 2 triéu binh luan, méi binh luan 1a mot vector TF-IDF 100 000 chiéu,

rat thua. Nén thr mé hinh nao truéc?
LinearSVC hodc logistic regression tuyén tinh
SVC(kernel="rbf"), vi ranh gidi cong thi manh hon
SVC(kernel="poly", degree=5) cho du phuc tap

KNN vGi & = 1 trén toan bd vector TF-IDF
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Poc score trude khi doc xac suat

V6iw = (3,4), b = —10, ||w|| = 5. Méi diém c6 score f(x) = w' x + b; ddu quyét dinh

phia ciia vach, con | f|/5 méi la khoang cach hinh hoc. Score 7 khong c6 nghia xac suat

70%, vi score c6 don vi phu thudc cach dat w. Hinge loss lai dung nhén c6 dau y €

{—1,+41}; néu lay nhan 0/1 nhan vao cong thiic, moi mau 16p 0 déu co loss 1, 1a mot 16i

am tham.

Python

import numpy as np

w_margin = np.array([3., 4.1)
-10.

b_margin
points_margin = np.array([[2., 1.1, [3., 2.1, [2., 1.11])
labels_signed = np.array([1., 1., 1.1)

scores = points_margin @ w_margin + b_margin

distances = np.abs(scores) / np.linalg.norm(w_margin)
hinge = np.maximum(0., 1. - labels_signed * scores)
print("score:", scores.round(3).tolist())

print("khoang cach:", distances.round(3).tolist())

print("hinge:", hinge.round(3).tolist())

KET QUA

score: [0.0, 7.0, 0.4]

khoang cach: [0.0, 1.4, 0.08]
hinge: [1.0, 0.0, 0.6]

Dong thir ba tach hai khai niém: diém score 0.4 dugc phan loai dang phia nhung van chiu

loss 0.6 vi nim trong 1€; diém score 7 thi loss 0. Diém nam ngay trén vach c6 score 0, can

quy u6c pha hoa khi bién thanh nhan. Thu vién lo phan dy, nhung code tay can ghi ro.
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trong lé

______________ log loss
3hlnge==0

y-f(x)

Hinge loss bang 0 khi y-f(x) > 1; log loss thi luén duong.

HOI NHANH
Mot mau c6 y = —1va f(x) = —0.2. Hinge loss bang bao nhiéu?
A 1.2
B 0.8
c O
p 0.2

Kiém meo kernel bang s6

Ta kiém vi du polynomial trong bai bang ca hai cach: dung dac trung ba chiéu rdi tinh

tich v huéng, va binh phuong tich vé huéng hai chiéu.

Python

x_kernel = np.array([1., 2.1)

z_kernel = np.array([3., 4.])
def phi2(v):
a, b=v

return np.array([a * a, np.sqrt(2.) * a * b, b * b])

print(round(float(phi2(x_kernel) @ phi2(z_kernel)), 6))
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print(float((x_kernel @ z_kernel) ** 2))
assert np.allclose(phi2(x_kernel) @ phi2(z_kernel), (x_kernel @ z_kernel) *% 2)

KET QUA

121.0
121.0

Hai dong cung bang 121. Ta tinh dugc kernel ma khéng dung tiing toa do ctia khong gian
16n hon. Cai gia chuyén sang s6 mau: kernel SVM lam viéc v6i quan hé gilra cac cap mau,
nén thai gian va bd nhé tang nhanh theo n. Hay do trén mot phan nho di liéu truée khi
fit ca bo.

Dung thu vién

Python

from sklearn.datasets import make_moons

from sklearn.model_selection import GridSearchCV
from sklearn.pipeline import make_pipeline

from sklearn.preprocessing import StandardScaler

from sklearn.svm import SVC

X, y = make_moons(n_samples=500, noise=0.25, random_state=0)

model = make_pipeline(StandardScaler(), SVC(kernel="rbf"))

grid = GridSearchCV(model, {"svc__C": [0.1, 1, 10, 100], "svc__gamma": [0.01, 0.1, 1, 101},
cv=5)

grid.fit(X, y)

print(grid.best_params_, round(grid.best_score_, 3))

print("sd vector hdo trg:", grid.best_estimator_[-1].n_support_.sum(), "trén", len(X))

KET QUA

{'svc__C': 1, 'svc__gamma': 10} 0.936
s6 vector hd trg: 221 trén 500
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HOI NHANH
Mo hinh tét nhat dung 221 trén 500 diém lam vector ho trg. Con s8 nay noéi lén diéu

gi?
A M®& hinh hoc thudc 221 diém nén chac chén overfit
B 279 diém con lai bi bd di vi gan nhan sai
¢ Haildp chéng Ién nhau, nhiéu diém nam trong lé

D L& cling da tach dudc hoan toan hai I&p

Khi di thi
» Chuin hoa cac cot trong tung fold truéc SVM; do C va gamma trén thang log.
e Van ban thi thit TF-IDF cOng LinearSVC lam baseline.

o Dé can xac suat thi dung logistic regression, hoac hiéu chinh SVM trén validation.

Tom tat

* SVM chon siéu phang co 1€ 16n nhat; chi cac vector hé trg quyét dinh ranh gidi.

» Lé mém can bang gitra 1é rong va vi pham bang C; ham mat mat 1a hinge loss.

» Kernel cho phép ranh gi6i cong ma khong can tao dic trung; RBF diéu khién bang +.

e Chuin hoa dic trung; do C, v trén thang log; han ché véi di liéu rat 16n.
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Kiém tra cudi bai
Mudi cau kiém ca cach hiéu, phép tinh va quy trinh. Cau sai chi ra phan can doc lai; hay

lam truéce khi mé 16i giai.

CAU1
w = (6,8), b= —10. Khoang cach tir diém x = (1, 1) t6i siéu phang w'x + b =0

bing bao nhiéu?
10
1.4

0.4

CAU 2
Dt liéu c6 bon diém: (0,1) va (1,1) mang nhan —1, con (3, 3) va (4, 3.5) mang nhan
+1. SVM 1é ctng chi c6 (1,1) va (3, 3) la vector ho trg. Lé rong bao nhiéu?

2V/2 ~ 2.83

V2~ 1.41
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CAuU 3
Mot bai phan loai cé vai diém bi gan nhan nham, ndm sau trong vung ctia 16p kia.

SVM 1€ cling va SVM 1€ mém xr ly thé nao?
Lé ciing tu bo qua cac diém nham, 1& mém thi khéng
Hai cach cho cling mét siéu phang
Lé ciing vé nghiém, con I& mém chiu phat cac diém nham theo C

L& mém khéng dung dugc véi kernel, nén phai dung Ié cing

PHONG THEO ) NOAI 2026 Singapore - Vong sd loai - Cau 171

CAu 4

Mot mau c6 y = —1va f(x) = 2. Hinge loss biang bao nhiéu?
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CAuU 5
Mot mau c6 y = 1va f(x) = 0.4. Nhan ca w va b véi 2 thi siéu phéng khong ddi.
Hinge loss cia mau thay ddi thé nao?

TU 0.6 xudng 0.2

TU 0.6 1&n 1.2, vi score tdng gap doi

Van 14 0.6, vi siéu phang khéng dobi

TU 0.6 xudbng 0, vi mau da dugc phan loai dung

CAuU 6

Trong muc tiéu 3 ||w||> 4+ C Y-, hinge;, C 16n c6 nghia la gi?
L& ludn réng han, vi C nhan véi | w||?
B6 han hinge loss khoi muc tiéu
Chi lam thuat toan chay nhanh hon

Vi pham Ié bi phat nidng hon so véi phan con lai
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CAu 7
Nha may c6 10 000 ban ghi may chay binh thuong, va gan nhu khong c6 ban ghi
may hong. Vi sao one-class SVM hgp véi viéc phat hién bat thuong & day?

Vi né can du ca mau binh thudng 1an mau héng dé hoc
Vi n6 chi dung dugc cho bai phan loai hai I6p
Vi né 14 thuat todn nhanh nhat trén di liéu I6n

Vi né chi can hoc vung cua di liéu binh thusng

BE THI  NOAI 2026 Singapore - Vong sd loai - Cau 170

CAu s
SVM cho decision score bang 2.0 6 mot mau. Néu dé yéu cau xac suat dé tinh log

loss, ta nén lam gi?
Hoc mdt phép hiéu chinh xac suat trén validation
No6p thadng 2.0 lam xac suat
Chia score cho 10 dé moi score déu nhé hon 1

P6i score thanh nhan theo dau, réi goi do |a xac suat
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CAuU 9
Tu viét hinge loss bang np.maximum(0, 1 - yxf), trong khi y nhén gia tri 0 hoic 1.
O cac mau 16p 0, chuyén gi xay ra?

A Chican déi dau f, khéng can déi y
8 Loss ludn bang 1, phai déi y thanh +1
¢ Loss ludn bang 0, nén I8p 0 d& dugc phan loai dung

D Loss van dung, vi 0 1a nhan am

CAU 10
Kernel k(x,z) = (x"z + 1)? v6i x € R? (ing v6i mdt anh xa ¢ sang khong gian bao
nhiéu chiéu?

A 3
B 4
c 6
D 9
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Poc thém

 Cortes, Vapnik (1995) — Support-Vector Networks, Machine Learning 20. Bai goc ctia 1é mém.

 James, Witten, Hastie, Tibshirani — An Introduction to Statistical Learning, chuong 9. Lé,

kernel va so sanh vdi logistic regression.

e Géron — Hands-On Machine Learning, chuong 5. SVM tuyén tinh, kernel va meo chon C, «y
béng scikit-learn.
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« scikit-learn — Support Vector Machines. Kernel, scaling, complexity, support vectors va

probability calibration.

 ISLP — Support vector machines lab. Cac thuc nghiém vé C, gamma va validation.
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