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SVM
LF'ha?m loai nhi phan

L Gisi thiéu

La bai todn phan loai dit liéu da cho vao hai I1&p riéng biét. Vi du:

m Phan loai email quan trong va email rac.




SVM

L_Phan loai nhj phan
L Gisi thieu

La bai todn phan loai dit liéu da cho vao hai I8p riéng biét. Vi du:
= Phat hién v3 chin dodn ung thu.
Positive Negative
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SVM

LF'ha?m loai nhi phan

LPhén loai nhi phan cé gidm sat

]
Bai toan phan loai thudc I16p cac bai todn hoc cé gidm sat.

m Xay dung md hinh: tu’ tap huln Iuyen (x1,y1), (X2, ¥2), - - -, (XN, YN)
va tu mot ho ham sb ducc tham sb héa bdi 0, ta di tim ta di tim
tham sb 6* sao cho:

f(xn,0%) =y, véimoi n=1,...,N. (1)
» Kiém ching: hoan thién mo hinh théng qua tap kiém tha. Khi c6

mét dif liéu x, mdi, ta c6 thé tim nh3n dan tuong Ung qua

Yn = f(xn)
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SVM

L_Phan loai nhj phan

LPhén loai nhi phan cé gidm sat

Mét sb thuit toan

Input data Logistic Regression Decision Tree Neural Net
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SVM
L_Bai toan bién cing SVM

L Phét bidu bai todn

Huan luyén

» DAau vao:
= Dic trung: (x1, 1), (%2, ¥2), ..., (xn, yn) Véi x; € R9
m Nhin: y; € {-1,1}

s DAu ra: Hé sb w va b clia siéu phﬁng

(w,x)+b=0

phan di liéu thanh hai I6p.

Truy van

» DAu vao: Diém dit liéu méi z € R?

= DAu ra: Dy doén f(z) = sgn((w, z) + b) .
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L_Bai toan bién cing SVM

L Phét bidu bai todn

X1
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SVM
L_Bai toan bién cing SVM
L Bai toan gbc

Dinh nghia L&

N 2 2 b A
A N 2 7z N A 2 A 7 pa A ~ 1A A A

Dinh nghia

Lé la khoang cach tir siéu phang phan tach i diém dit liéu gan nhat,
véi gia thiét bo dit lidu c6 tinh tach biét tuyén tinh.N&u ta gia st x, I3
diém dir liéu gn véi siéu m3t phing phan cich nhit thi ta c6 1 r dugc

tinh nhu sau : ¥ Vb
w, x,) +
= - (2)
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SVM

L_Bai toan bién cing SVM

L Bai toan gbc
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SVM

L_Bai toan bién ciing SVM

LBéi toan gbc

(%

Ta chi quan tdm dén huéng clia w nén ta coi |[w| = 1. D5t w’ =
b = %. Ta ¢ hé qua:

~|g

Vv

L& cha siéu m3t ph3ng phan cich cé cong thic :

w 1 1

[[w’|

Siéu mit phing (w’, x,) + b’ =1 di qua x:

(W', x) + b _ 1
B 7 i T e

Vay khéng lam thay déi sidu mit phang ta chudn héa : |(w, x,) + b| =1
véi x, 13 diém gan sidu mit phing nhit.Ta c6 r =

fuy

llwl
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SVM
L_Bai toan bién ciing SVM

LBéi toan gbc

Suy ra cic diém dif lidu con lai phai cach siéu phing mét khodng I6n hon
hodc bang r :
ya({w, x,) + b) S 1
wi = Twl

& ya((w, x,) + b) > 1. (4)
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SVM
L_Bai toan bién ciing SVM

LBéi toan gbc

N

Khoang céch giita hai siéu phing (w,x) +b=0va (w,x)+b=1131&
can toi uu.
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SVM
L_Bai toan bién ciing SVM

LBéi toan gbc

Bai toan tbi uu cha ching ta trd thanh:

subject to  y,((w,x,) +b)>1 Vn=1,.

Tuong duong:

1
min 5wl

subject to  y,({(w,x,) +b)>1 Vn=1,...,

, N

N
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L_Bai toan bién cing SVM
L Bai todn déi ngu
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SVM
L_Bai toan bién cing SVM
L Bai todn déi ngu

Ham Lagrangian

Ham Lagrangian ting véi bai toan 18 cing 13 :

N
1
L(w,b,a) = S| = > an(yn(( w.xn) +b) — 1) (9)
n=1
véi a; >0V i=1,...,N la nhin t& Lagrange tucng (ing véi rang budc
clia bai todn goc. T day bai todn toi vu cia ta trd thanh bai todn toi uu

mdi.
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SVM
L_Bai toan bién cing SVM
L Bai todn déi ngu

Diéu kién KKT

Nghiém clia bai todn t&i uvu mdi théa min hé diéu kien KKT:

1- yn(<W7xn> + b) S 0
an, >0
an(L = ya(({w, xp)) +b) =0

N
w = § AnYnXn
n=1

N
Z anyn =0
n=1

(10)
(11)
(12)

(13)

(14)

21/59



SVM

L_Bai toan bién cing SVM

L Bai todn déi ngu

Bai toan doi ngau

Sau khi thay cic diéu kién clia nghiém vao ham Lagrangian (9) ta c6 bai
todn toi uu trd thanh :

N

N N
mex _%ZZ @iy yiyi{ Xi, Xj) +Zo¢,
-1 j=1

i=1

subject to Zy,-a,- =0 (15)

0<a; Vi=1,2,....N
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SVM
L_Bai toan bién cing SVM
L Bai todn déi ngu

Tim nghiém bai toén gbc

Bai toan trén 1a bai todn cé dang quy hoach toan phuong. Gidi bai toan
nay ta tim dugc o*. Sau dé ta quay lai tim w*, b* theo cdéng thic :

N
w' = Z Q5 YnXn (16)
| V| Z Z CY;knym<Xm,Xn>) (17)
neSVv meSV
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SVM
L_Bai toan bién cing SVM
L Bai todn déi ngu

Nhan xét vé két qua cla bai toan doi ngau

Phuong trinh (13) cho ta biét mét két qua thd vi 13 hodc a; = 0 holc
1—y,({w, x,) + b) = 0.

Néu o = 0 13 nhiing diém khéng déng gbp vao viéc tinh w*, b*

Néu 1 — y,({w, Xp) +b) =0=(w,X,) + b=y, tdc |a nhiing
diém n3m trén 18 va déng gép vao viée tinh toan w*, b* do ar # 0.

ta thiy gia tri téi uu w* 13 t8 hop tuyén tinh clia cic vects hd tro:

* *
= E QO YiXj
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SVM
L_Bai toan bién cing SVM
L Bai todn déi ngu

Tai sao bai toan dbi ngu lai thudng duoc st dung?

Vai trd clia cac vecto hd trg duoc thiy rd.

Nhan ti Lagrange gin véi sé diém dit liéu = bai toan tdi uu c6 thé
gidi quyét céc bai todn dir liéu cb sb chiéu I6n

Vecto dbi nglu thua thét nén cho phép mét sb phuong phéap tim
nghiém 4p dung dé tim ra két quad rat nhanh.

C3 ham muc tiéu va rang budc déu chi phu thudc vao tich v
hudng gitta diém dir liéu = ap dung tha thuit kernel
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SVM
LF'ha?m loai bién mém SVM

L Phét bidu bai todn

o=
Hinh: Dit liéu ddu vao gan tach biét tuyén tinh.
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SVM
L_Phan loai bien mém SVM
L Bai toan gbc

Cho phép mot s6 diém duoc vuot bién

Hinh: Véi nhiing diém dit liéu n3m phia bén kia dudng bién 1& ding:

{,,:|(W,x,,)+b—y,,| .
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SVM
L_Phan loai bien mém SVM
L Bai toan gbc

Cho phép mot s6 diém duoc vuot bién

Ta s& mé rong rang budc vé 1€ bing cach thém céch bién bu &, (> 0)
gin véi diem dit lidu x,:
(W, xp) +b>1—-¢&, Vvéi y,=1 (18)
(W, xp) +b< —1+4+&, véi y,=-1 (19)

» V6i diém n3m & diing phan khéng gian bén 1&: &, =0
= Nhitng diém con lai: &, = |(w, x,) + b — y,|
K&t hop diéu kién 18 va 19, ta c6 diéu kién rang budc mém:

VoW, x,) +b) >1—¢&, Yn=1,...,N (20)
& =0 (21)
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SVM
L_Phan loai bien mém SVM
L Bai toan gbc

Thi thiéu phan loai I3i

Ta thém théng tin vé nhiing diém n3m sai phia vdo ham muc tiéu:
1 N
2
SIwlP+ ¢y ¢ (22)
n=1
Trong d6, C > 0 13 hing sb phat:
m C thé hién mdc db vu tién giira tbi da & cha sidu phing phan tich
vé tbi thi€u cac bién bu.

m C cang I6n thi 18i phan loai trong huin luyén cang bi phat ning.
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SVM

L_Phan loai bien mém SVM
L Bai toan gbc

Bai toan tbi uu

Ph4t bidu bai todn t&i uu cda phan loai bién mém SVM:

N
I R

min 5wl +C;§n (23)

subject to  y,({w, x,) +b) >1—-¢&, (24)

£ =20 (25)

s N+D+1 :’§n, 2N rang bubc.

= Bai todn tbi uu 15i véi rang budc tuyén tinh cé thé gidi bing quy
hoach toan phuong.
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SVM
L_Phan loai bien mém SVM
L Bai toan gbc

Mém tét hon ciing

Khi dit liéu huin luyén khéng tich biét tuyén tinh...
= Phan 16n dif liéu trong thuc t& khdng c6 tinh chit nay.
= Bai toan tbi vu chia Bién ciing SVM v6 nghiém.

va c3 khi dif liéu huin luyén tach biét tuyén tinh.

= Bién mém SVM gidm bdt su tadc déng cla cac diém ngoai lai dén vi
tri ctia dudng bién quyét dinh.

m M3 hinh phén loai clia kha ndng téng quat 16n hon.
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SVM
L_Phan loai bien mém SVM
L Bai toan gbc

Mém tbt hon cling

Iy

Hinh: Dudng bién quyét dinh cia md hinh phan loai bién ciing SVM (nét
lién) va bién mém SVM (nét gach).
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SVM
L_Phan loai bien mém SVM
L Bai todn déi ngu

Ham Lagrangian

N
£(w, b€ ) =5 |wl + €6 (26)

_Zan}/n WX,,>+b _1+§n Z’}/ngn

n=1

Trong d6 «, > 0 va ~y, > 0 la cidc nhan td Lagrange tuong (ng véi hai
rang bubc cta bai todn toi uu.
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SVM
L_Phan loai bien mém SVM
L Bai todn déi ngu

Bai toan doi ngau

N N N
1
max —EZZ ioYyiyi( Xi, X;) —1—204, 27
subject to Zy;a,- =0 (28)
0<a;<C Vi=1,2,....N (29)

= Rang budc 29 khién bai toan gidi hiéu qua hon.
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SVM
L_Phan loai bien mém SVM
L Bai todn déi ngiu

Nhan xét vé két qua bai toan doi ngau

Tir diéu kién KKT

Néu v, = 0 thi y;((w*, x,) + b) > 1.
Néu 0 < o, < C thi y;((w*, x,) + b) = 1.
Néu a, = C thi y;((w*, x,) + b) < 1.
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SVM
LKernel SVM
L Phat bidu bai toan

Khong con diéu kién tach biét tuyén tinh

SWM with Kernel="rbf' C=100000

Hinh: S&r dung kernel SVM d& giai quyét bai toan véi dif liéu khéng tach
biét tuyén tinh.
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SVM
LKernel SVM
L Phat bidu bai toan

St dung md hinh tuyén tinh

» Budc 1: Bién déi dif lieu ban dau sang khdng gian khac, thudng cé
nhiéu chiéu hon.

= Budc 2: St dung mé hinh tuyén tinh nhu bién cing hay bién mém
SVM.

Input space — Feature space

b (x) .
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LKernel SVM
LBi&n déi dit liéu ban d3u
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SVM
LKernel SVM
LBi&n déi dit liéu ban d3u

Thém dic trung

a)
Hinh: Thém dic trung d3n dén viéc dir liéu tir khdng tach biét tuyén tré
thanh tach biét tuyén tinh (a) Tap dif lidu (x, y) trong R? (b) Tap dit
liu (x,y,x? + y?) trong R3.
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SVM
LKernel SVM
LBi&n déi dit liéu ban d3u

St dung md hinh tuyén tinh

Bai todn goc cla bién mém SVM:

1 N
min - Sllwl?+ C;& (30)
subject to  y,({w, ®(x,)) +b) >1—-¢&, (31)
£ >0 (32)

Bai toan dbi ngiu clia bién mém SVM:

max ——ZZany,yJ d(x;), d Za,

i=1 j=1
N
subject to Zy,-a;:O (33)
0<a;<C Vi=1,2....N D
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LKernel SVM
L Kernel SVM
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SVM

LKernel SVM
L Kernel SVM

Kernelized method

Huan luyén:

N N N
1
max — o z; z; ajajyiy;(P(x;), ®(x;)) + Z; a;
=1 Jj= 1=
N
subject to Zy,-a,- =0 (34)
0<a;<C Vi=1,2,...,N

Dua ra du doan:

f(z) = (W, 0(2) + b = 3 aly(@(x), ®(2)) +b*  (35)
x; €SV
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SVM
LKernel SVM
L Kernel SVM

Kernel Trick

Ham nhin K dng véi ®(-) : X — F 1a ham sao cho x,z € X:

K(x,z) = (®(x), ®(2))
Thudng c6 thé tinh toan truc tiép K(x,z) ma khéng cAn tinh
®(x), d(z).

Examples
Vi du

¢(x)T¢(z) = [X12, \/Exlxz, X22] [zf, \/52122, 222] T
= (x,2) = k(x,2)
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SVM
LKernel SVM
L Kernel SVM

Dinh ly Mercer

Ham xac dinh ducng

M6t ham nhan dbi xdng k : X x X — R 13 ban x4c dinh duong néu véi
mét tap hitu han {xq,...,x,} € X, ma trdn nhan cla tip nay:

K = (k(xi, x;))ij

Ia ban xac dinh duong.

Dinh ly Mercer

Ham déi xtng k(w, x) c6 thé dugc biéu dién dusi dang mét tich vé
hudng:
k(w,x) = (®(w), ®(x))

cta mét anh xa ® khi va chi khi k(w, x) la ban xac dinh ducng. .
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SVM

LKernel SVM
L Kernel SVM

Dua ra du doan

f(z) = (w*, ®(z2)) + b*
= 3 a0 + 5 X 00 3 (@) 9x,)

x; €SV xn€SV xm€SV
= Z aiyik(xi, z) | V| Z Yn — Z O Ymk (Xim, Xn))
x; €SV xn€SV Xm€ESV
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SVM
LKernel SVM
L Kernel SVM

Cac ham nhan phé bién

Tz

= Ham nhan tuyén tinh: k(x,z) = x
m Ham nhan da thic: k(x,z) = (r +yx"z)?

m Ham nhin Radial Basis Kernel (Gaussian):
k(X,Z) = exp(—’y||x - Z||§), v>0

= Ham nhan Sigmoid: k(x,z) = tanh(yx"z +r)
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SVM
L Thiyc hanh

Dt liéu tu sinh

Ta sé chay trén 4 b6 dit liéu dugc sinh tir sklearn:
m D liéu 13 linearly separable
m Dif lieu van linearly separable nhung cé diém nhidu
w Dit lidu khéng linearly separable nhung gin linearly separable

m D liéu hoan toan khéng linearly separable
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SVM
L Thiyc hanh

Thuc hanh trén dir liéu tu sinh

M3i tap dir liéu gcA\)m 100 diém dir liéu, cé hinh danh nhu sau:

DG 6u hen toan khsg lnearly separable

DB b neay separatle «
3 o, 2 o 2 ° 10 LRI
% o . e -
% © o0 080 .
2 1 g .
o8 ° S N o .
5N ° 0 4 0%° 05 o, ®F % ?
e %3¢, 0 AR . bo
0 © o © . ® .
oo %, %00 o ° ° ool o % o .
° DA °g° 2 00l o ° 8% e
e . ° ) . LR | <
a Wi . | 2] e e ° 5] ey 0°9 o .o
L) -. .
E %, . = . . e . o
. 21 . 2 o w0 ey
Zo  ds o s 0 s 4o 05 do 05 10 15 20 3 5 T 3 4o 5 oo 05 10
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SVM
L Thiyc hanh

Chay md hinh véi kernel='linear’

Chay md hinh SVM théng thudng Ian lugt véi C=100000 va C=2 thi ta
dugc dudng thing phan cich va margin nhu sau:

SV with C=100000 S0 with C=100000

SVl ith C=100000

SVibwith C=100000

3 ° 2 "
S o 2
% 2o
) i oo 080
e o, eo%e 1
' 0 AN
B %0 o° 0
o -1 o
60,
o Bl

Is 1o 05 oo o5 10 15 20
Setwin €2

20 s lo s o0

St €2




SVM
L Thiyc hanh

Chay md hinh véi kernel='linear’

m Véi h\éng s6 C nhd thi mé hinh hoat déng tét hon khi dif liéu cé
diém nhiéu.

= SVM théng thudng khéng cho két qua diing khi dif liéu khong
linearly separable
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SVM
L Thiyc hanh

Chay md hinh véi kernel="rbf’

Tiép theo, chay md hinh SVM vdi kernel rbf Ian lugt véi C=10 va
C=100000, hing s gamma=0.1 thi ta dugc dudng thing phan cich va
I€ nhu sau:

UM with Kernei =" C10 gamms=0.1

S0 with Kernel="or C-10 gamms=0.1 UM with Kernel="of C-10 gamms=0.1

S0 with Kernei="er C-10 gamms=0.1

[}
E
-2
E
20 s lo s o0
SVl with Kernel='ro C=100000 gamma=0.1
2
1
[}
E
-2




SVM
L Thiyc hanh

Chay md hinh véi kernel="rbf’

m VGi kernel rbf thi mé hinh chay tbt va 6n dinh trén tip dir liéu
linearly separable va khéng linearly separable

= M3 hinh hoat dong khéng 8n dinh véi 2 tap di liéu con lai
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SVM
L Thiyc hanh

Nhan xét

= SVM soft margin hoat dong tbt khi dit liéu c6 dang linearly
separable.

m Khi dit liu khong c6 dang linearly thi SVM véi kernel='linear’
khéng thé cho ra dap an.

= V6i SVM kernel mé hinh chay tbt véi cac dif liéu khéng linearly
separable, con dit liéu linearly separable van chay dugc nhung phu
thubdc nhiéu vao tham so.
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Support Vector Machine la bai todn di tim m3t phin cich sao cho
I€ 13 I6n nhat.

Bai toan tbi uu trong SVM |3 mét bai toan 16i véi ham muc tidu 13
16i chat, nghiém cta bai todn nay 13 duy nhat.

D& thuan tién thudng s& gidi bai toan déi nglu thay wi bai toan tbi
uu goc.

Vé6i cac bai todn ma dif liéu gin tich biét tuyén tinh hodc khéng
tach biét tuyén tinh, c6 nhiing cai tién khac ctia SVM dé thich nghi
véi dit lidu dé.
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SVM
LTc‘;ng két

Tai liéu tham khdo |
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