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1 The example of P? blown up in 15 points

>
>

restart:
with(LinearAlgebra):

1.1 First definitions

>
>

restart:
with(LinearAlgebra):

The function f is the function ¢ of the text given in the affine coordinates (y, z).

>
>

f1:=(y,z)->(y*z"2)/(z2"2+y"3):
£2:=(y,z)->(2"3)/(z"2+y~3):



> fi:=(y,z2)->{f1(y,2z),f2(y,2)):
The inverse of f is denoted by g.

> gl:=(y,z)->y*z"2/(z"2-y"3):
> g2:=(y,z)->z"3/(z"2-y"3):
> gi=(y,z)->(gl(y,z),g2(y,z)):

We define the action of the matrix A in the coordinates (y, z), its inverse is B.

> A:=(y,z)->((-1+(1+alpha)*z)/(alpha+2* (1-alpha) *y+(2+alpha-alpha”2) *z) , (1-2%y+(1-alpha)*
z)/(alpha+2*(1-alpha)*y+(2+alpha-alpha”2)*z)) :

> B:=(y,z)->((1-y-(1+alpha)*z)/(1+alpha+(alpha-3)*y+(1-alpha”2)*z), (1+y+(1-alpha)*z)/(1+alpha+
(alpha-3)*y+(l-alpha2)*z)):

We define m = AfAfA and n = BgBgB.

ml:=(y,z)->op(1, [AE(A(£(A(y,2)))))]):
m2:=(y,z)->op(2, [A(f (A (A(y,z)))))]):
m:=(y,z)->mi(y,z), m2(y,z)):
ni:=(y,z)->op(1, [B(g(B(g(B(y,z)))))1):
n2:=(y,z)->op(2, [B(g(B(g(B(y,z)))))]1):
n:=(y,z)->(nl(y,z), n2(y,z)):
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1.2 The procedures to compute direct images of vector fields
1.2.1 The procedures champ

The procedure champl associates to a vector field Z the coordinates of the Taylor expansion of the vector field
A, Z in the following order: 9, y 9y, 29y, 0., y0s, 20, y* d,. The variable of the procedure is not the vector
field itself but a curve ¢ — M; whose the derivate at 0 is Z. For example, if Z = u(y, 2)0, + v(y, 2)0,, we can
take Mi(y, z) = (u(y, z) + ty,v(y, z) + tz).

champ1l :=proc (M)

local prod,res,resl,res2,u,v:

global resul,resu2,w:

prod:=unapply ([ (AQ(MGOB)) (y,z)],t):

res:=simplify(subs(t=0,diff (prod(t),t))):

resl:=unapply(op(1l,res), (y,z)):

res2:=unapply(op(2,res), (y,2z)):

resul:=[subs({y=0,z=0},res1(y,z)),subs({y=0,z=0},diff (resi(y,z),y)),subs({y=0,z=0},diff (
resi(y,z),z))]:

> resu2:=[subs({y=0,z=0},res2(y,z)),subs({y=0,2z=0},diff (res2(y,z),y)),subs({y=0,z=0},diff(
res2(y,z),z)) ,subs ({y=0,z=0},diff (diff (res2(y,z),y),y)/2)]:

> u:=op(resul):v:=op(resu2):

> w:=[u,v]:

> RETURN(convert (w,Vector))

> end:

VVVVVVYVYV

The procedure champ?2 associates to a vector field Z the coordinates of the Taylor expansion of the vector field
(¢pA); Z in the following order: 8y, y 0y, 20y, 0., y 0., 20, y* 0,.

champ?2:=proc (M)

local prod,res,resl,res2,u,v:

global resul,resu2,w:

prod:=unapply ([(B@(ge(Me(f@A)))) (y,z)],t):

res:=simplify(subs(t=0,diff (prod(t),t))):

resl:=unapply(op(1l,res), (y,2)):

res2:=unapply(op(2,res), (y,z)):

resul:=[subs({y=0,z=0},res1(y,z)),subs({y=0,z=0},diff (resi(y,z),y)),subs({y=0,z=0},diff(
resi(y,z),z))]:

> resu2:=[subs({y=0,2z=0},res2(y,z)) ,subs({y=0,z=0},diff (res2(y,z),y)) ,subs({y=0,z=0},diff(
res2(y,z),z)) ,subs ({y=0,z=0},diff (diff (res2(y,z),y),y)/2)]:

> u:=op(resul) :v:=op(resu2):

> w:=[u,v]:

> RETURN(convert (w,Vector))

> end:

VVVVYVVYVYV

The procedure champ3 associates to a vector field Z the coordinates of the Taylor expansion of the vector field
(ApA);* (Z) in the following order: 8y, y 0y, 20y, 0., y 0., 20, y* 0.

> champ3:=proc (M)



local prod,res,resl,res2:

global resul,resu2:

prod:=unapply ([ (B@(g@(B@(M@(AQ(f@A)))))) (y,2)],t):

res:=simplify(subs(t=0,diff (prod(t),t))):

resl:=unapply(op(1l,res), (y,z)):

res2:=unapply(op(2,res), (y,z)):

resul:=[subs({y=0,z=0},res1(y,z)),subs({y=0,z=0},diff (resi(y,z),y)),subs({y=0,z=0},diff (
resi(y,z),z))]:

> resu2:=[subs({y=0,z=0},res2(y,z)),subs({y=0,2z=0},diff (res2(y,z),y)),subs({y=0,z=0},diff(
res2(y,z),z)) ,subs ({y=0,z=0},diff (diff (res2(y,z),y),y)/2)]:

> RETURN(Transpose (convert ([seq(factor(op(k,resul)) ,k=1..nops(resul)),seq(factor(op(k,resu2)
) ,k=1. .nops(resu2))] ,Matrix))):

> end:

VVVVVVYV

The procedure champ4 associates to a vector field Z the coordinates of the Taylor expansion of the vector field
A71(Z) in the following order: 8y, yd,, 20y, 0., y0s, 20, y>0..

*

champ4 : =proc (M)

local prod,res,resl,res2,u,v:

global resul,resu2,w:

prod:=unapply ([(B@(M@A)) (y,z)],t):

res:=simplify(subs(t=0,diff (prod(t),t))):

resl:=unapply(op(l,res), (y,z)):

res2:=unapply(op(2,res), (y,2)):

resul:=[subs({y=0,z=0},res1(y,z)),subs({y=0,z=0},diff (resi(y,z),y)),subs({y=0,z=0},diff(
resi(y,z),z))]:

> resu2:=[subs({y=0,z=0},res2(y,z)),subs({y=0,z=0},diff (res2(y,z),y)),subs({y=0,z=0},diff(
res2(y,z),z)) ,subs ({y=0,z=0},diff (diff (res2(y,z),y),y)/2)]:

> u:=op(resul):v:=op(resu2):

> w:=[u,v]:

> RETURN(convert (w,Vector))

>  end:

VVVVVVYVYV

The procedure champ5b associates to a vector field Z the coordinates of the Taylor expansion of the vector field
(ApApA) ! (Z) in the following order: 8y, y 8y, 20y, 0., y 0., 20, y* 0.

> champ5:=proc (M)

> local prod,res,resl,res2,u,v:

> global resul,resu2,w:

> prod:=unapply([(m@(Men)) (y,z)],t):

> res:=(subs(t=0,diff (prod(t),t))):

> resl:=unapply(op(l,res), (y,z)):

> res2:=unapply(op(2,res), (y,z)):

> resul:=[subs({y=0,z=0},res1(y,z)),subs({y=0,z=0},diff (resl(y,z),y)),subs({y=0,z=0},diff(
resi(y,z),z))]:

> resu2:=[subs({y=0,z=0},res2(y,z)) ,subs ({y=0,z=0},diff (res2(y,z),y)) ,subs ({y=0,z=0},diff(
res2(y,z),z)) ,subs({y=0,z=0},diff (diff (res2(y,z),y),y)/2)]:

> u:=op(resul):v:=op(resu2):

> w:=[u,v]:

> RETURN(convert (w,Vector))

> end:

This procedure is too heavy for Maple, we will not use it. To replace it, we will do successive Taylor expansions

at each step of blow-ups. We deal with it in the next section.

1.2.2 The procedures devlim and extract

We compute the points where we take the Taylor expansions.
> AC0,0);

—04_1, ol
> simplify(op(1, [(A@f@A) (0,0)])), simplify(op(2, [(A@£QA) (0,0)1));

a !l ot

> éimplify(op(1,[(A@f@A@f@A)(o,o)])), simplify(op(2, [(A@E@AGEEA) (0,0)1));

0,0

The procedure devliml associates to a vector field Z in coordinates (y, z) (still given by the derivative at 0 of a
curve M) the Taylor expansion of A,Z of order 2 at a point (p,q). The result is viewed as a polynomial vector
field in a neighborhood of (p, ¢) and the procedure returns a curve Ny associated to this vector field.



> devliml:=proc(M,p,q)

> 1local prod,res,resl,res2,resul,resu2,N,MMM:

> MMM:=(y,z)->(opM(y,z))):

> prod:=unapply ([ (A@(MMM®@B)) (y,z)],t):

> res:=simplify(subs(t=0,diff (prod(t),t))):

> resl:=unapply(op(1,res),(y,z)):

> res2:=unapply(op(2,res), (y,z)):

> resul:=simplify(mtaylor(resi(y,z), [y=p,z=ql,3)):
> resu2:=simplify(mtaylor(res2(y,z), [y=p,z=ql,3)):
> N:=unapply([y+t*resul,z+t*resu2], (y,z)):

> RETURN(N) :

> end:

The procedure devlim2 is similar to devliml but computes the Taylor expansion of (A¢).Z instead of the
Taylor expansion of A,Z.

> devlim2:=proc(M,p,q)

> local prod,res,resl,res2,resul,resu2,N,MMM:

> MMM:=(y,z)->(opM(y,z))):

> prod:=unapply ([ (A@fe(MMMOgEB)) (y,z)],t):

> res:=simplify(subs(t=0,diff (prod(t),t))):

> resl:=unapply(op(l,res), (y,z)):

> res2:=unapply(op(2,res), (y,z)):

> resul:=simplify(mtaylor(resi(y,z), [y=p,z=q],3)):
> resu2:=simplify(mtaylor(res2(y,z), [y=p,z=q],3)):
> N:=unapply([y+t*resul,z+t*resu2], (y,z)):

> RETURN(N) :

> end:

The procedure extract associates to a vector field given by a curve N¢(y, z) the components in 9y, ydy, 20y,
0., y0,, 20, and 320, in the Taylor expansion of the associated vector field at (0,0).

extract:=proc (M)

local prod,res,resl,res2,w:

prod:=unapply (M(y,z),t):
res:=simplify(subs(t=0,diff (prod(t),t))):
resl:=unapply(op(l,res), (y,z)):
res2:=unapply(op(2,res), (y,z)):

w[1] :=simplify(res1(0,0)):

w[2] :=simplify(subs ({y=0,z=0},diff (resi(y,z),y))):
w[3]:=simplify(subs({y=0,z=0},diff (resl(y,z),z))):
w[4] :=simplify(res2(0,0)):

w[5] :=simplify(subs ({y=0,z=0},diff (res2(y,z),y))):
w[6]:=simplify(subs({y=0,z=0},diff (res2(y,z),z))):
wl7] :=simplify(subs({y=0,z=0},diff (res2(y,z),y$2)/2)):
wi=lwl1],wl2],w[3],w[4],w5],wl6] ,wl7]]:

RETURN (convert (w,Vector) ) :

end:

VVVVVVVVVVVVYVYVVYV

The function psi, is the projection of the blow-up of (0,0), ., and eta; is its inverse.

> psil:=(u,v)->(u,u*v):
> etal:=(y,z)->(y,z/y):

The function psi, is the projection of the blow-up of (—1/c,1/a), . and etas is its inverse.

> psi2:=(u,v)->(u-1/alpha,u*v+1/alpha):
> eta2:=(y,z)->(y+1/alpha, (z-1/alpha)/(y+1/alpha)):

The function psis is the projection of the blow-up of (1/a,1/a), . and etag is its inverse.

> psi3:=(u,v)->(u+l/alpha, u*xv+1l/alpha):
> eta3:=(y,z)->(y-1/alpha, (z-1/alpha)/(y-1/alpha)):

The procedure uldevliml associates to a vector field Z on P? blown up at (0,0),, . written in the coordinates
(u1,v71) the Taylor expansion of A.Z of order 3 at a point (p,g). The result is considered as a polynomial vector
field in a neighborhood of (p, ¢) in the coordinates (uj,v;) which are this time the coordinates on P? blown up
at (—i, i)y,z’ and the procedure gives a curve Ny associated to this vector field.
uldevliml:=proc(M,p,q)

local prod,res,resl,res2,resul,resu2,N,MMM:
MMM:=(u,v)->(op(M(u,v))):
prod:=unapply([(eta2@(ACG(psil@MMM@etal@(B@psi2)))) (u,v)],t):
res:=simplify(subs(t=0,diff (prod(t),t))):

V V.V VYV



resl:=unapply(simplify(op(1,res)), (u,v)):
res2:=unapply(simplify(op(2,res)), (u,v)):
resul:=simplify(mtaylor(resl(u,v), [u=p,v=ql,4)):
resu2:=simplify(mtaylor (res2(u,v), [u=p,v=ql,4)):
N:=unapply([u+t*resul,v+t*resu2], (u,v)):
RETURN(N) :

end:

VVVVVVYV

We compute the points where we take the Taylor expansions.

> limit(op(1l, [(eta2@(A@psil)) (u,v)]),{u=0,v=0}), limit(op(2, [(eta2@(ACpsil)) (u,v)]),{u=0,
v=0});

0, —(1—a)?
> limit(op(1,[(eta3@(A@f@A)@psil) (u,v)]),{u=0,v=0}), limit(op(2, [(eta3@(AQf@A)@psil) (u,v)
1) ,{u=0,v=0});

0, —(—-1— a)_l
> limit(op(1, [(etal@(A@fQAQfEA)Cpsil) (u,v)]),{u=0,v=0}), limit(op(2, [(etal@(ACfQ@AQfGA)CpPsil)
(u,v)1),{u=0,v=0});

0,0
The procedure uldevlim2 associates to a vector field Z on the blow up of P? at (—é, é)y _ expressed in
the coordinates (u1,v1) the Taylor expansion of (A¢). Z of order 3 at a point (p,q). The result is viewed

as a polynomial vector field in a neighborhood of (p,¢) in the coordinates (u1,v;) which are this time some
11

coordinates on P? blown up at (37 E)y _» and the procedure returns a curve N; associated to this vector field.
uldevlim2:=proc(M,p,q)

local prod,res,resl,res2,resul,resu2,N,MMM:
MMM:=(u,v)->(op(M(u,v))):
prod:=unapply([(eta3@(ACf@(psi2@MMMGeta20g@BOpsi3))) (u,v)],t):
res:=simplify(subs(t=0,diff (prod(t),t))):
resl:=unapply(simplify(op(1,res)), (u,v)):
res2:=unapply(simplify(op(2,res)), (u,v)):
resul:=simplify(mtaylor(resi(u,v), [u=p,v=ql,4)):
resu2:=simplify(mtaylor(res2(u,v), [u=p,v=ql,4)):
N:=unapply([u+t*resul,v+t*resu2], (u,v)):

RETURN(N) :

end:

VVVVVVVVYVVYVYV

The procedure uldevlim3 associates to a vector field Z on the blow up of P? at (2, é)y _ expressed in the

coordinates (u1,v1) the Taylor expansion of (A¢). Z of order 3 at a point (p,q). The result is viewed as a
polynomial vector field in a neighborhood of (p,¢) in the coordinates (u1,v1) which are this time coordinates
on P? blown up at (0,0), ., and the procedure gives a curve N; associated to this vector field.

uldevlim3:=proc(M,p,q)

local prod,res,resl,res2,resul,resu2,N,MMM:

MMM: =(u,v)->(op(M(u,v))):

prod:=unapply ([ (etal@(AGf@(psi3@MMM@eta3@g@Bepsil))) (u,v)],t):
res:=simplify(subs(t=0,diff (prod(t),t))):
resl:=unapply(simplify(op(1,res)), (u,v)):
res2:=unapply(simplify(op(2,res)), (u,v)):
resul:=simplify(mtaylor(resl(u,v), [u=p,v=ql,4)):
resu2:=simplify(mtaylor(res2(u,v), [u=p,v=ql,4)):
N:=unapply ([ut+t*resul,v+t*resu2], (u,v)):
RETURN(N) :

end:

VVVVVVVVYVVYVYV

The procedure ulextract associates to a vector field given by a curve N;(u1,v1) the components in 9y, , u1 Oy, ,
01 Oy, UIV1 Ouyy V3 Ouys V3 Ouyy Ouyy U1 Oy, , v1 0y, and v 9, of the Taylor expansion of the associated vector
field at (0, 0).

ulextract:=proc (M)

local prod,res,resl,res2,w:

prod:=unapply (M(u,v),t):
res:=simplify(subs(t=0,diff (prod(t),t))):
resl:=unapply(op(1l,res), (u,v)):
res2:=unapply(op(2,res), (u,v)):

w[1] :=simplify(res1(0,0)):

w[2] :=simplify(subs({u=0,v=0},diff (resi(u,v),u))):
w[3] :=simplify (subs ({u=0,v=0},diff (resl(u,v),v))):

VVVVVVYVVYV



w[4] :=simplify (subs ({u=0,v=0},diff (resi(u,v),u,v))):
w[5] :=simplify(subs ({u=0,v=0},diff (resli(u,v),v$2))/2):
w[6]:=simplify(subs({u=0,v=0},diff (resl(u,v),v$3))/3):
w[7] :=simplify(res2(0,0)):

w[8] :=simplify(subs ({u=0,v=0},diff (res2(u,v),u))):

w[9] :=simplify(subs({u=0,v=0},diff (res2(u,v),v))):

w[10] :=simplify(subs ({u=0,v=0},diff (res2(u,v),v$2)/2)):
w:=[w[1],w[2],w[3],w[4],w[5],w(6],w[7],w[8],w[9],w[10]]:
RETURN (convert (w,Vector)) :

end:

VVVVVVYVVYVYV

The function ppsi, is the projection of the blow up of (0,0),, . and (0,0)y, ., , and eeta; is its inverse.

> ppsil:=(r,s)->(r*s,r*s"2):

> eetal:=(y,z)->(y"2/z,z/y):

The function ppsi, is the projection of the blow up of (—1, é)y , and (O, ﬁ) , and eetay is its inverse.
’ U1,V1

> ppsi2:=(r,s)->(r*s-1/alpha, r*s*(s+1/(alpha-1))+1/alpha):

> eeta2:=(y,z)->((y+1/alpha)/((z-1/alpha)/(y+1/alpha)-1/(alpha-1)),(z-1/alpha)/(y+1/alpha)
-1/(alpha-1)):

The function ppsig is the projection of the blow up of (é, é)yz and (0, D‘;ﬂ)ul,vl’ and eetags is its inverse.
> ppsi3:=(r,s)->(r*s+1/alpha, r*s*(s+1/(alpha+1))+1/alpha):

> eeta3:=(y,z)->((y-1/alpha)/((z-1/alpha)/(y-1/alpha)-1/(alpha+l)), (z-1/alpha)/(y-1/alpha)
-1/(alpha+1)):

We compute the points where we take the Taylor expansions.

> limit(op(1l, [(eeta2@(ACppsil)) (r,s)]),{r=0,s=0}), limit(op(2, [(eeta2@(ACppsil)) (r,s)]),{r=0,
s=0});

0,0
> limit(op(1, [(eeta3@(A@f@A)@ppsil) (r,s)]1),{r=0,s=0}), limit(op(2,[(eeta3@(AQ@f@A)@Qppsil) (
r,s)]),{r=0,s=0});

0,0
> limit(op(1, [(eetal@(AQ@f@AQRfQA)Qppsil) (r,s)]),{r=0,s=0}), limit(op(2, [(eetal@(AGf@AQfGA)
@ppsil) (r,s)]),{r=0,s=0});

0, 0

The procedure r2devliml associates to a vector field Z on the blow up of P? at (0,0), . and (0,0),, », expressed
in coordinates (rq, s2) the Taylor expansion of A.Z of order 2 at a point (p,q). The result is viewed as a
polynomial vector field in a neighborhood of (p, ¢) in the coordinates (12, s2) which are this time coordinates on

P2 blown up at (—l l)y . and (O, ﬁ) , and the procedure returns a curve N, associated to this vector

a’ o
u1,v1
field.

r2devliml:=proc(M,p,q)

local prod,res,resl,res2,resul,resu2,N,MMM:
MMM:=(r,s)->(opM(r,s))):
prod:=unapply([(eeta20(AQ(ppsil@MMMCeetal@(BOppsi2)))) (r,s)],t):
res:=simplify(subs(t=0,diff (prod(t),t))):
resl:=unapply(simplify(op(l,res)),(r,s)):
res2:=unapply(simplify(op(2,res)), (r,s)):
resul:=simplify(mtaylor(resi(r,s), [r=p,s=ql,3)):
resu2:=simplify(mtaylor(res2(r,s), [r=p,s=ql,3)):
N:=unapply([r+t*resul,s+t*resu2], (r,s)):
RETURN(N) :

end:

VVVVVVVVVVVYV

The procedure r2devlim2 associates to a vector field Z on the blow up of P at (-1, é)yz and (O, ﬁ)uwl
expressed in coordinates (13, ss) the Taylor expansion of (A¢). Z of order 2 at a point (p,q). The result is
viewed as a polynomial vector field in a neighborhood of (p,q) in the coordinates (r2, s3) which are this time
the coordinates of P? blown up at (%, é)yz and (O, %H)ul,vl, and the procedure returns a curve IN; associated
to this vector field.

> r2devlim2:=proc(M,p,q)
> Jlocal prod,res,resl,res2,resul,resu2,N,MMM:



> MMM:=(r,s)->(opM(r,s))):

> prod:=unapply([(eeta3@(AQfQ(ppsi2@MMMBeeta2@g@BCpPpsi3))) (r,s)],t):
> res:=simplify(subs(t=0,diff (prod(t),t))):

> resl:=unapply(simplify(op(1l,res)),(r,s)):

> res2:=unapply(simplify(op(2,res)), (r,s)):

> resul:=simplify(mtaylor(resi(r,s), [r=p,s=q],3)):

> resu2:=simplify(mtaylor(res2(r,s), [r=p,s=ql,3)):

> N:=unapply([r+t*resul,s+t*resu2], (r,s)):

> RETURN(N) :

> end:

The procedure r2devlim3 associates to a vector field Z on the blow up of P? at (é, é)yz and (0, O‘L‘H)ul N

expressed in coordinates (r2,s2) the Taylor expansion of (A¢).Z of order 2 at a point (p,q). The result is
viewed as a polynomial vector field in a neighborhood of (p, ¢) in the coordinates (73, s2) which are this time
the coordinates of P2 blown up at (0,0), , and (0,0)y, +,, and the procedure returns a curve Ny associated to
this vector field.

r2devlim3:=proc(M,p,q)

local prod,res,resl,res2,resul,resu2,N,MMM:
MMM:=(z,s)->(op(M(z,8))):

prod:=unapply ([ (eetal@(AQfQ(ppsi3@MMM@eeta3@g@BAppsil))) (r,s)],t):
res:=simplify(subs(t=0,diff (prod(t),t))):
resl:=unapply(simplify(op(1,res)), (r,s)):
res2:=unapply(simplify(op(2,res)), (r,s)):
resul:=simplify(mtaylor(resi(r,s), [r=p,s=ql,3)):
resu2:=simplify(mtaylor(res2(r,s), [r=p,s=ql,3)):
N:=unapply([r+t*resul,s+t*resu2], (r,s)):
RETURN(N) :

end:

VVVVVVVVYVVVYV

The procedure r2extract associates to a vector field given by a curve N;(rq, s3) the components in Oy.,, r2 Oy,
82 Opyy 7252 Oryy T3 Opyy 83 0ry, Osyy T20sy, 820s,, 1252 0s,, 750, and s30,, in the Taylor expansion of the
associated vector field at (0, 0).

r2extract:=proc(M)

local prod,res,resl,res2,w:
prod:=unapply (M(r,s),t):
res:=simplify(subs(t=0,diff (prod(t),t))):
resl:=unapply(op(l,res), (r,s)):
res2:=unapply(op(2,res), (r,s)):

wl[1] :=simplify(res1(0,0)):

w[2] :=simplify(subs ({r=0,s=0},diff (resli(r,s),r))):
w[3] :=simplify(subs({r=0,s=0},diff (resli(r,s),s))):
w4] :=simplify(subs(gr=0,s=0%,diff(res1(r,s) ,r,8))):
w[5] :=simplify(subs ({r=0,s=0},diff (resli(r,s),r$2))/2):
w[6]:=simplify(subs({r=0,s=0},diff (resl(r,s),s$2))/2):

w[7] :=simplify(res2(0,0)):

w[8] :=simplify(subs ({r=0,s=0},diff (res2(r,s),r))):

w[9] :=simplify(subs({r=0,s=0},diff (res2(r,s),s))):

w[10] :=simplify(subs({r=0,s=0},diff (res2(r,s),r,s))):

w[11] :=simplify(subs({r=0,s=0},diff (res2(r,s),r$2))/2):

w[12] :=simplify (subs ({r=0,s=0},diff (res2(r,s),s$2))/2):
w:=[wl1],w[2],w[3],wl4],w[5],wl6],wl7],wl8],w[9],wl10],wl11],wl12]]:
RETURN (convert (w,Vector)) :

end:

VVVVVVVVVVVVVVVVYVVYVYVYV

The function pppsi, is the projection of the blow up of (0,0)y ., (0,0)y, ., and (0,0),,s,, and eeeta; is its
inverse.

> pppsil:=(r,s)->(r*s*s,r*s*s"2):

> eeetal:=(y,z)->((y~2/2)/(z/y),(z/y)):

The function pppsi, is the projection of the blow up of (—%, é)y 2 (0, ﬁ) and (0,0),, s,, and eeetas
’ Uy ,v

is its inverse. o

> pppsi2:=(r,s)->(r*s*s-1/alpha, r*s*sx(s+1/(alpha-1))+1/alpha):
> eeeta2:=(y,z)->(((y+1/alpha)/((z-1/alpha)/(y+1/alpha)-1/(alpha-1)))/((z-1/alpha)/(y+1/alpha)
-1/(alpha-1)), ((z-1/alpha)/(y+1/alpha)-1/(alpha-1))):

The function pppsi, is the projection of the blow up of (é, é)y o (O, QLH) and (0,0),,.s,, and eeetas is
’ u1,v1

its inverse.

> pppsi3:=(r,s)->(r*s*s+1l/alpha, r*s*sx(s+1/(alpha+1l))+1/alpha):



> eeeta3:=(y,z)->(((y-1/alpha)/((z-1/alpha)/(y-1/alpha)-1/(alpha+1)))/((z-1/alpha)/(y-1/alpha)
-1/(alpha+1)), ((z-1/alpha)/(y-1/alpha)-1/(alpha+1))):

We compute the points where we take the Taylor expansions.

> limit(op(1, [(eeeta2@(A@pppsil)) (r,s)]),{r=1,s=0}), limit(op(2, [(eeeta2@(A@pppsil)) (r,s)
D, {r=1,s=0});

a1y
—— 0
204

> limit(op(1, [(eeeta3@(A@fOA)C@pppsil) (r,s)]),{r=1,s=0}), limit(op(2, [(eeetal3@(A@fQA)C@pppsil)
(r,s)]),{r=1,s=0});

1 5
ng;9)770
20t
> limit(op(1, [(eeetal@(AQfCAQTCA)Cpppsil) (r,)]),{r=1,s=0}), limit(op(2, [(ecetal@(AQICAQIEA)
@pppsil) (r,s)]),{r=1,s=0});

~1,0

The procedure r3devliml associates to a vector field Z on the blow up of P? at (0,0),. , (0,0)y,, and
(0,0),,s, expressed in coordinates (rs, s3) the Taylor expansion of A,Z of order 1 at a point (p,g). The result
is viewed as a polynomial vector field in a neighborhood of (p, g) in the coordinates (73, s3) which are this time

the coordinates on P? blown up at (—5 é)y » (0, ﬁ) and (0,0),, s,, and the procedure gives a curve
’ 1,1

N; associated to this vector field.

r3devliml:=proc(M,p,q)

local prod,res,resl,res2,resul,resu2,N,MMM:
MMM:=(r,s)->(op(M(r,s))):
prod:=unapply([(eeeta2@(AQ(pppsil@MMM@eeetal@(BApppsi2)))) (r,s)],t):
res:=simplify(subs(t=0,diff (prod(t),t))):
resl:=unapply(simplify(op(l,res)),(r,s)):
res2:=unapply(simplify(op(2,res)), (r,s)):
resul:=simplify(mtaylor(resi(r,s), [r=p,s=ql,2)):
resu2:=simplify(mtaylor(res2(r,s), [r=p,s=ql,2)):
N:=unapply([r+t*resul,s+t*resu2], (r,s)):
RETURN(N) :

end:

VVVVVVVVVVYVYV

a’ o T a—1

The procedure r3devlim2 associates to a vector field Z on the blow up of P? at (—l L )y s (0 L > and
’ u1,v1

(0,0),,s, expressed in the coordinates (73, s3) the Taylor expansion of (A¢). Z of order 1 at a point (p,¢). The
result is viewed as a polynomial vector field in a neighborhood of (p,q) in the coordinates (rs, s3) which are

this time the coordinates of P2 blown up at (é, é)y 4 (0, a+r1> and (0,0),,,s,, and the procedure returns
? u1,v1
a curve IV, associated to this vector field.

r3devlim2:=proc(M,p,q)

local prod,res,resl,res2,resul,resu2,N,MMM:
MMM:=(r,s)->(op(M(r,s))):
prod:=unapply([(eeeta3@(ACfQ@(pppsi2@MMM@eeeta20@g@Blpppsi3))) (r,s)],t):
res:=simplify(subs(t=0,diff (prod(t),t))):
resl:=unapply(simplify(op(l,res)),(r,s)):
res2:=unapply(simplify(op(2,res)), (r,s)):
resul:=simplify(mtaylor(resl(r,s), [r=p,s=ql,2)):
resu2:=simplify(mtaylor(res2(r,s), [r=p,s=ql,2)):
N:=unapply([r+t*resul,s+t*resu2], (r,s)):
RETURN(N) :

end:

VVVVVVVVVVYVYV

The procedure r3devlim3 associates to a vector field Z on the blow up of P? at (é, é)y s (O, ﬁ) and
’ u1,v1
(0,0),,s, expressed in coordinates (r3,ss) the Taylor expansion of (A¢). Z of order 1 at a point (p,q). The
result is viewed as a polynomial vector field in a neighborhood of (p, ¢) in the coordinates (rs3, s3) which are this
time the coordinates on P? blown up at (0,0), ., (0,0)y, 4, and (0,0), s,, and the procedure returns a curve Ny

associated to this vector field.

r3devlim3:=proc(M,p,q)

local prod,res,resl,res2,resul,resu2,N,MMM:

MMM:=(r,s)->(op(M(r,s))):

prod:=unapply ([ (eeetal@(ACf@(pppsi3@MMMCeeetal3@g@BCpppsil))) (r,s)],t):
res:=simplify(subs(t=0,diff (prod(t),t))):
resl:=unapply(simplify(op(1l,res)),(r,s)):

vV V.V V VYV



res2:=unapply(simplify(op(2,res)), (r,s)):
resul:=simplify(mtaylor(resi(r,s), [r=p,s=ql,2)):
resu2:=simplify(mtaylor(res2(r,s), [r=p,s=ql,2)):
N:=unapply([r+t*resul,s+t*resu2], (r,s)):
RETURN (N) :

end:

VVVVYVYV

The procedure r3extract associates to a vector field given by a curve Ny(rs, s3) the components of Jy.,, $30y,
and Jg, in the Taylor expansion of the associated vector field at (0,0).

r3extract:=proc(M)

local prod,res,resl,res2,w:

prod:=unapply (M(r,s),t):
res:=simplify(subs(t=0,diff (prod(t),t))):
resl:=unapply(op(1l,res), (r,s)):
res2:=unapply(op(2,res), (r,s)):

w[1] :=simplify(res1(-1,0)):

w[2] :=simplify(subs({r=-1,s=0},diff (resi(r,s),s))):
w[3] :=simplify(res2(-1,0)):
w:=[w[1],w[2],w[3]]:

RETURN (convert (w,Vector)) :

end:

VVVVVVVVYVVVYV

The function ppppsi; is the projection of the blow up of (0,0)y.., (0,0)u; s, (0,0)s, s, and (1,0)., s,, and
eeeeta; is its inverse.

> ppppsil:=(r,s)->((r*s+1)*s*s, (rks+l)*s*s”2):
> eeeetal:=(y,z)->(((y"2/2)/(z/y)-1)/(z/y) ,(z/y)):

a’a

_1\5
The function ppppsi, is the projection of the blow up at (—l l)y7z, (0, ﬁ) s (0,0),,,s, and (—%, 0) oo
and eeeetas is its inverse.

> ppppsi2:=(r,s)->((r*s-(1/2)*(-1+alpha) "5/alpha”4)*s*s-1/alpha, (r*s-(1/2)*(-1+alpha) 5/
alpha“4)*s*s*(s+1/(alpha-1))+1/alpha):

> eeeeta2:=(y,z)->((((y+1/alpha)/((z-1/alpha)/(y+1/alpha)-1/(alpha-1)))/((z-1/alpha)/(y+1/
alpha)-1/(alpha-1))+(1/2)*(-1+alpha) "5/alpha“4)/((z-1/alpha)/(y+1/alpha)-1/(alpha-1)), ((z-1/
alpha)/(y+1/alpha)-1/(alpha-1))):

(03

: - —_— 11 1 (at1)®
The function ppppsis is the projection of the blow up at (E? —)y i, (0, a_+1> , (0,0),,,5, and (W—,O),
and eeeetag is its inverse. o
>  ppppsi3:=(r,s)->((r*s+(1/2)*(1+alpha) "5/alpha”4) *s*s+1/alpha, (r*s+(1/2)*(l+alpha)”5/alpha”4)
*s*s*(s+1/(alpha+1))+1/alpha):
> eeeetal3:=(y,z)->((((y-1/alpha)/((z-1/alpha)/(y-1/alpha)-1/(alpha+1)))/((z-1/alpha)/(y-1/
alpha)-1/(alpha+1))-(1/2)*(1+alpha) "5/alpha”4)/((z-1/alpha)/(y-1/alpha)-1/(alpha+1)), ((z-1/
alpha)/(y-1/alpha)-1/(alpha+1))):
The function ppppsi, is the projection of the blow up at (0,0), ., (0,0)u, 4, (0,0)r,.s, and (—1,0), s, and
eeeeta; is its inverse.

>  ppppsid:=(r,s)->((r*s-1)*s*s, (r¥s-1)*s*s"2):
> eeeetad:=(y,z)->(((y~2/2)/(z/y)+1)/(z/y),(2/y)):

We compute the points where we take the Taylor expansions.

> limit(op(1, [(eeeeta2@(A@ppppsil)) (r,s)]),{r=0,s=0}), limit(op(2, [(eeeeta2@(A@ppppsil)) (

r,s)1),{r=0,s=0});

3a—1)*1—-a?+a®—a)

4ab 0

> limit(op(1, [(eeeeta3@(A@f@A)@ppppsil) (r,s)]),{r=0,s=0}), limit(op(2, [(eceeta3@(ACfQ@A)Cppppsil)

(r,s)]),{r=0,s=0});

31+ ) (~a—1+a?+a?)
4ab 0

> limit(op(1, [(eeeetad@(A@fO@A@EQA)@ppppsil) (r,s)]),{r=0,s=0}), limit(op(2, [(eceetad@(AQf@AQfOA)

@ppppsil) (r,s)]),{r=0,s=0});

0,0

The procedure rddevliml associates to a vector field Z on the blow up of P2 at (0,0),.. , (0,0)u; .5 (0,0)5, .5,
and (1,0),, s, expressed in the coordinates (74, s4) the Taylor expansion of A, Z of order 0 at a point (p, ¢). The
result is viewed as a polynomial vector field in a neighborhood of (p,q) in the coordinates (ry, s4) which are



o’ o T a—1

5
this time the coordinates on P? blown up at (—2 l)y,z’ (O L)ul o (0,0),.5, and (—(0‘2;}1) ,0) s’ and
the procedure returns a curve N, associated to this vector field.

r4devliml:=proc(M,p,q)

local prod,res,resl,res2,resul,resu2,N,MMM:

MMM:=(r,s)->(opM(r,s))):

prod:=unapply ([ (eeeeta2@ (AQ(ppppsil@MMMGeeecetal®@(B@ppppsi2)))) (r,s)],t):

res:=simplify(subs(t=0,diff (prod(t),t))):

resl:=unapply(simplify(op(1,res)), (r,s)):

res2:=unapply(simplify(op(2,res)), (r,s)):

resul:=simplify(mtaylor(resi(r,s), [r=p,s=ql,1)):

resu2:=simplify(mtaylor(res2(r,s), [r=p,s=ql,1)):

N:=unapply([r+t*resul,s+t*resu2], (r,s)):

RETURN(N) :

end:

The procedure rddevlim2 associates to a vector field Z on the blow up of P? at (—1 l)y iy (0 L ) ,
’ u1,v1

a’ o T a—1

VVVVVVVVVVYVYV

(0,0),,s, and (—(0‘2—;}1&, 0) expressed in the coordinates (r4, s4) the Taylor expansion of (A¢). Z of order
3,83

0 at a point (p,q). The result is viewed as a polynomial vector field in a neighborhood of (p,¢) in the coor-

dinates (r4, s4) which are this time the coordinates on P? blown up at (%, l)y i (O, a+_1> (0,0)r,,5, and
’ u

o ’
1,V1

5
“Sad s 0), and the procedure returns a curve N; associated to this vector field.

> rddevlim2:=proc(M,p,q)

> local prod,res,resl,res2,resul,resu2,N,MMM:

> MMM:=(r,s)->(op(M(r,s))):

> prod:=unapply([(eeeeta3@(ACfQ (ppppsi2@MMMeeeceta2@g@BCppppsild))) (r,s)],t):
> res:=simplify(subs(t=0,diff (prod(t),t))):

> resl:=unapply(simplify(op(1,res)),(r,s)):

> res2:=unapply(simplify(op(2,res)),(r,s)):

> resul:=simplify(mtaylor(resi(r,s), [r=p,s=ql,1)):

> resu2:=simplify(mtaylor(res2(r,s), [r=p,s=q],1)):

> N:=unapply([r+t*resul,s+t*resu2], (r,s)):

>
>

RETURN(N) :
end:
The procedure r4devlim3 associates to a vector field Z on the blow up of P? at (%, %)y 2 (O, a+_1> ,
’ u1,v1

(0,0),,s, and <(°‘2ﬁ'5)—5, O), and expressed in coordinates (ry, s4) the Taylor expansion of (A¢). Z of order 0 at

a point (p,q). The result is viewed as a polynomial vector field in a neighborhood of (p,¢) in the coordinates
(74, s4) which are this time the coordinates on P? blown up at (0,0)y.., (0,0)u; 0,5 (0,0)r,.5, and (=1,0),, s,
and the procedure returns a curve N, associated to this vector field.

r4devlim3:=proc(M,p,q)

local prod,res,resl,res2,resul,resu2,N,MMM:
MMM:=(r,s)->(op(M(r,s))):

prod:=unapply ([ (eeeetad@(AQLQ (ppppsi3CMMMReeceetal3@g@BCppppsid))) (r,s)],t):
res:=simplify(subs(t=0,diff (prod(t),t))):
resl:=unapply(simplify(op(1,res)), (r,s)):
res2:=unapply(simplify(op(2,res)),(r,s)):
resul:=simplify(mtaylor (resi(r,s), [r=p,s=ql,1)):
resu2:=simplify(mtaylor(res2(r,s), [r=p,s=ql,1)):
N:=unapply([r+t*resul,s+t*resu2], (r,s)):
RETURN(N) :

end:

VVVVVVVVVVVYV

The procedure rdextract associates to a vector field given by a curve Ny(r4, s4) the components of 9,, and 0,
in the Taylor expansion of the vector field associated at (0,0).

> rdextract:=proc(M)

> local prod,res,resl,res2,w:

> prod:=unapply(M(r,s),t):

> res:=simplify(subs(t=0,diff (prod(t),t))):
> resl:=unapply(op(l,res), (r,s)):
> res2:=unapply(op(2,res),(r,s)):
> w[l] :=simplify(res1(0,0)):

> w[2] :=simplify(res2(0,0)):

> w:=[w[1],w[2]]:

> RETURN(convert (w,Vector)):

> end:



1.3 Definition of the residues matrices

Ry, denoted by 27 in the article, is the (10 x 7)-matrix of 9y, y 8y, 2 0y, 0.,y 0, 2 0., y* 9, in the basis (I;)1<i<10-

> R_1:=Transpose(Matrix([[-lambda[1],-1,2,0,0,0,-1lambda[4]"2,-2*1lambda[4],0,0],[0,0,0,0,0,
0,-3,0,0,0],[(0,0,0,0,0,0,0,0,-3,0],[1,0,0,0,0,0,1lambda[4] "3,3*1lambda[4] " 2,2*lambdal[5]"2,4%*
lambda[5]],[0,0,-1lambda[2],-1,-2*lambda[3],-2,-3*lambdal4],-3,-4*lambdal[5],-4],[0,0,0,0,0,
0,2,0,0,0],[0,0,0,0,0,0,0,0,-2,011));

-\ 0 0 1 0 0 0

-1 0 0 0 0 0 0

2 0 0 0 =X 0 0

0 0 0 0 -1 0 0

0 0 0 0 —2X 0 0

BL=10 0 09 0 0o -2 0 o
M7 -3 0 N =30 02 0

2\ 0 0 3X° -3 0 0

0 0 =3 2X2 —4X; 0 -2
.0 0 0 4Xx5 —4 0 0 |

Ro, denoted by 25 in the article, is the (10x 7)-matrix of 9, y 8y, 2 0y, 0.,y 0, z 0, y* 0. in the basis (m;)1<i<10-

> R_2:=Transpose (Matrix([[-mu[1],-1,2,0,0,0,-mu[4]"2,-2%mu[4],0,0], [0,0,0,0,0,0,3,0,0,0],
fo,o0,0,0,0,0,0,0,3,0],[1,0,0,0,0,0,-mul4]"3,-3*mul[4] "2,2*mu[5] "2,4*mu[5]],[0,0,-mul[2],-1,-2%
mu[3],-2,-3%mu(4],-3,-4*mu([5],-4], [0,0,0,0,0,0,-2,0,0,0],[0,0,0,0,0,0,0,0,-2,011));

—p 00 1 0 0 0
-1 00 0 0 0 0
2 0 0 0 -2 0 0
0 0 0 0 -1 0 0
0 0 0 0 —2pus 0 0
R_2 =
0 0 0 0 -2 0 0
—us? 3 0 —pg® —3pg —2 0
—2ps 0 0 —3ps® -3 0 0
0 0 3 2us> —4pus 0 =2
| 0 0 0 4dus —4 0 0 |

RR; is the (10 x 10)-matrix that gives the residues of Oy, u1 Oy, , V1 Ou,, U1V1 Ouyy V2 Ouyy U5 Ouys Ouyy U1 Oy,
v1 Oy, V7 Oy, in the basis (I;)1<i<10-

~~

> RR_1:=Matrix([[0,0,0,0,0,0,0,0,0,0],[0,0,0,0,0,0,0,0,0,0],[1,0,0,0,0,0,-1ambda[2],0
[010,0’01050)_13010,()] b [0)011,0:0,0’_2*1ambda[3] ,0,0,0] 3 [050:0,0’0105_2103010:' b [0,_1:0
0,-3%lambda[4],0,2,0], [0,0,0,0,0,0,-3,0,0,0],[0,0,0,-1,0,1,-4*lambda [5],-2,0,2], [0,0,0
0,-4,0,0,011);

0,0],
0,1,
0,0,



0 0 0 0 00 0
0 0 0 0 00 0
1 0 0 0 0 0 =X
o 0 0 0 00 -1
PR 0 0 1 0 0 0 —2Xx3
o 0 0 0 0 0 =2
0 -1 0 0 1 0 -3\
o 0 0 0 0 0 -3
0 0 0 -1 0 1 —4Xs
00 0 0 0 0 -4

RRR; is the (10 x 12)-matrix that gives the residues

o O O o o o o o

|
N

0

2 2 . .
T982 Os,, 75 Os,, 55 0s, in the basis ([;)1<i<10.

> RRR_1:=Matrix([[0,0,0,0,0,0,0,0,0,0,0,0],[0,0,0,0,0,
O’O] 5 [O:0,010,0’0:090:0,0’030] ) [1,010,050:09_1a-mbda[3] >
ol,[0,-1,1,0,0,0,-2%lambda[4],-1,1,0,0,0],[0,0,0,0,0,0,-2,0,0,

0,0,-1,1,1],[0,0,0,0,0,0,-3,0,0,0,0,011);

€10 x 12 ¢ (Matrix)

PRR 1 ‘Data Type: ¢ anything
‘Storage: ‘¢ rectangular
‘Order: ¢ Fortran_order
> evalm(RRR_1);
[0 0 0 0 0 0 0 0 0
0 0 0 0 00 0 0 0
0 0 0 0 00 0 0 0
0 0 0 0 00 0 0 0
1 0 0 0 00 =Xz 0 O
0 0o 0 0 00 -1 0 0
0 -1 1 0 00 —2x -1 1
0 0o 0 0 00 =2 0 0
0 0 0 -1 1 1 =3Xx 0 0
0 0o 0 0o 00 -3 0 0

o O O o o o o o

\
—

0

_ O O o o o o o o

0

o © oo O Nn$M O O o o o o

(s3]

S MO O O o o o o o

f

— O O O o o o o o

0

RRRR; is the (10 x 3)-matrix that gives the residues of 0,4, $30,,, Os, in the basis (I;)1<i<10-
> RRRR_1:=Matrix([[0,0,0], [0,0,0], [0,0,0], [0,0,0],[0,0,0],[0,0,0],[1,0,-1lambdal[4]],[0,0,-1],

[0,1,-2*1ambda[5]],[0,0,-2]11);

[0 0 0 ]
00 0
00 0
00 0
00 0
RRRR_1 :=
00 0
10—\
00 -1
0 1 —2X
00 -2 |

. e

2 2
T2 T2 67‘23 52 87"23 T252 87‘27 7"287-2, 82 67"27 8327 T2 8827 52 8827

0,0,0,0,0,0,

-1,0,0,0,0,

1,1,-3*lambda[5],



RRRRR; is the (10 x 2)-matrix that gives the residues of 9,,, 0s, in the basis ([;)i1<i<10.
> RRRRR_1:=Matrix([[0,0],[0,0],[0,0],[0,0],[0,0],[0,0],[0,0],[0,0],[1,-1lambda[5]],[0,-1]1)

)

RRRRR_1 =

o O o o o o o o

© B O ©O ©O O © o o o
|
>
ot

-1

P is the transition matrix from the algebraic basis (m;)1<10 to the geometric basis for ﬁz.

> P:=Matrix([[-mu[1],1,0,0,0,0,0,0,0,0],[-1,0,0,0,0,0,0,0,0,0],[2,0,1,-mu[2],0,0,0,0,0,0],
fo,o0,0,-1,0,0,0,0,0,01,[0,0,0,-2%mu(3],1,-mu(3],0,0,0,0],[0,0,0,-2,0,-1,0,0,0,0], [-mul4]"2,
-mu[4]~3,0,-3*mu[4],0,-2*mu[4],1,-mul[4],0,0], [-2*mu[4],-3*mu[4]"2,0,-3,0,-2,0,-1,0,0], [0,2%*
mul[5]°2,0,-4*mu[5],0,-3*mu[5],0,-2*mu[5],1,-mul[5]], [0,4*mu[5],0,-4,0,-3,0,-2,0,-1]11);

[~ 1 0 0 0 0 0 0 0 0 ]
-1 0 0 0 0 0 0 0 0 0
2 0 1 —p2 O 0 0 0 0 0
0 0 0 -1 0 0 0 0 0 0
P 0 0 0 —2p3 1 —pg O 0 0 0
0 0 0 -2 0 -1 0 0 0 0
—u42 —,u43 0 —3pug 0 —2p4 1 —pg O 0
—2ps -3m* 0 -3 0 -2 0 -1 0 0
0 2ps®> 0 —dps 0 —3ps 0 —2p5 1 —ps
| 0 dps 0 -4 0 -3 0 -2 0 -1 |

PP, denoted by .# in the article, is the transition matrix from the algebraic basis (I;)1<;<10 to the geometric
basis (ei)lgiglo for Pl.

> PP:=Matrix([[-lambda[1],1,0,0,0,0,0,0,0,0],[-1,0,0,0,0,0,0,0,0,0],[2,0,1,-1lambda[2],0,0,
0,0,0,01,[0,0,0,-1,0,0,0,0,0,0],[0,0,0,-2%¥1lambda[3],1,-1lambda[3],0,0,0,0],[0,0,0,-2,0,-1,0,
0,0,0], [-lambda[4] "2, lambdal4]"3,0,-3*lambda[4],0,-2*xlambdal4],1,-lambdal[4],0,0], [-2*]lambda[4],
3*lambda[4]"2,0,-3,0,-2,0,-1,0,0], [0,2*lambda[5] "2,0,-4*lambdal[5],0,-3*lambdal[5],0,-2*1lambda[5],
1,-lambda[5]], [0,4*1lambda[5],0,-4,0,-3,0,-2,0,-1]1]1);

A 1 0 0 0 0 0 0 0 0
-1 o 0 0 0 0 0 0 0 0
2 0 1 =x 0 0 0 0 0 0
0 0O 0 -1 0 0 0 0 0 0
0 0 0 —2X3 1 —X3 0 0 0 0
PE=1"% o 0 =2 0 -1 0 0 0 o0
A2 M0 =30 02X 1 =X 0 0O
2\ 3M2 0 -3 0 -2 0 -1 0 0
0 2X2 0 —4X;5 0 —3X5 0 —2X5 1 —\;
0 4 0 —-4 0 -3 0 -2 0 -1 |



PPP is the transition matrix from the algebraic basis (I;)1<i<10 to the geometric basis (¢;)1<i<10 for ﬁl.
> PPP:=MatrixInverse(PP):

1.4 Construction of the matrix %
1.4.1 Construction of a block matrix

We input the coefficients of the matrix .Z.

> coll1]:=[-mul1], -1, 2, 0, O, O, 2*mul4]"2, 4*mul[4], O, O, O, O, O, O, O, O, -4, 0, 0, O,
0, 0, 0, 0, 0,0,0,0,0,0,0,0,0,0,0,0,0,-3,0,0,0,0,0,0,0,0,0,0,0,O0,
o, o, 0, o, o, 0, 0, 0, O, O, O, O, O, 3, 0];

coly = [—p1,—1,2,0,0,0,2p3,44,0,0,0,0,0,0,0,0,—4,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, -3, 0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,3, 0]

> col[2]:

> [t1, 0, O, O, O, O, -mu[4]"3, -3*mu[4]"2, O, O, O, O, O, O, O, O, O, O, O, O, O, 2, O, O,
o, o, o, 0, 0, 0, 0, 0, 0, 1, 0, 0, O, O, O, O, O, O, O, O, O, O, O,

0, 0, 0, 0, 0,
Os 0, 03 O, 0’ O’ 0; O: O, _2]’
coly = [1,0,0,0,0,0,—pu3, —343,0,0,0,0,0,0,0,0,0,0,0,0,0,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, —2]
> col[3]:=
> [0, O, 1, O, O, O, mul[4]"2, 2#mu[4], O, O, O, O, O, O, O, O, -2, O, O, O, O, O, O, O, O,
0, 0O o, o, 0, o, o, 0, 0, -2, 0, 0, 0, O, O, O, O, O, O, O, O, O, O, O, O, O, O,
0, 0O 0, 0, 0, 1, 0];

’07 1703 07 0) ui? 2”4’ 0707 07 07 0’ 0707 0’ _2’ O? 07 O’ 07 0) O? 07 O’ 07 0707 07 O’ 0’ 0707 07 07 0’ 07 _2’ 07 0’ O? 07 O’
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1, 0]
> coll[4]:=

> [0, 0, -mu[2], -1, 2*mu[3]"2-2*mu[3], 4*mu[3]-2, mul4], 1, O, O, O, O, O, O, O, O, O, O,
0 , 0, o, 0, 0, 0, 0, 0, 0, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O,
0 , 0,0,0,0,0,0,0,2,0,0];

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,2,0,0]
> col[5]:=

> [0, 0, -2*mu[2], -2, (mu[3]-1)"2, 2*(mu([3]-1), O, O, O, O, O, O, -2, O, O, O, O, O, O, O,
o, o, o, o, o, o0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O, O, O, O, O, O, O, O, O, O, O, O, O,
o, 0, 0, 0, 0, 0, 0, O, O, O, O, 1, O, 0O];

cols := 10,0, =2 pa, —2, (3 — 1)2, 2u3—2,0,0,0,0,0,0,-2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0, 0]

> col[6]:=

> [0, 0, O, O, mu[3]"2-mu[3], 2*mu[(3]-1, O, O, O, O, O, O, 1, O, O, O, O, O, O, O, O, O, O,
o, o, o, o, o, o, o0, 0, 0, 0, 0, 0, 0, 0, 0, O, 0, O, O, O, O, O, O, O, O, O, O, O, O, O, O,
0, 0, 0, 0, 0, O, O, O, 1, 0, 0O];

colg := [0,0,070,/@ —us3,2u3 —1,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1,0, 0]

> col[7]:=

[0, 0, mul[2]"2, 2*mu[2], O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O,
, 0, o0, o, 0, 0, 0, 0, 0, 0, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O,
, 0, 0, 0, O, 1, 0, O, O];
col; = [0,07;@,2;@,0,0,O,0,0,0,0,0,0,070,0,0,0,070,0,0,0,070,0,0,0,0,0,0,0,0,070,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0]
> col[8]:=

> [0, 0, mu[2], 1, O, O, O, O, O, O, O, O, 2, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O,
0, 0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,
0, 0, 0, 0, 0, 0];

cols := [0,0, u2,1,0,0,0,0,0,0,0,0,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

70707070707 70707070707070707070707070707070707070]

> c¢oll[9]:=[0, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O,
o, o, o, o, o, o, o0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O, O, O, O, O, O, O, O, O, O, O, O, O,
o, 0, 1, 0, 0, 0, 0];

coly == [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0]



col[10]:=

to, o, o, o, o, o, o, 0, 0, 0, 0, 0, &, 0, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O,

b O’ O, 0, O’ 0, O’ O’ 0’ O’ o, O’ O’ O’ O’ O’ 0’ O’ O, 0’ O’ 0’ O’ O’ 0’ O’ 0, 0’ O’ 0’
, 0, 0, 0];

colyp = [0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

The matrix PART is by definition .Z.# ~1.

> PART:=MatrixMatrixMultiply(Transpose(Matrix([col[1],co0l[2],c0l[3],col[4],co0l[5],co0l[6],
col[7],col[8],co0l[9],c0l[10]1]1)) ,PPP);

¢ 65 x 10 ¢ (Matrix)

>
>

0,
O,

‘Data Type: ¢ anything
PART :=
‘Storage: ¢ rectangular

‘Order: ¢ Fortran_order

for k from 1 to 85 do
for j from 1 to 30 do
L[k][j]1:=0

od

od:

construct the matrix ¢/, whose upper right block 2 is indeterminate.

for k from 1 to 10 do
for 1 from 1 to 10 do
L[k] [1+20] :=Q[k,1]

od

od:
for k from 76 to 85 do
L[x] [k-65]:=1

od:
for k from 11 to 75 do

for j from 1 to 10 do
L[k] [j]:=PART[k-10,j]
od

od:
for k from 1 to 85 do

L[k] :=convert(L[k],list)
od:
MM:=Matrix([seq(L[k],k=1..85)]):

VVVVVVVVVVVVVVYVVYV g\/vvvv
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1.4.2 Computation of 2

To compute the coefficients of 2, we consider the matrix R obtained by multiplying 2 at right by the transition
matrix from the algebraic basis to the geometric basis of P,. The matrix R is then the matrix

(ApApA). :W(ﬁz,%geom) — W(ﬁla f@alg)'

Computation of (ApApA). 0y in the basis ([;)1<i<10-

> y:=ly’: z:=’z:

> M:i=(y,z)->[y+t,z]:

> U:=MatrixMatrixMultiply(R_1,extract(devlim2(devlim2((devliml(M,-1/alpha,1/alpha)), 1/alpha,
1/alpha),0,0))):

> for k from 1 to 10 do

> R[k][1]:=U[k];

> od:

Computation of (ApApA), 9, in the basis (I;)1<i<10-

> y:=ly’: z:=’z’:

> M:=(y,z)->[y,z+t]:

> U:=MatrixMatrixMultiply(R_1,extract(devlim2(devlim2((devliml(M,-1/alpha,1/alpha)), 1/alpha,
1/alpha),0,0))):

> for k from 1 to 10 do

> RI[k][2]:=U[k];

>  od:

Computation of (ApApA), 0, in the basis (I;)1<i<10-



u:=’u’: v:i='v’:

M:=(u,v)->[u+t,v]:

> U:=MatrixMatrixMultiply(RR_1,ulextract(uldevlim3(uldevlim2(uldevlim1(M,0,1/(alpha-1)), O,
1/(1+alpha)),0,0))):

> for k from 1 to 10 do

> R[k][3]:=U[k];

>
>

> od:
Computation of (ApApA), 0y, in the basis (I;)1<i<10-
> u:=’u’: v:='v’:

> M:=(u,v)->[u,v+t]:

> U:=MatrixMatrixMultiply(RR_1,ulextract(uldevlim3(uldevlim2(uldevlimi(M,0,1/(alpha-1)), O,
1/(1+alpha)),0,0))):

> for k from 1 to 10 do

> RI[k][4]:=U[k];

> od:

Computation of (ApApA), Oy, in the basis (I;)1<i<10-

> r:='r’: s:=’8’:

> M:=(r,s)->[r+t,s]:

> U:=MatrixMatrixMultiply(RRR_1,r2extract(r2devlim3(r2devlim2(r2devlim1(M,0,0),0,0),0,0))
)

> for k from 1 to 10 do

> RI[k][5]:=U[k];

>  od:

Computation of (ApApA), Js, in the basis (I;)1<i<10-

> r:=’r’: s:=’g’:

> M:=(r,s)->[r,s+t]:

> U:=MatrixMatrixMultiply(RRR_1,r2extract(r2devlim3(r2devlim2(r2devlim1(M,0,0),0,0),0,0))
)

> for k from 1 to 10 do

> RI[k][6]:=U[k];

>  od:

Computation of (ApApA), Or, in the basis ([;)1<i<10-

> r:='r’: g:=’g’:

> M:=(r,s)->[r+t,s]:

> U:=MatrixMatrixMultiply (RRRR_1,r3extract(r3devlim3(r3devlim2(r3devliml(M,-(1/2)*(-1+alpha)
"5/alpha~4,0),(1/2)*(1+alpha)"5/alpha~4, 0),-1,0))):

> for k from 1 to 10 do

> RI[k]I[7]:=U[k];

> od:

Computation of (ApApA), Os, in the basis (I;)1<i<10-

> r:=’r’: s:=’g’:

> M:=(r,s)->[r,s+t]:

> U:=MatrixMatrixMultiply(RRRR_1,r3extract(r3devlim3(r3devlim2(r3devliml(M,-(1/2)*(-1+alpha)
"5/alpha”4,0), (1/2)*(1+alpha) "5/alpha~4, 0),-1,0))):

> for k from 1 to 10 do

> RI[k][8]:=U[k];

> od:

Computation of (ApApA), O, in the basis (I;)1<i<10-

> r:=r’: s:=’s’:

> M:=(r,s)->[r+t,s]:

> U:=MatrixMatrixMultiply (RRRRR_1,r4extract(r4devlim3(rd4devlim2(rd4devliml (M, (3/4)*(-1+alpha)
“4x(alpha”3-alpha-alpha”2+1)/alpha”5,0),-(3/4)*(1+alpha) “4*(-alpha-1+alpha”3+alpha”2)/alpha”5,
0),0,0))):

> for k from 1 to 10 do

> RI[k][9]:=U[k];

> od:
Computation of (ApApA), 9y, in the basis (I;)1<i<10-
> r:=r’: s:=’g’:

> M:=(r,s)->[r,s+t]:

> U:=MatrixMatrixMultiply (RRRRR_1,rdextract(r4devlim3(rd4devlim2(rd4devliml (M, (3/4)*(-1+alpha)
“4x(alpha”3-alpha-alpha”2+1)/alpha”5,0),-(3/4) *(1+alpha) "4*(-alpha-1+alpha”3+alpha”2)/alpha”5,
0),0,0))):

> for k from 1 to 10 do

> RI[k][10]:=U[k];

>  od:

We construct the matrix R, then we compute 2.
> for k from 1 to 10 do



R[k] :=convert(R[k],list)

od:

TEMP:=Matrix([seq(R[k],k=1..10)]):
Q:=MatrixMatrixMultiply (TEMP, MatrixInverse(P)):

VvV VV V

We can display the coefficients of 2.
> simplify(Q[9,41);

4(23+0¢ —6/\5)/12

1.5 The 8 vectors of V(D) that form the columns of the matrix %

1.5.1 Columns of .#, (eight (10 x 1)-vectors)

ay
> prol:=[-lambda[1],-1,2,0,0,0,-lambda[4]"2,-2*1lambda[4],0,0];

> a[1l] :=convert(prol,Vector):

prol = [=\1,—1,2,0,0,0, —X\4%, —2)4,0,0]

ag

> pr02:=[0,0,0,0,0,0,—3,0,0,0];

> a[2] :=convert (pro2,Vector) :

pro2 := [0,0,0,0,0,0,—3,0,0,0]

as

> pro3:=[0,0,0,0,0,0,0,0,-3,0];

> a[3]:=convert (pro3,Vector):

pro3 = [0,0,0,0,0,0,0,0,—3,0]

as

> pro4:=[1,0,0,0,0,0,lambda[4] "3,3*1lambda[4] "2,2*1lambda[5] "2,4*1lambda[5]];
> a[4] :=convert (pro4,Vector):

pro4 = [1,0,0,0,0,0, A4, 3247, 2 X5, 4 \5]

as

> prob5:=[0,0,-lambda[2],-1,-2*1lambda[3],-2,-3*lambda[4] ,-3,-4*lambda[5] ,-4];
> a[b]:=convert (pro5,Vector):

pros = [0,0,—Xg, —1,—2 X3, —2, =3 Ay, —3, —4 A5, —4]

ag

> pro6:=[0,0,0,0,0,0,2,0,0,0];

> al[6]:=convert (pro6,Vector) :

pro6 := [0,0,0,0,0,0,2,0,0,0]

ar

> pro7:=[0,0,0,0,0,0,0,0,0,0];

> a[7] :=convert (pro7,Vector) :

pro7 = [0,0,0,0,0,0,0,0,0, 0]

as

> pro8:=[0,0,0,0,0,0,0,0,0,0];

> a[8]:=convert (pro8,Vector):

pro8 := [0,0,0,0,0,0,0,0,0,0]



1.5.2 Columns of .Z, (eight (10 x 1)-vectors)

aq
>
>
as
>
>
as
>
>
Gy
>
>
as
>
>
ag
>
>
ar
>
>
as
>
>

M:=(y,z)->(t+y,2):
aa[1] :=MatrixMatrixMultiply(R_2,champ4(M)):

M:=(y,z)->((1+t)*y,z) :
aa[2] :=MatrixMatrixMultiply(R_2,champ4(M)) :

M:=(y,z)->(y+t*z,z):
aa[3] :=MatrixMatrixMultiply(R_2,champ4(M)):

M:=(y,z)->(y,t+z):
aa[4] :=MatrixMatrixMultiply(R_2,champ4(M)):

M:=(y,z)->(y,t*xy+z):
aa[5] :=MatrixMatrixMultiply(R_2,champ4(M)) :

M:=(y,z)->(y, (1+t)*z):
aa[6] :=MatrixMatrixMultiply(R_2,champ4(M)) :

M:=(y,z)->(y/(1-txy) ,z/(1-t*y)):
aa[7] :=MatrixMatrixMultiply(R_2,champ4(M)):

M:=(y,z)->(y/(1-t*z) ,z/(1-t*z)):
aa[8] :=MatrixMatrixMultiply(R_2,champ4(M)) :

1.5.3 Columns of .#Z, (eight (10 x 1)-vectors)

aq
>
>
az
>
>
as
>
>
Gy
>
>
as
>
>
ag
>
>
ar
>
>
asg
>
>

M:=(y,z)->(t+y,z):
aaal1] :=MatrixMatrixMultiply(R_2,champ3(M)):

M:=(y,z)->((1+t)*y,z) :
aaa[2] :=MatrixMatrixMultiply (R_2,champ3(M)):

M:=(y,z)->(y+t*z,z):
aaa[3] :=MatrixMatrixMultiply (R_2,champ3(M)):

M:=(y,z)>(y,t+z):
aaal4] :=MatrixMatrixMultiply(R_2,champ3(M)):

M:=(y,z)->(y,t*y+z):
aaa[b] :=MatrixMatrixMultiply (R_2,champ3(M)):

M:=(y,z)->(y, (1+t)*z):
aaa[6] :=MatrixMatrixMultiply (R_2,champ3(M)):

M:=(y,z)->(y/(1-tx*y) ,z/(1-t*xy)):
aaal7] :=MatrixMatrixMultiply(R_2,champ3(M)):

M:=(y,z)->(y/(1-t*z) ,z/(1-t*z)):
aaal[8] :=MatrixMatrixMultiply(R_2,champ3(M)):



1.5.4 Construction of the matrix 7}

mise:=proc(k::integer)

local u,v,w,h:

u:=convert (Transpose(alk]),list):
v:=convert (Transpose(aalk]),list):
w:=convert (Transpose(aaalk]),list):
h:=[op(u),op(v),op(w)]:

RETURN (convert (h,Vector))

end:

for k from 1 to 8 do
VectDef [k] :=mise (k)

od:

VVVVVVYVVYVVYV

1.6 The 63 vectors of V(D,) that form the columns of the matrix %,

1.6.1 Vectors of type a (we compute the columns of the matrices .4/, .4, and .4.")
Columns of A, (eight (10 x 1)-vectors)
Aa1

> M:=(y,z)>(t+y,z):
> aA[1]:=MatrixMatrixMultiply(R_1,champl(M)):

Aa2

> M:=(y,z)>((1+t)*y,z):
> aA[2] :=MatrixMatrixMultiply(R_1,champl(M)):

Aa3

> M:=(y,z)->(y+t*z,z):
> aA[3]:=MatrixMatrixMultiply(R_1,champl(M)):

Aa4

> M:=(y,z)->(y,t+z):
> alA[4]:=MatrixMatrixMultiply(R_1,champl(M)):

Aa5

> M:=(y,z)->(y,t*xy+z):
> alA[b]:=MatrixMatrixMultiply(R_1,champl(M)):

Aa6

> M:=(y,z)->(y, (1+t)*z):
> aA[6]:=MatrixMatrixMultiply(R_1,champl(M)):

Aa7

> M:=(y,z)->(y/(1-txy) ,z/(1-t*xy)):
> aA[7]:=MatrixMatrixMultiply(R_1,champ1(M)):

Aag

> M:=(y,z)->(y/(1-t*z) ,z/(1-t*z)):
> aA[8]:=MatrixMatrixMultiply(R_1,champl(M)):

Columns of A to which we add 55 zeros

Aa1
> prol:=[-mu[1],-1,2,0,0,0,-mu[4]"2,-2*mu[4],0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0] ;

> nops(prol);
> aalA[1]:=convert(prol,Vector):

pTOZ = [_IU/17_1’27050707 —,U/Z,—2/1/470,0,0,0,0,0,07070,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65
Aag



= b ’O,O)0’O)O’O’O’0’O)o’O’O’O,OJOIO)O’O,O)O’O)
0,0,0,0,0,0, ,015
> nops(pro2);

> aalA[2] :=convert (pro2,Vector) :

pro2 := [0,0,0,0,0,0,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65
Aa3

> pro3:=[0,0,0,
0,0,0,0,0,0,0,0,
> nops(pro3);

> aaA[3]:=convert(pro3,Vector):

pro3 = [0,0,0,0,0,0,0,0,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

0,0,0 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0 0,0];

>
B

65

Aa4

> pro4:=[1,0,0,0,0,0,-mu[4]"3,-3*mul4] "2,2*mu(5] "2,4*mu[5],0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0’0,0,0] I

> nops(pro4) ;

> aalA[4]:=convert (pro4,Vector):

pr04 = [17 07 03 07 07 07 —,Lti, _3,11421, 2 M§7 4/”/57 07 Oa 07 07 07 07 03 07 07 07 07 03 07 07 07 07 03 07 07 07 07 03 07 07 07 07 03 07 07 07
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65
Aa5

> pro5:=[0,0,-mul2],-1,-2*mu[3],-2,-3*mu[4],-3,-4*mu[5],-4,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
> nops(pro5);

> aaA[5]:=convert (pro5,Vector):

p7'05 = [ana_ﬂ27_1a_2,u3a_27_3/~‘t’47_35 _4/-l’5a_470aOa0707070aOa0707070aOa0707070a05070707()’0)07070’
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

,0,0,0,0,
,O)O:O:O:

65

Aa6

> pro6:=[0,0,0,0,0,0,-2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> aalA[6] :=convert (pro6,Vector):

pro6 = [0,0,0,0,0,0,—2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

65

Aa7

> pro7:=[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0] ;

> mnops(pro7);

> aalA[7]:=convert(pro7,Vector) :

pro7 = [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0

65

Aag

> pro8:=[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> nops(pro8);
> aaA[8]:=convert (pro7,Vector):



pro8 = [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65

Columns of A" (eight (10 x 1)-vectors)
Aa1

> M:=(y,z)>(t+y,z):
> aaalA[1] :=simplify(MatrixMatrixMultiply(R_2,champ2(M))):

AGQ

> M:=(y,z)->((1+t)*y,z):
> aaaA[2] :=simplify(MatrixMatrixMultiply (R_2,champ2(M))):

Aa3

> M:=(y,z)->(y+t*z,z):
> aaalA[3]:=simplify(MatrixMatrixMultiply(R_2,champ2(M))):

Aa4

> M:=(y,z)>(y,t+z):
> aaalA[4]:=simplify(MatrixMatrixMultiply(R_2,champ2(M))):

Aa5

> M:=(y,z)->(y,txy+z):
> aaalA[5] :=simplify(MatrixMatrixMultiply(R_2,champ2(M))):

ACLG

> M:=(y,z)->(y, (1+t)*z):
> aaalA[6] :=simplify(MatrixMatrixMultiply (R_2,champ2(M))):

Aa7

> M:=(y,z)->(y/(1-t*xy) ,z/(1-t*xy)):
> aaalA[7] :=simplify(MatrixMatrixMultiply(R_2,champ2(M))):

Aag

> M:=(y,z)->(y/(1-t*z),z/(1-t*z)):
> aaaA[8]:=simplify(MatrixMatrixMultiply(R_2,champ2(M))):

Glueing
We form the first eight vectors of type a of V(D3).

for k from 1 to 8 do

for j from 1 to 10 do
VectDef_alk] [j]:=aA[k] [j]
od

od:
for k from 1 to 8 do

for j from 11 to 75 do
VectDef_alk] [j]:=aaA[k] [j-10]
od

od:
for k from 1 to 8 do

for j from 76 to 85 do
VectDef_alk] [j]:=aaaA[k] [j-75]
od

od:
for k from 1 to 8 do

VectDef _al[k] :=convert(VectDef_alk],list)

od:
for k from 1 to 8 do

VectDef _alk] :=convert(VectDef_alk],Vector)
od:

VVVVVVVVVVVVVVVVVYVVYVYV



1.6.2 Vectors of type b (we compute the columns of the matrices .4{/, .4, and .A4)

Columns of A; (twenty five (10 x 1)-vectors)
> Mg:=(y,z,p,q)~>(y+t*y"p/z"q,2);
ty?
Mg = (y,zp0) =y + -2
> M:=(y,z)->Mg(y,z,p,q);

M = (y,z) — Mg(y,z,p,q)
Ab, 4

>  DbA:=unapply(MatrixMatrixMultiply(R_1,champl(M)), (p,q)):

Colums of M, to which we add a (25 x 25)-identity block then 30 zeros
Ab(),l

> prol:=[0,0,0,0,0,0,2*m 5,10*mu[4] "4,3*mu[5] "3,9*mu[5] "2, 1,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
> mnops(prol);

> DbbA[0,1] :=convert (prol,Vector):

> DbbA[0,1][11];

prol := [0,0,0,0,0,0,2 3,10 ug, 3 3,9 3, 1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0

65

> pro2:=[-1,0,0,0,0,0,mu[4]"3,3*mu[4] "2,-2*mu[5] "2,-4*mu[5],0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> nops(pro2);

> DbbA[1,1] :=convert (pro2,Vector):

> bbA[1,1]1[12];

pro2 = [-1,0,0,0,0,0, 3,3 ui, —2 3, —4 ps,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

65

1

Abs 4

> pro3:=[0,0,2*mu[2],2,3*mu[3],3,4*mu[4],4,5*mu[5],5, 0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> nops(pro3);

> DbbA[2,1] :=convert(pro3,Vector):

> DbbA[2,1][13];

p7‘03 = [07072:u27273U37374U47475U5757070a la0707070aOa0707070aOa0707070aOa0707070a03070707()’03070707
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

65

1
Abo.2

-9*mu (4] "8,-72*mu[4]"7,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

> pro4:=[0,0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,01;

0,
0,0,0,0,0,0,0,0,
> nops(pro4) ;
> DbbA[0,2] :=convert (pro4,Vector) :
> DbbA[0,2] [14];

proj = [0,0,0,0,0,0,—9u%, —721,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

0,0,
O’o}

65
1



AbLg

> pro5:=[0,0,0,
0,0,0,0,0,0,0,0,
> nops(pro5);

> bbA[1,2] :=convert (pro5,Vector):
> DbbA[1,2][15];

pro5 = [0,0,0,0,0,0,—3 xS, —18 113, 0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

-3#mu[4]"6,-18*mu[4]"5,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

O,O’
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

0,
0,

65

1
Abs o

> pro6:=[-1/mul1],1/mu[1]"2,0,0,0,0,-mu[4]"4,-4*mu[4]"3,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> nops(pro6) ;

> DbbA[2,2] :=convert (pro6,Vector) :

> bbA[2,2][16];

pro6 = [—pit, 17%,0,0,0,0,—pd, —44%,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

65

1

Abs o

> pro7:=[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> mnops(pro7);

> DbbA[3,2] :=convert (pro7,Vector) :

> bbA[3,2][17];

pro7 := [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0

65

2*mu[4] "11,572*mu[4] “10,-28*mu[5] "6,-168*mu[5] "5,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

oo
oo
oo
°
°

0,0,0,0,0,0,
0];

> nops(pro8);

>  DbbA[0,3] :=convert(pro8,Vector):
> DbbA[0,3][18];

pro8 := [0,0,0,0,0,0,52 uy", 572 3", —28 g, —168 3, 0,0, 0,0,0,0,0, 1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

65

1

Aby 3

> pro9:=[0,0,0,0,0,0,15*mul4]"9,135*mu[4] "8,12*mu[5] "5,60*mu[5] "4,0,0,0,0,0,0,0,0,1,0,0,0,
O’O’O,O’O,O’O’O’O’O,O’O,O’O’O,O’O,O’O’O,O’O,O’O,O’O’O,O’O,O’O’O,O’O,O’O’O’O’O,O’O,O’O];

> mnops(prol);

> DbbA[1,3]:=convert (pro9,Vector):

> bbA[1,3][19];

pro9 = [0,0,0,0,0,0,15 u3, 135 uf, 12 u2, 60 pia, 0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

65
1



Ab273

> pro10:=[0,0,0,0,0,0,4*mul4] "7,28*mu[4] "6,-5*mu[5] "4,-20*mu[5]"~3,0,0,0,0,0,0,0,0,0,1,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0] ;

> mnops(prol0);

> bbA[2,3]:=convert (prol0,Vector):

> DbbA[2,3][20];

prol0 := [0,0,0,0,0,0,4 pu}, 28 uS, —5 s, —2042,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65

nops (proi1l);
bbA[3,3] :=convert(proll,Vector):
bbA[3,3][21];

u§76u§707 07 O’ O’ 07 07 07 O’ O’ 07 1707 O’ O’ 07 07 07 0’ 07 07 07 07 0’ 07 07 07 O’

pTOZJ = [_H1_272/-L1_3a0707070a,u
0,0,0,0,0 ,0,0,0,0,0,0,0]

O’ 070707 0’ 07070707 0’ 0707 g ) 707 70’

o N

65

1
Aby s

> prol2:=[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> mnops(prol2);

> bbA[4,3]:=convert(prol2,Vector):

> bbA[4,3][22];

prol2 := [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

65

1

Abg 4

> prol3:=[0,0,0,0,0,0,-340*mu[4] "14,-4760*mu[4]"13,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> nops(prol3);
> DbA[0,4] :=convert (prol3,Vector):
> bbA[0,4][23];

pro13 = 1[0,0,0,0,0,0,—340 u}*, —4760 113, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65

1

Ab174

> pr014:=[O,O,O,O,O,O,—Ql*mu[4]”12,—1092*mu[4]"11,O,O,O,O,O,O,O,O,O,O,O,O,O,O,O,1,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> nops(prol4);

> bbA[1,4]:=convert(proil4,Vector):

> DbbA[1,4][24];

prol4 := [0,0,0,0,0,0,—91 x}%, —1092 13, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

65
1



Abg 4

> prol5:=[0,0,0,0,0,0,-22*mu[4]~10,-220%mu[4]"9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,07;

> nops(prols);

> bbA[2,4] :=convert (prolb,Vector):

> bbA[2,4][25];

prol5 = [0,0,0,0,0,0,—22 1%, —220 42, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65

1

Abs 4

> prol6:=[0,0,0,0,0,0,-5%mu[4]"8,-40%mu[4]"7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> nops(prol6);
> DbA[3,4] :=convert (prol6,Vector):
> DbbA[3,4][26];

prol6 := [0,0,0,0,0,0,—5u3,—4047,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

65

1

Aby 4

> prol7:=[-1/mu[1]°3,3/mul1]"4,0,0,0,0,-mu[4] " 6,-6*mul4]"5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> nops(prol7);
> DbbA[4,4] :=convert (prol7,Vector):
> DbbA[4,4][27];

prol7 = [—u;%,3u7%,0,0,0,0,—uS, —643,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]
65

1
Abs 4

> prols8:=[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> nops(prol8);

> DbbA[5,4] :=convert (prol8,Vector) :

> DbbA[5,4][28];

prol8 := [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65

pro19:=[0,0,0,0,0,0,2394*mu[4] "17,40698*mu[4] "16,429*mu[5] "9,3861*mu[5]"8,0,0,0,0,0,0,0,
,050:01 ,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

nops (prol19);
> DbbA[0,5] :=convert (prol9,Vector) :
> DbbA[0,5][29];

prol9 := [0,0,0,0,0,0,2394 3", 40698 u3%, 429 u2, 3861 15,0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65
1



Ab175

> pro20:=[0,0,0,0,0,0,612*xmu[4] ~15,9180*mu[4] "14,-165*mu[5] “8,-1320*mu[5]"7,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0];

> nops(pro20);

> DbbA[1,5] :=convert (pro20,Vector) :

> bbA[1,5][30];

pro20 = [0,0,0,0,0,0,612 ui% 9180 uj*, —165 us, —1320 1, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0]

65

1
Aby s

> pro21:=[0,0,0,0,0,0,140*mu[4] ~13,1820*mu[4] "12,60*mu[5] ~7,420*mu[5] "6,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
01;

> nops(pro21);

> DbA[2,5] :=convert (pro21,Vector):

> bbA[2,5][31];

pro21 := [0,0,0,0,0,0,140 p3*, 1820 1152, 60 uZ, 420 42, 0,0, 0,0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

65

1

Abs 5

> pro22:=[0,0,0,0,0,0,30*mu[4]"11,330*mu[4] “10,-21*mu[5] "6,-126*mu[5]"5,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
01;

> nops(pro22);

> DbA[3,5] :=convert (pro22,Vector) :

> bbA[3,5][32];

pro22 := [0,0,0,0,0,0,30 5", 330 uy®, —21 uS, —126 112, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1,0, 0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]
65

1
Ab4’5

> pro23:=[0,0,0,0,0,0,6*mul[4]"9,54*mu[4] "8, 7*mu[5]"5,35%mu[5]"4,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> nops(pro23);

> DbbA[4,5] :=convert (pro23,Vector) :

> DbbA[4,5][33];

pro23 = [0,0,0,0,0,0,6 43,54 15, 7 3, 35 1, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65

1

Abs 5

> pro24:=[-1/mu(1]°4,4/mu[1]1°5,0,0,0,0,mul4]"7,7*mu[4] "6,-2%mu[5] "4,-8*mu[5] ~3,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,07;

> nops(pro24);

> DbbA[5,5] :=convert (pro24,Vector) :

> DbbA[5,5][34];

pro24 = [—puy*,4u7°,0,0,0,0, 17,7 uS, -2 u2, —8 42, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65



1
Abg 5

> pro25:=[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> nops(pro25);

> DbA[6,5] :=convert (pro25,Vector) :

> bbA[6,5][35];

pro25 = [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1,0,0,0,0,0,0,0,0,0,0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65
1
Columns of A]" (twenty five (10 x 1)-vectors)

> Mg:=(y,z,p,q)—>(y+t*xy"p/z"q,z) ;

ty?
Mg = (yaz7p7Q) = y+ ZTyz

> M:=(y,z)->Mg(y,z,p,q);

M = (y,z) — Mg(y, z,p,q)
Ab, 4

> DbbbA:=unapply (MatrixMatrixMultiply(R_2,champ2(M)), (p,q)):

Glueing
We form the 25 vectors of type b of V(D).

for q from 1 to 5 do
for p from 0 to g+l do
for j from 1 to 10 do
ulp,ql [j]:=bA(p,q) [j]
od

od

od:
for g from 1 to 5 do

for p from 0 to g+l do
for j from 11 to 75 do
ulp,ql [j1:=bbA[p,q] [j-10]
od
od

od:
for q from 1 to 5 do

for p from 0 to g+1 do
for j from 76 to 85 do
ulp,ql [j]:=bbbA(p,q) [j-75]
od

od

od:

for q from 1 to 5 do
for p from O to g+1 do
ulp,ql :=convert(ulp,ql,list)
od

od:

q:=1:

for p from 0 to g+1 do
VectDef _b[p+1]:=ulp,q]
od:

q:=2:

for p from O to g+1 do
VectDef _b[p+4] :=ulp,q]
od:

q:=3:

for p from O to g+1 do
VectDef _b[p+8]:=ulp,ql
od:

q:=4:

for p from 0 to g+l do
VectDef_b[p+13]:=ulp,q]

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVYVVYVVYV



od:

q:=b:

for p from 0 to g+l do
VectDef _b[p+19] :=ulp,q]

V VV V V VYV

1.6.3 Vectors of type ¢ (we compute the columns of the matrices 4, A4 and A4.")
Columns of A, (twenty five (10 x 1)-vectors)
> Mg:=(y,z,p,q)->(y,z+t*y"p/z"q) ;

yp
Mg = (y,Z,p, ) ’_>y7Z+ Ta
> M:=(y,z)->Mg(y,z,p, q)
M = (y,z) = Mg(y,2,p,q)

Acpq

> cA:=unapply (MatrixMatrixMultiply(R_1,champl(M)), (p,q)):

Columns of A to which we add 25 zeros, a (25 x 25)-identity block then 5 zeros
Ale

,24*mu[4]°5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> prol:=[0,0,0,
0,0,0,1,0,0,0,
> nops(prol),
> c¢cA[0,1] :=convert (prol,Vector):
> ccA[0,1][36];

prol = [0,0,0,0,0,0,4 15,24 4%,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

O o
O o
Oo
oo
o8
°

:o

65

1
ACl’l

> pro2:=[1/muf1],-1/mu[1]"2,0,0,0,0,mu[4] "4,4*mu(4]"3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0] ;

> nops(pro2);

> ccA[1,1] :=convert (pro2,Vector):

> ccAl1,1]1([37];

pro2 = [u;',—pi?,0,0,0,0,pu5,443,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65

1

Aca

> pro3:=[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> nops(pro3);
> ccA[2,1] :=convert(pro3,Vector):
> ccA[2,1]1[38];

pro3 = [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65

,0,0,0,-25%mu[4] ~9,-225*mu[4] “8,-18*mu[5] °5,-90%mu[5] "4,0,0,0,0,0,0,0,0,0,0,
,0,0,0 ,0,0, ,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, O]

'—‘l\)
O



> nops(pro4);
> c¢cA[0,2] :=convert (pro4,Vector) :
> ccA[0,2][39];

proj = [0,0,0,0,0,0,-25 uf, =225 uf, =18 u2, =90 415, 0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65
1
Aci o
pro5:=[0,0,0,0,0,0,-5%mu[4] "7,-35*mu[4] "6,6*mu[5] "4, 24*mu[5]~3,0,0,0,0,0,0,0,0,0,0,0,0,
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

ccA[1,2] :=convert (prob,Vector) :

ccA[1,2][40];
pro5 = [0,0,0,0,0,0, 5 ], —35 S, 6 2, 24 4, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

>
0
> nops(proS),
>
>

65

-2/muf[1]1°3,0,0,0,0,-mu[4]"5,-5*mu[4] "4,-2*mu[5] "3,-6*mu[5] "2,0,0,0,0,0,
O 0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

ops(pr06)
ccA[2,2] :=convert (pro6,Vector) :
ccA[2,2]1[41];

pro6 = [uy?,—2p7°,0,0,0,0, —ui, =5 ug, —2 ui, —6 12,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65
1
AC32
pro7:=[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

ccA[3,2] :=convert (pro7,Vector) :
ccA[3,2][42];

pro7 = [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1,0, 0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

65
1
A003
pro8:=[0,0,0,0,0,0,182*mu[4] “12,2184%*mu[4]"11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
,0,0,0,0,0,0,0,0,0,0,0,0,1 ,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

ccA[0,3] :=convert (pro8,Vector) :
ccA[0,3][43];

pro8 = [0,0,0,0,0,0,182 uj? 2184 u3*,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0

>
0
> nops(pr08),
>
>

,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

65

1

Acy 3

> pro9:=[0,0,0,0,0,0,33*mu[4]~10,330*mu[4]"9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];



> mnops(prol);
> ccA[1,3] :=convert (pro9,Vector) :
> ccAl1,3][44];

pro9 := [0,0,0,0,0,0,33 uk 330 13, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

65

1

Aca 3

> pro10:=[0,0,0,0,0,0,6%mnul4] "8,48%mu[4]"7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> mnops(prol0);
> ccA[2,3] :=convert (prol0,Vector) :
> ccA[2,3][45];

pro10 := [0,0,0,0,0,0,6 43,48 1%, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

65

1

Acs 3

> proll:=[1/mu[1]°3,-3/mul1]"°4,0,0,0,0,mu[4]"6,6*mul4]"5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> mnops(proll);
> ccA[3,3] :=convert(proll,Vector):
> ccA[3,3][46];

prodl = [uy® ~3u;%,0,0,0,0, 48,6 43,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65
1

Acyz

> prol2:=[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0];

> nops(prol2);

> ccA[4,3] :=convert (prol2,Vector):

> ccA[4,3]1[47];

prol2 := [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

65
1

ACO74

> prol3:=[ 0,0,0,-1428*mu[4] ~15,-21420*mu[4] “14,330*mu[5] “8,2640*mu[5] "7,

> 0,0,0,0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,
0,0, O 0,0,0,0,0,0,0,0];

> nops(pr013)

> ccA[0,4] :=convert (prol3,Vector) :

> ccA[0,4][48];

prol3 = [0,0,0,0,0,0, —1428 u3®, —21420 pi*, 330 uS, 2640 11, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0]

65

1

A61 A4

> prol4:=[0,0,0,0,0,0,-245*mu[4] "13,-3185*mu[4] "12,-96*mu[5] "7,-672*mu[5] "6,

> 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0];



> nops(proil4);
> ccA[1,4] :=convert (prol4,Vector):
> ccA[1,4][49];

prol := 10,0,0,0,0,0, —245 u3®, —3185 3%, —96 ul, —672 1S, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

65
1

ACQA

> prol5:=[0,0,0,0,0,0,-42*mu[4] "11,-462*mu[4] "10,28*mu[5] "6,168*mu[5]"5,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0];

> nops(prolb);

> ccA[2,4] :=convert (prol5,Vector) :

> ccA[2,4][50];

prols := [0,0,0,0,0,0,—42 us', —462 u3°, 28 uS, 168 112, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]
65

1
AC374

> prol6:=[0,0,0,0,0,0,-7*mu[4]"9,-63*mu[4]"8,-8*mu[5] "5,-40*mu[5] "4,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0];
nops (prol6) ;

ccA[3,4] :=convert (prol6,Vector) :

ccA[3,4]1[51];

prol6 = [0,0,0,0,0,0,—7 ud, —63 uS, =8 u2, —40 4i2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0, 0]

vV V V

65
1
Acyq
pr017 =[1/mul1]"4,-4/mu[1]"°5,0,0,0,0,-mul[4]"7,-7*mu[4] "6,2*mu[5] "4, 8*mu[5] "3,0,0,0,0,0,
0,0 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,

no (prol?);
ccA[4 4] :=convert (prol7,Vector):
ccAl[4,4][52];

pr017 = [M;47_4M;5707070707 _M’AL_7/1’272/1/%78”?707070707070707070707070707070707070u0707070703070707
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1,0,0,0,0,0,0,0,0,0,0,0,0,0]

65

1

AC574

> prols8:=[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0, O 0,0,0,0, 1 0, O 0,0, O 0, O 0,0, O 0, O]

> ops(pr018);

> ccA[5,4] :=convert (prol8,Vector) :

> ccA[5,4][53];

prol8 := [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0, 0]

65
1

ACO75



> prol19:=[0,0,0,0,0,0,11704*mu[4]"18,210672*mu[4]~17,0,0 ,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0, ,0 ;

> ops(pr019)

> c¢cA[0,5] :=convert (prol9,Vector) :

> ccA[0,5] [54];

prol19 := [0,0,0,0,0,0,11704 x13,210672 1147, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0, 0]

65

1

ACL5

>  pro20: =[0,0,0,0,0,0,1938*mu[4] ~16,31008*mu[4] ~15,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,
> nops(proQO)

> ccA[1,5] :=convert (pro20,Vector) :

> ccA[1,5][55];

pro20 = [0,0,0,0,0,0,1938 115, 31008 121°,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0]

65

1

Aca s

> pro21:=[0,0,0,0,0,0,320*mu[4] ~14,4480%mu[4] "13,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0];

> nops(pro21);
> ccA[2,5] :=convert (pro21,Vector) :
> ccA[2,5][56];

pro21 := [0,0,0,0,0,0,320 ui*, 4480 u3*,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0, 0]

65

1

Acs s

> pro22:=[0,0,0,0,0,0,52*mu[4]"12,624%mu[4]"11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0];

> nops(pr022)
> ccA[3,5] :=convert (pro22,Vector) :
> c¢cA[3,5][57];

pro22 := [0,0,0,0,0,0,52 u}%,624 411, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0]

65

1

AC45

> pro23:=[0,0,0,0,0,0,8*mul4] "10,80*mu[4]"9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0] ;

> nops(pro23);

> ccA[4,5] :=convert (pro23,Vector) :

> ccA[4,5]([58];

pro23 := [0,0,0,0,0,0,8u4° 804,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0]

65
1

AC55



> pro24:=[1/mul1]°5,-5/mul[1]"6,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
> nops(pro24);
> ccA[5,5] :=convert (pro24,Vector) :
> ccA[5,5][59];

pro24 = [u7®, —5u1°,0,0,0,0, 5,8 47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0]

65
1

Acg 5

> pro25:=[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
O’O’O,O’O,O’O,O’O’O,O’O,O’O’O,O’O,O’O’130’0,010,0];

> nops(pro25);

> ccA[6,5] :=convert (pro25,Vector) :

> ccA[6,5][60];

pro25 = [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0]

65
1
Columns of A" (twenty five (10 X 1)-vectors)

> Mg:=(y,z,p,q)—>(y,z+t*y"p/z"q);

ty?
Mg = (y,2,p,0) =y, 2+ —

> M:=(y,z)->Mg(y,z,p,q);

M = (y,z) — Mg(y, z,p,q)
Acp q

> cccA:=unapply (MatrixMatrixMultiply(R_2,champ2(M)), (p,q)):

Glueing
We form the 25 vectors of type ¢ of V(D3).

for g from 1 to 5 do
for p from 0 to g+1 do
for j from 1 to 10 do
uulp,ql [j1:=cA(p,q) []]
od

od

od:
for q from 1 to 5 do

for p from 0 to g+1 do
for j from 11 to 75 do
uulp,ql [j]:=ccAlp,ql [j-10]
od

od

od:
for q from 1 to 5 do

for p from O to g+1 do

for j from 76 to 85 do
uulp,ql [j]:=cccA(p,q) [j-75]
od

od

od:
for q from 1 to 5 do

for p from O to g+1 do

uulp,ql :=convert (uulp,q],list)
od

od:

q:=1:

for p from O to g+1 do
VectDef_c[p+1]:=uulp,ql

od:

VVVVVVVVVVVVVVVVVVVVVVVVVVVYVYVYV



> q:=2:

> for p from O to g+1 do
> VectDef_c[p+4] :=uulp,q]
>  od:

> q:=3:

> for p from 0 to g+l do
> VectDef_c[p+8] :=uulp,q]
>  od:

> q:=4:

> for p from O to g+1 do
> VectDef_c[p+13]:=uulp,q]
> od:

> q:=5:

> for p from O to g+1 do
> VectDef_c[p+19]:=uulp,q]
> od:

> p:=7p) .

> q:=’q’:

1.6.4 Vectors of type d (we compute the columns of the matrices .4}, .45 and .A4]")
Columns of A] (five (10 x 1)-vectors)

> Mg:=(y,z,p)->(y+t*xy~ (p+2) /z"p,z+txy" (p+1) /2" (p-1)) ;

typ+2 ty:DJrl

z+
zp 2p—1

> M:=(y,z)->Mg(y,z,p);

Mg = (y,z,p) =y +

M = (y,z) — Mg(y, z,p)
Ad,
> dA:=unapply(MatrixMatrixMultiply(R_1,champl(M)),p):

Columns of g to which we add 50 zeros then a (5 x 5)-identity block

Ad,y
> prol:=[0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0] ;

> nops(prol);
> ddA[1] :=convert(prol,Vector):
> ddA[1][61];

prol = [0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0]

65

1

Ads

> pro2:=[0,0,mu[2]"2,2*mu[2],0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0];

> nops(pro2);
> ddA[2] :=convert (pro2,Vector):
> ddA[2][62];

pro2 = [0,0, 13,2 12,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0]

65

1

Ads

> pro3:=[0,0,0,0,mu[3]"2,2%mu[3],2*mul4],2,2*mu[5],2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0];

> nops(pro3);
> ddA[3] :=convert (pro3,Vector):
> ddA[3][63];



pro3 = [0,0,0,0, 12,2 s, 2 jus, 2,2 15, 2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0, 0]

65

1

Ady

> pro4:=[0,0,0,0,0,0,mu[4]"2,2%mu(4],0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0] ;

> nops(pro4);
> ddA[4] :=convert (pro4,Vector):
> ddA[4][64];

pr04 = [0’07070?03O’/’Li’2”470’07070’070’07070307070707030707070703070707070’0707070’030’070703030’0707
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0]

65

1

Ads

> pro5:=[0,0,0,0,0,0,0,0,mu[5]"2,2*mu(5],0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,17;

> nops(prob);
> ddA[5] :=convert (pro5,Vector):
> ddA[5][65];

pro5 = [0,0,0,0,0,0,0,0, 42,2 us,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1]

65

1

Columns of A" (five (10 x 1)-vectors)

> Mg:=(y,z,p)—>(y+t*xy~ (p+2)/z"p,z+t*xy" (p+1) /z" (p-1));

typ+2 typ-i-l

z+
2P 2p—1

> M:=(y,z)->Mg(y,z,p);

Mg = (y,z,p) =y +

M := (y,z) — Mg(y, z,p)
Ad,
> dddA:=unapply (MatrixMatrixMultiply(R_2,champ2(M)),p):

Glueing
We form the 5 vectors of type d of V(Ds).

for k from 1 to 5 do

for j from 1 to 10 do
VectDef_d[k] [j]:=dA (k) [j]
od

od:
for k from 1 to 5 do

for j from 11 to 75 do
VectDef_d[k] [j]:=ddA[k] [j-10]
od

od:
for k from 1 to 5 do

for j from 76 to 85 do
VectDef_d[k] [j]:=dddA (k) [j-75]
od

od:
for k from 1 to 5 do

VectDef _d[k] :=convert(VectDef_d[k],list)

od:
for k from 1 to 5 do

VectDef_d[k]:=convert(VectDef_d[k],Vector)
od:

VVVVVVVVVVVVVVVVVYVVYVYV



1.6.5 Construction of the matrix 75

We put together the 8 vectors of type a, the 25 vectors of type b, the 25 vectors of type ¢ and the 5 vectors of
type d.

for k from 1 to 8 do
V[k] :=VectDef_alk]

od:

for k from 9 to 33 do
V[k] :=VectDef_b[k-8]
od:

for k from 34 to 58 do

V[k] :=VectDef _c[k-33]

od:

for k from 59 to 63 do
V[k] :=VectDef_d[k-58]

od:

for k from 1 to 63 do

WW[k] :=convert(V[k],list)
od:
MatVectDef :=Transpose (Matrix([seq(WW[k] ,k=1..63)]1)):

VVVVVVVVVVVYVVVYVYV

z

define the images of the 8 vectors of V(D) under the action of #.

for k from 1 to 8 do
ImageVectDef [k] :=MatrixMatrixMultiply (MM, VectDef [k])
> od:

We know how to compute these 8 vectors in the basis with the 65 vectors of V(®2) thanks to the relations (5.3)
given in the article. We check that these relations are satisfied (these 8 instructions give 85 zeros).

for k from 1 to 85 do
simplify(ImageVectDef [1] [k]-WW[1] [k]-3*WWw[62] [k]+4*WW[15] [k]+3*WW [36] [k]) ;

od:
for k from 1 to 85 do

simplify(ImageVectDef [2] [k]-WW[2] [k]+3*WW[60] [k]);
od:

for k from 1 to 85 do
simplify(ImageVectDef [3] [k]-WW[3] [k]+3*WW[59] [k]);
od:

for k from 1 to 85 do

simplify(ImageVectDef [4] [k]-WW[4] [k]-2+WW[20] [k]-WW[40] [k]+2*WW[63] [k]) ;
od:

for k from 1 to 85 do

simplify(ImageVectDef [6] [k]-WW[5] [k]-2*WW[61] [k]) ;

od:

for k from 1 to 85 do

simplify(ImageVectDef [6] [k]-WW[6] [k]-2*WW[60] [k]);

od:
for k from 1 to 85 do

simplify(ImageVectDef [7] [k]-WW[7] [k]);
od:

VvV Vv

VVVVVVVVVVVVVVVVVVVYVYV

1.7 Computation of the action of ¢, on H'(X, TX)

Construction of the supplementary &1 of V(®1) of dimension 22 in W (D).

We form a (30 x 30)-matrix NN; whose the first 22 columns are now zero and the last 8 are the basis vectors of
V(D) computed previously.

for k from 1 to 30 do

for j from 23 to 30 do
N1[k] [j]:=VectDef [j-22] [k]
od

od:
for k from 1 to 30 do

for j from 1 to 22 do
N1 [k] []:=0
od

od:
for k from 1 to 30 do

N1[k] :=convert(N1[k],list)
od:
NN1:=Matrix([seq(N1[k],k=1..30)]):

\%
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We fill the first 22 columns of NN; by some vectors chosen among the algebraic basis of W (D); they will define
a supplementary & of V(D).

VVVVVVVVVVVVVVVVVVYVYVYVYV

NN1[1,1]:=1:
NN1[2,2]:=1:
NN1[3,3]:=1:
NN1[4,4]:=1:
NN1[5,5]:=1:
NN1[6,6]:=1:
NN1[7,7]:=1:
NN1[8,8]:=1:
NN1[9,9]:=1:
NN1[10,10]:=1:
NN1[11,11]:=1:
NN1[12,12]:=1:
NN1[13,13]:
NN1[14,14]:
NN1[15,15]:
NN1[16,16]:
NN1[17,17]:
NN1[21,18]:
NN1[22,19]:
NN1[23,20]:
NN1[24,21]:
NN1[25,22]:

]
—

PR PRPRRRRBRP P

We compute the determinant of NNy, that is nonzero for generic parameters pu;; this shows that &7 is a supple-
mentary to V(D).

>

Determinant (NN1) ;

12 prapis (—6 prapis — 4 puapd + 9 pso+ 9 pior + 45 s + 45 g — 36 1)

We extract the first 22 columns of NN; in order to form the matrix left, that is the injection matrix of & into
W(D,).

\%

VVVVYVYVYVYV

for k from 1 to 30 do

for j from 1 to 22 do

coeff1[k] [j]:=NN1[k,j]:

od:

od:

for k from 1 to 30 do

coeffl[k] :=convert(coeff1[k],list)

od:
left:=Matrix([seq(coeffl[k],k=1..30)]):

Definition of the supplementary &2 of V(D3) in W (D32) of dimension 22 which is the image of & by the inclusion
of W(®1) into W(D3).

We form a (85 x 85)-matrix NNy whose the first 22 columns are now zero and the last 63 are some basis vectors
of V(®3) computed previously.

VVVVVVVVVVYVVVYV

for k from 1 to 85 do

for j from 23 to 85 do
N2 [k] [§] :=WWw[j-22] [k]

od

od:
for k from 1 to 85 do

for j from 1 to 22 do
N2 [k] [j]:=0
od

od:

for k from 1 to 85 do

N2[k] :=convert (N2[k] ,1list)

od:

NN2:=Matrix([seq(N2[k] ,k=1..85)]):

We fill the first 22 columns of NNy by the basis vectors of &5.

vV V.V VYV

NN2[1,1]:=1:
NN2[2,2] :=1:
NN2[3,3]:=1:
NN2[4,4] :=1:

NN2[5,5] :=1:



NN2[6,6] :=1:
NN2([7,7]:=1:
NN2[8,8] :=1:
NN2[9,9]:=1:
NN2[10,10] :=1:
NN2[11,11]:=1:
NN2[12,12]:
NN2[13,13]:
NN2[14,14]:
NN2[15,15]:
NN2[16,16]:
NN2[17,17]:
NN2([76,18]:
NN2[77,19]:
NN2[78,20] :
NN2([79,21]:
NN2[80,22]:

VVVVVVVVVVVVYVYVYVYVYV
—
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The matrix right is the projection matrix of W (D) onto &.

NNN2:=MatrixInverse (NN2) :

for k from 1 to 22 do

for j from 1 to 85 do

coeff2[k] [j1:=NNN2[k, j]:

od:

od:

for k from 1 to 22 do

coeff2[k] :=convert(coeff2[k],list)

od:

right:=Matrix([seq(coeff2[k] ,k=1..22)]):

VVVVVVYVYVVYV

The matrix OMG is the matrix of f. acting on H' (X, TX).

> OMG:=MatrixMatrixMultiply(right,MatrixMatrixMultiply (MM,left)):
>  (0OMG;

¢ 22 x 22 ¢ (Matriz)
‘Data Type: ¢ anything
‘Storage: ‘ rectangular
‘Order: ¢ Fortran_order

We assign the parameters \; et u; otherwise the computation is too heavy.

lambdal[1] :=10:
lambdal[2] :=-
lambdal[3] :=5:
lambda[4] :=2:
lambdal[5] :=3:
mul[1] :=3:
mu[2] :=-2:
mu[3] :=4:
mu[4] :=3:
mu[5] :=29:

VVVVVVYVVVYV

Computation of the eigenvalues of OMG.

> factor(CharacteristicPolynomial (OMG,x)) ;

(2 +3x+1)(a? +18z+ 1) (2> —Tx+ D)(2? +z+ 1)(z — D3z + D (2? —z + 1)*
We look at the size of the Jordan blocks for the multiple eigenvalues.

> Id:=Matrix(22,22,shape=identity):

> Rank (OMG+Id) ;

> Rank((OMG+Id)"2);

> Rank((OMG+Id)"3);

19

18

18



> Rank(0OMG-Id);
> Rank ((0MG-Id)"2);

20

20
>  Rank (OMG- (1+I*sqrt(3))/2*Id);
>  Rank ((OMG-(1+I*sqrt(3))/2*xId"2));

19
19

2 Quadratic maps fixing a cuspidal cubic curve
> restart;

2.1 First definitions

2.1.1 The quadratic transform

Definition of the linear transform mapping [1,1,1], [a, 1,a®] and [b, 1,b%] on [1,0,0], [0,1,0] and [0, 0, 1].
> A:=(b"3-a"3)*x+(b*a”"3-axb”3) *y+(a-b) *xz;

> B:=(1-b"3)*x+(b"3-b)*y+(b-1) *z;
> C:=(a"3-1)*x+(a-a"3)xy+(1-a)*z;

A= (b —a®)x + (ba® — ab®)y + (a — b)z
B:i=(1-bt)2+ 0 -by+(b-1)z
C:=(@—-Dz+(a-ad)y+(1—a)z

Composition with the Cremona involution. The transformation [z,y, 2] — [X,Y, Z] is a quadratic birational
transformation whose indeterminacy points are [1,1,1], [a,1,a?] and [b, 1, ?].

> X:=Bx*C:
> Y:=A%C:
> Z:=AxB:

Definition of a 3x3 matrix.

> m[1] :=3*(a-b) "4*x(b+1+4*a) "2* (2*¥b-1+2%a) "3* (2*a-b+2) "2* (b-1) * (b~ 2+2*b-b*a+2*a+4+a~2) :

> m[2] :=—(3%(a-2-2%b) ) * (a-b) "2*x (b+1+4*a) " 2% (2xb-1+2%a) 2% (2*xa-b+2) "2*x (b-1) "3* (b~ 2+2xb-b*a+
2%a+4+a”2) :

> m[3]:=3%(-1+a) "2* (b~ 2+2*b-b*a+2*a+4+a”2) * (b-1) * (2*a-b+2) "3* (2*xb-1+2%*a) "2* (a-b) "2* (b+1+4x*
a)"2:

> m[4] :=-(2*a-b+2) "3*% (2xb-1+2%*a) "3* (b+1+4*a) "3*(a-b) "5:

> m[5] :=-(2%a-b+2) "3* (b+1+4*a) "3* (a-b) "3* (2*¥b-1+2*a) "3*(b-1) "2:

> m[6] :=-(2%b-1+2x%a) "3*(a-b) "3*x(b+1+4%*a) "3* (2*xa-b+2) "3x(-1+a) "2:

> m[7] :=27*%(b"2+2*%b-b*a+2*a+d4+a”2) "3*x(b-1) "3*(2*¥b-1+2*a) "3*(a-b) "2:
> m[8]:=-27*(b-1) "5x (b~ 2+2*b-b*a+2*a+4+a”2) "3* (a-2-2*b) "3:

> m[9]:=27x(b-1) "3%x(2%a-b+2) "3*x(-1+a) "2* (b~ 2+2*b-b*a+2*a+4+a"2) "3:

Introduction of an auxiliary coefficient c.
> c:=(1/9)*(2*a-b+2) * (2*¥b-1+2%a) * (b+1+4*a) *(a-b) / ((b-1) * (b~ 2+2*b-b*a+2*xa+4+a"2)) ;

(2a—b+2)2b—1+2a)(b+1+4a)(a—10)

=1/9
¢ = T TR 20— bat 2a A+ )

Composition of [z,y,2] — [X,Y, Z] with m to abtain a birational transform fixing the cubic y?z = x3. Next

we multiply by the diagonal element diag {cy, 1, (cu)®}. The constant ¢ has been chosen in order that y is the
multiplier of the transformation acting on the curve.
> U:=(c*mu)* (m[1]*X+m [2] *Y+m [3] *Z) :

> V:=m[4]*X+m[5]*Y+m[6]*Z:
> W:=(c*xmu) "3*(m[7]*X+m[8] *Y+m[9] *Z) :

We express the previous transform in the affine coordinates (z, z).
> f:=unapply(U/V, x, z):
>

y:=1:
>  g:=unapply(W/V, x, z):



We check that the cubic y%z = 23 is fixed.
>  simplify(g(t, t°3)-f(t, t73)°3);
0

Computation of the multiplier.

> factor(f(t, t73));
1/3(1+3t+b+a)p

Definition of the translation factor.

> epsilon:=(a+b+1)*mu/3;
e:=1/3(a+b+1)pu

Definition of the points p; .

>  pl:=(1-2%a-2%b)*mu/3;

>  p2:=(-2+a-2%Db)*mu/3;

> p3:=(-2-2%a+b)*mu/3;

pl = 1/3(-2b+1—2a)u

p2 :=1/3(a—2—-2b)u

p3 =1/3(b—2—2a)u
2.1.2 The fixed point

Computation of the smooth fixed point on the cubic.
> solve(f(t, t°3)-t, t);
(a+b+1)u
w—1
This point is (p, ¢) in the coordinates (z, z).

~1/3

>  p:=-(1/3)*mu* (a+b+1)/(-1+mu) ;

> q:=p~3;
(a+b+1)u
=13 —F
p / =
(a+b+1)>%u3
qg:=-1/271——"" ‘21
/ (n—1)°

We check that p is an eigenvalue of the differential at a fixed point.

> factor((coeftayl(f(x,z), [x, z]=[p, ql, [1, 0])-mu)*(coeftayl(g(x,z), [x, z]=[p, ql, [O,
1]1)-mu) -coeftayl(g(x,z), [x, zl=[p, ql, [1, 0])*coeftayl(f(x,z), [x, z]l=[p, ql, [0, 11));

0

Calculation of the other eigenvalue: we divide the determinant by u.

> zeta:=simplify(((coeftayl(f(x,z), [x, z]l=[p, ql, [1, 01))*(coeftayl(g(x,z), [x, zl=[p, ql,
/[0, 11))-coeftayl(g(x,z), [x, zl=[p, ql, [1, 0])*coeftayl(f(x,z), [x, zl=[p, ql, [0, 11)))
mu:

2.2 Computations for the permutation (1)(2)(3)
> a:=’a’: b:="b’:
2.2.1 Computations of a and b

> solve({mu” (i-1)*(pl-p)+p=1, mu” (j-1)*(p2-p)+p=a}, {a, b});



2 2 = 3t — 2 i — 1+ 3 ) _Mj—1M3ui—1 3 2 2 2 2

te= @uip— 31+ 1) (W p—1) e

> ar=simplify((2*mu” (j-1)*mu”2*mu” (i-1)-3*mu” (j-1)*mu*mu” (i-1)-2*mu” (j-1)*mu+mu” (i-1)*mu-1+
3kmu” (j-1) )/ ((2*mu” (i-1)*mu-3*mu” (i-1)+1)* (mu” (j-1) *mu-1))) ;

Q pd It 3 gt 9 gt il 30
(W =1)2p =3 + p)

> Dbr=simplify(-(mu” (j-1)*mu”3*mu” (i-1)-3*mu” (j-1)*mu”2*mu” (i-1)+2*mu” (j-1)*mu”2+2*mu” (i-1)
*mu” 2-5*mu+3) / ((2*mu” (i-1) *mu-3*mu” (i-1)+1)*muw* (mu” (j-1)*mu-1))) ;

7Nj+2+i + 3'uj+1+i o 2uj+2 o 2,LL2+i + 5,LL2 o 3[!
p(pd = 1)(2ptt =3 pf + p)

Verification: p*~1! x (p3 — p) + p = b when p is a root of P;.

@utp=3p~1+1)

a =

b=

> factor (numer (expand ((mu” (k-1)* (p3-p)+p-b))));
“3(u—1)Cp—p'p— = pF 4 p =14t = 2R+ )

2.2.2 Computation of ¢

> factor(expand(zeta*mu” (i+j+k-3)-1));

= A 2 — P gt 4 bt R 4 =2 =1
Pt 2p — =14 it

2.3 Computations for the permutation (123)

> a:='a’: b:=’b’:

2.3.1 Computations of a and b

> solve({mu” (i-1)*(pl-p)+p=a, mu” (j-1)*(p2-p)+p=b}, {a, b});
@p P 2 =3 T = )

a = - . : : - . . - ,b =
{ - 22/1]‘711”3,“171' : 3“,]711“’2“‘1.71 + 2/127'1%2 + 3‘uj71‘lu217 3#171M _ 3:“"771,“ + 5# _ 3
3 (WP =3 T T T e =3 T 1 3 ) )

2'uj—1'u3ui—1 _ 3’uj—1‘u2'ui—1 _|_2ui—1'u2 +3/.Lj_1/.L2 _ 3/.Li_lﬂ _ SMJ_1M+ 5,U _ 3

> ar=(2*mu” (j-1)*mu”2*mu” (i-1)+2*mu” (1-1)*mu-3*mu” (j-1)*mu*mu” (i-1)-1) *mu/ (2*mu” (j-1) *mu”~3*
mu” (i-1)-3*mu” (j-1)*mu”2*mu” (i-1)+2*mu” (i-1)*mu”2+3*mu” (j-1)*mu”2-3*mu” (i-1) *mu-3*mu” (j-1)
*mu+5*mu-3) ;

_ e/ P 2 =3 T =

- Quj_1u3ui_1 _ 3Mj—1u2ui—1 + 2’ui—1u2 + 3Mj—1u2 _ 3ui—lu _ 3,uj—1u + 5M -3
> br=—(mu” (j-1)*mu"2*mu” (i-1)-3*mu” (j-1)*muwkmu” (i-1)+mu” (i-1)*mu-3*mu” (j-1)+1+3*mu” (j-1)*
mu) *mu/ (2*mu” (j-1) *mu”3*mu” (i-1)-3*mu” (j-1) *mu”2*mu” (i-1) +2*mu” (i-1) *mu”2+3*mu” (j-1) *mu”2-3*
mu” (i-1) *mu-3*mu” (j-1) *mu+5*mu-3) ;

_ (2= =3 T = 3 14 3
2 Bt = 3 T2t 4 22 3 = 3 = 3+ 5 — 3

b=

Verification: u*~! x (p3 —p) +p = 1 when p is a root of P..
> factor (numer (expand ((mu” (k-1) * (p3-p)+p-1))));

=3 (u=1) (' " 17 1" 42 g e e g = = — P — g 1= =2 )

(=t —



2.3.2 Computations of ¢
> factor(expand(zeta*mu” (i+j+k-3)-1));

WA 2p Attt 4 @t P ) e ad et =t =t =1 = — b — bt =2t —

Wit 2 p+ pdppt + i — pt =1 — pd — pd gt
2.4 Computations for the permutation (1)(23)

> a:='a’: b:=’b’:

2.4.1 Computations of a and b

> solve({mu” (i-1)*(pl-p)+p=1, mu” (j-1)*(p2-p)+p=b}, {a, b});

@ B 2 Bl — 2 2 2 = 3 2 — S 3+ 3 , B
pitp =3 p =t + (W~ +p ’
p Rt 2 e = 3 e —
N Qutp =3 p =t + ) (= tp+1) ;
> ar=(2%mu” (G-1)*mu”3*mu” (i-1)-3%mu” (G-1)*mu”2%mu” (i-1)+2%mu” (i-1)*mu"2-2%mu” (j-1)*mu"2-5%
mu+3*mu” (j-1)*mu+3) / ((=3*mu” (i-1)+2*mu” (i-1) *mu+1) * (mu” (j-1) *mu+1) *mu) ;

oy 2T 2 4 2 e = 3y P = B4 30 3
' @p=tn =3~ +1) (W=t + Dp

> bi==(mu” (j-1)*mu"2*mu” (i-1)-3*mu” (j-1)*mwkmu” (i-1)+mu” (i-1) *mu+2*mu” (j-1) *mu-1) / ((-3*mu" (
i-1)+2xmu” (i-1)*mu+1) * (mu” (j-1) *mu+1)) ;

b .: _Mj_lﬂ2ﬂi_1 + 2’uj—1’u+ui—l’u _ 3/4Lj_1/46/4li_1 o 1
Qutp=3p =t +1) (W lp+ 1)

Verification: u*~! x (p3 — p) + p = a when p is a root of P;.

> factor (numer (expand ((mu~ (k-1) *(p3-p)+p-a))));

=3 (p—= (=2 p+pd o+ p = = e e g ) 41— 4 e — Rt =2 0 k)
2.4.2 Computations of (

> factor(expand(zeta*mu” (i+j+k-3)-1));

= 2p =t gt — Pt P et e 1 b = bt = 2 i —
Wt 4 gt — =2 — i+ pd + 1
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