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LLE
LDimensionality Reduction v So lugc vé Locally Linear Embedding
L Manifold Learning va Manifold

Manifold 13 gi?

|
Mét manifold d chiéu 13 mdt cAu tric hinh hoc m3 cuc b tai moi
diém cha né tréng giong nhu mdt khéng gian Euclide d chiéu.
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LDimensionality Reduction v So lugc vé Locally Linear Embedding

L Manifold Learning va Manifold

Mét sb vi du vé& Manifold

sphere
torus

double torus

cross surface .
4 Klein botile

Hinh: Cac manifold 1-chiéu Hinh: Cac manifold 2-chidu
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LDimensionality Reduction v So lugc vé Locally Linear Embedding

L Manifold Learning va Manifold

Manifold Learning

Gia thiét da tap

Cac diém dif liéu trong khéng gian D chiéu déu n¥m trén mét
manifold d chiéu véi D > d.
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LDimensionality Reduction v So lugc vé Locally Linear Embedding
L Manifold Learning va Manifold

Manifold Learning

Dinh nghia

Mot I6p cac thut todn gidm chiéu dit liéu khong giam sat, bt
dau véi gia thiét da tap va st dung cic tinh chit cuc bd cla
manifold dé tim ra representation it chidu clia cic diém dif liéu gbc
nhiéu chiéu.
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LDimensic:mality Reduction v So lugc vé Locally Linear Embedding

LTﬁvng quan vé Locally Linear Embedding

Y tudng chinh

Mét thuat todn gidm chiéu dir liéu thudc I6p Manifold Learning,
dua vao 2 y tudng chinh.

G3n cho manifold (gﬁn) cha dir liéu mot hé truc toa do.

Y tudng 1 - Ban chit clia DR trong LLE

LLE gidm chiéu dif liéu bing c4ch bién d&i toa dé ban dau cua
mdi diém dir lieu thanh toa do so véi hé truc toa do trén
manifold.
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LDimensic:mality Reduction v So lugc vé Locally Linear Embedding

LTﬁvng quan vé Locally Linear Embedding

Y tudng chinh

Y tudng 2 - Local Geometry

Khi gidm chiéu dit liéu, LLE tap trung b3o toan local geometry
cla cac khdng gian tuyén tinh cuc bd.

Tinh chit cla manifold
M3i diém dit lidu x() va tap hgp cic neighbors cta né déu ndm
trén mot khdng gian tuyén tinh cuc bé.
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LTéng quan vé Locally Linear Embedding

Input - Output

Input
m Tap dif liéu can gidm chiéu )gme véi m diém di lieu (mdi
vector hang ctia X 1a mét diém dif liéu) va D features
= Tham sb cho bdi todn xac dinh neighbors
= S& chiéu d cho dif liéu dau ra (d < D)

Output Tap dit liéu d3 dugc gidm chiéu Ymxd V6 m diém dir liéu
(mdi hang clia Y 13 mét diém dif liéu) va d features.
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LTéng quan vé Locally Linear Embedding

Cac buéc thuc hién

Xac dinh neighbors cho tiing diém dir liéu

X4p xi mdi diém dir liéu bing mét t8 hop tuyén tinh (c6 diéu
kién) cla cac neighbors ctia né

St dung cic trong sb cha t8 hop tuyén tinh tim dudc trong
budc 2, suy ra representation (trong khéng gian it chiéu hon)
cla diém dit liéu ban dau

12/45



LLE
LDimensionality Reduction v So lugc vé Locally Linear Embedding

LTéng quan vé Locally Linear Embedding

Y tudng chinh ~ Cac budc thuc hién

(Budc 2) Xap xi m3i diém dit liéu bing mét t8 hop tuyén tinh cia
cac neighbors = Xdc dinh local geometry (\I/ tudng 2)

(Buéc 3) Sir dung cac trong sb tim dugc, suy ra representation =
Bdo toan local geometry (Y tudng 2)

(Buéc 2) Muc dich "diu kién": Dam bao trong sb va output bit
bién véi cac phép bién déi tuyén tinh (Y tudng 1)
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LDimensionality Reduction v So lugc vé Locally Linear Embedding

LTéng quan vé Locally Linear Embedding

Céc budc thuc hién (Cu thél)

Xay dung neighbor graph
Tim ma tran trong sb W dé tbi uu héa ham mit mat:

2
m

L) =30 3wy - x0)
i=1 J

—
Giit nguyén trong sb W, tim tap dif liéu d3 gidm chiéu Y sao
cho ham mat mat dugc toi uvu:

2
n

o(Y)=> |y - Zn: wijy¥)
j=1

i=1
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LXﬁy dung neighbor graph
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LLE
L Locally Linear Embedding co ban
LXﬁy dung neighbor graph

Y tudng clia neighbor graph

m Khi phéng to vao 1 diém x; trén manifold, thi hinh dang vlng
lan can s& trong nhu 1 mit phing

] V|ec xay dUng neighbor graph sé gilp ta thu dugc théng tin
vé tinh chAt cuc bd tai mbi diém

16/45



LLE
L Locally Linear Embedding co ban

LXﬁy dung neighbor graph

Do ludng khoadng cach

» D& so sénh khodng céch giita cac diém dit liéu, ta cAn 1 ham
do ludng khodng céch
m Cac khodng cach thudng dung:

n
o Khodng cich Euclid: EUD(p,q) = ,[>_(gi — pi)?
V i=1

e Khoang cich Cosine: COD(p,q) =1 — cos(p, q)
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LXﬁy dung neighbor graph

Cac thuat toan dung neighbor graph

Bucket 1
Sl s O%’ Bucket 2
"’ .._.'s i Bucket 3
. 1
\‘ P 1 Bucket 4
\\ l’ Bucket 5
SO Hashing Key Space
Hinh: Hinh: K-nearest Hinh: Locality
€ — neighborhood neighbors sensitive hashing
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LXﬁy dung ma trén trong sb
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LXﬁy dung ma trén trong sb

Bai toan tbi uu

Muc tiéu: Xap xi mi diém dit lidu bing mét t8 hop tuyén tinh
cla cac neighbors clia né:

) S g x0)
i=1

Téi thiéu héa ham mit mat:
2

W,'J X(J) (1
1

m

~—

m
Lw)=>||x -
i=1 J
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LXﬁy dung ma trén trong sb

Diéu kién rang budc

Ta mubn cac trong sb bat bién vdi cic phép quay, phép vi tu, va
phép tinh tién.

= Dang clia (1) cho thiy bit bién véi phép quay va phép vi tu.
w Diéu kién bAt bién véi phép tinh tién:

m
E wij=1
j=t
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LXﬁy dung ma trén trong sb

Chiing minh b4t bién véi tinh tién
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LXﬁy dung ma tran trong sb

Bai toan tbi uu

Tim ma tran trong so6 W sao cho:

2

Thda man:
w;j =0 néu x;j khong phai 1 neighbor clia x;
S iwij=1véimoil<i<m

23/45



LLE
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LXﬁy dung ma trén trong sb

Don gidn héa bai toan tbi uu

véi moi i,j € {1,2,..., m}.

L(W) dat cuc tiéu tuong duong véi moi ¢; dugc tbi uu héa.
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LXﬁy dung ma trén trong sb

Mbt sb bién déi tuong duong

Gia st x() c6 k neighbors. Goi cac neighbors cla xfi) 13n luct 13
( ) xé ), e ,x,Ei). Goi thém:
m Z; 1a ma trin k x D c6 c4c vector hang lan luot 13
NONRNGRN RO RISRN O NG
w W; 13 ma trin k x 1 chira trong sb cha cac neighbors ctia x(?)
Khi dé:
ei = W'ZZT W, = W' GW,

véi G; = Z,-Z,-T I3 mot ma trdn Gram.
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LXﬁy dung ma trén trong sb

Phat biéu lai

1
Téi wu héa

e = W GW;
véi diéu kien 17 W, —1 =0.
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LXﬁy dung ma trén trong sb

Gi3i bai toan tdi uu

GW; = %1
1"TW; —1=0
Néu G; kha nghich, (2) tuong duong:

A
W, =261
2
1"™W;—1=0

Néu G; khéng kha nghich, st dung k¥ thuat chinh quy héa.
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LXﬁy dung dif liéu mdi tir ma trén trong s
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L Locally Linear Embedding co ban

L Xay dung di liéu méi tir ma tran trong sb

Bai toan tbi uu

®m Muc tiéu: Giit dugc tinh tuyén tinh cuc bd cua dir liéu
= Tbi thiéu héa ham mit mat:

2
m

o(Y)=> [y - Zm: wijy¥)
j=1

i=1

Tuong tu ham mit mat trong budc xay dung ma tran trong sb:

2
m

LW) =3 | = 3wy - x0)
j=1

i=1
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L Locally Linear Embedding co ban

LXﬁy dung dif liéu mdi tir ma tran trong s

Bai toan tbi uu

= Tuy nhién, ham mit mat ®(Y) c6 nghiém suy bién (cac
diém dit ligu y(D, y( . y(™ triing nhau)
— Can d3t thém cac diéu kién bd sung.

Céc diéu kién bd sung

= Yy =0
i=1

s 1SN0, 0T
mi:ly y =

Diéu kién dau tién d& 15i gidi 13 duy nhit theo phép tinh tién.
Diéu kién tht hai ddm b3o nghiém khéng bi suy bién. .
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LXﬁy dung dif liéu mdi tir ma trén trong s

Ph4t bidu bai todn

Tim ma tran dit lieu dau ra Y € R™*9 d&.

Y = argmin ®(Y) = argmin tr (YT(I - wW)T(I - W)Y)
Y Y

va thda man cic diéu kién:
mY'1=0
1
s —YTy=1,
m
]

Chi st dung céc dﬁng thdc trén dudng chéo ma trdn cla didu kién
thir hai, cac diéu kién con lai tu dong dugc thda man.
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LXﬁy dung dif liéu mdi tir ma trén trong s

Gi3i bai toan tdi uu

w Sir dung phuong phép nhan tir Lagrange, nghiém tdi uu Y sé
cb cac vector cdt la cac vector riéng ing véi d tri riéng nhd
nhit khac 0 cta (/ — W) (1 — W).

= D&y ring (I — W)T(/ — W) I3 ma trén Gram nén cac gié tri
riéng ludn khéng am, va do dé c6 thé chon ra d + 1 gia tri
riéng nhé nhAt.
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LAp dung mé hinh

e
hud
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)

Hinh: n = 500

Hinh: n = 1500
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LAp dung mé hinh

K-nearest neighbor trén tap n = 1500

k=5 k=6 k=7 k=10 k=11
[
k=12 k=15 k=16 k=17 k=20
=) --{ <
3 v
k=21 k=22 k=25 k=26 k=27
P b -\ N/
L b |
k=30 k=40 k=60 k=80 k=120
-t D 4 4 K
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LLE
LAp dung mé hinh

K-nearest neighbor trén tap n = 500

k=3 k=4 k=5 k=6 k=7
o]
. »|
’ : 1L .
v _—.17' . ‘f "c
. - ¥
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LLE
LAp dung mé hinh

Nhan xét

m Thudt todn LLE lam khdng tbt véi bd dit liu cé6 mat dé thua
va lam kh3 tot véi bd dit liéu phan bé déu va day.

m V6i mdi khodng tham sb nhit dinh s& cho cic két qua tuong
tu nhau.

w V6i cac tham sb qua nhd, neighbor graph s& tré nén khéng
lién thong, khién cho két qua bi suy bién.

m Vi cic tham sb qué 16n, mdi diém s& c6 rat nhiéu neighbor,
d3n téi viéc cac tinh chit hinh hoc cuc bd bi mat di.
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LLE
LAp dung mé hinh

Bai todn nén anh

Muc dich

Sir dung LLE dé gidm sb luong dif liéu can dé biéu didn 1 biic anh,
qua dé béc tach cic tinh chit dic trung — Ung dung trong cic
mo hinh thi gidc may tinh.

37/45



LLE
LAp dung mé hinh

Cac budc thuc hién nén anh

m Phan 3nh thanh cic patch nhé

m St dung LLE dé gidm chiéu céc patch

m Sip xép lai cic feature cla tliing patch vao céc vj tri tuong
ting dé tao thanh ma tran heatmap
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LLE

LAp dung mé hinh

Minh hoa cac buéc nén anh

1xd

1xd

h 4

Heatmap 1

1xd

i1xd

A 4

Heatmap d

39/45



LLE
LAp dung mé hinh

Két qua nén anh

Hinh: Anh gbc va cac heatmap .
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LLE

LKét ludn

Tém tit

Mgt thuit todn gidm chiéu dir liéu thudc I6p Manifold Learning.

V6i nén tang |3 gid thiét da tap, LLE trdi qua 3 buéc:
Xay dung neighbor graph
Biéu di&n méi diém dit liéu bing mdt t8 hop tuyén tinh cé
rang budc cla cic neighbors

Ding ma tran trong sb tim dudc dé xac dinh tap dit liéu méi
it chiéu hon.
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LLE

LKét ludn

Uu diém coa LLE

Dam bdo tim dugc nghiém tbi wu toan cuc
Yéu cAu it siéu tham sb
Nhu ciu luu trit thip.

Nhiéu ma tran thua. C6 thé tan dung dé gidm khéng gian luu
trit va thaoi gian chay thudt toan.
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LLE

LKét ludn

Mt s6 luu v khi 4p dung

Tap dif liéu cAn phai n3m (x4p xi gin) trén mdt da tap
Phai chon phuong phap va siéu tham sb xay dung neighbor
graph phu hgp.
m V&i k-nearest neighbors: Thudng dugc chon trong thuc té.
M3c dir chon k khéng d&, LLE v3n cho két qua kha tbt trén
mot khodng k kha réng.
m Véi e-neighborhood: khé chon e. Gid tri phtt hgp phu thubc rat
nhiu vao kich ¢ v hinh dang cuc bd clia manifold dit liéu.
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