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LOi cam on

Ching em xin chan thanh cdm on Ban t6 chiic PIMA vi dd mang dén mot trai he Todn hoc vo
cung thd vi va day y nghia cho ching em ciling nhu 1a cdc ban trai sinh con lai. Khéng nhiing
chiing em duoc tim hiéu sau va rdng hon vé Toan, chiing em con dudc lam quen va hoc hoi
tlr cac ban cé cling chung dam mé danh cho mén Todn tir khap noi trén moi mién dat nudc.
Tham gia PIMA, ching em dugc gidi thiéu véi cac mang Toan & Dai hoc, dugc hoc lap trinh,
nghién ctiu va viét bdo cdo, va trén hon ca 1a rén luyén ki ndng lam viéc nhém. Ching em rat
tran trong trai nghiém 10 ngay vifa qua va hy vong rang PiIMA sé tiép tuc truyén cam hing va
nudi gitt ngon lta dam mé cho cac ban hoc sinh tham gia nhu PiMA da thuc hién thanh coéng
trong 3 nam vua qua.

Chdng em ciing xin gui 16i cam on dén Ban Gidm Dbc Dai Hoc Khoa Hoc Tu Nhién TP.HCM
va cdc nha tai tro da tao diéu kién dé trai hé PIMA 2018 duoc dién ra thanh cong.

Ching em xin cam on dén cdc thay dién gid: GS.TS H6 Tu Bao, PGS.TS Dinh Dién, TS.
Nguyén Dic Hoang Ha, TS. Nguyén Minh Triét, PGS.TS Ly Qubc Ngoc. Qua nhiing 10i chia
sé nhiét huyét tir cac thay, chling em va cac ban trai sinh con lai da duosc mé mang va tiép
xtc véi nhiéu khia canh khac nhau trong mén Todn, dic biét [a dbi v6i mang may hoc.
Ching em xin chan thanh gui 16i cdm on dén su hd tro cta anh Vi Lé Thé Anh, 13 ngudi d3
truc tiép hudng dan tui em trong qud trinh tim hiéu va chuan bi bai bdo cdo nay, cling su gép
y clia anh Duong Dinh Trong cho bai bdo cdo nay dugc hoan hao hon.

Va xin cdm on dén cac ban trai sinh con lai vi dd ddng hanh cung ching minh trong 10 ngay
vlia qua.

Téom tat ndi dung

Trong khudn khd bai bdo cdo nay, ching em sé trinh bay vé thuat todn Support Vector
Machine va ting dung clia né trong cdc bai todn, dic biét 13 trong hé théng phan 16p nhi phan.
Bai bao cdo duoc xay dung trén co s toan hoc, Soft-margin va Hard-margin SVM, cach toi
uu hé thdng, va md phdng thuat todn nay trén md hinh du dodn giao thic tin dung.
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Téng quan |

1 Tc“)’ng quan

Thudt toan Support Vector Machine chinh thiic dugc gidi thiéu bsi Bernhard E. Boser, Isabelle
M. Guyon va Vladimir N. Vapnik vao nam 1992. Thuat toan Support Vector Machine bat dau
trd nén ndi tiéng khi ducc dp dung vao ki thuat nhan dang con sé viét bang tay. Ngay nay,
Support Vector Machine cé vai trd quan trong trong mdy hoc va dugc biét dén nhu 1a mot vi
du dién hinh cta phuong phap kernel.

Support Vector Machine gitp hd tro gidi quyét moét trong nhiing nhiém vu phd bién clia mdy
hoc: phan céch dii lieu. Cu thé hon, Support Vector Machine gitip ta phan loai mét diém di
litu méi vao modt trong hai I6p dit liéu da dugc hinh thanh tir nhitng diém di liéu cii bang cach
gan véi moi diém dit lieu dé mot vector p chiéu va di tim mot siéu phang p — 1 chiéu dé phan
cach céc vector trén sao cho khodng cach tir 1& dén siéu phang dé 13 I6n nhét.

Hinh sau 1a mot vi du cta siéu phang phan cach trong khéng gian ba chiéu.
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2 Mot s6 dinh nghia va tinh chat

Dinh nghia 2.1. M6t tap hop A duoc goi la I6i néu véi hai phan tir x; va x; bat ki thudc A,
phan ti x, = ex; + (1 — €)x; ciing thudc A, Ve € [0, 1].

Tinh chat 2.2.
o Mot siéu phang 13 mot tap 16i.
o Giao clia cac tap 16i la mét tap 16i.

Dinh nghia 2.3. M6t ham s6 7 : R” — R 1a ham 16i néu tap xac dinh (dom) D |a mot tap 10i
va:
flexi+(1—€)xj) <ef(x;))+(1—€)f(x;),Vx;,x; € D,0<e <1

Tinh chat 2.4. Him s6 f : R” — R 1a mét ham 16m néu —f 1a modt ham 16i.
Tinh chat 2.5. Ham norm 13 mot ham 16i.

Dinh nghia 2.6. M6t ham s6 f : R” — R |a ham 15i chat néu f 13 ham 16i va diu bang khéng
xay ra Vx; # X;.
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Mét s6 dinh nghia va tinh chat |

Dinh nghia 2.7. M6t bai todn tdi uu 16i 13 mot bai todn tbi uu cé dang:
x = argmin fy, (1)
X
vOi
fi(x) <0 Vi=1,2....n,
hj(x):aTx—b =0 Vi=1,2,..., m,

xeD= ﬂ domf ﬂ domh

Trong dé, f; 1a cac ham 16i Vi =0, 1, ..., n.
Dinh nghia 2.8. Goi x¢ la nghiém toan cuc cla bai toan tbi uu 16i (1) néu:

Xo = argmin fy,
X

va fi(xo) <0 Vi=1,2,..n hj(xo) =0 V/j=12..., m.
Dinh nghia 2.9. Goi x( la nghiém cuc b6 lan can € cta bai toan tbi uu 16i (1) néu:

Xg = argmin fg,
X

va fi(xo) <0 Vi=1,2,..n, hj(xg) =0 Vj=1,...m |[x—xol, <e.

Tinh chat 2.10. Nghiém cuc bd 1an can clia mdt bai toan tbi uu 16i ciing chinh 13 nghiém
toan cuc cua bai toan do.

Chimg minh bang phan chimg: Gia st xg |2 mét nghiém cuc bd 1an can e nhung khong 13
cuc tri toan cuc. Goi yo la cuc tri toan cuc, tic la f(yy) < f(x0), [l¥o — xoll» > €.
Mat khdc, ludn tdn tai zg sao cho:

2o = 0yo+ (1 —0)xp véi 6 € [0, 1] du nho,

1zo — xoll, < €,

zo théa man cac ham diéu kién rang budc.
Khi dé:

fo(zo) = fo(8yo + (1 —0)x0)
< 0fo(yo) + (1 —6)fo(x0)
< Bfy(x0) + (1 —6)fo(x0)
= fo(xo).

Diéu nay mau thudn do xg la nghiém cuc bé lan can e.

Dinh nghia 2.11. Ham Lagrangian cta bai toan téi uu 16i (1) l1a ham:
m
L(x,\v) = fo(x +Z>\ fi(x) + Y vihi(x)

VeI,
x €D,
A=A A2, ] A =0,

v=Iv,u, .., un]T.
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Dinh nghia 2.12. Ham dbéi ngdu cla bai todn téi uu 16i (1) véi (X, v) la ham:
A = inf AV).
g v) = inf L(x. A v)

Nhan xét 2.13. Ham dbi ng4u trén la mét ham I6m.
Tinh chat 2.14. g(X\, v) < fy(xp) VGi xo la nghiém toan cuc cla bai toan téi uu 16i (1).
Dinh nghia 2.15. Bai toan dbi ngdu Lagrange clia bai todn (1) la:
(Ao, o) = arg;\maxg(x, v).
w

Dinh nghia 2.16. D6i ngau chat xdy ra khi g(Ag, vo) = fo(xo).
Nhan xét 2.17. Khi d6i ngdu chat xdy ra, nghiém ctia bai toan déi ngau chinh 1a nghiém clia
bai todn tbi uu géc.
Dinh ly 2.18 (Tiéu chuan Slater). Khi bai toan téi uu gbc la 16i, va téon tai x* € D sao cho:
fi(x*) <0 Vi=1,2,...,n hj(x*)=0 Vj=1,2,..,mthi doi ngau chat xay ra.
Dinh ly 2.19 (Heé diéu kiéen KKT). Diéu kién can va di KKT cho nghiém (xg, Xo, vo) bai todn
déi ngau la:
filxo) <0,Vi=1,2,...,n,
hi(xo) =0,/ =1,2,...,m,
AN >o0Vvi=12.,n,
>\Qf-( 0) =0,Vi=12..n,

o o Of I 0k
202 ~o.
oxo T =N Z Vox

3 Phat biéu bai toan

Xét tap du lieu D = {(x;, ¥i);xi € R™; y; € {1, -1} | i =1,2,...,n} v6i n la s6 cap dii liéu va
m 13 sb chiéu cla di liéu (sb luong ddc trung). Trong do:

L 1 néu cap di lieu thi i thudc nhém 1,
Y= =1 néu cip dif liéu th i thude nhém 2.

Ta can xac dinh siéu phdng w’x + b = 0 phan chia 2 nhém sao cho 1 13 16n nhat, véi dinh
nghia |é trong bai toan SVM 13 gia tri cla:

~wTx + b
min ———
i=12,..n  ||w]y
Bai todn trén tuong duong vdi bai toan téi uu sau:
-
. wixj+b
(w, b) = argmax{mm g} (2)
w,b ! ||W||2

Nhan xét 3.1. Ta luén chon duoc (w, b) sao cho y; va (w' x; + b) ciing dau vi néu khéng
chi can déi dau cda y;,¥i = 1,2, ..., n.
Khi dé, (2) tuong duong véi tim:
(wTx: -+ b
(w, b) = argmax {mjn M} (3)

w,b ! “W”2



4 Cac phuong phap giai bai toan SVM
4.1 Tap dir liu c6 thé phan cach tuyén tinh: Hard-margin SVM

4.1.1 Bai toan tuong duong

Ta cé: ludn ton tai siéu phang w’ x + b = 0 phan chia hoan toan hai nhém. Goi (x0, y0) la:

(wTx: + b
(Xo,)/o) = argmin }M
(xi,y) HWH2
(wTx: + b
Nhan xét 4.1. Néu thay (w, b) = (kw, kb) thi % khong di, ¥i = 1,2, ..., n. Tir
2

do, khong mat tinh téng quat, gid st yo(w' xg + b) = 1.
Khi dé (3) tré thanh tim:

1
w, b) = argmax ——, 4
( ) w,b ||W||2 ( )

Vel y,'(wa,-) > yo(WTxo +b)=1,Vi=12,..n.

(4) tuong duong véi tim:

1
(w, b) = argmax o w3, (5)
w,b

v6i 1 —yi(wTx) <0, Vi=1,2,..,n
Nhu vay, sau khi xac dinh dugc siéu phang w’x + b =0, nhém clia x; € R™ bat Ki trung véi
dau cla wix; + b = 0.
4.1.2 Bai toan déi ngiu Lagrange

Ki€m tra tiéu chuan Slater: Vi hai I6p dr liu 13 c6 thé phan cach tuyén tinh, tdc bai toan
c6 nghiém, nén ludn ton tai cap (wo, by) sao cho:

o,vVi=1,2, .., n,
o,vi=1,2, .. n.

1 _Y/(W;)rxi + bo) <

&2 —y,'(2wa,- +2b,) <
Chon w1 = 2w, va by = 2b,, suy ra:

1—y(wlxi+b)<-1<0Vi=12..n

Vay tiéu chuan Slater thoa man.

Ham Lagrangian cla bai toan (5) la:

1 n
L(w,b.A) = ZIwl3+ Y X1 —yi(w x;+ b))
i=1

VoI A = [A1, A2, ., AT va X >0,Vi=1,2,...,n.
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Ham d6i ngau Lagrange 13

g(A) = migﬁ(w, b, A\) véi A = 0.

Xét (wp, bg, Ag) = argmin L(w, b, X). Khi doé:
w,b

oL

n
Gwo = wo — ): Aiyixi = 0= wo = Y AyiX;.

=1 i=1
— Yy —
abo ; /yl O

Thay vao biéu thic ctua L(w, b, ), ta duogc:

N 1 N N
g(A) Z 5 Z Z AmYnYmX Xm (6)
n=1

n=1m=1

Tu d6, két hop ham dbi ngau Lagrange va cdc diéu kién rang budc cta A, ta sé thu duoc bai
toan dé6i ngiu Lagrange clia bai todn (26.3) cé dang

A=arg max g(A)
VO

A=0
N

ZAnYnZO

Vi day 13 mot bai todn 16i va dbi ngdu chat xay ra, hé diéu kién KKT 13 diéu kién can va di
cho b6 (wy, by, Ag):

1-yi(wo xj+by) < 0Vi=12..n
Ao > 0Vi=1,2,...,n
>\,'(1—y,-(W0Tx,-+b0)) = 0Vvi=12,..n (7)
n
wo = Y AyiXi
=1
N
Y Xyn = 0 (8)
n=1

Tur diéu kién (7) ta thiy hodc A; = 0 hodc yj(wo’ x; + bg) = 1. Khi dé, hai dusng thing
wo” x; + b = £1 chia tach hoan toan hai I6p dif liéu.
Tu day ta cé dinh nghia sau:

Dinh nghia 4.2. Hai dudng bién clia bai todn SVM la hai duong thang wy’ x; + b = +1.

Nhan xét 4.3. Sé diém ndm trén ca hai siéu phang la nhé hon rat nhiéu so vdi téng sé diém
ctia tap huan luyén.
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Dat S={n: X, #0} va N5 la sb phan tlr clia tap S
Theo (8), ta tinh w:

w = ZAmYme,

meS
1
b = /\/_ ()/n_ Z AmYmXqun>
S pes meS

Vé viéc tinh Ag thé ndo, mé hinh sé duoc dung bang ngon ngit 1ap trinh Python.

4.2 Truong hop tap dir liéu khong thé phan cach tuyén tinh: Soft-margin SVM va
Kernel Trick

4.2.1 Bai toan tuong duong: Soft-margin SVM

Trong thuc té, tap di liéu hudn luyén ta cé gan nhu khéng thé phan cdch tuyén tinh. Khi dé,
néu dung thuat toan Hard-margin SVM sé dan dén viéc két qua /é rat nhd, tham chi khong
tim dudc siéu phang phan céch.
Véi suy nghi nhu vay, thuat toan Soft-margin SVM ra doi. Lic nay, dé thu duoc /€ I6n hon, ta
chip nhan mét vai diém dit liéu bi sai roi vao bén trong hodc sang han phia bén kia cla /é. D&
thay su chip nhan sai can duoc han ché, néu khong, ta cé thé tao ra mot /é rat 16n bang céch
chap nhan hau hét cic diém bi sai.
Tu dé, ham muc tiéu nén 1a mot su két hop dé tbi da /é ciing nhu téi thiéu su sai.
Nhu d& néi trong hard-margin SVM, viéc téi da Ié c6 thé dua vé viec tbi thiéu |wl|3. D& tinh
su sai, dinh nghia thém mot bién do do sai v6i mdi diém x; trong tap di liéu huan luyén.
Dinh nghia 4.4. «; 13 bién sai ca bién x; néu nhu:
0 néu diém di lieu x; ndm trong bién cla nd,
a = - D . N L
{ lw' x; + b—y;| néu diém di lieu x; khéng ndm trong bién cta nd.
Nhan xét 4.5. Ta cé thé dinh nghia bién sai nhu trén do o chi can ti 1€ vdi khoang cdch tur
x; dén siéu phang
Véi soft-margin SVM, ham muc tiéu sé c6 thém mét sb hang nira gitp toi thiéu téng do sai.
Khi dé, ham muc tiéu mdi la:
N
2IwlE+C Y- o
véi C 1a mét hang sé duong.
Nhan thdy |y;| = 1,Vi=1,2,...,n, ta cé:

aj = |w'xij+b-y

w'x;+b—y,

D//’

— yi(wTx; + b) — 1‘
>1—y(w'xj+b)
Tur d6 ta thu duoc diéu kién rang buéc méi sau, Vi = 1,2, ..., n:
1—a;—y(w'x;+b) <0,
va a; > 0.
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Nhu vay, bai toadn tbi uu gbc cho Soft-margin SVM phat biéu nhu sau, Vi = 1,2, ..., n:

1 i
(o, bo, ) = argmin = w3 +C ) o,
w,b,a i=1

v6i: 1 —a; — yi(w' x; + b) <0,

(9)

4.2.2 Huéng giai quyét thir nhat: Bai toan déi ngiu Lagrange clia Soft-margin SVM

Tuong tu bai todn Hard-margin SVM, ta quan tam dén bai todn déi ngdu cla nd.
Kiém tra tiéu chuan Slater: Vi = 1,2, ..., n va ¥(w, b), luén tdn tai cic s6 duong a;, dii I6n
sao cho:

yvilwTx; +b) + a; > 1.

Vi vdy, bai todn t6i uu nay théa man tiéu chuan Slater.
Ham Lagrangian cua bai toan Soft-margin SVM |a:

1 4 . ]
L(w,b,a,Av)= 5 HWH% +C Za,' + ZA/(l — —J//'(WTX,‘ +b)) - Zl//ai- (10)
=1 i=1 =1

VGi A = (A1, Ao, ...,>\,,]T = 0vav=|v,uw, ...,un]T = 0.

Bai toan déi ngau clia Soft-margin SVM |a:

gAv)= min L(w,b,a A\ v)

w,b,a

DE gidi bai toan trén, v6i mdi cap (A, v), xét bd (wp, b, ap) thda man:

oL .
8_WO:O<:>WO: Z)\,-y,-x,- (11)
i=1
oL -
%ZO@ZM,:O (12)
i=1
0

Tu (13) suy ra chi can quan tam téi cac cap (A, v) théa man A, = C —v
Tuday tacingsuyra0< X\, v;<C,Vi=1,2,...,n.
Thay vao biéu thiic Lagrangian, ta thu duoc ham muc tiéu clia bai toan déi ngau:

n n n
=)\ ZZ Nyivix] xj. (14)
=1 i=1/=1

Nhan xét 4.6. Ham nay khéng phu thuéc vao v va tur (13) suyra0 < X\, < C,Vi=1,2,...,n

r\)ll—l

Khi dé, bai todn dbi ngau tré thanh tim:

Ao = argmax g(A)
A

n
voi: 2 Aiyi =0, (15)
i=1

0<A<CVi=12,..n. (16)
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Hé diéu kién KKT cla bai toan tbi uu Soft-margin SVM 1a, Vi = 1,2, ..., n:

1—af -y (wlx;+bo) <0, (17)
—af <0, (18)
A9 >0, (19)
1/0 > 0, (20)
A(1—a? - yi(wix;+ b)) =0, (21)
Sal =0, (22)
Ngoai ra con cé cac diéu kién (11), (12), (13).
Khi A% > 0, theo (21):
vi(wlxi4+bg) =1—-aP. (23)

Néu 0 < A% < C, theo (13), v? = C — A% > 0; ngoai ra theo (22) ta thu dudc a? = 0. Tiép
tuc theo (23), suy ra y,'(ng,- + bp) =1, hay:

WOTx,--I—bO :y,-,V/':O<>\? <C.

Tém lai, néu 0 < A9 < C, cac diém x; nam chinh xac trén cac |é. Khi do, (wo, bp) dugc tinh
theo:

wo = Z Ayix;,
by = Ne (vi — w{ x;)
S jes

Vi S ={m:0 < A\, < C} va Ng |a s6 phan tir clia S.
Khi dé, nhém cla x* chinh 13 dau cla:

* 1 *
wix*+bo =Y Nyx]x*+ — Ne Y. (yj— Y N0yix] x ) (25)

iem JES ieM
V6i M = {n:0< A} va Ny l1a sb6 phan ti cia M.
4.2.3 Huéng giai quyét thir 2: Bai toan téi uu khdng rang budc cho soft-margin SVM
Bai toan t6i uu khéng rang budc tuong duong: Xét diéu kién rang budc dau tién:
l—a—yi(w'xi+b) <0 a; >1—y(wx;+b)

Mat khac, aj > 0 nén ta c6 bai toan rang budc tuong duong véi bai toan (9) nhu sau:

(wo. bo, o) =arg min > |wll3 +C Y o
=1 (26)
théa man: a; > max(0,1 —y;(w'x; 4+ b)), ¥Vi=1,2,....n
Ménh dé 4.7. Néu (wy, by, ap) 1a nghiém cua bai toan tdi uu (26), thi:

a? = max(0,1—yj(wlx;+ b)), Vi=1,2....n (27)

8
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Chiing minh: Gid st ton tai / sao cho
a; > max(0,1 —y,(wOTx,- + b)),

Khi dé, chon o = max(0, 1 —y,-(WOTX,- + b)), ta dugc mot gid tri nhd hon clia ham muc tiéu,
trong khi tat cd cdc rang budc van duoc thdéa man (mau thuln).

Vay ménh dé duoc ching minh.

Tur do, bai toan tdi uu trd thanh:

1 n
, by, ag) = in =||w|3+C 01—y, (w'x;j+b
(wo, bo, o) = arg min S lwl3+ ,; max( yi(w'x; + b)) 28)
thoéa man: a; = max(0, 1 —y,-(WTX,-—l— b)),Vi=1,2,...,n,
hay:

1 n
(w, b) = argmin —||WH%—|—CZmaX(0,1—)//(WTX,'—|-b)) (29)
w,b 2 )

Nhan xét 4.8. Bai todn nay cé thé gidi duoc bang cac phuong phap gradient descent.
Dinh nghia 4.9. Ham Hinge loss cé dang:
Ji(w, b) = max(0,1— y;(w' x; + b))
Xay dung ham mat mat
Dinh nghia 4.10. Ham Hinge loss trung binh cé cong thtc:
J(w, b) = % i Ji = % Zn: max(0,1— y;(w' x; + b))
i=1 i=1

Nhan xét 4.11. Xét (wy, by) 1a nghiém bai todn Khi tap dir liéu cé thé phan cdch tuyén tinh,
gid tri téi uu ctia J(w, b) = 0. Khi dé dé thdy V¢ > 1 1a hang s6, (cwo, chy) ciing 1a nghiém
bai todn dan téi nghiém cé thé Ién tuy y.

Vi vay, ta cé dinh nghia sau:
Dinh nghia 4.12. Hdm mat mat téng cong c6 cong thiic la:
J(w,b) = L(w,b)+BR(w,b),

. 1
V6i B >0, R(w, b) = —é||w||§.
n?2
Nhan xét 4.13. Ham mat mat téng cong la mét ham 16i theo (w, b).
T6i uu ham mat mat: Vi viéc tdi uu ham mat mat dua trén gradient descent, viéc chinh cla
muc nay la tinh dao ham clia ham mat mat theo w va b.

Nhan xét 4.14. Dao ham cta ham mat mat téng cdong khéng qua phiic tap.
Vi thé ta diing Gradient Descent theo w va b dé tinh gid tri téi uu ham mat mat.
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Phan tinh todn cu thé, sé dé cap trong code Python. Dao ham cla phan hinge loss khéng qua
phuc tap:

A(max(0,1—y;(w'x;+b))) | —yix; néul—y(w'x;+b)>0
ow 0 néu l—y;(w'x;+b) <0

O(max(0,1 — y;(w'x; + b))) )y néul—y;(wlx;+b)>0
ob 0 néul—y(w'x;+b)<0

Phan regularization ciing c6 dao ham tuong dbi don gidn:

A
o (1wiz)
S G AN

ow - AW

A
o (31miz)
S SV

ob N

Néu cap nhat bang gradient descent théng qua chi mét diém dir lieu (x;,y;) (stochastic
gradient descent). Néu 1 — yj(w' x; + b) < 0, ta khong cap nhat gi va chuyén sang diém tiép
theo. Nguoc lai biéu thic cap nhat cho w, b duoc cho béi

ww—n(—yxi+Aw); b b+mny; néu 1-—y(w/x;+b)>0

W W — AW, b+ b néu 1—y(w'x;+b)<0
véi m la learning rate.

4.2.4 Kernel trick

Dé ap dung thuat todn Support Vector Machine 1én cac dir liéu khéng phan biét tuyén tinh,
ngudi ta can bién cac diém dii lieu nay lén khéng gian nhiéu chiéu sao cho né phan biét tuyén
tinh ho3c gan nhu phan biét tuyén tinh trén khéng gian dé. O khéng gian nay, bai toan cé
thé duoc gidi quyét bang hard/soft-margin SVM. Dua trén suy nghi dé, ta di tim mot ham sb
¢(x) nham bién déi dif liéu x dé thoa cac tinh chat trén. Nham ting hiéu nang tinh todn va
tiét kiem bd nhd, cac ham Kernel duoc st dung dé md tad mdi quan hé gitta hai diém di liéu
bat ki trong khéng gian mdi, thay vi tinh toan truc tiép bién déi clia ching.

Vi du:




Cac phuong phap gidi bai todan SVM |

Y tudng cho ham Kernel Xét ham sb ¢() sao cho sau khi dugc bién déi sang khéng gian
m&i, méi x tré thanh ¢(x), va khi d6 tap di liéu méi tré nén gan phan biét tuyén tinh. Khi dé
bai todn dbi ngdu clia Soft-margin SVM trd thanh:

n n n
A= arg m}le Z >\,’ — Z Z >\,->\J-y,-yjd)(x,-)Td>(xj),
i=1 i=1j=1
1 30
théa man: 2 Ay =0, (30)
i=1
0\ <C,Vi=1,2,...n,

va nhém clia mét diém dit liéu mdéi x* chinh 13 dau cla biéu thuc:

. L1

wlo(x*) + b=} Nyd(x) $(x) + 1} (Yi - L >\M¢(XJ‘)T¢(X/‘)) - (3
JESs M jem JES

Nhan xét 4.15. Trong (30) va (31), ta chi can tinh ¢(x;)7 ¢(x;) vdi hai diem dit liéu x;, x;

bat ki. Vi thé ta chi can xdc dinh mét ham k(x;, x;) = ¢(x;) " ¢(x;).

Khi dé, (30) va (31) tré thanh:

n n
A = argmax

n
A= ) Ak (X, xg)
=1 i=1j=1
n 32
thoa man: Z >\,y, = OY ( )
=1
0\ <CVi=1,2,..n,

va nhém cla mot diém di liéu méi x* chinh 13 diu cla biéu thic:
* * 1
w’d(x*) +b=Y_ Nyk(x;, x*) + N ) <y,— - )\J-yjk(x,-,xj)> : (33)
JES M jem J€S

Tinh chat cda ham Kernel:
+ Tinh chat dbi xing.
+ Thda man diéu kién Mercer:

n n
ZZk(x,—,jn)c,-cjzo,Vcke]R,kzl,Z,...,n. (34)
i=1j=1

Nhan xét 4.16. Diéu kién Mercer gitp déam bao bai toan déi ngdu (33) 1a 16i.

Mot s6 ham Kernel théng dung

o Ham linear (tuyén tinh): k(x,z) = x" z.

o Ham RBF (radial basic function/Gaussian kernel): k(x, z) = exp(—y||x — z||3),7 > 0
o Ham sigmoid: k(x, z) = tanh(yx"z +r)

o Ham polynomial (da thic): k(x, z) = (r +yx" z)¢
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5 Ap dung vao md hinh thuc té

Bai todn Support Vector Machine trén cé thé dp dung vao mé hinh du dodan lira ddo qua thé
tin dung. Ta sé ap dung thuat toan phan I6p nhi phan vao moé hinh nay. Muc dich cta thuat
todn la cho biét giao dich la ltra ddo (positive class) hay tin cdy (negative class).

Phan code chi tiét thuat toan bang Python duoc dé cap & muc Phu luc.

5.1 M0 ta dir liéu
Dir liéu dau vao gom cac giao dich qua thé tin dung thu thap vao 09/2013 tai Chau Au bao
gom:

C6 492 giao dich lira ddo trong téng sb6 284,807 (chiém 0.172%).

28 dic trung (V = Vi, ¥, ..., Vhg) da duoc gidam chiéu dir liéu qua phuong thic phan tich
thanh phan chinh (Principal Component Analysis).

2 dic trung mo ta thoi gian va sb tién chuyén gilia hai giao dich ké nhau.
Lép clua dir liéu: |a ltra dao hay tin cay.

Do dir liéu vé giao dich lira ddo qua it so véi téng sb dir liéu, nén viéc du dodn cdc giao dich
Ira ddo khoéng duoc chd trong. D€ gidi quyét van dé nay, ta chi gili lai mét s6 dii liéu cla cac
giao thtc tin cay sao cho tap dii liéu can bang. Ki thuat nay goi 13 Undersampling.

Viéc moé phong thuat todn SVM trén tap di liéu nay dugc thuc hién trén mdi trucng Python
vGi su hd tro clia thu vién scikit-learn.

5.2 Cac thuat ngir quan trong
Dé danh gia mot hé théng phan 16p, ngudi ta thuong phan tap di liéu thanh 3 phan chinh:
Tap training: dung dé huin luyén mé hinh.

Tap validation: toi uu cic tham sb khdc cho mé hinh, st dung w duoc huan luyén tir
tap training.

Tap test: dung dé danh gid thuat toan sau khi da chon ra tham s& mong muén .

Viéc nay nham muc dich chon cdc tham s6 ti uu va danh gia hé théng trén mot tap dit liéu
chua thay (unseen data).

Dinh nghia 5.1. D6 chinh xac |a ti & giita s6 diém di liéu dodn ding trén téng sb dir liéu.

Nhan xét 5.2. Ta thdy rang vdi cdc bé dit liéu phan I6p khéng can bang (dit liéu chadn dodn
c6 bénh, xdc dinh phan tir khing bb), do chinh xdc khéng 1a thang do pht hop dé danh gid hé
théng (do su thiéu hut dir liéu dan dén két qua sai).

Dé khic phuc diéu nay, ngudi ta dua ra hai thang do sau.

Dinh nghia 5.3. Precision Ia ti 1& s6 diém dugc du dodn diing positive class trén tong sb cdc
diém duoc du doan positive class.
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Dinh nghia 5.4. Recall 13 ti 1&é s6 diém duoc du doan ding positive class trén téng sb cac
diém that su thudc positive class.

Nhan xét 5.5. Precision cao déng nghia vdi viéc dé chinh xac cla cdc diém duoc du dodn
positive class /3 cao. Recall cao déng nghia vdi viéc ti I1é bd sét cdc diém thuc su thudc
positive class /3 thap.

5.3 Tham s6 C va kernel trong thuat toan SVM

Tham s C 13 tham s quyét dinh viéc t8ng quat héa cla thuat toan véi di lidu. O géc nhin
khéc, tham sb C xac dinh viéc xem xét céc dit liéu nhiéu gan siéu phang phan cach cda thuat
todn c6 dang ké hay khong.

Nhan xét 5.6. Néu C c6 gia tri dii I6n, thuat toan Soft-margin SVM tré thanh Hard-margin
SVM.

Thu vién scikit-learn cho phép ta cung cap cu thé cdc kernel khdc nhau nham muc dich chon
ra kernel thich hop dé t6i uu héa (& bai toan nay |13 uu tién tdi da gia tri recall dé du doan
khong bo sét céc giao dich lira ddo).

Qua trinh chon hai tham sé trén duoc thuc hién 1an luot nhu sau:

Thuc hién thuat todn trén tap training dé chon ra tham s6 w.

Lan luot thir w véi cdc tham sb C va kernel khac nhau trén tap validation va chon bd
tham sb tbi uu nhat.
O mé hinh nay ta chon C € {0.01, 1,100} va kernel € {linear’, rbf",’sigmoid’}. Cac két qua
danh gid v6i cdc tham sb khac nhau:

Kernel = 'linear’ 0.01 1 100
A.Precision 0.983 | 0.985 | 0.981
A.Accuracy 0.898 | 0.898 | 0.901
A .Recall 0.81 0.808 | 0.819
Standard deviation of recall | 0.0475 | 0.0413 | 0.049
Kernel = 'rbf’ 0.01 1 100
A.Precision 0.326 | 0.61 0.607
A.Accuracy 0.483 | 0.598 | 0.606
A .Recall 0.666 | 0.577 | 0.625
Standard deviation of recall | 0.471 | 0.0623 | 0.0327
Kernel = 'sigmoid’ 001 |1 100
A.Precision 0.326 | 0.493 | 0.462
A.Accuracy 0.483 | 0.483 | 0.488
A.Recall 0.666 | 0.666 | 0.67
Standard deviation of recall | 0.471 | 0.468 | 0.465

Sau qua trinh thir ta chon dugc C = 100 v6i kernel 1a ham tuyén tinh (linear).

Nhan xét 5.7. Ta thay rang viéc diung Hard-margin SVM la hop li, vi viéc du dodn sét cdc
giao dich Itra ddo nghiém trong hon viéc du dodn nham cdc giao dich tin cdy. Li gidi cho viéc
ham da thiic va ham sigmoid khéng thuc hién hiéu qud bang ham tuyén tinh, cé thé Ia do tinh
hubéng Overfitting trén tap training.
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5.4 Danh gia mé hinh thuc té

Thuat todn du dodn cac giao thiic lira ddo dat duoc cac két qua sau trén tap test:

Precision dat dugc 0.88.

Recall dat dugc 1.00.

Precision | Recall
Giao dich lua dao | 0.88 1.00
Giao dich tin cay | 1.00 0.85
Do chinh xac 0.929
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6 Phu luc

k Editkemel |Kaggle X

&~ C @ Secure | niipsy//wwkaggle.com/asabovesobelow/svm-script/edi

SVM Script

numpy np
pandas pd
matplotlib.pyplot plt
os

sklearn.model_selection train_test_split,KFold,cross_validate
sklearn svm
sklearn.metrics recall_score, accuracy_score, classification_report

main_file_path "../input/creditcard.csv"
data - pd.read_csv(main_file_path)

fraud_count - len(data[data.Class 11)
fraud_indices - np.array(data[data.Class 1].index)

genui_indices - data[data.Class 0] .index

random_sample = np.random.choice(genui_indices, fraud_count, replace
genui_indices - np.array(random_sample)

indices = np.concatenate([fraud_indices,genui_indices])
filtered_data - data.iloc[indices, :]

X = filtered_data.loc[:,filtered_data.columns ‘Class']
y = filtered_data.loc[:,filtered_data.columns ‘Class’]
y = np.array(y).T[@]

train_X, test_X, train_y,test_y - train_test_split(X,y,test_size-0.1,random_state-08)

Console 639.2MB/17.2GB

P Type here to search
K Editkemel|Kaggle X

o C|a

re | https://wvwkaggle.com/asabove s

SVM Script

train_X, test_X, train_y,test_y - train_test_split(X,y,test_size-0.1,random_state-0)

¢ = [100,1,0.01]
kernels = ['linear’', 'rbf', 'sigmoid’']

kernels:
C:|
SVM = svm.SVC(C = j, kernel - i, gamma ‘scale’
kfold = KFold(n_splits , shuffle = True, random_state - 0)
results - cross_validate(estimator-SVM,X-train_X,y-train_y,scoring-['accuracy', 'recall’, 'precision'],cv-kfold)
average_recall - np.mean(results['test_recall'])
average_accuracy - np.mean(results[’test_accuracy'])
average_precision np.mean(results|['test_precision'])

standard_deviation_recall - np.std(results|'test_recall'])
('Paremeter C: ',j,'; Kernel: ', i)
('Average recall: ', 6average_recall,’; average accuracy: ',average_accuracy,'; average precision: ', average_precision)
('Standard deviation of recall: ',standard_deviation_recall)

Cc=1

kernel = 'linear’

SVM = svm.SVC(C, kernel, gamma ‘scale’)

SVM.fit(train_X, train_y)

y_pred = SVM.predict(test_X)
(classification_report(test_y,y_pred, target_names ['Fraud', 'Genuine']))
('Accuracy score: ',accuracy_score(test_y,y_pred))

Console 639.2MB/17.26B

P Type here to search
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Phu luc |
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