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homalg: As a GAP4 package and independent of any ring arithmetic

(GAP4)
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homalg: GAP “sufficiently supports” the ring of integers

(GAP4)
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HomalgToCAS : External objects and the GAP4-representations: external rings and external matrices

(GAP4)
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RingsForHomalg : The dictionaries homalg uses.

(GAP4)
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IO_ForHomalg: Communicate via streams

(GAP4)
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IO_ForHomalg: Communicate via streams with various CA systems through their command line interface

(GAP4)
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MapleForHomalg : Communicate with Maple’s interpreter, shortcutting its command line interface.

(GAP4)
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Future: Communicate with interpreters of various CASs shortcutting their command line interface.

(GAP4)
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ResidueClassRingForHomalg : Support for residue class rings

(GAP4)
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LocalizeRingForHomalg : Localizations of commutative rings in homalg at maximal ideals.

(GAP4)
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LocalizeRingForHomalg : Use MORA’s algorithm in Singular to localize polynomial rings at max. ideals.

(GAP4)
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ExamplesForHomalg : Computing-engine-independent example using homalg.

(GAP4)

��
Examples
ForHomalg

// homalg19

qy kkkkkkkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkkkkkkkkk _g

�'
GGGGGGG

GGGGGG

GGGGGGG
GGGGGG

��

int.

""

}
�

�

�
�

*

6
;

A
E

Homalg
ToCAS

��
ResidueClassRing

ForHomalg
Rings

ForHomalg

��rreeeeeeeeeeeeeeeeeeeeee

))SSSSSSS
LocalizeRing
ForHomalg

oo

Maple
ForHomalg

��

IO_For
Homalg

rrd d d d d d d d d d d d d

tth h h h h h

xxq
q ext.���

�
##G

G
**TTTTT
Future
Package

���
�

Maple MAGMA Macaulay2 GAP Sage Singular

Z[x, ∂],
. . .

��
Z[x],
F[x]

��
F[x],

F[x, ∂],
. . .

��

Z
��

Z,
. . .

�� F[x],
F[x, ∂],

. . .

��

The homalg project authors The homalg project and its related packages

http://homalg.math.rwth-aachen.de/index.php/homalg-project-authors
http://homalg.math.rwth-aachen.de/


SCO − Simplicial Cohomology of Orbifolds: Addressing homological questions

(GAP4)

��
Examples
ForHomalg

// homalg19
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A neccessity not only for SCO: Sparse computations over p-adic numbers

sparse comp.

Z/〈pn〉 (GAP4)

��
Examples
ForHomalg
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Gauss: Extended GAUSS Functionality for GAP

sparse comp.

Z/〈pn〉 Gaussks (GAP4)
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Examples
ForHomalg
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GaussForHomalg : Linking Gauss and homalg

sparse comp.

Z/〈pn〉 Gaussks (GAP4)
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Examples
ForHomalg
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Sheaves & future projects: Advanced applications building upon homalg

sparse comp.

Z/〈pn〉 Gaussks (GAP4)
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Examples
ForHomalg

// homalg19
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A simple example

A simple example over Z

> LoadPackage( ”homalg” );
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A simple example

A simple example over Z

> LoadPackage( ”homalg” );

> ZZ := HomalgRingOfIntegers( );;
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A simple example

A simple example over Z

> LoadPackage( ”homalg” );

> ZZ := HomalgRingOfIntegers( );;

> mat := HomalgMatrix( ”[ 4, 6, 10 ]”, 1, 3, ZZ );;
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A simple example

A simple example over Z

> LoadPackage( ”homalg” );

> ZZ := HomalgRingOfIntegers( );;

> mat := HomalgMatrix( ”[ 4, 6, 10 ]”, 1, 3, ZZ );;

> M := LeftPresentation( mat );
<A non-torsion left module presented by 1 relation for 3
generators>
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A simple example

A simple example over Z

> LoadPackage( ”homalg” );

> ZZ := HomalgRingOfIntegers( );;

> mat := HomalgMatrix( ”[ 4, 6, 10 ]”, 1, 3, ZZ );;

> M := LeftPresentation( mat );
<A non-torsion left module presented by 1 relation for 3
generators>

> Display( M );
[ [ 4, 6, 10 ] ]
Cokernel of the map
Zˆ(1x1) –> Zˆ(1x3),
currently represented by the above matrix
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A simple example

A simple example over Z (continued)

> IsTorsionFree( M );
false
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A simple example

A simple example over Z (continued)

> IsTorsionFree( M );
false

> M;
<A non-pure left module presented by 1 relation for 3
generators>
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A simple example

A simple example over Z (continued)

> IsTorsionFree( M );
false

> M;
<A non-pure left module presented by 1 relation for 3
generators>

> ByASmallerPresentation( M );
<A non-pure left module presented by 1 relation for 3
generators>
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A simple example

A simple example over Z (continued)

> IsTorsionFree( M );
false

> M;
<A non-pure left module presented by 1 relation for 3
generators>

> ByASmallerPresentation( M );
<A non-pure left module presented by 1 relation for 3
generators>

> Display( M );
Z/< 2 > + Zˆ(1 x 2)
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Mathematical object-oriented programming

Mathematical way of thinking

1 TrueMethods
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Mathematical object-oriented programming

Mathematical way of thinking

1 TrueMethods
2 ImmediateMethods
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Mathematical object-oriented programming

Mathematical way of thinking

1 TrueMethods
2 ImmediateMethods
3 Methods for operations
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Mathematical object-oriented programming

TrueMethods for properties

> InstallTrueMethod( IsTorsionFree, IsModule and IsReflexive );
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Mathematical object-oriented programming

TrueMethods for properties

> InstallTrueMethod( IsTorsionFree, IsModule and IsReflexive );
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Mathematical object-oriented programming

ImmediateMethods for properties and attributes

> InstallImmediateMethod( IsFree,
IsModule and HasIsProjective, 0,
function( M ) if not IsProjective( M ) then return false; fi;
TryNextMethod( ); end );
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The TrueMethods and ImmediateMethods enable GAP to draw
arbitrary long chains of conclusions.

homalg rediscovered a proof of SERRE

Let k be a field and M a module over R := k[x, y]. Then
Hom(M,R) is free.

> LoadPackage( ”RingsForHomalg” );
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The TrueMethods and ImmediateMethods enable GAP to draw
arbitrary long chains of conclusions.

homalg rediscovered a proof of SERRE

Let k be a field and M a module over R := k[x, y]. Then
Hom(M,R) is free.

> LoadPackage( ”RingsForHomalg” );

> R := HomalgFieldOfRationalsInDefaultCAS( ) * ”x,y”;;
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Let k be a field and M a module over R := k[x, y]. Then
Hom(M,R) is free.

> LoadPackage( ”RingsForHomalg” );

> R := HomalgFieldOfRationalsInDefaultCAS( ) * ”x,y”;;
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Mathematical object-oriented programming

The TrueMethods and ImmediateMethods enable GAP to draw
arbitrary long chains of conclusions.

homalg rediscovered a proof of SERRE

Let k be a field and M a module over R := k[x, y]. Then
Hom(M,R) is free.

> LoadPackage( ”RingsForHomalg” );

> R := HomalgFieldOfRationalsInDefaultCAS( ) * ”x,y”;;

> M := HomalgMatrix( ”[xˆ3,yˆ3,x+y,x-y, y,x,x,y]”, 2, 4, R );;

> M := LeftPresentation( M );
<A non-torsion left module presented by 2 relations for 4
generators>
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The TrueMethods and ImmediateMethods enable GAP to draw
arbitrary long chains of conclusions.

homalg rediscovered a proof of SERRE

Let k be a field and M a module over R := k[x, y]. Then
Hom(M,R) is free.

> LoadPackage( ”RingsForHomalg” );

> R := HomalgFieldOfRationalsInDefaultCAS( ) * ”x,y”;;

> M := HomalgMatrix( ”[xˆ3,yˆ3,x+y,x-y, y,x,x,y]”, 2, 4, R );;

> M := LeftPresentation( M );
<A non-torsion left module presented by 2 relations for 4
generators>

> Hom( M, R );
<A free right module of rank 2 on 3 non-free generators
satisfying a single relation>
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RHom in homalg

> RightDerivedCofunctor( Functor_Hom );

This single call
1 creates an object named Functor_RHom for the bivariate

functor RHom.
2 installs methods for

modules
maps
complexes of modules and of complexes
chain maps
bicomplexes
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Mathematical object-oriented programming

In the homalg project we use the power of the GAP language
to program in a conceptual way.
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Mathematical object-oriented programming

In the homalg project we use the power of the GAP language
to program in a conceptual way.

Purity filtration in homalg

> InstallMethod( PurityFiltration,
[ IsFinitelyPresentedModuleRep ],
function( M )
local R, F, G, II_E;
R := HomalgRing( M );
F := DualizingFunctor( R ); G := DualizingFunctor( R );
II_E := GrothendieckSpectralSequence( F, G, M );
return FiltrationBySpectralSequence( II_E );
end );
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