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HUGNG TIEP CAN LIEN NGANH TRONG GIANG DAY HOC MAY:
KET HOP DAI SO TUYEN TiNH, XAC SUAT THONG KE VA PCA

LE BECH PHUONG
NGUYEN VAN CHUNG
Trudng Dai hoc Mé - Pia chat

Nhan bai ngay 30/4/2025. Stia chira xong 07/5/2025. Duyét dang 10/5/2025.

Abstract

This paper explores the connection between statistics, linear algebra, and Principal Component Analysis (PCA)
in the context of machine learning. PCA is an effective dimensionality reduction technique that optimizes machine
learning algorithms by employing linear algebra tools such as matrices, eigenvalues, and eigenvectors. We
provide a detailed description of the PCA implementation process, including data standardization, computation
of the covariance matrix, identification of eigenvalues and eigenvectors, selection of principal components, and
data transformation. The paper also includes a simulated example to demonstrate the practical application of
PCA in data analysis. Furthermore, we propose a teaching method that combines theory with practice, enabling
students to deeply understand PCA through programming and real-world scenarios. This approach enhances
algorithmic thinking and the ability to apply PCA in data science.

Keywords: Linear algebra, eigenvalue, eigenvector, machine learning, PCA, covariance matrix.

1.Dat van dé

Trong ky nguyén d(t liéu bung né, viéc xt ly dit liéu c6 sé chiéu 16n 1a mét thach thic ctia khoa hoc
diliéu, tri tué nhan tao va théng ké. S6 lugng dac trung qua 16n gay khoé khan cho truc quan héa, phan
tich va mé hinh héa, lam tang chi phi tinh toan va nguy ca qua khdép. D€ khac phuc, cac phuong phéap
giam chiéu dit liéu, dac biét la Phan tich thanh phan chinh (PCA), da dugc ap dung rong rai [2,3,5]. PCA
strdung gia tri riéng va vector riéng clia ma tran hiép phuaong sai dé tim cac huéng gilr nhiéu théng tin
nhat, giup gidam s6 chiéu ma van bao toan phan I6n phuong sai, t6i uu héa phan tich dir liéu va huan
luyén mo hinh. Phuang phap nay ¢ nhiéu tiing dung trong nhan dang anh, phan loai dir liéu, nén anh,
du bao kinh té va hoc sau [4]. Bai bao nay két noi dai s6 tuyén tinh, xac suat théng ké va PCA trong hoc
may, trinh bay chi tiét quy trinh thuc hién PCA va dé xuat phuong phap giang day gitp sinh vién tiép
can PCA truc quan va thuc hanh lap trinh hiéu qua.

2. No6i dung

2.1. Kién thi'c co ban [1]

Dinh nghia 1. Cho ma tran 4 =(a;),,., va B=(b,),., trong d6 s6 cdt clia 4 bdng s6 hang ctia B.

Khi &6, tich cia 4 va B, ky hiéu la .

1k
b2k

AB=C= (Ci" )mXP VGi: ¢ = zai/'b/k = (ail " airl) (1)
=

b,
Dinh nghia 2. Cho ma tran vuéng 4=(¢;) . Dinh thic caa 4 1a mot s6, ky hiéu 1a det(4) hodc |4|

dugc xac dinh nhu sau: det(4) =Z(—I)N”‘”“""""a,j,azﬁ a, (2). Téng dugc lay theo moi hoan vi clia tap
{1,2,...,n}. -
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Dinh nghia 3. Ma tran don vi la ma tran vudng ma cac phan ti trén dudng chéo chinh bang 1, cac
phan tdr con lai bang 0. Ma tran don vi thuong dugc ki hiéu la 1.

Cho 4 lamatranvudng.Matran B dugcgoila matrannghich ddocta 4 khivachikhi 48 = B4 = I.
Trong d6 | la ma tran don vi cing cap véi ma tran 4. Khi dé, ma tran 4 goi la ma tran kha nghich.

Binh nghia 4. Cho 4€M, néutontai 1eR, xeR",x =8, 530 cho 4x=A1x thi 1 dugc goi la gid tri
riéngcla 4,va x dugcgoilavéctoriéngclia 4 ing vaéigiatririéng 4.Dathlc P,(1)=det(4 - AI) dugc
goi la da thuc dac trung cta 4.

Cach tim gid tririéng: 1 la gia tririéng clla 4 khiva chikhi 4 la nghiém clia phuong trinh ddc trung
P(A)=0.

Céch tim véc to riéng: Ung vSi méi gia tri rieng 4, gidi hé phuong trinh tuyén tinh thuan nhat
(4—ADx=0. Mbi nghiém cta hé la mét véc ta riéng. Tap hop moi nghiém ctia hé goi la khéng gian
riéng Ung vai gia tri riéng 1.

Dinh nghia 5. Ma tran hiép phuong sai (covariance matrix) Ia mét ma tran dung dé mé ta méi quan
hé gilta cac bién ngau nhién trong moét tap hgp di liéu. Ma tran nay cho biét mic d6 tuong quan gilra
cac dac trung. Céng thrc tinh hiép phuong sai gilta 2 bién ngau nhién X vay la:

cov(X,Y) = E[(X — EX)(Y —EY)] (3)

Ma tran hiép phuong sai cho mét tap hgp cac bién ngau nhién, c6 thé biéu dién dudi dang:
cov(X,,X|) cov(X,,X,) --- cov(X,X,)

z= : : . :
Cov(X,. X)) cov(X,.X,) - cov(X,.X,)) (4)

Tronglca'c bai toan thong ké hoc may, ma tran hiép phuong sai dugc tinh béi cong thuc:

C=—— X" X hogcC=- XX (5)

trong d6 x' la matran d lieu chudn hoa, n 1a s6 lugng mau dir liéu.

Chuan hoéa di liéu: Chudn hoa dirliéu la qua trinh bién déi cac dac trung (features) vé cing mét don
vi do ludng hodc pham vi gia tri, thudng la théng qua viéc dua di liéu vé mot thang chudn nhu [0, 1]
hodc c6 trung binh bang 0 va dé léch chuan bang 1.

Y nghia cia chuan héa dir liéu: Chudn héa gitup dam béo tat ca cac dac trung ddng vai trd tuong
duong trong qua trinh phan tich va mé hinh héa. Néu khong chudn hoa, cac dac trung 6 gia tri I16n
c6 thé |an at cac dac trung cé gia tri nho, gay sai léch trong két qua phan tich. Cach thuc hién chuan
hoéa dit liéu: Chudn héa co thé dugc thuc hién bang nhiéu phuong phap khac nhau, phé bién nhat la:

Min-Max Scaling: Chuyén diiliéu vé khoang [0, 1]bing cong thirc: 5+ _ X =Minx) 6)

B max(x) — min(x)

Z-score Standardization: Pua d liéu vé phan phéi chudn cé trung binh 0 va d6 léch chudn 1 bang
cong thuc: x'=2"E(7).
(o)

Trong d6 x la gid tri ban dau cla dac trung, M la trung binh cla dac trung, o 1a d6 léch chuan cla
ddc trung.

2.2. Phuong phdp Phdn tich thanh phan chinh (PCA) [2-7]

PCA la mét ky thuat gidm chiéu (dimensionality reduction) phé bién trong hoc may va théng keé.
Muc tiéu cta PCA la gidm sé lugng bién sé trong mét tap di liéu, dong thai van git dugc cang nhiéu
thong tin quan trong cang t6t. Diéu nay cuc ki hitu ich khi di liéu cé qua nhiéu chiéu, gay kho khan
trong viéc truc quan héa, phan tich hoac xt Ii dit liéu. Qua trinh PCA dua trén dai s6 tuyén tinh, dac biét
la viéc stir dung ma tran hiép phuong sai va phan tich gia tri riéng. Cac budéc thuc hién PCA nhu sau:

Tinh ma tran hiép phuong sai: Ma tran hiép phuong sai la nén tang ctia PCA, gilip phét hién cac chiéu (hudng)
ma dir liéu bién thién nhiéu nhat o tir d6 hé tro viéc gidam chiéu dit liéu ma van gitt lai théng tin quan trong.

GIAODUC|
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Tinh gia tri riéng va vecta riéng: Day la budc quan trong nhat trong PCA. Cac gia tri riéng va vecto
riéng clia ma tran hiép phuong sai dugc tinh toan. Cac vecto riéng nay la nhiing “hudng” t6i uu ma dir
liu c6 thé chiéu lén dé giam chiéu. Gia tri riéng biéu thi miic d6 quan trong cda ting “huéng’”.

Chon s6 lugng thanh phan chinh: Sau khi tinh toan, ching ta chon s6 lugng thanh phan chinh
(principal components) ma chiing ta mudn gitt lai. Thudng thi, nhiing thanh phan chinh nay cé gia tri
riéng 16n, tuc la ching chiém phan 1én thong tin cta di liéu. Muc tiéu: Lua chon s6 lugng thanh phan
chinh can gil lai d€ gidm chiéu di liéu ma van bao toan phan I6n théng tin. Cach thuc hién:

Tinh téng cac gia tri riéng:

-Tinh ti 1& phan tram thong tin dugc gilt lai béi méi thanh phan chinh:

GIA TRI RIENG THANH PHAN CHINH
TONG GIA TRIRIENG (8)

- Quyét dinh s6 lugng thanh phan chinh dua trén ti lé tich IGy.

Bién d6i d{t liéu: Tao ra ma tran thanh phan chinh P chira cac vector riéng tuong Ung vdi cac gia tri
riéng Ién nhat. Sau dé bién doéi di liéu bai cong thic: Z=X"-P (9)

Ta dugc di liéu Z, c6 s6 chiéu giam, nhung bao toan dugc phan I6n théng tin.

Luu y: PCA phu hgp véi dit liéu cé quan hé tuyén tinh gitta cac dac trung.

2.3. Vidu giad ldp

Day la mot vi du gid 1ap va tinh toén cu thé vé PCA dé chiing ta co thé thdy rd cach thiic PCA hoat
dong. Chung ta sé gia lap mot bo di liéu don gian vai 2 dac trung (la X, va*2) véi 5 mau, réi thuc hién
PCA dé giam chiéu dir liéu va phan tich cac thanh phan chinh.

Budc 1: Tao dir liéu gia lap: Gia st chiing ta c6 mét bang dit liéu mau nhu sau:

7/ LE TiCH LOY =

Miu X, X,
1 2 3
2 3 4
3 4 5
4 5 6
5 6 7

Budc 2: Tinh ma tran hiép phuong sai: St dung dai s6 tuyén tinh dé tinh toan cac gia riéng va vector
riéng ti ma tran hiép phuong sai, va giam chiéu d liéu. Tao ma trdn di liéu:
X=([2,3],
(3, 4],
(4, 51,
[5, 6],
(6, 71)
Chudn hod di liéu: Chuan hoa dit liéu ¢ nghia la trir gia tri trung binh ctia mdi dac trung tu dir liéu.
Tinh trung binh va chuan hoa:Trung binh cda x,: X :M:4 (10)
Trung binh cla x,: &, _3%4+5+6+47 (11)
Sau d6, chuan hoa di liéu: X_sscaled =X-[4,5]
X_scaled = ([-2,-2],
[-1,-11,
[0, 0],

['I ! 1][
(2,2])
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Tinh ma trdn hiép phuong sai: Ma tran hiép phuong sai do ludng mdi quan hé gitta cac dac trung.
Dai vai dit liéu chuan ho4, ta tinh ma tran hiép phuong sai nhu sau: Cov(X_scaled) = (%) * (X_scaled)”
* X_scaled) véi (n=5)

Dé dang tinh toan ma tran hiép phuong sai: Cov(X_scaled) = ([2, 2],

[2,2])

Tinh gid tri riéng va vecto riéng: St dung dai s6 tuyén tinh, ching ta tinh gia tri riéng va vecto riéng
clia ma tran hiép phuong sai. Gia tri riéng (A) va vecto riéng clia ma tran hiép phuong sai sé cho ta cac
thanh phan chinh. Gia st ta tinh dugc céc gia tri riéng ya vecta riéng sau: Gid tri rlenlg 1:\, =4; Gia tri
riéng 2: \, = 0; Vecta riéng tuong ung: Vectd riéng 1: [\/— \/—] Vectariéng 2: [-— ]

Chon thanh phdn chinh:Trong Phan tich thanh phan chinh (PCA), muc tiéu chanh la tim hudéng trong
khong gian dirliéu ma di liéu c6 d6 bién thién I6n nhat. Diéu nay gidp giam chiéu dit liéu trong khi van
glu du0c nhleu thong t|n nhat co thé. Chon thanh phan chlnh o gla tr| rleng I6n nhat vino la hudng

ﬁ

Budc 3: Chiéu di liéu 1én khéng gian cac thanh phan chinh: DE giam chiéu cfu lieu, ta chiéu di liéu
gbc lén vectoriéng 1. X

X_pca =X_scaled *[ 77, 51 X_pca= [-242,-2,0, V2 ,242]

Két qua la chung ta da gidm chiéu dir liéu ti 2 chiéu xuéng 1 chiéu, véi cac gia tri la cac diém chiéu
trén thanh phan chinh

Budc 4: Két luan: Dt liéu gbc ¢o 2 dac trung, va sau khi ap dung PCA, ching ta da giam chiéu di liéu
xudng con 1 dac trung (thanh phan chinh dau tién). PCA gilp loai bo cac thanh phan it quan trong (c6
gia tri riéng thap) va chi gilt lai nhiing thanh phan c6 gia tri riéng I6n nhat. Trong vi du trén, ta chi can
mot thanh phan chinh dé biéu dién toan bo thong tin trong di liéu, gitp gidm d6 phuic tap va cai thién
kha ndng xt ly, truc quan hoa. Day la quy trinh tinh toan PCA dan gian bang tay véi mot bé dirliéu nho.
Khi &p dung PCA vao dit liéu I6n hodc phuic tap hon, ta thudng st dung cac thu vién nhu sklearn dé
tinh todn nhanh chéng va chinh xac.

2.4. Ung dung ctia PCA trong hoc mdy

Bai todn 1: Gidm chiéu di liéu va phan tich b6 di liéu Iris.

Dé bai: Bo dit liéu Iris bao gébm 150 mau hoa, dugc mé ta bang 4 dac trung: chiéu dai va chiéu rong
cUa dai hoa, chiéu dai va chiéu rong ctia canh hoa. Ba loai hoa trong b6 dit liéu nay la Setosa, Versicolor,
va Virginica. Lam thé nao dé giam s6 chiéu clia dir liéu tir 4 chiéu xudng 2 chiéu, déng thai git lai dugc
thong tin quan trong dé phan loai cac loai hoa?

Muc tiéu: Gidam sé chiéu cta dir liéu tir 4 chiéu xudng 2 chiéu, gitp truc quan héa va phan tich dé
dang hon; Duy tri cang nhiéu théng tin bién thién cang tét trong qua trinh giam chiéu; Phan loai va
nhan dién cac loai hoa dua trén cac dac trung da giam chiéu.

Céch giai: Ap dung phuong phap PCA dé gidm tur 4 chiéu xuéng 2 chiéu; Tinh toan ma tran hiép
phuong sai ctia bo dir liéu va tim cac vector riéng va gia tri riéng; Chon 2 thanh phan chinh co gia tri
riéng 1&6n nhat dé tao ra khéng gian mdi vai 2 chiéu.

Iris setosa Iris versicolor Iris virginica

Budc 1. Cai dat thu vién can thiét
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import numpy as np

import pandas as pd

from sklearn.decomposition import PCA

from sklearn.datasets import load_iris

from sklearn.model_selection import train_test_split
from sklearn.preprocessing import StandardScaler
from sklearn.svm import SVC

from sklearn.metrics import accuracy_score

import matplotlib.pyplot as plt

Budc 2. Tai d liéu Iris

python

data = load iris()
X = data.data
y = data.target

Buéc 3. Chuan hoa dir liéu: PCA yéu cau dit liéu phai dugc chuan hoa vi cac dac trung cé thé c6 don
vi va pham vi khac nhau

python

scaler = StandardScaler()

X_scaled = scaler.fit_transform(X)
Budc 4. Ap dung PCA dé giam chiéu

pca = PCA(n_components=2)

X_pca = pca.fit_transform(X_scaled)

print(f"Explained variance ratio: {pca.explained_variance_ratio_}")

Budc 5. Truc quan héa dir liéu sau PCA

plt.figure(figsize=(8, 6))

plt.scatter(X_pca[:, ©], X pca[:, 1], c=y, cmap='viridis
plt.title("Iris Dataset after PCA™)
plt.xlabel("Principal Component 1")
plt.ylabel("Principal Component 2")

plt.colorbar()

plt.show()

Buéc 6. Chia dir liéu thanh tap Huan luyén va tap Kiém tra
X_train, X_test, y_train, y _test = train_test_split(X_pca, y, test_size=8.2, random_state=

Budc 7. Huédn luyén mé hinh phan loai
& day ta st dung mo hinh SVM (Support Vector Machine) dé huan luyén mé hinh phan loai

svm = SVC(kernel="linear")

svm.fit(X_train, y_ train)

Budc 8. Du doan va danh gid moé hinh
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python
y_pred = svm.predict(X_test)

accuracy = accuracy_score(y_test, y_pred)

print(f"Accuracy of the model: {accuracy * 10@:.2f}%")

K&t qua: Sau khi giam chiéu di liéu bang PCA, ta thay viéc truc quan héa dir liéu trong khong gian
2D dé dang hon, mac du dit liéu géc c6 4 chiéu.

Bai toan 2: Phat hién bién s quan trong trong du bao diém rét mén. Dé bai: Tién hanh khao sat 418 sinh
vién, véi cac dac trung: s6 gits hoc/tuan, diém kiém tra gitia ky, di€m chuyén can, sé gid ngq, sé gi ding mang
xa hoi, muc do stress. Hay st dung PCA dé tim ra nhimng “yéu t6” anh hudng I6n nhat dén “két qua trugt mon”.
Céch giai: Budc 1: Chuan hoéa di liéu: Can chuan hoa (standardize) cac bién dé c6 trung binh = 0 va dé léch
chuan = 1. Cac bién la: X1: S6 gi& hoc/tuan; X2: Diém kiém tra gitia ky; X3: Diém chuyén can; X4: S6 gid ngu;
X5: S6 gi dung mang xa hoi; X6: Muic do stress Budc 2: Thuc hién PCA: St dung Python, sau khi chuan héa,
ta thuc hién PCA va thu dugc: Cac thanh phan chinh (PC1, PC2, .., PC6). Ma tran trong s6: Cho biét méi thanh
phan chinh la t6 hgp tuyén tinh ctia cac bién géc vai cac hé sé tuong ting. PCA cho két qua nhu sau vai PC1:

Bién Trong sb trong PC1
Sb gior hoc/tudn +0,589631
Diém kiém tra giita ky +0,471139
Diém chuyén cin +0,350821
Miic do stress +0,294467
S6 gio dung mang xa hoi -0,318639
Sb gio ngit -0,345031

Budc 3: Phan tich PC1: Vi PC1 ¢6 phuang sai Ién nhat nén né gidi thich nhiéu nhat su khac biét trong
dir lieu.Céc trong s6 cho thay: Néu “Tang s6 gid hoc, diém kiém tra, diém chuyén can” thi gia tri PC1
tang. Néu“Tang thai gian mang xa hoi, s6 gid ng”thi gia tri PC1 gidam. Gid tri cao cia PC1 ting vai sinh
vién hoc hanh nghiém tuc, it ngu, it dung mang xa héi thi kha nang trugt moén giam. Budc 4: Két luan:
Trong bai toan nay, sau bién dau vao bao gom: sé gid hoc madi tuan, diém kiém tra gitia ky, muc do
chuyén can, thai lugng ng, thai gian st dung mang xa hdi va muc d6 cang thang. Cac hé s6 cho thay
diém gitia ky, chuyén can va s6 gid hoc ¢ hé s6 duong cao, trong khi thai gian sit dung mang xa héi
va gid ngul c6 hé s6 am Ién. Sinh vién co két qua trugt mon thudng la nhom sinh vién cé thai gian hoc
thap, diém gila ky thap, chuyén can thap; muic do st dung mang xa hoi va gid ngl cao. Két qua nay
nhan manh vai trd clia viéc duy tri két qua hoc tap tich cuc, thoi quen hoc tap 6n dinh va quén ly thoi
gian dung mang xa hdi trong viéc cdi thién thanh tich hoc tap, gidm nguy co thi trugt.

3. Két luan

PCA la mét ky thuat quan trong trong hoc may, dac biét hitu ich trong viéc giam chiéu di liéu, téi
uu hoa hiéu suat tinh toan va trich xuat thong tin quan trong tur tap dir liéu 16n. Viéc hiéu sau vé dai s6
tuyén tinh va xac suat thong ké dong vai trd nén tang cho nhiéu thuat toan hién dai, bao gém PCA va
nhiéu phuong phap hoc may khac. Do d0, viéc tich hop gidng day dai s6 tuyén tinh, xac suat thong ké
cung vai cac iing dung thuc té nhu PCA khong chi gitp sinh vién tiép thu ly thuyét tot han ma con phat
trién tu duy tinh toan va kha nang giai quyét van dé trong linh vuc khoa hoc dir liéu va tri tué nhan tao.

L&i cdm on: Nghién ctiu nay dugc tai trg boi Trudng Dai hoc M6 - Bia chdt, trong dé tai ma s6 T25-20.
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