Algebra of Lie symmetries of KdV equation
)= SetDirectory[NotebookDirectory[]];

ini2l:= << "SymboLie.wl"

SymboLie (v. 1.6)- A Package for determining Optimal Systems of Lie Subalgebras.

nisl= gens = {{1, 0, 0}, {0, 1, 0}, {0, t, 1}, {3t, X, -2u}};
vars = {t, x, u};

pars = {{}, {}};
inf4]:= €s = StructureConstants[gens, vars];

inis:- CommutatorTable[cs] // MatrixForm

Out[5]//MatrixForm=

O 0 Ez 3:.1

0 0 0 o))

=, 0 0 -2m,
3%, -=, 2% 0

inel:= algl = SubAlgebra[cs, pars, 1];
There are 15 1-D families of subalgebras to be analyzed.
Done.

in[71:- alg2 = SubAlgebra[cs, pars, 2];
There are 11 2-D families of subalgebras to be analyzed.
Done.

infel:- alg3 = SubAlgebra[cs, pars, 3];
There are 5 3-D families of subalgebras to be analyzed.

Done.

o= PrintOptimal[algl]

There are 5 optimal families of l1-dimensional Lie subalgebras.

outol- {{E1}, {Za}, {E3}, {Fa}, {E1+1E3}}
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mi1o:= PrintGraph[algl, 1]
{1 {51}, 2> {82}, 3> {Ez}, 4> {5}, 5> {E1+a1 521},
6> {E1+0a183}, 7> {Ex+a1E3}, 8> {E1+01 54}, 9> {E2+01 54},
10> {Bz+a1 s}, 11 > {Ep+ar 8+ a1 83}, 12> {Ep+ a1 Ep + 02 Ba )y

B3> {E1+o1=E3+a15}, 145 {(E2+0183+02 84}, 15 > {Ep + a1 B + A B3 + a1 B4} }

@ (15)

out[10]=

@ ®
v ® @

ini111:= PrintOptimal[alg2]

There are 6 optimal families of 2-dimensional Lie subalgebras.
Out[11]=

{{B1, B2}, {81, Ea}, {Fa) H3)y {B2, B4}, (T3, Ba}, {E1+01 53, B2}



ni12= PrintGraph[alg2, 1]

{l% {Ely EZ}) 2> {Els E4}J 3 - {EZJ E3}J 4 - {E27 E4})
5- {83, 84}, 6 > {E1, B2+ 0184}, 7> {Ep, B3 +a1 54}, 8> {E1+a1 E3, 52},

9> {E1+a1 84, B2}, 10 > {E2 + a1 B4, B3}, 11 > {Ep + a1 B3 + A B4, B3} )}

) © @

out[12]=

@ @
(6) @
®

13- PrintOptimal[alg3]
There are 3 optimal families of 3-dimensional Lie subalgebras.
out[13]=
({21, B2, =3}, {=1, Z2, Eg}, {E2, H3, B4}
ni14:- PrintGraph[alg3, 1]
{1- {E1, B2, B3}, 2> {E1, Bz, B4},

3> {82, B3, 4}, 4> {E1, H2, E3+0154}), 5> {E1+01 54, 2, B3} )
Out[14]=

@ @
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nps- alg = {algl, alg2, alg3}

out[15]=
{{{{1,09,0,0,1,0,0,0,0,0,0,0,0,0,0},
{¢,1, 0,0, 0,06,0,0,0,0,0,0,0,0,0},
{¢,0,1,0,0,0,1,0,0,0,0,0,0,0,0}, {0,0,0,1,0,0,0,1,
i,1,0,1,1,1,1}, {1, 0,0, 0,1, 0,0, 0,0,0,0,0,0,0,0},
{¢, 0, 0,06, 0,1, 0, 0,0, 0,1, 0,0, 0,0}, {6,0,1,0,0,0,1,0,
e, o, 6,0, 0, 0, 0}, {6, 0,0,1,0,0,0,1,1,1,0,1, 1,1, 1},
{¢,0,0,1,0,0,0,1,1,1,0,1,1,1, 1}, {0,0,0,1,0,0,0,1,
i,1,0,1,1,1,1}, {0, 0,0, 0,0,1,0,0,06,0,1,0, 0,0,0},
{¢,0,0,1,0,06,0,1,1,1,0,1,1,1, 1}, {0,0,0,1,0,0,0,1,
i,1,0,1,1,1,1}, {0,0,0,1,0,0,0,1,1,1,0,1,1,1, 1},
{¢,0,0,1,0,0,0,1,1,1,0,1,1,1, 1}},

({1}, (2}, (4}, (8}, {3}, {5}, {6}, {9}, {10}, {12}, {7}, {11}, {13}, {14}, {15}},
{{{0,0,0, 3}, {0,0,0,0}, {0,0,0,0}, {-3,0,0,0}},

{{e, 0,1, 0}, {6,0,0,1}, {-1,0,0, 0}, {0, -1, 0, 0}},

{{6,0,0,0}, {6,0,0,0}, {6,0,0, -2}, {0,0,2,0}},

{{o, 0, 6, 0}, {6, 0, 0, 0}, {0, 0, 0,0}, {0,0,0,0}}}},

{{{1, 0, 0, 0, 0, 6, 0, 0, 0, 0, 0}, {0, 1, 0, 0,0, 1,0, 0,0,0,0},
{¢,0,1,0,0,0,0,0,0,0,0}, {6,b0,0,1,0,0,1,0,1, 0,1},
{¢, 0, 0,0, 1,06, 0, 0,0,1,0}, {6,1,0,0,0,1,0,0,0,0,0},
{¢, 0, 0,1,0,06,1,0,1,0,1, {0,0,0,0,0,0,0,1, 0,0, 0},
{¢,0,0,1,0,0,1,0,1, 0,1}, {0,0,0,0,1, 0,0, 0,0,1, 0},
{¢,0,0,1,0,0,1,0,1, 0, 1}}, {{1, 2}, {1, 8}, {2, 4}, {2, 8},

{4, 8}y, {1, 10}, {2, 12}, {5, 2}, {9, 2}, {10, 4}, {13, 2}},
{{{o, 0,0, 33, {0, 0, 0, 0}, {0, 0, 0,0}, {-3,0,0,0}},
{{90, 0,1, 0}, {6,0, 0,1}, {-1,0, 0, 0}, {O, -1, 0, 0}},
{{o0, 0, 6, 0}, {6, 0, 0, 0}, {0,0, 0, -2}, {0,0,2,0}},
{{o, 0, 6, 0}, {6, 0, 0, 0}, {0, 0, 0,0}, {0,0,0,0}}}},
{{{1, 0, 0, 0, 0}, {0,1,0,1,0}, {6,0,1,0, 1}, {0,1,0,1,0}, {0,0,1,0, 1}},
{{1, 2, 43, {1, 2, 8}, {2, 4, 8}, {1, 2, 12}, {9, 2, 4}},
{{{o, 0, 0, 3}, {0, 0, 0, 0}, {60, 0, 0,0}, {-3,0,0,0}},
{{0, 0,1, 0}, {60, 0, 0, 1}, {-1, 0, 0, 0}, {O0, -1, 0, O}},
{{o0, 0, 6, 0}, {6, 0, 0, 0}, {0, 0, 0, -2}, {0,0,2,0}},
{{o, 0, 6, 0}, {6, 0, 0, 0}, {0,0, 0,0}, {0,0,0,0}}}}}

inf16l:= SessionTime[]
Out[16]=

8.949198



