Dimensionality reduction

Trac nghiém ¢J Thuc hanh G Chay trén Kaggle Y PDF bai

Dir liéu nhiéu cot thuong cé nhitng cot thay déi cing nhau. Vi du diém toan va
diém 1y ctia mot 16p hay tang gidm cung nhau: vé 1én mit phang thi cac diém
ndm gan mdt dudng thang, nén thay hai s6 bang mdt s6 (vi tri trén dudng do)

chi mat it thong tin. Giam chiéu (dimensionality reduction) lam viéc nay véi dir

liéu nhiéu chiéu.

Bai nay hoc PCA, cach vé dit liéu nhiéu chiéu bang t-SNE, UMAP, va truéng hgp phan bi
b6 di lai chira ding théng tin can dé du doan.

MUC TIEU

Tinh PCA bing SVD va dung lai dit liéu tir cac thanh phan.
Biét gilr nhiéu phuong sai chua chic gitr dugce thong tin dé du doan.

Poc hinh t-SNE, UMAP va bi€t gii han ctia chting.

PCA: huéng c6 phuong sai 16n nhat

Phan tich thanh phan chinh (Principal Component Analysis) tim cac huéng ma dir liéu
tradi ra nhiéu nhat. Y tuéng: huéng nao di liéu it thay déi thi chi€u bo di ciing it mat
thong tin.

Trude hét tru trung binh dé di liéu cé tam & goc toa do. V6i ma tran di liéu da trir trung

binh X € R™“ ma tran hiép phuong sai (covariance) la

1
»=-X"X.

n

O (4, 4) trén dudng chéo la phuong sai ciia cot 7, vi hiép phuong sai cia mot bién véi

chinh n6 la phuong sai; 6 (j, 1) do hai cét cung tang gidm v6i nhau manh dén dau.

Chiéu méi diém 1én huéng don vi u cho cac s6 Xu, c6 phuong sai u' ¥ u. Ta can
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max u' Zu théa |ul =1.
u
Lai gidi 1a huéng théa ¥u = Au: u la vector riéng (eigenvector) cia X, va phuong sai thu
dugc chinh 1a tri riéng A. Thanh phan chinh thir nhat 1a vector riéng tng vdi tri riéng 16n
nhat; thanh phan thir hai la vector riéng ké ti€p, tu dong vudng goc voi thanh phan thi

nhat; va ct thé.

PC1-A=3.29
PC2-A=0.23

PC1 theo hudéng trai dai nhat, PC2 vudng goc véi no.

Gitr k thanh phan dau, ti 1é phuong sai gitr lai (explained variance ratio) 1a

A+ F N
A+t A

Ba thanh phan dau gitr 60%, 25%, 10% thi gitr hai thanh phan la gitt 85%. Cach chon k
thuong gip: gitr di dé dat khoang 95% phuong sai, hodc chon k bang cross-validation
néu PCA la buéc tién x{ Iy cho mdt mo hinh khac.

Tinh thtr trén bdn diém da c6 trung binh bang 0: (-2, 1), (—1,-1), (1,1), (2,1). Ma

tran hiép phuong sai la

S=-(10 66 4)=(25 1515 1).

AN

Phuong trinh dic trung A> — 3.5\ + 0.25 = 0 cho \; ~ 3.427, A\, ~ 0.073. Thanh phén
thr nhat gitr 3.427/3.5 ~ 97.9% phuong sai: bdn diém gan nhu ndm trén mot dusng
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thang. Vector riéng tuong ing co6 thé chon u; ~ (0.851, 0.526); huéng ngugc lai cling

bi€u dién cting mot truc.

u; = (0.851, 0.526)

A = 3.427 - N\, = 0.073
PC1gilt 97.9%

vong réng: diém tai tao

Chiéu xuéng PC1 rdi tai tao, méi diém chi léch mot doan ngan.

C6 mot cach nhin tuong duong: trong cac phép chiéu tuyén tinh truc giao xuong k
chiéu, PCA 1a phép chi€éu lam téng binh phuong khoang cach tai tao nhd nhat. Gilr nhiéu

phuong sai nhat va mat it thong tin nhit la cing mot bai toan.
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Téi tao tir 2, 10, 29 thanh phan chinh.
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HOI NHANH
Dt liéu hai chiéu da trir trung binh ¢6 ma trin hiép phuong sai ¥ véi hai tri riéng 4
va 1. Chiéu 1én PC1 thi gitr dugc bao nhiéu phan phuong sai, va toa do trén PC1 c6

do léch chuan bao nhiéu?
A 80%, dd léch chuan 4
5 80%, d6 léch chudn 2
¢ 50%, d6 léch chudn 2

D 75%, dd léch chuan 4

Tinh bang SVD

Co thé tranh 14p X bang phan tich gia tri ky di (singular value decomposition) ctia chinh
X:

X =USV'.
Cac cOt ctia V' 1a cac thanh phan chinh, toa dé6 méi cta ditliéula XV = US, va tri riéng

\i = s? /n. Phuong sai theo méi thanh phan ti 1€ v6i s?, khong phai s;: gia tri ky di 6 va 2
cho thanh phan dau 36/40 = 90%.
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HOI NHANH
SVD ctia dit li€u da tru trung binh cho cac gia tri ky di s = (6, 3, 1). Gitr hai thanh
phan dau thi gitt dugc bao nhiéu phan phuong sai?

A khoang 0.90
B khoang 0.60
t khoang 0.75

D khoang 0.978

gill 1thanh phan: 769 s6 thay  gill 8 thanh phan: 4 360 sé thay  gilf 20 thanh phan: 10 516 s6 gilt 80 thanh phan: 41296 s6
cho 65 536; phudng sai gil lai cho 65 536; phudng sai gil lai thay cho 65 536; phuaong sai thay cho 65 536; phuadng sai
54.8% 84.7% gilf lai 92.3% gilf lai 98.9%

PCA trén 256 hang ctia anh thap (tinh bang SVD): anh géc va anh dung lai tir k
thanh phan dau.

Luu y khi dung PCA

o Chuin héa néu don vi khac nhau. Khong chudn hoa thi mdt cot do bang dong sé
“nudt” toan bd phuong sai va thanh phan chinh chi 1a cét do. Doi ca bang di mét hing
s6 khong déi gi, vi PCA trir trung binh truée; nhung nhéan riéng mot cdt véi hing s la
dGi phuong sai ctia cdt dé va ddi cac thanh phan chinh.

» PCA khdng biét nhan. Hu6ng phuong sai nho c6 thé lai la huéng phan biét cac 16p
(hinh du6i). Giam chiéu qua tay truée khi phan loai c6 thé lam mat ding thong tin
can thiét.

o Fit PCA trén train, roi bién déi validation va test bang cting phép chiéu, nhu moi

buéc tién xi Iy khac (bai 1.4).
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 V6i dit liéu thua nhu TF-IDF, dung TruncatedSVD thay cho PCA dé khong phai tru

trung binh lam mat tinh thua. Ky thuit nay c6 tén la latent semantic analysis.

toa do PC1
° © ° °
"oty o 200 P S SPUSWSENp e s
° ¢ (g o’. h’: e % ° ¢
° ® ] .. .... I ..:. ® °
° o ° PC1
o ° ° ° °
* e toa do PC2

hai I8p chi khac nhau theo chiéu doc

Huéng phuong sai 16n PC1 tron hai 16p; PC2 méi tach dugc.

HOI NHANH
Hai 16p chi khac nhau & mot cot ¢6 bién thién rat nho. Cot con lai la nhiéu, bién do

16n. PCA khong dung nhan s€ uu tién git huéng nao?
A Hudng c6 phuong sai I6n, du véi bai nay dé 1a nhiéu
B Hudng chua théng tin vé nhan, vi noé tach hai Iép ré nhat
¢ Ca hai huéng, vi PCA gilt moi théng tin

D M®&t hudng ngdu nhién, tuy seed cua thuat toan
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HOI NHANH
C6 hai cot: thu nhap tinh béng dong, do 1éch chudn ¢d 107, va tudi, do 1éch chuin

¢d 10. Chay PCA ma khong chuin hoa. PC1 gan nhu 1a huéng nao?
A Trung binh cdng cua hai cot
B Gan nhu trung véi truc thu nhap
¢ Gan nhu trung vdi truc tudi

D Budng chéo 45° gilta hai cot

t-SNE va UMAP: d€ nhin, khéng phai d€ do

PCA 1a phép chiéu tuyén tinh, nén khong “dudi” duge dir liéu nam trén mat cong. t-SNE
va UMAP la cac phuong phap phi tuyén, cd gilr 1ang giéng gan ctia méi diém khi dua
xudng 2 chiéu. Ching cho nhiing hinh rat dep: cac cum tach bach ré rang. Nhung doc

hinh phai can than:

 Kich thuéc cum va khoang cach gitra cac cum trén hinh gan nhu khéng mang y nghia.

o Két qua phu thudc tham sé (perplexity ctia t-SNE, n_neighbors cia UMAP) va seed

ngau nhién. Chay vai ciu hinh truéc khi két luén.

 Trién khai t-SNE trong scikit-learn khong c6 transform cho diém méi, nén khong
dung lam dic trung cho train/test. UMAP thi ¢6 transform, nhung van nén uu tién

PCA khi can dac trung 6n dinh.
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HOI NHANH

Trén hinh t-SNE, cum A nam rat xa cum B, con A thi sat C. Ta dugc phép két luan

gi?

A Chi quan hé lang giéng bén trong cum |a dang tin

8 Trong khéng gian géc, A gan C haon hén so véi B

¢ Cum A to gap déi cum C nén c6 gap doi s6 diém

D Phai co dung ba I8p, vi hinh c6 ba cum
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Phi tuyén
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PCA @€ cac chit s6 chong 1én nhau; t-SNE tach thanh cum.
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Tu cai PCA bang NumPy
Vé6i X c6 n hang, d cot, cac buée kem shape:

1. Tru trung binh ting cot (vector shape (d,)) d€ dir liéu c¢6 tam & 0, duge X_centered.

2. SVD ctia X_centered v6i full_matrices=False cho U, s, Vt. Hang dau ctia vt 1a PC1,

shape (d, ).

3. Gilr k huéng: Vt[:k].T c6 shape (d, k).Nhan X_centered v4i nd, mdi mau con k toa
do.

4. Tai tao: nhan toa d6 v6i ma trin chuyén vi, roi cong lai trung binh.
Code duéi chay trén bon diém & muc PCA va d6i chiéu véi scikit-learn.

Python

import numpy as np

from sklearn.decomposition import PCA

X_pca = np.array([[-2., -1.]1, [-1., -1.1, [2., 1.1, [2., 1.1D

center = X_pca.mean(axis=0)

X_centered = X_pca - center

U, s, Vt = np.linalg.svd(X_centered, full_matrices=False)

components = Vt[:1].T

coordinates = X_centered @ components

reconstructed = coordinates @ components.T + center

ratio = s[0] #** 2 / np.sum(s ** 2)

library = PCA(n_components=1).fit(X_pca)

print("shape:", components.shape, coordinates.shape, reconstructed.shape)
print("ti 1é:", round(float(ratio), 4))

print("MSE tai tao:", round(float(np.mean((reconstructed - X_pca) *x 2)), 6))
print("khdp tai tao:", np.allclose(reconstructed,

library.inverse_transform(library.transform(X_pca))))

Hai di€ém hay bi tuéng la 16i:

» Dau ngugc. SVD ¢6 thé cho —u thay vi u. Hai vector md ta cung mdt duong: toa do
d6i ddu nhung dir liéu tai tao khéng ddi. Vi vay so hai cach cai PCA bang dir liéu tai
tao, khong so ting hé so.

Al Canuc80k - Bai 2.9 - Dimensionality reduction 9/17



e Mau s6 n — 1. scikit-learn tinh phuong sai v6i méau s6 n — 1, bai nay dung n. Ti 1€ gilt

lai khong déi vi moi tri riéng cung nhan mot hé so.

Dung thu vién

Python

import numpy as np
from sklearn.datasets import load_digits
from sklearn.decomposition import PCA

from sklearn.preprocessing import StandardScaler

X, y = load_digits(return_X_y=True) # 1797 anh 8x8 = 64 chiéu

for name, data in [("thd", X), ("chuan héa", StandardScaler().fit_transform(X))]:
pca = PCA().fit(data)
k = np.searchsorted(np.cumsum(pca.explained_variance_ratio_), 0.95) + 1
print(f"{name}: can {k} trén 64 thanh phan dé gil 95% phuong sai")

Chuén hoa lam can nhiéu thanh phan hon. Cac pixel § vién dnh gan nhu ludn tring,
phuong sai rat nhé; chudn héa chia ching cho do 1éch chuin bé xiu nén ching thanh
nhitng chiéu c6 phuong sai 1, ngang cac pixel giita &nh chita nét chit. O anh, cac pixel da

cung don vi, nén chudn héa khong bt budc va can kiém béng validation.

Vi du nay ciing cho thiy “gitt 95% phuong sai” 1a 95% téng phuong sai theo thang do
dang dung: ddi thang thi con s6 ddi. N6 khong phai 95% thdong tin vé nhan, va khéng bao

dam accuracy con 95%.

phuaong sai gilt lai (tich I0y) tho

chuan hoa

1 16 32 48 64
s6 thanh phan gii lai

Gilr 95% phuong sai: 29 thanh phan trén dit liéu th, 40 sau khi chudn hoa.
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HOI NHANH
V6i b digits, dir liéu thd can 29 thanh phan dé gitr 95% phuong sai, con dit liéu da

chudn hoéa can t6i 40. Vi sao chuin hoa lai can nhiéu hon?
Chuan héa lam mat théng tin, nén phai bu thém chiéu
Céc pixel & vién gan nhu khéng déi bi ddy Ién phuong sai 1
Chuan hoa lam d{ liéu thua hon nén khé nén

P46 1a sai s6 ng3u nhién cua thuat toan SVD

Khi di thi
Fit scaler va PCA trén train ctia tung fold, roi transform phan con lai.

Embedding hang nghin chiéu thi thit PCA xudng vai tram chiéu; chi gitr néu validation
khong tut.

Dung t-SNE, UMAP dé nhin, khong dua toa do ctia ching lam feature.

Tom tat
PCA chiéu dir liéu 1én cac huéng c6 phuong sai l6n nhat, chinh 1a cac vector riéng ciia
ma tran hiép phuong sai; tinh bang SVD.

Ti 1é phuong sai gitt lai gitp chon s6 chiéu; chuin hoa truée khi don vi khac nhau; fit

trén train.
PCA khong duing nhan, nén c6 thé bé mat huéng phan biét 16p.

t-SNE, UMAP dung dé nhin cau trtc lang giéng; khong doc khoang cach gitta cum,
khong dung t-SNE lam déc trung.
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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 giai.

CAU1
PCA fit trén X_train c6 shape (120, 7) va giir 3 thanh phan. Transform X_valid c6
shape (40, 7) thi dau ra co6 shape gi?

(3, 40)
(40, 7)
(40, 3)

(120, 3)

CAu 2
Tu cai PCA bang SVD. Véi X c6 shape (n, d), dong nao tri trung binh dang cho

tung feature?
X - X.mean(axis=1, keepdims=True)
X - X.mean()
X / X.std(axis=0, keepdims=True)

X - X.mean(axis=0, keepdims=True)
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CAu 3

PCA c6 ba tri riéng 1a 6, 3 va 1. Gitr hai thanh phan dau thi gitr dugc bao nhiéu phan

phuong sai?
A 0.9
B 0.6
c 03
D 0.95
CAu 4

Véiv = (1, -2, 3), vector don vi cung huéng véi v la gi?

A v/14

5 —v/yId
¢ v/vIE
D v/

PE THI  USA-NA-AIO 2026 - Vong 1- Part 2.1
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CAus
Trén cting cac fold, hai cdu hinh PCA gilt 95% va 99% phuong sai c accuracy

validation 1an luot 1a 0.88 va 0.84. Ta chon theo accuracy. Két luidn nao dung?
Accuracy 0.84 13 sai, vi it nhat phai bdng 0.99
Hai cau hinh nhu nhau, vi déu gitf trén 90% phugdng sai
Chon 95%, vi gilt nhiéu phuong sai hon chua chac giup phan loai

Chon 99%, vi accuracy phai tang theo ti I€ phudng sai gil lai

CAu 6
Code fit PCA trén toan bd X_dev, r6i méi chay cross_val_score cho classifier. Sira
thé nao dé PCA khong hoc thdng ké tir fold validation?

Pua PCA va classifier vao mét Pipeline, roi chay CV trén X_dev géc

Fit PCA riéng trén tiing fold validation réi méi du doan

Chi can bd vy ra khi fit PCA trén toan X_dev

Gili PCA da fit, chi déi random_state cua classifier
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CAu 7
Ma tran hiép phuong sai chia cho n hay n — 1 thi ti 1é phuong sai gitt lai c6 d6i
khong?

C4, Vi moi tri riéng déu doi

Khéng, vi hé s6 chung bi triét tiéu

Chi déi khi dit liéu c6 mét cot

Khéng tinh dudc néu chia chon — 1

CAu 8

Mac dinh, TruncatedSVD trén ma tran TF-IDF c6 tru trung binh nhu PCA khong?
C6, giéng hét PCA théng thudng
Chi trt trung binh & cét target
Chi khi n_components=2

Khéng, dé gilt ma tran & dang thua
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CAu 9

UMAP vé mot ban do 2 chiéu cho cac embedding. Khi doc khoang céach trén hinh,
cau nao dung v6i diéu UMAP uu tién?

A Moi khoang céch gilta hai diém trong khéng gian géc dugc gilr dung ti 1&
8 Phép chiéu ludn tuyén tinh, nén déi seed khéng lam déi hinh
¢ N6 tim 16i tai tao nho nhét, giéng PCA

D N6 uu tién gilf lang giéng gan haon la khoang céch toan cuc

PE THI  USA-NA-AIO 2026 - Vong 1- Part 1.5

CAuU 10

PCA tu cai cho mot thanh phan diing bang am ctia thanh phan ma thu vién cho, con
tri riéng va trung binh thi khép. Doi chiéu thé nao dé kiém dang phép chiéu, thay vi
chi so huéng?

A So ma tran chiéu, hoac so dif liéu tai tao
B K&t luan I3 sai, vi thanh phan phai giéng dén tiing s6
¢ Dbi moi phan ti &m cua thanh phan thanh duong

D Chiso téng cac toa dd PCA cua tiing mau

Poc thém

» James, Witten, Hastie, Tibshirani — An Introduction to Statistical Learning, chuong 12. PCA tu

goc nhin thong ké, kem cach doc explained variance.

e Géron — Hands-On Machine Learning, chuong 8. PCA, randomized PCA va cac phuong phap
giam chiéu khac trong scikit-learn.
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« van der Maaten, Hinton (2008) — Visualizing Data using t-SNE; McInnes va cong su (2018) —
UMAP. Bai goc ctia hai phuong phap truc quan hoa.

« scikit-learn — PCA. Centering, SVD, explained variance va quan hé véi sparse data.

« Distill — How to Use t-SNE Effectively. Cac thi nghiém truc quan gitup tranh doc qua muc
hinh t-SNE.
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