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We’ve seen that we can generate subgroups of a group from a set of el-
ements. Maple allows groups to be generated by specifying a set of per-
mutations. The group is generated by taking all possible combinations (and
their inverses) of the permutations in the set to generate the group elements.
Since an element of a permutation group has a finite order (recall that the
order of a group element is the power to which it is raised to give the identity
e), Maple takes powers of set elements and their combinations to generate
the group. For example (commas between numbers are omitted):

with (GroupTheory ):
gl := Group({Perm([[1, 2]]), Perm([[2, 3], [5, 411)});
gl = <(23)(45),(12)>
Elements (gl );
{(13)(45), (13), (45), (132)(45), (132), (12)(45), (123),
(123)(45), (23), O, (23)(45), (12)}

The first line includes the GroupTheory package which allows methods
from this package to be used. The second line generates the group gi
from the permutations (1,2) and (2,3)(5,4). The Elements(gl) com-
mand shows the elements in the generated group. This set is a subgroup
of the symmetric group Gs, but is missing some elements that occur in G;
(which has 5! = 120 elements), such as (15) and (1234).

We can also find the generators of a given group, such as Ss:

S5 := Symm(5);
Generators (S5);
[(12), (12345)]

It’s surprising that all 120 elements of G5 can be generated from just two
permutations. This follows, since we can generate transpositions from these
two permutations. If we define

(1,2) (1
(1,2,3,4,5) )

@4321) 3)

S
t
-1


https://physicspages.com
https://physicspagescomments.wordpress.com
https://physicspages.com/pdf/Group%20theory/Subgroups%20generated%20by%20a%20set.pdf
https://physicspages.com/pdf/Group%20theory/Order%20of%20a%20permutation.pdf

GENERATING GROUPS FROM SETS IN MAPLE 2

2=t =e 4)

then we can generate transpositions by calculating t*osot=* and t * o s0tF
where k = 0,1,2,3,4. For example

tosot™ ' =(1,2,3,4,5)(1,2)(5,4,3,2,1) (5)
=(1,2,3,4,5)(1,5,4,3) (6)

=(2,3) (7
“osot=(5,4,3,2,1)(1,2)(1,2,3,4,5) (8)
=(5,4,3,2,1)(2,3,4,5) 9)

=(1,5) (10)

As always, remember that Maple evaluates permutation products from left
to right, while most textbooks go right to left.

We can generate all the other transpositions in a similar way, and since all
permutations can be written as products of transpositions, we can generate
all elements of Gs this way.
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