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An Interface between Mathematica and
Singular

Manuel Kauers and Viktor Levandovskyy

Mission Statement

The purposeof this packageis to provide an easyway to accesssomeof the functionality provided by the specia
purposecomputeralgebrasystemSingularfrom within a Mathematicasessioror packagelt is a commonphenomeno
that the advantagesf generalpurposesystemsand specialpurposesystemsare greatly orthogonal With this package
we aim at combiningsomeof theadvantagesf SingularandMathematica.

Singular (http://www.singular.uni-kl.de)s a systemspecializedfor computationsin polynomial rings. It contains
sophisticatedandflexible implementation®f algorithmsfor commutativealgebraandalgebraicgeometry Comparedo
Mathematicasomeof its advantagearethatit

« hashigh performance

« hasimplementation$or sophisticate@lgorithmsnot containedn Mathematica

Ontheotherhand,Mathematica

« hasasimpleandeasy-to—uséanguage

« hasimplementationsf standardalgorithmsfor awide rangeof differenttopics

This packageprovidesaccesdo the mostfrequentlyneededacilities of Singular.Theseincludemainly

« variouswaysfor computingGrébnerbases

- idealandmodulearithmetic,"Groébnerbasics"

- primarydecompositiorof polynomialideals

Many furtherfunctionalitiesof Singulararecurrentlynot coveredby theinterfacepackagebput theinterfacecodeshould
be easilyextensibleto mostof them.The interfacepackageas mainly addressetb usersof Mathematicavho needmore
flexible, functionallyrich andpowerful Grébnerbases-relatedomputationshanthosewhich areprovidedby Mathemat
ica. The packagemight help userswith backgroundin Mathematicato make first stepsin getting acquaintedwith
Singular.

Singular can be obtainedfree of chargefrom http://www.singular.uni—kl.delt is distributedunderthe GNU Public
licence (GPL). The interface package can be obtained from the website http://www.risc.uni-
linz.ac.at/research/combinat/software/Singudard/orupon email request.The GPL appliesalsoto the interfacepack-
age.This notebookcontainsa completedescriptionof thefunctionality of theinterfacepackage(Thereis no documenta
tion of the packagebeyondthis.) For additionalinformationaboutSingularitself, we referto [1, 2].

m Licence

This softwareis free; you canredistributeit and/ormodify it underthe termsof the GNU GeneralPublic Licenseas
publishedby the Free SoftwareFoundation;eitherversion2 of the License,or (at your option) any later version.The
programsare distributedin the hope that they will be useful, but without any warranty; without eventhe implied
warranty of merchantability or fitness for a particular purpose. See the GNU General Public License
(http://www.gnu.org/licenses/gpl.htnfhr moredetails.



demo.nb 2

m Bibliography
[1] G.—M. Greuel,G. Pfister.A Singularintroductionto CommutativeAlgebra.Springer.2002.

[2] G.—-M. Greuel,G. PfisterandH. SchthemannSingular3.0. A ComputerAlgebraSystemfor PolynomialComputa
tions. Centrefor ComputerAlgebra,University of Kaiserslauteri2006).http://www.singular.uni—kl.de.

In[1]:= << Singular.m
Singular _—— Interface to Mathematica Package by Manuel Kauers -
(mkauers@risc.uni-linz.ac.at and Viktor Levandovsk (levandov@risc.uni-linz.ac.at)

http://www.risc.uni-linz.ac.at/research/combinat/software/Singular. —© RISC Linz -V 0.7
(2006-07-28)

Quick Tour: Grobner Basis Computation using Singular

Idealsarerepresentedslists of polynomialexpressionssuchasthefollowing.

i deal =
{X"N2%xy -t xy"3 %X, X"2xy"2-Sgrt [3], SQrt [3] *X -2*Sqrt [3] *t *xy"2 +Xx"3xy”"2};

In orderto computea Grdbnerbasisof anideal,we mayuseSingular'scommanda oebner, asfollows:
Si ngul ar Gr oebner [i deal , {x, y}, Monom al Order -» Degr eeRever seLexi cogr aphi c]
{-x+ty?, /3t +x3}

The argumentarethe sameasfor Mathematica’$s oebner Basi s command:

G oebner Basi s[i deal, {x, y}, Monom al O der - Degr eeRever seLexi cogr aphi c]
{x-ty? V3t -x3}

Unlike MathematicaSingularcan also computeGrébner basesof modules(more precisely,of submodulef free
modules) Suchamoduleis representetly alist of vectors,eachvectorbeingrepresentedsalist of polynomials.

md = {{x"2xy -t *y*3xx, 1, 0, 0},
{x"2+y"2-Sqrt[3], 0, 1, 0},
{Sart [3] *X -2%Sqrt [3] *t *y*"2+x"3xy”~2, 0, 0, 1}};

General :: spelll
Possible  spelling error : new symbol name "mod' is similar to existing symbol " Mod'. More...

Si ngul ar Std[nod, {x, y}, Monom al O der - Degr eeRever seLexi cogr aphi c]
[{6x-6ty?, 0, -\/3x, v/}, {0, 2xy, -x+2ty?, -1},

{o, 24/3, x?vy, -xy}, {-6t +2+/3 x3, 0, 23t -x83, x2},
{6/3t-6x3 0, -6t +/3x3, -\/3x%}, {-/3ty+x®y, x, ty, 0}}

Si ngul ar Std[nod, {x, y}, Monom al Order - Lexi cographic]

[{2V/3x-2+/3ty?, 0, -x, 1}, {-6x+6ty%, 0, /3 x, /3],
{0, 2xy, -x+2ty? -1}, {-+/3 +t xy*, -y, 1, 0},
{6—2\/§t2y6’ 2\/§y, —2\/§_txy4, ty4}, {xzy—txy?’, 1, 0, 0}, {0, 2\/‘3‘, Xzy’ —xy}}
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Operations on Ideals and Modules

m GrObner bases and Normal Forms

Three commandsare available for computing Grébner bases:Si ngul ar G oebner, Singul ar Std, and
Si ngul ar Sl i ngb. Theycorrespondo therespectiveeommand®f Singular.

Normal forms of a polynomial (vector) moduloanideal (a module)canbe obtainedusingthe equivalentcommands
Si ngul ar Reduce andSi ngul ar NF.
s Examplel

i deal =
{(X"2%y -t *y"3 %X, X"2xy"2-Sgrt [3], SOQrt [3] *Xx -2*Sqrt [3] *t *y*2+Xx" "3 xy”"2},;

Si ngul ar Gr oebner [i deal , {Xx, y, t}, Monom al O der - Degr eeRever seLexi cogr aphi c]
[-x+ty?, -3t +x3, -3 +x2y?}

Si ngul ar Std[i deal, {x, y, t}, Mononi al Order -» DegreeRever seLexi cogr aphi c]
[-x+ty?, -/3t+x3, -3 +x%y?}

Si ngul ar Sli mgb[i deal, {x, y, t}, Mononi al Order -» Degr eeRever seLexi cogr aphi c]
[-x+ty?, /3t +x3, -A/3 +x2 y?2}

gbasis = %

Singul ar Reduce[X"2 + X"3 +2 %t *X %y -2%t "2xy"3 +
txX22xy"3+Sart [3] * (-t = X3 -t *xy +t *X"2xy”"2),
gbasis, {x, y, t}, Monon al O der - DegreeRever seLexi cogr aphi c]

X2

= Example 2
mod = {{x"2, y}, {y"2, x}, {X, y"2}, {y, x"2}}
2 y) (y2 x), (% y2), (Y, x2))
Si ngul ar G oebner [nod, {x, y}, Mononi al Order - Lexi cographi c]
Ly vy v y*) oy v2 x))
Si ngul ar Std[nod, {x, y}, Monon al O der - Lexi cographic]
oy vy v y*) oy, y% x)
Si ngul ar Sli mgb[nmod, {x, y}, Monom al Or der - Lexi cogr aphi c]
Ly vy v y* o y2) (y2 X))

gbasis =%
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vec = (X"2+y"2+1) *{X"2, Yy} -5%x{y"2, X} + (X"2-a) »{X, y"2}-1/8=%{y, x"2}

{x (~a+x?) —%—5y2+x

2
2 2y, —5x—X—+(—a+x2)y2+y(1+x2+y2>}

(1+x%+y g

Si ngul ar NF[vec, gbasis, {x, y}, Mnon al O der - Lexi cographi c]

{0, 0}

m Elimination

Given anideal (or a module)l, theideal (or module)of all elementof | free of certainspecifiedvariablescanbe
computedvia thecommandsi ngul ar El i mi nat e. It correspond$o Singular’sel i ni nat e command.

The commandexpectswo lists of variables Thefirst list containsthe variablesthatareto be eliminated,andthe second
list containsthe remainingvariables.Symbolsappearingn neitherlist are treatedas elementsof the groundfield
(parameters).

= Examplel

i deal =
{X"N2%y -t xy"3 %X, X"2xy"2-Sqgrt [3], SQrt [3] *X -2*Sqrt [3] #t *xy"2 +Xx" "3 xy”"2};

Si ngul arEl'i m nat e[i deal , {x}, {y, t}]
{-V3 +t2y%}

Si ngul arEl i mi nate[ideal, {t}, {X, y}]
(3 ox?y?)

Si ngul arEli m natelideal, {y}, {X, t}]
{-V3t+x3}

Si ngul arEli mi natelideal, {y}, {X}]

{—\/?t +X3}

= Example?2

mod = {{x"2, y}, {y"2, x}, {x, y"2}, {y, x"2}}
(O y) 2 x), (% y2), (Y, x2))

Si ngul arEl i mi nate[nmod, {x}, {y}]

oy vyl vy

Si ngul arEli mi nate[nod, {y}, {x}]

{{x* x}, {x, x*}}
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m Syzygy Computation
Given a list of polynomials(or vectors),the syzygy module of this vector can be computedvia the command

Si ngul ar Syz. It correspond$o Singular'scommandsyz.

= Examplel

i deal =
{(X"2%y -t *y "3 %X, X"2xy"2-5Sqrt [3], SOQrt [3] *Xx -2*Sqrt [3] *t *y*"2+X" "3 xy”"2};

Si ngul ar Syz[i deal , {X, y}]
{{2xy, -x+2ty?, -1}, {6, A3 X2y, 7\/§xy}}
%. ideal // Expand

{0, 0}

= Example 2
mod = {{x"2, ¥}, {y"2, X}, {X, y"2}, {y, x"2}};
Si ngul ar Syz[nod, {Xx, y}]
{{7y21 sz yr *X}, {7X1 y1 sz 7y2}}
%. nmod // Expand

{{0, 0}, {0, O}}

m Cofactor Computation

Givenanideal (or amodule)l andasubidealresp.submodule), thetransformatiormatrix thatexhibitstherepresenta
tion of the basiselementf J in termsof the basiselementof | canbe computedvia thecommandsi ngul ar Li ft. It
correspondso Singular'scommand i ft .

An erroris generatedf J is nota subidealresp.submodulepf 1.

= Examplel

i deal =
{X"2%xy -t *y"3xX, X "2xy"2-Sqrt [3], Sart [3] *X -2*Sqrt [3] *t *y"2 +X"3xy”"2};

ideal 2 = {(x"2+y) xFirst [ideal ] +y *Last [i deal ],
(3xx +2y"10) xFirst [ideal ] - (x-y) Last [i deal 1};

Si ngul ar Li ft [i deal , ideal 2, {x, y}]

273 2v3 V" 2v3 "2v3

1 3 X2yll 1 2 Xyll
{O,7~2-\/§x y - Nel ,7x+y+~2-\/§x y + \/?}}

x4 X2 y2 X3 X y2
{{O, y y y y }'
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%. i deal - ideal 2 // Expand

{0, 0}

= Example 2

mod = {{x"2, y}, {y"2, x}, {X, y"2}, {y, x"2}};

nmod2 = {(Xx"2+y) *nod[[1]] +d[[2]] - (3X +1) xnmod[[3]],
(3X +y~2) md[[2]] - (4x"2+y~2-1) xmod[[4]]};

Si ngul ar Li ft [nod, npd2, {X, y}]
{({x?+y, 1, -1-3x, 0}, {X, 3x-y+y?, -x?, 1-4x%}}
% nod - nod2 // Expand

{{0, 0}, {0, 0}}

m |deal Arithmetic

Thereare commandsavailablefor computingsum, product,intersection and quotientsand saturationof idealsand
modules.

m Plusand Times
SingularPlus[{x*2+1, y"2+1}, {Xx+Vy}, {X, y}]
{(L+x2, 1+y?, x+Yy}
SingularTimes[{x"2+1, y*"2+1}, {X+V¥}, {X, Y}]
[dex?) (x+y), (x+y) (1+y?)]

SingularPlus[{{x"2+1, a}, {y"2+1, b}}, {{X+Vy, c}}, {X, y}]
{({1+x2, a}, {1+y?, b}, {x+y, c}}
m |ntersection

Singul arlntersect [{(x*"2+1, y*"2+1}, {X+V¥}, {X, Y}]
(X2 -y?, x+y+xy? +y3}
Singul arlntersect [{{x"2+1, a}, {y*2+1, b}}, {{X+Yy, C}}, {X, Y}

{({(a-b)yx-bx®+(a-b)yy-bx?y+axy?+ay®, ac-bc-bcx®+acy?}}

= |deal Quotient

Singul arQuotient [{(X"9xy, Y"2xX}, {X*Y}, {X, Y}]

{y, x8}
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Singul arQuotient [{{X"9*y, XxYy}, {Y"2xX, X*Y}}, {X*VY}, {X, Y}]

{{y, 1}, {x8, 13, {0, x® -y}}

m Saturation
Singul arSat [{x"9=xy, y*"2%xX}, {X*VY}, {X, Y}]
{{11, 23
SingularSat [{{Xx"*9xy, X*VY}, {Y*2%X, X*y}}, {X=*xy}, {X, y}]

{{{y, 1y, (x8 13, {0, x® -y}}, 1}

= Dimension

The dimensionof anideal (of the annihilatorof a module)canbe computedusingthe Si ngul ar Di mcommandwhich
correspondso Singular’sdi m It only workscorrectlyif theideal/modulds givenby a Grdbnerbasis.

For a zerodimensionaldeal (or module)l, the commandsi ngul ar Vdi mgivesthe vectorspacedimensionof K[X] /1
(respectivelyk[X]"' /1) overK.

= Examplel

i deal =
{(X"2%y -t *y"3 %X, X"2xy"2-5Sqrt [3], SOQrt [3] *Xx -2+Sqrt [3] *t *y*"2+X" "3 xy”"2},

gbasi s = Si ngul arStd[i deal, {x, y}, Mnonial Order » DegreeRever seLexi cographi c]
{x-ty? /3t +x3}
Si ngul ar Di m[gbasi s, {X, Yy}, Mononi al Order - Degr eeRever seLexi cogr aphi c]
0

If theinputbasiswasnota Grébnerbasis,or it is a Grdbnerbasisfor a differenttermordering,theresultmaybewrong:
Si ngul ar Di m[i deal , {x, y}, Monom al O der - Degr eeRever seLexi cogr aphi c]

1

Si ngul ar Di m[gbasi s, {x, y}, Monom al O der - Lexi cogr aphi c]

1

Si ngul ar Vdi m[gbasi s, {x, y}, Monom al O der - Degr eeRever seLexi cogr aphi c]

12

gbasi s = Singul arStd[ideal, {x, y, t}, Monom al O der - DegreeRever seLexi cographi c]
[-x+ty?, —/3t+x3, -3 +x%y?}

Si ngul ar Di m[gbasi s, {x, y, t}, Monom al O der -» Degr eeRever seLexi cogr aphi c]

1
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Si ngul ar Vdi m[gbasi s, {x, y, t}, Mononi al O der -» Degr eeRever seLexi cogr aphi c]

[ee]

Si ngul arDi m[ {1}, {X, Yy, z}, Mononi al Order -» Degr eeRever seLexi cographi c]

-1

= Example?2

mod = {{x"2, ¥y}, {y"2, X}, {X, y"2}, {y, x"2}}
(X%, ¥}, (Y2, X}, (%, y2), {y, X231}

gbasi s = Singul arStd[nod, {x, y}, Monom al Order - Degr eeRever seLexi cogr aphi c]

2y {y. X2

Y%, x3, (X y?}, (X
Si ngul ar Di m[gbasi s, {X, Yy}, Mononi al Order - Degr eeRever seLexi cogr aphi c]

0

Si ngul ar Vdi m[gbasi s, {x, y}, Monom al Order - Degr eeRever seLexi cogr aphi c]

8

= Primary Decomposition

The primary decompositiorof a givenideal canbe computedvia the commandsi ngul ar Pri ndecGTZ, which corre-
spondgo Singular’'spr i ndecGTZ. It returnsa list of pairsof ideals,thefirst of which is the primary componentndthe
seconddf whichis theassociategrime.

If only the associategbrimesare of interest,the commandsi ngul ar M nAssGTZ, which correspondso Singular’s
mi nAssGTZ, canbeused.lt returnsalist of ideals.

Thereareadditionalalgorithmsfor computingprimary decompositiorandassociategrimesavailablein Singular.You
may wishto useSingulardirectly if thecommandsccessibléhroughtheinterfaceturn outto beinsufficient.

= Example

Si ngul ar Pri ndecGTZ[
{Yyr2%272 - X" 2%y "3 -X*Z2"3+X "3 *xy*2Z, Y 2%Z2 -X%2"2}, {X, VY, Z}]

({{-y? +x2}, {-y? +x2}}, {{2% Yy}, {2z, y}}, {{z, X*}, {z, x}}}
Si ngul ar M NASSGTZ[{y"2 %272 - X"2%y" "3 -X%*Z"3 +X"3*xy*x2, Y "2%7Z2 -X%2"2}, {X, Y, 2}]

{{z, X}, {-y? +x2}}
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Advanced Topics

= Which ring is used?

The ring, in which the computationsare carriedout, dependon the expressiongprovidedasinput, the specifiedvari-
ables,and the valuesof certainoptions.Eachring hasthe form K(a) (t1, t2, ..)[X1, X2, ...] for a polynomialring or
K@) (t1, t2, -)[X1, oo Xnliw, o xy for a polynomialring localizedat the maximalideal. Here,K is eitherthe field of
rationalnumbersof afinite field, « is algebraicoverK, andthet; aretranscendentalverK(a). (Singularcantreatmore
sophisticatedings, but theyarenot availablethroughthisinterface.)

By default,K is thefield of rationalnumbersBy settingthe Mbdul us optionto a positive prime lessthan214748363C
a finite field can be selected.The algebraicextensionis constructedby extractingall subexpressionfrom the input
which representilgebraicnumbers(suchasSqrt andRoot expressions)andtaking asa the primitive elementof all
thesenumbers.The computationof a primitive element,which is donein Mathematica,may consumea substantia
portion of the overallruntime.

Arbitrary expressionsmay be used as variables(exceptpolynomialsor lists, of course).Every input expressionis
traversedand subexpressions/hich do not constitutelists or polynomialsare collected. Thosewhich appearin the
variablelist aretakenasthe variablesof thering (the x; from above),the othersare consideredastranscendentatle-
mentsoverK (@) (thet; from above).

Whetheror not a polynomialring or alocalizedpolynomialring will be useddepend®n the choiceof the ordering.See
thefollowing section.

m Specification of Sophisticated Term Orderings
For severalcommandsthe outputdependn the choiceof atermordering.Thetermorderingcanbe specifiedusing

the optionMononi al Or der. The value of this option togethemwith the ordering of the variablesdetermineghe term
orderingof theunderlyingring.

= Standard Orderings

The following symbolsareusedto referto the basicorderingsknownto theinterface.For a precisedefinition of these
orderingswe referto the Singularmanual.

Term Orderingsfor polynomial rings (global orderings):

Synbol Si ngul ar Nane
Lexicographic Ip
DegreeLexicographic Dp
DegreeReverselexicographic dp
WeightedLexicographic Wp
WeightedReverselLexicographic wp

Term Orderingsfor localized polynomial rings (local orderings):
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Synbol Si ngul ar Nane
LexicographicSeries Is
DegreeLexicographicSeries Ds
DegreeReverselLexicographicSeries ds
WeightedLexicographicSeries Ws
WeightedReverselLexicographicSeries ws

The weightedorderingsrequireanintegervectorasargumentthe othersareusedplainly.
The symbolicnamesnay be usedinterchangeablyvith the quotedSingularnames.

Examples.

Singul arStd[{axb, b*"2, cxa, dxe, e"2},
{a, b, c, d, e}, Monom al Or der - Degr eeRever seLexi cogr aphi c]

(€2, de, ac, b%, ab}
Singul arStd[{axb, b*"2, cxa, dxe, e*2}, {a, b, c, d, e}, Monom al O der » "dp"]
{e?, de, ac, b?, ab}

Singul arStd[{axb, b*"2, cxa, dxe, e"2},
{a, b, ¢, d, e}, Monom al O der - DegreelLexi cogr aphi c]

(€2, de, b?, ac, ab}

Singul arStd[{axb, b*"2, cxa, dxe, e"2}, {a, b, c, d, e},
Monomi al Or der -» Wei ght edRever seLexi cographi c[1, 2, 3, 4, 5]]

{ab, ac, b?, de, e}

Singul arStd[{axb, b*"2, cxa, dxe, e*2}, {a, b, c, d, e},
Monomi al Or der -» Wei ght edRever seLexi cographi cSeries[1l, 2, 3, 4, 5]]

{ab, b?, ac, de, e?}

= Matrix Orderings

In additionto the standardrderingsterm orderingscanbe definedusingexplicit weightmatrices Any regularinteger
matrix canbe specifiedasa weightmatrix. Example:

i deal =
{(X"N2%xy -t *y"3xX, X "2xy"2-Sqrt [3], Sart [3] *X -2*Sqrt [3] *t *y"2 +X"3xy”"2};

Si ngul ar Std[i deal, {x, y, t}, Mnom al Oder » {{1, 1, 1}, {1, 2, 3}, {1, 4, 9}}]

[-V3t+x3, —x+ty? -+/3+x%y?}

= Product Orderings (block orderings)

New orderingscanbe createcbut of existingonesby dividing thelist of variablesinto a numberof blocksandassigning
to eachblock its own termordering.In orderto usesuchanordering,onecangive severallists of variablesasargu-
ments.Eachlist thencorrespondso a block.

i deal =
{X"N2%y -t xy"3 %X, X"2xy"2-Sgrt [3], SQrt [3] *X -2*Sqrt [3] *t *xy"2 +Xx" "3 xy”"2};

Si ngul ar Std[i deal, {x, y}, {t}, Monom al O der - DegreeRever seLexi cogr aphi c]

[-x+ty?, -/3t+x3, -3 +x%y?}
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If only a singlesymbolis givenin the optionMononi al Or der, thenthis orderingis appliedto all blocks.If different
blocksshouldbe sorteddifferently, a list of orderingshasto be given,with oneordering perblock.

Si ngul ar Std[i deal, {x, y}, {t},
Monomi al Or der -» {Degr eeRever seLexi cographi c, Lexi cographic}]

[-x+ty?, -3t +x3, -4/3 +x? y?2}

In thislist, any ordering,including matrix andweightorderingsmay be specified.The dimension®f matrix andweight
orderingshasto matchthesizeof the correspondindplock.

Si ngul ar Std[i deal, {x, y}, {t},
Mononi al Order » {{{1, 2}, {3, 4}}, Wi ght edLexi cographic[19]}]

[-V3t+x3, -4/3+x?y2, —x+ty?}

= Module Orderings

Singulartreatsthe unit vectorsof modules(which indicatethe position,or a componentpf a monomialin a vector of
polynomials)as an independenblock of variables.Within this block, the generatorsan be sortedeitherin ascending
order(i.e.,g > ¢ fori>j) orin descendingrder(i.e. g <e; fori> j). Also therelativepositionof this block to the
other "ordinary" variable blocksis up to the user,allowing to use"position—over—term'(POT) orderings(first order
with respectto the module ordering, than with the ordering on the variables)or the "term—over—position"(TOP)
orderings.

The symbolsMbdul eAscendi ng andModul eDescendi ng representhe block of modulegeneratorsand requesthat
they be sortedin ascendinganddescendingrder,respectivelyOneof thesesymbolsmay be put at any positioninto the
specificationof a productordering.Singular’'sdefaultwill be appliedif noneof thesymbolsis used.

Singular’s notation" C' or "c" may be used instead of the symbolic namesMdul eAscendi ng and
Modul eDescendi ng, respectively.

Example.

i deal =
{(X"2%xy -t #y"3xX, X"2%xy"2-Sqrt [3], Sqart [3] *X -2*Sqrt [3] *t »y"2 +X"3xy”"2};

nmod = Si ngul ar Syz[i deal , {x, vy, t}];

Si ngul ar Std[nod, {x, y, t}, Mononi al Order -» {Lexi cographi c, Modul eAscendi ng}]
{{2xy, -x+2ty?, -1}, {2+/3, x*y, -xy}}

Si ngul ar Std[nod, {x, y, t}, Mononi al Order » {Mddul eAscendi ng, Lexi cographic}]
[{V3 -x2y?, x?y-txy3 0}, {-2xy, x-2ty? 1}}

Si ngul ar Std[nod, {x, y}, {t}, Monom al O der -»
{Wei ght edRever seLexi cographi c[7, 9], Mddul eDescendi ng, Lexi cographic}]

[{2xy, -x+2ty?, -1}, {2+/3, Xy, -xy}, {-4/3ty+2x3y, -x3, -x? +2t xy?}}
Si ngul ar Std[nod, {x, y}, {t}, Monom al Order » {"wp" [7, 9], "c", "Ip"}]

{{2xy, -x+2ty?, -1}, {2+/3, x2y, -xy}, {-4/3ty+2x®y, -x3, -x?+2txy?}}
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m Some Technical Issues

m WhereisSingular?
ThevariableSi ngul ar Command carriesthecommandine thatis usedby theinterfacefor launchingSingular.

By default,it justcontainsthe string” Si ngul ar", butdependingon the particularinstallation,it mightbe necessaryo
includealsothefull directorypaththatleadsto the executable.

Si ngul ar Conmand

Singular

If the operatingsystemis recognizedas Windows,the Si ngul ar Conmand will be setto "bash Si ngul ar", becausi
the Windowsversionof Singularis basedon cygwin. If the cygwin executablesre not found automatically,you may
either modify your systemsPATH variable(via Start— Control Panel- Systems- Advanced— Environment_Vari
ables), or modify the Singul ar Command appropriately. The necessary condition is that executing the
Si ngul ar Command in aDOSshell(Start— Run,typecnd) muststarta Singularsession.

= |/O Control

All commandshatinvoke Singularproceedby first composinganinputfile containingall the commandshathaveto be
executedthencalling Singularon thatinputfile. Singularwill write all its outputinto a certainoutputfile, thenexit and
return control to MathematicaThen Mathematicawill readthatfile and convertits contentinto Mathematicaexpres
sionswhich arethenfinally presentedo theuser.

By default,temporaryfiles are usedasinput and outputfile, andthesefiles are deletedwhenthey areno longerused
Insteadof usingtemporaryfiles, specificfiles namesnay be given by theuservia thel nFi | eName andQut Fi | eNane
options.Whentheseoptionsare presenttheir valueswill be usedasinput and/oroutputfile names.Thesefiles arenot
deletedafterusage.

Singul arStd[{x, y}, {X, y}, Monom al Order - Lexi cographi c,
InFileNane ->"test.in", QutFileNane ->"test.out"]

{y, x}

t1test.in

rng r =0, (x
option(redSB);

1, x2), Ip;
ogtion(redq'ail);
ideal al = x1, x2;

ideal result = std(al);
write(":a test.out", result);
quit;

r1test. out

x2, x1

m Query Version Information.

Thecommandsi ngul ar Ver si on[] printstheversionof theunderlyingSingularsystem.

Si ngul ar Ver si on[]

3001
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= Bugs

Pleasereportany bugsthatarenot relatedto Singular,but to the interface,to Manuel Kauers(mkauers@risc.uni—
linz.ac.at).



