Data split va cross-validation

Trac nghiém & Thuc hanh Y PDF bai

Dé biét model doan tét trén dir liéu moi, ta git riéng mot phan di liéu khong
dung dé€ hoc, goi la validation. Cach chia phai giong lac dung that. Vi du model
sé dung cho hoc sinh & mot truéng méi, con méi hoc sinh ¢6 ba bai lam trong
dir liéu. Néu chia ngau nhién tung bai lam, cing mot hoc sinh sé c6 mat & ca
train lan validation, va di€ém validation sé cao hon thuc té€. Bai nay hoc cac cach

chia (ngiu nhién, theo nhém, theo thdi gian) va cross-validation: chia nhiéu lan

roi lay trung binh dé két qua bét phu thude may rii.

MUC TIEU

Chon céach chia: ngau nhién, stratified, theo nhém hodc theo thoi gian.

Kiém train va validation khong triang mau, khong trung nhom, khong 1ay di liéu

tuong lai.
Dung K-fold va tao du doan out-of-fold.

Gitr tap test riéng, chi cham sau khi da chon xong.

Trude hét, hoi mau mdai la ai

Trudc khi chia, hdi: lic dung that, mau méi la gi? Poan thém mot bai lam ctia hoc sinh da
quen khac vé6i doan cho mot hoc sinh chua ting thdy. Du bao budi sinh hoat tuan sau
khac v6i doan mot budi 1ay ngau nhién trong cting giai doan. Mdi cau tra 16i can mét

cach chia riéng:

Tinh huéng can mé phéng Kiéu split thudng phu Piéu can kiém
hgp

Mau doc lap, cling phan phaéi Random holdout hoac K- Khéng trung ban ghi
fold

Classification it mau moét 16p Stratified split/K-fold S6 mau tiing 16p du
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Tinh hudng can mé phéng Kiéu split thudng phu Diéu can kiém

hdp
Ngusi, trudng hodc thiét bi chua Group split Group khéng xuét hién & hai phia
thay
Du doan théi diém tuang lai Split theo thgi gian Train dung trudc validation

Co bai can ca hai yéu cau cting ltc. Vi du du doan thang téi cho mot trudng mdéi:

validation phai la nhiing truéng khong co trong train, va phai nam sau train vé thai gian.

Random split Group split

ngudi 0 . trung

ngudai 1 . trung

nguai 2 . - trung . . .
nguai 3 . trung

nguai 4

nguasi 5 . trung . . .

train @ validation

Chia ngau nhién: nam ngudi & ca hai phia. Chia theo nhém: méi ngudi mot
phia.

HOI NHANH
M6 hinh sé dung dé doan cho nhiing trudng chua cé trong train. Méi hoc sinh ¢6

nhiéu ban ghi. Ta nén d€ riéng dir liéu validation theo don vi nao?
A Theo truéng
8 Theo hoc sinh, cac trudng van trén & ca hai phia
C Theo tung ban ghi, co gil ti 1é nhan

D Theo thdi gian, dé riéng thang cuéi cla moi trudng
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Stratified split gitr 16p, khong gitr ngudi

Classification ¢6 nhan 11a “can gg¢i ", nhan 0 1a “chua can”. Néu 16p 1 hiém, chia ngau
nhién c6 thé tao validation khong c6 mau 16p 1. Khi 4y khong do dugc kha nang phat
hién 16p nay, va mot s6 metric con khong xac dinh. Chuyén nay khong hiém: véi 12 mau
g6m ba nhan 1, chon ngiu nhién ba miu lam validation c6 (';) = 220 cach, trong d6

(3) = 84 cach chi toan nhan 0. Xac sudt validation khong c6 nhan 1nao 1a 84,/220 ~ 0.38.

Té hon nira la dir liéu x€p san theo 16p, nhu 800 dong 16p A rdi 200 dong 16p B: cat theo
vi tri thi mot phia khong c6 16p B nao. Vi vay, khi dit liéu khong cé yéu to thdi gian, phai

x40 tron trude khi chia.

Stratified split chia sao cho ti 1€ cac 16p 6 m6i phan gan bang ti 1é ctia ca bang; véi
train_test_split chican thém stratify=y. N6 chilo tilé I6p: cing mot ngudi van co

thé ndm & ca hai phia. Néu can ca hai, scikit-learn c6 StratifiedGroupKFold.

Python

import numpy as np

from sklearn.model_selection import train_test_split

labels = np.array([1, 1, 1] + [0] % 9)
row_ids = np.arange(len(labels))
train_ids, valid_ids = train_test_split(
row_ids, test_size=0.25, random_state=13, stratify=labels

)
print("S6 mau train/valid:", len(train_ids), len(valid_ids))
print("S6 nhan 1 train/valid:", labels[train_ids].sum(), labels[valid_ids].sum())

print("Trung hang:", len(set(train_ids) & set(valid_ids)))

KET QUA

S6 mau train/valid: 9 3
S6 nhan 1 train/valid: 2 1
TrUung hang: 0

Validation c6 ba mau nén khong thé cé dung 25% mau 16p 1; code gitt mot mau 16p 16

validation, hai & train. Khi chia thanh nhiéu phan, 16p hi€m nhat phai c6 it nhit bang sd

phan thi phan nao cting cé 16p ay.
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HOI NHANH
Mdi hoc sinh ¢6 nhiéu bai lam trong dir liéu. Ta dung stratified split. Cach chia nay

bao dam dugc diéu gi?
Khéng hoc sinh nao cé bai 6 ca hai phia
Bai trong validation déu lam muén hon bai trong train
Ti & nhan & hai phia gan nhau, va chi cé vay

Méi hoc sinh cé ding mét bai trong validation

Group split: kiém giao ctia tip ngudi

Code dudi tao sau hoc sinh, méi ngudi ba ban ghi. groups di cung hang dé chi ra nguai

s6 hitu ban ghi; khéng can dua ma ngudi vao feature. Trudce tién nhin mot random split,

roi kiém ba vong GroupKFold.

Python

from sklearn.model_selection import GroupKFold

groups = np.repeat(np.arange(6), 3)

X_group = np.zeros((18, 1)) # chi dung dé minh hoa chi s&
y_group = np.repeat([0, 1, 0, 1, 0, 1], 3)
all_ids = np.arange(18)

train_ids, valid_ids = train_test_split(
all_ids, test_size=1/3, random_state=13
)
shared = set(groups[train_ids]) & set(groups[valid_ids])

print("Random split, ngudi trung:", sorted(map(int, shared)))
group_cv = GroupKFold(n_splits=3)
for fold, (train_ids, valid_ids) in enumerate(

group_cv.split(X_group, y_group, groups), start=1

shared = set(groups[train_ids]) & set(groups[valid_ids])

assert not shared
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print(f"Fold {fold}: valid groups={sorted(map(int, set(groups[valid_ids])))}, trung=
{len(shared)}")

KET QUA

Random split, nguoi trUng: [0, 1, 2, 3, 5]
Fold 1: valid groups=[2, 5], tring=0
Fold 2: valid groups=[1, 4], tring=0
Fold 3: valid groups=[0, 3], tring=0

Chia ngau nhién lam nam trong sau ngudi c6 bai & ca hai phia. V6i 6roupKFold, mdi vong
khong c6 ngudi nao chung gitra train va validation. D€ y: phai kiém giao ctia tip ngudi,

khong chi giao ctia chi s6 hang, vi hai hang khac nhau van c6 thé cia cing mot ngudi.

GroupKFold nhian thém mang groups va bdo ddm méi nhom chi ndm & mét phia. Nhom
c6 thé€ 1a moi anh cia mot bénh nhan, moi ban ghi ctia mot hoc sinh. Néu dé ngudi da
thay 1an vao validation, diém sé cao hon thuc té: model nhin ra ngudi quen chir chua

chac lam t6t v6i ngudi la. Vai trudng hgp khac cling can gom nhém:

o Cung mot anh luu thanh nhiéu ban: cét, déi ¢d, ddi tén file. Gom cac ban nay vao mét

nhom.

o Cac khung hinh lién nhau ctia mot video gan nhu giong hét nhau: chia theo video,

khong xao tirng khung.

Chia theo nhoém c6 thé lam ti 1é nhan gita cac fold léch nhau, nhit la khi it nhém hoéc

c6 nhom rat 16n, nén hay in s6 mau va s6 nhan cta tung fold dé biét.
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HOI NHANH
BO anh bai lam viét tay c6 nhiéu anh la ban cit, ban xoay nhe, hodc ban chup lai tu
cung mot t¢ gidy. Chia ngau nhién theo anh thi validation diing 99%, nhung gap bai

ctia 16p khac chi dung 80%. Ta nén stra cach chia thé nao?
A Chia sao cho ti 1& nhan & hai phia bang nhau
8 Gom cac anh cling mdt t§ gidy thanh moét nhom, rdi chia theo nhém
¢ Chia lai ngau nhién véi seed khac cho diém 6n dinh hon

D B cac anh cét khoi validation nhung gii trong train

Thai gian: qua khit hoc, tuong lai cham

Mudn du bao budi tuan sau, model chi duge hoc tir nhitng budi da dién ra truée do. Néu
x40 tron roi chia, train c6 thé chira cac tuan ndm sau validation: model dugc hoc tir

tuong lai, diéu khong thé c6 luc dung that.

Fold 1 gap.-
e |
o
Train luén diing truée; bé mot tuan sat ranh giéi réi cham hai tuan sau.
TimeSeriesSplit chia theo thdi gian, méi vong train dai thém. Code du6i dung 12 tuan
da sip thir ty, m6i lan validation hai tuan; gap=1 bd mot tuan sat ranh gi6i gitra train va

validation. O bai that, gap dai bao nhiéu phai tinh theo liic nao nhan dugc biét; muc sau

co vi du.
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Python

from sklearn.model_selection import TimeSeriesSplit

weeks = np.arange(12)

time_cv = TimeSeriesSplit(n_splits=3, test_size=2, gap=1)

for fold, (train_ids, valid_ids) in enumerate(time_cv.split(weeks), start=1):
assert weeks[train_ids].max() < weeks[valid_ids].min()
print(f"Fold {fold}: train={train_ids.tolist()}, valid={valid_ids.tolist()}")

KET QUA

Fold 1: train=[0, 1, 2, 3, 4], valid=[6, 7]
Fold 2: train=[0, 1, 2, 3, 4, 5, 6], valid=[8, 9]
Fold 3: train=[0, 1, 2, 3, 4, 5, 6, 7, 8], valid=[10, 11]

Dung s6 liéu ctia tuan truée lam feature, nhu s6 dang ky tuan trudc, 1a dugce, vi lae du
bao tuan nay da biét s6 do. Diéu can kiém la: feature hay nhan cta train c6 chira thong

tin ma lac du bao validation chua thé biét khong.

Hai luu y: TimeSeriesSplit khdng tu doc cdt ngay, nén phai sdp cac hang theo thoi gian
trude. Va no chia theo s6 hang, nén néu cac hang cach nhau khong déu, méi phan

validation c6 thé dai ngan khac nhau vé thoi gian; khi do nén tu chia theo moc ngay.

HOI NHANH
Nhan ctia méi hang la téng s6 ngudi dén trong ba tuan ti€p theo. Ta chi bdo dam

ngay bat dau ctia moi hang train sém hon validation. Nhu viy da da chua?
A DU, vi ngay bat dau da dung thu tu
8 BU, néu gif thém ti 1&é nhan
¢ Chua, phai bd han cot ngay khoi feature

D Chua, vi nhan cua train c6 thé tinh ca nhiing tuan thudc validation
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Nhan la t6ng ba tuan sau, nén hang train sat ranh gi6i da nhin vao validation.

K-fold va du doan out-of-fold

K-fold cross-validation chia di liéu thanh K phan bing nhau, goi la fold. Lam K vong:
moi vong gitt mdt fold dé chdm va hoc trén K — 1 fold con lai. Sau K vong, mau nao

cling dugc chdm dung mot 1an, bsi model chua hoc no.

 So v6i chia mot lan, két qua én dinh hon vi dung hét dir liéu dé cham, nhat 1a khi di
liéu it.

 DGi lai phai huan luyén K lan; v6i model 16n va di liéu nhiéu, ngudi ta thudng chi chia
mot lan.

« K bang s6 mau goi la leave-one-out (LOOCV): mdi vong gitr riéng diing mot mau, n

mau thi n vong.

biém cudi thuong la trung binh di€ém cta cac fold:

1K
S = — Sk.
K;k

Mot cach khac 1a gop du doan ctia moi fold roi tinh diém mot lan. Hai cach cho két qua
khac nhau khi cac fold khong bang nhau, hoac véi metric nhu F1 (bai 1.5); nén ghi ro dang

bao cach nao.

Code duéi tao dir liéu phan loai gia 96 mau, bon feature, chia ba fold stratified. Model
LogisticRegression tra vé xac suit thudc 16p 1 (bai 2.3 sé hoc model nay). Ghép du doan
ctia ba vong lai dugc mot du doan cho méi mau, déu do model chua hoc mau doé tao ra;
goi la du doan out-of-fold (OOF).
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Python

from sklearn.datasets import make_classification
from sklearn.model_selection import StratifiedKFold
from sklearn.linear_model import LogisticRegression

from sklearn.metrics import accuracy_score

X, y = make_classification(
n_samples=96, n_features=4, n_informative=3,
n_redundant=0, random_state=13,

)

cv = StratifiedKFold(n_splits=3, shuffle=True, random_state=13)

oof_probability = np.full(len(y), np.nan)

times_scored = np.zeros(len(y), dtype=int)

fold_scores = []

for fold, (train_ids, valid_ids) in enumerate(cv.split(X, y), start=1):
model = LogisticRegression(max_iter=500).fit(X[train_ids], y[train_ids])
probability = model.predict_proba(X[valid_ids])[:, 1]
oof_probability[valid_ids] = probability # ghi vé dung vi tri géc
times_scored[valid_ids] += 1
score = accuracy_score(y[valid_ids], probability >= 0.5)
fold_scores.append(score)
print(f"Fold {fold}: n={len(valid_ids)}, accuracy={score:.3f}")

assert np.all(times_scored == 1)

assert np.isfinite(oof_probability).all()

print("00F shape:", oof_probability.shape)

print(f"Mean fold accuracy={np.mean(fold_scores):.3f}")

print(f"Pooled 00F accuracy={accuracy_score(y, oof_probability >= 0.5):.3f}")

KET QUA

Fold 1: n=32, accuracy=0.969
Fold 2: n=32, accuracy=0.906
Fold 3: n=32, accuracy=0.906
00F shape: (96,)

Mean fold accuracy=0.927
Pooled 00F accuracy=0.927

[:, 1114y cot xac suat ctia 16p 1. Diéu quan trong la code ghi du doan vao dung vi tri
valid_ids ctia mang OOF, chir khong ndi cac doan theo thir tu fold; ndi nhu vay thi du
doan bi 1éch sang hang khac. Mang times_scored kiém rang khong hang nao bi bo sot

hay cham hai lan.
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Mbi fold chdm mot phan; OOF ghép vé dang vi tri, méi mau mot 1an.
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fold 2: du doan ghi vé dung vi tri géc, accuracy fold 0.906 fold 3: du doan ghi vé dung vi tri géc, accuracy fold 0.906; OOF

du 96 6, accuracy gop 0.927

StratifiedKFold 3 fold ctia bai trén 96 mau: méi fold, model chua thay cac 6
vién cam sé doan chling; xac suat (xanh 0, cam 1) ghi vé dung vi tri cho da cot
OOF.

V6i TimeSeriesSplit, cac tuan dau chilam train, khéng bao gi¢ dugc cham, nén mang

OOF c6 nhiing 6 trong. Panh ddu hang nao da duge chdm va chi tinh diém trén nhing
hang do; khong 1ay dy doan trén train d€ 14p chd trong.
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HOI NHANH
Mot d6i dung diém OOF dé chon feature, roi lai dung n6 dé chon gitra nhiéu mo

hinh. Piém OOF ctia phuong an thang con dugc coi 1a diém test doc 1ap khong?
Con, vi méi mau khéng nam trong train clia fold cham né
Con, néu moi hang déu dudgc cham dung mét lan
Khéng, vi cac lua chon déu da dua vao diém OOF

Con, néu tang sé fold dé bét nhiéu

Khi di thi
Hoi truéc mau mdi 1a ai: mot hang méi, mot ngudi méi hay mot thoi diém sau. T do
chon chia ngau nhién, theo nhom hay theo thdi gian.
Dung cung cac fold cho moi phuong an dem so.

In kiém ting fold: s6 mau, ti 1é 16p, giao ctia cac nhém, khoang thoi gian.

To6m tat
Chia di liéu theo cach model sé dugc dung, khong chon cach cho diém cao nhat.
Stratified gitr ti 1€ 16p; chia theo nhom dé validation toan ngudi hodc trudng méi; chia
theo thai gian d€ hoc qua khir, chadm tuong lai.
Du doan OOF phai ghi vao dung chi s6 hang.

Cross-validation dé chon model; test riéng dé€ cham sau khi da chon.
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Kiém tra cudi bai

CAU1
M6 hinh sé dung cho nhiing ngudi chua c6 trong dit liéu, ma mébi ngudi co nhiéu

ban ghi. Ta nén chia di liéu thé nao?
Chia theo nhém, méi ngusi la mét nhém
Chia tung ban ghi, git ti Ié nhan, khong quan tdm ngudi
Chia ngau nhién tiing ban ghi thanh K fold, vi nhu vay c6 nhiéu hang hon

Dung TimeSeriesSplit theo thu tu dong, du khéng phai bai du bao tuong lai

CAU 2

Hai cach lam trén cung mot bd di liéu.

A: chia 70% train, 30% test. Lap 50 vong “train, xem diém test, chinh m6 hinh”, roi

bao diém test cao nhat 1a 94.2%.

B: chia 60% train, 20% validation, 20% test. Chinh mo hinh theo validation, roi
cham test dung mdt lan, duge 91.8%.

Con s8 nao dang tin hon dé uéc lugng mo hinh lam t6t dén dau trén di liéu méi?
Cua A, vi nhiéu d(f liéu train hon va tim kiém ky hon
Cua A, vi xem test 50 Ian thi 6n dinh hon mét 1an
Cua B, vi test ctia B khéng tham gia viéc chon

Nhu nhau, vi hai tp test gan bang nhau

PE THI NOAI 2026 Singapore - Vong sd loai - Cau 303
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CAuU 3
Train c6 hoc sinh ctia trudng 1 va 2. Validation ¢6 hoc sinh ctia truong 2 va 3. Khong
c6 hoc sinh nao & ca hai phia. Cach chia nay c6 ki€m dugc kha nang doan cho

truong maoi khong?
Chua, vi trudng 2 c6 mat & ca train va validation
Co, vi da chia theo tiing hoc sinh
Cé, vi cac trudng & hai phia khéng giéng hét nhau

C6, néu ti & nhan & hai phia bdng nhau

CAU 4
L6p hiém chi ¢6 4 mau. Ta mudn chia thanh 5 fold validation khong chong 1én
nhau, fold nao cling c6 it nhat mét mau ctia 16p hi€m. Lam dugc khong?

Pudc, néu xao dif liéu du nhiéu 1an

Pugc, bang cach cho mét mau hiém vao hai fold

Budc, vi stratified split gil ti 1€ ISp

Khéng dudc, vi can it nhat 5 mau cla I8p hiém

Al Canuc80k - Bai 1.3 - Data split va cross-validation 13/17



CAuU 5
Dit liéu du bao c6 cot time, nhung cac hang dang bi xao tron. Trudce khi dung
TimeSeriesSplit, ta phai lam gi d€ fold nao cling hoc qua khir, doan tuong lai?

Sap theo y dé validation c6 nhan méi hon
Gill thi tu dang x&o, chi dbi random_state
Sap cac hang tang dan theo time, réi kiém khoang tréng & ranh gidi

Khoéng can 1am gi, vi TimeSeriesSplit tu sap theo cot time

CAU 6

Hai fold validation ¢6 10 va 30 mau, accuracy lan lugt 1a 0.6 va 0.8. GOp ca 40 du
doan OOF lai thi accuracy la bao nhiéu?

1.40
0.75
0.80

0.70
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CAu 7
Bai phan loai nhi phan. Méi fold cho ra predict_proba(X_valid)[:, 1], va cac fold
khong 1dy hang theo thir tu. Ta ghi cac du doan vao mang OOF thé nao dé mbi s6

nam dang hang ctia nd?
Ghi Ian lugt vao céac vi tri dau ctia mang OOF
Ghi vao dung cac vi tri valid_idx cua mang OOF
Sap cac xac suat tang dan, réi ghép véi y theo thit tu

N6i cdc mang du dodn lai, réi so véi y theo thir tu cii

CAu 8
Vé6i TimeSeriesSplit, cic hang dau tién chua bao gi nim trong validation. O nhiing

hang ay, mang OOF nén ghi gi?
Ghi nhan that cho di hang khi cham
Ghi du doan cua mo hinh trén train
Ghi 0 cho du shape, réi chdam moi hang

Panh dau 1a chua cham, chi tinh trén cac hang cé OOF
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CAU 9
Cau nao mo6 ta dang K-fold cross-validation cho linear regression véi mot feature z
?

A Sdp theo z, cat thanh K khéi lién nhau, 1an luct gill lai mot khoi

8 Hoc mét lan trén toan bd di liéu, roéi cham K lan

¢ Hoc trén moi tap con c8 K, 18y trung binh 16i trén mét tap test riéng

D Chia ngau nhién thanh K phan, mbi vong gill lai mét phan dé cham

PHONG THEO ) CMU 10-601 - Practice Problems, Exam 1- Q3.4

CAuU 10
Ta du bao lac 8 gid sang thi Hai. Feature A 1a téng s dang ky ctia tuan trude.
Feature B la tdng s6 nguoi dén trong chinh tuan dang du bao. Cé hai déu co sén

trong bang lich sit, va lac 8 gic ta da bi€t A. Pugc dung feature nao?
A Chi A, vi luc du bao chua thé biét B
B Ca A va B, vica hai déu cé trong bang lich st
¢ ChiB, vi B gan véi nhan hon

D Khéng dung A, vi dii liéu tuan trudc ctia cac hang cé thé trung nhau

Poc thém

« scikit-learn — Cross-validation. Tra su khac nhau gitrta KFold, StratifiedKFold, GroupKFold va

TimeSeriesSplit.

« James va cdng su — An Introduction to Statistical Learning, chuong 5. Poc vé holdout, K-fold

va sai so clia phép uéce lugng.
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https://www.cs.cmu.edu/~mgormley/courses/10601/handout/exam1_practice_problems.pdf#page=16
https://scikit-learn.org/stable/modules/cross_validation.html
https://www.statlearning.com/

« scikit-learn — Nested versus non-nested cross-validation. Xem vi sao chon cau hinh va danh

gia quy trinh la hai viéc khac nhau.
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https://scikit-learn.org/stable/auto_examples/model_selection/plot_nested_cross_validation_iris.html

