Decision tree
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Cay quyét dinh 1a mot chudi cau hoi if-else, vi du: di€m bai co ban dudi 6 thi
vao nhom lam quen, con lai thi hoi ti€p diém bai khac. Khac véi code tu viét,
cay tu chon cau hdi va ngudng tir dit liéu. Bai nay hoc cach cay chon cau hdi 6

moi nlt, va cach gisi han cay dé né khong hoc thudc dir liéu train.

MUC TIEU

« Tinh Gini va chon ngudng chia t6t nhat ¢ mot nut.
« Duyét cay dé ra du doan.

+ Gi6i han do sau va so 1a dé tranh overfitting.

Cau truc

Moi nat trong hoi mot cau dang z; < t (“tudi < 30?”, “s6 lan dang nhép < 2?"). Tra 16i co
thi di nhanh trai, khong thi di nhanh phai. bi tir ntit goc xuong téi ntt 14, noi khong con
cau hoi nao. Moi 1a chtta mot du doan: 16p chi€m da so (phan loai) hodc gia tri trung binh

(hoi quy) ctia cac mau train roi vao 1a do.

V€ hinh hoc, cdy chia khong gian dac trung thanh cac hdp chir nhat cé canh song song

v6i truc, moi hop mot du doan.
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Cay chia mit phang thanh cac hop; cang sau, hop cang 6m tung diém nhiéu.
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HOI NHANH
Hai 16p dugc tach diang béi dudng chéo z1 = z2. Cay quyét dinh chi dung phép chia

dang z; < ¢ thi bi€u dién ranh gi6i nay thé nao?
A M6t phép chia z; < x5 6 gbc 1a du
8 Hai phép chia, mbi truc mét 1an, la vira khit
¢ Khéng biéu dién dudc, du cay sau dén dau

D Bang mét bac thang, can nhiéu phép chia

Thé nao 1a mo6t cau hoi tot

Cau hoi tot tao ra cadc nhém con thuan (pure): gan nhu toan mét 16p. Do “lan 16n” ctia

mot nat véi ti 1€ cac 16p pi, . . ., px duge do bang
K K
Gini =1 — sz, Entropy = — Zpk log, p.-
k=1 k=1

Ca hai bang 0 khi ntt thuan va 16n nhat khi cac 16p chia déu. Gini 1a xac suit doan sai
néu gan nhan ngau nhién theo dung ti 1é trong nat; entropy la lugng thong tin, tinh biang
bit, can dé biét nhan. Trong thuc té€ hai cach cho cdy gan nhu giéng nhau; Gini tinh

nhanh hon vi khong c6 log.

Vi du:

* Nt c6 4 mau “Pat’, 2 mau “Trugt”™ entropy la —2 log, ¢ — 2 log, 2 &~ 0.92 bit. (Dung

log tu nhién thi ra 0.64, sai don vi.)

o Bal6p v6is6 mau 6, 2, 2: Gini = 1 — 0.6% — 0.2% — 0.2% = 0.56.
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entropy

0.5
Gini
0.375
0 nut thuan
0 0.25 0.5 0.75 1
ti1é I16p 1trong nut

Gini va entropy bang 0 khi ntit thuan, 16n nhat khi hai 16p chia déu.

Mot phép chia dua nat cha ¢6 n mau thanh hai con ny va ng mau. Do giam tap chat

(impurity decrease) cta phép chia la

A = I(cha) — “EI(tréi) — “E I(phai).
n n

V6i entropy, A dugc goi la information gain. V6i héi quy, thay I bing phuong sai ctia y

trong nut: chia tot la chia sao cho mdi bén c6 y dong déu.

HOI NHANH

Mot nat ¢6 3 mau 16p 0 va 1 mau 16p 1. Gini ctia ntit bang bao nhiéu?

A 0.25
B 0.5

c 0.375
p 0.75

Gio dung Gini d€ so hai cach chia. Nat cha ¢6 5 mau duong va 5 mau am, nén Gini =
1—0.5* — 0.5 = 0.5:

Cach chia Trai Phai Gini trai Gini phai Gini c6 trong sb A

A 4+ 1- 1+, 4- 0.32 0.32 0.32 0.18
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Cach chia Trai Phai Gini trai Gini phai Gini c6 trong sb A

B 5+, 3- 0+, 2- 0.469 0 0.375 0.125

Cach B tao dugc mdt nat hoan toan thuan, trong hap dan, nhung nat dé chi c¢é 2 mau va
nat con lai van rat 1on xdn. Cach A tét hon. Dung entropy cling ra cung két ludn: gain

ctia Ala 0.278, ctia B 1a 0.236.

cha: 5+, 5-, Gini 0.5

., |eoceee TYYY A= .18
6ini 0.32 Gini 0.32

s ©e0eeeeee oo A = 0.125
Gini 0.469 Gini O

B c6 mot 1a thuan nhung chi 2 méu; A gidm Gini nhiéu hon.

Huén luyén: tham lam timg buéc

Tim cay t6i uu toan cuc la bai toan NP-kho. Thuat toan CART dung chién luge tham lam:
& moéi nat, thit moi dac trung va moi ngudng, chon phép chia cé A 16n nhat, roi dé quy

xuong hai con.

V6i mot dic trung, sdp cac mau theo gia tri roi chi can thir ngudng nam gitra hai gia tri
lién ti€p. Duyét tir trai sang phai va cap nhat s6 dém tiing 16p biang tién t6, méi ngudng
tinh trong O(1). Téng chi phi cho mdt nit 1a O(dnlogn), chit yéu do sip x€p. Histogram
gradient boosting (bai 2.7) gom gia tri vao khoang 256 thung dé€ chi phai thir vai tram
ngudng; DecisionTreeClassifier thong thuong thi thit moi ngudng gitra cac gia tri khac

nhau.
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HOI NHANH
Mot feature c6 1000 mau nhung chi c6 7 gia tri khac nhau, la cac diém tir 4 dén 10.

G mot nat chira dii c 7 gia tri, CART can thir bao nhiéu ngudng cho feature nay?

A 999
5 1000
t 6
D 7
Khi nao dung

Khi khong ¢6 ho so dic trung triang nhau mang nhan mau thuan va khong c6 rang budc
ding, cay c6 thé moc t6i cac 1a thuan, 16i train bang 0, va cay thudc 1ong ca nhiéu. Cac

cach ham:

max_depth: gi6i han do sau.

o min_samples_leaf: mdila phai c6 it nhat bay nhiéu mau. Thuong la tham sd hiéu qua

nhat. N6 chin ludn s6 1a: 100 mau v6i min_samples_leaf=20 thi cay c6 nhiéu nhat 5 14.
e min_impurity_decrease: khong chia néu lgi ich qua nhd.

o (Cat tia (pruning): moc cay day du réi cat b6t nhanh. Cost-complexity pruning cuc

tiéu 16i + o - (s6 18), ciing 1a kiéu “16i + phat” quen thudc & bai 2.2.
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HOI NHANH
Cost-complexity pruning chon cdy con ¢ 16i train + « - (s 14) nhd nhat. Ting a

thi cay sau khi tia thay d6i thé nao?
A Nhiéu Ia han, vi a thudng cho méi la
8 itla hon, va 16i train khéng giam
¢ Khéng dbi, vi a chi anh huéng téi validation

D S&u hon, nhung méi tang it 14 han

B A

d6 sau 2: 4 14, RMSE train 54.0, d6 sau 5: 32 14, RMSE train d6 sau 10: 663 14, RMSE train  dd sau 24: 3024 14, RMSE train
RMSE diém chua thay 54.6 35.7, RMSE diém chua thay 18.5, RMSE diém chua thdy 27.6 0.1, RMSE diém chua thay 25.5
36.9

Decision tree doan mau theo toa dd, hoc tir 25% diém anh (trai): mdi la la mot
hinh chir nhat m6t mau; cang sau cang thudc diém train, con diém chua thay
dung & muc sai cd 25.

Dbiém manh, diém yéu
Manh

« Khong can chudn hoa dic trung: cau hoi z; < ¢ khong quan tdm don vi do. DSi don vi
hay 1y log mot cot chi doi ngudng, vi thir tu cac gia tri gitt nguyén; cach chia cac mau
khong déi.

o Tu bat duge quan hé phi tuyén va tuong tac gitta cac dic trung.

* boc duge nhu mot bo luat; dé giai thich cho ngudsi khong hoc may.
Yéu

o Variance rat cao: déi vai mau train 1a cay c6 thé khac hén tu géc.
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« Ranh gi6i chi gom cac doan song song véi truc; mot dusng chéo don gian phai xap xi
béng hinh bic thang. Biét tru6c ranh gidila x; = z, thi thém cot z; — x5, mdt cau hoi
la da.

o Du doan la hang s6 ting khic, nén khéng ngoai suy: gia tri vugt qua viang train van

chi nhan gia tri ctia la ngoai cung.

max_depth=3-81a max_depth =8 -421a

Cay chi xap xi dugc dudng chéo biang bac thang.

Chinh diém yéu thi nhit la Iy do ngudi ta it ding mot cay don 1€, ma gop nhiéu cay lai &
bai 2.6 va 2.7.

HOI NHANH
Bo ngau nhién 5 trong 500 mau train rdi hoc lai. Cay sau déi hin phép chia & géc,

va du doan trén validation thay déi nhiéu. Diéu nay cho thay gi?
A 5 mau bi bd di 14 nhitng m4u bi gan nhan sai
B Variance cao: dif liéu déi it ma cay doéi nhiéu
¢ Cay co bias cao, cdn moc sau hon nita

D Phai chuan hoa feature trudc khi hoc cay
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bo quan trong dac trung

Muén biét dac trung nao quan trong, c6 hai cach:

» Impurity importance: cong don A (c6 trong s6 theo s6 mau) ctia moi phép chia dung
dac trung j. Cach nay nhanh nhung thién vi cac dac trung cé nhiéu gia tri khac nhau,
nhu ID hay sd thuc. Cuc doan nhat 1a c6t ma hoc sinh, méi mau mét gia tri: chia theo
no cho toan 14 thuan, information gain t6i da ma chang hoc dugce gi. (Thuat toan C4.5
chia gain cho entropy ctia chinh phép chia, goi la gain ratio, d ham chuyén nay.)

« Permutation importance: xao tron cot j trén tap validation roi do diém giam bao

nhiéu. Cach nay dang tin hon.

HOI NHANH
LG dé cot row_id trong feature, moi dong mot s6 khac nhau. Cay sau cho cot nay
impurity importance cao, nhung permutation importance trén validation thi gan

bing 0. Hiéu thé€ nao?
A row_id that su quan trong, phai git lai
B Permutation importance tinh sai, nén tin impurity importance
¢ Hai cach do ludn cho két qua trai ngugc nhau

D Cay dung row_id dé hoc thudc train

Cai mot nat trude khi cai ca cay

Ta bat dau nho hon CART day da: chi mét dic trung, mot phép chia, goi la decision
stump. Bon diém co6 toa do 1, 2, 3,4 va nhan 0, 0, 1, 1. NGt géc c6 hai 16p ngang nhau nén
Gini biing 1 — (1/2)? — (1/2)* = 0.5. Chia & 2.5 tao hai la thuan, Gini sau chia bing 0;

mc giam la 0.5.
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Diém dang chu y 1a Gini sau chia phéi l1dy trung binh c6 trong s6 s6 mau. Mot 14 c6 1 mau
va mdt 1a c6 99 mau khong thé c6 tiéng ndi ngang nhau. Ta chi xét ngudng gitra hai gia
tri lién ti€p khac nhau: trong khoang d6 khong di€m nao déi bén nén xét thém ciing vo
ich.

Python

import numpy as np

def gini(labels):
counts = np.bincount(labels, minlength=2)
probabilities = counts / len(labels)

return 1.0 - np.sum(probabilities ** 2)

x_small = np.array([1., 2., 3., 4.])

np.array([0, 0, 1, 11)

best = None

for threshold in [1.5, 2.5, 3.5]:
left = x_small <= threshold
right = ~left

y_small

after

left.mean() * gini(y_small[left]) + right.mean() * gini(y_small[right])
gain = gini(y_small) - after
print(threshold, round(float(gain), 3))
if best is None or gain > best[0]:
best = (gain, threshold)
print("ngudng:", best[1])
assert best[1] == 2.5

Doc ¢t gain: ngudng 2.5 thang hai ngudng con lai, du ca ba déu chia duge di liéu thanh
hai phan. Cai ca cay la lap lai viéc nay cho tirg ntt bang dé quy, ding khi 14 da thuan,

qua it mau hoac dat do sau. Khi nhiéu phép chia hoa gain, can quy tic pha hoa. Ban nho
trén gitr ngudng gap trudc; thu vién c6 quy tac va ngau nhién riéng nén khong dugce doi

moi cay giong hét nhau.
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]
t=15 @ | @ ® ) giam Gini 0.167
]
|
t=2.5 o o ! @ @ gidm 6ini 0.5
]
|
t=35 @ o ® ' © giam Gini 0.167
[}
1 2 3 4

Trong ba ngudng, chi t = 2.5 cho hai 14 thuan.

co khéng

I6p O I6p 1
x =1, 2 X =3, 4

Decision stump ngudng 2.5: hai la thuan, Gini sau chia bing 0.

HOI NHANH
Sau mdt phép chia, 14 trai c6 2 mau véi Gini bang 0, 1a phai c6 18 mau véi Gini bang

0.5. Gini c6 trong s6 sau khi chia bang bao nhiéu?

A 0.25
B 0.45
c 05
D 0.9

Al Canuc80k - Bai 2.5 - Decision tree

10/19



Vi sao tham lam c6 gid6i han

Decision tree tim phép chia t6t nhat ngay & nit hién tai, khong thir moi cay tuong lai.
Mot vi du la XOR: hai bit dau vao 00, 01, 10, 11 ¢6 nhan 0, 1, 1, 0. Chia theo bit nao & géc
cling c6 gain 0, nhung chia thém & tang sau thi phan loai dugc hét. Néu dat diéu kién chi
chia khi gain duong ro rét, ciy c6 thé bd 16 tuong tac nay. Cau “cdy tu hoc moi tuong tac”

vi vdy can hiéu 1a kha nang biéu dién, chua bdo ddm thuit toan tham lam sé tim ra.

chia theo x;, chia theo x,

o o o o

gidm Gini = 0 gidm Gini = O

XOR: chia & goc theo truc nao Gini cling khong giam.

HOI NHANH
Bon diém XOR: (0,0) — 0, (0,1) — 1, (1,0) — 1, (1,1) — 0. O géc, chia theo z; thi

Gini gidm dugc bao nhiéu?

A O

B 0.25
c 0.5
D 1

bai véi hoi quy, mot 1a du doan trung binh nhan cac mau train roi vao 1a d6. Du doan
ludn & trong khoang cac nhan 14, nén dua z ra xa vang train cling chi nhian cung moét gia

tri & 14 ngoai cung. Pay la ly do cay khong kéo dai xu huéng nhu linear regression. Néu
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bai c6 gia tri tuong lai vugt xa lich sit, hay kiém ngoai suy trén validation c6 cau tric

tuong ty, thay vi chi random split.

_—- tuyén tinh
-

30 -

cay

ngoai vung train

Ngoai vliing train, cdy gitr nguyén gia tri 1a cuoi; dudng thang kéo dai xu
huéng.

Dung thu vién

Python

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

from sklearn.tree import DecisionTreeClassifier, export_text

X, y = load_breast_cancer(return_X_y=True)
for depth in [1, 3, 5, Nonel:
tree = DecisionTreeClassifier(max_depth=depth, random_state=0)

print(depth, round(cross_val_score(tree, X, y, cv=5).mean(), 3))

tree = DecisionTreeClassifier(max_depth=2, random_state=0).fit(X, y)

print(export_text(tree, feature_names=1list(load_breast_cancer().feature_names)))

Poc cdt CV: sau 3 dat 0.917, khong gisi han do sau cling 0.917. Cay sau 3 nong hon, doc

dugc thanh mot bd luat ngan, nén 1a lya chon tu nhién khi diém ngang nhau.
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worst radius < 16.80

co khéng
worst concave points < 0.14 worst texture < 19.91
co khéng co khong
lanh tinh ac tinh lanh tinh ac tinh
5 4c - 328 lanh 28 ac - 18 lanh 8 4c - 9 lanh 171 a4c - 2 lanh

Cay d6 sau 2 trén bo breast cancer; mdi la ghi s6 mau ac tinh, lanh tinh.

HOI NHANH
Cross-validation cho d6 sau 1, 3, 5 va khong gi¢i han lan lugt duge 0.900, 0.917,

0.916 va 0.917. Ta nén chon gi, vi sao?
A D6 sdu 3, vi ngang diém cao nhat ma dan gian hon
8 Khéng gidi han, vi diém cao nhat va khoi phai chon
¢ D& sau 1, vi don gian nhat va chi kém 1.7 diém

D D& sau 5, vi nam giilta nén an toan nhat

Khi di thi

e Huin luyén mot cay nong, dd sau 2-4, dé xem cot nao quan trong. Cay do sau 1 ma
dat 99% thi nghi c6 c6t 10 dap an.

» Dé yéu cau tu cai cdy thi doc ky quy udc: <= hay <, pha hoa gilta cac ngudng.

« Test ndm & tuong lai thi nhé cay khéng ngoai suy.
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Tom tat
» Cay hoi lién ti€p cac cau z; < ¢, chia khong gian thanh hdp, méi hop mot du doan.

» Chon phép chia lam giam tap chat (Gini, entropy, phuong sai) nhiéu nhat; huan luyén
tham lam theo CART.

 Cay sau thi overfit; hdm bang dd sau, s6 mau & 14, hoac cat tia.

» Khéng can chuén héa, bt dugce phi tuyén, nhung variance cao va khong ngoai suy.

Ki€m tra cuoi 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

Mot nit ¢6 10 mau thudc ba 16p, 1an lugt 5, 3 va 2 mau. Gini impurity bang bao

nhiéu?
A 0.38
B 0.62
c 0.50

0 0.67
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CAU 2
Trén cung tap train D, ta hoc hai cay. Mot cay chon phép chia theo information
gain, cay kia theo ti 1€ 16i trén train. Ca hai déu moc cho t6i khi 16i train bang 0.

Piéu nao chic chan dung?
Hai cay chia theo cuing mét feature & géc
Hai cay c6 cling dd sau va cung sb 1a
Hai cay dung hét moi feature cta D

Hai cay du doan giéng nhau trén moi mau cua D

PHONG THEO ) CMU 10-601 - Exam 1 Practice - Q1.2

CAU 3
Mot 14 ctia cay hoi quy cé target 1a 2, 4 va 9. Hiang s6 du doan nao lam MSE trén 1a

nay nhoé nhat?

15

Al Canuc80k - Bai 2.5 - Decision tree 15/19


https://www.cs.cmu.edu/~mgormley/courses/10601/handout/exam1_practice_problems.pdf#page=6

CAU 4
Thuét toan hoc cay ki€u ID3 hay CART c6 bao dam tim ra cay dat 16i train 0 v4i it
phép chia nhit khéng?

C6, vi 8 mbi nut déu thu moi feature va moi ngudng
C6, néu dung entropy thay cho Gini
Khéng, vi né chi chon phép chia tét nhat tai ting nut

Khong, vi cdy khéng bao gid dat dugc 16i train 0

PHONG THEO ) CMU 10-601 - Exam 1 Practice - Q1.3

CAU 5
Dit liéu du doan khach bo dich vu ¢6 10 000 mau va 20 feature. CO 15% s6 0 bi

thi€u, rai ngau nhién. Trong bon dé xuit sau, 14p luin nao chinh xac nhat?
Dung mé hinh dang cay, vi nhiéu thu vién cay tu hoc hudng di cho 6 thiéu
kNN can du moi 6, nén bd hét mau bij thiéu 1a cach duy nhat
Linear regression vdi & thiéu dién bang trung binh 1a cach téi uu vé théng ké

Dung moét mé hinh tuyén tinh, sau khi dién & thiéu bang gia tri clia dong phia trén

BE THI  NOAI 2026 Singapore - Vong sd loai - Cau 270
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CAu 6
Cay diung 100% trén train, 68% trén validation, va cach chia di liéu da dugc kiém.

Thi nghiém nao kiém truc tiép gia thuyét “cay qua linh hoat™?
Giam max_depth hoac tang min_samples_leaf, gilf nguyén cac fold
Giam min_samples_leaf dé méi la khdp train hon
Chia lai ng4u nhién, 14y Ian c6 accuracy validation cao nhat

Tang max_depth dé accuracy trén train ting tiép

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

CAu 7
Mot nat hoi quy co target (1,2, 9,10), duge chia thanh {1, 2} va {9, 10}. Phuong sai

gidm dugc bao nhiéu, tinh theo trung binh c6 trong s6?
16.0
16.25
8.0

0.25
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CAuU 8
Mot cay chi sau 1, tirc chi c6 mot phép chia, ma dang 99% trén validation cia mot

dé tudng la kho. Ta nén nghi dén diéu gi truée tién?
Pé dé han du kién, ndp ludn cay nay
C6 thé mot cot dang 16 dap an, can kiém cot 6 gbc
Tang d6 sau dé 1én 100%

Cay sau 11uén underfit, nén con sé nay chi la nhiéu

CAU 9
Cay hoi quy thong thuong du doan trung binh 6 méi 14, va y_train ndm trong

khoang [1,10]. V6i mot z ndm ngoai ving train, diéu gi dang?
Du doan van nam trong [1, 10], vi Ia trung binh cla mét 14
Du doan ting tuyén tinh theo khoang cach tdi viing train
Du doan c6 thé bang 30 néu cay du sau

Du doan phai bang 10, vi z ndm ngoai vung train

CAu 10

Feature importance cao c6 chiing minh dugc cot ay gy ra target khong?
C6, vi md hinh dua vao cét &y nhiéu nhat
Chi khi cay du sau dé thay hét cac tuong tac
C6, néu accuracy trén validation gan bang 1

Khéng, né chi cho biét mé hinh dua vao cét nao
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Poc thém
« James, Witten, Hastie, Tibshirani — An Introduction to Statistical Learning, chuong 8. Cay, cit
tia va cau noi sang bagging, random forest, boosting.

e Géron — Hands-On Machine Learning, chuong 6. Thuc hanh decision tree véi scikit-learn,
kém phan vé do bat én ctia céy.

« scikit-learn — Decision Trees. Poc thuat toan CART, criterion, gi6i han do sau va vi du dién
giai cay.

e ISLP — Tree-based methods lab. Thuc hanh cay, pruning va déi chi€u véi ensemble.
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https://www.statlearning.com/
https://scikit-learn.org/stable/modules/tree.html
https://intro-stat-learning.github.io/ISLP/labs/Ch08-baggboost-lab.html

