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3.1 Kernel Flexible Discriminant Analysis
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-1.0 0.5 0.0 0.5 1.0

(@) log,pA )=02

-1.0 0.5 0.0 05 10
(a) o =(0.01, 0.005)
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0.6
04 |0
0.2
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10 05 00 Y o -1.0 05 0.0 0.5 1.0
(b) G = (0.1, 0.05) (b) log;p(r )=03
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° 0y X Aaégf a2
04 |0 0 % '\A 7 a
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lz{ak (9a) wkd’(ma)} , k=1,...,q.

3

000000000000 f(6(g)=W,%) 000000KFDADOOOOOODOOOOOO
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n Dy
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00 00A, = diag [0x(g1) — Wep(@1), . .., 0k(gn) — Whp(zn)] /62, 0 0000000 000
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001, =(1,1,...,1),n 000000 p, 00 000
Pro = (01(g0) — Whp(xa))? /264 — 1/267

0000000420000 GgIcO0O0OO0OO0OO0OOO0OO0OOOO0OO0OOoO0oOOOoOooOOoa
Hastie and Tibshirani] 199000 0 0000 Pe = ®(&® +nAl,)"'® 0000000000

o0DoOO00OCO00DO00DO0O0 w{pPpyO0O00OO0OOODOOOUODOUODOOOODOO

000000000000 00obo0ooooobooooon AICy, D00oooao

(4.3) AICa (s, \, o) —2Zf (ga)|Ta; W, ) + 2gtr({ P} + 1) .
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uboooooomoooooobbooboboooooooboooboOoOobDAICy, OOOOODOO
gobooooboAlCcOOoooooooboOoOoooOboOooboobooOooobboOoobooooobo
gobooooboooooobooooooooooOoboOoooboOooooobOboOooooOoobOoo
gobooooboooobobooooooobooooOoOoobOOoOooobooOoOoobOOooooOooooOoo

42 O00O00OOO0OOOOO

AlcCOO0DOO00O0O0D0oooDobOobOoboboboOooOobDOobDObSchward] 197800000
0 0O 0O 0O I Bayesian Information Criterion; BICLO O OO0 00000 O0OOOOOOOOOO
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gobo0dDb sO0O0oO0boo0ooboOooooobbooooooo

(4.4) (WA = ﬁ (%)S/Qexp{"%w;wk}.

uobboooobooooooocoooooobooooOobOboOoooboboOoooobooOoooboobooo
goboooboooooboooooooooooOboOobO ooboboobooooo

(4.5) BIC(s,\, o) = fZZlogf (ga)|Za; W, 3) +n/\2wkwk +qlogn
k=1

+log|J| — qlog 2w — gslog A.

obobobvsm42000000000O0OBICOOOOOOOCOOO0OOOOOOOOOCOO
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gobAlICO0O0O0OSchwarzO BICOOOOOOOOOOOOOOOOOOODOOOOO
ooboooooo BiIcy OOoooooo

(4.6) BICxm(s,\,0) = —QZf (90)|@a; W, ) + log(n)q(tr{Pe} + 1).

gobobooboboobobobboobobbobobuobbUbUUKonishil 19990110
1] 20000 Konishi et allJ 200400 00000000000 O000O00OO0
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go000ooooooodo 41 0:00000 Wave Form DatallJ420: 0000 04.30:
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5.1 Wave Form data

0000 Wave Form Datd] Hastie et all] 1994, 2001010 0000000330 000000
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HFF FERE THRE
Linear discriminantation 12.1 19.1
Quadratic discriminantation 3.9 20.5
Classification tree 7.2 28.9
Flexible Discriminant Analysis (MARS (degreel)) 10.0 19.1
Flexible Discriminant Analysis (MARS (degree2)) 6.8 21.5
Kernel Flexible discriminant analysis with GIC 9.6 15.3
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Linear discrimination 32 56
Quadratic discrimination 1 53
Classification tree 5 56
Flexible discriminant analysis (BRUTO) 6 44
Flexible discriminant analysis (MARS (degreel)) 9 45
Flexible discriminant analysis (MARS (degree2)) - 42
Single layer perceptron - 67
Multi layer perceptron (88 hidden units) - 49
Gaussian node network (528 hidden units) - 45
Nearest-neighbor - 44
Kernel Flexible discriminant analysis with GIC 6 42
Kernel Flexible discriminant analysis with AIC, 6 42
Kernel Flexible discriminant analysis with BIC 6 40
Kernel Flexible discriminant analysis with BIC), 7 14
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HBIF FERE THRE
Linear discrimination 1.8 104
Quadratic discrimination NA NA
Multi layer perceptron (m = 5,log;o(\) = —5) 1.1 11.8
Multi layer perceptron (m = 5,log;,(\) = —8) 1.0 11.2
Multi layer perceptron (m = 10,log;o()\) = —5) 1.0 5.8
Multi layer perceptron (m = 10, log;o(A) = —8) 1.0 5.6
Multi layer perceptron (m = 15,log;o(A) = —5) 0.2 4.8
Multi layer perceptron (m = 15,log;o()\) = —8) 0.2 4.7
Kernel Flexible discriminant analysis with GIC 1.6 2.4
Kernel Flexible discriminant analysis with AIC), 2.0 4.0
Kernel Flexible discriminant analysis with BIC 1.9 3.1
Kernel Flexible discriminant analysis with BIC,, 2.0 4.1
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Kernel Flexible Discriminant Analysis for Classifying

High-dimensional Data with Nonlinear Structure and Its Applications

Tomohiro Ando

(Graduate School of Mathematics, Kyushu University)

Discriminant analysis aims at the classification of an object into one of given classes
based on information from a set of characteristics. Among the many available methods,
Fisher linear discriminant analysis, the most popular approach, has so far contributed
to development of science and a social system. With the advent of powerful computers
and the information age, however, the issue of discriminant analysis has exploded both
in sample size and data complexity. Researchers have since begun to tackle nonlinear
discriminant analysis problems in a more realistic fashion.

It is well known that Fisher’s linear discriminant analysis is equivalent to multi-
response linear regression using optimal scoring. We propose nonlinear versions of Fisher’s
discriminant analysis, “Kernel Flexible Discriminant Analysis (KFDA)”, by replacing the
linear regression function with a nonlinear kernel function.

Observing that the least square approach tends to yield poor results, we use a smooth-
ing approach in consideration of the predictive performance of the discriminant func-
tion. To determine the “best model” among the candidates, we investigate the likelihood
of KFDA models and propose model selection criteria from information-theoretic and
Bayesian points of view. Real data analysis and Monte Carlo experiments indicate that
the proposed KFDA approach performs well in practical situations.

Key words: Fisher’s linear discriminant analysis, kernel method, optimal scaling, smoothing, model
selection.



