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1 Intr oduction

SINGULAR 3-0isaComputerAlgebrasystentor polynomialcomputations
with emphasi®n the specialneedf commutatve algebraalgebraiogeome-
try, andsingularitytheory

SINGULAR’S main computationalobjectsare ideals and modulesover a
large variety of baserings.Thebaseringsarepolynomialringsor localizations
thereofoverafield (e.qg.,finite fields,therationals floats,algebraicextensions,
transcendentadxtensionspr quotientringswith respecto anideal. It canalso
work with someimportantnon-commutatie algebras:G-algebras.Therange
of applicabilitycomprisesommutatve andnoncommutatie polynomialcom-
putations.

SINGULAR Is free software; you canredistritute it and/ormodify it under
the termsof the GNU GeneralPublic Licenseas publishedby the Free Soft-
wareFoundation( version2 of the License).

The 2004 Richard D. Jenks Memorial Prize for Excellence in Software En-
gineering for Computer Algebra wasawardedto the SINGULAR teamat the
InternationalSymposiumon Symbolic and Algebraic Computation(ISSAC)
In Santande(Spain).

2 KeyStrengthsof SINGULAR

e availablefor mosthardwareandsoftwareplatforms

e awidevarietyof choicesof groundfields

e factorizationof polynomialsover variousgroundfields

e VvariousGrobnerbasisalgorithms(well-orderings)

e standardasisalgorithm(localandmixedorderings)

e primarydecompositiorfor idealsandmodules

e resolutionof singularities(r esol ve. | | b)

e noncommutatie subsystenPLURAL

e dynamicextendabilityof functionality by meansof modules
writtenin C/C++

e additionalfunctionality: morethan70 librariesavailable

e exhaustve documentatiomf morethanl1100pageqavailablein var-
lousformats)

e supportvia e-mailandonline SINGULAR Forum

3 Absolute Factorization And Absolute Primary

Decomposition

Thelibrary absf ac. | 1 b (by W. Decler, G. Lecerf,G. Pfister)useslragers
iIdeato computeanabsolutelyirreduciblefactorby factorizingover somefinite
extensionfield L (whichis chosersuchthatV'( f) hasa smoothpointwith co-
ordinatesn L). Thena minimal extensionfield is determinednakinguseof
the Rothstein-Tagerpartial fraction decompositioralgorithm. SeeChezeand
Lecerf,Lifting andrecombinatiortechniquegor absolutgactorization.

Theseroutinesareusedin pri ndec. | I b to computeanabsolutgrimary
decompositionabsPr i ndec GI'Z combinegshemwith the algorithmof Gi-
anni/Trager/Zachariaso returnanlist of the absoluteprime componentgo-
getherwith its numberof conjugates.

4 Dynamic Modulesin SINGULAR

SINGULAR Library Dynamic Module

SINGULAR syntax C/C++

systemndependent hardwareandOS specific
Interpreter(siow) compiler(fast)
Syntaxerrorsfoundatruntime | Syntaxerrorsfoundatcompiletime
accesgo otherlibrariespossibleaccesso the SINGULAR kernelpossible

5 Resolutionof singularities (Desingularization)

The librarry r esol ve. | I b implementsa variant of the algorithm of Vil-
lamayorto computethe resolutionof singularities.bl owUp(J, [ , W E] )
computegheblowing up of thevarietyV(J) insideV(W) in thecenter\VV(C).
Applicationsincludetheintersectiormatrix of exceptionalivisors,spectral
numberof hypersuricesingularitiesandthe Denef-LoeseZetafunction.

6 Noncommutative Ringsin SINGULAR:PLURAL

LetK beafieldandR = K[z, ..., z,] beacommutatve ring.
Consideranalgebrad = K(z1,...,xp | Vi < j xj1; = cj5mi75 + d;j),
wherecz-]- e K~ {0} anddij cRV1I<i<j<n.

It Is calleda G—algebra(in n variables)f thefollowing conditionshold:

1) 3 <, awell-orderingon R suchthatV ¢ < j Im(d;;) < z;z;,

2) Nondegeneracy conditions arefulfilled, thatisV1 <i < j <k <n
Cikcjk . dijxk — xkdij + Cjk : xjdz'k —Cyg - dikxj + djkflfz' — Ci5Cik - xidjk = 0.
Let A beaG—algebran n variables.Then

e A hasaPBWbasis{z{ 25*... 25" | o; € NU{0}},

e A isleft andright Noetherian,

e A isanintegraldomainwith gl. dim A < n.

A G R—algebrais thefactoralgebraof a G—-algebraby a propertwo—sided
ideal.

> left andtwo—sidedGrobnerbasisof a modulew.r.t. any well—ordering

> basicidealandmodulearithmetics(elimination,intersectionkernelof a
homomorphismsyzygyetc)

> freeresolutiong”normal” and”minimized” algorithms)

> Betti numberdor gradedmnodulesover gradedalgebras

> oppositeandervelopingalgebras;opposing”givenobject

e centerof analgebracentralizerof apolynomial(cent er. | i b)
e centralcharactedecompositiorof amodule(ncdeconp. | i b)
¢ preimageof anidealundera morphismof G R—algebras

e annihilatorsof finite—dimensionamodules

/ Newand RevisedFunctionality In SINGULAR

Ringlists

With thefunctionr i ngl i st onecanrepreseninobjectof typer i ng via
anobjectof typel i st. Thus, creatingand modifying commutatve and
noncommutatie ringsbecomesnucheasier

New SINGULAR libraries

Therearemary new librariesin SINGULAR 3-0. Amongthemare:

absfact. |1 b absolutgdactorizationfor characteristi®
control .l 1 b algebraicanalysigoolsfor Control Theory
gnssi ng. |1 b Gauss-Manirconnectiorof asingularity
grwal k.l i b  GrobnerandPertubatiorwalk

resol ve. |l I b resolutionof singularities
sheaf coh. | I b cohomologyof sheaesandTateresolution

Besidesthe functionality of someexisting librarieswasimproved and ex-
tendedby implementingnew algorithms.



