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|. PREFACE

This annualreportcontainsa summaryof theactwities in the Institutefor Mathematicsandits Applications(IMA) during
thefifteenthyearof operationSeptembet, 1997,to August31,1998. The programfor theacademigearwasEmerging
Applications of Dynamical Systems.The coordinatordor this programwere:

Rafaeldela Llave Universityof Texas,Austin
EusebiudDoedel ConcordiaUniversity
Martin Golubitsky Universityof Houston
JohnGuckenheimer(Chair) CornellUniversity
YannisKevrekedis PrincetonUniversity
JohnRinzel Nationallnstitutesof Health

The 1998SummemprogramwasCoding and Cryptography. Theorganizersvere

VeraPlesqChair)  Universityof lllinois at Chicago
lan Blake Hewlett-Packard
RobertCalderbank AT&T

Andrew Odlyzko  AT&T

We alsoreporton the ongoingSeminatin IndustrialProblemsandon IMA publicationsaswell asotheractiities which
took placeattheIMA duringtheyeat

ResearclattheIMA wassupportedy a majorgrantfrom

NationalScienceFoundation Division of MathematicalSciences.

Additional supportwasmadeavailableby
Office of Naval Research
The Universityof Minnesota

aswell astheIMA Participatinglnstitutions:

CentreNationaldela Recherché&cientifique  Universityof Houston

ConsiglioNazionaledelle Ricerche Universityof Cincinnati
Geogialnstituteof Technology Universityof lllinois (Urbana)
IndianaUniversity Universityof lowa

lowa StateUniversity Universityof Kentucky
KentStateUniversity Universityof Manitoba
Michigan StateUniversity Universityof Maryland
Northernlllinois University Universityof Michigan

Ohio StateUniversity Universityof Minnesota
PennsylaniaStateUniversity Universityof NotreDame
PurdueUniversity Universityof Pittshurgh
SeoulNationalUniversity (RIM - GARC) Universityof SoutherrCalifornia
TexasA&M University Universityof Wisconsin
Universityof Chicago WayneStateUniversity.

Theworkshopon “Knowledgeand DistributedIntelligence(KDI) Opportunitiesn the MathematicalScienceswassup-
portedby a specialgrantfrom



the NationalSciencd~oundation.

Theworkshopon“ NonlinearldentificationandControl” and“Dynamical Systemd&echnique$n OceanographyChaotic
Advectionin OceanMesoscalestructure”weresupportedy a specialgrantfrom

the Office of Naval Research.

Supportfor the Postdoctorateis IndustrialMathematicprogramwasrecevedfrom
Honegywell Kodak

Generakupportfor industrialprogrammingvasreceivedfrom
AT&T

andfrom the ParticipatingCorporationgor 1996-97:

Bellcore LucentTechnologies
EastmarKodak Honeywell

EPRI IBM

Ford LockheedMVartin
Fujitsu Motorola
GeneraMotors  Siemens
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Personsvishingfurtherinformationareinvited to write to the IMA, or to consultthe web pagehttp://wwwima.umn.edu.

DIRECTORS

Willard Miller, Jr., ProfessoandDirector
miller@ima.umn.edu  http://wwwima.umn.edu/miller

Fadil SantosaAssociateDirectorfor IndustrialPrograms
santosa@math.umn.edu http://wwwmath.umn.edd/santosa

FredDulles,AssociateProgranDirector
dulles@ima.umn.edu http://wwwima.umn.edu’dulles

Institutefor Mathematicsandits Applications
Universityof Minnesota
400Lind Hall, 207 ChurchSt. SE
Minneapolis MN 55455-0463
612-624-6066FAX 612-626-7370
ima-staff@ima.umn.edu



II. THE CONCEPT OF THE IMA

1. The Mission.

Thelnstitutefor Mathematicsandits Applicationsis a uniqueinstitutewhich addressea nationalneedthatis not metby
ary otherprogramsTheIMA is attemptingo revive andstrengthenhe historicaltiesbetweermathematicandthe other
sciencegincludingthe engineeringlisciplines).Thusit hastakenon athree-foldtask:

(A) To fosterlinkagebetweermathematicseindthe othersciencegandindustry)by:

—identifying problemsandareasof mathematicatesearchof concernto othersciences,
—encouraginghe developmentandstudyof new areasof mathematicseededor progressn othersciencesand
— stimulatingcollaborationbetweemmathematicianandotherscientists.

(B) To encouragé¢he participationof mathematicians areasof applicationby:

— providing anatmosphereonducve to the solutionof majorproblemsn variousareasof mathematics,

— presentingmportantscientificandtechnologicaproblemswhich provide realchallengego top level mathemati-
cians,and

— demonstratinghatfirst-ratemathematicganmale arealimpactin thesciences.
(C) To broaderthe educatiorof mathematicianby:

—introducinggraduatestudentsandinstructorsto the art of mathematicamodelingthroughrelevantexamples,
—developinga curriculumin industrialmathematicsand

— broadeninghe horizonof graduatestudentsfrom Participatinglnstitutionswho wish to pursueresearchn se-
lectedareas.

A mathematicatesearchnstitutededicatedo this missionis particularlyimportantat a time of heightenedgwarenes®f
theimportanceof mathematicaideasto the sciencesMany mathematicianareseekinggenuineproblemsto which such
ideascanbe applied. This redirectionof emphasiscomesat a time whenmary of the othersciencesare encountering
an everincreasingdemandfor preciseformulationsof their problems. This is a time of unusualopportunityfor the
mathematicasciences.The needfor mathematiceanbefoundin mary places.If the mathematicasciencesareto take
adwvantageof this opportunityfor additionalsupportby societyas a whole, a major effort to improve communications
betweemathematicianandotherscientistds essential.

2. The Mechanism.

ThelMA addressetherealizationof its missionby enablingoothmathematicianandotherscientistdo shareastimulating
researctervironment. The mechanismsisedareflexible, appropriatdo the chosentopic, andresponsie to the needsof
theparticipants.

Five typesof programminghave beendeveloped:theyearly programs the summer program, theseminaron industrial
problems theindustrial postdocprogram,andeducationalprograms.

(A) The AcademicYearProgram

Theyearlyprogramsarecarefullychoserto provide ameetinggroundfor mathematicianwith engineerandotherscien-
tistsfrom academiaindustry andgovernmentiaboratoriesThe yearstopic maybe anareaof applicationwhich requires
a numberof differentmathematicafields (seefor examplethe 1995-96programon MathematicaMethodsin Materials
Scienceat

http://www.ima.umn.edu/past _programs/msp/ ),

or it may be a broadareaof mathematicsvhich is known to have applicationsn a numberof scientificdisciplines(for
example,the 1997-98rogramon DynamicalSystemsat

http://www.ima.umn.edu/dynsys/).



Althoughtheactualselectiorof topicsis theresponsibilityof theBoardof Governors suggestionfor topicsandfor persons
to coordinatethemare solicited from throughoutthe mathematicatommunity Suggestionareforwardedto the IMA’s

Scientific Advisory Board which evaluatesdeasand advisesthe Director on the processof assemblingprganizersand

developingformal proposaldor presentatiorto the Boardof Governors. The IMA is advisedby an Industrial Advisory

Panel,the departmenheadsof Participatinglnstitutions,andthroughinformal contacts. Thereis no permanenfaculty

beyond the Director and AssociateDirector. This allows for maximumflexibility in the directionof resourcesandthe

choiceof topics.

The form of coordinationfor eachof the yearly programshasbeenevolving during the twelve yearsof IMA actiity.
During thefirst two years(startingin 1982)thereweresinglecoordinatorsn chage of the variousprogramsor program
segments. The third yearhadtwo co-coordinatorsogetherwith two more membersf an organizingcommittee. More
recentprogramshave beendevelopedby organizingcommitteesf four to nineseniormathematicians.

A typical yearly programis designedarounda cadreof seniorscientistswho have agreedto be in residenceor longer
periods usuallyfrom threeto tenmonths.Thesevisitorsprovide continuityfor the programandscientificguidanceor the
postdocs.

Eachof thesegprogramss dividedinto periodsof concentrationandmathematicianscientistandengineersvith expertise
in theseareasareinvitedto stayatthe IMA for periodsof time varyingbetweeroneweekandanentireyear ¢ Fromtento

fifteenworkshopsandtutorials,which areperiodsof activity of higherintensitylastingoneor two weeks areincludedas
apartof theacademic-yegorogram.For thefull list, seehttp://www.ima.umn.edu/past.html

(B) TheSummerProgram

In orderto beof serviceto awideraudiencethelMA (beginningin 1987)expandedts offeringsandintroduceda separate
summeiprogram.Thebasicobjective hereis to interesta broadsetof mathematicianm researclon challengingproblems
in a specificareaof application(Roboticsin 1987, SignalProcessingn 1988, RolustnesspPiagnostics Computingand
Graphicdn Statistics1989,RadarandSonar1990,Time Series1 990,Semiconductor$991,EnvironmentalStudies1 992,
Adaptive NumericalMethods1993, Molecular Biology 1994, Large-ScaleOptimization 1995, Emeging Applications
of NumberTheory1996, Applicationand Theory of Randomsets1996, Statisticsin Health Sciences1997and Coding
and Cryptographyl1998.) Topicsare solicited and approved by the Board of Governors,just asfor the academic-year
programs.ThelMA selectsanOrganizingCommitteeconsistingof expertsin theareaof applicatiorwho arefamiliarwith
mathematicianandwho canplana constructve andfruitful one-or two-monthprogram.The summerprogramis much
morethananordinaryconferencen anareaof applicationof mathematicsThe primary objective is to broaderthebase
of mathematicascientistaandof scientistavorkingin theappliedarea.A secondarybjectiveis to provide anatmosphere
for intenseinteractionbetweenexpertsin several aspectf the appliedarea. The training and guidancewhich these
programsoffer to the mathematicahudiencewill, we believe, provide mathematicascientistavith sufficient exposureto
the fascinatingproblemsof the appliedareasto inducethemto work in the areas. Suchan influx of new blood canbe
expectedo greatlyaccelerat@rogressn theseimportantfieldsand,in turn, to assistn the developmenif technology

(C) TheSeminarmn IndustrialProblems

Oneof the major purpose®f the IMA is to facilitateinteractionbetweenmathematicianandindustrialandgovernment
laboratoryscientists. An importantcomponents to bring problemsfrom industry and governmentlaboratorieso the
attentionof mathematiciansindto encouragehemto work on suchproblems. In orderto achieve this goal the IMA
developeda new programbeginning fall 1987: A weekly Seminaron Industrial Problems. Industrial Scientistspresent
one-houttalks, followedby informal discussion During eachyeartherearea numberof visitorsinvited to spendtime at
thelMA for thepurposeof studyingsuchproblems.n additionto facultyandIMA visitors,the Seminaincludesanumber
of Ph.D.studentsaswell assomeundegraduatestudents Seriousmathematicaproblemsof real significancen Industry
arepresentedandsomefacultyandstudentavork to solve theseproblems Follow-up contactbetweerspealersandthose
who becomeinterestedn their problemsis fostered. The IMA Seminarhasbeenconceved asa modelfor interaction
betweerindustrialandacademicscientistavhich canbereplicatedat otheracademidnstitutions.

AvnerFriedmanthe mostrecentpastDirector, haswrittentenbookswith thetitle, “Mathematicsin IndustrialProblems,
detailingtheproblemspresenteduringthefirsttenyearsof the Seminamandprogressnadeby theparticipantgowardtheir
solution.All tenbookshave beenpublishedby SpringerVerlagasvolumesn theseries]MA Volumesn Mathematicand
its Applications. Thefirst bookwaspublishedasVol. #17(1988);Part 2 is Vol. # 24 (1989);Part 3 is Vol. # 31 (1990);
Part4is Vol. # 38(1991);Part5 is Vol. # 49 (1992);Part6 is Vol. # 57 (1993),Part 7 is Vol. # 67 (1994),Part 8 is Vol. #
83(1995),Part9is Vol. #88(1997),andPart 10is Vol. 100.

As of this year Industrial Problemstalks are summarizedshortly after they are presentedn the world-wide weh See
http://www.ima.umn.edu/industrial/



(D) The Postdoctorateim IndustrialMathematicdProgram.

As an outgrownth of the Industrial ProblemsSeminay the IMA hasdevelopeda programof Postdoctorates Industrial
Mathematics.Financialsupportcomes50% from anindustrialcorporationand50% from the National ScienceFounda-
tion. The programbegan Septembef 990 and hashadtwenty postdoctoratesThesepositionsare designedo prepare
mathematicianfor researclcareersnvolving industrialinteraction. Familiarity with partial differentialequationsand/or
numericalanalysisis desiredbut no knowledgein engineerings required.Postdoctoratespends0% effort working with
ateamof scientistfrom a sponsoringndustryand50%effort in their own researchTheIMA providesscientificsupport
for thesepostdocswithin the framework of aresearctseminar See

http://www.ima.umn.edu/people/all-i nd-pos tdocs .html for thecompletdist.

(E) EducationaPrograms
ThelMA is runningseveraleducationaprogramsat variouslevels:
(1) Mathematicamodelingworkshops.

In the Summerof 1992the IMA introduceda four-weekprogramin MathematicaModelingfor graduatestudentsThirty
studentsverechoserfrom apool of aboutsixty applicantsworldwide;twenty-s@enof the studentchosenwerefrom the
United States.Eachweekthreeproblemswerepresentedby threeinstructorsithe studentsroke up into threeteamsand
eachworkedfor theentireweekon oneof the problems.Eachteampresenteénoral report,followedby awrittenreport;
thetotality of thewritten reportswaspublishedasanIMA TechnicalReport. The programwassupportedy a grantfrom
the SloanFoundation.

In the Summerof 1994, a similar programwas held for instructorsof undegraduateshoth from four-yearcollegesand
from universities.The programlastedthreeweeks dividedinto two ten-dayperiods.At the beginning of eachperiodfour
problemswere presentedy four tutors. The thirty participantswere subsequentlgivided into four teams. Eachteam
worked on oneof the problemsfor tendays,andproducedral andwritten reports,at a level accessibléo undegraduate
students. The totality of the written reportswas publishedas an IMA TechnicalReport,and was distributed around
the country The programwassupportedy the NSF Division of UndegraduateScience Engineeringand Mathematics
Education.

A programin MathematicaModelingfor bothgraduatestudentsandinstructorsof undegraduatesvasheldin July 1998.
The format was similar to the 1994and 1996 programs. More detailsare given later in this Annual Report. The IMA
intendsto continuethis programandfurther expandit to include high-schoolteachers.For informationaboutthe 1998
Modeling program seehttp://www.ima.umn.edu/modeling/

(2) A coursen IndustrialMathematics.

Basedon materialdevelopedin theIMA Seminaron IndustrialProblemsa coursewasdevelopedby AvnerFriedmanand
Walter Littman. It is called,“Industrial Mathematicdor Undegraduate. The courseis basedon casestudies andbuilt
in sucha way thatthe studentis not only exposedto real-life problems but alsograduallydevelopsskills in differential
equationsandnumericalmethods The developmenibf the coursewassupportedy two divisionsof the NationalScience
Foundation:the Division of MathematicalSciencesandthe Division of UndegraduateEducation. Two workshopshave
beenheld (in the Springsof 1993and1994)to brief instructorsfrom othercollegesanduniversitieswho areinterestedn
teachinghiscourse.Thelecturenoteshave beerpublishedy SIAM in July1994.Therearecurrentlyaboutsix institutions
wherethe courseis beingtaught.At the University of Minnesotatenstudentsenrolledin the coursethefirst year andthe
numberhasincreasedo 23in thefourthyear Seehttp://www.ima.umn.edu/industrial/ textbo ok.ht ml.

(3) SummerSchoolsfor Pl GraduateStudents.

ThelMA holdseachyeara Summerschoolfor graduatestudentgrom its 29 Participatinglnstitutions. The programlasts
four weeks,andis basedn four minicoursegocusedon onebroadtheme(e.g., Probability Partial DifferentialEquations,
DifferentialGeometryor HarmonicAnalysis.) The programtakesplaceon oneof the ParticipatingInstitutioncampuses.
It offersstudentsa wide exposureto areasof researchn their generalffield of interest,contactwith studentfrom mary
otherschoolsandteamwork experiencan theafternoonsApproximately40to 45 studenthave beenparticipatingin this
programeachyear Seehttp://www.ima.umn.edu/Pl/summergrad. html .

(F) SoftwareBenchmarking

It wassuggestedby the IMA Industrial Advisory Committeethatthe multiplicity of available softwarepackagegor sci-
entific problemsis difficult for industrialresearchgroupsto sortout. In particular materialssuppliedby the developers
typically do not delineatethe type of problemfor which the softwareis useful. Beginning with the April 21-25,1997
PDE Software conferencethe IMA hascomparedwvailablesoftwareon scientificallychallengingproblems.This canbe
expectedo save time andeffort for scientistsat universitiesandgovernmentiabsaswell asin industrialresearchgroups.



Seehttp://www.ima.umn.edu/resources/ archiv es.ht ml.

3. Regular Postdoctoral Members.

Thepostdoctoramembersarea key componenbf theIMA programsPostdogositionsareintendedasresearchraining
andbroadeningppointments\WWe hopeandexpectthatthe postdocswill interactwell with eachotherandwith the senior
visitors. In additionto offering a scientificchallengeto the seniorvisitorsandproviding continuity, they bring flexibility
andenthusiasnto the program.The postdocsare selectedby meansof anopencompetition.Promisingand,if possible,
provenresearchworkers,who are opento nen problemsandwho canbe expectedto have new ideas,are aggressiely
sought.

The active participationof the postdoctoraimemberss vital to the missionof the IMA. Their interestsare regularly
takeninto accountn the planningof workshops)ectures andseminarsandin the selectionof shorttermvisitorsfor the
IMA programs.Variousmechanismare usedto encouragehe seniorvisitorsto go out of their way to interactwith the
postdocs.Informal baglunches,a postdocseminay a daily coffee hour, andInstituteteashave all provedto be helpful.
The IMA directorsand coordinatorsstrive to walk the fine line betweenover-directionand underdirectionof research.
It is hopedthatthe postdocawill usetheir IMA experienceto grow to be amongthe future leadersn the mathematical-
scientificcommunity For the completelist of the 165 Regular PostdoctoraMembers,including currentaffiliations, see
http://www.ima.umn.edu/people/all-r eg-pos tdocs .html



Ill. BOARD OF GOVERNORS

A twelve-membeBoardof Gavernorshasbeenchagedwith giving overall scientificguidanceo the IMA. Major policy
decisionsjncludingthe appointmentf the directorsandthe choiceof topicsof studyandcoordinatordor eachprogram,
aremadeby theBoard.

Themembershipf the Boardduring1997-199&ndthe periodsof appointmenare:

NAME INSTITUTION PERIODOF TENURE

LynneBillard Universityof Geogia Jan.1,1998-Dec31,2000
JenniferChayes Microsoft Jan.1,1998-Dec31,2000
JameXKeener Universityof Utah Jan.1,1998-Dec231,2000
Paul Rabinavitz Universityof Wisconsin Jan.1,1998-Dec31,2000
RobertCalderbank  AT&T Labs Jan.1,1997-Dec31,1999
RosemanChang SGl, Incorporated Jan.1,1997-Dec31,1999
JohnPolking Rice University Jan.1,1997-Dec31,1999
Ridgway Scott Universityof Houston Jan.1,1997-Dec31,1999
David H. Bailey NASA AmesResearciCenter Jan.1,1996-Dec31,1998
William Pulleyblank IBM Thomas]. WatsonResearclCenter Jan.1,1996-Dec31,1998
Al Taylor Universityof Michigan Jan.1,1996-Dec.31,1998
JamesTurner ArizonaStateUniversity Jan.1,1996-Dec31,1998
Mary Ellen Bock PurdueUniversity Jan.1,1995-Dec.31,1997
David Levermore Universityof Arizona Jan.1,1995-Dec31,1997
JamedVicKenna Bellcore Jan.1,1995-Dec31,1997
Alan Perelson Los AlamosNationalLaboratory Jan.1,1995-Dec31,1997

FORFUTUREREFERENCEONLY:

1999-2001:
DouglasAr nold PennsylaniaStateUniversity
Richard Karp Universityof Washington
ThomasMagnanti Massachusettsistituteof Technology
andJuan Meza SandiaNationalLaboratory
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IV. RESEARCH ACCOMPLISHMENTS IN MATHEMATICS FOR
1997-98:EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

1. ANNUAL PROGRAM ORGANIZERS

Martin Golubitsky of the University of Houston,Departmenf Mathematicds one of the organizersfor the 1997-98
programyearon “Emerging Applicationsof DynamicalSystems. He alsoco-omganizedthe IMA workshopon “Pattern
Formationin ContinuousandCoupledSystems. He writes:

Patternformation hasbeenstudiedintensiely for mostof this centuryby both experimentalistsand theoreticiansand
therehave beenmary workshopsand conferenceslevotedto the subject.In the IMA workshopon PatternFormationin
ContinuousandCoupledSystemsield May 11-15,1998we attemptedo focuson new directionsin the patternditerature.
In particular we stressedgystemsandphenomenshatgenerateew typesof pattern(thosethatappeain discretecoupled
systemsthosethatappeain systemswith globalcoupling,andthosethatappeain comtustionexperimentsindonwell-
known patternsvheretherehasbeensignificantrecentdevelopmeni(for example,spiralwavesandsuperlatticepatterns).

The participantsat this meetingincluded,in moreor lessequalparts,experimentalist@ndtheoreticiansOnegoalwasto
continuecommunicatiorbetweerthesegroups andwe werepleasedy theresult. Anothergoalwasto familiarizealarger
audiencewith someof thenewer directionsin thefield, andagaintheresultwasvery satisfying.

With thesegoalsin mind, we decidedto producea nonstandardvorkshopproceedings.We did not want to publish
a collection of researcharticles,which could have appeareclsavhereasrefereediournal articles,nor did we wantto
publishallist of abstractsinsteadwe attemptedo collecta seriesof mini-review articlesof at most15 to 20 pagegwith
extensie bibliographies}hatwould discusswhy certaintopicsareinterestingandmeritadditionalresearchTheresponse
hasbeenquite hearteningandwe hopethatreaderswill find thesereviews a usefulentryinto theliterature.

Jointwork with Dan Luss, University of Houston(ChemicalEngineering)and Steven H. Strogatz,Cornell University
(TheoreticabndApplied Mechanics).

John Guckenheimerfrom CornellUniversity, Departmenbf Mathematicsvasthe chairof the organizingcommitteefor
the1997-98yearon “Emerging Applicationsof DynamicalSystems. His reportfollows:

| senedaschairof the organizingcommitteefor the program*‘Emerging Applicationsof DynamicalSystems'duringthe
1997-98academigyear Thus,spendingthe yearvisiting the IMA wasa uniqueopportunityfor me. | think thatl also
playedanimportantrole in providing mentorshipfor the postdoctorafellows in the program. During the courseof the
year | engagedn technicaldiscussiongboutproblemsof commoninterestwith abouthalf of thesefellows, will mentor
Kurt Lustat Cornellduring1998-99andam continuinga collaborationwith KathleenRogersandWarrenWeckesserThe
remaindeof thisreportwill discusgheresearch accomplishedndmalke suggestionfor IMA reflectingmy role aschair
of theorganizingcommittee.

Reseath

The main topic for my researchduring this pastyear hasbeenthe formulation and implementationof algorithmsfor

computingperiodic orbits of dynamicalsystems.Periodicorbits, togetherwith their stableand unstablemanifoldsare
fundamentalobjectsin the phasespaceof a dynamicalsystem. Stableperiodic orbits are frequentlyobsenred as the
limiting behaior of trajectoriescomputedby numericalintegration. For somepurposeghereare more effective ways of

computingtheseorbits. Unstableperiodicorbitsthatcannotbe readily obsernedasthelimits of numericaltrajectoriesare
alsoimportantin applications! have beeninvestigatingalgorithmsthatperformdirectcalculationof periodicorbits. Such
algorithmsareconstructedn the framewvork of boundaryalueproblemsfor ordinarydifferentialequationsThe primary
innovationin our work hasbeento usea techniqueknown asautomaticor computationadifferentiationto achieve very

high orderaccuray in the methods.Theresultsareimpressie. The nev methodsachiere higheraccurag with coarser
meshes.They areflexible in their useandstraightforvard asimplementation®f the mathematicaproblemsthey solve.

Thiswork is complementaryo thework of Kurt Lust,andwe have begundiscussionsibouthow to extendour methodgo

work with largesystems.

Therearetwo collaboratve projectsthat | beganduring the IMA year The first is a study of modelsof two coupled
Josephsojunctions,or equivalentlytwo pendulacoupledwith atorsionalspring. Thistwo degreeof freedomconserative
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mechanicasystemhasvery complex andinterestingdynamics Don Aronson,SebiusDoedel Bjorn Sandstedandmyself
have undertalen extensive numericalinvestigationof this system. We have developeda good understandingf some
aspect®f how the phasespaceof the systemis organized We areworking on apaperthatwill describeour conclusions.

KathleenRogersWarrenWeckesserand| have beenstudyinga differentfour dimensionaiectorfield thatrepresentswo
coupledoscillators. The systemwe arestudyingis a representationf two neuronscoupledthroughreciprocalinhibition.
Eachof the oscillatorsis a relaxationoscillatorwith two time scales.Trajectorieswithin the systemevolve on the slowver
time scale with brief periodsof rapidtransitionghatoccuronthefastertime scale.As themodelparametersf thesystem
arevaried, the patternsof transitionsundego bifurcation. Suchphenomendave beenstudiedas singularperturbation
problemshut bifurcationtheoryfor multiple time scalesystemss notyet a highly developedsubject.Thus,our numerical
investigationsarerevealingnew behaior thatis interestingbothfor mathematicalheoryandfor its biologicalinterpreta-
tions.

Organization:

Theprogramwasimplementedlmostexactly asoutlinedin theoriginal plans.| think thatthesetof actiitieswascoherent
andprovidedanexcellentmix of interdisciplinaryapplicationsvith emphasisiponthedevelopmenbf mathematicatheory
andalgorithms.Thereareonly afew commentghat! offer for futureimprovementsn theIMA programs.

The postdoctorafellows werethe focusof mostof the IMA program.The selectioncommitteeplacedan emphasisipon
selectingnew recipientsof the PhD. In somecasesthe participantsdid not completetheir thesesand other degreere-
quirementauntil well into the year This wasa distractionfrom their ability to plungeinto new projects.lIt is difficult to
predicthow long studentswill take to completetheir degreerequirementsbut | recommendhat additionalattentionbe
givento how IMA canbestdealwith thisissue.Thereweresix seniorvisitorsat IMA for the entireacademig/ear This
providedmentorshipvhosequality would have beendifficult to achieve otherwise.Increasedesponsibilityfrom the Min-
nesotdacultyin theprogramavould be helpful,especiallywith theimplementatiorof two yearpostdoctoraappointments.

Director's Comment:Startingin fall 1998,a two year postdoctoal appointmenhasbecomehe standad. All postdocs
are assignedaculty mentos. Thefirst year of the postdocexperienceinvolvesparticipationin the IMA themeprogram.
In the secondyear (whenthe IMA themeprogram maybe inappropriate for the secondyear postdocs}here is a special
seminarfor thesesecondyearpostdocgand possiblysomesmallspecialworkshopsvith facultyinvolvemento continue
the mentoringexperience Alsothere will be a specialteading developmenprogramfor someof the postdocs.Thiswill
includeparticipationin the University of MinnesotaBushFoundationteading developmenprojectthat involvesone-on-
onementoringof junior faculty by masterteaders. For otherpostdocsvhoare interested there will be opportunitiesfor
industrial interactionaswell asteading mentoring

Therewereten workshopsthatwereincludedin our original plan for the year Despitethe long delay betweenoriginal

conceptiorandthefinal workshopstheprogramsawverelively andstimulating.Additional eventswereaddedo theprogram
atalaterdateandcontributedfurtherto makingtheyears actvities. For eachworkshop we seta goalof bringingtogether
groupsof researchersvho have not interactedstronglyin the past. We achieved this goal in almostall casesjn some
casessuperbly Thefinal workshopon animallocomotionwasnotevorthy in having participantdrom four communities
(dynamicalsystems robotics, biomechanicsand electrophysiologyengagedn intensediscussionsseekingto build a

commonunderstandingf leggedlocomotionand swimming. The workshopsand tutorialsthat precededsomeof the

workshopswvereafocal pointfor theentireyear DespitelMA guidelinego limit the numberof lecturesatworkshopsthe

programsnevitably grew to thepointthatwerewaslimited timefor informal discussioneamongtheworkshopparticipants
andno time for anything else. Thus,the atmospher@f the IMA fluctuatedfrom weekto week. During someperiods,
especiallyatthe beginningandendof theacademigeat it washardlypossibleto bothattendIMA eventsandfocusupon
individual research.Overall, | think thatthe amountof time spentin workshopswasgood. | do not think it shouldbe

increased.

TheIMA supportstaf wasvery helpful. Nonethelesstherewere someglitchesin the communicatiorbetweerthe staf
andworkshoporganizers.Theseimproved during theyear but | recommendhattherebe clearpoliciesof whatreports
will beprovidedto theworkshoporganizersaaboutresponseto invitations.| recommendhata databaseaccessibléo or-
ganizerof IMA participantdbe establishedo facilitatedecisionsaboutmeetingprogramsafterinitial invitationsaresent.
While the organizingcommitteewasgivenguidelinesfor how mary invitationsshouldbeissuedto differentcateyoriesof
visitors, it wasnotgiveninformationaboutbudgetsor expectechnumbersof acceptances his madeit harderto respondo
inquiriesfrom potentialparticipantsanddifficult to know whenthe committeeshouldconsiderecommendingdditional
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invitations. | like the factthatthe committeeswvere not givenfixed budgets but moreinformationaboutfinanceswvould
helpedthe planningprocess.

Director's comment:Lists of confirmedworkshopparticipantsare now on the web, publicly available and are updated
regularly.

| think thattheIMA couldimprove theinteractionof its programswith the University of Minnesotagspeciallyoutsidethe
mathematicslepartmentSeveral of theworkshopswvould have benefitedrom having alocal memberof their organizing
committeesvith responsibilityfor encouragingparticipationof othermember®f the universitycommunitywith the IMA.
Corversely little effort was madeby the IMA to adwertise University of Minnesotaactivities outsidethe mathematics
departmento its members.In particulay the winter biological sciencesegmentof the year could have beenenriched
substantiallyby greaterinvolvementwith otherpartsof the University.

Director's comment:In fact the IMA madeconsideable efforts to involve the biological communityat the University,
includingpersonalphonecallsregular mailingsof the Newsletterto the appropriate biological sciencedepartmentanda
large emaillist aimedat facultyin thesedepartmentswith detailsof forthcomingworkshopsDespitethis, there waslittle
successn promotinginteractionwith the biological and medicalcommunityat the University during 1997-98,a contin-
uation of a long-standingproblemin connectingthe scienceand engineeringdisciplineswith the biological community
However, during the 1998-99yearon Mathematicasnd Biology, striking advancesvere made More than50 reseabers
in medicineandbiology at the University tookpart in the 1998-99rogram. An ongoingMathematics-Physiolyy Seminar
wasestablishedwith spealers half from mathand engineeringdepartmentsand half from physiolgy and medicine The
seminairis nowbeingupgradedto the McKnightSeminain MathematicaBiosciencehostedbytheIMA, co-sponsaedby
the department®f Neuioscience ChemicalEngineering Mathematicsand the Biological ProcessTechnolagy Institute
and fundedby the McKnight fund of the GraduateSdool. Hans Othmer a distinguishednathematiciarspecializingin
DevelopmentaBiology, hasjustjoinedthe Sdool of Mathematicandthe Digital Technology Center He will play anim-
portantrole in helpingthe IMA nurture math-biolay links. Additionaljoint math-biolay positions,programsand mud
mote interdiscipinaryreseach effort are clearly in the offing.

2. WORKSHOP ORGANIZERS

EusebiusDoedelof the California Instituteof Technologyis oneof the organizersof the Septembel 5 - 19, 1997work-
shopon “Numerical Methodsfor Bifurcation Problems. The proceedinggor this workshopis combinedwith that of a
relatedworkshop“Large-ScaleDynamical Systems Septembef9 - October3, 1997” andwill appeatin the IMA Vol-
umesin Mathematicsandits ApplicationsasVolume119: NumericalMethodsfor Bifurcation ProblemsandLarge-Scale
DynamicalSystemsEusebiudDoedelalongwith LauretteTuckermanarethe editors. Thefollowing prefaceis written for
thecombinedproceedings:

The papersin this volume are basedon lecturesgiven at the first two workshopsheld as part of the 1997-1998MA
AcademicYearon Emeging Applicationsof DynamicalSystems.This IMA Yearwasorganizedoy JohnGuckenheimer
(chair), EusebiusDoedel, Martin Golubitsky, YannisKevrekidis, Rafael de La Llave, and JohnRinzel. The scientific
programhad a strongcomputationacomponentas especiallyreflectedin the first two workshopswhich were entirely
devotedto computationalssues.

Workshop1l, “Numerical Methodsfor Bifurcation Problems, washeldin the weekof Septembefl5-19,1997. The or-
ganizingcommitteeof this workshopconsistedf EusebiusDoedel(chair), Wolf-JuegenBeyn, BernoldFiedlet Yannis
Kevrekidis,andJensLorenz. Theworkshopconcentratedn complex computationaissuesn dynamicalsystems While
computationatechniquedor low-codimensiorocal bifurcationsin few-degreeof freedomsystemsarein advancedstate
of development,muchwork remainsto be doneon the numericaltreatmentof highercodimensiorsingularities. More
importantly thereis a pressingneedfor the developmentof numericalmethodsfor computingglobal objectsin phase
spacetheir interactionsandbifurcations. This workshopbroughttogethemathematiciansjumericalanalystsandcom-
puterscientistavorking on theseproblems Particulartopicsincludedthe detectiorof bifurcationsandthe developmenbf
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associatedumericalandvisualizationsoftware. Also consideredvereimportanttheoreticaissuessuchassmoothfactor
izationof matrices self—oganizedcriticality, andsingularheterocliniccycles. The numericalcomputatiorof manifolds,
suchasinvarianttori andresonancsurfaceswverealsostudied.

Workshop2, “Large ScaleDynamical Systems$, was held during the week of Septembef9—-October3, 1997. It was
organizedby LauretteTuckerman(chair), EdrissTiti, HerbertKeller, and Don Aronson. The numericalstudy of low-
dimensionaldynamicsin large scalesetsof ODEs anddiscretization®f PDEsnecessitatehe developmentof special
purposealgorithmsfor simulations stability andbifurcationanalysis.This workshopaddressethe developmentandap-
plicationof speciaiiterative methoddor large scalesystemslt alsoconsideredjlobalmodelreductionschemesor PDEs.
A relatedgoalis to encouragehe interpretatiorof large-scalephysicalproblemsas dynamicalsystemsawhich, although
high-dimensionalundego low-codimensiorbifurcations.Applicationsof specialinterestincludeselectedroblemsaris-
ing in fluid flows, andpatternformationin reaction-difusionsystems.

Wewouldliketo thanktheIMA andtheprogramcoordinatorgor holdingthis workshop.We thankoutgoingandincoming
directorsAvnerFriedmarandWillard Miller, andespeciallyRobertGulliver for coordinatingheworkshopsandthe IMA

staf for providing logistic support.We alsothankPatriciaV. Brick for herimportantcontritutionto thisvolumeaseditorial
andproductioncoordinatoratthe IMA.

Rafael de la Llave of the Departmenbdbf Mathematicsniversity of Texas-Austinis the mainorganizerof the workshop
on “Dynamicsof Algorithms” held on Novemberl7-21,1997. The proceedingdor this workshopappearsn the IMA
Volumesin Mathematicsandits ApplicationsasVolume 118. Linda R. Petzoldof the Departmenibf Mechanicaland
EnvironmentalEngineeringUniversity of California-Santd8arbaraandJensLorenzof the DepartmenMathematicsand
Statistics University of New Mexico sene asco-editorsBelow is the prefacefor the book:

Algorithms anddynamicsreinforceeachothersinceiterative algorithmscanbe consideredasa dynamicalsystem:a set
of numbergproducesanothersetof numbersaccordingo a setof rulesandthis getsrepeatedissuessuchascorvergence,
domainsof stability etc. canbe approachedvith themethodsof dynamics.

Ontheotherhand thestudyof dynamicscanprofit from theavailability of goodalgorithmsto computedynamicalbobjects.
Fundamentatonceptsuchasentropy in dynamicalsystemsandcomputationatompleity seenremarkablyrelated.

This interactionhasbeenapparenin the studyof algorithmsfor numericalintegrationof ordinarydifferentialequations
anddifferentialalgebraicequationsrom the beginning (Newton alreadyworried how to computenumericalsolutionsof
ODE’s) andin otherareassuchaslinearalgebralut it is spreadingo moreareamow, anddeepetoolsfrom onefield are
beingbroughtto bearonthe problemsof the othet

This collectionof papergepresentthetalksgivenby theparticipantsn aworkshopon “Dynamicsof Algorithms” heldat
thelMA in Novemberl997. We hopethatit cangive a feel for the excitementgeneratediuringthe workshopandthatit
canhelpto furthertheinterestin thisimportantandgrowing areafull of fruitful challenges.

Laur ette Tuckerman camewith herhusbandDPwight Barkley for theentireprogramyear Sheis oneof the organizersof
theIMA Workshopon Large-ScalddynamicalSystemsieldon Septembe29 - October3, 1997.Her reportfollows:

I. OPEN SHEAR-DRIVEN FLOWS

A. PerturbeglaneCouetteflow

| collaboratedwvith Dwight Barkley (yearlong IMA visitor for 1997-8)on simulationsof perturbedplane Couetteflow.
PlaneCouetteflow, the flow betweentwo parallel platestranslatingin oppositedirections,haslong beenknown to be
linearly stableat all Reynolds numbers but to undego a suddertransitionto three-dimensiong3D) turbulencein the
laboratoryandin numericalimulationsIn asearcHor intermediatestatesvhich might explain thetransitionmechanism,
theexperimentalgroupof Bottin etal. insertedathin wire into theflow, andobsened 3D steadystates Barkley andl were
ableto numericallysimulatethesestatesandto determinehatthey arosefrom a subcriticalpitchfork bifurcation. We have
sincebeeninvestigatinghe dependencef the scenaricon wire radius,aswell asthetransitionfrom thesesteadystateso
time-dependencandturbulence.

B. Symmetriesn cylindrical wake flow
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Dwight Barkley (yearlongvisitor) andRonHendersorfparticipanin IMA workshopon Large-ScaldynamicalSystems
in Septembectoberl997)numericallycalculatedhe 3D instabilitiesof the periodic2D flow in thewake of a cylinder.
Two instabilitieswere found, called mode A and mode B, with quite differentwavelengthsand symmetryproperties.
Experimentakvidencesuggestshatthesetwo modesmay interact,with resultingcomple< dynamics.Guidedby Martin
Golubitsky (IMA visitor in May 1998, co-omganizerof workshopon Symmetryandof theyearon Emeging Applications
of DynamicalSystems)] beganto undertale an analysisof the interactionof thesetwo modesin termsof bifurcation
theoryin the presenceof symmetry This requiredmasteringthe conceptsof invariantand equivariantnormal forms,
isotropy latticesandisotypicdecompositionsOf greathelpin doingsowasaninformal studygrouporganizedoy Warren
Weclkesser(IMA postdoc,1997-8)in the Springof 1998 0n this very subject. Becausehe 2D cylindrical wake flow is
periodic,the 3D stability analysiscarriedout by Barkley and Hendersoris a Floquetanalysis,andthe symmetriesare
spatio-temporalratherthan purely spatial. In fact, one of the mainfocusesof the IMA workshopon Symmetryin May
1998becameheframenork for analyzingspatio-temporadymmetrywery recentlydevelopedby participantsandspealers
PeterAshwin, JeroerLamb,lan Melbourne andAlistair Rucklidge.

I1. CLOSED CONVECTIVE FLOWS

A. Numericalwork

I continuedwork on corvectionin variousconfigurations.With Patrick Le Qur and ShiheXin, | completedan article
on corvectiondriven by equaland oppositehorizontalthermaland concentratiorgradients. This turnedout to involve

a subcriticalcircle pitchfork followed by a supercriticaldrift pitchfork in the caseof a vertically periodic cavity anda
transcriticalbifurcationin a squarecavity. With Daniel Henry (IMA visitor during SeptembefOctober1997)andAlain

Bemeon(participantin IMA workshopon Large-ScaleDynamical Systems)| completeda surwey article on surface-
tension-dwen (Marangoni)corvectiondueto combinedthermalandconcentratiorgradients.Henry, Bergeon,andl also
continuedwork on Marangonicorvectionin three-dimensionakctangulacontainersandwe discussedheinterpretation
of thiswork in the context of symmetrieof rectanglesndsquaresvith EdgarKnobloch(IMA visitor duringMay 1998)
andGabrielaGomegyearlong IMA visitor during1997-8).

B. Analytic work

Corvectiondrivenby competinghermalandconcentratiomgradientsvasextensiely studiedin the 1980s asa physically
realizableprototypeof a codimension-tw point, at which a curve of Hopf bifurcationswasannihilatedby joining a curve
of steadybifurcations,accompaniedy the existenceof heteroclinicinfinite-periodcycles. Thesecurves describethe
critical Rayleighnumber(temperaturaifference)or corvectionasa functionof separatiorparametefratio of solutalto
thermaleffects).

| discoveredthatthesebifurcationcurves,i.e. thelinearstability diagram couldall bederivedfrom thefollowing property:
Theeigervaluesof a2 2 matrix whoseentriesdependinearly on a control parameteundego eitheravoidedcrossingor

comple coalescencalependingnthesignof the coupling(productof the off-diagonalterms)nearthe pointatwhich the

diagonaltermsintersectMy interpretatiorwould organizebinarycornvectionaroundthe caseof zeroseparatiomparameter
atwhichthe couplingvanishesandthe eigervaluessimply crosstrans\ersely

More surprisingwasthe realizationthatthe nonlinearpropertiescould alsobe explainedin this way. The structureof the
equationgurnsout to be suchthat the systemof couplednonlinearequationgdescribingthe steadystatesreduceto a 2

2 eigervalue problemwith the squareof the corvectionamplitudeas eigervalue. The structureof the matrix is almost
identicalto thatgoverningthe linear stability; only the interpretationrchanges For instance complex coalescencéor the
nonlinearproblemmustbe interpretedas a saddle-nodéifurcation (disappearancef a pair of solutions)insteadof as
the onsetof oscillatorybehaior. In developingthis framework, | benefittedgreatlyfrom corversationswith JohnGuck-
enheimer(programorganizerandyearlong visitor), EdgarKnobloch(visitor, May 1998),andFritz BusseandHermann
Riecke (spealersatthe May 1988workshopon Symmetries).

PUBLICATIONS

Written andsubmittedwhile at IMA:
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D. Barkley andL.S. Tuckerman Stabilityanalysisof perturbedplane Couetteflow, submittedto Phys.Fluids.

D. Barkley andL.S. Tuckerman,Linear and nonlinearstability analysisof perturbedplane Couetteflow, in Proceedings
of the SeventhEuropeanTurbulenceConferenceed. by U. Frisch(Kluwer AcademicPublisherspordrecht,1998).

L.S. TuckermanandD. Barkley, Bifurcation analysisfor time-steppes; in NumericalMethodsfor Bifurcation Problems
andLarge-ScaleDynamicalSystemsed. by E. Doedel,B. Fiedler Y. Kevrekides W.-J.Beyn, J.Lorenz,L.S. Tuckerman,
E. Titi, H.B. Keller, andD. Aronson(Springer New York, to appear).

Revisedwhile at IMA

S. Xin, P. Le Qur, andL.S. Tuckerman,Bifurcation analysisof double-difusive corvectionwith opposinghorizontal
thermalandsolutalgradientsPhys.Fluids. 10, 850-858(1998).

A. Bergeon,D. Henry, H. BenHadid,andL.S. Tuckerman,Marangonicorvectionin binary mixtureswith Soeet effect, J.
Fluid Mech.,in press.

ResearchedtIMA, now beingwritten

L.S. TuckermanD. Henry, andA. Bergeon Binaryfluid corvectionasa 2 by 2 matrix problem to be submittedto Physica
D.

A. Begeon,D. Henry, H. BenHadid,andL.S. Tuckerman,Three-dimensionallarangoniinstability patternselection to
besubmittedto J. Fluid Mech.

3. VISIT ORS/SPEAKERS

Dwight Barkley of University of Warwick, Mathematicdnstitute was one of the long-termvisitors. He submitsthe
following report:

My work attheIMA fallsinto two broadclassesvhich | shalldescribeseparately
I. Wavesin excitablemedia.

| completeca new fastcomputemprogramfor simulatingandvisualizingin realtime wavesin three-dimensionadxcitable
media.Two exampleof suchmediaarethe Belousw-Zhabotinsl chemicakeactionrandcardiadissue.lt hasbeerknown
for sometime that weak parametricforcing provides a simple methodfor control of spiral wavesin two-dimensional
excitable media. Essentiallynothingwas known, however, aboutthe effect of parametricforcing in three-dimensional
excitablemediawheresolutionsaremuchricher. Dr. Rolf Mantel (IMA postdoc)andl investigatedn the effect of weak
parametridorcing of two of the mostfundamentaktructuresn threedimensionsthe so-calledaxisymmetricscroll ring
andthe twisted scroll ring. We determinedo high accurag the spatio-temporatlynamicsof both structureswith and
without forcing. Most significantlywe were ableto understandhe dynamicsthroughnormalform equationsbasedon
non-compacsymmetrygroups.This understandinpenefitedremendouslyrom the corversationsvith severalvisitorsto
thelIMA (B. Sandstedd, Melbourne B. Fiedler andC. Wulff). Thework hasbeensubmittedfor publication[1].

Il. Instabilitiesanddynamicsof fluid flows.

Collaborationgook placewith bothlongandshorttermIMA visitorson severalproblemsn fluid dynamicsL. Tuckerman
and| performedextensie numericallinear andnonlinearstability computation®f a classicakhearflow, so-calledplane
Couetteflow, perturbedvith smallribbonin the centerof the flow. We wereableto confirmthatexperimentallyobsened
streamwisevorticesin this fluid flow resultedfrom a subcriticalsymmetrybreakingbifurcationof the basiclaminarflow

[2]. We foundtransitionto temporallycomple statessignifying the onsetof a weakform of turbulence .We arecurrently
pursuingthisline of researcho understandhe scenaridhroughwhich theflow becomesurbulentasthe sizeof geometric
perturbationin decreasetb zero.

| collaboratedwith L. Tuckermanin herwork on developing a suite of large-scalebifurcation methodsbasedin time-
steppingalgorithmsg[3].

IMA visitorsM.G.M. GomesR. Hendersonand| studiedthree-dimensionatansitionin the separateflow generatedy
a sudderexpansionin anotherwiseparallelflow channel.This geometryis known asa backward-facingstep. We found
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thatthe first instability encountere@sthe Reynoldsnumberis increasedeadsdirectly to a three-dimensionadtate,and
thatsurprisinglytheflow remaindinearly stableto two-dimensionadisturbance$or very large Reynoldsnumber4].

| developeda heuristicdescriptiorof nonlinearthree-dimensiondlow patternsn thewake of flow pasta circularcylinder
[5]. A collaborationwas begunwith IMA visitors L. Tuckermanand M. Golubitsky in which we plan to extendthis
work with a combinationof symmetricbifurcationtheoryfor bifurcationsfrom periodicorbits andlarge-scalecomputer
simulationsof the governingfluid equations. Basedon the initial work donewhile at the IMA we have successfully
obtaineda grantof over 1600hoursof supercomputeiime at IDRIS (France)or performingthe necessargomputations.
We expectthatanumberof otherfluid flows mightalsobe examinedin thisway in futureyears.

References:

1. R.M. Mantel and D. Barkley, “Parametricforcing of scroll-wave patternsin three-dimensionadxcitable media,
PhysicaD (submitted).

2. D. Barkley andL.S. Tuckerman,Stability analysisof perturbecplaneCouetteflow,” Phys.Fluids(submitted) IMA
preprint1545.

3. L.S. TuckermanandD. Barkley, “Bifurcation analysisfor Timesteppers,IMA preprint1564.

4. D. Barkley, M.G.M. Gomes,andR.D. Henderson; Three-dimensionainstability in flow over a backward-facing
step”in preparatiorfor J. Fluid Mech.

5. D. Barkley, “Nonlinearstability theoryfor three-dimensionakake transition; in proceeding®f the ASME Interna-
tional Fluids EngineeringDivision SummeMeeting,WashingtonD.C. June1998.

Fernanda Botelho from the University of Memphis,Departmenbf Mathematicavasin the IMA from Januaryl0
- May 31,1998. Sheexpresseshefollowing:

“I wantto thankyou for this opportunity My stayhasbeenmostchallengingintellectuallywhile profiting from a great
work ervironment. | feel, | returnto the University of Memphisin a new andbetterprofessionamode,thanksto this

productive sabbaticaleave at your Institute. Finally, let me add a word aboutyour staf. | wasalwaysvery impressed
by the efficient way all my logisticsissueswere dealtwith, this rangingfrom housinginformationto TeXand computer
questionaswell aslocal entertainmentEveryonewasvery helpful. Definitively, IMA is oneof thebestplaced haveever

been:.

GeneCao of MichiganTechnologicalUniversity, Departmenbf MathematicaBciencesattendedheworkshop:Algorith-
mic Methodsfor SemiConductorCircuitry, November24-25,1997andthespeciaMorkshop:KnowledgeandDistributed
Intelligence(KDI) Opportunitiesn the MathematicaSciencesMarch7, 1998.He hasthefollowing impression:

It is certainly a successfulvorkshop,especiallyin bringing researcherérom industry/EEDeptsto interactwith each
other They seemso happy with theworkshopthatthey will organizeanotheronenext yearevenwithout IMA’s involve-
ment/supportlt would be evenbetterfor themaswell asfor mathematicianyowever, thatmoreattentionis paidto get
mathematiciangwolved.

It wasa big commitmentor meto attendthis workshop(underthe $1500/yeatravel budget. Industrialparticipantamay
not have suchconstraintfor math faculty, accordingto a Bell Labs member). | have to confessthat| wasa little bit
disappointedinceit seemtoo similarto anengineeringvorkshop.

Benoit Dionne, University of Ottava, Departmenbf Mathematicsand Statisticswas one of the long term participants.
Thefollowing summarizesis researchactiities duringhis visit atfrom Septembetf to October31,1997:

During my visit at the IMA, | worked on a projectwith Martin Krupa (TechnicalUniversity of Vienna)who wasalso
visiting the IMA in the Fall 1997. We startedon this projectshortly beforearriving at the IMA. The projectis still not
completebut we hopeto completet soon.

In this project,we studyperioddoublingin arraysof identically coupledidenticalcells. Eachcell is a systemof coupled
Josephsofunctions. The typical symmetrygroup of the systemof differentialequationgyoverningthe array of cellsis
thewreathproductof a subgroupof permutationson the cells (global symmetry)andthe permutation®n the Josephson
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junctionsin eachcells(eachcell hasthe sameinternalsymmetry).The EquivariantBranchingLemmafor perioddoubling
of mappingds usedto determinghe existenceandsymmetryof eachbranche®f solutionsemanatingta perioddoubling
bifurcation point. The EquivariantBranchingLemmafor perioddoubling of mappingsis appliedto the Poincaremap
associatedb a periodicsolutionthathasthefull symmetry

| alsohadthe opportunityduring my visit atthe IMA to meetSebiusDoedel(ConcordiaUniversity). A possiblecollab-
orationmay comeout of our discussions.The projectthat| have in mind will be to addto auto(a software developed
by SebiusDoedelto follow branchesof solutionsof differentialequationsthe functionality to do branchingat period
doublingbifurcationpointsin systemswvith symmetries] shouldbeon leave next Fall andl hopeto visit SebiusDoedelat
thattime.

Bernold Fiedler of FreeUniversity of Berlin, Instiute of Mathematicsvasa long termvisitor. He commentson some
researclactvities heundertoolduring hisfall 1997stayat the IMA:

SandstedandScheehave proveda resultconcerningHopf bifurcationfrom constanspeedravelling wavesto travelling
waveswith oscillatingwave speedsTheir resultis thefirst to accountfor Hopf bifurcationfrom the continuousspectrum.

In the seminar‘Josephsordunctions, organizedby AronsonandDoedel,significantprogressvasmadeconcerningopo-
logically nontrivial heteroclinicorbits.

D. Lewis andB. Fiedlerdiscussedhe behaior of discretizationschemesearrelative equilibriato compactand non-
compaciroupactions.It turnsout thatcertaindiscretizatiorschemesreparticularlywell adaptedo the computatiorof
secondarngymmetrybreakingbifurcationsfrom relative equilibria.

The geometryof intersection®of vortex filamentsof three-dimensionatjime-dependengcroll wave patternsin excitable
mediawasinvestigatedbothanalyticallyandnumerically by the IMA PostDocR. MantelandB. Fiedlet Paper& video
arein preparation.

During a visit of B. Fiedlerto participatinginstitution UW, Madison,progressvas madewith S. Angenentconcerning
stationaryersusheteroclinicblow-up of maximalcompacinvariantsetsin scalareactiondiffusionequations.

With J. Alexanderat participatinginstitution UMD, College Park, B. Fiedlerhasclarified the two simplestpossibilities
of trans\erselynondgenerateHopf-type bifurcationfrom a degeneratdine of equilibria. Suchsituationsarisein cer
tain graphsof linearly coupledoscillators. R. Pego haspointedout a relationto (spurious)binary oscillationsin certain
discretizationschemedor systemsof conseration laws in one spacedimensions. Particularly helpful were additional
discussiongsoncerningcoordinateblow-up andslow-fastsingularperturbatiordecompositionsvith C.K.R.T. Jones.

With I. Melbourneat participatinginstitutionU of Houston,Texas,B. Fiedlerdiscussedhew possibilitiesfor anemeging
normalform theory of vectorfields nearrelative equilibriato noncompacgroupactions. An applicationis bifurcation
from twistedscroll wavesto genuinelythree-dimensionahon-planamwavestravelling with oscillatingwave speedslong
a periodically wobbling axis. The associatectircular vortex filament, linked to the axis of propagationwill undego
periodicshapechangesvhich presere linking. With carefulexperimentgust emepging, thesemathematicapredictions
areaheadf obsenations,in this case.

BernoldFiedleralsotook partin aninformal seminarashe describebelow.

“ContinuousSpectra”

ContinuousSpectraarisenaturallyin linearpartial differentialequation®©nunboundediomains.Traditionalareasnclude
hyperbolicwave equationsSchroedingeoperatorsscatteringheory etc.

More recently a variety of nonlinearwave phenomenandpatternshave beeninvestigatedboth analyticallyandnumer
ically, in the context of semilineareactiondiffusionequations.Fromanappliedpoint of view, patternsan the Belousw-
Zhabotinsly reactionare a primary sourceof inspiration: travelling waves, target patterns,spiral waves, meandering
spiralshave beenobsened. Otherapplicationswith similar phenomenology include corvectionpatternsin fluids and
CO-oxidationon platinummonocrystals.

The seminarstartedwith a thoroughreview of functionalanalysisresultson (varioustypesof) continuousspectraand
their per turbationproperties Resultson travelling wavesandtheir continuousspectraverereviewednext. Progressas
madein theunderstandingf spectrabothin theinfinitely extendeddiscretecaseandthe continuoudimit. Behavior under
truncationwasalsodiscussed.

A new resultby Bjoern Sandstedand Arnd Scheelwas presentedywhich addressesiopf bifurcationfrom a pulsetype
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travelling wavesdueto the continuousspectruncrossingheimaginaryaxis.
Finally, theissueof spectraintenalsappearingn the bifurcationof higherdimensionatori wasreviewedby GeogeSell.

| would like to thankall participantsor their active interestandfor the pleasanandinspiringatmospheref this not-so-
plannedseminaiin awonderfulworking ervironment.

Wulfram Gerstner of SwissFederalnstituteof TechnologyLausanneCentrefor Neuro-mimeticSystemavasa partici-
pantin theworkshop:ComputationaNeurosciencéeldon Januaryl4-23,1998.He writes:

This is a shortnotejustto sayhow muchl liked my stayatthe IMA duringthe workshopon computationaheuroscience
in Januaryl thoughtit wasa greatworkshopwhichtook placein anenvironmentwhich wasjust perfectfor suchanevent.
Thanksto all of youwho putin somucheffort to make thingsrun smoothly

M. Gabriela M. Gomesof Universidadalo Portowasa long-termparticipant.Following is a directquotationfrom het.

“I amlooking forwardto my next visit to the IMA in May. Let meaddthat1997/98atthelMA wasa very goodyearfor
me,and| would liketo thankthe IMA againfor having invited me”

Below is herreportonresearchelatedto visit to theIMA in 1997/98:

Projectl : Three-dimensionahstability in flow over a backward-facing step (with Dwight Barkley and RonaldHen-
derson)We performeda three-dimensionatomputationaktability analysisof flow over a backward facing step.
The analysisshavs that, as the Reynolds numberis increasedthe first absolutelinear instability of the steady
two-dimensionaflow is a steadythree-dimensionabifurcation. Stability spectrawere obtainedfor representatie
Reynoldsnumbers (This projectwaspatrtially carriedout while Dwight Barkley andmyselfwerevisiting the IMA
in 1997/98. The useof the IMA computerfacilities was crucial in obtainingthe final stability resultsand flow
visualizations.)

Project? : Spatialhiddensymmetriesn patternformation(with IsabelLabouriauandElianaPinho)IMA PreprintSeries
1582,August1998Partial differentialequationghatareinvariantunderEuclideantransformationsiretraditionally
usedasmodelsin patternformation. Thesemodelsareoftenposednfinite domaingin particular multidimensional
rectangles).Defining the correctboundaryconditionsis often a very subtleproblem. On the otherhand,thereis
pressureo chooseboundaryconditionswhich are attractve to mathematicatreatment. Geometricashapesand
mathematicallyfriendly boundaryconditionsusuallyimply spatialsymmetry The presenceof symmetryeffects
thatare“hidden” in the boundaryconditionswas noticedand carefully investigatedoy several researcherduring
the past15-20years. Herewe review developmentsn this subjectandintroducea unifying formalismto uncover
spatialhiddensymmetrieghiddentranslationsandhiddenrotations)in multidimensionatectanguladomainswith
Neumanrboundaryconditions.(This review waswritten duringmy visit to theIMA in 1997/98.)

Project3 : Black-gye pattern: a representationf threedimensionakymmetriesn thin domainsThe first experimental
evidencefor Turing patternsvasobsenedin the CIMA reactionby De KepperandcolleaguesOuyangandSwinney
performedfurther experimentdn a “thin” layerof gel. Patternsobsenedat onsetwerebasicallytwo-dimensional.
However, beyond onseta structurethat doesnot typically occurin two-dimensionadomainswas obsened - the
black-g/e pattern. In this letter we usethe full three-dimensionalitpf the patternedayerto find a settingwhere
black-g/e patternsnaturallyoccur We proposehatblack-g/e patternshave the symmetryof a body centereccubic
lattice. (Thisresearchvasinitiatedduringmy visit to theIMA in 1997/98.Discussionsvith othervisitors,including
workshopparticipantswerevery helpful. My recentvisit to the IMA in Septembefl998wasalsoof relevanceto
this project.)

Project4 : Symmetryandsymmetry-breakingpprocheso strainformationin pathogerpopulationsThe antigenicdiver-
sity exhibited by mary pathogensnotivatedthe constructionof mathematicamodelsdescribingthe interactionof
a large numberof strains. Dependingon the particularpathogenstwo strainscaneitheract by inhibition (cross-
immunity) or by enhancemenihe nonlineardifferentialequationsnodelingsuchsystemsanachieve a high level
of compl«ity whichhidestheunderlyingfeaturesof thesystem By introducingasetof plausiblesymmetryassump-
tions, we provide the systemawith a structurethat powerful grouptheoreticaltools canhandle. Theseapproaches
provide a staticview of pathogerevolution. Froman evolutionaryperpectve, a naturalsetof speculatre questions
whichwill beaddresseds: Whatis themechanismesponsibldor strainformation?How differentdo thepathogens
have to bein orderto be classifiednto differentstrains?Are new strainscreatedndefinitely? Whathappengo the
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old ones?Is therea limit to the numberof differentstrainsthat can co-circulate?We will try to answersomeof
thesequestiondy modelingthe mechanisnof strainformationasa symmetry-breakingifurcation. Contactwith
field work will be maintainedhroughthiswork. (This projectwasidentifiedduringmy visit to theIMA in 1997/98,
andwill becarriedoutin the University of Warwick. | will visit theIMA againin May 1999to attendtutorialsand
workshopsn epidemiology)

Daniel Henry of EcoleCentralede Lyon participatedn theIMA Tutorialon NumericalMethodsfor BifurcationProblem.
He shareghefollowing:

¢ Introducedoy LauretteTuckermanto GabrielaGomeswe hadtheproject(Alain Bergeonandmyself)to collaborate
with herontheproblemof hiddensymmetriesWe haddonesomecomputationsn a3D Marangoni-Benardituation
andit seemednterestingto do someextra computationsvith differentboundaryconditionsandwith a certainsize
of box, in orderto analysethe structureof the solutions.But in factmy stayin Minneapoliswastoo shortto begin
practicallyon the subjectandsincemy returnl wastoo busywith administratve andeducationatasks.

e Beforecomingto Minneapolis,| gotthe acceptationfrom Europearscientificassociation$o organizea workshop
on“ContinuationMethodsin Fluid Mechanics. Oneof the co-oganizeravasLauretteTuckerman.During my stay
in Minneapolis,we hadthe opportunityto meetH. Keller andE. Doedel,andso we decidedto invite themto our
workshopasinvited spealers. This workshopwill take placein Francein Aussois(theAlps) in Septembe998.

Mik e Jolly from IndianaUniversity, Departmenbf Mathematicavasa oneyearvisitor. Below is hisreport:

1. Accurate Computatiorof Inertial Manifolds(with R. RosaandR. Temam)

We have implementedan algorithm developedby Rosa[6] to computeinertial manifoldsto arbitrary accurag. This

approachdiffersfrom thatof mostapproximatenertial manifoldsin thatcorvergencecanbe achievedwith thedimension
held fixed. The algorithmwastestedon an ODE for which we know an exact inertial manifold. This examplesenes
to demonstratdnow to choosecertainalgorithmparameterso optimizethe corvergence.We alsoappliedthe algorithm

to the Kuramoto-Siashinsly equation,andcarriedout an analysisof the effect of truncatingthe highermodesfor PDE

casesuchasthis. Finally thealgorithmwasadaptedo computenertial manifoldswith delayandits efficiency compared
to a shootingmethod. A paperon this work is nearly complete.We planto submitthis an IMA preprint,aswell asfor

publication.

2. Accurate Computatiorof CenterManifolds(with R. Rosa)

We have adaptedhe algorithmdescribedibore to computecentemmanifolds.We have validatedthe codeon somesimple
ODEs, andplanto illustrate how it canbe advantageousver the traditional methodof local approximationby Taylor
expansiorby consideringsomecasesvherethe manifoldis not smooth.We will restrictthe scopeof a paperon this work
to the ODE casejn orderto reachawide audience.

3. Computatiorof Solutiongto an Elliptic Boundaryalue Problemon an Infinite Cylinder (with R. RosaandE. Titi)

We areapplyingthe algorithmdescribedabore, but now in a PDE context. Kirchgassnef4] shavedthatfor this problem
thereexists a two-dimensionatentermanifold. Someanalysidgs requiredto ensurethatall conditionsaremetfor corver-

gence.Thisis acomputationallyintensive application.A codehasbeendevelopedandsomepreliminaryanalysiscarried
out. Wewill compareo work by FumingMa [5], which useda differentmethodto computehemanifoldfor this particular
problem.

4. Evaluationof DimensiornEstimatedor Inertial Manifoldsof the Kuramoto-SivashingkEquation

Up to now estimatedor this dimensionhave typically beenof the form dim cLb, wherec is a universalconstan@andL is
the lengthof the domain. Over the last decadetherehasbeena dramaticreductionof the exponentb, yet ¢ remainsan
elusive quantity the endresultof a seriesof transformation®f otheruniversalconstantsfter considerabl@nalysis.The
purposeof thiswork is to determingandto someextentreduce)suchuniversalconstantandtherebyarrive ata meango
calculatethe dimensionof aninertial manifold. This wasdoneby reworking the analysisof Colletetal. [1] to determine
theradiusif anabsorbingoall, andthenthatof TemamandWang[7] to determinethe dimensionof aninertial manifold.
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Thenumberdn the endarequitelarge,comparedo whatwe speculatdrom computationaévidence.We thencalculated
how the dimensionwould vary if the estimatefor the absorbingoall could be reducedfo seewhatit might take to make

therigorousdimensioncloseto whatwe conjecture.A paperon this work is nearlyreadyto turnin asanIMA preprint,

andsubmitfor publication.

5. Computinginvariant Manifoldsby Evolution(with J. Lowengrub)

A cornvenientmethodfor the computationof global (un)stablemanifoldsfor ODEsis to evolve the boundaryof a local
(un)stablemanifold. This approachallows for the captureof global manifoldswhich fold overin a complicatedfashion.
The basicdifficulty in computingin this way manifoldsof dimensiontwo andhigheris that differentgrowth rateswill
causetrajectoriesrepresentinghe manifold to ultimately be concentratedn the fastestdirection. Guckenheimerand
Worfolk [3] getaroundthis by eliminatingthe flow in the directiontangentto the curve oneis evolving. The effectis to
generatgeodesicurveson the manifold,andin mary caseghis will resultin agoodrepresentationf the manifold. Yet
therearecertainsituationswheresuchgeodesicurveswould misslarge portionsof the manifold. We have developeda
methodwhichreplaceghetangentiaflow with onethatpreseresequalarclengthrepresentatioof the curve of evolution.
This is tantamounto evolving a PDE, which seemdo posesomeinterestingcomputationathallengef its own. The
computationdgor this projectarenearlycomplete andwe will soonbegin to write up theresults.

6. Estimateof an EffectiveViscosity Geneated by Iterated Approximatelnertial Manifolds (with C. Foias and Oscar
Manley)

Approximatenertialmanifoldsallow for theapproximatiorof anevolutionaryequatiorsuchasthe Navier-Stokesequation
(NSE) to an equationgoverningthe evolution of only the low modes. In an earlierwork, Foias, Manley and Temam
[2] shaved thatthat a certainapproximatednertial form (AlIF) canbe put into the sameform asthe original NSE, with

nonlinearity enjoying the sameorthogonalityconditionto ensuredissipatvity. In doing so the viscosity is modified,
andbecomeslependenon the velocity. The processhowever canberepeatedn the AlF, anindefinitenumberof times,
resultingin final AIF which hasthe samenonlinearityasthefirst AIF, but now aninfinite numberof termsin the“effective”

viscosity We have sinceobtaineda boundfor theeffective viscosityin mostof phasespaceandinterpretaflow acrossary

regionswherethe effective viscosityis infinite asbeinga purely linear flow with infinite speed.We have alsoexploreda

similar iteratedprocedureausinga betterAlF at eachstage.Finally we have deriveda new recurrentestimatefor the high

modesof the exactsolutionof the NSE. Thelasttwo resultswereobtainedwhile the threeinvestigatorsveretogetherat

thelMA in April, 1998.We will putall thework togetheifor anIMA preprintandeventualsubmissiorfor publication.

7. VisualizingGlobal Bifurcationsof the Kuramoto-SivashingikEquation(with M. JohnsorandlI. Kevrekidis)

We have usedthe visualizationof two-dimensionaktableand unstablemanifoldsto understanda connectionbetween
two seeminglyunrelatedglobal bifurcations. They involve two heteroclinicconnectionspneof Silnikov type, the other
triggeredby the collision of two manifolds. One amusingaspectof this work is that the imagesare strikingly similar

to thoseof a famousarcheologicafind of a Viking ship (The Osebeg), so muchso in fact that we are using nautical
terminologyfor mary complicateddynamicalobjectsto make the presentatiorsimpler A paperon thisis nearlyreadyto

submitasanIMA preprint,aswell asfor publication.

8. UsingInertial Manifoldsin the Computatiorof Lyapuna Exponentgwith Erik VanVleck)

We have outlined a plan to computeLyapunw exponentsusing inertial manifolds. We expectthat the extra work in
computingthe flow on the manifold will be morethanoffset by the reductionin the size of the associatedinear system
whichmustbeevolvedto computethe exponent.Theconceptiorof projectcameasaresultof ourinteractionatthe IMA.

Refeences

[1 ] PierreCollet, Jean-Pierr&ckmannHenri EpsteinandJoachimStubbe A globalattractingsetfor the Kuramoto-
Sivashinsly equation.Comm.Math. Phys.,152(1):203-2141993.

[2 ] Ciprian Foias, OscarP. Manley, and Roger Temam. Iteratedapproximateinertial manifoldsfor Navier-Stokes
equationsn 2-D. J. Math. Anal. Appl., 178(2):567-5831993.

[3 ] JohnGuckenheimemlndPatrick Worfolk. Dynamicalsystemssomecomputationaproblems.In Bifurcationsand
periodicorbitsof vectorfields (Montreal,PQ,1992),volume408of NATO Adv. Sci. Inst. Ser C Math. Phys.Sci.,
page41-277.Kluwer Acad. Publ.,Dordrecht,1993.
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[4 ] KlausKirchgassnerWave-solutionsof reversiblesystemsandapplications.J. DifferentialEquations45(1):113-
127,1982.

[5 ] FuMing Ma. Numericalapproximationof boundedsolutionsfor semilinearelliptic equationsn an unbounded
cylindrical domain.Numer MethodsPartial DifferentialEquations9(6):631-6421993.

[6 1 R. Rosa. Approximateinertial manifoldsof exponentialorder Discreteand ContinuousDynamical Systems,
1:421-448]1995.

[7 ] RogerTemamandXiao Ming Wang. Estimateson the lowestdimensionof inertial manifoldsfor the Kuramoto-
Sivashinsl equationin thegenerakase Differentiallintegral Equationsy(3-4):1095-11081994.

Juergen Moser of Fachinformationszentruridarlsruhe,ProductionDivision wasa guestof the Schoolof Mathematics
andhadanofficein theIMA. Hereports:

During my visit , April 1-30,1998at the University of Minnesotal had scientific contactwith variousmembersat the
Departmentf Mathematicsthe IMA aswell asthe GeometryCenter | gave:

1) aColloquiumlecture“Dynamicalsystemsandtheviscositysolutionsof the Hamilton-Jacobequationand

2) aseminatalk “A Lagrangiarproofof theinvariantcurve theoremnfor twist mappings’(R. Moeckel canprovideyou
with the detalils).

A manuscrip{jointly writtenwith H. JauslinandH.O. Kreiss)conerninghefirst lecturewasdistributedat thetime, anda
preliminarypreprint(jointly with M.Levi) alsowasleft atthe IMA. Both topicsledto interestingdiscussionsvith visitors
aswell aswith permanenmembersThefirst topicwasmotivatedby thegoalfor constructve methoddor findinginvariant
tori for Hamiltoniansystemsmethodsvhich canbe numericallyimplementedThis leadsto nonlineampartial differential
equationsyhich aremodifiedto parabolicdifferentialequationsy addingan artificial viscosityterm. We consideredin

particular the modelcaseof the Burgersequationwith an addedperiodicforcing term andasked for periodicsolutions.
They canbeobtainedasasymptotidimit, asthetime goesto infinity, from the ary solutionof theinitial valueproblem.

One questionis to find quantiatve information aboutthe rate of this asymptoticapproacha problemaboutwhich H.

Weinbegerandl hadfruitful discussionsWe could establishthatthis rateis exponentialin time, but it remainsto study
thedependencef theexponenin termsof theviscositycoeficient. Thisleadsto aHarnackinequalityfor alinearparabolic
differentialequationwhereoneneedsjuantitatveinformationabouttherelevantconstantNumericalexperimentsndicate
a linear dependence About nonlinearparabolicdifferential equationd learnedinterestingideas,especiallyaboutthe
analyicity of the solutionsfrom (my roommate)Titi, connectedwith the methodsdevelopedby Foias. Also with D.

Sattingerl had a valuableexchangeaboutthe solutionsof the Korteweg-de Vries equation,especiallythosesolutions
whoseinitial valuesaregivenby elliptic or hyperellipticfunctions,andhis numericalexperiments.Thesediscussionslid

notleadto final resultsandl wasthe onewho profittedfrom them.

R. Moeclkel explainedhis interestingwork on the n-body problem, trying to find connectingorbits betweenunstable
configurationsWith anumberof youngemathematiciansdiscussedhe new proof of thetwist theorempresentedt my
seminarectures.At the GeometryCenterR. McGeheeandEduardoTabacmarwerevery helpful in providing computer

graphicsrelevantfor dynamicalsystemsl planto usethesein my plenarylectureattheInternationakcongressCM 98in
Berlin.

It goeswithoughtsayingthatl hadmary mathematicatliscussionsvith otherotherguestsstudentsandfacultymembers,
suchGuckenheimerFoias,A. Friedman Aronson,Serrin. The visit wasindeedfruitful for me,andhopefullyalsofor the
institute.

Yakov Pesinof PennStateUniversity, Departmenbf Mathematicsvasa visitor from Septembe27 - October2. He shares
thefollowing:

During my visit | workedwith M. Jiang(a postdocof the Institute)andwe completedhe paper:“Equilibrium measures
for coupledmaplattices:existence uniquenessandfinite-dimensionahpproximations.
Thepaperis acceptedor publicationin Comm.of Math. Phys.andacknavledgemento the IMA is gladly expressed.

Let meusethis oportunityandthankyou againfor thewarmhospitalitythatl recevedattheInstitute.

22



Fernando Reitich of the Universityof Minnesota Schoolof Mathematicseportsthefollowing:

Our IMA-relatedresearclactiities over the pastacademigrearweremainly focusedon initiating a researchprogramin
MathematicaBiology, in preparatiorfor theupcomingyearat IMA. Duein partto our experiencan the mathematic®f
materials(which, incidentally wasgreatlyenhancedy our participationin the highly successfull995-96IMA program
on materialssciencewe werenaturallyled to theinvestigatiorof a classof free boundarymodelsof biologicalprocesses.
More precisely we undertooka study of somesimplified modelsthat have beenproposedo understandhe basicmech-
anismsandthe possiblecontrol of tumor growth. Our initial contribution [Friedmanand Reitich, 1998b]consistedf a
detailedanalysisof radially symmetricmodelsapplicable for instance to the so-called‘multi-cellular spheroids. Our
resultsincludethe nonlinearasymptoticstability of steadystateswithin the classof radial solutions. Stability resultsare
of crucialimportance asthey canbe directly correlatedo a tumor’s ability for local invasionof surroundingiissueand
subsequenmnetastasisA true understandin@f stability diagramshowever, demandsa thoroughdescriptionof possible
equilibriumconfigurationsThis, in turn, motivatedour mostrecentwork [FriedmanandReitich, 1998aJwherewe estab-
lished,to our knowledgefor thefirst time, the existenceof non-radialsteadystates.Our currentefforts aredevotedto the
analysisof the stability propertief thesenewly foundequilibria,whichwill have obviousimplicationsin our concurrent
searchjointly with J. Lowengrubof effective algorithmsfor the numericalsimulationof the growth process.

Regardingthe educationahctiities at IMA we organizedtogetherwith F. Santosaa workshopfor graduatestudentson
MathematicaModelingin Industrywhichwasheldfrom July 22 to July 31,1998. Theworkshop thefourth onecorvened
at IMA, broughttogether34 mathematicstudentsfrom graduateprogramsacrossthe countryfor an intensive 10-day
modelingexperienceassociatedvith industrialproblems.The studentsveredividedinto six teams eachworking under
theguidanceof anexperiencedndustrialresearchewhowasaskedto poseareal-world problemthattheircompaniesieed
to resohe. As we expected(and,in reality, aswe desired)the problemsthatwere proposedo the studentsverenot the
neat,well-definedacademiaxercisesfoundin classroomshut ratherthey consistedf stimulatingopen-endeénhdustrial
pursuits.In mostcasesthe problemsrequirednew insightfor their formulationandsolution. The studentspenttendays
working on the problemsandwereasled to presentheir resultsorally on the last day of the workshop. In addition,the
teamgpreparedvritten reportswhich we have collectedin [ReitichandSantosal998].

Finally, we have alsokeptheaily involvedin technologytransferactiities at IMA. Indeed,over the lastfew monthswe

have initiated collaboratve projectswith researcherat the Honeywell TechnologyCentey Honeywell Inc. (Minneapolis,
MN), andatthe MR HeadDesigndivision, Seagaté&kecordingHeads(Minneapolis,MN). The Honeywell projectrelates
to signal-launchingpnto multi-modeoptical waveguides. The objectie is to designan effective numericaltool for the
predictionof modalenepy distribution uponthe guidesillumination. In additionto the difficulties posedby the possible
existenceof alargenumberof guidedmodestheproblemcanbecompoundedy manugcturingmperfectionghatresultin

perturbednaterialor geometricaparametersWe expectthatour recentAFOSRsupportedvork on analyticcontinuation
methodgor problemsof wave propagatiorwill have abearingon the treatmenbf this latter problem.On the otherhand,
our experiencen materialsscience(and, particularly in magneticcompositegReitich and Simon,1997]), shouldprove

valuablein our joint venturewith Seagate The goalthereis to designmodelsand numericalalgorithmsthatwill aid in

the designof thereadandwrite headswithin their harddisk drives. The mainmathematicaissuego beresohedrelateto

nonlineamacro-andmicromagneticsnodelsandcalculations.

RelevantPublications
[FriedmanandReitich,1998a]A. FriedmanandF. Reitich,On the existenceof spatially patterneddormantmalignancies

in a modelfor the growthof non-necotic vasculartumors, submitted.

[FriedmanandReitich,1998b]A. FriedmanandF. Reitich, Analysisof a mathematicamodelfor the growth of tumors, J.
Math. Biol., to appear

[FriedmanandReitich,1998c]A. FriedmarandF. Reitich,Asymptotidehaviorof solutionsof coagulation-fragmentation
models IndianaUniv. Math. J.,to appear

[Reitich and Santosa1998], F. Reitich and F. SantosaMathematicalmodelingin industry: IMA summerprogram for
graduatestudentsJuly 22-31,1998,IMA Preprint#1589,0ctober1998.

[Reitich and Simon, 1997], F. Reitichand T. Simon, Modelingand computationof the overall magnetic propertiesof
magnetorheolgical fluids, Proc.of the 36thIEEE Conferencen DecisionandControl (1997).

FrancesK. Skinner of the Playfair NeurosciencéJnit The Toronto Hospital, WesternDivision providesthe following
impressiorafterhis visit:
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| would like to expressmy sincerethanksfor the invitation to attendthe & ComputationaNeurosciencevorkshop(Jan
14-23)in IMA’s annualprogramon “Emerging Applicationsof Dynamical Systems. Thank you for the supportand
arrangementdoneon my behalf.

I camehomementally exhaustedput exhilaratedat having learntso muchin a shortspaceof time. It wascertainlya
pleasureo have hadthis opportunityto learnandinteractin this exciting field. | sincerelyhopethatsuchaworkshopcan
berepeatedometimdn thefuture.

J. Leo van Hemmenof PhysikDepartmentT U-Muencherexpresseshefollowing:

I would like to expressmy sinceregratitudeto the IMA for sucha wonderfulmeetingon ComputationaNeuroscience.
It is alsoa greatpleasurgo meto mentionthe experthelp of the IMA staf. The meetingwasimportant,andtimely, in
that peoplecould meetanddiscussin sucha stimulatingatmosphere.The more so sincethe mathematicof neuronal
informationprocessin@ndits modeling,exciting - andflorishing- asthey maybe, arestill in theirinfang. In short,the
meetingwasextremelyfruitful andstimulatingto me- in fact,to nearlyall the participants.

Thanksto all of you!

StevenH. Strogatzof CornellUniversity, Theoreticabnd Applied Mechanicsvasa participantin theIMA Workshopon
“ComputationaNeuroscienceheldon Januaryl4-23,1998.He wasalsoin residencédor springquarterl998,Symmetry
andBifurcation. Below is hisreport:

| enjoyedthehospitalityof theIMA for threemonthsfrom April 1,1998to June30,1998,aspartof theyearlongprogram
in Emeging Applicationsof DynamicalSystemsThiswasanincrediblethreemonthsfor me—1 hadnoideatheIMA was
sowonderful.] amnow oneof its biggestcheerleadersTheadministratiorof theIMA is smoothandseamlesanakingthe
livesof the mathematicianaspleasantispossible.And the mathematicaprogramwassuperbpothin termsof subjects
andthe caliberof visitorsin attendance.

First,letmesummarizehecollegial aspectshatweresuchanimportantpartof my timeattheIMA. Almosteverydayl had
stimulatingdiscussion®ver lunch or dinnerwith the postdocqWarrenWeckesser KathleenRogers,Shinya Watanabe,
etal.) andsomeof the otherlong-termvisitors (Dwight Barkley, LauretteTuckerman,JohnGuckenheimerand David
Chillingworthwerethe mostfrequentcompanions.Evenbreakfstwasa specialoccasion SeveralIMA visitors stayedat
The WalesHouse,andwe got to know eachotherin thatdelightful setting. In particular for thefirst monthof my stay |
hadthe pleasureof eatingbreakfstevery daywith JugenMoser oneof the greatesmathematiciansf this century I'll
alsohave fond memoriesof breakfstcorversationswith Bill Langford,EdgarKnobloch,lan Melbourne,ClaudiaWulff,
andmary otherstoo numerougo list.

Whenl wasnt eating,| workedon thefollowing mathematicaprojects:
Laserdynamics

My time atthe IMA allowedmeto work intensvely (via e-mail) with my graduatestudentStephenyeung,enablingusto
completea paperaboutthe nonlineardynamicsof alaser[1]. Somegeometricaspect®f thatproblemhadpuzzledus,but
with the help of IMA postdocMark Johnsorandhis visualizationsoftware,we finally beganto understandhe intricate
three-dimensiongbhaseportrait underlyingthe lasersystem. IMA postdocRicardoOliva wasalsoa helpful partnerin
this project.| alsobenefitedrom conversationsvith RachelKuske, a professoiin theindustrialpartof Minnesotas math
departmentandan experton laserdynamics.Finally, the IMA provided greathospitalityto my visitors Raj Roy, Henry
Abarbanel,andtheir studentsand postdocs- we areall partof an NSF sponsoreaollaborationon synchronizatiorand
communicationn nonlinearopticalsystemsandwe held oneof our quarterlymeetingduringaweelendat the IMA.

Timedelayin coupledoscillators:

A secondpapemwith Stephenyeung[2] dealswith the effectsof time -delayedcouplingon the collective behaior of the
Kuramotomodel,a classicmodelin nonlineardynamics.We finishedthis paperwhile | wasatthe IMA, andwe alsogot
someideasfor a new directionon the problem,thanksto a penetratingemarkmadeby Kurt Wiesenfeld a visitor to the
IMA during the PatternFormationworkshop. Kurt suggestedhis ideaduring a brainstormingsession- just the sort of
informal discussiorthathappensall thetime attheIMA, andthatis soimportantto mathematicaprogress.

Small-worldnetworks

In early June muchof my time wasspentdealingwith the mediaexcitementaboutmy Naturepaperwith DuncanWatts
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on small-world networks[3]. In a spanof just a few days,we wereintervieved by severalmajor nenspapersmagazines,
andradioshows. Articles aboutourwork appearedn the The New York Times,WashingtorPost,UPI, ReutersBusiness
Week, ScienceNews, and New Scientist,and are scheduledo appearin PhysicsToday (Septembeissue), Discover
Magazing(DecemberandPopularScience We've alsobeenintervievedon TV by CBSNews andtheBBC, andonradio
by NationalPublicRadio(Morning Edition), Voice of America,GermanNationwideRadio,andthe BBC. ( A list of web
links to someof thesearticlesappearattheendof thisreport.) TheIMA graciouslytook messageasneededandallowed
meto malke internationalphonecallsto thesereporters.

Reviews

Towardthe endof my stay | wrotea News andViews articlefor Naturemagazindg4] anda bookreview for Computersn
Physicq5].

Workshopsandseminas.

| alsosuggeste@nd participatedn aninformal seminaron bifurcationswith symmetry led by WarrenWeckesser This
seminarhelpedsereral of us beginnerscomeup to speedwith the symmetryaspectof the PatternFormationworkshop.
Otherworkshopsin which | participatedwere PatternFormation(co-organizer),Animal Locomaotion(participant),Dy-
namicalSystemdMethodsin Oceanographgparticipant) andControltheory(participant).

Refeences

[1] M. K. StephenYeungand Steven H. Strogatz,“Nonlinear dynamicsof a solid-statelaserwith injection; Physical
Review E (in pressOctober1998).

[2] M. K. StephenYeungandStevenH. Strogatz, Time delayin the Kuramotomodelof coupledoscillators;, submitted
to PhysicalReview Letters,July 1998.

[3] D. J. WattsandS. H. Strogatz,'Collective dynamicsof 'small-world’ networks; Nature393,pp.440-4421998).

[4] StevenH. Strogatz,'Nonlineardynamics:Deathby delay’ Nature394,pp. 316-317(1998)(invited News andViews
article).

[5] StevenH. StrogatzBook Review of “The Genesiof Simulationin Dynamics, Computersn PhysicHin press).

Giovanni Zanzotto of CNR-Universitadi Padova, Dipartimentodi Metodi e Modelli Matematicisubmitsthe following
report:

| have participatedto the IMA programon ‘Symmetry breakingand patternformation. Mostly, during my visit | have
studiedwith Prof. L. Truskinovssky (Aero Dept.,U of MN), theenegy landscap®f a classof crystallinematerialsvhose
solid phasedave progressiely reducedsymmetrieanda correspondingequencef spontaneousymmetrybreakdavns.
While the projectdid not originateatthe IMA, | developedit agreatdealduringmy 1998uvisit; also,duringthattime| did
benefitfrom someinteractionwith suchrenovn expertsin this field asM. Golubitsky andl. Stevart, who hadorganized
thelMA program.

In detail, my researchwith Prof. Truskinossky focusedon the descriptionof the temperature-dependesitrain enegy
functionfor a crystalexhibiting tetragonal-orthorhombic-anoclinic ('t-o-m’) martensitictransformationsA very well-
known materialundegoingthesephasedransitionss for instancezirconia(ZrO2), whichis the maintougheningagentin
transformation-tougheneagkramics.In the applicationgfor instancen turbineblades)the 'active’ zirconiainclusionsin
aninertceramicmatrix areusedto controlandenhancehe otherwisdow ductility of theceramiccomposites.

Ourmainpointof interestwasthe descriptiorof anelasticcrystalexhibiting at-o-mtriple pointin its pressure-temperature
phasediagram.As is well known, thevariety of availablemicrostructuresncreasesvith the numberof coexisting phases,
so one expectsthatin the vicinity of a triple point the numberof (meta)stablemicrostructurewill alsobe the highest
a desiredeffect for improving the performanceof active materials. On this topic we arefinishing a papertitled 'Elastic
crystalswith atriple point’, which laterthis Fall will be submittecto the Journalof the MechanicsandPhysicsof Solids
(theIMA will beacknavledgedin the paper).

In this paperwe identifiedthe order parametersind derived an appropriatéminimal’ Landau-typesnegy for the t-o-m
crystals,asthelowest-ordeipolynomialin the strainvariablesexhibiting the completesetsof minimizerswith the desired
symmetries.This allowed us to studyvariousfeaturesof the triple point and of the nearbyregion in the phasediagram,
wherethreedistinctsetsof enegy wells with differentsymmetriegparentphaseandproduct-phasgariants)coexist. Our
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enegy functionis suggestedh partby the analysisof a simplediscretemechanicakystemwith four particlesconnected
by six Lennard-Jonesprings,which shavs instabilitiesand bifurcationsanalogoudo thosecharacteristiof the t-o-m
crystals.

To our knowledge,oursis the first analysisof a triple point from the perspectie of nonlinearelasticity theory which
presentsheenegy functionexhibiting thecompletesetof therelevant(localandabsolutejninimizers.Whatwelearnfrom
the analysisof the t-0-m crystalsis rathergeneralandcanbe largely transferredo otherelasticcrystalswith nonvariant
pointsin their phasediagram.Furthermorepur methodfor writing the constitutive functionsuggests generalprocedure
for constructingenegy functionsalsofor ary othertype of martensiticcymmetry-breakingransformationgvolving solid
phaseswvith a progressie reductionof symmetry

Thereareseveral mid- andlong-termgoalsthatwe planto pursuein the (near)future, becauséhe resultsobtainedso far
clarify the statusof thetriple andothernorvariantpointsin the phasediagramsof crystallinematerialsandposeseveral
questionswvhich we arecurrentlyinvestigating.Onequestioncanbe phrasedasfollows: How mary (meta)stabl@hases
canbe obsenedfor a materialin the pressure-temperaturegion neara triple point? We have reasongo think thatit is
possibleto have morethanthreephasegoexisting in the vicinity of atriple point sothatthe numberof coexisting phases
is largerthanwhatis predictedby the celebratedsibbsphaserule.

Sincewe take metastabletatesnto account(relative enegy minimizers),this obsenationis actuallynotin contradiction
with Gibbs’ results,but ratherrepresents nontrivial extensionthat may leadto a betterunderstandingf a variety of
processethattake placein the vicinity of thetriple or othernornvariantpoints(this is a significantissue,for instancejn
thegeologicalandmineralogicabpplications).

A naturalextensionof this line of researchs the modelingof materialswith morethanthreephasegnumerousnaterials
are known to exhibit several stablephaseswith distinct symmetries). We have written a prototypicalenegy function
exhibiting up to six typesof relative minimizerswith distinctsymmetriegcubic, tetragonalrhombohedralprthorhombic,
monoclinic,andtriclinic) andwe planto investigatehis enegy function, studyingin particularthe pressure-temperature
rangesin which thereis coexistenceof mary (meta)stablgphasesWe planto comparethe predictionof our modelwith
existing experiment.

This researclemphasizetheimportanceof studyingspecificregionsin the phasediagramscharacterizedby a particular
ahundanceof coexisting enegy minimizers(relative or absolute). This is of interestalsoto materialssciencebecause
in theseregionsan 'active’ materialmay exhibit a dramaticallyincreasedbility to form equilibrium microstructuresn
responsé¢o theimposedoads,displacementsnagnetidields, etc.,andhencedisplayanimprovedmacroscopibdehaior.

Oneof our futuregoalsis obtainingcriteriafor the designof the new active materialswvhosephasediagramsexhibit triple
pointsin desirablepositions,for instanceat pressuresand temperaturegloserto room conditionsthanthoseat which
norvariantpointsareusuallyfound. Onemainquestiorregardsthemethodsn which atriple pointcanbe’movedaround’
in the phasediagram. Two main ways can be ervisagedto do so: (a) by selectingspecificcompositionsfor suitable
alloys, and(b) by placingtransforminginclusionsinto elasticmatriceswhich may stabilizeotherwiseunstablephasesor
by creatingthin films wherethe stabilizingsurfaceeffectsareessential.

4. POSTDOCS

Miaohua Jiang currentlyaffiliated with Wake ForestUniversity, Departmenbf Mathematicsand ComputerSciencehas
senedasanIMA postdoaduringthe 1997-98yearon “Emerging Applicationsof DynamicalSystems. He reports:

My yearatthe Institutefor Mathematicsandits Applicationsparticipatingthe programEmeiging Applicationsof Dynam-
ical Systemshasbeenan exciting and productive one. | enjoyed the well-organizedworkshopsincluding thosespecial
ones:seminarpresentedby peoplefrom industry;workshopon NSF new programsandthe summerprograms.Besides
the educationabenefitof the program- that will be seenin the yearsto come,the programprovided me an opportunity
to work closelywith mary programparticipantso completeseveral of my researctprojectsandalsoinitiated mary new
directionsin my researchn applicationsof dynamicalsystems.The following is alist of work | have doneduring the

programyeat
e 1. Met with Pesinduring Septembemworkshopson dynamicsof large systems. Finalizedour joint work on the
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existence uniquenessandfinite dimensionakhpproximatiorfor SRB-measuresf hyperboliclattice systems.The
articlewasacceptedy Comm.Math. Phy andis publishedn 1998.

e 2. Completedmy articleonthe Entropy Formulafor SRB-measureshich extendstheresultsof thejoint work with
Pesin.Thearticlewasacceptedor publicationby the Journalof StatisticalPhysicsandwill be publishedn 1999.

e 3. With the help of the computingfacility and personneht IMA, | finishedresearcton the dynamicsof spatial
averageof quadraticmapswith Monte Carlo methods. The resultswas submittedto PhysicsD andthe paperis
currentlyunderrevision.

e 4. Underthedirectionof JohnGuckenheimeyl studiedthedynamicsandbifurcationsof athreedimensionakystem
modelingthermoinstability. | shaved that contraryto commonbelieves,the systemdoesnot posses$iomoclinic
orbits. Thetechnicalreportwasissuedasa preprintof IMA.

e 5. Initiated a joint work with Rafael de la Llave on the smoothdependencef SRB-measuresn the hyperbolic
lattice systemdq A paperwasfinishedin April 1999andsubmittedto Comm. Math. Phy. It wasalsoissuedasa
preprintof IMA.)

References

1 M. JiangandY. B. Pesin1998Equilibrium Measuregor CoupledMap Lattices:ExistenceUniqguenessandFinite-
DimensionalApproximationCommun.Math. Phys.193,675-711(alsoIMA Preprintseriesl525)

2 M. Jiang1999Theentropy formulafor SRB-measuresf lattice dynamicalsystemsto appeayJ. Stat.Phys.

3 M. Jiang,Quasi-MonteCarlostudiesof spatialaverage®f quadratianaps,19981-7 + 16 lllust., IMA Preprintseries
1584,submitted.

4 M.Jiang,Dynamicsandbifurcationsof a3D systenmodelingthermalinstability; 19981-13+ 6 Illust., IMA Preprint
series1583,submitted.

5 M. JiangandR. dela LLave, SmoothDependencef Thermodynamid.imits of SRB-measuresd,-34,1999,IMA
Preprintseriesl615,submitted.

Mark E.Johnson whorecevedhis PhDfrom PrincetonUniversity’s Programin Applied andComputationaMathemat-
ics,cannow befoundin thewebspacasa TechnicalYahooat Yahoo!,Inc. His statemenfollows:

During my one-yearpositionasa postdocat the IMA’s yearon Emeging Application of DynamicalSystems) hadthe
privilegeto interactwith anexcellentcross-sectionf the dynamicalsystemsommunityin anenvironmentidealfor such
purpose.

Someof the highlightsof my yearatthe IMA areasfollows:

1. During one of the initial workshops Software Demonstrationsessions] performeda real-time demonstratiorof

SCIGMA, asoftwareapplicationwhich wasdevelopedin collaborationwith Michael S. Jolly (oneof the programsyear

long visitors)and YannisG. Kevrekidis (oneof the programs organizersandmy PhD advisor). SCIGMA is a interactve
graphicstool developedfor Silicon Graphicsworkstations.By computingandvisualizingcollectionsof invariantobjects
with SCIGMA in the phasespaceof a dynamicalsystem,one can make powerful obserationsaboutthe geometryof

complec objectswithin this space.

The softwaredemonstrationwasusedto illustrateto the audiencesomeof the powersof suchatool. This demonstration
alsoled to the organizationof an exciting evening sessionheld at the GeometryCenter involving the comparisonof
several similar algorithmsandapplicationsdevelopedby programparticipantsMichael Dellnitz, Hinke Osinga& Bernd
Krauslopf, JohnGuckenheimerand EusebiudDoedel. In additionto thesepeople,therewere several othervisitorsin
attendancéBernoldFiedler Jim Yorke,andMarty Golubitsky to namea few).

Suchaninteractionwould normallybe consideredare,but in the IMA’s ervironment,is consideredypical.

2. Ongoingresearchwith Mike Jolly continuedduring our overlappingtime at the IMA. We continuedwork, alsoin
collaborationwith YannisKevrekidis, on using the SCIGMA software applicationto uncover interestingglobal bifur-
cation phenomendound to occurin a three-dimensionaapproximateinertial form for the one-dimensionaperiodic
Kuramoto-Siashinky equation.Theseobsenationsweremadeby computingandobservingtheinteractionof collections
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of two-dimensionaktableand unstableinvariantmanifoldsof steadystatesandlimit cycles. The obserned phenomena
hasbeendescribedn arecentlysubmittedpapercalled“The Osebeg transition: visualizationof global bifurcationsfor
the Kuramoto-Siashinsly equatiort. Whenthis work wasstill in progress| delivereda PostdocSeminarin April, 1998,
called“Interactingtwo-dimensionamanifoldsandglobalbifurcationsfor the Kuramoto-Siashinsly Equation'’

3. Thelong-timedynamicsof the Kuramoto-Siashinsk equatiorhasbeenstudiedextensvely underthe assumptiorthat
the equationmodel phenomenan a homogenousnedium. A questionthat was studiedwith EdrissTiti, severaltimes
a visitor to the IMA during the year and YannisKevrekidis, was how spatialperturbationsnight affect the long-time
dynamics(suchasthe existenceandradiusof its absorbingoall, dimensionof the attractor etc.) of this modelequation.
Theresultsof our efforts appearmasa chapterin my thesis.

In additionto theseinteractions] enjoyed numerousdnteractionswith Geoge Sell, Steve StrogatzHerb Keller, Ciprian
Foias,Dwight Barkley, and,of course the otherpostdocsandvisitorsthroughoutthe year Noneof this would have been
possiblewithoutthe organizatiorandhospitalityof the IMA’s staf.

Kurt Lust of United TechnologieRResearctCenteris oneof the IMA PostdoctoraMembersin IndustrialMathematics.
He malkesthefollowing report:

From Septembed997till June30, | wasa postdoctoramemberfor the 1997-98yearon Emeging Applicationsof Dy-
namicalSystemsin July, | became postdoctorainembeiin industrialmathematicsyorking with the DynamicModeling
andAnalysisgroupat the United TechnologiesResearciCenterin EastHartford, Connecticut.Researchat the IMA My
dissertatiorresearclconcentrate@n numericalmethodsfor bifurcationanalysis,in particularfor large- scaleproblems
with low-dimensionatlynamics.nitially, | continuedvork in thisdirection.Duringmy Ph.D.researchl developedmeth-
odsbasedn single-andmultiple shootingfor bifurcationanalysisof large-scalgroblems.| madesomeimprovementgo
my singleshootingbased:ode anddevelopmenbf themultiple shootingbasedcodecontinued | alsodevelopeda method
to computethe Floquetmultipliersin multiple shootingandsomecollocationcodeswith very high accurag. This method
is basedn a matrix decompositiorfthe periodicSchurdecompositionflevelopedat the IMA duringtheyearon Applied
Linear Algebra(1991-1992)py G. Golub, P. Van DoorenandA. Bojanczyk. During my stayat the IMA, | madesome
refinementso my implementationl alsosetup atestcasetogethemwith E. Doedel,usingmatriceggeneratedy AUTO97.
Theresultswerevery good. J. GuckenheimeandS. Watanabéhave alsousedthe codein someof their experimentswith
anovel methodfor computingperiodicsolutionsdevelopedby J. Guckenheimer

| preparedanarticleonthecorvergencebehaior of my singleshootingbasednethodghatwill appeain the proceedings
of theworkshopon Large ScaleDynamicalSystemsheldatthe IMA in Septembel997.

Anotherpaper which | startedwriting at the K.U.Leuven, wasrevisedandsentbackto the IMA Journalon Numerical
Analysis. Sometime was also spentin investigatingfuture development,e.g., extensiontowardscollocation, both for
partialdifferentialequationsanddelaydifferentialequationsandimplementatioron parallelcomputers.

At theendof Februaryl hadajob interview atthe United TechnologiefResearclCenter This compalry is very interested
in usingdynamicakystemgechniqueso enhancehe performanc®f their products.Thoughtheresultof thejob interview
waspositive, | decidedthat! really wantedto spendayearat CornellUniversitywith J. GuckenheimerA projectwasset
uptogethemwith United Technologieswhichleadto thechangeo industrialpostdocstatusduringJuly andAugust. During
my stayat United Technologies| spentmostof my time working on an alternative techniquefor bifurcationanalysisof
large-scaleproblems. Insteadof doing a bifurcationanalysisof the large-scalgproblem,a low-dimensionaimodelwith
similar behaior is constructedandanalyzed.The goalwasto build a modelfor thelarge coherenstructureobsenedin
fluid flow in a diffuserfor varyinganglesof thediffuserandat afairly high Reynoldsnumber The modelmustbe ableto
capturebehaior atvaryinganglessinceonegoalwasto studybifurcationsastheangleof thediffuservaries. Theapproach
chosenwasto gatherdatafrom simulationsusinga CFD code ,analyzethedatausingthe properorthogonadecomposition
technique andthenbuild a modelby projectingon the POD modes. Becausef the complex structureof the equations
(ourlarge-scalanodelwasthe Navier-Stokesequationgor a compressibldluid) andthe varying spatialdomain,we have
chosemotto do a Galerkinprojectionof the systemof equations.This would notleadto a cheapin our caseandis very
hardto do. Instead,we did a projectionof the systemof ordinarydifferentialequationgefinedby the CFD code. This
procedurds implementedasa layer aroundthe existing CFD codeandgrid generatiorcode. This methodis not cheap
either butis mucheasietto programandeasieito extendto otherequationsThemodelwasimplementecisaMatlabMEX
routinewritten in Fortran77 (the languageof the CFD codewe used). Somefirst resultswith the modelwere obtained
by the endof August. Simultaneouslyotherresearcherat UTRC, togethemwith Y. Keverekidis,P. Holmesanda Ph.D.
studentat Princetonareinvestigatingothertypesof modelingsuchasblack-boxmodelingusingartificial neuralnetworks
anda traditional Galerkin projectionof the Navier-Stokesequationdor incompressiblélow. During my stayat UTRC,
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I've alsooptimizedtheir CFD codefor theirworkstationsandmadevariousimprovementgo enhanceherobustnessf the
code.We have alsodiscussedhe useof toolsfor bifurcationanalysisof large-scalgroblemsfor their problems.

It wasveryinterestingo learnhow researclis donein anindustrialervironment.A goodunderstandingf how companies
work is essentialn settingup successfutollaborationawvith industry | amcorvincedthatthe experiencesvhich| gained
duringthesummewill beveryusefulin my latercareeywhetherin academic®r in anindustrialor governmentresearch
lab, andl feelthatmoreresearcherim academicshouldspendsometime in suchanenvironment.Otheraspects joined
all theworkshopseldattheIMA duringthe periodSeptembeto Juneandwentto mostof thetalksin thoseworkshops.
Fromthecoreprogramworkshopsthefall workshopsveremostinterestingfor methoughl alsolearnedmary interesting
ideasfrom thespringworkshopsin thewinterworkshops) learnedaboutanotherapplicationareal wasnotfamiliarwith
beforemy stayatthelMA. | alsoverymuchenjoyedtheworkshopon“Algorithmic Methodsfor Semiconducto€ircuitry”
heldin thefall andtheworkshopon DynamicalSystemsn Oceanographthatwasaddedo theprogramin thespring.The
workshopon Algorithmic Methodsfor Semiconducto€ircuitry wasa clearproof of the lack of communicatiorbetween
differentresearchareas:in severaltalks, primitive numericalmethodswere presentedhat have beenknown for a long
time in otherareasandhave reached high level of sophistication.This clearlydemonstratethe importanceof bringing
togethemeopleworking in various,stronglyor only vaguelyrelated,areas.A successfuexampleof sucha workshopis
theworkshopon Animal LocomotionandRobotics heldatthe IMA in June.

| alsohadmary interestingcorversationswith visitors at the IMA. | had several discussionsvith H. Keller during the
fall. The algorithmswhich | developedare basedon his work with variousgraduatestudentsandit wasinterestingto
learnaboutnew developmentsat Caltech.l alsohadinterestingdiscussionsvith someof the othervisitorsduringthefall,

includingW.-J. Beyn, W. GovaertsM. FriedmanandL. Tuckerman.l hadseveral discussionsvith Y. Kevrekidisduring
hisvisitsattheIMA andhavetriedto setup somecollaboration Dueto lack of time, muchof thatwork is doneby a Ph.D.
studentin Leuven. Y. Kevrekidisis alsocooperatingn the projecton low-dimensionaimodelingusingPODs. | hopel

cancollaboratemoreintenselywith him at Cornell University | alsogotin contactwith D. Barkley of the University of
Warwick in the U.K., andit is very likely that| will move to Warwick after my stayat Cornell Universityif | decideto
stayin academicsConclusionThe environmentof theIMA hadavery broadeningffectonmy researchl’ velaid several
contactghatwill hopefully lastlong anddeterminemy further career The collaborationwith United Technologiesvas
alsovery successfuandwill be continuedduringmy stayat Cornell. Togethemwith United Technologies| will continue
to work on the modelingof the diffuserandstarta new projecton modelingof comtustioninstabilities,which is a new
areafor me. Comlustionis anareaof quickly growing importanceanda goodchoiceto furtherbroadermy researchMy

skills onanalysisof dynamicakystemawill bevery usefulin bothprojects.l amcorvincedthattheyearattheIMA helped
mealot in gettingreadyfor atenuretrackpositionor a seniorresearcipositionin aresearchaboratory It will definitely
have alarge effecton my furthercareeiin research.

Rolf-Martin Mantel wasoneof the 1997-98regularpostdocsHe writes:

| spenta productive yearat the IMA in the programmeon Applicationsof DynamicalSystems.| actiely participated
in mostworkshopsespeciallyby giving a computerdemonstratioron spiral waves at the Workshopon Computational
Neurosciencel alsoparticipatedn the post-docseminarswherel presentedny PhDresearchandin informal seminars
on continuousspectran fall andon bifurcationswith symmetryin spring.

| preparecbnepaperof my PhDthesisfor publicationasanIMA preprint. It wasco-writtenwith Dwight Barkley of the
Universityof Warwick, whowasalsoayearlongvisitor attheIMA. Its title is “Parametridorcing of scroll-wave patterns
in three-dimensionaixcitablemedia’

During my year here, | entereda close collaborationwith Bernold Fiedler who was a visitor in fall and did several
subsequerghortvisits. As aresult,we have amultimediapaperin preparatiorwith theworkingtitle “Crossover Collisions
of Scroll Wave Filaments.

In this paper we take Dwight Barkley’s computersimulation“EZSCROLL” that simulatesscroll wavesin threespace
dimensionsandadaptit with a new filamentdetectionalgorithmthatalsodetectscollision of filaments.We shav various
examplesof scroll wave collisions,andwe prove analyticallythatthereis only onegenericway scroll wavescancollide.
My contrikutionto thepapemwasconcentratednthenumericakide.| pursuedsomeresearclonthemeandeto hyperme-
anderbifurcationsof spiralwavesin two dimensions! wasableto detectthe onsetof severalmeandefrequenciedut did
not find any unboundednotionat high spatialresolutions.l learnedthat calculatingthe locusof the bifurcationsleading
to theaddedmeandefrequenciess avery challengingnumericalproblem.

The neurosciencavorkshopencouragedne to look for “lurching” spiralsin two spacedimensions. | found out that
adaptingPDE softwarefrom diffusion couplingto synnapticcouplingis a major taskthat challengeseveral of the core
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assumptionsf the"EZSPIRAL” software.

Out of the contactawith visitors| made,| wasoffereda job by KlausBoehmerand| aim to do future collaboratiorwith
MichaelDellnitz. | wasalsogladto meetsereralpeopleworkingin topicscloselyrelatedto mine,especiallyClaudiaWulff
andBerndSandstede.

Marina Osipchuk of Honeywell TechnologyCenter(HTC) is oneof the 1997-98IndustrialPostdoctoraMembers.She
reports:

As a participantof the Industrial Programaffiliated with the Honeywell TechnologyCenter(HTC) | enjoyed the combi-
nationof theindustry-relatedesearctandcollaborationwith the IMA participantsor the programyear In the courseof
the projectat the HTC we developeda low-costaccuratecontactestablishmenand attitudedeterminatiorstrateyy for a
constellatiorof low Earthorbit satellites. While working on my industrialprojectl benefitedrom discussionsvith the
organizerof the program:Profs. Fadil SantosaBlaiseMorton, AvnerFriedmanWalterLittman, RachelKuske aswell as
theotherindustrialpostdocsGilbertoLopezandShariMoscow.

Participationin theannualprogramon “Emerging Applicationsof DynamicalSystems’expandedny knowledgein latest
theoreticalssuesn dynamicakystemsThescopeof applicatiorareapresentedttheworkshopdascinatedne. | enjoyed
the opportunityto work closelywith the participantsof the workshopg(EdrissTiti, YannisKevrekidis, StasShvartsman)
on controlof reaction-difusionsystems.

| alsoparticipatedn aninformal seminaron bifurcationswith symmetryorganizedby WarrenWeckesser The seminar
study sened asa greatintroductionfor the forthcomingworkshopon PatternFormation. In addition| participatedn a
weekly postdocseminarandgave anoverview talk on controlof nonlinearsystemsasanintroductionto theworkshopon
NonlinearldentificationandControl.

In addition,| revisedapaperontheresearchhat! startedatthe Universityof California,Irvine. Thepaper‘Geometryand
InverseOptimalityin Global Attitude Stabilization"waspublishedn Journalof GuidanceControlandDynamics.

Reseath

Attitudedeterminatiorin satelliteconstellation

The“fiber-like” quality alongwith globally provided,space-basecommunicatiorarethedistinctive featuresof thebroad-
bandlow-Earthorbit (LEO) satellitesystemTeledesic.The high speedhigh quality of datatransmissions achiezed via
intersatellitecommunicatior{eachsatellitehaslaserinks to eightadjacentatellites).To handlethesystermetworking the
satelliteshave to bepositionedandorientedmuchmorepreciselythansatelliteghatcommunicat@nly with theground.In
addition,to facilitatesatellitecrosslinkghe satelliteswill have on-boardcomputersthusincreasinghe costof the system
andpower consumptionn theorbit. Our goalwasto developnavigationconceptgshatemploy the existingcommunication
systemandthuseliminatethe additionalcostof corventionalsensors.

The developedattitudedeterminatiorstrategy emplo/s maximumprobability searchto establishcontactshetweennon-
orientedsatellitesin the groupsandupdatedhe estimateof the satelliteattitude. Oncethe satellitesarelinked within the
grouptheaccuray in attitudedeterminations limited only by hardwareresolution.Efficiengy in contactestablishmenits
guaranteeavhile usingthe suggestedonlineamprogrammingsearch Finally, the describedttitudedeterminationrmethod
exploits existing communicatiorhardwarethuseliminatingadditionalcostfor corventionalsensors.

Nonlinearcontmol of dissipativeevolutionaryequations

The dynamicsof the evolutionary equationis governedby a PDE with infinite-dimensionaktateof the corresponding
control problem. On the otherhand,the implementatiorissuessuchas discretelocation of actuatorsJimited memory
capacityandfinite precisionof computergall for afinite-dimensionatontrol.

A nonlinearmodelreductionmethodof the discretized®DE wasemployedto approximatehe long-termbehaior of the
PDE dynamicsby a dynamicalsystemof finite, small dimension. Closingthe obtainedsystemwith a linear controller
effectively stabilizesthe PDE truncationlocally; this doesnot, however, exploit the fully nonlinearreducedmodel. On
the otherhand,nonlinear feedbacHinearizingcontrolresultsin large control spillover to the residualmodes.We design
aninverseoptimal control law for the reducedsystem. The stability and robustnesf the full closed-loopsystemwith

respectto fastunmodeleddynamicswas analyzedusing singular perturbationand bifurcation techniques. Simulation
resultsdemonstrateéhe performanceadvantage®f the inverseoptimal control law over the linear quadraticregulatorin

stabilizingmodelsderivedfrom our illustrative example.

Kathleen A. Rogersof the Universityof Marylandhascompletecher1styearasanIMA Postdoc Shewrites:
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Wbrkshopsand Seminas

As a PostdoctoraMemberof the IMA during the themeyear Emeging Applicationsof DynamicalSystemsmy main
responsibilitiesncludedattendingvorkshopsseminarsandtutorials. This provideda uniqueopportunityfor meto gaina
broadperspectie of thelatesttheoreticabndnumericalissuesn dynamicalsystemsaswell asto becomeacquaintedvith
somenew applicationareas.After completingmy thesislastyear | felt thatl waslackinga moreglobalview of current
researchin appliedmathematicsanddynamicalsystemsn particular | took this opportunityto expandmy knowledge
in severalareasof dynamicalsystemssuchas geometricsingularperturbatiortheory continuousspectrumof operators,
bifurcationin the presencef symmetry and patternformationin reaction-difusion systemsjust to namea few. | was
alsointriguedby the variety of applicationareaghatwere presentedhroughouthe year Workshopswhich focusedon
neurobiology cardiacrhythms,andcalciumdynamicsprovided anin depthlook at applicationgn which mathematicss
juststartingto make animpact.Duringthecourseof theyear | alsoenjoyedhearingaboutthe otherapplicationf various
techniqguesndmethodsn dynamicalsystemsFor instancepneinvited spealer focusedon therole differential-algebraic
equationglay in modelingchemicalreactionsandanotherfocusedon usingreaction-difusionequationgo modelthelife
cycle of mold spores.

In additionto the scheduledvorkshopsandseminars| participatedn two informal weekly seminarsin thefall, Bernold
Feidlerorganizedthe ‘working’ seminaron continuousspectra. The seminarbeganwith understandinghe definitions
of the variouskinds of spectrathat operatorscanhave and continuedonto discussionsboutalgorithmsfor numerically
calculatingcontinuouspectraDuringthespringquarter WarrenWeckessenrganizeda ‘working’ seminaonbifurcations
in the presencef symmetry This seminarconsistedf readingsomeelementarypaperon bifurcationsin the presencef

symmetryin orderto becomeamiliar with thevocalulary. Therewerealsopresentationsf ‘work in progress'onwhich

we triedto offer suggestions.

Talks

In additionto participatingin the workshopsandseminarsassociateavith dynamicalsystemspostdoctoramembersare
expectedo organize attendandspeakat theweekly‘PostdocSeminar’.l volunteeredo organizethe postdocseminarfor
thewinter sessionjn which the workshopsocusedon biological applicationareas.Sincethesewerenew areasor most
of the postdoctoramembers] tried to incorporateanintroductionto theareasaspartof theregularpostdocseminars As
with all the postdocs| gave atalk in the postdocseminar | wasalsoinvited to speakat the Applied Math Seminarat the
Universityof Arizona.

Researh

My researctaccomplishment®r this yearencompassettreeseparatgrojects.Thefirst projectinvolvedwriting papers
on my dissertatiorresearchstability of twistedelasticrodsasa modelfor supercoilingin DNA minicircles. The second
projectwas an industrial problempresentedo the IMA by GeneralMotors involving welding and clampingof beams.
The third projectinvestigateda systemof four ordinary differential equationsthat sene as an idealizedmodel of two
reciprocallyinhibitory neurons.

DNA: A twistedelasticrod is widely acceptedo be a qualitatve modelof supercoiledNA. Mathematically a twisted
elasticrod is representetdy anisoperimetricallyconstrainedalculusof variationsproblem. Thatis, the equilibria of the
rod exactly correspondo critical pointsof a certainfunctional subjectto integral constraints. Similarly, critical points
which correspondo constrainedninimaare saidto be stableequilibria. My thesiscomprisesa seriesof practicaltests
which determinewhich critical pointscorrespondo constrainedninima, or equivalently, which equilibriaarestable.My
researclgoalsin this particularareawereto completepaperghatwerebasedn my thesisresearchDuring this yeat one
of thepapers

R.S.Manning,K.A. Rogers & J.H. Maddocks |soperimetricConjugatePoints with Applicationto the Stability of DNA
Minicircleswasacceptedndwill appeain the Proceedingsf the Royal Societyof London: MathematicalPhysicaland
EngineeringSciencesAdditionally, a paperwith Leon Greenbeg andJohnMaddocksvaswritten andsubmitted:

L. Greenbeg, J.H.Maddocks& K.A. Rogers,TheBordered Operator andthe Index of a ConstainedCiritical Point.

During a trip to EPFL in LausanneSwitzerlandto visit my advisor the resultsfor the final paperfrom my dissertation
werestrengthenedndgeneralizedo includestability exchangeresultsat non-simplefolds aswell assimplefolds. These
generalizationsequireda significantrewrite of the paper

K.A. Rogers& J.H. Maddocks,DistinguishedBifurcation Diagramsfor IsoperimetricCalculusof Variations Problems
andthe Stability of a TwistedElasticLoop.
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Thislastpaperis still in preparationbut shouldbe submittedshortly.

Welding and Clampingof Beams: Experimentson shellshave demonstratedhat the sequenceén which two shellsare
clampedandweldedaffectsthefinal shapeof the shells.Sucha situationarisesn assemblingautomobilesin thatsetting,
the consequencesf differentfinal shapesanbe costlyif, for instancethe final shapeof the two shells(or automobile
parts)causeghelargerstructurenotto meetrequiredspecificationsin orderto understanavhy this sequenceependence
arisesDr. Danry Baker and Dr. SamuelMarin of GeneralMotors Researctand DevelopmentCenter Fadil Santosa,
AssociateDirectorfor IndustrialProgramsat the IMA, and| proposedmodelsof clampingandwelding of beamswhich
demonstrat¢his sequencelependence.

Considerthe variationalformulation of beamswith smallinitial curvaturederived by Washizu(VariationalMethodsin
ElasticityandPlasticityPegamonPress1982)in whichtheinitial shapeof eachbeamwill bedenotedy f; (s) and fa(s),
the perturbatiorfrom the initial shapein the horizontaldirectionwill be denotedby u;(s) andthe perturbatiorfrom the
initial shapein the vertical directionwill be denotedby w;(s). The coordinatef the beamsafter displacementvill be
givenby z; = s + u;(s) andy; = fii(s).

The first modelwhich we consideredallowed only vertical displacemenbf the beam(u;(s) = 0, w;(s) # 0), which
impliesthattheclampingmechanisndoesnotallow ‘slipping’ of thebeamasthe clampis closed.Effectively theclamping
mechanisntakesa prespecifieghointoneachbeam s; ands,, andforcesit to aprespecifiedocationyy with aprespecified
slopey(,. Theclampingproblemis modeledy two fourth-orderrdinarydifferentialequationsubjecto left endboundary
conditions,continuity conditionsat s;, andthe clampingconditions.This modelproblemhasananalyticsolution.

Unlike the clampingprocedurethe welding proceduredoesnot specifythe positiony, or the orientationy;, of thebeam.
The welding conditionsspecifythat the vertical positionandtangentof both beamsarethe sameandalsothatthe axial

force and bendingmomentbalanceat the welding point. This welding procedurds also modeledby two fourth-order
ordinarydifferentialequationssubjectto left endboundaryconditions,continuity conditionsandthe welding conditions.
This modelalsoadmitsananalyticsolution.

If onecontinuesto follow the solutionto thesemodelsof clampingandwelding throughthe applicationof two clamps
andtwo welds,thenonewill find no sequenceependencarisesin this model. We thenconjecturedhat the sequence
dependencarisesasa resultof horizontaldisplacemenin the clampingprocedure.This meanghatasthe clampcloses
eachbeamis allowedto slide without friction. To testthis theory we proposedch modelwhich allows both horizontaland
verticaldisplacementéu;(s) # 0, w;(s) # 0), wherethe clampsandweldsaremodeledn a mannersimilar to themodel
describedibore, exceptof coursejt takesinto accounthe horizontaldisplacements.

The systemof ordinarydifferentialequationsncludingthe weldingandclampingconstraintghataccountdor horizontal

displacemernis significantlymorecomplicatedhanthesimplermodelanddonotadmitananalyticsolution.In orderto see

thesequenceependencin themodel,eachstepmustbe solvednumerically A multiple shootingalgorithmprogrammed
in Matlabis ableto computethesolutionfor oneclampandthesolutionfor oneweld. Unfortunatelythe problemswith one

weld andoneclampandtwo clampsinvolve two fourth-orderequationsvhich arecouplednonlinearlythroughclamping

conditionsweldingconditionsandcontinuityconditions.This problemcannotbe solvedby thecurrentshootingalgorithm

andis afocusof ongoingresearch.

Recipocal Inhibitory Neuons Many of thebehaviors obseredin thesolutionsof the HodgkinandHuxley equationsan
alsobe seenin simpler yet still biologically reasonablemodels. In particular simple modelsof the action potentialof
neuronsconnectedy reciprocallyinhibited synapsesave beenstudiedto furtherunderstanduchbiologicalphenomena
asheartbeatswimming,andfeeding.Two identicaloscillatoryneuronsonnectedy reciprocallyinhibitory synapsesvill
oscillateexactly out of phaseof eachother, thatis, while oneneuronis active the otheris quiescentJohnGuckenheimey
WarrenWeclkesseandl studiedanidealizedmodelof a pair of reciprocallyinhibited neuronsn the gastricmill circuit of
alobster Our goalis to understandolutionsof asetof four differentialequationsvhichmodeltwo asymmetrioscillators
in termsof geometricsingularperturbatiortheory aneffective tool for understandingquationsvith multiple time scales.
Essentiallysingularperturbatiortheorypiecesogethersolutionsfrom the fastsystemandsolutionsfrom the slow system
to geta solutionof the singularly perturbedsystem.Behavior of a singularly perturbedsystemconsistsof motionon the
slow manifold (the setof equilibriaof thefastsystem)andfastjumpsbetweendifferentpartsof the slow manifold. These
fasttransitionsoccurat folds in the slow manifold. A periodicsolutionto the systemof equationswvhich describes pair
of identicalreciprocallyinhibitory neuronscanbe describedn termsof singularperturbatiortheoryasconsistingof two
fasttransitions.Thesefasttransitionscorrespondo oneneuronjumping from anactive to a quiescenstateandthe other
jumpingfrom a quiescenstateto anactive state.

As we investigatedhe solutionspaceof theasymmetrigoroblem we found mary solutionsthatwerequalitatively similar
to the solutionsof the symmetricsystem.We alsofound othervery differenttypesof behaior. For instancejn a small
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parameterange,thereexists (at least)two stableperiodic orbits of the full system. Both of theseperiodic solutions
correspondo morecomplicatecbehaior thanthetypical reciprocallyinhibitory behaior describedabove. Insteadof the
orbit consistingof two fasttransitions the periodicorbits consistof nine andelevenfasttransitions respectiely, andthe
behaior of the two neuronscanno longerbe classifiedsimply asactive or quiescent.The possibleimplicationsof the
existenceof two stableperiodicsolutionsaswell asthe structureof thesesolutionsarea sourceof continuedresearch.

In additionto bistability in the systemwe alsofound canardsolutions thatis, solutionsin which partof the orbit occurs
on an unstableportion of the slow manifold. We identifiedtwo differenttypesof canardsolutions. Onetype of canard
solutionconsistf afasttransitionto anunstablepartof the slow manifold. In the othertype of canardsolution,the orbit

continuegasta fold in the slow manifold ontothe unstablepart of the manifold. For a smallparameterange the family

of canardsolutionsis stable.Continuationof the two stableperiodicsolutionsrevealsthatthe canardsolutionspersistfor

amuchlargerparameteregimebut areunstable.

Tony Shardlow of OCIAM, Mathematicalnstitutedescribesis actvities andachieementgluringhis stayattheIMA as
apostdoctoramembernf the Emeging Applicationsof DynamicalSystemsyear

Long time approximationof Markov Chains This projectlooks at a classof Markov processesirisingfrom stochastic
differentialequationsandasksto whatextentnumericalapproximation®f theseprocessesanreproduceheir long time
behaiours. To gainresultsin this direction,the processeareassumedo be geometricallyergodic,which maybe verified
in a variety of circumstancesandis mucheasiero establishthansimilar notions(hyperbolicattractors for example)in
deterministicsystems.The paperShardlav and Stuart(An abstractperturbationtheoryfor Markov chains,IMA report
no. 1563) describediow long time averagef the approximatiorconvergeto thetrue ergodic averageof the underlying
process.The approximationsnustcorverge to the underlyingprocessput it is only necessaryo do soin the senseof
distributionson atime interval boundedaway from theorigin. This openghedoorfor exampleto weakapproximation®f
PDEs,whereerrorestimategor numericalmethodsaregenerallysingularattime ¢ = 0.

Motivatedby this paper | developedthe resultsnecessaryo applythe above theoryto stochastid®DEs. Two resultsare
needed(i) finite time corvergencdor thenumericalmethodwhich| have workedoutfor finite differenceapproximations
in (Shardlav, Numericalmethoddor stohasticPDES submittedNum. Func. Anal. andOpt.) and(ii) geometricergod-
icity, which s discussedn (Shardlav, GeometricErgodicity for StodhasticPDES to appearStoch. Anal. App). Further
motivatedby theabore work, | have startedookinginto waysof proving geometricergodicity whenthe stochastidermis
degenerate Oneclassof suchproblems(hypoellipticsystemsameup in the IMA workshopon controltheoryandthis
maybeadirectionfor furtherresearch.

StothasticPDEsfor phasetransitions This projectconcernsstochastic®DEsarisingin the modellingof certaingrowth
processeandarefamiliar asthe Cahn—Hilliardand Allan—Cahnequationsvith anadditionalrandomlyfluctuatingdriving
term. | spenta considerablemountof time readingbackgroundn theseequations|eadingto a proposato the EPSRC
in Decemberfor a postdoctoraposition at the University of Oxford. Thereare a numberof interestingdirectionsfor
this work, relatedto extendingthe extensve work on the Cahn—Hilliardequationto include the stochastiderms. I'm
particularly interestedn developingnumericalmethodsand possiblythe use of approximatingparticle systems. This
proposawassuccessfuandl startstudyingthesequestionsn the Oxford Centrefor Industrialand Applied Mathematics
(OCIAM) in October

Whilst I've beenatthe IMA, my researchn this areahasbeenfocusedon the 1d Allan—Cahnequatiorforcedby additive
space—timavhite noiseandthe developmentof an SDE to accountfor the motion of the fronts. Previous work on the
deterministicAllan—Cahnequationhasbeensuccessfuln describingthe motion of the fronts by an ODE in therelative
positionsof the fronts; it is aninterestingideato explore this ideain the presencef noise. This work involved formal
asymptoticdogethemith thoroughnumericalexperimentsandis currentlybeingwritten up (Shardlav, Perturbationsof
the Allan—Cahnequatior).

OtherDuring my stayatthe IMA, | have benefitedrom attendinga large numberof seminarsn the DynamicalSystems
yearover a terrific rangeof mathematics Stanford(my previousinstitution)is not a centrefor dynamicalsystemsandit
hasbeenabreathafreshair to attendseminaravith adifferentfocus.| presentedeveraltalksduringtheyearincludingthe
IMA postdocseminartwice (Dec97, LinearMultistepMethodsandinertial Manifolds; Mar 97, Long time approximation
of SDEs)andthe appliedmathseminarat Wisconsin(Feb97, Long time approximatiorof stochastid®DES).

Shinya Watanabe currently affiliated with Ibaraki University, Departmeniof MathematicalScienceshassened asan
IMA postdoaduringthe 1997-98yearon “Emerging Applicationsof DynamicalSystems. He reports:
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| participatedn theIMA yearasapostdoctorafellow from Septemberl997,until June, 1998. This followedmy doctoral
programuntil 1995andmy first postdoctorabppointmenelsavhereduring 1995-97.Sincel cameto theIMA with some
researclexperienceghathadbeenfocusedandratherarrov, my mainaimduringtheIMA yearwasto broademmy interest
andknowledgein the large field of dynamicalsystemsandto cometo know active researchers variousbranchesn the
field. With the amazingnumberof high-qualityvisitors, seminarsandworkshopsthe IMA programbecamean exciting
andfruitful yearthatwould benefitmein my futureresearch.

During theyearl| attendedmnary talksandwasexposedto mary areaghatwerenew to me, from mathematicabiology;
locomotionandrobotics,to oceanographyl herewereexcellenttutorialsbeforeworkshopsy suchexpertsasJim Keeney
Chris Jones Marty Golubitsky, JoelKeizer Nang/ Kopell, David Terman,andothers. Sometimegpostdocghemseles
asledlong-termvisitors, suchasJohnGuckenheimerandDavid Chillingworth,to helpusin extra studysessionsThese
orientationsstartingfrom an elementarylevel wereindispensabldor me as pointerswhenl tried to follow discussions
duringworkshopsMy knowledgeon mathematicabiology, for instancehadbeenminimal, but, afterenduringthewinter
quarterthatwassometimesverwhelming,| gainedreasonableinderstandingf the currentstateof modellingefforts of
neuralandcardiacsystemslt wasalsogoodto learnwhatkind of gaptherewasbetweermathematicianandbiologists,
andhow they weretrying to closeit. | alsolearnedhew techniquesn thearead wasmorefamiliarwith, suchasgeometric
singularperturbatiortheoryin the multiple-scalewvorkshop.Reductionof large systemsdnto smallerdegreesof freedom
hasbeenoneof theareaf my stronginterestandl cameto know differentapproacheandstyles,e.g.,inertial manifolds,
numericaldecompositionsandseparatiorof multiple scales.

The IMA policy limiting the numberof seminaramaderoomfor interactingwith the visitors outsideseminarooms: in

offices,hallways,restaurants;afes etc. Becausguestaveresoknowledgeablehatit wasratherdifficult for meto have
full discussionsvith them,but | benefittedrom conversationsvith Anatoly Neishtadt EusebiudDoedel,Kurt Lust, John
GuckenheimerDon Aronson,Jim Swift, Greg King, David Golomb, RichardHabermanRobertMiura, Stese Strogatz,
justto namea few thatcometo my mind immediately

Apart from attendingthe workshopsand seminars] preparedarticleson the continuingresearctprojects. In Octoberl
finishedandsubmitteda papemwith Mauricio Barahonan Stanfordwhich waspublishedn thefollowing spring[1]. Also
in October | receveda refereereporton a shortletter| wrote with my former colleaguesandtheir studentsn the Niels
Bohr Institute. It waseditedandresubmittedn Novemberandappearealsoin thefollowing spring[2]. A moredetailed
manuscriptvaspreparedduring my stayin the IMA, andwassubmittedin thefall of 1998. It appearedhortlylater[3].
Duringthe IMA PatternFormationWorkshopin the spring,Herrevander Zantvisitedthe IMA asa spealer. Organizers
requestedpealersto write areview of thesubjectghey presentedl joinedhim in writing anoteondynamicdn Josephson
junctionarrayswhichwill appeamasacontritutionto theIMA Proceeding§4].

Sincel cameto theIMA withoutafixedplanaftertheterm,a portionof my time duringthewinterwasspenton searching
an academigosition. Apart from simply statingthat | was offered a satisfyingpositionin the end, I'd like to add an
episodeduringthe searchprocesshatdemonstratethatthe IMA was“the placeto be” duringtheyear1997-98.Whenl
wentto a universityin the U.K. asoneof thefive finaliststo be interviewved (all five in the sameday), anothercandidate
wasa familiar long-termvisitor at the IMA andyet anothercamefor two workshopshere. | wasquite proudof the fact
thatoneof “us” wasofferedthejob there.

Beforeconcludingthe notel would like to thankorganizersof the IMA program,the IMA administratie staf, andmy
fellow postdocdor all the supportl receved.
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Warr en Weckesserof RensselaePolytechnidnstituteis oneof the IMA PostdocsThis yearwasl1styearof atwo-year
term. His reportfollows:

34



The year on Emeging Applicationsof Dynamical Systemswas an exciting one. A large part of my time was spent
attendingthe IMA workshopsandalsoseveral informal seminarghat ran duringthe year | learneda greatdealabout
severalareasn dynamicalsystemsincludingnumericalmethoddgor large scalesystemsmultiple time scalesbifurcation
with symmetrynonlinearcontroltheoryandsystenidentification andbiologicalapplicationgncludingcalciumdynamics,
cardiacdynamicsandanimallocomotion.The opportunityto meetwith leadingresearcheri thesefieldswasinvaluable.

Part of my time wasspentpreparingandsubmittingpapersasedn my Ph.D.thesis.Onepapershavsthatin mechanical
systemswith rotationalsymmetry(undera setof conditionsthathold generically) therelative equilibriasufficiently close
to a stableequilibrium arelinearly orbitally stable. | alsoshaw in this paperthat the first whirling modeto bifurcateis
nonlinearlyorbitally stable,but the standardvariationalmethodfor proving nonlinearorbital stability fails in all modes
afterthefirst. Anotherpaperappliestheseideasto the hangingchain.

Mark Levi visited the IMA in thefall of 1997,andwe hadseveral discussion®n the kinematicsof a constantvelocity

joint. This led me to begin studyingmechanicakystemscomposedf symmetricrigid bodiescoupledwith constant
velocity joints. Unlike a universaljoint, a constantvelocity joint createsa kinematicconstraintthat directly couplesthe

angularvelocitiesof the two rigid bodies. | am investigatingthe bifurcationand stability of whirling configurationsof

chainsof coupledrigid bodies. This work may shednew light on certaingyroscopicphenomenan spinningbeamsand
relatedmechanicabystems.| visited BostonUniversity in the fall, anddiscussedomeof this work with TassoKaper,

CarsonChow, JohnBallieul, andtheir students.

In the spring,| begancollaboratingwith JohnGuckenheimerand KathleenRogerson an intensie study of therich dy-
namicalbehaior found in a systemof two coupledrelaxationoscillators. More specifically we are consideringtwo
non-identicaManderPol-like oscillators.Thecouplingis basednreciprocalnhibition, asoccursin membranenodelsof
neuronsOur modelof two coupledneurongesultsin asingularlyperturbedsystenof differentialequationsyvith two fast
variablesandtwo slow variables.Our obsenationssofarincludeseveralfamiliesof periodicorbits,arangeof parameters
for whichtherearetwo stableperiodicorbits,familiesof orbitsthatexhibit avariety of canardsanda possiblehomoclinic
bifurcationfrom a periodicorbit. Onegoal of this researchs to classifythetypesof bifurcationsthatoccurin singularly
perturbedsystemawith morethantwo dimensionsEspeciallyimportantfor this work arethemethodf geometricsingu-
lar perturbatiortheory Anotherimportantcomponenbdf the work sofar hasbeenthe numericalcontinuationof periodic
orbitswith the softwarepackageAUTO. We benefitedrom discussionsvith E. Doedel,the authorof AUTO, during his
visitsto the IMA.

In the springquarter | was co-chairof the IMA PostdocSeminar | alsoorganized(with someinitial inspirationfrom
Steve Strogatzthe“Informal Seminaron Bifurcationwith Symmetry’ aweekly seriesof seminaranddiscussion®n bi-
furcationwith symmetry Whena bifurcationproblempossessesymmetry certaindegeneraciesccurthatmake standard
bifurcationtheoryinapplicable.However, it is possibleto exploit the addedstructuremposedby the symmetry Thereis
now an extensve theoryandbody of literatureon this subject. The goal of the informal seminawasto learnaboutthis
theory startingwith the mostelementarydeasandprogressindar enoughto be comfortablereadingcurrentliteraturein
thefield. Hereis partiallist of fairly regularparticipants.

Postdocs MiahuaJiang, Shinya Watanabe KathleenRogers,Rolf Mantel, Tony Shardlav, RicardoOliva, Marina Os-
ipchuk,Kurt Lust.

Visitors: David Chillingworth, LauretteTuckerman GabrielaGomesWilliam Langford,Steve StrogatzFernand@otelho.
| wrote a setof notesbasednthe thesediscussionsthesenotescanbeaccesseffom my website.
Thefollowing lists afew of my otheractiities duringmy first yearatthe IMA.

¢ | gave atalk in the Math Departmens “Dynamics and Mechanics”seminarorganizedby Rick Moeckel. Title:
Stability of therelative equilibriain a classof rotationallysymmetricmechanicasystems.

o | preparedreportbasednthelndustrialSeminaipresentedby NicholasTufillaro of Hewlett-Packardon“Symbolic
Dynamicsin MathematicsPhysicsandEngineerind. Thisreportis to becomepartof theIMA website.

¢ | attendedhe conferencéModeling and Analysisin MedicineandBiology” at the University of Michiganin Ann
Arbor.

o | refereedpaperdor PhysicaD andthe AmericanJournal of Physics
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V. IMA SEMINAR ON INDUSTRIAL PROBLEMS

Oneof the major purpose®f the IMA is to facilitateinteractionbetweenmathematicianandindustrialandgovernment
laboratoryscientists An importantcomponents to bring problemsfrom industryandgovernmentabsto the attentionof
mathematicianandto encouragehemto work on suchproblems.

In orderto achieve thisgoaltheIMA developedaprogranwhichbeganin theFall of 1987:aweekly Seminaron Industrial
Problemsln this seminayresearcherfom industrypresenbne-houttalks, every non-workshoprFridayat 11:15. Typical
participationis from 20 to 23 individuals,including IMA visitors, University of Minnesotafaculty, graduatestudentsand
undegraduatestudentsThetalksarefrequentlyfollowedby extendednformal discussion.

Becaus¢heMA programvariesfrom yearto year, we concentrat@n two kindsof problems.

The first type is connectedvith the areaof the specialyearat the IMA. Thus, during the academicyear 1987—-88the
specialtopic was Applied Combinatoricsduring 1988—-89it was NonlinearWaves, during 1989-90it was Dynamical
Systemsgduring 1990-91it wasPhaseTransitionsandFreeBoundariesduring 1991-92it wasApplied Linear Algebra,
during 1992-93it was Control Theory during 1993-94it was Emeging Applicationsof Probability during 1994-95
Waves and Scattering,during 1995-96MathematicalMethodsin Materials Scienceand for 1996—-97Mathematicsin

High-performanc&€omputing.

The secondype of problemis relatedto the areasin which the Director, the AssociateDirector for IndustrialProblems
andtheir colleagueganprovide eitherdirectadviceor specificreferral. The generalareaof theseproblemss Mathemat-
ical Analysis; more specifically modelsinvolving linear andnonlinearOrdinaryor Partial Differential Equations Fluid
Dynamicsand FreeBoundaryProblems Deterministicand StochasticControl, etc. During eachyeartherearea number
of visitorsinvited to spendsometime atthe IMA for the purposeof studyingsuchproblems.

We alsoinvolve public agenciesuchasDOD. In particularwe believe thatit is of mutualbenefitto have problemsfrom
governmentlabs. In orderto identify suchproblemsand spealers, the Director of IMA visits governmentaswell as
industriallabs.

In additionto facultyandIMA visitors, the seminarincludesa numberof Ph.D.studentsaswell assomeundegraduate
students.We have seriousmathematicaproblemsof real significancein Industry presentedo us, andsomefaculty and
studentsubsequentlpecomeanterestedn solvingtheseproblems We createanatmospher#o encouragenathematicians
towork ontheindustrialproblems Follow-up contactbetweerspealkersandthosewhobecomenterestedn theirproblems
is fostered.

Writeupsof theindustrialproblemspresentediuringthefirst tenyears(Septembel 987— Junel997),includingmary of
thesolutions have appeare@s10IMA Volumes(AvnerFriedmanMathematicsn IndustrialProblemsParts1-10,1988,
1989,1990,1991,1992,1993,1994,1995,1996,1997,and 1998.) More recentlyproblemshave beenwritten up and
postedontheMA website.
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INDUSTRIAL PROBLEMS SEMINAR SPEAKING SCHEDULE FOR 1997-98:

DATE SPEAKER/COMRNY TOPIC

Septembel2 Eli Chiprout Model Reductiorfor Large Circuit Simulation
IBM Austin Research.ab

Septembel6 Nick Tufillaro Symbolicdynamicsan mathematicgphysics,andengineering
Hewlett-Packard

October3 GabrielTaubin GeometricCompressiofasedn TopologicalSuigery
IBM T. J. WatsonResearclCenter

Octoberl? CushHamlen ModelingandSimulationat Medtronic
Medtronic

October31 DennisPerchak StokesianDynamicsSimulationof InteractingSolid Particles
Kodak

Novemberl4 Wim Sweldens SecondGenerationWavelets: TheoryandApplications

LucentTechnologies

Januaryd Martin G. Liling GeosteerindforizontalWells throughElectrically
SchlumbegerDoll Research AnisotropicOil ZonesusingPredictve Log-ModelingComputation
Januan30 Dr. RichardStone Airline PlanningProblems

NorthwestAirlines

February20  Philip Fleming Diffusion Approximationsof Join-the-Least-Loaded
Motorola Infinite Sener Station

March2 DanielR. Baker TheRoleof Chage Separatiorin the Responsef
GM Researcl& DesignCenter ElectrochemicaBystems

March20 David Ross A PDEModelof Fluid ContactLines
Kodak

April 17 David Runkle Are Credit-RiskModelsReadyfor PrimeTime?

MinneapolisFederaResere and
Univ. of Minnesota
CarlsonSchoolof Management

April 24 PeterA. Blakey Links BetweenTheNonlinearBehavior Of TransistorsAnd The
Motorola SpectralCharacteristic©f PortabléwirelessPaver Amplifiers
May 1 T.J.Burns ModelingandSimulationof SomeHigh-Speed
NIST ManufacturingProcesses
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May 22 ToddSalamon Interfacial Flow
Bell Laboratories

May 29 MrdjanJanlovic RolustNonlinearControllerDesign:Applicationto DieselEngines
Ford Research.aboratories
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VI. DETAILED DESCRIPTION OF 1997-98 PROGRAM
EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

September1997- June 1998

1. PROGRAM OUTLINE

The yearwasdivided into threepartsdescribedbelow (correspondingo fall, winter and springquarters)lthoughthere
wasconsiderablduidity betweerthevariousparts.

(1) Fall: Septembet-DecembeB0,1997,NumericalAnalysisof DynamicalSystems
(2) Winter: January2 - March31,1998,Dynamicsin PhysiologyandChemistry
(3) Spring: April 1 - June30,1998,SymmetryandPatternFormation

Theorganizingcommitteeconsisteaf Rafaeldela Llave, (Universityof Texas,Austin) Eusebiufoedel (ConcordiadJni-
versity) Martin Golubitsky, (University of Houston)JohnGuckenheimer(Chair) (CornellUniversity) YannisKevrekedis,
(PrincetonUniversity)JohnRinzel,(Nationallnstitutesof Health)

2. LIST OF ACTIVITIES

Fall 1997: Numerical Analysis of Dynamical Systems

e Tutorial: NumericalMethodsfor BifurcationProblemsSeptembeb-9,1997
Spealkrs:Eugeneillgower, ColoradaStateUniversity, Wolf-JumlrgenBeyn, UniversititBielefeld,Eusebiu®oedel,
ConcordiaUniversity, Bernold Fiedler Free University of Berlin, John Guckenheimer Cornell University, Herb
Keller, Californialnst. of TechnologyLinda Petzold,Univ. of California-SantdBarbaraMark Reichelt,The Math-
Works, Inc., WernerRheinboldt,University of Pittshurgh

e Workshopl: NumericalMethodsfor BifurcationProblemsSeptembet5-19,1997
Organizers:Wolf-JumlrgenBeyn, Universigat Bielefeld, EusebiusDoedel, ConcordiaUniversity (Chair), Bernold
Fiedler FreeUniversityof Berlin, YannisKevrekedis,PrincetonUniversity, Jend_orenz,University of New Mexico

¢ Workshop2: Large ScaleDynamicalSystemsSeptembeR9 - October3, 1997
OrganizersDonAronson,Universityof MinnesotaH. B. Keller, Caltech EdrissTiti, Universityof California-Irvine,
LauretteTuckerman Orsay(Chair)

e Tutorial: Multiple Time-ScaledDynamicalSystemsQctober23-24,1997
Spealkers: ChristopherdonesBrown University, MichaelWard, University of British Columbia

o Workshop3: Multiple Time-ScaleDynamicalSystemsQctober27-31,1997

Organizers:Fred Dumortier Limburgs Universitair Centrum,Chris Jones,Brown University (Chair), Alexander
Khibnik, CornellUniversity, David Terman,Ohio State Steve Wiggins, Caltech

e Workshop4: Dynamicsof Algorithms,Novemberl7-21,1997

OrganizersiRafaeldela Llave, University of Texas(Chair) JensLorenz,University of New Mexico Linda Petzold,
Universityof California-SantdBarbara

e SpeciaWorkshop:Algorithmic Methodsfor Semiconducto€ircuitry, November24-25,1997
Organizer:Jacobwhite, MIT
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Winter 1998: Dynamicsin Physiologyand Chemistry

e Workshop5: ComputationaNeuroscience]anuaryl4-23,1998

Organizers:Larry Abbott, BraneisUniversity Bard Ermentrout,University of Pittsturgh, Nang/ Kopell, Boston
UniversityJohnRinzel,(Chair)NIH

e Tutorial: CalciumDynamicsin Cells,February5-6,1998
Spealkrs:JoelKeizer UC Davis, RobertMiura, NIH, Artie ShermanNIH

e Workshop6: CalciumDynamicsin Cells,February9-13,1998
OrganizersA. GoldbeterUniv. Libre deBruxelles,JoelKeizer (Chair)Universityof CaliforniaDavis, JohnRinzel,
NIH

e SpecialWorkshop: Knowledgeand Distributed Intelligence (KDI)-Opportunitiesin the MathematicalSciences,
March7,1998

e Workshop7: CardiacDynamicsMarch9-14,1998

Organizersdim Collins, (Chair),JameseeneyUniversityof Utah,CharlesPeskin New York University- Courant
Institute,Rai Winslow, JohnsHopkinsUniversity

Spring 1998: Symmetry and Pattern Formation

o Workshop8 : NonlinearldentificationandControl, April 27-May 1, 1998
Organizers: YannisKevrekedis, (Chair) PrincetonUniversity, P. S. Krishnapasadlniversity of Maryland, Erik
Ydstie,Carngyie Mellon University

e Workshop9 :Pure, Applied andindustrialMathematics StrengththroughConnectionsMay 1-3,1998
Co-sponsaedby the University of MinnesotaSdool of Mathematics

¢ Workshopl0: DynamicalSystemsn OceanographyChaoticAdvectionin OceanMesoscaléstructuresMay 7-9,
1998
Organizer:ChrisJonesBrown University

e Workshopl1 : PatternFormationin ContinuousandCoupledSystemsMay 11-15,1998
Organizers:Martin Golubitsky, (Chair) University of Houston,Dan Luss, University of Houston,Steve Strogatz,
CornellUniversity

e Workshopl2: Animal LocomotionandRobotics Junel-5,1998
OrganizersJame<Collins, (Chair)BostonUniversityMartin Golubitsky, Universityof Houston DanielKoditschek,
Universityof Michigan

e Workshopl3: ContinuumMechanicsaandNon-linearPartial DifferentialEquations,June8-12,1998

Organizers:RichardJamesUniversity of Minnesota Stefan Mueller, Max Planckinstitutefor Mathematicsn the
Sciencesyladimir Sverak, University of Minnesota
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3. POSTDOCTORAL MEMBERS

POSTDOCDRAL MEMBERSHIPSFOR1997-98

NAME PREVIOUSINSTITUTION
JIANG, MIAOHUA Geogialnst. of Technology
JOHNSONMARK PrincetonUniversity

MANTEL, ROLF-MARTIN

LUST, KURT
OLIVA, RICARDO

ROGERS KATHLEEN
SHARDLOW, TONY
WATANABE, SHINYA
WECKESSERWARREN

Universityof Warwick

Kath. UniversityLeuven
CornellUniversity
Universityof Maryland
StanfordUniversity

Neils BohrInst.,Copenhagen
RensseladPolytechnidnst.

POSTDOCDRAL MEMBERSHIPSIN INDUSTRIAL MATHEMATICSFOR1997-98

NAME

PREVIOUSINSTITUTION INDUSTRIAL AFFILIATION

LOPEZ,GILBERTO

NorthwesterrUniversity
OSIPCHUK,MARINA V. Universityof California

EastmarKodak
Honegywell

4. LONG-TERM PARTICIP ANTS (four weeksor longer)

ARMBRUSTER,DIETER

ARONSON,DON

BARKLEY, DWIGHT

BATES,PETERW.

BEYN, WOLF-JUERGEN
BOTELHO, FERNANDA

CARVER, SEANG.

CHILLINGWORTH, DAVID

CHOSSA, PASCAL
CROOK, SHARON

DE LA LLAVE, RAFAEL
DELLNITZ, MICHAEL
DELSHAMS,AMADEU

DIONNE, BENOIT

DOEDEL,EUSEBIUS
FIEDLER,BERNOLD

FIELD, MICHAEL J
FOIAS,CIPRIAN

FONTELOS,MARCO ANTONIO

FRENCH,DONALD
GOLOMB, DAVID

GOLUBITSKY, MARTIN
GOMES,GABRIELA
GOVAERTS,WILLY J.F
GUCKENHEIMER,JOHN

HANSEL, DAVID

ArizonaStateUniv. (Mathematics)
Univ. of Minnesota(Mathematics)
Univ. of Warwick (Mathematics)
BrighamYoungUniv. (Mathematics)

APR26—-MAY 15
SEP1-AUG 31
AUG 15-JUN30
SEP28-0CT31

Univ. of Bielefeld (Fakultatfur Mathematik) SEP4-0CT4
Univ. of Memphis(MathematicaBciences) JAN 10— MAY 31
CornellUniv. (CenterApplied Math) AUG25-DEC1
Univ. of SouthamptorfMathematics) MAR 30—-JUNS5
Univ. of California(Mathematics) MAY 11-16
MontanaStateUniv. (CenterComputationaBiology) JAN 4-31

Univ. of Texas(Mathematics) SEP1-DEC30
Univ. Bayreuth(Mathematisches) SEP3-20

Univ. Politecnicade Catalutya (MatematicaAplicadal) AUG 15—-DEC20

Univ. of Ottava (Math and Statistics)
ConcordiaUniv. (ComputerScience)
FreeUniv. of Berlin (InsituteMathematicd)
Univ. of Houston(Mathematics)
RawlesHall (IndianaUniversity)

Univ. Complutensele Madrid (Aplicada)
Univ. of Cincinnati(MathematicaSciences)
Ben-GurionUniv. of the Negev (Physiology)
(UniversityHouston)

Univ. do Porto(CentroMatematicéplicada)
Univ. of Ghent(Applied Mathematics)
CornellUniv. (Mathematics)
EcolePolytechniquéCentrePhysiqueTheorique)

SEP1-0CT31
SEP3-DEC15
SEP3-DEC21
MAY 1-15
MAR 29-MAY 2
JAN 11-DEC31
SEP1-AUG 31
JAN 12-27
MAY 3-JUNS
SEP1-JUL 31
SEP7-0CT4
SEP1-JUN30
JAN 12-30
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HENRY, DANIEL EcoleCentraledeLyon SEP4-NOV 1

HU, BEI Univ. of Notre Dame(Mathematics) SEP1-MAY 31
JOLLY, MIKE IndianaUniv. (Math) JUL 14—-JUN 30
JORBA, ANGEL Univ. deBarcelona SEP6-20
KELLER, HERBERT B. Californialnstituteof Technology SEP1-NOV 30
KETEMA, YOHANNES Univ. of Minnesota(AEM) SEP15-NOV 21
KING, GREGOF P, Univ. of Warwick (Fluid DynamicsResearctCenter) SEP3-JUL 31
KNOBLOCH, EDGAR Univ. of CaliforniaBerkeley (Physics) MAY 7-JUNS5
KRAUSKOPFE BERND Univ. of Bristol (EngineeringMlathematics) SEP2-DEC7
KRISCHER,KATHARINA Fritz-Habernstitut (Max-Planck-Gesellschaft) MAY 9-16
KRUPA, MARTIN (MACIEJ) TechnicallinstituteVienna(Inst Applied Mathematics) SEP28-NOV 21
LAMB, JEROEN Univ. of Warwick (Mathematics) MAY 10-JUN 10
LANGFORD, WILLIAM TheFieldsInstitute APR1-JUN14
LEBLANC, VICTOR Univ. of Ottava (MathematicsandStatistics) MAY 4-JUN12
LEONARD, NAOMI PrincetonUniv. (MechanicabndAerospacdEngineering) JUN2-5
LITTMAN, WALTER Univ. of Minnesota(Mathematics) SEP1-AUG 31
MATO, GERMAN CentroAtomico Bariloche JAN 5-28
MELBOURNE,IAN Univ. of Houston(Mathematics) MAY 10—JUNG6
MILIK, ALEXANDRA TechnischdJniv. Wien AUG 22—-JUN 30
MOECKEL, RICK Univ. of Minnesota(Mathematics) SEP1-AUG 31
MOSER,JRGEN ETH-Zentrum(Forschunginstitutur Mathematik) APR1-30
NEISHTADT, ANATOLY SpaceResearch Moscov OCT2-NOV 1
NI, WEI-MING Univ. of Minnesota(Mathematics) SEP1-AUG 31
NIE, QING Univ. of Chicago(Mathematics) SEP1-30
OSINGA, HINKE Universityof Minnesota SEP1-AUG 31
POSBERGHTHOMAS. A. Univ. of Minnesota SEP1-JUN15
ROSEMAU, PHILIP Tel Aviv Univ. (Applied Math) FEB24-28
RUCKLIDGE, ALASTAIR Univ. of CambridggApplied Maths) MAY 8-15
SANDSTEDE,BJORN Ohio StateUniv. (Mathematics) SEP13-DEC20
SANDSTEDE,BJORN Ohio StateUniv. (Mathematics) MAY 9-12
SATTINGER, DAVID Univ. of Minnesota(Mathematics) SEP1-AUG 31
SCHEEL,ARND FreieUniv. Berlin (fuer Mathematiki) SEP7-0CT6
SELL, GEORGER. Univ. of Minnesota(Mathematics) SEP1-AUG 31
SHEINTUCH,MOSHE Technion(ChemicalEngineering) MAY 10-15
SIJNAVE, BART Univ. of Gent(Applied Mathematic® CS) SEP7-0CT4
SILBER, MARY NorthwesterrUniv. (EngSci& Appl Math) MAY 11-19
SPENCEALASTAIR Univ. of Bath(Schoolof MathematicaSciences) SEP5-19
STEWART, IAN Univ. of Warwick (Mathematics) APR19-JUNG6
STROGATZ, STEVENH. CornellUniv. (TheoreticabndApplied Mechanics) APR1-JUN30
SVERAK, VLADIMIR Univ. of Minnesota(Mathematics) SEP1-AUG 31
SZMOLYAN, PETER TechnischéJniv. Wien (AngevandteMathematik) SEP14—-NOV 30
TUCKERMAN, LAURETTE LIMSI Orsay/CNRS AUG 20—-JUN 30
VAN VLECK, ERIK ColoradoSchoolof Mines(Math andComputerScience) OCT 18-NOV 20
VELAZQUEZ, JUAN J.L. Univ. Complutensele Madrid (Aplicada) APR27-MAY 3
VITILLAR O,ENZO Universitadi Perugia JUL 30— SEP5
WULFF, CLAUDIA FreieUniv. Berlin (fur Mathematiki) MAY 4 -JUN7
XIE, MIN Univ. of Utah(Mathematics) FEB28—-MAR 30

5. FALL 1997WORKSHOP AND TUTORIAL PARTICIP ANTS Tutorial: Numerical Methodsfor Bifur cation

ProblemsSeptember5-9,1997

AGGELIDIS,COSTS Univ. of Minnesota(ChemicalEngineering) SEP4 -9
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ALLGOWER, EUGENEL.
BEYN, WOLF-JUERGEN
CARSTEANU,ALIN-ANDREI
CARVER, SEANG.
DELLNITZ, MICHAEL
DELSHAMS,AMADEU
DOEDEL,EUSEBIUS
DOYLE, JOHN
ERNSTHAUSEN,JOHN
FIEDLER,BERNOLD
GEORGIOU,TRYPHON
GOVAERTS,WILLY J.F
GUCKENHEIMER,JOHN
HENRY, DANIEL

JORBA, ANGEL

KELLER, HERBER B.
KRAUSKOPF, BERND

LIU, LIPING

LUSKIN, MITCH

MAGGIO, GIAN MARIO
MILIK, ALEXANDRA
OSINGA, HINKE

PAL, MIHAELA MICHELLE
PETZOLD,LINDA R.
POSBERGHTHOMAS. A.
PROMISLOW, KEITH
REICHELT, MARK
RHEINBOLDT, WERNERC.
SCHECTERSTEPHEN
SHEN,JIE

TUCKERMAN, LAURETTE
ZAFARULLAH, 1JAZ

ColoradoStateUniv. (Mathematics)

Univ. of Bielefeld (Fakultatfur Mathematik)
Univ. of Minnesota(SAFHL)

CornellUniv. (Applied Math)

Univ. Bayreuth(Mathematisches)

Univ. Politecnicade Catalurya (MatematicaAplicadal)

ConcordiaUniv. (ComputerScience)
Caltech

Univ. of Pittshurgh (Mathematics)
FreeUniv. of Berlin (InsituteMathematicg)
Univ. of MinnesotaElectricalEngineering)
Univ. of Ghent(Applied Mathematics)
CornellUniv. (Mathematics)
EcoleCentraledeLyon

Univ. deBarcelona

Californialnstituteof Technology

Univ. of Bristol (EngineeringMlathematics)
Univ. of Alberta(MathematicaSciences)
Univ. of Minnesota(Mathematics)

Univ. College Dublin

TechnischéJniv. Wien

Universityof Minnesota

Univ. of Texasat Austin

Univ. of California-Santd8arbara

Univ. of Minnesota

SimonFraseiUniv. (Math andStatistics)
TheMathWorks, Inc

Univ. of Pittshurgh (Mathematics)

North CarolinaStateUniv. (Mathematics)
PennState(Mathematics)

LIMSI Orsay/CNRS

Univ. of Nottingham(TheoreticaMechanics)

SEP7-8
SEP4-0CT4
SEP4-9

AUG 25-DEC1
SEP3-20
AUG 15-DEC20
SEP3-DEC15
SEP2-10
SEP4-9
SEP3-DEC21
SEP4-5
SEP7-0CT4
SEP1-JUN30
SEP4-NOV 1
SEP6-20
SEP1-NOV 30
SEP2-DEC7
SEP4-19
SEP4-9
SEP4-19
AUG 22-JUN 30
SEP1-AUG 31
SEP3-9
SEP4-9
SEP1-JUN15
SEP3-9
SEP4-6
SEP4-7
SEP7-19
SEP3-9

AUG 20-JUN30
SEP3-19

Workshop: Numerical Methodsfor Bifur cation ProblemsSeptember15-19,1997

ADOMAITIS, RAY
ARONSON,DON

BALAK OTAIAH, VEMURI
BARKLEY, DWIGHT
BEYN, WOLF-JUERGEN
BROER,HENK W.

BRUIN, HENK
BURNS,TIM
CARSTEANU,ALIN-ANDREI
CARVER, SEANG.
CHOE,WON-GYU
CHUN, CHANGBUM

DE LA LLAVE, RAFAEL
DELLNITZ, MICHAEL
DELSHAMS,AMADEU
DIECI, LUCA

DIONNE, BENOIT

Univ. of Maryland(ChemicalEngineering)
Univ. of Minnesota(Mathematics)

Univ. of Houston(ChemicalEngineering)
Univ. of Warwick (Mathematics)

Univ. of Bielefeld (Fakultatfur Mathematik)
GroningenUniv. (Mathematics)

Royal Instituteof TechnologyMathematisches)

NIST

Univ. of Minnesota(SAFHL)
CornellUniv. (Applied Math)
CornellUniversity

lowa StateUniv. (Math)

Univ. of Texas(Mathematics)
Univ. Bayreuth(Mathematisches)

Univ. Politecnicade Catalutya (MatematicaAplicadal)

SEP14-19
SEP15-19
SEP14-19
AUG 15-JUN30
SEP4-0CT4
SEP14-19
SEP14-19
SEP14-19
SEP4-9

AUG 25-DEC1
SEP14-26
SEP17-18
SEP1-DEC30
SEP3-20

AUG 15-DEC20

Geogialnstituteof Technology(Schoolof Mathematics) SEP14-21

Univ. of Ottava (Math and Statistics)
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DOEDEL,EUSEBIUS
EDOH,KOSSIDELALI
FIEDLER,BERNOLD
FRIEDMAN, MARK
GATERMAN, KARIN
GOLUBITSKY, MARTIN
GOMES,GABRIELA
GOVAERTS,WILLY J.F
GUCKENHEIMER,JOHN
HENRY, DANIEL
HOMBURG, ALEJAN
JANOVSKY, VLADIMIR
JOLLY, MIKE

JORBA, ANGEL
KELLER, HERBERT B.
KETEMA, YOHANNES
KEVREKIDIS, YANNIS
KHINAST, JOHANNES
KING, GREGOF P.
KRAUSKOPFE BERND
KRUPA, MARTIN (MACIEJ)
KUZNETSOV, YURI
LEVI, MARK

LIU, LIPING
LORENZ,JENS
MAGGIO, GIAN MARIO
MCGEHEE,RICHARD P.
MEI, ZHEN

MELOON, BRIAN
MEYER, KEN

MIKHAIL, EGOROV
MILIK, ALEXANDRA
MILLER, PATRICK

MISCHAIKOW, KONSTANTIN

MOORE,GERALD

OLLE, MERCE

OSINGA, HINKE
PECKHAM, BRUCEB.
POSBERGHTHOMAS. A.
REICHELT, VOLKER
RUSSELL,ROBERT D.
SANDSTEDE BJORN
SCHECTERSTEPHEN
SCHEEL,ARND
SHILNIKQOV, ANDREY
SIINAVE, BART

SMILEY, MICHAEL
SPENCEALASTAIR
SZMOLYAN, PETER
TITl, EDRISSSALEH
TUCKERMAN, LAURETTE

ConcordiaUniv. (ComputerScience)

ElizabethCity StateUniv. (Mathematics)

FreeUniv. of Berlin (InsituteMathematicd)

Univ. of Alabamain Huntsville(MathematicalSciences)

Konrad-Zuse-ZentrurBerlin
UniversityHouston

Univ. do Porto(MatematicaAplicada)
Univ. of Ghent(Applied Mathematics)

CornellUniv. (Mathematics)
EcoleCentraledeLyon

FreieUniv. Berlin (fuer Mathematik)
CharlesUniv. of Pragug[NumericalAnalysis)

IndianaUniv. (Math)
Univ. deBarcelona

Californialnstituteof Technology

Univ. of Minnesota(AEM)

PrincetonUniv. (ChemicalEngineering)

Univ. of Houston(ChemicalEngineering)

Univ. of Warwick (Fluid DynamicsResearclCenter)
Univ. of Bristol (EngineeringMlathematics)
TechnicallnstituteVienna(Inst Applied Mathematics)

CWI (Netherlands)

Rensselagpolytechnidnstitute(MathematicaSciences)
Univ. of Alberta(MathematicaGciences)
Univ. of New Mexico (MathematicandStatistics)

Univ. College Dublin

Univ. of Minnesota(Schoolof Mathematics)
Philipps-Unv. of Marburg (Math)

CornellUniv. (Mathematics)
Univ. of Cincinnatti(Math)
Univ. of Minnesota(AEM)
TechnischéJniv. Wien

Stevenslnstituteof Technology(MathematicaSciences)
GeogiaInstituteof Technology(Schoolof Mathematics)
Imperial College (Mathematics)
E.T.S.E.I.B.BarcelongMathematicaAplicada)

Universityof Minnesota
University Minnesota-Duluth
Univ. of Minnesota

RWTH Aachen(Lehrstuhlfuer NumerischeMathematik)
SimonFrasetUniv. (Mathematics)

Ohio StateUniv. (Mathematics)

North CarolinaStateUniv. (Mathematics)
FreieUniv. Berlin (fuer Mathematiki)

Inst. for Appl. Math. & Cybernetics

Univ. of Gent(Applied Mathematic® CS)

lowa StateUniv. (Mathematics)

Univ. of Bath(MathematicalSciences)
TechnischdJniv. Wien (AngewvandteMathematik)
Univ. of California-Irvine(Mathematics)

LIMSI Orsay/CNRS
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SEP3-DEC15
SEP13-17
SEP3-DEC21
SEP14-0OCT4
SEP13-20
SEP14-19
SEP1-JUL31
SEP7-0CT4
SEP1-JUN30
SEP4—-NOV 1
SEP14-19
SEP13-19
JUL 14-JUN30
SEP6-20
SEP1-NOV 30
SEP15-NOV 21
SEP14-19
SEP14-19
SEP3-JUL31
SEP2-DEC7
SEP28-NOV 21
SEP13-20
SEP14-23
SEP4-19
SEP13-20
SEP4-19
SEP14-19
SEP14-0CT4
SEP13-0CT4
SEP17-21
SEP14-19
AUG 22-JUN 30
SEP14-21
SEP14-21
SEP14-21
SEP13-20
SEP1-AUG 31
SEP14-19
SEP1-JUN15
SEP14-21
SEP15-19
SEP13-DEC20
SEP7-19
SEP7-0OCT6
SEP14-20
SEP7-0CT4
SEP17-18
SEP5-19
SEP14—-NOV 30
SEP14-0CT4
AUG 20-JUN30



TURAEV, D.V.

VANDERBAUWHEDE,ANDRE

WATSON,GREG
WERNER,BODO
YORKE,JAMES A.
ZAFARULLAH, 1JAZ
ZHU, DEMING

Weizmanninstituteof SciencgMath Faculty)
Univ. of Gent(PureMathematics& Comp)
Geogialnstituteof Technology(Math)

Univ. Hamhurg (fuer AngevandteMathematik)
Univ. of Maryland

Univ. of Nottingham(TheoreticaMechanics)
North CarolinaUniv. (Mathematics)

SEP14-19
SEP12-20
SEP14-21
SEP12-23
SEP15-20
SEP3-19

SEP13-20

Workshop: Lar ge ScaleDynamical SystemsSeptember29 - October 3, 1997

BERGEON,ALAIN
BOEHMER,KLAUS
COUGHLIN, KATIE
GOLUBITSKY, MARTIN
GOVAERTS,WILLY J.F
HENDERSONRONALD
HENRY, DANIEL
JOLLY, MIKE

KELLER, HERBER B.
KETEMA, YOHANNES
KEVREKIDIS, YANNIS
KUKAVICA, IGOR
LANGFORD, WILLIAM
LEVERMORE,DAVID
LOPESMILTON
LOPEZ,JUAN
MARCUS, PHILIP

MEI, ZHEN

MELOON, BRIAN
MILEWSKI, PAUL
MOLEMAKER, JERDEN
OTHMER, HANS
PERRY, PETER
PROMISLOW, KEITH
RILEY, DOUGLAS
ROOSE,DIRK

SAAD, YOUSEF
SALDANHA, KENNETH
SCHEEL,ARND
SEYDEL,RUDIGER
SHEN,JIE

SIINAVE, BART
SMILEY, MICHAEL
STEEN,PAUL

STUART, ANDREW M.
TITI, EDRISSSALEH

Univ. Paul Sabatie(UFR MIG Dpt Mecanique)
Univ. of Marburg (Mathematics)

Univ. deMontreal
UniversityHouston

Univ. of Ghent(Applied Mathematic9
Californialnstituteof Technology

EcoleCentraledeLyon
IndianaUniv. (Math)

Californialnstituteof Technology

Univ. of Minnesota(AEM)

PrincetonUniv. (ChemicalEngineering)
Univ. of Chicago(Mathematics)

TheFieldsInstitute

Univ. of Arizona(Mathematics)

IndianaUniv. (Mathematics)

PennStateUniv. (Mathematics)

Univ. of Californiaat Berkeley (MechanicaEngineering)
Philipps-Unv. of Marburg (Math)

CornellUniv. (Mathematics)

Univ. of Wisconsin(Math)

Institutefor MarineandAtmospheridResearch
Univ. of Utah (Mathematics)

Univ. of Kentucky (Mathematics)
SimonFrasetUniv. (Math andStatistics)

Univ. of Kentucky (Mathematics)

Katholieke Univ. Leuven(ComputerScience)
Univ. of Minnesota(ComputerScience)

Univ. of Chicago(Mathematics)

FreieUniv. Berlin (fuer Mathematiki)

Univ. UIm (Abteilungfur Numerik)

PennState(Mathematics)

Univ. of Gent(Applied Mathematics CS)
lowa StateUniv. (Mathematics)
CornellUniv. (ChemicalEngineering)

StanfordUniv.

Univ. of California-Irvine(Mathematics)

TUCKERMAN, LAURETTE LIMSI Orsay/CNRS

SEP28-0CT4
SEP24-0OCT5
SEP28-0CT3
SEP28-0CT1
SEP7-0CT4
SEP27-0CT4
SEP4-NOV 1
JUL 14-JUN30
SEP1-NOV 30
SEP15-NOV 21
SEP28-0CT3
SEP28-0CT5
SEP28-0CT3
SEP30-0CT5
SEP24-0CT1
SEP28-0CT3
SEP29-0CT2
SEP14-0CT4
SEP13-0CT4
SEP28-0CT4
SEP28-0CT5
OCT1-5
SEP27-0CT3
SEP28-0CT3
SEP27-0CT3
SEP27-0CT3
SEP28-0CT3
SEP28-0CT4
SEP7-0OCT6
SEP27-0CT4
SEP27-0CT2
SEP7-0CT4
SEP30-0CT1
SEP27-0CT2
SEP30-0CT3
SEP14-0CT4
AUG 20-JUN30

Tutorial: Multiple Time-ScaleDynamical SystemsOctober 23-24,1997

JONESCHRIS Brown Univ. (Applied Mathematics) OCT22-31

45



MCCORD,CHRISTOPHER Univ. of Cincinnati(Mathematics) OCT22-26

MENON, GOVIND Brown Univ. (Applied Mathematics) OCT22-31
PROMISLOW, KEITH SimonFrasetUniv. (Math andStatistics) OCT 22-30
WECHSELBERGERMARTIN  TechnischéJniversittWien) OCT23-NOV 6

Workshop 3: Multiple Time-ScaleDynamical SystemsOctober 27-31,1997

Al, SHANGBING Univ. of Pittshurgh (Mathematics) 0OCT22-31
BATES,PETERW. BrighamYoungUniv. (Mathematics) SEP28-0CT31
BELL, DARYL C. Univ. of NebraskgMathematicsand Statistic) OCT25-31
BOSE,AMITABHA NJIT (Math) OCT25-31
BRONSKI, JARED StanfordUniv. (Mathematics) OCT26-31
BRUNOVSKY, PAVOL ComeniudJniv. (Math) OCT26—-NOV 1
CHOE,WON-GYU CornellUniv. (Mathematics) OCT26-NOV 3
DAVIS, MICHAEL J. ArgonneNationalLaboratory(Chemistry) OCT26-31

DE LA LLAVE, RAFAEL Univ. of Texas(Mathematics) SEP1-DEC30
DELSHAMS,AMADEU Univ. Politecnicade Catalutya (MatematicaAplicadal) AUG 15—-DEC20
DIENER,MARC Univ. deNice-Sophia-AntipoligCNRS) OCT25-NOV 1
DIONNE, BENOIT Univ. of Ottava (Math andStatistics) SEP1-0CT31
DOELMAN, ARJEN UtrechtUniv. (Mathematischnst) OCT25-NOV 1
DUMORTIER, FREDDY Univ. CampugLimburgsUniversitairCentrum) OCT26-31
FIEDLER,BERNOLD FreeUniv. of Berlin (InsituteMathematicd) SEP3-DEC21
FIFE, PAUL Univ. of Utah(Mathematics) OCT27-NOV 2
GARDNER,ROB Univ. of Massachusettgdlathematics) OCT27-NOV 2
GOLDENFELD,NIGEL Univ. of lllinois- Urbana/Champaig OCT26-29
GUCKENHEIMER,JOHN CornellUniv. (Mathematics) SEP1-JUN30
HABERMAN, RICHARD SoutherrmMethodistUniv. (Mathematics) 0OCT22-31
HALLER, GYORGY Brown Univ. (Applied Mathematics) OCT25-NOV 1
HAYES, MICHAEL BostonUniv. (Math) OCT26-NOV 1
HENRY, DANIEL EcoleCentraledeLyon SEP4-NOV 1
ILYASHENKO, YULIJ S. CornellUniv. (Mathematics) OCT26-31
JOLLY, MIKE IndianaUniv. (Math) JUL 14-JUN30
JONES CHRIS Brown Univ. (Applied Mathematics) 0OCT22-31
KAPER, TASSOJ. BostonUniv. (Mathematics) OCT25-31
KETEMA, YOHANNES Univ. of Minnesota(Aerospacdengineeringand) SEP15-NOV 21
KHIBNIK, ALEXANDER I. United TechnologiefResearciCenter OCT26-31
KOKOTOVIC, PETAR V. Univ. of California-Sant&8arbara(ECE) OCT29-31
KOVACIC,GREGOR Rensseladpolytechinstitute(MathematicaScience) OCT30-NOV 1
KRAUSKOPF, BERND Univ. of Bristol (EngineeringMathematics) SEP2-DEC7
KRUPA, MARTIN (MACIEJ) TechnicallnstituteVienna(Applied Mathematics) SEP28-NOV 21
LEBOVITZ, NORMAN Univ. of Chicago(Mathematics) OCT26-31
LIN, XIAO-BIAO North CarolinaStateUniv. (Mathematics) OCT25-31
MCLAUGHLIN, DAVID NYU-Courantlnstitute OCT25-31
MENON, GOVIND Brown Univ. (Applied Mathematics) 0OCT22-31
MISCHAIKOW, KONSTANTIN  Geogialnstituteof Technology(Mathematics) OCT26—-NOV 2
NEISHTADT, ANATOLY paceResearch Moscov OCT2-NOV 1
OSINGA, HINKE Universityof Minnesota SEP1-AUG 31
PETZOLD,LINDA R. Univ. of California-Sant&8arbara OCT24-NOV 3
POSBERGHTHOMAS. A. Univ. of Minnesota SEP1-JUN15
PROMISLOW, KEITH SimonFrasetUniv. (Math andStatistics) 0OCT22-30
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RALFS,ARTHUR C. Ohio StateUniv. (Mathematics) OCT26-NOV 2
REICH, SEBASTIAN Konrad-Zuse-Zentrum OCT26-31
ROUSSARIE,ROBERT Univ. of Bourgogne(Mathematics) OCT26—-NOV 2
RUDNEV, MICHAEL Univ. of Texas-Austin(Math) OCT27-31
SANDSTEDE,BJORN Ohio StateUniv. (Mathematics) SEP13-DEC20
SCHECTERSTEPHEN North CarolinaStateUniv. (Mathematics) OCT19-31
SEARA, TERESAM. Univ. Politecnicade Catalutya (Aplicadal) OCT20-NOV 1
SU,JIANZHONG Univ. of Texasat Arlington (Mathematics) OCT26-31
SZMOLYAN, PETER TechnischéJniv. Wien (AngevandteMathematik) SEP14—NOV 30
TERMAN, DAVID Ohio State(Mathematics) OCT26-31
WARD, MICHAEL Univ. of British Columbia(Mathematics) OCT23-28
WECHSELBERGERMARTIN  Technisch&JniversitatwWien OCT23-NOV 6
ZENG,CHONGCHUN NYU-Courantlnstitute OCT22-NOV 1
ZIANE, MOHAMMED StanfordUniv. (CenterTurbulenceResearch) OCT26-31
Workshop 4: Dynamicsof Algorithms November17-21,1997
ASCHER,URI M. Univ. of British Columbia(ComputerScience) NOV 16-21
BRADLEY, ELIZABETH Univ. of Colorado(ComputerScience) NOvV 17-21
CHIERCHIA, LUIGI Univ. of Rome3 (Mathematics) NOV 16-21
CORLISS,GEORGEF. MarquetteUniv. (Math) NOV 16-21
DE LA LLAVE, RAFAEL Univ. of Texas(Mathematics) SEP1-DEC30
DELSHAMS,AMADEU Univ. Politecnicade Catalutya (MatematicaAplicadal)  AUG 15—-DEC20
DIECI, LUCA Geogialnstituteof Technology(Schoolof Mathematics) NOV 16-—21
ESTERDONALD J. Geogialnstituteof Technology(Schoolof Mathematics) NOV 16—21
GAVOSTO,ESTELAA. Univ. of KansagMath) NOV 16-21
GUCKENHEIMER,JOHN  CornellUniv. (Mathematics) SEP1-JUN30
HAIRER, ERNST UniversityGenea NOV 16-23
HENRY, DANIEL EcoleCentraledeLyon SEP4-NOV 1
IWANSKI, JOE Univ. of Coloradoat Boulder(Applied Mathematics) NOV 16-21
JOLLY, MIKE IndianaUniv. (Math) JUL 14-JUN 30
KEARFOTT, R.BAKER Univ. of Southwesterihouisiana(Mathematics) NOV 15-21
KETEMA, YOHANNES Univ. of Minnesota(AEM) SEP15-NOV 21
KOCH,HANS Univ. of Texas(Mathematics) NOV 16-21
KRAUSKOPF, BERND Univ. of Bristol (EngineeringMlathematics) SEP2-DEC7
LAMBA, HARBIR Stanford(MechanicsandComputation) NOV 16-21
LEIMKUHLER, BEN Univ. of KansagMathematics) NOV 16-21
LEWIS, DEBRA Univ. of California-Santa&Cruz (Mathematics) NOV 16-21
LUBICH, CHRISTIAN Univ. TuebingenMathematisches) NOV 16-23
LUSKIN, MITCH Univ. of Minnesota(Mathematics) SEP4-9
MARZ, ROSWITHA Humboldt-Unv. of Berlin (Mathematics) NOV 16-23
MASCARI, GIANFRANCO Univ. of Naples/ CNR NOV 16-22
MROZEK, MARIAN Krakow, Poland(University Krakow) NOV 16-21
NEUBERT, ROLF SiemenAG NOV 16-25
OLVER, PETERJ. Univ. of Minnesota(Mathematics) NOV 16-21
PETZOLD,LINDA R. Univ. of California-Sant@Barbara NOV 19-21
POSBERGHTHOMAS.A.  Univ. of Minnesota SEP1-JUN15
REICH,SEBASTIAN Konrad-Zuse-Zentrum NOV 16-21
RYCHLIK, MAREK Univ. of Arizona(Mathematics) NOV 15-21
SANDSTEDE,BJORN Ohio StateUniv. (Mathematics) SEP13-DEC20
SAUER, TIMOTHY D. GeogeMasonUniv. (MathematicaBciences) NOV 18-23
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SCHELTER, WILLIAM Univ. of Texas(Mathematics) NOV 16-21

SCHMIDT, DIETER Univ. of Cincinnati(Mathematics) NOV 17-23
SHUB, MICHAEL IBM (T.J.WatsonResCtr.) NOV 18-21
STUART, ANDREW M.  StanfordUniv. NOV 18-21
SZMOLYAN, PETER TechnischdJniv. Wien (AngewvandteMathematik) SEP14—-NOV 30
SZYMCZAK, ANDRZEJ Geogialnstituteof Technology(Math) NOvV 15-21
VAN VLECK, ERIK ColoradoSchoolof Mines(Math andComputerScience) OCT 18- NOV 20
WARNOCK, ROBERT L. StanfordLinearAccelerator NOV 16-21
YORKE,JAMES A. Univ. of Maryland NOV 17-21
YUAN, GUOCHENG Univ. of Maryland(Mathematics) NOvV 15-21

SpecialWorkshop: Algorithmic Methodsfor SemiconductorCir cuitry November24-25,1997

CAMPBELL, STEPHENL. North CarolinaStateUniv. (Mathematics) NOV 23-25
CAO, GENE MichiganTechnologicalUniv. (MathematicaGciences) NOV 20-—30
CHIPROUT, ELI IBM Austin Research.ab NOV 23-25
ELFADEL, ABE IBM (T.J.WatsonResearclCenter) NOV 22-25
FELDMANN, PETER Bell LabsInnovations(LucentTechnology) NOV 23-25
FREUND,ROLAND Bell Laboratories NOV 22-26
GREEN,MICHAEL Univ. of California-Irvine(ElectricalandComputefEng.) NOV 23-26
GUCKENHEIMER,JOHN CornellUniv. (Mathematics) SEP1-JUN30
GUENTHER,MICHAEL TH Darmstad{FachbereictMathematik) NOV 23-25
HOLTE, JIM Univ. of Minnesota NOV 24-25
KAHLERT, MARTIN SiemenAG NOV 22-26
KELLER, HERBER B. Californialnstituteof Technology SEP1-NOV 30
KLAASSEN, BERNHARD GMD/GermarResearclCentrefor Computer NOV 22-26
KUNDERT, KEN Cadence NOV 23-25
NEUBERT, ROLF SiemenAG NOV 16-25
NGUYEN, TUYEN IBM NOV 23-25
PHILLIPS,JOEL Cadence NOV 23-25
POSBERGHTHOMAS. A. Univ. of Minnesota SEP1-JUN15
ROYCHOWDHURY, JAIJEET Bell LaboratoriefCommunication&ciencefResearch) NOV 23-25
RUEHLI, ALBERT IBM (Thomas] WatsonResearclCenter) NOV 23-25
SAPATNEKAR, SACHIN Univ. of Minnesota NOV 24-25
TRAJKOVIC, LIILJANA SimonFraselUniv. (SchoolEngineeringScience) NOV 22-25
VINNAKOTA, BAPI Univ. of MinnesotaElecticalEngineering NOV 24-25
WAGNER,ROB Ansof) NOV 22-25
WHITE, JACOB MIT (ComputerScienceandElect. En) NOV 23-25
WU, TING MichiganTech(Math) NOV 23-25

6. WINTER 1998WORKSHOP AND TUTORIAL PARTICIPANTS

Workshop 5: Computational Neurosciencelanuary 14-23,1998

ABBOTT, LARRY BrandeidUniv. (VolenCenter) JAN 13-19
BAER, STEVE ArizonaStateUniv. (Mathematics) JAN 19-25
BELL, TONY Interval ResearciCorporation JAN 14-18
BERTRAM, RICHARD PennState-BehreniScience) JAN 13-23
BLUM, KENNETH L. M.L.T. (BrainandCognitive Science) JAN 13-23
BOOTH, VICTORIA New Jersg Instituteof Technology(Mathematics) JAN 13-23
BOWER,JIM Caltech(Biology) JAN 16-23
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BUTERA, ROB
CAMPBELL, SUEANN
CHAPMAN, BARBARA
CHOW, CARSON
COWAN, JACK D.
CROOK, SHARON

DAN, YANG

DAYAN, PETER
DESTEXHE,ALAIN
EPSTEIN,STEVE
ERMENTROUT, BARD
FERSTERDAVID
FREEMAN,RALPH D.
GERSTNERWULFRAM
GOLOMB, DAVID
GUCKENHEIMER,JOHN
HANSEL, DAVID
HIRSCH,JUDITH
HOLMES, PHILIP JOHN

IZHIKEVICH, EUGENEM.

JOLLY, MIKE
JUNG,RANU
KIEMEL, TIM

KIM, SEUNGHWAN
KOPELL,NANCY
LEWIS, JOHN
LEWIS, TIM
LISMAN, JOHN
LYTTON, BILL
MATO, GERMAN
MATVEEYV, VICTOR
MCLAUGHLIN, DAVID
MILIK, ALEXANDRA
MILLER, KEN
MORELLI, MICHAEL
NADIM, FARZAN
NICOLELIS, MIGUEL

NOONBURG, VIRGINIA ANNE

PINTO, DAVID
PUGH,MARY
RINZEL, JOHN
RUBIN, JONATHAN
RUSH, MAUREEN
SEN,ASOK
SHAPLEY, ROBERT
SHELLEY, MICHAEL J.
SHERMAN,ARTHUR
SHERMAN, MURRAY
SKAGGS,BILL
SKINNER, FRANCIS
SMITH, GREGOF

NIH (MathematicaResearclBranch)

Univ. of Waterloo(Applied Mathematics)

Univ. of California,Davis (Ctr Neuroscience)
BostonUniv. (Mathematics)

Univ. of Chicago(Math)

MontanaStateUniv. (CenterComputationaBiology)
Univ. of California(MolecularandCell Biology)
M.L.T. (Brain & Cognitive Science)

Laval Univ. Schoolof Medicine(Physiology)
BostonUniv. (Mathematics)

Univ. of Pittshurgh (Mathematics)
NorthwesterrUniv. (Neurobiology/Physiolog)
University California-Berleley
SwissFederalnstituteof Technology
Ben-GurionUniv. of theNegev (Physiology)
CornellUniv. (Mathematics)
EcolePolytechniqudCentrePhysiqueT heorique)
RoclefellerUniv. (LaboratoryNeurobiology)
PrincetonUniv. (Applied andComputationaMathematics)
ArizonaStateUniv. (CenterSystemSciandEngResearch)
IndianaUniv. (Math)

Univ. of Kentucly (CenterBiomedicalEngineering)
Univ. of Maryland(Zoology)
POSTECHRIM-GARC) (PhysicsandMath)
BostonUniv. (Mathematics)

Univ. of Ottawa (CellularandMolecularMedicine)
Univ. of Utah(Math)

BrandeisUniv.

Univ. of Wisconsin(Neurology)

CentroAtomico Bariloche

BrandeidUniv. (CenterComplex Systems)
NYU-Courantinstitute

TechnischéJniv. Wien

UC SanFranciscqPhysiology)

University Wisconsin-Stout

BrandeidUniv. (VolenCenter)

Duke Univ. Medical Center(Neurobiology)

Univ. of Hartford(Mathematics)

BostonUniv. (Math)

Univ. of Pennsylania(Mathematics)

New York Univ. (CenterNeuralScience)

Ohio StateUniv. (Mathematics)

Cal StateUniv. Bakersfield(Mathematics)
IndianaUniv. PurdueUniversity (MathematicalSciences)
New York Univ. (CenterNeuralScience)

New York Univ. (CourantMathematicaScien)

NIH (MathematicaResearctBranch,NIDDK)
StateUniv. of New York (Neurobiology)

Univ. of Pittshurgh (Neuroscience)

TorontoHospital, WesternDivision (Playfair Neurosciencénit)

NIH (MathematicaResearctBranch,NIDDK)
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JAN 17-23
JAN 13-18
JAN 13-23
JAN 13-23
JAN 13-23
JAN 4-31
JAN 13-23
JAN 13-23
JAN 17-23
JAN 17-23
JAN 17-22
JAN 13-23
JAN 13-17
JAN 13-23
JAN 12-27

SEP1-JUN30

JAN 12-30
JAN 13-17
JAN 13-23
JAN 13-23

JUL 14-JUN30

JAN 13-23
JAN 13-23
JAN 12-25
JAN 17-23
JAN 13-23
JAN 14-23
JAN 17-20
JAN 15-23
JAN 5-28

JAN 13-24
JAN 13-22

AUG 22-JUN 30

JAN 13-19
JAN 20-20
JAN 17-23
JAN 13-23
JAN 13-23
JAN 14-24
JAN 15-18
JAN 13-23
JAN 20-23
JAN 15-23
JAN 13-23
JAN 13-18
JAN 13-23
JAN 17-23
JAN 13-19
JAN 17-23
JAN 13-23
JAN 13-23



SOMERS DAVID
SOMPOLINSKY, HAIM

SWINDALE, NICHOLASV.

TERMAN, DAVID

THEUNISSEN,FREDERIC

TRAUB, ROGER
TROYER, TODD
TSODYKS, MISHA V.

MIT (Brain& Cog. Sciences)

Hebrav Univ. (RacahPhysics)

Univ. of British Columbia(Ophthalmology)

Ohio StateUniv. (Mathematics)

Univ. of Californiaat SanFrancis

Univ. of Birmingham(Physiology Neuroscience)
Univ. of Californiaat SanFrancis(Physiology)

JAN 13-19
JAN 13-23
JAN 13-23
JAN 12-23
JAN 16-21
JAN 17-22
JAN 13-23

Weizmanninstituteof SciencgNeurobiologyBrain ResearctB) JAN 14-21

TURNER,ROBERT Univ. of Wisconsin-MadisorfMathematics) JAN 17-20
VAN HEMMEN, J.LEO TU Muenchen(Physics) JAN 13-23
WANG, DELIANG Ohio StateUniv. JAN 13-23
WANG, XIAO-JING BrandeisUniv. (CenterComple Systems) JAN 13-23
WEARNE, SUSAN Univ. of New SouthWales(Math) JAN 13-23
WHITE, JOHNA. BostonUniv. (BiomedicalEngineering) JAN 13-23
WILLMS, ALLAN Univ. of Canterlory (MathematicsandStatistic) JAN 14-23
WILSON, CHARLES Univ of Tennesse€tr HealthSciencegAnatomy) JAN 13-23
Tutorial: Calcium Dynamicsin Cells February 5-6,1998
BIEBERICH,ANDREA (UniversityNotre Dame) FEB4-6
CHAN, SAMUEL Univ. of California,Davis (Mathematics) FEB2-7
JOLLY, MIKE IndianaUniv. (Math) JUL 14-JUN30
KAKALIOS, JAMES Univ. of Minnesota(Physics) FEB5-6
KEIZER, JOEL Univ. of California-Davis FEB4-13
MILLER, CHARLES Univ. of Notre Dame(Mathematics) FEB4-13
MIURA, ROBERT NIH (MathematicqResearchBranch) FEB4-13
MORELLI, MICHAEL  UniversityWisconsin-Stout JAN 20-20
NI, WEI-MING Univ. of Minnesota(Mathematics) SEP1-AUG 31
Workshop 6: Calcium Dynamicsin Cells February 9-13,1998
ALLBRITTON,NANCY L. Univ. of California-Irvine(Physiology) FEB7-13
ARMBRUSTER,DIETER  ArizonaStateUniv. (Mathematics) FEB8-13
ATWATER, ILLANI NIDDK, NIH (LCBB) FEB8-13
BIEBERICH,ANDREA UniversityNotreDame FEB4 -6
BUGRIM, ANDREJ Univ. of California-Davis (TheoreticaDynamics) FEB7-13
CARBINATTO, MARIA C. Univ. deSaoPaulo(ICMSC) FEB8-13
CHARLES,ANDREW UCLA (Neurology) FEB7-13
DAI, LONG NIH (MathematicaResearclBranch) FEB8-13
DE YOUNG, GARY MesaStateCollege of Colorado(Mathematics) FEB7-13
DUPONT, GENEVIEVE Univ Libre Bruxelles FEB7-14
EPSTEIN,IRVING BrandeisUniversity FEB8-13
FRIEDMAN, MARK Univ. of Alabama-HuntsvilldMathematics) FEB7-13
GOMES,GABRIELA Univ. do Porto(MatematicaAplicada) SEP1-JUL31
HUNTER, JOHN Univ. of California-Davis (Mathematics) FEB7-13
JOLLY, MIKE IndianaUniv. (Math) JUL 14-JUN30
KEIZER, JOEL Univ. of California-Davis FEB4-13
KING, GREGOF P, Univ. of Warwick (Fluid DynamicsResearclCenter) SEP3-JUL31

KISAALITA, WILLIAM S.

LECHLEITER,JAMESD.
LI, YUE-XIAN

Univ. of Geogia (BiologicalandAgricultural Engineering) FEB7 —13

Univ. of Virginia(Neuroscienceylarkey Center)

FEB7-13

Univ. of California-Davis (Inst TheoreticaDynamics) FEB8-13

50



LOEW, LESLIE Univ. of Conn.HealthCenter(Physiology) FEB8-12
MAGNUS,GERHARD FEB8-15
MEARS, DAVID NIH (LCBB) FEB10-14
MILLER, CHARLES Univ. of Notre Dame(Mathematics) FEB4-13
MIURA, ROBERT NIH (MathematicqResearctBranch) FEB4-13

NUCCITELLI, RICHARD Univ. of California-Davis (MolecularandCellularBiology) FEB8-13

OTHMER, HANS Univ. of Utah(Mathematics) FEB9-13
PEARSONJOHN Los AlamosNationalLaboratory FEB9-14
PERNAROWSKI, MARK MontanaStateUniv. (MathematicaScience) FEB7-13
RAO, RAJR. Univ. of Geogia (Biological & Agricultural Engineering) FEB7-13
ROJAS, EDUARDOE. NIH (LCBB) FEB8-13
RUSSELL,JAMEST. NIH FEB8-13
SANDERSONMICHAEL J. Univ. of Massachusettdledical School(Physiology) FEB8-13
SHERMAN,ARTHUR NIDDK, NIH (MathematicaResearcBranch) FEB4-13
SMITH, GREGOF D. NIDDK, NIH (MathematicaResearcBranch) FEB8-13

SMOLEN, PAUL Univ. of Texas-MedicalSchool(Neurobiology& Anatomy) FEB8-13

STOJIKOVIC, STANKO NICHD, NIH (EndocrineandReproductie Research) FEB8-12
TERMAN, DAVID Ohio State(Mathematics) FEB7-13
THOMAS, ANDREWP. New Jersg Medical Schoolof UMDNJ FEB7-13
ZIMLIKI, CHARLES NIH (LCBB) FEB10-14

ZUCKER,ROBERT S. Univ. of California-Berleley (MolecularandCell Biology) FEB10-12

SpecialWorkshop: Knowledgeand Distrib uted Intelligence (KDI)-Opportunities in the Mathematical Sciences
March 7,1998

ALI, SYEDS. Univ. of Wisconsin-Milwaukee(MathematicalSciences) MAR 6-8
AMIN, MASSOUD ElectricPowver Researchnstitute MAR 5-7
ANDERSON,MEREDITH AmericanExpresg-inancialAdvisors MAR 7-7
APTE,CHID IBM T.J.WatsonResearclCenter(DataAbstractionResearch) MAR 6 -8
BACH, ERIC Univ. of Wisconsin MAR 6 -7
BAKER, RICHARD Univ. of lowa (Mathematics) MAR 7-8
BAXTER, JOHN Univ. of Minnesota(Mathematics) MAR 7-7
BOLEY, DANIEL Univ. of Minnesota(ComputerScience) MAR 7-7
BOTELHO, FERNANDA Univ. of Memphis(MathematicalSciences) JAN 10— MAY 31
BUCK, GREGOF/ SaintAnselmCollege (Mathematics) MAR 7-8
CAO, GENE MichiganTech(Mathematics) MAR 13-16
CARMEIN, DAVID MinnesotaVirtual Simulations MAR 7 -7
CHERKASSKY, VLADIMIR  Univ. of MinnesotaElectricalEngineering) MAR 7-7
COCKBURN, BERNARDO  Univ. of MinnesotaSchoolof Mathematics) MAR 7-7
COOK, DIANNE lowa StateUniv. (Statistics) MAR 7-7
CROUCH, CAROLYN J. Univ. of MinnesotaDuluth (ComputerScience) MAR 6-8
CROUCH, DONALD B. Univ. of MinnesotaDuluth (ComputerScience) MAR 6 -8
CYBENKO, GEORGE DartmouthCollege (Engineering) MAR 6-8
DAVIS, WILLIAM J. Ohio StateUniversity MAR 7 -8
DICKERSON,JULIE lowa StateUniversity MAR 7-7
DUNHAM, DOUGLAS Univ. of Minnesota- Duluth (ComputerScience) MAR 7-7
FLUGRAD, DONALD lowa StateUniv. (MechanicaEngineering) MAR 7-7
FRENCH,DONALD Univ. of Cincinnati(MathematicaBciences) SEP1-AUG 31
FRIEDMAN, AVNER Univ. of Minnesota(MinnesotaCenterindustrialMathema) SEP1-AUG 31
GARRETT, PAUL Univ. of Minnesota(Mathematics) MAR 7-7
GERSHENFELDNEIL MIT MediaLab MAR 7 -7
GINI, MARIA UniversityMinnesota MAR 7-7
GREENE,JOE Univ. of lllinois-Urbana(ESB) MAR 6 -8
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GUCKENHEIMER,JOHN
HAGBERG,ARIC
HONAVAR, VASANT
KARNIK, NEERAN
KARYPIS,GEORGE
KETTENRING,JON
KLAMECKI, BARNEY
KLEINBERG, JON
KOH, JEEHEUB
KUMAR, VIPIN

LEE, NAMY ONG

LI, PERRY
MCCURLEY, KEVIN
MCGEHEE,RICHARD
MCROY, SUSANW.
MITREA, IRINA
MORTON, BLAISE
MULIER, FILIP
MUNCASTER,ROBERT
NOSTRAND,BARBARA
RALESCU,ANCA
RALESCU,DAN

RAPHAEL, CHRISTOPHER

REITICH, FERNANDO
RON, AMOS
RUDNAYA, SVETLANA
SAHINIDIS, NIKOLAOS
SEJNQVSKI, TERRY
SKEEL,ROBERT D.
SRIVASTAVA, JAIDEEP
STEUERNALT, MIKE
SULLIVAN, JOHN
TANNENBAUM, ALLEN
THALER, AL

TIDRIRI, MOULAY
TORRESRODOLFO
TRIPATHI, ANAND
WARMUTH, MANFRED
WEICHSEL,PAUL M
YIN, GEORGE
YUNES, LUIS

ZHANG, BINGYU

Workshop 7: Cardiac DynamicsMar ch 9-14,1998

CornellUniv. (Mathematics)
Los AlamosNationalLaboratory

lowa StateUniv. (ComputerScience)
Univ. of Minnesota(ComputerScience)

Univ.

of Minnesota(CS&E)

Bell Communication®kesearch

Univ. of Minnesota(MechanicaEngineering)

CornellUniv. (ComputerScience)
IndianaUniv. (Mathematics)

Univ. of Minnesota(ComputerScience)

Univ. of Minnesta(Schoolof Mathematics)
Univ. of Minnesota(MechanicaEngineering)
IBM AlmadenResearciCenter(IBM Research)
Univ. of Minnesota(GeometryCenter)

Univ. of Wisconsin-Milwaukee(EECS)

Univ.

of Minnesota(Math)

Hongywell

3M (EngineeringSystemsandTechnologylab)

Univ. of lllinois at Urbana-Champé@viathematics)
StateCollege at Oneontg MathematicalSciences)

of Cincinnati(ElecEngineeringandCom)

of Cincinnati(MathematicaBciences)

of Massachusetts-Amher@lath and Statistics)

Univ.
Univ.
Univ.
Univ.
Univ.
Univ.
Univ.

of Minnesota(Mathematics)

of WisconsinMadison(ComputerScience)
of Minnesota(Schoolof Mathematics)
of lllinois-Urbana(ChemicalEngineering)

SalkInstitute

Univ. of lllinois (ComputerScience)

univ.
NSF
Univ.

Univ. of MinnesotaElectricalandComputelE)

NSF

of Minnesota(CSE)

of lllinois (Mathematics)

lowa StateUniv. (Mathematics)

univ.

Unversityof Minnesota(ComputerScience)

of KansagMathematics)

University Californiaat SantaCruz

Univ. of lllinois atUrbana-Champaigne

WayneStateUniv. (Mathematics)

univ.

Univ. of Cincinnati(MathematicalSciences)

of Minnesota(Math)

SEP1-JUN30
MAR 6-8
MAR 6-7
MAR 7-7
MAR 7-7
MAR 6-8
MAR 7-7
MAR 6-8
MAR 6-7
MAR 7-7
MAR 7-7
MAR 7-7
MAR 6-7
MAR 7-7
MAR 6-8
MAR 7-7
MAR 7-7
MAR 7-7
MAR 6-8
MAR 6-9
MAR 6-8
MAR 6-8
MAR 6-8
MAR 7-7
MAR 6-7
MAR 7-7
MAR 6-8
MAR 6-8
MAR 6-8
MAR 7-7
MAR 6-8
MAR 6 -7
MAR 7-7
MAR 6-8
MAR 6-8
MAR 6-7
MAR 7-7
MAR 6 -7
MAR 6-8
MAR 7-7
MAR 7-7
MAR 6-8

BARKLEY, DWIGHT
BRONSTERING,ROLF

BUONO, PIETRO-LUCIANO

CACCIOLA, GIOVANNA
CHAQ, YI-JU

CHAY, TERESA
CHIPOT, MICHEL
CHRISTINI, DAVID
COLLINS,JIM

Univ. of Warwick (Mathematics)
Univ. of Muenster(fuer NumerischeMathematik)
Univ. of Houston(Mathematics)
EindhovenUniv. of Tech(MechanicaEngineering)
Univ. of Minnesota(Math)
Univ. of Pittshurgh (Biological Sciences)

Univ. of Zuerich(CNRS)(AndgevandteMathematik)
CornellMedical Center(Cardiology)

BostonUniv. (BiomedicalEngineering)
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AUG 15-JUN30
MAR 7-15
MAR 8 -14
MAR 8-14
MAR 9-14
MAR 8 -15
MAR 8-13
MAR 9-15
MAR 13-14



DIETZ, DONNA

DINH, THOMAS
FIEDLER,BERNOLD
GARFINKEL, ALAN
GILLBERG, JEFFREY
GLASS,LEON
GOMES,GABRIELA
GUCKENHEIMER,JOHN
GUNNEY, BRIAN
HALL, KEVIN
HAMLEN, CUSHING
HAN, KEESOOK
HOBBIE, RUSSELL
HOLTE, JIM
HONDEGHEM,LUC
IRVINE, LISA
ISAACSON,DAVID
JAFRI, SALEET
JENISON,TROY
JOHNSONCHRIS
JOLLY, MIKE
KAPLAN, DANNY
KARMA, ALAIN
KEENER,JAMES
KING, GREGOF P.
LITTMAN, WALTER
MANRODT, CHRIS
MAY, STEVE
MCCULLOCH, ANDREW
MCQUEEN, DAVID
MEHDI, KHAWAR
MILIK, ALEXANDRA
MIN, SHIRLEY
MIURA, ROBERT
MORISSETTEJOSEE
MORRIS,MILTON
MUELLER, STEFAN
OLSON,WALTER
PESKIN,CHARLESS.
PRINTZ,BETH
RASMUSSONRANDY
RUDY, YORAM
SNYDERS,DIRK
TABER, LARRY

TUCKERMAN, LAURETTE

VOTH, ERIC
WARMAN, EDUARDO
WEINBERGER HANS
WINSLOW, RAI
WOODWARD, PAUL
XIE, MIN

Rensseladrolytechnidnst. (Math)
Medtronic(ScienceandTechnology)
FreeUniv. of Berlin (InsituteMathematicd)
UCLA (Cardiology)
Medtronic(Tachyarrhythmid&esearch)

McGill Univ. (Physiology)

Univ. do Porto(CentroMatematicéplicada)
CornellUniv. (Mathematics)

Medtronic

McGill Univ. (CenteNonlinearDynamics)
Centerfor BiomaterialsResearctiMedtronic)
Univ. of MinnesotaElectricalEngineering)
Univ. of Minnesota(Physics)

Univ. of MinnesotaElectricalEngineering)
HondegghemPharmaceuticalsnc.
JohnsHopkinsUniv. (BiomedicalEngineering)
Rensseladrolytechnidnst. (Math)
JohnsHopkinsUniv. Schoolof Medicine
Medtronic

Univ. of Utah(ComputerScience)
IndianaUniv. (Math)

MacalasteCollege (MathandComputerScience)
Northeastertniv. (Physics)

Univ. of Utah(Mathematics)

Univ. of Warwick (Fluid DynamicsResearciCenter)
Univ. of Minnesota(Mathematics)
Medtronic(Bradycardiarechnology)
Medtronic

Univ. of California- SanDiego (Bioengineering)
NYU-Courantlinstitute
Medtronic(BradyResearch)

TechnischéJniv. Wien

Medtronic,In)

NIDDK/NIH

Medtronic

GuidantCorporation

MPI for Mathematicsn the Sciences
Medtronic,In)

New York Univ. (Courant)

ColumbiaCollege of PhysiciansaandSuig (PediatricCardiology)
Alleghery Univ. (CardiosasculamndPulmonaryResearch)
CaseWesternResere Univ. (BiomedicalEngineering)
VanderbiltUniv. Schoolof Medicin (Clinical Phyarmacology)

Washingtoriuniv. (BiomedicalEngineering)
LIMSI Orsay/CNRS
EndocardiaSolutionsInc

Medtronic,Inc. (Researclscientist)

Univ. of Minnesota(Schoolof Mathematics)
The JohnsHopkinsUniv. Schoolof Medicine
Univ. of Minnesota(Astronomy)

Univ. of Utah(Mathematics)
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MAR 8-14
MAR 12-14
MAR 10-APR6
MAR 11-14
MAR 9-13
MAR 11-15
SEP1-JUL31
SEP1-JUN30
MAR 9-14
MAR 8-14
MAR 9-14
MAR 9-14
MAR 9-14
MAR 9-14
MAR 7-14
MAR 12-15
MAR 8-14
MAR 8-14
MAR 13-13
MAR 8-13
JUL 14-JUN30
MAR 9-14
MAR 8 -15
MAR 7-14
SEP3-JUL31
SEP1-AUG 31
MAR 9-14
MAR 9-14
MAR 10-14
MAR 8-15
MAR 9-13
AUG 22-JUN 30
MAR 9-14
MAR 8-14
MAR 9-14
MAR 9-14
JAN 22-FEB1
MAR 9-14
MAR 8-13
MAR 9-14
MAR 8-15
MAR 10-12
MAR 9-14
MAR 10-13
AUG 20-JUN30
MAR 13-13
MAR 8-15
JUN8-12
MAR 10-14
MAR 12-14
FEB28-MAR 30



Yl, CHUNGSEON Univ. of Utah(Math) MAR 8-15
YU, WEIPING Medtronic MAR 9-14
ZHAO, YONG Medtronic MAR 9-14

7. SPRING 1998WORKSHOP AND TUTORIAL PARTICIPANTS

Workshop 8 : Nonlinear Identification and Control April 27-May 1, 1998

ADOMAITIS, RAY
ANDERSH,JONATHAN
ARIS, RUTHERFORD
ARMBRUSTER,DIETER
AXELROD, ANTHONY
BAILLIEUL, JOHN
BANASZUK, ANDRZEJ
BLOCH, ANTHONY
BOTELHO, FERNANDA
BROCKETT, ROGER
BURNS,TIM

CO,TOMAS

DAOUTIDIS, PRODROMOS
DIPPERY, KYLE

DOYLE, FRANK

EIAN, JOHN
EMAMI-NAEINI, ABBAS
GEORGIOU,TRYPHON
GOMES,GABRIELA
GUCKENHEIMER,JOHN
KANELLAK OPOULOSJOANNIS
KEVREKIDIS, YANNIS
KHIBNIK, ALEXANDER I.
KING, GREGOR P
KLIEMANN, WOLFGANG
KOKOTOVIC, PETAR V.
KRAVARIS, COSTAS
KRISHNAPRASAD, PS.
KRSTIC, MIROSLAV
LANGFORD, WILLIAM
LEE, BRUCE

LI, PERRY

LUO, J.C.

MAREELS, IVEN
MAYNE, D. Q.

MILIK, ALEXANDRA
ORSI,ROBERT
PISMEN,L.M.
POSBERGHTHOMAS. A.
RAWLINGS, AMES B
ROOSE DIRK

SAAD, YOUSEF

Univ. of Maryland(ChemicalEngineering)
3M (ProcessandControl)

Univ. of Minnesota(ChemicalEng)
ArizonaStateUniv. (Mathematics)

3M

BostonUniv. (Engineering)

United TechnologiefkesearciCenter

Univ. of Michigan(Mathematics)

Univ. of Memphis(MathematicalSciences)
HarvardUniversity

NIST

MichiganTechnologicalUniv. (ChemicalEngineering)
Univ. of Minnesota(ChemicalEngineering)
Univ. of Kentucky (MechanicaEngineering)
Univ. of Delavare(ChemicalEngineering)
Univ. of MinnesotaBiomedicalEngineering)
SCSolutions,Inc.

Univ. of Minnesota(ElectricalEngineering)
Univ. do Porto(CentroMatematicéplicada)
CornellUniv. (Mathematics)

UCLA (ElectricalEngineering)
PrincetonUniv. (ChemicalEngineering)
United TechnologiefkesearciCenter

Univ. of Warwick (Fluid DynamicsResearctCenter)
lowa StateUniv. (Mathematics)

Univ. of California-Sant@Barbara(ECE)
Univ. of Michigan(ChemicalEngineering)
Univ. of Maryland(ElectricalEngineering)
University Californiaat SanDiego
TheFieldsInstitute

Univ. of MinnesotaElectricalEngineering)
Univ. of Minnesota(MechanicaEngineering)
Univ. of Minnesota(ECE)

Univ. of Melbourne(ElectricalEngineering)
ImperialCollege,London

TechnischéJniv. Wien

Univ. of Melbourne
Technion-Israelinstituteof Technolog

Univ. of Minnesota

Univ. of Wisconsin(ChemicalEngineering)
Katholieke Univ. Leuven(ComputerScience)
Univ. of Minnesota(ComputerScience)
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APR26-MAY 1
APR27-MAY 1
APR27-MAY 1
APR26—-MAY 15
APR26—-MAY 1
APR26-MAY 1
APR26-29
APR26-30
JAN 10— MAY 31
APR28-28
APR27-MAY 2
APR27-MAY 1
APR26-MAY 1
APR25-MAY 1
APR27-30
APR27-MAY 1
APR26-28
APR27-MAY 1
SEP1-JUL 31
SEP1-JUN30
APR26—-MAY 1
APR26-MAY 1
APR28-MAY 1
SEP3-JUL31
APR30-MAY 1
APR30-MAY 1
APR27-29
APR26-MAY 1
APR26-29
APR1-JUN14
APR27-MAY 1
APR27-MAY 1
APR27-MAY 1
APR24-MAY 3
APR27-28
AUG 22-JUN 30
APR24-MAY 3
APR26-MAY 2
SEP1-JUN15
APR27-28
APR25-MAY 1
APR27-MAY 1



SAIMEK, SAROJ
SAMAD, TARIQ

SHVARTSMAN, STANISLAV

SONTAG, EDUARDO
STACHOWICZ, MARIAN
STARK, JAROSLAVY
TITI, EDRISSSALEH
YDSTIE, ERIC

Univ. of Minnesota(MechanicaEngineering)
Honegywell

(PrincetonUniversity)

RutgersUniv. (Mathematics)

Univ. of Minnesota-Duluth

UCL (Centrefor NonlinearDynamics)

Univ. of California-Irvine(Mathematics)
Carngyie-MellonUniv.

APR27—-MAY 1
APR26-MAY 1
APR26-MAY 1
APR28-MAY 3
APR27-MAY 1
APR 26— MAY 2
APR19-MAY 3
APR26-MAY 1

Workshop 9: Pure, Applied and Industrial Mathematics: Strengththr ough ConnectionsMay 1-3,1998

ADAMS, DAVID
ANDERSON,ROGER
ARONSON,DON
BEMELMANS, JOSEF
BORUCKI, LEN
BRAUER, BARBARA
BRAUER, GEORGE
BRUNO, OSCAR
CAFFARELLI, LUIS A.
CASTRO, PETER
CELADA, PIETRO
CHADAM, JOHN
CHOCK, DAVID

CUI, SHANGBIN
DIBENEDETTO, EMMANUELE
EVANS, DEBBIE
FABES,ESTER
FLEMING, WENDELL H.
FOLGUERA,ALEJANDRA
FONTELOS,MARCO ANTONIO
FOSDICK,ROGER
FRENCH,DONALD
FRIEDMAN, ALISSA
FRIEDMAN, AVNER
FRIEDMAN, ISRAEL
FRIEDMAN, LYNN
FRIEDMAN, NAOMI
FRIEDMAN, TAMARA
GAMBA, IRENE
GLIMM, JAMES G.
GOMES,GABRIELA
GREGOFR, BOB
GULLIVER, ROBERT
HERTZOG, VICTORIA
HU, XIAOPING
HUANG, CHAOCHENG
INDELICATO, ART
INDELICATO, MARY
JAIN, NARESH
JOSEPHPAN

Univ. of Kentucky (Mathematics)

3M Center(3M)

Univ. of Minnesota(Mathematics)
Rheinisch-Veéstf TechHochschulgInst Math)
Motorolalnc.

Universityof Minnesota

Caltech(Applied Math)

Univ. of Texasat Austin (Math)
EastmarKodakCo. (ComputationaSciencdab)
Univ. Degili StudiDi Trieste

Univ. of Pittshurgh (Math andStat)

Ford Motor Compalty (Chemistry)
LanzhouUniv. (Mathematics)
NorthwesterrUniv. (Mathematics)

Brown Univ. (Applied Math)

Univ. of lllinois

Univ. Complutensele Madrid (Aplicada)

Univ. of Minnesota(Aerospacd=ng. andMech.)
Univ. of Cincinnati(MathematicalSciences)

Univ. of Minnesota

University Texas- Austin

SUNY at Story Brook (Applied Math and Statistics)

Univ. do Porto(MatematicaAplicada)
UniversityMinnesota

Univ. of Minnesota(Radiology)
Wright StateUniv. (Math)

Univ. of Minnesota(Mathematics)
Univ. of Minnesota(Aerospacd&ng& Mech.)
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MAY 1-3
MAY 1-3
MAY 1-3
APR29-MAY 3
MAY 2-3
MAY 1-3
MAY 1-3
APR29-MAY 3
APR30-MAY 3
MAY 1-3
MAY 1-3
MAY 1-5
MAY 2-3
MAY 1-3
APR30-MAY 3
MAY 1-3
MAY 1-3
APR30-MAY 3
MAY 1-3
MAY 1-3
MAY 1-3
MAY 1-3
MAY 1-3
SEP1-AUG31
MAY 1-3
MAY 1-3
MAY 1-3
MAY 1-3
MAY 2-3
APR30-MAY 3
SEP1-JUL31
MAY 1-3
SEP1-AUG 31
MAY 1-3
MAY 1-3
MAY 1-3
MAY 1-3
MAY 1-3
NOV 9-9
MAY 1-3



KAHN, DONALD
KAVEH, MOS

KING, GREGOF P.
KRYLOV, NICOLAI
LANGFORD, WILLIAM
LEVERMORE,DAVID
LI, REN-CANG

LIN, MRS.NAIGUO
LIN, NAIGUO
LITTMAN, WALTER
LUSKIN, MITCH
MARKUS, LAWRENCE
MCAREE, CEIL
MCCARTHY, CHARLES
MEYERS,NORMAN G.
MISEMER, DAVID
MORELLI, MICHAEL
MOSKOW, SHARI
OCKENDON,HILLARY
OCKENDON,JOHN
OLVER, PETERJ.
PINSKY, MARK
POUR-EL,MARIAN
PRIKRY, KAREL
REITICH, FERNANDO
RINGHOFER,CHRISTIAN
SAFONOV, MIKHAIL
SANTOSA, FADIL
SONTAG, EDUARDO
SOPERJULIE
STEIN,MARVIN
STOANOVIC, SRDAN
TAGUCHI, DEBBIE
TAGUCHI, KEN
TANNENBAUM, ALLEN
TITI, EDRISSSALEH

TUCKERMAN, LAURETTE

USISKIN, ZALMAN
VELAZQUEZ, JUAN J.L.
VOS,REBECCA
WEINBERGER,HANS
WINOGRAD, SHMUEL
XIA, XINYUN

UniversityMinnesota
Univ. of Minnesota(ElectricalEng.)

Univ. of Warwick (Fluid DynamicsResearctCenter)

UniversityMinnesota

TheFieldsInstitute

Univ. of Arizona(Mathematics)

Univ. of Kentucky (Mathematics)
UniversityMinnesota

Univ. of Minnesota(PhysicsandAstronomy)
Univ. of Minnesota(Mathematics)

Univ. of Minnesota(Mathematics)
UniversityMinnesota

UniversityMinnesota

3M

Unviersity of Wisconsin-Stout

MCIM

Univ. of Oxford (OCIAM, Math)

Univ. of Oxford (OCIAM, Math)

Univ. of Minnesota(Mathematics)
Northwesterrniv. (Math)
UniversityMinnesota

Univ. of Minnesota(Mathematics)

Univ. of Minnesota(Mathematics)
ArizonaStateUniversity
UniversityMinnesotaSchoolof Mathematics)
Univ. of MinnesotaSchoolof Mathematics)
RutgersUniv. (Mathematics)

Univ. of Cincinnati(MathematicalSciences)

Univ. of Minnesota(ECE)

Univ. of California-Irvine(Mathematics)
LIMSI Orsay/CNRS

Univ. of Chicago(Education)

Univ. Complutensele Madrid (Aplicada)

Univ. of Minnesota(Schoolof Mathematics)

IBM (T. J. WatsonResearclCenter)
Univ. of Minnesota(ChemicalEngineering)

1998

MAY 1-3
MAY 1-3
SEP3-JUL 31
MAY 1-3
APR1-JUN14
MAY 2-3
MAY 1-3
MAY 1-3
MAY 1-3
SEP1-AUG 31
MAY 1-3

MAY 1-3
MAY 1-3
MAY 1-3
MAY 1-3

MAY 1-3

MAY 2-3
MAY 1-3
APR30-MAY 3
APR30-MAY 3
MAY 1-3

MAY 1-2

MAY 1-3
MAY 1-3
MAY 1-3
MAY 2-3
MAY 1-3
MAY 1-3
APR28-MAY 3
MAY 1-3
MAY 2 -2
MAY 2-3
MAY 1-3
MAY 1-3
MAY 1-3
APR19-MAY 3
AUG 20-JUN 30
APR30-MAY 3
APR27-MAY 3
MAY 1-3
MAY 1-3
APR30-MAY 3
MAY 1-3

Workshop 10: Dynamical Systemsn Oceanograpty: Chaotic Advectionin OceanMesoscaleStructur esMay 7-9,

BERLOFFE PAVEL
BOWMAN, KENNETH

CASTILLO-NEGRETE,DIEGO

COULLIETTE, CHAD
DIBATTISTA, MARK

UCLA (AtmostphericSciences)
TexasA&M Univ. (Meteorology)

UCSD (Scrippslnstitute)
Caltech(ControlandDynamicalSystems)
NYU-Courant

GOMES,GABRIELA
GUCKENHEIMER,JOHN

Univ. do Porto(CentroMatematicéplicada)
CornellUniv. (Mathematics)
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MAY 6-10
MAY 6-9
MAY 6-10
MAY 6-10
MAY 6-9
SEP1-JUL31
SEP1-JUN30



HALLER, GYORGY
HOLM, DARRYL

IDE, KAYO
JONESCHRIS
JONESDON

KING, GREGOF P,
LANGFORD, WILLIAM
MAJDA, ANDREW
MCWILLIAMS, JAMES
MEACHAM, STEVE
MEZIC, IGOR

MILIK, ALEXANDRA
MILLER, PATRICK
POJEANDREW
PRATT, LARRY
SAMELSON,ROGER
WANG, SHOUHONG
WANG, XIAOMING
WIGGINS,STEVE

LANL

Caltech

Brown Univ. (Applied Mathematics)

UCLA (AtmosphericSciences)

Brown Univ. (Applied Mathematics)
ArizonaStateUniv. (Math)

Univ. of Warwick (Fluid DynamicsResearciCenter)
TheFieldslInstitute

NYU-Courantinstitute

UCLA (AtmosphericSciences)

Florida StateUniv. (Oceanography)

Univ. of California-Santd8arbaraMechanicaEngineering)
TechnischéJniv. Wien

Stevenslinstituteof Technology(MathematicaBGciences)
Brown Univ. (Applied Mathematics)

WoodsHole Oceanographitnstitute(PhysicalOceanography) MAY 6 -9
Oregon StateUniv.
IndianaUniv. (Mathematics)
New York Univ. (Courant)

MAY 6-9
MAY 2-10
MAY 6-10
MAY 6-10
MAY 6-9
SEP3-JUL 31
APR1-JUN14
MAY 6-9
MAY 6-10
MAY 6-10
MAY 6-10
AUG 22-JUN 30
MAY 6-10
MAY 6-9

MAY 6-9
MAY 6-9
MAY 6-9
MAY 6-9

Workshop 11: Pattern Formation in Continuousand Coupled SystemsMay 11-15,1998

AHLERS,GUENTER

ARIS, RUTHERFORD
ARMBRUSTER,DIETER
ASHWIN, PETER
BARKLEY, DWIGHT
BERGER KURT
BODENSCHA Z, EBERHARD
BRONSKI, JARED

BUONO, PIETRO-LUCIANO
BUSSE,FH.
CHILLINGWORTH, DAVID
CHOSSA, PASCAL

COSTA DE ABREU, STELLA MARIA
CRAWFORD,JOHNDAVID
CUI, SHANGBIN

DA SILVA DIAS, ANA PAULA
DANGELMAYR, GERHARD
DIONNE, BENOIT

DUAN, JINQIAO

EARL, MATTHEW

FIELD, MICHAEL J
GOLLUB, JERKFY
GOLUBITSKY, MARTIN
GOMES,GABRIELA
GORMAN, MICHAEL
GRIMM, HANS PETER
GUCKENHEIMER,JOHN
GUNARATNE, GEMUNU
HAGBERG,ARIC

HALLEY, JWOODS

Univ. of California-Santd8arbaraPhysics)

Univ. of Minnesota(ChemicalEng)

ArizonaStateUniv. (Mathematics)

Univ. of Surrey (Maths& Statistics)
Univ. of Warwick (Mathematics)

Univ. of Wisonsin,Madison(Mathematics)

CornellUniv. (Physics)
StanfordUniv. (Mathematics)

Univ. of Houston(Mathematics)
Univ. Bayreuth(Physikalisches)
Univ. of SouthamptorfMathematics)
Univ. of California(Mathematics)
Univ. of Porto(Applied Mathematics)
Univ. of Pittshurgh (Physics)
LanzhouUniv. (Mathematics)

Univ. of Warwick (Mathematics)
ColoradoStateUniv. (Mathematics)
Univ. of Ottava (Math and Statistics)
ClemsonUniv. (MathematicaSciences)
CornellUniversity

Univ. of Houston(Mathematics)
Haverford College (Physics)
UniversityHouston

Univ. do Porto(MatematicaAplicada)
Univ. of Houston(Physics)

Northwesterrniv. (Applied Mathematics)

CornellUniv. (Mathematics)
Univ. of Houston(Physics)
Los AlamosNationalLaboratory

MAY 9-13

MAY 15-15
APR26-MAY 15
MAY 9-16

AUG 15-JUN 30
MAY 10-16
MAY 9-14

MAY 7-13

MAY 4 —-JUN7
MAY 10-15
MAR 30-JUN5
MAY 11-16
APR26-MAY 30
MAY 9-15

MAR 29-FEB 28
APR29-JUN7
MAY 10-23
MAY 9-15

MAY 13-17
MAY 10-18
MAY 1-15

MAY 12-14
MAY 3-JUNS
SEP1-JUL31
MAY 10-15
MAY 10-15
SEP1-JUN30
MAY 11-15
MAY 13-17

Univ. of Minnestota(PhysicsandAstronomy) MAY 14-14
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HUDSON,JOHNL.
IMBIHL, RONALD
JOLLY, MIKE
JUSTH,ERICW.

KEVREKIDIS, YANNIS
KNOBLOCH, EDGAR
KRAUSKOPF BERND
KRISCHER,KATHARINA
KRUPA, MARTIN (MACIEJ)

LAMB, JEROEN

LANGFORD, WILLIAM
LARI-LAVASSANI, ALI
LAUTERBACH, REINER
LEBLANC, VICTOR

LIM, CHAN
LUSS,DAN

MALLET-PARET, JOHN
MATKOWSKY, BERNARD J
MELBOURNE, IAN

MERON, EHUD

MILIK, ALEXANDRA
MIROLLO, RENNIE
MURATOV, CYRILL

NAGATA, WAYNE

NERURKAR, MAHESH

OSINGA, HINKE
PURWINS, H.G.

RAGHAVACHARI, SRIDHAR
RENARDY, YURIKO
RIECKE,HERMANN
ROTERMUND, H.H.

ROY, RAJARSHI

RUCKLIDGE, ALASTAIR
RUSU, DUMITRU DAN
SANDSTEDE,BJORN
SHEINTUCH,MOSHE

SILBER,MARY
STEWART, IAN

STROGATZ, STEVENH.

SWIFT, JIM

SWINNEY, HARRY L.
TUCKERMAN, LAURETTE
UMBANHOWAR, PAUL
VAN DER ZANT, HERRE
VAN GILS, STEPHAN
VANDERBAUWHEDE, A.
WEINBERGER,HANS
WIESENFELD,KURT
WITTENBERG,RALF

WULFF, CLAUDIA

YEUNG, STEPHEN

Univ. of Virginia

Institut fur PhysikalischeChemie(Universit Hannover)

IndianaUniv. (Math)

Univ. of Maryland,College Park (ElectricalEngineering)

PrincetonUniv. (ChemicalEngineering)
Univ. of CaliforniaBerkeley (Physics)

Univ. of Bristol (EngineeringMlathematics)
Fritz-Habernstitut (Max-Planck-Gesellschaft)
TechnicallnstituteVienna

Univ. of Warwick (Mathematics)
TheFieldsInstitute

Univ. of Calgary(MathematicsandStatistic)
Institutfr AngewandteAnalysis

Univ. of Ottava (MathematicsandStatistics)
RPI (MathematicaSciences)

Univ. of Houston(ChemicalEngineering)
Brown Univ. (Applied Mathematics)
NorthwesterrUniv.

Univ. of Houston(Mathematics)
Ben-GurionUniv. (Physics)

TechnischéJniv. Wien

BostonCollege (Math)
NYU-Courantinstitute

Univ. of British Columbia(Math)
RutgersUniv. (Math)

Universityof Minnesota

Univ. Munster

Univ. of Notre Dame(Physics)

Viriginia Tech(Math)

NorthwesterrUniv. (Applied Mathematics)
Fritz-Haberlnstitut (Abt PhysikalischeChemie)
Geogia Tech(SchoolPhysics)

Univ. of Cambridge

CMS-Unb. of Guelph(MathematicsandStatistic)
Ohio StateUniv. (Mathematics)
Technion(ChemicalEngineering)
Northwesterrniv. (EngSci & Appl Math)
Univ. of Warwick (Mathematics)
CornellUniv. (TheoreticabndApplied Mechanics)
NorthernArizonaUniv.

Univ. of Texas(Physics)

LIMSI Orsay/CNRS

Univ. of Pennsylania(Physics& Astronomy)
T. U. Delft (Applied Physics)

Univ. Twente(Applied Mathematics)

Univ. of Gent(PureMathematics Comp)
Univ. of Minnesota(Schoolof Mathematics)
Geogia Tech(Physics)

PrincetonUniversity

FreieUniv. Berlin

CornellUniversity
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MAY 9-14
MAY 10-15
JUL 14-JUN30
MAY 10-15
MAY 12-15
MAY 7-JUNS
MAY 11-15
MAY 9-16
MAY 9-23
MAY 10-JUN10
APR1-JUN14
MAY 10-19
MAY 9-15
MAY 4 -JUN 12
MAY 10-15
MAY 10-15
MAY 8-15
MAY 10-13
MAY 10—-JUNG6
MAY 10-17
AUG 22—-JUN 30
MAY 9-15
MAY 11-15
MAY 9-15
MAY 11-15
SEP1-AUG31
MAY 9-17
MAY 10-16
MAY 10-16
MAY 10-15
MAY 10-17
MAY 11-17
MAY 8-15
MAY 10-16
MAY 9-12
MAY 10-15
MAY 11-19
APR19-JUNG
APR1-JUN30
MAY 11-15
MAY 9-15
AUG 20—-JUN 30
MAY 10-15
MAY 9-14
MAY 9-16
MAY 9-15
MAY 15-15
MAY 9-15
MAY 10-15
MAY 4 -JUN7
MAY 10-18



ZIMMERMANN, WILLIAM

Workshop 12: Animal Locomotion and RoboticsJune 1-5,1998

Univ. of MinnesotaPhysicsandAstronomy) MAY 14-14

BEER,RANDY
BERKEMEIER,MATT
BUEHLER,MARTIN

BUONO, PIETRO-LUCIANO

BURDICK, JOEL
CALVITTI, ALAN
CANAVIER, CARMEN C.
CARVER, SEANG.
CASEY, RICHARD
CHILLINGWORTH, DAVID
COHEN,AVIS H.
COLLINS, JIM

DA SILVA DIAS, ANA PAULA

DELCOMYN, FRED
DONATH, MAX

DREW, TREVOR
EGOROV, MIKHAIL
EPSTEIN,STEVE
FARLEY, CLAIRE
FIEDLER,BERNOLD
FLANDERS,MARTHA
FULL, ROBERT J.
GOLUBITSKY, MARTIN
GOMES,GABRIELA
GRILLNER, STEN
GUCKENHEIMER,JOHN
HOLMES, PHILIP JOHN
HOWELL, GEOFF
JINDRICH,DEVIN
KING, GREGOF P.
KNOBLOCH, EDGAR
KODITSCHEK,DANIEL E.
KOPELL,NANCY
KRISHNAPRASAD, PS.
KUO, ARTHUR D.
LAMB, JEROEN
LANGFORD, WILLIAM
LEBLANC, VICTOR
LEONARD, NAOMI
LEVI, MARK
MAHADEVAN, L.
MARSDEN, JERKY
MELBOURNE, IAN
MILIK, ALEXANDRA
OSTROWSKI, AMES
POSBERGHTHOMAS. A.

CaseWesternUniv. (ComputelEng.andScience)
BostonUniv. (Aero-MechEngineering)

McGill Univ. (MechanicaEngineering)

Univ. of Houston(Mathematics)
Californialnstituteof Technology

MAY 31-JUNS
MAY 31-JUNG6
MAY 31-JUNS5
MAY 4 -JUN7
MAY 30—-JUNS

CaseWesternUniv. (ComputelEngineering/Science) JUN1 -5

Univ. of New OrleangPsychology)
CornellUniv. (CenterApplied Math)
CornellUniv. (TheoreticabndApplied M)
Univ. of SouthamptoriMathematics)

Univ. of Maryland(Zoology)

BostonUniv. (BiomedicalEngineering)
Univ. of Warwick (Mathematics)
Univ. of lllinois at Urbana(Entomology)

Univ. of Minnesot(ITS)

Univ. of Montreal(Physiology)

Univ. of Minnesota(AEM)
BostonUniv. (Mathematics)

Univ. of Californiaat Berkeley (Integrative Biology)
FreeUniv. of Berlin (InsituteMathematics)

Univ. of Minnesota(Physiology)

Univ. of California,Berkeley (Integrative Biology)

UniversityHouston

Univ. do Porto(MatematicaAplicada)
Nobellnstitutefor NeurophysiologyKarolinska)

CornellUniv. (Mathematics)
PrincetonUniv.
BostonUniv. (ECE)

Univ. of California,Berkeley (Integrative Biology)
Univ. of Warwick (Fluid DynamicsResearclCenter)
Univ. of CaliforniaBerkeley (Physics)

Univ. of Michigan(EECS)
BostonUniv. (Mathematics)

Univ. of Maryland(ElectricalEngineering)
Univ. of Michigan(MechEngr& Applied Mech)
Univ. of Warwick (Mathematics)

TheFieldslInstitute

Univ. of Ottava (MathematicsandStatistics)
PrincetonUniv. (MechanicabndAerospacé=ng.)
RennsseladPolytechinstitute(Mathematics)

MIT

Caltech(ControlandDynamicalSystems)
Univ. of Houston(Mathematics)

TechnischeJniv. Wien
University Pennsylania
Univ. of Minnesota

59

MAY 30—-JUNS5
JUN1-5

MAY 31-JUN7
MAR 30-JUN5
MAY 31-JUNS
MAY 31-JUNS5
APR29-JUN7
MAY 31-JUNS5
JUN1-5

MAY 30—-JUNS
JUN1-5
JUN2-5

MAY 31-JUNS5
MAY 29-JUN 14
JUN1-5

MAY 31-JUN4
MAY 3 -JUNS
SEP1-JUL31
MAY 31-JUN3
SEP1-JUN30
MAY 31-JUN12
MAY 31-JUN7
MAY 30—-JUNG6
SEP3-JUL31
MAY 7 -JUNS
JUN1-7
JUN2-5

MAY 30—-JUNS5
MAY 30—-JUNS5
MAY 10—-JUN10
APR1-JUN14
MAY 4-JUN12
JUN2-5

MAY 30—-JUNS5
JUN1-5
JUN3-11

MAY 10—-JUNG
AUG 22-JUN30
JUN3-5
SEP1-JUN15



ROSE,TODD
RUINA, ANDY
SAIMEK, SAROJ
SARANLI, ULUC

SATTINGER, DAVID

SCHAAL, STEFAN

SCHOTLAND, JUDY
SCHWIND, WILLIAM

STEIN,PAUL S.G.
STEWART, IAN

STROGATZ, STEVENH.

WHITALL, JILL
WULFF, CLAUDIA

DonaldsorCo. Inc. (CorporateTechnology)

CornellUniversity

Univ. of Minnesota(MechanicaEngineering)
Univ. of Michigan(ElectEng.andComputer)
Univ. of Minnesota(Mathematics)

Univ. of SoutherrCalifornia(ComputerScience)
BostonUniv. (HealthSciences)

Univ. of Michigan(ElecEngineeringandCom)

Washingtorniv. (Biology)

Univ. of Warwick (Mathematics)
CornellUniv. (TheoreticakndApplied Mechanics)
Univ. of MarylandatBaltimore(PhysicalTherapy)

FreieUniv. Berlin

JUN1-5
MAY 30-JUNG6
JUN1-5
JUN1-7
SEP1-AUG 31
MAY 31-JUNS
MAY 31-JUNS5
JUN3-7
MAY 31-JUNS5
APR19-JUNG
APR1-JUN30
MAY 30—-JUNS
MAY 4 -JUN7

Workshop 13: Continuum Mechanicsand Non-linear Partial Differ ential Equations June 8-12,1998

ANTMAN, STUART
BALL, JOHN

BHATTACHARYA, KAUSHIK

CONSTANTIN, PETER
CUI, SHANGBIN
DACOROGNA, BERNARD
DAFERMOS,C.

E, WEINAN
ERICKSEN,JERRY
ESTEBAN, MARIA
FIEDLER,BERNOLD

FONTELOS,MARCO ANTONIO

FRIESECKEGERO
GOMES,GABRIELA
GULLIVER, ROBERT
HOLMES, PHILIP JOHN
JAMES, RICHARD
KINDERLEHRER,DAVID
KING, GREGOF P.
KUKAVICA, IGOR
LANGFORD, WILLIAM
LEO, PERKY

LI, BO

LUSKIN, MITCH
MARSDEN, JERRY
MUELLER, STEFAN
MURAT, FRANCOIS
NIRENBERG,LOUIS
OTTO, FELIX

OWEN, DAVID

PARONI, ROBERTO
POSBERGHTHOMAS. A.
REITICH, FERNANDO
SULLIVAN, JOHN
SVERAK, VLADIMIR

Univ. of Maryland(Mathematics)
Univ. of Oxford (Mathematics)

Caltech
University Chicago

LanzhouUniv. (Mathematics)
EPFLLausannéMathematics)
Brown Univ. (Applied Mathematics)

(Courant)

Univ. ParisDauphine

FreeUniv. of Berlin (InsituteMathematicg)
Univ. Complutensele Madrid (Aplicada)

University Oxford

Univ. do Porto(MatematicaAplicada)

UniversityMinnesota
PrincetonUniv.

Univ. of Minnesota(Aerospacd&ngandMech)
Carngie Mellon Univ. (Math)

Univ. of Warwick (Fluid DynamicsResearciCenter)
Univ. of SoutherrCalifornia(Mathematics)

TheFieldsInstitute

JUN7-12
JUN7-14
JUN6-13
JUN7-12

MAR 29—-FEB 28
JUNG6-12
JUNG6-12
JUN7-12
JUN7-12
JUN6-13
SEP3-DEC21
JAN 11-DEC31
JUN6-11
SEP1-JUL31
SEP1-AUG 31
MAY 31-JUN12
JUN8-12
JUN7-12
SEP3-JUL31
JUN7-12
APR1-JUN14

Univ. of Minnesota(Aerospacdengineering& Mechanics) JUN8-12

UCLA

Univ. of Minnesota(Mathematics)
Caltech(ControlandDynamicalSystems)

MPI for Mathematicsn the Sciences

Univ. Paris6 (Laboratoried’ AnalyseNumerique)

NYU-Courantinstitute
UCSB

Carngyie Mellon Univ. (MathematicaSciences)
Univ. of Kentucky (Mathematics)

Univ. of Minnesota

Univ. of Minnesota(Mathematics)
Univ. of lllinois (Mathematics)
Univ. of Minnesota(Mathematics)
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JUN8-12
JUN7-12
JUN3-11
JUNG6-14
JUN7-13
JUNG6-12
JUN7-14
JUN6-10
JUN7-13
SEP1-JUN15
JUN8-12
JUN5-11
SEP1-AUG31



TRUSKINOVSKY, LEV

WARNER, W.H.

WATSON,STEPHEN
WEINBERGER,HANS
WIEGAND, SYLVIA

YANG, DAOQI
YOUNG,L.C.

Univ. of Minnesota(AEM)

Univ. of Minnesota(AEM)
LouisanaStateUniv. (Mathematics)

Univ. of MinnesotaSchoolof Mathematics)
Univ. of NebraskgdMathematicsandStatistic)
WayneStateUniv. (Math)

JUN8-12
JUN8-12
JUNG6-12
JUN8-12
JUN7-11
JUN7-14
JUN7-12

8. SUMMER 1998WORKSHOP AND TUTORIAL PARTICIPANTS

Coding and Cryptography
July 6-18,1998

Week1: Codes,Design,and Cryptography July 6-10,1998

ALLEN, BRIAN
ASHIKHMIN, ALEXEI
BERNSTEIN,DANIEL
BLAKE, IAN

BLAKLEY, BOB
BOSTON, NIGEL

BULL, EVERETT
CALDERBANK, ROBERT
CHARPIN,PASCALE
DESMEDT, YVO
FIELDS,JOE

GABORIT, PHILLIPE
GARRETT, PAUL
GOLDMAN, JAY
GOSSETTERIC

HALL, JONATHAN
HELLESETH,TOR
HOBART, SYLVIA
HOFFMAN, JOHN
HUFFMAN, W. CARY
HUH, MISUK
JOHANSSON;THOMAS
KABATIANSKI, GRIGORI
KLOVE, TORLEIV
KNILL, EMANUEL
LAMKEN, ESTHERROSE
LEE, IN-SOK

LEIBAK, ALAR
LEONARD, DOUG
LEVENSHTEIN,VLADIMIR
MAGLIVERAS, SPYROS
MARTIN, WILLIAM J.
MCGUIRE, GARY
MILLER, MARK
MORELLI, MICHAEL
MORENO,OSCAR

Univ. of Notre Dame(Math)
Los AlamosNationalLaboratory

Univ. of lllinois-Chicago(Math, StatisticsandComputer)

Hewlett Packard

TexasA & M Univ. (Mathematics)

Univ. of lllinois at Urbana(Mathematics)
Pomon&aCollege (MathematicandComputer)
AT&T Lab)

Domainede Voluceau(INRIA)

Univ. of Wisconsin-Milwaukee

Univ. of lllinois-Chicago(Math)

Univ. of lllinois at Chicago(Math)

Univ. of Minnesota(Math)

Univ. of Minnesota(Schoolof Mathematics)
BethelCollege (MathematicandCS)
MichiganStateUniv. (Mathematics)

Univ. of Bergen(Informatics)

Univ. of Wyoming (Mathematics)
SecureComputingCorporation

Loyola Univ. of Chicago(Math Sci)
SeoulNationalUniv. (Mathematics)

Univ. of Lund (InformationTechnology)
Inst. Problemsn InformationTransfer

Univ. of Bergen(Informatics)

Los AlamosNationalLaboratory
Caltech(Mathematics)

SeoulNationalUniv. (Mathematics)

Tallinn Technicaluniv. (Mathematics)
Auburn Univ. (Discrete& StatisticalSc)
Keldyshinst. for Applied Math

Univ. of NebraskgdComputeiScience& Engine)
Univ. of Winnipegg (Dep’t MathematicandStatistics)
ColoradoStateUniv. (Mathematics)

Univ. of Colorodoat Derver (Mathematics)
Unviersity of Wisconsin-Stout

Univ. of PuertoRico (GaussResearcliab)
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JUL5-18
JUL5-12
JUL5-18
JUL11-18
JUL5-18
JUL5-10
JUL5-12
JUL4-10
JUL5-18
JUL5-18
JUL5-18
JUL5-18
JUL6-18
JUL6-18
JUL6-18
JUL5-16
JUL5-18
JUL4-18
JUL5-31
JUL4-10
JUN19-JUL19
JuL4-11
JUL5-18
JUL5-19
JUL5-10
JUL5-12
JUL1-31
JUL5-18
JUL5-18
JUL5-19
JUL5-15
JUL3-19
JUL5-11
JUL5-10
JUL8-8
JUL6-10



PATERA, JIRI Univ. de Montreal(CentreRechercheMathematiques) JUL5-18

PATERSON,KENNETH  Hewlett Packard JUL5-18
PATINKIN, SETH IndianaUniv. (Mathematics) JUL7-31
PHELPSKEVIN Auburn Univ. JUL5-18
PIERCE,STEPHEN SanDiego StateUniv. (MathematicalSciences) JUL5-9

PLESSVERA Univ. of lllinois-Chicago( JUL5-18
RAHE, MAURICE TexasA&M Univ. (Mathematics) JUL5-18
REITER,BOB NationalSecurityAgency (Cryptology) JUL8-10
SCHULZE-HEWETTC. Univ. of lllinois-Chicago(Mathematics) JUL5-18
SENDRIER,NICOLAS INRIA-Rocquencour{ProjectCODES) JUL5-18
SIMMONS, GUS SandiaNationalLaboratory JUL5-10
SIMONIS, JURIAAN TechnicalUniv. of Delft (Faculty TechnicalMathandInformati) JUL5-19
SLOANE, NEIL A T.& T. Researclabs JUL5-10
SOLANIN, EMINA Bell Labs-Lucen{Mathematic€€ommunication) JUL5-19
TANNENBAUM, PETER CaliforniaStateUniv., FresnoMathematics) JUL5-18
TONCHEV, VLADIMIR MichiganTechnologicalJniv. (Mathematics) JUL6-15
VAN LINT, JACOBUS TechnicalUniv. of Eindhoven(Director StanAckermandnst) JUL5-10
WILSON, RICHARD Californialnstituteof Technology(Mathematics) JUL5-18
XIANG, QING Univ. of Delavare(MathematicaSciences) JUL5-18
ZEMOR, GILLES ENTS (Network) JUL5-18

Week?2: Coding, Complexity and Cryptography; Sequencesjuly 13-18,1998

ALLEN, BRIAN Univ. of Notre Dame(math) JUL5-18
BARG, ALEXANDER Bell Laboratorie) JUL12-18
BERGMAN, CLIFFORD lowa StateUniv. (Math) JUL12-18
BERNSTEIN,DANIEL Univ. of lllinois-Chicago(Math, StatisticsandComputer) JUL5-18
BLAKE, IAN Hewlett Packard JUL11-18
BLAKLEY, BOB TexasA & M Univ. (Mathematics) JUL5-18
BREITBACH, MARKUS Univ. of Tokyo (IndustrialScience) JUL12-18
BULL, EVERETT PomonaCollege (MathematiceandComputer) JUL5-12
CHAN, AGNES Northeastertniv. (College ComputerScience) JUL12-18
CHARPIN,PASCALE Domainede Voluceau(INRIA) JUL5-18
DESMEDT, YVO Univ. of Wisconsin-Miwaukee JUL5-18
FENG,GUI-LIANG Univ. of Southwesterihouisiana JUL 12-20
FIELDS, JOE Univ. of lllinois-Chicago(Math) JUL5-18
GABORIT, PHILLIPE Univ. of lllinois at Chicago(Math) JUL5-18
GAO, LIJUN Univ. of MinnesotaEE) JUL13-18
GARRETT, PAUL Univ. of Minnesota(Math) JUL6-18
GOLDMAN, JAY Univ. of Minnesota(Schoolof Mathematics) JUL6-18
GOSSETTERIC BethelCollege (MathematicandCS) JUL6-18
HALL, JONATHAN Michigan StateUniv. (Mathematics) JUL5-16
HELLESETH,TOR Univ. of Bergen(Informatics) JUL5-18
HOBART, SYLVIA Univ. of Wyoming (Mathematics) JUL4-18
HOFFMAN, JOHN SecureComputingCorporation JUL5-31
HUH, MISUK SeoulNationalUniv. (Mathematics) JUN19-JUL 19
KABATIANSKI, GRIGORI Inst. Problemsn InformationTransfer JUL5-18
KLAPPER,ANDREW Univ. of Kentucky (ComputerScience) JUL12-18
KLOVE, TORLEIV Univ. of Bergen(Informatics) JUL5-19
KUMAR, VIJAY Univ. of SoutherrCalifornia(CommunicatiorSciences) JUL 12-18
LAMKEN, ESTHERROSE Caltech(Mathematics) JUL5-12
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LEE, IN-SOK
LEIBAK, ALAR
LEONARD, DOUG

LEVENSHTEIN,VLADIMIR

MAGLIVERAS, SPYROS
MARTIN, WILLIAM J.
MCGUIRE,GARY

NIEDERREITER,HARALD

ODLYZKO, ANDREW
PATERA, JIRI
PATERSON,KENNETH
PHELPSKEVIN
PLESSVERA

RAHE, MAURICE
REITER,BOB
SCHMIDT, BERNHARD
SCHULZE-HEWETTC.
SENDRIER,NICOLAS
SIMONIS,JURIAAN
SMEETS,BEN
SOLANIN, EMINA
TANNENBAUM, PETER
TONCHEV, VLADIMIR
XIANG, QING
ZEMOR,GILLES

SeoulNationalUniv. (Mathematics)

Tallinn Technicaluniv. (Mathematics)

Auburn Univ. (Discrete& StatisticalSc)

Keldyshinst. for Applied Math

Univ. of NebraskgdComputerScience& Engine)

Univ. of Winnipegg (Dep’'t MathematicandStatistics)
ColoradoStateUniv. (Mathematics)
AustrianAcademyof SciencgInformationProcessing)

AT.&T. Laboratories

Univ. de Montreal(CentreRecherchédathematiques)
Stoke Gifford (Hewlett PackardLaboratories)
Auburn Univ. (DiscreteandStatistical)

Univ. of lllinois-Chicago

TexasA&M Univ. (Mathematics)
NationalSecurityAgency (Cryptology)

Caltech(Math)

Univ. of lllinois-Chicago(Mathematics)
INRIA-Rocquencour{ProjectCODES)

TechnicalUniv. of Delft (Faculty TechnicalMath andInformati)
Lund Univ. (InformationTheory)

Bell Labs-Lucen{Mathematic€ommunication)
CaliforniaStateUniv., Fresna(Mathematics)
MichiganTechnologicaldniv. (Mathematics)

Univ. of Delavare(MathematicaSciences)

ENTS (Network)
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JUL1-31
JUL5-18
JUL5-18
JUL5-19
JUL5-15
JUL3-19
JUL5-11
JUL12-19
JUL12-16
JUL5-18
JUL5-18
JUL5-18
JUL5-18
JUL5-18
JUL8-10
JUL11-18
JUL5-18
JUL5-18
JUL5-19
JUL11-19
JUL5-19
JUL5-18
JUL6-15
JUL5-18
JUL5-18



VII. IMA AcademicYear Lecturesand WorkshopsDescriptions

INSTITUTE FOR MATHEMATICS AND ITS APPLICATIONS

University of Minnesota
400Lind Hall
207 ChurchStreetS.E.
Minneapolis Minnesotab5455
FAX (612)626-7370 telephong612)624-6066 e-mail: ima-staff@ima.umn.edu
IMA Schedulesiafinger:finger  seminar@ima.umn.edu
NewslettersUpdatesandpreprintsavailablevia
anorymousftp: ftp.ima.umn.edu , www: http://www.ima.umn.edu/

IMA NEWSLETTER # 254, REVISED

Septemberl-30,1997

1997-98Program
EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

SeetheWinter, SummerandFall 1997IMA Updatefor afull descriptionof the 1997—98drogramon
Emeging Applicationsof DynamicalSystems.

| Newsand Notes |

NewIMA Director Chosen

The Boardof Governorsof the IMA haschosenProf. Willard Miller to succeedAvner Friedmanas
Directorof thelMA, beginningSeptembet, 1997.Theappointments for afive-yearterm.

Willard Miller hashadalongassociationwvith theIMA. Hewastheheadof the Schoolof Mathematics
atMinnesotan 1979whenthe proposafor theIMA wasoriginally submittedo the NationalScience
Foundation,and he playeda major role in bringing the IMA to Minnesota. He becameAssociate
Director of the IMA in 1987andsenedin that positionfor sevenyears,beforebecomingAssociate
Deanfor FinanceandPlanningof theInstituteof Technologyat Minnesota.

ProfessoMiller is a mathematicaphysicist. His researchnvolvesthe useof symmetrymethodsjn
particularLie groupsandLie algebrasjn the analysisof the structureof physicaltheories. He has
written extensiely ontopicsin speciafunctiontheory separatiorf variablesandquantumalgebras.

With his provendedicatiorto progressn themathematicasciencesndhis outstandingdministratve
record,the Board of Governorsandthe currentDirectorsare confidentthat Willard Miller will lead
thelMA to succesinto thenext century

Friedman Awarded SIAM DistinguishedSewice Prize

AvnerFriedmantheIMA Directorsincel987,wasawardedthe Prizefor Distinguishedserviceto the
Professionjuly 15, 1997 at the SIAM Annual Meetingin Palo Alto. The prize was*“for his service
to appliedmathematicsvith remarkabledistinctionand dedication. As Director of the Institute for
Mathematicsandits Applicationsat the Universityof Minnesotahe enhancedhe outreachand

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique ConsiglioNazionaledelle Ricerche Geogia Institute of Technology IndianaUniversity
lowa StateUniversity KentStateUniversity Michigan StateUniversity MississippiStateUniversity, Northernlllinois University, Ohio StateUniversity PennsylaniaState
University, PurdueUniversity SeoulNationalUniversity (RIM - GARC), TexasA&M University University of Chicago,University of Cincinnati,University of Houston,
University of lllinois (Urbana),University of lowa, University of Kentuclky, University of Maryland, University of Michigan, University of Minnesota,University of Notre
Dame,Universityof Pittshurgh, University of Wisconsin WayneStateUniversity

PARTICIPATING CORPORAIONS: EastmarkKodak,EPRI,Ford, GeneraMotors,Honegywell, IBM, LockheedVartin, LucentTechnologiesMedtronic,Motorola,Siemens,
TelcordiaTechnologies3M.
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visibility of appliedmathematicshroughtirelessefforts to nurturestrongconnectionsith industry As SIAM President
andChairof the Boardof MathematicaScience®f the NationalResearciCouncil,hehasinitiatednumerousactiitiesto
strengthertherole of mathematicén the Americanscientificenterprisé.

Thisis thethird time SIAM hasawardedthis prize;the previousrecipientsvereGeneGolubandEd Bloch.

IMA Tutorial:
Numerical Methods for Bifur cation Problems

Septembeb—9,1997
Spealkrs: JohnGuckenheimerMark Reichelt,BernoldFiedler Werner
RheinboldtLinda Petzold Wolf-JuegenBeyn, HerbKeller, Eusebius
Doedel,EugeneAllgower

IMA Workshop:
Numerical Methods for Bifur cation Problems

Septembel5-19,1997
OrganizersEusebiudDoedel(chair),BernoldFiedler(F. U. Berlin),
YannisKevrekidis (Princeton) Wolf-JuegenBeyn (Bielefeld),Jens

Lorenz(New Mexico)

IMA Workshop:
Lar ge-ScaleDynamical Systems

SeptembeR9-OctobeB, 1997
OrganizerslLauretteTuckermann(Orsay)(chair) EdrissTiti (Irvine), H. B.
Keller (Caltech),Don Aronson(Minnesota)

Thescheduldor thisworkshopwill appeatn IMA Newsletter255.
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EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS
Septemberl, 1997-1ine 30,1998

Dynamical SystemsOr ganizing Committee:

JohnGuckenheimeiChair) MathematicDepartment CornellUniversity
EusebiudDoedel Departmenbf ComputerScience ConcordidJniversity
Martin Golubitsky Departmentf Mathematics Universityof Houston
YannisKevrekidis ChemicalEngineeringDepartment PrincetonUniversity
Rafaeldela Llave Departmentf Mathematics Universityof Texas,Austin
JohnRinzel Centerfor Neuroscience New York University

Dynamicalsystemgheorydescribegienerapatterndoundin the solutionsof system®f nonlineardifferentialequations.
The theory focusesupon thoseequationsrepresentinghe changeof processedn time. Geometricand analytic study
of simpleexampleshasled to tremendousnsightinto universalaspectof nonlineardynamics. Experimentaktudiesin

diverseareasrangingfrom fluid flows to chemicalreactiongto laserdynamicsto cardiacrhythmsto neuraloutputhave

confirmedthe ubiquity of thesedynamicalpatterns.Harnessingheoreticaladvancesn the mathematicgor the solution

of larger, morecomple practicalproblemsrequiresfurther effort in understandinglgorithmicandcomputationalssues
relatedto dynamicalsystems,extensionsof the theoryto importantclassesof systemsthat arisein applications,and

attentionto the modelingof complex systemghatareaccessibléo only limited measuremenisf their components.

Work at applyingthe methodsdevelopedby dynamicalsystemgheoryto “real world” problemshasbeena thoroughly
interdisciplinaryeffort. For over fifteen years,therehasbeena lively dialoguebetweenmathematiciansscientistsand
engineergoncerninghe obsenationandinterpretatiorof dynamicalpatterngn laboratoryandnaturalsystems.To some
extent, missingfrom this discussiorhasbeena setof quantitatve modelsthat accuratelyrepresenthe behaior of the
obsenedsystemsThepatternddentifiedby thetheoryarequalitatve, andfrequentlythetheoryhasbeenusedto classify
patternsratherthanto build modelsthat canbe usedfor purposesf designor prediction. Computationakapabilities
have beena limiting factorin constructingsuchmodelssincethey seldomlendthemselesto solutionsolelywith analytic
methods.

This programoffers a setof actiities that addresghe issueof applying dynamicalsystemsmethodsto a wider circle
of problems. Thereare threecomponentdo our approach:a focus on the algorithmsthat underliethe computationof
systembehaior, a focuson particularapplicationareasthat appeartimely for rapid scientificadvanceshroughthe use
of dynamicalsystemamethods andemphasisiponareasin which existing mathematicatheory providesaninadequate
substratdor work with applicationsTheapplicationareasve have selectednvolve physiologicalandchemicalprocesses.

The year hasbeendivided into three segments,with a total of seven workshopsand a further week-longprogramof
concentratedctivity on a smallerscalethanthe workshops We intendto work with the GeometryCenteron sponsorship
of theactvitiesthatfall into areasf mutualinterest. Theworkshopsaredesignedvith afocal pointthatis complementary
to thoseof othermeetingghathave beenheldin recentyears.In eachcase we ende&or to bring togethergroupswhom
we feel have overlappinginterestsbut tendto move in disjoint scientificcircles. Also, we will work to put traditional
researcheri dynamicalsystemsn contactwith thesenew areasof actiity.

Theprogramwill bedividedinto threeparts:

Fall Quarter(Sept.1 —Dec.30,1997):NumericalAnalysisof DynamicalSystems
Winter Quarter(Jan.2 — March 31, 1998): Dynamicsin PhysiologyandChemistry
SpringQuarter(April 1 —June30,1998): SymmetryandPatternFormation

Airfar e Discountsfor IMA Visitors

The IMA hasnegotiatedspecialairfare discountswith NorthwestAirlines. Thesediscountsare availableby calling the
Travel Compaly at (800)328-9131andidentifying yourselfasanIMA visitor.

Impr oved IMA Home Page
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The IMA hassubstantiallyimprovedits homepageon the World-Wide Web, accessibléhroughnetscaper otherweb-
readingapplicationsat

http://www.ima.umn.edu
The pageis continuallyunderconstruction We invite commentsr suggestionsyhich maybe addressetb

webmaster@ima.umn.edu
In particular we appreciateary information aboutWorld-Wide Web links appropriateto currentand upcomingIMA
programs.

Schedulefor Septemberl-30,1997

‘ Monday, Septemberl ‘

LaborDay, a University of Minnesotaholiday. IMA officeswill beclosed.

‘ Tuesday September2 ‘

| WednesdaySeptember3 |

| Thursday, September4 |

IMA Tutorial:
Numerical Methods for Bifur cation Problems

Septembeb—9,1997
Spealers: JohnGuckenheimerMark Reichelt,BernoldFiedler WernerRheinboldtLinda
Petzold Wolf-JuegenBeyn, HerbKeller, EusebiudDoedel EugeneAllgower

Friday, September5

Talks today arein ConferenceHall EE/CS 3-180

8:15am Registration and Coffee ReceptiorROomEE/CS3-176
8:45am Welcomeand Orientation W. Miller, R. Gulliver, J. Guckenheimer
9:00am John Guckenheimer Introductionto Bifurcation Theory

CornellUniversity

10:30am CoffeeBreak ReceptiorROomEE/CS3-176

11:00am Mark Reichelt NumericallntegrationMethodsin Matlab
TheMathWorks, Inc.

2:00pm Bernold Fiedler Introductionto GlobalBifurcations
FreeUniversityof Berlin
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4:00pm

IMA Tea(and more!)

A varietyof appetizerandbeveragewill besened.

8:30am

9:00am

10:30am

11:00am

8:30am

9:00am

10:30am

11:00am

2:00pm

8:30am

9:00am

10:30am

11:00am

2:00pm

VincentHall 502 (ThelMA Lounge)

| Saturday, September6 |

Talks today arein Seminar Room Vincent Hall 570

Coffee

Werner Rheinboldt
Universityof Pittshurgh

CoffeeBreak

Linda Petzold
Univ. of California, SantaBarbara

IMA Lounge,VincentHall 502

Algorithmsfor implicitly definedmanifoldswith applica-
tionsto bifurcationsanddifferential-algebraisystems

IMA Lounge,VincentHall 502

Differential-AlgebraicEquationsand Stiff Systemsof
ODE’s

Monday, September8

Talks today arein Seminar Room Vincent Hall 570

Coffee

Wolf-JirgenBeyn
Universityof Bielefeld

CoffeeBreak

Herbert B. Keller
Calif. Inst. of Technology

EusebiusDoedel
ConcordiaJniversity

IMA Lounge,VincentHall 502

Numericalanalysisof computingbifurcations

IMA Lounge,VincentHall 502

Numericalmethoddor solvingboundary-alueproblems

AUTO - Globalalgorithmsfor computingperiodicorbits
andtheir bifurcations

Tuesday September9

Talks today arein Seminar Room Vincent Hall 570

Coffee

EugeneL. Allgower
ColoradoStateUniversity

CoffeeBreak

Panel discussion

Laboratory session
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IMA Lounge,VincentHall 502

Multidimensionalcontinuation

IMA Lounge,VincentHall 502

Openproblems

Programsandpackages



WednesdaySeptemberl0

9:00am Orientation Meeting Long-termIMA visitorsandPostdocs
RoomVincentHall 570

Long-termIMA visitorsandpostdocsreinvitedto attendthis meetingo meetmember®f theIMA Staf andto learnabout
how to getthingsdoneat the IMA. Topicswill includeIMA policies, payroll, supportservices seminarspublications,
computersystemsandsocialevents.

‘ Thursday, Septemberll

9:30am Informal Discussion: Continuousspectrdn travelling waves,etc.
(led by BernoldFiedler)

BjoernSandstedwill speakon“What did Henrydo?” Thediscussiorsessiormeetsin roomVincentHall 570.

IMA SpecialLecturein VincentHall 570:

11:15am Angel Jorba Computationof normalforms andinvariantmanifoldsin
Universityof Barcelona HamiltonianmechanicsA numericalapproach

Abstract We discussthe numericalcomputationof normalforms, centralmanifoldsandfirst integralsin Hamiltonian
mechanicsThesearetypical computationsisedto studysomeaspectof the dynamics.The approactpresentedhereis
basedn manipulatingheformal serieswith numericalcoeficients.

Theresultingmethodsallow a globaldescriptionof a large fraction of the orbits of the systemandcanbe usedto predict
andanalyzethe existence(or lack thereof)of certaintypesof behaiour, their bifurcationsandhow they fit together We
will alsodiscusqquestion®f efficiency andapplicationdo someconcreteproblemsof CelestialMechanics.

Math DepartmentNumericalAnalysisSeminatin VincentHall 570:

2:00pm Pierre Gremaud Computatiorof nonclassicasolutionsto Hamilton-Jacobi
North CarolinaStateUniversity equations

‘ Friday, Septemberl2

SEMINAR ON INDUSTRIAL PROBLEMS

11:15am Eli Chiprout Model Reductiorfor Large Circuit Simulation
IBM Austin Research.ab

Abstract Model reductiontechniquesare becomenecessaryor circuit modelsusedin high-speedcomputerandVLSI
design. A history of thesemethodsas appliedin this field is coveredincluding Elmore's delay asymptoticwaveform
evaluation,comple frequeng hopping,Padevia Lanczos Arnoldi andrationalKrylov methods.The differentmethods
havewide applicationandhave differentstrengthanddravbackswhichwill beoutlined.Applicationproblemsangefrom
linear pawer, clock, interconnecandnoiseanalysisto nonlinearcircuit simulationwheremodelcompactness critical.
Multipoint or rationalmethodbecomeamportantin thethe applicationof packageanalysisandboardlevel interconnects.
Statisticalprocessvariationrequiresquick modelreductionfor repeatedanalysisof mary statisticalsamples.Recently
someadwancesin the areaof applicationto transmissiorlines, which are typical distributed systemsthat result from
Maxwell equationsThe extensionof rationalKrylov subspacet theseadistributedsystemss still anopenproblematthis
time.

69



Theseminameetsn thelIMA SeminalRoom,VincentHall 570

IMA Workshop:
Numerical Methodsfor Bifur cation Problems

Septembet5-19,1997
OrganizersEusebiudDoedel(chair),BernoldFiedler(F. U. Berlin), YannisKevrekidis
(Princeton) Wolf-JuegenBeyn (Bielefeld),JensLorenz(New Mexico)

While computationalechniquegor low-codimensiorocal bifurcationsn few-degree-of-freedorsystemsarein advanced
stateof developmentmuchwork remaingo bedoneonthenumericakreatmenbf highercodimensiorsingularities More
importantly thereis apressingneedfor thedevelopmenbf numericamethoddor computingglobalobjectsn phasespace,
theirinteractionsandbifurcations.

In this workshopwe will bring togethermathematicianspumericalanalystsand computerscientistsworking on these
problems,and study a selectedset of importantapplications. Particulartopicswe will considerinclude the numerical
computationof invariantmanifolds (including invarianttori, homoclinic and heteroclinicmanifoldsas well as inertial
manifolds).the detectionof their bifurcationsandtheir visualization.

The GeometryCentemwill beinvolvedin this workshop.

‘ Monday, Septemberl5

Talks today arein Lecture Hall EE/CS 3-180

8:30am Registration and Coffee ReceptiorROOomEE/CS3-176
9:15am Welcomeand Orientation W. Miller, R. Gulliver, E. Doedel
9:30am Bjoern Sandstede Numericalcomputatiorof pulsesandtheir dynamics

Ohio StateUniversity

Abstract Localizedtravelling-wave solutionsof partial differentialequationson the real line correspondo homoclinic
orbits of anassociateardinarydifferentialequation. Here,we will focuson the numericalcomputationof homoclinic
orbitsandthe accuratedetectionof their bifurcationpoints. Supercorvergenceresultsfor the wave speedarepresented.
Finally, we will studytheinteractionof pulsepaclets. Thesearesolutionsof the PDEto aninitial valuewhichis givenby
concatenatedyidely separatedopiesof a primarytravelling wave. Thefateof suchsolutionsundertruncationof thereal
line to afinite intenal is investigated.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176

11:00am Andr ey Shilnikov Qualitatvely numericalanalysisof someconcretamodels
Inst. Appl. Math.,Nizhny Novgorod with non-trivial dynamics

Abstract The talk includesfragmentarilysomeaspectf the analysisof a few Lorenz-like systemgq3D symmetrical
andasymmetricatlassicaimodels,14D model,Shimizu-Mariokasystem),n particular detailsof detectionof theregion

of existenceof the Lorenzattractorin the parametespace. The ideabegins mainly with selectionof codimension-tw

homoclinicbifurcations.

A recentresulton a “blue-sky catastrophe’bifurcation of codimensionone for periodic orbits andits connectiorwith
dynamicdn biophysicaimodelsarealsodiscussed.
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2:00pm Dimitri Turaev Branchinghomoclinicorbitsin Hamiltoniansystems
Weizmanninstitute

Abstract Codimension-onbifurcationsof homoclinicorbitsin HamiltoniansystemsareconsideredTwo mechanismsef
creationof infinite seriesof homoclinicloopsarediscussedthe appearancef a saddlepeiodicorbit neara homoclinic
loop (in the samdevel of thefirst integral) andtheappearancef anorbit whichis homoclinicto ahomoclinicloop.

Short Talks: times are approximate

3:00pm Merce Olle NumericalExplorationof Bifurcation Phenomen#sso-
Univ. Politecnicade Catalutya ciatedto Comple Instability

Abstract: TheHopf-like bifurcationassociatetb thetransitionfrom stability to complex instability of afamily of periodic
orbitsin a Hamiltoniansystemwith three(or more)degreesof freedomis investigated Numericaltechnique$o compute
the bifurcating objects-periodicorbits, or, moregenerally 2D isolatedinvarianttori- are presented.The evolution and
the bifurcationof the 2D tori aredescribed.As a modelproblem,we considertwo 4D symplecticmappingsand,asan
applicationwe give someresultsfor agalacticpotential.

3:20pm Timothy J. Burns On the Bifurcation from Continuousto SegmentedChip
NIST Formationin Metal Cutting

Abstract: We have developeda newv modelfor chip formationin orthogonalmachining,which includesa mechanisnfor
thermomechanicdeedbackThisleadsto aninterpretatiorof metalcuttingasa processvhichis similarin mary waysto
anopenchemicalreactor As thecuttingspeeds increasedthereis a bifurcationfrom steady-statéo oscillatorybehavior
in the stressand temperaturdields in the workpiecematerialat the tooltip, which explainsthe obsered changefrom
continuougo segmentecchip formation. (Jointwork with Matt DaviesandChrisEvans.)

3:40pm Gerald Moore DifferentAlgorithmsfor ConnectingOrbits
ImperialCollege,London

4:00pm IMA Tea(and more!) VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeveragewill besened.

‘ Tuesday Septemberl6 ‘

Talks today arein Lecture Hall EE/CS 3-180
9:15am Coffee ReceptiorROomEE/CS3-176

9:30am Hink e Osinga Globalizingtwo-dimensionalinstablemanifolds
Universityof Minnesota

Abstract It is well known how to globalizeone-dimensionalinstablemanifoldsfor planarvectorfields and maps. We
considerthe caseof a two-dimensionamanifoldin a three-dimensionadpace.The presentedhlgorithmis designedor
the computationof the two-dimensionalinstablemanifold of a normally hyperbolicinvariantcircle of saddle-typeof a
three-dimensionahap. We briefly discusshow to computethis invariantcircle andhow to obtainthe startingdatafor the
globalization.

Thealgorithmcomputegrowing piecesof the unstablenanifoldby usinga methodthatdoesnot depencon thedynamics
onthemanifold. Also, thealgorithmis suchthatit guaranteethequality of the meshonthis manifold. Thesamealgorithm
canbe usedfor the globalizationof a two-dimensionalinstablemanifold of a hyperbolicfixed point. Furthermorewe

discusshow to usea similartechniqueor vectorfields.

Thisis joint work with BerndKrauslopf.
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10:30am CoffeeBreak ReceptiorROOomEE/CS3-176

11:00am Konstantin Mischaikov ComputerAssistedExplorationandProofin Dynamics
GeogiaInstituteof Technology

2:00pm Michael Dellnitz The Approximationof ComplicatedDynamicalBehavior
Universityof Bayreuth

Abstiact Multilevel subdvisiontechniquesirepresentedor theefficientnumericalpproximatiorof complicatedlynam-
ical behavior. Concretelywe develop adaptie methodswhich allow to extract statisticalinformationon the underlying
dynamicalsystem.This is doneby an approximationof naturalinvariantmeasuresswell as(almost)cyclic dynamical
componentsWe discussssuesoncerningheimplementatior{e.g. parallelizatiorstratgies)andindicatepotentialappli-
cationsof thesemethodge.g.to the computatiorof Lyapuna exponents) Theresultsareillustratedby severalnumerical
examples.

3:00pm Coffee ReceptiorROOmEE/CS3-176

Short Talks: times are approximate

3:30pm GregWatson Efficient Computatiorof the Conley Index
Geogialnstituteof Technology

Abstract: TheConley index is well-suitedto numericabnalysiof dynamicakystemsinceit is robustunderperturbations.
The bestalgorithmis fifth-orderin the sizeof the problem.| will describeanalgorithmfor which subquadraticuntimes
have beenobsened. (Jointwork with K. Mischailkow andW. Kalies.)

3:45pm Volker Reichelt Numerical Computationof Invariant Tori in Dynamical
RWTH Aachen Sstems

Abstiact: We presentereral versionsof an algorithmto computeinvarianttori. They arebasedon the graphtransform
which is discretizedin differentwaysto meetgoalslike speedand robustness.Finally we take a closerlook at some
examples.

4:00pm Karin Gaterman Orbit SpaceReduction
Konrad-Zuse-ZentrurBerlin

Abstract: In equivariantdynamicakystemgheorythereis oneapproactknown asorbit spaceeduction.Thismethodrules
outthegroupaction.Fundamentahvariantsarecoordinategor this orbit spaceandanew systenof differentialequations
is defined.Specialchoiceof coordinatesimplify the structureof the orbit spaceaswell asthedifferentialequationsThis
will beillustratedby anexample.

4:15pm Arnd Scheel ExponentiaDichotomiesn Elliptic Equations
FreieUniversittBerlin

Abstiact We presenta dynamical-systemapproacho study elliptic PDE’s in infinite cylinders, using exponentialdi-
chotomies Applicationsto continuationpifurcationsandnumericalstudiesof wave solutionsfor reaction-difusionequa-
tionsaregiven.

4:30pm Gian Mario Maggio NonlinearDynamicsof the ColpittsOperator
Fed.Inst. of TechnologylLausanne

Abstract: Sinusoidaloscillatorslie at the heartof modernelectronicdevicesand communicatiorsystems. The design
techniquedor oscillatorsof this kind are basedprimarily uponlinear analysis. In mary casegheseare unsatiséctory
forcing the designerto performextensive simulations. We apply nonlinearanalysistechniquego the Colpitts oscillator
with aview of developingrigorousdesigrrules. Thesystenexhibit astabldimit cycleoriginatingfrom aHopfbifurcation.
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From a designpoint of view is importantto locatethe first period-doublingbifurcationandto develop techniquedor
predictingit. A more extensve bifurcation analysisof the systemis required,with particularreferenceto homoclinic
bifurcations for characterizingts chaoticdynamics.(Jointwork with Michael P. Kennedy)

4:45pm Ale Jan Homburg HomoclinicDoublingCascades
FreieUniversitt Berlin

Abstiact: Cascadesf period-doublingbifurcationshave attractedmuchinterestof researchersf dynamicalsystemsn
thepasttwo decadessit is oneof theroutesto onsetof chaos.In this papermwe consideroutesto onsetof chaosnvolving
homoclinic-doublingoifurcations.We show the existenceof cascadesf homoclinic-doublingoifurcations persistentlyin
two parametefamiliesof vectorfieldson R®. The cascadearefoundin anunfoldingof a codimension-threBomoclinic
bifurcation;anorbit-flip atresonaneigervalues.We developa continuatiortheoryfor homoclinicorbitsin orderto follow
homoclinicorbitsthroughinfinitely mary homoclinic-doublingifurcations.

WednesdaySeptemberl7

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROOomEE/CS3-176
9:30am Vemuri Balakotaiah NumericalBifurcation Techniquegor ChemicalReactor
Universityof Houston Problems

Abstract Mathematicaimodelsof chemicalreactorsareknown to exhibit very complex bifurcationbehaior dueto the

strongcouplingbetweerthetransporprocesseandchemicakinetics,andtheexponentiadependencef thereactiorrates
on temperatureThis talk will focuson the numericalcomputationof singularitiesandbifurcationdiagramsof chemical
reactormodelswith emphasion the following aspects{i) detectionandcomputationof singularitieson the boundaries
of the parametespace(ii) discretizationof the governing PDEswithout destrying the underlyingspatialsymmetries
or creatingspurioussolutions;and (iii) computatiorandcontinuationof high-codimensiorsingularpointsof discretized
modelsof very highdimension(N > 10, 000).

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am Yannis K evrekidis A computerassistedstudy of reaction-difusion patterns
PrincetonUniversity in microcompositenedia

Abstract We studycomputationabspectf modelingreaction-difusion patternson microdesigneg&nd microcompos-
ite catalystsin oneandtwo spatialdimensions.Specialemphasiss placedon the numericalbifurcationsof pulse-type
solutions(possiblyinvolving the continuousspectrumof the pulses)aswell asthe computationof modulatedravelling
wavesfor the full PDEs. We alsodiscussthe transitionto “effective behaior” of compositecatalystswith fine-grained
componengeometry The computationsarepresentedlongwith comparablexperimentakesultsfrom our collaboration
with the Fritz-HaberInstitutin Berlin.

2:00pm Ray Adomaitis NumericalContinuationof Bifurcationsand Global Dy-
Universityof Maryland namicBehaior Transitionsfor a Noninvertible System

Abstract Wewill discussnumericakechniquegor discretizingnvariantcirclesandnumericakcontinuatiorof bifurcations
andphase-spacteatureghat determinetransitionsin the complexity of basinsof attractionfor a nonirvertible,discrete-
time system.

3:00pm Coffee ReceptiorROomEE/CS3-176
3:30pm Alastair Spence Numericalmethodsfor detectingHopf pointsand com-
Universityof Bath putingperiodicorbitsin largesystems
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Abstract Thistalk is aboutthe efficient detectionof Hopf bifurcationpointsandcomputatiorof periodicorbitsin large-
scaledynamicalsystemshat might ariseafter spatialdiscretizatiorof PDEs. Several differentapproachearediscussed:
1) methodsasedbdnlocatinghigh-ordersingularitie“organisingcentres”),2) methodsasedn thedirectcalculationof
dangerougigervalues 3) methodshasedn countingideasfrom complex analysisand4) Reducedasismethods.

Exampleswill be givenfrom a variety of physicalproblems,including large systemsarising from mixed finite-element
discretization®f the Navier-Stokesequations.

Graphics Demosat the Geometry Center

5:00pm Bernd Krauskopf/Hink e Osinga Growing 1D unstablemanifoldsof maps
F. U. Amsterdam/GeontCenter

5:20pm Mark Johnson Thelateston SCIGMA
Princeton/IMA

5:40-6:10 John Guckenheimer/Won Gyu Choe Solving BVP’s with automatiadifferentiation& thelatest
CornellUniversity on DsTool

| Thursday, September18

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
9:30am Patrick Miller Using Invariant Manifolds to Characterizelransportin
Brown University Numerically-Generatedelocity Fields

Abstlact Geometricmethodsfrom dynamicalsystemsare usedto characterizd_agrangiantransportin numerically-
generatedijme-dependentyo-dimensionaVelocityfields. In mary geophysicaimodelsthevelocityfield is givenonly as
anumericakolutionto anappropriategyoverningsystenof partialdifferentialequationsThistalk presentgurrentprogress
in developingnumericakechniquegor characterizinghaotic-liketransporin suchnumericalvectorfields,wherethevec-
tor field hasaperiodictime-dependencandis known only on a finite time interval. Invariantmanifoldsare constructed
numericallyto createatemplatefor describingheexchangeof fluid betweerdifferentflow regimes.Resultsarepresented
from simulationanodelinggeophysicaflows.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176

11:00am JensLorenz Self-OganizedCriticality: A SandpileModel
Universityof New Mexico

Abstract The paradigmof self—oganizedcriticality wasintroducedabouta decadeagoby Bak, Tang,and Wiesenfeld.
Goodamgumentscanbe giventhat the conceptappliesto a wide variety of systemdar from equilibrium. Mathematical
models,so—calledsandpilescanbe viewed asdiscrete—timalynamicalsystemsvhoseevolution containssimplerandom
and simple deterministicelements.In principle, Markov matricescan be usedto describethe statisticalfeaturesof the
evolution, but acompleteanalysids out of reach.In thetalk, | presentesultsof directnumericalsimulation,somelimited
analysishasedn Markov matricesandnon—rigorousargumentf non—equilibriumstatisticaimechanics.

2:00pm Luca Dieci On SmoothDecompositiorof Matrices
GeogiaTech

Abstract We considersmoothorthogonaldecompositiorof matricesdependingon a real parameter Among others,we
discussQR, Schur andsingularvalue decompositionsandtheir block analogues Sufficient conditionsfor existenceof
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suchdecompositiongre given, and differentialequationgor the factorsare derived. Also genericsmoothnessf these
factorsis dicussed.

Thisis joint work with Timo Eirola.
3:00pm Coffee ReceptiorROOomEE/CS3-176

3:30pm Yuri A. Kuznetso/ Normalform computationsn CONTENT
CWI/RIACA, Amsterdam

Abstiact CONTENT is an interactve ervironmentfor detection,analysis,and continuationof variousbifurcationsof
ODEs, iteratedmaps,andotherdynamicalsystems An importantpart of the analysisof local bifurcationsis the compu-
tationof their normalformsatthe critical parametevalues.This meangestrictingthe systemto the correspondingenter
manifold andthen normalizingthe systemon the centermanifold by appropriatechangesf variables,parametersand
time.

Thealgorithmsusedin CONTENTto computenumericallythe coeficientsof the normalformsfor e fold, ¢ Hopf, e cusp,
ande Bogdanwe-Takensbifurcationsof ODEs,aswell asfor e fold, e flip, ande Neimark-Sackr bifurcationsof iterated
maps,will be presentedn detail. An importantfeatureof thesealgorithmsis that no preliminarytransformatiorof the
linearpartto the Jordamormalform is applied.

Graphics Demosat the Geometry Center
5:00pm Bruce Peckham To Be Continued: Automaticcomputationof an Arnold

Universityof Minnesota-Duluth tonguefor a periodicallyforcedoscillator (without com-
putingsaddle-nodes)

5:20pm Yuri Kuznetso/Bart Sijnave CONTENT: A ContinuationErnvironment
CWI Amsterdam/Uni. of Gent

6:00pm Workshop Dinner Regents’Room,secondloor
RadissorHotel

Receptiorat 6:00in thefoyer outsidethe Regents’Room,dinnerat 6:45in the Regents’Room.

Friday, Septemberl9

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
9:30am Mark Levi Cunvatureeffectsin the averagingof high-frequeng vi-
RensselagPolytechnidnstitute brations

Abstiact We will shav that somewell known but counterintuitve phenomenarising dueto high frequeng vibration
in dynamicalsystemshave a very simple geometricakexplanation. We will describehow the curvatureand somenon—
holonomicmechanicglay therole in systemssuchas(1) aninvertedpendulumstabilizedby the vibration of its hinge;
(2) the Paul trap, usedto suspendchagedparticles;(3) a forced sine-Gordorequationexhibiting so-calledr—kinks; (4)
a compositionof symplecticmatrices;andothers.Bifurcational,numericalandtopologicalquestiongsomestill without
answersgrisingin this studywill be mentionedaswell.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am Don Aronson Dynamics of JosephsonJunctions Coupled through a
Universityof Minnesota Shared_.RC-Load
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Abstract We considera systemof N identicalcurrent-biasedosephsopoint junctionscoupledvia a shared_CR-load.
Themathematicamnodelinvolvesasystenof N “pendulum-type’equationsvith aload-inducedorcingtermtogethemith
asecond-ordeload equationwhichis forcedby themeanvelocity of the pendula.ln additionto thethreeloadparameters,
the systeminvolvestwo additional parameterglescribingthe intrinsic capacityof the junctionsand the commonbias
current. The systemis equivariantwith respecto permutationsandis consequentlyamenabléo a considerablemount
of analysis. Numericalstudiesfor specificloadshave shavn thatthe systemhasextremely complicateddynamics. We
will describesomeof theseobsenations,andshonv how continuationstudiesusingAUTO togethemwith geometricabnd
classicalanalysishave led to a nearlycompletepicture of the dynamicsin certaincases.Much work remainsto be done
andthereare mary openproblems. One of the main openproblemsinvolvesthe singularlimit in which the individual
junctioncapacitiegendto zero.

2:45pm Welcomeé& Intr oduction MidwestDynamicalSystemsConference
D. Aronson,R. McGeheeR. Moeclel

The following talk is joint with the Mid westDynamical SystemsConference

3:00pm JamesA. Yorke DiscontinuousBifurcationsfor Dissipatve Mapsin the
Universityof Maryland Plane

Abstlact As a parameteis variedthe invariantsetsof a processcanchangediscontinuously Onekind is a saddlenode
bifurcation. The otherkinds areincludedin the term “Omega Explosions”. In joint work with KathleenAlligood and
otherswe claimthelist of possible‘OmegaExplosions”is quite small. Computetvideoswill illustrateour techniques.

4:00-4:20 JamesA. Yorke SoftwareDemonstration
Universityof Maryland
4:30-5:20 SamuelKaplan A Model of the CollinearThree-BodyProblem

Bowdoin College

7:30-9:30 Reception The GeometryCenteris locatedat 400Lind Hall
The GeometryCenter

| Saturday, September20 |

Mid westDynamical SystemsConference.Talks today arein Lecture Hall EE/CS 3-180

9:00-9:50 Robert Ghrist Contacttopologyandhydrodynamics
Universityof Texas,Austin

10:00-10:50 Hector Lomeli QuadraticvVolume-Preserviniylaps
Universityof Colorado Boulder

10:50-11:30 CoffeeBreak ReceptiorROOomEE/CS3-176
11:30-12:20 Amadeu Delshams Singular separatrixsplitting and Melnikov method for
UniversitatPolitecnicade Catalulya standard-lile maps
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2:30-3:20

3:20-4:00

4:00-4:50

6:30pm

9:00-9:50

10:00-10:50

11:00-11:50

11:00am

11:00am

2:30pm

YoungnaChoi OneDimensionalorenz-like Attractors
NorthwesterrUniversity

CoffeeBreak ReceptiorROomEE/CS3-176
Arek Goetz Dynamicsof Piecavise lsometries
BostonUniversity
ConferenceDinner RSVP by Septemberl5; $15 per meal to be paid on
Javel of India Septembel9
Sunday, September21

Mid westDynamical SystemsConference.Talks today arein Lecture Hall EE/CS 3-180

JamesMurdock Asymptoticunfoldingsfor dynamicalsystemseara rest
lowa StateUniversity point

Andrede Carvalho The dynamicsof surfacediffeomorphismsandthe Prun-
Universityof Californiaat Berkeley ing FrontConjecture

Martin Golubitsky Patternsby Hopf Bifurcationfrom RotatingWaves

Universityof Houston

Furtherinformationaboutthe MidwestDynamicalSystem<Conferencés availableat

http://www.geom.umn.edu/events/worksho ps/fu ture.h tml .

Monday, September22

IMA Seminarandinformal Discussiorn VincentHall 570:

Bodo Werner NumericalAnalysisof InvariantCurvesandCircle Maps
Universitit Hamhurg
Tuesday September23
Intr oducing: the IMA Postdocs! Eachof the 13 postdocwill speakfor five minutes.IMA
VincentHall 570 visitors and Math Departmenimembersare urgedto at-
tend.

IMA PostdocSeminar:

Mark Friedman ConCont:a collectionof subroutinegor computingcon-
Univ. of Alabamain Huntsville nectingorbits

Abstract We discuss:Algorithm for locatingand continuationof connectingorbits [Doedel, Friedman,Kunin ‘97], in-

cluding Algorithm for continuationof invariantsubspacef-riedman‘97]. As anexamplewe considera continuationof
theheteroclinidoop bifurcation[Deng, Friedman97].
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Organizer:Kurt Lust

NOTE: The PostdocSeminairis organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsn VincentHall 570.

| WednesdaySeptember24 |

9:30am Informal Discussion: Continuousspectran travelling waves,etc.
(led by BernoldFiedler)

PeterRejtowill speakon“Compactnessstimate$.Thediscussiorsessiormeetsn roomVincentHall 570.

IMA Industrial PostdocsSeminar
Theseminamwill meetfrom 1:00—4:00pmtoday Theformatof the seminaiis:

1. Presentatiomf projectsand problemsfrom industry (Honeywell, Kodak, Siemens3M and LockheedMartin) on
whichtheindustrialpostdocsareworking.

2. Informal suggestionanddiscussioramongthe participants.

The seminaiis directedby Fadil SantosaAvner FriedmanandWalter Littman. Visitorswho planto attendarerequested
to inform oneof theorganizers.

Theseminameetsn VincentHall 570

Thursday, September25

Math Department Seminaron Dynamicsand Mechanics

10:10am Edriss S. Titi RigorousEstimateson SmallScalesn TurbulentFlows
Univ. of CaliforniaatIrvine

Abstract In this talk we will presenthe conceptof determiningmodes nodesvolumeelementsanddeterminingfinite
elementdor the Navier-Stokesequationsand otherdissipatve systemsandwe will relatetheseconceptdo the Takens
EmbeddingTheorem. Conceptuallythe numberof thesedeterminingmodes,nodesand elementss comparableo the
numberof degreesof freedomin turbulent flows, in the caseof the Navier-Stokes equations.We will derive rigorous
estimate®n the numberof thesedegreesof freedomin termsof the physicalquantities suchasthe Reynoldsnumberand
therateof dissipatiorof enegy. We will compareaheserigorousestimatesvith thoseprovidedby the corventionaltheory
of turbulenceusingheuristicphysicalarguments.We will alsopresentigorousestimate®n the dimensionof the global
attractorfor thethree-dimensiondllavier-StokesEquationsn termsof theabove-mentionegbhysicalquantities.

IMA SpecialLecture

2:30pm Helen Lopes On existenceof weaksolutionsof theincompressibl€D
IndianaUniversity Eulerequationsandelliptic regularity

Abstract In thistalk | will discusgecentresultson existenceof weaksolutionsof the 2D incompressiblé&ulerequations
with veryirregularinital vorticity. | will emphasiz¢herole of elliptic regularityin deriving apriori estimatesMy goalis to
explaincertainrecurringdifficultiesin applyingelliptic regularity theoryto theseproblemsandhow they canbeaddressed.

Friday, September26
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SEMINAR ON INDUSTRIAL PROBLEMS

11:15am Nick Tufillar o Symbolic dynamicsin mathematicsphysics,and engi-
Hewlett-Packard neering

Abstract Applicationsof symbolicdynamicsfrom mathematicsphysics,and engineeringare discussed.Resultsfrom

braid theoryallow oneto generalizeédeasaboutunimodalinterval mapsto two-dimensional'single-fold” maps. These
resultsfrom topologicaldynamicsarethenusedto help unravel the dynamicalmotionsof experimentswith amechanical
string. Finally, amoreempiricalapproacho thesymbolicanalysisof time serieds usedto resole along standingoroblem

of cycle-variability in internalcomhustionenginesln eachof theseexamplesa symbolicanalysids utilizedto helpidentify
nonlineamodelsandparameters.

Theseminameetsn theIMA SeminarRoom,VincentHall 570
IMA Workshop on “Lar ge-ScaleDynamical Systems”

September29—-October3, 1997
Thisworkshopschedulewill appeaiin IMA Newsletter255.

‘ Monday, September29 ‘

IMA Workshop on “Lar ge-ScaleDynamical Systems”

‘ Tuesday September30 ‘

IMA Workshop on “Lar ge-ScaleDynamical Systems”
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INSTITUTE FOR MATHEMATICS AND ITS APPLICATIONS

University of Minnesota
400Lind Hall
207 ChurchStreetS.E.
Minneapolis Minnesotab5455
FAX (612)626-7370 telephong612)624-6066 e-mail: ima-staff@ima.umn.edu
IMA Schedulesiafinger:finger  seminar@ima.umn.edu
Newsletters Updatesandpreprintsavailablevia
anorymousftp: ftp.ima.umn.edu , www: http://www.ima.umn.edu/

IMA NEWSLETTER #255

October 1-31,1997

1997-98Program
EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

SeetheWinter, SummerandFall 1997IMA Updatefor afull descriptionof the 1997—-98orogramon
Emeging Applicationsof DynamicalSystems.

| Newsand Notes |

IMA Workshop:
Lar ge-ScaleDynamical Systems

SeptembeR9-OctobeB, 1997
OrganizerslLauretteTuckermann(Orsay)(chair) EdrissTiti (Irvine), H. B.
Keller (Caltech),Don Aronson(Minnesota)

IMA Tutorial:
Multiple-T ime-ScaleDynamical Systems

October23-24,1997
Spealers: ChristophedonegBrown), MichaelWard (UBC)

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique ConsiglioNazionaledelle Ricerche Geogia Institute of Technology IndianaUniversity

lowa StateUniversity KentStateUniversity Michigan StateUniversity MississippiStateUniversity, Northernlllinois University, Ohio StateUniversity PennsylaniaState
University, PurdueUniversity SeoulNationalUniversity (RIM - GARC), TexasA&M University University of Chicago,University of Cincinnati,University of Houston,
University of lllinois (Urbana),University of lowa, University of Kentuclky, University of Maryland, University of Michigan, University of Minnesota,University of Notre

Dame,Universityof Pittshurgh, University of Wisconsin WayneStateUniversity

PARTICIPATING CORPORAIONS: EastmarkKodak,EPRI,Ford, GeneraMotors,Honegywell, IBM, LockheedVartin, LucentTechnologiesMedtronic,Motorola,Siemens,
TelcordiaTechnologies3M.
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IMA Workshop:
Multiple-T ime-ScaleDynamical Systems

October27-31,1997
OrganizersChrisJoneqchair),Steve Wiggins(Caltech) Alexander
Khibnik (Cornell),FreddyDumortier(Limburg), David Terman(Ohio
State)

New Workshop on “ Algorithmic Methodsfor SemiconductorCir cuitry”

ThelMA hasrecentlyaddedaworkshopto theFall 1997scheduleimmediatelyfollowing the Novem-
ber 17—-21workshopon “Dynamics of Algorithms”. The new workshopis on a topic which holds
stronginterestfor mary industrialscientistsaswell asacademiagesearchers:Algorithmic Methods
for SemiconductoCircuitry”. The workshopwill be held Mondayand Tuesday November24-25.
The organizeris JacobWhite of the Departmenbf ComputerScienceandElectrical Engineeringat
MIT.

The aim of the workshopis to bring togetheresearcherasho work on algorithmicmethodsogether
with researchers semiconductocircuitry, in orderto addresshe difficult computationalssueghat
arisein circuitry. Theactwvitieswill includeinformal presentationanddiscussions.

Thetopicswill include:

Linearandnonlineamodel-ordereduction(includingeigervalue-calculatiolbasedapproach).

Methodsfor quasiperiodi@analysis(including nonlinearphenomenan oscillatingcircuits: sta-
bility andbifurcation).

FastPDE solversplusMOR

Partitioningmethodscoveringareasuchaswaveformrelaxation domaindecompositiorfparal-
lel circuit simulation)andmixedlevel simulation.

Researcherareinvited from bothuniversitiesandindustry
Impr oved IMA Home Page

The IMA hassubstantiallimprovedits homepageon the World-Wide Web, accessiblehroughnetscaper otherweb-
readingapplicationsat

http://www.ima.umn.edu
Thepageis continuallyunderconstruction We invite commentsr suggestionsyhich maybeaddressetb

webmaster@ima.umn.edu
In particular we appreciateary information about World-Wide Web links appropriateto currentand upcomingIMA
programs.

WeeklyIMA seminar list available by list server
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The IMA is hapyy to offer its e-mail mailing list service. The mailing list “weekly” is a distribution eachThursday
of the next week’s scheduleof IMA seminarsandevents. If you wish to subscribe simply sendan e-mail messagéeo
imalists@ima.umn.edu whosefirst line is of theform

subscribe  weekly
If your preferrede-mailaddresss differentfrom the onefrom which you aresendingthe requestthefirst line shouldbe

subscribe  weekly you@e.mail.address

Thesubjectiine andtherestof the messagareignored.Questionsor problemsshouldbe sentto
owner-weekly@ima.umn.edu

The currentweekly schedulds alsoavailableon requestia finger  seminar@ima.umn.edu . An updateddvi
file of theIMA Newsletter(currentandrecent)is availableby ftp  or throughthe world-wideweh

\ Schedulefor October 1-31,1997

IMA Workshop:
Lar ge-ScaleDynamical Systems

SeptembeR9-OctobeB, 1997
OrganizerslauretteTuckermann(Orsay)(chair)EdrissTiti (Irvine), H. B. Keller
(Caltech),Don Aronson(Minnesota)

Thenumericaktudyof low-dimensionatlynamicsn large-scalesetsof ODEsanddiscretization®f PDEsnecessitatethe
developmentof special-purposalgorithmsfor simulation,stability andbifurcationanalysis. This workshopwill address
developmentandapplicationof specialteratve methoddor large-scalesystemghatexploit local stability propertiesof the
linearizedsystem.It will alsoconsiderglobalmodelreductionschemegor PDEssuchasapproximatenertial manifolds
and lattice dynamics. Applicationsof specialinterestinclude selectedproblemsarisingin fluid flow and nucleationin
alloys.

Monday, September29 ‘

Talks today arein Lecture Hall EE/CS 3-180

8:30am Registration and Coffee ReceptiorROOomEE/CS3-176
9:15am Welcomeand Orientation W. Miller, R. Gulliver, L. Tuckermann
9:30am Yannis Kevrekidis NonlinearModel Reductiorfor FeedbaclkControl

PrincetonUniversity

Abstract We considerthe problemof controlling spatially structuredstatesin reactingsystems.The control objectves
rangefrom stabilizationof linearly unstablesolutionsto prescribingthe dynamicsby direct manipulationof coherent
structureghroughfeedback.

An importantfirst stepin controllersynthesids modelreductionof the original reaction-difusion equationgo a (small
but accurateystemof ODEs. For this purpose startingfrom traditionaldiscretizatiormethodd(finite difference pseu-
dospectralwe proceedo recentlyintroducedPOD (ProperOrthogonaDecomposition)-GalerkiandnonlinearGalerkin
methods.Linear state-spacandmoderngeometricnonlinearcontrol approachearethenappliedto the resultingvector
fields.

POD-Galerkiraswell aseigetvectorGalerkinandstandargpseudospectrahodelsarefurtherreducedo nonlineaiGalerkin
modelsthroughan Approximatelnertial Manifold methodologythis methodologyallows furtherreductionexploiting the
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separatiorof time scalesetweerthigher” and“lower” modesn the hierarchy Thesereductiontechniquesarecompared
bothin termsof accurag andcomputationaéfficiengy in capturingthe open-andclosed-loopgdynamics.

Thisis joint work with Stanisla ShvartsmarandEdrissTiti.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176
11:00am Edriss S. Titi Postprocessinthe GalerkinMethod: a Novel Approach
Univ. of California,Irvine to Approximatelnertial Manifolds

Abstract A postprocessf the standardsalerkinmethodfor the discretizatiorof dissipatve equationds presentedThe
postprocesse@alerkinmethodusesthe sameapproximatanertial manifold &,,,, to approximatehe high wave number
modesof the solutionasin the nonlinearGalerkinmethod(NLG). However, in this postprocesse@alerkinmethodthe
valueof ¢, is calculatedbnly onceandafterthetime integrationof the standardsalerkinmethods completedcontrary
to the NLG in which &,,, evolveswith time and affects the time evolution of the lower wave numbermodes. The
postprocesse@alerkinmethod whichis muchcheapeto implementcomputationallythanthe NLG, is shawvn to possess
the samerate of corvergence(accurag) asthe simplestversionof the NLG, which is basedon eitherthe Foias-Manlg-
TemamApproximatelnertial Manifold or the EulerGalerkin Approximatelnertial Manifold of Foias-Sell-Tti. Thisis
provedfor someproblemsn oneandtwo spatialdimensionsincludingthe Navier-StokesequationsWe will alsopresent
a computationastudyto supportour analyticalresults.

2:00pm Mik e Jolly Applicationsof Rosas Sequencef Approximate
IndianaUniversity Inertial Manifolds

Abstract A sequencef approximatenertial manifoldswhich corvergesto the exactmanifoldis implementedn several
contexts. We first demonstrat¢he corvergencen a casewherethe exactmanifoldis known. We thenusethe sequencéo
provideinitial conditionsfor anaccurateonstructiorof global(un)stablenanifolds.Lastly, we slightly alterthesequence
to computean inertial manifold with delay [Debusccheand Temam]and demonstratéhat we can computea sensitve
solutionto the Kuramoto-Srashinsl equationjust asaccuratelyin a three-dimensiongbhasespaceaswe canusinga
greatmary modesn a GalerkinapproximationThepointin thelastapplicationis to notnecessarilgase in computational
effort, but gainin geometricunderstanding.

3:00-3:20 Zhen Mei An interactve numerical/computealgebraicbifurcation
Universityof Marburg analysidor reaction-difusionequations

Abstract We describea packagebeingdevelopedat Marburg for analyzingstationaryandHopf bifurcationsof a classof
reaction-difusion equations.Krylov subspacéterationwith variouspreconditioningechniquess implementedo treat
largelinearsystemsNumericalLiapunos-Schmidtreductionis usedfor explorationof bifurcationscenarios.

3:20-3:40 Klaus Bohmer Preconditioningechniquedor large systemswith appli-
Universityof Marburg cationsto bifurcation
4:00pm IMA Tea(and more!) VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeveragewill besened.

| Tuesday September30 |

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
9:30am Philip S.Mar cus Creating Jovian-Like Zonal Flows by Reverse-Enayy
Univ. of Californiaat Berkeley Cascades

Abstract JupiterandSaturnhave long-livedeast-wes{zonal)flows. Little is known aboutwhatsetstheir velocity scales
or their lengthscaleqi.e., the numberof zoneson eachplanet). Typically, whencoherenffeaturesspontaneousljorm
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in turbulentflows they spana rangeof scales.In the rarecaseghatthe featuresall have the samesize,their lengthsare
usuallydeterminedlirectly by the boundaryor forcing lengthscalesthe scaleof granulationon the Sun(dueto turbulent
convectioncells)is setby thedepthof thecorvectivezone;thediameter®f turbulentTaylorvorticesin aCouetteapparatus
aredeterminecdy thewidth of the apparatusjupiters long-livedvortices,suchasthe RedSpot,aresetby the widths of
thelocal zonalflowsin which they aresituated.By examininga simpleforced/dissipateflow we shav thatthe widths of
zonalflows on a —planearedeterminedyy a subtlecombinationof the forcing anddissipationandnot setby boundary
conditionsor by thelengthscaleof the forcing. We shawv thatundera wide variety of conditionsa turbulentflow without
east—westvinds formsvia a reverseenegy cascade Undersomecircumstancegzonalflows all with approximatelythe
samelength scaledo form. We presenta simple theorywhich determineshe parametewvaluesfor which they do and
which alsoprovidesscalinglaws for the zones'velocitiesandwidths. Thuswe areableto adjustthe widthsandstrengths
of thezonalflows by changingheforcing anddissipatiorratesproperly We discusgheimplicationsfor Jupiter compare
the numericalexperimentswith similar onescarriedout previously by others,andshonv how onecouldbuild a laboratory
experimentthat would form jovian-like winds with two easily adjustablecontrol parametershat determinetheir widths
andstrengths.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am Katie Coughlin Theformationof structuresn wall-boundedshearflows
Universié de Montréal

Abstract In this talk we will discussthe formationand dynamicsof vortical structuresn wall-bounded planeparallel
shearflows. Thesestructuregplay animportantrole in the dynamicsof intermittentturbulencein the nearwall region. In

spatiallyperiodicdomainsthisintermitteny takestheform of aroughlyperiodiccycle of onsetandcollapseof turbulence.
We shaw thatthe structuresplay anessentiatole in provoking the onsetof turbulence andpresent theoreticamodelfor

theirmathematicahndphysicalorigin. Experimentallytheseflows arespatiallyaswell astemporallyintermittentmaking
it quite difficult to quantitatvely definethe characteristicef a structure. We discussseveral methodsof comparisorof

numericalandexperimentadata.

2:00pm Paul H. Steen Influenceof constrainton routesto chaoticnaturalcon-
CornellUniversity vectionin Hele-Shav slot, loop,andannulus

Abstract TheLorenzequationsareknown to beanexplicit ‘inertial form’ for the partialdifferentialequationghatgovern
naturalcorvectionin a closedloopof liquid (thermosyphon).What is the fate of the inertial form asthe constraintof
unidirectionalflow imposedby containergeometryis relaxed? What happengo the Lorenz-like chaosas secondary
parameterarevaried?ls therea ‘break-up’of theinertial form and,if so,how so?

In this computationaktudy the loop is embeddedn a family of containergeometriesincludingthe Hele-Shav slotand
annuluswith consistenthermalboundaryconditions.Routesto chaoticcorvectioncorrespondingo deformationswithin
this family andvarying Prandtinumberarecompared Along eachroute,branch-tracings usedwheneer possible com-
plementecdby solutionof initial-valueproblems.Galerkinandfinite-differencediscretizationdeadto dynamicalsystems
of order100equationstypically. Resultsxtendthoseof [1,2] andevidencepointsto the Shilnikov-lik e breakupdescribed
in [3].

1. Yorke, Yorke,andMallet-Paret,PhysicaD 24,pp 279-91,1987.
2. Hu andSteenpPhys.Fluids 8(7),1929-37,1996.
3. Lyubimov andZaks,PhysicaD 9, pp 52-64,1983.

3:00-3:20 Jie Shen NumericalSimulationof Incompressibld-lows in Cylin-
PennsylaniaStateUniversity drical GeometriedJsinga SpectralProjectionMethod
3:20-3:40 Juan Lopez Quasi-periodidRespons¢o ParametricExcitation

PennsylaniaStateUniversity

Non-workshopevent: Special MA/PDE Seminaiin VincentHall 570:
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3:45pm Milton Lopes Boundson the dispersionof vorticity in 2D incompress-
IndianaUniv. & Univ. CampinasBrasil ible, inviscid flow

WednesdayOctober 1

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
9:30am H. B. Keller Bifurcationsin Kolmogoros Flows via DAE andRPM
Caltech

Abstract Bifurcationsin planeKolmogoro flows werediscoreredby Meshalkinand Sinai. Subsequentalculationsby
Platt, Sirovich and Fitzmauriceandby Sheareconcernedvith transitionsto chaosor turbulencein theseflows. Herewe
shav mary steadybifurcationsand seseral Hopf bifurcationsin the planecasebut we alsofind bifurcationsinto three
dimensionaflows. Our numericaltechniquesrebasedon a DAE (differentialalgebraicequationsyiew of the spatially
discretizedNavier-Stokes equations. Thenwe apply RPM (recursve projectionmethods)to solve for the steadystate
branche®f solutions.We areableto shav wherethe steadyflows of Plattet al. lie on varioussteadybifurcationbranches.
Whenwe follow the Hopf brancheghat we have discovered,they may shedsomelight on the “chaotic” or “turbulent”
behaior reportedn the previousworks.

Thisis joint work with P. Love.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am Dirk Roose Newton-Picardmethodsfor the bifurcation analysisof
K. U. Leuven,Belgium partial differentialequationsand delay differentialequa-
tions

Abstiact We describeefficient methodsfor the computationand continuationof periodicsolutionsof parabolicpartial
differentialequationgfPDEs)anddelaydifferentialequation§DDES).

A spacdliscretizatiorof a PDE resultsin a large systemof ODEs,which often exhibits only low-dimensionablynamics.
Newton-Picardmethodsexploit this property by computingperiodic solutionsusing a combinationof Newton-based
shootingin the low-dimensionalsubspaceavherethe solutionis unstableor weakly stableand a Picarditerationin the
orthogonalcomplemenibf that subspace.This approachgreatly reducethe computationalcost, when comparedwith
classicakingleor multiple shooting.Goodestimategor thedominant-loquetmultipliersareobtainedat no extra costand
caneasilyberefined.

The Newton-Picardramenork canalsobe usedto computeperiodicsolutionsof delaydifferentialequationswith several
delays.A shootingapproachtogethemwith a discretizationof theinitial functionandof the Poincag operatoreadsto a
large nonlinearsystemwhich canbe solved efficiently by a Newton-Picardmethod,dueto the spectralpropertiesof the
(discretized)Poincae operator Also stability informationis available, since (approximationgo) the dominantFloquet
multipliersarecomputed.

Newton-Picardmethodsare especiallyefficient whenthey are usedin a continuationprocedure. The approachcanbe
generalizedo constructextendedsystemdfor the accuratecomputationof bifurcationpointsalongbranchesf periodic
solutions(e.g.period-doublingooints).

Thisis joint work with Kurt Lust, KoenEngelboghsandTatyana_uzyanina.

2:00pm Laur ette Tuckermann Bifurcationanalysisfor time steppers
LIMSI, Orsay

Abstract To fully understandhe bifurcation-theoreticstructureof solutionsto a setof nonlinearevolution equations,
threetypesof informationare desirable. The first, and mostoften usedin fluid dynamics,is the time evolution of the
systemfrom variousinitial conditions.Theseconstitutethe physicallyrealizablephenomen#o be explained. Thesecond
type of informationis the setof steady-statesolutions. For equationsdescribingmediumand high Reynolds number
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hydrodynamicsystemsthe numberof steadystatescanbe vast; howeverit is usefulto obtainasmuchof the pictureas
possible especiallyconcerningunstablesteadystates. The third type of informationis the eigenspectrunof the steady
statesLeadingeigervaluesareassociatedvith transitionsandlossof stability.

Thesethreetypesof informationareusuallyobtainedby separat@nalysesinvolving separateodesandresearcherddere

we proposea unified computationahpproacho the threetypesof calculation,all basedon a singletime-dependentode

andusingthe samesetof low-level routines.We canreadily transferflow fields betweereachof thethreecomputational
tools: Time-dependengimulationscanbe usedto generaténitial statesfor branchcontinuation.Unstablesteadystates,
possiblyperturbedyy theadditionof eigervectorscanseneasinitial conditionsfor time evolution. Suspectetifurcations
canbe confirmedby linear stability analysis.

A key stepis to useiterative Krylov technigueso invertanddiagonalizehe Jacobiammatrix, whichis toolargeto storeor to
transformdirectly. At thelow andmoderatdReynoldsnumberdor whichbifurcation-theoreti@analysiss mostmeaningful,
convergenceof Krylov techniquess greatlyacceleratethy preconditioninghe Jacobiammatrix with the Stokesoperator

3:00pm Yakov Pesin Chaosin Traveling Waves of Lattice Models of Un-
PennStateuniversity boundedMedia

Abstiact | illustrate somechaoticphenomenan lattice modelsof unboundednediawhich areassociatedvith traveling
wavesrunningwith large velocities. Although the dynamicson this setis finite dimensionait governsthe behaior of
“typical” solutionsin theinfinite-dimensionaphasespace®f extendedsystemswith dissipatiorandhigh enegy pumping
(of typeof multi-componentliffusionequations)! alsodiscussapplicationgo thetheoryof dynamicalsystemsandPDE.

| Thursday, October 2

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROOomEE/CS3-176
9:30am Andrew Stuart StatisticalPropertiesof Computationgor Large Coupled
StanfordUniversity Systemf Oscillators

Abstiact In thistalk we introducea modelappropriatdor the studyof stiffnessin certainlarge,highly oscillatory systems
of ordinarydifferentialequations The modelis motivatedby the desireto integratelarge systemsf interactingparticles,
suchasthosethatarisein moleculardynamicssimulationsn materialsscienceandcomputationathemistrywithoutusing
undulysmalltime-stepdut still retainingsomeform of accurag.

A protypicalmodelfor statisticalmechanicss to considerthe motion of a singledegreeof freedomoscillator (the “dis-
tinguishedparticle™) coupledby stiff springsto a large numberof harmonicoscillatorswhosenaturalfrequenciespana
broadspectrumihe statisticalpropertiesof this modelarefairly well-understoodn the casewhererandomnesss intro-
ducedthrougha measuren theinitial data. It is thusa naturaltestproblemwithin which to studyquestionsconcerning
the accurag of numericalsimulationsof large coupledsystemsf oscillators. A questionof particularimportanceis to
understandvhethemumericakimulationseproducehe correctstatisticor themotionof thedistinguishegarticlewhen
thetime-stepis large comparedo the shortestvavelengthsof the coupledharmonicoscillators.

This problemis studiedin variousdistinguishedimits describedy assumptionsnadeon the naturalfrequenciesf the
harmoniaooscillators.In particularwe studyawhite noiselimit in whichthemotionof thedistinguishegbarticleis governed
by the Langevin equation(an Ito stochastidifferentialequation);this leadsnaturallyto aninterestingclassof problems
concerningapproximatiortheoryfor ergodic Markov chains.We alsostudya colourednoiseapproximatiorto the white
noiselimit; this leadsto an interestingclassof non-Marlovian stochastigprocesses.In both casescomputationabnd
analyticalresultsarepresentedvhichillustratesomeinterestingssuesoncerneavith thenumericalaccurag of statistical
quantitiesconcernedvith thedistinguishedarticle.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
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11:00am David Levermore The Complex Ginzlurg-LandauEquationas a Perturba-
Universityof Arizona tion of the NonlinearSchibdingerEquation:A Melnikov
Approach

Abstract Thegeneralizedtomplex Ginzlburg-LandauCGL) equatiorhasa long historyin physicsasa genericamplitude
equationnearthe onsetof instabilitiesthat lead to chaoticdynamicsin numerousphysicalsystems. We studyit asa
damped-dren perturbationof the nonlinearSchibdinger(NLS) equation,which hasa Hamiltonianstructure. We give
conditionsthat quasi-periodi@andhomoclinicstructuresn the NLS phasespacemustsatisfyif they areto persistunder
the CGL perturbation We show thatfor NLS rotatingandtraveling waves,theseconditionsgenericlydeterminewvhich of
thempersist. Whenthe CGL hasa global Lyapunw function,a completebifurcationanalysisof persistingsolutionscan
be carriedout andtheir stability analyzed WhenthefocusingNLS equationis perturbedwe shav thatnoneof the NLS
orbitshomoclinicto rotatingwavespersist put ratherdistincthomoclinicstructuresareproducedy the CGL perturbation.

2:00pm Rudiger Seydel Two PDEdynamicalsystemawith bifurcations
Universitait Ulm

Abstiact Thistalk discussesvo PDEdynamicalsystemsa Navier-Stokesproblem,anda reaction-difusionproblem.

Thefirst dynamicakystenis a Marangoni-flav problem.A cylindrical barof silicon materialis subjectedo externalheat,
andis melting. Surfacetensioninducesaflow in themelt. The problemhasfree surfaces.Theoutersurfaceof thecylinder
is allowedto oscillatein time. Basedon numericalanalysisof C. Menke,we shav a period-doublingscenario.

The secondproblemarisesin imageprocessingTheaimsaretwofold: Perturbationén theimagemustbe smoothedut,
andedgesshouldbe presered. Theseaimscanbe pursuedby a modalanalysisof a reaction-difusionproblem. It turns
outthatstabilizationof certainmodesresultsin a problemwith Turing bifurcation.

6:30pm Workshop Dinner 1427Washingtorve. S.,Minneapolis:a15-minutewalk
Javel of India Restaurant acrosgheMississippi.

Friday, October 3

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
9:30am Hans G. Othmer Patternformationin early developmentof Dictyostelium
Universityof Utah discoideum

Abstract Dictyosteliumdiscoideuma cellular slime mold, is a widely studiedmodel systemfrom which basicinsights
into signaltransductioncell movement,chemotaxisand patternformation have beengained. Shortly after stanation,

randomlyspacedacemakrsbegin to periodicallyreleasecAMP which nearbycells detectvia surfacereceptors.These
cellsamplify thesignalby producingmorecAMP andrelayit by secretingcAMP. Aggregationresultsfrom thechemotactic
respons®f disperse@moebao theresultingtraveling wave of cCAMP. In this talk we will describea modelin which the

cells are treatedas discreteentitiesthat detectand respondto the continuumfield of the chemoattractantThe model

comprisesa mechanisnfor signaltransductiorand cAMP productionto describerelay, aswell ascell movementrules.

Wewill discussa split-time-stegparticle-in-cell’ computationahlgorithmto solve thereaction-difusionequationgor the

chemoattractantpgethemith the governingequationgor theindividual cell dynamics.

We shawv thatthis modelgivesinsightinto the origin of targetpatternsss. spiralwavesandinto the mechanisnof stream
formation. In particularwe shaw thatspiralwavescanarisespontaneouslywhentheintial cell distribution is randomand
we give computationakvidencethat streamformationis the resultof a finite-amplitudeinstability. We alsoshov how

aggreyationis affectedby differentmovementrulesanddiscusgechniquegor incorporatingmicroscopianovementrules
into macroscopicontinuumdescriptionof the aggreyationfield.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176
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11:00am JeroenMolemaker Path-following techniquedor largedynamicalsystems
Universityof Utrecht

2:00pm YousefSaad Variants of Krylov Projection Methodsfor Eigervalue
Universityof Minnesota Problems

Abstract Most of the successfumethodsfor solving large eigervalue problemsconsistof combining projection-type
techniquesvith afew otherstratgiessuchasdeflationandpreconditioning ThestandardPetro/-Galerkinconditionsused
to defineprojectionmethodsgive rise to a variety of differentmethods,someof which have beenconsideredn recent
years.Thesemethodsnvolve two subspacesa subspacds from which the approximatesigervectoris extracted(called
the“right” subspacejndasubspacd. of the samedimensionusedto defineconstraint§or computingtheseeigervectors
(the“left” subspace)Onecommonchoiceis to take the left andright spaceto be the sameandthis leadsto a standard
orthogonalprojectionmethodexemplifiedby the Lanczosalgorithmin the Hermitiancaseandthe Arnoldi algorithmin
thenon-Hermitiancase.A someavhatintriguing variation,derived by comparisorwith the GMRESalgorithmfor solving
linearsystemds to take . = AK. An (incorrect)motivationfor this approachis thatit actsasa projectionoperatorfor
theinverseof the matrix. We will considertheseoptionsanda few others,which involve invertingthe operator We will
comparesomeof thesevariantsboth experimentallyandtheoretically

Non-workshop event:

IMA  SEMINAR ON INDUSTRIAL PROBLEMS

11:15am Gabriel Taubin GeometricCompressiofasedn TopologicalSuigery
IBM T. J. WatsonResearclCenter

Abstract In thistalk | will describea new compressedepresentatiofor polyhedralmodelsandassociatedompression
anddecompressioalgorithms.

The Virtual Reality Modeling LanguaggVRML), is rapidly becomingthe standardile formatfor describing3D virtual
worldsonthe Internet.Staticanddynamicdescriptionsf 3D objectsalongwith multimediahyperlinksto contentinclud-
ing text, soundsmovies,andimagescanbe representedsVRML files. VRML browsers,aswell asauthoringtools for
thecreationof VRML files, arewidely availablefor severaldifferentplatforms.

Visually interestingRML files tendto belarge. In thistalk | will describethe VRML Compresse@inary Format. The
format significantly reduceshe file size and, subsequentlythe time requiredto transmitit acrossthe Internet. Com-
pressiorratiosof up to 50:1 or more are achieved for large models. The VRML Compressedinary Formatcombines
a binary encodingwith geometriccompressiono createcompactrapidly-parsablé&/RML files. Theformatis currently
beingevaluatedby the Compresse@inary FormatWorking Groupof the VRML Consortiumfor inclusionin the VRML
Standard.

The compressioschemeaepresenta polyhedronusingtwo interlockingtrees:a spanningreeof verticesanda spanning
treeof triangles.Theconnectvity informationrepresenteéh othercompactschemessuchastriangularstripsandgener
alizedtriangularmeshesganbedirectly derivedfrom this representationThealgorithmsdescribedn this papercompress
connectvity informationto anaverageof roughlytwo bits pertriangle. A variablelength,lossycompressiottechniquds
usedfor vertex positions,normalscolors,andtexture coordinates.

Theseminameetshis weekin the GeometryCenterLind Hall 400

| Monday, October 6 |

‘ Tuesday October 7 ‘

9:30am Informal Discussion: Continuousspectrdn travelling waves,etc.
(led by BernoldFiedler)

Thediscussiorsessiormeetsn roomVincentHall 570.
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IMA PostdocSeminar:

2:30pm Daniel Henry Onset of corvection and pattern selection in the
EcoleCentraledeLyon Marangoniinstability of mixtures

Abstract TheMarangoniinstability occursin fluid systemsubjectedo surfacetensioneffects. This instability is studied
herefor binaryliquid mixturessubmittedo the Soreteffectandconfinedin two- or three-dimensionakctangulacavities.
Onsefof convectionandpatterrselectiorabovethethresholdsrepresentedn alargedomainof characteristiparameters.
Attentionis focusedon the changesnducedby thevariationof the concentratioreffect.

Organizer:Kurt Lust

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembers but all interestedMA participantsare
encouragedtb attend.The Seminameetsin VincentHall 570.

WednesdayOctober 8

Math Department/IMASeminaron EvolutionaryEquations
in VincentHall 570

2:30pm GeorgeR. Sell Introductionto ApproximationDynamics
Universityof Minnesota

Abstract The needto find new theoriesand new algorithmsfor the study of the longtime dynamicalbehaior of very
high dimensionakystemsof differentialequationds the basicgoal of the relatively new theory of ApproximationDy-
namics. The basicissueonefacesin the theoryof ApproximationDynamicsis how well onecanapproximatehe long-
time dynamicsof the solutionsof a givendifferentialequation(1) z' = X (z) by thoseof an approximatesquation(2 )
y' = X(y) + Y(y), whereY is smallin asuitablenorm. Theissuesof ApproximationDynamicsarefundamentalssues
onefaceswhentrying to studythelongtimedynamicsof very high dimensionabkystemsf ordinarydifferentialequations,
suchasthe standardspatialdiscretization®f partial differentialequationsin this introductorylecturewe will presentan
overview of thecurrenttheoryof ApproximationDynamics.

Thursday, October 9

Seminaron Dynamicsand Mechanicsin Vincent Hall 570

10:10am Bjoern Sandstede Lin’s method— a homoclinic Lyapunw-Schmidtreduc-
Ohio StateUniversity tion

Abstract The focusof this talk is a detailedreview of Lin’s methodwhich is a techniquefor investigatinghomoclinic
bifurcations. Comparedvith Poincaremaps,it is not a geometricapproachbut similar to Lyapuna-Schmidtreduction.
It canbe usedto investigatebifurcationsto N-homoclinic solutionswhich resembleN copiesof a primary homoclinic
solutions. In addition, it is relatedto the PDE stability of pulses. In the talk, the techniqueis explainedin detail and
examplesaregiven.

| Friday, October 10 |

| Monday, October 13 |

Short Courseon Path Following and Bifur cationsin Scientific Computing

11:15am Herbert B. Keller Partl
Caltech
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Abstract Generaltechniquedor following regular pathswill be introduced. Several differentmethodsfor introducing
continuationparameterareshavn. Globalresultsandthe sign-changéemmaarecovered.Degreetheoryandthe homo-
topy invarianceof degreefollow with applicationssuchasa constructve proof of the Brouwerfixed-pointtheoremandthe
computatiorof periodicorbits.

Theshortcoursewill meetin VincentHall 570

‘ Tuesday October 14

9:30am Informal Discussion: Continuousspectrdn travelling waves,etc.
(led by BernoldFiedler)

Thediscussiorsessiormeetsn roomVincentHall 570.

IMA PostdocSeminar:

2:30pm Bernd Krauskopf Bifurcationsin a Diode Laserwith Opticallnjection
Vrije UniversiteitAmsterdam

Abstract We studya single-modediode lasersubjectto optical injection. (Opticalinjectionis a meansof stabilizinga
laserata prescribedrequeng andis alsousedfor opticalamplification.) This systemcanbe describey rateequations,
which mathematicallydefinea periodicallydrivenvectorfield in R3. Someof theinterestingdynamicsof this vectorfield
canbe studiedby a amplitude/phasequation thatis, by a planarvectorfield. We discusghe bifurcationsof this planar
vectorfield andtheir implicationsfor the behaior of thelaser In particular we areinterestedn the dynamicsnearthe
onsetof so-calledrelaxationoscillations whenthelaserbecomesinstable.

Organizer:Kurt Lust

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembers but all interestedMA participantsare
encouragedtb attend.The Seminameetsin VincentHall 570.

WednesdayOctober 15

Short Courseon Path Following and Bifur cationsin Scientific Computing

11:15am Herbert B. Keller Partll
Caltech

Abstract The study of steady-statdifurcationsand several waysto switch branchesat bifurcationsare covered. The

borderingalgorithmandits applicationsn pathfollowing areintroduced.Fold following andrelatedmattersin higher
codimensiorbifurcationswill bediscussed.

Theshortcoursewill meetin VincentHall 570

Math Department/IMASeminaron EvolutionaryEquations
in VincentHall 570

2:30pm GeorgeR. Sell Rolustnes®f ExponentiaDichotomiesfor Evolutionary
Universityof Minnesota Equations

Abstiact The objectof this lectureis to outline the proof of a robustnesgheoremfor the existenceof exponentialdi-

chotomiedor ordinaryor partialdifferentialequationsThe proofis new evenin thefinite dimensionatase We will give
someapplicationdor the studyof thelongtimedynamicsof the Navier-Stokesequations.
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Thursday, October 16

Seminaron Dynamicsand Mechanicsin Vincent Hall 570

10:10am Rafaeldela Llave NecessanandSuficient Conditionsfor Uniform Integra-
Universityof Texas,Austin bility

Friday, October 17

SEMINAR ON INDUSTRIAL PROBLEMS

11:15am CushHamlen ModelingandSimulationat Medtronic
Medtronic

Abstract Modelingandsimulationareplayinganincreasinglyimportantrole in the design,manuficture andsaleof the
productsmanuficturedby Medtronic. This is within the context of a highly competitve market wheretime to produce
a product, and the quality of that product, are critical. The devices and productsbuilt by Medtronic are basedon a

wide rangeof technologiesalthoughsometimesery large problemsaresolved, the challengemoreoftenis in designing
an appropriatemodel (using existing modelingtechnologies}jhat containsappropriatephysics,ratherthan creatingnew

modelingor solutiontechniques.

In thistalk someof thephysicalsystemf interestin productgproducedy Medtronicarepresentedexamplesof models
of thosesystemsare presentedvithin the context of the driving forcesfor creatingthosemodels: design,manufcture,
supportfor patentapplicationsandsupportfor marketing.

Theseminameetsn thelMA SeminalRoom,VincentHall 570

‘ Monday, October 20 ‘

‘ Tuesday October 21 ‘

9:30am Informal Discussion: Continuousspectrdn travelling waves,etc.
(led by BernoldFiedler)

Thediscussiorsessiormeetsn roomVincentHall 570.

IMA PostdocSeminar:

2:30pm Rolf-Martin Mantel Spiralwavesin two andthreedimensions
Univ. of Warwick/IMA

In excitable media,spiral-like waves exhibit stablelong-termstructures.We presenta shortreview of excitable media,
spiralwavesandBarkley’s PDE modelthatallows extremelyfastsimulationof spirals.

In two dimensionsspiral waves canbe moved by resonanperiodicforcing. In threedimensionsspiral-like structures
presentawide varietyof patterns We exploreseveral patternsaumericallyandstudywhetherit is possibleto controlthem
in asimilarway to two-dimensionaspirals.We show thatthe “twisted scrollring” canbeviewedasarelative equilibrium
undertheactionof the EuclideangroupE? .

Organizer:Kurt Lust

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembers but all interestedMA participantsare
encouragedtb attend.The Seminameetsin VincentHall 570.

GeometryCenter/ CombinatoricsSeminatin roomFord Hall 130:
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3:30pm llia Itenberg Combinatoriapatchworking of polynomialvectorfields
UniversitedeRennes

Abstiact We discussa new combinatoriatechniguethatallows usto construciplanarvectorfields of ary degreed with
atleast3d?/4 + O(d) limit cycles,andgive a completeclassificationof collectionsof nondgeneratesingularpoints of
vectorfieldsof any degreein R?. Jointwork with E. Shustin.

4:30pm Informal Discussion Modelsof Josephsodunctions
Led by Don Aronson

Meetsin Vin H 570

WednesdayOctober 22

Math Department/IMASeminarmon EvolutionaryEquations
in VincentHall 570

2:30pm Peter Szmolyan Singular perturbation analysis of self-similar zero-
TechnicalUniversityof Vienna viscositylimits of conserationlaws

Abstract Hyperbolicconserationlaws with anartifical viscosityterm
ut + f(u)y = etugy

admitself-similarsolutionsu(z, t) = u(z/t). Existenceof solutionsof the correspondingpoundary-alueproblemon the

real line and cornvergenceto solutionsof the correspondindgRiemannproblemin thelimit ¢ — 0 have beeninvestigated
by mary authors.All resultsobtainedsofarrely on a priori estimatesandcompactnesargumentshenceuniquenessf

limiting solutionsis not proved. We presenta novel approacho the problembasedon the invariantmanifold approach
of geometricsingularperturbationtheory The methodis constructve sincesolutionsof the Riemannproblemsene as

singularsolutionsin the context of geometricsingularperturbatiortheory At shocksinternallayersoccurwhich have the

structureof travelling waves. For solutionsof the Riemanrproblemconsistingsolelyof shockwavesseparatetdy constant
statesour geometricapproacHeadsto a clear completepicture of the existence structure,andasymptoticbhehaiour of

self-similarzero-viscositylimits.

IMA Tutorial:
Multiple-T ime-ScaleDynamical Systems

October23-24,1997
Spealers: ChristophedonegBrown), MichaelWard (UBC)

Thursday, October 23 ‘

Talks today arein the Seminar Room, Vincent Hall 570

8:30am Registration and Coffee Vin H 514& IMA Lounge,Vin H 502
9:20am Welcomeand Orientation W. Miller, R. Gulliver, C. Jones
9:30am Chris Jones InvariantManifoldsandSingularPerturbations

Brown University
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10:30am CoffeeBreak IMA Lounge,VincentHall 502

11:00 Chris Jones FenichelNormalForm andApplications
Brown University

2:00pm Michael Ward ExponentialAsymptoticsandBoundaryValueProblems
Universityof British Columbia

4:00pm IMA Tea(and more!) VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeveragewwill besened.

| Friday, October 24 |

8:30am Coffee IMA Lounge,VincentHall 502

9:30am Michael Ward MetastableDynamicsfor Reaction-DifusionEquations
Universityof British Columbia

10:30am CoffeeBreak IMA Lounge,VincentHall 502

11:00 Chris Jones TrackinglnvariantManifoldsin Fast/Slav Systems
Brown University

2:00pm Michael Ward PulseDynamics
Universityof British Columbia

IMA Workshop:
Multiple-T ime-ScaleDynamical Systems

October27-31,1997
OrganizersChrisJonegchair), Steve Wiggins (Caltech) AlexanderKhibnik (Cornell),
FreddyDumortier(Limburg), David Terman(Ohio State)

Marny physicalproblemsparticularlyin chemicalandbiological systemsjnvolve processethatoccuron widely varying
time scales. The resultingmodelis a systemthat hasa singularperturbationcharacter Suchproblemshave motivated
the developmentof much mathematicatheory including classicalasymptotictheory and a geometrictheory basedon
invariantmanifolds. The phenomenshatappeatin singularperturbatiorproblemsaresubtle,ofteninvolving expansions
in termsof quantitieshatareexponentiallysmallin termsof a smallparametein the problem. The singularstructureof
theseequationsanalso poseformidablenumericalchallenges.The goal of this workshopis to explore the connection
betweertheasymptoti@andgeometridheorieswith a particularemphasi®nexponentiallysmallphenomenagndto bring
researcherdevelopingthesemethodgogethemwith peopleworking on applicationsn biology, chemistryandmechanics.

Monday, October 27

Talks today arein Lecture Hall EE/CS 3-180
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8:45am Registration and Coffee ReceptiorROomEE/CS3-176

9:15am Welcomeand Orientation W. Miller, R. Gulliver, C. Jones

9:30am David McLaughlin ChaoticandHomoclinicBehavior in PDE’s
Courantinstitute,NYU

Abstract Homoclinicbehaior in integrablePDE’s canbe usedasa startingpoint to understandndorganizethe chaotic
behaior which is obsenedunderperturbations.This talk will summarizeanalyticalresultson the persistencef homo-
clinic orbitsunderdamped-drienandhamiltonianperturbationsTheseanalyticalresultswill becorrelatedvith numerical
obsenations.emphasizingnew experimentgi) withoutevensymmetryin spaceand(ii) for largeextendedspatialdomains.
Thelatteris importantfor the coexistenceof spatialandtemporalchaos.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am Nigel Goldenfeld RenormalizatiorGroup Approachto Global Asymptotic
Universityof lllinois Analysis

Abstiact Renormalizatiorandtherenormalizatiorgroup(RG) wereoriginally developedby physicistsattemptingto un-
derstandhe divergenttermsin perturbatiortheoryandthe shortdistancebehaiour of quantumelectrodynamicsDuring
thelastfew years thesemethodshave beenusedto studythe divergenttermsin perturbatiortheoryandthe long time be-
haviour of avarietyof partialdifferentialequationsProblemsstudiedincludesimilarity solutions gspeciallyintermediate
asymptoticof the secondind (Barenblattlassification)andtravelling waves.Mostrecently singularperturbatiorprob-
lemshave beentreated with particularattentionpaidto multiple-scaleanalysis boundarylayersandWKB, andmatched
asymptotics.

The RG works from the inner expansionalone, and never requiresasymptoticmatching. The RG methodstartsfrom
a regular perturbationexpansionin the small parameterand automaticallygeneratesan asymptoticsequencevithout
requiringtheuserto makeinsightfulguesseasto thepresencef “unexpected’powers,logarithmsetc. TheRG-generated
uniform approximationis practically more usefulthanthat generatedy matchedasymptoticsgven when extendedto
valuesof thesmallparameteof orderunity. It seemsthen,thatthe RGis widely applicableandcanbeusedmechanically

All of theseresultsare formal, and require significantmathematicalnvestigationin orderto be justified and properly
understood.

Thisis work performedn collaboratiorwith YoshitsuguOono,L.-Y. Chen,O. Martin, F. Liu.

2:00pm Amadeu Delshams Homoclinicorbitsto invarianttori in Hamiltoniansystems
Univ. Politecnicade Catalutya

Abstract We considera perturbatiorof anintegrableHamiltoniansystemwhich possesseisivarianttori with coincident
whiskers(like somerotatorsanda pendulum) Ourgoalis to measurghesplitting distancebetweertheperturbedvhiskers.
Emphasiss put onthe detectiorof theirintersectionswhich give riseto homoclinicorbitsto the perturbedori.

A geometrianethodis presentedvhichtakesinto accounthelLagrangiarpropertieof thewhiskeredtori. In thisway, the
splitting distances the gradientof ansplitting potential.In theregularcase(alsoknown asa priori-unstablethe Liapunov
exponentf the whiskeredtori remainfixed), the splitting potentialis well-approximatedy a Melnikov potential. This
methodis designedor the singularcase(alsoknown as a priori-stable: the Liapunos exponentsof the whiskeredtori
approacho zerowhentheperturbatiortendsto zero),whichis currentlybeingresearched.

Thisis ajoint work with PereGultiérrez.

3:00pm Richard Haberman Slow passagehrough a homoclinic orbit with subhar
SouthernMethodistUniv. monicresonances

Abstract Theslow passagéhroughahomoclinicorbitis analyzedor a periodicallyforcedandweaklydampedscillator
correspondingo a double-wellpotential. Multiphaseaveragingfails at an infinite sequencef subharmoniagesonance
layerswhich coalescenthehomoclinicorbit. An accuratgohaseof thestronglynonlinearoscillatorafterpassagéhrough
eachsubharmonicesonancés obtainedusingatime shift anda constanphaseadjustmentNearthe unperturbedhomo-
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clinic orbit, the solutionis a large sequencef nearlyhomaoclinicorbitsin which onesaddleapproachs mappednto the
next. The methodof matchedasymptoticexpansionss usedto relatethe solutionin subharmonicesonancéayersto the
solutionnearthe unperturbechomoclinicorbit. In this way, we determinean asymptoticallyaccuratedescriptionfor the
boundarie®f the basinsof attractioncorrespondingo captureinto eachwell.

Thisis joint work with JerryD. Brothers.

3:30pm Alexandra Milik The Geometryof Mixed-modeDscillationsin aChemical
Techn.Univ. of Vienna Oscillator

Abstract We presentageometricexplanationof a basicmechanisngeneratingnixed-modeoscillationsin a prototypical
simplemodelof a chemicaloscillator Our approactis basedon geometricsingularperturbatiortheoryandcanardsolu-
tions. We explain how the small oscillationsaregeneratedheara specialpoint, whichis classifiedasa folded saddle-node
for thereducedproblem. The canardsolutionpassinghroughthis point separatesmall oscillationsfrom large relaxation
type oscillations. This allows to definea one-dimensionaleturnmapin a naturalway. This bimodalmapis capableof
explainingthe obsenedbifurcationsequenceorvincingly.

Thisis joint work with PeterSzmolyan.

4:00pm IMA Tea(and more!) VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeveragewill besened.
Non-workshop event: IMA Industrial PostdocsSeminar
Theseminamwill meetfrom 10:00am—2:00pmtoday Theformatof the seminaiis:

1. Presentatiomf projectsand problemsfrom industry (Honegywell, Kodak, Siemens3M and LockheedMartin) on
whichtheindustrialpostdocsareworking.

2. Informal suggestionanddiscussioramongthe participants.

The seminaiis directedby Fadil SantosaAvner FriedmanandWalter Littman. Visitorswho planto attendarerequested
to inform oneof theorganizersin particular participantshouldindicatechoicesfor theboxlunch.

Theseminameetsn VincentHall 570

Tuesday October 28

Talks today arein Lecture Hall EE/CS 3-180
8:45am Coffee ReceptiorROomEE/CS3-176

9:00am Konstantin Mischaikow A topologicalapproacho fast-slev dynamics
GeogiaInstituteof Technology

9:30am Michael J. Davis Some Multiple-Time-ScaleProblemsin Chemical Dy-
ArgonneNationalLaboratory namics,MolecularSpectroscop & Kinetic Modeling

Abstract Severalproblemsin thetitled areasarediscussedn termsof their multiple-time-scalgroperties.In particular
theoriesof unimolecularreactionsand the descriptionof vibrational spectraand eigenstatesire mentioned. The main
focusof thetalk will below-dimensionamanifoldsin problemsnvolving kinetic modeling. The manifoldsaregenerated
numericallyusingtwo methods.Oneis the approximatemethodof Maasand Popeandthe otheris our modificationof
Frasers relaxationalgorithmwhich is ableto generatesxact low-dimensionaimanifoldsundersomeconditions. Some
simplemodelproblemsarediscusse@swell asapplicationgo gasphasechemicakinetics,vibrationalrelaxation,andthe
coarsenin®f solid surfaces.
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Thisis joint work with Rex T. Skodje.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am Linda Petzold Model Reductiorfor NonlinearDynamicalSystemgrom
Univ. of California, SantaBarbara Chemicalinetics

Abstract Thekineticsof a detailedchemicallyreactingsystemcan potentiallybe very complec. Althoughthe chemist
maybeinterestedn only afew speciesthereactionmodelalmostalwaysinvolvesa muchlargernumberof speciesSome
of thesespeciesarereferredto asradicals. Thesearehighly reactize speciequsuallyof low concentrationyvhich canbe
importantintermediariesn thereactionscheme A large numberof elementaryeactionscanoccuramoungthe species;
someof thesereactionsare fastand someare slow. The aim of simplified kinetics modelingis to derive the simplest
reactionsystemwhich retainsthe essentiafeaturesof the full system.In this lecturewe describean optimization-based
methodfor reductionof the numberof speciesandreactionsn chemicalkineticsmodels. Numericalresultsfor several
reactionmechanismaregivenwhichiillustratethe potentialof this approach.

2:00pm Michael Ward DynamicMetastabilityfor Reaction-DifusionEquations
Universityof British Columbia

Abstract Certainsingularlyperturbedartialdifferentialequationsxhibit aphenomenoknown asdynamicmetastability
wherebyreaction-difusion patternsevolve asymptoticallyexponentiallyslowly in time. For instance this metastability
occursin the propagatiorof thin interfacesfor phaseseparatioomodels,includingthe Cahn-Hilliardequationwhich has
applicationsto materialsscience. It alsooccursfor the GiererMeinhardtreaction-difusion systemthat modelspattern
formationin morphogenesis.The spealer will illustrate metastablebehaior for certainclassesof partial differential
equationf reaction-difusiontypeandwill shov how asymptotic spectralandnumericalanalysiscanbe usedto obtain

aprecisecharacterizationf the slow dynamics A necessargonditionfor metastabilityin thesediversetypesof reaction-
diffusionequationss thatthespectrunmassociate@ith thelinearizationof the partialdifferentialequatiorarounda certain
robust canonicalsolution, suchas a standingwave, containsexponentiallysmall eigervalues. As will be shavn, this

conditionis by no meanssufficient for the existenceof metastablébehaior. The talk will be aimedtowardsa broad
audiencéncludingthosewho have interestin partial differentialequationsmotion by curvature,dynamicalsystemsand

numericalanalysis.

3:00pm Xiao-Biao Lin Method of singular characteristicfor Hamilton-Jacobi
North CarolinaStateUniversity equationghatdevelopshockstructures

Abstract For aquasi-lineahyperbolicsystemthemethodof vanishingviscosityis usedto construcsolutionswith strong
discontinuity(shock). The solution consistsof two regular regions separatedby a free boundary(shock). A systemof

differentialequationghat governsthe free boundaryandits boundaryvaluesis derived by Melnikov's method. If the

systemis a conseration law, the differential equationis the well know Rankine-Hugoniotondition. If the systemis

non-conseration, the differentialequationis in a form of Melnikov type integral that generalizeshe Rankin-Hugoniot
condition.Solutionsin theregularregionsarethenobtainedby the methodof characteristics.

3:20pm Mohammed Ziane A mathematicaformulationof the Goldenfeldrenormal-
StanfordUniversity izationgroupmethod
3:40pm JiangzhongSu Delayof bifurcationphenomenandtheir analysis

Univ. of Texasat Arlington

Abstiact The phenomenaf delay of bifurcationoccurin somefast-slav problems(or simply slow passagéeroblems)
whereaparameteis slowly changingesultingin change®f staticstability. Thesolutionsof theequation(e # 0) actually
follow the unstablesingularsolution(e = 0) until someintegral conditionsaresatisfied.We considerseveralinteresting
casesdncluding the FitzHugh-Nagumdequation,FHN modelwith periodicforcing and particularly a systemwith one
simpleeigervaluewhich slowly passegero.

WednesdayOctober 29
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Talks today arein Lecture Hall EE/CS 3-180
9:15am Coffee ReceptiorROomEE/CS3-176

9:30am Anatoly Neishtadt On stability lossdelayfor dynamicalbifurcations
SpaceResearchnstitute,Moscav

Abstract In classicabifurcationtheorythebehaior of systemsgdependingn a parametelis consideredor valuesof the
parametecloseto somecritical, bifurcationalvalue. In the theoryof dynamicalbifurcationsthe parameteis changing
slowly in time andpasseshroughthe value,which would be critical in classicalstatictheory Somephenomenaarising
here,are drasticallydifferentfrom predictionsderived by a static approach. At a bifurcationalvalue of the parameter
the equilibrium or the limit cycle losesits asymptoticlinear stability, but remainsnondejenerate.In analytic systems
the stability loss is inevitably delayed: the phasepoints remainnearthe unstableequilibrium (cycle) for a long time
after bifurcation; duringthis time the parametechangedy a quantityof order1. Suchdelayis notin generalfoundin
nonanalytiqeveninfinitely smooth)systems.

Thetalk is devotedto estimate®f delaytime. Thedelaytimeis controlledby behaior of solutionsin theplaneof comple
time.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am Robert A. Gardner Stability Analysisof SingularPatternsfor the 1-D Gray-
Universityof Massachusetts ScottModel

Abstract The Gray-Scotequationgorm a systemof two singularlyperturbedreaction-difusionequationavhich exhibit

several interestingand novel spatio-temporapatterns. This talk is concernedwith the stability analysisof stationary
homoclinicpulsesolutionsnearthe singularlimit. Thesesolutionsare (rigorously)obtainedfrom a matchedasymptotic
expansionin a previous studyby Doelman,Kaper andZegeling,in which onecomponentasa singular‘spike” which

becomesinboundedn the singularlimit. In a scalingwhich resohesthefastdynamicsthe spike is approximatedy the

(unstable)homoclinicsolution of the scalarFisherequation. However, numericalexperimentsindicatethat, contraryto

intuition, thesingularl-pulsesolutionswill sometimedpestable.

The purposeof this lectureis twofold. First, a formal stability analysisis discussedvhich in which a reduced,scalar
nonlocaleigervalue problem(the NLEP equation)is derived from matchedasymptoticavhich predictsthat thesewaves
will indeedbe stablein certainrangesof parameters.The formal resultsare in excellentagrementwith the numerical
calculations.

Thesecondpartof thetalk is concernedvith arigorousstability analysisof thesesolutionsbaseduponthe Evansfunction

for the wave and on the stability index. The analysisprovidesa completemathematicakxplanationfor the mysterious
disappearancef the unstableeigervalue predictedby the fastreducedequationandit validatesthe predictionsof the

formal NLEP equation.

Anotheraspectof the analysisis the role of the continuousspectrumwhich approacheshe origin in the singularlimit.
This is a commonlyencounteregroblemin stability calcuationseara singularlimit. A novel methodfor handlingthis
difficulty is introduced,which involvesthe analytic continuationof the Evansfunction and the stability index into the
continuousspectrum.This requireghatthe spectraplanebelifted to a certainRiemanrsurface,sincethe Evansfunction
hasa branchpoint nearthe origin. The branchpoint playsa crucialrole in the calculationof theindex andtherefore,n
obtainingthe correcteigervaluecountnearthe origin of the spectrablane.

Thisis joint work with Arjen DoelmanandTassoKapet

2:00pm David Terman Multiple Time Scalesn Networksof NeuralOscillators
Ohio StateUniversity

Abstiact Oscillationsarisethroughoutthe centralnenoussystem. The thalamusfor example,is centrallyimportantin
the generatiorof sleeprhythms. It hasalsobeenimplicatedin the generatiorof Parkinsontremor, epilepsy and40 Hz
oscillations. Theserhythmsare often the resultof interactionsbetweerthe intrinsic propertiesof theindividual neurons
within the network and the synapticpropertiesof the coupling betweenthe neurons. Both the intrinsic and synaptic
dynamicsmay involve multiple time-scalesthesemay have a profoundinfluenceon the emegentnetwork behaior. In
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this talk, | will review modelsfor someof theserhythmsandthendiscussrecentresultsconcerningthe role of fastand
slow inhibitory couplingin generatinglifferentactivity patternswithin the networks.

3:00pm CoffeeBreak ReceptiorROOmEE/CS3-176
3:30pm TassoKaper Exchangdemmas: an overview and somenew applica-
BostonUniversity tions

| Thursday, October 30

Talks today arein Lecture Hall EE/CS 3-180

8:45am Coffee ReceptiorROomEE/CS3-176
9:00am ChongchunzZeng Invariant Manifolds and Invariant Foliations for Semi-
Courantinstitute,NYU flowsin BanachSpace

Abstract Invariantmanifoldsandinvariantfoliations areimportantgeometrictoolsin the studiesof dynamicalsystems,
which canbe usedto track asymptoticbehaiors. In this work, we extendthe resultsfor ODE’s anddiffeomorphismdo
generakemiflovs andmapsin Banachspaces.

9:30am Yulij llyashenko Embeddingheoremdgor mapsandnormalformsfor the
Cornell Univ./Moscav State & Indep. slow-fastsystems
Univs.

Abstract Slow-fastsystemawith periodicorbitsasattractordor thecorrespondindastsystemsarecalledoscillatory The
classicaltheoryof the slov-fastsystemsmnostly dealswith thosehaving singularpointsasattractorsof the fastsystems.
We call themstationaryin orderto distinguishfrom the oscillatoryones.

Thetheoryof the stationaryslow-fastsystemsn well developed. Thetheoryof oscillatoryonesis in its very beginning.
Yetthe secondheorymaybereducedo thefirst onethroughthe so-calledembeddingheoiems.

Thegermof amapatafixedpointis calledembeddablé it mayberepresentedsa phasedlow transformatiorof agerm
of avectorfield, calleda generatar Embeddingheoremdor mapsandtheir familiesclaim thatundercertainconditions
the mapsare embeddablefor the mapsof smoothfamiliesthe generatosmoothlydependson the parameter The talk
containsnew embeddingheoremsandtheir applicationgo the oscillatoryslow-fastsystems.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176

11:00am GeorgeHaller Homoclinicjumpingin evolution equations
Brown University

Abstract In mary physicalsystemsone canobsene fasttransitionsbetweerresonanstates,.e., stateswheresomeof
the phasevariablesbecomecommensurateExamplesinclude the phenomenorf ultrafastenegy transferin molecular
dynamicsandthe numericallyobsenedjumping behaior of the perturbedhonlinearSchibdingerequation.in thistalk |
describeaglobalperturbatiormethodto construcsolutionghatconnecslow trajectorieghroughfast,intermediatgumps.
As applications| discusssingleandcoupledNLS equations.

2:00pm Robert Roussarie Multiple CanardCyclesin VanDer Pol-like Equations
Universityof Bourgogne

Abstiact: A VanderPol-like equationis a singulardifferentialequationof the type:

j::y_F(x’b)a :I;IZGG(.’B,G,)
wheree is asmallparameterF, G aredifferentiablefunctionswith parameters = (b4, --- ,b) € R*, a € R, suchthat:
F = 12% + O(|b])O(z?) andG = a — z + O(z?). Dependingon F, multiple canardcycles,containing(0, 0) asunique
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singularpoint, canappearmlongtheline {y = F(z,b)}. Theirbifurcationsaregivenby anequationr{ A(y, a,b,e) = 0}
Whosederivedequation{% = 0} is equivalentto a differentiableone{1(y, b) + O(e) = 0}. TheprincipalpartI(y, b) of
thislastequationis equalto asimpleintegralin termsof F'.

Thisis joint work with F. Dumortier

3:00pm Pavol Brunovsky C* inclination theoremsfor singularly perturbedprob-
CorneniudJniversity lems

3:20pm Peter Szmolyan Extending Geometric Singular PerturbationTheory to
TechnischéJniversitit Wien Non-hyperbolidPoints

3:40pm DiscussionSession Panel: Marc Dienet FreddyDumortier Paul Fife, Chris

JonesPavid McLaughlin.

6:00pm Workshop Dinner Fourthfloor of CoffmanUnion

Campu<Club

Receptiorat 6:00with wine & cheesedinnerat 6:45.

‘ Friday, October 31

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
9:30am Petar K okotovic SingularPerturbation&ndMultiple Time Scalesn Con-
Univ. of California, SantaBarbara trol SystemModelingandDesign

Abstract This presentatiomwill review morethan30 yearsof successfuapplicationsof singularperturbatiorand multi-
time-scaletechniquego controltheoryproblems,ncluding optimal controlandguidance aswell asreduced-ordemod-
eling androbustnesso unmodelediynamics.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176

The following talk is joint with the IMA Seminaron Industrial Problems

11:15am DennisPerchak StokesianDynamicsSimulationof InteractingSolid Par-
Kodak ticles

Abstract The stability and rheologyof solid particle dispersionsareimportantto the manugctureof photographidilm
andpaper Usingthe StokesianDynamicssimulationmethoddevelopedby Bradyetal. (Ann. Rev. Fluid Mech.,1988)
we report2D simulationsof concentratednonodispersespherical solid particledispersionsnteractingvia both simple
attractve andrepulsive potentialsaswell asa morecomplicateddLVO potential. We examine,in particularthe effect of
mary-particleinteractionson thedispersiorrheology stability, andstructure at highervolumefractions.

Thisis joint work with RichardKlingbiel.
Theseminawill meetin VincentHall 570.

3:00pm HalloweenParty!! Costumesreencouraged—natquired.Bring yourfam-
VincentHall 502and570 ily for agoodtime!
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IMA NEWSLETTER # 256

November 1-30,1997

1997-98Program
EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

SeetheWinter, SummerandFall 1997IMA Updatefor afull descriptionof the 1997—98drogramon
Emeging Applicationsof DynamicalSystems.

| Newsand Notes |

IMA Workshop:
Dynamicsof Algorithms

Novemberl7-21,1997
OrganizersRafaeldela Llave (Texas)(chair) Linda Petzold(Santa
Barbara) Jend.orenz(New Mexico)

IMA Workshop:
Algorithmic Methodsfor SemiconductorCir cuitry

November24—-25,1997
OrganizersJacobwWhite (MIT)

Impr oved IMA Home Page

The IMA hassubstantiallyimprovedits homepageon the World-Wide Web, accessibléhroughnetscaper otherweb-
readingapplicationsat

http://www.ima.umn.edu
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For example,we now have workshopschedulesvhich arelinked to spealer abstractsavailable toward the end of the
monthbeforethe workshop.The pageis continuallyunderconstruction We invite commentsr suggestionsyhich may
beaddressetb webmaster@ima.umn.edu

In particular we appreciateary information aboutWorld-Wide Web links appropriateto currentand upcomingIMA
programs.

Schedulefor November 1-30,1997

‘ Monday, November 3 ‘

| Tuesday November4 |

AEM Seminarin the Mechanicsof Materials:

1:30pm Fernando Reitich Three-phaséoundarymotionsunderconstantelocities:
Universityof Minnesota thevanishingsurfacetensionlimit

Theseminawill meetin room227 AkermanHall

IMA PostdocSeminar:

2:30pm Tony Shardlow Applications of Inertial Manifolds to Linear Multistep
IMA/Stanford University Methods

Abstract | formulateandprove existenceandcorvergencepropertieof aninertial manifoldfor a classof linearmultistep
methodgLMMSs) approximatingareactiondiffusionequation(subjecto agapcondition).EachLMM is shavn, moreover,
to approximatea onestepmethodon the inertial manifold. This bringsthe approximatiortheoryof onestepsmethodto
bear andaccordinglymary resultsaboutthe continuity of invariantsetsof the reactiondiffusionequatiorwith respecto
approximatiorby LMMs areeasilyestablished.

Organizer:Kurt Lust

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembers but all interestedMA participantsare
encouragedtb attend.The Seminameetsin VincentHall 570.

WednesdayNovember5

Math Department/IMASeminaron EvolutionaryEquations
in VincentHall 570

2:30pm David Norman The continuousstirred-tankreactoras the diffusive limit
Universityof Minnesota of chemicallyreactingfluid flows

Abstract In this talk we considerthe relationshipbetweenchemicallyreactingflows and continuous-flav stirred-tank
reactorg CSTR).In particular we shaw that, in the limit asthe diffusivity goesto infinity, the solutionsof the reacting
flow PDE approachhe solutionsto the CSTRODE. We futher shav thatthe global attractorsfor the reactingflow come
arbitrarly closeto the CSTRglobalattractorasthe diffusivity goesto infinity.

Thursday, November 6

IMA/Math DepartmenSeminamon DynamicsandMechanics:
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10:10am Hink e Osinga Growing unstablemanifoldsof planarmaps
Universityof Minnesota

Theseminamwill meetin roomVincentHall 570

| Friday, November?7 |

‘ Monday, November 10 ‘

‘ Tuesday November11 ‘

IMA PostdocSeminar:

2:30pm Kurt Lust ComputingFloquetmultipliers
IMA/K. U. Leuven

Abstract In thistalk, wewill discusghecomputatiorof all or only thedominantFloquetmultipliersin singleandmultiple
shootingandGauss-Lgendrecollocationcodege.g.AUTO). We will shav how the monodromymatrix canberecovered
from the computationsandintroducethe periodic Schurdecompositior{with the correspondingeriodicQR algorithm)
asatool to computethe Floquetmultipliersin multiple shootingand collocationcodeswith high accurag. We will also
introducethe orthogonakubspacéerationmethodto computethe dominant-loquetmultipliers.

Organizer:Kurt Lust

NOTE: The PostdocSeminaris organizedby the IMA postdoctoraimembers but all interestedMA participantsare
encouragedtb attend.The Seminameetsin VincentHall 570.

4:30pm ShinyaWatanabe Modelsof Josephsodunctions
Informal Discussion

Thisinformal discussions led by Don Aronsonandmeetsin Vin H 570.

WednesdayNovember 12

IMA Informal Presentatiom VincentHall 570:

11:15am John Guckenheimer DSTool + Matlab
CornellUniversity

Math Department/IMASeminaron EvolutionaryEquations
in VincentHall 570

2:30pm Bjor n Sandstede Exponentiadichotomiedor semilinearelliptic equations
Ohio StateUniversity

Abstract Solitary wave solutionsof semilinearelliptic equationsin infinite cylinders frequentlyarisein applications.
Interpretingelliptic equation®n infinite cylindersasdynamicalsystemsn theunboundedpatialvariablehasprovedvery
usefulwheninvestigatingsolitary waves. Still, thereare major obstaclesn obtaining,for instance bifurcationresults
similar to thosefor ODEs. Here, persistencend continuationof exponentialdichotomiedor linear elliptic equationds
proved. With this techniqueathandsLyapunw-Schmidtreductionnearsolitarywavescanbe applied.

Thursday, November 13

IMA/Math DepartmenSeminamon DynamicsandMechanics:
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10:10am Bernd Krauskopf Resonanhomoclinicflip bifurcations
FreeUniversityof Berlin

Theseminawill meetin roomVincentHall 570
MathematicDepartmentolloquiumin roomVincentHall 16:

3:30pm Herb Keller Hilbert's SixteenthProblem:A NumericalAnalyst's Ap-
Californialnstituteof Technology proach

Teawill besenedat3:10pmin room120VincentHall

Friday, November 14

IMA Seminaron Industrial Problems

11:15am Wim Sweldens SecondGenerationNavelets: TheoryandApplications
LucentTechnologies

Abstiact In thelastdecadeavaveletshave beenappliedsuccessfullyo sound(1D),image(2D), andvideo(3D) processing.
Typical applicationdgncludecompressiomoisereduction progressie transmissionetc. Eachtime the datais definedon
anEuclideanspaceandsampledn aregulargrid.

Many applicationshowever, needwaveletsdefinedon generageometriegcurves,surfacesmanifolds),waveletsadjusted
to irregular sampling,or adaptve wavelet transforms. Thereforewe introduceSecondGeneratiorWavelets: wavelets
which are not necessariljtranslatesand dilates of one function, but still enjoy all powerful propertiessuchas time-
frequeng localization,multiresolutionandfastalgorithms.

While the Fouriertransformhasbeenthe principaltool in constructingclassicalvavelets,e.g. Daubechiest cannolonger
be usedto build SecondGenerationWavelets. We thereforepresenthe lifting schemean entirely spatialconstruction
technique.

We give exampleshow lifting canbe usedto build waveletsfor irregularsamplessphericawavelets,andmultiresolution
geometry We alsoshaw thatall classicawaveletscanbe obtainedthroughlifting, thatlifting speedsup the fastwavelet
transform andthatlifting allows for integerto-integerwavelettransformsvhich areimportantin lossycompression.

No preliminaryknowledgeof waveletswill beassumed.
Theseminameetsin theIMA SeminarRoom,VincentHall 570

IMA Tutorial on Dynamicsof Algorithms

2:30pm Rafaeldela Llave SomeConstructve Methodsin HamiltonianMechanics
Universityof Texas

This one-houttutorial will beanintroductionto theoreticabndcomputationaissuegelatedto, for example,periodicand
quasi-periodiorbitsof HamiltoniansystemsThiswill seneaspreparatiorfor someof thetopicswhichwill betreatedn
next week’s workshopon "Dynamicsof Algorithms”. Certainothertopicswereadequatelgoveredin the Septembed—9
tutorial on “Numerical Methodsfor Bifurcation Problems”.

Thetutorial will meetin VincentHall 570.

IMA Workshop:
Dynamicsof Algorithms

Novemberl7-21,1997
OrganizersRafaeldela Llave (Texas)(chair) Linda Petzold(SantaBarbara),
Jend_orenz(New Mexico)
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Therearedeepconnectiondetweerthetheoryof algorithmsanddynamicalsystemgheory

On one hand, the transformationof dataeffectedby an algorithm can be consideredas a dynamicalsystemand the
techniquesf dynamicalsystemsanbe usedto analyzepropertiessuchasglobalcornvergence asymptotiaates,etc, and
eventuallyleadto betternumericalalgorithms.

On the otherhand,computationgn dynamicalsystemsresentspecialchallenges.For example,the objectsto be dis-
cretizedaregeometricobjectsor have a very strongalgebraiccomponentWhatis known a priori of the solutionsaffects
thedesignof algorithms.Suitablydesignedlgorithmsmaybe usedasingredientsn rigorousproofs.

Monday, November 17

Talks today arein Lecture Hall EE/CS 3-180

8:45am Registration and Coffee ReceptiorROomEE/CS3-176
9:15am Welcomeand Orientation W. Miller, R. Gulliver, R. dela Llave
9:30am Uri Ascher DAEsthatshouldnotbesolved

Universityof British Columbia

Abstiact The closingdecade®f the 20th centuryhave seenmary scientistsecognizehattheir mathematicainodelsare
in factinstance®f DAES, or of ODEswith invariants.Sucha recognitionhasoftencarriedwith it the benefitof affording
anew, sometimesevealing,computationalook attheold problem.

But onemustnot concludethatreformulatinga mathematicamodelasa DAE is alwaysa goodidea. Neithershouldone
automaticallyassumehata numericalapproximatiorof an ODE with aninvariantmustrespectheinvariantfirst, andonly
thenworry aboutdiscretizinghe ODE. In thistalk we give someexamplego thecontrary:e enforcingenegy conseration
in highly oscillatoryHamiltoniansystems;» moving meshegor PDEs;ande reproducingan entirehomotoyy pathasa
way for reachingts end.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176

11:00am RoswithaMarz Dynamicsof DAE-Algorithms
Humboldt-Unversi&tBerlin

Abstract WhenintegratingregularODEsnumerically onetriescarefullyto matchthedynamicsf thenumericaklgorithm
andthe true solution behaiour well. Applying analogousiumericalmethodsto DAES, one expectsto reacha similar
harmonizationHowever, surprisingly now thealgorithmsmaybehae very differently.

This talk aimsat analysingthe reasorfor that differentbehaiour. In particulay certainsubspacesloselyrelatedto the
geometryof the DAEs areshown to influencethe dynamicsof the algorithmssignificantly Furthermorewith regardto
matchingthe numericalandtrue dynamicsbetter regularizationis revisited.

2:00pm Marian Mr ozek Representabl®lultivaluedMapsasa TopologicalBridge
University of Krakow betweerDynamicsandFinite Mathematics

Abstlact Representablmultivaluedmapsmay be viewedasa generalizatiorof the conceptof intenal arithmetic. How-
ever, unlike theinterval arithmetic,they have fruitful connectionwia topologywith continuousnathematicsTheconnec-
tionscombinedwith the simplebut significantideaof inheritanceenablesoneto translatesomequestionsn dynamicsto
combinatoricssolve themalgorithmicallyandtranslatethe solutionbackto dynamics.This providesan efficient setting
for constructingcomputerassistegroofsin dynamics.

4:00pm IMA Tea(and more!) VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeveragewill besened.

| Tuesday November 18 |
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Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorRoOomEE/CS3-176
9:30am BenedictLeimkuhler Symmetry-Preservinddaptive Integratorsfor Coulom-
Universityof Kansas bic Fewn-Body Problems

Abstiact Integrationof CoulombicN-bodyproblemsnvolving closeapproachess astandargroblemin astrophysicend
is alsoencountereth certainquasi-classicadpproacheto atomicproblems.Stableintegrationrequireshe useof coupled
time andcoordinateransformationgKustaanheimo-Stiefeegularization).In this talk, the authorwill shaw thatthe KS

framewvork canbe combinedwith anadditionaltime-transformationda specialintegrationmethodto yield a symmetry-
preservingintegrator For systemsdominatedby two-body (as opposedo three-body or more) close approachesan
argumentcanbe madethatpreserationof symmetryleadsto improvednumericalbehaior.

ExamplesuchasHet e~ scatteringandperturbedeplerproblemsllustratethe dramatidmprovementsbtainableoy the
adaptve-reversibleschemes.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176

11:00am Debra Lewis Conservingalgorithmson Lie groups
Universityof California,SantaCruz

Abstract Standardlgorithmsfor numericalintegrationof initial valueproblemsareformulatedonvectorspacesndmake
crucialuseof thatstructureall tangenspacesreidentified,allowing averagingof tangentectorswith distinctbasepoints,
andthe updateis performedby settingan appropriatedifferencequotientequalto the resultingaverage.To extendthese
algorithmsto generalmanifolds,it is necessaryo develop analogsof theseoperationghatarevalid andimplementable
in anonlinearsetting.Lie groupsandtheir tangentor cotangenbundlesform a classof manifoldsfor which particularly
naturalgeneralization®f theseproceduregxist. The groupstructurecanbe exploitedin the constructionof integration
schemegeneratingrajectoriedying exactly in the (nonlinear)phasespace.The usualweightedaveragef vectorfield
evaluationsarecomputedn the Lie algebraor its dual usingthe naturaltrivializationsof the tangentand cotangenbun-
dles;theresultingupdatevectoris thenmappednto the phasespaceusingeitherthe exponentialmapor anapproximate
‘algorithmic’ exponentialmap. Thusthe computation-intense stepsof the algorithmarecarriedout on a vectorspaceof
the samedimensionasthe phasespacethisis particularlyadvantageou implicit schemeswherethe residualequation
mustbe solved, typically by aniterative method,at eachtime step. Variouscombinationof conserationlaws (e.g. con-
senationof enegy, momentumor the symplecticstructure)of the original mechanicasystemcanbeincorporatedn the
associate@lgorithms. An appropriatechoiceof trivialization cansignificantlysimplify theimplementatiorof suchcon-
straints. Groupdecompositionganbe usedto designefficient algorithmicexponentialsthesedecompositiongre often
suggestetby the symmetrief therelevantmechanicasystem.

2:00pm Erik Van Vleck Applicationsof OrthogonalntegrationTechniques
ColoradoSchoolof Mines

Abstract We considerapplicationsn which oneneedgo computethe (smooth)QR factorizationof afundamentaimatrix

solutionY. Of course for stability reasonsgxplicit computationof Y hasto be avoided,andoneseeksto computethe

@ and R factorsdirectly. Applicationsinclude approximationof Lyapuna exponents,continuousorthonormalization
techniquefor solving two-point boundaryvalue problems,andeigervaluecalculation(isospectraflow). Both analytical
andnumericalresultsarepresented.

3:00pm CoffeeBreak ReceptiorROomEE/CS3-176

3:30pm EstelaGavosto Complex AnalysisTechniquegor the HenonMap
Universityof Kansas

Abstract Thecomplex HEnonmapis the comple versionof the mappingstudiedby Hénon,
H(z,y) = (1 — az® + by, z).
Besideghewell-knowvn relevanceof this mappingin therealcasefundamentabbjectsin comple analysisarisefrom the
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studyof the dynamicsof this mappingin C2. Examplesof suchobjectsareFatou—Bieberbacomains (Theseareproper
subset®f C? biholomorphicto C2.)

We will describean analytic methodto find the location of homoclinic tangenciesand someapplications. From the
complex analysisperspectie, it is importantto find suchtangenciedecauseloseto someof themthereare infinitely
mary Fatou-Bieberbacbdomains.

4:30pm John Guckenheimer Computationof periodicorbits usingautomaticdifferen-
CornellUniversity tiation
WednesdayNovember 19

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROOomEE/CS3-176

9:30am Andrew Stuart CorvergenceProofsfor NumericalSoftware
StanfordUniversity

Abstiact The studyof the runningtimesof algorithmsin computersciencecanbe broken down into two broadtypes:
worst-caseanalysesand average-casanalyses. For mary problemsthis distinctionis very importantas the ordersof

magnitude(in termsof somemeasureN of problemsize) of the running times may differ significantlyin eachcase,
providing usefulinformationaboutthe meritsof the algorithm.

A similar situationoccursfor certainrealnumberalgorithmswhich areusedin commonlyavailablesoftwarein numerical
analysisalthough,in the worstcase thesealgorithmsmay fail completely Analysisof real numberalgorithmsfrom this
perspectie wasinitiated by Smalein his pioneeringstudy of Newton’s method. Subsequentvork in the areaof linear
algebrawas undertalen by Demmeland hasbeenelaboratecbn by mary others. This work on Newton’s methodand
in linear algebrawill be reviewed; thenrecentwork by the authorand Harbir Lambaconcerningsimilar analysisfor
commonlyusedODE softwarepackage¢suchasMATLAB) will bedescribed.

A valid criticism of the average-casanalysef theoreticalcomputerscienceis thatthey are highly dependentn the
measurglacedon thespaceof problems.This viewpointwill bediscussedh thecontext of realnumberalgorithms.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176

11:00am Michael Shub MultihomogeneouandGauss-Neiton Methods
IBM WatsonResearclCenter

Abstract We generalizevork of ShubandSmaleon Newton andProjectize Newton Methodsto cover multihomogeneous
systemandoverdeterminedystem®f analyticmaps.Includedaretheevaluationmapof polynomialsystemsandthegen-
eralizedeigervalueproblem.By understandinghe discof convergencearoundthefixed pointspointswe give compleity
estimatedor continuationalgorithmsto find the zerosof systems.

Thisis joint work with J. P. Dedieu.

2:00pm Mar ek Rychlik Compleity andapplicationsof parametricalgorithmsof
Universityof Arizona computationablgebraicgeometry

Abstlact The Comprehensie GrobnerBasisalgorithmof V. Weispfenningcanbe appliedto computethe maximal di-
mensionof an algebraicvariety dependingon parametersnd a variety of other problemswhich canbe solved in the
non-parametricasewith the help of GrobnerbasesThealgorithmandits experimentaimplementatiorin CommonLisp
will bedescribedA varietyof examplesrom severalareasof mathematicseindsciencewill bepresentedncludingbifur-
cationtheory mechanicandchemistry In particular benchmark®n somescalabledynamicalsystemswill bediscussed.

3:00pm CoffeeBreak ReceptiorROomEE/CS3-176
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3:30pm Ricardo Oliva Combinatoricof complex HEnonmappings
IMA/Cornell University

3:50pm GeorgeCorliss Interval “all together'methodfor parameteidentification
MarquetteUniversity
4:10pm Baker Kearfott Automaticverificationof dynamicalsystemsproperties

Universityof Southwesterhouisiana

Abstract Propertieof dynamicalsystemsareoftenspecifiedby propertieof solutionsto nonlinearsystemsf equations.
For example,bifurcationpointscorrespondo parameteraluesin a parametrizechonlinearsystemwherethe numberof
suchsolutionschanges.

With interval computationsgomputerarithmeticcanbe usedto rigorouslyprove thatsuchdynamicalsystemshave certain
propertiesThefollowing contextswill be highlighted:

e Incorporatiorof interval arithmeticin path-folloving algorithmsto verify continuatioralongasinglemathematicapath.
¢ Useof interval arithmeticto computethe topologicaldegreeof a mapping.

e Useof interval arithmeticto verify aparticularvalueof thetopologicaldegreeof a mapping.

e Useof interval arithmeticto rigorouslyfind all solutionsto a nonlinearsystemof equationswithin a particularregion of
spacdfinite or infinite-dimensional).

Therelative difficulty andpracticalityof eachof thesetaskswill bediscussed.

4:30pm William Schelter Net Math, aweb-based¢domputationatool
Unversityof Texas

4:50pm Mar ek Rychlik Computationsvith Grobnerbasesandapplicationgo dy-
Universityof Arizona namicalsystems

Thursday, November 20

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
9:30am JamesYorke How do we find out whata dynamicalsystemis doing?
Universityof Maryland

Abstlact The Maryland chaosgrouphasdevelopeda numberof algorithmsaimedat discoveringwhat is happeningn
a dynamicalsystemof low dimension. In particularl will discussthe BA (Basinsand Attractors)routine (developed
with HelenaNusse)thataimsat finding all the basinsandattractorsof 2-dimensionamaps. It canalsofind the smallest
trappingregionthatanattractodiesin, with therestrictionthatthetrappingregionis aunionof grid boxes.Simplereliable
algorithmslet us find trajectoriesthat lie on the boundaryof basins. We call these“basin straddletrajectories”. Other
routineswill discussedvith somedemonstrationasinga PC. Mathematicianfiave saddledhe scientificcommunitywith
theconcepbf chaoticor strangeattractor Yetexceptin veryrarecase®f hyperbolicattractorsit isimpossibleto conclude
for aspecificdynamicalsystenrigorouslythatsuchanattractorexists. | will discussalternatvesto thistheory

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176

11:00am Tim Sauer Scalinglaws for shadaving time
GeogeMasonUniversity

Abstlact A shadaving trajectoryis a true trajectoryof a map or differentialequation,that closelytracksa computed

approximatesolution. For systemsexhibiting hyperbolicand nearhyperbolicchaoslong shadeving trajectoriescanbe
shawn to exist, meaningthattrajectoriesconstructedn thepresencef one-steperrorsstill representrue systembehaior.
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We will reporton recentstudiesof strongly nonhyperbolicsystemsjn the casewherefinite-time Lyapuna exponents
fluctuateaboutzero, for which long shadaving trajectoriesapparentlydo not exist. Scalinglaws govern the length of
shadaving trajectoriesn termsof one-stegerrorandthe statisticsof thefinite-time Lyapuna exponents.

2:00pm Donald J. Estep Preseration underdiscretizationof invariantrectangles
Geogialnst. of Technology for solutionsof reaction-difusionequations

Abstiact The existenceof invariantrectangledor solutionsof reaction-difusion equationshaspowerful consequences
for the analysisof theseproblems. Likewise, the existenceof invariantrectangledor numericalsolutionshasstrong
consequencamn thebehaior of theapproximationWe explain someof these gspeciallywith respecto estimatiornof the
error, andthendescribewo waysto persereinvariantrectanglesinderdiscretization.

MathematicDepartmentolloquiumin roomVincentHall 16:

3:30pm Bernold Fiedler SturmAttractors
FreieUniversittBerlin

Abstiact The global attractorsof parabolicpartial differentialequationsn one spacedimensionwill be describedby a
combinatoriabbject:the meanderingpermutationsvhich ariseby the orderingsof equilibriumsolutionsatthe boundary

Thussomediscrete ODE-typeinformationdetermineshe variationalPDE dynamics.
Theresults basedn Sturm-typenodalpropertiesarejoint work with CarlosRocha.

Teawill besenedat3:10pmin room120VincentHall

6:30pm Workshop Dinner 1427Washingtorve. S.,Minneapolis:a15-minutewalk
Javel of India Restaurant acrosgheMississippi.

Friday, November21

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
9:30am SebastianReich Numerical Integration of Hamiltonian Systemswith a
Konrad-Zuse-ZentruniBerlin Comple SolutionBehavior

Abstract The numericalintegration of Hamiltoniansystemawith differenttime scalesand exponentiallydiverging tra-
jectoriesis a challangingtask. In particular standardorward error analysiscannotclarify the questionif the obtained
numericalresultsmake ary sensefor long-termsimulations. The recentprogressn the backward error analysisof sym-
plecticmethodgor Hamiltonianproblemamight changehis unsatisfyingsituation.ln my talk | will applybackwarderror
analysisnormalform theory andthe concepibf shadaving to shaw thatfor hyperbolicHamiltoniansystemsandsystems
with adiabatidnvariantsthataredueto separatetime scalesthenumericakesultscanbeinterpretedn ameaningfulway.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176
11:00am ErnstHairer Asymptoticexpansionsversusbackward analysisfor nu-
Universityof Geneva mericalintegrators

Abstract We considemumericaimethoddor solvingordinarydifferentialequationsAsymptoticexpansion®f theglobal
error(Henrici 1962,Graggl1964,Stetter1973,...) onthe onehand,andbackwarderroranalysis(FengKkang1991,Sanz-
Sernal992, Yoshidal993,...) on the otherhand,both have asobjective a betterunderstandingf the global error of
integrationmethods.
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On a formal level both approachegyield equivalentrepresentationsf the numericalsolution, but as soonas rigorous
estimatesaredesired the resultsare completelydifferent. The reasonis thatin the theoryof asymptoticexpansionghe
diverging seriesaretruncatedin the spaceof solutions,whereasn the theoryof backward error analysisthe seriesare
truncatedin the spaceof vectorfields. Due to its good approximationproperties,backward error analysisgives nen
insightinto numericalmethodsfor a variety of problems:long-timeintegrationof Hamiltonianor reversibledifferential
equationgconsenrationof enegy andof KAM tori), asymptoticallystableperiodicorbits, Hopf bifurcation,invarianttori
of dissipatvely perturbedHamiltoniansystemsThetheoreticaresultswill beillustratedwith severalexamples.

2:00pm Luca Dieci Integrationof Matrix EquationsOrthonormalntegrators
GeogiaInstituteof Technology

Abstiact Recentlytherehasbeensomeinterestin structurepreservingntegrationmethodgor solvingmatrix differential
equationsOneclassof suchmethodsareorthonormaintegrators:techniqueso solve matrix differentialequationsvhose

solutionis orthonormal. We discussanalysisandimplementatiorof thesetechniquesParticularattentionis paidto algo-
rithmsbasedon the decompositiorof the soughtmatrix in termsof elementaryHouseholdeand Givenstransformations.

3:00pm Workshop Discussion Issuedor thefuture

DiscussiorleaderslindaPetzold Andrew Stuart,Jamesrorke, JohnGuckenheimerRafaeldela Llave

IMA Industrial PostdocsSeminar
Theseminamwill meetfrom 1:00—4:00pmtoday Theformatof the seminaris:

1. Presentatiomf projectsandproblemsfrom industry (Honeywell, Kodak, SchlumbegerandLockheedMartin) on
whichtheindustrialpostdocsareworking.

2. Informal suggestionanddiscussioramongthe participants.

The seminaiis directedby Fadil SantosaAvner FriedmanandWalter Littman. Visitorswho planto attendarerequested
to inform oneof theorganizers.

Theseminameetsn VincentHall 570

IMA Workshop:
Algorithmic Methodsfor SemiconductorCir cuitry

November24-25,1997
Organizers:Jacobwhite (MIT)

The aim of the workshopis to bring togetheresearchera/ho work on algorithmicmethodstogethemwith researchers
semiconductocircuitry in orderto addresghe difficult computationalssuesthat arisein circuitry. The actities will
includeinformal presentationanddiscussions.

Thetopicswill include:

¢ Linearandnonlineamodel-ordereduction(includingeigervalue-calculatiotbasedapproach).
¢ Methodsfor quasiperiodi@nalysigincludingnonlineamphenomenin oscillatingcircuits: stability andbifurcation).

e FastPDEsolversplusMOR
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o Partitioningmethodsoveringareasuchaswaveformrelaxationdomaindecompositiorfparallelcircuit simulation)
andmixedlevel simulation.

Researcherareinvited from bothuniversitiesandindustry

Monday, November 24

Talks today arein the Seminar Room, Vincent Hall 570

8:00am Registration and Coffee IMA Lounge,VincentHall 502

8:30am Welcomeand Orientation W. Miller, R. Gulliver, J. White

Monday morning topic: Radio—FrequencyCir cuit Analysis— Part |

8:40am KenKundert OpenProblemsn RF Simulation
Cadence

Abstract Theincreasinglemandor low-costmobilecommunicatiorsystemsasgreatlyexpandedheneedfor simulation
algorithmsthatarebothefficientandaccuratevhenappliedto RF communicatiortircuits.

RFcircuitshave severaluniquecharacteristicthatarebarriersto theapplicatiorof traditionalcircuit simulationtechniques.
OverthelastdecaderesearcherbBave developedmary specialpurposealgorithmsthatovercomethesebarriersto provide
practicalsimulationfor RF circuits, often by exploiting the very characteristidhat representedhe barrierto traditional
methods.

Despitedramaticprogressthe averagedesigncycle of an RFIC is still twice the lengthof thatfor otherICs foundin a
communicatiorsystem suchasacellularphone.This representa significantpracticalbarrierto integrationof theRF and
basebandectionf atranscerer ontoa singlechip. Clearly, moreprogresss necessary

The principlesemployedin the developmeniof modernRF simulatorsareintroducedandvarioustechniquegurrentlyin
use,or expectedo bein usein the next few years,aresuneyed. Severalopenproblemsareidentified.

9:00am Peter Feldmann Simulationof the periodicandquasi-periodisolutionsof
Bell Labs nonlinearcircuits

Abstract Thetalk will focusonalgorithmsfor thecomputatiorof thesteady-stateesponsef nonlinearcircuitsexcitedby
periodicandquasi-periodisignals.We first formulatethe periodicsteady-stat@roblemin time andfrequeng domains,
anddescribeéhemethodof harmonic-balance frequeng-domainalgorithm. Theharmonic-balancelgorithmis rendered
efficientandpracticalfor large circuitsby useof preconditionedKrylov subspace-baséwratve methodgor solvingthe
large anddensesystemaf linear equationswhich arise. Next, we addresghe computatiorof the quasi-periodicsteady-
statesolutionof circuits excited by several periodic stimuli of incommensuratéequencies.Here,we discussa general
formulationof the problem,from which we derive the frequeng-domainsolutionmethod: multitoneharmonicbalance,
andthemixedtime-and-frequencdomainmethod:ervelopefollowing. Again,thesemethodsely ontheKrylov subspace-
basedterative linearsolvers.

9:20am CoffeeBreak IMA Lounge,VincentHall 502
9:50am Jaijeet Roychowdhury A Unifying Formulationfor Analysing Multi-Rate Cir-
Bell Labs cuits

Abstract Widely separatetime scalesarisein mary importantcircuit applicationse.g., switched-capacitdilters, mixers,
switchingpower corverters etc. Detailedanalysisof suchcircuitsis oftendifficult orimpossiblewith availablemethods,
especiallywhenstrongnonlinearitiesare present.in this talk, a novel formulationand numericalmethodsare presented
for analyzingnonlinearcircuits with widely separatedime scales. The key to the new techniqueds the use of multi-
variatefunctions(functionsof severalvariables)o represensignalswith widely separatedime scalesefficiently. Using
multivariatefunctionsleadsto a partial differentialform for the circuit or systemequationswhich we call the Multirate
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Partial Differential Equationor MPDE. Previous methodsfor quasi-periodicor envelopeanalysisof multi-rate systems
correspondo specificchoicesfor solvingthe MPDE numerically

We presenthew methoddgor solvingtheMPDE in thetime domain,enablingstrongnonlinearitiego be handledeffectively.
Computatiorand memoryareindependenbf the separatiorbetweentime scales)eadingto considerablesaszings when
the disparityis large. For large circuits, iterative linear techniquesare usedto circumwent costly matrix factorizations.
Representate circuit examplesareanalyzedwith the new methods.

10:10am JacobWhite SomeNumericallssuedn OscillatorNoiseComputation
MIT

Abstract Thetime-averagedspectraldensityof noisein oscillatorscanbe computedby frequeng-domainanalysisof
the time-varying linear systemgeneratedrom linearizing aboutthe oscillator’s periodic steadystate. When computing
the componenbf the noisethatis usuallyreferredto asphasenoise,thereis a numericaldifficulty thatcanbe partially
resohedby computingcertainmatrix eigervectors.In thistalk | will describehedifficulty andaresolutionthatis usually
effective.

10:30am Discussionsession Kundert,FeldmannRoychondhury, White et al.

Monday afternoontopic: Radio—FrequencyCir cuit Analysis— Part 1l

1:40pm Mik e Green Improved DC and Steady-Stat€ircuit SimulationUsing
Iniv. of California,Irvine Probability-oneContinuationMethods

Abstract Findingthe DC operatingpointsof anonlinearcircuit is oneof themostimportantanddifficult tasksin electrical
circuit simulationandthushasbeenan active areaof researchor mary years.In the vastmajority of circuit simulations
(e.0., SPICEandits variants)the Newton-Raphsoralgorithmis used. However, this algorithmis not guaranteedo con-

verge. A betterapproachio finding thesolutionof a setof nonlinearequationss the useof a continuatiormethod.Recent
work in this field by the spealer and othershasshaowvn that properuseof a continuationmethodmakes possibleglobal

convergencethatis, anoperatingpointis guaranteedb befound.

In thistalk thefollowing researchwill bediscussed:

1. Developmentof an algorithm, basedon a novel continuationmethod,that automaticallysearchegor multiple DC
operatingpointsof a circuit without ary interventionfrom theuser

2. Automaticdiagnosisandrectificationof corvergenceproblemsusingcontinuatiormethods.

3. Generalizatiorof algorithmsusedfor DC operatingpoint analysisto steady—statanalysisof autonomouslynamic
circuits.

Thisresearcthasthepotentialof constructinga globally corvergentalgorithmthatallows theuserto avoid thetrivial (i.e.,
DC) stateandis capableof searchingor multiple modesof oscillation.

2:00pm Ljiljana Trajk ovic Homotopy Algorithmsfor Finding DC and SteadyState
Univ. of California,Berkeley Solutionsof NonlinearCircuits

Abstiact Parameteembeddingalsocalledcontinuatiorandhomotopy) methodsarerobustandaccuratenumericatech-
niquesfor solvingnonlinearalgebraicequationsPastimplementatiorof homotogy algorithmsin industrialcircuit simula-
tors provedthatthey wereviable optionsto resolvingconvergencedifficultieswhenfinding circuits’ DC operatingpoints.
They alsoshav promisein finding steady-stateolutionsof highly nonlineartransistorcircuits.

The main drawvbackin usinghomotopy methodsis their computationaintensity Thereforethey are mostsuitablefor
solving difficult nonlinearproblemswhereinitial solutionsare hardto estimateor multiple solutionsare desired. For
circuitsthatfall in this category, homotoyy algorithmsoffer a very attractve alternatve.

We illustratethat successfutlesignof suchalgorithmsandtheir implementatiormustexploit fundamentapropertiesof
transistorcircuitsandshouldrely on thoroughunderstandingf their nonlinearbehaior.

2:20pm CoffeeBreak IMA Lounge,VincentHall 502
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2:50pm Rolf Neubert Computationof PeriodicSolutionsof Electrical Circuits
SiemenAG in the Neighborhoodf Hopf Bifurcation Points

Abstiact A new methodfor the computationof periodic solutionsof electricalcircuits in the neighborhoodof Hopf
bifurcationpointsof the underlyingdynamicalsystemis proposedThe methodis basecdn anasymptoticenegy analysis
of the dynamicbehaior nearthe Hopf bifurcation point. The conceptof utilizing a correspondingenegy function is
explained. Finally numericalresultsusingan implementatiorof the methodin the industrialelectricalcircuit simulator
TITAN aregiven.

3:10pm Roland Freund PVL for NoiseComputatiorandPVLxw
AT&T Bell Labs

3:30pm Discussionsession Green,Trajkovic, NeubertFreundetal.

6:30pm Workshop buffet Signupis required

Receptiorat 6:00,Dinnerat 6:30atthe WalesHouse, 1115 5th StreetS.E.

Tuesday November 25

Talks today arein the Seminar Room, Vincent Hall 570

8:00 Coffee IMA Lounge,VincentHall 502

Tuesdaymorning topic: ElectromagneticAnalysis

9:00am Albert Ruehli Onthe Stability of Partial ElementEquivalentCircuitsfor
IBM T.J.WatsonResearclCenter theElectromagnetidModelingof VLSI Interconnects

Abstract The Partial ElementEquivalent Circuit (PEEC)modeltechniqueis an approachfor the modelingof tree di-
mensionabeometries Oneof the applicationss the modelingof VLSI interconnect®n chipsand packagesFor these
problemstime-domainsolutionsareof interest.We will give examplesof time-domainPEECmodels.However, the sta-
bility of thesemodelsis not guaranteedinceso calledlate-timeinstabilitiesmay occur We will give someinsightinto
the problemat handandwe will outline a pseudospectrakchniquefor observingthe rootswhich areresponsibldor the
instabilities.

Thisis joint work with JaneCullum.

9:20am Robert Wagner Efficient TimeandFrequeng Characterizatioof Electro-
Ansoft magnetidDevicesUsing Fast-SweeethodsandCircuit
Models

Abstract An efficient proceduras describedor the simultaneougharacterizatioof boththetime andfrequeng domain
behaiior of electromagnetidevices. Startingwith a full-wave electromagnetianalysisbasedon eitherthefinite element
or boundaryelemenimethod,a reducedorderfrequeny domainmodelis generatedor the electromagnetisystem.Two

differentmethodsare usedto computethe reducedorder model: (1) Asymptotic Waveform Evaluation(AWE) or (2)

Adaptive Lanczos-RdeSweep(ALPS). Thereducedborderelectromagneticnodelis usedto generatea stableequivalent
electricalcircuit that may be usedin a circuit simulatorto generatehe transientresponsef the device, eitheraloneor

aspartof alarger system. Exampleswill be presentedlemonstratinghe implementatiorof this procedurein Ansoft’s

commerciakoftware.

9:40am CoffeeBreak IMA Lounge,VincentHall 502
10:10am JoelR. Phillips Combiningmodel-reductiomndintegral-equatiorsolvers
Cadence
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Abstiact Developmentf efficientintegral-equatiorbasecdelectromagnetianalysistools hasbeenhamperedy the high
computationatompleity of densematrix representationanddifficulty in obtainingandutilizing the frequeng-domain
responseln thistalk we showv thatanalgorithmbasecdon applicationof a novel model-ordereductionschemedirectly to
thesparsanodelgeneratedby a fastintegral transformhasadvantagedgor frequeng- andtime-domainsimulation.

10:30am Discussionsession Ruehli,Wagner Phillips etal.

Tuesdayafternoontopic: Problemsin Digital Circuit Analysis

1:30pm Tuyen V. Nguyen Circuit AnalysisProblemsn High Frequeng Digital De-
IBM Austin Research.aboratory signs

Abstract In this talk, we will discusssomeproblemsof circuit analysisin the contet of high frequeng digital designs,
especiallymicroprocessadesign.In particular wewill discusghefollowing algorithmicproblemslinearmodelreduction
for timing andnoiseanalyis,modelreductiorfor distributedcircuits,simulationof nonlinearcircuitswith regularstructures
like memoryor arraycircuits,computingboundson theresponsesf generalinear systemdor noiseavoidance.

Thisis joint work with Eli ChiproutandAnirudh Devgan.

1:50pm Martin Kahlert A Modified Jalobi-DavidsonAlgorithm for ParasiticRe-
SiemenAG ductionof Large RC-InterconnecProblems

Abstract Inclusionof parasiticeffectsdueto interconnectbecomesssentialvhensimulatingmodernhigh-speedigh-
densitycircuitsat the chip or boardlevel. Usually the accuratesxtractionof interconnect®ut of the layoutyieldslinear
time-invariantsubnetsconsistingof resistors capacitorsandinductors. Unfortunately thesenetsmay becomeso large
thattheir inclusioninto standarctircuit simulationtasksis inefficient or evenprohibitive.

By the determinatiorof a few leadingeigervaluesof the matricesdescribinglinear subnetst is possibleto reducethe
simulationcosts.We modifiedthe so calledJalobi Davidsonalgorithmfor generalizegigenproblem#n orderto achieve
a betterefficiency for the symmetricpositive definiteproblemsarisingin this framewvork. The presentatiomescribeghis
algorithmtogethemvith thereductionansatz.

2:10pm CoffeeBreak IMA Lounge,VincentHall 502
2:40pm Discussionsession Nguyen,Kahlert,Elfadel(tent.)etal.
‘ WednesdayNovember 26 ‘

‘ Thursday, November 27 ‘

Thanksgving day, a Universityof Minnesotaholiday. IMA officeswill beclosed.

| Friday, November28 |

A Universityof Minnesotaholiday. IMA officeswill beclosed.
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Emeging Applicationsof DynamicalSystems.

| Newsand Notes

Four new memberselectedto IMA Board of Governors

At its recentmeeting the IMA Boardof Governorselectedfour distinguishednathematicascientists
asnev memberswho have agreedo sene on the boardfor threeyearsbeginning Januaryl, 1998.
They areLynne Billard of the University of Geogia, Jennifer Chayesof Microsoft, JamesK eener
of the Universityof Utah,andPaul Rabinowitz of the Universityof Wisconsin.

Retiring membersare Mary Ellen Bock (PurdueUniversity), David Levermore(University of Ari-
zona),JamedMcKenna(Bellcore)andAlan Perelsor{(Los AlamosNationalLaboratory).

ContinuingBoard membersare David H. Bailey (NASA Ames ResearclCenter),Rob Calderbank
(AT&T Labs), RosemaryChang(Silicon Graphics,Incorporated) JohnPolking (Rice University),

William Pulleyblank (chair)(IBM WatsonResearciCenter),Ridgway Scott(University of Houston),
Al Taylor (Universityof Michigan)andJamesTurner(ArizonaStateUniversity).

Board of Governors SelectsTopic for 2000—2001

The Boardof Governorsapprored a proposalto devote the year Septembe000— June2001to the
topic, Mathematicsin Multi-Media . The organizingcommitteels MichaelBarnslg (lterated,Inc.),
RosemaryChang(Silicon Graphics)nc.), Tony Derose(Pixar, Inc.), StuGeman(Brown University),
PeterOlver (University of Minnesota),Roni Rosenfeld(Carngie-Mellon University), Larry Schu-
maker (VanderbiltUniversity)andAhmedTewfik (Universityof Minnesota).

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique ConsiglioNazionaledelle Ricerche Geogia Institute of Technology IndianaUniversity

lowa StateUniversity KentStateUniversity Michigan StateUniversity MississippiStateUniversity, Northernlllinois University, Ohio StateUniversity PennsylaniaState
University, PurdueUniversity SeoulNationalUniversity (RIM - GARC), TexasA&M University University of Chicago,University of Cincinnati,University of Houston,
University of lllinois (Urbana),University of lowa, University of Kentuclky, University of Maryland, University of Michigan, University of Minnesota,University of Notre

Dame,Universityof Pittshurgh, University of Wisconsin WayneStateUniversity

PARTICIPATING CORPORAIONS: EastmarkKodak,EPRI,Ford, GeneraMotors,Honegywell, IBM, LockheedVartin, LucentTechnologiesMedtronic,Motorola,Siemens,
TelcordiaTechnologies3M.

114



The proposaloutlinesworkshopson ImageProcessinglmageAnalysis; MathematicalFoundations
of SpeechProcessingMathematicalFoundationsof LanguageModeling; CompressionCommuni-
cationandRetrieval; ComputerSecurity Copyright and Privacy Protection;GeometricDesign;and
ComputeiGraphics All workshopsaretentatve. A primarygoalof theseworkshopss to educateand
interestmathematiciang the mathematicabndscientificproblemsthat arisein thesedynamicand
challengingareaf scienceandtechnology

WeeklyIMA seminar list available by list server

The IMA offersane-maillist service. This serviceis a distribution eachThursdayof the next week’s scheduleof IMA
seminarandevents.If youwishto subscribesimply sendane-mailmessagéo imalists@ima.umn.edu whosefirst
line is of theform

subscribe  weekly
If your preferrede-mailaddresss differentfrom the onefrom which you aresendingthe requestthefirst line shouldbe

subscribe  weekly you@e.mail.address

Thesubjectline andtherestof the messagareignored.Questionr problemsshouldbe sentto
owner-weekly@ima.umn.edu

Thecurrentweek’s schedulds alsoavailableonrequesviafinger  seminar@ima.umn.edu . An updateddvi file
of theIMA Newsletter(currentandrecent)is availableby ftp  or throughtheworld-wideweh

Impr oved IMA Home Page

The IMA hassubstantiallimprovedits homepageon the World-Wide Web, accessiblehroughnetscaper otherweb-
readingapplicationsat

http://www.ima.umn.edu
Thepageis continuallyunderconstruction We invite commentsr suggestionsyhich maybeaddressetb

webmaster@ima.umn.edu
In particular we appreciateary information about World-Wide Web links appropriateto currentand upcomingIMA
programs.

Schedulefor December1-31,1997

‘ Monday, Decemberl ‘

| Tuesday December? |

IMA PostdocSeminar:

2:30pm ShinyaWatanabe Polygonsandjumpsin “kitchen sink” flows
IMA/Neils Bohr Institute

Abstiact Whenaverticaljet comesout of awaternozzleandhits aflat surface,we noticearing discontinuity(thecircular
hydraulicjump) at someradiusfrom thejet. By usinga moreviscousliquid, it wasrecentlyfoundthatthe familiar jump
canchangets shapespontaneousljo polygonswith variousnumbersof corners breakingthe axial symmetry | planto
describethe surprisingobsenation, and presenian elementaryphenomenologicahodelof the beautiful states.A more
refinedtheoryrequiresa gooddescriptionof the circularbasicflow, which itself hasbeena long outstandingproblemdue
to strongdeformatiorof thefree surface.Someprogressn this directionis alsodiscussed.

This is researchn collaborationwith: T.Bohr, V.Putkaradze].L.Hanser{theory);C.Ellegaard,A.E.HansenA.Haaning,
K.HansenA.Marcusser{experiment).

Organizer:Kurt Lust
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NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembers but all interestedMA participantsare
encouragedtb attend.The Seminameetsin VincentHall 570.

WednesdayDecember3

Math Department Seminarin Partial Differ ential Equations

3:35pm John Heywood A NumericallyBasedExistenceTheoremfor the Navier-
Universityof British Columbia StokesEquations

Abstract We have recentlyexperimentedvith a new spectrakcodefor the spatiallyperiodicnonstationaryNavier-Stokes
equationsfinding a plethoraof apparentlysteadyperiodicandchaoticsolutionswhich seeminterestingirom the point of
view of dynamicakystemgheory This hasstimulatedour interestin the generaproblemof proving the existenceof strict
solutionsof differentialequationscorrespondingo the computationatesultsof numericalexperiments.In this paperwe
take computationatesultsthatseeminglyapproximatevhatappearso be anunstablesteadysolutionof the Navier-Stokes
equationsandprovide arigorousa posteriorianalysis proving thattheredoesindeedexist a correspondingnearbystrict
solution,andthatit is steady Our methodis basen shaving thatthe computedsolutionsatisfiesriteriawhichimply the
convergenceof afixedpointiteration,in appropriatéunctionspacegor anexistencegheoremusingthecomputedsolution
asthestartingvalue.

Theseminamwill meetin roomVincentHall 211.

Thursday, December4

IMA/Math DepartmenSeminamon DynamicsandMechanics:

10:10am Warr en Weckesser Stability of therelative equilibriain a classof rotationally
IMA/RensselaePoly. Inst. symmetricmechanicabystems

Theseminawill meetin roomVincentHall 570

Friday, December5 ‘

Open-endedMA Informal Discussion(led by BernoldFiedler):
Continuous spectrain travelling waves,etc. Meetsin roomMurphy Hall 230.

9:30am Bjorn Sandstede Sometravelling wave bifurcationsfrom theessentiaspec-
Ohio StateUniversity trum

‘ Monday, December8 ‘

| Tuesday December9 |

Open-endedMA Informal Discussion(led by BernoldFiedler):
Continuous spectrain travelling waves,etc. Meetsin roomVincentHall 570.

9:30am George Sell Onthebifurcationof higherdimensionatori
Universityof Minnesota

IMA PostdocSeminar:

2:30pm Bernold Fiedler Continuatiorandhomotoyy invariants
FreeUniversityof Berlin
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Organizer:Kurt Lust

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembers but all interestedMA participantsare
encouragedtb attend.The Seminameetsin VincentHall 570.

WednesdayDecemberl0

3:00pm IMA Holiday Party
IMA Lounge,VincentHall 502

We will gatherto celebratethe holidays. IMA visitors andstaf areinvited to bring their familiesanda few goodiesto
share!

‘ Thursday, Decemberll ‘

| Friday, December1? |

‘ Monday, Decemberl5 ‘

‘ Tuesday Decemberl6 ‘

IMA Industrial PostdocsSeminar
Theseminamwill meetfrom 1:00—4:00pmtoday Theformatof the seminaris:

1. Presentatiomf projectsand problemsfrom industry (Honeywell, Kodak, SchlumbegerandLockheedMartin) on
whichtheindustrialpostdocsareworking.

2. Informal suggestionanddiscussioramongthe participants.

The seminaiis directedby Fadil SantosaAvner FriedmanandWalter Littman. Visitorswho planto attendarerequested
to inform oneof theorganizers.

Theseminamwill meetthistimein Murphy Hall 230.

IMA PostdocSeminar:

2:30pm Miaohua Jiang SRB-measurefor Lattice DynamicalSystems
IMA/GeorgiaInst. of Technology

Abstiact The Sinai-Ruelle-Baven measuresre constructedor a classof infinite-dimensionalattice dynamicalsys-
temswith hyperbolicity The existenceof suchmeasuresvith strongergodic propertiess consideredvidenceof spatio-
temporalchaosin thedynamicalsystems.

Organizer:Kurt Lust

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembers but all interestedMA participantsare
encouragedtb attend.The Seminameetsin VincentHall 570.

‘ WednesdayDecemberl7 ‘

| Thursday, December18 |

‘ Friday, Decemberl9 ‘
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‘ Monday, December22 ‘

‘ Tuesday December23 ‘

‘ WednesdayDecember24 ‘

A Universityof Minnesotaholiday. IMA officeswill beclosed.

| Thursday, December25 |

Christmaday, a Universityof Minnesotaholiday. IMA officeswill beclosed.

‘ Friday, December26 ‘

A Universityof Minnesotaholiday. IMA officeswill beclosed.

‘ Monday, December29 ‘

| Tuesday December30 |

| WednesdayDecember31 |
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1997-98Program
EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

SeetheWinter, SummerandFall 1997IMA Updatefor afull descriptionof the 1997—-98orogramon
Emeging Applicationsof DynamicalSystems.

| Newsand Notes |

IMA Workshop:
Computational Neuroscience

Januaryl4-23,1998
Organizers:JohnRinzel (Courantinstitute)(chair)Nang/ Kopell (Boston),
Larry Abbott (Brandeis) Bard Ermentrout(Pittskhurgh)

Impr oved IMA Home Page

The IMA has substantiallyimproved its home pageon the World-Wide Web, accessiblehrough
netscap®r otherweb-readingapplicationsat

http://www.ima.umn.edu
The pageis continuallyunderconstruction.We invite commentsor suggestionswhich may be ad-
dressedo

webmaster@ima.umn.edu
In particular we appreciatery informationaboutWorld-Wide Web links appropriatdo currentand
upcomingIMA programs.

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique ConsiglioNazionaledelle Ricerche Geogia Institute of Technology IndianaUniversity

lowa StateUniversity KentStateUniversity Michigan StateUniversity MississippiStateUniversity, Northernlllinois University, Ohio StateUniversity PennsylaniaState
University, PurdueUniversity SeoulNationalUniversity (RIM - GARC), TexasA&M University University of Chicago,University of Cincinnati,University of Houston,
University of lllinois (Urbana),University of lowa, University of Kentuclky, University of Maryland, University of Michigan, University of Minnesota,University of Notre

Dame,Universityof Pittshurgh, University of Wisconsin WayneStateUniversity

PARTICIPATING CORPORAIONS: EastmarkKodak,EPRI,Ford, GeneraMotors,Honegywell, IBM, LockheedVartin, LucentTechnologiesMedtronic,Motorola,Siemens,
TelcordiaTechnologies3M.
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Schedulefor January 1-31,1998

‘ Thursday, January 1 ‘

New Years Day, a Universityof Minnesotaholiday. IMA officeswill beclosed.

| Friday, January 2 |

| Monday, January 5 |

‘ Tuesday January 6 ‘

‘ WednesdayJanuary 7 ‘

IMA PostdocSeminar:

9:30am John Guckenheimer An Introductionto NeuralModels
CornellUniversity

Thisinformal two-to-three-houdiscussiorsessiorwill meetin roomVincentHall 570.

Organizer:KathleenRogers

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsin VincentHall 570.

Thursday, January 8 ‘

MathematicDepartmentColloquiumin roomVincentHall 16:

3:30pm John Guckenheimer The Deathof Periodicity: Multiple Time ScaleModelsof
CornellUniversity Neurons

Teawill besenedat3:10pmin room120VincentHall

| Friday, January 9

SEMINAR ON INDUSTRIAL PROBLEMS

10:10am Martin G. Luling Geosteering Horizontal Wells through Electrically
SchlumbegerDoll Research Anisotropic Oil Zones using Predictve Log-Modeling
Computations

Abstract Traditionally; oil wells weredrilled vertically. Only sincethe late 1980, drilling andoil productionchanged
toward directional,frequentlyhorizontalholes. This drilling technologypermitsprofitableexploitation even of thin oil-
bearingzones:insteadof traversingthe layervertically for a few feet,the boreholetrajectoryleadsalongthe oil-zonefor
mary hundredfeet, evena few milesunderfavorableconditions. Thedrill bit is steeerdalongthe true geologicstructure
by real-timemeasurementspadewhile drilling, of the formationelectricresistvity.

The electric-resistiity measurementare usedto discriminateresistie oil from more conductve waterbearingzones
or shales. For Logging While Drilling, the measuremensondeis integratedinto the drill collar closeto the bit. The
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measuremergonddransmitsa2-MHz radiowave into therockandmeasurethe phaseshift (wave length)andattenuation
(skineffect) of thewave. Fromthesetwo measurementsyo resistvities arederived. Theseresistvity dataaretransmitted
to thesurfacewherethey helpthedriller to controlthe directionof theboreholetrajectory

Theresistvity measurementsanbereproducedy log-simulationmodeling. Theresistvity datafrom a nearbyreference
well, usuallyaverticalwell, sere to generatea formationmodel,namelya layercake resistvity profile. Seismicsuneys
extend the profile from the referencewell acrossthe entire reserwir. Into this reseroir model, a directionaldrilling

trajectoryis planned. Part of the planningwill be a predictve computationof the resistvity measuremenglong this
trajectorythroughthe layercake formation. The driller hasthesemodeleddataavailableand compareghemto the real-
time dataacquiredwhile drilling. Several examplesfrom actualfield dataillustrate the succesof the “GeoSteering”
procedure.

Many oil zonesconsistof fine laminatessuchasalternatingshalesandsandsvhich cannotbeindividually resohed. They
inducean effective anisotropy in the electricresistvity with a low resistvity parallelto thelaminatesanda muchhigher
resistvity perpendiculato thelaminatesin verticalwells with horizontallylaminatedormations theresistvity measure-
mentsonly measurdhe parallel,or “horizontal resistvity”. However, in directionalwells, the resistvity measurements
becomesensitie to theperpendicularor “verticalresistvity”. The2-MHz resistvity measurementsanevendiscriminate
the two resistvity componenta&ndthusquantify the resistvity-anisotrofy tensor The log-simulationmodelingsuccess-
fully reproducesbsenedanisotropy effects.

Theseminameetsn thelMA SeminalRoom,VincentHall 570

Monday, January 12

IMA Industrial PostdocsSeminar
Theseminamwill meetfrom 1:00—4:00pmtoday Theformatof the seminaris:

1. Presentatioof projectsandproblemsrom industry(Honeywell, Kodak,Siemens3M andSchlumbeger)onwhich
theindustrialpostdocsareworking.

2. Informal suggestionanddiscussioramongthe participants.

The seminaiis directedby Fadil SantosaAvner FriedmanandWalter Littman. Visitorswho planto attendarerequested
to inform oneof theorganizers.

Theseminameetsn VincentHall 570

Tuesday January 13

IMA Workshop:
Computational Neuroscience

Januaryl4-23,1998
Organizers:JohnRinzel (Courantinstitute)(chair) Nang/ Kopell (Boston),Larry Abbott
(Brandeis) Bard Ermentrout(Pitt)

Of primary interestto neuroscientistgarethe rolesof the highly nonlinearintrinsic propertiesof individual neuronsand
couplingpropertiesbetweercellsthatdeterminethe dynamicalactivity of neuronalnetworks. Uniquemathematicafea-
turesof cell-basedeuronaimodelsthatunderliecomplec spatio-temporagbatternsarethe multiple andvasttime scaleof
ionic currentgfrom millisecondgo secondsandthecircuit propertiesvhichincludelocal aswell aslong-rangecoupling,
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possiblywith randomconnectvity, andwith kineticaspectgtime constant$or decayof synapticvariables) Thisworkshop
will consistof threeintensetwo to four-day FocusSessionsgachbringing togetherexperimentalistandtheoreticiangor
concentratingn specificactive areasof researchin computationaheuroscienceOverview talks for eachFocusSession
will provide essentiabiological and modelingbackgroundspecificto that Focus Session.Theseoverviews replacethe
generalutorialsthathadbeenincludedin earlierplansfor theworkshopsfirst two days.

Topicswill includestereotypicatlynamicalbehaior suchasnetwork rhythmsseenduring sleepandepilepsy aswell as
morecomplex phenomenassociateavith goal-directecoehaior or perception.Modelsfor suchhigherlevel cognitive
function may assumethat cell-basedoropertieshave beenaveragedinto more macroscopiaescriptions. Experimental
model systemsnclude brain slicesof thalamus hippocampusand cortex andin vivo recordingsin sensoryand motor
areagduringvisualandmovementasks.

Focus Session#1: Early Vision: receptve fields, featuredetecting,feedforward and intracorticaltuning mechanisms.
(Wednesdaylanuaryl4 to Saturdaynoon,Januaryl?.)

FocusSession#2: HippocampusandNavigation. (Sundayevening,Januaryl8 andMonday Januaryl9.)

Focus Session#3: Cortical Dynamics. (Sundayafternoon,Januaryl8; WednesdayJanuary21 throughFriday noon,
January?23.)

| WednesdayJanuary 14 |

Talks today arein Lecture Hall EE/CS 3-180

8:00am Registration and Coffee ReceptiorROomEE/CS3-176
8:45am Welcomeand Orientation W. Miller, R. Gulliver, J.Rinzel
9:00am Robert Shapley The NeuralBasisof Visual Perception

Centerfor NeuralScienceNYU

10:00am CoffeeBreak ReceptiorROomEE/CS3-176

10:30am Judith Hirsch Receptve Field Structureat Early Stagesof Visual Pro-
RoclefellerUniversity cessing

1:30pm Ralph Freeman Receptve field analysisof spaceandtime in the visual
Univ. of California,Berkeley cortex

Abstiact Neurophysiologicaktudieswill be discussedn which single neuronsor neuronalpairs are studiedby using

microelectrodem thevisualcortex. Stimulationandanalysigechniquesreusedby whichit is possibleo obtaincomplete
receptvefield mapsin spatialandtemporaldimensionsOneof theapplicationof this procedureés to determinehow pairs

of neuronsrecordedogether comparein termsof a wide rangeof receptve field properties.Resultswill be discussed
alongwith theoreticaimplications.

2:30pm CoffeeBreak ReceptiorROOomEE/CS3-176
3:00pm David Somers Choosingthe cellular componentsf large-scaleneural
MIT circuits: In praiseof theintegrate-and-fireeuron

Abstract Constructiorof large-scaleeuralcircuitsinvolvesatrade-of betweerthecompleity of thecomponenheurons
and the numberof neuronsthat can be representecnd simulatedgiven finite computationakesources.Whenoneis

primarily investigatingnetwork- level effects, it is advantageouso choosea simple representatioffior single neurons.
However, singleneuronsshouldnot be too simple,asinterestingeffectsmay occurin the interplaybetweencellularand

network levels. In my talk, | will discusshow a simplecellular model,the integrate-and-firmmeuron,canbe modifiedto

capturemary importantcellularpropertieswhile still maintaininglow computationaéxpense.

3:30pm Jack Cowan Modelling Large—Scale&Cortical Activity
Universityof Chicago
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Abstract It is generallyagreedhatpopulationcodingplaysanimportantrolein corticalinformationprocessingit follows
thatthedynamicsof largegroupsof interactingneuronss worth studying.Herewe formulateintegro-differentialequations
to describesuchdynamicgthe Wilson-Cavanequationsanddiscusssomeof their propertiesandlimitations. In particular
we shov how variousdynamicalattractorscanariseandhow they may underliespatio-temporagbopulationcodingin the
cortex.

4:00pm IMA Tea(and more!) VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeveragewill besened.

‘ Thursday, January 15 ‘

Talks today arein Lecture Hall EE/CS 3-180
8:30am Coffee ReceptiorROomEE/CS3-176

9:00am David Ferster Assemblyof receptvefieldsin catvisual cortex
Northwesterrniversity

Abstiact The neuronsof the mammalianvisual cortex perform a remarkabletransformationon the visual input they
receve from thelateralgeniculatenucleugLGN). The neuronsf the LGN have circularly symmetricreceptive fieldsand
are unselectre for the orientationanddirection of motion of visual stimuli. Neuronsin the cortex, on the otherhand,
areexquisitely sensitve to thesestimuluspropertiesandwill only fire in responseo a narrav rangeof stimuli. A long-
standingdebatecenterson the synapticcircuitry thatbringsaboutthis dramaticchangan therepresentationf the visual
imagethattakesplaceat the geniculocorticabynapseHubelandWieseloriginally proposedn their compellinglysimple
modelthat the arrangemenbf the geniculateinput determinesorientationselectvity. Yet thereare several properties
of cortical neuronsthat Hubel and Weisels model cannotexplain, and that have promptedthe developmentof more
complex modelsthat requirenonlinearinteractionsamongcortical cells. We have examinedthe orientationselectvity
of the aggreyatesynapticinput to cortical cells from the LGN by selectvely inactivating the cortical circuit, either by
coolingor by electricalstimulationof inhibitory circuits. Theseexperimentsndicatethatthe LGN providesa well-tuned
excitatory input to cortical simple cells, an input that accountdor approximately30% of the total synapticdrive. The
remaindempresumablyarisesfrom othercortical neuronsand might help to establishthe contrastinvarianceof stimulus
selectvity. How thisis accomplishedemaingo be determined.

10:00am CoffeeBreak ReceptiorROomEE/CS3-176
10:30am KennethD. Miller Contrast-imariant orientation tuning in cat V1:
Univ. of Calif., SanFrancisco Correlation-BasedFeedforvard and Intracortical Cir-
cuitry

Abstract The origin of orientationselectvity in visual corticalresponsess a centralproblemfor understandingerebral
corticalcircuitry. In cats,mary experimentsuggesthatorientationselectvity arisesfrom thearrangemendf LGN inputs
tolayer4 corticalsimplecells. We have shavn how suchanarrangemenf “feedforward” inputscanself-omganizethrough
correlation-basethechanism®f synapticplasticity However, sucha “feedforward” explanationappearsnsuficient to
accounffor the contrast-iwarianceof corticalorientationtuning.

We proposea new modelconsistentvith awide rangeof experimentatlata.We demonstrat¢éhatthe LGN inputto catcor-
tical simplecellshastwo componentsa phase-specificomponentywhichis tunedfor orientation;anda phase-nonspecific
componentwhichis untuned.Both componentgrow with contrast.Contrast-dependeirthibition is requiredto suppress
the untunedinput componentandto preventthe broadeningof the tuning of spiking responsesvith increasingcontrast.
A simplecircuit usingcorrelation-basethtracorticalconnectity (cross-phasmhibition andsame-phasexcitation,local
in orientation),accomplisheshis to achieve well-tuned,contrast-iwariantorientationtuning. Unlike previous models,
this circuit agreeswith experimentalevidenceshowving spatialopponeng betweenandsimilar orientationtuning of, the
excitatory andinhibitory inputsreceved by a cell. Orientationtuningis primarily input driven, naturallyaccountingor
the obsered equalityof input tuning andfull circuit tuningaswell asfor the dependencef orientationtuning width on
stimulusspatialfrequeng.
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The modelpredictsthatinhibitory neurondn catlayer4 shouldrespondn a contrast-dependemannerto stimuli of all
orientationsalthoughthewidth of their orientationtuningis similarto thatof excitatoryneuronsThemodeldemonstrates
thatfundamentalesponseropertiesof corticallayer4 canbe explainedby circuitry thatwould be expectedto develop
undercorrelation-basedulesof synapticplasticity andshovs how suchcircuitry allows the cortex to distinguishstimulus
intensityfrom stimulusform.

1:30pm Haim Sompolinsky OrientationTuningin Visual Cortex: From SimpleMod-
Hebrav University elsto RealBrains

2:30pm CoffeeBreak ReceptiorROomEE/CS3-176

3:00pm Barbara Chapman How theVisual Cortex Got Its Stripes

Univ. of Calif., Davis

Abstract We have studiedthe developmentof orientationpreferencen ferret primary visual cortex at the single cell-
level usingcorventionalelectrophysiologicalecordingmethodsandin activity mapsacrosscortex usingchronicoptical
imagingof intrinsic signals.We arecurrentlytestinghow alteredpatternsof actiity earlyin life mayaffecttheemegence
of orientationselectvity.

Our results,alongwith mary studiesin otherlaboratoriessuggesthat the organizationof orientationpreferencemay
provide a frameavork which guidesthe developingorganizationof othercortical receptve field propertiessuchasocular
dominanceOngoingexperimentdesignedo testthis hypothesisill bediscussed.

Friday, January 16

Talks today arein Lecture Hall EE/CS 3-180

8:30am Coffee ReceptiorROomEE/CS3-176

9:00am S.Murray Sherman Controlof Gatingthroughthe LGN
SUNY, Story Brook

Abstiact The LGN is not a simple, machine-lile relay of retinal informationto cortex: it insteadperformsa dynamic,
variablerelay that presumablyreflectsthe varying behaioral needsof the visual system. Two aspectsf this will be
reviewed. Firstis the appreciatiorthat LGN (and otherthalamic)relay cells have a variety of voltage-dependemem-
braneconductancethatdramaticallyalterthe way they respondo retinalinputs. Perhapgshe mostimportantnext to the
thoseunderlyingthe actionpotentialis a voltage-depender@a2+conductance This canbe activatedby depolarization
(e.g.,from a retinal EPSP)only from a hyperpolarizedevel (e.g.,more negative thanabout-65mV), because¢he Ca2+
conductancéecomesnactive atmoredepolarizedevels. The activation stateof this conductanceeterminesvhetherthe
relay cell respondsn tonic or burstfiring modeto its retinalinputs,andwhich responsenodeis operatingis of critical
importanceto the natureof informationrelayedto cortex. Seconds the factthat, while theinformationrelayedthrough
LGN to cortex is retinal in origin, retinal synapsesepresenbnly about7of inputsto relay cells. The vastmajority of
inputsderive from intrinsic local GABAergic cells, from visual cortex, andfrom the brainstemandthey eachcontritute
about300of all synapse®n relay cells. Thesenonretinalinputsare modulatoryin natureand,amongotherthings,sene
to controlmembranegotential therebycontrolling voltagedependentonductancebk e the Ca2+conductanceescribed
above. An attempiwill bemadeto bring theseobsenationstogetherin atestablenypothesighataddresseBow andunder
whatconditionsnonretinalinputsinfluencetherelaythroughthe LGN.

10:00am CoffeeBreak ReceptiorROOomEE/CS3-176

10:30am David W. McLaughlin Modellingthe LayeredStructureof V1
Courantinstitute,NYU

Abstract Thelecturerwill describeour prelimarymodelsof V1. Thesemodelsemphasizéts layeredstructure andthe
effectof its connectvity ontemporaldynamics.
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This projectinvolvescollaborationsvith RobertShapleg, Michael Shellgy, Mary Pugh,andJim Wiellard.

1:30pm Nicholas Swindale Cortical Maps: Gradient Relationshipsand Learning
Univ. British Columbia Rules

Abstiact Mammalianvisualcorticescontainmultiple superimposedhapsfor differentstimulusattributes,suchasrecep-
tive field position,edgeorientation,spatialfrequeng, directionof motion andeye preferencel will review someof the
experimentakvidencefor the existenceof thesemapsaswell asthe evidencefor gradientrelationshipsandothertypesof

structurallink betweerthem. | will comparehesedatawith modellingresultsobtainedusingKohonens Self-Oiganising
FeaturéMap algorithmwhichimplementsacompetitvelearningrule. | will discusgheextentto whichthemapsproduced
by this model,anda variantof it, areableto reproducehe experimentallyobsened propertiesof individual maps aswell

asthegradientrelationshipdetweerdifferentmaps.

2:30pm CoffeeBreak ReceptiorROomEE/CS3-176

3:00pm David Somers A local circuit view of integratinglong-rangecorticalin-
MIT puts

3:30pm Jack Cowan A SimpleModel for Cortical OrientationSelectvity and
Universityof Chicago its Consequences

Abstract A simplemathematicamodelof theorientationtuningof visualcorticalneurongs introducedandanalysedlt is
shavn thatthebasiccorticalarchitecturef recurrentocal excitationandlateralinhibition, togethewith somefeedforward
inhibition canaccountguantitatvely for suchtuning propertiesandtheir modificationby inhibitory blockingagents.The
modelcanalsoaccountjuantitatvely for suchlocal effectsascross-orientatiosuppressionilt is alsoshavn thatnon-local
couplingbetweerniso-orientatiorpatchesywhenaddedo the model,cansatishctorily reproducesucheffectsasnon-local
iso-orientationsuppressionand non-localcross-orientatioenhancementTheseresultswill be discussedn relationto
cortical developmentandto a numberof perceptuaphenomenauchasthe geometricvisual patternsseenfollowing the
ingestingof hallucinogensthe“pop-out” effect,andboththedirectandindirecttilt illusions.

‘ Saturday, January 17

Talks today arein Lecture Hall EE/CS 3-180

9:00am Coffee ReceptiorROomEE/CS3-176
9:30am Yang Dan EncodingandDecodingof visualinformationin the tha-
Univ. of California,Berkeley lamus
10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am Tony Bell To beannounced
Interval, Inc.
Sunday January 18

Talks today arein Lecture Hall EE/CS 3-180

1:00pm Coffee ReceptiorROomEE/CS3-176
1:30pm RogerD. Traub Cellular mechanismsf the 40 Hz cortical oscillation:
Univ. of BirminghamMedical Sch. studiesn brainslicesandwith simulations
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Abstract 40 Hz oscillationscanbe inducedin brain slicesby activation of metabotropiglutamatereceptorseitheron
inhibitory neuronsor inhibitory neuronsin combinationwith principal neurons. Oscillationscan occur synchronously
over distancesof several mm, asthey do in vivo, despitelong expectedaxon conductiontimes. Cellular mechanisms
include mutualinhibition betweennterneuronsandthe ability of interneurondoubletsto signalphaserelationsbetween
oscillatingpyramidalcells (asB. ErmentroutandN Kopell may elaboratefurther). It hasrecentlybeenshowvn in vitro
that40 Hz oscillationsinducesynapticplasticity, thatin turn altersthe propertiesof the oscillation. Our understanding
of theseoscillationsallows an understandinglso of the cellular mechanismgat leastin cortical structures)f 3 types
of anestheti@agents:benzodiazepinee.g. "Valium”), barbituratesandopiatesall of which eitherslow the oscillation,
abolishit, or preventit from synchronizingover distance Theremayreally beaconnectiorbetweertheseoscillationsand
consciousness.

2:30pm Nancy Kopell SynchronizatiomandModulationin Networksof Neurons
BostonUniversity

Abstract Thistalk is a sunery of somemechanism$y which a network of neuronscansynchronizeandwaysin which
the synchronizatiomprocesscanbe modulated. The examplesare taken from a variety of neuralpreparations.The talk
includesa discussiorof therole of in the synchronizatioprocesof the wave form of the voltage,the time scalesn the
synapticprocesseandtiming of spikeswithin aburst. It will seneasanintroductionto moredetailedtalksto begivenin
thelatersessions.

3:30pm CoffeeBreak ReceptiorROomEE/CS3-176
4:00pm JamesM. Bower Cortical oscillationsandthe singleneuron:Timing is ev-
Calif. Inst. of Technology erything

Abstract Oscillationsin the 7-10Hz and40 Hz frequenciesrecharacteristiof cerebralcortical circuits. Our laboratory
beganits studyof theoriginsandpossiblecomputationasignificanceof thesepatternof activity anumberof yearsagoby
constructingpiologically realisticnetwork modelsof cerebellarcortical circuits (Wilson andBower, 1991;1992). These
modelssuggestedhat cerebralcortical circuits naturally oscillateat thesefrequencieghrougha mechanisnmdependent
on theinteractionof time constantsassociateavith both excitatory andinhibitory synapticcircuits. The dynamicalbe-
havior of the modelswasinterpretedo suggesthat cortical oscillationswereresponsibldor coordinatingthe timing of
computationatycleswithin thesenetworks. The modelsalsoleadto the predictionthatnetwork level oscillationsplayed
animportantrole in coordinatingthe flow of synapticinformationonto the dendritesof cortical pyramidalcells. In this
workshopl will presenthe resultsof morerecentsingle cell modelingefforts which supportthis view. | will conclude
by presentinga generalcomputationaframework for understandinghe role of oscillatorybehaior in cerebralcortical
function.

7:00pm L. F. Abbott NavigationMapsThroughPopulationCodingof Location
BrandeisUniversity in the RatHippocampus

Abstract Neurongypically encodanformationcollectively in whatis known asa populationcode.

Placecellsin the hippocampu®f therat provide a classicexamplethatillustratesthe computationmplicationsof popu-
lation coding. Placecellsfire actionpotentialsat a ratethatdepend®n the locationof theratin its environment. Using
experimentaFfactsaboutplacecellsandthe effectsof activity onthe synapsesonnectinghem,KenBlum andl modeled
how a spatialmapof theenvironmentcanbe createdn therathippocampusSequentiaplacecell firing duringexploration
modifiessynapsebetweemlacecellsresultingin a shift of thelocationencodedy theirensemblactivity away from the
actuallocationof theanimal. Theseshifts provide a navigationalmapthatcanguidelocomotiontowarda goal. Themodel
demonstrateBow behaiorally generatednodificationsof synapticstrengthcanbereadoutto affect subsequerttehaior.

Theshiftsin placecell locationpredictedby the modelhave recentlybeenobsenedexperimentally

8:00pm Bill Skaggs Thetaphaseprecessionf hippocampaplacecell activity:
Universityof Pittshurgh data,models andfunctionalsignificance

Abstiact O’KeefeandRecce,in 1993, discoreredthat asa rat movesthroughthe spatialfiring field of a hippocampal

pyramidalcell, spikesfrom the cell shift graduallyto earlierandearlierphasef the thetacycle. Furtherresearcthas
shavn thatthis “phaseprecessionteflectsa population-widgghenomenorin which thehippocampuglaysin compressed
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form brief portionsof the trajectoryon which the animalis traveling. Several computationamodelsof this effect have
beenproposedverthepastfew years:they canbedividedroughlyinto “individualneuron”’models basedn mechanisms
operatingwithin a single cell, and “network” models,basedon interactionsbetweengroupsof cells. The functional
significanceof the effect remainsspeculatre. An interestingpossibilityis that, by compressinghe temporalstructureof
the spike sequencephaseprecessioincreaseshe influenceof temporalstructureon the synapticenhancemergroduced
by long termpotentiationin the hippocampus.

Monday, January 19

Martin LutherKing Day, a Universityof Minnesotaholiday. IMA officeswill beclosedalthoughtheworkshopwill bein
session.

Talks today arein Lecture Hall EE/CS 3-180

8:30am Coffee ReceptiorROomEE/CS3-176
9:00am Misha Tsodyks Network model of thetarhythm andtemporalcodingin
Weizmanninstitute theHippocampus

Abstract Thefiring patternof pyramidalcellsin the CA1 andCAS3 regionsof therat hippocampusrerelatedto boththe
locationof theanimalin theenvironmentandthethetarhythm,which dominateshe hippocampaEEGduringexploratory
movements O’K eefeandRecce(1993)have obsenedthatthespatiallyselectve firing of pyramidalcellstendsto advance
to earlier phasesf the thetarhythm as a rat passegshroughthe placefield of a cell. The relative timing of a cell's
actionpotentialcould thereforecarryinformationaboutthe rat’s locationwhich would constitutean interestingexample
of atemporalcode. | will presenta network modelwhich generateshis effect asresultingfrom the patternof internal
connectvity betweerpyramidalneuronsn the Hippocampus.

10:00am CoffeeBreak ReceptiorROOomEE/CS3-176
10:30am Peter Dayan TemporalDifferenceModelsof Navigation
MIT

Abstract We build modelsof two navigationtasksin the watermaze:the standardeferencenemorytask,in which the
goal (ahiddenplatform)is alwaysat a fixedlocation,andthe delayedmatchto placetask,in whichthe platformis moved
oneachday Thesetasksdiffer experimentallyin the demandshey make on hippocampablasticity.

The modelsarebasedon a reinforcementearningmethodcalledtemporaldifferencelearning,which is a generaway of
learningnearoptimalbehaior in complicatedernvironments.We shav thata placecell representatioof positionis ideal
for learningto solve thereferencenemorytask,andshov how to augmenit to solve thedelayedmatchto placetask.

Thisis joint work with David FosterandRichardMorris.

2:00pm John Lisman Buffers,autoassociatorgndheteroassociators
BrandeisUniversity

Abstiact Like several othergroupswe have proposedhatthe CA3 region of the hippocampusisesthe NMDA channels
in recurrentcollateralsto storesequencesf events(places)andtherebysene asa heteroassociaté network. We have
specificallyarguedthatthereadoubf thesesequenceatarateof onememorypergammacycle canaccounuantitatvely
for the “phase-adance”of hippocampablacecells. One problemwith this proposalis that the phase-adanceis also
obsened in dentategranulecells. We now offer a possibleanswerto this problem. Theoreticalwork hassuggested
that the bestmethodfor predictingsequencess to have eachstep-wiseprediction“cleanedup” by an autoassociate
network beforeit senesasa cuein the next stepof sequencerediction. We proposethat the dentate-hilaregion is the
autoassociate network that accomplisheshis task. Two anatomicafindingsarerelevant. First, it is known that CA3
axonshave a branchthatturnsbackwardandinnenatescellsin the dentate/hilaregion. Secondalthoughdentategranule
cells do not have recurrentaxonsas requiredin the simplestautoassociate networks, they do innenate hilar mossy
cells. Thesein turn, make recurrentconnection®nto granulatecells. This disynapticcircuit couldallow the dentate/hilar
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regionto performautoassociate function. Theinteractionof anautoassociate network in the dentate/hilaregion anda
heteroassociab/CA3 network could produceaccuratesequenceecall.

3:00pm CoffeeBreak ReceptiorROomEE/CS3-176

3:30pm KennethBlum Knockouts,NetworksandNavigation
MIT

7:00-9:00 Poster Session

Hallway of VincentHall, 5th Floor

G. Mato (CentroAtomicoBariloche Argentina):Self-similarity propertiesof naturalimages.

F. Skinner(TorontoHospital): Bursting: A role for gap-junctionatoupling.

B. Lytton (Univ. of Wisconsin):A DentateGryrasModel.

D. Golumb(Ben-GurionUniv. of the Negev): Transientsynchrory of propagatinglischagesin neocorte.

E. Izhikevich (ArizonaStateUniv.): Classl NeuralExcitability, Weakly ConnectedNetworks,andMathematicaFounda-
tion of Pulse-CoupledNetworks.

E. Izhikevich (Arizona StateUniv.): Weakly ConnectedElliptic Bursters StronglyConnectedrelaxationOscillators,and
Spike/BurstSynchronization.

J.L. VanHemmen(Techn.Univ. Miinchen):Discerningoscillations:Neuronalcoincidenceadetectionwith periodicspike
input.

J.L. VanHemmen(Techn.Univ. Miinchen):Short-ternmplasticity coherenbscillationsandlocking.

R. Butera(NIH): RespiratoryfRhythmGeneratiorn the pre-Botingercomplex of mammals.

DeliangWang(Ohio StateUniv.): Objectselectiorbasedn oscillatorycorrelation.

T. Troyer (U. C. SanFrancisco):An associationahypothesigor sensorimototearningof bird song.

J.D.Cowan(Univ. of Chicago):Monte Carlostudiesof V1.

J.D.Cowan(Univ. of Chicago):Fromnaturalimageso V1 structure.

Tuesday January 20

Talks today arein Lecture Hall EE/CS 3-180

9:00am Coffee ReceptiorROomEE/CS3-176

9:30am Rob Butera Respiratoryrhythmgeneratiorin the pre-Botzingercom-
NIH plex in mammals

10:15am Dave Pinto Respons¢uningin the somato-sensorgortex
Universityof Pittshurgh

11:00am Eugenelzhik evich Weakly connectedeuralnewvorks: A review

Arizona StateUniversity

Non-workshoptalk onthe Mechanicof Materialsin 227 AkermanHall:

1:00pm Giovanni Zanzotto Problemsn a Unified Kinematicsof SimpleandMultilat-
Universitadi Padova tices

1:30-3:00 Wave Discussion

3:15-5:00 Synchrony Discussion
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7:00-9:00 Poster Session
Hallway of VincentHall, 5th Floor

For presenterandetitles, see7:00pm Monday Januaryl9.

‘ WednesdayJanuary 21

Talks today arein Lecture Hall EE/CS 3-180

8:30am Coffee ReceptiorROOomEE/CS3-176
9:00am Arthur Sherman Mechanism®f SynapticEnhancemerdandDepression
NIH

Abstlact Mechanismat the terminallevel for synapticenhancemern several time-scalegfacilitation,augmentation,
post-tetanigotentiationjanddepressiomwill be discussedlssuego be consideredvill includetherolesof residualfree
Caz2+andresidualCa2+boundto “memoryproteins”,andtherolesof domainandmacroscopi€a2+.We will alsoexplore
to whatextentsynapticdepressiortanbeaccountedor in termsof vesicledepletionandresupply

10:00am CoffeeBreak ReceptiorROomEE/CS3-176

10:30am John Rinzel Network DynamicsMediatedby SynapticDepression
Courantinst.,New York University

Abstiact Many synapseshav depressiorin responseo repeatedactivation. Multiple time scales(100s of msecto
mary sec)arereportedfor the depressiorandits recovery. We will review somemodelsfor depressiorand proposed
effectsin neuronalnteractiondynamicg(gain control,phasicresponsienessgdirectionselectvity, etc). An applicationto
rhythmogenesiwill be highlighted.

Spinal cord neuronpopulationsexecutesynchronizedhythmic actwity in isolatedembryoniccordsandin disinhibited
cultures. The multimodal collective oscillationsare infrequentepisodicbursts of fastcycles (0.5to 5 Hz). Synaptic
couplingis primarily excitatory, and synapticdepressiorhasbeenimplicatedas a possiblerhythmogenicmechanism.
We have developeda two-variablefiring ratemodelin which cells spike tonically whenstimulated.Synapticdepression
accountdor thefastevents- alternatelyallowing cellsto mutuallyactivateeachotherandthensuppressintheirinteraction.
By addinga slow modulatoryvariable episodichehaior in the modelcanoccurvia severalmechanisms.

2:00pm Charles Wilson The generatiorof corticostriatalfiring patterns:rolesfor
Univ. of Tennessedylemphis synapticandintrinsic mechanisms

Abstract Theneostriatums a majortargetof corticalefferentprojectionsandanimportantsite for corvergenceof inputs
from diversecortical areas. The patternof actiity in the populationof functionally relatedcortical neuronsconverging
onto individual striatal neuronscan be estimatedrom their membranepotentialfluctuations. Lik ewise, the membrane
potentialfluctuationsof corticostriataheurondargely reflectstheactivity of excitatoryandinhibitory intracorticalcircuits
Comparisorof the membrangotentialfluctuationsof striatalandcortical projectionneurongevealedthat thesesignals
were statisticallysimilar. In both casesgxcitatory andinhibitory input occurredtogetherin episodedasting100 ms or
longer The durationsof the episodesandthe periodsof relative quiet betweernthemwere statisticallyindependentand
therewereno serialcorrelationsbetweerthe durationsof successie episode®f synapticactvity. The meanmembrane
potentialduringsuchepisodesvassubthresholéh bothneurontypes with actionpotentialsarisingfrom noisyfluctuations
superimposedn the episode®f firing. The episodicpatternof synapticinputled to temporalclusteringof firing in both
celltypes,but firing within theepisodewvasirregular. In bothcell types themaintenancef asubthresholtheanmembrane
potentialduring episode®f strongsynapticactivation preventedthe developmentof rhythmicfiring. Membranepotential
was maintainedbelow spike thresholdboth by synapticinhibition thatis recruitedduring episodesf excitation, andby
voltagedependenpotassiunthannelghatareactivatedby synapticexcitation.

3:00pm CoffeeBreak ReceptiorROOomEE/CS3-176
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3:30pm Xiao-Jing Wang NeuronalMechanismof VisuospatiaMWorking Memory
BrandeisUniversity in PrefrontalCortex

Abstract Working memoryis amemoryfunctionby whichhumansandanimalshold“on-line” andmanipulaténformation
for ashorttime spanof afew secondsin thistalk, | shallfirst review theexperimentadataabouttheneuronaktorrelateof

working memory namelypersistengctivity anddynamicaktuningin theprefrontalcortex (PFC).Thenanetwork modelis

presentedor the PFCneuralnetwork behaiors duringavisuospatiablelayed-respondask. It is assumedhatthe spatial
cuestimulusis encodedn working memorystorageby a continuumof network actiity profiles, which coexist with a
spontaneouseststate. Sucha bistability canbe realizedin the modelby a neocorticalnetwork architecturewith recur

rent excitation andinhibition. We contrastthe bistablePFC-like network to the V1-like network for orientationtuning.

Moreover, becausef the spatialtranslationainvarianceof the network actiity profiles,the robustnesof memorystor

ageagainstoiseanddistractorgaisesseriousproblems.Possiblecellular/synaptianechanisméor reliablevisuospatial
working memorywill bediscussed.

7:00-9:00 Poster Session
Hallway of VincentHall, 5th Floor

For presenterandtitles, see7:00pm Monday Januaryl9.

| Thursday, January 22

Talks today arein Lecture Hall EE/CS 3-180

8:30am Coffee ReceptiorROOomEE/CS3-176
9:00am Bard Ermentrout Synapticallygeneratedvaves
Universityof Pittshurgh

Abstract Theimprovementsn imagingtechnologyandmulti-electroderecordingsnow make it possibleto studyspatio-
temporalactiity in biological neuralnetworks. | will considera numberof differentmodelsfor suchactvity with an
emphasi®n slice preparationsl will show differentmodesof propagatiorof actvity dependingn differentmechanisms
and how small changesn parameter®f the coupling can changethe velocity of actiity waves by several ordersof
magnitude. | derive scalinglaws for the velocity of wavesasa function of the rise time of synapticpotentials. | will
alsolook at somereducednodelsthatarisethroughaveragingmethodsandhow thesecanbe usedto understangartially
blockedinhibition in slices.

10:00am CoffeeBreak ReceptiorROOomEE/CS3-176

10:30am David Golomb Synchrory of large sparseneuronahetworks
Ben-GurionUniversityof the Negev

Abstract We studysynchronizatiorin large populationsof N identicalneuronswith randomsparseconnectvity. Syn-
chrory occursonly whenthe averagenumberof synapsed/ acell recevesis largerthana critical value M,.. Below M.,
thesystemis in anasynchronizedtate.

In thelimit of weakcoupling,we usethe averagingmethodto reducethe network modelinto a modelof phasesvhich are
coupledviaafunctionT of their phasdifferencesUsingmearfield theory we shav thatthestability of theasynchronized
statecan be determinedexactly in the asymptoticlimit 1 <« M, < N. In particularwe establishthat in this limit
M./N = O(1/N). Whenthe condition M, >> 1 is not satisfied,our theoryis approximatebut providesus with an
estimatdor M, asafunctionof the singleneuronandsynapticproperties.

We apply our analyticaltheoryto studyintegrate-and-firameuronswith inhibitory coupling. We find that M, variesnon-
monotonicallywith thelevel of theexternalinputontheneuronthatit is astronglydecreasindunctionof thethesynaptic
rise time andof the durationof therefractoryperiodof the neuron.For typical inhibitory synapsesindrefractoryperiod
of 2-5msecwefind that M., is of theorderof 100 synapticconnectiongerneuron.

Numericalsimulationsareperformedo show thatourtheoryprovidesvery goodresultsalsofor finite M, (M, of theorder
of uafew tens)andmildly strongcoupling. Finally we study numericallythe strongcouplingregime: in particularour
simulationsindicatethat M, is anincreasingunctionof the couplingstrength.
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We concludeby discussinghe relevanceof our theoryto understandhe mechanism®f synchroty in neocorte and
hippocampusndby proposingexperimentdo testit.

2:00pm Alain Destexhe How the cortex controlsthalamically-generatedscilla-
Laval University tions

Abstract Sincethe forties, it hasbecomeclearthatthe thalamusis essentiain the genesiof sleepspindleoscillations
in the 10-14 Hz frequeng range. In 1962, Andersenand Ecclesidentified for the first time one essentiaproperty of
thalamicneurons:the ability to producea burstof actionpotentialsin responséo inhibitory inputs. It wasproposedhat
theinteractionbetweerthalamiccellsandinhibitory neuronamakesan oscillatot a principlestill valid today

With the morerecentandmore precisedatafrom intracellularrecordingsin vivo andin vitro, thalamicoscillationshave
beenthoroughlyexplored and dissectedn detail. The underlyingionic currentsand their biophysicalpropertieswere
characterizedallowing to build computationamodelsof thalamiccircuits. The comple interactionsthat take placein
thesecircuits,implying a variety of ionic currentsandsynapticreceptorswill bereviewedhere.

Thefocusof the presentesearchis directedto thalamocorticainteractions The questionghatwill bediscussedre:
¢ Cancorticothalamideedbaclcontrolthalamicoscillations?

e How is large-scalesynchroly generatedh thethalamocorticabystem?

e Canasimilar mechanisnbeappliedto explainthe genesiof pathologicabehaior, suchasepilepsy?

e Whatpossiblephysiologicalolescanbedrawn for theseoscillations?

3:00pm CoffeeBreak ReceptiorROOmEE/CS3-176
3:30pm David Terman The Role of Inhibition in SynchronizingNeural Oscilla-
Ohio StateUniversity tions: A GeometricApproach

Abstract A geometricapproacHor studyingtherole of inhibitory synapticcouplingin eithersynchronizingor desynchro-
nizing neuraloscillationsis presentedThis issuehasbeenconsideredn numerougpapershowever, mostof thesestudies
have consideredrery idealizedmodelssuchasintegrate-and-firanodelneuronsor networks of relaxationoscillators.The
geometricanalysisallows usto studymorerealisticmodelsfor the underlyingneuronsanddeterminenow changingpbio-
physicalparametersayaffecttheemegentnetwork behaior. | will demonstrat¢hatfastinhibitory couplingcanleadto
synchronizeahythmsandthenapplythesetechniqueso analyzerecentmodelsfor the spindlesleeprhythm.

6:00pm Workshop Dinner Fourthfloor of CoffmanUnion
Campu<Club

Receptiorat 6:00with wine & cheesedinnerat 6:30.

‘ Friday, January 23

Talks today arein Lecture Hall EE/CS 3-180

8:30am Coffee ReceptiorROomEE/CS3-176
9:00am Wulfram Gerstner Dynamicsin homogeneougopulationsof spiking neu-
Federalnst. of Techn. Lausanne rons— stability, locking, andfasttransients

Abstract The populationactiity in a homogeneoupool of spiking neuronscan be describedoy an integral equation
(similar to the original Wilson-Cavan model)which is exactin the limit of N — oo. Typical dynamicalstatesmay be
analyzedlirectly onthelevel of theintegral equation.

(i) fasttransients:populationsof spiking neuronsreactinstanteneouslyo stepchangesn the input (cf. Tsodyksand
Sejnavski; VanVreeawsijk andSompolinsly) — which shavsthata descriptiorof thepopulationactivity A with astandard
first-orderdifferentialequationis notvalid (atleastnot duringtheinitial phaseof thetransient).

(i) The'locking’ conditionthatwe have studiedearliet (paperwith vanHemmenandCowan)hasa naturalgeneralization
in the context of theintegral equation.

(i) Stability of incoherenfiring stategsplayphase)maybeanalyzedn the presence®f noiseasafunctionof parameters
likethetransmissiordelay
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10:00am CoffeeBreak ReceptiorROOomEE/CS3-176

10:30am David Hansel Therole of adaptationn shapingspatio-temporgbatterns
EcolePolytechnique of neuralactvity of large neuralnetworks

11:30-12:30 DiscussionSession
Leaderdo beannounced

‘ Monday, January 26 ‘

‘ Tuesday January 27 ‘

IMA PostdocSeminar:

2:30pm Sharon Crooke Modeling Cortical Oscillations with Networks of
MontanaStateUniversity Coupled-Phas®scillators

Abstract Oscillationsin mary regionsof the mammaliancerebralcortex have remarkablycommontemporalcharacter
istics. However, thereis much more variability in the spatialdomain. For example,somecortical oscillationstendto
be synchronousvhile othersproducetraveling waves of oscillationsor other phaseshifts that may be computationally
significant. We usecoupledcortical oscillatorsto examineseseral mechanismsvhich affect the dynamicsof the voltage
oscillationof eachneuronduring repetitive firing wherethe behaior of the network dependsritically on the interaction
functionschoserto representhe couplingbetweeroscillators.

Organizer:KathleenRogers

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsn VincentHall 570.

‘ WednesdayJanuary 28 ‘

‘ Thursday, January 29 ‘

Seminaron Dynamicsand Mechanicsin Vincent Hall 570

11:15am To beannounced

Friday, January 30

SEMINAR ON INDUSTRIAL PROBLEMS

10:10am Dr. Richard Stone Airline PlanningProblems
NorthwestAirlines

Abstract In mary ways a major airline canbe viewed as one large planningproblemwhich is usually approacheds
mary interdependendmaller(but still imposing)planningproblems.Thelist of thingswhich needplanningseemsend-
less: crews, resenationagentsjuggage flights, throughtrips, maintenancegatesjnventory equipmenpurchasesEach
planningproblemhasits own considerationdfs own compleities, its own setof time horizons its own objectves,but all
areinterrelated.

In this talk, we will briefly look at a few of theseairline planningproblems. For each,we will outline the basicprob-
lem, considerationsand objecties. In addition,for eachplanningproblemwe review, we will discusshow one might
quantitatvely approactihe problemsoasto intelligently supporthe planningprocess.

Theseminameetsn thelMA SeminalRoom,VincentHall 570
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400Lind Hall
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IMA NEWSLETTER # 259

February 1-28,1998

1997-98Program
EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

SeetheWinter, SummerandFall 1997IMA Updatefor afull descriptionof the 1997—-98orogramon
Emeging Applicationsof DynamicalSystems.

| Newsand Notes |

IMA Tutorial:
Calcium Dynamicsin Cells

February5-6,1998
Speakrs: JoelKeizer(Univ. of California,Davis) & RobertMiura
(Nationallnstitutesof Health)

IMA Workshop:
Calcium Dynamicsin Cells

February9—-13,1998
OrganizersJoelKeizer(Davis)(chair),JohnRinzel (Courantinstitute),
Albert Goldbeter(Brussels)

Lucent TechnologiesloinsasIMA Participating Corporation

LucentTechnologiehasrecentlyjoinedtheIMA asaParticipatingCorporation.TheIMA Participat-
ing Corporationprogramaimsat broadeningelationsbetweeruniversity andindustrymathematical
scientistsaandidentifying nev mathematicatesearctareasof interestto industry

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique ConsiglioNazionaledelle Ricerche Geogia Institute of Technology IndianaUniversity
lowa StateUniversity KentStateUniversity Michigan StateUniversity MississippiStateUniversity, Northernlllinois University, Ohio StateUniversity PennsylaniaState
University, PurdueUniversity SeoulNationalUniversity (RIM - GARC), TexasA&M University University of Chicago,University of Cincinnati,University of Houston,
University of lllinois (Urbana),University of lowa, University of Kentuclky, University of Maryland, University of Michigan, University of Minnesota,University of Notre
Dame,Universityof Pittshurgh, University of Wisconsin WayneStateUniversity

PARTICIPATING CORPORAIONS: EastmarkKodak,EPRI,Ford, GeneraMotors,Honegywell, IBM, LockheedVartin, LucentTechnologiesMedtronic,Motorola,Siemens,
TelcordiaTechnologies3M.
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IMA Reorganization

ThelMA Boardof Governorshasapprovedreoganizatiorof theseniormanagemerdf thelMA, initi-

atedby thenew IMA Director, Willard Miller . Fadil Santosahasbeenappointedo thenew position
of AssociateDirector for Industrial Programs. Robert Gulliver hasannouncedhis resignatioras
AssociateDirector, effective this March, and Frederic Dulles hasbeenappointedto the nen posi-
tion of AssociateProgram Director. Dr. Dulleswill assumepartof Dr. Gulliver's responsibilities,
the otherspassingo Dr. Miller. Dr. Santosas responsibilitieswill free up time from the Director’s
position.

New Scientific Program Advisory Committee

Thisnew committeewill assisMiller in developingideasfor annualendSummeiprogramsMembers
will be Avner Friedman (chair) of the University of Minnesota,Mac Hyman of Los Alamos Na-
tional LaboratoriesGeorge Papanicolaouof StanfordUniversityandWilliam Pulleyblank of IBM
T. J. WatsonResearcliCenter FriedmanwasDirectorof the IMA from 1987-97 andPulleyblankis
currentlychairof theIMA Boardof Governors.

New Computational Programsand ResourcesAdvisory Committee

Anothernew committeewill adviseMiller asto how the computationabspectsof currentand up-
cominglMA programsanbe strengthenedandon the establishmerdandmaintenancef appropriate
facilities, personnelndsoftware. Memberswill be Mitchell Luskin of the University of Minnesota,
DouglasArnold of PennStateUniversity, George Cybenko of DartmouthCollege, Leslie Green-
gard of the Courantinstituteof MathematicaBSciencest NYU, andJoige Moré of ArgonneNational
Laboratories.

ExpandedProgramsand Impr oved IMA Home Page

Seethe accompanping letterregardingthe expandingprogramsandserviceof the IMA which moti-

vatedMiller to carryout the reoiganizationoutlinedabove. Many of the newv programsareaccesible
throughthe IMA homepageon the World-Wide Weh For example,recentindustrialProblemgalks

aresummarize@ndabstractedt

http://www.ima.umn.edu/indust riall 9798/ .
Formerly, the IndustrialProblemsalks werefirst madeavailableto the public mary monthslaterin
the hard-coy IMA Volumes(volumes# 16, 24, 31, 38, 49, 57, 67, 83 and 88, available through
SpringerVerlag.)
ThelMA homepageis accessibléhroughnetscap®r otherweb-readingpplicationsat
http://www.ima.umn.edu

The pageis continuallyunderconstruction.We invite commentsor suggestionswhich may be ad-
dressedo

webmaster@ @ima.umn.edu .
In particular we appreciatery informationaboutWorld-Wide Web links appropriatdo currentand
upcomingIMA programs.

Schedulefor February 1-28,1998 |
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‘ Monday, February 2 ‘

| Tuesday February 3 |

IMA PostdocSeminar:

2:30pm Tony Varghese CalciumDynamicsin CardiacPurkinjeFibers
Oxford University

Abstract An introductionandoverview of calciumconcentratiorchangesn heartcellswill be given. Calciumis used
asa signalmary cellsof thebody In quiescennerve andmusclecells, the restingconcentratiorof calciumis typically
100nMoleslliter;in cellsthatareexcited,the concentratiojumps10 fold to causesuchactivity asmusclecontractionin

heartandskeletalmuscle neurotransmittereleasan nenes,releasef insulinin the pancreasetc. Thistalk will focuson
theheart. In additionto a discussiorof normalphysiologicalmechanismsthe effect of drug poisoningandthe resulting
calciumoscillationswill bediscussed.

Organizer:KathleenRogers

NOTE: The PostdocSeminairis organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsn VincentHall 570.

WednesdayFebruary 4 |

IMA Tutorial:
Calcium Dynamicsin Cells

February5-6,1998
Spealers: JoelKeizer(Univ. of California,Davis) & RobertMiura (Nationallnstitutesof
Health)

Thursday, February 5 ‘

Talks today arein the IMA SeminarRoom, Vincent Hall 570

9:30am Registration and Coffee IMA Lounge,VincentHall 502
10:30am JoelKeizer Introductionto CalciumDynamicsin Cells
UC Davis

Abstract Thistalk will introducenon-expertsto someof thedynamicabehaior associatedvith calciumsignalingin cells.
Mechanism$y which calciumionsseneto transducenetypeof cellularsignalinto anothemwill bediscussedlongwith
basicfeaturesof calciumtransportmechanisms.

2:30pm Artie Sherman Calcium and Bursting Electrical Activity in Pancreatic
Nationallnstitutesof Health Islets

Abstract An introductionto the roles of ion channelscalcium, andintracellularorganelles,suchas the endoplasmic
reticulumandmitochondriain generatingscillationsin membrangotentialand calcium. The pancreatideta-celland
implicationsof the above for insulin secretiorwill be usedasthe main modelsystem.Mathematicatopicswill include
theuseof bifurcationtheoryto analyzedevelop,andevaluatemodelsandemegentbehaior of cell populationanediated
by electricalcouplingthroughgapjunctions.
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Friday, February 6

Talks today arein the IMA Seminar Room, Vincent Hall 570

10:00am CoffeeBreak IMA Lounge,VincentHall 502
10:30am JoelKeizer CalciumSparksandCalciumWaves
UC Davis

Abstract Using a modularapproachjn which kinetic modelsof variousmechanism®f calciumhandlingin cells are
fine-tunedto in vivo andin vitro measurementseforecombiningtheminto whole-cellmodels,threedistinct modesof
transmisiorof calciumwavesin matureandimmaturefrog eggshave beendefined.Two modesof transmissiorarefound
in immatureeggs,wheretheinositol 1,4,5-trisphosphateceptor(IP3R) controlsreleasef calciumfrom theendoplasmic
reticulum (ER). The first mode correspondso an excitable physiologicalstateof the cytoplasmandresultsin solitary
wavesthat canappearmscircular or spiralwavesin 2 dimensionswith the wave speedproportionalto the squareroot of
thediffusionconstanbf calcium.A secondnodeoccurswhenthe stateof the cytoplasmis oscillatoryandbecaus®f the
smallsizeof the buffereddiffusionconstanfor calcium,thewave speedcanappearto beweakly dependenon diffusion.
In the maturefrog egg, wherethe sperm-inducedalciumfertilization wave is a propogatingront, the cytoplasmappears
to be bistableandin this modethe wave speeds alsoproportionalto the squareroot of the diffusion constant.Herewe
investigatea fourth modeof propagatiorfor cardiacmyocgytes,in which calciumreleasdrom the sacroplasmiceticulum
(SR) is dominatedby clustersof ryanodinereceptorsspacedat regularintervals. In myocytesa stochasticallyexcitable
myoplasmleadsto the spontaneouproductionof calcium“sparks”thatundercertainconditionscanmergeinto saltatory
waveswith aspeedproportionalto the diffusionconstant.

3:00pm Robert Miura MathematicalAnalysis of Pancreatic3-Cell Models for
Nationallnstitutesof Health BurstingElectrical Activity

Abstract Burstingelectricalactiity (BEA) in cells consistsof periodicalternatingphasef oscillations(active phase)
andslow change(silent phase)in the membranegpotential. The first generatiorof modelsfor BEA in pancreatideta-
cells involvesthird-ordersystemsof ordinary differentialequationsor the membranevoltageandintracellularcalcium
concentrationThesesystemawill beanalyzednathematically\andnumericallyto determinghe plateaufraction, theratio
of the active phaseperiodto thetotal periodof BEA. The mathematicahnalysisusesechniquegrom perturbatiortheory
anddynamicalkystemgheory

IMA Workshop:
Calcium Dynamicsin Cells

February9—-13,1998
Organizers:JoelKeizer(Davis)(chair),JohnRinzel (Courantinstitute),Albert Goldbeter
(Brussels)

Dynamic changesn cellular free-calciumconcentrationsre essentiafor a greatvariety of cellular processesinclud-
ing intra- andextra-cellularsignallingprocessesnusclecontraction,andcell motility. Usingmoderntechniquesn cal-
ciumimaging,experimentalisthave recentlyresohedspatio-temporgbatterngoscillationsandvarioustypesof nonlinear
waves)in bothisolatedcells andtissue. Thesedynamicalphenomenanvolve specificmolecularmechanismsontrolling
calciuminflux andefflux throughthe cell’'s outermembrandvoltage-gatedn channelscalciumexchangerandpumps)
aswell ascalciumreleasenechanismfrom internalcompartmentésarcoplasmior endoplasmiceticulumandmitochon-
dria). A numberof comple signallingpathwayscouplingthesemechanisméave beenuncoveredin the laboratory and
realisticmodelsof theseprocessearebeingdeveloped. The workshopwill be precededy a two-daytutorial that pro-
videsthenecessarpiologicalbackgroundor non-expertsandanoverview of currentmodels.Workshopparticipantswill
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includea mix of experimentalcell biologists,theoristscurrently developingmathematicamodels,and mathematicians
from the dynamicalsystemscommunity The workshopwill explore importantcurrentbiological questionssuchasthe
role of local calciumgradientsin cells, how the stochastigropertiesof individual molecularentities(e.g.,ion channels
andhormonereceptors)eadto organizeddynamicalbehaior, andhow calciumsignalsaretransducednto physiological
function. Theworkshopwill closewith anextendeddiscussiorof newv mathematicathallengeghatthis areapresentsn
dynamicalsystemgheory

Any changesnadeto theworkshopscheduléelow will beupdatecontheMA webpageat

http://www.ima.umn.edu/dynsys/winter /dynsy s6.ht ml.

Monday, February 9

Talks today arein Lecture Hall EE/CS 3-180

8:15am Registration and Coffee ReceptiorROOomEE/CS3-176

8:50am Welcomeand Orientation W. Miller, R. Gulliver, J.Keizer

Morning sessionCalcium Oscillations: Mechanismsand Functions. JoelKeizer chair

9:00am JoelKeizer Overview andIntroduction
Univ. of California, Davis

9:15am Andrew Thomas Propertiesand Functionsof Calcium Oscillationsin the
Univ. of Medicine& DentistryNew Jer  Liver
s/

10:15am CoffeeBreak ReceptiorROomEE/CS3-176

10:45am Richard Nuccitelli A confocalmicroscopestudy of the fertilization-induced
Univ. of California,Davis calciumwave in thefrog egg

Abstiact We have usedconfocalmicroscopy to examinethe [Cet]; increasein the albino eggs of the frog, Xenopus
laevis, following fertilization. Eggswere placedin agarwells with their animal polesdowvnward so that fertilization
occurredpreferentiallyin the equatorialplaneand confocalmicroscoly wasusedto provide a two-dimensionabptical
sectionthroughthethree-dimensionala2* wave. Thesearethefirst confocalimagesof the sperm-inducedalciumwave
in thefrog egg. Thesedataindicatethatthe wave of increasedCa*]; traverseshe entireegg and corvergesuniformly
on the antipode. We shaw that ratioing two differentfluorescentlyesin orderto correctfor variationsin cell thickness
is not a reliable techniquefor this very thick cell dueto differential absorptionwith depth. Indo-1-dextran provesto
be a morereliable C&™ indicatorin this respect.Indo-1-dextran measurementmdicatethat the resting[Ca*]; is not
uniform throughouthe egg but exhibits a 15% higher[Ca*]; in the cortex thandeepin the cytoplasm.This differenceis
accentuateduringwave propagatiorandis not dependenon extracellularCe*. The averagepeak[Ca™]; in the center
of theegg asthewave propagatethroughit is 0.7 uM, about60%of the peakcortical[C&];. Thewave velocity through
thecenterof theegg (5.7 um/s)is slowerthanthatin the cortex (8.9 um/s)andbothvelocitiesvary slightly duringtransit.
The cortical wave speeds particularlyhigh at the beginning (15.7 um/s) andend(17.2 u/s) of the wave. Eggsinjected
with 30-80uM of 3 kD heparinto competewith Ins(1,4,5)P3or bindingto its receptorexhibited multiple localizedspots
of elevated[Ca+]; andmary of thesedid notinitiate awave. For thosethatdid leadto awave, it wasusuallyslov moving
andexhibitedareduced60%reduction)amplitudecomparedo controls.

11:30am Nancy Allbritton SubcellulatMeasurementf Inositol 1,4,5-Trisphosphate
Univ. of California,Irvine in XenopugDooytes

Abstract Thetransductiorof mary hormonalandsensorystimuli is mediatedby anincreasen theintracellularconcen-

trationof inositol 1,4,5-trisphosphat§lP3]). Theinterplayof [IP3], theintracellularfree C&t concentrationandthe|P3
receptor/channdé thoughtto leadto the Ca?* spikesandwavesobsenedin mary cell types. Despitethe importance
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of IP3in C&at signaling,[IP3] in a singlecell before,during, andfollowing applicationof PLC-actvating stimuli is not

known. No methodexiststo measurdlP3] in singlecells. Most estimatesf [IP3] are basedon homogenatesf large

number9f cells,andrepresenthe averagdIP3] of anasynchronoupopulation.Thismayin partexplainthewide range
of predictedphysiologic[IP3]. MeasuringIP3] in singlecellsis fundamentato understandin@ & signaling.We com-

binedcapillaryelectrophoresiwith a permeabilizedP3-detectorcell to developa methodwith the sensitvity to measure
[IP3] in smallregionsof a singleXenopusogyte. We will presenearlyresultsobtainedwith this new technique.

AfternoonsessionThe “Virtual Cell” Project. JoelKeizer, chair

2:30pm Leslie Loew The Virtual Cell
Univ. of ConnecticuHealthCenter

Abstract The Virtual Cell is a fully modulargeneralframewnork for modelingcell biological processes.An intuitive

JAVA interfaceincludesoptionsfor databas@ccessgeometrydefinition (including directly from experimentaimages),
specificationof compartmentopology speciesdefinition and assignmentchemicalreactioninput, and computational
mesh. Deterministicandstochastighysicalformulationshave beenimplemented.The algorithmshave beenrigorously

testedagainsiexactsolutionsincludingvariousmembranendboundaryconditions.

The Virtual Cell hasbeenusedto modelcalciumwavesproducedy InsP3-mediatedeleasdrom endoplasmiceticulum
(ER)in differentiatedN1E-115neuroblastomaells. Experimentallystimulationwith 500nM bradykininproducesvaves
thatarenon-oscillatoryandstartin the middle of the neuritefollowing a lateny of 3 secondsThe [C& ], increaseso

1uM within 1 secondanddecaydo nearbaselindevelswith atime constanbf about10s.A modelwasconstructedhased
on the geometryof a cell for which the calciumwave hadbeenexperimentallyimaged. The distributionsof the relevant
cellular componentgIinsP3R,SERCA pumps,bradykininreceptorsand ER) were basedon 3D confocalimmunofluo-
rescencémages.Biochemicalandelectrophysiologicatlataon the rate of InsP3production,InsP3Rlevels, the channel
openingcharacteristicef the InsP3R calciumflux throughthe InsP3Rchannel binding to fixed andmobile buffers,and

therateof calcium-actvatedpumpingby SERCAwereall usedto constrainthemodel. Thesimulationmatchedhespatial
andtemporalcharacteristic®f the experimentalcalciumwave. It alsoprovided new insightsinto mechanistideatures
underlyingthe wave andpredictedhe outcomeof new experiments.

Math DepartmenSeminaton Math Physicsin roomVincentHall 570

2:30pm Robert Mccann The Geometryof Optimal Transportation
Brown University

4:00pm IMA Tea(and more!) VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeveragewill besened.
Math DepartmenRealAnalysisSeminaiin VincentHall 207

4:15pm Radu Balan Approximationsof a Classof StochasticProcessedy
PrincetonUniversity Weyl-Heisenbeg Pairs

Abstract In thistalk | will presengjoint work with I. DaubechiesndV. VaishampayafATT) concerningapproximations
of finite enegy nonstationargignalsor finite power stationarysignalsby Weyl-Heisenbeg (i.e. windowed-Fourier)sets.
shallanalyzehedistortion-ratecharacteristictherole theredundang (deficit) playsandaapplicationgo multidescription
andwatermarkingproblems.

Tuesday February 10 ‘

Talks today arein Lecture Hall EE/CS 3-180

8:30am Coffee ReceptiorROomEE/CS3-176
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Morning sessionintracellular Calcium Waves.RichardNuccitelli, chair

9:00am JameslLechleiter Theimpactof Cat sequestratioandCa* bufferingon
Univ. of TexasHealthSci. Ctr., SanAn- C&*t wave dynamics
tonio

Abstiact Inositol 1,4,5-trisphosphat@P3)-inducedntracellularCa* releasds anexcitableprocessvhich mediateghe

effectsof activatedhormoneandneurotransmittepathways. Ca2*-inducedCat releasgCICR) from the IP3-boundP3

receptor(IP3R) is the fundamentapropertywhich generatepropagatingCelt waveswhencoupledto C&* diffusion.

Thesewavesannihilateuponcollision primarily dueto C&™ inhibition of Ca2* releasathighCa* concentrationsSince
intracellularCa* releasds clearly controlledby Cat+ feedbackmechanismshy necessityary cellular processwvhich

binds,sequestersand/orpumpsintracellularCa2* will affectthedynamicsof Ca* signalling. My talk will focusonthe

molecularcontrol of C&* signallingby Cat binding proteins(CaBPs),Ca*-ATPases,and mitochondriain Xenopus
ooqytes.

10:00am CoffeeBreak ReceptiorROomEE/CS3-176
10:30am JamesRussell Specializedunitary Cat releasesitesthat supportiong-
Nat. Inst. Child Health& HumanDevt.  distancepropagatiorof agonist-goked calciumwavesin
glial cells

Abstiact Stimulationby neurotransmitteractivatespropagatingCe2+ wavesin culturedastrogtesandoligodendrogtes.
Ourexperimentshovedthatlocally discretecellularsiteswith elevatedCa2+ releaseinetics(increaseémplitudeandrate
of riseof responsevhich aretypically foundalongprocesseprovideregeneratie Ca?t releasaecessarfor propagation.
ThesespecializedelementaryCat releasesitesact aswave amplificationpoints. We have characterizedhe possible
involvementof mitochondriaand endoplasmieeticulumspecializationsn achieving suchlocally elevatedCa+ release
kinetics.Cellswereloadedwith fluo 3 andfluorescencénageswereanalyzedthighresolution(0.8 um-wideslicesalong
thecell axis,1imageevery 66 ms),followedby immunogtochemistryor directorganellaistainingwhile cellsremainedn
themicroscopestage.Usingthe dyesJC-1andDiOC6(3), mitochondriawverefoundto belocatedsingly or in convoluted
groupsalongoligodendrogte processesCross-correlatioanalysisrevealedthatthesemitochondrialgroupswereclosely
associatedvith sitesof elevatedCa* releasekinetics. Ca2t uptalke into rhod 2-loadedmitochondriaoccurredduringthe
cytosolicCa* wave, andpretreatmentvith FCCP(1 M, 2 min) greatlyalteredresponsamplitude.In addition,changes
in mitochondriaimembrangotentialwerealsorecordedduringthe Ca+ wave. Immunogtochemistryevealedthatthese
Cat releasesiteswereendavedwith higherdensityof type 2 inositol trisphosphateeceptorgInsP3R2) SERCApumps
asshawvn by stainingwith fluorescentlytaggedthapsigagin and bead-like concentratiorof intraluminal calreticulin. It
thereforeappearghat multiple specializationsinderliedomainsof elevatedCa* releasein oligodendrogte processes
andtheseincludethe presenc®f mitochondriawhich may modulatethe level of C&* nearreleasesites,andby elevated
levels of proteinsinvolvedin Ca* signalingsuchas calreticulin, InsP3R2C&+ releasechannelsand SERCA pumps.

Two-dimensionaimagesof intracellularCa* flux during a propagatingvave were developedusing a computational
method.

11:15am Generieve Dupont IntracellularC&* oscillations:modellingtheirrole atfer-
Universi€ Libre de Bruxelles tilizationin mammalsandthepossiblanechanismsander
lying complex oscillatorybehaiour

Abstiact Role of Ca&t oscillationsat fertilization in mammals:In all mammalianspecies sperm-gg fusion leadsto
repetitive increasesn the level of cytosolicCa2t. Theseoscillationsplay animportantrole in therelief of the egg from
its arrestedstate. To undestandhe mechanisniy which egg developmentouldbe optimizedby anappropriatgatternof
Cat oscillationstheinteractionsbetweerthe cell cycle andtheintracellularCa+ dynamicshave to beinvestigatedOn
the basisof the availableexperimentabata,a modelinvolving the well-known activation of calmodulin-dependetkinase
Il by Ca&t hasbeendeveloped. To accountfor experimentalobsenations,it hasto be assumedhat CaMKI! interferes
with thecell cycle oscillatorattwo distinctlevels,the 2 pathwaysbeingcharacterizedy differentkinetics. Themodelthus
accountdor theobsereddependencef thetime of entryin interphas@n thefrequeng of the Ca* spikes,aswell asfor
thepossibleentryin metaphasél, apathologicaktateof the eggwhichresultsfrom aninsufficientactivationby Ca?+.

Possiblemechanisnfor bursting-typecomplex C&* oscillations: In mostcases,Cat oscillationsappearas periodic
increase®f the level of cytosolicCa* from the basallevel up to a high concentratiorof the orderof 1uM. In response
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to specificagonists somecells ashepatogtesdisplayoscillationsof the burstingtype, i.e. alarge-amplitudeCa2* spike
followed by small-amplitudevariationsarounda plateau-lgel. The possiblemechanism®f suchcomplec oscillations
have beeninvestigated Among variouspossibilities,a modelbasedon theinterplaybetweerCa* -inducedCa* release
andthe Ca*-activatedmetabolismof InsP3by 3-kinasedisplaysinterestingproperties.In particular it canexplain the
experimentabbsenationthat Ca+ oscillationsarevery little affectedby the overexpressiorof InsP33-kinasepneof the
two enzymesesponsibldor InsP3degradation.

AEM Seminamon Mechanicof Materials,227 AkermanHall

1:00pm Wendy Crone Experimentalnvestigatiorof Slip ata NotchTip in Duc-
Universityof Minnesota tile SingleCrystals

Afternoonsessioninter cellular Calcium Waves.Andrew Thomasgchair

2:00pm Michael Sanderson IntercellularCe+ waves: Mechanismsndfunction
Univ. of Massachusettgled. Ctr.

2:45pm CoffeeBreak ReceptiorROOomEE/CS3-176

3:15-4:00 Andrew Charles SpiralintercellularCalciumWavesin Brain Slices
UCLA Schoolof Medicine

Abstract Comple patternf intercellularcalciumsignalingoccurin hippocampaslice organotypicculturesfrom neona-
tal mice. SpontaneouspcalizedintercellularCat wavesinvolving 5-15cellspropagateoncentricallyfrom multiple foci

in specificcellularlayersof the hippocampugthe stratumoriensandstratumradiatum).ln thesesameregions,extensie

intercellularCet wavesinvolving hundredsof cellstravel ascurvilinearandspiral wavefrontsacrossbroadareasof the
slice. Whentwo curvilinearwavefrontscollide, they annihilateat the point of contact. IntercellularCa+ wavestravel

atratesof 5-10 um/sec,areabolishedby thapsigagin, anddo not requireextracellularCe*. Stainingfor astrogtesand
neuronsndicatethattheseintercellularwavesoccurprimarily in astrogtes. Thefrequeny andamplitudeof intercellular
Cat wavesincreasen responséeo bathapplicationof N-methyl-D-aspartatgnddecreasén responsdo removal of ex-

tracellularCat or applicationof tetrodotoxin.This novel patternof intercellularcalciumsignalingsuggestshatnetworks

of glial cellsin the hippocampusnay behae asan excitablemediumwhosespatialandtemporalsignalingpropertiesare
modulatedby neuronalctivity.

WednesdayFebruary 11

Talks today arein Lecture Hall EE/CS 3-180

8:30am Coffee ReceptiorROomEE/CS3-176

Morning sessionCalcium and Membrane Potential. lllani Atwater, chair

9:00am Eduardo Rojas Cell MembraneVoltage-Insensitie Calcium Channels:
NIH PropertiesandRolein ExcitableandNon-ExcitableCells
9:45am Stanko Stojilk ovic CalciumMobilizationandEntry Channel®f RatPituitary

EndocrinologyandReproductionNIH Cells

Abstiact Cytosoliccalciumlevels ([C&];) in pituitary cells are controlledby threefamiliesof plasmamembraneand
endoplasmiaeticulum (ER) calcium channels;voltage-, ATP- and InsP3-gated.All anterior pituitary cells generates
spontaneouandextracellularCa+-dependenfCa*]; transientshroughL- andT-type voltage-gatedC&+ channelsin
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lactotrophsand somatotrophsbut not gonadotrophsthyrotrophs,and corticotrophs the spontaneouslectricalactivity
is coupledto hormonesecretion. Pituitary cells also expressat leasttwo typesof P2X purinegic cationic channels.
Somatotrophsxpresswild-type P2X2 channelsaindseveralsplicevariants whereagjonadotrophandlactotrophsxpress
awild-type andsplicedforms of P2X5 channels.The native purinegic channelsn pituitary cells are heteropolymersf
theclonedsulunits,activationof which depolarizeshe cells. Thisleadto anincreasen thefrequeng of actionpotentials,
arisein [Ca&t]; andanincreasén basalhormonesecretion.Activationof IP3-gatedCa* releasechannelds associated
with anon-oscillatoryamplitude-modulatefCa?+]; responsem lactotrophsandsomatotrophsandoscillatoryfrequeng-
modulatedCa?t]; responses gonadotrophandthyrotrophs.in gonadotrophshe conductvity of ER calciumchannels
is alsocontrolledby Ca2t, which exertsbothfacilitatoryandinhibitory actionsthatleadto periodicCe+ releasdrom the
ER. Suchreleasectivatesapamin-sensitie and-resistanpotassiuncurrents.Theformerareresponsibldor cessatiorof
actionpotentialfiring, dueto transienthyperpolarizationandthe latter for gradualdepolarizatiorthatleadsto a bursting
patternof electricalactivity. Corversely C&* influx throughL-type andP2X channeldacilitatesCa2* releasdrom the
ER by adirectandinstantaneouactionon thereleasenechanismandmagnifiegshe Cat signalsdueto its gradualeffect
onthereloadingof ER pool. The coordinateactionsof theseCa* channelgpermitthe generatiorof long-lasting[Ca2+];
signalsin agonist-stimulatedells.

Thisis joint work with T. Koshimizu,F. VanGoor, andM. Tomic.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am Mark Pernarowski A mathematicataricatureof multiple slow calciumpro-
Universityof Montana cesse$n amodelexhibiting bursting

Abstiact The modelof burstingelectricalactiity in the pancreatidetacell dueto Bertramet al (BiophysJ. 1995,Vol.
68)incorporateseveralchannetypesincludingavoltagerectifiedpotassiunturrent,a slowly inactivatedtransmembrane
calciumcurrentanda CRAC currentwhich activateswith increasedntra-ERcalciumstores.Imbeddedn this modelis a
reducednodel(whichdoesnotincludethe CRAC currentor intra-ERcalciumconcentrationyvhich hastwo fastvariables
andtwo slow variables.

In the talk preliminary numericalsimulationsof the reducedmodelindicatea potentialasymptoticconstructionfor the
4-dimensionaburstingcycle. Theleadingsilent phasedynamicscanbe describedexplicitly if posedasa secondorder
systeminvoling onefastandoneslow variable. Fixed points of this systemare unstablefor parameterén the bursting
regime. However, the fixed point of this systemcanbe stablizedby changingthe value of glucosedependenparameter
Thoughthisimpliestheexistenceof a stableequilibriumof thefull 4-dimensionasystemjt doesnotprecludehepossible
coexistenceof stableequilibria and bursting solutions. Resolutionof this issuemay comefrom an examinationof the
returnmapdescribingheburstingcycle.

For a postscripffile of thetalk, checkunder‘Presentationsat http://www.math.montana.edu/ pernarow .

11:45am John Hunter SpatialPatternsin BurstingSystems
Univ. of Califonia,Davis

Abstract Spatialpatternformationin burstingsystemscanbe modeledby systemsof reactiondiffusion equationswith

weakdiffusive coupling. We studya simpletwo by two modelof burstingsystemsn which stablelimit cycle oscillations
coexist with a stablesteadystate. This systemcombinedeaturesof oscillatorymediaandbistablemediawith two stable
steadystates.A naturalquestionfor suchsystemsconcernghe spatialpropagatiorof “phaseboundaries’betweeroscil-
latory, burstingstatesandstablesteadystates.Numericalcomputationgand supportinganalysisshov a rathersurprising
behaior: aspatialwave extinguishegheoscillatorystateandreplacest with anunstablesteadystate. The unstablesteady
stateis connectedo the stablesteadystateby atravelling wave.

Oscillations and Waves

2:00pm Informal Group Discussion DiscussionLeaders: Geneieve Dupont, FU Brussels;
Albert Goldbeteychair Yue-XianLi, UBC

Thursday, February 12
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Talks today arein Lecture Hall EE/CS 3-180

8:30am Coffee ReceptiorROomEE/CS3-176

Morning sessionCalcium Puffs and Calcium Sparks. HansOthmer chair

9:00am JoelKeizer Elementaryeventsof intracellularcalciumliberation
Univ. of California, Davis

Abstract Thistalk is basednwork of lan Parker (Univ. of California,Irvine).

Theapplicationof confocalimagingtechniquesasresolheda hierarchyof subcellulareleaseventsthatunderliecalcium
spikesandwaves. The bestknown paradigmfor sucha hierarchicalorganizationof calciumreleaseaventsevoked by
inositol trisphosphat€IP;) is illustratedby progressre recruitmentof calcium‘blips’ and ‘puffs’ in Xenopusoocytes.
Recentdatashav that theseform a continuumof eventsinvolving liberationof varyingamountsof calcium; probably
asaresultof stochastiaecruitmentof variablenumbersof channelswithin functionalclusters. Optical techniqueghus
provideameango monitoractivity of singlecalciumchannelsvithin intactcells,andto studytheirinteractiongo produce
coordinatedjlobalsignals.

10:00am CoffeeBreak ReceptiorROomEE/CS3-176

10:30am Gregory Smith A SimpleNumericalModel of CalciumSparkFormation
NIH Mathematical ResearchBranch, andDetectionin CardiacMyocytes
NIDDK

Abstact Cat sparks,which arisefrom one or more ryanodinereceptorsin the sarcoplasmieeticulum (SR), arethe
elementaryeventsof excitation-contractiorcouplingin heartmuscle. | presenta simple numericalmodel constructed
to explore C&* sparkformation,detection,andinterpretationin cardiacmyogytes. This modelincludesCa* release,
cytosolicdiffusion, resequestrationy SR Ca#*-ATPasesandthe associatioranddissociatiorof Ca2t with endogenous
Cat-binding sitesand a diffusible indicator dye (fluo-3). Simulationsin a homogeneoussotropic cytosol reproduce
the brightnessandthe time courseof a typical cardiacCa* spark,but underestimatéts spatialsize (1.1 mmvs. 2.0
mm). Back-calculatindCa*]; by assumingequilibriumwith indicatorfails to provide a goodestimateof the free C&2+
concentratiomvenwhenusingblur-freefluorescenceéata.A parametesensitvity studyrevealsthatthemobility, kinetics,
andconcentratiomf theindicatorareessentiatleterminantsf theshapeof Ca2* sparkswhereashestationanbuffersand
pumpsarelessinfluential. Usinga geometricallymorecomplex versionof the model,we shav thattheasymmetricshape
of Ca¢t sparksis betterexplainedby anisotropicdiffusionof Ca2t ionsandindicatordye ratherthanby sub-sarcomeric
inhomogeneitiesf the Ca2* buffer andtransportsystem.In addition,we examinethe contrikution of off-centerconfocal
samplingto thevarianceof sparkstatistics.

Thisis joint work with JoelE. Keizer MichaelD. Stern,W. Jonatharn_edererandHepingCheng.

AfternoonsessionCalcium Sparks and Calcium Waves. Yue-XianLi, chair

1:30pm Hans Othmer TheEffectof Heterogeneously-DistriliedRyR Channels
Universityof Utah on CalciumDynamicsin CardiacMyocyte

Abstract Calciumplaysanessentiatole in excitation-contractiortouplingin muscle,andderangementis calciumhan-
dling can producea variety of potentially harmful conditions,especiallyin cardiacmuscle. In cardiactissue,periodic
invaginationf the membrangenetrateleepinto eachsarcomereanddepolarizatiorof the membrandeadsto aninflux
of calciumthroughvoltage-sensitie channeldn theseinvaginations.This in turn triggersfurther calciumreleasefrom
intracellularstoresvia ryanodine-sensite calciumchannelsUndercertainconditionscardiaccells releasecalciumfrom
the sarcoplasmiceticulumspontaneous|yroducinga calcium“spark” and propagatingraveling wavesof elevatedcal-
cium, without depolarizatiorof the membraneHowever, undernormalrestingconditionsthesepotentiallyharmfulwaves
seldomoccur In this talk we discussanalyticaland computationatesultswhich shedlight on the role of the periodic
distribution of ryanodine-sensite channelsn determiningwhethera sparkcantriggerawave. We show thatthe periodic
spatiallocalizationof thesechanneldasa significanteffect on bothwave propagatiorandthe onsetof oscillationsin this
system.
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2:15pm John Pearson Fire—Diffuse—Fireandthe Dynamicsof IntracellularCal-
Los AlamosNationalLab. cium Waves

Abstlact Whencalciumis releasedrom internalstoresin living cellsthe resultingwave of increasedconcentratiorcan
travel without deformation(continuougpropagation)pr with burst-like behaior, (saltatorypropagation).We presenthe

fire—diffuse—firemodelin orderto illuminatethe differenceshetweerthesetwo modesof propagation We show thatthe

calciumreleasavave in immatureXenopu®odgytesis saltatorywhile thefertilizationwave in matureoogytesis continuous.
Whetherthe propagatioris continuousor saltatorydepend®n the ratio of thetime thata singlesite remainsopento the

time it takesfor calciumto diffuse betweenneighboringreleasesites. If this ratio is large enoughthe propagations

continuousandif it is smallenoughthe propagatioris saltatory In the continuouscasethe numberof sitesthatrelease
simultaneouslys largewhile in the saltatorycaseonly asinglesitereleasestatime.

3:00pm CoffeeBreak ReceptiorROOmEE/CS3-176

Calcium Gradients and Secietion, |

3:30pm Robert Zucker PresynaptidCa] Diffusion Simulationsand Models of
Univ. of Califonia,Berkeley SynapticFacilitation

Abstract We aretrying to understandhe basisfor a form of short-termsynapticplasticity calledfacilitation. During a
train of presynapti@ctionpotentials,successie postsynapticesponsecreaselueto anincreasen transmitterrelease
perspike. This effectriseswith time constant®f 30and300ms,anddecayswith similartime constantafterthelastspike
in thetrain (whenmeasuredby singletestspikesatlaterintenals).Katz & Miledi (1968)shavedthatfacilitationrequires
Caentry, andproposedhatit is a simpleconsequencef the highly cooperatie actionof 4 Caions binding at the site
causingexocytosiscombinedwith residualCaremainingpresentluringthefacilitation periodaddingto the transientrise
in [Ca] in anactionpotential. However, this simplemodelcannotaccountfor the large magnitudeof facilitation (several
fold increasdor afew spikes)in the faceof a very smallincreasen the rate of secretionduring the facilitation period.
Yamada& Zucker (1992)andBertram,Shermar& Stanlg (1996)proposedhatCaactsat distinctfacilitationsites,with
slow unbindingkineticsdetermininghetime constant®f facilitation. However, Kamiya& Zucker(1994)foundthatrapid
reductionof residualCa by photolytic releaseof a presynapticCa buffer rapidly eliminatedfacilitation, implying thata
smallresidualCa (lessthanl1 uM) actswith fastkineticsandhigh affinity to stronglyfacilitatereleaseelicited by local
brief risesin [Ca] to about100 uM. And Atluri & Regehr(1996)foundthatfacilitationhasintrinsic kineticsof tensof ms,
andis normallyratelimited by equilibriumreactionof low levelsof residualCa.

We areusingsimulationsof Cadynamicsn theactive zoneandmodelsof reactionschemeso searchor possiblemodels
of facilitation. Caenterspresynaptidoutonsthroughanarrayof Cachannelsn active zoneson the presynapticsurface,
anddiffusesin threedimensionsnto the bouton. Numericalsimulationsinvolve solutionof the diffusion equationwith
mobile andimmobile presynaptidouffers, and surface extrusion of Ca by pumps,to producea spatio-temporaprofile
of [Ca] during and after a shorttrain of actionpotentials. A facilitation site with kineticsand affinities consistentvith
experimentalresultsat the samelocation as the exocytosis binding site (20 nm from the nearestopenCa channel)is
saturatedy eachactionpotential,andcannotcausefacilitation. But sucha site located60 nm away producedacilitation
similar to whatis obsenedexperimentally This distancemayreflectthe meanfree pathof Caionsfrom the nearesbpen
Cachannetlo a physicallyobscuredindingsite onthe backsideof the proteinsthatdockvesiclego releasesites.

Thisis joint work with ThomasSchlumpbeger.

4:15pm Artie Sherman Calcium Triggers Secretion, But Which Calcium and
NIH Mathematical ResearchBranch, How?
NIDDK

Abstract It is well establishedhatcalciumis the primetriggerfor secretionpothin neurongsynaptictransmissionand
in neuro-endocrineells (hormonesecretion).However, cell calciumis divided into multiple poolshby buffering, spatial
gradients,sequestratiofn internalorganelles,and spatial co-localizationof ion channelsand calcium-bindingeffector
sites.Differencesn thesdeaturesandconsequentifferencesn thedynamicsof neuro-transmitteandhormonesecretion
will beaddressed.

6:00pm Workshop Dinner Fourthfloor of CoffmanUnion
Campu<Club
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Receptiorat 6:00with wine & cheesedinnerat 6:30.

Friday, February 13

Talks today arein Lecture Hall EE/CS 3-180

8:30am Coffee ReceptiorROomEE/CS3-176

Morning sessionCalcium Gradients and Seceetion, Il. Greg Smith,chair

9:00am Illani Atwater Calcium Storesand Calcium Influx: Interactionsin the
NIH Controlof Insulin Secretion
9:45am Yue-Xian Li Sensingand Refilling Calcium Storesin an Excitable
Univ. of British Columbia GlandCell: Canmathmodelsmalke nontrivial predictions
aboutbiology?

Abstract Mathematicamodelsof importantbiological phenomendave providedinsightsaboutwhetherandhow a ver-
bally statedmodelcanwork in anaccurateand quantitatve sense.Biology hasalso given mathematicians variety of
challengingmathproblemghatlaterlive amoremathematicalife with little biologicalconsequencesiowever, it wasthe
closecombinationof the two, in pursuingthe unknowvn factsthatwould be difficult to achiesze without the combination,
which madethe work of peoplelike Hodgkin-Huxley a big successtory. This talk will focuson the efforts of myself
andcoworkersto usemathmodels basedon alarge numberof recordsto make predictionsonissueselevantto thereal
biological problem. The first partwill be on how, by focusingon the whole dose-responsgcenariansteadof a single
recordin pituitary gonadotrophsthe model predictsthat the bell-shapedcurve movesto the right as1P3 concentration
increasesThis predictionhasbeenrecentlyprovedby experimentsThesecondartwill beonwhatthe modelsaysabout
the communicatiorbetweerthe cell surfaceandthe endoplasmiceticulum(ER) calciumstorein controlling Ca* entry
andstorerefilling in gonadotrophghatareexcitableandrelatively small. Our studypredictedsomeseeminglycounterin-
tuitive phenomenauchasthat storerefilling occursat lower thanbasal[Ca+]; levels and, mostimportantly suggested
thatin excitablecellsthatdo notexpresscrae, [Ce2T]; itself playstherole of amessengebetweerthe ER andthe plasma
membrane.Theseresultsindicatethat capacitatie Ca2* entryin suchcellsis likely to occurthroughCa*-controlled
cat entry

10:30am CoffeeBreak ReceptiorROomEE/CS3-176

Gradients, Sparks, and Secretion

11:00am Informal Group Discussion Discussion Leaders: Artie Sherman; John Pearson,
JoelKeizer chair LANL; Gregory Smith,NIH; HansOthmer Utah

‘ Monday, February 16 ‘

| Tuesday February 17 |

IMA PostdocSeminar:

2:30pm Alexandra Milik Geometricsingularperturbationtheory at nonhyperbolic
Techn.Univ. Vienna/IMA pointsof theslov manifold: A casestudy

Abstract Until recentlygeometricsingularperturbatiortheoryonly appliedunderthe assumptiorof hyperbolicityof the
slow manifold. By usingthe blow-up methodalsoknown asArnold’s sigma-procesBumortierand Roussaridirst gave
a purly geometrictreatmentf the Vander Pol oscillatorincluding the nonhyperboligointsof its one-dimensionatlow
manifold. In a casestudyof a three-dimensionakystemof ODEswith a folded slov manifold we demonstrate¢hat the
methodalsoworksin higherdimensions.
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Organizer:KathleenRogers

NOTE: The PostdocSeminairis organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsn VincentHall 570.

WednesdayFebruary 18 ‘

Math Department/IMASeminaron EvolutionaryEquationsn VincentHall 570:

2:30pm GregoryKing On the onsetof turbulencein the Taylor-Couettegeome-
Warwick/IMA try: How importantis symmetry?

Abstract We considethequestiorof how importantsymmetryis onthetransitionto turbulence. Ourapproachsto usethe
muchstudiedTaylor-Couettegeometry(flow betweertwo cylinderswith innercylinder rotatingandoutercylinder fixed).
Thereis a strongfeeling that the SO(2) (rotational)symmetryof the concentriccylinder geometrycausedifficultiesin
achieving a satishctorymathematicaéxplanationof the experimentabbsenationsthusfar obtained.

Experimentdesignedo studythe effectsof breakingthe rotationalsymmetryhave beencarriedout by Mullin andco-
workersandby me and Takeda(unpublished).Mullin and co-workersstudied(i) the flow betweena circularinnerand
a squareouter cylinder, (ii) the flow in a triply connecteddomainand (iii) rotatingflows in stadium-shapedomains.
Hammeratal andNing etal studiedthe effectof anexternalbodyforce (Coriolisforce). Takedaand| areinvestigatinghe
flow betweereccentriccylinders.

I will review theseexperimentsandidentify commonfeaturesof the results,andthenmalke my speculationslt is dearly
hopedthat the audiencewill make their own speculationsand offer their own suggestiondor issuesto be exploredin
future experiments.

‘ Thursday, February 19

GeometryCenterSeminarin room409Lind Hall:

11:00am Javier A. Diez Non-CircularFocussing-low in ViscousGravity Currents
Univ. Nac.del Centro,Tandil Argentina

Abstract Experimentabind numericalstudiesof thefilling of a dry non-circularregion (cavity) within a viscousliquid
layer on a horizontalplaneare reported. The flow is modelledwithin the lubrication approximationand the resulting
two-dimensionalnon-lineardiffusion equationfor the fluid heightis numericallysolved. Theresultsshow that cavities
with discreterotationalsymmetriegsquaresequilateratriangles etc.) closeascircles,while thosewith elongatedhapes
(ellipsesrectanglesisosceledriangles.etc.) do not corvergeto a circularform, but becomeanelongatedval. Theaxes
decreaséollowing approximatelypower laws on (tc-t), wheretc is the collapsetime, the exponentdeingapproximately
0.5 and 1 for the major and minor axes, respectiely. This rathersurprisingbehaiour cannotbe attributed either to
experimentabr numericaleffects. Surfacetensioncannotberesponsabléor theincreasingaspectatio (ratio of majorto
minorradius)of thecollapsingcavity since,onthecontraryit tendsto roundthecountours However, theexactasymptotics
of thenon-circularcollapsearebeyondthe rangeof our experimentalbr numericalresults.

Friday, February 20

IMA Seminaron Industrial Problems

10:10am Philip Fleming Diffusion Approximationsof Join-the-Least-Loadeldfi-
Motorola nite Sener Station

Abstract We considemodelsof multicarrierlS-95CellularCDMA Systenundera“Weighted_east-Loadload-balancing
algorithmanddescribediffusionapproximationgor thejoint probabilitymassunctionof the numberof callson each(ra-
dio) carrier The underlyingqueueingmodel consistsof a finite numberof stationseachhaving an infinite numberof
seners. New arrivalsareeitherdedicatedo a givenstationor areallowedto join the (weighted)leastloadedstation. The
approximatiorhasa particularlysimpleform andis quiteaccurateaswill bedemonstatetly comparisonsvith simulation.
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Theseminameetsn thelIMA SeminalRoom,VincentHall 570

‘ Monday, February 23 ‘

| Tuesday February 24 |

IMA PostdocSeminar:

2:30pm Kathleen Rogers Stabilityin ContinuumModelsof DNA Minicircles
Univ. of Maryland/IMA

Abstract Stability resultsbasedon a constrainedvariationalprinciple will be presentedor rods loadedwith varying
amountsof imposedtwist andforce. The underlyingvariationalstructureis employedto predictexchangef stability
basedon the shapeof the branchin a ‘distinguishedbifurcationdiagram’. The shapeof the solutionbranchesn this
distinguisheddiagram,andthereforethe stability propertiesof equilibria, dependupon+, the ratio of twisting stiffness
to bendingstiffnessof therod. Perturbatiortechniquesreusedto determinethe critical valueof v at which bifurcating
brancheswitchfrom subcriticalto supercritical.

Stability resultswill also be presentedor an elasticrod modelof DNA with experimentallymotivatedparametergor
bendingstiffness twisting stiffness,anda curvedunstressedhape Computationsvith theboundarywalueproblemsolver
AUTO and a numericalimplementationof a conjugatepoint testshav that the numberof negative eigervaluesof the
appropriateoperatorchangesasfolds in the branchesare traversed. The are at leasttwo cyclized DNA configurations
which arepredictedo bestableusingthesetechniquesOthercyclizedDNA areunstable.

Organizer:KathleenRogers

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsin VincentHall 570.

WednesdayFebruary 25 |

Math Department/IMASeminaron EvolutionaryEquationsn VincentHall 570:

2:30pm Michael Jolly What currentestimatessay aboutthe dimensionsof in-
IndianaUniversity/IMA ertial manifoldsfor the Kuramoto-Siashinsk equation
overamoderatgarameterange

Abstract Estimatedor the dimensionof inertial manifoldsfor the Kuramoto-Siashinsl equation(KSE) typically take
theform cL?, L is thelengthof the spatialdomain(in one-dimension)¢ is someconstanindependenof L, andb is an
exponentwhich hasbeenrepeatedlymprovedin theliterature. The actualvalueof ¢, however, is generallynot explicitly

provided. Sincewe wish to useinertial manifoldsover a certainrangein L, we seekestimatesvhich canbe completely
evaluated. Therearetwo mainingredientsneededo derive suchan estimate:the radiusof an absorbingball, andthe
Lipschitz constantfor the nonlinearterm after it is truncatedoutsidethat ball. In this talk, we rework portionsof the
analysesdn [Collet et al.] and[Temam-\Véng]to derive for thesetwo quantities,expressionsvhich canbe completely
evaluated.Severallow-dimensionataseq3,4,5)for the manifold arethenconsideredwith valid parameterangedor L

determinedy aspectrafgapcondition.We alsodemonstratéo whatextenttruncationto a ball smallerthanthatrigorously
known to beabsorbingfor the full KSE) reduceghe dimensiorfor fixed L. The manifold sofound,still captureswithin

thesmallerball, the correctdynamicbehaior for thefull KSE.

SpecialMCIM Seminaiin VincentHall 311:

2:30pm StevenBrams Fair Division: From Cake-Cuttingto DisputeResolution
New York University

Abstract Cuttinga cake, dividing up the propertyin an estatedeterminingthe bordersin aninternationaldispute— such
problemsof fair division areubiquitous.Fair division treatsall theseproblemsandmary morethroughrigorousanalysis
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of avariety of proceduredor allocatinggoods(or “bads” like chores),or decidingwho wins on whatissueswhenthere
aredisputes.Startingwith ananalysisof the well-known cake-cuttingprocedure;l cut, you choose”the spealer shavs
how it hasbeenadaptedn a numberof fieldsandthenanalyzefair-division procedurespplicableto situationsin which
thereare morethantwo parties,or thereis morethanone goodto be divided. In particular the spealer will focuson
proceduresvhich provide “envy-free” portion andhencedoesnot ervy arybody else. They alsodiscussthe fairnessof

differentauctionandelectionprocedures.

| Thursday, February 26 |

‘ Friday, February 27 ‘
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INSTITUTE FOR MATHEMATICS AND ITS APPLICATIONS

University of Minnesota
400Lind Hall
207ChurchStreetS.E.
Minneapolis Minnesotab5455
FAX (612)626-7370 telephong612)624-6066 e-mail: ima-staff@ima.umn.edu
IMA Schedulesia finger:finger  seminar@ima.umn.edu
Newsletters Updatesandpreprintsavailablevia
anorymousftp: ftp.ima.umn.edu , www: http://www.ima.umn.edu/

IMA NEWSLETTER # 260

March 1-31,1998

1997-98Program
EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

SeetheWinter, SummerandFall 1997IMA Updatefor afull descriptionof the 1997—-98orogramon
Emeging Applicationsof DynamicalSystems.

| Newsand Notes |

IMA Workshop:
Cardiac Dynamics

March9-14,1998
Organizers:Jim Collins (Boston)(chair),JameKeenerUtah),Charles
Peskin(Courant)andRai Winslow (JohnsHopkins)

IMA SpecialWorkshop:
Knowledgeand Distrib uted Intelligence (KDI)
Opportunities in the Mathematical Sciences

Saturday, March 7,1998

TheNationalSciencd~oundatiorhasjustannounce@ newx Foundation-wideactivity, Knowledgeand

Distributedintelligence(KDI), thatbuilds onrecentadvancesn computatiorandcommunication$o

make new thrustsin threefocalareasKnowledgeNetworking (KN), LearningandintelligentSystems
(LIS) andNew ComputationaChallenge¢NCC). Mathematicsaandstatisticsareintrinsicto KDI and

mathematicascientistsanparticipateat severallevels. However, the proposakolicitationwasposted
only in Februaryl998andproposalsaredue May 8, 1998, with lettersof intentby April 1. Given

the compleity andinterdisciplinarynatureof the solicitationandthe shorttime for preparationof

proposalstheIMA is offering a one-dayworkshopto describan somedetailto the mathematical

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique ConsiglioNazionaledelle Ricerche Geogia Institute of Technology IndianaUniversity
lowa StateUniversity KentStateUniversity Michigan StateUniversity MississippiStateUniversity, Northernlllinois University, Ohio StateUniversity PennsylaniaState
University, PurdueUniversity SeoulNationalUniversity (RIM - GARC), TexasA&M University University of Chicago,University of Cincinnati,University of Houston,
University of lllinois (Urbana),University of lowa, University of Kentuclky, University of Maryland, University of Michigan, University of Minnesota,University of Notre
Dame,Universityof Pittshurgh, University of Wisconsin WayneStateUniversity

PARTICIPATING CORPORAIONS: EastmarkKodak,EPRI,Ford, GeneraMotors,Honegywell, IBM, LockheedVartin, LucentTechnologiesMedtronic,Motorola,Siemens,
TelcordiaTechnologies3M.
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sciencegommunitythe scientificopportunitiegepresentedy KDI. Similarworkshopswill behostedby MSRIin Berke-
ley Februarny27, by Ricein HoustonMarch2 andby NISSin ResearcirianglePark March9.

The IMA will hold the workshopfrom 10 amto 5 pm on Saturday March 7, 1998. The purposeof the workshopis
to inform mathematicascientistsaboutthe funding opportunitiespresentedy KDI and,in particular the mathematical
researctareasthat are of greatesinterest. Proposabreparatiorissuesandissuesof interdisciplinarycollaborationwill
alsobeaddressedlrheworkshopwill begin with a 40-minutepresentatioy the NSF Division of MathematicaBciences
ProgramDirectorfor KDI, Mike Steuervalt, onthe mainissuesof theworkshop.It will befollowedby threeconsecutie
session®n KnowledgeNetworking, Learningandintelligent SystemsandNew ComputationalChallengesrespectrely.
Eachsessionwill featurethreeshorttalks by mathematicascientistavorking on projectsthatarehighly relevantto KDI,
followedby a paneldiscussior{with questiongrom thefloor). Eachpanelwill becomposeaf thespealersfor thesession
andappropriatdNSFrepresentaties.

Theworkshopwill beopento all, includingresearchersom industry but no fundingcanbe provided.IMA Participating
InstitutionscanuselMA fundsundertheir controlto sendfacultyto theworkshop.

Weekly IMA seminar list available by list server

The IMA offersane-maillist service. This serviceis a distribution eachThursdayof the next week’s scheduleof IMA
seminarsandevents. If you wish to subscribesimply sendan e-mail messageo imalists@ @ima.umn.edu  whose
firstline is of theform

subscribe  weekly
If your preferrede-mailaddresss differentfrom the onefrom which you aresendingthe requestthefirst line shouldbe

subscribe  weekly you@@e.mail.address

Thesubjectiine andtherestof the messagareignored.Questionsor problemsshouldbe sentto
owner-weekly@ @ima.umn.edu

The currentweek’s schedulds alsoavailableon requestwia finger  seminar@@ima.umn.edu . An updateddvi
or.ps file of theIMA Newsletterqgcurrentandrecent)is availableby ftp  or throughthe world-wideweh

Impr oved IMA Home Page

The IMA hassubstantiallimprovedits homepageon the World-Wide Web, accessiblehroughnetscaper otherweb-
readingapplicationsat

http://www.ima.umn.edu
Thepageis continuallyunderconstruction We invite commentsr suggestionsyhich maybeaddressetb

webmaster@@ima.umn.edu .
In particular we appreciateary information about World-Wide Web links appropriateto currentand upcomingIMA
programs.

Schedulefor March 1-31,1998

| Monday, March?2 |

IMA Seminaron Industrial Problems

10:10am Daniel R. Baker The Role of Chaige Separatiorin the Respons®f Elec-
GM Researcl& DesignCenter trochemicalSystems

Abstract Electrodesof microscopicdimensiongplay anincreasinglyimportantrole in mary electrochemicasystemsof
industrialsignificanceg.g., thin-film batteriegwith electrodesandelectrolytelayersof micron dimensions)andmicro-
electrodeqgwith micron or submicrondimensionsjJusedas sensoror tools for electroanalyticastudies. As the size of
anelectrodedecreasegdhethin chagelayeradjacento its surface,often on the orderof angstromsexertsanincreasing
influenceon the currentcharacteristicef the electrode.A mathematicaimodelis usedto studythe impactof the chage
layeronamicroelectrodémmersedn adilute concentratiorf binaryelectrolyte. Thetransport-limitecturrentdensityon
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theelectrodedepend®n a dimensionlesparametes, correspondingo the quotientof the Debyelengthby the electrode
radius. (The Debyelength characterizeshe chaige-layerthickness.) As § becomessmall, the pde’s describingchage

transportbecomesingularly perturbed and numericalsolutionof the equationdbecomesncreasinglydifficult. Matched
asymptoticsvereusedto calculatehecurrentin thelimit § << 1, andtheresultswverecomparedvith numericalsolutions
for larger §-values. This talk will focus mostly on the matchedasymptoticprocedurewith somediscussionof how a

knowledgeof theboundary-layestructurecanbeusedto aid in thenumericalsolutionof the equations.

Thisis joint work with Mark W. Verbrugge.

Theseminameetsn theIMA SeminaRoom,VincentHall 570

Tuesday March 3

IMA PostdocSeminar:

2:30pm Tony Varghese CardiacElectrophysiologyandPharmacology
Oxford University

Abstract An introductionandoverview of cardiacphysiologyandpharmacologwiill be presentedTheionic mechanisms
underlyingnormalelectricalactivity in the heartwill be discusse@longwith anovervien of themechanismshatdisrupt
thenormalheartbeat. A numberof heartdrugscanmake thingsworsefor someheartpatientsandanintroductionto the
effectsof drugswill bepresented.

Organizer:KathleenRogers

NOTE: The PostdocSeminairis organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsn VincentHall 570.

WednesdayMar ch 4 ‘

Math DepartmenandIMA Seminaron EvolutionaryEquationsn VincentHall 570:

2:30pm GeorgeR Sell An introductionto thedynamicsof fluid flows on thin do-
Universityof Minnesota mains

Abstiact In thislecturewe presenainintroductionto the studyof fluid flows onthin 3D domains.Theobjectiveis to shov
thatthe physicsof the problem,namelythatthefluid flow is “closeto” some2D problem,canleadto agoodmathematical
theoryconcerningthe long-timedynamicsof the solutions. This introductorylecturewill form a basisfor a subsequent
lectureon globalclimatemodeling,which begivenlaterthis spring.

Math DepartmenSeminaton Partial DifferentialEquationsn VincentHall 211:

3:35pm Kiy oshiMochizuki Global existenceand enegy decayof small solutionsto
Tokyo MetropolitanUniv. the Kirchhoff equationwith a linear dispersionlocalized
nearinfinity

| Thursday, March’5 |

‘ Friday, March 6 ‘

‘ Saturday, March 7 ‘
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SpeciallMA Workshop:
Knowledgeand Distrib uted Intelligence (KDI)—
Opportunities in the Mathematical Sciences

March7,1998
OrganizersWillard Miller (IMA) andFadil SantosgIMA)

Tentatve schedule:

9:00am Registration and Coffee ReceptiorROomEE/CS3-176
10:00am Welcomeand Orientation W. Miller, F. Santosa
10:10am Mik e Steuerwalt Introductionto theKDI Initiative
NSF
KnowledgeNetworks (KN)
10:50am George Cybenko MathematicaAspectsof KnowledgeNetworking
Dartmouth

Abstract To quotefrom the KDI programannouncementKnowledgeNetworking (KN) focuseson the integration of
knowledgefrom differentsourcesanddomainsacrossspaceandtime” This overview will surwey aspectgelatedto the
quantitatve representationf informationandknowledgeaswell aswhatit meango integratethemover spaceandtime
andhow suchintegrationscanbe supportedy mathemticandmathematicamodels.

11:05am Kevin McCurley Network Security: We have everythingto fear including
IBM AlmadenResearctCenter fearitself

Abstract | will try to identify researclfuestiongegardingwhatis broadlycalled“network security”thataddres®achof

thefour statedjoalsof theKnowledgeNetworkinginitiative. Theemphasisvill beonsuggestinglirectionsof investigation
ratherthansolutionsto problems.My personainterestis in cryptology but thereareotherareasvheremathematicgan
bebroughtto bearonthesubject.

11:20am Jon Kleinberg Analysisof Hypermedia
CornellUniv.

Abstract Thelink structureof a hypermediaenvironmentcanbe a rich sourceof informationaboutthe contentof the

ervironment,providedwe have effective meandor understanding. Thistalk will surey settingsn which ananalysisof

theunderlyinglink structurehasprovedto be effective; we will alsodiscussconnectiondbetweertheseanalysismethods
andsomebasiccombinatoriandspectrapropertiesof link structures.

11:35am Panel discussion Cybenlo, McCurley, Kleinbemg etal., NSFpersonnel
KnowledgeNetworks

12:15pm Workshop Luncheon

Learning & Information SystemgLIS)

2:00pm Allen Tannenbaum Problemsn Visual Grouping
Univ. of Minnesota

Abstract In this talk we will outline someof the key issuesaboutour researchprogramin visual grouping. This will
includeideasfrom learning,adaptve control,andimagesegmentation.
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2:15pm Manfr ed Warmuth Simpleon-line learningalgorithms: multiplicative versus
Univ. of California, SantaCruz additive updates

Abstlact The goal is to designsimple learningalgorithmsfor the on-line estimationof parametersn non-stationary
settings An examplewould beto estimatethe carrateat atraffic light.

Gradientdescents thestandarcdeuristicfor designingterative learningalgorithmswith the aim of minimizingsomeloss
function. In thisheuristicthenew valueof a parameteequalgheold value“plus” aconstantimesthederivative (gradient)
of thelossfunctionw.r.t. the parametersWe discussnew heuristicsin which the gradientsareusedin a differentway,
leadingto a “multiplicative” updateof the parameters.

The multiplicative updatesare goodwhenthe input dimensionis large (datamining applications). They alsocanadapt
quickly whenthe inputsare changingwith time. Techniquedrom corvex optimization,statistics,andcontrol theoryare
usedto derive andanalyzethealgorithms.

2:30pm Neil Gershenfeld Machinelnference
MIT MedialLab

Abstract The spreadof sensingcomputing,and communicationgrom traditional platformsto emeging ervironments
presentsignificantnew challengesndopportunitiedor data-drveninference.l will surwey new algorithmsandapplica-
tionsthatintegrateandacton suchinformation.

2:45pm Panel discussion Gershenfeld,TannenbaumWarmuthet al., NSF person-
Learning& InformationSystems nel

New Computational Challenges

3:15pm JoeGreene Thin Film Growth PhenomenaScalingfrom Angstroms
Univ. of lllinois, Urbana to Meters,Picosecondt Hours

Abstract Critical phenomenavhich determinenanoscalehemicalreactionstogetherwith microstructuraland surface
morphologicakvolution, duringthin film growth, occurover vastly differentdistanceandtime scales. Continuummodel-
ing, necessarjor describingthe structureandchemistry andhencephysicalpropertiespf macroscopithin film systems
(typical dimensionf nm to micronsthick by mm to several hundredcm in diameteyi.e. 10'4 to 1022 atoms)requires
inputfrom kinetic equationsvhich reliably predictsurfaceandbulk mesoscopic-scaleactiongdiffusion,surfacerough-
ening, island coalescencegrain growth, etc) that occurover timesrangingfrom 10~9 secs.to hour Understandinghe

basicphysicsgoverningthesecollective reactiongequiresprobingandmodelingatomic-scalénteractionsat surfaceand

interfacesover timesrangingfrom approximatelyl0—* secs.to 10~¢ secs.This, in turn, often necessitateab initio or

quantunmchemicalapproachesAt all scalesgxperimentaberificationis essential.

In this talk, a few examplesof microstructuraland surfacemorphologicalevolution during both epitaxialand polycrys-
tallinefilm growth will bebriefly discussedo illustraterelationshipgscalinglaws) betweeratomic-scalénteractionsand
macroscopig¢bulk) behaior.

3:30pm CoffeeBreak ReceptiorROOomEE/CS3-176
4:00am Jon Kettenring Massie DataSets,DataMining, andClusterAnalysis
Bellcore

Abstract Practitionersarefacingincreasinglylargeamountof datato analyze Many standardpproachefall flatbecause
they arein- appropriateor fail to scale. Computerscientistgandothers)are promotingdatamining asthe answer Is it?
Oneof the basictechniqueghatis often listed as part of datamining is clusteranalysis. Clusteranalysiscan help, in
principle,to breaklarge amountsof datadown into manageablehunks.Whatarethe importantresearchissuesnvolved
in this particularsettingandin thegeneramassie datasets/datanining context? In thisbrief talk | will try to giveaquick
perspectie on all of thesetopics.

4:15am Terry Sejnowski IndependenComponeninalysis
SalkInstitutefor Biological Studies

152



Abstract Mixtures of several hundredsignalscan be blindly separatedy IndependenComponentsAnalysis (ICA),
an new unsupervisetheuralnetwork learningalgorithmthat generalizesrincipal ComponentAnalysisto nongaussian
signalsthat are nonorthogonal.This new techniquecanbe appliedto dataat mary differentspatialandtemporalscales
andhasmary areasof applicationin signalprocessing@nddatamining Whenappliedto patchedrom naturalimages)CA
findscomponentshatresembldocalizedandorientedGaborfilters, similar to responsesf neuronsn the primaryvisual
cortex of primates.This suggestshatthe visual cortex preprocessegisualinformationinto channelghat aremaximally
independentWhenappliedto functionalmagnetiacesonancémagingdata(fMRI), which allows cognitive brain activity
to be measuredn humansoninvasiely, theresultinglCA componentgonsistof spatially-fixed 3-D mapsof distributed
actiity andassociatetime course®f activationwhichidentify spatiallyindependenbrainprocessingystems.

4:30-5:00 Panel discussion Kettenring,Sejnavski etal., NSFpersonnel
New ComputationaChallenges

IMA Workshop:
Cardiac Dynamics

March9-14,1998
OrganizersJim Collins (Boston)(chair)JamesKeenerUtah), CharlesPeskin(Courant)
andRai Winslow (JohnsHopkins)

Spatio-temporagbatternsof electricalactivity overthe heartcausehe muscleto contract.Thisworkshopwill considerthe
electricalactvity of the heart,andtheresultingmechanicakvents,in both healthanddiseaselt will alsoreview current
understandingnd modelingof drug action. Simplified modelsof the electricalactvity shav normalwave propagation,
aswell asarrhythmiassuchas spontaneouspiral wave generation.Complicatingfactorsfor electricaland mechanical
modelersncludediffering nonlineampropertiesn differentregions,anisotropy in the conductiorpathwaysandin thefiber
architectureof the heart,andbranchingin the Purkinje systemwhich triggersthe muscleelectricalactiity. Large scale
3-D computationamodelsfor electricaland mechanicahctiity of the heartaswell asreducedelectricalmodelsbased
on singularperturbationdescriptionsandkinematicsof spiral coreshave led to insightsinto cardiacphysiology andfor
excitablemediamoregenerally

Monday, March 9

Talks today arein Lecture Hall EE/CS 3-180

8:45am Registration and Coffee ReceptiorROOomEE/CS3-176
9:15am Welcomeand Orientation W. Miller, F. Dulles,J.Collins
9:30am J. P. Keener Introductionto the Electrophysiologyf CardiacTissue)|

Universityof Utah

Abstract The purposeof thesethreelectures(9:30 and2:00 Monday and 11:00 Tuesday)is to give an introductionto
andoverview of the electrophysiologyof the heartandthe mathematicamodellingthereof,with the goal of preparing
participantdor theworkshopto follow. No previousbackgroundn cardiologywill beassumed.

Topicswill includeanintroductionto theelectrocardiograrandvectograms(a quick survey of how to readanecg),ionic
modelsfor singlecells,modellingof intactcardiactissue propagatiorandpropagatiorfailure, cardiacarrhythmiagtheir
initiation, dynamicsandeliminationor control),calciumdynamicsandexcitation-contractiorcoupling.

10:30am CoffeeBreak ReceptiorROOmEE/CS3-176
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11:00am Charles S. Peskin Introductionto CardiacMechanics,l: The Heartin the
Courantlnstitute,NYU Circulation

Abstract Thesethreelectureq11:00Monday 9:30and2:00 Tuesdaywill introducethe mechanic®f theheartbeginning
with its rolein the circulationandthenconcentratingn the heartitself.

Simple modelswill be usedto explain how left andright sidesof the heartare keptin balance,and how the cardiac
outputandits distribution arecontinuallyadjustedo the needof thetissues.Thefetal circulationandthe changesn the
circulationthathapperatbirth will alsobediscussed.

2:00pm J. P. Keener Introductionto the Electrophysiologyof CardiacTissue,
Universityof Utah Il

4:00pm IMA Tea(and more!) VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeveragewwill besened.

‘ Tuesday March 10 ‘

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
9:30am Charles S. Peskin Introductionto CardiacMechanics]l: CardiacFluid and
Courantlnstitute,NYU TissueMechanics

Abstract Equationsof motionfor the heartwill be presentedh this lecture. Theseequationgive a unified descriptionof
themusculatheartwalls, theflexible heartvalve leaflets,andthe bloodthatflows in the cardiacchambersThe numerical
solutionof theequationof motionwill alsobebriefly introducedwith furtherdetailsin my talk on Thursday

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176

11:00am J. P. Keener Introductionto the Electrophysiologyof CardiacTissue,
Universityof Utah 1]

2:00pm Charles S. Peskin Introductionto CardiadViechanicsl|ll: FiberArchitecture
Courantinstitute,NYU of theHeartandits Valves

Abstract Thislectureis anattemptat mathematicahnatomythe goalbeingto derive the anatomyof the heart,especially
its fiber architecturefrom first principles.Thiswill be donefor theleft ventricle,andfor theaorticvalve.

WednesdayMarch 11

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176

Today’stopic: Calcium Dynamicsin Cardiac Cells

9:30am Yoram Rudy Cardiacconduction:aninterplaybetweermembrangoro-
CaseWesternResere Univ. cessesndstructuralproperties

Abstiact Impulsepropagatiorin the heartresultsfrom interactionbetweercellularionic processeandpassve structural

propertiesof the myocardium.Using a multicellulartheoreticalfiber model,the interplaybetweermembranegonic pro-
cessesndgapjunction propertiesduring action potentialpropagatiorwill be explored. We will characteriz¢herole of
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differention channelsn normalandabnormakonduction.Therobustnes®f conductiorunderavarietyof conditionswill
be quantitatvely characterizeih termsof a “safetyfactorfor conduction”.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176

11:00am SaleetJafri Modeling CardiacExcitation-ContractiofCoupling: New
JohnsHopkinsUniv. Sch.of Medicine  Insightsinto Interval-ForceRelations

Abstract We constructa detailedmathematicainodelfor calcium(Ca)regulationin theventricularmyocyte thatincludes
novel descriptionof subcellulamechanism$éasedon recentexperimentalfindings: 1) the KeizerLevine modelfor the
sarcoplasmiceticulum(SR) Careleasechannelthe ryanodinereceptor(RyR), which displaysadaptatiorat elevatedCa
asobsened by Gyorke andFill; 2) a modelfor the L-type Ca channelthatinactivatesby modeswitching,as suggested
by ImredyandYue; and3) arestrictedsubspacénto which the RyRsandL-type Cachannelemptyandinteractvia Ca.
We addmembranecurrentsfrom the Luo-RudyPhasdl ventricularcell modelandisometricforce generatiorfrom the
Rice-HunterWinslow modelto our descriptionof Cahandlingto formulatea new modelfor ventricularactionpotentials,
Caregulationandforcegeneration.The modelcansimulateCatransientduringanactionpotentialsimilar to thoseseen
experimentally The subspac¢Ca] risesmorerapidly andreaches higherlevel (10-30uM) thanthe bulk myoplasmic
Ca(peak[Cai] ~ 1uM). Terminationof SR Careleasds predominatelydueto emptyingof the SR but is influencedby
RyR adaptationWe explorethe effectsof pacingrateon forcegenerationThe modelreproducesransitionsseenin force
generatiordueto changesn pacingthatcannotbe simulatedby previousmodels.Simulationof suchcomplex phenomena
requiresan interplay of both RyR adaptatiorandthe degreeof SR Caloading. This model,therefore,shavs improved
behaior over existing modelsthatlack detaileddescriptionf subcellulatcCaregulatorymechanisms.

2:00pm Chris Johnson Bioelectricfield modeling,simulationandvisualization
Universityof Utah

Thursday, March 12

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176

Today'stopic: Cardiac Mechanics

9:30am Charles Peskin & David McQueen CardiacMechanicdy theImmersedBoundaryMethod
Courantinstitute,NYU

Abstract Theimmersedboundarymethodwasfirst introducedto studythe fluid dynamicsof heartvalves. Around the
valveshasgrown a computemmodelof the heartasa whole,includingall four cardiacchambersall four valves,andthe
greatvesselghatconnectheheartto therestof thecirculation. This computemodelemplgys afiber-fluid representation
of theheart. In eachtime step,forcesaregeneratedn elasticandcontractilefibers. Theseforcesarethenallowedto act
on a uniform cubiclattice,on which the equationf fluid dynamicsaresolved. Finally, thefibersmove at thelocal fluid
velocity. Neitherthefluid motionnorthe cardiactissuemotionis assumednown in advance.Insteadtheir simultaneous
equationf motionaresolved. For this reasonthe immersedooundarymethodis particularlysuitablefor the computer
simulationof diseaseaffectingthemechanicafunctionof theheartor its valves,andalsofor thecomputerassistediesign
of devicessuchasprostheticcardiacvalvesthatinteractwith the heartandwith the blood flow thatoccursin the cardiac
chambers.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176
11:00-11:45 Andrew McCulloch Three-DimensiondEtlectromechanicdhteractionsn the
Univ. of California,SanDiego Heart

Abstiact Regionalmyocardiailmechanicaandelectricalpropertiesaredynamicandnonhomogeneousloreoverthey are
coupled. Cardiacelectricalexcitation initiates mechanicatontraction:excitation-contractiorcoupling. But mechanical
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factorsalsomodulatemyocardialelectricalactivity: mechano-electriteedback.Sincetheseprocessearealsogoverned
by thethree-dimensionajeometryandfibrousanisotropy of the ventricularwalls, we have developeda continuummodel
of thethree-dimensionanatomymechanicahndelectrophysiologyf the rabbitheart. The modelanalysediave shovn
that the nonuniformity of myofiberorientationandthe anisotropy of the myocardiumplay animportantrole in govern-
ing the regional distributions of myocardialstressand strain, activation andrecovery. Experimentaktudiesof regional
electromechanicahteractionsn isolatedandintactheartshave beenperformedo validateandextendthesemodels.The
continuummodelsprovide a corvenientframework to analyzeandinterpretthe experimentameasurements.

Finally, to facilitate the integrationof biological modelsacrossscalesof organizationandfunction, a new resourcehas
recentlybeenestablishedThe goal of the BioNOME ResourcgBIOlogy Network Of Modeling Efforts) at the SanDiego
Supercomputeis to provide a repositoryof computationamodelsfor biological scientistsand the tools to help them
integrateand sharetheir modelingefforts. Initially the resourcewill focuson two major areas:signaltransductiorand
cardiovasculamphysiology

1:45pm GiovannaCacciola Numerical simulation of leaflet movementin a fiber
EindhovenUniv. of Technology reinforcedpolymerheartvalve prosthesis

Abstiact It is known that the stressesctingin the leafletsof a heartvalve prosthesisduring the openingandclosing
phaseareresponsibldor mostof theirmechanicafailure.

We postulatehatbendingandtensilestresse the closedleaflets,canbe significantlyreducedy makinga new type of
syntheticvalve prosthesisvith fiber-reinforcedleaflets,suchthatthefiberstransmitthe load from the leafletsto the aortic
walls, similarto the naturalvalve. Thefiberscanbelaid down with differentpatternsreinforcingthestructuren theareas
wherethehigheststressesccur, suchasin thecommisuresluringthemaximalsystolicvalve opening.Thereforet is very
importantto optimizethefiberlayoutin orderto minimizethe stresses.

In our laboratorywe producetwo typesof valve prototypes:stentedwherea rigid stentsupportthe threeleaflets,and
stentlesswherethe leafletsaremadewithin a pieceof theaorta,whichis flexible.

Using a finite elementpackage(MARC), we simulatedthe openingand closing behaior of the fiber-reinforcedvalve
prosthesedyoth stentedandstentlessOnly 1/6 of thewholevalve is modelled,asthe syntheticvalve is symmetric. The
leafletwasassumedo beof uniformthicknesawith anorthotropidinearelasticbehaior for thecompositenaterial which
closelyfollow thatfoundin experimentsThe geometryof themodelsis basecbn measuremenisn prototypesThemesh
consistsof four-nodethick shell elementsto includethe bendingstiffnessof the leaflet. A contactalgorithmis usedto
modelthe coaptatiorof two leaflets.

Fromamechanicapointof view, theopeningandclosingof theleafletswhichis coupledwith theso-calledsnapthrough’
behaior, is difficult to simulate. As it cannotbe solvedwith a fixed loadingstepprocedurewe mustusevariableload
stepping baseduponthe Riks arclengthmethod.Full Newton-Raphsoriterationanda large displacemenprocedureare
used thelatterrequiringthe useof thetotal Lagrangemethod.

For differentfiber layoutsthe resultingstressesre analyzed. The resultsshawv thatin the fiberreinforcedstructurethe
stressesre reducedwith respectto the samestructurewithout fibersby up to 60%. Moreover, the flexible leaflet at-
tachmentjn the stentlesyalve, reduceghe stressedy up to 65%, with respecto a stentedvalve with the sametype of
reinforcement.

Thisis joint work with J.deHart, G. W. M. PetersP. J. G. SchreurandF. P. T. Baaijens.

2:30am CoffeeBreak ReceptiorROOomEE/CS3-176

3:00pm Larry A. Taber Modeling Stratgjiesfor CardiacDevelopment
Washingtorniversity

Abstiact Cardiacdevelopmeninvolvesadynamicinteractionbetweertheprocessesf growth (masschange)remodeling
(propertychange),and morphogenesigshapechange). In this presentationan overview of the primary eventsduring
developmenbf theheartwill begiven. Then,techniquegor modelingtheseprocessewill bediscussedyith anemphasis
onmechanicaaspectsA generatontinuumtheorywill be presentedor includingtheeffectsof largedeformationmuscle
activation, growth, andactive cell shapechange.Finally, the theorywill be usedto analyzerelatively simple modelsof
somedevelopmentaprocesses.
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3:45-4:15 Beth Feller Printz Effectsof Mitral ApparatusGeometryon Mitral Flow and
ColumbiaUniversity LeafletMotion: A ComputerStudy

Abstract Thetwo-dimensionatomputationaheartmodelusingthe immersedoundarymethodis modifiedto explore
themechanismsf mitral valve prolapsemitral valve regurgitation,andchangesn diastolictransmitraflow patternsThis
is justoneexampleof theutility of computemodelingin exploring the pathophysiologyf valve function.

6:00pm Workshop Dinner 1427Washingtorve. S.,Minneapolis:a15-minutewalk
Javel of India Restaurant acrosghe Mississippi.

Friday, March 13

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176

Today'stopic: Control of Cardiac Arrh ythmias

9:30am Leon Glass Repetitve ParoxysmalTachycardia— Mechanismand
McGill University Control

Abstiact Repetitve parosxysmatachycardiais a term usedby Parkinsonand Pappin 1947 to describethe repeated
initiation andterminationof shortepisode®f rapid heartbeats.l describethreedifferentexperimentaimodelsthat shav
repeatedourstsof relatively rapid actiity: a ball of pacemakr cells that is stimulatedat a fixed delay after an action
potential;an experimentaimodelof accessorypathway createdoy stimulatingthe atriaat a fixed delayafter activation of
the ventricles;a preparatiorof culturedheartcells that shavs spontaneougitiation andterminationof rotatingwaves.
Thesethreesystemssharecommonpropertiesof intrinsic pacemakingactiity, a reentrantoop, andloss of excitability
asa consequencef rapid activation. Basedon the abose mechanismmethodsto control or eliminatethe rhythm are
immediatelysuggested.

10:15am CoffeeBreak ReceptiorROOomEE/CS3-176
10:45-11:30 Alain Karma Spatiotemporatontrolof reentrantachycardias
Northeastertniversity

Abstiact Reentrantachycardiasre abnormallyfast cardiacrhythmsproducedby the circulation of electricalactivity

aroundsomeanatomicabbstaclén theheart,or by spiralwave rotationarounda phasesingularityin homogeneoutssue.
Thesearrhythmiaareespeciallydangeroubecausehey canbecomeunstableanddecayinto fibrillation, a wave turbulent
statethatdestrysthe mainpumpingfunctionof the heartif presentn theventricle.l will discusgheresultsof amodeling
studyaimedat controllinga known oscillatoryinstability of reentraniexcitationsin both one-dimensionalings andthin

two-dimensionasheetof tissue.Thegoodnewsis thatcontrolcanbe achiered,andthe decayinto turbulenceprevented,
with arelatively smallnumberof spatiallydistributed pacingelectrodesnda relatively simplecontrolscheme.The bad
news, however, is thatventricularfibrillation canalsobeproducedy adistinctthree-dimensionahstability of scrollwave
filamentsthatwould requirea completelydifferentcontrolstratey, yetto bedeveloped.

1:30pm Milton M. Morris Math Considerationsn Detectionand Classificationof
GuidantCorporation CardiacArrhythmiasin a Dual ChambeitmplantableCar
dioverterDefibrillator; Rolustnesws. Device Longevity

2:15pm CoffeeBreak ReceptiorROomEE/CS3-176
2:45pm Eddy Warman Therole of modelingin the designof antitachycardiam-
Medtronicinc. plantabledevices
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Abstract Despitethe succes®of implantabledevicesin the terminationof cardiactachyarrhythmiasthesedeviceshave

notmetyettheirfull potential.Reliablepaceterminationof tachyarrhythmiag oneof the mostdesiredmprovementgor

currentdevices. Today mary tachyarrhythmiaareultimatelyterminatedoy high currentshockshatarenotwell tolerated
by patients. Terminationof tachyarrhythmiady unpercered low currentpacingpulsesis currently possibleon highly

periodicrhythms. Reliablepaceterminationof a wide classof rhythmsremainsone of the biggestchallengef today

Pastexperimentdave beendifficult to interpretdueto high experimentalkariability andlimited knowledgeof the dynamic
system.Presentlycomputersimulationshave startedto provide a frameawork to studybasicandfundamentaprinciples.
New ideasand hypothesegan be first analyzedwith the computersimulationsto help plan and analyzeexperimental
testing. The scopeof the presentationvill beto introducecurrentdevice technologiesteview someexperimentaktudies,
anddiscusshow computemodelscanhelpin thedesignof betterantitachycardiaevices.

3:05pm Shirley Xiaoyi Min RelationshipbetweenAnatomyand VentricularDefibril-
Medtronic,Inc. lation Thresholdsn Two Finite-ElementHumanThorax
Models

Abstiact Eventhoughfinite elementhumantorsomodelshave beenincreasinglyusedto studyventriculardefibrillation
field andto optimize defibrillation electrodesystems effect of humananatomicalvariationon defibrillation thresholds
(DFTs)hasnot beenwell investigatedln orderto investigatehe anatomicalariablesthataffect ventricularDFTs, finite
elementorsomodelswerebuilt from MRI andfastCT imagesof two patients Onepatenthada dilatedleft ventricle(LV)
andleft atrium,andLV hypertrophy30% ejectionfractionanda relatively small RV. The otherpatienthadlarge cardiac
dimensiongupperboundof normal)but no heartdiseaseThe primarydefibrillationelectrodesystemsi.e. SVC-RV/, Can-
RV andCan+SVC-R/, wereanalyzedandcomparedn thetwo models. The DFTs calculatedbasedon 95% ventricular
myocardiumwith voltagegradientgreaterthan5 V/cm werealsocomparedvith the clinical data. The FEA resultsshav
thatanatomicalariationcanaffect ventricularDFTs of certainlead configurations.Publishedclinical DFTs with these
configurationgorrelatebetterwith the normalheartmodelsuggestinghatit maybe a betterrepresentatioof anaverage
ICD patient. The DFTswith Can+SVC-R andCan-R/ systemsarerobustandrelatively insensitve to theseanatomical
differences.

Thisis joint work with RahulMehra.

3:25pm Rahul Mehra Discussiorsession
Medtronic,Inc.

Saturday, March 14

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROOomEE/CS3-176

Today’'stopic: Modelling Drug Action on Cardiac Channels

9:30am Dirk J. Snyders K*-channelsas molecular tamgets for antiarrhythmic
VanderbiltUniv. Schoolof Medicine drugs.Molecularmechanismsf drugaction

Abstract: Theragy of cardiacarrhythmiagemainsachallengedueto issueof efficiency, specificityand/orsideeffects.We
will discussantiarrhythmiadrugactionin relationto the molecularbiology of cardiacion channelsspecificallypotassium
channels.Classlll antiarrhythmicdrugsincreasecardiacrefractorinesdy prolongingthe plateaudurationof the action
potential.While thiscanbeachievedby increasingnwardcurrentsor blockingoutwardcurrentsmostclinically useddrugs
actasK™ channeblockers. Over the pastdecadea large numberof Kv channelr and3 sukunitshave beencloned. The
basicpropertiegvoltage-gatingandselectve porepermeationjesidein thea sulunits;andcanbemodulatedby accessory
[B-sulunits. The moleculararchitectureof the native channelcompleesis not fully understoodbut the emeging pattern
is thatthe differentcardiack+ currentscontrollingthe plateauphaseare eachencodedy suhunits belongingto distinct
subfamilies(l+o: Kv4.2/3;lkyr: KV1.5; ks HERG;Iks: KVLQT1 + minK).

In principle, channelfunction canbe alteredby interferingwith eitherpermeatioror gating. The clonedsulunits have
enabledusto identify binding sitesandmoleculardeterminant$ro drugaction. Quinidineandotherlocal anesthetitype
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drugshave beenshowvn to actasopenchanneblockers. Thatis, they bind in the intracellularmouthof the (hydrophilic)
permeatiorpathway, but bindingis apparentlystabilizedby hydrophobidnteractions.An obvious questionis how much
specificitycanbe expectedwith suchrathergenericmechanismFortunately areasonableegreeof subfamily specificity
hasbeendemonstrateébr severaldrugs,andsmallchangesn sidechainsof aminoacidsin the proposedindingsite can
abolishstereoseleote block. Thesdindingssupportheview thatmorespecificchanneblockingdrugscanbe developed
basedon the emeging molecularinformation. However, an new challenges posedby recentstudiesthat have revealed
down-regulationof somecurrentsin cardiacdiseasdincludinglong QT disease).Sinceblock of nearabsenturrentsis
unlikely to be of therapeutiovalue, novel agentsthat up-regulateion channelgagonists)could have a future role in the
treatmenbf certainarrhythmias.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176

11:00-11:45 Randall L. Rasmusson Modeling Conformation-Specific Potassium Channel
Alleghery Univ. of the Health Block
Sciences

Abstract: Recentadvancesn molecularbiology andchannebiophysicshold the promiseof providing quantitatve mech-
anismsfor normalandabnormalcardiacelectricalactivity. However, the informationfrom the newv moleculartechnology
hasnot beenintegratedinto mathematicamodelsof normalandabnormalelectricalactiity in the heart. This talk will
examinethe emeging problemof how to utilize dataat the molecularandbiophysicallevels concerningthe properties
of K+ channelshow their time dependentharacteristicare modifiedby drugbindingandhow suchinformationcanbe
integratedinto cellularmodelswith predictive valueto be usedfor rationaldrugdesign.

1:45pm Lisa Irvine A new cardiacsodiumchanneMarkov modelfor describ-
JohnsHopkinsUniversity ing drugaction

Abstract Several hypothesesf antiarrhythmicdrug actionhave beenproposedput noneprovide a detailedquantitative
descriptionof drugeffectson the cardiacsodiumchannel. Themostwidely accepteaf thesehypothesess themodulated
receptohypothesisvhich statesdrughbindswith differentaffinities to theresting,activated,andinactivatedchannektates.
Usingthis hypothesiswe built a quantitatve modelof drugactionon the cardiacsodiumchannelpatternedafter that of
HondegghemandKatzung(Biochim. Biophys.Acta472 373-98).The modelis unableto reproducesxperimentaldataat
multiple drug concentrationgncludingthe dose-responseurve. We suggesthatthe modelfails becauseat seeksonly to
represenphenomenologicallg drug’s effectinsteadof the mechanisnby which the effectis generated.

A bettermodelof antiarrhythmicdrug actionon the cardiacsodiumchannelwould be more biophysically-detailecnd
would describehow drug binds to the channeland interactswith its gates. Building sucha drug model requiresthe
developmenibf a biophysically-detaile@ardiacsodiumchanneimodel. We have constructech new Markov modelof the
cardiacsodiumchannethatnotonly is animprovementover existing Markov models but is animprovementver existing
Hodgkin-Huxley modelsaswell. This modelformsthe basisof a modelof lidocaines action. Drug effectis theresultof
non-drug-boundhannelgatingasabove anddrug-boundchannelgatingwith modifiedkinetics.

2:30pm CoffeeBreak ReceptiorROomEE/CS3-176
3:00pm Anthony Varghese Block of SodiumCurrentandCardiacConduction
Oxford University

Abstract Althoughdrugsthatblock the fastsodiumcurrentin the hearthave beenin wide usefor the last40 yearsthe

actualmechanismbehindtheirtherapeuti@actionsarenotwell understoodA new hypothesidor theactionof suchdrugs
will be presentedn this talk. The effect of thesedrugson isolatedcells, representetby ordinarydifferentialequations,
will becomparedo effectsin a chainof cells. Predictiondrom numericalcomputationsvill becomparedo experimental
results.A theoreticabasisfor the propagatiorphenomenavill bediscussed.

Monday, March 16
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Tuesday March 17

IMA PostdocSeminar:

2:30pm Miaohua Jiang SpatialAveragef ChaoticSystems
Geogia Tech/IMA

Abstract Boththeoreticabndnumericalresultswill be presentedoncerninghedynamicsof spatialaverage®f spatially
extendeddynamicalsystemsFor systemawith chaoticsubsystemsye give numericalevidencego shaw that,asymptoti-
cally, theaverageeitherfluctuategperiodicallyor cornvergesto a constant.

Organizer:KathleenRogers

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsin VincentHall 570.

‘ WednesdayMarch 18 ‘

‘ Thursday, March 19 ‘

| Friday, March 20 |

IMA Seminaron Industrial Problems

10:10am David Ross A PDEModel of Fluid ContactLines
Kodak

Abstract In the coatingof thin fluid films, the curve alongwhich the solid substratethefluid, andthe air meet,is called
the contactline. Understandindhe shapesand stability of suchlinesis importantfor reliable manugcturingprocesses.
Comparisorof numericalsimulationswith experimentaldatasuggesthat a simple scalarconseration law model can
predictthe basicshape®f contactlinesandtheir dependencen web speed Further a second-ordehyperbolicequation,
of whichthescalarconserationlaw is alimiting form, appeardo predictthe transientwave structureon contactines. In
thistalk, we will discusghesemodelsandtheirunderlyingphysicalbasis.

Theseminameetsn theIMA SeminaRoom,VincentHall 570

‘ Monday, March 23 ‘

‘ Tuesday Mar ch 24 ‘

IMA PostdocSeminar:

2:30pm Min Xie Isochronsand PhaseResponsdn Infinite-Dimensional
Universityof Utah Systems

Abstract Periodically-forcedscillatorydynamicsarisein mary biological contexts. Isochronsarewell definedin finite-
dimensionabscillatory systemsandthe existenceof isochronsenablesoneto studythe asymptoticbehaior of aforced
oscillatorysystemby studyingcircle maps. The phaseresponsdehaiors of forced oscillatorsin finite-dimensionwvere
studiedquitewell. We shawv the existenceof isochrondn infinite-dimensionabscillatorysystemdy differentapproaches

in this talk. We shav that the phase-lockingstructurein a infinite-dimensionakystemis analogougo thatin finite-
dimensionabscillatorysystems.

Organizer:KathleenRogers

NOTE: The PostdocSeminairis organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsn VincentHall 570.
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‘ WednesdayMar ch 25 ‘

‘ Thursday, Mar ch 26 ‘

‘ Friday, March 27 ‘

| Monday, March 30 |

| Tuesday March31 |

IMA PostdocSeminar:

2:30pm Tony Shardlow Long-time numericalapproximationof stochastidiffer-
StanfordUniversity/IMA entialequations

Abstract | considethenumericabpproximatiorof stochastidifferentialequationsl will review Ito stochastidlifferential
equationspayingspecialattentionto their finite time numericalapproximationpeforeintroducingnew resultsthatapply
over along time intenal andthatrelatethe numericalcomputationgo the invariantmeasuref the underlyingstochastic
process.The theorywasdevelopedwith A. Stuart(Stanford). The theoryitself appliesmoregenerally for example,to
randomlyimpulseddifferentialequationsndto stochastid®DEs.

OrganizersRicardoOliva & WarrenWeclkesser

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsn VincentHall 570.
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INSTITUTE FOR MATHEMATICS AND ITS APPLICATIONS

University of Minnesota
400Lind Hall
207ChurchStreetS.E.
Minneapolis Minnesotab5455
FAX (612)626-7370 telephong612)624-6066 e-mail: ima-staff@ima.umn.edu
IMA Schedulesia finger:finger  seminar@ima.umn.edu
Newsletters Updatesandpreprintsavailablevia
anorymousftp: ftp.ima.umn.edu , www: http://www.ima.umn.edu/

IMA NEWSLETTER # 261

April 1-30,1998

1997-98Program
EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

SeetheWinter, SummerandFall 1997IMA Updateor URL: http://www.ima.umn.edu/dynsy$ér a
full descriptionof the 1997—98rogramon Emeging Applicationsof DynamicalSystems.

| Newsand Notes |

IMA and Institute of TechnologyPublic Lecture:

Life’ sOther Seceet: The New Mathematics of The Living
World

April 23,1998
Spealer: lan Stewart, University of Warwick

ThursdayApril 23,1998
7:00PM
Room150, TateLab of Physics
116 ChurchStreetS.E.
Whatis life? Why is theworld of living creaturesodifferentfrom theinorganicworld? Thediscovery
of thefirst secrebf life, themolecularstructureof DNA, in themiddleof thiscentury shovedthatLife
is aform of chemistry- but chemistryunlike ary thatever gracedatesttube. Somesecretshowever,
lie deepertthatthe geneticcode. It is the mathematicalaw of physicsandchemistrythat controlthe

growing organisms respons¢o its geneticinstructions.

Thatis Life’s OTHER Secret.

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique ConsiglioNazionaledelle Ricerche Geogia Institute of Technology IndianaUniversity

lowa StateUniversity KentStateUniversity Michigan StateUniversity MississippiStateUniversity, Northernlllinois University, Ohio StateUniversity PennsylaniaState
University, PurdueUniversity SeoulNationalUniversity (RIM - GARC), TexasA&M University University of Chicago,University of Cincinnati,University of Houston,
University of lllinois (Urbana),University of lowa, University of Kentuclky, University of Maryland, University of Michigan, University of Minnesota,University of Notre

Dame,Universityof Pittshurgh, University of Wisconsin WayneStateUniversity

PARTICIPATING CORPORAIONS: EastmarkKodak,EPRI,Ford, GeneraMotors,Honegywell, IBM, LockheedVartin, LucentTechnologiesMedtronic,Motorola,Siemens,
TelcordiaTechnologies3M.
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Its full understandingvill comeonly whenwe combinethe mathematicahndphysicalsciencesvith biochemistrygenet-
ics, anddevelopmentabiology. Oneof the mostexciting growth areasof twenty-firstcenturysciencewill be biomathe-

matics.Thenext centurywill withnessanexplosionof new mathematicatonceptspf new kindsof mathematicshrought
into beingby the needto understandhe patternsof theliving world.

IMA Workshop:
Nonlinear Identification and Control

April 27-May1, 1998
OrganizersiYannisKevrekidis (Princeton)(chair),Eri¢Ydstie (Carngjie-Mellon),P. S.
Krishnaprasad@Maryland)

Co-sponsoredly the Office of Naval Research
Seealsohttp://wwwima.umn.edu/dysys/springdynsys8html

The adaptve identificationof nonlinearmodels,from both time seriesand spatialdata,is an importantcomponeniof
modelingand controlling physicalsystems. Advancesin nonlinearprocesscontrol, andin imageacquisitionand pro-
cessingechniquegogethemwith the low-dimensionalityof the underlyingfundamentatlynamicsseta new stagefor the
dialoguebetweermodelingandcontrol of nonlinearprocessesThis shortworkshopplansto studyseveralaspect®f this
dialogue:time seriegprocessingimagecompressiondprincipalcomponenanalysis adaptve andmodelpredictive con-
trol, feedbackn distributedsystemsaswell ashybrid systemswith continuousanddiscrete-timecomponentsindustrial
participationin thisworkshopwill be especiallyencouragedndparticipantdrom industryhave beeninvited.

This is atentatve schedule. Therewill bethreeone-hourtalks every day (two in the morningandonein the afternoon);
the afternoontalks will be followed by 20-minutepresentations.Thereis a numberof suchinvited presentationsbhut
participantsattheworkshopandadditionaloneswill alsobescheduledttheworkshopitself.

Therewill bethreepresentationfrom industryatthe workshop;two will openon Monday andonewill closeon Friday
(in conjunctionwith theIMA IndustrialProblemsseminar).

IMA Workshop:

Pure, Applied and Industrial Mathematics: Strength
through Connections

May 1-3,1998
OrganizersRobertGulliver (Minnesota),Nareshain(Minnesota) Willard Miller
(Minnesota)

To Celebratehe 65thBirthdayof AvnerFriedman
Sponsoregbintly with the Universityof MinnesotaSchoolof Mathematics

Seealsohttp://wwwima.umn.edu/dyns/sprindfriedmanhtmi

Weekly IMA seminar list available by list server

The IMA offersane-maillist service. This serviceis a distribution eachThursdayof the next week’s scheduleof IMA

seminarsandevents. If you wish to subscribesimply sendan e-mail messag¢o imalists@ @ima.umn.edu  whose
firstline is of theform

subscribe  weekly
If your preferrede-mailaddresss differentfrom the onefrom which you aresendingthe requestthefirst line shouldbe

subscribe  weekly you@ @e.mail.address
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Thesubjectline andtherestof the messagareignored.Questionr problemsshouldbe sentto
owner-weekly@ @ima.umn.edu

The currentweek’s schedulds alsoavailableon requestia finger  seminar@@ima.umn.edu . An updateddvi
or.ps file of theIMA Newslettergcurrentandrecent)is availableby ftp  or throughthe world-wideweh

Impr oved IMA Home Page

ThelMA hassubstantiallyimprovedits homepageon the World-Wide Web,foundat

http://www.ima.umn.edu
The pageis continuallyunderconstruction We invite commentsr suggestionayhich maybe addressetb

webmaster@@ima.umn.edu .
In particular we appreciateary information aboutWorld-Wide Web links appropriateto currentand upcomingIMA
programs.

Schedulefor April 1-31,1998

| WednesdayApril 1 |

Math Department Seminaron Partial Differ ential Equationsin Vincent Hall 213:

3:35pm Shari Moskow Identificationof conductvity imperfectionsof small di-
MCIM ameterby boundarymeasurments.

| Thursday, April 2 |

| Friday, April 3 |

| Saturday, April 4 |

Riviere-FabesSymposiumon Analysis and PDE
Sponsoredby the Schoolof Mathematics
Seehttp://www.math.umn.edu/arb/RFPostaml

Talks today arein Lecture Hall Vincent Hall 16

9:00am Refreshments CommonsRoomVincentHall 120

9:30am Opening Remarks NareshJain,DeanH. Ted Davis, Walter Littman

10:00am Mikhail Safonov Estimatesieartheboundaryfor solutionsof seconcrder
Universityof Minnesota parabolicequations.

2:00pm Zhongxin Zhao 3Gtheoremandits applications.

Universityof Missouri

5:30pm Reception Campu<Club, CoffmanUnion, 4th floor, WestWing
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Sunday, April 5

Riviere-FabesSymposiumon Analysis and PDE

Talks today arein Lecture Hall Vincent Hall 16

9:00am Refreshments CommonsRoomVincentHall 120

9:30am Nicola Garofalo Somerecentprogressin Carnot-Caratheodorgeometry
PerdueUniversity andin boundaryalueproblemsfor subellipticequations.

11:00am Vladimir Sverak Onthenotionof globalellipticity for nonlinearsystemsf
Universityof Minnesota partialdifferentialequations.

| Monday, April 6 |

‘ Tuesday April 7 ‘

IMA PostdocSeminar:

2:30pm Donald French A PosterioriError Estimatedor Adaptive Finite Element
Universityof Cincinnati Approximationsof the ObstacleProblem

Abstract The obstacleproblemis often considereda prototypefor the classof problemsthat involve free boundaries
andmodelmary phenomenosuchasphaseransitionsjet flow, andgasexpansion.Theseproblemshave solutionswith
discontinuitiesn their derivativeson the free boundaryandin otherareaslependingn the givendata. Thefinite element
methodis athusa naturalchoiceto solve themdueto the easewith which this techniguecanhandlemeshrefinement.

A posterioriestimatesare positive functionsof computablequantitiesandin particularthe approximatesolution. They
provide a rigorousupperboundfor the error andgive informationthat canbe usedto refinethe meshin a sensibleway.
Thus,they sene asanimportantpartof areliableadaptve algorithm.

In this talk we will describethe a posterioriestimatesve have obtained give the resultsof a simpleimplementatiorof
an adaptve algorithmin one-dimensionand provide somebackgroundn finite elementmethodsanda posteriorierror
analysis.Thistypeof researcthasbecomea fundamentatopicin theapproximatiorof the solutionsof partialdifferential
equations.

Thework presenteds in collaboratiornwith RicardoNochettoof the Universityof MarylandandStig Larssorof Chalmers
Universityof Technology

OrganizersRicardoOliva & WarrenWeclkesser

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsn VincentHall 570.
Math Department Seminaron Partial Differ ential Equationsin Vincent Hall 570:

4:15pm SongmuZheng Large-timebehaior of solutionsof a systemof nonlinear
FudanUniversity PDEsarisingin phaseransitionof shape-memorglloys

WednesdayApril 8

Math Departmentand IMA Seminaron Evolutionary Equationsin Vincent Hall 570:
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2:30pm Ciprian Foias The normalform of the Navier-Stokes equationsandits
IndianaUniversity applicationsaandpotentialconnections

Math Department Seminaron PDE’sin roomVincent Hall 213:

3:35pm Hir oshiMatano OrderPreservingsystemsn the Presencef Symmetry
Universityof Tokyo

‘ Thursday, April 9 ‘

Mathematics Department Colloquium in roomVincent Hall 16:

3:30pm V.S.Varadarajan Finite guantumsystemsandtheir continuumlimits.
UCLA

| Friday, April 10 |

‘ Monday, April 13‘

‘ Tuesday April 14‘

IMA PostdocSeminar:

2:30pm Mark E.Johnson Interactingtwo-dimensionalmanifoldsand global bifur-
IMA cationsfor the Kuramoto-Srashinsly Equation

Abstract Element®f theglobalattractoifor anapproximaténertialform of theone-dimensionalddKuramoto-Siashinsk
equationarestudiedin an attemptto classifyglobal bifurcationphenomenanvolving the interactionof two-dimensional
stableandunstablemanifolds. Computergraphicsplaysa fundamentatole in this investigationwhich concludeswith a
conjectureconnectingopologicalpropertiesof periodicsolutionsandthe creationof infinitely-mary heteroclinicconnec-
tionsbetweersteadystates.Thisis work donein collaboratiorwith M. Jolly andl. Kevrekidis.

OrganizersRicardoOliva & WarrenWeckesser

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsn VincentHall 570.

WednesdayApril 15 |

Math Departmentand IMA Seminaron Evolutionary Equationsin Vincent Hall 570:

2:30pm Ciprian Foias Beyondthe Soboler norms
IndianaUniversity

Abstract: Theuseof Gevrey classesn thestudyof the Navier- Stokesequationgpromisego beausefulapproactowards
the study of the Leray problemon the global regularity of solutionsin 3-dimensions.In this lecture,we will give some
evidencefor thefulfillment of this promise.

Math Department Seminaron Partial Differ ential Equationsin Vincent Hall 211.:
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3:35pm JoeRoseman Equilibria of the circular elasticaundera uniform central

Tel Aviv University forcefield

Thursday, April 16

Mathematics Department Colloquium in roomVincent Hall 16:

2:30pm Paul Rabinowitz Heteroclinicsfor a Hamiltoniansystemon a 2—torus

Universityof Wisconsin

Mathematics Department Colloquium in roomVincent Hall 16:

Stability in dynamicalsystemsandviscosity solutionsof

3:30pm JurgenMoser
ETH, Zurich the Hamilton—Jacobequations
Friday, April 17
IMA Seminaron Industrial Problems
10:10am David Runkle Are Credit-RiskModelsReadyfor PrimeTime?

MinneapolisFederalResere and Univ.
of MinnesotaCarlson School of Man-

agement

Math Departmentand IMA Seminaron Evolutionary Equationsin Vincent Hall 570:

2:30pm George Sell Global Climate Modeling:The Grand Challengeto dy-

Universityof Minnesota namicists

Abstract:In thislecture, we will presenthebasicphysicalandmathematicaissuesunderlyingtheissueof globalclimate
modeling. The objective hereis to shav thatthe dynamicistsmeedto play a centralrole, in orderto developa goodmodel
of thisphenomenonWe will alsoreview someof therecentdevelopmentsn theareaof thelongtimedynamicsof oceanic

models.As will beshawvn, thesedevelopmentsold promisefor thefuture.

Monday, April 20

Math Departmentand IMA Seminaron Evolutionary Equationsin Vincent Hall 570:

2:30pm Oscar Manley An attractorfor a simplemodelof comhustion

IndianaUniversity

Tuesday April 21

IMA PostdocSeminar:

2:30pm Marina Osipchuk Feedbaclkontrolof nonlinearsystems

IMA

Abstract Thistalk will beatutorial coveringsereralaspect®f nonlinearcontrol. Thetopicscoveredwill beselectedrom
talksto be presentedhn the upcomingworkshopon “NonlinearldentificationandControl”
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OrganizersRicardoOliva & WarrenWeckesser

NOTE: The PostdocSeminairis organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsn VincentHall 570.

WednesdayApril 22 |

Math Departmentand IMA Seminaron Evolutionary Equationsin Vincent Hall 570:

2:30pm Edriss Titi Onthe connectiorbetweernthe Camassa-Holrequations
Universityof California,Irvine andturbulencetheory

Abstract In thistalk we will shawv the globalwell-posednessf thethreedimensionaviscousCamassa-Holnequations.
The dimensionof their global attractorwill be esitmatedand shovn to be comparablewith the numberof degreesof
freedomsuggestedy classicatheoryof turbulence.Furthermorewewill shav thatby usingtheCamassa-Holrequations

asa closuremodelto the Reynolds averagedequationsof the Navier-Stokesin an infinite channelone getsvery good
agreementvith empiricalandnumericaldata.

Thursday, April 23

Schoolof Math Ordway Visitor Lecturein VincentHall 2

11:15am JurgenMoser A Lagrangianproof of the invariant curve theoremfor
ETH, Zurich twist maps.
6:00pm Reception In honorof lan Stewart’s PublicLecture

VincentHall 502

IMA and Institute of TechnologyPublic Lecture:

Life’ sOther Seceet: The Newllt\j/lathematics of The Living
Wor

April 23,1998
Spealer: lan Stevart, University of Warwick

ThursdayApril 23,1998
7:00PM
Room150, TateLab of Physics

116 ChurchStreetS.E.
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Friday, April 24

IMA Seminaron Industrial Problems

10:10am Peter A. Blakey Links BetweenThe Nonlinear Behasior Of Transistors
Motorola And The SpectralCharacteristicOf PortableWireless
Paver Amplifiers

Abstract Cell phonetechnologyis maoving from analogsystemso digital systemsAnalogsystemaisesimplemodulation
schemeshatdo not placestringentdemand®n the linearity of thetransistorusedasthefinal poweramplifier (PA) in the
transmitter This makesit possiblefor circuit designerdo achieve DC-to-RF corversionefficienciesthat exceed70%.
Digital systemaisemore complicatednodulationschemeshat placevery stringentdemand®n the linearity of the PA.
As aresult,the DC-to-RFcorversionefficienciesof digital phonesarequite low, typically around40%.

The linearity of a PA is determinedby several factors. Theseinclude the RF drive level, the nonlinearcharacteristics
of the outputtransistor andtopology and elementvaluesassociatedvith the surroundingeircuit. Figuresof merit that
characterizehe linearity of analogPA’s, andlinks betweenthesefigures of merit and device nonlinearities,are well
establishedThe figuresof meritthatcharacterizehe linearity of PA’s usedin digital systemsarequite different,andthe
relationshipsetweenthesefiguresof merit andtransistomonlinearitiesare not well understood.However, it is known
from experimentsthat thereis little correlationbetweenthe figuresof merit that are applicableto analogPA’s andthe
figuresof meritthatareapplicableto digital PA's.

The first part of this presentatiorwill presentan overview of analogmodulationschemesand figuresof merit that are
usedto characteriz¢helinearity of analogPA’'s. Thesecondpartwill coverthenonlinearcharacteristicsf transistorsand
someapproachegsuchasVolterraseries)thathave beenusedto establisHinks betweentransistomonlinearitiesandthe
figuresof merit for analogPA linearity.. Thethird partof the presentatiowill describedigital modulationschemesnd
thelinearity figuresof merit applicableto digital PA’s. The presentatiorendswith the question:Canwe establishuseful
theoreticalinks betweertransistomonlinearitiesandthe spectrakcharacteristicef digital power amplifiers?

A solutionto this problemwould assisthothtechnologydiscrimination(determiningwhattype of transistoiis bestsuited
for usein digital PA’s) anddevice optimization(for a giventype of transistoydeterminingwhatstructuralparametersead
to optimumperformance).

IMA Workshop:
Nonlinear Identification and Control

April 27-May1, 1998
OrganizersiYannisKevrekidis (Princeton)(chair),Eri¢Ydstie (Carngjie-Mellon),P. S.
Krishnaprasad@Maryland)

Co-sponsoredly the Office of Naval Research
Seealsohttp://wwwima.umn.edu/dysys/springdynsys8html

The adaptve identificationof nonlinearmodels,from both time seriesand spatialdata,is an importantcomponeniof
modelingand controlling physicalsystems. Advancesin nonlinearprocesscontrol, andin imageacquisitionand pro-
cessingechniquegogethemwith the low-dimensionalityof the underlyingfundamentatlynamicsseta new stagefor the
dialoguebetweermodelingandcontrol of nonlinearprocessesThis shortworkshopplansto studyseveralaspect®f this
dialogue:time seriegprocessingimagecompressiomandprincipalcomponenanalysisadaptveandmodelpredictive con-
trol, feedbackn distributedsystemsaswell ashybrid systemswith continuousanddiscrete-timecomponentsindustrial
participationin thisworkshopwill beespeciallyencouragedndparticipantsrom industryhave beeninvited.

Therewill be threeone-hourtalks every day (two in the morningandonein the afternoon);the afternoontalks will be
followedby 20-minutepresentationsThereis anumberof suchinvited presentationdyut participantsattheworkshopand
additionaloneswill alsobescheduledttheworkshopitself.
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Therewill bethreepresentationfrom industryat the workshop;two will openon Monday andonewill closeon Friday
(in conjunctionwith theIMA IndustrialProblemsseminar).

‘ Monday, April 27

Talks today arein Lecture Hall EE/CS 3-180

8:45am Registration and Coffee ReceptiorROomEE/CS3-176
9:15am Welcomeand Orientation W. Miller, F. Dulles, Y. Kevrekidis
9:30am Andrzej Banaszuk A Suney of Dynamic Modeling, Analysis and Control

United TechnologiefkesearciCenter Activities at UTRC: Focuson NonlinearDynamicsand
FutureResearctOpportunities.

Thisis researclin collaboratiorwith ClasA. JacobsomndAlexandei. Khibnik alsoof theUnited TechnologiefResearch
Center

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176
11:00am A. Emami-Naeini Modeling and Control Problemsin the Microelectronics
SCSolutions SantaClara,CA Industry

Abstract Processet producemicroelectronicslevicesarebecomingmorecomplex while globalcompetitionis demand-
ing thattheseprocessebe broughtto market morequickly andmorereliably. The designof controlledmicroelectronics
processingystemssuchasRapid ThermalProcessor§RTP), High Pressuré/ertical FurnacegHPV), VaporDeposition
Chambersetc.,involve a large designparametespace andthereforetrial-and-erroprocessoptimizationis difficult and
time consuming.With theimminentscalingto 300 mm diameterwafer size,the industryhasrealizedthat empiricalap-
proachesarenot costeffective. In addition,the controllerdesignof suchsystemss often separatedrom the equipment
design possiblyresultingin a systemoperatingfar from its maximumcapability While detailednon-linearphysicalsim-
ulations,integratedwith optimizationandcontrol designalgorithms,have the potentialto help explore the designspace,
thelong turn-aroundime requiredto answerevery “Whatif ... ” questiormakesthis approactimpracticalat the present
time.

Anotherdifficulty is theinclusionof the feedbackcontrol for closed-loopperformancesvaluations. The dynamicand/or

sampled-dateequirementsf thefeedbaclcontrolsystemareoftenvery difficult to incorporatento existingfinite element
anddynamicanalysissoftwarepackagesFurthermorereal-timerobustfeedbaclkcontroldesignonly requiresmodelsthat

areaccurateenoughto meetthe performanceolerancese.g.,simplified or reduced-ordemodelstogethemwith a measure
of themodelerror. Whatis missingatthepresentime aremathematicamethodgshatcanoperateonthedetailednonlinear
physicalmodelsof theseadvancedchambergo derive reduced-ordemodelstogethemwith appropriateneasuresf model

error. Ideally, suchmethodsvould be analyticandnot requireextensive simulations.Lack of appropriatesensorsemains
animpedimenteventhoughthereis a major pushtoward sensordevelopment. Also, thereis a lack of purely nonlinear
controllersynthesisnethodghatareimplementable.

Physicalphenomenan microelectronicgprocessingsystemsnvolve chemicalreactions heattransfer fluid mechanics,
speciegransportandplasmegphysics.Integratedphysicalmodelsarerequiredto representhesesystemsHence progress
in solvingthesecomplex engineeringoroblemsrequiresaninterdisciplinaryapproactinvolving closeinteractionbetween
systemsand control theoristsand their counterpartsn applied mathematicsphysics,chemistry and materialscience.
Furthermorephysicalmodelsmustbe validatedwithin the context of a carefully plannedexperimentaprogram.

We will illustrate the above problemsby describingour experiencein designinga temperaturdeedbackcontrollerfor
a Rapid Thermal ProcessindRTP) chamber and the developmentof an integratedmodel for control of an RF diode
sputteringchambeffor the growing of GiantMagneto-resistie (GMR) thin-films.

2:00pm Eric Ydstie Foundationf Proces<ontrol
Carngyie-MellonUniversity
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3:00pm CoffeeBreak ReceptiorROomEE/CS3-176

Short Presentations

3:15-3:35m Tarig Samad NonlinearControl: IssuesaandOpportunitiedor Industrial
Honeywell TechnologyCenter Applications

Abstract Theintentof thistalk is to impartto controlsresearchers academiandindustryanappreciatiorof application-
orientedconsiderationgor nonlinearcontrol. | will payspecificattentionto processndustryapplicationsalthoughother
applicationdomainswill alsobe mentionedDifficultiesof identification,multivariablecomplicationssomeshortcomings
of "intelligent control”, andthe lack of provable guaranteesre discussedn this context. Yet if suchchallengescan

successfullybe met, exciting possibilitieslie ahead. Multi-modeling architecturesand randomizedalgorithms,among
other topics, are key researchtopicsto this end. Conceptsfor large-scaleoptimization, intelligent dataanalysis,and

complex adaptve systemsareoutlinedaspotentialbreakthrougtapplications. concludeby offering somereflectionson

defining”nonlinearcontrol”, in the hopeof broadeninghe connotatiorof thetermwithin the controlscommunity

3:35-3:550m Mir oslav Krstic StochastidNonlinearDisturbanceAttenuationand Adap-
Universityof CaliforniaSanDiego tive Stabilization

Abstiact The nonlinear(state)feedbacktheoryhasreacheda level of generalitywhereconstructve methods(basedon
controlLyapuna functions)exist for all systemsaffine in thecontrolandthedisturbanceWe presenboththemorewidely
known resultsfor deterministicsystemsandvery recentresultsfor stochastigcontinuous-timeyystemsin the stochastic
casewe work from scratch startingwith new definitionsof equilibrium andinput-outputstability, new global Lyapuna
theoremsto arrive at a new stochastioptimal control paradignthatis a morenaturalnonlinearextensionof the standard
LQG/H_2 thanthe widely studiedrisk-sensitie problem. Thenwe proposean adaptve approacho stabilizationin the
presenceof unknavn covarianceandarrive at globally stabilizing controllers. In the linear casethis resultextendsthe
"multiplicative noise”resultsby Wonhamandby Willems & Willemsto alargerclassof systems.

3:55-4:10pm Jaroslav Stark Imbeddingfor Stochasti@andSpatio-temporaDynamics
UCL
4:20pm IMA Tea(and more!) VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeveragewill besened.

| Tuesday April 28 |

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROOomEE/CS3-176

9:30am JamesB. Rawlings Currentlssuesn Model-Predictve Control
Universityof WisconsinMadison

Model predictive control (MPC) is a form of controlin which the currentcontrol actionis obtainedby solving on-line,
perhapsapproximatelyanopen-loopoptimal controlproblem.An importantadvantageof this type of controlis its ability
to copewith hardconstrainton the controlsand states.Model predictive control hasbeenwidely appliedin the petro-
chemicalandrelatedprocessndustriesvhereeconomicconsiderationslemandoperationnearthe boundaryof the setof
admissiblestatesandcontrols.In this talk we first review someof the basicsof MPC andoverview thetypesof problems
thathave beensolved. Next we describeanemeping consensuamongresearchersn the basicnecessargomponentsf
modelpredictive controllaws. Thisdiscussiorfocuse®nthenecessaringredientgo obtainclosed-loogstability. Next we
presenbneof themajorunresohedproblemfor this controlapproachwhichis receving currentattention,a practicalon-
line methodfor dealingwith nonlineardynamicmodels. A naive implementatiorof MPC for nonlinearmodelsrequires
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the on-line global solution of non-comwvex optimizationproblems. We presenta nev methodthat requireslesson-line
computatiorandmay easeémplementatiorof MPC with nonlineamodels.

Thework presentedvasdonein collaborationwith Prof. D. Q. Mayne,UC Davis andimperial College.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176

11:00am Roger Brockett Puttingthe Feedbaclbackinto AutomaticControl
Harvard University

Abstract Fifty yearsagoit wasmoreor lesstakenfor grantedhatautomaticcontrolmeantfeedbaclkcontrol. Otherfields,
suchasbiology andeconomicsadoptedhe word feedbackand,throughthesemore populardisciplines,the word came
into widespreadise. However, astime evolved control theory itself, largely ignoredthe ideaof feedbackconcentrating
insteadon technicalissuesassociatedvith optimal control, estimation,modeling,etc. In fact, a quick examinationof
popularbookson control fails to find ary significantdiscussiorof feedbackor other conceptuaissuesassociatedvith
theimplementatiorof controlactions. This is in contrastwith the literaturein psychologyandneuralscience.In these
fieldsthereis a growing interestin therelationshipbetweerstructureandfunction andthis hasmotivatedresearchert
worry a greatdealaboutthe distinctionbetweerfeedbackandopenloop implementationskFor example this distinctionis
particularlyimportantwhenit comego describingherole of learningin finding betterwaysto executemovementsln this
talk | will layoutageneramathematicalormulationof theproblemof implementingcontrolpoliciesleadingto anew class
of optimizationproblemsin which the compleity of implementatioris tradedoff againstthe quality of the trajectories.
Fromamathematicapoint of view theresultingtheoryis afield theoryasopposedo a particletheory Onemightsaythat
it standsn relationshipto optimalcontrolin somavhatthe sameway thatMaxwell’s equationsstandin relationshipto the
equationsof motionfor a chagedparticle. Theresultingframework, althoughtechnicallymoredifficult, permitsoneto
give acrispdefinitionof someslipperytermssuchasattentionandpractice.

2:00pm I. Kanellakopoulos Active Identification for Discrete-Tme Nonlinear Sys-
UCLA tems

Abstract The problemof adaptve controldesignfor discrete-timenonlinearsystemswith unknavn parameterfiasbeen
solvedonly for very specialcasesin particular to guaranteglobalstability, existing solutionsimposegrowth restrictions
onthenonlinearitiesIn this talk we proposea novel approactwhich removesthis obstacleandyields globalstability and
trackingfor systemsn the strict-feedbacKorm. Insteadof the traditionalstructureof concurrenbn-line estimationand
control, we adopta two-phasecontrol stratgy: First, in the active identificationphasewe usethe controlinput to drive
thesystemstateto pointsin the statespacewnhich provide uswith informationaboutthe unknovn parametersWe develop
analgorithmwhich guaranteethatthe durationof this phasads finite andthatatits endwe will be ableto computefuture
valuesof the systemstates.Then,in thelook-aheadtontrol phasewe usethis predictioncapabilityto treatthe systemas
completelyknown andto driveit to its desiredstatein finite time.

3:00pm CoffeeBreak ReceptiorROOomEE/CS3-176

Short Presentations

3:30-3:500m Edriss S. Titi NumericalCriterionfor StabilizingSteadyStateSolutions
UC Irvine andLANL of the Navier—StolesEquations.

Abstiact In thistalk we shav thatby stabilizinga steadystatesolutionto the Galerkinapproximatiorof the Navier-Stokes
equationsusingcertainlinear feedbackcontrol, onein factis stabilizinga nearbysteadystatesolutionto the fully three
dimensionaNavier-Stokesequations.Similar resultsalsohold in the contect of NonlinearGalerkinmethod. It is worth
mentioningthatall our conditionsareexplicit andverified by the computedapproximateGalerkinsolutionandthatno a
priori assumptionsremadeon the unknovn exactsolutionof the Navier-Stokesequations.

4:13-4:50pm L.M. Pismen Wave Turing ResonancandDynamicsof Planforms
Technion-Israelnsituteof Technology
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4:10-4:30pm YousefSaad Krylov SubspaceMethods for Solving Certain Matrix

Universityof Minnesota Problemsn Control
3:50-4:10pm CostasKravaris SingularPDE’s andthe Single—steg-ormulationof Feed-
Universityof Michigan backLinearizationwith PolePlacement

Abstiact Thepresentvork proposes new formulationto thefeedbacKinearizationproblem.Theproblemunderconsid-
erationis not treatedwithin the contect of geometricexactfeedbacHinearization,whererestrictve conditionsarise,but
is corvenientlyformulatedin the context of singularPDEtheory In particulatr the mathematicalormulationof the prob-
lem s realizedvia a systemof first-orderquasi-linearsingularPDE’s anda rathergeneralketof necessarandsuficient
conditionsfor solhability is derived, by usingLyapuna’sauxiliary theoremon singularPDE’s. The solutionto theabove
systemof singularPDE's is locally analyticandthis enablesa seriessolutionmethod whichis easilyprogrammablevith
the aid of a symbolicsoftware package.Undera simultaneousmplementatiorof a nonlinearcoordinatetransformation
anda nonlinearstatefeedbackaw computedhroughthe solutionof the systemof PDE's, bothfeedbacKinearizationand
pole-placemendesignobjectivesareaccomplishedn onestep,avoiding therestrictionsof the otherapproaches.

WednesdayApril 29

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
9:30am IvenMar eels Estimatingthe controlandidentificationeffort for chaotic
Universityof Melbourne dynamics.

Abstract In this talk we review the simplebut effective OGY methodfor the control of chaoticdynamicsfrom a control
engineeringperspectie. An importantingredientin this methodis to estimatethe effort requiredto identify a sufficiently
accuratdocal representatiofor the dynamicsthatneedto be stabilised.Usingideasfrom linear systemidentificationand
ergodicity theoryfor chaoticdynamicswe arrive at anestimateof the datacompleity to achieve adeisredcontrolresult.

Theestimatehave implicationsfor thereconstructiorof low dimensionathaoticmapsvia local linearmapsovertessela-
tions.

A promisingapplicationareais in securedatacommunication.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176

11:00am Frank Doyle InputSequenc®esignfor NonlinearModelldentification
Universityof Delavare

Abstract Recentadwancesn theapplicationof advancedcontrolmethodsn the chemicalindustryhave increasednterest
in theidentificationof nonlineardynamicmodelsfrom procesglata. Two key issueghatarerelevantaremodelstructure
selectionandinput sequencaesign. In this talk, resultsfor finite Volterraseriesmodelswill bereviewedin application
to nonlinearmodelpredictive controldesign. Two approacheto reducingthe highly parametrized/olterraserieswill be
covered,aswill intelligentinput sequencelesign.In particular tailoredinput sequencewill bederivedfrom aweighted
predictionerroranalysis.Furthermorethe engineeringapplicationof thesesequencewill be consideredresultingin the
quantificatiorof “plant-friendly” attributes.

2:00pm Anthony Bloch IsospectraFlows andNonholonomicStabilization
The Universityof Michigan

Abstract In this talk, which presentgoint work with S. Drakunasr and M. Kinyon, | will discussthe stabilizationof
kinematicnonholonomicsystems andits relationshipwith the theory of isospectraimatrix flows. In particularl shall

173



considernonholonomicsystemsn the generalcanonicalform suggestedy Brockett. Nonholonomicsystemsare not
stabilizableby smoothfeedbackandl! will presentanalgorithmwhich usesdiscreteswitchingbetweersmoothflows. The
switchingis essentiallybetweerflows which presere eigervaluesof matrices(isospectraflows, similar to thosefoundin
thetheoryof integrablesystems)andcertaindoublebraclet flows, similar to thosefoundin gradientsystemgheory Our
doublebraclet flows arerelatedto, but differentfrom, thoseusedby Brockett, the presenterandothersin leastsquares
identificationproblems. | will discussa generalizatiorof theseideasto a classof systemsbasedon the theory of Lie
algebras.

3:00pm CoffeeBreak ReceptiorROOomEE/CS3-176

Short Presentations

3:30-3:500m Dieter Armbruster Dynamicsof re-entranmanuficturingsystems.
Arizona StateUniversity

Abstract Motivatedby re-entrantnanugcturingprocessem semiconductowaferprocessingve modelthequeuechanges
associatewvith eachstepin the manufcturingprocessy a setof constantdifferentialequationsA Poincaremapreduces
this to setsof piecavise linear maps. It is provedfor a specificexampleof a 2—4 step—2machineproblem,that these
mapsdo not shov chaoticbehaior but insteadleadto periodic orbits of arbitrary period dependingon the processing
rates. A partly dissipatve, partly conserative phasespaceis indentifiedandtypical bifurcationsare analyzed. This is
contrastedvith a switchedarrival queuingsystenwhich shavs chaotichehaior andwherecontrol of chaosideasleadto
thestabilizationof unstableperiodicorbits.

3:50-4:10pm ThomasCo Parametelestimationof a certainclassof nonlineartime
MichiganTechnologicalUniversity varyingsystems

4:10-4:30pm Raymond Adomaitis A Collocation-Based\pproachto Model Reductiorfor a
Universityof Maryland TungsterChemicaNVaporDeposition

Abstract We presenta model of a tungstenchemicalvapor deposition(CVD) systemusedto studythe CVD system
thermaldynamicsandwafertemperatur@onuniformitiesduringa processingycle. We developa modelfor heattransfer
in the systems wafer/susceptor/guarihg assemblhanddiscretizethe modelingequationwith a multiple-grid,nonlinear
collocationtechnique This weightedresidualmethodis basedn the assumptiorthatthe systems dynamicsaregoverned
by a small numberof modesand that the remainingmodesare slaved to theseslon modes. Our numericaltechnique
producesa modelthatis effectively reducedn its dynamicaldimension,while retainingthe resolutionrequiredfor the

wafer assemblymodel. The numericaltechniquels implementedwith only moderatelymore effort thanthe traditional

collocationor pseudospectraéchniquesFurthermoreby formulatingthe techniquan termsof a collocationprocedure,
therelationshippbetweenemperatureneasurementsadeonthewaferandthesimulatoresultsproducedvith thereduced-
ordermodelremainclear

4:30—4:50pm Tryphon T Georgiou Rolustnes®f Non-LinearControl
Universityof Minnesota

Thursday, April 30

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
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9:30am John Baillieul The GeometryOf SecondOrderControlSystems
BostonUniversity

Abstiact In thistalk | shalll shallpresensomerecentwork on afavorite topic—averagingtheoryfor controlledmechan-

ical systemswith oscillatoryjnputs. Someparticularpointson which | hopeto touchare: i
1. Th%geometrlod|st|nctlom)£tween/eo |?:|ty contrgl?edandacceIeranoFr)montroLfledmechanlcai;ystems,

2. Geometricconditionsfor stableresponséo oscillatoryforcing,
3. Interestingphysicalexamplesand,time permitting,

4. Scale-ivarianceof theeffectsof oscillatorycontrol. ) )
I have chosento emphasizéhesepointsbecausd believe they canbe relatedin variouswaysto work of colleagues

attendingheworkshop.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176
11:00am P. Krishnaprasad Fromsmartdevicesto smartsystems
Universityof Maryland

Actuatorsbasedon the interactionof electricand magneticfields with materials(often referredto as smartactuatorsor
smartstructures)areof currentinterestat a variety of lengthscales.Arrays of electrostatianicro-actuatordiave found
their way into applicationsin displays.For future applicationsnvolving interactionsof sucharrayswith fluidsit is likely
thatoneneeddo solve problemsof communicatiorandcontrolin sucharrays.Onepossibleapproactthatis appealingn
this context is theuseof pattern-forminglynamicalsystemgo realizecontroloverlargearrays.In thistalk, basednjoint
work of Eric Justhandthe spealer, we discusghe propertiesof a classof partialdifferentialequationghathave interesting
pattern-formatiorcharacteristicsWe analyzequalitative propertiesvia suitableenegy functionals.We alsodiscusssome
of the modelingaspect®f individual actuatorghatleadusto this approach.This work is supportedoy Army Research
Office underthe ODDR&E MURI97 ProgramGrantNo. DAAG55-97-1-01140 the Centerfor DynamicsandControl of
SmartStructuregthroughHarvard University),andan ARCS Fellowshipawardedto Eric Justh.

2:10pm Eduardo Sontag Stabilization Lyapuna-Lik e Functions andthe Effect of
Rutgers Disturbances

This expositorytalk describeseveralrecentresultsin the areasf stability andstabilizationof nonlinearcontrolsystems.

The first part will surwey relationshipsbetweenthe existenceof feedbackstabilizersand control-Lyapuna functions
(cLf’s). Thefocuswill be on correspondencdsetween respectiely, (1) stabilizability and continuouscLf’s, and (2)
closed-looprobustnesgo "small” disturbancesndsmoothcLf’s. In particular theissueof discontinuougeedbackstabi-
lizationleadsoneto a definitionof "closed-loopbehaior” which originatesn thetheoryof differentialgamesTechniques
from nonsmoothranalysiqviscosity-like) areusedin the constructiorof stabilizers.

Time permitting,thesecondartof thetalk will shiftinto theeffectof "large” disturbancesndnotionsof stabilitythattake
into accountexternalperturbationsThe conceptof input-to-statestability (ISS), aswell asthe morerecentlyintroduced
integral input-to-statestability (11ISS), provide a theoreticalframeavork in which to analyzethe issuesthat arisein this
contet. Thefocuswill beon dissipation(Lyapuna-like)characterizationsf theseproperties.

3:15pm CoffeeBreak ReceptiorRoOomEE/CS3-176

Short Presentations

3:30-3:500m P. Daoutidis FeedbackControl of Nonlinear Differential Algebraic
Universityof Minnesota EquationSystems.

Abstract Many engineeringapplicationsarenaturallymodeledby systemsf couplednonlineardifferentialandalgebraic
equationg DAES) that cannotbe directly reducedo ODEs. Suchsystemgalsoreferredto as“high-index” DAES, sin-
gular systemsgdescriptorsystemsetc.) behae fundamentallydifferentfrom ODEs (they do not have a smoothsolution
for arbitraryinitial conditions,the solutionmay dependon derivativesof the forcing input etc.) and have beenstudied
extensiely from thepoint of view of numericalsimulation.In thistalk, recentresultsonthefeedbaclcontrolof nonlinear
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high-index DAEswill bepresentedTheserely onanalgorithmfor thederivationof statespacerealizationsof theoriginal
DAE systemor an equivalentfeedback-modifedystem. Connectionswith singularperturbationsand chemicalprocess
applicationswill alsobediscussed.

3:50-4:10pm Y. Kevrekidis Two bifurcationproblemsarisingin a controlsetting
Princeton

Abstract | will briefly describetwo bifurcationproblemsthatarise(a) in discretetime modelreferenceadaptve control
and (b) in stabilizinginfinite dimensionalkystemshroughtruncations. In the first casenonirvertible dynamicsleadto
new classef instabilitiesandmake the computatiorof basinsof attractiondifficult. In the secondcase trying to relate
open-loopto closedloop attractorsvzia homotoyy, giveriseto broken(perturbed}ranscriticabifurcations.

4:10-4:30pm John Guckenheimer RecentDevelopmentsn ComputingPeriodicOrbits
Cornell
6:00pm Workshop Dinner Campu<Club
Friday, May 1

Talks today arein Lecture Hall EE/CS 3-180

8:30am Coffee ReceptiorROOomEE/CS3-176

8:45am P. Kokotovic Constructve NonlinearControl
Universityof CaliforniaSantaBarbara

This talk will suney recentlydevelopedtools and proceduredor systematiadesignof stabilizing feedbackcontrollers
for classesof nonlinearsystems. Among the tools are inverseoptimality and passvity, while the proceduresnclude
backsteppingndforwarding.A typical enginedesignapplicationwill alsobediscussed.

9:45am WolgangKliemann Towardsa Bifurcation Theoryof NonlinearControl Sys-
lowa StateUniversity tems

Abstract Thistalk dealswith a structuralaspecbf controlsystems theirbehaior underparametevariationwith respect
to local and global properies. Global propertiesnclude aspectof controllability and (practical)feedbackstabilization,
which may changeasa parametewarieswithin a given set. We presenpersistencandcontinuity resultsfor controland
stabilizationwhichalsogive new insightinto (uncontrolleddynamicakystemsvhenappliedto systemswvith smallcontrol
range. The mathematicatechniquesare basedon the study of transitvity of associateaontrolflows. Local properties
includeaspect®f robuststability andfeedbaclkstabilization.A controltheoreticversionof multiplicative ergodictheory
shaws thatthe spectrumof a control systemconsistsof intervals. As the endpointsof theseintervals passthroughzero,
the systemchangests stability andstabilizationbehaior. Again, for small controlrangetheseresultsspecializeto local
bifurcationtheoryof dynamicalsystems.

10:45am CoffeeBreak ReceptiorROOmEE/CS3-176

Joint with IMA Seminaron Industrial Problems

11:15am T.J.Burns ModelingandSimulationof SomeHigh-SpeedManufac-
NIST turing Processes

Abstract Themostbasicmanufcturingprocessesivolve the mechanicalvorking of a material resultingin apermanent
alterationof its shapeo producea finishedcomponentTheseplasticdeformatiorprocessesanbeclassifiedaccordingo
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the orderof magnitudeof the rateof deformationor strain rate, at which they are performed.Processesuchasrolling,
forming, anddrawing arecharacterizetby relatively low strainratesthatdo not exceedabout10® s—1. Ontheotherhand,
operationsuchasstamping punching,andmachiningcaninvolve strainratesashigh as10? s—1. Annualexpenditueson
high-strin-ratemanufacturingopemationsin the United Statessxceed3% of the GDP.

Trial-and-erromprototypingis the currentmethodusedby industryto selectprocesgparametersThis methodis expensve,

andit oftenleadsto sub-optimaparametechoices For thesereasonsandbecausef increasingnternationatompetition,
U.S.industriesarebeginningto investigatenoresophisticate@pproacheto the designandoptimizationof manufcturing
processesA necessargteptowardsimproved processcontrolis the developmentof bettermodelsof theseoperations.
While considerabl@rogressasbeenmadein thedevelopmenbf predictve modelsfor low-strain-rateprocesseghereis

currentlya needfor improvedpredictive capabilitiesfor high-rateprocesses.

In this talk, a survey will be given of somework in progressat NIST on the applicationof nonlineardynamicsto the
modelingandsimulationof two high-speednachiningoperationghatare currently of considerablénterestin industrial
applications:high-speedurning and milling of metals. Unlike more corventionalmachiningoperationswhich canbe
consideredo bequasi-staticthesemoremodernmanufcturingprocessearedynamic,andtherearesignificantnonlinear
effectswhich leadto complicatedporocesslynamics.

IMA Workshop:
Pure, Applied and Industrial Mathematics: Strength
through Connections

May 1-3,1998
OrganizersRobertGulliver (Minnesota),Nareshain(Minnesota) Willard Miller
(Minnesota),

To Celebrateghe 65thBirthdayof AvnerFriedman
Sponsore(gbintly with the Universityof MinnesotaSchoolof Mathematics

For the mostcurrentinformationaboutthis workshop see
http://wwwima.umn.edu/dynsys/spgffriedmanhtmi

Friday, May 1

Talks today arein Lecture Hall EE/CS 3-180

2:30pm Registration and Coffee ReceptiorROomEE/CS3-176

3:00pm Welcomeand Orientation NareshJain

3:15-4:00pm Luis Caffarelli The ObstacleProblemwithout Obstacle
Universityof Texas

Abstract We will discussthe regularity theory and the geometryof the free boundaryfor free boundaryproblemsof
obstacletype, but without positivity assumptiondpr instancehe Pompeiuproblem.

4:15-5:00pm Wendell Fleming Risk Sensitve StochasticControl
Brown University

Abstract Risk sensitve control providesa link betweendeterministicand stochastianodelling of disturbancesn con-
trol systems. Connectionswith differentialgames large deviations theory parabolicpartial differential equationsand
mathematicafinancewill bementioned Thelectureis intendedo beaccessibl¢o aratherbroadaudience.

5:30pm Reception RadissorHotel
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Saturday, May 2

Talks today arein Lecture Hall EE/CS 3-180

9:15am Registration and Coffee ReceptiorROomEE/CS3-176

9:45-10:3am Emanuelle DiBenedetto Stability Estimates for 2-dimensional Cracks in 3-
Northwesterrniversity DimensionaBodies

10:40-11:25 Peter Castro IndustrialMathematics BenefitsandDifficultiesin Con-

am EastmarKodak nectingto Academe

11:35-12:20 Hillary Ockendon SpinningandWeaving

pm Oxford University Centrefor Industrial

andApplied Mathematics

Abstiact Many processefn thetextile industryarejust startingto be modelledmathematically Typical configurations
involve maythousandsf fibresinteractingwith eachotherandwith externalforces.

Thenovel mathematicshatcanarisewill be exemplifiedby two situationsnvolving man-maddibres. Thefirst concerns
thedynamicsof awettow modelledasananisotropiacdeformablgporousmediumandthe secondnvolvesthe crimping of
dry fibres,which leadsto a delayintegral equation.

Traditionalprocessemvolving cardingandspinningof naturalfibresseemo be especiallyhardto modelmathematically
andsomeof the challengesvill bediscussed.

2:15-3:000m JamesGlimm Stochastid-luid Dymanics
StateUniv. of New York Stong/brook

Abstract The practicalcomputationaandanalyticmodelingof stochastidluid flow is ademandinghallenge We review
severalseparateomponentsf anintegratedapproacho this problem draving onrecentresultsof thespealer, colleagues,
andothers.

Stochasticisk assessmertf engineeringystemsnotivatesthis study asit requiresstochastidluid flow asaninput. The
useof multiple simulationsto evaluatea stochastiensemblgplacesa strongpremiumon fastalgorithms. Upscalingis a
necessarapproacho achieving fastalgorithmsin mary casesUpscalingcanbe understoodsthe oppositeof multigrid
methodsn amultiscaleproblem:Finely griddeddatais usedto conditiona coarselygriddedsolution. Analytic, numerical,
andexperimentaktudiesareneededo validateupscalingnethodologiesMassvely parallelcomputingbasednalocally-
assemblegdupercomputerith commoditycomponentsindpublic domainsoftwareis a costeffective solutionfor the still
remaininglarge computationaproblems.

In combinationthesemethodsappeato be capableof solvingpreviously intractiblestochastidluid flow problems.

3:10-3:550m Zalman Usiskin What CanWe Learnfrom InternationalComparisonsn
Universityof Chicago SchoolMathematics?

Abstract Noticeablyabsentfrom the official reportsand mediasummariesof the Third InternationalMathematicsand
ScienceStudy(TIMSS)resultsareary referenceso whathappenedh thefirstandsecondstudies.Yet, if weignoreearlier
studiesvhenanew oneappearswewill learnverylittle, andin fact,theevidences thatmuchof whatwasconsiderechew

in TIMSS reportswasknown from earlierstudies.This talk summarizesomeof whatwe have learnedrom international
studiedo date.

4:05—-4:50pm ShmuelWinograd Factorizationof PolynomialsOver Fieldsof Characteris-
IBM, Researclivision tics 2

Abstract DecodingReed-Solomomrtodescalls for finding the rootsof polynomialsover afield of characteristi@. This
talk will describea new methodfor factorizingsuchpolynomialswhich is particularlyefficient for polynomialsof small
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degree.

6:00-7:000m Reception RadissorHotel
7:00-8:15m Dinner RadissorHotel
8:15pm After Dinner Speeches RadissorHotel

After dinnerspeecheby variousparticipantsncludingLynn FriedmanandAvnerFriedman.

Sunday, May 3

Talks today arein Lecture Hall EE/CS 3-180

W 8:30am Coffee ReceptiorROOmEE/CS3-176
9:00-10:45m  John Ockendon StimulatingMathematicsn Industry
Oxford University Centrefor Industrial
andApplied Mathematics

Abstract Two recentexampleswill begivenof how industrialstimuluscanleadto new waysof thinkingaboutproblemsn
partialdifferentialequations Thefirst shavs how modelsfor capacitormanuficturingcanposeinterestingnew questions
for theLaplace-Youngequationthesecondlescribeiow thequestfor moreacuteradarsystemsnotivatesheconstruction
of asystemati¢heoryof comple raysfor the Helmholtzequation.

For variousreasonstheacademianathematiceommunityhasbeendelugedwith industrialproblemsn recentyears.The
talk will concludewith atransparengto demonstratéhe currentmismatchbetweersupplyanddemandor mathematical
expertisein thisarea.

10:00-10:45 Juan Velazquez Singularitiesfor the SteinProblem
am UniversidadComplutensele Madrid

Abstract An overview will be given concerningdifferentsingularity mechanismshat have beenfound for the Stefan
problemin classicaandundercooledituationsusingeitherrigouroustechnique®r formal asymptotiexpansionsin par
ticular differentmechanismsf shrinkingof thefree boundarieso points,aswell ascuspformationandcornerformation
mechanimswvill bediscussed.

11:00-10:45 Walter Littman Teachinga coursen IndustrialMathematics
am Universityof Minnesota

Abstiact: For severalyearsthe spealer hastaughta coursein IndustrialMathematicsat Minnesotausingthe book coau-
thoredwith Avner Friedman.The history, the mary uniquefeaturesof this course aswell mary helpful hintson how to
succeedn this coursewill be offered. This coursehasbeena sourceof greatgratificationboth for the studentsandthe
spealer.
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INSTITUTE FOR MATHEMATICS AND ITS APPLICATIONS

University of Minnesota
400Lind Hall
207 ChurchStreetS.E.
Minneapolis Minnesotab5455
FAX (612)626-7370 telephong612)624-6066 e-mail: ima-staff@ima.umn.edu
IMA Schedulewia finger:finger  seminar@ima.umn.edu
Newsletters Updatesandpreprintsavailablevia
anorymousftp: ftp.ima.umn.edu , www: http://www.ima.umn.edu/

IMA NEWSLETTER # 262

May 1-31,1998

1997-98Program
EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

SeetheWinter, SummerandFall 1997IMA Updateor http://www.ima.umn.edu/dynsys /
for afull descriptionof the 1997—-98orogramon Emeging Applicationsof DynamicalSystemsand
seehttp://www.ima.umn.edu/ seminar/sched and
http://www.ima.umn.edu/newsl trs/  for thelatestschedulingnformation.

| Newsand Notes |

IMA and University of Minnesota Schoolof Math Workshop:

Pure, Applied and Industrial Mathematics: Strength
through Connections

May 1-3,1998
OrganizersRobertGulliver (Minnesota),Naresbain(Minnesota) Willard
Miller (IMA)

To Celebrateghe 65th Birthdaysof Avner& Lynn Friedman
Seealsohttp://www.ima.umn.edu/dynsyspringfriedman.hinl

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique ConsiglioNazionaledelle Ricerche Geogia Institute of Technology IndianaUniversity

lowa StateUniversity KentStateUniversity Michigan StateUniversity MississippiStateUniversity, Northernlllinois University, Ohio StateUniversity PennsylaniaState
University, PurdueUniversity SeoulNationalUniversity (RIM - GARC), TexasA&M University University of Chicago,University of Cincinnati,University of Houston,
University of lllinois (Urbana),University of lowa, University of Kentuclky, University of Maryland, University of Michigan, University of Minnesota,University of Notre

Dame,Universityof Pittshurgh, University of Wisconsin WayneStateUniversity

PARTICIPATING CORPORAIONS: EastmarkKodak,EPRI,Ford, GeneraMotors,Honegywell, IBM, LockheedVartin, LucentTechnologiesMedtronic,Motorola,Siemens,
TelcordiaTechnologies3M.
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IMA Workshop:

Dynamical SystemsTechniquesin Oceanograply: Chaotic
Advectionin OceanMesoscaleStructure

May 7-9,1998
OrganizersChrisJonegBrown)

Co-sponsoredly the Office of Naval Research
Seealsohttp://wwwima.umn.edu/dynsys/spg/oceanhtml

IMA Workshop:
Pattern Formation in Continuousand Coupled Systems

May 11-15,1998
OrganizersMartin Golubitsky (Universityof Houston),DanLuss(University of
Houston),Stere StrogatzCornell)

Seealsohttp://wwwima.umn.edu/dysys/springdynsysShtml

Impr oved IMA Home Page

The IMA hassubstantiallyimprovedits homepageon the World-Wide Web, accessibléhroughnetscaper otherweb-
readingapplicationsat

http://www.ima.umn.edu/
Thesiteis continuallyunderconstructionWe invite comment®or suggestionsyhich maybeaddressetb

webmaster@@ima.umn.edu .
In particular we appreciateary information about World-Wide Web links appropriateto currentand upcomingIMA
programs.

Schedulefor May 1-31,1998

IMA Workshop:

Pure, Applied and Industrial Mathematics: Strength
through Connections

May 1-3,1998
OrganizersRobertGulliver (Minnesota),Nareshain(Minnesota) Willard Miller (IMA),

To Celebrateghe 65thBirthdayof AvnerFriedman
Sponsore(gbintly with the Universityof MinnesotaSchoolof Mathematics

For the mostcurrentinformationaboutthis workshop see
http://wwwima.umn.edu/dynsys/spdffriedmanhtmi
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SeelMA Newsletter261 (April 1998)for the concluding eventson the morning of May 1 of the IMA workshop on
Nonlinear Identification and Control

Friday, May 1

Talks today arein Lecture Hall EE/CS 3-180

2:30pm Registration and Coffee ReceptiorROOomEE/CS3-176

3:00pm Welcomeand Orientation NareshJain

3:15-4:000m Luis Caffarelli The ObstacleéProblemwWithout Obstacle
Universityof Texas

Abstract We will discussthe regularity theory and the geometryof the free boundaryfor free boundaryproblemsof
obstacletype, but without positivity assumptiongpor instancehe Pompeiuyproblem

4:15-5:00pm Wendell Fleming Risk Sensitve StochasticControl
Brown University

Abstiact Risk sensitve control providesa link betweendeterministicand stochastianodelling of disturbancesn con-
trol systems. Connectionswith differentialgames,large deviations theory parabolicpartial differential equationsand
mathematicalinancewill be mentioned.Thelectureis intendedo be accessibl¢o aratherbroadaudience.

5:30pm Reception RadissorHotel

Saturday, May 2

Talks today arein Lecture Hall EE/CS 3-180

9:15am Registration and Coffee ReceptiorROomEE/CS3-176

9:45-10:3am Emanuelle DiBenedetto Stability Estimates for 2-dimensional Cracks in 3-
NorthwesterrUniversity DimensionaBodies

10:40-11:25 Peter Castro IndustrialMathematics BenefitsandDifficultiesin Con-

am EastmarKodak nectingto Academe

Abstract Industrialmathematicss differentfrom academianathematicsThrougha selectionof mathematicaproblems
in imagingwe will explore theimpactof the IMA industryconnectionfosteredby Avner Friedman,on progressn the
mathematicef imagingscience.

11:35-12:20 Hillary Ockendon SpinningandWeaving
pm University of Oxford Centrefor Indus-
trial andApplied Mathematics

Abstiact Many processef thetextile industryarejust startingto be modelledmathematically Typical configurations
involve maythousandsf fibresinteractingwith eachotherandwith externalforces.

Thenovel mathematicshatcanarisewill be exemplifiedby two situationsinvolving man-maddibres. Thefirst concerns
thedynamicsof awettow modelledasananisotropiacdeformablgporousmediumandthe secondnvolvesthe crimping of
dry fibres,which leadsto a delayintegral equation.
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Traditionalprocessesvolving cardingandspinningof naturalfibresseemo be especiallyhardto modelmathematically
andsomeof the challengesvill bediscussed.

2:15-3:000m JamesGlimm Stochastid-luid Dymanics
StateUniv. of New York Story Brook

Abstract The practicalcomputationaandanalyticmodelingof stochastidluid flow is ademandinghallenge We review
severalseparateomponentsf anintegratedapproacho this problem draving onrecentresultsof thespealer, colleagues,
andothers.

Stochasticisk assessmermf engineeringystemsanotivatesthis study asit requiresstochastidluid flow asaninput. The
useof multiple simulationsto evaluatea stochastiensemblgplacesa strongpremiumon fastalgorithms.Upscalingis a
necessarapproacho achieving fastalgorithmsin mary casesUpscalingcanbe understoodsthe oppositeof multigrid
methodsn amultiscaleproblem:Finely griddeddatais usedto conditiona coarselygriddedsolution. Analytic, numerical,
andexperimentaktudiesareneededo validateupscalingnethodologiesMassvely parallelcomputingbasednalocally-
assembledupercomputarith commoditycomponentsindpublic domainsoftwareis a costeffective solutionfor thestill
remaininglarge computationaproblems.

In combinationthesemethodsappeato be capableof solving previously intractiblestochastidluid flow problems.

3:10-3:550m Zalman Usiskin What CanWe Learnfrom InternationalComparisonsn
Universityof Chicago SchoolMathematics?

Abstiact Noticeablyabsentfrom the official reportsand mediasummariesof the Third InternationalMathematicsand
ScienceStudy(TIMSS) resultsareary reference$o whathappenedh thefirstandsecondstudies.Yet, if weignoreearlier
studiesvhenanew oneappearswewill learnverylittle, andin fact,theevidenceis thatmuchof whatwasconsiderechew

in TIMSS reportswasknown from earlierstudies.This talk summarizesomeof whatwe have learnedrom international
studiedo date.

4:05-4:50pm ShmuelWinograd Factorizationof PolynomialsOver Fieldsof Characteris-
IBM, Researclivision tic 2

Abstract DecodingReed-Solomormrtodescalls for finding the rootsof polynomialsover afield of characteristi@. This
talk will describea new methodfor factorizingsuchpolynomialswhich is particularlyefficient for polynomialsof small
degree.

6:00-7:000m Reception RadissorHotel
7:00-8:15m Dinner RadissorHotel
8:15pm After Dinner Speeches RadissorHotel

After dinnerspeecheby variousparticipantdncludingLynn FriedmarandAvner Friedman.

Sunday, May 3

Talks today arein Lecture Hall EE/CS 3-180

8:30am Coffee ReceptiorROomEE/CS3-176

9:00-9:45am John Ockendon StimulatingMathematicsn Industry
University of Oxford Centrefor Indus-
trial andApplied Mathematics

183



Abstract Two recentexampleswill begivenof how industrialstimuluscanleadto new waysof thinkingaboutproblemsn
partialdifferentialequations Thefirst shavs how modelsfor capacitormanuficturingcanposeinterestingnew questions
for theLaplace-Youngequationthesecondlescribeiow thequestfor moreacuteradarsystemsnotivatesheconstruction
of asystemati¢heoryof comple raysfor the Helmholtzequation.

For variousreasonstheacademianathematiceommunityhasbeendelugedwith industrialproblemsn recentyears.The
talk will concludewith atransparengto demonstratéhe currentmismatchbetweersupplyanddemandor mathematical
expertisein thisarea.

10:00-10:45 Juan Velazquez Singularitiesfor the SteinProblem
am UniversidadComplutensele Madrid

Abstract An overview will be given concerningdifferentsingularity mechanismshat have beenfound for the Stefan
problemin classicaandundercooledituationsusingeitherrigouroustechnique®r formal asymptotiexpansionsin par
ticular differentmechanismsf shrinkingof thefree boundariego points,aswell ascuspformationandcornerformation
mechanimswill bediscussed.

11:00-11:45 Walter Littman Teachinga coursen IndustrialMathematics
am Universityof Minnesota

Abstiact: For severalyearsthe spealer hastaughta coursein IndustrialMathematicsat Minnesotausingthe book coau-
thoredwith Avner Friedman.The history, the mary uniquefeaturesof this course aswell mary helpful hintson how to
succeedn this coursewill be offered. This coursehasbeena sourceof greatgratificationboth for the studentsandthe
spealer.

WednesdayMay 6 ‘

IMA PostdocSeminar:

2:30pm lan Stewart SymmetryMethodsfor CollisionlesSN-Body Problems
University of Warwick

Abstract HamiltonianDynamicsof a systemof N identicalparticlescan,undercertainconditions be treatedasa pertur
bationof thenon-physicaktatein which all particlescoincide(andarestationary) Symmetrymethodscanthenbeusedto
provetheexistenceof certainperiodicconfigurationghatarephysicallyrealizeable.

OrganizersRicardoOliva & WarrenWeckesser

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsin VincentHall 570.

IMA Workshop:

Dynamical SystemsTechniquesin Oceanograply: Chaotic
Advectionin OceanMesoscaleStructure

May 7-9,1998
OrganizersChrisJonegBrown)

Partially supportedy the Office of Naval Research.
Co-sponsoredly the Office of Naval Research

Thefollowing is a preliminaryschedulefor morecurrentinformationseealso
http://wwwima.umn.edu/dynsys/spgfoceanhtml
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Assessinghe transportof fluid acrosssuchoceanstructuresasthe Gulf Stream,andthe exchangeof fluid betweenits
constituentparts, is essentiaffor a clear understandingf the distribution of fluid properties,suchastemperatureand
salinity in the Ocean.Therehave beensignificantadvancesrecentlyin applyingthe techniquesf dynamicalsystemgo
numericalmodelsand assessinghe significanceof the fluid exchangeresultingfrom the mechanisnknown as”chaotic
adwection? A major hurdlehasbeenovercomein adaptingthe techniquegreviously developedfor periodicsystemgo
aperiodicflows. However, to make effective applicationsto realisticflows, andin particularnumericalmodelsof real
oceansituations,further devlopmentis neededasthe outputof the modelsextendsover only finite times. An efficient
operationaktratey for determiningthe extent of chaoticmixing in realistic modelspromisesmportantapplicationsin
bothoceanographgndatmospherisciencesA key to this developments a closeworking relationshipbetweerapplied
dynamicistandoceanographer3hisworkshopwould bring togetherresearcherSom bothareasandgive anopportunity
to sharetherecentadvancesn thedifferentfieldsaswell asprovide a forumfor settinganagenddor future actiity.

Thursday, May 7

Talks today arein Lecture Hall EE/CS 3-180

8:15am Registration and Coffee ReceptiorROomEE/CS3-176
8:45am Welcomeand Orientation W. Miller, F. Dulles,C. Jones
9:00am P. Miller & L. Pratt TransportandStirring in MeanderingletsandRecircula-

Stevens Institute of Technology & tions
WoodsHole Oceanographilnstitute(re-
spectvely)

Abstlact Geometricmethodsfrom dynamicalsystemsare usedto studyLagrangiartransportin numerically-generated,
time-dependentwo-dimensional2D) flow fields. Thefirst calculationinvolvesan idealizedmodel of the Gulf Stream
consistingof anunstablget. The instability hasbeenallowed to developto the point of saturation)eadingto a nearly-
periodic, meanderingstate. Calculationof the stableand unstablemanifoldsof hyperbolictrajectoriesallows a lobe
analysisshaving fluid passingbetweenregions of predominantlyretrograde prograde,and recirculatingmotion. The
volumetransportsare comparablgo thoseobsened for Gulf Streamrings, implying that this type of transportmay be
importantfor the mixing of the Gulf Streamwith its surroundingsA similar analysisis carriedout in connectionwith a
wobblingrecirculationgyre locatedon the easterredgeof anisland. Herethe objectis to comparehelobetransportinto
andout of thegyreto thetransportproduceddy the Ekmanlayer A laboratoryexperimentwill be presentedn whichthe
unstablemanifoldof thegyreis visualizedwith dye.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176
11:00am Roger Samelson Quasi-geostrophiénstabilities of planetarygeostrophic
COAS Orggon StateUniversity circulation

Abstract Instabilitiesof the large-scalaneanflow areonelik ely sourceof mesoscal®cearnvariability. In general how-
ever, thecouplingof thefluctuating mesoscalfow to thelarge-scaleirculationremaingoorly understoodOneapproach
to this problemis througha multiple scaletechniquethat explicitly recognizeghe existenceof two differenttypesof
geostrophianotion. In this picture,thelarge-scaldlow is describedy planetarygeostrophi@quationsandthe mesocale
flow by quasi-geostrophiequationsThe quasi-geostrophimstabilitiesof solutionsof anidealizedplanetarygeostrophic
modelcirculationmaythenbe examineddirectly. In the presenstudy linear plane-vave quasi-geostrophinormal-mode
instabilitiesarecalculatechumericallyfor vertical profilesof densityandhorizontalvelocity extractedfrom thesubtropical
gyre of a planetarygeostrophicirculationmodel. All of the profilessupportgrowing modes.The mostrapidly growing
modeshave e-folding timeslessthan1 monthandhorizontalwavelengthdessthan10 km. Thesemodeshave vertical
scalesof 500 m andarecenteredat a shallav thermostadhat may beidentifiedassubtropicaimodewater They may be
interpretedn termsof a baroclinic'defect’ instability, in which alinearverticalshearof horizontalgeostrophiwelocity is
destabilizedy anarbitrarily smallbut sufiiciently sharplocal decreasé buoyangy frequeng. An analyticdispersiorre-
lationshipmaybe obtainedasymptoticallyfor the defectinstabilities.Instabilitieswith largerverticalscalesandhorizontal
wavelengthsof 30-300km have smallergrowth rates similarto previousestimategor mid-ocearbaroclinicinstability.
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12:00-12:30 Discussion
pm

2:00pm Andrew Majda MesoscaleCoherentStructuresand Crude Closure via
Courantinstitute—NYU StatisticalTheories

3:00-3:30pm Discussion

4:00pm IMA Tea(and more!) VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeveragewill besened.

‘ Friday, May 8

Talks today arein Lecture Hall EE/CS 3-180

8:45am Coffee ReceptiorROomEE/CS3-176
9:00am Steve Meacham Multiple DynamicalRegimes,Low Frequeng Variabil-
Florida StateUniversity ity, andTheir Influenceon Particle Transporin theUpper
Ocean.
10:00am CoffeeBreak ReceptiorROOomEE/CS3-176
10:30am Igor Mezic Mixing in Three-DimensiondfFlows

Universityof CaliforniaSantaBarbara

Abstract We discusghekinematicsof three-dimensionatime-dependerdandtime-independerftuid flowsin geometrical
andstatisticalterms.Two typesof flows ariseastypical: thosethatcanbereducedo action-action-anglenapsandaction-
angle-anglemaps. A study of transportand mixing in thesetwo typesof flows will be presented:existenceand non-
existenceof invariantobjects,statisticalquantitiessuchasdispersionandthe relationshipbetweerthe two. Similarities
anddifferenceswith the behaior of two-dimensionaltime dependenfiows will beemphasized.

11:30-12:30 Discussion
pm

2:00pm JamesMcWilliams Material Transportand Mixing by CoherentSpatial Pat-
UCLA ternsin Wind-DrivenGyres

Abstract The Lagrangianransportand mixing of materialare exploredin a geographicallyidealizednumericalmodel
of mid-latitudewind-drivengyres.Equilibrium solutionsat low (just beyondthe primary Hopf bifurcation)andrelatively
high Reynoldsnumberareanalyzedandcomparedrom the Lagrangiarviewpoint. The characteiof the time variability
in thesesolutionsdiffers considerablyfrom a geographicallyconfinedlimit cycle, in the former caseto geographically
extensie,broad-bandluctuationswith considerabl@oweratinterannuaperiodsin thelatter. It is shavn thatasubstantial
partof theintergyretransporis doneby coherenpatternswhichtrapfluid andcarryit acrosghetime-mearstreamlines,
andthatthe domainmay be qualitatvely partitionedinto several regionscharacterizedby distinct mixing scenariosand
statisticaldistribution functions(PDFs). Techniquesppliedincludeensemblanalysisof particletrajectoriesandparticle
PDFs,calculationof invariantmanifoldsattachedo certainhyperbolicpoints,dispersionfinite-time Lyapunw exponents,
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correlationdimensionandvelocity spectraandPDFs.Consideratiornis alsogivento devisingastochasti¢rajectorymodel
thatmimicsthetransportin transienigyre solutions.

3:00pm Coffee ReceptiorROomEE/CS3-176
3:30—-4:30pm Chad Couliette A DynamicalSystemdApproachto LagrangianTransport
Californialnstituteof Technology in aDouble-Gyre

Abstiact We studythe flow obtainedfrom a 3-layer eddy-resolvingjuasi-geostrophicirculationmodel subjectto an
appliedwind stresscurl. For this modelwe will considertransportbetweerthe northernandsoutherr‘gyres” separated
by a jet. We will focuson the importanceof invariantmanifoldsin forming geometricstructureghat governtransport.
By “govern”, we meanthey canbe usedto computeLagrangiantransportquantities,suchasthe flux acrosshejet. We
will considerperiodic,quasi-periodicandchaoticvelocity fields, andthusassesshe effectivenesf dynamicalsystems
techniquesn flows with progressiely morespatio-temporatompleity. The numericalmethodsecessaryo implement
the dynamicalsystemaechniquesandthe significanceof invariantmanifoldsas signaturef specific“events”, suchas
ringspinchingoff from ameanderinget, will alsobediscussed.

4:30-5:00pm Kayo lde Transporin Midlattitude’s OceanicCirculation: Variabil-
UCLA ity andDynamicalProcesses.
Abstract
6:00pm Workshop Dinner

Javel of IndiaRestaurant

The Javel of India Restaurants locatedwithin walking distanceof the IMA, in betweenthe West bank campusand
Interstate35W in the Sevencornerssectionof Minneapolison WashingtomrAvenue.

Saturday, May 9

Talks today arein Lecture Hall EE/CS 3-180

8:45am Coffee ReceptiorROomEE/CS3-176
9:00am Gyorgy Haller & Andrew Poje Finite-timemixing theoryandits applications
Brown University (both)

Abstract Dynamicalsystemsoffers a geometricpoint of view in which to study Lagrangianparticle dynamics. While
the geometrictheory of mixing hasa solid foundationfor two-dimensionallows with regular time-dependencesuch
techniquedall shortin applicationgo aperiodicvelocity fields. We discusgecentresultsthatenableoneto studymixing
in finite-time numericalor experimentalvelocity fields with generaltime dependenceWe also discussapplicationsto
oceanicandatmospheriproblemsjncludingmixing in adouble-gyreoceanmodelandnearthearcticozonehole.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176

11:00am Darryl Holm Reducedviodelsfor the Oceans ‘Climate’
Los AlamosNationalLaboratory

Abstract Onemight supposehe oceans meancirculation,or ‘climate, shouldbe describedy somesortof meanof the
primitive equationgPE). (The PE describean incompressiblestratifiedfluid in hydrostaticbalancein a rotatingframe.)
We will discussvariouscandidate$or thesemeanPE.

The nonlinear nondissipatie part of eachmodelis obtainedby applyingasymptoticexpansionsfwo-timing, Taylor ex-
pansionsand(sometimes) agrangiamrmeanaveragingin Hamilton’s principle for the primitive equations Beforeadding
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viscosity we shalldiscusssomeof the nondissipatie propertiesof thesemeanPE, suchastheir Kelvin circulationtheo-
remsandtheirrelatedpotentialvorticity conserationlaws. We alsocompareheresultsof numericalsimulationdor some
of thesemodelswith the PE solutionfor anunstablebaroclinicjet.

Their linear, viscouspartis obtainedby identifying the appropriatenomentumhat shouldbe diffusedby viscosity For
oneof thesemeanequationscalledthe “alphamodel; we testthe naturalcandidatefor the viscousterm by usingit to
derive a new closuremodelfor the meanvelocity and Reynolds stressin channelturbulence. Agreeably the analytical
solutionof this modelcomparesvell with experimentabata.

12:00-12:30 Diegodel-Castillo-Negrete Statisticsof Passve Tracesin the Presenceof Coherent
pm Scripslinstituteof Oceanography Structures
2:00pm ShouhongWang Structure analysis of two-dimensionalincompressible
IndianaUniversity flows and applicationsto the doublegyre oceancircula-
tion

Abstract | shall presentin this talk a joint work with T. Ma on structureanalysisof 2D incompressibldlows andits
applicationsto oceandynamics. The main motivationis to understandhe topologicaland geometricalktructureof the
Lagrangedynamicsof two-dimensionalncompressibldluid flows. On thetheoreticakide,| shalladdresdl). theglobal
structuralclassificatiorof divergence-freavectorfields, 2). structuralandblock stability of divergence-freevectorfields,
3) structuralbifurcation of the solutionsof the 2D Navier-Stokesequations.Then| shall apply the dynamicalsystems
theoryto the structureanalysisof a wind-driven,doublegyre, quasi-geostrophioceanmodel,andthe relavantnumerical
simulationis alsogiven.

IMA Workshop:
Pattern Formation in Continuous and Coupled Systems

May 11-15,1998
OrganizersMartin Golubitsky (Universityof Houston),DanLuss(University of
Houston),Stere Strogatz(Cornell)

Seealsohttp://wwwima.umn.edu/dysys/springdynsysOhtml

Patternformationin spatiallyextendedsystemshasbeenobsenedrecentlyin a numberof experimentalsystems.These
include surfacereactionson catalytic ribbonsand homogeneoushemicalreactionsin gels. Thesepatternsdo not re-
semblethe spatiallyperiodicstructureof Turing patternsbut have spatiallylocalizedpatternsandspatially differentiated
dynamics.Moreover, thesepatternsappealin both PDE systemsandin systemsf coupledcells. The basisof thesenew
patternsappeargo be in non-localnon-diffusive coupling. In anotherdirectionregular patternshave beenobsenedin
thetime-averagef spatio-temporallghaoticregimesin the Faradaysurfacewave experimentandin rotatingcorvection
experimentslt is the purposeof this workshopto delve into the mathematicabrigin of thesenew typesof patternandthe
kindsof (humericalandphysical)experimentghatmay exhibit suchpatterns.

We describebriefly someof the mathematicalssues.In recentyears,startingwith the work of Field andthe examplesof

GuckenheimemandHolmes,it hasbeenseenthatthe dynamicsof systemswith symmetryhasdifferentstructurallystable
dynamicgthandoessystemswithout symmetry Thesedifferencesncludeheterocliniccycles,drifting alonggrouporbits,

symmetricchaosjnstantchaosandissueof forcedsymmetrybreaking.

Heterocliniccyclesgive onemathematicalormulationfor intermitteny andcanbeformedin two differentways. Thefirst
is throughstandardbifurcationswheresaddle-sinkconnectionsare formedin invariant(symmetry)planes. The second
methodinvolvessystemsymmetrybreakingwherea perturbatiorparametein the equationdeadsto equationswith less
symmetry In this casean orbitally stablegrouporbit of equilibriais perturbedo a dynamicallyinvariantmanifold with
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lesssymmetryand more complicateddynamics. In anotherdirectionsymmetryof attractorshasbeenshawn to leadto
groupinvarianttime-averagesandpatternsn time-averagesn experimentsvith spatio-temporathaos.

Monday, May 11

Talks today arein Lecture Hall EE/CS 3-180

8:15am Registration and Coffee ReceptiorROOmEE/CS3-176

8:45am Welcomeand Orientation W. Miller, F. Dulles,M. Golubitsky

9:00am Harry L. Swinney Meanderingand resonantspiralsin a reaction-difusion
Universityof Texas system

Abstract We examinespiralpatternsn areaction-difusionsystemfor two casesthe autonomousystemandthe system
drivenby externalperiodicperturbationsExperimentareperformedn areactorconsistingof athin gellayersandwiched
betweentwo continuouslyrefreshedreseroirs of chemicals;the layeris thin comparedo the spiral wavelengthso the
patternsare quasi-two-dimensional.ln the absencef externalperturbationsfor a wide rangeof control parametershe
spiralsarefoundto simply rotate— the spiralsare stationaryin a co-rotatingframe. Variationof two control parameters
revealsa critical curve at which thereis a transitionfrom the simplerotating (temporallyperiodic)spiralsto meandering
(quasiperiodickpirals. Therearetwo typesof trajectoriesof thetips of the meanderingpirals:inward-petalepicycloid)
trajectoriesand outward-petal(hypogycloid) trajectories. Thesetwo typesof meanderingegimesare separatedn the
phasediagramby a line of traveling spiralsthatterminatesat a codimension-20int[1]. The obsenedunfoldingof the
bifurcationabouta codimension-pointis in accordwith theory[2]. Theratesof thechemicakeactioncanbe changedy
shininglight on the gel layer sincethe reaction(a ruthenium-catalyze&elousw-Zhabotinsly system)is photosensitie.
We examinetheeffect of periodicallymodulatingtheintensityof light incidenton a patternof simplerotatingspirals.The
modulationfrequeng is variedfrom oneto four timestheintrinsic frequeng of the chemicalsystem.As the modulation
frequeng is varied,the systempasseshroughresonantegimesin which it becomedockedto thedriving frequeng (that
is, theratio of thedriving frequeng to the naturalfrequeng is givenby aratio of smallintegers).Thesefrequeng-locked
regimesarelike the Arnold tonguesof periodicallyforcedlow dimensionakystems.However, in the spatiallyextended
systempifurcationscanalsooccurbetweerdifferentspatialpatternghatlie within the samefrequeng-lockedregion[3].
Someaspect®f the obsenationsarefoundin aperiodicallyforcedreaction-difusionmodelwith two speciegBrusselator
kinetics)[4].

AcknowledgmentsThisresearctwasconductedwith V. Petray, Q. Ouyang,G. Li, andM. Gustafssonandwassupported
by DOE.
[1] G.Li, Q.Ouyang\V. Petray, andH. L. Swinngy, Phys.Rev. Lett. 77,2105(1996).

[2] D. Barkley, Phys. Rev. Letter72,164(1994); M. Golubitsky, V. LeBlanc,andl. Melbourne,to appear,C. Wulff, to
appear

[3] V. Petrar, Q. OuyangandH. L. Swinney, Nature388,655(1997).
[4] V. Petrov, M. GustafssonandH. L. Swinngy, to appear

9:45am H. H. Rotermund Patternformationin a surfacereactionswith global cou-
Fritz-Habernstitut pling.

Abstract DynamicprocessesnsurfaceslikethePt- catalyzedCO-oxidationcanbedescribedy asetof simplereaction-
diffusion equations.For a certainrangeof the control parametersvhich arethe partial pressuresf the reactantsandthe
temperaturef the samplepatternformationlike spiral waves, target patternsor solitary waves canbe obsened. When
global coupling via the gasphaseis introducedstrongtemporaloscillationsmay occur, sometimesexhibiting spatio-
temporalpatterndik e standingwaves, their period doubling and chaoticbehaior. The mentionedpatternswere found
underisothermalconditions. Of course whenincreasinghe reactionpressuredueto the exothermicnatureof the CO-
oxidation,alsotemperaturgatternccanbe explored,obsenablewith a sensitve InfraRed(IR) cameraA shortvideowill
demonstrat¢he greatrichnessof spatio-temporagbatternformationfor a simplesurfacereaction.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
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11:00-11:4%m Bjorn Sandstede MeanderingandDrifting of SpiralWaves
Ohio StateUniversity

Abstract Meanderinganddrifting spiralwaveshasbeenobsenedin mary experimentsandalsoin numericalsimulations
of reaction-difusion systems.Numericalevidenceshaws thatthesespiral waves canbe createdn Hopf bifurcationsof
rigidly-rotating spiral waves. Barkley explainedthe transitionfrom meanderingo drifting asa resonancgghenomenon
whichinvolvesthe Euclidearsymmetrygroupof the plane.in thistalk, ageometriccentermanifoldapproachs presented
whichcorroborate8arkley’sconclusionsin fact,it allowsusto describebifurcationsof spiralwavesby finite-dimensional
ODEs. Someexamplesof suchbifurcationsare given. Finally, the limitations of our resultare explained. This is joint
work with B. Fiedler A. ScheelbndC. Wulff.

2:00pm Michael J. Gorman PatternFormationin CellularFlames
Universityof Houston

Abstiact A uniform,circular, flat flamefront stabilizedon a porousplug burneratlow pressuresanundego bifurcations
to an orderedpatternof concentricrings of brighter, hottercells demarled by darker, coolercuspsandfolds that extend
away from the burner As the control parameter®f total gasflow rate andequivalenceratio arevaried, bifurcationsto

dynamicstatesare obsenred: rotatingstatesin which rings of cells rotateuniformly or nonuniformly; hoppingstatesin

whichindividual cells abruptlychangetheir angularposition; ratchetingstatesn which oneor morerings of cellsrotate
(very) slowly andnonuniformly speedingup andslowing down in a mannercharatericistido eachparticularstate;and
intermittentlyorderedstatesn which orderedpatternf concentriaingsappeamanddisappeaatirregularintervals. Each
of thesestategraisedts own significanttheoreticaissuessuchasbifurcationswith symmetryandnumericalsolutionsof

the 2-d KuramotouSiashinsl equation,andits own experimentalissuessuchasprecisemeasurmentsf the position,
size,and shapeof eachcell. The relevanceof theseexperimentalresultsto other pattern-formingsystemsandalsoto

controllinginstabilitiesin othercomhustionsystemswill bediscussed.

2:45pm CoffeeBreak ReceptiorROOomEE/CS3-176
3:00-3:45pm Bernard Matk owsky CoupledKS-CGL and CoupledBurgers-CGLEquations
Northwesterrniversity for FlamesGovernedby a SequentiaReaction

Abstract We considerthe nonlinearevolution of the coupledlong scaleoscillatoryand monotonicinstabilitiesof a uni-
formly propagatingcomhustionwave governedby a sequentiathemicalreaction having two flamefrontscorresponding
to two reactionzoneswith afinite separatiordistancebetweerthem. We derive a systemof coupledcomplex Ginzhurg-
LandauandKuramoto-Siashinsl equationghat describeghe interactionbetweernthe excited monotonicmodeandthe
excited or dampedbscillatorymode,aswell asa systemof complex Ginzlurg-LandauandBurgersequationsdescribing
the interactionof the excited oscillatorymodeandthe dampedmonotonicmode. The coupledsystemsarethenstudied,
bothanalyticallyandnumerically The solutionsof the coupledequationsexhibit arich variety of spatiotemporabehar-
ior in the form of modulatedstandingandtraveling waves, blinking states traveling blinking states jntermittentstates,
heterocliniccycles,localizedchaoticstructuresetc.

Thetalk is basedon joint work with A. Golovin, A. BaylissandA. Nepomryashchy

4:00pm IMA Tea(and more!) VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeveragewill besened.

Tuesday May 12

Talks today arein Lecture Hall EE/CS 3-180

8:45am Coffee ReceptiorROomEE/CS3-176

9:00am Edgar Knobloch A New Mechanisnfor Bursting
Universityof CaliforniaBerkeley

Abstract Theinteractionof two unstableoscillatorymodesof oppositeparity canproduceperiodicor irregularbursting
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closeto threshold(A.S. Landsbeg andE. Knobloch,Phys. Rev. E 53, 3579,1996). Theseburststake the form of large
amplitudeeventsseparatedy long periodsof stasis.Thistalk will describgoint work with Jef Moehlisto understandhe
essencef this behaior usingthe Hopf bifurcationwith broken D, symmetry Theburstsarefoundto be associatedavith

globalbifurcationsinvolving fixed pointsandlimit cycles“at infinity”. Thisapproachallows usto identify the conditions
for the presenceof repeatedburstsand to elucidatethe origin of chaoticbursting. The resultsenableus to interpret
experimentonthe so-called’repeatedransients’obsenedin binaryfluid corvection.

9:45am Herrevan der Zant Dynamicsof Josephson-junctioarrays
T. U. Delft

Abstlact We presentexperimentalresultson the dynamicsof Josephsomrrays. One-dimensionaarraysof Josephson
junctionsconnectedh parallelby superconductingiresaremodelsystemdor thediscretedampedine-Gordorequation.
Excellentagreemenbetweentheory and experimentis obtained. Resonanstepsin the current-wltagecharacteristics
indicatethe appearancef phase-lockindetweersmall-amplituddinearwavesand moving kinks. Otherresonansteps
occurat highervoltagesandarecausedy a parametridestabilizatiorof a high-velocitywhirling mode.Theinfluenceof
boundaryconditionsandthe couplingbetweertwo discretesine-Gordorsystemsave alsobeeninvestigatedin Josephson
ladders,superconductingslandsare connectedo otherislandsby three Josephsoiunctions. Their dynamicsis more
complicatedhanthatof the 1D sine-GordorsystemsThe Josephsotaddersareaninterestingnodelsystemntermediate
betweerthe purely1D systemsand2D Josephsoarrays.

Work donein collaborationwith M. BarahonaA. E. Duwel, E. Trias,T. P. Orlando,Shinya WatanabendSteven Strogatz.
E-mail: herre@ @qt.tn.tudelft.nl

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176
11:00-11:45 Kurt Wiesenfeld Josephsodnrrays: PuzzlesandProspects
am GeogiaInstituteof Technology

Abstract Josephsojunctionarrayshave becomeanarchtypen thestudyof mutualsynchronizatiomf coupledoscillators.
After briefly recappingsomerecenttheoreticalprogress/’ Il turn to openproblemsandfuture prospectdor thesesuper
conductingsystems.Thesenew directionsincludethe role of disorder modulatedspatialpatternsandeven intermittent
avalanchingdynamicswhich manifeststself experimentallyin magnetic’flux creep”. I'll alsodiscusshow progresson
Josephsoarraysmayhelpustackleothersystemf interestin appliedphysics specificallylaserarraysandquasioptical
semiconductoarrays.

2:00pm Guenter Ahlers Patternformationin Rayleigh-Benardcorvectionatsmall
Universityof CaliforniaSantaBarbara  Prandtinumbersandwith rotationabouta verticalaxis

This talk will discussresultsfrom and future prospectdor experimentalstudiesof Rayleigh-Benardcorvectionwith
rotationabouta verticalaxis. At dimensionlessotationrates0 < 2 < 20 andfor Prandtinumberss ~ 1, measurements
of Klippers-Lortz-unstablgatternshave offereda uniqueopportunityto studyspatio-temporathaoammediatelyabove a

supercriticabifurcation. However, for Q S 70 ando ~ 1 patternsverefoundto be cellular nearonsetwith local four-
fold coordination.They differ from thetheoreticallyexpectedK ippers-Lortz-unstablgtate.Stableaswell asintermittent
defect-freeotatingsquardatticesexist in this parameterange.

SmallerPrandtinumberg 0.16 <o<07 ) canonly bereachedn mixturesof gasesThesefluids areexpectedo offer
rich future opportunitiesfor the studyof a line of tricritical bifurcations,of supercriticalHopf bifurcations,of a line of
codimension-tw points,andof a codimension-threpoint.

2:45pm CoffeeBreak ReceptiorROomEE/CS3-176

3:00pm Eberhard Bodenschatz Bistability with Spiral DefectChaosandRolls
CornellUniversity

3:30pm Alastair Rucklidge Bifurcations of Periodic Orbits with Spatio-Emporal
Universityof Cambridge Symmetries

191



Abstract Motivatedby recentanalyticaland numericalwork on two- andthree-dimensionatornvectionwith imposed
spatialperiodicity, we analyseexamplesof bifurcationsfrom a continuousgroup orbit of spatio-temporallysymmetric
periodic solutionsof partial differential equations. The presenceof spatialsymmetriescanleadto a doubling of the
maiginal Floquetmultiplier andto bifurcationto drifting patternsWe proposea systematiavay of analysingbifurcations
of periodicorbits with discretespatio-temporasymmetrieswhich is relevantto otherpatternformationproblems,and
contributesto our understandingf thetransitionfrom orderedo disorderedehaiour in pattern-formingsystems.

4:00—4:30pm JeroenLamb Bifurcationsof DiscreteRotatingWaves
University of Warwick

WednesdayMay 13

Talks today arein Lecture Hall EE/CS 3-180

8:45am Coffee ReceptiorROomEE/CS3-176
9:00am Rajarshi Roy TemporalPatternsgn CoupledLaserSystemsCoherence,
Geogialnstituteof Technology ChaosandCommunication

Abstract The emissionof light by coupledlasersis a fascinatingscientificprobleminvolving the fundamentatoncepts
of coherenceandchaog[1]. Suchcouplednonlinearsystemsalsoleadnaturallyto nen possibilitiesfor opticalcommu-
nications[2]. Experimentalandtheoreticaldevelopmentgshat shav how one may utilize coupledchaotic systemsfor

communicatiorwill bedescribed3].

References:
1. L. Fabiry etal.,Phys.Rev. A47,4287(1993);K.S. Thornhurg etal., Phys.Rev. E 55,3865(1997).
2. R.Roy andK.S. Thornlurg, Phys.Rev. Lett. 72,2009(1994);P. ColetandR. Ray, Opt. Lett. 19,2056(1994).

3. Q. L. Williams, J. Garcia-Ojalw andR. Roy, Phys.Rev. A55,2376(1997);G. D. VanWggerenandR. Ray, Science
279,1198(1998); J-R Goedgeher, L. LargerandH. Porte,Phys. Rev. Lett. 80, 2249(1998); H. Abarbaneland M.
Kennel,Phys.Rev. Lett. 80,3153(1998).

9:45-10:30am  Peter Ashwin Chaoticlntermitteng of Patternan SymmetricSystems
Universityof Surrey

Abstract | will discusssomerecentwork looking at genericdynamicsand bifurcationsof systemswith symmetries,
or more generally with invariantsubspacesOn varying systemparameterét is possiblefor chaoticstatesin invariant
subspacetb losestability throughvarioustypesof blowout bifurcation. Although classificatiorof suchblowoutsis only
partially understoodthey do seento provide agoodframework to describébreakdavn to spatio-temporahtermitteny in
physicalsystemavith symmetriesThistalk will discussxamplesof suchintermittentpatterndormedin physicalsystems
andalsosomeopenproblemsn thetheory

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176

11:00-11:4%m Katarina Krischer PatternFormationat the Electrode/Electrolyténterface
Fritz-Haberinstitute

Abstract In mary electrochemicasystemspatternsvereobsenedthatcannotbe understoodn the framework of ‘tradi-

tional’ reaction-difusionsystemsTheseexperimentswill bereviewed. In generalthe patterngesultfrom theinteraction
of reactionterm,non-localcouplingthroughthe electrolyteand(positive or negative) globalcouplingoriginatingfrom the
operationmode(constantvoltageor constanturrentcondition). Differentcombinationf thesethree'ingredients’give
riseto a variety of dispersiorrelations,andthusdiversdynamicbehaiors. The interplayof the differentcouplingtypes
explainsthe experimentabbsenations.
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2:00-2:45pm H.G. Purwins Pattern Formation in Lateral Gas Dischage Sys-
UniversitatMiinster tems: Quasiparticlesand Other Structuresin Reaction-
Diffusion-Systems

Abstract Lateral DC and AC gas-dischage-system®xhibit a large variety of self-oiganizedcurrentdensity patterns.
Thesepatternsareexperimentallyobseredin one-andtwo-dimensionabystemsandcanbe stationaryor nonstationary
andspatiallyextendecdor well localized.Examplesaredomainshexagons stripes spirals targets,zigzag-patternstrings,
filaments,andclustersof filaments. In this talk the main emphasiss layedon filamentsthat behare experimentallylike
quasiparticles.

The experimentalresultsare discussedjualitatvely in termsof a three-componeneaction-difusion-model.Numerical
solutionsof the correspondingartial differentialequationare discussedin particularthoserepresentingvell-localized
solitary filamentsthat againcan be referredto asquasiparticles Theseparticlescanundego interactionstherebybeing
generatedannihilated capturedreflectedor scattered Theinteractionof quasiparticleganalsoleadto the formationof
guasimoleculeandlarge clusters.The experimentalWwork suggestshatlateralgasdischage devicescansene asmodel
systemdor theinvestigationof patternformationin dissipatve systemsf reaction-difusiontype. The modelequationis
comple< enoughto exhibit a rich variety of fundamentapatternsat the sametime the structureis sufficiently simpleto
obtaindeepinsightinto the mechanismshatleadto patternsn reaction-difusion-systems.

2:45pm CoffeeBreak ReceptiorROOomEE/CS3-176
3:00pm F. H. Busse Formationof Structuredrar from Criticality in Isotropic
UniversitatBayreuth Fluid Layersand the Emegenceof Patternsin Chaotic
States.
3:30pm Ronald Imbihl PatternFormationin Systemswith Memory Effects

Institutfur PhysikalischeChemie

4:00-4:30pm Hermann Riecke Localized Patterns Relatedto Experimentsin Liquid-
Northwesterriniversity CrystalCorvectionandGranularMedia.

Thursday, May 14

Talks today arein Lecture Hall EE/CS 3-180

8:45am Coffee ReceptiorROomEE/CS3-176
9:00am Jerry Gollub OrderedPatternsandSpatiotemporaChaosin Parametri-
HaverfordCollege cally ForcedSurfaceWaves

An experimentalsurwey will be presentedf both the primary patternsandthe secondarynstabilitiesof parametrically
forcedsurfacewaves(Faradaywaves)in thelarge systemlimit. The symmetryof the primary pattern(stripes,squaresor
hexagonsdepend®nviscosityn anddriving frequeng fo. Hexagonsareobsenedatlow fo overthewholeviscosityrange
despitethe subharmonicymmetrythattendsto suppresshem. Possiblemechanisméor the occurrencef hexagonsfor
singlefrequeng forcing arediscussedPhasealefectsoccurbetweerhexagonaldomaingdiffering in temporalphaseby p
(with respecto theforcing). Patternsof differentsymmetrycoexist in certainparameteranges Someof our obsenations
have beenexplainedtheoreticallyby Chenand Vi=F1lalsusing systematicallyderived amplitudeequations. The basic
physicsgoverningthe relative stability of the differentorderedstatescanbe explainedqualitatively in termsof nonlinear
wave interactions.

Thetransitionto spatiotemporathaos(STC) dependsn the symmetryof the primary patterns.The Hexagonalpatterns
undego a order/disordetransitionin which theangularanisotropy in Fourierspacedeclinescontinuouslyto zero. Striped
patternsathighviscositybecomaunstablevia trans\erseamplitudemodulationsn regionsof high curvature thisinstability
resultsin a spatiallynonuniformmixed statein which domainsof STC coexist with stripes. This phenomenomay be
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understoodn termsof a critical curnvaturethat dependn the acceleration An oscillatoryzig-zagsecondarynstability
of the striped patternis also obsered at intermediateviscosities. At smalleraspectratios, we find that the onsetof
spatiotemporathaoss stronglyaffectedby the patterns symmetrywith symmetricpatternsoeingmorestable.

Whenforcedat two differentfrequenciesa variety of additionalwave patternsarerealized,including twelve-fold qua-
sicrystallinepatternscomposeaf two hexagonalatticesalignedat 30 degreegelative to eachother Interactiondbetween
hexagonallatticesat otheranglesgivesrise to striking "superlattice”patterns. In somecaseghe resultingpatternsare
neithersimplestandingnortraveling waves.

9:45am Mary Silber Superlatticéluring Patterns:Why Not?
Northwesterrniversity

Abstiact “Superlatticepatterns”are characterizeds having spatial structureon two disparatelength scales;they are
spatially-periodi@nthelargescale andhave beautifulintricatestructureonthesmallerscale.Suchpatternsvererecently
obsenedin experimentson parametrically-gcited surfacewaves by Kudrolli, Pierand Gollub. | will review resultsof
equiariantbifurcationtheorythatshav thatpatternssimilar to thoseseenin the experimentsarisein a genericsymmetry-
breakingbifurcationof a spatially-uniformstate.Thesebifurcationresultswill thenbeappliedto ageneratwo-component
reaction-difusionsystemin thevicinity of a Turinginstability. By consideringa particulardegeneratdifurcationproblem
we are ableto shav that the transitionsobsered in the hydrodynamicproblemcannotbe reproducedn the chemical
reaction-difusionsystem.

10:30am CoffeeBreak ReceptiorRoOomEE/CS3-176
11:00am Moshe Sheintuch Pattern Selectionin a Diffusion-ReactionSystemWith
Technion Globalor Long-Rangénteraction

Abstract Wereview recentresultson patternselectionin thereaction-difusionone-or two-dimensionasystemet — Dz =
f(z,y,1), yt = eg(z,y), subjectto global(< z > i = zs) or long-rangdnteraction;the sourcefunctionsmayberealistic
kinetic functionsor simplecubicor quintic f(x) functionsfor which the systemadmitsinversionsymmetry The talk will

discuss

(i) physicalsourcef suchinteractionsandexperimentabbsenationsin catalyticandelectrochemicasystems;
(i) themainemeging patternsandtheir classificatioraccordingo their symmetry;

(i) thebifurcationbetweerpatterns;

(iv) approximatesolutionsbasedn front-motionandfront-interactionand

(v) patternsvhenf(x)=0 is tristableandcansustainseveralfronts.

Therich classof patternssimulatedn aribboncanbe classifiedasstationary-fronsolutions(including oscillatingfronts
andantiphaseoscillations)andmaoving pulsesolutions(unidirectional,back-and-fortrand source-points) Patternson a
disk may be classifiedas circular (including oscillatory or moving target patterns)rotating (stationaryor moving spiral
wave) andotherpatterns.

2:00pm Michael Field Dynamicsof symmetricallycoupledsystemsof identical
Universityof Houston cells.

We describaecentwork, somejoint with P Ashwin (Surregy), onthedynamicsof symmetricallycoupledsystemsf cells,
with particularreferenceo heterocliniccyclesandcycling chaos.

2:45pm CoffeeBreak ReceptiorRoomEE/CS3-176

3:00pm Stephanvan Gils The Homoclinic Twist Bifurcationin Josephsodunction
UniversiteitTwente SeriesArrays

3:30pm M. Gabriela M. Gomes Sliced planforms: a representatiomf three-dimensional
Universityof Porto symmetriesn thin domains
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Abstract Problemsdescribedby PDEsin thin domainsare often formulatedas planarproblems(seefor exampleGu-
naratneQuyang& Swinngy [1] for areaction-difusionproblemandGolubitsky, Swift & Knobloch[2] for the Rayleigh-
Bénardcorvectionproblem). In particularfor problemswith Euclideansymmetry(which reaction-difusion equations
satisfy),the expectedsolutionsareoften describedas planformswhich aredoubly periodicwith respecto a certaintwo-
dimensionalattice. Herewe show that somenontrivial symmetrieanay be missedby this assumption We considerthe
thin domainasaslice of afully three-dimensiongdroblemwhosesymmetryis describedy alatticein threedimensions.
Thecorrespondinglicedplanformshave now athree-dimensionatharacterizatiomnddifferentplanformsmay have dif-
ferentstructurealongthethin direction.As aresultwe find symmetrieghatarenot expectin planarsystemsin particular
we find thattwo planarplanformswith differentwavelengthmay extendto planformswith the samewavelenghtin the
threedimensionakpace.

References

[1] Gunaratne(z.H.,Ouyang,Q. & Swinngy, H.L. (1994)Patternformationin the presencef symmetriesPhys.Rev. E,
50(4), 2802-2820.

[2] Golubitsky, M., Swift, J.W & Knobloch,E. (1984)SymmetrieandPatternSelectionn Rayleigh-BenardCorvection.
PhysicalOD, 249-276.

4:00-4:30pm Dieter Armbruster Multi-frequengy oscillationsin (almost) symmetrically
Arizona StateUniversity coupledoscillators.

Abstiact Couplednonlinearoscillatorsthat lead to oscillationswhere one oscillator oscillateswith a multiple of the
frequeng of the otheroscillatorsare analyzed. Systemswith n identicaland symmetricallycoupledoscillatorsleadto
oscillationswith an n-1 fold frequeng. Systemswith n identicaloscillatorscoupledsymmetricallyto one differentone
leadto oscillationswith n-fold frequeng.

6:00pm Workshop Dinner
Campu<Club

Friday, May 15

Talks today arein Lecture Hall EE/CS 3-180

8:45am Coffee ReceptiorROOomEE/CS3-176
9:00am Dwight Barkley Bifurcations, Computationsand Openquestionsn Ex-
University of Warwick citableMedia.

Abstract The dynamicsof spiralwavesin excitablemediahasled to interestingdevelopmentsn bifurcationtheoryfor
systemswith Euclideansymmetry | will review the relevantcomputationastudiesandshav why Euclideansymmetryis
importantfor spiralwaves. | will demonstrata fastsimulationcode(EZ-Scroll) for real-timeinteractve simulationsof
wavesin threedimensionsFinally, | will describeéwo intriguing openmathematicatjuestionsnotivatedby thedynamics
of spiralandscrollwaves.

9:45am Paul Umbanhowar Wave patternsn shalensand
Universityof Pennsylania

Abstract Experimentson vertically vibratedgranularlayersreveal, at a critical acceleratioramplitude(about2.5g’s), a
well-definedhysteretidransitionfrom aflat surfaceto standingvave patternsscillatingathalf thedrivefrequeng. At low
frequenciesthe hysteresigs large andthe patternsare squareswhile at high frequenciesthe hysteresiss smallandthe
patternsarestripes.For frequenciesn the middle of this transitionregime,andat acceleratiommplitudeselov the onset
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of planarwave patternshighly localized,non-propagatingstandingvavesappear Thesdocalizedexcitations,which we
term”oscillons”, comein two “flavors”. Lik e oscillonsrepel,while oppositesattractandbind to form diatoms tetramers,
andpolymetlike chains.Nearonset planarpatternsof squaresandhexagonscanbeinterpretedasoscilloncomposites.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am lan Stewart Belousw andZhabotinskiimeetBesselndRobin
University of Warwick

Abstract It is well known from numericalsimulationsand other approacheshat reaction-difusion equationspossess
solutionsof ‘targetpattern’and‘spiral’ form, similarto phenomenabsenedin theBZ reaction.Thetalk will outlinejoint
work in progressvith Marty Golubitsky andEdgarKnobloch,which— in a particularabstraction— view suchpatternsas
examplesof symmetricHopf bifurcation. For this purposeve work in a circulardomain.In orderto prove the existenceof
suchsolutionsjt turnsoutthatboundaryconditionsarecrucial. With theusualNeumanror Dirichlet boundaryconditions,
for example,spiralsdo not occur Robinboundaryconditions,in contrastJeadto spiralsandtargetpatternsasthe generic
Hopf bifurcations.Thegeometnyis closelyrelatedto Bessefunctionsevaluatedalongradiallinesin thecomple planethat
do not coincidewith eitherthe real orimaginaryaxis. Thetalk will alsoindicatethe currentlimitations of this approach.
In particularthe occurrencef suchbifurcationsin realisticmodelequationgemaingo bedemonstratedandseveralother
importantissuesemainunresohed.

Tuesday May 19

IMA PostdocSeminar:

2:30pm StevenH. Strogatz A stability problemin theKuramotomodelof coupledos-
CornellUniversity cillators

Abstract Thistalk will give a tutorial introductionto the Kuramotomodelof couplednonlinearoscillators.!’ Il focuson
a linear stability calculationfor the continuumlimit of this system. The probleminvolvesthe continuousspectrumof a
linearizedintegro-differentialoperatoy with somesubtlefeaturesrelatedto Landaudampingin plasmas.Specifically a
certainquantityappearso decayexponentially eventhoughthereareno eigervaluesin theleft half plane.(If thatsounds
mysteriousit is meantto!)

OrganizersRicardoOliva & WarrenWeckesser

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsn VincentHall 570.

Thursday, May 21 |

Schoolof Math and IT Public Lecturein 125Willey Hall

7:30pm Tony DeRose How Geometryis ChangingHollywood
Pixar Studios

Abstract: Filmmakingis undegoinga digital revolution broughton by advancesn computertechnology computational
physicsandgeometry

Tony DeRoseof Pixar Studioswill provide abehindthescenesook athow fully digital films like Pixar's TOY STORY are
made with particularemphasi®ntherole thatgeometryplaysin therevolution. He will usethe AcademyAward-winning
shortfilm GERI'S GAME to highlighttwo technicaladvancestheuseof subdvision surfacesfor geometrianodelingand
theuseof simulatedcloth dynamics.

DeRosejoinedPixar Studiosin 1996.He hasdevelopedthe primary softwaretoolsthatallow for seamlesintegrationof
animatedsubdvision surfacedik e cloth andskin. He haswritten morethan50 papersandeight patentapplications.

Thelectureis sponsoredby the T Alumni Societyandthe Schoolof Mathematics.
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Friday, May 22

IMA Seminaron Industrial Problems

10:10am Todd Salamon Interfacial Flow
Bell Laboratories

Abstract: Interfacialflows, wheretwo fluid phaseareseparatedthy aninterface,arisein avariety of applicationganging
from the coatingof photographidilm to the phaseseparatiorof oil andwater Someof the outstandingssueselatedto
theseflow problemsinclude: (1) describingflows wherethereare large changesn interfacial topology; (2) developing
macroscalenodelsthataccuratelypredicttheflow physicsatthejunctureof two fluid phasesnda solid phasecommonly
known asa contactline; and(3) determiningthe flow whensurfacetensionforcesbecomesmallrelative to eitherviscous
orinertialforces.l will highlightthesdssueshy consideringexamplesncludingtheflow of afluid downaninclinedplane
andthe coatingof anopticalfiber, anddiscussapproachethataddresshe aforementionedssues.

| Monday, May 25 |

MemorialDay (obsened),a Universityof Minnesotaholiday. IMA officeswill beclosed.

‘ Tuesday May 26 ‘

IMA PostdocSeminar:

2:30pm Marty Golubitsky TBA
Universityof Houston

OrganizersRicardoOliva & WarrenWeckesser

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsn VincentHall 570.

Friday, May 29 |

IMA Seminaron Industrial Problems

10:10am Mrdjan Jankovic Rolust Nonlinear Controller Design: Application to
Ford Research.aboratories DieselEngines

Abstract: A methodof designingrobust controllersfor nonlinearsystemsis appliedto a turbochaged dieselengine
equippedwith a variablegeometryturbochager (VGT) and an exhaustgasrecirculation(EGR) valve. VGT variesthe
turbineflow areaasa functionof the engineoperatingconditionthusproviding fastertorqueresponseEGR valve allows
controlledrecirculationof the exhaustgasinto the intake manifold to reduceNOx emissions. However, simultaneous
operationof thetwo actuatorgesultsin significantinteractionsbetweerthem. The controldesignproblemis additionally
complicatedoy inherentlynonlineamatureof the dieselengine.

For this designproblemwe proposea recentlydevelopedrobust control designmethodwhich appliesto multi-input non-
linear systemswith a known control Lyapuna function (CLF). The robustnessachieved by the designis the nonlinear
equialentof thatguaranteedby the theoryfor linear optimal regulators:infinite gain margin and60 degreesphasemar

gin. A CLF is constructedby employing the tools of geometriccontrol theory Simplicity of the resultingcontrolleris

achieved by judiciously choosingthe control orientedmodelandthe CLF. Performancevill beillustratedby simulations
onadetailedmodelof adieselengineandby experimentaldata.
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INSTITUTE FOR MATHEMATICS AND ITS APPLICATIONS

University of Minnesota
400Lind Hall
207 ChurchStreetS.E.
Minneapolis Minnesotab5455
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IMA NEWSLETTER # 263

June 1-30,1998

1997-98Program
EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

SeetheWinter, SummerandFall 1997IMA Updateor http://www.ima.umn.edu/dynsys /
for afull descriptionof the 1997-98programon Emeging Applicationsof DynamicalSystemsIMA
schedulesresubjectto revision, particularlyduringworkshops See
http://www.ima.umn.edu/” seminar/ sche dand
http://www.ima.umn.edu/newsl trs/  for thelatestschedulingnformation.

| Newsand Notes |

IMA Workshop:
Animal Locomotion and Robotics

Junel-5,1998
Organizers:Jame<Collins (BostonUniversity) (Chair), Martin Golubitsky,
Universityof Houston,DanielKoditschekUniversityof Michigan

Seealsohttp://www.ima.umn.edu/dynsys/spg/dynsysD.htni

Leggedanimalstypically employ multiple gaits,i.e., phase-lockd patternsof limb movements for
terrestriallocomotion. The control of animallocomotioninvolvesa centralpatterngenerato(CPG),
whichis anintraspinalnetwork of neuronscapableof producingrhythmic output. Over the pastfew
decadesmathematiciangind engineerhave becomeincreasinglyinterestedn animalgaitsand|lo-
comotorCPGs. This interesthaslargely beenmotivatedby the needfor developingcontrol systems
for multi-leggedrobots.Machinescapableof leggedlocomotionareanattractve option,because¢hey
canbe usedto explore rough and uneven terrain, which is often inaccessibléo wheeledvehicles.
However, the control of suchdevices,andin particularthe coordinationof a large numberof legs,
posesadifficult technicalproblem.Engineerandmathematiciankave increasinglyturnedto biology

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique ConsiglioNazionaledelle Ricerche Geogia Institute of Technology IndianaUniversity

lowa StateUniversity KentStateUniversity Michigan StateUniversity MississippiStateUniversity, Northernlllinois University, Ohio StateUniversity PennsylaniaState
University, PurdueUniversity SeoulNationalUniversity (RIM - GARC), TexasA&M University University of Chicago,University of Cincinnati,University of Houston,
University of lllinois (Urbana),University of lowa, University of Kentuclky, University of Maryland, University of Michigan, University of Minnesota,University of Notre

Dame,Universityof Pittshurgh, University of Wisconsin WayneStateUniversity

PARTICIPATING CORPORAIONS: EastmarkKodak,EPRI,Ford, GeneraMotors,Honegywell, IBM, LockheedVartin, LucentTechnologiesMedtronic,Motorola,Siemens,
TelcordiaTechnologies3M.
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for inspiration,on the assumptiorthat biological evolution hasled to optimally-designeadontrol mechanismsor legged
locomotion.In thisarea,contemporaryopicsof interestinclude:

1. Therole of symmetryandsymmetry-breakingn the generatiorandcontrolof gait patterns

2. Therelationshipbetweergaittransitionsandbifurcationsof variouskinds

3. CouplednonlinearoscillatorsandlocomotorCPGs

4. Thestability of variousgait patternsandtheir associategphase-lockdoscillationpatterns

5. Designandcontrolissuedor “statically-stable’versus‘dynamically-stable’leggedrobots

6. Theeffectsof noise feedbaclgains,andcontrol-looptime delayson the stability of gait patterns

7. Emegentdynamicsarisingfrom the interactionsdbetweemeural(electronic)elementsmechanicaklementsandthe
ervironment

8. Designandcontrolissuedor microrobots

9. “Top-davn” versus'bottom-up” approacheto the controlof leggedrobots
10. “Passve” versus'active” controlof leggedrobots

11. Hierarchicalcontrolof locomotion

SpeciallMA Workshop:

Continuum Mechanicsand Non-linear Partial Differential
Equations

JuneB8-12,1998
OrganizersRichardJamegUniversity of Minnesota) SteanMueller (MPI for
Mathematicsn the Sciences)Yladimir Sverak, (Universityof Minnesota)

Theworkshopis organizedn honorof the 50th birthdayof ProfessodohnBall.
Seealsohttp://wwwima.umn.edu/dynsys/spg/dynsys13html

Impr oved IMA Home Page

ThelMA hassubstantiallyimprovedits homepageon the World-Wide Web, accessibléhroughwebbrowsersat

http://www.ima.umn.edu/
Thesiteis continuallyunderconstruction We invite commentr suggestionayhich maybe addressetb

webmaster@@ima.umn.edu .
In particular we appreciateary information aboutWorld-Wide Web links appropriateto currentand upcomingIMA
programs.

Schedulefor June 1-30,1998
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IMA Workshop:
Animal Locomotion and Robotics

Junel-5,1998
Organizers:Jame<ollins (BostonUniversity) (Chair), Martin Golubitsky, University of
Houston DanielKoditschekUniversityof Michigan

Seealsohttp://wwwima.umn.edu/dynsys/spg/dynsys10html

Monday, June 1l ‘

Talks today arein Lecture Hall EE/CS 3-180
8:45am Registration and Coffee ReceptiorROomEE/CS3-176
9:15am Welcomeand Orientation W. Miller, F. Dulles,J. Collins

CPG/Oscillators

9:30am StenGrillner The NeuronalNetwork UnderlyingLocomotionin Lam-
Nobellnstitutefor Neurophysiology prey - Intrinsic FunctionandForebrainControl

Abstract Thelamprey is a primitive vertebratewith a nenoussystemthat hasthe samebasicplansasthat of moread-
vancedvertebratesThis nenoussystemcanbe maintainedn vitro (isolated)for severaldays,andundertheseconditions
thenetwork underlyingthelocomotorbehaior canbe activated. This haspermitteda detailedanalysisof the network that
generatethe motorpatternandthe structureghatcontroltheinitiation andmaintenancef thelocomotoractivity, aswell
asthe sensonyfeedbaclkcontrol. The patterngeneratingpart of the network is comprisedf excitatory glutamategic neu-
ronsandinhibitory glycinemgic neurons.The network on the left andright sidesof a segmentare coupledwith reciprocal
inhibition. The membrangropertiegroviding spike frequeny adaptatiorandalsopostburst hyperpolarisatiorareim-
portantcomponenti the controlsystem.Theknowledgehasbeendevelopedthroughaninteractionbetweerexperiments
anddetailedbiophysicalmodelling. Recentlythe forebraincontrol systemfor goal-directedocomotoractivity hasbeen
investigatedaswell asthe controlof turningandmaintenancef body orientationduringmovement.

10:30am CoffeeBreak ReceptiorRoOomEE/CS3-176
11:00am Philip Holmes SimpleModelsof ExcitableOscillatorsAnd CPGs
PrincetonUniversity

Abstiact Chainsof coupledoscillatorsof simple “rotator” type have beenusedto modelthe centralpatterngenerator
(CPG)for locomotionin lampregy, amongnumerousapplicationsin biology and elsevhere,wherethe detailsof neural
architectureareyet unknovn. Onewould like to includemorethansimplerhythmic oscillationsin suchmodels without

goingto thefull complexity of Hodgkin-Huxley typemodels.

I will describea classof flows on tori which capturekey featuresof excitableandoscillatoryneuralnetworks of CPGs.
Themodelis motivatedby experimentsof A. Cohenetal. onlamprey CPGwith brainstemattachedbut may have wider
applicability The analysisinvolvespairsof coupledoscillatorswith both excitatory andinhibitory “synaptic” coupling,
derived from a Fitzhugh-Nagumaype reductionof the Hodgkin-Huxley equationsandincludesbifurcationsdescribing
locomotiononsetand cessation.l will alsodiscusstraveling wave patternsarisingfrom chainsof oscillators,including
simulationsof “body shapes'generatedby a doublechainproviding inputto a kinematicmusculaturenodel.

Thetalk will bebasedn joint work with D.A. Taylor (lomegaCorporationlandA.H. Cohen(University of Maryland).

2:00pm P. S.Krishnaprasad OscillationsandMotion On Lie Groups
Universityof Maryland
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3:00pm CoffeeBreak ReceptiorROOomEE/CS3-176

3:15pm Panel Discussion CPG/Oscillators
Jame<Collins (BostonUniv.), Chair

Paneldiscussionswill begin with a 10 minute presentatiorby eachof the panelmembersof eithertheir own work or
commentaryon the day’s talks. The remaindeiof the hourwill be devotedto discussiorincluding participationfrom the
audience.

Panelmembergodaywill be Matt Berkemeier(BostonUnivesity), CarmenCanaier (University of New Orleans) Judy
SchotlandBostonUniversity),andPaul Stein(WashingtoriUniversity).

4:15pm IMA Tea(and more!) VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeveragewill besened.

| Tuesday June? |

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176

Symmetry/Bifur cation

9:30am Joel Burdick Controllability and Trajectory Planningfor Biomimetic
Californialnstituteof Technology Locomotion

Abstract “Biomimetic locomotion” is the movementof robotic mechanismsn waysthat are analogougo the patterns
of movementfound in nature. Practicallyspeaking,it is movementthat doesnot rely uponwheels,jets, thrusters,or
propellers. Biomimetic locomotionis typically generatedy a coupling of periodicinternalbody deformationsto an
externalconstraint.In orderto establismotationandkey ideas,thetalk will begin with a review of the basicmechanics
underlyingbiomimeticlocomotion.In particular therole of principalfiber bundlesandconnectionsvill bestressed.

A biomimeticlocomotionmechanisnis “controllable” if thereexists anadmissiblesetof controlswhich drivesthe sys-
tem from its currentconfigurationto any nearbyconfiguration. Controllability is a key issuethat mustbe addressedy
ary comprehensie theory of biomimeticlocomotionengineering.Unfortunately standardcontrollability methodsfrom

nonlinearcontroltheory suchasChown's theorem,arenot well suitedto the analysisof biomimeticlocomotors.For ex-

ample,in the caseof leggedrobotmechanismsthe governingmechanic®f foot placemenarediscontinuous However,

cornventionalcontrollability testsrely upondifferentiation. In orderto overcomethis difficulty, we presentan extension
of Chaow's theorento the caseof “stratified” configurationspaceswhich canbe usedto modelthe discontinuousature
of leggedlocomotion. Evenin the casesvherethe governingmechanicsare smooth,standardcontrollability resultsare
inefficientbecaus¢hey do nottake advantageof theinherentstructuren biomimeticlocomotionconfiguratiorspacesWe
alsopresent versionof Chow’stheorythatis adaptedo biomimeticlocomotionsystems.

While controllability is a key issuein the designandanalysisof biomimeticlocomotionsystemstrajectorygeneratioris
a primary practicalproblemfor the deploymentof complex biomimeticlocomotors.Using the controllability frameawvork
establishedh thefirst partof thetalk, the secondpartof thetalk will describedrajectorygeneratiormethods.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am lan Stewart LeggedLocomotionfrom the SymmetryViewpoint
University of Warwick

Abstract Thistalk is onjoint work with Marty Golubitsky, LucianoBuono,andJim Collins.

Leggedlocomotioninvolves mary differentgait patterns— for examplethe horsecanwalk, trot, canter or gallop. A
key featureof thesepatternds phase-lockingeachleg movesperiodically with the sameperiodfor all legs,with afixed
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patternof phaserelationshipsFor instancehe walk gait hasthe phasepattern

1/4 3/4  front
0 1/2  back
left right

wherethe phase@restatedasfractionsof onecompleteperiod.

For mary gaits(but not all) the phasesresimplefractionsof a full period. Moreover, mary gaitsexhibit spatio-temporal
symmetriesandtheir phasepatternscanbe derived from thosesymmetries.

It is believed that the basicrhythmsof leggedgaits are setup by neuralcircuits known as Central PatternGenerators
(CPGs).TheabovefactssuggesthatCPGarchitecturés symmetric andthatthe phasepatternsare‘universal’ patternof
symmetry-breakingscillations.

Early work by Collins and Stevart (alsoKelsoand Sctbner)shaved thata small numberof circuits cangeneratall the
symmetricquadrupedjaits. However, theseauthorsdid notidentify asinglecircuit thatcouldgeneratall quadrupedaits.
Anotherdifficulty was ‘spuriousconjugag’: for instanceary 4-oscillatornetwork that cangeneratevalk and pacecan
alsogeneratdrot, andtrot andpacehave identicaldynamicalcharacteristics.

Thesdlifficultiesdisappeaif asuitable8-oscillatometwork (schematic)s employed. This network hasa simplearchitec-
turethatrelatessensiblyto known physiology A generalisationo 2n oscillatorsappliesto n-leggedanimals. The circuit
hasa tidy ‘modular’ structurethatmay make it easilyapplicableto leggedrobots. Moreover, the 8-oscillatorcircuit can
exhibit ‘mixedmode’patternsorrespondingo therotaryandtrans\ersegallops,andto the canter This appearso bethe
first modelthatincludesa naturalcanter

2:00pm Jill Whitall Symmetry Asymmetry BifurcationsandIntentionin Hu-
Universityof Marylandat Baltimore manLocomotion

Abstract In thecaseof bipedalwalking,theadoptionof asymmetricabnti-phaseelationshipbetweerthelegsis supported
from a mechanicamodelingperspectie. The robustnes®f this solutionis seenin its readyadoptionby newly walking
infants. However, walking per seis ratherlimiting asthe only modeof locomotionandinfantssoonlearnto be more
adaptablen their environmentby acquiringotherforms suchasrunning(alsosymmetricalandanti-phasejandgalloping
(asymmetrical).In thefirst half of thetalk | will discusscharacteristicef thesegaitsboth assteadystatebehaiors and
whentakenthroughspeed-relatetransitions.Kinematicandkinetic descriptionf thesegait patternswill be relatedto
thepropertieof couplednonlinearoscillatorysystemsin particular | will concentratenthebipedalgallopwhich,unlike
the gallop of quadrupedsappearso be almostalwaysinitiated with the “intention” of changingthe phasingrelationship
betweerthelegs.

The secondhalf of the talk alsowill addresgshe interfaceof intentionwith gait, but in this casethe focuswill be on
humanswho crawl on their handsandfeetto purposefullyadoptquadrupedagait form. Ratherthanrequiringthemto
changephasing,we asled for a changeof direction (forwards/backwrds)and posturalorientation(prone/supine).The
resultingconsequences their coordination(phasingyeflectedboth mechanicahndnon-mechanicahfluences.Overall

it is suggestethatmechanicatonstraintdhave a powerful influenceon humanlocomotionpatternsput they provide only
a partof the picturewith respecto how theinterlimb coordinationemeges. The generatthemeacrossboth setsof data
is to questionwhetherthe existing modelsof animallocomotioncanaccommodatéhesedata,and/orsuggesthatmodels
seekingo representhuman)gait shouldincorporatententionalvariablesalongwith the necessarynechanical/dynamical
variables.

3:00pm CoffeeBreak ReceptiorROOomEE/CS3-176

3:30—4:30pm Panel Discussion Symmetry/Bifurcation
Jame<Collins (BostonUniv.), Chair

Paneldiscussionsill begin with a 10 minute presentatiorby eachof the panelmembersof eithertheir own work or
commentaryon the day’s talks. The remaindeiof the hourwill be devotedto discussiorincluding participationfrom the
audience.

Panelmembergodaywill be Martin Golubitsky (Universityof Houston),S. V. Shastri(SRI International)Steven Strogatz
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(CornellUniversity),andJill Whitall (Universityof Marylandat Baltimore)

| WednesdayJune3 |

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176

Neuro-mechanicallssues

9:30am Martin Buehler Robotswith SimpleLegs
McGill University

Abstract The purposeof this presentations to introducea novel approacho robot designandcontrolfor walking. The
advantageof thedesignis, besidests mechanicasimplicity, theresultingmodelingsimplicity andthesubsequeniotential
for mathematicahnalysis. Walking and runningrobotsarewell known for the analyticalchallengesausedoy the high
dimensionalityof the model, aswell asthe intermittentnatureof the dynamics. The proposedobot designsoffer the
potentialfor a practicalplatformwhichis alsoamenabléo mathematicaanalysis.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176

11:00am Fred Delcomyn Hexapodwalking: FromRealityto Simulation
Universityof lllinois

Abstract Mostinsectswvalk usingastereotypealternatingripodgaitin whichtwo tripletsof legs,front, rear andopposite
middle, stepalternately Experimentsnvolving perturbation®f thelocomotorsystemsuggesthatsensoryfeedbackaids
coordinationby providing critical timing cuesandensuringgait stability duringwalking. Neverthelessexactly how the
nenoussystemrchestratesoordinationrduringlocomotionis still notentirelyclear

Simulationcanin principle be a usefultool to study neuralmechanism®f locomotorcontrol becauset allows rapid

testingof hypothesesbouthow the nenoussystemgeneratepatternednotor output. Here,a systenmfor the simulation
of aninsect,including senseorgansmusclespody; andlegs,will beintroduced.The simulationsystemwrittenin C++,

allows usergto studyelementgangingfrom isolatedleg segmentsto whole animalswith multi-jointedlegs. The program
assembleshe objectto be simulatedaccordingto information provided in separateuserpreparedconfigurationfiles,

placing musclesand senseorganswheredesired. A usermay thentesthypothesesbouthow coordinatednovements
aregeneratedy encapsulatinghesehypothesedn control algorithmsthat operatethe simulatedelements.Becausehe

specificatiorof theinputandoutputvariablego which controlalgorithmshave accesss madein configuratiorfilesrather
thanin the simulationcodeitself, algorithmsfor the controlof movementscanbewritten by usersvho have noknowledge
of thesimulationcode.

Thesystemwasdevelopedfor thestudyof neuralmechanismsf coordinationduringwalking in insects put by specifying
in configuratiorfiles the physicalparametersf a hexapodrobotandthe performancecharacteristicsf its actuatorsand
sensorsit is possibleto investigatecontrolmechanism#or thesedevicesaswell.

2:00pm S.Epstein& N. Kopell Resonancé&uning Revisited
BostonUniversity (both)

Abstract Centralpatterngenerator¢CPGs)areoften obseredto drive motor rhythmsat frequencieghatdiffer from the
endogenou€PGfrequeng, but lie closeto a principal resonancef the musculoskletalplant. SuchCPGsare saidto
exhibit ‘resonancduning. Owing to changesn posture,load, muscleproperties,and so on, resonanfrequenciesan
changesignificantlyovertime scalesasshortasa singleperiod. A CPGmustthereforebe ableto adaptits outputquickly
androbustly in responsédo sensoryfeedbackf it is to matchthe resonanfrequeng of the plant. Previously proposed
solutionsto this problemareneitherquick nor robust. We present solutionin the caseof avery simple,four-dimensional
‘neuromechanicalmodel,consistingof arelaxationoscillatorreciprocallycoupledo alinearoscillator We shav how our
feedbackschemavorksandwhy someotherschemeslo not.
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3:00pm CoffeeBreak ReceptiorROomEE/CS3-176

3:30—-4:30pm Panel Discussion Neuro-mechanicdbsues
Jame<Collins (BostonUniv.), Chair

Paneldiscussionswill begin with a 10 minute presentatiorby eachof the panelmembersof eithertheir own work or
commentaryon the day’s talks. The remaindeiof the hourwill be devotedto discussiorincluding participationfrom the
audience.

Panelmembergodaywill be Avis Cohen(Universityof Maryland),FredDelcomyn(Universityof Illinois), JohnGucken-
heimer(CornellUniversity),andMark Tilden (Los AlamosNationalLaboratory).

‘ Thursday, June 4 ‘

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
Mechanics
9:30am Robert Full Neuromechanicef Self-Stabilizatiorand Maneu\erabil-
Universityof CaliforniaBerkeley ity in Polypeds

Duringslow terrestrialocomotion,awide baseof supportandalow centerof massallow mary-legged,spravled postured
animalsto be highly staticallystable.By contrastat fasterspeedsye found that eventheseanimalsusedynamicgaits.
They canoperatdik e spring-massystemsiuringrunning. We have shavn thatmary extraordinarilydiversemorpholog-
ical solutionsappeartto be adequatdor running. To understandhe importanceof spravled posturednorphologyduring
running,we madea simpletwo dimensionaldynamicmodelthatfocuseson the horizontalplaneinsteadof the vertical.
Sprawled postureanimalsproducesubstantialateralforcesin the horizontalplanethathave beenignored.To testwhether
this modelwasrobustto perturbationsye changedhe momentumof its centerof massduring running. We speculated
that the model could not recover from a velocity perturbation sinceit hasan extremely simple control systemwith no
explicit feedbaclcircuitry. The horizontalplanemodelwasextremelystableto velocity perturbationsDynamiccoupling
of body orientationJleg momentarmsandleg force productionproducedemarkableself-stabilization.To understandhe
influenceof postureon stability, we variedmorphologyfrom anuprightpostureto a morespravled postureandincreased
theamountof thelateralforce proportionally Wider stancesandthereforegreatelateralforces,resultedn fastemrecovery
to perturbations.Our two dimensionaimodeltells usthat control canresidein the mechanicatiesignof the systemand
canbesimple. The controlalgorithmscanbe embeddedh the form of the animalitself. Datafrom climbing, turningand
negotiationof irregularterrainshov that maneuerability canresultfrom minor adjustmentsn the feedforward pattern
usedduring straight-aheatbcomotion. Threedimensionadynamicmodelsanddirect musclemeasurementsveal that
themusculo-skletalcomplexesactasanimportantdeterminantf the systems behaior thatcant be predictedfrom the
neuralsignalalone.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am A. Ruina & A Kuo Passve Walking and Pendual: What Can You Do With
Cornell& U. of Michigan Mechanicsand Feedback,and Why Do You Need a
Clock?
2:00pm Jerry Marsden LagrangiarReductiorandthe Falling CatTheorem

Californialnstituteof Technology
Abstract We will presenta new proof of RichardMontgomerys beautiful“Falling Cat Theorem”which relatesoptimal

reorientatiorof the falling catto the dynamicsof particlesin Yang-Mills fields (governedby Wong's equations) We will
begin by putting the theoremin the generalcontext of optimal control problemsasstudiedby Brockett. The new proof
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involvesideasof Lagrangiarreductionfor which therehasbeenmuchactvity lately (Scheurle Weinstein,Koon, Ratiu,
Bloch, Krishnaprasadylurray, CendraHolm, etc. etc.). We shallalsopresengeneralizationsf the Falling Cat Theorem
to the context of nonholonomidocomotionproblems.

3:00pm CoffeeBreak ReceptiorROOomEE/CS3-176

3:30-4:30pm Panel Discussion Mechanics
Jame<Collins (BostonUniv.), Chair

Paneldiscussionsill begin with a 10 minute presentatiorby eachof the panelmembersof eithertheir own work or
commentaryon the day’s talks. The remaindeiof the hourwill be devotedto discussiorincluding participationfrom the
audience.

Panelmemberdodaywill be Andy Ruina(CornellUniversity), Claire Farley, (University of CaliforniaBerkeley), Arthur
Kuo (Universityof Michigan),andStefan SchaalUniversityof SouthernCalifornia)

6:00pm Workshop Dinner
Campu<Club

Friday, June5

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
Control
9:30am Randall D. Beer Design,Evolution and Analysis of Biologically-Inspired
CaseWesternResere University Control Systemdor Walking

Abstiact Animals are remarkablyeffective and robustin complex real-world ernvironments. For this reasonthey are
increasinglyservingasa sourceof inspirationfor autonomousobots. Unfortunately mary of the very sameproperties
of biological nenous systemghat are responsibldor theseimpressie behaioral capabilitescanalso make themvery
difficult to understanénddesign. This talk will survwey a variety of ongoingprojectsattemptingto grapplewith someof
thesedifficulties. First, | will briefly describea seriesof leggedrobotswhosecontrolis basedon Pearsors flexor-burst
generatomodelof cockroachwalking and Cruses modelof stick insectwalking. Next, | will briefly describethe useof
geneticalgorithmsto evolve dynamicalneuralcontrollersfor leggedlocomotion. One of the interestingresultsof these
experimentds thatchainreflex, centralor "mix ed” patterngeneratiorarchitecturegonsistentlyevolve dependingn the
availability of sensoryfeedbackduring evolution. Finally, | will present&ananalysisof the generalprinciplesof operation
of alargepopulationof evolvedsingle-lay centralpatterngeneratorsaswell asa preliminaryanalysisof phase-lockingn
Cruses modelof stickinsectwalking.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
10:45am Trevor Drew SupraspinalControl MechanismsResponsiblefor the
Universityof Montreal Regulationof Locomotionin the Cat.

Abstract Locomotionis theresultof a comple interplaybetweenra centrallygenerateahythmic patternof actvity and
a hostof feedbackandfeedforward modulatorysignalsthatarisein pathwaysfrom the peripheryandfrom the brain. In
my presentation| will discusshow the centralstructureghat give rise to the major descendingpathwaysin the catmay
participatein ensuringthat the basiclocomotorrhythm, generatedn the spinal cord, is adaptedo the vagariesof the
ervironmentandthe goalsof the organism.l will concentraten two structuresandon two aspect®f locomotorcontrol.
In theinitial partof the presentation| will concentraten the role of the brainstenreticularformationin modifying the
level of electromyographi(EMG) activity in flexor andextensomusclef eachof thefour limbsof thecat. | will present
datathat suggesthis structureis organisedo producecoordinatednodificationsof the EMG actiity in eachof the four
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limbs of the cat. | will furthersuggesthatthe PMRF actsthroughthe centralpatterngenerato(CPG)in the spinalcord

to ensurehatthe modificationsof gaitareappropriatelyincorporatednto the baserhythm. Consideratiorof theanatomy
andphysiologyof this pathway suggestshatrelatively simpledescendingignalsmay resultin complex modificationsof

gait. In the secondpartof the presentationl, will concentrat®n therole of the motorcortex in producingthefine control

of limb trajectoryandfoot placementhatis requiredin a normal, clutteredenvironment. | will shav thatthe command
signaldescendindrom the motor cortex to the spinalcord containsdetailedinformationaboutthe modificationof EMG

activity thatis requiredto stepover anobstaclein one’s path. | will furthersuggesthatthe final transformatiorof this

commandsignalinto the resultantpatternof EMG actiity dependn the excitability of interneuroneshat eitherform

partof, or thatareinfluencedby, the CPG.

11:45pm Daniel Koditschek WorkshopSummary
Universityof Michigan

SpeciallMA Workshop:

Continuum Mechanicsand Non-linear Partial Differ ential
Equations

June8-12,1998
OrganizersRichardJamegUniversity of Minnesota) SteanMueller (MPI for
Mathematicsn the Sciences)Yladimir Swverak, (University of Minnesota)

Theworkshopis organizedn honorof the 50th birthdayof ProfessodohnBall.
Seealsohttp://wwwima.umn.edu/dynsys/spg/dynsys13html

Thismeetingwill bringtogetheldeadingexpertsin nonlinearPDEandContinuumMechanics.

The workshopis supportedn partby the Max PlanckResearctAward from the Humboldtfoundation,by the Schoolof
Mathematicof the Universityof Minnesotaandby the IMA.

Monday, June 8

Talks today arein Lecture Hall EE/CS 3-180

8:45am Registration and Coffee ReceptiorROOmEE/CS3-176
9:15am Welcomeand Orientation W. Miller, F. Dulles,R. James
9:30am Jerry Marsden ComputationaMechanicsaandCollision Algorithms.

Californialnstituteof Technology

Abstract We discussalgorithmsandsimulationsfor thecollision of rigid andelasticbodies.Thealgorithmsarediscussed
in the context of variationalintegrationalgorithms(in the sensef Veselw) for mechanicasystemgbothodesandpde’s)
with constrainteandsymmetry A broadercontet, includingphenomenauchascrackingandfragmentatiorprocessesn
which comple collision sequencesccut, will alsobepresented.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am Felix Otto Fingeringinstability of fluid flow down aninclinedplane:
Univ. of CaliforniaSantaBarbara anintrinsic linearstability analysis
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Abstract We considettheflow of athin film of aviscousfluid down aninclinedplane.Experimentshaw thattheinitially
horizontalfront of thethin film breaksinto fingers. Theemepingfingerpatternhasa characteristievave length.Our goal
is to recover theinstability with characteristievave lengthwithin the standardnodelof this flow problem.

Thestandardnodelis thelubricationapproximatiorof the quasistationaryStokesflow within thethin flow domainlimited
by the free surface,driven by gravity and surfacetension. Mathematicallyspeaking,it comesin form of a degenerate
paraboligsecondandforth order)equatiorfor theheighth of thefreesurface. Thegoalis to establishtheinstability of its
1-dimensionatraveling wave solutionandto showv thatthe wave lengthof the fastesgrowing perturbationis finite. The
standargroceedings to analyzethelinearizationof the equatioraroundthetraveling wave solutionin the moving frame.

The cornventionalway to analyzethelinearizationis to considetthe eigervalueproblemrelatedto the differentialoperator
T definingthe linearization,as doneby Troian et al. But Bertozziand Brennerpointedout that thereis a parameter
regimewhereall eigervaluesof T have negativereal part,althoughinstabilitiesareobsenedexperimentally Bertozziand
Brenneralsoobsenedtransientgrowth in numericalsimulationsof the linearizedequation.This is not unconsistentvith
thetheoreticaresultsinceT is not normalwith respecto, say L2.

We proposean analysisof the linearizedequationwhich recosersthe instability with characteristiavave number It is
basednthe“enemy methodappliedby SpaidandHomsy They considethetransiendecayor increaseof the L2—norm
of solutionsto thelinearizedequation.This amountgo analyzingthe spectrunof the symmetricpart Sym 2 (T) of T w.
r.t. L2

2:00pm WeinanE PatternFormationDuring Liquid CrystalPhaseélransition
Courantlinstitute

3:00pm CoffeeBreak ReceptiorROomEE/CS3-176

3:15pm Philip Holmes Two ModelsFromNonlinearOptics

PrincetonUniversity

Abstract | will discussrecentjoint work with J. NathanKutz, Alex Mielke, andothersin which variantsandderivatives
of thenonlinearSchroedingeequationNLS), describinghe propagatiorof light in opticalfibers,arestudied.In thefirst,
we study a model of a broadbandaserin the form of an NLS with non-localtermsdescribingthe averagedproperties
of a quantummirror, the saturableBragg reflector We prove existence-uniquenesgsultsand study the bifurcations
and stability of certain“chirped soliton” solutions,comparingthemwith experimentalresultsfrom W. Knox’s group at
LucentTechnologies.In the secondwe derive a planarmappingapproximatingvariationsin amplitudeand phaseof a
pulsepropagatingn a losslessoptical fiber with periodicallyvarying dispersion. The map’s behaior agreeswell with
simulationsof the periodicallyswitchedNLS dueto S. EvangelidesWe analysehe bifurcationsof fixed pointsandglobal
dynamicswith aview to describingpulsemodulationproperties.

4:15pm IMA Tea(and more!) VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeverageawill besened.

| Tuesday June |

Talks today arein Lecture Hall EE/CS 3-180

9:15am Registration and Coffee ReceptiorROOomEE/CS3-176

9:30am Constantine Dafermos GenuinelyNonlinearHyperbolicSystem®f Two Conser
Brown University vationLaws

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
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11:00am Louis Nirenberg On popertiesof solutionsof secondorder elliptic equa-
Courantinstitute tions

2:00pm Igor Kukavica Analyticity for the Navier-StolkesEquations
Universityof Chicago

Abstract We will review somerecentresultsconcerningspatialanalyticityof solutionsof the Navier-StokessystemMore
particularly we will beinterestedn estimatingthe sizeof the analyticitydomainin termsof the physicalparameterand
addressmplicationsrelatedto the minimal scale decayof the Fourier spectrumandthe sizeof nodalsets.

3:00pm CoffeeBreak VincentHall 502
3:30—-4:30pm Maria Esteban AbouttheEvolutionof Solid Bodiesin anlncompressible
Universié ParisDauphine Fluid.
WednesdayJune 10

Talks today arein Lecture Hall EE/CS 3-180

9:15am Registration and Coffee ReceptiorROOmEE/CS3-176
9:30am Francois Murat TBA
Universié Paris6
10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am L. C. Young Nature& Applicationsof YoungMeasures

Abstract Historical Background.Probabilityandduality aspectsThe reformulationof boundaryconditions.Relationto
Schwartzdistributions,de Rhamcurrents non-standardnalysisanda greatvariety of applicationspotablynon-linearity

Thursday, June 11

Talks today arein Lecture Hall EE/CS 3-180

9:15am Registration and Coffee ReceptiorROOomEE/CS3-176
9:30am David Kinderlehr er Remarksaboutthe dynamicsof the Fokker-PlanckEqua-
Carngyie Mellon University tion

Abstract Nonlinearsystemswhich areactive acrossdisparatdengthandtime scalesareamongthe mostintriguing ones
we encounteiin nature.Moreover, mary of thesesystemsalthoughpersistenfor long times,residein metastablestates
andtheir evolutionis poorly understoodWe are,thus,presentedvith difficult scientificchallengesbothin thederivation
of appropriatdramenorksfor modelingandin theeffective useof largescalesimulationtechniquegor theirexecution.We
focushereon amechanismwe believe to be deeplyintertwinedwith theseproperties This is the competitionbetweerthe
thermodynami@negy andnearnesi the appropriatesensdor the distribution of microscopicvariablesthe ‘averages’
thatdescribethe evolution of the macroscopicsystem. Theresultis a new derivation of the Fokker-PlanckEquationas

thegradientflux or steepestlescentf the ordinarythermodynami@negy (e.g.,minustheentroyy in the caseof ordinary
diffusionor Brownianmotion.).

Thisis joint work with RichardJordanandFelix Otto.

10:30am CoffeeBreak VincentHall 502
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11:00am Gero Friesecke ExistenceandNonexistenceof Minimizersin theCalculus
Universityof Oxford of Variations

Abstract Wewill discusgentralexampleof variationalproblemsexhibiting atransitionfrom existenceto noneistenceof

minimizers.The examplessharethe following two features:a) they areof physicalorigin (noncowvex elasticity quantum
chemistry BCStheoryof superconductity), b) traditionallower semicontinuitymethoddail to shedlight onwhy, or at

whichthresholdthetransitionoccurs.

2:00pm Zhouping Xin TBA
Courantinstitute

3:00pm CoffeeBreak ReceptiorROomEE/CS3-176

3:30pm Bernard Dacorogna SomeGeometridRestrictiongor the Existenceof Viscos-
EPFL-Lausanne ity Solutions

Abstract We considetthefollowing Dirichlet problem

F(Du(z))=0,aez e 1
u(z) =p(z),z €0 (1)

whereQ C R™ isopenu: @ — R, F : R* — R andy € C* (Q).

If welet E = {£ € R* : F (§) = 0} thenthe problem(1) hasa (densesetof) solutionu € W1 (), underthe sole
compatibilityconditionDy (z) € E U intcoE, z € Q, whereintcoE standdor theinterior of the corvex hull of E.

We will seethatthe existenceof Lipschitz viscosity solutionsunderthe above assumptionjs however far from being
guaranteed.Only strongcompatibility conditionson the geometryof 2, on E andon ¢ ensurethe existenceof such
solutions.

Friday, June 12

Talks today arein Lecture Hall EE/CS 3-180

9:15am Registration and Coffee ReceptiorROOomEE/CS3-176
9:30am Stuart Anman Quasilinear Parabolic-Hyperbolic Systemsfrom Solid
Universityof Maryland Mechanics

Abstract Thislecturesuneys recentadvancesandopenproblemsn theanalysisof nonlinearevolution equationf solid
mechanicsespeciallythosedescribingthe dynamicsof viscoelasticandviscoplasticmaterials. The governingequations
studiedhereform systemsof quasilineampartial differential equationsof “parabolic-hyperbolic’type involving singular
differential operatorsof monotonetype. Sincethe unknown in theseequationsrepresentsa deformationof a body in
Euclideanspace,it shouldbe locally one-to-one. This requirements the sourceof severe analyticaldifficulties, the
treatmentof which surprisinglydependson the natureof the dissipation. The role of dissipationis likewise centralin
dealingwith nonlineareffectsdueto rotationandwith the behaior of the spectrumfor Hopf bifurcationproblems.The
generakheoryis illustratedwith a variety of concretgroblems.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176

11:00am K. Bhattacharya TBA
Californialnstituteof Technology

2:00pm Mitch Luskin Onthe Stability of CrystalMicrostructure
Universityof Minnesota

Abstract Microstructureis a featureof crystalswith multiple symmetry-relate@negy-minimizing states. In the geo-
metricallynonlineartheoryof martensitemartensiticcrystalsaremodeledby a non-comwvex enegy densitywith multiple,
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symmetry-relatedrotationallyinvariantenegy wells. For this model,the elasticenegy of a deformationcangenerally
be loweredas muchaspossibleonly by the fine scalemixing of the martensiticvariantsto form a microstructure.We
have developeda theoryfor the stability of macroscopiaariableswith respecto smallenegy perturbationf a simply
laminatedmicrostructureWe have appliedthis theoryto analyzethe stability andnumericalapproximatiorof martensitic
andferromagnetianicrostructure.

In joint work with Bo Li, we have appliedour stability theoryto martensiticcrystalsthat canundego an orthorhombic
to monoclinic(two well) transformatioror a cubicto tetragonalthree-well)transformation Recently in joint work with
Kaushik Bhattacharyaand Bo Li, we have appliedthis theoryto the cubic to orthorhombic(six-well) transformation.
The fact that the enegy densityfor the cubic to orthorhombictransformatiorhassix wells makes this transformation
significantly more difficult to analyzethan the two and three-welltransformationssince the additionalwells give the
crystalmorefreedomto deformwithout the costof additionalenegy. The uniquenessf the microstructurdor the cubic
to orthorhombidransformationwhich hadbeenanopenproblem,is aconsequencef this stability analysis.

3:00pm CoffeeBreak VincentHall 502

3:30—-4:30pm Peter Constantin VariationalBoundsin Turbulence
Universityof Chicago

Tuesday June 16

IMA PostdocSeminar:

2:30pm Mar co Antonio Fontelos Break-upof Thin Fluid Tubes
UniversidadComplutensele Madrid

Abstract Abstract: A classicalanalysisdueto Lord Rayleighshows thataninfinitely long fluid cylinder is unstableand
tendsto breakinto drops. Somemodelshave beenproposedn orderto understandhe break-upprocess.The so-called
one-dimensionainodelmay be obtainedfrom Navier-Stokesequationaunderthe "infinite slendernessassumptionWe
studythe systenthatoneobtainswhenconsideringoerfectfluids, Stokesfluids andfluids without surfacetension.Finally,

someconsiderationsoncerninghefull Navier-Stokessystemwill be made.
OrganizersRicardoOliva & WarrenWeclkesser

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsn VincentHall 570.

WednesdayJune 17 ‘

IMA Picnic

Thepicnicwill beatthe Walun PicnicArea“A” atMinnehahdralls in Minneapolis.Mapsareavailablein theIMA main
officeor onlineathttp://twincities.sidewalk.com/map?El D=17120 . Thepicnicbeginsat4:00pm. IMA
staf, postdocandvisitorsandtheir familiesareencouragethb come! Pleasesignup in the IMA mainoffice,514Vincent
Hall by Monday Junels.

Tuesday June 23

IMA PostdocSeminar:
2:30pm Steve Strogatz TBA
CornellUniversity

OrganizersRicardoOliva & WarrenWeclkesser

NOTE: The PostdocSeminaris organizedby the IMA postdoctoramembersbut all interestedMA participantsarevery
welcometo attend.The Seminameetsn VincentHall 570.
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VIIl. DETAILED DESCRIPTION OF 1998SUMMER PROGRAMS

1. CODING AND CRYPTOGRAPHY

FromJuly 6 — 18,theIMA helda SummerProgramon CodingandCryptography The organizersvere:

lan Blake, Hewlett-PackardLaboratories

RobertCalderbankAT&T Laboratories

Andrew Odlyzko, AT&T Laboratories

VeraPlessUniversityof lllinois-Chicago

The aim of the workshopwasto bring togethemathematicians;omputerscientistsandelectricalengineersnvolvedin
two disciplines,codingandcryptographysothatthe techniqguedrom oneareacould be appliedto problemsin the other
area.Onemajorgoalwasbeto utilize knowledgefrom codingto construcigoodcryptographicschemes.

Both codingtheoryandcryptographyoriginatedwith the seminalwork of ClaudeShannorin 1948. During andbefore
World War Il, the main applicationsof cryptographywere military. With the spreadof computersand electroniccom-
municationsafter the war, the useof cryptographicschemedor passwerds, bankingtransactionsand variousaspectof
computersecurityproliferated.So did the usesof errorcorrectingcodesin radiobasedcommunicatiorsystemssatellite
communicationgandfor highfidelity on CD’s. Theseusesandthe evolving mathematicatheoryof codesgenerateanuch
mathematicahctiity.

The programconsistedf threepartsandtook placeover a periodof two weeks:
Week1: CodesDesign,andCryptography; July 6-10,1998
Week?2: Coding,Complity andCryptographySequencesiuly 13-18,1998

This partof theprogramwill concentratenfinite geometriesgesignssecresharingschemesschemeso detectdeception
andauthenticationsecretroadcastingchemesandthe constructiorof cryptographicschemeselatedto discreteobjects.
Both finite geometrieandmoregenerallycombinatorialdesignshave beenusedin the analysisandconstructiorof error
correctingcodesandsecretsharingschemesTheseuseswill be exploredto seeif they canbeutilized in otherareas.

Week1: Codes,Design,and Cryptography July 6-10

| Monday, July 6 |

| Monday, July 6 |

Talks today arein Lecture Hall EE/CS 3-180

8:45am Registration and Coffee ReceptiorROOomEE/CS3-176

9:15am Welcomeand Orientation F. Dulles

9:20am Vera Pless SomeConnection8etweenCodingTheoryandCryptog-
Universityof lllinois at Chicago raphy

Abstract Abstract: This talk will explore somecommonareasbetweencoding theory and cryptographyand attempt
to evaluatetheir statusand impact on thesedisciplines. Views on this vary widely. One answeris that both drawv on

commonsubjectareasof mathematicssuchas numbertheory finite fields, algebraicgeometry combinatorialdesigns
and sequencesWe review somespecificlong standingconnectionsncluding the public key McEliece schemegcyclic

codesandlinearfeed-backshift registers MDS codesandthresholdschemesandwiretapperswith limited resourseand

generalizedHammingweights.We give all therelevantdefinitions.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176
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11:00am Gustavus J. Simmons Keyed PermutatiorGenerators
Universityof New Mexico

Abstract Keyedpermutatiorgeneratorareessentiatomponentin mary informationintegrity protocols. The generator
describedn this paperis the simplestinstancein a family of suchdeviceswhich lend themselesto simple high speed
VLSI implementation.

Differentiationof n-bit binary sequencedefinesafamily of digraphsin which theverticesarelabeledwith thesequences
in a naturalway. Whenn is a prime, the even Hammingweight sequencesare all labelsfor verticesin simple cycles
andthe oddweightsequencearelabelsfor verticesin simplecyclesandthe oddweightsequencearelabelsfor vertices
in isomorphictreesrootedon thesecycles. The digraphsfor compositen are easily derived from the digraphsfor the
primefactorsof n. A simplealterationof the differentiationoperationpreseresthe digraphstructurebut interchanges-
andpermutes- the odd andevenlabels. The 2-graphwhich resultsfrom combiningthesetwo digraphsis a surprisingly
familiar structurein which every k-bit sequenceanbe causedo defineapermutatioronthen-bit sequences;e. the k-bit
sequence¥key” thegeneratiorof thepermutationsTheoperations invertiblein the sensahatgiventhekey andaninput
sequencethe outputsequenceanbe easilycalculatedor giventhe key andthe outputsequencetheinput sequencean
beequallyeasilyrecovered.

The cycle structurefor this keyed generationof permutationss shovn to be isomorphicto the cycle structurefor the
iterative parity encodingof binary sequences- a resultthatis both counterintuitve and the key to the analysisof the
generators.

2:00pm A. R. Calderbank OrthogonalGeometryandQuantumError Correction
AT&T

Abstiact Theunreasonableffectivenesf quantumcomputingis foundedon coherenjuantumsuperpositioror entan-
glementwhich allows a large numberof calculationgo be performedsimultaneouslyThis coherencés lostasa quantum
systeminteractswith its ervironment.

In classicatomputingopnecanassembleomputerdhataremuchmorereliablethanary of theirindividualcomponentby
exploiting error correctingcodes.Iln quantumcomputingthis wasthoughtto be precludedy the Heisenbey Uncertainty
Principleasrecentlyas? yearsago. But the developmentof quantumerror correctingcodeshascompletelyturnedthis
around.

This talk will describea beautiful grouptheoreticframewvork that simplifies the presentatiorof known quantumerror
correctingcodesandgreatlyfacilitatesthe constructiorof new examples.

4:00pm IMA Tea(and more!) VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeveragewill besened.

‘ Tuesday July 7

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
9:30am PascaleCharpin TheWeightsof Primitive Cyclic Codeswith Two Zeros
INRIA

Abstract We considerbinary primitive cyclic codesgeneratedby a productof two minimal generatorsWe first present
thelinks betweerthesecodesandotherobjectsappearingn cryptographymainly sequenceandbooleanfunctions.

Althoughtheseobjects,andtheir “good” propertieshave beenknown for a long time, mary problemsremainopen. We
next explain recentresultswhich are concernedvith the classificationof suchcyclic codesby meansof their minimal
distance.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
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11:00am G. A. Kabatianski HashDistancesf Codes
INRIA-Rocquencourt

Abstiact Thewell-known definitionof Hammingdistancébetweertwo vectorss generalizedo thecaseof s vectors.This

producesa new notion, hashdistance®f a code. The secondchashdistancecoincideswith the usualminimal (Hamming)
distanceof a code. The so-calledsetsof perfecthashfunctions,widely studiedin combinatoricsandcomputerscience,
are,in fact,the sameascodeswith the s-th hashdistanceatleastl.

We study hashdistancesf codesby coding-theoretianethodstrying to obtain good upperand lower boundson the
maximalcardinalityof codeswith givens-th distance.

Amongthenew resultslet usmentionanupperbound,whichis betterthanthe celebratedrriedman-Kmlosboundfor the
sizeof setsof perfecthashfunctions,andan applicationof linear codeswith large hashdistanceto constructingsetsof

perfecthashfunctionswith “simplerealization”.We alsodiscusonenicecombinatoriaproblemarisingfrom thequestion
whenlinearcodeswith nonzerchashdistancesxist. Many openproblemswill beset.

Thistalk is basedn ajoint paperof L.BassalygoM.BurmesterA.Dyachlov, andthespealer.

WednesdayJuly 8

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176

9:30am Juriaan Simonis CodesandProjectize Multisets.
TechnicalUniversity of Delft

Abstiact The purposeof the talk is to give a matrix-freepresentatiorof the correspondencbetweenlinear codesand
projectve multisets. We generalizehe Hill-Brouwer-Van Eupenconstructionthat transformsprojective codesinto two-
weightcodes.Remarkablyshortproofsof known theoremsareobtained.A new notion of self-dualityin codingtheoryis
introduced.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am Neil J. A. Sloane The GrandTourin Four DimensionsaandOtherMysteries
AT&T

Abstract How shouldyou choosea nice setof planesin four (or more)dimensions?r moregenerallyhow do you find
packingsin Grassmanniamanifolds? The answergurn out to be connectedn a mysteriouswvay with errorcorrecting
codesfor quantumcomputing.

Thisis basedn joint work with CalderbankConway, Hardin,Rains,andShot

2:00pm Alexei Ashikhmin UpperBoundson the Sizeof QuantumCodes
Los AlamosNationalLaboratory

Abstract The paperis concernedvith boundsfor the quantumerror correctingcodes.Using the quantumMacWilliams
identities,we generalizethe linear programmingapproachrom classicalcodingtheoryto the quantumcase. Using this
approachwe obtain Singletontype, Hammingtype, and the first linear programmingtype boundsfor quantumcodes.
We demonstrat¢hat classicalSingletonboundis valid for quantumerror correctingcodesdespitethe relaxationin the
definition of the minimum distanceof a quantumcode. We alsoshowv that Hammingandfirst linear programmingype
boundsarealsovalid for quantumcodespracticallyon all intenval 0 < log K/n < 1.

3:00pm CoffeeBreak ReceptiorROomEE/CS3-176
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3:30-4:10pm Gary McGuire Characterizationf CertainCinimal RankDesigns
ColoradoStateUniversity

Abstract In 1987Dillon andSchatzprovedatheorenrelatingdifferencesetsin elementaryabelian2-groupsanddesigns
with the symmetricdifferenceproperty As a corollary, they characterizedlesignswith Hadamardparametergwhere
v = 22™) whosecodeshave dimensior2m + 2 andcontaintheall-1 vectos, in termsof differencesets.Dillon, andlater
Assmusasledwhethertheassumptioron theall-1 vectorcouldbe removed. We shawv thatthe answelis yes.

Thursday, July 9

Talks today arein Lecture Hall EE/CS 3-180
9:15am Coffee ReceptiorROomEE/CS3-176

9:30am Kevin Phelps Perfectcodes
Auburn University

Abstract Wewill review recentresearclon combinatoriaproblemsn perfectl-errorcorrecting(non-linearkpinarycodes.
This will include recentwork on rank and kernalsof suchcodes,nonsystematicodesand the connectionto resilient
functions,equialenceclasseandmethodgor determininghem,andpartitionsof n-spaceby perfectcodes.

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am S.S.Magliveras A PublicKey CryptosystentromLogarithmicSignatures
Universityof Nebraska of Finite PermutatiorGroups

Abstract A secretkey cryptosystenbasedon certainfactorizationbaseqcalledlogarithmicsignatues for finite permu-
tationgroupswasdescribedby Magliverasin the late 1970s andits algebraicpropertiesverestudiedby Magliverasand
Memonin 1989.We presentlyannounce nen methodwherebyogarithmicsignatureganbeusedto constructanew type
of publickey cryptosystemThenew systenreliesonthefactthatthereexist non-transvesallogarithmicsignaturesvhich
(looselyspeakinganbewritten asthe (functional)compositiorof a smallnumber(usuallytwo) transvesal logarithmic
signatures.Sincetrans\ersallogarithmicsignaturecanbe invertedefficiently, while non-transersalonescannot, such
afactorizationcanbe usedasatrap doorfor a public key cryptosystemExamplesareconstructedn the smallestcarrier
groupwherethisis possible andalgorithmsfor constructingsuchtrapdoorsin thegenerakasearediscussed.

2:00pm EmanuelKnill A Mathematiciars Adventuresn ExperimentalQuantum
Los AlamosNationalLaboratory Error-Correction

Abstract About two yearsago, it wasrealizedthat standardNuclearMagneticResonancéNMR) equipmentcould be
usedto experimentallytry out small quantumcomputationslLastyear we decidedto embarkon a projectto try outthe
simplest{3,1] quantumphaseerror-correctingcodeon anNMR spectrometeavailableat our laboratory To our surprise,
the experimentsveresuccessfull will describeour experimentsanddiscusghetheoreticaljuestionghatarosefrom our
involvementin this work.

3:00pm CoffeeBreak ReceptiorROOomEE/CS3-176
3:30-4:10pm Vladimir D. Tonchey Linear PerfectCodesanda Characterizatiowf the Clas-
MichiganTechnologicalJniversity sicalDesigns

Abstract A new definition for the dimensionof a combinatorialt-(v, k, ) designover a finite field is proposed.The
complementarylesignsof the hyperplanesn afinite projective or affine geometryandthe finite Desaguesiarplanesin
particular arecharacterizedstheunique(upto isomorphismyesignswith thegivenparameterandminimumdimension.
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This generalizes well-known characterizatiof the binary hyperplanedesigngn termsof their minimum 2-rank. The
proof utilizesthe g-ary analogueof the Hammingcode,anda group-theoreticharacterizationf the classicadesigns.

6:00pm Workshop Dinner
TBA

Friday, July 10

Talks today arein Lecture Hall EE/CS 3-180
9:15am Coffee ReceptiorROOomEE/CS3-176

9:30am Jackvan Lint Codeswith theldentifiableParentProperty
EindhorenUniversityof Technology

Abstiact If C' is a g-ary codeof lengthn anda andb aretwo codevords,thenc is calleda descendantf a andb if
¢i € {a;,b;}fori =1,2,...,n. Weareinterestedn codesC with the propertythat, givenary descendant, onecan
alwaysidentify at leastone of the “parent” codavordsin C. We studyboundson F'(n, q), the maximalcardinalityof a
codeC with this property which we call theidentifiableparentproperty.

Multimediapublisherscan“fingerprint” imagesby changingperceptuallyinsignificantaspectsn orderto be ableto trace
violation of copyright restrictions.Our codeshave thepropertythatif thecodevordsareusedasfingerprintsandtwo users

createa new imageby combiningpartsof theirimagesthenthenew imagerevealstheidentity of atleastoneof thesource
images.

Typical resultsof this paperareof thetype

3¢ —12/g < F(n,q) <3¢—1

and .
g\ s
10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00-11:40 Gilles Zemor UniquelyDecodableCodes
am ENTS

Abstract A Uniquely DecodablgUD) Codeis a codesuchthat ary vector of the ambiantspacehasa uniqueclosest
codavord. This definition seemsto have appearedor the first time in the book of Van Lint (Introductionto Coding
theory), but althoughUD codesare appealingcombinatorialobjects,no systematicsearchfor themhasbeenattempted
since. Perfectcodesareobviousinstancef UD codes: soaredirect sumsof perfectcodes. Are thereary otherUD
codes? In thenonlinearcasetheansweiis yes.In thelinearcasethequestionis still open.We have focusedonthelinear
case,andbegun a studyof their structure. In particularwe canshow thata linear UD codemusthave ‘nested’ perfect
subcodesBy usingtheseperfectsubcodesidentifying relateddesignsandapplyingLlyod theoremgogethemwith some
noneistenceresultsfor codeswe cansolve the existenceproblemof linearUD codesin somecases!n particular all UD
codesof coveringradius2 canbefound.

Thisis joint work with G. CohenJ. RifaandJ. Tena.

2:00pm NicolasSendrier The SupportSplitting Algorithm and Someof Its Appli-
INRIA-Rocquencourt cations

Abstract We definea sighatureasa propertyof a codeand of oneof its positionswhich is invariantwhenthe support
is permuted for instancethe weightdistribution of the codepuncturedn the positionis a signature.The discriminang
of a signatureis measuredy how oftenit will be differentfor two distinct positionsof the samecode. We designedan
algorithm,usinga signature ableto split the supportof a codeinto the orbits of its permutationgroup. In particulay if

215



the permutationgroupis trivial, we candistinguishary two positionsof a code. For this algorithmto be practical,we
needa signatureboth discriminantan easyto compute.This is the caseof theweightenumeratoof the hull (intersection
of codewith its dual). We will presensomeapplicationof the supportsplitting algorithmin the binary case:the "code
equivalenceproblem”,the characterizationf weakkeys in McElieces cryptosystenandthe computatiorof permutation
groups.

2:40pm CoffeeBreak ReceptiorROomEE/CS3-176
3:00-3:40pm OscarMoreno Codes,CommunicationScience,ExpanderGraphsand
Universityof PuertoRico ExponentialSums

Exponentiakumsareof importancean algebraicnumbertheory We retracethe conceptof anexponentialsumin applied
areassuchascoding,communicatiorscienceandinterconnectiometworks. In this way we transferknowledgefrom the
applicationsaandimprove resultsby Chevalley-Warning,Ax, Weil andDeligne.

Week?2: Coding, Complexity and Cryptography July 13-18

Monday, July 13

Talks today arein Lecture Hall EE/CS 3-180

8:45am Registration and Coffee ReceptiorROOomEE/CS3-176

9:15am Welcomeand Orientation W. Miller, F. Dulles,|. Blake

9:30am Tor Helleseth OntheCrosscorrelationf m-SequencesndRelatedTop-
Universityof Bergen ics

Abstiact Thecrosscorrelatiofunctionbetweeriwo m-sequencesf periodp™ — 1, thatdiffer by adecimatiord is defined
as

p™"—2
Cd(T) — Z ws(t—i—‘r)—s(dt),
t=0
wherew is aprimitive pth rootof unity. We give asurwey of known resultsonthecrosscorrelatiofunctionof m-sequences.
Let f(z) beamappingf : GF(p™) — GF(p™). Let N(a, b) denotethenumberof solutionsz € GF(p™) of f(z + a) —
f(z) = bwherea,b € GF(p™) andlet
Ay =max{N(a,b) | a,b € GF(p™), a # 0}.

Themappingf is saidto bedifferentiallyk-uniformif Ay = k. Thisconcepis of interestn cryptographysincedifferential
andlinear cryptanalysisxploit weaknessesf the uniformity of the functionswhich areusedin DESandin severalother
blockciphers.We shav how to consrucsequencewith optimalcorrelationpropertiesrom 1-differentialpowermappings.
We alsosuney resultson known resultson 2-uniform mappinggcalledalmostperfectnonlinearfAPN)).

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176

11:00am P. Vijay Kumar Sequence¥®Vith Low CorrelationandLargeLinearSpan
Universityof SoutherrCalifornia

Thelinearspanof a sequencés the smallestdegreeof alinearrecursionsatisfiedoy the sequenceAn overview of some

of thetechniqueghathave beenusedin the pastto constructsingleor familiesof sequencebaving desirablecorrelation
propertieswill beprovided,with anemphasi®onthosesequencethatalsohave largelinearspan.lt is plannedo discuss
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bentfunctionsandsequences; MW, No sequenceandtheir generalizationssequencederivedusingGaloisringsaswell
asthosearisingfrom hyperoals.

2:00pm Yvo Desmedt ComputationalCompleity andCovert Aspectsof Secret
University of Wisconsin-Milwaukee SharingandTheir Applications

Abstract A t-out-of-lthresholdschemeds a generalizatiorof aanerasurecode. A (I + 1,t) erasurecodecancorrectup

tol + 1 — ¢ erasures.In athresholdschemeonealsohasupto ! + 1 — ¢ erasuresHowever, thefirst entry, calledthe

secrekey, is alwaysoneof thesel + 1 — t erasuresndoneis notinterestedn correctingthe othererasures;alledshares.
Secretsharingschemeswhich area generalizatiorof thresholdschemeshave mainly beenstudiedfrom aninformation

theoreticabndcombinatorialviewpoint.

In mary applicationghe entropy of the secretkey is zero,andaninformationtheoreticatreatmenimakesthenno sense.
We thereforediscussa computationatompleity treatmentof secretsharing. A way to addresghis issueis to develop
thresholdschemeghat work over ary (Abelian) group. One methodpresentedo achieve this is a generalizatiorof the
Reed-Solomormodes. The erasurecodeand errorcorrectingpropertiesof this generalizedtcodeare discussedn detail.
Othermethodgo achiee groupindependenthresholdschemesare beenpresentedTheserely on combinatoricse.g.,on
Vandermondeconvolutionandon familiesof perfecthashfunctions.We briefly discusgheimportanceandapplications
of groupindependenthresholdschemes.

In mary thresholdschemest — 1 shareshave beenchoseruniformly. A new researchgoal is to develop secretsharing
schemedn whichthesharesarenot uniform, but correspondso ordinarypictures sound etc. Methodsto achieve this are
briefly discussedSuchsecresharingschemesnaybe usedtowardswatermarking.

4:00pm IMA Tea(and more!) VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeveragewill besened.

| TuesdayJuly 14 |

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
9:30am Ben Smeets Performancef InformationSetDecodingn aCorrelation
Lund University Attack on CertainStreamCiphers

Abstract This contributions containsa brief overvien of methodsusedfor the recovery of the initial stateof a linear
feedbackshift registerfrom a noisy versionof the outputsequence Among othersa probabilisticrecovery algorithmis
describedwhereit is assumedhat the length of the obsened outputsequencés closeto the unicity distancewhich is
thetheoreticalower boundon the averagelengthwhenrecovery is still possible.The presentedlgorithmmakesuseof
informationsetdecodingof a randomlinear code. A deterministicalgorithmwith the sameasymptoticaktompleity is
alsopresented.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176
11:00am Alexander Barg Minimum Distance Decoding Algorithms for Linear
Bell Labs,LucentTechnologies Codes

Abstract Let C bealinearcodeof lengthn. We examinethe following generalbproblem:givena vectory, find the closest
codevectorto y. We focuson the algorithmicaspect®f this problem.We discusgwo groupsof algorithms:gradient-lile
decodingandinformationsetdecoding.Togethetthis coversmostknown generabdecodingmethods.

Thistalk is partly basecbon joint workswith A. Ashikhmin,andwith E. Krouk andH.C.A. vanTilborg.

2:00pm Markus Breitbach Digital Watermarkingof Still Images An Applicationof
Universityof Tokyo Communicationg heory
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Abstlact Whencomparedwvith analogdata,digital datahasthe advantageto be muchmoreresistanto noiseduringits
transmissioror storage However, this advantagealsoallows the errorfreecopying of information. At the beginningof the
informationage,whereinformationsareto be soldto multiple customersthis turnsoutto be a severedravback.

In orderto copewith this problemvariosmethodsof embeddingmperceptiblevatermarksnto digital still imageshave
beenproposedothatby revealingthe existenceof thewatermarkthe proprietorof theimagecould prove his ownership.

We think thatcommunicationsheoryis a suitablebasisfor the analysisof watermarkingschemesln our contributionwe
will presentawatermarkingschemehatgeneralizesnary of today’s known watermarkingmethodsandwe will describe
it ascommunicationsystem. Analysisstartsfrom the channel.We distinguishbetweentwo channelmodels: A honest
customeiapplyingstandardmageprocessingnethodson onehandandanoffendertrying to destry thewatermarkon the
other Standardmageprocessingnethodsncludelossyimagecompressionin particularaccordingto JPEG.This limits
the achievabledataratefor the watermark.SinceJPEGis basedon the DCT transform,we analyzethe DCT coeficients
to obtainlimits onthe achiezabledatarate. Furtherwe proposecodingschemeso efficiently usethe availabledatarateat
ahighreliability of thewatermarlkdata.

Thiswork wasdonejointly with Hideki Imai

3:00pm CoffeeBreak ReceptiorROOomEE/CS3-176

3:30-4:10pm Vladimir Levenshtein An Algorithm for FastReconstructionf Sequenceldsing
Keldyshinst. for Applied Mathematics  Their Subsequences

Abstiact The problemof reconstructiorof an unknovn sequencaising the minimum numberof its subsequenceis
consideredA numberN (n, t) wasfoundthathasthe following properties:(i) thereexist two binary sequencesf length
n which have the samesetfrom N (n, t) distincttheir subsequences lengthn — ¢, (ii) any binarysequencef lengthn
canbeuniquelydefinedusingarny subsefrom N (n,t) + 1 its subsequencesf lengthn — ¢t. A simplealgorithmwasalso
foundwhichreconsructinarbitrarysequencef lengthn usingary setfrom N(n, t) + 1 its subsequences lengthn — ¢
(if suchasetexists). This algorithmis basedna combinationof majority andthresholdprinciples.

WednesdayJuly 15 |

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176

9:30am Gui-Liang Feng Improved GeometricdGoppaCodes
Universityof Southwesterhouisiana

Abstract Themostimportantdevelopmenin thetheoryof errorcorrectingcodesn recent20yearshasbeentheintroduc-
tion of method€rom algebraiaqgeometriccurvesfor the constructiorof linearcodes.Theseso-calledalgebraic-geometric
codes(AG codes)wereintroducedby Goppa.In this talk, we presenta new constructiorof linear codescalledimproved
geometricGoppacodesandalsopresentamethodto determinghe designedninimumdistancedor thecodesusingonly
linearalgebra.TheseimprovedgeometricGoppacodesaremoreefficient thanthe traditionalgeometricGoppacodesde-
rivedfrom somevarieties which includealgebraiccurves,hyperplanessurfaces andothervarieties.For theseimproved
geometricGoppacodesary L%J or lesserrorscanbe correctedby the majority voting schemedecodingprocedure.
As Goppacodescanbe usedin cryptographywe believe that the improved geometricGoppacodescanalsobe usedin

cryptography

10:30am CoffeeBreak ReceptiorROomEE/CS3-176
11:00am Andrew Odlyzko Searchor ExtremalSequenceandPolynomials
AT&T

Abstiact Many aplicationsin acousticscommunicatiortheory and analysisrequirefinite sequencesf Os and 1s or
+1sthathave specialautocorrelatiorproperties. Thesepropertiesare often equivalentto conditionson the polynomials
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with thatsequenceascoeficients. While therearemary constructionandtheoremsknown, someof the mostintriguing
problemsremainwide open,andextensive computersearchesvith specialalgorithmsareoftenusedto searcHor thebest
seguences.

2:00pm Kenny Paterson Reed-Muller Codes, Golay ComplementarySets and
Hewlett-PackardLaboratories Power Controlin OFDM

Abstract OrthogonalFrequenyg Division Multiplexing (OFDM) is a multi-carrier modulationtechniquethat employs

frequeng diversity to overcomethe noiseinherentin typical radio channels. The principal barrierto the widespread
acceptancef OFDM hasbeenthe high power of uncodedOFDM transmissionsthe peakpower canbe as much as

n timesthe meanpower, wheren is the numberof carriers. This resultsin inefficient amplifier usageand undesirable
spectrakharacteristics.

It is known that using a codevord taken from a Golay complementaryset of size & to modulatethe carriersresultsin
an OFDM signal with peak-to-mearpower ratio at most k. But to obtain a high coderate, a large numberof such
OFDM codeavords are needed. Recently J.A. Davis and J. Jedvab have shavn a striking connectionbetweenGolay
complementanpairs of sequence¢k = 2) and Reed-Mullercodes. They exhibited m!/2 cosetsof the binary code
RM(1,m) lying in RM (2, m) which consistentirely of binary Golay complementanpairs. Thesecosetsyield m!2™
binary OFDM codevordsfor n = 2™ carrierswhich have a peak-to-mearpower ratio of only 2 andwhich enjoy (as
a consequencef the codestructure)good error-correctingcapability and efficient encodingand decoding. They also
generalisedhis resultto 2"-ary pairs,introducingalongthe way generalisationsf the binary Reed-Mullercodethatare
closelyrelatedto the now famousguaternarcodesof Hammonsetal.

We shav how theseresultsfit into a larger theoreticalpicture. We prove that any secondorder cosetof an appropriate
g-ary generalisationf thefirst orderReed-Mullercodecanbepartitionedinto Golaycomplementargetsof a certainsize.
It turnsoutthatthe setsizedependsn a propertyof the graphassociatedavith the quadraticform definingthe coset;the
previousresultsof Davis andJedvab aretheneasycorollaries. As well assheddingnew light on existing constructions
for Golay pairs,the proof of this resultanswersa long-standingppenproblemof TsengandLiu concerninghe explicit
constructionof Golay complementansets. It alsoleadsto a numberof fascinatingopenquestionsconcerningGolay
complementargetsandReed-Mullercodes.

3:00pm CoffeeBreak ReceptiorROomEE/CS3-176
3:30pm Andr ew Klapper MulticoveringRadii of Reed-MullerCodesandthe Secu-
Universityof Kentucky rity of StreamCiphers

The covering radiusof an error correctingcode C' is the smallestinteger » suchthat every vectoris within Hamming
distancer of at leastone codavord. This conceptis closely relatedto variousbasicpropertiesof codes. It hasbeen
extensiely studiedfor decadedy codingtheorists.

This talk will concerna new generalizationthe multicoveringradius. For ary integer m, the m-coveringradiusis the
smallestintegerr suchthatevery setvy, ..., v, of m vectorsis within Hammingdistancer of a singlecodavord. Thatis,
for all v, ..., v, thereexistsa uinC'suchthatfor each, dist(v;, u)is atmost. Whenm is 1, thisis theordinarycovering
radius. This conceptarosein a recentstudy of the existenceof securecryptosystem®f a certaintype. It wasshavn
that cryptosystem®f this type that resista very generaltype of cryptanalyticattackexist if thereis a codewith small
multicoveringradiuswhosecodavordscanbe efficiently generated.

We describeghebasicpropertieof themulticoveringradii of codesjncludingavarietyof generaupperandlower bounds.
We derive boundson the multi-covering radii of Reed-Mullercodesthat canbe usedto solve the cryptanalyticquestion
mentionedabove. In particularwe shaw that there exist families of sequenceB?!, B2, ... that is secureagainstevery
cryptanalyticalgorithmthatattemptgo predictp + p© bits of asequencée > 1/2) givenashortprefix.

Someof thiswork is joint with liro Honkala.

Thursday, July 16 ‘

Talks today arein Lecture Hall EE/CS 3-180
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9:15am Coffee ReceptiorROomEE/CS3-176

9:30am Bob Blakley A GeneralTheoryof Codes
TexasA&M University

Abstract Two 1998paperq ISBN 3-540-64382-6pp. 1-31,andISBN 3-85366-890-9pp. 1-29] of ItshakBoroshand
myselfoutline the generalttheoryof codes.lt is a set-theoretidormulationwhich embrace#ssentiallyall known codes.
Theideais thatthe compositiond e consistingof the decoderelationd following the encoderelatione mustnever lead
away from the plaintext symbolwhich was originally encoded. In otherwordsthe compositerelationd e mustbe an
identity partialfunctionwhosedomainis a subsebf the setof all plaintext symbols.

This extremelyeconomicalbefinitionis framedto avoid any mentionof origin, application contentcontet, phenomenol-
ogy orfiniteness|t is meantto beatheoryof all codesandsomustnotexhibit featuredistinctive of any onetypeof code,
however importantit may be. Yet this generaltheorycontainsmary results. Also, it leadsnaturallyto severaltopicsin
grouptheory graphtheory Booleanmatrix theoryandotherareas Perhapsts mostsignificantaspecsofaris thefactthat
acodeis anobjectwithin universalalgebra.And therearevery naturalhomomorphismsf codeswhich causehegeneral
theoryof codesto obey thethreestandardsomorphisntheoremsf universalalgebra.

Thetalk will capsulethetwo papers.It will alsodiscussfurther progressn the theory aswell asin applicationsof the
theoryto cryptographyerrorcontrol,biology andotherfields.

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176

11:00am Torleiv Klgve Onthe Newton Radius
Universityof Bergen

Abstrct An errore is (uniguely)correctableny an[n, k] codeC if andonly if it is the uniquecosetleaderin its coset.
TheNewtonradius v(C) of C is thelargestweightof auniquelycorrectableerror (it wasintroducedn T. HellesethandT.
Klgve, “The Newtonradiusof codes” IEEE Trans.Inf. Theory vol. 43, Nov. 1997).

We will discusssomeproblemsonthe Newtonradius:

o Methodsto determinev(C).
e Thevalueof (or boundson) »(C) for somecodes.

¢ How aretheNewtonradiusandthe coveringradiusrelated?

2:00pm Harald Niederreiter Beatingthe Gilbert-Varshamu Bound: The Asymptotics
Inst. of InformationProcessing(Austria) of Algebraic-Geometr{odes

Abstract Goppas algebraic-geometrgodesover afinite field GF(q) arebasedn algebraiccurvesover GF(q)with mary

rationalpoints. Thisleadsto awell-known connectiorbetweertheasymptotidbehaior of goodalgebraic-geometrgodes
andthe asymptoticsof the numberof rational points on algebraiccurveswith growing genus. In the seminalpaperof

Tsfasmanyladut, andZink from 1982this wasusedto beatthe asymptoticform of the Gilbert-Varshamae boundin the
casewhereqis asuficiently largesquare.

The talk will reporton recentjoint work of the spealer and C.P. Xing which hasproducedsignificantadvancesin the
asymptotiadheoryof thenumberof rationalpointson algebraiccurves. Theresultsallow usto beattheasymptotidGilbert-
Varshamw boundin thecasewhereq is a suficiently largecompositenonsquareToolsfrom functionfield theorysuchas
Drinfeld modulesandclassfield towersareimportantin our approach.

3:00pm CoffeeBreak ReceptiorROOomEE/CS3-176

3:30—4:10pm Bernhard Schmidt Projectve two-intersectiorsetsandGaussums
Californialnstituteof Technology
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Abstract We presenta classificationof the subgroupd/ of prime index in the Singercycle G of PG(n — 1, q) which

areprojective (|U|, n, hq, ha) setsin PG(n — 1,q), i.e. setsof pointsthat meetevery hyperplanen h; or hy points.

Our resultis that subjectto a conjectureon a numbertheoreticequationthereare exactly 15 sporadicexamplesbesides
the known ones. We shaw thatthe problemof decidingwhetherU is a projective two-intersectiorsetcan be reduced
to the evaluationof certainGausssums. In virtually all relevantcaseswe areareableto reducethis problemfurtherto

the determinatiorof all solutionsof a numbertheoreticequationinvolving a parametedescribingthe minimumnumber
occuringasan exponentof a primeidealin Stickelbeger’s theoremon the factorizationof Gausssums. Assumingthe

generalizedRiemannhypothesidor imaginaryquadraticfields, this approacHeadsto a completeclassificationn some
importantcases.We presenta table of our new andthe previously known examplesof subgroup=f primeindex in G

which areprojectie two-intersectiorsets.Basedon severaltheoreticaresultsandcomputersearchesye conjecturehat
thistableis complete.

6:00pm Workshop Dinner
TBA

Friday, July 17

Talks today arein Lecture Hall EE/CS 3-180

9:15am Coffee ReceptiorROomEE/CS3-176
9:30am AgnesHui Chan Generatiorof UltrafastPseudorandorB8equences
NortheastertJniversity

Abstiact Transferof large,burstyfiles hasbeenmadepossibleby the advancemenof technologyin ultrafastoptical TDM
networks. Suchtransfersequireultrafastencryptionusingpseudorandorkey streams.However, theimplementatiorof
logic at 100Gbpsrate,whetherit is electronicor optical,is oftenlimited in scopeandextremelyexpensve. In thistalk, we
will review thevarioustraditionalapproachesf generatingomple pseudorandorsequenceanddiscusgheirlimitations
in ultrafastnetworks. We proposea new sequenc@eneratgrbasedon both optical logic andelectronicFeedbackShift
Reagistersthatgeneratesequenceat optical rates.We will shov thatthe compleity of the sequencelepend®n that of
theelectroniccontroller

10:30am CoffeeBreak ReceptiorROOomEE/CS3-176
11:00am Qing Xiang Gausssums,Jacobisumsandp-ranksof cyclic difference
Universityof Delavare sets

Abstiact Let Fya denotea finite field of 2¢ elementswith d > 2. Examplesof (2¢ — 1,24-1 — 1,292 _ 1) cyclic
differencesetsin F7; includequadraticesiduedifferencesets GMW differencesets,anddifferencesetsfrom monomial
hyperovals. We shaw that, exceptfor a few caseswith small d, thesedifferencesetsare pairwiseinequialent. This is
accomplishedn partby examiningtheir 2-ranks. The 2-ranksof all thesedifferencesetswerepreviously known, except
for thoseconnectedvith the Segre and Glynn hyperovals. We determinethe 2-ranksof the differencesetsarisingfrom
the Segre and Glynn hyperovals, in the following way. Stickelbeger’s theoremfor Gausssumsis usedto reducethe
computatiorof these2-ranksto a problemof countingcertaincyclic binary stringsof lengthd. This countingproblemis
thensolved combinatoriallywith the aid of the transfermatrix method.We give furtherapplicationof the 2-rankresults,
includingthe determinatiorof the nonzeroof certainbinary cyclic codesanda criterionin termsof thetracefunctionto
decidefor which 3 in F7;, the polynomialz® + z + 3 hasazeroin F3,, whend is odd.

Thiswork wasdonein collaborationwith RonaldEvans,HenkHollmann,andChristianKrattenthaler

2:00pm W. J. Martin A Coding-Theoretidpproachto OrderedOrthogonalAr-
Universityof Winnipeg rays

Abstiact In 1987,Niederreiterintroducedtheideaof a (T, M, S)-netin baseb. A (T, M, S)-netis a collectionof points
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in the S-dimensionaEuclidearunit cubesatisfyingcertainuniformity propertiesvhich areusefulfor applicationsuchas
pseudo-randomumbergeneratiorandnumericalintegration.

A recentresultof SchmidandLawrencegeneralisedhe concepiof anorthogonahkrrayin orderto cast(T, M, S)-netsin a
combinatoriaframework. An orderedorthogonalarray OO A, (t, s, £, v) is anarraywith s¢ columns— partitionedinto s

groupsof size/ — having entriesfrom analphabebf v symbolsandsatisfyingthe following condition:in ary ¢ columns
which areleft-justifiedwithin their respectie groups eacht-tuple of symbolsoccursexactly A times.

In thistalk, we construcia family of associatiorschemesimilar to the Hammingschemegbut not P-polynomial)which

afford a contet in which we may extendstandardesultsfrom the theoryof orthogonalarraysanderrorcorrectingcodes
to the caseof orderedorthogonalarraysand ordered codes In particular we presenta generalisedRaobound,a linear

programmingooundanda MacWilliams-typetheorenfor thelinearcase.

Thisis joint work with D. R. Stinsonatthe University of Waterloo.
3:00pm CoffeeBreak ReceptiorROomEE/CS3-176

3:30pm lan F. Blake PointCountingon Elliptic Curves
Hewlett-PackardLaboratories

Abstiact Elliptic curvesareof interestin both codingandcryptography As curvesof genusone,they yield codeswith
a minimum distanceonelessthanallowed by the Singletonbound. In cryptographythe additive groupof pointson the
curve senesasthe underlyinggroupfor the implementatiorof protocolssuchaskey exchangeanddigital signature.In
eithercaseit is of importanceto determinepreciselythe numberof pointson the curve. This number by the Hasse-\¥il
theoremjs within 2,/g of ¢ + 1, whereg is thefield size.In cryptographythefield sizemightbeon theorderof 10'%° or
greaterandit is a mathematicallychallengingproblemto determinecomputationallyeffective algorithmsto achieve this
pointcounting.Thetalk will review someof therecentwork onthis problem.

Organizer's Assessmenbf Coding and Cryptography Summer Program-July 6-18,1998

Onegoal of theworkshopwasto explore the connectiondetweenthe two areasso thattechniquesn oneareacould be
broughtto bearon the otherarea.Participantsincludedmathematicians;omputerscientistsandelectricalengineergrom
academiaandindustry They camefrom mary differentcountries. Many worked in eithercodingor cryptography,but
somewere from relatedareas. The workshopwas quite successfuln bringing togethermary differentpoints of view,
presentinghew resultsin the separat@reasandgiving diverseconnectiondetweerthetwo areas.

Thefirst weekfeatureda sequencef talkson thennew areaof quantumcomputing.If quantumcomputingis successfulit

will changecryptographyradicallyasit will be possibleto factorin polynomialtime. It turnsout thatthe useof quantum
errorcorrectingcodes,whosetheory parallelsthat of classicalerrorcorrectingcodes,are necessaryor the succesof

quantumcomputing.

An emphasiof the workshopwas on issuesof compleity and combinatorialdesignsandtheir relationto codingand

cryptographyThetalksproceedeat aleisurelypacewith muchtime for quesionsanddiscussionindeed therewasquite

abit of discussioraftermosttalks. Several paricipantdold methatit wasthe bestconferencehatthey hadever attended.
| think thattheworkshopstimulatedmary new ideasandapproaches.

-VeraPless

2. Mathematical Modeling in Industry - A Workshop for Graduate Students
July22to July 31,1998
Fadil Santosaand Fernando Reitich, Organizers

ThelMA helda 10-dayworkshopon MathematicaModelingin Industry Theworkshopis designedo provide graduate
studentandqualifiedadvancedundegraduatesvith first handexperiencan industrialresearch.
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Format

Studentsvorked in teamsof up to 6 studentaunderthe guidanceof a tutor from industry Thetutor will help guidethe
studentsn the modelingprocessanalysisandcomputationalvork associatedvith a real-world industrialproblem.Each
teamwill be expectedo make a public oral presentatiomndsubmitawritten reportat the endof the 10-dayperiod.

Projectsand Industry Mentors

Therewerebe 6 teamgparticipatingin theworkshop.Thefollowing industryscientistssenedasmentors:

Participant Affiliation Topic

Len Borucki Motorola Chemical/Mechanicalanarizatiorin SemiconductoManufacturing
JohnHoffman  SecureComputing Problemsn ComputerSecurity

Shirley Min Medtronic ComputerSimulationof IntracardiacElectrograntSensing

David Misemer 3M Modelingcrystalgrowth

CraigPoling LockheedMartin Mathematicsn GPS

SamerTakriti IBM WatsonResearciCtr A Pricing Problemin the Enegy Industry

RESULTS

Detailedreportsfrom eachof theteamsareavailableon thewebat
http://www.ima.umn.edu/preprints/oc tober9 8/oct ober9 8.html
andalsoin the IMA Preprintseriesaspreprint#1589.

PROGRAM SCHEDULE

WednesdayJuly 22

Talks today arein Lecture Hall EE/CS 3-180

8:45am Registration and Coffee ReceptiorROOomEE/CS3-176
9:15am Welcomeand Orientation W. Miller, F. Santos&: F. Reitich
9:30am David Misemer Modeling CrystalGrowth

3M

Abstract Growing a populationof smallcrystalsfrom solutionis animportantprocesgor severalindustriesparticularly
thoseengagedn the productionof photographicagriculturaland pharmaceuticathemicals.The propertieghatneedto
be controlledrangefrom the shapeandtypeof individual crystalsto thedistribution of sizesin thefinal population.All of
thepropertiesaredeterminedatleastin part,by the availability of the crystalconstituentsn the surroundingsolution.

In this activity, we will concentraten the distribution of crystalsizesin the population. Two processesreimportant
in determiningthe distribution: nucleationthe creationof new crystals,andgrowth, the additionof materialto existing
crystals.

We will developingnumericalsimulationsthatpredictthe evolution of the crystalpopulation.

10:10am John Hoffman Problemsn ComputerSecurity
SecureComputing

Abstract Theareaof mathematics/computsecuritythatthe problemwill befrom is anareaknown asNon-Interference.
For the developmentof highly securesystemsit is crucial thatall informationflows throughthe systemareunderstood.
In particular covert channelsor unexpectedinformationflows canbe particularily damagingo a securesystemwhich is
attemptingo maintaina high level of confidentiality (For example,atop secreprocesshouldnotundemormalsituations
beableto sendor otherwisesignalary informationto asecretprocess.Non-Interferencés amathematicalechniquehat
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allows a systemmodelto be analyzedor thesekinds of information. Traditionally thesenon-interferencéechniquesr
theoremshave beenstatedin a hierarchical(POSethased)fashion. Thatis, they have emphasizea military approach
whereinformationis labelled“top secret’or “secret”andno informationfrom “top secret”is allowedto flow to “secret”.
Recentlytherehave beenattemptso generalizethis approachto allow informationto flow betweerprocesse# a non-
hierarchicalnonpartially orderedset)way. The problemwill beto examinethis new framework, andto work somesmall
examplesto gainanunderstandingf this approachandto validatewhetheror notin canbe usedto actuallyanalyzereal
systems.

10:50am CoffeeBreak ReceptiorROomEE/CS3-176

11:00am Samer Takriti A PricingProblemin the Enegy Industry
IBM WatsonResearclCtr

Abstract The electric power industryis going throughderegulation. The currentpicture of a single utility controlling

themarketin a specificregion will soondisappearinsteadtherewill be power producersvho sell their productionto a

power pool; andpower supplierswho will buy powerfrom the pool andsell it to their customersAs aresult,generating
companiearefacedwith increasingdemanduncertaintyand mustconsidervolatile electricity pricesin their operations.
We studyschedulinghegeneratinginitsin thepresencef uncertainty Theresultingmodelsarelarge-scalenixed-integer

programsWe investigatesolvingthesemodelsusingbranch-and-boun(CPLEX) andusingLagrangiarrelaxation.

1:30pm Shirley Min ComputerSimulationof IntracardiacElectrogramSens-
Medtronic ing

Abstract Theprojectwill leadstudentstepby stepfrom understandintheelectrogransensingproblemgo mathematical
formulationandsolution. At thebeginningof theworkshop anoverview of themathematicamnodelingandtheimportance
in tachyarrhythmiaesearctof implantablecardioverteranddefibrillatorindustrieswill begiven. Thenthebackgroundnd
the existing modelsof the sensingwill be reviewed. Mathematicabescriptionof the problemwill be developedandthe
surfaceintegral equationswill solved by numericalmethods.e. Methodof Moment. Otheralternatve approachesuch
asFinite ElementAnalysiswill alsobediscussedStudentsarerequiredto developthe computercodeby usingMatlabor
othertoolsandto obtainthe solutionsto afew simplegeometrie®f pacing/sensinggads.Onthelastdayof theworkshop,
studentsieedto give a presentatiomn their findingsandsubmita written report.

2:10pm Len Borucki Chemical/MechanicalPlanarization in Semiconductor
Motorola Manufacturing

Abstract Chemical/mechanicaolishingutilizesa liquid slurry containingvery fine particlesto planarizethe surfaceof
awafer Theslurry coatsthetop of thewaferandis pressedetweerthe waferanda flexible circularrotatingpad. The
surfaceof the padin contactwith the slurry is not smooth,but containsgroovesandis “conditioned” so that the entire
surfacecontainssmallscratchesThe conditioningprocesgreatlyaffectsthe polishingperformanceSodoesthepressure
appliedto the pad.

The liquid in the slurry is formulatedto have a slight etchingeffect. As the slurry flows over the wafer surface, the
suspendegarticlesabradethe surfaceandtheliquid in the slurry etcheshe abradedarea. The processs someavhatlike
usinga rotary buffer to polish the finish on a car The overall objectve is to understanchow the achievableflatnessis
relatedto the mary variablesthat might be controlledin the processfor examplethe pressureon the pad, the rotation
speedthesizesof the particlesin the slurry, the padconditioning,the chemistryof theliquid usedin theslurry, etc.

2:50pm CoffeeBreak ReceptiorROOomEE/CS3-176
3:10pm Craig Poling Mathematicsn GPS
LockheedMartin

Abstract Onday1, 7/22/98 wewill briefly surwey thewiderangeof commercialdefenseandscientificapplicationavhere
theGlobalSatellitePositioningSystemGP Shashada majorimpact. Following theintroductionwe will developthemath-
ematicalnotation,definitionsandframewvork necessaryo describe:l) corventional 2) differentialand3) interferometric,
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or realtime kinematic,positioningandattitudedetermination Following the developmenif the mathematicalrameawork
necessaryo understandsPSwe will poseselectecthallengingmathematicaproblemswhich arisefrom attemptgo de-
termineultra high precisioninterferometicpositionandattitude. GPSworkshopparticipantswill thenbe given selected
readingmaterialto aid in the mathematicamodelingandsolutionof the problemshatareposed.

During the courseof the workshopGPSantennaandreceverswill be usedto collectpseudorangandintegratedcarrier
phasedata. This datacanbe usedby the workshopparticipantsto evaluatetheir mathematicsnodelsandapproacheso
achieving high precisionpositionandattitudeestimates.Someexposureto classicalmechanicsnumericalanalysis,and
stochastigprocessewould be helpful, althoughthe workshopis designedo be self-contained.

By the endof the GPSworkshop,participantswill have learnedhow to resole positionsanywhereon the earthto sub-

centimeteraccuray andto determineorientationin spacewith accuray comparabldo that achiezed byVLBI methods
usingquasarge.g.1.4x 10-8degrees).In addition,workshopparticipantswill have beenexposedo someof the principal

researclguestionsvhich arisein high precisionGPSpositionandattitudeapplications.

Recommende&GPSreference:

GlobalPositioningSystem:TheoryandApplications;Volumesl and2, editedby BradfordW. Parkenson,Jamesl. Spilker
Jr., AssociateEditors,PeninaAxelrodandPerEnge,Volume164; Progressn AstronauticsandAeronauticsPaul Zarchan
Editor-in-chief, publishedoy AIAA 1996.

4:00pm IMA Tea++ VincentHall 502 (ThelMA Lounge)

A varietyof appetizerandbeveragewill besened.

Friday, July 31

Talks today arein Lecture Hall EE/CS 3-180

Presentationof Final Reports

8:15am Coffee ReceptiorROOmEE/CS3-176
8:30am Group 1 Modeling CrystalGrowth
9:30am Group 2 Problemsn ComputerSecurity
10:30am CoffeeBreak ReceptiorROomEE/CS3-176
10:45am Group 3 A PricingProblemin the Enegy Industry
11:45am Lunch ReceptiorROomEE/CS3-176
PizzaParty
12:45pm Group 4 ComputerSimulationof IntracardiacElectrogramSens-
ing
1:45pm Group5 Chemical/MechanicalPlanarization in Semiconductor

Manufacturing

2:45pm CoffeeBreak ReceptiorROOomEE/CS3-176
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3:00-4:00pm Group 6

NAME

ABHYANKAR, KASHI
ALFORD, JOHN
AMBROSE,DAVID
ARNOLD, JON

AUERBACH, RUTH LYNN

BAER, NAOMI
BELTUKOQOV, ALEKSEI
BORUCKI, LEN
CHOI,JONGHO
COGAN,NICK
CONNELL, CAMERON
CUTLER,ARNIE
DOBSON,DAVID
FOGARTY, TIERNAN

FOURNELLE,CONNIEGERADS

GULDBERG,NANCY
GURSKI,KATHARINE F.
HOFFMAN, JOHN
HOFFNUNG,LEONARD
JADALLAH, HALA
KERBEL, NATALIY A
KIEBER, JAN

KIMBER, JENNIFERLEIGH

LI, JIANBO

LIN, ANHUA
LITTMAN, WALTER
MEGRAW, MOLLY
MILLER, CHARLES
MIN, SHIRLEY
MISEMER, DAVID
NELSON,JENNIFER
NIGAM, NILIMA
OSBURN, ROBERT
PARK, PETERJ.
PATINKIN, SETH
PEERCYBRADFORDE.
PENG,DANPING
PETRACOVICI, BORIS
POLING, CRAIG
ROSENBERGNOAH
SEO,SEUNGSUK
SHEKHAR, VIVEK
SHETTY, SACHINDEV
STERLING,DAVID

Mathematicsn GPS

PROGRAM PARTICIPANTS

INSTITUTION

Univ. of California- Berkeley (Mathematics)
Univ. of Houston(Mathematics)

Duke Univ. (Mathematics)

St. CharlesMN 55972(RR2Box 219A)
UniversityMaryland

CentralHigh School

Tufts Univ. (Mathematics)

Motorolalnc

Univ. of Wisconsin- Madison(Mathematics)
MontanaStateUniv. (MathematicalSciences)
New York Univ. (Courant)
(UniversityMinnesota)

TexasA&M Univ. (Math)

Univ. of WashingtonApplied Mathematics)
Univ. of Kentucky (Mathematics)

17185Valley View Rd (EdenPrairieHigh School)

Univ. of Maryland(Applied Mathematics)
SecureComputingCorporation

Univ. of Kentucky (Mathematics)
IndianaUniv. (Mathematics)

Univ. of Minnesota(Mathematics)
200East10th Ave (ShalopeeHigh School)

KentStateUniv. (MathandComputerScience)

Univ. of Kentucky (Mathematics)

TheJohnsHopkinsUniv. (MathematicaSciences)

Univ. of Minnesota(Mathematics)

TheJohnsHopkinsUniv. (MathematicaSciences)

Univ. of Notre Dame(Mathematics)
Medtronic,Inc
3M

17185Valley View Rd (EdenPrairieHigh School)

Univ. of Delavare(MathematicaSciences)
LouisianaStateUniv. (Mathematics)
Caltech(Applied Mathematics)
IndianaUniv. (Mathematics)

Univ. of Utah(Mathematics)

UCLA (Mathematics)

Univ. of lllinois at Urbana(Mathematics)
LockheedMartin

StanfordUniv. (Mathematics)

Univ. of Minnesota(Mathematics)

Univ. of Cincinnati(MathematicalSciences)
ArizonaStateUniv. (Mathematics)

Univ. of Colorado(Applied Mathematics)
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JUL21-AUG1
JUL21-31
JUL21-31
JUL22-24
JUL21-31
JUL22-24
JUL21-AUG1
JUL21-31
JUL21-31
JUL21-31
JUL21-31
JUuL?22-31
JUL21-31
JUL20-AUG 1
JUL21-AUG1
JUL?22-24
JUL21-AUG1
JUL5-31
JUL21-AUG1
JUL21-AUG1
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JUL?22-24
JUL21-31
JUL21-31
JUL20-AUG 1
SEP1-AUG31
JUL20-AUG1
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JUL21-31
JUL21-31
JUL?22-24
JUL21-AUG1
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IX. PUBLICATIONS

1. IMA PREPRINT SERIES.

The following is a list of papers which appearedin the IMA Preprint Series during the period of
Septembet, 1997to August31,1998.

* k k k k k%

# Author/s Title

1511Tuncay Aktosun and Paul E. Sacks InverseProblemonthe Line without Phasdnformation
1512SusanneC. Brennerand Li-y eng Sung, BalancingDomainDecompositiorfor NonconformingPlateElements

1513 Amadeu Delshamsand Tere M. Seara Splitting of Separatricegn Hamiltonian Systemswith one and a half
Degreesof Freedom

1514David E. Keyes,DineshK. Kaushik and Barry F. Smith, Prospect$or CFD on PetaflopsSystems

1515JensLorenz, Steven Jackett and WangguoQin, Self-OganizedCriticality: Analysisand Simulationof a 1D
Sandpile

1516Gary Hatfield and Peter J. Olver, CanonicaFormsandConserationLawsin LinearElastostatics
1517Bernd Krauskopf and Hink e Osinga, Growing UnstableManifolds of PlanarMaps

1518Kazufumi Ito and FernandoReitich, A High—OrderPerturbatiompproachto Profile Reconstructionl: Perfectly
ConductingGratings

1519Brian J. Suchomel,Benito M. Chen and Myr on B. Allen 11l , Network Model of Flow, Transportand Biofilm
Effectsin PorousMedia

1520Avner Friedman, Bei Hu and Juan J.L. Velazquez Asymptoticsfor the BiharmonicEquationnearthe tip of a
Crack

1521 Avner Friedman, Bei Hu, and Juan J.L. Velazquez Propagatiorof cracksin elasticmedia
1522M.J. Friedman and J.W. Demmel An efficientalgorithmfor locatingandcontinuingconnectingorbits

1523Matti LassasMargaret Cheney and Gunther Uhlmann, Uniquenes$or a wave propagationinverseproblemin
ahalf space

1524Amadeu Delshamsand Rafael Ramir ez-Ros SingularseparatriysplittingandMelnikov method:anexperimental
study

1525Miaochua Jiang and Yakov B. Pesin Equilibrium measureg$or coupledmaplattices: existence uniquenessnd
finite-dimensionahpproximations

1526Christopher K.R.T. Jones A geometricapproacho systemswith multiple time scales

1527Yi A. Li and Peter J. Olver, Well-posednesandblow-up solutionsfor anintegrablenonlinearlydispersie model
wave equation

1528Brian J. Suchomel,Benito M. Chen,and Myr on B. Allen, Macroscalgropertieof porousmediafrom anetwork
modelof biofilm processes

1529Angel Jorba, A methodologyfor the numericalcomputatiorof normalforms, centremanifoldsandfirst integrals
of Hamiltoniansystems

1530BennettChow and Robert Gulli ver, Aleksandre reflectionandnonlinearevolution equationsl: then-sphereand
n-ball
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1531 A. Litman, D. Lesselier and F. Santosa Reconstructiorof a 2-D binary obstacleby controlledevolution of a
level-set

1532GeorgeAvalos Exactcontrollability of athermoelasticystemwith controlin thethermalcomponenbnly
1533SusanneC. Brenner, Theconditionnumberof the Schurcomplemenin domaindecompaosition
1534Avner Friedman and Bei Hu, A Stefinproblemfor a protocellmodel

1535Laurent O. Jay and Thierry Braconnier, A parallelizablepreconditioneifor the iterative solution of implicit
Runge-Kittatype methods

1536Kurt Lust and Dirk Roose Computatiorandbifurcationanalysisof periodicsolutionsof large-scalesystems
1537Brian T. Nguyen, Oncomparisonsf time-domainscatteringschemes

1538Yi A. Li, Brian Nguyen,and Peter J. Olver, Solitarywavesin thecritical surfacetensionmodel

1539Matthias K. Gobbert and AndreasProhl, A discontinuousinite elemenimethodfor solvingamulti-well problem
1540Andr easProhl, A first orderprojection-basetime-splittingschemdor computingchemicallyreactingflows
1541 AndreasProhl, A secondrderprojectionbasedime-splittingschemdor computingchemicallyreactingflows

1542 Andr easProhl, An adaptve finite elementmethodfor solving a doublewell problemdescribingcrystallinemi-
crostructure

1543StephenSchecter Traveling-wave solutionsof corvection-difusionsystemsy centermanifoldreduction

1544StefanMller, JeyabalSivaloganathan,and ScottJ. Spector, An isoperimetriestimateandW !P-quasiconexity
in nonlinearelasticity

1545Dwight Barkley and Laur ette S. Tuckerman, Stability analysisof perturbedplanecouetteflow
1546Avner Friedman and Fernando Reitich, Analysisof amathematicamodelfor the growth of tumors
1547Jordan M. Berg, On parameteestimatiorusinglevel sets

1548 Tuncay Aktosun and Martin Klaus, Asymptoticsof the scatteringcoeficientsfor a generalizedSchiddinger
equation

1549Yi-Ju Chao, Mathematicabhpproacheto predictive healthmonitoringfor heartfailure patients
1550Yi-Ju Chao, Limit non-stationanpehaior of large closedqueuingnetworkswith bottlenecks
1551ShangbinCui, Globalbehaior of solutionsto areaction-difusionsystem

1552 Shangbin Cui, Existenceand noneistenceof positive solutionsfor singularsemilinearelliptic boundaryvalue
problems

1553ShangbinCui, Localandglobalexistenceof solutionsto semilineamparabolicinitial valueproblems
1554 Xiaobing Fengand Talal Rahman, A non-overlappingadditve Schwarzmethodfor the biharmonicequation

1555Wayne Schmaedek and Keith Kastella, SensoiManagementisingdiscriminationgain andinteractingmultiple
modelKalmanfilters

1556K eith Kastella and Aleksandar Zatezalo, A nonlineaffilter for real-timejoint trackingandrecognition
1557Tomas Roubitekand Martin Kru Zik, Numericaltreatmenbf microstructuresvolution modeling
1558Alexandra Milik and Peter Szmolyan Multiple time scalesandcanardsn achemicaloscillator

1559 Victor A. Pliss and George R. Sell, Rolustnesf exponentialdichotomiesin infinite dimensionaldynamical
systems

1560GeorgeR. Selland YungchengYou, Ontheexistenceof globalattractors
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1561David E. Norman, Chemicallyreactingfluid flows: weaksolutionsandglobalattractors
1562David E. Norman, Chemicallyreactingfluid flows: strongsolutionsandglobalattractors
1563T. Shardlow and A.M. Stuart, A perturbatiortheoryfor ergodic propertiesof Markov chains
1564Laur ette S. Tuckerman and Dwight Barkley, Bifurcationanalysisfor timesteppers
1565Heiko von der Mosel, Minimizing the elasticenegy of knots

1566Kaushik Bhattacharya, BoLi, and Mitchell Luskin, Uniquenesandstability of thesimply laminatednicrostruc-
turefor martensiticcrystalsthatundego a cubicto orthorhombighasedransformation

1567GeorgeAvalosand Ir enalLasiecka Boundarycontrollability of thermoelastiplateswith freeboundaryconditions

1568 Rolf-Martin Mantel and Dwight Barkley, Parametricforcing of scroll-wave patternsin three-dimensionadx-
citablemedia

1569Fernanda Botelho, Saturatedinearrecurrentneuralnetworkswith maximumcapacity
1570FernandaBotelho, A characterizationf hard-thresholdhoolearfunctions

1571JamesR. Brannan, Jingiao Duan, and Thomas Wanner, Dissipatie quasigeostrophidynamicsunderrandom
forcing

1572Jingiao Duan, Passve tracerdispersiorwith randomor periodicsource

1573Bernold Fiedler, StefanLiebscher, and JamesC. Alexander, GenericHopf bifurcationfrom lines of equilibria
without parameterst. Theory

1574Bernold Fiedler and StefanLiebscher, GenericHopf bifurcationfrom linesof equilibriawithout parametersitl.
Systemsf viscoushyperbolicbalancdaws

1575Marco A. Fontelosand Avner Friedman, Stationarynon-Nevtonianfluid flows in channel-lile and pipe-like
domains

1576Matthias K. Gobbert and AndreasProhl, A suney of classicandnew finite elemenimethodgor the computa-
tion of crystallinemicrostructure

1577Miaohua Jiang, Theentropy formulafor SRB-measuresf lattice dynamicalsystems
1578W.F. Langford and K. Zhan, Interactionsof Androno/-HopfandBogdana-Takensbifurcations

1579ThomasF. Coleman,Fadil Santosa,and Arun Verma, Efficient calculationof Jacobiarandadjointvectorprod-
uctsin wave propagationainverseproblemusingautomatiadifferentiation

1580SusanneC. Brenner, Lower boundsfor two-level additive Schwarz preconditionersvith smalloverlap

1581 GuoguangLin, Hongjun Gao, Jingiao Duan, and Vincent J. Ervin, Asymptoticdynamicaldifferencebetween
thenonlocalandlocal Swift-Hohenbeg models

1582Gabriela M. Gomes,Isabel S. Labouriau, and Eliana M. Pinho, Spatialhiddensymmetriesn patternformation
1583Miaohua Jiang, Dynamicsandbifurcationsof a 3D systemmodelingthermalinstability
1584Miaohua Jiang, Quasi-MonteCarlostudiesof spatialaveragef quadratianaps

1585Bernold Fiedler, StefanLiebscher, and JamesC. Alexander, GenericHopf bifurcationfrom lines of equilibria
without parameterstll. Binary oscillations

1586J. Rubin and D. Terman, Geometricanalysisof populationrhythmsin synapticallycoupledneuronahetworks
1587JirgenSocolavsky, Theanalysisof a coatingflow with evaporation

1588ShangbinCui and Avner Friedman, Analysisof amathematicaiodelof the effectof inhibitorsonthe growth of
tumors
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2. The IMA Volumesin Mathematicsand its Applications
Curr ent Volumes:

Volumel: HomogenizatiorandEffective Moduli of MaterialsandMedia
Editors:JerryEricksenDavid Kinderlehrer RobertKohn,andJ.-L. Lions

Volume2: OscillationTheory ComputationandMethodsof
Compensate@€ompactness
Editors: Constantinddafermos JerryEricksen,
David KinderlehrerandMarshallSlemrod

Volume3: MetastabilityandIincompletelyPosed”roblems
Editors: StuartAntman,JerryEricksen David Kinderlehrerandingo Muller

Volume4: DynamicalProblemsn ContinuumPhysics
Editors:JerryBona,Constantindafermos,JerryEricksen,andDavid Kinderlehrer

Volume5: TheoryandApplicationsof Liquid Crystals
Editors:JerryEricksenandDavid Kinderlehrer

Volume6: AmorphousPolymersandNon-NeawvtonianFluids
Editors: Constantinddafermos JerryEricksenand
David Kinderlehrer

Volume7: RandomMedia
Editor: Geoge Papanicolaou

Volumea8: PercolatioriTheoryandErgodic Theoryof Infinite Particle Systems
Editor: Harry Kesten

Volume9: HydrodynamidBehavior andInteractingParticle Systems
Editor: Geoge Papanicolaou

Volume10: StochastiDifferentialSystemsStochasticControl Theory andApplications
Editors:WendellFlemingandPierre-LouisLions

Volume1ll: NumericalSimulationin Oil Recwery
Editor: Mary FanettWheeler

Volume12: ComputationaFluid DynamicsandReactingGasFlows
Editors:Bjorn EngquistM. Luskin,andAndren Majda

Volume13: NumericalAlgorithmsfor Parallel ComputerArchitectures
Editor: Martin H. Schultz

Volume14: MathematicaAspectsof ScientificSoftware
Editor: J.R.Rice

Volume15: MathematicaFrontiersin ComputationaChemicalPhysics
Editor: D. Truhlar

Volume16: Mathematicsn IndustrialProblems
by AvnerFriedman

Volume17: Applicationsof CombinatoricandGraphTheoryto the
BiologicalandSocialSciences
Editor: FredRoberts

Volume18: g-SeriesandPartitions
Editor: DennisStanton

Volume19: InvariantTheoryand Tableaux
Editor: DennisStanton
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Volume20: CodingTheoryandDesignTheoryPart|: CodingTheory
Editor: Dijen Ray-Chaudhuri

Volume21: CodingTheoryandDesignTheoryPartll: DesignTheory
Editor: Dijen Ray-Chaudhuri

Volume22: SignalProcessingPart| - SignalProcessing heory
Editors:L. AuslandeyF.A. Grinbaum,J.W Helton, T. Kailath, P. KhargonekayandS. Mitter

Volume23: SignalProcessingPart 1l - Control TheoryandApplicationsof SignalProcessing
Editors:L. AuslanderF.A. GrinbaumJ.W Helton, T. Kailath, P. KhargonekayandS. Mitter

Volume24: Mathematicsn IndustrialProblemsPart 2
by AvnerFriedman

Volume25: Solitonsin Physics MathematicsandNonlinearOptics
Editors: Peterd. OlverandDavid H. Sattinger

Volume26: Two Phasd-lows andWaves
Editors:DanielD. JoseptandDavid G. Schaefer

Volume27: NonlinearEvolution EquationghatChangeType
Editors:Barbara_eeKeyfitz andMichael Shearer

Volume28: ComputerAided Proofsin Analysis
Editors:KennethMeyer andDieter Schmidt

Volume29: MultidimensionalHyperbolicProblemsandComputations
Editors: Andrenv MajdaandJim Glimm

Volume30: Microlocal AnalysisandNonlinearWaves
Editors:MichaelBeals,R. Melrose,andJ. Rauch

Volume31: Mathematicsn IndustrialProblemsPart3
by AvnerFriedman

Volume32: RadarandSonar Part|
by RichardBlahut, Willard Miller, Jr., andCalvin Wilcox

Volume33: Directionsin RolustStatisticsandDiagnosticsPart |
Editors:WernerA. StahelandSanfordWeisbeg

Volume34: Directionsin RolustStatisticsandDiagnosticsPart |
Editors:WernerA. StahelandSanfordWeisbeg

Volume35: Dynamicallssuesn ComhustionTheory
Editors:P. Fife, A. Lifian,andF.A. Williams

Volume36: ComputingandGraphicsn Statistics
Editors: AndreasBuja andPaul Tukey

Volume37: PatternsandDynamicsin Reactve Media
Editors:Harry Swinnegy, GusAris, andDon Aronson

Volume38: Mathematicsn IndustrialProblemsPart4
by AvnerFriedman

Volume39: RadarandSonar Part I
Editors:F. Alberto GriinbaumMarvin Bernfeld,and
RichardE. Blahut

Volume40: NonlinearPhenomena AtmosphericandOceanicSciences
Editors:GeogeF. CarnealeandRaymondT. Pierrehumbert
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Volume41: ChaoticProcessem the GeologicalSciences
Editor: David A. Yuen

Volume42: Partial DifferentialEquationsvith Minimal SmoothnesandApplications
Editors:B. Dahlbep, E. FabesR. Fefferman,D. JerisonC. Kenig,andJ. Pipher

Volume43: OntheEvolution of PhaseBoundaries
Editors:Morton E. GurtinandGeofrey B. McFadden

Volume44: Twist MappingsandTheir Applications
Editors: RichardMcGeheeandKennethR. Meyer

Volume45: New Directionsin Time SeriesAnalysis,Part|
Editors: David Brillinger, PeterCaines JohnGeweke,
EmanueParzen Murray RosenblattandMurad S. Taqqu

Volume46: New Directionsin Time SeriesAnalysis,Part |l
Editors: David Brillinger, PeterCaines JJohnGeweke,
EmanueParzen Murray RosenblattandMurad S. Taqqu

Volume47: Degeneratdiffusions
Editors:Wei-Ming Ni, L.A. PeletierandJ.-L. Vazquez

Volume48: LinearAlgebra,Markov ChainsandQueueingModels
Editors:Carl D. Meyer andRobertJ. Plemmons

Volume49: Mathematicsn IndustrialProblemsPart5
by AvnerFriedman

Volume50: CombinatoriabndGraph-Theoreti®roblemsn Linear
Algebra
Editors: RichardA. Brualdi, ShmuelFriedland andVictor Klee

Volume51: StatisticalThermodynami@ndDifferential Geometryof MicrostructuredViaterials
Editors:H. Ted Davis andJohanne€.C. Nitsche

Volume52: ShockinducedTransitionsandPhaseStructuresn GeneraMedia
Editors:J.E.Dunn,RogerFosdick,andMarshallSlemrod

Volume53: VariationalandFreeBoundaryProblems
Editors: AvnerFriedmanandJoelSpruck

Volume54: MicrostructureandPhaselransitions
Editors: David Kinderlehrer RichardJamesMitchell Luskin,andJerryL. Ericksen

Volume55: Turbulencein Fluid Flows: A DynamicalSystemsApproach
Editors:GeogeR. Sell, Ciprian Foias,andRogerTemam

Volume56: GraphTheoryandSparseMatrix Computation
Editors: Alan Geoge,JohnR. Gilbert,andJosephN.H. Liu

Volume57: Mathematicsn IndustrialProblemsPart 6
by AvnerFriedman

Volume58: Semiconductordart |
Editors:W.M. Coughran,r, JulianCole,PeterLloyd,
andJacobwWhite

Volume59: Semiconductorgart
Editors:W.M. Coughran,Jr, JulianCole,Peterloyd, and
Jacobwhite
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Volume60: RecentAdvancesn lterative Methods
Editors: GeneGolub,Anne GreenbaumandMitchell Luskin

Volume61: FreeBoundariesn ViscousFlows
Editors:RobertA. Brown andStepherH. Davis

Volume62: LinearAlgebrafor Control Theory
Editors: Paul VanDoorenandBostwick\Wyman

Volume63: HamiltonianDynamicalSystemsHistory, Theory and
Applications
Editors:H.S.DumasK.R. Meyer, andD.S. Schmidt

Volume64: SystemsandControl Theoryfor Pover Systems
Editors:JoeH. Chow, PetarV. Kokotovic, andRobertd. Thomas

Volume65: MathematicaFinance
Editors:Mark H.A. Davis, Darrell Duffie, WendellH. Fleming,andStevenE. Shreve

Volume66: RohustControl Theory
Editors:BruceA. FrancisandPramodP. Khargonekar

Volume67: Mathematicsn IndustrialProblemsPart7
by AvnerFriedman

Volume68: Flow Control
Editor: Max D. Gunzhurger

Volume69: LinearAlgebrafor SignalProcessing
Editors: AdamBojanczykandGeoige Cybenlo

Volume70: ControlandOptimal Designof DistributedParameter
Systems
Editors:JohnE. LagnesePavid L. RussellandLutherW. White

Volume71: StochastidNetworks
Editors: FrankP. Kelly andRuthJ. Williams

Volume72: DiscreteProbabilityandAlgorithms
Editors: David Aldous,PersiDiaconis,JoelSpencerand
J.Michael Steele

Volume73: DiscreteEventSystemsManufacturingSystems,
andCommunicatiorNetworks
Editors:PR. KumarandPP Varaiya

Volume74: Adaptive Control,Filtering, andSighalProcessing
Editors:K.J. Astrom, G.C.Goodwin,andP.R. Kumar

Volume75: Modeling,MeshGenerationandAdaptive Numerical
Methodsfor Partial DifferentialEquations
Editors: Ivo Baluska,JosephE. Flaherty William D. Hensha, JohnE. Hopcroft, JosephE. Oliger, and Tayfun
Tezduyar

Volume76: RandomDiscreteStructures
Editors: David AldousandRobinPemantle

Volume77: NonlinearStochastid®®DE’s: Hydrodynamid_imit and
Burgers'Turbulence
Editors: TadahisarunakiandWojbor A. Woyczynski

Volume78: NonsmoothAnalysisandGeometridViethodsin DeterministicOptimal Control
Editors:Boris S. Mordukhovich andHectorJ. Sussmann
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Volume79: EnvironmentalStudies:MathematicalComputationaland StatisticalAnalysis
Editor: Mary FanettWheeler

Volume80: ImageModels(andtheir SpeechModel Cousins)
Editors: Stepherk. LevinsonandLarry Shepp

Volume81: GeneticMappingandDNA Sequencing
Editors: Terry SpeedcandMichael S. Waterman

Volume82: MathematicalApproacheso BiomolecularStructureandDynamics
Editors: Jill P. Mesirov, Klaus SchultenandDe Witt Sumners

Volume83: Mathematicsn IndustrialProblemsPart8
by AvnerFriedman

Volume84: ClassicabndModernBranchingProcesses
Editors:KrishnaB. AthreyaandPeterJagers

Volume85: Stochasticdlodelsin Geosystems
Editors: Stanisla A. Molchanos andWojbor A. Woyczynski

Volume86: ComputationalWave Propagation
Editors:Bjorn EngquistandGregory A. Kriegsmanni

Volume87: Progressn PopulationGeneticandHumanEvolution
Editors: PeterDonnellyandSimonTavaré

Volume88: Mathematicsn IndustrialProblemsPart9
by AvnerFriedman

Volume89: Multiparticle QuantumScatteringvith Applicationsto Nucleay Atomic andMolecularPhysics
Editors:DonaldG. TruhlarandBarry Simon

Volume90: InverseProblemsn Wave Propagation
Editors: Guy Chavent,Geoge PapanicolaouPaul Sacks andWilliam Symes

Volume91: SingularitiesandOscillations
Editors:Jefrey RauchandMichael Taylor

Volume92: Large-Scaleptimizationwith Applications,Part|: Optimizationin InverseProblemsandDesign
Editors:LorenzT. Biegler, ThomagsF. ColemanAndrew R. Conn,andFadil Santosa

Volume93: Large-Scaleptimizationwith Applications,PartIl: OptimalDesignandControl
Editors:LorenzT. Biegler, Thomags~. ColemanAndrew R. Conn,andFadil Santosa

Volume94: Large-Scaleptimizationwith Applications,Partlll: MolecularStructureandOptimization
Editors:LorenzT. Biegler, ThomasF. ColemanAndrew R. Conn,andFadil Santosa

Volume95: Quasiclassicallethods
Editors:Jefrey RauchandBarry Simon

Volume96: Wave Propagatiorin Comple Media
Editor: Geoge Papanicolaou

Volume97: RandomSets:TheoryandApplications
Editors:JohnGoutsiasRonaldP.S. Mahler, Hung T. Nguyen

Volume98: ParticulateFlows: ProcessingndRheology
Editors:DonaldA. Drew, DanielD. JosephandStepher.. Passman
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Volume99: Mathematicof MultiscaleMaterials
Editors:KennethM. Golden,Geofrey R. Grimmett,RichardD. JamesGraemeéN. Milton, andPabitraN. Sen

Volume100: Mathematicsn IndustrialProblemsPart 10
by AvnerFriedman

Volume101: NonlinearOpticalMaterials
Editor: JeromeV. Moloney

Volume102: NumericalMethodsfor PolymericSystems
Editor: StuartG. Whittington

Volume103: TopologyandGeometryin PolymerScience
Editors: StuartG. Whittington, De Witt SumnersandTimothy Lodge

Volume104: Essayon MathematicaRobotics
JohnBaillieul, ShankalS. SastryandHectorJ. Sussmann

Volume105: Algorithmsfor Parallel Processing
Editors:RobertS. SchreiberMichael T. Heath,andAbhiramRanade

Volume106: Parallel Processingf DiscreteProblems
Editor: PanosPardalos

Volume107: The Mathematicof InformationCoding,Extraction,andDistribution
Editors: Geoge Cybenlo, DianneO’Leary, andJormaRissanen

Volume108: RationalDrug Design
Editors:DonaldG. Truhlar, W. Jefrey Howe, Anthory J. Hopfinger Jef Blangy, andRichardA. Dammloehler

Volume109: Emeging Applicationsof NumberTheory
Editors: DennisA. Hejhal,JoelFriedmanMartin C. Gutzwiller, andAndrev M. Odlyzko

Volume110: ComputationaRadiologyandimaging: Therafy andDiagnostics
Editors: ChristophBorgersandFrankNatterer

Volume111: EvolutionaryAlgorithms
Editors: LawrenceDavid Davis, KennethDe Jong,MichaelD. VoseandL. Darrell Whitley

Volume112: Statisticin Genetics
Editors: M. ElizabethHalloranandSeymourGeisser

Volume113: Grid GeneratiorandAdaptive Algorithms
Editors:MarshallBern,JosepltE. Flaherty andMitchell Luskin

Volume114: DiagnosisandPrediction
Editor: SeymourGeisser

Volume115: PatternFormationin ContinuousandCoupledSystemsA Suney Volume
Editors: Martin Golubitsky, DanLuss,andStevenH. Strogatz

Volume116: StatisticalModelsin Epidemiologythe EnvironmentandClinical Trials
Editors: M. ElizabethHalloranandDonaldBerry

Volume117: StructuredAdaptive MeshRefinemen{SAMR) Grid Methods
Editors: ScottB. Baden NikosP. ChrisochoidesDennisB. GannonandMichaelL. Norman

Volume118: Dynamicsof Algorithms
Editors:Rafaeldela Llave, Linda R. Petzold, andJensLorenz

Volume119: NumericalMethodsfor Bifurcation ProblemsandLarge-ScalédDynamicalSystems
Editors: Eusebiu®oedelandLauretteS. Tuckerman

Volume120: Parallel Solutionof Partial DifferentialEquations
Editors: PetterBjgrstadandMitchell Luskin
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Forthcoming Volumes

1996-1997 Mathematicsn High Performanc&omputing
Parallel Solutionof Partial DifferentialEquations
1997-1998Emenging Applicationsof DynamicalSystems

NumericalMethodsfor BifurcationProblemsandLarge-scaldynamicalSystems
Multiple-Time-ScaldDynamicalSystems

1998-1999Mathematicsn Biology
PatternFormationandMorphogenesis
Endocrinology:Mechanisnmof HormoneSecretiorandControl
MembraneTlransportandRenalPhysiology
MathematicaApproachegor Emeging andReemeging InfectiousDiseases

1999SummerProgram:Codes SystemsandGraphicalModels
1999-2000Reactve Flow andTransportPhenomena
Fire
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X. COMPUTING AND CONFERENCE FACILITIES AT THE IMA

Workstations

The IMA’s basiccomputerfacilities consistof a network of two SGI Indigo? IMPACT 10000workstationsan SGI 02
R5000,anSGl Indigo? anda PONVER Indigo?, anSGI ChallengeS, andthreeSGl Indigo workstationsunningIRIX; two
300MHz Pentiumll workstationstwelve 200MHz PentiumProworkstationsandadual-process@00MHz PentiumPro
workstationrunningLinux; andfour SunMicrosystemsSFARCstation10 workstations A four-processoSGI Challenge
L with two gigabytesof memoryfor intensively computationajobsis connectedyy anATM fiber opticlink to thenetwork.
In addition,we have five Pentium-classr bettermachinesunningWindows NT, overthirty X-terminals,andtwelve Apple
PowerMacintoshes.

Programmindanguagesvhich are availableinclude several versionsof Fortran (HPF, Fortran90, Fortran77), C++ and
C, CommonlLisp, Pascal,and Java, amongothers. The MPI parallel programmingsystemis also available, asis the
mathematicpackageMATLAB, the statisticalprogramS-PLUS,and the symbolic-manipulatiorprogramsMaple and
MathematicaTheIMA hasadoptedATEX asits standardext formattingprogram.The X Window Systemis availableon
mostmachines.

Communicatiorbetweerour network andthe Internetis providedby an ATM switchcommunicatingat 155Mbpsovera
fiber optic link to the University backbone As the Universityis a chartermemberof Internet2 we canmaintainthis high
datarate with otherinstitutionsconnectedyy the vBNS. Our main senersandthreehigh-endworkstationsare directly
connectedy this ATM switch. Many of our remainingworkstationsare connectedo the switchthrough100 Mbps Fast
Ethernettonnectionsandall of our computationatesourcefiave accesso thelocal network andtheInternet.

Supercomputers

Researcherat the IMA alsohave accesdo the high-performance&omputingresource®of the University of Minnesota
Supercomputingnstitute(MSI). Theseresourcesurrentlyinclude:

e A CrayC90with 12 processorand512 megavordsof memory

e A CrayT3E-900with 272nodesand512 megavordsof memorypernode

e AnIBM SPwith 56 processorandatotal of 25.6gigabytesof memory

e An SGIOrigin 2000with 32 processorand8 gigabytesof memory andafour-processoSGI Origin 200

In addition,IMA researchersave access$o severalotherMSI laboratoriemroundcampusequippedvith high-performance
SGlworkstationsandvisualizationequipment.

ConferenceFacilities

ThelMA Conferencéall andadjoiningreceptiorroomwereoriginally completedn winter 1989,but it hasrecentlybeen

substantiallyjupgradedThe Conferenceall seatsl30in softchairs,is air-conditionecandsound-proofedandis equipped
with acontrolbooth,six videocamerasanda projectionsystenfor displayof computerandvideooutput. Theconference
hallis onthebuilding ATM network sothatreal-timeoutputfrom aremotecomputemontheInternetor from alocallaptop

computercanbe easilydisplayed.A white board,overheadprojector workstation,slide projector andVCR arestandard
equipmentandamovie projectormaybe providedreadily onrequest.Teleconferencingapabilityis alsoavailable.
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Xl. PARTICIP ATION OF WOMEN AND MINORITIES IN IMA PROGRAMS

Thefollowing figuresmaybe smallerthanactualnumberdor severalreasons:

1. Exceptfor the hiring of postdocsthe IMA hasno formal mechanism$or determiningwhetherour participantsare
membersf a minority group. Thusthe figuresfor long andshortterm visitors are basedprimarily on the lists of
participanthamesandtheir homeinstitutions. This mayleadto anundercountingf someminorities.

2. Thefiguresincludeonly visitorswho registeredwith the IMA andweresuppliedwith office space A considerable
numberof local participantdn our workshopsdo not botherto registerwith us.

3. Submissiorof therequestedhformationis not mandatoryandis nota preconditiorof futureacceptanceo the IMA
workshops Consequentltherearetimeswhenparticipantsimply declineto provide information.

Total Women Hispanics African-American Asians

Emerging Applications of -
Dynamical Systems
(Sept,1997- June, 1998)

Postdocg12 months) 11 2 2 - 2

Long-termvisitors
(4 weeksto 1 year) 73 13 - - 5

Short-termvisitors

(lessthan4 weeks) 896 104 10 2 88
Coding and
Cryptography
July 6—-August18,1998 109 12 1 - 6

Mathematical Modeling
In Industry
July 6—-August18,1998 46 11 - - 8
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XIl. RELATIONS WITH THE UNIVERSITY OF MINNESOTA

Thereis a continuingexchangeof scientific and technicalexpertisebetweenthe IMA and several department®f the
University of Minnesota.Faculty membersn mathematicsgchemicalengineeringaerospacengineeringglectricalengi-
neering,chemistry computerscience physics,andeconomicshave beenparticularlyactive in this regard. Threespecific
aspectof theacademidife attheUniversityof Minnesotahave beenespeciallyusefulin facilitatingtheseexchanges:

1. Thefirst feature,which appeargo be uniqueto Minnesota,s the administratve structureof the Institute of Tech-
nology (IT). This instituteis a collegiatelevel body which consistsof the department®f mathematicscomputer
sciencephysics,chemistry earthsciencesarchitectureandfive engineeringlepartments.

2. Thesecondeatureconcernghe physicalplanof the University of Minnesota.The departmentsindlibrariesin IT
arevery closeto eachother All thesefacilitiesarewithin afive-minutewalk of VincentHall.

3. Thethird featureis thelong-standingradition of interdisciplinaryresearcramongmathematiciansscientistsand
engineeratthe University

The administratve structureof IT, the physicalproximity of the facilities, andthe tradition of interdisciplinaryresearch
at the University createa healthyscientific milieu for an appliedmathematicsnstitute. The IMA hasflourishedin this
ervironment. In this partwe give a very brief descriptionof the mary interactionsetweerthe scientistsat the IMA and
thescholarsatthe University.

Theresponsef theIMA visitorsto the scientificervironmentat the Universityhasbeenuniformly high. Specialmention
shouldbe madeof favorablecommentf mary visitorsfor the easyaccesso theresourcedn the Mathematicd.ibrary in
VincentHall.

1. SCHOOL OF MATHEMATICS

ThelMA andthe Schoolof Mathematicsandthe Mathematicd.ibrary arehousedn VincentHall on the maincampusat
theUniversityof Minnesota.This proximity offersmary efficienciesandcorvenience$or theresearchactuities of visitors
tothelMA. It is easyfor IMA visitorsto frequentheseminar@ndcolloquiain the Schoolof Mathematicsindeeddozens
of IMA visitorshave presentedeminaiand/orcolloquiumlecturesn the Schoolof Mathematicgandin otherdepartments
atthe University). In addition,facultymembersandgraduatestudentdrom the Schoolof Mathematic$ave givendozens
of lecturesn thelMA. Thisinterchangeontinuesatanincreasingate.

Thefacultyin the Schoolof Mathematicsharests expertisewith the IMA visitorsin a numberof ways. Doorsareopen
in VincentHall, andMinnesotahasatraditionof beingafriendly place.Sereralfacultymembersncluding

DonaldAronson Albert Marden StevenOrey
JerryEricksen Larry Markus David Sattinger
Eugend-abes RichardMcGehee GeogeSell
DennisHejhal Wei-Ming Ni JamesSerrin
David Kinderlehrer Johanneslitsche DennisStanton
WalterLittman PeterOlver HansWeinbeger

Mitchell Luskin

have contritutedsignificantlyto the planningandcoordinatiorof the IMA programs.

Don Aronson LeonGreen PeterOlver
JohnBaxter RobertGulliver MarianPourEl
BernardoCockhurn Nareshlain PeterRejto
JackEagon Harvey Keynes JoelRoberts
Paul Edelman David Kinderlehrer YasutakeBibuya
RobertEllis WalterLittman DennisStanton
Eugend-abes Larry Markus JamesThompson
Mark Feshbach CharlesA. McCarthy HansWeinbeger
Lisl Gaal RichardMoeclel DennisWhite
Larry Gray
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wereinvolvedasparticipantsn the 1989-9Qprogram.

Don Aronson
BernardoCockhurn
JeraldEricksen
Eugend-abes
StevenGaal
RobertGulliver

participatedn the 1990-91program.

Matthev Brahm
BernardoCockhurn
JackEagon

Paul Edelman
Eugend-abes
StevenGaal
RobertGulliver
Max Jodeit

participatedn the 1991-92program.

BernardoCockhurn
Paul Edelman
Eugend-abes
RobertGulliver
NareshJain

Max Jodeit

participatedn the 1992—-93program.

JohnBaxter
BernardoCockhurn

PanagiotaDaskalopoulos

Paul Edelman
Eugend-abes

participatedn the 1993-94program.

Satyanadichenessamy
David Kinderlehrer
WalterLittman

Mitchell Luskin
NormanMeyers
Wei-Ming Ni

Satyanaichenassamy
Walter Littman

Mitchell Luskin
CharlesMcCarthy
RichardMcGehee
William Messing
PeterOlver

Satyanaichenessamy
Nicolai Krylov

Walter Littman
JohnLowengrub
Mitchell Luskin

Bert Fristedt
JayGoldman
Larry Gray
Mary Ann Horn
Nareshlain

Eugend-abes Boris M. Levitan
Satyanadichenassamy WalterLittman
Nicolai Krylov

participatedn the 1994—-95rogram.

Eugend-abes Mitchell Luskin
Nareshlain Wei-Ming Ni
WalterLittman SamNorthshield

participatedn the 1995-96program.
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Johanneslitsche
PeterOlver
JamesSerrin
JohnSullivan
HansWeinbeger

PeterRejto
Steve Sperber
DennisStanton
JohnSullivan
PetelWebb
HansWeinbeger
DennisWhite

Larry Markus
Wei-Ming Ni
PeterRejto
JohnSullivan
HansWeinbeger

Nicolai Krylov
WalterLittman
Jefrey Rosenthal
DennisStanton

PeterRejto
David Sattinger

PeterOlver
JohnSullivan
Vladimir Sverak



Alfred Aeppli

Satyanadichenassamy

ClaudiaNeuhauser

DonaldAronson MichaelKouritzin KarelPrikry
JohnBaxter WalterLittman PeterRejto
Maury Bramson JohnLowengrub Michail Safonw
GeogeBrauer Mitchell Luskin David Sattinger
Yi-JuChao Albert Marsden GeogeSell
BernardoCocklurn LawrenceMarkus JamesSerrin
DennishHejhal RichardMcGehee Vladimir Sverak
Nareshlain Max A. Jodeit RichardMoeclel
HansWeinbeger
participatedn the 1996-97program;and.
DonaldAronson JohnBaxter BernardoCocklurn
Paul Garrett JayGoldman NareshJain
DonaldKahn Nicolai Krylov WalterLittman
Mitchell Luskin LawrenceMarkus CharlesMcCarthy
RichardMcGehee RichardMoeckel Wei-Ming Ni
PeterOlver Marian PourEl KarelPrikry
FernanddReitich Michail Safonw David Sattinger
GeogeSell Vladimir Sverak HansWeinbeger

particiaptedn the 1997-98program.

TherelationshipbetweertheIMA andthe Schoolof Mathematicss quite harmonious Sharingof resourcesndfinancial
aid for visitorsarefrequentlygivenby the Schoolof Mathematics.

The Ordway Visiting Professorshiprogramwithin the Schoolof Mathematicshasaddedsubstantiallyto the scientific
milieu of the IMA. The following mathematicianfiave or will have spenta significantperiod at the IMA underthis
program:

1982-83: Haim Brezis SaunderdlacLane
CharlesConley

1983-84: ShmuelAgmon DanielKleitman
RobertAumann

1984-85: Felix Browder JoseplKeller
Constantindafermos JeanLouis Lions

1985-86: Kiyoshi Ito

1986-87: Jim Douglas

1987-88: GeogeAndrewns RichardAskey

1988-89: RichardBeals Jame<Glimm

1989-90: CiprianFoias JurgenMoser
MichaelHerman

1990-91: JohnBall BernardMalgrange
Luis Cafarelli Hiroshi Matano
Morton Gurtin

1991-92: GeneGolub JerroldMarsden
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Victor Klee

1992-93: WendellFleming
1993-94: PersiDiaconis
1994-95: GeogePapanicolaou
1995-96: JohnBall

1996-97: Rolf Rannacher
1997-98: JurgenMoser

2. OTHER DEPARTMENTS

RobertLiptser

S.R.SVaradhan

Ridgway Scott

ThelMA recevesstrongandenthusiastisupportof mary otherfacultymembersatthe Universityof Minnesota As noted
above,theinteractionbetweemathematiciangngineersandscientistfrom amultitudeof departmentss apartof along
traditionof interdisciplinaryresearchThe Universityof Minnesotais well known for nurturingsuchactvities.

Professordrom several departmentgarticipatedactively in several of the workshopsgiven at the IMA. Theseincluded

(Partiallisting):

DEPARTMENT OF ACCOUNTING:
JohnDickhaut

DEPARTMENT OF AEROSFACE ENGINEERINGAND MECHANICS:

Adair Aguiar HeathJohnson
GarryBalas EllenLongmire
JerryEricksen T. Posbeg
RogerFosdick T. Tezduyar

RichardJames William Warner

DanielJoseph

DERARTMENT OF BIOSCIENCE:
ToddThoresen

DERARTMENT OF BIOSTATISTICS:

Bradley P. Carlin ChapLe

Li Chen Thomasl.ouis
Anne Goldman LanceWaller
PatriciaGrambsch

DERARTMENT OF BIOCHEMISTRY:

Leonard]. Banaszak
Renhad.i
Dimitry Makhailov

DouglasH. Ohlendorf
AlexandeWatters
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PerryLeo
Thomad_undgren
PR. Sethna

Lev Truskinovsky
Y. Zhao



RutherfordAris
FrankBates
JohnDahler

H. Ted Davis
Prodromo®aoutidis

DEPARTMENT OF CHEMISTRY:

Tom Allison

JanAlml of

Xavier Assfeld
Yao-YuanChuang
LauraCoitino

JoseC. Corchado
Christopher]. Cramer
JohnDahler

JiaboLi

Efie Foufoula-Geogio

Philip Cheung

RahulAggarwal
DanBoley

A. Borchers

FengCao

Anthory Chronopoulos
RobertCooley

Du Ding-Zhu

David Fox

M.L. Gini
TaraGustafson

DEPARTMENT OF ECONOMICS:

JohnChipman
Hulya Eraslan
JohnGeweke
LeonidHurwicz

MosoudAlghoniemy
FredBailey

Kevin Buckley
EnisCetin

EdH. Chi

T. Geogiou
AnandGopinath

DEPARTMENT OF CHEMICAL ENGINEERING:

Jef Derby

Barry Hughes
HanchulKim
ChrisMacoslo
MohammedSahimi

Tiging Liu

Timothy Lodge
MarcusMartin

C. AldenMead
Bongjin Moon

Albert Moscawitz
William C. Necoechea
Eric Patterson
MariaPlanas

DERARTMENT OF CIVIL AND MINERAL ENGINEERING:

WalterJ. Maier

ELECTROCHEMICAL ENGINEERING:

DEPARTMENT OF COMPUTERSCIENCE:

Eui-WongHan

L. Jay

V. Kumar
DalvinderMalhotra
HaesurPark
ChangPeng
DougPerrin
LindaPetzold
J.BenRosen

Jameslordan
J.Kareken

Andrew McLennan
EdwardPrescott

DEPARTMENT OF ELECTRICAL ENGINEERING:

KhaiedHamdy
J.E.Holte

Mos Kaveh

Pat Kumar

Vipin Kumar
BruceE. Lee
Mohammed\afie

DERARTMENT OF FINANCE AND INSURANCE:
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L.E. Scrven
llja Siepmann
Matthew Tirrell

StevenPrager
IvanRossi
Bradley Smith
JaySrinivasan
Maria Toplar
DonaldTruhlar
JianhuXing
TianhaiZzhu

HenrykStolarski

Y. Saad
AhmedSameh
BenSchafer

E. Shragwvitz
JaideefSrivastaa

AndreasStathopoulos

Shang-Hudeng
AnandTripathi
JunZhang

MarcelK. Richter
ChristophelSims
Michihiro Ohyama
Neil Wallace

Nikmil Sarpotdar
Jef Shamma
SamehSaowvelam
Allen Tannenbaum
Andrew Teel
AhmedTewfik
LanTse-Hue



JohnKareken David Runkle

DERPARTMENT OF GEOLOGY:
KaushikBhattacharya Tine Larsen
PeterHuddleston H.O. Pfannkuch

DERARTMENT OF MECHANICAL ENGINEERING:

Max Donath FrancisKulacki
RichardGoldstein E.M. Sparrav

DEPARTMENT OF OPERATIONS AND MANAGEMENT SCIENCE:

M. Taafe

SCHOOLOFPHYSICSAND ASTRONOMY:

DanDahlbeg JamexKaklios
Allen Goldman WalterH. Johnson
J.WoodsHalley ThomasJones
Morton Hamermesh GautmanKhera
RussellHobbie ShlomoMarianer

DERARTMENT OF RADIOLOGY

XiaopingP Hu

POLITICAL SCIENCEDERARTMENT:
JohnAldrich RobertHolt

SCHOOLOF SOIL SCIENCE:
SatishC. Gupta

DEPARTMENT OF PHYSIOLOGY

JohnN Eian MathaFlanders

SCHOOLOF STATISTICS:

KathrynChaloner CharlesGeyer
DennisCook BretMusse
E.Funo GaryW. Oehlert
SegmourGeisser William Sudderth

DERARTMENT OF MEDICINAL CHEMISTRY:
David Ferguson Philip Portoghese
KennethE. Lind William C. Stevens
GermandPaterlini

BELL MUSEAUM OF NATURAL HISTORY:
Phillip Regal

VA MEDICAL CENTER:
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David Yuen

M. Shifman

Oriol Valls
ThomasWalsh
PaulWoodward
William Zimmermann

Luke Tierney
Ming-DauhWang
SandyWeisbeg



StepherStrother

MINNESOTA SUPERCOMPUTERCENTER:

Barry Bolding Shepardmithline
Dave Doherty RogeneM. EichlerWest
Barry Rackner

LABORATORY MEDICINE AND PATHOLOGY.:

Pilar Forns

DERPARTMENT OF COMPUTERSCIENCE(Duluth Campus):

CarolynCrouch DonaldCrouch DouglasDunham

DERPARTMENT OF ELECTRICAL AND COMPUTERENGINEERING(Duluth Campus):

MarianStachwicz

DERPARTMENT OF NATURAL RESOURCESRESEARCH(Duluth Campus):

ZhuangyiLui
MATHEMATICS AND STATISTICS(Duluth Campus):
BrucePeckham HarlanStech

GORTNER LABORATORY:

JimHem

CENTERFORMAGNETICRESOMNCE RESEARCH:

Eric RayCohen Kamil Ugurbil
INSTITUTE OF TECHNOLOGY (DEAN'’S OFFICE):

Willard Miller, Jr. (duringhistermasAssociateDeanfor Finance& Planning,1994-1997)

Several of the scientistsmentionedabove have taken an active role in the planningof IMA workshops. Theseinclude
J. Aldrich, J. Chipman,H.T. Davis, J. Ericksen,R. Fosdick,A. Goldman,B. Hughes,L. Hurwicz, R. James,]. Jordan,
J.Kareken, T. Lodge,S. Prager M.K. Richter L.E. Scriven, M. Tirrell, Donald Truhlar, N. WallaceandD. Yuen. Also,
P. Khargonekay M. Kaveh and,A. Tannenbaunof the Departmenbf Electrical Engineeringwereinvolvedin planning
for the 1988 Summerprogramon Signal ProcessingSanfordWeisbeg and Luke Tierney were organizersfor the 1989
Summerprogramon Applied Statistics;and T. Tezduyarof the Departmenbf AerospaceEngineeringand Mechanics
helpedto planthe 1993Summerprogramon Meshgeneration Seymour GeisserPatriciaGrambschandSandyWeisbeg
wereco-omganizerf the 1997 Summerprogramon Statistican the HealthSciences.

RutherfordAris (ChemicalEngineeringandL.E. Scrivenwereonthe Advisory Committeefor the 1986—198 programon
ScientificComputation.In additionto JerryEricksenwho is mentionedabove, Leonid Hurwicz hassenedasa program
coordinatomttheIMA. DanJosept{Mechanicsivasamembeiof theOrganizingCommittegor theprogramon Nonlinear
Waves. RichardJameqAerospacdEngineeringandMechanics)vas Chair of the OrganizingCommitteefor the 1995-96
programon MaterialsScience.

Several departmentsin additionto the Schoolof Mathematicshave jointly sponsoredomeof the IMA programsand
short-termvisitors. This includesthe Departmentof AerospaceEngineering,ChemicalEngineering,Operationsand
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Managemen$cience Chemistry FinanceandInsurancePolitical Science StatisticsandPhysicsandthe CarlsonSchool
of Managementln additionthe Department®f AerospacdEngineeringandChemicalEngineeringhave madesomejoint
appointmentsf seniorscientistawvith the IMA.

PUBLIC HEALTH

Mindy Geisser GeogeMaldonado

GEOMETRY CENTER

JohnSullivan

3. OTHER UNIVERSITY OF MINNESOTA CENTERS

ThelMA hasjointly sponsoredhreeworkshopswith the MinnesotaSupercomputelnstituteandcosponsoretivo work-

shopswith the Centerfor Interfacial Engineering. Two workshopshave had addedsessionshostedby the Geometry
Center IMA participanthave beencosponsorelly the Army High Performanc€omputingResearciCentef AHPCRC),
the CorrosionCenter the Centerfor Control Theoryand DynamicalSystemsthe Institutefor TheoreticalPhysics,The
GeometryCenterand(mostnotably)the MinnesotaSupercomputdnstitute. TheGeometryCenterandthe IMA have held

joint programmingwhich madeuseof The GeometryCenters graphics,computingfacilities andtechnicalstaf andthe
IMA’s conferencdacilitiesandexpertiseto offer workshopson computemgraphicsandvisualization.
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Xlll. THE IMA PARTICIPATING INSTITUTIONS PROGRAM

The Institute for Mathematicsand its Applicationswas establishedy the National ScienceFoundationin 1982. The
IMA bringsmathematiciansgethemwith engineerandscientistan orderto stimulatethe flow of interestingandrelevant
problemsandto encouragehe developmentof meansof solvingthem. It seeksto provide an atmosphereonducve to
collaborationandthe creationof new ideas.

FromitsinceptionthelIMA hasbeensupportedy aconsortiunof universitiesknown astheIMA Participatinglnstitutions.
In additionto theIMA programswhichtake placein MinnesotathelMA runsprogramswith the Participatinglnstitutions.
An annualcontritution of $10,000is requestedrom eachPl. Herearesomeof the mainaspect®f this program.

1. ThelMA contributes$30,000peryearasseedmoney for IMA ParticipatinginstitutionConferenceswhich areheld

onthecampusesf theParticipatinglnstitutions.This seednoneg/ canbe (andoftenis) supplementetly fundsfrom
othersources.

During 1997-98thereweresix Participatinglnstitution ConferencesTopicsin Number Theory at Pennslyania
StateUniversity on July 30—August3 1997. Workshop on Superconductivity at PurdueUniversityin the Spring
of 98 Global Analysis 30 YearsLater atthe University of Cincinnation March25-281998. Waves& Continu-
ationMethodsin Biology & Related Ar easat the University of Pittshurgh on SeptembeR6—-281998. Stochastic
Control and Nonlinear Filtering atthe Universityof SouthernCaliforniaon Decembefl4—161997.7th Confer-
enceof the Inter national Linear Algebra Society(ILAS) atthe Universityof Wisconsinon June3—61998.

. ThelMA conductsSummerProgramfor GraduateStudents Eachyearthe programbringstogetherfor four weeks
in the summeytwo selectedstudentdrom eachParticipatinglnstitution. The studentdive in a dormitory on oneof

the PI campusesthe locationof the campuschangedrom yearto year During the four weeks thereis a seriesof

(related)lecturesgiven by four seniormathematiciansfFundingfor thelecturersandthe studentiving expensess

assumedby theIMA. Thetotal supportis approximately$55,000.

The summer1990 program,on ALGEBRA , was held at the University of Michigan, Ann Arbor. The summer
1991 program, TOPOLOGY , washeld at NorthwesternUniversity; the summerl992 program,PARTIAL DIF-
FERENTIAL EQUATIONS, wasat IndianaUniversity;the summerl993programwasPROBABILITY atOhio
StateUniversity;in the summerof 1994the programwasCOMPLEX ANALYSIS, heldatthe University of Pitts-
burgh. Theprogramchoserfor thesummerof 1995wasDIFFERENTIAL GEOMETRY, heldattheUniversityof
Illinois, Urbana.For thesummerof 1996,theprogramwasHARMONIC ANALYSIS, atthe Universityof Wiscon-
sin, Madison. The programfor the summerof 1997wasSELECTED TOPICS IN ALGEBRAIC TOPOLOGY,
andwill be heldatthe University of Chicago.The 1998 programwill be TOPOLOGY OF MANIFOLDS atthe
Universityof lowain lowacity.

. ThelIMA conductgprogramsaimedat bringing Participatinglnstitutionsandindustrytogether

(a) IndustryDay. On Decembei5, 1989the IMA heldits first Industry Day at the University of Chicago,with
spealersfrom Industryandaudiencdrom PI's. OtherindustryDaysarebeingorganizedat otherPl campuses,
andinitiatedlocally. TheIMA will support50%of all expensesnvolved.

(b) ThelMA holdsin Minnesotamoreextendedworkshopdor industryandPI’s. Thuson October12—-13,1990
therewas a two day workshop“Connectingto Industry”; on October7-11, 1991 a workshop“T ransferof
Mathematicgo Industryin the US andFrance”;andon May 22—23,1993a tutorial workshop“How to Start
an Industrial PostdocProgram”. The purposeof theseeventsis to enhancecontactbetweenindustrialand
academianathematicascientists.The IMA supportsall Pl participantsn sucheventsat the level of at least
50%.

(c) ThelMA runsanindustrialpostdoctoramembermprogram.An industrialpostdods supportedb0% by indus-
try and50% by NSE It is hopedthatthe IMA experienceandimpactof this programwill prove usefulfor
Participatinglnstitutionswho wish to build on this model.

. MathematicPDepartmentHeadsof Participatinglnstitutionshold annualmeetingsat O’Hare Airport to discussoth
thelIMA andPI programsaswell asissuef commoninterest.TheIMA coversthe costsof thesemeetings.

. A portion ( $3,000peryear)of the contritution from eachParticipatinglnstitutionis setasidefor the directbenefit
of thefacultyandgraduatestudentf the Participatinglnstitution. Thesefundscanbe usedin ary of thefollowing
ways:
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(a) To payexpensedor facultymembersincludingfacultymemberdrom otherdepartmentsr graduatestudents
whowishto participaten IMA programs.

(b) To payexpensedor IMA visitorswho areinvited to lectureon the campuof the Participatinglnstitution.
(c) TosupplemenotherIMA fundsfor thesupporiof long-termparticipationof facultymembersn IMA activities.
(d) To provide complementargupportfor the workshopswvhich arealreadypartially supportedsee(1), (3a).

6. Participatinglnstitutionsreceve:

(a) Informationaboutannualprograms

(b) A monthlynewsletterspecifyingactivities attheIMA
(c) IMA Update whichappeargjuarterly

(d) IMA Preprints

(e) IMA Abstracts

() IMA Volumes(approximately8 volumesperyear)

The IMA Newsletteris routinely sentto the headsof the scienceand engineeringdepartmentsit the Participating
Institutions.

7. Finally, faculty andgraduatestudentdrom the PI's get preferentiatreatmentn termsof local supportwhenthey
wishto participatein IMA programs.

Becauseof the interdisciplinarynatureof the IMA missionand programsmary university faculties,in additionto the
mathematicascienceslepartmentdyenefitfrom a Participatinglnstitutionmembership.

PARTICIPATING INSTITUTIONS:

CentreNationalde la Recherché&scientifique,ConsiglioNazionaledelle Ricerche,Geogia Institute of Technology In-

dianaUniversity, lowa StateUniversity, Kent StateUniversity, Michigan StateUniversity, Northernlllinois University,

Ohio StateUniversity, PennsylaniaStateUniversity, PurdueUniversity, SeoulNationalUniversity (RIM - GARC), Texas
A&M University, University of Chicago,Universityof Cincinnati,University of Houston University of lllinois (Urbana),
Universityof lowa, Universityof Kentucly, Universityof Manitoba,Universityof Maryland,Universityof Michigan,Uni-

versityof MinnesotaUniversityof Notre Dame,Universityof Pittsturgh, Universityof SoutherrCalifornia, University of

Wisconsin WayneStateUniversity.
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XV. THE IMA PARTICIPATING CORPORATIONS PROGRAM

A majorpartof the missionof the Institutefor Mathematicandits Applicationsis to bring mathematiciantogethemith
engineersaandscientistan orderto stimulatethe flow of interestingandrelevant problemsandto develop the meansof
solvingthem. Interactionwith andinput from industrialscientistsandengineerss vital to this mission.

For thisreasorthe IMA is actively seekingndustrialfirms who areinterestedn establishingies betweertheir scientists
andengineersandthe participantsn the variousIMA programs.We have found that the resultingscientificinteraction
comingfrom suchtiesto be of greatvalueto all partiesinvolved.

ParticipatingCorporationswill receve:
¢ Informationaboutannualprograms
e Accesdo IMA actwities, including participationin the Seminaron IndustrialProblems

¢ IMA ConsultingServices
TheDirectorwill make regularvisitsto the Corporatiorto increasenteractionon scientificproblems.

¢ IMA Updateaquarterlypublicationlisting upcomingactiities

o Monthly Newsletterspecifyingtitles, abstract@ndvisitorsattheIMA
e Abstractsof ResearchPublications

e IMA Volumes

¢ IMA AnnualReport

o ParticipatingCorporationill belistedonthelMA stationery

A Participating Corporationis asked to commit itself to provide strongencouragemertb its scientistsand engineers
to participatein the workshops,Seminaron Industrial Problems,and other actwvities of the IMA. Thesevisits provide

opportunitiego meetandestablistscientifictieswith bothjunior andseniorresearchersthey arethereforeveryimportant
to thesucces®f theIMA.

ParticipatingCorporationswill beinvitedto sene onthelIndustrialAdvisory Committeeof the IMA, whichis a sourceof
programmati@andotherideasto the Institute.

An annualcontritution of $10,000is requestedrom a ParticipatingCorporation.

PARTICIP ATING CORPORATIONS:

Bellcore,EastmarKodak,EPRI,Ford, Fujitsu,GeneraMotors,Honeywell, IBM, LockheedMartin, LucentTechnologies,
Motorola, Siemens3M.
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XIV. RELATIONS WITH INDUSTRY AND GOVERNMENT LABS

The IMA missionis broad-rangingndmultifaceted.lt is seekingmeaningfulscientificinteractiondbetweermathemati-
cians,engineerandotherscientists Sincea needfor newv mathematicaideasanda sourceof new mathematicaproblems
both canbe foundin theresearctof mary personsfrom variousorganizationge.g.,academiaindustryandgovernment
labs)the IMA invitesscientistdrom all theseplaceso participatein its programs For example thefollowing individuals
from corporationsaandlaboratoriegarticipatedn IMA workshopsseminarsandothermeetingduringthe 1997-97pro-
gramon Emeging Applicationsof DynamicalSystemsandin the 1998 summerprogramson Codingand Cryptography

andMathematicaModelingin Industry:

AMIN, MASSOUD ElectricPover Researchnstitute(EPRI) MAR 5-7
ANDERSH,JONATHAN 3M APR27- MAY 1
ANDERSON,MEREDITH AmericanExpresginancialAdvisors MAR 7 -7
ANDERSON,ROGER 3M MAY 1-3
APTE,CHID IBM T.J.WatsonResearcltCenter MAR 6-8
ASHIKHMIN, ALEXEI Los AlamosNationalLaboratory JUL5-12
AXELROD, ANTHONY 3M APR26- MAY 1
BAKER, DANNY GeneraMotors Corporation MAR 1-3
BANASZUK, ANDRZEJ United TechnologiefResearciCenter APR26- 29
BARG, ALEXANDER Bell Laboratories JUL12-18
BAUM, HOWARD NIST FEB28- MAR 1
BELL, TONY Interval ResearclCorporation JAN 14-18
BLAKE, IAN Hewlett Packard JUL11-18
BLAKEY, PETERA. Motorola APR23-24
BORUCKI, LEN Motorolalnc. JUL21-31
BURNS,TIM NIST SEP14-19
BUTERA, ROB NIH JAN 17-23
CALDERBANK, ROBERT AT&T Labs JUuL4-10
CARMEIN, DAVID MinnesotaVirtual Simulations MAR 7 -7
CASTRO, PETER EastmarKodakCo. MAY 1-3
CHANG, ROSEMARY Silicon Graphics«ComputerSystems NOV 8-9
CHIPROUT, ELI IBM Austin Research.ab NOV 23- 25
CHOCK,DAVID Ford Motor Compalry JUN27- 28
COWSAR,LAWRENCE Bell Labs,LucentTechnologies JUL7-8
DAI, LONG NIH FEB8-13
DAVIS, MICHAEL J. ArgonneNationalLaboratory OCT26-31
DINH, THOMAS Medtronic MAR 12- 14
ELFADEL, ABE IBM T.J.WatsonResearch NOV 22- 25
EMAMI-N AEINI, ABBAS SCSolutions/nc. APR26- 28
FELDMANN, PETER Bell LabsInnovations NOV 23- 25
FLEMING, PHILIP Motorola FEB19- 20
FREUND,ROLAND Bell Laboratories NOV 22- 26
ARRETT, DAVID LockheedMartin JUL8-8
GEISLER,CHARLES MinnesotaTechnologyincorp. JUL8-8
GILLBERG, JEFFREY Medtronic MAR 9-13
GUNNEY, BRIAN Medtronic MAR 9- 14
HAMLEN, CUSHING Medtronic MAR 9- 14
HOFFMAN, JOHN SecureComputingCorporation JUL5-31
JANKOVIC, MRDJAN Ford Research.aboratory MAY 28- 30
JENISON,TROY Medtronic MAR 13- 13
KAHLERT, MARTIN SiemenAG NOV 22- 26
KETTENRING,JON Bell Communicationfesearch MAR 6- 8
KNILL, EMANUEL Los AlamosNationalLaboratory JUL5-10
KUNDERT, KEN Cadence NOV 23- 25
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LULING, MARTIN
MANRODT, CHRIS
MAY, STEVE
MCCURLEY, KEVIN
MCKENNA, JAMES
MCMAHON, CATHY
MEARS, DAVID
MEHDI, KHAWAR
MIN, SHIRLEY
MISEMER, DAVID
MIURA, ROBERT
MORISSETTEJOSEE
MORRIS,MILTON
MULIER, FILIP
NGUYEN, TUYEN
NUMRICH, ROBERT
ODLYZKO, ANDREW
OLSON,WALTER
ORAN, ELAINE
OSINGA, HINKE
PATERSON,KENNETH
PERCHAK,DENNIS
PHILLIPS,JOEL
POLING, CRAIG
PULLEYBLANK, WILLIAM
REICHELT, MARK
ROJAS, EDUARDOE.
ROSE,TODD
ROSS,DAVID
ROYCHOWDHURY, JAIJEET
RUEHLI, ALBERT
RUSSELL,JAMESTT.
SALAMON, TODD
SAMAD, TARIQ
SHERMAN,ARTHUR
SHUB, MICHAEL
SIMMONS, GUS
SLOANE, NEIL
SMITH, GREGOF D.
SOLANIN, EMINA
STOJIKOVIC, STANKO
SWELDENS WIM
TAKRITI, SAMER
TAUBIN, GABRIEL
THALER, AL
TUFILLARO, NICK
VOTH, ERIC
WAGNER,ROB
WARMAN, EDUARDO
YU, WEIPING

ZHAO, YONG
ZIMLIKI, CHARLES

The IMA seeksadviceon programmatidssuesfrom a wide variety of persons.A very usefulsourcefor this adviceis

SchlumbegerDoll Research
Medtronic

Medtroniclnc.

IBM Research

Bell Comm.Research
Medtronic

NIH

Medtronic
Medtronic,Inc.

3M

NIH

Medtronic,Inc.
GuidantCorporation

3M

IBM

CrayResearchinc.
A.T.&T. Laboratories
Medtronic,Inc.

NRL
Californialnstituteof Technology
Hewlett PackardLaboratories
EastmarKodak
Cadence
LockheedViartin

IBM Corporation
TheMathWorks,Inc

NIH

DonaldsorcCo. Inc.
Kodak

Bell Laboratories

IBM

NIH
LucentTechnologies
Honeywell

NIH

IBM WatsonResCitr
Sandia

A.T.& T. ResearclLabs
NIDDK, Nationallnstitutesof Health
Bell Labs-Lucent
NICHD, NIH
LucentTechBell Labs
IBM Research

IBM T. J. WatsonResearciCenter
NSF
Hewlett-PackardCompaty
EndocardiaBolutions,nc.
Ansoft

Medstronic,Inc.
Medtroniclnc.

Medtronic

NIH
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JAN 8-11
MAR 9 - 14
MAR 9 - 14
MAR 6-7
NOV 8-9
MAR 9-12
FEB10-14
MAR 9- 13
MAR 9 - 14
JUL21-31
FEB4-13
MAR 9- 14
MAR 9 - 14
MAR 7 -7
NOV 23- 25
JUL7-8
JUL12-16
MAR 9 - 14

FEB28- MAR 1
SEP1-AUG 31

JUL5-18
OCT30-31
NOV 23- 25
JUL?21-31
NOV 8-9
SEP4-6
FEB8-13
JUN1-5
MAR 20- 21
NOV 23- 25
NOV 23- 25
FEB8-13
MAY 20- 24

APR26- MAY 1

FEB4-13
NOV 18- 21
JUL5-10
JUL5-10
FEB8-13
JUL5-19
FEB8-12
NOV 13- 14
JUL21-31
OCT2-4
MAR 6- 8
SEP25-28
MAR 13-13
NOvV 22- 25
MAR 8- 15
MAR 9 - 14
MAR 9 - 14
FEB10- 14



thelMA IndustrialAdvisory Committee.The panelconsistof scientificandengineeringnanagerandresearcherom
nationalcorporationsit meetsonceayearattheIMA. The1997-98membershipvas:

DebasidMitra
JamedvicKenna
PeterCastro

David Chock

A. Martin Wildberger
SamMarin
GunterStein
BernardRudin
William Pulleyblank
BlaiseMorton
LeonardBorucki
Knut Merten
CharlesGeisler
David Garrett

T. CraigPoling
David Misemer
YoshioTago
RobertNumrich
Albert Gilg

AT&T Bell Laboratories

Bell Communication®kesearch

EastmarKodakCompalry (ComputationaSciencd.aboratory)
Ford Motor Compalry (ChemistryDepartment)
EPRI(Exploratory& Applied Research)
GeneraMotorsResearch.aboratories

Honeywell, Inc.

IBM Austin Laboratory

IBM CorporationThomas]. WatsonResearclCenter)
Hongywell , Inc. (SystemsaandResearctCenter)
Motorolalnc.

SiemengorporateResearchinc.
MinnesotaTlechnologyincorp.

LockheedMartin

LockheedMartin

3M GeneralOffices

FujitsuLimited (ResearciCenterfor ComputationaBcience)
CrayResearchinc.

SiemenAG/ZT AN2 (CorporateTechnology)

TheIMA is proceedingaggressiely to expandits industrialinteractions.Our mostvisible programsarethe Seminaron
IndustrialProblemsandthe Postdoctorateim IndustrialMathematicgprogram.
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