Random forest

Trac nghiém 12 & Thuc hanh 3 3 Chay trén Kaggle ¥ PDF bai

Mot cay quyét dinh rat nhay véi di liéu: déi vai mau huén luyén la ngudng &
cac nut c6 thé déi, va du doan déi theo. Random forest hudn luyén nhiéu cay,
moi cdy trén mdt ban 1dy mau khac ctia dit liéu va chi xét mot phan dic trung &
mdi nat, roi gop du doan ciia cac cay. Bai nay gidi thich vi sao gop nhiéu cay
gitp du doan 6n dinh hon, va vi sao cac cay phai khac nhau thi gop méi ¢6 tac

dung.

MUC TIEU

+ Hiéu bootstrap va viéc chon ngau nhién dac trung & méi nat.
« Tinh diém OOB.

« Chon s6 cay, do sau; doc feature importance.

Vi sao trung binh giup ich

Bai 2.5 két luan cdy co variance cao: d6i dir liéu mot chat 1a cay déi han. Gia str co B mo
hinh, méi cai c6 phuong sai ¢, va hai m6 hinh bat ky c6 hé s6 tuong quan p. Phuong sai

ctia trung binh la
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Khi B — oo, s6 hang thir hai bi€n mat nhung sd hang dau thi con nguyén. Nhiéu cay hon

chi gitp dén mot mitc; mudn giam ti€p thi phai lam cac cay it giong nhau hon, tic giam

p-

V6i o = 1va B = 100: néu p = 0.5 thi phuong sai con 0.505; néu p = 0.1 thi con 0.109.

Giam tuong quan c6 1gi hon nhiéu so v6i thém céy. Khi p = 0 thi phuong sai chia déu cho

B: chup 8 tdm cing mot canh tdi roi 14y trung binh ting diém anh, nhiéu ngau nhién

triét tiéu b6t con canh ding yén dugc gitr nguyeén.

Al Canuc80k - Bai 2.6 - Random forest 1717


https://www.kaggle.com/code/quangluduy/ai-canuc80k-2-3-2-8-decision-boundaries
http://127.0.0.1:56872/giao_trinh/pdf/bai-2.6.pdf

0.75

0.25

1 25 50 75 100
sd cay B

Thém cay chi kéo phuong sai vé miic san po?; gidm tuong quan méi ha duge
san.

HOI NHANH
Lay o2 = 1. Rung A c6 50 cdy, p = 0.1. Riing B c6 500 cdy, p = 0.4. Theo cong thiic

trén, rung nao c6 phuong sai ctia trung binh nhé hon?
A A, Vi tuong quan thap quan trong hon s6 cay
B B, vi nhiéu cay gap mudi lan
¢ Bang nhau, vi ca hai déu da du nhiéu cay

D Chua so dugc khi chua biét o2 that

Hai ngudn ngau nhién

Random forest (Breiman, 2001) lam cac cay khac nhau bang hai cach:

. Bagging (bootstrap aggregating): mdi cay hoc trén mot tip bootstrap, titc n mau rut
¢6 hoan lai tir » mau goc.

. Chon ngau nhién dic trung ¢ mdi nat: chi xét mdt tdp con ngau nhién gom
max_features dic trung khi tim phép chia t6t nhit. Néu c6 mot dic trung rat manh,
bagging thuan ty vin cho moi cdy chia & géc bing dic trung dé va cac cdy van gidng

nhau. Che b6t dac trung budc cac cay phai tim dudng khac.
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Mbi cay dugec moc sau, gan nhu khong ciét tia: bias thap, variance cao, roi trung binh hoa
dé kéo variance xudng. Phan loai thi lay trung binh xac suét (hoic bo phiéu); hoi quy thi
1dy trung binh gia tri, + >, T(x). Cac cdy hoc doc lap, co thé hoc song song; boosting &
bai 2.7 thi dung cay noi ti€p, cay sau stra 16i cay truéc.

Hai cach gép khong luén dong v. Ba cay cho xac suit 16p 1 ctia cung mdt mau 1a 0.9, 0.4,
0.4. Trung binh xac suat la (0.9 + 0.4 + 0.4) /3 =~ 0.57, du doan 16p 1; bo phiéu thi chi 1
trén 3 cay chon 16p 1, du doan 16p 0. Mot cay rat chic chan thang hai cay ludng lu. scikit-
learn dung cach tha nhit, va khi can xac suat dé tinh log loss hay AUC thi d6 ciing 1a

cach nén dung.
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Trung binh xac suat chon 16p 1; bé phi€u chon 16p 0.
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Modi cay hoc mot tap bootstrap nén ranh gisi khac nhau; trung binh 200 cay
muat hon.
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E & B B

trung binh 1 cay: RMSE diém trung binh 5 cay: RMSE diém trung binh 20 cay: RMSE diém  trung binh 100 cay: RMSE diém
chua thay 33.3 (mot cay sau chua thay 24.0 chua thay 22.1 chua thay 21.5
khéng bootstrap: 25.5)

Random forest trén cung bai doan mau: méi cdy hoc mot mau bootstrap nén
sai theo kiéu riéng; 14y trung binh nhiéu cay thi &nh mugt hon va sai s6 trén
diém chua thay giam.

HOI NHANH

“Bootstrap n mau tir n mau géc” nghia la gi?
A RUt n 18n khéng hoan lai, tuc 1a x&o tron thi tu
B Rutn 1an c6 hoan lai tU n m3u géc
¢ Gitr mbi mau ding mét 1an, chi dbi trong s6

D Rut ngau nhién n/2 mau, khéng Iap lai

Out-of-bag: validation mién phi

Xac sudt mot mau khéng duge chon lan nao trong n 1an rat ¢ hoan lai la

1\" o
(1 — —> 0 el A 0.368.
n

Vay mdi cay “chua thay” khoang 37% dit liéu. Du doan méi mau bang cac cay khong ding
no, ta dugc diém out-of-bag (OOB): mot ude lugng gan nhu cross-validation ma khong
ton thém lan hudn luyén nao. M6i miu nhan phié€u da s6 clia riéng cac cay khong thay

no; 16i OOB la ti 1é mau bi doan sai, tinh theo mau chir khong theo ting phiéu.

Vi du 5 mau, danh s6 1 dén 5, riing c6 3 cay:
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Cay Tap bootstrap MA&u out-of-bag

1 1,1,3, 4,4 2,5
2 2,2,3,55 1, 4
3 1,2,2 4,5 3

biém OOB ctia mau 1 chi do cay 2 chdm, mau 3 chi do cay 3 chidm, va c(t thé. V6in = 5,

xac sudt mot mau ndm ngoai mot tap bootstrap 1a (4/5)° ~ 0.33, da kha gan 0.368.

mau 1 mau 2 mau 3 mau 4 mau 5
T N T N
cay1 x2 i 00B ! x1 x2 i 00B !
'\ ______ ) '\ ______ )
T N T N
cay2 | 00B | x2 x1 i ooB ! x2
N J N )
[ 3
cay 3 x1 x2 i 00B ! x1 x1
[}

O nét dat 1a mau cay do chua thay, dung dé chdm OOB.

HOI NHANH
Train c6 1000 mau. V6i mot cay trong riing, khoang bao nhiéu mau nam ngoai tip

bootstrap ctia no, va trong tip ay c6 khoang bao nhiéu mau khac nhau?
A 0 mau nam ngoai, 1000 mau khac nhau
8 500 mau nam ngoai, 500 mau khac nhau
¢ Khoang 632 mau ndm ngoai, khoang 368 mau khac nhau

D Khoang 368 mau nam ngoai, khoadng 632 mau khac nhau
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Nhiéu cay hon thudng bét dao ddng; do validation, RAM va thdi gian trudc |

Phan loai thudng v/d; nhd hon thi cay da dang hon

1-5; tdng 1&n khi df liéu nhiéu

Thudng dé khéng gidi han

Bién thé Extra Trees (extremely randomized trees) chon luén ngudng ngau nhién thay vi

tim ngudng t&t nhat: nhanh hon, cay con khac nhau hon nira, doi khi tot hon trén dit liéu

nhiéu.

HOI NHANH

Muén tirng cay chinh xac hon, mét ban dat max_features bang toan b d feature.

L6i tong quat ctia ring cé xu huéng thé nao?

A Gidm, vi tling cay co 16i téng quét thap hon

B Tang, vi mbi cay khdng c6 du di liéu train

¢ Tang, vi cac cay trd nén rat gidng nhau

D Khéng déi, vi bootstrap da du tao khac biét

PHONG THEO

CMU 10-601 - Exam 3 Practice - Q6.2(c)
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https://www.cs.cmu.edu/~mgormley/courses/10601/handout/exam3_practice_problems.pdf#page=36

Tu nhin mot 1an bootstrap

Diing hiéu bootstrap la 1dy mot tap con khong lap. V6i n mau, moi cdy rut n 1an ¢6 hoan
lai: m6t mau c6 thé xuat hién nhiéu lan, mau khac khong xuit hién lan nao. Ta nhin ngay

mot lugt rat nhoé truée khi dung ca rung.

Python

import numpy as np

rng_boot = np.random.default_rng(7)

draw = rng_boot.integers(0, 5, size=5)

seen = np.unique(draw)

oob = np.setdiffld(np.arange(5), seen)

print("rot:", draw.tolist())

print("da thay:", seen.tolist(), "O00B:", oob.tolist())
probabilities = np.array([0.9, 0.4, 0.4])

print("trung binh:", round(float(probabilities.mean()), 3))
print("phiéu 1ép 1:", int(np.sum(probabilities > 0.5)))

Doc dong “da thay™ s6 mau phan biét c6 thé nhoé hon 5 du da rat da 5 1an. Véi nhiéu céy,
mau 0 chi dugc chdm OOB biang nhiing cdy khong thay mau 0. C6 mdt cay khong dung
no6 khong da dé diém OOB 6n dinh; can nhiéu cay va phai kiém canh bao mau thi€u du
doan OOB.

rat 4 3 3 4 2
. YT OOB cua cay nay
mau O I S A 3 4
S I . ) 0, 1
x0 x0 x1 x2 x2

Mot lugt bootstrap: mau 3, 4 1ap hai lan; mau 0, 1 khdng dugc rat nén 1a OOB.
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HOI NHANH
Mot cay c6 tap bootstrap gom cac chi sé [0, 0, 2, 3, 3], 1dy ti dit liéu c6 5 mau.
Nhiing mau nao la OOB?

A Mau 0 va 3, vibirat 1&p
B Mau1lva4
¢ Chi mau 4, vi mau cuédi khéng dudc rut

D Khéng cé, vi da rut du 5 lan

Trung binh gidm nhiéu c6 diéu kién

Cong thiic phuong sai & trén gia st cac dy doan c6 cing phuong sai o va moi cip co
cung tuong quan p. N6 1a mét mo hinh dé thay tac dung ctia su da dang, khéng phai cach
du doan chinh xac metric ctia bat ky rung nao. Véi cac du doan thit, ta khong duge tu
gan p = 0 chi vi cac cdy dugc train bang seed khac nhau: ching van dung chung mot

nguon dit liéu va cung nhiing dac trung manh.

Random forest b6t bién dong nhd trung binh hoa, nhung khong chira dugc viéc toan bo
dir liéu train sai phan phdéi hay mot cot ro ri target. Tang s6 cay chit yéu lam dy doan 6n
dinh hon; validation c6 thé dao dong va mot ring 16n van overfit. Tang
min_samples_leaf hodc han ché d6 sau lam tung cay muct hon, con gidm max_features
lam cac cay da dang hon nhung cling c6 thé lam ting cay yéu di. Ta chon can biang bang

validation.
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HOI NHANH
100 cay dugc hoc v6i 100 seed khac nhau. C6 thé coi du doan ctia ching la doc lap,
tcc p = 0, d€ tinh phuong sai theo cong thic trén khong?

budc, vi seed khac nhau thi bootstrap khac nhau
Pudc, néu max_features du nhd
Khdéng dudgc, vi seed khéng anh hudng gi tdi cay

Khéng dudgc, vi cac cay hoc chung di liéu va chung nhing tin hiéu manh

OOB rat tién véi cac mau doc 14p cung phan phdi. Néu cing mét hoc sinh ¢6 nhiéu ban
ghi, cay khong thdy mot ban ghi nhung c6 thé thay cac ban ghi khac ctia ngusi d6. OOB
theo hang ltc nay khong thay thé group split. V6i du bao tuong lai, bootstrap ciing
khong thay thé validation theo thdi gian. Mot 1an chay ¢ OOB score cao chua chiing
minh mo hinh dung dugc ngoai 16p hoc.

Dung thu vién

Python

from sklearn.datasets import load_breast_cancer
from sklearn.ensemble import RandomForestClassifier
from sklearn.model_selection import cross_val_score

from sklearn.tree import DecisionTreeClassifier

X, y = load_breast_cancer(return_X_y=True)

tree = DecisionTreeClassifier(random_state=0)

forest = RandomForestClassifier(n_estimators=80, oob_score=True, n_jobs=1, random_state=0)
print("mét cdy:", round(cross_val_score(tree, X, y, cv=5).mean(), 3))

print("riUng: ", round(cross_val_score(forest, X, y, cv=5).mean(), 3))

print("00B: ", round(forest.fit(X, y).oob_score_, 3))
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Rung hon mot cay khoang 4.6 diém CV. OOB 0.968 va CV 0.963 1a hai u6c lugng khac

nhau ctia cing mdt thir, va & day ching gan nhau.

OOB accuracy
max_features = vd

0.97
xét moi feature (bagging)
0.95
0.93
0.91
0 80 160 240 320
s6 cay

OOB accuracy theo s6 cdy: sau khoang 80 ciy gan nhu ding yén.

HOI NHANH

biém OOB ctia rung 1a 0.968, con cross-validation 5 fold cho 0.963. Hiéu chénh

léch nay thé nao?
A OOB bi ro ri, vi cao hon CV
8 CV sai, vi OOB dung nhiéu dif liéu han
¢ Hai cach lay mau khac nhau, chénh nhé nhu vay 13 binh thudng

D Phai chon sé cay sao cho hai con s bang nhau

Khi di thi

 Bai dit liéu bang thi chay random forest sém lam baseline: khdng can chuén hoa, it
khi hong.

» Diém OOB chi dang tin khi cac hang doc lap; dit liéu theo nhoém hay theo thoi gian thi

dung cach chia riéng.
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e Thém cay ma validation ding yén thi thit max_features hoac feature mdéi, dung tang

cay tiép.

Tom tat

» Trung binh h6éa nhiéu mo6 hinh gidm variance, nhung chi khi chtng it tuong quan.

» Random forest = bagging + chon ngau nhién dac trung & méi nt; mdi cay sau, ca
rung 6n dinh.

« Khoang 37% dir liéu ndm ngoai méi tap bootstrap, cho diém OOB mién phi.

» Thém cay cht yéu 6n dinh viéc trung binh hoa, khong thay thé kiém validation; tham

sO quan trong nhit la max_features va min_samples_leaf.

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 truéc khi mé 16i giai.

CAU 1
CO n = 4 mau train. Mot cay rat 4 1an doc 1ap, déu xac sudt, ¢d hoan lai. Xac suat

mot mau cu thé khong dugc rit lan nao 1a bao nhiéu?

A (1/4)%
50

c o (3/4)
D 1/4
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CAU 2
Random forest chudn c6 dung bootstrap. So v6i bagging cac cay xét moi feature &

mdi nut, random forest giam tuong quan gilra cac cay bang cach nao?
3 méi nut, chi xét mot tap con feature chon ngau nhién
B&t moi cay hoc cung mét tp bootstrap
Lay du doan cla cay trudc lam target cho cay sau

Chon mét feature duy nhat dung chung cho ca riing

CAU 3
Gia str B céay c6 phuong sai du doan o? = 4, va moi cap cdy cé cung tuong quan

p = 0.25.V6i B = 20, phuong sai ctia trung binh du doan bang bao nhiéu?
0.20
1.00
4.00

115
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CAU 4
Rung 5 cay hoc trén 7 mau va gop két qua bang da s phiéu. Bang ghi du doan ctia
nhitng cay khong thiy tiing mau.

Mau That Du doan OOB cUa cac cay khdng thay mau
1 Khéng Khéng

2 Khéng Khéng, Co, Co

3 Cé Cé

4 Co Cé

5 Khéng Khéng

6 Co Khéng

7 Cé Khéng, Khéng

L6i OOB ctia rung bang bao nhiéu?

A 5/10
B 3/7
c 2/7
D 4/7

PHONG THEO ) CMU 10-601 - Exam 3 Practice - Q6.2(a)
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CAU5
Trong bang ctia cau trude, c6 mot cay dung moi mau OOB ctia nd, va mot cay khac
sai moi mau. Khi du doan mot mau méi, random forest chuén cho cay nao trong sd

cao nhat?
Cay dung moi mau OOB
Cay c6 nhiéu mau OOB nhét
Khéng cay nao, cac cay gop phan ngang nhau

Cay sai moi mau, nhung dao ngudc du doan cla nd

PHONG THEO ) CMU 10-601 - Exam 3 Practice - Q6.2(b)

CAU 6
Rung hoi quy hoc gia nha tir nhitng can ¢6 gia 1 dén 5 ty. Mot can méi rong gap doi

can 16n nhat trong train. Rung sé du doan ra sao?
Khoang 10 ty, vi ring kéo dai xu hudng theo dién tich
Khéng qua 5 ty, vi do la trung binh cla cac la
S6 nao ciing co thé, vi mbi cay kéo dai theo mdt hudng riéng

Bao 16i, vi gia tri nam ngoai vung train
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CAu 7
Moéi bénh nhan c6 4 ban ghi, va muc tiéu la du doan cho bénh nhan méi. Nhung
OOB tinh theo hang van dé€ mdt ban ghi dugc cham bdi nhitng cay da hoc cac ban

ghi khac ciia cung ngudi. Ta nén danh gia b6 sung thé nao?
Pé riéng theo bé&nh nhan, réi cham ca quy trinh
Chi can tdng sb cay, dé hang nao cling cé nhiéu du doan OOB haon
Chi can tang min_samples_leaf, dé& cdm trung bénh nhan

Dung StratifiedKFold theo ting hang thay cho chia theo nhém

CAu s

Tang n_estimators tu 100 1€n 1000. Accuracy trén train tang tu 99.2% lén 99.8%,
trén validation van dimg & 87.3%, con thai gian chay tang gip 10. Nhin dinh nao
phu hop?

Validation ding yén chung t6 phai tang dé sau cua cay
CU tang sb cay tai khi train dat 100%, rdi chon theo train
Train tdng 0.6 diém, nén sau nay validation ciing sé tang

Lgi ich clia viéc thém cay da bdo hoa, nén thir yéu t6 khac

PHONG THEO ) NOAI 2026 Singapore - Chung két - Cau 2
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https://aisingapore.org/wp-content/uploads/2026/04/NOAI-2026-Final-Assessment-Section-1-MCQs-Google-Forms.pdf#page=3

CAU 9
classes_ctarungla ["fraud", "normal"], va metric can score cta I6p fraud.

Dong nao lay ding score dy?
A predict_proba(X)[:, 0]
B predict_proba(X)[:, 1]
¢ predict(X) == "fraud", dé gilt du thi tu score

D L&y c6t coé nhiéu score trén 0.5 hon

CAuU 10
Rung tim ra mot cdt chira san dap an cia validation, va diém rat cao. Biém cao ay

ching to diéu gi?
A RUng da hoc dugc quy luat t6t han moi mé hinh khac
8 Gan nhu chic chén cé ro ri, phai stra di liéu
¢ Nén thém cay cho diém 6n dinh han nira

D Néntang max_features dé cot 4y dugc ding nhiéu hon

Poc thém

« James, Witten, Hastie, Tibshirani — An Introduction to Statistical Learning, muc 8.2. Bagging,

random forest va OOB véi vi du doc két qua.

e Géron — Hands-On Machine Learning, chuong 7. Ensemble, bagging, random forest va Extra

Trees bang scikit-learn.

« Galton (1907) — Vox Populi, Nature 75. Cau chuyén dam dong doan can nang con bo: trung

binh nhiéu phong doan doc lap chinh xac hon tiing nguoi.

» Breiman — Random Forests. Bai gc vé random forest, su da dang va out-of-bag.
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https://www.statlearning.com/
https://www.stat.berkeley.edu/~breiman/randomforest2001.pdf

« scikit-learn — Forests of randomized trees. Tham s&, phan loai biang trung binh xac suit va

chi phi song song.
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https://scikit-learn.org/stable/modules/ensemble.html#forest

