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Feuille de calcul : 
diedral.mws

Calcul des 3-cocycles normalisés usuels du groupe diédral D_3={1,a,a^2,b,ab,a^2b} qui sont stables par l’action adjointe. Les 
éléments de 1,a,a^2,b,ab,a^2b de D_3 sont respectivement codés dans les tableaux par  0,1,2,100,101,102. Un 3-cocyle est un 
tableau X à trois entrées représentant le 3-cocycle en chaque point.

> restart;
##############

#  Procédures     #
##############

#Procédure pour déterminer les équations correspondant aux éléments du type (a^p,a^q,a^r,a^t).
> aaaa:=proc(n,p,q,r,t) local Z;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[(p+q mod 
n),r,t])*X[p,(q+r mod n),t]*(1/X[p,q,(r+t mod n)])*X[p,q,r]=1;end:

#Procédure pour déterminer les équations correspondant aux éléments du type (a^p,a^q,a^r,a^tb).
> aaab:=proc(n,p,q,r,t) local Z,u;u:=t+r-100 mod n;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[(p+q 
mod n),r,t])*X[p,(q+r mod n),t]*(1/X[p,q,100+u])*X[p,q,r]=1;end:

#Procédure pour déterminer les équations correspondant aux éléments du type (a^p,a^q,a^rb,a^t).
> aaba:=proc(n,p,q,r,t) local Z,u,v;u:=q+r-100 mod n;v:=n-t+r-100 mod 
n;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[(p+q mod 
n),r,t])*X[p,100+u,t]*(1/X[p,q,100+v])*X[p,q,r]=1;end:

#Procédure pour déterminer les équations correspondant aux éléments du type (a^p,a^qb,a^r,a^t).
> abaa:=proc(n,p,q,r,t) local Z,u,v;u:=q+p-100 mod n;v:=n-r+q-100 mod 
n;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[100+u,r,t])*X[p,100+v,t]*(1/X[p,q,r+t mod 
n])*X[p,q,r]=1;end:

#Procédure pour déterminer les équations correspondant aux éléments du type (a^pb,a^q,a^r,a^t).
> baaa:=proc(n,p,q,r,t) local Z,u;u:=p+n-q-100 mod 
n;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[100+u,r,t])*X[p,(q+r mod n),t]*(1/X[p,q,(r+t mod 
n)])*X[p,q,r]=1;end:

#Procédure pour déterminer les équations correspondant aux éléments du type (a^p,a^q,a^rb,a^tb).
> aabb:=proc(n,p,q,r,t) local Z,u,v;u:=q+r-100 mod n;v:=(r-100)+(n-t+100) mod 
n;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[(p+q mod 
n),r,t])*X[p,u+100,t]*(1/X[p,q,v])*X[p,q,r]=1;end:

#Procédure pour déterminer les équations correspondant aux éléments du type (a^p,a^qb,a^r,a^tb).
> abab:=proc(n,p,q,r,t) local Z,u,v,w;u:=p+q-100 mod n;v:=q-100+n-r mod n;w:=r+t-100 
mod 
n;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[u+100,r,t])*X[p,v+100,t]*(1/X[p,q,w+100])*X[p,q,r]=1;
end:

#Procédure pour déterminer les équations correspondant aux éléments du type (a^pb,a^q,a^r,a^tb).
> baab:=proc(n,p,q,r,t) local Z,u,v;u:=(p-100)+n-q mod n;v:=r+t-100 mod 
n;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[u+100,r,t])*X[p,q+r mod 
n,t]*(1/X[p,q,v+100])*X[p,q,r]=1;end:

#Procédure pour déterminer les équations correspondant aux éléments du type (a^pb,a^q,a^rb,a^t).
> baba:=proc(n,p,q,r,t) local Z,u,v,w;u:=(p-100)+n-q mod n;v:=r-100+q mod 
n;w:=r-100+n-t mod 
n;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[u+100,r,t])*X[p,v+100,t]*(1/X[p,q,w+100])*X[p,q,r]=1;
end:

#Procédure pour déterminer les équations correspondant aux éléments du type (a^pb,a^qb,a^r,a^t).
> bbaa:=proc(n,p,q,r,t) local Z,u,v;u:=p-100+n-q+100 mod n;v:=q-100+n-r mod 
n;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[u,r,t])*X[p,v+100,t]*(1/X[p,q,r+t mod 
n])*X[p,q,r]=1;end:

#Procédure pour déterminer les équations correspondant aux éléments du type (a^p,a^qb,a^rb,a^t).
> abba:=proc(n,p,q,r,t) local Z,u,v,w;u:=p+q-100 mod n;v:=q-100+n-r+100 mod 
n;w:=r-100+n-t mod 
n;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[u+100,r,t])*X[p,v,t]*(1/X[p,q,w+100])*X[p,q,r]=1;end:

#Procédure pour déterminer les équations correspondant aux éléments du type (a^pb,a^qb,a^rb,a^t).
> bbba:=proc(n,p,q,r,t) local Z,u,v,w;u:=p-100+n-q+100 mod n;v:=q-100+n-r+100 mod 
n;w:=r-100+n-t mod 
n;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[u,r,t])*X[p,v,t]*(1/X[p,q,w+100])*X[p,q,r]=1;end:

#Procédure pour déterminer les équations correspondant aux éléments du type (a^pb,a^qb,a^r,a^tb).
> bbab:=proc(n,p,q,r,t) local Z,u,v,w;u:=p-100+n-q+100 mod n;v:=q-100+n-r mod 
n;w:=r+t-100 mod 
n;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[u,r,t])*X[p,v+100,t]*(1/X[p,q,w+100])*X[p,q,r]=1;end:

#Procédure pour déterminer les équations correspondant aux éléments du type (a^pb,a^q,a^rb,a^tb).
> babb:=proc(n,p,q,r,t) local Z,u,v,w;u:=p-100+n-q mod n;v:=q+r-100 mod 
n;w:=r-100+n-t+100 mod 
n;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[u+100,r,t])*X[p,v+100,t]*(1/X[p,q,w])*X[p,q,r]=1;end:

#Procédure pour déterminer les équations correspondant aux éléments du type (a^p,a^qb,a^rb,a^tb).
> abbb:=proc(n,p,q,r,t) local Z,u,v,w;u:=p+q-100 mod n;v:=q-100+n-r+100 mod 
n;w:=r-100+n-t+100 mod 
n;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[u+100,r,t])*X[p,v,t]*(1/X[p,q,w])*X[p,q,r]=1;end:

#Procédure pour déterminer les équations correspondant aux éléments du type (a^pb,a^qb,a^rb,a^tb).
> bbbb:=proc(n,p,q,r,t) local Z,u,v,w;u:=p-100+n-q+100 mod n;v:=q-100+n-r+100 mod 
n;w:=r-100+n-t+100 mod 
n;Z:=evaln(Z);Z:=X[q,r,t]*(1/X[u,r,t])*X[p,v,t]*(1/X[p,q,w])*X[p,q,r]=1;end:

#Procédure pour déterminer les équations correspondant à la stabilité par l’action adjointe diagonale.
> conj:=proc(n,gt,xt,yt,zt) local 
xt1,yt1,zt1,Z,temp;Z:=evaln(Z);xt1:=evaln(xt1);yt1:=evaln(yt1);zt1:=evaln(zt1);if 
xt<=n-1 then if gt<=n-1 then xt1:=xt; else xt1:=n-xt; fi;else if gt<=n-1 then 
temp:=2*(n-gt)+xt-100 mod n;xt1:=100+temp; else temp:=2*gt-xt-100 mod 
n;xt1:=100+temp;fi;fi;if yt<=n-1 then if gt<=n-1 then yt1:=yt; else yt1:=n-yt; 
fi;else if gt<=n-1 then temp:=2*(n-gt)+yt-100 mod n;yt1:=100+temp; else 
temp:=2*gt-yt-100 mod n;yt1:=100+temp;fi;fi;if zt<=n-1 then if gt<=n-1 then zt1:=zt; 
else zt1:=n-zt; fi;else if gt<=n-1 then temp:=2*(n-gt)+zt-100 mod n;zt1:=100+temp; 
else temp:=2*gt-zt-100 mod 
n;zt1:=100+temp;fi;fi;Z:=(1/X[xt,yt,zt])*X[xt1,yt1,zt1]=1;end:

###########################
#  Initialisation des variables   #
###########################

> n:=3:
> x:=evaln(x):y:=evaln(y):
> Norma:=X[0,0,0]=1:
> D0b1:=0=0:D1b1:=0=0:D2b1:=0=0:D3b1:=0=0:
> Stab0b:=1=1:Stab1b:=1=1:Stab2b:=1=1:Stab3b:=1=1:
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#######################
#  Ecriture des équations   #
######################

#Equations de normalisation.
> for i from 1 to n-1 do Norma:=Norma,X[i,0,0]=1,X[0,i,0]=1,X[0,0,i]=1 od:
> for i from 0 to n-1 do Norma:=Norma,X[100+i,0,0]=1,X[0,100+i,0]=1,X[0,0,100+i]=1 od:
> for i from 1 to n-1 do for j from 1 to n-1 do 
Norma:=Norma,X[i,j,0]=1,X[i,0,j]=1,X[0,i,j]=1 od;od;

> for i from 0 to n-1 do for j from 1 to n-1 do 
Norma:=Norma,X[i+100,j,0]=1,X[i+100,0,j]=1,X[0,i+100,j]=1 od;od;

> for i from 1 to n-1 do for j from 0 to n-1 do 
Norma:=Norma,X[i,j+100,0]=1,X[i,0,j+100]=1,X[0,i,j+100]=1 od;od;

> for i from 0 to n-1 do for j from 0 to n-1 do 
Norma:=Norma,X[i+100,j+100,0]=1,X[i+100,0,j+100]=1,X[0,i+100,j+100]=1 od;od;

#Equations de stabilité par l’action adjointe sans b.
> for i from 0 to n-1 do for j from 1 to n-1 do for k from 1 to n-1 do for l from 1 to 
n-1 do Stab0b:=Stab0b,conj(n,i,j,k,l),conj(n,i+100,j,k,l) od;od;od;od;

#Equations de stabilité par l’action adjointe avec 1 b.
> for i from 0 to n-1 do for j from 0 to n-1 do for k from 1 to n-1 do for l from 1 to 
n-1 do 
Stab1b:=Stab1b,conj(n,i,j+100,k,l),conj(n,i+100,j+100,k,l),conj(n,i,k,j+100,l),conj(
n,i+100,k,j+100,l),conj(n,i,l,k,j+100),conj(n,i+100,l,k,j+100) od;od;od;od;

#Equations de stabilité par l’action adjointe avec 2  b.
> for i from 0 to n-1 do for j from 0 to n-1 do for k from 0 to n-1 do for l from 1 to 
n-1 do 
Stab2b:=Stab2b,conj(n,i,j+100,k+100,l),conj(n,i+100,j+100,k+100,l),conj(n,i,j+100,l,
k+100),conj(n,i+100,j+100,l,k+100),conj(n,i,l,j+100,k+100),conj(n,i+100,l,j+100,k+10
0) od;od;od;od;

#Equations de stabilité par l’action adjointe avec  3  b.
> for i from 0 to n-1 do for j from 0 to n-1 do for k from 0 to n-1 do for l from 0 to 
n-1 do Stab3b:=Stab3b,conj(n,i,j+100,k+100,l+100),conj(n,i+100,j+100,k+100,l+100) 
od;od;od;od;

#Equations de 3-cocycle sans b + équations de stabilité.
> for i from 0 to n-1 do for j from 0 to n-1 do for k from 0 to n-1 do for l from 0 to 
n-1 do D0b1:=D0b1,aaaa(n,i,j,k,l) od;od;od;od;

> D0b1:=D0b1,Stab0b:

#Equations de 3-cocycle avec 1 b + équations de stabilité.
> for i from 0 to n-1 do for j from 0 to n-1 do for k from 0 to n-1 do for l from 0 to 
n-1 do 
D1b1:=D1b1,aaab(n,i,j,k,100+l),aaba(n,i,j,k+100,l),abaa(n,i,j+100,k,l),baaa(n,i+100,
j,k,l) od;od;od;od;

> D1b1:=D1b1,Stab1b:

#Equations de 3-cocycle avec 2 b  + équations de stabilité.
> for i from 0 to n-1 do for j from 0 to n-1 do for k from 0 to n-1 do for l from 0 to 
n-1 do 
D2b1:=D2b1,aabb(n,i,j,k+100,l+100),abab(n,i,j+100,k,l+100),baab(n,i+100,j,k,l+100),a
bba(n,i,j+100,k+100,l),baba(n,i+100,j,k+100,l),bbaa(n,i+100,j+100,k,l) od;od;od;od;

> D2b1:=D2b1,Stab2b:

#Equations de 3-cocycle avec 3 b + équations de stabilité.
> for i from 0 to n-1 do for j from 0 to n-1 do for k from 0 to n-1 do for l from 0 to 

> for i from 0 to n-1 do for j from 0 to n-1 do for k from 0 to n-1 do for l from 0 to 
n-1 do 
D3b1:=D3b1,abbb(n,i,j+100,k+100,l+100),babb(n,i+100,j,k+100,l+100),bbab(n,i+100,j+10
0,k,l+100),bbba(n,i+100,j+100,k+100,l),bbbb(n,i+100,j+100,k+100,l+100) od;od;od;od;

> D3b1:=D3b1,Stab3b:
####################################################
#  Simplification des équations de cocycles (normalisation)   #
####################################################

#Simplification des équations de 3-cocycle sans b.
> D0b2:=subs({Norma},{D0b1}):

#Simplification des équations de 3-cocycle avec 1 b.
> D1b2:=subs({Norma},{D1b1}):

#Simplifications  des équations de 3-cocycle avec 2b.
> D2b2:=subs({Norma},{D2b1}):

#Simplification des équations de 3-cocycle avec 3b.
> D3b2:=subs({Norma},{D3b1}):
> save(D0b2,D1b2,D2b2,D3b2,‘equation3u.m‘);

####################################
#  Résolution des équations de 3-cocycle     #

####################################

#Résolution des équations de 3 coycle sans b.
> Sol0b:=solve(D0b2);

Sol0b { }, , , , , , ,=X , ,1 2 2 X , ,2 1 1 =X , ,2 1 2 1 =X , ,2 1 1 X , ,2 1 1 =X , ,2 2 2 1 =X , ,2 2 1
1

X , ,2 1 1
=X , ,1 1 2

1
X , ,2 1 1

=X , ,1 1 1 1 =X , ,1 2 1 1 {, := 

=X , ,1 2 2 X , ,2 1 1 =X , ,2 1 2 1 =X , ,2 1 1 X , ,2 1 1 =X , ,2 2 2 ( )RootOf + +_Z2 _Z 1 =X , ,2 2 1 −
+1 ( )RootOf + +_Z2 _Z 1

X , ,2 1 1
, , , , ,

=X , ,1 1 2 −
+1 ( )RootOf + +_Z2 _Z 1

X , ,2 1 1
=X , ,1 1 1 ( )RootOf + +_Z2 _Z 1 =X , ,1 2 1 1, , }

#Résolution des équations de 3-cocycle avec 1b après simplification par les solutions précédentes.
> for i from 1 to nops([Sol0b]) do D1b3[i]:=subs(Sol0b[i],D1b2) od:
> for i from 1 to nops([Sol0b]) do Sol1b[i]:=solve(D1b3[i]) od;

Sol1b1 =X , ,1 102 2 1 =X , ,2 1 100 %2 =X , ,2 102 1 1 =X , ,2 1 101 %2 =X , ,101 1 1 X , ,102 2 2 =X , ,2 2 101 X , ,1 1 102 =X , ,2 101 1 1 =X , ,1 2 101 %2, , , , , , , ,{ := 
=X , ,102 2 1 X , ,101 2 1 =X , ,1 2 102 %2 =X , ,1 1 100 X , ,1 1 102 =X , ,1 101 2 1 =X , ,2 100 1 1 =X , ,1 100 2 1 =X , ,1 2 100 %2 =X , ,1 100 1 1, , , , , , , ,
=X , ,2 1 102 %2 =X , ,102 1 2 X , ,101 2 1 =X , ,1 1 101 X , ,1 1 102 =X , ,101 1 2 X , ,101 2 1 =X , ,1 101 1 1 =X , ,1 1 102 X , ,1 1 102 =X , ,101 2 1 X , ,101 2 1, , , , , , ,

=X , ,2 101 2 1 =X , ,102 2 2 X , ,102 2 2 =X , ,100 1 1 X , ,102 2 2 =X , ,101 2 2 X , ,102 2 2 =X , ,2 1 1

X , ,102 2 2
2

X , ,101 2 1
=X , ,2 2 102 X , ,1 1 102 =X , ,100 2 1 X , ,101 2 1, , , , , , ,

=X , ,2 102 2 1 =X , ,1 102 1 1 =X , ,2 2 100 X , ,1 1 102 =X , ,2 100 2 1 =X , ,100 1 2 X , ,101 2 1 =X , ,100 2 2 X , ,102 2 2 =X , ,102 1 1 X , ,102 2 2, , , , , , } =X , ,2 1 100 %2,{,
=X , ,2 1 101 %2 =X , ,1 102 2 %1 =X , ,101 1 1 X , ,102 2 2 =X , ,2 2 101 X , ,1 1 102 =X , ,2 101 1 %1 =X , ,1 2 101 %2 =X , ,102 2 1 X , ,101 2 1 =X , ,1 2 102 %2, , , , , , , ,

=X , ,2 100 2 ( )RootOf + +_Z2 _Z 1 =X , ,1 1 100 X , ,1 1 102 =X , ,1 101 2 %1 =X , ,1 100 2 %1 =X , ,2 100 1 %1, , , , ,

=X , ,2 102 2 ( )RootOf + +_Z2 _Z 1 =X , ,1 2 100 %2 =X , ,1 101 1 ( )RootOf + +_Z2 _Z 1 =X , ,2 1 102 %2 =X , ,102 1 2 X , ,101 2 1, , , , ,

=X , ,1 1 101 X , ,1 1 102 =X , ,101 1 2 X , ,101 2 1 =X , ,1 1 102 X , ,1 1 102 =X , ,101 2 1 X , ,101 2 1 =X , ,2 101 2 ( )RootOf + +_Z2 _Z 1 =X , ,102 2 2 X , ,102 2 2, , , , , ,

=X , ,1 100 1 ( )RootOf + +_Z2 _Z 1 =X , ,2 102 1 %1 =X , ,100 1 1 X , ,102 2 2 =X , ,101 2 2 X , ,102 2 2 =X , ,2 1 1

X , ,102 2 2
2

X , ,101 2 1
=X , ,2 2 102 X , ,1 1 102, , , , , ,
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=X , ,100 2 1 X , ,101 2 1 =X , ,2 2 100 X , ,1 1 102 =X , ,100 1 2 X , ,101 2 1 =X , ,100 2 2 X , ,102 2 2 =X , ,1 102 1 ( )RootOf + +_Z2 _Z 1 =X , ,102 1 1 X , ,102 2 2, , , , , }

 := %1 − −1 ( )RootOf + +_Z2 _Z 1

 := %2
X , ,1 1 102

2
X , ,102 2 2

2

X , ,101 2 1

 := Sol1b2

#Résolution des équations de 3-cocycle avec 2b après simplification par les solutions précédentes.
> for i from 1 to nops([Sol1b[1]]) do D2b3[1][i]:=subs(Sol0b[1],Sol1b[1][i],D2b2) od:
> for i from 1 to nops([Sol1b[1]]) do Sol2b[1][i]:=solve(D2b3[1][i]) od;

Sol2b11
=X , ,101 1 102 %1 =X , ,1 100 101 X , ,2 101 100 =X , ,1 100 102

1
X , ,1 1 102

=X , ,102 101 2 X , ,101 102 1 =X , ,2 102 102 X , ,1 102 102, , , , ,{ := 

=X , ,100 101 2 %3 =X , ,2 100 100 X , ,1 102 102 =X , ,100 1 100 %1 =X , ,100 2 100 %1 =X , ,101 1 100 %1 =X , ,100 1 102 %1 =X , ,102 101 1 %3, , , , , , ,

=X , ,102 2 101 %1 =X , ,2 100 101
1

X , ,1 1 102
=X , ,100 102 1 %3 =X , ,2 101 102

1
X , ,1 1 102

=X , ,1 101 100
1

X , ,1 1 102
=X , ,101 2 1

X , ,1 102 102

X , ,2 101 100 X , ,101 102 1
2, , , , , ,

=X , ,101 1 101 %1 =X , ,100 1 101 %1 =X , ,2 101 100 X , ,2 101 100 =X , ,1 102 102 X , ,1 102 102 =X , ,101 102 1 X , ,101 102 1 =X , ,100 101 1 X , ,101 102 1, , , , , ,
=X , ,101 102 2 %3 =X , ,1 1 102 X , ,1 1 102 =X , ,101 100 2 X , ,101 102 1 =X , ,100 2 102 %1 =X , ,102 100 1 X , ,101 102 1 =X , ,1 100 100 X , ,1 102 102, , , , , ,
=X , ,101 101 2 %2 =X , ,2 101 101 X , ,1 102 102 =X , ,2 102 101 X , ,2 101 100 =X , ,2 100 102 X , ,2 101 100 =X , ,100 100 1 %2 =X , ,102 1 101 %1, , , , , ,
=X , ,100 102 2 X , ,101 102 1 =X , ,100 2 101 %1 =X , ,101 2 101 %1 =X , ,102 102 1 %2 =X , ,102 1 100 %1 =X , ,1 102 100 X , ,2 101 100, , , , , ,

=X , ,1 101 101 X , ,1 102 102 =X , ,100 100 2 %2 =X , ,102 2 2
1

X , ,101 102 1 X , ,2 101 100 X , ,1 1 102
=X , ,1 102 101

1
X , ,1 1 102

=X , ,102 100 2 %3 =X , ,102 2 102 %1, , , , , ,

=X , ,101 2 100 %1 =X , ,2 102 100
1

X , ,1 1 102
=X , ,101 100 1 %3 =X , ,101 2 102 %1 =X , ,102 2 100 %1 =X , ,101 101 1 %2 =X , ,102 102 2 %2, , , , , , ,

=X , ,1 101 102 X , ,2 101 100 =X , ,102 1 102 %1, }

 := %1
1

X , ,101 102 1 X , ,2 101 100

 := %2
X , ,101 102 1 X , ,2 101 100

X , ,1 102 102

 := %3 X , ,101 102 1 X , ,2 101 100 X , ,1 1 102

Sol2b12
=X , ,101 1 102 %4 =X , ,1 100 102

1
X , ,1 1 102

=X , ,2 100 102 X , ,2 102 101 =X , ,2 102 102 X , ,1 102 102 =X , ,101 2 101 %2, , , , ,{ := 

=X , ,2 100 100 X , ,1 102 102 =X , ,100 102 2 X , ,101 100 2 =X , ,102 2 100 %5 =X , ,2 100 101
1

X , ,1 1 102
=X , ,2 101 102

1
X , ,1 1 102

=X , ,1 101 100
1

X , ,1 1 102
, , , , , ,

=X , ,1 102 102 X , ,1 102 102 =X , ,100 101 1 X , ,101 100 2 =X , ,1 1 102 X , ,1 1 102 =X , ,100 100 1 %3 =X , ,102 102 2 %3 =X , ,100 2 100 %2, , , , , ,
=X , ,102 101 2 X , ,101 100 2 =X , ,1 100 101 X , ,2 102 101 =X , ,102 1 100 %4 =X , ,100 101 2 %1 =X , ,1 100 100 X , ,1 102 102 =X , ,102 2 101 %4, , , , , ,

=X , ,2 101 101 X , ,1 102 102 =X , ,102 100 1 X , ,101 100 2 =X , ,100 1 101 %4 =X , ,100 2 102 %4 =X , ,102 2 2
1

X , ,2 102 101 X , ,101 100 2 X , ,1 1 102
, , , , ,

=X , ,101 1 101 %2 =X , ,101 101 1 %3 =X , ,102 1 101 %5 =X , ,100 2 101 %5 =X , ,101 100 1 %1 =X , ,1 101 102 X , ,2 102 101 =X , ,100 100 2 %3, , , , , , ,

=X , ,101 2 1

X , ,1 102 102

X , ,2 102 101 X , ,101 100 2
2 =X , ,102 1 102 %2 =X , ,102 100 2 %1 =X , ,101 102 2 %1 =X , ,2 101 100 X , ,2 102 101 =X , ,100 1 102 %5, , , , , ,

=X , ,101 2 102 %5 =X , ,1 101 101 X , ,1 102 102 =X , ,101 101 2 %3 =X , ,101 1 100 %5 =X , ,1 102 101
1

X , ,1 1 102
=X , ,2 102 100

1
X , ,1 1 102

=X , ,101 2 100 %4, , , , , , ,

=X , ,2 102 101 X , ,2 102 101 =X , ,102 101 1 %1 =X , ,101 100 2 X , ,101 100 2 =X , ,101 102 1 X , ,101 100 2 =X , ,1 102 100 X , ,2 102 101 =X , ,102 2 102 %2, , , , , ,

=X , ,102 102 1 %3 =X , ,100 1 100 %2 =X , ,100 102 1 %1, , }
 := %1 X , ,2 102 101 X , ,101 100 2 X , ,1 1 102

 := %2 −
+1 ( )RootOf + +_Z2 _Z 1

X , ,101 100 2 X , ,2 102 101

 := %3
X , ,101 100 2 X , ,2 102 101

X , ,1 102 102

 := %4
( )RootOf + +_Z2 _Z 1

X , ,2 102 101 X , ,101 100 2

 := %5
1

X , ,101 100 2 X , ,2 102 101

#Résolution des équations de 3-cocycle avec 3 b après simplification par les solutions précédentes.
> for i from 1 to nops([Sol1b[1]]) do 
D3b3[i]:=subs(Sol0b[1],Sol1b[1][i],Sol2b[1][i],D3b2) od:

> Sol3b[1]:=solve(D3b3[1]);

Sol3b1 =X , ,100 102 100 %1 =X , ,101 100 100 X , ,1 102 102 =X , ,100 100 102 X , ,101 101 102 =X , ,101 101 100 X , ,101 101 102 =X , ,101 102 102 X , ,1 102 102, , , , ,{ := 
=X , ,102 101 100 %1 =X , ,101 100 102 %1 =X , ,101 101 102 X , ,101 101 102 =X , ,1 102 102 X , ,1 102 102 =X , ,101 102 1 X , ,101 102 1 =X , ,100 100 100 1, , , , , ,

=X , ,2 101 100

X , ,101 101 102 X , ,1 102 102

X , ,101 102 1
=X , ,100 101 101 X , ,1 102 102 =X , ,102 100 101 %1 =X , ,101 100 101 %1 =X , ,102 100 100 X , ,1 102 102, , , , ,

=X , ,100 102 102 X , ,1 102 102 =X , ,102 101 102 %1 =X , ,101 101 101 1 =X , ,100 100 101 X , ,101 101 102 =X , ,101 102 101 %1 =X , ,102 100 102 %1, , , , , ,
=X , ,102 102 102 1 =X , ,100 102 101 %1 =X , ,102 101 101 X , ,1 102 102 =X , ,100 101 100 %1 =X , ,102 102 100 X , ,101 101 102 =X , ,102 102 101 X , ,101 101 102, , , , , ,
=X , ,101 102 100 %1 =X , ,100 101 102 %1, } =X , ,100 102 100 %1 =X , ,100 100 102 X , ,101 101 102 =X , ,101 101 100 X , ,101 101 102 =X , ,102 101 100 %1, , , ,{,

=X , ,101 100 102 %1 =X , ,101 101 102 X , ,101 101 102 =X , ,1 102 102 X , ,1 102 102 =X , ,101 102 1 X , ,101 102 1 =X , ,2 101 100 −
X , ,101 101 102 X , ,1 102 102

X , ,101 102 1
, , , , ,

=X , ,100 100 100 -1 =X , ,102 100 101 %1 =X , ,101 100 101 %1 =X , ,101 100 100 −X , ,1 102 102 =X , ,102 100 100 −X , ,1 102 102 =X , ,100 102 102 −X , ,1 102 102, , , , , ,
=X , ,101 102 102 −X , ,1 102 102 =X , ,102 101 102 %1 =X , ,101 101 101 -1 =X , ,100 100 101 X , ,101 101 102 =X , ,101 102 101 %1 =X , ,102 100 102 %1, , , , , ,
=X , ,102 102 102 -1 =X , ,100 102 101 %1 =X , ,102 101 101 −X , ,1 102 102 =X , ,100 101 100 %1 =X , ,102 102 100 X , ,101 101 102 =X , ,102 102 101 X , ,101 101 102, , , , , ,
=X , ,101 102 100 %1 =X , ,100 101 101 −X , ,1 102 102 =X , ,100 101 102 %1, , }

 := %1 X , ,101 101 102 X , ,1 102 102

> Sol3b[2]:=solve(D3b3[2]);

Sol3b2 =X , ,100 101 100 %1 =X , ,102 100 100 X , ,102 100 100 =X , ,100 100 102 X , ,101 101 102 =X , ,101 100 102 −%2 =X , ,102 100 101 −%2, , , , ,{ := 
=X , ,101 101 100 X , ,101 101 102 =X , ,101 102 101 %1 =X , ,101 102 102 X , ,102 100 100 =X , ,100 102 100 %1 =X , ,100 102 102 X , ,102 100 100, , , , ,
=X , ,101 101 102 X , ,101 101 102 =X , ,100 100 100 1 =X , ,101 102 100 −%2 =X , ,101 101 101 1 =X , ,100 100 101 X , ,101 101 102 =X , ,102 102 102 1, , , , , ,
=X , ,100 101 101 X , ,102 100 100 =X , ,102 100 102 %1 =X , ,100 102 101 −%2 =X , ,102 102 100 X , ,101 101 102 =X , ,102 101 102 %1 =X , ,102 101 101 X , ,102 100 100, , , , , ,

=X , ,102 102 101 X , ,101 101 102 =X , ,101 100 101 %1 =X , ,101 100 2

X , ,102 100 100 X , ,101 101 102

X , ,2 102 101
=X , ,1 102 102 X , ,102 100 100 =X , ,100 101 102 −%2, , , , ,

=X , ,102 101 100 −%2 =X , ,101 100 100 X , ,102 100 100 =X , ,2 102 101 X , ,2 102 101, , } =X , ,100 101 100 −%1 =X , ,102 100 100 X , ,102 100 100, ,{,
=X , ,102 101 100 %2 =X , ,100 101 102 %2 =X , ,100 100 102 X , ,101 101 102 =X , ,101 101 100 X , ,101 101 102 =X , ,102 100 101 %2 =X , ,101 102 102 X , ,102 100 100, , , , , ,
=X , ,100 102 102 X , ,102 100 100 =X , ,101 101 102 X , ,101 101 102 =X , ,100 100 100 -1 =X , ,100 102 100 −%1 =X , ,101 101 101 -1 =X , ,100 100 101 X , ,101 101 102, , , , , ,
=X , ,102 102 102 -1 =X , ,101 102 100 %2 =X , ,100 102 101 %2 =X , ,100 101 101 X , ,102 100 100 =X , ,102 102 100 X , ,101 101 102 =X , ,102 101 101 X , ,102 100 100, , , , , ,
=X , ,102 100 102 −%1 =X , ,101 100 102 %2 =X , ,102 101 102 −%1 =X , ,102 102 101 X , ,101 101 102 =X , ,101 100 101 −%1 =X , ,1 102 102 −X , ,102 100 100, , , , , ,
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=X , ,101 100 2

X , ,102 100 100 X , ,101 101 102

X , ,2 102 101
=X , ,101 102 101 −%1 =X , ,101 100 100 X , ,102 100 100 =X , ,2 102 101 X , ,2 102 101, , , }

 := %1 X , ,101 101 102 X , ,102 100 100 ( )RootOf + +_Z2 _Z 1

 := %2 X , ,102 100 100 X , ,101 101 102 ( )+1 ( )RootOf + +_Z2 _Z 1
> save Sol0b,Sol1b,Sol2b,Sol3b,‘solution1.m‘:

Feuille de calcul :
solution3u.mws

Simplification des  3-cocycles usuels du groupe diédral D_3 trouvés dans  la feuille de calcul " diedral.mws".
Remarque :1+RootOf(_Z^2+_Z+1)=exp(i*Pi/3);
                       RootOf(_Z^2+_Z+1)=exp(2*i*Pi/3)
> restart;read‘solution1.m‘;
#Procédure pour réduire les solutions(enlève les égalité du type l=l)
> enleve:=proc(EXP) local d,temp,temp1,temp2;temp:=EXP;d:=0;do d:=d+1; if d>nops(temp) 
then break else if temp[d] then 
temp1:=op(temp[1..d-1]);temp2:=op(temp[d+1..nops(temp)]);temp:={temp1,temp2};d:=0 
fi;fi;od;RETURN(temp);end:

#Solution sans b

> temp:={X[2,1,1]=x,op(subs(X[2,1,1]=x,Sol0b[1]))}:
> Sol0b:=enleve(temp);

 := Sol0b { }, , , , , , ,=X , ,2 1 2 1 =X , ,2 2 2 1 =X , ,1 1 1 1 =X , ,1 2 1 1 =X , ,2 1 1 x =X , ,2 2 1
1
x

=X , ,1 2 2 x =X , ,1 1 2
1
x

#Solution avec 1b du type 1

> temp:={X[1,1,102]=t,X[101,2,1]=r,X[102,2,2]=s,op(subs(X[2,1,1]=x,X[1,1,102]=t,X[101,
2,1]=r,X[102,2,2]=s,Sol1b[1][1]))}:

> Sol1b1:=enleve(temp);

Sol1b1 =X , ,1 102 2 1 =X , ,2 102 1 1 =X , ,2 101 1 1 =X , ,1 101 2 1 =X , ,2 100 1 1 =X , ,1 100 2 1 =X , ,1 100 1 1 =X , ,1 101 1 1 =X , ,2 101 2 1, , , , , , , , ,{ := 
=X , ,2 102 2 1 =X , ,1 102 1 1 =X , ,2 100 2 1 =X , ,1 1 102 t =X , ,101 2 1 r =X , ,102 2 2 s =X , ,2 2 101 t =X , ,1 1 100 t =X , ,1 1 101 t =X , ,2 2 102 t, , , , , , , , , ,
=X , ,2 2 100 t =X , ,102 2 1 r =X , ,102 1 2 r =X , ,101 1 2 r =X , ,100 2 1 r =X , ,100 1 2 r =X , ,101 1 1 s =X , ,100 1 1 s =X , ,101 2 2 s =X , ,100 2 2 s, , , , , , , , , ,

=X , ,102 1 1 s =x
s2

r
=X , ,2 1 100

t2 s2

r
=X , ,2 1 101

t2 s2

r
=X , ,1 2 101

t2 s2

r
=X , ,1 2 102

t2 s2

r
=X , ,1 2 100

t2 s2

r
=X , ,2 1 102

t2 s2

r
, , , , , , , }

#Solution avec 1b du type 2

> temp:={X[1,1,102]=t,X[101,2,1]=r,X[102,2,2]=s,op(subs(X[2,1,1]=x,X[1,1,102]=t,X[101,
2,1]=r,X[102,2,2]=s,Sol1b[1][2]))}:

> Sol1b2:=enleve(temp);

Sol1b2 =X , ,1 102 2 %1 =X , ,2 101 1 %1 =X , ,2 100 2 ( )RootOf + +_Z2 _Z 1 =X , ,1 101 2 %1 =X , ,1 100 2 %1 =X , ,2 100 1 %1, , , , , ,{ := 

=X , ,2 102 2 ( )RootOf + +_Z2 _Z 1 =X , ,1 101 1 ( )RootOf + +_Z2 _Z 1 =X , ,2 101 2 ( )RootOf + +_Z2 _Z 1, , ,

=X , ,1 100 1 ( )RootOf + +_Z2 _Z 1 =X , ,2 102 1 %1 =X , ,1 102 1 ( )RootOf + +_Z2 _Z 1 =X , ,1 1 102 t =X , ,101 2 1 r =X , ,102 2 2 s, , , , , ,
=X , ,2 2 101 t =X , ,1 1 100 t =X , ,1 1 101 t =X , ,2 2 102 t =X , ,2 2 100 t =X , ,102 2 1 r =X , ,102 1 2 r =X , ,101 1 2 r =X , ,100 2 1 r =X , ,100 1 2 r, , , , , , , , , ,

=X , ,101 1 1 s =X , ,100 1 1 s =X , ,101 2 2 s =X , ,100 2 2 s =X , ,102 1 1 s =x
s2

r
=X , ,2 1 100

t2 s2

r
=X , ,2 1 101

t2 s2

r
=X , ,1 2 101

t2 s2

r
, , , , , , , , ,

=X , ,1 2 102
t2 s2

r
=X , ,1 2 100

t2 s2

r
=X , ,2 1 102

t2 s2

r
, , }

 := %1 − −1 ( )RootOf + +_Z2 _Z 1

#Solution avec 2b du type 1

> temp:={X[2,101,100]=m,X[1,102,102]=p,X[101,102,1]=q,op(subs(X[2,1,1]=x,X[1,1,102]=t,
X[101,2,1]=r,X[102,2,2]=s,X[2,101,100]=m,X[1,102,102]=p,X[101,102,1]=q,Sol2b[1][1]))
}:

> Sol2b1:=enleve(temp);

Sol2b1 =X , ,2 101 100 m =X , ,1 102 102 p =X , ,101 102 1 q =X , ,2 100 101
1
t

=X , ,2 101 102
1
t

=X , ,1 101 100
1
t

=X , ,1 100 102
1
t

=X , ,1 102 101
1
t

, , , , , , , ,{ := 

=X , ,2 102 100
1
t

=X , ,2 102 101 m =X , ,2 100 102 m =X , ,1 100 101 m =X , ,1 102 100 m =X , ,1 101 102 m =X , ,1 100 100 p =X , ,2 101 101 p, , , , , , , ,

=X , ,2 100 100 p =X , ,2 102 102 p =X , ,1 101 101 p =X , ,100 101 1 q =X , ,101 100 2 q =X , ,102 100 1 q =X , ,100 102 2 q =X , ,102 101 2 q, , , , , , , ,

=X , ,101 1 101
1

q m
=X , ,100 1 101

1
q m

=X , ,100 2 102
1

q m
=X , ,102 1 101

1
q m

=X , ,100 2 101
1

q m
=X , ,101 2 101

1
q m

=X , ,102 1 100
1

q m
, , , , , , ,

=X , ,100 1 100
1

q m
=X , ,100 2 100

1
q m

=X , ,101 1 100
1

q m
=X , ,100 1 102

1
q m

=X , ,102 2 101
1

q m
=X , ,101 1 102

1
q m

=X , ,102 2 102
1

q m
, , , , , , ,

=X , ,101 2 100
1

q m
=X , ,101 2 102

1
q m

=X , ,102 2 100
1

q m
=X , ,102 1 102

1
q m

=X , ,100 102 1 q m t =X , ,101 102 2 q m t =X , ,102 101 1 q m t, , , , , , ,

=X , ,100 101 2 q m t =X , ,102 100 2 q m t =X , ,101 100 1 q m t =s
1

q m t
=X , ,101 101 2

q m

p
=X , ,100 100 1

q m

p
=X , ,102 102 1

q m

p
, , , , , , ,

=X , ,100 100 2
q m

p
=X , ,101 101 1

q m

p
=X , ,102 102 2

q m

p
=r

p

m q2, , , }

#Solution avec 2b du type 2

> temp:={X[1,102,102]=p,X[101,100,2]=q,X[2,102,101]=m,op(subs(X[2,1,1]=x,X[1,1,102]=t,
X[101,2,1]=r,X[102,2,2]=s,X[1,102,102]=p,X[101,100,2]=q,X[2,102,101]=m,Sol2b[1][2]))
}:

> Sol2b2:=enleve(temp);

Sol2b2 =X , ,2 101 100 m =X , ,1 102 102 p =X , ,101 102 1 q =X , ,2 100 101
1
t

=X , ,2 101 102
1
t

=X , ,1 101 100
1
t

=X , ,1 100 102
1
t

=X , ,1 102 101
1
t

, , , , , , , ,{ := 

=X , ,2 102 100
1
t

=X , ,2 102 101 m =X , ,2 100 102 m =X , ,1 100 101 m =X , ,1 102 100 m =X , ,1 101 102 m =X , ,1 100 100 p =X , ,2 101 101 p, , , , , , , ,

=X , ,2 100 100 p =X , ,2 102 102 p =X , ,1 101 101 p =X , ,100 101 1 q =X , ,101 100 2 q =X , ,102 100 1 q =X , ,100 102 2 q =X , ,102 101 2 q, , , , , , , ,

=X , ,102 1 101
1

q m
=X , ,100 2 101

1
q m

=X , ,101 1 100
1

q m
=X , ,100 1 102

1
q m

=X , ,101 2 102
1

q m
=X , ,102 2 100

1
q m

=X , ,100 102 1 q m t, , , , , , ,

=X , ,101 102 2 q m t =X , ,102 101 1 q m t =X , ,100 101 2 q m t =X , ,102 100 2 q m t =X , ,101 100 1 q m t =s
1

q m t
=X , ,101 101 2

q m

p
, , , , , , ,

=X , ,100 100 1
q m

p
=X , ,102 102 1

q m

p
=X , ,100 100 2

q m

p
=X , ,101 101 1

q m

p
=X , ,102 102 2

q m

p
=r

p

m q2, , , , , ,

=X , ,101 1 102
( )RootOf + +_Z2 _Z 1

m q
=X , ,101 2 101 %1 =X , ,100 2 100 %1 =X , ,102 1 100

( )RootOf + +_Z2 _Z 1
m q

, , , ,
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=X , ,102 2 101
( )RootOf + +_Z2 _Z 1

m q
=X , ,100 1 101

( )RootOf + +_Z2 _Z 1
m q

=X , ,100 2 102
( )RootOf + +_Z2 _Z 1

m q
=X , ,101 1 101 %1, , , ,

=X , ,102 1 102 %1 =X , ,101 2 100
( )RootOf + +_Z2 _Z 1

m q
=X , ,102 2 102 %1 =X , ,100 1 100 %1, , , }

 := %1 −
+1 ( )RootOf + +_Z2 _Z 1

q m

#Solution avec 3b du type 1.1

> temp:={X[101,101,102]=w,op(subs(X[2,1,1]=x,X[1,1,102]=t,X[101,2,1]=r,X[102,2,2]=s,X[
2,101,100]=m,X[1,102,102]=p,X[101,102,1]=q,X[101,101,102]=w,Sol3b[1][1]))}:

> Sol3b11:=enleve(temp);

Sol3b11 =X , ,100 100 100 1 =X , ,101 101 101 1 =X , ,102 102 102 1 =X , ,101 101 102 w =X , ,101 100 100 p =X , ,101 102 102 p =X , ,100 101 101 p, , , , , , ,{ := 
=X , ,102 100 100 p =X , ,100 102 102 p =X , ,102 101 101 p =X , ,100 100 102 w =X , ,101 101 100 w =X , ,100 100 101 w =X , ,102 102 100 w =X , ,102 102 101 w, , , , , , , ,
=X , ,100 102 100 w p =X , ,102 101 100 w p =X , ,101 100 102 w p =X , ,102 100 101 w p =X , ,101 100 101 w p =X , ,102 101 102 w p =X , ,101 102 101 w p, , , , , , ,

=X , ,102 100 102 w p =X , ,100 102 101 w p =X , ,100 101 100 w p =X , ,101 102 100 w p =X , ,100 101 102 w p =m
w p

q
, , , , , }

#Solution avec 3b du type 12

> temp:={X[101,101,102]=w,op(subs(X[2,1,1]=x,X[1,1,102]=t,X[101,2,1]=r,X[102,2,2]=s,X[
2,101,100]=m,X[1,102,102]=p,X[101,102,1]=q,X[101,101,102]=w,Sol3b[1][2]))}:

> Sol3b12:=enleve(temp);

Sol3b12 =X , ,100 100 100 -1 =X , ,101 101 101 -1 =X , ,102 102 102 -1 =X , ,101 101 102 w =X , ,100 100 102 w =X , ,101 101 100 w =X , ,100 100 101 w, , , , , , ,{ := 
=X , ,102 102 100 w =X , ,102 102 101 w =X , ,100 102 100 w p =X , ,102 101 100 w p =X , ,101 100 102 w p =X , ,102 100 101 w p =X , ,101 100 101 w p, , , , , , ,
=X , ,102 101 102 w p =X , ,101 102 101 w p =X , ,102 100 102 w p =X , ,100 102 101 w p =X , ,100 101 100 w p =X , ,101 102 100 w p =X , ,100 101 102 w p, , , , , , ,

=X , ,101 100 100 −p =X , ,102 100 100 −p =X , ,100 102 102 −p =X , ,101 102 102 −p =X , ,102 101 101 −p =X , ,100 101 101 −p =m −
w p

q
, , , , , , }

#Solution avec 3b du type 21

> temp:={X[101,101,102]=w,X[102,100,100]=p,op(subs(X[2,1,1]=x,X[1,1,102]=t,X[101,2,1]=
r,X[102,2,2]=s,X[1,102,102]=p,X[101,100,2]=q,X[2,102,101]=m,X[101,101,102]=w,X[102,1
00,100]=p,Sol3b[2][1]))}:

> Sol3b21:=enleve(temp);

Sol3b21 =X , ,100 100 100 1 =X , ,101 101 101 1 =X , ,102 102 102 1 =X , ,101 101 102 w =X , ,101 100 100 p =X , ,101 102 102 p =X , ,100 101 101 p, , , , , , ,{ := 
=X , ,102 100 100 p =X , ,100 102 102 p =X , ,102 101 101 p =X , ,100 100 102 w =X , ,101 101 100 w =X , ,100 100 101 w =X , ,102 102 100 w =X , ,102 102 101 w, , , , , , , ,
=X , ,100 101 100 %2 =X , ,101 100 102 %1 =X , ,102 100 101 %1 =X , ,101 102 101 %2 =X , ,100 102 100 %2 =X , ,101 102 100 %1 =X , ,102 100 102 %2, , , , , , ,

=X , ,100 102 101 %1 =X , ,102 101 102 %2 =X , ,101 100 101 %2 =X , ,100 101 102 %1 =X , ,102 101 100 %1 =q
p w

m
, , , , , }

 := %1 −p w ( )+1 ( )RootOf + +_Z2 _Z 1
 := %2 w p ( )RootOf + +_Z2 _Z 1

#Solution avec 3b du type 22

> temp:={X[101,101,102]=w,X[102,100,100]=-p,op(subs(X[2,1,1]=x,X[1,1,102]=t,X[101,2,1]
=r,X[102,2,2]=s,X[1,102,102]=p,X[101,100,2]=q,X[2,102,101]=m,X[102,100,100]=-p,X[101
,101,102]=w,Sol3b[2][2]))}:

> Sol3b22:=enleve(temp);

Sol3b22 =X , ,100 100 100 -1 =X , ,101 101 101 -1 =X , ,102 102 102 -1 =X , ,101 101 102 w =X , ,100 100 102 w =X , ,101 101 100 w =X , ,100 100 101 w, , , , , , ,{ := 
=X , ,102 102 100 w =X , ,102 102 101 w =X , ,101 100 100 −p =X , ,102 100 100 −p =X , ,100 102 102 −p =X , ,101 102 102 −p =X , ,102 101 101 −p, , , , , , ,
=X , ,100 101 101 −p =X , ,100 101 100 %2 =X , ,101 100 102 %1 =X , ,102 100 101 %1 =X , ,101 102 101 %2 =X , ,100 102 100 %2 =X , ,101 102 100 %1, , , , , , ,

=X , ,102 100 102 %2 =X , ,100 102 101 %1 =X , ,102 101 102 %2 =X , ,101 100 101 %2 =X , ,100 101 102 %1 =X , ,102 101 100 %1 =q −
p w

m
, , , , , , }

 := %1 −p w ( )+1 ( )RootOf + +_Z2 _Z 1
 := %2 w p ( )RootOf + +_Z2 _Z 1

> save 
Sol0b,Sol1b1,Sol2b1,Sol3b11,Sol3b12,Sol1b2,Sol2b2,Sol3b21,Sol3b22,‘solution3u.m‘;

Feuille de calcul :
script.mws

Donne la feuille de calcul maple qui détermine des 3-cocycles quasi-abéliens associés aux 3-cocycles usuels de la feuille de calcul 
"solution3u.mws"

> restart;
#Procédure des équations de la première relation de 3-cocycle quasi- abélien.
> Relation:=proc(n,gt,ht,kt) local 
Z,it,jt,ijt,temp;Z:=evaln(Z);it:=evaln(it);jt:=evaln(jt);ijt:=evaln(ijt);if gt<=n-1 
then if kt<=n-1 then it:=gt; else it:=n-gt mod n;fi;else if kt<=n-1 then 
temp:=(2*n-2*kt+gt-100) mod n;it:=100+temp;else  temp:=(2*kt-gt-100) mod n;it:= 
100+temp;fi;fi;if ht<=n-1 then if kt<=n-1 then jt:=ht; else jt:=n-ht mod n;fi;else if 
kt<=n-1 then temp:=(2*n-2*kt+ht-100) mod n;jt:=100+temp;else  temp:=(2*kt-ht-100) mod 
n;jt:= 100+temp;fi;fi;if gt<=n-1 then if ht<=n-1 then ijt:=(gt+ht) mod n; else temp:= 
(gt+ht-100) mod n;ijt:=temp+100;fi;else if ht<=n-1 then temp:=(gt-100+n-ht) mod 
n;ijt:=100+temp;else  ijt:=(gt+n-ht) mod 
n;fi;fi;Z:=X[gt,ht,kt]*X[kt,it,jt]*1/X[gt,kt,jt]*Y[ijt,kt]*1/Y[gt,kt]*1/Y[ht,kt]=1; 
end:

#Procédure des équations de la deuxième relationsde 3 cocycle quasi abélien.
>  Relation2:=proc(n,gt,ht,kt) local  
Z,jt,ijt,jkt,temp;Z:=evaln(Z);jt:=evaln(jt);ijt:=evaln(ijt);jkt:=evaln(jkt);if 
gt<=n-1 then if ht<=n-1 then jt:=gt; else jt:=n-gt mod n;fi;else if ht<=n-1 then 
temp:=(2*n-2*ht+gt-100) mod n;jt:=100+temp;else  temp:=(2*ht-gt-100) mod n;jt:= 
100+temp;fi;fi;if jt<=n-1 then if kt<=n-1 then ijt:=jt; else ijt:=n-jt mod n;fi;else 
if kt<=n-1 then temp:=(2*n-2*kt+jt-100) mod n;ijt:=100+temp;else  
temp:=(2*kt-jt-100) mod n;ijt:= 100+temp;fi;fi;if ht<=n-1 then if kt<=n-1 then 
jkt:=(ht+kt) mod n; else temp:= (ht+kt-100) mod n;jkt:=temp+100;fi;else if kt<=n-1 
then temp:=(ht-100+n-kt) mod n;jkt:=100+temp;else  jkt:=(ht+n-kt) mod 
n;fi;fi;Z:=1/X[gt,ht,kt]*X[ht,jt,kt]*1/X[ht,kt,ijt]*Y[gt,jkt]*1/Y[jt,kt]*1/Y[gt,ht]=
1;end:

#Solution des 3-cocycles de groupe usuels.
> read‘solution3u.m‘:

#Initialisation
> n:=3:
> Equa:=1=1:
> NormaY:=Y[0,0]=1:
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> Norma:=X[0,0,0]=1:

#Equation de normalisation de Y et de X.
> for i from 1 to n-1 do NormaY:=NormaY,Y[0,i]=1,Y[i,0]=1 od:
> for i from 0 to n-1 do NormaY:=NormaY,Y[100+i,0]=1,Y[0,100+i]=1 od:

#Génère les équations de normalisation de X.
> for i from 1 to n-1 do Norma:=Norma,X[i,0,0]=1,X[0,i,0]=1,X[0,0,i]=1 od:
> for i from 0 to n-1 do Norma:=Norma,X[100+i,0,0]=1,X[0,100+i,0]=1,X[0,0,100+i]=1 od:
> for i from 1 to n-1 do for j from 1 to n-1 do 
Norma:=Norma,X[i,j,0]=1,X[i,0,j]=1,X[0,i,j]=1 od;od;

> for i from 0 to n-1 do for j from 1 to n-1 do 
Norma:=Norma,X[i+100,j,0]=1,X[i+100,0,j]=1,X[0,i+100,j]=1 od;od;

> for i from 1 to n-1 do for j from 0 to n-1 do 
Norma:=Norma,X[i,j+100,0]=1,X[i,0,j+100]=1,X[0,i,j+100]=1 od;od;

> for i from 0 to n-1 do for j from 0 to n-1 do 
Norma:=Norma,X[i+100,j+100,0]=1,X[i+100,0,j+100]=1,X[0,i+100,j+100]=1 od;od;

#Equation de 3-cocycle quasi-abélien.
> for i from 0 to n-1 do for j from 0 to n-1 do for k from 0 to n-1 do 
Equa:=Equa,Relation(n,i,j,k),Relation2(n,i,j,k),Relation(n,i+100,j,k),Relation2(n,i+
100,j,k),Relation(n,i,j+100,k),Relation2(n,i,j+100,k),Relation(n,i,j,k+100),Relation
2(n,i,j,k+100),Relation(n,i+100,j+100,k),Relation2(n,i+100,j+100,k),Relation(n,i+100
,j,k+100),Relation2(n,i+100,j,k+100),Relation(n,i,j+100,k+100),Relation2(n,i,j+100,k
+100),Relation(n,i+100,j+100,k+100),Relation2(n,i+100,j+100,k+100) od;od;od:

> Equan:=subs({Norma},{NormaY},{Equa}):
#(fin de lecture pour exØcuter la feuille de calcul "verification3qa.mws")
> Equa11:=subs(Sol0b,Sol1b1,Sol2b1,Sol3b11,Equan):
> Equa12:=subs(Sol0b,Sol1b1,Sol2b1,Sol3b12,Equan):
> Equa21:=subs(Sol0b,Sol1b2,Sol2b2,Sol3b21,Equan):
> Equa22:=subs(Sol0b,Sol1b2,Sol2b2,Sol3b22,Equan):
> Sol11:=solve(Equa11);
> Sol12:=solve(Equa12);
> Sol21:=solve(Equa21);
> Sol22:=solve(Equa22);
> save ‘travail.m‘;
> quit

Feuille de calcul :
solution3qa.mws

Simplification des solutions obtenues par la feuille de calcul "script.mws".

Remarque :1+RootOf(_Z^2+_Z+1)=exp(i*Pi/3)
                       RootOf(_Z^2+_Z+1)=exp(2*i*Pi/3)
                       RootOf(1+_Z^2)=i
                       RootOf(_Z^2+RootOf(_Z^2+_Z+1))=exp(11*i*Pi/6)

> restart;
> read ‘travail.m‘;
#Procédure pour réduire les solutions(enlève les égalité du type l=l)
> enleve:=proc(EXP) local d,temp,temp1,temp2;temp:=EXP;d:=0;do d:=d+1; if d>nops(temp) 
then break else if temp[d] then 

then break else if temp[d] then 
temp1:=op(temp[1..d-1]);temp2:=op(temp[d+1..nops(temp)]);temp:={temp1,temp2};d:=0 
fi;fi;od;RETURN(temp);end:

#Solutions correspondant à Equa11
> Sol11;

=w w =Y ,1 100 Y ,2 100 =Y ,102 100 1 =Y ,102 2
1

Y ,2 100
=Y ,101 101 1 =Y ,2 2 1 =Y ,1 1 1 =Y ,2 100 Y ,2 100 =p

1
w Y ,2 100

=Y ,100 102 1, , , , , , , , , ,{

=Y ,102 101 1 =Y ,100 101 1 =Y ,100 1
1

Y ,2 100
=Y ,102 102 1 =Y ,101 2

1
Y ,2 100

=Y ,2 102 Y ,2 100 =Y ,1 102 Y ,2 100 =Y ,102 1
1

Y ,2 100
=Y ,100 100 1, , , , , , , , ,

=Y ,101 100 1 =Y ,101 102 1 =Y ,1 2 1 =Y ,1 101 Y ,2 100 =Y ,2 1 1 =Y ,101 1
1

Y ,2 100
=Y ,100 2

1
Y ,2 100

=Y ,2 101 Y ,2 100, , , , , , , } =w w =Y ,1 100 Y ,2 100, ,{,

=Y ,102 2
1

Y ,2 100
=Y ,2 2 1 =Y ,1 1 1 =Y ,2 100 Y ,2 100 =p

1
w Y ,2 100

=Y ,100 1
1

Y ,2 100
=Y ,101 2

1
Y ,2 100

=Y ,2 102 Y ,2 100 =Y ,1 102 Y ,2 100, , , , , , , , ,

=Y ,102 1
1

Y ,2 100
=Y ,1 2 1 =Y ,1 101 Y ,2 100 =Y ,2 1 1 =Y ,101 1

1
Y ,2 100

=Y ,100 2
1

Y ,2 100
=Y ,2 101 Y ,2 100 =Y ,102 101 -1 =Y ,100 101 -1, , , , , , , , ,

=Y ,102 102 -1 =Y ,102 100 -1 =Y ,100 100 -1 =Y ,101 100 -1 =Y ,100 102 -1 =Y ,101 102 -1 =Y ,101 101 -1, , , , , , }
> temp:={Y[2,100]=1/(p*w),op(subs(Y[2,100]=1/(p*w),Sol11[1]))}:
> Sol111:=enleve(temp);

Sol111 =Y ,102 2 w p =Y ,2 101
1

w p
=Y ,100 2 w p =Y ,101 1 w p =Y ,1 101

1
w p

=Y ,102 1 w p =Y ,1 102
1

w p
=Y ,2 102

1
w p

, , , , , , , ,{ := 

=Y ,101 2 w p =Y ,100 1 w p =Y ,2 100
1

w p
=Y ,1 100

1
w p

=Y ,102 100 1 =Y ,101 101 1 =Y ,2 2 1 =Y ,1 1 1 =Y ,100 102 1 =Y ,102 101 1, , , , , , , , , ,

=Y ,100 101 1 =Y ,102 102 1 =Y ,100 100 1 =Y ,101 100 1 =Y ,101 102 1 =Y ,1 2 1 =Y ,2 1 1, , , , , , }
> temp:={Y[2,100]=1/(p*w),op(subs(Y[2,100]=1/(p*w),Sol11[2]))}:
> Sol112:=enleve(temp);

Sol112 =Y ,102 2 w p =Y ,2 101
1

w p
=Y ,100 2 w p =Y ,101 1 w p =Y ,1 101

1
w p

=Y ,102 1 w p =Y ,1 102
1

w p
=Y ,2 102

1
w p

, , , , , , , ,{ := 

=Y ,101 2 w p =Y ,100 1 w p =Y ,2 100
1

w p
=Y ,1 100

1
w p

=Y ,2 2 1 =Y ,1 1 1 =Y ,1 2 1 =Y ,2 1 1 =Y ,102 101 -1 =Y ,100 101 -1 =Y ,102 102 -1, , , , , , , , , , ,

=Y ,102 100 -1 =Y ,100 100 -1 =Y ,101 100 -1 =Y ,100 102 -1 =Y ,101 102 -1 =Y ,101 101 -1, , , , , }

# Solutions  correspondant à Equa12
> Sol12;

=Y ,102 100 ( )RootOf +1 _Z2 =Y ,100 100 ( )RootOf +1 _Z2 =Y ,101 102 ( )RootOf +1 _Z2 =Y ,100 101 ( )RootOf +1 _Z2 =w w, , , , ,{

=Y ,100 102 ( )RootOf +1 _Z2 =Y ,101 101 ( )RootOf +1 _Z2 =Y ,101 100 ( )RootOf +1 _Z2 =Y ,102 101 ( )RootOf +1 _Z2, , , ,

=Y ,102 102 ( )RootOf +1 _Z2 =Y ,2 2 1 =Y ,1 1 1 =Y ,1 2 1 =Y ,2 1 1 =Y ,1 101 Y ,1 100 =p −
1

w Y ,1 100
=Y ,101 2

1
Y ,1 100

=Y ,100 1
1

Y ,1 100
, , , , , , , , ,

=Y ,102 2
1

Y ,1 100
=Y ,2 100 Y ,1 100 =Y ,102 1

1
Y ,1 100

=Y ,1 102 Y ,1 100 =Y ,100 2
1

Y ,1 100
=Y ,101 1

1
Y ,1 100

=Y ,2 101 Y ,1 100 =Y ,2 102 Y ,1 100, , , , , , , ,

=Y ,1 100 Y ,1 100 }
> temp:={Y[1,100]=-1/(p*w),op(subs(Y[1,100]=-1/(p*w),Sol12))}:
> Sol120:=enleve(temp);

Sol120 =Y ,102 102 ( )RootOf +1 _Z2 =Y ,100 100 ( )RootOf +1 _Z2 =Y ,102 101 ( )RootOf +1 _Z2 =Y ,100 101 ( )RootOf +1 _Z2, , , ,{ := 

=Y ,101 102 ( )RootOf +1 _Z2 =Y ,100 102 ( )RootOf +1 _Z2 =Y ,101 101 ( )RootOf +1 _Z2 =Y ,101 100 ( )RootOf +1 _Z2, , , ,

=Y ,1 100 −
1

w p
=Y ,1 101 −

1
w p

=Y ,101 2 −w p =Y ,100 1 −w p =Y ,102 2 −w p =Y ,2 100 −
1

w p
=Y ,102 1 −w p =Y ,1 102 −

1
w p

, , , , , , , ,
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=Y ,100 2 −w p =Y ,101 1 −w p =Y ,2 101 −
1

w p
=Y ,2 102 −

1
w p

=Y ,102 100 ( )RootOf +1 _Z2 =Y ,2 2 1 =Y ,1 1 1 =Y ,1 2 1 =Y ,2 1 1, , , , , , , , }

# Solution correspondant à Equa21
> Sol21;

=Y ,102 100 %1 =p
( )RootOf + +_Z2 _Z 1
w Y ,2 101

=Y ,1 2 %14 =Y ,101 1
%14

Y ,2 101
=Y ,100 101 −%14 =Y ,2 100 Y ,2 101 =Y ,102 1

%14

Y ,2 101
, , , , , , ,{

=Y ,100 102 %3 =Y ,101 102 %3 =Y ,102 101 %3 =Y ,1 100 %2 =Y ,2 101 Y ,2 101 =Y ,102 102 −%16 =Y ,2 2 %18 =Y ,101 100 %1, , , , , , , ,

=Y ,100 100 ( )RootOf + +_Z2 _Z 1 %1 =Y ,2 1 %14 =Y ,1 1 %12 =Y ,2 102 %2 =w w =Y ,100 1 −
%1

Y ,2 101
=Y ,102 2

%14

Y ,2 101
, , , , , , ,

=Y ,101 101 − ( )RootOf + +_Z2 _Z 1 %14 =Y ,100 2 −
%1

Y ,2 101
=Y ,1 101 Y ,2 101 =Y ,101 2 −

%1
Y ,2 101

=Y ,1 102 Y ,2 101, , , , } =Y ,100 101 %14,{,

=Y ,100 102 −%3 =Y ,101 102 −%3 =Y ,102 101 −%3 =Y ,102 102 %16 =Y ,101 100 − −1 ( )RootOf + +_Z2 _Z 1, , , , ,

=Y ,101 101 ( )RootOf + +_Z2 _Z 1 %14 =p
( )RootOf + +_Z2 _Z 1
w Y ,2 101

=Y ,1 2 %14 =Y ,101 1
%14

Y ,2 101
=Y ,2 100 Y ,2 101 =Y ,102 1

%14

Y ,2 101
, , , , , ,

=Y ,1 100 %2 =Y ,2 101 Y ,2 101 =Y ,2 2 %18 =Y ,100 100 − ( )RootOf + +_Z2 _Z 1 %1 =Y ,2 1 %14 =Y ,1 1 %12 =Y ,2 102 %2 =w w, , , , , , , ,

=Y ,100 1 −
%1

Y ,2 101
=Y ,102 2

%14

Y ,2 101
=Y ,100 2 −

%1
Y ,2 101

=Y ,1 101 Y ,2 101 =Y ,101 2 −
%1

Y ,2 101
=Y ,1 102 Y ,2 101, , , , , ,

=Y ,102 100 − −1 ( )RootOf + +_Z2 _Z 1 }

 := %1 +1 ( )RootOf + +_Z2 _Z 1
 := %2 ( )RootOf + +_Z2 _Z 1 Y ,2 101 %14

 := %3 ( )RootOf + +_Z2 _Z 1 %15

> temp:={Y[2,101]=RootOf(_Z^2+_Z+1)/(w*p),op(subs(Y[2,101]=RootOf(_Z^2+_Z+1)/(w*p),Sol
21[1]))}:

> Sol211:=enleve(temp);

Sol211 =Y ,102 100 %1 =Y ,1 2 %14 =Y ,100 101 −%14 =Y ,100 102 ( )RootOf + +_Z2 _Z 1 %15, , , ,{ := 

=Y ,101 102 ( )RootOf + +_Z2 _Z 1 %15 =Y ,102 101 ( )RootOf + +_Z2 _Z 1 %15 =Y ,102 102 −%16 =Y ,2 2 %18 =Y ,101 100 %1, , , , ,

=Y ,100 100 ( )RootOf + +_Z2 _Z 1 %1 =Y ,2 1 %14 =Y ,1 1 %12 =Y ,101 101 − ( )RootOf + +_Z2 _Z 1 %14, , , ,

=Y ,101 1
%14 w p

( )RootOf + +_Z2 _Z 1
=Y ,2 100

( )RootOf + +_Z2 _Z 1
w p

=Y ,102 1
%14 w p

( )RootOf + +_Z2 _Z 1
, , ,

=Y ,1 100
( )RootOf + +_Z2 _Z 1

2
%14

w p
=Y ,2 102

( )RootOf + +_Z2 _Z 1
2

%14

w p
=Y ,100 1 −

%1 w p

( )RootOf + +_Z2 _Z 1
, , ,

=Y ,102 2
%14 w p

( )RootOf + +_Z2 _Z 1
=Y ,100 2 −

%1 w p

( )RootOf + +_Z2 _Z 1
=Y ,1 101

( )RootOf + +_Z2 _Z 1
w p

, , ,

=Y ,101 2 −
%1 w p

( )RootOf + +_Z2 _Z 1
=Y ,1 102

( )RootOf + +_Z2 _Z 1
w p

=Y ,2 101
( )RootOf + +_Z2 _Z 1

w p
, , }

 := %1 +1 ( )RootOf + +_Z2 _Z 1
> temp:={Y[2,101]=RootOf(_Z^2+_Z+1)/(w*p),op(subs(Y[2,101]=RootOf(_Z^2+_Z+1)/(w*p),Sol
21[2]))}:

> Sol212:=enleve(temp);

Sol212 =Y ,100 101 %14 =Y ,100 102 − ( )RootOf + +_Z2 _Z 1 %15 =Y ,101 102 − ( )RootOf + +_Z2 _Z 1 %15, , ,{ := 

=Y ,102 101 − ( )RootOf + +_Z2 _Z 1 %15 =Y ,102 102 %16 =Y ,101 100 − −1 ( )RootOf + +_Z2 _Z 1, , ,

=Y ,101 101 ( )RootOf + +_Z2 _Z 1 %14 =Y ,1 2 %14 =Y ,2 2 %18 =Y ,100 100 − ( )RootOf + +_Z2 _Z 1 %1 =Y ,2 1 %14 =Y ,1 1 %12, , , , , ,

=Y ,101 1
%14 w p

( )RootOf + +_Z2 _Z 1
=Y ,2 100

( )RootOf + +_Z2 _Z 1
w p

=Y ,102 1
%14 w p

( )RootOf + +_Z2 _Z 1
, , ,

=Y ,1 100
( )RootOf + +_Z2 _Z 1

2
%14

w p
=Y ,2 102

( )RootOf + +_Z2 _Z 1
2

%14

w p
=Y ,100 1 −

%1 w p

( )RootOf + +_Z2 _Z 1
, , ,

=Y ,102 2
%14 w p

( )RootOf + +_Z2 _Z 1
=Y ,100 2 −

%1 w p

( )RootOf + +_Z2 _Z 1
=Y ,1 101

( )RootOf + +_Z2 _Z 1
w p

, , ,

=Y ,101 2 −
%1 w p

( )RootOf + +_Z2 _Z 1
=Y ,1 102

( )RootOf + +_Z2 _Z 1
w p

=Y ,102 100 − −1 ( )RootOf + +_Z2 _Z 1, , ,

=Y ,2 101
( )RootOf + +_Z2 _Z 1

w p
}

 := %1 +1 ( )RootOf + +_Z2 _Z 1

# Solution correspondant à Equa22
> Sol22;

=Y ,2 101 Y ,2 101 =w w =Y ,102 100 %2 =Y ,102 1 −
%1

Y ,2 101
=Y ,100 100 ( )RootOf + +_Z2 _Z 1 %2, , , , ,{

=Y ,101 101 − ( )RootOf + +_Z2 _Z 1 %13 %2 =Y ,101 100 %2 =Y ,2 100 −Y ,2 101 ( )RootOf + +_Z2 _Z 1 %1, , ,

=Y ,2 2 ( )RootOf + +_Z2 _Z 1 =Y ,1 2 − −1 ( )RootOf + +_Z2 _Z 1 =Y ,2 1 − −1 ( )RootOf + +_Z2 _Z 1, , ,

=p −
( )RootOf + +_Z2 _Z 1
w Y ,2 101

=Y ,100 2 −
%1

Y ,2 101
=Y ,1 101 Y ,2 101 =Y ,101 2 −

%1
Y ,2 101

=Y ,1 102 Y ,2 101 =Y ,1 1 ( )RootOf + +_Z2 _Z 1, , , , , ,

=Y ,101 1
%12 ( )RootOf + +_Z2 _Z 1

Y ,2 101
=Y ,100 102 −%2 ( )RootOf + +_Z2 _Z 1 %1 =Y ,102 102 %12 %2 =Y ,100 101 −%13 %2, , , ,

=Y ,2 102 Y ,2 101 =Y ,1 100 Y ,2 101 =Y ,101 102 −%2 ( )RootOf + +_Z2 _Z 1 %1 =Y ,102 101 −%13 %2, , , ,

=Y ,102 2
%12 ( )RootOf + +_Z2 _Z 1

Y ,2 101
=Y ,100 1

%14

Y ,2 101
, }

 := %1 +1 ( )RootOf + +_Z2 _Z 1
 := %2 ( )RootOf +( )RootOf + +_Z2 _Z 1 _Z2

> temp:={Y[2,101] = -RootOf(_Z^2+_Z+1)/w/p,op(subs(Y[2,101] = 
-RootOf(_Z^2+_Z+1)/w/p,Sol22))}:

> Sol220:=enleve(temp);

Sol220 =Y ,102 100 %3 =Y ,100 100 ( )RootOf + +_Z2 _Z 1 %3 =Y ,101 101 − ( )RootOf + +_Z2 _Z 1 %13 %3 =Y ,101 100 %3, , , ,{ := 

=Y ,2 2 ( )RootOf + +_Z2 _Z 1 =Y ,1 2 − −1 ( )RootOf + +_Z2 _Z 1 =Y ,2 1 − −1 ( )RootOf + +_Z2 _Z 1, , ,

=Y ,1 1 ( )RootOf + +_Z2 _Z 1 =Y ,100 102 −%3 ( )RootOf + +_Z2 _Z 1 %1 =Y ,102 102 %12 %3 =Y ,100 101 −%13 %3, , , ,

=Y ,101 102 −%3 ( )RootOf + +_Z2 _Z 1 %1 =Y ,102 101 −%13 %3 =Y ,2 101 %2 =Y ,102 1
%1 w p

( )RootOf + +_Z2 _Z 1
, , , ,

=Y ,2 100
( )RootOf + +_Z2 _Z 1

2
%1

w p
=Y ,100 2

%1 w p

( )RootOf + +_Z2 _Z 1
=Y ,1 101 %2 =Y ,101 2

%1 w p

( )RootOf + +_Z2 _Z 1
=Y ,1 102 %2, , , , ,

=Y ,101 1 −%12 w p =Y ,2 102 %2 =Y ,1 100 %2 =Y ,102 2 −%12 w p =Y ,100 1 −
%14 w p

( )RootOf + +_Z2 _Z 1
, , , , }

 := %1 +1 ( )RootOf + +_Z2 _Z 1

 := %2 −
( )RootOf + +_Z2 _Z 1

w p
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 := %3 ( )RootOf +( )RootOf + +_Z2 _Z 1 _Z2

> save Sol111,Sol112,Sol120,Sol211,Sol212,Sol220, ‘solution3qa.m‘;

Feuille de calcul :
soluce.mws

Deuxième simplification des 3-cocycles quasi-abéliens obtenus et rajout de deux  types de solutions. Puis vérification des 
résultats trouvés.

> restart;
> read ‘solution3u.m‘;read ‘solution3qa.m‘;
#Procédure pour réduire les solutions(enlève les égalité du type l=l)
> enleve:=proc(EXP) local d,temp,temp1,temp2;temp:=EXP;d:=0;do d:=d+1; if d>nops(temp) 
then break else if temp[d] then 
temp1:=op(temp[1..d-1]);temp2:=op(temp[d+1..nops(temp)]);temp:={temp1,temp2};d:=0 
fi;fi;od;RETURN(temp);end:

#   Solution du premier type :        
> Sol1b1:
> temp:=subs(r=s*s/x,Sol1b1):
> Sol1b1:=enleve(temp);

Sol1b1 =X , ,101 2 1
s2

x
=X , ,102 2 1

s2

x
=X , ,102 1 2

s2

x
=X , ,101 1 2

s2

x
=X , ,100 2 1

s2

x
=X , ,100 1 2

s2

x
=X , ,2 1 100 t2 x =X , ,2 1 101 t2 x, , , , , , , ,{ := 

=X , ,1 2 101 t2 x =X , ,1 2 102 t2 x =X , ,1 2 100 t2 x =X , ,2 1 102 t2 x =X , ,1 102 2 1 =X , ,2 102 1 1 =X , ,2 101 1 1 =X , ,1 101 2 1 =X , ,2 100 1 1, , , , , , , , ,
=X , ,1 100 2 1 =X , ,1 100 1 1 =X , ,1 101 1 1 =X , ,2 101 2 1 =X , ,2 102 2 1 =X , ,1 102 1 1 =X , ,2 100 2 1 =X , ,1 1 102 t =X , ,102 2 2 s =X , ,2 2 101 t, , , , , , , , , ,
=X , ,1 1 100 t =X , ,1 1 101 t =X , ,2 2 102 t =X , ,2 2 100 t =X , ,101 1 1 s =X , ,100 1 1 s =X , ,101 2 2 s =X , ,100 2 2 s =X , ,102 1 1 s, , , , , , , , }

> temp:=subs(r=s*s/x,Sol2b1):
> temp:=subs(q=1/(s*m*t),temp):
> temp:=subs(p=1/(x*m*t*t),temp):
> Sol2b1:=enleve(temp);

Sol2b1 =X , ,2 101 100 m =X , ,2 100 101
1
t

=X , ,2 101 102
1
t

=X , ,1 101 100
1
t

=X , ,1 100 102
1
t

=X , ,1 102 101
1
t

=X , ,2 102 100
1
t

=X , ,2 102 101 m, , , , , , , ,{ := 

=X , ,2 100 102 m =X , ,1 100 101 m =X , ,1 102 100 m =X , ,1 101 102 m =X , ,100 101 1
1

s m t
=X , ,101 100 2

1
s m t

=X , ,102 100 1
1

s m t
, , , , , , ,

=X , ,100 102 2
1

s m t
=X , ,102 101 2

1
s m t

=X , ,101 1 101 s t =X , ,100 1 101 s t =X , ,100 2 102 s t =X , ,102 1 101 s t =X , ,100 2 101 s t =X , ,101 2 101 s t, , , , , , , ,

=X , ,102 1 100 s t =X , ,100 1 100 s t =X , ,100 2 100 s t =X , ,101 1 100 s t =X , ,100 1 102 s t =X , ,102 2 101 s t =X , ,101 1 102 s t =X , ,102 2 102 s t, , , , , , , ,

=X , ,101 2 100 s t =X , ,101 2 102 s t =X , ,102 2 100 s t =X , ,102 1 102 s t =X , ,100 102 1
1
s

=X , ,101 102 2
1
s

=X , ,102 101 1
1
s

=X , ,100 101 2
1
s

, , , , , , , ,

=X , ,102 100 2
1
s

=X , ,101 100 1
1
s

=X , ,101 102 1
1

s m t
=X , ,1 102 102

1
x m t2 =X , ,2 101 101

1
x m t2 =X , ,2 100 100

1
x m t2 =X , ,2 102 102

1
x m t2, , , , , , ,

=X , ,1 101 101
1

x m t2 =X , ,1 100 100
1

x m t2 =X , ,101 101 2
t x m

s
=X , ,100 100 1

t x m

s
=X , ,102 102 1

t x m

s
=X , ,100 100 2

t x m

s
, , , , , ,

=X , ,101 101 1
t x m

s
=X , ,102 102 2

t x m

s
, }

> temp:=subs(r=s*s/x,q=1/(s*m*t),p=1/(x*m*t*t),Sol3b11):
> temp:=subs(w=(m*x*t)/s,temp):
> Sol3b11:=enleve(temp);

Sol3b11 =X , ,100 100 100 1 =X , ,101 101 101 1 =X , ,102 102 102 1 =X , ,101 101 102
t x m

s
=X , ,100 100 102

t x m

s
=X , ,101 101 100

t x m

s
, , , , , ,{ := 

=X , ,100 100 101
t x m

s
=X , ,102 102 100

t x m

s
=X , ,102 102 101

t x m

s
=X , ,100 102 100

1
s t

=X , ,102 101 100
1
s t

=X , ,101 100 102
1
s t

=X , ,102 100 101
1
s t

, , , , , , ,

=X , ,101 100 101
1
s t

=X , ,102 101 102
1
s t

=X , ,101 102 101
1
s t

=X , ,102 100 102
1
s t

=X , ,100 102 101
1
s t

=X , ,100 101 100
1
s t

=X , ,101 102 100
1
s t

, , , , , , ,

=X , ,100 101 102
1
s t

=X , ,101 100 100
1

x m t2 =X , ,101 102 102
1

x m t2 =X , ,100 101 101
1

x m t2 =X , ,102 100 100
1

x m t2 =X , ,100 102 102
1

x m t2, , , , , ,

=X , ,102 101 101
1

x m t2 }

> Sol111:=subs(r=s*s/x,q=1/(s*m*t),p=1/(x*m*t*t),w=(m*x*t)/s,Sol111);

Sol111 =Y ,102 100 1 =Y ,101 101 1 =Y ,2 2 1 =Y ,1 1 1 =Y ,100 102 1 =Y ,102 101 1 =Y ,100 101 1 =Y ,102 102 1 =Y ,100 100 1 =Y ,101 100 1, , , , , , , , , ,{ := 

=Y ,101 102 1 =Y ,1 2 1 =Y ,2 1 1 =Y ,2 100 s t =Y ,1 100 s t =Y ,100 1
1
s t

=Y ,102 2
1
s t

=Y ,2 101 s t =Y ,100 2
1
s t

=Y ,101 1
1
s t

=Y ,1 101 s t, , , , , , , , , , ,

=Y ,102 1
1
s t

=Y ,1 102 s t =Y ,2 102 s t =Y ,101 2
1
s t

, , , }

> Sol112:=subs(r=s*s/x,q=1/(s*m*t),p=1/(x*m*t*t),w=(m*x*t)/s,Sol112);

Sol112 =Y ,102 100 -1 =Y ,101 100 -1 =Y ,100 102 -1 =Y ,101 102 -1 =Y ,101 101 -1 =Y ,100 100 -1 =Y ,2 2 1 =Y ,1 1 1 =Y ,1 2 1 =Y ,2 1 1, , , , , , , , , ,{ := 

=Y ,102 101 -1 =Y ,100 101 -1 =Y ,102 102 -1 =Y ,2 100 s t =Y ,1 100 s t =Y ,100 1
1
s t

=Y ,102 2
1
s t

=Y ,2 101 s t =Y ,100 2
1
s t

=Y ,101 1
1
s t

, , , , , , , , , ,

=Y ,1 101 s t =Y ,102 1
1
s t

=Y ,1 102 s t =Y ,2 102 s t =Y ,101 2
1
s t

, , , , }

> temp:=subs(r=s*s/x,q=1/(s*m*t),p=1/(x*m*t*t),Sol3b12):
> temp:=subs(w=-(m*x*t)/s,temp):
> Sol3b12:=enleve(temp);

Sol3b12 =X , ,100 100 100 -1 =X , ,101 101 101 -1 =X , ,102 102 102 -1 =X , ,101 100 100 −
1

x m t2 =X , ,102 100 100 −
1

x m t2, , , , ,{ := 

=X , ,100 102 102 −
1

x m t2 =X , ,101 102 102 −
1

x m t2 =X , ,102 101 101 −
1

x m t2 =X , ,100 101 101 −
1

x m t2 =X , ,101 101 102 −
t x m

s
, , , , ,

=X , ,100 100 102 −
t x m

s
=X , ,101 101 100 −

t x m

s
=X , ,100 100 101 −

t x m

s
=X , ,102 102 100 −

t x m

s
=X , ,102 102 101 −

t x m

s
=X , ,100 102 100 −

1
s t

, , , , , ,

=X , ,102 101 100 −
1
s t

=X , ,101 100 102 −
1
s t

=X , ,102 100 101 −
1
s t

=X , ,101 100 101 −
1
s t

=X , ,102 101 102 −
1
s t

=X , ,101 102 101 −
1
s t

, , , , , ,

=X , ,102 100 102 −
1
s t

=X , ,100 102 101 −
1
s t

=X , ,100 101 100 −
1
s t

=X , ,101 102 100 −
1
s t

=X , ,100 101 102 −
1
s t

, , , , }

> Sol121:=subs(r=s*s/x,q=1/(s*m*t),p=1/(x*m*t*t),w=-(m*x*t)/s,Sol120);

Sol121 =Y ,2 2 1 =Y ,1 1 1 =Y ,1 2 1 =Y ,2 1 1 =Y ,2 100 s t =Y ,1 100 s t =Y ,100 1
1
s t

=Y ,102 2
1
s t

=Y ,2 101 s t =Y ,100 2
1
s t

, , , , , , , , , ,{ := 

=Y ,101 1
1
s t

=Y ,1 101 s t =Y ,102 1
1
s t

=Y ,1 102 s t =Y ,2 102 s t =Y ,101 2
1
s t

=Y ,102 100 ( )RootOf +1 _Z2 =Y ,100 100 ( )RootOf +1 _Z2, , , , , , , ,

=Y ,101 102 ( )RootOf +1 _Z2 =Y ,100 101 ( )RootOf +1 _Z2 =Y ,100 102 ( )RootOf +1 _Z2 =Y ,101 101 ( )RootOf +1 _Z2, , , ,
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=Y ,101 100 ( )RootOf +1 _Z2 =Y ,102 101 ( )RootOf +1 _Z2 =Y ,102 102 ( )RootOf +1 _Z2, , }

Rajout de la solution non trouvée par Maple correspondant aux solutions de la forme Sol121, mais avec un signe négatif devant 
les valeurs du type Y[10?,10?].

> Sol122:={Y[1,2] = 1, Y[2,1] = 1, Y[2,2] = 1, Y[2,100] = t*s, Y[102,1] = 1/t/s, 
Y[100,1] = 1/t/s, Y[102,2] = 1/t/s, Y[1,101] = t*s, Y[101,2] = 1/t/s, Y[1,100] = 
t*s, Y[2,102] = t*s, Y[101,1] = 1/t/s, Y[2,101] = t*s, Y[101,101] = - 
RootOf(1+_Z^2), Y[102,100] = - RootOf(1+_Z^2), Y[100,100] = - RootOf(1+_Z^2), 
Y[101,102] = - RootOf(1+_Z^2), Y[100,101] = - RootOf(1+_Z^2), Y[100,102] = - 
RootOf(1+_Z^2), Y[101,100] = - RootOf(1+_Z^2), Y[102,101] = - RootOf(1+_Z^2), 
Y[102,102] = - RootOf(1+_Z^2), Y[1,1] = 1, Y[100,2] = 1/t/s, Y[1,102] = t*s};

Sol122 =Y ,100 102 − ( )RootOf +1 _Z2 =Y ,101 100 − ( )RootOf +1 _Z2 =Y ,102 101 − ( )RootOf +1 _Z2, , ,{ := 

=Y ,102 102 − ( )RootOf +1 _Z2 =Y ,1 1 1 =Y ,100 2
1
t s

=Y ,1 102 s t =Y ,1 2 1 =Y ,2 1 1 =Y ,2 2 1 =Y ,2 100 s t =Y ,102 1
1
t s

=Y ,100 1
1
t s

, , , , , , , , , ,

=Y ,102 2
1
t s

=Y ,1 101 s t =Y ,101 2
1
t s

=Y ,1 100 s t =Y ,2 102 s t =Y ,101 1
1
t s

=Y ,2 101 s t =Y ,101 101 − ( )RootOf +1 _Z2, , , , , , , ,

=Y ,102 100 − ( )RootOf +1 _Z2 =Y ,100 100 − ( )RootOf +1 _Z2 =Y ,101 102 − ( )RootOf +1 _Z2 =Y ,100 101 − ( )RootOf +1 _Z2, , , }

#   Solution du Type 2 :   
> Sol1b2:
> temp:=subs(r=s*s/x,Sol1b2):
> Sol1b2:=enleve(temp);

Sol1b2 =X , ,1 102 2 %1 =X , ,2 101 1 %1 =X , ,2 100 2 ( )RootOf + +_Z2 _Z 1 =X , ,1 101 2 %1 =X , ,1 100 2 %1 =X , ,2 100 1 %1, , , , , ,{ := 

=X , ,2 102 2 ( )RootOf + +_Z2 _Z 1 =X , ,1 101 1 ( )RootOf + +_Z2 _Z 1 =X , ,2 101 2 ( )RootOf + +_Z2 _Z 1, , ,

=X , ,1 100 1 ( )RootOf + +_Z2 _Z 1 =X , ,2 102 1 %1 =X , ,1 102 1 ( )RootOf + +_Z2 _Z 1 =X , ,101 2 1
s2

x
=X , ,102 2 1

s2

x
=X , ,102 1 2

s2

x
, , , , , ,

=X , ,101 1 2
s2

x
=X , ,100 2 1

s2

x
=X , ,100 1 2

s2

x
=X , ,2 1 100 t2 x =X , ,2 1 101 t2 x =X , ,1 2 101 t2 x =X , ,1 2 102 t2 x =X , ,1 2 100 t2 x =X , ,2 1 102 t2 x, , , , , , , , ,

=X , ,1 1 102 t =X , ,102 2 2 s =X , ,2 2 101 t =X , ,1 1 100 t =X , ,1 1 101 t =X , ,2 2 102 t =X , ,2 2 100 t =X , ,101 1 1 s =X , ,100 1 1 s =X , ,101 2 2 s, , , , , , , , , ,
=X , ,100 2 2 s =X , ,102 1 1 s, }

 := %1 − −1 ( )RootOf + +_Z2 _Z 1
> temp:=subs(r=s*s/x,Sol2b2):
> temp:=subs(q=1/(s*m*t),temp):
> temp:=subs(p=1/(m*x*t*t),temp):
> Sol2b2:=enleve(temp);

Sol2b2 =X , ,2 101 100 m =X , ,2 100 101
1
t

=X , ,2 101 102
1
t

=X , ,1 101 100
1
t

=X , ,1 100 102
1
t

=X , ,1 102 101
1
t

=X , ,2 102 100
1
t

=X , ,2 102 101 m, , , , , , , ,{ := 

=X , ,2 100 102 m =X , ,1 100 101 m =X , ,1 102 100 m =X , ,1 101 102 m =X , ,102 2 100 s t =X , ,101 1 100 s t =X , ,100 1 102 s t =X , ,101 2 102 s t, , , , , , , ,

=X , ,100 102 1
1
s

=X , ,101 102 2
1
s

=X , ,102 101 1
1
s

=X , ,100 101 2
1
s

=X , ,102 100 2
1
s

=X , ,101 100 1
1
s

=X , ,101 1 102 %1 =X , ,101 2 101 %2, , , , , , , ,

=X , ,101 102 1
1

s m t
=X , ,100 101 1

1
s m t

=X , ,101 100 2
1

s m t
=X , ,102 100 1

1
s m t

=X , ,100 102 2
1

s m t
=X , ,102 101 2

1
s m t

=X , ,102 1 101 s t, , , , , , ,

=X , ,100 2 101 s t =X , ,101 1 101 %2 =X , ,102 1 102 %2 =X , ,101 2 100 %1 =X , ,102 2 102 %2 =X , ,100 1 100 %2 =X , ,100 2 100 %2 =X , ,102 1 100 %1, , , , , , , ,

=X , ,102 2 101 %1 =X , ,100 1 101 %1 =X , ,100 2 102 %1 =X , ,1 102 102
1

m x t2 =X , ,1 100 100
1

m x t2 =X , ,2 101 101
1

m x t2 =X , ,2 100 100
1

m x t2, , , , , , ,

=X , ,2 102 102
1

m x t2 =X , ,1 101 101
1

m x t2 =X , ,101 101 2
t m x

s
=X , ,100 100 1

t m x

s
=X , ,102 102 1

t m x

s
=X , ,100 100 2

t m x

s
, , , , , ,

=X , ,101 101 1
t m x

s
=X , ,102 102 2

t m x

s
, }

 := %1 s t ( )RootOf + +_Z2 _Z 1
 := %2 −( )+1 ( )RootOf + +_Z2 _Z 1 s t

> temp:=subs(r=s*s/x,q=1/(s*m*t),p=1/(x*m*t*t),Sol3b21):
> temp:=subs(w=(x*m*t)/s,temp):
> Sol3b21:=enleve(temp);

Sol3b21 =X , ,100 100 100 1 =X , ,101 101 101 1 =X , ,102 102 102 1 =X , ,101 100 100
1

m x t2 =X , ,101 102 102
1

m x t2 =X , ,100 101 101
1

m x t2, , , , , ,{ := 

=X , ,102 100 100
1

m x t2 =X , ,100 102 102
1

m x t2 =X , ,102 101 101
1

m x t2 =X , ,101 101 102
t m x

s
=X , ,100 100 102

t m x

s
=X , ,101 101 100

t m x

s
, , , , , ,

=X , ,100 100 101
t m x

s
=X , ,102 102 100

t m x

s
=X , ,102 102 101

t m x

s
=X , ,100 101 100

( )RootOf + +_Z2 _Z 1
s t

=X , ,101 100 102 %1, , , , ,

=X , ,102 100 101 %1 =X , ,101 102 101
( )RootOf + +_Z2 _Z 1

s t
=X , ,100 102 100

( )RootOf + +_Z2 _Z 1
s t

=X , ,101 102 100 %1, , , ,

=X , ,102 100 102
( )RootOf + +_Z2 _Z 1

s t
=X , ,100 102 101 %1 =X , ,102 101 102

( )RootOf + +_Z2 _Z 1
s t

, , ,

=X , ,101 100 101
( )RootOf + +_Z2 _Z 1

s t
=X , ,100 101 102 %1 =X , ,102 101 100 %1, , }

 := %1 −
+1 ( )RootOf + +_Z2 _Z 1

t s
> Sol211:=subs(r=s*s/x,q=1/(s*m*t),p=1/(x*m*t*t),w=(m*x*t)/s,Sol211);

Sol211 =Y ,102 102 −%16 =Y ,2 2 %18 =Y ,101 100 %1 =Y ,1 2 %14 =Y ,100 101 −%14 =Y ,100 102 ( )RootOf + +_Z2 _Z 1 %15, , , , , ,{ := 

=Y ,101 102 ( )RootOf + +_Z2 _Z 1 %15 =Y ,102 101 ( )RootOf + +_Z2 _Z 1 %15 =Y ,100 100 ( )RootOf + +_Z2 _Z 1 %1, , ,

=Y ,101 101 − ( )RootOf + +_Z2 _Z 1 %14 =Y ,2 1 %14 =Y ,1 1 %12 =Y ,102 100 %1 =Y ,2 102 ( )RootOf + +_Z2 _Z 1
2

s t %14, , , , ,

=Y ,101 1
%14

( )RootOf + +_Z2 _Z 1 s t
=Y ,2 100 %2 =Y ,102 1

%14

( )RootOf + +_Z2 _Z 1 s t
=Y ,1 100 ( )RootOf + +_Z2 _Z 1

2
s t %14, , , ,

=Y ,102 2
%14

( )RootOf + +_Z2 _Z 1 s t
=Y ,2 101 %2 =Y ,1 102 %2 =Y ,1 101 %2 =Y ,101 2 −

%1
( )RootOf + +_Z2 _Z 1 s t

, , , , ,

=Y ,100 1 −
%1

( )RootOf + +_Z2 _Z 1 s t
=Y ,100 2 −

%1
( )RootOf + +_Z2 _Z 1 s t

, }

 := %1 +1 ( )RootOf + +_Z2 _Z 1
 := %2 s t ( )RootOf + +_Z2 _Z 1

> Sol212:=subs(r=s*s/x,q=1/(s*m*t),p=1/(x*m*t*t),w=(m*x*t)/s,Sol212);

Sol212 =Y ,2 2 %18 =Y ,1 2 %14 =Y ,2 1 %14 =Y ,1 1 %12 =Y ,2 102 ( )RootOf + +_Z2 _Z 1
2

s t %14, , , , ,{ := 

=Y ,101 1
%14

( )RootOf + +_Z2 _Z 1 s t
=Y ,2 100 %2 =Y ,102 1

%14

( )RootOf + +_Z2 _Z 1 s t
=Y ,1 100 ( )RootOf + +_Z2 _Z 1

2
s t %14, , , ,

=Y ,102 2
%14

( )RootOf + +_Z2 _Z 1 s t
=Y ,2 101 %2 =Y ,1 102 %2 =Y ,1 101 %2 =Y ,101 2 −

%1
( )RootOf + +_Z2 _Z 1 s t

, , , , ,

=Y ,100 1 −
%1

( )RootOf + +_Z2 _Z 1 s t
=Y ,100 2 −

%1
( )RootOf + +_Z2 _Z 1 s t

=Y ,100 100 − ( )RootOf + +_Z2 _Z 1 %1, , ,

=Y ,101 101 ( )RootOf + +_Z2 _Z 1 %14 =Y ,100 101 %14 =Y ,100 102 − ( )RootOf + +_Z2 _Z 1 %15, , ,

=Y ,101 102 − ( )RootOf + +_Z2 _Z 1 %15 =Y ,102 101 − ( )RootOf + +_Z2 _Z 1 %15 =Y ,102 102 %16, , ,
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=Y ,101 100 − −1 ( )RootOf + +_Z2 _Z 1 =Y ,102 100 − −1 ( )RootOf + +_Z2 _Z 1, }

 := %1 +1 ( )RootOf + +_Z2 _Z 1
 := %2 s t ( )RootOf + +_Z2 _Z 1

> temp:=subs(r=s*s/x,q=1/(s*m*t),p=1/(x*m*t*t),Sol3b22):
> temp:=subs(w=-(m*x*t)/s,temp):
> Sol3b22:=enleve(temp);

Sol3b22 =X , ,100 100 100 -1 =X , ,101 101 101 -1 =X , ,102 102 102 -1 =X , ,101 100 100 −
1

m x t2 =X , ,102 100 100 −
1

m x t2, , , , ,{ := 

=X , ,100 102 102 −
1

m x t2 =X , ,101 102 102 −
1

m x t2 =X , ,102 101 101 −
1

m x t2 =X , ,100 101 101 −
1

m x t2 =X , ,100 100 101 −
t m x

s
, , , , ,

=X , ,102 102 100 −
t m x

s
=X , ,102 102 101 −

t m x

s
=X , ,102 101 100 %2 =X , ,101 102 100 %2 =X , ,102 100 102 %1 =X , ,100 102 101 %2, , , , , ,

=X , ,102 101 102 %1 =X , ,101 100 101 %1 =X , ,100 101 102 %2 =X , ,101 101 102 −
t m x

s
=X , ,100 100 102 −

t m x

s
=X , ,101 101 100 −

t m x

s
, , , , , ,

=X , ,100 101 100 %1 =X , ,101 100 102 %2 =X , ,102 100 101 %2 =X , ,101 102 101 %1 =X , ,100 102 100 %1, , , , }

 := %1 −
( )RootOf + +_Z2 _Z 1

s t

 := %2
+1 ( )RootOf + +_Z2 _Z 1

t s
> Sol221:=subs(r=s*s/x,q=1/(s*m*t),p=1/(x*m*t*t),w=-(m*x*t)/s,Sol220);

Sol221 =Y ,100 1
%24

( )RootOf + +_Z2 _Z 1 s t
=Y ,2 100 − ( )RootOf + +_Z2 _Z 1

2
s t %2 =Y ,2 102 %3 =Y ,1 100 %3 =Y ,102 2

%22

s t
, , , , ,{ := 

=Y ,101 1
%22

s t
=Y ,102 1 −

%2
( )RootOf + +_Z2 _Z 1 s t

=Y ,100 102 −%1 ( )RootOf + +_Z2 _Z 1 %2 =Y ,102 102 %22 %1, , , ,

=Y ,100 101 −%23 %1 =Y ,101 102 −%1 ( )RootOf + +_Z2 _Z 1 %2 =Y ,102 101 −%23 %1 =Y ,100 100 ( )RootOf + +_Z2 _Z 1 %1, , , ,

=Y ,101 101 − ( )RootOf + +_Z2 _Z 1 %23 %1 =Y ,101 100 %1 =Y ,2 2 ( )RootOf + +_Z2 _Z 1 =Y ,1 2 − −1 ( )RootOf + +_Z2 _Z 1, , , ,

=Y ,2 1 − −1 ( )RootOf + +_Z2 _Z 1 =Y ,2 101 %3 =Y ,1 102 %3 =Y ,1 101 %3 =Y ,101 2 −
%2

( )RootOf + +_Z2 _Z 1 s t
, , , , ,

=Y ,100 2 −
%2

( )RootOf + +_Z2 _Z 1 s t
=Y ,1 1 ( )RootOf + +_Z2 _Z 1 =Y ,102 100 %1, , }

 := %1 ( )RootOf +( )RootOf + +_Z2 _Z 1 _Z2

 := %2 +1 ( )RootOf + +_Z2 _Z 1
 := %3 s t ( )RootOf + +_Z2 _Z 1

Rajout de la solution non trouvée par Maple correspondant aux solutions de la forme Sol121, mais avec un signe négatif devant 
les valeurs du type Y[10?,10?].

> Sol222:={Y[100,102] = 
RootOf(RootOf(_Z^2+_Z+1)+_Z^2)*RootOf(_Z^2+_Z+1)*(1+RootOf(_Z^2+_Z+1)), Y[102,102] = 
-(1+RootOf(_Z^2+_Z+1))^2*RootOf(RootOf(_Z^2+_Z+1)+_Z^2), Y[100,101] = 
(1+RootOf(_Z^2+_Z+1))^3*RootOf(RootOf(_Z^2+_Z+1)+_Z^2), Y[102,100] = 
-RootOf(RootOf(_Z^2+_Z+1)+_Z^2), Y[101,102] = 
RootOf(RootOf(_Z^2+_Z+1)+_Z^2)*RootOf(_Z^2+_Z+1)*(1+RootOf(_Z^2+_Z+1)), Y[102,101] = 
(1+RootOf(_Z^2+_Z+1))^3*RootOf(RootOf(_Z^2+_Z+1)+_Z^2), Y[100,100] = 
-RootOf(_Z^2+_Z+1)*RootOf(RootOf(_Z^2+_Z+1)+_Z^2), Y[101,101] = 
RootOf(_Z^2+_Z+1)*(1+RootOf(_Z^2+_Z+1))^3*RootOf(RootOf(_Z^2+_Z+1)+_Z^2), Y[101,100] 
= -RootOf(RootOf(_Z^2+_Z+1)+_Z^2), Y[2,2] = RootOf(_Z^2+_Z+1), Y[1,2] = 

= -RootOf(RootOf(_Z^2+_Z+1)+_Z^2), Y[2,2] = RootOf(_Z^2+_Z+1), Y[1,2] = 
-1-RootOf(_Z^2+_Z+1), Y[2,1] = -1-RootOf(_Z^2+_Z+1), Y[1,102] = 
RootOf(_Z^2+_Z+1)*t*s, Y[100,2] = -(1+RootOf(_Z^2+_Z+1))/RootOf(_Z^2+_Z+1)/t/s, 
Y[1,101] = RootOf(_Z^2+_Z+1)*t*s, Y[101,2] = 
-(1+RootOf(_Z^2+_Z+1))/RootOf(_Z^2+_Z+1)/t/s, Y[100,1] = 
(1+RootOf(_Z^2+_Z+1))^4/RootOf(_Z^2+_Z+1)/t/s, Y[2,100] = 
-RootOf(_Z^2+_Z+1)^2*t*s*(1+RootOf(_Z^2+_Z+1)), Y[2,102] = RootOf(_Z^2+_Z+1)*t*s, 
Y[102,2] = (1+RootOf(_Z^2+_Z+1))^2/t/s, Y[101,1] = (1+RootOf(_Z^2+_Z+1))^2/t/s, 
Y[102,1] = -(1+RootOf(_Z^2+_Z+1))/RootOf(_Z^2+_Z+1)/t/s, Y[2,101] = 
RootOf(_Z^2+_Z+1)*t*s, Y[1,100] = RootOf(_Z^2+_Z+1)*t*s, Y[1,1] = 
RootOf(_Z^2+_Z+1)};

> 

Sol222 =Y ,100 1
%14

( )RootOf + +_Z2 _Z 1 s t
=Y ,2 100 − ( )RootOf + +_Z2 _Z 1

2
s t %1 =Y ,2 102 %2 =Y ,1 100 %2 =Y ,102 2

%12

s t
, , , , ,{ := 

=Y ,101 1
%12

s t
=Y ,102 1 −

%1
( )RootOf + +_Z2 _Z 1 s t

=Y ,100 102 %3 ( )RootOf + +_Z2 _Z 1 %1 =Y ,102 102 −%12 %3, , , ,

=Y ,100 101 %13 %3 =Y ,102 100 −%3 =Y ,101 102 %3 ( )RootOf + +_Z2 _Z 1 %1 =Y ,102 101 %13 %3, , , ,

=Y ,100 100 − ( )RootOf + +_Z2 _Z 1 %3 =Y ,101 101 ( )RootOf + +_Z2 _Z 1 %13 %3 =Y ,101 100 −%3 =Y ,2 2 ( )RootOf + +_Z2 _Z 1, , , ,

=Y ,1 2 − −1 ( )RootOf + +_Z2 _Z 1 =Y ,2 1 − −1 ( )RootOf + +_Z2 _Z 1 =Y ,2 101 %2 =Y ,1 102 %2 =Y ,1 101 %2, , , , ,

=Y ,101 2 −
%1

( )RootOf + +_Z2 _Z 1 s t
=Y ,100 2 −

%1
( )RootOf + +_Z2 _Z 1 s t

=Y ,1 1 ( )RootOf + +_Z2 _Z 1, , }

 := %1 +1 ( )RootOf + +_Z2 _Z 1
 := %2 s t ( )RootOf + +_Z2 _Z 1
 := %3 ( )RootOf +( )RootOf + +_Z2 _Z 1 _Z2

> save 
Sol0b,Sol1b1,Sol2b1,Sol3b11,Sol111,Sol112,Sol3b12,Sol121,Sol122,Sol1b2,Sol2b2,Sol3b2
1,Sol211,Sol212,Sol3b22,Sol221,Sol222, ‘solsimp3u.m‘;

# On vérifie que les solutions sont effectivement des solutions. 
> read(‘travail.m‘);read(‘solsimp3u.m‘);read(‘equation3u.m‘);
> verif:=proc(temp) local i,test;for i from 1 to nops(temp) do if 
evalc(convert(temp[i],radical)) then test:=1 else test:=0;print(’FAUX’);break 
fi;od;if test=1 then print(’Correct’) fi;end:

> temp:=subs(Sol0b,Sol1b1,Sol2b1,Sol3b11,{op(D0b2),op(D1b2),op(D2b2),op(D3b2)}):verif(
temp);

Correct
> temp1:=subs(Sol0b,Sol1b1,Sol2b1,Sol3b12,{op(D0b2),op(D1b2),op(D2b2),op(D3b2)}):verif
(temp1);

Correct
> temp2:=subs(Sol0b,Sol1b2,Sol2b2,Sol3b21,{op(D0b2),op(D1b2),op(D2b2),op(D3b2)}):verif
(temp2);

Correct
> temp3:=subs(Sol0b,Sol1b2,Sol2b2,Sol3b22,{op(D0b2),op(D1b2),op(D2b2),op(D3b2)}):verif
(temp3);

Correct
> Equa11:=subs(Sol0b,Sol1b1,Sol2b1,Sol3b11,Equan):temp:=subs(Sol111,Equa11):verif(temp
);

Correct
> temp:=subs(Sol112,Equa11):verif(temp);

Correct
> Equa12:=subs(Sol0b,Sol1b1,Sol2b1,Sol3b12,Equan):temp:=subs(Sol121,Equa12):verif(temp
);

Correct
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> temp:=subs(Sol122,Equa12):verif(temp);

Correct
> Equa21:=subs(Sol0b,Sol1b2,Sol2b2,Sol3b21,Equan):temp:=subs(Sol211,Equa21):verif(temp
);

Correct
> temp:=subs(Sol212,Equa21):verif(temp);

Correct
> Equa22:=subs(Sol0b,Sol1b2,Sol2b2,Sol3b22,Equan):temp:=subs(Sol221,Equa22):verif(temp
);

Correct
> temp:=subs(Sol222,Equa22):verif(temp);

Correct

Feuille de calcul :
cobord?.?.?.mws

Détermine si la solution P.Q.R est un cobord. 

#Initialisation des variables.
> restart;n:=3:read ‘solsimp3u.m‘;
#Procédure pour réduire les solutions(enlève les égalité du type l=l)
> enleve:=proc(EXP) local d,temp,temp1,temp2;temp:=EXP;d:=0;do d:=d+1; if d>nops(temp) 
then break else if temp[d] then 
temp1:=op(temp[1..d-1]);temp2:=op(temp[d+1..nops(temp)]);temp:={temp1,temp2};d:=0 
fi;fi;od;RETURN(temp);end:

#Assigne à chaque inconnue la valeur de la solution.

> for i from 1 to nops(Sol0b) do assign(Sol0b[i]) od;
> for i from 1 to nops(Sol1bP) do assign(Sol1bP[i]) od;
> for i from 1 to nops(Sol2bP) do assign(Sol2bP[i]) od;
> for i from 1 to nops(Sol3bPQ) do assign(Sol3bPQ[i]) od;
> for i from 1 to nops(SolPQR) do assign(SolPQR[i]) od;
> for i from 0 to n-1 do X[i,0,0]:=1;X[0,i,0]:=1;X[0,0,i]:=1;Y[i,0]:=1;Y[0,i]:=1 od:
> for i from 0 to n-1 do 
X[100+i,0,0]:=1;X[0,100+i,0]:=1;X[0,0,100+i]:=1;Y[100+i,0]:=1;Y[0,100+i]:=1 od:

> for i from 1 to n-1 do for j from 1 to n-1 do X[i,j,0]:=1;X[i,0,j]:=1;X[0,i,j]:=1 
od;od;

> for i from 0 to n-1 do for j from 1 to n-1 do 
X[i+100,j,0]:=1;X[i+100,0,j]:=1;X[0,i+100,j]:=1;X[j,i+100,0]:=1;X[j,0,i+100]:=1;X[0,
j,i+100]:=1 od;od;

> for i from 0 to n-1 do for j from 0 to n-1 do 
X[i+100,j+100,0]:=1;X[i+100,0,j+100]:=1;X[0,i+100,j+100]:=1 od;od;

#Ecriture des procédures  pour les équations d’existence d’un cobord pour ce cocycle.

> aaa:=proc(n,p,q,r) local Z;Z:=evaln(Z);Z:=X[q,r]*(1/X[(p+q mod n),r])*X[p,(q+r mod 
n)]*(1/X[p,q])=X[p,q,r];end:

> aab:=proc(n,p,q,r) local Z,u,v;u:=q+r-100 mod n;Z:=evaln(Z);Z:=X[q,r]*(1/X[(p+q mod 
n),r])*X[p,100+u]*(1/X[p,q])=X[p,q,r];end:

> aba:=proc(n,p,q,r) local Z,u,v;u:=q+p-100 mod n;v:=n-r+q-100 mod 

> aba:=proc(n,p,q,r) local Z,u,v;u:=q+p-100 mod n;v:=n-r+q-100 mod 
n;Z:=evaln(Z);Z:=X[q,r]*(1/X[100+u,r])*X[p,100+v]*(1/X[p,q])=X[p,q,r];end:

> baa:=proc(n,p,q,r) local Z,u;u:=p+n-q-100 mod 
n;Z:=evaln(Z);Z:=X[q,r]*(1/X[100+u,r])*X[p,(q+r mod n)]*(1/X[p,q])=X[p,q,r];end:

> abb:=proc(n,p,q,r) local Z,u,v;u:=p+q-100 mod n;v:=q-100+n-r+100 mod 
n;Z:=evaln(Z);Z:=X[q,r]*(1/X[u+100,r])*X[p,v]*(1/X[p,q])=X[p,q,r];end:

> bab:=proc(n,p,q,r) local Z,u,v;u:=(p-100)+n-q mod n;v:=r-100+q mod 
n;Z:=evaln(Z);Z:=X[q,r]*(1/X[u+100,r])*X[p,v+100]*(1/X[p,q])=X[p,q,r];end:

> bba:=proc(n,p,q,r) local Z,u,v;u:=p-100+n-q+100 mod n;v:=q-100+n-r mod 
n;Z:=evaln(Z);Z:=X[q,r]*(1/X[u,r])*X[p,v+100]*(1/X[p,q])=X[p,q,r];end:

> bbb:=proc(n,p,q,r) local Z,u,v;u:=p-100+n-q+100 mod n;v:=q-100+n-r+100 mod 
n;Z:=evaln(Z);Z:=X[q,r]*(1/X[u,r])*X[p,v]*(1/X[p,q])=X[p,q,r];end:

> aa:=proc(n,p,q) local Z;Z:=evaln(Z);Z:=X[p,q]*1/X[q,p]=Y[p,q];end:
> ab:=proc(n,p,q) local Z,u;u:=n-p mod n;Z:=X[p,q]*1/X[q,u]=Y[p,q];end:
> ba:=proc(n,p,q) local Z,u;u:=2*(n-q)+p-100 mod n;Z:=X[p,q]*1/X[q,u+100]=Y[p,q];end:
> bb:=proc(n,p,q) local Z,u;u:=2*(q-100)+n-p+100 mod 
n;Z:=X[p,q]*1/X[q,u+100]=Y[p,q];end:

> conj2:=proc(n,gt,xt,yt) local 
xt1,yt1,Z,temp;Z:=evaln(Z);xt1:=evaln(xt1);yt1:=evaln(yt1);if xt<=n-1 then if 
gt<=n-1 then xt1:=xt; else xt1:=n-xt mod n; fi;else if gt<=n-1 then 
temp:=2*(n-gt)+xt-100 mod n;xt1:=100+temp; else temp:=2*gt-xt-100 mod 
n;xt1:=100+temp;fi;fi;if yt<=n-1 then if gt<=n-1 then yt1:=yt; else yt1:=n-yt mod n; 
fi;else if gt<=n-1 then temp:=2*(n-gt)+yt-100 mod n;yt1:=100+temp; else 
temp:=2*gt-yt-100 mod n;yt1:=100+temp;fi;fi;Z:=(1/X[xt,yt])*X[xt1,yt1]=1;end:

#Equations d’existence d’un cobord pour la solution de type P.Q.

> Norma2:=X[0,0]=1:CoD0b1:=0=0:CoD1b1:=0=0:CoD2b1:=0=0:CoD3b1:=0=0:Equacob:=1=1:
> for i from 0 to n-1 do Norma2:=Norma2,X[100+i,0]=1,X[0,100+i]=1 od:
> for i from 1 to n-1 do Norma2:=Norma2,X[i,0]=1,X[0,i]=1 od:
> for i from 0 to n-1 do for j from 0 to n-1 do for k from 0 to n-1 do 
CoD0b1:=CoD0b1,aaa(n,i,j,k),conj2(n,i,j,k),conj2(n,i+100,j,k) od;od;od;

> for i from 0 to n-1 do for j from 0 to n-1 do CoD0b1:=CoD0b1,aa(n,i,j) od;od;
> for i from 0 to n-1 do for j from 0 to n-1 do for k from 0 to n-1 do 
CoD1b1:=CoD1b1,aab(n,i,j,k+100),aba(n,i,j+100,k),baa(n,i+100,j,k),conj2(n,i,j+100,k)
,conj2(n,i+100,j+100,k),conj2(n,i,j,k+100),conj2(n,i+100,j,k+100) od;od;od;

> for i from 0 to n-1 do for j from 0 to n-1 do 
CoD1b1:=CoD1b1,ab(n,i,j+100),ba(n,i+100,j) od;od;

> for i from 0 to n-1 do for j from 0 to n-1 do for k from 0 to n-1 do 
CoD2b1:=CoD2b1,abb(n,i,j+100,k+100),bab(n,i+100,j,k+100),bba(n,i+100,j+100,k),bbb(n,
i+100,j+100,k+100),conj2(n,i,j+100,k+100),conj2(n,i+100,j+100,k+100) od;od;od;

> for i from 0 to n-1 do for j from 0 to n-1 do CoD2b1:=CoD2b1,bb(n,i+100,j+100) 
od;od;

> CoD0b2:=subs({Norma2},{CoD0b1}):
> CoD1b2:=subs({Norma2},{CoD1b1}):
> CoD2b2:=subs({Norma2},{CoD2b1}):

Pour chaque type de 3-cocycle quasi-abélien trouvé, on crée une feuille de calcul avec la màme en-tàte. On trouve alors les 
résultats suivants :

#Résolution des équations de cobord. Cas 1.1.1; c’est un cobord.
> solve(CoD0b2);

{ }, , , ,=X ,1 2 X ,2 1 =X ,1 1 X ,2 2 =x
X ,2 2

2

X ,2 1
=X ,2 2 X ,2 2 =X ,2 1 X ,2 1

> Solco0b:={X[2,2]=a,X[1,1]=a,X[2,1]=a^2/x,X[1,2]=a^2/x};

 := Solco0b { }, , ,=X ,2 2 a =X ,1 1 a =X ,2 1
a2

x
=X ,1 2

a2

x
> CoD1b3:=subs(Solco0b,CoD1b2):
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> Solbis:=solve(CoD1b3);

Solbis =X ,1 100 X ,101 1 s t =X ,100 1 X ,101 1 =X ,100 2 X ,101 1 =X ,2 102 X ,101 1 s t =X ,101 2 X ,101 1 =X ,102 2 X ,101 1 =X ,1 101 X ,101 1 s t, , , , , , ,{ := 
=X ,1 102 X ,101 1 s t =X ,2 100 X ,101 1 s t =X ,2 101 X ,101 1 s t =X ,102 1 X ,101 1 =x x =t t =s s =X ,101 1 X ,101 1 =a s X ,101 1, , , , , , , , }

> temp:={X[101,1]=a/s,op(subs(X[101,1]=a/s,Solbis))}:
> Solco1b:=enleve(temp);

Solco1b =X ,101 1
a

s
=X ,1 100 a t =X ,100 1

a

s
=X ,100 2

a

s
=X ,2 102 a t =X ,101 2

a

s
=X ,102 2

a

s
=X ,1 101 a t =X ,1 102 a t, , , , , , , , ,{ := 

=X ,2 100 a t =X ,2 101 a t =X ,102 1
a

s
, , }

> CoD2b3:=subs(Solco0b,Solco1b,CoD2b2):
> Solbis:=solve(CoD2b3);

Solbis =m m =X ,102 100 X ,101 102 =X ,102 102 X ,101 101 =X ,101 101 X ,101 101 =X ,101 102 X ,101 102 =X ,100 100 X ,101 101 =a
t x m X ,101 101

X ,101 102
, , , , , , ,{ := 

=X ,100 101 X ,101 102 =X ,102 101 X ,101 102 =X ,100 102 X ,101 102 =X ,101 100 X ,101 102 =x x =t t =s s, , , , , , }

#Résolution des équations de cobord. Cas 1.1.2; on ne peut pas conclure.

> solve(CoD0b2);

{ }, , , ,=X ,1 2 X ,2 1 =X ,2 2 X ,1 1 =x
X ,1 1

2

X ,2 1
=X ,1 1 X ,1 1 =X ,2 1 X ,2 1

> Solco0b:={X[2,2]=a,X[1,1]=a,X[2,1]=a^2/x,X[1,2]=a^2/x};

 := Solco0b { }, , ,=X ,2 2 a =X ,1 1 a =X ,2 1
a2

x
=X ,1 2

a2

x
> CoD1b3:=subs(Solco0b,CoD1b2):
> Solbis:=solve(CoD1b3);

Solbis =X ,2 101 X ,100 2 s t =X ,101 2 X ,100 2 =X ,2 100 X ,100 2 s t =a X ,100 2 s =X ,2 102 X ,100 2 s t =X ,1 102 X ,100 2 s t =X ,1 101 X ,100 2 s t, , , , , , ,{ := 
=X ,102 1 X ,100 2 =X ,102 2 X ,100 2 =X ,100 2 X ,100 2 =t t =s s =x x =X ,100 1 X ,100 2 =X ,1 100 X ,100 2 s t =X ,101 1 X ,100 2, , , , , , , , }

> temp:={X[100,2]=a/s,op(subs(X[100,2]=a/s,Solbis))}:
> Solco1b:=enleve(temp);

Solco1b =X ,100 2
a

s
=X ,2 101 a t =X ,101 2

a

s
=X ,2 100 a t =X ,2 102 a t =X ,1 102 a t =X ,1 101 a t =X ,102 1

a

s
=X ,102 2

a

s
, , , , , , , , ,{ := 

=X ,100 1
a

s
=X ,1 100 a t =X ,101 1

a

s
, , }

> CoD2b3:=subs(Solco0b,Solco1b,CoD2b2):
> Solbis:=solve(CoD2b3);

 := Solbis

#Résolution des équations de cobord. Cas 1.2.1; on ne peut pas conclure.

> solve(CoD0b2);

{ }, , , ,=X ,2 2 X ,1 1 =X ,2 1

X ,1 1
2

x
=X ,1 1 X ,1 1 =x x =X ,1 2

X ,1 1
2

x
> Solco0b:={X[2,2]=a,X[1,1]=a,X[2,1]=a^2/x,X[1,2]=a^2/x};

 := Solco0b { }, , ,=X ,2 2 a =X ,1 1 a =X ,2 1
a2

x
=X ,1 2

a2

x
> CoD1b3:=subs(Solco0b,CoD1b2):

> Solbis:=solve(CoD1b3);

Solbis =X ,2 100 X ,100 2 s t =x x =X ,1 101 X ,100 2 s t =X ,101 1 X ,100 2 =X ,101 2 X ,100 2 =X ,102 2 X ,100 2 =X ,1 102 X ,100 2 s t =a X ,100 2 s, , , , , , , ,{ := 
=X ,100 1 X ,100 2 =X ,102 1 X ,100 2 =X ,2 101 X ,100 2 s t =X ,2 102 X ,100 2 s t =X ,1 100 X ,100 2 s t =X ,100 2 X ,100 2 =t t =s s, , , , , , , }

> temp:={X[100,2]=a/s,op(subs(X[100,2]=a/s,Solbis))}:
> Solco1b:=enleve(temp);

Solco1b =X ,100 2
a

s
=X ,2 101 a t =X ,101 2

a

s
=X ,2 100 a t =X ,2 102 a t =X ,1 102 a t =X ,1 101 a t =X ,102 1

a

s
=X ,102 2

a

s
, , , , , , , , ,{ := 

=X ,100 1
a

s
=X ,1 100 a t =X ,101 1

a

s
, , }

> CoD2b3:=subs(Solco0b,Solco1b,CoD2b2):
> Solbis:=solve(CoD2b3);

 := Solbis

#Résolution des équations de cobord. Cas 1.2.2; on ne peux pas conclure.

> solve(CoD0b2);

{ }, , , ,=X ,2 1 X ,1 2 =X ,2 2 X ,1 1 =X ,1 1 X ,1 1 =X ,1 2 X ,1 2 =x
X ,1 1

2

X ,1 2

> Solco0b:={X[2,2]=a,X[1,1]=a,X[2,1]=a^2/x,X[1,2]=a^2/x};

 := Solco0b { }, , ,=X ,2 2 a =X ,1 1 a =X ,1 2
a2

x
=X ,2 1

a2

x
> CoD1b3:=subs(Solco0b,CoD1b2):
> Solbis:=solve(CoD1b3);

Solbis =X ,100 1 X ,101 1 =X ,2 100 s t X ,101 1 =X ,102 2 X ,101 1 =a s X ,101 1 =X ,102 1 X ,101 1 =X ,1 100 s t X ,101 1 =X ,1 101 s t X ,101 1, , , , , , ,{ := 
=X ,1 102 s t X ,101 1 =X ,2 102 s t X ,101 1 =X ,2 101 s t X ,101 1 =s s =x x =t t =X ,101 1 X ,101 1 =X ,100 2 X ,101 1 =X ,101 2 X ,101 1, , , , , , , , }

> temp:={X[101,1]=a/s,op(subs(X[101,1]=a/s,Solbis))}:
> Solco1b:=enleve(temp);

Solco1b =X ,100 2
a

s
=X ,2 101 a t =X ,101 2

a

s
=X ,2 100 a t =X ,2 102 a t =X ,1 102 a t =X ,1 101 a t =X ,102 1

a

s
=X ,102 2

a

s
, , , , , , , , ,{ := 

=X ,100 1
a

s
=X ,1 100 a t =X ,101 1

a

s
, , }

> CoD2b3:=subs(Solco0b,Solco1b,CoD2b2):
> Solbis:=solve(CoD2b3);

 := Solbis

#Résolution des équations de cobord. Cas 2.1.1; ce n’est pas un cobord.

> solve(CoD0b2);
> CoD0b2;

=1 1 =1 ( )RootOf + +_Z2 _Z 1 =
X ,2 1

X ,1 2
− −1 ( )RootOf + +_Z2 _Z 1 =

X ,2 2 X ,1 1

X ,1 2
x =

X ,1 1 X ,2 2

X ,2 1
x =

X ,1 2

X ,2 2 X ,1 1

1
x

, , , , , ,{

=
X ,2 1

X ,1 1 X ,2 2

1
x

=0 0 =
X ,1 1

X ,2 2
1 =

X ,1 2

X ,2 1
1 =

X ,2 1

X ,1 2
1 =

X ,2 2

X ,1 1
1 =

X ,1 2

X ,2 1
− −1 ( )RootOf + +_Z2 _Z 1, , , , , , }

#Résolution des équations de cobord. Cas 2.1.2; ce n’est pas un cobord.

> solve(CoD0b2);
> CoD0b2;
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=1 1 =0 0 =
X ,1 2

X ,2 1
1 =

X ,2 2

X ,1 1
1 =

X ,2 1

X ,1 2
1 =

X ,1 1

X ,2 2
1 =

X ,2 1

X ,1 2
− −1 ( )RootOf + +_Z2 _Z 1 =1 ( )RootOf + +_Z2 _Z 1, , , , , , , ,{

=
X ,1 2

X ,2 1
− −1 ( )RootOf + +_Z2 _Z 1 =

X ,1 2

X ,2 2 X ,1 1

1
x

=
X ,2 2 X ,1 1

X ,1 2
x =

X ,2 1

X ,1 1 X ,2 2

1
x

=
X ,1 1 X ,2 2

X ,2 1
x, , , , }

#Résolution des équations de cobord. Cas 2.2.1; ce n’est pas un cobord.

> solve(CoD0b2);
> CoD0b2;

=0 0 =
X ,1 1

X ,2 2
1 =

X ,1 2

X ,2 1
1 =

X ,2 1

X ,1 2
1 =

X ,2 2

X ,1 1
1 =

X ,1 2

X ,2 1
− −1 ( )RootOf + +_Z2 _Z 1 =1 ( )RootOf + +_Z2 _Z 1, , , , , , ,{

=
X ,2 1

X ,1 2
− −1 ( )RootOf + +_Z2 _Z 1 =1 1 =

X ,2 2 X ,1 1

X ,1 2
x =

X ,1 2

X ,2 2 X ,1 1

1
x

=
X ,1 1 X ,2 2

X ,2 1
x =

X ,2 1

X ,1 1 X ,2 2

1
x

, , , , , }

#Résolution des équations de cobord. Cas 2.2.2; ce n’est pas un cobord.

> solve(CoD0b2);
> CoD0b2;

=
X ,1 2

X ,2 2 X ,1 1

1
x

=
X ,2 2 X ,1 1

X ,1 2
x =

X ,1 1 X ,2 2

X ,2 1
x =

X ,2 1

X ,1 1 X ,2 2

1
x

=0 0 =
X ,2 1

X ,1 2
1 =

X ,2 2

X ,1 1
1 =

X ,1 1

X ,2 2
1 =

X ,1 2

X ,2 1
1, , , , , , , , ,{

=
X ,2 1

X ,1 2
− −1 ( )RootOf + +_Z2 _Z 1 =1 ( )RootOf + +_Z2 _Z 1 =

X ,1 2

X ,2 1
− −1 ( )RootOf + +_Z2 _Z 1 =1 1, , , }

> 
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