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Téng quan vé Isomap
Thuit todn

Ap dung mé hinh
m Tap dit liéu Swiss Roll
m Tap dit liéu S Curve

Danh gia & Cai tién
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Isomap

LTé;ng quan v& Isomap

Téng quan vé Isomap
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Isomap

LTc‘mg quan vé Isomap

T(“;ng E!

Isomap (isometric
mapping) 13 thuit todn
gidm chiéu dit liéu phi
tuyén tinh véi muc tiéu
bdo toan khodng cach -
dd thi gilta cac diém i
dir liéu trén da tap mét
cach tbt nhjt.
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Isomap

LTéng quan vé Isomap

Cac dinh nghia lién quan

Da tap Khoang cach db thi
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Isomap

LTc‘mg quan vé Isomap

Da tap / Manifold

Definition

Da tap |13 mét khéng gian topo n-chiéu sao cho véi mdi diém, ta
cé thé xac dinh dugc mét 1an cin U xung quanh diém dé va ton tai
V thudc khéng gian Euclide n-chiéu sao cho U dong phdi véi V.
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Isomap

LTc‘mg quan vé Isomap

M6 ta da tap
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Hinh: Phép déng phdi
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Isomap

LTéyng quan v& Isomap

M6 ta da tap

Hinh: B& m3t trai dat




Isomap

LTc‘mg quan vé Isomap

Khoang cach db thi / Geodesic distance

Definition

Khoang cach db thi (con goi |3 khodng cach trén da tap) I3
dudng di ngin nhit giita 2 diém trén cling 1 da tap khi di doc theo
da tap dé.
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Isomap

LTc‘)ng quan vé Isomap

M6 ta geodesic distance

GEODESIC DISTANCE

EUCLIDIAN DISTANCE
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Isomap

LTc‘mg quan vé Isomap

\% tudng chinh cla thuit todn Isomap

Tim céc diém trén khéng gian chiéu thip sao cho khoang cach
Euclidean gilta chiing xap xi véi khodng cach Geodesic trén
manifold ma ta do dugc & chiéu cao.
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Isomap

LTé;ng quan v& Isomap

Q: Vi sao khodng cach dd thi gilta cac diém lai quan trong?
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Isomap

LTé;ng quan v& Isomap

Q: Vi sao khodng cach dd thi gilta cac diém lai quan trong?

A: N6 phan anh chu tric dit liéu trén manifold & chiéu cao (dr liéu
dau vao).
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Isomap

LTc‘mg quan vé Isomap

Geodesic vs Euclidean

d(A,C) <d(A,B)

T
&
B
{1
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d(A,C) > d(A,B)
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Isomap
L Thuat toan

Thu4t todn
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Isomap

L Thust toan

Input / Output

Dit ligu dau vao (Input):

X=[x1 x2 - X
véi x; € R va chiéu cha dif liéu sau khi giam 13 p.
Dit liéu dau ra (Output):

Y = [Y1 y2 - Yn}

véi y € RP sao cho ham mit mét

LY)= > (dj—llyi—yll)

1<ij<n

véi djj la khodng cach geodesic giita hai diém x;, x;. o
/



Isomap
L Thuat toan

Thuit toan

B1. Xay dung db thi viing 1an can (neighbor graph).
B2. Tinh khodng cich db thi cho dataset.
B3. Gidm chiéu dif liéu st dung cMDS.
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Isomap
L Thuat toan

Budc 1: Xay dung db thi

Mét sb thuat todn xdy dung dd thi near neighbor graph:
m Brute - force.
m KD - tree.

m Ball tree.
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Isomap
L Thuat toan

Két qua

m Brute - force: 0.0721s
m KD - tree: 0.0166s
m Ball tree: 0.0217s
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Isomap
L Thuat toan

Budc 2: Ma trdn khoang cach

Ta c6 thé xdy dung ma tran khodng cich bing céc thuit toan
shortest path:

m Floyd Walshall.
m Dijsktra.
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Isomap
L Thuat toan

Buéc 3: cMDS

Sau hai budc trén, ta c6 dugc ma tran chira théng tin geodesic
distances giita cac diém dit liéu: D = (djj)1<ij<n.

Nh3c lai bai todn gidam chiéu dir liéu: tim
Y = [Y1 y - Yn]
véi y € RP minimize ham mAt mat

LY)= > (dj—llyi—yll)

1<ij<n
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Isomap
L Thuat toan

Budc 3: MDS

Ap dung Classical Multidimensional Scaling (cMDS) véi ma
tran D, gém 4 buéc.

Lap ma tran binh phudng khodng cach D,y = (d,-Jz-)1§iJ§n-
Ap dung double centering K = —3HDH (H = In — £ Jn).
Xac dinh tri riéng va vector riéng tuong ng cia K:

K= VAVT.

Chon p tri riéng 16n nhit va cic vector riéng tuong ting, dugc
ma tran output.
_ AL/2y,T
Yo =NV, .
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Isomap
L Thuat toan

Budc 3: MDS

Chiing minh thuét toan:
XétY=1[y; yo - ¥, Y €RP*"sao cho
dij ~ |ly; — YjH véi > y; = 0.
Y'Y ~ —1HDp)H = K, trong d6 D(o) = (d3), H = In — £ Jp.

K c6 biéu dién K = VAVT (vi K 1a ma tran déi xing).
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Isomap
L Thuat toan

Buéc 3: cMDS

Bai toan téi wu (Giadm chiéu dir lidu)

Tim Y, sao cho:

Y, =argmin > (dj —|ly; — y;|I)> = argmin|| Y, Y, — K||F.
Yo 1<ij<n Yp

Ap dung dinh Iy Low-rank approximation, xap xi t&i uu cda bai
toan la 12
T T T
Yo, Yo =Vp\,V, = Y, =NV, .

(Q.E.D)
@
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Isomap
L Thuat toan

Buéc 3: cMDS

Trudng hop thult toin khdng c6 nghiém téi vu: ma tran K
(Kernel matrix) khong phai bao gid ciling |a ma trdn ban x4c dinh
duong, ndu K 6 tri riéng 4m thi A2 khdng xac dinh thyc.

Giai phap (Kernel Isomap): Chuyén d&i ma tran K thanh
Mercer kernel matrix K’ ban xac dinh duong bing cach st dung
phuong phap constant-shifting.
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Isomap
LAp dung mé hinh
L Tsp dir lieu Swiss Roll

Contents

Ap dung mé hinh
m Tap dir liéu Swiss Roll
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Isomap

LAp dung mé hinh

L Tsp dir lieu Swiss Roll

Tap dit liéu Swiss Roll

Swiss Roll with 1500pts

Hinh: Tép dit liéu Swiss Roll véi 1500 diém dif liéu .
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Isomap
LAp dung mé hinh
L Tsp dir lieu Swiss Roll

Gidm chiéu Swiss Roll bing Isomap

s
-3

%3 21

Hinh: Dif liéu sau khi x& Iy bing Isomap véi k khic nhau &



Isomap

LAp dung mé hinh

L Tsp dir lieu Swiss Roll

Tap dir lieu Swiss Roll - Dung lan cén

Chon tham sb k cho db thij Ian can

k qué nhd k qua 16n T8ng sb diém

D3 thi lan can 2 diém thudc manifold Sé lugng diém khac nhau
trd nén rdi rac | | nhung lai 13 1An cin cla nhau s& din dén mat d6 cac diém

trén cung manifold khic nhau
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Isomap
LAp dung mé hinh
L Tsp dir lieu Swiss Roll

Trudng hop k nhé

A.

Qe
°
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Isomap
LAp dung mé hinh
L Tsp dir lieu Swiss Roll

Nhan xét - Tap dir liéu Swiss Roll

Nhan xét 1:

Can chon khoang k phi hop d& thuat toan chay téi uu

m Néu k qua nhd db thi 1an can sé tré nén rdi rac din dén két
qud khéng mong muon.

m Néu k qué 16n céc diém s& bi ubn cong lai do xay ra tinh trang
2 diém thuéc manifold khic nhung lai 13 13n cin cla nhau.
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Isomap

LAp dung mé hinh

L Tsp dir lieu Swiss Roll

Tap dif liéu Swiss Roll - 500 diém dir liéu

Swiss Roll with 500pts

Hinh: Tap dit liéu Swiss Roll véi 500 diém dir lieu .
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Isomap

LAp dung mé hinh

L Tsp dir lieu Swiss Roll

Giam chiéu Swiss Roll bing Isomap - 500 diém

5
e

o
ENA e

Hinh: Dif liéu sau khi x& Iy bing Isomap véi k khic nhau &
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Isomap
LAp dung mé hinh
L Tsp dir lieu Swiss Roll

Tap dit liéu Swiss Roll

Nhan xét 2:
Can chon khodng k phi hop dé thuat todn chay téi uu
= Viéc d6 sé& phu thudc vio sb luong diém cé trong dataset

= Sb lugng diém khic nhau sé& dan dén mat dé cic diém trén
cling manifold sé khac nhau
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Isomap
LAp dung mé hinh
L T3p dir lisu S Curve

Contents

Ap dung mé hinh

m Tap dit liéu S Curve

34/44



Isomap

LAp dung mé hinh

L T3p dir lisu S Curve

Tap dir lieu S Curve

S curve with 1500pts
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Isomap
LAp dung mé hinh
L T3p dir lisu S Curve

Xt ly Isomap - S Curve

.’
!
-

Hinh: Gidm chiéu dif liéu tap S Curve bing lsomap véi k khac nhau. ®
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Isomap
LAp dung mé hinh
L T3p dir lisu S Curve

Tap dir lieu S Curve

Nhan xét:

Can chon khoang k phii hop d& thuat todn chay téi uu
Chon khoang k phii hop d& thuat toan chay téi uu
Ving k sé& phu thudc vao sb luong diém trong cung 1 dataset

Vung k sé phu thudc vao cac dataset khac nhau
Cac dataset khac nhau s€ c6 sy phan bé cac diém khac nhau,
cau tric hinh thanh khac nhau.
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Isomap

LAp dung mé hinh

L T3p dir lisu S Curve

Tap dir lieu S Curve

S curve with 1500pts Swiss Roll with 1500pts
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Isomap
L_Danh gis & Cai tién

Dénh gia & Cai tién
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Isomap

L_Danh gis & Cai tién

Han ché

= Néu I1an can c6 chifa cac 16 sé khién két qud khéng nhu mong
muon.

m Chon K khéng tbt s& anh hudng 16n t6i két qua cudi cling.
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Isomap
L_Danh gis & Cai tién

Landmark - Isomap

Chon ng3u nhién n diém tir X, goi 13 cic diém méc

L-Isomap chi tinh toin dudng di ngin nhit tir mai diém dit
lidu dén cic diém moc

Ap dung cMDS cho ma tran khodng céch tric dia n- N thu
dugc dé tim cich nhiing chiéu thap cia cic diém moc.

Viéc nhing céic diém con lai thu ducc bang mot phép bién d&i
tuyén tinh ¢ dinh ctia khoang céch tric dia clia chiing dén
cac diém moc.

— Bing cach nay, do phic tap vé thdi gian cta dudng di ngsn
nhat va tinh todn MDS lan lugt dudc gidm xudng O(knN log(N))
va O(n%N)
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Isomap

L_Danh gis & Cai tién

Chon k - sb nearest neighbors

Chon kho3ng gi4 tri c6 thé nhan cta K € [Kminy Kmax]
Tinh ham mit mat £(K) véi m8i K € [Kmin, Kimax]
Udc tinh tht ca cac cuc tiéu ctia £(K) va céc sb K tuong ting

dé tao tap Sk gdm céc (ing cli vién ban diu cho gia tri K tbi
uu.

V6i mdi K € Sk, chay thuat todn Isomap va x4c dinh Kopt
bing cdng thiic
: 2
Kopt = arg&nln(l - pD(X)D(Y))

7
A A

(Pp(x)D(Y) la hé so tuong quan tuyén tinh tiéu chuin giifa
D(X) va D(Y))
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Isomap

L_Danh gis & Cai tién

So sanh véi cac thuit todn khac

Samm70n mapping: Khodng cich dugc chinh tuy vao dé I6n
cac diém

PC\A: Tap trung vao phan bd ctia mét chiéu va bd qua nhitng
chiéu con lai

T-SNE: 2/Ic’5p dit liéu khac nhau dugc phan cich bdi cic
khoang tréng

ISOMAP: Trai phing nhd vao khoang cach db thi
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Isomap
L_Danh gis & Cai tién

Cam on cac ban d3 chii y I3ng nghel
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