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*Wilcoxon matched-pair signed rank one-sided test

—— X —t—
*S5%EE, *I1%EE
Tris Wine Th}rl‘oidjdisease Balance Car eva.

SpocSvm:rbf
SpocSvm:poly

4.356 = 2.331™
3.511 4+ 2.421*

2.509 £ 2.138*
3.455 + 2.020™

4.615 £ 1.086™
8.636 £ 15.875™

8.825 £ 0.671*
14.254 + 4.146™

4.981 £+ 0.964™
21.785 £+ 6.663™

C-Svm:rbf 4.800 £2.670™ | 1.782+£1.580 | 5.082£0.959™ | 9.831 &£ 0.839™ | 4.542 £ 0.807™
C-Svm:poly 3.200 £2.016 | 3.236 £1.919* | 4.587 £ 1.706™ | 8.508 £ 1.832** | 15.012 = 1.045**
Ham.:rbf 4.800 £2.474™ | 1.673 £ 1.551™ | 5.065 £0.964™ | 9.806 £0.921* | 5.073 £ 0.883*
Ham.:poly 3.200 & 2.065 | 3.225 +2.133" | 4.949 + 1.468™ | 8.418 4 1.942" | 17.434 = 1.123*
Allwein L:rbf 4.356 £2.416™ | 1.673 £ 1.507* | 4.600 = 1.319** | 9.524 4+ 0.814*" | 5.692 £ 0.906™*
Allwein 1:poly 5.200 £+ 3.264* | 2.618 £2.017* | 7.066 == 1.944** | 8.392 + 1.983** | 17.317 £ 1.156**
Allwein 2:rbf 4.356 £2.416™ | 1.891 + 1.641* | 4.650 £ 1.285** | 9.534 £ 0.789** | 5.937 £ 0.895**

Allwein 2:poly

4.622 + 3.073™

2.691 + 2.020™

5.437 = 1.146™

8.392 4+ 1.983*

16.565 = 1.062*

Model 1:rbf

4.756 = 2.459™

1.673 £ 1.551*

3.833 £ 1.776

6.222 4+ 1.702

4.335 £0.833*

Model 3

3.111 4 2008

3.164 + 2.104*

4.725 + 1.781*

8.392 4+ 1.983**

17.312 4+ 1.326**

Model 1:poly 3.156 +2.062 | 3.273 +2.173* | 4.681 =£1.614* | 8.392 4+ 1.983* | 15.458 = 1.110**
Model 2:rbf 4.756 £2.500 | 1.709 £ 1.576* | 3.844 + 1.787 6.212 + 1.703 | 4.062 £+ 0.828**
Model 2:poly 3.156 = 2.062 | 3.164 &+ 2.104™ | 4.681 = 1.604™ | 8.392 4+ 1.983"" | 15.812 & 1.156™
Model 3(MF):rbf 4.756 £ 2.500™ | 1.709 £ 1.576™ | 3.845 £+ 1.788 6.233 = 1.711 4.108 £ 0.848*
Model 3(MF):poly 3.156 +=2.062 | 3.164 £ 2.104* | 4.681 = 1.604** | 8.392 £+ 1.983** | 15.808 £ 1.108**
Model 3(CD+MCMC):rbf | 4.711 +2.444* | 1.709 +£1.576 | 3.825 £1.802 | 6.296 + 1.671* | 3.992 £ 0.932
Model 3(CD+MCMC):poly | 3.911 = 2.441 | 3.927 £ 2.184" | 4.646 £1.641™ | 8.423 £1.924™ | 13.581 = 1.062™"
Model 3(CD+MF):rbf 4.756 £ 2.418™ || 1.636 = 1.569 || 3.895 £ 1.772* 6.254 £ 1.655 4.173 £ 0.820™
(

CD+MF):poly
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« FfiAYAT—4 (Harvard University)
— 595X,20392 )L, 28834 R IT
« GCMT—%
— 1495X, 190927 )L, 160634 R T
— Full code matrixI&# M Z1BESD T, RIN—RAFUF LO—F%&EH

Validation error Lung Cancer GCM
SpocSvm:poly 6.921 £ 3.885™ | 29.937 £ 13.081
C-Svm:poly 4.889 £ 2.460** | 33.206 £ 4.893**
Ham.:poly 4.950 = 2.303** | 39.714 4= 4.450**
Allwein 1:poly 4.984 £+ 2.268"* | 28.032 £ 4.286**
Allwein 2:poly 5.651 £+ 2.338" | 30.730 4+ 4.382**
Model 1:poly 4.476 £ 2.046" | 27.048 =2 4.193
Model 2:poly 4.921 £ 2.362** | 2ONESUTEANSSl
Model 3(MF):poly 4.921 £ 2.362** | 26.762 £ 4.326
Model 3(CD+MCMC):poly |I3.873 &= 2.294 | 26.825 + 4.939
Model 3(CD+MF):poly 4.698 + 2.198% | 30.190 + 4.284*
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Problem of probabilistic decoder
« BRDESE: p(z|y;:BEETILE
C AAx—HBES T e Y
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z(x))




Problem of probabilistic decoder
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z(x))
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» Log-likelithood of probabilistic decoder
2 logp(#'|y';B, )z,

U
For an input x,min, » k(x,x")log p(Z’ |yi;Byi (xX)7 , (x)

i=1
k(x,x") =exp(=S || x — x'[[")
| 1+J. (x) 210" = »k(x,x")Z,
B, ;(x)=—~log——= J, (x)=-=]
T2 1, : anl( "= y)k(x,x)

2K = ) i

Zn:k(xi,x)
« Parameters are explicitly written, however the calculation of

parameters 1s needed for each input x.

7, (X) =
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» Log-likelihood of probabilistic decoder

2 logp(#' |y'B ),
i=1

For

B (x)=—lo Yo J (x)=-L
VT D1 = pk(xx)
D k(x' )y =) ’
7w, (X)=-"—
Zk(xi,x)

« Parameters are explicitly written, however the calculation of
parameters 1s needed for each input x.
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Estimating equation of &: Z‘P(é’,xi )=0= 0

Ex BAHEE
L) = Ylogp(x'30) = 0= )= 3 w(ox)

i=1 i=1
s MMRIGHTEAEX
S 0= WO,x)p(x:0)dx  p(x:6,): X DEEES
Ex. X LETEEZDHTE A EXIIA R

¢ REEABE SN TOEDEH T BOMENETS
ZENHMONTLS
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L(B,7|x) =2 k(x,x)logp(Z' |y';B, (X))7,, (X)
i=1
B, (x) e—By,j(x)”

0 — 5L(B,7Z' | X) _ Zk(x,xi)l(yi :y)< Ej(Xi)— €B

aBy,j(x) i=1 k e y’j(x)+e_By’f(X))
= Z\H(By,j;xi) (y=1,--,G)
i:yi:y r | | ’
0= LB i J0 =) 167 =0)i
8ﬂy =1 \ ”y(x) 7T (X) )
:ZTZ(E;Xiﬂyi) (yzla“'aG_l)
i1

 In general, estimating equation of localized method 1s
biased, which leads to degradation of performance.
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For parameter By,j, the estimating equation 1s

> W(B, ;x)=0

iy =y | | (~ | eBy,j(X) _e_By,j(X)\
W(B,,ix) = kX)) 2,60~ G
| w(B, x)p(E,(x')| B, (x))dx
2n ~ ' ' '
_ , m (xX),m (%)= | Z,(x)k(x',x)dx

(eBy,j(X)_I_e—By,j(X))z

* Corrected estimating equation

. 2n m (X)
v ) — Yy J
i:yZ_:y\{Il (Byaj,X ) o (eBy’j (x) + e_By’j (X))2




Unbiased localized decoder

1+J .(x
B .(x):llog s (%)
i 2 T1-J, (x)

L d=r () +4f0 47, ,(0)) =27, (), (X)+])

+—log
L+ 7, ()47, (%)’ =27, (X)(J,,,(x)+])
_onm,; (x)
Py (X) o Zik(xiﬂ X)

For parameter 7y, the estimating equation 1s written as

. i i iJ 1 = 1 i:Gw
0=, (7, ;x'y), ¥, (7,:x,y) = k(xx ) 2 =) T =6)L
— o (x) , me(x)

D k(x,x)I(y' =)

Zk(X,Xi)\I'lz(ﬂ'y,;Xi,y')ﬂ'y' — O — Unbias ”y(x): i=1 -
g > k(x')



Unbiased localized decoder

1+J, .(x
B .(x):llog s )
> 2 T1-J, (x)

1 1=r 0+ 7, (0) =25, ()], () +1)
+—log ’ : ’

D
)

X)

For

y'=y) 10)'=0)|
L 7Z'y(X) n ﬂG(X) J
D k(x )y =)

0= W, (7,;x'y"), ¥, (7,;x",y") = k(x,x')
=1

D k(x,x)¥y(7,;x',y ), =0 = Unbias . (x)=-"—
g > k(x',x)
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Training error against degree of localization

— ]
o . .
- | ocalized decoder, Linear kernel
- = | ocalized decoder, RBF kernel
< - Unbiased localized decoder, Linear kernel
g ] - = Unbiased localized decoder, RBF kernel
Q
© oY
. -
o o
o
©
>
S o _
o o
<
0
O_ |
o
(o]
C)_ |
o

Degree of locality, S



Test error against degree of localization S

(o) .
—

o

- | ocalized decoder, Linear kernel
= = Localized decoder, RBF kernel

Unbiased localized decoder, Linear kernel
- = Unbiased localized decoder, RBF kernel

0.15
I

0.13 0.14
I I

Averaged error rate

0.12
I

0.11
I

0.10
I

0 10 20 30 40 50

Degree of locality, S



Error rate

0.25

0.20

0.15

0.10

Test error comparison

C-svm, Linear kernel

Spoc-svm, Linear kernel

: Probabilistic decoder, Linear kernel

. Localized decoder. Linear kernel
Unbiased localized decoder, Linear kernel
C-svm, RBF kernel

: Spoc—svm, RBF kernel

: Probabilistic decoder, RBF kernel
Localized decoder ,RBF kernel

Unbiased localized decoder, RBF kernel

[ o
: o o é
——T
O
5
| | | i |
A B C E F G H | J

Linear kernel || Rbf kernel



BT LE S a= DGR

s HEERETILICKAEFTEDBATIE
~ N—RILBEHEDEA

o INAT RHHIE
— MR B AT1E1E B %8 (Unbiased localized decoder)

— Unbiased localized decoder(ZA—RILEHR D2 IZEHH 6
g DA LT
* Future work
— BFHEDEEWERODBNAIN—INTA—E—SDRTE
- BT —A~MEF
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S

1. BT-modellZE DL Z{EH|AI
1. Hasite & Tibshirani, Zadrozny, Yukinawa

2. Problematic point of conventional methods

2. Ternary BTETILZAV-ER
1. Ternary probabilistic guess

2. Ternary AdaBoost
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- GFET: 2(x) € {1,-1} hoyEHEK
- Chhs: 2fEHIRIEES f,(x) € R(j =1L ,p) hidy
EHER




a3

77ZF|:ﬁL0) ﬂ

R W e {+1,-1,0)"°, pXG 175l

J% = 0)=I=IJF':IJ BBBIZEWTIOIRNILKEEDI9SADES

. 1-
) =8 W =kj
Class 1 2 3
1 21 -1\
_ 1 —
yo| ]
1 -1 0
1 0 -l
0 1 -1 |

+1 —1 0
CruC, uC; e{lL G}

FIRIBEZR /) € R
(G ={1},C;" ={2,3})

FIRIEAZR £, e R
(C; ={1},C, = {2},C) = {3})
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w=| N y
1 -1 0 FIRIBEZ f, e R
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Bradley-Terry ModellZE D Z{EH| Al

-Step 1. INILDFEZRAITF B (probabilistic guess)

fj(x):i 2 B D F 7l B
= ANXITH T H2EBINILOFERF

: y A1 B &L 1) FEEHMZNILTF B g
y -

A x

1
I+exp(a; +b,f,(x))

f;(X) € R

q,(x)=(q; (x),q, (x)),q; (x)=1-g; (x)

q; (x)=

0<g,(x) <1:probability of event of Whicfllrfpﬁt X belongs to class set C;l



Bradley-Terry Model|ZE D<K Z{EH Al

-Step 1. INILDFEZRAITF B (probabilistic guess)

fj(x):i % B D ¥ 51| BA 2k
= AIxIZX T BH2BESNIL D FEZRSF A

1

®
A

A7 x

I
I+ exp(a, + bjfj(x))’ff(x) <K
q,(x)=(q; (x),q, (x),q;, (x)=1-¢7(x)

q; (x)=

0<g,(x) <1:probability of event of whicfllr{pﬁt X belongs to class set Cj.l
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Step 2 85

« FRIBEZ f (%)

= ADXITH T HHERMFR 9,3 =(q; (x).9,(x))

LtLEDVSRABRERE p(y|x)=(p, -, p;) ZLo>TLV=bH
2 .P,

p(y |xX)= =(7 7). 7] = T -
J J J J Z . Pﬁz . Py J J

Hastie et.al. p(x)=(p,.L ,p;)=argmin Dow D(q;,7 ;)

J

w; B EOFHIRIZFDE

o
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« FRIBEZ f (%)

= ADXITH T HHERMFR 9,3 =(q; (x).9,(x))

LtLEDVSRABRERE p(y|x)=(p, -, p;) ZLo>TLV=bH
2 .P,

p(y |xX)= =(7 7). 7] = T -
J J J J Z . Pﬁz . Py J J

‘Hastie et.al. | = argmin_ > w D(q;,7;)

B

DF| Az D E
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— VS A3DFIREIFFEBITALVEL

— 21‘%@%@1%(i’77z1 EHOS R 2D 5| RE

=R F Al q, (x)= (q;l(x),q;l(X))

o TAMR(ET=EA RN xITHLT)

— DZATNIVIERA.

— HELxDIRN L1 BN 246X, #E

BRI AT ETI AL

— FZLxDISRNILN3DIEE, iErRFIZS
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« 375X (Ternary) DFERFRINBHE



S

1. BT-modellZE DL Z{EH|AI
1. Hasite & Tibshirani, Zadrozny, Yukinawa

2. Problematic point of conventional methods

2. Ternary BTETIILZAV-®E

1. Ternary probabilistic guess
2. Ternary AdaBoost




Ternary BTETILIZCEDLES
BV ADMERNIZAT

¢« 35 RMOAVRTAYIETIL

exp(Fj”(x)) 1 exp(F;

(X))

q,(x)=(q; (x),q(x),q; (x)) = (

Z(x) Z(x)  Z(x)

Z(x) =1+ exp(F;(x))+ exp(F; (x))
FY(x) = a! + b5 5 (x),k € {+1,0,-1}

— Note: FFERMNOZE 3

C NTA—E— R IE B AR E TITS

EIEWNGE R REEER
HSZADTHERETF R 0.0=(9,().q;() %

FRIZ2

1LVD



BV ADMEERMIZAF BRI
H1THHERE R

- 2{EFIAIEF (%)
~ FE+H1HAHVIE -1Z7FHF D HIRE TR
~—fOICIEFZ0ZHFEDVADFRIEEFE NI
2ZFDEEIVSADAVRTAVIETIVEFEL>THA A
S3USRF|RINHE ?
=% B+ Bl 8 D 2{E F 5l FE~ D 773 fiF« ?
o 3VSADBEHEF->-2{EH|RZR
— Ternary-AdaBoost (T-AdaBoost)
= 1€ F D AdaBoostD ZE 2




AdaBoost

« T—AREt Y {X _ZE {+1,—1}
« UTOOREH#D Zﬁ«kﬁill\’ls
(F) = sgn(F(x))

F(x) = argmin . L

ada

L (F)= 2 exp(-F(x')z")

%LF(X)#Z’EL-L(EFIJ/”JIJ LTl

s Laa £ FE 2l RBE
=F(x)z >0
-t LF(x)H Z;EFEﬁL’J—C:i:IJ}EJIIJ LTLy
S~ niE, FEzZITEFS

=F(x)z <0
F(x)z



Ternary-AdaBoost

» BHY:Ternary AdaBoostD ¥

illlESE (N

—FHEX1ZEDODAAICKLT

IRSGEZFD

- FB0ZEFOANITHLTIEINSHEZHFD

o Dataset:{x",z"};,z e {+1,0,-1}
* Ternary-AdaBoost

argmin , ZU(F(Xi);Zi)

U(&2) = 1(z # 0)exp(-z&) + I(z = 0) A(exp(&) + exp(-£))

Z;t()\ z=0

T~ F(x):

\J

T (X)z



Ternary BT ETILIZEDES

1. ABxITx LT, Ternary-AdaBoost® #I| Al B8 £z ALY
T3VSRADERKISINILTFAIEZETHqi(x)

2. qix) EEDIVSABRERNGETEL- T;DKLA A
IN—D IV RZEwRIMET HET, VORBRESR
P(Y[X)=(p1,....p0)EET R

p(x) =argmin, ijD(qj,ﬂj)

W, :]Weight for j - th binary problem.
. BEDVIARRERNTMOTND
szy 20 Z"yJ ELTHEL-REEN T Bl
3. argmax, py(X) TINILZES
KLO&/IMEIFEIRE, TRARDEY T ILICH L TRHE
L1518, FTRIARRMKREL




e KLAAIN—U 1T REZ2FBRETHRE

—

HEOAXMDHIE

p(x)=argmin, ) w, || 7, —q,(x) |
J
|| ®||1s euclid norm.

-1 (XTVXY' XTVO 1]
1" X'vx)'1
X :Matrix determined by code matrix W

p=(x’ VX){XT Vo-

Q' Vector in which g, (x)(j=1,---,p) are aligned

V': Diagonal matrix whose componentis w..



SEOXMDHEINE
e KLAAIN—UT ARG 2FIEETHRE

= p(x)=argmin, Y w, ||z, —q,(x) |’

J

|| ®||1s euclid norm.

p=X"TX)"'X"VO

Z p, =1lis not assumed.
y

(X"VX)"' X"V is not depend on probabilistic guess Q

EFEOBTETILIZEDLES TIL, LEED
s SRS A gAY

= °

E

X

e
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Experiment: synthetic dataset

475 A [GlzE
— (E%E:300, 7 AK:3000) x50

EHw, = OHw,=1 ()w, _Zl(y e Clory' € C}')

i l

— BT: Bradley-Terry model-based decoding with AdaBoost
(«—Conventional method)

— BT model-based decoding with Ternary-AdaBoost
— TBT: Ternary BT with Ternary-AdaBoost (<—Proposed method)
— TBT(S): Ternary BT with Ternary-AdaBoost, squred loss

— TBT(A): Approximated version of TBT(S),
without constraint » p =1
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Experiment: Dataset
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Discriminant function of Ternary-AdaBoost
-Code matrix (-1,-1,1,0)
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Frabbalklilitys

.a

EE$E|’J7’\)I/%/A] - Code matrix (-1,-1,1,0)

O:-1,0:1,0O:0
AdaBoost

- ?@I@@OO

O @0 I DRI

0 MOOOM0 %0

Frobability
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ﬁE@E’J7’\)L%MI - Code matrix (-1,-1,1,0)
O:-1,0:1,0O:0

Frabbalklilitys

Frobability
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Experiment: Test error

S =
=
B+ .......... 7 -
D | |-
=
= | |-
R | -
S S [ |-
Bp-ooooe e |
M
oF foooeoeoes |
3 Bran s
oG m -1 ]
_ _ T_ _ _ _ _

GOL'0 00L'0 AB60'0 0600 S80°0 0800 SZ0°0




UCI datasets: Test error

R e e .

T T g L STy

Dataset BT TBT TBT(S) TBT(A)

Thyroid(w; = n; 0.569 £ 0.200 | 0.688 £0.208™ | 0.667 £ 0.198™ | 0.667 £ 0.198™"
(w; =1 0.600 £ 0.208 | 0.838 £0.210"" | 0.800 £ 0.209™ | 0.800 % 0.2097"
Waveform(w; = n; 15.021 £ 1.016 14.922 +0.992 | 14.905+1.011 | 14.905+1.011
(w; =1 15.124 + 0.993 14.976 + 1.008 14.919 £ 1.005 14.919 4+ 1.005

Iris (w; = n; 5.400 + 3.409 5.167 + 3.363 5.167 + 3.363 5.167 + 3.363

(w; =1 5.400 £ 3.409 5.300 £ 3.452 5.300 & 3.452 2.300 £ 3.452

Wine (w; = n 2.889 £ 2.790 2.972 1 2.854 2.972 X 2.804 2.972 1+ 2.864
2.889 £ 2.817 3.000 £ 2.920 2.972 & 2.881 2,972 x 2.881

27.163 £ 6.577
27.488 + 6.344

26.884 £ 6.395
26.512 + 6.157

26.884 + 6.505
26.512 + 6.202

26.884 £ 6.505
26.512 £ 6.202

J j
(w; =1
Balance (w; = n;
{w_.,- =1

4.632 £ 1.947"
5.144 £+ 2.113™

1.808 + 1.285
1.968 £ 1.323

2.232 £ 13717
2.264 X 1.439™

2.232 £ 1.3717
2.224 £ 1.4547

Car eva. (w; = n;
(H-‘j =1

29.298 & 2.328™F

26.942 & 2.281**

27.379 £ 2.320™

27.379 £ 2.320™"

31.023 + 2.284*F | 24.786 + 2.296 25.246 + 2.254 2H.243 + 2.249
Dermatology (w; = n; 4.000 £ 2.201* 3.431 +1.939 3.069 + 1.702 3.069 + 1.702
3.819 £ 2.017** 3.361 + 1.864 3.056 +1.743 3.056 +1.743




Conclusions

o Ternary Bradley-Terry ET JLIZE DL Z{EH
AlEDIESE
— Ternary-AdaBoost
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