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Dimensionality Reduction
L Giéi thieu
LKy hiéu co ban

Ky hiéu co ban

D: S& chiéu dit liéu ddu vao (input data), n: S8 diém input data.

X11 X21 Xn1
X12 X22 Xn2 D
Input data: x; = ] axe= s Xn = : €R".
X1D X2pD XnD
T
. o X2T T
Data matrix: X = (Xjj)nxp = .
——x] ——
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Dimensionality Reduction
L Giéi thieu
LKy hiéu co ban

Thuit ngii co ban

Data points

T
-2 = = [[z11] |12 T1p
T
X — - — Ty — — :|ZU21 T22 T2D
T
- — X, — — _xnl Tpol - .. InD_
Features
Céc dong (diém X1, X2, ..., Xn): Cac diém dit ligu (data points).

Cac cbt: cac features, hodc cic chiéu/dimension.
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Dimensionality Reduction
L_Gisi thicu

L Bai todn gidm chidu dif lieu

Bai todn gidam chiéu dir liéu

Muc tiéu co ban: tir cic diém data xq, x2, . . ., X, thudc khéng
gian nhiéu chidu (high-dimensional data), tim cho m&i diém x; mét
diém y; thudc khdng gian it chiéu (low-dimensional data), sao cho
mét sb tinh chit tbi wu dudc théa man.

Dinh nghia: y; dugc goi la biéu di&n (representation) ho3dc
embedding cla x;.

an D Low—dimensional embedding an d
{6t cR {vi} . cR
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Dimensionality Reduction
L_Gisi thicu

L Bai todn gidm chidu dif lieu

Mb& hinh gidm chiéu dif liéu trong thuc té

Input:
» High-dimensional data xi, xo, ..., x, € RP.
= S8 nguyén duong d < D: sb chiéu cho biéu dién cda x;.
m Cac siéu tham s& (hyperparameter) d3c trung ting mé hinh.
= M@t sb théng tin khac (néu cé).
Output:
» Low-dimensional data yi,y,...,y, € R9.
= (M6t vai thuat todn) Ham nhing (embedding): ¢ : RP — RY.

= Mbt sb théng tin khic (néu c6).
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Dimensionality Reduction
L_Gisi thicu

L Bai todn gidm chidu dif lieu

Tai sao can giam chiéu dir liéu?

Gilip ting tdc dd hoc va tranh overfit.

[

m Tim nhitng feature 3n, quy luat gitp giai thich data.

= Biéu dién lai data 1&n m3t phing 2, 3 chiéu = phan tich
bing mit thudng.

m Gidm dung lugng luu trit (nén).

m Tién x{ Iy data d€ 13m input cho thuat todn khac.
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Dimensionality Reduction
L_Gisi thicu

L Bai todn gidm chidu dif lieu

Phan loai bai toin gidm chiéu dit liéu

Theo muc dich bai todn: C6 gidm sat vs Khong gidm sat.

Theo tinh chit cha thuat toén:
= Cia embedding: Tuyén tinh vs Phi tuyén tinh.
= Cia budc tién xi ly: Graph-based vs Non-graph-based.
w Cla tinh chit bt bién: c6 b4t bién véi cic phép bién hinh hay
khéng?
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Dimensionality Reduction
LF’hén loai gidm chiéu dit lidu
g
L Phan loai theo muc dich

Phan loai theo muc dich

Giam chiéu dif liéu c6 giam sat: (Feature Selection)
m Thudng di kém mét thuit todn hoc cb gidm sat.
m Tim va giif lai nhitng features quan trong nhit cho viéc hoc
c6 gidm sat, bé di nhiing features gy nhiéu (noise).

= Gidp tang tbc dd hoc va tranh overfit.
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Dimensionality Reduction
LF’hén loai gidm chiéu dit lidu
g
L Phan loai theo muc dich

Phan loai theo muc dich bai toan

Giam chiéu dir liéu khdng giam sat:
= Tim nhiing feature 3n, quy luat giGp gidi thich data.

= Biéu di&n lai data 1&n mit phing 2, 3 chiéu = phan tich
bing mit thudng.

m Gidm dung lugng luu trit (nén).

= Tién xi ly data dé 1am input cho thuit toan khac.
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Dimensionality Reduction
LF’hén loai gidm chiéu dit liéu
g
L Phan loai theo muc dich

Gidam chiéu dir liéu c6 gidm sat

Input: X = (x;),, gdm céc feature (cot) {fi}2,, data nhan y.
Thanh phan: e mé hinh hoc cé gidm sit M,

e Ham danh gi4 Score(M, X, y).
\{c’si md&i nhém features S, goi X° 13 data tao tir X bing cach chi
|ay cac features trong S.

X11  X12

X21 X22
Vi du: X112} =

Xnl Xn2

Muc tiéu: tim S sao cho |S| = d va Score(M, X®, y) cao nhAt
— output X°. .
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Dimensionality Reduction
LF’hén loai gidm chiéu dit lidu
g
L Phan loai theo muc dich

Gidm chiéu dit liéu khéng gidm sat

Input: X = (X,J)

nxD*
Thanh phan: ham muc tiéu L(X, Y).
Muc tiéu:
= Tim Y = (y;),, sao cho L(X, Y) dat gi4 tri I6n nhit/nhé

nhit thy thuit toan.
m [Néu c6] Tim ham embedding ® : RP — R thda y; = &(x;).
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Dimensionality Reduction
LF’hén loai giam chiéu dit lidu

L Phan loai theo tinh chit thut todn

Phan loai theo tinh chit thuit toan

Phan loai theo tinh chit clia ham nhiing (embedding):
= Tuyén tinh (Linear): Him embedding I3 ham tuyén tinh.
= Phi tuyén tinh (non-linear): Ham embedding khéng tuyén tinh
hodc khong tim dugc.
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Dimensionality Reduction
LF’hén loai giam chiéu dit lidu

L Phan loai theo tinh chit thut todn

Phan loai theo tinh chit thuit toan

Phan loai theo tinh chit clia phép tién xu ly:
m Graph-based: Xay cju’ng dé\thi véi cac dinh thyéc {x1,...,Xn}
vGi nguyén ly: 2 diém di gan nhau thi dugc ndi bdi 1 canh.
m Non-graph-based: Tién xi Iy cich khac hoic khéng tién xir Iy.
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Dimensionality Reduction
LF’hén loai giam chiéu dit liéu

L Phan loai theo tinh chit thut todn

Phan loai theo tinh chit thuit toan

Phan loai theo tinh bAt bién: Thuat todn cé tinh bt bién véi phép
bién hinh F néu L(X, Y) tbi vu = L(F(X),Y) téi uu.
u Rotational-invariant: B4t bién véi moi phép quay.
= Translational-invariant (B4t bién véi moi phép tinh tién):
Ve, L(X,Y) thivu = L(X + cloxp, Y) tbi uu.
= Scaling-invariant (B4t bién véi phép vi tu):
Ve, 3¢, L(X, Y) tdi uu = L(cX,c'Y) téi uu.
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Dimensionality Reduction
LThﬁng tin thém
L Mat 6 vi du

Gidam chiéu dir liéu c6 gidm sat

Cho ham danh gid Score(M, X, y), c6 thé:

m Forward Selection: dit Sp = @
Lan lugt chon cic feature té6t nhat dé thém vao:

f;" = argmaxsgs,  Score(M,S;_1 U{f},y).

D3t S;:=S5;,_1U {f+} Dung tai Sy.
m Backwards Elimination: dat Sp = {f}, 1
LAn luct loai cic features kém nhit:

f, = argmaxgc s Score(M, S; \ {f},y).
bit S;_1:=S; \ {f;_} Dung tai Sy.
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Dimensionality Reduction
LThﬁng tin thém
L Mat 6 vi du

Gidm chiéu dit liéu khéng gidm sat

Mbt so vi du:

» TruncatedSVD: loai bo features thira (= t8 hop tuyén tinh
cla céc features khic) = cac features mdi it phu thubc
tuyén tinh vao nhau. Tuong tu: PCA.

= Manifold Learning: tim mot da tap (manifold) d chiéu trong
RP ma biéu dién dugc data mét cach tbt nhit. Vi du: t-SNE,
Isomap, Locally Linear Embedding.
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Dimensionality Reduction
LThéng tin thém
L Mmat 6 vi du

Gidm chiéu dit liéu khéng gidm sat

TruncatedSVD | Manifold Learning

Linear?

Graph-based?
Rotational-invariant?
Translational-invariant?
Scaling-invariant?
Reconstructible?

<<zZz<zZ<
zZ<<=<<2Z
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Dimensionality Reduction
LThﬁng tin thém
Lso sanh

Cé va khong giam sat

Dataset: S& viét tay (https://scikit-learn.org/stable/
auto_examples/datasets/plot_digits_last_image.html)

Phuong phap: diing mdi phuong phap trong RFE, TruncatedSVD,

PCA va LLE d& giam chiéu dif liéu v& 10 chidu, sau ding SVC dé
tim accuracy score cho tirng phuong phéap va so sanh.
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Dimensionality Reduction
LThﬁng tin thém
Lso sanh

Cé va khong giam sat

Nhan
y_train
/ DimReduction Model: \

X_train_64
64 chiéu

RFE
(forward supervised),

X_trainT'I 0
10 chiéu

TruncatedSVD
(linear unsupervised) —

PCA X_test_10
(linear unsupervised) 10 chiéu

LLE (nonlinear
\ unsupervised) /
Nhan Accuracy
y_test Score

Két qua: PCA va TruncatedSVD di khéng gidm sat van c6 do
chinh xac cao hon RFE (95% so véi 89%), trong khi LLE c6 do
chinh x4c 80%. &
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Train-Test
Split

X_64: s6 viét
tay (64 chiéu)

X_test_64
64 chiéu
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