Clustering

Trac nghiém 26 6 Thuc hanh 4 (3 Chay trén Kaggle ¥ PDF bai

Phan cum (clustering) chia dir liéu thanh cac nhém ma khong c¢6 nhan cho
truéce, vi du chia ho so hoc sinh thanh cac nhém c6 kiéu hoc giong nhau. Vi
khéng c6 dap an dé so, két qua phu thudc vao cach ta dinh nghia “gan nhau” va
“mot cum”. Bai nay hoc K-Means va DBSCAN, cach chon s6 cum, va vi sao hai

thuit toan c6 thé chia cung mot di liéu theo hai cach déu hogp ly.

MUC TIEU

« Chay K-Means béng tay va tinh inertia.
» Hiéu diém core, border, noise cia DBSCAN.
» Chon s6 cum; bi€t cum tim dugc khong phai nhan that.

« Phan biét gan ciing ctia K-Means v4i gan mém ctia GMM.

K-Means

Gia dinh: c6 K cum, m6i cum la mot “dam” tron quanh moét tam. K-Means tim K tam
Ky, By cuc tiéu téng binh phuong khoang cach ti mdi diém dén tdm gan nhat
(inertia):

n
J = kain % — ]|
i=1

Thuit toan Lloyd 1ap hai buéc dén khi khong déi:

1. Gan: mo6i diém thudc cum c6 tdm gan nhat.

2. Cap nhit: mo6i tdm doi vé trung binh cac diém ctia cum.

Moi bu6c déu khong lam J tang, va sd cach chia 1a hitu han, nén thuét toan chic chin

dimng. Nhung né chi diing 6 mot cuc tiéu dia phuong: khdi tao khac cho két qua khac.

Hai cach giam rti ro ket:
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o k-means++: chon tam dau tién ngiu nhién, r6éi chon moi tam ti€p theo vi xac sudt ti
1& v6i binh phuong khoang cach tir diém dén tdm gan nhat da c6. Nho vay cac tam
ban dau thudng ndm xa nhau.

+ Chay nhiéu lan (n_init) va gitr két qua c6 J nhé nhat,

HOI NHANH
C6 ba diém trén truc so: 0, 1 va 10. k-means++ da chon tam dau tién 1a 0. Xic suit

diém 10 dugc chon lam tam thir hai 1a bao nhiéu?
A khoang 0.33
B khoang 0.91
t khoang 0.99

D khoang 0.01

Chi phi méi vong la O(nKd), nén K-Means chay dugc trén di liéu rat 16n;

MiniBatchKMeans con nhanh hon ntra.

Chon K. V€ J theo K ro6i tim “khuyu tay” (elbow method), hodac chon K c6 hé s6
silhouette trung binh cao nhit (muc Panh gia cum). Elbow chi la ggi y; nén kiém thém
cach chia c6 6n dinh khi d6i seed, b6t mau khong. Thuong thi K con phu thudc muc
dich: chia khach hang thanh 4 nhém hay 6 nhém la quyét dinh kinh doanh, khong phai
dinh ly.
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inertia silhouette

Inertia gay khic ¢ K = 4; silhouette cling cao nhit 6 K = 4.

Gi6i han. K-Means thich cum tron, kich thuéc gan bang nhau, cting mat do. Véi cum
hinh trang lugi liém hay cum 16ng nhau, n6 chia sai mot cach rat tu tin. Tam lai 1a trung
binh, nén mot diém ngoai 1€ da xa c6 thé kéo tam roi khoi dam diém ctia nd: cum gom 1,

2,3va100 co6 tam 6 26.5.

HOI NHANH
Tang K 1én bang s6 diém n, mo6i diém c6 mot tam riéng. Inertia téi uu khi 4y bang

bao nhiéu?

A Bang phudng sai cuia dif liéu

¢ Bangn

0 Khdng xac dinh, vi cum qua nhod

Khdi tao té: tu stra hay ket?

Két qua ctia Lloyd phu thudc tam khdéi tao. Lay di liéu mdt chiéu 1,2,9,10,11, K = 2,
hai tam dau dat té: puy = 1, ue = 2.

o Gan: {1} vé uq; {2,9,10,11} vé ps.
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° Cﬁp nhét: H1 = 1, M2 — 32/4 = 8.
» Gan lai: diém 2 gi¢ gan p1 hon (1 < 6), nén cum thanh {1, 2} va {9,10,11}.
o Capnhat: u; = 1.5, up = 10. Gan lai khong doi, dung vé6i J = 0.5 + 2 = 2.5.

Lan nay khéi tao té van tu stra dugce, va J gidm qua ting buée: 194 — 50 — 15 — 2.5.

Nhung chi can doi mot diém 1a sy may man dy bi€n mat (cau hoi bén dudi).

Trong hai chiéu cling vay: ba diém A(0, 2), B(0,1), C(1,0) véi tam dau dat & A va B
dung 6 {A}, {B,C} v6i J = 1, trong khi {A, B}, {C} chicé J = 0.5.

X X

khdi tao o O o 0 o J = 194
X X

cap nhat o o o o 0 J = 50
X X

gan lai ® O o o J =15

X X

cap nhat o o o o 0 3=2.25

1 2 9 10 11

Khéi tao té: sau hai vong diém 2 ddi cum, J giam tir 194 xudng 2.5.

vong O: inertia 68.8 triéu (tam la vong 1: inertia 50.9 triéu vong 3: inertia 31.0 triéu vong 11t inertia 25.6 triéu; tam
6 diém anh lay ngau nhién) khéng déi nia, diing

K-Means gom cac mau ctia anh hoa thanh 6 cum: sau méi vong gan roi lay
trung binh, méi diém anh dugc td bang mau tam cum ctia no.
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HOI NHANH
Gitr khéi tao p1 = 1, p2 = 2, nhung déi diém 2 thanh 5, tic dirliéula 1, 5, 9, 10, 11.
Thuat toan Lloyd dung & cach chia nao?

A {1,5} va{9,10,11}
5 {1} va{5,9,10,11}
¢ {1,5,9} va {10,11}

D Khoéng dung, cac tdm dao dong mai

Cai mot vong Lloyd

Lay bon diém mdt chiéu 0, 1, 5, 6, hai tdm ban dau 0 va 6. Méi diém vao tam gan nhat,
nén nhom trai gom 0, 1 va nhom phai gom 5, 6. Tam mdi 1a 0.5 va 5.5. Inertia truéc cap
nhat 1a 2, sau cap nhat la 1. Code dudi cai dang hai thao tac gan va cap nhat, va in ra cac

sO vua tinh tay.

0 6
X X
gan o o o o inertia 2
0.5 5.5
X X
cap nhat tam () () () () inertia 1
0 1 5 6

Mot vong Lloyd: gan diém vé tim gan nhat, roi doi tim vé trung binh nhom.

Python

import numpy as np

values = np.array([[0.], [1.1, [5.]1, [6.1])
centers = np.array([[0.], [6.]1])
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distance2 = np.sum((values[:, None, :] - centers[None, :, :]) **x 2, axis=2)
assigned = np.argmin(distance2, axis=1)

before = np.sum(distance2[np.arange(len(values)), assigned])

new_centers = np.array([values[assigned == k].mean(axis=0) for k in range(2)])
after = np.sum((values - new_centers[assigned]) ** 2)

print("gan:", assigned.tolist())

print("tam méi:", new_centers.ravel().tolist())

print("inertia:", float(before), "->", float(after))

Néu mot cum khong con diém nao, mean cia mang rong 1a NaN, va NaN lang 1€ lan sang
moi budc sau. Vi du nho trén khong gap, nhung ban cai tong quat phai chon trudc mot
quy tic cho truong hop nay.

HOI NHANH
Tu cai Lloyd bang NumPy, t6i mot vong thi co6 mot cum khong duge gan diém nao.

X 1y thé nao la hgp 1y?
A Coitam NaN la 0 réi chay tiép
8 Dat lai tam theo mét quy tac dudc ghi ré
¢ L&y bét vai diém cua cum khac chia sang

D Chiaténg toa dd cho K thay vi cho s6 diém

DBSCAN

Gia dinh: cum la ving day dac, ngan cach bdi vung thua. Hai tham s6: ban kinh eps va s6

diém toi thiéu min_samples.

o Diém 16i (core): cé it nhat min_samples diém trong ban kinh eps.
» Diém bién (border): khong phai 16i nhung ndm trong ban kinh ctia mét diém 16i.

» Diém nhiéu (noise): khong thudc hai loai trén, gan nhan —1.
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Cac diém 16i noi v6i nhau thanh cum. DBSCAN khéng can biét tru6ce s6 cum, tim duge
cum hinh dang bat ky va tu loai nhiéu. Piém yéu: mot eps duy nhat khéng hop véi dit liéu
c6 cac cum méat dd khac nhau. HDBSCAN khic phuc diéu nay va thudng la lya chon tét

hon khi ¢co6 sin.

HOI NHANH
Dir liéu c6 hai cum. Cum A day, cac lang giéng thudng cach nhau 0.1. Cum B thua,
cac lang giéng thudng cach nhau 0.8. V6i eps=0.2, DBSCAN dé cho ra két qua nao?

A Ca hai cum déu dudc tim dung
8 B thanh cum, con phan I6n A thanh noise
¢ Athanh cum, con phan 18n B thanh noise

D Ava B bi gép thanh mét cum

DBSCAN trén nam diém

Trong scikit-learn, s6 diém trong ban kinh eps dugc dém tinh ca chinh né. Tt mot diém
core, cum lan qua cac core lan cin réi nhan thém border 6 ria. Vi vy diém border it
hang x6m van thudc cum; ban cai chi gitr cac diém dt ngudng sé bién moi border thanh

noise, va do da la mot thuat toan khac.

I | eps = 0.16
o o o o o
0 0.1 0.2 0.35 3
border core core border noise

0.1va 0.2 1a core; 0 va 0.35 la border, van vao cum; 3 la noise.
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Python

from sklearn.cluster import DBSCAN

density_points = np.array([[0.], [0.1], [0.2], [0.35], [3.11)
db = DBSCAN(eps=0.16, min_samples=3).fit(density_points)
print("nhan cum:", db.labels_.tolist())

print("core:", db.core_sample_indices_.tolist())

assert db.labels_[-1] == -1

biém 0.1 c¢6 ba diém trong eps, con 0 chi ¢6 hai; 0 van vao cum vi né néi dugc véi core

0.1. biém 3 qua xa nén nhan -1. S6 hiéu cum 0, 1, ... chi la tén tam, c6 thé déi tha tu khi

di liéu d6i. Mot diém border cham dugc hai cum thi thudc cum nao tay thir tu duyét.
HOI NHANH
Gilt eps=0.16 nhu vi du trén, nhung dat min_samples=1. Diém 3 nhan nhan gi?
A —1, vivan & xa moi diém khac
B Cum 0, cling Vv&i bon diém con lai
¢ B&o 16i, vi min_samples qua nho

D MGt cum riéng, chi c6 minh no

Hierarchical clustering

Agglomerative clustering bat dau vi moéi diém 1a mot cum, réi lién tuc gop hai cum gan

nhau nhat. Khoang cach gitta hai cum (linkage) c6 thé la:

o single: hai diém gan nhat, tao cum dang chudi dai;
« complete: hai diém xa nhat, tao cum gon;
* average: trung binh moi cap;

o Ward: mitc ting téng phuong sai khi gop, gan vdéi tinh than ctia K-Means.
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Két qué 1a mdt cay gop (dendrogram); cit cay 6 do cao nao thi duge s6 cum tuong Uing.
Céch nay cho cai nhin nhiéu tang, nhung t6n O(n?) bd nhé nén chi hgp véi vai chuc

nghin diém.

complete: 10

RN
R R :

single:2 3 10
Single linkage do cap gan nht (2), complete linkage do cap xa nhat (10).
HOI NHANH

Hai cum trén truc s6 la {0, 1} va {3, 10}. Khoang cach gifra chting theo single

linkage va theo complete linkage 1an lugt 1a bao nhiéu?

A 3va9
B 6vab
C 2vaéb
D 2valo

Spectral clustering

Spectral clustering lam ba buéc:

1. Dung do6 thi tuong dong gitra cac diém, vi du néi moi diém voi cac lang giéng gan.
2. Ldy vai vector riéng ctia ma trin Laplacian ctia d6 thi lam toa d6 moi.

3. Chay K-Means trén toa do do.
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Hai diém cting ndm trén mot “dai” di liéu sé gan nhau trong toa dd méi du xa nhau theo

duong thang. Cach nay manh véi cum khong 16i, nhung ton kém véi n 16n.

Laplacianla L = D — A, v6i A ma tran trong s6 canh va D ma tran duong chéo chita bac
ctia mdi dinh. S& tri riéng bang 0 dang bing sd thanh phan lién théng, nén cac vector

riéng (ng véi tri riéng nho nhat chi ra cach cat do thi.

V6i hai vong dong tAm con mot cach thit cong: thém dic trung 2 + y2, binh phuon
g g g g ) p g

khoang cach t6i tam, rdi chay K-Means.

K-Means spectral
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K-Means cit doi hai vong tron; spectral clustering tach dung titng vong.

HOI NHANH

Hai vong tron dong tam, méi vong la mot cum. K-Means véi K = 2 cho ARI gan
bing 0, con spectral clustering trén do thi lang giéng thi tach dang. Ly do chinh la
gi?

A D6 thilang giéng gan nhu khéng cé canh néi hai vong
B Spectral clustering dung nhiéu tdm hon K-Means
¢ Vong trong cé mat do diém cao han vong ngoai

D K-Means khéng chay dugc trén dit liéu hai chiéu
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Gaussian mixture: gan mém

K-Means gan moi di€ém ctng vao diing mdt cum, va chi nhin khoang cach t6i tam.
Gaussian mixture model (GMM) coi dit liéu dugce sinh tir K phan phéi chuin, méi thanh
phan k co trong s6 7, trung binh g, va hiép phuong sai ¥, riéng. Méi diém nhan mot

xac sudt thudc tiing thanh phan (gan mém), goi la responsibility ;.
GMM hoc bang thuit toan EM, 1ap hai buéc giong Lloyd:

1. E-step: v4i tham s6 hién tai, tinh vz, xac sudt diém i thudc thanh phan k.

2. M-step: cip nhit 7y, p,, Xy bang trung binh c6 trong s6 ;.

Khoi tao thuong 14y tam ctia K-Means; 1ap t6i khi log-likelihood gan nhu khéng tang. Can
mot cum ciing thi gan méi diém vao thanh phan c¢6 v;;, 16n nhat. K-Means la truong hgp

dac biét khi moi thanh phan c6 cung hiép phuong sai tron va rat nhd.

Khac biét hién ro khi hai cum c6 d6 rong khac nhau. Dudi day 1a 300 diém quanh 0 véi
do 1éch chuan 0.5, va 300 diém quanh 5 v6i do léch chuén 2.

Python

from sklearn.cluster import KMeans
from sklearn.metrics import adjusted_rand_score

from sklearn.mixture import GaussianMixture

gen = np.random.default_rng(0)

x1 = np.concatenate([gen.normal(®, 0.5, 300), gen.normal(5, 2.0, 300)]).reshape(-1, 1)
truth = np.r_[np.zeros(300), np.ones(300)]

km = KMeans(n_clusters=2, n_init=10, random_state=0).fit(x1)

gm
narrow = int(np.argmin(gm.covariances_.ravel()))

GaussianMixture(n_components=2, random_state=0).fit(x1)

print("Tam K-Means:", np.sort(km.cluster_centers_.ravel()).round(2),
" ranh gidi 6", round(km.cluster_centers_.mean(), 2))
print("GMM: trung binh", gm.means_.ravel().round(2),
" @6 léch chuan", np.sqrt(gm.covariances_.ravel()).round(2))
print("Piém 1.5 thudc cum hep vdi xac suat", gm.predict_proba([[1.5]1]1)[0, narrow].round(2))
print("ARI: K-Means", round(adjusted_rand_score(truth, km.labels_), 2),
" GMM", round(adjusted_rand_score(truth, gm.predict(x1)), 2))
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K-Means dit ranh giGi ¢ gitra hai tdm, 2.77, nén cac diém tu 1.5 t6i 2.7 bi x€p vao cum hep.
GMM biét cum quanh O rat hep: diém 1.5 da cach tam 3 do 1éch chudn ctia cum do, nén
chi c6 xac suat 0.11 thudc vé né. Nho hoc ca do rong ctia tiing cum, GMM dat ARI 0.96 so
voi 0.79.

HOI NHANH
GMM cho mét diém responsibility 1a (0.55, 0.45) v6i hai thanh phan. So véi mot
diém c¢6 (0.99,0.01), ta biét gi?

A Piém dau 1a noise, vi xac suat cao nhat chua téi 0.6

8 Diém dau nam gilta hai thanh phan, gan cing vao thanh phan 1 nhung kém chéc
chén

¢ Hai diém thudc cung mét cum nhu nhau, vi cung gan vao thanh phan 1

D GMM chua hdi tu, vi tdng xac suat phai bang 18 moi thanh phan

banh gia cum

Khong c6 nhan thi do d “gon va tach biét”. Vi diém 4, goi a(4) 1a khoang cach trung
binh dén cac diém cung cum, b(z) la khoang cach trung binh nhé nhat dén mot cum

khac. Hé so silhouette

b(i) — a(i)
max{a(i), b(7)}

s(i) =

e [-1,1].

s gan 11a diém nam dung cum, gan 0 1a ndm gita hai cum, am 1a c6 1€ x€p nham. b(7) 1ay
cum khac gan nhat, khong phai xa nht: a = 0.4, khoadng cach trung binh t6i hai cum
khac 14 0.9 va 0.6 thi s = (0.6 — 0.4)/0.6 ~ 0.33.

Silhouette cting “thich” cum tron, nén danh gia thap két qua tot ctia DBSCAN trén dir

liéu hinh trang (muc Dung thu vién). Bung chon s6 cum chi vi silhouette cao.
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Inertia lai cang khong dung dugc dé chon K: inertia t6i uu khong tang khi K tang, nén

“chon K c0 inertia nhd nhat” luén day vé rat nhiéu cum.

HOI NHANH
Mot diém co a(i) = 1, tiic khoang cach trung binh téi cum ctia no, va b(z) = 4, tiic

khoéng cach trung binh t6i cum khac gan nhat. Silhouette ctia diém nay bang bao

nhiéu?
A 0.25
B 3
c 0.75
D —0.75

Néu c6 nhan thit (dé thi cham phan cum thudng cé), dung Adjusted Rand Index (ARI)
hoac Normalized Mutual Information (NMI). Nhan chi dung d€ cham, khong dung khi fit.
Ca hai khong phu thudc cach dat tén cum: cum “0” ctia mo hinh c6 la cum “3” cia dap an

cting khong sao. Accuracy so thang thi khac: chi can déi tén cum 1a diém sup.

HOI NHANH
Nhén tham khéo 14 [0, 0, 1, 1], mé hinh tra vé [1, 1,0, 0]. Accuracy so thang va ARI

lan lugt bang bao nhiéu?

A Oval
B lval
t Ovao
D 05vao
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Dung thu vién

Python

from sklearn.cluster import DBSCAN, KMeans
from sklearn.datasets import make_moons
from sklearn.metrics import adjusted_rand_score, silhouette_score

from sklearn.preprocessing import StandardScaler

X, y = make_moons(n_samples=400, noise=0.06, random_state=0)
X = StandardScaler().fit_transform(X)
for name, model in [("K-Means", KMeans(n_clusters=2, n_init=10, random_state=0)),
("DBSCAN ", DBSCAN(eps=0.3, min_samples=5))]:
labels = model.fit_predict(X)
print(name, "ARI =", round(adjusted_rand_score(y, labels), 2),
" silhouette =", round(silhouette_score(X, labels), 2))

DBSCAN khép nhan hoan toan theo ARI, nhung silhouette lai chdm K-Means cao hon:
ding diéu muc Panh gia cum da canh bao. Con s6 eps=0.3 cling chi c6 nghia sau

StandardScaler: ban kinh luon di kem thang do.

K-Means DBSCAN
ARI O. 47 - silhouette 0.50 ARI 1. 00 - silhouette 0.39

X 3. o } -‘;. s
;f: ‘: ‘g . 'f: ‘ﬁ % '

K-Means tron hai trang khuyét; DBSCAN tach ding theo mat do.
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HOI NHANH

Trong code trén, nhan X da chudn héa 1én 10 1an nhung gilr eps=0.3. DBSCAN sé tra

ve gi?
A Gan nhu moi diém thanh noise
8 Nhu cd, vi hinh dang cac cum khong doi
¢ Hai mat trang bi gop thanh mét cum

D S6 cum tang lén khoang musi 1an

Khi di thi
o Chuin hoa cac cot truéec K-Means, DBSCAN va moi thuét toan dua trén khoang cach.

« Chay K-Means v6i nhiéu lan khéi tao (n_init), vi Lloyd c6 thé ket & cuc tiéu dia
phuong.

» Dé cham bang ARI hay NMI thi chon thuét toan theo hinh dang cum, dirng méc dinh
K-Means.

Tom tat
e Phan cum khong c6 dap an; méi thuét toan la mot gia dinh vé hinh dang cum.

o K-Means: cum tron quanh tdm, nhanh, can K, chi dat cuc tiéu dia phuong; k-

means++ va n_init giam rai ro ket.
» DBSCAN: cum la viing day déc, tu tim s6 cum va nhiéu, nhay véi eps va thang do.
» Phén cap cho cay gop nhiéu tang; spectral xir Iy cum khong 16i.

« GMM gan mém theo xac sudt, hoc trung binh va dé rong ctia tiing cum bang EM; K-

Means gan ciing theo tdm gan nhat.
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» Khéng nhan thi dung silhouette (can than v6i cum khong tron); c6 nhan thi dung ARI,

NMI

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 gidi.

CAU1
O budc cap nhat ctia K-Means, mt cum dang c6 ba diém (1, 1), (3,1) va (2,4). Tam

ma&i ctia cum la diém nao?

A (2,2)
B (2,6)
¢ (6,2)
0 (1,2)

PHONG THEO ) MIT 6.036 - Final Fall 2021 - Clustering 2(a—b)
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CAU 2
Co6 bay diém x4, ..., z7, K = 2, hai tam khdi tao la 23 va z¢. Khoang cach t
T1,%o, T4, Ty, T7 t6i T3 lan llIQt la 3,4,4,3,6.T6i Tg lan llIQt la 2,71, 8,1. Sau bu6c

gan dau tién, hai cum la gi?
{1, 23, T3, T4} va {5, 76, T7}
{z2, z3, 5} va {1, x4, z6, x7}
{1, 22, 23, 75} Va {z4, T6, 27}

{332a 133,904,337} va {:111,375,a:6}

PHONG THEO ) CMU 10-601 - Exam 3 Practice - Q8.3

CAU 3
Chay k-means++ trén nam diém (0, 0), (1, 2), (2, 3), (3,1), (4,1) v6i K = 3, tam dau
tién 1a (0,0). Xac suat (4, 1) dugc chon lam tdm thi hai 1a bao nhiéu?

khoang 0.200
khoang 0.314
khoang 0.378

khoang 0.250

PHONG THEO ) CMU 10-601 - Exam 3 Practice - Q8.2
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CAU 4
Hai lan khoi tao K-Means véi cting K cho inertia 12 va 9 trén cung dit liéu. Theo
inertia thi chon két qua nao, va diéu gi van chua két luan dugc?

Chon két qua 9, nhung chua chitng minh dudc dé la cuc tiéu toan cuc

Chon két qua 12, vi 1an khdi tao dau 6n dinh hon

Két qua 9 chéc chan 14 toan cuc, vi thap hon 12

Hai két qua phai bang nhau, vi mbi budc Lloyd déu téi uu chinh xac

PHONG THEO ) CMU 10-601 - Exam 3 Practice - Q8.1(ii)

CAU5
Mot cum K-Means gom cac diém trén truc s6 1, 2, 3. Thém diém ngoai lai 30 vao
cum. TAm md&i bang bao nhiéu? Néu thay trung binh bang median thi sao?

2va?2

9va2.b

9va9

2.5va9

PHONG THEO ) CMU 10-601 - Exam 3 Practice - Q8.1(iii)

Al Canuc80k - Bai 2.10 - Clustering 18/21
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CAU 6
DBSCAN dung khoang cach Euclid, eps=1.1, min_samples=3, tinh ca diém dang xét.

Ba diém trén truc s6 1a 0,1 va 2. Diém nao la core?
Ca0,1va2
ChiOva?2
Khoéng diém nao

Chi diém 1

CAuU 7
Muén phan cum nhitng vung c6é mét do khac nhau, trong bon thuat toan sau thi

thuat toan nao phu hgp hon?
K-Means
Hbi quy tuyén tinh
DBSCAN

Hbi quy logistic

BE THI  NOAI 2026 Singapore - Vong sd loai - Cau 271
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CAu 8

Trong spectral clustering, vi sao ta dung cac vector riéng ctia Laplacian do thi?
Bé tinh nhanh han
Pé chuan héa dif liéu
Pé giam sé chiéu dif liéu
Pé 1am 16 ra cau tric cum

PE THI  NOAI 2026 Singapore - Vong sd loai - Cau 36

CAu 9
Nhin cum ctia bén maula [0, 0, 1, 1].D&itén cac cumthanh [7, 7, 3, 3] ma
khong ddi cach chia nhom. ARI so v6i cing mot nhan tham khao thay ddi thé nao?
Giam, vi cac s6 hiéu khéng lién tiép
Chi gilt nguyén néu nhan tham khao cling dbi

Khéng doi

Tang, vi s6 hiéu cum 18n hon
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CAuU 10
Mbi bo dir liéu gom 400 diém (z,y) sinh tit bon ham: md, log, sin va tuyén tinh, méi
ham 100 diém c6 nhiéu. Baseline ctia dé chay K-Means v6i k = 4 trén (z, y), roi fit

riéng tung cum. Budc phan cum nay yéu & dau?
Ak =413 sai, vi dé chua cho s6 ham that
8 K-Means khéng chay dugc trén d(f liéu hai chiéu
¢ Thiéu chuan héa y nén K-Means bao 16i

D Cac dudng cong cét nhau, nén cac cum bj trén 1an

PHONG THEO ) USA-NA-AIO 2026 - Vong 2 - Ngay 2 - Problem 5

Poc thém
» James, Witten, Hastie, Tibshirani — An Introduction to Statistical Learning, muc 12.4. K-Means,
phan cum phan cép va cach doc dendrogram.

o Arthur, Vassilvitskii (2007) — k-means++: The Advantages of Careful Seeding. Khdi tao theo
binh phuong khoang cach, kém bao dam vé sai s6 ky vong.

« Ester va cOng su (1996) — A Density-Based Algorithm for Discovering Clusters in Large Spatial
Databases with Noise. Bai goc ciia DBSCAN.

« scikit-learn — Clustering. Bang so sanh truc quan cac thut toan, y nghia eps, min_samples va

cac metric danh gia.

« ISLP — Unsupervised learning lab. Thuc hanh PCA, K-Means va phan cum phan cap.
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https://www.usaaio.org/attachments/past-problems/2026/usaaio-2026-round-2-day-2-problems.pdf#page=13
https://www.statlearning.com/
https://scikit-learn.org/stable/modules/clustering.html
https://intro-stat-learning.github.io/ISLP/labs/Ch12-unsup-lab.html

