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® Demo chuong trinh (20 — 30 phat)
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Gi6i thi¢u vé SVM
Giai thuat hoc cia SVM
ung dung cia SVM

két luan va hudng phat trién

Support vector machines?

m [Op cac giai thuat hoc
e tim siéu phang trong khong gian N-dim dé phan loai dit liéu
e SVM + ham kernel =m0 hinh
e giai thuat SVM = 101 giai cua bai toan quy hoach toan phuong
e tOi wru toan cuc
e c6 nhiéu giai thuat dé giai
o SVM c6 thé mé rong dé giai cac van dé cua hoi quy, gom
nhom, etc.

e Duoc Urng dung thanh cong : nhan dang, phan tich dir li¢u,
phan loai gen, ky tu, etc.



Gidi thiéu vé SVM
Giai thuat hoc cia SVM
ung dung cia SVM

két luan va hudng phat trién

Top 10 DM algorithms (2015)

Top 10 Data
Mining

° Algorithms

Here are the algorithms:

o 1.C45
e 2.k-means
3. Support vector machines

e 4. Apriori

e 5.EM

e 6.PageRank

e 7.AdaBoost

e 8. kNN

e 9. Naive Bayes

o 10.CART 5



= Gidi thidu vé SVM

® Giai thuat hoc cuia SVM

= Ung dung ciia SVM

= Két luan va hudng phat trién
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Support vector machines?

Gi6i thidu vé SVM
Giai thuat hoc ciia SVM
ung dung cia SVM

két luan va huéng phat trién
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Support vector machines?

Gi6i thidu vé SVM
Giai thuit hoc ctia SVM
ung dung cia SVM

két luan va huéng phat trién
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Support vector machines?

16 =2/||wl|
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Support vector machines?

16 =2/||wl|
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Gi6i thidu vé SVM
Giai thuit hoc cia SVM
ung dung cia SVM

két luan va hudng phat trién

Phan loai vo1 SVM

m cuc da1 hoa 1€ + cuc tiéu hda 161
M
min ¥w, b, z) = (1°2) |[w||- + ¢ Z Zi
=]

Vi(wx;—b) +zi > 1 (1)
z >0 (i=1,2, .., m)

m giai (1): w, b

® phan loai x: sign(x.w — b)

15



Gi6i thidu vé SVM
Giai thuit hoc cia SVM
ung dung cia SVM

két luan va hudng phat trién

Phan loai vo1 SVM

® bai toan doi ngau cua (1):
i i i
min ‘Ha)=(12) Z Z (Vi Vo Oy XiXy) - Z o
i=1

i=1 j=1

Z_J’.:’ o = () (2)

m gidi (2): o
e nhiing x; twong (g vé&i a; > 0 1 vécto ho trg (SV)
e tinh b dua trén tap SV

=5V
] phén loai X: S1gn( Z Vit xix - b)
i=1
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Gi6i thidu vé SVM
Giai thuit hoc cia SVM
ung dung cia SVM

két luan va hudng phat trién

SVM phi tuyén

= khong gian input: phi tuyén = khong gian trung gian: tuyén tinh

L J

= chuyén khong gian input => khong gian trung gian:

e 2 chiéu [x,, X,] khong gian input => 5 chiéu [X;, X,, X1Xo, X;2,
X,2] khdng gian trung gian (feature space)

17



Gi6i thidu vé SVM
Giai thuit hoc cia SVM
ung dung cia SVM

két luan va hudng phat trién

SVM phi tuyén

= khong gian input: phi tuyén = khong gian trung gian: tuyén tinh

= chuyén khong gian input => khong gian trung gian:
e phép chuyét} d6i kho xac dinh, so chiéu trong khong gian
trung gian rat 1om.

e ham kernel (Hilbert Schmidt space): lam vi¢c trong khéng
gian input nhung ngam dinh trong khong gian trung gian 18



= Gi6i thidu vé SVM
= Giai thuit hoc cia SVM

®  Ung dung cuia SVM

SVM phi tuyén sir dung kernel

m SVM + kernel = mo6 hinh
e thay dot product bé1 ham kernel, K(u, v)
e tuyén tinh: K(u, v) = u.v
e da thirc bac d: K(u, v) = (u.v + ¢)d
e Radial Basis Function: K(u, v) = exp(-2||u — v||/¢?)

m vi dy, ham kernel da thirc bac 5
e dit liéu c6 sb chiéu 1a 250 trong khong gian input

o tuong duong v4i 1020 chiéu trong khong gian trung gian

= két luan va hudng phat trién
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= Gi6i thiéu vé SVM
m Giai thuit hoc cia SVM
= (ng dung cia SVM

SVM ChO Vﬁn dé nhiéu lé’p (> 2) = két ludn va huéng phét trién

= x4y dung truc tiép mo hinh cho nhiéu 16p
e xay dung bai toan toi uu cho k 16p

m 1-tatca (1 vs all)
e modi mo hinh phan tach 1 16p tir cac 16p khac

e k 16p : k mo hinh @
m 1-1(1vs 1)
e mdi mo hinh phan tach 2 16p

e k16p : k*(k-1)/2 mo hinh @
m phuong phap khac

e phan tach 2 nhém, méi nhoém cé thé bao gom nhiéu 16p

e xac dinh cach phan tach nhom sao cho c6 loi nhat 20



Gidi thiéu vé SVM
Giai thuit hoc cia SVM
ung dung cia SVM

két luan va hudng phat trién

SVM cho van dé nhiéu 16p (> 2)

ABC vs DEF B B [Er
R BB ccCh
B BB B C cct

DEvs F
A A
A AAA nnn
A F pop b
D npb
Bvs(C DvsE
—_
VARVERVARN
FFFF EEEE
B C D E F FFF E EE E
1) 2}
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= Gi6i thidu vé SVM
= Giai thuit hoc cia SVM

Giai thuat SVM e
(Bennett & Campell, 2000)
(Cristianini & Shawe-Taylor, 2000)

= SVM = gidi cua bai toan quy hoach toan phuong

® gi1al quadratic program

e su dung trinh toi wu hoa san co: phuong phap Quasi-Newton,
gradient

e phan rd van dé (decomposition hoic chunking)

e phan rd van dé thanh nhirg van dé con kich thuéc 2 nhu
SMO (Platt, 1998)

= dién giai SVM bang phuong phap khac
e 10p cac giai thuat cua Mangasarian & sinh vién cua 6ng

e hoic dua vé giai bai toan quy hoach tuyén tinh hay hé
phuong trinh tuyeén tinh
22



Gi6i thidu vé SVM
Giai thuit hoc cia SVM
ung dung cia SVM

két luan va hudng phat trién

Hoi quy véi SVM

= tim siéu phang (Input hoic Hilbert space)

e di qua tat ca cac diém vo1 do 1éch chuan 1a epsilon
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Mot 16p vo1 SVM

= tim siéu cau (Input hodc Hilbert space)
e tdm 0 ban kinh nhé nhat r

e chira hau hét cac diém dir liéu

Gidi thiéu vé SVM
Giai thuit hoc cia SVM

ung dung cia SVM
két luan va hudng phat trién
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= Gidi thidu vé SVM

m (Gi1a1 thuat hoc cua SVM

= Ung dung ciia SVM

= Két luan va hudng phat trién
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= Gi6i thiéu vé SVM
m Giai thuat hoc cia SVM
[ ung dung cia SVM

= két luan va hudng phat trién

Ung dung ctia SVM

m tham khao, (Guyon, 1999)
e http://www.clopinet.com/isabelle/Projects/SVM/applist.ntml
e nhan dang: tiéng noéi, anh, chir viét tay (hon mang noron)
e phan loai van ban, khai mo dit liéu van ban
e phan tich dit liéu theo thoi gian
e phan tich dir li€u gien, nhan dang bénh, cong ngh¢ bao ché thudc
e phan tich dit liéu marketing
e etlC.
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SVM nhan dang so viét tay

27
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Gidi thiéu vé SVM
Giai thuat hoc cia SVM
ung dung cia SVM

két luan va hudng phat trién

SVM nhan dang so viét tay

The US Postal Service (USPS) database (see Figure 2) contains 9298
handwritten digits (7291 for training, 2007 for testing), collected from
mail envelopes in Buffalo (LeCun et al., 1989). Each digit is a 16 x 16

image, represented as a 256-dimensional vector with entries between —1
and 1. Preprocessing consisted of smoothing with a Gaussian kernel of
width o = 0.75.

It is known that the USPS test set is rather difficult — the human
error rate is 2.5% (Bromley and Sackinger, 1991). For a discussion, see

C4.5 decision tree 16% (Cortes and Vapnik, 1995)
LeNetl 5%  (LeCun et al., 1989)

SVM 4%  (Scholkopf et al. - 1995)
SVM + invariances 3%  (Schalkopf, 1997)
Humans; Tangent Distance 2.5% (Simard et al., 1993)

B. Scholkepf, DAGM, 14/9/19990
28



= Gi6i thiéu vé SVM
m Giai thuat hoc cia SVM
[ ung dung cia SVM

= két luan va hudng phat trién

SVM nhan s viét tay

MNIST Error Rates

handwritten character benchmark (60000 training & 10000 test
examples, 28 x 28)

Classifier test error
linear classifier 8.4%
3-nearest-neighbour 2.4%
SVM 1.4%
Tangent distance 1.1%
LeNet4 1.1%
Boosted LeNet4 0.7%
Translation invariant SVM | 0.56%

Note: the SVM used a polynomial kernel of degree 9, corresponding to a feature

29



Gidi thiéu vé SVM
Giai thuat hoc cia SVM
ung dung cia SVM

két luan va hudng phat trién

SVM phan loai text (reuters)

Table 1. Break-even performance for five leaming algorithms.

Finosima Mawve Baves BavesMNets TreES LinearSVM
(%) (%) (%) (%) (%)

parn 92.9 95.9 095.8 97.8 98.0
ac(] 64.7 67.8 66,3 89 U3.6
maoney-fx 6.7 56.6 56,6 66, 745
qrain G7. 788 81.4 85 94.6
crude 70. 79.5 ; ! 8.4
trade 65, 63.4 69, 72 759

interest 63,
ship 44,
wheat 6.
corn 48,

Mot o — — 1

64.9 71,
85.4 a4,
69,7 82.7 92,

65.3 76.4 1.

(e

|_p_.__.\_'..:..-.
o
i

e
[
]
i
[0 I
[ o I (Y LV TR O o T Y L (R

[

65.0 a8.4 e,

Avg. top 10 G4.6 81.! 8.
/5.2 MN/A a87.

Avg. all G1.7

3 R
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Gidi thiéu vé SVM
Giai thuat hoc cia SVM
ung dung cia SVM

két luan va hudng phat trién

SVM phan loa1 gen

Table 2. Results for the perceptron using all features

SVM SVM

Dataset Features FFP FN FP FN
Owvarian 1 o7 802 4.6 4.5 5 3
Ovarian 11 a7 RO2 4.4 3.4 () 0
AMLJALL train 7129 0.6 2.8 0 0
AML treatment 7129 4.8 A5 3 6
Colon 2000 AN a7 3 3
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= Gidi thidu vé SVM
m (Gi1a1 thuat hoc cua SVM
= Ung dung ciia SVM

= Két ludn va hwéng phat trién
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Gi6i thi¢u vé SVM

Giai thuat hoc cia SVM

ung dung cia SVM

két luéin va huéng phit trién

Két luan

m SVM + kernel methods
e phuong phap hoc madi
e cung cap nhiéu cong cu
e nén tang 1y thuyét hoc thong ké
e t6i wru toan cuc, mo hinh chéat luong cao, chiu dung duoc nhiéu

e thanh cong trong nhiéu ing dung

= han ché
e kho dich két qua
e d0 phirc tap van cao
o xur 1y dir liéu kiéu s0

e tham sb dau vao 33



Gi6i thi¢u vé SVM
Giai thuat hoc cia SVM
ung dung cia SVM

két luin va hwéng phat trién

Hudng phat trién

= hudng phat trién
e multi-class
e clustering
e xur 1y dir liéu Ion
e dir liéu khong phai kiéu so
e dir liéu khong can bang
e xay dung ham nhan
e dich két qua
e tim kiém thong tin (ranking)

34



DEMO
chuwong trinh

LIDSUN

wWiLcsientu.ecutw/~c/lin/ibsvim

-| Fun | Clear| Save | Load ||-t1 -d 3 -c100 35




LIbSVM

® dinh dang dir li¢u
label att-i:val-i .... att-n:val-n

m vidu

1 1:-0.555556 2:0.25 3:-0.864407 4:-0.916667
11:-0.666667 2:-0.166667 3:-0.864407 4:-0.916667

1 1:-0.777778 3:-0.898305 4:-0.916667

2 1:0.111111 2:-0.583333 3:0.322034 4:0.166667

2 1:-1.32455-07 2:-0.333333 3:0.254237 4:-0.0833333
3 1:0.222222 2:-0.166667 3:0.525424 4:0.416667

3 1:0.888889 2:0.5 3:0.932203 4:0.75

31:0.888889 2:-0.5 3:1 4:0.833333

36



LIbSVM

® tuy chon

e -s svm_type (default 0) : 0 (SVC), 1 (nu-SVC), 2 (one-class), 3
(epsilon-SVR), 4 (nu-SVR)

e -t kernel type (default 2) : 0 (lin), 1 (poly), 2 (RBF), 3 (sigmoid)
e -d degree (default 3) : polynomial kernel

e -0 gamma (default 1/#attr) : RBF kernel

e -C cost (default 1) : C-SVC, epsilon-SVR, nu-SVR

e -p epsilon (default 0.1) : epsilon-SVR

e -vnum fold : kiém tra chéo

37



Test (2d)

- """ Run | Clear | Save | Load I-tEl -c 10000
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Test (2d)

B o | cesr | sae | Load [-2-g50 -c 10000000
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Test (2d)

PSR Fin | clear | save | Load |-2-51000 -c 100000000

40



Tap dir licu

= UCI (Asuncion & Newman, 2007)

e *Spambase, 4601 ind., 57 att., 2 classes (spam, non)
e *Image Segmentation, 2310 ind., 19 att., 7 classes

e Landsat Satellite, 6435 ind. (4435 tap hoc, 2000 tap kiém tra),
36 att., 6 classes

e Reuters-21578, 10789 ind. (7770 tap hoc, 3019 tap kiém tra),
29406 att., 2 classes (earn, rest)

= Bio-medicales (Jinyan & Huiging, 2002)

o ALL-AML Leukemia, 72 ind. (38 tap hoc, 34 tap kiém tra),
7129 att., 2 classes (ALL, AML)

e Lung Cancer, 181 ind. (32 tap hoc, 149 tap kiém tra), 12533
attr., 2 classes (cancer, normal) 41



k-fold

= 10-fold
. it] I I I I I O I I
mIt2:

test |train|[train [train train train train [train train |train |
Lt 10 train [test [[train [train [train | traintrain [train [train [train |

[l Vi e et et e et R



Demo

m Spambase (spam=1, non-spam=2)
e nghi thire kiém tra : 10-fold
e linear kernel
e Iénh : svm-train -t 0 -c¢ 10 -v 10 spambase.scale

= két qua

matrix confusion

1 2
1 1618 195
Z 134 2654

Cross Validation Accuracy = 92.8494%



Demo

= Image Segmentation
e nghi thirc kiém tra : 10-fold
e RBF kernel
e 1&nh : svm-train -t 2 -g 0.0002 -c 10000 -v 10 segment.data

m két qua
matrix confusion

1 2 3 4 5] 6 i
1 328 0 0 1 1 0 0
2 0 330 0 9 0 0 0
3 0 0 311 5] 14 4] 0
4 Z 0 d 310 4 1 0
5 1 0 10 s 311 0 0
6 0 0 0 0 0 330 0
7 0 0 0 0 0 0 330

Cross Validation Accuracy

44



Demo

m Landsat Satellite

e tap hoc sat.trn, tap kiém tra sat.tst

e RBF kernel

e 1&nh : svm-train -t 2 -g 0.001 -c 100000 sat.train sat.rbf

m két qua

matrix confusion

1

1 452

2 0

3 3

4 0

5 0

6 0

7 0
Accuracy = 92

.00%
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Demo

m Reuters-21578 (earn=1, rest=2)

e tap hoc r.trn, tap kiém tra r.tst

e linear kernel

e [énh : svm-train -t 0 -c 1000 r.trn r.lin
= két qua

matrix confusion

1 2
1 1079 3
2 34 1698

Accuracy=96.608611
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Demo

s ALL-AML Leukemia (ALL=1, AML=2)

e tap hoc allaml.trn, tap kiém tra allaml.tst

e linear kernel

e [énh : svm-train -t 0 -¢c 1000000 allaml.trn allaml.lin
= két qua

matrix confusion

1 Z
1 19 1
Z 0 14

Accuracy=97.058824



Demo

= Lung Cancer (cancer=1, normal=2)

e tap hoc lung.trn, tap kiém tra lung.tst

e linear kernel

e 1&nh : svm-train -t 0 -c 1000000 lung.trn lung.lin
= két qua

matrix confusion

1 2
1 15 0
2 2 132

Accuracy=98.627718






