





alg? [x1 x2 x3  yl v2 y3
xI]0 0 0 —x2 0 0
x210 0 0 —x3 0 0
x310 0 O 0 0 0
yl|x2 x3 0 0 v3 xI
y2[ 0 0 0 —y3 0 x3
310 0 0 —xI —x3 O

(6.1.10)

_Checking to see if the complementary space really is the complementary

space.
alg2 > Annihilator([x1,x2,x3]);
I AL, 2. 3]
alg2 > DisplayStructureEquations() ;
dal = —pIANG dpl = 0l N2
de2 = a NpI dp = 0 N2
dad = @ ANBI—B AR dB = —BIAR
=alg2 > Alpha:=evalDG([alphal,halpha2,alpha3]);
A:=la, 2, a3]
Define the Complimentary Space
alg2 > Betal:=ComplementaryBasis (Alpha) ;
i Bl = [, 32, 3]
_alg2 > Example3 := SHSSLAWC2 (Alpha, Betal, NumberOfPages=

3);
Setting up Sequence
Calculating Page O
Calculating Page 1
Calculating Page 2
Calculating Page 3

Example3 = Book

Calculating chains and projections externally

alg2 > testforms := eval (Example3[2][1,2] [PageCohomology]

[Forms]) ;
testforms == [ad N 2 N R, o2 \ a3 N Pl ]
=alg2 > Chains := 'Chains';
i Chains = Chains
1alg2 > Chain := eval (Example3[2][1l,2] [PageCohomology]

[Chains]) ;

(6.1.11)

(6.1.12)

(6.1.13)

(6.1.14)

(6.1.15)

(6.1.16)

(6.1.17)



=alg2
=alg2
=alg2
[alg?
=alg2
[alg?

=alg2

Chain = [l NRANR—BANRANB,2NB NPl —3 N2 AF]

>

>

Gamma := evalDG(2 * testforms[l] - testforms[2]);
=2l A2 ANR—02 N3 NPl
GammaZ := ZigZag(Gamma, Example3[2]);

GammaZ =2 NRNR -2 NBANPl—3 \NR N
a :=SSProjection(GammaZ, 1,2,3);
a=20cd N2 NR—c2 N3 NPl

b := SSProjection(GammaZzZ,2,1,3);

b= —BAR AR
ExteriorDerivative (a) ;

2 \NPlLNR NP
ExteriorDerivative (b) ;

— @2 ANBIAR AP
ExteriorDerivative (Chain[2]) ;

Ocd N2 N a3 N Pl

(6.1.18)

(6.1.19)

(6.1.20)

(6.1.21)

(6.1.22)

(6.1.23)

(6.1.24)

(6.1.25)
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5.7 Conclusion

These programs have allowed me to calculate the cohomology of various Lie algebras. I have been

able to improve the speed of the current software which calculates the cohomology directly.

[ The Lic alebra so42
:5032 > LD2:=SimplelLieAlgebraData("so(4,2)",s042):
Initializing Lie Algebra
_so32 > DGsetup (LD2) :
Calculating the Relative Chains
:so32 > C2:=RelativeChains (so42) :
Timing how long my program takes to calculate the Cohomology in seconds
so042 > st:=time () : JacCohomology (C2[3]) :time () -st;
141.297 @G.1)

_Timing how long it takes the maple software to calculate cohomology in seconds
so42 > st:=time () :Cohomology (C2[3..5]) :time () -st;

1991.688 3.2)
Almost 14 times faster
so42 > 1991.688/141.297;
14.09575575 3.3
The number of minutes each took
so42 > "Maple Code" = evalf(1991.688/60) ; "My code" = 141.297/60 ;
"Maple Code" = 33.19480000
"My code" = 2.354950000 3.4)

By creating the Serre-Hochschild spectral sequence software, I have created a structure in which
more speed improvements can be made. These speed improvements can lead to future research on

Lie algebras previously considered to large to work with.
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APPENDIX



A. SOURCE CODE

A.1 Conversion Programs

A.1.1 FormToList

FormToList := proc(X, dimV)
local n, location, i, j, 1;

n := nops(X);
if n = 1 then

return X[1]
end if;
location := 0 ;
r:= 0;
location:= location + binomial( dimV, n)-binomial(dimV- X[1] + 1, n);
forifrom 2 ton -1 do

location := location + binomial(dimV - X[i - 1], n - i + 1) - binomial(dimV - X[i] + 1, n - i + 1);

end do;
location := location + X[n] - X[n - 1J;

end:
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A.1.2 TensorToList

TensorToList := proc(X)
local Vectors;
Vectors := map(TensorToList2, X);

end:

TensorToList2:=proc(X)
local FR, FDim, TensorDegree, VectorPlaceHolder, i, j, Inside, TensorList;
FR := DGinformation(X, ”ObjectFrame”);
FDim := DGinformation(FR, ” FrameBaseDimension” );
# This if statement is to rectify the problem with the brackets
in the internal makeup of the tensor object.
# A tensor made up of multiple base elements has one more bracket
than a tensor made up of only one base element.
if nops(op(X)[2]) = 1 then
TensorList := op(X)[2];
else
TensorList := op(op(X)[2]);
end if;
TensorDegree := nops(TensorList[1][1]);
VectorPlaceHolder := Vector(FDim " TensorDegree);
for j by 1 to nops(op(X)[2]) do
if TensorDegree = 1 then
VectorPlaceHolder[TensorList[j][1]] := TensorList[j][2];
else
VectorPlaceHolder[TensorToList0( TensorList[j][1], FDim)] := TensorList[j][2];
end if;

end do;
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VectorPlaceHolder;

end:

TensorToList0 := proc(X , TensorSize)
local dim , i, position;
dim := nops(X);
position := 0;
for i by 1 to dim do
position := position + TensorSize " (dim - i) * (X[i] - 1);
end do;
position := position + 1;

end:
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A.1.3 TensorValuedFormToList

TensorValuedFormToList := proc(X)
local Vectors;
Vectors := map(TLACV2, X);

end:

TLACV2 := proc(X)
local FR, FDim, FormDegree, Size, TensorSize, position, i, j, m, NumberOfForms,
location, FormPart, PositionList, BaseVector, SizeOfVectorSpace, FormList, RSN;
FR := DGinformation(X, ”ObjectFrame” );
RSN := DGFrameData[FR] :- RepresentationSpaceName;
SizeOfVectorSpace := DGinformation(RSN, ”FrameBaseDimension” );
FDim := DGinformation(FR, ” FrameBaseDimension” );

FormDegree := DGinformation(X, ” FormDegree”);

# op(X)[2] is a list of numbers representing the forms and their coefficients that make up X.
#An example of this is :[[[1, 2], 1], [[3, 4], 12]]
# This example X consists of two forms added together.

#The first form, [1,2] has a coefficient of 1 and the second form [3,4] has a coefficient of 12.

FormList := op(X)[2];

Size := nops(FormList[1][1]);
NumberOfForms := nops(FormList);
TensorSize := Size - FormDegree;

BaseVector := Vector(SizeOfVectorSpace * (TensorSize) * binomial(FDim, FormDegree));

#The conversion for 0 forms
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if FormDegree = 0 then

for i by 1 to NumberOfForms do
position := 0;
for j by 1 to TensorSize do

position := position + SizeOfVectorSpace(TensorSize - j) * (FormList[i][1][j] - 1);

end do;
BaseVector[position + 1] := FormList[i][2];

end do;

end if;

# Conversion for 1 forms

if FormDegree = 1 then
for i by 1 to NumberOfForms do
position := 0;
for j by 1 to TensorSize do
position := position + SizeOfVectorSpace(TensorSize - j) * (FormList[i][1][j] - 1);
end do;
location := 0;
location := location + FormList[i][1][TensorSize + 1];

position := binomial(FDim, FormDegree) *

(position );
position := position + location;
BaseVector[position] := FormUList[i][2];

end do;

end if;

# Conversion of k-forms where k>1
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if FormDegree > 1 then

for i by 1 to NumberOfForms do
position := 0;
PositionList := FormList[i][1];
FormPart := PositionList[TensorSize + 1 .. Size]
for j by 1 to TensorSize do

position := position + SizeOfVectorSpace(TensorSize - j) * (PositionList[j] - 1 );

end do;
location := 0;

* (position );

position := binomial(FDim, FormDegree)
position:= position + FormToList0(FormPart,FDim);
BaseVector[position] := FormList[i][2];
end do;
end if;

BaseVector;

end:
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A.1.4 Complementary Basis

#JacComp
#Input X is a list of vectors. B is basis of 1-forms.

#Output is a list forms corresponding to the complementary basis.

JacComp := proc(X)

local n , matrixC , i, j , m ,matrixsize , MatrixG , CompSet , genset ,

EndSet,MatrixF,FR,FDim,FormDegree ;

FR := DGinformation(X[1], ”ObjectFrame”);
FDim := DGinformation(FR, ”FrameBaseDimension” );
FormDegree := DGinformation(X[1], ” FormDegree”);
n := nops(X) ;
matrixsize := binomial(FDim , FormDegree);
CompSet := ;
MatrixF := FormToMatrix(X);
MatrixG := LinearAlgebra/GaussianElimination](MatrixF+);
i:=1;
for m by 1 to matrixsize do
if MatrixG[i,m] = 0
then CompSet := [op(CompSet) , m]
elsei: =i+ 1;
end if

end do;

EndSet := Array(1..nops(CompSet));
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for i by 1 to nops(CompSet) do
EndSet[i] := ListToForm0(CompSet|[i],FormDegree, FR);

end do;

convert(EndSet,list);

end:

JacComp?2 := proc(X , B)

local n , matrixC , i, j , m ,matrixsize , MatrixG , CompSet , genset , EndSet,

MatrixF ,FR FDim,FormDegree,X Vector,CompareSet, NewBasis, FTL, NewBasisMatrix;

FR := DGinformation(X[1], ?ObjectFrame”);

FDim := DGinformation(FR, ”FrameBaseDimension” );
FormDegree := DGinformation(X[1], ”FormDegree”);
n := nops(X) ;

CompSet := ;

NewBasis := ;

matrixsize := nops(B);
MatrixF:=convert(FormToList(B), Matrix);

FTL := FormToList(X);
for i by 1 to n do
NewBasis:= [op(NewBasis), LinearAlgebra:-LinearSolve(MatrixF,FTL[i])];

end do;

NewBasisMatrix := Matrix(1 .. nops(B));
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for i by 1 to nops(NewBasis) do
NewBasisMatrix|[i] := NewBasis][i];

end do;

MatrixG := LinearAlgebra[GaussianElimination](NewBasisMatrix+);
i:=1;
for m by 1 to matrixsize do
if MatrixG[i,m] = 0
then CompSet := [op(CompSet) , m]
elsei: =i+ 1;
end if

end do;

EndSet := Array(1..nops(CompSet));

for i by 1 to nops(CompSet) do

EndSet[i] := B[CompSet][i]];

end do;

convert(EndSet,list);

end:

JacComplnternal := proc(X , B)

local n , matrixC , i, j , m ,matrixsize , MatrixG , CompSet , genset , EndSet,

MatrixF ,FR,FDim,FormDegree,X Vector,CompareSet, NewBasis, FTL, NewBasisMatrix;
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FR := DGinformation(X[1], ”ObjectFrame”);

FDim := DGinformation(FR, ”FrameBaseDimension” );
FormDegree := DGinformation(X[1], ”FormDegree”);
n := nops(X) ;

CompSet 1= ;

NewBasis :=;
matrixsize := nops(B);
MatrixF:=convert(FormToList(B), Matrix);

FTL := FormToList(X);

for i by 1 to n do
NewBasis:= [op(NewBasis), LinearAlgebra:-LinearSolve(MatrixF,FTL[i])];

end do;

NewBasisMatrix := Matrix(1 .. nops(B));

for i by 1 to nops(NewBasis) do
NewBasisMatrix[i] := NewBasis|i];

end do;

MatrixG := LinearAlgebra[GaussianElimination](NewBasisMatrix+);
i:=1;
for m by 1 to matrixsize do
if MatrixG[i,m] = 0
then CompSet := [op(CompSet) , m]
elsei: =1+ 1;

end if
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end do;

EndSet := Array(1..nops(CompSet));

for i by 1 to nops(CompSet) do

EndSet[i] := B[CompSet]i]];

end do;

convert(EndSet,list);

end:
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A.2  Cohomology Programs

A.2.1 Closed Forms

Closed := proc(X)

local Fset, FR, FDim, FDegree, i, j, N, NullSet, k, ClosedSet,

n, DList, DMatrix, NullSetSize, ExtDer, Value;

FR := DGinformation(X[1], ”ObjectFrame”);

FDim := DGinformation(FR, ”FrameBaseDimension” );
FDegree := DGinformation(X[1], ” FormDegree”);

N := nops(X);

ExtDer:=ExteriorDerivative(X);

DList:= FormToList(ExtDer);

DMatrix := convert(convert(DList, list), Matrix);
NullSet := LinearAlgebra[NullSpace](DMatrix);
NullSetSize := nops(NullSet);

ClosedSet := Array(1..NullSetSize);

Value:=0;

for i by 1 to NullSetSize do
for j by 1 to N do
Value:=evalDG(Value + NullSet[i][j]*X[j]);
end do;
ClosedSet|[i]:=Value;
Value:=0;

end do;
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convert(ClosedSet,list);

end:
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A.2.2 Exact Forms

Exact := proc(X)

local FR, FDim, FormDegree, i, j, N, ColumnSet, k, ExactSet, n, DList, DMatrix,

ColumnSetSize, ExtDer,Value,VectorSize;

FR := DGinformation(X[1], ”ObjectFrame”);

FDim := DGinformation(FR, ”FrameBaseDimension”);
FormDegree := DGinformation(X[1], ”FormDegree”);
N := nops(X);
VectorSize:=binomial(FDim,FormDegree+1);
ExtDer:=ExteriorDerivative(X);

DList:= FormToList(ExtDer);

DMatrix := convert(convert(DList, list), Matrix);

ColumnSet := LinearAlgebra[ColumnSpace](DMatrix);

if nops(ColumnSet) > 0
then
ExactSet:=List ToForm(ColumnSet , FormDegree+1, FR);
else
ExactSet:=[[;

end if;

ExactSet;

end:
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A.2.3 Calculating Cohomology

# Omegal is a list of k-forms and Omega?2 is a list of k+1 forms.

JacCohomology2 := proc(Omegal,Omega2)

local B, H, C, W;

#B is a basis for the exact forms in k + 1 form coming from Omegal.

B := Exact(Omegal);

#C is the complement of B in Omega?2.

C := JacComp2(B, Omega2);

#H is the Cohomology in Omega?2

H := Closed(C);

#W

W := JacComp2(jop(B), op(H)], Omega2);

[H,B,W];

end:

JacCohomology := proc(Omegal)

local B, H, C, W;

B := Exact(Omegal);

C := JacComp(B);
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if nops(C) =0
then
H = ];
else
H := Closed(C);

end if;

W := JacComp([op(B), op(H)]);

[H, B, W];

end:
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A.3 Serre Hofschild Spectral Sequence Programs

A.3.1 SHSSLAWC(C2

SHSSLAWC?2 := proc(SubAlgebra, ComplementarySpace, Page,

NumberOfPages := 1, VectorSpace := [], FormRange := [], RelativeChain :=[] )

local i, RepNumber, ComplementarySpacel, Book;

if VectorSpace = [| then
RepNumber := 0;
else
RepNumber :=1;

end if;

if _params[’Page’] = NULL then
if _params[’SubAlgebra’] = NULL then
return ”error enter a SubAlgebra or a Page”;
else
if op(SubAlgebra[1])[1][1]= "form” then
if _params[’ComplementarySpace’] = NULL then
ComplementarySpacel := ComplementaryBasis(SubAlgebra);
userinfo(2, SHSSLAWC, NoName, ”Setting up Sequence”);
Book := table(] -1 = SpectralSequenceTableLAWC2(SubAlgebra, ComplementarySpacel,
RepNumber, VectorSpacelnternal = VectorSpace, FormRangelnternal = FormRange,
RelativeChainInternal = RelativeChain )]);
for i from 0 by 1 to NumberOfPages do
userinfo( 2, SHSSLAWC,NoName, ”Calculating Page”, 1 );

Book][i] := NextPageTableLAWC(Book[i-1]);
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end do;
Book[PageNumber] := NumberOfPages;
return Book;
else
userinfo(2, SHSSLAWC, NoName, ”Setting up Sequence”);
Book := table(] -1 =SpectralSequenceTableLAWC2(SubAlgebra, ComplementarySpace,
RepNumber, VectorSpacelnternal = VectorSpace, FormRangelnternal = FormRange,
RelativeChainInternal = RelativeChain)]);
for i from 0 by 1 to NumberOfPages do
userinfo( 2, SHSSLAWC,NoName, ” Calculating Page”, i );
Book([i] := NextPageTableLAWC(Book[i-1]);
end do;
Book[PageNumber] := NumberOfPages;
return Book;
end if;
else
Book := SubAlgebra;
for i from SubAlgebra[PageNumber| + 1 to SubAlgebra[PageNumber] + NumberOfPages do
userinfo( 2, SHSSLAWC,NoName, ” Calculating Page”, i );
Book]i] := NextPageTableLAWC(Book][i-1]);
end do;
Book[PageNumber| := SubAlgebra[PageNumber| + NumberOfPages;

return Book;

end if;
end if;
else
Book := Page;

for i from Page[PageNumber] + 1 to Page[PageNumber] + NumberOfPages do
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userinfo( 2, SHSSLAWC,NoName, ”Calculating Page”, 1 );
Book][i] := NextPageTableLAWC(Book[i-1]);
end do;
Book[PageNumber] := Page[PageNumber| + NumberOfPages;
return Book;
end if;

end:
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A.3.2 SequenceTableLAWC?2

# Serre Hofschild Spectral Sequence

#Pagelnfo := [[Page Number, # of Boxes, SubalgebraSize,

ComplementarySpaceSize] , [ [ [p,q], [Still in Play] , [Exact], [Complementary]] ] ]

SpectralSequenceTableLAWC2 := proc(Alpha, Beta,Rep,

VectorSpacelnternal := [], FormRangeInternal := [|, RelativeChainInternal := [] )

local i, j, k, m, SizeOfAlpha, SizeOfBeta, SizeOfSquare, SquareIndex, SquareForms,
Diff, MinDegree, MaxDegree, NumberOfSquaresVariable, Page, FormList, ChainList,

ExteriorDerivativeList, LastForm, RC, KFormAmounts, pq;

SizeOfAlpha := nops(Alpha);
SizeOfBeta := nops(Beta);
NumberOfSquaresVariable := (SizeOfAlpha + 1 ) * (SizeOfBeta + 1 );

#Page := table([Pagelnfo = []]);

if FormRangelnternal = [] then
MinDegree := -1;
MaxDegree := SizeOfAlpha + SizeOfBeta + 1;
else
MinDegree := FormRangelnternal[l] - 1 ;
MaxDegree := FormRangelnternal[2] + 1 ;

end if;

for i from 0 to SizeOfBeta do

for j from 0 to SizeOfAlpha do



200

if i+ j > MinDegree and i + j < MaxDegree then
Pageli,j] := table([PageCohomology = [|, Exact = [], Complement = [] | );
Pagel[i,j][PageCohomology] := table([Forms = [], Chains = [], ChainDerivative = [] | );
Pageli,j][Exact] := table([Forms = [], Chains = [], ChainDerivative =[] ] );
Pageli,j][Complement] := table([Forms = [|, Chains = [], ChainDerivative =[] ] );
end if;
end do;

end do;

Page[Pagelnfo] := table([PageNumber = -1, NumberOfSquares =(SizeOfAlpha + 1 ) * (SizeOfBeta + 1),
SizeOfSubAlgebra = SizeOfAlpha, SizeOfComplementarySpace = SizeOfBeta,

Vectors = nops(VectorSpacelnternal), X = Rep , Min = MinDegree, Max = MaxDegree]);

RC := RelativeChains(RelativeChainInternal);

KFormAmounts := map(nops, RC);

for i by 1 to nops(RC) do
if i > MinDegree -1 and i < MaxDegree + 1 then
if i  SizeOfAlpha + SizeOfBeta + 1 then
for jby 1 to KFormAmounts]i] do

pq := PQ(RCIi][j], SizeOfAlpha);
Page[pq[1],pq[2]][PageCohomology] [Forms] := |

op (Page[pa[l],pq[2]][PageCohomology][Forms]), RC[i][j]l;
Page[pq[1],pq[2]][PageCohomology][Chains] := |

op (Page[pa[l],pq[2]][PageCohomology][Chains]), RCi][j]];
Page[pq[1],pq[2]][PageCohomology][ChainDerivative] := |

op (Page[pq[1],pq[2]][PageCohomology]|[ChainDerivative]), ExteriorDerivative(RCi][j])];
end do;
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else
for j by 1 to KFormAmounts[i] do
Page[SizeOfBeta,SizeOfAlpha][PageCohomology|[Forms] := |
op( Page[SizeOfBeta,SizeOfAlpha][PageCohomology][Forms]), RCIi][j]];
Page[SizeOfBeta,SizeOfAlpha [PageCohomology|[Chains| := |
op(Page[SizeOfBeta,SizeOf Alpha][PageCohomology][Chains]), RC[i][j]];
Page[SizeOfBeta,SizeOfAlpha][PageCohomology|[ChainDerivative] := |
op(Page[SizeOfBeta,SizeOfAlphal [PageCohomology|[ChainDerivative]), 0] ;
end do;
end if;
end if;

end do;

op(Page);

end:
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A.3.3 NextPageTableLAWC

# q referes to the subalgebra(alpha) p refers to the Complementary space(beta) of the subalgebra

# Next Page takes a page and finds the next page in the sequence.

NextPageTableLAWC := proc(LastPagel)

local i,j,k,m, NewP, New(QQ, DList, ProjectionList, Omega, FormDecomp, FormDecompList,
FormDecompList2, SHSSChain, SHSSDer, DerivativeList, Place, ConvertList, DMatrix, NullSet,
NullSetSize, ClosedSet, Value, PageSet, ExactSet, CohomologyList, CohoPlaceholderList, CohoChainList,
CohoPlaceHoder, ExterDer,ChainAdd, CompList, CompPlaceholderList, CompPaceholderChainDerList,
ReceivingExactDerList, ExactForm, Chain, CompPlaceHolder, ReceivingExactChainDerList,
ReceivingExactChainList, ReceivingExactList, CompPlaceholderChainList, CohoPlaceHolder,
CohoChainDerList, LastPage,Page, CompPlaceholderChainDerList, ExactTable, ComplementTable,

PageNum, Output;

A A A A A AN A i

LastPage := LastPagel;

# Creating the skeleton of the new page

Page := table([Pagelnfo =[]]);

ExactTable := table([]);

ComplementTable := table([]);

# Initializing the new page object.
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Page[Pagelnfo] := table([PageNumber = LastPage[Pagelnfo|[PageNumber] + 1,
NumberOfSquares = LastPage[PageInfo][NumberOfSquares],

SizeOfSubAlgebra = LastPage[Pagelnfo][SizeOfSubAlgebral,
SizeOfComplementarySpace = LastPage[Pagelnfo|[SizeOfComplementarySpace],
Vectors = LastPage[PageInfo][Vectors|, X = LastPage[PagelInfo][X] ,

Max = LastPage[PageInfo][Max], Min = LastPage[PageInfo][Min]]);

for i from 0 to LastPage[Pagelnfo][SizeOfComplementarySpace| do
for j from 0 to LastPage[PageInfo][SizeOfSubAlgebra] do
if i + j > LastPage[Pagelnfo][Min] and i + j < LastPage[Pagelnfo][Max] then
Pageli,j] := table([PageCohomology = [], Exact = [], Complement = [] ] );
Pageli,j][PageCohomology] := table([Forms = [], Chains = [], ChainDerivative = [] ] );
Pageli,j][Exact] := table([Forms = LastPage[i,j][Exact][Forms],
Chains = LastPagel[i,j][Exact][Chains],
ChainDerivative = LastPageli,j][Exact][ChainDerivative] ] );
Pageli,j][Complement] := table([Forms = [], Chains = [], ChainDerivative = [] ] );
ExactTablel[i,j] := 0;
ComplementTable[i,j] := 0;
end if;
end do;

end do;

A A A A A i A i i  a a i

for i from 0 to LastPage[Pagelnfo][SizeOfComplementarySpace] do
for j from 0 to LastPage[PageInfo][SizeOfSubAlgebra] do

if i + j > LastPage[PageInfo][Min] and i + j j LastPage[Pagelnfo][Max] then
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NewP := i + Page[Pagelnfo][PageNumber];

NewQ := j + 1 - Page[Pagelnfo][PageNumber];

PageNum := (Page[Pagelnfo][PageNumber]);

Output := E[PageNum] " (i,j);

userinfo( 3, SHSSLAWC,NoName, ” Calculating”, Output );

userinfo( 4, SHSSLAWC,NoName,” Number of Forms on Previous Page:”,
nops(LastPageli,j][PageCohomology][Forms]) );

DList :=Array(1 .. nops(LastPageli,j][PageCohomology|[Forms]));

# Testing if the projection is on the page

if NewP > -1 and NewP | LastPage[Pagelnfo][SizeOfComplementarySpace] + 1
and New(Q > -1 and NewQ < LastPage[PagelInfo][SizeOfSubAlgebra] + 1 and

NewP + New(Q < LastPage[Pagelnfo][Max] then

i A A AR A i A A i a3

# Now this branch deals with the differential projection on the page

# Calculates the projection

ProjectionList := SSProjectionInternal LAWC(
LastPageli,j][PageCohomology][ChainDerivative],

NewP, NewQ, Page[Pagelnfo][SizeOfSubAlgebra], LastPage[Pagelnfo] [X]);

# Now calculating the differential

for k by 1 to nops(LastPageli,j][PageCohomology][Forms]) do

if ProjectionList[k] = [| then

DList[k] := Vector(1 .. nops(LastPage[NewP,
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NewQ][PageCohomology|[Forms]));
else
if ProjectionList[k][1][2] = O then
DList[k] := Vector(1 .. nops(LastPage[NewP,
NewQ][PageCohomology][Forms]));
else
if LastPage[NewP, NewQ][PageCohomology|[Forms] = [] then
Omega := _DG([op(LastPage[NewP,
NewQ)][Exact][Forms][1])[1], ProjectionList[k]]);
else
Omega := _DG([op(LastPage[NewP,
NewQ][PageCohomology][Forms][1])[1], ProjectionList[k]]);
end if;
FormDecomp := SHSSDecompLAWC(Omega , LastPage[NewP,
NewQ][PageCohomology|[Forms],nops(LastPage[NewP,
NewQ)][PageCohomology][Forms]),
LastPage[NewP, NewQ][Exact][Forms],
nops(LastPage[NewP, NewQ][Exact][Forms]),
LastPage[NewP, NewQ][Complement|[Forms],
nops(LastPage[NewP, NewQ][Complement][Forms]),
LastPage[Pagelnfo|[Vectors]) ;
FormDecompList := convert(FormDecomp][1],list);
FormDecompList2 := convert(FormDecomp|[2], list);
if ZeroVector(FormDecompList, nops(LastPage[NewP,
NewQ)][PageCohomology|[Forms])) = true then
SHSSChain := LastPageli, j|[PageCohomology][Chains][k];
SHSSDer := LastPageli, j][PageCohomology|[ChainDerivative][k];

for m by 1 to nops(LastPage[NewP, NewQ][Exact][Forms]) do
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SHSSChain := evalDG( SHSSChain - FormDecompList2[m]
* LastPage[NewP, NewQ][Exact][Chains][m]);
SHSSDer:= evalDG(SHSSDer - FormDecompList2[m]
* LastPage[NewP, NewQ][Exact][ChainDerivative][m]);
end do;
LastPageli,j][PageCohomology]|[Chains|[k] := SHSSChain;
LastPageli,j][PageCohomology][ChainDerivative][k] := SHSSDer;
end if;
DList[k] := FormDecompl[1];
end if;
end if;

end do; # k loop

# First I want to save what each dr of each basis form was.

# That way I don’t have to recalculate the dr of the complementary space.

DerivativeList := Array(1 .. nops(LastPageli,j][PageCohomology|[Forms]));

for k by 1 to nops(LastPagel[i,j][PageCohomology][Forms|) do

Place := 0;

for m by 1 to nops(LastPage[NewP, NewQ][PageCohomology][Forms]) do
LastPage[NewP, NewQ][PageCohomology][Forms|[m)];
Place:= evalDG( Place 4+ DList[k][m] * LastPage[NewP,
NewQ][PageCohomology|[Forms|[m]);

end do;

DerivativeList[k] := Place;

end do;



207

# Now that I have the d(omega) I can calculate the closed forms by

# calculating the null space

ConvertList := convert(DList,list);

DMatrix := convert(ConvertList, Matrix);
NullSet := LinearAlgebra[NullSpace](DMatrix);
NullSetSize := nops(NullSet);

ClosedSet := Array(1..NullSetSize);

Value:=0);

for k by 1 to NullSetSize do
for m by 1 to nops(LastPagel[i,j][PageCohomology][Forms]) do
Value:=evalDG(Value + NullSet[k][m] *LastPageli,
j][PageCohomology][Forms][m]);
end do;
ClosedSet[k]:=Value;
Value:=0;

end do;

ClosedSet := convert(ClosedSet,list);

A AR A A A A i i

else

# The differential is off the page so the entire box is closed

ClosedSet := LastPageli,j][PageCohomology|[Forms];
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end if;

A A AR A A i A A i a3

# end the on page or not if statement

A A AR A A A N N

# Now that I have the list of closed forms I can calculate the cohomology.

# Which is the complementary basis of the exact forms in the space of closed.

PageSet := LastPageli,j][PageCohomology][Forms];

ExactSet := Pageli,j][Exact][Forms];

if ClosedSet = [] then
CohomologyList := [J;
else
CohomologyList := ComplementaryBasis(ExactSet,ClosedSet);

end if;

CohoPlaceholderList := Array(1 .. nops (CohomologyList));
CohoChainList := Array(1 .. nops(CohomologyList));

CohoChainDerList := Array(1 .. nops(CohomologyList));

for k by 1 to nops(CohomologyList) do
CohoPlaceHolder := SHSSDecompLAWC(CohomologyList[k],
PageSet, nops(PageSet), [],0,[],0, LastPage[PageInfo][Vectors]);
ExterDer := 0;
ChainAdd := 0;

for m by 1 to nops(PageSet) do
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ChainAdd := evalDG(ChainAdd +

LastPagel[i,j][PageCohomology|[Chains][m] * CohoPlaceHolder|[1][m] );
ExterDer := evalDG(ExterDer +
LastPagel[i,j][PageCohomology][ChainDerivative][m] * CohoPlaceHolder[1][m]);

end do;

CohoPlaceholderList[k] := CohomologyList[k];
CohoChainList[k] := ChainAdd;
CohoChainDerList[k] := ExterDer;

end do;

Pageli,j][PageCohomology|[Forms] := convert(CohoPlaceholderList, list);
Pageli,j][PageCohomology][Chains] := convert(CohoChainList,list);
Pageli,j][PageCohomology][ChainDerivative] := convert(CohoChainDerList, list);
# The complementary basis which I will use to calculate the exact forms

in the box it goes into.

if NewP > -1 and NewP | LastPage[Pagelnfo][SizeOfComplementarySpace] + 1

and New(Q > -1 and New(Q < LastPage[PageInfo][SizeOfSubAlgebra] + 1

and New(Q + NewP < LastPage[PageInfo][Max] then
CompList:= ComplementaryBasis(ClosedSet, PageSet);
CompPlaceholderList := Array(1 .. nops (CompList));
CompPlaceholderChainList := Array(1 .. nops(CompList));
CompPlaceholderChainDerList := Array(1 .. nops(CompList));
ReceivingExactList :=Array(1 .. nops(CompList));
ReceivingExactChainList := Array(1 .. nops(CompList));
ReceivingExactChainDerList := Array( 1.. nops (CompList));

for k by 1 to nops(CompList) do
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CompPlaceHolder := SHSSDecompLAWC(CompList[k], PageSet,

nops(PageSet), [],0,[],0, LastPage[PageInfo][Vectors]);

ExterDer := 0;

Chain := 0;

ExactForm := 0;

for m by 1 to nops(PageSet) do
Chain := evalDG(Chain+LastPagel[i,j|[PageCohomology][Chains][m] *
CompPlaceHolder[1][m]);
ExterDer := evalDG(ExterDer + LastPageli,
j][PageCohomology]|[ChainDerivative][m] * CompPlaceHolder[1][m]);
ExactForm := evalDG(ExactForm + CompPlaceHolder[1][m] *
DerivativeList[m]);

end do;

# end m loop

CompPlaceholderList[k] := CompList[k];

CompPlaceholderChainList[k] := Chain;

CompPlaceholderChainDerList[k] := ExterDer;

# Need to find out what the Exterior Derivative of the CompList is now.
ReceivingExactList[k] := ExactForm;
ReceivingExactChainList[k] := Chain;
ReceivingExactDerList[k] :=ExterDer;
end do;
# end k loop
Pageli,j][Complement][Forms] := convert(CompPlaceholderList,list);
Pageli,j][Complement][Chains] := convert(CompPlaceholderChainList, list);
Pageli,j][Complement][ChainDerivative] := convert(CompPlaceholderChainDerList,

list);
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ComplementTable[i,j] := nops(convert(CompPlaceholderList,list));

if nops(CompList) > 0 then
Page[NewP, NewQ][Exact][Forms] := [op(LastPage[NewP,
NewQ][Exact][Forms]), op(convert(ReceivingExactList, list))];
Page[NewP, NewQ][Exact][Chains] :=[op(LastPage[NewP,
NewQ)][Exact][Chains]), op( convert(ReceivingExactChainList, list))];
Page[NewP, NewQ][Exact][ChainDerivative] := [op(LastPage[NewP,
NewQ)][Exact][ChainDerivative]),op(convert(ReceivingExactDerList, list))];
ExactTable[NewP,NewQ)] := nops(convert(ReceivingExactList, list));

end if;

end if;

end if;

userinfo( 4, SHSSLAWC,NoName, ” Number of Forms on the Page:”,
nops(Pageli,j][PageCohomology|[Forms]) );
userinfo( 4, SHSSLAWC,NoName, ” Number of Exact Forms:”,
ExactTable[i,j] );
userinfo( 4, SHSSLAWC,NoName, ” Number of NonClosed Forms:”,
ComplementTable[i,j] );

end do;

# J loop;

end do; # i loop;

op(Page);

end:
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A.4  Serre Hofschild Spectral Sequence Toolkit

A.4.1 Read Table

ReadTable := proc(Page)

local 1,j,T;

T := table([Pagelnfo =[]]);

T[PageInfo] := table([PageNumber = Page[Pagelnfo][PageNumber],
NumberOfSquares = Page[Pagelnfo][NumberOfSquares],
SizeOfSubAlgebra = Page[Pagelnfo][SizeOfSubAlgebral,

SizeOfComplementarySpace = Page[Pagelnfo][SizeOfComplementarySpace] ]);

for i from 0 by 1 to Page[Pagelnfo|[SizeOfComplementarySpace] do
for j from 0 by 1 to Page[Pagelnfo][SizeOfSubAlgebra] do
if i + j > Page[Pagelnfo][Min] and i + j < Page[Pagelnfo][Max] then

T[i,j] := Pagel[i,j][PageCohomology|[Forms];

end if;
end do;
end do;
op(T);

end:
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A.4.2 Read Exact

ReadExact := proc(Page)

local i,j, T;

T := table([Pagelnfo =[]]);

T[Pagelnfo] := table([PageNumber = Page[Pagelnfo|[PageNumber],
NumberOfSquares = Page[PagelInfo][NumberOfSquares],
SizeOfSubAlgebra = Page[Pagelnfo][SizeOfSubAlgebral,

SizeOfComplementarySpace = Page[Pagelnfo|[SizeOfComplementarySpace] |);

for i from 0 by 1 to Page[Pagelnfo|[SizeOfComplementarySpace] do
for j from 0 by 1 to Page[Pagelnfo|[SizeOfSubAlgebra] do
if i + j > Page[Pagelnfo][Min] and i 4+ j < Page[Pagelnfo|[Max] then

T[i,j] := Pageli,j][Exact][Forms];

end if;
end do;
end do;
op(T);

end:
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A.4.3 Read Complement

ReadComplement := proc(Page)

local i,j, T;

T := table([Pagelnfo =[]]);

T[Pagelnfo] := table([PageNumber = Page[Pagelnfo|[PageNumber],
NumberOfSquares = Page[PagelInfo][NumberOfSquares],
SizeOfSubAlgebra = Page[Pagelnfo][SizeOfSubAlgebral,

SizeOfComplementarySpace = Page[Pagelnfo|[SizeOfComplementarySpace] |);

for i from 0 by 1 to Page[Pagelnfo|[SizeOfComplementarySpace] do
for j from 0 by 1 to Page[Pagelnfo|[SizeOfSubAlgebra] do
if i + j > Page[Pagelnfo][Min] and i 4+ j < Page[Pagelnfo|[Max] then

T[i,j] := Page[i,j][Complement][Forms];

end if;
end do;
end do;
op(T);

end:
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A.4.4 Read Cohmology

ReadCohomology := proc(Page)

local i,j,T, CohoArray;

T := table([Pagelnfo =[]]);

T[Pagelnfo] := table([PageNumber = Page[Pagelnfo|[PageNumber],
NumberOfSquares = Page[Pagelnfo][NumberOfSquares],

SizeOfSubAlgebra = Page[Pagelnfo][SizeOfSubAlgebral,
SizeOfComplementarySpace = Page[Pagelnfo|[SizeOfComplementarySpace] |);
CohoArray := [ seq([], i = 0 .. (Page[Pagelnfo][SizeOfComplementarySpace] +

Page[Pagelnfo] [SizeOfSubAlgebral))];

for i from 0 by 1 to Page[Pagelnfo|[SizeOfComplementarySpace] do
for j from 0 by 1 to Page[Pagelnfo][SizeOfSubAlgebra] do
CohoArray[i+j + 1 ] :=[op(CohoArray[i+] + 1]),0p( Page[i,j][PageCohomology][Chains]) ];
end do;

end do;

for i from 0 by 1 to (Page[Pagelnfo|[SizeOfComplementarySpace] + Page[Pagelnfo|[SizeOfSubAlgebra]) do
if i > Page[Pagelnfo][Min] and i < Page[PageInfo][Max]| then
T[i] := CohoArray[i + 1J;
end if;

end do;

op(T);

end:
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A.4.5 ZigZag

ZigZag = proc(Sigma, Page)

local i, pq, FormDecomp, Chain, PageSet, ChainSet;

pq := PQ(Sigma, Page[Pagelnfo][SizeOfSubAlgebra));

PageSet := Page[pq[l],pq[2]][PageCohomology]|[Forms];

ChainSet := Page[pq[l], pq[2]][PageCohomology][Chains];

FormDecomp := SHSSDecomp(Sigma, PageSet, nops(PageSet), [],0,[],0);

Chain := 0;

for i by 1 to nops(PageSet) do

Chain := evalDG( Chain + FormDecomp/[1][i] * ChainSet[i]);

end do;

Chain[1];

end:
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A.4.6 SSprojection

SSProjection := proc(Sigma, P,Q , SizeOfSubAlgebra)

end:

local i, q, m, pq, NewQ, NewP, EdZigzag;
NewQ := Q;
NewP := P;

m := SSProjectionInternal([Sigma],NewP,NewQ, SizeOfSubAlgebra);

if op(m) = [] then
return [];

else
q := -DG([op(Sigma)[1],op(m)]);

end if;

q;
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A4.7 TCA

#Testing Cohomology Answers TCA
#JAnswer is the answer given from JacCohomology

#CAnswer is the answer given from Cohomology

TCA := proc(JAnswer, CAnswer)

local Alpha , Beta, answer,sizeOfJAnswer,i;
sizeOfJAnswer:=nops(JAnswer);
for i by 1 to sizeOfJAnswer do
Alpha, Beta := CohomologyDecomposition(JAnswer|i], CAnswer);
answer := evalDG(JAnswer[i] - (Alpha + ExteriorDerivative(Beta)));
if op(op(answer)[2])[2] = 0 then
else
return ”false”
end if;
end do;
return ”true”

end:
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A.4.8 SSExtDer
Maple Code

SSExterDer:= proc(Sigma, Page)

local i, pq, Zig, proj, NewQ, NewP, Proj, FormDecomp, FormValue;
pq := PQ(Sigma, Page[Pagelnfo][SizeOfSubAlgebra));

NewQ := pq[2] + 1 - Page[Pagelnfo][PageNumber] - 1 ;

NewP := pq[1] + Page[Pagelnfo][PageNumber] + 1;

Zig := ZigZag(Sigma, Page);

if NewP > -1 and NewP < Page[Pagelnfo|[SizeOfComplementarySpace] + 1 and
NewQ> -1 and New(Q < Page[Pagelnfo][SizeOfSubAlgebra] + 1 then
Proj := SSProjection(Sigma, Zig, Page);
if Proj = [] then
return [J;
else
FormDecomp := SHSSDecomp(Proj, Page[NewP, NewQ][PageCohomology][Forms],
nops(Page[NewP, New(Q][PageCohomology][Forms]),
Page[NewP, NewQ|[Exact][Forms], nops(Page[NewP, NewQ|[Exact][Forms]),
Page[NewP, NewQ][Complement][Forms|, nops(Page[NewP, NewQ][Complement][Forms])) ;
FormValue := 0;
for i by 1 to nops(Page[NewP, NewQ][PageCohomology|[Forms]) do
FormValue := evalDG(FormValue + FormDecomp[1][i] *
Page[NewP, NewQ)][PageCohomology|[Forms][i]);
end do;
end if;

else
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return [J;

end if;

FormValue;

end:
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A.5 Auxilary Functions

A.5.1 SSProjectionInternal

#d, = EP9— > E£+T,q7r+1

SSProjectionInternal:=proc(ExteriorDerivativeList, NewP,NewQ,SizeOf Alpha)

local ListSize, i, j,ModuloList,counter,EndList;

ListSize := nops(ExteriorDerivativelist);

if NewQ < NewQ + NewP then
if NewQ < 1 then
for i by 1 to ListSize do
ModuloList := [J;
for j by 1 to nops(op(ExteriorDerivativeList[i])[2]) do
if op(ExteriorDerivativeList[i])[2][j][1][1] ; SizeOfAlpha then
ModuloList := [op(ModuloList), op(ExteriorDerivativeList[i])[2][j]];
end if;
end do;
EndList[i] := ModuloList;
end do;
else
for i by 1 to ListSize do
ModuloList := [J;
for j by 1 to nops(op(ExteriorDerivativeList[i])[2]) do

if op(ExteriorDerivativeList[i])[2][j][1][NewQ] < SizeOfAlpha + 1
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end:

then
if op(ExteriorDerivativeList[i])[2][j][1][NewQ + 1 | > SizeOfAlpha
then
ModuloList:=[op(ModuloList), op(ExteriorDerivativeList[i])[2][j]];
end if;
end if;
end do;
EndList[i] := ModuloList;
end do;
end if;
else
for i by 1 to ListSize do
ModuloList := [];
for j by 1 to nops(op(ExteriorDerivativeList[i])[2]) do
if op(ExteriorDerivativeList[i])[2][j][1][NewQ)] j SizeOfAlpha + 1 then
ModuloList:=[op(ModuloList), op(ExteriorDerivativeList[i] ) [2][j]];
end if;
end do;
EndList[i] := ModuloList;
end do;

end if;

convert(EndList, list);
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A.5.2 SSProjectionInternal LAWC

— EPa_ q—r+1
#d, = EPY >E$+7q r+

#X is the Representation. 1 for Rep, 0 for just a Lie algebra

SSProjectionInternal LAWC:=proc(ExteriorDerivativeList,NewP,NewQ,SizeOf Alpha, X)

local ListSize, i, j,ModuloList,counter,EndList;
ListSize := nops(ExteriorDerivativeList);
EndList := Array[l.. ListSize];
if NewQ < New(Q + NewP then
if NewQ < 1 then
for i by 1 to ListSize do
ModuloList := [J;
for j by 1 to nops(op(ExteriorDerivativeList[i])[2]) do
if op(ExteriorDerivativeList[i])[2][j][1][1 + X] > SizeOfAlpha then
ModuloList := [op(ModuloList), op(ExteriorDerivativeList[i])[2][j]];
end if;

end do;

EndList[i] := ModuloList;
end do;
else
for i by 1 to ListSize do
ModuloList := [J;
for j by 1 to nops(op(ExteriorDerivativeList[i])[2]) do
if op(ExteriorDerivativeList[i])[2][j][1][NewQ + X] < SizeOfAlpha + 1 then
if op(ExteriorDerivativeList[i])[2][j][1][NewQ + 1 + X ] > SizeOfAlpha then

ModuloList:=[op(ModuloList), op(ExteriorDerivativeList[i])[2][j]];



224

end if;
end if;
end do;
EndList[i] := ModuloList;
end do;
end if;
else
for i by 1 to ListSize do
ModuloList := [J;
for j by 1 to nops(op(ExteriorDerivativeList[i])[2]) do
if op(ExteriorDerivativeList[i])[2][j][1][NewQ + X] < SizeOfAlpha + 1 then
ModuloList:=[op(ModuloList), op(ExteriorDerivativeList[i])[2][j]];
end if;
end do;
EndListl[i] := ModuloList;
end do;

end if;

convert(EndList, list);

end:
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A.5.3 CohoDecompSHSS

#Serre Hoffschild Spectral Sequence Decomposition

SHSSDecomp := proc(Omega, Cohomology, CohoSize, ExactForms, ExactSize, CompSpace, CompSize)

local FTL , List, A , FTL2, List2, B, ansl, ans2, i, Soln, ans3,
EList, CompList, CohoList, MatrixList, VectorList;

CoholList := [seq( Cohomology[i],i=1 .. CohoSize)];

EList := [seq( ExactFormsli], i = 1 .. ExactSize)];

ComplList := [ seq (CompSpace[i], i = 1 .. CompSize)];

A := FormToMatrix([op(CohoList),op(EList), op(CompList)]);

#List := convert(FTL, list);

#A := convert(List, Matrix);

FTL2 := FormToList([Omega]);
List2 := convert( FTL2, list);
B := convert( List2, Matrix);

Soln := LinearAlgebra:-LinearSolve(A, B);

if CohoSize = 0 then
ansl := [[;
else
ansl := Soln[l.. CohoSize];

end if;

if ExactSize =0 then

ans2 := [[;
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end:

else

ans2 := Soln[ (CohoSize + 1) .. CohoSize + ExactSize];

end if;

if CompSize = 0 then
ans3 = [[;
else
ans3 := Soln|[ (CohoSize + ExactSize +1)

end if;

[ans1,ans2,ans3];

.. (ExactSize + CohoSize + CompSize)];
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A.5.4 CohoDecompSHSSLAWC

#Serre Hoffschild Spectral Sequence Decomposition

SHSSDecompLAWC := proc(Omega, Cohomology, CohoSize, ExactForms,

ExactSize, CompSpace, CompSize, VectorSize)

local FTL , List, A , FTL2, List2, B, ansl, ans2, i, Soln, ans3, EList,
ComplList, CohoList, MatrixList, VectorList;

CohoList := [seq( Cohomology[i],i=1 .. CohoSize)];

EList := [seq( ExactFormsli], i = 1 .. ExactSize)];

CompList := [ seq (CompSpaceli], i = 1 .. CompSize)];

if CohoSize = 0 then

if op(EList[1])[1][1] = "form” then
A := FormToMatrix([op(CohoList),op(EList), op(CompList)]);
FTL2 := FormToList([Omega]);
List2 := convert( FTL2, list);
B := convert( List2, Vector);

else
MatrixList := [op(CohoList),op(EList), op(CompList)];
VectorList := [[;
for i by 1 to nops(MatrixList) do

VectorList := [op(VectorList), TLACV (MatrixList[i], VectorSize)];

end do;
A := convert (VectorList, Matrix);
B := TLACV(Omega, VectorSize);

end if;

else
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if op(CohoList[1])[1][1] = ”form” then

A := FormToMatrix([op(CohoList),op(EList), op(CompList)]);

#List := convert(FTL, list);

#A = convert(List, Matrix);

FTL2 := FormToList([Omegal);
List2 := convert( FTL2, list);
B := convert( List2, Vector);
else
MatrixList := [op(CohoList),op(EList), op(CompList)];
VectorList := [J;
for i by 1 to nops(MatrixList) do
VectorList := [op(VectorList), TLACV (MatrixList[i], VectorSize)];
end do;
A := convert (VectorList, Matrix);
B := TLACV(Omega, VectorSize);
end if;

end if;

Soln := LinearAlgebra:-LinearSolve(A, B);

if CohoSize = 0 then
ansl = [[;
else
ansl := Soln[1.. CohoSize];

end if;
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if ExactSize =0 then
ans2 := [|;
else
ans2 := Soln[ (CohoSize + 1) .. CohoSize + ExactSize];

end if;

if CompSize = 0 then
ans3 := [|;
else
ans3 := Soln[ (CohoSize + ExactSize +1) .. (ExactSize + CohoSize + CompSize)];

end if;

[ans]1,ans2,ans3];

end:
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A.5.5 PQ
Maple Code

#PQ Function Calculates the P and Q by figuring out how many betas and alphas are in a monomial

PQ := proc(Sigma,SubAlgebraDimension)

local Size, FormElementList, FormDegree,x,Alphal.ist,p,q;

if op(Sigma)[1][1] = ”form” then
FormElementList := op(Sigma)[2][1][1];
FormDegree := nops(FormElementList);
Alphalist := select(x-j is(x jSubAlgebraDimension + 1),FormElementList);
q:=nops(Alphalist);
p:= FormDegree-q;
return [p,q];
else
FormElementList := op(Sigma)[2][1][1];
FormDegree := nops(FormElementList) - 1;
FormElementList := subsop( 1 = NULL, FormElementList);
AlphalList := select(x-/, is(x jSubAlgebraDimension + 1),FormElementList);
q:=nops(AlphaList);
p:= FormDegree-q;
return [p,qf;

end if;

end:
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APPENDIX



