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1. Final Report on AFOSR Grant F49620-00-1-008S 
"Data Mining via Generalized Support Vector Machine" 

PI: Olvi L. l^ngasarian olvigics .wise. $du 
■simw. gs. wiso. eda/-olvi 

Univeisity of Wisconsin - Msdison 
Reporting Period: 1 De* 59 to 30 Nov 02 

2. Objectives 

Use a v«iy pnei^ foimulaflon of Siq»port Vector Msslm^ 
to extract significant infonnatiOTi and browledge from (kteseis. 

3. Abstract of I^ulte 

Duriag the fet year of the grant, Geaerali^d Support 
Vector Machiites were used lo extract 
valiiable infojrmaiion from dat^ets and consoiKJt fct 
classification algoritium for massive date. The influmce 
of chemoflier^y was invesiip,ted <» breast cancer patiente 
by obtaining weU sepMated Kaplan-Meier survival cur^ 
for Aree classK of i^tioits, A novel ^proach vrm 
proposed foriBing a minimal rnnnber of data pointt 
in orfer K> g^erate an accurate classifier. 
Simple andpowei&l terative mefliods for classi^ing 
massive dat^ete have been given, one of which requires 
only 11 lines of MATTLAb coste, A method has been proposal for 
generating complex nonlinjar etesificrs based on M little 
as 1% of the given data. 

During Ihe seocnd year of fee grant, substantial progress 
w^ made towards achieving new results in the Beld of 
data mining by ming tiie ectremely vet^tile and hi^y effective 
approach of support vector machine. In particular minimal ksmd dt^sifiers 
were consliuctBd that i^e a minimal subset of the data, a new lype 
.of classifier, the proximal clMsifler, w^ pn^jo^d aid impl^nraited which 
is typically ai order ofnmgnitiMle fester than conventionsl classifiers, 
the effect of cbemollierapy on breast cancer patiente w^ nw>re accurately 
assessal than before and a new fct multicategoiy cla^ifier was 
proposed and inqilemented. 

During the ttiird and final year of die grant, significant 
progress was made in a number of leseareh directions uMer 
this iffoJBCt. An incremsnial classification algoridun was proposed and 
implemented which wm capabk of classifying a billion points in less than 
tiiree 1M)U« on s 400Mhz nschine. New techniques for mcoipomting pricw 
expert Imowledge, such as medical AictoK' expsience, into classifers we^ 
devis^ and coiriputationally implemented. This work led to new mathematical 
theoretical i^ulte on set containment problems. Very fest Newton methods 
w^ proposed and successfully tested for extremely large classificatioii 
problems and linear programming problttns. 
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4. Accompllsliments/New Findings 

The research supported by this giant rraulted in: 

(a) Seventeen papers, .10 of which are already published, 3 have been sccqjted, 
md 4 have been submitted, all to journals or national or 
international conferences. These papers aie listed in Section 6 
and are easily available on die web as indicated by flie links given 
in Section 6 foUowit^ each paper, or ftom the Pi's home page: 
www.cs.wise.edu/~olvi 

(b) Se\^nteeii talks given at national sai intemationai conferences, 
workshc^s and at univemties. 

4a. Sununaiiy of ResoUs (Numbers refer to Section 6 below) 

In (6(i)) a linear support vector roachine (SVM) 
is used to extract 6 feahues from 
a total of 31 features in a dataset of 253 brtflst cancer paiiente. 
Five features are niKlcar features obtained during a non-invasive 
diagnostic procedure while one feature, tumor size, Is obtained during 
surgery; The lin^r SVM selected the 6 features in fte process 
of cl^sifying the patients into node-positive (patients 
with some tnet^tasized lymph nodes) and node-negative 
(patiente wifii no metastasi^d lymph nodes)^ Node-positive 
patients are typically those who undergo ctonpdierapy. 
The 6 features were tiien used in & Gaussian kernel nOTlinear 
SVM to classify llie patiente into three prognostic groups: 
good (node-ne^tive), inietmediate (1 to 4 melMt^ized nodes) 
and poor (more dian 4 memstasized nodes). Very ^^11 
s^arated Kaplan-Meier survival cwves were constiacted for the three 
groups with pairwisc p-value of less than 0.009 based 
on flie lograiJc statistic. 
Patients in the good prognostic group had the hi^est survival, 
while patiente in tiie poor pro^ostic gpjiq* had Ae lowest 
The majority (72.8%) of &e good gtoi^ 
did not receiw chemotherapy, while the majority (87,5%) 
of the poor group received chemothei^y. Just over half 
(56.7%) of flie intermediate groi^ received dtemofliet^y. 
New patients can be ^sign^ to one of these lliree 
prognostic groiqjs with ite a^ociated survival curve, 
based only on 6 feature obtained 
before and during surgery, but wiflwut the potentially 
risky procedure of removing lymph nodes to dewmiiae 
how many of tfiem have meiastesized. 

In (6(ii)) the problem of exiting a minimal number of data pointe ftom 
a large dalaset, in otder to generate a support vector tnachine 
(SVM) classifier, is formulated as a concave minimi^tion problem 
and solved by a finite nmrAer of linea- propams. The minuiMl 
set of selected support vcotore is considerably smaller than 
that required by a standard l-norm support vector machme with 
or wiftout feature selection. The proposed approach also 
incorporates a feaoire selection procedure diat resulte in 
a minimal number of input features used by the classifier. 
Tenfold cross validation giv^ m gw^ or better t^ i^ulte 
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using die proposed minimal siippott vector machine (MSVM) cla^ifier 
based on the smaller set of doa pokis conqsared to a sandard 
1 -nomi support vector machine cl^sifier. The reduction in data 
points used by an MSVM classifier over those used by a l-nonn SVM 
classifier averaged 66% on seven public dat^ete and was as high 
as 81 %. TTiis makes MSVM a useflil incremental classification tool 
which maintains on^ a small fraction of a large dataset before 
meipng and processing it wifli new incoming date. 

In (6(iii)) an active set strategy is applied to the dual of a simple 
reformulation of the stantod quadratic program associated wjfli a 
linear support vector machine. IMs ^pUcation genesai^ a new dual 
algorithm that consists of solving a finite siwicession of linear 
equations for support vector nmltipliers ftom which a separating 
surfrce is imiqiiely detennincd. The linear equations me in the dud 
space, with a typically large dimensionality equal to the number of 
points to be classified. However, by roaldug novel use of flie 
Sherman-Momsoij-Woodbuiy fonroila, a much snialler matrix of flie order 
of the origiial inpai ^sace isinverted at each step, Thusj a proWasn 
with a 32-dimensional input qjace and 7 million poinis required 4 
iterations to solve, each iteration consisting of inverting a 
33-by-33 positive definite syinmetrjc matrix wilJi a totel rmmmg 
time of 73.2 minutes on a 400 MH2 Iniel Pentium II processor. Hie 
proposed algoiiflim requires no specialized quadmtic or linear 
programrning code, but merely a linrar eqimtion solver which is 
publicly available. 

In (6(iv)) an implicit Lagrangian tea tiie dual of a simple reformulrtion of the 
standard quadratic ptog^am of a Ihiear support vector ma;hine is 
proposed, ThK leads to fijs minimization of an UNCONSTRAINED 
differentiable convex fimction in a space of dimensionality equal to 
the number of classified points. iTus problem is solvable ty an 
extremely simple linearly convergent Lagrangian support vector machine 
(LSVM) algorithm. LSVM requires the diversion at the outeet 
of a single amtrix of 
the order of the much snaller dimensionaUly of the original input 
space plus one. The Ml algoriflnu is given ra tiois paper in 11 lines 
of MATLAB code without any qsecial optimization tools 
such as lineffl- or quadratic pro^amming solye«. This LSVM code 
can be us«i "as is" to solve clarification problems witii 
millions of points. For example, 2 milUon pointe in 10 diraemional 
input space w?xs classified in 82 miimtes on a Pentium ffi 500 MHz 
notebook with 384 m^abytes of memoiy (and additional swap space), Mid 
in 7 minutes on a 250 MHz UltraSPARC 11 processor widi 2 gipibyt^ of 
memory. Other stmidard classification ^t problenM were also solved. 
NonUnear kemel cl^siflcation can also be solved by LSVM. Although 
it does not scale up to very tage problena, it can handle any 
positive semidefinite tenel and is guaranteed to convene. A short 
MATLAB cwie is abo given for nonlinear kernels and tested on a number 
ofp«>blems,    ' 

hi (6(v)) an algorithm is proposed which genwaws a nonlinear kernel-based 
separating surfece that requires as little as 1% of a ia^e datesct 
for in explicit evaluation. 
Although tiie entire dataset is used 
to geMrate the nonlinear surface, lie final kemel msto e^qilicit me 
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of a very small portion of the data, the remaiader of which 
can be thrown away. This is achieved 
by making me of a RECTANGULAR m-by-k fcemd 
K(A3') that greatly raiuces the si^ of (he quadratic 
program to be solvrf and simpUfiM the chamcterization of 
die nonlinear separating surface. 
Here, die m rows of A represent ttK original 
m date points while the k rows of B wpresoit 
a greatly reduced k d^ points. CoinputatJOTal results 
indicate ftat test set cortectaess for the roJuced Support 
vector machine (RSVM), with a nonlinear sqjaiating snifece 
that dqjends wi a small randomly elected portion 
of the dateset, is better or much better than timt of a conv^tional support 
vector machine with a nonlinear surfice that scplicitly depends on 
either the entire dateset or the smaller randomly selected one. 

In (6(vi)) a finite concave minimization al^rilhm is proposed for constructing 
kernel classifiers that use a minimal number of data points 
both in generating aiwl characterizing a classifier. 
The algorithm is theoretically justified on the basis 
of Iniear progtaminiDg pertuAation theory and a leave-one-out 
eiTOr bound as well as effective computational results 
on seven real world dat^ete, A nonlinear j»;tangular kernel 
is generated by systematically utilizing 
as few of the data as possible both in training and in 
characterizing 3 nonlinear sepamting airfece. 
This can result in substantial ksmel size reduction 
(over 87% in six of the seven public datasets tested on) with test 
set coir«5tness equal to that obteined by using a full kernel. 
To eliminate data points, the proposed approach 
mak^ use of a novel loss function, die "pound" fenction Q#, which 
is a linear combination of the 1-norm and die step fiinction that n^asures 
both the nwgnitude and the presence of any enor. 
The effectiveness of this lo^ fiinction is jiKtifisJ 
by appealing to Bayesim and statistical learning tiieoiy. 

In (6(vii)) mstead of a standani support vector machine (SVM) 
that classifies points by assigning them to one 
of two disjoint halftpaces, 
points are classified 
by assigning them to the closest oftwo parallel planes (in ii^ut  ' 
or feanne space) diat 
are pished apart as fef as po^ible. This formulation, which  . 
can also be bterpreted as regilari:^ least squares, leads to an ecttemely 
fast and simple algorithra for generating a linear or nonlinear classifier 
that merely r^juires 
the solution of a single system of linear equation. In contest, standaid 
SVMs solve a qimdiaric or a linear 
program that require consicteraWy longer computational time. 
Computational results on publicly available datasets 
indicate that due proposed proximal SVM classifier has comparable test 
set correctness to that of standard SVM classLBere, 
but with considerably faster conqjutational time tlit can 
be m orier of magnitude fester. The linear proxhnal SVM can 
e^ily handle large datoete as indicated by the clsrasification 
Of a 2 million poini lO-attribute set in 20.8 secoiwb. 
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All computational results are based on 6 Iin« 
of MATLAB code. 

In (6(viii)) flie identification of breast cancer patient for whom diemothecapy 
could prolong svuvival time is treated here as a data mining problem. 
This identification is achieved by sliatering 233 breast cancer patiente 
into three prognostic groups: Good, Poor aid toennediate, ^ch 
of the three groups has a sipiificanfly distinct Kaplan-Meier survival 
curve. Of particular significance is the Intermediate ffxmp, because patients 
with chemotherapy in this group do bcttsr than fliose without chemotbeiapy in 
the same ^oip. This is the reverae c^e to that of the overall population 
of 253 patients for which patients underling chemoftei^ry ikve worae survival 
thjui those who do not. We also prescribe a procedure that utilizes three 
nonlinear smooth Support vector nachines (SSVMs) for cl^sifying breast 
cancer patients into the tiirce above prognostic groups. TTiese lesulte suggest 
that the patients in the Good ^oup should not receive chemofterapy while 
those in the Intermediate group should receive chemolhei^iy based on our 
survival curve anal^is. To our knowledge this is the first instance of a 
classifiable group of breast cancer patiente for which chemoiiwrapy can 
possibly enhance survival. 

In (6(ix)) we show how support vmtot machines (SVMs) have played a key role 
In broad classes of problems arising in varioTO fields. 
Much more recently, SVMs have become 
the tool of choice for problems arising in data classification 
and mining. This paper emphasize some recent 
developmente that the author and his colleagues have contributed to 
such as; gfflieralized SVMs (a very general mathematical 
programming framewoA for SVMs), smooth SV^fc (a smoofli nonlmear equation 
representation of SVMs solvable by a fast Newton method), Lagran^an 
SVMs (an unconstrained La^sngian repi^entation of SVMs leading 
to an extremely sis^le iwrative scheme capable of solving 
classification problems wiih millions of points) and reduced 
SVMs (a rectaigular kernel classifier lliat utilizes as litf e 
as 1% of the data). 

In (6(x» we coMtmct by an extremely fast algorithm, 
a proximal support vector machine 
k-category classifier with fiie following prop^es: 

[(a)J ITie classifier consists of k linear or nonlinear 
surfaces in the n-dinitt»sional input space. Each sur&ce 
separate one category fi»m the rest 
[(b)] The k surfeces are proximal to each of 
the k categoties and are constructed in time that 
can be as little as 3 orders of ma^taito shorter 
than that of a conventional si^port vector machine. 
[(c)] Each of the k linear or nonlinear surfaces is the unique 
unconstrained nunimizer 
of a strongly convex quadratic fimction. 
[(d)] Each of the k linear or iwnlinear surfaces can be 
obtained by solving a single nomingular 
sysrem oft linear equations in as many unknown. For 
linear surfaces, fr=(n+l) where n 
is flie dunamionality of the input space in which the dattSet resides. 
For ncwilinear surfMCS t can be 
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as small as 15% of tl« total number of pointe in the dataset 
[(e)] No quadratic or linear pmgrainining codes are needaJ, Effective 
linear eqiMtion solvers are publicly avaUable and can efficiently solve 
large problenK. 

Corapwtational resulte arc pi^ented wMch indicate fliat the 
method is orders of magnitude fester, but h^ simile test set conectness 
to methods using convention^ support vector machines that also separate 
each category fixjm the rest in a consecutive manner by placing 
the points to be sqjarated in disjoint halfspaces in 
the input or feature space. 

ti (6(xi)), using a recentiy infroduced proximal support vector machine 
classifier by the authors, a very fait and simple incremental 
support vector machine (SVA^ ctosifier is prop<»ed which 
is capable of modifying an existing linear classifier 
by both BETBRINO old data and ADDING new dm. 
A very importoit ferture of the proposed single-pass algoriftim, 
which allows it to handle massive dat^ets, is 
that huge blocks of data, say of Ifae order of millions 
of pointe, can be stored in blocks of size (n+l)(iri-l) 
where n is flie iKually small (^ically less tiian 100) 
dimensional input space in which the (kta resides. 
To tononstrate the efieciivene^ of As algorithm 
we classify a dataset of 1 billion points in 10-dimensionaI 
input ^ace into two cl^s^ in less flian 2.5 hours 
on a 400 MHz Pentium n processor. 

In (6(xii)), prior knowledge in the form of multiple polyhedral sets, each 
belonging to one of two categjries, is introduced into a reformulation of 
a linear support vector machine classifier. The resulting formulation 
leads to a linear program fliat can be solved efflciendy. 
Rsal world examples, torn DNA sequencing and breast cancer pro^tBK, 
demonstote fte ejfiF«rtiveness of the proposed 
mefliod. Numerical results show improvement m test set accuracy after 
tiie inco^oration of prior knowledge into ordinary data-based linear 
support vector machine classifiers. One experiment also shows that a linear 
ctossifier, bas^ solely on prior knowledge, fir outperforms 
tiifi direct application of the prior knowledge rules to classi^ new eranqslcs. 

In (6(xiil)), ai2racteii2ation of fte confainnrait of a polyhedral set in 
a dosed halfepace, a key factor in generating knowled^-based support 
vector machine classifiers, is extended to the following: 
(a) Conteinment of one polyhedral set in another. 
(b) Containment of a polyhedral set in a reverse-conv^c 
set defined by convex quadratic constraints. 
(c) Containment of a general closed convex set, defined by convex 
constraints, in a reverse-convex set defined by convex nonlinear 
constrante. 

The fii^t two characterizations can be determined in polynomial time 
by solving m linear propana for (a) and m conv&c quadratic 
progranm for (b), where m is tihie number of constraint defining 
the conttning set In (c), m convex programs need to be solved 
in order to venfy the charwterization, where again m is die numbo- 
of constraints (tefiniag the cotimining set All polyhedrd wte, 
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like the knowledge sets of support vector machine classifiere, are 
characterized by the intersection of a finite number of closed 
halfepac^, 

fii (6(xiv)X a finwjanttntel classification problem of data nuning and machine 
learning is ihm of minimizing a strongly convex, piecewise 
quadratic furumon on the n-dimenslond real space. 
We show finite tennination of a Newton method to the unique 
global solution storting from any point in the space. If the 
function is well conditioned, ttien no stepsize is required 
from flie start, and if not, an Aranijo stepsize is us«J. 
In eitiier case finite termination is guarant^d to flie unique 
global minimum solution. 

In {6(xv)), an iinplicit Lagrangian fonnulation of a suHrort 
vector machine classifier, proposed earher by one of flie auftiOis and 
which led to a hi^ly effective iterative 
scheme, is solved here by a finite Newton mefliod. 
The proposed mctfiod, which is extremely fast and terammtes in 6 or 
7 iterations, can handle classification problems in veiy high 
dimensional spaces, e.g. over 28,000, in a few seconds on a 400 MHz 
Pentium H machine. The method can 
also handle problems with large datasete and requiiES no specialized 
soft^rare other tiian a commonly available solver for a system of linear 
equatloiK. Finite tennination of flie prt^osed method is established in 
this work. 

In (^(xvi)), a tet Newton method is proposed for solving Imear programs 
with a very large (approx 1 million) numbw of constraint aiKi a 
moderate (approx 100) number of variables. Such linear programs 
occur in daa mining mid machine learning. 
The proposed method is based on the apparently overlooked fact 
that the dual of an asymptotic exterior penalty formuMon 
of a linew program provides an EXACT le^ 2-nonn solution 
to the dual of the linear program for ITMTE valuK of the 
penalty parameter but NOT for the primal linear pibpam. 
Solving the dual for a linite value of the penalty p^meter 
yields an exact least 2-norm solution In the dual, but 
NOT a primal solution unless the paranteter approaches zero. 
However, the exact least 2-nonn solution to dual pioblem can be i«ed to 
generate a highly accurate primal solution if m is much bigger thm n 
and the primal solution is unique. 
Utilizing these fecte, a fest globally conv^ent finite 
Newton me&od is proposed. A simple prototype of tiie metkHj 
is given hi eleven lines of MAILAB code. TMs code is capable 
of solving a primal linear program with two million constraints 
and a hundnd variables in 17.4 minutes to an extremely high accuracy of on 
a 400Mh2 Pentium n with 2 gigabytes of memory, CPLEX 6.5 
ran out of menKJiy in attempting to solve the ^me problem on ttie saxKi 
machine. 

In (6(xvii)), a fast Newton metiio4 that suppresses input space features, 
is proposed for a linear programming formulation of support vector 
machine classifiers. 
The proposed stand-alone method 
can handle cl^fication problems in veiy high 
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diTXiensioual spaces, sucli as 28,032 dinrensioM, 
and generates a classifier tb&t depends on 
very few input feato^, such as 
7 out of the original 28,032. TTie method cm 
also handle problems wilt a torgc numter of data pointe 
and rajuires no specialized linear programming pm:kages 
but merely a linear equatioii solver. For n<Mdinear kernel 
dassifiere, die mediod utilizes a mittimal nomber of 
kernel functions in the cl^sifier Hat it generates. 
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(lii) 0-L. Mang^arian A D. R. Musicant:" Active SBjpjrt Voitor Machine 
Classification", Data Mining Iiutitute Technical Report 00-04, April 2000. 
Neural Infonnation Processing Systems 2000 (NIPS 2000), Todd K. Lee, Thomas G. Dietterich and 
Volker Tresp, editore. MT Press 2001,577-S83. 
ftp://ftp.es.Wise.edu/pub/dmi/tech-reports/00-04 .ps 

(iv) O. L. Afengasarian & D. R. Mraicant: "I^grangian Siipport Vector Machines", 
Data Mining Institute Technical Report 00^6, June 2000. Journal of 
Journal of Machke Learning Research 1, htoch 2001,161-177. 
ftp;//ftp.es.wise.edu/pub/dml/tech-reports/OQ-OS.ps 

(v)Y.-J. Lee, O. L. Mmgasarian: "RSVM: Reduced Support Vector M^hines", 
Data Mining tosiitute Technical Report 00-07, August 2000. 
CD Proceedings of the First SIAM Memational Conference on Data Mining, Caricago, 
April 5-7,2001, SIAM, Philadelphia, ISBN 0-89871^95-8. 
ftp!//ftp.ca.wise.edu/pub/dmi/tech-reports/OO-07.ps 

(vi) G. Fung, O. L. ^taig^arian and A. J, Smola; "Mklmal Kernel Classifiers", 
Data Mimng Imtitiitt Technical Report 00-08, November 2(K)0. 
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Journal of Machine Leanijpg Research 3,2002,303-321. 
ftp://ftp.cs.wise■edu/pub/droi/eech-reports/00-08 -PS 

(vii) G. Fung and 0. L. Mangasarian: "Proximal Support Veciar Machine Cla^ifiers", 
Data Mining Institute Teclmical Report 01-02, Fsbnmy 2001. Proceedings 
KD]D-200l: Seventh International Conference on Knowledge Discovery 
and Data Minmg, San Francisco Augost 26-29,2001. Association for Confuting 
Machinery, New Yor^ 2001,77-86. 
^^9'.//tt^.cs .wiscBAu/t^ub/dmi/tsah-TepoTts/Dl-Ol .ps 

(viii) Y.-J. Lee, O. L. Mangasarian and W. H. Wolbeii):"Suivival-Tmie Classification 
of Breast Cancer Patients", Data Mining Institute Technical Report 01-03, 
J^ch 2001, Date Mning li^titute Teclmical Report 01-03, March 2001. 
Compulatioad Optimlration and Applications, to appear. 
f gp; //f tp. es. wise. edu/pub/dTOi/teGh-reports/01,-03 .ps 

(ix) O. L. Manpsarian: "Data Mining via Support Vector Machines", Date Mining Institute 
Technical Rqjort 01-05, May 2001. IFIP Conference on System Modelling and 
Optimi^tion Proceedings, Triar, Germany, July 23-27,2001, to appear. 
ftp;//ftp.cB.wlsc.edu/pub/droi/c.ech-repogcs/03.-05.ps 

(x) G. Fung and O. L. Mang^aian: "Multicategoiy Support Vector M^^hine Ckssifieis", 
Data Mining Mstitute Technical R/sport 01-06, My 2001. Machine limning, submitted. 
ftp: //Et:p. Gs .wise. edu/pub/dmi/tech-reports/Ol-Qg .pa 

(xi) G. Fung and O. L. Mang^aian: "Incremental Support Vector ifachine 
Classification", Data Mining Institate Technical Report 01-08, 
September 2001, Proceedings of tiie Second SIAM Ihtematioiial Conference 
on Date Mining, Arlington, Virginia, April 11-13,2002 Jt Grossman, 
H. Mannilaand R. Moiwani (editors), SIAM, Philadelphia 2002,247-260. 
ftp://ftp.CS.wise.edu/pub/dml/tech-geports/Ql-oa .ps 

(xii) Glenn Piaig. 0, L, Man^arian and Jude Shavlik: " Knowtedge-Bascd Support 
Vector Machine Ckssifieis", Date Mining Institute Teclmical 
Report 01-09, November 2001. Neuial Inforaiation Processing Systems 2002 (NIPS 2002), 
Vancouver, BC, December 10-12,2002, to appear, 
ftp://ftp.GS.wise.edu/pub/dmi/tech-reports/oi-DS .ps 

(xiii) O. L. Btongasarian: "Set Conteinment Owiacteri^tion", Date 
Mining Listitute Tedinical Report Ol-lO, November 2001. Journal of 
Journal of Global Optimization 24<4) December 2W2,473-480. 
ftp://ftp.es.wise,edu/pub/dmi/tech-reports/Ol-lo .ps 

(xiv) O. L, Mangasarian; *• A Finite Newtcm Mefliod for Oagsification ProblenK", 
Data Mining Institate Technical Report 01-11, December 2001. 
Optimization Mefiiods and Softwai^ 17,2002,913-929. 
ftp://ftp.cs■wise.edu/pub/dmi/tech-reports/01-11.pe 
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(xv) 0. Fung and O. L. Man^sarian: "Finite Newton Mcfliod for Lagrangian Support 
Vector Machine Classification", Date Mining Instittite Technical Report 02-01, 
Febraaty 2002. Nuwo-Compnting, submitted. 
ftp;//ftp.ca.wise.edu/pub/dmi/tech-reports/oi-ll .pg 

(3cvi) 0. L. Mangasarian: "A Newton Mefliod for Linea- Pio^mming'*, Data Mining 
Institute Technical Report 02-02, March 2002. M^ematical Programming, submitted. 
ftp; //ftp. cs.wise. edu/pub/d.ttii/teeh-geports/02-02 .ps 

(xvU) G. Fung and O. L. Mang^arian; "A FeatoTe Selection Newton Method for Stqjport Vector 
Machine Classification", Data Mining Institute Technieal Report 02-03, 
September 2002. Computational Optimization and Applications, submitted. 
ftp://ftp.CS.wise.edu/pub/dmi/teeh-repores/02-03 .ps 

7, Interactions/Transitions 

a. Meetings, Conferences & Seminan 

(I) Seminar, Univereify of Califoniia at San Diegp, January 11,2000 
Talk: "SSVM: A Smooth Support Vector kfachine for Classification" 

(II) INFORMS National Meeting, May 7-10,2000, Salt Late a^ 
Talk: "Support Vector Regression" 

(m) Intematioml Syn^iosium on Mafliematiral Progrannning, Ai^ust 7-11, Atlante 
Talk: "Support Vector Machines for Data dassification aiwi Mining" 
Talk: "Support Vector Machine Itegression" 

(IV) KDDCK): litemational Conference on Knowled^ Discovery & Date. Mining, 
August 20-23,2000, Boston 
Talk: "Data Selection for Support Vector Machine Ctesification" 

(V) MTT Distinguished Spedcer Serira, Cambridge. MA October 4,2001 
Talks"Mathcniatical Progrsimning in Support Vector Machines" 
(Video CD of talk a%^Iable from PI on request) 

(VI) INFORMS Annual Meeting, San Antonio, IX, November 5-8,2000 
Talk: "Unlabeled Data Classification by Support Vector Machines" 

QHI) VIearal Information Processmg S^einS CNIPS-2000), Denver, CO, 
November 28-36,.2(XX) 
Talk: "Active Support Vector i^chine Gasification" 

(VUI) Neural Information Processing Systems (NIPS-2000), WorWtop on New 
PeiqjKtivi^ in Kernel-Based Learning, Breckenridge, CO, December 1-2,2000 
Talk: "LSVM: Lagtai^aa Support Vector Machines" 

(DQ Seminar, Univereiiy of Cattfomm at San Diego, January 9,2001 
Talk: "Support Vector Machines via Mathematical Programnung" 

(X) SIAM Date Mining Conference, Chicago, April 5-7,2001 
Talk: "RSVM: Reduced Support Vector Machines" 

(XT) INRIA Rocquencourt, France, July 17,2001 
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Talk: "Matijematical Programming for Support Vector Machme Classifiers" 

(Xfl) IFIP 2001, Trier, Cenuany, My 23-27,2001 
Talk: "Daia Mbing via Support Vector Machines" (Opening Plenary) 

(Xm^ KDD2001 San Francisco, CA, August 26-29,2001 
Talk: "Proximal Support Vector Machine Ctosifiers" 

(XIV) UW-Madison, December 2001* 
G. Fung, O, L. Mangasarian & J. Slmvlik: 
Talk: "KnowledgcBasedSiqjport Vector M^hineCIassifiere" 

(XV) Second SIAM Memational Confetrace on Date Mining 
SDM 2002 Arlington, Virginia. April 11-13,2002 
G, Fung & O. L. Mang^arian 
Talk: "Incremental Support Vector Madiine Classification'' 

CXVI) CSNA2002: Ckssification 
Society of North America Annual Meeting, Madison, Wisconsin, June 13-16,2002 
G. Fung, O. L. Mangasarian: 
Talk: "The Disputed Federalist Papers: SVM Feature Selection via Concave Minimi^tion" 

(XVH) ^&tilenlatics Department, UnivCTsity of Caliijmia. San Diego, My 26,2002 
Talk: "A Newton Method for Linear Programming" 

8. New discoveries} Inventions, or patent disclosnras 

Patent Appliration Number US 10/114,419 wm filed on April 1,20)2, for 
the LSVM (Lagrangian Support Vector Machine) cl^sifier, described in 
AFOSR-supportedittpojt: ftp://ft:p.cs.wise.edu/pub/dmi/teeh-reports/OQ-06-ps 
SAS, a major softwai^ company has signed up for the exckisive righte 
for this paiding patent. 

9. Honoj^Awards 

INFORMS Lanchrater Prize "awarded annually for the best contribution, 
published m English, to the field of operations research and 
management sciences", was awarded to Olvi Mangasarian at tiie INFORMS annual 
meeting, Sao Antonio, TX, November S-8,2000. See: 
http: //www, informs. orq/Priges/LanchegterDet:aile .html 

for more details. 

13 


