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CMI ANNUAL REPORT�
 Another major change this year concerns theeditorial board for the Clay Mathematics InstituteMonograph Series, published jointly with theAmericanMathematicalSociety.SimonDonaldsonand Andrew Wiles will serve as editors-in-chief,while I will serve as managing editor. Associateeditors are Brian Conrad, Ingrid Daubechies,CharlesFefferman,JánosKollár,AndreiOkounkov,David Morrison, Cliff Taubes, Peter Ozsváth, andKaren Smith. The Monograph Series publishesselected expositions of recent developments, bothinemergingareasandinoldersubjectstransformedbynewinsightsorunifyingideas.Thenextvolumein the series will be Ricci Flow and the Poincaré Conjecture,byJohnMorganandGangTian.Theirbookwillappearinthesummerof2007.
 Inrelatedpublishingnews,theInstitutehashadthecompleterecordoftheGöttingenseminarsofFelixKlein,1872–1912,digitizedandmadeavailableontheweb.Partofthisproject,whichwillplayoutovertime, is toprovideonlineannotation,commentary,andtranslations tocomplement theoriginalsourcematerial. The same will be done with the resultsofanearlierprojecttodigitizethe888ADcopyofEuclid’sElements. Seewww.claymath.org/library/historical.
 Mathematics has a millennia-long history duringwhich creative activity has waxed and waned.Therehavebeenmanygoldenages, amongwhichhave figured the schools of Greece and Göttingen. Thecurrentperiod,withtheresolutionofsomanylong-standingproblems,amongwhichareFermat’slast theorem, the Sato-Tate conjecture, arithmeticprogressions in the primes, and the Poincaréconjecture,isarguablyoneofthese.Inanycase,weliveinexcitingtimesformathematics.
 Sincerely,
 JamesA.Carlson President
 DearFriendsofMathematics,For the past five years, the annual meeting of the Clay Mathematics Institute has been a one-after-noon event, held each November in Cambridge,Massachusetts, devoted to presentation of theClay Research Awards and to talks on the workof the recipients. The award recognizes majorbreakthroughsinmathematicalresearch.Awardeesreceive flexible research support for one year and thebronzesculpture“FigureightKnotComplementvii/CMI”byHelamanFerguson.Pastawardees,inreverse chronological order, are Manjul Bhargava,NilsDencker,BenGreen,GérardLaumonandBao-Châu Ngô, Richard Hamilton, Terence Tao, OdedSchramm, Manindra Agrawal, Edward Witten,StanislavSmirnov,AlainConnes,LaurentLafforgue,andAndrewWiles.
 Beginningin2007,theannualmeetingwillbeheldin May, alternating between Harvard and MIT asin thepast,withanexpanded two-dayprogramoftalks on recent research developments in additiontopresentationoftheawards.Theaimistoofferaseries of high-quality expository lectures that willinformmathematiciansregardlessofspecialty.
 Letter from the president
 James Carlson.
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 Recognizing Achievement
 Fields Medal Winner Terence Tao
 TerenceTao, a Clay Research Fellow from2000to2004,wasoneoffourrecipientsoftheFieldsMedals awarded August 22, 2006. The citationread: “for his contributions to partial differentialequations, combinatorics, harmonic analysis andadditivenumber theory.”TheotherawardeeswereAndreiOkounkov,GrigoriPerelmanandWendelinWerner.
 Tao,bornin1975,isanativeofAdelaide,Australia.Hebeganlearningcalculusasaseven-year-oldhighschool studentandbyageelevenwaswellknownininternationalmathcompetitions.AftergraduatingfromFlindersUniversityinAustraliawithaMastersDegree, Tao earned his Ph.D. from PrincetonUniversity under the direction of Elias Stein. Hethen joinedUCLA’s faculty,wherehebecame fullprofessor at age twenty-four. Tao has also heldprofessorshipsattheMathematicalSciencesInstituteandAustralianNationalUniversityinCanberra.
 Among Tao’s many awards are the Salem Prizein 2000, the Bôcher Prize in 2002, and the ClayResearchAwardin2003.HeisalsotherecipientofaMacArthurFellowship.
 Tao’sworkisastonishingnotonlyinitsdepthandoriginality, but also in its quantity and breadth.Heistheauthorofmorethan140papers,aboutthree-quartersofwhichhavebeenwrittenwithoneormoreof fifty collaborators. While the core of his work todate has been concentrated in harmonic analysisand partial differential equations, it ranges fromdynamicalsystemstocombinatorics,representation
 Terence Tao. Courtesy Reed Hutchinson/UCLA.
 theory,algebraicgeometry,numbertheory,andcom-pressedsensing,anewareaofappliedmathematics.Of special note is his joint work with Ben Green,a Clay Research Fellow from 2005 through 2007.Intheir2004paper,“Theprimescontainarbitrarilylongarithmeticprogressions,”theauthorsansweredin the affirmative a long-standing conjecture that had resistedmanyattempts.Vinogradovsettledthecaseofarithmeticprogressionsoflength3in1939.Sincethen, however, progress had stalled, and even thecaseofprogressionsoflength4wasunresolved.Forthisandotherwork,TaowasawardedtheAustralianMathematicalSocietyMedal.
 Taoisalsounusualintheattentionthathegivestotheexpositionofmathematics.Athiswebsite,onewill find, among other things, a list of courses taught with an online edition of his textbook on partialdifferential equations (Math 251B, Spring 2006),andanarchiveofoverninetynotesontopicsrangingfrom a survey of harmonic analysis to the Black-Scholes formula in mathematical finance. More recentlyTaostartedablog. Itmakesforexcellentreading and includes many of his recent lectures,includingtheSimonsLecturesatMITonstructureandrandomness,theOstrowskilectureinLeidenonthe uniform uncertainty principle and compressedsensing, and the ACM Symposium talk on theconditionnumberof randomlyperturbedmatrices.Therearealsodetailednotesonotherlectures,e.g.,Shing-TungYau’s,What is a Geometric Structure,intheDistinguishedLectureSeriesatUCLA,aswellastalksandnotesintendedformoregeneralaudiences:The cosmic distance ladder,a talkgiventoUCLAchapterofthePiMuEpsilonsociety,andAdvice on mathematical careers, and mathematical writing.TaohasalsowrittenanarticleonPerelman’srecentspectacularwork.
 Ontheweb:
 Homepage:www.math.ucla.edu/~taoBlog:terrytao.wordpress.comArticleonPerelman’swork:arXiv:math/0610903Interview:www.claymath.org/library
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 Theway that amagic trickworks canbejustasamazingasthetrickitself.Myfavoritewayof illustrating this is to talk about shuffling cards. In this article, I will try to explain how there is adirect connection between shuffling cards and the RiemannHypothesis—oneoftheClayMathematicsInstitute’sMillenniumPrizeProblems.
 Let us begin with perfect shuffles. Magicians and gamblerscantakeanordinarydeckofcards,cutitexactly in half, and shuffle the two halves together so that they alternate perfectly as in figure one, which shows a perfect shuffle of an eight-card deck.
 If the shuffle is repeated eight times with a fifty-two carddeck,thedeckreturnstoitsoriginalorder.Thisis one reason that perfect shuffles interest magicians. To see why gamblers are interested, suppose thatthe deck begins with four aces on top. After oneperfect shuffle, the top of the deck is Ace, X, Ace, X, Ace, X, Ace, X, where X is an indifferent card. After two perfect shuffles, the aces are four cards apart. Thus, if four hands of poker are dealt, thedealer’s accomplicegets the aces. Thismotivatesthe study of just what can be done with perfectshuffles. Magicians and gamblers (along with a fewmathematicians)havebeenthinkingaboutsuchthingsforatleastthreehundredyears.
 Toseetheconnectionswithmathematics,considertheproblemofhowmany times adeck shouldbeshuffled to recycle it. The answer is eight for a fifty-two card deck. The answer is fifty-two for a fifty-four card deck and six for a sixty-four card deck.The number of perfect shuffles needed to recycle varioussizedecksisshownintableone.
 Can the reader see any pattern in these numbers?Some people find it surprising that sometimes larger decks recycle after fewer shuffles. Decks thathavesizepoweroftwocanbeseentorecycleparticularlyfast. Tounderstand thisbetter, labeladeckofsize2n,startingfromthetop,as0,1,2,3,...,2n - 1. Observe that after one perfect shuffle, the card inpositioni movestoposition2i.Thisstatementistrue even when i is greater than n/2, provided wetake the remainder of 2i when divided by 2n - 1.Or,asmathematicianssay,wecompute2imodulo2n -1.Thus,when2n=52,thecardinposition0staysthere.Thecardinposition1movestoposition
 Mathematics and Magic Tricks
 PersiDiaconisDepartmentofMathematicsandStatisticsStanfordUniversity
 0123
 4567
 2 4 6 8 10 12 14 16 18 20 22 24 26
 1 2 4 3 6 10 12 4 8 18 6 11 20
 28 30 32 34 36 38 40 42 44 46 48 50 52 54
 18 28 5 10 12 36 12 20 14 12 23 21 8 52
 Persi Diaconis
 decksize2n
 ord2(2n–1)
 decksize2n
 ord2(2n–1)
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 2(becausewelabelthingsstartingatzero,position2means the thirdcard fromthe top). Thecard inposition28goestoposition56modulo51,thatis,toposition5.Andsoon.
 Returningtotheproblemofadeckofarbitrarysizen,we see that after one shuffle, card imovestoposition2imodulo(2n - 1). After two shuffles, it moves to position4imodulo(2n - 1). After three shuffles, it movestoposition8imodulo(2n -1).Therefore,thedeckrecyclesafterk shuffles, where kisthesmallestpoweroftwosuchthat2raisedtothekthpowerisone modulo 2n - 1. For example, when 2n = 52,2n -1=51,andthevariouspowersoftwomodulo2n -1are
 0248163213261
 Thatis,28 = 256 = 1 modulo 51, so fifty-two cards recycle after eight shuffles. For a fifty-four card deck, 2raisedtothepower52is1modulo53.Oneseesthat fifty-two shuffles, but no fewer, are required. Forasixty-fourcarddeck,2raisedtothepower6is 1 modulo 63. One sees that in six shuffles, but no fewer,thedeckisrecycled.
 F r o m t h e s eobservations,it is natural towonder whatthe longest re-cycling timesare. Fermat’slittle theoremshows that theworst that canhappen is thatthe deck re-c y c l e s a f t e r2n - 2 shuffles.Doesthishappenfor arbitrarily
 large decks? No one knows. It is a conjecture,duetoEmilArtin,withantecedentsintheworkofGauss,that2isaprimitiverootforarbitrarilylargeprimes.(See[1,6]and[3,4]).Thiswouldyieldanaffirmative answer to the card shuffling problem. It has been rigorously proved that if the generalizedRiemann Hypothesis holds, then the Artin
 conjectureholds.But,alas,aproofoftheRiemannHypothesis, even in itsoriginal form,continues toelude the efforts of the world’s mathematicians.
 I find these connections wonderful. It is inspiring, indeed awe-inspiring, that a simple card-shuffling questionthatfascinatedmeasakidofthirteencanleadtotheedgeofmathematicsandbeyond.Ifyouwant to know more about shuffling cards and its connectionstoallsortsofmathematics,see[2].
 References1. Artin,E., lettertoHelmutHasse,September27,1929.RecordedinthediaryofHelmutHasse.
 2. Diaconis, P. and Graham, R.L. (2007) “TheSolutions toElmsley’sProblem.” Math Horizons,Feb.2007,pg.22-27.Seemaa.org.
 3.Gauss,C-F.,Disquisitiones Arithmetica, articles315-317.1801.
 4.Li,ShuguangandPomerance,C.,Primitive roots: a survey, http://www.math.dartmouth.edu/~carlp/PDF/primitiverootstoo.pdf
 5.Moree,P.,Artin’sprimitiverootconjecture,http://www.math.tau.ac.il/~rudnick/dmv/moree.ps
 6.Wikipedia,Artin’sconjectureonprimitiveroots,http://en.wikipedia.org/wiki/Artin’s_conjecture_on_primitive_roots
 2 4 6 8 10 12 14 16 18 20 22 24 26
 1 2 4 3 6 10 12 4 8 18 6 11 20
 28 30 32 34 36 38 40 42 44 46 48 50 52 54
 18 28 5 10 12 36 12 20 14 12 23 21 8 52
 Persi Diaconis
 Persi Diaconis delivering his talk at MIT.
 The audience assisting in one of Persi’s tricks.
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 Clay Lectures at Cambridge University
 On November 28, 2006, the ClayInstitutelaunchedtheClayLecturesinMathematics,an annual series of talks given by CMI’s past orcurrentresearchfellows.Thetalks,extendingoveraperiodoffourdays,featurethreeresearchtalksandonepubliclecturebyeachoftwofellows.
 Thelectureseriesisaimedatyoungmathematicians,as well as experts from other fields, and aims to develop a theme related to the research fellows’interests.
 TheCambridge lecturesweredeliveredNovember28–December 1, by fellows Ben Green (2005–07)and Akshay Venkatesh (2004–06). Green is nowat Cambridge University and Venkatesh is at theCourant Institute of Mathematics (New YorkUniversity).
 Venkateshgave three lecturesentitledAbelian and Nonabelian Symmetry in Analytic Number Theory, and a public lectureAdding Square Numbers. Theoperationofaddingtogethersquarenumbers(1,4,9, 16, 25, ...) gives rise to complex and beautifulpatterns, thathavemotivatedmathematicians fromancienttimestothepresent.
 Venkatesh’stalksbeganwithadiscussionofharmonicanalysisonthecircleandoneofitsearlytriumphsinthe1918paperofHardy-Ramanujan,whichgaveanexactformulaforthenumberofpartitionsofaninteger(e.g.,4=3+1=2+1+1=2+2=1+1+1+1).Modular forms already made their appearance intheHardy-Littlewoodpaper;behindthemlurksthenonabeliangroupSL2(R).
 Green gave three lectures entitled Themes in Additive Combinatoricsandapubliclecture,Adding Prime Numbers.While it has beennoted that it ismorenatural tomultiplyprimes than toadd them,manyfamousopenproblemsinnumber theoryareconcernedwithaddingprimes.Thestudyoftheseproblemshasledtosomefascinatingmathematics,includingthequestionoftheexistenceandabundance
 Annual lecture series
 AkshayVenkatesh(CourantInstitute)
 LectureSeries:
 AbelianandNonabelianSymmetry inAnalyticNumberTheory
 SometheoremsofHardy,LittlewoodandRamanujan.Partitionsandsumsofsquares
 SometheoremsofLinnik,DukeandIwaniec
 Asurveyofmoderndevelopments
 PublicLecture:
 AddingSquareNumbers
 Akshay Venkatesh delivering one of the Clay Lectures at DPMMS.
 ofarithmeticprogressionsintheprimes.ThelatterquestionwasresolvedbytherecentworkofGreenandTao.
 Green’s lectures on additive combinatorics dealtwithadditivepropertiesofsetsofintegers.IfasetA is somewhat closed under addition, what is thestructureofA?WhatdoweneedtoknowaboutAinordertobeabletolocateveryregularstructures,suchas arithmetic progressions, inside A? HowdoestheFouriertransformofA reflect the additive structureofA?
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 Annual lecture series
 23
 19
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 8910
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 222425
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 1415
 1
 Ben Green delivering one of the Clay Lectures at DPMMS.
 BenGreen(UniversityofCambridge/CMI)
 LectureSeries:
 ThemesinAdditiveCombinatorics
 Thestructuretheoryofsetaddition.Freiman’stheorem
 Gowersnormsandnilsequences
 Theidempotenttheorem:anapplicationofadditivecombinatoricstoharmonicanalysis
 PublicLecture:
 AddingPrimeNumbers
 Thepublic lecturesbring recent researchdevelop-ments to the educated general public. For theCambridge event, the Centre for MathematicalSciencesconverteditscentralatriumintoamassivelecture hall. A capacity crowd, with many of theCentre’s 900 undergraduate mathematics majors,attended.
 The2007lectureswillbeheldat theTataInstitutein Mumbai, India, with the talks to be given byfellows Elon Lindenstrauss (2003–05) and MirceaMustata (2001–04). Lindenstrauss and Mustataare at Princeton University and the University ofMichigan,respectively.

Page 8
                        
                        

CMI ANNUAL REPORT�
 Summary of 2006 Research Activities
 The activities of CMI researchers andresearchprogramsaredescribedbelow.Researchersand programs are selected by the Scientific Advisory Board(seeinsidebackcover).
 ClayResearchFellowsArturAvilabeganhisthree-yearappointmentinJuly2006. He is currentlyworkingat IMPA inRiodeJaneiro,Brazil,wherehereceivedhisPh.D.
 Samuel Payne graduated from the University ofMichigan and is working at Stanford University.Hehasafour-yearappointment thatbeganinJune2006.
 Sophie Morel graduated from Université de Paris-Sud,wheresheiscurrentlyconductingherwork.Shebegan her five-year appointment in October 2006 at theInstituteforAdvancedStudyinPrinceton.
 Avila,Payne,andMoreljoinedCMI’scurrentgroupof research fellows Daniel Biss (University ofChicago),MariaChudnovsky(ColumbiaUniversity),Ben Green (MIT), Bo’az Klartag (PrincetonUniversity), Ciprian Manolescu (ColumbiaUniversity), Maryam Mirzakhani (PrincetonUniversity),DavidSpeyer(UniversityofMichigan),András Vasy (Stanford) and Akshay Venkatesh(CourantInstitute).
 ResearchScholarsWolfgang Ziller (University of Pennsylvania).September1,2005—June30,2006atIMPA,Brazil.
 YaroslavVorobets(PidstryhachInstituteforAppliedProblems of Mechanics and Mathematics ofUkraine).September1,2005—August31,2006atTexasA&MUniversity.
 Tom Coates (Harvard University). February 1—May31,2006.ResearchonGromov-WittenTheoryatMSRI.
 Dihua Jiang (University of Minnesota). May 1—May 31, 2006. Working with Bao-Châu Ngô inOrsay.
 Researchers, workshops & conferences
 AlanCarey(AustralianNationalUniversity).May1—July30,2006attheErwinSchrodingerInstituteinVienna.
 LudmilKatzarkov(UniversityofCalifornia,Irvine).June1–June30,2006attheUniversityofMiami.
 Mihalis Dafermos (University of Cambridge).December31,2006–December30,2007.
 SeniorScholarsYongbinRuan(UniversityofWisconsin,Madison).January—May 2006. MSRI program on NewTopologicalMethodsinPhysics.
 Jean-Louis Colliot-Thélène (Université de Paris-Sud).January9—May19,2006.MSRIprogramonRationalandIntegralPointsonHigher-DimensionalVarieties.
 RobionKirby(StanfordUniversity).June25–July15, 2006. PCMI program on Low-DimensionalTopology.
 Clay Research Fellow Samuel Payne.
 Clay Research Fellow Artur Avila.
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 YakovEliashberg(StanfordUniversity). June25–July15,2006.PCMIprogramonLow-DimensionalTopology.
 PeterNewstead(UniversityofLiverpool).October2006.Tufts–BUjointsemesteronVectorBundles.
 JohnMilnor(SUNY,StonyBrook).June25,2006–July2,2006.PCMIprogramonLow-DimensionalTopology.
 BookFellowsAppointed in 2006 were Ralph Greenberg(University of Washington), who began workingon the monograph Topics in Iwasawa Theory, andJohn Morgan (Columbia University) and GangTian (PrincetonandMIT),whocollaboratedon themonographRicci Flow and the Poincaré Conjecture.
 LiftoffFellows
 CMI appointed nineteen Liftoff Fellows for thesummer of 2006. Clay Liftoff Fellows are recentPh.D.recipientswhoreceiveonemonthofsummersalary and travel funds before their first academic position.Seewww.claymath.org/liftoff.
 ResearchProgramsOrganizedandSupportedbyCMI
 February1–May31.EigenvarietiesprogramatHarvardUniversity.
 February24–27.ConferenceonLieGroups,Dynamics,RigidityandArithmeticatYaleUniversity.
 April6–12.WorkshoponAdditiveCombinatoricsatCRM(Montreal).
 April26.PublicLecturebyPersiDiaconis.
 May10–15.EigenvarietiesWorkshopatCMI.
 May14–16.ConferenceonAutomorphicFormsandL-Functions at Weizmann Institute of Science (TelAviv).
 May17–22.ConferenceonGlobalDynamicsBeyondUniformHyperbolicityatNorthwesternUniversity.
 June19–24.ConferenceonHodgeTheoryatVeniceInternationalUniversity(Italy).
 June19–July 14. Workshops on Affine Hecke Algebras andLanglandsProgramatCIRM(Luminy,France).
 Researchers, workshops & conferences
 ProgramAllocation
 EstimatednumberofpersonssupportedbyCMIinselected scientific programs for calendar year 2006:
 ResearchFellows,ResearchAwardees,SeniorScholars,ResearchScholars,BookFellowsandPublicLecturers30
 SummerSchoolparticipantsandfaculty135
 StudentPrograms,participantsandfaculty 100
 CMIWorkshops,Liftoffprogram60
 ParticipantsattendingjointprogramsandtheIndependentUniversityofMoscow>1000
 ResearchExpensesforFiscalYear2006(comparative allocations change annually based on scientific merit)
 Research Fellows
 Students & Liftoff
 Senior & Research Scholars
 Publications & Book Fellows
 Workshops, Lectures & Other Programs
 Summer School
 42 %
 16 %
 16 %
 9 %
 9 %
 8 %
 July 17–August 11. CMI Summer School onArithmeticGeometryatGöttingen,Germany.
 October5–10.ModuliSpacesofVectorBundlesatCMI.
 October/November.ClayResearchConference.

Page 10
                        
                        

CMI ANNUAL REPORT�0
 B e n G r e e nwas born in 1977 inBristol, England, andeducated at TrinityCollege, Cambridge, firstas an undergraduateand later as a researchstudent of FieldsMedalist Tim Gowers.Since 2001 he has
 beenaFellowofTrinityCollege,andinthattime
 he has made extendedresearch visits to Princeton, the Rényi Institute in Budapest, the University of British Columbia, and thePacific Institute of Mathematics (PIMS), where he was a postdoctoral fellow. In February 2005 Green was named a Clay Research Fellow. In January 2005, he took up a Chair in Pure Mathematics at theUniversity of Bristol. He began his appointment as a Clay Research Fellow in July 2005, the first year of which he spent at MIT. Ben also spent from February to March of 2006 at CMI working with hisstudent Tom Sanders. In the Spring of 2007, Ben and his student Julia Wolf visited CMI for two weeks.
 What first drew you to mathematics? What are some ofyourearliestmemoriesofmathematics?
 Iwasalwaysveryinterestedinnumbersasasmallchild—mymothertellsmethatIusedtodemand“sums”fromtheageofabout3andItookaninterestinsuchthingsascarregistrationplatesanddistancesonsignswhichwouldnot,perhaps,beregardedasnormalforayoungboy.Apparentlytheheadteacherofmyprimary school (ages5–11 in theUK)usedmeasanexampleofwhyitisnotagoodideatotrytoteachyourchildrenathome,sinceIhadlearnttosubtract“thewrongway”(Idon’trecallthemethodIwasusingbut,inmyparents’defense,itwasoneI had discovered myself). I first started discovering “real”mathematicsaroundtheageof thirteen.TheOlympiad movement — taking part in nationalcompetitions — was very important to me in thisrespect. However, I also started paying regularvisitstothecitylibraryinBristol,whichcontainedasurprisinglylarge,ifsomewhateccentric,collection
 Interview with Research Fellow Ben Green
 Profile
 ofmathematicsbooks.Thankfully,myfathercouldalwaysbepersuadedtotakemetheresothathecouldindulgehisinterestinobscurefolkandbluesmusicat the same time. Two books which particularlyinfluenced me were Richard Guy’s Unsolved Problems in Number Theory and Albert Beiler’sRecreations in the Theory of Numbers.
 Couldyoutalkaboutyourmathematicaleducationin the UK? What experiences and people wereespecially influential? Can you comment on your experiences at Cambridge as an undergraduate? Isthere something special in the college system thathadaparticularimpactonyourdevelopment?
 As I said above, the Olympiad movement wasvery important to me. I was very lucky that therewere two teachers at my secondary school, JulieKirbyandFrankBurke,whotookaninterestinmymathematical development and ensured that I wasenteredfor thenationalcompetitions.They(andI)
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 that keeps you on your toes, and exposes you tosomeprettyinterestingmathematics.
 Did you have a mentor? Whohelpedyoudevelopyourinterestinmathematics,andhow?
 I’ve mentioned a few greatteachers that I had whilst atschool. When at universityI was heavily influenced by
 TimGowers,who laterbecamemy thesis advisor.Towards the end of my thesis I gained a lot bytalkingtoImreRuzsainBudapest–Ifoundwewereinterestedinexactlythesametypesofquestions.
 What attracted you to the particular problems youhavestudied?
 IverynearlyoptedtodoaPh.D.inalgebraicnumbertheory, but some somewhat negative experiencesof this area in my last year as an undergraduate,coupledwiththerecentawardofaFieldsMedaltoTimGowers,persuadedmetoworkunderGowersintheareanowknownasadditivecombinatorics.Theareaisappealinginthattheproblemsmaybestatedquiteeasily toageneralmathematicalaudience.AparticularattractionformewasthatIcouldembark
 on research straightaway–IdidnotneedtogoandreadHartshorne,letaloneSGA.
 Itishardtosayexactlywhatitisthatattractsmetoaproblemnowadays.Iamparticularlyfondof
 instances in which it is possible to extract “rigid”structurefromrathersoftinformation–infactmostofthequestionsIamworkingonrightnowhavethiskind of flavor. A theorem of this type that I very much admire (though I don’t quite know how to prove,I’m ashamed to say) is Marina Ratner’s theoremon the closures of orbits of unipotent flows. She relatedthesetoexactsubgroups—thatis,shetooksoft information (in this case a dynamical system)andfoundalgebraicstructureinit.TerryTaoandIare working on Freiman’s theorem and on inverse
 were rather surprised when I obtained the highestmarkinoneofthesecompetitions(forstudentsundertheageofthirteen).Myschooliscurrentlyrankedsomewherearound2000thintheUKacademicallysowewerequitepleasedto have scored thisvery minor victoryover the famousschools like Etonand St Paul’s. Thiswas when I realizedthatIhadaparticularaptitudeformathematicsandstartedtakingitmoreseriously. Subsequently I took part in more seniormathematicscompetitionsandtwicerepresentedtheUK at the International Mathematical Olympiad.Indoing this Imademany lasting friendsandwasinfluenced by several wonderful teachers. Among theseIwouldsingleoutTonyGardiner,ChristopherBradleyandDavidMonkwhowouldregularlysendmesetsofinterestingproblemsbypost.AtthetimethetrainingsystemintheUKwasdelightfullylow-key and personal, and refreshingly non-intensive.There was a long weekend at Trinity College,Cambridge,butnothinglikethe“hothouse”trainingcampssomeothercountriesemploy.
 Cambridgeisanexcellentplacetobeanundergraduateinmathematics.Thecourseishardandinteresting,andmoreover one is surroundedbyothergood and serious students. Essentially allofmyclosefriendsatuniversityhavegoneon to tenured positions in mathematicsofonekindoranother.Oneaspectof theCambridgeeducationthatIlikepersonallyis the fact that it is quite hands-off. Theexamplesheetscontaintoughproblems,andoneisexpectedtobashone’sheadagainstthem repeatedly asonewould a researchproblem.You won’t generally find Cambridge supervisors (peoplewhoconducttutorials)givingawaythekeyto themore interestingproblemsona sheetunlessthestudenthasmadearealeffort.
 The collegiate system gives students theopportunity to come in close contact with world-class mathematicians. When I was a first-year undergraduateIwastaughtasoneofapairbybothTim Gowers and Bela Bollobas, eight times each:
 Profile
 However, I also started paying regular visits tothe city library in Bristol, which contained asurprisinglylarge,ifsomewhateccentric,collectionofmathematicsbooks.Thankfully,myfathercouldalwaysbepersuadedtotakemetheresothathecouldindulgehisinterestinobscurefolkandbluesmusic.
 At the time the training system inthe UK was delightfully low-key andpersonal,andrefreshinglynon-intensive.There was a long weekend at TrinityCollege,Cambridge,butnothinglikethe“hothouse” training camps some othercountriesemploy.
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 theorems for the so-calledGowersnorms— inbothofthese one starts with something very combinatorial andproducesanalgebraicobjectfromit.
 Another thing we try and do is make “robust” versionsof algebraic results. What is meant by an approximategroup?An approximate homomorphism? How do theserelate to the corresponding“exact”structures? Oftenmuchcanbegainedbyenlargingone’suniversetoincludetheseapproximatealgebraicobjects,providedoneisabletohandletherequisiteapproximatealgebra.
 Of course I am also motivated by the desire to proveresultsonthebasicquestionsinnumbertheory,sayaboutprimenumbers.ButmyresultswithTaointhisareahavereallycomeoutofanattempttounderstandtheunderlyingstructuresinamoregeneralcontext.
 Canyoudescribeyourresearchinaccessibleterms?Doesithaveapplicationstootherareas?
 Right now I am working with Tao on generalizing theHardy-Littlewood method for primes as far as we can.Usingthismethod,Vinogradovprovedin1937thateverylargeoddnumberNcanbewrittenasthesumofthreeprimes.Wehaveaprogramwhich should eventually allow us to countsolutions to a more-or-less arbitrary systemof linear equations in primes (an examplethatwehavealreadydealtwithisthesystemp1+p3=2p2,p2+p4=2p3, which defines an arithmeticprogressionoffourprimes).Thereisoneimportantexception—wedonothaveafeasibleplan for handling certain “degenerate” systems, whichincludethesystemp1–p2=2(twinprimes)andp1+p2=N(Goldbachconjecture).
 Although people seem to like results about the primes,from a mathematician’s point of view the underlyingmethodsaremuchmore interesting.Ourwork, togetherwith theworkofmanyotherpeople,hashintedatdeepconnections between several areas of mathematics:analyticnumbertheory,graphtheory,ergodictheoryandLiegroups.
 Whatresearchproblemsandareasareyoulikelytoexploreinthefuture?
 ThereisplentyofworklefttobedoneontheprogramIhavejustdescribed,andareallyseriousamountofwork
 tobedoneonthegeneralareaof“rigidity”resultsin additivecombinatorics and their applications.Aproper quantitative understanding of three maintypesofresultinthisvein(Freiman-typetheorems,inverse theorems for Gowers-type norms andRatner’stheorem)isprobablydecadesaway.InthelongertermIwanttobecomemorecompetentwith“non-abelian” tools and questions, that is to saythe theory of “multiplicative combinatorics”.Whoknowswhatmaybebroughttobearhere—giventheprevalenceofFourier-analyticmethods in additivecombinatorics, it seems likely that representationtheory will have a major role to play. I also havequite a long list of miscellaneous problems that Iwouldliketothinkaboutatsomepoint.
 Could you comment on collaboration versus solowork as a research style? Are certain kinds ofproblems better suited to collaboration? What doyou find most rewarding or productive?
 I justnoticed, lookingatmywebpage, thatalmostall of my first ten papers had just me as an author,
 whereas myten latest areallcoauthored.I have neverwritten athree-authorpaper, buthave foundcollaboration
 inpairsveryproductive.Ittookmeawhiletorealizethatcollaborationworksbestwhenbothpartiesarecompletelyopentosharingtheirbestideas—whenIwas a Ph.D. student I was terrified that people might stealmyideas,orjumpinonapaperthatIhad95percent finished. That attitude was probably fairly sensibleatthatstage,butwiththeluxuryofatenuredjobItakeamuchmoreopenposition.MyjointpaperwithTaoonarithmeticprogressionsofprimeswasamemorableexampleofcollaboration(itwasmostlydone in a rapid-fire exchange of emails). I am sure Terrywouldagreethatthisresultcouldneverhavebeenprovedbyeitherofusindividually.
 Youhavetakenonthesisstudentsataveryearlystageinyourcareer.Wasthataconsciousdecision?Howdid you first start working with research students?
 Although people seem to like results about theprimes, from a mathematician’s point of view theunderlyingmethodsaremuchmore interesting.Ourwork, togetherwith theworkofmanyotherpeople,hashintedatdeepconnectionsbetweenseveralareasofmathematics:analyticnumbertheory,graphtheory,ergodictheoryandLiegroups.
 Profile
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 Doesworkingwithstudentshaverewardsaswellasresponsibilities?
 I currently have three Ph.D. students and alsotalk quite a bit to other students in additivecombinatorics at Cambridge. I started workingwithTimGowers’studentTomSandersaboutfouryears ago, largely because he bugged me quitepersistently with questions about the projects hewasthinkingabout.AfterawhileIcametorealizethatIratherenjoyedthesediscussionsandresolvedtotakeonafewgoodstudentsshouldanycomemyway.Ihaveatheorythathavingtwochildrenislesswork thanhavingone,as theycanplaywithoneanother(Icurrentlyhavenone,sothishasn’tbeentestedverythoroughly).Ibelievethatthiscarriesover in a reasonably obvious way to graduatestudents—weholdregularreadingseminarsasagroupandtheycantalkamongstthemselveswhenIamnotavailable.
 How has the Clay Fellowship made a differenceforyou?
 It allowedme to spend thewhole academicyear2005–06 at MIT, which was handy since mygirlfriendisdoingaPh.D.atHarvard.IwasalsoabletobringTomSandersoverforafewmonthsduring this time, and we had a very productiveperiod leading to anAnnals paper that I’m veryhappywith.ThereisnodoubtthattheClayResearchFellowshiphassomeofthebestconditionsofanypostdocoutthere—noteachingduties,excellentfundsfortravel,andsoon—andthisallowstheFellowtoworkveryintensivelyonresearch.
 What advice would you give to young peoplestartingoutinmath(i.e.,highschoolstudentsandyoungresearchers)?
 AfewtipsthatIhavefoundhandy,innoparticularorder: 1. At high school, it’s good to have theexperience of tackling really hard problems (andfailing, more often than not). Real mathematicsis not as “safe” as Olympiad mathematics inthat you don’t have an a priori upper bound forthe difficulty of the problem. I’ve listed a few books that I enjoyed reading at school in one ofmy answers below. 2. Follow your nose, notnecessarilywhatotherpeople tellyou,whenyou
 choosewhatquestionsyouworkon.Ihaveworkedon some questions which even people in my ownsubject would probably think uninteresting. I’vecertainly written papers on questions that nobody(before me) asked. Naturally, over the course ofacareer (and togeta job)youwant tohavesomeresultsthatalotofpeopleareinterestedin.Letmejustsay,however,thatIcantracemylineofthoughtthateventually led tomyjointpaperonarithmeticprogressionsofprimesbacktoapaperRuzsaandIwroteinanswertoaquestionofJacquesVerstraete:howmanyofthesubsetsofZ/pZhavetheformA+A, forsomesetA inZ/pZ? I thinkmostpeoplewouldthinkofthatquestionasmoreofa“puzzle”than a serious problem. 3. Check the ArXiv every dayanduseMathSciNetobsessively.Thelatterisawonderfulresource—allthepapersinmathematics(certainlyallthoseinthelast60years)areindexed,cross-linkedandreviewed.Whatadvicewouldyougivelaypersonswhowouldliketoknowmoreaboutmathematics—whatitis,what its role in our society has been and is, etc.?Whatshouldtheyread?Howshouldtheyproceed?
 Well, I find it hard to do better than recommend my advisor Tim Gowers’ little book entitledMathematics, A Very Short Introduction,theaimofwhichisprettymuchtoanswerthosequestions.AcoupleofbooksthatIreallyenjoyedasateenager,long before I had any real understanding of whatmathematics was about, are The Mathematical ExperiencebyDavisandHershandGame, Set and Math: Enigmas and Conundrums by Ian Stewart.Both of these books do have some mathematicsin them but they are certainly accessible to brighthigh-school students. Concerning the history ofmathematics, I recall getting a lot fromMakers of MathematicsbyStuartHollingdale.Maybesomeofthesechoicesareeccentric—perhapstheywerejustthebooksthatBristol libraryhadinstock—butIcertainlyenjoyedthemmyself.
 TherewasaTVprograminBritainaboutWiles’proofofFermat’slasttheoremwhichgaveawonderfulinsightintothepersonalitiesandmodeofworkingofmathematicians.1Idon’tknowhowwidelyavailableitis.1.BenreferstotheBBCdocumentary Fermat’s Last TheoremthatwaswrittenandproducedbySimonSinghandJohnLynch.Later,the same documentary (reversioned for American audiences andrenamedThe Proof)airedonPBSaspartoftheNOVAseries.Formoreinformation,seehttp://www.pbs.org/wgbh/nova/proof/.
 Profile
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 Togetsomesenseofthewaymathematicianstalktooneanother,itcouldbefuntocheckoutoneoftheincreasingnumberofmathematicians’blogs.TerryTaohasrecentlycreatedonewhichattractsalotofattention,and Ihave followedLucaTrevisan’s“InTheory”forawhile.
 And of course the Clay Institute has some prettyinteresting and accessible lectures linked from itswebsite.
 How do you think mathematics benefits cultureandsociety?
 Though this question seems like an invitation tosaysomethingwildlypretentious,I’lltryandavoiddoing so. I think one only needs to look at theattractivenessofmathematicsgraduateson the jobmarket to realize that the mathematician’s way ofthinkingissomethingthatcanbeextremelyusefulinmanyareasofsociety.Idoubtthatmostjobsrequirea specific knowledge of homological algebra (say) but the ability to think creatively within the confines oflogicandtothink“outofthebox”areclearlyveryimportant everywhere. Let me stop before I startsoundinglikeamanagementconsultant.
 I personally find that mathematics is a wonderful wayofbreakingdownculturalbarriers.ForexampleI spent several months working in Hungary eventhoughIspeak(almost)noHungarian.Idoubtthatwould have been possible in many other walks oflife.
 Pleasetellusaboutthingsyouenjoywhennotdoingmathematics.
 Unlike quite a lot, possibly even most, othermathematicians,Ialmostcompletelyavoidactivitieslikechess,bridgeorcomputerprogramming.WhenI’m not doingmathematics I like to do somethingthatdoesn’tusemybrainsointensively.I’makeencyclistandoutdoorenthusiast,Ienjoyplayingcricket(inthesummer)andIplayjazzsaxophonetoarathermediocrestandard.
 You were recently appointed a full professor atCambridge.Congratulations!Whatareyouplanningnext?
 WellIwasverypleasedtogetthejobatCambridgeandIdon’tanticipatemovingonforatleasttenyearsorso.Iwanttodevelopagroupofstudentsandpostdocshere,aseminarseries,andgraduatecourses.I’mveryhappywiththewaymycareerhasgonesofarbutitisimportanttoavoidburnout. Ibelieve thatdiversity in research is thekeytothat—Ialwaysliketofeelthatoneofmyprojectscould be completely taken away (solved by someoneelseorstudiedfromatotallynewperspectivethatIdon’tunderstand, say) and I’d still haveadecentportfolioofresearchprojects.P
 rofile
 RecentResearchArticles
 “LinearEquationsinprimes,”withTerenceTao,toappearinAnnals of Math.
 “A quantitative version of the idempotent theorem inharmonicanalysis,”withT.Sanders,toappearinAnnals of Math.
 “Freiman’s theorem in finite fields via extremal set theory,” with Terence Tao, arXiv:math/0703668
 “A note on the Freiman and Balog-Szemeredi-Gowerstheorems in finite fields,” with Terence Tao, arXiv:math/0701585
 “NewboundsforSzemeredi’stheorem,II:Anewboundforr4(N),” with Terence Tao, arXiv:math/0610604
 Tom Sanders and Ben Green at the Clay Mathematics Institute.
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 Normal Numbers are Normal
 ByDavarKhoshnevisanDepartmentofMathematicsUniversityofUtah
 NORMAL NUMBERS ARE NORMAL
 DAVAR KHOSHNEVISAN
 Abstract. A number is normal in base b if every sequence of k symbols in the letters 0, 1, . . . , b− 1occurs in the base-b expansion of the given number with the expected frequency b−k. From an informalpoint of view, we can think of numbers normal in base 2 as those produced by flipping a fair coin,recording 1 for heads and 0 for tails. Normal numbers are those which are normal in every base.In this expository article, we recall Borel’s result that almost all numbers are normal. Despite theabundance of such numbers, it is exceedingly difficult to find specific exemplars. While it is knownthat the Champernowne number 0.123456789101112131415 · · · is normal in base 10, it is (for example)unknown whether
 √2 is normal in any base. We sketch a bit of what is known and what is not known
 of this peculiar class of numbers, and we discuss connections with areas such as computability theory.
 1. Introduction
 Let x be a real number between zero and one. We can write it, in binary form, as x = 0.x1x2 · · · ,where each xj takes the values zero and one. We are interested first of all in “balanced” numbers—numbers x such that half of their binary digits are zeros and the remaining half are ones. Moreprecisely, we wish to know about numbers x that satisfy
 limn→∞
 # {1 ≤ j ≤ n : xj = 1}n
 =12, (1)
 where # denotes cardinality.Equation (1) characterizes some, but not all, numbers between zero and one. For example, x = 0
 and x = 1 do not satisfy (1), whereas the following do: 0.10, 0.01, 0.001011. The last three examplesare eventually periodic. It is therefore natural to ask whether there are numbers that satisfy (1) whosedigits are not periodic. Borel’s normal number theorem gives an affirmative answer to this question. Infact, Borel’s theorem implies, among other things, that the collection of non-normal numbers has zerolength. Surprisingly, this fact is intimately connected to diverse areas in mathematics (probability,ergodic theory, b-adic analysis, analytic number theory, and logic) and theoretical computer science(source coding, random number generation, and complexity theory).In this article, we describe briefly a general form of Borel’s normal-number theorem and some of its
 consequences in other areas of mathematics and computer science. Our discussion complements somerelated papers by Berkes, Philipp, and Tichy [3], Harman [15], and Queffelec [21].
 2. Borel’s theorem
 Given an integer b ≥ 2 and a number x between zero and one, we can always write x =∞
 j=1 xjb−j ,
 where the xj ’s take values in {0 , . . . , b− 1}. This representation is unique for all but b-adic rationals;for those we opt for the representation for all but a finite number of digits xj are zero.We may think of {0 , . . . , b − 1} as our “alphabet,” in which case a “word” of length m is nothing
 but the sequence σ1 . . . σm, where each σj can take any of the values 0 , . . . , b− 1.
 continuedonpage27
 Davar Khoshnevisan
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 Feature article
 CMI—Göttingen Library Project
 Twoplain shelves inGöttingen, in theentranceroomofthemathematicslibrary,holdoneofthebest-keptsecretsinthehistoryofmathematics.InthislockedGiftschrank,orpoisoncabinet,standseveral hundred volumes, largely handwritten andmostlyunique,thatformanextensiverecordofoneoftheworld’smostimportantmathematicalcenters,the home of Gauss, Riemann, Dirichlet, Klein,Hilbert, Minkowski, Courant, Weyl, and otherleading mathematicians and physicists of the 19thand early 20th centuries. A recent Report on the Göttingen Mathematical Institute Archive cites “arangeofmaterialunrivalledinquantityandquality:No single archive is even remotely comparable,”notonlybecauseGöttingenwas“theleadingplaceformathematicsintheworld,”butalsobecause“noothercommunityhasleftsuchadetailedrecordofitsactivity—usuallyweareluckytohavelecturelists,withnoindicationofthecontents.”Thecollectionruns from early handwritten lectures by RiemannandClebschthroughalmost100volumesbyHilbertto volumes of Minkowski on number theory andMaxBornonquantummechanics. Butthelargestand richest of its centerpieces is the Seminar-Protokolle of Felix Klein: a detailed handwrittenrecord,spanningover8,000pagesin29volumes,of40yearsofseminarlecturesbyhim,hiscolleaguesandstudents,anddistinguishedvisitors.
 The record begins in 1872, when the 23-year-oldKleinbeganhisnewprofessorshipatErlangenwiththe announcement of his revolutionary Erlangenprogram, unifying the various geometries of thetime by classifying them by their correspondinggroupsoftransformations.Hehadrecentlyprovedthat non-Euclidean geometry is consistent if andonlyifEuclideangeometryis,andhewouldgoonto do ground breaking work in many other areas,becoming, along with Hilbert and Poincaré, thelastofthemathematicianswhocouldclaimtohavea grasp of the entire field. Klein then moved to Münich, Leipzig and finally Göttingen. His energy and administrative talent made him the central figure
 in Germany’s leading mathematics department atGöttingen,thenation’sleadingmathematicsjournalMathematische Annalen, its first national association ofmathematicians,andaprogramofreformsinhighereducationthatbecameknownastheKleinreforms.His influence on all aspects of mathematical life wasunmistakable,eveninhiswife’sweddingdress,patternedwitharabesquesfromKummersurfaces.
 Klein’s impactwasespecially strong in theUnitedStates. By 1875, in the first century after the Revolution, the growing network of Americanuniversitieshadonlymanagedtoawardsixdoctoraldegreesinmathematics,anaverageoflessthanoneper decade. As programs finally began to expand and tolooktoEuropeforinspiration,Kleintookupthechallenge,makingrepeatedtripstotheUnitedStatesto present the latest in modern mathematics to hiseager listeners. Hisseriesof lectures inEvanston,Illinois,heldinconjunctionwiththeWorld’sFairinChicagoandnowknownastheEvanstonColloquium,had a legendary influence, as did his tours of the universitiesontheEastCoast. Kleinhimselfsoonbecame convinced of the potential of Americanmathematics,andworkedtoorganizefundingforthebrightestAmericanstudentstostudyinGöttingen.HewassoonsupportingasteadystreamofenthusiasticAmerican visitors. Harry Walter Tyler from MITwrote,“Iknowofnoonewhocanapproachhimasalecturer….He’scertainlyacute,fertileinresource,notonlyunderstandsotherpeople,butmakesthem
 TheFelixKleinProtocolsDigitizedbyEugeneChislenko
 Mathematisches Institut Georg-August-Universität, Göttingen.
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 understand him, and seems to have a very broad firm graspofthephilosophicalrelationsandbearingsofdifferent subjects, as well as great versatility andacquaintancewithliterature.”
 Tyler was one of many Americans to be markedby thebreadthandpowerofKlein’s teaching,andto leave their own mark, first in his Protokolle andthenintheworldatlarge:sixoftheAmericanMathematicalSociety’searlypresidentsandtwoofthe University of Chicago’s first three mathematics professorswerestudentsofKlein.
 TheProtokolle covereveryaspectofhis astonish-ingly wide-ranging activity. The first volume alone includes presentations not only on Lie groups,icosahedra,Riemann,andAbel’sTheorem,butalsoonheatdistribution,crystals,comets,andthetheoryof the Northern Lights. From an early emphasison geometry, group theory, and function theory,the other volumes expand into number theory,probability theory,mechanics,astronomy,geodesy,hydrodynamics, electricity, elasticity theory, and,inKlein’s lastyearsbeforehis retirement in1912,thepsychologyand teachingofmathematics. Themeetingsweresmallandonahighlevel.ParticipantsincludedtheyoungPauliandZermelo,PlanckandHurwitz, Prandl andBernstein. Many of the laterseminars were organized jointly with Hilbert andMinkowski,whomKleinhadattractedtoGöttingenandwhosharedhiscommitmenttoaclosetiebetween
 mathematicsandphysics.PresentationsmadeintheseminarwerepainstakinglyrecordedintheSeminar-Protokolle books, just as Göttingen mathematicslectures were recorded in other notebooks andplacedinthelibraryforstudents’reference.Thesenotebookshavecontinuedtoastonishthosewhoseethem,andtheyremainthemostcompleterecordofagreateraofmathematicalcreativity.
 To make these volumes more widely available,CMI and ProfessorYuriTschinkel have organizedadigitizationinitiative,usingthelatestinscanningtechnology to digitize the complete Protokolle inNovemberof2006.Theyarenowbeingpublishedfor the first time, in a digital edition available online atwww.claymath.org/library/historical. The fullresolutionscansareavailableforstudybyscholarsatCMIandattheGöttingenMathematicalInstitutatwww.librarieswithoutwalls.org/klein.html.
 Bibliography
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 The Klein Protokolle
 Moderntechnologymakespossibleasneverbeforeaccessforeveryone to theclassicsof mathematics. The Clay Mathematics Institutehas undertaken several initiatives in cooperationwith other institutions to digitize and disseminatesignificant historical mathematical works. The first project,entirelyfundedbyCMI,wasthedigitizationoftheoldestextantcopyofEuclid’sElements.Thisisthed’Orvillemanuscript,datedto888AD,whenitwascopiedinConstantinoplebyStephentheClerkforArethas, laterbishopofCaesareaCappadociae.The manuscript has been in the collection of theBodleian Library since 1804. The photography,directed by Chet Grycz of Octavo and RichardOvenden of the Bodleian, took place at Oxford inthefallof2004.Fromitresultedasetof386digitalimages,oneperspreadofthemansucript,eachwitha resolution of 639 pixels per inch and a file size of254megabytes.CMI, theBodleianLibrary,andOctavo.commaintaincopiesoftheoriginalimagesforusebyanyinterestedperson.Onlinecopiesareavailable at CMI and the non-profit organization LibrariesWithoutWalls.
 ThenexttwoprojectstookplaceinGöttingenwiththe help of Yuri Tschinkel of the MathematischesInstitut.BernhardRiemann’s1859manuscript“Onthe number of primes below a fixed bound,” was photographed in 2005 by the NiedersächsischeStaats- und Universitätsbibliothek Göttingen in2005 with the assistance of Helmut Rolfing, curator ofmanuscripts.
 Much greater in scope was the digitization of theKlein Protokolle at the Mathematische Institut inGöttingen — twenty-nine volumes comprising8600pages.TheworkwascarriedoutbyLibrarieswithout Walls under the direction of Chet Grycz,again with CMI funding. Ardon Bar Hama, thephotographer,usedaLeafAptus75camerawithadigitalbackandwasabletocompletethejobinthreedaysof round-the-clockworkat theMatematischeInstitut.Theimageswerecapturedashighresolutioncamera Raw DNG files for magnification and close inspectionbyscholarsusingacarefulnon-intrusive
 handling procedure developed specifically for rare anddelicateboundmaterial.
 EugeneChislenko,CMISeniorResearchAssistanton the project, has been facilitating digitization ofthe Klein Protokolle and other historical volumes.He is now editing and annotating the digitizedvolumesandisengagedinresearchingthehistoryofmathematicswiththismaterialasaprimarysource.
 Thereismuchmoreofvaluetobedigitizedat theMathematischeInstitut,forlongthehomeofmanyoftheworld’sbest-knownmathematicians,fromGausstoHilbert.AcompletecatalogueoftheirmanuscriptholdingswaspreparedbyJeremyGrayoftheOpenUniversityinaresearchprojectsupportedbyCMI.
 The most recent CMI digitization project,currbibliothek, is the preservation of portionsof Riemann’s Nachlass at the Staats- undUniversitätsbibliothek.
 Websites:www.claymath.org/library/historical
 www.librarieswithoutwalls.org
 www.librarieswithoutwalls.org/klein.html
 Feature article
 Portrait of Felix Klein, Courtesy Mathematisches Institut Georg-August-Universität, Göttingen.
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 Felix Klein, Protokolle, Vol V, p 11, 7 May 1883
 Adolf Hurwitz, “Über die Bildung der Modul-Functionen,” Protokolle, Vol II, p. 70, Monday, 6 December 1880
 Adolf Hurwitz, “Über eine Reihe neuer Functionen ...,” Protokolle, Vol II, p. 144.Monday, 21 February, 1887
 “Ueber de Analysis Situs,” Protokolle, Vol II, p. 114, Monday, 31 January 1881
 Feature article
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 “Ueber reguläre Körper im vier-dimensionalen Raum,” W.I. Stringham, Felix Klein, Protokolle, Vol . II, p 65, Monday, 29 November 1880.
 Feature article
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 “Ueber reguläre Körper im vier-dimensionalen Raum,” W.I. Stringham, Felix Klein, Protokolle, Vol. II, p 59, Monday, 29 November 1880.
 Feature article
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 Arithmetic Geometry at the MathematischesInstitut, Göttingen, Germany
 Summer school
 The2006CMISummerSchoolwasheldat the Mathematisches Institut of Georg-August-Universität, Göttingen, Germany. A leading scientific center since the time of Gauss, Göttingen becameaMeccaformathematics in the20thcentury,withHilbert, Klein and Minkowski, the first three chair-holdersat theInstitute. TheMathematicsInstitutecontinues to be a leading international center formathematicalresearch,andthe107participants1attheschoolenjoyedtheexcellentfacilitiesandhospitalityof the Institute from July 17 through August 11.
 Themainfocusoftheschoolwasonrationalpointsonalgebraicvarietiesovernon-algebraicallyclosedfields. Do they exist? If not, can this be proven efficiently and algorithmically? When rational points do exist, are they finite in number and can they be found effectively? When there are infinitely many rational points, how are they distributed?
 Theschoolwasorganizedaroundthreecorecoureson Curves, Surfaces, and Higher-dimensional1. In addition to the 107 participants funded by Clay, about 50 participants attended using their own funding.
 Varieties, supplemented by seminars on Compu-tational and Algorithmic aspects of Arithmetic Geometry, andbymini-coursesonmoreadvancedtopics. For Curves, a cohesive theory addressingthese questions has emerged in the last few de-cades. Highlights include Faltings’ finiteness theo-remandWiles’proofofFermat’sLasttheorem.Keytechniques are drawn from the theory of ellipticcurves, includingmodularcurvesandparametriza-tions, Heegner points and heights. Henri Darmongave five lectures on Key Finiteness Theorems (Mordell-Weil theorem, Faltings’ theorem, Modu-lar curves and Mazur’s theorem, Fermat curvesand Wiles’ theorem), followed by a more special-izedsetoflectures,focusingonellipticcurvesandtheir rational points with special emphasis on theHeegner point construction arising from modu-larity and the theory of complex multiplication.
 BrendanHassett,AndrewKreschandDavidHararigavecoursesonthe Arithmetic of Surfaces.Hassettlecturedon thegeometryofrationalsurfaces,witha view toward arithmetic applications. Kreschlectured on the theory of descent and the Brauer-
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 Summer school
 ManinobstructiontotheHasseprincipleandweakapproximation, and Harari presented concreteapplicationsofthetheoryofdescent.Thearithmeticof higher-dimensional varieties is equally rich,offeringacomplexinterplayoftechniquesincludingShimura varieties, the minimal model program,moduli spaces of curves and maps, deformationtheory,Galoiscohomology,harmonicanalysis,andautomorphic functions. Yuri Tschinkel gave eightlectures on the distribution of rational points withrespect to heights, focusing on varieties closelyrelated to linear algebraicgroups, e.g., equivariantcompactifications of groups and homogeneous spaces. Topicscoveredincludedthecirclemethodand hypersurfaces, toric varieties, height zetafunctions of toric varieties, flag varieties, compactifications of additive groups, spherical varieties and conjectures on rational and integralpoints. Boris Moroz lectured on the classicalapplication of the circle method to the Waringproblem,andthenexplainedhowDeligne’sestimatesonexponentialsumsleadtoHeath-Brown’stheoremon cubic forms in ten variables. Jason Starr gavethree lectures,oneon the Tsen-Lang Theorem,oneon Arithmetic over Function Fields of Curves andoneonArithmetic over Function Fields of Surfaces.DanAbramovich lectured on Birational Geometry for Number Theorists (Kodaira dimension and thebirational classification of varieties, the minimal modelprogram,theconjecturesofLangandVojta,Campana’s program, and applications to specific number-theoretic problems). Finally, Antoine
 Brendan Hassett’s course.
 Chambert-Loirlecturedonthedistributionofpointsof “small” height on arithmetic varieties. Topicscoveredincludedequidistributionontheprojectiveline, Arakelov geometry and equidistribution, andEquidistributiononBerkovichspaces
 The school also included a three week-workshopon Computational Aspects of Arithmetic Algebraic Geometry, as well as advanced mini-courses onModuli of Abelian Varieties and p-Divisible Groups(Frans Oort and Ching-Li Chai), Zink’s Theory of Displays and Crystalline Dieudonné Theory(William Messing), Non-commutative Cartier Isomorphism and Hodge-to-de Rham Degeneration (Dmitry Kaledin), Classical and Iterated Shimura Symbols (YuriManin),Geometry over Finite Fields(Fedor Bogomolov), André-Oort Conjectures(EmmanuelUllmo),andVarieties over Finite Fields(BjornPoonen).
 Downtown Göttingen, photo courtesy Ulrich Derenthal.
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 Program overview
 The Ross Program at Ohio State University
 In 2006, the Clay Mathematics Institutecontinued its support of summer programs fortalentedhighschoolstudentswhoexcelinmathbysponsoring,inpart,theRossProgramatOhioStateUniversity and PROMYS at Boston University.Bothoftheseprogramsaredistinguishedforofferingthe best pre-college learning experiences availableto American students with a special aptitude formathematics by immersing them in the creativeworldofmathematicaldiscovery.
 The Ross program at Ohio State University is aneight-weekintensivesummercourseinmathematicsfor bright young students. Spurred by the launchof Sputnik and the subsequent surge of interest inscience education, Dr. Arnold Ross founded hisprogram at Notre Dame in 1957. The programmovedwithDr.RosstoOhioStatein1964andhasruneverysummersincethen.
 Thecentralgoalofthisprogramhasalwaysbeentoinstructandencouragestudentsintheartofabstractthinkingandtoinspirethemtodiscoverforthemselvesthat abstract ideas are valuable and important.Beginningstudentswhodowellareinvitedbackforasecondsummer,andmayreturnasjuniorcounselorsor counselors in subsequent summers. Returningstudentsandcounselorsalsotakeadvancedcourses,whichvaryfromyeartoyear.
 Forthepastseveralyears,CMIemployedinstructorsandcounselorsintheRossProgram.Thismadeitpossible for the University to recruit top-rankingmathematics professors and graduate students toteachandcoach theworkof theenrolledstudents.In2006, 35 studentswere involved in thenumbertheory course (23 first-year students, 8 second-year students,and4undergraduates).Theseparticipantswere assisted in their mathematical work by eightJuniorCounselorsandsevenCounselors.
 The first-year students (mostly 14 to 18 years old) takethebasiccourseinnumbertheory,whichDanielShapiroreportedtobe“elementarybutfast-paced.”Each summer’s session starts with the Euclideanalgorithm and congruences, then moves on to
 prime factorization, Gaussian integers, quadraticreciprocity, Möbius inversion, polynomial rings,geometryofnumbers,etc.Studentsareexpectedtowork through these ideas (withproofs), guidedbytheextensiveproblemsets.
 “To discuss the number theory problems, studentsbrokeintothreeseminarstaughtbyretiredOhioStateUniversityprofessorRobertGoldandhiscolleagueJim Brown, a postdoc at Ohio State, and StefanPatrikis, one of the senior counselors. Studentswith a bit more experience also participated in aTopicsSeminardesignedandrunbytheCounselors.JuniorCounselors andCounselors attended the twoadvancedcourses:CombinatoricstaughtbyProfessorKennethSupowit,andSumsofSquaretaughtbyme,”explainedShapiro.
 Inadditiontotheseeight-weekcoursesandseminars,there were several “colloquium style” lectures.The lecturers in 2006 were Ray Pierrehumbert(UniversityofChicago,geophysicalsciences),PaulPollack(Ph.D.studentatDartmouth),TomWeston(University of Massachusetts–Amherst), DavidPollack (Wesleyan University), GlenWhitney(Renaissance Technologies), and Susan Goldstine(St.Mary’sCollegeofMaryland).
 Foreachofthepastseveralyears,theRossProgramhas also offered a three-week component for in-service high school mathematics teachers. Theseteacher-participants join the others in the numbertheory lecture, but have separate workshops andseminars.Ageometrycoursewasintroducedin2006foralumniof theteacherprogram. Therewere19teacher-participants involved in thenumber theorycourse, and 8 joined the geometry course. TheseeffortsweresupportedbyfundsfromtheParkCityMath Institute and theMathDepartment’sVIGREgrantfromtheNationalScienceFoundation.
 “Next summer we will host a 50th AnniversaryReunion/Conference, held on July 20–22, 2007,”Shapiro reported. “We will use this event to helpdemonstrate how influential the Ross Program has been ontheAmericanmathematicalcommunity.Itshouldalsoprovideuswithsomefund-raisingopportunities.”Daniel B. Shapiro is Professor and Vice Chair of the Department of Mathematics at Ohio State University. He was a student in the program in the 1960s and took over as director when Dr. Ross stepped down in 2000 at the age of 94.
 “Thinkdeeplyofsimplethings”
 www.math.ohio-state.edu/ross
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 that is easily transmitted to the participants.Theyarethemainchannelbywhichtheesprit de corps,so vital to PROMY’s success, is conveyed,” saysGlennStevens. Counselors share theirknowledgeand expertise with the high school participants bygradingtheirdailyhomework,engagingininformaldiscussions,andofferingmini-coursesonthemesoftheirchoosing.
 To ensure that returning students and counselors find theirexperienceintellectuallystimulating,theCMI/PROMYS’spartnershipoffersavarietyofadvancedseminars and research projects each summer. PastseminarshaveincludedValues of the Riemann zeta function, Hyperbolic Geometry; Random Walks on Groups, Dirichlet Series, Mathematics of Computer Graphics, Graphs and Knots,andThe Mathematics of Algorithms. This year, PROMYS and the ClayMathematics Institute are offering advancedseminars in Geometry and Symmetry, Modular Forms, and Abstract Algebra.
 In2006,threeresearchmathematicians—JonathanKanke (Duke University), Kiran Kedlaya (MIT),andPaulGunnells (UniversityofMassachusettsatAmherst) — were invited to serve as mentors toworkwith studentsonadvanced researchprojects.Topics for their research projects in the summerof 2006 were: Quaternion Algebras, proposed byJonathan Hanke; Combinators, proposed by IraGessel; Quadratic Forms and Quadratic Fields,proposedbyJonathanHanke;Finiteness Theorems for Quadratic Forms,proposedbyJonathanHanke;andPurely Periodic Continued Fractions,proposedbyKiranKedlaya.
 Since 1989, Glenn Stevens has directed Boston University’s Program in Mathematics for Young Scientists (PROMYS). Professor Stevens is a Professor of Mathematics at Boston University, where he has taught and conducted research since 1984.
 Since1999, theClayMathematicsInstitutehas sponsored a variety of advanced seminars andresearchprojects for returning students enrolled inthe Program in Mathematics for Young Scientists(PROMYS)atBostonUniversity.
 Now in its nineteenth year, PROMYS is a six-week summerprogram thatwasdevelopedbyBUProfessorGlennStevenswith theaimofengagingambitious high school students in intensivemathematics research. Young students who excelinmathareinvitedtoexplorethecreativeworldofmathematics in a supportive community of peers,counselors, research mathematicians, and visitingscientists.
 StudentsareselectedfromaroundtheUnitedStatesbased on their interest and ability in mathematics.PROMYS moves well beyond the high schoolcurriculum by offering students the opportunityto participate in the process of scientific research. First-yearparticipantsengage in intensiveproblemsolving in elementary number theory. Returningparticipants study more advanced topics. Theseparticipantsaredividedinto“labgroups”oftwotofourstudents.Eachgroupworkstogetheronopen-ended exploratory projects that they will presentto other PROMYS participants at the end of theprogram.Throughoutthesummer,severalresearchmathematicians serve as mentors to the advancedstudents.Mentorsposenewresearchproblemsatthestartofeachsummerandprovideguidancefor thestudents.Theirassistanceincludeshintsforgettingstartedandreferencestothepertinentliterature.
 Behind the scenes, a group of counselors, whoare also participants in the program, maintain anintensive level of interaction with the high schoolparticipants. Counselors are undergraduate mathmajorsrecruitedfromthecountry’stopuniversities,wholiveandworkalongsidetheyoungerparticipants,aidingthemintheirresearch.“ItisnoexaggerationtosaythatthesuccessofPROMYSdependsprimarilyonthededicationandexpertiseofthecounselorstaff.They bring an enthusiastic attitude to PROMYS
 PROMYS at Boston University
 Program overview
 http://math.bu.edu/people/promys
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 Awards & Honors
 Institute news
 Dmitry Vaintrob wins SiemensCompetitionOn December 4, 2006, former Clay ResearchAcademy student Dmitry Vaintrob from Eugene,Oregon, won top honors in the 2006–07 SiemensCompetitioninMath,ScienceandTechnology, thenation’s premier high school science competition.The Siemens Competition, a signature program ofthe Siemens Foundation, is administered by theCollege Board. The awards were presented byU.S. Secretary of Education Margaret Spellings atNewYorkUniversity,hostofthe2006–07SiemensCompetition national finals.
 Dmitrywon the$100,000GrandPrizescholarshipintheindividualcategoryforexcitingresearchinanewareaofmathematicscalledstringtopology.Hismentor for the competition was MIT mathematicsprofessorPavelEtingof,whocoachedDmitryovera session of the Clay ResearchAcademy in 2004.PavelshareshisimpressionsofDmitryandrecountshow such a young student came to win such anhonor:
 “Mitkaisanamazingmathematicaltalent.At18,heknowsasmuchmathematicsasgraduatestudentsatgooduniversitiesinthebeginningorevenmiddleoftheirgraduatestudies.Heisextremelycreative,andextraordinarilygifted.Hewasinmyrepresentationtheorygroup in the2004ClayResearchAcademy
 and did extremely well. In the summer of 2006MitkaworkedonaprojectattheResearchScienceInstitute at MIT, under the joint supervision ofAaron Tievsky (an MIT mathematics graduatestudent)andmyself.Thiswasthemostsophisticatedmathematical research project by a high schoolstudentthatIhaveeverseen.IsuggestedittoMitkainJune2006.TheprojectwastocalculateexplicitlytheHochschildcohomologyofthegroupalgebraofthefundamentalgroupofaclosedorientedsurface(asaBatalin-Vilkoviskyalgebra)intermsofacertainLiealgebraof loops introducedbyGoldman.ThisprojectcouldhavebeenapartofaPh.D.thesisinourgraduate program, and requires a deep knowledgeofgraduate-leveltopology.Normallyitwouldhavebeeninsanetogivesuchaprojecttoahighschoolstudent.ButknowingMitka’sexceptionaltalentandaccomplishments,Idecidedtogiveitatry,andtheresultswereevenbetterthanIhadexpected.Mitkanot onlygave a complete solution to theproblem,buttooktheinitiativetogeneralizeitfromthecaseofsurfacestothecaseofhigher-dimensionalclosedasphericalmanifolds.Inthiscase,hefoundthattheanswer is expressible via the the so-called stringtopology of the manifold, introduced in 1999 byMoiraChasandDennisSullivan.ThusinhisworkMitkaobtainedoriginalresults,whichwillnodoubtbeofconsiderableinteresttoexpertsworkingintheareaandarepublishableinahighqualitymathematicsjournal.Theseareallreasonstoexpectthathewillbecomeamajorresearchmathematician.”
 Dmitry attending Pavel’s course at the 2004 Clay Research Academy.
 From left to right: Bettina von Siemens; Siemens Competition Individual Winner Dmitry Vaintrob; U.S. Secretary of Education Margaret Spellings; George Nolen, President and CEO of Siemens CorporationAcademy. Photo courtesy the Siemens Foundation.
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 Let w be a fixed word of finite length m, and choose and fix integers n ≥ m, as well as a real numberx ∈ [0 , 1]. We can then define N b
 n(x ;w) to be the number of times the word w appears continguouslyamong (x1 , . . . , xn). The reader is invited to verify that N10
 n (0.5 , {5}) = N2n(0.5 , {1}) = 1 for all
 n ≥ 1.A number x is said to be simply normal in base b if
 limn→∞
 N bn(x ; {j})
 n=1b
 for all letters j ∈ {0 , . . . , b− 1}. (2)
 That is, x is simply normal in base b when, and only when, all possible letters in the alphabet{0 , . . . , b − 1} are distributed equally in the b-ary representation of x. Balanced numbers are simplynormal in base 2.More generally, a number x is said to be normal in base b if given any finite word w with letters
 from the alphabet {0 , . . . , b− 1},
 limn→∞
 N bn(x ;w)n
 =1b|w| , (3)
 where |w| denotes the length of the word m. The number a = 0.101010 · · · is simply normal, butnot normal, in base 2. This can be seen, for example, by inspecting the two-letter word “11.” Stillmore generally, we say that x ∈ [0 , 1] is simply normal if it is simply normal in all bases b ≥ 2, and[absolutely] normal if it is normal in all bases b ≥ 2. These definitions are all due to Borel [4].The first nonperiodic numbers which are normal in some base b were constructed by Champer-
 nowne [9] in 1933. These were the numbers C2 = 0.1011011001010011100101110111 . . . , C10 =0.1234567891011121314 . . . . etc., obtained by concatenating the base b numerals in their naturalorder. Champernowne also conjectured that 0.13571113171923 . . . , obtained by concatenating allprimes, is simply normal in base 10. His conjecture was verified in 1946 by Copeland and Erdos [10].It is possible to construct numbers that are simply normal in one base, but not in another. For
 example, the simply normal binary number a = 0.101010 · · · is not normal in base 10, since a = 2/3 =0.6 in decimal notation.The Champernowne numbers are admittedly artificial. Are there “natural” normal numbers? Al-
 though nothing is known, there are several conjectures. The first of these [5], due to Borel in 1950,states that all irrational algebraic numbers are normal; see also Mahler’s 1976 lectures [19] whereinhe proved, among other things, that Champernowne’s number is transendental. Unfortunately, notmuch further progress has been made in this direction. For example, it is not known whether house-hold numbers such as e, π, ln 2, or
 √2 are simply normal in any given base. (x > b is said to be
 [simply] normal in base b when x/b is [simply] normal in base b.) We do not even know if√2 has
 infinitely-many 5’s [say] in its decimal expansion!
 I hasten to add that there are compelling arguments that support the conjecture that e, π,√2, and
 a host of other nice algebraic irrationals, are indeed normal; see Bailey and Crandall [1].The preceding examples, and others, were introduced in order to better understand the remarkable
 normal number theorem of Borel [4] from 1909:
 Theorem 2.1 (Borel). Almost every number in [0 , 1] is normal.
 The veracity of this result is now beyond question. However, to paraphrase Doob [11, p. 591],Borel’s original derivation contains an “unmendably faulty” error. Borel himself was aware of the gapin his proof, and asked for a complete argument. His plea was answered a year later by Faber [14, p.400], and also later by Hausdorff [16].
 Davar Khoshnevisan
 continuedfrompage15
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 Theorem 2.1 suggests that it should be easy to find normal numbers. But I am not aware of anyeasy-to-describe numbers that are even simply normal. Recently, Becker and Figueira [2] have builton a constructive proof of Theorem 2.1, due to Sierpinski [25], to prove the existence of computablenormal numbers. Their arguments suggest possible ways for successively listing out the digits of somenormal numbers. But a direct implementation of this program appears to be at best arduous.Borel’s theorem is generally considered to be one of the first contributions to the modern theory
 of mathematical probability; a fact of which Borel himself was aware [4]. In order to describe thisconnection to probability, let us select a number X uniformly at random from the interval [0 , 1]. Thekey feature of this random selection process is that for all Borel sets A ⊆ [0 , 1],
 P{X ∈ A} = Lebesgue measure of A, (4)
 where P denotes probability.We can write X in b-ary form as
 ∞j=1 Xjb
 −j . Borel’s central observation was that {Xj}∞j=1 is acollection of independent random variables, each taking the values 0, 1, . . . , b−1 with equal probability.Then he proceeded to [somewhat erroneously] prove his strong law of large numbers, which was thefirst of its kind. Borel’s law of large numbers states that for all letters j ∈ {0 , . . . , b− 1},
 Plimn→∞
 1{X1=j} + · · ·+ 1{Xn=j}
 n=1b
 = 1, (5)
 where 1A denotes the characteristic function of A. It follows readily from (5) that with probabilityone X is simply normal in base b. Because there are only a countable number of integers b ≥ 2, thisproves that X is simply normal. Normality of X is proved similarly, but one analyses blocks of digitsin place of single digits at a time.Let Nb denote the collection of all numbers normal in base b. The preceding argument implies that
 P{X ∈ ∩∞b=2 Nb} = 1. This and (4) together imply Theorem 2.1.We conclude this section by making a few more comments:(1) In 1916 Weyl [27] described a tantalizing generalization of Theorem 2.1 that is nowadays called
 Weyl’s equidistribution theorem. In this connection, we mention also the thesis of Wall [26]. (2)Riesz [22] devised a slightly more direct proof of Theorem 2.1. His derivation appeals to Birkhoff’sergodic theorem in place of Borel’s (or more generally, Kolmogorov’s) strong law of large numbers.But the general idea is not dissimilar to the proof outlined above. (3) The probabilistic interpretationof Theorem 2.1 has the following striking implication:
 Finite-state, finite-time random number generators do not exist. (6)
 Of course, this does not preclude the possibility of generating a random number one digit at a time.But it justifies our present day use of psuedo random-number generators; see Knuth [17] for moreon this topic. Remarkably, a complexity theory analogue to (6) completely characterizes all normalnumbers; see Schnorr and Stimm [24] and Bourke, Hitchcock, and Vinochandran [6]. In this generaldirection, see also the interesting works of Chaitin [8] and Lutz [18].(4) The proof of Borel’s theorem is more interesting than the theorem itself, because it identifies
 the digits of a uniform random variable as independent and identically distributed. Such sequenceshave interesting properties that are not described by Theorem 2.1. Next we mention one of the manypossible examples that support our claim.Let Rn(x) denote the length of the largest run of ones in the first n binary digits of x. [A run of
 ones is a continguous sequences of ones.] Then, according to a theorem of Erdos and Renyi [13] from
 Davar Khoshnevisan
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 1970,
 limn→∞
 Rn(x)log2(n)
 = 1 for almost every x ∈ [0 , 1]. (7)
 Because this involves words of arbitrarily large length, it is not a statement about normal number perse. There are variants of (7) that are valid in all bases, as well.
 3. Unbiased sampling
 As was implied earlier, one of the perplexing features of normal numbers is that they are abundant(Theorem 2.1), and yet we do not know of a single concrete number that is normal. This has puzzledmany researchers, but appears to be a fact that goes beyond normal numbers, or even the usualstructure of the real line.Next we present an example that examines an analogous problem in a similar setting. This example
 suggests the following general principle: Quite often, schemes that involve taking “unbiased samplesfrom large sets” lead to notions of normality that are hard to pinpoint concretely. I believe that thisprinciple explains our inability in deciding whether or not a given number is normal. But I have noproof [nor disproof].Let us consider the ternary Cantor set C, which we can think of as all numbers x ∈ [0 , 1] whose
 ternary expansion∞
 j=1 xj3−j consists only of digits xj ∈ {0 , 2}.In order to take an “unbiased sample” from C, it is necessary and sufficient to find a probability
 measure on C that is as “flat” as possible. [We are deliberately being vague here.] There are manysenses in which the most flat probability measure on C can be identified with the restriction mC ofthe usual log3(2)-dimensional Hausdorff measure to C. That is, mC is the Cantor–Lebesgue measure.Now it is not difficult to show that mC can be defined directly as follows:
 mC(A) := P
 ∞j=1
 Xj
 3j∈ A
 for all Borel sets A ⊆ [0 , 1], (8)
 where X1, X2, . . . are independent random variables, taking the values zero and two with probability1/2 each. A ready application of the strong law of large numbers then reveals that the following holdsfor mC-almost every x ∈ C:
 limn→∞
 N3n(x ;w)
 n=
 12|w|
 for all words w ∈∞
 k=1
 {0 , 2}k. (9)
 We say that a number x ∈ C is normal in the Cantor set C if it satisfies (9). Although mC-almost every number in C is normal in C, I am not aware of any concrete examples. On the otherhand, I point out that we do not know very many concrete numbers in C at all—be they normal orotherwise. By analogy, this suggests the sightly uncomfortable fact that we do not know very manynumbers—normal as well as non-normal—in [0 , 1].
 4. Non-normal numbers
 At first glance, one might imagine that because normal numbers are so complicated, non-normalnumbers are not. Unfortunately, this is not the case. We conclude this article by mentioning twostriking results that showcase some of the complex beauty of non-normal numbers.
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 4.1. Eggleston’s theorem. Let us choose and fix a base b ≥ 2 and a probability vector p :=(p0 , . . . , pb−1); that is, 0 ≤ pj ≤ 1 and p0 + · · ·+ pb−1 = 1. Consider the set
 E (p) :=
 x ∈ [0 , 1] : limn→∞
 N bn(x ; {j})
 n= pj for all j = 0 , . . . , b− 1
 . (10)
 Note that if any one of the pj ’s is different from 1/b, then all elements of E (p) are non-normal. In1949, Eggleston [12] confirmed a conjecture of I. J. Good by deriving the following result.
 Theorem 4.1 (Eggleston). The Hausdorff dimension of E (p) is precisely the thermodynamic entropy
 H(p) := −b−1j=0
 pj logb(pj), (11)
 where 0× logb(0) := 0.
 This theorem is true even if p0 = · · · = pb−1 = 1/b, but yields a weaker result than Borel’s theoremin that case. Ziv and Lempel [29] developed related ideas in the context of source coding.
 4.2. Cassels’s theorem. For the second, and final, example of this article we turn to a strikingtheorem of Cassels [7] from 1959:
 Theorem 4.2 (Cassels). Define the function f : [0 , 1]→ R by
 f(x) :=∞
 j=1
 xj
 3j, (12)
 where x1, x2, . . . denote the binary digits of x. Then, for almost every x ∈ [0 , 1], f(x) is simply normalwith respect to every base b that is not a power of 3.
 It is manifestly true that Cassels’s f(x) is not normal in bases 3, 9, etc. Hence, non-normal numberstoo have complicated structure. We end our discussion by making two further remarks:(1) Cassels’s theorem answered a question of Hugo Steinhaus, and was later extended by Schmidt
 [23]. See Pollington [20] for further developments.(2) Because 2f is a bijection between [0 , 1] and the Cantor set C, Cassels’s theorem constructs an
 uncountable number of points in 12C that are simply normal with respect to every base b that is not
 a power of 3. Not surprisingly, we do not have any concrete examples of such numbers.
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 Nominations, Proposals and Applications
 NominationsforSeniorandResearchScholarsare considered four times a year at our Scientific AdvisoryBoard(SAB)meetings.Principalfund-ingdecisionsforSeniorScholarsaremadeattheSeptemberSABmeeting.Additionalnominationswillbeconsideredatothertimesasfundspermit.ClayLiftoffandClayResearchFellownominationsareconsideredonceayearandmustbesubmittedaccordingtotheschedulebelow:
 NominationDeadlinesSenior Scholars: August 1Research Fellows: October 30Liftoff Scholars: February 15
 SendtotheattentionofCMI’[email protected]
 Nominationscanalsobemailedto
 ClayMathematicsInstitute OneBowStreet Cambridge,MA02138
 TheClayMathematicsInstituteinvitesproposalsforconferencesandworkshops.Proposalswillbejudged on their scientific merit, probable impact, andpotentialtoadvancemathematicalknowledge.
 Proposalsshouldbeaccompaniedbyabudgetandthestandardcoversheet.Thismaterialshouldbesubmittedonemonthpriortotheboardmeetingatwhichitwillbeconsidered.PleasesendtotheattentionofCMI’[email protected]
 Proposalscanalsobemailedto
 ClayMathematicsInstitute OneBowStreet Cambridge,MA02138
 Please find more information and the standard coversheetat
 http://www.claymath.org/proposals
 Noteworthyproposalswillbeconsideredatothertimes.However,mostfundingdecisionswillbemadewithrespecttothedeadlinesbelow.
 ProposalDeadlinesWorkshops & Conferences: August 1, February 15Bow Street Workshops: 6 months prior
 Deadlines
 The mathematical library of Raoul Bott at One Bow Street.
 The Clay Mathematics Institute at One Bow Street in Harvard Square (winter).
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 Selected Articles by Research Fellows
 DANIELBISS“LargeannihilatorsinCayley-Dicksonalgebras,”withDanDugger & Dan Isaksen. arXiv.org/abs/math.RA/0511691.
 “LargeannihilatorsinCayley-DicksonalgebrasII,”withDan Christensen, Dan Dugger, and Dan Isaksen. arXiv.org/abs/math.RA/0702075
 MARIACHUDNOVSKY
 “TheStrongPerfectGraphTheorem,”withN.Robertson,P.SeymourandR.Thomas.Annals of Mathematics164(2006),51–229.
 “TheRootsoftheIndependencePolynomialofaClawfreeGraph,”withPaulSeymour.ToappearinJournal of Combinatorial Theory,Ser.B.LectureNoteSeries,vol.327.
 CIPRIANMANOLESCU
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 Books & Videos
 The Millennium Prize Problems; Editors: James Carlson,Arthur Jaffe, Andrew Wiles. CMI/AMS, 2006, 165 pp.www.claymath.org/publications/Millennium_Problems. Thisvolume gives the official description of each of the seven prob-lemsaswellastherulesgoverningtheprizes.ItalsocontainsanessaybyJeremyGrayonthehistoryofprizeproblemsinmathematics.
 Floer Homology, Gauge Theory, and Low-Dimensional Topology; Proceedings of the 2004 CMI Summer Schoolat Rényi Institute ofMathematics,Budapest. Editors:DavidEllwood,Peter Ozsváth, András Stipsicz, andZoltán Szábo. CMI/AMS, 2006, 297pp. www.claymath.org/publications/Floer_Homology. This volume grew outof the summer school that tookplace in Juneof2004at theAlfrédRényiInstituteofMathematicsinBudapest,Hungary.Itprovidesastate-of-the-artintroductiontocurrentresearch,coveringmaterialfromHeegaardFloerhomology,contactgeometry,smoothfour-manifoldtopology,andsymplecticfour-manifolds.
 Lecture Notes on Motivic Cohomology; Authors: Carlo Mazza, Vladimir Voevodsky,CharlesWeibel.CMI/AMS,2006,210pp.http://www.claymath.org/publications/Motivic_Cohomology.This book provides an account of the triangulated theory of motives. ItspurposeistointroducethereadertoMotivicCohomology,developitsmainpropertiesandfinally to relate it to other known invariants of algebraic varieties and rings such as Milnor K-theory,étalecohomologyandChowgroups.
 Surveys in Noncommutative Geometry;Editors:NigelHigson, JohnRoe. CMI/AMS,2006,189pp.www.claymath.org/publications/Noncommutative_Geometry.InJune2000asummerschoolonNoncommutativeGeometry,organizedjointlybytheAmericanMathematicalSocietyandtheClayMathematicsInstitute,washeldatMountHolyokeCollegeinMassachusetts.Themeetingcenteredaroundseveralseriesof expository lectures intended to introduce key topics in noncommutative geometry tomathematiciansunfamiliarwiththesubject.Thoseexpositorylectureshavebeeneditedandarereproducedinthisvolume.
 Harmonic Analysis, the Trace Formula and Shimura Varieties;Proceedingsofthe2003CMISummerSchoolatFieldsInstitute,Toronto.Editors:JamesArthur,DavidEllwood,RobertKottwitz.CMI/AMS,2005,689pp.www.claymath.org/publications/Harmonic_Analysis.ThesubjectofthisvolumeisthetraceformulaandShimuravarieties. Theseareashavebeen especially difficult to learn because of a lack of expository material. This volume aimstorectifythatproblem.Itisbasedonthecoursesgivenatthe2003ClayMathematicsInstitute Summer School. Many of the articles have been expanded into comprehensiveintroductions, either to the trace formula or the theory of Shimura varieties, or to someaspectoftheinterplayandapplicationofthetwoareas.
 Publications
 James ArthurDavid EllwoodRobert KottwitzEditors
 Clay Mathematics ProceedingsVolume 4
 American Mathematical Society
 Clay Mathematics Institute
 www.ams.org
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 CMIP/4
 Proceedings of the Clay Mathematics Institute2003 Summer School, The Fields Institute Toronto, Canada, June 2–27, 2003
 The modern theory of automorphic forms, embodied inwhat has come to be known as the Langlands program,is an extraordinary unifying force in mathematics. Itproposes fundamental relations that tie arithmeticinformation from number theory and algebraic geometrywith analytic information from harmonic analysis andgroup representations. These “reciprocity laws”,conjectured by Langlands, are still largely unproved.However, their capacity to unite large areas ofmathematics insures that they will be a central area ofstudy for years to come.
 The goal of this volume is to provide an entry point intothis exciting and challenging field. It is directed on theone hand at graduate students and professionalmathematicians who would like to work in the area. Thelonger articles in particular represent an attempt toenable a reader to master some of the more difficulttechniques. On the other hand, the book will also beuseful to mathematicians who would like simply tounderstand something of the subject. They will be ableto consult the expository portions of the various articles.
 The volume is centered around the trace formula andShimura varieties. These areas are at the heart of thesubject, but they have been especially difficult to learnbecause of a lack of expository material. The volumeaims to rectify the problem. It is based on the coursesgiven at the 2003 Clay Mathematics Institute SummerSchool. However, many of the articles have beenexpanded into comprehensive introductions, either tothe trace formula or the theory of Shimura varieties, orto some aspect of the interplay and application of thetwo areas.
 Clay Mathematics ProceedingsVolume 4
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 Analytic Number Theory; A Tribute to Gauss and Dirichlet;Editors:WilliamDuke,YuriTschinkel.Thisvolumecon-tainstheproceedingsoftheGauss-DirichletConferenceheldinGöttingen,June20–24in2005,commemoratingthe150th anniversary of the death of Gauss and the 200th anniversary of Dirichlet’s birth. It begins with a definitive summaryofthelifeandworkofDirichletbyJ.Elstrodtandcontinueswiththirteenpapersbyleadingexpertsonresearchtopics of current interest within number theory that were directly influenced by Gauss and Dirichlet.
 Ricci Flow and the Poincaré Conjecture; Authors:JohnMorgan,GangTian.ThisbookpresentsacompleteanddetailedproofofthePoincaréConjecture.ThisconjecturewasformulatedbyHenriPoincaré in1904andhas remainedopenuntil the recentworkofGrigoriPerelman.TheargumentsgiveninthebookareadetailedversionofthosethatappearinPerelman’sthreepreprints.
 Clay Mathematics MonographsVolume 3
 American Mathematical Society
 Clay Mathematics Institute
 3
 AMSCMIwww.ams.org
 www.claymath.org
 For additional information and updates on this book, visit
 www.ams.org/bookpages/cmim-3
 CMIM/3
 Ricci Flowand the Poincaré Conjecture
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 GLOBALTHEORY OF MINIMALSURFACESProceedings of the Clay Mathematics Institute 2001 Summer School Mathematical Sciences Research InstituteBerkeley, CaliforniaJune 25 – July 27, 2001
 David HoffmanEditor
 Clay Mathematics ProceedingsVolume 2
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 AMSCMI
 During the Summer of 2001, MSRIhosted the Clay Mathematics InstituteSummer School on the Global Theory ofMinimal Surfaces, during which 150mathematicians—undergraduates, post-doctoral students, young researchers,and the world's experts—participated inthe most extensive meeting ever held onthe subject in its 250-year history. Theunusual nature of the meeting has madeit possible to assemble a volume ofexpository lectures, together with somespecialized reports that give apanoramic picture of a vital subject,presented with care by the best peoplein the field.
 The subjects covered include minimaland constant-mean-curvaturesubmanifolds, geometric measure theoryand the double-bubble conjecture,Lagrangian geometry, numericalsimulation of geometric phenomena,applications of mean curvature togeneral relativity and Riemanniangeometry, the isoperimetric problem, thegeometry of fully nonlinear ellipticequations, and applications to thetopology of three manifolds.
 816 pages • 1 9/16" spine
 www.ams.org
 www.claymath.org
 CMIP/2
 4-color process
 Strings and Geometry.Proceedingsofthe2002CMISummerSchool held at the Isaac Newton Institute for MathematicalSciences, UK. Editors: Michael Douglas, Jerome GauntlettandMarkGross.CMI/AMSpublication,376pp.,Paperback,ISBN 0-8218-3715-X. List: $69. AMS Member: $55. Order code:CMIP/3.Toorder,visitwww.ams.org/bookstore.
 Mirror Symmetry. Authors: Kentaro Hori, Sheldon Katz,Albrecht Klemm, Rahul Pandharipande, Richard Thomas,RaviVakil.Editors:CumrunVafa,Eric Zaslow.CMI/AMSpublication,929pp.,Hardcover.ISBN0-8218-2955-6.List:$124.AMS Members: $99. CMIM/1.To order, visit www.ams.org/bookstore.
 Strings 2001.Authors:AtishDabholkar,SunilMukhi,SpentaR.Wadia.TataInstituteofFundamentalResearch.Editor:AmericanMathematicalSociety(AMS),2002,489pp.,Paperback,ISBN0-8218-2981-5,List$74.AMSmembers:$59.Ordercode:CMIP/1.Toorder,visitwww.ams.org/bookstore.
 The CMI Millennium Meeting Collection.Authors:MichaelAtiyah,TimothyGowers,JohnTate,FrançoisTisseyre.Editors:TomApostol, Jean-PierreBourguignon,MicheleEmmer,Hans-ChristianHege,KonradPolthier.SpringerVideoMATH,©ClayMathematicsInstitute,2002. Box set consists of four video cassettes: The CMI Millennium Meeting, a film by FrançoisTisseyre;TheImportanceofMathematics,alecturebyTimothyGowers;TheMil-lenniumPrizeProblems,alecturebyMichaelAtiyah;andTheMillenniumPrizeProblems,alecturebyJohnTate.VHS/NTSCorPAL.ISBN3-540-92657-7,List:$119,EUR104.95.Toorder,visitwww.springer-ny.com(intheUnitedStates)orwww.springer.de(inEurope).
 ThesevideosdocumenttheParismeetingattheCollègedeFrancewhereCMIannouncedtheMillenniumPrizeProblems.Foranyonewhowantstolearnmoreaboutthesesevengrandchallengesinmathematics.
 Videosofthe2000MillenniumeventareavailableonlineandinVHSformatfromSpringer-Verlag.Toordertheboxsetorindividualtapes,visitwww.springer.com.
 Publications
 MIRROR SYMMETRYMIRROR SYMMETRY
 Kentaro HoriSheldon KatzAlbrecht KlemmRahul PandharipandeRichard ThomasCumrun VafaRavi VakilEric Zaslow
 Clay Mathematics MonographsVolume 1
 American Mathematical SocietyClay Mathematics Institute
 www.ams.org
 www.claymath.org
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 Itemcode
 MIRROR SYMMETRYKentaro Hori, Sheldon Katz, Albrecht Klemm, Rahul Pandharipande, Richard Thomas, Cumrun Vafa, Ravi Vakil, Eric Zaslow
 Mirror symmetry is a phenomenon arising in string theory in which two verydifferent manifolds give rise to equivalent physics. Such a correspondencehas significant mathematical consequences, the most familiar of whichinvolves the enumeration of holomorphic curves inside complex manifoldsby solving differential equations obtained from a “mirror” geometry. Theinclusion of D-brane states in the equivalence has led to further conjecturesinvolving calibrated submanifolds of the mirror pairs and new (conjectural)invariants of complex manifolds: the Gopakumar Vafa invariants.
 This book aims to give a single, cohesive treatment of mirror symmetryfrom both the mathematical and physical viewpoint. Parts I and II developthe necessary mathematical and physical background “from scratch,” andare intended for readers trying to learn across disciplines. The treatmentis focussed, developing only the material most necessary for the task. InParts III and IV the physical and mathematical proofs of mirror symmetryare given. From the physics side, this means demonstrating that twodifferent physical theories give isomorphic physics. Each physical theorycan be described geometrically,
 and thus mirror symmetry gives rise to a “pairing” of geometries. Theproof involves applying R ↔ 1/R circle duality to the phases of the fieldsin the gauged linear sigma model. The mathematics proof developsGromov-Witten theory in the algebraic setting, beginning with the modulispaces of curves and maps, and uses localization techniques to showthat certain hypergeometric functions encode the Gromov-Witten invari-ants in genus zero, as is predicted by mirror symmetry. Part V is devotedto advanced topics in mirror symmetry, including the role of D-branes inthe context of mirror symmetry, and some of their applications in physicsand mathematics. and mathematics; topological strings and large NChern-Simons theory; geometric engineering; mirror symmetry at highergenus; Gopakumar-Vafa invariants; and Kontsevich's formulation of themirror phenomenon as an equivalence of categories.
 This book grew out of an intense, month-long course on mirror symmetryat Pine Manor College, sponsored by the Clay Mathematics Institute. Theseveral lecturers have tried to summarize this course in a coherent,unified text.
 VideoCassettes
 Global Theory of Minimal Surfaces.Proceedingsof the2001CMISummerSchoolatMSRI.Editor:DavidHoffman.CMI/AMS,2005,800pp.www.claymath.org/publications/Minimal_Surfaces.Thisbookistheproductofthe2001CMISummerSchoolheldatMSRI.The subjects covered include minimal and constant-mean-curvature submanifolds,geometric measure theory and the double-bubble conjecture, Lagrangiangeometry,numericalsimulationofgeometricphenomena,applicationsofmeancurvaturetogeneralrelativityandRiemanniangeometry,theisoperimetricproblem,thegeometryoffullynonlinearellipticequations,andapplicationstothetopologyofthree-manifolds.
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 2007 Institute Calendar
 Activities
 JANUARY
 FEBRAURY
 MARCH
 APRIL
 MAY
 JUNE
 JULY
 AUGUST
 SEPTEMBER
 OCTOBER
 NOVEMBER
 DECEMBER
 SemesterLongPrograminSymplecticTopologyatMIT.January,SpringSemester
 SeniorScholarGangTianatMSRI:ProgramonGeometricEvolutionEquations.January–March
 SchoolandWorkshopintheGeometryandTopologyofSingularitiesatCIMAT.January8–27
 SeniorScholarPengLuatMSRI:ProgramonGeometricEvolutionEquations.January8–March30
 DiophantineandAnalyticProblemsinNumberTheoryConferenceatMoscowLomonosovUniversity.January29–Feb2
 HomologicalMirrorSymmetryandApplicationsConferenceatIAS.January1–April30
 LodayandStanleyWorkshoponHopfAlgebrasandPropsatCMI.March5–9
 ConferenceonHilbert’s10thProblematCMI,includingapreviewscreeningofGeorgeCsicsery’s film on Julia Robinson at the Museum of Science, Boston. March 15–16
 MotivesandAlgebraicCycles:AConferencededicatedtotheMathematicalHeritageofSpencerJ.BlochattheFieldsInstitute.March19–23
 NoncommutativeGeometryatIHESinParis.April2–7WorkshoponSymplecticTopologyatCMI.April20–22
 Clay Public Lecture by Ingrid Daubechies: Surfing with Wavelets. Stata Center at MIT, KirschAuditorium.April10
 AdvancesinAlgebraandGeometryconferenceatMSRIinBerkeley,CA.April29–May5
 ClayResearchConference,HarvardUniversityScienceCenter,Cambridge.May14–15
 GeometryandImaginationConferenceatPrincetonUniversity.June7–11
 SummerSchoolonSerre’sModularityConjectureatCIRM(Marseille,France).June7–20DynamicsandNumberTheoryCMISummerSchoolinPisa,Italy.June11–July6
 SeniorScholarAndreiOkounkovatPCMIProgramonStatisticalMechanics.July1–21
 SrinivasaVaradhanatPCMIProgramonStatisticalMechanics.July1–21
 Infinite Dimensional Algebras and Quantum Integrable Systems II Conference,UniversityoftheAlgarve,Faro,Portugal.July23–27
 ConferenceOnCertainL-FunctionsatPurdueUniversity.July30–August3
 AlexEskin,MSRIProgramonTeichmullerTheoryandKleinianGroups.August10–December14
 SolvabilityandSpectralInstabilityatCMI.September18–21
 ClayPublicLecturebyTerenceSpeed(DepartmentofStatistics,UCBerkeleyandDivisionofGeneticsandBioinformatics,WalterandElizaHallInstituteofMedicalResearch,Melbourne,Australia)attheHarvardScienceCenter.October30
 WorkshoponGeometryofModuliSpacesofRationalCurveswithapplicationstoDeophantineProblemsoverFunctionFieldsatCMI.November
 ClayLectureSeriesattheTataInstituteofFundamentalResearch(TIFR)inMumbai,India.December11–14
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