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programonOptimization.

Newsand Notes

IMA SummerProgram:

SpecialFunctions in the Digital Age
July22 - August2, 2002

Organizers:GeorgeAndrews(PennStateUniversity),RichardAskey
(Universityof Wisconsin,Madison),CarldeBoor (Universityof

Wisconsin,Madison),Arieh Iserles(Universityof Cambridge),DanielW.
Lozier (NationalInstituteof StandardsandTechnology),Willard Miller
(Universityof Minnesota),FrankW.J.Olver (Universityof Maryland&

NationalInstituteof StandardsandTechnology),PeterOlver (Universityof
Minnesota),PeterPaule(Universityof Linz)

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

Wyoming joins IMA asa Participating Institution

TheUniversityof Wyoming,in Laramie,Wyoming,hasjoinedtheIMA asa ParticipatingInstitution
(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 department,see
http://math.uwyo.edu/.

PARTICIPATING INSTITUTIONS:CentrumvoorWiskundeenInformatica(CWI), ConsiglioNazionaledelleRicerche,Georgia Instituteof Technology, IndianaUniversity,
Iowa StateUniversity, Kent StateUniversity, Los AlamosNationalLaboratory, Michigan StateUniversity, MississippiStateUniversity, NorthernIllinois University, Ohio
StateUniversity, PennsylvaniaStateUniversity, PurdueUniversity, SandiaNationalLaboratories,SeoulNationalUniversity (BK21 Math-SNU),SeoulNationalUniversity
(SRCCS),TexasA&M University, Universityof Chicago,Universityof Cincinnati,Universityof Houston,Universityof Illinois (Urbana),Universityof Iowa, Universityof
Kentucky, Universityof Maryland,Universityof Michigan,Universityof Minnesota,Universityof NotreDame,Universityof Pittsburgh,Universityof Wisconsin,University
of Wyoming,WayneStateUniversity.

PARTICIPATING CORPORATIONS:Boeing,Ford,GeneralMotors,Honeywell, IBM, LockheedMartin, Lucent,Motorola,Schlumberger, Siemens,TelcordiaTechnologies,
3M.
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SummerProgram for Graduate Students: Scienti�c Computing

During July 1–26,2002the Universityof Kentucky will be the hostof the IMA's summergraduate
programin mathematics.The coursewill concentrateon scienti�c computing,with an emphasison
applications,including a weekon biomathematicalcomputing.An additionalfeaturewill be a two-
dayworkshoponhow to usetheDepartmentof Energy'ssoftwarefor parallelcomputersat theendof
week3.

This programis opento graduatestudentsfrom IMA ParticipatingInstitutions. Studentsarenomi-
natedby theirdepartmenthead.Participatinginstitutiondepartmentheadsnominategraduatestudents
from their institution;placesareguaranteedfor two graduatestudentsfrom eachparticipatinginstitu-
tion, with additionalstudentsaccommodatedasspaceallows. Notethatregistrationandselectionsof
quali�ed studentsareover.

SpeakersareCraigC. Douglas(Universityof Kentucky), JunZhang(Universityof Kentucky), Jerome
Jaffre (INRIA), JeanRoberts(INRIA), Iain Duff (RutherfordAppletonLaboratory),Tony Drummond
(LawrenceBerkeley Labs),Osni Marques(LawrenceBerkeley Labs)andToni Kazic (Universityof
Missouri).

Furtherinformationis availableathttp://www.ima.umn.edu/PI/2002summergrad.html.

Foundationsof Computational Mathematics (FoCM) 2002Meeting

The IMA will hostthe2002meeting(FoCM02)of the Foundationsof ComputationalMathematics,
August5–14,2002.In additionto aseriesof talksby top-qualityresearchers,themeetingwill include
workshopson Foundationsof numericalPDEs,Geometricintegrationandcomputationalmechanics,
Information-basedcomplexity, Learningtheory, Optimization,Specialfunctions,Approximationthe-
ory, Computationalalgebraicgeometry, Computationalnumbertheory, Multiresolutionandadaptivity
in numericalPDEs,Numericallinear algebra,Quantumcomputing,Complexity, Computationaldy-
namics,Geometricmodellingandanimation,Imageandsignalprocessing,Stochasticcomputation
andSymbolicanalysis.

Seehttp://www.damtp.cam.ac.uk/user/na/FoCM/FoCM02/.

Schedulefor July 1–August31,2002

Monday, July 1

The10:30IMA breakwill bein Lind Hall 400.

Tuesday, July 2

The10:30IMA breakwill bein Lind Hall 400.

Wednesday, July 3

The10:30IMA breakwill bein Lind Hall 400.

Thursday, July 4

IndependenceDay, aUniversityof Minnesotaholiday. IMA of�ces will beclosed.
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Friday, July 5 – Wednesday, July 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-YoungWhang
KAIST

Duality-Based SubsequenceMatching in Time-Series
Databases

Abstract: We proposea new subsequencematchingmethod,DualMatch,which exploits duality in constructingwindows
andsigni�cantly improvesperformance.DualMatchdividesdatasequencesinto disjointwindowsandthequerysequence
into sliding windows, and thus, is a dual approachof the oneby Faloutsoset al. (FRM in short),which dividesdata
sequencesinto sliding windowsandthequerysequenceinto disjoint windows. We formally prove thatour dualapproach
is correct,i.e., it incursnofalsedismissal.Wealsoprovethat,giventheminimumquerylength,thereis amaximumbound
of the window size to guaranteecorrectnessof DualMatchanddiscussthe effect of the window sizeon performance.
FRM causesa lot of falsealarms(i.e., candidatesthat do not qualify) by storingminimum boundingrectanglesrather
thanindividual pointsrepresentingwindows to avoid excessive storagespacerequiredfor the index. DualMatchsolves
this problemby directly storing points, but without incurring excessive storageoverhead. Experimentalresultsshow
that, in mostcases,DualMatchprovideslarge improvementin both falsealarmsandperformanceover FRM, given the
sameamountof storagespace. In particular, for low selectivities (lessthan

�������

), DualMatchsigni�cantly improves
performanceup to 430-fold.On theotherhand,for high selectivities(morethan

���
���

), it showsa veryminor degradation
(lessthan29%). For selectivities between

���
���

and
���

�	�

, DualMatchshows performanceslightly betterthan that of
FRM. DualMatchis also4.10to 25.6timesfasterthanFRM in building indexesof approximatelythesamesize.Overall,
theseresultsindicatethat our approachprovidesa new paradigmin subsequencematchingthat improvesperformance
signi�cantly in largedatabaseapplications.

Friday, July 19

The10:30IMA breakwill bein Lind Hall 400.

Monday, July 22

IMA SummerProgram:

SpecialFunctions in the Digital Age
July 22- August2, 2002

Organizers:GeorgeAndrews(PennStateUniversity),RichardAskey (Universityof
Wisconsin,Madison),Carl deBoor (Universityof Wisconsin,Madison),Arieh Iserles

(Universityof Cambridge),DanielW. Lozier (NationalInstituteof Standardsand
Technology),Willard Miller (Universityof Minnesota),FrankW.J.Olver (Universityof
Maryland& NationalInstituteof StandardsandTechnology),PeterOlver (Universityof

Minnesota),PeterPaule(Universityof Linz)

Mathematicaltablesandhandbookshave playeda pivotal role in applicationsandalsothe developmentof mathematics
itself overthecenturies.Now, with theadventof thedigital age,thetraditionalhandbookformathasbecomeobsolete,and
acompleterethinkingof thenatureandroleof mathematicalhandbooksmustbeundertaken.Thepurposeof this program
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is to formulate,thoughconcreteexamplesandexperiences,therole andcharacterof digital librariesin mathematics,and
the mathematicaland applied�elds that would bene�t from sucha library. The �rst seriousattemptto addressthese
issuesis theongoingDigital Library of MathematicalFunctions(DLMF) projectat theNationalInstituteof Standardsand
Technology(NIST). This workshopwill take theDLMF projectasa basisfor assessingboththestateof theart in special
functiontheory, whataspectsareof importancein applications,particularlyto chemistryandphysics,andtheexperiences
gainedin thisprojectto formulaterecommendationsfor how digitial librariesof mathematicsshouldbeorganized,utilized,
anddeveloped.We alsoanticipatetheexperiencesof theDLMF projectto provide insight andrecomendationsfor how
mathematicsshouldbestoredanddisseminatedover theinternet.

Of thecurrentlyusedhandbooks,the mostwell-developedhave beenthosedevotedto specialfunctionsandtheir appli-
cations.Theprincipalhandbookson specialfunctions,”Higher TranscendentalFunctions”(theBatemanProject)andthe
NIST (formerlyNationalBureauof Standards)”Handbookof MathematicalFunctions,” areamongthemostuseful,widely
consultedtechnicalvolumeseverpublished,but they arenow outof date,dueto rapidresearchprogressandrevolutionary
changesin technology. (Seehttp://www.siam.org/siamnews/03-98/function.htm for additionalinformation.) Using these
asconcreteexamplesof amathematicaldigital library, theprogramwill assessrecentprogressin updatingthesehandbooks
andrecentadvancesin the theoryanduseof specialfunctions,andto point out theareasof researchin specialfunctions
thathold themostpromiseandimportancefor futuredevelopment,bothfor theoristsandusers.In thebroaderarena,the
workshopwill aim to usetheexperiencein this particularsubjectto generaterecommendationsfor furtherdigital library
projectsin themathematicalsciencesandtheirapplications,including,but not limited to,numericalanalysis,grouptheory,
signalprocessing,statistics,linearalgebra,partialdifferentialequations,andsoon.

Seeanarticleby PeterPauleon theDLMF project.

Description:

The IMA workshopwill usethe DLMF projectasa foundationanddiscusswhat moreshouldbe done,what areasare
incompleteor unrepresented,what arethe resultingmathematical,symbolic,numericalandweb issues,applicationsin
physics,chemistry, etc.,relationshipswith theBatemanproject,andpotentialfor otherdigital librariesin othermathemat-
ical areas.Theworkshopis to have a very broadoutlook,encompassinga wide rangeof subjectsconnectedwith special
functions,aswell asissuesconcerningdigital librariesandthedeliveryof mathematicsover theinternet.

A majorportionof this program(7 days)will beassessmentsof researchprogressandpromisingvistasfor futureresearch
by distinguishedexpertsin theareasof asymptotics,combinatorialfunctions,statistics,computeralgebra,algebraicand
grouptheoreticmethods,applicationsto thephysicalsciences,orthogonalpolynomials,numericalmethods,zetafunctions
& randommatrices,Painlev functions,elliptic functions,elliptic hypergeometricfunctionsandtheHeunfunctiongroup,
with theaim of pointingout whatis of greatestimportancein thetheoryandapplications,andwhatshouldbeincludedin
digital library projects.

The remainderof the program(3 days)will be devotedto Digital Librariesgenerallyand,speci�cally, Digital Libraries
andtheMathematicalSciences,includingthedelivery of mathematicsover theInternet. It will concludewith a panelon
the”Futureof MathematicalDigital Libraries,” with panelistsfrom thespecialfunctionsresearchanduserscommunities,
aswell asrepresentativesfrom mathematicssocietiesandgovernmentfundingagencies.

Therewill beseveraldiscussionsessionsto developspeci�c recommendationsfor specialfunction topicsto be included
in futureDigital Librariesin Mathematics.Also therewill bepostersessions,andseveralsoftwaredemonstrations(par-
ticularly of computeralgebraandnumericalpackagesfor specialfunctions),andmuchof the softwarewill be available
during theprogramfor informal useby participants.This programwill link with specialfunctionrelatedsessionsat the
Foundationsof ComputationalMathematics(FoCM'02) meetingthatwill behostedby theIMA, August5-15,2002.

Theprogramis meantfor researchersin thetheoryandcomputationof specialfunctions(de�nitely includingpeoplenew
to the�eld whoarelookingfor themostpromisingareasfor futureresearch),for usersof specialfunctions,andfor persons
interestedin thedeliveryof mathematicsover theInternet.

All talks are in LectureHall EE/CS 3-180unlessotherwisenoted.

8:00am Coffeeand Registration ReceptionRoomEE/CS3-176

8:50am DouglasN. Ar nold
IMA Director

WelcomeandIntroductionto theIMA
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Theme: Assessmentof DLMF

9:00am Richard Askey
Universityof Wisconsin

Introduction: The Role of Handbooksof SpecialFunc-
tions

Abstract: Somecommentswill bemadeaboutprevioushandbooksandtheimpactthey havehad,asseenby auserof them
for almost50years.

9:15am Daniel W. Lozier
NationalInstituteof StandardsandTech-
nology

Developmentof a New HandbookandWebSiteof Prop-
ertiesof SpecialFunctions

Abstract: Abramowitz andStegun's Handbookof MathematicalFunctions,publishedin 1964by theNationalBureauof
Standards,is familiar to many mathematicians.It is evenmorefamiliar to scientistswhousespecialfunctionsin theirdaily
work. But developmentsin mathematicsandcomputingsince1964make theold handbooklessandlessuseful.To meet
theneedfor a modernreference,NIST is developinga new handbookthatwill bepublishedin 2003.A Websitecovering
muchthesameterritory will bereleasedalso.This work is supportedby theNationalScienceFoundation.Detailsof the
projectandits currentstatuswill bedescribed.

10:05am Discussion

10:15am CoffeeBreak ReceptionRoomEE/CS3-176

10:45am Ronald F. Boisvert
NationalInstituteof StandardsandTech-
nology

Building theDLMF: InformationTechnologyIssues

Abstract: TheDigital Library of MathematicalFunctionsis envisionedasaversatileWeb-basedresourceof informationon
thespecialfunctionsof appliedmathematics.Theprimarycontentwill becarefullyresearchedandveri�ed formulasand
graphsproviding quick accessto thedetailedpropertiesof thesefunctionsmostusefulin practicalapplicationin science
andengineering.Presentingsuchinformationin a way that is not only naturalandconvenientin a Webenvironment,but
alsoprovidescapabilitiesthatexceedwhatis availableusingtraditionalpublicationmethods,remainsatechnicalchallenge.

Someof thetechnicalissuesthatmustbeaddressedin suchanundertakingincludethefollowing:

(a)enablingconvenienton-linebrowsing,
(b) on-lineindexing,
(c) searchin mathematicaldatabases,
(d) layeringof information,
(e) cut-and-pasteof formulas,
(f) interactivegraphics,
(g) tablegeneration,
(h) alternateviews,
(i) applicationmodules,
(j) representationof mathematicalformulason theWeb,
(k) interactionwith users,
(l) trackingchanges,
(m) continuedmaintenance.

A survey of thesechallenges,andhow they arebeingaddressedin thecontext of theDLMF will be themainsubjectof
this presentation.Severalwill bediscussedin muchgreaterdetailby otherspeakersat theworkshop.

Oneuniquetensionbetweenthedesireto provideversatileinteractiveWebcontentandtherequirementto presentcerti�ed
standardreferenceinformationarisesin the context of graphics.I will illustratesomeof thepitfalls usinga Java applet
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for exploring functionsof a singlevariable,and suggesttechniquesof ”honestplotting” which are necessaryfor their
resolution.Thiswill alsoexposenew needsfor algorithmsandsoftwarefor specialfunctions.

Finally, I will provideademonstrationof thecurrentworking DLMF Website.

11:35am Discussion

11:45am Lunch Break

Theme: Asymptotics

1:30pm Frank W.J. Olver
NationalInstituteof StandardsandTech-
nology

ErrorBounds;Hyperasymptotics;Uniform Asymptotics

Abstract: A survey is madeof thecurrentstateof theart in asymptoticanalysis,especiallywith regardto thecomputation
andapplicationof specialfunctions.

Topicsto becoveredare:

1. Constructionof rigorousandreadilycomputableerrorbounds.

2. Re-expansionof remaindertermsin seriesinvolving thecomplementaryerror function, incompletegammafunctions,
andotherfunctions,with a view to increasingattainableaccuracy.

3. Constructionof asymptoticexpansionsthatareuniformwith respectto oneor moreparameters,for example,thedegrees
or ordersof thespecialfunctions.

Conclusionswill bedrawn concerningthemostusefuldirectionsin which futureresearchin eachof theseareasis likely
to proceed.

2:20pm Discussion

2:30pm CoffeeBreak ReceptionRoomEE/CS3-176

3:00pm Michael Berry
Universityof Bristol

Architectureof diffractioncatastrophes

Abstract: A hierarchyof functionscanbede�ned by oscillatoryintegralsconstructedfrom thepolynomialnormalforms
of catastrophetheory, eachwith a different topology of coalescenceof saddle-pointsas parametersvary. Diffraction
catastrophesfall outsidethemorefamiliar hypergeometricclass.They have many applicationsthroughoutwave physics,
wherethey describewaves(sound,light, water, quantum)nearthegeometricallystablecausticsingularitiesof rayphysics;
thedescriptionis asymptotic,andgetsbetterasthewavelengthgetssmaller. Diffractioncatastropheshave interestingand
beautifulmathematicalproperties:scalinglaws, nonlinearintegral identitites,bifurcationandStokes' sets,geometryof
maxima,phasesingularities,andaspowerful building-blocksof uniform asymptoticexpansions.Their importancewas
not appreciatedwhentheNBS Handbookof MathematicalFunctions(Abramowitz andStegun)waswritten in the1960s.
Now they will featurein achapterbeingwrittenwith ChristopherHowls for thenew NIST Digital Library of Mathematical
Functionsproject.

3:50pm Discussion

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

6



A varietyof appetizersandbeverageswill beserved.

Tuesday, July 23

All talks are in LectureHall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptionRoomEE/CS3-176

Theme: Combinatorial Functions

9:00am DennisStanton
Universityof Minnesota

Exponentialformulas

Abstract: Theexponentialformularelatesthecombinatorialobjectsfor thegeneratingfunctionsf(x) andexp(f(x)). Several
settingsfor exponentialformulasexist. In this talk I will review someof them and what is known (and not known)
abouttheir q-analoguesin permutationenumeration.Someresultswhich shouldbeamenableto computerproofswill be
presented.

9:50am Discussion

10:00am CoffeeBreak ReceptionRoomEE/CS3-176

10:30am David M. Bressoud
MacalesterCollege

WheredoesCombinatorialAnalysis�t in?

Abstract: This talk will look at speci�c examplesof the interplaybetweenspecialfunctionsandcombinatorialanalysis.
The intentionis to engenderdiscussionof the role of a chapteron CombinatorialAnalysiswithin the Digital Library of
MathematicalFunctions.

11:20am Discussion

11:30am Lunch Break

1:30pm Alexander Berkovich
Universityof Florida

Partitionswith gapconditions:someold andnew results

Abstract: I start this talk by reviewing the Euler aswell asRogers-Ramanujanpartition theorems.Next, I will give a
uni�ed treatmentof theSchurandGoellnitzpartitiontheoremsusinga methodof coloredintegers.Then,I will discussa
recentfour-parametergeneralizationof Goellnitzpartitiontheoremdueto Alladi, Andrews,Berkovich. I will describean
essentialroleplayedby ”Maple” in discoveringandproving this new theorem.

2:20pm Discussion

2:30pm CoffeeBreak ReceptionRoomEE/CS3-176

Theme: Group Theoretic Methods
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3:00pm Willard Miller
Universityof Minnesota

TheLie Theoryapproachto specialfunctions

Abstract: I will discusssomeof themostimportantinterrelationshipsbetweenthetheoryof Lie groupsandalgebras,and
specialfunctions,with a strongemphasison resultsobtainedin the50 yearsafterthepublicationof theBatemanProject.
An informal justi�cation for this treatmentis thatmostfunctionscommonlycalled“ special” obey symmetryproperties
thatarebestdescribedvia grouptheory(themathematicsof symmetry).In particular, thosespecialfunctionsthatariseas
explicit solutionsof thepartialdifferentialequationsof mathematicalphysics,suchasvia separationof variables,canbe
characterizedin termsof their transformationpropertiesunderthe Lie symmetrygroupsandalgebrasof the differential
equations.(Thesameideasextendto differenceandq-differenceequations.)I shalltreat,brie�y , thefollowing topics:

1. Specialfunctionsasmatrixelementsof Lie grouprepresentations.(additiontheorems,orthogonalityrelations)

2. Specialfunctionsasbasisfunctionsfor Lie grouprepresentations(generatingfunctions)

3. Specialfunctionsassolutionsof Laplace-Beltramieigenvalueproblems(with potential)via separationof variables.

4. SpecialfunctionsasClebsch-Gordancoef�cients for thereductionof tensorproductsof irreduciblegrouprepresentations
(themotivationfor Wilsonpolynomials).

In practice,the�rst two itemsinvolvehypergeometricfunctionspredominantlyandarespecialcasesof thethird item. The
grouptheoreticbasisfor variableseparationallowstreatmentof non-hypergeometric functions,suchasthoseof Lame'and
Heun.Thelastitem providesanimportantmotivationfor theconstructionof theAskey-Wilsonpolynomials.

I will concludewith a brief examinationof specialfunctions(or functionsthatdeserve to be called“special”) thatarise
whenonerestrictscertainirreducibleLie grouprepresentationsto a discretelattice subgroup.The two most important
examplesarean irreduciblerepresentationof theHeisenberg group(andits relationto thewindowedFourier transform,
theWeil-Brezin-Zaktransformandthetafunctions),andanirreduciblerepresentationof theaf�ne group(andits relation
to the continuousanddiscretewavelet transforms). I will describethe propertiesof the Daubechiesfamily of scaling
functions,averymodernfamily of “special” functionsarisingassolutionsof differenceequations.

Theaccompanying notescontainadditionaldetails.

3:50pm Discussion

4:00pm Panel Discussion Participantshave the opportunity to pose to Stanton,
Bressoud,Berkovich, andMiller any questionsor sug-
gestionsthatmayhavearisenfrom theirtalksor thatcircle
of ideas.

Wednesday, July 24

All talks are in LectureHall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptionRoomEE/CS3-176

Theme: Computer Algebra: Identity Veri�cation, SummationMethods,SpecialPackages

9:00am GeorgeE. Andr ews
PennsylvaniaStateUniversity

Whatis neededin ComputerAlgebraPackagesfor Math-
ematicalResearch!

Abstract: This is to betheintroductorytalk for thesessiononcomputeralgebra.As suchit will beacommentaryona few
computeralgebrapackagesandwhataspectsof themseemmosthelpful to theresearchmathematician.Thetalk will touch
uponsomeof thepackagesthatwill beintroducedanddescribedin subsequentpresentationsandtalks.Thephilosophyto
bepresentedis thattheroleof computeralgebrapackagesis FIRST, anaid to discoveryandonly secondarilyis it to prove
theorems(eventhoughthelattermaybeplayanessentialpartin theformer).
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In order to make this view concrete,I will provide examplesof how computeralgebrapackagescaneither impedeor
expeditediscoveries.The�rst exampleschosenwill concerntheOmegapackage(developedjointly with PauleandRiese
andto bedemonstratedlater in theworkshop).First it is brie�y explainedhow thepackagerapidly producesgenerating
functionsfor rathercomplicatedpartitions. Next we look at the generatingfunction for partitionsthat form the sidesof
non-degeneratek-gons.If you let theOmegapackagedo too much,you fail to graspwhat is happening.This is basedon
Bull. Austral.Math. Soc.,64(2001),321-329.

Our next example,basedon a recentPutnamproblem,illustrateshow the�e xibility of computeralgebrapackagesassists
research.HereI think we shouldhold asanidealHardy'sdescriptionof Ramanujan:”But with his memory, his patience,
andhis power of calculation,hecombineda power of generalisation,a feelingfor form, anda capacityfor rapidmodi�-
cationof hishypotheses,thatwereoftenreally startling,andmadehim, in hisown peculiar�eld, without rival in his day.”
While mostof us arevastly inferior to Ramanujanin eachof the categoriesnamed,we do have the advantageof these
wonderfulmachinesthatcanassistin emulatinga few of Ramanujan'squalities.This portionof thetalk will bebasedon
Contemp.Math.,291(2001),11-27.

The talk will concludewith further eclecticsamplesof the signi�cant interactionof computeralgebrawith topics that
Ramanujanmight have found interesting. In this portion we hopeto considersomeof the marvelouscomputeralgebra
summationpackages.

9:50am Discussion

10:00am Peter Paule
Universityof Linz

SymbolicSummation:Algorithms andMissedOpportu-
nities

Abstract: Theproblemof simplifying complicatedsumexpressionsarisesnotonly in specialfunctionsbut in many math-
ematical�elds. Nevertheless,symbolicalgorithmsthatassistin this taskdonothavea very longhistory.

Thestartingpointof symbolicsummationwith thecomputeris Gosper'salgorithm(1978),adecisionprocedurefor indef-
inite hypergeometricsummation.Despitebeinga �rst breakthrough,for a long time its applicabilityhasbeenconsidered
asquiterestrictedsincemosthypergeometricsummationsarisingin practicearede�nite ones.Zeilberger's `creative tele-
scoping'(1990)dissolvedthis limitation. Sincethensymbolicsummationhasturnedinto anactive subareaof computer
algebraon its own.

This talk presentsa survey onalgorithmsandmethodsalonga historicalchainof missedopportunities.

The �rst talk of the computeralgebrasessionby George Andrews focuseson the role computeralgebratools play in
discovery. Theprimaryobjectof this secondtalk of thesessionis to introduceto someof themathematicalideaswhich
make the algorithmic machinerywork. Illustrative examples(e.g., hypergeometricsumsand multiple-sums,q-series,
harmonicnumberidentities)shouldwhetone'sappetiteto attendthesoftwarepresentationin theafternoon.

10:50am Discussion

11:00am CoffeeBreak ReceptionRoomEE/CS3-176

11:30am Doron Zeilberger
RutgersUniversity

TheGeneralFutureof SpecialFunctions

Abstract: I will survey thebasicconceptsbuilding up to theholonomicsystemsapproachto specialfunctionsidentities,
andprovideanoutlookon futureprospectivesanddevelopments.

12:20pm Discussion

12:30pm Lunch Break
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2:00pm Otmar Scherzer
Universityof Innsbruck

Caseexamplesof SpecialFunctionsin AnalysisandNu-
merics

Abstract: Specialfunctionsplay a signi�cant role in modernnumericalmethods.In particularwavelet functionsbecame
a key technologyin scienti�c computingfor solvingpartialdifferentialequationsvia a �nite elementansatzor boundary
integral methods. Thesemethodscan be implementedef�ciently usingmulti-scalepropertiesof wavelets. Moreover,
waveletscan be designedwith computeralgebramethodsto optimally approximatethe desiredsolution with a small
numberof waveletansatzfunctions.Similar ideasareutilized to constructef�cient methodsfor thenumericalsolutionof
ordinarydifferentialequations.

It is a fact thatsummationplaysan importantrole in proving existenceof solutionsof nonlinearpartialdifferentialequa-
tions, in particularnonlinearsemi-grouptheory. We summarizethe role of specialfunction techniques,like summation
andgeneratingfunctions,from thefundamentalpaperof CrandallandLiggett for proving existenceof nonlinearparabolic
partialdifferentialequations.

Finally we presenttwo examples,a variationalproblemandan inverseproblem,wherewe usedsphericalharmonicsto
reducethe originally higherdimensionalproblemsto onedimensionalproblems.We wereexperimentingwith ef�cient
�nite elementsoftwareto solve the higherdimensionalvariationalproblem. With this softwarewe wereable to �nd a
qualitatively correctsolution- however quantitatively it waswrong. For symmetrictestcases,usingsphericalharmonics
we wereableto calculatethesolutionanalyticallyandwereableto rescalethehigherdimensionalproblemin orderto get
a qualitatively correctsolutionwith the�nite elementcode.

2:50pm Discussion

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:30pm Fr édéric Chyzak
INRIA

Mgfun, a Maple Packagefor Symbolic Summationand
Integration of SpecialFunctionsand CombinatorialSe-
quences

Abstract: A large classof specialfunctionsandcombinatorialsequencesthat are implicitly representedby systemsof
linear functionalequationsis amenableto computeralgebramethods.Theclassenjoys many closurepropertiesthathave
recentlybeenturnedinto algorithms,now implementedin the Maple packageMgfun. The presentationtreatsconcrete
exampleswith our implementation.Applicationsincludetheevaluationof parametrizedde�nite integralsandsums,series
andasymptoticexpansions,andtheautomaticproofof identities.

Relatedlink: http://algo.inria.fr/chyzak/mgfun.html

4:00pm Christian Krattenthaler
UniversitatWien

HYP andHYPQ

Abstract: I shalldemonstratethemainfeaturesof theMathematicapackagesHYP andHYPQ,whicharedesignedfor con-
venientmanipulationof binomialandq-binomialsums,andhypergeometricandbasichypergeometricseries.In particular,
thepackagescontainanextensivebuilt-in list of summationandtransformationformulasfor theseseries.

Thepackagescanbedownloadedat

http://www.mat.univie.ac.at/kratt/hyphypq/hyp.html

4:30pm Axel Riese
J.KeplerUniversity, Linz

ComputerProofsof HypergeometricSummationIdenti-
tiesandPartitionAnalysis

Abstract: We demonstrateMathematicapackagesrelatedto specialfunctions. The �rst part dealswith hypergeometric
summation.Weshow how Zeilberger'salgorithmcanbeusedto automaticallyprovesinglesummationidentities.Further-
more,we presentanalgorithmwhich generalizesandimprovesSisterCeline's techniquefor proving multiple summation
identities.For bothalgorithmswe haveworkedoutq-analogues.
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Thesecondpartis devotedto MacMahon'sPartitionAnalysis,amethodfor solvingproblemsrelatedto lineardiophantine
equationsandinequalities.Togetherwith GeorgeAndrews,who hasalgorithmizedthis method,andPeterPaulewe have
developedtheOmegapackage,whichwill bedemonstratedby meansof severalexamples.

Ourpackagesarefreelyavailablefor non-commercialusers;seehttp://www.risc.uni-linz.ac.at/research/combinat/risc/software/.

5:00pm Panel Discussion

Thursday, July 25

All talks are in LectureHall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptionRoomEE/CS3-176

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

9:00am Arieh Iserles
Universityof Cambridge

Lie groupmethodsfor highly oscillatorydifferentialequa-
tions

9:50am Discussion

10:00am Tom H. Koornwinder
UniversiteitvanAmsterdam

Algebraicmethods:Lie groups,quantumgroups

Abstract: In theBatemanproject,specialfunctionsin connectionwith grouptheoryonly �gured in the(excellent)chapter
11onsphericalharmonics.Whenthis projectwasunderway, some�fty yearsago,morewasalreadyknown aboutspecial
functionsarisingin grouprepresentations.In particular, thepioneeringwork of Wigner hasbeenimportant. Sincethen
therehasbeenan increasinginteractionbetweenspecialfunctionsandgrouprepresentationtheory. The pro�ts of this
interactionfor specialfuntion theorywerea new way of systematizingthe theory, new conceptualproofsof old results,
new resultsfor known specialfunctions,andtheintroductionof completelynew classesof specialfunctions.On theother
hand,in grouprepresentationtheoryandin harmonicanalysisongroups(in particularnoncompactsemisimpleLie groups)
certainresultsessentiallyusedhardanalytic factsaboutspecialfuntionsoccurringin that context. Applicationsof the
interactionbetweenspecialfunctionsandgrouptheoryweremadein particularin physics(for instanceClebsch-Gordan
coef�cients), while converselyphysicalmotivationoftenled to new examplesof this interaction.

Until thelateeighties,thedevelopmentof this interactionwentalongtwo tracts.A tractstartedby Wignerandvigorously
extendedby Vilenkin studiedmatrixelementsof grouprepresentationsasspecialfunctions.A specialcaseof thisapproach
focusedon sphericalfunctions.This wasa sourceof productformulasandadditionformulas,seework by, amongothers,
Koornwinder, D. Stanton,Dunkl. A spin-off wasthe ideaof specialfunctionsassociatedwith root systems,which led to
theHeckman-Opdamhypergeometricfunctions,theDunkl operatorsandtheMacdonaldpolynomials.

A secondtract,having earlierrootsbut broughtto full maturityby W. Miller Jr., startedwith a family of specialfunctions
anddifferential-differenceoperatorsassociatedwih them.TheoperatorsgenerateaLie algebraandhencealocalLie group.
Thisagainnaturallyimpliesmany formulasfor thespecialfunctionsonestartedwith, for instancegeneratingfunctions.In
laterwork, Miller focusedonsymmetryaspectsof separationof variables.

The introductionof quantumgroupsduring the eightieshad an enormousimpact on the theory of � -specialfunctions
which, a little 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 berepeatedin the � -case,but moreexciting phenomenaweremetbecausethe � -universeis not
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just a dull parallelof theclassicaluniverse,but oneobjectin the � -universecancorrespondto differentclassicalobjects,
andconversely.

DuringtheninetiesMacdonaldpolynomialsandKoornwinder'sextensionof themfoundtheirsettingin thequantumworld
in variousquitedifferentways. Much impacthadCherednik's interpretationof Macdonaldpolynomialsin thecontext of
af�ne Heckealgebras.Representationtheoryof (af�ne) Heckealgebrasandharmonicanalysison thembecameimportant
for specialfunctiontheory.

Importantrecentdevelopmentsinvolve representationtheory of noncompactquantumgroups,the study of dynamical
quantumgroups,andwork onelliptic quantumgroups.

10:50am Discussion

11:00am CoffeeBreak ReceptionRoomEE/CS3-176

11:30am Alexander Turbiner
NationalUniversityof Mexico

AlgebraicApproaches:Quasi-Exactly-SolvableProblems
(Lie-algebraictheoryof polynomialsolutionsof differen-
tial and�nite-dif ferencelinearequations)

Abstract: Lie-algebraictheoryof polynomialsolutionsof differentialand�nite-dif ferencelinear equationsis presented.
It is basedon anobservationthatany known polynomialsolutioncanbeidenti�ed with anelementof �nite-dimensional
representationspaceof aLie algebradifferential(�nite-dif ference)operators.Therearenocounter-examplessofar. Three
typesof linear operatorsarestudied: (i) differential ���������
	�� , (ii) �nite-dif ference�
����������� on uniform lattice, where
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discreteor Jacksonderivative. Operatorsadmittingpolynomialeigenfunctionsarenaturallydividedin two classes:having
a �nite numberof polynomialeigenfunctions(we call theseoperatorsquasi-exactly-solvable) andhaving in�nitely-many
polynomialeigenfunctions(we call theseoperatorsexactly-solvable). Thus,thetheoryof polynomialsolutionsis related
to therepresentationtheoryof Lie algebrasof differential(�nite-dif ferenceoperators).

A completeclassi�cationof one-dimensionaldifferentialand�nite-dif ferencelinear equationsadmittingpolynomialso-
lutions is given in termsof the algebra )�*#�,+�� realizedin action on the line (quasi-exactly-solvablecase)and its Borel
subalgebra-

��.

)�*#�,+�� (exactly-solvablecase).In particular, it is shown that for the2ndorderdifferentialequations:the
Heunequationis theonly equationwhichcanpossess�nite numberof polynomialsolutions(i), while thehypergeometrical
equationis themostgeneralpossessingthe in�nitely-many polynomialsolutions(ii). In turn, theHahnpolynomialsare
themostgeneralpolynomialeigenfunctionsemergedfrom thethree-pointdifferenceoperatorsonuniform lattice.

It is demonstratedthougha completeclassi�cationof multi-dimensionaldifferentialand�nite-dif ferencelinearequations
admittingpolynomialsolutionsis absentthepresentapproachprovideswealthof non-trivial casesrelatedto thealgebras
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*��3+6� etc realizedby differential (�nite-dif ference)operatorsand having �nite-dimensional
representations.Two-dimensionalcaseis studiedin details.It is shown thatso-calledKrall-Sheffer classi�cationis a very
particulardegeneratecaseof Lie-algebraicapproach.

12:20pm Discussion

12:30pm Lunch Break

Theme: Applications in the PhysicalSciences:Quantum Mechanics,Completely Integrable Systems

2:00pm Alexander Its
Indiana University- Purdue University
Indianapolis

IntegrableSystemsandIntegrability
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Abstract: Thegoalof this talk is twofold. The�rst andthemainobjectiveis to presentanoverview of themoderntheoryof
integrablesystems.Thetheorywasoriginatedin theremarkablework of Gardner, Green,Kruskal,andMiura of 1967on
theKorteweg-deVriesequation.Sincethenit hasgraduallytransformedinto asubjectwhichcouldbecalledthenonlinear
specialfunctionsandwhichoverlapsnow with many areasthathaveneverbeenconsideredbeforeas“integrablesystems.”

Thefocusof thetalk will beontheanalyticaspectsof thetheoryof integrablesystemsrepresentedby its principalanalytic
ingredient- theRiemann-Hilbertmethod.Wewill arguethatthemethodcanbethoughtof asanon-commutativeanalogof
themethodof contourintegral representations.Applicationsof theRiemann-Hilberttechniqueto theasymptoticanalysis
of thePainlevétranscendents,includingrigorousderivationof therelevantconnectionformulae,will bediscussedin detail.

Thesecondobjective of the lectureis, to a certainextent,of a speculative nature.We will try to usethemaintopic asan
opportunityto re�ect on the very notion of “integrability.” In fact, we shall try to go beyond the classicalde�nitions of
integrability in thesenseof Liouville andFrobenius.An idealgoalwould bea rigorousunderstandingof suchcommonly
usedtermsas“explicit solution,” “exactformula,” etc.Mostcertainlyweare,at themoment,veryfar from evenarigorous
formulationof the question.Still, somerelevantobservationstoward the goal mentionedcanbe made,andwe will try
to do sowhendiscussingtherecentapplicationsof theRiemann-Hilbertmethodin matrix models,specialfunctionsand
combinatorics.

2:50pm Discussion

3:00pm CoffeeBreak ReceptionRoomEE/CS3-176

3:30pm Pavel Bleher
Indiana University- Purdue University
Indianapolis

Double scalinglimits in randommatrix modelsand or-
thogonalpolynomials:Riemann-Hilbertapproach

4:20pm Panel Discussion

6:00pm Workshop Dinner Bangkok ThaiRestaurant
42513thAve. SE
Minneapolis,MN

Friday, July 26

All talks are in LectureHall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptionRoomEE/CS3-176

Theme: Orthogonal Polynomials

9:00am Richard Askey
Universityof Wisconsin

OrthogonalPolynomialsin OneVariable

Abstract: The classicalorthogonalpolynomialsin one variableare fairly well understood. However, when theseare
extendedto more thanonevariable,no oneknows how many differentways this canbe done,andhow explicitly the
polynomialscanbe found. Therewill be threetalks on orthogonalpolynomials. The �rst will dealwith the way some
of theclassicalpolynomialsarisein quantumangularmomentumandits q-analogue.The3j symbolscanbetransformed
into two differentsetsof orthogonalpolynomials,the 6j symbolsinto a setof orthogonalpolynomials. In all of these
casesthereareonly �nitely many polynomialsand the naturalorthogonalityrelation is a discretesum. Eachof these
setsof polynomialsbecomesa setof orthogonalpolynomialswith respectto anabsolutelycontinuousmeasurewhenthe
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parametersarechanged.It hasbeenshown thatthe9j symbolsareorthogonalpolynomialsin two variables,andtheweight
function hasrecentlybeendiscovered. However, therestill is no explicit representationwhich canbe usedto make the
polynomialcharacterobvious. It is likely thattheobviousanalyticcontinuationof thediscreteorthogonalitywill give the
measurewhenparametershavebeenchanged,but this hasnotyet beenshown.

9:50am Discussion

10:00am CoffeeBreak ReceptionRoomEE/CS3-176

10:30am Charles F. Dunkl
Universityof Virginia

OrthogonalPolynomialson theSphere

Abstract: The Dirichlet problemfor the sphererequiresthe determinationof a function harmonicin the interior with
speci�edboundaryvalues.Oneapproachto thesolutionis to expandtheboundaryvaluesasaseriesof sphericalharmonics.
Thesearetherestrictionsof harmonichomogeneouspolynomialsto thesurface.Otherpartialdifferentialequationswith
sphericalsymmetrycan be solved by using sphericalharmonics,for examplethe �eld of a point charge in a hollow
sphere,or the wave function of an electronsubjectto a Coulombpotential. The classicalorthogonalpolynomialsof
the Legendre,Gegenbauerand Jacobifamilies appearin speci�c formulaefor the harmonics. In the 60's and 70's it
becameapparentthat harmonicanalysis,that is, the studyof functionson which therearegroupactions,hasa natural
settingon the sphere. Perhapsthe �rst importantresult was to realizeGegenbauerpolynomialsassphericalfunctions
on the sphereasa homogeneousspaceof the rotationgroup ��� ��� � . So for a certainperiodof time the emphasiswas
on decomposingthe spaceof sphericalharmonicsof a given degreeaccordingto the actionof parabolicsubgroupslike

��� �����

�

� and ��� ��� �
	���� �����
� � . This provideda settingandelegantproofsfor productformulaeandaddition
theorems.Even in thosetimesthe importanceof �nite symmetrygroupswasalreadymanifest. In order to analyzethe
wave functionsof electronsin moleculeswith a crystalstructureit is necessaryto usethestructureof sphericalharmonics
invariantunderthesymmetrypointgroupof thecrystal.Laterit wasrealizedthat�nite re�ection groupsandrootsystems
aremore fundamentalthan the rotationgroup. GegenbauerandJacobipolynomialsappearas the sphericalharmonics
associatedto re�ection groupsof rank1 or 2. Now wehave largerclassesof weightfunctionson thesphere.Theclassical
theoryof sphericalharmonicscanbe takenover to weight functionsconsistingof productsof powersof linear functions
invariantunderare�ection group.In thepastweusedtheideaof irreducibleunitaryrepresentationsto produceorthogonal
decompositions,nowadaysweconstructcommutativealgebrasof self-adjointoperatorswhosesimultaneouseigenfunctions
are the orthogonalpolynomialswe wish to study. This is completelysuccessfulfor the weight function consistingof
powersof thecoordinatefunctions,andgivesanicebasisof productsof ordinaryJacobipolynomials.It is amoredif�cult
matterto �nd basesof polynomialswith, for example,hyperoctahedralinvariance.A novelbasisfor symmetricfunctionsis
introducedto solvethisproblem;althoughtheobtainedbasisis notorthogonalwecan�nd theinnerproductsandexplicitly
computethedeterminantof theGrammatrix. Theharderproblemof sphericalharmonicsassociatedto Calogero-Moser
problemswill be discussedin connectionwith the by now well-developedtheoryof symmetricandnonsymmetricJack
polynomials.

11:20am Discussion

Theme: Statistics

1:30pm Donald Richards
Universityof Virginia

Computersandspecialfunctionsin multivariatestatistical
analysis

Abstract: In this talk, which is basedon joint work with RichardMcFarland,we shall study two classicalproblems
in multivariatestatisticalanalysisof discriminantanalysisand of missingdataanalysis. In eachof theseproblemsit
is an old anddif�cult questionto evaluatethe exact probability distribution of certainmaximumlikelihoodestimators
undertheassumptionof �x edsamplesizes.Usingthetheoryof Besselandcon�uent hypergeometricfunctionsof matrix
argument,we�rst show thattheprobabilitydistributionsof thesemaximumlikelihoodestimatorscanbedescribedin terms
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of algebraicfunctionsof classicalrandomvariables.Using thesealgebraicfunctionswe thenapply direct Monte Carlo
simulationto evaluatetheprobabilitydistributionsof themaximumlikelihoodestimators.

2:20pm Discussion

2:30pm CoffeeBreak ReceptionRoomEE/CS3-176

3:00pm Ingram Olkin
StanfordUniversity

InterfaceBetweenStatisticsandSpecialFunctions

Abstract: Thereis a long history of statisticalproblemsthat served to motivateresearchin linear algebra,in numerical
methods,andin specialfunctions. We herefocuson topicsarisingfom multivariateanalysis:extremalproblems,multi-
variateintegralsanddistributions,totally positive functions,andeigenvalueproblems.

3:50pm Discussion

4:00pm Panel Discussion

Monday, July 29

All talks are in LectureHall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptionRoomEE/CS3-176

Theme: Numerical Methods: Orthogonal Polynomials

9:00am Walter Gautschi
PurdueUniversity

OrthogonalPolynomials(in Matlab)

Abstract: This will bea survey talk on numericalmethodsdevelopedin the last30 yearsor so for computingorthogonal
polynomialsandrelatedproblems.

9:50am Discussion

10:00am CoffeeBreak ReceptionRoomEE/CS3-176

Theme: Numerical Methods: GeneralSpecialFunctions,Software

10:30am Nico M. Temme
CWI, Amsterdam

Numericsof SpecialFunctions

Abstract: Thefollowing topicswill bediscussed:

� Literature

� Somesimpleexperiences
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� Numericalaspects

– Insightin functionbehavior, selectinganalyticaltools

– Selectingnumericalmethods,stabilityof thealgorithms

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

– High qualitysoftware

� Numericalmethods

– Powerseries,asymptoticseries,recursions,differenceequations

– Chebyshev expansions,continuedfractions,differentialequations

– Quadrature,Gauss,trapezoidal;uniform asymptoticexpansions

– Rationalapproximations,Pad́e,Chebyshev sense

– Convergenceacceleration

� Why is new softwareneeded?Whathasto bedone?

� New approaches

� Presentproject:examplesof ongoingresearch(togetherwith AmparoGil andJavier Segura)

11:20am Discussion

11:30pm Lunch Break

1:30pm OlegMarichev
Wolfram Research,Inc.

www.functions.wolfram.com- The web's most compre-
hensivesiteaboutspecialfunctions

Abstract: At theMathematicalFunctionswebsite,we have a collectionof mostof theknown formulasfor practicallyall
mathematicalfunctions.It is organizedin suchawayasto allow for expansion,citation,searching,conversionof formulas,
andsubstantialcomputersupportfrom theMathematicasystem.

Currently(June2002)thesiteincludesmorethan37,300formulasfor theapproximately250elementaryandspecialfunc-
tionsthatareavailablein (Mathematica.It is alreadythebiggestonlinecollectionof formulaspresentedin differentformat
types( notebooks,HTML, andPDF).Thesitealsohasa well-developed,uni�ed structure;in particular, theorganization
of mathematical�les andprogrammingsolutionsallows for semiautomaticupdatingandcitation of formulas. The site
containsthousandsof new or adapted-toMathematicaformulasfor elementaryandclassicalspecialfunctions.

In this talk wewill outlinesomeof thematerialat theMathematicalFunctionssiteandalsodiscusshow it wasputtogether.

Jointwork with MichaelTrott.

2:00pm Edgardo S.Cheb-Terrab
SimonFraserUniversity

Specialfunctions& Maple

Abstract: A �e xible conversionfacility in themathematicallanguageis asimportantasa dictionaryin spokenlanguages.
Sucha tool is implementedin the Maple systemasa net of conversionroutinesaiming at expressingany mathematical
functionin termsof anotherone,whenever thatis possibleasa �nite sumof terms.Whentheparametersof thefunctions
being converteddependon symbolsin a rational manner, any assumptionson thesesymbols— e.g. madewith the
“assuming”facility — aretakeninto accountat thetimeof performingtheconversions.

Mostspecialfunctionsalsoariseassolutionsto somedifferentialequations- ODEsor PDE- of linearandnon-lineartype,
polynomialin theunknownsandtheir derivatives.This polynomialdifferentialrepresentationof a mathematicalfunction
is thestartingpoint for establishingthefunction'sproperties.By composingfunctionswith themselves,arbitrarypowers,
additionsandproductsoneobtainsratherarbitrarynon-polynomialobjectswhich canalsobe representedin differential
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(typically non-linear)polynomial form. The routinesbeingpresentedcanconstructthesedifferentialpolynomial repre-
sentationsin general,makingpossiblethecomputationof subtleidentities,thesolvingof non-polynomial(possiblynon)
differentialsystemsusingtechniquesfor differentialpolynomialones,etc. This tool is at the root of the currentMaple
PDEsystemsolver.

Finally, therequirementconcerningmathematicalfunctionsis notmerelycomputational:typically, oneneedsinformation
on establishedidentities,alternativede�nitions andmathematicalpropertiesin general.We usuallylook for that informa-
tion in handbookslikeAbramowitz & Stegun.Partof this informationis alreadyfoundin internalMaplesubroutines.This
motivatestheideaof a“function wizard” project,whosemainpurposeis to provideaccessto eachpieceof this information
throughasimpleinterface,includingthegoalof makingtheinformationcomplete.Sucha“computeralgebrahandbookof
mathematicalfunctions”— aconceptcloseto thatof a livefunctionwizard— is anongoingprojectexpectedto supercede
textbooksat somemoment,in that it canrespondto requestsby processingwhatever (growing numberof) mathematical
informationusing(a growing numberof) mathematicalalgorithms.

2:30pm CoffeeBreak ReceptionRoomEE/CS3-176

3:00pm CleveMoler
TheMathWorksInc.

The MathWorks Inc. Special Functionsin MATLAB
Whatdowe haveandwhatarewe missing?

Abstract: Currentversionsof MATLAB providea limited numberof specialfunctions.Mostof thespecialfunctionlibrary
is basedon old Fortrancodesby Cody andAmos. The connectionthroughthe SymbolicToolbox to Maple providesa
richersetof functions,but this is availableto only a fractionof MATLAB users.Whatotherfunctionsshouldwe provide
in MATLAB itself, andhow shouldwe providethem?

3:30pm Panel Discussion

7:00–
8:00pm

Inf ormal SoftwarePresentations 400Lind Hall

Simultaneouspresentationsby F. Chyzak(Mgfun), T. Koornwinder(contiguous2f1(R. Vidunas)),C. Krattenthaler(HYP
& � HYP), O. Marichev (Mathematica),C. Regensburger (wavelets),A. Riese( � � Multisum +( � � ) Zeil + Omega), C.
Schneider(Sigma),A. Sills ( � � tools)

Tuesday, July 30

All talks are in LectureHall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptionRoomEE/CS3-176

Theme: Zeta Functionsand RandomMatrices

9:00am Andr ew M. Odlyzko
Universityof Minnesota

ZetaFunctions

Abstract: The RiemannHypothesis,which predictsthat all non-trivial zerosof the Riemannzetafunction lie on the
critical line, is themostfamousunsolvedproblemin mathematics.Most of theinterestin this functionhasthereforebeen
concentratedon thezeros,andthelatestresultsin thisareawill besurveyed.However, thezetafunction,andmoregeneral
classesof zetafunctions,alsohavemany otherinterestingpropertiesasspecialfunctionsof mathematics,andsomeof the
moreinterestingoneswill bediscussed.

9:50am Discussion
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10:30am Peter A. Clarkson
Universityof Kentat Canterbury

ThePainleveequations- nonlinearspecialfunctions

Abstract: Thesix Painleve equations(PI–PVI ) were�rst derivedaroundthebeginningof thetwentiethcenturyby inves-
tigation by Painleve, Gambierandtheir colleaguesin a studyof nonlinearsecond-orderordinarydifferentialequations.
Therehasbeenconsiderableinterestin Painleveequationsoverthelastfew yearsprimarily dueto thefactthatthey ariseas
reductionsof solitonequationssolvableby inversescattering.Further, thePainleve equationsareregardedascompletely
integrableequationsand possesssolutionswhich can be expressedin termsof the solutionslinear integral equations.
Although �rst discoveredfrom strictly mathematicalconsiderations,the Painleve equationshave appearedin variousof
several importantapplicationsincludingstatisticalmechanics,randommatrices,plasmaphysics,nonlinearwaves,quan-
tumgravity, quantum�eld theory, generalrelativity, nonlinearopticsand�bre optics.

The Painleve equationsmay alsobe thoughtof asnonlinearanaloguesof the classicalspecialfunctionssuchasBessel
functions. Their generalsolutionsare transcendentalin the sensethat they cannotbe expressedin termsof previously
known functions.However, for specialvaluesof theparameters,PII –PVI possessrationalsolutionsandsolutionsexpress-
ible in termsof specialfunctions.For example,thereexist specialsolutionsof PII –PVI thatareexpressedin termsof Airy,
Bessel,paraboliccylinder, Whittaker andhypergeometricfunctions,respectively. Furtherthe Painleve equationsadmit
symmetriesunderaf�ne Weyl groupswhicharerelatedto theassociatedBacklundtransformations.

In this talk I shall give an overview of someof plethoraof remarkablepropertieswhich the Painleve equationspossess
(includingconnectionformulae,Backlundtransformations,associateddiscreteequationsandhierarchiesof exactsolutions)
andsomeof theirapplications.

11:20am Discussion

11:30pm Lunch Break

Theme: Elliptic Functions

1:30pm Peter L. Walker
AmericanUniversityof Sharjah

Theelliptic functionsof JacobiandWeierstrass

Abstract: The talk will describethe JacobianandWeierstrassianfamiliesof elliptic functions. The emphasiswill be on
pointsof view which have recentlybecomeimportant,new resultswhich have cometo light asa result of the DLMF
project,andgraphicalrepresentations.

2:20pm Discussion

2:30pm William P. Reinhardt
Universityof Washington,Seattle

New andold additiontheoremsandLandenidentitiesfor
Jacobianelliptic functions: do theseindeedgive rise to
“novel” solutionsfor non-linearPDEs?

Abstract: The algebraof addition formulaefor thetaandJacobianelliptic functionsis indeedprofuseandbewildering
in their notationsandmultivariousforms. KhareandSukhatmehave recentlyintroducedscoresof identitiesfor sumsof
Jacobifunctionswith arguments,z, augmnetedby additionof 2(i-1)K/p, K beingthe”quarterperiod”which is a complete
elliptic integralof the�rst kind, andi =3D 1,2,3,...p.They have investigatedp runningfrom 2 to 9. Smallvaluesof p give
well known results,largervaluesleadto resultswhichseemnot to havebeennotedbefore.They havesubsequentlyfound
expansionsfor singleJacobifunctionsin termsof sumsof repetitionsof thesamefunctionwith differeingmoduli (Landen
typeidentities),alsowith agrumentsspacedalongthesameseriesz+ 2(i-1)K/p.

Whatarewe to make of thesenew identities,which werediscoveredby KhareandSukhatme(Ref. 1 below) in ”�nding
new solutionclasses”for non-linearequations,suchastheKDV equation?A �rst clueis thatthese”new” solutionsof the
KDV equationhave beennow found,by thepresentauthor, to actuallybewell expressedin termsof old andwell known
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solutionsthroughyet anotherapparentlynovel setof Landentypeidentities,this time involving relationsbetweensquares
of theJacobianfunctions.

We will attemptto draw all of this togetherin a mannersuitablefor electronicpresentation:i.e. what is real,novel, and
of permanentvalue,andwhich partsof this canbe systematizedin a usefulmanner?We alsoattemptto draw out their
connectionsto work of theancients,namelywhatis their relationshipto thecubicandquarticcurveinvariantsof Abel and
Weierstrass,whichprovidegeometricunderpinningsto theoriginaladditiontheorems?

Ref 1: A. KhareandU. Sukhatme,LinearSuperpostionin NonlinearEquations,Phys.Rev. Letts. 88, 244101(June17,
2002).

3:20pm Discussion

3:30pm CoffeeBreak ReceptionRoomEE/CS3-176

4:00pm Vyacheslav P. Spiridonov
Joint Institute for Nuclear Research,
Russia

Elliptic HypergeometricFunctions

Abstract: This is a brief qualitative review of thehistoricalorigins,generalstructure,existing applications,andpossible
futuredevelopmentsof thetheoryof hypergeometrictypeseriesbuilt outof theJacobithetafunctions.

Topicsto bementioned.ConnectionsbetweenBarnesmultiple gamma,� -gamma,andelliptic gammafunctions.General
structureof the plain andbasichypergeometricfunctionsvia ratiosof sequentialseriescoef�cients andits Jacobitheta
functionsgeneralization.Elliptic functionsoriginsof thenotionsof balancing,well-poisedness,andvery-well-poisedness
for hypergeometrictypeseries.Modulargroupinvariance.Contiguousrelationsfor a terminatingvery-well-poised( �

�

(�(

elliptic hypergeometricseries.Frenkel-Turaev identities(elliptic extensionsof theterminatingJackson����� sumandBai-
ley (��

��� transformation).The elliptic betaintegral (an elliptic extensionof the Askey-Wilson andNassrallah-Rahman
integrals). Elliptic analoguesof the Wilson (discrete)andRahman(continuous)familiesof biorthogonalrational func-
tions. A non-rationalfunctionsgeneralizationand two-index biorthogonality. An elliptic extensionof the Ramanujan-
Watson-Gupta-Massoncontinuedfraction.Multivariablespecialfunctions(elliptic Selberg integralsandsomesummation
formulae).Work in progressandsomefurtherpossibledevelopments.

(A partof theauthor's resultsto bepresentedwasobtainedin collaborationwith J.F. vanDiejenandA.S.Zhedanov.)

4:50pm Discussion

5:00pm Panel Discussion

Wednesday, July 31

All talks are in LectureHall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptionRoomEE/CS3-176

Theme: Mathieu, Lamé,and Spheroidal WaveFunctions

9:00am Hans W. Volkmer
Universityof Wisconsin

Mathieu,LaméandSpheroidalWave Functions
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Abstract: The talk will presentsomeold andnew resultson Mathieu,Lamé andspheroidalwave functions. Therewill
alsobesomeremarksof thespeakeronhisexperiencewhenwriting theDLMF chaptersontheLaméandspheroidalwave
functions.All threeclassesof “higher transcendentalfunctions”havein commonthatthey appearin theprocessof solving
thewaveor Laplaceequationby themethodof separationof variablesin elliptic coordinatesystems.

TheclassicalMathieufunctionsarethesolutionsof thedifferentialequation
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thathaveperiod +�� . They only exist whentheparameters���!���
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� lie oncertaineigencurves.We will discussthecomputa-
tion of theseeigencurvesaswell aspropertiesof theeigencurveswhen � and �

�

arecomplex.

TheclassicalLamé functionsarethesolutionsof thedifferentialequation
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that have period ��� . Thesesolution exist only if the parameters���!���
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��� � lie on certaineigensurfaces. We will be
concernedwith computationalproblemsandtheproblemof normalizationof theeigenfunctions.If time permitswe will
alsoreview somenewer resultson integral relationsandexpansiontheoremsfor Lamé functions.

Theclassicalspheroidalwave functionsarethesolutionsof thedifferentialequation
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thatstayboundedon theinterval � �

�

�

�

� . For every �x ed
�

, theeigenvalues� arefunctionsof �

�

. We will mentionsome
symboliccomputationson theasymptoticsof spheroidalwave functionsandtheapplicationof spheroidalwave functions
to signalanalysis.

9:50am Discussion

10:00am CoffeeBreak ReceptionRoomEE/CS3-176

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

10:30am Andr ew M. Odlyzko
Universityof Minnesota

Thenew (andof necessitydigital) librariesfor mathemat-
ics

Abstract: Traditionaljournals,eventhoseavailableelectronically, arechangingslowly. However, thereis rapidevolution
in scholarlycommunication.Usageis moving to electronicformats. In someareas,it appearsthatelectronicversionsof
papersarebeingreadaboutasoftenastheprintedjournalversions.Althoughthereareseriousdif�culties in comparing
�gures from differentmedia,the growth ratesin usageof electronicscholarlyinformationare suf�ciently high that if
they continuefor a few years,therewill beno doubtthatprint versionswill beeclipsed.Further, muchof theelectronic
informationthatis accessedis outsidetheformalscholarlypublicationprocess.Thereis alsovigorousgrowth in formsof
electroniccommunicationthat take advantageof theuniquecapabilitiesof theWeb,andwhich simply do not �t into the
traditionaljournalpublishingformat.

This lecturewill presentsomestatisticson usageof print andelectronicinformation. It will alsodiscusssomeprelim-
inary evidenceaboutthe changingpatternsof usage.It appearsthat muchof the online usagecomesfrom new readers
(esotericresearchpapersassignedin undergraduateclasses,for example)andoftenfrom placesthatdo nothave accessto
print journals.Also, the reactionsto evenslight barriersto usagesuggestthatevenhigh quality scholarlypapersarenot
irreplaceable.Readersarefacedwith a “ri verof knowledge”thatallows themto selectamonga multitudeof sources,and
to �nd nearsubstituteswhennecessary. To stayrelevant,scholars,publishers,andlibrarianswill haveto makeevenlarger
efforts to maketheirmaterialeasilyaccessible.

11:20am Discussion
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11:30pm Lunch Break

1:30pm Abdou Youssef
TheGeorgeWashingtonUniversity

SearchSystemsfor MathematicalEquations

Abstract: To processanddisseminatetechnicalknowledgemore effectively, efforts are underway worldwide to create
andcodify Web-accessibledigital librariesof mathematicalcontents. Notableexamplesinclude the Digital Library of
MathematicalFunctions(DLMF) projectat theNationalInstituteof StandardsandTechnology(NIST), andthemarkup
languagesMathML andOpenMath.To bene�t from suchdigital libraries,usersshouldto beableto searchnot only for
text, but alsofor equationsandothermathconstructs.

Searchingcanbe divided into threebroadclassesof increasingcomplexity: (1) keyword based,(2) structural,and(3)
semantic.Text searchtechnologyhasmaturedat thekeyword level, hasmadesigni�cant progressat thestructurallevel
(phraseandcontiguitysearch,andXML-basedsearchof structureddocuments),andis startingto pushtowardssemantic
search.

Applying text searchtechnologyto mathsearchof equationsandothermathconstructsfacesseriousproblems,even at
thekeyword andstructurallevels. The �rst problemis thatmathematicalcontentsoften involve symbols,asin P_n(x)
and dˆ2y/dxˆ2-x=0 , that are misinterpretedor unrecognizedby text searchsystems. The secondproblemis that
mathematicalexpressionshave rich structureswhosesemanticsare undetectedby text searchsystem. For example,
sin(x + log x) is no differentto a text searchsystemthansin x + log x, andx (y + z) is misinterpreted
asx y + z, if interpretedat all. The third problemis mathematicalequivalence(“synonyms”). A sumor a productof
several termscanbeexpressedin many equivalentways;numberscanberepresentedin multiple forms(e.g.,1/2 vs. 0.5
vs. +

��(

); polynomialscanbe expressedin many factoredandunfactoredforms; andso on. Standardthesaurus-based
approachesin text searcharenot adequatefor searchingfor mathematicallyequivalentforms. Thefourth problemis the
issueof levelsof abstractionin mathematicalcontentsandqueries.Shouldnota documentcontaining

�
��� � matchaquery

“ �
���#� ”, or adocumentcontaining�

�

� /

�

matchaquery“ �
� � �

�

� /

� � �
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”? The�fth problemis thatof notationalambiguity
in mathematics.Is ��� theproduct� 	�� or thedifferential ��� ? Is �����

�

) � theproduct� 	 ���

�

) � or thefunction � applied
at �

�

) ? Markuplanguagescaneliminateambiguityin thedatabasecontents,but not in users'queries.

In this talk, we will discusstheefforts andapproachesfor addressingthoseproblemsand,generally, for developingmath
searchtechniquesandsystems.At thekeywordandstructurallevelsof mathsearch,two methodologicalstrategieswill be
covered.The�rst is theevolutionarystrategyof buildingamathsearchengineontopof atext searchengine,andtranslating
mathcontents(including thesymbolicandthestructural)in thedatabaseandin queriesinto textual counterpartsfor text
search.The secondstrategy is to developnew schemesto index equationsandstructuresdirectly, usingparsetreesand
possiblyothermodels,to increasetheprecisionof searching.Commonto bothstrategiesis thenecessityof aneffective
andeasy-to-useinterfacefor enteringandeditingmathqueries.Themathsearchsystembeingdevelopedat NIST for the
DLMF projectwill serveasanillustrative focus.

Thetalk will alsocover pertinentaspectsof theactivities, projects,andproductsthatarerelatedto, or have impactupon,
mathsearch.Theseincludemathmarkuplanguages(OpenMath,MathMl, OMDOC),mathontologiesandmetadata,math
languages/editors(EzMath,MathType,MathWriter, etc.),Math on theWeb(MathWeb,MONET, theEspritProject),and
industrysupport.

2:20pm Discussion

2:30pm CoffeeBreak ReceptionRoomEE/CS3-176

3:00pm Patrick Ion
MathReviews

Mathematicson theWeb

3:50pm Discussion
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4:00pm Panel Discussion

Thursday, August1

All talks are in LectureHall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptionRoomEE/CS3-176

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

9:00am Bruce R. Miller
NIST

Representation,displayandmanipulationof mathematics
on theWeb

Abstract: Earlier in this workshop,we will have seenhow MATHML providesa meansto displaymathematicson the
web. We will have heardaboutautomaticveri�cation of specialfunction identitiesusingcomputeralgebraandtheorem
proving software. TEX (andLATEX) setsthestandardfor quality typesettingof mathematics.PresentationMATHML has
thepotentialto approachits quality, asimplementationsmatureandconsistentfontsbecomeavailable,andthis mustbea
goal.Yet,onlinemathematicsalsooffersthepossibilitiesof variousmanipulationsof theformulaby theuserrangingfrom
simpleselectionsof alternative formsof expressions,throughbroadrearrangements,to extensive computationswith and
validationsof formula. Whatis requiredof a representationof mathematicsthatwill supportthese,andotherforeseeable,
capabilities?

An idealrepresentationmustbeableto capturethenuancesof qualitydisplayaswell astheprecisemeaningof theformula.
Thepresentationhints includethe`exceptions'thatanauthorintroducesto make it' s meaningmoreapparentto a reader,
suchas the orderingof variablesand terms,presenceand omissionof parenthesisin certainsituations,choiceamong
differentnotationfor the sameoperationsandso on. While TEX, LATEX andPresentationMATHML easilycapturethis
presentationinformation,they sidestepthe issueof themeaningof formula. Which � is beingreferredto? Whatdoesa
givenprime indicate?A usefulrepresentationmustalsocapturethemeaningin suf�cient precisionthat formulascanbe
suppliedasinput to computeralgebrasystemsandtheoremproverswithout fearof misinterpretation.ContentMATHML
andOPENMATH convey thesemantics(andtheinputlanguagesof computeralgebrasystemseachconvey theirown version
of thesemantics),but, alone,lack thepresentationinformation.

A third aspect,metadata,mustalsobeconsidered.Irrespectiveof how well a mathematicalsearchenginecanbemadeto
work, therearefacetsto a formulathatcannotbeinferredfrom theformulaitself. For example,theroleof a formulaasan
additiontheorem,or asymptoticexpansion,maybestbe handledby annotatingthe formula,perhapswith simpletextual
information. Additional informationregardingthedependenceof oneformulaon another, or constraintson variables,or
thederivationof theformulamaybebetterhandledby structuredannotations,suchasprovidedby theOMDOC extension
of OPENMATH.

Thusoneis led to a corerepresentationconsistingof a hybrid of presentationandcontentmarkup,alongwith additional
annotationsfor metadata.Sincethe representationmostappropriatefor exchange,delivery andpresentationin different
mediamay be different, the representationmust supportthe transformationfrom one the core format to another. The
variousXML formats(MATHML andOPENMATH) aredesignedto supportthis.

But, giventheverbosityof XML, thesemaynotbethethebestform for authoring.Indeed,writing beingaratherpersonal
thing,thestylesof differentauthorsmustbeaccommodated.Themathematicalcommunitymustthereforedevelopvarious
meansof authoringfor content,aswell aspresentation.SomemaybebasedonXML editorswith graphicaluserinterface.
Othersmaybebasedoncomputeralgebrasystemworksheets.

Giventhelongstandingpreferencefor LATEX amongmostof theDLMF projectmembers,wearedevelopingaLATEX based
approach.We extendLATEX by de�ning macrosat a highersemanticlevel, for examplefor variouscalculusoperations;
macrosarede�ned for eachspecialfunction,andsoon. By minimizing theambiguitiesinherentin purelypresentational
markup,an in�x parserwith only minimal heuristicsshouldbe able to transformthe formula into the corresponding
semanticrepresentations.
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9:50am Discussion

10:00am CoffeeBreak ReceptionRoomEE/CS3-176

10:30am Bonita V. Saunders
NationalInstituteof StandardsandTech-
nology

Interactive 3D Visualizationsof High Level Functionsin
a MathematicalDigital Library

Abstract: A Web-baseddigital library offers an ideal mediumfor informative graphicalrepresentationsof high level
mathematicalfunctions. In contrastto 2D and 3D still imagesin printedmedia,Web capabilitiesmake it possibleto
createdynamicinteractivevisualizationsthatcanhelpusersgainadeeperunderstandingof specialfunctions.

Still, the developmentof effective graphicsfor a digital library presentsseveral challenges.Theremust be a reliable
meansfor computingthe data. A sophisticatedand intimateknowledgeof the function may be requiredto determine
which featuresshouldbeemphasized.Furthermore,singularities,poles,branchcutsandothercomplexities canmake the
creationof accuratevisualizationsquitedif�cult.

This talk will discussstepstaken to addresstheseissues,including the useof numericalgrid generationto designsuit-
ablecomputationalmeshesto plot complicatedfunctions. The visualizationsdevelopedfor theNIST Digital Library of
MathematicalFunctions(DLMF) will be comparedto graphicalpresentationsin theoriginal NBS handbookandearlier
referencessuchasJahnke andEmde. Also, we will comparethe designof graphicsfor the NIST DLMF with what is
availablein popularcomputeralgebrasystemsandsuggestsomeareaswherefutureresearchis needed.

11:20am Discussion

11:30pm Lunch Break

Theme: Theorema

1:30pm Bruno Buchberger
JohannesKeplerUniversity

TheoremaandMathematicalKnowledgeManagement

Abstract: Identitiesfor specialfunctionsarejustspecialformulaein predicatelogic whosecorrectnesshasbeenestablished,
typically, by proofsproducedby humanmathematicians.Recentadvancesin variousareasof mathematicshave madeit
possibleto inventand/orprove many of theseidentitiesby algorithms.In this talk, we put theseadvancesinto themore
generalcontext of formal, computer-supportedmathematics,notablyautomatedtheoremproving. We give an overview
on the Theoremasystem,which aimsat providing algorithmsfor proving, solving, andsimplifying classesof formulae
in variousareasof mathematicsin a uniform logic andsoftwaretechnologicframe. We describefuture mathematicsas
theprocessof ”mathematicalknowledgemanagement”in wich mathematicaltheoriesona meta-level establishindividual
theoremsthat form the basisof proving, solving, and/orsimplifying in�nite collectionsof formulaeon a lower level.
We proposeto build up mathematicalknowledgebasesfor all areasof mathematicsandto provide tools for the formal
manipulationof theseknowledgebasesthatareessentiallybasedonautomatedproving.

We will demonstratethedesignandcurrentcapabilitiesof Theoremaby a coupleof examples.Theoremais programmed
in Mathematicaand,thus,is availableonall platforms.

2:20pm Discussion

2:30pm Coffee ReceptionRoomEE/CS3-176
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3:00pm CarstenSchneider
Universityof Linz

Sigma:A SummationPackagefor DiscoveringandProv-
ing

Abstract: Sigmais a summationpackage,implementedin the computeralgebrasystemMathematica,that enablesto
discover and prove nestedmultisum identities. Basedon Karr's difference�eld theory (1981) this packageallows to
�nd all solutionsof parameterizedlineardifferenceequationsin a verygeneraldifference�eld setting,socalledPiSigma-
�elds. With thisdifference�eld machinerynestedinde�nite multisumscanbesimpli�ed by minimizingthedepthof nested
sum-quanti�ers. In addition,Sigmaprovidesseveral algorithmsin orderto discover closedform evaluationsof de�nite
nestedmultisums.Hereone�rst tries to computea recurrencefor a givende�nite sumby applyingZeilberger's creative
telescopingideain the difference�eld setting. Secondoneattemptsto solve this recurrencein termsof d'Alembertian
solutions,a subclassof Liouvillian solutions.Combiningthesesolutionsone�nally may�nd a closedform evaluationof
a de�nite multisum.All theseaspectswill beillustratedby variousexamples.

Besidesdiscoveringmultisumidentities,Sigmais a verypowerful tool to provede�nite nestedmultisumidentities.In this
softwarepresentationI will illustratehow theusercanbedispensedfrom theseproving aspectsby embeddingSigmaasan
“externalprover” in theTheorema-system.Theorema,designedby B. Buchberger, supportsvariousfacetsof mathematical
proving, solvingandcomputingin a humanreadablefashion.Oneof our goalsis to combinethesetools into a complete
identityprover.

Thefollowing web-sitegivesfurtherinformationaboutmy work.

http://www.risc.uni-linz.ac.at/people/cschneid/.

3:30pm Panel Discussion

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

Friday, August 2

All talks are in LectureHall EE/CS 3-180unlessotherwisenoted.

8:30am Coffee ReceptionRoomEE/CS3-176

Theme: What is Needed?

9:00am Richard Askey
Universityof Wisconsin

Assessmentof DLMF (Digital Library of Mathematical
Functions)

Abstract: TheDigital Library of MathematicalFunctionswill includesomebut far from all of theknown resultsonspecial
functionswhich will beusedin thefuture.Theeditorsandauthorsaremakingguessesaboutwhatwill beusedin science
andengineering.In thepast,andalmostsurelyin the future,suchguesseshave beenfar to conservative aboutwhatwill
beneededin somescienti�c �elds. Someguesseswill begiven.Certainsetsof orthogonalpolynomialsin oneandseveral
variablesandelliptic hypergeometricfunctionsaretwo examples.Somewild speculationsaboutsuchthingsasanintegral
representationof thedoublegammafunctionwill bementioned.

9:30am Discussion

9:40am Mourad Ismail
Universityof SouthFlorida

ContinuedFractionsandBiorthogonalFunctions
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Abstract: We discussT andR fractionsandhow they naturally leadto orthogonalandbiorthogonalrational functions.
Plansfor futureresearchin this areawill bediscussed.

10:30am Discussion

10:40am CoffeeBreak ReceptionRoomEE/CS3-176

11:10am DennisStanton
Universityof Minnesota

CommentsonCombinatoricsandSpecialFunctions

11:40am Discussion

11:50am Daniel W. Lozier
NationalInstituteof StandardsandTech-
nology andPeter A. Clarkson Univer-
sity of Kent

WhatcantheSIAM OPSFActivity Groupdo for you?

12:00am Discussion

12:10pm Lunch Break

Theme: Panelon Futur eof Mathematical Digital Libraries: Funding, Maintenance,Copyright, Publication

2:00pm Panel Discussion Patrick Ion, MathReviews
Arieh Iserles, Universityof Cambridge
Peter Paule, Universityof Linz
Peter Olver, Universityof Minnesota

3:30pm CoffeeBreak ReceptionRoomEE/CS3-176

4:00pm Panel Discussion

Monday, August5–Wednesday, August14

Foundationsof Computational MathematicsMeeting

TheFoCM 2002Meetingwill take placein severalroomsof theEE/CSBuilding, PhysicsBuilding, andAmundsonHall
on theUniversityof MinnesotaMinneapoliscampus.

Seehttp://www.damtp.cam.ac.uk/user/na/FoCM/FoCM02/ for details.

Thursday, August15–Friday, August30

The10:30IMA breakwill bein Lind Hall 400.
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Tuesday, August20,2002

IMA POSTDOCSEMINAR, Lind Hall 409:

11:15am John Donaldson
Universityof Tasmania

Analytical and NumericalSolutionsof Differential and
DifferentialDelayEquations

Abstract: The Louie, Wake et al continuousmathematicalmodel for the combinedgrowth of Rye andClover includes
distributeddelayterms.A searchfor numericalsolutionsraisesquestionson therelationshipbetweenthecontinuousand
discreteanaloguesof differentialequationsandmoregenerallybetweentheanalyticandnumericalsolutionsof differential
equations.In the latter situation,it is shown how invariantscanbe usedto make the numericalsolutionsmorefaithful
to theanalyticsolution. Observationson thediscreteanaloguesof the logistic andlogistic delayequationindicatequite
differentbehaviour patternsandindicatea needfor a deeperunderstandingof therelationships.

TheIMA PostdocSeminaris organizedby SelimEsedogluandMichaelEfroimsky.

Thursday, August22

APPLIED MATHEMA TICS AND NUMERICAL ANALYSIS SEMINAR, LindH 400

11:30am John Donaldson
UniversityOf Tasmania,Australia

Fluid FlowsandMineral Deposition

Abstract: Thereis considerableevidenceindicatingthatdepositionof mineralsoccursat sitesof upwellingof �uid �o ws
hydrothermallydriven in theporouscrustof theearthby its hot magmacore. In many casesthereappearto bepatterns
associatedwith thelocationsof thedeposits.Thework of Lapwoodin developinga mathematicalmodelfor such�o ws is
describedin relationto thesepatterns,suggestinga processfor thepredictionof sitesof mineraldeposits.In particularan
examinationis madeof theknown gold depositsin thelargecretanbasinof WesternAustralia.

CURRENT IMA PARTICIP ANTS

POSTDOCTORAL MEMBERSFOR2002–2003PROGRAM YEAR
NAME PREVIOUSINSTITUTION
OlgaBrezhneva RussianAcademyof Sci.
DacianDaescu Universityof Iowa
GregoryS.Duane Universityof Colorado
MichaelEfroimsky Universityof Oxford
Lisa Evans GeorgiaTech
Balaji Gopalakrishnan GeorgiaTech
DanielKern Universityof Illinois-Chicago
Miao-JungOu Universityof Delaware
TamonStephen Universityof Michigan
JingWang Universityof Minnesota
ToshioYoshikawa Universityof Utah

POSTDOCTORAL MEMBERSIN INDUSTRIAL MATHEMATICS
NAME PREVIOUSINSTITUTION INDUSTRIAL AFFILIATION
YusufAltundas Universityof Pittsburgh Schlumberger
Lili Ju IowaStateUniversity VA Hospital
AureliaMinut MichiganStateUniversity 3M
HaewonNam TexasA & M University Schlumberger
JunZhao TexasA & M University GE
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VISITORSIN RESIDENCE(asof July3)

ADAMCHIK, VICTOR CarnegieMellon Univ. JUL 22 - AUG 2
ALI, S.AHMAD AmiruddaulaIslamiaCollege,Lucknow JUL 21 - AUG 2
ANDREWS,GEORGEE. PennStateUniv. JUL 21 - AUG 2
ARNOLD, DOUG Inst. for Math& its Applications SEP1 - AUG 31
ASKEY, RICHARD A. Univ. of Wisconsin-Madison JUL 21 - AUG 2
BERKOVICH, ALEX Univ. of Florida JUL 21 - AUG 2
BERRY, MICHAEL Univ. of Bristol JUL 21 - AUG 2
BLEHER,PAVEL Indiana-PurdueUniv. Indianapolis JUL 21 - 27
BOISVERT, RONALD F. NIST JUL 22 - AUG 3
BRESSOUD,DAVID M. MacalesterCollege JUL 21 - AUG 2
BUCHBERGER,BRUNO JohannesKeplerUniv. JUL 21 - AUG 2
CALDERER,M. CARME Univ. of Minnesota SEP1 - AUG 31
CARTER,JAMYLLE Inst. for Math& its Applications SEP1 - AUG 31
CHEB-TERRAB,EDGARDOS. SimonFraserUniv. JUL 23 - AUG 2
CHENG,CHRISTINE Inst. for Math& its Applications SEP1 - AUG 31
CHRISTIANSEN,JACOBSTORDAL Univ. of Copenhagen JUL 21 - AUG 2
CHYZAK, FREDERIC INRIA Rocquencourt JUL 21 - AUG 2
CLARKSON,PETERA. Univ. of Kentat Canterbury JUL 21 - AUG 16
CRISTINI, VITTORIO Inst. for Math& its Applications SEP1 - AUG 31
DAALHUIS, ADRI OLDE EdinburghUniv. JUL 26 - AUG 8
DAESCU,DACIAN Inst. for Math& its Applications AUG 6 - 31
DAMELIN, STEVENBENJAMIN GeorgiaSouthernUniv. JUL 22 - AUG 2
DE BOOR,CARL Univ. of Wisconsin-Madison JUL 21 - AUG 2
DRIVER, KATHLEEN ANN Univ. of theWitwatersrand JUL 21 - 25
DUANE, GREGORY S. Inst. for Math& its Applications SEP1 - AUG 31
DUNKL, CHARLESF. Univ. of Virginia JUL 21 - 30
EFROIMSKY, MICHAEL Inst. for Math& its Applications SEP1 - AUG 31
ESEDOGLU,SELIM Inst. for Math& its Applications SEP1 - AUG 31
GAUTSCHI,WALTER PurdueUniv. JUL 23 - AUG 3
GIL, AMPARO UniversidadAutonomadeMadrid JUL 20 - AUG 4
GULLIVER, ROBERT Inst. for Math& its Applications SEP1 - AUG 31
ION, PATRICK MathReviews JUL 21 - AUG 2
ISERLES,ARIEH Univ. of Cambridge JUL 21 - AUG 2
ISMAIL, MOURAD Univ. of SouthFlorida JUL 21 - AUG 2
ITS, ALEXANDER Indiana-PurdueUniv. Indianapolis JUL 21 - AUG 2
JOHNSTON, SARAH JANE Univ. of theWitwatersrand JUL 21 - 27
KEEL, MARKUS Univ. of Minnesota JUL 7 - 14
KERN, DANIEL Inst. for Math& its Applications AUG 2 - 31
KOORNWINDER,TOM UniversiteitvanAmsterdam JUL 21 - AUG 7
KRATTENTHALER, CHRISTIAN Univ. Wien JUL 22 - AUG 2
KUIJLAARS, ARNO KatholiekeUniv. Leuven/CWI JUL 21 - AUG 2
KUSKE, RACHEL Univ. of Minnesota SEP1 - AUG 31
LOPEZ,JOSEL. PublicUniv. of Navarra,Pamplona JUL 21 - 29
LOVEJOY, JEREMY Univ. of Wisconsin,Madison JUL 21 - AUG 2
LOWENGRUB, JOHN Univ. of Minnesota SEP1 - AUG 31
LOZIER, DANIEL W. NIST JUL 21 - AUG 5
LYUBUSHIN, ALEXEY RussianAcademyof Sciences JUN2 - JUL 1
MAIER, ROBERT S. Univ. of Arizona JUL 29 - AUG 7
MANSFIELD, ELIZABETH L. Univ. of Kentat Canterbury JUL 21 - AUG 16
MARICHEV, OLEG Wolfram ResearchInc. JUL 22 - AUG 1
MILLER, BRUCE R. NIST JUL 21 - AUG 2
MILLER, WILLARD Univ. of Minnesota SEP1 - AUG 31
MINUT, AURELIA Inst. for Math& its Applications SEP1 - AUG 31
MOLER, CLEVE TheMathWorksInc. JUL 21 - AUG 2
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NEZAFAT, MAHDI Univ. of Minnesota JUL 21 - AUG 2
NIGAM, NILIMA McGill Univ. JUL 21 - AUG 14
ODLYZKO, ANDREW Univ. of Minnesota JUL 21 - AUG 2
OGATA, YOSIHIKO Inst. of StatisticalMath. Tokyo JUN9 - JUL 2
OLKIN, INGRAM StanfordUniv. JUL 25 - AUG 28
OLVER, FRANK W. J. NIST JUL 21 - AUG 2
OLVER, PETERJ. Univ. of Minnesota JUL 21 - AUG 2
OU, M. YVONNE Inst. for Math& its Applications SEP1 - AUG 31
PADHI, GOURI Univ. of Limerick JUL 21 - AUG 2
PARK, JEONG-SOO ChonnamNationalUniv./SRCCS SEP5 - AUG 31
PAULE, PETER Univ. of Linz JUL 21 - AUG 3
QIAN, JIANLIANG Inst. for Math& its Applications SEP1 - AUG 31
RAPPOPORT, JURIM. RussianAcademyof Sciences JUL 21 - AUG 3
REGENSBURGER,GEORG Univ. Innsbruck JUL 20 - 30
REINHARDT, WILLIAM P. Univ. of Washington JUL 26 - AUG 2
REITICH, FERNANDO Univ. of Minnesota SEP1 - AUG 31
RICHARDS,DONALD Univ. of Virginia JUL 21 - 28
RICHTER,DAVID A. SoutheastMissouriSt. Univ. JUL 21 - AUG 3
RIESE,AXEL J.KeplerUniv. Linz JUL 21 - AUG 2
SANTOSA,FADIL Inst. for Math& its Applications SEP1 - AUG 31
SAUNDERS,BONITA V. NIST JUL 21 - AUG 2
SCHERZER,OTMAR Univ. of Innsbruck JUL 21 - 26
SCHLOSSER,MICHAEL Univ. of Vienna JUL 21 - AUG 8
SCHNEIDER,CARSTEN Univ. of Linz JUL 21 - AUG 2
SEGURA,JAVIER Univ. CarlosIII deMadrid JUL 20 - AUG 4
SELL, GEORGE Univ. of Minnesota SEP1 - AUG 31
SHEN,JIANHONG Univ. of Minnesota SEP1 - AUG 31
SHUKLA, AJAY KUMAR RegionalColl. of Eng.& Techn.,Surat JUL 21 - AUG 2
SIEGMUND,STEFAN Georgia Inst. of Technology APR8 - AUG 30
SILLS, ANDREW V. PennStateUniv. JUL 21 - AUG 3
SPIRIDONOV, VYACHESLAV JointInst. NuclearResearch,Dubna JUL 21 - AUG 7
STAFILLANI, GIGLIOLA Brown Univ. JUL 7 - 14
STANTON, DENNIS Univ. of Minnesota JUL 21 - AUG 2
SVERAK, VLADIMIR Univ. of Minnesota SEP1 - AUG 31
TAKAOKA, HIDEO Univ. of Hokkaido,Japan JUL 7 - 14
TAO, TERENCE Univ. of California,LosAngeles JUL 7 - 14
TEMME, NICO M. CWI JUL 21 - AUG 10
TERWILLIGER, PAUL Univ. of Wisconsin JUL 21 - AUG 4
THAYER, JAVIER F. MITRE Corporation SEP1 - AUG 31
TURBINER,ALEXANDER NationalUniv. of Mexico JUL 21 - AUG 2
VERE-JONES,DAVID VictoriaUniv., Wellington APR1 - JUL 3
VOLKMER, HANS W. Univ. of Wisconsin JUL 21 - AUG 2
WALKER, PETERL. AmericanUniv. of Sharjah,UAE JUL 21 - AUG 2
WARNAAR, S.OLE Univ. of Melbourne JUL 21 - AUG 3
WILSON, JIM IowaStateUniv. JUL 21 - AUG 2
WINTHER, RAGNAR Universitetetof Oslo JUN23 - JUL 8
YOSHIKAWA, TOSHIO Inst. for Math& its Applications SEP1 - AUG 31
YOUSSEF, ABDOU TheGeorgeWashingtonUniv. JUL 30 - AUG 2
ZEILBERGER,DORON RutgersUniv. JUL 21 - AUG 2

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