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PHAN 1: NOI DUNG LY THUYET
1/ Ly thuyét cia SVM cho bai toan phan loai hai l6p
Y twong ciia SVM
-Cho trudc tap huan luyén D = {(xi,yi)}ifl trong d6 x; € R4 va

y; €{-1,1}
- Dung 4nh xa @ bién doi dir liéu tir khéng gian input vao khong gian

feature
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Anh xg @ tir khdng gian Input vao khong gian feature.
- Trong khdng gian feature, tap huan luyén c6 dang D, = {(¢(x).v,)} Y,
tach duoc tuyén tinh, tic ton tai mot siéu phang tdi wu cé thé tach di lidu
(Hy): wl o(x) + by, = 0 hay noi cach khac wyy;(o(x;) + by) = 0 véi
vi=12,..,N



%, Optimal hyperplane
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Hoc siéu phang t6i wu trong khéng gian feature

- Siéu phang nay khi anh xa trg lai khéng gian input cé thé tao ra mot
bién quyét dinh c6 hinh dang khong tuyén tinh.

Céch chen siéu phang téi wu

Trong khong gian feature, c6 nhiéu siéu phang c6 thé tach dugc dit liu
Do. Can chon mot siéu phang téi wu. Siéu phang téi wu 1a siéu phang c6 1& 16n
nhat. Lé ctia mot siéu phang d6i voi tap huan luyén D, 1a khoang céch tir
diém gan nhét toi siéu phang d6. Nhu vay c6 thé dinh nghia 18 cua tap Dy toi
siéu phang (H): wTo(x) + b = 0 nhu sau:

_|wTo(x;) + bl
M(Dy,H)= min ——0r

Bai toan hoc siéu phang tdi vu dugc chuyén thanh

max min
w,b 1<i<N [lw]]

st.y; wle(x))+ b) >0,vi=1,..,N
MO hinh cieng ciia Support Vector Machine

Chuing ta can giai bai toan tdi wu sau dé tim siéu phang c6 1& 16n nhat



max min
w,b 1<is<N

(yi w'o(x;) + b))

lwll
st.y; wle(x))+ b) =0,vi=1,..,N
Boi vi 1& cua siéu phang (w, b)bang voi I& cua siéu phang
(kw, kb) trong d6 k > 0. Do d6, chung ta ¢ thé gia sir dit liéu c6 thé tach roi
tuyén tinh, tic 12 min 1<i <N, y; W' @ (X)) + b =1 va bai toan ti vu & trén tro
thanh:

1

max —-
wb- |lw]|

st.y; wle(x))+ b) >0,vi=1,..,N
hay chuyén thanh bai toan cuc tiéu hoa:

in lw?]]
min-—||w
w,b 2

st.y; wle(x;))+ b)>0,vi=1,..,N
M6 hinh mém csia Support Vector Machine

Diéu kién cua Md hinh ciing caa Support Vector Machin khdng phu
hop véi dir liéu thuc té vi dix liéu thuc té c6 thé chira cac diém ngoai 1€
(outlier) hay nhidu (noise). Vi vay, md hinh mém (soft model) cia SVM sir
dung cac bién slack vai [§]Y,véi & = 0 dé cho phép dir liéu nam trong

margin. Bai toan t6i vu moé hinh mém cua SVM nhu sau:

mm( ) T +02<:

stiy; Wlhe(x))+ b)=>1-¢,vi=1,..,N

&=>0vi=1,..,N



Trong 46 C > 0 dugc goi 1a tham s¢ bu trir (trade-off parameter) dé can
bang gitta 13i tdng quét (ti 18 véi margin 1/||w/|) va 13i thuc nghiém (ti 18 véi

i1 &1)-
Dé giai quyét bai toan téi uwu trén, can ap dung dinh 1y Karush-Kuhn-

Tucker, ham Lagrange c6 dang:

Bidi

N N N
1
LWw,b,¢ap)= §||W||2 +C Zfi _zai[yi(WTq)(xi) + b)—1+¢]—
i=1 =1

i=1 i

- Thiét 1ap ¢ao ham cta ham Lagrange theo cac bién chinh w, b, & bang 0

N N
0=V,L=w-— z}’iaiq’(xi) - w= z}’i“iq’(xi)
i=1 i=1

N
0= VbL = Zyiai
i=1

0=VeL=C— al-—,Bl.,Vi =1,..,N - a; + ,Bi =C,vi=1,.. N
Diéu kién KKT c6 dang sau:
a; 20,y (wo(x)+ b)=21-¢,a; (yl.(wTdb(xl-) +b)—-1+ fl) =0

Bi = O!Ei = O'ﬂifi =0

- Bai toan t6i uu dang toan phuong bac 2:

N N
(1
mogn E zyiyjl((xi,xj)aiaj - Exi
i=1j=1 i=1
N
s.t.: zaiyi =0
i=1



Trong d6 K(x,x") = @(x)T &(x") la ham hat nhan.

Pé giai quyét bai toan tdi wu hoa dang toan phuong bac hai, c¢d rat nhiéu
huéng tiép can dugc dé& xuat nhu: phuong phap diém trong va cic phuong

phap phan rd véi do phic tap tuyén tinh véi sé luong dir liéu.

biéu kién Karush-Kuhn_Tucker (KKT) cho phép tim ra céc tinh chét caa

cac vector hd tro (support vector)

- ai=0:ﬁi=C - €i=0 —>yi(WT(D(Xi)+ b)Zl , khi néy cac

vector x; s& nam ngoai I va duoc phan 16p dung.

-0<q; <C:B;20 - &=0 >y wWe(x;)+ b) =1, cac vector

Xi S& nam trén I va duoc phan I6p dung.

- a; = Ckhinayy; Wlo(x,)) + b) >1—¢§ , cac vector x; ¢ thé

dugc phan loai dang hoac sai.

Ki hiéu Iy = {i:0 < a; < C A1 <i< N}Ilachisd cuaatap cic vector
hd tro dugc bao bai 18 1an can, Izg, = {i:a; >0 A1 <i < N} cac chi sb cua
cac vector hd trg. Bé uwdc lugng gié tri cua b, ching ta dwa vao tap cac vector

hd tro dugc bao. Vi tat ca cac chi sd i € Izgy, ta cd phuong trinh sau:
yi who(x) + b) =1

Nhan Yi vao hai vé cua phuong trinh,
y; WTe(x;) + b) = y;,Vi € Izsy. Tinh trung binh cho tit ca i € Iz, ta

dat duoc:

1 i 1 C
b= E (yi —wlo(x)) = E Vi — E yiai K (x;x;)
[ Ipsv| [ Ipsv| =

i€ Ipsy i€ Igsy

Trong 6 |Izsy | 12 S6 phan tir cua tap Iy .

Ham quyét dinh cé dang:



N
F) = sign(wTo(x) + b) = sign() v K(x,x) +b)

=1
Ham quyét dinh cia SVM duoc biéu thi trong phuong trinh, mic di mot
bién quyét dinh tuyén tinh duoc hoc ra trong khong gian dic trung, khi anh xa
nguoc tro lai trong khdng gian nguyén thuy caa dir liéu ham quyét dinh nay s&

tré thanh mot bién quyét dinh phi tuyén.
Mgt sé ham hat nhan théng dung
- Linear kernel

Ham hat nhan tuyén tinh c6 cong thic K(x, x") = xTx’ + ctrong d6 ¢
la mot hang s6. Khong gian feature sé tring vai khdng gian nguyén thiy ban
dau cua dir liéu. Ham hat nhan nay thuong duoc st dung trong truong hop

khong gian dix li¢u thua vi du nhu trong bai toan phén loai van ban.

- Polynomial kernel

d
Ham hat nhén da thtc c6 dang K (x, x") = (xTx’ + ¢) trong d6 thanh
phan mii d 1a mét gid tri duwong. Khong gian feature gan lién vai ham hat nhan

da thirc s& ¢6 sb chiéu rat 16n va ti 18 thuan vai d.

- Radial Basic Function (RBF) kernel

Ham hat nhan RBF c6 dang K (x, x') = e~¥lx=x'I trong d6 y 1a mot gia
tri dwong dai dién cho do day cua ham hat nhan. Tham sé diéu chinh y dong
mot vai tro quan trong trong viéc thuc hién chic nang ctia ham hat nhan, va
can dugc diéu chinh mot cach can than khi 4p dung vao nhitng bai toan cu
thé. Néu udc lwong gia tri qué cao, cac thanh phan mii s& hoat dong gan nhu
tuyén tinh va phép chiéu trén khéng gian nhiéu chiéu hon sé& bat dau lam mat

dan kha nang phi tuyén tinh caa ham hat nhan. Trai lai, néu wdc luong gia tri



qua thap, ham chuc ning s& mat di kha ning téng quat hoa va bién quyét dinh
s& rat nhay cam véi nhidu trong tap dir liéu huan luyén.

2/ Trinh bay chién lwec pairwise va one-against-all dé két hop nhiéu may
phan loai hai lé6p cho bai toan phan loai nhiéu lép

One-against-All

s

D1(X) 0
\
- \\%\\\‘ Dylx) =0

=

Dy(x) =0

0 Xy

Xay dung cac siéu phang t6i wu tach 16p i (1 <i < m) va cac I6p con

lai

o D;(x) =w/@(x;) + by
e Di(x) cang 16n, x cang & xa siéu phang thi i

Phan loai nhu sau x € C, voi t = argmax; D;(x)

Pairwise

Vi mdi cap 16p C;, C; véi i < j, ding dir liéu cua hai I6p nay dé huan

luyén siéu phang D;;(x) = wi;®(x) + b;;

e COm(m+1)/2caplop

e Dji(x) =-D;(x)



Dé quyét dinh nhan cho x, sir dung bé phiéu (vote)
o v;(x) = Xjxillp, =0 — 56 1an phan loai x vao 16p i
e x € (; Véit = argmax; v;(x)

3/ Ly thuyét thuat toan KNN (K ngwoi lang giéng gan nhat)

Thuat toan KNN la thuat toan ¢ muc dich phan loai 16p cho mot mau
moi (Query point) dua trén cac thugc tinh va I6p cia cdc mau sin co
(Training Data), c4&c mau nay dugc nam trong mot hé goi 1a khdng gian mau.

Mot ddi twong duogc phan 16p dua vao K lang giéng cua nd. K la so
nguyén duong dugc xac dinh trugc (thuong la khoang céach gitra cac doi
tuwong) khi thyc hién thuat toan.

Y twéng thugt toan KNN

Cac mau duoc md ta bang n chiéu thuoc tinh sb. Mai mau dai dién cho
mot diém trong mét chiéu khong gian n chiéu.Theo cach nay tat ca cac mau
duogc luu trir trong mot mo hinh khéng gian n chiéu.

- Xac dinh gié tri tham sé K (s6 lang giéng gan nhat).

- Tinh khoang céch gitta d6i tugng can phan 16p (Query Point) vai tat ca
cac d6i tuong trong di lidu huan luyén.

- Sap xép khoang cach theo thir tu ting dan va xac dinh K 1ang giéng gan
nhat vai Query Point.

- LAy tat ca c4c 16p cua K lang giéng gan nhat di xac dinh.

- Dua vao phan 16n 1ép cua lang giéng gan nhat dé xac dinh 16p cho
Query Point.

Vi du minh hea KNN



Vi du can phan Ip cho z

® Lopcl H Lép c2

= Vi du can
e & phanldpz

- Xét 1 lang giéng gan nhat — Gan z vao 16p c2

- Xét 3 lang giéng gan gan nhat— Gan z vao 10p cl

- Xét 5 lang giéng gan gan nhat— Gan z vao lop cl

Chen mgt hay nhiéu lang giéng gan nhat?

Viéc phan lép chi dya trén duy nhat mot lang giéng gan nhat la khdng
chinh xac. Thuong xét k>1 cac lang giéng gan nhat. Véi bai toan phan loai
hai 16p, k thuong dugc chon 14 mot s6 1é dé tranh can bang ti 1é giira hai 16p

Ham tinh khodng céch d

Pong vai trd quan trong trong phuong phap hoc dya trén cac lang giéng
gan nhat, va d dudng duoc xac dinh trude va khong thay doi trong qua trinh

hoc.
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Céc loai ham tinh khoang cach d

- Ham khoang cach hinh hoc: danh cho cac bai toan cd thudc tinh dau

vao kiéu sb thuc. Mot sé ham tinh khoang cach hinh hoc:

Euclid:

n

d(x,2) = | ) (= 2)?

i=1
Manhattan:

n

d(x, Z) = ZLXL — Z

i=1

MinkowskKi

n 1/p
d(x,z) = <z|xi - Zi|p>
i=1

- Ham Hamming: danh cho cac bai toan cé cac thudc tinh dau vao kiéu

nhi phan.

d(x,z) = z Dif ference(x;, z;)

1, nfua #b

Vé6i Dif ference(a,b) = {0 N —

- Ham Cosine: danh cho cac bai toan phan I6p van ban

d( ) X.Z ?=1 XiZ;
X, Z) = =
' Izl =1 Xi? Xis1 2

11



PHAN 2: THU NGHIEM TREN 5 DATASET NHIEU LOP

1/ Dir ligu thir nghiém

Phan thuc nghiém duoc thuc hién trén python véi 3 chuong trinh SVM
Pairwise, SVM one against all, va KNN. Méi chuong trinh chay trén 5 dataset
nhiéu 16p. Mdi dataset chia thanh hai tap dit liéu: 90% cho huin luyén va 10%
cho thir nghiém. V&i dit liéu 90% huan luyén thuc hién cross validation véi 5
fold dé tim mé hinh tét nhat va tha nghiém md hinh tét nhat trén tap thu
nghiém 10%. Cac dataset dugc thur nghiém dugc Iuu trén thu muc Dataset |a:
iris, wine, dna, segment, vehicle, letter. Cac dataset c6 cac 16p lan luot 14 1,

2, ..., s0 16p. Théng tin vé cac tap dix liéu

- Iris: 4 dimensions, 150 vectors, 3 class, 50 positive, 100 negative.
Céc l6p twong ung la: 1, 2, 3

- Wine: 13 dimensions, 178 vectors, 3 class, 59 positive, 119 negative.
Céc l6p twong ung la: 1, 2, 3

- Dna: 180 dimensions, 2000 vectors, 3 class, 464 positive, 1536
negative. Cac lop tuong ung la: 1, 2, 3

- Vehicle: 18 dimensions, 846 vectors, 4 class, 212 positive, 634
negative. Cac lop tuong ing la: 1, 2, 3, 4

- Segment: 19 dimensions, 2310 vectors, 7 class, 330 positive, 1980
negative. Cac lop twong ung la: 1, 2, 3,4,5,6, 7

Hudn luyén di liéu d@é tim ra md hinh tét nhat

- Thuét toan KNN: duoc huin luyén bing cach véi mdi fold sé thay
ddi s6 1ang giéng gan nhat 1 tir 4 dén 10. Tim mé hinh tét nhat trén
fold. Sau d6 1ap lai trén 5 fold dé tim md hinh tét nhat.

- SVM Pairwise: dugc huan luyén bang cach: trén mdi fold lan luot
huan luyén hai 16p i, j (i< j) st dung ham RBF kernel, va thay doi

cac tham sb Lamda 2°, 23, 27, 2% 23 2° va tham s6 C lan luot 12

12



1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 @& tim m6 hinh tét nhat cua
hai 16p i, j. Két hop cac mé hinh phan loai hai 16p dé phan loai nhiéu
16p. Viéc chon lép dé du doan trong phan loai nhiéu I6p cho mot di
lidu bang cach chon 16p dugc du doan co do chinh xac cao nhat

- SVM One Against All: duoc huan luyén bang céach: trén mdi fold
lan lwot huan luyén 16p i véi dit lieu con lai sir dung ham RBF
kernel, va thay d6i cac tham sé Lamda 27°, 273, 2%, 2, 23 2° va tham
s6 C lan luot 12 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 dé tim mo
hinh tot nhat caa hai 16p i. Két hop cac mé hinh phan loai hai 16p dé
phan loai nhiéu 16p. Viéc chon 16p dé du doan trong phan loai nhiéu
I6p cho mét dir liéu bang cach chon 16p duoc du doan nhiéu lan nhat

cho dur liéu do

2/ Két qua thir nghiém

Két qua mdi chuong trinh duoc ghi ra 2 file duoc luu trong thu muc
result: file detail thir nhat ghi lai cu thé qua trinh huan luyén, chon tham sé dé
tim duoc md hinh tét nhat va két qua do chinh xac test trén 10% di liéu, file
final thir hai ghi do chinh xac, thoi gian huan luyén cia mé hinh tét nhat va

két qua d6 chinh xac dung md hinh tét nhat test trén 10% di liéu caa 5 dataset

13



Két qud thaz nghigm véi KNN

Dataset Time Acc Training (%) | Accuracy (%)
Training Training 90% Test 10%

Iris 0.0 100 100

Wine 0.0 100 94

Dna 0.016 85 84

Vehicle 0.0 75 69

Segment 0.015 97 96

Két qud thiz nghigm véi SVM Pairwise

Dataset Time Acc Training (%) | Accuracy (%)
Training Training 90% Test 10%

Iris 0.0 100 100

Wine 0.0 100 100

Dna 0.016 85 84

Vehicle 0.0 75 69

0.015 97 96

Segment

14




- Két qud thiz nghi¢m véi SVM One against all

Acc Training | Acc Training (%) | Accuracy (%)
Dataset o )
(90%) Training 90% Test 10%
Iris 0.0 100 100
Wine 0.0 100 100
Dna 1.28 926 04
Vehicle 0.65 86 75
Segment 0.27 97 98

Biéu do so sdnh dé chinh xac va théi gian hudn luyén mé hinh tét nhdt cia

cac
100} -4
90 -
= 85|
o
e
=
g s8or
75+
~—4 SVM ONE_ALL j 5 5
70 L SVM PAIRWISE | 7 N
— KNN H H H
65 1 1 | i_ |
iris wine dna vehicle segment

Biéu do so sanh dg chinh x&c trén cac tdp di lidu

15



Time

2.0

+&—a SVM ONE_ALL
e—e SVM PAIRWISE
—  KNN ; : :

0.0 _ : : . :

iris wine dna vehicle segment

Biéu do so sanh thoi gian hudn luyén mé hinh tot nhdt trén cac tdp dir liéu

Nhan xet

Do chinh xac: Véi cac tap dix liéu nho thi KNN, SVM Pairwise va
SVM One against All ¢c6 d6 chinh xac gan nhu tuong nhau. Nhung
véi cac tap dir liéu 16n thi SVM c6 @6 chinh xac cao hon

Thoi gian huan luyén cho md hinh tét nhat: Vai cac tap di liéu nho,
thoi gian huan luyén cia caa KNN, SVM Pairwise va SVM One
against All twong nhau. V&i cac tap da liéu 16n, KNN c6 thoi gian

huan luyén tot hon
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