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Digression: Base

Definition (Base points)

G < Sym(Q). A base of G is B = [1, (2, ..., Bk] € QF such that
Gg,,85,....8c = 1.
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Digression: Base

Definition (Base points)

G < Sym(Q). A base of G is B = [1, (2, ..., Bk] € QF such that
Gg,,85,....8c = 1.

G =((1,2,3),(4,5)). G =1{(),(4.5)}. Grs = {()}. So [1,4] is a base of
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Digression: Base

Definition (Base points)
G < Sym(Q). A base of G is B = [1, (2, ..., Bk] € QF such that
G182, B = 1.

g: ((1,2,3),(4,5). G1={(),(4,5)}. Gia={()} So[1,4]is a base of

Definition
g € G < Sym(Q).The base image of g relative to a base B is
BE = [BF, 65, ... BE].
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Digression: Base

Definition (Base points)

G < Sym(Q). A base of G is B = [1, (2, ..., Bk] € QF such that
Gg,,85,....8c = 1.

(G;: ((1,2,3),(4,5)). G1 ={(),(4,5)}. Gia={()}. So[1,4]is a base of

g € G < Sym(Q).The base image of g relative to a base B is
BE = [BF, 65, ... BE].

Lemma (Uniqueness of base image)

The base image B8 of g uniquely determines g € G.
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Finding Normalisers by Backtrack search

e G,H < S,. No known polynomial time algorithm (in general) to
compute Ng(H): use backtrack search
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Finding Normalisers by Backtrack search

e G,H < S,. No known polynomial time algorithm (in general) to
compute Ng(H): use backtrack search

[1.2] [1,3] [1,4] [2,1] [2,3] [2,4] [3,1] [3.2] [3,4] [4,1] [4.2] [4,3]

[1,2,3][1,2,4][1,3,2][1, 3, 4][1, 4, 2[1, 4, 3][2, 1, 3][2, 1, 4][2, 3, 1][2, 3, 4][2, 4, 1][2, 4, 3][3, 1, 2][3, 1, 4][2, 3, 1][3, 2, 4][3, 4, 1][3, 4, 2][4, 1, 2[4, 1, 3][4, 2, 1][4, 2, 3][4, 3, 1][4, 3, 2]
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Finding Normalisers by Backtrack search

e G,H < S,. No known polynomial time algorithm (in general) to
compute Ng(H): use backtrack search

[1.2] [1,3] [1,4] [2,1] [2,3] [2,4] [3,1] [3.2] [3,4] [4,1] [4.2] [4,3]

[1,2,3][1,2,4][1,3,2][1, 3, 4][1, 4, 2[1, 4, 3][2, 1, 3][2, 1, 4][2, 3, 1][2, 3, 4][2, 4, 1][2, 4, 3][3, 1, 2][3, 1, 4][2, 3, 1][3, 2, 4][3, 4, 1][3, 4, 2][4, 1, 2[4, 1, 3][4, 2, 1][4, 2, 3][4, 3, 1][4, 3, 2]

e N will become Ng(H). Initialise N = H
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Finding Normalisers by Backtrack search

e G,H < S,. No known polynomial time algorithm (in general) to
compute Ng(H): use backtrack search

[1.2] [1,3] [1,4] [2,1] [2,3] [2,4] [3,1] [3.2] [3,4] [4,1] [4.2] [4,3]
[1,2,3][1,2,4][1,3,2][1, 3, 4][1, 4, 2[1, 4, 3][2, 1, 3][2, 1, 4][2, 3, 1][2, 3, 4][2, 4, 1][2, 4, 3][3, 1, 2][3, 1, 4][2, 3, 1][3, 2, 4][3, 4, 1][3, 4, 2][4, 1, 2[4, 1, 3][4, 2, 1][4, 2, 3][4, 3, 1][4, 3, 2]

e N will become Ng(H). Initialise N = H

@ At each node, ask: Could there be a solution under here?
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Finding Normalisers by Backtrack search

e G,H < S,. No known polynomial time algorithm (in general) to
compute Ng(H): use backtrack search

[1.2] [1,3] [1,4] [2,1] [2,3] [2,4] [3,1] [3.2] [3,4] [4,1] [4.2] [4,3]

[1,2,3][1,2,4][1,3,2][1, 3, 4][1, 4, 2[1, 4, 3][2, 1, 3][2, 1, 4][2, 3, 1][2, 3, 4][2, 4, 1][2, 4, 3][3, 1, 2][3, 1, 4][2, 3, 1][3, 2, 4][3, 4, 1][3, 4, 2][4, 1, 2[4, 1, 3][4, 2, 1][4, 2, 3][4, 3, 1][4, 3, 2]

e N will become Ng(H). Initialise N = H
@ At each node, ask: Could there be a solution under here?

o If not, backtrack;
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Finding Normalisers by Backtrack search

e G,H < S,. No known polynomial time algorithm (in general) to
compute Ng(H): use backtrack search

[1.2] [1,3] [1,4] [2,1] [2,3] [2,4] [3,1] [3.2] [3,4] [4,1] [4.2] [4,3]

[1,2,3][1, 2, 4][1, 3, 2][1, 3, 4][1, 4, 2][1, 4, 3][2, 1, 3][2, 1, 4][2, 3, 1][2. 3, 4][2, 4. 1][2. 4, 3][3, 1, 2][3. 1, 4][2, 3, 1][3. 2, 4][3, 4, 1][3, 4, 2][4, 1, 2][4, 1, 3][4, 2, 1][4, 2, 3][4, 3, 1][4, 3, 2]
e N will become Ng(H). Initialise N = H
@ At each node, ask: Could there be a solution under here?

@ If not, backtrack; if yes, descend
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Finding Normalisers by Backtrack search

e G,H < S,. No known polynomial time algorithm (in general) to
compute Ng(H): use backtrack search

[1.2] [1,3] [1,4] [2,1] [2,3] [2,4] [3,1] [3.2] [3,4] [4,1] [4.2] [4,3]

[1.2,3)[1, 2, 4][1, 8. 2][1, 3, 4][1, 1, 2][1, 4, 3][2. 1, 3][2, 1, 4][2, 3, 1][2. 3, 4][2, 1. 1][2, 4, 3][3. 1, 2][3, 1, 4][2, 3, 1)[3. 2, 4][3, 4, 1][3, 4, 2)[4, 1, 2][4, 1, 8][4, 2, 1][4, 2, 8][4, 3, 1][4,3,2]
e N will become Ng(H). Initialise N = H
@ At each node, ask: Could there be a solution under here?
@ If not, backtrack; if yes, descend
e If find g € Ng(H), update N = (N, g)
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Finding Normalisers by Backtrack search

e G,H < S,. No known polynomial time algorithm (in general) to
compute Ng(H): use backtrack search

[1.2] [1,3] [1,4] [2,1] [2,3] [2,4] [3,1] [3.2] [3,4] [4,1] [4.2] [4,3]

[1.2,3)[1, 2, 4][1, 8. 2][1, 3, 4][1, 1, 2][1, 4, 3][2. 1, 3][2, 1, 4][2, 3, 1][2. 3, 4][2, 1. 1][2, 4, 3][3. 1, 2][3, 1, 4][2, 3, 1)[3. 2, 4][3, 4, 1][3, 4, 2)[4, 1, 2][4, 1, 8][4, 2, 1][4, 2, 8][4, 3, 1][4,3,2]
e N will become Ng(H). Initialise N = H
@ At each node, ask: Could there be a solution under here?
@ If not, backtrack; if yes, descend
e If find g € Ng(H), update N = (N, g)
@ Motto: fail early to avoid traversing bigger subtree
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LGregory Butler. “Computing normalizers in permutation groups”. In: Journals of
Algorithms 4 (1983), pp. 163-175. DOL
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http://dx.doi.org/https://doi.org/10.1016/0196-6774(83)90043-3

Current tests

Ifg € NG(H) and [ﬂl, ﬁz, ... ,ﬂ,’]g = [051, g, ..., Oz,'] (i < k), then
g_lHﬁl,ﬁz,...,ﬁ,‘g = Hal,ag,...,a;-

LGregory Butler. “Computing normalizers in permutation groups”. In: Journals of
Algorithms 4 (1983), pp. 163-175. DOL

https://doi.org/10.1016/0196-6774(83)90043-3.
2Heiko Theissen. “Eine Methode zur Normalisatorberechnung in

Permutationsgruppen mit Anwendungen in der Konstruktion primitiver Gruppen”.
PhD thesis. RWTH Aachen, 1997. PhD thesis.
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Current tests

Ifg € NG(H) and [ﬂl, 52, ... ,ﬂ,’]g = [051, g, ..., Oz,'] (i < k), then
g_lHﬁl,ﬁz,...,ﬁ,‘g = Hal,az,...,a;-

o At each node [a1, @, ..., ], compare Hg, g, 5 and Hai a0

LGregory Butler. “Computing normalizers in permutation groups”. In: Journals of
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2Heiko Theissen. “Eine Methode zur Normalisatorberechnung in

Permutationsgruppen mit Anwendungen in der Konstruktion primitiver Gruppen”.
PhD thesis. RWTH Aachen, 1997. PhD thesis.
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Current tests

Ifg € NG(H) and [ﬂl, 52, ... ,ﬂ,’]g = [051, g, ..., Oz,'] (i < k), then
g_lHﬁl,ﬁz,...,ﬁ,‘g = Hal,az,...,a;-

o At each node [a1, @, ..., ], compare Hg, g, 5 and Hai a0
e Ng(H) permutes H-orbits.?

LGregory Butler. “Computing normalizers in permutation groups”. In: Journals of
Algorithms 4 (1983), pp. 163-175. DOL

https://doi.org/10.1016/0196-6774(83)90043-3.
2Heiko Theissen. “Eine Methode zur Normalisatorberechnung in

Permutationsgruppen mit Anwendungen in der Konstruktion primitiver Gruppen”.
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http://dx.doi.org/https://doi.org/10.1016/0196-6774(83)90043-3

Current tests

Ifg € NG(H) and [ﬂl, 52, ... ,ﬂ,’]g = [051, g, ..., Oz,'] (i < k), then
g_lHﬁl,ﬁz,...,ﬁ,‘g = Hal,az,...,a;-

o At each node [a1, @, ..., ], compare Hg, g, 5 and Hai a0
e Ng(H) permutes H-orbits.?
o Ng(H) permutes orbital graphs of H.2

LGregory Butler. “Computing normalizers in permutation groups”. In: Journals of
Algorithms 4 (1983), pp. 163-175. DOL

https://doi.org/10.1016/0196-6774(83)90043-3.
2Heiko Theissen. “Eine Methode zur Normalisatorberechnung in

Permutationsgruppen mit Anwendungen in der Konstruktion primitiver Gruppen”.
PhD thesis. RWTH Aachen, 1997. PhD thesis.
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Our groups
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@ V permutation isomorphic to {((1,2),...,(2m —1,2m)) < Sypm, (n = 2m)
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@ V permutation isomorphic to {((1,2),...,(2m —1,2m)) < Sypm, (n = 2m)
e H <V, generated by ~ m/2 elements

Mun See Chang (St Andrews) Group St Andrews 2017 11 August 2017 5/ 10



@ V permutation isomorphic to {((1,2),...,(2m —1,2m)) < Sypm, (n = 2m)
e H <V, generated by ~ m/2 elements
@ It is conjectured that a random subgroup of S, is 'close’ to this
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V permutation isomorphic to ((1,2),...,(2m —1,2m)) < Sop, (n = 2m)
H <V, generated by ~ m/2 elements
It is conjectured that a random subgroup of S, is 'close’ to this

°
°
°
@ Current tests don't do much
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Our groups

@ V permutation isomorphic to {((1,2),...,(2m —1,2m)) < Sypm, (n = 2m)
e H <V, generated by ~ m/2 elements

@ It is conjectured that a random subgroup of S, is 'close’ to this

o Current tests don't do much

H = {(1,7)(2,8)(5,11), (1,7)(2,8)(3,9)(6,12), (2,8)(3,9)(4,10)) < 51>

v
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Our groups

V permutation isomorphic to ((1,2),...,(2m —1,2m)) < Sop, (n = 2m)
H <V, generated by ~ m/2 elements
It is conjectured that a random subgroup of S, is 'close’ to this

°
°
°
@ Current tests don't do much

Example
H =((1,7)(2,8)(5,11),(1,7)(2,8)(3,9)(6,12), (2,8)(3,9)(4,10)) < 512

1,7 28 39 410 511 6,12
1 1 0 0 1 0
M=11 1 1 o0 0 1
0 1 1 1 0 0

v

Mun See Chang (St Andrews) Group St Andrews 2017 11 August 2017 5/ 10



Our groups

@ V permutation isomorphic to {((1,2),...,(2m —1,2m)) < Sypm, (n = 2m)
e H <V, generated by ~ m/2 elements

@ It is conjectured that a random subgroup of S, is 'close’ to this

o Current tests don't do much

H =((1,7)(2,8)(5,11),(1,7)(2,8)(3,9)(6,12),(2,8)(3,9)(4,10)) < S12

1,7 28 39 410 511 6,12
1 1 0 0 1 0
M=11 1 1 0 0 1
0 1 1 1 0 0
100101
reduced(M)=10 1 0 1 1 1
001011

v
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Our groups

V permutation isomorphic to ((1,2),...,(2m —1,2m)) < Sop, (n = 2m)

by ~ m/2 elements

It is conjectured that a random subgroup of S, is 'close’ to this
Current tests don't do much

"]
e H <V, generated
o
"]

Example

H = {(1,7)(2,8)(5,11), (1,7)(2,8)(3,9)(6,12), (2,8)(3,9)(4,10)) < 51>

1,7 28 39 410
1 1 0 0
M=11 1 1 0
0 1 1 1

1 00

reduced(M)= 10 1 0

0 01

Both M and reduced(M) represent H.

5

1
1
0
0

O = =

1

=)

6,12
0
1
0

V.

Mun See Chang (St Andrews)

Group St Andrews 2017

11 August 2017

5/ 10



Normalisers in vector spaces

Let M be a matrix over GF(2) representing H and let g € S,. Let M’ be the
matrix representing H&. Then g € Ns,(H) < row(M) = row(M').
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Normalisers in vector spaces

Let M be a matrix over GF(2) representing H and let g € S,. Let M’ be the
matrix representing H&. Then g € Ns,(H) < row(M) = row(M').

o Elements of Ng(H) that fix each H-orbit: easy. Only search for those that
permutes the orbits
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Normalisers in vector spaces

Let M be a matrix over GF(2) representing H and let g € S,. Let M’ be the
matrix representing H&. Then g € Ns,(H) < row(M) = row(M').

o Elements of Ng(H) that fix each H-orbit: easy. Only search for those that
permutes the orbits
@ The image of a point determines the image of the H-orbit
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Normalisers in vector spaces

Let M be a matrix over GF(2) representing H and let g € S,. Let M’ be the
matrix representing H&. Then g € Ns,(H) < row(M) = row(M').

o Elements of Ng(H) that fix each H-orbit: easy. Only search for those that
permutes the orbits
@ The image of a point determines the image of the H-orbit

1,7 28 39 410 5,11 6,12

1 0 0 1 0 1
M=10 1 0 1 1 1

0O 0 1 o0 1 1
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Normalisers in vector spaces

Let M be a matrix over GF(2) representing H and let g € S,. Let M’ be the
matrix representing H&. Then g € Ns,(H) < row(M) = row(M').

o Elements of Ng(H) that fix each H-orbit: easy. Only search for those that
permutes the orbits
@ The image of a point determines the image of the H-orbit

1,7 28 39 410 5,11 6,12

1 0 0 1 0 1
M=10 1 0 1 1 1

0O 0 1 o0 1 1

K =2 Sg acts on the columns of M, base of K = [1,2,3,4,5].
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Normalisers in vector spaces

Let M be a matrix over GF(2) representing H and let g € S,. Let M’ be the
matrix representing H&. Then g € Ns,(H) < row(M) = row(M').

o Elements of Ng(H) that fix each H-orbit: easy. Only search for those that
permutes the orbits
@ The image of a point determines the image of the H-orbit

1,7 28 39 410 5,11 6,12

1 0 0 1 0 1
M=10 1 0 1 1 1

0O 0 1 o0 1 1

K =2 Sg acts on the columns of M, base of K = [1,2,3,4,5].
o € K, then M' = M°?.
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Normalisers in vector spaces

Let M be a matrix over GF(2) representing H and let g € S,. Let M’ be the
matrix representing H&. Then g € Ns,(H) < row(M) = row(M').

o Elements of Ng(H) that fix each H-orbit: easy. Only search for those that
permutes the orbits
@ The image of a point determines the image of the H-orbit

1,7 28 39 410 5,11 6,12

1 0 0 1 0 1
M=10 1 0 1 1 1

0O 0 1 o0 1 1

K =2 Sg acts on the columns of M, base of K = [1,2,3,4,5].
o € K, then M' = M°?.

o Centralisers are determined identical columns - assume none
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Limiting the depth of the search tree

o If H-base images under g is known, then s& is known Vgenerator s of
H.
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Limiting the depth of the search tree

o If H-base images under g is known, then s& is known Vgenerator s of
H.

Example (Extending from base H)

Base of H = [1,2,3]. Partial base image = [3,2, 1].
Base of K =1,2,3,4,5].

3 2 1
1 2 3 4 5 6 0 0 1
1 001 01 M"—[Olo ]
M=[010111] 1 00
001 0 1 1
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Limiting the depth of the search tree

o If H-base images under g is known, then s& is known Vgenerator s of
H.

Example (Extending from base H)

Base of H = [1,2,3]. Partial base image = [3,2, 1].
Base of K =1,2,3,4,5].

3 2 1
1 2 3 4 5 6 0 01 0 1 1
1 00101 M"—[Olo ]
M=[010111] 1 00
0010 11
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Limiting the depth of the search tree

o If H-base images under g is known, then s& is known Vgenerator s of
H.

Example (Extending from base H)

Base of H = [1,2,3]. Partial base image = [3,2, 1].
Base of K =1,2,3,4,5].

3 2 1
1 2 3 4 5 6 001 0 1 1
1 00 1 01 M"—[010111]
M=[010111] 1 00
0 01 0 1 1
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Limiting the depth of the search tree

o If H-base images under g is known, then s& is known Vgenerator s of
H.

Example (Extending from base H)

Base of H = [1,2,3]. Partial base image = [3,2, 1].
Base of K =1,2,3,4,5].

3 2 1
1 2 3 4 5 6 001 0 1 1
1 00 1 01 M"—[010111]
M=[010111] 1 00 1 0 1
0 01 0 1 1
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Limiting the depth of the search tree

o If H-base images under g is known, then s& is known Vgenerator s of
H.

Example (Extending from base H)

Base of H = [1,2,3]. Partial base image = [3,2, 1].
Base of K =1,2,3,4,5].

3 2 1
1 2 3 4 5 6 001 0 1 1
1 00 1 01 M”=[010111]
M=[010111] 1 00 1 0 1
0 01 0 1 1

Columns of M? must be columns of M.
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Limiting the depth of the search tree

o If H-base images under g is known, then s& is known Vgenerator s of
H.

Example (Extending from base H)

Base of H = [1,2,3]. Partial base image = [3,2, 1].
Base of K =1,2,3,4,5].

3 2 1 5 4 6

1 2 3 4 5 6 001 0 1 1

1 00 1 01 M”=[010111]

M=[010111] 1 00 1 0 1
0 01 0 1 1

Columns of M? must be columns of M. Extend to base image [3,2, 1,5, 4].
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Limiting the depth of the search tree

o If H-base images under g is known, then s& is known Vgenerator s of
H.

Example (Extending from base H)

Base of H = [1,2,3]. Partial base image = [3,2, 1].
Base of K =1,2,3,4,5].

3 2 1 5 4 6

1 2 3 4 5 6 001 0 1 1

1 00 1 01 M”=[010111]

M=[010111] 1 00 1 0 1
0 01 0 1 1

Columns of M? must be columns of M. Extend to base image [3,2, 1,5, 4].

o If pass, we can extend the partial base image to full base image, add
the corresponding group element to N; else: backtrack
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Limiting the depth of the search tree

o If H-base images under g is known, then s& is known Vgenerator s of
H.

Example (Extending from base H)

Base of H = [1,2,3]. Partial base image = [3,2, 1].
Base of K =1,2,3,4,5].

3 2 1 5 4 6

1 2 3 4 5 6 001 0 1 1

1 00 1 01 M”=[010111]

M=[010111] 1 00 1 0 1
0 01 0 1 1

Columns of M? must be columns of M. Extend to base image [3,2, 1,5, 4].

o If pass, we can extend the partial base image to full base image, add
the corresponding group element to N; else: backtrack
@ So only check up to depth length of base of H - which is n/4
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Ifo € NK(H) s.t. [ﬂl,ﬁz, R ,,3,']0 = [Ck170z2, e ,a,-] then
rOW(M(Hﬁ17ﬂ27»--,ﬁi)g) = rOW(M(HOthaz,.--,Ou))
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Lemma

Ifo € NK(H) s.t. [ﬂl,ﬁz, R ,B,‘]U = [al,ag, e ,a,-] then
rOW(M(H517527»--,Bi)G) = rOW(M(HOmQL.--,a/))

y

1 2 3 4 5 6
1 00 1 0 1
M:l010111]
001 011

Base of H =[1,2,3].
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Lemma

Ifo € NK(H) s.t. [ﬂl,ﬁz, R ,B,‘]U = [al,ag, e ,a,-] then
rOW(M(H517527»--,Bi)G) = rOW(M(HOmQL.--,a/))

y

1 2 3 4 5 6
1 00 1 0 1
M:l010111]
001 011

Base of H = [1,2,3].Try partial base image := [1, 3].
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Lemma

Ifo € NK(H) s.t. [ﬂl,ﬁz, R ,B,‘]U = [al,ag, e ,a,-] then
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Lemma

Ifo e NK(H) s.t. [ﬂl,ﬁz, .. ,B,‘]U = [al,ag, o ,a,-] then
row(M(Hg, p,,....5,)7) = row(M(Ha, as,....0:))

I
1

o =
O, ON
= O O w
o~ K~ M
=
= R = o
—_

Base of H = [1,2,3].Try partial base image := [1, 3].

M(Hip)=[0 0 1 0 1 1] M(Hig)=[0 1 0 1 1 1]
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rOW(M(H517527»--,Bi)G) = rOW(M(HOmQL.--,a/))
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M:l010111]
001 011

Base of H = [1,2,3].Try partial base image := [1, 3].
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Lemma

Ifo € NK(H) s.t. [ﬂl,ﬂz,...
row(M(Hs, p,....5,)") =

,Bil7 = [ea, a2, ..., ] then

row(M(Hay as,....0;))

2 3 4 5 6

1 0 01 01

leo 1 01 11

0 01 0 1 1

Base of H = [1,2,3].Try partial base image := [1, 3].
M(Hi2)=[0 0 1 0 1 1] M(Hiz)=[0 1 0 1 1 1]

Matrix has three 1's.

Matrix has four 1's — Backtrack!
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o € K.If L is a set of linearly dependent columns of M and o € Nk (H),
then L? is also a set of linearly dependent columns of M?.
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Lemma

o € K.If L is a set of linearly dependent columns of M and o € Nk (H),
then L? is also a set of linearly dependent columns of M?.

1 2 3 4 5 6
1 0 0 1 0 1
o 1 o0 1 1 1
o o0 1 o0 1 1

Ci C 3 € G Gp

<] =F (S5} i C = [0, O, 0]
(o) =F C3 T G = [0, O, 0]
C]_ + C2 + C3 + C6 = [0, 07 0]

4
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Lemma

o € K.If L is a set of linearly dependent columns of M and o € Nk (H),
then L? is also a set of linearly dependent columns of M?.

1 2 3 4 5 6
1 0 0 1 0 1
o 1 o0 1 1 1
o o0 1 o0 1 1

Ci C 3 € G Gp

cf +c5+cf = [0,0,0]
g +c§+c = [0,0,0]
f +c3+c5+c¢ = [0,0,0]
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1 2 3 4 5 6
1 0 0 1 0 1
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1 () C3 Ca Cs Ce
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Try partial base image := [1, 3]
1 () C3 Ca Cs Ce

cf +c5+cf = [0,0,0]
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Lemma

o € K.If L is a set of linearly dependent columns of M and o € Nk (H),
then L? is also a set of linearly dependent columns of M?.

1 2 3 4 5 6
1 0 0 1 0 1
uolowod Ll Base of H =[1,2,3]
0o 0o 1 0 1 1

Try partial base image := [1, 3]
1 () C3 Ca Cs Ce

¢ +c§ +cf = [0,0,0]

S+ +c¢f = [0,0,0] ata+c = [0,00]
g +c5+cg = [0,0,0]
f+c§+c5+c = [0,0,0]
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Lemma

o € K.If L is a set of linearly dependent columns of M and o € Nk (H),
then L? is also a set of linearly dependent columns of M?.

1 2 3 4 5 6
1 0 0 1 0 1
uolowod Ll Base of H =[1,2,3]
0o 0o 1 0 1 1

Try partial base image := [1, 3]
1 () C3 Ca Cs Ce

cf+c5+c; = [0,0,0]
+c§+cf = [0,0,0] a+at+cg = [0,00]
&g +cf+c = [0,0,0] @ = [10,1]

f+c§+c5+c = [0,0,0]
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Lemma

o € K.If L is a set of linearly dependent columns of M and o € Nk (H),
then L? is also a set of linearly dependent columns of M?.

1 2 3 4 5 6
1 0 0 1 0 1
uolowod Ll Base of H =[1,2,3]
0o 0o 1 0 1 1

Try partial base image := [1, 3]
1 () C3 Ca Cs Ce

cf+c5+c; = [0,0,0]
+c§+cf = [0,0,0] a+at+cg = [0,00]
&g +cf+c = [0,0,0] @ = [10,1]

(o8 ag (o2 g —
ad+c+a+c = [0,00] This is not a column in M,

— Backtrack!

4
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Test results

Tested on 500 random groups on 20 points in GAP
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Test results

Tested on 500 random groups on 20 points in GAP
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o Red: Log(time taken by the original algorithm of GAP, in milliseconds);
@ Blue: Log(time taken by new algorithm)
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