Generalization

Trac nghiém & Thuc hanh Y PDF bai

Mot model cé thé dang hoan toan trén dir liéu da hoc ma van sai trén dit liéu
mai, vi du khi né chi luu lai cac budi cii réi tra bang. Diéu ta can la doan tot
trén mau chua thay; kha nang do goi la téng quat hoa (generalization). Bai nay
dung mot model don gian dé€ thay underfitting (model qua don gian),
overfitting (model hoc thudc dit liéu train) va cach doc learning curve dé quyét

dinh nén lam gi tiép.

MUC TIEU
Phan biét 16i trén train véi 16i trén di liéu maéi.
Nhan ra underfitting va overfitting.
boc learning curve.

Chon viéc lam ti€p dua trén cac dau hiéu do.

Nhé mot vi du khac véi hoc mot quy luat

Ta tam thu bai toan xudng mot feature x trong khoang 0-1: vi tri ctia mot budi trong lich

hoat déng. Mirc tham gia da chuan héa la
y = sin(27x) + e.

sin tao mot xu huéng 1én rdi xudng dé nhin dugce bang hinh. ¢ 1a nhiéu, 6 day sinh ngau
nhién véi trung binh 0 va d6 1éch chuan 0.25. Cac gia tri am c6 nghia la thap hon mdc
tham gia chuan, khong phai s6 ngusi am. Dang séng nay do ta tu dat ra dé thi nghiém,
nhd do biét chinh xac dau la quy luat, dau la nhiéu. Hoc dugc la nho cé quy luat: néu
nhan hoan toan ngau nhién nhu két qua x6 s6 thi khéng mo hinh nao doan duge, du di

liéu nhiéu dén dau.

Al Canuc80k - Bai 1.2 - Generalization 115


http://127.0.0.1:56872/giao_trinh/pdf/bai-1.2.pdf

valid MSE 0.101 valid MSE 0.082 valid MSE 0.565

k =1bam nhiéu, k = 80 san phang, k = 10 vira du.

0.0 0.5 10 0.0 0.5 10

k = 6: train MSE 0.0529, validation MSE 0.0771 k = 1: train MSE 0.0000, validation MSE 0.1011

kNN hoi quy trén 80 diém train ctia bai khi giam k tir 80 vé 1: duong cam di tir
qua phang t6i bAm tung diém nhiéu; nét dut 1a quy luat that.

Mo hinh trong hinh 1a k-Nearest Neighbors regression, viét ngan la kNN. D€ doan tai z,
no tim k diém train gan nhit roi ldy trung binh nhan ctia ching. Bai 2.4 sé€ hoc thuét toan
ky hon; hom nay chi dung dac tinh: £ nhd cho dudng linh hoat hon, & 16n cho dudng tron
hon.

V6i k = 1, tai mét diém train, hang x6m gan nhat chinh 1a n6, nén mo hinh tra dang
nhan da quan sat. Diéu 4y bao géom ca phan nhiéu ctia riéng diém do. Véi k bing toan bo
s6 mau train, moi vi tri nhin cung mot gia tri trung binh, dut xu huéng thit 1én xuong rod

rét.
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HOI NHANH

M6 hinh doan dang moi nhan trén tap train. Diéu d6 chiing minh dugc gi?
A N6 khdp cac mau da hoc, con mau mdi thi chua biét
B NO chéc chan da tim ra quy luat that
¢ D liéu train chdc chan khéng cé nhan nhiéu

D No& sé dung it nhat 90% trén d liéu mai

Viét ro dang do 16i 6 dau

Gia str c6 n mau train. Sai so train véi MSE 1a
_ 1 < :
Ruain(f) = — > (F(wi) — )"

i=1
Vi du ba mau cé nhan that (1, 3,5) va du doan (2,3,4) choMSE= (1+0+1)/3 =2/3.

Nhung diéu ta that sy can 1a 16i trén cac mau méi, tlc trung binh 16i néu dem model

dung cho rat nhiéu budi sau nay:

E 1a ky vong (bai 0.7), 1ay trén moi mau c6 thé gap luc dung that. Ta khong c6 cac mau
do, nén dung tép validation d€ uéc lugng R(f). Mudn uéce lugng dang, validation phai
giong di liéu lic dung that; chia sai thi diém c6 thé dep ma khong noi lén diéu ta can.
Kha nang doan t6t trén mau chua gip lic hoc goi 1a tdng quat hoa, hay khai quat hoa

(generalization); d6 la thir ta can, khong phai diém trén train.

Trong thi nghiém nay, train va validation dugc sinh riéng tir cing mot cong thirc, nén
validation giong hét di liéu mdi. Code tao 80 mau train va 160 mau validation, roi so ba

gia tri k.
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Python

import numpy as np
from sklearn.neighbors import KNeighborsRegressor

from sklearn.metrics import mean_squared_error

rng = np.random.default_rng(12)

def make_data(n):
X

rng.uniform(0, 1, size=(n, 1))

y = np.sin(2 * np.pi * X[:, 0]1) + rng.normal(0, 0.25, size=n)

return X, vy

X_train, y_train = make_data(80)

X_valid, y_valid = make_data(160)

print(X_train.shape, y_train.shape)

for k in [80, 10, 1]:
model = KNeighborsRegressor(n_neighbors=k).fit(X_train, y_train)
train_mse = mean_squared_error(y_train, model.predict(X_train))
valid_mse = mean_squared_error(y_valid, model.predict(X_valid))
print(f"k={k:2d}: train={train_mse:.4f}, valid={valid_mse:.4f}")

KET QUA

(80, 1) (80,)

k=80: train=0.5861, valid=0.5654
k=10: train=0.0574, valid=0.0820
k= 1: train=0.0000, valid=0.1011

Poc ca hai c¢ot. Khi k = 80, train va validation cung c6 16i 16n: m6 hinh qua don gian dé
gilt xu huéng. Khi k = 1, train ¢6 16i bang 0, nhung validation khong vi thé thap nhat.

k = 10 lay trung binh cuc bg, giam tac dong ctia nhi€éu ma con gitr duge dang song.

Khéng chon mo hinh tir cét train. Cling khong bién vi du thanh quy tic “luén dung k =

10" s6 mau, mat do diém, do nhiéu va s6 chiéu thay déi thi k pht hgp cling déi.

Al Canuc80k - Bai 1.2 - Generalization

4/15



HOI NHANH
Phuong an A ¢c6 MSE 0.01 trén train va 0.30 trén validation. Phuong an B c6 MSE
0.08 trén train va 0.12 trén validation. Chon theo validation thi ta chon phuong an

nao?
A A, vi MSE trén train nhd hon
B A, vichénh léch 18n cho thdy né hoc dugc nhiéu hon
¢ B, vi MSE trén validation nho han

D Chua chon dudc, phai xem diém test cla ca hai

Underfit va overfit 1a chan doan c6 diéu kién

Underfitting (hoc chua dt): model qua don gian, khong bat duge quy luat. Vi du k = 80
san phang ca duong cong. D4u hiéu: 16i train va 16i validation ciing cao va gan nhau.
Thém dit liéu cting loai khdng gitip, vi model con chua khép ndi train; can model linh

hoat hon hodc thém déc trung tot hon.

Overfitting (hoc qua sat): model hoc thudc ca nhiéu ctia train. Vi du & = 1: d6i mot nhan
nhiéu 1a cd mot doan du doan ddi theo. Dau hiéu: 16i train thap ma 16i validation cao hon
hén. Cach chira: gidm do linh hoat (& day la tang k), dung regularization (chuong 2), hodc

thém di liéu.

Overfitting dé xay ra khi model c6 rat nhiéu tham s6 ma dit liéu it, hay s6 dic trung
nhiéu hon s6 mau, nhu 100 chi s xét nghiém cho 50 bénh nhan. Mot mang neural du
16n con hoc thudc duge ca nhan bi xao ngau nhién, dang 100% trén train; vi vy diém

train cao khong chtng minh model da hoc dugc quy luat.

Tuy vay, hai dau hiéu trén chi la goi y. Train t6t ma validation kém ciing c6 thé do di liéu
ddi theo thai gian, mot cot bi sai don vi, hay hai tdp dugce x{r Iy khac nhau. Train va
validation cung kém ciing c6 thé do nhan bi 1éch hang hay metric viét sai. Truéc khi stra

model, nén kiém lai dir liéu va tinh tay mot vi du nhd.
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HOI NHANH
Mot mo hinh phan loai review phim 1a khen hay ché, c6 2.4 triéu tham s6, hoc trén
5000 review. N6 doan ding 98.5% trén train, 72.3% trén validation va 71.8% trén

test. SO liéu nay chi ra van dé gi?
A L6 dif liéu, vi validation va test gan bang nhau
B Underfitting, vi 72% la thap véi bai nay
¢ Overfitting, vi train gan hoan hao con validation kém xa

D DU liéu thay déi, vi train cao con test thap

PE THI  NOAI 2026 Singapore - Vong sd loai - Cau 272

BIAS VA VARIANCE G MUC TRUC GIAC

Bias 1a phan sai do model qua ctiing nhic, sai cting mot kiéu du hoc tir bo train nao, nhu
k = 80 1an nao cling doan mdt dudsng phang. Variance la mirc model thay déi khi d6i
sang b0 train khac, nhu k = 1 d6i theo tiing diém nhiéu. Model linh hoat hon thuong
giam bias nhung tang variance. Hinh du6i hoc nam lan trén nam bé train khac nhau dé
thay diéu do.

V6i MSE, 16i trén mau méi tach dugce thanh ba phan: E[(y — f(z))?] = 02 + bias® +
variance. O day bias 12 d6 léch gitta du doan trung binh (14y trén nhiéu bd train) va gia tri
that; variance 1a phuong sai ctia du doan quanh trung binh &y; o 1a phuong sai ctia
nhiéu, phan khong model nao gidm dugc (irreducible error). Bias va variance thuong déi
ngugc chiéu nhau khi chinh d6 phtic tap, nhung khéng phai luén luén: doan bua thi ca
hai déu cao.

Al Canuc80k - Bai 1.2 - Generalization 6/15


https://aisingapore.org/wp-content/uploads/2026/04/NOAI-2026-Preliminary-Round-Assessment-300-MCQs-Google-Forms.pdf#page=98

P

S~ -

variance cao: mdi bo train mot dusng bias cao: sai giéng nhau moi lan

Nam bd train: k = 1 ddi theo tiing b, k = 80 1an nao cling sai nhu nhau.

Learning curve: thém dir liéu c6 dang lam khong?

Cau hoi thuc té€: c6 nén thu thém di liéu khong? Learning curve tra 16i cau do: gitt k =
10, tdng dan s6 mau train, va do 16i train cting 16i validation & méi mirc. Truc ngang la s

mau train. (Ping nham v6i dudng loss theo s6 buée huan luyén, sé gap & chuong 3.)

@ train @ validation
0.25
0.20
0.15
0.10
0.05 —:———— nhiéu
0.00
20 60 140 300

s& mau train

Thém miu, hai dudng 16i gan nhau va sat mic nhiéu.

Ham 1learning_curve cfia scikit-learn lam viéc nay. O méi kich thuéc, né chia dit liéu
thanh 4 phan (goi 1a 4 fold), lan lugt gitt mot phan dé cham va hoc trén phan con lai, roi
14y trung binh; bai 1.3 sé hoc ky cach chia nay.

Python

from sklearn.model_selection import KFold, learning_curve

X_curve, y_curve = make_data(400)

cv = KFold(n_splits=4, shuffle=True, random_state=12)
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sizes, train_scores, valid_scores = learning_curve(
KNeighborsRegressor(n_neighbors=10),
X_curve, y_curve, cv=cv,
train_sizes=[20, 60, 140, 300],
scoring="neg_mean_squared_error",

shuffle=True, random_state=12, n_jobs=1,

for size, train_score, valid_score in zip(

sizes, train_scores.mean(axis=1), valid_scores.mean(axis=1)

print(f"n={size:3d}: train MSE={-train_score:.4f}, valid MSE={-valid_score:.4f}")

KET QUA

n= 20: train MSE=0.2133, valid MSE=0.2187
n= 60: train MSE=0.0701, valid MSE=0.0974
n=140: train MSE=0.0602, valid MSE=0.0761
n=300: train MSE=0.0610, valid MSE=0.0748

Cac score c6 dau am vi cong cu chon mo hinh ciia scikit-learn quy uéc “16n hon la tot
hon”, nén MSE dugc déi dau thanh neg-MSE; ta déi dau lai dé€ doc. Mi hang la trung
binh ctia bon fold.

V6i 20 mau, mudi hang x6m pht mot ving rong nén dudng du doan bi san phéng, ca hai

16i déu cao. Thém mau thi viing ay hep lai, dudng gitr dugc dang song, va 16i validation

giam. T 140 1én 300 mau, 16i validation gan nhu khong giam nixa.

Cach doc mot learning curve:

» Hai dudng sat nhau va cung di ngang é mic 16i cao: underfitting. Thém dit liéu
khong gitp; can model manh hon hodc dic trung tot hon.

» Hai dudng cach xa, duong validation con dang gidm: thém dir liéu con c6 ich.

» Hai dudng cach xa, dudng validation da di ngang: overfitting; nén giam do phtrc tap

hodc thém regularization.

Ddi ti 1€ chia, chdng han tir 70% train va 30% test sang 90% va 10%, ciing theo cach doc
nay: train nhiéu hon thuong gitp nhung khong chic, con tip chdm nhé di thi con s6 do
dugc dao dong nhiéu hon.

Con mot moc dé€ so: ké ca khi biét chinh xac sin(27z), 16i van con bang phuong sai ctia
nhiéu, 0.25? = 0.0625, vi khong model nao doan dugc nhiéu. Validation MSE 0.0748 &
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300 mau da kha gan mdc ay, nén khong con céi thién dugce bao nhiéu. Vé6i dit liéu that ta
khong biét mac nhiéu; ngusi ta thuong 14y két qua tét nhat ma con ngudi lam dugce, nhu
mot nhom bac si hoi chan, lam uéce lugng cho mic 16i thap nhat cé thé, goi la sai s§

Bayes.

HOI NHANH
Téang train tir 200 1én 800 r6i 2000 mau. MSE trén train lan lugt la 0.42, 0.43, 0.43.
MSE trén validation 1a 0.46, 0.45, 0.45. Cach chia va metric déu da kiém. Ta nén thir

gi truéce?
A Gilt nguyén moi thu, chi thu thém mau
B Thém feature hoac dung mé hinh manh hon
¢ Giam dd phuc tap dé thu hep khoang cach

D D6i seed chia dif liéu t8i khi validation thap hon

PHONG THEO ) CMU 10-601 - Practice Problems, Exam 1- Q3.1

Tré lai cau chuyén cau lac bo

Model hoc trén cac budi trong nam hoc réi dem dung vao dip hé cé thé doan kém, vi s6
dang ky, lich hoc va thoi quen tham gia déu déi. Hién tugng di liéu lac dung khac dit liéu
lac hoc goi la distribution shift (thay d6i phan phai). Model chi dang tin trong vang di
liéu da hoc. Vai vi du:

» Hoc gia nha 40-120 m? r6i doan can 600 m? doan ra ngoai viing da hoc (ngoai suy).

¢ Nhan dién khuon mat hoc trén ngudi 16n, dung cho tré em.

* Hoc trén anh chyp ban ngay, dung cho anh ban dém.

* Hoc trén dir liéu nam 2023, dung cho nam 2025.
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Cach stra gdc la dua dang loai dit liéu sé gap ltc dung vao train, va chadm trén di liéu gan
thoi diém dung nhat. Vi viy “model téng quat héa tot” ludn phai noi ro: tot cho trudng
hgp nao. Poan cac budi sau ctia cung cau lac bd khac véi doan cho cau lac bo 6 mot

trudng mai; bai 1.3 sé chia dir liéu theo thdi gian va theo nhom dé do ting truong hop.

HOI NHANH
Ta can du bao cho thang sau. Chia di liéu ngdu nhién thi MAE la 2. Git riéng thang

cu6i lam validation thi MAE la 5. Nén tin con s nao?
A Bo thang cudi khai dif liéu cho phép danh gia 6n hon
8 Tin s6 2, vi MAE thap hon la tét hon
¢ L&y trung binh 3.5 lam MAE cubi cung

D Tin s6 5, réi tim hiéu vi sao thang cudi khé hon

Khi di thi
 Ghi ca 16i train 14n 16i validation cho méi lan thir; mét cot khong dt dé chan doan.

» Train tot, validation kém: gidm do linh hoat hoac thém regularization. Ca hai cing

kém: thém feature hodc dung model manh hon.

 Chia validation giong lic dung that: doan tuong lai thi git riéng doan thdi gian cudi.

Tom tat
» Generalization la doan t6t trén mau mdi, trong ding truong hgp sé dung model.

o Lbi train thap chua dt; phai xem 16i validation, va validation phai chia giong lac dung
that.
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C4 hai 16i cung cao: underfitting. Train thap, validation cao hén: overfitting. Nhung

kiém dir liéu truée khi stra model.

Learning curve vé 16i theo s6 mau train, cho biét thu thém dir liéu c6 dang khong.

Kiém tra cuoi bai

CAU 1
M6t mo hinh khép train rat tét. Bing chiing nao cho thay né cling sé doan tét khi
dem dung that?

File mé hinh nhé va huan luyén nhanh
L&i thap trén df liéu méi, chua dung dé hoc hay dé chon
L&i train con giam tiép khi tang s6 tham sé

Chay lai véi cung seed thi du doan trén train khéng doi

CAU 2
kNN regression dung trong s6 déu, c6 80 mau train, va ta chon k£ = 80. Hai diém

can doan khac nhau sé nhan du doan thé nao?
Ca hai déu bang trung binh ctia 80 nhéan train
Khac nhau, vi khoang cach t8i 80 mau khac nhau
Ca hai déu bang median ctia 80 nhan train

Méi diém nhan nhan cla mau gan nd nhat
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CAu 3

Bai phan loai van ban 10 16p, ¢6 5000 mau. Ba md hinh cho ti 1é ding trén train va
validation nhu sau. A 1a mot mo hinh rit don gian: 68% va 67%. B 1a mot mo hinh
rat 16n, 2 triéu tham s6: 99% va 71%. C la m6 hinh vira phai, c6 regularization: 85%

va 83%. Chan doan nao dung?
A underfit, can mé hinh manh hon. B overfit, can regularization. C can bang.

A khdp tét, nén gill. B bias cao, can train l1au hon. C variance cao, nén bét
regularization.

A variance cao, can thém dir liéu. B khdép t6t, dem dung dudc. C bias cao, can tang
suc chua.

Ca ba déu do di liéu ban, phai lam sach trudc khi chinh mé hinh.

PE THI  NOAI 2026 Singapore - Vong sd loai - Cau 277

CAU 4
kNN regression v6i k = 1, chdm trén chinh tap train. Khi nao thi 16i train chic chén
bing 0?

Luc nao cling vay, vi méi diém la hang xém gan nhat cla chinh né

Khi khéng c6 hai diém train trung input ma khac nhan

Khi nhiéu nho

Khi da chuan hoa feature
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CAU5
Mot ham ctia scikit-learn bao diém neg_mean_squared_error bang —0.12. MSE

bing bao nhiéu?
012
-0.12
8.33

Khoéng déi dudc

CAu 6
Trén cung mot cach chia, kNN cho MSE trén train va validation nhu sau. k£ = 1: 0 va
0.48. k = 5:0.07 va 0.21. k = 25: 0.25 va 0.29. Chi chon trong ba gia tri nay thi chon

k nao?
k = 1, vi 16i train bang 0
k = 25, vi train va validation gan nhau nhat
L&y trung binh ba gia tri, tic khoang k = 10

k = 5, vi MSE trén validation nho nhat

PHONG THEO ) CMU 10-601 - Practice Problems, Exam 1- Q3.2
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CAu 7
Khi tang d6 phic tap ctia mo hinh, ching han tang bac da thic trong hoi quy, bias

va variance thuong thay déi thé nao?
Ca hai cung tang
Ca hai cung giam
Ca hai khéng dbi
Bias giam, variance tang

Bias tang, variance giam

PE THI  USA-NA-AIO 2026 - Vong 1- Part 1.3

CAu s
Gitr nguyén validation, tang train tir 100 1én 400 roi 1600 mau. MSE trén train la
0.03, 0.07, 0.10. MSE trén validation la 0.50, 0.30, 0.18. Néu con kinh phi, ta nén lam

gi?
Giam train vé 100 mau dé MSE train xuéng 0.03
Thu thém mau cung loai, tiép tuc theo déi validation
K&t luan thém d liéu cé hai, vi MSE train tdng

Chon lai validation cho hai 16i gan nhau nhat

PHONG THEO ) CMU 10-601 - Practice Problems, Exam 1- Q3.1
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CAuU 9
Mot doi chia ngau nhién train va validation 50 1an, rdi chi bao MSE nho nhét trong

50 lan dy. Lam vay sai 6 dau?
A S6 mau doc 1ap bi tdng 1&én 50 Ian
8 Khéng sai, thi 50 1an thi s6 nhd nhéat 1a cong bang
¢ D6i seed nén khdéng chay lai ra cing két qua dudc

D Chon lan chia may nhat, nén con sé qué lac quan

CAU 10
Mo hinh dat diém tét khi chia ngau nhién ting hang. C6 chic né ciing doan tét cho

mot truong chua c6 trong di lieu khong?
A C6, néu train du 18n va da dang
B CO, néu MSE train bang 0 8 moi trusng
¢ Khéng, phai dé riéng tron vai trudng ra ma kiém

D C&, néu chia nhiéu lan han

Poc thém
« Dive into Deep Learning — Generalization. Poc d€ ndi empirical risk, nhiéu va su khac nhau
gitra fitting v6i generalization.

« James va cong su — An Introduction to Statistical Learning, chuong 2 va 5. Poc truc giac bias—

variance va cach uéc lugng 16i du doan.

« scikit-learn — Validation curves va learning curves. Xem dung truc cta tung loai dudng va quy

udc score.
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