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Introduction

the package honal g

@ Q: what does “abstract” MAPLE-package mean?
A: homal g depends on a “ring package” that implements
the ring-specific arithmetics
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@ homological algebra in MAPLE:
the full subcategory of finitely presented modules of the
abelian category of modules over a ring R, in which one
can algorithmically solve the ideal membership problem
(e.g. reduce via a basis) and compute syzygies
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Introduction

the package honal g

@ Q: what does “abstract” MAPLE-package mean?
A: homal g depends on a “ring package” that implements
the ring-specific arithmetics

@ available ring packages: PI R, | nvol uti ve, Janet,
Janet Or e, Or eModul es...

@ homological algebra in MAPLE:
the full subcategory of finitely presented modules of the
abelian category of modules over a ring R, in which one
can algorithmically solve the ideal membership problem
(e.g. reduce via a basis) and compute syzygies

@ modules are given by a finite presentation:

coker(Rl1 = Rlo), A € Rlixlo
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basic procedures in homal g

homal g

the ring package provides: Basi sOf Mbdul e and Reduce

@ Ri ght Di vi de=Pr el nage, ReduceHononor phi sm Present at i on
@ I ntersection, Conpl et el nBSq

@ Connecti ngHom Coker nel , Tensor Pr oduct

@ OnMor phi sns
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basic procedures in homal g

homal g

the ring package provides: Basi sOf Mbdul e and Reduce

@ Ri ght Di vi de=Pr el nage, ReduceHononor phi sm Present at i on
@ I ntersection, Conpl et el nBSq

@ Connecti ngHom Coker nel , Tensor Pr oduct

@ OnMor phi sns

the ring package also provides: Syzygi esCGener at or s

@ Subf act or Mbdul e, Resol uti onOf Modul e, Syzygi esQp
Ker nel , Def ect Of Hons, Par anet ri zeMobdul e

Tor si onSubnodul e, Pul | back, Hom R, Hom

Homol ogyMbdul es, Cohonol ogyMbdul es

| sExact Seq, | sExact Coseq

LongExact Honol Seq, LongExact Cohonol Seq

© 60 06 ¢

Mohamed Barakat and Daniel Robertz honal g: An abstract package for homological algebra


http://wwwb.math.rwth-aachen.de/~barakat
http://wwwb.math.rwth-aachen.de/~daniel
http://wwwb.math.rwth-aachen.de/~barakat/dmv2006/

Basic Procedures
Advanced Procedures
Basic Functors
Composed Functors
Derived Functors
Natural Transformations

advanced procedures in homal g

homal g

building upon the above

@ Resol veShort Exact Seq

@ LeftDerivedFunctor, LeftDeri vedR ght Exact Funct or,
Ri ght Der i vedFunct or, Ri ght Deri vedLef t Exact Cof unct or

@ Tor, Ext R Ext
9o ...
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in homal g

homal g

using Funct or Map we have the following functors:

@ Coker nel , Coker nel Map

Ker nel , Ker nel Map

Def ect Of Honrs, Def ect OF Hors Map

Di rect Sum Di r ect Sumnivap

Pul | back, Pul | backMap

Tor si onSubnodul e, Tor si onSubnodul eMap

Tensor Pr oduct , Tensor Product Map, Tensor Pr oduct 2Map
Hom R, Homvap_R

Hom Homiveap, Hom2 Map

9
(*]
(*]
(*]
9
(*]
(*]
o
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the use of in homal g

homal g

‘homal g/ Homvap* := proc(M A N, L,var::list, Ri ngPackage) ### Main: "Func
local RP, nar, optional, cofunctor;

RP : = ‘ honmal g/ t abl enanme’ (procnane, args[-1], nar);
if type(RP, procedure) then RETURN(RP(args[1l..-1-nar])) fi;

optional := args[6..-1-nar];

cofunctor := proc(M ‘homal g/Hom (ML, args[1+1..-1]) end;

‘ homal g/ Funct or Map* ( cof unct or,
(M. A [N
,var, optional , RP)
end:
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the use of in homal g

homal g

“homal g/ Hon2Map* : = proc(L, M A N, var::|ist, RingPackage) ### Main: "Fun
local RP, nar, optional, functor;

RP : = ‘ honmal g/ t abl enanme’ (procnane, args[-1], nar);
if type(RP, procedure) then RETURN(RP(args[1l..-1-nar])) fi;

optional := args[6..-1-nar];

functor := proc(M ‘honal g/Hom (L, Margs[1+1..-1]) end;

‘ homal g/ Funct or Map* (functor,
(M. A [N
,var, optional , RP)
end:
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The bi-functor Funct or _Homin homal g

homal g

‘homal g/ Functor _Hom := proc(B) ### Main: "Functors"

[ proc(M ‘honalg/Hom (M B, args[1+1..-1]) end,
proc(M phi, N ‘homal g/ Homvap‘ (M phi, N, B, args[ 3+1..-1]) end,
## take care of multi-functoriality:
B,
proc(P)
proc(M phi, N ‘homal g/ Hom2Map‘ (P, M phi, N, args[ 3+1..-1]) end
end ]
end:

at and Daniel Robertz honal g: An abst package for homological algel


http://wwwb.math.rwth-aachen.de/~barakat
http://wwwb.math.rwth-aachen.de/~daniel
http://wwwb.math.rwth-aachen.de/~barakat/dmv2006/

Basic Procedures
Advanced Procedures
Basic Functors
Composed Functors
Derived Functor
Natural Transformations

The bi-functor Funct or _Hon® in honal g

homal g

‘homal g/ Functor _HonmR' := proc(A) ### Main: "Functors"

[ proc(M ‘honal g/Hom (A Margs[1+1..-1]) end,
proc(M phi, N ‘homal g/ Hon2Map‘ (A, M phi, N, args[ 3+1..-1]) end,
## take care of multi-functoriality:
A
proc(P)
proc(M phi, N ‘honal g/ HomVap‘ (M phi, N, P, args[ 3+1..-1]) end
end ]
end:
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the use of in homal g

‘homal g/ HonDnSeqs’ : = proc(L, al pha::{table,list}, var, Ri ngPackage) ###
| ocal RP, nar, cofunctor;

RP : = ‘ homal g/ t abl enane’ (procnane, args[-1], nar);

if type(RP, procedure) then RETURN(RP(args[1l..-1-nar])) fi;

cofunctor := ‘homal g/ Funct or _Hom (L);

‘ homal g/ Cof unct or OnSeqs’ (cof unctor, args[ 1+1..-1])
end:

package for homological alg


http://wwwb.math.rwth-aachen.de/~barakat
http://wwwb.math.rwth-aachen.de/~daniel
http://wwwb.math.rwth-aachen.de/~barakat/dmv2006/

Basic Procedures
Advanced Procedures
Basic Functors
Composed Functors
Derived Functors
Natural Transformations

the use of in homal g

homal g

‘homal g/ HonROnSeqs' : = proc(L, al pha::{table,list}, var, Ri ngPackage) ##
| ocal RP, nar, functor;

RP : = ‘ homal g/ t abl enane’ (procnane, args[-1], nar);

if type(RP, procedure) then RETURN(RP(args[1l..-1-nar])) fi;

functor := ‘homal g/ Funct or _HonR‘ (L);

‘ homal g/ Funct or OnSeqs* (functor, args[ 1+1..-1])
end:

package for homological alg
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composed functors in homal g

using ConposeFunct or s we have the following
(multi)-functors:

@ HomHom R HormHomVap_R

@ HonmHom HonHomvap, HorHon2Map, HomHon8Map
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in homal g

homal g

‘homal g/ HonHoni @ = proc(M A, B, var::list, Ri ngPackage) ### Min: "Functors"
local RP, nar, optional, cofunctorl, cofunctor2;

RP : = ‘homal g/ t abl enane* (procnane, args[-1], nar);

if type(RP, procedure) then RETURN(RP(args[1..-1-nar])) fi;

optional := args[5..-1-nar];
#=====# begin of the core procedure #=====#
cofunctorl := ‘honal g/ Funct or _Honi (B);
cofunctor2 := ‘honal g/ Funct or _Honi (A);
eval (
‘ honal g/ ConposeFunct ors‘ (cof unct or 1, cof unct or 2, var, opti onal , RP) (M var, RP)
enzj:

and Daniel Robertz
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HomHomVap using

‘ homal g/ HomHonmVap® : = proc(M phi, N A B,var::list, R ngPackage) ### Min
local RP, nar, optional, functor;

RP : = ‘ honmal g/ t abl enanme’ (procnane, args[-1], nar);
if type(RP, procedure) then RETURN(RP(args[1l..-1-nar])) fi;

optional := args[7..-1-nar];

functor := proc(M °‘homal g/ HomHom (M A, B, args[ 1+1..-1]) end;

‘ homal g/ Funct or Map* (functor,
[M, phi, [N
,var, optional , RP)
end:
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the tri-functor Funct or _HonmHomin homal

# The functor Hom{Hon(-,A), B)

#

‘ homal g/ Funct or _HonHomi : = proc(A, B) ### Main: "Functors"

[

proc(M *honal g/ HonHoni (M A, B, args[ 1+1..-1]) end,
proc(M phi, N) ‘honal g/ HomHonMap* (M phi, N, A, B, args[3+1..-1]) end,
## take care of multi-functoriality:
A,
proc(P)

proc(M phi, N) ‘honal g/ HonHon2Map* (P, M phi, N, B, args[ 3+1..-1]) end
end,
B,
proc(P)

proc(M phi, N) ‘homal g/ HomHon8Map* (P, A, M phi, N, args[ 3+1..-1]) end
end ]

at and Daniel Robertz nmal g: An abstra
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right derived cofunctors in honal g

homal g

using Ri ght Der i vedLef t Exact Cof unct or we have the
following multi-functor:

@ Ext, Ext Map, Ext 2Map
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right derived cofunctors in honal g

homal g

using Ri ght Der i vedLef t Exact Cof unct or we have the
following multi-functor:

@ Ext, Ext Map, Ext 2Map

using Ri ght Der i vedCof unct or we have the following
multi-functors:
@ Ext _R Ext Map_R

@ Ext q, Ext gMap, Ext q2Map
@ RHomHom RHonmHomvlap, RHomHon2Map, RHonHonBMap

ot
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definition of the Ext’(—, D)-modules

homal g

take a free resolution of M :

LB, pripe B g
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definition of the Ext’(—, D)-modules

homal g

take a free resolution of M :
d d d
=D 2Dl L DP s M — 0

apply the functor Homp (—, D):

dj ds dy
. <= Homp(D", D) <= Homp(D?, D) « Homp(DP?, D) + 0
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definition of the Ext’(—, D)-modules

take a free resolution of M:
s pr 2 pa A pr oy
apply the functor Homp (—, D):
& Homp (D", D) 2 Homp(D?, D) <& Homp(DP, D) — 0
define
Ext%(M,D) := ker(d}) = Homp(M,D),
Exthh(M,D) := ker(df,;)/im(d}), i>1.
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definition of the Ext’(—, D)-modules

take a free resolution of M
B pr®opa fope oy
apply the functor Homp (—, D):
di d’ d*
. <= Homp(D", D) <= Homp(D?, D) « Homp(DP?, D) + 0
define

Ext%(M,D) := ker(d}) = Homp(M,D),
Exthh(M,D) := ker(df,;)/im(d}), i>1.

Theorem

ExtiD(M, D) is independent of the choice of the projective resolution of M.
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the use of

“homal g/ Ext* := proc(q::nonnegint, A B,var::list, R ngPackage) ### Min:
local RP, nar, optional, cofunctor;

RP : = ‘ honmal g/ t abl enanme’ (procnane, args[-1], nar);

if type(RP, procedure) then RETURN(RP(args[1l..-1-nar])) fi;

optional := args[5..-1-nar];
#=====# begin of the core procedure #=====#
cofunctor := ‘homal g/ Funct or _Homi (B);

‘homal g/ Ri ght Deri vedLeft Exact Cof unctor* (
g, cofunctor, A
,var, optional , RP)
end:

package for homological alg
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the use of in homal g

homal g

‘homal g/ Extq" := proc(qQ::nonnegint, A B,var::list, R ngPackage) ### Min
local RP, nar, optional, cofunctor;

RP : = ‘ honmal g/ t abl enanme’ (procnane, args[-1], nar);

if type(RP, procedure) then RETURN(RP(args[1l..-1-nar])) fi;

optional := args[5..-1-nar];
#=====# begin of the core procedure #=====#
cofunctor := ‘homal g/ Funct or _Homi (B);

‘ homal g/ Ri ght Der i vedCof unct or* (
g, cofunctor, A
,var, optional , RP)
end:

package for homological alg
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linear control theory

characterizing system/module properties

of the parametrization

system module homological
algebra
autonomous elements t(M) #0 Ext,(MT,D) #0
controllability, t(M)=0 Ext,(MT,D)=0
parametrizability
parametrizability reflexive Ext,(MT,D) =0,

i=1,2

int. stabilizability, projective
BEzouT-itdentity,
chain ofn parametrizations|

Ext,(MT,D) =0,

1<i<n

flatness free

in general no criteria
but for PIR: torsion free = fre¢

and Daniel Robertz
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left derived functors in honal g

homal g

using Lef t Der i vedRi ght Exact Funct or we have the
following multi-functor:

@ Tor, Tor Map, Tor 2Map
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homal g

left derived functors in honal g

using Lef t Der i vedRi ght Exact Funct or we have the
following multi-functor:

@ Tor, Tor Map, Tor 2Map

using Lef t Der i vedFunct or we have the following
multi-functors:

@ Tor g, Tor gMvap, Tor g2Map

@ LHom LHomVap, LHon2Map

@ LHomHom R, LHonHonVap_R

@ LHomHom LHonmHomVap, LHomHon2 Map, LHomHonBMap
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the use of in homal g

homal g

‘homal g/ LHomHom : = proc(q::nonnegint, M A B,var::1list, R ngPackage) ###
local RP, nar, optional, functor;

RP : = ‘ honmal g/ t abl enanme’ (procnane, args[-1], nar);

if type(RP, procedure) then RETURN(RP(args[1l..-1-nar])) fi;

optional := args[6..-1-nar];
#=====# begin of the core procedure #=====#
functor := ‘homal g/ Funct or _HormHonmi (A, B);

‘ homal g/ Lef t Deri vedFunct or* (
g, functor, M
,var, optional , RP)
end:
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homal g

LHonHomVap using

‘ homal g/ LHonHonmVap* : = proc(q, M phi, N, A B, var::1list, Ri ngPackage) ### N
local RP, nar, optional, functor;

RP : = ‘ honmal g/ t abl enanme’ (procnane, args[-1], nar);
if type(RP, procedure) then RETURN(RP(args[1l..-1-nar])) fi;

optional := args[8..-1-nar];

functor := proc(M ‘honal g/LHonHom (g, M A, B, args[ 1+1..-1]) end;

‘ homal g/ Funct or Map* (functor,
[M, phi, [N
,var, optional , RP)
end:
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the tri-functor LHonHomin homal g

homal g

# The functor LHonHom q(-, A B)
#
" homal g/ Funct or _LHonHoni : = proc(q, A B) ### Main: "Functors"

[ proc(M *homal g/ LHonHon (g, M A, B, args[1+1..-1]) end,
proc(M phi, N) ‘honal g/ LHonmHomMVap‘ (g, M phi, N, A, B, args[ 3+1..-1]) end,
## take care of multi-functoriality:
A,
proc(P)
proc(M phi, N) ‘honal g/ LHonHon2Map* (q, P, M phi, N, B, args[ 3+1..-1]) end
end,
B,
proc(P)
proc(M phi, N) ‘honal g/ LHonHon8Map* (q, P, A, M phi, N, args[3+1..-1]) end
end ]
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Basic Procedures
Advanced Procedures
Basic Functors
Composed Functors
Derived Functors
Natural Transformations

in homal g

homal g

we also have the following natural transformations:
@ Nat Tr Tar get ToCoker nel =Coker nel Epi
@ Nat Tr Ker nel ToSour ce=Ker nel Enb

@ Nat Tr Tor si onSubnpdul eTol d=
Tor si onSubnodul eEnb

@ Nat Tr Pul | backToTwoSour ces=
Pul | backPai r Of Maps

@ Nat Tr | dToHomHom R
@ Nat | soKer OF SqTol mOf Sqg=Lanbek
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The Ring Package PI R
The Ring Package | nvol uti ve
The Ring Package Janet

The Ring Packages The Ring Package Janet Or e

The Ring Package Or eMbdul es

features of the ring package

@ R is one of the fields {F,, Q}, or one of the Euclidean
domains (and hence principal ideal domains)
{z,Z]1],Q[z],F,[x]} or one of its quotients, which are in
general only principle ideal rings
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features of the ring package

@ R is one of the fields {F,, Q}, or one of the Euclidean
domains (and hence principal ideal domains)
{z,Z]1],Q[z],F,[x]} or one of its quotients, which are in
general only principle ideal rings

@ the global dimension of the non-trivial principal ideal

domains is 1, that of their semi-simple quotients is 0 and
that of their non-semi-simple quotients is co
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features of the ring package

@ R is one of the fields {F,, Q}, or one of the Euclidean
domains (and hence principal ideal domains)
{z,Z]1],Q[z],F,[x]} or one of its quotients, which are in
general only principle ideal rings

@ the global dimension of the non-trivial principal ideal
domains is 1, that of their semi-simple quotients is 0 and
that of their non-semi-simple quotients is co

@ essentially a sample ring package:
honal g provides extras to easily use packages for
principal ideal rings
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features of the ring package

@ the triangular basis is given by the HERMITE normal form
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features of the ring package

@ the triangular basis is given by the HERMITE normal form

@ the SMITH normal form (elementary divisors) provides a
normal form for a presentation of a module
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features of the ring package

@ the triangular basis is given by the HERMITE normal form

@ the SMITH normal form (elementary divisors) provides a
normal form for a presentation of a module

@ applications to algebraic topology and
CONLEY-index-theory
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the homal g translation table of

‘ Pl R/ homal g* : =t abl e(
[ ## Must only then be provided by the RingPackage in case the default
## "service" function does not match the Ring
d obal Di n=* PI R/ PQ obal Di i,
Presentati onl nf o=
proc(Mvar) ‘honal g/ Di agonal El enent sAndRank‘ (M var,’ PIR) end,

## Can optionally be provided by the Ri ngPackage

## (homal g functions check if these functions are defined or not)
## (* homal g/ t abl enane* gives no default val ue)

Best Basi s=' Pl R/ PBest Basi s,

Ri ngEl ement Nor mal For n=* PI R/ PRi ngEl ement Nor mal Formi ,

## Must be defined if other functions are not defined
Triangul ar Basi s=" PI R/ PTri angul ar Basi s', ## needed by ‘ honal g/ Basi sOf Mbdul e’
Quot i ent Wt hRenai nder =' PI R PQuo* ## needed by ‘ honal g/ Reduce’

## Must only then be provided by the RingPackage in case the default
## val ue provided by ‘honal g/tabl ename‘ does not nmatch the Ring

and Daniel Robertz
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features of the ring package

@ R=K|zy,...,z,),Where K > Qor K =Z/pZ
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features of the ring package

@ R=K|zy,...,z,),Where K > Qor K =Z/pZ
@ the basis is given by the involutive basis
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features of the ring package

@ R=Klzi,...,x,),Where K > Qor K =Z/pZ
@ the basis is given by the involutive basis
@ application to commutative algebra and algebraic geometry
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the homal g conversion table of

‘Invol utive/ homal g' : =t abl e(
[
## Must only then be provided by the RingPackage in case the default
## "service" function does not natch the Ring
Basi sOf Modul e=* homal g/ | nvol utive/ | Basi s‘,
Present ati onl nf o= honal g/ I nvol uti ve/ Pol Hi | bert Cartan‘,
Reduce=‘ honal g/ | nvol uti ve/ Pol | nvoReduce’ ,
Si npli fyBasi s=* I nvol utive/jetsdepcheck",
Syzygi esCGener at or s=* honal g/ | nvol uti ve/ Pol Syzygi es*

and Daniel Robertz
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features of the ring package

@ R=K]|0,...,0,], where K is a differential field
@ the basis is given by the JANET basis
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features of the ring package

® R=K]|0,...,0,], where K is a differential field

@ the basis is given by the JANET basis

@ in the univariate case (ODESs) the JACOBSON normal form
(with just one elementary divisor!) provides a normal form

for a presentation of a module: R is then a left principal
ideal ring
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features of the ring package

@ R=K]|0,...,0,], where K is a differential field
@ the basis is given by the JANET basis

@ in the univariate case (ODESs) the JACOBSON normal form
(with just one elementary divisor!) provides a normal form
for a presentation of a module: R is then a left principal
ideal ring

@ application to linear control theory
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the homal g conversion table of

‘Janet/ homal g' : =t abl e(

## Must only then be provided by the RingPackage in case the default
## "service" function does not match the Ring
AddMat =* Janet/j addnat * ,

Basi sOf Modul e=* homal g/ Janet/ JBasi s*,

Conpose=‘ Janet / CpOp* ,

I nvol uti on=" homal g/ Janet/ | nvol ution‘,

Ml Mat = Janet/j nul mat *,

Present ati onl nf o= honal g/ Janet/JanHi | bert Cartan‘,
Reduce=‘ honal g/ Janet /| nvoReduce’,

Si npl i f yBasi s=' homal g/ Janet/ Jandepcheck" ,

Syzygi esCGener at or s=* honal g/ Janet/ Syzygi es",
SubMat =* Janet/j submat *,

## Can optionally be provided by the R ngPackage

## (homal g functions check if these functions are defined or not)
## (‘ honmal g/ t abl ename’ gives no default val ue)

| sRi ngEl ement =proc(a) *‘Janet/jchkdop‘(a,"") end,

and Daniel Robertz
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the homal g conversion table of

## Must only then be provided by the RingPackage in case the default
## val ue provided by ‘honal g/tabl enanme’ does not match the Ring

Di vi deByUni t = Janet/j di vi debyuni t*,

matri x="Janet/j nkmat ",

M nus=‘Janet/j subcon‘,

One=[[1, []]]

and Daniel Robertz
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the (pseudo) package Janet 1

‘ Janet 1/ honal g* : =t abl e(

## Miust only then be provided by the RingPackage in case the default
## "service" function does not nmatch the Ring

AddMat =* Janet/j addnat * ,

Basi sOf Modul e=* horal g/ Janet/ JBasi s*,
Conpose=* Janet / CnpOp* ,

I nvol uti on=*" homal g/ Janet/ | nvol uti on*
Mul Mat =* Janet/j mul nat *,

Present ati onl nf o=* honal g/ Janet/JanHi | bert Cartan‘,
Reduce=* honal g/ Janet /| nvoReduce’ ,

Si npl i f yBasi s=' homal g/ Janet/ Jandepcheck" ,

Syzygi esCener at or s=* honal g/ Janet/ Syzygi es',
SubMat =* Janet/j submat * ,

## Can optionally be provided by the Ri ngPackage

## (homal g functions check if these functions are defined or not)
## (‘ homal g/ t abl enane* gives no default val ue)

Best Basi s=' homal g/ Janet / Jacobson*,

| sRi ngEl ement =proc(a) ‘Janet/jchkdop‘(a,"") end,

and Daniel Robertz
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## Must only then be provided by the RingPackage in case the default
## val ue provided by ‘honal g/tabl enanme’ does not match the Ring

Di vi deByUni t = Janet/j di vi debyuni t*,
matri x="Janet/j nkmat ",
M nus=‘Janet/j subcon‘,

)One=[[l, [11]

at and Daniel Robertz
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features of the ring package

@ R is an ORE-domain
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features of the ring package

@ Ris an ORE-domain
@ the basis is given by the involutive basis
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features of the ring package

@ Ris an ORE-domain
@ the basis is given by the involutive basis
@ application to linear control theory
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features of the ring package

@ Ris an ORE-domain
@ the basis is given by the involutive basis
@ application to linear control theory

@ using the BGG correspondence to compute the
cohomology of coherent sheaves over projective spaces
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the homal g conversion table of

‘ Janet Or e/ homal g* : =t abl e(
[
## Miust only then be provided by the RingPackage in case the default
## "service" function does not match the Ring
Basi sOf Modul e=* hormal g/ Janet Or e/ Basi s*,
Conpose=‘ honal g/ JanetOre/ Ml t *,
I nvol uti on=" honal g/ Janet Or e/ I nvol ution‘,
Present ati onl nf o= honal g/ Janet Ore/ Hi | bert Cartan‘,
Reduce=* honal g/ Janet Or e/ Reduce*,
Si npl i fyBasi s=' Janet Or e/ j et s_depcheck’,
Syzygi esGener at or s=' honal g/ Janet Or e/ Syzygi es*,
I sUni t =" honal g/ Janet Ore/ I sUni t*
1:

and Daniel Robertz
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features of the ring package

@ R is an ORE-domain
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features of the ring package

@ Ris an ORE-domain
@ the basis is given by the GROBNER basis
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features of the ring package

@ Ris an ORE-domain
@ the basis is given by the GROBNER basis
@ application to linear control theory
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features of the ring package

@ Ris an ORE-domain
@ the basis is given by the GROBNER basis
@ application to linear control theory
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the homal g conversion table of

‘ OreModul es/ honal g' : =t abl e(
[
## Must only then be provided by the RingPackage in case the default
## "service" function does not match the Ring
Basi sOf Modul e=* hormal g/ Or eMbdul es/ Basi s*,
Conpose=' Or eMbdul es/ Ml t*,
I nvol uti on=" honmal g/ Or eModul es/ | nvol ution‘,
Present ati onl nf o=* honal g/ Or eMbdul es/ Hi | bert Series’,
Reduce=‘ honal g/ Or eMbdul es/ Reduce* ,
Si npl i f yBasi s=* honal g/ Or eMbdul es/ j et sdepcheck’ ,
Syzygi esCGener at or s=* honal g/ Or eMbdul es/ Syzygi esGen*

and Daniel Robertz
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@ applications: topology, cohomology of groups, number
theory, control theory ...
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@ applications: topology, cohomology of groups, number
theory, control theory ...

@ spectral sequences (simply more applications)
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@ applications: topology, cohomology of groups, number
theory, control theory ...

@ spectral sequences (simply more applications)
@ create and link more ring packages to homalg
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@ applications: topology, cohomology of groups, number
theory, control theory ...

@ spectral sequences (simply more applications)
@ create and link more ring packages to homalg

@ handle all functors on an equal footing, regardless of the
(source and) target abelian category

@ use homal g with other CASs: Singular, Kash, GAP, ...
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