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Support Vector Machine (SVM)

@ Random sample of size n
@ p predictor variables

x;i€RP i=1,....n
@ One target variable with k classes
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Support Vector Machine (SVM)

Basic SVM formulation

1
— ||
min @[3

s.t: y,'(a)/X,'—i—(l)o) >1 Vi=1,...,n
weRP, mg eR
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Support Vector Machine (SVM)

General SVM formulation

1 [
mln{2|w||%+CI;d,}

S.t: y,'(CO/X,'—i-(x)o) > 1—d; Vi=1,...,n
weRP, wpeR
di e R Vi=1,...,n
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Sequential methods

Multiclass methods for SVM Global methods
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Sequential methods

Multiclass methods for SVM Global methods

Multiclass problem
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Multiclass methods for SVM Global methods
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Sequential methods

Multiclass methods for SVM Global methods

One Vs One
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Sequential methods

Multiclass methods for SVM Global methods

One Vs One
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One Vs One
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Multiclass methods for SVM Global methods
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Sequential methods

Multiclass methods for SVM Global methods

Weston-Watkins

min wa’+CZZ§J

r=1 i=1j#y;

s.t: w)’,ix;+coyi02wjx,+wjo+2—<§f Vi:l,...,n,je{l,...,k}\y,-

& >0 Vi=1,....n, je{l,.... kD
o, ERP, w9 €R Vr=1,...,k
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Sequential methods

Multiclass methods for SVM Global methods

Crammer-Singer

sti @) x+0,—wx>1-& Vi=1,..,n je{l,... k}

&i>0 Vi=1,...,n
o, € RP, w9 €R Vr=1,...,k
5}’/‘]6{071} Vyi,j€{1,...,k}
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MCSVM

Separation between classes

. { 2 2 }
maxmin yeens
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MCSVM

Separation between classes

. { 2 2 }
maxmin yeens
o |2 | ®m |2

o 1
minmex{ Jln[3.... 5 103}
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Error functions

max{0,min{1,1 —s,(x)(@fx+ wyo)} if x is well
classified with

hy <x,y,<%”> = respect to 7

0 otherwise

1—s(x)(0fx+m,) if x is wrong classified
ho (X,y,%) = with respect to 7

0 otherwise
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Continuous variables

o, € RP, 0,0 €R, r=1,...m
eir >0, i=1,...,n, r=1,....m
d, >0, i=1,...,n, r=1,....,m
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Binary variables

1 if (DrtX,'+(1),0 >0
° tj = s i=1...,n,r=1,....m
0 otherwise

1 if i is assigned to

class s )
@ zji= ,i=1,...,n,s=1,...

0 otherwise
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Binary variables

0 if the class assigned to /
o &= coincides with y; =1

1 otherwise

1 if x; is well classified and

is the representative of x;

° hj= =10 (yi=y)

0 otherwise
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MCSVM formulation

min f|]a)1H2+C1 Z Z eir + G Z Z dir

i=1r= i=1r=
1 > 1 2
sat o3> a3 Vr=2.om (1)
OLx; +wy > —T(1—t;) Vie Nyre M (2)
OLx; +wry < Tt VieN,reM (3)
k
Z zis=1 Vie N (4)
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MCSVM formulation

1zi = zlly < 2[|ti — ]2 VijeN (5)
&i=lzi—&illx VieN (6)
Y hj=1 VieN (7)
JEN:

Yi=Yj

§i+hy<1 Vi,j € N(yi = yj) (8)
h,';Zl—é,‘ VieN (9)
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MCSVM

MCSVM formulation

OJ,tX,'—|—COr021—6;,—T(3—t,'r—tjr—h,'j) Vi,je N,re M
(10)
wrtx,-—i—a),o < _1+eir+T(1+tir+tjr_hij) Vi,je N,re M
(11)
dir >1—@ixi— o —T 2+t —t; —hy)  VijeNreM
(12)
d,',Z1+(D,tX,'—|-(1)r0—T(Q—t,'r—i-tj,—h,j) Vi,je N,re M
(13)
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MCSVM

MCSVM (left) and OVO (right)
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The model

MCSVM Results

Some MCSVM examples
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MCSVM Results

Computational experiments

Description

Dataset | nv nte p k m  movo
Forest 75 448 28 4 3 6
Glass 75 139 10 6 6 15
Iris 7% 75 4 3 2 3
Seeds 75 135 7 3 2 3
Wine 75 103 13 3 2 3
Zoo 75 260 17 7 4 21
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The model

MCSVM

Computational experiments

Average accuracy results

Results

Dataset | /4 RL ¢ HL /> RL /4 HL Oovo Ww CS

Forest 80.66 80.12 82.30 81.62 82.10 78.40 78.60
Glass 64.92 64.92 65.32 65.32 58.76 56.25 59.26
Iris 95.08 9540 96.44 96.66 93.80 96.44 96.44
Seeds 93.66 93.66 9352 93.52 01.02 93.52 93.52
Wine 95.20 95.20 96.82 96.82 96.34 96.09 96.17
Zoo 89.75 89.75 89.75 89.75 87.44 87.68 87.68
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Computational experiments

Glass detailed experiment
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The model
Results

Conclusions

@ We have developed a multiclass model that extends the idea of
binary SVM.

@ Our model obtains better or compared results on accuracy
with respect to traditional SVM multiclass methods.

@ We have proven that kernel tools are compatible with our
model.
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