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= SVM (&, REDHEEZHDEEZDALS L. = FRIZKEDONIT—S vk

ET YR, N RN = 21578 documents
= MEAHCARMERARGBELTSTEN G AL = 9603 training, 3299 test articles (ModApte split)

= SVM LEIBEDHEEELDOFEEMICEHS. = 118 categories

= {§l: regularized logistic regression (Zhang & Oles) = —20 article [EHEHOD category IZELS%
= Tong Zhang, Frank J. Oles: Text Categorization Based on = 118 ED2fES
Regularized Linear Classification Methods. Information = 1 document &7-Y)® category %k
Retrieval 4(1): 5-31 (2001) - 1.24
= LEEHE DA Yang & Liu = 10 categories D& KELN (£ 118 categories)
= Yiming Yang, Xin Liu: A re-examination of text categorization
methods, 22nd Annual International SIGIR (1999). KESHD categories « Earn (2877, 1087) « Trade (369,119)
(#train, #test) * Acquisitions (1650, 179) e Interest (347, 131)
’ * Money-fx (538, 179) « Ship (197, 89)
« Grain (433, 149) « Wheat (212, 71)
« Crude (389, 189) « Corn (182, 56)

Reuters Text Categorization data set
(Reuters-21578) document 4§l New Reuters: RCV1: 810,000 X &

;[éléx'{)]i{?sq;z?lcs:"\’ﬁs" LEWISSPLIT="TRAIN" CGISPLIT="TRAINING-SET" OLDID="12981" ™ Reuters RCVl 0) &ﬁ Hj Is to \y7
<DATE> 2-MAR-1987 16:51:43.42</DATE> 400000
<TOPICS><D=>livestock</D><D>hog</D></TOPICS> 350000
<TITLE>AMERICAN PORK CONGRESS KICKS OFF TOMORROW</TITLE> 300000

250000

<DATELINE> CHICAGO, March 2 - </DATELINE><BODY>The American Pork Congress kicks off

tomorrow, March 3, in Indianapolis with 160 of the nations pork producers from 44 member states determining
industry positions on a number of issues, according to the National Pork Producers Council, NPPC.

200000

150000

Number of Stories

Delegates to the three day Congress will be considering 26 resolutions concerning various issues, including the
future direction of farm policy and the tax law as it applies to the agriculture sector. The delegates will also debate foaoo
whether to endorse concepts of a national PRV (pseudorabies virus) control and eradication program, the NPPC

sid 1 ‘_M_H_H—H MRS -

A large trade show, in conjunction with the congress, will feature the latest in technology in all areas of the

IS o
industry, the NPPC added. Reuter e*\‘éi (,Apig ) D‘p@}@ & P & s&épo & “}» o 5‘” eﬁ‘;o Egﬁ‘“ o Qﬁ”e \&\0&
o) '\“ b & & o
&#3;</BODY></TEXT></REUTERS> o && & e Qé”%*ig‘\:oﬁ £ é)&“ «b"i@v&s@i@%&“*g & 5 g‘“ie*op“«
& & & & ST A &
& S ESE ei FoF L o
E &

Category
http://about.reuters.com/researchandstandards/corpus/statistics/index.asp
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Dumais et al. 1998:
Reuters — Break-Even Performance

Rocchio NBayes Trees LinearSVM
earn 92.9% 95.9% 97.8% 98.2%
acq 64.7% 87.8% 89.7% 92.8%
money-fx 46.7% 56.6% 66.2% 74.0%
grain 67.5% 78.8% 85.0% 92.4%
crude 70.1% 79.5% 85.0% 88.3%
trade 65.1% 63.9% 72.5% 73.5%
interest 63.4% 64.9% 67.1% 76.3%
ship 49.2% 85.4% 74.2% 78.0%
wheat 68.9% 69.7% 92.5% 89.7%
corn 48.2% 65.3% 91.8% 91.1%
Avg Top 10 64.6% 81.5% 88.4% 91.4%
Avg All Cat 61.7% 75.2% na 86.4%

Break Even: Recall = Precision
Recall: = TP/(TP+TN); % LFZATIVREZOATIVICET HEHIELIZLD
Precision: = TP/(TP+FP); % ZDHTIVICEBT 2ELIzRTRBICZDHTIVIZRT LD

S.T. Dumais, J. Platt, D. Heckerman, and M. Sahami. Inductive learning algorithms and representations for text categorization. In
CIKM-98: Proceedings of the Seventh International Conference on Information and Knowledge Management, 1998,

Precision vs. Recall - Category “Grain”
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Recall: = TP/(TP+TN); % LEATITUHZDATIVIZBT HEHELILD
Precision: = TP/(TP+FP); % ZDATIVIZET HELIzPTHRLIZZDHTIVIZET HHD

Precision vs. Recall - Category “Earn”
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Precision vs. Recall - Category “Crude”
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oL A—#ILiz& DL (Joachims)

SVM (poly) SVM (rbf)

degree d = width v =
Bayes|Rocchio| C4.5[k-NNff 1 | 2 | 3 4 5 || 0.6 XO.S 1.0 1.2
earn 95.9 | 96.1 ]96.1]97.3 |98.2|198.4/98.5|98.4|98.3 98.5}9&5 98.4(98.3
acq 91.5 | 92.1 |85.3]92.0 |92.6/94.6/95.2|95.2|95.3]95.0 l95.3 95.3(95.4
money-fx || 62.9 | 67.6 [69.4] 78.2 [66.9|72.5]75.4 |74.9|76.2 74.0}75.4 76.3|75.9
grain 72,5 79.5 [89.1]82.2 [[91.3]93.1|192.4|91.3|89.9 93.1}91.9 91.9(90.6
crude 81.0 | 81.5 [75.5|85.7 ||86.0|87.3|88.6|88.9|87.8 88.9}89.0 88.9|88.2
trade 50.0 77.4 |59.2| 77.4 |69.2|75.5|76.6 |77.3|77.1 76.9}78.0 77.8|76.8
interest 58.0 72.5 |49.1| 74.0 ||69.8/163.3|67.9 |73.1|76.2|| 74.4|75.0|76.2(76.1
ship 787 83.1 |80.9|79.2 ||82.0/85.4|86.0 |86.5|86.0 ||85.4|86.587.6 | &7.1
wheat 60.6 79.4 |85.5|76.6 ||83.1|84.5|85.2 |85.9|83.8 (|85.2|85.9|85.9[85.9
corn 47.3 | 62.2 |87.7|77.9 ||86.0|86.5(85.3 [85.7|83.9 ||85.1|85.7| 85.7 [84.5

84.2|85.1|85.9 |86.2|85.9 || 86.4|86.5| 86.3 | 86.2
combined: 86.0 combined: 86.4

microavg. || 72.0 | 79.9 |79.4|82.3

Fig. 2. Precision/recall-breakeven point on the ten most frequent Reuters categories and microaveraged performance over all Reuters
categories, k-NN, Rocchio, and C4.5 achieve highest performance at 1000 features (with k = 30 for k-NN and = 1.0 for Rocchio).
Naive Bayes performs best using all featurcs.
. Joachims, Text Categorization with Support Vector Machines: Learning with Many Relevant
Features. Proceedings of the European Conference on Machine Learning (ECML), Springer, 1998

i Yang&Liu: SVM vs fthd %

Table 1: Performance summary of classifiers

method miR  miP miFl maF1l error

SVM 8120 .9137 8599 .5251 .00365
KNN .8339 .8807  .8567 .5242 .00385

LSF 8507 L8489 8498 5008 .00414
NNet 7842 8785 8287 3765 .00447
NB L7688 8245 7956 .3886  .00544

miR = micro-avg recall; miP = micro-avg prec.;
miF1l = micro-avg F1; maF1 = macro-avg F1.

LLSF: Linear Least Square Fit Eez:-¢- 4
NNet: 1000

Nnet: ®hf%F % 64 NB: 2000

SVM kernel: linear (fs&kY BAofz)  kNN: 2415
LLSF: 2415
SvM: 10000

i FED

o YR—RRHE—TIY (SVM) [F
s HIR—rRIEA—([ZEDWVTRFERERDS
= Support vector = #IEERFHED VT4 hILER
« #&f2 SVM (X487 75835
« A—FR)L: ﬁrkx’\%fgﬁ"éﬁ‘l ZTOREIXERTD
NIETHBISGHETES
= URODLER (VR = TRMT—2TOHHFRY)
» (RELGBESZNEED) DEBRELTARE?
= H1000LBHENHHLEEL. REMICHAL
» RE2S5—: SVMIlight WEoH+?
« RCTEH (HRBMICE)
» fIZHLDHY: TinySVM, libsvm, ...

SVM[El&
i (Support Vector Regression)

SVM [
BRETLERVTHEETSFE@O—D):

y(x)=w'g(x)+b

ZDSVMERWTHEIRZTED

HHRA:
i ORAME#H = REBHR+ERILIE

WRIEET. X@Eﬁ%ﬁﬁﬁo)a—ll\mélé

N

220 + 2l

CDZRIBEL D% e—insensitive IREMMTEEIRZ S:
N 1, 2 square
CZEE(y(xn)—t”)+EHWH o
e—insensitive iR Z R D HI:

L= { for ‘f(x)—y‘<5
Y

|f(x)=)]-¢ otherwise Gunn. Support Vector Machines for
Classification and Regression

i AIVIEHDEA

BHZEMNZ D e-tube DR
12HB1=HIZ(F: yir) y+

yn_ggtn Syn+g
ASVIEREBALT, &

tube MAMEAIIZ @A BHHZE
EEFYICI:

tl‘lsy('xn)-i_g—i_én z
t,z2y(x,)—e-¢;




i Support Vector Regression 0 &x:iE 1k 178

Minimize:
N 1
COE+ &)+l
n=1
Subject to:

20 t, <y(x,)+e+d,
D
&, 20 t,2y(x,)—e-&;

i S5 018

Hx/MERERE:

L=CY (& +¢, )+%HWHZ S W)=Y, (e +E v, —t) - D, (64 & —y, +1)

Lo w=Y (@, -0 )(x,)

ow
2—1};:03;(41,,741;):0
;—;:Oza”+‘unzc
;—;;:Oia;+y;:C

i Bt 72

=mXik:
1 N N N N

Wiaa) =23 Da,~a,)a, ~a,)k(x,5,) =) (0, +4,)+ (@, ~a,),
n=l  m=l n=1 n=1

0<aq,<C

0<a, <C

T )
y(x)=2 (@, ~a,)k(x,x,)+b

n=1

i EHIEDDRD T

Karush-Kuhn-Tucker (KKT) &f: HR—rR95—(2B3F 3
a,(e+g,+y,~1,)=0

a,(e+¢, =y, +1,)=0

(C-a,)s, =0

(C~a,)s, =0

N
b=t,~e—w'h(x,)=t,~e-) (a,-a,)k(x,x,)
m=1

* HW—RILE

i A—TILIZIEWNANA

s [A—RILIEVSAREF, —BICE (RO ERBEEERSAEL) 2
EHBEHIFEDONDIELB,
B) /2 I8 AN OISR B EHETE

l N
p(x) —N;g(x—xf)
BEICAVWDEEBH g¢) LMH—FRILIEFEN S (BRIEHDD
TEH),
B IES T RO

s BRIETIE, EEREA—RILDIEFBIZIA—RIL I EERZENS
LD T (Mercer’s theorem®D &L\ ?) EBRHIBE,




ziﬁ—*wﬁwﬁ%

- BHREHOEBCEROMEEA S
» ROEREIE—D
s BERGFEBTINTVALIEETS
- MRETRIRRAT ASFETEDS

s LA, KELEBELHD
» FEENDDT 52 (REBRZHE OBEEELT
2)

i B ZiltAE<&

= 5l Minsky & Pappert "Perceptrons" TZ®
BRZEHELML
s 2RV T—VE. DB RE. RRE
IS LR D E LB ER T C &Itk
T. ®iRLT:
« FPEREADEIZMMRL. FET7ILTUXLHELF
BATE5I¢ETRLE
. Eﬁ‘%"‘%“%‘iﬁfﬁ@i&és BNEDZIENSHEIZE
pic:] Ol et

g EoT AR

s D—RIVEIT EBRERICHZDEN., £
NEESRTEBTITHEIENSDLO:

p:xeX >pd(x)eF
» L TLDO(E, FHEZERN. ANZER

FYUIFHMITBENRTERFTIE, KBRS
(FERENMNMBRIDITHAIELSTLE.

i 1

» ROBBEEZD
(x5 %) = (X7, X, , %,X,, X3 )
» CORFHMERMTRBEHNEEZS, HIZIE:
ax] +bx; =c

» (COBA)EAITES —ie THHE. TOA
NEMTHDE. FRILERELSD.

i P ZERDRIREED

» RIEEA (- T FEEREN) [EEDRT
[CEEBI9 2 — i

TE: m RFTEED—REEIZ m+1 ED
RN EZONDE. TNLDED KS7R2{EH
BRI RERBTRIATED

i B DR

s ELVSDITT A—RILE T S ERTIEE
REHERLS:

x— <w,¢(x)>
w BRREOEEICIE, ShARIRBE SIS S,

» DEREOHEICE. COBKIBEICFHERKE
BT BENHDHIZ.00r 1 12F57=HTY)

x— sgn((w,gzﬁ(x)) +b)

10



;*?%5@%2%51%0%%&

» FERNEFEICEI DL REES

THb
p:xeX >¢g(x)eF

- ZLTBEENELET B
iz E NEDHE N— 1 RTEMIZEE

SEABNELERTES
EABSBLRBTEHENSZLIE. ALk
NBENENSETHS

s RUARIRLERSDITTHLSM L, FHHEEDL
BREICGB0

i it flLik

n BEEADORE: ¥ —U UKL

» SHEEAOHIE: A—FRILEIVY

i ECAHT,.SVMTIE

- BBILRIE
. 1 2 2
min SIwiF+CXg

(W, d(x) +b)=1-&

subject to: £>0

i REZFATHDE

 2RA—FRILTIE
(x,,x,) > (xfaxlxzaxzxpxzz)

171 30x30 = 900 EYI)L (T LALA
L) DEZICHLTIX, $405000:8 7T &
HoTLES
u E*ﬁ%%b‘f%&if: 9uuC2

s COBHZERTHET SO HFEYICE
EoLuLy

i BRAREFAEEZD

» MERNIMLOZEREFIRLIZESZE5H,
BIZIE RDESI, AET —2DIRIFES TR
BTELDDNHEEZD(N\—ET+AVTIL

TYXLERNET):
m KRE—EDEHDLE.
— SVMTI. RBBEIZHL T,
w= Z ad(x) L himays
i=1 (Representer Theorem)

s COEE, KRBT HAIEIE.
(w,¢(x)) = <_’iai¢(x,-), ¢(x)> =Y ($x). ()

BREHZEFET D

» IO q EWMHEHETEEND
o« FEAIRL w AT 20 (EHRO)FLHZEE RMT—2HET
ELED) ITERT DN TR TLM=ELTH, ZOBS &, FARICIE
AINEBELE5 RV FTORSIR)DZ . THEH W HHNIIE. Th
EFBIEEADRLT, IET—2DRIZERICET ML H D)
= representer theorem &LV5
= HLERMT 2D, NET -2 ORI EMICBSLNEZXES DM ?
FIEZOBWNIEERDZL, JET—2DRDZEMICBELELES D
WTI. AT —RIERALEVD DT, BEALSHEVDSTH D,

s WEAIMLZEEZETAIRDYIC. CORNRMEROZEETAE
KWNZEIZHED

11



i SVM O Bt fif] #E

o FIFEDWRREIL ., SVMBE L REE D I
MEEELTHELONS:

max Y- Y aa, vy, (§0).40x)

i,j=1

subject to: ;yiai =0

0<a,<C foralli

i T .h—xRILERWSE

= MELAMESTUOVENZEISER
o RIZ.ROESICLCERHEDEHEICTE B!
FEA fEE RE
K(x,2) = (P(x),4(z))  rommosmunr:

WSREDHE

= T3Y B, IERFICHRAT —RITHLTH,
(BOTEHRTD) FEERTOHEEREN
[SIFAITIRENELED

i Z D5l

» BIZE->TRDBIZEZDE
B:(x,,%,) = (X7, X%, X,%,,X;)
» CAGEA:

($(x).p(2)) = (xx',2z2)  ron-saozsons

=tr(xx'zz")

(x.2)

o HEOME

s DFY, HIZE, £FED $5405000RTD AR~
JLDBE ., E(F 900 RITDRNIILTRHIEEEY,
FNEZFITBEFTTENEIZLES

s —RIZEETTNIE, BRRTOFEEMIRST
EMTEDILITHD. FIZIEHIRA—HIL:

o =l
Kx(x,z) =exp Py

BRATOBHEBERLTZONM Vi, ye X, limk,(x,y)=x(x,y)
TREARELGIEETRT DD 2 EE, n—®

i FFIRALEELTDA—FRIVE

EMRI T — ST AZEELTD

i h—=2IVik

o TERBHIRIICH T BB EIERRIZT HENSE =M
SH—RIViEER TERA. TR 1B TIERL. IR
T—AEETORBRHBEHROHRTEHEELT. h—
FIVEEEZDIENTEELS,

= (fAISAD)RIFEIENT, BEERZFERHBER
ICEEMZBHEELTOA—RIVEEEZLD ThHb

” f(w.X)

w-X =

12



i B Z (F (EL>THSVMOD )

(xlﬂxz)_>('x129x§7x1x2)

i EEYTALDE

= BAEM
= BREREA IR DGR )BEROEANRTHETES

= SEONBHDER,
S@)={f2), 1, OB

s A—RIJLE)YY HHRENDS
« BRITERRTT) EHEMH ICEVT. RENBERICHET

SEIFEGRM T RN FENHE TEAT R

SVM, Kernel X534, Kernel IEZEFARE S 4T

o (D), D(x)), =k(x,x,) - EEBA—FIL
?-@x‘kx,@ﬁﬂi“g
(FoT=< B TLVELNEO)

i N—IVIZKBIERRERAE

« BHE w.x ORDYIZ f(X)
= f(X)=(1.0X),, B
= 2DHE .f=itlifl>(X,.)=ia,k(~,Xl)

(f.ox), :Za,.<<1>(X,),<I>(X )= Za kX, X))

s GramfTHIZRAWVTCEHET D

i Representer Theorem

Theorem H%RKHSEL. k: X XX — R, ZFDH—2I)L(AVND
MEZEOXMEFIEEBERIET S FEOEM L:R7 SR, &
EEOERVEH Q:R -REEZD. HL

7 =ming(=min AL e LG ) @

H well-defined THNIE. B «,...c, e R DFELT

1O =2 k() @
BI(f) = JEERT B0 &5z, BL Q AEMEMTHAIE, J(f)
#=w/MTBEDIEENE (2) KTRESND,

RKHS: Reproducing kernel Hilbert space

PCA NG
« EFA S (PCA) '

« MRTT—F X, Xy S A
. ﬁ”ﬂlﬁkﬁ?’éﬁl"’](ﬁu’\’]lﬁb a)d)%ﬁ

Varla TX]——Z(aT( X ))Ca Va

i=]

N ~ o~
SEHENBITI V=L S T

2y

VOBEREBFAINL et (4,

B p ERSDE =
T—RX OFp iﬁk’ﬁa\= ux,

i PCAD JE#RFZ1E

1<
%a{\/ar[a'X]:ﬁg(a’X,—%,Z/a’X/)Z

maxVarl/(0)= 13 (100 -+ 3, 70x)f

F&RTEMELT 1
RKHS H, £E5&

max Var[ £,0(X))]= Z((f,zp(x,))ﬁ2,<f,q>(x,)>)z

feH |11}

[,0X) & H, DAYIML = H IZH 1+ 5858
BHARIML OX),..0X,) (28T % H ADPCA

13



71— JLPCA

H—I k=5
BEARIML OX),..0X,) (21T % H, ADOPCA

N

max Varl(£.0(x )>]=%Z(<f )

i=1

g, =0X) 52, O(X)

f=Yad ELTEN

%5#’6t~9}%&:%i<ia/¢7/,¢7"> —a'Ba  K,=(3.3)
ERSIE

maxa'K’a
rx

swjectto  g'Ra=1 = || fI},=(Y, ad.y,ad)=aKa

LeoeL=FEEDH

= A—RILIZKDIERERAE
. A—FILE
- BRSO SRR A SBEE £(X)=(f,0X)
- RKHSHDHBAIR LTS BTk EZOND
= TRENRGA—BDNEEESTRINDBHF & (518, 88, 98
KO etc) BERLCLSIERATIRE

fl: SVM, A—RJLPCA, H—+JLCCA (EEHARBASHT) . RIS/ F
7B1E. H—FILFisherl B 54 %

Hy

= RIS HIEDREH
= BB TIHHLX S ENTELRMHEDIRBIE
o EEL DR BIEOTERIMMHEA—FILIZERE

14



