


1 Procédures générales

> # Uq(D21) programe Maple pour calcul du fonteur ribbon sur des
> # diagrammes élémentaires coloriés par 1l’analogue quantique de

> # représentation adjointe.

> #
> # Les vecteurs de bases sont numérotés de 1 & 17. Chacun a un
poids

> # appartenant & 1l’ensemble des racines. Un tenseur de L@n
> # est représenté par une liste de monomes. Chaque monome est
couple

=1
[=]

> # formé d’un coefficient et de de la liste des vecteurs qui le
> # compose.

> #

> racine:=[[0,0,0], [0,0,0], [0,0,0], [0, O, 2], [1, -1, 1], [1,
1, 11,

> [2: O’ 0], [1, _1, _1], [1: 1’ _1]; [0’ 2: O]: [O’ 0, _2], [_1,1:_1]’
> [_1’ _1: _1], [_2, Os 0]; [_1, 1’ 1], [_1: _1: 1], [O, _2’ O]]’
> racine_set:={[0, 0, 2], [1, -1, 1], [1, 1, 11, [2, O, O], [1,
_1,

> -1],

> n, 1, -1, o, 2, o1, (o, o, -21, [-1,1,-1], [-1, -1, -1, [-2,
0,

> O], [_13 1: 1]’ [_1’ _1: 1], [Os _2) 0]})

> racine_set0:={[0,0,0], [0, O, 2], [1, -1, 1], [1, 1, 1], [2,

O, O])

> [1: _1: _1]) [1: 1: _1], [0: 2: 0]) [0’ Os _2], [_131,_1], [_1’
-1,

_1], [_2, O: 0]’ [_1’ 1, 1]: [_1, _1: 1]: [O’ _2, O]};

for i from 4 to 17 do vec[(racine[i])]:=i od: eval(vec):
parite:=[0,0,0,0,1,1,0,1,1,0,0,1,1,0,1,1,0];

MJ:=matrix(17,17,0): for i to 17 do MJ[i,i]:=1-2#parite[i] od:
for i to 3 do qli]l:=ali]l"2 od:

al1]:=1/a[2]/al3];
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listorder:=proc(1l,11)

local i,n;

if 1=11 then false else

n:=nops(1l);

if n>nops(1l) then not(listorder(1l,1)) else

for i to n while op(i,1l)=op(i,11) do od;

if i=n+1 then true else evalb(op(i,1l)<op(i,11));

fi; fi; fi; end;

sndlex:=proc(1l,11) listorder(op(2,1),0p(2,11)); end;
scal:=proc(k,1l) map(proc(m,k) [normal(k*op(1l,m)),op(2,m)] end,1,k)
end;

vide:=proc(x) local k; k:=normal(op(1,x));

if k<>0 then [k,op(2,x)] else NULL;

fi end;

simp:=proc(1l)

local i,1,x;

l:=array(1l..nops(11l),sort(1ll,sndlex));

for i to nops(11)-1 do

x:=1[i+1];

if op(2,1[i])=0p(2,x) then

1[i+1]:=[op(1,1[i])+op(1,x),0p(2,x)]; 1[il:=[0, 1]

fi od;

map(vide,convert(l,list));

end;

cl:=proc(ca,cb,la,lb) simp([lop(scal(ca,la)),op(scal(cb,1b))])

end;
> EgM:=proc(M) convert (map(op,convert(evalm(M),listlist)),set)
end;

> EqL:=proc(t) convert(map(y->y[1],t),set) end;

> ev:=proc(y) map(factor@eval,evalm(y)) end;

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVYVYVYVYVYV



racine := [0, 0, 0], [0, 0, 0], [0, 0, 0], [0, 0, 2], [1, —1, 1], [1, 1, 1], [2, 0, 0], [1, —1, —1],
[17 17 _1}7 [Oa 2; O]a [07 07 _2]7 [_17 17 _1]7 [_17 _1a _l]v [_Qv Oa 0]7 [_17 17 1]7 [_17 _17 1]7
[0, —2, 0]]
racine_set := {[1, —1, 1], [1, 1, 1], [0, 0, 2], [0, 0, —2], [-1, —1, —1], [-2, 0, 0], [-1, 1, —1],
[27 07 O]a [L 1a _l]v [07 27 0]7 [la _17 _1]7 [_17 17 1]3 [Ov _23 0]7 [_17 _13 1]}
racine_set0 = {[1, -1, 1], [1, 1, 1], [0, O, 2], [0, O, O], [0, O, —2], [-1, —1, —1], [-2, O, O],
1,1, -1], [2,0, 0], [1, 1, =1], [0, 2, O], [1, =1, —1], [-1, 1, 1], [0, =2, 0], [-1, —1, 1]}
parite :=1[0,0,0,0,1,1,0,1,1,0,0,1, 1,0, 1, 1, 0]

1
ay =
a9 asg
listorder := proc(l, I1)
locali, n;
ifl = llthen false
else
n := nops(l) ;
ifnops(ll) < nthen not listorder(ll, 1)
else

foriton while op(i, I) = op(i, ll)do end do;
ifi = n + 1then true else evalb(op(, 1) < op(i, i) end if

end if
end if
end proc

sndlex := proc(l, ll) listorder(op(2, 1), op(2, Il)) end proc
scal := proc(k, 1)

map(proc(m, k) [normal(k * op(1, m)), op(2, m)] end proc, [, k)
end proc
vide := proc(z)

local k;
k := normal(op(1, x)); ifk # Othen [k, op(2, x)] else NULLend if

end proc



stmp := proc(ll)
locali, [, z;
[ := array(1l..nops(ll), sort(ll, sndlex));
foritonops(ll) — 1do
T =l
ifop(2, I;) = op(2, =) then

liJrl = [Op(17 lz) + Op(L 37), Op(27 .’L’)], ll = [07 []]
end if
end do;

map(vide, convert(l, list))
end proc
cl := proc(ca, cb, la, Ib) simp([op(scal(ca, la)), op(scal(cb, (b))]) end proc
EqM := proc(M) convert(map(op, convert(evalm(M), listlist)), set) end proc
EqL := proc(t) convert(map(y — y1, t), set) end proc
ev := proc(y) map(factorQeval, evalm(y)) end proc

ttrace := proc(fname) ... end proc

Warning, the protected names norm and trace have been redefined and
unprotected

cr:=proc(A, B) ‘&« (A, B) — ‘& *‘(B, A) end proc

qn = proc(i, j)a;? — 1/a;’ end proc



2 Matrices de la représentation M

or

or
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# (lrorkoksdokkdkookkkkokkkMatrices de la représentation Miskskskskkskskskokskoskskokkoksk)
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for i to 3 do M[i]:=linalgl[diag] (seq(ali] “racine[j][i],j=1..17));
M[-i] :=linalg[inverse] (M[i]) od;

n:=8; M[n]:=matrix(17,17): assign({M[8]1[17,16] = p1xQn[2,2]*a[2]"2,
M[8][1,15] = 1/gamma*pl, M[8][7,6] = p1*Qn[1,2], M[8][5,4] =
-Qn(3,2]*p1, M[8][8,2] = -p1*Qn[2,2], M[8][8,3] = -Qn[3,2]*p1,
M[8][11,12] = Qu[3,2]*a[3]"2*p1, M[8]1[9,10] = -pi1*Qn[2,2], M[8][13,14]
= p1xQn[1,2]*a[2]"2*a[3]1"2}): for i to 17 do for j to 17 do

M[n] [i,jl=evaln(M[n] [i,j]) then M[n][i,jl:=0 fi od od:
n:=15; M[n]:=matrix(17,17): assign({M[15]1[1,8] = phi/gamma,
M[15] [4,5]

=1, M[15]1[16,17] = 1/(al2]1"2), M[15][15,3] = Qn[3,2]*phi,
M[15][12,11] 1/(al3]°2), M[15][10,9] = 1, M[15][6,7] = 1,
M[15][14,13] -1/(al2]~2*a[3]1°2), M[15]1[15,2] = Qn[2,2]*phi}):
i

to 17 do for j to 17 do if M[n][i,jl=evaln(M[n][i,j]) then

M[n] [i,j]1:=0 fi od od:

n:=4; M[n]:=matrix(17,17): assign({M[4]1([5,8] = 1, M[4][15,12]
1,

M[4]1[16,13] = -1, M[4]1[4,3] = Qn[3,4]1/QGn(3,2], M[4][3,11]
-1/(phi*Qn[3,2]1*a[3]1°2), M[4]1[4,1] = gamma/phi, M[4][6,9]

1}):

i

to 17 do for j to 17 do if M[n][i,jl=evaln(M[n][i,j]) then

M[n] [i,j]1:=0 fi od od:

n:=11; M[n]:=matrix(17,17): assign({M[11][11,1] =

-Qn[3,2]*a[3] "2*gamma, M[11][13,16] = -1, M[11][8,5] = 1, M[11][12,15]
= -1, M[11]1[9,6] = 1, M[11]1[11,3] = -a[3]"2*Qn[3,4]*phi, M[11][3,4]

1} ): for i to 17 do for j to 17 do if M[nl[i,jl=evaln(M[n][i,j1)
then

M[n] [i,j]1:=0 fi od od:

n:=10; M[n]:=matrix(17,17): assign({M[10][15,16] = -1, M[10][10,1]

gamma/phi, M[10][10,2] = Qn[2,4]1/Qn[2,2], M[10][12,13] = -1,
M[10][2,17] = -1/(phi*Qn[2,2]*a[2]"2), M[10][6,5] = 1, M[10][9,8]

1}): for i to 17 do for j to 17 do if M[n][i,jl=evaln(M[n][i,j])

hen

M[n][i,j]1:=0 fi od od:
n:=17; M[n] :=matrix(17,17): assign({M[17]1[2,10] = 1, M[17]1[17,1]

-gammax*Qn[2,2]*a[2] "2, M[17][17,2] = -a[2]"2*Qn[2,4]*phi, M[17][16,15]
= -1, M[171[13,12] = -1, M[17]1[5,6] = 1, M[171[8,9] = 1}): for

to

17
do for j to 17 do if M[n][i,jl=evaln(M[n] [i,j]) then M[n][i,j]:=0

od od:

M[5] :=ev(M[8]&*M[4]-1/a[3] ~2«M[4]&*M[8]) :

M[9] :=ev(M[10]&*M[8]-1/a[2] ~2*xM[8]&*M[10]) :

M[6] :=ev(M[10]&*M[5]1-1/a[2] "2*M[5]&*M[10]) :

M[7] :=ev(M[8]&*M[6]+a[1] "2«M[6]&*M[8]) :

M[12] :=ev(M[15]&*M[11]1-1/a[3] " 2«M[11]&*M[15]) :

M[16] :=ev(M[17]&*M[156]-1/a[2] "2«M[16]&*M[17]) :

M[13] :=ev(M[17]&*M[12]-1/a[2] ~2«M[12] &*M[17]) :

M[14] :=ev(M[15]&*M[13]+a[1] "2*M[13]1&*M[15]) :

for i to 17 do tM[i]:=ev(linalg[transpose] (M[i])) od:

rel:=map(factor, [

EqM(M[8]&*M[8]),

EqM(M[15]1&*M[15]),

EqM(cr (M[4] ,M[17]))

EqM(cr (M[4],M[151))

EqM(cr(M[11],M[101)
))

),
EqM(cr(M[11],M[8])),
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rel := [{0}, {0}, {0}, {0}, {0}, {0}, {0}, {0}, {0}, {0}, {0}, {0}, {0}, {0}, {0}, {0}, {0}]



3 Calcul de la R-matrice
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# (kskorokskokskokskokskoksokkokokkokkokk Calcul de 1la R—matriceskskskskskokskskskskokskkkokkokkokkkk)
3 (koo ok ok okok ok ok ok ok okok ok ok ok o o o ok ok ok ok ok ok ok ok ok ok ok ok ok ok o o o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok Kok ok ok ok )
#poids de LGL

weight :=NULL:

for i to 17 do

for j to 17 do

weight:=weight,convert (ev(racine[i]+racine[j]),1list) od od:
weight:={weight}; nops(weight);

#terme de contribution non nulle dans M(R)

Rterme:=NULL:

for il from 0 to 2 do
for i2 from O to 1 do
for i3 from 0 to 1 do
for i4 from O to 2 do
for i5 from O to 1 do
for i6 from O to 1 do
for i7 from O to 2 do

if

member (convert (ev(il*racine[4]+i2*racine[5]
+i3*racine[6]+id*racine[7]

+ib*racine[8]+i6*racine[9]

+i7*racine[10]),list) ,weight)

then Rterme:=Rterme,[il,i2,i3,i4,i5,16,1i7]

fi

od od od od od od od:

Rterme:=[Rterme] ; nRterme:=nops(Rterme);

f:=proc(1l) local 11,i,j; 11:=NULL;

for i to 7 do for j to 1[i] do 11:=11,i+3 od od: [11] end;
Rterm:= map(f,Rterme);

#Rterm:liste des monomes en les vecteurs de racines de UgD21
contribuant

fw:=proc(l) local w,i; w:=[0,0,0];

for i to 7 do w:=ev(w+l[i]*racine[i+3]) od:
convert(w,list) end;

Rw:=map(fw,Rterme) ;

#Rw: R= sum XQY avec weight (X)=-weight (Y)=Rw[i]
Rcontrib:=proc(i,j) local k,1l; 1:=NULL;

for k to nRterme do

if member (convert(ev(racine[i]+Rw([k]),list),racine_set0)
and member (convert(ev(racine[j]-Rw[k]),list),racine_set0)
then 1:=1,k fi od: [1] end;

#renvoie les monomes de Rterm contribuant & R(v_i@v_j)
epsilon:=pl*a[2] ~2%a[3]"2/((al2]"4+1)*(al[3]"4+1));
Rcoef:=table([

(1, 6) = -a[2]"4xa[3]"2/(epsilon*(a[3]4+1)*(a[2]"4+1)),

(1, 1) = -(a[3]"2+1)*(a[3]+1)*(a[3]-1)/(al3]"2),

(1, 7) = -(al2]"2+D)*(a[2]+1)*(a[2]-1)/(al2]"2),

(1, 2) = -al3]"4xal2]"2/((al3]"4+1)*(a[2] "4+1)*epsilon),

(2, 1) = (al8]-1)"2*(al[3]+1)"2x(a[3]"2+1)"2/(a[3] "4*(a[3]"4+1)),
(1, 3) = al3]1-4xal[2]"4/((al3]"4+1)*(a[2]"4+1)*epsilon),

(1, 4) = -al[3]"10*a[2]"10/((a[3]"4+1)"2x(a[2] "4+1) "2*epsilon”2%

(a[2]"2*a[3]"2+1)*(a[2]*a[3]+1)

*x(a[2]*al[3]1-1)),

(2, N (af2]~2+1)"2x(a[2]+1) "2*(a[2]-1) "2/ (a[2] "4*(a[2]"4+1)),
(1, B a[2] ~2*a[3]"2/(epsilonx*(a[3]"4+1)*(al[2] "4+1)),

(2, 4) = a[2]"24*a[3]"24/(epsilon~4*(a[3]"4+1) 4x(a[2] "4+1) " 4x*
(al[2]"4*a[3]"4+1)*(a[2] "2*a[3]"2+1) "2

*(a[2]*a[3]+1) "2*(a[2]*a[3]-1)"2)]1);

Coefmo:=proc(t) local i,r,c; c:=1; r:=Rterme[t];

for i to 7 do if r[i]>0 then c:=c*Rcoef[r[i],i] fi od:

(-1) " (r[21*r [31+r [2] *r [B]+r [2] *r [6]+r [3] *r [6]+r [3]*r [6]+r [B]*r [6])*c
end;

# coeffs des monomes dans 1’expression de la R-matrice universelle
f:=proc(1) (-1)~(1[2]1+1[6]1+1[3]1+1[5]) end;

Rtpar:=map(f,Rterme):

#Rtpar: R= sum X@Y avec parité(X)=parité(Y)=Rtpar[i]
Rmm:=proc(i,j) local ri, rj, s, eij, rc, t, mo, p, k;
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weight == {[1, =3, —1], [0, 2] (1,1, 3], [1, =1, 1], [1, 1, 1] [0, 0, 2] [0, 0, 0], [0, 0, —2],

-1, -1, - ] [ 2,0, 0} [ } [2 0, 0]’ [17 I, - ] [ ]’ [ L ] [_la L 1]7

0, -2, 0], [-1, —1, 1], [0, ], [0, -2, —2], 1, -1, —3] [ ,o, 2]7[ 1,3, 1], [-1, -1, 3],

-1, -3, 1], [1, 1, =3], [1, 3, 1], 2, -2, —2], 3, -1, 1], [3, 1, 1], [-2, O, 72] -1, 1, =3],

-1, 3, —1], [2, 2, 0], [-1, =3, —1], [3, —1], [O, 0], 2, =2, 0], [-1, -1, =3], [-2, 2, 0],
[~ [~

[-
0,0, —4], [-3, 1, 1], [4, 0, 0], [0, 0, 4], [2, 2, 2], [-2, =2, —2], [-2, 2, —2], [2, -2, 2],
1, -1], [-3, =1,1], [1, =1, 3], [1, 1, 3], [2, 0, 2], [-3, —1, —1], [-4, 0, 0], [-3, 1, —1],
,—2,2], 2,0, 2], [0, 2, 2], [2, 2, —2], [-2, 2, 2], [-2, =2, 0], [1, 3, 1], [1, 3, —1],

65

Rterme := [0, 0, 0, 0, 0, 0, 0], [0, 0, 0, 0, 0, 0, 1], [0, 0, 0, 0, 0, 0, 2], [0, 0, 0, 0, 0, 1, 0],
[0,0,0,0,0,1,1],[0,0,0,0, 1,0, 0] [0, 0, 0,0, 1,0, 1], [0, 0, 0, 0, 1, 0, 2],
0,0,0,0,1,1,0][0,0,0,0,1, 1, 1], [0, 0,0, 1, 0, 0, 0], [0, 0, 0, 1, 0, 0, 1],
[0,0,0,1,0,1,0][0,0,0, 1, 1,0,0] [0, 0,0, 1, 1,0, 1], [0, 0, 0, 2, 0, 0, 0],
[0,0,1,0,0,0,0][0,0,1,0,0,0, 1], [0, 0, 1, 0,0, 1, 0], [0, 0, 1, 0, 1, 0, 0],
0,0,1,0,1,0,1],[0,0,1,0,1, 1,0 [0,0,1, 1,0,0,0], [0,0,1, 1, 1, 0, 0],
[0,1,0,0,0,0,0][0,1,0,0,0,0, 1], [0, 1, 0, 0, 0, 0, 2], [0, 1, 0, 0, 0, 1, 0],
[0,1,0,0,01 0,1,0,0,1,0,0][0,1,0,0,1,0,1], [0, 1, 0,0, 1, 0, 2],
[0,1,0,0,1, 1, [0,1,0,1,0,0,0][0,1,0,1,0,0, 1],
0,1,0,1,0,1, ,[ 1,1,0,0,0,0][0,1,1,0,0,0, 1],
0,1,1,0,0, 1, ,[0,1,1,0,1,0,1],[0,1,1,0,1, 1, 0],
[ 0, [ I [ ]
[ 0, [ I [ ]
[ 1, [ I [ ]
[ [ I [ ]
[ [ I, [ ]
[ [ I [ ]
[ [ I [ ]
[ [ I [ ]
[ [ ]

b
) )
) )

)

[
[
[
[
[
[
[
[0, 7
,[01011,0,
,10,1,1,0,1,0,0
1,0,0,0,0, [ 1], 1, 0,0,0,0,1,0[,[1,0,0,0,0,1, 1],
1,0,0,0,1, [ 1], [1,0,0,0,1,0, 2|, [1,0,0, 0, 1, 1, 0],
1,0,0,0,1,1,1],[1,0,0,1,0,0,0],[1,0,0, 1, 0,0, 1], [1, 0, 0, 1, 0, 1, 0],
1,0,0,1,1,0,0], [1,0,0,1,1,0,1],[1,0,0,1, 1, 1, 0], [1, 0, 1, 0, 0, 0, 0],
1,0,1,0,0,1,0],[1,0,1,0,1,0,0],[1,0,1,0,1,0,1], [1,0, 1,0, 1, 1, 0],
1,1,0,0,0,0,0], 1, 1,0,0,0,0, 1], [1, 1,0, 0,0, 1, 0], [1, 1, 0, O, O, 1, 1],
1,1,0,0,1,0,0], [1,1,0,0,1,0,1],[1,1,0,0, 1,0, 2], [1, 1, 0,0, 1, 1, 0],
1,1,0,0,1,1,1],[2,0,0,0,0,0,0],[2,0,0,0,0, 1,0
2,0,0,0,1,0,1],[2,0,0,0,1,1,0], [2,0,0,0,1, 1, 1

nRterme := 79

1,0,0,0,0,0,
1,0,0,0,1,0,

)

)

)

2,0,0,0,1,0,0],

)

» 0]
1]
0]
0]
0]
0]
0],
]
|
]
|
|
] 7
] ]
f:=proc(l)

localll, i, j;

Il := NULL; forito7dofor jtol;doll :=1l, i + 3end doend do; [l]]
end proc



Rterm := [[], [10], [10, 10], [9], [9, 10], [8], [8, 10], [8, 10, 10], [8, 9], [8, 9, 10], [7],

7, 10], [7, 9], [7, 8], [7, 8, 10, [7, 7], [6], [6, 10], [6, 9], [6, 8], [6, 8, 10], [6, 8, 9],
6, 7], [6, 7, 8], [5], [5, 10], [5, 10, 10], 5, 9], [5, 9, 10], [5, 8], [5, 8, 10],

[5, 8, 10, 10], [5, 8, 9], [5, 8, 9, 10], [5, 7], [5, 7, 10], [5, 7, 9], [5, 7, 8, 10], [5, 6],
[5, 6, 10], [5, 6, 9], [5, 6, 8], [5, 6, 8, 10], [5, 6, 8, 9], [4], [4, 10], [4, 9], [4, 9, 10],
[4, 8], [4, 8, 10], [4, 8, 10, 10], [4, 8, 9], [4, 8, 9, 10], [4, 7], [4, 7, 10], [4, 7, 9],
[
[
[
[

4,7,8],[4,7,8,10], [4, 7, 8,9], [4, 6], [4, 6, 9], [4, 6, 8, [4, 6, 8 10], [4, 6, 8, 9],

47 5]’ [4’ 5’ 10]? [4’ 57 9]7 [4’ 57 97 10]7 [47 5? 8]7 [4’ 57 87 10]7 [47 57 87 107 10]7
4,5,8,9],[4,5,8,9,10], [4, 4], [4, 4, 9], [4, 4, 8], [4, 4, 8, 10], [4, 4, 8, 9],

fw := proc(l)
local w, i;
w:=10, 0, 0]; fori to7dow :=ev(w + ; x racine;+3) end do; convert(w, list)

end proc

1, -1), 1, 3, —1], [1, =1, —1], [1, 1, —1], [1, 3,

[2, , ] 2,2, -2], [2,0, 0], [2,2, 0], [3, 1, —1], [3, =1, —1], [3, 1, —1], [4, 0, 0],
1, ,1] [1,3,1],[2,2,0], [2,0, 0], [2, 2,0, [3, 1, =1], [3, 1, 1], [4, 0, 0],
1, —1,1], [1,1, 1], [1, 3, 1], [2, 0, 0], [2, 2, 0], [2, —2, O], [2, 0, 0], [2, 2, 0],
3, -1, —1], [3, 1, —1], [3, =1, 1], [3, 1, 1], [4, 0, 0], [4, 0, 0], [2, 0, 2], [2, 2, 2],
3,1, 1]7 3, —1,1], 3,1, 1], [4, 0, 0], [0, 0, 2], [0, 2, 2], [1, 1, 1], [1, 3, 1],
1, -1, 1], 1,1, 1], [1, 3, 1], [2, 0, 0], [2, 2, 0, [2, 0, 2], [2, 2, 2], [3, 1, 1],
3, -1, 1], [3,1,1], [4, 0, 0], [1, 1, 3], [2, 2, 2], [2, 0, 2], [2, 2, 2], [3, 1, 1],
1, —1, 3,11, 1,3, (20,2, 22 2], [2, -2, 2], [2,0, 2], [2, 2, 2], [3, —1, 1],
3, 1, 1], [0, 0, 4], [1, 1, 3], [1, —1, 3], [1, 1, 3], [2, O, 2], [2, 2, 2]]

Rcontrib := proc(i, j)

localk, I;

l:= NULL;

for k to nRterme do
ifmember(convert(ev(racine; + Rwy), list), racine_set0) and

member(convert(ev(racine; — Rwy,), list), racine_set0)thenl =1, k
end if
end do;
[I]
end proc

pl ax? ag®

(a2t +1) (a5* +1)

—1],



6,6

asz” az
Rcoef := table(|(1, 4) = — ,
/ (11, 4) p1% (a2 a3? +1) (agaz + 1) (agaz — 1)
(a2? +1)(ag + 1) (az — 1) 1
(17 7) = - CL22 ) (1a 5) = p77
2,7) = (a2® +1)% (a2 + 1) (a2 — 1)
’ (124 (CL24 —+ 1) ’
(27 4) = a216 a316 ) (la 2) = _ﬁa
p1* (agtazt +1) (as? az? +1)2 (az az + 1)2 (ag az — 1)2 pl
(1,3) = az” ap” (1,1) = (as® +1)(az +1) (a3 — 1)
b p] ) b a32 b
2 1) = (a3 — 1)2 (a3 + 1)2 (a32 + 1)2
( ’ ) - 4 4 )
as (CL3 + 1)
2
a2
1 —_%
(1,6~

Coefmo := proc(t)
locali, r, ¢;
c:=1;
r := Rtermey;
forito7doif0 < r;thenc:= cx Rcoef, ;end ifend do;

(71)(rg*rngrz*r5+r2*r6+r3*r5+r3*r6+r5*r6) % c
end proc

f := proc(l) (—1)(Hletls+l:) end proc



Rmm := proc(i, j)

local i, rj, s, eij, rc, t, mo, p, k;

1= racine; ;

77

= racine; ;

]

s := matrix(17, 17, 0) ;
etj := matrix(17, 17, 0);

L
rc .= RCODtI‘ib(iu J) )

eij;

fortinrcdo

mo = Rtermy ;

p := evalm(Coefmo(t) * eij) ;

evalm(s + Rtpar, * p) end if

for ktonops(mo)dop :=ev(‘& * (‘& * ‘(Mmo_,., P), tM74mo_,.)) end do;

if parite; = 0 then s := evalm(s + p)else s :

end do;

ev(al(—ril*rjl) " az(—m'g*rjz) " as(—m‘g*rjg) ” S);

S

ev(s)

end proc

1 1 11

1 11

1
1
1

-1

-1 -11 -1 -1 1 1 -1 -1

-1

1 1

-1 1

1111 -1 -11 -1 -111 -1 -1 1 -1
-1 -1 -1 1 -1 -1

1 11
1 11

-1 1

1

-1 1

1
1

-1 1 -1 -1 -1 -1 1 -1 -1
-1 -1 -1 -1

-1
-1

-1 1

1

1

-1 1

1 1
1 1 11
1 11

1

-1
-1

-1 -1
-1 -1

1
1

-1 -1 1
-1

-1 -1 1
-1 -1 1

1

-1 1

parite_mat :

1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1, 1, 1]
%2:=[1,1,1,1, -1, =1, 1, =1, =1, 1, 1, =1, =1, 1, =1, —1, 1]

%1 :



\

Br_0 := proc(ii, jj)
localm, 1, j;

m := Rmm(4, jj);

simp([seq(seq([parite_mat; ; *m; j, [, i]], 1 = 1..17), j = 1..17)])
end proc

1050
save (M, tM,Brp, "UgD21-1.m") ;
# Sauvegarde du résultat

read "UgD21-1.m";



4 Opérateur de Tressage

VVVVVVVVVVVVVVVVVVVOVVVVVVVVVVVVVVVVYVYVYVYV

B (koK koK ok ok o KKK oK KoK o KKK KK ok KoK KK K ok K oK KKK ok ok KKK KKK ok ok KKK K Kok o
)

# GeoksrokskookskokkookkorkkDpérateur de Tressageskskskskskokskskoskokskokskokskskskokskokkokkkkok )
B (kKKK ok ook Ko KKK KKK K oK KKK KKK KKK KoK KKK oK KKK KKK KK KKK oK )
read "UgD21-1.m";

BRp_0:=proc(t,i) local ta,tp;

tp:=op(2,t); ta:=[op(l..(i-1),tp)];tp:=[op((i+2)..nops(tp),tp)];
op(scal(op(1,t),

map (proc(ti,ta,tp) [op(1l,ti), [op(ta),op(op(2,ti)),op(tp)]]

end,

Brplop(i,op(2,t)),op(i+l,0p(2,t))],ta,tp))) end;

# Le calcul de 1’inverse Brn de Brp sera fait plus tard
BRn_0:=proc(t,i) local ta,tp;

tp:=op(2,t); ta:=[op(1..(i-1),tp)];tp:=[op((i+2)..nops(tp),tp)];
op(scal(op(1,t),

map (proc(ti,ta,tp) [op(1,ti), [op(ta),op(op(2,ti)),op(tp)]] end,
Brn[op(i,op(2,t)),op(i+1,0p(2,t))],ta,tp))) end;

Braid:=proc(i,t) if i>0 then simp(map(BRp_0,t,i)) else
simp(map(BRn_0,t,-1)) fi end;

# Morphisme de tressage Id_L"(i-1)@c_{L,L}@Id_L"? Si i<0

est

# 1’inverse du tressage
parite_mat:=matrix(17,17,1):
parite_mat:=ev(parite_mat-2*parite&*linalg[transpose] (parite));
Swap0O:=proc(t,i) local ki1,k2,t2;
t2:=0p(2,t); kl:=op(i,t2); k2:=op(i+1,t2);
[parite_mat [k1,k2]*op(1,t),subsop(i=k2,i+1=k1,t2)] end;
Swap:=proc(i,t)
sort (map(Swap0,t,i) ,sndlex) end;
# La volte "super"
# (kkkkkxkxxxxxkVérification de la relation des tresseskkkkkkkkkkkkkkk)
# for i to 17 do
for j to 17 do
if (j=9) or (j=1) then print(i,j) fi;
for k to 17 do 1:=[i,j,k];
Braid(1,Braid(2,Braid(1, [[1,1]1]1)));
Braid(2,Braid(1,Braid(2, [[1,111)));
if nops(map(factor,EqL(cl(1,-1,%,%%))))>0 then
rint(i,j,k) fi;
od od od:

HO HHHHHH



BRyp_0 := proc(t, 1)

local ta, tp;
tp = Op(2> t);

ta :=[op(1..i — 1, tp)];

tp := [op(i + 2..nops(tp), tp)];
op(scal(op(1, t), map(

proc(ti, ta, tp) [op(1, ti), [op(ta), op(op(2, ti)), op(tp)]] end proc,
BTpop(i,op(Z,t)),op(i+1,op(2,t))ﬂ ta, tp)))

end proc

BRn_0 := proc(t, i)

local ta, tp;
ip = Op(27 t)v

ta :=[op(1..i — 1, tp)];

tp := [op(i + 2..nops(tp), tp)];
op(scal(op(1, t), map(

proc(ti, ta, tp) [op(1, ti), [op(ta), op(op(2, ti)), op(tp)]] end proc,
Brivop(i, op(2, 1)), op(i+1, 0p(2, 1))+ 105 tP)))

end proc

Braid := proc(i, t)

if0 < i thensimp(map(BRp_0, t, i)) elsesimp(map(BRn_0, t, —i)) end if

end proc
1111 1 11 1 1
1 1 1 1 1 11 1 1
1 1 1 1 1 11 1 1
1 1 1 1 1 1 1 1 1
1111 -1 -1 1 -1 -1
1111 -1 -1 1 -1 -1
1 1 1 1 1 11 1 1
1111 -1 -1 1 -1 -1
paritemat:=| 1 1 1 1 -1 -1 1 -1 -1
1 1 1 1 1 1 1 1 1
11 1 1 1 11 1 1
1111 -1 -1 1 -1 -1
1111 -1 -1 1 -1 -1
1 1 1 1 1 11 1 1
1111 -1 -1 1 -1 -1
1111 -1 -1 1 -1 -1
|11 11 1 11 1 1
%l:=1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1, 1, 1]
%2:=[1,1,1,1,-1,-1,1,-1,-1,1,1, =1, =1, 1,

b

)

e e = T T T O e e e e e e e T e
el e e e e e e e e e e
—_

~1, -1, 1]

— = e

e

e e T e T e S e e e e e e L e e




Swap0 := proc(t, i)
local k1, k2, t2;

t2 :=op(2, t);

k1 :=op(i, t2);

k2 :=op(i+1, t2);

[parite_maty; .o * op(1, t), subsop(i = k2, i+ 1 = kI, 12)]
end proc

Swap := proc(i, t) sort(map(Swap0, t, i), sndlex) end proc



5 Recherche de la forme bilin invariante

(koo s ok skookook o ks ok o o okskok ok o ok sk o s ok sk ok sk ook sk o o ok sk o o sk sk o o ok sk sk o o ks o o ok ok ok o ok ok ok
)

# (kxxxxkkkkkkkRecherche de la forme bilin invariantessskskskskskskkkkkkkkkk)
(koo s okskoskok o ks o ok sk ok sk ook sk ok ok o ok sk o o ok sk o s ook sk ok o ok sk o o ok sk ok s sk sk ok o ok sk ko o o skokok )
# B:=matrix(17,17): BI[8,15] :=beta:

# Bx:=proc() local 1,i,j; 1:=NULL;

# for i to 17 do for j to 17 do

# if B[i,j]l=evaln(B[i,j]) then 1:=1,B[i,j]

od

od; {1} end;
for i to 3 do Eq[i] :=EqM(M[i]&*B&*M[i]-B) od:
solve(Eq[1] union Eq[2] union Eq[3] , Bx());
assign(%);
Eq[4] :=EqM(tM[4] &*B+M [3] ~2&*B&+*M[4]) :
Eq[11] :=EqM(tM[11] &*B&*M[-3] "2+B&*M[11]) :
Eq[10] :=EqM(tM[10] &*B+M[2] ~2&*B&*M[10]) :
Eq[17] :=EqM(tM[17]&*B&*M [-2] ~2+B&*M[17]) :
solve(Eq[4] union Eq[11] union Eq[10] union Eq[17] , Bx());
assign(%);
M[18] :=ev(M[1]&*M[-2]1&*M[-3]):
M[-18] :=ev(M[-1] &*M[2] &*M[3]):
Eq[8] :=EqM(tM[8]&*B+M[18] &*MJI&*B&*M[8]) :
Eq[15] :=EqM(tM[15] &*B&*M[-18] +MJI&*B&*M[15]) :
solve(Eq[8] union Eq[15] , Bx());
assign();
bilin:=matrix([
[0, betax(al[2]-1)*(a[2]+1)*(a[2] "2+1)/a[2] "2*gamma,
betax(a[3]-1)*(a[3]+1)*(a[3] "2+1) *gamma/a[3]"2,0,0,0,0,
0,0,0,0,0,0,0,0,0,0],
[betax(al[2]-1)*(a[2]+1)*(a[2] "2+1) /a[2] "2*gamma,
betax(a[2]-1)*(a[2]+1)*(a[2] "2+1)*(a[2] "4+1)*phi/a[2] "4,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0] >
[betax(al[3]-1)*(al[3]+1)*(a[3] "2+1)*gamma/a[3]"2,0,
betax(a[3]"4+1)*(a[3]-1)*(a[3]+1)*(a[3]"2+1)*phi/a[3] "4,
0,0,0,0,0,0,0,0,0,0,0,0,0,0] >

HHHFHFHAFEHRFEHITHFEHEHS

eta/a[3] “2.0,0,0,0.0
eta/a[2]" 2/a[3]
beta/a[2]"2/al[3

0
0

v v v .

,0]
,01
2,0
172
beta,0,0],
,beta/a[2] 2,01,

,0,beta/al2]"2],

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

,0,0, 0,0,0,0,0,0,0],

etaxa[2] "~ 2*a[3] 0,0,0,0,0,0,0,0,0,0,0],
0,betaxa[2] "2*a[3 ,0,0,0,0,0, O O 0, O O]
0,0,-beta,0,0,0,0,0,0,0,0,0],

0,0,0, beta*a[2] 2,0,0,0,0,0,0,0,0],
[0,0,0,0,0,0,0,0,0,beta*al[2]"2,0,0,0,0,0,0,01]1);

BilO:=proc(t,i) local ta,tp;

tp:=op(2,t); if bilin[tp[il,tp[i+1]1=0 then NULL else
[t[1]*bilin[tp[i],tp[i+1]],subsop(i+1=NULL,i=NULL,tp)] fi end;
Bil:=proc(i,t)

simp(map(BilO0,t,1i)) end;

# Morphisme d’evaluation Id_L"(i-1) @ <.,.> @ Id_L"7
Tens:=proc(11,12)

simp (map (op, map(proc(ml,12) (map(proc(m2,m1) [op(l,m1)*op(1l,m2),
[op(op(2,m1)) ,0p(op(2,m2))]] end,12,m1)) end,11,12))) end;

# Produit tensoriel

e v e v ow .

*OOOOOOO

o
c"d'm- T
HOOOOOOO

0,
0
0
0
0
0
0
2

)OOOOOOOO

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

Q’CT;OOOOOOO

>

>

>

>

>

>
,0,0

)t\)v

0
172

C v v v

0,-
0
0
0

>
>
>
>
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bilin :=

2 2

[0 Blaz—1)(az+1) (a2’ + 1)y Blaz—1) (a3 +1) (a5* +1)

az as

,0,0,0,0,0,0,0,0]

2 4

[ﬁ (as —1) (a2 +1) (a® + 1)y B(az —1) (az + 1) (az® + 1) (a2 + 1) 6

ag ag

7070707070,0,0,0,0,0,0]

Baz*+1) (a3 —1) (az + 1) (az® +1) ¢

[ﬁ(ag—l)(a3+1)(a32+1)v 0

a32 (134

,0,0,0,0,0,0,0,0,0,0,0]

0,0,0,0,0,0,0,0,0,0, 62,0,0,0,0,0,0]
L as
B

0)05050707070707070707 27
ag

0,0,0,0,0]

030a0a07070’070707070707f230a0a070:|
as” as

0)050507070707070707070707%a
az” as

[07070707070703030’0303030’055’0’0]

0,0,0]

0,0,0,0,0,0,0,0707070707070707i,o
a22

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, ﬁg]
as

0,0,0,8a3%,0,0,0,0,0,0,0,0,0,0,0,0,0
0,0,0,0,-Bas*,0,0,0,0,0,0,0,0,0,0,0,0
0,0,0,0,0,-Bax?a3*,0,0,0,0,0,0,0,0,0,0,0
0,0,0,0,0,0, Bas?a3z?,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,—Bax?*,0,0,0,0,0,0,0,0
0,0,0,0,0,0,0,0,0,3a2,0,0,0,0,0,0,0

2.0,0,0,0,0,0

,0,0,0,0

,0,0,0



Bil0 := proc(t, i)

local ta, tp;
tp :=op(2, t);
if biliny,, tp, , = 0then NULL
else [ty  biling,, 4., subsop(i+ 1= NULL, i = NULL, tp)]

end if
end proc

i1

Bil := proc(i, t) simp(map(Bil0, t, ¢)) end proc

Tens := proc(l1, 12)
simp(map(op, map(proc(m1, 2)
map(
proc(m2, m1)[op(1, m1) xop(1l, m2), [op(op(2, m1)), op(op(2, m2))]]end proc, 12,
ml)
end proc, 1, 12)))
end proc



6 Recherche de la Coevaluation Omega \in LQL

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVYVYVVYVYV

3 (koo kst ok s ok stk o s ook sk sk ok sk o s o sk o s ook sk o ok sk o sk sk o o e ks o e stk o s sk ok sk e ok skok
)

# (xkxxkxxkxxk*Recherche de la Coevaluation Omega \in

L QL ok sk ek sk sk s e skeokok )

3 (oot okt sk ks sk o stk s sk ook sk sk sk ok sk sk ok ks sk sk ok sk sk ok ok sk ok o ok sksk ok sk sk sk sk o ok sk sk sk e ok sksk ok )
# Omega:=[seq(seq([o[i,j],[i,j]1],j=1..3),i=1..3),

# seq(lol[i], [i,i+7]1],i=4..10) ,seq([o[7+i], [i+7,i]],i=4..10)];
# Eq:={}:

# for i to 17 do

# Eq:=Eq union
EqL(c1(1,-1,Bil(1,Tens([[1,[i]]],0mega)), [[1,[i]1]1]1)) od:

# solve(Eq,{seq(seq(oli,jl,j=1..3),i=1..3),seq(o[il,i=4..17)});
Omega:=[[1/2*Qn[3,4]*phi*Qn[2,4]/Qn[3,2]/Qn[2,2] /gamma~2/beta/Qn[1,2],
(1, 111,

[_1/2*Qn [3s4] /Qn [3’2] /gamma/beta/Qn[j-’Q] s [1s 2]] s
[-1/2%xQn[2,4]/Qn[2,2] /gamma/beta/Qn[1,2], [1, 317,

[_1/2*Qn [3’4] /Qn [3,2] /gamma/beta/Qn[l,2] ) [2’ 1]] s

[1/2%1/(Qn[1,2] *beta*phi), [2, 3]],

[_1/2*Qn [2;4] /Qn [2,2] /gamma/beta/Qn[l,2] > [3; 1]] )

[1/2%1/(Qn[1,2] *beta*phi), [3, 211,

[-1/2%Qun[2,2] /beta/phi/Qn[1,2]1/Qu([3,2], [3, 311,

[1/(beta*a[3]"2), [4, 1111, [-1/(betaxa[3]°2), [5, 12]],
[-1/(beta*xa[2] “2*a[3]1"2), [6, 1311, [1/(betaxa[2]~2*a[3]1"2),

[7, 1417,

[-1/beta, [8, 15]1, [-1/(beta*xal[2]"2), [9, 1611,

[1/(betaxa[2]"2), [10, 1711, [al[3]"2/beta, [11, 4]],

[a[3]"2/beta, [12, 5]], [al[2] 2*a[3]"2/beta, [13, 6]1],
[a[2]~2#a[3]"2/beta, [14, 7]], [1/beta, [15, 8]],

[a[2]1"2/beta, [16, 911, [al2]"2/beta, [17, 10111;
Brn:=matrix(17,17,0):

for i to 17 do print(i);

for j to 17 do

Brn[i,j]:=factor(Bil(3,Braid(2,Tens(Omega, [[1,[i,j]111))))

od od:
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7 Calcul du morphisme cocr : L->LQL
H (k ok ok sk sk ok ok ok ok ok ok K K ok ok ok K ok ok 3 ok ok oK K 3k ok ok 3 3 ok ok 3 ok ok oK K 3k ok ok 3 ok ok K ok ok ok 3k ok ok 3k ok ok ok K K ok ok K
)

# (x*xx*x*xxx*x*xRecherche d’un vecteur de plus haut poids [2,0,0]%x**xk*xx*)
3 (okokok sk ook ook Kok Kok ok oK oK ok Kok oK oK oK oK Kok K ok oK oK oK ok ook KooK oK ok ok oK ok oK oK oK Kok ok Kok oK )

[2xdelta/al[3]"2, [5, 911, [-2/al2]"2/al[3] 2*delta, [6, 811,
[-phi*delta*(a[2] “4*a[3]~4+a[3]"4+a[2] "4+1)/gamma/a[2]"2/a[3]"2,
[7, 111,

[(a[3]"4+1)*delta/al3]"2, [7, 211, [(al[2] "4+1)*delta/al2]"2,

7,

311,

[-2xdelta, [8, 6]], [2*delta/al2]"2, [9, 5]111:

>

>

>

>

> # hv:=NULL: y:="y’;

> # inco:=0; X:=proc() global inco; inco:=inco+1l; y[inco] end;

> # for i to 17 do

> # for j to 17 do

> # if (convert(ev(racine[i]+racine[j]),list)=[2,0,0])
> # then hv:=hv, [X(),[i,j]] fi od od:

> # hv:=[hv];

> # Mhv:=matrix(17,17,0):

> # for m in hv do Mhv[op(m[2])]:=m[1] od:

> # Eq:=’Eq’; y[9]:=-2xdelta;

> # Eq[4] :=EqM(M[4] &*Mhv+M[3] ~2&*Mhv&*tM[4]) :

> # Eq[10] :=EqM(M[10] &*Mhv+M[2] ~2&*Mhv&*tM[10]) :

> # Eq[8]:=EqM(M[8]&*Mhv+M[18]&*MIg*Mhva*tM[8]) :

> # solve(Eq[4] union Eq[10] union Eq[8], {seq(y[i],i=1..8),y[10]1});
> # assign(%);

> hv:=[[phi*deltax*(a[2] "4*a[3] 4+a[3] 4+a[2] 4+1)/gamma/al[2]"2/a[3]"2,
> [1, 711,

> [-(a[3]"4+1)*delta/al3]"2, [2, 711, [-(al2] 4+1)*delta/al2]"2,
> [3, 711,

>

>

>

>

L

>

>



VVVVVVVVVVOVVVVVVVVVVVVVVVVVVVVOVYVYVYVYV

3 (st ks s s sk s ook sk s ok sk s s o sk s s ook sk o ok sk o sk sk ok s ok sk s e ok stk sk sk sk sk sk e ok skok
# (kxxkkkrkkCalcul du morphisme cocr : 0 L->LOL sokkskoskskokskoksorodoksokodskokkokdokskok)
3 (oot sk kst sk e ok sk sk s sk sk s ook sk sk ok sk s s ok sk s s sk sk s e ok sk o s ok sk sk ok s sk sk sk o e ok sksk sk s sk ok )
CoM[7] :=matrix(17,17,0): for m in hv do CoM[7] [op(m[2])]:=m[1]

CoM[6] :=ev((M[15]&*CoM[7]&*M[-18]+MJI&*CoM [7]&*tM[15]) /tM[15] [7,6]):
CoM[9] :=ev((M[11]&*CoM[6]&*M[-3] ~2+CoM[6]&*tM[11])/tM[11]1[6,9]):
CoM[5] :=ev((M[17]&*CoM[6]&*M[-2] "2+CoM [6]&*tM[17]) /tM[17] [6,5]):
CoM[8] :=ev((M[17]&*CoM[9]&*M[-2] "2+CoM [9] &*tM[17]) /tM[17][9,8]):
CoM[10] :=ev((M[15] &*CoM[9] &*M [-18] +MI&*CoM [9] &*tM[15]) /tM[15] [9,10]):
CoM[4] :=ev((M[15]&*CoM[5]&+*M[-18]+MI&*CoM [5]&*tM[15])/tM[15] [5,4]):
CoM[1] :=ev((M[15]&*CoM[8]&*M[-18]+MJI&*CoM [8]&*tM[15])/tM[15] [8,1]):
CoM[11] :=ev((M[11]&*CoM[1]&*M[-3] "2+CoM[1]&*tM[11]) /tM[11][1,11]):
CoM[17] :=ev((M[17]&*CoM[1]1&*M[-2] "2+CoM[1]1&*tM[17]1) /tM[17] [1,17]):
CoM[3] :=ev((M[11]&*CoM[4]&*M[-3] "2+CoM [4]&*tM[11])/tM[11][4,3]):
CoM[2] :=ev((M[17]&*CoM[10]&*M[-2] ~2+CoM [10]&*tM[17]) /tM[17] [10,2]):
CoM[15] :=ev((M[15] &*CoM[2] &*M [-18] +MI&*CoM[2] &*tM[15]) /tM[15] [2,15]):
CoM[16] :=ev((M[17]&*CoM[15]&+*M[-2] ~2+CoM[156]&*tM[17]) /tM[17] [15,16]):
CoM[12] :=ev((M[11]&*CoM[15]&+*M[-3] "2+CoM[15]&*tM[11]) /tM[11] [15,12]):
CoM[13] :=ev((M[17]&*CoM[12] &*M[-2] "2+CoM[12]&*tM[17]) /tM[17] [12,13]):
CoM[14] :=ev((M[15] &*CoM[13] &*M[-18] +MI&*CoM [13] &*tM[15] ) /tM[15] [13, 14]
)

cocr:=vector(17,0):

for k to 17 do

cocr[k] :=simp([seq(seq([CoM[k] [i,j],[1,j1],j=1..17),i=1..17)])

Cocr0:=proc(t,i) local ta,tp;

tp:=op(2,t);

ta:=[op(1..(i-1),tp)];

tp:=[op((i+1) . .nops(tp),tp)];

op(scal(op(1,t),

map (proc(ti,ta,tp) [op(1,ti), [op(ta),op(op(2,ti)),op(tp)]] end,
cocr[op(i,op(2,t))],ta,tp))) end;

Cocr:=proc(i,t)

simp (map(Cocr0,t,i)) end;

# Morphisme Id_L"(i-1) @ cocr @ Id_L"7

Cocr0 := proc(t, i)
local ta, tp;
tp :=op(2, t);
ta :=[op(1..i — 1, tp)];
tp := [op(i + 1..nops(tp), tp)];
op(scal(op(1, t), map(
proc(ti, ta, tp) [op(1, ti), [op(ta), op(op(2, ti)), op(tp)]] end proc,
COCT o (i, op(2, 1)) > 105 tP)))
end proc

Cocr := proc(i, t) simp(map(Cocr0, t, i)) end proc



B (ko ook ok ok ok ok ook Kok ok ok Kok Kok ok KKk ok ok Kok Kk ok ok Kk ok ok K ok Kok ok KK R K o
)

# (xkkxkxk*kx*Calcul du morphisme crochet : LOL->L skskokokokskok sk ok sk ok sk 3k ok sk ok sk ok sk ok k )
B (kok ok ook ook Kok ok Kok Kok ok oK Kok Kok ok oK ok Kk ok oK Kok Kk ok K ok Kok ok KR Kok Kok KKK Kok )
crochet:=matrix(17,17,0):

for i to 17 do

for j to 17 do

crochet[i,j]:=Bil(1,Tens([[1,[i]]1],cocr[j]l)) od od:

CrO:=proc(t,i) local ta,tp;

tp:=op(2,t);

ta:=[op(1..(i-1),tp)];

tp:=[op((i+2) . .nops(tp),tp)];

op(scal(op(1,t),

map (proc(ti,ta,tp) [op(1l,ti), [op(ta),oplop(2,ti)),op(tp)]] end,
crochet [op(i,op(2,t)),op(i+1,0p(2,t))],ta,tp))) end;

Cr:=proc(i,t)

simp(map(Cr0,t,1i)) end;

# Morphisme Id_L"(i-1) @ crochet @ Id_L"7

VVVVVVVVVVVVVVYVYVYVYV

Cr0 := proc(t, i)
local ta, tp;
tp :=op(2, t);
ta := [op(1..i — 1, &p)];
tp := [op(i + 2..nops(tp), tp)];
op(scal(op(1, t), map(
proc(ti, ta, tp) [op(1, t), [op(ta), op(op(2, ti)), op(tp)]] end proc,
crochetop(i, op(2, 1)), op(i+1,0p(2, 1)) 10 tP)))
end proc
Cr := proc(i, t) simp(map(Cro0, t, i)) end proc
> save(racine, parite, parite_mat, listorder, sndlex, scal, simp,
vide,
> cl,
EqL, EgM, ev, ttrace, gn, M, tM, Brp, Brn, BRp_O, BRn_0, Braid,
SwapO,
Swap, bilin, BilO, Bil, Tens, Omega, cocr, CocrO, Cocr, crochet,

Cr, CrO,
"UgD21-2.m") ;

read("UgD21-2.m") ;

vV V VV VYV



8 Relations skein

# Pour fixer les paramétres :

phi:=-Phi/2/beta/delta2;

al1]:=1/a[2]/al[3];

mono:=proc(i) [[1,[i]]] end;

with(linalg):

quant:=proc(x) local y;

:=factor(x);
:=factor(subs((a[2] “4*a[3] "4+1)=(al2] "4*a[3]"4+1)*Q[1,4]1/an(1,4),y));
:=factor(subs((a[2]~4+1)=(al[2] ~4+1)*Q[2,4]/qn(2,4) ,y));
:=factor(subs((a[3]"4+1)=(al3]"4+1)*Q[3,4]1/qn(3,4),y));
:=factor(subs((al[2] "2*a[3]"2+1)=(al2] "2*a[3] "2+1)*Q[1,2]/qn(1,2),y));
:=factor(subs((a[2] "2+1)=(a[2] "2+1)*Q[2,2]/qn(2,2),y));
:=factor(subs((a[3]"2+1)=(al3]"2+1)*Q[3,2]1/qn(3,2),y));
:=factor(subs((a[2]*a[3]+1)=(al[2]*al3]1+1)*Q[1,1]/qn(1,1),y));
:=factor(subs((a[2]+1)=(al[2]+1)*Q[2,1]/qn(2,1),y));
:=factor(subs((al3]+1)=(al3]+1)*Q[3,1]1/qn(3,1),y));

y end;

unprotect (Psi);

Psi:=proc(t) Bil(2,Cocr(1,Cocr(2,t))) end;

mono:=proc(i) [[1,[i]]] end;

rap:=proc(l,11) local c; global Er;
c:=factor(op([1,1],1)/0p([1,1],11));

Er:=cl(1,-c,1,11); print(Er); c end;

# pour comparer deux tenseurs

VVVVVVVVVVVVVVVVVVVVYVYVYVYV
ESERSIESIESE B BB ]

o
¢ 2342
1
ay =
as as

mono := proc(?) [[1, [i]]] end proc

quant := proc(z)
local y;
y := factor(z) ;
y = factor(subs(ag? * az* + 1 = (a2 x az? + 1) * Q1,4/an(1, 4), y));
y := factor(subs(ag® + 1 = (ag® + 1) * Q2,4/qn(2, 4), y));
y := factor(subs(as* + 1 = (az* + 1) * Qs, 4/qn(37 4), y));
y := factor(subs(as? x az? + 1 = (ag? * az®> + 1) * Q1. 2/an(1, 2), y));
y := factor(subs(as? + 1 = (ag? + 1) * Q2,2/qn(2, 2), y));
y := factor(subs(az? + 1 = (az? + 1) * Q3. 2/qn(3, 2), y));
y = factor(subs(az *az + 1 = (ag *az + 1) * Q1,1/qu(1, 1), y));
y := factor(subs(ag + 1 = (a2 + 1) * Q2,1 /qn(2, 1), y));
y = factor(subs(az + 1 = (as + 1) * Q3,1/qn(3, 1), v)) ;
Y

end proc
¥ := proc(t) Bil(2, Cocr(1, Cocr(2, t))) end proc



mono := proc(i) [[1, [{]]] end proc

rap := proc(l, ll)

localg;
global Er;
¢ := factor(op([1, 1], I)/op([1, 1], I1)); Er:=cl(1, —¢, I, Il); print(Er); ¢
end proc
> #(*******************************************************************
> )
> Gk kool ok kokokkokokkkokkkokkkkRe 1 ations  Skedmokkskokkskokskokokokkokokkkok ok ok ok ok ok ok )
> #(*******************************************************************)
> rap(Braid(1,0Omega) ,Omega); #-> 1
> W:=Cocr(1,0mega): rap(Braid(1,W),W); #> -1
> Cr(1,w); #-> []
> 02:=Tens(Omega,Omega) :
> TangBp:=Braid(2,02): TangBm:=Braid(-2,02):
> TangIl:=Cocr(2,Cr(2,02)): TangH:=Cr(2,Cocr(3,02)):
> TangXp:=Cr(2,Cocr(3,TangBp)): TangXm:=Cr(2,Cocr(3,TangBm)):
> rap(cl(1l,-1,TangBp,TangBm),
> cl(1,1/2,c1(1,-1,TangH,TangI),
> ¢1(1,1,TangXp,TangXm))); quant(%);
> # quantum IHX relation
>  #-> -2xa[2]"4%a[3]"4/Phi/(al[3]"4+1)/(al2]~4+1)/(a[2] "4*a[3]~4+1)=
> # -2xQ[1,2]1*Q[2,21%Q[3,21/Q[1,41/Q[2,4]1/Q[3,4]/Phi
> rap(Cr(2,TangH) ,W); quant(%); #-> -Q[1,2]1*Q[2,2]1*Q[3,2]*Phi
> rap(Cr(1,Braid(2,TangBp)),W); quant(%); #-> 2*Q[1,2]1*Q[2,2]1*Q[3,2]

2as* ag*
D (a3t +1) (ag* +1) (aztaz* + 1)
2Q2,2Q1,2Q3,2
Q1,4Q2,4Q3,4P
[
® (ag — 1) (az + 1) (a2® + 1) (a3 — 1) (a3 + 1) (a3® + 1) (ag a3 — 1) (az a3 + 1) (az? az? + 1)
as* azt
—Q1,2Q3,2Q2,2P
[
~2(azaz —1)(azaz +1) (a2? az® +1) (ag? + 1) (az +1) (a2 — 1) (a3 — 1) (ag + 1) (a3 + 1)
ast azt
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