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Vapnik 1982: Estimation of Dependences Based on Empirical Data: Springer Series in Statistics (Springer Series in

SVM D18k

= SVM [T B OMREZRDEEZ DAL
 RETCEEELAESSEELEITEIMGE S,
= SVM LRIBEDMREZL DFRIMIHHS.

= f§l: regularized logistic regression (Zhang & Oles)

= Tong Zhang, Frank J. Oles: Text Categorization Based on
Regularized Linear Classification Methods. Information

Retrieval 4(1): 5-31 (2001)
s LEEFATR OB Yang & Liu

= Yiming Yang, Xin Liu: A re-examination of text categorization
methods, 22nd Annual International SIGIR (1999).

STMM45I: & BRAY7%E Reuters T—4

» FEICKLEDN-T—2tvh
= 21578 documents
= 9603 training, 3299 test articles (ModApte split)
= 118 categories
= —D0 article I$#EH D category IZELSS
= 118 ED2{EHEE
= 1 document H7=L® category %
= 1.24
= 10 categories D& KELV (£ 118 categories)

KEHD 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

<REUTERS TOPICS="YES" LEWISSPLIT="TRAIN" CGISPLIT="TRAINING-SET" OLDID="12981"
NEWID="798">

<DATE> 2-MAR-1987 16:51:43.42</DATE>

<TOPICS><D=>livestock</D><D>hog</D></TOPICS>

<TITLE>AMERICAN PORK CONGRESS KICKS OFF TOMORROW</TITLE>

<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 issucs, according to the National Pork Producers Council, NPPC.

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
‘whether to endorse concepts of a national PRV (pseudorabies virus) control and eradication program, the NPPC
said.

A large trade show, in conjunction with the congress, will feature the latest in technology in all areas of the
industry, the NPPC added. Reuter

&#3;</BODY></TEXT></REUTERS>
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Cantvsion maw
Dumais et al. 1998:
FMERE Reuters — Break-Even Performance
= Recall: 25 /i Mdocumentd, IEELL /124 8ESNhT = € r Rocchio |NBayes _ Trees LinearSVM
LDODOENS: Se, earn 92.9% 95.9% 97.8% 98.2%
0 acq 64.7% 87.8% 89.7% 92.8%
money-fx 46.7% 56.6% 66.2% 74.0%
= Precision:¥5 X /12§83 tzdocumentdr, KH(ZH c, grain 67.5% 78.8% 85.0% 92.4%
SR IIZBTHLDDEIE: S crude 70.1% 79.5% 85.0% 88.3%
it trade 65.1% 63.9% 72.5% 73.5%
) interest 63.4% 64.9% 67.1% 76.3%
= Accuracy (1- error rate) IEL<% S zdocument > ship 49.2% 85.4% 74.2% 78.0%
DEE: i wheat 68.9% 69.7% 92.5% 89.7%
D corn 48.2% 65.3% 91.8% 91.1%
J i
= Micro-average: Y5 XABDFEH, £EISADEIZIFTR Avg Top 10 64.6% 81.5% 88.4% 91.4%
DEZRREEHELTFY, £F%K (document) DIE Avg All Cat 61.7% 75.2% na 86.4%
DFEH, Break Even: Recall = Precision
Recall: = TP/(TP+TN); % HEATIUHEOATIY BT BEHELILD
= Macro-average: 7S RABDFH, KEUTADELEEH Precision: = TP/(TP+FP); % EDHTIVIZRY HELI M TALITEDONTIVIRT LD
g
EELWELTOFEY, T@EITALEL, S.T. Dumais, . 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” Precision vs. Recall - Category “Earn”
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Recall: = TP/(TP+TN); % 4EATITUHZDHATIVIIRT BEHELIED Precision
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Precision vs. Recall - Category “Crude” Precision vs. Recall - Category “Ship”
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L H—Liz&BiE L (Joachims)

Yang&Liu: SVM vs fthd Fi%

Table 1: Performance summary of classifiers

method miR  mP miFl maFl error

SVM 8120 9137 .8599 5251  .00365
KNN 8339 .8807  .8567 .5242 .00383

SVM (poly) SVM (rbf)
degree d = width v =
Bayes|Rocchio|C4.5/k-NNJ|| 1 | 2 | 3 4 5 || 0.6 10.8 1.0 1.2
earn 95.9 96.1 [96.1(97.3 |[98.2(98.4/98.5(98.4(98.3 98.5}98.5 98.4(98.3
acq 91.5 92.1 |85.3)92.0 |[92.6(94.6/95.2(95.2(95.3 95.0195.3 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 0175.4 76.3|75.9
grain 72.5 79.5 [89.1]82.2 191.3|93.1|92.4|91.3[89. 9|93 llQl 9]91.9|90.6
crude 81.0 R1.5 |75.5|85.7 |[86.0[87.3|88.6 (88.9[87.8 l 88. 9}89 0| 88.9|88.2
trade 50.0 77.4 [59.2|77.4 (|69.2|75.5|76.6 |T7.3|77. ll 76. 9178.0 77.8|76.8
interest 58.0 72.5 [49.1| 74.0 ||69.8]63.3|67.9 |73.1|76.2|| 74.4|75.0|76.2| 76.1
ship 78.7 83.1 |80.9| 79.2 |[82.0/85.4|86.0 [86.5[86.0 4(86.5| 8
wheat 60.6 79.4 |85.5| 76.6 |83.1|84.5|85.2|85.9|83.8 .2(85.9(8
corn 473 | 62.2 |87.7| 77.9 (86.0|86.5|85.3|85.7[83.9 7 .
microavg.|| 72.0 | 79.9 |79.4|82.3 84.2|85.1 :555.9 86.2|85.9 || 86.4 86‘. 86.3[86.2
combined: 86.0 combined: 86.4

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.
T. Joachims, Text Categorization with Support Vector Machines: Learning with Many Relevant
Features. Proceedings of the European Conference on Machine Leaming (ECML), Springer, 1998

LSF 8507 .8489  .8498 5008 .00414
NNet 7842 BTR3 8287 3765 .00447
NB JS688 L8245 7956 .3886 .00544
miR = micro-avg recall; miP = micro-avg prec.;
miF1 = micro-avg F1; maF1 = macro-avg F1.
LLSF: Linear Least Square Fit R

NNet: 1000
Nnet: hEIRFH 64 NB: 2000
SVM kernel: linear (fs&Y BMofz) KNN: 2415

LLSF: 2415

SvMm: 10000

FED

s Y R—kRHE—T L (SYM) (&
s HIR—IRIA—[CEDWVTBFERERDOS
= Support vector = ¥IEFERMHED VT4 hILER
« #8272 SVM (4R 72 4855,
= A—RIL: BRIEANEBRTEH. TORBETERTO
NIBECHBICETETES
s JROD LR (YR = TRAMT—RTOHEFRY)
» (RELBENENEEZD) DFER/ELTRRR?
« H1000LBHENHHEEIE, REMIZTEL
« RE2S5—: SVMIlight BESHF?
- ECTEM (ARBMICIE)
» fIZHLDHY: TinySVM, libsvm, ...

%

= A Tutorial on Support Vector Machines for Pattern Recognition
(1998) Christopher J. C. Burges

= S.T.Dumais, Using SVMs for text categorization, IEEE Intelligent
Systems, 13(4):21-23, Jul/Aug 1998

= S.T.Dumais, J. Platt, D. Heckerman and M. Sahami. 1998. Inductive
learning algomhms and representations for text categorization.
Proceedings of CIKM 98, pp. 148-155.

= A re-examination of text categorization methods (1999) Yiming Yang,
Xin Liu 22nd Annual International SI

= Tong Zhang, Frank J. Oles: Text Categorization Based on Regularized
Linear Classification Methods. Information Retrieval 4(1): 5-31 (2001)

= Trevor Hastie, Robert Tibshirani and Jerome Friedman, "Elements of
Statistical Learning: Data Mining, Inference and Prediction" Springer-
Verlag, New York.

= ‘Classic’ Reuters data set: http://www.daviddlewis.com /resources
Itestcollections/reuters21578/

= T.Joachims, Learning to Classify Text using Support Vector Machines.
Kluwer, 2002.

SVM[El&
(Support Vector Regression)

SVM [
BRETLERVTHEETSFER(@O—D):

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

ZDSVMERWTHEIRZTED

HdRA:
JANEH = REBY+ERLE

#RRZERT, «kd)w%ﬂﬁ%w)a—/l\{ti@é
LS b
COZFREHD% e—insensitive :REERTESEZ !
CgEg(y(xn)—t”)+%Hsz Ny
e—insensitive RZBEZK DA

L= { for ‘f(x)—y‘<g
Y

‘f(x) y‘ & otherwise Gunn. Support Vector Machines for
Classification and Regression
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12HB1=HIZ(F: y(x) y+ e

V,—€<t, Ly, +é&
RAIVIEHEBALT, &

tube DHMAIIZENHBE
EEHTICE:

t,<y(x,)+e+¢&, T
t,2y(x,)-e-¢&;

i Support Vector Regression &1t Rz8

Minimize:
Y R ST
(& +&) 51
n=1

Subject to:

£, 20 t, <y(x,)+e+¢,
mD
& 20 t,2y(x,)-&-&,

i SO0 B

H/MERE:

L= cﬁ: (&, +E)) +%HWHZ JZV“(;,,,;, +/4;§;)72a”(5+§” +, 7t”)7ia;({:+§; —y,+1,)

%:Ozmcg(a;a;mm)
%:0:%(%,*“[):0
;—;:O:NI”tu,,:C
%:02a;+ﬂ;zc

i Bt 72

wmA1E:
W(a,a")= *%Z\: Zv:(an -a,)a, *“;)k(xn,xn,)*gi(au +0;)+ZN:(0” -a,)t,

0<a,<C

0<a, <C

F3: .
y(0) = (a,~a,)k(x.x,)+b

i EHMIEDDRD A

Karush-Kuhn-Tucker (KKT) &#: HR—tRH5—(CET 3
a,(e+¢,+y,~1,)=0

a,(e+¢, =y, +,)=0

(C-a)é, =0

(C-a,)s, =0

N
b=t,—e-wp(x,)=t,—¢-Y (a,—a,)k(x,,x,)
m=1

* A—FIViE




i A—TILIZIEWANA

s [A—RILIEVSAREE, —BICE (R PERBEEERSAEL) 2
EHEHIFEDLNDIELB,
B) /2 I8 AN OISR B EHETE

1 N
p(X)—ﬁ;g(x—x‘)
BEICAVWDEEBH g¢) LMH—FRILIEFEN D (BRIEHDD
TEH),
B IES EHROKEHK

s RIATE. EREA—RILODIEZEICTh—RILIERERTENS
LD T (Mercer's theoremD L\ ?) EBRHIDE,

i A—2IViEDENBE

s BEEABOEEICIZRWMEEN S
» RERIE—D
« BEESETILTYRLNEETS
o METRORAET DS ELTED

» LA, REGHELHD
 PEREADNTF+2 (RBEEMOEHRELT
)

i iy

= 5@ Minsky & Pappert "Perceptrons" CTZ®
BREHELMCL
s Za—JIRYRT—IIE. COBRE. {EHE
UK LR O LB ZER T ZEICTES
T. "L
« FEEDOESEZMBRL, 2E7ILT) X LHEF
BATERIEERLE:
. Eﬁ\??%iﬁl‘i@i&a BINEDEEENSHIREITE
pic:| Oy it

i LT A—RIVE

s H—RILEIT BEERICHRADEN., F
NESRTERTITEIENSDD:

p:xeX >p(x)eF
» MFLTLD DL, FFEZERMA. ANZER

FYUIFBMICBNRITERFTIE, RERED
(FEREH)MBRTHTHAIELITEL.

1
» ROBBREEZD
(x,,%,) = (X0, %,%,, X, X, X3)
» CORHMERMTRESINEEZ S, AL
ax] +bx; =c

» (COBEEAIZES -ie THDLE. TOA
NZEFTHDE. MR ELSD.

i PFHZERORTEE

» REFED (W-T. FEREN) [ETORT
[ZEEBIT B — B
EE: m RTEMO—RAEIC m+1 BED
RAEZONDE, ENLDEDKIR2{ES
BURCRERHTRETED

] Z;X;E
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i H# DR

s ELVSDHIFT, A—RILETIE, HHZERE TR
FEEERS:

x— <W,¢(x)>
o ERFEBOLEICE. ShHEIBEELD,

» DEFREOHAICK. COBKIEICEERKE
YT BENHSH(HEIZ.00r 1 [2F51=TY)

x— sgn((w,¢(x)> +b)

BRTZEFTOEE
- FERNEFBICET DL, RITES

THb.
p:xeX >pd(x)eF

» ELTBFENRELET 5!
BIZIE NEDRE N—1RTERICER
SEABTELRRTED
EARTELRETEDENDEIF, LR
ABGENENITETHD
s RUARIRLEHRSDITTHLSM L, FHHEEDL
BREICGE0

i xf Al

s BEFEADORG : I—PURKIE

. HHEEA~OIE: H—RILRyY

EZAT.SVMTIE
L] H%i@ﬂﬁﬁ:ﬁ%[i

. 1 2 UL
min —||wl|° +C ;
min Wl +CY ¢

) yf(<w»¢(xi)>+b)21_"§f
subject to: £>0

i REZEATHDE

n 2RH—FILTIE
(x,x,) > (xf,xlxz,xle >x22)

Bl Z £ 30x30 = 900 EV+IL (L AL

L) DERIZRLTIE, $9405000:R5TE

HoTLES

L] E@&%L‘Tﬁif: 9onC2
 COBFBEBMTHET DX HFEYIZE

BEoLLY

i BRAREFEEEZD

s MEAVMNLOZEEZGIRLIZSES255D,
BIZIE. ROKSI, IFET—2DRBHEE TR
RWTEBLDODHEEZDH(—ETAVTIL
SR LEBOET):

w= Zai¢(xi)
i1

KE—EOEHDBE,

CNIEEICHIT S
(Representer Theorem)

s CDEE KEBIT HRFEL.
(W, p(x)) = <Z ai¢(xi>,¢(x)> =Y ($(x),4(0)

SVMTIZ. RIBEICHLT,
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i BREHZEFET D

« COa FRAEHEFEND
» FEATML W HHIET —20 (EBRO)RIEMEGRAMT—2EETEL
K ITERTIRAEHF>TULELTH, TR &, FRICIFADE
BELE5ZBVETORTIR)PZ. [HEB W BHNIE, ThEFBIEED
MELT, FET—2DEIZEHEICET HENHS)
= representer theorem &0V5
= BLRET 4D, IET -2 DRDZEMICBEIANEZFES LI ? RIFS
DREVFEBRIED, T —20RDZEHICBESZVRSSDLTIE, FI
BT —RITERIEVDT, BERLIALBLNSTHS,

n FMERIMLEEESETIRDYIC. CORREHDOEETETZIEEN
b b 7Y

i SVM O Bt fif] 8

» EIFEDWHREIL, SVMEx
ML THELONS:

max Za Za V(9. 4(x,))

i,j=1

Zy,a =0

0<qa,<C foralli

L EE DR

subject to:

i T .h—xRILERWSE

s REBELAMESTULENIEISER
s RICS.ROKSICLTEHENGEIZTEL
HE XE
K(x,2) = (§(x),$(2))  xommmmuse
- 5T HE. DEHICHRIT—RIRHL TS,
(BOTERTD)FHEMTOFEEEEMN
NEGEPA T ¥S

i Z D1

s BIZESTRDBIZEZEZDE
B:(x,,%,) = (X7, X,X,,X,%,,%])
« CAREA:
(#(x).§(2)) = (xx' 22" )  rmom-smomxom

=tr(xx'zz")

~(nf

I sy
2 331

» DFEY, FIZIE, EFED $9405000RTDNTH
ILDHE ., EIF 900 RITDRIMLTRHIEEZEY,
TNEZFET ST TEINIEITED

» —RIZELTT L, BRRTORFEERMBRSS
EMTERILITES. BIZIEHIRH—2IL:

K(x,z)= exp[— —"x _ Z"2 }

207

FERTOBFMEREANTTONE Vi, ye X, llml( () =K(x,y)
TRRAIREACEE T OED L EE,

i FEIRIALEEL TDA—RIVIE
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SEMRT T — BB A IEELTD

i h—RILiEk

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

= (fAISAD) R FEIZENT, BEERZERHBER
ICEEMZBHEELTOA—RIVEEEZLD ThHb

5
w-X = f(wX)

i BIZ X (EL>TESVMDHI)

A

&
wif

.

(x,x,) —)(xf,xzz,xlxz)

i EETALDIE

= A
« BAMZEREHICET S CGERE)BEBDENNETHETES
[ r HONBHDESR .,
f)=(f.0x), Al
s A—FRILRYYY FRERNDS
 BRITGERRTT) BBZERH ICEWT. REARBICHET
ELH
» SESELRHT RN FEANHLETEATEE
SVM, Kernel 55347, Kernel IEZEAEBE 7247

o (@(x).0(x)), =k(x.x) - EREA—FL
sl U b DEE
(FoT=<TUELEO)

i A—FIVIZKDIERRERAE

BB w.x ObYIz f(X)

= f(X)=(f.0(X, )>1,

BAM

s ZADIGE f- Za(D(X) Zak()()

(f.0X), Zzz <(D(X)(D(X)> Za/k(xj,x,)

s GramfTH|ZRAWTETETS

i Representer Theorem

Theorem H%RKHSEL. k1 X xX =R, #ZDH—RIL(A/NY
MMEE LD IEEERES) LTS FEDOESK L R”—R, &
FEOFERIVBEHBQ: R -REEZD. HL

:rfmfrllJ(f) mm{Q(HfH:)-%—L(f(x,) ..... f(x,,))} (1)

feH
A well-defined THNIE. H% a;,...a, e R BEFFELT

1O=Y ak(x,") @)
BI(f)=J EERT B, 2512, BL Q AEMEMTHAIE, J(F)
EBNZTREDEEND (2) RTEBSND,

RKHS: Reproducing kemel Hilbert space

PCA

= EFRS5H (PCA) )
s MRTT—2  X...X, :
. ﬁ”ﬂlrﬁt’é’éﬁﬁ(ﬁu’\blﬁb a)(D%E

Var[a" X] :%;(ar()(, -

VOEFGEBFAIML Ui,

B p ERSDE = u,
TEX GD%pIﬁJC%\

%Z/X/))Z :aTVa
SERSETI 7 :%z)?)?
i=1

uX

A=24>.21)
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i PCAD JE#RFZ1E

1Y s
n}ua:)l(Var[aTX]:ﬁ;(aer —*z,aTX,}

max Varl /(0] =~ (x4 3, £

R N

FERTZmMELT 1

RKHS H, £&5& ,

max_ Varl( 7. 0(x )>]:%‘Z(<f @00+ Y (r.00x,)f

i=1

[ OX) & H, DRV = H IZE1T B8 RE

BYAIRL OX),...0X,) 12T S H, ROPCA

i A—2)LPCA

h—F kB
BEATML O(X)...0X,) (2335 H, HOPCA

N

max Valr.000)-1 3 (1.2)f

=

F=0(X)-%Y ®(X,)
f=Yad ELTEN

Z595E. D=
ERAIE

maxa'K’a
P

swieetto g'Ra=1 &= | fI},=(Y ad. X ad)=a Ra

(9.,

=]
M=
—_—
M=
R
R
RN
—
11
Qﬂ
=
N
kg
[}

i HEoELT=FED

o A—FILIZEBIEBIE
. A=
- B WX SRR ) SEEE /(X)=(/.00),
= RKHSHOBHHMAIMLISHT 2R FELLEILND
» FoRERTA—EOWHEE>TRENSRITE (5. 18, 58
HAM etc) HHRLESISEATRE
« #l: SVM, H—HILPCA, H—FJLCCA (EHMEHHT) RT52F
JB{E. H—FLFisherflBI 5 #TE

= FRIALT H DR
» B TEESZ LD TERNEEDIER
o EEL DA BTEDTERRBMEEI—FILISEE
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