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1 Intr oduction

SINGULAR 3-0 is aComputerAlgebrasystemfor polynomialcomputations
with emphasison thespecialneedsof commutative algebra,algebraicgeome-
try, andsingularitytheory.

SINGULAR’s main computationalobjectsare ideals and modulesover a
largevarietyof baserings.Thebaseringsarepolynomialringsor localizations
thereofoverafield (e.g.,finite fields,therationals,floats,algebraicextensions,
transcendentalextensions)or quotientringswith respectto anideal. It canalso
work with someimportantnon-commutative algebras:G-algebras.Therange
of applicabilitycomprisescommutativeandnoncommutativepolynomialcom-
putations.

SINGULAR is freesoftware;you canredistribute it and/ormodify it under
the termsof the GNU GeneralPublic Licenseaspublishedby the FreeSoft-
wareFoundation( version2 of theLicense).

The2004Richard D. Jenks Memorial Prize for Excellence in Software En-
gineering for Computer Algebra wasawardedto the SINGULAR teamat the
InternationalSymposiumon SymbolicandAlgebraicComputation(ISSAC)
in Santander(Spain).

2 KeyStrengthsof SI NGUL AR� availablefor mosthardwareandsoftwareplatforms� a widevarietyof choicesof groundfields� factorizationof polynomialsovervariousgroundfields� variousGröbnerbasisalgorithms(well–orderings)� standardbasisalgorithm(localandmixedorderings)� primarydecompositionfor idealsandmodules� resolutionof singularities(resolve.lib)� noncommutative subsystemPLURAL� dynamicextendabilityof functionalityby meansof modules

written in C/C++� additionalfunctionality: morethan70 librariesavailable� exhaustive documentationof morethan1100pages(availablein var-
iousformats)� supportvia e-mailandonlineSINGULAR Forum

3 Absolute Factorization And Absolute Primary
Decomposition

Thelibrary absfac.lib (by W. Decker, G. Lecerf,G. Pfister)usesTrager’s
ideato computeanabsolutelyirreduciblefactorby factorizingoversomefinite
extensionfield

�
(which is chosensuchthat � ����� hasasmoothpoint with co-

ordinatesin
�

). Thena minimal extensionfield is determinedmakinguseof
theRothstein-Tragerpartial fractiondecompositionalgorithm.SeeChezeand
Lecerf,Lifting andrecombinationtechniquesfor absolutefactorization.

Theseroutinesareusedin primdec.lib to computeanabsoluteprimary
decomposition:absPrimdecGTZ combinesthemwith thealgorithmof Gi-
anni/Trager/Zachariasto returnan list of the absoluteprime componentsto-
getherwith its numberof conjugates.

4 Dynamic Modules in SINGULAR
SI NGUL AR Library Dynamic Module
SINGULAR syntax C/C++
systemindependent hardwareandOSspecific
interpreter(slow) compiler(fast)
Syntaxerrorsfoundat run time Syntaxerrorsfoundatcompiletime
accessto otherlibrariespossibleaccessto theSINGULAR kernelpossible

5 Resolutionof singularities (Desingularization)
The librarry resolve.lib implementsa variant of the algorithm of Vil-
lamayorto computethe resolutionof singularities.blowUp(J,C[,W,E])
computestheblowing upof thevarietyV(J) insideV(W) in thecenterV(C).

Applicationsincludetheintersectionmatrixof exceptionaldivisors,spectral
numbersof hypersurfacesingularitiesandtheDenef-LoeserZetafunction.

6 NoncommutativeRings in SI NGUL AR:PL URAL

Let � beafield and 	 
 � �
������������������� beacommutative ring.
Consideranalgebra� 
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It is calleda : –algebra(in 9 variables)if thefollowing conditionshold:
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Let � bea : –algebrain 9 variables.Then� � hasaPBW basis2E�GFIH� �GFKJL �����M�GFON� � P # 0 Q R 2E365O5 ,� � is left andright Noetherian,� � is anintegral domainwith ST=B��UKV?> � 8 9 .

A : 	 –algebra is thefactoralgebraof a : –algebraby a propertwo–sided
ideal.W

left andtwo–sidedGröbnerbasisof amodulew.r.t. any well–orderingW
basicidealandmodulearithmetics(elimination,intersection,kernelof a

homomorphism,syzygyetc)W
freeresolutions(”normal” and”minimized” algorithms)W
Betti numbersfor gradedmodulesovergradedalgebrasW
oppositeandenvelopingalgebras,”opposing”givenobject� centerof analgebra,centralizerof apolynomial(center.lib)� centralcharacterdecompositionof amodule(ncdecomp.lib)� preimageof anidealunderamorphismof : 	 –algebras� annihilatorsof finite–dimensionalmodules

7 Newand RevisedFunctionality in SI NGUL AR

Ringlists

With thefunctionringlist onecanrepresentanobjectof typering via
an object of type list. Thus, creatingand modifying commutative and
noncommutative ringsbecomesmucheasier.

New SI NGUL AR libraries

Therearemany new librariesin SINGULAR 3-0. Amongthemare:

absfact.lib absolutefactorizationfor characteristic0
control.lib algebraicanalysistoolsfor ControlTheory
gmssing.lib Gauss-Maninconnectionof asingularity
grwalk.lib GröbnerandPertubationwalk
resolve.lib resolutionof singularities
sheafcoh.lib cohomologyof sheavesandTateresolution

Besides,the functionality of someexisting librarieswasimproved andex-
tendedby implementingnew algorithms.


