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I. PREFACE

Thisannualreportcontainsasummaryof theactivities in theInstitutefor Mathematicsandits Applications(IMA) during
thefifteenthyearof operation,September1, 1997,to August31,1998.Theprogramfor theacademicyearwasEmerging
Applications of Dynamical Systems.Thecoordinatorsfor thisprogramwere:

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

The1998SummerprogramwasCoding and Cryptography. Theorganizerswere

VeraPless(Chair) Universityof Illinois atChicago
IanBlake Hewlett-Packard
RobertCalderbank AT&T
Andrew Odlyzko AT&T

We alsoreporton theongoingSeminarin IndustrialProblemsandon IMA publications,aswell asotheractivities which
tookplaceat theIMA duringtheyear.

Researchat theIMA wassupportedby a majorgrantfrom

NationalScienceFoundation,Divisionof MathematicalSciences.

Additionalsupportwasmadeavailableby

Officeof Naval Research

TheUniversityof Minnesota

aswell astheIMA ParticipatingInstitutions:

CentreNationaldela RechercheScientifique Universityof Houston
ConsiglioNazionaledelleRicerche Universityof Cincinnati
GeorgiaInstituteof Technology Universityof Illinois (Urbana)
IndianaUniversity Universityof Iowa
IowaStateUniversity Universityof Kentucky
KentStateUniversity Universityof Manitoba
MichiganStateUniversity Universityof Maryland
NorthernIllinois University Universityof Michigan
OhioStateUniversity Universityof Minnesota
PennsylvaniaStateUniversity Universityof NotreDame
PurdueUniversity Universityof Pittsburgh
SeoulNationalUniversity(RIM - GARC) Universityof SouthernCalifornia
TexasA&M University Universityof Wisconsin
Universityof Chicago WayneStateUniversity.

Theworkshopon “KnowledgeandDistributedIntelligence(KDI) Opportunitiesin theMathematicalSciences”wassup-
portedby aspecialgrantfrom
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theNationalScienceFoundation.

Theworkshopson“ NonlinearIdentificationandControl” and“DynamicalSystemsTechniquesin Oceanography:Chaotic
Advectionin OceanMesoscaleStructure”weresupportedby aspecialgrantfrom

theOfficeof Naval Research.

Supportfor thePostdoctoratesin IndustrialMathematicsprogramwasreceivedfrom

Honeywell Kodak

Generalsupportfor industrialprogrammingwasreceivedfrom

AT&T

andfrom theParticipatingCorporationsfor 1996–97:

Bellcore LucentTechnologies
EastmanKodak Honeywell
EPRI IBM
Ford LockheedMartin
Fujitsu Motorola
GeneralMotors Siemens
3M
.

Personswishingfurtherinformationareinvited to write to theIMA, or to consultthewebpagehttp://www.ima.umn.edu.

DIRECTORS

Willard Miller, Jr., ProfessorandDirector
miller@ima.umn.edu http://www.ima.umn.edu/O miller

Fadil Santosa,AssociateDirectorfor IndustrialPrograms
santosa@math.umn.edu http://www.math.umn.edu/O santosa

FredDulles,AssociateProgramDirector
dulles@ima.umn.edu http://www.ima.umn.edu/O dulles

Institutefor Mathematicsandits Applications
Universityof Minnesota

400Lind Hall, 207ChurchSt. SE
Minneapolis,MN 55455-0463

612-624-6066,FAX 612-626-7370
ima-staff@ima.umn.edu
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II. THE CONCEPT OF THE IMA

1. The Mission.

TheInstitutefor Mathematicsandits Applicationsis a uniqueinstitutewhich addressesa nationalneedthatis not metby
any otherprograms.TheIMA is attemptingto reviveandstrengthenthehistoricaltiesbetweenmathematicsandtheother
sciences(includingtheengineeringdisciplines).Thusit hastakenona three-foldtask:

(A) To fosterlinkagebetweenmathematicsandtheothersciences(andindustry)by:

– identifyingproblemsandareasof mathematicalresearchof concernto othersciences,

– encouragingthedevelopmentandstudyof new areasof mathematicsneededfor progressin othersciences,and

– stimulatingcollaborationbetweenmathematiciansandotherscientists.

(B) To encouragetheparticipationof mathematiciansin areasof applicationby:

– providing anatmosphereconduciveto thesolutionof majorproblemsin variousareasof mathematics,

– presentingimportantscientificandtechnologicalproblemswhichproviderealchallengesto top level mathemati-
cians,and

– demonstratingthatfirst-ratemathematicscanmakearealimpactin thesciences.

(C) To broadentheeducationof mathematiciansby:

– introducinggraduatestudentsandinstructorsto theartof mathematicalmodelingthroughrelevantexamples,

– developingacurriculumin industrialmathematics,and

– broadeningthe horizonof graduatestudentsfrom ParticipatingInstitutionswho wish to pursueresearchin se-
lectedareas.

A mathematicalresearchinstitutededicatedto this missionis particularlyimportantat a time of heightenedawarenessof
theimportanceof mathematicalideasto thesciences.Many mathematiciansareseekinggenuineproblemsto which such
ideascanbe applied. This redirectionof emphasiscomesat a time whenmany of the othersciencesareencountering
an ever-increasingdemandfor preciseformulationsof their problems. This is a time of unusualopportunity for the
mathematicalsciences.Theneedfor mathematicscanbefoundin many places.If themathematicalsciencesareto take
advantageof this opportunityfor additionalsupportby societyas a whole, a major effort to improve communications
betweenmathematiciansandotherscientistsis essential.

2. The Mechanism.

TheIMA addressestherealizationof its missionby enablingbothmathematiciansandotherscientiststoshareastimulating
researchenvironment.Themechanismsusedareflexible, appropriateto thechosentopic, andresponsive to theneedsof
theparticipants.

Five typesof programminghavebeendeveloped:theyearly programs, thesummerprogram, theseminaron industrial
problems, the industrial postdocprogram,andeducationalprograms.

(A) TheAcademicYearProgram

Theyearlyprogramsarecarefullychosento provideameetinggroundfor mathematicianswith engineersandotherscien-
tistsfrom academia,industry, andgovernmentlaboratories.Theyear’s topicmaybeanareaof applicationwhich requires
a numberof differentmathematicalfields(seefor examplethe1995–96programon MathematicalMethodsin Materials
Scienceat

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

or it may bea broadareaof mathematicswhich is known to have applicationsin a numberof scientificdisciplines(for
example,the1997–98programonDynamicalSystemsat

http://www.ima.umn.edu/dynsys/).
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Althoughtheactualselectionof topicsis theresponsibilityof theBoardof Governors,suggestionsfor topicsandfor persons
to coordinatethemaresolicitedfrom throughoutthemathematicalcommunity. Suggestionsareforwardedto the IMA’s
ScientificAdvisory Boardwhich evaluatesideasandadvisesthe Director on the processof assemblingorganizersand
developingformal proposalsfor presentationto theBoardof Governors.The IMA is advisedby an IndustrialAdvisory
Panel,the departmentheadsof ParticipatingInstitutions,andthroughinformal contacts.Thereis no permanentfaculty
beyond the Director andAssociateDirector. This allows for maximumflexibility in the directionof resourcesandthe
choiceof topics.

The form of coordinationfor eachof the yearly programshasbeenevolving during the twelve yearsof IMA activity.
During thefirst two years(startingin 1982)thereweresinglecoordinatorsin chargeof thevariousprogramsor program
segments.The third yearhadtwo co-coordinatorstogetherwith two moremembersof an organizingcommittee.More
recentprogramshavebeendevelopedby organizingcommitteesof four to nineseniormathematicians.

A typical yearly programis designedarounda cadreof seniorscientistswho have agreedto be in residencefor longer
periods,usuallyfrom threeto tenmonths.Thesevisitorsprovidecontinuityfor theprogramandscientificguidancefor the
postdocs.

Eachof theseprogramsisdividedinto periodsof concentration,andmathematicians,scientistsandengineerswith expertise
in theseareasareinvitedto stayat theIMA for periodsof timevaryingbetweenoneweekandanentireyear. ¿Fromtento
fifteenworkshopsandtutorials,which areperiodsof activity of higherintensitylastingoneor two weeks,areincludedas
a partof theacademic-yearprogram.For thefull list, seehttp://www.ima.umn.edu/past.html .

(B) TheSummerProgram

In orderto beof serviceto awideraudience,theIMA (beginningin 1987)expandedits offeringsandintroducedaseparate
summerprogram.Thebasicobjectivehereis to interestabroadsetof mathematiciansin researchonchallengingproblems
in a specificareaof application(Roboticsin 1987,SignalProcessingin 1988,Robustness,Diagnostics,Computingand
Graphicsin Statistics1989,RadarandSonar1990,TimeSeries1990,Semiconductors1991,EnvironmentalStudies1992,
Adaptive NumericalMethods1993,Molecular Biology 1994, Large-ScaleOptimization1995, Emerging Applications
of NumberTheory1996,ApplicationandTheoryof Randomsets1996,Statisticsin HealthSciences,1997andCoding
andCryptography1998.) Topicsaresolicitedandapproved by the Boardof Governors,just as for the academic-year
programs.TheIMA selectsanOrganizingCommitteeconsistingof expertsin theareaof applicationwhoarefamiliarwith
mathematiciansandwho canplana constructive andfruitful one-or two-monthprogram.Thesummerprogramis much
morethananordinaryconferencein anareaof applicationof mathematics.Theprimaryobjective is to broadenthebase
of mathematicalscientistsandof scientistsworking in theappliedarea.A secondaryobjectiveis to provideanatmosphere
for intenseinteractionbetweenexpertsin several aspectsof the appliedarea. The training and guidancewhich these
programsoffer to themathematicalaudiencewill, we believe,provide mathematicalscientistswith sufficient exposureto
the fascinatingproblemsof the appliedareasto inducethemto work in the areas.Suchan influx of new blood canbe
expectedto greatlyaccelerateprogressin theseimportantfieldsand,in turn, to assistin thedevelopmentof technology.

(C) TheSeminaron IndustrialProblems

Oneof themajorpurposesof theIMA is to facilitateinteractionbetweenmathematiciansandindustrialandgovernment
laboratoryscientists. An importantcomponentis to bring problemsfrom industryand governmentlaboratoriesto the
attentionof mathematiciansand to encouragethemto work on suchproblems. In order to achieve this goal the IMA
developeda new programbeginning fall 1987: A weekly Seminaron IndustrialProblems.IndustrialScientistspresent
one-hourtalks,followedby informal discussion.During eachyeartherearea numberof visitorsinvited to spendtime at
theIMA for thepurposeof studyingsuchproblems.In additionto facultyandIMA visitors,theSeminarincludesanumber
of Ph.D.studentsaswell assomeundergraduatestudents.Seriousmathematicalproblemsof realsignificancein Industry
arepresented,andsomefacultyandstudentswork to solvetheseproblems.Follow-upcontactbetweenspeakersandthose
who becomeinterestedin their problemsis fostered. The IMA Seminarhasbeenconceived asa modelfor interaction
betweenindustrialandacademicscientistswhichcanbereplicatedatotheracademicinstitutions.

AvnerFriedman,themostrecentpastDirector, haswritten tenbookswith thetitle, “Mathematicsin IndustrialProblems,”
detailingtheproblemspresentedduringthefirst tenyearsof theSeminarandprogressmadeby theparticipantstowardtheir
solution.All tenbookshavebeenpublishedby Springer-Verlagasvolumesin theseries,IMA Volumesin Mathematicsand
its Applications.Thefirst bookwaspublishedasVol. #17(1988);Part 2 is Vol. # 24 (1989);Part 3 is Vol. # 31 (1990);
Part 4 is Vol. # 38 (1991);Part 5 is Vol. # 49 (1992);Part 6 is Vol. # 57 (1993),Part 7 is Vol. # 67 (1994),Part 8 is Vol. #
83 (1995),Part9 is Vol. #88(1997),andPart 10 is Vol. 100.

As of this year, IndustrialProblemstalks aresummarizedshortly after they arepresentedon the world-wide web. See
http://www.ima.umn.edu/industrial/ .
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(D) ThePostdoctoratesin IndustrialMathematicsProgram.

As an outgrowth of the IndustrialProblemsSeminar, the IMA hasdevelopeda programof Postdoctoratesin Industrial
Mathematics.Financialsupportcomes50%from an industrialcorporationand50%from theNationalScienceFounda-
tion. The programbeganSeptember1990andhashadtwenty postdoctorates.Thesepositionsaredesignedto prepare
mathematiciansfor researchcareersinvolving industrialinteraction.Familiarity with partialdifferentialequationsand/or
numericalanalysisis desired,but noknowledgein engineeringis required.Postdoctoratesspend50%effort workingwith
a teamof scientistsfrom a sponsoringindustryand50%effort in theirown research.TheIMA providesscientificsupport
for thesepostdocs,within theframework of a researchseminar. See
http://www.ima.umn.edu/people/all-i nd-pos tdocs .html for thecompletelist.

(E) EducationalPrograms

TheIMA is runningseveraleducationalprogramsatvariouslevels:

(1) Mathematicalmodelingworkshops.

In theSummerof 1992theIMA introduceda four-weekprogramin MathematicalModelingfor graduatestudents.Thirty
studentswerechosenfrom apoolof aboutsixty applicants,worldwide;twenty-sevenof thestudentschosenwerefrom the
UnitedStates.Eachweekthreeproblemswerepresentedby threeinstructors;thestudentsbroke up into threeteams,and
eachworkedfor theentireweekononeof theproblems.Eachteampresentedanoral report,followedby a written report;
thetotality of thewritten reportswaspublishedasanIMA TechnicalReport.Theprogramwassupportedby a grantfrom
theSloanFoundation.

In the Summerof 1994,a similar programwasheld for instructorsof undergraduates,both from four-yearcollegesand
from universities.Theprogramlastedthreeweeks,dividedinto two ten-dayperiods.At thebeginningof eachperiodfour
problemswerepresentedby four tutors. The thirty participantsweresubsequentlydivided into four teams.Eachteam
workedon oneof theproblemsfor tendays,andproducedoral andwritten reports,at a level accessibleto undergraduate
students. The totality of the written reportswas publishedas an IMA TechnicalReport,and was distributed around
thecountry. Theprogramwassupportedby theNSFDivision of UndergraduateScience,EngineeringandMathematics
Education.

A programin MathematicalModelingfor bothgraduatestudentsandinstructorsof undergraduateswasheldin July1998.
The format wassimilar to the 1994and1996programs.More detailsaregiven later in this Annual Report. The IMA
intendsto continuethis programandfurther expandit to includehigh-schoolteachers.For informationaboutthe 1998
Modelingprogram,seehttp://www.ima.umn.edu/modeling/ .

(2) A coursein IndustrialMathematics.

Basedonmaterialdevelopedin theIMA Seminaron IndustrialProblems,a coursewasdevelopedby AvnerFriedmanand
WalterLittman. It is called,“Industrial Mathematicsfor Undergraduates.” Thecourseis basedon casestudies,andbuilt
in sucha way that thestudentis not only exposedto real-life problems,but alsograduallydevelopsskills in differential
equationsandnumericalmethods.Thedevelopmentof thecoursewassupportedby two divisionsof theNationalScience
Foundation:theDivision of MathematicalSciencesandtheDivision of UndergraduateEducation.Two workshopshave
beenheld(in theSpringsof 1993and1994)to brief instructorsfrom othercollegesanduniversitieswho areinterestedin
teachingthiscourse.Thelecturenoteshavebeenpublishedby SIAM in July1994.Therearecurrentlyaboutsix institutions
wherethecourseis beingtaught.At theUniversityof Minnesota,tenstudentsenrolledin thecoursethefirst year, andthe
numberhasincreasedto 23 in thefourthyear. Seehttp://www.ima.umn.edu/industrial/ textbo ok.ht ml .

(3) SummerSchoolsfor PI GraduateStudents.

TheIMA holdseachyeara Summerschoolfor graduatestudentsfrom its 29 ParticipatingInstitutions.Theprogramlasts
four weeks,andis basedonfour minicoursesfocusedononebroadtheme(e.g., Probability, PartialDifferentialEquations,
DifferentialGeometry, or HarmonicAnalysis.)Theprogramtakesplaceon oneof theParticipatingInstitutioncampuses.
It offersstudentsa wide exposureto areasof researchin their generalfield of interest,contactwith studentsfrom many
otherschools,andteamwork experiencein theafternoons.Approximately40to 45studentshavebeenparticipatingin this
programeachyear. Seehttp://www.ima.umn.edu/PI/summergrad. html .

(F) SoftwareBenchmarking

It wassuggestedby the IMA IndustrialAdvisory Committeethat themultiplicity of availablesoftwarepackagesfor 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 Softwareconference,theIMA hascomparedavailablesoftwareon scientificallychallengingproblems.This canbe
expectedto save time andeffort for scientistsat universitiesandgovernmentlabsaswell asin industrialresearchgroups.
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Seehttp://www.ima.umn.edu/resources/ archiv es.ht ml .

3. Regular PostdoctoralMembers.

Thepostdoctoralmembersarea key componentof theIMA programs.Postdocpositionsareintendedasresearchtraining
andbroadeningappointments.We hopeandexpectthatthepostdocswill interactwell with eachotherandwith thesenior
visitors. In additionto offering a scientificchallengeto theseniorvisitorsandproviding continuity, they bring flexibility
andenthusiasmto theprogram.Thepostdocsareselectedby meansof anopencompetition.Promisingand,if possible,
proven researchworkers,who areopento new problemsandwho canbe expectedto have new ideas,areaggressively
sought.

The active participationof the postdoctoralmembersis vital to the missionof the IMA. Their interestsare regularly
takeninto accountin theplanningof workshops,lectures,andseminarsandin theselectionof shorttermvisitorsfor the
IMA programs.Variousmechanismsareusedto encouragetheseniorvisitors to go out of their way to interactwith the
postdocs.Informal baglunches,a postdocseminar, a daily coffeehour, andInstituteteashave all provedto behelpful.
The IMA directorsandcoordinatorsstrive to walk the fine line betweenover-directionandunder-directionof research.
It is hopedthat thepostdocswill usetheir IMA experienceto grow to beamongthe future leadersin themathematical-
scientificcommunity. For thecompletelist of the165 RegularPostdoctoralMembers,includingcurrentaffiliations, see
http://www.ima.umn.edu/people/all-r eg-pos tdocs .html .
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III. BOARD OF GOVERNORS

A twelve-memberBoardof Governorshasbeenchargedwith giving overall scientificguidanceto theIMA. Major policy
decisions,includingtheappointmentof thedirectorsandthechoiceof topicsof studyandcoordinatorsfor eachprogram,
aremadeby theBoard.

Themembershipof theBoardduring1997–1998andtheperiodsof appointmentare:

NAME INSTITUTION PERIODOFTENURE

LynneBillard Universityof Georgia Jan.1, 1998–Dec.31,2000
JenniferChayes Microsoft Jan.1, 1998–Dec.31,2000
JamesKeener Universityof Utah Jan.1, 1998–Dec.31,2000
PaulRabinowitz Universityof Wisconsin Jan.1, 1998–Dec.31,2000

RobertCalderbank AT&T Labs Jan.1, 1997–Dec.31,1999
RosemaryChang SGI, Incorporated Jan.1, 1997–Dec.31,1999
JohnPolking RiceUniversity Jan.1, 1997–Dec.31,1999
RidgwayScott Universityof Houston Jan.1, 1997–Dec.31,1999

David H. Bailey NASA AmesResearchCenter Jan.1, 1996–Dec.31,1998
William Pulleyblank IBM ThomasJ.WatsonResearchCenter Jan.1, 1996–Dec.31,1998
Al Taylor Universityof Michigan Jan.1, 1996-Dec.31,1998
JamesTurner ArizonaStateUniversity Jan.1, 1996–Dec.31,1998

Mary EllenBock PurdueUniversity Jan.1, 1995-Dec.31,1997
David Levermore Universityof Arizona Jan.1, 1995–Dec.31,1997
JamesMcKenna Bellcore Jan.1, 1995–Dec.31,1997
Alan Perelson Los AlamosNationalLaboratory Jan.1, 1995–Dec.31,1997

FORFUTUREREFERENCEONLY:

1999–2001:

DouglasAr nold PennsylvaniaStateUniversity
Richard Kar p Universityof Washington
ThomasMagnanti MassachusettsInstituteof Technology
andJuan Meza SandiaNationalLaboratory

10



IV. RESEARCH ACCOMPLISHMENTS IN MATHEMA TICS FOR
1997-98:EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

1. ANNUAL PROGRAM ORGANIZERS

Martin Golubitsky of the University of Houston,Departmentof Mathematicsis oneof the organizersfor the 1997-98
programyearon “Emerging Applicationsof DynamicalSystems.” He alsoco-organizedthe IMA workshopon “Pattern
Formationin ContinuousandCoupledSystems.” Hewrites:

Patternformationhasbeenstudiedintensively for mostof this centuryby both experimentalistsandtheoreticians,and
therehave beenmany workshopsandconferencesdevotedto thesubject.In theIMA workshopon PatternFormationin
ContinuousandCoupledSystemsheldMay 11-15,1998weattemptedto focusonnew directionsin thepatternsliterature.
In particular, westressedsystemsandphenomenathatgeneratenew typesof pattern(thosethatappearin discretecoupled
systems,thosethatappearin systemswith globalcoupling,andthosethatappearin combustionexperiments)andonwell-
known patternswheretherehasbeensignificantrecentdevelopment(for example,spiralwavesandsuperlatticepatterns).

Theparticipantsat this meetingincluded,in moreor lessequalparts,experimentalistsandtheoreticians.Onegoalwasto
continuecommunicationbetweenthesegroups,andwewerepleasedby theresult.Anothergoalwasto familiarizea larger
audiencewith someof thenewerdirectionsin thefield, andagaintheresultwasverysatisfying.

With thesegoals in mind, we decidedto producea nonstandardworkshopproceedings.We did not want to publish
a collectionof researcharticles,which could have appearedelsewhereas refereedjournal articles,nor did we want to
publisha list of abstracts.Instead,we attemptedto collecta seriesof mini-review articlesof at most15 to 20 pages(with
extensivebibliographies)thatwoulddiscusswhy certaintopicsareinterestingandmeritadditionalresearch.Theresponse
hasbeenquitehearteningandwehopethatreaderswill find thesereviewsa usefulentryinto theliterature.

Joint work with Dan Luss,University of Houston(ChemicalEngineering)andSteven H. Strogatz,Cornell University
(TheoreticalandAppliedMechanics).

John Guckenheimerfrom CornellUniversity, Departmentof Mathematicswasthechairof theorganizingcommitteefor
the1997-98yearon “EmergingApplicationsof DynamicalSystems.” His reportfollows:

I servedaschairof theorganizingcommitteefor theprogram“EmergingApplicationsof DynamicalSystems”duringthe
1997-98academicyear. Thus,spendingthe yearvisiting the IMA wasa uniqueopportunityfor me. I think that I also
playedan importantrole in providing mentorshipfor the postdoctoralfellows in the program. During the courseof the
year, I engagedin technicaldiscussionsaboutproblemsof commoninterestwith abouthalf of thesefellows,will mentor
Kurt LustatCornellduring1998-99andamcontinuinga collaborationwith KathleenRogersandWarrenWeckesser. The
remainderof this reportwill discusstheresearchI accomplishedandmakesuggestionsfor IMA reflectingmy roleaschair
of theorganizingcommittee.

Research

The main topic for my researchduring this pastyear hasbeenthe formulationand implementationof algorithmsfor
computingperiodicorbits of dynamicalsystems.Periodicorbits, togetherwith their stableandunstablemanifoldsare
fundamentalobjectsin the phasespaceof a dynamicalsystem. Stableperiodic orbits are frequentlyobserved as the
limiting behavior of trajectoriescomputedby numericalintegration. For somepurposestherearemoreeffective waysof
computingtheseorbits.Unstableperiodicorbitsthatcannotbereadilyobservedasthelimits of numericaltrajectoriesare
alsoimportantin applications.I havebeeninvestigatingalgorithmsthatperformdirectcalculationof periodicorbits.Such
algorithmsareconstructedin theframework of boundaryvalueproblemsfor ordinarydifferentialequations.Theprimary
innovationin our work hasbeento usea techniqueknown asautomaticor computationaldifferentiationto achieve very
high orderaccuracy in themethods.Theresultsareimpressive. Thenew methodsachieve higheraccuracy with coarser
meshes.They areflexible in their useandstraightforwardasimplementationsof themathematicalproblemsthey solve.
Thiswork is complementaryto thework of Kurt Lust,andwehavebegundiscussionsabouthow to extendourmethodsto
work with largesystems.

Thereare two collaborative projectsthat I beganduring the IMA year. The first is a studyof modelsof two coupled
Josephsonjunctions,or equivalentlytwo pendulacoupledwith atorsionalspring.Thistwo degreeof freedomconservative
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mechanicalsystemhasverycomplex andinterestingdynamics.DonAronson,SebiusDoedel,Bjorn Sandstedeandmyself
have undertaken extensive numericalinvestigationsof this system. We have developeda goodunderstandingof some
aspectsof how thephasespaceof thesystemis organized.We areworkingonapaperthatwill describeourconclusions.

KathleenRogers,WarrenWeckesserandI havebeenstudyingadifferentfour dimensionalvectorfield thatrepresentstwo
coupledoscillators.Thesystemwe arestudyingis a representationof two neuronscoupledthroughreciprocalinhibition.
Eachof theoscillatorsis a relaxationoscillatorwith two time scales.Trajectorieswithin thesystemevolve on theslower
timescale,with brief periodsof rapidtransitionsthatoccuronthefastertimescale.As themodelparametersof thesystem
arevaried,the patternsof transitionsundergo bifurcation. Suchphenomenahave beenstudiedassingularperturbation
problems,but bifurcationtheoryfor multipletimescalesystemsis notyetahighly developedsubject.Thus,ournumerical
investigationsarerevealingnew behavior that is interestingbothfor mathematicaltheoryandfor its biologicalinterpreta-
tions.

Organization:

Theprogramwasimplementedalmostexactlyasoutlinedin theoriginalplans.I think thatthesetof activitieswascoherent
andprovidedanexcellentmix of interdisciplinaryapplicationswith emphasisuponthedevelopmentof mathematicaltheory
andalgorithms.Thereareonly a few commentsthatI offer for futureimprovementsin theIMA programs.

Thepostdoctoralfellows werethefocusof mostof theIMA program.Theselectioncommitteeplacedanemphasisupon
selectingnew recipientsof the PhD. In somecases,the participantsdid not completetheir thesesandotherdegreere-
quirementsuntil well into theyear. This wasa distractionfrom their ability to plungeinto new projects.It is difficult to
predicthow long studentswill take to completetheir degreerequirements,but I recommendthat additionalattentionbe
givento how IMA canbestdealwith this issue.Thereweresix seniorvisitorsat IMA for theentireacademicyear. This
providedmentorshipwhosequalitywouldhavebeendifficult to achieveotherwise.Increasedresponsibilityfrom theMin-
nesotafacultyin theprogramswouldbehelpful,especiallywith theimplementationof two yearpostdoctoralappointments.

Director’s Comment:Startingin fall 1998,a two yearpostdoctoral appointmenthasbecomethestandard. All postdocs
are assignedfacultymentors. Thefirst yearof thepostdocexperienceinvolvesparticipationin the IMA themeprogram.
In thesecondyear (whenthe IMA themeprogrammaybe inappropriate for thesecondyearpostdocs)there is a special
seminarfor thesesecondyearpostdocs(andpossiblysomesmallspecialworkshops)with facultyinvolvementto continue
thementoringexperience. Alsothere will bea specialteaching developmentprogramfor someof thepostdocs.Thiswill
includeparticipationin theUniversity of MinnesotaBushFoundationteachingdevelopmentprojectthat involvesone-on-
onementoringof junior facultyby masterteachers. For otherpostdocswhoare interested,there will beopportunitiesfor
industrial interactionaswell asteachingmentoring.

Therewereten workshopsthatwereincludedin our original plan for theyear. Despitethe long delaybetweenoriginal
conceptionandthefinalworkshops,theprogramswerelivelyandstimulating.Additionaleventswereaddedto theprogram
ata laterdateandcontributedfurtherto makingtheyear’sactivities. For eachworkshop,wesetagoalof bringingtogether
groupsof researcherswho have not interactedstronglyin the past. We achieved this goal in almostall cases,in some
casessuperbly. Thefinal workshopon animallocomotionwasnoteworthy in having participantsfrom four communities
(dynamicalsystems,robotics,biomechanicsand electrophysiology)engagedin intensediscussionsseekingto build a
commonunderstandingof leggedlocomotionand swimming. The workshopsand tutorials that precededsomeof the
workshopswerea focalpoint for theentireyear. DespiteIMA guidelinesto limit thenumberof lecturesatworkshops,the
programsinevitably grew to thepointthatwerewaslimited timefor informaldiscussionsamongtheworkshopparticipants
andno time for anything else. Thus,the atmosphereof the IMA fluctuatedfrom weekto week. During someperiods,
especiallyat thebeginningandendof theacademicyear, it washardlypossibleto bothattendIMA eventsandfocusupon
individual research.Overall, I think that the amountof time spentin workshopswasgood. I do not think it shouldbe
increased.

The IMA supportstaff wasvery helpful. Nonetheless,thereweresomeglitchesin thecommunicationbetweenthestaff
andworkshoporganizers.Theseimprovedduring theyear, but I recommendthat therebeclearpoliciesof what reports
will beprovidedto theworkshoporganizersaboutresponsesto invitations.I recommendthata databaseaccessibleto or-
ganizersof IMA participantsbeestablishedto facilitatedecisionsaboutmeetingprogramsafterinitial invitationsaresent.
While theorganizingcommitteewasgivenguidelinesfor how many invitationsshouldbeissuedto differentcategoriesof
visitors,it wasnotgiveninformationaboutbudgetsor expectednumbersof acceptances.Thismadeit harderto respondto
inquiriesfrom potentialparticipantsanddifficult to know whenthecommitteeshouldconsiderrecommendingadditional
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invitations. I like the fact that thecommitteeswerenot givenfixedbudgets,but moreinformationaboutfinanceswould
helpedtheplanningprocess.

Director’s comment:Lists of confirmedworkshopparticipantsare nowon theweb,publicly available, andare updated
regularly.

I think thattheIMA couldimprovetheinteractionof its programswith theUniversityof Minnesota,especiallyoutsidethe
mathematicsdepartment.Severalof theworkshopswould have benefitedfrom having a local memberof their organizing
committeeswith responsibilityfor encouragingparticipationof othermembersof theuniversitycommunitywith theIMA.
Conversely, little effort was madeby the IMA to advertiseUniversity of Minnesotaactivities outsidethe mathematics
departmentto its members.In particular, the winter biological sciencessegmentof the yearcould have beenenriched
substantiallyby greaterinvolvementwith otherpartsof theUniversity.

Director’s comment:In fact the IMA madeconsiderable efforts to involve the biological communityat the University,
includingpersonalphonecalls,regular mailingsof theNewsletterto theappropriatebiological sciencedepartmentsanda
largeemaillist aimedat facultyin thesedepartments,with detailsof forthcomingworkshops.Despitethis, therewaslittle
successin promotinginteractionwith thebiological andmedicalcommunityat theUniversity during 1997-98,a contin-
uationof a long-standingproblemin connectingthe scienceandengineeringdisciplineswith thebiological community.
However, during the1998-99yearon MathematicasandBiology, strikingadvanceswere made. More than50 reseachers
in medicineandbiologyat theUniversitytookpart in the1998-99program.AnongoingMathematics-PhysiologySeminar
wasestablished,with speakers half frommathandengineeringdepartmentsandhalf fromphysiology andmedicine. The
seminaris nowbeingupgradedto theMcKnightSeminarin MathematicalBioscience, hostedbytheIMA, co-sponsoredby
thedepartmentsof Neuroscience, ChemicalEngineering, Mathematics,and theBiological ProcessTechnology Institute,
and fundedby theMcKnight fund of the GraduateSchool. HansOthmer, a distinguishedmathematicianspecializingin
DevelopmentalBiology, hasjust joinedtheSchoolof MathematicsandtheDigital TechnologyCenter. Hewill playan im-
portantrole in helpingtheIMA nurture math-biology links. Additional joint math-biologypositions,programsandmuch
more interdiscipinaryresearch effort are clearly in theoffing.

2. WORKSHOP ORGANIZERS

EusebiusDoedelof theCaliforniaInstituteof Technologyis oneof theorganizersof theSeptember15 - 19,1997work-
shopon “NumericalMethodsfor BifurcationProblems.” Theproceedingsfor this workshopis combinedwith that of a
relatedworkshop“Large-ScaleDynamicalSystems,September29 - October3, 1997” andwill appearin the IMA Vol-
umesin Mathematicsandits ApplicationsasVolume119: NumericalMethodsfor BifurcationProblemsandLarge-Scale
DynamicalSystems.EusebiusDoedelalongwith LauretteTuckermanaretheeditors.Thefollowing prefaceis writtenfor
thecombinedproceedings:

The papersin this volumearebasedon lecturesgiven at the first two workshopsheld aspart of the 1997–1998IMA
AcademicYearon EmergingApplicationsof DynamicalSystems.This IMA Yearwasorganizedby JohnGuckenheimer
(chair), EusebiusDoedel,Martin Golubitsky, YannisKevrekidis, Rafael de La Llave, andJohnRinzel. The scientific
programhada strongcomputationalcomponent,asespeciallyreflectedin the first two workshops,which wereentirely
devotedto computationalissues.

Workshop1, “NumericalMethodsfor BifurcationProblems,” washeld in theweekof September15–19,1997. Theor-
ganizingcommitteeof this workshopconsistedof EusebiusDoedel(chair),Wolf-JuergenBeyn, BernoldFiedler, Yannis
Kevrekidis,andJensLorenz.Theworkshopconcentratedon complex computationalissuesin dynamicalsystems.While
computationaltechniquesfor low-codimensionlocal bifurcationsin few-degreeof freedomsystemsarein advancedstate
of development,muchwork remainsto be doneon the numericaltreatmentof highercodimensionsingularities.More
importantly, thereis a pressingneedfor the developmentof numericalmethodsfor computingglobal objectsin phase
space,their interactionsandbifurcations.This workshopbroughttogethermathematicians,numericalanalysts,andcom-
puterscientistsworkingon theseproblems.Particulartopicsincludedthedetectionof bifurcationsandthedevelopmentof
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associatednumericalandvisualizationsoftware.Also consideredwereimportanttheoreticalissues,suchassmoothfactor-
izationof matrices,self–organizedcriticality, andsingularheterocliniccycles. Thenumericalcomputationof manifolds,
suchasinvarianttori andresonancesurfaceswerealsostudied.

Workshop2, “Large ScaleDynamicalSystems,” was held during the weekof September29–October3, 1997. It was
organizedby LauretteTuckerman(chair), EdrissTiti, HerbertKeller, andDon Aronson. The numericalstudyof low-
dimensionaldynamicsin large scalesetsof ODEsanddiscretizationsof PDEsnecessitatesthe developmentof special
purposealgorithmsfor simulations,stability andbifurcationanalysis.This workshopaddressedthedevelopmentandap-
plicationof specialiterativemethodsfor largescalesystems.It alsoconsideredglobalmodelreductionschemesfor PDEs.
A relatedgoal is to encouragethe interpretationof large-scalephysicalproblemsasdynamicalsystemswhich, although
high-dimensional,undergo low-codimensionbifurcations.Applicationsof specialinterestincludeselectedproblemsaris-
ing in fluid flows,andpatternformationin reaction-diffusionsystems.

Wewouldliketo thanktheIMA andtheprogramcoordinatorsfor holdingthisworkshop.Wethankoutgoingandincoming
directorsAvnerFriedmanandWillard Miller, andespeciallyRobertGulliver for coordinatingtheworkshops,andtheIMA
staff for providing logisticsupport.WealsothankPatriciaV. Brick for herimportantcontributionto thisvolumeaseditorial
andproductioncoordinatorat theIMA.

Rafael de la Llave of theDepartmentof Mathematics,Universityof Texas-Austinis themainorganizerof theworkshop
on “Dynamicsof Algorithms” held on November17–21,1997. Theproceedingsfor this workshopappearsin the IMA
Volumesin Mathematicsand its ApplicationsasVolume118. Linda R. Petzoldof the Departmentof Mechanicaland
EnvironmentalEngineering,Universityof California-SantaBarbaraandJensLorenzof theDepartmentMathematicsand
Statistics,Universityof New Mexico serveasco-editorsBelow is theprefacefor thebook:

Algorithmsanddynamicsreinforceeachothersinceiterative algorithmscanbeconsideredasa dynamicalsystem:a set
of numbersproducesanothersetof numbersaccordingto asetof rulesandthisgetsrepeated.Issuessuchasconvergence,
domainsof stabilityetc.canbeapproachedwith themethodsof dynamics.

Ontheotherhand,thestudyof dynamicscanprofit from theavailability of goodalgorithmsto computedynamicalobjects.

Fundamentalconceptssuchasentropy in dynamicalsystemsandcomputationalcomplexity seemremarkablyrelated.

This interactionhasbeenapparentin thestudyof algorithmsfor numericalintegrationof ordinarydifferentialequations
anddifferentialalgebraicequationsfrom thebeginning(Newton alreadyworriedhow to computenumericalsolutionsof
ODE’s)andin otherareassuchaslinearalgebra,but it is spreadingto moreareasnow, anddeepertoolsfrom onefield are
beingbroughtto bearon theproblemsof theother.

Thiscollectionof papersrepresentsthetalksgivenby theparticipantsin aworkshopon“Dynamicsof Algorithms” heldat
theIMA in November1997.We hopethat it cangive a feel for theexcitementgeneratedduringtheworkshopandthat it
canhelpto furthertheinterestin this importantandgrowing areafull of fruitful challenges.

Laur etteTuckerman camewith herhusband,Dwight Barkley for theentireprogramyear. Sheis oneof theorganizersof
theIMA WorkshoponLarge-ScaleDynamicalSystemsheldonSeptember29 - October3, 1997.Her reportfollows:

I . OPEN SHEAR-DRIVEN FLOWS

A. PerturbedplaneCouetteflow

I collaboratedwith Dwight Barkley (year-long IMA visitor for 1997-8)on simulationsof perturbedplaneCouetteflow.
PlaneCouetteflow, the flow betweentwo parallelplatestranslatingin oppositedirections,haslong beenknown to be
linearly stableat all Reynoldsnumbers,but to undergo a suddentransitionto three-dimensional(3D) turbulencein the
laboratoryandin numericalsimulations.In asearchfor intermediatestateswhichmightexplain thetransitionmechanism,
theexperimentalgroupof Bottin etal. insertedathin wire into theflow, andobserved3D steadystates.Barkley andI were
ableto numericallysimulatethesestatesandto determinethatthey arosefrom asubcriticalpitchforkbifurcation.Wehave
sincebeeninvestigatingthedependenceof thescenarioonwire radius,aswell asthetransitionfrom thesesteadystatesto
time-dependenceandturbulence.

B. Symmetriesin cylindrical wake flow
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Dwight Barkley (year-longvisitor) andRonHenderson(participantin IMA workshoponLarge-ScaleDynamicalSystems
in September-October1997)numericallycalculatedthe3D instabilitiesof theperiodic2D flow in thewake of a cylinder.
Two instabilitieswere found, called modeA and modeB, with quite different wavelengthsand symmetryproperties.
Experimentalevidencesuggeststhat thesetwo modesmayinteract,with resultingcomplex dynamics.Guidedby Martin
Golubitsky (IMA visitor in May 1998,co-organizerof workshopon Symmetryandof theyearon EmergingApplications
of DynamicalSystems),I beganto undertake an analysisof the interactionof thesetwo modesin termsof bifurcation
theory in the presenceof symmetry. This requiredmasteringthe conceptsof invariantand equivariantnormal forms,
isotropy latticesandisotypicdecompositions.Of greathelpin doingsowasaninformalstudygrouporganizedby Warren
Weckesser(IMA postdoc,1997-8)in the Springof 1998on this very subject. Becausethe 2D cylindrical wake flow is
periodic, the 3D stability analysiscarriedout by Barkley andHendersonis a Floquetanalysis,andthe symmetriesare
spatio-temporal,ratherthanpurelyspatial. In fact,oneof themain focusesof the IMA workshopon Symmetryin May
1998becametheframework for analyzingspatio-temporalsymmetryveryrecentlydevelopedby participantsandspeakers
PeterAshwin,JeroenLamb,IanMelbourne,andAlistair Rucklidge.

I I . CLOSED CONVECTIVE FLOWS

A. Numericalwork

I continuedwork on convectionin variousconfigurations.With Patrick Le Qur andShiheXin, I completedan article
on convectiondriven by equalandoppositehorizontalthermalandconcentrationgradients.This turnedout to involve
a subcriticalcircle pitchfork followed by a supercriticaldrift pitchfork in the caseof a vertically periodiccavity anda
transcriticalbifurcationin a squarecavity. With DanielHenry (IMA visitor duringSeptember-October1997)andAlain
Bergeon(participantin IMA workshopon Large-ScaleDynamicalSystems),I completeda survey article on surface-
tension-driven(Marangoni)convectiondueto combinedthermalandconcentrationgradients.Henry, Bergeon,andI also
continuedwork onMarangoniconvectionin three-dimensionalrectangularcontainers,andwediscussedtheinterpretation
of this work in thecontext of symmetriesof rectanglesandsquareswith EdgarKnobloch(IMA visitor duringMay 1998)
andGabrielaGomes(year-longIMA visitor during1997-8).

B. Analytic work

Convectiondrivenby competingthermalandconcentrationgradientswasextensively studiedin the1980’sasaphysically
realizableprototypeof a codimension-two point,atwhicha curveof Hopf bifurcationswasannihilatedby joining a curve
of steadybifurcations,accompaniedby the existenceof heteroclinicinfinite-periodcycles. Thesecurvesdescribethe
critical Rayleighnumber(temperaturedifference)for convectionasa functionof separationparameter(ratio of solutalto
thermaleffects).

I discoveredthatthesebifurcationcurves,i.e. thelinearstabilitydiagram,couldall bederivedfrom thefollowing property:
Theeigenvaluesof a 2 2 matrix whoseentriesdependlinearly on a controlparameterundergoeitheravoidedcrossingor
complex coalescence,dependingonthesignof thecoupling(productof theoff-diagonalterms)nearthepointatwhich the
diagonaltermsintersect.My interpretationwouldorganizebinaryconvectionaroundthecaseof zeroseparationparameter,
atwhich thecouplingvanishesandtheeigenvaluessimplycrosstransversely.

More surprisingwastherealizationthatthenonlinearpropertiescouldalsobeexplainedin this way. Thestructureof the
equationsturnsout to be suchthat the systemof couplednonlinearequationsdescribingthe steadystatesreduceto a 2
2 eigenvalueproblemwith the squareof the convectionamplitudeaseigenvalue. The structureof the matrix is almost
identicalto thatgoverningthelinearstability; only the interpretationchanges.For instance,complex coalescencefor the
nonlinearproblemmustbe interpretedasa saddle-nodebifurcation(disappearanceof a pair of solutions)insteadof as
theonsetof oscillatorybehavior. In developingthis framework, I benefittedgreatlyfrom conversationswith JohnGuck-
enheimer(programorganizerandyear-long visitor), EdgarKnobloch(visitor, May 1998),andFritz BusseandHermann
Riecke(speakersat theMay 1988workshoponSymmetries).

PUBLICATIONS

Writtenandsubmittedwhile at IMA:
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D. Barkley andL.S. Tuckerman,Stabilityanalysisof perturbedplaneCouetteflow, submittedto Phys.Fluids.

D. Barkley andL.S. Tuckerman,Linear andnonlinearstability analysisof perturbedplaneCouetteflow, in Proceedings
of theSeventhEuropeanTurbulenceConference,ed.by U. Frisch(Kluwer AcademicPublishers,Dordrecht,1998).

L.S. TuckermanandD. Barkley, Bifurcationanalysisfor time-steppers, in NumericalMethodsfor BifurcationProblems
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, and L.S. Tuckerman,Bifurcation analysisof double-diffusiveconvectionwith opposinghorizontal
thermalandsolutalgradientsPhys.Fluids.10,850-858(1998).

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

Researchedat IMA, now beingwritten

L.S.Tuckerman,D. Henry, andA. Bergeon,Binaryfluid convectionasa 2 by2 matrixproblem, to besubmittedto Physica
D.

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

3. VISIT ORS/SPEAKERS

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

My work at theIMA falls into two broadclasseswhich I shalldescribeseparately.

I. Wavesin excitablemedia.

I completeda new fastcomputerprogramfor simulatingandvisualizingin realtimewavesin three-dimensionalexcitable
media.Two examplesof suchmediaaretheBelousov-Zhabotinsky chemicalreactionandcardiactissue.It hasbeenknown
for sometime that weakparametricforcing providesa simplemethodfor control of spiral waves in two-dimensional
excitablemedia. Essentiallynothingwasknown, however, aboutthe effect of parametricforcing in three-dimensional
excitablemediawheresolutionsaremuchricher. Dr. Rolf Mantel(IMA postdoc)andI investigatedin theeffect of weak
parametricforcing of two of themostfundamentalstructuresin threedimensions:theso-calledaxisymmetricscroll ring
andthe twistedscroll ring. We determinedto high accuracy the spatio-temporaldynamicsof both structureswith and
without forcing. Most significantlywe wereableto understandthe dynamicsthroughnormalform equationsbasedon
non-compactsymmetrygroups.Thisunderstandingbenefitedtremendouslyfrom theconversationswith severalvisitorsto
theIMA (B. Sandstede,I. Melbourne,B. Fiedler, andC. Wulff). Thework hasbeensubmittedfor publication[1].

II. Instabilitiesanddynamicsof fluid flows.

Collaborationstookplacewith bothlongandshorttermIMA visitorsonseveralproblemsin fluid dynamics.L. Tuckerman
andI performedextensive numericallinearandnonlinearstability computationsof a classicalshearflow, so-calledplane
Couetteflow, perturbedwith smallribbonin thecenterof theflow. We wereableto confirmthatexperimentallyobserved
streamwisevorticesin this fluid flow resultedfrom a subcriticalsymmetrybreakingbifurcationof thebasiclaminarflow
[2]. We foundtransitionto temporallycomplex states,signifyingtheonsetof a weakform of turbulence.We arecurrently
pursuingthis line of researchto understandthescenariothroughwhichtheflow becomesturbulentasthesizeof geometric
perturbationin decreasedto zero.

I collaboratedwith L. Tuckermanin her work on developinga suiteof large-scalebifurcationmethodsbasedin time-
steppingalgorithms[3].

IMA visitorsM.G.M. Gomes,R. Henderson,andI studiedthree-dimensionaltransitionin theseparatedflow generatedby
a suddenexpansionin anotherwiseparallelflow channel.This geometryis known asa backward-facingstep.We found
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that thefirst instability encounteredastheReynoldsnumberis increasedleadsdirectly to a three-dimensionalstate,and
thatsurprisinglytheflow remainslinearlystableto two-dimensionaldisturbancesfor very largeReynoldsnumber[4].

I developedaheuristicdescriptionof nonlinearthree-dimensionalflow patternsin thewakeof flow pastacircularcylinder
[5]. A collaborationwas begun with IMA visitors L. Tuckermanand M. Golubitsky in which we plan to extend this
work with a combinationof symmetricbifurcationtheoryfor bifurcationsfrom periodicorbitsandlarge-scalecomputer
simulationsof the governingfluid equations. Basedon the initial work donewhile at the IMA we have successfully
obtaineda grantof over1600hoursof supercomputertimeat IDRIS (France)for performingthenecessarycomputations.
We expectthatanumberof otherfluid flowsmightalsobeexaminedin thisway in futureyears.

References:

1. R.M. Mantel andD. Barkley, “Parametricforcing of scroll-wave patternsin three-dimensionalexcitablemedia,”
PhysicaD (submitted).

2. D. Barkley andL.S.Tuckerman,“Stability analysisof perturbedplaneCouetteflow,” 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-dimensionalinstability in flow over a backward-facing
step”in preparationfor J.Fluid Mech.

5. D. Barkley, “Nonlinearstability theoryfor three-dimensionalwaketransition,” in proceedingsof theASME Interna-
tionalFluidsEngineeringDivisionSummerMeeting,Washington,D.C.June1998.

FernandaBotelho from theUniversityof Memphis,Departmentof Mathematicswasin theIMA from January10
- May 31,1998.Sheexpressesthefollowing:

“I want to thankyou for this opportunity. My stayhasbeenmostchallengingintellectuallywhile profiting from a great
work environment. I feel, I returnto the University of Memphisin a new andbetterprofessionalmode,thanksto this
productive sabbaticalleave at your Institute. Finally, let me adda word aboutyour staff. I wasalwaysvery impressed
by the efficient way all my logisticsissuesweredealtwith, this rangingfrom housinginformationto TEXandcomputer
questionsaswell aslocalentertainment.Everyonewasveryhelpful. Definitively, IMA is oneof thebestplacesI haveever
been.”

GeneCaoof MichiganTechnologicalUniversity, Departmentof MathematicalSciencesattendedtheworkshop:Algorith-
mic Methodsfor SemiConductorCircuitry, November24-25,1997andthespecialWorkshop:KnowledgeandDistributed
Intelligence(KDI) Opportunitiesin theMathematicalSciences,March7, 1998.Hehasthefollowing impression:

It is certainly a successfulworkshop,especiallyin bringing researchersfrom industry/EEDeptsto interactwith each
other. They seemsohappy with theworkshopthat they will organizeanotheronenext yearevenwithout IMA’s involve-
ment/support.It would beevenbetterfor themaswell asfor mathematicians,however, thatmoreattentionis paidto get
mathematiciansinvolved.

It wasa big commitmentfor meto attendthis workshop(underthe$1500/yeartravel budget.Industrialparticipantsmay
not have suchconstraintfor math faculty, accordingto a Bell Labsmember). I have to confessthat I was a little bit
disappointedsinceit seemtoosimilar to anengineeringworkshop.

Benoit Dionne, University of Ottawa, Departmentof MathematicsandStatisticswasoneof the long term participants.
Thefollowing summarizeshis researchactivitiesduringhisvisit at from September1 to October31,1997:

During my visit at the IMA, I worked on a projectwith Martin Krupa (TechnicalUniversity of Vienna)who wasalso
visiting the IMA in the Fall 1997. We startedon this projectshortlybeforearriving at the IMA. The projectis still not
completebut wehopeto completeit soon.

In this project,we studyperioddoublingin arraysof identicallycoupledidenticalcells. Eachcell is a systemof coupled
Josephsonjunctions. The typical symmetrygroupof the systemof differentialequationsgoverningthe arrayof cells is
thewreathproductof a subgroupof permutationson thecells (globalsymmetry)andthepermutationson theJosephson
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junctionsin eachcells(eachcell hasthesameinternalsymmetry).TheEquivariantBranchingLemmafor perioddoubling
of mappingsis usedto determinetheexistenceandsymmetryof eachbranchesof solutionsemanatingataperioddoubling
bifurcationpoint. The EquivariantBranchingLemmafor perioddoublingof mappingsis appliedto the Poincaremap
associatedto a periodicsolutionthathasthefull symmetry.

I alsohadtheopportunityduringmy visit at the IMA to meetSebiusDoedel(ConcordiaUniversity). A possiblecollab-
orationmay comeout of our discussions.The projectthat I have in mind will be to addto auto(a softwaredeveloped
by SebiusDoedelto follow branchesof solutionsof differentialequations)the functionality to do branchingat period
doublingbifurcationpointsin systemswith symmetries.I shouldbeon leavenext Fall andI hopeto visit SebiusDoedelat
thattime.

Bernold Fiedler of FreeUniversityof Berlin, Instiuteof Mathematicswasa long term visitor. He commentson some
researchactivitiesheundertookduringhis fall 1997stayat theIMA:

SandstedeandScheelhaveproveda resultconcerningHopf bifurcationfrom constantspeedtravelling wavesto travelling
waveswith oscillatingwavespeeds.Their resultis thefirst to accountfor Hopf bifurcationfrom thecontinuousspectrum.

In theseminar“JosephsonJunctions,” organizedby AronsonandDoedel,significantprogresswasmadeconcerningtopo-
logically nontrivial heteroclinicorbits.

D. Lewis andB. Fiedlerdiscussedthe behavior of discretizationschemesnearrelative equilibria to compactandnon-
compactgroupactions.It turnsout thatcertaindiscretizationschemesareparticularlywell adaptedto thecomputationof
secondarysymmetrybreakingbifurcationsfrom relativeequilibria.

Thegeometryof intersectionsof vortex filamentsof three-dimensional,time-dependentscroll wave patternsin excitable
mediawasinvestigated,bothanalyticallyandnumerically, by theIMA PostDocR. MantelandB. Fiedler. Paper& video
arein preparation.

During a visit of B. Fiedlerto participatinginstitution UW, Madison,progresswasmadewith S. Angenentconcerning
stationaryversusheteroclinicblow-upof maximalcompactinvariantsetsin scalarreactiondiffusionequations.

With J. Alexanderat participatinginstitution UMD, College Park, B. Fiedlerhasclarified the two simplestpossibilities
of transverselynondegenerateHopf-typebifurcation from a degenerateline of equilibria. Suchsituationsarisein cer-
tain graphsof linearly coupledoscillators.R. Pego haspointedout a relationto (spurious)binaryoscillationsin certain
discretizationschemesfor systemsof conservation laws in onespacedimensions.Particularly helpful wereadditional
discussionsconcerningcoordinateblow-upandslow-fastsingularperturbationdecompositionswith C.K.R.T. Jones.

With I. MelbourneatparticipatinginstitutionU of Houston,Texas,B. Fiedlerdiscussednew possibilitiesfor anemerging
normalform theoryof vectorfields nearrelative equilibria to noncompactgroupactions. An applicationis bifurcation
from twistedscrollwavesto genuinelythree-dimensional,non-planarwavestravelling with oscillatingwave speedsalong
a periodicallywobbling axis. The associatedcircular vortex filament, linked to the axis of propagation,will undergo
periodicshapechangeswhich preserve linking. With carefulexperimentsjust emerging, thesemathematicalpredictions
areaheadof observations,in thiscase.

BernoldFiedleralsotookpartin aninformalseminarashedescribesbelow.

“ContinuousSpectra”

ContinuousSpectraarisenaturallyin linearpartialdifferentialequationsonunboundeddomains.Traditionalareasinclude
hyperbolicwave equations,Schroedingeroperators,scatteringtheory, etc.

More recently, a varietyof nonlinearwave phenomenaandpatternshave beeninvestigated,bothanalyticallyandnumer-
ically, in thecontext of semilinearreactiondiffusionequations.Fromanappliedpoint of view, patternsin theBelousov-
Zhabotinsky reactionare a primary sourceof inspiration: travelling waves, target patterns,spiral waves, meandering
spiralshave beenobserved. Otherapplicationswith similar phenomeno-logy includeconvectionpatternsin fluids and
CO-oxidationonplatinummonocrystals.

The seminarstartedwith a thoroughreview of functionalanalysisresultson (varioustypesof) continuousspectraand
their per- turbationproperties.Resultson travelling wavesandtheir continuousspectrawerereviewednext. Progresswas
madein theunderstandingof spectrabothin theinfinitely extendeddiscretecaseandthecontinuouslimit. Behavior under
truncationwasalsodiscussed.

A new resultby BjoernSandstedeandArnd Scheelwaspresented,which addressesHopf bifurcationfrom a pulsetype
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travelling wavesdueto thecontinuousspectrumcrossingtheimaginaryaxis.

Finally, theissueof spectralintervalsappearingin thebifurcationof higher-dimensionaltori wasreviewedby GeorgeSell.

I would like to thankall participantsfor their active interestandfor thepleasantandinspiringatmosphereof this not-so-
plannedseminarin awonderfulworkingenvironment.

Wulfram Gerstner of SwissFederalInstituteof TechnologyLausanne,Centrefor Neuro-mimeticSystemswasa partici-
pantin theworkshop:ComputationalNeuroscienceheldonJanuary14-23,1998.Hewrites:

This is a shortnotejust to sayhow muchI likedmy stayat theIMA duringtheworkshopon computationalneuroscience
in January. I thoughtit wasagreatworkshopwhichtookplacein anenvironmentwhichwasjustperfectfor suchanevent.
Thanksto all of youwhoput in somucheffort to makethingsrunsmoothly.

M. Gabriela M. Gomesof UniversidadedoPortowasa long-termparticipant.Following is a directquotationfrom her.

“I amlooking forwardto my next visit to theIMA in May. Let meaddthat1997/98at theIMA wasa very goodyearfor
me,andI would like to thanktheIMA againfor having invitedme.”

Below is herreporton researchrelatedto visit to theIMA in 1997/98:

Project1 : Three-dimensionalinstability in flow over a backward-facingstep(with Dwight Barkley andRonaldHen-
derson)We performeda three-dimensionalcomputationalstability analysisof flow over a backward facingstep.
The analysisshows that, as the Reynolds numberis increased,the first absolutelinear instability of the steady
two-dimensionalflow is a steadythree-dimensionalbifurcation. Stability spectrawereobtainedfor representative
Reynoldsnumbers.(This projectwaspartially carriedout while Dwight Barkley andmyselfwerevisiting theIMA
in 1997/98. The useof the IMA computerfacilities was crucial in obtainingthe final stability resultsandflow
visualizations.)

Project2 : Spatialhiddensymmetriesin patternformation(with IsabelLabouriauandElianaPinho)IMA PreprintSeries
1582,August1998Partial differentialequationsthatareinvariantunderEuclideantransformationsaretraditionally
usedasmodelsin patternformation.Thesemodelsareoftenposedonfinite domains(in particular, multidimensional
rectangles).Defining the correctboundaryconditionsis often a very subtleproblem. On the otherhand,thereis
pressureto chooseboundaryconditionswhich areattractive to mathematicaltreatment.Geometricalshapesand
mathematicallyfriendly boundaryconditionsusually imply spatialsymmetry. The presenceof symmetryeffects
that are“hidden” in the boundaryconditionswasnoticedandcarefully investigatedby several researchersduring
thepast15-20years.Herewe review developmentsin this subjectandintroducea unifying formalismto uncover
spatialhiddensymmetries(hiddentranslationsandhiddenrotations)in multidimensionalrectangulardomainswith
Neumannboundaryconditions.(This review waswrittenduringmy visit to theIMA in 1997/98.)

Project3 : Black-eye pattern:a representationof threedimensionalsymmetriesin thin domainsThe first experimental
evidencefor Turingpatternswasobservedin theCIMA reactionby DeKepperandcolleagues.OuyangandSwinney
performedfurtherexperimentsin a “thin” layerof gel. Patternsobservedat onsetwerebasicallytwo-dimensional.
However, beyond onseta structurethat doesnot typically occur in two-dimensionaldomainswasobserved - the
black-eye pattern. In this letter we usethe full three-dimensionalityof the patternedlayer to find a settingwhere
black-eyepatternsnaturallyoccur. We proposethatblack-eyepatternshave thesymmetryof a bodycenteredcubic
lattice.(Thisresearchwasinitiatedduringmy visit to theIMA in 1997/98.Discussionswith othervisitors,including
workshopparticipants,werevery helpful. My recentvisit to the IMA in September1998wasalsoof relevanceto
thisproject.)

Project4 : Symmetryandsymmetry-breakingapprochesto strainformationin pathogenpopulationsTheantigenicdiver-
sity exhibitedby many pathogensmotivatedtheconstructionof mathematicalmodelsdescribingthe interactionof
a largenumberof strains. Dependingon the particularpathogens,two strainscaneitheract by inhibition (cross-
immunity)or by enhancement.Thenonlineardifferentialequationsmodelingsuchsystemscanachievea high level
of complexity whichhidestheunderlyingfeaturesof thesystem.By introducingasetof plausiblesymmetryassump-
tions,we provide thesystemswith a structurethatpowerful grouptheoreticaltoolscanhandle.Theseapproaches
providea staticview of pathogenevolution. Fromanevolutionaryperpective,a naturalsetof speculativequestions
whichwill beaddressedis: Whatis themechanismresponsiblefor strainformation?How differentdothepathogens
have to bein orderto beclassifiedinto differentstrains?Are new strainscreatedindefinitely?Whathappensto the
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old ones?Is therea limit to the numberof differentstrainsthat canco-circulate?We will try to answersomeof
thesequestionsby modelingthemechanismof strainformationasa symmetry-breakingbifurcation. Contactwith
field work will bemaintainedthroughthiswork. (Thisprojectwasidentifiedduringmy visit to theIMA in 1997/98,
andwill becarriedout in theUniversityof Warwick. I will visit theIMA againin May 1999to attendtutorialsand
workshopsin epidemiology.)

Daniel Henry of EcoleCentraledeLyonparticipatedin theIMA TutorialonNumericalMethodsfor BifurcationProblem.
Hesharesthefollowing:

L Introducedby LauretteTuckermanto GabrielaGomes,wehadtheproject(Alain Bergeonandmyself)to collaborate
with herontheproblemof hiddensymmetries.Wehaddonesomecomputationsin a3DMarangoni-Benardsituation
andit seemedinterestingto do someextra computationswith differentboundaryconditionsandwith a certainsize
of box, in orderto analysethestructureof thesolutions.But in factmy stayin Minneapoliswastoo shortto begin
practicallyon thesubject,andsincemy returnI wastoobusywith administrativeandeducationaltasks.

L Beforecomingto Minneapolis,I got theacceptationsfrom Europeanscientificassociationsto organizea workshop
on“ContinuationMethodsin Fluid Mechanics.” Oneof theco-organizerswasLauretteTuckerman.Duringmy stay
in Minneapolis,we hadtheopportunityto meetH. Keller andE. Doedel,andsowe decidedto invite themto our
workshopasinvitedspeakers.Thisworkshopwill takeplacein Francein Aussois(theAlps) in September1998.

Mik e Jolly from IndianaUniversity, Departmentof Mathematicswasa oneyearvisitor. Below is his report:

1. AccurateComputationof Inertial Manifolds(with R. RosaandR. Temam)

We have implementedan algorithm developedby Rosa[6] to computeinertial manifoldsto arbitrary accuracy. This
approachdiffersfrom thatof mostapproximateinertialmanifoldsin thatconvergencecanbeachievedwith thedimension
held fixed. The algorithmwastestedon an ODE for which we know an exact inertial manifold. This exampleserves
to demonstratehow to choosecertainalgorithmparametersto optimizetheconvergence.We alsoappliedthealgorithm
to theKuramoto-Sivashinsky equation,andcarriedout an analysisof the effect of truncatingthe highermodesfor PDE
casessuchasthis. Finally thealgorithmwasadaptedto computeinertialmanifoldswith delayandits efficiency compared
to a shootingmethod.A paperon this work is nearlycomplete.We plan to submitthis an IMA preprint,aswell asfor
publication.

2. AccurateComputationof CenterManifolds(with R. Rosa)

We haveadaptedthealgorithmdescribedaboveto computecentermanifolds.We havevalidatedthecodeonsomesimple
ODEs,andplan to illustratehow it canbe advantageousover the traditionalmethodof local approximationby Taylor
expansionby consideringsomecaseswherethemanifoldis notsmooth.We will restrictthescopeof a paperon thiswork
to theODEcase,in orderto reacha wideaudience.

3. Computationof Solutionsto anElliptic BoundaryValueProblemonan InfiniteCylinder. (with R. RosaandE. Titi)

We areapplyingthealgorithmdescribedabove,but now in a PDEcontext. Kirchgassner[4] showedthatfor thisproblem
thereexistsa two-dimensionalcentermanifold.Someanalysisis requiredto ensurethatall conditionsaremetfor conver-
gence.This is a computationallyintensiveapplication.A codehasbeendeveloped,andsomepreliminaryanalysiscarried
out. Wewill compareto work by FumingMa [5], whichusedadifferentmethodto computethemanifoldfor thisparticular
problem.

4. Evaluationof DimensionEstimatesfor Inertial Manifoldsof theKuramoto-Sivashinsky Equation

Up to now estimatesfor this dimensionhave typically beenof theform dim cLb, wherec is a universalconstantandL is
the lengthof the domain. Over the last decadetherehasbeena dramaticreductionof the exponentb, yet c remainsan
elusive quantity, theendresultof a seriesof transformationsof otheruniversalconstantsafterconsiderableanalysis.The
purposeof thiswork is to determine(andto someextentreduce)suchuniversalconstantsandtherebyarriveata meansto
calculatethedimensionof aninertial manifold. This wasdoneby reworking theanalysisof Collet et al. [1] to determine
theradiusif anabsorbingball, andthenthatof TemamandWang[7] to determinethedimensionof aninertial manifold.
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Thenumbersin theendarequitelarge,comparedto whatwespeculatefrom computationalevidence.We thencalculated
how thedimensionwould vary if theestimatefor theabsorbingball couldbereduced,to seewhat it might take to make
therigorousdimensioncloseto whatwe conjecture.A paperon this work is nearlyreadyto turn in asan IMA preprint,
andsubmitfor publication.

5. ComputingInvariantManifoldsbyEvolution(with J.Lowengrub)

A convenientmethodfor the computationof global (un)stablemanifoldsfor ODEsis to evolve the boundaryof a local
(un)stablemanifold. This approachallows for thecaptureof globalmanifoldswhich fold over in a complicatedfashion.
The basicdifficulty in computingin this way manifoldsof dimensiontwo andhigheris that differentgrowth rateswill
causetrajectoriesrepresentingthe manifold to ultimately be concentratedin the fastestdirection. Guckenheimerand
Worfolk [3] getaroundthis by eliminatingtheflow in thedirectiontangentto thecurve oneis evolving. Theeffect is to
generategeodesiccurveson themanifold,andin many casesthis will resultin a goodrepresentationof themanifold.Yet
therearecertainsituationswheresuchgeodesiccurveswould misslargeportionsof themanifold. We have developeda
methodwhichreplacesthetangentialflow with onethatpreservesequalarclengthrepresentationof thecurveof evolution.
This is tantamountto evolving a PDE,which seemsto posesomeinterestingcomputationalchallengesof its own. The
computationsfor thisprojectarenearlycomplete,andwewill soonbegin to write up theresults.

6. Estimateof an EffectiveViscosityGenerated by Iterated ApproximateInertial Manifolds (with C. Foiasand Oscar
Manley)

Approximateinertialmanifoldsallow for theapproximationof anevolutionaryequationsuchastheNavier-Stokesequation
(NSE) to an equationgoverningthe evolution of only the low modes. In an earlierwork, Foias,Manley and Temam
[2] showed that that a certainapproximateinertial form (AIF) canbe put into the sameform asthe original NSE,with
nonlinearityenjoying the sameorthogonalitycondition to ensuredissipativity. In doing so the viscosity is modified,
andbecomesdependenton thevelocity. Theprocesshowever canberepeatedon theAIF, anindefinitenumberof times,
resultingin final AIF whichhasthesamenonlinearityasthefirst AIF, but now aninfinite numberof termsin the“effective”
viscosity. Wehavesinceobtainedaboundfor theeffectiveviscosityin mostof phasespaceandinterpretaflow acrossany
regionswheretheeffective viscosityis infinite asbeinga purely linearflow with infinite speed.We have alsoexploreda
similar iteratedprocedureusinga betterAIF at eachstage.Finally we have deriveda new recurrentestimatefor thehigh
modesof theexactsolutionof theNSE.Thelast two resultswereobtainedwhile thethreeinvestigatorsweretogetherat
theIMA in April, 1998.We will putall thework togetherfor anIMA preprintandeventualsubmissionfor publication.

7. VisualizingGlobalBifurcationsof theKuramoto-Sivashinsky Equation(with M. JohnsonandI. Kevrekidis)

We have usedthe visualizationof two-dimensionalstableandunstablemanifoldsto understanda connectionbetween
two seeminglyunrelatedglobalbifurcations.They involve two heteroclinicconnections,oneof Silnikov type, theother
triggeredby the collision of two manifolds. Oneamusingaspectof this work is that the imagesarestrikingly similar
to thoseof a famousarcheologicalfind of a Viking ship (The Oseberg), so muchso in fact that we areusingnautical
terminologyfor many complicateddynamicalobjectsto make thepresentationsimpler. A paperon this is nearlyreadyto
submitasanIMA preprint,aswell asfor publication.

8. UsingInertial Manifoldsin theComputationof Lyapunov Exponents(with Erik VanVleck)

We have outlined a plan to computeLyapunov exponentsusing inertial manifolds. We expect that the extra work in
computingtheflow on themanifoldwill bemorethanoffsetby the reductionin thesizeof theassociatedlinearsystem
whichmustbeevolvedto computetheexponent.Theconceptionof projectcameasaresultof our interactionat theIMA.
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Juergen Moser of FachinformationszentrumKarlsruhe,ProductionDivision wasa guestof the Schoolof Mathematics
andhadanoffice in theIMA. Hereports:

During my visit , April 1-30,1998at the University of MinnesotaI hadscientificcontactwith variousmembersat the
Departmentof Mathematics,theIMA aswell astheGeometryCenter. I gave:

1) aColloquiumlecture“Dynamicalsystemsandtheviscositysolutionsof theHamilton-Jacobiequation”and

2) aseminartalk “A Lagrangianproofof theinvariantcurvetheoremfor twist mappings”(R. Moeckel canprovideyou
with thedetails).

A manuscript(jointly writtenwith H. JauslinandH.O.Kreiss)conerningthefirst lecturewasdistributedat thetime,anda
preliminarypreprint(jointly with M.Levi) alsowasleft at theIMA. Both topicsled to interestingdiscussionswith visitors
aswell aswith permanentmembers.Thefirst topicwasmotivatedby thegoalfor constructivemethodsfor findinginvariant
tori for Hamiltoniansystems,methodswhichcanbenumericallyimplemented.This leadsto nonlinearpartialdifferential
equations,which aremodifiedto parabolicdifferentialequationsby addinganartificial viscosityterm. We considered,in
particular, themodelcaseof theBurgersequationwith anaddedperiodicforcing termandasked for periodicsolutions.
They canbeobtainedasasymptoticlimit, asthetimegoesto infinity, from theany solutionof theinitial valueproblem.

Onequestionis to find quantiative informationaboutthe rateof this asymptoticapproach,a problemaboutwhich H.
WeinbergerandI hadfruitful discussions.We couldestablishthat this rateis exponentialin time,but it remainsto study
thedependenceof theexponentin termsof theviscositycoefficient.ThisleadstoaHarnackinequalityfor alinearparabolic
differentialequation,whereoneneedsquantitativeinformationabouttherelevantconstant.Numericalexperimentsindicate
a linear dependence.About nonlinearparabolicdifferentialequationsI learnedinterestingideas,especiallyaboutthe
analyicity of the solutionsfrom (my roommate)Titi, connectedwith the methodsdevelopedby Foias. Also with D.
SattingerI had a valuableexchangeaboutthe solutionsof the Korteweg-deVries equation,especiallythosesolutions
whoseinitial valuesaregivenby elliptic or hyperellipticfunctions,andhis numericalexperiments.Thesediscussionsdid
not leadto final results,andI wastheonewhoprofittedfrom them.

R. Moeckel explainedhis interestingwork on the n-body problem, trying to find connectingorbits betweenunstable
configurations.With anumberof youngermathematiciansI discussedthenew proofof thetwist theorem,presentedatmy
seminarlectures.At theGeometryCenterR. McGeheeandEduardoTabacmanwerevery helpful in providing computer
graphicsrelevantfor dynamicalsystems.I planto usethesein my plenarylectureat theInternationalcongressICM 98 in
Berlin.

It goeswithoughtsayingthatI hadmany mathematicaldiscussionswith otherotherguests,studentsandfacultymembers,
suchGuckenheimer. Foias,A. Friedman,Aronson,Serrin.Thevisit wasindeedfruitful for me,andhopefullyalsofor the
institute.

Yakov Pesinof PennStateUniversity, Departmentof Mathematicswasavisitor from September27- October2. Heshares
thefollowing:

During my visit I workedwith M. Jiang(a postdocof theInstitute)andwe completedthepaper:“Equilibrium measures
for coupledmaplattices:existence,uniqueness,andfinite-dimensionalapproximations.”

Thepaperis acceptedfor publicationin Comm.of Math. Phys.andacknowledgementto theIMA is gladlyexpressed.

Let meusethisoportunityandthankyou againfor thewarmhospitalitythatI receivedat theInstitute.
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FernandoReitich of theUniversityof Minnesota,Schoolof Mathematicsreportsthefollowing:

Our IMA-relatedresearchactivities over thepastacademicyearweremainly focusedon initiating a researchprogramin
MathematicalBiology, in preparationfor theupcomingyearat IMA. Duein part to our experiencein themathematicsof
materials(which, incidentally, wasgreatlyenhancedby our participationin thehighly successful1995-96IMA program
onmaterialsscience)wewerenaturallyled to theinvestigationof aclassof freeboundarymodelsof biologicalprocesses.
More precisely, we undertooka studyof somesimplifiedmodelsthathave beenproposedto understandthebasicmech-
anismsandthe possiblecontrolof tumorgrowth. Our initial contribution [FriedmanandReitich,1998b]consistedof a
detailedanalysisof radially symmetricmodelsapplicable,for instance,to the so-called“multi-cellular spheroids.” Our
resultsincludethenonlinearasymptoticstability of steadystateswithin theclassof radialsolutions.Stability resultsare
of crucial importance,asthey canbedirectly correlatedto a tumor’s ability for local invasionof surroundingtissueand
subsequentmetastasis.A trueunderstandingof stability diagrams,however, demandsa thoroughdescriptionof possible
equilibriumconfigurations.This, in turn,motivatedourmostrecentwork [FriedmanandReitich,1998a]wherewe estab-
lished,to our knowledgefor thefirst time, theexistenceof non-radialsteadystates.Our currenteffortsaredevotedto the
analysisof thestabilitypropertiesof thesenewly foundequilibria,whichwill haveobviousimplicationsin ourconcurrent
search,jointly with J.Lowengrub,of effectivealgorithmsfor thenumericalsimulationof thegrowth process.

Regardingtheeducationalactivities at IMA we organized,togetherwith F. Santosa,a workshopfor graduatestudentson
MathematicalModelingin Industrywhichwasheldfrom July22to July31,1998.Theworkshop,thefourthoneconvened
at IMA, broughttogether34 mathematicsstudentsfrom graduateprogramsacrossthe country for an intensive 10-day
modelingexperienceassociatedwith industrialproblems.Thestudentsweredivided into six teams,eachworking under
theguidanceof anexperiencedindustrialresearcherwhowasaskedto poseareal-world problemthattheircompaniesneed
to resolve. As we expected(and,in reality, aswe desired)theproblemsthatwereproposedto thestudentswerenot the
neat,well-definedacademicexercisesfoundin classrooms,but ratherthey consistedof stimulatingopen-endedindustrial
pursuits.In mostcases,theproblemsrequirednew insightfor their formulationandsolution.Thestudentsspenttendays
working on theproblemsandwereasked to presenttheir resultsorally on the lastdayof theworkshop.In addition,the
teamspreparedwritten reportswhichwehavecollectedin [ReitichandSantosa,1998].

Finally, we have alsokeptheavily involvedin technologytransferactivities at IMA. Indeed,over the last few monthswe
have initiatedcollaborativeprojectswith researchersat theHoneywell TechnologyCenter, Honeywell Inc. (Minneapolis,
MN), andat theMR HeadDesigndivision,SeagateRecordingHeads(Minneapolis,MN). TheHoneywell projectrelates
to signal-launchingonto multi-modeoptical waveguides. The objective is to designan effective numericaltool for the
predictionof modalenergy distributionupontheguide’s illumination. In additionto thedifficultiesposedby thepossible
existenceof alargenumberof guidedmodes,theproblemcanbecompoundedbymanufacturingimperfectionsthatresultin
perturbedmaterialor geometricalparameters.We expectthatour recentAFOSRsupportedwork on analyticcontinuation
methodsfor problemsof wave propagationwill have a bearingon thetreatmentof this latterproblem.On theotherhand,
our experiencein materialsscience(and,particularly, in magneticcomposites[Reitich andSimon,1997]),shouldprove
valuablein our joint venturewith Seagate.Thegoal thereis to designmodelsandnumericalalgorithmsthatwill aid in
thedesignof thereadandwrite headswithin theirharddisk drives.Themainmathematicalissuesto beresolvedrelateto
nonlinearmacro-andmicromagneticsmodelsandcalculations.
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FrancesK. Skinner of the Playfair NeuroscienceUnit The TorontoHospital,WesternDivision providesthe following
impressionafterhisvisit:
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I would like to expressmy sincerethanksfor the invitation to attendthe& ComputationalNeuroscienceworkshop(Jan
14-23) in IMA’s annualprogramon “Emerging Applicationsof DynamicalSystems.” Thank you for the supportand
arrangementsdoneonmy behalf.

I camehomementallyexhausted,but exhilaratedat having learntso muchin a shortspaceof time. It wascertainlya
pleasureto havehadthis opportunityto learnandinteractin this exciting field. I sincerelyhopethatsucha workshopcan
berepeatedsometimein thefuture.

J. Leo van Hemmenof PhysikDepartment,TU-Muenchenexpressesthefollowing:

I would like to expressmy sinceregratitudeto the IMA for sucha wonderfulmeetingon ComputationalNeuroscience.
It is alsoa greatpleasureto me to mentiontheexperthelpof the IMA staff. Themeetingwasimportant,andtimely, in
that peoplecould meetanddiscussin sucha stimulatingatmosphere.The moreso sincethe mathematicsof neuronal
informationprocessingandits modeling,exciting - andflorishing- asthey maybe,arestill in their infancy. In short,the
meetingwasextremelyfruitful andstimulatingto me- in fact,to nearlyall theparticipants.

Thanksto all of you!

StevenH. Strogatzof CornellUniversity, TheoreticalandAppliedMechanicswasa participantin theIMA Workshopon
“ComputationalNeuroscience”heldonJanuary14-23,1998.Hewasalsoin residencefor springquarter1998,Symmetry
andBifurcation.Below is his report:

I enjoyedthehospitalityof theIMA for threemonths,from April 1, 1998to June30,1998,aspartof theyear-longprogram
in EmergingApplicationsof DynamicalSystems.Thiswasanincrediblethreemonthsfor me– I hadnoideatheIMA was
sowonderful.I amnow oneof its biggestcheerleaders.Theadministrationof theIMA is smoothandseamless,makingthe
livesof themathematiciansaspleasantaspossible.And themathematicalprogramwassuperb,bothin termsof subjects
andthecaliberof visitorsin attendance.

First,letmesummarizethecollegialaspectsthatweresuchanimportantpartof my timeattheIMA. AlmosteverydayI had
stimulatingdiscussionsover lunch or dinnerwith the postdocs(WarrenWeckesser, KathleenRogers,Shinya Watanabe,
et al.) andsomeof the other long-termvisitors (Dwight Barkley, LauretteTuckerman,JohnGuckenheimer, andDavid
Chillingworthwerethemostfrequentcompanions.)Evenbreakfastwasaspecialoccasion.SeveralIMA visitorsstayedat
TheWalesHouse,andwe got to know eachotherin thatdelightful setting.In particular, for thefirst monthof my stay, I
hadthepleasureof eatingbreakfastevery daywith JurgenMoser, oneof thegreatestmathematiciansof this century. I’ ll
alsohave fond memoriesof breakfastconversationswith Bill Langford,EdgarKnobloch,Ian Melbourne,ClaudiaWulff,
andmany otherstoonumerousto list.

WhenI wasn’t eating,I workedon thefollowing mathematicalprojects:

Laserdynamics:

My timeat theIMA allowedmeto work intensively (via e-mail)with my graduatestudentStephenYeung,enablingusto
completea paperaboutthenonlineardynamicsof a laser[1]. Somegeometricaspectsof thatproblemhadpuzzledus,but
with thehelpof IMA postdocMark Johnsonandhis visualizationsoftware,we finally beganto understandthe intricate
three-dimensionalphaseportrait underlyingthe lasersystem. IMA postdocRicardoOliva wasalsoa helpful partnerin
this project.I alsobenefitedfrom conversationswith RachelKuske,a professorin theindustrialpartof Minnesota’smath
department,andanexperton laserdynamics.Finally, the IMA providedgreathospitalityto my visitorsRaj Roy, Henry
Abarbanel,andtheir studentsandpostdocs– we areall part of an NSFsponsoredcollaborationon synchronizationand
communicationin nonlinearopticalsystems,andweheldoneof ourquarterlymeetingsduringaweekendat theIMA.

Timedelayin coupledoscillators:

A secondpaperwith StephenYeung[2] dealswith theeffectsof time -delayedcouplingon thecollective behavior of the
Kuramotomodel,a classicmodelin nonlineardynamics.We finishedthis paperwhile I wasat theIMA, andwe alsogot
someideasfor a new directionon theproblem,thanksto a penetratingremarkmadeby Kurt Wiesenfeld,a visitor to the
IMA during the PatternFormationworkshop. Kurt suggestedhis ideaduring a brainstormingsession– just the sort of
informaldiscussionthathappensall thetimeat theIMA, andthatis soimportantto mathematicalprogress.

Small-worldnetworks:

In earlyJune,muchof my time wasspentdealingwith themediaexcitementaboutmy Naturepaperwith DuncanWatts
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on small-world networks[3]. In a spanof just a few days,we wereinterviewedby severalmajornewspapers,magazines,
andradioshows. Articlesaboutourwork appearedin theTheNew York Times,WashingtonPost,UPI, Reuters,Business
Week, ScienceNews, and New Scientist,and are scheduledto appearin PhysicsToday (Septemberissue),Discover
Magazine(December)andPopularScience.We’vealsobeeninterviewedonTV by CBSNewsandtheBBC,andonradio
by NationalPublicRadio(MorningEdition),Voiceof America,GermanNationwideRadio,andtheBBC. ( A list of web
links to someof thesearticlesappearsat theendof thisreport.)TheIMA graciouslytookmessagesasneeded,andallowed
meto makeinternationalphonecallsto thesereporters.

Reviews:

Towardtheendof my stay, I wrotea NewsandViewsarticlefor Naturemagazine[4] anda bookreview for Computersin
Physics[5].

Workshopsandseminars:

I alsosuggestedandparticipatedin an informal seminaron bifurcationswith symmetry, led by WarrenWeckesser. This
seminarhelpedseveralof usbeginnerscomeup to speedwith thesymmetryaspectsof thePatternFormationworkshop.
Otherworkshopsin which I participatedwerePatternFormation(co-organizer),Animal Locomotion(participant),Dy-
namicalSystemsMethodsin Oceanography(participant),andControltheory(participant).
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Giovanni Zanzotto of CNR-Universitadi Padova, Dipartimentodi Metodi e Modelli Matematicisubmitsthe following
report:

I have participatedto the IMA programon ‘Symmetrybreakingandpatternformation.’ Mostly, during my visit I have
studied,with Prof. L. Truskinovsky (AeroDept.,U of MN), theenergy landscapeof aclassof crystallinematerialswhose
solidphaseshaveprogressively reducedsymmetriesandacorrespondingsequenceof spontaneoussymmetrybreakdowns.
While theprojectdid notoriginateat theIMA, I developedit agreatdealduringmy 1998visit; also,duringthattimeI did
benefitfrom someinteractionwith suchrenown expertsin this field asM. Golubitsky andI. Stewart, who hadorganized
theIMA program.

In detail, my researchwith Prof. Truskinovsky focusedon the descriptionof the temperature-dependentstrainenergy
function for a crystalexhibiting tetragonal-orthorhombic-monoclinic (’ t-o-m’) martensitictransformations.A very well-
known materialundergoingthesephasetransitionsis for instancezirconia(ZrO2),which is themaintougheningagentin
transformation-toughenedceramics.In theapplications(for instancein turbineblades)the ’active’ zirconiainclusionsin
aninert ceramicmatrixareusedto controlandenhancetheotherwiselow ductility of theceramiccomposites.

Ourmainpointof interestwasthedescriptionof anelasticcrystalexhibitingat-o-mtriple point in its pressure-temperature
phasediagram.As is well known, thevarietyof availablemicrostructuresincreaseswith thenumberof coexistingphases,
so oneexpectsthat in the vicinity of a triple point the numberof (meta)stablemicrostructureswill alsobe the highest
a desiredeffect for improving theperformanceof active materials.On this topic we arefinishinga papertitled ’Elastic
crystalswith a triple point’, which later this Fall will besubmittedto theJournalof theMechanicsandPhysicsof Solids
(theIMA will beacknowledgedin thepaper).

In this paperwe identifiedtheorderparametersandderivedanappropriate‘minimal’ Landau-typeenergy for the t-o-m
crystals,asthelowest-orderpolynomialin thestrainvariablesexhibiting thecompletesetsof minimizerswith thedesired
symmetries.This allowedus to studyvariousfeaturesof the triple point andof thenearbyregion in thephasediagram,
wherethreedistinctsetsof energy wellswith differentsymmetries(parentphaseandproduct-phasevariants)coexist. Our
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energy functionis suggestedin partby theanalysisof a simplediscretemechanicalsystemwith four particlesconnected
by six Lennard-Jonessprings,which shows instabilitiesandbifurcationsanalogousto thosecharacteristicof the t-o-m
crystals.

To our knowledge,ours is the first analysisof a triple point from the perspective of nonlinearelasticity theory, which
presentstheenergyfunctionexhibitingthecompletesetof therelevant(localandabsolute)minimizers.Whatwelearnfrom
theanalysisof the t-o-m crystalsis rathergeneral,andcanbe largely transferredto otherelasticcrystalswith nonvariant
pointsin their phasediagram.Furthermore,our methodfor writing theconstitutive functionsuggestsa generalprocedure
for constructingenergy functionsalsofor any othertypeof martensiticsymmetry-breakingtransformationsinvolving solid
phaseswith a progressivereductionof symmetry.

Thereareseveralmid- andlong-termgoalsthatwe planto pursuein the(near)future,becausetheresultsobtainedsofar
clarify thestatusof thetriple andothernonvariantpointsin thephasediagramsof crystallinematerials,andposeseveral
questionswhich we arecurrentlyinvestigating.Onequestioncanbephrasedasfollows: How many (meta)stablephases
canbeobservedfor a materialin thepressure-temperatureregion neara triple point? We have reasonsto think that it is
possibleto have morethanthreephasescoexisting in thevicinity of a triple point sothatthenumberof coexistingphases
is largerthanwhatis predictedby thecelebratedGibbsphaserule.

Sincewe take metastablestatesinto account(relativeenergy minimizers),this observationis actuallynot in contradiction
with Gibbs’ results,but ratherrepresentsa nontrivial extensionthat may leadto a betterunderstandingof a variety of
processesthat take placein thevicinity of thetriple or othernonvariantpoints(this is a significantissue,for instance,in
thegeologicalandmineralogicalapplications).

A naturalextensionof this line of researchis themodelingof materialswith morethanthreephases(numerousmaterials
areknown to exhibit several stablephaseswith distinct symmetries).We have written a prototypicalenergy function
exhibiting up to six typesof relativeminimizerswith distinctsymmetries(cubic,tetragonal,rhombohedral,orthorhombic,
monoclinic,andtriclinic) andwe planto investigatethis energy function,studyingin particularthepressure-temperature
rangesin which thereis coexistenceof many (meta)stablephases.We plan to comparethepredictionof our modelwith
existingexperiment.

This researchemphasizestheimportanceof studyingspecificregionsin thephasediagramscharacterizedby a particular
abundanceof coexisting energy minimizers(relative or absolute).This is of interestalso to materialssciencebecause
in theseregionsan ’active’ materialmay exhibit a dramaticallyincreasedability to form equilibriummicrostructuresin
responseto theimposedloads,displacements,magneticfields,etc.,andhencedisplayanimprovedmacroscopicbehavior.

Oneof our futuregoalsis obtainingcriteriafor thedesignof thenew activematerialswhosephasediagramsexhibit triple
points in desirablepositions,for instanceat pressuresand temperaturescloserto room conditionsthan thoseat which
nonvariantpointsareusuallyfound.Onemainquestionregardsthemethodsin whichatriple pointcanbe’movedaround’
in the phasediagram. Two main ways can be envisagedto do so: (a) by selectingspecificcompositionsfor suitable
alloys,and(b) by placingtransforminginclusionsinto elasticmatriceswhich maystabilizeotherwiseunstablephases,or
by creatingthin films wherethestabilizingsurfaceeffectsareessential.

4. POSTDOCS

Miaohua Jiang currentlyaffiliated with Wake ForestUniversity, Departmentof MathematicsandComputerSciencehas
servedasanIMA postdocduringthe1997-98yearon “EmergingApplicationsof DynamicalSystems.” He reports:

My yearat theInstitutefor Mathematicsandits ApplicationsparticipatingtheprogramEmergingApplicationsof Dynam-
ical Systemshasbeenan exciting andproductive one. I enjoyed the well-organizedworkshopsincluding thosespecial
ones:seminarspresentedby peoplefrom industry;workshopon NSFnew programs;andthesummerprograms.Besides
theeducationalbenefitof theprogram– thatwill beseenin theyearsto come,theprogramprovidedmeanopportunity
to work closelywith many programparticipantsto completeseveralof my researchprojectsandalsoinitiatedmany new
directionsin my researchin applicationsof dynamicalsystems.The following is a list of work I have doneduring the
programyear.

L 1. Met with Pesinduring Septemberworkshopson dynamicsof large systems.Finalizedour joint work on the
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existence,uniqueness,andfinite dimensionalapproximationfor SRB-measuresof hyperboliclatticesystems.The
articlewasacceptedby Comm.Math. Phy. andis publishedin 1998.

L 2. Completedmy articleon theEntropy Formulafor SRB-measureswhichextendstheresultsof thejoint work with
Pesin.Thearticlewasacceptedfor publicationby theJournalof StatisticalPhysicsandwill bepublishedin 1999.

L 3. With the help of the computingfacility andpersonnelat IMA, I finishedresearchon the dynamicsof spatial
averagesof quadraticmapswith Monte Carlo methods.The resultswassubmittedto PhysicsD andthe paperis
currentlyunderrevision.

L 4. Underthedirectionof JohnGuckenheimer, I studiedthedynamicsandbifurcationsof a threedimensionalsystem
modelingthermoinstability. I showed that contraryto commonbelieves,thesystemdoesnot possesshomoclinic
orbits.Thetechnicalreportwasissuedasapreprintof IMA.

L 5. Initiated a joint work with Rafael de la Llave on the smoothdependenceof SRB-measureson the hyperbolic
latticesystems(A paperwasfinishedin April 1999andsubmittedto Comm. Math. Phy.. It wasalsoissuedasa
preprintof IMA.)
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Mark E. Johnson, who receivedhisPhDfrom PrincetonUniversity’sProgramin AppliedandComputationalMathemat-
ics,cannow befoundin thewebspaceasaTechnicalYahooatYahoo!,Inc. His statementfollows:

During my one-yearpositionasa postdocat the IMA’s yearon Emerging Applicationof DynamicalSystems,I hadthe
privilegeto interactwith anexcellentcross-sectionof thedynamicalsystemscommunityin anenvironmentidealfor such
purpose.

Someof thehighlightsof my yearat theIMA areasfollows:

1. During one of the initial workshop’s Software Demonstrationsessions,I performeda real-timedemonstrationof
SCIGMA, a softwareapplicationwhich wasdevelopedin collaborationwith MichaelS.Jolly (oneof theprogram’syear-
long visitors)andYannisG. Kevrekidis(oneof theprogram’sorganizersandmy PhDadvisor).SCIGMA is a interactive
graphicstool developedfor Silicon Graphicsworkstations.By computingandvisualizingcollectionsof invariantobjects
with SCIGMA in the phasespaceof a dynamicalsystem,onecanmake powerful observationsaboutthe geometryof
complex objectswithin thisspace.

Thesoftwaredemonstrationwasusedto illustrateto theaudiencesomeof thepowersof sucha tool. This demonstration
also led to the organizationof an exciting eveningsession,held at the GeometryCenter, involving the comparisonof
severalsimilar algorithmsandapplicationsdevelopedby programparticipantsMichaelDellnitz, Hinke Osinga& Bernd
Krauskopf, JohnGuckenheimer, andEusebiusDoedel. In additionto thesepeople,therewereseveral othervisitors in
attendance(BernoldFiedler, JimYorke,andMarty Golubitsky to nameafew).

Suchaninteractionwouldnormallybeconsideredrare,but in theIMA’senvironment,is consideredtypical.

2. Ongoingresearchwith Mike Jolly continuedduring our overlappingtime at the IMA. We continuedwork, also in
collaborationwith YannisKevrekidis, on using the SCIGMA software applicationto uncover interestingglobal bifur-
cation phenomenafound to occur in a three-dimensionalapproximateinertial form for the one-dimensionalperiodic
Kuramoto-Sivashinky equation.Theseobservationsweremadeby computingandobservingtheinteractionof collections
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of two-dimensionalstableandunstableinvariantmanifoldsof steadystatesandlimit cycles. The observedphenomena
hasbeendescribedin a recentlysubmittedpapercalled“The Oseberg transition:visualizationof globalbifurcationsfor
theKuramoto-Sivashinsky equation.” Whenthis work wasstill in progress,I delivereda PostdocSeminarin April, 1998,
called“Interactingtwo-dimensionalmanifoldsandglobalbifurcationsfor theKuramoto-Sivashinsky Equation.”

3. Thelong-timedynamicsof theKuramoto-Sivashinsky equationhasbeenstudiedextensively undertheassumptionthat
the equationmodelphenomenaon a homogenousmedium. A questionthat wasstudiedwith EdrissTiti, several times
a visitor to the IMA during the year, andYannisKevrekidis, washow spatialperturbationsmight affect the long-time
dynamics(suchastheexistenceandradiusof its absorbingball, dimensionof theattractor, etc.) of this modelequation.
Theresultsof oureffortsappearasa chapterin my thesis.

In additionto theseinteractions,I enjoyednumerousinteractionswith GeorgeSell, Steve Strogatz,HerbKeller, Ciprian
Foias,Dwight Barkley, and,of course,theotherpostdocsandvisitorsthroughouttheyear. Noneof this would have been
possiblewithout theorganizationandhospitalityof theIMA’sstaff.

Kurt Lust of UnitedTechnologiesResearchCenteris oneof the IMA PostdoctoralMembersin IndustrialMathematics.
Hemakesthefollowing report:

FromSeptember1997till June30, I wasa postdoctoralmemberfor the1997-98yearon Emerging Applicationsof Dy-
namicalSystems.In July, I becameapostdoctoralmemberin industrialmathematics,workingwith theDynamicModeling
andAnalysisgroupat theUnitedTechnologiesResearchCenterin EastHartford,Connecticut.Researchat theIMA My
dissertationresearchconcentratedon numericalmethodsfor bifurcationanalysis,in particularfor large-scaleproblems
with low-dimensionaldynamics.Initially, I continuedwork in thisdirection.Duringmy Ph.D.research,I developedmeth-
odsbasedonsingle-andmultipleshootingfor bifurcationanalysisof large-scaleproblems.I madesomeimprovementsto
my singleshootingbasedcode,anddevelopmentof themultipleshootingbasedcodecontinued.I alsodevelopedamethod
to computetheFloquetmultipliersin multipleshootingandsomecollocationcodeswith veryhighaccuracy. Thismethod
is basedon a matrix decomposition(theperiodicSchurdecomposition)developedat theIMA duringtheyearon Applied
LinearAlgebra(1991-1992)by G. Golub,P. VanDoorenandA. Bojanczyk. During my stayat the IMA, I madesome
refinementsto my implementation.I alsosetupatestcasetogetherwith E. Doedel,usingmatricesgeneratedby AUTO97.
Theresultswereverygood.J.GuckenheimerandS.Watanabehavealsousedthecodein someof their experimentswith
a novel methodfor computingperiodicsolutionsdevelopedby J.Guckenheimer.

I preparedanarticleon theconvergencebehavior of my singleshootingbasedmethodsthatwill appearin theproceedings
of theworkshoponLargeScaleDynamicalSystems,heldat theIMA in September1997.

Anotherpaper, which I startedwriting at the K.U.Leuven,wasrevisedandsentbackto the IMA Journalon Numerical
Analysis. Sometime was alsospentin investigatingfuture development,e.g.,extensiontowardscollocation,both for
partialdifferentialequationsanddelaydifferentialequations,andimplementationonparallelcomputers.

At theendof February, I hada job interview at theUnitedTechnologiesResearchCenter. Thiscompany is very interested
in usingdynamicalsystemstechniquesto enhancetheperformanceof theirproducts.Thoughtheresultof thejob interview
waspositive, I decidedthatI really wantedto spenda yearatCornellUniversitywith J.Guckenheimer. A projectwasset
uptogetherwith UnitedTechnologies,whichleadto thechangeto industrialpostdocstatusduringJulyandAugust.During
my stayat UnitedTechnologies,I spentmostof my time working on analternative techniquefor bifurcationanalysisof
large-scaleproblems.Insteadof doing a bifurcationanalysisof the large-scaleproblem,a low-dimensionalmodelwith
similar behavior is constructedandanalyzed.Thegoalwasto build a modelfor thelargecoherentstructuresobservedin
fluid flow in a diffuserfor varyinganglesof thediffuserandat a fairly highReynoldsnumber. Themodelmustbeableto
capturebehavior atvaryinganglessinceonegoalwasto studybifurcationsastheangleof thediffuservaries.Theapproach
chosenwasto gatherdatafrom simulationsusingaCFDcode,analyzethedatausingtheproperorthogonaldecomposition
technique,andthenbuild a modelby projectingon the PODmodes.Becauseof the complex structureof the equations
(our large-scalemodelwastheNavier-Stokesequationsfor a compressiblefluid) andthevaryingspatialdomain,wehave
chosennot to do a Galerkinprojectionof thesystemof equations.This would not leadto a cheapin our case,andis very
hardto do. Instead,we did a projectionof the systemof ordinarydifferentialequationsdefinedby theCFD code. This
procedureis implementedasa layer aroundthe existing CFD codeandgrid generationcode. This methodis not cheap
either, but is mucheasiertoprogramandeasiertoextendto otherequations.ThemodelwasimplementedasaMatlabMEX
routinewritten in Fortran77 (the languageof theCFD codewe used).Somefirst resultswith themodelwereobtained
by theendof August. Simultaneously, otherresearchersat UTRC, togetherwith Y. Keverekidis,P. Holmesanda Ph.D.
studentatPrinceton,areinvestigatingothertypesof modelingsuchasblack-boxmodelingusingartificial neuralnetworks
anda traditionalGalerkinprojectionof theNavier-Stokesequationsfor incompressibleflow. During my stayat UTRC,
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I’ vealsooptimizedtheirCFDcodefor theirworkstationsandmadevariousimprovementsto enhancetherobustnessof the
code.We havealsodiscussedtheuseof toolsfor bifurcationanalysisof large-scaleproblemsfor theirproblems.

It wasveryinterestingto learnhow researchis donein anindustrialenvironment.A goodunderstandingof how companies
work is essentialin settingupsuccessfulcollaborationswith industry. I amconvincedthattheexperienceswhich I gained
duringthesummerwill beveryusefulin my latercareer, whetherin academicsor in anindustrialor governmentresearch
lab,andI feel thatmoreresearchersin academicsshouldspendsometime in suchanenvironment.OtheraspectsI joined
all theworkshopsheldat theIMA duringtheperiodSeptemberto Juneandwentto mostof thetalksin thoseworkshops.
Fromthecoreprogramworkshops,thefall workshopsweremostinterestingfor methoughI alsolearnedmany interesting
ideasfrom thespringworkshops.In thewinterworkshops,I learnedaboutanotherapplicationareaI wasnot familiarwith
beforemy stayat theIMA. I alsoverymuchenjoyedtheworkshopon“Algorithmic Methodsfor SemiconductorCircuitry”
heldin thefall andtheworkshoponDynamicalSystemsin Oceanographythatwasaddedto theprogramin thespring.The
workshopon Algorithmic Methodsfor SemiconductorCircuitry wasa clearproof of the lack of communicationbetween
differentresearchareas:in several talks, primitive numericalmethodswerepresentedthat have beenknown for a long
time in otherareasandhave reacheda high level of sophistication.This clearlydemonstratestheimportanceof bringing
togetherpeopleworking in various,stronglyor only vaguelyrelated,areas.A successfulexampleof sucha workshopis
theworkshoponAnimal LocomotionandRobotics,heldat theIMA in June.

I alsohadmany interestingconversationswith visitors at the IMA. I hadseveral discussionswith H. Keller during the
fall. The algorithmswhich I developedarebasedon his work with variousgraduatestudents,andit wasinterestingto
learnaboutnew developmentsatCaltech.I alsohadinterestingdiscussionswith someof theothervisitorsduringthefall,
includingW.-J.Beyn, W. Govaerts,M. FriedmanandL. Tuckerman.I hadseveraldiscussionswith Y. Kevrekidisduring
hisvisitsat theIMA andhavetried to setupsomecollaboration.Dueto lackof time,muchof thatwork is doneby aPh.D.
studentin Leuven. Y. Kevrekidis is alsocooperatingin the projecton low-dimensionalmodelingusingPODs. I hopeI
cancollaboratemoreintenselywith him at CornellUniversity. I alsogot in contactwith D. Barkley of theUniversityof
Warwick in theU.K., andit is very likely that I will move to Warwick aftermy stayat CornellUniversity if I decideto
stayin academics.ConclusionTheenvironmentof theIMA hadaverybroadeningeffectonmy research.I’ velaid several
contactsthatwill hopefully last long anddeterminemy furthercareer. Thecollaborationwith UnitedTechnologieswas
alsovery successfulandwill becontinuedduringmy stayat Cornell. Togetherwith UnitedTechnologies,I will continue
to work on themodelingof thediffuserandstarta new projecton modelingof combustioninstabilities,which is a new
areafor me.Combustionis anareaof quickly growing importanceanda goodchoiceto furtherbroadenmy research.My
skills onanalysisof dynamicalsystemswill beveryusefulin bothprojects.I amconvincedthattheyearat theIMA helped
mea lot in gettingreadyfor a tenuretrackpositionor a seniorresearchpositionin a researchlaboratory. It will definitely
havea largeeffectonmy furthercareerin research.

Rolf-Martin Mantel wasoneof the1997-98regularpostdocs.Hewrites:

I spenta productive yearat the IMA in the programmeon Applicationsof DynamicalSystems.I actively participated
in mostworkshops,especiallyby giving a computerdemonstrationon spiral wavesat the Workshopon Computational
Neuroscience.I alsoparticipatedin thepost-docseminars,whereI presentedmy PhDresearch,andin informal seminars
oncontinuousspectrain fall andonbifurcationswith symmetryin spring.

I preparedonepaperof my PhDthesisfor publicationasanIMA preprint. It wasco-writtenwith Dwight Barkley of the
Universityof Warwick,whowasalsoayear-longvisitor at theIMA. Its title is “Parametricforcingof scroll-wavepatterns
in three-dimensionalexcitablemedia.”

During my year here, I entereda closecollaborationwith Bernold Fiedler, who was a visitor in fall and did several
subsequentshortvisits. As aresult,wehaveamultimediapaperin preparationwith theworkingtitle “CrossoverCollisions
of ScrollWave Filaments.”

In this paper, we take Dwight Barkley’s computersimulation“EZSCROLL” that simulatesscroll wavesin threespace
dimensionsandadaptit with a new filamentdetectionalgorithmthatalsodetectscollisionof filaments.We show various
examplesof scroll wave collisions,andwe proveanalyticallythatthereis only onegenericway scroll wavescancollide.
My contributionto thepaperwasconcentratedonthenumericalside.I pursuedsomeresearchonthemeanderto hyperme-
anderbifurcationsof spiralwavesin two dimensions.I wasableto detecttheonsetof severalmeanderfrequenciesbut did
not find any unboundedmotionat high spatialresolutions.I learnedthatcalculatingthelocusof thebifurcationsleading
to theaddedmeanderfrequenciesis averychallengingnumericalproblem.

The neuroscienceworkshopencouragedme to look for “lurching” spirals in two spacedimensions. I found out that
adaptingPDE softwarefrom diffusioncouplingto synnapticcouplingis a major taskthatchallengesseveralof thecore
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assumptionsof the“EZSPIRAL” software.

Out of thecontactswith visitorsI made,I wasoffereda job by KlausBoehmer, andI aim to do futurecollaborationwith
MichaelDellnitz. I wasalsogladto meetseveralpeopleworkingin topicscloselyrelatedto mine,especiallyClaudiaWulff
andBerndSandstede.

Marina Osipchuk of Honeywell TechnologyCenter(HTC) is oneof the1997-98IndustrialPostdoctoralMembers.She
reports:

As a participantof the IndustrialProgramaffiliated with theHoneywell TechnologyCenter(HTC) I enjoyedthecombi-
nationof theindustry-relatedresearchandcollaborationwith theIMA participantsfor theprogramyear. In thecourseof
theprojectat theHTC we developeda low-costaccuratecontactestablishmentandattitudedeterminationstrategy for a
constellationof low Earthorbit satellites.While working on my industrialprojectI benefitedfrom discussionswith the
organizersof theprogram:Profs.Fadil Santosa,BlaiseMorton,AvnerFriedman,WalterLittman,RachelKuskeaswell as
theotherindustrialpostdocs:GilbertoLopezandShariMoscow.

Participationin theannualprogramon“EmergingApplicationsof DynamicalSystems”expandedmy knowledgein latest
theoreticalissuesin dynamicalsystems.Thescopeof applicationareaspresentedattheworkshopsfascinatedme.I enjoyed
theopportunityto work closelywith theparticipantsof theworkshops(EdrissTiti, YannisKevrekidis,StasShvartsman)
oncontrolof reaction-diffusionsystems.

I alsoparticipatedin an informal seminaron bifurcationswith symmetryorganizedby WarrenWeckesser. Theseminar
studyservedasa greatintroductionfor the forthcomingworkshopon PatternFormation. In additionI participatedin a
weeklypostdocseminarandgave anoverview talk on controlof nonlinearsystemsasanintroductionto theworkshopon
NonlinearIdentificationandControl.

In addition,I revisedapaperon theresearchthatI startedat theUniversityof California,Irvine. Thepaper“Geometryand
InverseOptimality in GlobalAttitudeStabilization”waspublishedin Journalof Guidance,ControlandDynamics.

Research

Attitudedeterminationin satelliteconstellation

The“fiber-like” qualityalongwith globallyprovided,space-basedcommunicationarethedistinctivefeaturesof thebroad-
bandlow-Earthorbit (LEO) satellitesystemTeledesic.Thehigh speed,high quality of datatransmissionis achievedvia
intersatellitecommunication(eachsatellitehaslaserlinks to eightadjacentsatellites).To handlethesystemnetworkingthe
satelliteshaveto bepositionedandorientedmuchmorepreciselythansatellitesthatcommunicateonly with theground.In
addition,to facilitatesatellitecrosslinksthesatelliteswill haveon-boardcomputers,thusincreasingthecostof thesystem
andpowerconsumptionin theorbit. Ourgoalwasto developnavigationconceptsthatemploy theexistingcommunication
systemandthuseliminatetheadditionalcostof conventionalsensors.

The developedattitudedeterminationstrategy employs maximumprobability searchto establishcontactsbetweennon-
orientedsatellitesin thegroupsandupdatestheestimateof thesatelliteattitude.Oncethesatellitesarelinkedwithin the
grouptheaccuracy in attitudedeterminationis limited only by hardwareresolution.Efficiency in contactestablishmentis
guaranteedwhile usingthesuggestednonlinearprogrammingsearch.Finally, thedescribedattitudedeterminationmethod
exploitsexistingcommunicationhardwarethuseliminatingadditionalcostfor conventionalsensors.

Nonlinearcontrol of dissipativeevolutionaryequations

The dynamicsof the evolutionaryequationis governedby a PDE with infinite-dimensionalstateof the corresponding
control problem. On the otherhand,the implementationissuessuchasdiscretelocationof actuators,limited memory
capacityandfinite precisionof computerscall for a finite-dimensionalcontrol.

A nonlinearmodelreductionmethodof thediscretizedPDEwasemployedto approximatethelong-termbehavior 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
theotherhand,nonlinear, feedbacklinearizingcontrol resultsin largecontrolspillover to theresidualmodes.We design
an inverseoptimal control law for the reducedsystem.The stability androbustnessof the full closed-loopsystemwith
respectto fast unmodeleddynamicswas analyzedusing singularperturbationand bifurcation techniques.Simulation
resultsdemonstratethe performanceadvantagesof the inverseoptimalcontrol law over the linear quadraticregulatorin
stabilizingmodelsderivedfrom our illustrativeexample.

Kathleen A. Rogersof theUniversityof Marylandhascompletedher1styearasanIMA Postdoc.Shewrites:
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WorkshopsandSeminars

As a PostdoctoralMemberof the IMA during the themeyearEmerging Applicationsof DynamicalSystems,my main
responsibilitiesincludedattendingworkshops,seminarsandtutorials.Thisprovidedauniqueopportunityfor meto gaina
broadperspectiveof thelatesttheoreticalandnumericalissuesin dynamicalsystemsaswell asto becomeacquaintedwith
somenew applicationareas.After completingmy thesislastyear, I felt that I waslackinga moreglobalview of current
researchin appliedmathematics,anddynamicalsystemsin particular. I took this opportunityto expandmy knowledge
in severalareasof dynamicalsystemssuchasgeometricsingularperturbationtheory, continuousspectrumof operators,
bifurcationin the presenceof symmetry, andpatternformationin reaction-diffusionsystems,just to namea few. I was
alsointriguedby the varietyof applicationareasthatwerepresentedthroughouttheyear. Workshopswhich focusedon
neurobiology, cardiacrhythms,andcalciumdynamicsprovidedanin depthlook at applicationsin which mathematicsis
juststartingto makeanimpact.Duringthecourseof theyear, I alsoenjoyedhearingabouttheotherapplicationsof various
techniquesandmethodsin dynamicalsystems.For instance,oneinvitedspeaker focusedon theroledifferential-algebraic
equationsplay in modelingchemicalreactionsandanotherfocusedonusingreaction-diffusionequationsto modelthelife
cycleof moldspores.

In additionto thescheduledworkshopsandseminars,I participatedin two informal weeklyseminars.In thefall, Bernold
Feidlerorganizedthe ‘working’ seminaron continuousspectra.The seminarbeganwith understandingthe definitions
of the variouskindsof spectrathat operatorscanhave andcontinuedonto discussionsaboutalgorithmsfor numerically
calculatingcontinuousspectra.Duringthespringquarter, WarrenWeckesserorganizeda‘working’ seminaronbifurcations
in thepresenceof symmetry. Thisseminarconsistedof readingsomeelementarypapersonbifurcationsin thepresenceof
symmetryin orderto becomefamiliar with thevocabulary. Therewerealsopresentationsof ‘work in progress’on which
we tried to offer suggestions.

Talks

In additionto participatingin theworkshopsandseminarsassociatedwith dynamicalsystems,postdoctoralmembersare
expectedto organize,attendandspeakat theweekly‘PostdocSeminar’.I volunteeredto organizethepostdocseminarfor
thewinter session,in which theworkshopsfocusedon biologicalapplicationareas.Sincethesewerenew areasfor most
of thepostdoctoralmembers,I tried to incorporateanintroductionto theareasaspartof theregularpostdocseminars.As
with all thepostdocs,I gave a talk in thepostdocseminar. I wasalsoinvited to speakat theApplied Math Seminarat the
Universityof Arizona.

Research

My researchaccomplishmentsfor thisyearencompassedthreeseparateprojects.Thefirst projectinvolvedwriting papers
on my dissertationresearch,stability of twistedelasticrodsasa modelfor supercoilingin DNA minicircles. Thesecond
projectwasan industrialproblempresentedto the IMA by GeneralMotors involving welding andclampingof beams.
The third project investigateda systemof four ordinarydifferentialequationsthat serve asan idealizedmodel of two
reciprocallyinhibitory neurons.

DNA: A twistedelasticrod is widely acceptedto bea qualitative modelof supercoiledDNA. Mathematically, a twisted
elasticrod is representedby anisoperimetricallyconstrainedcalculusof variationsproblem.That is, theequilibriaof the
rod exactly correspondto critical pointsof a certainfunctionalsubjectto integral constraints.Similarly, critical points
which correspondto constrainedminimaaresaidto be stableequilibria. My thesiscomprisesa seriesof practicaltests
which determinewhich critical pointscorrespondto constrainedminima,or equivalently, which equilibriaarestable.My
researchgoalsin thisparticularareawereto completepapersthatwerebasedonmy thesisresearch.During thisyear, one
of thepapers

R.S.Manning,K.A. Rogers,& J.H.Maddocks,IsoperimetricConjugatePointswith Applicationto theStabilityof DNA
Minicircleswasacceptedandwill appearin theProceedingsof theRoyal Societyof London:Mathematical,Physicaland
EngineeringSciences.Additionally, a paperwith LeonGreenberg andJohnMaddockswaswrittenandsubmitted:

L. Greenberg, J.H.Maddocks,& K.A. Rogers,TheBorderedOperator andtheIndex of a ConstrainedCritical Point.

During a trip to EPFL in LausanneSwitzerlandto visit my advisor, the resultsfor the final paperfrom my dissertation
werestrengthenedandgeneralizedto includestabilityexchangeresultsatnon-simplefoldsaswell assimplefolds. These
generalizationsrequiredasignificantrewrite of thepaper

K.A. Rogers& J.H. Maddocks,DistinguishedBifurcation Diagramsfor IsoperimetricCalculusof Variations Problems
andtheStabilityof a TwistedElasticLoop.
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This lastpaperis still in preparation,but shouldbesubmittedshortly.

Welding andClampingof Beams:Experimentson shellshave demonstratedthat the sequencein which two shellsare
clampedandweldedaffectsthefinal shapeof theshells.Suchasituationarisesin assemblingautomobiles.In thatsetting,
the consequencesof differentfinal shapescanbecostly if, for instance,the final shapeof the two shells(or automobile
parts)causesthelargerstructurenot to meetrequiredspecifications.In orderto understandwhy thissequencedependence
arisesDr. Danny Baker andDr. SamuelMarin of GeneralMotors ResearchandDevelopmentCenter, Fadil Santosa,
AssociateDirectorfor IndustrialProgramsat theIMA, andI proposedmodelsof clampingandweldingof beamswhich
demonstratethissequencedependence.

Considerthe variationalformulationof beamswith small initial curvaturederived by Washizu(VariationalMethodsin
ElasticityandPlasticity,PergamonPress,1982)in whichtheinitial shapeof eachbeamwill bedenotedby PRQTSVUXW and PTYRSVUZW ,
theperturbationfrom the initial shapein thehorizontaldirectionwill bedenotedby []\^SVUZW andtheperturbationfrom the
initial shapein theverticaldirectionwill bedenotedby _`\MSaUXW . Thecoordinatesof thebeamsafterdisplacementwill be
givenby bc\edfU�g%[]\^SVUXW and hi\jd8PT\k\MSaUXW .
The first modelwhich we consideredallowed only vertical displacementof the beam( [l\^SaUXW�mon , _�\MSaUXWBpdqn ), which
impliesthattheclampingmechanismdoesnotallow ‘slipping’ of thebeamastheclampis closed.Effectively theclamping
mechanismtakesaprespecifiedpointoneachbeam,UTQ and UZY , andforcesit to aprespecifiedlocationhsr with aprespecified
slopehutr . Theclampingproblemis modeledby two fourth-orderordinarydifferentialequationssubjectto left endboundary
conditions,continuityconditionsat UZ\ , andtheclampingconditions.Thismodelproblemhasananalyticsolution.

Unlike theclampingprocedure,theweldingproceduredoesnot specifytheposition hRr or theorientationhutr of thebeam.
Theweldingconditionsspecifythat theverticalpositionandtangentof both beamsarethe sameandalsothat the axial
force andbendingmomentbalanceat the welding point. This welding procedureis alsomodeledby two fourth-order
ordinarydifferentialequationssubjectto left endboundaryconditions,continuityconditionsandtheweldingconditions.
Thismodelalsoadmitsananalyticsolution.

If onecontinuesto follow the solutionto thesemodelsof clampingandwelding throughthe applicationof two clamps
andtwo welds,thenonewill find no sequencedependencearisesin this model. We thenconjecturedthat the sequence
dependencearisesasa resultof horizontaldisplacementin theclampingprocedure.This meansthatastheclampcloses
eachbeamis allowedto slidewithout friction. To testthis theory, we proposeda modelwhichallows bothhorizontaland
verticaldisplacements( [l\NSaUXW�pd?n , _�\KSVUZWvpd8n ), wheretheclampsandweldsaremodeledin a mannersimilar to themodel
describedabove,exceptof course,it takesinto accountthehorizontaldisplacements.

Thesystemof ordinarydifferentialequationsincludingtheweldingandclampingconstraintsthataccountsfor horizontal
displacementis significantlymorecomplicatedthanthesimplermodelanddonotadmitananalyticsolution.In ordertosee
thesequencedependencein themodel,eachstepmustbesolvednumerically. A multipleshootingalgorithmprogrammed
in Matlabis abletocomputethesolutionfor oneclampandthesolutionfor oneweld. Unfortunately, theproblemswith one
weld andoneclampandtwo clampsinvolve two fourth-orderequationswhich arecouplednonlinearlythroughclamping
conditions,weldingconditionsandcontinuityconditions.Thisproblemcannotbesolvedby thecurrentshootingalgorithm
andis a focusof ongoingresearch.

Reciprocal Inhibitory Neurons: Many of thebehaviorsobservedin thesolutionsof theHodgkinandHuxley equationscan
alsobe seenin simpler, yet still biologically reasonable,models. In particular, simplemodelsof the actionpotentialof
neuronsconnectedby reciprocallyinhibitedsynapseshavebeenstudiedto furtherunderstandsuchbiologicalphenomena
asheartbeat,swimming,andfeeding.Two identicaloscillatoryneuronsconnectedby reciprocallyinhibitory synapseswill
oscillateexactly out of phaseof eachother, that is, while oneneuronis active theotheris quiescent.JohnGuckenheimer,
WarrenWeckesserandI studiedanidealizedmodelof a pairof reciprocallyinhibitedneuronsin thegastricmill circuit of
a lobster. Ourgoalis to understandsolutionsof asetof four differentialequationswhichmodeltwo asymmetricoscillators
in termsof geometricsingularperturbationtheory, aneffective tool for understandingequationswith multiple timescales.
Essentially, singularperturbationtheorypiecestogethersolutionsfrom thefastsystemandsolutionsfrom theslow system
to geta solutionof thesingularlyperturbedsystem.Behavior of a singularlyperturbedsystemconsistsof motionon the
slow manifold(thesetof equilibriaof thefastsystem)andfastjumpsbetweendifferentpartsof theslow manifold.These
fasttransitionsoccurat folds in theslow manifold. A periodicsolutionto thesystemof equationswhich describesa pair
of identicalreciprocallyinhibitory neuronscanbedescribedin termsof singularperturbationtheoryasconsistingof two
fasttransitions.Thesefasttransitionscorrespondto oneneuronjumpingfrom anactive to a quiescentstateandtheother
jumpingfrom aquiescentstateto anactivestate.

As we investigatedthesolutionspaceof theasymmetricproblem,we foundmany solutionsthatwerequalitatively similar
to thesolutionsof thesymmetricsystem.We alsofoundothervery differenttypesof behavior. For instance,in a small
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parameterrange,thereexists (at least) two stableperiodic orbits of the full system. Both of theseperiodic solutions
correspondto morecomplicatedbehavior thanthetypical reciprocallyinhibitory behavior describedabove. Insteadof the
orbit consistingof two fasttransitions,theperiodicorbitsconsistof nineandelevenfasttransitions,respectively, andthe
behavior of the two neuronscanno longerbe classifiedsimply asactive or quiescent.The possibleimplicationsof the
existenceof two stableperiodicsolutionsaswell asthestructureof thesesolutionsareasourceof continuedresearch.

In additionto bistability in thesystem,we alsofoundcanardsolutions,that is, solutionsin which partof theorbit occurs
on an unstableportionof the slow manifold. We identifiedtwo differenttypesof canardsolutions. Onetype of canard
solutionconsistsof a fasttransitionto anunstablepartof theslow manifold. In theothertypeof canardsolution,theorbit
continuespasta fold in theslow manifoldontotheunstablepartof themanifold. For a smallparameterrange,thefamily
of canardsolutionsis stable.Continuationof thetwo stableperiodicsolutionsrevealsthatthecanardsolutionspersistfor
a muchlargerparameterregimebut areunstable.

Tony Shardlow of OCIAM, MathematicalInstitutedescribeshisactivitiesandachievementsduringhisstayat theIMA as
a postdoctoralmemberof theEmergingApplicationsof DynamicalSystemsyear.

Long time approximationof Markov Chains: This project looks at a classof Markov processesarisingfrom stochastic
differentialequationsandasksto whatextentnumericalapproximationsof theseprocessescanreproducetheir long time
behaviours.To gainresultsin thisdirection,theprocessesareassumedto begeometricallyergodic,whichmaybeverified
in a varietyof circumstancesandis mucheasierto establishthansimilar notions(hyperbolicattractors,for example)in
deterministicsystems.The paperShardlow andStuart(An abstractperturbationtheoryfor Markov chains,IMA report
no. 1563) describeshow long time averagesof theapproximationconvergeto thetrueergodicaverageof theunderlying
process.The approximationsmustconverge to the underlyingprocess,but it is only necessaryto do so in the senseof
distributionsonatime interval boundedawayfrom theorigin. Thisopensthedoorfor exampleto weakapproximationsof
PDEs,whereerrorestimatesfor numericalmethodsaregenerallysingularat time wxdfn .
Motivatedby this paper, I developedtheresultsnecessaryto apply theabove theoryto stochasticPDEs.Two resultsare
needed:(i) finite timeconvergencefor thenumericalmethod,whichI haveworkedout for finite differenceapproximations
in (Shardlow, Numericalmethodsfor stochasticPDEs, submittedNum. Func.Anal. andOpt.) and(ii) geometricergod-
icity, which is discussedin (Shardlow, GeometricErgodicity for StochasticPDEs, to appearStoch.Anal. App). Further
motivatedby theabovework, I havestartedlooking into waysof proving geometricergodicitywhenthestochastictermis
degenerate.Oneclassof suchproblems(hypoellipticsystems)cameup in the IMA workshopon control theoryandthis
maybeadirectionfor furtherresearch.

StochasticPDEsfor phasetransitions: This projectconcernsstochasticPDEsarisingin themodellingof certaingrowth
processesandarefamiliarastheCahn–HilliardandAllan–Cahnequationswith anadditionalrandomlyfluctuatingdriving
term. I spenta considerableamountof time readingbackgroundon theseequations,leadingto a proposalto theEPSRC
in Decemberfor a postdoctoralpositionat the University of Oxford. Therearea numberof interestingdirectionsfor
this work, relatedto extendingthe extensive work on the Cahn–Hilliardequationto includethe stochasticterms. I’m
particularly interestedin developingnumericalmethodsand possiblythe useof approximatingparticlesystems.This
proposalwassuccessfulandI startstudyingthesequestionsin theOxford Centrefor IndustrialandAppliedMathematics
(OCIAM) in October.

Whilst I’ vebeenat theIMA, my researchin this areahasbeenfocusedon the1d Allan–Cahnequationforcedby additive
space–timewhite noiseandthe developmentof an SDE to accountfor the motion of the fronts. Previous work on the
deterministicAllan–Cahnequationhasbeensuccessfulin describingthemotionof the fronts by anODE in the relative
positionsof the fronts; it is an interestingideato explore this ideain the presenceof noise. This work involved formal
asymptoticstogetherwith thoroughnumericalexperiments,andis currentlybeingwritten up (Shardlow, Perturbationsof
theAllan–Cahnequation).

OtherDuring my stayat theIMA, I have benefitedfrom attendinga largenumberof seminarsin theDynamicalSystems
yearover a terrific rangeof mathematics.Stanford(my previousinstitution) is not a centrefor dynamicalsystemsandit
hasbeenabreathafreshair to attendseminarswith adifferentfocus.I presentedseveraltalksduringtheyearincludingthe
IMA postdocseminartwice(Dec97,LinearMultistepMethodsandInertialManifolds;Mar 97,Long timeapproximation
of SDEs)andtheappliedmathseminaratWisconsin(Feb97,Long timeapproximationof stochasticPDEs).

Shinya Watanabecurrentlyaffiliated with Ibaraki University, Departmentof MathematicalSciences,hasserved asan
IMA postdocduringthe1997-98yearon “EmergingApplicationsof DynamicalSystems.” Hereports:
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I participatedin theIMA yearasapostdoctoralfellow from September, 1997,until June,1998.This followedmy doctoral
programuntil 1995andmy first postdoctoralappointmentelsewhereduring1995-97.SinceI cameto theIMA with some
researchexperiencethathadbeenfocusedandrathernarrow, my mainaimduringtheIMA yearwasto broadenmy interest
andknowledgein thelargefield of dynamicalsystemsandto cometo know active researchersin variousbranchesin the
field. With theamazingnumberof high-qualityvisitors,seminars,andworkshops,theIMA programbecameanexciting
andfruitful yearthatwouldbenefitmein my futureresearch.

During theyearI attendedmany talksandwasexposedto many areasthatwerenew to me, from mathematicalbiology,
locomotionandrobotics,to oceanography. Therewereexcellenttutorialsbeforeworkshopsby suchexpertsasJimKeener,
Chris Jones,Marty Golubitsky, JoelKeizer, Nancy Kopell, David Terman,andothers. Sometimespostdocsthemselves
askedlong-termvisitors,suchasJohnGuckenheimerandDavid Chillingworth, to helpusin extra studysessions.These
orientationsstartingfrom an elementarylevel wereindispensablefor me aspointerswhenI tried to follow discussions
duringworkshops.My knowledgeonmathematicalbiology, for instance,hadbeenminimal,but, afterenduringthewinter
quarterthatwassometimesoverwhelming,I gainedreasonableunderstandingof thecurrentstateof modellingefforts of
neuralandcardiacsystems.It wasalsogoodto learnwhatkind of gaptherewasbetweenmathematiciansandbiologists,
andhow they weretrying to closeit. I alsolearnednew techniquesin theareasI wasmorefamiliarwith, suchasgeometric
singularperturbationtheoryin themultiple-scaleworkshop.Reductionof largesystemsinto smallerdegreesof freedom
hasbeenoneof theareasof my stronginterest,andI cameto know differentapproachesandstyles,e.g.,inertialmanifolds,
numericaldecompositions,andseparationof multiplescales.

The IMA policy limiting thenumberof seminarsmaderoomfor interactingwith thevisitorsoutsideseminarrooms: in
offices,hallways,restaurants,cafes,etc. Becauseguestsweresoknowledgeablethat it wasratherdifficult for meto have
full discussionswith them,but I benefittedfrom conversationswith Anatoly Neishtadt,EusebiusDoedel,Kurt Lust,John
Guckenheimer, Don Aronson,Jim Swift, Greg King, David Golomb,RichardHaberman,RobertMiura, Steve Strogatz,
just to nameafew thatcometo my mind immediately.

Apart from attendingthe workshopsandseminars,I preparedarticleson the continuingresearchprojects. In OctoberI
finishedandsubmittedapaperwith MauricioBarahonain Stanfordwhichwaspublishedin thefollowing spring[1]. Also
in October, I receiveda refereereporton a shortletter I wrotewith my formercolleaguesandtheir studentsin theNiels
Bohr Institute.It waseditedandresubmittedin November, andappearedalsoin thefollowing spring[2]. A moredetailed
manuscriptwaspreparedduringmy stayin theIMA, andwassubmittedin thefall of 1998. It appearedshortly later [3].
During theIMA PatternFormationWorkshopin thespring,HerrevanderZantvisitedtheIMA asa speaker. Organizers
requestedspeakersto write areview of thesubjectsthey presented.I joinedhim in writing anoteondynamicsin Josephson
junctionarrays,whichwill appearasacontributionto theIMA Proceedings[4].

SinceI cameto theIMA withoutafixedplanaftertheterm,aportionof my timeduringthewinterwasspentonsearching
an academicposition. Apart from simply statingthat I wasoffereda satisfyingposition in the end, I’d like to addan
episodeduringthesearchprocessthatdemonstratedthattheIMA was“the placeto be” duringtheyear1997-98.WhenI
went to a university in theU.K. asoneof thefive finaliststo be interviewed(all five in thesameday),anothercandidate
wasa familiar long-termvisitor at the IMA andyet anothercamefor two workshopshere. I wasquiteproudof the fact
thatoneof “us” wasofferedthejob there.

Beforeconcludingthe noteI would like to thankorganizersof the IMA program,the IMA administrative staff, andmy
fellow postdocsfor all thesupportI received.
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Warr enWeckesserof RensselaerPolytechnicInstituteis oneof theIMA Postdocs.This yearwas1styearof a two-year
term.His reportfollows:
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The year on Emerging Applicationsof DynamicalSystemswas an exciting one. A large part of my time was spent
attendingthe IMA workshops,andalsoseveral informal seminarsthat ran during the year. I learneda greatdealabout
severalareasin dynamicalsystems,includingnumericalmethodsfor largescalesystems,multiple timescales,bifurcation
with symmetry, nonlinearcontroltheoryandsystemidentification,andbiologicalapplicationsincludingcalciumdynamics,
cardiacdynamicsandanimallocomotion.Theopportunityto meetwith leadingresearchersin thesefieldswasinvaluable.

Partof my timewasspentpreparingandsubmittingpapersbasedonmy Ph.D.thesis.Onepapershowsthatin mechanical
systemswith rotationalsymmetry(undera setof conditionsthatholdgenerically),therelativeequilibriasufficiently close
to a stableequilibriumarelinearly orbitally stable. I alsoshow in this paperthat the first whirling modeto bifurcateis
nonlinearlyorbitally stable,but the standardvariationalmethodfor proving nonlinearorbital stability fails in all modes
afterthefirst. Anotherpaperappliestheseideasto thehangingchain.

Mark Levi visited the IMA in the fall of 1997,andwe hadseveral discussionson the kinematicsof a constantvelocity
joint. This led me to begin studyingmechanicalsystemscomposedof symmetricrigid bodiescoupledwith constant
velocity joints. Unlike a universaljoint, a constantvelocity joint createsa kinematicconstraintthat directly couplesthe
angularvelocitiesof the two rigid bodies. I am investigatingthe bifurcationandstability of whirling configurationsof
chainsof coupledrigid bodies.This work mayshednew light on certaingyroscopicphenomenain spinningbeamsand
relatedmechanicalsystems.I visited BostonUniversity in the fall, anddiscussedsomeof this work with TassoKaper,
CarsonChow, JohnBallieul, andtheir students.

In thespring,I begancollaboratingwith JohnGuckenheimerandKathleenRogerson an intensive studyof the rich dy-
namicalbehavior found in a systemof two coupledrelaxationoscillators. More specifically, we are consideringtwo
non-identicalVanderPol-likeoscillators.Thecouplingis basedonreciprocalinhibition,asoccursin membranemodelsof
neurons.Ourmodelof two coupledneuronsresultsin asingularlyperturbedsystemof differentialequations,with two fast
variablesandtwo slow variables.Ourobservationssofar includeseveralfamiliesof periodicorbits,a rangeof parameters
for which therearetwo stableperiodicorbits,familiesof orbitsthatexhibit avarietyof canards,andapossiblehomoclinic
bifurcationfrom a periodicorbit. Onegoalof this researchis to classifythetypesof bifurcationsthatoccurin singularly
perturbedsystemswith morethantwo dimensions.Especiallyimportantfor thiswork arethemethodsof geometricsingu-
lar perturbationtheory. Anotherimportantcomponentof thework sofar hasbeenthenumericalcontinuationof periodic
orbitswith thesoftwarepackageAUTO. We benefitedfrom discussionswith E. Doedel,theauthorof AUTO, duringhis
visits to theIMA.

In the springquarter, I wasco-chairof the IMA PostdocSeminar. I alsoorganized(with someinitial inspirationfrom
SteveStrogatz)the“Informal SeminaronBifurcationwith Symmetry,” aweeklyseriesof seminarsanddiscussionsonbi-
furcationwith symmetry. Whenabifurcationproblempossessessymmetry, certaindegeneraciesoccurthatmakestandard
bifurcationtheoryinapplicable.However, it is possibleto exploit theaddedstructureimposedby thesymmetry. Thereis
now anextensive theoryandbodyof literatureon this subject.Thegoalof the informal seminarwasto learnaboutthis
theory, startingwith themostelementaryideasandprogressingfar enoughto becomfortablereadingcurrentliteraturein
thefield. Hereis partiallist of fairly regularparticipants.

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

Visitors: David Chillingworth,LauretteTuckerman,GabrielaGomes,William Langford,SteveStrogatz,FernandaBotelho.

I wrotea setof notesbasedonthethesediscussions;thesenotescanbeaccessedfrom my website.

Thefollowing listsa few of my otheractivitiesduringmy first yearat theIMA.

L I gave a talk in the Math Department’s “DynamicsandMechanics”seminarorganizedby Rick Moeckel. Title:
Stabilityof therelativeequilibriain aclassof rotationallysymmetricmechanicalsystems.

L I preparedareportbasedontheIndustrialSeminarpresentedby NicholasTufillaroof Hewlett-Packardon“Symbolic
Dynamicsin Mathematics,PhysicsandEngineering.” This reportis to becomepartof theIMA website.

L I attendedtheconference“Modeling andAnalysisin MedicineandBiology” at theUniversityof Michiganin Ann
Arbor.

L I refereedpapersfor PhysicaD andtheAmericanJournalof Physics.
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V. IMA SEMINAR ON INDUSTRIAL PROBLEMS

Oneof themajorpurposesof theIMA is to facilitateinteractionbetweenmathematiciansandindustrialandgovernment
laboratoryscientists.An importantcomponentis to bring problemsfrom industryandgovernmentlabsto theattentionof
mathematiciansandto encouragethemto work onsuchproblems.

In orderto achievethisgoaltheIMA developedaprogramwhichbeganin theFall of 1987:aweeklySeminaronIndustrial
Problems.In thisseminar, researchersfrom industrypresentone-hourtalks,everynon-workshopFridayat11:15.Typical
participationis from 20 to 23 individuals,includingIMA visitors,Universityof Minnesotafaculty, graduatestudentsand
undergraduatestudents.Thetalksarefrequentlyfollowedby extendedinformaldiscussion.

BecausetheIMA programvariesfrom yearto year, weconcentrateon two kindsof problems.

The first type is connectedwith the areaof the specialyearat the IMA. Thus,during the academicyear1987–88the
specialtopic wasApplied Combinatorics,during 1988–89it wasNonlinearWaves,during 1989–90it wasDynamical
Systems,during1990–91it wasPhaseTransitionsandFreeBoundaries,during1991–92it wasApplied LinearAlgebra,
during 1992–93it was Control Theory, during 1993–94it was Emerging Applicationsof Probability, during 1994–95
Waves and Scattering,during 1995–96MathematicalMethodsin MaterialsScienceand for 1996–97Mathematicsin
High-performanceComputing.

Thesecondtypeof problemis relatedto theareasin which theDirector, theAssociateDirector for IndustrialProblems
andtheir colleaguescanprovideeitherdirectadviceor specificreferral.Thegeneralareaof theseproblemsis Mathemat-
ical Analysis;morespecifically, modelsinvolving linear andnonlinearOrdinaryor Partial DifferentialEquations,Fluid
DynamicsandFreeBoundaryProblems,DeterministicandStochasticControl,etc. During eachyeartherearea number
of visitorsinvited to spendsometimeat theIMA for thepurposeof studyingsuchproblems.

We alsoinvolve public agenciessuchasDOD. In particularwe believe that it is of mutualbenefitto have problemsfrom
governmentlabs. In order to identify suchproblemsand speakers, the Director of IMA visits governmentas well as
industriallabs.

In additionto facultyandIMA visitors, theseminarincludesa numberof Ph.D.studentsaswell assomeundergraduate
students.We have seriousmathematicalproblemsof real significancein Industrypresentedto us,andsomefacultyand
studentssubsequentlybecomeinterestedin solvingtheseproblems.Wecreateanatmosphereto encouragemathematicians
to work ontheindustrialproblems.Follow-upcontactbetweenspeakersandthosewhobecomeinterestedin theirproblems
is fostered.

Writeupsof theindustrialproblemspresentedduringthefirst tenyears(September1987– June1997),includingmany of
thesolutions,haveappearedas10IMA Volumes(AvnerFriedman,Mathematicsin IndustrialProblems,Parts1–10,1988,
1989,1990,1991,1992,1993,1994,1995,1996,1997,and1998.) More recentlyproblemshave beenwritten up and
postedon theIMA website.

36



INDUSTRIAL PROBLEMS SEMINAR SPEAKING SCHEDULE FOR 1997–98:

DATE SPEAKER/COMPANY TOPIC

September12 Eli Chiprout ModelReductionfor LargeCircuit Simulation
IBM AustinResearchLab

September26 Nick Tufillaro Symbolicdynamicsin mathematics,physics,andengineering
Hewlett-Packard

October3 GabrielTaubin GeometricCompressionbasedonTopologicalSurgery
IBM T. J.WatsonResearchCenter

October17 CushHamlen ModelingandSimulationatMedtronic
Medtronic

October31 DennisPerchak StokesianDynamicsSimulationof InteractingSolidParticles
Kodak

November14 Wim Sweldens SecondGenerationWavelets:TheoryandApplications
LucentTechnologies

January9 Martin G. Lüling GeosteeringHorizontalWells throughElectrically
Schlumberger-Doll Research AnisotropicOil ZonesusingPredictiveLog-ModelingComputation

January30 Dr. RichardStone Airline PlanningProblems
NorthwestAirlines

February20 Philip Fleming DiffusionApproximationsof Join-the-Least-Loaded
Motorola Infinite ServerStation

March2 DanielR. Baker TheRoleof ChargeSeparationin theResponseof
GM Research& DesignCenter ElectrochemicalSystems

March20 David Ross A PDEModelof Fluid ContactLines
Kodak

April 17 David Runkle Are Credit-RiskModelsReadyfor PrimeTime?
MinneapolisFederalReserveand
Univ. of Minnesota
CarlsonSchoolof Management

April 24 PeterA. Blakey Links BetweenTheNonlinearBehavior Of TransistorsAnd The
Motorola SpectralCharacteristicsOf PortableWirelessPowerAmplifiers

May 1 T. J.Burns ModelingandSimulationof SomeHigh-Speed
NIST ManufacturingProcesses
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May 22 ToddSalamon InterfacialFlow
Bell Laboratories

May 29 MrdjanJankovic RobustNonlinearControllerDesign:Applicationto DieselEngines
FordResearchLaboratories
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VI. DETAILED DESCRIPTION OF 1997– 98PROGRAM

EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

September1997– June1998

1. PROGRAM OUTLINE

Theyearwasdivided into threepartsdescribedbelow (correspondingto fall, winter andspringquarters)althoughthere
wasconsiderablefluidity betweenthevariousparts.

(1) Fall: September1-December30,1997,NumericalAnalysisof DynamicalSystems

(2) Winter: January2 - March31,1998,Dynamicsin PhysiologyandChemistry

(3) Spring:April 1 - June30,1998,SymmetryandPatternFormation

Theorganizingcommitteeconsistedof Rafaeldela Llave,(Universityof Texas,Austin)EusebiusDoedel,(ConcordiaUni-
versity)Martin Golubitsky, (Universityof Houston)JohnGuckenheimer, (Chair)(CornellUniversity)YannisKevrekedis,
(PrincetonUniversity)JohnRinzel,(NationalInstitutesof Health)

2. LIST OF ACTIVITIES

Fall 1997:Numerical Analysisof Dynamical Systems

L Tutorial: NumericalMethodsfor BifurcationProblems,September5-9,1997

Speakers:EugeneAllgower, ColoradoStateUniversity, Wolf-JümlrgenBeyn,UniversiẗatBielefeld,EusebiusDoedel,
ConcordiaUniversity, BernoldFiedler, FreeUniversity of Berlin, JohnGuckenheimer, Cornell University, Herb
Keller, CaliforniaInst. of Technology, LindaPetzold,Univ. of California-SantaBarbara,Mark Reichelt,TheMath-
Works,Inc.,WernerRheinboldt,Universityof Pittsburgh

L Workshop1: NumericalMethodsfor BifurcationProblems,September15-19,1997

Organizers:Wolf-JümlrgenBeyn, Universiẗat Bielefeld,EusebiusDoedel,ConcordiaUniversity (Chair), Bernold
Fiedler, FreeUniversityof Berlin, YannisKevrekedis,PrincetonUniversity, JensLorenz,Universityof New Mexico

L Workshop2: LargeScaleDynamicalSystems,September29 - October3, 1997

Organizers:DonAronson,Universityof MinnesotaH. B. Keller, Caltech,EdrissTiti, Universityof California-Irvine,
LauretteTuckerman,Orsay(Chair)

L Tutorial: Multiple Time-ScaleDynamicalSystems,October23-24,1997

Speakers:ChristopherJones,Brown University, MichaelWard,Universityof British Columbia

L Workshop3: Multiple Time-ScaleDynamicalSystems,October27-31,1997

Organizers:FredDumortier, Limburgs UniversitairCentrum,Chris Jones,Brown University (Chair), Alexander
Khibnik, CornellUniversity, David Terman,OhioState,SteveWiggins,Caltech

L Workshop4: Dynamicsof Algorithms,November17-21,1997

Organizers:Rafaeldela Llave,Universityof Texas(Chair)JensLorenz,Universityof New Mexico Linda Petzold,
Universityof California-SantaBarbara

L SpecialWorkshop:Algorithmic Methodsfor SemiconductorCircuitry, November24-25,1997

Organizer:JacobWhite,MIT
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Winter 1998:Dynamicsin Physiologyand Chemistry

L Workshop5: ComputationalNeuroscience,January14-23,1998

Organizers:Larry Abbott, BraneisUniversity, Bard Ermentrout,University of Pittsburgh, Nancy Kopell, Boston
UniversityJohnRinzel,(Chair)NIH

L Tutorial: CalciumDynamicsin Cells,February5-6,1998

Speakers:JoelKeizer, UC Davis, RobertMiura, NIH, Artie Sherman,NIH

L Workshop6: CalciumDynamicsin Cells,February9-13,1998

Organizers:A. Goldbeter, Univ. Libre deBruxelles,JoelKeizer, (Chair)Universityof CaliforniaDavis, JohnRinzel,
NIH

L SpecialWorkshop: Knowledgeand Distributed Intelligence(KDI)–Opportunitiesin the MathematicalSciences,
March7, 1998

L Workshop7: CardiacDynamics,March9-14,1998

Organizers:JimCollins,(Chair),JamesKeener, Universityof Utah,CharlesPeskin,New York University- Courant
Institute,RaiWinslow, JohnsHopkinsUniversity

Spring 1998:Symmetry and Pattern Formation

L Workshop8 : NonlinearIdentificationandControl, April 27-May 1, 1998

Organizers:YannisKevrekedis, (Chair) PrincetonUniversity, P. S. Krishnapasad,University of Maryland, Erik
Ydstie,CarnegieMellon University

L Workshop9 :Pure,AppliedandIndustrialMathematics:StrengththroughConnections,May 1-3,1998

Co-sponsoredby theUniversityof MinnesotaSchoolof Mathematics

L Workshop10 : DynamicalSystemsin Oceanography:ChaoticAdvectionin OceanMesoscaleStructures,May 7-9,
1998

Organizer:ChrisJones,Brown University

L Workshop11: PatternFormationin ContinuousandCoupledSystems,May 11-15,1998

Organizers:Martin Golubitsky, (Chair) Universityof Houston,Dan Luss,University of Houston,Steve Strogatz,
CornellUniversity

L Workshop12: Animal LocomotionandRobotics,June1-5,1998

Organizers:JamesCollins,(Chair)BostonUniversityMartin Golubitsky, Universityof Houston,DanielKoditschek,
Universityof Michigan

L Workshop13: ContinuumMechanicsandNon-linearPartialDifferentialEquations,June8-12,1998

Organizers:RichardJames,Universityof Minnesota,StefanMueller, Max PlanckInstitutefor Mathematicsin the
Sciences,Vladimir Sverák,Universityof Minnesota
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3. POSTDOCTORAL MEMBERS

POSTDOCTORAL MEMBERSHIPSFOR1997–98

NAME PREVIOUSINSTITUTION
JIANG, MIAOHUA Georgia Inst. of Technology
JOHNSON,MARK PrincetonUniversity
MANTEL, ROLF-MARTIN Universityof Warwick
LUST, KURT Kath. UniversityLeuven
OLIVA, RICARDO CornellUniversity
ROGERS,KATHLEEN Universityof Maryland
SHARDLOW, TONY StanfordUniversity
WATANABE, SHINYA NeilsBohr Inst.,Copenhagen
WECKESSER,WARREN RensselaerPolytechnicInst.

POSTDOCTORAL MEMBERSHIPSIN INDUSTRIAL MATHEMATICSFOR1997–98

NAME PREVIOUSINSTITUTION INDUSTRIAL AFFILIATION
LOPEZ,GILBERTO NorthwesternUniversity EastmanKodak
OSIPCHUK,MARINA V. Universityof California Honeywell

4. LONG–TERM PARTICIPANTS (four weeksor longer)

ARMBRUSTER,DIETER ArizonaStateUniv. (Mathematics) APR26– MAY 15
ARONSON,DON Univ. of Minnesota(Mathematics) SEP1 – AUG 31
BARKLEY, DWIGHT Univ. of Warwick (Mathematics) AUG 15– JUN30
BATES,PETERW. BrighamYoungUniv. (Mathematics) SEP28– OCT31
BEYN, WOLF-JUERGEN Univ. of Bielefeld(Fakultatfur Mathematik) SEP4 – OCT4
BOTELHO, FERNANDA Univ. of Memphis(MathematicalSciences) JAN 10– MAY 31
CARVER, SEANG. CornellUniv. (CenterAppliedMath) AUG 25– DEC1
CHILLINGWORTH, DAVID Univ. of Southampton(Mathematics) MAR 30– JUN5
CHOSSAT, PASCAL Univ. of California(Mathematics) MAY 11– 16
CROOK, SHARON MontanaStateUniv. (CenterComputationalBiology) JAN 4 – 31
DE LA LLAVE, RAFAEL Univ. of Texas(Mathematics) SEP1 – DEC30
DELLNITZ, MICHAEL Univ. Bayreuth(Mathematisches) SEP3 – 20
DELSHAMS,AMADEU Univ. PolitecnicadeCatalunya(MatematicaAplicadaI) AUG 15– DEC20
DIONNE, BENOIT Univ. of Ottawa (MathandStatistics) SEP1 – OCT31
DOEDEL,EUSEBIUS ConcordiaUniv. (ComputerScience) SEP3 – DEC15
FIEDLER,BERNOLD FreeUniv. of Berlin (InsituteMathematicsI) SEP3 – DEC21
FIELD, MICHAEL J Univ. of Houston(Mathematics) MAY 1 – 15
FOIAS,CIPRIAN RawlesHall (IndianaUniversity) MAR 29– MAY 2
FONTELOS,MARCO ANTONIO Univ. ComplutensedeMadrid (Aplicada) JAN 11– DEC31
FRENCH,DONALD Univ. of Cincinnati(MathematicalSciences) SEP1 – AUG 31
GOLOMB, DAVID Ben-GurionUniv. of theNegev (Physiology) JAN 12– 27
GOLUBITSKY, MARTIN (UniversityHouston) MAY 3 – JUN5
GOMES,GABRIELA Univ. doPorto(CentroMatematicaAplicada) SEP1 – JUL 31
GOVAERTS,WILLY J.F. Univ. of Ghent(AppliedMathematics) SEP7 – OCT4
GUCKENHEIMER,JOHN CornellUniv. (Mathematics) SEP1 – JUN30
HANSEL, DAVID EcolePolytechnique(CentrePhysiqueTheorique) JAN 12– 30
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HENRY, DANIEL EcoleCentraledeLyon SEP4 – NOV 1
HU, BEI Univ. of NotreDame(Mathematics) SEP1 – MAY 31
JOLLY, MIKE IndianaUniv. (Math) JUL 14– JUN30
JORBA, ANGEL Univ. deBarcelona SEP6 – 20
KELLER, HERBERT B. CaliforniaInstituteof Technology SEP1 – NOV 30
KETEMA, YOHANNES Univ. of Minnesota(AEM) SEP15– NOV 21
KING, GREGORY P. Univ. of Warwick (Fluid DynamicsResearchCenter) SEP3 – JUL 31
KNOBLOCH, EDGAR Univ. of CaliforniaBerkeley (Physics) MAY 7 – JUN5
KRAUSKOPF, BERND Univ. of Bristol (EngineeringMathematics) SEP2 – DEC7
KRISCHER,KATHARINA Fritz-HaberInstitut (Max-Planck-Gesellschaft) MAY 9 – 16
KRUPA, MARTIN (MACIEJ) TechnicalInstituteVienna(InstAppliedMathematics) SEP28– NOV 21
LAMB, JEROEN Univ. of Warwick (Mathematics) MAY 10– JUN10
LANGFORD,WILLIAM TheFieldsInstitute APR 1 – JUN14
LEBLANC, VICTOR Univ. of Ottawa(MathematicsandStatistics) MAY 4 – JUN12
LEONARD, NAOMI PrincetonUniv. (MechanicalandAerospaceEngineering) JUN2 – 5
LITTMAN, WALTER Univ. of Minnesota(Mathematics) SEP1 – AUG 31
MATO, GERMAN CentroAtomicoBariloche JAN 5 – 28
MELBOURNE,IAN Univ. of Houston(Mathematics) MAY 10– JUN6
MILIK, ALEXANDRA TechnischeUniv. Wien AUG 22– JUN30
MOECKEL, RICK Univ. of Minnesota(Mathematics) SEP1 – AUG 31
MOSER,JRGEN ETH-Zentrum(Forschunginstitutfur Mathematik) APR 1 – 30
NEISHTADT, ANATOLY SpaceResearch, Moscow 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
POSBERGH,THOMAS. A. Univ. of Minnesota SEP1 – JUN15
ROSENAU, PHILIP Tel Aviv Univ. (AppliedMath) FEB24– 28
RUCKLIDGE, ALASTAIR Univ. of Cambridge(AppliedMaths) MAY 8 – 15
SANDSTEDE,BJORN OhioStateUniv. (Mathematics) SEP13– DEC20
SANDSTEDE,BJORN OhioStateUniv. (Mathematics) MAY 9 – 12
SATTINGER,DAVID Univ. of Minnesota(Mathematics) SEP1 – AUG 31
SCHEEL,ARND FreieUniv. Berlin (fuerMathematikI) SEP7 – OCT6
SELL, GEORGER. Univ. of Minnesota(Mathematics) SEP1 – AUG 31
SHEINTUCH,MOSHE Technion(ChemicalEngineering) MAY 10– 15
SIJNAVE, BART Univ. of Gent(AppliedMathematics& CS) SEP7 – OCT4
SILBER,MARY NorthwesternUniv. (EngSci& Appl Math) MAY 11– 19
SPENCE,ALASTAIR Univ. of Bath(Schoolof MathematicalSciences) SEP5 – 19
STEWART, IAN Univ. of Warwick (Mathematics) APR 19– JUN6
STROGATZ, STEVENH. CornellUniv. (TheoreticalandAppliedMechanics) APR 1 – JUN30
SVERAK, VLADIMIR Univ. of Minnesota(Mathematics) SEP1 – AUG 31
SZMOLYAN, PETER TechnischeUniv. Wien (AngewandteMathematik) SEP14– NOV 30
TUCKERMAN, LAURETTE LIMSI Orsay/CNRS AUG 20– JUN30
VAN VLECK, ERIK ColoradoSchoolof Mines(MathandComputerScience) OCT18– NOV 20
VELAZQUEZ, JUAN J.L. Univ. ComplutensedeMadrid (Aplicada) APR 27– MAY 3
VITILLAR O, ENZO Universitadi Perugia JUL 30– SEP5
WULFF, CLAUDIA FreieUniv. Berlin (für MathematikI) MAY 4 – JUN7
XIE, MIN Univ. of Utah(Mathematics) FEB28– MAR 30

5. FALL 1997WORKSHOP AND TUTORIAL PARTICIPANTS Tutorial: Numerical Methods for Bifur cation

ProblemsSeptember5-9,1997

AGGELIDIS,COSTAS Univ. of Minnesota(ChemicalEngineering) SEP4 – 9
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ALLGOWER,EUGENEL. ColoradoStateUniv. (Mathematics) SEP7 – 8
BEYN, WOLF-JUERGEN Univ. of Bielefeld(Fakultatfur Mathematik) SEP4 – OCT4
CARSTEANU,ALIN-ANDREI Univ. of Minnesota(SAFHL) SEP4 – 9
CARVER, SEANG. CornellUniv. (AppliedMath) AUG 25– DEC1
DELLNITZ, MICHAEL Univ. Bayreuth(Mathematisches) SEP3 – 20
DELSHAMS,AMADEU Univ. PolitecnicadeCatalunya (MatematicaAplicadaI) AUG 15– DEC20
DOEDEL,EUSEBIUS ConcordiaUniv. (ComputerScience) SEP3 – DEC15
DOYLE, JOHN Caltech SEP2 – 10
ERNSTHAUSEN,JOHN Univ. of Pittsburgh(Mathematics) SEP4 – 9
FIEDLER,BERNOLD FreeUniv. of Berlin (InsituteMathematicsI) SEP3 – DEC21
GEORGIOU,TRYPHON Univ. of Minnesota(ElectricalEngineering) SEP4 – 5
GOVAERTS,WILLY J.F. Univ. of Ghent(AppliedMathematics) SEP7 – OCT4
GUCKENHEIMER,JOHN CornellUniv. (Mathematics) SEP1 – JUN30
HENRY, DANIEL EcoleCentraledeLyon SEP4 – NOV 1
JORBA, ANGEL Univ. deBarcelona SEP6 – 20
KELLER, HERBERT B. CaliforniaInstituteof Technology SEP1 – NOV 30
KRAUSKOPF, BERND Univ. of Bristol (EngineeringMathematics) SEP2 – DEC7
LIU, LIPING Univ. of Alberta(MathematicalSciences) SEP4 – 19
LUSKIN, MITCH Univ. of Minnesota(Mathematics) SEP4 – 9
MAGGIO,GIAN MARIO Univ. CollegeDublin SEP4 – 19
MILIK, ALEXANDRA TechnischeUniv. Wien AUG 22– JUN30
OSINGA,HINKE Universityof Minnesota SEP1 – AUG 31
PAL, MIHAELA MICHELLE Univ. of TexasatAustin SEP3 – 9
PETZOLD,LINDA R. Univ. of California-SantaBarbara SEP4 – 9
POSBERGH,THOMAS. A. Univ. of Minnesota SEP1 – JUN15
PROMISLOW, KEITH SimonFraserUniv. (MathandStatistics) SEP3 – 9
REICHELT, MARK TheMathWorks,Inc SEP4 – 6
RHEINBOLDT, WERNERC. Univ. of Pittsburgh(Mathematics) SEP4 – 7
SCHECTER,STEPHEN NorthCarolinaStateUniv. (Mathematics) SEP7 – 19
SHEN,JIE PennState(Mathematics) SEP3 – 9
TUCKERMAN, LAURETTE LIMSI Orsay/CNRS AUG 20– JUN30
ZAFARULLAH, IJAZ Univ. of Nottingham(TheoreticalMechanics) SEP3 – 19

Workshop: Numerical Methods for Bifur cation ProblemsSeptember15-19,1997

ADOMAITIS, RAY Univ. of Maryland(ChemicalEngineering) SEP14– 19
ARONSON,DON Univ. of Minnesota(Mathematics) SEP15– 19
BALAK OTAIAH, VEMURI Univ. of Houston(ChemicalEngineering) SEP14– 19
BARKLEY, DWIGHT Univ. of Warwick (Mathematics) AUG 15– JUN30
BEYN, WOLF-JUERGEN Univ. of Bielefeld(Fakultatfur Mathematik) SEP4 – OCT4
BROER,HENK W. GroningenUniv. (Mathematics) SEP14– 19
BRUIN, HENK Royal Instituteof Technology(Mathematisches) SEP14– 19
BURNS,TIM NIST SEP14– 19
CARSTEANU,ALIN-ANDREI Univ. of Minnesota(SAFHL) SEP4 – 9
CARVER, SEANG. CornellUniv. (AppliedMath) AUG 25– DEC1
CHOE,WON-GYU CornellUniversity SEP14– 26
CHUN, CHANGBUM IowaStateUniv. (Math) SEP17– 18
DE LA LLAVE, RAFAEL Univ. of Texas(Mathematics) SEP1 – DEC30
DELLNITZ, MICHAEL Univ. Bayreuth(Mathematisches) SEP3 – 20
DELSHAMS,AMADEU Univ. PolitecnicadeCatalunya(MatematicaAplicadaI) AUG 15– DEC20
DIECI, LUCA Georgia Instituteof Technology(Schoolof Mathematics) SEP14– 21
DIONNE, BENOIT Univ. of Ottawa (MathandStatistics) SEP1 – OCT31
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DOEDEL,EUSEBIUS ConcordiaUniv. (ComputerScience) SEP3 – DEC15
EDOH,KOSSIDELALI ElizabethCity StateUniv. (Mathematics) SEP13– 17
FIEDLER,BERNOLD FreeUniv. of Berlin (InsituteMathematicsI) SEP3 – DEC21
FRIEDMAN, MARK Univ. of Alabamain Huntsville(MathematicalSciences) SEP14– OCT4
GATERMAN, KARIN Konrad-Zuse-ZentrumBerlin SEP13– 20
GOLUBITSKY, MARTIN UniversityHouston SEP14– 19
GOMES,GABRIELA Univ. doPorto(MatematicaAplicada) SEP1 – JUL 31
GOVAERTS,WILLY J.F. Univ. of Ghent(AppliedMathematics) SEP7 – OCT4
GUCKENHEIMER,JOHN CornellUniv. (Mathematics) SEP1 – JUN30
HENRY, DANIEL EcoleCentraledeLyon SEP4 – NOV 1
HOMBURG,ALEJAN FreieUniv. Berlin (fuerMathematik) SEP14– 19
JANOVSKY, VLADIMIR CharlesUniv. of Prague(NumericalAnalysis) SEP13– 19
JOLLY, MIKE IndianaUniv. (Math) JUL 14– JUN30
JORBA, ANGEL Univ. deBarcelona SEP6 – 20
KELLER, HERBERT B. CaliforniaInstituteof Technology SEP1 – NOV 30
KETEMA, YOHANNES Univ. of Minnesota(AEM) SEP15– NOV 21
KEVREKIDIS, YANNIS PrincetonUniv. (ChemicalEngineering) SEP14– 19
KHINAST, JOHANNES Univ. of Houston(ChemicalEngineering) SEP14– 19
KING, GREGORY P. Univ. of Warwick (Fluid DynamicsResearchCenter) SEP3 – JUL 31
KRAUSKOPF, BERND Univ. of Bristol (EngineeringMathematics) SEP2 – DEC7
KRUPA, MARTIN (MACIEJ) TechnicalInstituteVienna(InstAppliedMathematics) SEP28– NOV 21
KUZNETSOV, YURI CWI (Netherlands) SEP13– 20
LEVI, MARK RensselaerPolytechnicInstitute(MathematicalSciences) SEP14– 23
LIU, LIPING Univ. of Alberta(MathematicalSciences) SEP4 – 19
LORENZ,JENS Univ. of New Mexico (MathematicsandStatistics) SEP13– 20
MAGGIO,GIAN MARIO Univ. CollegeDublin SEP4 – 19
MCGEHEE,RICHARD P. Univ. of Minnesota(Schoolof Mathematics) SEP14– 19
MEI, ZHEN Philipps-Univ. of Marburg (Math) SEP14– OCT4
MELOON, BRIAN CornellUniv. (Mathematics) SEP13– OCT4
MEYER, KEN Univ. of Cincinnatti(Math) SEP17– 21
MIKHAIL, EGOROV Univ. of Minnesota(AEM) SEP14– 19
MILIK, ALEXANDRA TechnischeUniv. Wien AUG 22– JUN30
MILLER, PATRICK StevensInstituteof Technology(MathematicalSciences) SEP14– 21
MISCHAIKOW, KONSTANTIN Georgia Instituteof Technology(Schoolof Mathematics) SEP14– 21
MOORE,GERALD ImperialCollege(Mathematics) SEP14– 21
OLLE, MERCE E.T.S.E.I.B.Barcelona(MathematicaAplicada) SEP13– 20
OSINGA,HINKE Universityof Minnesota SEP1 – AUG 31
PECKHAM, BRUCEB. UniversityMinnesota-Duluth SEP14– 19
POSBERGH,THOMAS. A. Univ. of Minnesota SEP1 – JUN15
REICHELT, VOLKER RWTH Aachen(LehrstuhlfuerNumerischeMathematik) SEP14– 21
RUSSELL,ROBERT D. SimonFraserUniv. (Mathematics) SEP15– 19
SANDSTEDE,BJORN OhioStateUniv. (Mathematics) SEP13– DEC20
SCHECTER,STEPHEN NorthCarolinaStateUniv. (Mathematics) SEP7 – 19
SCHEEL,ARND FreieUniv. Berlin (fuerMathematikI) SEP7 – OCT6
SHILNIKOV, ANDREY Inst. for Appl. Math. & Cybernetics SEP14– 20
SIJNAVE, BART Univ. of Gent(AppliedMathematics& CS) SEP7 – OCT4
SMILEY, MICHAEL IowaStateUniv. (Mathematics) SEP17– 18
SPENCE,ALASTAIR Univ. of Bath(MathematicalSciences) SEP5 – 19
SZMOLYAN, PETER TechnischeUniv. Wien (AngewandteMathematik) SEP14– NOV 30
TITI, EDRISSSALEH Univ. of California-Irvine(Mathematics) SEP14– OCT4
TUCKERMAN, LAURETTE LIMSI Orsay/CNRS AUG 20– JUN30
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TURAEV, D.V. WeizmannInstituteof Science(MathFaculty) SEP14– 19
VANDERBAUWHEDE,ANDRE Univ. of Gent(PureMathematics& Comp) SEP12– 20
WATSON,GREG Georgia Instituteof Technology(Math) SEP14– 21
WERNER,BODO Univ. Hamburg (fuerAngewandteMathematik) SEP12– 23
YORKE,JAMES A. Univ. of Maryland SEP15– 20
ZAFARULLAH, IJAZ Univ. of Nottingham(TheoreticalMechanics) SEP3 – 19
ZHU, DEMING NorthCarolinaUniv. (Mathematics) SEP13– 20

Workshop: Lar geScaleDynamical SystemsSeptember29- October 3, 1997

BERGEON,ALAIN Univ. PaulSabatier(UFRMIG Dpt Mecanique) SEP28– OCT4
BOEHMER,KLAUS Univ. of Marburg (Mathematics) SEP24– OCT5
COUGHLIN, KATIE Univ. deMontreal SEP28– OCT3
GOLUBITSKY, MARTIN UniversityHouston SEP28– OCT1
GOVAERTS,WILLY J.F. Univ. of Ghent(AppliedMathematics) SEP7 – OCT4
HENDERSON,RONALD CaliforniaInstituteof Technology SEP27– OCT4
HENRY, DANIEL EcoleCentraledeLyon SEP4 – NOV 1
JOLLY, MIKE IndianaUniv. (Math) JUL 14– JUN30
KELLER, HERBERT B. CaliforniaInstituteof Technology SEP1 – NOV 30
KETEMA, YOHANNES Univ. of Minnesota(AEM) SEP15– NOV 21
KEVREKIDIS, YANNIS PrincetonUniv. (ChemicalEngineering) SEP28– OCT3
KUKAVICA, IGOR Univ. of Chicago(Mathematics) SEP28– OCT5
LANGFORD,WILLIAM TheFieldsInstitute SEP28– OCT3
LEVERMORE,DAVID Univ. of Arizona(Mathematics) SEP30– OCT5
LOPES,MILTON IndianaUniv. (Mathematics) SEP24– OCT1
LOPEZ,JUAN PennStateUniv. (Mathematics) SEP28– OCT3
MARCUS,PHILIP Univ. of CaliforniaatBerkeley (MechanicalEngineering) SEP29– OCT2
MEI, ZHEN Philipps-Univ. of Marburg (Math) SEP14– OCT4
MELOON, BRIAN CornellUniv. (Mathematics) SEP13– OCT4
MILEWSKI, PAUL Univ. of Wisconsin(Math) SEP28– OCT4
MOLEMAKER, JEROEN Institutefor MarineandAtmosphericResearch SEP28– OCT5
OTHMER, HANS Univ. of Utah(Mathematics) OCT1 – 5
PERRY, PETER Univ. of Kentucky (Mathematics) SEP27– OCT3
PROMISLOW, KEITH SimonFraserUniv. (MathandStatistics) SEP28– OCT3
RILEY, DOUGLAS Univ. of Kentucky (Mathematics) SEP27– OCT3
ROOSE,DIRK KatholiekeUniv. Leuven(ComputerScience) SEP27– OCT3
SAAD, YOUSEF Univ. of Minnesota(ComputerScience) SEP28– OCT3
SALDANHA, KENNETH Univ. of Chicago(Mathematics) SEP28– OCT4
SCHEEL,ARND FreieUniv. Berlin (fuerMathematikI) SEP7 – OCT6
SEYDEL,RUDIGER Univ. Ulm (Abteilungfur Numerik) SEP27– OCT4
SHEN,JIE PennState(Mathematics) SEP27– OCT2
SIJNAVE, BART Univ. of Gent(AppliedMathematics& CS) SEP7 – OCT4
SMILEY, MICHAEL IowaStateUniv. (Mathematics) SEP30– OCT1
STEEN,PAUL CornellUniv. (ChemicalEngineering) SEP27– OCT2
STUART, ANDREW M. StanfordUniv. SEP30– OCT3
TITI, EDRISSSALEH Univ. of California-Irvine(Mathematics) SEP14– OCT4
TUCKERMAN, LAURETTE LIMSI Orsay/CNRS AUG 20– JUN30

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

JONES,CHRIS Brown Univ. (AppliedMathematics) OCT22– 31
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MCCORD,CHRISTOPHER Univ. of Cincinnati(Mathematics) OCT22– 26
MENON, GOVIND Brown Univ. (AppliedMathematics) OCT22– 31
PROMISLOW, KEITH SimonFraserUniv. (MathandStatistics) OCT22– 30
WECHSELBERGER,MARTIN TechnischeUniversiẗatWien) OCT23– NOV 6

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

AI, SHANGBING Univ. of Pittsburgh(Mathematics) OCT22– 31
BATES,PETERW. BrighamYoungUniv. (Mathematics) SEP28– OCT31
BELL, DARYL C. Univ. of Nebraska(MathematicsandStatistic) OCT25– 31
BOSE,AMITABHA NJIT (Math) OCT25– 31
BRONSKI, JARED StanfordUniv. (Mathematics) OCT26– 31
BRUNOVSKY, PAVOL ComeniusUniv. (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. PolitecnicadeCatalunya(MatematicaAplicadaI) AUG 15– DEC20
DIENER,MARC Univ. deNice-Sophia-Antipolis(CNRS) OCT25– NOV 1
DIONNE, BENOIT Univ. of Ottawa(MathandStatistics) SEP1 – OCT31
DOELMAN, ARJEN UtrechtUniv. (MathematischInst) OCT25– NOV 1
DUMORTIER, FREDDY Univ. Campus(LimburgsUniversitairCentrum) OCT26– 31
FIEDLER,BERNOLD FreeUniv. of Berlin (InsituteMathematicsI) SEP3 – DEC21
FIFE,PAUL Univ. of Utah(Mathematics) OCT27– NOV 2
GARDNER,ROB Univ. of Massachusettes(Mathematics) OCT27– NOV 2
GOLDENFELD,NIGEL Univ. of Illinois- Urbana/Champaig OCT26– 29
GUCKENHEIMER,JOHN CornellUniv. (Mathematics) SEP1 – JUN30
HABERMAN, RICHARD SouthernMethodistUniv. (Mathematics) OCT22– 31
HALLER, GYORGY Brown Univ. (AppliedMathematics) 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. (AppliedMathematics) OCT22– 31
KAPER,TASSOJ. BostonUniv. (Mathematics) OCT25– 31
KETEMA, YOHANNES Univ. of Minnesota(AerospaceEngineeringand) SEP15– NOV 21
KHIBNIK, ALEXANDER I. UnitedTechnologiesResearchCenter OCT26– 31
KOKOTOVIC, PETAR V. Univ. of California-SantaBarbara(ECE) OCT29– 31
KOVACIC, GREGOR RensselaerPolytechInstitute(MathematicalScience) OCT30– NOV 1
KRAUSKOPF, BERND Univ. of Bristol (EngineeringMathematics) SEP2 – DEC7
KRUPA, MARTIN (MACIEJ) TechnicalInstituteVienna(AppliedMathematics) SEP28– NOV 21
LEBOVITZ, NORMAN Univ. of Chicago(Mathematics) OCT26– 31
LIN, XIAO-BIAO NorthCarolinaStateUniv. (Mathematics) OCT25– 31
MCLAUGHLIN, DAVID NYU-CourantInstitute OCT25– 31
MENON, GOVIND Brown Univ. (AppliedMathematics) OCT22– 31
MISCHAIKOW, KONSTANTIN Georgia Instituteof Technology(Mathematics) OCT26– NOV 2
NEISHTADT, ANATOLY paceResearch, Moscow OCT2 – NOV 1
OSINGA,HINKE Universityof Minnesota SEP1 – AUG 31
PETZOLD,LINDA R. Univ. of California-SantaBarbara OCT24– NOV 3
POSBERGH,THOMAS. A. Univ. of Minnesota SEP1 – JUN15
PROMISLOW, KEITH SimonFraserUniv. (MathandStatistics) OCT22– 30
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RALFS,ARTHUR C. OhioStateUniv. (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 OhioStateUniv. (Mathematics) SEP13– DEC20
SCHECTER,STEPHEN NorthCarolinaStateUniv. (Mathematics) OCT19– 31
SEARA,TERESAM. Univ. PolitecnicadeCatalunya (AplicadaI) OCT20– NOV 1
SU,JIANZHONG Univ. of TexasatArlington (Mathematics) OCT26– 31
SZMOLYAN, PETER TechnischeUniv. Wien (AngewandteMathematik) SEP14– NOV 30
TERMAN, DAVID OhioState(Mathematics) OCT26– 31
WARD, MICHAEL Univ. of British Columbia(Mathematics) OCT23– 28
WECHSELBERGER,MARTIN TechnischeUniversitatWien OCT23– NOV 6
ZENG,CHONGCHUN NYU-CourantInstitute 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) NOV 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. PolitecnicadeCatalunya(MatematicaAplicadaI) AUG 15– DEC20
DIECI, LUCA GeorgiaInstituteof Technology(Schoolof Mathematics) NOV 16– 21
ESTEP, DONALD J. GeorgiaInstituteof Technology(Schoolof Mathematics) NOV 16– 21
GAVOSTO, ESTELAA. Univ. of Kansas(Math) NOV 16– 21
GUCKENHEIMER,JOHN CornellUniv. (Mathematics) SEP1 – JUN30
HAIRER, ERNST UniversityGeneva NOV 16– 23
HENRY, DANIEL EcoleCentraledeLyon SEP4 – NOV 1
IWANSKI, JOE Univ. of ColoradoatBoulder(AppliedMathematics) NOV 16– 21
JOLLY, MIKE IndianaUniv. (Math) JUL 14– JUN30
KEARFOTT, R. BAKER Univ. of SouthwesternLouisiana(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 (EngineeringMathematics) SEP2 – DEC7
LAMBA, HARBIR Stanford(MechanicsandComputation) NOV 16– 21
LEIMKUHLER, BEN Univ. of Kansas(Mathematics) NOV 16– 21
LEWIS, DEBRA Univ. of California-SantaCruz(Mathematics) NOV 16– 21
LUBICH, CHRISTIAN Univ. Tuebingen(Mathematisches) NOV 16– 23
LUSKIN, MITCH Univ. of Minnesota(Mathematics) SEP4 – 9
MARZ, ROSWITHA Humboldt-Univ. of Berlin (Mathematics) NOV 16– 23
MASCARI, GIANFRANCO Univ. of Naples/ CNR NOV 16– 22
MROZEK, MARIAN Krakow, Poland(UniversityKrakow) NOV 16– 21
NEUBERT, ROLF SiemensAG NOV 16– 25
OLVER, PETERJ. Univ. of Minnesota(Mathematics) NOV 16– 21
PETZOLD,LINDA R. Univ. of California-SantaBarbara NOV 19– 21
POSBERGH,THOMAS. 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 OhioStateUniv. (Mathematics) SEP13– DEC20
SAUER,TIMOTHY D. GeorgeMasonUniv. (MathematicalSciences) 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 TechnischeUniv. Wien (AngewandteMathematik) SEP14– NOV 30
SZYMCZAK, ANDRZEJ GeorgiaInstituteof Technology(Math) NOV 15– 21
VAN VLECK, ERIK ColoradoSchoolof Mines(MathandComputerScience) OCT18– NOV 20
WARNOCK, ROBERT L. StanfordLinearAccelerator NOV 16– 21
YORKE,JAMES A. Univ. of Maryland NOV 17– 21
YUAN, GUOCHENG Univ. of Maryland(Mathematics) NOV 15– 21

SpecialWorkshop: Algorithmic Methods for SemiconductorCir cuitry November24-25,1997

CAMPBELL, STEPHENL. NorthCarolinaStateUniv. (Mathematics) NOV 23– 25
CAO, GENE MichiganTechnologicalUniv. (MathematicalSciences) NOV 20– 30
CHIPROUT, ELI IBM AustinResearchLab NOV 23– 25
ELFADEL, ABE IBM (T.J.WatsonResearchCenter) NOV 22– 25
FELDMANN, PETER Bell LabsInnovations(LucentTechnology) NOV 23– 25
FREUND,ROLAND Bell Laboratories NOV 22– 26
GREEN,MICHAEL Univ. of California-Irvine(ElectricalandComputerEng.) NOV 23– 26
GUCKENHEIMER,JOHN CornellUniv. (Mathematics) SEP1 – JUN30
GUENTHER,MICHAEL TH Darmstadt(FachbereichMathematik) NOV 23– 25
HOLTE, JIM Univ. of Minnesota NOV 24– 25
KAHLERT, MARTIN SiemensAG NOV 22– 26
KELLER, HERBERT B. CaliforniaInstituteof Technology SEP1 – NOV 30
KLAASSEN, BERNHARD GMD/GermanResearchCentrefor Computer NOV 22– 26
KUNDERT, KEN Cadence NOV 23– 25
NEUBERT, ROLF SiemensAG NOV 16– 25
NGUYEN, TUYEN IBM NOV 23– 25
PHILLIPS,JOEL Cadence NOV 23– 25
POSBERGH,THOMAS. A. Univ. of Minnesota SEP1 – JUN15
ROYCHOWDHURY, JAIJEET Bell Laboratories(CommunicationsSciencesResearch) NOV 23– 25
RUEHLI, ALBERT IBM (ThomasJWatsonResearchCenter) NOV 23– 25
SAPATNEKAR, SACHIN Univ. of Minnesota NOV 24– 25
TRAJKOVIC, LJILJANA SimonFraserUniv. (SchoolEngineeringScience) NOV 22– 25
VINNAKOTA, BAPI Univ. of Minnesota(ElecticalEngineering) 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 NeuroscienceJanuary 14-23,1998

ABBOTT, LARRY BrandeisUniv. (VolenCenter) JAN 13– 19
BAER, STEVE ArizonaStateUniv. (Mathematics) JAN 19– 25
BELL, TONY Interval ResearchCorporation JAN 14– 18
BERTRAM, RICHARD PennState-Behrend(Science) JAN 13– 23
BLUM, KENNETH I. M.I.T. (BrainandCognitiveScience) JAN 13– 23
BOOTH, VICTORIA New Jersey Instituteof Technology(Mathematics) JAN 13– 23
BOWER,JIM Caltech(Biology) JAN 16– 23
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BUTERA, ROB NIH (MathematicalResearchBranch) JAN 17– 23
CAMPBELL, SUEANN Univ. of Waterloo(AppliedMathematics) JAN 13– 18
CHAPMAN, BARBARA Univ. of California,Davis (Ctr Neuroscience) JAN 13– 23
CHOW, CARSON BostonUniv. (Mathematics) JAN 13– 23
COWAN, JACK D. Univ. of Chicago(Math) JAN 13– 23
CROOK, SHARON MontanaStateUniv. (CenterComputationalBiology) JAN 4 – 31
DAN, YANG Univ. of California(MolecularandCell Biology) JAN 13– 23
DAYAN, PETER M.I.T. (Brain& CognitiveScience) JAN 13– 23
DESTEXHE,ALAIN Laval Univ. Schoolof Medicine(Physiology) JAN 17– 23
EPSTEIN,STEVE BostonUniv. (Mathematics) JAN 17– 23
ERMENTROUT, BARD Univ. of Pittsburgh(Mathematics) JAN 17– 22
FERSTER,DAVID NorthwesternUniv. (Neurobiology/Physiology) JAN 13– 23
FREEMAN,RALPH D. UniversityCalifornia-Berkeley JAN 13– 17
GERSTNER,WULFRAM SwissFederalInstituteof Technology JAN 13– 23
GOLOMB, DAVID Ben-GurionUniv. of theNegev (Physiology) JAN 12– 27
GUCKENHEIMER,JOHN CornellUniv. (Mathematics) SEP1 – JUN30
HANSEL, DAVID EcolePolytechnique(CentrePhysiqueTheorique) JAN 12– 30
HIRSCH,JUDITH RockefellerUniv. (LaboratoryNeurobiology) JAN 13– 17
HOLMES,PHILIP JOHN PrincetonUniv. (AppliedandComputationalMathematics) JAN 13– 23
IZHIKEVICH, EUGENEM. ArizonaStateUniv. (CenterSystemSciandEngResearch) JAN 13– 23
JOLLY, MIKE IndianaUniv. (Math) JUL 14– JUN30
JUNG,RANU Univ. of Kentucky (CenterBiomedicalEngineering) JAN 13– 23
KIEMEL, TIM Univ. of Maryland(Zoology) JAN 13– 23
KIM, SEUNGHWAN POSTECH(RIM-GARC) (PhysicsandMath) JAN 12– 25
KOPELL,NANCY BostonUniv. (Mathematics) JAN 17– 23
LEWIS, JOHN Univ. of Ottawa(CellularandMolecularMedicine) JAN 13– 23
LEWIS, TIM Univ. of Utah(Math) JAN 14– 23
LISMAN, JOHN BrandeisUniv. JAN 17– 20
LYTTON, BILL Univ. of Wisconsin(Neurology) JAN 15– 23
MATO, GERMAN CentroAtomicoBariloche JAN 5 – 28
MATVEEV, VICTOR BrandeisUniv. (CenterComplex Systems) JAN 13– 24
MCLAUGHLIN, DAVID NYU-CourantInstitute JAN 13– 22
MILIK, ALEXANDRA TechnischeUniv. Wien AUG 22– JUN30
MILLER, KEN UC SanFrancisco(Physiology) JAN 13– 19
MORELLI, MICHAEL UniversityWisconsin-Stout JAN 20– 20
NADIM, FARZAN BrandeisUniv. (VolenCenter) JAN 17– 23
NICOLELIS,MIGUEL DukeUniv. MedicalCenter(Neurobiology) JAN 13– 23
NOONBURG,VIRGINIA ANNE Univ. of Hartford(Mathematics) JAN 13– 23
PINTO, DAVID BostonUniv. (Math) JAN 14– 24
PUGH,MARY Univ. of Pennsylvania(Mathematics) JAN 15– 18
RINZEL, JOHN New York Univ. (CenterNeuralScience) JAN 13– 23
RUBIN, JONATHAN OhioStateUniv. (Mathematics) JAN 20– 23
RUSH,MAUREEN CalStateUniv. Bakersfield(Mathematics) JAN 15– 23
SEN,ASOK IndianaUniv. PurdueUniversity(MathematicalSciences) JAN 13– 23
SHAPLEY, ROBERT New York Univ. (CenterNeuralScience) JAN 13– 18
SHELLEY, MICHAEL J. New York Univ. (CourantMathematicalScien) JAN 13– 23
SHERMAN,ARTHUR NIH (MathematicalResearchBranch,NIDDK) JAN 17– 23
SHERMAN,MURRAY StateUniv. of New York (Neurobiology) JAN 13– 19
SKAGGS,BILL Univ. of Pittsburgh(Neuroscience) JAN 17– 23
SKINNER,FRANCIS TorontoHospital,WesternDivision (Playfair NeuroscienceUnit) JAN 13– 23
SMITH, GREGORY NIH (MathematicalResearchBranch,NIDDK) JAN 13– 23
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SOMERS,DAVID MIT (Brain& Cog.Sciences) JAN 13– 19
SOMPOLINSKY, HAIM Hebrew Univ. (RacahPhysics) JAN 13– 23
SWINDALE, NICHOLAS V. Univ. of British Columbia(Ophthalmology) JAN 13– 23
TERMAN, DAVID OhioStateUniv. (Mathematics) JAN 12– 23
THEUNISSEN,FREDERIC Univ. of CaliforniaatSanFrancis JAN 16– 21
TRAUB, ROGER Univ. of Birmingham(Physiology, Neuroscience) JAN 17– 22
TROYER, TODD Univ. of CaliforniaatSanFrancis(Physiology) JAN 13– 23
TSODYKS, MISHA V. WeizmannInstituteof Science(Neurobiology, BrainResearchB) JAN 14– 21
TURNER,ROBERT Univ. of Wisconsin-Madison(Mathematics) JAN 17– 20
VAN HEMMEN, J.LEO TU Muenchen(Physics) JAN 13– 23
WANG, DELIANG OhioStateUniv. JAN 13– 23
WANG, XIAO-JING BrandeisUniv. (CenterComplex 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 Canterbury (MathematicsandStatistic) JAN 14– 23
WILSON, CHARLES Univ of TennesseeCtr HealthSciences(Anatomy) JAN 13– 23

Tutorial: Calcium Dynamicsin CellsFebruary 5-6,1998

BIEBERICH,ANDREA (UniversityNotreDame) 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 NotreDame(Mathematics) FEB4 – 13
MIURA, ROBERT NIH (MathematicsResearchBranch) FEB4 – 13
MORELLI, MICHAEL UniversityWisconsin-Stout JAN 20– 20
NI, WEI-MING Univ. of Minnesota(Mathematics) SEP1 – AUG 31

Workshop 6: Calcium Dynamicsin CellsFebruary 9-13,1998

ALLBRITT ON, 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 (TheoreticalDynamics) FEB7 – 13
CARBINATTO, MARIA C. Univ. deSaoPaulo(ICMSC) FEB8 – 13
CHARLES,ANDREW UCLA (Neurology) FEB7 – 13
DAI, LONG NIH (MathematicalResearchBranch) FEB8 – 13
DE YOUNG,GARY MesaStateCollegeof Colorado(Mathematics) FEB7 – 13
DUPONT, GENEVIEVE Univ Libre Bruxelles FEB7 – 14
EPSTEIN,IRVING BrandeisUniversity FEB8 – 13
FRIEDMAN, MARK Univ. of Alabama-Huntsville(Mathematics) FEB7 – 13
GOMES,GABRIELA Univ. doPorto(MatematicaAplicada) SEP1 – JUL 31
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, GREGORY P. Univ. of Warwick (Fluid DynamicsResearchCenter) SEP3 – JUL 31
KISAALITA, WILLIAM S. Univ. of Georgia(BiologicalandAgriculturalEngineering) FEB7 – 13
LECHLEITER,JAMES D. Univ. of Virginia (Neuroscience,Markey Center) FEB7 – 13
LI, YUE-XIAN Univ. of California-Davis (InstTheoreticalDynamics) FEB8 – 13
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LOEW, LESLIE Univ. of Conn.HealthCenter(Physiology) FEB8 – 12
MAGNUS,GERHARD FEB8 – 15
MEARS,DAVID NIH (LCBB) FEB10– 14
MILLER, CHARLES Univ. of NotreDame(Mathematics) FEB4 – 13
MIURA, ROBERT NIH (MathematicsResearchBranch) FEB4 – 13
NUCCITELLI, RICHARD Univ. of California-Davis (MolecularandCellularBiology) FEB8 – 13
OTHMER, HANS Univ. of Utah(Mathematics) FEB9 – 13
PEARSON,JOHN LosAlamosNationalLaboratory FEB9 – 14
PERNAROWSKI, MARK MontanaStateUniv. (MathematicalScience) FEB7 – 13
RAO, RAJR. Univ. of Georgia(Biological& AgriculturalEngineering) FEB7 – 13
ROJAS, EDUARDO E. NIH (LCBB) FEB8 – 13
RUSSELL,JAMES T. NIH FEB8 – 13
SANDERSON,MICHAEL J. Univ. of MassachusettsMedicalSchool(Physiology) FEB8 – 13
SHERMAN,ARTHUR NIDDK, NIH (MathematicalResearchBranch) FEB4 – 13
SMITH, GREGORY D. NIDDK, NIH (MathematicalResearchBranch) FEB8 – 13
SMOLEN,PAUL Univ. of Texas-MedicalSchool(Neurobiology& Anatomy) FEB8 – 13
STOJIKOVIC, STANKO NICHD, NIH (EndocrineandReproductiveResearch) FEB8 – 12
TERMAN, DAVID OhioState(Mathematics) FEB7 – 13
THOMAS, ANDREW P. New Jersey MedicalSchoolof UMDNJ FEB7 – 13
ZIMLIKI, CHARLES NIH (LCBB) FEB10– 14
ZUCKER,ROBERT S. Univ. of California-Berkeley (MolecularandCell Biology) FEB10– 12

SpecialWorkshop: Knowledgeand Distributed Intelligence(KDI)–Opportunities in the Mathematical Sciences
Mar ch 7, 1998

ALI, SYEDS. Univ. of Wisconsin-Milwaukee(MathematicalSciences) MAR 6 – 8
AMIN, MASSOUD ElectricPowerResearchInstitute MAR 5 – 7
ANDERSON,MEREDITH AmericanExpressFinancialAdvisors MAR 7 – 7
APTE,CHID IBM T.J.WatsonResearchCenter(DataAbstractionResearch) MAR 6 – 8
BACH, ERIC Univ. of Wisconsin MAR 6 – 7
BAKER, RICHARD Univ. of Iowa(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, GREGORY SaintAnselmCollege(Mathematics) MAR 7 – 8
CAO, GENE MichiganTech(Mathematics) MAR 13– 16
CARMEIN, DAVID MinnesotaVirtual Simulations MAR 7 – 7
CHERKASSKY, VLADIMIR Univ. of Minnesota(ElectricalEngineering) MAR 7 – 7
COCKBURN, BERNARDO Univ. of Minnesota(Schoolof Mathematics) MAR 7 – 7
COOK,DIANNE IowaStateUniv. (Statistics) MAR 7 – 7
CROUCH,CAROLYN J. Univ. of Minnesota,Duluth (ComputerScience) MAR 6 – 8
CROUCH,DONALD B. Univ. of Minnesota,Duluth (ComputerScience) MAR 6 – 8
CYBENKO, GEORGE DartmouthCollege(Engineering) MAR 6 – 8
DAVIS, WILLIAM J. OhioStateUniversity MAR 7 – 8
DICKERSON,JULIE IowaStateUniversity MAR 7 – 7
DUNHAM, DOUGLAS Univ. of Minnesota- Duluth (ComputerScience) MAR 7 – 7
FLUGRAD, DONALD IowaStateUniv. (MechanicalEngineering) MAR 7 – 7
FRENCH,DONALD Univ. of Cincinnati(MathematicalSciences) SEP1 – AUG 31
FRIEDMAN, AVNER Univ. of Minnesota(MinnesotaCenterIndustrialMathema) SEP1 – AUG 31
GARRETT, PAUL Univ. of Minnesota(Mathematics) MAR 7 – 7
GERSHENFELD,NEIL MIT MediaLab MAR 7 – 7
GINI, MARIA UniversityMinnesota MAR 7 – 7
GREENE,JOE Univ. of Illinois-Urbana(ESB) MAR 6 – 8
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GUCKENHEIMER,JOHN CornellUniv. (Mathematics) SEP1 – JUN30
HAGBERG,ARIC LosAlamosNationalLaboratory MAR 6 – 8
HONAVAR, VASANT IowaStateUniv. (ComputerScience) MAR 6 – 7
KARNIK, NEERAN Univ. of Minnesota(ComputerScience) MAR 7 – 7
KARYPIS,GEORGE Univ. of Minnesota(CS&E) MAR 7 – 7
KETTENRING,JON Bell CommunicationsResearch MAR 6 – 8
KLAMECKI, BARNEY Univ. of Minnesota(MechanicalEngineering) MAR 7 – 7
KLEINBERG, JON CornellUniv. (ComputerScience) MAR 6 – 8
KOH, JEEHEUB IndianaUniv. (Mathematics) MAR 6 – 7
KUMAR, VIPIN Univ. of Minnesota(ComputerScience) MAR 7 – 7
LEE, NAMYONG Univ. of Minnesta(Schoolof Mathematics) MAR 7 – 7
LI, PERRY Univ. of Minnesota(MechanicalEngineering) MAR 7 – 7
MCCURLEY, KEVIN IBM AlmadenResearchCenter(IBM Research) MAR 6 – 7
MCGEHEE,RICHARD Univ. of Minnesota(GeometryCenter) MAR 7 – 7
MCROY, SUSANW. Univ. of Wisconsin-Milwaukee(EECS) MAR 6 – 8
MITREA, IRINA Univ. of Minnesota(Math) MAR 7 – 7
MORTON, BLAISE Honeywell MAR 7 – 7
MULIER, FILIP 3M (EngineeringSystemsandTechnologyLab) MAR 7 – 7
MUNCASTER,ROBERT Univ. of Illinois atUrbana-Champa(Mathematics) MAR 6 – 8
NOSTRAND,BARBARA StateCollegeatOneonta(MathematicalSciences) MAR 6 – 9
RALESCU,ANCA Univ. of Cincinnati(ElecEngineeringandCom) MAR 6 – 8
RALESCU,DAN Univ. of Cincinnati(MathematicalSciences) MAR 6 – 8
RAPHAEL, CHRISTOPHER Univ. of Massachusetts-Amherst(MathandStatistics) MAR 6 – 8
REITICH, FERNANDO Univ. of Minnesota(Mathematics) MAR 7 – 7
RON, AMOS Univ. of Wisconsin,Madison(ComputerScience) MAR 6 – 7
RUDNAYA, SVETLANA Univ. of Minnesota(Schoolof Mathematics) MAR 7 – 7
SAHINIDIS, NIKOLAOS Univ. of Illinois-Urbana(ChemicalEngineering) MAR 6 – 8
SEJNOWSKI, TERRY SalkInstitute MAR 6 – 8
SKEEL,ROBERT D. Univ. of Illinois (ComputerScience) MAR 6 – 8
SRIVASTAVA, JAIDEEP Univ. of Minnesota(CSE) MAR 7 – 7
STEUERWALT, MIKE NSF MAR 6 – 8
SULLIVAN, JOHN Univ. of Illinois (Mathematics) MAR 6 – 7
TANNENBAUM, ALLEN Univ. of Minnesota(ElectricalandComputerE) MAR 7 – 7
THALER, AL NSF MAR 6 – 8
TIDRIRI, MOULAY IowaStateUniv. (Mathematics) MAR 6 – 8
TORRES,RODOLFO Univ. of Kansas(Mathematics) MAR 6 – 7
TRIPATHI, ANAND Unversityof Minnesota(ComputerScience) MAR 7 – 7
WARMUTH, MANFRED UniversityCaliforniaatSantaCruz MAR 6 – 7
WEICHSEL,PAUL M Univ. of Illinois atUrbana-Champaigne MAR 6 – 8
YIN, GEORGE WayneStateUniv. (Mathematics) MAR 7 – 7
YUNES,LUIS Univ. of Minnesota(Math) MAR 7 – 7
ZHANG, BINGYU Univ. of Cincinnati(MathematicalSciences) MAR 6 – 8

Workshop 7: Cardiac DynamicsMar ch 9-14,1998

BARKLEY, DWIGHT Univ. of Warwick (Mathematics) AUG 15– JUN30
BRONSTERING,ROLF Univ. of Muenster(fuerNumerischeMathematik) MAR 7 – 15
BUONO,PIETRO-LUCIANO Univ. of Houston(Mathematics) MAR 8 – 14
CACCIOLA, GIOVANNA EindhovenUniv. of Tech(MechanicalEngineering) MAR 8 – 14
CHAO, YI-JU Univ. of Minnesota(Math) MAR 9 – 14
CHAY, TERESA Univ. of Pittsburgh(BiologicalSciences) MAR 8 – 15
CHIPOT, MICHEL Univ. of Zuerich(CNRS)(AndgewandteMathematik) MAR 8 – 13
CHRISTINI, DAVID CornellMedicalCenter(Cardiology) MAR 9 – 15
COLLINS, JIM BostonUniv. (BiomedicalEngineering) MAR 13– 14
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DIETZ, DONNA RensselaerPolytechnicInst. (Math) MAR 8 – 14
DINH, THOMAS Medtronic(ScienceandTechnology) MAR 12– 14
FIEDLER,BERNOLD FreeUniv. of Berlin (InsituteMathematicsI) MAR 10– APR6
GARFINKEL, ALAN UCLA (Cardiology) MAR 11– 14
GILLBERG, JEFFREY Medtronic(TachyarrhythmiaResearch) MAR 9 – 13
GLASS,LEON McGill Univ. (Physiology) MAR 11– 15
GOMES,GABRIELA Univ. doPorto(CentroMatematicaAplicada) SEP1 – JUL 31
GUCKENHEIMER,JOHN CornellUniv. (Mathematics) SEP1 – JUN30
GUNNEY, BRIAN Medtronic MAR 9 – 14
HALL, KEVIN McGill Univ. (CenterNonlinearDynamics) MAR 8 – 14
HAMLEN, CUSHING Centerfor BiomaterialsResearch(Medtronic) MAR 9 – 14
HAN, KEESOOK Univ. of Minnesota(ElectricalEngineering) MAR 9 – 14
HOBBIE, RUSSELL Univ. of Minnesota(Physics) MAR 9 – 14
HOLTE, JIM Univ. of Minnesota(ElectricalEngineering) MAR 9 – 14
HONDEGHEM,LUC HondeghemPharmaceuticals,Inc. MAR 7 – 14
IRVINE, LISA JohnsHopkinsUniv. (BiomedicalEngineering) MAR 12– 15
ISAACSON,DAVID RensselaerPolytechnicInst. (Math) MAR 8 – 14
JAFRI, SALEET JohnsHopkinsUniv. Schoolof Medicine MAR 8 – 14
JENISON,TROY Medtronic MAR 13– 13
JOHNSON,CHRIS Univ. of Utah(ComputerScience) MAR 8 – 13
JOLLY, MIKE IndianaUniv. (Math) JUL 14– JUN30
KAPLAN, DANNY MacalasterCollege(MathandComputerScience) MAR 9 – 14
KARMA, ALAIN NortheasternUniv. (Physics) MAR 8 – 15
KEENER,JAMES Univ. of Utah(Mathematics) MAR 7 – 14
KING, GREGORY P. Univ. of Warwick (Fluid DynamicsResearchCenter) SEP3 – JUL 31
LITTMAN, WALTER Univ. of Minnesota(Mathematics) SEP1 – AUG 31
MANRODT, CHRIS Medtronic(BradycardiaTechnology) MAR 9 – 14
MAY, STEVE Medtronic MAR 9 – 14
MCCULLOCH, ANDREW Univ. of California- SanDiego (Bioengineering) MAR 10– 14
MCQUEEN,DAVID NYU-CourantInstitute MAR 8 – 15
MEHDI, KHAWAR Medtronic(BradyResearch) MAR 9 – 13
MILIK, ALEXANDRA TechnischeUniv. Wien AUG 22– JUN30
MIN, SHIRLEY Medtronic,In) MAR 9 – 14
MIURA, ROBERT NIDDK/NIH MAR 8 – 14
MORISSETTE,JOSEE Medtronic MAR 9 – 14
MORRIS,MILTON GuidantCorporation MAR 9 – 14
MUELLER, STEFAN MPI for Mathematicsin theSciences JAN 22– FEB1
OLSON,WALTER Medtronic,In) MAR 9 – 14
PESKIN,CHARLESS. New York Univ. (Courant) MAR 8 – 13
PRINTZ,BETH ColumbiaCollegeof PhysiciansandSurg (PediatricCardiology) MAR 9 – 14
RASMUSSON,RANDY Allegheny Univ. (CardiovascularandPulmonaryResearchI) MAR 8 – 15
RUDY, YORAM CaseWesternReserveUniv. (BiomedicalEngineering) MAR 10– 12
SNYDERS,DIRK VanderbiltUniv. Schoolof Medicin (Clinical Phyarmacology) MAR 9 – 14
TABER, LARRY WashingtonUniv. (BiomedicalEngineering) MAR 10– 13
TUCKERMAN, LAURETTE LIMSI Orsay/CNRS AUG 20– JUN30
VOTH, ERIC EndocardialSolutions,Inc MAR 13– 13
WARMAN, EDUARDO Medtronic,Inc. (ResearchScientist) MAR 8 – 15
WEINBERGER,HANS Univ. of Minnesota(Schoolof Mathematics) JUN8 – 12
WINSLOW, RAI TheJohnsHopkinsUniv. Schoolof Medicine MAR 10– 14
WOODWARD, PAUL Univ. of Minnesota(Astronomy) MAR 12– 14
XIE, MIN Univ. of Utah(Mathematics) FEB28– MAR 30
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YI, 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 Univ. of Maryland(ChemicalEngineering) APR26– MAY 1
ANDERSH,JONATHAN 3M (ProcessandControl) APR27– MAY 1
ARIS, RUTHERFORD Univ. of Minnesota(ChemicalEng) APR27– MAY 1
ARMBRUSTER,DIETER ArizonaStateUniv. (Mathematics) APR26– MAY 15
AXELROD, ANTHONY 3M APR26– MAY 1
BAILLIEUL, JOHN BostonUniv. (Engineering) APR26– MAY 1
BANASZUK, ANDRZEJ UnitedTechnologiesResearchCenter APR26– 29
BLOCH, ANTHONY Univ. of Michigan(Mathematics) APR26– 30
BOTELHO, FERNANDA Univ. of Memphis(MathematicalSciences) JAN 10– MAY 31
BROCKETT, ROGER HarvardUniversity APR28– 28
BURNS,TIM NIST APR27– MAY 2
CO,TOMAS MichiganTechnologicalUniv. (ChemicalEngineering) APR27– MAY 1
DAOUTIDIS, PRODROMOS Univ. of Minnesota(ChemicalEngineering) APR26– MAY 1
DIPPERY, KYLE Univ. of Kentucky (MechanicalEngineering) APR25– MAY 1
DOYLE, FRANK Univ. of Delaware(ChemicalEngineering) APR27– 30
EIAN, JOHN Univ. of Minnesota(BiomedicalEngineering) APR27– MAY 1
EMAMI-NAEINI, ABBAS SCSolutions,Inc. APR26– 28
GEORGIOU,TRYPHON Univ. of Minnesota(ElectricalEngineering) APR27– MAY 1
GOMES,GABRIELA Univ. doPorto(CentroMatematicaAplicada) SEP1 – JUL 31
GUCKENHEIMER,JOHN CornellUniv. (Mathematics) SEP1 – JUN30
KANELLAK OPOULOS,IOANNIS UCLA (ElectricalEngineering) APR26– MAY 1
KEVREKIDIS, YANNIS PrincetonUniv. (ChemicalEngineering) APR26– MAY 1
KHIBNIK, ALEXANDER I. UnitedTechnologiesResearchCenter APR28– MAY 1
KING, GREGORY P. Univ. of Warwick (Fluid DynamicsResearchCenter) SEP3 – JUL 31
KLIEMANN, WOLFGANG IowaStateUniv. (Mathematics) APR30– MAY 1
KOKOTOVIC, PETAR V. Univ. of California-SantaBarbara(ECE) APR30– MAY 1
KRAVARIS, COSTAS Univ. of Michigan(ChemicalEngineering) APR27– 29
KRISHNAPRASAD,P.S. Univ. of Maryland(ElectricalEngineering) APR26– MAY 1
KRSTIC,MIROSLAV UniversityCaliforniaatSanDiego APR26– 29
LANGFORD,WILLIAM TheFieldsInstitute APR1 – JUN14
LEE, BRUCE Univ. of Minnesota(ElectricalEngineering) APR27– MAY 1
LI, PERRY Univ. of Minnesota(MechanicalEngineering) APR27– MAY 1
LUO, J.C. Univ. of Minnesota(ECE) APR27– MAY 1
MAREELS,IVEN Univ. of Melbourne(ElectricalEngineering) APR24– MAY 3
MAYNE, D. Q. ImperialCollege,London APR27– 28
MILIK, ALEXANDRA TechnischeUniv. Wien AUG 22– JUN30
ORSI,ROBERT Univ. of Melbourne APR24– MAY 3
PISMEN,L.M. Technion-IsraelInstituteof Technolog APR26– MAY 2
POSBERGH,THOMAS. A. Univ. of Minnesota SEP1 – JUN15
RAWLINGS, JAMES B Univ. of Wisconsin(ChemicalEngineering) APR27– 28
ROOSE,DIRK KatholiekeUniv. Leuven(ComputerScience) APR25– MAY 1
SAAD, YOUSEF Univ. of Minnesota(ComputerScience) APR27– MAY 1
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SAIMEK, SAROJ Univ. of Minnesota(MechanicalEngineering) APR 27– MAY 1
SAMAD, TARIQ Honeywell APR 26– MAY 1
SHVARTSMAN, STANISLAV (PrincetonUniversity) APR 26– MAY 1
SONTAG, EDUARDO RutgersUniv. (Mathematics) APR 28– MAY 3
STACHOWICZ, MARIAN Univ. of Minnesota-Duluth APR 27– MAY 1
STARK, JAROSLAV UCL (Centrefor NonlinearDynamics) APR 26– MAY 2
TITI, EDRISSSALEH Univ. of California-Irvine(Mathematics) APR 19– MAY 3
YDSTIE, ERIC Carnegie-MellonUniv. APR 26– MAY 1

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

ADAMS, DAVID Univ. of Kentucky (Mathematics) MAY 1 – 3
ANDERSON,ROGER 3M Center(3M) MAY 1 – 3
ARONSON,DON Univ. of Minnesota(Mathematics) MAY 1 – 3
BEMELMANS, JOSEF Rheinisch-WestfTechHochschule(InstMath) APR29– MAY 3
BORUCKI, LEN MotorolaInc. MAY 2 – 3
BRAUER,BARBARA MAY 1 – 3
BRAUER,GEORGE Universityof Minnesota MAY 1 – 3
BRUNO, OSCAR Caltech(AppliedMath) APR29– MAY 3
CAFFARELLI, LUIS A. Univ. of TexasatAustin (Math) APR30– MAY 3
CASTRO, PETER EastmanKodakCo. (ComputationalSciencelab) MAY 1 – 3
CELADA, PIETRO Univ. Degili StudiDi Trieste MAY 1 – 3
CHADAM, JOHN Univ. of Pittsburgh(MathandStat) MAY 1 – 5
CHOCK,DAVID FordMotor Company (Chemistry) MAY 2 – 3
CUI, SHANGBIN LanzhouUniv. (Mathematics) MAY 1 – 3
DIBENEDETTO, EMMANUELE NorthwesternUniv. (Mathematics) APR30– MAY 3
EVANS, DEBBIE MAY 1 – 3
FABES,ESTER MAY 1 – 3
FLEMING, WENDELL H. Brown Univ. (AppliedMath) APR30– MAY 3
FOLGUERA,ALEJANDRA Univ. of Illinois MAY 1 – 3
FONTELOS,MARCO ANTONIO Univ. ComplutensedeMadrid (Aplicada) MAY 1 – 3
FOSDICK,ROGER Univ. of Minnesota(AerospaceEng.andMech.) MAY 1 – 3
FRENCH,DONALD Univ. of Cincinnati(MathematicalSciences) MAY 1 – 3
FRIEDMAN, ALISSA MAY 1 – 3
FRIEDMAN, AVNER Univ. of Minnesota SEP1 – AUG 31
FRIEDMAN, ISRAEL MAY 1 – 3
FRIEDMAN, LYNN MAY 1 – 3
FRIEDMAN, NAOMI MAY 1 – 3
FRIEDMAN, TAMARA MAY 1 – 3
GAMBA, IRENE UniversityTexas- Austin MAY 2 – 3
GLIMM, JAMES G. SUNY atStony Brook (AppliedMathandStatistics) APR30– MAY 3
GOMES,GABRIELA Univ. doPorto(MatematicaAplicada) SEP1 – JUL 31
GREGORY, BOB MAY 1 – 3
GULLIVER, ROBERT UniversityMinnesota SEP1 – AUG 31
HERTZOG,VICTORIA MAY 1 – 3
HU, XIAOPING Univ. of Minnesota(Radiology) MAY 1 – 3
HUANG, CHAOCHENG Wright StateUniv. (Math) MAY 1 – 3
INDELICATO, ART MAY 1 – 3
INDELICATO, MARY MAY 1 – 3
JAIN, NARESH Univ. of Minnesota(Mathematics) NOV 9 – 9
JOSEPH,DAN Univ. of Minnesota(AerospaceEng& Mech.) MAY 1 – 3
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KAHN, DONALD UniversityMinnesota MAY 1 – 3
KAVEH, MOS Univ. of Minnesota(ElectricalEng.) MAY 1 – 3
KING, GREGORY P. Univ. of Warwick (Fluid DynamicsResearchCenter) SEP3 – JUL 31
KRYLOV, NICOLAI UniversityMinnesota MAY 1 – 3
LANGFORD,WILLIAM TheFieldsInstitute APR1 – JUN14
LEVERMORE,DAVID Univ. of Arizona(Mathematics) MAY 2 – 3
LI, REN-CANG Univ. of Kentucky (Mathematics) MAY 1 – 3
LIN, MRS.NAIGUO UniversityMinnesota MAY 1 – 3
LIN, NAIGUO Univ. of Minnesota(PhysicsandAstronomy) MAY 1 – 3
LITTMAN, WALTER Univ. of Minnesota(Mathematics) SEP1 – AUG 31
LUSKIN, MITCH Univ. of Minnesota(Mathematics) MAY 1 – 3
MARKUS, LAWRENCE UniversityMinnesota MAY 1 – 3
MCAREE,CEIL MAY 1 – 3
MCCARTHY, CHARLES UniversityMinnesota MAY 1 – 3
MEYERS,NORMAN G. MAY 1 – 3
MISEMER,DAVID 3M MAY 1 – 3
MORELLI, MICHAEL Unviersityof Wisconsin-Stout MAY 2 – 3
MOSKOW, SHARI MCIM MAY 1 – 3
OCKENDON,HILLARY Univ. of Oxford(OCIAM, Math) APR30– MAY 3
OCKENDON,JOHN Univ. of Oxford(OCIAM, Math) APR30– MAY 3
OLVER, PETERJ. Univ. of Minnesota(Mathematics) MAY 1 – 3
PINSKY, MARK NorthwesternUniv. (Math) MAY 1 – 2
POUR-EL,MARIAN UniversityMinnesota MAY 1 – 3
PRIKRY, KAREL Univ. of Minnesota(Mathematics) MAY 1 – 3
REITICH, FERNANDO Univ. of Minnesota(Mathematics) MAY 1 – 3
RINGHOFER,CHRISTIAN ArizonaStateUniversity MAY 2 – 3
SAFONOV, MIKHAIL UniversityMinnesota(Schoolof Mathematics) MAY 1 – 3
SANTOSA,FADIL Univ. of Minnesota(Schoolof Mathematics) MAY 1 – 3
SONTAG, EDUARDO RutgersUniv. (Mathematics) APR28– MAY 3
SOPER,JULIE MAY 1 – 3
STEIN,MARVIN MAY 2 – 2
STOJANOVIC, SRDJAN Univ. of Cincinnati(MathematicalSciences) MAY 2 – 3
TAGUCHI, DEBBIE MAY 1 – 3
TAGUCHI, KEN MAY 1 – 3
TANNENBAUM, ALLEN Univ. of Minnesota(ECE) MAY 1 – 3
TITI, EDRISSSALEH Univ. of California-Irvine(Mathematics) APR19– MAY 3
TUCKERMAN, LAURETTE LIMSI Orsay/CNRS AUG 20– JUN30
USISKIN, ZALMAN Univ. of Chicago(Education) APR30– MAY 3
VELAZQUEZ, JUAN J.L. Univ. ComplutensedeMadrid (Aplicada) APR27– MAY 3
VOS,REBECCA MAY 1 – 3
WEINBERGER,HANS Univ. of Minnesota(Schoolof Mathematics) MAY 1 – 3
WINOGRAD, SHMUEL IBM (T. J.WatsonResearchCenter) APR30– MAY 3
XIA, XINYUN Univ. of Minnesota(ChemicalEngineering)) MAY 1 – 3

Workshop 10 : Dynamical Systemsin Oceanography: Chaotic Advection in OceanMesoscaleStructur esMay 7-9,
1998

BERLOFF, PAVEL UCLA (AtmostphericSciences) MAY 6 – 10
BOWMAN, KENNETH TexasA&M Univ. (Meteorology) MAY 6 – 9
CASTILLO-NEGRETE,DIEGO UCSD(ScrippsInstitute) MAY 6 – 10
COULLIETTE, CHAD Caltech(ControlandDynamicalSystems) MAY 6 – 10
DIBATTISTA, MARK NYU-Courant MAY 6 – 9
GOMES,GABRIELA Univ. doPorto(CentroMatematicaAplicada) SEP1 – JUL 31
GUCKENHEIMER,JOHN CornellUniv. (Mathematics) SEP1 – JUN30
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HALLER, GYORGY Brown Univ. (AppliedMathematics) MAY 6 – 9
HOLM, DARRYL LANL MAY 2 – 10
IDE, KAYO UCLA (AtmosphericSciences) MAY 6 – 10
JONES,CHRIS Brown Univ. (AppliedMathematics) MAY 6 – 10
JONES,DON ArizonaStateUniv. (Math) MAY 6 – 9
KING, GREGORY P. Univ. of Warwick (Fluid DynamicsResearchCenter) SEP3 – JUL 31
LANGFORD,WILLIAM TheFieldsInstitute APR1 – JUN14
MAJDA, ANDREW NYU-CourantInstitute MAY 6 – 9
MCWILLIAMS, JAMES UCLA (AtmosphericSciences) MAY 6 – 10
MEACHAM, STEVE FloridaStateUniv. (Oceanography) MAY 6 – 10
MEZIC, IGOR Univ. of California-SantaBarbara(MechanicalEngineering) MAY 6 – 10
MILIK, ALEXANDRA TechnischeUniv. Wien AUG 22– JUN30
MILLER, PATRICK StevensInstituteof Technology(MathematicalSciences) MAY 6 – 10
POJE,ANDREW Brown Univ. (AppliedMathematics) MAY 6 – 9
PRATT, LARRY WoodsHoleOceanographicInstitute(PhysicalOceanography) MAY 6 – 9
SAMELSON,ROGER OregonStateUniv. MAY 6 – 9
WANG, SHOUHONG IndianaUniv. (Mathematics) MAY 6 – 9
WANG, XIAOMING New York Univ. (Courant) MAY 6 – 9
WIGGINS,STEVE Caltech MAY 6 – 9

Workshop 11 : Pattern Formation in Continuousand CoupledSystemsMay 11-15,1998

AHLERS,GUENTER Univ. of California-SantaBarbara(Physics) MAY 9 – 13
ARIS, RUTHERFORD Univ. of Minnesota(ChemicalEng) MAY 15– 15
ARMBRUSTER,DIETER ArizonaStateUniv. (Mathematics) APR26– MAY 15
ASHWIN, PETER Univ. of Surrey (Maths& Statistics) MAY 9 – 16
BARKLEY, DWIGHT Univ. of Warwick (Mathematics) AUG 15– JUN30
BERGER,KURT Univ. of Wisonsin,Madison(Mathematics) MAY 10– 16
BODENSCHATZ, EBERHARD CornellUniv. (Physics) MAY 9 – 14
BRONSKI, JARED StanfordUniv. (Mathematics) MAY 7 – 13
BUONO,PIETRO-LUCIANO Univ. of Houston(Mathematics) MAY 4 – JUN7
BUSSE,F.H. Univ. Bayreuth(Physikalisches) MAY 10– 15
CHILLINGWORTH, DAVID Univ. of Southampton(Mathematics) MAR 30– JUN5
CHOSSAT, PASCAL Univ. of California(Mathematics) MAY 11– 16
COSTA DE ABREU, STELLA MARIA Univ. of Porto(AppliedMathematics) APR26– MAY 30
CRAWFORD,JOHNDAVID Univ. of Pittsburgh(Physics) MAY 9 – 15
CUI, SHANGBIN LanzhouUniv. (Mathematics) MAR 29– FEB28
DA SILVA DIAS, ANA PAULA Univ. of Warwick (Mathematics) APR29– JUN7
DANGELMAYR, GERHARD ColoradoStateUniv. (Mathematics) MAY 10– 23
DIONNE, BENOIT Univ. of Ottawa(MathandStatistics) MAY 9 – 15
DUAN, JINQIAO ClemsonUniv. (MathematicalSciences) MAY 13– 17
EARL, MATTHEW CornellUniversity MAY 10– 18
FIELD, MICHAEL J Univ. of Houston(Mathematics) MAY 1 – 15
GOLLUB, JERRY HaverfordCollege(Physics) MAY 12– 14
GOLUBITSKY, MARTIN UniversityHouston MAY 3 – JUN5
GOMES,GABRIELA Univ. doPorto(MatematicaAplicada) SEP1 – JUL 31
GORMAN, MICHAEL Univ. of Houston(Physics) MAY 10– 15
GRIMM, HANS PETER NorthwesternUniv. (AppliedMathematics) MAY 10– 15
GUCKENHEIMER,JOHN CornellUniv. (Mathematics) SEP1 – JUN30
GUNARATNE, GEMUNU Univ. of Houston(Physics) MAY 11– 15
HAGBERG,ARIC LosAlamosNationalLaboratory MAY 13– 17
HALLEY, JWOODS Univ. of Minnestota(PhysicsandAstronomy) MAY 14– 14
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HUDSON,JOHNL. Univ. of Virginia MAY 9 – 14
IMBIHL, RONALD Institut für PhysikalischeChemie(Universiẗt Hannover) MAY 10– 15
JOLLY, MIKE IndianaUniv. (Math) JUL 14– JUN30
JUSTH,ERICW. Univ. of Maryland,CollegePark (ElectricalEngineering) MAY 10– 15
KEVREKIDIS, YANNIS PrincetonUniv. (ChemicalEngineering) MAY 12– 15
KNOBLOCH, EDGAR Univ. of CaliforniaBerkeley (Physics) MAY 7 – JUN5
KRAUSKOPF, BERND Univ. of Bristol (EngineeringMathematics) MAY 11– 15
KRISCHER,KATHARINA Fritz-HaberInstitut (Max-Planck-Gesellschaft) MAY 9 – 16
KRUPA, MARTIN (MACIEJ) TechnicalInstituteVienna MAY 9 – 23
LAMB, JEROEN Univ. of Warwick (Mathematics) MAY 10– JUN10
LANGFORD,WILLIAM TheFieldsInstitute APR1 – JUN14
LARI-LAVASSANI,ALI Univ. of Calgary(MathematicsandStatistic) MAY 10– 19
LAUTERBACH, REINER Institut fr AngewandteAnalysis MAY 9 – 15
LEBLANC, VICTOR Univ. of Ottawa(MathematicsandStatistics) MAY 4 – JUN12
LIM, CHJAN RPI (MathematicalSciences) MAY 10– 15
LUSS,DAN Univ. of Houston(ChemicalEngineering) MAY 10– 15
MALLET-PARET, JOHN Brown Univ. (AppliedMathematics) MAY 8 – 15
MATKOWSKY, BERNARD J NorthwesternUniv. MAY 10– 13
MELBOURNE,IAN Univ. of Houston(Mathematics) MAY 10– JUN6
MERON, EHUD Ben-GurionUniv. (Physics) MAY 10– 17
MILIK, ALEXANDRA TechnischeUniv. Wien AUG 22– JUN30
MIROLLO, RENNIE BostonCollege(Math) MAY 9 – 15
MURATOV, CYRILL NYU-CourantInstitute MAY 11– 15
NAGATA, WAYNE Univ. of British Columbia(Math) MAY 9 – 15
NERURKAR, MAHESH RutgersUniv. (Math) MAY 11– 15
OSINGA,HINKE Universityof Minnesota SEP1 – AUG 31
PURWINS, H.G. Univ. Munster MAY 9 – 17
RAGHAVACHARI, SRIDHAR Univ. of NotreDame(Physics) MAY 10– 16
RENARDY, YURIKO Viriginia Tech(Math) MAY 10– 16
RIECKE,HERMANN NorthwesternUniv. (AppliedMathematics) MAY 10– 15
ROTERMUND, H.H. Fritz-Haber-Institut (Abt PhysikalischeChemie) MAY 10– 17
ROY, RAJARSHI GeorgiaTech(SchoolPhysics) MAY 11– 17
RUCKLIDGE, ALASTAIR Univ. of Cambridge MAY 8 – 15
RUSU,DUMITRU DAN CMS-Univ. of Guelph(MathematicsandStatistic) MAY 10– 16
SANDSTEDE,BJORN OhioStateUniv. (Mathematics) MAY 9 – 12
SHEINTUCH,MOSHE Technion(ChemicalEngineering) MAY 10– 15
SILBER,MARY NorthwesternUniv. (EngSci& Appl Math) MAY 11– 19
STEWART, IAN Univ. of Warwick (Mathematics) APR19– JUN6
STROGATZ, STEVENH. CornellUniv. (TheoreticalandAppliedMechanics) APR1 – JUN30
SWIFT, JIM NorthernArizonaUniv. MAY 11– 15
SWINNEY, HARRY L. Univ. of Texas(Physics) MAY 9 – 15
TUCKERMAN, LAURETTE LIMSI Orsay/CNRS AUG 20– JUN30
UMBANHOWAR, PAUL Univ. of Pennsylvania(Physics& Astronomy) MAY 10– 15
VAN DERZANT, HERRE T. U. Delft (AppliedPhysics) MAY 9 – 14
VAN GILS, STEPHAN Univ. Twente(AppliedMathematics) MAY 9 – 16
VANDERBAUWHEDE,A. Univ. of Gent(PureMathematics& Comp) MAY 9 – 15
WEINBERGER,HANS Univ. of Minnesota(Schoolof Mathematics) MAY 15– 15
WIESENFELD,KURT GeorgiaTech(Physics) MAY 9 – 15
WITTENBERG,RALF PrincetonUniversity MAY 10– 15
WULFF, CLAUDIA FreieUniv. Berlin MAY 4 – JUN7
YEUNG, STEPHEN CornellUniversity MAY 10– 18
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ZIMMERMANN, WILLIAM Univ. of Minnesota(PhysicsandAstronomy) MAY 14– 14

Workshop 12 : Animal Locomotion and RoboticsJune1-5,1998

BEER,RANDY CaseWesternUniv. (ComputerEng.andScience) MAY 31– JUN5
BERKEMEIER,MATT BostonUniv. (Aero-MechEngineering) MAY 31– JUN6
BUEHLER,MARTIN McGill Univ. (MechanicalEngineering) MAY 31– JUN5
BUONO,PIETRO-LUCIANO Univ. of Houston(Mathematics) MAY 4 – JUN7
BURDICK, JOEL CaliforniaInstituteof Technology MAY 30– JUN5
CALVITTI, ALAN CaseWesternUniv. (ComputerEngineering/Science) JUN1 – 5
CANAVIER, CARMEN C. Univ. of New Orleans(Psychology) MAY 30– JUN5
CARVER, SEANG. CornellUniv. (CenterAppliedMath) JUN1 – 5
CASEY, RICHARD CornellUniv. (TheoreticalandAppliedM) MAY 31– JUN7
CHILLINGWORTH, DAVID Univ. of Southampton(Mathematics) MAR 30– JUN5
COHEN,AVIS H. Univ. of Maryland(Zoology) MAY 31– JUN5
COLLINS, JIM BostonUniv. (BiomedicalEngineering) MAY 31– JUN5
DA SILVA DIAS, ANA PAULA Univ. of Warwick (Mathematics) APR29– JUN7
DELCOMYN, FRED Univ. of Illinois atUrbana(Entomology) MAY 31– JUN5
DONATH, MAX Univ. of Minnesota(ITS) JUN1 – 5
DREW, TREVOR Univ. of Montreal(Physiology) MAY 30– JUN5
EGOROV, MIKHAIL Univ. of Minnesota(AEM) JUN1 – 5
EPSTEIN,STEVE BostonUniv. (Mathematics) JUN2 – 5
FARLEY, CLAIRE Univ. of CaliforniaatBerkeley (IntegrativeBiology) MAY 31– JUN5
FIEDLER,BERNOLD FreeUniv. of Berlin (InsituteMathematicsI) MAY 29– JUN14
FLANDERS,MARTHA Univ. of Minnesota(Physiology) JUN1 – 5
FULL, ROBERT J. Univ. of California,Berkeley (IntegrativeBiology) MAY 31– JUN4
GOLUBITSKY, MARTIN UniversityHouston MAY 3 – JUN5
GOMES,GABRIELA Univ. doPorto(MatematicaAplicada) SEP1 – JUL 31
GRILLNER, STEN NobelInstitutefor Neurophysiology(Karolinska) MAY 31– JUN3
GUCKENHEIMER,JOHN CornellUniv. (Mathematics) SEP1 – JUN30
HOLMES,PHILIP JOHN PrincetonUniv. MAY 31– JUN12
HOWELL, GEOFF BostonUniv. (ECE) MAY 31– JUN7
JINDRICH,DEVIN Univ. of California,Berkeley (IntegrativeBiology) MAY 30– JUN6
KING, GREGORY P. Univ. of Warwick (Fluid DynamicsResearchCenter) SEP3 – JUL 31
KNOBLOCH,EDGAR Univ. of CaliforniaBerkeley (Physics) MAY 7 – JUN5
KODITSCHEK,DANIEL E. Univ. of Michigan(EECS) JUN1 – 7
KOPELL,NANCY BostonUniv. (Mathematics) JUN2 – 5
KRISHNAPRASAD,P.S. Univ. of Maryland(ElectricalEngineering) MAY 30– JUN5
KUO, ARTHUR D. Univ. of Michigan(MechEngr& AppliedMech) MAY 30– JUN5
LAMB, JEROEN Univ. of Warwick (Mathematics) MAY 10– JUN10
LANGFORD,WILLIAM TheFieldsInstitute APR1 – JUN14
LEBLANC, VICTOR Univ. of Ottawa(MathematicsandStatistics) MAY 4 – JUN12
LEONARD, NAOMI PrincetonUniv. (MechanicalandAerospaceEng.) JUN2 – 5
LEVI, MARK RennsselaerPolytechInstitute(Mathematics) MAY 30– JUN5
MAHADEVAN, L. MIT JUN1 – 5
MARSDEN,JERRY Caltech(ControlandDynamicalSystems) JUN3 – 11
MELBOURNE,IAN Univ. of Houston(Mathematics) MAY 10– JUN6
MILIK, ALEXANDRA TechnischeUniv. Wien AUG 22– JUN30
OSTROWSKI, JAMES UniversityPennsylvania JUN3 – 5
POSBERGH,THOMAS. A. Univ. of Minnesota SEP1 – JUN15

59



ROSE,TODD DonaldsonCo. Inc. (CorporateTechnology) JUN1 – 5
RUINA, ANDY CornellUniversity MAY 30– JUN6
SAIMEK, SAROJ Univ. of Minnesota(MechanicalEngineering) JUN1 – 5
SARANLI, ULUC Univ. of Michigan(ElectEng.andComputer) JUN1 – 7
SATTINGER,DAVID Univ. of Minnesota(Mathematics) SEP1 – AUG 31
SCHAAL, STEFAN Univ. of SouthernCalifornia(ComputerScience) MAY 31– JUN5
SCHOTLAND, JUDY BostonUniv. (HealthSciences) MAY 31– JUN5
SCHWIND,WILLIAM Univ. of Michigan(ElecEngineeringandCom) JUN3 – 7
STEIN,PAUL S.G. WashingtonUniv. (Biology) MAY 31– JUN5
STEWART, IAN Univ. of Warwick (Mathematics) APR 19– JUN6
STROGATZ, STEVENH. CornellUniv. (TheoreticalandAppliedMechanics) APR 1 – JUN30
WHITALL, JILL Univ. of MarylandatBaltimore(PhysicalTherapy) MAY 30– JUN5
WULFF, CLAUDIA FreieUniv. Berlin MAY 4 – JUN7

Workshop 13 : Continuum Mechanicsand Non-linear Partial Differ ential EquationsJune8-12,1998

ANTMAN, STUART Univ. of Maryland(Mathematics) JUN7 – 12
BALL, JOHN Univ. of Oxford (Mathematics) JUN7 – 14
BHATTACHARYA, KAUSHIK Caltech JUN6 – 13
CONSTANTIN, PETER UniversityChicago JUN7 – 12
CUI, SHANGBIN LanzhouUniv. (Mathematics) MAR 29– FEB28
DACOROGNA, BERNARD EPFLLausanne(Mathematics) JUN6 – 12
DAFERMOS,C. Brown Univ. (AppliedMathematics) JUN6 – 12
E, WEINAN (Courant) JUN7 – 12
ERICKSEN,JERRY JUN7 – 12
ESTEBAN, MARIA Univ. ParisDauphine JUN6 – 13
FIEDLER,BERNOLD FreeUniv. of Berlin (InsituteMathematicsI) SEP3 – DEC21
FONTELOS,MARCO ANTONIO Univ. ComplutensedeMadrid (Aplicada) JAN 11– DEC31
FRIESECKE,GERO UniversityOxford JUN6 – 11
GOMES,GABRIELA Univ. doPorto(MatematicaAplicada) SEP1 – JUL 31
GULLIVER, ROBERT UniversityMinnesota SEP1 – AUG 31
HOLMES,PHILIP JOHN PrincetonUniv. MAY 31– JUN12
JAMES, RICHARD Univ. of Minnesota(AerospaceEngandMech) JUN8 – 12
KINDERLEHRER,DAVID CarnegieMellon Univ. (Math) JUN7 – 12
KING, GREGORY P. Univ. of Warwick (Fluid DynamicsResearchCenter) SEP3 – JUL 31
KUKAVICA, IGOR Univ. of SouthernCalifornia(Mathematics) JUN7 – 12
LANGFORD,WILLIAM TheFieldsInstitute APR1 – JUN14
LEO, PERRY Univ. of Minnesota(AerospaceEngineering& Mechanics) JUN8 – 12
LI, BO UCLA JUN8 – 12
LUSKIN, MITCH Univ. of Minnesota(Mathematics) JUN7 – 12
MARSDEN,JERRY Caltech(ControlandDynamicalSystems) JUN3 – 11
MUELLER, STEFAN MPI for Mathematicsin theSciences JUN6 – 14
MURAT, FRANCOIS Univ. Paris6 (Laboratoried’AnalyseNumerique) JUN7 – 13
NIRENBERG,LOUIS NYU-CourantInstitute JUN6 – 12
OTTO, FELIX UCSB JUN7 – 14
OWEN, DAVID CarnegieMellon Univ. (MathematicalSciences) JUN6 – 10
PARONI, ROBERTO Univ. of Kentucky (Mathematics) JUN7 – 13
POSBERGH,THOMAS. A. Univ. of Minnesota SEP1 – JUN15
REITICH, FERNANDO Univ. of Minnesota(Mathematics) JUN8 – 12
SULLIVAN, JOHN Univ. of Illinois (Mathematics) JUN5 – 11
SVERAK, VLADIMIR Univ. of Minnesota(Mathematics) SEP1 – AUG 31
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TRUSKINOVSKY, LEV Univ. of Minnesota(AEM) JUN8 – 12
WARNER,W.H. Univ. of Minnesota(AEM) JUN8 – 12
WATSON,STEPHEN LouisanaStateUniv. (Mathematics) JUN6 – 12
WEINBERGER,HANS Univ. of Minnesota(Schoolof Mathematics) JUN8 – 12
WIEGAND, SYLVIA Univ. of Nebraska(MathematicsandStatistic) JUN7 – 11
YANG, DAOQI WayneStateUniv. (Math) JUN7 – 14
YOUNG,L.C. 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 Univ. of NotreDame(Math) JUL 5 – 18
ASHIKHMIN, ALEXEI LosAlamosNationalLaboratory JUL 5 – 12
BERNSTEIN,DANIEL Univ. of Illinois-Chicago(Math,StatisticsandComputer) JUL 5 – 18
BLAKE, IAN Hewlett Packard JUL 11– 18
BLAKLEY, BOB TexasA & M Univ. (Mathematics) JUL 5 – 18
BOSTON, NIGEL Univ. of Illinois atUrbana(Mathematics) JUL 5 – 10
BULL, EVERETT PomonaCollege(MathematicsandComputer) JUL 5 – 12
CALDERBANK, ROBERT AT&T Lab) JUL 4 – 10
CHARPIN,PASCALE DomainedeVoluceau(INRIA) JUL 5 – 18
DESMEDT, YVO Univ. of Wisconsin-Milwaukee JUL 5 – 18
FIELDS,JOE Univ. of Illinois-Chicago(Math) JUL 5 – 18
GABORIT, PHILLIPE Univ. of Illinois atChicago(Math) JUL 5 – 18
GARRETT, PAUL Univ. of Minnesota(Math) JUL 6 – 18
GOLDMAN, JAY Univ. of Minnesota(Schoolof Mathematics) JUL 6 – 18
GOSSETT, ERIC BethelCollege(MathematicsandCS) JUL 6 – 18
HALL, JONATHAN MichiganStateUniv. (Mathematics) JUL 5 – 16
HELLESETH,TOR Univ. of Bergen(Informatics) JUL 5 – 18
HOBART, SYLVIA Univ. of Wyoming(Mathematics) JUL 4 – 18
HOFFMAN, JOHN SecureComputingCorporation JUL 5 – 31
HUFFMAN, W. CARY LoyolaUniv. of Chicago(MathSci) JUL 4 – 10
HUH, MISUK SeoulNationalUniv. (Mathematics) JUN19– JUL 19
JOHANSSON,THOMAS Univ. of Lund(InformationTechnology) JUL 4 – 11
KABATIANSKI, GRIGORI Inst. Problemsin InformationTransfer JUL 5 – 18
KLOVE, TORLEIV Univ. of Bergen(Informatics) JUL 5 – 19
KNILL, EMANUEL LosAlamosNationalLaboratory JUL 5 – 10
LAMKEN, ESTHERROSE Caltech(Mathematics) JUL 5 – 12
LEE, IN-SOK SeoulNationalUniv. (Mathematics) JUL 1 – 31
LEIBAK, ALAR Tallinn TechnicalUniv. (Mathematics) JUL 5 – 18
LEONARD, DOUG AuburnUniv. (Discrete& StatisticalSc) JUL 5 – 18
LEVENSHTEIN,VLADIMIR KeldyshInst. for AppliedMath JUL 5 – 19
MAGLIVERAS, SPYROS Univ. of Nebraska(ComputerScience& Engine) JUL 5 – 15
MARTIN, WILLIAM J. Univ. of Winnipeg (Dep’t MathematicsandStatistics) JUL 3 – 19
MCGUIRE,GARY ColoradoStateUniv. (Mathematics) JUL 5 – 11
MILLER, MARK Univ. of ColorodoatDenver(Mathematics) JUL 5 – 10
MORELLI, MICHAEL Unviersityof Wisconsin-Stout JUL 8 – 8
MORENO,OSCAR Univ. of PuertoRico (GaussResearchLab) JUL 6 – 10
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PATERA, JIRI Univ. deMontreal(CentreRecherchesMathematiques) JUL 5 – 18
PATERSON,KENNETH Hewlett Packard JUL 5 – 18
PATINKIN, SETH IndianaUniv. (Mathematics) JUL 7 – 31
PHELPS,KEVIN AuburnUniv. JUL 5 – 18
PIERCE,STEPHEN SanDiegoStateUniv. (MathematicalSciences) JUL 5 – 9
PLESS,VERA Univ. of Illinois-Chicago( JUL 5 – 18
RAHE, MAURICE TexasA&M Univ. (Mathematics) JUL 5 – 18
REITER,BOB NationalSecurityAgency (Cryptology) JUL 8 – 10
SCHULZE-HEWETT, C. Univ. of Illinois-Chicago(Mathematics) JUL 5 – 18
SENDRIER,NICOLAS INRIA-Rocquencourt(ProjectCODES) JUL 5 – 18
SIMMONS,GUS SandiaNationalLaboratory JUL 5 – 10
SIMONIS,JURIAAN TechnicalUniv. of Delft (FacultyTechnicalMathandInformati) JUL 5 – 19
SLOANE, NEIL A T. & T. ResearchLabs JUL 5 – 10
SOLJANIN, EMINA Bell Labs-Lucent(MathematicsCommunication) JUL 5 – 19
TANNENBAUM, PETER CaliforniaStateUniv., Fresno(Mathematics) JUL 5 – 18
TONCHEV, VLADIMIR MichiganTechnologicalUniv. (Mathematics) JUL 6 – 15
VAN LINT, JACOBUS TechnicalUniv. of Eindhoven(DirectorStanAckermansInst) JUL 5 – 10
WILSON, RICHARD CaliforniaInstituteof Technology(Mathematics) JUL 5 – 18
XIANG, QING Univ. of Delaware(MathematicalSciences) JUL 5 – 18
ZEMOR,GILLES ENTS(Network) JUL 5 – 18

Week2: Coding, Complexity and Cryptography; SequencesJuly 13-18,1998

ALLEN, BRIAN Univ. of NotreDame(math) JUL 5 – 18
BARG, ALEXANDER Bell Laboratorie) JUL 12– 18
BERGMAN, CLIFFORD IowaStateUniv. (Math) JUL 12– 18
BERNSTEIN,DANIEL Univ. of Illinois-Chicago(Math,StatisticsandComputer) JUL 5 – 18
BLAKE, IAN Hewlett Packard JUL 11– 18
BLAKLEY, BOB TexasA & M Univ. (Mathematics) JUL 5 – 18
BREITBACH, MARKUS Univ. of Tokyo (IndustrialScience) JUL 12– 18
BULL, EVERETT PomonaCollege(MathematicsandComputer) JUL 5 – 12
CHAN, AGNES NortheasternUniv. (CollegeComputerScience) JUL 12– 18
CHARPIN,PASCALE DomainedeVoluceau(INRIA) JUL 5 – 18
DESMEDT, YVO Univ. of Wisconsin-Milwaukee JUL 5 – 18
FENG,GUI-LIANG Univ. of SouthwesternLouisiana JUL 12– 20
FIELDS,JOE Univ. of Illinois-Chicago(Math) JUL 5 – 18
GABORIT, PHILLIPE Univ. of Illinois atChicago(Math) JUL 5 – 18
GAO, LIJUN Univ. of Minnesota(EE) JUL 13– 18
GARRETT, PAUL Univ. of Minnesota(Math) JUL 6 – 18
GOLDMAN, JAY Univ. of Minnesota(Schoolof Mathematics) JUL 6 – 18
GOSSETT, ERIC BethelCollege(MathematicsandCS) JUL 6 – 18
HALL, JONATHAN MichiganStateUniv. (Mathematics) JUL 5 – 16
HELLESETH,TOR Univ. of Bergen(Informatics) JUL 5 – 18
HOBART, SYLVIA Univ. of Wyoming(Mathematics) JUL 4 – 18
HOFFMAN, JOHN SecureComputingCorporation JUL 5 – 31
HUH, MISUK SeoulNationalUniv. (Mathematics) JUN19– JUL 19
KABATIANSKI, GRIGORI Inst. Problemsin InformationTransfer JUL 5 – 18
KLAPPER,ANDREW Univ. of Kentucky (ComputerScience) JUL 12– 18
KLOVE, TORLEIV Univ. of Bergen(Informatics) JUL 5 – 19
KUMAR, VIJAY Univ. of SouthernCalifornia(CommunicationSciences) JUL 12– 18
LAMKEN, ESTHERROSE Caltech(Mathematics) JUL 5 – 12
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LEE, IN-SOK SeoulNationalUniv. (Mathematics) JUL 1 – 31
LEIBAK, ALAR Tallinn TechnicalUniv. (Mathematics) JUL 5 – 18
LEONARD, DOUG AuburnUniv. (Discrete& StatisticalSc) JUL 5 – 18
LEVENSHTEIN,VLADIMIR KeldyshInst. for AppliedMath JUL 5 – 19
MAGLIVERAS,SPYROS Univ. of Nebraska(ComputerScience& Engine) JUL 5 – 15
MARTIN, WILLIAM J. Univ. of Winnipeg (Dep’t MathematicsandStatistics) JUL 3 – 19
MCGUIRE,GARY ColoradoStateUniv. (Mathematics) JUL 5 – 11
NIEDERREITER,HARALD AustrianAcademyof Science(InformationProcessing) JUL 12– 19
ODLYZKO,ANDREW AT.&T. Laboratories JUL 12– 16
PATERA, JIRI Univ. deMontreal(CentreRecherchesMathematiques) JUL 5 – 18
PATERSON,KENNETH StokeGifford (Hewlett PackardLaboratories) JUL 5 – 18
PHELPS,KEVIN AuburnUniv. (DiscreteandStatistical) JUL 5 – 18
PLESS,VERA Univ. of Illinois-Chicago JUL 5 – 18
RAHE, MAURICE TexasA&M Univ. (Mathematics) JUL 5 – 18
REITER,BOB NationalSecurityAgency (Cryptology) JUL 8 – 10
SCHMIDT, BERNHARD Caltech(Math) JUL 11– 18
SCHULZE-HEWETT, C. Univ. of Illinois-Chicago(Mathematics) JUL 5 – 18
SENDRIER,NICOLAS INRIA-Rocquencourt(ProjectCODES) JUL 5 – 18
SIMONIS,JURIAAN TechnicalUniv. of Delft (FacultyTechnicalMathandInformati) JUL 5 – 19
SMEETS,BEN LundUniv. (InformationTheory) JUL 11– 19
SOLJANIN, EMINA Bell Labs-Lucent(MathematicsCommunication) JUL 5 – 19
TANNENBAUM, PETER CaliforniaStateUniv., Fresno(Mathematics) JUL 5 – 18
TONCHEV, VLADIMIR MichiganTechnologicalUniv. (Mathematics) JUL 6 – 15
XIANG, QING Univ. of Delaware(MathematicalSciences) JUL 5 – 18
ZEMOR,GILLES ENTS(Network) JUL 5 – 18
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VII. IMA AcademicYear Lecturesand WorkshopsDescriptions

INSTITUTE FOR MATHEMATICS AND ITS APPLICATIONS
University of Minnesota

400Lind Hall
207ChurchStreetS.E.

Minneapolis,Minnesota55455
FAX (612)626-7370 telephone(612)624-6066 e-mail: ima-staff@ima.umn.edu

IMA Schedulesvia finger: finger seminar@ima.umn.edu
Newsletters,Updatesandpreprintsavailablevia

anonymousftp: ftp.ima.umn.edu , www: http://www.ima.umn.edu/

IMA NEWSLETTER # 254,REVISED
September1–30,1997

1997–98Program

EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

SeetheWinter, SummerandFall 1997IMA Updatefor a full descriptionof the1997–98programon
EmergingApplicationsof DynamicalSystems.

Newsand Notes

NewIMA Dir ector Chosen

TheBoardof Governorsof the IMA haschosenProf. Willard Miller to succeedAvnerFriedmanas
Directorof theIMA, beginningSeptember1, 1997.Theappointmentis for afive-yearterm.

Willard Miller hashadalongassociationwith theIMA. Hewastheheadof theSchoolof Mathematics
atMinnesotain 1979whentheproposalfor theIMA wasoriginally submittedto theNationalScience
Foundation,and he playeda major role in bringing the IMA to Minnesota. He becameAssociate
Directorof the IMA in 1987andserved in thatpositionfor sevenyears,beforebecomingAssociate
Deanfor FinanceandPlanningof theInstituteof TechnologyatMinnesota.

ProfessorMiller is a mathematicalphysicist.His researchinvolvestheuseof symmetrymethods,in
particularLie groupsandLie algebras,in the analysisof the structureof physicaltheories.He has
writtenextensively ontopicsin specialfunctiontheory, separationof variables,andquantumalgebras.

With hisprovendedicationto progressin themathematicalsciencesandhisoutstandingadministrative
record,the Boardof Governorsandthe currentDirectorsareconfidentthat Willard Miller will lead
theIMA to successinto thenext century.

Friedman Awarded SIAM DistinguishedService Prize

AvnerFriedman,theIMA Directorsince1987,wasawardedthePrizefor DistinguishedServiceto the
ProfessionJuly 15, 1997at the SIAM AnnualMeetingin Palo Alto. The prizewas“for his service
to appliedmathematicswith remarkabledistinctionanddedication.As Director of the Institutefor
Mathematicsandits Applicationsat theUniversityof Minnesota,heenhancedtheoutreachand

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique,ConsiglioNazionaledelleRicerche,Georgia Instituteof Technology, IndianaUniversity,
Iowa StateUniversity, KentStateUniversity, MichiganStateUniversity, MississippiStateUniversity, NorthernIllinois University, Ohio StateUniversity, PennsylvaniaState
University, PurdueUniversity, SeoulNationalUniversity (RIM - GARC), TexasA&M University, University of Chicago,University of Cincinnati,University of Houston,
Universityof Illinois (Urbana),Universityof Iowa, Universityof Kentucky, University of Maryland,Universityof Michigan,Universityof Minnesota,Universityof Notre
Dame,Universityof Pittsburgh,Universityof Wisconsin,WayneStateUniversity.
PARTICIPATING CORPORATIONS:EastmanKodak,EPRI,Ford,GeneralMotors,Honeywell, IBM, LockheedMartin,LucentTechnologies,Medtronic,Motorola,Siemens,
TelcordiaTechnologies,3M.
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visibility of appliedmathematicsthroughtirelessefforts to nurturestrongconnectionswith industry. As SIAM President
andChairof theBoardof MathematicalSciencesof theNationalResearchCouncil,hehasinitiatednumerousactivitiesto
strengthentheroleof mathematicsin theAmericanscientificenterprise.”

This is thethird timeSIAM hasawardedthisprize;thepreviousrecipientswereGeneGolubandEdBloch.

IMA Tutorial:

Numerical Methods for Bifur cation Problems
September5–9,1997

Speakers:JohnGuckenheimer, Mark Reichelt,BernoldFiedler, Werner
Rheinboldt,LindaPetzold,Wolf-JuergenBeyn, HerbKeller, Eusebius

Doedel,EugeneAllgower

IMA Workshop:

Numerical Methods for Bifur cation Problems
September15–19,1997

Organizers:EusebiusDoedel(chair),BernoldFiedler(F. U. Berlin),
YannisKevrekidis(Princeton),Wolf-JuergenBeyn (Bielefeld),Jens

Lorenz(New Mexico)

IMA Workshop:

Lar ge-ScaleDynamical Systems
September29–October3, 1997

Organizers:LauretteTuckermann(Orsay)(chair),EdrissTiti (Irvine), H. B.
Keller (Caltech),DonAronson(Minnesota)

Theschedulefor thisworkshopwill appearin IMA Newsletter255.
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EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

September1, 1997–June30,1998

Dynamical SystemsOrganizingCommittee:

JohnGuckenheimer(Chair) MathematicsDepartment CornellUniversity

EusebiusDoedel Departmentof ComputerScience ConcordiaUniversity

Martin Golubitsky Departmentof Mathematics Universityof Houston

YannisKevrekidis ChemicalEngineeringDepartment PrincetonUniversity

Rafaeldela Llave Departmentof Mathematics Universityof Texas,Austin

JohnRinzel Centerfor Neuroscience New York University

Dynamicalsystemstheorydescribesgeneralpatternsfoundin thesolutionsof systemsof nonlineardifferentialequations.
The theory focusesupon thoseequationsrepresentingthe changeof processesin time. Geometricandanalytic study
of simpleexampleshasled to tremendousinsight into universalaspectsof nonlineardynamics.Experimentalstudiesin
diverseareasrangingfrom fluid flows to chemicalreactionsto laserdynamicsto cardiacrhythmsto neuraloutputhave
confirmedtheubiquity of thesedynamicalpatterns.Harnessingtheoreticaladvancesin themathematicsfor thesolution
of larger, morecomplex practicalproblemsrequiresfurthereffort in understandingalgorithmicandcomputationalissues
relatedto dynamicalsystems,extensionsof the theory to importantclassesof systemsthat arisein applications,and
attentionto themodelingof complex systemsthatareaccessibleto only limited measurementsof their components.

Work at applyingthe methodsdevelopedby dynamicalsystemstheoryto “real world” problemshasbeena thoroughly
interdisciplinaryeffort. For over fifteen years,therehasbeena lively dialoguebetweenmathematicians,scientistsand
engineersconcerningtheobservationandinterpretationof dynamicalpatternsin laboratoryandnaturalsystems.To some
extent, missingfrom this discussionhasbeena setof quantitative modelsthat accuratelyrepresentthe behavior of the
observedsystems.Thepatternsidentifiedby thetheoryarequalitative,andfrequentlythetheoryhasbeenusedto classify
patternsratherthan to build modelsthat canbe usedfor purposesof designor prediction. Computationalcapabilities
havebeena limiting factorin constructingsuchmodelssincethey seldomlendthemselvesto solutionsolelywith analytic
methods.

This programoffers a setof activities that addressthe issueof applyingdynamicalsystemsmethodsto a wider circle
of problems. Therearethreecomponentsto our approach:a focuson the algorithmsthat underliethe computationof
systembehavior, a focuson particularapplicationareasthat appeartimely for rapid scientificadvancesthroughthe use
of dynamicalsystemsmethods,andemphasisuponareasin which existing mathematicaltheoryprovidesan inadequate
substratefor work with applications.Theapplicationareaswehaveselectedinvolvephysiologicalandchemicalprocesses.

The year hasbeendivided into threesegments,with a total of seven workshopsand a further week-longprogramof
concentratedactivity ona smallerscalethantheworkshops.We intendto work with theGeometryCenteronsponsorship
of theactivitiesthatfall into areasof mutualinterest.Theworkshopsaredesignedwith afocalpoint thatis complementary
to thoseof othermeetingsthathave beenheld in recentyears.In eachcase,we endeavor to bring togethergroupswhom
we feel have overlappinginterestsbut tendto move in disjoint scientificcircles. Also, we will work to put traditional
researchersin dynamicalsystemsin contactwith thesenew areasof activity.

Theprogramwill bedividedinto threeparts:
Fall Quarter(Sept.1 – Dec.30,1997):NumericalAnalysisof DynamicalSystems
WinterQuarter(Jan.2 – March31,1998):Dynamicsin PhysiologyandChemistry
SpringQuarter(April 1 – June30,1998):SymmetryandPatternFormation

Airfar eDiscountsfor IMA Visitors

The IMA hasnegotiatedspecialairfarediscountswith NorthwestAirlines. Thesediscountsareavailableby calling the
Travel Company at (800)328-9131andidentifyingyourselfasanIMA visitor.

Impr oved IMA HomePage
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The IMA hassubstantiallyimprovedits homepageon theWorld-Wide Web,accessiblethroughnetscapeor otherweb-
readingapplicationsat

http://www.ima.umn.edu .
Thepageis continuallyunderconstruction.We invite commentsor suggestions,whichmaybeaddressedto

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

Schedulefor September1–30,1997

Monday, September1

LaborDay, a Universityof Minnesotaholiday. IMA officeswill beclosed.

Tuesday, September2

Wednesday, September3

Thursday, September4

IMA Tutorial:

Numerical Methods for Bifur cation Problems
September5–9,1997

Speakers:JohnGuckenheimer, Mark Reichelt,BernoldFiedler, WernerRheinboldt,Linda
Petzold,Wolf-JuergenBeyn, HerbKeller, EusebiusDoedel,EugeneAllgower

Friday, September5

Talks today are in ConferenceHall EE/CS3-180

8:15am Registration and Coffee ReceptionRoomEE/CS3-176

8:45am Welcomeand Orientation W. Miller, R. Gulliver, J.Guckenheimer

9:00am John Guckenheimer
CornellUniversity

Introductionto BifurcationTheory

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Mark Reichelt
TheMathWorks,Inc.

NumericalIntegrationMethodsin Matlab

2:00pm Bernold Fiedler
FreeUniversityof Berlin

Introductionto GlobalBifurcations
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4:00
y

pm IMA Tea(and more!) VincentHall 502(TheIMA Lounge)

A varietyof appetizersandbeverageswill beserved.

Saturday, September6

Talks today are in SeminarRoomVincent Hall 570

8:30am Coffee IMA Lounge,VincentHall 502

9:00am Werner Rheinboldt
Universityof Pittsburgh

Algorithmsfor implicitly definedmanifoldswith applica-
tionsto bifurcationsanddifferential-algebraicsystems

10:30am CoffeeBreak IMA Lounge,VincentHall 502

11:00am Linda Petzold
Univ. of California,SantaBarbara

Differential-AlgebraicEquationsand Stiff Systemsof
ODE’s

Monday, September8

Talks today are in SeminarRoomVincent Hall 570

8:30am Coffee IMA Lounge,VincentHall 502

9:00am Wolf-JürgenBeyn
Universityof Bielefeld

Numericalanalysisof computingbifurcations

10:30am CoffeeBreak IMA Lounge,VincentHall 502

11:00am Herbert B. Keller
Calif. Inst. of Technology

Numericalmethodsfor solvingboundary-valueproblems

2:00pm EusebiusDoedel
ConcordiaUniversity

AUTO – Globalalgorithmsfor computingperiodicorbits
andtheirbifurcations

Tuesday, September9

Talks today are in SeminarRoomVincent Hall 570

8:30am Coffee IMA Lounge,VincentHall 502

9:00am EugeneL. Allgower
ColoradoStateUniversity

Multidimensionalcontinuation

10:30am CoffeeBreak IMA Lounge,VincentHall 502

11:00am Paneldiscussion Openproblems

2:00pm Laboratory session Programsandpackages
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Wednesday, September10

9:00am Orientation Meeting
RoomVincentHall 570

Long-termIMA visitorsandPostdocs

Long-termIMA visitorsandpostdocsareinvitedtoattendthismeetingtomeetmembersof theIMA Staff andto learnabout
how to get thingsdoneat the IMA. Topicswill includeIMA policies,payroll, supportservices,seminars,publications,
computersystems,andsocialevents.

Thursday, September11

9:30am Inf ormal Discussion:
(ledby BernoldFiedler)

Continuousspectrain travelling waves,etc.

BjoernSandstedewill speakon “What did Henrydo?”Thediscussionsessionmeetsin roomVincentHall 570.

IMA SpecialLecturein VincentHall 570:

11:15am Angel Jorba
Universityof Barcelona

Computationof normalformsandinvariantmanifoldsin
Hamiltonianmechanics.A numericalapproach

Abstract: We discussthe numericalcomputationof normal forms, centralmanifoldsandfirst integrals in Hamiltonian
mechanics.Thesearetypical computationsusedto studysomeaspectsof thedynamics.Theapproachpresentedhereis
basedonmanipulatingtheformalserieswith numericalcoefficients.

Theresultingmethodsallow a globaldescriptionof a largefractionof theorbitsof thesystemandcanbeusedto predict
andanalyzetheexistence(or lack thereof)of certaintypesof behaviour, their bifurcationsandhow they fit together. We
will alsodiscussquestionsof efficiency andapplicationsto someconcreteproblemsof CelestialMechanics.

MathDepartmentNumericalAnalysisSeminarin VincentHall 570:

2:00pm PierreGremaud
NorthCarolinaStateUniversity

Computationof nonclassicalsolutionsto Hamilton-Jacobi
equations

Friday, September12

SEMINAR ON INDUSTRIAL PROBLEMS

11:15am Eli Chipr out
IBM AustinResearchLab

ModelReductionfor LargeCircuit Simulation

Abstract: Model reductiontechniqueshave becomenecessaryfor circuit modelsusedin high-speedcomputerandVLSI
design. A history of thesemethodsasappliedin this field is coveredincluding Elmore’s delay, asymptoticwaveform
evaluation,complex frequency hopping,Padevia Lanczos,Arnoldi andrationalKrylov methods.Thedifferentmethods
havewideapplicationandhavedifferentstrengthsanddrawbackswhichwill beoutlined.Applicationproblemsrangefrom
linearpower, clock, interconnectandnoiseanalysisto nonlinearcircuit simulationwheremodelcompactnessis critical.
Multipoint or rationalmethodsbecomeimportantin thetheapplicationof packageanalysisandboardlevel interconnects.
Statisticalprocessvariationrequiresquick modelreductionfor repeatedanalysisof many statisticalsamples.Recently
someadvancesin the areaof applicationto transmissionlines, which are typical distributed systemsthat result from
Maxwell equations.Theextensionof rationalKrylov subspacesto thesedistributedsystemsis still anopenproblemat this
time.
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Theseminarmeetsin theIMA SeminarRoom,VincentHall 570

IMA Workshop:

Numerical Methods for Bifur cation Problems
September15–19,1997

Organizers:EusebiusDoedel(chair),BernoldFiedler(F. U. Berlin), YannisKevrekidis
(Princeton),Wolf-JuergenBeyn (Bielefeld),JensLorenz(New Mexico)

While computationaltechniquesfor low-codimensionlocalbifurcationsin few-degree-of-freedomsystemsarein advanced
stateof development,muchwork remainsto bedoneonthenumericaltreatmentof higher-codimensionsingularities.More
importantly, thereis apressingneedfor thedevelopmentof numericalmethodsfor computingglobalobjectsin phasespace,
their interactionsandbifurcations.

In this workshopwe will bring togethermathematicians,numericalanalystsandcomputerscientistsworking on these
problems,andstudya selectedsetof importantapplications. Particular topicswe will considerinclude the numerical
computationof invariantmanifolds(including invariant tori, homoclinicand heteroclinicmanifoldsas well as inertial
manifolds),thedetectionof theirbifurcationsandtheir visualization.

TheGeometryCenterwill beinvolvedin thisworkshop.

Monday, September15

Talks today are in LectureHall EE/CS3-180

8:30am Registration and Coffee ReceptionRoomEE/CS3-176

9:15am Welcomeand Orientation W. Miller, R. Gulliver, E. Doedel

9:30am Bjoern Sandstede
OhioStateUniversity

Numericalcomputationof pulsesandtheirdynamics

Abstract: Localizedtravelling-wave solutionsof partial differentialequationson the real line correspondto homoclinic
orbits of an associatedordinarydifferentialequation.Here,we will focuson the numericalcomputationof homoclinic
orbitsandtheaccuratedetectionof their bifurcationpoints. Super-convergenceresultsfor thewave speedarepresented.
Finally, wewill studytheinteractionof pulsepackets.Thesearesolutionsof thePDEto aninitial valuewhich is givenby
concatenated,widely separatedcopiesof aprimarytravelling wave. Thefateof suchsolutionsundertruncationof thereal
line to afinite interval is investigated.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Andr eyShilnikov
Inst. Appl. Math.,Nizhny Novgorod

Qualitatively numericalanalysisof someconcretemodels
with non-trivial dynamics

Abstract: The talk includesfragmentarilysomeaspectsof the analysisof a few Lorenz-like systems(3D symmetrical
andasymmetricalclassicalmodels,14D model,Shimizu-Mariokasystem),in particular, detailsof detectionof theregion
of existenceof the Lorenzattractorin the parameterspace.The ideabegins mainly with selectionof codimension-two
homoclinicbifurcations.

A recentresulton a “blue-sky catastrophe”bifurcationof codimensiononefor periodicorbits and its connectionwith
dynamicsin biophysicalmodelsarealsodiscussed.
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2:00pm Dimitri Turaev
WeizmannInstitute

Branchinghomoclinicorbitsin Hamiltoniansystems

Abstract: Codimension-onebifurcationsof homoclinicorbitsin Hamiltoniansystemsareconsidered.Two mechanismsof
creationof infinite seriesof homoclinicloopsarediscussed:the appearanceof a saddlepeiodicorbit neara homoclinic
loop(in thesamelevel of thefirst integral)andtheappearanceof anorbit which is homoclinicto ahomoclinicloop.

Short Talks: timesareapproximate

3:00pm Mercè Oll é
Univ. PolitècnicadeCatalunya

NumericalExplorationof Bifurcation PhenomenaAsso-
ciatedto Complex Instability

Abstract: TheHopf-likebifurcationassociatedto thetransitionfrom stability to complex instabilityof a family of periodic
orbitsin a Hamiltoniansystemwith three(or more)degreesof freedomis investigated.Numericaltechniquesto compute
the bifurcatingobjects-periodicorbits,or, moregenerally, zs{ isolatedinvarianttori- arepresented.The evolution and
thebifurcationof the zs{ tori aredescribed.As a modelproblem,we considertwo |}{ symplecticmappings,and,asan
application,wegivesomeresultsfor agalacticpotential.

3:20pm Timothy J. Burns
NIST

On the Bifurcation from Continuousto SegmentedChip
Formationin MetalCutting

Abstract: We have developeda new modelfor chip formationin orthogonalmachining,which includesa mechanismfor
thermomechanicalfeedback.This leadsto aninterpretationof metalcuttingasaprocesswhich is similar in many waysto
anopenchemicalreactor. As thecuttingspeedis increased,thereis a bifurcationfrom steady-stateto oscillatorybehavior
in the stressand temperaturefields in the workpiecematerialat the tooltip, which explains the observed changefrom
continuousto segmentedchip formation.(Jointwork with Matt DaviesandChrisEvans.)

3:40pm Gerald Moore
ImperialCollege,London

DifferentAlgorithmsfor ConnectingOrbits

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

A varietyof appetizersandbeverageswill beserved.

Tuesday, September16

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am Hink e Osinga
Universityof Minnesota

Globalizingtwo-dimensionalunstablemanifolds

Abstract: It is well known how to globalizeone-dimensionalunstablemanifoldsfor planarvectorfields andmaps. We
considerthecaseof a two-dimensionalmanifold in a three-dimensionalspace.Thepresentedalgorithmis designedfor
the computationof the two-dimensionalunstablemanifold of a normally hyperbolicinvariantcircle of saddle-typeof a
three-dimensionalmap.We briefly discusshow to computethis invariantcircleandhow to obtainthestartingdatafor the
globalization.

Thealgorithmcomputesgrowing piecesof theunstablemanifoldby usingamethodthatdoesnotdependonthedynamics
onthemanifold.Also, thealgorithmis suchthatit guaranteesthequalityof themeshonthismanifold.Thesamealgorithm
canbe usedfor the globalizationof a two-dimensionalunstablemanifold of a hyperbolicfixed point. Furthermore,we
discusshow to usea similar techniquefor vectorfields.

This is joint work with BerndKrauskopf.
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10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Konstantin Mischaikov
Georgia Instituteof Technology

Computer-AssistedExplorationandProofin Dynamics

2:00pm Michael Dellnitz
Universityof Bayreuth

TheApproximationof ComplicatedDynamicalBehavior

Abstract: Multilevel subdivisiontechniquesarepresentedfor theefficientnumericalapproximationof complicateddynam-
ical behavior. Concretelywe developadaptive methodswhich allow to extract statisticalinformationon the underlying
dynamicalsystem.This is doneby anapproximationof naturalinvariantmeasuresaswell as(almost)cyclic dynamical
components.Wediscussissuesconcerningtheimplementation(e.g.parallelizationstrategies)andindicatepotentialappli-
cationsof thesemethods(e.g.to thecomputationof Lyapunov exponents).Theresultsareillustratedby severalnumerical
examples.

3:00pm Coffee ReceptionRoomEE/CS3-176

Short Talks: timesareapproximate

3:30pm GregWatson
Georgia Instituteof Technology

EfficientComputationof theConley Index

Abstract: TheConley index is well-suitedto numericalanalysisof dynamicalsystemssinceit is robustunderperturbations.
Thebestalgorithmis fifth-orderin thesizeof theproblem.I will describeanalgorithmfor which subquadraticrun times
havebeenobserved.(Jointwork with K. Mischaikow andW. Kalies.)

3:45pm Volker Reichelt
RWTH Aachen

NumericalComputationof Invariant Tori in Dynamical
Sstems

Abstract: We presentseveral versionsof analgorithmto computeinvarianttori. They arebasedon thegraphtransform
which is discretizedin differentways to meetgoalslike speedandrobustness.Finally we take a closerlook at some
examples.

4:00pm Karin Gaterman
Konrad-Zuse-ZentrumBerlin

Orbit SpaceReduction

Abstract: In equivariantdynamicalsystemstheorythereis oneapproachknownasorbit spacereduction.Thismethodrules
out thegroupaction.Fundamentalinvariantsarecoordinatesfor thisorbit spaceandanew systemof differentialequations
is defined.Specialchoiceof coordinatessimplify thestructureof theorbit spaceaswell asthedifferentialequations.This
will beillustratedby anexample.

4:15pm Ar nd Scheel
FreieUniversiẗatBerlin

ExponentialDichotomiesin Elliptic Equations

Abstract: We presenta dynamical-systemsapproachto studyelliptic PDE’s in infinite cylinders,usingexponentialdi-
chotomies.Applicationsto continuation,bifurcationsandnumericalstudiesof wavesolutionsfor reaction-diffusionequa-
tionsaregiven.

4:30pm Gian Mario Maggio
Fed.Inst. of Technology, Lausanne

NonlinearDynamicsof theColpittsOperator

Abstract: Sinusoidaloscillatorslie at the heartof modernelectronicdevicesandcommunicationsystems.The design
techniquesfor oscillatorsof this kind arebasedprimarily uponlinear analysis. In many casestheseareunsatisfactory,
forcing the designerto performextensive simulations.We apply nonlinearanalysistechniquesto the Colpitts oscillator
with aview of developingrigorousdesignrules.Thesystemexhibit astablelimit cycleoriginatingfromaHopfbifurcation.
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From a designpoint of view is importantto locatethe first period-doublingbifurcationand to develop techniquesfor
predictingit. A moreextensive bifurcationanalysisof the systemis required,with particularreferenceto homoclinic
bifurcations,for characterizingits chaoticdynamics.(Jointwork with MichaelP. Kennedy)

4:45pm Ale Jan Homburg
FreieUniversiẗatBerlin

HomoclinicDoublingCascades

Abstract: Cascadesof period-doublingbifurcationshave attractedmuchinterestof researchersof dynamicalsystemsin
thepasttwo decadesasit is oneof theroutesto onsetof chaos.In thispaperweconsiderroutesto onsetof chaosinvolving
homoclinic-doublingbifurcations.We show theexistenceof cascadesof homoclinic-doublingbifurcations,persistentlyin
two parameterfamiliesof vectorfieldson R~ . Thecascadesarefoundin anunfoldingof a codimension-threehomoclinic
bifurcation;anorbit-flip atresonanteigenvalues.Wedevelopacontinuationtheoryfor homoclinicorbitsin orderto follow
homoclinicorbitsthroughinfinitely many homoclinic-doublingbifurcations.

Wednesday, September17

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am Vemuri Balakotaiah
Universityof Houston

NumericalBifurcationTechniquesfor ChemicalReactor
Problems

Abstract: Mathematicalmodelsof chemicalreactorsareknown to exhibit very complex bifurcationbehavior dueto the
strongcouplingbetweenthetransportprocessesandchemicalkinetics,andtheexponentialdependenceof thereactionrates
on temperature.This talk will focuson thenumericalcomputationof singularitiesandbifurcationdiagramsof chemical
reactormodelswith emphasison the following aspects:(i) detectionandcomputationof singularitieson theboundaries
of the parameterspace;(ii) discretizationof the governingPDEswithout destroying the underlyingspatialsymmetries
or creatingspurioussolutions;and(iii) computationandcontinuationof high-codimensionsingularpointsof discretized
modelsof veryhighdimension( �q�?�Znu�KnRnRn ).

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am YannisKevrekidis
PrincetonUniversity

A computer-assistedstudyof reaction-diffusion patterns
in microcompositemedia

Abstract: We studycomputationalaspectsof modelingreaction-diffusionpatternson microdesignedandmicrocompos-
ite catalystsin oneandtwo spatialdimensions.Specialemphasisis placedon the numericalbifurcationsof pulse-type
solutions(possiblyinvolving the continuousspectrumof the pulses)aswell asthecomputationof modulatedtravelling
wavesfor the full PDEs. We alsodiscussthe transitionto “effective behavior” of compositecatalystswith fine-grained
componentgeometry. Thecomputationsarepresentedalongwith comparableexperimentalresultsfrom ourcollaboration
with theFritz-Haber-Institut in Berlin.

2:00pm Ray Adomaitis
Universityof Maryland

NumericalContinuationof BifurcationsandGlobal Dy-
namicBehavior Transitionsfor a NoninvertibleSystem

Abstract: Wewill discussnumericaltechniquesfor discretizinginvariantcirclesandnumericalcontinuationof bifurcations
andphase-spacefeaturesthatdeterminetransitionsin thecomplexity of basinsof attractionfor a noninvertible,discrete-
timesystem.

3:00pm Coffee ReceptionRoomEE/CS3-176

3:30pm Alastair Spence
Universityof Bath

Numericalmethodsfor detectingHopf pointsand com-
putingperiodicorbitsin largesystems
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Abstract: This talk is abouttheefficient detectionof Hopf bifurcationpointsandcomputationof periodicorbits in large-
scaledynamicalsystemsthatmight ariseafterspatialdiscretizationof PDEs.Severaldifferentapproachesarediscussed:
1) methodsbasedon locatinghigh-ordersingularities(“organisingcentres”),2) methodsbasedonthedirectcalculationof
dangerouseigenvalues,3) methodsbasedoncountingideasfrom complex analysis,and4) Reducedbasismethods.

Exampleswill be given from a variety of physicalproblems,including large systemsarisingfrom mixed finite-element
discretizationsof theNavier-Stokesequations.

Graphics Demosat the GeometryCenter

5:00pm Bernd Krauskopf/Hink eOsinga
F. U. Amsterdam/Geom.Center

Growing 1D unstablemanifoldsof maps

5:20pm Mark Johnson
Princeton/IMA

ThelatestonSCIGMA

5:40–6:10 John Guckenheimer/Won Gyu Choe
CornellUniversity

SolvingBVP’s with automaticdifferentiation& thelatest
onDsTool

Thursday, September18

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am Patrick Miller
Brown University

Using Invariant Manifolds to CharacterizeTransportin
Numerically-GeneratedVelocityFields

Abstract: Geometricmethodsfrom dynamicalsystemsare usedto characterizeLagrangiantransportin numerically-
generated,time-dependent,two-dimensionalvelocityfields. In many geophysicalmodelsthevelocityfield is givenonly as
anumericalsolutiontoanappropriategoverningsystemof partialdifferentialequations.Thistalkpresentscurrentprogress
in developingnumericaltechniquesfor characterizingchaotic-liketransportin suchnumericalvectorfields,wherethevec-
tor field hasaperiodictime-dependenceandis known only on a finite time interval. Invariantmanifoldsareconstructed
numericallyto createatemplatefor describingtheexchangeof fluid betweendifferentflow regimes.Resultsarepresented
from simulationsmodelinggeophysicalflows.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am JensLor enz
Universityof New Mexico

Self–OrganizedCriticality: A SandpileModel

Abstract: The paradigmof self–organizedcriticality wasintroducedabouta decadeagoby Bak, Tang,andWiesenfeld.
Goodargumentscanbe given that the conceptappliesto a wide varietyof systemsfar from equilibrium. Mathematical
models,so–calledsandpiles,canbeviewedasdiscrete–timedynamicalsystemswhoseevolutioncontainssimplerandom
andsimpledeterministicelements.In principle, Markov matricescanbe usedto describethe statisticalfeaturesof the
evolution,but acompleteanalysisis outof reach.In thetalk, I presentresultsof directnumericalsimulation,somelimited
analysisbasedonMarkov matrices,andnon–rigorousargumentsof non–equilibriumstatisticalmechanics.

2:00pm Luca Dieci
GeorgiaTech

OnSmoothDecompositionof Matrices

Abstract: We considersmoothorthogonaldecompositionof matricesdependingon a realparameter. Amongothers,we
discussQR, Schur, andsingularvaluedecompositions,andtheir block analogues.Sufficient conditionsfor existenceof
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suchdecompositionsaregiven,anddifferentialequationsfor the factorsarederived. Also genericsmoothnessof these
factorsis dicussed.

This is joint work with Timo Eirola.

3:00pm Coffee ReceptionRoomEE/CS3-176

3:30pm Yuri A. Kuznetsov
CWI/RIACA, Amsterdam

Normalform computationsin CONTENT

Abstract: CONTENT is an interactive environmentfor detection,analysis,andcontinuationof variousbifurcationsof
ODEs,iteratedmaps,andotherdynamicalsystems.An importantpartof theanalysisof local bifurcationsis thecompu-
tationof theirnormalformsat thecritical parametervalues.Thismeansrestrictingthesystemto thecorrespondingcenter
manifold andthennormalizingthe systemon the centermanifold by appropriatechangesof variables,parameters,and
time.

Thealgorithmsusedin CONTENTto computenumericallythecoefficientsof thenormalformsfor L fold, L Hopf, L cusp,
and L Bogdanov-Takensbifurcationsof ODEs,aswell asfor L fold, L flip, and L Neimark-Sackerbifurcationsof iterated
maps,will be presentedin detail. An importantfeatureof thesealgorithmsis that no preliminarytransformationof the
linearpartto theJordannormalform is applied.

Graphics Demosat the GeometryCenter

5:00pm Bruce Peckham
Universityof Minnesota-Duluth

To Be Continued: Automaticcomputationof anArnold
tonguefor a periodicallyforcedoscillator(without com-
putingsaddle-nodes)

5:20pm Yuri Kuznetsov/Bart Sijnave
CWI Amsterdam/Univ. of Gent

CONTENT: A ContinuationEnvironment

6:00pm Workshop Dinner
RadissonHotel

Regents’Room,secondfloor

Receptionat6:00in thefoyeroutsidetheRegents’Room,dinnerat6:45in theRegents’Room.

Friday, September19

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am Mark Levi
RensselaerPolytechnicInstitute

Curvatureeffects in the averagingof high-frequency vi-
brations

Abstract: We will show that somewell known but counterintuitive phenomenaarisingdueto high frequency vibration
in dynamicalsystemshave a very simplegeometricalexplanation. We will describehow the curvatureandsomenon–
holonomicmechanicsplay the role in systemssuchas(1) an invertedpendulumstabilizedby thevibrationof its hinge;
(2) thePaul trap,usedto suspendchargedparticles;(3) a forcedsine-Gordonequationexhibiting so-called� –kinks; (4)
a compositionof symplecticmatrices;andothers.Bifurcational,numericalandtopologicalquestions(somestill without
answers)arisingin thisstudywill bementionedaswell.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Don Ar onson
Universityof Minnesota

Dynamics of JosephsonJunctionsCoupled through a
SharedLRC-Load
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Abstract: We considera systemof � identicalcurrent-biasedJosephsonpoint junctionscoupledvia a sharedLCR-load.
Themathematicalmodelinvolvesasystemof � “pendulum-type”equationswith aload-inducedforcingtermtogetherwith
asecond-orderloadequationwhichis forcedby themeanvelocityof thependula.In additionto thethreeloadparameters,
the systeminvolves two additionalparametersdescribingthe intrinsic capacityof the junctionsand the commonbias
current. Thesystemis equivariantwith respectto permutationsandis consequentlyamenableto a considerableamount
of analysis.Numericalstudiesfor specificloadshave shown that the systemhasextremelycomplicateddynamics.We
will describesomeof theseobservations,andshow how continuationstudiesusingAUTO togetherwith geometricaland
classicalanalysishave led to a nearlycompletepictureof thedynamicsin certaincases.Much work remainsto bedone
andtherearemany openproblems.Oneof the main openproblemsinvolvesthe singularlimit in which the individual
junctioncapacitiestendto zero.

2:45pm Welcome& Intr oduction
D. Aronson,R. McGehee,R. Moeckel

MidwestDynamicalSystemsConference

The following talk is joint with the Mid westDynamical SystemsConference

3:00pm JamesA. Yorke
Universityof Maryland

DiscontinuousBifurcationsfor Dissipative Maps in the
Plane

Abstract: As a parameteris variedthe invariantsetsof a processcanchangediscontinuously. Onekind is a saddlenode
bifurcation. The otherkinds are includedin the term “Omega Explosions”. In joint work with KathleenAlligood and
others,weclaimthelist of possible“OmegaExplosions”is quitesmall.Computervideoswill illustrateour techniques.

4:00-4:20 JamesA. Yorke
Universityof Maryland

SoftwareDemonstration

4:30-5:20 SamuelKaplan
BowdoinCollege

A Modelof theCollinearThree-BodyProblem

7:30-9:30 Reception
TheGeometryCenter

TheGeometryCenteris locatedat400Lind Hall

Saturday, September20

Mid westDynamical SystemsConference.Talks today are in LectureHall EE/CS3-180

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

Contacttopologyandhydrodynamics

10:00-10:50 Hector Lomeli
Universityof Colorado,Boulder

QuadraticVolume-PreservingMaps

10:50-11:30 CoffeeBreak ReceptionRoomEE/CS3-176

11:30-12:20 AmadeuDelshams
UniversitatPolitecnicadeCatalunya

Singular separatrixsplitting and Melnikov method for
standard-likemaps
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2:30-3:20 YoungnaChoi
NorthwesternUniversity

OneDimensionalLorenz-likeAttractors

3:20-4:00 CoffeeBreak ReceptionRoomEE/CS3-176

4:00-4:50 Ar ek Goetz
BostonUniversity

Dynamicsof PiecewiseIsometries

6:30pm ConferenceDinner
Jewel of India

RSVP by September15; $15 per meal to be paid on
September19

Sunday, September21

Mid westDynamical SystemsConference.Talks today are in LectureHall EE/CS3-180

9:00-9:50 JamesMurdock
IowaStateUniversity

Asymptoticunfoldingsfor dynamicalsystemsneara rest
point

10:00-10:50 Andr e deCarvalho
Universityof CaliforniaatBerkeley

The dynamicsof surfacediffeomorphismsandthe Prun-
ing FrontConjecture

11:00-11:50 Martin Golubitsky
Universityof Houston

Patternsby Hopf Bifurcationfrom RotatingWaves

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

Monday, September22

IMA SeminarandInformalDiscussionin VincentHall 570:

11:00am BodoWerner
UniversiẗatHamburg

NumericalAnalysisof InvariantCurvesandCircleMaps

Tuesday, September23

11:00am Intr oducing: the IMA Postdocs!
VincentHall 570

Eachof the13 postdocswill speakfor five minutes.IMA
visitors andMath Departmentmembersareurgedto at-
tend.

IMA PostdocSeminar:

2:30pm Mark Friedman
Univ. of Alabamain Huntsville

ConCont:a collectionof subroutinesfor computingcon-
nectingorbits

Abstract: We discuss:Algorithm for locatingandcontinuationof connectingorbits [Doedel,Friedman,Kunin ‘97], in-
cludingAlgorithm for continuationof invariantsubspaces[Friedman‘97]. As anexamplewe considera continuationof
theheteroclinicloopbifurcation[Deng,Friedman‘97].
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Organizer:Kurt Lust

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.

Wednesday, September24

9:30am Inf ormal Discussion:
(ledby BernoldFiedler)

Continuousspectrain travelling waves,etc.

PeterRejtowill speakon “Compactnessestimates.” Thediscussionsessionmeetsin roomVincentHall 570.

IMA Industrial PostdocsSeminar

Theseminarwill meetfrom 1:00– 4:00pmtoday. Theformatof theseminaris:

1. Presentationof projectsandproblemsfrom industry(Honeywell, Kodak,Siemens,3M andLockheedMartin) on
which theindustrialpostdocsareworking.

2. Informalsuggestionsanddiscussionamongtheparticipants.

Theseminaris directedby Fadil Santosa,AvnerFriedmanandWalterLittman. Visitorswho planto attendarerequested
to inform oneof theorganizers.

Theseminarmeetsin VincentHall 570

Thursday, September25

Math Department Seminaron Dynamicsand Mechanics

10:10am Edriss S.Titi
Univ. of Californiaat Irvine

RigorousEstimatesonSmallScalesin TurbulentFlows

Abstract: In this talk we will presenttheconceptsof determiningmodes,nodes,volumeelementsanddeterminingfinite
elementsfor theNavier-Stokesequations,andotherdissipative systems,andwe will relatetheseconceptsto theTakens
EmbeddingTheorem.Conceptually, the numberof thesedeterminingmodes,nodesandelementsis comparableto the
numberof degreesof freedomin turbulent flows, in the caseof the Navier-Stokesequations.We will derive rigorous
estimateson thenumberof thesedegreesof freedomin termsof thephysicalquantities,suchastheReynoldsnumberand
therateof dissipationof energy. We will comparetheserigorousestimateswith thoseprovidedby theconventionaltheory
of turbulenceusingheuristicphysicalarguments.We will alsopresentrigorousestimateson thedimensionof theglobal
attractorfor thethree-dimensionalNavier-StokesEquationsin termsof theabove-mentionedphysicalquantities.

IMA SpecialLecture

2:30pm HelenLopes
IndianaUniversity

On existenceof weaksolutionsof theincompressible2D
Eulerequationsandelliptic regularity

Abstract: In this talk I will discussrecentresultsonexistenceof weaksolutionsof the2D incompressibleEulerequations
with veryirregularinital vorticity. I will emphasizetheroleof elliptic regularityin derivingapriori estimates.My goalis to
explaincertainrecurringdifficultiesin applyingelliptic regularitytheoryto theseproblemsandhow they canbeaddressed.

Friday, September26
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SEMINAR ON INDUSTRIAL PROBLEMS

11:15am Nick Tufillar o
Hewlett-Packard

Symbolic dynamicsin mathematics,physics,and engi-
neering

Abstract: Applicationsof symbolicdynamicsfrom mathematics,physics,andengineeringarediscussed.Resultsfrom
braid theoryallow oneto generalizeideasaboutunimodalinterval mapsto two-dimensional“single-fold” maps. These
resultsfrom topologicaldynamicsarethenusedto helpunravel thedynamicalmotionsof experimentswith a mechanical
string.Finally, amoreempiricalapproachto thesymbolicanalysisof timeseriesis usedto resolvealongstandingproblem
of cycle-variability in internalcombustionengines.In eachof theseexamplesasymbolicanalysisis utilizedtohelpidentify
nonlinearmodelsandparameters.

Theseminarmeetsin theIMA SeminarRoom,VincentHall 570

IMA Workshop on “Lar ge-ScaleDynamical Systems”
September29–October3, 1997

Thisworkshopschedulewill appearin 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
207ChurchStreetS.E.

Minneapolis,Minnesota55455
FAX (612)626-7370 telephone(612)624-6066 e-mail: ima-staff@ima.umn.edu

IMA Schedulesvia finger: finger seminar@ima.umn.edu
Newsletters,Updatesandpreprintsavailablevia

anonymousftp: 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 a full descriptionof the1997–98programon
EmergingApplicationsof DynamicalSystems.

Newsand Notes

IMA Workshop:

Lar ge-ScaleDynamical Systems
September29–October3, 1997

Organizers:LauretteTuckermann(Orsay)(chair),EdrissTiti (Irvine), H. B.
Keller (Caltech),DonAronson(Minnesota)

IMA Tutorial:

Multiple-T ime-ScaleDynamical Systems
October23–24,1997

Speakers:ChristopherJones(Brown), MichaelWard(UBC)

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique,ConsiglioNazionaledelleRicerche,Georgia Instituteof Technology, IndianaUniversity,
Iowa StateUniversity, KentStateUniversity, MichiganStateUniversity, MississippiStateUniversity, NorthernIllinois University, Ohio StateUniversity, PennsylvaniaState
University, PurdueUniversity, SeoulNationalUniversity (RIM - GARC), TexasA&M University, University of Chicago,University of Cincinnati,University of Houston,
Universityof Illinois (Urbana),Universityof Iowa, Universityof Kentucky, University of Maryland,Universityof Michigan,Universityof Minnesota,Universityof Notre
Dame,Universityof Pittsburgh,Universityof Wisconsin,WayneStateUniversity.
PARTICIPATING CORPORATIONS:EastmanKodak,EPRI,Ford,GeneralMotors,Honeywell, IBM, LockheedMartin,LucentTechnologies,Medtronic,Motorola,Siemens,
TelcordiaTechnologies,3M.
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IMA Workshop:

Multiple-T ime-ScaleDynamical Systems
October27–31,1997

Organizers:ChrisJones(chair),SteveWiggins(Caltech),Alexander
Khibnik (Cornell),FreddyDumortier(Limburg), David Terman(Ohio

State)

NewWorkshop on “ Algorithmic Methods for SemiconductorCir cuitry”

TheIMA hasrecentlyaddedaworkshopto theFall 1997schedule,immediatelyfollowing theNovem-
ber 17–21workshopon “Dynamicsof Algorithms”. The new workshopis on a topic which holds
stronginterestfor many industrialscientists,aswell asacademicresearchers:“Algorithmic Methods
for SemiconductorCircuitry”. The workshopwill be held MondayandTuesday, November24–25.
Theorganizeris JacobWhite of the Departmentof ComputerScienceandElectricalEngineeringat
MIT.

Theaim of theworkshopis to bring togetherresearcherswho work on algorithmicmethodstogether
with researchersin semiconductorcircuitry, in orderto addressthedifficult computationalissuesthat
arisein circuitry. Theactivitieswill includeinformalpresentationsanddiscussions.

Thetopicswill include:

� Linearandnonlinearmodel-orderreduction(includingeigenvalue-calculationbasedapproach).
� Methodsfor quasiperiodicanalysis(includingnonlinearphenomenain oscillatingcircuits: sta-

bility andbifurcation).
� FastPDEsolversplusMOR
� Partitioningmethodscoveringareassuchaswaveformrelaxation,domaindecomposition(paral-

lel circuit simulation)andmixedlevel simulation.

Researchersareinvited from bothuniversitiesandindustry.

Impr oved IMA HomePage

The IMA hassubstantiallyimprovedits homepageon theWorld-Wide Web,accessiblethroughnetscapeor otherweb-
readingapplicationsat

http://www.ima.umn.edu .
Thepageis continuallyunderconstruction.We invite commentsor suggestions,whichmaybeaddressedto

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

Weekly IMA seminar list available by list server
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The IMA is happy 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 messageto
imalists@ima.umn.edu whosefirst line is of theform

subscribe weekly
If yourpreferrede-mailaddressis differentfrom theonefrom whichyouaresendingtherequest,thefirst line shouldbe

subscribe weekly you@e.mail.address
Thesubjectline andtherestof themessageareignored.Questionsor problemsshouldbesentto
owner-weekly@ima.umn.edu .

The currentweekly scheduleis alsoavailableon requestvia finger seminar@ima.umn.edu . An updated.dvi
file of theIMA Newsletter(currentandrecent)is availableby ftp or throughtheworld-wideweb.

Schedulefor October 1–31,1997

IMA Workshop:

Lar ge-ScaleDynamical Systems
September29–October3, 1997

Organizers:LauretteTuckermann(Orsay)(chair),EdrissTiti (Irvine), H. B. Keller
(Caltech),DonAronson(Minnesota)

Thenumericalstudyof low-dimensionaldynamicsin large-scalesetsof ODEsanddiscretizationsof PDEsnecessitatesthe
developmentof special-purposealgorithmsfor simulation,stability andbifurcationanalysis.This workshopwill address
developmentandapplicationof specialiterativemethodsfor large-scalesystemsthatexploit localstabilitypropertiesof the
linearizedsystem.It will alsoconsiderglobalmodelreductionschemesfor PDEssuchasapproximateinertial manifolds
and lattice dynamics. Applicationsof specialinterestincludeselectedproblemsarising in fluid flow andnucleationin
alloys.

Monday, September29

Talks today are in LectureHall EE/CS3-180

8:30am Registration and Coffee ReceptionRoomEE/CS3-176

9:15am Welcomeand Orientation W. Miller, R. Gulliver, L. Tuckermann

9:30am YannisKevrekidis
PrincetonUniversity

NonlinearModelReductionfor FeedbackControl

Abstract: We considerthe problemof controllingspatiallystructuredstatesin reactingsystems.The control objectives
rangefrom stabilizationof linearly unstablesolutionsto prescribingthe dynamicsby direct manipulationof coherent
structuresthroughfeedback.

An importantfirst stepin controllersynthesisis modelreductionof the original reaction-diffusionequationsto a (small
but accurate)systemof ODEs. For this purpose,startingfrom traditionaldiscretizationmethods(finite difference,pseu-
dospectral)we proceedto recentlyintroducedPOD(ProperOrthogonalDecomposition)-GalerkinandnonlinearGalerkin
methods.Linearstate-spaceandmoderngeometricnonlinearcontrolapproachesarethenappliedto theresultingvector-
fields.

POD-Galerkinaswell aseigenvector-GalerkinandstandardpseudospectralmodelsarefurtherreducedtononlinearGalerkin
modelsthroughanApproximateInertialManifold methodology;this methodologyallows furtherreductionexploiting the
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separationof timescalesbetween“higher” and“lower” modesin thehierarchy. Thesereductiontechniquesarecompared
bothin termsof accuracy andcomputationalefficiency in capturingtheopen-andclosed-loopdynamics.

This is joint work with Stanislav ShvartsmanandEdrissTiti.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Edriss S.Titi
Univ. of California,Irvine

Postprocessingthe GalerkinMethod: a Novel Approach
to ApproximateInertialManifolds

Abstract: A postprocessof thestandardGalerkinmethodfor thediscretizationof dissipative equationsis presented.The
postprocessedGalerkinmethodusesthesameapproximateinertial manifold ���M�K� to approximatethehigh wave number
modesof the solutionasin the nonlinearGalerkinmethod(NLG). However, in this postprocessedGalerkinmethodthe
valueof � �M�K� is calculatedonly onceandafterthetimeintegrationof thestandardGalerkinmethodis completed,contrary
to the NLG in which � �M�K� evolves with time and affects the time evolution of the lower wave numbermodes. The
postprocessedGalerkinmethod,which is muchcheaperto implementcomputationallythantheNLG, is shown to possess
thesamerateof convergence(accuracy) asthesimplestversionof theNLG, which is basedon eithertheFoias-Manley-
TemamApproximateInertial Manifold or the Euler-GalerkinApproximateInertial Manifold of Foias-Sell-Titi. This is
provedfor someproblemsin oneandtwo spatialdimensions,includingtheNavier-Stokesequations.We will alsopresent
a computationalstudyto supportouranalyticalresults.

2:00pm Mik e Jolly
IndianaUniversity

Applicationsof Rosa’sSequenceof Approximate
InertialManifolds

Abstract: A sequenceof approximateinertial manifoldswhich convergesto theexactmanifoldis implementedin several
contexts. We first demonstratetheconvergencein a casewheretheexactmanifoldis known. We thenusethesequenceto
provideinitial conditionsfor anaccurateconstructionof global(un)stablemanifolds.Lastly, weslightly alterthesequence
to computean inertial manifold with delay [DebusccheandTemam]anddemonstratethat we cancomputea sensitive
solutionto the Kuramoto-Sivashinsky equationjust asaccuratelyin a three-dimensionalphasespaceaswe canusinga
greatmany modesin aGalerkinapproximation.Thepoint in thelastapplicationis to notnecessarilysavein computational
effort, but gainin geometricunderstanding.

3:00–3:20 Zhen Mei
Universityof Marburg

An interactive numerical/computer-algebraicbifurcation
analysisfor reaction-diffusionequations

Abstract: We describea packagebeingdevelopedat Marburg for analyzingstationaryandHopf bifurcationsof a classof
reaction-diffusionequations.Krylov subspaceiterationwith variouspreconditioningtechniquesis implementedto treat
largelinearsystems.NumericalLiapunov-Schmidtreductionis usedfor explorationof bifurcationscenarios.

3:20–3:40 Klaus Böhmer
Universityof Marburg

Preconditioningtechniquesfor large systemswith appli-
cationsto bifurcation

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

A varietyof appetizersandbeverageswill beserved.

Tuesday, September30

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am Philip S.Mar cus
Univ. of CaliforniaatBerkeley

Creating Jovian-Like Zonal Flows by Reverse-Energy
Cascades

Abstract: JupiterandSaturnhave long-livedeast-west(zonal)flows. Little is known aboutwhatsetstheir velocity scales
or their lengthscales(i.e., thenumberof zoneson eachplanet). Typically, whencoherentfeaturesspontaneouslyform
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in turbulentflows they spana rangeof scales.In therarecasesthat the featuresall have thesamesize,their lengthsare
usuallydetermineddirectlyby theboundaryor forcing lengthscales:thescaleof granulationon theSun(dueto turbulent
convectioncells)is setby thedepthof theconvectivezone;thediametersof turbulentTaylorvorticesin aCouetteapparatus
aredeterminedby thewidth of theapparatus;Jupiter’s long-livedvortices,suchastheRedSpot,aresetby thewidthsof
thelocal zonalflows in which they aresituated.By examininga simpleforced/dissipatedflow weshow thatthewidthsof
zonalflows on a � –planearedeterminedby a subtlecombinationof theforcing anddissipationandnot setby boundary
conditionsor by thelengthscaleof theforcing. We show thatundera wide varietyof conditionsa turbulentflow without
east–westwinds forms via a reverseenergy cascade.Undersomecircumstanceszonalflows all with approximatelythe
samelengthscaledo form. We presenta simple theorywhich determinesthe parametervaluesfor which they do and
which alsoprovidesscalinglaws for thezones’velocitiesandwidths. Thusweareableto adjustthewidthsandstrengths
of thezonalflowsby changingtheforcinganddissipationratesproperly. We discusstheimplicationsfor Jupiter, compare
thenumericalexperimentswith similar onescarriedout previouslyby others,andshow how onecouldbuild a laboratory
experimentthat would form jovian-like winds with two easilyadjustablecontrol parametersthat determinetheir widths
andstrengths.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Katie Coughlin
Universit́edeMontréal

Theformationof structuresin wall-boundedshearflows

Abstract: In this talk we will discussthe formationanddynamicsof vortical structuresin wall-bounded,planeparallel
shearflows. Thesestructuresplay animportantrole in thedynamicsof intermittentturbulencein thenear-wall region. In
spatiallyperiodicdomains,thisintermittency takestheform of aroughlyperiodiccycleof onsetandcollapseof turbulence.
We show thatthestructuresplayanessentialrole in provokingtheonsetof turbulence,andpresenta theoreticalmodelfor
theirmathematicalandphysicalorigin. Experimentally, theseflowsarespatiallyaswell astemporallyintermittent,making
it quite difficult to quantitatively definethe characteristicsof a structure.We discussseveral methodsof comparisonof
numericalandexperimentaldata.

2:00pm Paul H. Steen
CornellUniversity

Influenceof constrainton routesto chaoticnaturalcon-
vectionin Hele-Shaw slot, loop,andannulus

Abstract: TheLorenzequationsareknown to beanexplicit ‘inertial form’ for thepartialdifferentialequationsthatgovern
naturalconvectionin a closedloopof liquid (thermosyphon).What is the fateof the inertial form as the constraintof
unidirectionalflow imposedby containergeometryis relaxed? What happensto the Lorenz-like chaosas secondary
parametersarevaried?Is therea ‘break-up’of theinertial form and,if so,how so?

In this computationalstudy, the loop is embeddedin a family of containergeometries,includingtheHele-Shaw slot and
annulus,with consistentthermalboundaryconditions.Routesto chaoticconvectioncorrespondingto deformationswithin
this family andvaryingPrandtlnumberarecompared.Along eachroute,branch-tracingis usedwheneverpossible,com-
plementedby solutionof initial-valueproblems.Galerkinandfinite-differencediscretizationsleadto dynamicalsystems
of order100equations,typically. Resultsextendthoseof [1,2] andevidencepointsto theShilnikov-likebreakupdescribed
in [3].

1. Yorke,Yorke,andMallet-Paret,PhysicaD 24,pp279-91,1987.
2. Hu andSteen,Phys.Fluids8(7),1929-37,1996.
3. Lyubimov andZaks,PhysicaD 9, pp52-64,1983.

3:00–3:20 Jie Shen
PennsylvaniaStateUniversity

NumericalSimulationof IncompressibleFlows in Cylin-
dricalGeometriesUsinga SpectralProjectionMethod

3:20–3:40 Juan López
PennsylvaniaStateUniversity

Quasi-periodicResponseto ParametricExcitation

Non-workshopevent:SpecialIMA/PDE Seminarin VincentHall 570:
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3:45pm Milton Lopes
IndianaUniv. & Univ. Campinas,Brasil

Boundson the dispersionof vorticity in 2D incompress-
ible, inviscidflow

Wednesday, October 1

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am H. B. Keller
Caltech

Bifurcationsin Kolmogorov Flowsvia DAE andRPM

Abstract: Bifurcationsin planeKolmogorov flows werediscoveredby MeshalkinandSinai. Subsequentcalculationsby
Platt,Sirovich andFitzmauriceandby Sheareconcernedwith transitionsto chaosor turbulencein theseflows. Herewe
show many steadybifurcationsandseveral Hopf bifurcationsin the planecasebut we alsofind bifurcationsinto three
dimensionalflows. Our numericaltechniquesarebasedon a DAE (differentialalgebraicequations)view of thespatially
discretizedNavier-Stokesequations.Thenwe apply RPM (recursive projectionmethods)to solve for the steadystate
branchesof solutions.Weareableto show wherethesteadyflowsof Plattetal. lie onvarioussteadybifurcationbranches.
Whenwe follow the Hopf branchesthat we have discovered,they may shedsomelight on the “chaotic” or “turbulent”
behavior reportedin thepreviousworks.

This is joint work with P. Love.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Dirk Roose
K. U. Leuven,Belgium

Newton-Picardmethodsfor the bifurcation analysisof
partial differentialequationsanddelaydifferentialequa-
tions

Abstract: We describeefficient methodsfor the computationandcontinuationof periodicsolutionsof parabolicpartial
differentialequations(PDEs)anddelaydifferentialequations(DDEs).

A spacediscretizationof a PDEresultsin a largesystemof ODEs,which oftenexhibits only low-dimensionaldynamics.
Newton-Picardmethodsexploit this property, by computingperiodic solutionsusing a combinationof Newton-based
shootingin the low-dimensionalsubspacewherethe solution is unstableor weakly stableanda Picarditeration in the
orthogonalcomplementof that subspace.This approachgreatly reducethe computationalcost, when comparedwith
classicalsingleor multipleshooting.Goodestimatesfor thedominantFloquetmultipliersareobtainedatnoextracostand
caneasilyberefined.

TheNewton-Picardframework canalsobeusedto computeperiodicsolutionsof delaydifferentialequationswith several
delays.A shootingapproach,togetherwith a discretizationof the initial functionandof thePoincaŕe operatorleadsto a
largenonlinearsystem,which canbesolvedefficiently by a Newton-Picardmethod,dueto thespectralpropertiesof the
(discretized)Poincaŕe operator. Also stability informationis available,since(approximationsto) the dominantFloquet
multipliersarecomputed.

Newton-Picardmethodsareespeciallyefficient when they areusedin a continuationprocedure.The approachcanbe
generalizedto constructextendedsystemsfor theaccuratecomputationof bifurcationpointsalongbranchesof periodic
solutions(e.g.period-doublingpoints).

This is joint work with Kurt Lust,KoenEngelborghsandTatyanaLuzyanina.

2:00pm Laur etteTuckermann
LIMSI, Orsay

Bifurcationanalysisfor timesteppers

Abstract: To fully understandthe bifurcation-theoreticstructureof solutionsto a set of nonlinearevolution equations,
threetypesof informationaredesirable.The first, andmostoften usedin fluid dynamics,is the time evolution of the
systemfrom variousinitial conditions.Theseconstitutethephysicallyrealizablephenomenato beexplained.Thesecond
type of information is the set of steady-statesolutions. For equationsdescribingmediumand high Reynolds number
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hydrodynamicsystems,thenumberof steadystatescanbevast;however it is usefulto obtainasmuchof thepictureas
possible,especiallyconcerningunstablesteadystates.The third type of informationis the eigenspectrumof the steady
states.Leadingeigenvaluesareassociatedwith transitionsandlossof stability.

Thesethreetypesof informationareusuallyobtainedby separateanalyses,involving separatecodesandresearchers.Here
we proposea unifiedcomputationalapproachto thethreetypesof calculation,all basedon a singletime-dependentcode
andusingthesamesetof low-level routines.We canreadily transferflow fieldsbetweeneachof thethreecomputational
tools: Time-dependentsimulationscanbeusedto generateinitial statesfor branchcontinuation.Unstablesteadystates,
possiblyperturbedby theadditionof eigenvectors,canserveasinitial conditionsfor timeevolution.Suspectedbifurcations
canbeconfirmedby linearstabilityanalysis.

A key stepis touseiterativeKrylov techniquesto invertanddiagonalizetheJacobianmatrix,whichis toolargetostoreor to
transformdirectly. At thelow andmoderateReynoldsnumbersfor whichbifurcation-theoreticanalysisis mostmeaningful,
convergenceof Krylov techniquesis greatlyacceleratedby preconditioningtheJacobianmatrixwith theStokesoperator.

3:00pm Yakov Pesin
PennStateuniversity

Chaos in Traveling Waves of Lattice Models of Un-
boundedMedia

Abstract: I illustratesomechaoticphenomenain latticemodelsof unboundedmediawhich areassociatedwith traveling
wavesrunningwith large velocities. Although the dynamicson this set is finite dimensionalit governsthe behavior of
“typical” solutionsin theinfinite-dimensionalphasespacesof extendedsystemswith dissipationandhighenergy pumping
(of typeof multi-componentdiffusionequations).I alsodiscussapplicationsto thetheoryof dynamicalsystemsandPDE.

Thursday, October 2

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am Andr ewStuart
StanfordUniversity

StatisticalPropertiesof Computationsfor LargeCoupled
Systemsof Oscillators

Abstract: In thistalk weintroduceamodelappropriatefor thestudyof stiffnessin certainlarge,highly oscillatory, systems
of ordinarydifferentialequations.Themodelis motivatedby thedesireto integratelargesystemsof interactingparticles,
suchasthosethatarisein moleculardynamicssimulationsin materialsscienceandcomputationalchemistry, withoutusing
undulysmalltime-stepsbut still retainingsomeform of accuracy.

A protypicalmodelfor statisticalmechanicsis to considerthemotionof a singledegreeof freedomoscillator(the “dis-
tinguishedparticle”) coupledby stiff springsto a largenumberof harmonicoscillatorswhosenaturalfrequenciesspana
broadspectrum;thestatisticalpropertiesof this modelarefairly well-understoodin thecasewhererandomnessis intro-
ducedthrougha measureon the initial data. It is thusa naturaltestproblemwithin which to studyquestionsconcerning
theaccuracy of numericalsimulationsof largecoupledsystemsof oscillators.A questionof particularimportanceis to
understandwhethernumericalsimulationsreproducethecorrectstatisticsfor themotionof thedistinguishedparticlewhen
thetime-stepis largecomparedto theshortestwavelengthsof thecoupledharmonicoscillators.

This problemis studiedin variousdistinguishedlimits describedby assumptionsmadeon thenaturalfrequenciesof the
harmonicoscillators.In particularwestudyawhitenoiselimit in whichthemotionof thedistinguishedparticleis governed
by theLangevin equation(an Ito stochasticdifferentialequation);this leadsnaturallyto an interestingclassof problems
concerningapproximationtheoryfor ergodicMarkov chains.We alsostudya colourednoiseapproximationto thewhite
noiselimit; this leadsto an interestingclassof non-Markovian stochasticprocesses.In both casescomputationaland
analyticalresultsarepresentedwhichillustratesomeinterestingissuesconcernedwith thenumericalaccuracy of statistical
quantitiesconcernedwith thedistinguishedparticle.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176
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11:00am David Levermore
Universityof Arizona

The Complex Ginzburg-LandauEquationasa Perturba-
tion of theNonlinearSchr̈odingerEquation:A Melnikov
Approach

Abstract: Thegeneralizedcomplex Ginzburg-Landau(CGL) equationhasa longhistoryin physicsasagenericamplitude
equationnearthe onsetof instabilitiesthat lead to chaoticdynamicsin numerousphysicalsystems.We study it as a
damped-drivenperturbationof the nonlinearSchr̈odinger(NLS) equation,which hasa Hamiltonianstructure.We give
conditionsthatquasi-periodicandhomoclinicstructuresin theNLS phasespacemustsatisfyif they areto persistunder
theCGL perturbation.We show thatfor NLS rotatingandtravelingwaves,theseconditionsgenericlydeterminewhich of
thempersist.WhentheCGL hasa globalLyapunov function,a completebifurcationanalysisof persistingsolutionscan
becarriedout andtheir stability analyzed.WhenthefocusingNLS equationis perturbed,we show thatnoneof theNLS
orbitshomoclinicto rotatingwavespersist,but ratherdistincthomoclinicstructuresareproducedby theCGL perturbation.

2:00pm Rüdiger Seydel
UniversiẗatUlm

Two PDEdynamicalsystemswith bifurcations

Abstract: This talk discussestwo PDEdynamicalsystems:aNavier-Stokesproblem,andareaction-diffusionproblem.

Thefirst dynamicalsystemis aMarangoni-flow problem.A cylindrical barof siliconmaterialis subjectedto externalheat,
andis melting.Surfacetensioninducesaflow in themelt. Theproblemhasfreesurfaces.Theoutersurfaceof thecylinder
is allowedto oscillatein time. Basedonnumericalanalysisof C. Menke,weshow aperiod-doublingscenario.

Thesecondproblemarisesin imageprocessing.Theaimsaretwofold: Perturbationsin theimagemustbesmoothedout,
andedgesshouldbepreserved. Theseaimscanbepursuedby a modalanalysisof a reaction-diffusionproblem.It turns
out thatstabilizationof certainmodesresultsin aproblemwith Turingbifurcation.

6:30pm Workshop Dinner
Jewel of IndiaRestaurant

1427WashingtonAve.S.,Minneapolis:a15-minutewalk
acrosstheMississippi.

Friday, October 3

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am HansG. Othmer
Universityof Utah

Patternformationin early developmentof Dictyostelium
discoideum

Abstract: Dictyosteliumdiscoideum, a cellular slimemold, is a widely studiedmodelsystemfrom which basicinsights
into signal transduction,cell movement,chemotaxisandpatternformationhave beengained. Shortly after starvation,
randomlyspacedpacemakersbegin to periodicallyreleasecAMP which nearbycellsdetectvia surfacereceptors.These
cellsamplify thesignalbyproducingmorecAMP andrelayit bysecretingcAMP. Aggregationresultsfromthechemotactic
responseof dispersedamoebato theresultingtraveling wave of cAMP. In this talk we will describea modelin which the
cells are treatedasdiscreteentitiesthat detectand respondto the continuumfield of the chemoattractant.The model
comprisesa mechanismfor signaltransductionandcAMP productionto describerelay, aswell ascell movementrules.
Wewill discussasplit-time-step‘particle-in-cell’ computationalalgorithmto solvethereaction-diffusionequationsfor the
chemoattractant,togetherwith thegoverningequationsfor theindividualcell dynamics.

We show thatthis modelgivesinsightinto theorigin of targetpatternsvs. spiralwavesandinto themechanismof stream
formation.In particularwe show thatspiralwavescanarisespontaneouslywhentheintial cell distribution is randomand
we give computationalevidencethat streamformationis the resultof a finite-amplitudeinstability. We alsoshow how
aggregationis affectedby differentmovementrulesanddiscusstechniquesfor incorporatingmicroscopicmovementrules
into macroscopiccontinuumdescriptionsof theaggregationfield.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176
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11:00am JeroenMolemaker
Universityof Utrecht

Path-following techniquesfor largedynamicalsystems

2:00pm YousefSaad
Universityof Minnesota

Variantsof Krylov ProjectionMethods for Eigenvalue
Problems

Abstract: Most of the successfulmethodsfor solving large eigenvalueproblemsconsistof combiningprojection-type
techniqueswith afew otherstrategiessuchasdeflationandpreconditioning.ThestandardPetrov-Galerkinconditionsused
to defineprojectionmethodsgive rise to a variety of differentmethods,someof which have beenconsideredin recent
years.Thesemethodsinvolve two subspaces:a subspace� from which theapproximateeigenvectoris extracted(called
the“right” subspace)anda subspace� of thesamedimensionusedto defineconstraintsfor computingtheseeigenvectors
(the “left” subspace).Onecommonchoiceis to take the left andright spaceto be thesameandthis leadsto a standard
orthogonalprojectionmethodexemplifiedby theLanczosalgorithmin theHermitiancaseandthe Arnoldi algorithmin
thenon-Hermitiancase.A somewhatintriguing variation,derivedby comparisonwith theGMRESalgorithmfor solving
linearsystemsis to take �3d���� . An (incorrect)motivationfor this approachis that it actsasa projectionoperatorfor
the inverseof thematrix. We will considertheseoptionsanda few others,which involve invertingtheoperator. We will
comparesomeof thesevariantsbothexperimentallyandtheoretically.

Non-workshop event:

IMA SEMINAR ON INDUSTRIAL PROBLEMS

11:15am Gabriel Taubin
IBM T. J.WatsonResearchCenter

GeometricCompressionbasedonTopologicalSurgery

Abstract: In this talk I will describea new compressedrepresentationfor polyhedralmodelsandassociatedcompression
anddecompressionalgorithms.

TheVirtual RealityModelingLanguage(VRML), is rapidly becomingthestandardfile format for describing3D virtual
worldson theInternet.Staticanddynamicdescriptionsof 3D objectsalongwith multimediahyperlinksto contentinclud-
ing text, sounds,movies,andimagescanberepresentedasVRML files. VRML browsers,aswell asauthoringtools for
thecreationof VRML files,arewidely availablefor severaldifferentplatforms.

Visually interestingVRML files tendto belarge. In this talk I will describetheVRML CompressedBinary Format. The
format significantly reducesthe file size and,subsequently, the time requiredto transmitit acrossthe Internet. Com-
pressionratiosof up to 50:1 or moreareachieved for large models. The VRML CompressedBinary Formatcombines
a binaryencodingwith geometriccompressionto createcompact,rapidly-parsableVRML files. The format is currently
beingevaluatedby theCompressedBinary FormatWorking Groupof theVRML Consortiumfor inclusionin theVRML
Standard.

Thecompressionschemerepresentsa polyhedronusingtwo interlockingtrees:a spanningtreeof verticesanda spanning
treeof triangles.Theconnectivity informationrepresentedin othercompactschemes,suchastriangularstripsandgener-
alizedtriangularmeshes,canbedirectlyderivedfrom this representation.Thealgorithmsdescribedin thispapercompress
connectivity informationto anaverageof roughlytwo bits pertriangle.A variablelength,lossycompressiontechniqueis
usedfor vertex positions,normals,colors,andtexturecoordinates.

Theseminarmeetsthisweekin theGeometryCenter, Lind Hall 400

Monday, October 6

Tuesday, October 7

9:30am Inf ormal Discussion:
(ledby BernoldFiedler)

Continuousspectrain travelling waves,etc.

Thediscussionsessionmeetsin roomVincentHall 570.
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IMA PostdocSeminar:

2:30pm Daniel Henry
ÉcoleCentraledeLyon

Onset of convection and pattern selection in the
Marangoniinstabilityof mixtures

Abstract: TheMarangoniinstabilityoccursin fluid systemssubjectedto surfacetensioneffects.This instability is studied
herefor binaryliquid mixturessubmittedto theSoreteffectandconfinedin two- or three-dimensionalrectangularcavities.
Onsetof convectionandpatternselectionabovethethresholdsarepresentedonalargedomainof characteristicparameters.
Attentionis focusedon thechangesinducedby thevariationof theconcentrationeffect.

Organizer:Kurt Lust

NOTE: The PostdocSeminaris organizedby the IMA postdoctoralmembers,but all interestedIMA participantsare
encouragedto attend.TheSeminarmeetsin VincentHall 570.

Wednesday, October 8

MathDepartment/IMASeminaronEvolutionaryEquations
in VincentHall 570

2:30pm GeorgeR. Sell
Universityof Minnesota

Introductionto ApproximationDynamics

Abstract: The needto find new theoriesandnew algorithmsfor the studyof the longtimedynamicalbehavior of very
high dimensionalsystemsof differentialequationsis the basicgoal of the relatively new theoryof ApproximationDy-
namics.Thebasicissueonefacesin the theoryof ApproximationDynamicsis how well onecanapproximatethe long-
time dynamicsof thesolutionsof a givendifferentialequation(1) b6t�d���S�blW by thoseof anapproximateequation(2 )
hut�d&��S�hDWjg<��S�hDW , where � is small in a suitablenorm. Theissuesof ApproximationDynamicsarefundamentalissues
onefaceswhentrying to studythelongtimedynamicsof veryhighdimensionalsystemsof ordinarydifferentialequations,
suchasthestandardspatialdiscretizationsof partialdifferentialequations.In this introductorylecturewe will presentan
overview of thecurrenttheoryof ApproximationDynamics.

Thursday, October 9

Seminaron Dynamicsand Mechanicsin Vincent Hall 570

10:10am Bjoern Sandstede
OhioStateUniversity

Lin’s method– a homoclinic Lyapunov-Schmidtreduc-
tion

Abstract: The focusof this talk is a detailedreview of Lin’s methodwhich is a techniquefor investigatinghomoclinic
bifurcations.Comparedwith Poincaremaps,it is not a geometricapproachbut similar to Lyapunov-Schmidtreduction.
It canbe usedto investigatebifurcationsto N-homoclinicsolutionswhich 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 ScientificComputing

11:15am Herbert B. Keller
Caltech

Part I
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Abstract: Generaltechniquesfor following regular pathswill be introduced. Several differentmethodsfor introducing
continuationparametersareshown. Globalresultsandthesign-changelemmaarecovered.Degreetheoryandthehomo-
topy invarianceof degreefollow with applicationssuchasaconstructiveproofof theBrouwerfixed-pointtheoremandthe
computationof periodicorbits.

Theshortcoursewill meetin VincentHall 570

Tuesday, October 14

9:30am Inf ormal Discussion:
(ledby BernoldFiedler)

Continuousspectrain travelling waves,etc.

Thediscussionsessionmeetsin roomVincentHall 570.

IMA PostdocSeminar:

2:30pm Bernd Krauskopf
Vrije UniversiteitAmsterdam

Bifurcationsin aDiodeLaserwith OpticalInjection

Abstract: We studya single-modediodelasersubjectto optical injection. (Optical injection is a meansof stabilizinga
laserata prescribedfrequency andis alsousedfor opticalamplification.)Thissystemcanbedescribedby rateequations,
whichmathematicallydefinea periodicallydrivenvectorfield in � ~ . Someof theinterestingdynamicsof thisvectorfield
canbestudiedby a amplitude/phaseequation,that is, by a planarvectorfield. We discussthebifurcationsof this planar
vectorfield andtheir implicationsfor thebehavior of the laser. In particular, we areinterestedin thedynamicsnearthe
onsetof so-calledrelaxationoscillations,whenthelaserbecomesunstable.

Organizer:Kurt Lust

NOTE: The PostdocSeminaris organizedby the IMA postdoctoralmembers,but all interestedIMA participantsare
encouragedto attend.TheSeminarmeetsin VincentHall 570.

Wednesday, October 15

Short Courseon Path Following and Bifur cationsin ScientificComputing

11:15am Herbert B. Keller
Caltech

Part II

Abstract: The studyof steady-statebifurcationsandseveral ways to switch branchesat bifurcationsarecovered. The
borderingalgorithmandits applicationsin pathfollowing areintroduced.Fold following andrelatedmattersin higher-
codimensionbifurcationswill bediscussed.

Theshortcoursewill meetin VincentHall 570

MathDepartment/IMASeminaronEvolutionaryEquations
in VincentHall 570

2:30pm GeorgeR. Sell
Universityof Minnesota

Robustnessof ExponentialDichotomiesfor Evolutionary
Equations

Abstract: The objectof this lectureis to outline the proof of a robustnesstheoremfor the existenceof exponentialdi-
chotomiesfor ordinaryor partialdifferentialequations.Theproof is new evenin thefinite dimensionalcase.We will give
someapplicationsfor thestudyof thelongtimedynamicsof theNavier-Stokesequations.
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Thursday, October 16

Seminaron Dynamicsand Mechanicsin Vincent Hall 570

10:10am Rafaelde la Llave
Universityof Texas,Austin

NecessaryandSufficientConditionsfor Uniform Integra-
bility

Friday, October 17

SEMINAR ON INDUSTRIAL PROBLEMS

11:15am CushHamlen
Medtronic

ModelingandSimulationatMedtronic

Abstract: Modelingandsimulationareplayinganincreasinglyimportantrole in thedesign,manufacture,andsaleof the
productsmanufacturedby Medtronic. This is within the context of a highly competitive 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 technologies:althoughsometimesvery largeproblemsaresolved,thechallengemoreoftenis in designing
anappropriatemodel(usingexisting modelingtechnologies)that containsappropriatephysics,ratherthancreatingnew
modelingor solutiontechniques.

In this talk someof thephysicalsystemsof interestin productsproducedby Medtronicarepresented.Examplesof models
of thosesystemsarepresentedwithin the context of the driving forcesfor creatingthosemodels:design,manufacture,
supportfor patentapplications,andsupportfor marketing.

Theseminarmeetsin theIMA SeminarRoom,VincentHall 570

Monday, October 20

Tuesday, October 21

9:30am Inf ormal Discussion:
(ledby BernoldFiedler)

Continuousspectrain travelling waves,etc.

Thediscussionsessionmeetsin roomVincentHall 570.

IMA PostdocSeminar:

2:30pm Rolf-Martin Mantel
Univ. of Warwick/IMA

Spiralwavesin two andthreedimensions

In excitablemedia,spiral-like wavesexhibit stablelong-termstructures.We presenta shortreview of excitablemedia,
spiralwavesandBarkley’sPDEmodelthatallowsextremelyfastsimulationof spirals.

In two dimensions,spiral wavescanbe movedby resonantperiodicforcing. In threedimensions,spiral-like structures
presentawidevarietyof patterns.Weexploreseveralpatternsnumericallyandstudywhetherit is possibleto controlthem
in asimilarway to two-dimensionalspirals.We show thatthe“twistedscroll ring” canbeviewedasa relativeequilibrium
undertheactionof theEuclideangroup � ~ .

Organizer:Kurt Lust

NOTE: The PostdocSeminaris organizedby the IMA postdoctoralmembers,but all interestedIMA participantsare
encouragedto attend.TheSeminarmeetsin VincentHall 570.

GeometryCenter/ CombinatoricsSeminarin roomFordHall 130:
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3:30pm Ilia Itenberg
UniversitedeRennes

Combinatorialpatchworkingof polynomialvectorfields

Abstract: We discussa new combinatorialtechniquethatallows usto constructplanarvectorfieldsof any degree � with
at least �R� YZ� |�g���Sa�}W limit cycles,andgive a completeclassificationof collectionsof nondegeneratesingularpointsof
vectorfieldsof any degreein � Y . Jointwork with E. Shustin.

4:30pm Inf ormal Discussion
Ledby DonAronson

Modelsof JosephsonJunctions

Meetsin Vin H 570

Wednesday, October 22

MathDepartment/IMASeminaronEvolutionaryEquations
in VincentHall 570

2:30pm Peter Szmolyan
TechnicalUniversityof Vienna

Singular perturbation analysis of self-similar zero-
viscositylimits of conservationlaws

Abstract: Hyperbolicconservationlawswith anartifical viscosityterm

[l�]g<PxS�[ W¢¡�d¤£Tw¥[]¡Z¡
admitself-similarsolutions[xS�b �Kw¢W¦d�[xS�b � w¢W . Existenceof solutionsof thecorrespondingboundary-valueproblemon the
real line andconvergenceto solutionsof thecorrespondingRiemannproblemin the limit £�§¨n have beeninvestigated
by many authors.All resultsobtainedsofar rely on a priori estimatesandcompactnessarguments,henceuniquenessof
limiting solutionsis not proved. We presenta novel approachto the problembasedon the invariantmanifold approach
of geometricsingularperturbationtheory. The methodis constructive sincesolutionsof the Riemannproblemserve as
singularsolutionsin thecontext of geometricsingularperturbationtheory. At shocksinternallayersoccurwhichhave the
structureof travellingwaves.For solutionsof theRiemannproblemconsistingsolelyof shockwavesseparatedby constant
statesour geometricapproachleadsto a clear, completepictureof theexistence,structure,andasymptoticbehaviour of
self-similarzero-viscositylimits.

IMA Tutorial:

Multiple-T ime-ScaleDynamical Systems
October23–24,1997

Speakers:ChristopherJones(Brown), MichaelWard(UBC)

Thursday, October 23

Talks today are in the SeminarRoom,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
Brown University

InvariantManifoldsandSingularPerturbations
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10:30© am CoffeeBreak IMA Lounge,VincentHall 502

11:00 Chris Jones
Brown University

FenichelNormalFormandApplications

2:00pm Michael Ward
Universityof British Columbia

ExponentialAsymptoticsandBoundaryValueProblems

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

A varietyof appetizersandbeverageswill beserved.

Friday, October 24

8:30am Coffee IMA Lounge,VincentHall 502

9:30am Michael Ward
Universityof British Columbia

MetastableDynamicsfor Reaction-DiffusionEquations

10:30am CoffeeBreak IMA Lounge,VincentHall 502

11:00 Chris Jones
Brown University

TrackingInvariantManifoldsin Fast/Slow Systems

2:00pm Michael Ward
Universityof British Columbia

PulseDynamics

IMA Workshop:

Multiple-T ime-ScaleDynamical Systems
October27–31,1997

Organizers:ChrisJones(chair),SteveWiggins(Caltech),AlexanderKhibnik (Cornell),
FreddyDumortier(Limburg),David Terman(OhioState)

Many physicalproblems,particularlyin chemicalandbiologicalsystems,involveprocessesthatoccuron widely varying
time scales.The resultingmodel is a systemthat hasa singularperturbationcharacter. Suchproblemshave motivated
the developmentof muchmathematicaltheory, including classicalasymptotictheoryanda geometrictheorybasedon
invariantmanifolds.Thephenomenathatappearin singular-perturbationproblemsaresubtle,ofteninvolving expansions
in termsof quantitiesthatareexponentiallysmall in termsof a smallparameterin theproblem.Thesingularstructureof
theseequationscanalsoposeformidablenumericalchallenges.The goal of this workshopis to explore the connection
betweentheasymptoticandgeometrictheories,with aparticularemphasisonexponentiallysmallphenomena,andto bring
researchersdevelopingthesemethodstogetherwith peopleworkingonapplicationsin biology, chemistryandmechanics.

Monday, October 27

Talks today are in LectureHall EE/CS3-180
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8:45am Registration and Coffee ReceptionRoomEE/CS3-176

9:15am Welcomeand Orientation W. Miller, R. Gulliver, C. Jones

9:30am David McLaughlin
CourantInstitute,NYU

ChaoticandHomoclinicBehavior in PDE’s

Abstract: Homoclinicbehavior in integrablePDE’s canbeusedasa startingpoint to understandandorganizethechaotic
behavior which is observedunderperturbations.This talk will summarizeanalyticalresultson thepersistenceof homo-
clinic orbitsunderdamped-drivenandhamiltonianperturbations.Theseanalyticalresultswill becorrelatedwith numerical
observations,emphasizingnew experiments(i) withoutevensymmetryin space,and(ii) for largeextendedspatialdomains.
Thelatteris importantfor thecoexistenceof spatialandtemporalchaos.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Nigel Goldenfeld
Universityof Illinois

RenormalizationGroupApproachto Global Asymptotic
Analysis

Abstract: Renormalizationandtherenormalizationgroup(RG) wereoriginally developedby physicistsattemptingto un-
derstandthedivergenttermsin perturbationtheoryandtheshortdistancebehaviour of quantumelectrodynamics.During
thelastfew years,thesemethodshave beenusedto studythedivergenttermsin perturbationtheoryandthelong timebe-
haviour of a varietyof partialdifferentialequations.Problemsstudiedincludesimilarity solutions,especiallyintermediate
asymptoticsof thesecondkind (Barenblattclassification),andtravelling waves.Most recently, singularperturbationprob-
lemshave beentreated,with particularattentionpaidto multiple-scaleanalysis,boundarylayersandWKB, andmatched
asymptotics.

The RG works from the inner expansionalone,andnever requiresasymptoticmatching. The RG methodstartsfrom
a regular perturbationexpansionin the small parameter, and automaticallygeneratesan asymptoticsequencewithout
requiringtheuserto makeinsightfulguessesasto thepresenceof “unexpected”powers,logarithms,etc.TheRG-generated
uniform approximationis practicallymoreuseful than that generatedby matchedasymptotics,even whenextendedto
valuesof thesmallparameterof orderunity. It seems,then,thattheRGis widely applicableandcanbeusedmechanically.

All of theseresultsare formal, and requiresignificantmathematicalinvestigationin order to be justified and properly
understood.

This is work performedin collaborationwith YoshitsuguOono,L.-Y. Chen,O. Martin, F. Liu.

2:00pm AmadeuDelshams
Univ. PolitècnicadeCatalunya

Homoclinicorbitsto invarianttori in Hamiltoniansystems

Abstract: We considera perturbationof an integrableHamiltoniansystemwhich possessesinvarianttori with coincident
whiskers(likesomerotatorsandapendulum).Ourgoalis to measurethesplittingdistancebetweentheperturbedwhiskers.
Emphasisis puton thedetectionof their intersections,whichgive riseto homoclinicorbitsto theperturbedtori.

A geometricmethodis presentedwhichtakesinto accounttheLagrangianpropertiesof thewhiskeredtori. In thisway, the
splittingdistanceis thegradientof ansplittingpotential.In theregularcase(alsoknown asapriori-unstable:theLiapunov
exponentsof thewhiskeredtori remainfixed),thesplitting potentialis well-approximatedby a Melnikov potential.This
methodis designedfor the singularcase(alsoknown asa priori-stable: the Liapunov exponentsof the whiskeredtori
approachto zerowhentheperturbationtendsto zero),which is currentlybeingresearched.

This is a joint work with PereGutiérrez.

3:00pm Richard Haberman
SouthernMethodistUniv.

Slow passagethrough a homoclinic orbit with subhar-
monicresonances

Abstract: Theslow passagethroughahomoclinicorbit is analyzedfor aperiodicallyforcedandweaklydampedoscillator
correspondingto a double-wellpotential. Multiphaseaveragingfails at an infinite sequenceof subharmonicresonance
layerswhichcoalesceonthehomoclinicorbit. An accuratephaseof thestronglynonlinearoscillatorafterpassagethrough
eachsubharmonicresonanceis obtainedusinga time shift anda constantphaseadjustment.Neartheunperturbedhomo-
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clinic orbit, thesolutionis a largesequenceof nearlyhomoclinicorbits in which onesaddleapproachis mappedinto the
next. Themethodof matchedasymptoticexpansionsis usedto relatethesolutionin subharmonicresonancelayersto the
solutionneartheunperturbedhomoclinicorbit. In this way, we determineanasymptoticallyaccuratedescriptionfor the
boundariesof thebasinsof attractioncorrespondingto captureinto eachwell.

This is joint work with JerryD. Brothers.

3:30pm Alexandra Milik
Techn.Univ. of Vienna

TheGeometryof Mixed-modeOscillationsin aChemical
Oscillator

Abstract: We presenta geometricexplanationof a basicmechanismgeneratingmixed-modeoscillationsin a prototypical
simplemodelof a chemicaloscillator. Our approachis basedon geometricsingularperturbationtheoryandcanardsolu-
tions.We explainhow thesmalloscillationsaregeneratedneara specialpoint,which is classifiedasa foldedsaddle-node
for thereducedproblem.Thecanardsolutionpassingthroughthispoint separatessmalloscillationsfrom largerelaxation
typeoscillations.This allows to definea one-dimensionalreturnmapin a naturalway. This bimodalmapis capableof
explainingtheobservedbifurcationsequenceconvincingly.

This is joint work with PeterSzmolyan.

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

A varietyof appetizersandbeverageswill beserved.

Non-workshop event: IMA Industrial PostdocsSeminar

Theseminarwill meetfrom 10:00am– 2:00pmtoday. Theformatof theseminaris:

1. Presentationof projectsandproblemsfrom industry(Honeywell, Kodak,Siemens,3M andLockheedMartin) on
which theindustrialpostdocsareworking.

2. Informalsuggestionsanddiscussionamongtheparticipants.

Theseminaris directedby Fadil Santosa,AvnerFriedmanandWalterLittman. Visitorswho planto attendarerequested
to inform oneof theorganizers.In particular, participantsshouldindicatechoicesfor thebox lunch.

Theseminarmeetsin VincentHall 570

Tuesday, October 28

Talks today are in LectureHall EE/CS3-180

8:45am Coffee ReceptionRoomEE/CS3-176

9:00am Konstantin Mischaikow
Georgia Instituteof Technology

A topologicalapproachto fast-slow dynamics

9:30am Michael J. Davis
ArgonneNationalLaboratory

Some Multiple-Time-ScaleProblemsin Chemical Dy-
namics,MolecularSpectroscopy, & Kinetic Modeling

Abstract: Severalproblemsin thetitled areasarediscussedin termsof their multiple-time-scaleproperties.In particular,
theoriesof unimolecularreactionsand the descriptionof vibrationalspectraandeigenstatesarementioned. The main
focusof thetalk will below-dimensionalmanifoldsin problemsinvolving kineticmodeling.Themanifoldsaregenerated
numericallyusingtwo methods.Oneis the approximatemethodof MaasandPopeandtheotheris our modificationof
Fraser’s relaxationalgorithmwhich is ableto generateexact low-dimensionalmanifoldsundersomeconditions. Some
simplemodelproblemsarediscussedaswell asapplicationsto gasphasechemicalkinetics,vibrationalrelaxation,andthe
coarseningof solid surfaces.
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This is joint work with Rex T. Skodje.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Linda Petzold
Univ. of California,SantaBarbara

ModelReductionfor NonlinearDynamicalSystemsfrom
ChemicalKinetics

Abstract: The kineticsof a detailedchemicallyreactingsystemcanpotentiallybe very complex. Although the chemist
maybeinterestedin only afew species,thereactionmodelalmostalwaysinvolvesamuchlargernumberof species.Some
of thesespeciesarereferredto asradicals.Thesearehighly reactive species(usuallyof low concentration)which canbe
importantintermediariesin thereactionscheme.A largenumberof elementaryreactionscanoccuramoungthespecies;
someof thesereactionsare fastandsomeareslow. The aim of simplified kineticsmodelingis to derive the simplest
reactionsystemwhich retainstheessentialfeaturesof the full system.In this lecturewe describeanoptimization-based
methodfor reductionof thenumberof speciesandreactionsin chemicalkineticsmodels.Numericalresultsfor several
reactionmechanismsaregivenwhich illustratethepotentialof thisapproach.

2:00pm Michael Ward
Universityof British Columbia

DynamicMetastabilityfor Reaction-DiffusionEquations

Abstract: Certainsingularlyperturbedpartialdifferentialequationsexhibit aphenomenonknownasdynamicmetastability,
wherebyreaction-diffusionpatternsevolve asymptoticallyexponentiallyslowly in time. For instance,this metastability
occursin thepropagationof thin interfacesfor phaseseparationmodels,includingtheCahn-Hilliardequation,which has
applicationsto materialsscience.It alsooccursfor the Gierer-Meinhardtreaction-diffusionsystemthat modelspattern
formation in morphogenesis.The speaker will illustrate metastablebehavior for certainclassesof partial differential
equationsof reaction-diffusiontypeandwill show how asymptotic,spectralandnumericalanalysiscanbeusedto obtain
aprecisecharacterizationof theslow dynamics.A necessaryconditionfor metastabilityin thesediversetypesof reaction-
diffusionequationsis thatthespectrumassociatedwith thelinearizationof thepartialdifferentialequationaroundacertain
robust canonicalsolution, suchas a standingwave, containsexponentiallysmall eigenvalues. As will be shown, this
condition is by no meanssufficient for the existenceof metastablebehavior. The talk will be aimedtowardsa broad
audienceincludingthosewho have interestin partialdifferentialequations,motionby curvature,dynamicalsystems,and
numericalanalysis.

3:00pm Xiao-Biao Lin
NorthCarolinaStateUniversity

Method of singular characteristicsfor Hamilton-Jacobi
equationsthatdevelopshockstructures

Abstract: For aquasi-linearhyperbolicsystem,themethodof vanishingviscosityis usedto constructsolutionswith strong
discontinuity(shock). The solutionconsistsof two regular regionsseparatedby a free boundary(shock). A systemof
differentialequationsthat governsthe free boundaryand its boundaryvaluesis derived by Melnikov’s method. If the
systemis a conservation law, the differentialequationis the well know Rankine-Hugoniotcondition. If the systemis
non-conservation,the differentialequationis in a form of Melnikov type integral that generalizesthe Rankin-Hugoniot
condition.Solutionsin theregularregionsarethenobtainedby themethodof characteristics.

3:20pm MohammedZiane
StanfordUniversity

A mathematicalformulationof theGoldenfeldrenormal-
izationgroupmethod

3:40pm JiangzhongSu
Univ. of TexasatArlington

Delayof bifurcationphenomenaandtheiranalysis

Abstract: The phenomenaof delayof bifurcationoccurin somefast-slow problems(or simply slow passageproblems)
whereaparameteris slowly changingresultingin changesof staticstability. Thesolutionsof theequationSª£�pd8niW actually
follow theunstablesingularsolution S�£�d�niW until someintegral conditionsaresatisfied.We considerseveral interesting
casesincluding the FitzHugh-NagumoEquation,FHN modelwith periodic forcing andparticularlya systemwith one
simpleeigenvaluewhichslowly passeszero.

Wednesday, October 29
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Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am Anatoly Neishtadt
SpaceResearchInstitute,Moscow

Onstability lossdelayfor dynamicalbifurcations

Abstract: In classicalbifurcationtheorythebehavior of systems,dependingonaparameter, is consideredfor valuesof the
parametercloseto somecritical, bifurcationalvalue. In the theoryof dynamicalbifurcationsthe parameteris changing
slowly in time andpassesthroughthevalue,which would becritical in classicalstatictheory. Somephenomena,arising
here,aredrasticallydifferent from predictionsderived by a staticapproach.At a bifurcationalvalueof the parameter
the equilibrium or the limit cycle losesits asymptoticlinear stability, but remainsnondegenerate.In analyticsystems
the stability loss is inevitably delayed: the phasepoints remainnearthe unstableequilibrium (cycle) for a long time
afterbifurcation;during this time theparameterchangesby a quantityof order1. Suchdelayis not in generalfound in
nonanalytic(eveninfinitely smooth)systems.

Thetalk is devotedto estimatesof delaytime. Thedelaytimeis controlledby behavior of solutionsin theplaneof complex
time.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Robert A. Gardner
Universityof Massachusetts

Stability Analysisof SingularPatternsfor the1-D Gray-
ScottModel

Abstract: TheGray-Scottequationsform a systemof two singularlyperturbedreaction-diffusionequationswhich exhibit
several interestingand novel spatio-temporalpatterns. This talk is concernedwith the stability analysisof stationary
homoclinicpulsesolutionsnearthesingularlimit. Thesesolutionsare(rigorously)obtainedfrom a matchedasymptotic
expansionin a previousstudyby Doelman,Kaper, andZegeling, in which onecomponenthasa singular“spike” which
becomesunboundedin thesingularlimit. In a scalingwhich resolvesthefastdynamics,thespike is approximatedby the
(unstable)homoclinicsolutionof the scalarFisherequation.However, numericalexperimentsindicatethat, contraryto
intuition, thesingular1-pulsesolutionswill sometimesbestable.

The purposeof this lectureis twofold. First, a formal stability analysisis discussedwhich in which a reduced,scalar
nonlocaleigenvalueproblem(theNLEP equation)is derivedfrom matchedasymptoticswhich predictsthat thesewaves
will indeedbe stablein certainrangesof parameters.The formal resultsare in excellentagrementwith the numerical
calculations.

Thesecondpartof thetalk is concernedwith a rigorousstabilityanalysisof thesesolutionsbasedupontheEvansfunction
for the wave andon the stability index. The analysisprovidesa completemathematicalexplanationfor the mysterious
disappearanceof the unstableeigenvaluepredictedby the fast reducedequationand it validatesthe predictionsof the
formalNLEPequation.

Anotheraspectof the analysisis the role of the continuousspectrum,which approachesthe origin in the singularlimit.
This is a commonlyencounteredproblemin stability calcuationsneara singularlimit. A novel methodfor handlingthis
difficulty is introduced,which involvesthe analyticcontinuationof the Evansfunction and the stability index into the
continuousspectrum.This requiresthatthespectralplanebelifted to a certainRiemannsurface,sincetheEvansfunction
hasa branchpoint neartheorigin. Thebranchpoint playsa crucial role in thecalculationof the index andtherefore,in
obtainingthecorrecteigenvaluecountneartheorigin of thespectralplane.

This is joint work with Arjen DoelmanandTassoKaper.

2:00pm David Terman
OhioStateUniversity

Multiple TimeScalesin Networksof NeuralOscillators

Abstract: Oscillationsarisethroughoutthecentralnervoussystem.The thalamus,for example,is centrallyimportantin
the generationof sleeprhythms. It hasalsobeenimplicatedin the generationof Parkinsontremor, epilepsy, and40 Hz
oscillations.Theserhythmsareoften theresultof interactionsbetweenthe intrinsic propertiesof the individual neurons
within the network and the synapticpropertiesof the coupling betweenthe neurons. Both the intrinsic and synaptic
dynamicsmay involve multiple time-scales;thesemayhave a profoundinfluenceon theemergentnetwork behavior. In
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this talk, I will review modelsfor someof theserhythmsandthendiscussrecentresultsconcerningthe role of fastand
slow inhibitory couplingin generatingdifferentactivity patternswithin thenetworks.

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:30pm TassoKaper
BostonUniversity

Exchangelemmas:an overview andsomenew applica-
tions

Thursday, October 30

Talks today are in LectureHall EE/CS3-180

8:45am Coffee ReceptionRoomEE/CS3-176

9:00am ChongchunZeng
CourantInstitute,NYU

Invariant Manifolds and Invariant Foliations for Semi-
flows in BanachSpace

Abstract: Invariantmanifoldsandinvariantfoliationsareimportantgeometrictools in thestudiesof dynamicalsystems,
which canbeusedto trackasymptoticbehaviors. In this work, we extendtheresultsfor ODE’s anddiffeomorphismsto
generalsemiflowsandmapsin Banachspaces.

9:30am Yulij Ilyashenko
Cornell Univ./Moscow State & Indep.
Univs.

Embeddingtheoremsfor mapsandnormalforms for the
slow-fastsystems

Abstract: Slow-fastsystemswith periodicorbitsasattractorsfor thecorrespondingfastsystemsarecalledoscillatory. The
classicaltheoryof theslow-fastsystemsmostlydealswith thosehaving singularpointsasattractorsof the fastsystems.
We call themstationaryin orderto distinguishfrom theoscillatoryones.

Thetheoryof thestationaryslow-fastsystemsin well developed.Thetheoryof oscillatoryonesis in its very beginning.
Yet thesecondtheorymaybereducedto thefirst onethroughtheso-calledembeddingtheorems.

Thegermof a mapata fixedpoint is calledembeddableif it mayberepresentedasa phaseflow transformationof a germ
of a vectorfield, calleda generator. Embeddingtheoremsfor mapsandtheir familiesclaim thatundercertainconditions
the mapsareembeddable;for the mapsof smoothfamiliesthe generatorsmoothlydependson the parameter. The talk
containsnew embeddingtheoremsandtheirapplicationsto theoscillatoryslow-fastsystems.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am GeorgeHaller
Brown University

Homoclinicjumpingin evolutionequations

Abstract: In many physicalsystemsonecanobserve fasttransitionsbetweenresonantstates,i.e., stateswheresomeof
the phasevariablesbecomecommensurate.Examplesincludethephenomenonof ultrafastenergy transferin molecular
dynamics,andthenumericallyobservedjumpingbehavior of theperturbednonlinearSchr̈odingerequation.In this talk I
describeaglobalperturbationmethodto constructsolutionsthatconnectslow trajectoriesthroughfast,intermediatejumps.
As applications,I discusssingleandcoupledNLS equations.

2:00pm Robert Roussarie
Universityof Bourgogne

Multiple CanardCyclesin VanDerPol-likeEquations

Abstract: A VanderPol-likeequationis a singulardifferentialequationof thetype:
«b�dfh�¬#­�S�b��K®IW¦� «h�d8¯c°�Sab �M±uW

wherē is a smallparameter, ­��¦° aredifferentiablefunctionswith parameters®"d²SV®HQZ�G³H³H³j�K®I´TW�µ�¶ ´ �·±�µ¸¶ , suchthat:
­ d QY b Y g,��SN¹ ®s¹ WN��S�b ~ W and ° d3±º¬%bCg¤��S�b Y W . Dependingon ­ , multiple canardcycles,containing Sanu�Mn}W asunique
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singularpoint, canappearalongtheline »Xh�d²­�Sab �K®HWN¼ . Their bifurcationsaregivenby anequation»R½¾S�hl�M±c�K®X�M¯JW"d²n�¼
whosederivedequation»�¿ZÀ¿ZÁ d8n}¼ is equivalentto adifferentiableone »sÂcS�hl�K®IW]g#��S�¯JWÃd8n}¼ . Theprincipalpart ÂlS�hl�J®IW of
this lastequationis equalto asimpleintegral in termsof ­ .

This is joint work with F. Dumortier.

3:00pm Pavol Brunovsky
CorneniusUniversity

Ä ´ inclination theoremsfor singularly perturbedprob-
lems

3:20pm Peter Szmolyan
TechnischeUniversiẗatWien

Extending Geometric Singular PerturbationTheory to
Non-hyperbolicPoints

3:40pm DiscussionSession Panel: Marc Diener, FreddyDumortier, Paul Fife, Chris
Jones,David McLaughlin.

6:00pm Workshop Dinner
CampusClub

Fourthfloor of CoffmanUnion

Receptionat6:00with wine& cheese,dinnerat6:45.

Friday, October 31

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am Petar Kokotovic
Univ. of California,SantaBarbara

SingularPerturbationsandMultiple Time Scalesin Con-
trol SystemModelingandDesign

Abstract: This presentationwill review morethan30 yearsof successfulapplicationsof singularperturbationandmulti-
time-scaletechniquesto control theoryproblems,includingoptimalcontrolandguidance,aswell asreduced-ordermod-
elingandrobustnessto unmodeleddynamics.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

The following talk is joint with the IMA Seminaron Industrial Problems

11:15am DennisPerchak
Kodak

StokesianDynamicsSimulationof InteractingSolid Par-
ticles

Abstract: Thestability andrheologyof solid particledispersionsareimportantto the manufactureof photographicfilm
andpaper. UsingtheStokesianDynamicssimulationmethoddevelopedby Bradyet al. (Ann. Rev. Fluid Mech.,1988)
we report2D simulationsof concentrated,monodisperse,spherical,solid particledispersionsinteractingvia bothsimple
attractive andrepulsive potentialsaswell asa morecomplicatedDLVO potential.We examine,in particular,theeffect of
many-particleinteractionson thedispersionrheology, stability, andstructure,athighervolumefractions.

This is joint work with RichardKlingbiel.

Theseminarwill meetin VincentHall 570.

3:00pm HalloweenParty!!
VincentHall 502and570

Costumesareencouraged—notrequired.Bring yourfam-
ily for a goodtime!
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INSTITUTE FOR MATHEMATICS AND ITS APPLICATIONS
University of Minnesota

400Lind Hall
207ChurchStreetS.E.

Minneapolis,Minnesota55455
FAX (612)626-7370 telephone(612)624-6066 e-mail: ima-staff@ima.umn.edu

IMA Schedulesvia finger: finger seminar@ima.umn.edu
Newsletters,Updatesandpreprintsavailablevia

anonymousftp: ftp.ima.umn.edu , www: http://www.ima.umn.edu/

IMA NEWSLETTER # 256
November1–30,1997

1997–98Program

EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

SeetheWinter, SummerandFall 1997IMA Updatefor a full descriptionof the1997–98programon
EmergingApplicationsof DynamicalSystems.

Newsand Notes

IMA Workshop:

Dynamicsof Algorithms
November17–21,1997

Organizers:Rafaeldela Llave(Texas)(chair),LindaPetzold(Santa
Barbara),JensLorenz(New Mexico)

IMA Workshop:

Algorithmic Methods for SemiconductorCir cuitry
November24–25,1997

Organizers:JacobWhite (MIT)

Impr oved IMA HomePage

The IMA hassubstantiallyimprovedits homepageon theWorld-Wide Web,accessiblethroughnetscapeor otherweb-
readingapplicationsat

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

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique,ConsiglioNazionaledelleRicerche,Georgia Instituteof Technology, IndianaUniversity,
Iowa StateUniversity, KentStateUniversity, MichiganStateUniversity, MississippiStateUniversity, NorthernIllinois University, Ohio StateUniversity, PennsylvaniaState
University, PurdueUniversity, SeoulNationalUniversity (RIM - GARC), TexasA&M University, University of Chicago,University of Cincinnati,University of Houston,
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For example,we now have workshopscheduleswhich are linked to speaker abstracts,available toward the endof the
monthbeforetheworkshop.Thepageis continuallyunderconstruction.We invite commentsor suggestions,which may
beaddressedto webmaster@ima.umn.edu .
In particular, we appreciateany information aboutWorld-Wide Web links appropriateto currentand upcomingIMA
programs.

Schedulefor November1–30,1997

Monday, November3

Tuesday, November4

AEM Seminar in the Mechanicsof Materials:

1:30pm FernandoReitich
Universityof Minnesota

Three-phaseboundarymotionsunderconstantvelocities:
thevanishingsurfacetensionlimit

Theseminarwill meetin room227AkermanHall

IMA PostdocSeminar:

2:30pm Tony Shardlow
IMA/StanfordUniversity

Applications of Inertial Manifolds to Linear Multistep
Methods

Abstract: I formulateandproveexistenceandconvergencepropertiesof aninertialmanifoldfor aclassof linearmultistep
methods(LMMs) approximatingareactiondiffusionequation(subjectto agapcondition).EachLMM is shown,moreover,
to approximatea onestepmethodon theinertial manifold. This bringstheapproximationtheoryof onestepsmethodto
bear, andaccordinglymany resultsaboutthecontinuityof invariantsetsof thereactiondiffusionequationwith respectto
approximationby LMMs areeasilyestablished.

Organizer:Kurt Lust

NOTE: The PostdocSeminaris organizedby the IMA postdoctoralmembers,but all interestedIMA participantsare
encouragedto attend.TheSeminarmeetsin VincentHall 570.

Wednesday, November5

MathDepartment/IMASeminaronEvolutionaryEquations
in VincentHall 570

2:30pm David Norman
Universityof Minnesota

The continuousstirred-tankreactorasthe diffusive limit
of chemicallyreactingfluid flows

Abstract: In this talk we considerthe relationshipbetweenchemicallyreactingflows andcontinuous-flow stirred-tank
reactors(CSTR).In particular, we show that, in the limit asthe diffusivity goesto infinity, the solutionsof the reacting
flow PDEapproachthesolutionsto theCSTRODE.We futhershow that theglobalattractorsfor thereactingflow come
arbitrarlycloseto theCSTRglobalattractorasthediffusivity goesto infinity.

Thursday, November6

IMA/Math DepartmentSeminaronDynamicsandMechanics:
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10:10am Hink e Osinga
Universityof Minnesota

Growing unstablemanifoldsof planarmaps

Theseminarwill meetin roomVincentHall 570

Friday, November7

Monday, November10

Tuesday, November11

IMA PostdocSeminar:

2:30pm Kurt Lust
IMA/K. U. Leuven

ComputingFloquetmultipliers

Abstract: In thistalk, wewill discussthecomputationof all or only thedominantFloquetmultipliersin singleandmultiple
shootingandGauss-Legendrecollocationcodes(e.g.AUTO). We will show how themonodromymatrixcanberecovered
from thecomputationsandintroducethe periodicSchurdecomposition(with thecorrespondingperiodicQR algorithm)
asa tool to computetheFloquetmultipliers in multiple shootingandcollocationcodeswith high accuracy. We will also
introducetheorthogonalsubspaceiterationmethodto computethedominantFloquetmultipliers.

Organizer:Kurt Lust

NOTE: The PostdocSeminaris organizedby the IMA postdoctoralmembers,but all interestedIMA participantsare
encouragedto attend.TheSeminarmeetsin VincentHall 570.

4:30pm ShinyaWatanabe
InformalDiscussion

Modelsof JosephsonJunctions

This informaldiscussionis ledby DonAronsonandmeetsin Vin H 570.

Wednesday, November12

IMA InformalPresentationin VincentHall 570:

11:15am John Guckenheimer
CornellUniversity

DSTool + Matlab

MathDepartment/IMASeminaronEvolutionaryEquations
in VincentHall 570

2:30pm Bjor n Sandstede
OhioStateUniversity

Exponentialdichotomiesfor semilinearelliptic equations

Abstract: Solitary wave solutionsof semilinearelliptic equationsin infinite cylinders frequentlyarisein applications.
Interpretingelliptic equationson infinite cylindersasdynamicalsystemsin theunboundedspatialvariablehasprovedvery
usefulwhen investigatingsolitary waves. Still, therearemajor obstaclesin obtaining,for instance,bifurcationresults
similar to thosefor ODEs. Here,persistenceandcontinuationof exponentialdichotomiesfor linearelliptic equationsis
proved.With this techniqueathands,Lyapunov-Schmidtreductionnearsolitarywavescanbeapplied.

Thursday, November13

IMA/Math DepartmentSeminaronDynamicsandMechanics:
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10:10am Bernd Krauskopf
FreeUniversityof Berlin

Resonanthomoclinicflip bifurcations

Theseminarwill meetin roomVincentHall 570

MathematicsDepartmentColloquiumin roomVincentHall 16:

3:30pm Herb Keller
CaliforniaInstituteof Technology

Hilbert’s SixteenthProblem:A NumericalAnalyst’s Ap-
proach

Teawill beservedat3:10pmin room120VincentHall

Friday, November14

IMA Seminaron Industrial Problems

11:15am Wim Sweldens
LucentTechnologies

SecondGenerationWavelets:TheoryandApplications

Abstract: In thelastdecadewaveletshavebeenappliedsuccessfullyto sound(1D), image(2D),andvideo(3D) processing.
Typical applicationsincludecompression,noisereduction,progressive transmission,etc. Eachtime thedatais definedon
anEuclideanspaceandsampledona regulargrid.

Many applications,however, needwaveletsdefinedongeneralgeometries(curves,surfaces,manifolds),waveletsadjusted
to irregular sampling,or adaptive wavelet transforms. Thereforewe introduceSecondGenerationWavelets: wavelets
which are not necessarilytranslatesand dilatesof one function, but still enjoy all powerful propertiessuchas time-
frequency localization,multiresolution,andfastalgorithms.

While theFouriertransformhasbeentheprincipaltool in constructingclassicalwavelets,e.g.Daubechies,it cannolonger
be usedto build SecondGenerationWavelets. We thereforepresentthe lifting scheme,an entirely spatialconstruction
technique.

We giveexampleshow lifting canbeusedto build waveletsfor irregularsamples,sphericalwavelets,andmultiresolution
geometry. We alsoshow thatall classicalwaveletscanbeobtainedthroughlifting, that lifting speedsup thefastwavelet
transform,andthatlifting allowsfor integer-to-integerwavelettransformswhichareimportantin lossycompression.

No preliminaryknowledgeof waveletswill beassumed.

Theseminarmeetsin theIMA SeminarRoom,VincentHall 570

IMA Tutorial on Dynamicsof Algorithms

2:30pm Rafaelde la Llave
Universityof Texas

SomeConstructiveMethodsin HamiltonianMechanics

Thisone-hourtutorialwill beanintroductionto theoreticalandcomputationalissuesrelatedto, for example,periodicand
quasi-periodicorbitsof Hamiltoniansystems.Thiswill serveaspreparationfor someof thetopicswhichwill betreatedin
next week’sworkshopon ”Dynamicsof Algorithms”. Certainothertopicswereadequatelycoveredin theSeptember4–9
tutorialon“NumericalMethodsfor BifurcationProblems”.

Thetutorialwill meetin VincentHall 570.

IMA Workshop:

Dynamicsof Algorithms
November17–21,1997

Organizers:Rafaeldela Llave(Texas)(chair),LindaPetzold(SantaBarbara),
JensLorenz(New Mexico)
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Therearedeepconnectionsbetweenthetheoryof algorithmsanddynamicalsystemstheory.

On one hand,the transformationsof dataeffectedby an algorithm can be consideredas a dynamicalsystemand the
techniquesof dynamicalsystemscanbeusedto analyzepropertiessuchasglobalconvergence,asymptoticrates,etc., and
eventuallyleadto betternumericalalgorithms.

On the otherhand,computationsin dynamicalsystemspresentspecialchallenges.For example,the objectsto be dis-
cretizedaregeometricobjectsor have a verystrongalgebraiccomponent.Whatis known a priori of thesolutionsaffects
thedesignof algorithms.Suitablydesignedalgorithmsmaybeusedasingredientsin rigorousproofs.

Monday, November17

Talks today are in LectureHall EE/CS3-180

8:45am Registration and Coffee ReceptionRoomEE/CS3-176

9:15am Welcomeand Orientation W. Miller, R. Gulliver, R. dela Llave

9:30am Uri Ascher
Universityof British Columbia

DAEsthatshouldnotbesolved

Abstract: Theclosingdecadesof the zsn th centuryhaveseenmany scientistsrecognizethattheir mathematicalmodelsare
in factinstancesof DAEs,or of ODEswith invariants.Sucha recognitionhasoftencarriedwith it thebenefitof affording
a new, sometimesrevealing,computationallook at theold problem.

But onemustnot concludethatreformulatinga mathematicalmodelasa DAE is alwaysa goodidea.Neithershouldone
automaticallyassumethatanumericalapproximationof anODEwith aninvariantmustrespecttheinvariantfirst, andonly
thenworry aboutdiscretizingtheODE.In thistalkwegivesomeexamplesto thecontrary: L enforcingenergyconservation
in highly oscillatoryHamiltoniansystems;L moving meshesfor PDEs;and L reproducinganentirehomotopy pathasa
way for reachingits end.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am RoswithaMärz
Humboldt-UniversiẗatBerlin

Dynamicsof DAE-Algorithms

Abstract: WhenintegratingregularODEsnumerically, onetriescarefullytomatchthedynamicsof thenumericalalgorithm
andthe true solutionbehaviour well. Applying analogousnumericalmethodsto DAEs, oneexpectsto reacha similar
harmonization.However, surprisingly, now thealgorithmsmaybehaveverydifferently.

This talk aimsat analysingthe reasonfor that differentbehaviour. In particular, certainsubspacescloselyrelatedto the
geometryof theDAEs areshown to influencethedynamicsof the algorithmssignificantly. Furthermore,with regardto
matchingthenumericalandtruedynamicsbetter, regularizationis revisited.

2:00pm Marian Mr ozek
Universityof Krakow

RepresentableMultivaluedMapsasa TopologicalBridge
betweenDynamicsandFiniteMathematics

Abstract: Representablemultivaluedmapsmaybeviewedasa generalizationof theconceptof interval arithmetic.How-
ever, unlike theinterval arithmetic,they havefruitful connectionsvia topologywith continuousmathematics.Theconnec-
tionscombinedwith thesimplebut significantideaof inheritanceenablesoneto translatesomequestionsin dynamicsto
combinatorics,solve themalgorithmicallyandtranslatethesolutionbackto dynamics.This providesanefficient setting
for constructingcomputerassistedproofsin dynamics.

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

A varietyof appetizersandbeverageswill beserved.

Tuesday, November18
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Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am BenedictLeimkuhler
Universityof Kansas

Symmetry-PreservingAdaptive Integratorsfor Coulom-
bic Few-BodyProblems

Abstract: Integrationof CoulombicN-bodyproblemsinvolving closeapproachesis astandardproblemin astrophysicsand
is alsoencounteredin certainquasi-classicalapproachesto atomicproblems.Stableintegrationrequirestheuseof coupled
time andcoordinatetransformations(Kustaanheimo-Stiefelregularization).In this talk, theauthorwill show that theKS
framework canbecombinedwith anadditionaltime-transformationandaspecialintegrationmethodto yield asymmetry-
preservingintegrator. For systemsdominatedby two-body (as opposedto three-body, or more) closeapproaches,an
argumentcanbemadethatpreservationof symmetryleadsto improvednumericalbehavior.

ExamplessuchasHeÅ eÆ scatteringandperturbedKeplerproblemsillustratethedramaticimprovementsobtainableby the
adaptive-reversibleschemes.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Debra Lewis
Universityof California,SantaCruz

ConservingalgorithmsonLie groups

Abstract: Standardalgorithmsfor numericalintegrationof initial valueproblemsareformulatedonvectorspacesandmake
crucialuseof thatstructure;all tangentspacesareidentified,allowing averagingof tangentvectorswith distinctbasepoints,
andtheupdateis performedby settinganappropriatedifferencequotientequalto theresultingaverage.To extendthese
algorithmsto generalmanifolds,it is necessaryto developanalogsof theseoperationsthatarevalid andimplementable
in a nonlinearsetting.Lie groupsandtheir tangentor cotangentbundlesform a classof manifoldsfor which particularly
naturalgeneralizationsof theseproceduresexist. Thegroupstructurecanbeexploited in theconstructionof integration
schemesgeneratingtrajectorieslying exactly in the(nonlinear)phasespace.Theusualweightedaveragesof vectorfield
evaluationsarecomputedin theLie algebraor its dualusingthenaturaltrivializationsof the tangentandcotangentbun-
dles;theresultingupdatevectoris thenmappedinto thephasespaceusingeithertheexponentialmapor anapproximate
‘algorithmic’ exponentialmap.Thusthecomputation-intensivestepsof thealgorithmarecarriedout on a vectorspaceof
thesamedimensionasthephasespace;this is particularlyadvantageousin implicit schemes,wheretheresidualequation
mustbesolved,typically by aniterative method,at eachtime step.Variouscombinationsof conservationlaws (e.g. con-
servationof energy, momentum,or thesymplecticstructure)of theoriginalmechanicalsystemcanbeincorporatedin the
associatedalgorithms.An appropriatechoiceof trivializationcansignificantlysimplify the implementationof suchcon-
straints.Groupdecompositionscanbeusedto designefficient algorithmicexponentials;thesedecompositionsareoften
suggestedby thesymmetriesof therelevantmechanicalsystem.

2:00pm Erik Van Vleck
ColoradoSchoolof Mines

Applicationsof OrthogonalIntegrationTechniques

Abstract: We considerapplicationsin whichoneneedsto computethe(smooth)QRfactorizationof a fundamentalmatrix
solution � . Of course,for stability reasons,explicit computationof � hasto beavoided,andoneseeksto computetheÇ

and � factorsdirectly. Applicationsincludeapproximationof Lyapunov exponents,continuousorthonormalization
techniquefor solving two-pointboundaryvalueproblems,andeigenvaluecalculation(isospectralflow). Both analytical
andnumericalresultsarepresented.

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:30pm EstelaGavosto
Universityof Kansas

Complex AnalysisTechniquesfor theHénonMap

Abstract: Thecomplex Hénonmapis thecomplex versionof themappingstudiedby Hénon,
È S�b��NhDWÃd:S^�"¬#±}b Y g<®Khl�MbcWJF

Besidesthewell–known relevanceof thismappingin therealcase,fundamentalobjectsin complex analysisarisefrom the

105



studyof thedynamicsof thismappingin É Y . Examplesof suchobjectsareFatou–Bieberbachdomains.(Theseareproper
subsetsof É Y biholomorphicto É Y .)
We will describean analytic methodto find the location of homoclinic tangenciesand someapplications. From the
complex analysisperspective, it is importantto find suchtangenciesbecausecloseto someof themthereareinfinitely
many Fatou-Bieberbachdomains.

4:30pm John Guckenheimer
CornellUniversity

Computationof periodicorbitsusingautomaticdifferen-
tiation

Wednesday, November19

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am Andr ewStuart
StanfordUniversity

ConvergenceProofsfor NumericalSoftware

Abstract: The studyof the runningtimesof algorithmsin computersciencecanbe brokendown into two broadtypes:
worst-caseanalysesand average-caseanalyses.For many problemsthis distinction is very importantas the ordersof
magnitude(in termsof somemeasure� of problemsize) of the running times may differ significantly in eachcase,
providing usefulinformationaboutthemeritsof thealgorithm.

A similarsituationoccursfor certainrealnumberalgorithmswhichareusedin commonlyavailablesoftwarein numerical
analysisalthough,in theworstcase,thesealgorithmsmayfail completely. Analysisof realnumberalgorithmsfrom this
perspective wasinitiated by Smalein his pioneeringstudyof Newton’s method. Subsequentwork in the areaof linear
algebrawasundertaken by Demmelandhasbeenelaboratedon by many others. This work on Newton’s methodand
in linear algebrawill be reviewed; then recentwork by the authorand Harbir Lambaconcerningsimilar analysisfor
commonlyusedODEsoftwarepackages(suchasMATLAB) will bedescribed.

A valid criticism of the average-caseanalysesof theoreticalcomputerscienceis that they arehighly dependenton the
measureplacedon thespaceof problems.Thisviewpointwill bediscussedin thecontext of realnumberalgorithms.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Michael Shub
IBM WatsonResearchCenter

MultihomogeneousandGauss-NewtonMethods

Abstract: Wegeneralizework of ShubandSmaleonNewtonandProjectiveNewtonMethodsto covermultihomogeneous
systemsandoverdeterminedsystemsof analyticmaps.Includedaretheevaluationmapof polynomialsystemsandthegen-
eralizedeigenvalueproblem.By understandingthediscof convergencearoundthefixedpointspointswegivecomplexity
estimatesfor continuationalgorithmsto find thezerosof systems.

This is joint work with J.P. Dedieu.

2:00pm Mar ek Rychlik
Universityof Arizona

Complexity andapplicationsof parametricalgorithmsof
computationalalgebraicgeometry

Abstract: The Comprehensive GröbnerBasisalgorithmof V. Weispfenningcanbe appliedto computethe maximaldi-
mensionof an algebraicvariety dependingon parametersand a variety of other problemswhich can be solved in the
non-parametriccasewith thehelpof Gröbnerbases.Thealgorithmandits experimentalimplementationin CommonLisp
will bedescribed.A varietyof examplesfrom severalareasof mathematicsandsciencewill bepresented,includingbifur-
cationtheory, mechanicsandchemistry. In particular, benchmarksonsomescalabledynamicalsystemswill bediscussed.

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176
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3:30
Ê

pm Ricardo Oliva
IMA/Cornell University

Combinatoricsof complex Hénonmappings

3:50pm GeorgeCorliss
MarquetteUniversity

Interval “all together”methodfor parameteridentification

4:10pm Baker Kearfott
Universityof SouthwesternLouisiana

Automaticverificationof dynamicalsystemsproperties

Abstract: Propertiesof dynamicalsystemsareoftenspecifiedby propertiesof solutionsto nonlinearsystemsof equations.
For example,bifurcationpointscorrespondto parametervaluesin a parametrizednonlinearsystemwherethenumberof
suchsolutionschanges.

With interval computations,computerarithmeticcanbeusedto rigorouslyprovethatsuchdynamicalsystemshavecertain
properties.Thefollowing contextswill behighlighted:L Incorporationof interval arithmeticin path-followingalgorithmsto verify continuationalongasinglemathematicalpath.L Useof interval arithmeticto computethetopologicaldegreeof a mapping.L Useof interval arithmeticto verify aparticularvalueof thetopologicaldegreeof a mapping.L Useof interval arithmeticto rigorouslyfind all solutionsto a nonlinearsystemof equationswithin a particularregionof
space(finite or infinite-dimensional).
Therelativedifficulty andpracticalityof eachof thesetaskswill bediscussed.

4:30pm William Schelter
Unversityof Texas

NetMath,a web-basedcomputationaltool

4:50pm Mar ek Rychlik
Universityof Arizona

Computationswith Gröbnerbasesandapplicationsto dy-
namicalsystems

Thursday, November20

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am JamesYorke
Universityof Maryland

How dowefind outwhata dynamicalsystemis doing?

Abstract: The Marylandchaosgrouphasdevelopeda numberof algorithmsaimedat discoveringwhat is happeningin
a dynamicalsystemof low dimension. In particularI will discussthe BA (Basinsand Attractors)routine (developed
with HelenaNusse)thataimsat finding all thebasinsandattractorsof 2-dimensionalmaps.It canalsofind thesmallest
trappingregionthatanattractorlies in, with therestrictionthatthetrappingregionis aunionof grid boxes.Simplereliable
algorithmslet us find trajectoriesthat lie on the boundaryof basins. We call these“basin straddletrajectories”. Other
routineswill discussedwith somedemonstrationsusingaPC.Mathematicianshavesaddledthescientificcommunitywith
theconceptof chaoticor strangeattractor. Yetexceptin veryrarecasesof hyperbolicattractors,it is impossibleto conclude
for aspecificdynamicalsystemrigorouslythatsuchanattractorexists. I will discussalternativesto this theory.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Tim Sauer
GeorgeMasonUniversity

Scalinglaws for shadowing time

Abstract: A shadowing trajectoryis a true trajectoryof a mapor differentialequation,that closely tracksa computed
approximatesolution. For systemsexhibiting hyperbolicandnear-hyperbolicchaos,long shadowing trajectoriescanbe
shown to exist, meaningthattrajectoriesconstructedin thepresenceof one-steperrorsstill representtruesystembehavior.
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We will reporton recentstudiesof stronglynonhyperbolicsystems,in the casewherefinite-time Lyapunov exponents
fluctuateaboutzero, for which long shadowing trajectoriesapparentlydo not exist. Scalinglaws govern the lengthof
shadowing trajectoriesin termsof one-steperrorandthestatisticsof thefinite-timeLyapunov exponents.

2:00pm Donald J. Estep
Georgia Inst. of Technology

Preservation underdiscretizationof invariant rectangles
for solutionsof reaction-diffusionequations

Abstract: The existenceof invariantrectanglesfor solutionsof reaction-diffusionequationshaspowerful consequences
for the analysisof theseproblems. Likewise, the existenceof invariant rectanglesfor numericalsolutionshasstrong
consequencesonthebehavior of theapproximation.We explainsomeof these,especiallywith respectto estimationof the
error, andthendescribetwo waysto perserveinvariantrectanglesunderdiscretization.

MathematicsDepartmentColloquiumin roomVincentHall 16:

3:30pm Bernold Fiedler
FreieUniversiẗatBerlin

SturmAttractors

Abstract: The global attractorsof parabolicpartial differentialequationsin onespacedimensionwill be describedby a
combinatorialobject:themeanderingpermutationswhichariseby theorderingsof equilibriumsolutionsat theboundary.

Thussomediscrete,ODE-typeinformationdeterminesthevariationalPDEdynamics.

Theresults,basedonSturm-typenodalproperties,arejoint work with CarlosRocha.

Teawill beservedat3:10pmin room120VincentHall

6:30pm Workshop Dinner
Jewel of IndiaRestaurant

1427WashingtonAve.S.,Minneapolis:a15-minutewalk
acrosstheMississippi.

Friday, November21

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am SebastianReich
Konrad-Zuse-Zentrum,Berlin

Numerical Integration of Hamiltonian Systemswith a
Complex SolutionBehavior

Abstract: The numericalintegrationof Hamiltoniansystemswith differenttime scalesandexponentiallydiverging tra-
jectoriesis a challangingtask. In particular, standardforward error analysiscannotclarify the questionif the obtained
numericalresultsmake any sensefor long-termsimulations.Therecentprogressin thebackwarderroranalysisof sym-
plecticmethodsfor Hamiltonianproblemsmightchangethisunsatisfyingsituation.In my talk I will applybackwarderror
analysis,normalform theory, andtheconceptof shadowing to show thatfor hyperbolicHamiltoniansystemsandsystems
with adiabaticinvariantsthataredueto separatedtimescales,thenumericalresultscanbeinterpretedin ameaningfulway.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Ernst Hair er
Universityof Geneva

Asymptoticexpansionsversusbackwardanalysisfor nu-
mericalintegrators

Abstract: Weconsidernumericalmethodsfor solvingordinarydifferentialequations.Asymptoticexpansionsof theglobal
error(Henrici 1962,Gragg1964,Stetter1973,...) on theonehand,andbackwarderroranalysis(FengKang1991,Sanz-
Serna1992,Yoshida1993, ...) on the otherhand,both have asobjective a betterunderstandingof the global error of
integrationmethods.
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On a formal level both approachesyield equivalent representationsof the numericalsolution, but as soonas rigorous
estimatesaredesired,the resultsarecompletelydifferent. The reasonis that in the theoryof asymptoticexpansionsthe
diverging seriesaretruncatedin the spaceof solutions,whereasin the theoryof backward error analysisthe seriesare
truncatedin the spaceof vector fields. Due to its good approximationproperties,backward error analysisgives new
insight into numericalmethodsfor a varietyof problems:long-timeintegrationof Hamiltonianor reversibledifferential
equations(conservationof energy andof KAM tori), asymptoticallystableperiodicorbits,Hopf bifurcation,invarianttori
of dissipatively perturbedHamiltoniansystems.Thetheoreticalresultswill beillustratedwith severalexamples.

2:00pm Luca Dieci
Georgia Instituteof Technology

Integrationof Matrix Equations:OrthonormalIntegrators

Abstract: Recently, therehasbeensomeinterestin structurepreservingintegrationmethodsfor solvingmatrixdifferential
equations.Oneclassof suchmethodsareorthonormalintegrators:techniquesto solvematrixdifferentialequationswhose
solutionis orthonormal.We discussanalysisandimplementationof thesetechniques.Particularattentionis paidto algo-
rithmsbasedon thedecompositionof thesoughtmatrix in termsof elementaryHouseholderandGivenstransformations.

3:00pm Workshop Discussion Issuesfor thefuture

Discussionleaders:LindaPetzold,Andrew Stuart,JamesYorke,JohnGuckenheimer, Rafaeldela Llave

IMA Industrial PostdocsSeminar

Theseminarwill meetfrom 1:00– 4:00pmtoday. Theformatof theseminaris:

1. Presentationof projectsandproblemsfrom industry(Honeywell, Kodak,SchlumbergerandLockheedMartin) on
which theindustrialpostdocsareworking.

2. Informalsuggestionsanddiscussionamongtheparticipants.

Theseminaris directedby Fadil Santosa,AvnerFriedmanandWalterLittman. Visitorswho planto attendarerequested
to inform oneof theorganizers.

Theseminarmeetsin VincentHall 570

IMA Workshop:

Algorithmic Methods for SemiconductorCir cuitry
November24–25,1997

Organizers:JacobWhite (MIT)

Theaim of theworkshopis to bring togetherresearcherswho work on algorithmicmethodstogetherwith researchersin
semiconductorcircuitry in order to addressthe difficult computationalissuesthat arisein circuitry. The activities will
includeinformalpresentationsanddiscussions.

Thetopicswill include:

L Linearandnonlinearmodel-orderreduction(includingeigenvalue-calculationbasedapproach).

L Methodsfor quasiperiodicanalysis(includingnonlinearphenomenain oscillatingcircuits:stabilityandbifurcation).

L FastPDEsolversplusMOR
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L Partitioningmethodscoveringareassuchaswaveformrelaxation,domaindecomposition(parallelcircuit simulation)
andmixedlevel simulation.

Researchersareinvited from bothuniversitiesandindustry.

Monday, November24

Talks today are in the SeminarRoom,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 I

8:40am KenKundert
Cadence

OpenProblemsin RF Simulation

Abstract: Theincreasingdemandfor low-costmobilecommunicationsystemshasgreatlyexpandedtheneedfor simulation
algorithmsthatarebothefficientandaccuratewhenappliedto RF communicationcircuits.

RFcircuitshaveseveraluniquecharacteristicsthatarebarriersto theapplicationof traditionalcircuit simulationtechniques.
Over thelastdecade,researchershavedevelopedmany specialpurposealgorithmsthatovercomethesebarriersto provide
practicalsimulationfor RF circuits, often by exploiting the very characteristicthat representedthe barrierto traditional
methods.

Despitedramaticprogress,the averagedesigncycle of an RFIC is still twice the lengthof that for otherICs found in a
communicationsystem,suchasacellularphone.This representsasignificantpracticalbarrierto integrationof theRFand
basebandsectionsof a transceiverontoa singlechip. Clearly, moreprogressis necessary.

Theprinciplesemployedin thedevelopmentof modernRF simulatorsareintroducedandvarioustechniquescurrentlyin
use,or expectedto bein usein thenext few years,aresurveyed.Severalopenproblemsareidentified.

9:00am Peter Feldmann
Bell Labs

Simulationof theperiodicandquasi-periodicsolutionsof
nonlinearcircuits

Abstract: Thetalk will focusonalgorithmsfor thecomputationof thesteady-stateresponseof nonlinearcircuitsexcitedby
periodicandquasi-periodicsignals.We first formulatetheperiodicsteady-stateproblemin time andfrequency domains,
anddescribethemethodof harmonic-balance,afrequency-domainalgorithm.Theharmonic-balancealgorithmis rendered
efficientandpracticalfor largecircuitsby useof preconditioned,Krylov subspace-basediterativemethodsfor solvingthe
largeanddensesystemsof linearequationswhich arise.Next, we addressthecomputationof thequasi-periodicsteady-
statesolutionof circuits excitedby severalperiodicstimuli of incommensuratefrequencies.Here,we discussa general
formulationof the problem,from which we derive the frequency-domainsolutionmethod:multitoneharmonicbalance,
andthemixedtime-and-frequencydomainmethod:envelopefollowing. Again,thesemethodsrelyontheKrylov subspace-
basediterative linearsolvers.

9:20am CoffeeBreak IMA Lounge,VincentHall 502

9:50am Jaijeet Roychowdhury
Bell Labs

A Unifying Formulation for Analysing Multi-Rate Cir-
cuits

Abstract: Widely separatedtimescalesarisein many importantcircuit applications,e.g., switched-capacitorfilters,mixers,
switchingpower converters,etc. Detailedanalysisof suchcircuitsis oftendifficult or impossiblewith availablemethods,
especiallywhenstrongnonlinearitiesarepresent.In this talk, a novel formulationandnumericalmethodsarepresented
for analyzingnonlinearcircuits with widely separatedtime scales.The key to the new techniquesis the useof multi-
variatefunctions(functionsof severalvariables)to representsignalswith widely separatedtime scalesefficiently. Using
multivariatefunctionsleadsto a partialdifferentialform for thecircuit or systemequations,which we call theMultirate
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Partial Differential Equationor MPDE. Previous methodsfor quasi-periodicor envelopeanalysisof multi-ratesystems
correspondto specificchoicesfor solvingtheMPDEnumerically.

Wepresentnew methodsfor solvingtheMPDEin thetimedomain,enablingstrongnonlinearitiestobehandledeffectively.
Computationandmemoryareindependentof the separationbetweentime scales,leadingto considerablesavings when
the disparity is large. For large circuits, iterative linear techniquesareusedto circumvent costly matrix factorizations.
Representativecircuit examplesareanalyzedwith thenew methods.

10:10am JacobWhite
MIT

SomeNumericalIssuesin OscillatorNoiseComputation

Abstract: The time-averagedspectraldensityof noisein oscillatorscanbe computedby frequency-domainanalysisof
the time-varying linear systemgeneratedfrom linearizingaboutthe oscillator’s periodicsteadystate. Whencomputing
thecomponentof the noisethat is usuallyreferredto asphasenoise,thereis a numericaldifficulty that canbepartially
resolvedby computingcertainmatrixeigenvectors.In this talk I will describethedifficulty anda resolutionthatis usually
effective.

10:30am Discussionsession Kundert,Feldmann,Roychowdhury, Whiteetal.

Monday afternoontopic: Radio–FrequencyCir cuit Analysis– Part II

1:40pm Mik e Green
Iniv. of California,Irvine

ImprovedDC andSteady-StateCircuit SimulationUsing
Probability-oneContinuationMethods

Abstract: FindingtheDC operatingpointsof anonlinearcircuit is oneof themostimportantanddifficult tasksin electrical
circuit simulationandthushasbeenanactive areaof researchfor many years.In thevastmajority of circuit simulations
(e.g., SPICEandits variants)theNewton-Raphsonalgorithmis used.However, this algorithmis not guaranteedto con-
verge.A betterapproachto finding thesolutionof asetof nonlinearequationsis theuseof a continuationmethod.Recent
work in this field by the speaker andothershasshown that properuseof a continuationmethodmakespossibleglobal
convergence;thatis, anoperatingpoint is guaranteedto befound.

In this talk thefollowing researchwill bediscussed:

1. Developmentof an algorithm, basedon a novel continuationmethod,that automaticallysearchesfor multiple DC
operatingpointsof a circuit withoutany interventionfrom theuser.

2. Automaticdiagnosisandrectificationof convergenceproblemsusingcontinuationmethods.

3. Generalizationof algorithmsusedfor DC operatingpoint analysisto steady–stateanalysisof autonomousdynamic
circuits.

Thisresearchhasthepotentialof constructingagloballyconvergentalgorithmthatallowstheuserto avoid thetrivial (i.e.,
DC) stateandis capableof searchingfor multiplemodesof oscillation.

2:00pm Ljiljana Trajk ovic
Univ. of California,Berkeley

Homotopy Algorithms for Finding DC andSteadyState
Solutionsof NonlinearCircuits

Abstract: Parameterembedding(alsocalledcontinuationandhomotopy) methodsarerobustandaccuratenumericaltech-
niquesfor solvingnonlinearalgebraicequations.Pastimplementationof homotopy algorithmsin industrialcircuit simula-
torsprovedthatthey wereviableoptionsto resolvingconvergencedifficultieswhenfindingcircuits’ DC operatingpoints.
They alsoshow promisein findingsteady-statesolutionsof highly nonlineartransistorcircuits.

The main drawbackin usinghomotopy methodsis their computationalintensity. Therefore,they aremostsuitablefor
solving difficult nonlinearproblemswhereinitial solutionsarehard to estimateor multiple solutionsaredesired. For
circuitsthatfall in thiscategory, homotopy algorithmsoffer a veryattractivealternative.

We illustratethat successfuldesignof suchalgorithmsandtheir implementationmustexploit fundamentalpropertiesof
transistorcircuitsandshouldrely on thoroughunderstandingof theirnonlinearbehavior.

2:20pm CoffeeBreak IMA Lounge,VincentHall 502
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2:50pm Rolf Neubert
SiemensAG

Computationof PeriodicSolutionsof ElectricalCircuits
in theNeighborhoodof Hopf BifurcationPoints

Abstract: A new methodfor the computationof periodic solutionsof electricalcircuits in the neighborhoodof Hopf
bifurcationpointsof theunderlyingdynamicalsystemis proposed.Themethodis basedonanasymptoticenergy analysis
of the dynamicbehavior nearthe Hopf bifurcationpoint. The conceptof utilizing a correspondingenergy function is
explained. Finally numericalresultsusingan implementationof the methodin the industrialelectricalcircuit simulator
TITAN aregiven.

3:10pm Roland Freund
AT&T Bell Labs

PVL for NoiseComputationandPVL �

3:30pm Discussionsession Green,Trajkovic, Neubert,Freundetal.

6:30pm Workshop buffet Signupis required

Receptionat6:00,Dinnerat6:30at theWalesHouse,1115– 5thStreetS.E.

Tuesday, November25

Talks today are in the SeminarRoom,Vincent Hall 570

8:00 Coffee IMA Lounge,VincentHall 502

Tuesdaymorning topic: ElectromagneticAnalysis

9:00am Albert Ruehli
IBM T.J.WatsonResearchCenter

OntheStabilityof PartialElementEquivalentCircuitsfor
theElectromagneticModelingof VLSI Interconnects

Abstract: The Partial ElementEquivalentCircuit (PEEC)model techniqueis an approachfor the modelingof treedi-
mensionalgeometries.Oneof theapplicationsis themodelingof VLSI interconnectson chipsandpackages.For these
problemstime-domainsolutionsareof interest.We will give examplesof time-domainPEECmodels.However, thesta-
bility of thesemodelsis not guaranteedsincesocalledlate-timeinstabilitiesmayoccur. We will give someinsight into
theproblemat handandwe will outlinea pseudospectraltechniquefor observingtherootswhich areresponsiblefor the
instabilities.

This is joint work with JaneCullum.

9:20am Robert Wagner
Ansoft

EfficientTimeandFrequency Characterizationof Electro-
magneticDevicesUsingFast-SweepMethodsandCircuit
Models

Abstract: An efficientprocedureis describedfor thesimultaneouscharacterizationof boththetimeandfrequency domain
behavior of electromagneticdevices.Startingwith a full-wave electromagneticanalysisbasedon eitherthefinite element
or boundaryelementmethod,a reducedorderfrequency domainmodelis generatedfor theelectromagneticsystem.Two
differentmethodsare usedto computethe reducedorder model: (1) AsymptoticWaveform Evaluation(AWE) or (2)
Adaptive Lanczos-PadeSweep(ALPS).Thereducedorderelectromagneticmodelis usedto generatea stableequivalent
electricalcircuit that may be usedin a circuit simulatorto generatethe transientresponseof the device, eitheraloneor
aspart of a larger system.Exampleswill be presenteddemonstratingthe implementationof this procedurein Ansoft’s
commercialsoftware.

9:40am CoffeeBreak IMA Lounge,VincentHall 502

10:10am JoelR. Phillips
Cadence

Combiningmodel-reductionandintegral-equationsolvers
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Abstract: Developmentof efficient integral-equationbasedelectromagneticanalysistoolshasbeenhamperedby thehigh
computationalcomplexity of densematrix representationsanddifficulty in obtainingandutilizing the frequency-domain
response.In this talk weshow thatanalgorithmbasedonapplicationof a novel model-orderreductionschemedirectly to
thesparsemodelgeneratedby a fastintegral transformhasadvantagesfor frequency- andtime-domainsimulation.

10:30am Discussionsession Ruehli,Wagner, Phillipsetal.

Tuesdayafternoontopic: Problemsin Digital Cir cuit Analysis

1:30pm Tuyen V. Nguyen
IBM AustinResearchLaboratory

Circuit AnalysisProblemsin High Frequency Digital De-
signs

Abstract: In this talk, we will discusssomeproblemsof circuit analysisin thecontext of high frequency digital designs,
especiallymicroprocessordesign.In particular, wewill discussthefollowingalgorithmicproblems:linearmodelreduction
for timing andnoiseanalyis,modelreductionfor distributedcircuits,simulationof nonlinearcircuitswith regularstructures
likememoryor arraycircuits,computingboundsontheresponsesof generallinearsystemsfor noiseavoidance.

This is joint work with Eli ChiproutandAnirudhDevgan.

1:50pm Martin Kahlert
SiemensAG

A Modified Jakobi-DavidsonAlgorithm for ParasiticRe-
ductionof LargeRC-InterconnectProblems

Abstract: Inclusionof parasiticeffectsdueto interconnectsbecomesessentialwhensimulatingmodernhigh-speedhigh-
densitycircuitsat thechip or boardlevel. Usually, theaccurateextractionof interconnectsout of the layoutyields linear
time-invariantsubnetsconsistingof resistors,capacitors,andinductors. Unfortunately, thesenetsmay becomeso large
thattheir inclusioninto standardcircuit simulationtasksis inefficientor evenprohibitive.

By the determinationof a few leadingeigenvaluesof the matricesdescribinglinear subnetsit is possibleto reducethe
simulationcosts.We modifiedthesocalledJakobi Davidsonalgorithmfor generalizedeigenproblemsin orderto achieve
a betterefficiency for thesymmetricpositive definiteproblemsarisingin this framework. Thepresentationdescribesthis
algorithmtogetherwith thereductionansatz.

2:10pm CoffeeBreak IMA Lounge,VincentHall 502

2:40pm Discussionsession Nguyen,Kahlert,Elfadel(tent.)etal.

Wednesday, November26

Thursday, November27

Thanksgiving day, a Universityof Minnesotaholiday. IMA officeswill beclosed.

Friday, November28

A Universityof Minnesotaholiday. IMA officeswill beclosed.
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IMA NEWSLETTER # 257
December1–31,1997

1997–98Program

EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

SeetheWinter, SummerandFall 1997IMA Updatefor a full descriptionof the1997–98programon
EmergingApplicationsof DynamicalSystems.

Newsand Notes

Four newmemberselectedto IMA Board of Governors

At its recentmeeting,theIMA Boardof Governorselectedfour distinguishedmathematicalscientists
asnew members,who have agreedto serve on theboardfor threeyearsbeginningJanuary1, 1998.
They areLynne Billard of theUniversityof Georgia,Jennifer Chayesof Microsoft,JamesKeener
of theUniversityof Utah,andPaul Rabinowitz of theUniversityof Wisconsin.

Retiring membersareMary Ellen Bock (PurdueUniversity), David Levermore(University of Ari-
zona),JamesMcKenna(Bellcore)andAlan Perelson(LosAlamosNationalLaboratory).

ContinuingBoardmembersareDavid H. Bailey (NASA AmesResearchCenter),Rob Calderbank
(AT&T Labs), RosemaryChang(Silicon Graphics,Incorporated),JohnPolking (Rice University),
William Pulleyblank(chair)(IBM WatsonResearchCenter),Ridgway Scott(Universityof Houston),
Al Taylor (Universityof Michigan)andJamesTurner(ArizonaStateUniversity).

Board of Governors SelectsTopic for 2000– 2001

TheBoardof Governorsapproveda proposalto devote theyearSeptember2000– June2001to the
topic,Mathematics in Multi-Media . Theorganizingcommitteeis MichaelBarnsley (Iterated,Inc.),
RosemaryChang(Silicon Graphics,Inc.), Tony Derose(Pixar, Inc.), StuGeman(Brown University),
PeterOlver (University of Minnesota),Roni Rosenfeld(Carnegie-Mellon University), Larry Schu-
maker (VanderbiltUniversity)andAhmedTewfik (Universityof Minnesota).

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique,ConsiglioNazionaledelleRicerche,Georgia Instituteof Technology, IndianaUniversity,
Iowa StateUniversity, KentStateUniversity, MichiganStateUniversity, MississippiStateUniversity, NorthernIllinois University, Ohio StateUniversity, PennsylvaniaState
University, PurdueUniversity, SeoulNationalUniversity (RIM - GARC), TexasA&M University, University of Chicago,University of Cincinnati,University of Houston,
Universityof Illinois (Urbana),Universityof Iowa, Universityof Kentucky, University of Maryland,Universityof Michigan,Universityof Minnesota,Universityof Notre
Dame,Universityof Pittsburgh,Universityof Wisconsin,WayneStateUniversity.
PARTICIPATING CORPORATIONS:EastmanKodak,EPRI,Ford,GeneralMotors,Honeywell, IBM, LockheedMartin,LucentTechnologies,Medtronic,Motorola,Siemens,
TelcordiaTechnologies,3M.
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The proposaloutlinesworkshopson ImageProcessing;ImageAnalysis;MathematicalFoundations
of SpeechProcessing;MathematicalFoundationsof LanguageModeling; Compression,Communi-
cationandRetrieval; ComputerSecurity, Copyright andPrivacy Protection;GeometricDesign;and
ComputerGraphics.All workshopsaretentative.A primarygoalof theseworkshopsis to educateand
interestmathematiciansin the mathematicalandscientificproblemsthat arisein thesedynamicand
challengingareasof scienceandtechnology.

Weekly IMA seminar list available by list server

The IMA offersane-mail list service.This serviceis a distribution eachThursdayof thenext week’s scheduleof IMA
seminarsandevents.If youwishto subscribe,simplysendane-mailmessageto imalists@ima.umn.edu whosefirst
line is of theform

subscribe weekly
If yourpreferrede-mailaddressis differentfrom theonefrom whichyouaresendingtherequest,thefirst line shouldbe

subscribe weekly you@e.mail.address
Thesubjectline andtherestof themessageareignored.Questionsor problemsshouldbesentto
owner-weekly@ima.umn.edu .

Thecurrentweek’sscheduleis alsoavailableonrequestvia finger seminar@ima.umn.edu . An updated.dvi file
of theIMA Newsletter(currentandrecent)is availableby ftp or throughtheworld-wideweb.

Impr oved IMA HomePage

The IMA hassubstantiallyimprovedits homepageon theWorld-Wide Web,accessiblethroughnetscapeor otherweb-
readingapplicationsat

http://www.ima.umn.edu .
Thepageis continuallyunderconstruction.We invite commentsor suggestions,whichmaybeaddressedto

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

Schedulefor December1–31,1997

Monday, December1

Tuesday, December2

IMA PostdocSeminar:

2:30pm ShinyaWatanabe
IMA/Neils Bohr Institute

Polygonsandjumpsin “kitchensink” flows

Abstract: Whenaverticaljet comesoutof awaternozzleandhitsaflat surface,wenoticearing discontinuity(thecircular
hydraulicjump) at someradiusfrom thejet. By usinga moreviscousliquid, it wasrecentlyfoundthat thefamiliar jump
canchangeits shapespontaneouslyto polygonswith variousnumbersof corners,breakingtheaxial symmetry. I planto
describethe surprisingobservation,andpresentan elementaryphenomenologicalmodelof thebeautifulstates.A more
refinedtheoryrequiresa gooddescriptionof thecircularbasicflow, which itself hasbeena longoutstandingproblemdue
to strongdeformationof thefreesurface.Someprogressin thisdirectionis alsodiscussed.

This is researchin collaborationwith: T.Bohr, V.Putkaradze,J.L.Hansen(theory);C.Ellegaard,A.E.Hansen,A.Haaning,
K.Hansen,A.Marcussen(experiment).

Organizer:Kurt Lust
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NOTE: The PostdocSeminaris organizedby the IMA postdoctoralmembers,but all interestedIMA participantsare
encouragedto attend.TheSeminarmeetsin VincentHall 570.

Wednesday, December3

Math Department Seminar in Partial Differ ential Equations

3:35pm John Heywood
Universityof British Columbia

A NumericallyBasedExistenceTheoremfor theNavier-
StokesEquations

Abstract: We have recentlyexperimentedwith a new spectralcodefor thespatiallyperiodicnonstationaryNavier-Stokes
equations,findinga plethoraof apparentlysteady, periodicandchaoticsolutionswhichseeminterestingfrom thepointof
view of dynamicalsystemstheory. Thishasstimulatedour interestin thegeneralproblemof proving theexistenceof strict
solutionsof differentialequationscorrespondingto thecomputationalresultsof numericalexperiments.In this paperwe
takecomputationalresultsthatseeminglyapproximatewhatappearsto beanunstablesteadysolutionof theNavier-Stokes
equations,andprovidea rigorousa posteriorianalysis,proving thattheredoesindeedexist a correspondingnearbystrict
solution,andthatit is steady. Ourmethodis basedonshowing thatthecomputedsolutionsatisfiescriteriawhichimply the
convergenceof afixedpoint iteration,in appropriatefunctionspacesfor anexistencetheorem,usingthecomputedsolution
asthestartingvalue.

Theseminarwill meetin roomVincentHall 211.

Thursday, December4

IMA/Math DepartmentSeminaronDynamicsandMechanics:

10:10am Warr enWeckesser
IMA/RensselaerPoly. Inst.

Stabilityof therelativeequilibriain aclassof rotationally
symmetricmechanicalsystems

Theseminarwill meetin roomVincentHall 570

Friday, December5

Open-endedIMA InformalDiscussion(ledby BernoldFiedler):
Continuousspectrain travelling waves,etc.Meetsin roomMurphyHall 230.

9:30am Björn Sandstede
OhioStateUniversity

Sometravellingwavebifurcationsfromtheessentialspec-
trum

Monday, December8

Tuesday, December9

Open-endedIMA InformalDiscussion(ledby BernoldFiedler):
Continuousspectrain travelling waves,etc.Meetsin roomVincentHall 570.

9:30am GeorgeSell
Universityof Minnesota

Onthebifurcationof higherdimensionaltori

IMA PostdocSeminar:

2:30pm Bernold Fiedler
FreeUniversityof Berlin

Continuationandhomotopy invariants
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Organizer:Kurt Lust

NOTE: The PostdocSeminaris organizedby the IMA postdoctoralmembers,but all interestedIMA participantsare
encouragedto attend.TheSeminarmeetsin VincentHall 570.

Wednesday, December10

3:00pm IMA Holiday Party
IMA Lounge,VincentHall 502

We will gatherto celebratethe holidays. IMA visitors andstaff areinvited to bring their familiesanda few goodiesto
share!

Thursday, December11

Friday, December12

Monday, December15

Tuesday, December16

IMA Industrial PostdocsSeminar

Theseminarwill meetfrom 1:00– 4:00pmtoday. Theformatof theseminaris:

1. Presentationof projectsandproblemsfrom industry(Honeywell, Kodak,SchlumbergerandLockheedMartin) on
which theindustrialpostdocsareworking.

2. Informalsuggestionsanddiscussionamongtheparticipants.

Theseminaris directedby Fadil Santosa,AvnerFriedmanandWalterLittman. Visitorswho planto attendarerequested
to inform oneof theorganizers.

Theseminarwill meetthis time in MurphyHall 230.

IMA PostdocSeminar:

2:30pm Miaohua Jiang
IMA/Georgia Inst. of Technology

SRB-measuresfor LatticeDynamicalSystems

Abstract: The Sinai-Ruelle-Bowen measuresare constructedfor a classof infinite-dimensionallattice dynamicalsys-
temswith hyperbolicity. Theexistenceof suchmeasureswith strongergodicpropertiesis consideredevidenceof spatio-
temporalchaosin thedynamicalsystems.

Organizer:Kurt Lust

NOTE: The PostdocSeminaris organizedby the IMA postdoctoralmembers,but all interestedIMA participantsare
encouragedto attend.TheSeminarmeetsin VincentHall 570.

Wednesday, December17

Thursday, December18

Friday, December19
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Monday, December22

Tuesday, December23

Wednesday, December24

A Universityof Minnesotaholiday. IMA officeswill beclosed.

Thursday, December25

ChristmasDay, a Universityof Minnesotaholiday. IMA officeswill beclosed.

Friday, December26

A Universityof Minnesotaholiday. IMA officeswill beclosed.

Monday, December29

Tuesday, December30

Wednesday, December31
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IMA NEWSLETTER # 258
January 1–31,1998

1997–98Program

EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

SeetheWinter, SummerandFall 1997IMA Updatefor a full descriptionof the1997–98programon
EmergingApplicationsof DynamicalSystems.

Newsand Notes

IMA Workshop:

Computational Neuroscience
January14–23,1998

Organizers:JohnRinzel(CourantInstitute)(chair),Nancy Kopell (Boston),
Larry Abbott (Brandeis),BardErmentrout(Pittsburgh)

Impr oved IMA HomePage

The IMA hassubstantiallyimproved its homepageon the World-Wide Web, accessiblethrough
netscapeor otherweb-readingapplicationsat

http://www.ima.umn.edu .
The pageis continuallyunderconstruction.We invite commentsor suggestions,which may be ad-
dressedto

webmaster@ima.umn.edu .
In particular, we appreciateany informationaboutWorld-Wide Web links appropriateto currentand
upcomingIMA programs.

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique,ConsiglioNazionaledelleRicerche,Georgia Instituteof Technology, IndianaUniversity,
Iowa StateUniversity, KentStateUniversity, MichiganStateUniversity, MississippiStateUniversity, NorthernIllinois University, Ohio StateUniversity, PennsylvaniaState
University, PurdueUniversity, SeoulNationalUniversity (RIM - GARC), TexasA&M University, University of Chicago,University of Cincinnati,University of Houston,
Universityof Illinois (Urbana),Universityof Iowa, Universityof Kentucky, University of Maryland,Universityof Michigan,Universityof Minnesota,Universityof Notre
Dame,Universityof Pittsburgh,Universityof Wisconsin,WayneStateUniversity.
PARTICIPATING CORPORATIONS:EastmanKodak,EPRI,Ford,GeneralMotors,Honeywell, IBM, LockheedMartin,LucentTechnologies,Medtronic,Motorola,Siemens,
TelcordiaTechnologies,3M.
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Schedulefor January 1–31,1998

Thursday, January 1

New Year’sDay, a Universityof Minnesotaholiday. IMA officeswill beclosed.

Friday, January 2

Monday, January 5

Tuesday, January 6

Wednesday, January 7

IMA PostdocSeminar:

9:30am John Guckenheimer
CornellUniversity

An Introductionto NeuralModels

This informal two-to-three-hourdiscussionsessionwill meetin roomVincentHall 570.

Organizer:KathleenRogers

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.

Thursday, January 8

MathematicsDepartmentColloquiumin roomVincentHall 16:

3:30pm John Guckenheimer
CornellUniversity

TheDeathof Periodicity:Multiple TimeScaleModelsof
Neurons

Teawill beservedat3:10pmin room120VincentHall

Friday, January 9

SEMINAR ON INDUSTRIAL PROBLEMS

10:10am Martin G. Lüling
Schlumberger-Doll Research

Geosteering Horizontal Wells through Electrically
Anisotropic Oil Zones using Predictive Log-Modeling
Computations

Abstract: Traditionally, oil wells weredrilled vertically. Only sincethe late 1980’s, drilling andoil productionchanged
towarddirectional,frequentlyhorizontalholes. This drilling technologypermitsprofitableexploitationevenof thin oil-
bearingzones:insteadof traversingthelayervertically for a few feet,theboreholetrajectoryleadsalongtheoil-zonefor
many hundredfeet,evena few milesunderfavorableconditions.Thedrill bit is steeerdalongthetruegeologicstructure
by real-timemeasurements,madewhile drilling, of theformationelectricresistivity.

The electric-resistivity measurementsare usedto discriminateresistive oil from more conductive water-bearingzones
or shales. For Logging While Drilling, the measurementsondeis integratedinto the drill collar closeto the bit. The

120



measurementsondetransmitsa2-MHz radiowaveinto therockandmeasuresthephaseshift (wavelength)andattenuation
(skineffect)of thewave. Fromthesetwo measurements,two resistivitiesarederived.Theseresistivity dataaretransmitted
to thesurfacewherethey helpthedriller to controlthedirectionof theboreholetrajectory.

Theresistivity measurementscanbereproducedby log-simulationmodeling.Theresistivity datafrom a nearbyreference
well, usuallya verticalwell, serve to generatea formationmodel,namelya layer-cakeresistivity profile. Seismicsurveys
extend the profile from the referencewell acrossthe entire reservoir. Into this reservoir model, a directionaldrilling
trajectoryis planned. Part of the planningwill be a predictive computationof the resistivity measurementalong this
trajectorythroughthe layer-cake formation. Thedriller hasthesemodeleddataavailableandcomparesthemto thereal-
time dataacquiredwhile drilling. Several examplesfrom actualfield dataillustrate the successof the “GeoSteering”
procedure.

Many oil zonesconsistof fine laminates,suchasalternatingshalesandsandswhichcannotbeindividually resolved.They
induceaneffective anisotropy in theelectricresistivity with a low resistivity parallelto the laminatesanda muchhigher
resistivity perpendicularto thelaminates.In verticalwellswith horizontallylaminatedformations,theresistivity measure-
mentsonly measurethe parallel,or “horizontal resistivity”. However, in directionalwells, the resistivity measurements
becomesensitive to theperpendicular, or “verticalresistivity”. The2-MHz resistivity measurementscanevendiscriminate
the two resistivity componentsandthusquantify theresistivity-anisotropy tensor. The log-simulationmodelingsuccess-
fully reproducesobservedanisotropy effects.

Theseminarmeetsin theIMA SeminarRoom,VincentHall 570

Monday, January 12

IMA Industrial PostdocsSeminar

Theseminarwill meetfrom 1:00– 4:00pmtoday. Theformatof theseminaris:

1. Presentationof projectsandproblemsfrom industry(Honeywell, Kodak,Siemens,3M andSchlumberger)onwhich
theindustrialpostdocsareworking.

2. Informalsuggestionsanddiscussionamongtheparticipants.

Theseminaris directedby Fadil Santosa,AvnerFriedmanandWalterLittman. Visitorswho planto attendarerequested
to inform oneof theorganizers.

Theseminarmeetsin VincentHall 570

Tuesday, January 13

IMA Workshop:

Computational Neuroscience
January14–23,1998

Organizers:JohnRinzel(CourantInstitute)(chair),Nancy Kopell (Boston),Larry Abbott
(Brandeis),BardErmentrout(Pitt)

Of primary interestto neuroscientistsarethe rolesof the highly nonlinearintrinsic propertiesof individual neuronsand
couplingpropertiesbetweencells thatdeterminethedynamicalactivity of neuronalnetworks. Uniquemathematicalfea-
turesof cell-basedneuronalmodelsthatunderliecomplex spatio-temporalpatternsarethemultipleandvasttimescalesof
ionic currents(from millisecondsto seconds)andthecircuit propertieswhichincludelocalaswell aslong-rangecoupling,

121



possiblywith randomconnectivity, andwith kineticaspects(timeconstantsfor decayof synapticvariables).Thisworkshop
will consistof threeintensetwo to four-dayFocusSessions,eachbringingtogetherexperimentalistsandtheoreticiansfor
concentratingon specificactive areasof researchin computationalneuroscience.Overview talks for eachFocusSession
will provide essentialbiological andmodelingbackgroundspecificto that FocusSession.Theseoverviews replacethe
generaltutorialsthathadbeenincludedin earlierplansfor theworkshop’sfirst two days.

Topicswill includestereotypicaldynamicalbehavior suchasnetwork rhythmsseenduringsleepandepilepsy, aswell as
morecomplex phenomenaassociatedwith goal-directedbehavior or perception.Modelsfor suchhigher-level cognitive
function may assumethat cell-basedpropertieshave beenaveragedinto moremacroscopicdescriptions.Experimental
modelsystemsincludebrain slicesof thalamus,hippocampus,andcortex and in vivo recordingsin sensoryandmotor
areasduringvisualandmovementtasks.
FocusSession#1: Early Vision: receptive fields, featuredetecting,feedforward and intracorticaltuning mechanisms.
(Wednesday, January14 to Saturdaynoon,January17.)

FocusSession#2: HippocampusandNavigation.(Sundayevening,January18andMonday, January19.)

FocusSession#3: Cortical Dynamics. (Sundayafternoon,January18; Wednesday, January21 throughFriday noon,
January23.)

Wednesday, January 14

Talks today are in LectureHall EE/CS3-180

8:00am Registration and Coffee ReceptionRoomEE/CS3-176

8:45am Welcomeand Orientation W. Miller, R. Gulliver, J.Rinzel

9:00am Robert Shapley
Centerfor NeuralScience,NYU

TheNeuralBasisof VisualPerception

10:00am CoffeeBreak ReceptionRoomEE/CS3-176

10:30am Judith Hirsch
RockefellerUniversity

Receptive Field Structureat Early Stagesof Visual Pro-
cessing

1:30pm Ralph Freeman
Univ. of California,Berkeley

Receptive field analysisof spaceand time in the visual
cortex

Abstract: Neurophysiologicalstudieswill be discussedin which singleneuronsor neuronalpairsarestudiedby using
microelectrodesin thevisualcortex. Stimulationandanalysistechniquesareusedby whichit is possibletoobtaincomplete
receptivefield mapsin spatialandtemporaldimensions.Oneof theapplicationsof thisprocedureis to determinehow pairs
of neurons,recordedtogether, comparein termsof a wide rangeof receptive field properties.Resultswill be discussed
alongwith theoreticalimplications.

2:30pm CoffeeBreak ReceptionRoomEE/CS3-176

3:00pm David Somers
MIT

Choosingthe cellular componentsof large-scaleneural
circuits: In praiseof theintegrate-and-fireneuron

Abstract: Constructionof large-scaleneuralcircuitsinvolvesatrade-off betweenthecomplexity of thecomponentneurons
and the numberof neuronsthat can be representedand simulatedgiven finite computationalresources.When one is
primarily investigatingnetwork- level effects, it is advantageousto choosea simple representationfor singleneurons.
However, singleneuronsshouldnot be too simple,asinterestingeffectsmayoccurin the interplaybetweencellularand
network levels. In my talk, I will discusshow a simplecellularmodel,the integrate-and-fireneuron,canbemodifiedto
capturemany importantcellularproperties,while still maintaininglow computationalexpense.

3:30pm Jack Cowan
Universityof Chicago

ModellingLarge–ScaleCorticalActivity
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Abstract: It is generallyagreedthatpopulationcodingplaysanimportantrolein corticalinformationprocessing.It follows
thatthedynamicsof largegroupsof interactingneuronsis worthstudying.Hereweformulateintegro-differentialequations
to describesuchdynamics(theWilson-Cowanequations)anddiscusssomeof theirpropertiesandlimitations.In particular
we show how variousdynamicalattractorscanariseandhow they mayunderliespatio-temporalpopulationcodingin the
cortex.

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

A varietyof appetizersandbeverageswill beserved.

Thursday, January 15

Talks today are in LectureHall EE/CS3-180

8:30am Coffee ReceptionRoomEE/CS3-176

9:00am David Ferster
NorthwesternUniversity

Assemblyof receptivefieldsin catvisualcortex

Abstract: The neuronsof the mammalianvisual cortex perform a remarkabletransformationon the visual input they
receivefrom thelateralgeniculatenucleus(LGN). Theneuronsof theLGN havecircularlysymmetricreceptivefieldsand
areunselective for the orientationanddirectionof motion of visual stimuli. Neuronsin the cortex, on the otherhand,
areexquisitelysensitive to thesestimuluspropertiesandwill only fire in responseto a narrow rangeof stimuli. A long-
standingdebatecenterson thesynapticcircuitry thatbringsaboutthis dramaticchangein therepresentationof thevisual
imagethattakesplaceat thegeniculocorticalsynapse.HubelandWieseloriginally proposedin their compellinglysimple
model that the arrangementof the geniculateinput determinesorientationselectivity. Yet thereare several properties
of cortical neuronsthat Hubel and Weisel’s model cannotexplain, and that have promptedthe developmentof more
complex modelsthat requirenonlinearinteractionsamongcortical cells. We have examinedthe orientationselectivity
of the aggregatesynapticinput to cortical cells from the LGN by selectively inactivating the cortical circuit, eitherby
coolingor by electricalstimulationof inhibitory circuits. TheseexperimentsindicatethattheLGN providesa well-tuned
excitatory input to cortical simplecells, an input that accountsfor approximately30% of the total synapticdrive. The
remainderpresumablyarisesfrom othercortical neuronsandmight help to establishthe contrastinvarianceof stimulus
selectivity. How this is accomplishedremainsto bedetermined.

10:00am CoffeeBreak ReceptionRoomEE/CS3-176

10:30am KennethD. Miller
Univ. of Calif., SanFrancisco

Contrast-invariant orientation tuning in cat V1:
Correlation-BasedFeedforward and Intracortical Cir-
cuitry

Abstract: Theorigin of orientationselectivity in visualcortical responsesis a centralproblemfor understandingcerebral
corticalcircuitry. In cats,many experimentssuggestthatorientationselectivity arisesfrom thearrangementof LGN inputs
to layer4 corticalsimplecells.Wehaveshownhow suchanarrangementof “feedforward” inputscanself-organizethrough
correlation-basedmechanismsof synapticplasticity. However, sucha “feedforward” explanationappearsinsufficient to
accountfor thecontrast-invarianceof corticalorientationtuning.

Weproposeanew modelconsistentwith awiderangeof experimentaldata.WedemonstratethattheLGN inputto catcor-
tical simplecellshastwo components:aphase-specificcomponent,whichis tunedfor orientation;andaphase-nonspecific
component,which is untuned.Bothcomponentsgrow with contrast.Contrast-dependentinhibition is requiredto suppress
theuntunedinput component,andto prevent thebroadeningof the tuningof spikingresponseswith increasingcontrast.
A simplecircuit usingcorrelation-basedintracorticalconnectivity (cross-phaseinhibition andsame-phaseexcitation,local
in orientation),accomplishesthis to achieve well-tuned,contrast-invariantorientationtuning. Unlike previous models,
this circuit agreeswith experimentalevidenceshowing spatialopponency between,andsimilar orientationtuningof, the
excitatoryandinhibitory inputsreceivedby a cell. Orientationtuning is primarily input driven,naturallyaccountingfor
theobservedequalityof input tuningandfull circuit tuningaswell asfor thedependenceof orientationtuningwidth on
stimulusspatialfrequency.
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Themodelpredictsthat inhibitory neuronsin cat layer4 shouldrespondin a contrast-dependentmannerto stimuli of all
orientations,althoughthewidth of theirorientationtuningis similar to thatof excitatoryneurons.Themodeldemonstrates
that fundamentalresponsepropertiesof cortical layer4 canbeexplainedby circuitry thatwould beexpectedto develop
undercorrelation-basedrulesof synapticplasticity, andshowshow suchcircuitry allowsthecortex to distinguishstimulus
intensityfrom stimulusform.

1:30pm Haim Sompolinsky
Hebrew University

OrientationTuningin VisualCortex: FromSimpleMod-
elsto RealBrains

2:30pm CoffeeBreak ReceptionRoomEE/CS3-176

3:00pm Barbara Chapman
Univ. of Calif., Davis

How theVisualCortex Got Its Stripes

Abstract: We have studiedthe developmentof orientationpreferencein ferret primary visual cortex at the singlecell-
level usingconventionalelectrophysiologicalrecordingmethods,andin activity mapsacrosscortex usingchronicoptical
imagingof intrinsicsignals.Wearecurrentlytestinghow alteredpatternsof activity earlyin life mayaffect theemergence
of orientationselectivity.

Our results,alongwith many studiesin other laboratories,suggestthat the organizationof orientationpreferencemay
provide a framework which guidesthedevelopingorganizationof othercortical receptive field propertiessuchasocular
dominance.Ongoingexperimentsdesignedto testthishypothesiswill bediscussed.

Friday, January 16

Talks today are in LectureHall EE/CS3-180

8:30am Coffee ReceptionRoomEE/CS3-176

9:00am S.Murray Sherman
SUNY, Stony Brook

Controlof GatingthroughtheLGN

Abstract: The LGN is not a simple,machine-like relay of retinal informationto cortex: it insteadperformsa dynamic,
variablerelay that presumablyreflectsthe varying behavioral needsof the visual system. Two aspectsof this will be
reviewed. First is the appreciationthat LGN (andotherthalamic)relay cells have a varietyof voltage-dependentmem-
braneconductancesthatdramaticallyalter theway they respondto retinal inputs.Perhapsthemostimportantnext to the
thoseunderlyingtheactionpotentialis a voltage-dependentCa2+conductance.This canbeactivatedby depolarization
(e.g.,from a retinal EPSP)only from a hyperpolarizedlevel (e.g.,morenegative thanabout-65mV), becausethe Ca2+
conductancebecomesinactiveatmoredepolarizedlevels.Theactivationstateof thisconductancedetermineswhetherthe
relaycell respondsin tonic or burst firing modeto its retinal inputs,andwhich responsemodeis operatingis of critical
importanceto thenatureof informationrelayedto cortex. Secondis the fact that,while the informationrelayedthrough
LGN to cortex is retinal in origin, retinal synapsesrepresentonly about7of inputsto relay cells. The vastmajority of
inputsderive from intrinsic local GABAergic cells, from visualcortex, andfrom thebrainstem,andthey eachcontribute
about30of all synapseson relaycells. Thesenonretinalinputsaremodulatoryin natureand,amongotherthings,serve
to controlmembranepotential,therebycontrollingvoltagedependentconductanceslike theCa2+conductancedescribed
above.An attemptwill bemadeto bring theseobservationstogetherin a testablehypothesisthataddresseshow andunder
whatconditionsnonretinalinputsinfluencetherelaythroughtheLGN.

10:00am CoffeeBreak ReceptionRoomEE/CS3-176

10:30am David W. McLaughlin
CourantInstitute,NYU

Modelling theLayeredStructureof V1

Abstract: The lecturerwill describeour prelimarymodelsof V1. Thesemodelsemphasizeits layeredstructure,andthe
effectof its connectivity on temporaldynamics.
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Thisprojectinvolvescollaborationswith RobertShapley, MichaelShelley, Mary Pugh,andJimWiellard.

1:30pm NicholasSwindale
Univ. British Columbia

Cortical Maps: Gradient Relationshipsand Learning
Rules

Abstract: Mammalianvisualcorticescontainmultiplesuperimposedmapsfor differentstimulusattributes,suchasrecep-
tive field position,edgeorientation,spatialfrequency, directionof motionandeye preference.I will review someof the
experimentalevidencefor theexistenceof thesemapsaswell astheevidencefor gradientrelationshipsandothertypesof
structurallink betweenthem.I will comparethesedatawith modellingresultsobtainedusingKohonen’sSelf-Organising
FeatureMapalgorithmwhichimplementsacompetitivelearningrule. I will discusstheextentto whichthemapsproduced
by thismodel,anda variantof it, areableto reproducetheexperimentallyobservedpropertiesof individualmaps,aswell
asthegradientrelationshipsbetweendifferentmaps.

2:30pm CoffeeBreak ReceptionRoomEE/CS3-176

3:00pm David Somers
MIT

A local circuit view of integratinglong-rangecortical in-
puts

3:30pm Jack Cowan
Universityof Chicago

A SimpleModel for CorticalOrientationSelectivity and
its Consequences

Abstract: A simplemathematicalmodelof theorientationtuningof visualcorticalneuronsis introducedandanalysed.It is
shown thatthebasiccorticalarchitectureof recurrentlocalexcitationandlateralinhibition, togetherwith somefeedforward
inhibition canaccountquantitatively for suchtuningproperties,andtheir modificationby inhibitory blockingagents.The
modelcanalsoaccountquantitatively for suchlocaleffectsascross-orientationsuppression.It is alsoshown thatnon-local
couplingbetweeniso-orientationpatches,whenaddedto themodel,cansatisfactorily reproducesucheffectsasnon-local
iso-orientationsuppression,andnon-localcross-orientationenhancement.Theseresultswill be discussedin relationto
corticaldevelopmentandto a numberof perceptualphenomenasuchasthegeometricvisualpatternsseenfollowing the
ingestingof hallucinogens,the“pop-out” effect,andboththedirectandindirecttilt illusions.

Saturday, January 17

Talks today are in LectureHall EE/CS3-180

9:00am Coffee ReceptionRoomEE/CS3-176

9:30am YangDan
Univ. of California,Berkeley

EncodingandDecodingof visual informationin the tha-
lamus

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Tony Bell
Interval, Inc.

To beannounced

Sunday, January 18

Talks today are in LectureHall EE/CS3-180

1:00pm Coffee ReceptionRoomEE/CS3-176

1:30pm RogerD. Traub
Univ. of BirminghamMedicalSch.

Cellular mechanismsof the 40 Hz cortical oscillation:
studiesin brainslicesandwith simulations
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Abstract: 40 Hz oscillationscanbe inducedin brain slicesby activation of metabotropicglutamatereceptors,eitheron
inhibitory neurons,or inhibitory neuronsin combinationwith principal neurons.Oscillationscanoccursynchronously
over distancesof several mm, as they do in vivo, despitelong expectedaxonconductiontimes. Cellular mechanisms
includemutualinhibition betweeninterneurons,andtheability of interneurondoubletsto signalphaserelationsbetween
oscillatingpyramidalcells (asB. ErmentroutandN Kopell may elaboratefurther). It hasrecentlybeenshown in vitro
that 40 Hz oscillationsinducesynapticplasticity, that in turn altersthe propertiesof the oscillation. Our understanding
of theseoscillationsallows an understandingalsoof the cellular mechanisms(at leastin cortical structures)of 3 types
of anestheticagents:benzodiazepines(e.g. ”Valium”), barbiturates,andopiates,all of which eitherslow theoscillation,
abolishit, or preventit from synchronizingoverdistance.Theremayreallybeaconnectionbetweentheseoscillationsand
consciousness.

2:30pm NancyKopell
BostonUniversity

SynchronizationandModulationin Networksof Neurons

Abstract: This talk is a survery of somemechanismsby which a network of neuronscansynchronize,andwaysin which
the synchronizationprocesscanbe modulated.The examplesaretaken from a varietyof neuralpreparations.The talk
includesa discussionof therole of in thesynchronizationprocessof thewave form of thevoltage,the time scalesin the
synapticprocesses,andtiming of spikeswithin aburst. It will serveasanintroductionto moredetailedtalksto begivenin
thelatersessions.

3:30pm CoffeeBreak ReceptionRoomEE/CS3-176

4:00pm JamesM. Bower
Calif. Inst. of Technology

Corticaloscillationsandthesingleneuron:Timing is ev-
erything

Abstract: Oscillationsin the7-10Hz and40 Hz frequenciesarecharacteristicof cerebralcorticalcircuits. Our laboratory
beganits studyof theoriginsandpossiblecomputationalsignificanceof thesepatternsof activity anumberof yearsagoby
constructingbiologically realisticnetwork modelsof cerebellarcorticalcircuits(Wilson andBower, 1991;1992). These
modelssuggestedthat cerebralcortical circuits naturallyoscillateat thesefrequenciesthrougha mechanismdependent
on the interactionof time constantsassociatedwith both excitatoryandinhibitory synapticcircuits. The dynamicalbe-
havior of themodelswasinterpretedto suggestthatcorticaloscillationswereresponsiblefor coordinatingthe timing of
computationalcycleswithin thesenetworks. Themodelsalsoleadto thepredictionthatnetwork level oscillationsplayed
an importantrole in coordinatingtheflow of synapticinformationonto thedendritesof corticalpyramidalcells. In this
workshopI will presentthe resultsof morerecentsinglecell modelingefforts which supportthis view. I will conclude
by presentinga generalcomputationalframework for understandingthe role of oscillatorybehavior in cerebralcortical
function.

7:00pm L. F. Abbott
BrandeisUniversity

NavigationMapsThroughPopulationCodingof Location
in theRatHippocampus

Abstract: Neuronstypically encodeinformationcollectively in whatis known asa populationcode.

Placecells in thehippocampusof therat provide a classicexamplethat illustratesthecomputationimplicationsof popu-
lation coding. Placecellsfire actionpotentialsat a ratethatdependson the locationof therat in its environment.Using
experimentalfactsaboutplacecellsandtheeffectsof activity on thesynapsesconnectingthem,KenBlum andI modeled
how aspatialmapof theenvironmentcanbecreatedin therathippocampus.Sequentialplacecell firing duringexploration
modifiessynapsesbetweenplacecellsresultingin ashift of thelocationencodedby theirensembleactivity awayfrom the
actuallocationof theanimal.Theseshiftsprovideanavigationalmapthatcanguidelocomotiontowardagoal.Themodel
demonstrateshow behaviorally generatedmodificationsof synapticstrengthcanbereadout to affectsubsequentbehavior.
Theshiftsin placecell locationpredictedby themodelhaverecentlybeenobservedexperimentally.

8:00pm Bill Skaggs
Universityof Pittsburgh

Thetaphaseprecessionof hippocampalplacecell activity:
data,models,andfunctionalsignificance

Abstract: O’KeefeandRecce,in 1993,discoveredthat asa rat movesthroughthe spatialfiring field of a hippocampal
pyramidalcell, spikesfrom the cell shift graduallyto earlierandearlierphasesof the thetacycle. Furtherresearchhas
shown thatthis“phaseprecession”reflectsapopulation-widephenomenon,in whichthehippocampusplaysin compressed
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form brief portionsof the trajectoryon which the animalis traveling. Several computationalmodelsof this effect have
beenproposedoverthepastfew years:they canbedividedroughlyinto “individualneuron”models,basedonmechanisms
operatingwithin a single cell, and “network” models,basedon interactionsbetweengroupsof cells. The functional
significanceof theeffect remainsspeculative. An interestingpossibility is that,by compressingthetemporalstructureof
thespike sequence,phaseprecessionincreasestheinfluenceof temporalstructureon thesynapticenhancementproduced
by long termpotentiationin thehippocampus.

Monday, January 19

Martin LutherKing Day, aUniversityof Minnesotaholiday. IMA officeswill beclosed,althoughtheworkshopwill bein
session.

Talks today are in LectureHall EE/CS3-180

8:30am Coffee ReceptionRoomEE/CS3-176

9:00am Misha Tsodyks
WeizmannInstitute

Network modelof thetarhythm and temporalcoding in
theHippocampus

Abstract: Thefiring patternsof pyramidalcellsin theCA1 andCA3 regionsof therathippocampusarerelatedto boththe
locationof theanimalin theenvironmentandthethetarhythm,whichdominatesthehippocampalEEGduringexploratory
movements.O’KeefeandRecce(1993)haveobservedthatthespatiallyselectivefiring of pyramidalcellstendsto advance
to earlier phasesof the thetarhythm as a rat passesthroughthe placefield of a cell. The relative timing of a cell’s
actionpotentialcould thereforecarry informationabouttherat’s locationwhich would constitutean interestingexample
of a temporalcode. I will presenta network modelwhich generatesthis effect asresultingfrom the patternof internal
connectivity betweenpyramidalneuronsin theHippocampus.

10:00am CoffeeBreak ReceptionRoomEE/CS3-176

10:30am Peter Dayan
MIT

TemporalDifferenceModelsof Navigation

Abstract: We build modelsof two navigationtasksin thewatermaze:thestandardreferencememorytask,in which the
goal(ahiddenplatform)is alwaysata fixedlocation,andthedelayedmatchto placetask,in which theplatformis moved
oneachday. Thesetasksdiffer experimentallyin thedemandsthey makeonhippocampalplasticity.

Themodelsarebasedon a reinforcementlearningmethodcalledtemporaldifferencelearning,which is a generalway of
learningnearoptimalbehavior in complicatedenvironments.We show thata placecell representationof positionis ideal
for learningto solvethereferencememorytask,andshow how to augmentit to solve thedelayedmatchto placetask.

This is joint work with David FosterandRichardMorris.

2:00pm John Lisman
BrandeisUniversity

Buffers,autoassociators,andheteroassociators

Abstract: Like severalothergroups,we haveproposedthattheCA3 regionof thehippocampususestheNMDA channels
in recurrentcollateralsto storesequencesof events(places)andtherebyserve asa heteroassociative network. We have
specificallyarguedthatthereadoutof thesesequencesatarateof onememorypergammacyclecanaccountquantitatively
for the “phase-advance”of hippocampalplacecells. Oneproblemwith this proposalis that the phase-advanceis also
observed in dentategranulecells. We now offer a possibleanswerto this problem. Theoreticalwork hassuggested
that the bestmethodfor predictingsequencesis to have eachstep-wiseprediction“cleanedup” by an autoassociative
network beforeit servesasa cuein thenext stepof sequenceprediction.We proposethat thedentate-hilarregion is the
autoassociative network that accomplishesthis task. Two anatomicalfindingsarerelevant. First, it is known that CA3
axonshavea branchthatturnsbackwardandinnervatescellsin thedentate/hilarregion. Second,althoughdentategranule
cells do not have recurrentaxonsas requiredin the simplestautoassociative networks, they do innervatehilar mossy
cells. Thesein turn,make recurrentconnectionsontogranulatecells. Thisdisynapticcircuit couldallow thedentate/hilar
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region to performautoassociative function.Theinteractionof anautoassociativenetwork in thedentate/hilarregionanda
heteroassociatveCA3 network couldproduceaccuratesequencerecall.

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:30pm KennethBlum
MIT

Knockouts,NetworksandNavigation

7:00–9:00 PosterSession
Hallway of VincentHall, 5thFloor

G. Mato (CentroAtómicoBariloche,Argentina):Self-similaritypropertiesof naturalimages.
F. Skinner(TorontoHospital):Bursting:A role for gap-junctionalcoupling.
B. Lytton(Univ. of Wisconsin):A DentateGryrasModel.
D. Golumb(Ben-GurionUniv. of theNegev): Transientsynchrony of propagatingdischargesin neocortex.
E. Izhikevich (ArizonaStateUniv.): Class1 NeuralExcitability, WeaklyConnectedNetworks,andMathematicalFounda-
tion of Pulse-CoupledNetworks.
E. Izhikevich (ArizonaStateUniv.): WeaklyConnectedElliptic Bursters,StronglyConnectedRelaxationOscillators,and
Spike/BurstSynchronization.
J.L. VanHemmen(Techn.Univ. München):Discerningoscillations:Neuronalcoincidencedetectionwith periodicspike
input.
J.L. VanHemmen(Techn.Univ. München):Short-termplasticity, coherentoscillationsandlocking.
R. Butera(NIH): RespiratoryRhythmGenerationin thepre-Botingercomplex of mammals.
DeliangWang(OhioStateUniv.): Objectselectionbasedonoscillatorycorrelation.
T. Troyer (U. C. SanFrancisco):An associationalhypothesisfor sensorimotorlearningof bird song.
J.D.Cowan(Univ. of Chicago):MonteCarlostudiesof V1.
J.D.Cowan(Univ. of Chicago):Fromnaturalimagesto V1 structure.

Tuesday, January 20

Talks today are in LectureHall EE/CS3-180

9:00am Coffee ReceptionRoomEE/CS3-176

9:30am Rob Butera
NIH

Respiratoryrhythmgenerationin thepre-Botzingercom-
plex in mammals

10:15am DavePinto
Universityof Pittsburgh

Responsetuningin thesomato-sensorycortex

11:00am EugeneIzhik evich
ArizonaStateUniversity

Weaklyconnectedneuralneworks:A review

Non-workshoptalk on theMechanicsof Materialsin 227AkermanHall:

1:00pm Giovanni Zanzotto
Universitadi Padova

Problemsin aUnifiedKinematicsof SimpleandMultilat-
tices

1:30-3:00 WaveDiscussion

3:15-5:00 Synchrony Discussion
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7:00–9:00
Ë

PosterSession
Hallway of VincentHall, 5thFloor

For presentersandtitles,see7:00pmMonday, January19.

Wednesday, January 21

Talks today are in LectureHall EE/CS3-180

8:30am Coffee ReceptionRoomEE/CS3-176

9:00am Arthur Sherman
NIH

Mechanismsof SynapticEnhancementandDepression

Abstract: Mechanismsat the terminallevel for synapticenhancementon several time-scales(facilitation,augmentation,
post-tetanicpotentiation)anddepressionwill bediscussed.Issuesto beconsideredwill includetherolesof residualfree
Ca2+andresidualCa2+boundto “memoryproteins”,andtherolesof domainandmacroscopicCa2+.Wewill alsoexplore
to whatextentsynapticdepressioncanbeaccountedfor in termsof vesicledepletionandresupply.

10:00am CoffeeBreak ReceptionRoomEE/CS3-176

10:30am John Rinzel
CourantInst.,New York University

Network DynamicsMediatedby SynapticDepression

Abstract: Many synapsesshow depressionin responseto repeatedactivation. Multiple time scales(100sof msecto
many sec)are reportedfor the depressionand its recovery. We will review somemodelsfor depressionandproposed
effectsin neuronalinteractiondynamics(gaincontrol,phasicresponsiveness,directionselectivity, etc). An applicationto
rhythmogenesiswill behighlighted.

Spinalcord neuronpopulationsexecutesynchronizedrhythmic activity in isolatedembryoniccordsandin disinhibited
cultures. The multimodal collective oscillationsare infrequentepisodicburstsof fast cycles (0.5 to 5 Hz). Synaptic
coupling is primarily excitatory, and synapticdepressionhasbeenimplicatedas a possiblerhythmogenicmechanism.
We have developeda two-variablefiring ratemodelin which cellsspike tonically whenstimulated.Synapticdepression
accountsfor thefastevents- alternatelyallowingcellstomutuallyactivateeachotherandthensuppressingtheirinteraction.
By addinga slow modulatoryvariable,episodicbehavior in themodelcanoccurvia severalmechanisms.

2:00pm CharlesWilson
Univ. of Tennessee,Memphis

Thegenerationof corticostriatalfiring patterns:rolesfor
synapticandintrinsicmechanisms

Abstract: Theneostriatumis amajortargetof corticalefferentprojections,andanimportantsitefor convergenceof inputs
from diversecorticalareas.The patternof activity in the populationof functionally relatedcorticalneuronsconverging
onto individual striatalneuronscanbe estimatedfrom their membranepotentialfluctuations. Likewise, the membrane
potentialfluctuationsof corticostriatalneuronslargelyreflectstheactivity of excitatoryandinhibitory intracorticalcircuits
Comparisonof themembranepotentialfluctuationsof striatalandcorticalprojectionneuronsrevealedthat thesesignals
werestatisticallysimilar. In both cases,excitatoryandinhibitory input occurredtogetherin episodeslasting100 ms or
longer. Thedurationsof theepisodesandtheperiodsof relative quietbetweenthemwerestatisticallyindependent,and
therewereno serialcorrelationsbetweenthedurationsof successive episodesof synapticactivity. Themeanmembrane
potentialduringsuchepisodeswassubthresholdin bothneurontypes,with actionpotentialsarisingfrom noisyfluctuations
superimposedon theepisodesof firing. Theepisodicpatternof synapticinput led to temporalclusteringof firing in both
cell types,but firing within theepisodewasirregular. In bothcell types,themaintenanceof asubthresholdmeanmembrane
potentialduringepisodesof strongsynapticactivationpreventedthedevelopmentof rhythmicfiring. Membranepotential
wasmaintainedbelow spike thresholdbothby synapticinhibition that is recruitedduringepisodesof excitation,andby
voltagedependentpotassiumchannelsthatareactivatedby synapticexcitation.

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176
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3:30pm Xiao-Jing Wang
BrandeisUniversity

NeuronalMechanismsof VisuospatialWorking Memory
in PrefrontalCortex

Abstract: Workingmemoryis amemoryfunctionby whichhumansandanimalshold“on-line” andmanipulateinformation
for ashorttimespanof afew seconds.In this talk, I shallfirst review theexperimentaldataabouttheneuronalcorrelatesof
workingmemory, namelypersistentactivity anddynamicaltuningin theprefrontalcortex (PFC).Thenanetwork modelis
presentedfor thePFCneuralnetwork behaviorsduringa visuospatialdelayed-responsetask.It is assumedthatthespatial
cuestimulusis encodedin working memorystorageby a continuumof network activity profiles,which coexist with a
spontaneousreststate.Sucha bistability canbe realizedin the modelby a neocorticalnetwork architecturewith recur-
rent excitationandinhibition. We contrastthe bistablePFC-like network to the V1-like network for orientationtuning.
Moreover, becauseof thespatialtranslationalinvarianceof thenetwork activity profiles,the robustnessof memorystor-
ageagainstnoiseanddistractorsraisesseriousproblems.Possiblecellular/synapticmechanismsfor reliablevisuospatial
workingmemorywill bediscussed.

7:00–9:00 PosterSession
Hallway of VincentHall, 5thFloor

For presentersandtitles,see7:00pmMonday, January19.

Thursday, January 22

Talks today are in LectureHall EE/CS3-180

8:30am Coffee ReceptionRoomEE/CS3-176

9:00am Bard Ermentr out
Universityof Pittsburgh

Synapticallygeneratedwaves

Abstract: Theimprovementsin imagingtechnologyandmulti-electroderecordingsnow make it possibleto studyspatio-
temporalactivity in biological neuralnetworks. I will considera numberof differentmodelsfor suchactivity with an
emphasisonslicepreparations.I will show differentmodesof propagationof activity dependingondifferentmechanisms
and how small changesin parametersof the coupling can changethe velocity of activity waves by several ordersof
magnitude. I derive scalinglaws for the velocity of wavesasa function of the rise time of synapticpotentials. I will
alsolook at somereducedmodelsthatarisethroughaveragingmethodsandhow thesecanbeusedto understandpartially
blockedinhibition in slices.

10:00am CoffeeBreak ReceptionRoomEE/CS3-176

10:30am David Golomb
Ben-GurionUniversityof theNegev

Synchrony of largesparseneuronalnetworks

Abstract: We studysynchronizationin largepopulationsof � identicalneuronswith randomsparseconnectivity. Syn-
chrony occursonly whentheaveragenumberof synapsesÌ a cell receivesis largerthana critical value ÌEÍ . Below ÌEÍ ,
thesystemis in anasynchronizedstate.

In thelimit of weakcoupling,weusetheaveragingmethodto reducethenetwork modelinto amodelof phaseswhichare
coupledvia afunction Î of theirphasedifferences.Usingmeanfield theory, weshow thatthestabilityof theasynchronized
statecan be determinedexactly in the asymptoticlimit �<Ï;Ì Í Ï;� . In particularwe establishthat in this limit
Ì Í � �ÐdÑ��S^� � �1W . Whenthe condition Ì Í4Ò � is not satisfied,our theory is approximatebut providesus with an
estimatefor Ì Í asa functionof thesingleneuronandsynapticproperties.

We applyour analyticaltheoryto studyintegrate-and-fireneuronswith inhibitory coupling. We find that Ì Í variesnon-
monotonicallywith thelevel of theexternalinputontheneuron,thatit is astronglydecreasingfunctionof thethesynaptic
rise time andof thedurationof therefractoryperiodof theneuron.For typical inhibitory synapsesandrefractoryperiod
of 2-5msecwefind that Ì Í is of theorderof �Gnin synapticconnectionsperneuron.

Numericalsimulationsareperformedto show thatourtheoryprovidesverygoodresultsalsofor finite Ì Í ( Ì Í of theorder
of ua few tens)andmildly strongcoupling. Finally we studynumericallythe strongcouplingregime: in particularour
simulationsindicatethat Ì Í is anincreasingfunctionof thecouplingstrength.
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We concludeby discussingthe relevanceof our theory to understandthe mechanismsof synchrony in neocortex and
hippocampusandby proposingexperimentsto testit.

2:00pm Alain Destexhe
Laval University

How the cortex controls thalamically-generatedoscilla-
tions

Abstract: Sincethe forties, it hasbecomeclearthat the thalamusis essentialin the genesisof sleepspindleoscillations
in the 10-14Hz frequency range. In 1962,AndersenandEcclesidentified for the first time oneessentialpropertyof
thalamicneurons:theability to producea burstof actionpotentialsin responseto inhibitory inputs. It wasproposedthat
theinteractionbetweenthalamiccellsandinhibitory neuronsmakesanoscillator, a principlestill valid today.

With themorerecentandmoreprecisedatafrom intracellularrecordingsin vivo and in vitro, thalamicoscillationshave
beenthoroughlyexploredanddissectedin detail. The underlyingionic currentsand their biophysicalpropertieswere
characterized,allowing to build computationalmodelsof thalamiccircuits. The complex interactionsthat take placein
thesecircuits,implying a varietyof ionic currentsandsynapticreceptors,will bereviewedhere.

Thefocusof thepresentresearchis directedto thalamocorticalinteractions.Thequestionsthatwill bediscussedare:L Cancorticothalamicfeedbackcontrolthalamicoscillations?L How is large-scalesynchrony generatedin thethalamocorticalsystem?L Canasimilarmechanismbeappliedto explain thegenesisof pathologicalbehavior, suchasepilepsy?L Whatpossiblephysiologicalrolescanbedrawn for theseoscillations?

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:30pm David Terman
OhioStateUniversity

The Role of Inhibition in SynchronizingNeuralOscilla-
tions:A GeometricApproach

Abstract: A geometricapproachfor studyingtheroleof inhibitory synapticcouplingin eithersynchronizingor desynchro-
nizingneuraloscillationsis presented.This issuehasbeenconsideredin numerouspapers;however, mostof thesestudies
haveconsideredvery idealizedmodelssuchasintegrate-and-firemodelneuronsor networksof relaxationoscillators.The
geometricanalysisallows usto studymorerealisticmodelsfor theunderlyingneuronsanddeterminehow changingbio-
physicalparametersmayaffect theemergentnetwork behavior. I will demonstratethatfastinhibitory couplingcanleadto
synchronizedrhythmsandthenapplythesetechniquesto analyzerecentmodelsfor thespindlesleeprhythm.

6:00pm Workshop Dinner
CampusClub

Fourthfloor of CoffmanUnion

Receptionat6:00with wine& cheese,dinnerat6:30.

Friday, January 23

Talks today are in LectureHall EE/CS3-180

8:30am Coffee ReceptionRoomEE/CS3-176

9:00am Wulfram Gerstner
FederalInst. of Techn.,Lausanne

Dynamicsin homogeneouspopulationsof spiking neu-
rons— stability, locking,andfasttransients

Abstract: The populationactivity in a homogeneouspool of spiking neuronscanbe describedby an integral equation
(similar to the original Wilson-Cowanmodel)which is exact in the limit of �Ó§ÕÔ�F Typical dynamicalstatesmay be
analyzeddirectlyon thelevel of theintegralequation.
(i) fast transients:populationsof spiking neuronsreactinstanteneouslyto stepchangesin the input (cf. Tsodyksand
Sejnowski; VanVreewsijk andSompolinsky) — whichshowsthatadescriptionof thepopulationactivity � with astandard
first-orderdifferentialequationis notvalid (at leastnotduringtheinitial phaseof thetransient).
(ii) The‘locking’ conditionthatwehavestudiedearlier, (paperwith vanHemmenandCowan)hasanaturalgeneralization
in thecontext of theintegralequation.
(iii) Stabilityof incoherentfiring states(splayphase)maybeanalyzedin thepresenceof noiseasa functionof parameters
like thetransmissiondelay.
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10:00am CoffeeBreak ReceptionRoomEE/CS3-176

10:30am David Hansel
ÉcolePolytechnique

Theroleof adaptationin shapingspatio-temporalpatterns
of neuralactivity of largeneuralnetworks

11:30–12:30 DiscussionSession
Leadersto beannounced

Monday, January 26

Tuesday, January 27

IMA PostdocSeminar:

2:30pm Sharon Crooke
MontanaStateUniversity

Modeling Cortical Oscillations with Networks of
Coupled-PhaseOscillators

Abstract: Oscillationsin many regionsof themammaliancerebralcortex have remarkablycommontemporalcharacter-
istics. However, thereis muchmorevariability in the spatialdomain. For example,somecortical oscillationstendto
be synchronouswhile othersproducetraveling wavesof oscillationsor otherphaseshifts that may be computationally
significant.We usecoupledcorticaloscillatorsto examineseveralmechanismswhich affect thedynamicsof thevoltage
oscillationof eachneuronduringrepetitive firing wherethebehavior of thenetwork dependscritically on theinteraction
functionschosento representthecouplingbetweenoscillators.

Organizer:KathleenRogers

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.

Wednesday, January 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
NorthwestAirlines

Airline PlanningProblems

Abstract: In many waysa major airline canbe viewed asone large planningproblemwhich is usuallyapproachedas
many interdependentsmaller(but still imposing)planningproblems.The list of thingswhich needplanningseemsend-
less:crews, reservationagents,luggage,flights, throughtrips, maintenance,gates,inventory, equipmentpurchases.Each
planningproblemhasits own considerations,its own complexities,its own setof timehorizons,its own objectives,but all
areinterrelated.

In this talk, we will briefly look at a few of theseairline planningproblems.For each,we will outline the basicprob-
lem, considerations,andobjectives. In addition,for eachplanningproblemwe review, we will discusshow onemight
quantitatively approachtheproblemsoasto intelligentlysupporttheplanningprocess.

Theseminarmeetsin theIMA SeminarRoom,VincentHall 570

132



INSTITUTE FOR MATHEMATICS AND ITS APPLICATIONS
University of Minnesota

400Lind Hall
207ChurchStreetS.E.

Minneapolis,Minnesota55455
FAX (612)626-7370 telephone(612)624-6066 e-mail: ima-staff@ima.umn.edu

IMA Schedulesvia finger: finger seminar@ima.umn.edu
Newsletters,Updatesandpreprintsavailablevia

anonymousftp: ftp.ima.umn.edu , www: http://www.ima.umn.edu/

IMA NEWSLETTER # 259
February 1–28,1998

1997–98Program

EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

SeetheWinter, SummerandFall 1997IMA Updatefor a full descriptionof the1997–98programon
EmergingApplicationsof DynamicalSystems.

Newsand Notes

IMA Tutorial:

Calcium Dynamicsin Cells
February5–6,1998

Speakers:JoelKeizer(Univ. of California,Davis) & RobertMiura
(NationalInstitutesof Health)

IMA Workshop:

Calcium Dynamicsin Cells
February9–13,1998

Organizers:JoelKeizer(Davis)(chair),JohnRinzel(CourantInstitute),
Albert Goldbeter(Brussels)

Lucent TechnologiesJoinsasIMA Participating Corporation

LucentTechnologieshasrecentlyjoinedtheIMA asaParticipatingCorporation.TheIMA Participat-
ing Corporationprogramaimsat broadeningrelationsbetweenuniversityandindustrymathematical
scientistsandidentifyingnew mathematicalresearchareasof interestto industry.

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique,ConsiglioNazionaledelleRicerche,Georgia Instituteof Technology, IndianaUniversity,
Iowa StateUniversity, KentStateUniversity, MichiganStateUniversity, MississippiStateUniversity, NorthernIllinois University, Ohio StateUniversity, PennsylvaniaState
University, PurdueUniversity, SeoulNationalUniversity (RIM - GARC), TexasA&M University, University of Chicago,University of Cincinnati,University of Houston,
Universityof Illinois (Urbana),Universityof Iowa, Universityof Kentucky, University of Maryland,Universityof Michigan,Universityof Minnesota,Universityof Notre
Dame,Universityof Pittsburgh,Universityof Wisconsin,WayneStateUniversity.
PARTICIPATING CORPORATIONS:EastmanKodak,EPRI,Ford,GeneralMotors,Honeywell, IBM, LockheedMartin,LucentTechnologies,Medtronic,Motorola,Siemens,
TelcordiaTechnologies,3M.
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IMA Reorganization

TheIMA Boardof Governorshasapprovedreorganizationof theseniormanagementof theIMA, initi-
atedby thenew IMA Director, Willard Miller . Fadil Santosahasbeenappointedto thenew position
of AssociateDir ector for Industrial Programs. Robert Gulli ver hasannouncedhis resignationas
AssociateDirector, effective this March, andFrederic Dulles hasbeenappointedto the new posi-
tion of AssociateProgram Dir ector. Dr. Dulleswill assumepartof Dr. Gulliver’s responsibilities,
theotherspassingto Dr. Miller. Dr. Santosa’s responsibilitieswill freeup time from the Director’s
position.

NewScientificProgram Advisory Committee

Thisnew committeewill assistMiller in developingideasfor annualandSummerprograms.Members
will be Avner Friedman (chair) of the University of Minnesota,Mac Hyman of Los AlamosNa-
tional Laboratories,GeorgePapanicolaouof StanfordUniversityandWilliam Pulleyblank of IBM
T. J. WatsonResearchCenter. FriedmanwasDirectorof theIMA from 1987–97,andPulleyblank is
currentlychairof theIMA Boardof Governors.

NewComputational Programsand ResourcesAdvisory Committee

Anothernew committeewill adviseMiller as to how the computationalaspectsof currentandup-
comingIMA programscanbestrengthened,andon theestablishmentandmaintenanceof appropriate
facilities,personnelandsoftware.Memberswill beMitchell Luskin of theUniversityof Minnesota,
DouglasAr nold of PennStateUniversity, George Cybenko of DartmouthCollege, Leslie Green-
gard of theCourantInstituteof MathematicalSciencesatNYU, andJorgeMoréof ArgonneNational
Laboratories.

ExpandedProgramsand Impr oved IMA HomePage

Seetheaccompanying letterregardingtheexpandingprogramsandservicesof theIMA which moti-
vatedMiller to carryout thereorganizationoutlinedabove. Many of thenew programsareaccesible
throughthe IMA homepageon theWorld-Wide Web. For example,recentIndustrialProblemstalks
aresummarizedandabstractedat

http://www.ima.umn.edu/indust rial/ 97 98/ .
Formerly, the IndustrialProblemstalkswerefirst madeavailableto thepublic many monthslater in
the hard-copy IMA Volumes(volumes# 16, 24, 31, 38, 49, 57, 67, 83 and 88, available through
Springer-Verlag.)

TheIMA homepageis accessiblethroughnetscapeor otherweb-readingapplicationsat

http://www.ima.umn.edu .
The pageis continuallyunderconstruction.We invite commentsor suggestions,which may be ad-
dressedto

webmaster@@ima.umn.edu .
In particular, we appreciateany informationaboutWorld-Wide Web links appropriateto currentand
upcomingIMA programs.

Schedulefor February 1–28,1998
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Monday, February 2

Tuesday, February 3

IMA PostdocSeminar:

2:30pm Tony Varghese
OxfordUniversity

CalciumDynamicsin CardiacPurkinjeFibers

Abstract: An introductionandoverview of calciumconcentrationchangesin heartcells will be given. Calciumis used
asa signalmany cellsof thebody. In quiescentnerve andmusclecells, therestingconcentrationof calciumis typically
100nMoles/liter;in cellsthatareexcited,theconcentrationjumps10 fold to causesuchactivity asmusclecontractionin
heartandskeletalmuscle,neurotransmitterreleasein nerves,releaseof insulin in thepancreas,etc.This talk will focuson
theheart. In additionto a discussionof normalphysiologicalmechanisms,theeffect of drugpoisoningandtheresulting
calciumoscillationswill bediscussed.

Organizer:KathleenRogers

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.

Wednesday, February 4

IMA Tutorial:

Calcium Dynamicsin Cells
February5–6,1998

Speakers:JoelKeizer(Univ. of California,Davis) & RobertMiura (NationalInstitutesof
Health)

Thursday, February 5

Talks today are in the IMA SeminarRoom,Vincent Hall 570

9:30am Registration and Coffee IMA Lounge,VincentHall 502

10:30am JoelKeizer
UC Davis

Introductionto CalciumDynamicsin Cells

Abstract: Thistalk will introducenon-expertsto someof thedynamicalbehavior associatedwith calciumsignalingin cells.
Mechanismsby whichcalciumionsserveto transduceonetypeof cellularsignalinto anotherwill bediscussedalongwith
basicfeaturesof calciumtransportmechanisms.

2:30pm Artie Sherman
NationalInstitutesof Health

Calcium and Bursting Electrical Activity in Pancreatic
Islets

Abstract: An introductionto the rolesof ion channels,calcium,and intracellularorganelles,suchas the endoplasmic
reticulumandmitochondria,in generatingoscillationsin membranepotentialandcalcium. Thepancreaticbeta-celland
implicationsof theabove for insulin secretionwill beusedasthemainmodelsystem.Mathematicaltopicswill include
theuseof bifurcationtheoryto analyze,develop,andevaluatemodelsandemergentbehavior of cell populationsmediated
by electricalcouplingthroughgapjunctions.
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Friday, February 6

Talks today are in the IMA SeminarRoom,Vincent Hall 570

10:00am CoffeeBreak IMA Lounge,VincentHall 502

10:30am JoelKeizer
UC Davis

CalciumSparksandCalciumWaves

Abstract: Using a modularapproach,in which kinetic modelsof variousmechanismsof calciumhandlingin cells are
fine-tunedto in vivo andin vitro measurementsbeforecombiningtheminto whole-cellmodels,threedistinct modesof
transmisionof calciumwavesin matureandimmaturefrog eggshavebeendefined.Two modesof transmissionarefound
in immatureeggs,wheretheinositol1,4,5-trisphosphatereceptor(IP3R)controlsreleaseof calciumfrom theendoplasmic
reticulum(ER). The first modecorrespondsto an excitablephysiologicalstateof the cytoplasmandresultsin solitary
wavesthatcanappearascircularor spiralwavesin 2 dimensionswith thewave speedproportionalto thesquareroot of
thediffusionconstantof calcium.A secondmodeoccurswhenthestateof thecytoplasmis oscillatoryandbecauseof the
smallsizeof thebuffereddiffusionconstantfor calcium,thewave speedcanappearto beweaklydependenton diffusion.
In thematurefrog egg,wherethesperm-inducedcalciumfertilization wave is a propogatingfront, thecytoplasmappears
to bebistableandin this modethewave speedis alsoproportionalto thesquareroot of thediffusionconstant.Herewe
investigatea fourth modeof propagationfor cardiacmyocytes,in which calciumreleasefrom thesacroplasmicreticulum
(SR) is dominatedby clustersof ryanodinereceptorsspacedat regular intervals. In myocytesa stochasticallyexcitable
myoplasmleadsto thespontaneousproductionof calcium“sparks”thatundercertainconditionscanmergeinto saltatory
waveswith aspeedproportionalto thediffusionconstant.

3:00pm Robert Miura
NationalInstitutesof Health

MathematicalAnalysis of PancreaticÖ -Cell Models for
BurstingElectricalActivity

Abstract: Burstingelectricalactivity (BEA) in cells consistsof periodicalternatingphasesof oscillations(active phase)
andslow change(silent phase)in the membranepotential. The first generationof modelsfor BEA in pancreaticbeta-
cells involvesthird-ordersystemsof ordinarydifferentialequationsfor the membranevoltageandintracellularcalcium
concentration.Thesesystemswill beanalyzedmathematicallyandnumericallyto determinetheplateaufraction,theratio
of theactivephaseperiodto thetotalperiodof BEA. Themathematicalanalysisusestechniquesfrom perturbationtheory
anddynamicalsystemstheory.

IMA Workshop:

Calcium Dynamicsin Cells
February9–13,1998

Organizers:JoelKeizer(Davis)(chair),JohnRinzel(CourantInstitute),Albert Goldbeter
(Brussels)

Dynamicchangesin cellular free-calciumconcentrationsareessentialfor a greatvariety of cellular processes,includ-
ing intra- andextra-cellularsignallingprocesses,musclecontraction,andcell motility. Usingmoderntechniquesin cal-
ciumimaging,experimentalistshaverecentlyresolvedspatio-temporalpatterns(oscillationsandvarioustypesof nonlinear
waves)in bothisolatedcellsandtissue.Thesedynamicalphenomenainvolve specificmolecularmechanismscontrolling
calciuminflux andefflux throughthecell’s outermembrane(voltage-gatedion channels,calciumexchangersandpumps)
aswell ascalciumreleasemechanismsfrom internalcompartments(sarcoplasmicor endoplasmicreticulumandmitochon-
dria). A numberof complex signallingpathwayscouplingthesemechanismshave beenuncoveredin the laboratory, and
realisticmodelsof theseprocessesarebeingdeveloped.Theworkshopwill beprecededby a two-daytutorial that pro-
videsthenecessarybiologicalbackgroundfor non-expertsandanoverview of currentmodels.Workshopparticipantswill
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includea mix of experimentalcell biologists,theoristscurrentlydevelopingmathematicalmodels,andmathematicians
from the dynamicalsystemscommunity. The workshopwill explore importantcurrentbiological questionssuchasthe
role of local calciumgradientsin cells,how thestochasticpropertiesof individual molecularentities(e.g.,ion channels
andhormonereceptors)leadto organizeddynamicalbehavior, andhow calciumsignalsaretransducedinto physiological
function. Theworkshopwill closewith anextendeddiscussionof new mathematicalchallengesthat this areapresentsin
dynamicalsystemstheory.

Any changesmadeto theworkshopschedulebelow will beupdatedontheIMA webpageat

http://www.ima.umn.edu/dynsys/winter /dynsy s6.ht ml .

Monday, February 9

Talks today are in LectureHall EE/CS3-180

8:15am Registration and Coffee ReceptionRoomEE/CS3-176

8:50am Welcomeand Orientation W. Miller, R. Gulliver, J.Keizer

Morningsession:Calcium Oscillations: Mechanismsand Functions. JoelKeizer, chair

9:00am JoelKeizer
Univ. of California,Davis

Overview andIntroduction

9:15am Andr ewThomas
Univ. of Medicine& DentistryNew Jer-
sey

Propertiesand Functionsof CalciumOscillationsin the
Liver

10:15am CoffeeBreak ReceptionRoomEE/CS3-176

10:45am Richard Nuccitelli
Univ. of California,Davis

A confocalmicroscopestudyof the fertilization-induced
calciumwave in thefrog egg

Abstract: We have usedconfocalmicroscopy to examinethe ×CaØMÙÛÚÝÜ increasein the albino eggsof the frog, Xenopus
laevis, following fertilization. Eggswere placedin agarwells with their animal polesdownward so that fertilization
occurredpreferentiallyin the equatorialplaneandconfocalmicroscopy wasusedto provide a two-dimensionaloptical
sectionthroughthethree-dimensionalCaØNÙ wave. Thesearethefirst confocalimagesof thesperm-inducedcalciumwave
in the frog egg. Thesedataindicatethat thewave of increased×CaØMÙÛÚ Ü traversestheentireegg andconvergesuniformly
on theantipode.We show that ratioing two differentfluorescentdyesin orderto correctfor variationsin cell thickness
is not a reliable techniquefor this very thick cell due to differential absorptionwith depth. Indo-1-dextran proves to
be a morereliableCaØNÙ indicator in this respect.Indo-1-dextranmeasurementsindicatethat the resting ×CaØNÙxÚ Ü is not
uniform throughouttheegg but exhibitsa 15%higher ×CaØMÙÛÚÝÜ in thecortex thandeepin thecytoplasm.This differenceis
accentuatedduringwave propagationandis not dependenton extracellularCaØMÙ . Theaveragepeak ×CaØMÙÛÚÝÜ in thecenter
of theeggasthewavepropagatesthroughit is 0.7 Þ M, about60%of thepeakcortical ×CaØMÙ ÚÝÜ . Thewavevelocity through
thecenterof theegg (5.7 Þ m/s)is slower thanthatin thecortex (8.9 Þ m/s)andbothvelocitiesvaryslightly duringtransit.
Thecorticalwave speedis particularlyhigh at thebeginning(15.7 Þ m/s) andend(17.2 Þ /s) of thewave. Eggsinjected
with 30-80 Þ M of 3 kD heparinto competewith Ins(1,4,5)P3for bindingto its receptorexhibitedmultiple localizedspots
of elevated ×CaØMÙÛÚÝÜ andmany of thesedid not initiateawave. For thosethatdid leadto awave,it wasusuallyslow moving
andexhibiteda reduced(60%reduction)amplitudecomparedto controls.

11:30am NancyAllbritton
Univ. of California,Irvine

SubcellularMeasurementof Inositol 1,4,5-Trisphosphate
in XenopusOocytes

Abstract: Thetransductionof many hormonalandsensorystimuli is mediatedby anincreasein the intracellularconcen-
trationof inositol1,4,5-trisphosphate([IP3]). Theinterplayof [IP3], theintracellularfreeCaØMÙ concentration,andtheIP3
receptor/channelis thoughtto leadto the CaØMÙ spikesandwavesobserved in many cell types. Despitethe importance
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of IP3 in CaØNÙ signaling,[IP3] in a singlecell before,during,andfollowing applicationof PLC-activatingstimuli is not
known. No methodexists to measure[IP3] in singlecells. Most estimatesof [IP3] arebasedon homogenatesof large
numbersof cells,andrepresenttheaverage[IP3] of anasynchronouspopulation.Thismayin partexplain thewide range
of predicted,physiologic[IP3]. Measuring[IP3] in singlecellsis fundamentalto understandingCaØMÙ signaling.We com-
binedcapillaryelectrophoresiswith a permeabilizedIP3-detectorcell to developa methodwith thesensitivity to measure
[IP3] in smallregionsof a singleXenopusoocyte. We will presentearlyresultsobtainedwith thisnew technique.

Afternoonsession:The “V irtual Cell” Project. JoelKeizer, chair

2:30pm LeslieLoew
Univ. of ConnecticutHealthCenter

TheVirtual Cell

Abstract: The Virtual Cell is a fully modulargeneralframework for modelingcell biological processes.An intuitive
JAVA interfaceincludesoptionsfor databaseaccess,geometrydefinition (includingdirectly from experimentalimages),
specificationof compartmenttopology, speciesdefinition and assignment,chemicalreactioninput, and computational
mesh.Deterministicandstochasticphysicalformulationshave beenimplemented.Thealgorithmshave beenrigorously
testedagainstexactsolutionsincludingvariousmembraneandboundaryconditions.

TheVirtual Cell hasbeenusedto modelcalciumwavesproducedby InsP3-mediatedreleasefrom endoplasmicreticulum
(ER) in differentiatedN1E-115neuroblastomacells.Experimentally, stimulationwith 500nM bradykininproduceswaves
thatarenon-oscillatoryandstartin themiddleof theneuritefollowing a latency of 3 seconds.The ×CaØMÙÛÚÝßáàIâ increasesto
1Þ M within 1 secondanddecaysto nearbaselinelevelswith a timeconstantof about10s.A modelwasconstructedbased
on thegeometryof a cell for which thecalciumwave hadbeenexperimentallyimaged.Thedistributionsof therelevant
cellular components(InsP3R,SERCApumps,bradykininreceptors,andER) werebasedon 3D confocalimmunofluo-
rescenceimages.Biochemicalandelectrophysiologicaldataon the rateof InsP3production,InsP3Rlevels, thechannel
openingcharacteristicsof theInsP3R,calciumflux throughtheInsP3Rchannel,bindingto fixedandmobilebuffers,and
therateof calcium-activatedpumpingby SERCAwereall usedto constrainthemodel.Thesimulationmatchedthespatial
andtemporalcharacteristicsof the experimentalcalciumwave. It alsoprovided new insightsinto mechanisticfeatures
underlyingthewaveandpredictedtheoutcomeof new experiments.

MathDepartmentSeminaronMathPhysicsin roomVincentHall 570

2:30pm Robert Mccann
Brown University

TheGeometryof OptimalTransportation

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

A varietyof appetizersandbeverageswill beserved.

MathDepartmentRealAnalysisSeminarin VincentHall 207

4:15pm Radu Balan
PrincetonUniversity

Approximationsof a Classof StochasticProcessesby
Weyl-Heisenberg Pairs

Abstract: In thistalk I will presentajoint work with I. DaubechiesandV. Vaishampayan(ATT) concerningapproximations
of finite energy nonstationarysignalsor finite powerstationarysignalsby Weyl-Heisenberg (i.e. windowed-Fourier)sets.I
shallanalyzethedistortion-ratecharacteristic,theroletheredundancy (deficit)playsandaapplicationsto multidescription
andwatermarkingproblems.

Tuesday, February 10

Talks today are in LectureHall EE/CS3-180

8:30am Coffee ReceptionRoomEE/CS3-176
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Morningsession:Intracellular Calcium Waves.RichardNuccitelli, chair

9:00am JamesLechleiter
Univ. of TexasHealthSci. Ctr., SanAn-
tonio

Theimpactof CaØNÙ sequestrationandCaØMÙ bufferingon
CaØMÙ wavedynamics

Abstract: Inositol 1,4,5-trisphosphate(IP3)-inducedintracellularCaØNÙ releaseis anexcitableprocesswhich mediatesthe
effectsof activatedhormoneandneurotransmitterpathways.CaØMÙ -inducedCaØNÙ release(CICR) from theIP3-boundIP3
receptor(IP3R) is the fundamentalpropertywhich generatespropagatingCaØNÙ waveswhencoupledto CaØMÙ diffusion.
Thesewavesannihilateuponcollisionprimarily dueto CaØMÙ inhibition of CaØNÙ releaseathighCaØNÙ concentrations.Since
intracellularCaØMÙ releaseis clearly controlledby CaØMÙ feedbackmechanisms,by necessity, any cellularprocesswhich
binds,sequesters,and/orpumpsintracellularCaØMÙ will affect thedynamicsof CaØNÙ signalling.My talk will focuson the
molecularcontrol of CaØMÙ signallingby CaØMÙ binding proteins(CaBPs),CaØNÙ -ATPases,andmitochondriain Xenopus
oocytes.

10:00am CoffeeBreak ReceptionRoomEE/CS3-176

10:30am JamesRussell
Nat. Inst. Child Health& HumanDevt.

SpecializedunitaryCaØNÙ releasesitesthat supportlong-
distancepropagationof agonist-evokedcalciumwavesin
glial cells

Abstract: Stimulationby neurotransmittersactivatespropagatingCaØMÙ wavesin culturedastrocytesandoligodendrocytes.
Ourexperimentsshowedthatlocallydiscretecellularsiteswith elevatedCaØMÙ releasekinetics(increasedamplitudeandrate
of riseof response)whicharetypically foundalongprocessesprovideregenerativeCaØMÙ releasenecessaryfor propagation.
ThesespecializedelementaryCaØNÙ releasesitesact aswave amplificationpoints. We have characterizedthe possible
involvementof mitochondriaandendoplasmicreticulumspecializationsin achieving suchlocally elevatedCaØMÙ release
kinetics.Cellswereloadedwith fluo 3 andfluorescenceimageswereanalyzedathighresolution(0.8 Þ m-wideslicesalong
thecell axis,1 imageevery66ms),followedby immunocytochemistryor directorganellarstainingwhile cellsremainedon
themicroscopestage.UsingthedyesJC-1andDiOC6(3),mitochondriawerefoundto belocatedsingly or in convoluted
groupsalongoligodendrocyteprocesses.Cross-correlationanalysisrevealedthatthesemitochondrialgroupswereclosely
associatedwith sitesof elevatedCaØMÙ releasekinetics.CaØNÙ uptake into rhod2-loadedmitochondriaoccurredduringthe
cytosolicCaØMÙ wave,andpretreatmentwith FCCP(1 Þ M, 2 min) greatlyalteredresponseamplitude.In addition,changes
in mitochondrialmembranepotentialwerealsorecordedduringtheCaØNÙ wave. Immunocytochemistryrevealedthatthese
CaØMÙ releasesiteswereendowedwith higherdensityof type2 inositol trisphosphatereceptors(InsP3R2),SERCApumps
asshown by stainingwith fluorescentlytaggedthapsigargin andbead-like concentrationof intraluminalcalreticulin. It
thereforeappearsthat multiple specializationsunderliedomainsof elevatedCaØNÙ releasein oligodendrocyte processes
andtheseincludethepresenceof mitochondria,which maymodulatethelevel of CaØMÙ nearreleasesites,andby elevated
levels of proteinsinvolved in CaØMÙ signalingsuchascalreticulin,InsP3R2CaØNÙ releasechannelsandSERCApumps.
Two-dimensionalimagesof intracellularCaØNÙ flux during a propagatingwave were developedusing a computational
method.

11:15am GenevièveDupont
Universit́eLibre deBruxelles

IntracellularCaØNÙ oscillations:modellingtheirroleatfer-
tilization in mammalsandthepossiblemechanismsunder-
lying complex oscillatorybehaviour

Abstract: Role of CaØMÙ oscillationsat fertilization in mammals:In all mammalianspecies,sperm-egg fusion leadsto
repetitive increasesin the level of cytosolicCaØMÙ . Theseoscillationsplay an importantrole in therelief of theegg from
its arrestedstate.To undestandthemechanismby whicheggdevelopmentcouldbeoptimizedby anappropriatepatternof
CaØMÙ oscillations,theinteractionsbetweenthecell cycle andtheintracellularCaØMÙ dynamicshave to beinvestigated.On
thebasisof theavailableexperimentaldata,a modelinvolving thewell-known activationof calmodulin-dependentkinase
II by CaØNÙ hasbeendeveloped.To accountfor experimentalobservations,it hasto beassumedthat CaMKII interferes
with thecell cycleoscillatorat two distinctlevels,the2 pathwaysbeingcharacterizedby differentkinetics.Themodelthus
accountsfor theobserveddependenceof thetimeof entryin interphaseonthefrequency of theCaØMÙ spikes,aswell asfor
thepossibleentryin metaphaseIII, a pathologicalstateof theeggwhichresultsfrom aninsufficientactivationby CaØMÙ .

Possiblemechanismfor bursting-typecomplex CaØMÙ oscillations: In most cases,CaØNÙ oscillationsappearas periodic
increasesof the level of cytosolicCaØNÙ from thebasallevel up to a high concentrationof theorderof 1Þ M. In response
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to specificagonists,somecellsashepatocytesdisplayoscillationsof theburstingtype,i.e. a large-amplitudeCaØNÙ spike
followed by small-amplitudevariationsarounda plateau-level. The possiblemechanismsof suchcomplex oscillations
have beeninvestigated.Amongvariouspossibilities,a modelbasedon theinterplaybetweenCaØMÙ -inducedCaØNÙ release
andtheCaØMÙ -activatedmetabolismof InsP3by 3-kinasedisplaysinterestingproperties.In particular, it canexplain the
experimentalobservationthatCaØMÙ oscillationsarevery little affectedby theoverexpressionof InsP33-kinase,oneof the
two enzymesresponsiblefor InsP3degradation.

AEM SeminaronMechanicsof Materials,227AkermanHall

1:00pm WendyCrone
Universityof Minnesota

ExperimentalInvestigationof Slip ata NotchTip in Duc-
tile SingleCrystals

Afternoonsession:Inter cellular Calcium Waves.Andrew Thomas,chair

2:00pm Michael Sanderson
Univ. of MassachusettsMed. Ctr.

IntercellularCaØNÙ waves:Mechanismsandfunction

2:45pm CoffeeBreak ReceptionRoomEE/CS3-176

3:15–4:00 Andr ewCharles
UCLA Schoolof Medicine

SpiralIntercellularCalciumWavesin BrainSlices

Abstract: Complex patternsof intercellularcalciumsignalingoccurin hippocampalsliceorganotypicculturesfrom neona-
tal mice.Spontaneous,localizedintercellularCaØMÙ wavesinvolving 5–15cellspropagateconcentricallyfrom multiplefoci
in specificcellularlayersof thehippocampus(thestratumoriensandstratumradiatum).In thesesameregions,extensive
intercellularCaØMÙ wavesinvolving hundredsof cells travel ascurvilinearandspiralwavefrontsacrossbroadareasof the
slice. Whentwo curvilinearwavefrontscollide, they annihilateat the point of contact. IntercellularCaØMÙ wavestravel
at ratesof 5-10 Þ m/sec,areabolishedby thapsigargin, anddo not requireextracellularCaØNÙ . Stainingfor astrocytesand
neuronsindicatethattheseintercellularwavesoccurprimarily in astrocytes.Thefrequency andamplitudeof intercellular
CaØMÙ wavesincreasein responseto bathapplicationof N-methyl-D-aspartate,anddecreasein responseto removal of ex-
tracellularCaØNÙ or applicationof tetrodotoxin.Thisnovel patternof intercellularcalciumsignalingsuggeststhatnetworks
of glial cellsin thehippocampusmaybehaveasanexcitablemediumwhosespatialandtemporalsignalingpropertiesare
modulatedby neuronalactivity.

Wednesday, February 11

Talks today are in LectureHall EE/CS3-180

8:30am Coffee ReceptionRoomEE/CS3-176

Morningsession:Calcium and Membrane Potential. Illani Atwater, chair

9:00am Eduardo Rojas
NIH

Cell MembraneVoltage-Insensitive Calcium Channels:
PropertiesandRolein ExcitableandNon-ExcitableCells

9:45am Stanko Stojilk ovic
EndocrinologyandReproduction,NIH

CalciumMobilizationandEntryChannelsof RatPituitary
Cells

Abstract: Cytosoliccalciumlevels ( ×CaØMÙÛÚÝÜ ) in pituitary cellsarecontrolledby threefamiliesof plasmamembraneand
endoplasmicreticulum (ER) calcium channels;voltage-,ATP- and InsP3-gated.All anteriorpituitary cells generates
spontaneousandextracellularCaØNÙ -dependent×CaØNÙÛÚªÜ transientsthroughL- andT-typevoltage-gatedCaØMÙ channels.In
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lactotrophsandsomatotrophs,but not gonadotrophs,thyrotrophs,andcorticotrophs,the spontaneouselectricalactivity
is coupledto hormonesecretion. Pituitary cells also expressat least two typesof P2X purinergic cationic channels.
Somatotrophsexpresswild-typeP2X2channelsandseveralsplicevariants,whereasgonadotrophsandlactotrophsexpress
a wild-type andsplicedformsof P2X5channels.Thenative purinergic channelsin pituitary cellsareheteropolymersof
theclonedsubunits,activationof whichdepolarizesthecells.This leadto anincreasein thefrequency of actionpotentials,
a risein ×CaØMÙÛÚÝÜ andanincreasein basalhormonesecretion.Activationof IP3-gatedCaØNÙ releasechannelsis associated
with anon-oscillatoryamplitude-modulated×CaØNÙÛÚªÜ responsesin lactotrophsandsomatotrophs,andoscillatoryfrequency-
modulated×CaØMÙÛÚªÜ responsesin gonadotrophsandthyrotrophs.In gonadotrophs,theconductivity of ERcalciumchannels
is alsocontrolledby CaØMÙ , whichexertsbothfacilitatoryandinhibitory actionsthatleadto periodicCaØNÙ releasefrom the
ER.Suchreleaseactivatesapamin-sensitiveand-resistantpotassiumcurrents.Theformerareresponsiblefor cessationof
actionpotentialfiring, dueto transienthyperpolarization,andthelatter for gradualdepolarizationthat leadsto a bursting
patternof electricalactivity. Conversely, CaØMÙ influx throughL-type andP2X channelsfacilitatesCaØNÙ releasefrom the
ERby adirectandinstantaneousactionon thereleasemechanism,andmagnifiestheCaØMÙ signalsdueto its gradualeffect
on thereloadingof ER pool. Thecoordinateactionsof theseCaØMÙ channelspermitthegenerationof long-lasting×CaØMÙÛÚ Ü
signalsin agonist-stimulatedcells.

This is joint work with T. Koshimizu,F. VanGoor, andM. Tomic.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Mark Pernarowski
Universityof Montana

A mathematicalcaricatureof multiple slow calciumpro-
cessesin amodelexhibiting bursting

Abstract: Themodelof burstingelectricalactivity in thepancreaticbetacell dueto Bertramet al (BiophysJ. 1995,Vol.
68) incorporatesseveralchanneltypesincludingavoltagerectifiedpotassiumcurrent,aslowly inactivatedtransmembrane
calciumcurrentanda CRAC currentwhich activateswith increasedintra-ERcalciumstores.Imbeddedin this modelis a
reducedmodel(whichdoesnot includetheCRAC currentor intra-ERcalciumconcentration)whichhastwo fastvariables
andtwo slow variables.

In the talk preliminarynumericalsimulationsof the reducedmodel indicatea potentialasymptoticconstructionfor the
4-dimensionalburstingcycle. The leadingsilent phasedynamicscanbe describedexplicitly if posedasa secondorder
systeminvoling onefastandoneslow variable. Fixed pointsof this systemareunstablefor parametersin the bursting
regime. However, thefixedpoint of this systemcanbestablizedby changingthevalueof glucosedependentparameter.
Thoughthis impliestheexistenceof astableequilibriumof thefull 4-dimensionalsystem,it doesnotprecludethepossible
coexistenceof stableequilibria andburstingsolutions. Resolutionof this issuemay comefrom an examinationof the
returnmapdescribingtheburstingcycle.

For apostscriptfile of thetalk, checkunder“Presentations”athttp://www.math.montana.edu/ pernarow .

11:45am John Hunter
Univ. of Califonia,Davis

SpatialPatternsin BurstingSystems

Abstract: Spatialpatternformationin burstingsystemscanbe modeledby systemsof reactiondiffusion equationswith
weakdiffusivecoupling.We studya simpletwo by two modelof burstingsystemsin which stablelimit cycle oscillations
coexist with a stablesteadystate.This systemcombinesfeaturesof oscillatorymediaandbistablemediawith two stable
steadystates.A naturalquestionfor suchsystemsconcernsthespatialpropagationof “phaseboundaries”betweenoscil-
latory, burstingstatesandstablesteadystates.Numericalcomputationsandsupportinganalysisshow a rathersurprising
behavior: aspatialwaveextinguishestheoscillatorystateandreplacesit with anunstablesteadystate.Theunstablesteady
stateis connectedto thestablesteadystateby a travelling wave.

Oscillationsand Waves

2:00pm Inf ormal Group Discussion
Albert Goldbeter, chair

DiscussionLeaders: Genevieve Dupont, FU Brussels;
Yue-XianLi, UBC

Thursday, February 12
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Talks today are in LectureHall EE/CS3-180

8:30am Coffee ReceptionRoomEE/CS3-176

Morningsession:Calcium Puffs and Calcium Sparks. HansOthmer, chair

9:00am JoelKeizer
Univ. of California,Davis

Elementaryeventsof intracellularcalciumliberation

Abstract: This talk is basedonwork of IanParker (Univ. of California,Irvine).

Theapplicationof confocalimagingtechniqueshasresolvedahierarchyof subcellularreleaseeventsthatunderliecalcium
spikesandwaves. The bestknown paradigmfor sucha hierarchicalorganizationof calciumreleaseeventsevoked by
inositol trisphosphate(IPã ) is illustratedby progressive recruitmentof calcium‘blips’ and ‘puffs’ in Xenopusoocytes.
Recentdatashow that theseform a continuumof eventsinvolving liberationof varying amountsof calcium; probably
asa resultof stochasticrecruitmentof variablenumbersof channelswithin functionalclusters.Optical techniquesthus
provideameansto monitoractivity of singlecalciumchannelswithin intactcells,andto studytheir interactionsto produce
coordinatedglobalsignals.

10:00am CoffeeBreak ReceptionRoomEE/CS3-176

10:30am GregorySmith
NIH Mathematical ResearchBranch,
NIDDK

A SimpleNumericalModel of CalciumSparkFormation
andDetectionin CardiacMyocytes

Abstract: CaØNÙ sparks,which arisefrom oneor moreryanodinereceptorsin the sarcoplasmicreticulum(SR), are the
elementaryeventsof excitation-contractioncoupling in heartmuscle. I presenta simplenumericalmodelconstructed
to explore CaØNÙ sparkformation,detection,andinterpretationin cardiacmyocytes. This model includesCaØNÙ release,
cytosolicdiffusion,resequestrationby SRCaØMÙ -ATPases,andtheassociationanddissociationof CaØMÙ with endogenous
CaØMÙ -binding sitesanda diffusible indicatordye (fluo-3). Simulationsin a homogeneous,isotropiccytosol reproduce
the brightnessandthe time courseof a typical cardiacCaØNÙ spark,but underestimateits spatialsize (1̃.1 mm vs. 2̃.0
mm). Back-calculating×CaØNÙÛÚªÜ by assumingequilibriumwith indicatorfails to provide a goodestimateof thefreeCaØMÙ
concentrationevenwhenusingblur-freefluorescencedata.A parametersensitivity studyrevealsthatthemobility, kinetics,
andconcentrationof theindicatorareessentialdeterminantsof theshapeof CaØMÙ sparks,whereasthestationarybuffersand
pumpsarelessinfluential.Usinga geometricallymorecomplex versionof themodel,weshow thattheasymmetricshape
of CaØMÙ sparksis betterexplainedby anisotropicdiffusionof CaØNÙ ionsandindicatordyeratherthanby sub-sarcomeric
inhomogeneitiesof theCaØNÙ buffer andtransportsystem.In addition,we examinethecontributionof off-centerconfocal
samplingto thevarianceof sparkstatistics.

This is joint work with JoelE. Keizer, MichaelD. Stern,W. JonathanLederer, andHepingCheng.

Afternoonsession:Calcium Sparksand Calcium Waves.Yue-XianLi, chair

1:30pm HansOthmer
Universityof Utah

TheEffectof Heterogeneously-DistributedRyRChannels
onCalciumDynamicsin CardiacMyocyte

Abstract: Calciumplaysanessentialrole in excitation-contractioncouplingin muscle,andderangementsin calciumhan-
dling canproducea variety of potentiallyharmful conditions,especiallyin cardiacmuscle. In cardiactissue,periodic
invaginationsof themembranepenetratedeepinto eachsarcomere,anddepolarizationof themembraneleadsto aninflux
of calciumthroughvoltage-sensitive channelsin theseinvaginations.This in turn triggersfurther calciumreleasefrom
intracellularstoresvia ryanodine-sensitivecalciumchannels.Undercertainconditionscardiaccells releasecalciumfrom
thesarcoplasmicreticulumspontaneously, producinga calcium“spark” andpropagatingtraveling wavesof elevatedcal-
cium,withoutdepolarizationof themembrane.However, undernormalrestingconditionsthesepotentiallyharmfulwaves
seldomoccur. In this talk we discussanalyticalandcomputationalresultswhich shedlight on the role of the periodic
distributionof ryanodine-sensitivechannelsin determiningwhethera sparkcantriggera wave. We show thattheperiodic
spatiallocalizationof thesechannelshasa significanteffecton bothwave propagationandtheonsetof oscillationsin this
system.
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2:15pm John Pearson
Los AlamosNationalLab.

Fire–Diffuse–FireandtheDynamicsof IntracellularCal-
ciumWaves

Abstract: Whencalciumis releasedfrom internalstoresin living cells theresultingwave of increasedconcentrationcan
travel without deformation(continuouspropagation)or with burst-like behavior, (saltatorypropagation).We presentthe
fire–diffuse–firemodelin orderto illuminatethedifferencesbetweenthesetwo modesof propagation.We show that the
calciumreleasewavein immatureXenopusoocytesis saltatorywhile thefertilizationwavein matureoocytesis continuous.
Whetherthepropagationis continuousor saltatorydependson theratio of thetime thata singlesiteremainsopento the
time it takes for calcium to diffusebetweenneighboringreleasesites. If this ratio is large enoughthe propagationis
continuousandif it is small enoughthepropagationis saltatory. In the continuouscasethe numberof sitesthat release
simultaneouslyis largewhile in thesaltatorycaseonly a singlesitereleasesata time.

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

Calcium Gradients and Secretion, I

3:30pm Robert Zucker
Univ. of Califonia,Berkeley

Presynaptic[Ca] Diffusion Simulationsand Models of
SynapticFacilitation

Abstract: We aretrying to understandthe basisfor a form of short-termsynapticplasticity calledfacilitation. During a
train of presynapticactionpotentials,successive postsynapticresponsesincreasedueto anincreasein transmitterrelease
perspike. Thiseffectriseswith timeconstantsof 30and300ms,anddecayswith similar timeconstantsafterthelastspike
in thetrain (whenmeasuredby singletestspikesat laterintervals).Katz& Miledi (1968)showedthatfacilitationrequires
Ca entry, andproposedthat it is a simpleconsequenceof the highly cooperative actionof 4 Ca ions binding at the site
causingexocytosiscombinedwith residualCaremainingpresentduringthefacilitationperiodaddingto thetransientrise
in [Ca] in anactionpotential.However, this simplemodelcannotaccountfor the largemagnitudeof facilitation(several
fold increasefor a few spikes)in the faceof a very small increasein the rateof secretionduring the facilitationperiod.
Yamada& Zucker (1992)andBertram,Sherman& Stanley (1996)proposedthatCaactsatdistinctfacilitationsites,with
slow unbindingkineticsdeterminingthetimeconstantsof facilitation.However, Kamiya& Zucker(1994)foundthatrapid
reductionof residualCa by photolytic releaseof a presynapticCa buffer rapidly eliminatedfacilitation, implying that a
small residualCa (lessthan1 Þ M) actswith fastkineticsandhigh affinity to stronglyfacilitatereleaseelicitedby local
brief risesin [Ca] to about100 Þ M. And Atluri & Regehr(1996)foundthatfacilitationhasintrinsickineticsof tensof ms,
andis normallyratelimited by equilibriumreactionof low levelsof residualCa.

We areusingsimulationsof Cadynamicsin theactivezoneandmodelsof reactionschemesto searchfor possiblemodels
of facilitation. Caenterspresynapticboutonsthroughanarrayof Cachannelsin active zoneson thepresynapticsurface,
anddiffusesin threedimensionsinto thebouton. Numericalsimulationsinvolve solutionof thediffusionequation,with
mobile and immobile presynapticbuffers, andsurfaceextrusionof Ca by pumps,to producea spatio-temporalprofile
of [Ca] during andafter a shorttrain of actionpotentials.A facilitation site with kineticsandaffinities consistentwith
experimentalresultsat the samelocation as the exocytosisbinding site (20 nm from the nearestopenCa channel)is
saturatedby eachactionpotential,andcannotcausefacilitation. But sucha site located60 nm away producesfacilitation
similar to whatis observedexperimentally. This distancemayreflectthemeanfreepathof Caionsfrom thenearestopen
Cachannelto a physicallyobscuredbindingsiteon thebacksideof theproteinsthatdockvesiclesto releasesites.

This is joint work with ThomasSchlumpberger.

4:15pm Artie Sherman
NIH Mathematical ResearchBranch,
NIDDK

Calcium Triggers Secretion,But Which Calcium and
How?

Abstract: It is well establishedthatcalciumis theprimetriggerfor secretion,bothin neurons(synaptictransmission)and
in neuro-endocrinecells (hormonesecretion).However, cell calciumis divided into multiple poolsby buffering, spatial
gradients,sequestrationin internalorganelles,andspatialco-localizationof ion channelsandcalcium-bindingeffector
sites.Differencesin thesefeaturesandconsequentdifferencesin thedynamicsof neuro-transmitterandhormonesecretion
will beaddressed.

6:00pm Workshop Dinner
CampusClub

Fourthfloor of CoffmanUnion
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Receptionat6:00with wine& cheese,dinnerat6:30.

Friday, February 13

Talks today are in LectureHall EE/CS3-180

8:30am Coffee ReceptionRoomEE/CS3-176

Morningsession:Calcium Gradients and Secretion, II. Greg Smith,chair

9:00am Illani Atwater
NIH

Calcium Storesand Calcium Influx: Interactionsin the
Controlof InsulinSecretion

9:45am Yue-Xian Li
Univ. of British Columbia

Sensingand Refilling Calcium Storesin an Excitable
GlandCell: Canmathmodelsmakenontrivial predictions
aboutbiology?

Abstract: Mathematicalmodelsof importantbiologicalphenomenahave providedinsightsaboutwhetherandhow a ver-
bally statedmodelcanwork in an accurateandquantitative sense.Biology hasalsogiven mathematiciansa variety of
challengingmathproblemsthatlaterliveamoremathematicallife with little biologicalconsequences.However, it wasthe
closecombinationof the two, in pursuingtheunknown factsthatwould bedifficult to achieve without thecombination,
which madethe work of peoplelike Hodgkin-Huxley a big successstory. This talk will focuson the efforts of myself
andcoworkersto usemathmodels,basedon a largenumberof records,to make predictionson issuesrelevantto thereal
biological problem. The first part will be on how, by focusingon the whole dose-responsescenarioinsteadof a single
recordin pituitary gonadotrophs,the modelpredictsthat the bell-shapedcurve movesto the right as IP3 concentration
increases.Thispredictionhasbeenrecentlyprovedby experiments.Thesecondpartwill beonwhatthemodelsaysabout
thecommunicationbetweenthecell surfaceandtheendoplasmicreticulum(ER) calciumstorein controllingCaØNÙ entry
andstorerefilling in gonadotrophsthatareexcitableandrelatively small. Our studypredictedsomeseeminglycounterin-
tuitive phenomenasuchasthatstorerefilling occursat lower thanbasal ×CaØNÙÛÚªÜ levelsand,mostimportantly, suggested
thatin excitablecellsthatdonotexpressIcracä ×CaØNÙ·ÚÝÜ itself playstheroleof amessengerbetweentheERandtheplasma
membrane.Theseresultsindicatethat capacitative CaØMÙ entry in suchcells is likely to occurthroughCaØMÙ -controlled
CaØMÙ entry.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

Gradients,Sparks,and Secretion

11:00am Inf ormal Group Discussion
JoelKeizer, chair

Discussion Leaders: Artie Sherman; John Pearson,
LANL; GregorySmith,NIH; HansOthmer, Utah

Monday, February 16

Tuesday, February 17

IMA PostdocSeminar:

2:30pm Alexandra Milik
Techn.Univ. Vienna/IMA

Geometricsingularperturbationtheoryat nonhyperbolic
pointsof theslow manifold:A casestudy

Abstract: Until recentlygeometricsingularperturbationtheoryonly appliedundertheassumptionof hyperbolicityof the
slow manifold. By usingtheblow-up methodalsoknown asArnold’s sigma-processDumortierandRoussariefirst gave
a purly geometrictreatmentof theVanderPol oscillatorincludingthenonhyperbolicpointsof its one-dimensionalslow
manifold. In a casestudyof a three-dimensionalsystemof ODEswith a foldedslow manifoldwe demonstratethat the
methodalsoworksin higherdimensions.
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Organizer:KathleenRogers

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.

Wednesday, February 18

MathDepartment/IMASeminaronEvolutionaryEquationsin VincentHall 570:

2:30pm GregoryKing
Warwick/IMA

On theonsetof turbulencein theTaylor-Couettegeome-
try: How importantis symmetry?

Abstract: Weconsiderthequestionof how importantsymmetryis onthetransitionto turbulence.Ourapproachis to usethe
muchstudiedTaylor-Couettegeometry(flow betweentwo cylinderswith innercylinder rotatingandoutercylinderfixed).
Thereis a strongfeeling that the SO(2)(rotational)symmetryof the concentriccylinder geometrycausesdifficulties in
achieving a satisfactorymathematicalexplanationof theexperimentalobservationsthusfarobtained.

Experimentsdesignedto studythe effectsof breakingthe rotationalsymmetryhave beencarriedout by Mullin andco-
workersandby me andTakeda(unpublished).Mullin andco-workersstudied(i) the flow betweena circular inner and
a squareoutercylinder, (ii) the flow in a triply connecteddomainand(iii) rotatingflows in stadium-shapeddomains.
Hammeratal andNing etal studiedtheeffectof anexternalbodyforce(Coriolis force).TakedaandI areinvestigatingthe
flow betweeneccentriccylinders.

I will review theseexperimentsandidentify commonfeaturesof theresults,andthenmake my speculations.It is dearly
hopedthat the audiencewill make their own speculations,andoffer their own suggestionsfor issuesto be exploredin
futureexperiments.

Thursday, February 19

GeometryCenterSeminarin room409Lind Hall:

11:00am Javier A. Diez
Univ. Nac.delCentro,TandilArgentina

Non-CircularFocussingFlow in ViscousGravity Currents

Abstract: Experimentalandnumericalstudiesof the filling of a dry non-circularregion (cavity) within a viscousliquid
layer on a horizontalplaneare reported. The flow is modelledwithin the lubricationapproximationand the resulting
two-dimensional,non-lineardiffusionequationfor thefluid heightis numericallysolved. The resultsshow thatcavities
with discreterotationalsymmetries(squares,equilateraltriangles,etc.)closeascircles,while thosewith elongatedshapes
(ellipses,rectangles,isoscelestriangles,etc.) do not convergeto a circularform, but becomeanelongatedoval. Theaxes
decreasefollowing approximatelypower laws on (tc-t), wheretc is thecollapsetime, theexponentsbeingapproximately
0.5 and 1 for the major and minor axes, respectively. This rathersurprisingbehaviour cannotbe attributed either to
experimentalor numericaleffects.Surfacetensioncannotberesponsablefor theincreasingaspectratio (ratio of majorto
minorradius)of thecollapsingcavity since,onthecontrary, it tendsto roundthecountours.However, theexactasymptotics
of thenon-circularcollapsearebeyondtherangeof ourexperimentalor numericalresults.

Friday, February 20

IMA Seminaron Industrial Problems

10:10am Philip Fleming
Motorola

DiffusionApproximationsof Join-the-Least-LoadedInfi-
niteServerStation

Abstract: Weconsidermodelsof multicarrierIS-95CellularCDMA Systemundera“WeightedLeast-Load”load-balancing
algorithmanddescribediffusionapproximationsfor thejoint probabilitymassfunctionof thenumberof callsoneach(ra-
dio) carrier. The underlyingqueueingmodelconsistsof a finite numberof stationseachhaving an infinite numberof
servers.New arrivalsareeitherdedicatedto a givenstationor areallowedto join the(weighted)leastloadedstation.The
approximationhasaparticularlysimpleform andis quiteaccurateaswill bedemonstatedby comparisonswith simulation.
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Theseminarmeetsin theIMA SeminarRoom,VincentHall 570

Monday, February 23

Tuesday, February 24

IMA PostdocSeminar:

2:30pm Kathleen Rogers
Univ. of Maryland/IMA

Stability in ContinuumModelsof DNA Minicircles

Abstract: Stability resultsbasedon a constrainedvariationalprinciple will be presentedfor rods loadedwith varying
amountsof imposedtwist andforce. The underlyingvariationalstructureis employed to predictexchangesof stability
basedon the shapeof the branchin a ‘distinguishedbifurcationdiagram’. The shapesof the solutionbranchesin this
distinguisheddiagram,andthereforethe stability propertiesof equilibria,dependupon å , the ratio of twisting stiffness
to bendingstiffnessof therod. Perturbationtechniquesareusedto determinethecritical valueof å at which bifurcating
branchesswitchfrom subcriticalto supercritical.

Stability resultswill alsobe presentedfor an elasticrod modelof DNA with experimentallymotivatedparametersfor
bendingstiffness,twistingstiffness,andacurvedunstressedshape.Computationswith theboundaryvalueproblemsolver
AUTO anda numericalimplementationof a conjugatepoint test show that the numberof negative eigenvaluesof the
appropriateoperatorchangesas folds in the branchesare traversed. The areat leasttwo cyclized DNA configurations
whicharepredictedto bestableusingthesetechniques.OthercyclizedDNA areunstable.

Organizer:KathleenRogers

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.

Wednesday, February 25

MathDepartment/IMASeminaronEvolutionaryEquationsin VincentHall 570:

2:30pm Michael Jolly
IndianaUniversity/IMA

What currentestimatessay aboutthe dimensionsof in-
ertial manifoldsfor the Kuramoto-Sivashinsky equation
overamoderateparameterrange

Abstract: Estimatesfor thedimensionsof inertial manifoldsfor theKuramoto-Sivashinsky equation(KSE) typically take
the form æHçéè , ç is the lengthof thespatialdomain(in one-dimension),æ is someconstantindependentof ç , and ê is an
exponentwhich hasbeenrepeatedlyimprovedin theliterature.Theactualvalueof æ , however, is generallynot explicitly
provided. Sincewe wish to useinertial manifoldsover a certainrangein ç , we seekestimateswhich canbecompletely
evaluated. Therearetwo main ingredientsneededto derive suchan estimate:the radiusof an absorbingball, andthe
Lipschitz constantfor the nonlinearterm after it is truncatedoutsidethat ball. In this talk, we rework portionsof the
analysesin [Collet et al.] and[Temam-Wang] to derive for thesetwo quantities,expressionswhich canbe completely
evaluated.Severallow-dimensionalcases(3,4,5)for themanifoldarethenconsidered,with valid parameterrangesfor ç
determinedby aspectralgapcondition.Wealsodemonstrateto whatextenttruncationto aball smallerthanthatrigorously
known to beabsorbing(for thefull KSE) reducesthedimensionfor fixed ç . Themanifoldsofound,still captureswithin
thesmallerball, thecorrectdynamicbehavior for thefull KSE.

SpecialMCIM Seminarin VincentHall 311:

2:30pm StevenBrams
New York University

Fair Division: FromCake-Cuttingto DisputeResolution

Abstract: Cuttinga cake,dividing up thepropertyin anestate,determiningthebordersin aninternationaldispute– such
problemsof fair division areubiquitous.Fair division treatsall theseproblemsandmany morethroughrigorousanalysis
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of a varietyof proceduresfor allocatinggoods(or “bads” like chores),or decidingwho wins on what issues,whenthere
aredisputes.Startingwith ananalysisof thewell-known cake-cuttingprocedure,“I cut, you choose”,thespeaker shows
how it hasbeenadaptedin a numberof fieldsandthenanalyzefair-division proceduresapplicableto situationsin which
therearemorethantwo parties,or thereis morethanonegoodto be divided. In particular, the speaker will focuson
procedureswhich provide “envy-free” portionandhencedoesnot envy anybodyelse. 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,Minnesota55455
FAX (612)626-7370 telephone(612)624-6066 e-mail: ima-staff@ima.umn.edu

IMA Schedulesvia finger: finger seminar@ima.umn.edu
Newsletters,Updatesandpreprintsavailablevia

anonymousftp: 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 a full descriptionof the1997–98programon
EmergingApplicationsof DynamicalSystems.

Newsand Notes

IMA Workshop:

Cardiac Dynamics
March9–14,1998

Organizers:JimCollins (Boston)(chair),JamesKeener(Utah),Charles
Peskin(Courant)andRaiWinslow (JohnsHopkins)

IMA SpecialWorkshop:
Knowledgeand Distributed Intelligence(KDI)
Opportunities in the Mathematical Sciences

Saturday, March 7, 1998

TheNationalScienceFoundationhasjustannouncedanew Foundation-wideactivity, Knowledgeand
DistributedIntelligence(KDI), thatbuildson recentadvancesin computationandcommunicationsto
makenew thrustsin threefocalareas:KnowledgeNetworking(KN), LearningandIntelligentSystems
(LIS) andNew ComputationalChallenges(NCC).Mathematicsandstatisticsareintrinsic to KDI and
mathematicalscientistscanparticipateatseverallevels.However, theproposalsolicitationwasposted
only in February1998andproposalsaredueMay 8, 1998,with lettersof intentby April 1. Given
the complexity and interdisciplinarynatureof the solicitationandthe short time for preparationof
proposals,theIMA is offeringaone-dayworkshopto describein somedetailto themathematical

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique,ConsiglioNazionaledelleRicerche,Georgia Instituteof Technology, IndianaUniversity,
Iowa StateUniversity, KentStateUniversity, MichiganStateUniversity, MississippiStateUniversity, NorthernIllinois University, Ohio StateUniversity, PennsylvaniaState
University, PurdueUniversity, SeoulNationalUniversity (RIM - GARC), TexasA&M University, University of Chicago,University of Cincinnati,University of Houston,
Universityof Illinois (Urbana),Universityof Iowa, Universityof Kentucky, University of Maryland,Universityof Michigan,Universityof Minnesota,Universityof Notre
Dame,Universityof Pittsburgh,Universityof Wisconsin,WayneStateUniversity.
PARTICIPATING CORPORATIONS:EastmanKodak,EPRI,Ford,GeneralMotors,Honeywell, IBM, LockheedMartin,LucentTechnologies,Medtronic,Motorola,Siemens,
TelcordiaTechnologies,3M.
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sciencescommunitythescientificopportunitiesrepresentedby KDI. Similarworkshopswill behostedby MSRI in Berke-
ley February27,by Ricein HoustonMarch2 andby NISSin ResearchTriangleParkMarch9.

The IMA will hold the workshopfrom 10 am to 5 pm on Saturday, March 7, 1998. The purposeof the workshopis
to inform mathematicalscientistsaboutthe fundingopportunitiespresentedby KDI and,in particular, themathematical
researchareasthat areof greatestinterest. Proposalpreparationissuesandissuesof interdisciplinarycollaborationwill
alsobeaddressed.Theworkshopwill begin with a40-minutepresentationby theNSFDivisionof MathematicalSciences
ProgramDirectorfor KDI, Mike Steuerwalt, on themainissuesof theworkshop.It will befollowedby threeconsecutive
sessionson KnowledgeNetworking, LearningandIntelligentSystemsandNew ComputationalChallenges,respectively.
Eachsessionwill featurethreeshorttalksby mathematicalscientistsworking on projectsthatarehighly relevantto KDI,
followedby apaneldiscussion(with questionsfrom thefloor). Eachpanelwill becomposedof thespeakersfor thesession
andappropriateNSFrepresentatives.

Theworkshopwill beopento all, includingresearchersfrom industry, but no fundingcanbeprovided.IMA Participating
InstitutionscanuseIMA fundsundertheir controlto sendfacultyto theworkshop.

Weekly IMA seminar list available by list server

The IMA offersane-mail list service.This serviceis a distribution eachThursdayof thenext week’s scheduleof IMA
seminarsandevents. If you wish to subscribe,simply sendane-mailmessageto imalists@@ima.umn.edu whose
first line is of theform

subscribe weekly
If yourpreferrede-mailaddressis differentfrom theonefrom whichyouaresendingtherequest,thefirst line shouldbe

subscribe weekly you@@e.mail.address
Thesubjectline andtherestof themessageareignored.Questionsor problemsshouldbesentto
owner-weekly@@ima.umn.edu .

Thecurrentweek’s scheduleis alsoavailableon requestvia finger seminar@@ima.umn.edu . An updated.dvi
or .ps file of theIMA Newsletters(currentandrecent)is availableby ftp or throughtheworld-wideweb.

Impr oved IMA HomePage

The IMA hassubstantiallyimprovedits homepageon theWorld-Wide Web,accessiblethroughnetscapeor otherweb-
readingapplicationsat

http://www.ima.umn.edu .
Thepageis continuallyunderconstruction.We invite commentsor suggestions,whichmaybeaddressedto

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

Schedulefor March 1–31,1998

Monday, Mar ch 2

IMA Seminaron Industrial Problems

10:10am Daniel R. Baker
GM Research& DesignCenter

TheRole of ChargeSeparationin the Responseof Elec-
trochemicalSystems

Abstract: Electrodesof microscopicdimensionsplay an increasinglyimportantrole in many electrochemicalsystemsof
industrialsignificance,e.g.,thin-film batteries(with electrodesandelectrolytelayersof microndimensions),andmicro-
electrodes(with micron or submicrondimensions)usedassensorsor tools for electroanalyticalstudies. As the sizeof
anelectrodedecreases,thethin chargelayeradjacentto its surface,oftenon theorderof angstroms,exertsanincreasing
influenceon thecurrentcharacteristicsof theelectrode.A mathematicalmodelis usedto studytheimpactof thecharge
layeronamicroelectrodeimmersedin adiluteconcentrationof binaryelectrolyte.Thetransport-limitedcurrentdensityon
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theelectrodedependson a dimensionlessparameterë , correspondingto thequotientof theDebyelengthby theelectrode
radius. (The Debyelengthcharacterizesthe charge-layerthickness.)As ë becomessmall, the pde’s describingcharge
transportbecomesingularlyperturbed,andnumericalsolutionof theequationsbecomesincreasinglydifficult. Matched
asymptoticswereusedto calculatethecurrentin thelimit ëºìíì?î , andtheresultswerecomparedwith numericalsolutions
for larger ë -values. This talk will focusmostly on the matchedasymptoticprocedure,with somediscussionof how a
knowledgeof theboundary-layerstructurecanbeusedto aid in thenumericalsolutionof theequations.

This is joint work with Mark W. Verbrugge.

Theseminarmeetsin theIMA SeminarRoom,VincentHall 570

Tuesday, Mar ch 3

IMA PostdocSeminar:

2:30pm Tony Varghese
OxfordUniversity

CardiacElectrophysiologyandPharmacology

Abstract: An introductionandoverview of cardiacphysiologyandpharmacologywill bepresented.Theionic mechanisms
underlyingnormalelectricalactivity in theheartwill bediscussedalongwith anoverview of themechanismsthatdisrupt
thenormalheartbeat.A numberof heartdrugscanmake thingsworsefor someheartpatientsandanintroductionto the
effectsof drugswill bepresented.

Organizer:KathleenRogers

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.

Wednesday, Mar ch 4

MathDepartmentandIMA SeminaronEvolutionaryEquationsin VincentHall 570:

2:30pm GeorgeR Sell
Universityof Minnesota

An introductionto thedynamicsof fluid flowsonthin do-
mains

Abstract: In this lecturewepresentanintroductionto thestudyof fluid flowsonthin 3D domains.Theobjectiveis to show
thatthephysicsof theproblem,namelythatthefluid flow is “closeto” some2D problem,canleadto agoodmathematical
theoryconcerningthe long-timedynamicsof thesolutions.This introductorylecturewill form a basisfor a subsequent
lectureonglobalclimatemodeling,whichbegivenlaterthisspring.

MathDepartmentSeminaronPartialDifferentialEquationsin VincentHall 211:

3:35pm Kiy oshiMochizuki
Tokyo MetropolitanUniv.

Global existenceandenergy decayof small solutionsto
the Kirchhoff equationwith a lineardispersionlocalized
nearinfinity

Thursday, Mar ch 5

Friday, Mar ch 6

Saturday, Mar ch 7
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SpecialIMA Workshop:

Knowledgeand Distributed Intelligence(KDI)–
Opportunities in the Mathematical Sciences

March7, 1998
Organizers:Willard Miller (IMA) andFadil Santosa(IMA)

Tentativeschedule:

9:00am Registration and Coffee ReceptionRoomEE/CS3-176

10:00am Welcomeand Orientation W. Miller, F. Santosa

10:10am Mik e Steuerwalt
NSF

Introductionto theKDI Initiative

KnowledgeNetworks (KN)

10:50am GeorgeCybenko
Dartmouth

MathematicalAspectsof KnowledgeNetworking

Abstract: To quotefrom the KDI programannouncement,“KnowledgeNetworking (KN) focuseson the integrationof
knowledgefrom differentsourcesanddomainsacrossspaceandtime.” This overview will survey aspectsrelatedto the
quantitative representationof informationandknowledgeaswell aswhat it meansto integratethemover spaceandtime
andhow suchintegrationscanbesupportedby mathemticsandmathematicalmodels.

11:05am Kevin McCurley
IBM AlmadenResearchCenter

Network Security: We have everythingto fear including
fearitself

Abstract: I will try to identify researchquestionsregardingwhatis broadlycalled“network security”thataddresseachof
thefourstatedgoalsof theKnowledgeNetworkinginitiative.Theemphasiswill beonsuggestingdirectionsof investigation
ratherthansolutionsto problems.My personalinterestis in cryptology, but thereareotherareaswheremathematicscan
bebroughtto bearon thesubject.

11:20am Jon Kleinberg
CornellUniv.

Analysisof Hypermedia

Abstract: The link structureof a hypermediaenvironmentcanbe a rich sourceof informationaboutthe contentof the
environment,providedwehaveeffectivemeansfor understandingit. This talk will survey settingsin whichananalysisof
theunderlyinglink structurehasprovedto beeffective; we will alsodiscussconnectionsbetweentheseanalysismethods
andsomebasiccombinatorialandspectralpropertiesof link structures.

11:35am Paneldiscussion
KnowledgeNetworks

Cybenko, McCurley, Kleinberg etal., NSFpersonnel

12:15pm Workshop Luncheon

Learning & Information Systems(LIS)

2:00pm Allen Tannenbaum
Univ. of Minnesota

Problemsin VisualGrouping

Abstract: In this talk we will outline someof the key issuesaboutour researchprogramin visual grouping. This will
includeideasfrom learning,adaptivecontrol,andimagesegmentation.
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2:15pm Manfr edWarmuth
Univ. of California,SantaCruz

Simpleon-linelearningalgorithms:multiplicative versus
additiveupdates

Abstract: The goal is to designsimple learningalgorithmsfor the on-line estimationof parametersin non-stationary
settings.An examplewouldbeto estimatethecarrateata traffic light.

Gradientdescentis thestandardheuristicfor designingiterativelearningalgorithmswith theaimof minimizingsomeloss
function.In thisheuristicthenew valueof aparameterequalstheold value“plus” aconstanttimesthederivative(gradient)
of the lossfunctionw. r. t. theparameters.We discussnew heuristicsin which thegradientsareusedin a differentway,
leadingto a “multiplicative” updateof theparameters.

The multiplicative updatesaregoodwhenthe input dimensionis large (datamining applications).They alsocanadapt
quickly whenthe inputsarechangingwith time. Techniquesfrom convex optimization,statistics,andcontrol theoryare
usedto deriveandanalyzethealgorithms.

2:30pm Neil Gershenfeld
MIT MediaLab

MachineInference

Abstract: The spreadof sensing,computing,andcommunicationsfrom traditionalplatformsto emerging environments
presentssignificantnew challengesandopportunitiesfor data-driveninference.I will survey new algorithmsandapplica-
tionsthatintegrateandactonsuchinformation.

2:45pm Paneldiscussion
Learning& InformationSystems

Gershenfeld,Tannenbaum,Warmuthet al., NSF person-
nel

NewComputational Challenges

3:15pm JoeGreene
Univ. of Illinois, Urbana

Thin Film Growth Phenomena:Scalingfrom Ångstroms
to Meters,Picosecondsto Hours

Abstract: Critical phenomenawhich determinenanoscalechemicalreactions,togetherwith microstructuralandsurface
morphologicalevolution,duringthin film growth, occurovervastlydifferentdistanceandtimescales.Continuummodel-
ing, necessaryfor describingthestructureandchemistry, andhencephysicalproperties,of macroscopicthin film systems
(typical dimensionsof nm to micronsthick by mm to severalhundredcm in diameter, i.e. îGï}ð¢ñ to îZïRØMØ atoms)requires
input from kineticequationswhich reliablypredictsurfaceandbulk mesoscopic-scalereactions(diffusion,surfacerough-
ening,islandcoalescence,grain growth, etc) thatoccurover timesrangingfrom îGïDòló secs.to hour. Understandingthe
basicphysicsgoverningthesecollective reactionsrequiresprobingandmodelingatomic-scaleinteractionsat surfaceand
interfacesover timesrangingfrom approximatelyîGïDò ð¢ñ secs.to îGïDòlô secs.This, in turn, oftennecessitatesab initio or
quantumchemicalapproaches.At all scales,experimentalverificationis essential.

In this talk, a few examplesof microstructuralandsurfacemorphologicalevolution duringboth epitaxialandpolycrys-
tallinefilm growth will bebriefly discussedto illustraterelationships(scalinglaws)betweenatomic-scaleinteractionsand
macroscopic(bulk) behavior.

3:30pm CoffeeBreak ReceptionRoomEE/CS3-176

4:00am Jon Kettenring
Bellcore

MassiveDataSets,DataMining, andClusterAnalysis

Abstract: Practitionersarefacingincreasinglylargeamountsof datato analyze.Many standardapproachesfall flat because
they arein- appropriateor fail to scale.Computerscientists(andothers)arepromotingdatamining astheanswer. Is it?
Oneof the basictechniquesthat is often listed aspart of datamining is clusteranalysis. Clusteranalysiscanhelp, in
principle,to breaklargeamountsof datadown into manageablechunks.Whataretheimportantresearchissuesinvolved
in thisparticularsettingandin thegeneralmassivedatasets/dataminingcontext? In thisbrief talk I will try to giveaquick
perspectiveonall of thesetopics.

4:15am Terry Sejnowski
SalkInstitutefor BiologicalStudies

IndependentComponentAnalysis
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Abstract: Mixtures of several hundredsignalscan be blindly separatedby IndependentComponentsAnalysis (ICA),
an new unsupervisedneuralnetwork learningalgorithmthat generalizesPrincipalComponentAnalysis to nongaussian
signalsthatarenonorthogonal.This new techniquecanbe appliedto dataat many differentspatialandtemporalscales
andhasmany areasof applicationin signalprocessinganddatamining.Whenappliedto patchesfrom naturalimages,ICA
findscomponentsthatresemblelocalizedandorientedGaborfilters, similar to responsesof neuronsin theprimaryvisual
cortex of primates.This suggeststhat thevisualcortex preprocessesvisual informationinto channelsthataremaximally
independent.Whenappliedto functionalmagneticresonanceimagingdata(fMRI), which allows cognitivebrainactivity
to bemeasuredin humansnoninvasively, theresultingICA componentsconsistof spatially-fixed3-D mapsof distributed
activity andassociatedtimecoursesof activationwhich identify spatiallyindependentbrainprocessingsystems.

4:30–5:00 Paneldiscussion
New ComputationalChallenges

Kettenring,Sejnowski etal., NSFpersonnel

IMA Workshop:

Cardiac Dynamics
March9–14,1998

Organizers:JimCollins (Boston)(chair),JamesKeener(Utah),CharlesPeskin(Courant)
andRai Winslow (JohnsHopkins)

Spatio-temporalpatternsof electricalactivity over theheartcausethemuscleto contract.Thisworkshopwill considerthe
electricalactivity of theheart,andtheresultingmechanicalevents,in bothhealthanddisease.It will alsoreview current
understandingandmodelingof drugaction. Simplifiedmodelsof theelectricalactivity show normalwave propagation,
aswell asarrhythmiassuchasspontaneousspiral wave generation.Complicatingfactorsfor electricalandmechanical
modelersincludedifferingnonlinearpropertiesin differentregions,anisotropy in theconductionpathwaysandin thefiber
architectureof the heart,andbranchingin thePurkinjesystemwhich triggersthemuscleelectricalactivity. Largescale
3-D computationalmodelsfor electricalandmechanicalactivity of the heartaswell asreducedelectricalmodelsbased
on singularperturbationdescriptionsandkinematicsof spiral coreshave led to insightsinto cardiacphysiology, andfor
excitablemediamoregenerally.

Monday, Mar ch 9

Talks today are in LectureHall EE/CS3-180

8:45am Registration and Coffee ReceptionRoomEE/CS3-176

9:15am Welcomeand Orientation W. Miller, F. Dulles,J.Collins

9:30am J. P. Keener
Universityof Utah

Introductionto theElectrophysiologyof CardiacTissue,I

Abstract: The purposeof thesethreelectures(9:30 and2:00 Mondayand11:00Tuesday)is to give an introductionto
andoverview of the electrophysiologyof the heartandthe mathematicalmodellingthereof,with the goal of preparing
participantsfor theworkshopto follow. No previousbackgroundin cardiologywill beassumed.

Topicswill includeanintroductionto theelectrocardiogramandvectorgrams(aquicksurvey of how to readanecg),ionic
modelsfor singlecells,modellingof intactcardiactissue,propagationandpropagationfailure,cardiacarrhythmias(their
initiation, dynamicsandeliminationor control),calciumdynamicsandexcitation-contractioncoupling.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176
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11:00am CharlesS.Peskin
CourantInstitute,NYU

Introductionto CardiacMechanics,I: The Heart in the
Circulation

Abstract: Thesethreelectures(11:00Monday, 9:30and2:00Tuesday)will introducethemechanicsof theheartbeginning
with its role in thecirculationandthenconcentratingon theheartitself.

Simple modelswill be usedto explain how left and right sidesof the heartarekept in balance,and how the cardiac
outputandits distribution arecontinuallyadjustedto theneedsof thetissues.Thefetal circulationandthechangesin the
circulationthathappenatbirth will alsobediscussed.

2:00pm J. P. Keener
Universityof Utah

Introductionto the Electrophysiologyof CardiacTissue,
II

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

A varietyof appetizersandbeverageswill beserved.

Tuesday, Mar ch 10

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am CharlesS.Peskin
CourantInstitute,NYU

Introductionto CardiacMechanics,II: CardiacFluid and
TissueMechanics

Abstract: Equationsof motionfor theheartwill bepresentedin this lecture.Theseequationsgivea unifieddescriptionof
themuscularheartwalls, theflexible heartvalve leaflets,andthebloodthatflows in thecardiacchambers.Thenumerical
solutionof theequationsof motionwill alsobebriefly introduced,with furtherdetailsin my talk onThursday.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am J. P. Keener
Universityof Utah

Introductionto the Electrophysiologyof CardiacTissue,
III

2:00pm CharlesS.Peskin
CourantInstitute,NYU

IntroductiontoCardiacMechanics,III: FiberArchitecture
of theHeartandits Valves

Abstract: This lectureis anattemptatmathematicalanatomy, thegoalbeingto derive theanatomyof theheart,especially
its fiberarchitecture,from first principles.Thiswill bedonefor theleft ventricle,andfor theaorticvalve.

Wednesday, Mar ch 11

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

Today’s topic: Calcium Dynamicsin Cardiac Cells

9:30am Yoram Rudy
CaseWesternReserveUniv.

Cardiacconduction:aninterplaybetweenmembranepro-
cessesandstructuralproperties

Abstract: Impulsepropagationin theheartresultsfrom interactionbetweencellularionic processesandpassivestructural
propertiesof themyocardium.Usinga multicellular theoreticalfiber model,the interplaybetweenmembraneionic pro-
cessesandgapjunctionpropertiesduringactionpotentialpropagationwill beexplored. We will characterizethe role of
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differention channelsin normalandabnormalconduction.Therobustnessof conductionunderavarietyof conditionswill
bequantitatively characterizedin termsof a “safetyfactorfor conduction”.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am SaleetJafri
JohnsHopkinsUniv. Sch.of Medicine

ModelingCardiacExcitation-ContractionCoupling:New
Insightsinto Interval-ForceRelations

Abstract: Weconstructadetailedmathematicalmodelfor calcium(Ca)regulationin theventricularmyocytethatincludes
novel descriptionsof subcellularmechanismsbasedon recentexperimentalfindings: 1) theKeizer-Levine modelfor the
sarcoplasmicreticulum(SR)Careleasechannel,theryanodinereceptor(RyR), which displaysadaptationat elevatedCa
asobservedby Gyorke andFill; 2) a modelfor the L-type Ca channelthat inactivatesby modeswitching,assuggested
by ImredyandYue;and3) a restrictedsubspaceinto which theRyRsandL-type Cachannelsemptyandinteractvia Ca.
We addmembranecurrentsfrom the Luo-RudyPhaseII ventricularcell modelandisometricforce generationfrom the
Rice-Hunter-Winslow modelto ourdescriptionof Cahandlingto formulatea new modelfor ventricularactionpotentials,
Caregulationandforcegeneration.ThemodelcansimulateCatransientsduringanactionpotentialsimilar to thoseseen
experimentally. Thesubspace[Ca] risesmorerapidly andreachesa higherlevel (10–30 Þ M) thanthebulk myoplasmic
Ca(peak[Cai] õöîHÞ M). Terminationof SRCareleaseis predominatelydueto emptyingof theSRbut is influencedby
RyRadaptation.We exploretheeffectsof pacingrateon forcegeneration.Themodelreproducestransitionsseenin force
generationdueto changesin pacingthatcannotbesimulatedby previousmodels.Simulationof suchcomplex phenomena
requiresan interplayof both RyR adaptationandthe degreeof SR Ca loading. This model,therefore,shows improved
behavior overexistingmodelsthatlackdetaileddescriptionsof subcellularCaregulatorymechanisms.

2:00pm Chris Johnson
Universityof Utah

Bioelectricfield modeling,simulationandvisualization

Thursday, Mar ch 12

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

Today’s topic: Cardiac Mechanics

9:30am CharlesPeskin& David McQueen
CourantInstitute,NYU

CardiacMechanicsby theImmersedBoundaryMethod

Abstract: The immersedboundarymethodwasfirst introducedto studythe fluid dynamicsof heartvalves. Around the
valveshasgrown a computermodelof theheartasa whole, includingall four cardiacchambers,all four valves,andthe
greatvesselsthatconnecttheheartto therestof thecirculation.Thiscomputermodelemploysafiber-fluid representation
of theheart. In eachtime step,forcesaregeneratedin elasticandcontractilefibers. Theseforcesarethenallowedto act
on a uniform cubiclattice,on which theequationsof fluid dynamicsaresolved. Finally, thefibersmoveat thelocal fluid
velocity. Neitherthefluid motionnor thecardiactissuemotionis assumedknown in advance.Instead,their simultaneous
equationsof motionaresolved. For this reason,the immersedboundarymethodis particularlysuitablefor thecomputer
simulationof diseasesaffectingthemechanicalfunctionof theheartor its valves,andalsofor thecomputerassisteddesign
of devicessuchasprostheticcardiacvalvesthat interactwith theheartandwith thebloodflow thatoccursin thecardiac
chambers.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00–11:45 Andr ewMcCulloch
Univ. of California,SanDiego

Three-DimensionalElectromechanicalInteractionsin the
Heart

Abstract: Regionalmyocardialmechanicalandelectricalpropertiesaredynamicandnonhomogeneous.Moreoverthey are
coupled.Cardiacelectricalexcitation initiatesmechanicalcontraction:excitation-contractioncoupling. But mechanical
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factorsalsomodulatemyocardialelectricalactivity: mechano-electricfeedback.Sincetheseprocessesarealsogoverned
by thethree-dimensionalgeometryandfibrousanisotropy of theventricularwalls,wehavedevelopeda continuummodel
of thethree-dimensionalanatomy, mechanicalandelectrophysiologyof therabbitheart.Themodelanalyseshave shown
that the nonuniformityof myofiberorientationandthe anisotropy of the myocardiumplay an importantrole in govern-
ing the regional distributionsof myocardialstressandstrain,activation andrecovery. Experimentalstudiesof regional
electromechanicalinteractionsin isolatedandintactheartshavebeenperformedto validateandextendthesemodels.The
continuummodelsprovideaconvenientframework to analyzeandinterprettheexperimentalmeasurements.

Finally, to facilitatethe integrationof biologicalmodelsacrossscalesof organizationandfunction, a new resourcehas
recentlybeenestablished.Thegoalof theBioNOME Resource(BIOlogy Network Of ModelingEfforts)at theSanDiego
Supercomputeris to provide a repositoryof computationalmodelsfor biological scientistsand the tools to help them
integrateandsharetheir modelingefforts. Initially the resourcewill focuson two major areas:signal transductionand
cardiovascularphysiology.

1:45pm GiovannaCacciola
EindhovenUniv. of Technology

Numerical simulation of leaflet movement in a fiber-
reinforcedpolymerheartvalveprosthesis

Abstract: It is known that the stressesactingin the leafletsof a heartvalve prosthesis,during the openingandclosing
phase,areresponsiblefor mostof theirmechanicalfailure.

We postulatethatbendingandtensilestressesin theclosedleaflets,canbesignificantlyreducedby makinga new typeof
syntheticvalveprosthesiswith fiber-reinforcedleaflets,suchthatthefiberstransmittheloadfrom theleafletsto theaortic
walls,similar to thenaturalvalve. Thefiberscanbelaid down with differentpatterns,reinforcingthestructurein theareas
wherethehigheststressesoccur, suchasin thecommisuresduringthemaximalsystolicvalveopening.Thereforeit is very
importantto optimizethefiber layoutin orderto minimizethestresses.

In our laboratorywe producetwo typesof valve prototypes:stented,wherea rigid stentsupportthe threeleaflets,and
stentless,wheretheleafletsaremadewithin a pieceof theaorta,which is flexible.

Using a finite elementpackage(MARC), we simulatedthe openingandclosingbehavior of the fiber-reinforcedvalve
prostheses,bothstentedandstentless.Only 1/6 of thewholevalve is modelled,asthesyntheticvalve is symmetric.The
leafletwasassumedto beof uniformthicknesswith anorthotropiclinear-elasticbehavior for thecompositematerial,which
closelyfollow thatfoundin experiments.Thegeometryof themodelsis basedonmeasurementsonprototypes.Themesh
consistsof four-nodethick shell elements,to includethe bendingstiffnessof the leaflet. A contactalgorithmis usedto
modelthecoaptationof two leaflets.

Fromamechanicalpointof view, theopeningandclosingof theleaflets,whichis coupledwith theso-called‘snapthrough’
behavior, is difficult to simulate.As it cannotbe solvedwith a fixed loadingstepprocedure,we mustusevariableload
stepping,basedupontheRiks arclengthmethod.Full Newton-Raphsoniterationanda largedisplacementprocedureare
used,thelatterrequiringtheuseof thetotalLagrangemethod.

For differentfiber layoutsthe resultingstressesareanalyzed.The resultsshow that in the fiber-reinforcedstructurethe
stressesare reducedwith respectto the samestructurewithout fibersby up to 60%. Moreover, the flexible leafletat-
tachment,in thestentlessvalve, reducesthestressesby up to 65%,with respectto a stentedvalve with thesametypeof
reinforcement.

This is joint work with J.deHart,G. W. M. Peters,P. J.G. SchreursandF. P. T. Baaijens.

2:30am CoffeeBreak ReceptionRoomEE/CS3-176

3:00pm Larry A. Taber
WashingtonUniversity

ModelingStrategiesfor CardiacDevelopment

Abstract: Cardiacdevelopmentinvolvesadynamicinteractionbetweentheprocessesof growth(masschange),remodeling
(propertychange),andmorphogenesis(shapechange). In this presentation,an overview of the primary eventsduring
developmentof theheartwill begiven.Then,techniquesfor modelingtheseprocesseswill bediscussed,with anemphasis
onmechanicalaspects.A generalcontinuumtheorywill bepresentedfor includingtheeffectsof largedeformation,muscle
activation,growth, andactive cell shapechange.Finally, the theorywill beusedto analyzerelatively simplemodelsof
somedevelopmentalprocesses.
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3:45–4:15 Beth Feller Printz
ColumbiaUniversity

Effectsof Mitral ApparatusGeometryonMitral Flow and
LeafletMotion: A ComputerStudy

Abstract: The two-dimensionalcomputationalheartmodelusingthe immersedboundarymethodis modifiedto explore
themechanismsof mitral valveprolapse,mitral valveregurgitation,andchangesin diastolictransmitralflow patterns.This
is justoneexampleof theutility of computermodelingin exploringthepathophysiologyof valve function.

6:00pm Workshop Dinner
Jewel of IndiaRestaurant

1427WashingtonAve.S.,Minneapolis:a15-minutewalk
acrosstheMississippi.

Friday, Mar ch 13

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

Today’s topic: Control of Cardiac Arrh ythmias

9:30am Leon Glass
McGill University

Repetitive ParoxysmalTachycardia— Mechanismand
Control

Abstract: Repetitive parosxysmaltachycardiais a term usedby Parkinsonand Papp in 1947 to describethe repeated
initiation andterminationof shortepisodesof rapidheartbeats.I describethreedifferentexperimentalmodelsthatshow
repeatedburstsof relatively rapid activity: a ball of pacemaker cells that is stimulatedat a fixed delayafter an action
potential;anexperimentalmodelof accessorypathway createdby stimulatingtheatriaat a fixeddelayafteractivationof
the ventricles;a preparationof culturedheartcells that shows spontaneousinitiation andterminationof rotatingwaves.
Thesethreesystemssharecommonpropertiesof intrinsic pacemakingactivity, a reentrantloop, andlossof excitability
asa consequenceof rapid activation. Basedon the above mechanism,methodsto control or eliminatethe rhythm are
immediatelysuggested.

10:15am CoffeeBreak ReceptionRoomEE/CS3-176

10:45–11:30 Alain Karma
NortheasternUniversity

Spatiotemporalcontrolof reentranttachycardias

Abstract: Reentranttachycardiasareabnormallyfastcardiacrhythmsproducedby the circulationof electricalactivity
aroundsomeanatomicalobstaclein theheart,or by spiralwaverotationaroundaphasesingularityin homogeneoustissue.
Thesearrhythmiaareespeciallydangerousbecausethey canbecomeunstableanddecayinto fibrillation, a wave turbulent
statethatdestroysthemainpumpingfunctionof theheartif presentin theventricle.I will discusstheresultsof amodeling
studyaimedat controllinga known oscillatoryinstability of reentrantexcitationsin bothone-dimensionalringsandthin
two-dimensionalsheetsof tissue.Thegoodnews is thatcontrolcanbeachieved,andthedecayinto turbulenceprevented,
with a relatively smallnumberof spatiallydistributedpacingelectrodesanda relatively simplecontrolscheme.Thebad
news,however, is thatventricularfibrillation canalsobeproducedby adistinctthree-dimensionalinstabilityof scrollwave
filamentsthatwould requireacompletelydifferentcontrolstrategy, yet to bedeveloped.

1:30pm Milton M. Morris
GuidantCorporation

Math Considerationsin Detectionand Classificationof
CardiacArrhythmiasin aDualChamberImplantableCar-
dioverterDefibrillator: Robustnessvs. DeviceLongevity

2:15pm CoffeeBreak ReceptionRoomEE/CS3-176

2:45pm Eddy Warman
MedtronicInc.

Therole of modelingin thedesignof antitachycardiaim-
plantabledevices
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Abstract: Despitethe successof implantabledevicesin the terminationof cardiactachyarrhythmias,thesedeviceshave
notmetyet their full potential.Reliablepaceterminationof tachyarrhythmiasis oneof themostdesiredimprovementsfor
currentdevices.Today, many tachyarrhythmiasareultimatelyterminatedby highcurrentshocksthatarenotwell tolerated
by patients. Terminationof tachyarrhythmiasby unperceived low currentpacingpulsesis currentlypossibleon highly
periodicrhythms. Reliablepaceterminationof a wide classof rhythmsremainsoneof the biggestchallengesof today.
Pastexperimentshavebeendifficult to interpretdueto highexperimentalvariability andlimited knowledgeof thedynamic
system.Presently, computersimulationshave startedto provide a framework to studybasicandfundamentalprinciples.
New ideasandhypothesescan be first analyzedwith the computersimulationsto help plan andanalyzeexperimental
testing.Thescopeof thepresentationwill beto introducecurrentdevice technologies,review someexperimentalstudies,
anddiscusshow computermodelscanhelpin thedesignof betterantitachycardiadevices.

3:05pm Shirley Xiaoyi Min
Medtronic,Inc.

RelationshipbetweenAnatomyandVentricularDefibril-
lation Thresholdsin Two Finite-ElementHumanThorax
Models

Abstract: Eventhoughfinite elementhumantorsomodelshave beenincreasinglyusedto studyventriculardefibrillation
field and to optimizedefibrillation electrodesystems,effect of humananatomicalvariationon defibrillation thresholds
(DFTs)hasnot beenwell investigated.In orderto investigatetheanatomicalvariablesthataffect ventricularDFTs,finite
elementtorsomodelswerebuilt from MRI andfastCT imagesof two patients.Onepatenthadadilatedleft ventricle(LV)
andleft atrium,andLV hypertrophy, 30%ejectionfractionanda relatively smallRV. Theotherpatienthadlargecardiac
dimensions(upperboundof normal)but noheartdisease.Theprimarydefibrillationelectrodesystems,i.e.SVC-RV, Can-
RV andCan+SVC-RV, wereanalyzedandcomparedin the two models.TheDFTscalculatedbasedon 95%ventricular
myocardiumwith voltagegradientgreaterthan5 V/cm werealsocomparedwith theclinical data.TheFEA resultsshow
that anatomicalvariationcanaffect ventricularDFTsof certainleadconfigurations.Publishedclinical DFTs with these
configurationscorrelatebetterwith thenormalheartmodelsuggestingthat it maybea betterrepresentationof anaverage
ICD patient.TheDFTswith Can+SVC-RV andCan-RV systemsarerobustandrelatively insensitive to theseanatomical
differences.

This is joint work with RahulMehra.

3:25pm Rahul Mehra
Medtronic,Inc.

Discussionsession

Saturday, Mar ch 14

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

Today’s topic: Modelling Drug Action on Cardiac Channels

9:30am Dirk J. Snyders
VanderbiltUniv. Schoolof Medicine

K Ù -channels as molecular targets for antiarrhythmic
drugs.Molecularmechanismsof drugaction

Abstract: Therapy of cardiacarrhythmiasremainsachallengedueto issuesof efficiency, specificityand/orsideeffects.We
will discussantiarrhythmicdrugactionin relationto themolecularbiologyof cardiacion channels,specificallypotassium
channels.ClassIII antiarrhythmicdrugsincreasecardiacrefractorinessby prolongingtheplateaudurationof theaction
potential.While thiscanbeachievedby increasinginwardcurrentsorblockingoutwardcurrents,mostclinically useddrugs
actasK Ù channelblockers.Over thepastdecadea largenumberof Kv channel÷ and Ö subunitshave beencloned.The
basicproperties(voltage-gatingandselectiveporepermeation)residein the ÷ subunits;andcanbemodulatedby accessory
Ö -subunits. Themoleculararchitectureof thenative channelcomplexesis not fully understood,but theemergingpattern
is that thedifferentcardiacK Ù currentscontrollingtheplateauphaseareeachencodedby subunitsbelongingto distinct
subfamilies(ITO: Kv4.2/3;IKur: Kv1.5; IKr : HERG;IKs: KvLQT1 + minK).

In principle, channelfunction canbe alteredby interferingwith eitherpermeationor gating. The clonedsubunits have
enabledusto identify bindingsitesandmoleculardeterminantsfro drugaction.Quinidineandotherlocal anesthetictype
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drugshave beenshown to actasopenchannelblockers. That is, they bind in the intracellularmouthof the(hydrophilic)
permeationpathway, but bindingis apparentlystabilizedby hydrophobicinteractions.An obviousquestionis how much
specificitycanbeexpectedwith suchrathergenericmechanism.Fortunately, a reasonabledegreeof subfamily specificity
hasbeendemonstratedfor severaldrugs,andsmallchangesin sidechainsof aminoacidsin theproposedbindingsitecan
abolishstereoselectiveblock. Thesefindingssupporttheview thatmorespecificchannelblockingdrugscanbedeveloped
basedon theemerging molecularinformation. However, annew challengeis posedby recentstudiesthathave revealed
down-regulationof somecurrentsin cardiacdisease(including long QT disease).Sinceblock of near-absentcurrentsis
unlikely to be of therapeuticvalue,novel agentsthat up-regulateion channels(agonists)could have a future role in the
treatmentof certainarrhythmias.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00–11:45 Randall L. Rasmusson
Allegheny Univ. of theHealth
Sciences

Modeling Conformation-SpecificPotassium Channel
Block

Abstract: Recentadvancesin molecularbiologyandchannelbiophysicshold thepromiseof providing quantitativemech-
anismsfor normalandabnormalcardiacelectricalactivity. However, theinformationfrom thenew moleculartechnology
hasnot beenintegratedinto mathematicalmodelsof normalandabnormalelectricalactivity in the heart. This talk will
examinethe emerging problemof how to utilize dataat the molecularandbiophysicallevels concerningthe properties
of K Ù channels,how their time dependentcharacteristicsaremodifiedby drugbindingandhow suchinformationcanbe
integratedinto cellularmodelswith predictivevalueto beusedfor rationaldrugdesign.

1:45pm Lisa Ir vine
JohnsHopkinsUniversity

A new cardiacsodiumchannelMarkov modelfor describ-
ing drugaction

Abstract: Severalhypothesesof antiarrhythmicdrugactionhave beenproposed,but noneprovide a detailedquantitative
descriptionof drugeffectson thecardiacsodiumchannel.Themostwidely acceptedof thesehypothesesis themodulated
receptorhypothesiswhichstatesdrugbindswith differentaffinitiesto theresting,activated,andinactivatedchannelstates.
Using this hypothesis,we built a quantitative modelof drugactionon thecardiacsodiumchannelpatternedafter thatof
HondeghemandKatzung(Biochim. Biophys.Acta 472: 373–98).Themodelis unableto reproduceexperimentaldataat
multiple drugconcentrationsincludingthedose-responsecurve. We suggestthat themodelfails becauseit seeksonly to
representphenomenologicallyadrug’seffect insteadof themechanismby which theeffect is generated.

A bettermodelof antiarrhythmicdrug actionon the cardiacsodiumchannelwould be morebiophysically-detailedand
would describehow drug binds to the channeland interactswith its gates. Building sucha drug model requiresthe
developmentof a biophysically-detailedcardiacsodiumchannelmodel.We haveconstructeda new Markov modelof the
cardiacsodiumchannelthatnotonly is animprovementoverexistingMarkov models,but is animprovementoverexisting
Hodgkin-Huxley modelsaswell. This modelformsthebasisof a modelof lidocaine’saction.Drug effect is theresultof
non-drug-boundchannelsgatingasaboveanddrug-boundchannelsgatingwith modifiedkinetics.

2:30pm CoffeeBreak ReceptionRoomEE/CS3-176

3:00pm Anthony Varghese
OxfordUniversity

Block of SodiumCurrentandCardiacConduction

Abstract: Althoughdrugsthat block the fastsodiumcurrentin thehearthave beenin wide usefor the last 40 yearsthe
actualmechanismsbehindtheir therapeuticactionsarenotwell understood.A new hypothesisfor theactionof suchdrugs
will be presentedin this talk. Theeffect of thesedrugson isolatedcells, representedby ordinarydifferentialequations,
will becomparedto effectsin achainof cells.Predictionsfrom numericalcomputationswill becomparedto experimental
results.A theoreticalbasisfor thepropagationphenomenawill bediscussed.

Monday, Mar ch 16
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Tuesday, Mar ch 17

IMA PostdocSeminar:

2:30pm Miaohua Jiang
GeorgiaTech/IMA

SpatialAveragesof ChaoticSystems

Abstract: Both theoreticalandnumericalresultswill bepresentedconcerningthedynamicsof spatialaveragesof spatially
extendeddynamicalsystems.For systemswith chaoticsubsystems,we givenumericalevidencesto show that,asymptoti-
cally, theaverageeitherfluctuatesperiodicallyor convergesto a constant.

Organizer:KathleenRogers

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.

Wednesday, Mar ch 18

Thursday, Mar ch 19

Friday, Mar ch 20

IMA Seminaron Industrial Problems

10:10am David Ross
Kodak

A PDEModelof Fluid ContactLines

Abstract: In thecoatingof thin fluid films, thecurve alongwhich thesolid substrate,thefluid, andtheair meet,is called
the contactline. Understandingthe shapesandstability of suchlines is importantfor reliablemanufacturingprocesses.
Comparisonof numericalsimulationswith experimentaldatasuggestthat a simplescalarconservation law modelcan
predictthebasicshapesof contactlinesandtheir dependenceon webspeed.Further, a second-orderhyperbolicequation,
of which thescalarconservationlaw is a limiting form, appearsto predictthetransientwave structureon contactlines. In
this talk, wewill discussthesemodelsandtheirunderlyingphysicalbasis.

Theseminarmeetsin theIMA SeminarRoom,VincentHall 570

Monday, Mar ch 23

Tuesday, Mar ch 24

IMA PostdocSeminar:

2:30pm Min Xie
Universityof Utah

Isochronsand PhaseResponsein Infinite-Dimensional
Systems

Abstract: Periodically-forcedoscillatorydynamicsarisein many biologicalcontexts. Isochronsarewell definedin finite-
dimensionaloscillatorysystemsandtheexistenceof isochronsenablesoneto studytheasymptoticbehavior of a forced
oscillatorysystemby studyingcircle maps.Thephaseresponsebehaviors of forcedoscillatorsin finite-dimensionwere
studiedquitewell. We show theexistenceof isochronsin infinite-dimensionaloscillatorysystemsby differentapproaches
in this talk. We show that the phase-lockingstructurein a infinite-dimensionalsystemis analogousto that in finite-
dimensionaloscillatorysystems.

Organizer:KathleenRogers

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.
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Wednesday, Mar ch 25

Thursday, Mar ch 26

Friday, Mar ch 27

Monday, Mar ch 30

Tuesday, Mar ch 31

IMA PostdocSeminar:

2:30pm Tony Shardlow
StanfordUniversity/IMA

Long-timenumericalapproximationof stochasticdiffer-
entialequations

Abstract: I considerthenumericalapproximationof stochasticdifferentialequations.I will review Ito stochasticdifferential
equations,payingspecialattentionto their finite time numericalapproximation,beforeintroducingnew resultsthatapply
over a long time interval andthatrelatethenumericalcomputationsto theinvariantmeasureof theunderlyingstochastic
process.The theorywasdevelopedwith A. Stuart(Stanford).The theoryitself appliesmoregenerally, for example,to
randomlyimpulseddifferentialequationsandto stochasticPDEs.

Organizers:RicardoOliva& WarrenWeckesser

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.
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INSTITUTE FOR MATHEMATICS AND ITS APPLICATIONS
University of Minnesota

400Lind Hall
207ChurchStreetS.E.

Minneapolis,Minnesota55455
FAX (612)626-7370 telephone(612)624-6066 e-mail: ima-staff@ima.umn.edu

IMA Schedulesvia finger: finger seminar@ima.umn.edu
Newsletters,Updatesandpreprintsavailablevia

anonymousftp: 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/dynsys/for a
full descriptionof the1997–98programonEmergingApplicationsof DynamicalSystems.

Newsand Notes

IMA and Institute of TechnologyPublic Lecture:

Life’ sOther Secret: The NewMathematicsof The Li ving
World

April 23,1998
Speaker: IanStewart,Universityof Warwick

Thursday, April 23,1998

7:00PM

Room150,TateLabof Physics

116ChurchStreetS.E.

Whatis life? Why is theworld of livingcreaturessodifferentfrom theinorganicworld?Thediscovery
of thefirst secretof life, themolecularstructureof DNA, in themiddleof thiscentury, showedthatLife
is a form of chemistry- but chemistryunlike any thatever graceda testtube.Somesecrets,however,
lie deeperthat thegeneticcode. It is themathematicallaw of physicsandchemistrythatcontrol the
growing organism’s responseto its geneticinstructions.

Thatis Life’s OTHERSecret.

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique,ConsiglioNazionaledelleRicerche,Georgia Instituteof Technology, IndianaUniversity,
Iowa StateUniversity, KentStateUniversity, MichiganStateUniversity, MississippiStateUniversity, NorthernIllinois University, Ohio StateUniversity, PennsylvaniaState
University, PurdueUniversity, SeoulNationalUniversity (RIM - GARC), TexasA&M University, University of Chicago,University of Cincinnati,University of Houston,
Universityof Illinois (Urbana),Universityof Iowa, Universityof Kentucky, University of Maryland,Universityof Michigan,Universityof Minnesota,Universityof Notre
Dame,Universityof Pittsburgh,Universityof Wisconsin,WayneStateUniversity.
PARTICIPATING CORPORATIONS:EastmanKodak,EPRI,Ford,GeneralMotors,Honeywell, IBM, LockheedMartin,LucentTechnologies,Medtronic,Motorola,Siemens,
TelcordiaTechnologies,3M.
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Its full understandingwill comeonly whenwecombinethemathematicalandphysicalscienceswith biochemistry, genet-
ics, anddevelopmentalbiology. Oneof themostexciting growth areasof twenty-firstcenturysciencewill bebiomathe-
matics.Thenext centurywill withnessanexplosionof new mathematicalconcepts,of new kindsof mathematics,brought
into beingby theneedto understandthepatternsof theliving world.

IMA Workshop:

Nonlinear Identification and Control
April 27–May1, 1998

Organizers:YannisKevrekidis(Princeton)(chair),EricYdstie(Carnegie-Mellon),P. S.
Krishnaprasad(Maryland)

Co-sponsoredby theOfficeof Naval Research

Seealsohttp://www.ima.umn.edu/dynsys/spring/dynsys8.html

The adaptive identificationof nonlinearmodels,from both time seriesandspatialdata,is an importantcomponentof
modelingandcontrolling physicalsystems.Advancesin nonlinearprocesscontrol, and in imageacquisitionandpro-
cessingtechniquestogetherwith the low-dimensionalityof theunderlyingfundamentaldynamicsseta new stagefor the
dialoguebetweenmodelingandcontrolof nonlinearprocesses.Thisshortworkshopplansto studyseveralaspectsof this
dialogue:timeseriesprocessing,imagecompressionandprincipalcomponentanalysis,adaptiveandmodelpredictivecon-
trol, feedbackin distributedsystemsaswell ashybrid systemswith continuousanddiscrete-timecomponents.Industrial
participationin thisworkshopwill beespeciallyencouragedandparticipantsfrom industryhavebeeninvited.

This is a tentative schedule.Therewill be threeone-hourtalksevery day(two in themorningandonein theafternoon);
the afternoontalks will be followed by 20-minutepresentations.Thereis a numberof suchinvited presentations,but
participantsat theworkshopandadditionaloneswill alsobescheduledat theworkshopitself.

Therewill bethreepresentationsfrom industryat theworkshop;two will openon Monday, andonewill closeon Friday
(in conjunctionwith theIMA IndustrialProblemsseminar).

IMA Workshop:

Pure,Applied and Industrial Mathematics: Strength
thr oughConnections

May 1–3,1998
Organizers:RobertGulliver (Minnesota),NareshJain(Minnesota),Willard Miller

(Minnesota)

To Celebratethe65thBirthdayof AvnerFriedman

Sponsoredjointly with theUniversityof MinnesotaSchoolof Mathematics

Seealsohttp://www.ima.umn.edu/dynsys/spring/friedman.html

Weekly IMA seminar list available by list server

The IMA offersane-mail list service.This serviceis a distribution eachThursdayof thenext week’s scheduleof IMA
seminarsandevents. If you wish to subscribe,simply sendane-mailmessageto imalists@@ima.umn.edu whose
first line is of theform

subscribe weekly
If yourpreferrede-mailaddressis differentfrom theonefrom whichyouaresendingtherequest,thefirst line shouldbe

subscribe weekly you@@e.mail.address
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Thesubjectline andtherestof themessageareignored.Questionsor problemsshouldbesentto
owner-weekly@@ima.umn.edu .

Thecurrentweek’s scheduleis alsoavailableon requestvia finger seminar@@ima.umn.edu . An updated.dvi
or .ps file of theIMA Newsletters(currentandrecent)is availableby ftp or throughtheworld-wideweb.

Impr oved IMA HomePage

TheIMA hassubstantiallyimprovedits homepageon theWorld-WideWeb,foundat

http://www.ima.umn.edu .
Thepageis continuallyunderconstruction.We invite commentsor suggestions,whichmaybeaddressedto

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

Schedulefor April 1–31,1998

Wednesday, April 1

Math Department Seminaron Partial Differ ential Equations in Vincent Hall 213:

3:35pm Shari Moskow
MCIM

Identificationof conductivity imperfectionsof small di-
ameterby boundarymeasurments.

Thursday, April 2

Friday, April 3

Saturday, April 4

Rivière-FabesSymposiumon Analysisand PDE

Sponsoredby theSchoolof Mathematics

Seehttp://www.math.umn.edu/arb/RFPoster.html

Talks today are in LectureHall Vincent Hall 16

9:00am Refreshments CommonsRoomVincentHall 120

9:30am OpeningRemarks NareshJain,DeanH. TedDavis, WalterLittman

10:00am Mikhail Safonov
Universityof Minnesota

Estimatesneartheboundaryfor solutionsof secondorder
parabolicequations.

2:00pm Zhongxin Zhao
Universityof Missouri

3Gtheoremandits applications.

5:30pm Reception CampusClub,CoffmanUnion,4thfloor, WestWing

164



Sunday, April 5

Rivière-FabesSymposiumon Analysisand PDE

Talks today are in LectureHall Vincent Hall 16

9:00am Refreshments CommonsRoomVincentHall 120

9:30am Nicola Garofalo
PerdueUniversity

Somerecentprogressin Carnot-Caratheodorygeometry
andin boundaryvalueproblemsfor subellipticequations.

11:00am Vladimir Sverak
Universityof Minnesota

Onthenotionof globalellipticity for nonlinearsystemsof
partialdifferentialequations.

Monday, April 6

Tuesday, April 7

IMA PostdocSeminar:

2:30pm Donald French
Universityof Cincinnati

A PosterioriError Estimatesfor Adaptive Finite Element
Approximationsof theObstacleProblem

Abstract: The obstacleproblemis often considereda prototypefor the classof problemsthat involve free boundaries
andmodelmany phenomenonsuchasphasetransitions,jet flow, andgasexpansion.Theseproblemshave solutionswith
discontinuitiesin theirderivativeson thefreeboundaryandin otherareasdependingon thegivendata.Thefinite element
methodis a thusanaturalchoiceto solve themdueto theeasewith which this techniquecanhandlemeshrefinement.

A posterioriestimatesarepositive functionsof computablequantitiesandin particularthe approximatesolution. They
provide a rigorousupperboundfor theerrorandgive informationthatcanbeusedto refinethemeshin a sensibleway.
Thus,they serveasanimportantpartof a reliableadaptivealgorithm.

In this talk we will describethe a posterioriestimateswe have obtained,give the resultsof a simpleimplementationof
anadaptive algorithmin one-dimension,andprovide somebackgroundon finite elementmethodsanda posteriorierror
analysis.This typeof researchhasbecomea fundamentaltopic in theapproximationof thesolutionsof partialdifferential
equations.

Thework presentedis in collaborationwith RicardoNochettoof theUniversityof MarylandandStigLarssonof Chalmers
Universityof Technology.

Organizers:RicardoOliva& WarrenWeckesser

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.

Math Department Seminaron Partial Differ ential Equations in Vincent Hall 570:

4:15pm SongmuZheng
FudanUniversity

Large-timebehavior of solutionsof a systemof nonlinear
PDEsarisingin phasetransitionof shape-memoryalloys

Wednesday, April 8

Math Department and IMA Seminaron Evolutionary Equations in Vincent Hall 570:
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2:30pm Ciprian Foias
IndianaUniversity

The normal form of the Navier-Stokesequationsandits
applicationsandpotentialconnections

Math Department Seminaron PDE’s in roomVincent Hall 213:

3:35pm Hir oshiMatano
Universityof Tokyo

OrderPreservingSystemsin thePresenceof Symmetry.

Thursday, April 9

MathematicsDepartment Colloquium in roomVincent Hall 16:

3:30pm V.S.Varadarajan
UCLA

Finitequantumsystemsandtheir continuumlimits.

Friday, April 10

Monday, April 13

Tuesday, April 14

IMA PostdocSeminar:

2:30pm Mark E. Johnson
IMA

Interactingtwo-dimensionalmanifoldsandglobal bifur-
cationsfor theKuramoto-Sivashinsky Equation

Abstract: Elementsof theglobalattractorfor anapproximateinertialformof theone-dimensionaloddKuramoto-Sivashinsky
equationarestudiedin anattemptto classifyglobalbifurcationphenomenainvolving theinteractionof two-dimensional
stableandunstablemanifolds.Computergraphicsplaysa fundamentalrole in this investigation,which concludeswith a
conjectureconnectingtopologicalpropertiesof periodicsolutionsandthecreationof infinitely-many heteroclinicconnec-
tionsbetweensteadystates.This is work donein collaborationwith M. Jolly andI. Kevrekidis.

Organizers:RicardoOliva& WarrenWeckesser

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.

Wednesday, April 15

Math Department and IMA Seminaron Evolutionary Equations in Vincent Hall 570:

2:30pm Ciprian Foias
IndianaUniversity

BeyondtheSobolev norms

Abstract:Theuseof Gevrey classesin thestudyof theNavier- Stokesequationspromisesto beausefulapproachtowards
thestudyof the Lerayproblemon theglobal regularity of solutionsin 3-dimensions.In this lecture,we will give some
evidencefor thefulfillment of thispromise.

Math Department Seminaron Partial Differ ential Equations in Vincent Hall 211:
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3:35pm JoeRoseman
Tel Aviv University

Equilibria of thecircularelasticaundera uniform central
forcefield

Thursday, April 16

MathematicsDepartment Colloquium in roomVincent Hall 16:

2:30pm Paul Rabinowitz
Universityof Wisconsin

Heteroclinicsfor a Hamiltoniansystemona2–torus

MathematicsDepartment Colloquium in roomVincent Hall 16:

3:30pm JurgenMoser
ETH, Zurich

Stability in dynamicalsystemsandviscositysolutionsof
theHamilton–Jacobiequations

Friday, April 17

IMA Seminaron Industrial Problems

10:10am David Runkle
MinneapolisFederalReserve andUniv.
of MinnesotaCarlsonSchool of Man-
agement

Are Credit-RiskModelsReadyfor PrimeTime?

Math Department and IMA Seminaron Evolutionary Equations in Vincent Hall 570:

2:30pm GeorgeSell
Universityof Minnesota

Global Climate Modeling:TheGrand Challengeto dy-
namicists

Abstract:In this lecture,wewill presentthebasicphysicalandmathematicalissuesunderlyingtheissueof globalclimate
modeling.Theobjectivehereis to show thatthedynamicistsneedto playa centralrole, in orderto developa goodmodel
of thisphenomenon.Wewill alsoreview someof therecentdevelopmentsin theareaof thelongtimedynamicsof oceanic
models.As will beshown, thesedevelopmentsholdpromisefor thefuture.

Monday, April 20

Math Department and IMA Seminaron Evolutionary Equations in Vincent Hall 570:

2:30pm OscarManley
IndianaUniversity

An attractorfor a simplemodelof combustion

Tuesday, April 21

IMA PostdocSeminar:

2:30pm Marina Osipchuk
IMA

Feedbackcontrolof nonlinearsystems

Abstract: Thistalk will beatutorialcoveringseveralaspectsof nonlinearcontrol.Thetopicscoveredwill beselectedfrom
talksto bepresentedin theupcomingworkshopon“NonlinearIdentificationandControl.”
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Organizers:RicardoOliva& WarrenWeckesser

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.

Wednesday, April 22

Math Department and IMA Seminaron Evolutionary Equations in Vincent Hall 570:

2:30pm Edriss Titi
Universityof California,Irvine

On theconnectionbetweentheCamassa-Holmequations
andturbulencetheory

Abstract: In this talk we will show theglobalwell-posednessof thethreedimensionalviscousCamassa-Holmequations.
The dimensionof their global attractorwill be esitmatedandshown to be comparablewith the numberof degreesof
freedomsuggestedbyclassicaltheoryof turbulence.Furthermore,wewill show thatby usingtheCamassa-Holmequations
asa closuremodel to the Reynoldsaveragedequationsof the Navier-Stokesin an infinite channelonegetsvery good
agreementwith empiricalandnumericaldata.

Thursday, April 23

Schoolof MathOrdwayVisitor Lecturein VincentHall 2

11:15am JurgenMoser
ETH, Zurich

A Lagrangianproof of the invariant curve theoremfor
twist maps.

6:00pm Reception
VincentHall 502

In honorof IanStewart’sPublicLecture

IMA and Institute of TechnologyPublic Lecture:

Life’ sOther Secret: The NewMathematicsof The Li ving
World

April 23,1998
Speaker: IanStewart,Universityof Warwick

Thursday, April 23,1998

7:00PM

Room150,TateLabof Physics

116ChurchStreetS.E.
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Friday, April 24

IMA Seminaron Industrial Problems

10:10am Peter A. Blakey
Motorola

Links BetweenThe NonlinearBehavior Of Transistors
And The SpectralCharacteristicsOf PortableWireless
PowerAmplifiers

Abstract: Cell phonetechnologyis moving from analogsystemsto digital systems.Analogsystemsusesimplemodulation
schemesthatdo not placestringentdemandson thelinearityof thetransistorusedasthefinal poweramplifier(PA) in the
transmitter. This makesit possiblefor circuit designersto achieve DC-to-RFconversionefficienciesthat exceed70%.
Digital systemsusemorecomplicatedmodulationschemesthatplacevery stringentdemandson the linearity of thePA.
As a result,theDC-to-RFconversionefficienciesof digital phonesarequitelow, typically around40%.

The linearity of a PA is determinedby several factors. Theseinclude the RF drive level, the nonlinearcharacteristics
of the outputtransistor, andtopologyandelementvaluesassociatedwith the surroundingcircuit. Figuresof merit that
characterizethe linearity of analogPA’s, and links betweenthesefiguresof merit and device nonlinearities,are well
established.Thefiguresof merit thatcharacterizethelinearity of PA’s usedin digital systemsarequitedifferent,andthe
relationshipsbetweenthesefiguresof merit andtransistornonlinearitiesarenot well understood.However, it is known
from experimentsthat thereis little correlationbetweenthe figuresof merit that areapplicableto analogPA’s and the
figuresof merit thatareapplicableto digital PA’s.

The first part of this presentationwill presentan overview of analogmodulationschemesandfiguresof merit that are
usedto characterizethelinearityof analogPA’s. Thesecondpartwill cover thenonlinearcharacteristicsof transistorsand
someapproaches(suchasVolterraseries)thathave beenusedto establishlinks betweentransistornonlinearitiesandthe
figuresof merit for analogPA linearity.. The third partof thepresentationwill describedigital modulationschemesand
the linearity figuresof merit applicableto digital PA’s. Thepresentationendswith thequestion:Canwe establishuseful
theoreticallinks betweentransistornonlinearitiesandthespectralcharacteristicsof digital poweramplifiers?

A solutionto this problemwould assistbothtechnologydiscrimination(determiningwhattypeof transistoris bestsuited
for usein digital PA’s) anddeviceoptimization(for a giventypeof transistor, determiningwhatstructuralparameterslead
to optimumperformance).

IMA Workshop:

Nonlinear Identification and Control
April 27–May1, 1998

Organizers:YannisKevrekidis(Princeton)(chair),EricYdstie(Carnegie-Mellon),P. S.
Krishnaprasad(Maryland)

Co-sponsoredby theOfficeof Naval Research

Seealsohttp://www.ima.umn.edu/dynsys/spring/dynsys8.html

The adaptive identificationof nonlinearmodels,from both time seriesandspatialdata,is an importantcomponentof
modelingandcontrolling physicalsystems.Advancesin nonlinearprocesscontrol, and in imageacquisitionandpro-
cessingtechniquestogetherwith the low-dimensionalityof theunderlyingfundamentaldynamicsseta new stagefor the
dialoguebetweenmodelingandcontrolof nonlinearprocesses.Thisshortworkshopplansto studyseveralaspectsof this
dialogue:timeseriesprocessing,imagecompressionandprincipalcomponentanalysis,adaptiveandmodelpredictivecon-
trol, feedbackin distributedsystemsaswell ashybrid systemswith continuousanddiscrete-timecomponents.Industrial
participationin thisworkshopwill beespeciallyencouragedandparticipantsfrom industryhavebeeninvited.

Therewill be threeone-hourtalks every day (two in the morningandonein the afternoon);the afternoontalks will be
followedby 20-minutepresentations.Thereis anumberof suchinvitedpresentations,but participantsat theworkshopand
additionaloneswill alsobescheduledat theworkshopitself.
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Therewill bethreepresentationsfrom industryat theworkshop;two will openon Monday, andonewill closeon Friday
(in conjunctionwith theIMA IndustrialProblemsseminar).

Monday, April 27

Talks today are in LectureHall EE/CS3-180

8:45am Registration and Coffee ReceptionRoomEE/CS3-176

9:15am Welcomeand Orientation W. Miller, F. Dulles,Y. Kevrekidis

9:30am Andrzej Banaszuk
UnitedTechnologiesResearchCenter

A Survey of Dynamic Modeling, Analysis and Control
Activities at UTRC: Focuson NonlinearDynamicsand
FutureResearchOpportunities.

This is researchin collaborationwith ClasA. JacobsonandAlexanderI. Khibnik alsoof theUnitedTechnologiesResearch
Center.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am A. Emami-Naeini
SCSolutions,SantaClara,CA

Modeling andControl Problemsin the Microelectronics
Industry

Abstract: Processesto producemicroelectronicsdevicesarebecomingmorecomplex while globalcompetitionis demand-
ing that theseprocessesbebroughtto market morequickly andmorereliably. Thedesignof controlledmicroelectronics
processingsystemssuchasRapidThermalProcessors(RTP), High PressureVerticalFurnaces(HPV), VaporDeposition
Chambers,etc.,involve a largedesignparameterspace,andthereforetrial-and-errorprocessoptimizationis difficult and
time consuming.With the imminentscalingto 300mm diameterwafersize,the industryhasrealizedthatempiricalap-
proachesarenot costeffective. In addition,thecontrollerdesignof suchsystemsis oftenseparatedfrom theequipment
design,possiblyresultingin a systemoperatingfar from its maximumcapability. While detailednon-linearphysicalsim-
ulations,integratedwith optimizationandcontroldesignalgorithms,have thepotentialto helpexplorethedesignspace,
thelong turn-aroundtime requiredto answerevery “Whatif øHøHø ” questionmakesthisapproachimpracticalat thepresent
time.

Anotherdifficulty is the inclusionof the feedbackcontrol for closed-loopperformanceevaluations.Thedynamicand/or
sampled-datarequirementsof thefeedbackcontrolsystemareoftenverydifficult to incorporateinto existingfinite element
anddynamicanalysissoftwarepackages.Furthermore,real-timerobustfeedbackcontroldesignonly requiresmodelsthat
areaccurateenoughto meettheperformancetolerances,e.g.,simplifiedor reduced-ordermodelstogetherwith a measure
of themodelerror. Whatis missingat thepresenttimearemathematicalmethodsthatcanoperateonthedetailednonlinear
physicalmodelsof theseadvancedchambersto derivereduced-ordermodels,togetherwith appropriatemeasuresof model
error. Ideally, suchmethodswouldbeanalyticandnot requireextensivesimulations.Lackof appropriatesensorsremains
an impedimenteven thoughthereis a major pushtowardsensordevelopment.Also, thereis a lack of purelynonlinear
controllersynthesismethodsthatareimplementable.

Physicalphenomenain microelectronicsprocessingsystemsinvolve chemicalreactions,heattransfer, fluid mechanics,
speciestransport,andplasmaphysics.Integratedphysicalmodelsarerequiredto representthesesystems.Hence,progress
in solvingthesecomplex engineeringproblemsrequiresaninterdisciplinaryapproachinvolving closeinteractionbetween
systemsand control theoristsand their counterpartsin appliedmathematics,physics,chemistry, and materialscience.
Furthermore,physicalmodelsmustbevalidatedwithin thecontext of acarefullyplannedexperimentalprogram.

We will illustrate the above problemsby describingour experiencein designinga temperaturefeedbackcontroller for
a Rapid ThermalProcessing(RTP) chamber, and the developmentof an integratedmodel for control of an RF diode
sputteringchamberfor thegrowing of GiantMagneto-resistive(GMR) thin-films.

2:00pm Eric Ydstie
Carnegie-MellonUniversity

Foundationsof ProcessControl
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3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

Short Presentations

3:15–3:35pm Tariq Samad
Honeywell TechnologyCenter

NonlinearControl: IssuesandOpportunitiesfor Industrial
Applications

Abstract: Theintentof thistalk is to impartto controlsresearchersin academiaandindustryanappreciationof application-
orientedconsiderationsfor nonlinearcontrol. I will payspecificattentionto processindustryapplications,althoughother
applicationdomainswill alsobementioned.Difficultiesof identification,multivariablecomplications,someshortcomings
of ”intelligent control”, and the lack of provableguaranteesare discussedin this context. Yet if suchchallengescan
successfullybe met, exciting possibilitieslie ahead. Multi-modeling architecturesand randomizedalgorithms,among
other topics, are key researchtopics to this end. Conceptsfor large-scaleoptimization, intelligent dataanalysis,and
complex adaptive systemsareoutlinedaspotentialbreakthroughapplications.I concludeby offeringsomereflectionson
defining”nonlinearcontrol”, in thehopeof broadeningtheconnotationof thetermwithin thecontrolscommunity.

3:35–3:55pm Mir oslav Krstic
Universityof CaliforniaSanDiego

StochasticNonlinearDisturbanceAttenuationandAdap-
tiveStabilization

Abstract: The nonlinear(state)feedbacktheoryhasreacheda level of generalitywhereconstructive methods(basedon
controlLyapunov functions)exist for all systemsaffinein thecontrolandthedisturbance.Wepresentboththemorewidely
known resultsfor deterministicsystemsandvery recentresultsfor stochastic(continuous-time)systems.In thestochastic
case,we work from scratch,startingwith new definitionsof equilibriumandinput-outputstability, new globalLyapunov
theorems,to arriveat a new stochasticoptimalcontrolparadigmthatis a morenaturalnonlinearextensionof thestandard
LQG/H 2 thanthe widely studiedrisk-sensitive problem. Thenwe proposean adaptive approachto stabilizationin the
presenceof unknown covarianceandarrive at globally stabilizingcontrollers. In the linear casethis resultextendsthe
”multiplicativenoise”resultsby Wonhamandby Willems& Willems to a largerclassof systems.

3:55–4:10pm Jaroslav Stark
UCL

Imbeddingfor StochasticandSpatio-temporalDynamics

4:20pm IMA Tea(and more!) VincentHall 502(TheIMA Lounge)

A varietyof appetizersandbeverageswill beserved.

Tuesday, April 28

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am JamesB. Rawlings
Universityof Wisconsin,Madison

CurrentIssuesin Model-PredictiveControl

Model predictive control (MPC) is a form of control in which the currentcontrol actionis obtainedby solving on-line,
perhapsapproximately, anopen-loopoptimalcontrolproblem.An importantadvantageof this typeof controlis its ability
to copewith hardconstraintson thecontrolsandstates.Model predictive control hasbeenwidely appliedin the petro-
chemicalandrelatedprocessindustrieswhereeconomicconsiderationsdemandoperationneartheboundaryof thesetof
admissiblestatesandcontrols.In this talk we first review someof thebasicsof MPC andoverview thetypesof problems
thathavebeensolved.Next wedescribeanemergingconsensusamongresearcherson thebasicnecessarycomponentsof
modelpredictivecontrollaws. Thisdiscussionfocusesonthenecessaryingredientstoobtainclosed-loopstability. Next we
presentoneof themajorunresolvedproblemfor thiscontrolapproach,which is receiving currentattention,apracticalon-
line methodfor dealingwith nonlineardynamicmodels.A naive implementationof MPC for nonlinearmodelsrequires
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the on-line global solution of non-convex optimizationproblems. We presenta new methodthat requireslesson-line
computationandmayeaseimplementationof MPCwith nonlinearmodels.

Thework presentedwasdonein collaborationwith Prof. D. Q. Mayne,UC Davis andImperialCollege.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am RogerBrockett
HarvardUniversity

PuttingtheFeedbackbackinto AutomaticControl

Abstract: Fifty yearsagoit wasmoreor lesstakenfor grantedthatautomaticcontrolmeantfeedbackcontrol.Otherfields,
suchasbiology andeconomics,adoptedtheword feedbackand,throughthesemorepopulardisciplines,theword came
into widespreaduse.However, astime evolvedcontrol theory, itself, largely ignoredthe ideaof feedback,concentrating
insteadon technicalissuesassociatedwith optimal control, estimation,modeling,etc. In fact, a quick examinationof
popularbookson control fails to find any significantdiscussionof feedbackor otherconceptualissuesassociatedwith
the implementationof controlactions.This is in contrastwith the literaturein psychology, andneuralscience.In these
fields thereis a growing interestin therelationshipbetweenstructureandfunctionandthis hasmotivatedresearchersto
worry agreatdealaboutthedistinctionbetweenfeedbackandopenloop implementations.For example,thisdistinctionis
particularlyimportantwhenit comesto describingtheroleof learningin findingbetterwaysto executemovements.In this
talk I will layoutageneralmathematicalformulationof theproblemof implementingcontrolpoliciesleadingto anew class
of optimizationproblemsin which thecomplexity of implementationis tradedoff againstthequality of the trajectories.
Fromamathematicalpointof view theresultingtheoryis afield theoryasopposedto aparticletheory. Onemightsaythat
it standsin relationshipto optimalcontrolin somewhatthesameway thatMaxwell’sequationsstandin relationshipto the
equationsof motionfor a chargedparticle. Theresultingframework, althoughtechnicallymoredifficult, permitsoneto
givea crispdefinitionof someslipperytermssuchasattentionandpractice.

2:00pm I. Kanellakopoulos
UCLA

Active Identification for Discrete-Time Nonlinear Sys-
tems

Abstract: Theproblemof adaptive controldesignfor discrete-timenonlinearsystemswith unknown parametershasbeen
solvedonly for veryspecialcases;in particular, to guaranteeglobalstability, existingsolutionsimposegrowth restrictions
on thenonlinearities.In this talk weproposea novel approachwhich removesthis obstacleandyieldsglobalstabilityand
trackingfor systemsin thestrict-feedbackform. Insteadof the traditionalstructureof concurrenton-lineestimationand
control,we adopta two-phasecontrol strategy: First, in theactive identificationphase,we usethecontrol input to drive
thesystemstateto pointsin thestatespacewhichprovideuswith informationabouttheunknown parameters.Wedevelop
analgorithmwhichguaranteesthatthedurationof this phaseis finite andthatat its endwewill beableto computefuture
valuesof thesystemstates.Then,in thelook-aheadcontrolphase,we usethis predictioncapabilityto treatthesystemas
completelyknown andto drive it to its desiredstatein finite time.

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

Short Presentations

3:30–3:50pm Edriss S.Titi
UC Irvine andLANL

NumericalCriterionfor StabilizingSteadyStateSolutions
of theNavier–StokesEquations.

Abstract: In thistalk weshow thatby stabilizingasteadystatesolutionto theGalerkinapproximationof theNavier-Stokes
equations,usingcertainlinear feedbackcontrol,onein fact is stabilizinga nearbysteadystatesolutionto the fully three
dimensionalNavier-Stokesequations.Similar resultsalsohold in thecontext of NonlinearGalerkinmethod.It is worth
mentioningthatall our conditionsareexplicit andverifiedby thecomputedapproximateGalerkinsolutionandthatno a
priori assumptionsaremadeon theunknown exactsolutionof theNavier-Stokesequations.

4:13–4:50pm L.M. Pismen
Technion-IsraelInsituteof Technology

Wave TuringResonanceandDynamicsof Planforms
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4:10–4:30
ù

pm YousefSaad
Universityof Minnesota

Krylov SubspaceMethods for Solving Certain Matrix
Problemsin Control

3:50–4:10pm CostasKra varis
Universityof Michigan

SingularPDE’sandtheSingle–stepFormulationof Feed-
backLinearizationWith PolePlacement

Abstract: Thepresentwork proposesanew formulationto thefeedbacklinearizationproblem.Theproblemunderconsid-
erationis not treatedwithin thecontext of geometricexact feedbacklinearization,whererestrictive conditionsarise,but
is convenientlyformulatedin thecontext of singularPDEtheory. In particular, themathematicalformulationof theprob-
lem is realizedvia a systemof first-orderquasi-linearsingularPDE’s anda rathergeneralsetof necessaryandsufficient
conditionsfor solvability is derived,by usingLyapunov’sauxiliary theoremon singularPDE’s. Thesolutionto theabove
systemof singularPDE’s is locally analyticandthis enablesa seriessolutionmethod,which is easilyprogrammablewith
theaid of a symbolicsoftwarepackage.Undera simultaneousimplementationof a nonlinearcoordinatetransformation
anda nonlinearstatefeedbacklaw computedthroughthesolutionof thesystemof PDE’s,bothfeedbacklinearizationand
pole-placementdesignobjectivesareaccomplishedin onestep,avoiding therestrictionsof theotherapproaches.

Wednesday, April 29

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am IvenMar eels
Universityof Melbourne

Estimatingthecontrolandidentificationeffort for chaotic
dynamics.

Abstract: In this talk we review thesimplebut effective OGY methodfor thecontrolof chaoticdynamicsfrom a control
engineeringperspective. An importantingredientin this methodis to estimatetheeffort requiredto identify a sufficiently
accuratelocal representationfor thedynamicsthatneedto bestabilised.Usingideasfrom linearsystemidentificationand
ergodicity theoryfor chaoticdynamicswearriveatanestimateof thedatacomplexity to achievea deisredcontrolresult.

Theestimateshave implicationsfor thereconstructionof low dimensionalchaoticmapsvia local linearmapsovertessela-
tions.

A promisingapplicationareais in securedatacommunication.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Frank Doyle
Universityof Delaware

InputSequenceDesignfor NonlinearModelIdentification

Abstract: Recentadvancesin theapplicationof advancedcontrolmethodsin thechemicalindustryhave increasedinterest
in the identificationof nonlineardynamicmodelsfrom processdata.Two key issuesthatarerelevantaremodelstructure
selection,andinput sequencedesign.In this talk, resultsfor finite Volterraseriesmodelswill bereviewedin application
to nonlinearmodelpredictive controldesign.Two approachesto reducingthehighly parametrizedVolterraserieswill be
covered,aswill intelligentinput sequencedesign.In particular, tailoredinput sequenceswill bederivedfrom a weighted
predictionerroranalysis.Furthermore,theengineeringapplicationof thesesequenceswill beconsidered,resultingin the
quantificationof “plant-friendly” attributes.

2:00pm Anthony Bloch
TheUniversityof Michigan

IsospectralFlowsandNonholonomicStabilization

Abstract: In this talk, which presentsjoint work with S. Drakunov and M. Kinyon, I will discussthe stabilizationof
kinematicnonholonomicsystems,and its relationshipwith the theoryof isospectralmatrix flows. In particularI shall
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considernonholonomicsystemsin the generalcanonicalform suggestedby Brockett. Nonholonomicsystemsarenot
stabilizableby smoothfeedbackandI will presentanalgorithmwhichusesdiscreteswitchingbetweensmoothflows. The
switchingis essentiallybetweenflowswhichpreserveeigenvaluesof matrices(isospectralflows,similar to thosefoundin
thetheoryof integrablesystems),andcertaindoublebracketflows,similar to thosefoundin gradientsystemstheory. Our
doublebracket flows arerelatedto, but differentfrom, thoseusedby Brockett, thepresenter, andothersin leastsquares
identificationproblems. I will discussa generalizationof theseideasto a classof systemsbasedon the theoryof Lie
algebras.

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

Short Presentations

3:30–3:50pm Dieter Armbruster
ArizonaStateUniversity

Dynamicsof re-entrantmanufacturingsystems.

Abstract: Motivatedby re-entrantmanufacturingprocessesin semiconductorwaferprocessingwemodelthequeuechanges
associatedwith eachstepin themanufacturingprocessby asetof constantdifferentialequations.A Poincaremapreduces
this to setsof piecewise linear maps. It is proved for a specificexampleof a 2–4 step–2machineproblem,that these
mapsdo not show chaoticbehavior but insteadlead to periodicorbits of arbitraryperioddependingon the processing
rates. A partly dissipative, partly conservative phasespaceis indentifiedandtypical bifurcationsareanalyzed.This is
contrastedwith a switchedarrival queuingsystemwhich showschaoticbehavior andwherecontrolof chaosideasleadto
thestabilizationof unstableperiodicorbits.

3:50–4:10pm ThomasCo
MichiganTechnologicalUniversity

Parameterestimationof a certainclassof nonlineartime
varyingsystems

4:10–4:30pm RaymondAdomaitis
Universityof Maryland

A Collocation-BasedApproachto ModelReductionfor a
TungstenChemicalVaporDeposition

Abstract: We presenta model of a tungstenchemicalvapordeposition(CVD) systemusedto study the CVD system
thermaldynamicsandwafertemperaturenonuniformitiesduringa processingcycle. We developamodelfor heattransfer
in thesystem’s wafer/susceptor/guardring assemblyanddiscretizethemodelingequationwith a multiple-grid,nonlinear
collocationtechnique.Thisweightedresidualmethodis basedontheassumptionthatthesystem’sdynamicsaregoverned
by a small numberof modesand that the remainingmodesareslaved to theseslow modes. Our numericaltechnique
producesa modelthat is effectively reducedin its dynamicaldimension,while retainingthe resolutionrequiredfor the
wafer assemblymodel. The numericaltechniqueis implementedwith only moderatelymoreeffort thanthe traditional
collocationor pseudospectraltechniques.Furthermore,by formulatingthetechniquein termsof a collocationprocedure,
therelationshipbetweentemperaturemeasurementsmadeonthewaferandthesimulatorresultsproducedwith thereduced-
ordermodelremainclear.

4:30–4:50pm Tryphon T Georgiou
Universityof Minnesota

Robustnessof Non-LinearControl

Thursday, April 30

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176
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9:30
ú

am John Baillieul
BostonUniversity

TheGeometryOf SecondOrderControlSystems

Abstract: In this talk I shallI shallpresentsomerecentwork onafavorite topic—averagingtheoryfor controlledmechan-
ical systemswith oscillatoryinputs.Someparticularpointsonwhich I hopeto touchare:
1. Thegeometricdistinctionbetweenveolicity controlledandaccelerationcontrolledmechanicalsystems,
2. Geometricconditionsfor stableresponseto oscillatoryforcing,
3. Interestingphysicalexamples,and,timepermitting,
4. Scale-invarianceof theeffectsof oscillatorycontrol.
I have chosento emphasizethesepoints becauseI believe they can be relatedin variousways to work of colleagues
attendingtheworkshop.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am P. Krishnaprasad
Universityof Maryland

Fromsmartdevicesto smartsystems

Actuatorsbasedon the interactionof electricandmagneticfieldswith materials(often referredto assmartactuatorsor
smartstructures),areof currentinterestat a varietyof lengthscales.Arraysof electrostaticmicro-actuatorshave found
their way into applicationsin displays.For futureapplicationsinvolving interactionsof sucharrayswith fluids it is likely
thatoneneedsto solveproblemsof communicationandcontrolin sucharrays.Onepossibleapproachthatis appealingin
thiscontext is theuseof pattern-formingdynamicalsystemsto realizecontroloverlargearrays.In this talk, basedon joint
work of Eric Justhandthespeaker, wediscussthepropertiesof aclassof partialdifferentialequationsthathaveinteresting
pattern-formationcharacteristics.We analyzequalitativepropertiesvia suitableenergy functionals.We alsodiscusssome
of themodelingaspectsof individual actuatorsthat leadus to this approach.This work is supportedby Army Research
OfficeundertheODDR&E MURI97 ProgramGrantNo. DAAG55-97-1-0114to theCenterfor DynamicsandControlof
SmartStructures(throughHarvardUniversity),andanARCSFellowshipawardedto Eric Justh.

2:10pm Eduardo Sontag
Rutgers

Stabilization,Lyapunov-LikeFunctions,andtheEffectof
Disturbances

Thisexpositorytalk describesseveralrecentresultsin theareasof stabilityandstabilizationof nonlinearcontrolsystems.

The first part will survey relationshipsbetweenthe existenceof feedbackstabilizersand control-Lyapunov functions
(cLf ’s). The focuswill be on correspondencesbetween,respectively, (1) stabilizability andcontinuouscLf ’s, and (2)
closed-looprobustnessto ”small” disturbancesandsmoothcLf ’s. In particular, theissueof discontinuousfeedbackstabi-
lizationleadsoneto adefinitionof ”closed-loopbehavior” whichoriginatesin thetheoryof differentialgames.Techniques
from nonsmoothanalysis(viscosity-like)areusedin theconstructionof stabilizers.

Timepermitting,thesecondpartof thetalkwill shift into theeffectof ”large”disturbances,andnotionsof stabilitythattake
into accountexternalperturbations.Theconceptsof input-to-statestability (ISS),aswell asthemorerecentlyintroduced
integral input-to-statestability (IISS), provide a theoreticalframework in which to analyzethe issuesthat arisein this
context. Thefocuswill beondissipation(Lyapunov-like)characterizationsof theseproperties.

3:15pm CoffeeBreak ReceptionRoomEE/CS3-176

Short Presentations

3:30–3:50pm P. Daoutidis
Universityof Minnesota

FeedbackControl of Nonlinear Differential Algebraic
EquationSystems.

Abstract: Many engineeringapplicationsarenaturallymodeledby systemsof couplednonlineardifferentialandalgebraic
equations(DAEs) that cannotbe directly reducedto ODEs. Suchsystems(alsoreferredto as“high-index” DAEs, sin-
gular systems,descriptorsystemsetc.) behave fundamentallydifferentfrom ODEs(they do not have a smoothsolution
for arbitrary initial conditions,the solutionmay dependon derivativesof the forcing input etc.) andhave beenstudied
extensively from thepointof view of numericalsimulation.In this talk, recentresultson thefeedbackcontrolof nonlinear
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high-index DAEswill bepresented.Theserely onanalgorithmfor thederivationof statespacerealizationsof theoriginal
DAE systemor an equivalentfeedback-modifedsystem.Connectionswith singularperturbationsandchemicalprocess
applicationswill alsobediscussed.

3:50–4:10pm Y. Kevrekidis
Princeton

Two bifurcationproblemsarisingin a controlsetting

Abstract: I will briefly describetwo bifurcationproblemsthatarise(a) in discretetime modelreferenceadaptive control
and(b) in stabilizing infinite dimensionalsystemsthroughtruncations.In the first casenoninvertibledynamicsleadto
new classesof instabilitiesandmake thecomputationof basinsof attractiondifficult. In thesecondcase,trying to relate
open-loopto closedloopattractorsvia homotopy, giveriseto broken(perturbed)transcriticalbifurcations.

4:10–4:30pm John Guckenheimer
Cornell

RecentDevelopmentsin ComputingPeriodicOrbits

6:00pm Workshop Dinner CampusClub

Friday, May 1

Talks today are in LectureHall EE/CS3-180

8:30am Coffee ReceptionRoomEE/CS3-176

8:45am P. Kokotovic
Universityof CaliforniaSantaBarbara

ConstructiveNonlinearControl

This talk will survey recentlydevelopedtools andproceduresfor systematicdesignof stabilizing feedbackcontrollers
for classesof nonlinearsystems. Among the tools are inverseoptimality and passivity, while the proceduresinclude
backsteppingandforwarding.A typicalenginedesignapplicationwill alsobediscussed.

9:45am WolgangKliemann
IowaStateUniversity

Towardsa BifurcationTheoryof NonlinearControlSys-
tems

Abstract: This talk dealswith astructuralaspectof controlsystems- theirbehavior underparametervariationwith respect
to local andglobal properies.Global propertiesincludeaspectsof controllability and(practical)feedbackstabilization,
which maychangeasa parametervarieswithin a givenset.We presentpersistenceandcontinuityresultsfor controland
stabilization,whichalsogivenew insightinto (uncontrolled)dynamicalsystemswhenappliedtosystemswith smallcontrol
range. The mathematicaltechniquesarebasedon the studyof transitivity of associatedcontrol flows. Local properties
includeaspectsof robuststability andfeedbackstabilization.A control theoreticversionof multiplicative ergodictheory
shows that thespectrumof a control systemconsistsof intervals. As theendpointsof theseintervalspassthroughzero,
thesystemchangesits stability andstabilizationbehavior. Again, for smallcontrol rangetheseresultsspecializeto local
bifurcationtheoryof dynamicalsystems.

10:45am CoffeeBreak ReceptionRoomEE/CS3-176

Joint with IMA Seminaron Industrial Problems

11:15am T. J. Burns
NIST

ModelingandSimulationof SomeHigh-SpeedManufac-
turingProcesses

Abstract: Themostbasicmanufacturingprocessesinvolvethemechanicalworkingof a material,resultingin a permanent
alterationof its shapeto produceafinishedcomponent.Theseplasticdeformationprocessescanbeclassifiedaccordingto
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theorderof magnitudeof therateof deformation,or strain rate, at which they areperformed.Processessuchasrolling,
forming,anddrawing arecharacterizedby relatively low strainratesthatdonotexceedabout îZï ã sò ð . On theotherhand,
operationssuchasstamping,punching,andmachiningcaninvolvestrainratesashighas îGïiû sò�ð . Annualexpenditureson
high-strain-ratemanufacturingoperationsin theUnitedStatesexceedü�ý of theGDP.

Trial-and-errorprototypingis thecurrentmethodusedby industryto selectprocessparameters.Thismethodis expensive,
andit oftenleadsto sub-optimalparameterchoices.For thesereasons,andbecauseof increasinginternationalcompetition,
U.S.industriesarebeginningto investigatemoresophisticatedapproachesto thedesignandoptimizationof manufacturing
processes.A necessarysteptowardsimprovedprocesscontrol is the developmentof bettermodelsof theseoperations.
While considerableprogresshasbeenmadein thedevelopmentof predictivemodelsfor low-strain-rateprocesses,thereis
currentlya needfor improvedpredictivecapabilitiesfor high-rateprocesses.

In this talk, a survey will be given of somework in progressat NIST on the applicationof nonlineardynamicsto the
modelingandsimulationof two high-speedmachiningoperationsthatarecurrentlyof considerableinterestin industrial
applications:high-speedturning andmilling of metals. Unlike moreconventionalmachiningoperations,which canbe
consideredto bequasi-static,thesemoremodernmanufacturingprocessesaredynamic,andtherearesignificantnonlinear
effectswhich leadto complicatedprocessdynamics.

IMA Workshop:

Pure,Applied and Industrial Mathematics: Strength
thr oughConnections

May 1–3,1998
Organizers:RobertGulliver (Minnesota),NareshJain(Minnesota),Willard Miller

(Minnesota),

To Celebratethe65thBirthdayof AvnerFriedman

Sponsoredjointly with theUniversityof MinnesotaSchoolof Mathematics

For themostcurrentinformationaboutthisworkshop,see
http://www.ima.umn.edu/dynsys/spring/friedman.html

Friday, May 1

Talks today are in LectureHall EE/CS3-180

2:30pm Registration and Coffee ReceptionRoomEE/CS3-176

3:00pm Welcomeand Orientation NareshJain

3:15–4:00pm Luis Caffarelli
Universityof Texas

TheObstacleProblemWithoutObstacle

Abstract: We will discussthe regularity theoryand the geometryof the free boundaryfor free boundaryproblemsof
obstacletype,but withoutpositivity assumptions,for instancethePompeiuproblem.

4:15–5:00pm WendellFleming
Brown University

RiskSensitiveStochasticControl

Abstract: Risk sensitive control providesa link betweendeterministicandstochasticmodellingof disturbancesin con-
trol systems.Connectionswith differentialgames,large deviations theory, parabolicpartial differentialequationsand
mathematicalfinancewill bementioned.Thelectureis intendedto beaccessibleto a ratherbroadaudience.

5:30pm Reception RadissonHotel
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Saturday, May 2

Talks today are in LectureHall EE/CS3-180

9:15am Registration and Coffee ReceptionRoomEE/CS3-176

9:45–10:30am EmanuelleDiBenedetto
NorthwesternUniversity

Stability Estimates for 2-dimensional Cracks in 3-
DimensionalBodies

10:40–11:25
am

Peter Castro
EastmanKodak

IndustrialMathematics- BenefitsandDifficultiesin Con-
nectingto Academe

11:35–12:20
pm

Hillary Ockendon
Oxford University Centrefor Industrial
andAppliedMathematics

SpinningandWeaving

Abstract: Many processesin the textile industryarejust startingto be modelledmathematically. Typical configurations
involvemaythousandsof fibresinteractingwith eachotherandwith externalforces.

Thenovel mathematicsthatcanarisewill beexemplifiedby two situationsinvolving man-madefibres.Thefirst concerns
thedynamicsof awet tow modelledasananisotropicdeformableporousmediumandthesecondinvolvesthecrimpingof
dry fibres,which leadsto adelayintegralequation.

Traditionalprocessesinvolving cardingandspinningof naturalfibresseemto beespeciallyhardto modelmathematically,
andsomeof thechallengeswill bediscussed.

2:15–3:00pm JamesGlimm
StateUniv. of New York Stoneybrook

StochasticFluid Dymanics

Abstract: Thepracticalcomputationalandanalyticmodelingof stochasticfluid flow is a demandingchallenge.We review
severalseparatecomponentsof anintegratedapproachto thisproblem,drawingonrecentresultsof thespeaker, colleagues,
andothers.

Stochasticrisk assessmentof engineeringsystemsmotivatesthisstudy, asit requiresstochasticfluid flow asaninput. The
useof multiple simulationsto evaluatea stochasticensembleplacesa strongpremiumon fastalgorithms.Upscalingis a
necessaryapproachto achieving fastalgorithmsin many cases.Upscalingcanbeunderstoodastheoppositeof multigrid
methodsin amultiscaleproblem:Finelygriddeddatais usedto conditionacoarselygriddedsolution.Analytic,numerical,
andexperimentalstudiesareneededto validateupscalingmethodologies.Massively parallelcomputingbasedonalocally-
assembledsupercomputerwith commoditycomponentsandpublicdomainsoftwareis acosteffectivesolutionfor thestill
remaininglargecomputationalproblems.

In combination,thesemethodsappearto becapableof solvingpreviously intractiblestochasticfluid flow problems.

3:10–3:55pm Zalman Usiskin
Universityof Chicago

What CanWe Learn from InternationalComparisonsin
SchoolMathematics?

Abstract: Noticeablyabsentfrom the official reportsandmediasummariesof the Third InternationalMathematicsand
ScienceStudy(TIMSS)resultsareany referencesto whathappenedin thefirst andsecondstudies.Yet,if weignoreearlier
studieswhenanew oneappears,wewill learnverylittle, andin fact,theevidenceis thatmuchof whatwasconsiderednew
in TIMSSreportswasknown from earlierstudies.This talk summarizessomeof whatwehave learnedfrom international
studiesto date.

4:05–4:50pm ShmuelWinograd
IBM, ResearchDivision

Factorizationof PolynomialsOver Fieldsof Characteris-
tics2

Abstract: DecodingReed-Solomoncodescalls for finding the rootsof polynomialsover a field of characteristic2. This
talk will describea new methodfor factorizingsuchpolynomialswhich is particularlyefficient for polynomialsof small
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degree.

6:00–7:00pm Reception RadissonHotel

7:00–8:15pm Dinner RadissonHotel

8:15pm After Dinner Speeches RadissonHotel

After dinnerspeechesby variousparticipantsincludingLynnFriedmanandAvnerFriedman.

Sunday, May 3

Talks today are in LectureHall EE/CS3-180

:w 8:30am Coffee ReceptionRoomEE/CS3-176

9:00–10:45am John Ockendon
Oxford University Centrefor Industrial
andAppliedMathematics

StimulatingMathematicsin Industry

Abstract: Two recentexampleswill begivenof how industrialstimuluscanleadto new waysof thinkingaboutproblemsin
partialdifferentialequations.Thefirst showshow modelsfor capacitormanufacturingcanposeinterestingnew questions
for theLaplace-Youngequation;theseconddescribeshow thequestfor moreacuteradarsystemsmotivatestheconstruction
of a systematictheoryof complex raysfor theHelmholtzequation.

For variousreasons,theacademicmathematicscommunityhasbeendelugedwith industrialproblemsin recentyears.The
talk will concludewith a transparency to demonstratethecurrentmismatchbetweensupplyanddemandfor mathematical
expertisein thisarea.

10:00–10:45
am

Juan Velazquez
UniversidadComplutensedeMadrid

Singularitiesfor theStefanProblem

Abstract: An overview will be given concerningdifferentsingularitymechanismsthat have beenfound for the Stefan
problemin classicalandundercooledsituationsusingeitherrigouroustechniquesor formalasymptoticexpansions.In par-
ticular differentmechanismsof shrinkingof thefreeboundariesto points,aswell ascuspformationandcornerformation
mechanimswill bediscussed.

11:00–10:45
am

Walter Littman
Universityof Minnesota

Teachinga coursein IndustrialMathematics

Abstract: For severalyearsthespeaker hastaughta coursein IndustrialMathematicsat Minnesota,usingthebookcoau-
thoredwith AvnerFriedman.Thehistory, themany uniquefeaturesof this course,aswell many helpful hintson how to
succeedin this coursewill beoffered. This coursehasbeena sourceof greatgratificationboth for the studentsandthe
speaker.
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University of Minnesota

400Lind Hall
207ChurchStreetS.E.

Minneapolis,Minnesota55455
FAX (612)626-7370 telephone(612)624-6066 e-mail: ima-staff@ima.umn.edu

IMA Schedulesvia finger: finger seminar@ima.umn.edu
Newsletters,Updatesandpreprintsavailablevia

anonymousftp: 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 a full descriptionof the1997–98programonEmergingApplicationsof DynamicalSystemsand

seehttp://www.ima.umn.edu/ seminar/sched and
http://www.ima.umn.edu/newsl trs/ for thelatestschedulinginformation.

Newsand Notes

IMA and University of MinnesotaSchoolof Math Workshop:

Pure,Applied and Industrial Mathematics: Strength
thr oughConnections

May 1–3,1998
Organizers:RobertGulliver (Minnesota),NareshJain(Minnesota),Willard

Miller (IMA)

To Celebratethe65thBirthdaysof Avner& LynnFriedman

Seealsohttp://www.ima.umn.edu/dynsys/spring/friedman.html

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique,ConsiglioNazionaledelleRicerche,Georgia Instituteof Technology, IndianaUniversity,
Iowa StateUniversity, KentStateUniversity, MichiganStateUniversity, MississippiStateUniversity, NorthernIllinois University, Ohio StateUniversity, PennsylvaniaState
University, PurdueUniversity, SeoulNationalUniversity (RIM - GARC), TexasA&M University, University of Chicago,University of Cincinnati,University of Houston,
Universityof Illinois (Urbana),Universityof Iowa, Universityof Kentucky, University of Maryland,Universityof Michigan,Universityof Minnesota,Universityof Notre
Dame,Universityof Pittsburgh,Universityof Wisconsin,WayneStateUniversity.
PARTICIPATING CORPORATIONS:EastmanKodak,EPRI,Ford,GeneralMotors,Honeywell, IBM, LockheedMartin,LucentTechnologies,Medtronic,Motorola,Siemens,
TelcordiaTechnologies,3M.
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IMA Workshop:

Dynamical SystemsTechniquesin Oceanography: Chaotic
Advection in OceanMesoscaleStructure

May 7–9,1998
Organizers:ChrisJones(Brown)

Co-sponsoredby theOfficeof Naval Research

Seealsohttp://www.ima.umn.edu/dynsys/spring/ocean.html

IMA Workshop:

Pattern Formation in Continuousand CoupledSystems
May 11–15,1998

Organizers:Martin Golubitsky (Universityof Houston),DanLuss(Universityof
Houston),SteveStrogatz(Cornell)

Seealsohttp://www.ima.umn.edu/dynsys/spring/dynsys9.html

Impr oved IMA HomePage

The IMA hassubstantiallyimprovedits homepageon theWorld-Wide Web,accessiblethroughnetscapeor otherweb-
readingapplicationsat

http://www.ima.umn.edu/
Thesiteis continuallyunderconstruction.We invite commentsor suggestions,whichmaybeaddressedto

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

Schedulefor May 1–31,1998

IMA Workshop:

Pure,Applied and Industrial Mathematics: Strength
thr oughConnections

May 1–3,1998
Organizers:RobertGulliver (Minnesota),NareshJain(Minnesota),Willard Miller (IMA),

To Celebratethe65thBirthdayof AvnerFriedman

Sponsoredjointly with theUniversityof MinnesotaSchoolof Mathematics

For themostcurrentinformationaboutthisworkshop,see
http://www.ima.umn.edu/dynsys/spring/friedman.html
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SeeIMA Newsletter261(April 1998)for the concludingeventson the morning of May 1 of the IMA workshop on
Nonlinear Identification and Control

Friday, May 1

Talks today are in LectureHall EE/CS3-180

2:30pm Registration and Coffee ReceptionRoomEE/CS3-176

3:00pm Welcomeand Orientation NareshJain

3:15–4:00pm Luis Caffarelli
Universityof Texas

TheObstacleProblemWithoutObstacle

Abstract: We will discussthe regularity theoryand the geometryof the free boundaryfor free boundaryproblemsof
obstacletype,but withoutpositivity assumptions,for instancethePompeiuproblem

4:15–5:00pm WendellFleming
Brown University

RiskSensitiveStochasticControl

Abstract: Risk sensitive control providesa link betweendeterministicandstochasticmodellingof disturbancesin con-
trol systems.Connectionswith differentialgames,large deviations theory, parabolicpartial differentialequationsand
mathematicalfinancewill bementioned.Thelectureis intendedto beaccessibleto a ratherbroadaudience.

5:30pm Reception RadissonHotel

Saturday, May 2

Talks today are in LectureHall EE/CS3-180

9:15am Registration and Coffee ReceptionRoomEE/CS3-176

9:45–10:30am EmanuelleDiBenedetto
NorthwesternUniversity

Stability Estimates for 2-dimensional Cracks in 3-
DimensionalBodies

10:40–11:25
am

Peter Castro
EastmanKodak

IndustrialMathematics- BenefitsandDifficultiesin Con-
nectingto Academe

Abstract: Industrialmathematicsis differentfrom academicmathematics.Througha selectionof mathematicalproblems
in imagingwe will explore the impactof the IMA industryconnection,fosteredby AvnerFriedman,on progressin the
mathematicsof imagingscience.

11:35–12:20
pm

Hillary Ockendon
University of Oxford Centrefor Indus-
trial andAppliedMathematics

SpinningandWeaving

Abstract: Many processesin the textile industryarejust startingto be modelledmathematically. Typical configurations
involvemaythousandsof fibresinteractingwith eachotherandwith externalforces.

Thenovel mathematicsthatcanarisewill beexemplifiedby two situationsinvolving man-madefibres.Thefirst concerns
thedynamicsof awet tow modelledasananisotropicdeformableporousmediumandthesecondinvolvesthecrimpingof
dry fibres,which leadsto adelayintegralequation.
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Traditionalprocessesinvolving cardingandspinningof naturalfibresseemto beespeciallyhardto modelmathematically,
andsomeof thechallengeswill bediscussed.

2:15–3:00pm JamesGlimm
StateUniv. of New York Stony Brook

StochasticFluid Dymanics

Abstract: Thepracticalcomputationalandanalyticmodelingof stochasticfluid flow is a demandingchallenge.We review
severalseparatecomponentsof anintegratedapproachto thisproblem,drawingonrecentresultsof thespeaker, colleagues,
andothers.

Stochasticrisk assessmentof engineeringsystemsmotivatesthisstudy, asit requiresstochasticfluid flow asaninput. The
useof multiple simulationsto evaluatea stochasticensembleplacesa strongpremiumon fastalgorithms.Upscalingis a
necessaryapproachto achieving fastalgorithmsin many cases.Upscalingcanbeunderstoodastheoppositeof multigrid
methodsin amultiscaleproblem:Finelygriddeddatais usedto conditionacoarselygriddedsolution.Analytic,numerical,
andexperimentalstudiesareneededto validateupscalingmethodologies.Massively parallelcomputingbasedonalocally-
assembledsupercomputerwith commoditycomponentsandpublicdomainsoftwareis acosteffectivesolutionfor thestill
remaininglargecomputationalproblems.

In combination,thesemethodsappearto becapableof solvingpreviously intractiblestochasticfluid flow problems.

3:10–3:55pm Zalman Usiskin
Universityof Chicago

What CanWe Learn from InternationalComparisonsin
SchoolMathematics?

Abstract: Noticeablyabsentfrom the official reportsandmediasummariesof the Third InternationalMathematicsand
ScienceStudy(TIMSS)resultsareany referencesto whathappenedin thefirst andsecondstudies.Yet,if weignoreearlier
studieswhenanew oneappears,wewill learnverylittle, andin fact,theevidenceis thatmuchof whatwasconsiderednew
in TIMSSreportswasknown from earlierstudies.This talk summarizessomeof whatwehave learnedfrom international
studiesto date.

4:05–4:50pm ShmuelWinograd
IBM, ResearchDivision

Factorizationof PolynomialsOver Fieldsof Characteris-
tic 2

Abstract: DecodingReed-Solomoncodescalls for finding the rootsof polynomialsover a field of characteristic2. This
talk will describea new methodfor factorizingsuchpolynomialswhich is particularlyefficient for polynomialsof small
degree.

6:00–7:00pm Reception RadissonHotel

7:00–8:15pm Dinner RadissonHotel

8:15pm After Dinner Speeches RadissonHotel

After dinnerspeechesby variousparticipantsincludingLynnFriedmanandAvnerFriedman.

Sunday, May 3

Talks today are in LectureHall EE/CS3-180

8:30am Coffee ReceptionRoomEE/CS3-176

9:00–9:45am John Ockendon
University of Oxford Centrefor Indus-
trial andAppliedMathematics

StimulatingMathematicsin Industry
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Abstract: Two recentexampleswill begivenof how industrialstimuluscanleadto new waysof thinkingaboutproblemsin
partialdifferentialequations.Thefirst showshow modelsfor capacitormanufacturingcanposeinterestingnew questions
for theLaplace-Youngequation;theseconddescribeshow thequestfor moreacuteradarsystemsmotivatestheconstruction
of a systematictheoryof complex raysfor theHelmholtzequation.

For variousreasons,theacademicmathematicscommunityhasbeendelugedwith industrialproblemsin recentyears.The
talk will concludewith a transparency to demonstratethecurrentmismatchbetweensupplyanddemandfor mathematical
expertisein thisarea.

10:00–10:45
am

Juan Velazquez
UniversidadComplutensedeMadrid

Singularitiesfor theStefanProblem

Abstract: An overview will be given concerningdifferentsingularitymechanismsthat have beenfound for the Stefan
problemin classicalandundercooledsituationsusingeitherrigouroustechniquesor formalasymptoticexpansions.In par-
ticular differentmechanismsof shrinkingof thefreeboundariesto points,aswell ascuspformationandcornerformation
mechanimswill bediscussed.

11:00–11:45
am

Walter Littman
Universityof Minnesota

Teachinga coursein IndustrialMathematics

Abstract: For severalyearsthespeaker hastaughta coursein IndustrialMathematicsat Minnesota,usingthebookcoau-
thoredwith AvnerFriedman.Thehistory, themany uniquefeaturesof this course,aswell many helpful hintson how to
succeedin this coursewill beoffered. This coursehasbeena sourceof greatgratificationboth for the studentsandthe
speaker.

Wednesday, May 6

IMA PostdocSeminar:

2:30pm Ian Stewart
Universityof Warwick

SymmetryMethodsfor CollisionlessN-BodyProblems

Abstract: HamiltonianDynamicsof a systemof N identicalparticlescan,undercertainconditions,betreatedasa pertur-
bationof thenon-physicalstatein whichall particlescoincide(andarestationary.) Symmetrymethodscanthenbeusedto
provetheexistenceof certainperiodicconfigurationsthatarephysicallyrealizeable.

Organizers:RicardoOliva& WarrenWeckesser

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.

IMA Workshop:

Dynamical SystemsTechniquesin Oceanography: Chaotic
Advection in OceanMesoscaleStructure

May 7–9,1998
Organizers:ChrisJones(Brown)

Partially supportedby theOfficeof Naval Research.

Co-sponsoredby theOfficeof Naval Research

Thefollowing is apreliminaryschedule,for morecurrentinformationseealso
http://www.ima.umn.edu/dynsys/spring/ocean.html
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Assessingthe transportof fluid acrosssuchoceanstructuresasthe Gulf Stream,andthe exchangeof fluid betweenits
constituentparts, is essentialfor a clear understandingof the distribution of fluid properties,suchas temperatureand
salinity in theOcean.Therehave beensignificantadvancesrecentlyin applyingthe techniquesof dynamicalsystemsto
numericalmodelsandassessingthe significanceof the fluid exchangeresultingfrom themechanismknown as”chaotic
advection.” A major hurdlehasbeenovercomein adaptingthe techniquespreviously developedfor periodicsystemsto
aperiodicflows. However, to make effective applicationsto realisticflows, and in particularnumericalmodelsof real
oceansituations,further devlopmentis neededasthe outputof the modelsextendsover only finite times. An efficient
operationalstrategy for determiningthe extent of chaoticmixing in realisticmodelspromisesimportantapplicationsin
bothoceanographyandatmosphericsciences.A key to this developmentis a closeworking relationshipbetweenapplied
dynamicistsandoceanographers.Thisworkshopwouldbringtogetherresearchersfrom bothareasandgiveanopportunity
to sharetherecentadvancesin thedifferentfieldsaswell asprovidea forumfor settinganagendafor futureactivity.

Thursday, May 7

Talks today are in LectureHall EE/CS3-180

8:15am Registration and Coffee ReceptionRoomEE/CS3-176

8:45am Welcomeand Orientation W. Miller, F. Dulles,C. Jones

9:00am P. Miller & L. Pratt
Stevens Institute of Technology &
WoodsHoleOceanographicInstitute(re-
spectively)

TransportandStirring in MeanderingJetsandRecircula-
tions

Abstract: Geometricmethodsfrom dynamicalsystemsareusedto studyLagrangiantransportin numerically-generated,
time-dependent,two-dimensional(2D) flow fields. Thefirst calculationinvolvesan idealizedmodelof theGulf Stream
consistingof anunstablejet. The instability hasbeenallowed to develop to the point of saturation,leadingto a nearly-
periodic, meanderingstate. Calculationof the stableand unstablemanifoldsof hyperbolictrajectoriesallows a lobe
analysisshowing fluid passingbetweenregionsof predominantlyretrograde,prograde,and recirculatingmotion. The
volumetransportsarecomparableto thoseobserved for Gulf Streamrings, implying that this type of transportmay be
importantfor themixing of theGulf Streamwith its surroundings.A similar analysisis carriedout in connectionwith a
wobblingrecirculationgyrelocatedon theeasternedgeof anisland.Heretheobjectis to comparethelobetransportinto
andout of thegyreto thetransportproducedby theEkmanlayer. A laboratoryexperimentwill bepresentedin which the
unstablemanifoldof thegyreis visualizedwith dye.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am RogerSamelson
COAS OregonStateUniversity

Quasi-geostrophicinstabilities of planetarygeostrophic
circulation

Abstract: Instabilitiesof the large-scalemeanflow areonelikely sourceof mesoscaleoceanvariability. In general,how-
ever, thecouplingof thefluctuating,mesoscaleflow to thelarge-scalecirculationremainspoorlyunderstood.Oneapproach
to this problemis througha multiple scaletechniquethat explicitly recognizesthe existenceof two different typesof
geostrophicmotion. In thispicture,thelarge-scaleflow is describedby planetarygeostrophicequations,andthemesocale
flow by quasi-geostrophicequations.Thequasi-geostrophicinstabilitiesof solutionsof anidealizedplanetarygeostrophic
modelcirculationmaythenbeexamineddirectly. In thepresentstudy, linearplane-wavequasi-geostrophicnormal-mode
instabilitiesarecalculatednumericallyfor verticalprofilesof densityandhorizontalvelocityextractedfrom thesubtropical
gyreof a planetarygeostrophiccirculationmodel. All of theprofilessupportgrowing modes.Themostrapidly growing
modeshave e-folding timeslessthan1 monthandhorizontalwavelengthslessthan10 km. Thesemodeshave vertical
scalesof 500m andarecenteredat a shallow thermostadthatmaybeidentifiedassubtropicalmodewater. They maybe
interpretedin termsof a baroclinic‘defect’ instability, in whicha linearverticalshearof horizontalgeostrophicvelocity is
destabilizedby anarbitrarily smallbut sufficiently sharplocal decreasein buoyancy frequency. An analyticdispersionre-
lationshipmaybeobtainedasymptoticallyfor thedefectinstabilities.Instabilitieswith largerverticalscalesandhorizontal
wavelengthsof 30-300km havesmallergrowth rates,similar to previousestimatesfor mid-oceanbaroclinicinstability.
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12:00–12:30
pm

Discussion

2:00pm Andr ewMajda
CourantInstitute–NYU

MesoscaleCoherentStructuresand Crude Closurevia
StatisticalTheories

3:00–3:30pm Discussion

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

A varietyof appetizersandbeverageswill beserved.

Friday, May 8

Talks today are in LectureHall EE/CS3-180

8:45am Coffee ReceptionRoomEE/CS3-176

9:00am SteveMeacham
FloridaStateUniversity

Multiple DynamicalRegimes,Low Frequency Variabil-
ity, andTheir InfluenceonParticleTransportin theUpper
Ocean.

10:00am CoffeeBreak ReceptionRoomEE/CS3-176

10:30am Igor Mezic
Universityof CaliforniaSantaBarbara

Mixing in Three-DimensionalFlows

Abstract: Wediscussthekinematicsof three-dimensional,time-dependentandtime-independentfluid flowsin geometrical
andstatisticalterms.Two typesof flowsariseastypical: thosethatcanbereducedto action-action-anglemapsandaction-
angle-anglemaps. A studyof transportandmixing in thesetwo typesof flows will be presented:existenceandnon-
existenceof invariantobjects,statisticalquantitiessuchasdispersion,andthe relationshipbetweenthe two. Similarities
anddifferenceswith thebehavior of two-dimensional,timedependentflowswill beemphasized.

11:30–12:30
pm

Discussion

2:00pm JamesMcWilliams
UCLA

Material TransportandMixing by CoherentSpatialPat-
ternsin Wind-DrivenGyres

Abstract: The Lagrangiantransportandmixing of materialareexploredin a geographicallyidealizednumericalmodel
of mid-latitudewind-drivengyres.Equilibriumsolutionsat low (just beyondtheprimaryHopf bifurcation)andrelatively
high Reynoldsnumberareanalyzedandcomparedfrom theLagrangianviewpoint. Thecharacterof the time variability
in thesesolutionsdiffersconsiderably, from a geographicallyconfinedlimit cycle, in the formercase,to geographically
extensive,broad-bandfluctuationswith considerablepowerat interannualperiodsin thelatter. It is shown thatasubstantial
partof theintergyretransportis doneby coherentpatterns,which trapfluid andcarryit acrossthetime-meanstreamlines,
andthat the domainmaybe qualitatively partitionedinto several regionscharacterizedby distinct mixing scenariosand
statisticaldistribution functions(PDFs).Techniquesappliedincludeensembleanalysisof particletrajectoriesandparticle
PDFs,calculationof invariantmanifoldsattachedto certainhyperbolicpoints,dispersion,finite-timeLyapunov exponents,
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correlationdimension,andvelocityspectraandPDFs.Considerationis alsogivento devisingastochastictrajectorymodel
thatmimicsthetransportin transientgyresolutions.

3:00pm Coffee ReceptionRoomEE/CS3-176

3:30–4:30pm Chad Couliette
CaliforniaInstituteof Technology

A DynamicalSystemsApproachto LagrangianTransport
in a Double-Gyre

Abstract: We studythe flow obtainedfrom a 3-layer, eddy-resolvingquasi-geostrophiccirculationmodelsubjectto an
appliedwind stresscurl. For this modelwe will considertransportbetweenthenorthernandsouthern“gyres” separated
by a jet. We will focuson the importanceof invariantmanifoldsin forming geometricstructuresthat govern transport.
By “govern”, we meanthey canbeusedto computeLagrangiantransportquantities,suchastheflux acrossthe jet. We
will considerperiodic,quasi-periodic,andchaoticvelocity fields,andthusassesstheeffectivenessof dynamicalsystems
techniquesin flows with progressively morespatio-temporalcomplexity. Thenumericalmethodsnecessaryto implement
the dynamicalsystemstechniquesandthe significanceof invariantmanifoldsassignaturesof specific“events”,suchas
ringspinchingoff from ameanderingjet, will alsobediscussed.

4:30–5:00pm Kayo Ide
UCLA

Transportin Midlattitude’sOceanicCirculation:Variabil-
ity andDynamicalProcesses.

Abstract:

6:00pm Workshop Dinner
Jewel of IndiaRestaurant

The Jewel of India Restaurantis locatedwithin walking distanceof the IMA, in betweenthe West bank campusand
Interstate35Win theSevencornerssectionof MinneapolisonWashingtonAvenue.

Saturday, May 9

Talks today are in LectureHall EE/CS3-180

8:45am Coffee ReceptionRoomEE/CS3-176

9:00am Gyorgy Haller & Andr ewPoje
Brown University(both)

Finite-timemixing theoryandits applications

Abstract: Dynamicalsystemsoffers a geometricpoint of view in which to studyLagrangianparticledynamics.While
the geometrictheory of mixing hasa solid foundationfor two-dimensionalflows with regular time-dependence,such
techniquesfall shortin applicationsto aperiodicvelocity fields. We discussrecentresultsthatenableoneto studymixing
in finite-time numericalor experimentalvelocity fields with generaltime dependence.We alsodiscussapplicationsto
oceanicandatmosphericproblems,includingmixing in adouble-gyreoceanmodelandnearthearcticozonehole.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Darryl Holm
Los AlamosNationalLaboratory

ReducedModelsfor theOcean’s ‘Climate’

Abstract: Onemight supposetheocean’s meancirculation,or ‘climate,’ shouldbedescribedby somesortof meanof the
primitive equations(PE). (The PE describean incompressiblestratifiedfluid in hydrostaticbalancein a rotatingframe.)
We will discussvariouscandidatesfor thesemeanPE.

Thenonlinear, nondissipative partof eachmodelis obtainedby applyingasymptoticexpansions,two-timing, Taylor ex-
pansionsand(sometimes)Lagrangianmeanaveragingin Hamilton’s principlefor theprimitive equations.Beforeadding
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viscosity, we shalldiscusssomeof thenondissipative propertiesof thesemeanPE,suchastheir Kelvin circulationtheo-
remsandtheir relatedpotentialvorticity conservationlaws. Wealsocomparetheresultsof numericalsimulationsfor some
of thesemodelswith thePEsolutionfor anunstablebaroclinicjet.

Their linear, viscouspart is obtainedby identifying theappropriatemomentumthatshouldbediffusedby viscosity. For
oneof thesemeanequations,calledthe “alpha model,” we testthe naturalcandidatefor the viscousterm by usingit to
derive a new closuremodelfor the meanvelocity andReynoldsstressin channelturbulence. Agreeably, the analytical
solutionof thismodelcompareswell with experimentaldata.

12:00–12:30
pm

Diegodel-Castillo-Negrete
ScripsInstituteof Oceanography

Statisticsof Passive Tracesin the Presenceof Coherent
Structures

2:00pm ShouhongWang
IndianaUniversity

Structure analysis of two-dimensional incompressible
flows andapplicationsto the doublegyre oceancircula-
tion

Abstract: I shall presentin this talk a joint work with T. Ma on structureanalysisof 2D incompressibleflows and its
applicationsto oceandynamics.The main motivation is to understandthe topologicalandgeometricalstructureof the
Lagrangedynamicsof two-dimensionalincompressiblefluid flows. On thetheoreticalside,I shalladdress1). theglobal
structuralclassificationof divergence-freevectorfields,2). structuralandblock stability of divergence-freevectorfields,
3) structuralbifurcationof the solutionsof the 2D Navier-Stokesequations.ThenI shall apply the dynamicalsystems
theoryto thestructureanalysisof a wind-driven,doublegyre,quasi-geostrophicoceanmodel,andtherelavantnumerical
simulationis alsogiven.

IMA Workshop:

Pattern Formation in Continuousand CoupledSystems
May 11–15,1998

Organizers:Martin Golubitsky (Universityof Houston),DanLuss(Universityof
Houston),SteveStrogatz(Cornell)

Seealsohttp://www.ima.umn.edu/dynsys/spring/dynsys9.html

Patternformationin spatiallyextendedsystemshasbeenobservedrecentlyin a numberof experimentalsystems.These
includesurfacereactionson catalytic ribbonsandhomogeneouschemicalreactionsin gels. Thesepatternsdo not re-
semblethespatiallyperiodicstructureof Turing patternsbut have spatiallylocalizedpatternsandspatiallydifferentiated
dynamics.Moreover, thesepatternsappearin bothPDEsystemsandin systemsof coupledcells. Thebasisof thesenew
patternsappearsto be in non-localnon-diffusive coupling. In anotherdirectionregular patternshave beenobserved in
thetime-averagesof spatio-temporallychaoticregimesin theFaradaysurfacewaveexperimentandin rotatingconvection
experiments.It is thepurposeof thisworkshopto delve into themathematicalorigin of thesenew typesof patternandthe
kindsof (numericalandphysical)experimentsthatmayexhibit suchpatterns.

We describebriefly someof themathematicalissues.In recentyears,startingwith thework of Field andtheexamplesof
GuckenheimerandHolmes,it hasbeenseenthatthedynamicsof systemswith symmetryhasdifferentstructurallystable
dynamicsthandoessystemswithoutsymmetry. Thesedifferencesincludeheterocliniccycles,drifting alonggrouporbits,
symmetricchaos,instantchaosandissuesof forcedsymmetrybreaking.

Heterocliniccyclesgiveonemathematicalformulationfor intermittency andcanbeformedin two differentways.Thefirst
is throughstandardbifurcationswheresaddle-sinkconnectionsareformedin invariant(symmetry)planes.The second
methodinvolvessystemsymmetrybreakingwherea perturbationparameterin theequationsleadsto equationswith less
symmetry. In this caseanorbitally stablegrouporbit of equilibria is perturbedto a dynamicallyinvariantmanifoldwith

188



lesssymmetryandmorecomplicateddynamics. In anotherdirectionsymmetryof attractorshasbeenshown to leadto
groupinvarianttime-averagesandpatternsin time-averagesin experimentswith spatio-temporalchaos.

Monday, May 11

Talks today are in LectureHall EE/CS3-180

8:15am Registration and Coffee ReceptionRoomEE/CS3-176

8:45am Welcomeand Orientation W. Miller, F. Dulles,M. Golubitsky

9:00am Harry L. Swinney
Universityof Texas

Meanderingand resonantspirals in a reaction-diffusion
system

Abstract: We examinespiralpatternsin a reaction-diffusionsystemfor two cases:theautonomoussystemandthesystem
drivenby externalperiodicperturbations.Experimentsareperformedin areactorconsistingof a thin gel layersandwiched
betweentwo continuouslyrefreshedreservoirs of chemicals;the layer is thin comparedto the spiral wavelengthso the
patternsarequasi-two-dimensional.In theabsenceof externalperturbations,for a wide rangeof controlparametersthe
spiralsarefound to simply rotate– thespiralsarestationaryin a co-rotatingframe. Variationof two controlparameters
revealsa critical curve at which thereis a transitionfrom thesimplerotating(temporallyperiodic)spiralsto meandering
(quasiperiodic)spirals.Therearetwo typesof trajectoriesof thetips of themeanderingspirals:inward-petal(epicycloid)
trajectoriesandoutward-petal(hypocycloid) trajectories. Thesetwo typesof meanderingregimesareseparatedin the
phasediagramby a line of traveling spiralsthat terminatesat a codimension-2point [1]. Theobservedunfoldingof the
bifurcationaboutacodimension-2point is in accordwith theory[2]. Theratesof thechemicalreactioncanbechangedby
shininglight on thegel layersincethe reaction(a ruthenium-catalyzedBelousov-Zhabotinsky system)is photosensitive.
We examinetheeffectof periodicallymodulatingtheintensityof light incidentonapatternof simplerotatingspirals.The
modulationfrequency is variedfrom oneto four timestheintrinsic frequency of thechemicalsystem.As themodulation
frequency is varied,thesystempassesthroughresonantregimesin which it becomeslockedto thedriving frequency (that
is, theratioof thedriving frequency to thenaturalfrequency is givenby aratioof smallintegers).Thesefrequency-locked
regimesarelike theArnold tonguesof periodicallyforcedlow dimensionalsystems.However, in thespatiallyextended
system,bifurcationscanalsooccurbetweendifferentspatialpatternsthatlie within thesamefrequency-lockedregion[3].
Someaspectsof theobservationsarefoundin aperiodicallyforcedreaction-diffusionmodelwith two species(Brusselator
kinetics)[4].

Acknowledgments:Thisresearchwasconductedwith V. Petrov, Q. Ouyang,G. Li, andM. Gustafsson,andwassupported
by DOE.

[1] G. Li, Q. Ouyang,V. Petrov, andH. L. Swinney, Phys.Rev. Lett. 77,2105(1996).

[2] D. Barkley, Phys.Rev. Letter72, 164(1994);M. Golubitsky, V. LeBlanc,andI. Melbourne,to appear;C. Wulff, to
appear.

[3] V. Petrov, Q. Ouyang,andH. L. Swinney, Nature388,655(1997).

[4] V. Petrov, M. Gustafsson,andH. L. Swinney, to appear.

9:45am H. H. Rotermund
Fritz-HaberInstitut

Patternformationin a surfacereactionswith global cou-
pling.

Abstract: Dynamicprocessesonsurfaces,likethePt- catalyzedCO-oxidation,canbedescribedby asetof simplereaction-
diffusionequations.For a certainrangeof thecontrolparameterswhich arethepartialpressuresof thereactantsandthe
temperatureof the samplepatternformationlike spiral waves,target patternsor solitary wavescanbe observed. When
global coupling via the gasphaseis introducedstrongtemporaloscillationsmay occur, sometimesexhibiting spatio-
temporalpatternslike standingwaves,their perioddoublingandchaoticbehavior. The mentionedpatternswerefound
underisothermalconditions.Of course,whenincreasingthe reactionpressure,dueto theexothermicnatureof theCO-
oxidation,alsotemperaturepatternscanbeexplored,observablewith a sensitive InfraRed(IR) camera.A shortvideowill
demonstratethegreatrichnessof spatio-temporalpatternformationfor a simplesurfacereaction.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176
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11:00-11:45am Bjor n Sandstede
OhioStateUniversity

MeanderingandDrifting of SpiralWaves

Abstract: Meanderinganddrifting spiralwaveshasbeenobservedin many experiments,andalsoin numericalsimulations
of reaction-diffusionsystems.Numericalevidenceshows that thesespiral wavescanbe createdin Hopf bifurcationsof
rigidly-rotating spiral waves. Barkley explainedthe transitionfrom meanderingto drifting asa resonancephenomenon
whichinvolvestheEuclideansymmetrygroupof theplane.In this talk, ageometriccenter-manifoldapproachis presented
whichcorroboratesBarkley’sconclusions.In fact,it allowsusto describebifurcationsof spiralwavesby finite-dimensional
ODEs. Someexamplesof suchbifurcationsaregiven. Finally, the limitationsof our resultareexplained. This is joint
work with B. Fiedler, A. ScheelandC. Wulff.

2:00pm Michael J. Gorman
Universityof Houston

PatternFormationin CellularFlames

Abstract: A uniform,circular, flat flamefront stabilizedonaporousplugburnerat low pressurescanundergobifurcations
to anorderedpatternof concentricringsof brighter, hottercellsdemarkedby darker, coolercuspsandfolds thatextend
away from the burner. As the control parametersof total gasflow rateandequivalenceratio arevaried,bifurcationsto
dynamicstatesareobserved: rotatingstatesin which rings of cells rotateuniformly or nonuniformly;hoppingstatesin
which individual cellsabruptlychangetheir angularposition;ratchetingstatesin which oneor moreringsof cells rotate
(very) slowly andnonuniformly, speedingup andslowing down in a mannercharatericisticto eachparticularstate;and
intermittentlyorderedstatesin whichorderedpatternsof concentricringsappearanddisappearat irregularintervals.Each
of thesestatesraisesits own significanttheoreticalissues,suchasbifurcationswith symmetryandnumericalsolutionsof
the 2-d KuramotouSivashinsky equation,andits own experimentalissues,suchasprecisemeasurmentsof the position,
size,andshapeof eachcell. The relevanceof theseexperimentalresultsto otherpattern-formingsystemsandalso to
controllinginstabilitiesin othercombustionsystemswill bediscussed.

2:45pm CoffeeBreak ReceptionRoomEE/CS3-176

3:00-3:45pm Bernard Matk owsky
NorthwesternUniversity

CoupledKS-CGL andCoupledBurgers-CGLEquations
for FlamesGovernedby aSequentialReaction

Abstract: We considerthenonlinearevolution of thecoupledlong scaleoscillatoryandmonotonicinstabilitiesof a uni-
formly propagatingcombustionwave governedby a sequentialchemicalreaction,having two flamefrontscorresponding
to two reactionzoneswith a finite separationdistancebetweenthem. We derive a systemof coupledcomplex Ginzburg-
LandauandKuramoto-Sivashinsky equationsthatdescribestheinteractionbetweentheexcitedmonotonicmodeandthe
excitedor dampedoscillatorymode,aswell asa systemof complex Ginzburg-LandauandBurgersequationsdescribing
the interactionof theexcitedoscillatorymodeandthedampedmonotonicmode. Thecoupledsystemsarethenstudied,
bothanalyticallyandnumerically. Thesolutionsof thecoupledequationsexhibit a rich varietyof spatiotemporalbehav-
ior in the form of modulatedstandingandtraveling waves,blinking states,traveling blinking states,intermittentstates,
heterocliniccycles,localizedchaoticstructures,etc.

Thetalk is basedon joint work with A. Golovin, A. BaylissandA. Nepomnyashchy.

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

A varietyof appetizersandbeverageswill beserved.

Tuesday, May 12

Talks today are in LectureHall EE/CS3-180

8:45am Coffee ReceptionRoomEE/CS3-176

9:00am Edgar Knobloch
Universityof CaliforniaBerkeley

A New Mechanismfor Bursting

Abstract: The interactionof two unstableoscillatorymodesof oppositeparity canproduceperiodicor irregularbursting
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closeto threshold(A.S. Landsberg andE. Knobloch,Phys. Rev. E 53, 3579,1996). Theseburststake the form of large
amplitudeeventsseparatedby longperiodsof stasis.This talk will describejoint work with Jeff Moehlisto understandthe
essenceof this behavior usingtheHopf bifurcationwith broken þ ñ symmetry. Theburstsarefoundto beassociatedwith
globalbifurcationsinvolving fixedpointsandlimit cycles“at infinity”. Thisapproachallows usto identify theconditions
for the presenceof repeatedburstsand to elucidatethe origin of chaoticbursting. The resultsenableus to interpret
experimentson theso-called“repeatedtransients”observedin binaryfluid convection.

9:45am Herr evan der Zant
T. U. Delft

Dynamicsof Josephson-junctionarrays

Abstract: We presentexperimentalresultson the dynamicsof Josephsonarrays. One-dimensionalarraysof Josephson
junctionsconnectedin parallelby superconductingwiresaremodelsystemsfor thediscrete,dampedsine-Gordonequation.
Excellentagreementbetweentheoryand experimentis obtained. Resonantstepsin the current-voltagecharacteristics
indicatetheappearanceof phase-lockingbetweensmall-amplitudelinearwavesandmoving kinks. Otherresonantsteps
occurathighervoltagesandarecausedby a parametricdestabilizationof ahigh-velocitywhirling mode.Theinfluenceof
boundaryconditionsandthecouplingbetweentwo discretesine-Gordonsystemshavealsobeeninvestigated.In Josephson
ladders,superconductingislandsareconnectedto other islandsby threeJosephsonjunctions. Their dynamicsis more
complicatedthanthatof the1D sine-Gordonsystems.TheJosephsonladdersareaninterestingmodelsystemintermediate
betweenthepurely1D systemsand2D Josephsonarrays.

Work donein collaborationwith M. Barahona,A. E.Duwel,E. Trı́as,T. P. Orlando,ShinyaWatanabeandStevenStrogatz.
E-mail: herre@@qt.tn.tudelft.nl

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00–11:45
am

Kurt Wiesenfeld
Georgia Instituteof Technology

JosephsonArrays:PuzzlesandProspects

Abstract: Josephsonjunctionarrayshavebecomeanarchtypein thestudyof mutualsynchronizationof coupledoscillators.
After briefly recappingsomerecenttheoreticalprogress,I’ ll turn to openproblemsandfutureprospectsfor thesesuper-
conductingsystems.Thesenew directionsincludethe role of disorder, modulatedspatialpatterns,andeven intermittent
avalanchingdynamicswhich manifestsitself experimentallyin magnetic”flux creep”. I’ ll alsodiscusshow progresson
Josephsonarraysmayhelpustackleothersystemsof interestin appliedphysics,specificallylaserarraysandquasioptical
semiconductorarrays.

2:00pm Guenter Ahlers
Universityof CaliforniaSantaBarbara

Patternformationin Rayleigh-B́enardconvectionatsmall
Prandtlnumbersandwith rotationaboutaverticalaxis

This talk will discussresultsfrom and future prospectsfor experimentalstudiesof Rayleigh-B́enardconvectionwith
rotationabouta verticalaxis. At dimensionlessrotationratesï�ÿ��3ÿ��sï andfor Prandtlnumbers��� î , measurements
of Küppers-Lortz-unstablepatternshaveofferedauniqueopportunityto studyspatio-temporalchaosimmediatelyabovea

supercriticalbifurcation. However, for � ��	� ï and �
�öî patternswerefoundto becellularnearonsetwith local four-
fold coordination.They differ from thetheoreticallyexpectedKüppers-Lortz-unstablestate.Stableaswell asintermittent
defect-freerotatingsquarelatticesexist in thisparameterrange.

SmallerPrandtlnumbers( ïuøÝî�� �ì�� �ì?ïuø � ) canonly bereachedin mixturesof gases.Thesefluids areexpectedto offer
rich future opportunitiesfor the studyof a line of tricritical bifurcations,of supercriticalHopf bifurcations,of a line of
codimension-two points,andof a codimension-threepoint.

2:45pm CoffeeBreak ReceptionRoomEE/CS3-176

3:00pm Eberhard Bodenschatz
CornellUniversity

Bistability with SpiralDefectChaosandRolls

3:30pm Alastair Rucklidge
Universityof Cambridge

Bifurcations of Periodic Orbits with Spatio-Temporal
Symmetries
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Abstract: Motivatedby recentanalyticalandnumericalwork on two- and three-dimensionalconvectionwith imposed
spatialperiodicity, we analyseexamplesof bifurcationsfrom a continuousgrouporbit of spatio-temporallysymmetric
periodic solutionsof partial differential equations. The presenceof spatialsymmetriescan lead to a doubling of the
marginalFloquetmultiplier andto bifurcationto drifting patterns.We proposea systematicway of analysingbifurcations
of periodicorbits with discretespatio-temporalsymmetries,which is relevant to otherpatternformationproblems,and
contributesto ourunderstandingof thetransitionfrom orderedto disorderedbehaviour in pattern-formingsystems.

4:00–4:30pm JeroenLamb
Universityof Warwick

Bifurcationsof DiscreteRotatingWaves

Wednesday, May 13

Talks today are in LectureHall EE/CS3-180

8:45am Coffee ReceptionRoomEE/CS3-176

9:00am Rajarshi Roy
Georgia Instituteof Technology

TemporalPatternsin CoupledLaserSystems:Coherence,
ChaosandCommunication

Abstract: Theemissionof light by coupledlasersis a fascinatingscientificprobleminvolving the fundamentalconcepts
of coherenceandchaos[1]. Suchcouplednonlinearsystemsalsoleadnaturallyto new possibilitiesfor opticalcommu-
nications[2]. Experimentaland theoreticaldevelopmentsthat show how one may utilize coupledchaoticsystemsfor
communicationwill bedescribed[3].

References:

1. L. Fabiny etal.,Phys.Rev. A47, 4287(1993);K.S.Thornburg etal.,Phys.Rev. E 55,3865(1997).

2. R. Roy andK.S.Thornburg,Phys.Rev. Lett. 72,2009(1994);P. ColetandR. Roy, Opt. Lett. 19,2056(1994).

3. Q. L. Williams, J. Garcia-Ojalvo andR. Roy, Phys.Rev. A55, 2376(1997);G. D. VanWiggerenandR. Roy, Science
279, 1198(1998); J-P. Goedgebuer, L. Larger andH. Porte,Phys. Rev. Lett. 80, 2249(1998); H. AbarbanelandM.
Kennel,Phys.Rev. Lett. 80,3153(1998).

9:45-10:30am Peter Ashwin
Universityof Surrey

ChaoticIntermittency of Patternsin SymmetricSystems

Abstract: I will discusssomerecentwork looking at genericdynamicsand bifurcationsof systemswith symmetries,
or moregenerally, with invariantsubspaces.On varying systemparametersit is possiblefor chaoticstatesin invariant
subspacedto losestability throughvarioustypesof blowout bifurcation.Althoughclassificationof suchblowoutsis only
partiallyunderstood,they doseemto provideagoodframework to describebreakdown to spatio-temporalintermittency in
physicalsystemswith symmetries.Thistalk will discussexamplesof suchintermittentpatternsformedin physicalsystems
andalsosomeopenproblemsin thetheory.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00-11:45am Katarina Krischer
Fritz-HaberInstitute

PatternFormationat theElectrode/ElectrolyteInterface

Abstract: In many electrochemicalsystems,patternswereobservedthatcannotbeunderstoodin theframework of ‘tradi-
tional’ reaction-diffusionsystems.Theseexperimentswill bereviewed. In general,thepatternsresultfrom theinteraction
of reactionterm,non-localcouplingthroughtheelectrolyteand(positiveor negative)globalcouplingoriginatingfrom the
operationmode(constantvoltageor constantcurrentcondition). Differentcombinationsof thesethree‘ingredients’give
rise to a varietyof dispersionrelations,andthusdiversdynamicbehaviors. The interplayof thedifferentcouplingtypes
explainstheexperimentalobservations.
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2:00-2:45pm H.G. Purwins
UniversitatMünster

Pattern Formation in Lateral Gas Discharge Sys-
tems: Quasiparticlesand Other Structuresin Reaction-
Diffusion-Systems

Abstract: Lateral DC and AC gas-discharge-systemsexhibit a large variety of self-organizedcurrentdensitypatterns.
Thesepatternsareexperimentallyobservedin one-andtwo-dimensionalsystemsandcanbestationaryor nonstationary
andspatiallyextendedor well localized.Examplesaredomains,hexagons,stripes,spirals,targets,zigzag-patterns,strings,
filaments,andclustersof filaments.In this talk themainemphasisis layedon filamentsthatbehave experimentallylike
quasiparticles.

Theexperimentalresultsarediscussedqualitatively in termsof a three-componentreaction-diffusion-model.Numerical
solutionsof the correspondingpartial differentialequationarediscussed,in particularthoserepresentingwell-localized
solitaryfilamentsthat againcanbe referredto asquasiparticles.Theseparticlescanundergo interactionstherebybeing
generated,annihilated,captured,reflectedor scattered.Theinteractionof quasiparticlescanalsoleadto theformationof
quasimoleculesandlargeclusters.Theexperimentalwork suggeststhat lateralgasdischargedevicescanserve asmodel
systemsfor theinvestigationof patternformationin dissipativesystemsof reaction-diffusiontype. Themodelequationis
complex enoughto exhibit a rich varietyof fundamentalpatternsat thesametime the structureis sufficiently simpleto
obtaindeepinsightinto themechanismsthatleadto patternsin reaction-diffusion-systems.

2:45pm CoffeeBreak ReceptionRoomEE/CS3-176

3:00pm F. H. Busse
UniversitatBayreuth

Formationof StructuresFar from Criticality in Isotropic
Fluid Layersand the Emergenceof Patternsin Chaotic
States.

3:30pm Ronald Imbihl
Institut für PhysikalischeChemie

PatternFormationin Systemswith MemoryEffects

4:00–4:30pm Hermann Riecke
NorthwesternUniversity

Localized PatternsRelated to Experimentsin Liquid-
CrystalConvectionandGranularMedia.

Thursday, May 14

Talks today are in LectureHall EE/CS3-180

8:45am Coffee ReceptionRoomEE/CS3-176

9:00am Jerry Gollub
HaverfordCollege

OrderedPatternsandSpatiotemporalChaosin Parametri-
cally ForcedSurfaceWaves

An experimentalsurvey will be presentedof both the primary patternsandthe secondaryinstabilitiesof parametrically
forcedsurfacewaves(Faradaywaves)in thelargesystemlimit. Thesymmetryof theprimarypattern(stripes,squares,or
hexagons)dependsonviscosityn anddriving frequency fo. Hexagonsareobservedatlow fo overthewholeviscosityrange
despitethesubharmonicsymmetrythat tendsto suppressthem. Possiblemechanismsfor theoccurrenceof hexagonsfor
singlefrequency forcing arediscussed.Phasedefectsoccurbetweenhexagonaldomainsdiffering in temporalphaseby p
(with respectto theforcing). Patternsof differentsymmetrycoexist in certainparameterranges.Someof ourobservations
have beenexplainedtheoreticallyby Chenand Vi=F1alsusingsystematicallyderived amplitudeequations.The basic
physicsgoverningtherelative stability of thedifferentorderedstatescanbeexplainedqualitatively in termsof nonlinear
wave interactions.

Thetransitionto spatiotemporalchaos(STC)dependson thesymmetryof theprimarypatterns.TheHexagonalpatterns
undergoaorder/disordertransitionin which theangularanisotropy in Fourierspacedeclinescontinuouslyto zero.Striped
patternsathighviscositybecomeunstablevia transverseamplitudemodulationsin regionsof highcurvature;thisinstability
resultsin a spatiallynonuniformmixed statein which domainsof STC coexist with stripes. This phenomenonmay be
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understoodin termsof a critical curvaturethatdependson theacceleration.An oscillatoryzig-zagsecondaryinstability
of the stripedpatternis also observed at intermediateviscosities. At smalleraspectratios, we find that the onsetof
spatiotemporalchaosis stronglyaffectedby thepattern’ssymmetry, with symmetricpatternsbeingmorestable.

Whenforcedat two differentfrequencies,a variety of additionalwave patternsarerealized,including twelve-fold qua-
sicrystallinepatternscomposedof two hexagonallatticesalignedat30degreesrelative to eachother. Interactionsbetween
hexagonallatticesat otheranglesgivesrise to striking ”superlattice”patterns. In somecasesthe resultingpatternsare
neithersimplestandingnor travelingwaves.

9:45am Mary Silber
NorthwesternUniversity

SuperlatticeTuringPatterns:Why Not?

Abstract: “Superlatticepatterns”are characterizedas having spatialstructureon two disparatelength scales;they are
spatially-periodiconthelargescale,andhavebeautifulintricatestructureonthesmallerscale.Suchpatternswererecently
observed in experimentson parametrically-excitedsurfacewavesby Kudrolli, Pier andGollub. I will review resultsof
equivariantbifurcationtheorythatshow thatpatternssimilar to thoseseenin theexperimentsarisein agenericsymmetry-
breakingbifurcationof aspatially-uniformstate.Thesebifurcationresultswill thenbeappliedto ageneraltwo-component
reaction-diffusionsystemin thevicinity of aTuringinstability. By consideringaparticulardegeneratebifurcationproblem
we areable to show that the transitionsobserved in the hydrodynamicproblemcannotbe reproducedin the chemical
reaction-diffusionsystem.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am MosheSheintuch
Technion

Pattern Selectionin a Diffusion-ReactionSystemWith
Globalor Long-RangeInteraction

Abstract: Wereview recentresultsonpatternselectionin thereaction-diffusionone-or two-dimensionalsystem
�����þ�
����� 
 ä��lä���� , � ������ � 
 ä��!� , subjectto global( ì

 �
" �#
�$ ) or long-rangeinteraction;thesourcefunctionsmayberealistic
kinetic functionsor simplecubicor quintic f(x) functionsfor which thesystemadmitsinversionsymmetry. Thetalk will
discuss

(i) physicalsourcesof suchinteractionsandexperimentalobservationsin catalyticandelectrochemicalsystems;

(ii) themainemergingpatternsandtheir classificationaccordingto their symmetry;

(iii) thebifurcationbetweenpatterns;

(iv) approximatesolutionsbasedon front-motionandfront-interaction,and

(v) patternswhenf(x)=0 is tristableandcansustainseveralfronts.

Therich classof patternssimulatedin a ribboncanbeclassifiedasstationary-frontsolutions(includingoscillatingfronts
andantiphaseoscillations)andmoving pulsesolutions(unidirectional,back-and-forthandsource-points).Patternson a
disk may beclassifiedascircular (includingoscillatoryor moving targetpatterns),rotating(stationaryor moving spiral
wave)andotherpatterns.

2:00pm Michael Field
Universityof Houston

Dynamicsof symmetricallycoupledsystemsof identical
cells.

We describerecentwork, somejoint with PAshwin (Surrey), on thedynamicsof symmetricallycoupledsystemsof cells,
with particularreferenceto heterocliniccyclesandcycling chaos.

2:45pm CoffeeBreak ReceptionRoomEE/CS3-176

3:00pm Stephanvan Gils
UniversiteitTwente

TheHomoclinicTwist Bifurcationin JosephsonJunction
SeriesArrays

3:30pm M. Gabriela M. Gomes
Universityof Porto

Slicedplanforms: a representationof three-dimensional
symmetriesin thin domains
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Abstract: Problemsdescribedby PDEsin thin domainsareoften formulatedasplanarproblems(seefor exampleGu-
naratne,Ouyang& Swinney [1] for a reaction-diffusionproblemandGolubitsky, Swift & Knobloch[2] for theRayleigh-
Bénardconvectionproblem). In particularfor problemswith Euclideansymmetry(which reaction-diffusion equations
satisfy),theexpectedsolutionsareoftendescribedasplanformswhich aredoublyperiodicwith respectto a certaintwo-
dimensionallattice. Herewe show thatsomenontrivial symmetriesmaybemissedby this assumption.We considerthe
thin domainasa sliceof a fully three-dimensionalproblemwhosesymmetryis describedby a latticein threedimensions.
Thecorrespondingslicedplanformshavenow a three-dimensionalcharacterizationanddifferentplanformsmayhavedif-
ferentstructurealongthethin direction.As aresultwefind symmetriesthatarenotexpectin planarsystems.In particular,
we find that two planarplanformswith differentwavelengthmay extendto planformswith the samewavelenghtin the
threedimensionalspace.

References

[1] Gunaratne,G.H.,Ouyang,Q. & Swinney, H.L. (1994)Patternformationin thepresenceof symmetries.Phys.Rev. E,
50(4), 2802-2820.

[2] Golubitsky, M., Swift, J.W. & Knobloch,E. (1984)SymmetriesandPatternSelectionin Rayleigh-B́enardConvection.
Physica10D, 249-276.

4:00–4:30pm Dieter Armbruster
ArizonaStateUniversity

Multi-frequency oscillations in (almost) symmetrically
coupledoscillators.

Abstract: Couplednonlinearoscillatorsthat lead to oscillationswhereone oscillator oscillateswith a multiple of the
frequency of the otheroscillatorsareanalyzed.Systemswith n identicalandsymmetricallycoupledoscillatorsleadto
oscillationswith an n-1 fold frequency. Systemswith n identicaloscillatorscoupledsymmetricallyto onedifferentone
leadto oscillationswith n-fold frequency.

6:00pm Workshop Dinner
CampusClub

Friday, May 15

Talks today are in LectureHall EE/CS3-180

8:45am Coffee ReceptionRoomEE/CS3-176

9:00am Dwight Barkley
Universityof Warwick

Bifurcations,Computations,and Openquestionsin Ex-
citableMedia.

Abstract: Thedynamicsof spiral wavesin excitablemediahasled to interestingdevelopmentsin bifurcationtheoryfor
systemswith Euclideansymmetry. I will review therelevantcomputationalstudiesandshow why Euclideansymmetryis
importantfor spiralwaves. I will demonstratea fastsimulationcode(EZ-Scroll) for real-timeinteractive simulationsof
wavesin threedimensions.Finally, I will describetwo intriguingopenmathematicalquestionsmotivatedby thedynamics
of spiralandscrollwaves.

9:45am Paul Umbanhowar
Universityof Pennsylvania

Wave patternsin shakensand

Abstract: Experimentson vertically vibratedgranularlayersreveal,at a critical accelerationamplitude(about2.5 g’s), a
well-definedhysteretictransitionfrom aflat surfaceto standingwavepatternsoscillatingathalf thedrivefrequency. At low
frequencies,thehysteresisis largeandthepatternsaresquares,while at high frequencies,thehysteresisis smallandthe
patternsarestripes.For frequenciesin themiddleof this transitionregime,andataccelerationamplitudesbelow theonset
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of planarwave patterns,highly localized,non-propagating,standingwavesappear. Theselocalizedexcitations,which we
term”oscillons”, comein two “flavors”. Like oscillonsrepel,while oppositesattractandbind to form diatoms,tetramers,
andpolymer-likechains.Nearonset,planarpatternsof squaresandhexagonscanbeinterpretedasoscilloncomposites.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Ian Stewart
Universityof Warwick

Belousov andZhabotinskiimeetBesselandRobin

Abstract: It is well known from numericalsimulationsandother approachesthat reaction-diffusion equationspossess
solutionsof ‘targetpattern’and‘spiral’ form,similar to phenomenaobservedin theBZ reaction.Thetalk will outlinejoint
work in progresswith Marty Golubitsky andEdgarKnobloch,which— in aparticularabstraction— view suchpatternsas
examplesof symmetricHopf bifurcation.For thispurposewework in acirculardomain.In orderto provetheexistenceof
suchsolutions,it turnsout thatboundaryconditionsarecrucial.With theusualNeumannor Dirichlet boundaryconditions,
for example,spiralsdonot occur. Robinboundaryconditions,in contrast,leadto spiralsandtargetpatternsasthegeneric
Hopf bifurcations.Thegeometryis closelyrelatedto Besselfunctionsevaluatedalongradiallinesin thecomplex planethat
do not coincidewith eithertherealor imaginaryaxis. Thetalk will alsoindicatethecurrentlimitationsof this approach.
In particulartheoccurrenceof suchbifurcationsin realisticmodelequationsremainsto bedemonstrated,andseveralother
importantissuesremainunresolved.

Tuesday, May 19

IMA PostdocSeminar:

2:30pm StevenH. Strogatz
CornellUniversity

A stabilityproblemin theKuramotomodelof coupledos-
cillators

Abstract: This talk will give a tutorial introductionto theKuramotomodelof couplednonlinearoscillators.I’ ll focuson
a linearstability calculationfor thecontinuumlimit of this system.Theprobleminvolvesthecontinuousspectrumof a
linearizedintegro-differentialoperator, with somesubtlefeaturesrelatedto Landaudampingin plasmas.Specifically, a
certainquantityappearsto decayexponentially, eventhoughthereareno eigenvaluesin theleft half plane.(If thatsounds
mysterious,it is meantto!)

Organizers:RicardoOliva& WarrenWeckesser

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.

Thursday, May 21

Schoolof Math and IT Public Lecture in 125Willey Hall

7:30pm Tony DeRose
PixarStudios

How Geometryis ChangingHollywood

Abstract: Filmmakingis undergoinga digital revolution broughton by advancesin computertechnology, computational
physics,andgeometry.

Tony DeRoseof PixarStudioswill provideabehindthesceneslook athow fully digital films likePixar’sTOY STORY are
made,with particularemphasisontherolethatgeometryplaysin therevolution.Hewill usetheAcademyAward-winning
shortfilm GERI’SGAME to highlighttwo technicaladvances:theuseof subdivisionsurfacesfor geometricmodelingand
theuseof simulatedclothdynamics.

DeRose,joinedPixarStudiosin 1996.He hasdevelopedtheprimarysoftwaretoolsthatallow for seamlessintegrationof
animatedsubdivisionsurfaceslikeclothandskin. Hehaswrittenmorethan50papersandeightpatentapplications.

Thelectureis sponsoredby theIT Alumni SocietyandtheSchoolof Mathematics.
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Friday, May 22

IMA Seminaron Industrial Problems

10:10am Todd Salamon
Bell Laboratories

InterfacialFlow

Abstract: Interfacialflows,wheretwo fluid phasesareseparatedby aninterface,arisein a varietyof applicationsranging
from thecoatingof photographicfilm to thephaseseparationof oil andwater. Someof theoutstandingissuesrelatedto
theseflow problemsinclude: (1) describingflows wheretherearelarge changesin interfacial topology; (2) developing
macroscalemodelsthataccuratelypredicttheflow physicsat thejunctureof two fluid phasesandasolidphase,commonly
known asa contactline; and(3) determiningtheflow whensurfacetensionforcesbecomesmallrelative to eitherviscous
or inertial forces.I will highlight theseissuesby consideringexamplesincludingtheflow of afluid down aninclinedplane
andthecoatingof anopticalfiber, anddiscussapproachesthataddresstheaforementionedissues.

Monday, May 25

MemorialDay (observed),aUniversityof Minnesotaholiday. IMA officeswill beclosed.

Tuesday, May 26

IMA PostdocSeminar:

2:30pm Marty Golubitsky
Universityof Houston

TBA

Organizers:RicardoOliva& WarrenWeckesser

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.

Friday, May 29

IMA Seminaron Industrial Problems

10:10am Mrdjan Jankovic
FordResearchLaboratories

Robust Nonlinear Controller Design: Application to
DieselEngines

Abstract: A methodof designingrobust controllersfor nonlinearsystemsis appliedto a turbochargeddieselengine
equippedwith a variablegeometryturbocharger (VGT) andan exhaustgasrecirculation(EGR) valve. VGT variesthe
turbineflow areaasa functionof theengineoperatingconditionthusproviding fastertorqueresponse.EGRvalveallows
controlledrecirculationof the exhaustgasinto the intake manifold to reduceNOx emissions.However, simultaneous
operationof thetwo actuatorsresultsin significantinteractionsbetweenthem.Thecontroldesignproblemis additionally
complicatedby inherentlynonlinearnatureof thedieselengine.

For this designproblemwe proposea recentlydevelopedrobustcontroldesignmethodwhich appliesto multi-input non-
linear systemswith a known control Lyapunov function (CLF). The robustnessachieved by the designis the nonlinear
equivalentof thatguaranteedby the theoryfor linearoptimal regulators:infinite gainmargin and60 degreesphasemar-
gin. A CLF is constructedby employing the tools of geometriccontrol theory. Simplicity of the resultingcontrolleris
achievedby judiciouslychoosingthecontrolorientedmodelandtheCLF. Performancewill beillustratedby simulations
onadetailedmodelof a dieselengineandby experimentaldata.
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IMA NEWSLETTER # 263
June1–30,1998

1997–98Program

EMERGING APPLICATIONS OF DYNAMICAL SYSTEMS

SeetheWinter, SummerandFall 1997IMA Updateor http://www.ima.umn.edu/dynsys /
for a full descriptionof the1997–98programonEmergingApplicationsof DynamicalSystems.IMA

schedulesaresubjectto revision,particularlyduringworkshops.See
http://www.ima.umn.edu/˜ seminar/ sche d and

http://www.ima.umn.edu/newsl trs/ for thelatestschedulinginformation.

Newsand Notes

IMA Workshop:

Animal Locomotion and Robotics
June1–5,1998

Organizers:JamesCollins (BostonUniversity)(Chair),Martin Golubitsky,
Universityof Houston,DanielKoditschek,Universityof Michigan

Seealsohttp://www.ima.umn.edu/dynsys/spring/dynsys10.html

Leggedanimalstypically employ multiple gaits,i.e., phase-locked patternsof limb movements,for
terrestriallocomotion.Thecontrolof animallocomotioninvolvesa centralpatterngenerator(CPG),
which is an intraspinalnetwork of neuronscapableof producingrhythmicoutput. Over thepastfew
decades,mathematiciansandengineershave becomeincreasinglyinterestedin animalgaitsandlo-
comotorCPGs.This interesthaslargely beenmotivatedby theneedfor developingcontrolsystems
for multi-leggedrobots.Machinescapableof leggedlocomotionareanattractiveoption,becausethey
canbe usedto explore rough and uneven terrain,which is often inaccessibleto wheeledvehicles.
However, the control of suchdevices,andin particularthe coordinationof a large numberof legs,
posesadifficult technicalproblem.Engineersandmathematicianshaveincreasinglyturnedto biology

PARTICIPATING INSTITUTIONS: CentreNationalde la RechercheScientifique,ConsiglioNazionaledelleRicerche,Georgia Instituteof Technology, IndianaUniversity,
Iowa StateUniversity, KentStateUniversity, MichiganStateUniversity, MississippiStateUniversity, NorthernIllinois University, Ohio StateUniversity, PennsylvaniaState
University, PurdueUniversity, SeoulNationalUniversity (RIM - GARC), TexasA&M University, University of Chicago,University of Cincinnati,University of Houston,
Universityof Illinois (Urbana),Universityof Iowa, Universityof Kentucky, University of Maryland,Universityof Michigan,Universityof Minnesota,Universityof Notre
Dame,Universityof Pittsburgh,Universityof Wisconsin,WayneStateUniversity.
PARTICIPATING CORPORATIONS:EastmanKodak,EPRI,Ford,GeneralMotors,Honeywell, IBM, LockheedMartin,LucentTechnologies,Medtronic,Motorola,Siemens,
TelcordiaTechnologies,3M.
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for inspiration,on theassumptionthatbiologicalevolution hasled to optimally-designedcontrolmechanismsfor legged
locomotion.In thisarea,contemporarytopicsof interestinclude:

1. Theroleof symmetryandsymmetry-breakingin thegenerationandcontrolof gaitpatterns

2. Therelationshipbetweengait transitionsandbifurcationsof variouskinds

3. CouplednonlinearoscillatorsandlocomotorCPGs

4. Thestabilityof variousgaitpatternsandtheirassociatedphase-lockedoscillationpatterns

5. Designandcontrolissuesfor “statically-stable”versus“dynamically-stable”leggedrobots

6. Theeffectsof noise,feedbackgains,andcontrol-looptimedelayson thestabilityof gaitpatterns

7. Emergentdynamicsarisingfrom the interactionsbetweenneural(electronic)elements,mechanicalelements,andthe
environment

8. Designandcontrolissuesfor microrobots

9. “Top-down” versus“bottom-up”approachesto thecontrolof leggedrobots

10. “Passive” versus“active” controlof leggedrobots

11. Hierarchicalcontrolof locomotion

SpecialIMA Workshop:

Continuum Mechanicsand Non-linear Partial Differential
Equations
June8–12,1998

Organizers:RichardJames(Universityof Minnesota),StefanMueller (MPI for
Mathematicsin theSciences),Vladimir Šverák,(Universityof Minnesota)

Theworkshopis organizedin honorof the50thbirthdayof ProfessorJohnBall.

Seealsohttp://www.ima.umn.edu/dynsys/spring/dynsys13.html

Impr oved IMA HomePage

TheIMA hassubstantiallyimprovedits homepageon theWorld-WideWeb,accessiblethroughwebbrowsersat

http://www.ima.umn.edu/
Thesiteis continuallyunderconstruction.We invite commentsor suggestions,whichmaybeaddressedto

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

Schedulefor June1–30,1998
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IMA Workshop:

Animal Locomotion and Robotics
June1–5,1998

Organizers:JamesCollins (BostonUniversity)(Chair),Martin Golubitsky, Universityof
Houston,DanielKoditschek,Universityof Michigan

Seealsohttp://www.ima.umn.edu/dynsys/spring/dynsys10.html

Monday, June1

Talks today are in LectureHall EE/CS3-180

8:45am Registration and Coffee ReceptionRoomEE/CS3-176

9:15am Welcomeand Orientation W. Miller, F. Dulles,J.Collins

CPG/Oscillators

9:30am StenGrillner
NobelInstitutefor Neurophysiology

TheNeuronalNetwork UnderlyingLocomotionin Lam-
prey - IntrinsicFunctionandForebrainControl

Abstract: The lamprey is a primitive vertebratewith a nervoussystemthat hasthe samebasicplansasthatof moread-
vancedvertebrates.Thisnervoussystemcanbemaintainedin vitro (isolated)for severaldays,andundertheseconditions
thenetwork underlyingthelocomotorbehavior canbeactivated.Thishaspermittedadetailedanalysisof thenetwork that
generatesthemotorpatternandthestructuresthatcontroltheinitiation andmaintenanceof thelocomotoractivity, aswell
asthesensoryfeedbackcontrol. Thepatterngeneratingpartof thenetwork is comprisedof excitatoryglutamatergic neu-
ronsandinhibitory glycinergic neurons.Thenetwork on theleft andright sidesof a segmentarecoupledwith reciprocal
inhibition. Themembranepropertiesproviding spike frequency adaptationandalsopostbursthyperpolarisationareim-
portantcomponentsin thecontrolsystem.Theknowledgehasbeendevelopedthroughaninteractionbetweenexperiments
anddetailedbiophysicalmodelling. Recentlythe forebraincontrolsystemfor goal-directedlocomotoractivity hasbeen
investigated,aswell asthecontrolof turningandmaintenanceof bodyorientationduringmovement.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Philip Holmes
PrincetonUniversity

SimpleModelsof ExcitableOscillatorsAnd CPGs

Abstract: Chainsof coupledoscillatorsof simple “rotator” type have beenusedto model the centralpatterngenerator
(CPG) for locomotionin lamprey, amongnumerousapplicationsin biology andelsewhere,wherethe detailsof neural
architectureareyet unknown. Onewould like to includemorethansimplerhythmicoscillationsin suchmodels,without
goingto thefull complexity of Hodgkin-Huxley typemodels.

I will describea classof flows on tori which capturekey featuresof excitableandoscillatoryneuralnetworksof CPGs.
Themodelis motivatedby experimentsof A. Cohenet al. on lamprey CPGwith brainstemattached,but mayhave wider
applicability. Theanalysisinvolvespairsof coupledoscillatorswith bothexcitatoryandinhibitory “synaptic” coupling,
derivedfrom a Fitzhugh-Nagumotypereductionof theHodgkin-Huxley equations,andincludesbifurcationsdescribing
locomotiononsetandcessation.I will alsodiscusstraveling wave patternsarisingfrom chainsof oscillators,including
simulationsof “body shapes”generatedby a doublechainproviding input to akinematicmusculaturemodel.

Thetalk will bebasedon joint work with D.A. Taylor (IomegaCorporation)andA.H. Cohen(Universityof Maryland).

2:00pm P. S.Krishnaprasad
Universityof Maryland

OscillationsandMotion On Lie Groups
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3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:15pm PanelDiscussion
JamesCollins (BostonUniv.), Chair

CPG/Oscillators

Paneldiscussionswill begin with a 10 minutepresentationby eachof the panelmembersof either their own work or
commentaryon theday’s talks. Theremainderof thehourwill bedevotedto discussionincludingparticipationfrom the
audience.

Panelmemberstodaywill beMatt Berkemeier(BostonUnivesity),CarmenCanavier (Universityof New Orleans),Judy
Schotland(BostonUniversity),andPaulStein(WashingtonUniversity).

4:15pm IMA Tea(and more!) VincentHall 502(TheIMA Lounge)

A varietyof appetizersandbeverageswill beserved.

Tuesday, June2

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

Symmetry/Bifur cation

9:30am JoelBurdick
CaliforniaInstituteof Technology

Controllability and TrajectoryPlanningfor Biomimetic
Locomotion

Abstract: “Biomimetic locomotion” is the movementof robotic mechanismsin waysthat areanalogousto the patterns
of movementfound in nature. Practicallyspeaking,it is movementthat doesnot rely upon wheels,jets, thrusters,or
propellers. Biomimetic locomotionis typically generatedby a coupling of periodic internal body deformationsto an
externalconstraint.In orderto establishnotationandkey ideas,the talk will begin with a review of thebasicmechanics
underlyingbiomimeticlocomotion.In particular, theroleof principalfiberbundlesandconnectionswill bestressed.

A biomimeticlocomotionmechanismis “controllable” if thereexistsanadmissiblesetof controlswhich drivesthesys-
tem from its currentconfigurationto any nearbyconfiguration.Controllability is a key issuethat mustbe addressedby
any comprehensive theoryof biomimeticlocomotionengineering.Unfortunately, standardcontrollability methodsfrom
nonlinearcontrol theory, suchasChow’s theorem,arenot well suitedto theanalysisof biomimeticlocomotors.For ex-
ample,in thecaseof leggedrobotmechanisms,thegoverningmechanicsof foot placementarediscontinuous.However,
conventionalcontrollability testsrely upondifferentiation. In orderto overcomethis difficulty, we presentan extension
of Chow’s theoremto thecaseof “stratified” configurationspaces,which canbeusedto modelthediscontinuousnature
of leggedlocomotion. Even in thecaseswherethegoverningmechanicsaresmooth,standardcontrollability resultsare
inefficientbecausethey donot takeadvantageof theinherentstructurein biomimeticlocomotionconfigurationspaces.We
alsopresenta versionof Chow’s theorythatis adaptedto biomimeticlocomotionsystems.

While controllability is a key issuein thedesignandanalysisof biomimeticlocomotionsystems,trajectorygenerationis
a primarypracticalproblemfor thedeploymentof complex biomimeticlocomotors.Usingthecontrollability framework
establishedin thefirst partof thetalk, thesecondpartof thetalk will describedtrajectorygenerationmethods.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Ian Stewart
Universityof Warwick

LeggedLocomotionfrom theSymmetryViewpoint

Abstract: This talk is on joint work with Marty Golubitsky, LucianoBuono,andJimCollins.

Leggedlocomotioninvolvesmany differentgait patterns— for examplethe horsecanwalk, trot, canter, or gallop. A
key featureof thesepatternsis phase-locking:eachleg movesperiodically, with thesameperiodfor all legs,with a fixed
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patternof phaserelationships.For instancethewalk gaithasthephasepattern
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wherethephasesarestatedasfractionsof onecompleteperiod.

For many gaits(but not all) thephasesaresimplefractionsof a full period.Moreover, many gaitsexhibit spatio-temporal
symmetries,andtheirphasepatternscanbederivedfrom thosesymmetries.

It is believed that the basicrhythmsof leggedgaitsareset up by neuralcircuits known asCentralPatternGenerators
(CPGs).TheabovefactssuggestthatCPGarchitectureis symmetric,andthatthephasepatternsare‘universal’patternsof
symmetry-breakingoscillations.

Early work by Collins andStewart (alsoKelsoandScḧoner)showedthata smallnumberof circuitscangenerateall the
symmetricquadrupedgaits.However, theseauthorsdid not identify asinglecircuit thatcouldgenerateall quadrupedgaits.
Anotherdifficulty was‘spuriousconjugacy’: for instanceany 4-oscillatornetwork that cangeneratewalk andpacecan
alsogeneratetrot, and trot andpacehave identicaldynamicalcharacteristics.

Thesedifficultiesdisappearif asuitable8-oscillatornetwork (schematic)is employed.Thisnetwork hasasimplearchitec-
turethatrelatessensiblyto known physiology. A generalisationto � , oscillatorsappliesto

,
-leggedanimals.Thecircuit

hasa tidy ‘modular’ structurethatmaymake it easilyapplicableto leggedrobots.Moreover, the8-oscillatorcircuit can
exhibit ‘mixedmode’patternscorrespondingto therotaryandtransversegallops,andto thecanter. Thisappearsto bethe
first modelthatincludesa naturalcanter.

2:00pm Jill Whitall
Universityof MarylandatBaltimore

Symmetry, Asymmetry, BifurcationsandIntentionin Hu-
manLocomotion

Abstract: In thecaseof bipedalwalking,theadoptionof asymmetricalanti-phaserelationshipbetweenthelegsis supported
from a mechanicalmodelingperspective. Therobustnessof this solutionis seenin its readyadoptionby newly walking
infants. However, walking per se is ratherlimiting asthe only modeof locomotionand infantssoonlearn to be more
adaptablein their environmentby acquiringotherformssuchasrunning(alsosymmetricalandanti-phase)andgalloping
(asymmetrical).In thefirst half of the talk I will discusscharacteristicsof thesegaitsbothassteadystatebehaviors and
whentaken throughspeed-relatedtransitions.Kinematicandkinetic descriptionsof thesegait patternswill be relatedto
thepropertiesof couplednonlinearoscillatorysystems.In particular, I will concentrateonthebipedalgallopwhich,unlike
thegallopof quadrupeds,appearsto bealmostalwaysinitiatedwith the“intention” of changingthephasingrelationship
betweenthelegs.

The secondhalf of the talk alsowill addressthe interfaceof intentionwith gait, but in this casethe focus will be on
humanswho crawl on their handsandfeet to purposefullyadoptquadrupedalgait form. Ratherthanrequiringthemto
changephasing,we asked for a changeof direction(forwards/backwards)andposturalorientation(prone/supine).The
resultingconsequencesto their coordination(phasing)reflectedbothmechanicalandnon-mechanicalinfluences.Overall
it is suggestedthatmechanicalconstraintshaveapowerful influenceonhumanlocomotionpatterns,but they provideonly
a partof thepicturewith respectto how the interlimb coordinationemerges.Thegeneralthemeacrossbothsetsof data
is to questionwhethertheexisting modelsof animallocomotioncanaccommodatethesedata,and/orsuggestthatmodels
seekingto represent(human)gaitshouldincorporateintentionalvariablesalongwith thenecessarymechanical/dynamical
variables.

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:30–4:30pm PanelDiscussion
JamesCollins (BostonUniv.), Chair

Symmetry/Bifurcation

Paneldiscussionswill begin with a 10 minutepresentationby eachof the panelmembersof either their own work or
commentaryon theday’s talks. Theremainderof thehourwill bedevotedto discussionincludingparticipationfrom the
audience.

Panelmemberstodaywill beMartin Golubitsky (Universityof Houston),S.V. Shastri(SRI International)StevenStrogatz
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(CornellUniversity),andJill Whitall (Universityof MarylandatBaltimore)

Wednesday, June3

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

Neuro-mechanicalIssues

9:30am Martin Buehler
McGill University

Robotswith SimpleLegs

Abstract: Thepurposeof this presentationis to introducea novel approachto robotdesignandcontrol for walking. The
advantageof thedesignis,besidesits mechanicalsimplicity, theresultingmodelingsimplicity andthesubsequentpotential
for mathematicalanalysis.Walking andrunningrobotsarewell known for theanalyticalchallengescausedby thehigh
dimensionalityof the model,aswell as the intermittentnatureof the dynamics. The proposedrobot designsoffer the
potentialfor a practicalplatformwhich is alsoamenableto mathematicalanalysis.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am FredDelcomyn
Universityof Illinois

Hexapodwalking: FromRealityto Simulation

Abstract: Mostinsectswalk usingastereotypedalternatingtripodgait in whichtwo tripletsof legs,front, rear, andopposite
middle,stepalternately. Experimentsinvolving perturbationsof thelocomotorsystemsuggestthatsensoryfeedbackaids
coordinationby providing critical timing cuesandensuringgait stability duringwalking. Nevertheless,exactly how the
nervoussystemsorchestratescoordinationduringlocomotionis still notentirelyclear.

Simulationcan in principle be a useful tool to study neuralmechanismsof locomotorcontrol becauseit allows rapid
testingof hypothesesabouthow thenervoussystemgeneratespatternedmotoroutput. Here,a systemfor thesimulation
of an insect,includingsenseorgans,muscles,body, andlegs,will beintroduced.Thesimulationsystem,written in C++,
allowsusersto studyelementsrangingfrom isolatedleg segmentsto wholeanimalswith multi-jointedlegs.Theprogram
assemblesthe object to be simulatedaccordingto information provided in separate,user-preparedconfigurationfiles,
placingmusclesandsenseorganswheredesired. A usermay thentesthypothesesabouthow coordinatedmovements
aregeneratedby encapsulatingthesehypothesesin controlalgorithmsthatoperatethe simulatedelements.Becausethe
specificationof theinputandoutputvariablesto whichcontrolalgorithmshaveaccessis madein configurationfilesrather
thanin thesimulationcodeitself, algorithmsfor thecontrolof movementscanbewrittenby userswhohavenoknowledge
of thesimulationcode.

Thesystemwasdevelopedfor thestudyof neuralmechanismsof coordinationduringwalking in insects,but by specifying
in configurationfiles thephysicalparametersof a hexapodrobotandtheperformancecharacteristicsof its actuatorsand
sensors,it is possibleto investigatecontrolmechanismsfor thesedevicesaswell.

2:00pm S.Epstein& N. Kopell
BostonUniversity(both)

ResonanceTuningRevisited

Abstract: Centralpatterngenerators(CPGs)areoftenobservedto drive motorrhythmsat frequenciesthatdiffer from the
endogenousCPGfrequency, but lie closeto a principal resonanceof the musculoskeletalplant. SuchCPGsaresaidto
exhibit ‘resonancetuning.’ Owing to changesin posture,load, muscleproperties,andso on, resonantfrequenciescan
changesignificantlyover timescalesasshortasa singleperiod.A CPGmustthereforebeableto adaptits outputquickly
androbustly in responseto sensoryfeedbackif it is to matchthe resonantfrequency of the plant. Previously proposed
solutionsto thisproblemareneitherquicknor robust.Wepresentasolutionin thecaseof averysimple,four-dimensional
‘neuromechanical’model,consistingof arelaxationoscillatorreciprocallycoupledto alinearoscillator. Weshow how our
feedbackschemeworksandwhy someotherschemesdonot.
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3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:30–4:30pm PanelDiscussion
JamesCollins (BostonUniv.), Chair

Neuro-mechanicalIssues

Paneldiscussionswill begin with a 10 minutepresentationby eachof the panelmembersof either their own work or
commentaryon theday’s talks. Theremainderof thehourwill bedevotedto discussionincludingparticipationfrom the
audience.

Panelmemberstodaywill beAvis Cohen(Universityof Maryland),FredDelcomyn(Universityof Illinois), JohnGucken-
heimer(CornellUniversity),andMark Tilden (LosAlamosNationalLaboratory).

Thursday, June4

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

Mechanics

9:30am Robert Full
Universityof CaliforniaBerkeley

Neuromechanicsof Self-StabilizationandManeuverabil-
ity in Polypeds

Duringslow terrestriallocomotion,awidebaseof supportandalow centerof massallow many-legged,sprawledpostured
animalsto behighly staticallystable.By contrast,at fasterspeeds,we found thateventheseanimalsusedynamicgaits.
They canoperatelike spring-masssystemsduringrunning.We have shown thatmany extraordinarilydiversemorpholog-
ical solutionsappearto beadequatefor running. To understandthe importanceof sprawled posturedmorphologyduring
running,we madea simpletwo dimensionaldynamicmodelthat focuseson the horizontalplaneinsteadof the vertical.
Sprawledpostureanimalsproducesubstantiallateralforcesin thehorizontalplanethathavebeenignored.To testwhether
this modelwasrobust to perturbations,we changedthemomentumof its centerof massduringrunning. We speculated
that the modelcould not recover from a velocity perturbation,sinceit hasan extremelysimplecontrol systemwith no
explicit feedbackcircuitry. Thehorizontalplanemodelwasextremelystableto velocityperturbations.Dynamiccoupling
of bodyorientation,leg momentarmsandleg forceproductionproducedremarkableself-stabilization.To understandthe
influenceof postureon stability, wevariedmorphologyfrom anuprightpostureto a moresprawledpostureandincreased
theamountof thelateralforceproportionally. Widerstances,andthereforegreaterlateralforces,resultedin fasterrecovery
to perturbations.Our two dimensionalmodeltells us thatcontrol canresidein themechanicaldesignof thesystemand
canbesimple.Thecontrolalgorithmscanbeembeddedin theform of theanimalitself. Datafrom climbing, turningand
negotiationof irregular terrainshow that maneuverability canresult from minor adjustmentsin the feedforwardpattern
usedduringstraight-aheadlocomotion. Threedimensionaldynamicmodelsanddirectmusclemeasurementsreveal that
themusculo-skeletalcomplexesactasanimportantdeterminantof thesystem’s behavior thatcan’t bepredictedfrom the
neuralsignalalone.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am A. Ruina & A Kuo
Cornell& U. of Michigan

Passive Walking and Pendual:What Can You Do With
Mechanicsand Feedback,and Why Do You Need a
Clock?

2:00pm Jerry Marsden
CaliforniaInstituteof Technology

LagrangianReductionandtheFalling CatTheorem

Abstract: We will presenta new proof of RichardMontgomery’s beautiful“Falling CatTheorem”which relatesoptimal
reorientationof thefalling cat to thedynamicsof particlesin Yang-Mills fields(governedby Wong’s equations).We will
begin by putting the theoremin the generalcontext of optimalcontrol problemsasstudiedby Brockett. Thenew proof
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involvesideasof Lagrangianreductionfor which therehasbeenmuchactivity lately (Scheurle,Weinstein,Koon,Ratiu,
Bloch,Krishnaprasad,Murray, Cendra,Holm, etc.etc.).We shallalsopresentgeneralizationsof theFalling CatTheorem
to thecontext of nonholonomiclocomotionproblems.

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:30–4:30pm PanelDiscussion
JamesCollins (BostonUniv.), Chair

Mechanics

Paneldiscussionswill begin with a 10 minutepresentationby eachof the panelmembersof either their own work or
commentaryon theday’s talks. Theremainderof thehourwill bedevotedto discussionincludingparticipationfrom the
audience.

Panelmemberstodaywill beAndy Ruina(CornellUniversity),ClaireFarley, (Universityof CaliforniaBerkeley), Arthur
Kuo(Universityof Michigan),andStefanSchaal(Universityof SouthernCalifornia)

6:00pm Workshop Dinner
CampusClub

Friday, June5

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

Control

9:30am Randall D. Beer
CaseWesternReserveUniversity

Design,Evolution andAnalysisof Biologically-Inspired
ControlSystemsfor Walking

Abstract: Animals are remarkablyeffective androbust in complex real-world environments. For this reason,they are
increasinglyservingasa sourceof inspirationfor autonomousrobots. Unfortunately, many of the very sameproperties
of biological nervoussystemsthat areresponsiblefor theseimpressive behavioral capabilitescanalsomake themvery
difficult to understandanddesign.This talk will survey a varietyof ongoingprojectsattemptingto grapplewith someof
thesedifficulties. First, I will briefly describea seriesof leggedrobotswhosecontrol is basedon Pearson’s flexor-burst
generatormodelof cockroachwalking andCruse’s modelof stick insectwalking. Next, I will briefly describetheuseof
geneticalgorithmsto evolve dynamicalneuralcontrollersfor leggedlocomotion. Oneof the interestingresultsof these
experimentsis thatchainreflex, centralor ”mixed” patterngenerationarchitecturesconsistentlyevolve dependingon the
availability of sensoryfeedbackduringevolution. Finally, I will presentananalysisof thegeneralprinciplesof operation
of a largepopulationof evolvedsingle-leg centralpatterngenerators,aswell asa preliminaryanalysisof phase-lockingin
Cruse’smodelof stick insectwalking.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

10:45am Trevor Drew
Universityof Montreal

SupraspinalControl MechanismsResponsiblefor the
Regulationof Locomotionin theCat.

Abstract: Locomotionis theresultof a complex interplaybetweena centrallygeneratedrhythmicpatternof activity and
a hostof feedbackandfeedforwardmodulatorysignalsthatarisein pathwaysfrom theperipheryandfrom thebrain. In
my presentation,I will discusshow thecentralstructuresthatgive rise to themajordescendingpathwaysin thecatmay
participatein ensuringthat the basiclocomotorrhythm, generatedin the spinalcord, is adaptedto the vagariesof the
environmentandthegoalsof theorganism.I will concentrateon two structuresandon two aspectsof locomotorcontrol.
In the initial partof thepresentation,I will concentrateon therole of thebrainstemreticularformationin modifying the
level of electromyographic(EMG) activity in flexor andextensormusclesof eachof thefour limbsof thecat. I will present
datathatsuggestthis structureis organisedto producecoordinatedmodificationsof theEMG activity in eachof thefour
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limbs of thecat. I will furthersuggestthat thePMRFactsthroughthecentralpatterngenerator(CPG)in thespinalcord
to ensurethatthemodificationsof gaitareappropriatelyincorporatedinto thebaserhythm.Considerationof theanatomy
andphysiologyof this pathwaysuggeststhatrelatively simpledescendingsignalsmayresultin complex modificationsof
gait. In thesecondpartof thepresentation,I will concentrateon therole of themotorcortex in producingthefine control
of limb trajectoryandfoot placementthat is requiredin a normal,clutteredenvironment. I will show that thecommand
signaldescendingfrom themotorcortex to thespinalcordcontainsdetailedinformationaboutthemodificationof EMG
activity that is requiredto stepover an obstaclein one’s path. I will furthersuggestthat the final transformationof this
commandsignalinto the resultantpatternof EMG activity dependson the excitability of interneuronesthat eitherform
partof, or thatareinfluencedby, theCPG.

11:45pm Daniel Koditschek
Universityof Michigan

WorkshopSummary

SpecialIMA Workshop:

Continuum Mechanicsand Non-linear Partial Differential
Equations
June8–12,1998

Organizers:RichardJames(Universityof Minnesota),StefanMueller (MPI for
Mathematicsin theSciences),Vladimir Šverák,(Universityof Minnesota)

Theworkshopis organizedin honorof the50thbirthdayof ProfessorJohnBall.

Seealsohttp://www.ima.umn.edu/dynsys/spring/dynsys13.html

Thismeetingwill bring togetherleadingexpertsin nonlinearPDEandContinuumMechanics.

Theworkshopis supportedin partby theMax PlanckResearchAward from theHumboldtfoundation,by theSchoolof
Mathematicsof theUniversityof Minnesotaandby theIMA.

Monday, June8

Talks today are in LectureHall EE/CS3-180

8:45am Registration and Coffee ReceptionRoomEE/CS3-176

9:15am Welcomeand Orientation W. Miller, F. Dulles,R. James

9:30am Jerry Marsden
CaliforniaInstituteof Technology

ComputationalMechanicsandCollisionAlgorithms.

Abstract: We discussalgorithmsandsimulationsfor thecollisionof rigid andelasticbodies.Thealgorithmsarediscussed
in thecontext of variationalintegrationalgorithms(in thesenseof Veselov) for mechanicalsystems(bothode’sandpde’s)
with constraintsandsymmetry. A broadercontext, includingphenomenasuchascrackingandfragmentationprocesses,in
whichcomplex collisionsequencesoccur, will alsobepresented.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Felix Otto
Univ. of CaliforniaSantaBarbara

Fingeringinstabilityof fluid flow down aninclinedplane:
anintrinsic linearstabilityanalysis
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Abstract: We considertheflow of athin film of aviscousfluid down aninclinedplane.Experimentsshow thattheinitially
horizontalfront of thethin film breaksinto fingers.Theemergingfingerpatternhasa characteristicwave length.Ourgoal
is to recover theinstabilitywith characteristicwave lengthwithin thestandardmodelof thisflow problem.

Thestandardmodelis thelubricationapproximationof thequasistationaryStokesflow within thethin flow domainlimited
by the free surface,driven by gravity andsurfacetension. Mathematicallyspeaking,it comesin form of a degenerate
parabolic(secondandforth order)equationfor theheight 2 of thefreesurface.Thegoalis to establishtheinstabilityof its
1-dimensionaltraveling wave solutionandto show that thewave lengthof thefastestgrowing perturbationis finite. The
standardproceedingis to analyzethelinearizationof theequationaroundthetravelingwavesolutionin themoving frame.

Theconventionalway to analyzethelinearizationis to considertheeigenvalueproblemrelatedto thedifferentialoperator4
defining the linearization,as doneby Troian et al. But Bertozziand Brennerpointedout that thereis a parameter

regimewhereall eigenvaluesof
4

havenegativerealpart,althoughinstabilitiesareobservedexperimentally. Bertozziand
Brenneralsoobservedtransientgrowth in numericalsimulationsof the linearizedequation.This is not unconsistentwith
thetheoreticalresultsince

4
is notnormalwith respectto, say, çéØ .

We proposean analysisof the linearizedequationwhich recoversthe instability with characteristicwave number. It is
basedonthe“energy method”appliedby SpaidandHomsy. They considerthetransientdecayor increaseof the çÃØ –norm
of solutionsto thelinearizedequation.This amountsto analyzingthespectrumof thesymmetricpart 5 �7698;: � 4 � of

4
w.

r. t. çÃØ .

2:00pm WeinanE
CourantInstitute

PatternFormationDuringLiquid CrystalPhaseTransition

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:15pm Philip Holmes
PrincetonUniversity

Two ModelsFromNonlinearOptics

Abstract: I will discussrecentjoint work with J. NathanKutz, Alex Mielke, andothersin which variantsandderivatives
of thenonlinearSchroedingerequation(NLS), describingthepropagationof light in opticalfibers,arestudied.In thefirst,
we studya modelof a broadbandlaserin the form of an NLS with non-localtermsdescribingthe averagedproperties
of a quantummirror, the saturableBragg reflector. We prove existence-uniquenessresultsand study the bifurcations
andstability of certain“chirpedsoliton” solutions,comparingthemwith experimentalresultsfrom W. Knox’s groupat
LucentTechnologies.In the second,we derive a planarmappingapproximatingvariationsin amplitudeandphaseof a
pulsepropagatingin a losslessoptical fiber with periodicallyvarying dispersion.The map’s behavior agreeswell with
simulationsof theperiodicallyswitchedNLS dueto S.Evangelides.Weanalysethebifurcationsof fixedpointsandglobal
dynamicswith a view to describingpulsemodulationproperties.

4:15pm IMA Tea(and more!) VincentHall 502(TheIMA Lounge)

A varietyof appetizersandbeverageswill beserved.

Tuesday, June9

Talks today are in LectureHall EE/CS3-180

9:15am Registration and Coffee ReceptionRoomEE/CS3-176

9:30am ConstantineDafermos
Brown University

GenuinelyNonlinearHyperbolicSystemsof Two Conser-
vationLaws

10:30am CoffeeBreak ReceptionRoomEE/CS3-176
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11:00am Louis Nir enberg
CourantInstitute

On popertiesof solutionsof secondorder elliptic equa-
tions

2:00pm Igor Kukavica
Universityof Chicago

Analyticity for theNavier-StokesEquations

Abstract: Wewill review somerecentresultsconcerningspatialanalyticityof solutionsof theNavier-Stokessystem.More
particularly, we will beinterestedin estimatingthesizeof theanalyticitydomainin termsof thephysicalparametersand
addressimplicationsrelatedto theminimalscale,decayof theFourierspectrum,andthesizeof nodalsets.

3:00pm CoffeeBreak VincentHall 502

3:30–4:30pm Maria Esteban
Universit́eParisDauphine

About theEvolutionof SolidBodiesin anIncompressible
Fluid.

Wednesday, June10

Talks today are in LectureHall EE/CS3-180

9:15am Registration and Coffee ReceptionRoomEE/CS3-176

9:30am FrançoisMurat
Universit́eParis6

TBA

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am L. C. Young Nature& Applicationsof YoungMeasures

Abstract: HistoricalBackground.Probabilityandduality aspects.Thereformulationof boundaryconditions.Relationto
Schwartzdistributions,deRhamcurrents,non-standardanalysisanda greatvarietyof applications,notablynon-linearity.

Thursday, June11

Talks today are in LectureHall EE/CS3-180

9:15am Registration and Coffee ReceptionRoomEE/CS3-176

9:30am David Kinderlehr er
CarnegieMellon University

Remarksaboutthedynamicsof theFokker-PlanckEqua-
tion

Abstract: Nonlinearsystemswhich areactive acrossdisparatelengthandtime scalesareamongthemostintriguing ones
we encounterin nature.Moreover, many of thesesystems,althoughpersistentfor long times,residein metastablestates
andtheir evolution is poorly understood.We are,thus,presentedwith difficult scientificchallenges,bothin thederivation
of appropriateframeworksfor modelingandin theeffectiveuseof largescalesimulationtechniquesfor theirexecution.We
focushereonamechanismwebelieve to bedeeplyintertwinedwith theseproperties.This is thecompetitionbetweenthe
thermodynamicenergy andnearnessin theappropriatesensefor thedistribution of microscopicvariables,the ‘averages’
that describethe evolution of the macroscopicsystem.The result is a new derivationof the Fokker-PlanckEquationas
thegradientflux or steepestdescentof theordinarythermodynamicenergy (e.g.,minustheentropy in thecaseof ordinary
diffusionor Brownianmotion.).

This is joint work with RichardJordanandFelix Otto.

10:30am CoffeeBreak VincentHall 502
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11:00am Gero Friesecke
Universityof Oxford

ExistenceandNonexistenceof Minimizersin theCalculus
of Variations

Abstract: Wewill discusscentralexamplesof variationalproblemsexhibitingatransitionfromexistenceto nonexistenceof
minimizers.Theexamplessharethefollowing two features:a) they areof physicalorigin (nonconvex elasticity, quantum
chemistry, BCStheoryof superconductivity), b) traditionallower semicontinuitymethodsfail to shedlight on why, or at
which threshold,thetransitionoccurs.

2:00pm Zhouping Xin
CourantInstitute

TBA

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:30pm Bernard Dacorogna
EPFL-Lausanne

SomeGeometricRestrictionsfor theExistenceof Viscos-
ity Solutions

Abstract: We considerthefollowing Dirichlet problem<>= � þ@? � 
 ��� �fï , a.e. 
9A9�? � 
 � ��B � 
 � , 
CA9DE� .
(1)

where ��FHG�I is open,?9J(�LKMG ,
= J(G�INKMG and B
ACO�ðQP �SR .

If we let TU�WV'XYA9GZI[J = � X � �fï7\ thenthe problem(1) hasa (densesetof) solution ?]A_^²ða` b � � � , underthe sole
compatibilitycondition þ�B � 
 � A9T#c " , �áæ + T , 
9A9� ä where" , �áæ + T standsfor theinteriorof theconvex hull of T .

We will seethat the existenceof Lipschitz viscositysolutionsunderthe above assumption,is however far from being
guaranteed.Only strongcompatibility conditionson the geometryof � ä on T andon B ensurethe existenceof such
solutions.

Friday, June12

Talks today are in LectureHall EE/CS3-180

9:15am Registration and Coffee ReceptionRoomEE/CS3-176

9:30am Stuart Anman
Universityof Maryland

QuasilinearParabolic-HyperbolicSystemsfrom Solid
Mechanics

Abstract: This lecturesurveysrecentadvancesandopenproblemsin theanalysisof nonlinearevolutionequationsof solid
mechanics,especiallythosedescribingthedynamicsof viscoelasticandviscoplasticmaterials.Thegoverningequations
studiedhereform systemsof quasilinearpartial differentialequationsof “parabolic-hyperbolic”type involving singular
differentialoperatorsof monotonetype. Sincethe unknown in theseequationsrepresentsa deformationof a body in
Euclideanspace,it shouldbe locally one-to-one. This requirementis the sourceof severe analyticaldifficulties, the
treatmentof which surprisinglydependson the natureof the dissipation. The role of dissipationis likewise centralin
dealingwith nonlineareffectsdueto rotationandwith thebehavior of thespectrumfor Hopf bifurcationproblems.The
generaltheoryis illustratedwith a varietyof concreteproblems.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am K. Bhattacharya
CaliforniaInstituteof Technology

TBA

2:00pm Mitch Luskin
Universityof Minnesota

OntheStabilityof CrystalMicrostructure

Abstract: Microstructureis a featureof crystalswith multiple symmetry-relatedenergy-minimizingstates. In the geo-
metricallynonlineartheoryof martensite,martensiticcrystalsaremodeledby a non-convex energy densitywith multiple,
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symmetry-related,rotationallyinvariantenergy wells. For this model,theelasticenergy of a deformationcangenerally
be loweredasmuchaspossibleonly by the fine scalemixing of the martensiticvariantsto form a microstructure.We
have developeda theoryfor thestability of macroscopicvariableswith respectto smallenergy perturbationsof a simply
laminatedmicrostructure.We haveappliedthis theoryto analyzethestabilityandnumericalapproximationof martensitic
andferromagneticmicrostructure.

In joint work with Bo Li, we have appliedour stability theoryto martensiticcrystalsthat canundergo an orthorhombic
to monoclinic(two well) transformationor a cubicto tetragonal(three-well)transformation.Recently, in joint work with
KaushikBhattacharyaand Bo Li, we have appliedthis theory to the cubic to orthorhombic(six-well) transformation.
The fact that the energy densityfor the cubic to orthorhombictransformationhassix wells makes this transformation
significantly more difficult to analyzethan the two and three-well transformationssincethe additionalwells give the
crystalmorefreedomto deformwithout thecostof additionalenergy. Theuniquenessof themicrostructurefor thecubic
to orthorhombictransformation,whichhadbeenanopenproblem,is aconsequenceof thisstabilityanalysis.

3:00pm CoffeeBreak VincentHall 502

3:30–4:30pm Peter Constantin
Universityof Chicago

VariationalBoundsin Turbulence

Tuesday, June16

IMA PostdocSeminar:

2:30pm Mar coAntonio Fontelos
UniversidadComplutensedeMadrid

Break-upof Thin Fluid Tubes

Abstract: Abstract:A classicalanalysisdueto Lord Rayleighshows thatan infinitely long fluid cylinder is unstableand
tendsto breakinto drops. Somemodelshave beenproposedin orderto understandthebreak-upprocess.Theso-called
one-dimensionalmodelmaybeobtainedfrom Navier-Stokesequationsunderthe”infinite slenderness”assumption.We
studythesystemthatoneobtainswhenconsideringperfectfluids,Stokesfluidsandfluidswithoutsurfacetension.Finally,
someconsiderationsconcerningthefull Navier-Stokessystemwill bemade.

Organizers:RicardoOliva& WarrenWeckesser

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.

Wednesday, June17

IMA Picnic

Thepicnicwill beat theWabun PicnicArea“A” atMinnehahaFalls in Minneapolis.Mapsareavailablein theIMA main
officeor onlineathttp://twincities.sidewalk.com/map?EI D=17120 . Thepicnicbeginsat4:00pm. IMA
staff, postdocsandvisitorsandtheir familiesareencouragedto come!Pleasesignup in theIMA mainoffice,514Vincent
Hall by Monday, June15.

Tuesday, June23

IMA PostdocSeminar:

2:30pm SteveStrogatz
CornellUniversity

TBA

Organizers:RicardoOliva& WarrenWeckesser

NOTE: ThePostdocSeminaris organizedby theIMA postdoctoralmembers,but all interestedIMA participantsarevery
welcometo attend.TheSeminarmeetsin VincentHall 570.
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VIII. DETAILED DESCRIPTION OF 1998SUMMER PROGRAMS

1. CODING AND CRYPTOGRAPHY

FromJuly6 – 18, theIMA helda SummerProgramonCodingandCryptography. Theorganizerswere:
IanBlake,Hewlett-PackardLaboratories
RobertCalderbank,AT&T Laboratories
Andrew Odlyzko, AT&T Laboratories
VeraPless,Universityof Illinois-Chicago
Theaim of theworkshopwasto bring togethermathematicians,computerscientists,andelectricalengineersinvolvedin
two disciplines,codingandcryptography, so that thetechniquesfrom oneareacouldbeappliedto problemsin theother
area.Onemajorgoalwasbeto utilize knowledgefrom codingto constructgoodcryptographicschemes.

Both codingtheoryandcryptographyoriginatedwith the seminalwork of ClaudeShannonin 1948. During andbefore
World War II, the main applicationsof cryptographyweremilitary. With the spreadof computersandelectroniccom-
municationsafter the war, the useof cryptographicschemesfor passwords,bankingtransactionsandvariousaspectsof
computersecurityproliferated.Sodid theusesof error-correctingcodesin radiobasedcommunicationsystems,satellite
communicationsandfor highfidelity onCD’s. Theseusesandtheevolving mathematicaltheoryof codesgeneratedmuch
mathematicalactivity.

Theprogramconsistedof threepartsandtookplaceovera periodof two weeks:

Week1: Codes,Design,andCryptography, July6-10,1998

Week2: Coding,Complexity andCryptographySequences,July13-18,1998

Thispartof theprogramwill concentrateonfinite geometries,designs,secretsharingschemes,schemesto detectdeception
andauthentication,secretbroadcastingschemes,andtheconstructionof cryptographicschemesrelatedto discreteobjects.
Both finite geometriesandmoregenerallycombinatorialdesignshave beenusedin theanalysisandconstructionof error
correctingcodesandsecretsharingschemes.Theseuseswill beexploredto seeif they canbeutilized in otherareas.

Week1: Codes,Design,and Cryptography July 6–10

Monday, July 6

Monday, July 6

Talks today are in LectureHall EE/CS3-180

8:45am Registration and Coffee ReceptionRoomEE/CS3-176

9:15am Welcomeand Orientation F. Dulles

9:20am Vera Pless
Universityof Illinois atChicago

SomeConnectionsBetweenCodingTheoryandCryptog-
raphy

Abstract: Abstract: This talk will explore somecommonareasbetweencoding theory and cryptographyand attempt
to evaluatetheir statusand impacton thesedisciplines. Views on this vary widely. Oneansweris that both draw on
commonsubjectareasof mathematics,suchasnumbertheory, finite fields, algebraicgeometry, combinatorialdesigns
andsequences.We review somespecificlong standingconnectionsincluding the public key McEliecescheme,cyclic
codesandlinearfeed-backshift registers,MDS codesandthresholdschemes,andwiretapperswith limited resoursesand
generalizedHammingweights.We giveall therelevantdefinitions.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

211



11:00am GustavusJ. Simmons
Universityof New Mexico

KeyedPermutationGenerators

Abstract: Keyedpermutationgeneratorsareessentialcomponentsin many informationintegrity protocols.Thegenerator
describedin this paperis the simplestinstancein a family of suchdeviceswhich lend themselvesto simplehigh speed
VLSI implementation.

Differentiationof
,

-bit binarysequencesdefinesa family of digraphsin which theverticesarelabeledwith thesequences
in a naturalway. When

,
is a prime, the even Hammingweight sequencesareall labelsfor verticesin simplecycles

andtheoddweightsequencesarelabelsfor verticesin simplecyclesandtheoddweightsequencesarelabelsfor vertices
in isomorphictreesrootedon thesecycles. The digraphsfor composite

,
areeasilyderived from the digraphsfor the

primefactorsof
,

. A simplealterationof thedifferentiationoperationpreservesthedigraphstructurebut interchanges–
andpermutes– theoddandevenlabels.The2-graphwhich resultsfrom combiningthesetwo digraphsis a surprisingly
familiarstructurein whichevery 0 -bit sequencecanbecausedto defineapermutationonthe

,
-bit sequences;i.e. the 0 -bit

sequences“key” thegenerationof thepermutations.Theoperationis invertiblein thesensethatgiventhekey andaninput
sequence,theoutputsequencecanbeeasilycalculated,or giventhekey andtheoutputsequence,theinput sequencecan
beequallyeasilyrecovered.

The cycle structurefor this keyed generationof permutationsis shown to be isomorphicto the cycle structurefor the
iterative parity encodingof binary sequences– a result that is both counterintuitive and the key to the analysisof the
generators.

2:00pm A. R. Calderbank
AT&T

OrthogonalGeometryandQuantumErrorCorrection

Abstract: Theunreasonableeffectivenessof quantumcomputingis foundedon coherentquantumsuperpositionor entan-
glementwhichallowsa largenumberof calculationsto beperformedsimultaneously. Thiscoherenceis lostasaquantum
systeminteractswith its environment.

In classicalcomputingonecanassemblecomputersthataremuchmorereliablethanany of their individualcomponentsby
exploiting errorcorrectingcodes.In quantumcomputingthis wasthoughtto beprecludedby theHeisenberg Uncertainty
Principleasrecentlyas2 yearsago. But the developmentof quantumerrorcorrectingcodeshascompletelyturnedthis
around.

This talk will describea beautiful group theoreticframework that simplifies the presentationof known quantumerror
correctingcodesandgreatlyfacilitatestheconstructionof new examples.

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

A varietyof appetizersandbeverageswill beserved.

Tuesday, July 7

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am PascaleCharpin
INRIA

TheWeightsof PrimitiveCyclic CodesWith Two Zeros

Abstract: We considerbinaryprimitive cyclic codesgeneratedby a productof two minimal generators.We first present
thelinks betweenthesecodesandotherobjectsappearingin cryptography, mainlysequencesandbooleanfunctions.

Althoughtheseobjects,andtheir “good” properties,have beenknown for a long time, many problemsremainopen.We
next explain recentresultswhich areconcernedwith the classificationof suchcyclic codesby meansof their minimal
distance.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176
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11:00am G. A. Kabatianski
INRIA-Rocquencourt

HashDistancesof Codes

Abstract: Thewell-knowndefinitionof Hammingdistancebetweentwo vectorsis generalizedto thecaseof $ vectors.This
producesa new notion,hashdistancesof a code.Thesecondhashdistancecoincideswith theusualminimal (Hamming)
distanceof a code. The so-calledsetsof perfecthashfunctions,widely studiedin combinatoricsandcomputerscience,
are,in fact,thesameascodeswith the $ -th hashdistanceat least1.

We study hashdistancesof codesby coding-theoreticmethodstrying to obtain good upperand lower boundson the
maximalcardinalityof codeswith given $ -th distance.

Amongthenew resultslet usmentionanupperbound,which is betterthanthecelebratedFriedman-Komlosboundfor the
sizeof setsof perfecthashfunctions,andanapplicationof linearcodeswith largehashdistanceto constructingsetsof
perfecthashfunctionswith “simplerealization”.Wealsodiscussonenicecombinatorialproblemarisingfrom thequestion
whenlinearcodeswith nonzerohashdistanceexist. Many openproblemswill beset.

This talk is basedona joint paperof L.Bassalygo,M.Burmester, A.Dyachkov, andthespeaker.

Wednesday, July 8

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am Juriaan Simonis
TechnicalUniversityof Delft

CodesandProjectiveMultisets.

Abstract: The purposeof the talk is to give a matrix-freepresentationof the correspondencebetweenlinear codesand
projective multisets.We generalizetheHill-Brouwer-VanEupenconstructionthat transformsprojective codesinto two-
weightcodes.Remarkablyshortproofsof known theoremsareobtained.A new notionof self-dualityin codingtheoryis
introduced.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Neil J. A. Sloane
AT&T

TheGrandTour in FourDimensionsandOtherMysteries

Abstract: How shouldyou choosea nicesetof planesin four (or more)dimensions?Or moregenerallyhow do you find
packingsin Grassmannianmanifolds?The answersturn out to be connectedin a mysteriousway with error-correcting
codesfor quantumcomputing.

This is basedon joint work with Calderbank,Conway, Hardin,Rains,andShor.

2:00pm Alexei Ashikhmin
Los AlamosNationalLaboratory

UpperBoundson theSizeof QuantumCodes

Abstract: Thepaperis concernedwith boundsfor thequantumerrorcorrectingcodes.Using thequantumMacWilliams
identities,we generalizethe linearprogrammingapproachfrom classicalcodingtheoryto thequantumcase.Using this
approach,we obtainSingletontype, Hammingtype, andthe first linear programmingtype boundsfor quantumcodes.
We demonstratethat classicalSingletonboundis valid for quantumerror correctingcodesdespitethe relaxationin the
definitionof theminimum distanceof a quantumcode. We alsoshow that Hammingandfirst linearprogrammingtype
boundsarealsovalid for quantumcodespracticallyonall interval ïCìHdfehgjik% , ì&î .

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176
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3:30–4:10pm Gary McGuir e
ColoradoStateUniversity

Characterizationof CertainCinimalRankDesigns

Abstract: In 1987Dillon andSchatzproveda theoremrelatingdifferencesetsin elementaryabelian2-groupsanddesigns
with the symmetricdifferenceproperty. As a corollary, they characterizeddesignswith Hadamardparameters(wherel �m�RØ�n ) whosecodeshave dimension� 6po � andcontaintheall-1 vector, in termsof differencesets.Dillon, andlater
Assmus,askedwhethertheassumptionon theall-1 vectorcouldberemoved.We show thattheansweris yes.

Thursday, July 9

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am Kevin Phelps
AuburnUniversity

Perfectcodes

Abstract: Wewill review recentresearchoncombinatorialproblemsin perfect1-error-correcting(non-linear)binarycodes.
This will include recentwork on rank andkernalsof suchcodes,nonsystematiccodesand the connectionto resilient
functions,equivalenceclassesandmethodsfor determiningthem,andpartitionsof n-spaceby perfectcodes.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am S.S.Magliveras
Universityof Nebraska

A PublicKey CryptosystemFromLogarithmicSignatures
of FinitePermutationGroups

Abstract: A secretkey cryptosystembasedon certainfactorizationbases(calledlogarithmicsignatures) for finite permu-
tationgroupswasdescribedby Magliverasin the late1970’s andits algebraicpropertieswerestudiedby Magliverasand
Memonin 1989.Wepresentlyannounceanew methodwherebylogarithmicsignaturescanbeusedto constructanew type
of publickey cryptosystem.Thenew systemreliesonthefactthatthereexist non-transversal logarithmicsignatureswhich
(looselyspeaking)canbewritten asthe(functional)compositionof a smallnumber(usuallytwo) transversal logarithmic
signatures.Sincetransversallogarithmicsignaturescanbe invertedefficiently, while non-transversalonescannot, such
a factorizationcanbeusedasa trapdoorfor a public key cryptosystem.Examplesareconstructedin thesmallestcarrier
groupwherethis is possible,andalgorithmsfor constructingsuchtrapdoorsin thegeneralcasearediscussed.

2:00pm EmanuelKnill
Los AlamosNationalLaboratory

A Mathematician’sAdventuresin ExperimentalQuantum
Error-Correction

Abstract: About two yearsago, it wasrealizedthat standardNuclearMagneticResonance(NMR) equipmentcould be
usedto experimentallytry out smallquantumcomputations.Lastyear, we decidedto embarkon a projectto try out the
simplest[3,1] quantumphaseerror-correctingcodeon anNMR spectrometeravailableat our laboratory. To our surprise,
theexperimentsweresuccessful.I will describeourexperimentsanddiscussthetheoreticalquestionsthatarosefrom our
involvementin thiswork.

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:30-4:10pm Vladimir D. Tonchev
MichiganTechnologicalUniversity

LinearPerfectCodesanda Characterizationof theClas-
sicalDesigns

Abstract: A new definition for the dimensionof a combinatorial� - � l ä 0 äaq*� designover a finite field is proposed.The
complementarydesignsof thehyperplanesin a finite projective or affine geometry, andthefinite Desarguesianplanesin
particular, arecharacterizedastheunique(upto isomorphism)designswith thegivenparametersandminimumdimension.
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This generalizesa well-known characterizationof thebinaryhyperplanedesignsin termsof their minimum2-rank. The
proofutilizesthe r -aryanalogueof theHammingcode,anda group-theoreticcharacterizationof theclassicaldesigns.

6:00pm Workshop Dinner
TBA

Friday, July 10

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am Jack van Lint
EindhovenUniversityof Technology

Codeswith theIdentifiableParentProperty

Abstract: If O is a r -ary codeof length
,

and s and t aretwo codewords,then u is calleda descendantof s and t if
æ Ü A�V�. Ü ä ê Ü \ for " � î ä � ä øHøGø ä , . We areinterestedin codesO with the propertythat,givenany descendantu , onecan
alwaysidentify at leastoneof the “parent” codewordsin O . We studyboundson

= �v, ä r � , themaximalcardinalityof a
code O with thisproperty, whichwecall the identifiableparentproperty.

Multimediapublisherscan“fingerprint” imagesby changingperceptuallyinsignificantaspectsin orderto beableto trace
violationof copyright restrictions.Ourcodeshavethepropertythatif thecodewordsareusedasfingerprintsandtwo users
createanew imageby combiningpartsof their images,thenthenew imagerevealstheidentityof at leastoneof thesource
images.

Typical resultsof thispaperareof thetype

üwrx�,îy�(z rºÿ = �{, ä r � ÿ,ühr|�<î
and = �v, ä r �~} æx� r&��Q� � ø

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00–11:40
am

Gilles Zemor
ENTS

UniquelyDecodableCodes

Abstract: A Uniquely Decodable(UD) Codeis a codesuchthat any vectorof the ambiantspacehasa uniqueclosest
codeword. This definition seemsto have appearedfor the first time in the book of Van Lint (Introductionto Coding
theory),but althoughUD codesareappealingcombinatorialobjects,no systematicsearchfor themhasbeenattempted
since. Perfectcodesareobvious instancesof UD codes: so aredirect sumsof perfectcodes.Are thereany otherUD
codes? In thenonlinearcase,theansweris yes.In thelinearcase,thequestionis still open.We havefocusedonthelinear
case,andbegun a studyof their structure. In particularwe canshow that a linear UD codemusthave ‘nested’perfect
subcodes.By usingtheseperfectsubcodes,identifying relateddesigns,andapplyingLlyod theoremstogetherwith some
nonexistenceresultsfor codeswecansolve theexistenceproblemof linearUD codesin somecases.In particular, all UD
codesof coveringradius2 canbefound.

This is joint work with G. Cohen,J.Rifa andJ.Tena.

2:00pm NicolasSendrier
INRIA-Rocquencourt

TheSupportSplitting Algorithm andSomeof Its Appli-
cations

Abstract: We definea signatureasa propertyof a codeandof oneof its positionswhich is invariantwhenthe support
is permuted; for instancetheweightdistribution of thecodepuncturedin thepositionis a signature.Thediscriminancy
of a signatureis measuredby how often it will bedifferentfor two distinctpositionsof thesamecode. We designedan
algorithm,usinga signature,ableto split thesupportof a codeinto the orbitsof its permutationgroup. In particular, if
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the permutationgroupis trivial, we candistinguishany two positionsof a code. For this algorithmto be practical,we
needa signaturebothdiscriminantaneasyto compute.This is thecaseof theweightenumeratorof thehull (intersection
of codewith its dual). We will presentsomeapplicationsof thesupportsplitting algorithmin thebinarycase:the”code
equivalenceproblem”,thecharacterizationof weakkeys in McEliece’s cryptosystemandthecomputationof permutation
groups.

2:40pm CoffeeBreak ReceptionRoomEE/CS3-176

3:00–3:40pm OscarMor eno
Universityof PuertoRico

Codes,CommunicationScience,ExpanderGraphsand
ExponentialSums

Exponentialsumsareof importancein algebraicnumbertheory. We retracetheconceptof anexponentialsumin applied
areassuchascoding,communicationscience,andinterconnectionnetworks. In this way we transferknowledgefrom the
applicationsandimproveresultsby Chevalley-Warning,Ax, Weil andDeligne.

Week2: Coding, Complexity and Cryptography July 13–18

Monday, July 13

Talks today are in LectureHall EE/CS3-180

8:45am Registration and Coffee ReceptionRoomEE/CS3-176

9:15am Welcomeand Orientation W. Miller, F. Dulles,I. Blake

9:30am Tor Helleseth
Universityof Bergen

OntheCrosscorrelationof m-SequencesandRelatedTop-
ics

Abstract: Thecrosscorrelationfunctionbetweentwo m-sequencesof period��n9�¾î , thatdiffer by adecimation� is defined
as

O~� �v� � �L�1� òlØ�
âv�E�����a� â Ù��y�¥ò ��� � â � ä

where� is aprimitive � th rootof unity. Wegiveasurvey of knownresultsonthecrosscorrelationfunctionof m-sequences.

Let
��� 
 � beamapping

� Jw� = � �*n � K�� = � ��n � . Let � � . ä ê � denotethenumberof solutions
CAC� = � ��n � of
��� 
 o . � ���� 
 � �fê where. ä êxAC� = � �*n � andlet��� �L���-�!V-� � . ä ê �~� . ä ê|Ak� = � � n �Kä .N���ï(\�ø

Themapping
�

is saidtobedifferentially 0 -uniformif

� � �_0 . Thisconceptis of interestin cryptographysincedifferential
andlinearcryptanalysisexploit weaknessesof theuniformity of thefunctionswhich areusedin DESandin severalother
blockciphers.Weshow how toconsructsequenceswith optimalcorrelationpropertiesfrom î -differentialpowermappings.
We alsosurvey resultsonknown resultson � -uniformmappings(calledalmostperfectnonlinear(APN)).

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am P. Vijay Kumar
Universityof SouthernCalifornia

SequencesWith Low CorrelationandLargeLinearSpan

Thelinearspanof a sequenceis thesmallestdegreeof a linearrecursionsatisfiedby thesequence.An overview of some
of thetechniquesthathave beenusedin thepastto constructsingleor familiesof sequenceshaving desirablecorrelation
propertieswill beprovided,with anemphasison thosesequencesthatalsohave largelinearspan.It is plannedto discuss
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bentfunctionsandsequences,GMW, No sequencesandtheirgeneralizations,sequencesderivedusingGaloisringsaswell
asthosearisingfrom hyperovals.

2:00pm Yvo Desmedt
Universityof Wisconsin-Milwaukee

ComputationalComplexity andCovert Aspectsof Secret
SharingandTheirApplications

Abstract: A t-out-of-l thresholdschemeis a generalizationof a anerasurecode.A
� �*o î ä � � erasurecodecancorrectup

to ��o î �H� erasures.In a thresholdschemeonealsohasup to ��o î¡�L� erasures.However, the first entry, calledthe
secretkey, is alwaysoneof these�7o î¢�N� erasuresandoneis not interestedin correctingtheothererasures,calledshares.
Secretsharingschemes,which area generalizationof thresholdschemes,have mainly beenstudiedfrom an information
theoreticalandcombinatorialviewpoint.

In many applicationstheentropy of thesecretkey is zero,andaninformationtheoreticaltreatmentmakesthenno sense.
We thereforediscussa computationalcomplexity treatmentof secretsharing. A way to addressthis issueis to develop
thresholdschemesthat work over any (Abelian)group. Onemethodpresentedto achieve this is a generalizationof the
Reed-Solomoncodes.The erasurecodeanderror-correctingpropertiesof this generalizedcodearediscussedin detail.
Othermethodsto achievegroupindependentthresholdschemeshavebeenpresented.Theserely oncombinatorics,e.g.,on
Vandermonde’sconvolutionandon familiesof perfecthashfunctions.We briefly discusstheimportanceandapplications
of groupindependentthresholdschemes.

In many thresholdschemes,�¢�8î shareshave beenchosenuniformly. A new researchgoal is to developsecretsharing
schemesin which thesharesarenotuniform,but correspondsto ordinarypictures,sound,etc.Methodsto achievethisare
briefly discussed.Suchsecretsharingschemesmaybeusedtowardswatermarking.

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

A varietyof appetizersandbeverageswill beserved.

Tuesday, July 14

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am Ben Smeets
LundUniversity

Performanceof InformationSetDecodingin aCorrelation
AttackonCertainStreamCiphers

Abstract: This contributionscontainsa brief overview of methodsusedfor the recovery of the initial stateof a linear
feedbackshift registerfrom a noisyversionof theoutputsequence.Amongothersa probabilisticrecovery algorithmis
describedwhereit is assumedthat the lengthof the observed outputsequenceis closeto the unicity distancewhich is
the theoreticallower boundon theaveragelengthwhenrecovery is still possible.Thepresentedalgorithmmakesuseof
informationsetdecodingof a randomlinear code. A deterministicalgorithmwith the sameasymptoticalcomplexity is
alsopresented.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Alexander Barg
Bell Labs,LucentTechnologies

Minimum Distance Decoding Algorithms for Linear
Codes

Abstract: Let C bea linearcodeof lengthn. We examinethefollowing generalproblem:givena vectory, find theclosest
codevectorto y. We focuson thealgorithmicaspectsof thisproblem.We discusstwo groupsof algorithms:gradient-like
decodingandinformationsetdecoding.Togetherthiscoversmostknown generaldecodingmethods.

This talk is partlybasedon joint workswith A. Ashikhmin,andwith E. Krouk andH.C.A. vanTilborg.

2:00pm Markus Breitbach
Universityof Tokyo

Digital Watermarkingof Still Images- An Applicationof
CommunicationsTheory
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Abstract: Whencomparedwith analogdata,digital datahastheadvantageto bemuchmoreresistantto noiseduring its
transmissionor storage.However, thisadvantagealsoallowstheerrorfreecopying of information.At thebeginningof the
informationage,whereinformationsareto besoldto multiplecustomers,this turnsout to beaseveredrawback.

In orderto copewith this problemvariosmethodsof embeddingimperceptiblewatermarksinto digital still imageshave
beenproposedsothatby revealingtheexistenceof thewatermarktheproprietorof theimagecouldprovehisownership.

We think thatcommunicationstheoryis a suitablebasisfor theanalysisof watermarkingschemes.In ourcontributionwe
will presenta watermarkingschemethatgeneralizesmany of today’sknown watermarkingmethods,andwewill describe
it ascommunicationssystem.Analysisstartsfrom thechannel.We distinguishbetweentwo channelmodels:A honest
customerapplyingstandardimageprocessingmethodsononehandandanoffendertrying to destroy thewatermarkon the
other. Standardimageprocessingmethodsincludelossyimagecompression,in particularaccordingto JPEG.This limits
theachievabledataratefor thewatermark.SinceJPEGis basedon theDCT transform,we analyzetheDCT coefficients
to obtainlimits on theachievabledatarate.Furtherweproposecodingschemesto efficiently usetheavailabledatarateat
a highreliability of thewatermarkdata.

Thiswork wasdonejointly with Hideki Imai

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:30–4:10pm Vladimir Levenshtein
KeldyshInst. for AppliedMathematics

An Algorithmfor FastReconstructionof SequencesUsing
TheirSubsequences

Abstract: The problemof reconstructionof an unknown sequenceusing the minimum numberof its subsequencesis
considered.A number� �v, ä � � wasfoundthathasthefollowing properties:(i) thereexist two binarysequencesof length,

which have thesamesetfrom � �{, ä � � distincttheir subsequencesof length
, �£� , (ii) any binarysequenceof length

,
canbeuniquelydefinedusingany subsetfrom � �v, ä � �¤o î its subsequencesof length

, ��� . A simplealgorithmwasalso
foundwhich reconsructanarbitrarysequenceof length

,
usingany setfrom � �v, ä � ��o î its subsequencesof length

, ���
(if sucha setexists).Thisalgorithmis basedona combinationof majorityandthresholdprinciples.

Wednesday, July 15

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am Gui-Liang Feng
Universityof SouthwesternLouisiana

ImprovedGeometricGoppaCodes

Abstract: Themostimportantdevelopmentin thetheoryof error-correctingcodesin recent20yearshasbeentheintroduc-
tion of methodsfrom algebraicgeometriccurvesfor theconstructionof linearcodes.Theseso-calledalgebraic-geometric
codes(AG codes)wereintroducedby Goppa.In this talk, we presenta new constructionof linearcodescalledimproved
geometricGoppacodes,andalsopresentamethodto determinethedesignedminimumdistancesfor thecodesusingonly
linearalgebra.TheseimprovedgeometricGoppacodesaremoreefficient thanthetraditionalgeometricGoppacodesde-
rivedfrom somevarieties,which includealgebraiccurves,hyperplanes,surfaces,andothervarieties.For theseimproved
geometricGoppacodesany ¥ � ò�ðØL¦ or lesserrorscanbe correctedby the majority voting schemedecodingprocedure.
As Goppacodescanbeusedin cryptography, we believe that the improvedgeometricGoppacodescanalsobeusedin
cryptography.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Andr ewOdlyzko
AT&T

Searchfor ExtremalSequencesandPolynomials

Abstract: Many aplicationsin acoustics,communicationtheory, and analysisrequirefinite sequencesof 0s and 1s or§ î s thathave specialautocorrelationproperties.Thesepropertiesareoftenequivalentto conditionson thepolynomials
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with thatsequenceascoefficients.While therearemany constructionsandtheoremsknown, someof themostintriguing
problemsremainwide open,andextensivecomputersearcheswith specialalgorithmsareoftenusedto searchfor thebest
sequences.

2:00pm KennyPaterson
Hewlett-PackardLaboratories

Reed-Muller Codes, Golay ComplementarySets and
PowerControlin OFDM

Abstract: OrthogonalFrequency Division Multiplexing (OFDM) is a multi-carriermodulationtechniquethat employs
frequency diversity to overcomethe noiseinherentin typical radio channels. The principal barrier to the widespread
acceptanceof OFDM hasbeenthe high power of uncodedOFDM transmissions:the peakpower can be as much as,

timesthe meanpower, where
,

is the numberof carriers. This resultsin inefficient amplifier usageandundesirable
spectralcharacteristics.

It is known that usinga codeword taken from a Golay complementarysetof size 0 to modulatethe carriersresultsin
an OFDM signal with peak-to-meanpower ratio at most 0 . But to obtain a high coderate, a large numberof such
OFDM codewords are needed. Recently, J.A. Davis and J. Jedwab have shown a striking connectionbetweenGolay
complementarypairs of sequences( 0m�¨� ) and Reed-Mullercodes. They exhibited 6[© %h� cosetsof the binary codeª « � î ä�69� lying in

ª¬« � � ä�6C� which consistentirely of binary Golay complementarypairs. Thesecosetsyield 6�© �-n
binary OFDM codewordsfor

, �­�hn carrierswhich have a peak-to-meanpower ratio of only 2 andwhich enjoy (as
a consequenceof the codestructure)good error-correctingcapabilityand efficient encodingand decoding. They also
generalisedthis resultto �h® -ary pairs,introducingalongtheway generalisationsof thebinaryReed-Mullercodethatare
closelyrelatedto thenow famousquaternarycodesof Hammonsetal.

We show how theseresultsfit into a larger theoreticalpicture. We prove that any secondordercosetof an appropriater -arygeneralisationof thefirst orderReed-Mullercodecanbepartitionedinto Golaycomplementarysetsof acertainsize.
It turnsout that thesetsizedependson a propertyof thegraphassociatedwith thequadraticform definingthecoset;the
previous resultsof Davis andJedwabaretheneasycorollaries.As well assheddingnew light on existing constructions
for Golaypairs,theproof of this resultanswersa long-standingopenproblemof TsengandLiu concerningtheexplicit
constructionof Golay complementarysets. It also leadsto a numberof fascinatingopenquestionsconcerningGolay
complementarysetsandReed-Mullercodes.

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:30pm Andr ewKlapper
Universityof Kentucky

MulticoveringRadii of Reed-MullerCodesandtheSecu-
rity of StreamCiphers

The covering radiusof an error correctingcode O is the smallestinteger
)

suchthat every vector is within Hamming
distance

)
of at leastone codeword. This conceptis closely relatedto variousbasicpropertiesof codes. It hasbeen

extensively studiedfor decadesby codingtheorists.

This talk will concerna new generalization,the multicovering radius. For any integer 61ä the 6 -covering radiusis the
smallestinteger

)
suchthateveryset l ð ä ø økø ä l n of 6 vectorsis within Hammingdistance

)
of a singlecodeword. Thatis,

for all l ð ä økøkø ä l n ä thereexistsa ? in O suchthatfor each" ä � " $y� � l Ü ä ? � is atmost
)
. When 6 is î , this is theordinarycovering

radius. This conceptarosein a recentstudyof the existenceof securecryptosystemsof a certaintype. It wasshown
that cryptosystemsof this type that resista very generaltype of cryptanalyticattackexist if thereis a codewith small
multicoveringradiuswhosecodewordscanbeefficiently generated.

Wedescribethebasicpropertiesof themulticoveringradii of codes,includingavarietyof generalupperandlowerbounds.
We derive boundson themulti-coveringradii of Reed-Mullercodesthat canbeusedto solve the cryptanalyticquestion
mentionedabove. In particularwe show that thereexist families of sequencē ð ä ¯ Ø ä økø ø that is secureagainstevery
cryptanalyticalgorithmthatattemptsto predict� o ��° bitsof a sequence

� � � î'%-� � givenashortprefix.

Someof thiswork is joint with Iiro Honkala.

Thursday, July 16

Talks today are in LectureHall EE/CS3-180
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9:15am Coffee ReceptionRoomEE/CS3-176

9:30am Bob Blakley
TexasA&M University

A GeneralTheoryof Codes

Abstract: Two 1998papers[ ISBN 3-540-64382-6,pp. 1-31,andISBN 3-85366-890-9,pp. 1-29] of ItshakBoroshand
myselfoutlinethegeneraltheoryof codes.It is a set-theoreticformulationwhich embracesessentiallyall known codes.
The ideais that the compositiond e consistingof thedecoderelationd following the encoderelatione mustnever lead
away from the plaintext symbolwhich wasoriginally encoded.In otherwords the compositerelationd e mustbe an
identitypartialfunctionwhosedomainis asubsetof thesetof all plaintext symbols.

Thisextremelyeconomicaldefinitionis framedto avoid any mentionof origin, application,content,context, phenomenol-
ogyor finiteness.It is meantto beatheoryof all codes,andsomustnotexhibit featuresdistinctiveof any onetypeof code,
however importantit maybe. Yet this generaltheorycontainsmany results.Also, it leadsnaturallyto several topicsin
grouptheory, graphtheory, Booleanmatrix theoryandotherareas.Perhapsits mostsignificantaspectsofar is thefactthat
a codeis anobjectwithin universalalgebra.And thereareverynaturalhomomorphismsof codeswhichcausethegeneral
theoryof codesto obey thethreestandardisomorphismtheoremsof universalalgebra.

The talk will capsulethe two papers.It will alsodiscussfurtherprogressin the theory, aswell asin applicationsof the
theoryto cryptography, errorcontrol,biologyandotherfields.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Torleiv Kløve
Universityof Bergen

OntheNewtonRadius

Abstract: An error ± is (uniquely)correctableby an × , ä 0}Ú code ² if andonly if it is theuniquecosetleaderin its coset.
TheNewtonradius ³ � ² � of ² is thelargestweightof auniquelycorrectableerror(it wasintroducedin T. HellesethandT.
Kløve,“The Newtonradiusof codes”,IEEETrans.Inf. Theory, vol. 43,Nov. 1997).

We will discusssomeproblemsontheNewtonradius:´ Methodsto determine³ � ² � .´ Thevalueof (or boundson) ³ � ² � for somecodes.´ How aretheNewtonradiusandthecoveringradiusrelated?

2:00pm Harald Niederreiter
Inst. of InformationProcessing(Austria)

BeatingtheGilbert-Varshamov Bound:TheAsymptotics
of Algebraic-GeometryCodes

Abstract: Goppa’salgebraic-geometrycodesovera finite field GF(q)arebasedonalgebraiccurvesoverGF(q)with many
rationalpoints.This leadsto awell-known connectionbetweentheasymptoticbehavior of goodalgebraic-geometrycodes
andthe asymptoticsof the numberof rationalpointson algebraiccurveswith growing genus. In the seminalpaperof
Tsfasman,Vladut, andZink from 1982this wasusedto beattheasymptoticform of theGilbert-Varshamov boundin the
casewhereq is asufficiently largesquare.

The talk will reporton recentjoint work of the speaker andC.P. Xing which hasproducedsignificantadvancesin the
asymptotictheoryof thenumberof rationalpointsonalgebraiccurves.Theresultsallow usto beattheasymptoticGilbert-
Varshamov boundin thecasewhereq is asufficiently largecompositenonsquare.Toolsfrom functionfield theorysuchas
Drinfeld modulesandclassfield towersareimportantin ourapproach.

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:30–4:10pm Bernhard Schmidt
CaliforniaInstituteof Technology

Projective two-intersectionsetsandGausssums
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Abstract: We presenta classificationof the subgroupsµ of prime index in the Singercycle � of ¶¡� �v, �&î ä r � which
areprojective

� � µ � ä , ä 2 ð ä 2 Ø � setsin ¶¡� �{, �:î ä r � , i.e. setsof points that meetevery hyperplanein 2 ð or 2 Ø points.
Our result is that subjectto a conjectureon a numbertheoreticequationthereareexactly îy· sporadicexamplesbesides
the known ones. We show that the problemof decidingwhether µ is a projective two-intersectionsetcanbe reduced
to theevaluationof certainGausssums.In virtually all relevantcases,we areareableto reducethis problemfurther to
thedeterminationof all solutionsof a numbertheoreticequationinvolving a parameterdescribingtheminimumnumber
occuringasan exponentof a prime ideal in Stickelberger’s theoremon the factorizationof Gausssums. Assumingthe
generalizedRiemannhypothesisfor imaginaryquadraticfields, this approachleadsto a completeclassificationin some
importantcases.We presenta tableof our new andthe previously known examplesof subgroupsof prime index in �
which areprojective two-intersectionsets.Basedon several theoreticalresultsandcomputersearches,we conjecturethat
this tableis complete.

6:00pm Workshop Dinner
TBA

Friday, July 17

Talks today are in LectureHall EE/CS3-180

9:15am Coffee ReceptionRoomEE/CS3-176

9:30am AgnesHui Chan
NortheasternUniversity

Generationof UltrafastPseudorandomSequences

Abstract: Transferof large,burstyfileshasbeenmadepossibleby theadvancementof technologyin ultrafastopticalTDM
networks. Suchtransfersrequireultrafastencryptionusingpseudorandomkey streams.However, the implementationof
logic at100Gbpsrate,whetherit is electronicor optical,is oftenlimited in scopeandextremelyexpensive. In this talk,we
will review thevarioustraditionalapproachesof generatingcomplex pseudorandomsequencesanddiscusstheir limitations
in ultrafastnetworks. We proposea new sequencegenerator, basedon both optical logic andelectronicFeedbackShift
Registers,thatgeneratessequencesat optical rates.We will show thatthecomplexity of thesequencedependson thatof
theelectroniccontroller.

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am Qing Xiang
Universityof Delaware

Gausssums,Jacobisumsandp-ranksof cyclic difference
sets

Abstract: Let
=
Øa¸ denotea finite field of � � elements,with � } � . Examplesof

� � � �3î ä � � ò�ð �3î ä � � òlØ �3î � cyclic
differencesetsin

=º¹
Ø�¸ includequadraticresiduedifferencesets,GMW differencesets,anddifferencesetsfrom monomial

hyperovals. We show that, exceptfor a few caseswith small � , thesedifferencesetsarepairwiseinequivalent. This is
accomplishedin partby examiningtheir 2-ranks.The2-ranksof all thesedifferencesetswerepreviously known, except
for thoseconnectedwith the SegreandGlynn hyperovals. We determinethe 2-ranksof the differencesetsarisingfrom
the Segre andGlynn hyperovals, in the following way. Stickelberger’s theoremfor Gausssumsis usedto reducethe
computationof these2-ranksto a problemof countingcertaincyclic binarystringsof length � . This countingproblemis
thensolvedcombinatorially, with theaid of thetransfermatrixmethod.We give furtherapplicationsof the2-rankresults,
includingthedeterminationof thenonzerosof certainbinarycyclic codes,anda criterionin termsof thetracefunctionto
decidefor which Ö in

=º¹
Ø�¸ thepolynomial 
6ô o 
 o Ö hasa zeroin

=º¹
Øa¸ , when � is odd.

Thiswork wasdonein collaborationwith RonaldEvans,HenkHollmann,andChristianKrattenthaler

2:00pm W. J. Martin
Universityof Winnipeg

A Coding-TheoreticApproachto OrderedOrthogonalAr-
rays

Abstract: In 1987,Niederreiterintroducedtheideaof a
� 4 ä « ä 5 � -netin baseê . A

� 4 ä « ä 5 � -netis a collectionof points

221



in the 5 -dimensionalEuclideanunit cubesatisfyingcertainuniformity propertieswhichareusefulfor applicationssuchas
pseudo-randomnumbergenerationandnumericalintegration.

A recentresultof SchmidandLawrencegeneralisedtheconceptof anorthogonalarrayin orderto cast
� 4 ä « ä 5 � -netsin a

combinatorialframework. An orderedorthogonalarray »¡» ¼¬½ � � ä $ ä�¾Tä l � is anarraywith $ ¾ columns— partitionedinto $
groupsof size ¾ — having entriesfrom analphabetof l symbolsandsatisfyingthefollowing condition:in any � columns
whichareleft-justifiedwithin their respectivegroups,each� -tupleof symbolsoccursexactly q times.

In this talk, we constructa family of associationschemessimilar to theHammingschemes(but not ¶ -polynomial)which
afford a context in which we mayextendstandardresultsfrom thetheoryof orthogonalarraysanderror-correctingcodes
to the caseof orderedorthogonalarraysandorderedcodes. In particular, we presenta generalisedRaobound,a linear
programmingboundandaMacWilliams-typetheoremfor thelinearcase.

This is joint work with D. R. Stinsonat theUniversityof Waterloo.

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:30pm Ian F. Blake
Hewlett-PackardLaboratories

PointCountingonElliptic Curves

Abstract: Elliptic curvesareof interestin bothcodingandcryptography. As curvesof genusone,they yield codeswith
a minimumdistanceonelessthanallowedby theSingletonbound. In cryptography, theadditive groupof pointson the
curve servesastheunderlyinggroupfor the implementationof protocolssuchaskey exchangeanddigital signature.In
eithercaseit is of importanceto determinepreciselythenumberof pointson thecurve. This number, by theHasse-Weil
theorem,is within � z r of r o î , wherer is thefield size.In cryptography, thefield sizemightbeon theorderof îGï}ðÀ¿ � or
greaterandit is a mathematicallychallengingproblemto determinecomputationallyeffective algorithmsto achieve this
pointcounting.Thetalk will review someof therecentwork on thisproblem.

Organizer’s Assessmentof Coding and Cryptography SummerProgram-July 6-18,1998

Onegoalof theworkshopwasto explore theconnectionsbetweenthe two areasso that techniquesin oneareacouldbe
broughtto bearon theotherarea.Participantsincludedmathematicians,computerscientistsandelectricalengineersfrom
academiaandindustry. They camefrom many differentcountries.Many worked in eithercodingor cryptography,but
somewerefrom relatedareas.The workshopwasquite successfulin bringing togethermany differentpointsof view,
presentingnew resultsin theseparateareas,andgiving diverseconnectionsbetweenthetwo areas.

Thefirst weekfeatureda sequenceof talkson thenew areaof quantumcomputing.If quantumcomputingis successful,it
will changecryptographyradicallyasit will bepossibleto factorin polynomialtime. It turnsout thattheuseof quantum
error-correctingcodes,whosetheoryparallelsthat of classicalerror-correctingcodes,arenecessaryfor the successof
quantumcomputing.

An emphasisof the workshopwason issuesof complexity andcombinatorialdesignsandtheir relation to codingand
cryptography. Thetalksproceededata leisurelypacewith muchtime for quesionsanddiscussion.Indeed,therewasquite
a bit of discussionaftermosttalks.Severalparicipantstold methatit wasthebestconferencethatthey hadeverattended.
I think thattheworkshopstimulatedmany new ideasandapproaches.

-VeraPless

2. Mathematical Modeling in Industry - A Workshop for Graduate Students

July22 to July31,1998

Fadil Santosaand FernandoReitich, Organizers

TheIMA helda 10-dayworkshopon MathematicalModelingin Industry. Theworkshopis designedto providegraduate
studentsandqualifiedadvancedundergraduateswith first handexperiencein industrialresearch.
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Format

Studentsworked in teamsof up to 6 studentsundertheguidanceof a tutor from industry. The tutor will helpguidethe
studentsin themodelingprocess,analysisandcomputationalwork associatedwith a real-world industrialproblem.Each
teamwill beexpectedto makeapublicoralpresentationandsubmitawritten reportat theendof the10-dayperiod.

Projectsand Industry Mentors

Therewerebe6 teamsparticipatingin theworkshop.Thefollowing industryscientistsservedasmentors:

Participant Affiliation Topic
LenBorucki Motorola Chemical/MechanicalPlanarizationin SemiconductorManufacturing
JohnHoffman SecureComputing Problemsin ComputerSecurity
Shirley Min Medtronic ComputerSimulationof IntracardiacElectrogramSensing
David Misemer 3M Modelingcrystalgrowth
CraigPoling LockheedMartin Mathematicsin GPS
SamerTakriti IBM WatsonResearchCtr A PricingProblemin theEnergy Industry

RESULTS

Detailedreportsfrom eachof theteamsareavailableon thewebat
http://www.ima.umn.edu/preprints/oc tober9 8/oct ober9 8.html
andalsoin theIMA Preprintseriesaspreprint#1589.

PROGRAM SCHEDULE

Wednesday, July 22

Talks today are in LectureHall EE/CS3-180

8:45am Registration and Coffee ReceptionRoomEE/CS3-176

9:15am Welcomeand Orientation W. Miller, F. Santosa& F. Reitich

9:30am David Misemer
3M

ModelingCrystalGrowth

Abstract: Growing a populationof smallcrystalsfrom solutionis animportantprocessfor several industries,particularly
thoseengagedin theproductionof photographic,agriculturalandpharmaceuticalchemicals.Thepropertiesthatneedto
becontrolledrangefrom theshapeandtypeof individualcrystalsto thedistributionof sizesin thefinal population.All of
thepropertiesaredetermined,at leastin part,by theavailability of thecrystalconstituentsin thesurroundingsolution.

In this activity, we will concentrateon the distribution of crystalsizesin the population. Two processesare important
in determiningthedistribution: nucleation,thecreationof new crystals,andgrowth, theadditionof materialto existing
crystals.

We will developingnumericalsimulationsthatpredicttheevolutionof thecrystalpopulation.

10:10am John Hoffman
SecureComputing

Problemsin ComputerSecurity

Abstract: Theareaof mathematics/computersecuritythattheproblemwill befrom is anareaknown asNon-Interference.
For thedevelopmentof highly securesystems,it is crucial thatall informationflows throughthesystemareunderstood.
In particular, covert channelsor unexpectedinformationflows canbeparticularilydamagingto a securesystemwhich is
attemptingto maintainahighlevel of confidentiality. (For example,atopsecretprocessshouldnotundernormalsituations
beableto sendor otherwisesignalany informationto asecretprocess.)Non-Interferenceis amathematicaltechniquethat
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allows a systemmodelto beanalyzedfor thesekindsof information. Traditionally thesenon-interferencetechniquesor
theoremshave beenstatedin a hierarchical(POSetbased)fashion. That is, they have emphasizeda military approach
whereinformationis labelled“top secret”or “secret”andno informationfrom “top secret”is allowedto flow to “secret”.
Recentlytherehave beenattemptsto generalizethis approach,to allow informationto flow betweenprocessesin a non-
hierarchical(nonpartiallyorderedset)way. Theproblemwill beto examinethisnew framework, andto work somesmall
examplesto gainanunderstandingof this approachandto validatewhetheror not in canbeusedto actuallyanalyzereal
systems.

10:50am CoffeeBreak ReceptionRoomEE/CS3-176

11:00am SamerTakriti
IBM WatsonResearchCtr

A PricingProblemin theEnergy Industry

Abstract: The electricpower industry is going throughderegulation. The currentpictureof a singleutility controlling
themarket in a specificregion will soondisappear. Instead,therewill bepower producerswho sell their productionto a
power pool; andpower supplierswho will buy power from thepool andsell it to their customers.As a result,generating
companiesarefacedwith increasingdemanduncertaintyandmustconsidervolatile electricitypricesin their operations.
Westudyschedulingthegeneratingunitsin thepresenceof uncertainty. Theresultingmodelsarelarge-scalemixed-integer
programs.We investigatesolvingthesemodelsusingbranch-and-bound(CPLEX)andusingLagrangianrelaxation.

1:30pm Shirley Min
Medtronic

ComputerSimulationof IntracardiacElectrogramSens-
ing

Abstract: Theprojectwill leadstudentsstepby stepfrom understandingtheelectrogramsensingproblemsto mathematical
formulationandsolution.At thebeginningof theworkshop,anoverview of themathematicalmodelingandtheimportance
in tachyarrhythmiaresearchof implantablecardioverteranddefibrillatorindustrieswill begiven.Thenthebackgroundand
theexisting modelsof thesensingwill be reviewed. Mathematicaldescriptionof theproblemwill bedevelopedandthe
surfaceintegral equationswill solvedby numericalmethodsi.e. Methodof Moment. Otheralternative approachessuch
asFiniteElementAnalysiswill alsobediscussed.Studentsarerequiredto developthecomputercodeby usingMatlabor
othertoolsandto obtainthesolutionsto afew simplegeometriesof pacing/sensingleads.Onthelastdayof theworkshop,
studentsneedto givea presentationon their findingsandsubmitawritten report.

2:10pm Len Borucki
Motorola

Chemical/MechanicalPlanarization in Semiconductor
Manufacturing

Abstract: Chemical/mechanicalpolishingutilizesa liquid slurry containingvery fine particlesto planarizethesurfaceof
a wafer. Theslurry coatsthe top of thewaferandis pressedbetweenthewaferanda flexible circular rotatingpad. The
surfaceof the padin contactwith the slurry is not smooth,but containsgroovesandis “conditioned”so that the entire
surfacecontainssmallscratches.Theconditioningprocessgreatlyaffectsthepolishingperformance.Sodoesthepressure
appliedto thepad.

The liquid in the slurry is formulatedto have a slight etchingeffect. As the slurry flows over the wafer surface,the
suspendedparticlesabradethesurfaceandtheliquid in theslurry etchestheabradedarea.Theprocessis somewhatlike
usinga rotary buffer to polish the finish on a car. The overall objective is to understandhow the achievableflatnessis
relatedto the many variablesthat might be controlledin the process,for examplethe pressureon the pad, the rotation
speed,thesizesof theparticlesin theslurry, thepadconditioning,thechemistryof theliquid usedin theslurry, etc.

2:50pm CoffeeBreak ReceptionRoomEE/CS3-176

3:10pm Craig Poling
LockheedMartin

Mathematicsin GPS

Abstract: Onday1,7/22/98,wewill briefly survey thewiderangeof commercial,defenseandscientificapplicationswhere
theGlobalSatellitePositioningSystemGPShashadamajorimpact.Following theintroductionwewill developthemath-
ematicalnotation,definitionsandframework necessaryto describe:1) conventional,2) differentialand3) interferometric,
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or realtimekinematic,positioningandattitudedetermination.Following thedevelopmentof themathematicalframework
necessaryto understandGPSwe will poseselectedchallengingmathematicalproblemswhich arisefrom attemptsto de-
termineultra high precisioninterferometicpositionandattitude. GPSworkshopparticipantswill thenbegivenselected
readingmaterialto aid in themathematicalmodelingandsolutionof theproblemsthatareposed.

During thecourseof theworkshopGPSantennaandreceiverswill beusedto collectpseudorangeandintegratedcarrier
phasedata. This datacanbeusedby theworkshopparticipantsto evaluatetheir mathematicsmodelsandapproachesto
achieving high precisionpositionandattitudeestimates.Someexposureto classicalmechanics,numericalanalysis,and
stochasticprocesseswouldbehelpful,althoughtheworkshopis designedto beself-contained.

By the endof theGPSworkshop,participantswill have learnedhow to resolve positionsanywhereon theearthto sub-
centimeteraccuracy andto determineorientationin spacewith accuracy comparableto that achievedbyVLBI methods
usingquasars(e.g.1.4x 10-8degrees).In addition,workshopparticipantswill havebeenexposedto someof theprincipal
researchquestionswhicharisein highprecisionGPSpositionandattitudeapplications.

RecommendedGPSreference:

GlobalPositioningSystem:TheoryandApplications;Volumes1 and2, editedby BradfordW. Parkenson,JamesJ.Spilker
Jr., AssociateEditors,PeninaAxelrodandPerEnge,Volume164;Progressin AstronauticsandAeronautics,PaulZarchan
Editor-in-chief,publishedby AIAA 1996.

4:00pm IMA Tea++ VincentHall 502(TheIMA Lounge)

A varietyof appetizersandbeverageswill beserved.

Friday, July 31

Talks today are in LectureHall EE/CS3-180

Presentationof Final Reports

8:15am Coffee ReceptionRoomEE/CS3-176

8:30am Group 1 ModelingCrystalGrowth

9:30am Group 2 Problemsin ComputerSecurity

10:30am CoffeeBreak ReceptionRoomEE/CS3-176

10:45am Group 3 A PricingProblemin theEnergy Industry

11:45am Lunch
PizzaParty

ReceptionRoomEE/CS3-176

12:45pm Group 4 ComputerSimulationof IntracardiacElectrogramSens-
ing

1:45pm Group 5 Chemical/MechanicalPlanarization in Semiconductor
Manufacturing

2:45pm CoffeeBreak ReceptionRoomEE/CS3-176
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3:00–4:00pm Group 6 Mathematicsin GPS

PROGRAM PARTICIPANTS

NAME INSTITUTION DATES
ABHYANKAR, KASHI Univ. of California- Berkeley (Mathematics) JUL 21– AUG 1
ALFORD, JOHN Univ. of Houston(Mathematics) JUL 21– 31
AMBROSE,DAVID DukeUniv. (Mathematics) JUL 21– 31
ARNOLD, JON St. Charles,MN 55972(RR2Box 219A) JUL 22– 24
AUERBACH, RUTH LYNN UniversityMaryland JUL 21– 31
BAER, NAOMI CentralHigh School JUL 22– 24
BELTUKOV, ALEKSEI TuftsUniv. (Mathematics) JUL 21– AUG 1
BORUCKI, LEN MotorolaInc JUL 21– 31
CHOI, JONGHO Univ. of Wisconsin- Madison(Mathematics) JUL 21– 31
COGAN,NICK MontanaStateUniv. (MathematicalSciences) JUL 21– 31
CONNELL, CAMERON New York Univ. (Courant) JUL 21– 31
CUTLER,ARNIE (UniversityMinnesota) JUL 22– 31
DOBSON,DAVID TexasA&M Univ. (Math) JUL 21– 31
FOGARTY, TIERNAN Univ. of Washington(AppliedMathematics) JUL 20– AUG 1
FOURNELLE,CONNIEGERADS Univ. of Kentucky (Mathematics) JUL 21– AUG 1
GULDBERG,NANCY 17185Valley View Rd(EdenPrairieHigh School) JUL 22– 24
GURSKI,KATHARINE F. Univ. of Maryland(AppliedMathematics) JUL 21– AUG 1
HOFFMAN, JOHN SecureComputingCorporation JUL 5 – 31
HOFFNUNG,LEONARD Univ. of Kentucky (Mathematics) JUL 21– AUG 1
JADALLAH, HALA IndianaUniv. (Mathematics) JUL 21– AUG 1
KERBEL, NATALIYA Univ. of Minnesota(Mathematics) JUL 22– 31
KIEBER, JAN 200East10thAve(ShakopeeHigh School) JUL 22– 24
KIMBER, JENNIFERLEIGH KentStateUniv. (MathandComputerScience) JUL 21– 31
LI, JIANBO Univ. of Kentucky (Mathematics) JUL 21– 31
LIN, ANHUA TheJohnsHopkinsUniv. (MathematicalSciences) JUL 20– AUG 1
LITTMAN, WALTER Univ. of Minnesota(Mathematics) SEP1 – AUG 31
MEGRAW, MOLLY TheJohnsHopkinsUniv. (MathematicalSciences) JUL 20– AUG 1
MILLER, CHARLES Univ. of NotreDame(Mathematics) JUL 22– 31
MIN, SHIRLEY Medtronic,Inc JUL 21– 31
MISEMER,DAVID 3M JUL 21– 31
NELSON,JENNIFER 17185Valley View Rd(EdenPrairieHigh School) JUL 22– 24
NIGAM, NILIMA Univ. of Delaware(MathematicalSciences) JUL 21– AUG 1
OSBURN, ROBERT LouisianaStateUniv. (Mathematics) JUL 21– AUG 1
PARK, PETERJ. Caltech(AppliedMathematics) JUL 22– 31
PATINKIN, SETH IndianaUniv. (Mathematics) JUL 7 – 31
PEERCY, BRADFORDE. Univ. of Utah(Mathematics) JUL 21– 31
PENG,DANPING UCLA (Mathematics) JUL 21– 31
PETRACOVICI, BORIS Univ. of Illinois atUrbana(Mathematics) JUL 21– AUG 1
POLING,CRAIG LockheedMartin JUL 21– 31
ROSENBERG,NOAH StanfordUniv. (Mathematics) JUL 21– AUG 1
SEO,SEUNGSUK Univ. of Minnesota(Mathematics) JUL 22– 31
SHEKHAR,VIVEK Univ. of Cincinnati(MathematicalSciences) JUL 21– 31
SHETTY, SACHINDEV ArizonaStateUniv. (Mathematics) JUL 21– AUG 2
STERLING,DAVID Univ. of Colorado(AppliedMathematics) JUL 21– 31
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TAKRITI, SAMER IBM Research(ThomasWatsonResearchCenter) JUL 21– 31
TUPPER,PAUL StanfordUniv. (ScientificComputingandComputational) JUL 21– AUG 1
ZEIGLER,DAVID TexasA&M Univ. (Mathematics) JUL 21– AUG 1
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IX. PUBLICATIONS

1. IMA PREPRINT SERIES.

The following is a list of papers which appeared in the IMA Preprint Series during the period of
September1, 1997to August31,1998.

* * * * * * *

# Author/s Title

1511Tuncay Aktosun and Paul E. Sacks, InverseProblemontheLine withoutPhaseInformation

1512SusanneC. Brennerand Li-y engSung, BalancingDomainDecompositionfor NonconformingPlateElements

1513Amadeu Delshamsand Tere M. Seara, Splitting of Separatricesin HamiltonianSystemswith one anda half
Degreesof Freedom

1514David E. Keyes,DineshK. Kaushik and Barry F. Smith, Prospectsfor CFDonPetaflopsSystems

1515JensLor enz,Steven Jackett and WangguoQin, Self–OrganizedCriticality: AnalysisandSimulationof a 1D
Sandpile

1516Gary Hatfield and Peter J. Olver, CanonicalFormsandConservationLaws in LinearElastostatics

1517Bernd Krauskopf and Hink e Osinga, Growing UnstableManifoldsof PlanarMaps

1518Kazufumi Ito and FernandoReitich, A High–OrderPerturbationApproachto ProfileReconstruction.I: Perfectly
ConductingGratings

1519Brian J. Suchomel,Benito M. Chen and Myr on B. Allen III , Network Model of Flow, TransportandBiofilm
Effectsin PorousMedia

1520Avner Friedman, Bei Hu and Juan J.L. Velazquez, Asymptoticsfor theBiharmonicEquationnearthe tip of a
Crack

1521Avner Friedman, Bei Hu, and Juan J.L. Velazquez, Propagationof cracksin elasticmedia

1522M.J. Friedman and J.W. Demmel, An efficientalgorithmfor locatingandcontinuingconnectingorbits

1523Matti Lassas,Mar garet Cheney, and Gunther Uhlmann, Uniquenessfor awavepropagationinverseproblemin
ahalf space

1524AmadeuDelshamsand RafaelRamír ez-Ros, SingularseparatrixsplittingandMelnikov method:anexperimental
study

1525Miaohua Jiang and Yakov B. Pesin, Equilibrium measuresfor coupledmaplattices: existence,uniquenessand
finite-dimensionalapproximations

1526Christopher K.R.T. Jones, A geometricapproachto systemswith multiple timescales

1527Yi A. Li and Peter J. Olver, Well-posednessandblow-upsolutionsfor anintegrablenonlinearlydispersivemodel
waveequation

1528Brian J. Suchomel,Benito M. Chen,and Myr on B. Allen, Macroscalepropertiesof porousmediafrom anetwork
modelof biofilm processes

1529Àngel Jorba, A methodologyfor thenumericalcomputationof normalforms,centremanifoldsandfirst integrals
of Hamiltoniansystems

1530BennettChow and Robert Gulli ver, Aleksandrov reflectionandnonlinearevolutionequations,I: the
,

-sphereand,
-ball
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1531A. Litman, D. Lesselier, and F. Santosa, Reconstructionof a 2-D binary obstacleby controlledevolution of a
level-set

1532GeorgeAvalos, Exactcontrollabilityof a thermoelasticsystemwith controlin thethermalcomponentonly

1533SusanneC. Brenner, Theconditionnumberof theSchurcomplementin domaindecomposition

1534Avner Friedman and Bei Hu, A Stefanproblemfor a protocellmodel

1535Laur ent O. Jay and Thierry Braconnier, A parallelizablepreconditionerfor the iterative solutionof implicit
Runge-Kuttatypemethods

1536Kurt Lust and Dirk Roose, Computationandbifurcationanalysisof periodicsolutionsof large-scalesystems

1537Brian T. Nguyen, On comparisonsof time-domainscatteringschemes

1538Yi A. Li, Brian Nguyen,and Peter J. Olver, Solitarywavesin thecritical surfacetensionmodel

1539Matthias K. Gobbert and Andr easProhl, A discontinuousfinite elementmethodfor solvingamulti-well problem

1540Andr easProhl, A first orderprojection-basedtime-splittingschemefor computingchemicallyreactingflows

1541Andr easProhl, A secondorderprojectionbasedtime-splittingschemefor computingchemicallyreactingflows

1542Andr easProhl, An adaptive finite elementmethodfor solving a doublewell problemdescribingcrystallinemi-
crostructure

1543StephenSchecter, Traveling-wavesolutionsof convection-diffusionsystemsby centermanifoldreduction

1544StefanMüller, JeyabalSivaloganathan,andScottJ. Spector, An isoperimetricestimateand ^²ða` � -quasiconvexity
in nonlinearelasticity

1545Dwight Barkley and Laur etteS.Tuckerman, Stabilityanalysisof perturbedplanecouetteflow

1546Avner Friedman and FernandoReitich, Analysisof amathematicalmodelfor thegrowth of tumors

1547Jordan M. Berg, Onparameterestimationusinglevel sets

1548 Tuncay Aktosun and Martin Klaus, Asymptoticsof the scatteringcoefficients for a generalizedSchr̈odinger
equation

1549Yi-Ju Chao, Mathematicalapproachesto predictivehealthmonitoringfor heartfailurepatients

1550Yi-Ju Chao, Limit non-stationarybehavior of largeclosedqueuingnetworkswith bottlenecks

1551ShangbinCui, Globalbehavior of solutionsto a reaction-diffusionsystem

1552Shangbin Cui, Existenceandnonexistenceof positive solutionsfor singularsemilinearelliptic boundaryvalue
problems

1553ShangbinCui, Localandglobalexistenceof solutionsto semilinearparabolicinitial valueproblems

1554Xiaobing Fengand Talal Rahman, A non-overlappingadditiveSchwarzmethodfor thebiharmonicequation

1555WayneSchmaedeke and Keith Kastella, SensorManagementusingdiscriminationgainandinteractingmultiple
modelKalmanfilters

1556Keith Kastella and Aleksandar Zatezalo, A nonlinearfilter for real-timejoint trackingandrecognition

1557TomášRoub́ičekand Martin Kru ž́ik , Numericaltreatmentof microstructureevolutionmodeling

1558Alexandra Milik and Peter Szmolyan, Multiple timescalesandcanardsin achemicaloscillator

1559Victor A. Pliss and George R. Sell, Robustnessof exponentialdichotomiesin infinite dimensionaldynamical
systems

1560GeorgeR. Sell and YungchengYou, On theexistenceof globalattractors
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1561David E. Norman, Chemicallyreactingfluid flows: weaksolutionsandglobalattractors

1562David E. Norman, Chemicallyreactingfluid flows: strongsolutionsandglobalattractors

1563T. Shardlow and A.M. Stuart, A perturbationtheoryfor ergodicpropertiesof Markov chains

1564Laur etteS.Tuckerman and Dwight Barkley, Bifurcationanalysisfor timesteppers

1565Heiko von der Mosel, Minimizing theelasticenergy of knots

1566Kaushik Bhattacharya,Bo Li, and Mitchell Luskin , Uniquenessandstabilityof thesimplylaminatedmicrostruc-
turefor martensiticcrystalsthatundergoacubicto orthorhombicphasetransformation

1567GeorgeAvalosand Ir enaLasiecka, Boundarycontrollabilityof thermoelasticplateswith freeboundaryconditions

1568Rolf-Martin Mantel and Dwight Barkley, Parametricforcing of scroll-wave patternsin three-dimensionalex-
citablemedia

1569FernandaBotelho, Saturatedlinearrecurrentneuralnetworkswith maximumcapacity

1570FernandaBotelho, A characterizationof hard-thresholdbooleanfunctions

1571JamesR. Brannan, Jinqiao Duan, and ThomasWanner, Dissipative quasigeostrophicdynamicsunderrandom
forcing

1572Jinqiao Duan, Passive tracerdispersionwith randomor periodicsource

1573Bernold Fiedler, StefanLiebscher, and JamesC. Alexander, GenericHopf bifurcationfrom linesof equilibria
withoutparameters:I. Theory

1574Bernold Fiedler and StefanLiebscher, GenericHopf bifurcationfrom linesof equilibriawithout parameters:II.
Systemsof viscoushyperbolicbalancelaws

1575 Mar co A. Fontelosand Avner Friedman, Stationarynon-Newtonianfluid flows in channel-like and pipe-like
domains

1576Matthias K. Gobbert and Andr easProhl, A survey of classicalandnew finite elementmethodsfor thecomputa-
tion of crystallinemicrostructure

1577Miaohua Jiang, Theentropy formulafor SRB-measuresof latticedynamicalsystems

1578W.F. Langford and K. Zhan, Interactionsof Andronov-HopfandBogdanov-Takensbifurcations

1579ThomasF. Coleman,Fadil Santosa,and Arun Verma, Efficient calculationof Jacobianandadjointvectorprod-
uctsin wave propagationalinverseproblemusingautomaticdifferentiation

1580SusanneC. Brenner, Lowerboundsfor two-level additiveSchwarzpreconditionerswith smalloverlap

1581GuoguangLin, Hongjun Gao,Jinqiao Duan, and Vincent J. Ervin, Asymptoticdynamicaldifferencebetween
thenonlocalandlocalSwift-Hohenberg models

1582Gabriela M. Gomes,IsabelS.Labouriau, and Eliana M. Pinho, Spatialhiddensymmetriesin patternformation

1583Miaohua Jiang, Dynamicsandbifurcationsof a 3D systemmodelingthermalinstability

1584Miaohua Jiang, Quasi-MonteCarlostudiesof spatialaveragesof quadraticmaps

1585Bernold Fiedler, StefanLiebscher, and JamesC. Alexander, GenericHopf bifurcationfrom linesof equilibria
withoutparameters:III. Binaryoscillations

1586J. Rubin and D. Terman, Geometricanalysisof populationrhythmsin synapticallycoupledneuronalnetworks

1587JürgenSocolowsky, Theanalysisof a coatingflow with evaporation

1588ShangbinCui and Avner Friedman, Analysisof amathematicalmodelof theeffectof inhibitorson thegrowth of
tumors
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2. The IMA Volumesin Mathematicsand its Applications

Curr ent Volumes:

Volume1: HomogenizationandEffectiveModuli of MaterialsandMedia
Editors:JerryEricksen,David Kinderlehrer, RobertKohn,andJ.-L.Lions

Volume2: OscillationTheory, Computation,andMethodsof
CompensatedCompactness
Editors:ConstantineDafermos,JerryEricksen,
David Kinderlehrer, andMarshallSlemrod

Volume3: MetastabilityandIncompletelyPosedProblems
Editors:StuartAntman,JerryEricksen,David Kinderlehrer, andIngoMuller

Volume4: DynamicalProblemsin ContinuumPhysics
Editors:JerryBona,ConstantineDafermos,JerryEricksen,andDavid Kinderlehrer

Volume5: TheoryandApplicationsof Liquid Crystals
Editors:JerryEricksenandDavid Kinderlehrer

Volume6: AmorphousPolymersandNon-NewtonianFluids
Editors:ConstantineDafermos,JerryEricksen,and
David Kinderlehrer

Volume7: RandomMedia
Editor: GeorgePapanicolaou

Volume8: PercolationTheoryandErgodicTheoryof Infinite ParticleSystems
Editor: HarryKesten

Volume9: HydrodynamicBehavior andInteractingParticleSystems
Editor: GeorgePapanicolaou

Volume10: StochasticDifferentialSystems,StochasticControlTheory, andApplications
Editors:WendellFlemingandPierre-LouisLions

Volume11: NumericalSimulationin Oil Recovery
Editor: Mary FanettWheeler

Volume12: ComputationalFluid DynamicsandReactingGasFlows
Editors:Bjorn Engquist,M. Luskin,andAndrew Majda

Volume13: NumericalAlgorithmsfor ParallelComputerArchitectures
Editor: Martin H. Schultz

Volume14: MathematicalAspectsof ScientificSoftware
Editor: J.R.Rice

Volume15: MathematicalFrontiersin ComputationalChemicalPhysics
Editor: D. Truhlar

Volume16: Mathematicsin IndustrialProblems
by AvnerFriedman

Volume17: Applicationsof CombinatoricsandGraphTheoryto the
BiologicalandSocialSciences
Editor: FredRoberts

Volume18: r -SeriesandPartitions
Editor: DennisStanton

Volume19: InvariantTheoryandTableaux
Editor: DennisStanton
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Volume20: CodingTheoryandDesignTheoryPart I: CodingTheory
Editor: Dijen Ray-Chaudhuri

Volume21: CodingTheoryandDesignTheoryPart II: DesignTheory
Editor: Dijen Ray-Chaudhuri

Volume22: SignalProcessing:Part I - SignalProcessingTheory
Editors:L. Auslander, F.A. Grünbaum,J.W. Helton,T. Kailath,P. Khargonekar, andS.Mitter

Volume23: SignalProcessing:Part II - ControlTheoryandApplicationsof SignalProcessing
Editors:L. Auslander, F.A. Grünbaum,J.W. Helton,T. Kailath,P. Khargonekar, andS.Mitter

Volume24: Mathematicsin IndustrialProblems,Part2
by AvnerFriedman

Volume25: Solitonsin Physics,Mathematics,andNonlinearOptics
Editors:PeterJ.OlverandDavid H. Sattinger

Volume26: Two PhaseFlowsandWaves
Editors:DanielD. JosephandDavid G. Schaeffer

Volume27: NonlinearEvolutionEquationsthatChangeType
Editors:BarbaraLeeKeyfitz andMichaelShearer

Volume28: ComputerAidedProofsin Analysis
Editors:KennethMeyerandDieterSchmidt

Volume29: MultidimensionalHyperbolicProblemsandComputations
Editors:Andrew MajdaandJimGlimm

Volume30: MicrolocalAnalysisandNonlinearWaves
Editors:MichaelBeals,R. Melrose,andJ.Rauch

Volume31: Mathematicsin IndustrialProblems,Part3
by AvnerFriedman

Volume32: RadarandSonar, Part I
by RichardBlahut,Willard Miller, Jr., andCalvinWilcox

Volume33: Directionsin RobustStatisticsandDiagnostics:Part I
Editors:WernerA. StahelandSanfordWeisberg

Volume34: Directionsin RobustStatisticsandDiagnostics:Part II
Editors:WernerA. StahelandSanfordWeisberg

Volume35: DynamicalIssuesin CombustionTheory
Editors:P. Fife, A. Li ñán,andF.A. Williams

Volume36: ComputingandGraphicsin Statistics
Editors:AndreasBujaandPaulTukey

Volume37: PatternsandDynamicsin ReactiveMedia
Editors:HarrySwinney, GusAris, andDonAronson

Volume38: Mathematicsin IndustrialProblems,Part4
by AvnerFriedman

Volume39: RadarandSonar, Part II
Editors:F. AlbertoGrünbaum,Marvin Bernfeld,and
RichardE. Blahut

Volume40: NonlinearPhenomenain AtmosphericandOceanicSciences
Editors:GeorgeF. CarnevaleandRaymondT. Pierrehumbert
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Volume41: ChaoticProcessesin theGeologicalSciences
Editor: David A. Yuen

Volume42: PartialDifferentialEquationswith Minimal SmoothnessandApplications
Editors:B. Dahlberg,E. Fabes,R. Fefferman,D. Jerison,C. Kenig,andJ.Pipher

Volume43: On theEvolutionof PhaseBoundaries
Editors:MortonE. GurtinandGeoffrey B. McFadden

Volume44: Twist MappingsandTheirApplications
Editors:RichardMcGeheeandKennethR. Meyer

Volume45: New Directionsin TimeSeriesAnalysis,Part I
Editors:David Brillinger, PeterCaines,JohnGeweke,
EmanuelParzen,MurrayRosenblatt,andMuradS.Taqqu

Volume46: New Directionsin TimeSeriesAnalysis,Part II
Editors:David Brillinger, PeterCaines,JohnGeweke,
EmanuelParzen,MurrayRosenblatt,andMuradS.Taqqu

Volume47: DegenerateDiffusions
Editors:Wei-Ming Ni, L.A. Peletier, andJ.-L.Vazquez

Volume48: LinearAlgebra,Markov Chains,andQueueingModels
Editors:CarlD. MeyerandRobertJ.Plemmons

Volume49: Mathematicsin IndustrialProblems,Part5
by AvnerFriedman

Volume50: CombinatorialandGraph-TheoreticProblemsin Linear
Algebra
Editors:RichardA. Brualdi,ShmuelFriedland,andVictor Klee

Volume51: StatisticalThermodynamicsandDifferentialGeometryof MicrostructuredMaterials
Editors:H. TedDavis andJohannesC.C.Nitsche

Volume52: ShockInducedTransitionsandPhaseStructuresin GeneralMedia
Editors:J.E.Dunn,RogerFosdick,andMarshallSlemrod

Volume53: VariationalandFreeBoundaryProblems
Editors:AvnerFriedmanandJoelSpruck

Volume54: MicrostructureandPhaseTransitions
Editors:David Kinderlehrer, RichardJames,Mitchell Luskin,andJerryL. Ericksen

Volume55: Turbulencein Fluid Flows: A DynamicalSystemsApproach
Editors:GeorgeR. Sell,CiprianFoias,andRogerTemam

Volume56: GraphTheoryandSparseMatrix Computation
Editors:Alan George,JohnR. Gilbert,andJosephW.H. Liu

Volume57: Mathematicsin IndustrialProblems,Part6
by AvnerFriedman

Volume58: Semiconductors,Part I
Editors:W.M. Coughran,Jr., JulianCole,PeterLloyd,
andJacobWhite

Volume59: Semiconductors,Part II
Editors:W.M. Coughran,Jr., JulianCole,PeterLloyd, and
JacobWhite
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Volume60: RecentAdvancesin IterativeMethods
Editors:GeneGolub,AnneGreenbaum,andMitchell Luskin

Volume61: FreeBoundariesin ViscousFlows
Editors:RobertA. Brown andStephenH. Davis

Volume62: LinearAlgebrafor ControlTheory
Editors:PaulVanDoorenandBostwickWyman

Volume63: HamiltonianDynamicalSystems:History, Theory, and
Applications
Editors:H.S.Dumas,K.R. Meyer, andD.S.Schmidt

Volume64: SystemsandControlTheoryfor PowerSystems
Editors:JoeH. Chow, PetarV. Kokotovic, andRobertJ.Thomas

Volume65: MathematicalFinance
Editors:Mark H.A. Davis, DarrellDuffie, WendellH. Fleming,andStevenE. Shreve

Volume66: RobustControlTheory
Editors:BruceA. FrancisandPramodP. Khargonekar

Volume67: Mathematicsin IndustrialProblems,Part7
by AvnerFriedman

Volume68: Flow Control
Editor: Max D. Gunzburger

Volume69: LinearAlgebrafor SignalProcessing
Editors:AdamBojanczykandGeorgeCybenko

Volume70: ControlandOptimalDesignof DistributedParameter
Systems
Editors:JohnE. Lagnese,David L. Russell,andLutherW. White

Volume71: StochasticNetworks
Editors:FrankP. Kelly andRuthJ.Williams

Volume72: DiscreteProbabilityandAlgorithms
Editors:David Aldous,PersiDiaconis,JoelSpencer, and
J.MichaelSteele

Volume73: DiscreteEventSystems,ManufacturingSystems,
andCommunicationNetworks
Editors:P.R.KumarandP.P. Varaiya

Volume74: AdaptiveControl,Filtering,andSignalProcessing
Editors:K.J. Åström,G.C.Goodwin,andP.R.Kumar

Volume75: Modeling,MeshGeneration,andAdaptiveNumerical
Methodsfor PartialDifferentialEquations
Editors: Ivo Babuska,JosephE. Flaherty, William D. Henshaw, JohnE. Hopcroft, JosephE. Oliger, andTayfun
Tezduyar

Volume76: RandomDiscreteStructures
Editors:David AldousandRobinPemantle

Volume77: NonlinearStochasticPDE’s: HydrodynamicLimit and
Burgers’Turbulence
Editors:TadahisaFunakiandWojbor A. Woyczynski

Volume78: NonsmoothAnalysisandGeometricMethodsin DeterministicOptimalControl
Editors:BorisS.Mordukhovich andHectorJ.Sussmann
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Volume79: EnvironmentalStudies:Mathematical,Computational,andStatisticalAnalysis
Editor: Mary FanettWheeler

Volume80: ImageModels(andtheirSpeechModelCousins)
Editors:StephenE. LevinsonandLarry Shepp

Volume81: GeneticMappingandDNA Sequencing
Editors:TerrySpeedandMichaelS.Waterman

Volume82: MathematicalApproachesto BiomolecularStructureandDynamics
Editors:Jill P. Mesirov, KlausSchulten,andDeWitt Sumners

Volume83: Mathematicsin IndustrialProblems,Part8
by AvnerFriedman

Volume84: ClassicalandModernBranchingProcesses
Editors:KrishnaB. AthreyaandPeterJagers

Volume85: StochasticsModelsin Geosystems
Editors:Stanislav A. Molchanov andWojborA. Woyczynski

Volume86: ComputationalWave Propagation
Editors:Bjorn EngquistandGregoryA. Kriegsmanni

Volume87: Progressin PopulationGeneticsandHumanEvolution
Editors:PeterDonnellyandSimonTavaré

Volume88: Mathematicsin IndustrialProblems,Part9
by AvnerFriedman

Volume89: MultiparticleQuantumScatteringwith Applicationsto Nuclear, Atomic andMolecularPhysics
Editors:DonaldG. TruhlarandBarrySimon

Volume90: InverseProblemsin Wave Propagation
Editors:GuyChavent,GeorgePapanicolaou,Paul Sacks,andWilliam Symes

Volume91: SingularitiesandOscillations
Editors:Jeffrey RauchandMichaelTaylor

Volume92: Large-ScaleOptimizationwith Applications,Part I: Optimizationin InverseProblemsandDesign
Editors:LorenzT. Biegler, ThomasF. Coleman,Andrew R. Conn,andFadil Santosa

Volume93: Large-ScaleOptimizationwith Applications,Part II: OptimalDesignandControl
Editors:LorenzT. Biegler, ThomasF. Coleman,Andrew R. Conn,andFadil Santosa

Volume94: Large-ScaleOptimizationwith Applications,Part III: MolecularStructureandOptimization
Editors:LorenzT. Biegler, ThomasF. Coleman,Andrew R. Conn,andFadil Santosa

Volume95: QuasiclassicalMethods
Editors:Jeffrey RauchandBarrySimon

Volume96: Wave Propagationin Complex Media
Editor: GeorgePapanicolaou

Volume97: RandomSets:TheoryandApplications
Editors:JohnGoutsias,RonaldP.S.Mahler, HungT. Nguyen

Volume98: ParticulateFlows: ProcessingandRheology
Editors:DonaldA. Drew, DanielD. Joseph,andStephenL. Passman
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Volume99: Mathematicsof MultiscaleMaterials
Editors:KennethM. Golden,Geoffrey R. Grimmett,RichardD. James,GraemeW. Milton, andPabitraN. Sen

Volume100:Mathematicsin IndustrialProblems,Part10
by AvnerFriedman

Volume101:NonlinearOpticalMaterials
Editor: JeromeV. Moloney

Volume102:NumericalMethodsfor PolymericSystems
Editor: StuartG. Whittington

Volume103:TopologyandGeometryin PolymerScience
Editors:StuartG. Whittington,DeWitt Sumners,andTimothyLodge

Volume104:EssaysonMathematicalRobotics
JohnBaillieul, ShankarS.Sastry, andHectorJ.Sussmann

Volume105:Algorithmsfor ParallelProcessing
Editors:RobertS.Schreiber, MichaelT. Heath,andAbhiramRanade

Volume106:ParallelProcessingof DiscreteProblems
Editor: PanosPardalos

Volume107:TheMathematicsof InformationCoding,Extraction,andDistribution
Editors:GeorgeCybenko,DianneO’Leary, andJormaRissanen

Volume108:RationalDrugDesign
Editors:DonaldG. Truhlar, W. Jeffrey Howe,Anthony J.Hopfinger, Jeff Blaney, andRichardA. Dammkoehler

Volume109:EmergingApplicationsof NumberTheory
Editors:DennisA. Hejhal,JoelFriedman,Martin C. Gutzwiller, andAndrew M. Odlyzko

Volume110:ComputationalRadiologyandImaging:Therapy andDiagnostics
Editors:ChristophBörgersandFrankNatterer

Volume111:EvolutionaryAlgorithms
Editors:LawrenceDavid Davis, KennethDeJong,MichaelD. VoseandL. DarrellWhitley

Volume112:Statisticsin Genetics
Editors:M. ElizabethHalloranandSeymourGeisser

Volume113:Grid GenerationandAdaptiveAlgorithms
Editors:MarshallBern,JosephE. Flaherty, andMitchell Luskin

Volume114:DiagnosisandPrediction
Editor: SeymourGeisser

Volume115:PatternFormationin ContinuousandCoupledSystems:A Survey Volume
Editors:Martin Golubitsky, DanLuss,andStevenH. Strogatz

Volume116:StatisticalModelsin Epidemiology, theEnvironmentandClinical Trials
Editors:M. ElizabethHalloranandDonaldBerry

Volume117:StructuredAdaptiveMeshRefinement(SAMR) Grid Methods
Editors:ScottB. Baden,NikosP. Chrisochoides,DennisB. Gannon,andMichaelL. Norman

Volume118:Dynamicsof Algorithms
Editors:Rafaeldela Llave,LindaR. Petzold,andJensLorenz

Volume119:NumericalMethodsfor BifurcationProblemsandLarge-ScaleDynamicalSystems
Editors:EusebiusDoedelandLauretteS.Tuckerman

Volume120:ParallelSolutionof PartialDifferentialEquations
Editors:PetterBjørstadandMitchell Luskin
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Forthcoming Volumes:

1996–1997:Mathematicsin High PerformanceComputing

ParallelSolutionof PartialDifferentialEquations

1997–1998:EmergingApplicationsof DynamicalSystems

NumericalMethodsfor BifurcationProblemsandLarge-scaleDynamicalSystems

Multiple-Time-ScaleDynamicalSystems

1998–1999:Mathematicsin Biology

PatternFormationandMorphogenesis

Endocrinology:Mechanismof HormoneSecretionandControl

MembraneTransportandRenalPhysiology

MathematicalApproachesfor EmergingandReemergingInfectiousDiseases

1999SummerProgram:Codes,Systems,andGraphicalModels

1999–2000:ReactiveFlow 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 IndigoØ IMPACT 10000workstations,an SGI O2
R5000,anSGIIndigoØ andaPOWERIndigoØ , anSGIChallengeS,andthreeSGIIndigoworkstationsrunningIRIX; two
300MHz PentiumII workstations,twelve200MHz PentiumProworkstations,andadual-processor200MHz PentiumPro
workstationrunningLinux; andfour SunMicrosystemsSPARCstation10 workstations.A four-processorSGI Challenge
L with two gigabytesof memoryfor intensivelycomputationaljobsis connectedby anATM fiberoptic link to thenetwork.
In addition,wehavefivePentium-classor bettermachinesrunningWindowsNT, overthirty X-terminals,andtwelveApple
PowerMacintoshes.

Programminglanguageswhich areavailableincludeseveral versionsof Fortran(HPF, Fortran90, Fortran77), C++ and
C, CommonLisp, Pascal,andJava, amongothers. The MPI parallel programmingsystemis alsoavailable,as is the
mathematicspackageMATLAB, the statisticalprogramS-PLUS,and the symbolic-manipulationprogramsMaple and
Mathematica.TheIMA hasadoptedLATEX asits standardtext formattingprogram.TheX Window Systemis availableon
mostmachines.

Communicationbetweenour network andtheInternetis providedby anATM switchcommunicatingat 155Mbpsovera
fiber optic link to theUniversitybackbone.As theUniversityis a chartermemberof Internet2,we canmaintainthis high
dataratewith otherinstitutionsconnectedby the vBNS. Our main serversandthreehigh-endworkstationsaredirectly
connectedby this ATM switch. Many of our remainingworkstationsareconnectedto theswitchthrough100MbpsFast
Ethernetconnections,andall of our computationalresourceshaveaccessto thelocalnetwork andtheInternet.

Supercomputers

Researchersat the IMA alsohave accessto the high-performancecomputingresourcesof the University of Minnesota
SupercomputingInstitute(MSI). Theseresourcescurrentlyinclude:´ A CrayC90with 12processorsand512megawordsof memory´ A CrayT3E-900with 272nodesand512megawordsof memorypernode´ An IBM SPwith 56processorsanda totalof 25.6gigabytesof memory´ An SGIOrigin 2000with 32processorsand8 gigabytesof memory, anda four-processorSGIOrigin 200

In addition,IMA researchershaveaccesstoseveralotherMSI laboratoriesaroundcampusequippedwith high-performance
SGIworkstationsandvisualizationequipment.

ConferenceFacilities

TheIMA ConferenceHall andadjoiningreceptionroomwereoriginally completedin winter1989,but it hasrecentlybeen
substantiallyupgraded.TheConferenceHall seats130in softchairs,is air-conditionedandsound-proofed,andis equipped
with acontrolbooth,six videocameras,andaprojectionsystemfor displayof computerandvideooutput.Theconference
hall is on thebuilding ATM network sothatreal-timeoutputfrom aremotecomputeron theInternetor from alocal laptop
computercanbeeasilydisplayed.A white board,overheadprojector, workstation,slideprojector, andVCR arestandard
equipment,andamovie projectormaybeprovidedreadilyonrequest.Teleconferencingcapabilityis alsoavailable.
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XI. PARTICIPATION OF WOMEN AND MINORITIES IN IMA PROGRAMS

Thefollowing figuresmaybesmallerthanactualnumbersfor severalreasons:

1. Exceptfor thehiring of postdocs,theIMA hasno formal mechanismsfor determiningwhetherour participantsare
membersof a minority group. Thusthefiguresfor long andshorttermvisitorsarebasedprimarily on the lists of
participantnamesandtheirhomeinstitutions.Thismayleadto anundercountingof someminorities.

2. Thefiguresincludeonly visitorswho registeredwith theIMA andweresuppliedwith officespace.A considerable
numberof localparticipantsin ourworkshopsdonotbotherto registerwith us.

3. Submissionof therequestedinformationis notmandatoryandis notapreconditionof futureacceptanceto theIMA
workshops.Consequently, therearetimeswhenparticipantssimplydeclineto provide information.

Total Women Hispanics African-American Asians

Emerging Applications of -
Dynamical Systems
(Sept,1997– June,1998)

Postdocs(12months) 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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XII. RELATIONS WITH THE UNIVERSITY OF MINNESOTA

Thereis a continuingexchangeof scientificand technicalexpertisebetweenthe IMA and several departmentsof the
Universityof Minnesota.Facultymembersin mathematics,chemicalengineering,aerospaceengineering,electricalengi-
neering,chemistry, computerscience,physics,andeconomicshave beenparticularlyactive in this regard.Threespecific
aspectsof theacademiclife at theUniversityof Minnesotahavebeenespeciallyusefulin facilitatingtheseexchanges:

1. Thefirst feature,which appearsto beuniqueto Minnesota,is theadministrative structureof the Instituteof Tech-
nology (IT). This instituteis a collegiatelevel body which consistsof the departmentsof mathematics,computer
science,physics,chemistry, earthsciences,architecture,andfiveengineeringdepartments.

2. Thesecondfeatureconcernsthephysicalplanof theUniversityof Minnesota.Thedepartmentsandlibrariesin IT
areverycloseto eachother. All thesefacilitiesarewithin a five-minutewalk of VincentHall.

3. The third featureis the long-standingtraditionof interdisciplinaryresearchamongmathematicians,scientists,and
engineersat theUniversity.

Theadministrative structureof IT, the physicalproximity of the facilities,andthe traditionof interdisciplinaryresearch
at the Universitycreatea healthyscientificmilieu for an appliedmathematicsinstitute. The IMA hasflourishedin this
environment.In this partwe give a very brief descriptionof themany interactionsbetweenthescientistsat theIMA and
thescholarsat theUniversity.

Theresponseof theIMA visitorsto thescientificenvironmentat theUniversityhasbeenuniformly high. Specialmention
shouldbemadeof favorablecommentsof many visitorsfor theeasyaccessto theresourcesin theMathematicsLibrary in
VincentHall.

1. SCHOOL OF MATHEMA TICS

TheIMA andtheSchoolof MathematicsandtheMathematicsLibrary arehousedin VincentHall on themaincampusat
theUniversityof Minnesota.Thisproximity offersmany efficienciesandconveniencesfor theresearchactivitiesof visitors
to theIMA. It is easyfor IMA visitorsto frequenttheseminarsandcolloquiain theSchoolof Mathematics.Indeed,dozens
of IMA visitorshavepresentedseminarand/orcolloquiumlecturesin theSchoolof Mathematics(andin otherdepartments
at theUniversity). In addition,facultymembersandgraduatestudentsfrom theSchoolof Mathematicshavegivendozens
of lecturesin theIMA. This interchangecontinuesatanincreasingrate.

Thefacultyin theSchoolof Mathematicssharesits expertisewith theIMA visitorsin a numberof ways.Doorsareopen
in VincentHall, andMinnesotahasa traditionof beinga friendly place.Severalfacultymembersincluding

DonaldAronson Albert Marden StevenOrey
JerryEricksen Larry Markus David Sattinger
EugeneFabes RichardMcGehee GeorgeSell
DennisHejhal Wei-Ming Ni JamesSerrin
David Kinderlehrer JohannesNitsche DennisStanton
WalterLittman PeterOlver HansWeinberger
Mitchell Luskin

havecontributedsignificantlyto theplanningandcoordinationof theIMA programs.

DonAronson LeonGreen PeterOlver
JohnBaxter RobertGulliver MarianPour-El
BernardoCockburn NareshJain PeterRejto
JackEagon Harvey Keynes JoelRoberts
PaulEdelman David Kinderlehrer YasutakaSibuya
RobertEllis WalterLittman DennisStanton
EugeneFabes Larry Markus JamesThompson
Mark Feshbach CharlesA. McCarthy HansWeinberger
Lisl Gaal RichardMoeckel DennisWhite
Larry Gray
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wereinvolvedasparticipantsin the1989–90program.

DonAronson SatyanadKichenessamy JohannesNitsche
BernardoCockburn David Kinderlehrer PeterOlver
JeraldEricksen WalterLittman JamesSerrin
EugeneFabes Mitchell Luskin JohnSullivan
StevenGaal NormanMeyers HansWeinberger
RobertGulliver Wei-Ming Ni

participatedin the1990–91program.

Matthew Brahm SatyanadKichenassamy PeterRejto
BernardoCockburn WalterLittman SteveSperber
JackEagon Mitchell Luskin DennisStanton
PaulEdelman CharlesMcCarthy JohnSullivan
EugeneFabes RichardMcGehee PeterWebb
StevenGaal William Messing HansWeinberger
RobertGulliver PeterOlver DennisWhite
Max Jodeit

participatedin the1991–92program.

BernardoCockburn SatyanadKichenessamy Larry Markus
PaulEdelman Nicolai Krylov Wei-Ming Ni
EugeneFabes WalterLittman PeterRejto
RobertGulliver JohnLowengrub JohnSullivan
NareshJain Mitchell Luskin HansWeinberger
Max Jodeit

participatedin the1992–93program.

JohnBaxter BertFristedt Nicolai Krylov
BernardoCockburn JayGoldman WalterLittman
PanagiotaDaskalopoulos Larry Gray Jeffrey Rosenthal
PaulEdelman Mary Ann Horn DennisStanton
EugeneFabes NareshJain

participatedin the1993–94program.

EugeneFabes BorisM. Levitan PeterRejto
SatyanadKichenassamy WalterLittman David Sattinger
Nicolai Krylov

participatedin the1994–95program.

EugeneFabes Mitchell Luskin PeterOlver
NareshJain Wei-Ming Ni JohnSullivan
WalterLittman SamNorthshield Vladimir Sverak

participatedin the1995-96program.
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Alfred Aeppli SatyanadKichenassamy ClaudiaNeuhauser
DonaldAronson MichaelKouritzin KarelPrikry
JohnBaxter WalterLittman PeterRejto
MauryBramson JohnLowengrub Michail Safonov
GeorgeBrauer Mitchell Luskin David Sattinger
Yi-Ju Chao Albert Marsden GeorgeSell
BernardoCockburn LawrenceMarkus JamesSerrin
DennishHejhal RichardMcGehee Vladimir Sverak
NareshJain Max A. Jodeit RichardMoeckel

HansWeinberger

participatedin the1996-97program;and.

DonaldAronson JohnBaxter BernardoCockburn
PaulGarrett JayGoldman NareshJain
DonaldKahn Nicolai Krylov WalterLittman
Mitchell Luskin LawrenceMarkus CharlesMcCarthy
RichardMcGehee RichardMoeckel Wei-Ming Ni
PeterOlver MarianPour-El KarelPrikry
FernandoReitich Michail Safonov David Sattinger
GeorgeSell Vladimir Sverak HansWeinberger

particiaptedin the1997-98program.

TherelationshipbetweentheIMA andtheSchoolof Mathematicsis quiteharmonious.Sharingof resourcesandfinancial
aid for visitorsarefrequentlygivenby theSchoolof Mathematics.

The Ordway Visiting Professorshipprogramwithin the Schoolof Mathematicshasaddedsubstantiallyto the scientific
milieu of the IMA. The following mathematicianshave or will have spenta significantperiod at the IMA underthis
program:

1982–83: HaimBrezis SaundersMacLane
CharlesConley

1983–84: ShmuelAgmon DanielKleitman
RobertAumann

1984–85: Felix Browder JosephKeller
ConstantineDafermos JeanLouisLions

1985–86: Kiyoshi Ito

1986–87: JimDouglas

1987–88: GeorgeAndrews RichardAskey

1988–89: RichardBeals JamesGlimm

1989–90: CiprianFoias JürgenMoser
MichaelHerman

1990–91: JohnBall BernardMalgrange
Luis Caffarelli HiroshiMatano
MortonGurtin

1991–92: GeneGolub JerroldMarsden
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Victor Klee

1992–93: WendellFleming RobertLiptser

1993–94: PersiDiaconis S.R.S.Varadhan

1994–95: GeorgePapanicolaou

1995–96: JohnBall

1996–97: Rolf Rannacher RidgwayScott

1997–98: JürgenMoser

2. OTHER DEPARTMENTS

TheIMA receivesstrongandenthusiasticsupportof many otherfacultymembersat theUniversityof Minnesota.As noted
above,theinteractionbetweenmathematicians,engineers,andscientistsfrom amultitudeof departmentsis apartof a long
traditionof interdisciplinaryresearch.TheUniversityof Minnesotais well known for nurturingsuchactivities.

Professorsfrom severaldepartmentsparticipatedactively in severalof theworkshopsgivenat the IMA. Theseincluded
(Partial listing):

DEPARTMENT OFACCOUNTING:

JohnDickhaut

DEPARTMENT OFAEROSPACEENGINEERINGAND MECHANICS:

Adair Aguiar HeathJohnson PerryLeo
GarryBalas EllenLongmire ThomasLundgren
JerryEricksen T. Posberg P.R.Sethna
RogerFosdick T. Tezduyar Lev Truskinovsky
RichardJames William Warner Y. Zhao
DanielJoseph

DEPARTMENT OFBIOSCIENCE:

ToddThoresen

DEPARTMENT OFBIOSTATISTICS:

Bradley P. Carlin ChapLe
Li Chen ThomasLouis
AnneGoldman LanceWaller
PatriciaGrambsch

DEPARTMENT OFBIOCHEMISTRY:

LeonardJ.Banaszak DouglasH. Ohlendorf
RenhaoLi AlexanderWatters
Dimitry Makhailov
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DEPARTMENT OFCHEMICAL ENGINEERING:

RutherfordAris Jeff Derby L.E. Scriven
FrankBates BarryHughes Ilja Siepmann
JohnDahler HanchulKim Matthew Tirrell
H. TedDavis ChrisMacosko
ProdromosDaoutidis MohammedSahimi

DEPARTMENT OFCHEMISTRY:

TomAllison Tiqing Liu StevenPrager
JanAlml öf TimothyLodge IvanRossi
Xavier Assfeld MarcusMartin Bradley Smith
Yao-YuanChuang C. AldenMead JaySrinivasan
LauraCoitino BongjinMoon MariaToplar
JoseC. Corchado Albert Moscowitz DonaldTruhlar
ChristopherJ.Cramer William C. Necoechea JianhuXing
JohnDahler Eric Patterson TianhaiZhu
JiaboLi MariaPlanas

DEPARTMENT OFCIVIL AND MINERAL ENGINEERING:

EfieFoufoula-Georgio WalterJ.Maier HenrykStolarski

ELECTROCHEMICAL ENGINEERING:

Philip Cheung

DEPARTMENT OFCOMPUTERSCIENCE:

RahulAggarwal Eui-WongHan Y. Saad
DanBoley L. Jay AhmedSameh
A. Borchers V. Kumar BenSchafer
FengCao DalvinderMalhotra E. Shragowitz
Anthony Chronopoulos HaesunPark JaideepSrivastava
RobertCooley ChangPeng AndreasStathopoulos
Du Ding-Zhu DougPerrin Shang-HuaTeng
David Fox LindaPetzold AnandTripathi
M.L. Gini J.BenRosen JunZhang
TaraGustafson

DEPARTMENT OFECONOMICS:

JohnChipman JamesJordan MarcelK. Richter
HulyaEraslan J.Kareken ChristopherSims
JohnGeweke Andrew McLennan Michihiro Ohyama
LeonidHurwicz EdwardPrescott Neil Wallace

DEPARTMENT OFELECTRICAL ENGINEERING:

MosoudAlghoniemy KhaiedHamdy Nikmil Sarpotdar
FredBailey J.E.Holte Jeff Shamma
Kevin Buckley MosKaveh SamehSowelam
EnisCetin PatKumar Allen Tannenbaum
EdH. Chi Vipin Kumar Andrew Teel
T. Georgiou BruceE. Lee AhmedTewfik
AnandGopinath MohammedNafie LanTse-Hue

DEPARTMENT OFFINANCE AND INSURANCE:
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JohnKareken David Runkle

DEPARTMENT OFGEOLOGY:

KaushikBhattacharya TineLarsen David Yuen
PeterHuddleston H.O.Pfannkuch

DEPARTMENT OFMECHANICAL ENGINEERING:

Max Donath FrancisKulacki
RichardGoldstein E.M. Sparrow

DEPARTMENT OFOPERATIONSAND MANAGEMENTSCIENCE:

M. Taaffe

SCHOOLOFPHYSICSAND ASTRONOMY:

DanDahlberg JamesKaklios M. Shifman
Allen Goldman WalterH. Johnson Oriol Valls
J.WoodsHalley ThomasJones ThomasWalsh
MortonHamermesh GautmamKhera PaulWoodward
RussellHobbie ShlomoMarianer William Zimmermann

DEPARTMENT OFRADIOLOGY

XiaopingPHu

POLITICAL SCIENCEDEPARTMENT:

JohnAldrich RobertHolt

SCHOOLOFSOIL SCIENCE:

SatishC. Gupta

DEPARTMENT OFPHYSIOLOGY

JohnN Eian MathaFlanders

SCHOOLOFSTATISTICS:

KathrynChaloner CharlesGeyer LukeTierney
DennisCook BretMusse Ming-DauhWang
E. Funo GaryW. Oehlert SandyWeisberg
SeymourGeisser William Sudderth

DEPARTMENT OFMEDICINAL CHEMISTRY:

David Ferguson Philip Portoghese
KennethE. Lind William C. Stevens
GermanaPaterlini

BELL MUSEAUM OFNATURAL HISTORY:

Phillip Regal

VA MEDICAL CENTER:
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StephenStrother

MINNESOTA SUPERCOMPUTERCENTER:

BarryBolding ShepardSmithline
DaveDoherty RogeneM. EichlerWest
BarryRackner

LABORATORY MEDICINE AND PATHOLOGY:

PilarForns

DEPARTMENT OFCOMPUTERSCIENCE(DuluthCampus):

CarolynCrouch DonaldCrouch DouglasDunham

DEPARTMENT OFELECTRICAL AND COMPUTERENGINEERING(DuluthCampus):

MarianStachowicz

DEPARTMENT OFNATURAL RESOURCESRESEARCH(DuluthCampus):

ZhuangyiLui

MATHEMATICSAND STATISTICS(DuluthCampus):

BrucePeckham HarlanStech

GORTNERLABORATORY:

JimHem

CENTERFORMAGNETICRESONANCE RESEARCH:

Eric RayCohen Kamil Ugurbil

INSTITUTE OFTECHNOLOGY(DEAN’S OFFICE):

Willard Miller, Jr. (duringhis termasAssociateDeanfor 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,J. Jordan,
J. Kareken,T. Lodge,S. Prager, M.K. Richter, L.E. Scriven,M. Tirrell, DonaldTruhlar, N. WallaceandD. Yuen. Also,
P. Khargonekar, M. Kaveh and,A. Tannenbaumof the Departmentof ElectricalEngineeringwereinvolved in planning
for the 1988Summerprogramon SignalProcessing;SanfordWeisberg andLuke Tierney wereorganizersfor the 1989
Summerprogramon Applied Statistics;andT. Tezduyarof the Departmentof AerospaceEngineeringandMechanics
helpedto planthe1993SummerprogramonMeshgeneration.SeymourGeisser, PatriciaGrambsch,andSandyWeisberg
wereco-organizersof the1997SummerprogramonStatisticsin theHealthSciences.

RutherfordAris (ChemicalEngineering)andL.E. ScrivenwereontheAdvisoryCommitteefor the1986–1987programon
ScientificComputation.In additionto JerryEricksen,who is mentionedabove,LeonidHurwicz hasservedasa program
coordinatorattheIMA. DanJoseph(Mechanics)wasamemberof theOrganizingCommitteefor theprogramonNonlinear
Waves.RichardJames(AerospaceEngineeringandMechanics)wasChairof theOrganizingCommitteefor the1995–96
programonMaterialsScience.

Several departments,in additionto the Schoolof Mathematics,have jointly sponsoredsomeof the IMA programsand
short-termvisitors. This includesthe Departmentsof AerospaceEngineering,ChemicalEngineering,Operationsand
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ManagementScience,Chemistry, FinanceandInsurance,Political Science,StatisticsandPhysicsandtheCarlsonSchool
of Management.In additiontheDepartmentsof AerospaceEngineeringandChemicalEngineeringhave madesomejoint
appointmentsof seniorscientistswith theIMA.

PUBLIC HEALTH

Mindy Geisser GeorgeMaldonado

GEOMETRY CENTER

JohnSullivan

3. OTHER UNIVERSITY OF MINNESOTA CENTERS

TheIMA hasjointly sponsoredthreeworkshopswith theMinnesotaSupercomputerInstituteandcosponsoredtwo work-
shopswith the Centerfor Interfacial Engineering. Two workshopshave had addedsessionshostedby the Geometry
Center. IMA participantshavebeencosponsoredby theArmy High PerformanceComputingResearchCenter(AHPCRC),
the CorrosionCenter, the Centerfor Control TheoryandDynamicalSystems,the Institutefor TheoreticalPhysics,The
GeometryCenterand(mostnotably)theMinnesotaSupercomputerInstitute.TheGeometryCenterandtheIMA haveheld
joint programmingwhich madeuseof TheGeometryCenter’s graphics,computingfacilitiesandtechnicalstaff andthe
IMA’sconferencefacilitiesandexpertiseto offer workshopsoncomputergraphicsandvisualization.
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XIII. THE IMA PARTICIPATING INSTITUTIONS PROGRAM

The Institute for Mathematicsand its Applicationswas establishedby the NationalScienceFoundationin 1982. The
IMA bringsmathematicianstogetherwith engineersandscientistsin orderto stimulatetheflow of interestingandrelevant
problemsandto encouragethe developmentof meansof solving them. It seeksto provide an atmosphereconducive to
collaborationandthecreationof new ideas.

Fromits inception,theIMA hasbeensupportedbyaconsortiumof universitiesknownastheIMA ParticipatingInstitutions.
In additionto theIMA programswhichtakeplacein Minnesota,theIMA runsprogramswith theParticipatingInstitutions.
An annualcontributionof $10,000is requestedfrom eachPI. Herearesomeof themainaspectsof thisprogram.

1. TheIMA contributes$30,000peryearasseedmoney for IMA ParticipatingInstitutionConferences,whichareheld
onthecampusesof theParticipatingInstitutions.Thisseedmoney canbe(andoftenis) supplementedby fundsfrom
othersources.

During 1997–98,thereweresix ParticipatingInstitutionConferences:Topics in Number Theory at Pennslyvania
StateUniversityon July 30–August3 1997.Workshop on Superconductivity at PurdueUniversityin theSpring
of 98 Global Analysis 30 YearsLater at theUniversityof Cincinnation March25–281998. Waves& Continu-
ationMethods in Biology & RelatedAr easat theUniversityof Pittsburgh on September26–281998.Stochastic
Control and Nonlinear Filtering at theUniversityof SouthernCaliforniaonDecember14–161997.7th Confer-
enceof the Inter national Linear Algebra Society(ILAS) at theUniversityof WisconsinonJune3–61998.

2. TheIMA conductsSummerProgramfor GraduateStudents.Eachyeartheprogrambringstogetherfor four weeks
in thesummer, two selectedstudentsfrom eachParticipatingInstitution.Thestudentslive in a dormitoryon oneof
thePI campuses;the locationof thecampuschangesfrom yearto year. During thefour weeks,thereis a seriesof
(related)lecturesgivenby four seniormathematicians.Fundingfor the lecturersandthestudentliving expensesis
assumedby theIMA. Thetotalsupportis approximately$55,000.

The summer1990program,on ALGEBRA , was held at the University of Michigan, Ann Arbor. The summer
1991program,TOPOLOGY , washeld at NorthwesternUniversity; the summer1992program,PARTIAL DIF-
FERENTIAL EQUATIONS, wasat IndianaUniversity; thesummer1993programwasPROBABILITY at Ohio
StateUniversity;in thesummerof 1994theprogramwasCOMPLEX ANALYSIS, heldat theUniversityof Pitts-
burgh.Theprogramchosenfor thesummerof 1995wasDIFFERENTIAL GEOMETRY, heldat theUniversityof
Illinois, Urbana.For thesummerof 1996,theprogramwasHARMONIC ANALYSIS, at theUniversityof Wiscon-
sin,Madison.Theprogramfor thesummerof 1997wasSELECTED TOPICS IN ALGEBRAIC TOPOLOGY ,
andwill beheldat theUniversityof Chicago.The1998programwill beTOPOLOGY OF MANIFOLDS at the
Universityof Iowa in Iowacity.

3. TheIMA conductsprogramsaimedatbringingParticipatingInstitutionsandindustrytogether.

(a) IndustryDay. On December5, 1989the IMA held its first IndustryDay at the Universityof Chicago,with
speakersfrom Industryandaudiencefrom PI’s. OtherIndustryDaysarebeingorganizedatotherPI campuses,
andinitiatedlocally. TheIMA will support50%of all expensesinvolved.

(b) TheIMA holdsin Minnesotamoreextendedworkshopsfor industryandPI’s. Thuson October12–13,1990
therewasa two day workshop“Connectingto Industry”; on October7–11,1991a workshop“Transferof
Mathematicsto Industryin theUS andFrance”;andon May 22–23,1993a tutorial workshop“How to Start
an IndustrialPostdocProgram”. The purposeof theseeventsis to enhancecontactbetweenindustrialand
academicmathematicalscientists.The IMA supportsall PI participantsin sucheventsat the level of at least
50%.

(c) TheIMA runsanindustrialpostdoctoralmemberprogram.An industrialpostdocis supported50%by indus-
try and50% by NSF. It is hopedthat the IMA experienceandimpactof this programwill prove useful for
ParticipatingInstitutionswhowish to build on thismodel.

4. MathematicsDepartmentHeadsof ParticipatingInstitutionsholdannualmeetingsatO’HareAirport to discussboth
theIMA andPI programs,aswell asissuesof commoninterest.TheIMA coversthecostsof thesemeetings.

5. A portion( $3,000peryear)of thecontribution from eachParticipatingInstitutionis setasidefor thedirectbenefit
of thefacultyandgraduatestudentsof theParticipatingInstitution.Thesefundscanbeusedin any of thefollowing
ways:
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(a) To payexpensesfor facultymembers,includingfacultymembersfrom otherdepartments,or graduatestudents
whowish to participatein IMA programs.

(b) To payexpensesfor IMA visitorswhoareinvited to lectureon thecampusof theParticipatingInstitution.

(c) To supplementotherIMA fundsfor thesupportof long-termparticipationof facultymembersin IMA activities.

(d) To providecomplementarysupportfor theworkshopswhicharealreadypartiallysupported,see(1), (3a).

6. ParticipatingInstitutionsreceive:

(a) Informationaboutannualprograms

(b) A monthlynewsletterspecifyingactivitiesat theIMA

(c) IMA Update,whichappearsquarterly

(d) IMA Preprints

(e) IMA Abstracts

(f) IMA Volumes(approximately8 volumesperyear)

The IMA Newsletteris routinelysentto theheadsof thescienceandengineeringdepartmentsat theParticipating
Institutions.

7. Finally, facultyandgraduatestudentsfrom thePI’s getpreferentialtreatmentin termsof local supportwhenthey
wish to participatein IMA programs.

Becauseof the interdisciplinarynatureof the IMA missionandprograms,many university faculties,in additionto the
mathematicalsciencesdepartments,benefitfrom aParticipatingInstitutionmembership.

PARTICIPATING INSTITUTIONS:

CentreNationalde la RechercheScientifique,ConsiglioNazionaledelle Ricerche,Georgia Instituteof Technology, In-
dianaUniversity, Iowa StateUniversity, Kent StateUniversity, Michigan StateUniversity, NorthernIllinois University,
OhioStateUniversity, PennsylvaniaStateUniversity, PurdueUniversity, SeoulNationalUniversity(RIM - GARC),Texas
A&M University, Universityof Chicago,Universityof Cincinnati,Universityof Houston,Universityof Illinois (Urbana),
Universityof Iowa,Universityof Kentucky, Universityof Manitoba,Universityof Maryland,Universityof Michigan,Uni-
versityof Minnesota,Universityof NotreDame,Universityof Pittsburgh,Universityof SouthernCalifornia,Universityof
Wisconsin,WayneStateUniversity.
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XV. THE IMA PARTICIPATING CORPORATIONS PROGRAM

A majorpartof themissionof theInstitutefor Mathematicsandits Applicationsis to bring mathematicianstogetherwith
engineersandscientistsin orderto stimulatethe flow of interestingandrelevantproblemsandto develop the meansof
solvingthem.Interactionwith andinput from industrialscientistsandengineersis vital to thismission.

For this reasontheIMA is actively seekingindustrialfirms who areinterestedin establishingtiesbetweentheir scientists
andengineersandthe participantsin the variousIMA programs.We have found that the resultingscientificinteraction
comingfrom suchtiesto beof greatvalueto all partiesinvolved.

ParticipatingCorporationswill receive:´ Informationaboutannualprograms´ Accessto IMA activities, includingparticipationin theSeminaron IndustrialProblems´ IMA ConsultingServices
TheDirectorwill makeregularvisits to theCorporationto increaseinteractiononscientificproblems.´ IMA Update,a quarterlypublicationlisting upcomingactivities´ Monthly Newsletterspecifyingtitles,abstractsandvisitorsat theIMA´ Abstractsof ResearchPublications´ IMA Volumes´ IMA AnnualReport´ ParticipatingCorporationswill belistedon theIMA stationery

A ParticipatingCorporationis asked to commit itself to provide strongencouragementto its scientistsand engineers
to participatein the workshops,Seminaron IndustrialProblems,andotheractivities of the IMA. Thesevisits provide
opportunitiesto meetandestablishscientifictieswith bothjunior andseniorresearchers.They arethereforeveryimportant
to thesuccessof theIMA.

ParticipatingCorporationswill beinvited to serveon theIndustrialAdvisoryCommitteeof theIMA, which is a sourceof
programmaticandotherideasto theInstitute.

An annualcontributionof $10,000is requestedfrom a ParticipatingCorporation.

PARTICIPATING CORPORATIONS:

Bellcore,EastmanKodak,EPRI,Ford,Fujitsu,GeneralMotors,Honeywell, IBM, LockheedMartin,LucentTechnologies,
Motorola,Siemens,3M.
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XIV. RELATIONS WITH INDUSTRY AND GOVERNMENT LABS

TheIMA missionis broad-rangingandmultifaceted.It is seekingmeaningfulscientificinteractionsbetweenmathemati-
cians,engineersandotherscientists.Sinceaneedfor new mathematicalideasandasourceof new mathematicalproblems
bothcanbefound in theresearchof many personsfrom variousorganizations(e.g.,academia,industryandgovernment
labs)theIMA invitesscientistsfrom all theseplacesto participatein its programs.For example,thefollowing individuals
from corporationsandlaboratoriesparticipatedin IMA workshops,seminarsandothermeetingsduringthe1997–97pro-
gramon Emerging Applicationsof DynamicalSystemsandin the1998summerprogramson CodingandCryptography
andMathematicalModelingin Industry:

AMIN, MASSOUD ElectricPowerResearchInstitute(EPRI) MAR 5 - 7
ANDERSH,JONATHAN 3M APR27- MAY 1
ANDERSON,MEREDITH AmericanExpressFinancialAdvisors MAR 7 - 7
ANDERSON,ROGER 3M MAY 1 - 3
APTE,CHID IBM T.J.WatsonResearchCenter MAR 6 - 8
ASHIKHMIN, ALEXEI LosAlamosNationalLaboratory JUL 5 - 12
AXELROD, ANTHONY 3M APR26- MAY 1
BAKER, DANNY GeneralMotorsCorporation MAR 1 - 3
BANASZUK, ANDRZEJ UnitedTechnologiesResearchCenter APR26- 29
BARG, ALEXANDER Bell Laboratories JUL 12 - 18
BAUM, HOWARD NIST FEB28- MAR 1
BELL, TONY Interval ResearchCorporation JAN 14- 18
BLAKE, IAN Hewlett Packard JUL 11 - 18
BLAKEY, PETERA. Motorola APR23- 24
BORUCKI, LEN MotorolaInc. JUL 21 - 31
BURNS,TIM NIST SEP14- 19
BUTERA, ROB NIH JAN 17- 23
CALDERBANK, ROBERT AT&T Labs JUL 4 - 10
CARMEIN, DAVID MinnesotaVirtual Simulations MAR 7 - 7
CASTRO, PETER EastmanKodakCo. MAY 1 - 3
CHANG, ROSEMARY SiliconGraphicsComputerSystems NOV 8 - 9
CHIPROUT, ELI IBM AustinResearchLab NOV 23- 25
CHOCK,DAVID FordMotor Company JUN27- 28
COWSAR,LAWRENCE Bell Labs,LucentTechnologies JUL 7 - 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-NAEINI, ABBAS SCSolutions,Inc. APR26- 28
FELDMANN, PETER Bell LabsInnovations NOV 23- 25
FLEMING, PHILIP Motorola FEB19- 20
FREUND,ROLAND Bell Laboratories NOV 22- 26
ARRETT, DAVID LockheedMartin JUL 8 - 8
GEISLER,CHARLES MinnesotaTechnologyIncorp. JUL 8 - 8
GILLBERG, JEFFREY Medtronic MAR 9 - 13
GUNNEY, BRIAN Medtronic MAR 9 - 14
HAMLEN, CUSHING Medtronic MAR 9 - 14
HOFFMAN, JOHN SecureComputingCorporation JUL 5 - 31
JANKOVIC, MRDJAN FordResearchLaboratory MAY 28- 30
JENISON,TROY Medtronic MAR 13- 13
KAHLERT, MARTIN SiemensAG NOV 22- 26
KETTENRING,JON Bell CommunicationsResearch MAR 6 - 8
KNILL, EMANUEL LosAlamosNationalLaboratory JUL 5 - 10
KUNDERT, KEN Cadence NOV 23- 25
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LULING, MARTIN Schlumberger-Doll Research JAN 8 - 11
MANRODT, CHRIS Medtronic MAR 9 - 14
MAY, STEVE MedtronicInc. MAR 9 - 14
MCCURLEY, KEVIN IBM Research MAR 6 - 7
MCKENNA, JAMES Bell Comm.Research NOV 8 - 9
MCMAHON, CATHY Medtronic MAR 9 - 12
MEARS,DAVID NIH FEB10- 14
MEHDI, KHAWAR Medtronic MAR 9 - 13
MIN, SHIRLEY Medtronic,Inc. MAR 9 - 14
MISEMER,DAVID 3M JUL 21 - 31
MIURA, ROBERT NIH FEB4 - 13
MORISSETTE,JOSEE Medtronic,Inc. MAR 9 - 14
MORRIS,MILTON GuidantCorporation MAR 9 - 14
MULIER, FILIP 3M MAR 7 - 7
NGUYEN, TUYEN IBM NOV 23- 25
NUMRICH, ROBERT CrayResearch,Inc. JUL 7 - 8
ODLYZKO, ANDREW A.T.&T. Laboratories JUL 12 - 16
OLSON,WALTER Medtronic,Inc. MAR 9 - 14
ORAN, ELAINE NRL FEB28- MAR 1
OSINGA,HINKE CaliforniaInstituteof Technology SEP1 - AUG 31
PATERSON,KENNETH Hewlett PackardLaboratories JUL 5 - 18
PERCHAK,DENNIS EastmanKodak OCT30- 31
PHILLIPS,JOEL Cadence NOV 23- 25
POLING,CRAIG LockheedMartin JUL 21 - 31
PULLEYBLANK, WILLIAM IBM Corporation NOV 8 - 9
REICHELT, MARK TheMathWorks,Inc SEP4 - 6
ROJAS, EDUARDO E. NIH FEB8 - 13
ROSE,TODD DonaldsonCo. Inc. JUN1 - 5
ROSS,DAVID Kodak MAR 20- 21
ROYCHOWDHURY, JAIJEET Bell Laboratories NOV 23- 25
RUEHLI, ALBERT IBM NOV 23- 25
RUSSELL,JAMES T. NIH FEB8 - 13
SALAMON, TODD LucentTechnologies MAY 20- 24
SAMAD, TARIQ Honeywell APR26- MAY 1
SHERMAN,ARTHUR NIH FEB4 - 13
SHUB,MICHAEL IBM WatsonResCtr NOV 18- 21
SIMMONS,GUS Sandia JUL 5 - 10
SLOANE, NEIL A. T. & T. ResearchLabs JUL 5 - 10
SMITH, GREGORY D. NIDDK, NationalInstitutesof Health FEB8 - 13
SOLJANIN, EMINA Bell Labs-Lucent JUL 5 - 19
STOJIKOVIC, STANKO NICHD, NIH FEB8 - 12
SWELDENS,WIM LucentTechBell Labs NOV 13- 14
TAKRITI, SAMER IBM Research JUL 21 - 31
TAUBIN, GABRIEL IBM T. J.WatsonResearchCenter OCT2 - 4
THALER, AL NSF MAR 6 - 8
TUFILLARO, NICK Hewlett-PackardCompany SEP25- 28
VOTH, ERIC EndocardialSolutions,Inc. MAR 13- 13
WAGNER,ROB Ansoft NOV 22- 25
WARMAN, EDUARDO Medtronic,Inc. MAR 8 - 15
YU, WEIPING MedtronicInc. MAR 9 - 14
ZHAO, YONG Medtronic MAR 9 - 14
ZIMLIKI, CHARLES NIH FEB10- 14

The IMA seeksadviceon programmaticissuesfrom a wide variety of persons.A very usefulsourcefor this adviceis

252



theIMA IndustrialAdvisory Committee.Thepanelconsistsof scientificandengineeringmanagersandresearchersfrom
nationalcorporations;it meetsoncea yearat theIMA. The1997-98membershipwas:

DebasisMitra AT&T Bell Laboratories
JamesMcKenna Bell CommunicationsResearch
PeterCastro EastmanKodakCompany (ComputationalScienceLaboratory)
David Chock FordMotor Company (ChemistryDepartment)
A. Martin Wildberger EPRI(Exploratory& AppliedResearch)
SamMarin GeneralMotorsResearchLaboratories
GunterStein Honeywell, Inc.
BernardRudin IBM AustinLaboratory
William Pulleyblank IBM Corporation(ThomasJ.WatsonResearchCenter)
BlaiseMorton Honeywell , Inc. (SystemsandResearchCenter)
LeonardBorucki MotorolaInc.
Knut Merten SiemensCorporateResearch,Inc.
CharlesGeisler MinnesotaTechnologyIncorp.
David Garrett LockheedMartin
T. CraigPoling LockheedMartin
David Misemer 3M GeneralOffices
YoshioTago FujitsuLimited (ResearchCenterfor ComputationalScience)
RobertNumrich CrayResearch,Inc.
Albert Gilg SiemensAG/ZT AN2 (CorporateTechnology)

The IMA is proceedingaggressively to expandits industrialinteractions.Our mostvisible programsaretheSeminaron
IndustrialProblemsandthePostdoctoratesin IndustrialMathematicsprogram.
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