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4 Variables 84.1 Mathematial Variables . . . . . . . . . . . . . . . . . . . . . . 84.2 Non-mathematial Variables . . . . . . . . . . . . . . . . . . . 91 General remarksAll alulations are made using Maple 7.0, Waterloo Maple In., 2001. TheseMapleTM-worksheets ome without any warranty. They are supposed to giveall neessary algorithms for onrete alulations of rings of Hilbert modularforms, but are to be used at own risk. The alulations might be �awed,even if they work allright on my omputer, and the algorithms are quiteomplex and use a lot of RAM, so the omputer might well rash at variouspoints during the alulations. It is advisable to save greater hanges to theworksheet before exeuting the worksheet and to have no other unsaved dataon the omputer.2 Struture2.1 General desriptionThe zip-�le �hilbert-maple.zip� ontains this desription together withMapleTM-worksheets and MapleTM-data �les onneted to Hilbert modularforms and used for the alulations neessary in my �Dissertation�: HilbertModular Forms for the �elds Q(
√

5), Q(
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13) and Q(
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17). When extratingthe zip-�le (under linux) in the diretory �maple� in your home diretory, itwill reate the following subdiretories (where ... stands for the path ofyour home-diretory):.../maple/hilbert ontaining this �le and the MapleTM-worksheets.../maple/hilbert/data ontaining results and intermediate re-sults of the omputations.../maple/pakages empty, to be �lled by mapleThe �les extrated into these diretories are of four di�erent types. Firstthere are the �les ontaining the program to alulate a number of modularforms and desribe the ring of Hilbert modular forms by a set of genera-tors. These program-�les a enumerated from 1 to 10 and have to be exe-uted in the orresponding order. Some routines, most of whih are quite2



simple or are frequently used, are gathered in a �pakage� ontained in the�le �00-Pakage-neu-Hilbert-Borherdslift.mws� respetively in the �le�00b-Proedures-of-Pakage.mws� (ompare Setion 2.2.2). It is manda-tory to exeute these �basi rountines� to be able to exeute the other work-sheets. Then there are some auxiliary �les, for example to alulate all mul-tiplier systems or to show the allready alulated Borherds produts. All ofthese an be found in the subdiretory .../maple/hilbert. At last thereare the �les ontaining the results of the alulations and a great number ofintermediate results, whih are given in the diretory �/hilbert/data� andend with �.m�. If you want to hange the proposed path struture, just opythe �les and hange the paths as desribed in the next setion.2.2 The Basi RoutinesThere are two ways to use the basi routines. The more onvenient onerequires a short installation. If this does not work, you an alternativelyeither opy the neessary proedures into eah worksheet you want to use orjust exeute the basi routines before exeuting the worksheet.2.2.1 InstallationThe installation adds the basi routines to the standard routines allreadyprovided by ordinary maple. First opy (with linux) the �les maple.lib,maple.ind and maple.hdb, whih an be probabely found in the diretory�/usr/loal/maple7/lib/�, into the diretory �.../maple/pakages�. Ifyou want to hange this path or the path �.../maple/hilbert/data�, youan do so by hanging the paths given in the proedure �setpath()� in thepakage �00-Pakage-neu-Hilbert-Borherdslift.mws�.Then open the �le �00-Pakage-neu-Hilbert-Borherdslift.mws� withMapleTM and exeute the worksheet (for example hoose �Edit�, �Exeute�,�Worksheet� from the menu in MapleTM, at least in Version 7.0). There mightour errors like �During help initialisation � read failed�, but allalulations will work �ne all the same. This error will ause the help systemof Maple not to work while the pakage is loaded. If you need Maple's helpsystem, open a seond (empty) Maple session without loading the pakage.
3



2.2.2 AlternativesIf you have problems initialising the pakage, just, instead of loading thepakage, evaluate the �le �00b-Proedures-of-Pakage.mws� just beforeyou exeute a program �le and delete the two ommands �restart;� and�with(HilbertBorherdsLifte);� in the opening of the program �le. Here,you an also hange the paths by hanging them in the proedure �setpath�.Alternatively you an replae the ommand �with(HilbertBorherdsLifte);�by a opy of the �le �00b-Proedures-of-Pakage.mws� and delete the om-mand �restart;�. Afterwards the �le an be exeuted on its own.2.3 CalulationsWhen doing alulations, use the �les in the right order given by the numbersin their names. The auxiliary �les are somewhat di�erent, see the followingsetion for their meaning. Eah �le saves its results into a data-�le in the sub-diretory �data�, automatially hoosing an appropriate name (for exampledepending on p and the given preision), so you do not have to reevaluateall old alulations and it gets easier for maple to ope with the data. Ifyou only want to load the results and do not want to make any new al-ulations, you an evaluate the orresponding �le and set �laden:=true�,then all results will be loaded (if existing) from the orresponding data �leinstead of alulating the results. This an also be used to skip single al-ulations by writing �laden:=true� in front and �laden:=false� after theommand, whih might be helpful to loate and mend errors, for exampleafter an adaption of the program to some di�erent number �eld.Some of the more involved algorithms print intermediate results or somevalues of some ounters, in order to reassure the user that they are stillworking and sometimes make it possible to estimate the remaining time.Some of the algorithms may even take about a day, but at least every hoursome result should be printed, of ourse depending on the desired preisionand on your omputer.2.4 The Preision of the CalulationsThe algorithms are not always optimized for preision and might alulateterms of higher order than an be granted by the preision of the input. So theuser needs to know the preision he an expet and to trunate the results tothis preision. To do this, use the routines qrestrit(f,n)= f(z) + o(qn)4



and restrit(f,[a,b℄)= f(τ) + o(ga) + o′(hb) + ω(h−b), where o is theLandau symbol de�ned by
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= 0.In other words restrit(f,[a,b℄) alulates f with preision gah±b.2.5 FilesMost of the �les are designed to be used for several values of p ∈ {5, 13, 17}.Just hange the variable p to the desired ase. If the algorithms depend on
p (to some extend), then there are di�erent �les for one type of alulations.Of ourse, if you treat p 6∈ 5, 13, 17, you will have to oasionally hange theMapleTM-ommands.

• 00-Pakage-neu-Hilbert-Borherdslift.mwsVarious proedures needed for the alulations.
• 00b-Proedures-of-Pakage.mwsAll the proedures of the �le 00-Pakage-neu-Hilbert-Borherdslift.mws,not as a pakage, but just as proedures.
• 01-Sm-berehnen.mwsCalulate the sets Sm.
• 02-fm-berehnen.mwsCalulate the fm ∈ Ak(p, χp) with fm(z) = q−m + O(1).
• 03a-RhoW-berehnen.mwsCalulate the R(W, n) for n < 0.
• 03b-RhoW+berehnen.mwsCalulate the R(W, n) for n > 0. This is only needed to simplify theT[m℄. 5



• 04-Eisensteinreihen-berehnen.mwsCalulate Hilbert Eisenstein series. The seond oe�ient is alulatedas indiated in the paper of Siegel. In �le 8, this algorithm is simpi�edby just using this result, so �le 8 is somewhat faster, not having tosolve a basis problem in the spae of ellipti modular forms. For anadaption to p 6∈ {5, 13, 17} you will need to exeute this �le and hange�le 8 appropriately.
• 05-Psi-berehnen.mwsCalulate Borherds produts.
• 06-Thetareihen-berehnen.mwsCalulate θ-series.
• 06-Thetareihen-p=5.mws

θ-series in the speial ase p = 5, espeially the ones introdued byMüller (f. [Mü85℄).
• 07-Psi in sk gj p=5.mws,07-Psi p=13 in bekanntem.mws,07-Psi in bekanntem p=17.mwsCalulate the Fourier expansions of the restritions of the Borherdsproduts and �nd a polynomial in η, E4 and E6 equal to the Borherdsprodut on the diagonal.
• 08-Hilbertshe Poinare-Reihen und Eisensteinreihen.mwsCalulate Hilbert Eisenstein series.
• 09-Divisoren-bestimmen.mwsSimplify the divisors of the Borherds produts.
• 10-Reduktionsprozess.mws,10-p=17-Reduktionsprozess.mwsThe redution proess to �nd the ring of extended Hilbert modularforms.
• p=5-Multiplikatorsysteme.mwsCalulate all multiplier systems (for homogeneuous weights) in ase

p = 5 (there is only the trivial one).6



• p=13-Multiplikatorsysteme.mwsCalulate all multiplier systems (for homogeneuous weights) in ase
p = 13.

• p=17-Multiplikatorsysteme.mwsCalulate all multiplier systems (for homogeneuous weights) in ase
p = 17.

• show-Psi-p=13.mwsShow the Fourier expansions of the Borherds produts in ase p = 13.
• show-Psi-p=17.mwsShow the Fourier expansions of the Borherds produts in ase p = 17.
• suhe-nah-f1-p=13.mwsFind f1 in ase p = 13.
• suhe-nah-f1-p=17.mwsFind f1 and f2 in ase p = 17.3 Some AlgorithmsThere are many algorithms realized in the MapleTM worksheets, but three ofthem are most important. Those are the following, of whih the �rst and theseond are needed to get sensible outputs, so they are the most importantalgorithms to get the alulated data and the last one is the ue algorithmin the alulation of the Borherds produts. A desription of the algorithman be found in the setion �A Basis for the Plus Spae� of the main text.
• restrit(f,[a, b])The Fourier expansion of f is given with preision gah±b.
• qrestrit(f,n)Trunate Fourier expansion of f : H → C suh that qrestrit(f, n) isgiven of order o(qn).
• plusspae(n,d)The Fourier expansions of the f1, . . . , fn are alulated with preision

d. 7



4 Variables4.1 Mathematial VariablesVariable MapleTM explanation
p p Hilbert modular forms for Q(

√
p) areinvestigated

j(p) jp
H(q) =

(η(p))
p

η
etaquotientH

H(1) = ηp

η(p) etaquotientG
H̃ no variable
= eπi(τ1+τ2), τ ∈ H2 g unassigned, used for Fourier expansion
= eπi(τ1−τ2)/

√
p, τ ∈ H2 h unassigned, used for Fourier expansion

= e2πiz, z ∈ H q unassigend, used for Fourier expansions
G∗

4 G04 normalized ellipti Eisenstein series
G∗

6 G06 normalized ellipti Eisenstein series
∆∗ Delta0 normalized Dira ∆ funtion
j j absolute invariant
z 7→ j(pz) jp
G2, H2 G2, H2 Eisenstein series of NebentypusFrakturE2 Eisenstein series of Haupttypus and ofweight 2
E+

2 E12
J J holomorphi modular form of weight -2for SL(2, Z), J = q−1 + O(1)
η eta Dedeking η-funtion
q−1/24η etaprod
z 7→ η(pz) etap
z 7→ q−p/24η(pz) etapprodLoesungen[m℄ A set of representatives of the subset of

o/
√

p of elements with with norm −mwith respet to multipliation with ε2
0

R(W,−m) R[m℄ like Loesungen[m℄, but normalized
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4.2 Non-mathematial VariablesVariable Desriptiongen Preision up to whih polynomials are expanded(O(qgen+1)).mmax, fmax Highest index of alulated divisors, Borherdsproduts et.inhalt,inhaltX Both variables ontain information on the on-tent of the �.m�-�le they are saved in. The datatype is array of pairs of strings. Both variablesinhalt and inhaltX have the same value and
X takes values aording to the number of the�le it was generated with. So if you load sev-eral �les at one, you �nd the orret desriptionof the ontent orresponding to �le number Xin the array inhaltX , sine the variable inhaltallways ontains the informations about the �leread last. inhalt[1℄ ontains the informationwhih �le it is from and what kind of data issaved. The following entries give the names ofthe saved variables and explain their meaning.So you an read all information of suh a �le bythe ommand print(inhalt);laden Boolean variable, if laden=true, then all re-sults are loaded instead of doing the alulationsagain, if laden=false, then all alulations areredone. laden=true is usefull for reading datawhih was alulated before and for hanges inthe middle of a worksheet, in this ase one writesladen:=true; in the beginning of the doumentand laden:=false; just in front of the alula-tion one wants to redo.

9


