FIT2011 (% 10 EMEMA S 74 — 5 L)

F-017

svMOOOOoooo20000000000000O0000bO00o0oooon
HRERN

An Efficient Algorithm for SVM-based Multivariate Two-sample Test Using
Path-Following Approach and lts Application to Gene Set

ooooo ooooof

Kota Isobe  Yuta Ishikawa

1 0000

0000,00000000000 (SVM)00000
002000000000000.000200000
0,00000020000000000000000
00000000000. 2000000000000
0000200000000000000000000
00000,0000000000000000000
20000000000000. 0000000000
00002000000000000,0000000
0020000000000000000 [1))2. 000
0,2000000000SVMO0O0,0000 SVM
0000000000000000000200000
000000000. 000,20000000000
0000000000000000,00000000
0000000000000000000000000
000000 3. 0000000000000000
000000000000,000 (SVM)OO00 (00
0)00000000000000000000000,
000000000000000000.0000,0
000000000000,000000000000
SYMOOOOODOO0OODO00000000,00000
0000000000000000000000000
ooooooo.

0000,»,00000000wveR"000000
nxmOO00 MeR™™ 00000000.00,N,
0100000000000 {1,2,...,n} 00000
000.000,7I00000000000000

2 SvMUOoOooooog 20000

gooosvMOOOOOoOoooooooooooo
2000000000000D00.

fO0D0O00000, Nagoya Institute of Technology
f00O00O00, Tokyo Institute of Technology

(5525r1)

opoooot
Masayuki Karasuyama

ooooo ¢
Ichiro Takeuchi

ooood

Taisuke lzumi
2.1 0O0O0O20000

goooooD 2000000000000. D =
{(®i,yi)}ien, O n O00D0O00O0O0, z;, e RP O p O
00000000,y €{-1,+1} 000000000
0O0O0. 00,20000000000 C_,C, 00,
00000000 no,ny (n=n_+ny)000. 00
o,000cCc,c, 00000000O00ooooooon
P ,pO00000O00OOCOOO.0O002000
goo,000p0ogooob,2000b00o0g PPy O
goobooooooooobobobobobobon
gobobooo.boo200b0b0o0oboooaon
goobo20000000b00b00b0bOobOoboon
gdoddooooo. 2000oobobobooboboodg
goooo,boobob,bbooobooo 2000
goboo,00bboobogb 200b000000n
goooo. oboo,0b0ouo 20bg0ooboooo
000oo0ooooooOo (SsvM)ooooooooo (o
0)00o0o00ooo20000000.

22 0OO0O00OO0DOOOO

000000000 20000000000000
0 (pO0000D000)00,000000000000
000000. 00000000000000000
000000000000000000000000.
y={y,...,y,y 00000000000 00000
0000. 00000000000,y 0000000
000,000000000000000000000
0000000000,00000000000000
0.00000000000000000000000
0000020000 (0000)000000000
00000000000. 00000,0000000
00000000 100001000000000000000
000000000,000000000000000
000000000000 0000000000000
ooooooo.

Copyright © 2011 by Information Processing Society of Japan and
The Instiute of Electronics, Information and Communication Engineers
All rights reserved.



FIT2011 (% 10 EFREFEM 74— L)

23 OOoogobbboooobboood

000000000000000 (SVM)O0O000O
0000. 000000 {(@,y)}ien,, @i € RP,y; €
{-1,41} 0000,SVMO000000000000
0000O000ooooO:

. 2 T
min §||w|| —l—C‘Z max(0,1 — y;(w x; +b)). (1)
ZENn
ooO0,Cel0,00)D000O00OOOOOO. OO
0000000000 {as}en, 000000, (1) 00
ggog

1
max  —g Z Z a0y K (25, 5) + Z o
{aiticmn i€N, jEN, ieN,
s.t. Z oy, =0, 0< q; <C,
€N,

0ooooo. 000, K(=z,z;) 00000000000
go. ogoooooooooooooboooobo,on
0o,

f(:v):wT:v+b:0, (2)

ggo

f(x) = Z iy K (i, ;) +b =0, (3)
€N,

00000o0.00,00000 (KKTOO)O,

=0 < yf(z)=>1, (4)
0<a; <C & yif(e) =1, (5)
a;=C & wyif(z) <1, (6)

Z yicy = 0, (7)

1€EN,

goooooo.

20000000000000,000000000
0 ((2),0000,3)000000000000O0
(0000 (x,y) 00000000000 y;f(x;) 00
0000). 0000,0000000000 SvMOO
0000D0000000D000000D. Leave-one-out
0000000000000 D00000DD, 000 4
0oo0oooOooosvMOooooo f&9000a,0
0o0o0oDO0OO0O0oooo

si=n""! Z v [ (), (8)
1€Ny,

gboooob. obo,0boboobobobobobo
gbobooooooobobooobo,0oo0o0o0o00o0a
() DoOoOooooooooog.

(5525r1)

24 0O000O0O0DOOO

gobogoobo20b0000o000oo0ooboogao
gboooOobo.obooooboooobooonoo
oboooobooooboooooobooobo. oooo
gboooooboooboooooboooboooobobooooo
gbooboooooboboo,boboooooooo
gboooo. obobo,0boo0boobobobobobo
gbobooobooooooboobobooooboooooo
goboooobooooboooobo.oobobooobo
gbooooog,booooobobooooooono
0. 0obobobobobobooboooboo,0o0o0oao
obooooboobD. ob,000b0b00b0b0oDbo
goooobooooooboboobooooobooooo
gboboooooo.0oooooboooboao 220000
gboooobooobocooooon.

3 SvMUOOOooooooooboono
HEN

ggbogbogbodaooda,bgoboaaood
g 1oo0C100000000. 000,000000000
ooooooosvMOooooooo,0oooooo
gboo.b000o0oooooboobo 200000000
oosvMOoooooooooo:

() ODoDoOoOU0oOOoOoOoOoOoOoOoooOoOoo

(i) 0000000000000 O0OOooOUoooOUooO
gooooo

()0000000,000000000,000000
gbobooooooboobooo,0bboo0ooooobo
gboboOo,0bobooooobobooooooono
gooooooooooooboobo.ooog,boobooo
00000000o0oo0o0o0o0oUoo 4oooo. o
gbobooooboOoOobD,0c0ob00ob0obo0oooonDo
goooobooobooboobooobooobo. oooo,
gooooooosvMOOooooooooooooo
oboooooooobob. obobo,0b0obo0obo
gboboooooobooboobo,bobooooooobo
gboo,bo0boooobooboboooooooo
000.31000 ()Uooooooao.
obo,0bo0b0o0oooboobooooooboobon
gobooooboo.oooboobboooobobooono
gbO,b00b00b00o0o0boo,bobooboooobo
0000000O0000.0oo0oo yobooooo

Copyright © 2011 by Information Processing Society of Japan and
The Instiute of Electronics, Information and Communication Engineers
All rights reserved.



FIT2011 (% 10 EFREFEM 74— L)

gboo.booboobooooboooobooonoa
gbo,000b000000000b000000000d0
gboooobooobooboooob.oobooonoo
gooooboooooooboobooOoooooooo
0000o00o0o0oopoUooOoo. ooooo 3.20
goooooooo.

3.1 SvMOOOOODOoOooooOooDOo
gbooogog

0000,0000000000000000 SVM
00000000000O000.
00,(4)-(6)000000000000000:

O = {i|a; =0},
M = {i|0<a; <C},

00,00000000 |0, |M|, |I|l00000. 00
O000veR"0000,v,0000000,007Z
0000000000000000000000000
000000000.000,00MeR™>0000
MyoDOOOOO0,00MOOO MOODOOOODO
00000000000000MOO0O0000000
0000000000000000000000000
0000.00, Mo OO00OOO0D0OD000 My OO
ooo.
mO0000000000000000000000.
0o00O000O0ooo0

A:{Tl+1,’ﬂ,+2, ,ner},

00,00000000,000000 {(®i,4)bieng. s
La=la1, ,anm]T 000. 00O0ODODOODO
00 ; =0, AOD0O0O. 00 y;f(xy) > 1,6 € A
0oddddooooooo,0o0o00ooono KKTO
0 (40000000, O00oo,00 AQoooao,
00 O00000. 000, gif(z) =1,i€ AOD
0,00 AD00DOO0,00 MOO0OOO0. 0000
a, y:f(x;),1€ AD0DODOD0OODO0O0OO0OOOOO
ood:

0<a; <C,yif(xi) < 1,1 € A (9)

goooobbot,aq0gboooooobo,boog
o000 KKTOODOOOooooooooooo. o
ubd,a, 000000000000, 00000003

(5525r1)

435

Joddddddoo0oo0oOooOoo. oooo, o004
Aay, 000000 »p>00000,00000000
0oo:

Aayg =n(C1— ay).

00,000 A00O0O0O0DOOO0O0OOO0O0000. O
0 as0 Aay, 000000000 Aa, AbOODO
000.a,0000000,KKTO00000O0O0O
0000000,KKTOO (4)-(7)00

Z QijAOéj + Z QijAOzj + y,Ab = 0,72¢€ M,
jeA JjEM
(10)
D oyidaj+ Y yida; =0, (11)
jEA JEM

JOooOoooooo. ooooo MmOoooooooo
Yu

ooo:
M = ,
o

00000 MOOOO (10), (11) 0000 Ab, Aam
goooooo,
Mll

000. Ab, Aay 0 Aay, 000000000000
0O0000. 00,0000000000 0,7000
0o

0

Ym

Ab
AaM

Y
QA

] AOéA. (12)

ap =0,a7r = C1, (13)

000000000, (12), (13)000 Z, M, O, AD
00000000,000000000.0000,00
0000000000000.0000KKTOO (4) -
(7000 (9)00000000000000:

0<a;+Aa; <C, ieM, (14)
yi{f(x;) + Af(x)} > 1, 1€, (15)
yilf(zi) + Af(mi)} <1, i1, (16)
yil f(mi) + Af(z)} <1, ie A (17)

0000000000 (14)- (1700000000
(0000D00000000000000)000000,
0000000 (12),(13) 0000000000, 00
0,Ab, Aay 0 nO000000,

Ab
AaM

=ne, (18)

Copyright © 2011 by Information Processing Society of Japan and
The Instiute of Electronics, Information and Communication Engineers
All rights reserved.



FIT2011 (% 10 EFREFEM 74— L)

Stepl MARFZIANILEICTTL
PSRBT TV, B RE 1R

— INILEE
Yy =[+1+1+1 -1 -1)
y V= -1+1+1+1 -1)
yP=[ -1 1414141
yP=[+141 -1 -1+1]
y W= -141 141 -1

BEmEo5252)T

)

—> NRIBHR
O HRBASRLFEDIALEED)
(O OFRBY LT [2E>THERENE-FAL

Step2 #HEIZHE> T/ NRBHEITS

Ul.000ob0obooooobobooooobooobooonoo

ogoo.ooo,
yl
¢:=—-—M""! A (C1 = ay),
M, A
oo0. 00, yAf(e;) O

o0o.ooo,

Vi = YiQimP + Qi A(C1 — ay),

000.000,00MO0000 {m,--,maq} 0
0¢;0¢0i00000000000. 00, min{z}s
0 min;{z]z >0}00000000000000. (14)
-(17),(18)000 (19000000000 50

m; Cmy — m,

n_ie{lwwlr/{l/ll}rfjel»ow“{_¢z’+1’ Pit1
1 —yif(=) 1}
¥; )y
gob.db0ooboboooqnboobOobooobon
go,0bdoobooooooooooooobo. oo
UOn=10000000000000000O,n=101
dooooooooooooooooooo, Aooad
o000 svMOOoooooooo.

3.2 U0UubouobOobobobobooon
goooo

0000000000000 y* = [y, s,y €
{-1,+1} 000. 000000O0000000000

(5525r1)

0000000 Vg ={y®hen,, Y ={y'}uYs 00
0.000,B0000000000D000. Y000
0000000000000,00000000000
0000000000.00000000000000
000000000000.0000000000

S(y.y') = max{ Y |will(yi =), Y lwill(yi = —v))}

ieN,, ieN,
(20)

000O0O000.00000000000000000
000000 (y,00000 —y,00000)00 SVM
0000000000000, 00000000000
00.000000000000D0O000000DOO0
00O000D000000000,0000000000
0oooDoD0ooooo.
0o0,2000000 9™, ¢® 000000000
gooooooo yhew) g,
if " £ 7,

(new) _ 0,
Yi —{ (k) (k) o

. ieN,,  (21)
v, ity =y,

obod.y=000:000000000000000
gobooooboo.boobooboboooobobooono
000000000 Algorithm 1000. 00,000
gbboooboooboooboooooboooboon 1o
oo.

4 00000

obooooooboobooooooobooo,boon
00o0ooooU0ooo(oo)ooooooooo

Copyright © 2011 by Information Processing Society of Japan and
The Instiute of Electronics, Information and Communication Engineers
All rights reserved.



FIT2011 (% 10 EMEMA S 74 — 5 L)

Algorithm 1 00000000DOO

00: 000000000 Y={y*"}ulp
Veluster < YV
while Yiuster > 1 do
(k,1) = argmax D(y™®, y 1), y* 4O € Vouser
oo y® y®O oo ytemoooo
Vetuster ¢ Vetuster U {y} — {y®} U {y®}
Y Yu{yew}
end while
OO0 : 0000 )Y, 000000000000000
ooo.

oo0.o00,svMOOO0O0O0O0O0 200000000
O0000000,0000000 GSEAB|OOOOO.

4.1 0ODO0OO0O0O0OOO0O0ObOOOOoObobOoo

gooobod

000o00DoooooDooooooooog svMm
000000 Leave-oneout OO OOOO, 0000
O0o000.000ooo svMOOooooooooo
OSsMOoOOOoOoOooooooo. sMoOoooooo
LIBSVM[6| 0000000000000 0000O0O0OO
OO0.SMOOO0O000DO00O00OD0D e=0000000
00 (SMO)0,0000000000000DU0OOD
O000000000000000O00OO00 (SMO-hot)
02000000000. 00, Leave-one-out 0o
00,SMO,SMO-hot 000000000 «O0OO0DOO
O00000ooooopooog. sMoooooooooo
000 10-°00,000000 C € {1,10,100}000.
00,0000000000000000 K(x;,xzj) =
exp(—7||lz; —=;|[?) 0000. 000000000 4O
v €{0.1/p, 0.5/p, 1/p}00,000 pO0O000D00
O0O0.00oooooooog B=1000000. 00O
000000 UCI Machine Learning Repository'0 0
00 0O Parkinsons(n = 195, p = 22), Ionosphere(n =
351, p = 33), ConnectionistBench(n = 208, p = 60) O
O00. 000000 1,2, 000,3000. 000,
goboogoboooboboobboobbooboba
g, ggouobbbbbddoooouobobobboodg
(0400000000000 DOOOOO.

goboob,0o0obooboobooboobooo
O00000,000000 8)oooouooooooo
gobogbgooboobooobon.

Thttp://archive.ics.uci.edu/ml/

0 1: 0000000 (sec.): Ionosphere

vy 00 C=1 C=10 C=100
0.1/p oono 262.644  319.298 504.889
SMO-hot | 1369.660 2520.630  9395.180
SMO 1377.410  2505.370 10254.500
05/p | OOO 362.606  574.163 702.575
SMO-hot | 1179.800 2898.300  7934.500
SMO 1178.500 3014.940  8150.150
1/p ooo 394.144  686.599 892.360
SMO-hot | 1084.390 2534.560  7007.930
SMO 1065.260 2665.980  7161.060
020000000 (sec.): Parkinsons
5y 00 C=1 C=10 C=100
0.1/p ooo 62.509  63.483 68.446
SMO-hot | 637.747 979.564 1632.840
SMO 607.413 990.591 1605.840
05/p| OOO 69.907  77.661  110.525
SMO-hot | 300.847 442.790 1139.220
SMO 290.053 429.249 1110.290
1/p ooo 72.900  89.212 133.949
SMO-hot | 215.493 333.675  938.300
SMO 206.761 333.235  910.468
0 3: 0000000 (sec.): ConnectionistBench
5y 00 C=1 C=10 C=100
0.1/p | OOO 37.348  73.363  205.720
SMO-hot | 75.605 245.266 1563.930
SMO 76.334 242.405 1499.120
0.5/p ooo 49.590 231.112  355.299
SMO-hot | 104.423 589.487 1153.940
SMO 106.882 571.481 1147.230
1/p ooo 69.012 353.957  387.078
SMO-hot | 128.320 563.064  703.353
SMO 124.111 571.842 702.344

04 000000000000000 (sec.)

437

(5525r1)

Tonosphere

Parkinsons

ConnectionistBench

2.91656
1.75573
1.93471

Copyright © 2011 by Information Processing Society of Japan and
The Instiute of Electronics, Information and Communication Engineers
All rights reserved.



FIT2011 (% 10 EMEMA S 74 — 5 L)

05 00000000000:000SVM,GSEA0O0OOOOOOOOOOOOGOGg.

SVM GSEA
oooo p O oooo p O
MAP03020 RNA polymerase 0.0028 P53 DOWN 0.0004
GNF FEMALE GENES 0.0120 MAPO00120 Bile acid biosynthesis 0.0056
MAPO00120 Bile acid biosynthesis 0.0207 VOXPHOS 0.0086
tRNA Synthetases 0.0268 ST T Cell Signal Transduction 0.0161
MAPO00650 Butanoate metabolism 0.0269 Electron Transport Chain 0.0169
XINACT MERGED 0.0317 ST MONOCYTE AD PATHWAY 0.0304
MAPO00020 Citrate cycle TCA cycle  0.0340 MAPO00561 Glycerolipid metabolism 0.0322
MAPO0710 Carbon fixation 0.0356 | MAPO00500 Starch and sucrose metabolism  0.0361
TCA 0.0364 | SA B CELL RECEPTOR COMPLEXES 0.0385
mef2dPathway 0.0365 ucalpainPathway 0.0392
tumor supressor 0.0366
MAPO00010 Glycolysis Gluconeogenesis  0.0390
MAPO00052 Galactose metabolism 0.0420
4.2 0OJO00OO0OOOOOO HRERERE

SsvMOOOOOO0OO0O0OO0OO00 GSEAODOOOOOO
000.0000000000 GSEADDOOOOO?[5]
0000000 C2.Diabetes(0 00 =34, 00000
=33)0000. 00,00000,00000000
oooobOobdob isgbgosooboboooon
oo0o0O. svMOoooOo y=10/p,C=100000.
O0,0000000000 B=10000000. SVM
000 GSEAOUOO (p0O <0.05 000000000
ooos000.3

gooooooo,svMbOOoOooooooDoDbDOoOo
ooogo,00000000000000DO0000O0
ooooo.

5 Uooooobod

goog,svMOoOOoOoogdo 200000000
oboooboobo0o. obboooobobooobooo
svMOOOO0OO0OO0O0,000000000000000
ooooboboooooobobooo,booooon
ooboobooooooocobooooboo.obooon
obOo,bbo0boboboobgooo,oo0oboooobogon
oooobobooooo,0co0b0coboobooooon
ooboobooooboobooooogn.

’http://www.broadinstitute.org/gsea/index. jsp

SGSEADDDOD GSEAD WebOOOOODODODOODODOOOO
00o00o0oo0oooon. WebOOOOOO, (50000000 p
gooooboooooboooboo,b0b0bobo0ob pobboOoboooo
oooobOoooOooooooo.

(5525r1)

438

[1] J. H. Friedman and L. C. Rafsky. Multivariate gen-
eralizations of the wald-wolfowits and smirnov two-
sample tests. Annals of Statistics, 7(4):697-717,

1979.

B. Henze. A multivariate two-sample test based on
the number of nearest neighbor type coincidences.
Annals of Statistics, 16(2):772-783, 1988.

Y. Ge, S. Dudoit, and T. P. Speed. Resampling-
based multiple testing for microarray data analysis.
The Statistician, 45(4):407-436, 1996.

M. Karasuyama and I. Takeuchi. Multiple incre-
mental decremental learning of support vector ma-
chines. IEFE Transactions on Neural Networks,
21:1048-1059, 2010.

A. Subramanian, P. Tamayo, V. K. Mootha, and
S. Mukherjee et al.

ysis

Gene set enrichment anal-
A knowledge-based approach for inter-
preting genome-wide expression profiles. PNAS,

102(43):15545-15550, 2005.

CC. Chang and CC. Lin. LIBSVM: A library for
support vector machines. ACM Transactions on
Intelligent Systems and Technology, 2:27:1-27:27,
2011.

Copyright © 2011 by Information Processing Society of Japan and
The Instiute of Electronics, Information and Communication Engineers
All rights reserved.



