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e Applying flew algorithms
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yhy study Lie algebras:
Simple algebraic group G uniqueﬂ;L@i@@alggbra L %

Many properties carry over to L

w’ V L @ W, AL e

Easier to calculate in L
G < Aut(L), often even G = Aut(L)

® Opportunities for:

VWV VWV

» Recognition,
» Solving conjugation problems,
4
® Because there are problems to be solved!

» ... and there was a thesis to be written...
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o Basis:(HZ(O _1)/]5:(() Q)Q’F:(l (

® Multiplication: |x,y| = xy — yx

¢ Vector space [F"
& With a multiplication [-,-]: L x L — L thatis
» Bilinear,

" Anti-symmetric, and

»/ Satisfies the Jacobi identity
Xy 2+l z 2]+ lz (v Y]] =0

6 /23



of trace 0, calle@[z @Q@QQQQ ?

. 1 0
® Dasis: H_(O _1) ( ) F —

® Multiplication: |x,y| = xy — yx
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e Applying flew algorithms
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e Applying flew algorithms



Chevalley Bases

Many Lie algebras have a Chevalley basis!
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® A Chevalley basis for L certifiably states w @er
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LisA,, B, Cy D, Es, E7, Es, Fs, G, (or a

combination thereof).

® And we can test isomorphism between two Lie
algebras (and find isomorphisms!) by computing

Chevalley bases.
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Why Chevalley bases?

] —>

isomorphic! 4— equal
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Why Chevalley bases?

] —>

non-
isomorphic!

not equal

15/23



omputi g Cheval !ﬂ bases
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arefully stu e “special cases”,

Use their quirks to handle them,

® Several algorithms per type,

® Quite “high-level”.
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X findframe A3 _char2 m
L = CBDL;
zr e [ 12 1 in [1,.%ev]) |

es = [ es[i]) : { in [1..%es5)

ev tw [ ev[i] : © in [1..%ev] | 1 notin 2zr ];

dubs = { {1 : 4 in [1..%ev] | ev[i) eq ev[i] } : 7 in [1..%ev] };

dubs i« [ SetToSequence(d) : d in dubs ];
esvs = [ VectorSpaceWithBasis{[ Vector(e) : e in es[d] ]) : d in dubs] ;

:Vin esvs } ne {2} then
Unexpected form of diagonal action in DerCA_3(2)) Q1)%;

2 1nto the

z = L!(Basis(CentredL)[1));
BosisH = [ h : h in CBD SCSAVectors ];

pullback := function(espc)
local y, vswb, LHS, Ms, es, ev, dims, p;

vSad i« VectorSpoceWithBasis(
[ Vector(backtol(e)) : e in Basis(espc) ]
cat [ Vector(z) 1);
1= [ Matrix Coordinates(vsmb, VYector(L!b*L!h)) : b in Basis(vewb) ])
: h in BasisH ];
i= simdiog(Ms);

dins := [ Dimension{e) : e in es ];
if Segset(dims) ne {1,2} then
error “"Could not pullback from Der(A3) to A3.";
end if;
p = Position(dims, 2);

return [ Vector(b*Matrix(Basis(vswd))) : b in BasisCes[p]) 1;
end function;

nemspcs = [ pullback(e) : ¢ in esvs ];
insert_found_frome(~(8D, &cot(newspcs), folse);
end procedure;

findframe _A3_nonAd_char2 _usinglerl :« procedure(~(BD)
locol F,L, H, es, ev, backtol, ok;

L := CBODL;

M i« CBD'H;
F = CBO'F;

Magma 2010 Schoonschip 1960’s
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¢ Applying new algorithms



O

Recognition of Lie algebras, ‘@@@

<
Q \
% ; ,\(\QQQ ,

e Isomorphism testing and construction for
Lie algebras,

® Indirectly: matrix group recognition.
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ong-term effort (Cohen, Liebeck, Saxl) to “classify
: o
the graphs on which an almost simple group of %

exceptional Lie type acts distance-transitively”.
® One of open cases: H = 2A7(22) in G = E7(2).
® Use the new algorithms to construct in Magma,

® and search for different H-orbits on Lie(G),

® proving non-existence. 2
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“Special” cases%%o% A
Recognising Lie algéi)ras
Applying flew algorithms
Thank you!



