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Seehttp://www.ima.umn.edu/optimi zatio n/ for afull descriptionof the2002—2003
programon Optimization.

| Newsand Notes |

IMA Summer Program:
SpecialFunctionsin the Digital Age

July 22 - August2, 2002
Organizers:Geoge Andrews (PennStateUniversity),RichardAskey
(University of Wisconsin Madison),Carl de Boor (University of

WisconsinMadison),Arieh Iserles(Universityof Cambridge)Daniel W.

Lozier (Nationallnstituteof StandardeindTechnology) Willard Miller

(Universityof Minnesota) FrankW.J. Olver (University of Maryland&
Nationallnstituteof StandardeindTechnology) PeterOlver (University of

Minnesota) PeterPaule (Universityof Linz)

Seehttp://www.ima.umn.edu/digital-age/

Wyoming joins IMA asa Participating Institution

The University of Wyoming,in Laramie,Wyoming, hasjoinedthe IMA asa Participatinglnstitution

(PI). For informationon the bene ts of becominga PI at the IMA, seehttp://www.ima.umn.edu/pi-
description.html. For more information about the University of Wyoming math departmentsee
http://math.uwyo.edu/.

PARTICIPATING INSTITUTIONS: Centrumvoor Wiskundeen Informatica(CWI), ConsiglioNazionaledelle Ricerche Geogia Instituteof TechnologyIndianaUniversity,
lowa StateUniversity Kent StateUniversity, Los Alamos National Laboratory Michigan StateUniversity, MississippiStateUniversity, Northernlllinois University, Ohio
StateUniversity PennsylaniaStateUniversity, PurdueUniversity SandiaNational Laboratories SeoulNational University (BK21 Math-SNU), SeoulNational University
(SRCCS),TexasA&M University University of Chicago,University of Cincinnati,University of Houston,University of lllinois (Urbana),University of lowa, University of
Kentucly, University of Maryland,University of Michigan, University of MinnesotaUniversity of Notre Dame,University of Pittskurgh, University of Wisconsin,University
of Wyoming, WayneStateUniversity

PARTICIPATING CORPORAIONS: Boeing,Ford, GeneraMotors,Honeywell, IBM, LockheedMartin, Lucent,Motorola, Schlumbeger, SiemensTelcordiaTechnologies,
3M.

Versionof August28,2002



Summer Program for Graduate Students: Scienti c Computing

During July 1-26,2002the University of Kentuck will be the hostof the IMA's summergraduate
programin mathematics.The coursewill concentraten scienti c computing,with an emphasion
applicationsjncluding a week on biomathematicatomputing. An additionalfeaturewill be a two-
dayworkshopon how to usethe Departmenbf Enegy's softwarefor parallelcomputersat the endof
week3.

This programis opento graduatestudentdrom IMA ParticipatingInstitutions. Studentsare nomi-
natedby their departmenhead.Participatinginstitutiondepartmenheadsiominategraduatestudents
from their institution; placesareguaranteedor two graduatestudentdrom eachparticipatinginstitu-
tion, with additionalstudentsaccommodatedsspaceallows. Note thatregistrationandselectionsof
quali ed studentsareover.

SpealkrsareCraigC. Douglas(Universityof Kentucky), JunZhang(Universityof Kentucky), Jerome
Jafre (INRIA), JeanRobertgINRIA), lain Duff (RutherfordAppletonLaboratory),Tony Drummond
(LawrenceBerkeley Labs),Osni Marques(LawrenceBerkeley Labs)and Toni Kazic (University of
Missouri).

Furtherinformationis availableat http://www.ima.umn.edu/P1/2002sunewgrad.html
Foundationsof Computational Mathematics (FOCM) 2002Meeting

The IMA will hostthe 2002 meeting(FoCMO02) of the Foundationsof ComputationaMathematics,
August5-14,2002.1n additionto a seriesof talksby top-qualityresearchershe meetingwill include
workshopson Foundationsof numericalPDEs,Geometricintegrationandcomputationamechanics,
Information-basedompleity, Learningtheory Optimization,Specialfunctions,Approximationthe-
ory, Computationahlgebraicgeometry Computationahumbertheory Multiresolutionandadaptvity
in numericalPDEs,Numericallinear algebra,Quantumcomputing,Compleity, Computationaly-
namics,Geometricmodelling and animation,Imageand signal processing Stochasticcomputation
andSymbolicanalysis.

Seehttp://www.damtp.cam.ac.uk/user/nalEM/FoCMO02/.

Schedulefor July 1-August 31,2002

| Monday, July 1 |

The10:30IMA breakwill bein Lind Hall 400.

| Tuesday July 2 |

The10:30IMA breakwill bein Lind Hall 400.

| WednesdayJuly 3 |

The10:30IMA breakwill bein Lind Hall 400.

| Thursday, July 4 |

Independenc®ay, a University of Minnesotaholiday. IMA of ces will beclosed.



‘ Friday, July 5—WednesdayJuly 17 ‘

The10:30IMA breakwill bein Lind Hall 400.

| Thursday, July 18 |

The10:30IMA breakwill bein Lind Hall 400.
ComputerScienceGuestLecturein EE/CS6-212:

2:30pm Kyu-Young Whang Duality-Based SubsequenceMatching in Time-Series
KAIST Databases

Abstract: We proposea hew subsequencmatchingmethod,DualMatch,which exploits duality in constructingwindows
andsigni cantly improvesperformanceDualMatchdividesdatasequencesto disjointwindows andthe querysequence
into sliding windows, andthus, is a dual approachof the one by Faloutsoset al. (FRM in short), which divides data
sequencemto sliding windows andthe querysequencénto disjoint windows. We formally prove thatour dualapproach
is correct,i.e.,it incursnofalsedismissal We alsoprovethat, giventheminimumquerylength,thereis amaximumbound
of the window sizeto guaranteecorrectnes®f DualMatchand discussthe effect of the window size on performance.
FRM causesa lot of falsealarms(i.e., candidateghat do not qualify) by storing minimum boundingrectanglesather
thanindividual pointsrepresentingvindows to avoid excessve storagespacerequiredfor theindex. DualMatchsolves
this problemby directly storing points, but without incurring excessve storageoverhead. Experimentalresultsshav
that, in mostcasesDualMatchprovideslarge improvementin both falsealarmsand performanceover FRM, giventhe

sameamountof storagespace. In particular for low selectvities (lessthan ), DualMatchsigni cantly improves
performancaip to 430-fold. On the otherhand,for high selectvities(morethan ), it shawvs avery minor degradation
(lessthan 29%). For selectvities between and , DualMatchshaws performanceslightly betterthanthat of

FRM. DualMatchis also4.10to 25.6timesfasterthanFRM in building indexesof approximatelyjthe samesize. Overall,
theseresultsindicatethat our approachprovidesa new paradigmin subsequenceatchingthatimproves performance
signi cantly in largedatabaseapplications.

‘ Friday, July 19 ‘

The10:30IMA breakwill bein Lind Hall 400.

| Monday, July 22 |

IMA Summer Program:
SpecialFunctionsin the Digital Age

July 22 - August2, 2002
OrganizersGeoge Andrews (PennStateUniversity), RichardAskey (University of
WisconsinMadison),Carl de Boor (University of Wisconsin Madison),Arieh Iserles
(Universityof Cambridge)DanielW. Lozier (Nationallnstituteof Standardsind
Technology)Willard Miller (Universityof Minnesota) FrankW.J. Olver (University of
Maryland& Nationallnstituteof StandardendTechnology) PeterOlver (University of
Minnesota) PeterPaule (Universityof Linz)

Mathematicatablesand handbookdhave playeda pivotal role in applicationsandalsothe developmentof mathematics
itself overthe centuriesNow, with theadwentof thedigital age thetraditionalhandbookormathasbecomeobsoleteand
acompleterethinkingof the natureandrole of mathematicahandbooksnustbe undertalen. The purposeof this program



is to formulate,thoughconcreteexamplesandexperiencestherole andcharacteof digital librariesin mathematicsand
the mathematicabind applied elds that would bene t from sucha library. The rst seriousattemptto addresghese
issueds theongoingDigital Library of MathematicaFunctiong DLMF) projectatthe Nationallnstituteof Standardand
Technology(NIST). This workshopwill takethe DLMF projectasa basisfor assessingpoththe stateof theartin special
functiontheory whataspectareof importancdn applicationsparticularlyto chemistryandphysics,andthe experiences
gainedin this projectto formulaterecommendationf®r how digitial librariesof mathematicshouldbeorganizedytilized,
anddeveloped. We alsoanticipatethe experienceof the DLMF projectto provide insightandrecomendationfor how
mathematicshouldbe storedanddisseminatedvertheinternet.

Of the currentlyusedhandbooksthe mostwell-developedhave beenthosedevotedto specialfunctionsandtheir appli-
cations.The principalhandbook®n specialfunctions,”Higher Transcendentdtunctions”(the BatemanProject)andthe
NIST (formerly NationalBureauof Standards)Handbookof MathematicaFunctions, areamongthemostuseful,widely
consultedechnicalvolumesever publishedbut they arenow out of date,dueto rapidresearctprogressandrevolutionary
changesn technology (Seehttp://www.siam.og/siamn&vs/03-9&function.htm for additionalinformation.) Usingthese
asconcreteexamplesof amathematicatiigital library, theprogramwill assessecentprogressn updatingthesehandbooks
andrecentadvancesdn the theoryanduseof specialfunctions,andto point out the areasof researchin specialfunctions
thathold the mostpromiseandimportancefor future developmentpothfor theoristsandusers.In the broaderarenathe
workshopwill aim to usethe experiencen this particularsubjectto generateecommendationor further digital library
projectsin themathematicasciencesndtheir applicationsincluding,but notlimited to, numericalanalysisgrouptheory
signalprocessingstatistics)inearalgebrapartial differentialequationsandsoon.

Seeanarticleby PeterPauleon the DLMF project.
Description:

The IMA workshopwill usethe DLMF projectasa foundationand discusswhat more shouldbe done,what areasare
incompleteor unrepresentedyhat are the resultingmathematicalsymbolic, numericaland web issues,applicationsin
physicschemistry etc.,relationshipsvith the Batemarproject,andpotentialfor otherdigital librariesin othermathemat-
ical areas.Theworkshopis to have a very broadoutlook, encompassing wide rangeof subjectsconnectedvith special
functions,aswell asissuesoncerningdigital librariesandthedelivery of mathematicevertheinternet.

A majorportionof this program(7 days)will beassessmentsf researciprogresandpromisingvistasfor futureresearch
by distinguishedexpertsin the areasof asymptoticscombinatorialfunctions,statistics,computeralgebraalgebraicand
grouptheoreticmethodsapplicationgo the physicalsciencesprthogonajpolynomials hnumericaimethodszetafunctions
& randommatrices Painlev functions,elliptic functions,elliptic hypelgeometridfunctionsandthe Heunfunction group,
with the aim of pointingout whatis of greatestmportancan thetheoryandapplicationsandwhatshouldbeincludedin
digital library projects.

The remainderof the program(3 days)will be devotedto Digital Librariesgenerallyand, speci cally, Digital Libraries
andthe MathematicalSciencesincludingthe delivery of mathematic®ver the Internet. It will concludewith a panelon
the"Future of MathematicaDigital Libraries; with panelistfrom the speciafunctionsresearctanduserscommunities,
aswell asrepresentatiesfrom mathematicsocietiesandgovernmenfundingagencies.

Therewill be severaldiscussiorsessiondo develop speci ¢ recommendationfor specialfunctiontopicsto beincluded
in future Digital Librariesin Mathematics.Also therewill be postersessionsandseveral software demonstrationgpar
ticularly of computeralgebraand numericalpackagesor specialfunctions),and muchof the softwarewill be available
during the programfor informal useby participants.This programwill link with specialfunctionrelatedsessionst the
Foundationof ComputationaMathematic§FoCM'02) meetingthatwill be hostedby theIMA, August5-15,2002.

The programis meantfor researcherms thetheoryandcomputatiorof specialfunctions(de nitely including peoplenew
tothe eld whoarelooking for themostpromisingareador futureresearch)for usersof speciaffunctions,andfor persons
interestedn thedelivery of mathematic®verthe Internet.

All talks arein Lecture Hall EE/CS 3-180unlessotherwisenoted.

8:00am Coffeeand Registration ReceptiorROOmEE/CS3-176
8:50am DouglasN. Arnold WelcomeandIntroductionto the IMA
IMA Director



Theme: Assessmenbf DLMF

9:00am Richard Askey Introduction: The Role of Handbooksof SpecialFunc-
University of Wisconsin tions

Abstract Somecommentswill bemadeaboutprevioushandbooksandtheimpactthey have had,asseerby a userof them
for almost50years.

9:15am Daniel W. Lozier Developmentof a New HandbookandWeb Site of Prop-
Nationallnstituteof StandardandTech- ertiesof SpecialFunctions
nology

Abstract Abramawitz and Stegun's Handbookof MathematicaFunctions publishedin 1964 by the National Bureauof
Standardss familiarto mary mathematiciandt is evenmorefamiliarto scientistavho usespeciaffunctionsin their daily
work. But developmentsn mathematiceandcomputingsince1964 make the old handboolessandlessuseful. To meet
theneedfor amodernreferenceNIST is developinga new handbookhatwill be publishedn 2003.A Web site covering
muchthe sameterritory will bereleasedilso. This work is supportedby the National ScienceFoundation.Detailsof the
projectandits currentstatuswill bedescribed.

10:05am Discussion

10:15am CoffeeBreak ReceptiorROomEE/CS3-176

10:45am Ronald F. Boisvert Building the DLMF: InformationTechnologylssues
Nationallnstituteof StandardsandTech-
nology

Abstiact TheDigital Library of MathematicaFunctionss envisionedasa versatileWeb-basedesourcef informationon
the specialfunctionsof appliedmathematicsThe primary contentwill be carefullyresearchedndveri ed formulasand
graphsproviding quick accesdo the detailedpropertiesof thesefunctionsmostusefulin practicalapplicationin science
andengineering Presentinguchinformationin away thatis not only naturalandcorvenientin a Web ervironment,but
alsoprovidescapabilitieghatexceedwhatis availableusingtraditionalpublicationmethodsremainsatechnicakhallenge.

Someof thetechnicalissueghatmustbe addresseth suchanundertakingncludethefollowing:

(a) enablingcornvenienton-line browsing,
(b) on-lineindexing,

(c) searchin mathematicatlatabases,
(d) layeringof information,

(e) cut-and-pastef formulas,

(f) interactive graphics,

(g) tablegeneration,

(h) alternateviews,

(i) applicationmodules,

() representationf mathematicalormulason the Web,
(k) interactionwith users,

() trackingchanges,

(m) continuedmaintenance.

A sunwy of thesechallengesandhow they arebeingaddresseth the context of the DLMF will be the main subjectof
this presentationSeveralwill bediscussedn muchgreateetailby otherspealersat theworkshop.

Oneuniquetensionbetweerthedesireto provide versatileinteractive Web contentandtherequiremento presenterti ed
standardeferencanformationarisesin the contet of graphics.| will illustrate someof the pitfalls usinga Java applet



for exploring functionsof a single variable,and suggestechniquesof "honestplotting” which are necessaryor their
resolution.Thiswill alsoexposenewn needdor algorithmsandsoftwarefor specialfunctions.

Finally, | will provide ademonstratiof the currentworking DLMF Webssite.

11:35am Discussion
11:45am Lunch Break
Theme: Asymptotics
1:30pm Frank W.J. Olver Error Bounds;HyperasymptoticsiJniform Asymptotics
Nationallnstituteof StandardandTech-
nology

Abstract A surwey is madeof the currentstateof theartin asymptoticanalysisespeciallywith regardto the computation
andapplicationof speciaffunctions.

Topicsto be coveredare:
1. Constructiorof rigorousandreadily computableerrorbounds.

2. Re-&pansionof remaindettermsin seriesinvolving the complementaryerror function, incompletegammafunctions,
andotherfunctions,with aview to increasingattainableaccurag.

3. Constructiorof asymptotiexpansionghatareuniformwith respecto oneor moreparameterspr example thedegrees
or ordersof the specialfunctions.

Conclusionswill be dravn concerninghe mostusefuldirectionsin which future researchn eachof theseareass likely
to proceed.

2:20pm Discussion
2:30pm CoffeeBreak ReceptiorROomEE/CS3-176
3:00pm Michael Berry Architectureof diffractioncatastrophes

Universityof Bristol

Abstract A hierarchyof functionscanbe de ned by oscillatoryintegralsconstructedrom the polynomialnormalforms
of catastropheheory eachwith a differenttopology of coalescencef saddle-pointsas parameters/ary. Diffraction
catastrophefall outsidethe morefamiliar hypeigeometricclass. They have mary applicationghroughoutwave physics,
wherethey describevaves(soundight, water quantumnearthe geometricallystablecausticsingularitiesof ray physics;
thedescriptionis asymptoticandgetsbetterasthe wavelengthgetssmaller Diffractioncatastrophebave interestingand
beautifulmathematicaproperties:scalinglaws, nonlinearintegral identitites, bifurcationand Stokes' sets,geometryof

maxima, phasesingularities,and as powerful building-blocksof uniform asymptoticexpansions.Their importancewas
not appreciatedvhenthe NBS Handbookof MathematicaFunctions(Abramaowitz and Stegun) waswritten in the 1960s.
Now they will featurein achaptetbeingwritten with ChristopheHowls for thenew NIST Digital Library of Mathematical
Functionsproject.

3:50pm Discussion

4:00pm IMA Tea/Reception IMA East,400Lind Hall



A varietyof appetizerandbeveragewill besened.

Tuesday July 23

All talks arein Lecture Hall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptiorROOmEE/CS3-176

Theme: Combinatorial Functions

9:00am Dennis Stanton Exponentiaformulas
Universityof Minnesota

Abstract Theexponentiaformularelateghecombinatoriabbjectsfor thegeneratingunctionsf(x) andexp(f(x)). Several
settingsfor exponentialformulasexist. In this talk | will review someof them andwhatis known (and not known)

abouttheir g-analogue#n permutatiorenumeration Someresultswhich shouldbe amenabldéo computemproofswill be
presented.

9:50am Discussion
10:00am CoffeeBreak ReceptiorROOomEE/CS3-176
10:30am David M. Bressoud WheredoesCombinatorialAnalysis t in?

MacalestelCollege

Abstract This talk will look at speci ¢ examplesof the interplay betweenspecialfunctionsand combinatorialanalysis.

The intentionis to engendediscussiorof the role of a chapteron CombinatorialAnalysiswithin the Digital Library of
MathematicaFunctions.

11:20am Discussion
11:30am Lunch Break
1:30pm Alexander Berkovich Partitionswith gapconditions:someold andnew results

Universityof Florida
Abstiact | startthis talk by reviewing the Euler aswell as Rogers-Ramanujapartition theorems. Next, | will give a
uni ed treatmenbf the SchurandGoellnitz partitiontheoremaisinga methodof coloredintegers. Then,| will discussa

recentfour-parametegeneralizatiorof Goellnitz partitiontheoremdueto Alladi, Andrews, Berkovich. | will describean
essentiatole playedby "Maple” in discoveringandproving this new theorem.

2:20pm Discussion

2:30pm CoffeeBreak ReceptiorROOmMEE/CS3-176

Theme: Group Theoretic Methods



3:00pm Willard Miller TheLie Theoryapproacho specialfunctions
Universityof Minnesota

Abstract | will discusssomeof the mostimportantinterrelationshipdetweerthetheoryof Lie groupsandalgebrasand
specialfunctions,with a strongemphasi®n resultsobtainedin the 50 yearsafterthe publicationof the BatemarProject.
An informal justi cation for this treatments that mostfunctionscommonlycalled* special” obey symmetryproperties
thatarebestdescribedsia grouptheory(the mathematic®f symmetry).In particular thosespecialfunctionsthatariseas
explicit solutionsof the partial differentialequationf mathematicaphysics,suchasvia separatiorof variablescanbe
characterizedn termsof their transformatiorpropertiesunderthe Lie symmetrygroupsand algebrasof the differential
equations(The sameideasextendto differenceandq-differenceequations.) shalltreat,brie y, thefollowing topics:

1. Specialfunctionsasmatrix element®f Lie grouprepresentationgadditiontheoremsprthogonalityrelations)
2. Specialfunctionsasbasisfunctionsfor Lie grouprepresentationgeneratindgunctions)
3. Speciaffunctionsassolutionsof Laplace-Beltrameigervalueproblems(with potential)via separatiorof variables.

4. SpeciafunctionsasClebsch-Gordanoefcients for thereductionof tensomproductf irreduciblegrouprepresentations
(themotivationfor Wilson polynomials).

In practice the rst two itemsinvolve hypeigeometridunctionspredominanthyandarespecialcasef thethird item. The
grouptheoretichasisfor variableseparatiorallows treatmenbf non-hypegeometic functions suchasthoseof Lame'and
Heun.Thelastitem providesanimportantmotivationfor the constructiorof the Askey-Wilson polynomials.

I will concludewith a brief examinationof specialfunctions(or functionsthat desere to be called“special”) that arise
whenonerestrictscertainirreducibleLie grouprepresentationt a discretelattice subgroup. The two mostimportant
examplesareanirreduciblerepresentationf the Heisenbeg group (andits relationto the windowed Fourier transform,
the Weil-Brezin-Zaktransformandthetafunctions),andanirreduciblerepresentationf the af ne group(andits relation
to the continuousand discretewavelet transforms). | will describethe propertiesof the Daubechiedamily of scaling
functions,avery modernfamily of “special” functionsarisingassolutionsof differenceequations.

Theaccompaging notescontainadditionaldetails.

3:50pm Discussion

4:00pm Panel Discussion Participants have the opportunity to poseto Stanton,
Bressoud,Berkovich, andMiller ary questionsor sug-
gestionghatmayhave arisenfrom theirtalksor thatcircle
of ideas.

WednesdayJuly 24

All talks arein Lecture Hall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptiorROOmEE/CS3-176

Theme: Computer Algebra: Identity Veri cation, Summation Methods, SpecialPackages

9:00am GeorgeE. Andrews Whatis neededn ComputerAlgebraPackagedor Math-
PennsylhaniaStateUniversity ematicalResearch!

Abstract Thisis to betheintroductorytalk for the sessioron computeralgebra As suchit will beacommentarpon afew
computeralgebrapackagesndwhataspect®f themseenmosthelpful to theresearchmathematicianThetalk will touch
uponsomeof the packageshatwill beintroducedanddescribedn subsequenpresentationandtalks. The philosophyto
be presenteds thattherole of computeralgebrapackagess FIRST, anaid to discovery andonly secondarilyis it to prove
theoremgeventhoughthelattermaybeplay anessentiapartin theformer).



In orderto make this view concrete,l will provide examplesof how computeralgebrapackagesan eitherimpedeor
expeditediscoveries. The rst exampleschoserwill concernthe Omegapackaggdevelopedjointly with PauleandRiese
andto be demonstratethterin the workshop). Firstit is brie y explainedhow the packagerapidly producesgyenerating
functionsfor rathercomplicatedpartitions. Next we look at the generatingunction for partitionsthat form the sidesof
non-degeneratk-gons.If you let the Omegapackagedo too much,you fail to graspwhatis happeningThisis basedon
Bull. Austral. Math. Soc.,64(2001),321-329.

Our next example,basedon a recentPutnamproblem,illustrateshow the e xibility of computeralgebrapackagesssists
researchHerel think we shouldhold asanideal Hardy's descriptionof Ramanujan?But with his memory his patience,
andhis power of calculation,he combineda power of generalisationa feeling for form, anda capacityfor rapid modi -
cationof his hypotheseghatwereoftenreally startling,andmadehim, in his own peculiar eld, withoutrivalin his day”
While mostof us arevastly inferior to Ramanujarin eachof the categoriesnamed,we do have the advantageof these
wonderfulmachineghatcanassisin emulatinga few of Ramanujars qualities. This portion of thetalk will be basedn
ContempMath.,291(2001)11-27.

The talk will concludewith further eclecticsamplesof the signi cant interactionof computeralgebrawith topicsthat
Ramanujarmight have found interesting. In this portion we hopeto considersomeof the marelouscomputeralgebra
summatiorpackages.

9:50am Discussion
10:00am Peter Paule Symbolic Summation:Algorithms and Missed Opportu-
Universityof Linz nities

Abstract The problemof simplifying complicatedsumexpressionsrisesnotonly in specialfunctionsbut in mary math-
ematical elds. Neverthelesssymbolicalgorithmsthatassistn this taskdo not have averylong history.

The startingpoint of symbolicsummatiorwith thecomputeris Gospers algorithm(1978),adecisionprocedurdor indef-
inite hypelgeometricsummation.Despitebeinga rst breakthroughfor alongtime its applicability hasbeenconsidered
asquite restrictedsincemosthypeigeometricsummationsarisingin practicearede nite ones.Zeilbeger's creatve tele-
scoping'(1990)dissohedthis limitation. Sincethensymbolicsummatiorhasturnedinto an active subareaf computer
algebraonits own.

Thistalk presents surwey onalgorithmsandmethodsalonga historicalchainof missedopportunities.

The rst talk of the computeralgebrasessionby Geoge Andrews focuseson the role computeralgebratools play in
discovery. The primary objectof this secondalk of the sessioris to introduceto someof the mathematicaldeaswhich
make the algorithmic machinerywork. lllustrative examples(e.g., hypegeometricsumsand multiple-sums,g-series,
harmonicnumberidentities)shouldwhetone's appetiteto attendthe softwarepresentatiorn the afternoon.

10:50am Discussion

11:00am CoffeeBreak ReceptiorROomEE/CS3-176

11:30am Doron Zeilberger The GeneraFutureof SpecialFunctions
RutgersUniversity

Abstract | will surwey the basicconceptsuilding up to the holonomicsystemsapproacho specialfunctionsidentities,
andprovide anoutlookon future prospectresanddevelopments.

12:20pm Discussion

12:30pm Lunch Break



2:00pm Otmar Scherzer Caseexamplesof SpecialFunctionsin AnalysisandNu-
Universityof Innsbruck merics

Abstiact Specialfunctionsplay a signi cant role in modernnumericalmethods.In particularwaveletfunctionsbecame
a key technologyin scienti ¢ computingfor solving partial differentialequationsvia a nite elementansatzor boundary
integral methods. Thesemethodscan be implementedef ciently using multi-scalepropertiesof wavelets. Moreover,

wavelets can be designedwith computeralgebramethodsto optimally approximatethe desiredsolution with a small

numberof waveletansatZunctions. Similar ideasareutilized to constructef cient methodgor the numericalsolutionof

ordinarydifferentialequations.

It is afactthatsummatiorplaysanimportantrole in proving existenceof solutionsof nonlinearpartial differentialequa-
tions, in particularnonlinearsemi-grouptheory We summarizethe role of specialfunctiontechniqueslike summation
andgeneratingunctions,from thefundamentapaperof CrandallandLiggettfor proving existenceof nonlinearparabolic
partialdifferentialequations.

Finally we presentwo examples,a variationalproblemandan inverseproblem,wherewe usedsphericalharmonicsto
reducethe originally higherdimensionalproblemsto one dimensionalproblems. We were experimentingwith ef cient
nite elementsoftwareto solve the higherdimensionalvariationalproblem. With this softwarewe wereableto nd a
qualitatively correctsolution- however quantitatvely it waswrong. For symmetrictestcasesusingsphericalharmonics
we wereableto calculatethe solutionanalyticallyandwereableto rescalehe higherdimensionaproblemin orderto get
aqualitatively correctsolutionwith the nite elementcode.

2:50pm Discussion

3:00pm CoffeeBreak ReceptiorRoOomEE/CS3-176

3:30pm Frédéric Chyzak Mgfun, a Maple Packagefor Symbolic Summationand
INRIA Integration of SpecialFunctionsand CombinatorialSe-

quences

Abstract A large classof specialfunctionsand combinatorialsequencesghat are implicitly representedby systemsof

linearfunctionalequationss amenabldéo computeralgebramethods.The classenjoys mary closurepropertieghathave

recentlybeenturnedinto algorithms,now implementedn the Maple packageMgfun. The presentatiorireatsconcrete
exampleswith ourimplementationApplicationsincludethe evaluationof parametrizedie nite integralsandsums series
andasymptoticexpansionsandthe automatigoroof of identities.

Relatedink: http://algo.inria.fr/chyzak/mgf.html

4:00pm Christian Krattenthaler HYP andHYPQ
UniversitatWien

Abstract | shalldemonstrat¢he mainfeaturesof the Mathematicgpackage$lYP andHYPQ, which aredesignedor con-
venientmanipulatiorof binomialandg-binomialsums,andhypeigeometri@andbasichypeigeometricseries.In particular
the packagesontainan extensve built-in list of summatiorandtransformatiorformulasfor theseseries.

Thepackagesanbedownloadedat
http://wwwmat.unvie.ac.atkratt/hyphypg/hyp.html

4:30pm Axel Riese ComputerProofsof HypergeometricSummationldenti-
J.KeplerUniversity, Linz tiesandPartition Analysis

Abstract We demonstratdMathematicgpackageselatedto specialfunctions. The rst part dealswith hypeigeometric
summationWe shav how Zeilbemer'salgorithmcanbe usedto automaticallyprove singlesummatioridentities. Further
more,we presentanalgorithmwhich generalizesndimprovesSisterCeline's techniquefor proving multiple summation
identities.For bothalgorithmswe have worked out g-analogues.

10



Thesecondartis devotedto MacMahons Partition Analysis,a methodfor solvingproblemsrelatedto lineardiophantine
equationsandinequalities.Togethemwith Geoige Andrews, who hasalgorithmizedthis method,andPeterPaulewe have
developedthe Omegapackagewhich will bedemonstratetly meanf severalexamples.

Ourpackagesrefreelyavailablefor non-commercialisersseehttp://www.risc.uni-linz.ac.at/researchizinat/risc/sofware/.

5:00pm Panel Discussion

Thursday, July 25

All talks arein Lecture Hall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptiorROOmMEE/CS3-176

Theme: Algebraic Methods: Lie Groups,Quantum Groups,Quasi-exactlySolvable Methods

9:00am Arieh Iserles Lie groupmethoddor highly oscillatorydifferentialequa-
University of Cambridge tions

9:50am Discussion

10:00am Tom H. Koornwinder AlgebraicmethodsLie groups,quantumgroups

Universiteitvan Amsterdam

Abstract In the Batemarproject,specialfunctionsin connectiorwith grouptheoryonly gured in the (excellent)chapter
11 onsphericaharmonics Whenthis projectwasundervay, some fty yearsago,morewasalreadyknown aboutspecial
functionsarisingin grouprepresentationsln particular the pioneeringwork of Wigner hasbeenimportant. Sincethen
therehasbeenan increasinginteractionbetweenspecialfunctionsand group representatiotheory The pro ts of this
interactionfor specialfuntion theorywerea new way of systematizinghe theory new conceptuaproofsof old results,
new resultsfor known specialfunctions,andtheintroductionof completelynew classe®f specialfunctions.Onthe other
hand,in grouprepresentatiotheoryandin harmonicanalysisongroups(in particularoncompacsemisimpleLie groups)
certainresultsessentiallyusedhard analytic factsaboutspecialfuntions occurringin that context. Applicationsof the
interactionbetweenspecialfunctionsandgrouptheoryweremadein particularin physics(for instanceClebsch-Gordan
coefcients), while corverselyphysicalmotivationoftenled to new examplesof thisinteraction.

Until thelate eighties the developmenbf this interactionwentalongtwo tracts.A tractstartedby Wignerandvigorously
extendedoy Vilenkin studiedmatrix elementf grouprepresentationasspecialfunctions.A specialkcaseof thisapproach
focusedon sphericafunctions. This wasa sourceof productformulasandadditionformulas,seework by, amongothers,
Koornwinder D. StantonDunkl. A spin-of wastheideaof specialfunctionsassociatedvith root systemswhich led to
the Heckman-Opdarhypeigeometridunctions,the Dunkl operatorsandthe Macdonaldpolynomials.

A secondract, having earlierrootsbut broughtto full maturity by W. Miller Jr., startedwith afamily of specialfunctions
anddifferential-diferenceoperatorassociatesvih them. TheoperatorgeneratalLie algebraandhencealocalLie group.
This againnaturallyimpliesmary formulasfor the specialfunctionsonestartedwith, for instancegeneratingunctions.In
laterwork, Miller focusedon symmetryaspect®f separatiorof variables.

The introductionof quantumgroupsduring the eightieshad an enormousimpact on the theory of -specialfunctions
which, alittle earlierhadgot a new dynamicsby, amongothers,the discovery of Askey-Wilson polynomials. While -

specialfunctions,until then,only werefoundto live on p-adicgroupsandChevalley groups.they now got a very natural
settingon quantumgroups. To someextent, everythingwhich hadbeendoneearlierfor specialfunctionsin connection
with Lie groupscouldnow berepeatedn the -caseput moreexciting phenomenaveremetbecauséhe -universeis not
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justadull parallelof the classicaluniverse but oneobjectin the -universecancorrespondo differentclassicalobjects,
andcorversely

DuringtheninetiesMacdonaldoolynomialsandKoornwindersextensionof themfoundtheir settingin the quantunworld
in variousquite differentways. Much impacthad Cheredniks interpretationof Macdonaldpolynomialsin the context of
afne Hecle algebrasRepresentatiotheoryof (af ne) Hecke algebrasandharmonicanalysisonthembecamémportant
for speciafunctiontheory

Importantrecentdevelopmentsinvolve representatiortheory of honcompacijuantumgroups,the study of dynamical
quantumgroups.andwork on elliptic quantumgroups.

10:50am Discussion

11:00am CoffeeBreak ReceptiorROOomEE/CS3-176

11:30am Alexander Turbiner AlgebraicApproachesQuasi-Exactly-SolableProblems
NationalUniversity of Mexico (Lie-algebraicheoryof polynomialsolutionsof differen-

tial and nite-dif ferencdinearequations)

Abstiact Lie-algebraictheoryof polynomialsolutionsof differentialand nite-dif ferencelinear equationss presented.
It is basedon anobsenationthatarny known polynomialsolutioncanbeidenti ed with anelementof nite-dimensional
representatiospaceof aLie algebradifferential( nite-dif ference)operatorsThereareno counterexamplessofar. Three
typesof linear operatorsare studied: (i) differential , (i) nite-dif ference on uniform lattice, where
and (iii) nite-dif ference on exponentiallattice, where _

discreteor Jacksorderivative. Operatoradmittingpolynomialeigenfunctiongrenaturallydividedin two classeshaving
a nite numberof polynomialeigenfunctiongwe call theseoperatorgjuasi-eactly-solvablg@ andhaving in nitely-many
polynomialeigenfunctiongwe call theseoperatorsxactly- solvablg. Thus,thetheoryof polynomialsolutionsis related
to therepresentatiotheoryof Lie algebraf differential( nite-dif ferenceoperators).

A completeclassi cation of one-dimensionatlifferentialand nite-dif ferencelinear equationsadmitting polynomial so-

lutions is given in termsof the algebra realizedin action on the line (quasi-&actly-sohable case)andits Borel

subalgebra (exactly-sohablecase).In particular it is shavn thatfor the 2nd orderdifferentialequationsthe

Heunequatioris theonly equatiorwhich canpossesaite numberof polynomialsolutions(i), while thehypeigeometrical
equationis the mostgeneralpossessinghe in nitely-many polynomialsolutions(ii). In turn, the Hahnpolynomialsare
themostgeneralpolynomialeigenfunctionemegedfrom the three-pointdifferenceoperatorson uniformlattice.

It is demonstratethougha completeclassi cationof multi-dimensionaHifferentialand nite-dif ferencelinearequations
admittingpolynomialsolutionsis absenthe presentapproachprovideswealthof non-trivial casegelatedto thealgebras

etc realizedby differential ( nite-dif ference)operatorsand having nite-dimensional
representatlonsto -dimensionataseis studiedin details.It is shavn thatso-calledKrall-Shefer classi cationis avery
particulardegenerateaseof Lie-algebraicapproach.

12:20pm Discussion

12:30pm Lunch Break

Theme: Applications in the Physical Sciences:Quantum Mechanics,Completely Integrable Systems

2:00pm Alexander Its IntegrableSystemsandintegrability
Indiana University- Purdue University
Indianapolis
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Abstiact Thegoalof thistalk is twofold. The rst andthemainobjectiveis to presenanoverview of themoderntheoryof
integrablesystems . Thetheorywasoriginatedin the remarkablevork of Gardner Green Kruskal,andMiura of 19670n
theKorteweg-deVries equation.Sincethenit hasgraduallytransformednto a subjectwhich couldbecalledthenonlinear
specialfunctionsandwhich overlapsnow with mary areaghathave neverbeenconsideredeforeas“integrablesystems.

Thefocusof thetalk will beontheanalyticaspect®f thetheoryof integrablesystemsepresentedy its principalanalytic
ingredient theRiemann-Hilbermethod.We will arguethatthemethodcanbethoughtof asa non-commutatieanalogof
the methodof contourintegral representationsipplicationsof the Riemann-Hilbertechniqueto the asymptoticanalysis
of thePainlevé transcendent#cludingrigorousderivationof therelevantconnectiorformulae will bediscussedh detail.

The secondbbjective of thelectureis, to a certainextent, of a speculatie nature.We will try to usethe maintopic asan
opportunityto re ect on the very notion of “integrability.” In fact, we shalltry to go beyond the classicalde nitions of

integrability in the senseof Liouville andFrobenius.An idealgoalwould be arigorousunderstandingf suchcommonly
usedtermsas*“explicit solution? “exactformula; etc. Most certainlywe are,atthemomentyveryfarfrom evenarigorous
formulation of the question. Still, somerelevant obsenationstoward the goal mentionedcanbe made,andwe will try

to do sowhendiscussinghe recentapplicationsof the Riemann-Hilberimethodin matrix models,specialfunctionsand
combinatorics.

2:50pm Discussion

3:00pm CoffeeBreak ReceptiorROOmEE/CS3-176

3:30pm Pavel Bleher Double scalinglimits in randommatrix modelsand or-
Indiana University- Purdue University thogonalpolynomials:Riemann-Hilbergpproach
Indianapolis

4:20pm Panel Discussion

6:00pm Workshop Dinner Banglok Thai Restaurant

42513thAve. SE
Minneapolis MN

Friday, July 26

All talks arein Lecture Hall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptiorROOmEE/CS3-176

Theme: Orthogonal Polynomials

9:00am Richard Askey OrthogonalPolynomialsn OneVariable
University of Wisconsin

Abstract The classicalorthogonalpolynomialsin one variable are fairly well understood. However, when theseare
extendedto morethan one variable,no one knows how mary differentwaysthis canbe done,and how explicitly the
polynomialscanbe found. Therewill bethreetalks on orthogonalpolynomials. The rst will dealwith the way some
of the classicalpolynomialsarisein quantumangularmomentumandits g-analogue The 3j symbolscanbe transformed
into two differentsetsof orthogonalpolynomials,the 6j symbolsinto a setof orthogonalpolynomials. In all of these
caseghereareonly nitely mary polynomialsandthe naturalorthogonalityrelationis a discretesum. Eachof these
setsof polynomialsbecomes setof orthogonalpolynomialswith respecto anabsolutelycontinuousneasuravhenthe
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parameterarechangedIt hasbeenshown thatthe 9j symbolsareorthogonalpolynomialsin two variablesandtheweight
function hasrecentlybeendiscorered. However, therestill is no explicit representationvhich canbe usedto malke the
polynomialcharacteobvious. It is likely thatthe obvious analyticcontinuationof the discreteorthogonalitywill give the
measuravhenparameterfiave beenchangedbut this hasnotyet beenshown.

9:50am Discussion
10:00am CoffeeBreak ReceptiorROOomEE/CS3-176
10:30am CharlesF. Dunkl OrthogonalPolynomialson the Sphere

Universityof Virginia

Abstract The Dirichlet problemfor the sphererequiresthe determinationof a function harmonicin the interior with
speci edboundarywalues.Oneapproacho thesolutionis to expandtheboundaryaluesasaseriesof sphericaharmonics.
Thesearetherestrictionsof harmonichomogeneoupolynomialsto the surface. Otherpartial differentialequationswith
sphericalsymmetrycan be solved by using sphericalharmonics,for examplethe eld of a point chaige in a hollow
sphere,or the wave function of an electronsubjectto a Coulombpotential. The classicalorthogonalpolynomialsof
the Legendre,Gegenbauerand Jacobifamilies appearin speci ¢ formulae for the harmonics. In the 60's and 70's it
becameapparenthat harmonicanalysis,thatis, the study of functionson which thereare group actions,hasa natural
settingon the sphere. Perhapshe rst importantresultwasto realize Gegenbauepolynomialsas sphericalfunctions
on the sphereasa homogeneouspaceof the rotationgroup . Sofor a certainperiod of time the emphasisvas
on decomposinghe spaceof sphericalharmonicsof a given degreeaccordingto the actionof parabolicsubgroupdike
and . This provideda settingandelegantproofsfor productformulaeandaddition
theorems.Evenin thosetimesthe importanceof nite symmetrygroupswasalreadymanifest. In orderto analyzethe
wave functionsof electrondn moleculeswith a crystalstructureit is necessaryo usethestructureof sphericaharmonics
invariantunderthe symmetrypoint groupof the crystal. Laterit wasrealizedthat nite re ection groupsandroot systems
are more fundamentakhanthe rotation group. Gegenbaueiand Jacobipolynomialsappearasthe sphericalharmonics
associatedo re ection groupsof rank1 or 2. Now we have larger classe®f weightfunctionsonthe sphere Theclassical
theoryof sphericalharmonicscanbe taken over to weight functionsconsistingof productsof powersof linearfunctions
invariantunderare ection group.In the pastwe usedtheideaof irreducibleunitaryrepresentation® produceorthogonal
decompositionsyowvadaysve construccommutatve algebra®f self-adjointoperatorsvhosesimultaneougigenfunctions
are the orthogonalpolynomialswe wish to study This is completelysuccessfufor the weight function consistingof
powersof the coordinategfunctions,andgivesa nice basisof productsof ordinaryJacobipolynomials.lt is amoredif cult
matterto nd baseof polynomialswith, for example hyperoctahedrahvariance A novel basisfor symmetricfunctionsis
introducedo solvethis problem;althoughthe obtainedbasisis notorthogonalve can nd theinnerproductsandexplicitly
computethe determinanbf the Grammatrix. The harderproblemof sphericalharmonicsassociatedo Calogero-Moser

problemswill be discussedn connectionwith the by now well-developedtheory of symmetricand nonsymmetriclack
polynomials.

11:20am Discussion
Theme: Statistics
1:30pm Donald Richards Computerandspeciafunctionsin multivariatestatistical
Universityof Virginia analysis

Abstract In this talk, which is basedon joint work with Richard McFarland, we shall study two classicalproblems
in multivariate statisticalanalysisof discriminantanalysisand of missingdataanalysis. In eachof theseproblemsit
is anold and dif cult questionto evaluatethe exact probability distribution of certainmaximumlik elihood estimators
underthe assumptiorof x edsamplesizes.Usingthetheoryof Besselandcon uent hypegeometridunctionsof matrix
argumentwe rst shav thattheprobabilitydistributionsof thesemaximumlik elihoodestimator€anbedescribedn terms
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of algebraicfunctionsof classicalrandomvariables. Using thesealgebraicfunctionswe thenapply direct Monte Carlo
simulationto evaluatethe probability distributionsof the maximumlik elihoodestimators.

2:20pm Discussion

2:30pm CoffeeBreak ReceptiorROomEE/CS3-176

3:00pm Ingram Olkin InterfaceBetweenStatisticsandSpecialFunctions
StanfordUniversity

Abstract Thereis a long history of statisticalproblemsthat serned to motivateresearchn linear algebra,in numerical
methodsandin specialfunctions. We herefocuson topicsarisingfom multivariateanalysis:extremal problems multi-
variateintegralsanddistributions,totally positive functions,andeigervalueproblems.

3:50pm Discussion

4:00pm Panel Discussion

Monday, July 29

All talks arein Lecture Hall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptiorROOmMEE/CS3-176

Theme: Numerical Methods: Orthogonal Polynomials

9:00am Walter Gautschi OrthogonalPolynomialg(in Matlab)
PurdueUniversity

Abstract Thiswill bea surey talk on numericalmethodsdevelopedin thelast30 yearsor sofor computingorthogonal
polynomialsandrelatedproblems.

9:50am Discussion

10:00am CoffeeBreak ReceptiorRoOomEE/CS3-176

Theme: Numerical Methods: General SpecialFunctions, Software

10:30am Nico M. Temme Numericsof SpecialFunctions
CWI, Amsterdam

Abstract Thefollowing topicswill bediscussed:
Literature

Somesimpleexperiences
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Numericalaspects

Insightin functionbehaior, selectinganalyticaltools

Selectingnumericalmethodsstability of the algorithms

Ef ciency of thealgorithms,under ow, over ow, scaling;testing

High quality software
Numericalmethods

— Power seriesasymptoticseriesyecursionsdifferenceequations
— Chebyshe expansionscontinuedfractions,differentialequations
— Quadrature(Gausstrapezoidaluniform asymptoticexpansions
— RationalapproximationsPadcé, Chebyshe sense

— Corvergenceacceleration

Why is new softwareneeded?Vhathasto bedone?
New approaches

Presenproject: examplesof ongoingresearchtogethemwith AmparoGil andJavier Segura)

11:20am Discussion

11:30pm Lunch Break

1:30pm Oleg Marichev www.functions.volfram.com- The web's mostcompre-
Wolfram Researchinc. hensve siteaboutspecialfunctions

Abstract At the MathematicaFunctionswebsite we have a collectionof mostof the known formulasfor practicallyall
mathematicalunctions.lt is organizedn suchaway asto allow for expansiongitation,searchingcorversionof formulas,
andsubstantiatomputersupportfrom the Mathematicasystem.

Currently(June2002)thesiteincludesmorethan37,300formulasfor theapproximatel\250elementaryandspecialfunc-

tionsthatareavailablein (Mathematicalt is alreadythe biggestonline collectionof formulaspresentedh differentformat
types( notebooksHTML, andPDF). The site alsohasa well-developed,uni ed structure;in particular the organization
of mathematicalles andprogrammingsolutionsallows for semiautomatiapdatingand citation of formulas. The site

containghousand®f new or adapted-tdMathematicgormulasfor elementaryandclassicakpecialfunctions.

In thistalk we will outlinesomeof thematerialatthe MathematicaFunctionssiteandalsodiscusshow it wasputtogether
Jointwork with Michael Trott.

2:00pm Edgardo S.Cheb-Terrab Specialfunctions& Maple
SimonFraselUniversity

Abstiact A e xible corversionfacility in the mathematicalanguagéds asimportantasa dictionaryin spolenlanguages.
Suchatool is implementedn the Maple systemasa net of corversionroutinesaiming at expressingary mathematical
functionin termsof anotherone,wheneerthatis possibleasa nite sumof terms.Whenthe parametersf the functions
being corverteddependon symbolsin a rational manney any assumption®n thesesymbols— e.g. madewith the

“assuming’facility — aretakeninto accountatthetime of performingthe corversions.

Most specialfunctionsalsoariseassolutionsto somedifferentialequations ODEsor PDE- of linearandnon-lineartype,
polynomialin the unknovnsandtheir derivatives. This polynomialdifferentialrepresentationf a mathematicafunction
is the startingpoint for establishinghe function's properties By composingunctionswith themseles,arbitrarypowers,
additionsand productsone obtainsratherarbitrary non-polynomialobjectswhich canalsobe representedh differential
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(typically non-linear)polynomialform. The routinesbeingpresentectan constructthesedifferentialpolynomial repre-
sentationsn generalmakingpossiblethe computatiorof subtleidentities,the solving of non-polynomial(possiblynon)
differential systemsausingtechniquedor differentialpolynomialones,etc. This tool is at the root of the currentMaple
PDE systemsolver.

Finally, therequirementoncerningnathematicafunctionsis not merelycomputationaltypically, oneneedsnformation
on establisheddentities,alternatie de nitions andmathematicapropertiesn general We usuallylook for thatinforma-
tionin handbookdik e Abramawitz & Stegun. Part of this informationis alreadyfoundin internalMaple subroutinesThis
motivatestheideaof a“function wizard” project,whosemainpurposés to provide accesso eachpieceof thisinformation
througha simpleinterface,includingthe goalof makingtheinformationcomplete .Sucha “computeralgebrahandboolof
mathematicalunctions”— aconceptloseto thatof alive functionwizard— is anongoingprojectexpectedo supercede
textbooksat somemoment,in thatit canrespondo requestdy processingvhatever (growing numberof) mathematical
informationusing(a growing numberof) mathematicailgorithms.

2:30pm CoffeeBreak ReceptiorROOmEE/CS3-176
3:00pm Cleve Moler The MathWbrks Inc. Special Functionsin MATLAB
TheMathWorksInc. Whatdo we have andwhatarewe missing?

Abstiact Currentversionsof MATLAB providealimited numberof specialfunctions.Most of thespecialfunctionlibrary
is basedon old Fortrancodesby Cody and Amos. The connectionthroughthe Symbolic Toolbox to Maple providesa
richer setof functions,but this is availableto only a fractionof MATLAB users.Whatotherfunctionsshouldwe provide
in MATLAB itself, andhow shouldwe provide them?

3:30pm Panel Discussion
7:00—- Informal Software Presentations 400Lind Hall
8:00pm

Simultaneoupresentationby F. Chyzak(Mgfun), T. Koornwinder(contiguous2fR. Vidunas)),C. Krattenthale(HYP
& HYP), O. Maricher (Mathematica)C. Regenslirger (wavelets),A. Riese(  Multisum +( ) Zeil + Omega), C.
SchneidefSigma),A. Sills (  tools)

| Tuesday July 30 |

All talks arein Lecture Hall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptiorROOmMEE/CS3-176

Theme: Zeta Functions and Random Matrices

9:00am Andrew M. Odlyzko ZetaFunctions
Universityof Minnesota

Abstract The RiemannHypothesis,which predictsthat all non-trivial zerosof the Riemannzetafunction lie on the
critical line, is the mostfamousunsohed problemin mathematicsMost of theinterestin this function hasthereforebeen
concentratednthe zeros,andthelatestresultsin this areawill be surveyed. However, thezetafunction,andmoregeneral
classe®f zetafunctions,alsohase mary otherinterestingpropertiesasspecialfunctionsof mathematicsandsomeof the
moreinterestingoneswill bediscussed.

9:50am Discussion
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10:30am Peter A. Clarkson The Painleve equations nonlinearspecialfunctions
Universityof Kentat Canterlory

Abstract Thesix Painleve equationgPI-PVI) were rst derivedaroundthe beginning of the twentiethcenturyby inves-
tigation by Painleve, Gambierandtheir colleaguesn a study of nonlinearsecond-ordeordinary differentialequations.
Therehasbeenconsiderablénterestin Painleve equation®verthelastfew yearsprimarily dueto thefactthatthey ariseas
reductionsof solitonequationsolvableby inversescattering.Further the Painleve equationsareregardedascompletely
integrable equationsand possessolutionswhich can be expressedn termsof the solutionslinear integral equations.
Although rst discoveredfrom strictly mathematicatonsiderationsthe Painleve equationshave appearedn variousof
severalimportantapplicationsncluding statisticalmechanicsrandommatrices,plasmaphysics,nonlinearwaves, quan-
tum gravity, quantumeld theory generarelativity, nonlinearopticsand bre optics.

The Painleve equationamay also be thoughtof asnonlinearanalogue®f the classicalspecialfunctionssuchas Bessel
functions. Their generalsolutionsaretranscendentah the sensethatthey cannotbe expressedn termsof previously
known functions.However, for specialvaluesof theparametersRll -PVI possessationalsolutionsandsolutionsexpress-
ible in termsof speciaffunctions.For example thereexist specialsolutionsof Pll —PVI thatareexpressedn termsof Airy,

Bessel,paraboliccylinder, Whittaker and hypeigeometricfunctions, respectiely. Furtherthe Painleve equationsadmit
symmetriesinderaf ne Weyl groupswhich arerelatedto the associate@acklundtransformations.

In this talk | shall give an overview of someof plethoraof remarkablepropertieswhich the Painleve equationgpossess
(includingconnectiorformulae Backlundtransformationsassociatediscreteequationsndhierarchie®f exactsolutions)
andsomeof theirapplications.

11:20am Discussion
11:30pm Lunch Break
Theme: Elliptic Functions
1:30pm Peter L. Walker Theelliptic functionsof JacobiandWeierstrass

AmericanUniversityof Sharjah

Abstiact Thetalk will describethe Jacobiarand Weierstrassiafiamiliesof elliptic functions. The emphasiwill be on
points of view which have recentlybecomeimportant,new resultswhich have cometo light asa resultof the DLMF
project,andgraphicalrepresentations.

2:20pm Discussion
2:30pm William P. Reinhardt New andold additiontheoremsandLandenidentitiesfor
Universityof Washington Seattle Jacobiarelliptic functions: do theseindeedgive rise to

“novel” solutionsfor non-linearPDEs?

Abstract The algebraof addition formulaefor thetaand Jacobiarelliptic functionsis indeedprofuseand bewildering

in their notationsand multivariousforms. Khareand Sukhatmenhave recentlyintroducedscoresof identitiesfor sumsof

Jacobifunctionswith algumentsz, augmnetedby additionof 2(i-1)K/p, K beingthe”quarterperiod”whichis acomplete
elliptic integral of the rst kind, andi =3D 1,2,3,...p.They have investigate runningfrom 2 to 9. Smallvaluesof p give

well known results Jargervaluesleadto resultswhich seemnotto have beennotedbefore. They have subsequentijound

expansiondor singleJacobifunctionsin termsof sumsof repetitionsof the samefunctionwith differeingmoduli (Landen
typeidentities),alsowith agrumentspacedlongthe sameseriesz+ 2(i-1)K/p.

Whatarewe to make of thesenew identities,which werediscoveredby Khareand SukhatmegRef. 1 below) in " nding
new solutionclasses’for non-linearequationssuchasthe KDV equation?A rst clueis thatthese’new” solutionsof the
KDV equationhave beennow found, by the presentauthor to actuallybe well expressedn termsof old andwell known
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solutionsthroughyet anotherapparentiynovel setof Landentypeidentities, this time involving relationsbetweersquares
of the Jacobiarfunctions.

We will attemptto draw all of this togetherin a mannersuitablefor electronicpresentationi.e. whatis real, novel, and
of permanentvalue,andwhich partsof this canbe systematizedn a usefulmanner?We alsoattemptto draw out their
connectiongo work of theancientsnamelywhatis their relationshipto the cubicandquarticcurve invariantsof Abel and
Weierstrasswhich provide geometricunderpinningso the original additiontheorems?

Ref1: A. KhareandU. Sukhatmel inear Superpostiornn NonlinearEquationsPhys. Rev. Letts. 88,244101(Junel?,
2002).

3:20pm Discussion
3:30pm CoffeeBreak ReceptiorROomEE/CS3-176
4:00pm Vyacheslas P. Spiridonov Elliptic Hypergeometrid=unctions
Joint Institute for Nuclear Research,
Russia

Abstract This is a brief qualitative review of the historical origins, generalstructure existing applicationsand possible
future developmentof thetheoryof hypeigeometridype seriesbuilt out of the Jacobithetafunctions.

Topicsto be mentioned ConnectiondetweerBarnesmultiple gamma, -gammaandelliptic gammafunctions. General
structureof the plain and basichypeigeometricfunctionsvia ratios of sequentiakeriescoefcients andits Jacobitheta
functionsgeneralizationElliptic functionsoriginsof thenotionsof balancingwell-poisednessandvery-well-poisedness
for hypelgeometridype series.Modulargroupinvariance.Contiguougelationsfor a terminatingvery-well-poised

elliptic hypegeometricseries.Frenlel-Turaer identities(elliptic extensionof theterminatingJackson ~ sumandBai-
ley transformation). The elliptic betaintegral (an elliptic extensionof the Askey-Wilson and Nassrallah-Rahman
integrals). Elliptic analogue®f the Wilson (discrete)and Rahman(continuous)families of biorthogonalrational func-
tions. A non-rationalfunctionsgeneralizatiorand two-index biorthogonality An elliptic extensionof the Ramanujan-
Watson-Gupta-Massarontinuedfraction. Multivariablespeciafunctions(elliptic Selbeg integralsandsomesummation
formulae).Work in progressandsomefurtherpossibledevelopments.

(A partof theauthorsresultsto be presenteavasobtainedn collaboratiorwith J.F vanDiejenandA.S. Zhedane.)

4:50pm Discussion

5:00pm Panel Discussion

WednesdayJuly 31

All talks arein Lecture Hall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptiorROOmMEE/CS3-176

Theme: Mathieu, Lamé, and Spheroidal Wave Functions

9:00am HansW. Volkmer Mathieu,Lamé and SpheroidaWave Functions
University of Wisconsin
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Abstiact Thetalk will presentsomeold and new resultson Mathieu, Lamé and spheroidalwave functions. Therewill
alsobe someremarksof the spealer on his experiencevhenwriting the DLMF chaptersonthe Laméandspheroidaivave
functions.All threeclasse®f “highertranscendentdlinctions”havein commonthatthey appeain the procesf solving
thewave or Laplaceequationby the methodof separatiorof variablesn elliptic coordinatesystems.

TheclassicaMathieufunctionsarethe solutionsof the differentialequation

1)
thathave period . They only exist whentheparameters lie on certaineigencures.We will discusghecomputa-
tion of theseeigencuresaswell aspropertieof theeigencureswhen and arecomple.

TheclassicalLamé functionsarethe solutionsof the differentialequation

)

that have period . Thesesolution exist only if the parameters lie on certaineigensuraces. We will be

concernedvith computationaproblemsandthe problemof normalizationof the eigenfunctionslf time permitswe will
alsoreview somenewer resultson integral relationsandexpansiortheoremdor Lamé functions.

Theclassicakpheroidalvave functionsarethe solutionsof the differentialequation
— 3

thatstayboundedntheinterval . Forevery x ed , theeigervalues arefunctionsof . We will mentionsome
symboliccomputation®n the asymptoticof spheroidalwave functionsandthe applicationof spheroidalvave functions
to signalanalysis.

9:50am Discussion

10:00am CoffeeBreak ReceptiorROomEE/CS3-176

Theme: Digital Library Infrastructur efor Mathematical DL's: Display and Manipulation, Meta Data, Searching

10:30am Andrew M. Odlyzko Thenew (andof necessitydigital) librariesfor mathemat-
Universityof Minnesota ics

Abstiact Traditionaljournals,eventhoseavailableelectronically arechangingslowly. However, thereis rapid evolution

in scholarlycommunication.Usageis moving to electronicformats. In someareasjt appearghatelectronicversionsof

papersarebeingreadaboutasoften asthe printedjournal versions.Although thereare seriousdif culties in comparing
gures from differentmedia,the growth ratesin usageof electronicscholarlyinformation are sufciently high that if

they continuefor afew years,therewill be no doubtthat print versionswill be eclipsed.Further muchof the electronic
informationthatis accesse@ outsidethe formal scholarlypublicationprocessThereis alsovigorousgrowth in forms of

electroniccommunicatiorthattake advantageof the uniquecapabilitiesof the Web, andwhich simply do not t into the
traditionaljournal publishingformat.

This lecturewill presentsomestatisticson usageof print and electronicinformation. It will alsodiscusssomeprelim-

inary evidenceaboutthe changingpatternsof usage.It appearghat muchof the online usagecomesfrom new readers
(esotericresearctpapersassignedn undegraduateclassesfor example)andoftenfrom placesthatdo nothave accesgo

print journals. Also, the reactionsto evenslight barriersto usagesuggesthat even high quality scholarlypapersare not

irreplaceableReaderarefacedwith a“ri ver of knowledge”thatallows themto selectamonga multitudeof sourcesand

to nd nearsubstitutesvhennecessaryTo stayrelevant,scholarspublishersandlibrarianswill have to make evenlarger

effortsto make their materialeasilyaccessible.

11:20am Discussion
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11:30pm Lunch Break

1:30pm Abdou Youssef SearchSystemdor MathematicaEquations
The Geoge WashingtoriJniversity

Abstract To processand disseminatdechnicalknowledgemore effectively, efforts are undervay worldwide to create
and codify Web-accessibleligital libraries of mathematicatontents. Notableexamplesinclude the Digital Library of

MathematicaFunctions(DLMF) projectat the NationalInstitute of Standardsind Technology(NIST), andthe markup
languagedvathML and OpenMath.To bene t from suchdigital libraries, usersshouldto be ableto searchnot only for

text, but alsofor equationsandothermathconstructs.

Searchingcan be divided into threebroadclasseof increasingcompleity: (1) keyword based,(2) structural,and (3)
semantic.Text searchtechnologyhasmaturedat the keyword level, hasmadesigni cant progressat the structurallevel
(phraseandcontiguity searchand XML-basedsearchof structureddocuments)andis startingto pushtowardssemantic
search.

Applying text searchtechnologyto math searchof equationsand other math construct§acesseriousproblems,even at
the keyword andstructurallevels. The rst problemis thatmathematicatontentsoften involve symbols,asin P_n(x)
andd™2y/dx"2-x=0 , that are misinterpretedor unrecognizedy text searchsystems. The secondproblemis that
mathematicalexpressionshave rich structureswhose semanticsare undetectedoy text searchsystem. For example,
sin(x + log x) isnodifferentto atext searchsystemthansin x + log x,andx (y + z) ismisinterpreted
asx y + z,if interpretedatall. Thethird problemis mathematicabquivalence(*synonyms”). A sumor a productof
severaltermscanbe expressedn mary equivalentways; numberscanbe representedth multiple forms(e.g.,1/2vs. 0.5
VS. ); polynomialscanbe expressedn mary factoredand unfactoredforms; andso on. Standardhesaurus-based
approache text searcharenot adequatdor searchingor mathematicallyequivalentforms. The fourth problemis the
issueof levelsof abstractiorin mathematicatontentsandqueries.Shouldnota documentontaining matchaquery
“ ", oradocumentontaining matchaquery*” "? The fth problemis thatof notationalambiguity
in mathematicsls  theproduct orthedifferential ?1s theproduct orthefunction applied
at ? Markuplanguageganeliminateambiguityin the databaseontentsput notin users'queries.

In this talk, we will discusghe efforts andapproachesor addressinghoseproblemsand,generally for developingmath
searchtechniquesndsystemsAt thekeyword andstructurallevelsof mathsearchtwo methodologicastrateyieswill be
covered.The rst istheevolutionarystratey of building amathsearchengineontop of atext searctengineandtranslating
mathcontentgincluding the symbolicandthe structural)in the databas@ndin queriesinto textual counterpartgor text

search.The secondstratey is to develop new schemedo index equationsandstructureddirectly, using parsetreesand
possiblyothermodels,to increasehe precisionof searching.Commonto both stratgiesis the necessityof an effective

andeasy-to-usénterfacefor enteringandeditingmathqueries.The mathsearchsystembeingdevelopedat NIST for the
DLMF projectwill seneasanillustrative focus.

Thetalk will alsocover pertinentaspect®f the actiities, projects,andproductsthatarerelatedto, or have impactupon,
mathsearch Thesencludemathmarkuplanguageg¢OpenMathMathMI, OMDOC), mathontologiesandmetadatagnath
languages/editoriEzMath, MathType, MathWriter, etc.), Math on the Web (MathWeb, MONET, the EspritProject),and
industrysupport.

2:20pm Discussion

2:30pm CoffeeBreak ReceptiorROOmMEE/CS3-176

3:00pm Patrick lon Mathematiconthe Web
Math Reviews

3:50pm Discussion
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4:00pm Panel Discussion

Thursday, August 1

All talks arein Lecture Hall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptiorROOmEE/CS3-176

Theme: Digital Library Infrastructur efor Mathematical DL's: Display and Manipulation, Meta Data, Searching
(continued)

9:00am Bruce R. Miller Representatiordisplayandmanipulationof mathematics
NIST ontheWeb

Abstract Earlierin this workshop,we will have seenhow MATHML providesa meansto display mathematicon the
weh We will have heardaboutautomaticveri cation of specialfunctionidentitiesusingcomputeralgebraandtheorem
proving software. TeX (andXTeX) setsthe standardor quality typesettingof mathematics PresentatioMATHML has
the potentialto approactits quality, asimplementationsnatureandconsistenfonts becomeavailable,andthis mustbe a
goal. Yet, onlinemathematicsisooffersthe possibilitiesof variousmanipulation®f theformulaby theuserrangingfrom
simple selectionof alternatve forms of expressionsthroughbroadrearrangementsp extensive computationsith and
validationsof formula. Whatis requiredof a representationf mathematicshatwill supporttheseandotherforeseeable,
capabilities?

An idealrepresentatiomustbeableto capturehenuance®f quality displayaswell astheprecisemeaningof theformula.
The presentatiorintsincludethe “exceptions'thatan authorintroducesto make it's meaningmoreapparento areader
suchasthe orderingof variablesandterms, presenceand omissionof parenthesisn certainsituations,choiceamong
differentnotationfor the sameoperationsand so on. While TeX, IATpX and PresentatiolMATHML easily capturethis
presentationnformation,they sidestepghe issueof the meaningof formula. Which is beingreferredto? Whatdoesa
givenprimeindicate? A usefulrepresentatiomustalsocapturethe meaningin sufcient precisionthatformulascanbe
suppliedasinput to computeralgebrasystemsandtheoremproverswithout fear of misinterpretationContentMATHM L
andOPENM ATH corvey thesemanticgandtheinputlanguagesf computealgebrasystemsachcorvey theirown version
of thesemantics)but, alone lack the presentatiornformation.

A third aspectmetadatamustalsobe consideredlrrespectve of how well a mathematicatearchenginecanbe madeto
work, therearefacetso aformulathatcannotbeinferredfrom theformulaitself. For example therole of aformulaasan
additiontheorem,or asymptoticexpansion,may bestbe handledby annotatingthe formula, perhapswith simpletextual
information. Additional informationregardingthe dependencef oneformula on anothey or constrainton variables,or
thederivationof theformulamaybe betterhandledby structurecannotationssuchasprovidedby the OM Doc extension
of OPENMATH.

Thusoneis led to a corerepresentatiogonsistingof a hybrid of presentatiormndcontentmarkup,alongwith additional
annotationgor metadata.Sincethe representatiomostappropriatefor exchange delivery and presentationn different
mediamay be different, the representatiomust supportthe transformationfrom one the core format to another The
variousXML formats(MATHML andOPENMATH) aredesignedo supporthis.

But, giventheverbosityof XML, thesemaynotbethethebestform for authoring.Indeed writing beinga ratherpersonal
thing, thestylesof differentauthoramustbe accommodatedl he mathematicatommunitymustthereforedevelopvarious
meanf authoringfor contentaswell aspresentationSomemaybebasedn XML editorswith graphicaluserinterface.
Othersmaybebasedn computeralgebrasystemworksheets.

Giventhelongstandingpreferencdor IATEX amongmostof the DLMF projectmemberswe aredevelopinga IATEX based
approach.We extend IATEX by de ning macrosat a highersemantidevel, for examplefor variouscalculusoperations;
macrosarede ned for eachspecialfunction,andso on. By minimizing the ambiguitiesinherentin purely presentational
markup, anin x parserwith only minimal heuristicsshould be able to transformthe formula into the corresponding
semantiaepresentations.
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9:50am Discussion

10:00am CoffeeBreak ReceptiorROomEE/CS3-176

10:30am Bonita V. Saunders Interactive 3D Visualizationsof High Level Functionsin
Nationallnstituteof StandardandTech- aMathematicaDigital Library
nology

Abstract A Web-basedligital library offers an ideal mediumfor informative graphicalrepresentationsf high level
mathematicafunctions. In contrastto 2D and 3D still imagesin printed media, Web capabilitiesmake it possibleto
createdynamicinteractie visualizationghatcanhelp usersgaina deepemunderstandingf specialfunctions.

Still, the developmentof effective graphicsfor a digital library presentsseveral challenges. There must be a reliable
meansfor computingthe data. A sophisticatecand intimate knowledgeof the function may be requiredto determine
which featuresshouldbe emphasizedFurthermoresingularities poles,branchcutsand othercomplexities canmake the
creationof accuratevisualizationgyuite dif cult.

This talk will discussstepstakento addresgheseissues,ncluding the useof numericalgrid generatiorto designsuit-
able computationaimeshego plot complicatedfunctions. The visualizationsdevelopedfor the NIST Digital Library of
MathematicalFunctions(DLMF) will be comparedo graphicalpresentationn the original NBS handbookandearlier
referencesuchasJahnle and Emde. Also, we will comparethe designof graphicsfor the NIST DLMF with whatis
availablein popularcomputeralgebrasystemsandsuggessomeareaswvherefutureresearchs needed.

11:20am Discussion
11:30pm Lunch Break
Theme: Theorema
1:30pm Bruno Buchberger TheoremandMathematicaKnowledgeManagement

Johanne&eplerUniversity

Abstract Identitiesfor speciafunctionsarejust speciaformulaein predicatdogic whosecorrectneshasbeenestablished,
typically, by proofsproducedby humanmathematiciansRecentadvancesn variousareasof mathematichiave madeit
possibleto inventand/orprove mary of theseidentitiesby algorithms.In this talk, we put theseadvancesnto the more
generalcontext of formal, computersupportednathematicsnotably automatedheoremproving. We give an overvien
on the Theoremasystem,which aimsat providing algorithmsfor proving, solving, and simplifying classesof formulae
in variousareasof mathematicsn a uniform logic and softwaretechnologicframe. We describefuture mathematicsas
theprocesof "mathematicaknowledgemanagementin wich mathematicatheorieson a meta-leel establishindividual
theoremsthat form the basisof proving, solving, and/orsimplifying in nite collectionsof formulaeon a lower level.
We proposeto build up mathematicaknowledgebasedor all areasof mathematicandto provide tools for the formal
manipulationof theseknowledgebaseghatareessentiallypasedn automategroving.

We will demonstrat¢he designandcurrentcapabilitiesof Theoremaby a coupleof examples.Theoremads programmed
in Mathematicaand,thus,is availableon all platforms.

2:20pm Discussion

2:30pm Coffee ReceptiorROOmEE/CS3-176
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3:00pm Carsten Schneider Sigma:A SummatiorPackageor DiscoveringandProv-
Universityof Linz ing

Abstract Sigmais a summationpackage,mplementedn the computeralgebrasystemMathematicathat enablesto

discover and prove nestedmultisum identities. Basedon Karr's difference eld theory (1981) this packageallows to

nd all solutionsof parameterizetineardifferenceequationsn avery generaldifferenceeld setting,socalledPiSigma-
elds. With thisdifferenceeld machinerynestednde nite multisumscanbesimpli ed by minimizingthedepthof nested
sum-quanti ers. In addition, Sigmaprovides several algorithmsin orderto discover closedform evaluationsof de nite

nestedmultisums.Hereone rst triesto computea recurrencdor a givende nite sumby applyingZeilbemger's creatve
telescopingdeain the difference eld setting. Secondone attemptsto solve this recurrencen termsof d'Alembertian
solutions,a subclas®f Liouvillian solutions.Combiningthesesolutionsone nally may nd aclosedform evaluationof

ade nite multisum.All theseaspectsvill beillustratedby variousexamples.

Besidedliscoreringmultisumidentities,Sigmais a very powerful tool to prove de nite nestednultisumidentities.In this
softwarepresentation will illustratehow theusercanbe dispensedrom theseproving aspectby embeddingSigmaasan
“externalprover” in the Theorema-systenTheoremagesignedy B. Buchbeger, supportsvariousfacetsof mathematical
proving, solvingandcomputingin a humanreadablgashion.Oneof our goalsis to combinethesetoolsinto a complete
identity prover.

Thefollowing web-sitegivesfurtherinformationaboutmy work.
http://wwwrisc.uni-linz.ac.at/people/cscéidl/ .

3:30pm Panel Discussion

6:00pm Workshop Dinner MangiaRestaurant
1501UniversityAve. in Dinkytown Dome

Friday, August 2

All talks arein Lecture Hall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptiorROOmMEE/CS3-176

Theme: What is Needed?

9:00am Richard Askey Assessmentf DLMF (Digital Library of Mathematical
University of Wisconsin Functions)

Abstract TheDigital Library of MathematicaFunctionswill includesomebut farfrom all of theknown resultson special
functionswhich will beusedin thefuture. The editorsandauthorsaremakingguesseaboutwhatwill be usedin science
andengineering.In the past,andalmostsurelyin the future, suchguessefiave beenfar to consenrative aboutwhat will
beneededn somescienti ¢ elds. Someguesseswvill begiven. Certainsetsof orthogonalpolynomialsin oneandseveral
variablesandelliptic hypegeometridunctionsaretwo examples.Somewild speculationgboutsuchthingsasanintegral
representatioof the doublegammafunctionwill be mentioned.

9:30am Discussion
9:40am Mourad Ismail ContinuedFractionsandBiorthogonalFunctions
Universityof SouthFlorida
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Abstiact We discussT andR fractionsand how they naturally leadto orthogonaland biorthogonalrational functions.
Plansfor futureresearchn this areawill bediscussed.

10:30am Discussion
10:40am CoffeeBreak ReceptiorROOmEE/CS3-176
11:10am Dennis Stanton Commenton CombinatoricandSpecialFunctions

Universityof Minnesota

11:40am Discussion

11:50am Daniel W. Lozier Whatcanthe SIAM OPSFActivity Groupdo for you?
Nationallnstituteof StandardandTech-
nology and Peter A. Clarkson Univer-

sity of Kent
12:00am Discussion
12:10pm Lunch Break

Theme: Panel on Futur e of Mathematical Digital Libraries: Funding, Maintenance,Copyright, Publication

2:00pm Panel Discussion Patrick lon, Math Reviews
Arieh Iserles Universityof Cambridge
Peter Paule, Universityof Linz
Peter Olver, University of Minnesota

3:30pm CoffeeBreak ReceptiorROOmMEE/CS3-176

4:00pm Panel Discussion

Monday, August 5—WednesdayAugust 14

Foundationsof Computational Mathematics Meeting

The FoCM 2002Meetingwill take placein severalroomsof the EE/CSBuilding, PhysicsBuilding, andAmundsonHall
ontheUniversityof MinnesotaMinneapoliscampus.

Seehttp://www.damtp.cam.ac.uk/usedffoCM/FoOCMO0Z for detalils.

Thursday, August 15—Friday, August 30

The10:30IMA breakwill bein Lind Hall 400.
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Tuesday August 20,2002

IMA POSTDOC SEMINAR, Lind Hall 409:

11:15am John Donaldson Analytical and Numerical Solutionsof Differential and
Universityof Tasmania DifferentialDelay Equations

Abstract The Louie, Wake et al continuousmathematicamodelfor the combinedgrowth of Rye and Clover includes
distributeddelayterms. A searchfor numericalsolutionsraisesquestionson the relationshipbetweerthe continuousand
discreteanaloguesf differentialequation@andmoregenerallybetweertheanalyticandnumericalsolutionsof differential
equations.In the latter situation, it is shavn how invariantscanbe usedto make the numericalsolutionsmore faithful
to the analyticsolution. Obsenationson the discreteanalogue®f the logistic andlogistic delayequationindicatequite
differentbehaiour patternsandindicatea needfor a deepeunderstandingf therelationships.

ThelMA PostdocSeminaiis organizedby Selim EsedogluandMichael Efroimsky.

Thursday, August 22

APPLIED MATHEMATICS AND NUMERICAL ANALYSIS SEMINAR, LindH 400

11:30am John Donaldson Fluid Flows andMineral Deposition
University Of TasmaniaAustralia

Abstiact Thereis considerablevidenceindicatingthatdepositionof mineralsoccursat sitesof upwellingof uid o ws

hydrothermallydrivenin the porouscrustof the earthby its hot magmacore. In mary caseshereappearo be patterns
associateavith the locationsof the deposits.Thework of Lapwoodin developinga mathematicamodelfor such o wsis

describedn relationto thesepatternssuggesting procesdor the predictionof sitesof mineraldeposits.In particularan
examinationis madeof theknown gold depositsn thelarge cretanbasinof WesternAustralia.

| CURRENT IMA PARTICIP ANTS

POSTDOCTDRAL MEMBERSFOR2002-200PROGRAM YEAR

NAME PREVIOUSINSTITUTION
OlgaBrezhnea RussiamAcademyof Sci.
DacianDaescu Universityof lowa
Gregory S. Duane Universityof Colorado
Michael Efroimsky Universityof Oxford
LisaEvans GeogiaTech

Balaji Gopalakrishnan GeogiaTech

DanielKern Universityof lllinois-Chicago
Miao-JungOu Universityof Delavare
TamonStephen Universityof Michigan
JingWang Universityof Minnesota
ToshioYoshikava Universityof Utah

POSTDOCTDRAL MEMBERSIN INDUSTRIAL MATHEMATICS

NAME PREVIOUSINSTITUTION INDUSTRIAL AFFILIATION
YusufAltundas Universityof Pittshurgh Schlumbeger

Lili Ju lowa StateUniversity VA Hospital

AureliaMinut ~ Michigan StateUniversity 3M

HaevonNam  TexasA & M University Schlumbeger

JunzZhao TexasA & M University GE
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VISITORSIN RESIDENCE(asof July 3)

ADAMCHIK, VICTOR
ALI, S.AHMAD
ANDREWS,GEORGEE.
ARNOLD, DOUG
ASKEY, RICHARD A.
BERKOVICH, ALEX
BERRY, MICHAEL
BLEHER, PAVEL
BOISVERT, RONALD F
BRESSOUDpDAVID M.
BUCHBERGER,BRUNO
CALDERER,M. CARME
CARTER,JAMYLLE
CHEB-TERRAB,EDGARDOS.
CHENG,CHRISTINE

CHRISTIANSEN,JACOB STORDAL

CHYZAK, FREDERIC
CLARKSON, PETERA.
CRISTINIL, VITTORIO
DAALHUIS, ADRI OLDE
DAESCU,DACIAN
DAMELIN, STEVENBENJAMIN
DE BOOR,CARL
DRIVER, KATHLEEN ANN
DUANE, GREGOF S.
DUNKL, CHARLESF.
EFROIMSKY, MICHAEL
ESEDOGLU,SELIM
GAUTSCHI,WALTER

GIL, AMPARO
GULLIVER, ROBERT

ION, PATRICK
ISERLES,ARIEH

ISMAIL, MOURAD

ITS, ALEXANDER
JOHNSTON, SARAH JANE
KEEL, MARKUS

KERN, DANIEL
KOORNWINDER,TOM
KRATTENTHALER, CHRISTIAN
KUIJLAARS, ARNO
KUSKE, RACHEL
LOPEZ,JOSEL.

LOVEJOY, JEREMY
LOWENGRUB, JOHN
LOZIER, DANIEL W.
LYUBUSHIN, ALEXEY
MAIER, ROBERT S.
MANSFIELD, ELIZABETH L.
MARICHEYV, OLEG
MILLER, BRUCER.
MILLER, WILLARD
MINUT, AURELIA
MOLER, CLEVE

Carngyie Mellon Univ.

AmiruddaulalslamiaCollege,Lucknow

PennStateUniv.

Inst. for Math & its Applications
Univ. of Wisconsin-Madison
Univ. of Florida

Univ. of Bristol
Indiana-Purdu&niv. Indianapolis
NIST

MacalesteCollege
Johanne&eplerUniv.

Univ. of Minnesota

Inst. for Math & its Applications
SimonFrasetUniv.

Inst. for Math & its Applications
Univ. of Copenhagen

INRIA Rocquencourt

Univ. of Kentat Canterlry

Inst. for Math & its Applications
Edinburgh Univ.

Inst. for Math & its Applications
Geogia SoutherrnJniv.

Univ. of Wisconsin-Madison
Univ. of the Witwatersrand

Inst. for Math & its Applications
Univ. of Virginia

Inst. for Math & its Applications
Inst. for Math & its Applications
PurdueUniv.
UniversidadAutonomade Madrid
Inst. for Math & its Applications
Math Reviews

Univ. of Cambridge

Univ. of SouthFlorida
Indiana-Purdu&niv. Indianapolis
Univ. of the Witwatersrand
Univ. of Minnesota

Inst. for Math & its Applications
Universiteitvan Amsterdam
Univ. Wien

Katholieke Univ. Leuven/CWI
Univ. of Minnesota

PublicUniv. of Navarra,Pamplona
Univ. of WisconsinMadison
Univ. of Minnesota

NIST

RussianAcademyof Sciences
Univ. of Arizona

Univ. of Kentat Canterlory
Wolfram Researchnc.

NIST

Univ. of Minnesota

Inst. for Math & its Applications
The MathWorksInc.
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NEZAFAT, MAHDI
NIGAM, NILIMA
ODLYZKO, ANDREW
OGATA, YOSIHIKO
OLKIN, INGRAM
OLVER, FRANK W. J.
OLVER, PETERJ.

OU, M. YYONNE
PADHI, GOURI

PARK, JEONG-SOO
PAULE, PETER

QIAN, JIANLIANG
RAPPOPOR, JURIM.
REGENSBJRGER,GEORG
REINHARDT, WILLIAM P.
REITICH, FERNANDO
RICHARDS,DONALD
RICHTER,DAVID A.
RIESE,AXEL
SANTOSA, FADIL
SAUNDERS,BONITA V.
SCHERZEROTMAR
SCHLOSSERMICHAEL
SCHNEIDER,CARSTEN
SEGURAAVIER

SELL, GEORGE
SHEN,JIANHONG
SHUKLA, AJAY KUMAR
SIEGMUND, STEFAN
SILLS, ANDREW V.
SPIRIDONCQV, VYACHESLA/
STAFILLANI, GIGLIOLA
STANTON, DENNIS
SVERAK, VLADIMIR
TAKAOKA, HIDEO
TAO, TERENCE
TEMME, NICO M.
TERWILLIGER, PAUL
THAYER, JAVIER F.
TURBINER, ALEXANDER
VERE-JONESPAVID
VOLKMER, HANS W.
WALKER, PETERL.
WARNAAR, S.OLE
WILSON, JIM
WINTHER, RAGNAR
YOSHIKAWA, TOSHIO
YOUSSEFABDOU
ZEILBERGER,DORON

Univ. of Minnesota

McGill Univ.

Univ. of Minnesota

Inst. of StatisticalMath. Tokyo
StanfordUniv.

NIST

Univ. of Minnesota

Inst. for Math & its Applications
Univ. of Limerick
ChonnamNationalUniv./SRCCS
Univ. of Linz

Inst. for Math & its Applications
RussianAcademyof Sciences
Univ. Innsbruck

Univ. of Washington

Univ. of Minnesota

Univ. of Virginia
SoutheasMissouriSt. Univ.
J.KeplerUniv. Linz

Inst. for Math & its Applications
NIST

Univ. of Innsbruck

Univ. of Vienna

Univ. of Linz

Univ. Carloslll deMadrid

Univ. of Minnesota

Univ. of Minnesota

Regional Coll. of Eng.& Techn.,Surat

Geogialnst. of Technology
PennStateUniv.

JointInst. NuclearResearchDubna

Brown Univ.

Univ. of Minnesota

Univ. of Minnesota

Univ. of Hokkaido,Japan

Univ. of California,Los Angeles
Cwi

Univ. of Wisconsin

MITRE Corporation
NationalUniv. of Mexico
Victoria Univ., Wellington

Univ. of Wisconsin
AmericanUniv. of Sharjah UAE
Univ. of Melbourne

lowa StateUniv.

Universitetebf Oslo

Inst. for Math & its Applications
The GeogeWashingtonUniv.
RutgersUniv.

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