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ABSTRACT

The purpose of exploring infinite groups in this thesis was to produce non-abelian finite
simple groups as homomorphic images. These infinite groups are semi-direct products
known as progenitors. The permutation progenitors studied were: 2*8 : 22 "Ay,

2¢10°: Dog, 241 Cy, 27 : (7:6), 3*3 : S5, 2°15 . ((5 x 3) : 2), and 2*%0 : A5. When we
factored said progenitors by an appropriate number of relations, we produced several
original symmetric presentations and constructions of linear groups, other classical groups
and sporadic groups. We have found original symmetric presentations of several
important groups, including: PGLo(7), PSL2(8), PSLy(11), PGL2(11), PGL2(13),
PSLs(19), PGLy(29), PSLo(41), PSLy(71), J2,U(3,4),U(3,5), M1, and Mas.

When solving various extension problems, we are able to identify the isomorphism types of
the finite images we discovered. We present proofs of the four types of extension problems:
Direct Products, Semi-Direct Products, Central Extensions, and Mixed Extensions. We
perform manual double coset enumeration with the support of a computer-based program,
Magma, to construct Cayley diagrams of the finite groups: 32 : S3, My, PSLo(19),
PSLy(7), Sy, and Us(5) : 2.
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Introduction

Progenitors factored by one or more relations frequently give non-abelian simple
groups and even sporadic groups as their homomorphic images. The main goal of this
thesis was to obtain original symmetric presentations and constructions of linear groups,
other classical groups and sporadic groups by factoring permutation progenitors. Let G
be a group and T = {t,,t1,...,tn—1} where T; =< t; >, with i = 0,1,...,n — 1, is the
cyclic subgroup generated by t; and let N be a subgroup of S, that acts transitively and
faithfully on T" called the control subgroup.

In the semi-direct product, 2" : N = {mw|r € N,w is a reduced word in ¢;},
N acts by conjugation as permutations of the n involutary symmetric generators. Every
element of the progenitor can be represented as a word of mw. We want to factor the
progenitor by relations of the form mw(ty, ..., t,), giving us a finite homomorphic image of
the infinite progenitor. We will then perform double coset enumeration of some of these
finite groups to find the double cosets and determine the number of single cosets each
contains. We will use a Cayley Diagram to demonstrate a graphical representation of this
process.

Our goal is to factor 2*” : N by relations, that equate elements of N to the
product of #;s, resulting in finite homomorphic images. Once we find all of the relations,
we will perform double coset enumeration of G over N. Hence, we will find all of the
double cosets and find the total number of single cosets each double coset contains. We
will have completed the double coset enumeration when the set of right cosets obtained is
closed under the operation of right multiplication. Thus, we will find the order of G once
we find all relations, perform double coset enumeration of G over N, create the Cayley

Graph and obtain the index of N in G.



Chapter 1

Preliminaries

1.1 Related Theorems and Definitions

Definition 1.1. Permutation

If X is a nonempty set, a permutation is a bijection mapping o : X — X. (Rot95)

Definition 1.2. Fizes
If r € X and a € Sx, then « fixes = if a(x) = z and o moves z if a(x) # = . (Rot95)

Definition 1.3. Disjoint
Two permutations o, B € Sx are disjoint if every x moved by one is fized by the other.

In symbols, if a(x) # =z, then B(x) = x and if B(y) # y, then a(y) =y. (Rot95)

Theorem 1.4. Fvery permutation € Sy, is either a cycle or a product of disjoint cycles.

(Rot95)

Definition 1.5. Operation
A (binary) operation on a nonempty set G is a function u: G x G — G. (Rot95)

Definition 1.6. Semigroup
A semigroup (G,x) is a nonempty set G equipped with an associative operation .

(Rot95)



Definition 1.7. Group

A group is a semigroup G containing an element e such that
(i) exa=a=axe foralla e G
(i1) for every a € G, there is an element b € G with a xb=e =bxa. (Rot95)

Definition 1.8. Commutes
A pair of elements a and b in a semigroup commutes if a xb = bxa. A group (or a

semigroup) is abelian if every pair of its elements commutes. (Rot95)

Theorem 1.9. Identity

If G is a group, there is a unique element e with exa = a = axe for all a € G. Moreover,
for each a € G, there is a unique b € G with axb=e¢ =bx*xa. We call e the identity if
G and, if axb=e = bx*a, then we call b the inverse of a and denote it by a=*. (Rot95)

Corollary 1.10. Inverse of an Inverse

If G is a group and a € G, then (a=')~! = a. (Rot95)

Definition 1.11. Homomorphism
Let (G, %) and (H,o) be groups. A function f: G — H is a homomorphism if, for all
a,be G, f(a*xb) = f(a)o f(b). (Rot95)

Definition 1.12. Isomorphism
An isomorphism is a homomorphism that is also a bijection. We say that G is

isomorphic to H, denoted G = H, if there exists an isomorphism f: G — H. (Rot95)
Theorem 1.13. Let [ : (G,*) = (G',0) be a homomorphism.
(i) f(e) =¢€', where € is the identity in G’
(i) If a € G, then f(a™1) = f(a)™L.
(iii) If a € G and n € Z, then f(a™) = f(a)™.
(Rot95)

Definition 1.14. Subgroup
A nonempty subset S of a group G is a subgroup of G if s € G implies s~' € G and
s,t € G imply st € G. (Rot95)



Theorem 1.15. If S < G (i.e., if S is a subgroup of G), then S is a group in its own
right. (Rot95)

Theorem 1.16. Subset
A subset S of a group G is a subgroup if and only if 1 € S and s,t € S imply st~ € S.
(Rot95)

Definition 1.17. Cyclic Subgroup

If G is a group and a € G, then the cyclic subgroup generated by a, denoted by
< a >, is the set of all the powers of a. A group G is called cyclic if there is a € G
with G =< a >; that is G consists of all the powers of a. (Notice different elements can

generate the same cyclic group.) (Rot95)

Definition 1.18. Order

If G is a group and a € G, then the order of a is | < a > |, the number of elements in
< a>. If G is a group, then the order of G, denoted by |G|, is the number of elements
in G. (Rot95)

Definition 1.19. Imvolutions

FElements of order 2 are known as involutions. (Rot95)

Definition 1.20. Kernel, Image

Let f : G — H be a homomorphism and define kernel f={a € G : f(a) =1} and
image f={h € H: h= f(a) for some a € G}. Then K = kernelf = ker f is a subgroup
of G, K < G and image f =im [ is a subgroup of H, imf < H. (Rot95)

Definition 1.21. Generates

If X is a subset of a group G, then the smallest subgroup of G containing X, denoted by
< X >, is called the subgroup generated by X. One also that X generates < X >.
(Rot95)

Theorem 1.22. Let X be a subset of a group G. If X = @, then < X > =1; if X is
nonempty, then < X > is the set of all the words on X. (Rot95)

Definition 1.23. Index
If S < G, then the index of S in G, denoted by [G : S|, is the number of right cosets of
S in G. (Rot95)



Definition 1.24. Right Coset
If S is a subgroup of G and if t € G, then a right coset of S in G is the subset of G

St={st:se S}

(a left coset is tS = {tS:s € S}). We understand t is a representative of S; (and
also of tS). (Rot95)

Theorem 1.25. Lagrange

If G is a finite group and S < G, then |S| divides |G| and [G : S] = % (Rot95)

Corollary 1.26. If G is a finite group and a € G. Then the order of a divides |G)|.
(Rot95)

Corollary 1.27. If p is a prime and |G| = p, then G is a cyclic group. (Rot95)

Definition 1.28. Normal Subgroup

A subgroup K < G is a normal subgroup, denoted by K <G, if gKg~*

g € G. (Rot95)

= K for every

Definition 1.29. Maximal Normal Subgroup
A subgroup H < G is a maximal normal subgroup of G if there is no normal subgroup

N of G with H < N < G. (Rot95)

Definition 1.30. Simple
A group G # 1 is simple if it has no normal subgroups other than G and 1. (Rot95)

Theorem 1.31. If N <G, then the cosets of N in G form a group, denoted by G/N, of
order [G : N]. (Rot95)

Theorem 1.32. First Isomorphism Theorem
Let f : G — H be a homomorphism with kernal K. Then K is a normal subgroup of G
and G/K = im f. (Rot95)

Theorem 1.33. Second Isomorphism Theorem
Let N and T be subgroups of G with N normal. Then N NT is normal in T and

= = XL (Rot95)

Theorem 1.34. Third Isomorphism Theorem
Let K < H < G, where both K and H are normal subgroups of G. Then H/K is a
normal subgroup of G/K and (G/K)/(H/K) = G/H. (Rot95)



Chapter 2

Writing a Progenitor Presentation

2.1 Related Theorems and Definitions

Definition 2.1. Progenitor

A progenitor is a semi-direct product of the following form:
P=2": N={mw|m€e€ N, w is a reduced word in the t;},

where 2*™ denotes a free product of n copies of a cyclic group of order 2 generated by
involutions t; for i = 1,...,n; and N is a transitive permutation group of degree n which

acts on the free product by permuting the involutory generators. (Cur07)

Definition 2.2. Free Group

If X is a subset of a group F', then F is a free group with basis X if, for every group
G and every function f : X — G, there exists a unique homomorphism ¢ : FF — G
extending f. (Rot95)

Definition 2.3. Presentation

Let X be a set and let A be a family of words on X. A group G has generators X and
relations A if G = F/R, where F is the free group with basis X and R is the normal
subgroup of F' generated by A. The ordered pair (X|A) is called a presentation of G.
(Rot95)

Definition 2.4. Conjugate
If H< G and g € G, then the conjugate gHg™ ', denoted as HY, is {ghg™ : h € H}.
(Rot95)



Definition 2.5. Conjugation
If a is a fived element of a group G, define vy : G — G by v4(z) = a*xx*xa™' (v, is called
conjugation by a). (Rot95)

Definition 2.6. Centralizer
If G is a finite group and a € G, then the centralizer of a € G, denoted by Ci(a) is the
set of all x € G which commute with a. (Rot95)

Definition 2.7. Normaliser

If G is a finite group and H < G, then the normaliser of H € G, denoted by Ng(H) is
Ng(H)={a€G:aHa ! = H}.
(Rot95)

Definition 2.8. Point Stabiliser
Let N be a group. The point stabiliser of w in N is given by:

NY ={n € N|w" = w}, where w is a word in the t;s
(Rot95)

Definition 2.9. Conjugacy Class

If G is a group, then the equivalence class of a € G under the relation “y is a conjugate
of x in G” s called the conjugacy class of a; it is denoted and defined by

a® = {a%)g € G} = {9 'aglg € G}. (Rot95)

Definition 2.10. Word
If X is a nonempty subset of a group G, then a word on X is an element w € G of the

form w = 1 x9? .1, ", where x; € X,e; = 1 and n > 1. (Rot95)



2.2 Permutation Progenitor

In this section we will discuss the technique we used to write presentations for
permutation progenitors. We wish to write a presentation for permutation progenitors of
the form 2* : N. We first choose a control group transitive on n letters, denoted as N.
Once we have a presentation for our control group N, we introduce a symmetric generator
typically labeled as t, where ¢ is a generator of a free product group. Throughout this
thesis we will label our t as t;, with the exception of one example. This example will
clearly state the labeling for . In order to give our ¢ the name t;, we must find the
generator of our point stabilizing group, hence N'. Allowing our ¢ to commute with such
a generator ensures our ¢ is ¢1. In general, the progenitors (2)™ : N will take on the

following form:
< generators of N,t | presentation of N,t2,(t,N1) > .

In the following example, we will be demonstrating the process of writing a presentation

for a permutation progenitor.

Example 2.2.1. Writing a Presentation for the Permutation Progenitor,
2*10 . Dyg

We wish to write a presentation for a progenitor of the form 2*10 : N. The 2 in
the free product 2*10 represents the order of our t;s. The 10 represents the amount of #;s
we have of order 2. Then control group N must be transitive on 10 letters. With the help
of Magma’s database of stored groups, we find our desired transitive group, Dog. We will
be using Magma to assist with finding the presentation for this control group V.

As stated previously we must include a presentation of the control group in our
progenitor presentation. Since we have 10 ¢;s, it’s convenient to select the Symmetric
Group 10, a set of size 10, to begin this process. We let our control group be a subgroup
of S1¢g generated by the permutations Magma provided us with: a, b and ¢. We store this
information into Magma as follows.

S:=Sym(10);
A:=S'(1, 3, 9, 7, 82, 6, 4, 10, 5);
B:=S!(1, 2)(3, 5)(4, 7)(6, 8)(9, 10);
C:=5!(1, 42, 7(3, 1005, 96, 8);
N:

=sub<S|A,B,C>;
#N;



We discover that the order of N is 20. Now we will construct an FP-Group of
N to give a presentation in terms of the generators a, b, and c. (CBFS13) We find the
FP-Group with the following command.

FPGroup (N) ;

> Finitely presented group on 3 generators
Relations

$.2°2 = Id($)
$.372 = Id($)
($.17-1 * $.2)°2 =
$.17-1 x $.3 * $.1
(3.2 * $.3)72 = Id($)
$.17-5 = Id($)

I1d($)
* $.3 = Id(3$)

This presents us with relations of the finitely presented group on three generators. The
relations given, $.1, $.2, and $.3 are labeled as a, b, and ¢, respectively. The construction

of the presentation for N is now completed:
N =< a,b,c|b?, ¢, (a=1b)%, a Leac, (be)?,a™> >.

The presentation of our control group can now be written at the beginning of

the progenitor presentation.

G<a,b,c>:=Group<a,b,c|b”2,c"2, (a"-1xb) "2,a"-1*c*axc, (bxc) "2,a"-5>;

One way to verify this group so far is the control group, is to examine the size of the
group. Before constructing the FP-Group of N, we discovered the order of N was 20.
When we check the size of this group G, we confirm it is indeed 20.

The last step to writing the presentation of the progenitor is to state the order
of our ;s and allow ¢ to commute with a point stabilizer in N. Stabilizing 1, ¢ ~ tq,
suggests ¢ commutes with the stabilizer 1 in N. We ask Magma to provide us with a
permutation group N'! acting on a set of cardinality 10.

N1:=Stabiliser(N,1);
N1i;

The output given is a permutation in the stabilizer, (2,5)(3,8)(6,10)(7,9), which needs
to be changed into a word in the generators of the control group. The Schreier System

allows us to change permutations into words. Generator « is the only generator with a

distinct inverse, thus we use the following Schreier System.
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Sch:=SchreierSystem(G,sub<G|Id(G)>);

ArrayP:=[Id(N): i in [1..#N]];

for i in [2..#N] do

P:=[Id(N): 1 in [1..#Sch[ill]l;

for j in [1..#Sch[il] do

if Eltseq(Sch[i]) [j] eq 1 then P[j]:=A; end if;

if Eltseq(Sch[i]l)[j] eq 2 then P[j]:=B; end if;

if Eltseq(Sch[i]l) [j] eq 3 then P[j]:=C; end if;

if Eltseq(Sch[i]) [j] eq -1 then P[jl:=A"-1; end if; end for;
PP:=Id(N); for k in [1..#P] do PP:=PP*P[k]; end for; ArrayP[i]:=PP;
end for; for i in [1..#N] do

if ArrayP[i] eq S!(2, 5)(3, 8)(6, 10)(7, 9)

then Sch[i]; end if; end for;

The word in the generators of the control group that allows ¢ to commute with
the stabilizer 1 in N, is ba?c. Adding t, the order of ¢, and this word that commutes
with ¢ to the presentation of IV, gives us the completed presentation of the permutation
progenitor, 2*19 : (Dyg). We store our presentation in Magma,

G =< a,b,c,t|b?,c2, (a"1b)?, a L eac, (bc)?, a2, 12, (t,ba’c) >.

G<a,b,c,t>:=Group<a,b,c,t|b"2,c"2,(a"-1*b) "2,a"-1*c*a*c, (b*c)"2,a" -5,
t°2, (t,b*a"2xc)>;

Curtis’ Famous Lemma gives us light on how to find relations in hopes of finding
our desired sporadic groups. Two other methods in finding relations are also discussed

in the following section.
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2.3 Factoring by the Famous Lemma

We wish to factor a progenitor of the form 2*" : N by first order relations. First
order relations are elements in both the free product group 2*" and control group N.
Robert T. Curtis formulated a process to find finite homomorphic images by forming a
progenitor and finding the centralizer in N of each 2-point stabilizer, to possibly write
elements of the control group as words of symmetric generators. A symmetric presentation
can be successfully constructed with the help of Curtis’ Famous Lemma. This Lemma

applies to progenitors of the form m*” : N where N is transitive on n letters.

Lemma 2.11. Famous Lemma

NN < t;,t; >< Cn(Nyj), where Ny; denotes the stabilizer in N of the two points i and j.

Proof. Let w € NN <4,j > and w be a word in the two symmetric generators ¢; and t;.
We must show w belongs to the centralizer, C = Centralizer(N, N“7). We understand

w € C if w commutes with every element of N¥. Let m € N. Then,

— 7 lwr = w

= wr = TW
Thus 7 commutes with every element of N“. (Cur07) O

We note that the Dihedral Group of order 2k is Doy =< t;,t; >= {t;,;2, (t;t;)¥}. The
center of this Dihedral Group is < ¢;,t; > denoted as follows.

1, if k£ is odd
Center(Dayy) = .
< (ti,tj)2 >, if kiseven

Once we have our centralizer, we write elements of the control group as words of symmetric
generators. In other words, we write the elements of NV in terms of < t;,t; > in the
following way.

(zt;)™ =1, where m is odd and x sends 1 to 2

(tit;)™ = x, where m is even and x fixes both 1 and 2

The Famous Lemma is applied below to the presentation of the progenitor we created in

Example 2.2.1.
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Example 2.3.1. Applying the Famous Lemma

We let our control group be generated by the following three permutations,
a=(1,3,9,7,8)(2,6,4,10,5), b = (1,2)(3,5)(4,7)(6,8)(9, 10), and
c=(1,4)(2,7)(3,10)(5,9)(6,8), where N =< a,b, ¢ >= Dyy. Our first step is to compute

the centralizer of the stabilizer of the points ¢ and j, IV;;, to find relations.

:=Sym(10) ;

:=8!(1, 3, 9, 7, 8)(2, 6, 4, 10, 5);
:=S!1(1, 2)(3, 54, T(6, 8)(9, 10);
=51 (1, 4)(2, 73, 10)(5, 9)(6, 8);
N:=sub<S|A,B,C>;
N12:=Stabiliser (N, [1,2]);
C:=Centraliser(N,N12);

QW =

Magma gives us the permutation group C acting on a set of cardinality 10.

(1, 3, 9,7, 82, 6, 4, 10, 5)

(1, 2)(3, 5)(4, 7 (6, 8)(9, 10)

(1, 4)(2, 7)(3, 10)(5, 9)(6, 8)
We notice that in the second permutation, (1,2)(3,5)(4,7)(6,8)(9,10), 1 is being sent to
2. Since the centralizer sends 1 to 2, Famous Lemma suggests we use the relation,
(zt;)™ = 1 where m is odd and x sends 1 to 2.

In our case, ((1,2)(3,5)(4,7)(6,8)(9,10)t)™ = 1, since t ~ t;. We now convert
our relation into a,b,, and ¢ terms for our presentation. To do this, we can use the
Schreier System to convert our permutation into a word, but notice that our generator b
is actually this permutation. Then our relation is (¢ )™ = 1. Thus adding this relation
to our progenitor presentation can assist us in finding finite homomorphic images. We

use the following code in Magma to do so.

for m in [0,1,3,5,7,9,11,13,15,17,19,21,23,25,27,29] do
G<a,b,c,t>:=Group<a,b,c,t|b"2,c"2,(a"-1*b) "2,a"-1xc*a*c, (b*c)"2,a" -5,
t°2, (t,b*a"2x*c),

(t"b*t) "m=1>;

if #G gt 40 then m,

#G; end if; end for;

Unfortunately, adding this relation gave us no results. Robert T. Curtis, along with A.N.A
Hammas and J.N. Bray developed a second method in finding all possible relations to

find finite homomorphic images when factoring a progenitor by relations. (RAJ96)
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2.4 First Order Relations

The second technique to finding all possible first order relations is by computing
the conjugacy classes of our control group. With the help of Magma, we will be given
representatives of each of those classes. We will then be able to find the relations by
computing the orbits of the centralizer of each those representatives. This is done by
right multiplying every class representative by a t;. This method is a shortcut to find a
smaller amount of relations. The control group Dsg is of order 20. Since there are 10
t;s, to find the total number of relations we right multiply each ¢ by 20 to obtain 200
relations. Thus right multiplying solely by a representative from each orbit makes this
for a simpler presentation. We will continue to use Example 2.2.1 to demonstrate the

process.
Example 2.4.1. Adding First Order Relations

Let N =< a,b,¢ >= Doy. We begin with computing the conjugacy classes of
our control group. The command we use to compute the conjugacy classes and the table

produced in Magma are as follows.

CL:=Classes(N);

CL;
#CL;
Table 2.1: Conjugacy Classes of Dayg
H Class Number Order Class Representative Length H

[1] 1 e 1
2] 2 (1, 4)(2, 7)(3, 10)(5, 9)(6, 8) 1
3] 2 (1, 2)(3, 5)(4, 7)(6, 8)(9, 10) 5
4] 2 (1, 7)(2, 4)(3, 9)(5, 10) 5
[5] 5 (1,3,9,7,8)(2,6,4,10,5) 2
6] 5 (1,9,8,3,7)(2, 4, 5,6,10) 2
[7] 10 (1,10,9,2,8,4,3,5,7,6) 2
8] 10 (1,2,3,6,9,4,7,10,8,5) 2
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Next, we compute the orbits of the centralizer of each representative. We ask

Magma this with the following command.

for ii in [2..NumberOfClasses(N)] do
for i in [1..#N] do
if ArrayP[i] eq CL[ii][3] then Sch[i]; end if; end for;
C12:=Centraliser (N,CL[ii] [3]);
Orbits(C12);
end for;
> C
[
GSet{@ 1, 3, 2, 4, 9, 5, 10, 6, 7, 8 @}
]
b
[
GSet{@ 6, 8 @},
GSet{@ 4 @},
GSet{@ 3, 5, 9, 10 @}
]
b*xc
[
GSet{@ 6, 8 @},
GSet{@ 7, 4, 2 @},
GSet{@ 3, 9, 10, 5 @}
]
a
[
GSet{@ 1, 3, 10, 9, 5, 7, 2, 8, 6, 4 @}
]
a"2
[
GSet{@ 1, 9, 10, 8, 2, 3, 4, 7, 5, 6 @}
]
axc
[
GSet{@ 1, 10, 9, 2, 8, 4, 3, 5, 7, 6 @}
]
c *x a”-2
[
GSet{@ 1, 2, 3, 6, 9, 4, 7, 10, 8, 5 @}
]

[y
N
~

[y
-
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We use our generators to find the relations of the form (7t;*)" = 1, where
m € N and w is a word in the ¢;s. With our orbits, we will right multiply every class
representative by a t; to create all possible first order relations. The most convenient ¢

to select from each orbit if possible is t;.

Table 2.2: First Order Relations for 2*10 : Dsy

H Class Rep Centralizer(N, Rep) Orbit(Centr(N, Rep)) Relations H
Cy c < (1,4)(2,7)(3,10)(5,9)(6,8) > {1,3,2,4,9,5,10,6,7,8} cty
Cs b < (1,2)(3,5)(4,7)(6,8)(9,10) > {6,8},{1,2,7,4},{3,5,9,10} btg, bty, bt3
Cy bxc < (1,7)(2,4)(3,9)(5,10) > {6,8},{1,7,4,2},{3,9,10,5} bctg, bety, bets
Cs a < (1,3,9,7,8)(2,6,4,10,5) > {1,3,10,9,5,7,2,8,6,4} aty
Cs a? <(1,9,8,3,7)(2,4,5,6,10) > {1,9,10,8,2,3,4,7,5,6} a’ty
Cr axc <(1,10,9,2,8,4,3,5,7,6) > {1,10,9,2,8,4,3,5,7,6} acty
Cy cxa? <(1,2,3,6,9,4,7,10,8,5) > {1,2,3,6,9,4,7,10,8,5} ca™?t

We must write the ¢;s in relationship to t;. Recall t ~ t1, a = (1,3,9,7,8)(2,6,4, 10,5),
b= (1,2)(3,5)(4,7)(6,8)(9,10), and ¢ = (1,4)(2,7)(3,10)(5,9)(6,8). If we are unable
to convert our relations into the terms of our generators, we use the Schreier System to
assist with changing the permutation into our desired word.

Examining the representative from each orbit of the centralizer we selected, we
observe we can write tg and t3 by hand; tg is 2" and t3 is t*. The first order relations
are: (ct), (bt® ), (bt), (bt®), (bet® ), (bet), (bet®), (at), (a?t), (act), and (ca™2t). Therefore,
adding these relations to our progenitor, we have successfully constructed a symmetric

presentation that produces several finite homomorphic images,

G =< a, ba G, t‘bza C2> (ailb)Za ailcaq (bC)Q, a75a t2> (ta ba2c), (Ct)rlv (btail)rzv (bt)r?)a
(bta)T4, (bcta_l)r5’ (bct)r(i7 (bcta)r7, (at)Ts, <a2t)r9, (act)rlo7 (ca—Qt)rll > .
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2.4.1 Saving in Nano: Magma’s Background

Example 2.2.1 had a few relations added to the progenitor presentation. There
are many progenitors we worked with where we added 20" relations. When Magma
begins to compute these finite homomorphic images, it begins with the very last relation
written and works its way up to relation 1. This is a long process and Magma will time
out after some time. To compute these images in Magma’s background, we save a clean
code for each symmetric presentation we produce; this way, the homomorphic images can
still be generated. We aim to ensure there are no mistakes in the code in order for the
images to be produced successfully. When Magma begins to output the finite images in
its server, we understand the file is clean and we can now save it in the background.

Let’s say we want to call Example 2.2.1, 2*¥10:D20. We want to name the
file something that will help us remember what group is being ran. Before logging into

Magma, we do the following.

1. We use the command, nano 2*10:D20. This opens a blank file named 2*10:D20.

We then paste our magma code and exit the file with “ctrl x”.

2. Magma will ask if we want to save the modified buffer. We type y for yes. Magma
will asks us “file name to write: 2*10:D20”. Since we’ve already named it in the
beginning, we simply press enter to keep the same name. If we accidentally named

the file wrong, this is a great opportunity to change the name now.

3. We are now logged out of the file. To complete the process of saving the file, we
type, nohup magma “2*10:D20”& >2%10:D20.out &, where the “&” symbol

is the last figure in this command. If we edit the file later, we redo steps 2 and 3.

These three steps only need to be done once and are all done outside of Magma (before
we type magma). We can retrieve these files at any time as long as we are outside of
Magma. For example, we are able to see our output for the file we created by using the
command: nano 2*10:D20.out. If for some reason we need to edit our file, we can see
our file by typing nano 2*10:D20. Sometimes it’s difficult to keep track of the groups
that are being generated in the background, thus to see a list of the files we have created,
we use the command, dir. If we wish to remove a file, we can type rm 2*¥10:D20%*.

Only use this command if it is completely necessary. If a space is accidentally

placed in between the file’s name and the last asterisk, ALL FILES will be deleted.
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2.4.2 Mixed First Order Relations

We now understand Magma begins to compute these finite homomorphic images
beginning with the last relation written until reaching relation 1. As stated previously,
some of these symmetric presentations have a copious amount of relations, thus many
times Magma will not produce the sporadic groups we are searching for. This is due to
the fact that it sometimes takes a substantial amount of time for Magma to get through
every relation. To improve this process, we simply mix the first order relations so Magma
has the opportunity to reach the relations at the beginning. Let us mix the first order

relations in 2*10 : Dy as an example.

G =< a,b,c, t|b?,c%, (a1b)?, a cac, (bc)?, a2, 12, (t, ba’c), (bet)™S, (bet®)™,
(bcta_l)rES’ (at)r87 (bta)r47 (aQt)v"Q7 (bt)r37 (CLCt)HO, (bta_l)r2, (ca72t)r11’ (Ct)rl > .

These relations can be mixed in any way we wish to do so. The mixture of

these relations is recommended for presentations that contain many relations. Lastly, we

renumber the relations sequentially.

G =< a,b,c,t|b?,c%, (a1b)?, a cac, (bc)?, a2, 12, (t,ba’c), (bet)™, (bet®)™,
(bctafl)TS’ (6“5)7*47 (bt“)r5, (a2t)T6, (bt)”, (act)rs, (bt«fl)rt(), (Ca_Qt)TIO, (Ct)rll > .
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2.5 Second Order Relations

During our research, we established a process in finding second order relations.

These relations are added to the presentation of the progenitors along with the first order
relations. Many sporadic groups were developed using second order relations. When we
find first order relations, we find the class representative of each. Let’s label our first
relation from Section 2.4, R = (cxt). To find the second order relations, we find all the
permutations in N that commute with ¢. Of the permutations that commute with C, we
want to know which of those permutations stabilize 1. We then find the stabilizer that
gives us a list of permutations in IV that stabilize 1. Lastly, we find the orbits of said
permutations.

Orbits(Stabiliser(Centraliser(N,C),1));

GSet{@ 1 @},

GSet{@ 4 @},

GSet{@ 2, 5 @7},

GSet{@ 3, 8 @},

GSet{@ 6, 10 @},
GSet{@ 7, 9 @

Second order relations will have the form (ﬂtimtjk)n =1, where 7 € N and w
is a word in the ¢;s and ¢;s. We will right multiply our relation, R by a ¢; to create all
possible second order relations. The most convenient ¢ to select from each orbit if possible
is t1. Given the orbits above for relation R = (¢ * t), our second order relations will be
(cxtxty),(cxtxty),(cxtxty),(cxt*ts),(cxtxtg), and (c*t*t7). Note that t ~ t;
and ¢ is 2-transitive, hence the second order relation, (c* ¢ * ¢1), will not be produced.
We repeat this process with the remaining relations from Section 2.4 and we obtain a

symmetric presentation with first order and second order relations.
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G =< a,b,c, t|v?, %, (a7 'b)? a Leac, (be)?, a2, (t, ba’c), (ct)"™, (bt‘rl)’"?, (bt)"3, (bt*)™
(bctafl)rti (th)TG (bcta)r7 (at)TS (a2t)r9 (act)rl() (Ca—Qt)rll (Cttc)TIQ,(CttbQ)T13,
(Ctta )r14 (Cttb a)r15 (Ctta )r16 (bta tbQ )rl? (bta ta )7"18 (bta )7"19 (bta_ltbQ)T20,
(bta 1@ )r21 (bta b2 4)1‘22 (bttbQ)r23 (btta )7’24 (bttc )7’25 (bttaQb)rﬂi (bttb2 )r27
(btta )r28 (btth )7"297 (btta )7"307 (btta%)ri‘)l7 (btat)ri‘ﬂ7 (btatbz)ng, (btata )r34,

(

btate )7"357 (btatazb)r%’ (btatbQQ)T?’?, (btata3)r38’ (btatafl)r?ﬁ)’ (btata2)r407 (btata2b)r41 >

This symmetric presentation is a perfect example on when we would mix the
relations in hopes of finding a sporadic group. In the next section, we will give examples
to the four types of extension problems to help find the isomorphism types of our finite

homomorphic images and control groups.
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Chapter 3

Isomorphism Types

3.1 Related Theorems and Definitions

Definition 3.1. Center
The center of a group G, denoted by Z(G), is the set of all a € G that commute with
every element of G. (Rot95)

Definition 3.2. Centerless

A group G is centerless if Z(G) =1. (Rot95)

Definition 3.3. Alternating Group
The set of all even permutations in Sy, is a subgroup with %’ elements denoted as A,,.

This is the alternating group on n letters. (Rot95)

Definition 3.4. Symmetric Group
The symmetric group, denoted S, is the set of all permutations of the nonempty set

X ={1,2,....,n}. S, is a group of order n! on n letters. (Rot95)

Definition 3.5. Dihedral Group
The dihedral group, denoted as D,, or Do,, for 2n > 4, is a group of order 2n which

1s generated by two elements s and t such that
s"=1,t>=1 and tst=s"".

(Rot95)
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Definition 3.6. Special Linear Group
If k is a field, the special linear group over k, SL(n,k), is the set of all n x n matrices

over k having determinant 1. It is a subgroup of GL(n,k). (Rot95)

Definition 3.7. General Linear Group
If k is a field, then the set of all n X n matrices with nonzero determinant over field k is

a group, denoted by GL(n, k), called the general linear group. (Rot95)

Definition 3.8. Projective Special Linear Group
A projective special linear group PSL(n,F), is the set of all n X n matrices with

determinant 1 over field F factored by its center, denoted by

PSL(n,F) = Ly(F) = %

(Rot95)

Definition 3.9. Projective General Linear Group
A projective general linear group, PGL(n,F) is the set of all n x n matrices with

nonzero determinant over field F factored by its center, denoted by

GL(n,F
PGL(n,F) = W

(Rot95)

Definition 3.10. Normal Subgroup

A subgroup K < G is a normal subgroup denoted by K <G if gKg~"

g € G. (Rot95)

= K, for every

Theorem 3.11. If N <G, then the cosets of N in G form a group, denoted by G/N, of
order [G : N|. (Rot95)

Definition 3.12. Normal Series

A normal series of a group G is a sequence of subgroups
G=Gy>G1>..>2G, =1

in which Gi11 < G; for all i. The factor groups of this normal series are the groups
Gi/Giy1 for i = 0,1,....,n — 1; the length of the normal series is the number of strict

inclusions; that is, the length is the number of nontrivial factor groups.
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Definition 3.13. Composition Series

A composition series is a normal series
G=Gy>G1>..>G, =1
in which, for all i, either G;+1 is a maximal normal subgroup of G; or G;+1 = G;.

Definition 3.14. Composition factors
If G has a composition series, then the factor groups of this series are called the

composition factors of G. (Rot95)

Definition 3.15. Extension
If K and @ are groups, then an extension of K by Q is a group G having a normal

subgroup K1 =2 K with G/K1 = Q. (Rot95)

Definition 3.16. Direct Product
If H and K are groups, then their direct product, denoted by H X K, is the group with

elements all ordered pairs (h,k), where h € H and k € K, and with the operation
(h,k)(h', k') = (hW  kEK'). (Rot95)

Definition 3.17. Semi-Direct Product
A group G is a semi-direct product of K by Q, denoted by G = K x Q, if K <G and
K has a complement Q1 = Q. One also says that G splits over K. (Rot95)

Definition 3.18. Central Extenstion

A central extension of K by @ is an extension G of K by Q with K < Z(G). (Rot95)

Definition 3.19. Mixed-Extension
If G is an extension of an abelian group not equal to the center of G, then this extension

is called a mixed extension. (Rot95)

Lemma 3.20. Any finite non-abelian simple group is an image of a progenitor of form

P =2*": N where N is a transitive subgroup of the symmetric group Sy,.
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3.2 Direct Product

Consider the group
B 2¥10°: Dy,
= (@07, (act)?, (ca 20 °
Our group G has the following symmetric presentation,
G =< a,b,c, t|b?, %, (a=1b)2, a teac, (be)?, a2, 12, (t, ba’c), (at)3, (act)?, (ca™2t)® >.

We compute the composition series of group G.

CompositionFactors(G1);
> G
A1, 19) = L(2, 19)

Cyclic(2)

- —_ % —

The composition series is G = G 2 1 where G = (G/G1)(G1/1) = (C2)(L2(19)).
In order to prove G is a direct product of Cy by PSLy(19), we must show these subgroups
are normal in G, their intersection is the identity, and the subgroups are not contained in

one another. We study the normal lattice of G using the following command in Magma.

NL:=NormalLattice(G1l);
NL;
> Normal subgroup lattice

[4] Order 6840 Length 1 Maximal Subgroups: 2 3
[3] Order 3420 Length 1 Maximal Subgroups: 1

[2] Order 2 Length 1 Maximal Subgroups: 1

[1] Order 1 Length 1 Maximal Subgroups:
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/ ) \
[2] [3]

Order 2 Order 3420
[4]

Order 6840

This is the graph of the Normal Lattice of group G. We notice that subgroup
NL[2] is normal with order 2 and subgroup N L[3] is normal with order 3420. PSLy(19)
has order 3420 and realize this is the same order as subgroup N L[3]. There’s a possibility
N L[3] is isomorphic to PSLy19. The intersection of NL[2] and N L[3] is the identity, and
they are not contained in one another.

PSL(2,19);

> Permutation group acting on a set of cardinality 20

Order = 3420 = 272 * 372 * 5 x 19

@3, 9, 17, 16, 19, 8, 18, 13, 11)(4, 7, 6, 14, 20, 12, 10, 5, 15)
(1, 20, 2)(3, 11, 19)(4, 7, 17)(5, 15, 18)(6, 12, 8) (10, 16, 14)

Since the subgroups are not contained in one another, we are considering this

symmetric presentation to be a direct product. We ask Magma to verify our hypothesis

and conclude it is true.

D:=DirectProduct (NL[2] ,NL[3]);
s,t:=IsIsomorphic(G1,D);

S;

> true
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In order to confirm that the group G is isomorphic to 2 x PSLy(19), we must
write a presentation for PSLy(19).

FPGroup (PSL(2,19));

> Finitely presented group on 2 generators

Relations

$.179 = 1d($)

$.2°3 = Id($)

$.17-1 x $.2 x $.17°-1 * $.27-1 * $.1°2 * $.2 * $.172 * $.2°-1 = Id($)
($.1 x $.27-1 * $.1 x $.27-1 % $.1)"2 = Id($)

$.173 * $.27-1 * $.1°-3 * $.2 * $.1 x $.2°-1 x $.1°-2 x $.2 = Id($)

As we have done before, we will let $.1 and $.2 be a and b, respectively.

Then a presentation for PSL9(19) is given by,
H =< a,bla®, b, a ba 0" a®bab™ !, (abLab ' a)?, a®b~ ta 3bab a0 > .

We confirm the presentation we created is correct in Magma.

H<a,b>:=Group<a,bla”9,b"3,a"-1*b*a”-1%b"-1*a"2xb*a~2xb" -1,
(axb~-1*%a*xb~-1%a) "2,a"3*%b"-1%a~-3*b*a*xb~-1%a~-2%b>;
f1,H1,k1:=CosetAction(H,sub<H|Id(H)>);
s,t:=IsIsomorphic(H1,PSL(2,19));

S35

> true

The presentation for Cy can be easily constructed with a generator of order 2. We let
Cy =< ¢ | ¢ >. We will now add Cy to our presentation for PSLy(19), ensure their

generators commute with one another, and verify this presentation is isomorphic to G.

H<a,b,c>:=Group<a,b,c|a”9,b"3,a"-1*b*a"-1*b~-1%a"~2xb*a"2%b"-1,
(axb~-1*a*xb”~-1%a) "2,a"3*%b"-1*a~-3*b*a*b~-1*%a~-2*b,c"2, (a,c), (b,c)>;
f1,H1,k1:=CosetAction(H,sub<H|Id(H)>);

s,t:=IsIsomorphic(H1,G1);

S;

> true

Hence,
- 2*10 . D20
= (@)%, (act)?, (ca~ %)

- 2 (2 x PSLy(19)) .
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3.3 Semi-Direct Product

Consider the group
_ 2*7:(7:6)
 (272yt)7, (yat)®, (2~ ty =)0, (yt)S
Our group G has the following symmetric presentation,
1 2

G=<uzytlery oty 2ol ysxa sy teasy? 2 (Lzry?), (La? vy ),

(@ 2xyxt)7, (yxx+t)8, (27 %y L t¥)6, (y )8 >. We compute the composition series

of group G.
CompositionFactors(G1);
> G
|  Cyclic(2)
*
| 2A(2, 5) = U(3, 5)
1

The composition series of the G is G = G 2 1 where G = (G/G1)(G1/1) = (Us(5))(C?).
In order for G to be a direct product of Us(5) by Ca, we must show these subgroups are
normal in G. We study the normal lattice of G.

NL:=NormalLattice(G1l);
NL;
> Normal subgroup lattice

[3] Order 252000 Length 1 Maximal Subgroups: 2
[2] Order 126000 Length 1 Maximal Subgroups: 1

[1] Order 1 Length 1 Maximal Subgroups:

This is the graph of the Normal Lattice of group G.
[1]

[2]

Order 126000

(3]

Order 252000
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We notice that subgroup NL[2] is normal with order 126,000, and it is the

projective special unitary group, PSU(3,5), also denoted as Us(5).

PSU(3,5);

>

Permutation group acting on a set of cardinality 126

Order = 126000 = 274 * 372 * 573 * 7

We now verify Us(5) is indeed isomorphic to NL[2].

s:
S;

>

=IsIsomorphic(NL[2],PSU(3,5));
true

We have shown that NL[2] is normal. In order for G to be a direct product,

N L[3] must also be normal. The normal lattice of group G does not contain a subgroup

of order 2. Hence, C is not normal. We also observe NL[3] is contained in NL[2], thus

also confirming this group is not a direct product. We predict the symmetric presentation

to be a semi-direct product. There must be an element of order 2 which will extend Us(5)

to G. We begin with writing a presentation for Us(5).

FPGroup (NL[2]) ;

>

Finitely presented group on 3 generators

Relations

B HF X P P h hH hH P L L L L

.173
.27
.374
.1 ox
.2 %
.3 %
17-1 % $.37-1 % $.27-1 = Id4d($)

.37-1 % $.1 x $.37-2 x $.17-1 *x $.3 * $.17°-1 * $.37-1 *x $.27-1 *
17-1 % $.372 * $.27-1 = Id($)

.37-1 % $.17-1 % $.2°-1 * $.37-2 * $.1°-1 * $.2°-1 * $.1°-1 * $.3

Id($)

I4($)

Id($)

27-1 % $.17-1 * $.2°2 = 1d($)

1% $.37-1 % $.17-1 % $.3 x $.27-1 % $.3 = Id($)

1% $.37-2 % $.17-1 * $.37-1 % $.1°-1 * $.372 * $.27-1 *

&S L L

$.2 x $.1°-1 * $.37°2 x $.1 = Id($)

1% $.37-1 %« $.27-1 x $.37-2 x $.1°-1 * $.2°-1 * $.1 *x $.372 *
A7-1 % $.372 x $.2 x $.3 = Id($)
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We let $.1, $.2, and $.3 be a, b, and ¢, respectively. Then a presentation for Us(5) is given
by,

E{:<<ajudaab20{a*b71*afl*b{b*a*cil*afl*c*bfl*c

Y

2 -1 —1 -1

cxaxc 2xa txce txa v kb xal

s« twxbt

clxaxce?xa Y xexa txe b xb b xa w2 b7l

1

o~ *(l_l *b—l *0—2 1

2

xa txb Txa P xexbra b xc? xa,

axc  xb Y xe2xa b Y xasxcixa s xbxe>.

We confirm the presentation we created is correct in Magma.

H<a,b,c>:=Group<a,b,cla”3,b"7,c"4,axb"-1%xa"~-1%b"2,
bxaxc -1xa"-1xc*xb"—-1*c,

cxa*xc -2*%a"—1xc " -1*%a"-1*c " 2%¥b"-1*a"-1*xc " -1xb"-1,
cT—1*xa*c™-2*%a"—-1*xc*a"—-1*c " —-1*%b " -1*%a " -1*xc " 2xb"-1,
cT-1*xa"—-1*%b"-1*%c " -2xa"—-1*b"-1*a"-1xc*xb * a"—-1%c”2x*a,
axc —1xb " -1*xc"-2%xa"—-1xb " —-1xa*xc ~2xa"—-1xc " 2xb*xc>;
f1,H1,k1:=CosetAction(H,sub<H|Id(H)>);
s,t:=IsIsomorphic(H1,NL[2]);

S;

> true

We ask Magma to help us find an element of order 2, labeled as C, that extends Us(5)
to G.
for i in NL[3] do if i notin NL[2] and Order(i) eq 2

and sub<G1|i,NL[2]> eq G1 then C:=i; break;
end if; end for;

Unfortunately, this code did not give us an output. Our next step is to use the Inverse

Word Map to find said element.
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A:=NL[2] .1;
B:=NL[2].2;
C:=NL[2].3;

for i in NL[3] do if i notin NL[2] and Order(i) eq 2

and sub<G1|i,NL[2]> eq G1 then D:=i; break;

end if; end for;

E:=A"D;

W:=WordGroup (G1) ;

rho:=InverseWordMap(G1) ;

E@rho;

EE:=function (W)
wl :=W.17-1; wd := wl * W.3; wb := wd *x W.1; w6 := wb *x W.3;
w7 = w6 *x W.2; w8 := w7 * W.3; w9 := w8 * W.1; wi0 := w9 * W.2;
wll = w10 * W.3; w2:= W.27-1; w12 := will *x w2; wil3 := wil2 *x W.3;
wld := w13 * W.1; wilb := w14 * W.2; return wilb;

end function;

EE(G);

>a’-1 *xc *xa*xc*Db*xc*xax*xDb*xc*xDb'-1*xcx*xax*xb

A'DeqA™-1 * C* A x C*xB *xC*A*Bx*xC=xB"-1x%Cx*x A *x B;

> false

Again, we are unsuccessful. We must find an element that will give us the

extension, thus with the help of Atlas, we are provided with a very well known presentation
for Us(5) : 2.

G =< z,y|z?,y*, (zxy)'0, (wryrzxy~?

xwxy?)?, (2, yxary)?, (wryraryraryraxy®)’ > .
(WPT™) We register this group in Magma as the following.

G<c,d>:=Group<c,d|c”2,d74, (c*d) ~10, (c*d*c*d"-1*c*d"2) "2, (c,d*c*d) "4,
(ckxdxckxd*xckd*xc*d~2) ~7>;

We find a faithful permutation representation on the cosets Ms, the maximal
subgroup S7, and are able to successfully show that our group is isomorphic to Us(5) : 2.

M2:=sub<G|x,y - 1*x*ky*x*y*x*y>;
ff,G2,k:=CosetAction(G,M2);
#G2;

> 252000
s:=IsIsomorphic(G1,G2);

S;

> true

Hence,
2T (7:6
“= (55723/75)7, (y:ct)87 Exly)lty)6’ (yt)g = (U3(5) : 2).
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3.4 Central Extension

Consider the group

257 . (7: 3)
oy o ), (- Ty 1)
Our group G has the following symmetric presentation,

G:

G =<y tled gy 2eateysa 2 (tysae ), (ry teatett), (x ey Lxt)d >
We compute the composition series of group G.

CompositionFactors(G1) ;
> G
M22

Cyclic(3)

- — % —

The composition series of the G is G = G1 D 1 where G = (G/G1)(G1/1) = (C3)(Ma2).
In order for G to be a direct product of C5 by Mo, we must show these subgroups are

normal in G. We study the normal lattice of G.

NL:=NormalLattice(G1);
NL;
> Normal subgroup lattice

[3] Order 1330560 Length 1 Maximal Subgroups: 2
[2] Order 3 Length 1 Maximal Subgroups: 1

[1] Order 1 Length 1 Maximal Subgroups:

This is the graph of the Normal Lattice of group G.

[1]

2]

Order 3

(3]

Order 1330560
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We notice that subgroup NL[3] is not normal, but N L[2] is normal.

IsAbelian(NL[2]);
> true
IsAbelian(NL[3]);
> false

Since NL[2] is the largest abelian subgroup, we wish to identify if this is the

center of the group. If NL[2] results in being the center of the group, we will have a
central extension.
Center(G1);

> Permutation group acting on a set of cardinality 63360
Order = 3

NL[2] eq Center(Gl);
> true

Since N L[2] is the maximal abelian subgroup and is the center of the group, we will factor
our group by its center and look at the composition factors of that quotient. Observing
the composition factors of our original group, we understand that this quotient will be

isomorphic to the Mathieu group Mass.

q,ff:=quo<G1l|NL[2]>;

9
> Permutation group q acting on a set of cardinality 672
Order = 443520 = 277 * 372 * 5 * 7 x 11

CompositionFactors(q);
> M22

Therefore, our group is a central extension of C'3 by Msy. We begin with writing

a presentation for the quotient group, Mss using Magma.
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FPGroup(q) ;

Finitely presented group on 3 generators
Relations

$.1°3 = Id($)

$.2°7 = Id($)

$.372 = Id($)

$.27-2 % $.1°-1 * $.2 * $.1 = Id($)

$.27-1 x $.3 x $.2 x $.17°-1 * $.3 * $.1 = Id($)
$.3 x $.17-1 * $.3 x $.27-2 * $.3 x $.1°-1

* $.3 x $.2 x $.1 x $.3 * $.27-2

= Id($)
($.2°-1 * $.3)°8 = Id(3$)
($.3 x $.17-1)"11 = Id($)

We let $.1, $.2, and $.3 be z, y, and z, respectively. Then a presentation for Ms is given
by,

2 1 1

H=<uzuy 22>y, 2y s txysa,y L ezryxa xzxa,

zxx lwzry Przra trzxysaxxzry 2, (y i x2)8 (2 >

We verify with Magma this presentation is correct to proceed with the next step.

H<x,y,z>:=Group<x,y,z|x" 3,777,272,y —2%x " - 1xy*x,y " —1*z*y*x " —1*z*x,
zxX " - 1xzky " -2kzkx " - Lkzkykxkzky -2, (yT-1%z) "8, (z*x"-1) "11>;

#H;

> 443520

f1,H1,k1:=CosetAction(H,sub<H|Id(H)>); s,t:=IsIsomorphic(Hl,q); s;
> true

Then the final step to writing our presentation is to convert the generators of Mag
in terms of our center, D. We study the right transversals that match our presentation of
g and understand f f(T'[i])s are permutations from H;. Then ff maps the permutations
from Hi to q. A, B, and C are permutations that map H; to q. H; is generated by A, B,

and C, hence we need to find the permutations that will take our H; to q.
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T:=Transversal(G1,NL[2]);

££(T[2])
> true
f£(T[3])
> true
££(T[4])
true
:=T[2];
:=T[3];
:=T[4];
:=NL[2]
for i in
>3
for i in
> 3
for i in
> 3
for i in
> 3
for i in
then i;
>3

for i in

QW= Vv

eq q.1;
eq q.2;

eq q.3;

.2;

[1..3] do if A"3 eq D"i then i; end if; end for;
[1..3] do if B"7 eq D"i then i; end if; end for;
[1..3] do if C"2 eq D"i then i; end if; end for;
[1..3] do if B"-2*A"-1%B*A eq D"i then i; end if; end for;

[1..3] do if B"-1*C*B*A~-1%C*A eq D"i

end if; end for;

[1..3] do if C*A~-1%C*B~-2%C*xA~-1*C*B*A*C+*B"-2 eq D"i

then i; end if; end for;

> 3
for i in
for i in

[1..3] do if (B"-1*%C)"8 eq D"i then i; end if; end for;
[1..3] do if (C*¥A"-1)"11 eq D"i then i; end if; end for;

We discover six of the relations from our quotient group can be written in terms

of the center. Then to our presentation, we add the center of the group as a generator

of order 3, ensure the generators commute with one another, write the six relations in

terms of the center, and verify this presentation is isomorphic to G.

HH<x,y,z,

c>:=Group<x,y,z,clx"3=c"3,y"7=c"3,2"2=c"3,y -2*x" - 1xy*x=c" 3,

v -lxzky*x " -1kzxx=c"3,z%x " —1*z*y  -2%zxx " -1)kz*ykx*z*y -2=c”3,
(y~-1%2) "8, (z*x"-1)"11,c"3, (c,x), (c,y), (c,z)>;

£2,H2,k2:

=CosetAction(HH, sub<HH|Id (HH)>);

s,t:=IsIsomorphic(H2,G1);

S;
> true

Hence,

2¢7: (7:3)
_’(xyflelﬁw2y%(x71y71®5

112

(3 "Ma2) .



3.5 Mixed Extension

Consider the group

G =< a,b,c,t|b? 2, (a7 'b)?, a Lcac, (bc)?,

We compute the composition series of group G.

CompositionFactors(G1);

> G

s — % — % — ¥ —

Cyclic(2)
A(1, 11)
Cyclic(3)

Cyclic(2)

2*10 . D20
(@)t (ca™2t)3
Our group G has the following symmetric presentation,

34

a=5 12, (t,ba’c), (a*t)*, (ca™?t)3 >.

The composition series of the group is G = G1 2 G2 2 G3 O 1 where

G = (G/G1)(G1/G2)(G2/G3)(G3/1) = (Ca)(C3)(L2(11))(C2).

lattice of G.

Normal subgroup lattice

Order 7920
3960
3960
3960

Order
Order
Order

1980
1320

Order
Order

Order 660

Order 6

Order 3
Order 2

Order 1

Length

Length
Length

Length 1

Length
Length

Length
Length

Length
Length

Length

Maximal
Maximal
Maximal

Maximal

Maximal
Maximal

Maximal

Maximal

Maximal
Maximal

Maximal

Subgroups:
Subgroups:
Subgroups:
Subgroups:

Subgroups:
Subgroups:

Subgroups:
Subgroups:

Subgroups:
Subgroups:

Subgroups:

S~

We study the normal

9 10

6 7
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This is the graph of the Normal Lattice of group G.

[1]

ak

51 21 [3]

Order 660 Order 2 Order 3

yayavs
71 [6] [

Ogder 1980 Order 1320 Order 6

A A

[10] (8] [5]

Order 3960 Order 3960 Order 3960

S A

[11]

Order 7520

Since our normal lattice has quite a few subgroups, we will use the following
Magma Code to find if there are any normal subgroups. We wish to know if this group

has a center, thus we will also ask Magma if the group has a center.

for i in [1..11] do if IsAbelian(NL[i]) then i; end if; end for;
> 1
2
3
4
Center(G1);
> Permutation group acting on a set of cardinality 7920
Order = 2

We understand now that N L[2] is the center of the group since N L|[2] is the only
subgroup of order 2 in our lattice. In order for this problem to be a central extension
problem, N L[2] must be the largest abelian subgroup of our group. Magma identified
NL[3] and N L[4] as abelian subgroups. Since N L[2] is not the maximal abelian subgroup,
we have a mixed extension. This means that if the largest abelian subgroup contains the
center, then we have a mixed extension. Mixed extensions have characteristics of central
extensions and semi-direct products.

From previous knowledge, if we analyze the composition factors of G, we
understand that Cy with Lo(11) will result in being the Projective General Linear Group
(2,11) of order 1320. The product of 1320 with 6 give us the order of the group G.
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Now if we look at the normal lattice of G, we observe that NL[2] and N L[3] have order
2 and 3. Thus we make the assumption that C'5 and Cs will be a direct product.

D:=DirectProduct (NL[2] ,NL[3]);

IsIsomorphic(D,NL[4]);

> true Mapping from: GrpPerm: D to GrpPerm: \$,

Degree 7920, Order 2 * 3

Composition of Mapping from: GrpPerm: D to GrpPC and

Mapping from: GrpPC to GrpPC and

Mapping from: GrpPC to GrpPerm: \$, Degree 7920, Order 2 * 3%/

Moving forward, we will now factor the largest abelian subgroup, N L[4], from
our group to create the quotient group, g. Recall that ff is a function that sends elements

from group G into the quotient group. We will then look at the normal lattice of this

quotient group.

q,ff:=quo<G1|NL[4]>;

q;

nl:=NormalLlattice(q);

nl;

> Normal subgroup lattice

[3] Order 1320 Length 1 Maximal Subgroups: 2
[2] Order 660 Length 1 Maximal Subgroups: 1
[1] Order 1 Length 1 Maximal Subgroups:

As presumed, the quotient group ¢ has order 1320. We confirm with Magma that ¢ is
indeed PGLo(11).

IsIsomorphic(PGL(2,11),q);

> true Homomorphism of GrpPerm: $,

Degree 12, Order 273 * 3 * 5 * 11 into

GrpPerm: g, Degree 12, Order 273 * 3 * 5 * 11 induced by
3, 8, 7, 12, 9, 10, 4, 11, 5, 6) |-->

(1, 2, 11, 6, 3, 5, 7, 12, 10, 9)

(1, 8, 2)(3, 4, (5, 12, 11)(6, 9, 10) [-—>

1, 2, D@, 4, 8, 6, 9(10, 11, 12)
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We must now write a presentation for PGLa(11).

FPGroup(q) ;

> Finitely presented group on 4 generators
Relations

$.1°5 = Id($)

$.2°2 = Id($)

$.372 = Id($)

$.472 = Id($)

($.17-1 x $.2)°2 = 1d($)

$.17-1 % $.3 * $.1 * $.3 = Id($)

(3.2 * $.3)°2 = 1d($)

$.3 x$.4 % $.2 x$.172 % $.4 x $.3 x $.4 = Id($)

$.2 x $.4 x $.3 x $.17-2 x $.4 x $.1 x $.2 x $.4 = Id($)

$.3 x $.1 * $.4 x $.3 % $.17-1 * $.4 x $.2 * $.1 x $.4 *x $.1 x $.3 *
$.4 x $.17-1 *x $.3 * $.4 = Id($)

We let $.1, $.2, $.3, and $.4 be a, b, ¢, and d, respectively. Then a presentation for
PGLy(11) is given by,

H = < a,b,c,d|a® b%, 2, d%, (a7 1b)%, a eac, (be)?, dba’ded, bdca™2dabd,

cadca*dbadacda‘ed > .

We verify with Magma this presentation is correct to proceed with the next step.

H<a,b,c,d>:=Group<a,b,c,d| a~5,b"2,c"2,d72,(a"-1 * b)"2,

a”-1 *x cxaxc, (b*xc)’2,cxdx*xb*a2*xd=x*xc *d,
b*xdx*xcx*xa™-2*d=x*xax*xb *d,
cxa*xdx*xcx*xa"-1*xdxDbxax*xd=x*xaxcx*xd=*xa"-1=x%c *x d>;
#H;

> 1320

f1,H1,k1:=CosetAction(H,sub<H|Id(H)>); s,t:=IsIsomorphic(H1,q); s;
> true
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Then the final step to writing our presentation is to convert the generators of
PGL5(11) in terms of our center, D. We study the right transversals that match our
presentation of ¢ and understand ff(T'[i])s are permutations from H;. Then ff maps
the permutations from H; to q. A, B, and C are permutations that map H; to q. Hy is
generated by A, B, and C, hence we need to find the permutations that will take our H;
to q.

T:=Transversal (G1,NL[4]);
ff(T[2]) eq q.1; ££f(T[3]) eq q.2; ff(T[4]) eq q.3;
> true

true

true

A:=T[2]; B:=T[3]; C:=T[4]; D:=NL[2].1;

We will now label the direct product of Co and C3 as J, and verify that the
direct product is isomorphic to the largest abelian subgroup, NL[4]. The direct product,
J =Cyx C3 =<e3 f2 (e, f) > where e and f commute. Then, we will ask Magma if
any of the generators can be written in terms of the center. Since J contains the center,

we will be writing the code with E and F'.

J:=DirectProduct (NL[2] ,NL[3]);

s,t:=IsIsomorphic(J,NL[4]);

for e,f in NL[4] do if Order(e) eq 3 and Order(f) eq 2 and e"f eq e
then E:=e; F:=f; end if; end for;

for i in [0..2] do for j in [0..1] do if A"5 eq E"i*F~j

then i,j; break; end if; end for; end for;

/%1 0%/

for i in [0..2] do for j in [0..1] do if B"2 eq E"i*F~j

then i,j; break; end if; end for; end for;

/*0 0%/

for i in [0..2] do for j in [0..1] do if C"2 eq E"i*F~j

then i,j; break; end if; end for; end for;

/%0 0%/

for i in [0..2] do for j in [0..1] do if D"2 eq E"i*F~j

then i,j; break; end if; end for; end for;

/%0 0%/

for i in [0..2] do for j in [0..1] do if (A"-1 * B)"2 eq E"i*F~j
then i,j; break; end if; end for; end for;

/%0 0%/

for i in [0..2] do for j in [0..1] do if A”-1 * C * A * C eq E"ixF"j
then i,j; break; end if; end for; end for;



/%2 0%/

for i in [0..2] do for j in [0..1] do if (B * C)"2 eq E"ix*F"j
then i,j; break; end if; end for; end for;

/*1 0x/

for i in [0..2] do for j in [0..1] do if C*D*B*A~2*D*C*D eq E"i*F~j
then i,j; break; end if; end for; end for;

/*1 1%/

for i in [0..2] do for j in [0..1] do if

B*D*CxA~-2*%D*xA*BxD eq E~ixF~j

then i,j; break; end if; end for; end for;

/%1 1%/

for i in [0..2] do for j in [0..1] do if
C*A*D*C*A~—1*D*xBxA*xD*xAxC*xD*xA~—1*C*D eq E"i*FAj

then i,j; break; end if; end for; end for;

/*2 1%/

Lastly, we will write the semi-direct product of the entire mixed extension.

for i in [0..4] do for j,k,1 in [0..1] do if

A"E eq A"i*B"j*C"k*D"1 then i;j;k;1l;break;end if; end for; end for;
/1 0 0 0 %/

/*[0..4] because |A|=5 and [0..1] since |B,C,D|=2x%/

for i in [0..4] do for j,k,1 in [0..1] do if
A°F eq A"i*B”"j*C"k*D"1 then i;j;k;1;break;end if; end for; end for;
/1 0 0 0 %/

for i in [0..4] do for j,k,1 in [0..1] do if
B"E eq A"i*B”"j*C"k*D"1 then i;j;k;1l;break;end if; end for; end for;
/0 1 0 0 %/

for i in [0..4] do for j,k,1 in [0..1] do if
B°F eq A"i*B"j*C"k*D"1 then i;j;k;1l;break;end if; end for; end for;

for i in [0..4] do for j,k,1 in [0..1] do if
C°E eq A"i*B"j*C"k*D"1 then i;j;k;1l;break;end if; end for; end for;
/0 0 1 0 %/

for i in [0..4] do for j,k,1 in [0..1] do if
C°F eq A"i*B"j*C"k*D"1 then i;j;k;1l;break;end if; end for; end for;

for i in [0..4] do for j,k,1 in [0..1] do if
D"E eq A"i*B"j*C"k*D"1 then 1i;j;k;1l;break;end if; end for; end for;
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for i in [0..4] do for j,k,1 in [0..1] do if
D°F eq A"i*B"j*C"k*D"1 then 1i;j;k;1l;break;end if; end for; end for;
/0 0 0 1 %/

Then to our presentation, we add J which contains the center of the group in
terms of e and f, ensure the generators commute with one another, rewrite some of the

relations in terms of the center, and verify this presentation is isomorphic to G.

HH<a,b,c,d,e,f>:=Group<a,b,c,d,e,f|a"b=e,b"2,c"2,d72,(a"-1*b) "2,
a"—1xc*xa*xc=e"2, (b*c) "2=e, c*d*b*a~2*xd*cxd=exf, bxd*xc*a”-2*d*axbkxd=e*f,
cxa*xd*xcxa”—1*d*b*xa*xd*axc*d*a~-1*xcxd=e”2xf,

e~ 3,f°2,(e,f),a"e=a,a"f=a,b " f=b,c " f=c,d " f=d>;
£2,H2,k2:=CosetAction (HH, sub<HH|Id (HH)>);

#H2,;

> 7920

s,t:=IsIsomorphic(H2,G1);

S35

> true

When possible, we rewrite direct products as one group. In our case, the direct product

is isomorphic to Cg.

D:=DirectProduct (CyclicGroup(2),CyclicGroup(3));

> IsIsomorphic(D,CyclicGroup(6));

true Mapping from: GrpPerm: D to GrpPerm: $, Degree 6, Order 2 * 3
Composition of Mapping from: GrpPerm: D to GrpPC and

Mapping from: GrpPC to GrpPC and

Mapping from: GrpPC to GrpPerm: $, Degree 6, Order 2 * 3

> s,t:=IsIsomorphic(D,CyclicGroup(6));

> s,

true

Hence
’ 2*10 . D20

¢= (a2t)%, (ca—2t)3

=~ (6 : "PGLy(11)) .
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Chapter 4

Double Coset Enumeration

4.1 Related Theorems and Definitions

Definition 4.1. Double Coset
For H and K subgroups of the group G, we define a relation on G as follows:

r~y < Jhe€H andk € K such that y = hxk,

where ~ is an equivalence relation and the equivalence classes are sets of the following

form:

HxK ={hzklhe H ke K} = |J Hzk= |J hzK.
keK heH

Such a subset of G, a union of right cosets of H and a union of left cosets of K is called

a double coset. (Cur07)

Definition 4.2. Coset Stabilizing Group
The coset stabilizing group of a coset Nw is defined as NV = {m € N|Nwr = Nw}
where n € N and w is a reduced word in the t;s. (Cur07)

Theorem 4.3. Number of Single Cosets in NwN
From above we see that,
N® = {7 € N|Nwr = Nw} = {r € N|Nwrw™' = N}
= {r € Njwrw ' € N} = {r € N|r € N}
=NNNY

and the number of single cosets in NwN is given by |N : NW|. (Cur07)
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Definition 4.4. G-set
If X is a set and G is a group, then X is a G-set if there is a function a: G x X = X
(called an action), denoted by o: (g,z) — gz, such that:

(i) 1z = z for all z € X; and
(ii) g(hzx) = (gh)x for all g,h € G and z € X.
(Rot95)

Definition 4.5. Acts
G acts on X, if | X| = n, then n is called the degree of the G-set X. (Rot95)

Definition 4.6. G-orbit
If X is a G-set and x € X, then the G-orbit of x is

I(x) ={gz:9g€ G} C X.
(Rot95)

Definition 4.7. Stabilizer
If X is a G-set and x € X, then the stabilizer of z, denoted by G, is the subgroup
G,={9€G:gr=2} <G. (Rot95)

Theorem 4.8. If X is a G-set and x € X, then |9(x)|= [G : Gg]. (Rot95)

Corollary 4.9. If a finite group G acts on a set X, then the number of elements in any

orbit is a divisor of |G|. (Rot95)

Definition 4.10. Transitive
A G-set X is transitive if it has only one orbit; that is for every x, y € X, there exists

o € G withy = oz. (Rot95)

Definition 4.11. Block
If X is a G-set, then a block is a subset B of X such that, for each g € G, either gB = B
or gBN B = 0, where gB = {gx : x € B}. Any other block is nontrivial. (Rot95)

Definition 4.12. Primitive
A transitive G-set X is primitive if it contains no nontrivial block; otherwise, it is

imprimitive. (Rot95)
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Theorem 4.13. Let X be a transitive G-set. Then X is primitive if and only if for each
x € X, the stabilizer G5 is a mazimal subgroup. (Rot95)

Theorem 4.14.

(i) If X is a faithful primitive G-set of degree n > 2, if H<1 G and if H # 1, then X is

a transitive H-set.
(ii) n divides |H]|.
(Rot95)

Definition 1.1.53. (Double Coset Algorithm) Perform the double coset enumeration

of group G over transitive group N, where double cosets take the form
NwN = {Nuwn | n € N} = {Nw" | n € N}.

(i) Compute the point-stabilizer N and coset stabilizer of each double coset.

(ii) Compute the number of right cosets by using the formula %,

where NW) = {n € N | Nuw" = Nw} is the coset stabilizer of the right coset.

(iii) For each double coset NwN, compute the orbits of NW). It suffices to determine the
double coset of Nut; for a single representative of each orbit. Note, N(W) > N is always
true.

(iv) Determine which double coset each coset representative Nwt; belongs to, (repeat the

process until closed by coset multiplication).
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4.2 Manual Double Coset Enumeration of 3% : S; over 3*3 : S

The group G = 3*3 : S3 factored by the relations ¢ * t* = ¢* x t, 2% % 4% x ¢ with
order 54 is isomorphic to 32 : S3. We wish to show that

*3 .
G= 5 '53 g32253.

kT =T A T kTt = e

Consider the group generated by x = (0,1,2)(0,1,2) and y = (0,1)(0, 1) such that,

G =<,y t|lz3, 92, (xxy)%, 13, (t,y), t % t* =% % t,txz *t% xt >. We will let ¢t = tg, which
we know has order 3. The control group, N = S3 =< (0,1,2)(0,1,2),(0,1)(0,1) > is
defined as the following.

(en]]

N = {e,(0,1,2)(0,1,2),(0,2,1)(0,2,1), (0,1)(0, 1), (1,2)(1,2), (0,2)(0, 2)}
= {e,x,ﬂ:Q,y,ﬂ?%xQ?/}

= {e,z,a7 !y, ay, 2 'y}
First we observe the relation t * t* = t% * ¢.

txtt =t" xt

totr = tito

By conjugating this relation by all of the elements in N = S3, we obtain the following

equal names.

01 =10
12 =21
20 =02

Our second relation, 10 4Tt = e, gives us the following.

tgtlt() =€
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By conjugating this relation by all of the elements in S3, we obtain the following relations.

210 =e 021 =e 102 =e
120 =e 012 =e¢ 20l=e

The double coset denoted as [x| is NeN = {Ne"|n € N} = {Ne|n € N} = {N},

where the coset representative for [«] is N. N is transitive on 6 letters.

[l

Three symmetric generators will move forward to a new double coset represented as [0].
The double coset [0] is defined as NtgN = {Nto"|n € N} = {Ntog, Nt;, Nta}. There

exists three different single cosets in this double coset.

" [0

Similarly three symmetric generators will move forward to a new double coset

represented as [ 0 ]. There exists three different single cosets in the double coset [ 0 |,

where it is defined as NtgN = {N%y "|n € N} = {Nto, Nt;, Nts}.

[0]

We must now determine where the potential six new double cosets that come

from the double coset [0] belong to: Ntgtg, Ntot1, Ntote, Ntoto, Ntot1, Nitota.
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Since t(? is equivalent to fg, the first potential new double coset is not new;
Ntoto = Ntg? = Ntg € [0 ].
The next double coset is also not new as it belongs to [ 0 ]: Ntot; = Nts € [ 0]. Right
multiplying both sides of our relation from above, 012 = e, gives us this equivalency.
0122 = €2
01=2

The relation, 021 = e gives us, Ntgta = Nt € [ 0], when we right multiply by 1.

0211 = el

=

02 =

For the next double coset, Ntgtg = N € [«], thus it is not new.

Now, Ntot; € [01] is a new double coset. By the definition of a double coset, [01] is
defined as: NtotiN = {Ntot; "|n € N} = {Ntot1, Nt1ts, Ntatg, Nt1to, Ntota, Ntot1 }.

Lastly, since the possible new double coset Ntota N belongs in the double coset [01], it is

not new. Hence, the two symmetric generators from Nty will move forward to [01] .

(0]

[01]
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We must now determine where the potential 6 new double cosets that come from

the double coset [0] belong to: Ntoto, Ntot1, Nitote, Ntg to, Ntot1, Ntg ta.

Since tgto is equivalent to the identity, the first potential new double coset is not new;

N%to =N e [*]

The next double coset is also not new as it belongs to [01]. Left multiplying and then

right multiplying both sides of a relation from above, 10 = 01, gives us the following.

10 =01
010 =001
010=1

0100 = 10
01=10

Therefore, Ntgt; = Nt € [01].

The third possible new double coset is not new, Ntgty = Niaoty € [01].
020 =02

020 = 002
020 =2
0200 = 20
02=20

Also, Nty ty = Nty € [0] is not new.

The next double coset Ntgt; = Nty € [0].

210 =e
2100 =¢0
21 =0
211=01



48

Lastly, this double coset is also not new, Nty to = Nt; € [0].
210 =e

We notice there are no new double cosets. One symmetric generator will return to [*],

two symmetric generators will return to [01], and three will return to [0].

(0]

We must now determine where the potential 6 new double cosets that come from the

double coset [01] belong to: Ntotitg, Ntotit1, Ntotite, Ntoty to, Ntot1 t1, Nitoty ta.

The first double coset, Ntotitg = Nto € [0]. From a previous relation above, we obtained

2=01.

Then 2 = 001.
02 = 0001
02 =01

-.010 =020 =002 =2
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The second double coset, Ntgt1t1 = Ntg € [0].

The third double coset, Ntot1tas = Nty € [0].
~012=0101 = 010011 = 010101 = 011001 = 0001 = 1, since t is of order 3.
The fourth double coset, Ntoti tg = Nty € [0].
Since 2 =01, then 02=001.
Thus, 02 = 01 .

2.010=1020=0200=0020=20=02=001=1

The fifth double coset, Ntot1 {1 = Nty € [0].
011=01=002=2

ol
[\

We know from a previous relation that 1 =

The sixth double coset, Ntot; to = Ntg € [0].
We know from a previous relation that 02 = 01.
Thus, 012 = 022 = 0.

We can conclude that there are no new double cosets. Then three symmetric
generators will return to [0] and three will return to [0]. Now to complete our Cayley
Diagram, we must find the number of single cosets in the double coset [01]. We have
that, Ntot1 N = {Ntot1, Nt1te, Ntatg, Ntitg, Ntote, Ntot1}. When we were investigating

Ntg ta, we discovered 1 = 02. We find another equivalency using this relation.



1=02
1 =002
01 = 0002
01 =02
001 = 02
010 = 02
100 = 02
10 =102
= 022
= 202
=2001
=21

since 2 =

ol
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Now, 10 = 02 = 21. Hence, Ntitg = Ntota = Ntot1. These three equivalent single cosets

belong in the double coset, [01].
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The relation below gives us the following.

2=01
02=001
02=1
002 = 01
02 =01
002 =
020 =
200 =
20 = 01
=011
=0021 since 1 =02
=21
=221
= 212
=122
=12

Thus 20 = 01 = 12. Hence, Ntotg = Ntgt; = Ntito. These three equivalent single cosets
also belong in the double coset, [01].



We now conclude that there are two distinct single cosets in the double coset [01].

Our Cayley Diagram is now complete.

[0]

Figure 4.1: Cayley Diagram of 3% : S3

52
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4.3 M;; as a Homomorphic Image of 2% : 22 "A,

We wish to prove that the progenitor 2*8 : (22 "A4) factored by the relations
(c a3, (cta™1t)8, and (adt®)®, is isomorphic to the sporadic simple group, the
Mathieu group Mj; of order 7,920, by performing Double Coset Enumeration. We wish

to show that . )
2% . (22 A
( ) = M.

G = (c Ta~T0)3 (¢ Ta~1t)S, (adth) —

Consider the group,

G =<a,b,c,d, t|b*, ¢t d? a®d, b7 2d, c b2 b e the ™ o Ydad, b dbd, ¢ tded,

cra % e acta T be T 82, (¢, a?), (¢ ta )3, (e ra )0, (adt?)® >

Let a = (1,2)(3,7,4,5,8,6), b= (1,3,2,5)(4,8,6,7), c = (1,4,2,6)(3,7,5,8), and
d=(1,2)(3,5)(4,6)(7,8), where N = (22 - Ay) =< a,b,c,d >. We will let t = t;.

Double Coset Enumeration

The double coset denoted as [*] is NeN = {N}, where N = {1,2,3,4,5,6,7,8}.
The number of single cosets in [«] is the number of right cosets which can be determined
by % = % = 1. In order to move forward, we choose a representative from the orbit
{1,2,3,4,5,6,7,8}. In this case we will choose 1. Since there are 8 elements in the orbit
{1,2,3,4,5,6,7,8}, 8 symmetric generators will move forward to the new double coset.

The new double coset denoted as [1] is Nt;N = {Nt; Nty Ntz Nty Nts Ntg
Nt7,Ntg}. Now N' =< ¢,(3,4,8)(5,6,7) >= NI, We note that the inverse of
(3,4,8)(5,6,7) is also included in the coset stabiliser. The number of singles cosets in [1]

are “‘V](Vl')‘ = 21 = 8. The orbits of N are {1}, {2}, {3,4,8}, and {5,6,7}. Choosing a

representative from each orbit, we have four double cosets. But, Nt1t; = N € [*] since ¢
is of order 2. There is one element in orbit {1}, thus one symmetric generator will return

to [¥]. Thus, we have three possible new double cosets: Ntito, Nt1ts, Ntits.
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The Relation
We will further investigate our relations that we factored by to determine whether these
double cosets are new.

Our first relation is:

(la P =gttt e loa bt e loglogt

Continuing this process we will obtain the following.

ctat ot et et et a! (t1b)c_1a_1 ;"
=cloagboetia e o (1) ta=h)? (tlb)c—la—l t,?
= (TP ) )y
= (L aT) @) )T
= ((1,6,2,4)(3,8,5,7) (1,2)(3,6,8,5,4,7))% - (1)« " g,y "o )
= ((1,8,4,2,7,6)(3,5) - (1) - (1)t
— (1,2)(3,5)(4,6)(7,8) - (1) L gyt g
= (1,2)(3,5)(4,6)(7,8) - (tlb) (1,8,4,2,7,6)(3, ))2_(tlb)(1,8,4,2,7,6)(3,5).tlb
= (1,2)(3,5)(4,6)(7,8) - (1;) (AN _ (3 b)(184276)(35) 4 b
— (1,2)(3,5)(4,6)(7,8) - t11325 (48.67))(1.4,7)(2.6.8)
. (t1(1’3’2’5)(4 BO.7))(184,27,6)(35) t1(1,3,2,5)(4,8,6,7)

=(1,2)(3,5)(4,6)(7,8) - t3 - t5 - t3

Thus, our relation gives us (1,2)(3,5)(4,6)(7,8)tststs = e = Ntst; = Nts.
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Following the same rule of the definition of conjugation, we investigate our second relation.

5 671.a71)4 (cfl.a71)3

—1. -1
(cta™1)8 = (¢t a_1)6 . tl(c “™) -tl( 1

—1.,—1\2 -1, -1
'tl(c a™t) 'tl(c a )'t1

5 4
— ((1’ 8, 4, 27 77 6)(37 5))6 . t1(1787472)776)(3)5) . t1(178’4:277’6)(375)

1,8,4,2,7,6)(3,5)° | (1,84,2,7,6)(3,5)% , (1,8,4,27,6)(3,5)

. tl( -t
(1,7,4)(2,8,6) _t1(1,2)(3,5)(4,6)(7,8) _t1(1,4,7)(2,6,8) .t

tl( 'tl

1,6,7,2,4,8)(3,5
— . t1( ; )(3,5)

'tl 8't1

:tﬁ't7't2't4't8't1

Thus, our relation gives us tgtrtatststs = e = Niglyta = Nititgty.

We conjugate the third relation and obtain the following.

(a-d)* (a-d)

(a-d)?
(adt,?)’ = (a-d)’ - (t,") () @) ()Y
— ((3,8,4)( ))5 (t ) ((3,8,4)(5,7,6))% (ts)((3,8,4)(5,7,6))3
.(t3)((37874)(576 3)(384)(576) 4
— (3,4,8)(5 6 7) ( ) (3,8,4)(5,7,6) (t3)e . (tg)(3,4,8)(5,6,7) 't8 . t3

=(3,4,8)(5,6,7) - tg - t3 -ty - tg - t3

Thus, our relation gives us (3,4, 8)(5, 6, 7)tststststs = e = Ntgtsty = Ntslsg.

Investigating Nt;to

Consider the double coset denoted as [12] such that Nt1toN = {Ntita, Ntoty,
Ntsts, Ntyte, Ntsts, Ntgts, Ntrtg, Ntgtr}. The coset counter does not increase in Magma,
thus we know that Nt1toN is not a new double coset. Using the following code, generated
by Leonard Lamp and Dustin Grindstaff, helps us determine whether the proposed new
double coset is equal to a previous double coset with one ¢ in our diagram that we have
discovered.

for a in [1..8] do for g,h in IN do if ts[1]*ts[2] eq g*(ts[al)"{h}
then "1,2=", a; end if; end for; end for;

(Lam15)(Grilb)
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We obtain that NtitoN =Nt N. We wish to determine the permutation that proves
NtitoN =Nt N. There exists two elements, g, h € N, such that

t1ito =g - (tl) h = (172)(37 5)(47 6)(77 8) : (tl) €= (17 2)(37 5)(47 6)(77 8)t1'

By taking N of both sides, we have Nt;to = Nt; € [1] = Nt; = Nt1taN = Nt;N. There

is one element in {2}, thus one symmetric generator will return to itself, [1].

Investigating Nt;ts

Consider the double coset denoted as [13] where Nt1tsN = {Ntits, Ntaoty, Ntsto,
Ntatz, Ntots, Ntits, Ntsts, Ntgts, Ntits, Ntst1, Ntste, Ntsty, Ntsts, Ntgts, Ntsts, Ntgta,
Ntatg, Ntsts, Ntgto, Ntsts, Ntgts, Ntrts, Ntstr, Ntgt, }.

The orbit {3,4,8} had three elements, thus three symmetric generators moved
forward to Ntit3. Now N3 =< e >= NU3_ The number of singles cosets in [13]
are |]\|f]<\1[i‘”>| = 21 = 24. The orbits of N® are {1}, {2}, {3}, {4}, {5}, {6}, {7}, and
{8}. Choosing a representative from each orbit, we have eight double cosets. Selecting

the orbit {3}, we realize Ntitst3 = Nt1 € [1]. There is one element in {3}, thus one

symmetric generator will return to [1]. Thus we have seven possible new double cosets:

Ntytsti, Ntqtsto, Ntqtsts, Ntvtsts, Ntvtste, Ntitsts, Ntqtsts.

Investigating Ntits

Consider the double coset denoted as [15] where Nt1t5s N = {Ntt5, Ntaots, Ntsty,
Niytg, Ntots, Ntite, Ntste, Ntgts, Ntity, Ntrto, Nizty, Ntsta, Ntste, Ntgty, Ntsty, Ntgty,
Ntoty, Ntgts, Ntgty, Ntsts, Ntgts, Ntrts, Ntsts, Ntgts}.

The orbit {5,6,7} had three elements, thus three symmetric generators moved
forward to Ntit5. Now N'® =< e >= N5 The number of singles cosets in [15] are
% = 21 = 24, The orbits of N are {1}, {2}, {3}, {4}, {5}, {6}, {7}, and {8}.
Choosing a representative from each orbit, we have eight double cosets. From orbit {5},
Ntitsts = Nt; € [1]. There is one element in {5}, thus one symmetric generator will
return to [1]. Thus we have seven possible new double cosets: Ntitsty, Nt1tsta, Ntitsts,

Ntqtsts, Ntitste, Ntatsts, Ntqtsts.
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Investigating Nt tstq
Consider the double coset denoted as [131]; Nt1tst1 N = {Nt1tst1, Ntatrta,

Ntstots, Ntytrty, Ntotsta, Nt1tyty, Ntstats, Ntgtste, Ntitsty, Ntytity, Nittetr, Ntstits,
Nitstyts, Ntgtsts, Ntststs, Ntatats, Ntotets, Niststs, Ntstots, Ntstets, Ntststs, Ntotsts,
Ntstrts, Ntgtite}. The orbit {1} had one element, thus one symmetric generator moved
forward to Ntitzt;. Now N3l =< ¢ >= N3 The number of singles cosets in [131]
are % = 24 — 24 The orbits of N3 are {1}, {2}, {3}, {4}, {5}, {6}, {7}, and
{8}. Choosing a representative from each orbit, we presume to have eight new double
cosets. We have Ntitstity = Ntyts € [13]. There is one element in the orbit {1}, thus
one symmetric generator will return to [13]. Thus we have seven possible new double

cosets: Ntltgtltg, Ntltgtltg, Nt1t3t1t4, Nt1t3t1t5, Ntltgtlt(;, Nt1t3t1t7, Ntltgtltg.

Investigating Nt;tsts
Consider the double coset denoted as [132]; NtitstaN = {Ntitsta, Ntatrty,

Ntstots, Ntstete, Ntotsty, Ntitate, Ntstats, Ntgtsts, Ntitsts, Ntztits, Ntztets, Ntstits,
Ntgtatr, Ntgtsts, Ntststs, Ntstots, Ntotaty, Ntststs, Ntstots, Ntstets, Ntstste, Ntrtsts,
Ntstrts, Ntgtits}. The orbit {2} had one element, thus one symmetric generator moved
forward to Ntitsty. Now N'32 =< ¢ >= NU32). The number of singles cosets in [132]
are % — 24 — 94, The orbits of NU32) are {1}, {2}, {3}, {4}, {5}, {6}, {7}, and {8}.
Choosing a representative from each orbit, we possibly have eight new double cosets.
We have Ntitstata = Ntits € [13]. There is one element in the orbit {2}, thus one
symmetric generator will return to [13]. Thus we have seven possible new double cosets:

Ntytstot1, Ntitstots, Nt tstots, Nt tstots, Ntitstats, Ntitstaty, Ntitstots.

Investigating Ntitsty
Consider the double coset denoted as [134]; Nt1tst4N = {Ntitsty, Ntotrts,

Ntstots, Ntytrts, Ntatsts, Ntitats, Ntstats, Ntgtsts, Ntitsts, Ntstite, Ntrtets, Ntstitr,
Ntgtats, Ntgtst1, Ntststs, Ntstots, Ntotets, Ntststs, Ntstots, Ntstets, Ntytsty, Ntztsty,
Ntstrty, Ntgtits}. The orbit {4} had one element, thus one symmetric generator moved
forward to Ntitzty. Now N'3* =< ¢ >= N34 The number of singles cosets in [134]
are % — 24 — 24 The orbits of N3 are {1}, {2}, {3}, {4}, {5}, {6}, {7}, and
{8}. Choosing a representative from each orbit, we have eight double cosets. Since t is
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of order 2, we have Ntitstyty = Ntits € [13]. There is one element in {4}, thus one
symmetric generator will return to [13]. Thus we have seven possible new double cosets:

Ntitstaty, Ntitstato, Ntitstats, Ntitstyts, Ntitstate, Ntitstaty, Ntitststs.

Investigating Nt;tsts
Consider the double coset denoted as [135]; Nt1tsts N = {Ntitsts, Ntotrts,

Ntstoty, Ntstets, Ntotsts, Ntitste, Ntstats, Ntetsts, Ntitsts, Ntztite, Ntztats, Ntstits,
Ntgtate, Ntgtgty, Ntststr, Ntytoty, Ntotets, Nigtsts, Nigtot:, Ntsgtgty, Ntststs, Ntrtsts,
Ntstrts, Ntgtita}. Using Magma, the coset counter does not increase, thus we know that
Ntitsts N is not a new double coset. Using the following code helps us determine whether
the proposed new double coset is equal to a previous double coset with word of length
one or two in our diagram, that we have discovered.

for a in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[5] eq

gx(ts[a]) "{h} then "1,3,5=", a;
end if; end for; end for;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[5] eq
gx(ts[al*ts[b]) "{h} then "1,3,5=", a,b;
end if; end for; end for;

We obtain that Ntitsts N = Nt1t5N. We wish to determine the permutation that proves
this. There exists two elements, g, h € N, such that

titsts = g - (t1ts) " = (1,2)(3,5)(4,6)(7,8) - (tyt5) 1DEHEOTH
= (1,2)(3,5)(4, 6)(7, 8)tats.

By taking N of both sides, we have Ntitsts = Ntots € [15] = Ntitsts N = Nt1tsN. The

symmetric generator contained in the orbit {5}, will return to the double coset [15].

Investigating Nt;tstg

Consider the double coset denoted as [136]; NtitsteN = {Ntitsts, Ntatrts,
Ntstoty, Ntgtrty, Ntotsty, Ntitaty, Ntstato, Ntgtsty, Ntitsts, Ntrtits, Ntvtgts, Nistits,
Ntgtats, Ntgtsta, Ntststs, Ntstots, Ntotats, Ntststy, Ntstots, Ntstet1, Ntststs, Ntrtsts,
Ntstrtg, Ntgtits}. Since the coset counter does not increase in Magma, we know that

NtitstgN is not a new double coset.
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for a in [1..8] do for g,h in IN do if ts[1]l*ts[3]*ts[6] eq
gx(ts[a]) "{h} then "1,3,6=", a; end if; end for; end for;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[6] eq
gx(ts[al*ts[b]l) "{h} then "1,3,6=", a,b; end if; end for; end for;

We obtain that NtitstgN =Nt1t5N. We wish to determine the permutation that proves
this. There exists two elements, g, h € N, such that

titste = g - (tits) " = (1,6,3)(2,4,5) - (t1t5) P32OES6T) — (1.6,3)(2,4,5)t3t; .

By taking N of both sides, we have Nt tsts = Ntsty € [15] = Ntitste N = Nt1tsN.

The symmetric generator contained in the orbit {6} will return to the double coset [15].

Investigating Nt tstr
Consider the double coset denoted as [137]; Nt1tst7z N = {Ntitstr, Ntatrty,

Ntstoty, Ntytrts, Ntotsts, Nt1tats, Ntstats, Ntgtsta, Ntitste, Ntrtits, Nirteta, Ntstits,
Ntgtyt1, Ntgtsts, Ntststy, Ntytots, Ntotsts, Ntststs, Nitsgtats, Nistety, Ntatsts, Ntrtsty,
Ntstrta, Ntgtit7}. The orbit {7} had one element, therefore one symmetric generator
moved forward to Nt tstz. Now N7 =< ¢ >= N(137) The number of singles cosets in
[137] are % — 20 — 94, The orbits of NU37) are {1}, {2}, {3}, {4}, {5}, {6}, {7},
and {8}. Choosing a representative from each orbit, we presumably have eight double
cosets. By conjugation, Ntitstyt7 = Ntyts € [13]. There is one element in {7}, thus one
symmetric generator will return to [13]. Thus we have seven possible new double cosets:

Ntytstrty, Ntitstrta, Nt tstrts, Nttstets, Ntitstots, Ntitstrte, Ntitstrts.

Investigating Nt tsts
Consider the double coset denoted as [138]; Nt1tsts N = { Ntitsts, Ntatrts,

Ntstote, Ntatsts, Ntotsts, Ntitats, Ntstats, Ntgtstr, Ntitsts, Ntztyts, Ntztets, Ntstita,
Ntgtato, Ntgtgts, Ntststo, Ntytoty, Nitotgts, Ntgtsty, Nigtots, Ntstgts, Ntatste, Ntrtsts,
Ntstrt, Ntgtitg}. The orbit {8} had one element, therefore one symmetric generator
moved forward to Nt tstg. Now N8 =< ¢ >= N38) The number of singles cosets
in [138] are % — 24 — 24 The orbits of N3 are {1}, {2}, {3}, {4}, {5}, {6},
{7}, and {8}. Choosing a representative from each orbit, we have eight double cosets.

Since t is of order 2, Ntitststs = Ntits € [13]. There is one element in {8}, thus one
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symmetric generator will return to [13]. Thus we have seven possible new double cosets:

Ntytststy, Ntitststa, Ntitststs, Ntitststs, Ntitststs, Ntitstste, Ntitststs.

Investigating Ntitst,
Consider the double coset denoted as [151]; Nt1t5t1 N = { Nt1tst1, Ntatsta,

Ntstits, Ntytgty, Ntotsto, Ntitgty, Ntstets, Ntgtste, Ntitrty, Ntytoty, Nitrtsty, Ntstots,
Ntgtgts, Ntgtrtg, Ntstyts, Ntytits, Ntotgto, Nitgtsts, Nitgtits, Ntstats, Ntatsty, Ntqtsty,
Ntststs, Ntgtats}. The orbit {1} had one element, thus one symmetric generator moved
forward to Ntitst;. Now N'®! =< ¢ >= N5, The number of singles cosets in [151]
are % — 24 — 24 The orbits of N3 are {1}, {2}, {3}, {4}, {5}, {6}, {7}, and
{8}. Choosing a representative from each orbit, we have eight double cosets. Since t is
of order 2, Ntitst1ty = Ntits € [15]. There is one element in the orbit {1}, thus one
symmetric generator will return to [15]. Thus we have seven possible new double cosets:

Ntytstite, Ntitstits, Ntitstits, Ntitstits, Ntitstite, Ntitstitr, Ntitstits.

Investigating Ntitsts
Consider the double coset denoted as [152]; Nt1tstaN = {Ntitsta, Ntatst,

Ntstits, Ntatsts, Ntotsti, Ntiteta, Ntstets, Ntgtsta, Ntiteta, Ntgtots, Ntztats, Ntstots,
Ntgtgtr, Ntgtrty, Ntstyts, Ntytite, Ntotat1, Ntgtsty, Nitgtitr, Nitstats, Ntstste, Ntrists,
Ntststs, Ntgtats}. In Magma, the coset counter does not increase, therefore NtjtstoN is
not a new double coset. Unfortunately, Magma does not give us a previously found new
double coset with word of length one or two that [152] is equivalent to. Since there are
new double cosets with word of length three, we investigate which double coset [152] is

equivalent to.

for a in [1..8] do for g,h in IN do if ts[1]l*ts[5]*ts[2]
eq gx(ts[a])"{h} then "1,5,2=", a; end if; end for; end for;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[2]
eq g*(tsl[al*ts[b])~{h} then "1,5,2=",a,b;
end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[2]
eq g+*(tslal*ts[b]l*ts[c])"{h} then "1,5,2=",a,b,c;
end if; end for; end for;
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We discover NtitstoN =NtitstoN. We wish to determine the permutation that

proves this. There exists two elements, g, h € N, such that

titsta = g - (t1tstz) " = (1,2)(3,5)(4,6)(7,8) - (t1tsty) (H>23)AT68)
= (1,2)(3,5)(4,6)(7, 8)tst1t3.

Then Nt1t5t2 = Nt5t1t3 € [132] = Nt1t5t2N = Nt1t3t2N when we take N of both
sides. There is one symmetric generator contained in the orbit {2}, that will return to

the double coset [132].

Investigating Nt;tsts
Consider the double coset denoted as [153]; The coset counter does not increase
in Magma, thus Nt¢;¢5t3N is not a new double coset. We determine this [153] is equivalent
to a double coset of word of length two.
for a in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[3]

eq gx(ts[a])"{h} then "1,5,3=", a;
end if; end for; end for;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[3]
eq gx(ts[al*ts[b]) "{h} then "1,5,3=", a,b;
end if; end for; end for;

The code results in Ntt5tsN =Nt1tsN. We wish to determine the permutation that

proves this. There exists two elements, g, h € N, such that
titsts = g - (tit3)" = (1,2)(3,5)(4,6)(7,8) - (tltg)(1’2)(3’5)(476)(7’8)
= (17 2)(37 5)(47 6)(77 8)t2t5-

By taking NV of both sides, we have Nt t5t3 = Ntots € [13] = NtitstsN = Nt1tsN. The

symmetric generator contained in the orbit {3}, will return to the double coset [13].

We continue the algorithm for performing double coset enumeration for the
remaining double cosets of the group. The techniques and Magma Code are shown in the

Appendix. Thus, our completed Cayley Diagram is shown below.



Figure 4.2: Cayley Diagram of M
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4.4 PSLy(19) as a Homomorphic Image of 217 : Dy

We will construct the Cayley Diagram of Lo19 over 2*10 : Dyg. We consider the
group factored by its center.
2*10 : D20
(a2t)3, (act)?, (ca=2t)®, actata='tb

= < a,b,c, t]b?, 2, (a7b)2 a Leac, (be)?, a5,

G =

2, (t,ba’c), (a®t)3, (act)?, (ca™?t)°, actata™'tb >

Now, N = Dyy =< a,b,c >, where a = (1,3,9,7,8)(2,6,4,10,5),
b= (1,2)(3,5)(4,7)(6,8)(9,10), and ¢ = (1,4)(2,7)(3,10)(5,9)(6,8). We will let ¢ = ¢;.

Double Coset Enumeration

The double coset denoted as [x] is NeN = {N}, where
N =1{1,2,3,4,5,6,7,8,9,10}. The number of single cosets in [*] is the number of right
cosets which can be determined by % = % = 1. In order to move forward, we choose
a representative from the orbit {1,2,3,4,5,6,7,8,9,10}. In this case we will choose 1.
Since there are 10 elements in the orbit {1,2,3,4,5,6,7,8,9,10}, 10 symmetric generators
will move forward to the new double coset.

The new double coset denoted as [1] is Nt N = { Nty Nty Nt3 Nty Nts Ntg Nt
Ntg Ntg Ntio}. Now the point stabilizer is N' =< ¢, (2,5)(3,8)(6,10)(7,9) >= N,
The number of single cosets in [1] are Ul%')' = 20 = 10. The orbits of N(V) are {1}, {4},
{2,5}, {3,8}, {6,10}, and {7,9}. Choosing a representative from each orbit, we have six

double cosets. Since t is of order 2, Nt;t; = N € [%]. There is one element in orbit {1},
thus one symmetric generator will return to [x]. Thus, we have five possible new double

cosets: Ntity, Ntito, Ntits, Ntitg, Ntitr.
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The Relation
We factored a finite homomorphic image we had found, by its center, to construct a
Cayley diagram with fewer double cosets. We will further investigate our center relation,

actata1tb.

(a~c-t-a-t-a_1-t-b):a-c-tl-a-t1~a_1-t1~b

Then,

(@-c-t-a-t-at-t-b) :a-c'b-tlf-(tlail)b-tlf
= (1,3,9, 7, 8)(2,6,4, 10, 5)(1,4)(2, 7)(3, 10)(5,9)(6,8)
1,2)(3,5)(4,7)(6,8)(9,10
(1,2)(3,5)(4,7)(6,8)(9, 10) - {1 EHEDESO:10)

' (t (1,8,7,9,3)(2,5,10,4,6))(1’2)(3’5)(4’7)(678)(9’10) [(1.2)(3.5)(4.7)(6,8)(9,10)
1 1

= (13 9)(23 6) (43 5)(7a 8)t2t6t2

=€

Thus, our relation gives us (1,9)(2,6)(4,5)(7, 8)tatsta = e.

Investigating Nt i,

Consider the double coset denoted as [14]; Nt1t4N = {Nt1tq, Ntstio, Ntaty,
Ntyty, Ntgts, Ntstg, Ntiots, Ntgts, Nt7ta, Ntsts}. The orbit {4} had one element, thus
one symmetric generator moved forward to Ntit4. Now the point stabilizer is equivalent

to the coset stabilizer and is given by, N'* =< e, (2,5)(3,8)(6,10)(7,9) >= N4 The
IVl =20 — 10.

INOD| T 2 T

number of singles cosets in [14] are
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The orbits of NI are {1}, {4}, {2,5}, {3,8}, {6,10}, and {7,9}. Choosing a
representative from each orbit, we have 6 double cosets. But, Ntitst4 = Nty € [1]. There
is one element in orbit {4}, thus one symmetric generator will return to [1]. Thus, we

have five possible new double cosets; Nt1tat1, Ntitato, Nit1tats, Nt1tate, Ntitats.

Investigating Nt;to

Consider the double coset denoted as [12]; Nt1to N = {Nt1to, Ntste, Ntatq,
Ntyty, Ntgty, Ntsts, Ntiots, Ntgts, Nt7ty, Nt7t19, Nt1ot7, Nist1, Nitgtg, Ntatg, Nitgts,
Ntgtyo, Ntots, Ntsta, Ntits, Ntgto}. The orbit {2,5} had two elements, therefore two
symmetric generators moved forward to Ntits. Now N'2 =< ¢ >= N2, The number
of singles cosets in [12] are |]\|[]<\1”2>| = 2 = 20. The orbits of N2 are {1}, {2}, {3},
{4}, {5}, {6}, {7}, {8}, {9}, and {10}. Choosing a representative from each orbit, we

have ten double cosets. But, Ntitoto = Nty € [1]. There is one element in {2}, thus one

symmetric generator will return to [1]. Thus we have nine possible new double cosets:

Ntitotr, Ntitats, Nt1tots, Ntitats, Nt1tots, Ntitats, Ntitots, Ntrtate, Ntitato.

Investigating Ntits
Consider the double coset denoted as [13]; Nt1tsN = {Ntits, Ntsto, Ntats,

Ntyati09, Ntot7, Nistig, Ntigts, Ntgta, Nt7tg, Ntttg, Nt1gts, Ntsto, Ntgts, Ntgte, Ntgty,
Ntgty, Ntotg, Ntsti, Ntitg, Ntgts}. The coset counter did not increase in Magma, thus
we know that Nt;t3N is not a new double coset. We wish to investigate which double
coset Ntit3N is equal to.

for a in [1..10] do for g,h in IN do if ts[1]*ts[3]

eq gx(ts[al)"{h} then "1,3=", a; end if; end for; end for;

We discover Ntit3N =Nt1N. We now wish to determine the permutation that proves

this. By conjugating our original relation by an element in the control group, we have
[(1,9)(2,6)(4,5)(7, 8)tatgts] 1OS10749632) — (5 6)(1,3)(9,8)(4, 10)t1t5t, = e
This implies, by right multiplication of ¢; and taking N of both sides, we have
(5,6)(1,3)(9,8)(4,10)t1tst; = e = Ntit3 = Nty € [1] = Nit1tsN = Nt1N.

Two symmetric generators contained in the orbit {3, 8} will return to the double coset [1].
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Investigating Ntitg

Consider the double coset denoted as [16]; Nt1t¢ N = { Nt1tg, Ntsts, Ntaots,
Ntytg, Ntgtig, Ntst7, Ntiot1, Ntgty, Ntrte, Ntyts, Ntigtg, Ntsts, Ntgto, Ntsts, Nigta,
Ntgty, Ntotg, Ntsts, Ntit10, Ntgt7}. The orbit {6,10} had two elements, therefore two
symmetric generators moved forward to Ntitg. Now N6 =< e >= N6 The number
of singles cosets in [16] are |]\|f]<\1”6)| = 29 = 20. The orbits of N6 are {1}, {2}, {3},
{4}, {5}, {6}, {7}, {8}, {9}, and {10}. Choosing a representative from each orbit, we
have ten double cosets. But, Nttt = Nt1 € [1]. There is one element in {6}, thus one

symmetric generator will return to [1]. Thus we have nine possible new double cosets;

Ntitgt1, Ntitgto, Ntitgts, Ntitgts, Ntitets, Ntitgty, Ntitets, Ntitgto, Ntitetio.

Investigating Nt ity

Consider the double coset denoted as [17]; Nt1ty N = {Nt1t7, Ntsts, Ntaty,
Ntyto, Ntgty, Ntstg, Ntiote, Ntetio, Ntrt1, Ntyts, Ntigta, Ntsty, Ntgts, Ntats, Nigto,
Ntgts, Ntot1g, Ntstz, Ntitg, Ntgts}. Using Magma, the coset counter does not increase,
thus we know that Nt1¢t7N is not a new double coset. We now determine whether the
proposed new double coset is equal to a previous double coset with one ¢ in our diagram,
that we have discovered. We obtain that Ntit7N =Nt1N.

for a in [1..10] do for g,h in IN do if ts[1]*ts[7]
eq gx(ts[al)"{h} then "1,7=", a; end if; end for; end for;

We wish to determine the permutation that proves this. Unless stated otherwise,
we have used Magma to produce relations throughout the remaining chapter. There exists

two elements, g, h € N, such that

tity =gt = (1,8,7,9,3)(2,5, 10,4, 6) - ¢,(13978)(26:4.10.5)

= (1,8,7,9,3)(2,5, 10,4, 6)¢3.

Then by taking N of both sides, we have Nt1t; = Ntg € [1] = Nt; = Nt1t7N = Nt1N.

There are two symmetric generators contained in the orbit {7,9}, that will return to itself.



67

Investigating Nt t4tq

Consider the double coset denoted as [141]; Nt1tq4t1 N = {Nt1t4t1, Ntstiots,
Ntagtrto, Ntytity, Ntgtsty, Ntstots, Ntiotstio, Ntgtste, Ntrtoty, Nigtets}. Since the coset
counter does not increase, we know that Nt t4t; N is not a new double coset. We then
determine whether the proposed new double coset is equal to a previous double coset
with word of length one or two in our diagram. We obtain that Nt1t4t1N =Nt1t4N.

for a in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[1]
eq g*x(ts[al)"{h} then "1,4,1=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[1]
eq gx(ts[al*ts[b]l) "{h} then "1,4,1=", a,b; end if; end for; end for;

There exists two elements, g, h € N, such that

titaty = g - (tita) " = (1,4)(3,6)(2,9)(8,10)(5,7) - (tsts) "™
= (1,4)(3,6)(2,9)(8,10)(5, 7)t1t4.

Taking N of both sides, we have Ntitst; = Ntity € [14] = Nt1t4t1 N = Nt1t4N. There
is one symmetric generator contained in the orbit {1} that will return to itself; the double

coset [14].

Investigating Nt it ts

Consider the double coset denoted as [142]; Nt1tqyto N = { Nt1t4te, Ntstiots,
Ntotrty, Ntyt1t7 Ntotsta Nistots, Ntiotsts, Ntgtsts, Niztaty, Ntrtoti0, Ntiotsty, Ntstoty,
Nitgtste, Ntytity, Nistats, Nistatio, Ntotrts, Ntstioty, Nt1tats, Ntgtsto}. Ntitat1N is not
a new double coset since the coset counter does not increase. We conclude that the double
coset NtitytoN =Nt1ta N and wish to determine the permutation that proves this. There

exists two elements, g, h € N, such that

titats = g - (tit2) " = (1,8,7,9,3)(2,5,10,4,6) - (t1t5) (WHEVEI0E0
= (1,8,7,9,3)(2,5, 10, 4, 6)tst1o.
By taking N of both sides, we have Ntityto = Nitsgtip € [12] = Ntito which implies

NtitgtaN = NtityN. There are two symmetric generators contained in the orbit {2,5}
that will return to the double coset [12].
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Investigating Nttsts

Consider the double coset denoted as [143];
NtytatsN = {N(titats)"|n € N} = {Ntytats, Ntstioty, Ntatrts, Ntstitio, Ntotsts,
Ntstot19, Ntiotsts, Ntgtsto, Ntrtotg, Ntytots, Ntigtsts, Ntstgts, Ntgtsts, Ntstite,
Ntgtsty, Ntstety, Ntotrte, Ntstiot1, Ntitats, Ntgtsts}. The orbit {3,8} had two elements,
thus two symmetric generators moved forward to Ntjt4t3. Now the coset stabilizer
N3 > NM3 —— ¢ > We find equal names with the help of Magma; we find
Ntityts = Ntstiot;. By conjugation N (t1tstz)(B3E10G0E9) — Niatiot; = Ntqtyts.
Thus, (1, 3)(4,10)(5,6)(8,9) € N belongs in the coset stabilizer.

Now N3 =< ¢, (1,3)(4,10)(5,6)(8,9) >= NI43), The number of singles cosets

in [143] are |N|<]¥4|3>| = 2 = 10. The orbits of N3 are {2}, {7}, {1,3}, {4,10}, {5,6},

and {8,9}. Choosing a representative from each orbit, we have six double cosets. But,
Ntitgtsts = Ntity € [14]. There are two elements in the orbit {1,3}, therefore two
symmetric generators will return to [14]. Thus we have five possible new double cosets:

Ntqtatsto, Ntitatsty, Ntitatsts, Nttatsts, Ntitatsts.

Investigating Ntitstg

Consider the double coset denoted as [146]; Ntitst¢ N = {Ntitats, Ntstiota,
Ntotrts, Ntytits, Ntotstio, Ntstotr, Ntiotsty, Ntetsty, Ntgtats, Ntvtats, Ntiotsto, Ntstots,
Ntotsts, Ntytits, Ntgtgts, Ntsteta, Ntatrte, Ntstiots, Ntitat1o, Ntgtstr}.

The coset counter does not increase, thus Nt t4tg/N is not a new double coset.

for a in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[6]
eq gx(ts[al)"{h} then "1,4,6=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[6]
eq gx(ts[al*ts[b]) "{h} then "1,4,6=", a,b; end if; end for; end for;

We obtain that Ntit4teN =Nt1tgN. We wish to determine the permutation that proves
NtqtytgeN =Nt1tgN. There exists two elements, g, h € N, such that

titats = g- (tite) " = (1,8)(3,7)(2,10)(4,6) - (t1tg) DI

Taking N of both sides, we have Ntjtstg = Ntgty € [16] = Nt1te = Nt1tate N = NtytgN.

There are two symmetric generators contained in {6,10} that will return to the double
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coset [16].
Investigating Nttt
Consider the double coset denoted as [147]; Nt1tgt7N = {Ntitat7, Ntstiots,
Ntotrts, Ntstita, Ntotst1, Ntstots, Ntiotsts, Ntetstio, Ntvtaty, Ntrtots, Ntiotsts,
Nitstots, Ntotsts, Ntatits, Ntsteto, Ntstets, Ntatrtio, Ntstiots, Ntitato, Nigtsts}.
Since the orbit {7,9} had two elements, thus two symmetric generators moved forward

to Ntitst7. Now N =< ¢ >= N7 Notice by conjugation we obtain the following.
N(t1t4t7)(1’4)(2’7)(3’10)(5’9)(6’8) = Ntytito = Ntityty

N(t1t4t7)(1’6)(2’3)(4’8)(5’9)(7’10) = Ntﬁtgtlo = Nt1t4t7
N(t1t4t7)(1’8)(2’10)(3’7)(4’6) = thtﬁtg = Nt1t4t7

We find equal names; Nt1tat7 = Ntgt1to = Nigtstio = Nitgtgts.

Thus, (1,4)(2,7)(3,10)(5,9)(6,8),(1,6)(2,3)(4,8)(5,9)(7,10),(1,8)(2,10)(3,7)(4,6) € N
belong in the coset stabilizer. Now N7 =< e, (1,4)(2,7)(3,10)(5,9)(6,8),
(1,6)(2,3)(4,8)(5,9)(7,10), (1,8)(2,10)(3,7)(4,6) >= N7 The number of singles
cosets in [147] are % = % = 5. The orbits of N7 are {5,9}, {1,4,6,8}, and
{2,7,3,10}. Choosing a representative from each orbit, we have three double cosets.
But, Ntjtat7t; = Ntity € [14]. There are four elements in {2,7,3,10}, so there will

be four symmetric generators returning to [14]. Thus we have two possible new double

cosets: Nt1t4t7t5, Nt1t4t7t1.

Investigating Nt;tatq

Consider the double coset denoted as [121]; Ntitot1 N = { Ntitat1, Ntststs,
Ntotyto, Ntstets, Ntotate, Ntststs, Ntiotstio, Ntetsts, Ntrtats, Ntztiots, Ntiotrtio,
Ntstyts, Ntotgto, Ntatots, Niststs, Ntstiots, Ntotsts, Ntstats, Nt1tsty, Ntgtote).
Orbit {1} had one element, thus one symmetric generator moved forward to Ntitot.
Thus, N'2! =< ¢ >= N(121), The number of singles cosets in [121] are % = 20 =20,
The orbits of N2 are {1}, {2}, {3}, {4}, {5}, {6}, {7}, {8}, and {9}. Since ¢ has order
2, Ntitotity = Ntita € [12]. One symmetric generator will return to [12] since there is
one element in {1}. There are nine possible new double cosets: Ntqtotite, Nt1tot1ts,

Ntytotyts, Ntitotits, Ntrtatite, Ntitatitr, Ntrtatits, Ntitatito, Ntitatitio.
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Investigating Nt tots
Consider the double coset denoted as [123]; Nt1tats N = {Ntitats}. The coset
counter does not increase, thus we know that Ntitot3/N is not a new double coset. We

obtain that NtitotsN =Ntito N using the following code.

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[3]
eq gx(ts[al) "{h} then "1,2,3=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]x*ts[2]*ts[3]
eq gx(ts[al*ts[b]) "{h} then "1,2,3=", a,b; end if; end for; end for;

We wish to determine the permutation that proves Nt tots N =Nt1toN. There exists two
elements, g,h € N, such that

bitats = g (tit2) " = (1,4)(3.10)(2,7)(8,6)(9.5) - (tatz) (FZOCHED

Hence, Ntitots = Nigtg € [12} = Ntity = NtitotsN = Nt1toN when we take N of both

sides. There is one element in {3}, thus one symmetric generator will return to itself, [12].

Investigating Ntitaty
Consider the double coset denoted as [124]; NtitotaN = {Ntitata}. NtitotgN

is not a new double coset; it is equivalent to NtitgN.

for a in [1..10] do for g,h in IN do if ts[1]x*ts[2]*ts[4]
eq g*(ts[al)"{h} then "1,2,4=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[4]
eq gx(ts[al*ts[b])"{h} then "1,2,4=", a,b; end if; end for; end for;

There exists two elements, g, h € N, such that

titats = g- (titg) " = (1,3,9,7,8)(2,6,4,10,5) - (t1tg) (HDH10ENE0)
— (1,3,9,7,8)(2,6, 4,10, 5)tsts.

Taking N of both sides, we have Ntitoty = Ntsts € [16] = Ntjtg = Nt1totyN = NtitgN.

There is one element in {4}, thus one symmetric generator will return to [16].
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Investigating Nt,taots
Consider the double coset denoted as [125]; Nt1tots N = {Ntitats}. Ntitots N

is equivalent to a previously found double coset, Ntito V.

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[5]
eq gx(ts[al)~{h} then "1,2,5=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[2]*ts[5]
eq gx(ts[al*ts[b]l) "{h} then "1,2,5=", a,b; end if; end for; end for;

There exists two elements, g, h € N, such that

titats = g - (t1t2) " = (3,8)(2,5)(9,7)(10,6) - (t1ty) 14N
= (3,8)(2,5)(9,7)(10,6)t1ts.

Nt1t2t5 = Ntltz c [12] = Ntth = Nt1t2t5N = NtthN by taking N of both sides.

There is one element in {5}, thus one symmetric generator will return to itself.

Investigating Nt tatg
Consider the double coset denoted as [126]; Nt1tot¢e N = {Nt1tots}. In Magma,
the coset counter does not increase, thus we know that Nt totg/N is not a new double

coset.

for a in [1..10] do for g,h in IN do if ts[1]x*ts[2]*ts[6]
eq gx(ts[a])"{h} then "1,2,6=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[2]*ts[6]
eq gx(ts[al*ts[b])"{h} then "1,2,6=", a,b; end if; end for; end for;

We discover NtitotgN =NtitgN. We wish to determine the permutation that proves
NtytotgN =NtitgN.There exists two elements, g, h € N, such that

titats = g - (t1te) " = (1,9)(2,6)(4,5)(8,7) - (t1tg) 1) ZOUSED)
= (1,9)(2,6)(4,5)(8, ")tots.

We have Ntjtotg = Ntgty € [16] = Ntjtg = NtytatgN = NtitgN by taking N of both

sides,. There is one element in {6}, thus one symmetric generator will return to [16].
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Investigating Nt taty

Consider the double coset denoted as [127]; Nt1tot7 N = { Nt1tot1, Ntststs,
Niatita, Ntgtrty, Ntgtate, Nitststs, Ntiotstio, Ntgtste, Ntrtaty, Ntrtiotr, Ntiotrtio,
Ntstits, Ntgtgty, Ntgtots, Niststs, Nistiots, Ntotsta, Ntstats, Nt1tsty, Nigtote}.
Since the orbit {7} had one element, one symmetric generator moved forward to Ntitot7.

Now N'27 =< ¢ >= N(27)_ Notice by conjugation we obtain the following.
N(t1t2t7)(1’2)(3’5)(4’7)(6’8)(9’10) = Ntgt1ty = Niqtaty

N (t1tt7) PDEDGAOGINGS) — N, toty = Nitytoty
N(t1t2t7)(1’7)(2’4)(3’9)(5’10) = Nt7t4t1 = Nt1t2t7

Then the following are equal names are, Ntitoty = Ntot1ty = Nigtrto = Nitrtyty.
Thus, (1,2)(3,5)(4,7)(6,8)(9,10), (1,4)(2,7)(3,10)(5,9)(6,8), (1,7)(2,4)(3,9)(5,10) € N
belong in the coset stabilizer. Now N27 =< ¢, (1,2)(3,5)(4,7)(6,8)(9, 10),

(1,4)(2,7)(3,10)(5,9)(6,8), (1,7)(2,4)(3,9)(5,10) >= NU27)_ The number of singles
cosets in [127] are % = 20 = 5. The orbits of NU27 are {6,8}, {1,2,4,7}, and
{3,5,10,9}. Choosing a representative from each orbit, we have ten double cosets. But,
Ntytotyt; = Ntjta € [12]. There are four elements in the orbit {1,2,4,7}, thus four

symmetric generators will return to [12]. Thus we have two possible new double cosets:

Ntytotrts, Ntitotrts.

Investigating Nt taots

Consider the double coset denoted as [128]; Ntitots N = {Nttats, Ntstst,
Ntotite, Ntatrts, Ntotats, Ntststa, Ntiotsts, Ntgtsts, Ntvtats, Ntztiote, Ntiotrts,
Nitstitio, Ntotety, Ntatotio, Ntststy, Ntstioty, Ntotsts, Ntstate, Nt1tsts, Ntgtots}.
One symmetric generator moved forward to Nt;totg since the orbit {8} had one element.

Now N2 =< ¢ >= N(28)_ Notice by conjugation we obtain the following.
N(tltgtg)(1’3)(4’10)(5’6)(8’9) = Ntstotg = Nitqtots

Since Ntitots = Nitstotg, (1,3)(4,10)(5,6)(8,9) € N belongs in the coset stabilizer. Now
N2 —< ¢ (1,3)(4,10)(5,6)(8,9) >= N(128) The number of singles cosets in [128] are
i = 3 = 10. The orbits of N2 are {2}, {7}, {1,3}, {4,10}, {5,6}, and {8,9}.

Choosing a representative from each orbit, we have six double cosets.
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Since ¢ is of order 2, Ntjtotsts = Ntita € [12]. There are two elements in {8,9}, thus two
symmetric generators will return to [12]. Thus we have five possible new double cosets:

Ntltztgtg, Nt1t2t8t7, Ntltgtgtl, Nt1t2t8t4, Ntqitotgts.

Investigating Ntitatg
Consider the double coset denoted as [129]; NtitotgN = {Ntytatg}. NtitotoN
is not a new double coset since the coset counter does not increase. We obtain that

NtitotgN =Ntitot N.

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[9]
eq gx(ts[al)"{h} then "1,2,9=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[2]*ts[9]
eq gx(ts[al*ts[b]l) "{h} then "1,2,9=", a,b; end if; end for; end for;

We wish to determine the permutation that proves NtitotgN =Ntitot1N. There exists

two elements, g,h € N, such that

titaty = g - (trtat1) " = (1,2)(3,5)(4,7)(8,6)(9,10) - (tataty) 12 EHEDEG0)
= (1,2)(3,5)(4,7)(8,6)(9, 10)tstets.

This implies, by taking N of both sides, Ntitotg = Nistgts € [121] = Ntytoty =
NtitotgN = Ntitat; N. There is one element in {9}, thus one symmetric generator

will return to [121].

Investigating Nt tatig
Consider the double coset denoted as [1210]; NtytotioN = {Ntitat1p}. Using
Magma, the coset counter does not increase, thus we know that Nt1tat19/V is not a new

double coset. Using the following code, we conclude Ntitot1gIN =Nt1tyN.

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[10]
eq gx(ts[al) "{h} then "1,2,10=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[10]
eq gx(ts[al*ts[b]) "{h} then "1,2,10=", a,b; end if; end for; end for;
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We wish to determine the permutation that proves Nt tot10N =Nt1t4N. There

exists two elements, g, h € N, such that

titatio = g - (t1ita) " = (1,8,7,9,3)(2,5,10,4,6) - (t1t4) (1579 251046)

= (1,8,7,9,3)(2,5, 10,4, 6)tsts.

Ntltgtlo = tht(j S [14] = Ntity = NtltgtloN = Nt1t4N when we take N of both sides.

There is one element in {10}, thus one symmetric generator will return to [14].

Investigating Ntitety

Consider the double coset denoted as [161]; Nt1tgt1 N = { Nt1tgt1, Ntstyts,
Ntotgta, Ntytsgty, Ntotiotg, Ntstrts, Ntiotitio, Ntetite, Nirtety, Ntrtstr, Ntigtotio,
Nitststs, Ntotaty, Ntatsty, Ntgtots, Ntgtats, Ntotots, Ntststs, Ntitioty, Ntgtrte).
9*/The orbit {1} had one element, thus one symmetric generator moved forward to
Ntitgt;. Now N6 =< ¢ >= NU6D Using Magma, we find equal names, Nt tgt; =

Ntstrts. Notice by conjugation we obtain the following.
N(t1t6t1)(1’5)(2’8)(3’10)(4’9)(6’7) = Ntstrts = Ntitet;.

Thus, (1,5)(2,8)(3,10)(4,9)(6,7) € N belongs in the coset stabilizer. The point stabilizer
of [161] is defined as N'0' =< ¢, (1,5)(2,8)(3,10)(4,9)(6,7) >= NID. The number of
singles cosets in [161] are % = 2 = 10. The orbits of NU6D are {1,5}, {2,8},
{3,10}, {4,9}, and {6,7}. There are five double cosets when selecting a representative
from each orbit. But, Nttgt1t;1 = Nt1te € [16]. There are two elements in {1,5}, thus
two symmetric generators will return to [16]. Thus we have four possible new double

cosets: Nt1t6t1t2, Ntltﬁtltg, Nt1t6t1t4, Ntltﬁtltﬁ.

Investigating Nt;tgts

Consider the double coset denoted as [162]; NtitgtaN = {Ntitgto}. The coset
counter does not increase, thus we know that Nt tgto N is not a new double coset. We
discover NtitgtoN =Nt1toN using the following code.

for a in [1..10] do for g,h in IN do if ts[1]x*ts[6]*ts[2]
eq gx(ts[a])"{h} then "1,6,2=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[6]*ts[2]
eq gx(ts[al*ts[b]) "{h} then "1,6,2=", a,b; end if; end for; end for;
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We wish to determine the permutation that proves Nt tgto N =Nt1toN. There exists two
elements, g,h € N, such that

titgts = g - (tata) " = (1,9)(2,6)(4,5)(8,7) - (taty) (WIEOEAED)
= (1,9)(2,6)(4,5)(8, T)tots.

This implies, by taking N of both sides, we have Ntitgta = Ntotg € [12] = Ntito =
NtitgtaN = Nt1toN. There is one element in {2}, thus one symmetric generator will

return to [12].

Investigating Nt;tgts

Consider the double coset denoted as [163]; Nt1tsts N = {Ntitets, Ntstyto,
Nitotgts, Ntatstio, Ntgtioty, Nitstrtig, Ntiotits, Nitgtite, Ntrtgte, Ntrtsts, Ntiototy,
Ntststo, Ntotots, Ntatsts, Ntstotr, Ntstatr, Ntotots, Ntststy, Ntitiots, Ntgtrts}.
The orbit {3} had one element, thus one symmetric generator moved forward to Ntytgts.
Now N3 —< ¢ >= N(163) Using Magma, we find equal names, Ntitgt3 = Ntgtito.

Notice by conjugation we obtain the following.
N(t1t6t3)(1’6)(2’3)(4’8)(5’9)(7’10) = Nthth = Nt1t6t3.

Thus, (1,6)(2,3)(4,8)(5,9)(7,10) € N belongs in the coset stabilizer. Therefore, the
point stabilizer is now defined as N9 =< e, (1,6)(2,3)(4,8)(5,9)(7,10) >= N(163) The
number of singles cosets in [163] are % = % = 10. The orbits of N(163) are {1,6},
{2,3}, {4,8}, {5,9}, and {7,10}. Choosing a representative from each orbit, we have five
double cosets. But, Ntitgtsts = Ntitg € [16]. There are two elements in {2, 3}, thus two
symmetric generators will return to [16]. Thus we have four possible new double cosets:

Ntytetsti, Ntitetsts, Ntitatsts, Ntitetsts.

Investigating Nt tgty
Consider the double coset denoted as [164]; Nt1tgtaN = {Ntitets}. NtitgtaN
is not a new double coset as it is equivalent to Nt1t4V.

for a in [1..10] do for g,h in IN do if ts[1]x*ts[6]*ts[4]
eq gx(ts[a])"{h} then "1,6,4=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[4]
eq gx(ts[al*ts[b])"{h} then "1,6,4=", a,b; end if; end for; end for;
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There exists two elements, g, h € N, such that

titgts = g - (tita) " = (1,8)(3,7)(2,10)(4,6) - (t1t4) 1:5T93)(2:5:104,6)

This implies, by taking N of both sides, we have Ntitsty = Nitsts € [14] = Ntity =
NtitgtyN = Ntit4N. There is one element in {4}, thus one symmetric generator will

return to [14].

Investigating Nt;tgts
The presumably new double coset [165] is equivalent to NtitgN.

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[5]
eq gx(ts[al)"{h} then "1,6,5=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[5]
eq gx(ts[al*ts[b]) "{h} then "1,6,5=", a,b; end if; end for; end for;

There exists two elements, g, h € N, such that

titgts = g+ (tite) " = (1,8,7,9,3)(2,5,10,4,6) - (txtg) (13T 10)(46)
=(1,8,7,9,3)(2,5,10,4, 6)tgty.

This implies, by taking N of both sides, we have Ntjtsts = Ntgty € [16] = Ntitg =
Ntitgts N = NtitgN. There is one element in {5}, thus one symmetric generator will

return to itself.

Investigating Nt tgty
Consider the double coset denoted as [167]; Nt1tgt7z N = { Nt1tgt7, Ntstats,

Ntotsts, Ntatsts, Ntotiot1, Ntstrte, Ntiotits, Ntetitio, Ntrtati, Ntotsts, Ntiotots,
Nitststy, Ntotots, Ntgtsts, Ntstoto, Nistats, Ntatotro, Ntststr, Nt1tite, Ntgtrts}.

From the orbit {7}, a symmetric generator moves forward to Ntitgt7. The double coset’s
point stabilizer is N107 =< ¢ >= N(67) The number of singles cosets in [167] are
% = 20 — 20, The orbits of N(67) are {1}, {2}, {3}, {4}, {5}, {6}, {7}, {8}, {9},
and {10}. We have Ntitgtsty = Ntite € [16]; a symmetric generator will return to [17].
Then the nine possible new double cosets are: Ntytgtrt1, Ntitgtrto, Nt1tgtrts, Ntitgtrty,

Ntitgtrts, Ntitgtrtg, Ntitetrts, Ntitgtvtg, Ntitet7tio.
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Investigating Nt tgts

Consider the double coset denoted as [168]; Nt1tgts N = { Nt1tgts, Ntstyt,
Ntotgts, Ntytste, Ntotiots, Ntstrto, Ntigtite, Ntegtits, Ntrtgts, Ntrtstg, Ntiotots,
Ntststio, Ntototy, Ntatstio, Nitgtatr, Ntgtaty, Ntaotots, Ntststo, Ntitiots, Ntgtrta}.
The orbit {8} had one element, thus one symmetric generator moved forward to Nt;tgsts.
Now N1 —< ¢ >= N6 Using Magma, we find equal names, Nt tgts = Ntatsts.

Notice by conjugation we obtain the following.
N(tltﬁtg)(1’2)(375)(4’7)(6’8)(9’10) = Ntotgte = Ntitgts.

Therefore, (1,2)(3,5)(4,7)(6,8)(9,10) € N belongs in the coset stabilizer defined as
N6 —< ¢ (1,2)(3,5)(4,7)(6,8)(9,10) >= NUO) The number of singles cosets in
[168] are = 2 = 10. The orbits of NU68) are {1,2}, {3,5}, {4,7}, {6,8},

and {9,10}. Choosing a representative from each orbit, we have five double cosets.

|V]
[N(168)|

But, Ntitgtsts = Ntitg € [16]. Two symmetric generators will return to [16] be-
cause there were two elements in {6,8}. Thus we have four possible new double cosets:

Ntytetsti, Ntitetsts, Ntitatsts, Ntitetsto.

Investigating Nt;tgtg
The presumably new double coset [169] is equivalent to Ntitot1N.

for a in [1..10] do for g,h in IN do if ts[1]x*ts[6]*ts[9]
eq gx(ts[al) "{h} then "1,6,9=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[9]
eq gx(ts[al*ts[b]) "{h} then "1,6,9=", a,b; end if; end for; end for;

There exists two elements, g, h € N, such that

titsty = g - (titat1) " = (1,10)(3,4)(2,7)(8,5)(9,6) - (titat;) HHEIOEDEGO:5)
This implies, by taking N of both sides, we have Ntitgtg = Nigtrty € [121] = Ntqtots =

NtitgtgN = Ntytat1 N. There is one element in {9}, thus one symmetric generator will

return to [121].
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Investigating Ntitgtio
The presumably new double coset [16 10] is equivalent to Nt¢1taN.

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[10]
eq gx(ts[al)"{h} then "1,6,10=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[10]
eq gx(ts[al*ts[b]) "{h} then "1,6,10=", a,b; end if; end for; end for;

There exists two elements, g, h € N, such that

t1t6t10 =g- (t1t2) 4 = (17 3a 95 7’ 8)(2a 65 47 ]-07 5) : (tltZ) (1,3)(4,10)(8:9)(5,6)
— (1,3,9,7,8)(2,6,4,10,5)t3ts.

This implies, by taking N of both sides, we have Ntjtgtig = Ntsto € [12] = Ntity =
NtytgtioN = NtitaN. There is one element in {10}, thus one symmetric generator will

return to [12].

Investigating Nt tststo

Consider the double coset denoted as [1432]; NtitytstaN = {Ntitytsta}. The
coset counter does not increase, but Magma does not give us a previous double coset with
word of length one or two [1432] is equivalent to. Since there are double cosets with word

of length three, we investigate which double coset [1432] is equivalent to.

for a,b,c in [1..10] do for g,h in IN do
if ts[1]*ts[4]*ts[3]*ts[2] eq g*(tsl[al*ts[bl*ts[c]) {h}
then "1,4,3,2=", a,b,c; end if; end for; end for;

We conclude NtitatstoN = NtitotsN. We wish to determine the permutation that proves
Ntytytsta N = Ntjtotg N. There exists two elements, g, h € N, such that

t1t4t3t2 =g- (t1t2t8) h = (174)(37 6)(27 9)(87 1O)<57 7) ' (t1t2t8) (1,3)(4,10)(8:9)(5.6)
= (1,4)(3,6)(2,9)(8,10)(5, 7)tstaty.

This implies, by taking NV of both sides, we have Ntitytsto = Ntstotg € [128] = Ntytots =
NtitgtstaN = NtytotgN. There is one symmetric generator contained in the orbit {2},
that will return to the double coset [128].
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Investigating Nt it tsty

Consider the double coset denoted as [1437]; Ntitatsty N = { Nt tststs}.
Similarly, Magma does not give us a previous new double coset with word of length one
or two [1437] is equivalent to when we find that the coset counter does not increase. We

further investigate which double coset with three ¢;s [1437] is equivalent to.

for a,b,c in [1..10] do for g,h in IN do
if ts[1]*ts[4]*ts[3]*ts[7] eq g*(tsl[al*ts[bl*ts[c]) {h}
then "1,4,3,7=", a,b,c; end if; end for; end for;

This results in Nt1t4tst7N = Nitit4t3N. There exists two elements, g, h € N, such that

titatsty = g - (t1tats) " = (1,3,9,7,8)(2,6,4,10,5) - (t1t4t3) (HHEH10ENG6)

=(1,3,9,7,8)(2,6,4,10,5)tst10t;.

Nt1t4t3t7 = Nt3t10t1 € [143] = Nt1t4t3 = Nt1t4t3t7N = Nt1t4t3N when taking N of
both sides. There is one symmetric generator contained in the orbit {7}, that will return

to the double coset [143].

Investigating Nt ttsty
Consider the double coset denoted as [1434]; Nt1tqtstyN = {Nt1tatsts}. This

double coset is also equivalent to a double coset with three ¢;s.

for a,b,c in [1..10] do for g,h in IN do if
ts[1]*ts[4]*ts[3]*ts[4] eq g*(ts[al*ts[b]l*ts[c]l) {h}
then "1,4,3,4=", a,b,c; end if; end for; end for;

This results in Nt1t4tst4 N = Ntitgt7IN. There exists two elements, g,h € N, such that

titatsts = g (titet7) " = (1,8,7,9,3)(2,5,10,4,6) - (t1tgty) (HHEOENE6)

=(1,8,7,9,3)(2,5, 10,4, 6)tststs.

This implies, by taking N of both sides, we have Nt t4tsts = Ntststy € [167] = Ntitety =
Ntytytst4sN = NtitgtyN.There are two symmetric generators contained in the orbit

{4,10}, that will return to the double coset [167].
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Investigating Nt tststs

Consider the double coset denoted as [1435]; Nt1tatsts N = { Ntitatsts,
Ntstiotote, Ntotrtsts, Ntytitiote, Ntgtstrte, Ntstotiot1, Ntiotststy, Ntgtstatg, Ntrtatotig,
Ntrtotgts, Ntiotstats, Ntstotots, Ntgtststs, Ntat1tgt7Nistetitio, Ntgtetrts, Ntotrtgty,
Ntgtiotite, Nt1tatste, Ntgtstats}. The orbit {5,6} had two elements, thus two symmetric
generators moved forward to Nt ttsts. Now N3 =< ¢ >= NU435)  Using Magma, we

find equal names, Ntit4tsts = Ntstotiot1. Notice by conjugation we obtain the following.
N(t1t4t3t5)(1’5)(2’8)(3’10)(4’9)(6’7) = Nt5t9t10t1 = Nt1t4t3t5.

Therefore, (1,5)(2,8)(3,10)(4,9)(6,7) € N belongs in the coset stabilizer defined as
N5 —< ¢ (1,5)(2,8)(3,10)(4,9)(6,7) >= N5 The number of singles cosets in
[1435] are % = 20 — 10. The orbits of N3 are {1,5}, {2,8}, {3,10}, {4,9},
and {6, 7}. Choosing a representative from each orbit, we have four double cosets. But,
Ntitytststs = Ntytyts € [143]. There are two elements in the orbit {1,5}, thus two
symmetric generators will return to [143]. Thus we have four possible new double cosets:
Ntitatststs, Ntitatststs, Ntitatststs, Ntitatstste.

Our coset counter on Magma has determined that all 171 single cosets have
been found since the number of single cosets of our group G are: % = % = 171. Then
all of the possible new double cosets from previous double cosets must return to a dou-
ble coset that has already been found. We conclude that the previous double cosets that

were assumed to be possible new double cosets are not new, and are equal to the following.

Double Cosets from [143]
Ntytytsts = Nigtgtg € [147] = Ntytyty = NitqtatstgsN = Nittyt7N.

There are two elements in {8,9}; thus two symmetric generators will return to [147].

Double Cosets from [147]

Ntitytrts = Ntityty € [147) = Ntitstrts N = Ntytaty N.

There are two elements in {5,9}; thus two symmetric generators will return to itself.
Ntytytrty = Ntgtioly € [143] = Ntytatrti N = NtytytsN.

There are four elements in {1,4, 6, 8}; thus four symmetric generators will return to [143].



Double Cosets from [121]
Ntytotita = Nitytsts € [167] = Ntytotita N = NtytgtrN.

There is one element in {2}; thus one symmetric generator will return to [167].

Ntitot1tg = Nigts € [12] = Ntitot1t3N = Nit1toN.
There is one element in {3}; thus one symmetric generator will return to [12].

Ntitot1ty = Nigtrto € [168] = Ntitot1t4N = NtqtgtsN.

There is one element in {4}; thus one symmetric generator will return to [168].

Ntqtot1ts = Niytg € [16] = Ntitot1ts N = NtitgN.
There is one element in {5}; thus one symmetric generator will return to [16].

Ntitotitg = Ntiotitio € [161] = Ntitot1tg N = Ntqtgt1N.

There is one element in {6}; thus one symmetric generator will return to [161].

Ntitotit; = Nitqtot, € [121] = Ntitot1t7IN = Ntqtot1 N.

There is one element in {7}; thus one symmetric generator will return to [121].

Ntitotits = Nitgtioty € [128] = Ntytot1tsN = NtitotsN.

There is one element in {8}; thus one symmetric generator will return to [128].

Ntqtotitg = Nistgts € [127] = Ntitot1tgN = Ntqtot7N.

There is one element in {9}; thus one symmetric generator will return to [127].

Ntytot1t1g = Ntgtot] € [163] = Ntitot1t10N = NtitgtsN.

There is one element in {10}; thus one symmetric generator will return to [163].

Double Cosets from [127]
Ntqtotrte = Nitqotsty € [128] = Ntitot7tg N = NtqtotgN.

There are two elements in {6, 8}; thus two symmetric generators will return to [128].

Ntytotrts = Nigtsts € [121] = Ntitot7tsN = Ntqtot1 N.
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There are four elements in {3, 5, 10, 9}; thus four symmetric generators will return to [121].



Double Cosets from [128]

Ntitotgts = Ntgtioty € [143] = NtytatstaN = Nt tetsN.

There is one element in {2}; thus one symmetric generator will return to [143].
Ntitotsts = Nigtots € [127] = NtitatstsN = Ntitot7N.

There is one element in {7}; thus one symmetric generator will return to [127].
Ntitotgt; = Nigtiots € [121] = Ntytatsti N = Ntitot, N.

There are two elements in {1, 3}; thus two symmetric generators will return to [121].

Ntitotgty = Ntstyty € [167] = NtitotstaN = NtitetN.

There are two elements in {4, 10}; thus two symmetric generators will return to [167].

Nt1t2t8t5 = Nt1t4t8t2 S [1435] = Nt1t2t8t5N = Nt1t4t3t5N.

There are two elements in {5,6}; thus two symmetric generators will return to [1435].

Double Cosets from [161]
Ntqtgtita = Ntgtstg € [168] = Ntitgt1toN = NtqtgtsN.
There are two elements in {2,8}; thus two symmetric generators will return to [168].

Ntytgtits = Niststo € [163] = Ntitgt1tsN = NtqtgtsN.

There are two elements in {3, 10}; thus two symmetric generators will return to [163].

Ntitgtity = Nitqotgts € [167] = Ntitgt1t4N = Ntqtgt7N.
There are two elements in {4,9}; thus two symmetric generators will return to [167].
Ntitgtite = Ntrtstr € [121] = NtitgtitgN = Ntitot, N.

There are two elements in {6, 7}; thus two symmetric generators will return to [121].

Double Cosets from [163]

Ntitetst; = Ntgtrtg € [161] = Ntytgtsty N = Ntitgt,N.

There are two elements in {1,6}; thus two symmetric generators will return to [161].
Ntitgtsts = Ntatsts € [167) = Nt1tetstsN = NtytgtyN.

There are two elements in {4,8}; thus two symmetric generators will return to [167].
Ntittsts = Ntstets € [121] = Ntitetsts N = Ntitot, N.

There are two elements in {5,9}; thus two symmetric generators will return to [121].

Ntqtgtst; = Nistyt: € [168] = NtitgtstyN = NtqtgtsN.

There are two elements in {7,10}; thus two symmetric generators will return to [168].
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Double Cosets from [167]

Ntyitetrt; = Ntstatg € [163] = Ntitet7t1N = Ntitgts N. There is one element in {1};
thus one symmetric generator will return to [163].

Ntitgtsta = Nigtitiotg € [1435] = NtitetytaN = Ntitytsts N. There is one element in
{2}; thus one symmetric generator will return to [1435].

Ntytgtyts = Ntglatg € [161] = Ntytgt7tsN = Ntitgt1N. There is one element in {3};
thus one symmetric generator will return to [161].

Ntitgtyty = Ntitgty € [167] = Ntitet7t4N = Ntitgt;N. There is one element in {4};
thus one symmetric generator will return to itself.

Ntitgtsts = Nigtatgtiy € [1435] = Ntitetyts N = Ntitatsts N. There is one element in
{5}; thus one symmetric generator will return to [1435].

Ntytgtrte = Ntgtsty € [128] = Ntjttrte N = NtitatgN. There is one element in {6};
thus one symmetric generator will return to [128].

Ntitgtyts = Ntglrta € [168] = Ntjtet7tsN = NtjtgtsN. There is one element in {8};
thus one symmetric generator will return to [168].

Ntitetrtg = Ntytoty € [121] = Ntitt7tgN = Ntitot; N. There is one element in {9};
thus one symmetric generator will return to [121].

Ntitetrtio = Ntstipty € [143] = NittgtrtioN = Nt1tatsN. There is one element in {10};

thus one symmetric generator will return to [143].

Double Cosets from [168]

Ntitetst; = Ntststs € [161] = Ntitetsty N = Ntitgt,N.

There are two elements in {1,2}; thus two symmetric generators will return to [161].
Ntitgtsts = Ntiotstio € [121] = NtytgtstsN = Ntqtat1 N.

There are two elements in {3,5}; thus two symmetric generators will return to [121].
Ntitetsts = Ntiotits € [167] = NtytgtstaN = NtitgtrN.

There are two elements in {4, 7}; thus two symmetric generators will return to [167].
Ntittsty = Ntgtat; € [163] = NtitststoN = NtitgtsN.

There are two elements in {9, 10}; thus two symmetric generators will return to [163].



84

Double Cosets from [1435]

Ntitytststs = Ntitsty € [128] = NtitatststaN = NtitotsN.

There are two elements in {2, 8}; thus two symmetric generators will return to [128].
Ntitytststs = Ntitsts € [167] = NtitatststsN = NtitgtrN.

There are two elements in {3,10}; thus two symmetric generators will return to [167].
Ntitytststs = Ntitatsts € [1435] = NtqtatststaN = NtqtatstsN.

There are two elements in {4,9}; thus two symmetric generators will return to itself.
Ntitytststs = Ntotots € [167] = NtitatststsN = NtitgtrN.

There are two elements in {6, 7}; thus two symmetric generators will return to [167].

Our completed Cayley Diagram is shown below.
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4.5 Maximal Subgroup PSLy(7) as a Homomorphic Image
of 2*4 . C4

The group 2** : Cy of order 168, where Cy = = = (1,2,3,4) is a cyclic group
of order 4, is made up of 42 double cosets. When the number of right cosets is too
large, we use a suitable maximal subgroup M of G containing to perform Double Coset
Enumeration over a maximal subgroup of the image of our progenitor to reduce the
number of double cosets in our Cayley diagram. We begin with factoring the progenitor
2*4 . Oy by the relations (z *t)7, (z7! % t)7, and (22 * t)3.

2. Oy
(z= %) = (22 % t)3 = (z*t)7

G =
The symmetric presentation of the group is given by
G < z,t >:= Group < z,t|z*, 12, (x x )", (z7  x )7, (2? % t)> > .

Our control group is N = Oy =< x|z* > and the action of N on the symmetric generator

is given by = ~ (1,2,3,4). We will let ¢t = ¢;.

The first relation is expanded and is equivalent to
(zxt)" =27 ot ettt T Tt = Rt ATt Rt At tT kL (Relation 1)
The second relation informs us that
-1 7 a2 a3 T x? a3 :
(7 xt) = xt® «t7 *txtTxtY «tT xt. (Relation 2)
Finally, the third relation states
(% t)> = 2% *t« % 1. (Relation 3)

Hence,

PASREON
(1,4,3,2)tstat tatstaty, (1,2,3, 4)tstatitotstats, (1,3)(2,4)t1tstr’

12

G

where t3t2t1t4 = Z‘Stltztg, t3t4t1t2 = $t1t4t3, and t1t3 = :):2t1.
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Double Coset Enumeration of
Gover M =< f(z),f(z 7 l*tsxxtxxz txt*xz) >
There are % = % = 42 right cosets of G over N. We show how this double

coset enumeration of G over Cy4 can be done using a double coset enumeration of G over M
and N. Performing the double coset enumeration of G over M in N, Magma tells us that
there are only 3 double cosets. Since we are constructing the Cayley Diagram of a maximal
subgroup, the original definition of double coset will change. The definition of a double
coset of a group over a maximal subgroup is given by MwN = {Mw™ |n € N}. We begin
with the double coset MeN = {MeN|n € N} = {M}, such that the coset representative
for M is [«]. We use the Magma commands to begin double coset enumeration.

G<x,t>:=Group<x,t|x”4,t"2, (x"{-1}*t) "7, (x"2*%t) "3, (x*t) "7>;

f,G1,k:=CosetAction(G,sub<G|x>);

N:=sub<Sym(4)|(1,2,3,4)>;

H:=sub<G|x,x"{-1} * t * x * t * x~{-1} * t * x>;

IN:=sub<G1l|f(x)>;

IH:=sub<G1l|f(x),f(x"{-1} * t * x * t * x"{-1} * t * x)>;

W,phi:=WordGroup(G1l);

rho:=InverseWordMap(G1) ;

ts := [Id(G1): i in [1 .. 4] 1;
ts[1]:=f(t); ts[2]:=f(t"x); ts[3]:=f(t"(x"2)); ts[4]:=f(t"(x"3));

N =< x > is transitive on {1,2,3,4}, the double coset [*] contains a single orbit,
{1,2,3,4}. The number of single cosets in [*] is the number of right cosets. We right
multiply M by a representative from this orbit, say 1. We now have a new double
coset Mt1N, denoted as [1]. The number of single cosets in [x] can be determined by
% = % = 1. Since there are 4 elements in the orbit, 4 symmetric generators will move
forward to the new double coset.

The new double coset [1] is Mty N = {Mt;"|n € N} = {Mty, Mty, Mts, Mt}

Now the coset stabiliser NV is equivalent to the point stabiliser N*. N = N1 =< ¢ >.

IN| _ 4
IND| T 1

the coset counter code to count the number of single cosets we have as we present new

The number of single cosets of Mt N is at most = 4. Using Magma, we input

double cosets, excluding the first single coset in [x].



88

cst := [null : i in [1 .. Index(G,sub\<Gl|x,y>)]1]
where null is [Integers() | ];
for i := 1 to 4 do
cstlprodim(1, ts, [i1)] := [il;
end for;
m:=0;
for i in [1..10] do if cst[i] ne [] then m:=m+1; end if; end for; m;

Magma confirms there are four single cosets in Mt;N. The generators of N
tells us that the orbits of N on {1,2,3,4} are {1}, {2}, {3}, and {4}. Now we select

a representative from each orbit and we determine where the four possible new double

COSG)JES7 Mtltl, Mtltg, Mtltg, Mt1t4 belong.

Investigating Mtit,
Our t;s are of order 2, so Mtit; = M € [*]. There is one element in the orbit

{1}, thus one symmetric generator will return to [x].

Investigating Mt to

We have a new double coset Mt;taN, denoted as [12]. The double coset [12] is
MtitaN = {M(t1t2)"|n € N} = {Mtito, Mtots}. The orbit {2} had one element, thus
one symmetric generator will move forward to Mt ts. Now N2 > N(2) —< ¢ > Using
Magma, we find that Mt ts is equal to Mtsty. There exists a permutation in N that will
prove this equivalency. Notice by conjugation M(tth)(l’g)(QA) = Mtsty = Mtyita. Thus
(1,3)(2,4) € N belongs in the coset stabiliser, N'? > N2 =< ¢ (1,3)(2,4) >. The
number of singles cosets in [12] are % = % = 2. The orbits of N2 are {1,3} and
{2,4}. Choosing a representative from each orbit, we have two double cosets that are
not new as there are three double cosets needed to complete our Cayley Diagram. But,
Ntitaots = Nty € [1]. There are two elements in {2,4}, thus two symmetric generators

will return to [1]. Our next found double coset, Ntitot; is also not new as it must be

equivalent to a double coset we already have. We will prove this below.

Investigating Mt ts
Observing (Relation 3) from above, t1t3 = x?t;. Applying M to both sides of
the relation, we obtain Mt;t3 = Mt € [1]. There is one element in the orbit {3}, thus 1

symmetric generator will return to Mt;.
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Investigating Mt ty
We understand that [14] is not a new double coset and is equivalent to a previous
double coset. Using the following code, we discover that Mt ity = Mty.

for a in [1..4] do for g,h in IH do if ts[1]*ts[4]
eq gx(ts[al)"h then "1,4=", a; end if; end for; end for;

There is no element in our control group N that will prove this equivalency. Since we are
performing double coset enumeration over M in N, we can investigate the words of our
maximal subgroup: x and ™ 't;xt " t;2. We then simplify the second word.
r ety e = o otz ter e (Identity)
= xiltlxtlﬂflx@
=z totr et (Definition of Conjugation)
= x_ltlxtlx_lmtg
=z tatty
=z  wtotyty
= totts
We conjugate tat1to by an element in N to prove t1t4t1 € M, tot1te(b32) = ¢1t4t.
Using (Relation 2), we prove that t1t4 = t1t4.
tity = wtatatiloty = tststitats
= ztatsz Ystotity (Relation 1)
= atsz tatyr Mstotyty
= ztyz W tytatity
= xtsx " Mststatity
= zx " wtsz Mststatity
— L3 tatatotyty
— et3% tatstotity
= totststotity

= t1t4
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Now tity = tit4. Since t is of order 2, we can say that ti1t4 = ti1f4t1t1. From
above, we have learned that t1t4t; € M. Next, we apply our maximal subgroup to both
sides.

Mtyty = M(titaty)t

Thus we observe that Mttty = Mty since t1t4t1 € M.

There is one element in the orbit {4}, thus 1 symmetric generator will return to Mt;.

Investigating Mtitatq
Since we know this is not a new double coset, we must find out which double

coset this is equal to. Using Magma, we find out that [121] = [12].

for a,b in [1..4] do for g,h in IH do if ts[1]*ts[2]*ts[1]
eq gx(ts[al*ts[b]l)"h then "1,2,1=", a,b; end if; end for; end for;
>1,2,1=1 2
However, titaot] = (totite)tita € [12]. There are 2 elements in the orbit {1,3}, thus two
symmetric generators will return to [12]. Therefore, we have completed our double coset

enumeration and the construction of our Cayley Diagram.

1+1 2

[*] 1] 12]

Figure 4.4: Cayley Diagram of PSLy(7)
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4.6 Maximal Subgroup S; as a Homomorphic Image of S3

Consider the group
G < z,y,t >:= Group < z,y,t|z3, y?, (x x y)?, 12, (y,t),r = t* * (@) x5 47 >, such that
x=1(1,2,3),y = (1,2), and t = ¢;.

Double Coset Enumeration over M =< f(x), f(y), f(t «t* «t) >

Magma tells us that this group contains 2 double cosets. A double coset of a
maximal subgroup is defined as: MwN = {Mw"|n € N}. The first double coset denoted
as [x] is MeN = {Me"|n € N} = {Me|e € N} = {M}, where the coset representative
for [%] is M. Since N is transitive on {1,2,3} it contains a single orbit {1,2,3}. The
number of single cosets in [*| is the number of right cosets. We right multiply M by a
representative from this orbit, say 1. We now have a new double coset Mt1N, denoted
as [1]. The number of single cosets in [%] can be determined by % =58 =1. Since there
are 3 elements in the orbit, 3 symmetric generators will move forward to the new double
coset.

The new double coset [1] is Mt N = {Mt;"|n € N} = {Mty, Mty, Mts}. Now
the coset stablilizer N() is equivalent to the point stabilizer N'; N() = N1 =< (2,3) >.

% = g = 3. Using the coset counter,

The number of single cosets of Mt N is at most
we begin to count the number of single cosets we have as we present new double cosets,
excluding the first single coset in [*]. Magma confirms there are 3 single cosets in Mt N.

The generators of NI tells us that the orbits on {1,2,3}, are {1} and {2,3}.
Choosing a representative from each orbit, we must determine where the two possible
new double cosets Mtit; and Mtits belong. Our t;s are of order 2, so Mt1t; = M € [«].
There is one element in the orbit {1}, thus one symmetric generator will return to [«].
We now have a new double coset Mt;ta N, denoted as [12]. There are 2 elements in the
orbit {2,3}, thus 2 symmetric generators will move forward to Mt toN.

So far, we have found the two double cosets. Thus we assume that [12] is
not a new double coset and is equal to a previous double coset. The double coset
[12], Mt1taN = {M (t1t2)"|n € N} = {Mt1ty, Mtsty, Mtgty, Mt ts, Mtgts, Mtst;}. Now,
NU2) > N12 —< ¢ > Using Magma, we find that Mt 1ty = Mt t3. Notice by conjugation
M(tltg)(2’3) = Mtits = Mtity from the equal names. Thus, (2,3) € N belongs in the
coset stabilizer. N(12) > N2 =< ¢ (2,3) >.
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% — g = 3. The coset

counter has now increased to 6, however, it should have not increased since we know [12]

The number of single cosets of Mtito N is at most

is not a new double coset.
We use the following code, where IH is M =< f(z), f(y), f(t *xt* xt) >, to
determine whether there’s a permutation that will verify if [12] is equivalent to [1].

for m in IH do for n in IN do if ts[1]*ts[2]
eq m*(ts[1])"n then m, n; break; end if; end for; end for;

The code computes a permutation that states [12] = [12]. Now the question is why
the coset counter is increasing. The reason the coset counter is increasing is because
we’re constructing the double cosets over N. In other words, Magma is informing us that
Ntite # Nty, hence the reason why the number of single cosets is increasing. But we
are constructing the Cayley diagram of our group S;. We are performing double coset
enumeration over M in N. Thus, Mt to = Mty. Mt ts is not a new double coset. Since
we have the orbit {2,3}, we understand that M¢;taN returns to [1] on two symmetric
generators. Thus we have completed our double coset enumeration and the construction

of our Cayley Diagram.

[#] 1]

Figure 4.5: Cayley Diagram of Sy
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4.7 Maximal Subgroup U;3(5) : 2 as a Homomorphic Image
of 2*7: (7:6)

The group G1 = 2*7 : (7 : 6) is of order 252,000. We wish to construct the Cayley
Diagram of a smaller group. A maximal subgroup of G is Us(5) : 2 = S; with order
5,040. The progenitor 2*7 : (7 : 6) factored by the relations (=2 xy *t)7, (y * x * 1),
(x7 xy~ 1 % ¥)% and (y * t)® is isomorphic to Usz(5) : 2. We wish to show that

2*T: (7: 6)

O oy ) —gear P = (@ sy r = (gaifme  20):2

Our control group is defined as N = (C7 : Cs) =< (1,3,2,6,4,5),(1,2,3,4,5,6,7) >,
such that z = (1,3,2,6,4,5) and y = (1,2,3,4,5,6,7). We let t = ¢;. Consider the
group, G =< &y, tley o~y ™2, 2% ya~ly Ty 4, (G oy T?), (G 2Py ), (a7 yt)T, (yat)®,
(@™ ty=19)0, (yt)® >.

Double Coset Enumeration over
M =< f(x), fly), f(x?*xy Lxxxtxy Txtxy Txtrxy Lxtxy) >

We discover this group to have five double cosets. We are constructing the
Cayley Diagram of a maximal subgroup, thus the first double coset is denoted as [x];
MeN = {Me"\ne N} = {Me|n € N} = {M}. The coset representative for [] is M.
Since N is transitive on {1,2,3,4,5,6,7} it contains a single orbit {1,2,3,4,5,6,7}. The
number of single cosets in [«] is the number of right cosets. We right multiply M by a
representative from this orbit, say 1. We now have a new double coset Mt; N, denoted as
[1]. The number of single cosets in [*] can be determined by % = % = 1. Since there
are 7 elements in the orbit, 7 symmetric generators will move forward to the new double
coset.

The new double coset [1] is Mt1N = {Mt;"|n € N} = {Mty, Mty, Mts, Mty,
Mts, Mtg, Mt7}. Now, the coset stabilizer N (1) is equivalent to the point stabilizer N'1.
NI = Nt =< (2,7)(3,6)(4,5),(2,3,5)(4,7,6) >. The number of single cosets of Mt N
IN|  _ 42

N = 6 = 7. Next, the coset counter code determines there are 7 single

cosets in Mt;N. The generators of N show the orbits on {1,2,3,4,5,6,7} are {1}

is at most

and {2,3,6,5,4,7}. Selecting a representative from each orbit, we must determine where

the two possible new double cosets, Mtit; and Mt ts belong. Our t;s are of order 2, so
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Mtit; = M € [%]. There is one element in the orbit {1}, thus one symmetric generator
will return to [*]. We now have a new double coset Mt1t3N, denoted as [12]. There are
six elements in the orbit {2, 3,6,5,4, 7}, thus six symmetric generators will move forward

to MtitoN.

Consider the double coset [12]; Mtito N = {M(t1t2)"|n € N} = {Mtits, Mtstg,
Mtots, Mtoty, Mtyty, Mtgte, Mitsty, Mtgts, Mtsts, Mtsty, Mtst, Mtytg, Mtsts, Mtots,
Mtyts, Mtgty, Mitztg, Mtoty, Mtity, Mtgty, Mtits, Mitsty, Mtrto, Mtity, Mtsts, Mtsts,
Mtsto, Mtsty, Mtgts, Mtsty, Mtsts, Mtsts, Mtits, Mtets, Mtgts, Mtite, Mtrts, Mtts,
Mtotg, Mtoty, Mtsty, Mtst1}. Now, N2 > N2 —< ¢ >. Using Magma, we find that
Mtyty = Mtyts. Notice by conjugation M (t1ty)IHEAG) = Migts = Mtyty from
the equal names. Therefore, the permutation (1,4)(2,3)(5,7) € N belongs in the coset

stabilizer; N2 > N12 =< ¢, (1,4)(2,3)(5,7) >. The number of single cosets of Mt t, N

Nl _ 42

1s at most m = 3

= 21. In Magma, the coset counter increases to 28; the single
cosets in [1] as well as in [12], confirming our results.

The generators of N(1?) informs us that the orbits on {1,2,3,4,5,6,7} are {6},
{1,4}, {2,3}, and {5,7}. The next step is to determine where the four possible new
double cosets, Mtitaotg, Mtitoty, Mtitats, and Mt tats belong to by selecting a repre-
sentative from each orbit. We observe that Mtitote = Mt € [1], with two symmetric
generators returning to [1]. Then, 1 symmetric generator will move forward to Mt;tats,

2 symmetric generators will move forward to Mtitot;, and 2 symmetric generators will

move forward to Mt tots.

Consider the double coset [121]; Mtitoty N = {M (t1t2t1)"|n € N}. This too
will have 42 right cosets, according to Magma. Now, N2 > N121 —< ¢ > We
find that Mtitot1 = Mitstgto = Mtytity. Conjugating this double coset, we obtain
M(tltgtl)(1’2’4)(3’6’5) = Mtotyto = Mtytat, from the equal names. We also conjugate by
a second element in N which results in M(tltgtl)(1’4’2)(3’5’6) = Mtast1ty = Mtitot; from
the equal names. Therefore, we now know that these two elements belong to the coset
stabilizer; N(121) > N121 —< ¢ (1,2,4)(3,6,5), (1,4,2)(3,5,6) >. The number of single

cosets in Mtitot1 N is at most INl_ 42 _ 14. The coset counter has now increased

|N(121)‘ - 3
to 42.



95

The generators of N2 tells us that the orbits on {1,2,3,4,5,6,7} are {7},
{1,2,4}, and {3,6,5}. Choosing a representative from each orbit, we must determine
where the three possible new double cosets, Mtitot1ty, Mtitot1ty, Mtitot1ts belong. We
observe that Mttotity = Mtity € [12], with three symmetric generators returning to
[12]. Then, 1 symmetric generator will move forward to Mt tot1t7 and three symmetric

generators will move forward to Mt tot ts.

Consider the double coset [125]; Mtytats N = { M (t1tat5)"|n € N}, with 42 right
cosets, according to Magma. Now, N125) > N125 —< ¢ > Using Magma, we find that
Mt1t2t5 = Mt5t7t6 = Mt2t5t7 = Mt7t6t3 = Mt6t3t1 = Mt3t1t2. Notice by conjugation

and the equal names, we have the following.
M (ttats) 10T = Mistotg = Mtitats

M (t1tat5) 25 T63) = Miotst; = Miitots
M (t1tats) BNEOGS) = Mistats = Mtytats
M (t1tats) 6D Z3T) — Mistat) = Mtytots
M (t1tats) B30T = Mttty = Mtitots

These elements in N belong in the coset stabilizer; N(125) > N125 —< ¢ (1,5,6)(2,7,3),
(1,2,5,7,6,3),(1,7)(2,6)(3,5),(1,6,5)(2,3,7)(1,3,6,7,5,2) >. We have the number of
single cosets in Mtitots N to be at most % = %2 = 7. The coset counter has now
increased to 49. The generators of N(125) tells us that the orbits on {1,2,3,4,5,6,7} are
{4} and {1,5,2,7,6,3}. Choosing a representative from each orbit, we must determine
where the two possible new double cosets, Mt tatsty and Mtitatsts belong. We observe
that Mtitotsts = Mtite € [12], with six symmetric generators returning to [12]. Then

one symmetric generator will move forward to Mtitotsty.

We have found a total of five double cosets. Thus we assume that [126] is not
a new double coset and is equal to a previous double coset. Consider the double coset
[126]; Mtitote N = { M (t1t2ts)"|n € N}, with 42 right cosets, according to Magma. Now,
N(26) > N126 —— ¢ >~ The coset counter has now increased to 70. The coset counter

should have not increased since we know [126] is not a new double coset. We use the
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following code to determine which double coset [126] is equivalent to where IH is
M =< f(x),fly), f@? sy txastxy txtxy Latry Latxry) >

for m in IH do for n in IN do if ts[1]*ts[2]x*ts[6]
eq m*x(ts[1]*ts[2])"n then m, n; break; end if; end for; end for;

Magma gives us a permutation that states [126]=[12]. Now the question is why is the coset
counter increasing. The reason it’s increasing is because we're constructing the double
cosets over N. In other words magma is informing us that Ntitotg # Ntita, hence the
reason why the number of single cosets is increasing. But we are constructing the Cayley
diagram of our maximal subgroup Us3(5) : 2. We are performing double coset enumeration
over M in N. Thus, Mtytotg = Mtita. Mtytate is not a new double coset. One symmetric
generator will return to itself, [12]. Similarly, our possible new double cosets Mt;tatsts,
Mtytotit7, and Mtitatits are equal to previous double cosets and therefore not new.

Mtytotsty = Mtitats; one symmetric generator will return to [125]

Mtitatit; = Mtytaty; one symmetric generator will return to [121]

Mtitatits = Mtytoty; three symmetric generators will return to [121]

Thus the construction of our Cayley Diagram is now complete.

Figure 4.6: Cayley Diagram of Us(5) : 2
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Chapter 5

Tables of Progenitor
Presentations and their Finite

Homomorphic Images

5.1 2%%:(2 Ay

G<a,b,c,d,t>:=Group<a,b,c,d,t|b"4,c"4,d"2,a"3*d,b"-2%d,
c™-1x%b"2xc”-1,b"—1*c " -1*b*xc~-1,a"-1*d*axd,b~-1*d*b*d,c” -1*d*cxd,
c-1*xa"-2%b~"-1*%a"-1,a*c”—-1*a"-1*xb*xc" -1,

t°2,(t,a"2),

(c™-1*a"-1%t"b) "r18, (c"-1*xa"-1%t) "r19,

(axd*t) "r20, (a*xd*t~b) "r21, (d*a"-1*t) "r22, (d*a~-1*t"b) "r23>;

Table 5.1: 2*8 : (2 "Ay)
rl8 r19 120 r21 122 123 Order G

3 6 0 5! 0 0 7920 My




5.2 2*101 1)20

G<a,b,c,t>:=Group<a,b,c,t|b”2,c"2,(a"-1*b) "2,a"-1*c*axc, (b*xc) "2,
a~-5,t"2, (t,b*a"2xc), (bxcxt~a) "r7, (a*xt) "r8, (a"2*t) "r9,
(axc*t) "r10, (c*a~-2%t) "ri11>;

Table 5.2: 2*10: Dy

H r7 r8 r9 rl0 rll Order G H
0 0 3 9 5 6840 2 x PSLy(19)
0 0 4 0 3 7920 6:° PGLo(11)
0 0 6 6 3 90720 (32:2):5;
0 0 10 5 3 249600 2x (U(3,4):2)
3 0 0 4 10 2640 PGLy(11) x 2
3 0 3 0 5 3420 PSLy(19)
3 0 3 4 0 1320 PGLy(11)
3 0 3 6 8 241920 6x (PSL3(4):2)
3 0 3 7 0 34440  PSLy(41)
4 0 4 4 6 62400 2% x (PSLy(25):2)
4 0 5 0 4 16320 2 x (PSLy(16):2)
4 0 6 4 6 6969600 23:[PSLo(11) x PSLy(11): 2]
5 0 0 3 0 6415200 [3* x PSLy(11)]: S5
5 0 0 5 4 161280 2?:(PSL3(4):2)
6 6 0 3 0 748800 [6xU(3,4)]:2




5.3 2715 ((5x3):2)
G<a,b,c,t>:=Group<a,b,c,t|b”3,c"2,(a,b) ,a"-1*c*xa*c, (b~ -1xc) "2,

a~-5,t72,(t,c), (cxa"-1%t) "r14, (c*a"~-1*t"b) "r15, (axb*t) "ri16,
(a~2xb~-1%t) "r17, (b*a~-1*t) "r18, (b*xa"~-2*t) "r19>;

Table 5.3: 2*15 : ((5 x 3) : 2)

rl4 r15 r16 rl17 r18 r19 Order G

2 9 0 0 0 10 20520 PSLy(19) x S;
(8)

2 7 0 0 0 9 504 PSIL(8
2 7 0 0 8 0 336 PGLy(7)
2 9 0 9 9 9 3420  PSL,(19)
5.4 220 A

G<x,y,t>:=Group<x,y,t1x"2,y"3, (x*xy~-1)"5,t"2,
(t,x*xy*xxxy —1xx*xy~-1) , (x * y*t~ (y~2*x*y*x)) "ri7,
((x * y)~2xt)"r18, ((x * y) 2%t~ (y~2*x*y)) rl9,

((x * y)"2%t7x) "r20, ((x * y) 2%t~ (y " 2*kx*y*x)) "r21>;

Table 5.4: 2°20 . A

rl7 r18 r19 120 121 Order G

0 0 0 0 3 660 PSLy(11)

4 0 0 0 4 8160 PSLy(16):2
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5.5 Transitive Group(15,6)

G<x,y,z,t>:=Group<x,y,z,t|x"4,y"2,x"-2xy,z " -2xx" - 1*z*x,t"2,
(t,x*xz"-1),(273*%t) "r14,(z * y*t"x)"r15,(z * y*t) ril6,
(z * y*t~y)"rl7,(zxt) "r18,(x * z°-1 * x"-1*t) ri19>;

Table 5.5: 2*15: (15 : 4)
rl4 r15 r16 rl7 r1&8 r19 Order G
0 2 0 6 0 8 2280960 4 x (Mys :2)

5.6 Transitive Group(15,6) with Mixed Relations

G<x,y,z,t>:=Group<x,y,z,t|x"4,y"2,x"-2xy,z " -2xx" - 1*z*x,t"2,
(t,xxz"-1),(z * x¥t)"r16,(z * x*t~(272)) rl17,((y * z)"2%t) ri8,
((z * x)"2%t°(272))"r19>;

Table 5.6: 2*15 : (15 : 4) - Relations Mixed
rl6 rl17 rl18 r19 Order G

8 10 336  PGLy(7)

9 0 504  PSLy(8)

9 10 3420 PSLy(19)

10 0 20520 S5 x PSLy(19)
8 10 672  2:PGLy(7)

| OO OO
0 ol NoRRNGRIN RN |
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5.7 Primitive Group(7,3)

G<x,y,t>:=Group<x,y,t|x"3,y -2*x"-1*y*x,t"2, (t,y*x"-1),
(x7-1 * y~=1*t)"r5,(x"-1 * y~-1%t"y) "r6, (y*t) "r7,
(x * y™-1 % x7-1%t)"r8>;

Table 5.7: 27 : (7 : 3)

r5 16 r7 r8 Order G
0 5 0 8 1774080 22 Moo

5.8 Primitive Group(7,3) with Second Order Relations

G<x,y,t>:=Group<x,y,t|x"3,y -2%x"-1*y*x,t"2, (t,y*x"-1),
(x % y™=1 % x"-1ktxt™ (x72)) 717, (x7-1 * y~-1%t~(y~4))"r8,
(x * y7-1 * x"-1*xt*xt"(y°2))"r9, (x"-1 * y~-1%t) r10>;

Table 5.8: 2*7 : (7 : 3) - Second Order Relations

r7 r8 19 rl0 Order G

3 0 0 8 120960 (2 x PGL3(4)) : 2
4 0 4 6 483840 (22 "PSL3(4)): 6
5 0 0 5 1330560 3 "Moo

5 6 4 5 443520 Moo




5.9 Primitive Group(7,2)

G<x,y,t>:=Group<x,y,t|x"2, (y -1*x) "2,y"-7,t"2, (t,x*y"2),
(x*t~ (yh2) )r4, (y*t) “r5, (y’“g*t) “r6, (yh3*t) “rT>;

Table 5.9: 27 : Dy

4 r5 16 r7 Order

0 0 6 3 2184  PGLy(13)

0 0 8 3 21504 (2°:PSLy(7)):2
3 0 0 9 178920 PSLy(71)

3 0 0 10 24360 PGLy(29)

4 0 0 4 4368  PGL2(13) x 13

6 5 7 5 161280 (4:PSL3(4)):2
6 7 4 6 43008 (27: PGLo(7)):2
6 7 4 9 244944 (3°: PGLy(7)): 2
6 8 4 8 322560 (4:PSL3(2)):2?
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5.10 Primitive Group(7,4)

G<x,y,t>:=Group<x,y,t|x*y —1*x"-1*%y~-2,x"6,y*x " —1xy - 1*x*y~2,
t72, (t,x*xy"-2), (t,x" 2%y -1) ,(x"-2 * y*t) r6, (yxx*t"y) "r7,
(y*x*t)"r8,(x"-1 * y -1xt"y)"r9,(x"-1 * y~-1xt) "r10, (y*t) "ril1>;

Table 5.10: 2*7 : (7 : 6)
6 7 r8 r9 rl10 rll Order G

7 0 0 0 7 0 604800 .J,
7 0 8 6 0 8 252000 Us3(5):2

5.11 Primitive Group(7,4) with Second Order Relations

G<x,y,t>:=Group<x,y,t|x*y —1*x"-1*%y~-2,%x"6,y*x - 1%y - 1*x*y~2,
t72, (t,x*xy~-2), (t,x"2xy"-1) ,(y * x*xt*xt~(y~6))"rb0,
(x7-1 * y~-1*t7y*t) "rb1, (x"-1 * y -1*t*t"y) r52>;

Table 5.11: 2*7: (7 : 6) - Second Order Relations

r50 r51 r52 Order G
3 0 0 58968 PSLsy(7):6
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Appendix A

Magma Code for Extension

Problems

A.1 Direct Product: (2 x PSLy(19))

2*10 . DQO
(@), (act)?, (ca 20)7

G<a,b,c,t>:=Group<a,b,c,t|b"2,c"2,(a"-1*b) "2,a"-1xc*a*xc, (b*c)"2,a"-5,
t72, (t,b*a"2x*c), (a"2*t) "3, (a*xc*t) "9, (c*a~-2%t) "5>;
f,G1,k:=CosetAction(G,sub<Gla,b,c>);

#k;

CompositionFactors(G1);

NL:=NormalLattice(G1l);

NL;

D:=DirectProduct (NL[2],NL[3]);

s,t:=IsIsomorphic(G1,D);

S;

FPGroup (PSL(2,19));
H<a,b>:=Group<a,bla”9,b"3,a"-1*b*a”-1*b~-1%a”~2xb*a~2*%b~-1,
(a*b~-1*a*xb~-1%a) "2,a"3*%b"—1*a~-3*b*a*xb~—-1*a~-2%b>;
f1,H1,k1:=CosetAction(H,sub<H|Id(H)>);
s,t:=IsIsomorphic(H1,PSL(2,19));

S;

H<a,b,c>:=Group<a,b,cla”9,b"3,a"-1*%b*xa"-1*b"-1*a"2xb*a"2xb" -1,
(axb~-1%a*xb~-1%a) "2,a"3%b~-1%a~-3*%bxaxb~-1*%a~-2%b,c"2, (a,c), (b,c)>;
f1,H1,k1:=CosetAction(H,sub<H|Id(H)>);

s,t:=IsIsomorphic(H1,Gl);s;

G:

>~ (2 x PSLy(19))



A.2 Semi-Direct Product: (Us(5) : 2)

_ 257 (7 : 6)
(@ 2yt)T, (yat)®, (z—y~1Y)S, (yt)®

G<X,y,t>:=Group<x,y,t|x*xy —1*x -1y~ -2,x"6,y*x " —1*y - 1*x*xy~2,t"2,
(t,xxy~-2),(t,x"2%xy"-1), (x"-2 * y*t) "7, (yxx*t) "8,

(x"=1 * y~=1%t"y) "6, (y*t) "8>;
f,G1l,k:=CosetAction(G,sub<Glx,y>);
#k;

CompositionFactors(G1);
NL:=NormalLattice(G1);

NL;

PSU(3,5);
s:=IsIsomorphic(NL[2],PSU(3,5));
S;

FPGroup (NL[2]);

H<a,b,c>:=Group<a,b,cla”3,b"7,c"4,axb"-1*a"-1%b"2,

b*axc -1xa”—-1*c*b"-1x*c,
ckakxc -2*%xa"-1xc " -1*%a”-1*%c " 2*%b"-1*a"-1xc"-1%b"-1,
cT—1%xa*xc™-2*%xa"-1xc*a"-1*xc " -1xb " -1*a"-1*c"2%b"-1,

c"-1*%a"-1*%b"-1*%c"-2*xa"-1%b"-1*%a"-1*xc*b * a"~-1xc"2x*a,

axc -1xb"-1xc"-2xa"-1xb " —-1xaxc”~2xa"—-1*xc”~2*bxc>;
f1,H1,k1:=CosetAction(H,sub<H|Id(H)>);
s,t:=IsIsomorphic(H1,NL[2]);

for i in NL[3] do if i notin NL[2] and Order(i) eq 2

and sub<G1|i,NL[2]> eq G1 then C:=i; break;
end if; end for;

A:=NL[2].1;
B:=NL[2].2;
C:=NL[2].3;

for i in NL[3] do if i notin NL[2] and Order(i) eq 2

and sub<G1|i,NL[2]> eq Gl then D:=i; break;
end if; end for;

E:=A"D;
W:=WordGroup(G1l);
rho:=InverseWordMap(Gl);
EQ@rho;

EE:=function(W)

= (Us(5) : 2)
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wl := W.17-1; w4 := wl *x W.3; wb :
w7 := w6 * W.2; w8 := w7 * W.3; w9 :
wll := wil0 * W.3; w2:= W.2"-1; wi2 :
wld := w13 * W.1; wlb := wid * W.2;

end function;
EE(G);
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w4 * W.1; w6 := wb *x W.3;

w8 * W.1; wi0O := w9 * W.2;
wll * w2; wi3 := w12 * W.3;
return wib;

A'DeqA™-1 *x C*x A*x C*BxCx*xAx*xBx*xCx*xB"-1x*C=x A *x B;

G<c,d>:=Group<c,dlc~2,d74, (c*d) ~10,

(ckd*xc*d~-1*c*d"2) "2, (c,d*c*d) ~4, (cxd*ckd*cxd*xcxd~2) ~7>;

M2:=sub<G|x,y  —1*X*ky*X*y*X*y>;
ff,G2,k:=CosetAction(G,M2);
#G2;

s:=IsIsomorphic(G1,G2);

S;

A.3 Central Extension: (3 M)

2%7 . (7:3)

G:

(ay T 0P, (- Ty 10

= (3 "Maa)

G<x,y,t>:=Group<x,y,t|x"3,y -2*x"-1*y*x,t 2, (t,y*x"-1),

(x * y7-1 * x"-1*xt*xt"~(x72)) "5,
(x7-1 * y~-1%t)"5>;

f,G1,k:=CosetAction(G,sub<Glx,y>);

#k;
CompositionFactors(G1l);
NL:=NormalLattice(G1);
NL;

IsAbelian(NL[3]);
IsAbelian(NL[2]);
Center(G1);

NL[2] eq Center(Gl);
q,ff:=quo<G1|NL[2]>;
q;
CompositionFactors(q);
FPGroup(q) ;

H<x,y,2>:=Group<x,y,z|x"3,y77,272,y  -2%x " —1*xy*x,y - 1*z*y*x"-1*z*x,
Z¥X "= 1xz*y " -2xz*x " —1xzkyrx*kzry -2, (y -1%z) "8, (z*x"-1) "11>;

#H;

f1,H1,k1:=CosetAction(H,sub<H|Id(H)>);

s,t:=IsIsomorphic(H1,q);s;



T:=Transversal (G1,NL[2]);

f£(T[2]) eq q.1;

f£(T[3])
f£(T[4])
A:=T[2];
B:=T[3];
C:=T[4];
D:=NL[2]

for
for
for
for
for
for

i
i

He He He e

in
in
in
in
in
in

eq q.2;
eq q.3;

.2;
[1.
[1.
[1.
[1.
[1.
[1.

.3]
.3]
.31
.3]
.31
.3]

then i; end if;
for i in [1
for i in [1

..3]
..3]

do if A"3 eq D"i then i; end if; end for;

do if B”7 eq D"i then i; end if; end for;

do if C°2 eq D"i then i; end if; end for;

do if B"-2%A"-1xB*A eq D"i then i; end if; end for;

do if B"-1*C*B*A~"-1x%C*A eq D"1i then i; end if; end for;
do if C*A"-1%CxB"-2*CxA~-1xC*B*A*xC*xB"-2 eq D71

end for;

do if (B"-1%C)"8 eq D"i then i; end if; end for;

do if (C*A"-1)"11 eq D"i then i; end if; end for;

HH<x,y,z,c>:=Group<x,y,z,c|x"3=c"3,y 7=c"3,2"2=c"3,y " -2*x " -1xy*x=c"3,
Yo -lkzky*kx"-1kzkx=Cc"3,z*kx " —1kz*y -2xz*x " -1*kz*kyrx*z*y -2=c"3, (y"-1*z) "8=c,
(zxx~-1)"11=c,c"3,(c,x), (c,y), (c,z)>;
£2,H2,k2:=CosetAction (HH, sub<HH| Id (HH)>) ;
s,t:=IsIsomorphic(H2,G1);

S3

A.4 Mixed Extension: (6 : "PGLs(11))
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G<a,b,c,t>:=Group<a,b,c,t|b"2,c"2,(a"-1*b) "2,a"-1xc*a*xc, (b*c)"2,a"-5,t"2,
(t,bxa"2xc), (a"2%t) "4, (c*xa~-2%t) "3>;
f,G1,k:=CosetAction(G,sub<G|Id(G)>);

#k;

CompositionFactors(G1);
NL:=NormalLattice(G1);

NL;

for i in [1..11] do if IsAbelian(NL[i]) then i; end if; end for;
Center(G1);
Center(Gl) eq NL[2];

D:=DirectProduct (NL[2],NL[3]);
IsIsomorphic(D,NL[4]);
q,ff:=quo<G1|NL[4]>;
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q;
nl:=NormalLattice(q);
nl;

IsIsomorphic(PGL(2,11),q);

FPGroup(q) ;

H<a,b,c,d>:=Group<a,b,c,d| a~5,b"2,c"2,d"2,(a"-1 * b)"2,a"-1 * c * a * c,
(b*c)2,cx*xd*xb*a2x*xdx*xcx*xd,bx*xdx*xc*a"-2*d=*ax*xb=x*xd,
c*xax*xdx*xcxa-1xd=xDb=*xax*xdx*xax*xc*xd=*xa"-13%*c *x d>;
f1,H1,k1:=CosetAction(H,sub<H|Id(H)>);

s,t:=IsIsomorphic(H2,q);

A:=T[2];

B:=T[3];

C:=T[4];

D:=NL[2].1;

T:=Transversal (G1,NL[4]);

f£(T[2]) eq q.1;

f£(T[3]) eq q.2;

f£(T[4]) eq q.3;

/*Contains the centerx*/

J:=DirectProduct (NL[2],NL[3]);

s,t:=IsIsomorphic(J,NL[4]);

for e,f in NL[4] do if Order(e) eq 3 and Order(f) eq 2 and e"f eq e then
E:=e; F:=f; end if; end for;

/*Central part-the normal subgroup*/

for i in [0..2] do for j in [0..1] do if A"5 eq E"ixF~j
then i,j; break;end if;end for;end for;

/*[0..2] because |el=3 and [0..1] since |fl|=2%/

for i in [0..2] do for j in [0..1] do if B"2 eq E"i*F~j
then i,j; break;end if;end for;end for;

for i in [0..2] do for j in [0..1] do if C"2 eq E"i*F~j
then i,j; break;end if;end for;end for;

for i in [0..2] do for j in [0..1] do if D"2 eq E"i*F7j
then i,j; break;end if;end for;end for;

for i in [..2] do for j in [0..1] do if (A"-1 * B)"2 eq E"ixF~j
then i,j; break;end if;end for;end for;



for i in [0..2] do for j in [0..1] do if A"-1 * C *x A * C eq E"i*F~j

then i,j; break;end if;end for;end for;

for i in [0..2] do for j in [0..1] do if (B * C)"2 eq E"i*F~j
then i,j; break;end if;end for;end for;

for i in [0..2]
eq E"i*F"j then

for i in [0..2]
eq E7i*F~j then

for i in [0..2]
C*AxD=*xC %
eq E7i*F~j then

do for j in [0..1] do if
A™-1 * D x*x B *x A*Dx A *x C*Dx*x A1 x C *D
i,j; break;end if;end for;end for;

do for j in [0..1] do if C * D * B * A"2 * D * C * D
i,j; break;end if;end for;end for;

/*Semi-direct product of the entire mixed extensionx/
j,k,1 in [0..1] do if A"E eq A"i*B~j*C"k*D"1

for i in [0..4] do for
then i;j;k;1;break;end
/*[0..4] because |A|=5

for i in [0..4] do for
then i;j;k;1;break;end

for i in [0..4] do for
then i;j;k;1;break;end

for i in [0..4] do for
then i;j;k;1;break;end

for i in [0..4] do for
then i;j;k;1;break;end

for i in [0..4] do for
then i;j;k;1;break;end

for i in [0..4] do for
then i;j;k;1;break;end

for i in [0..4] do for
then i;j;k;1;break;end

if; end for;

end for;

and [0..1] since [|B,C,D|=2%/

j,k,1 in [O..
if; end for;

j,k,1 in [O..
if; end for;

j,k,1 in [O..
if; end for;

j,k,1 in [O..
if; end for;

j,k,1 in [O..
if; end for;

j,k,1 in [O..
if; end for;

j,k,1 in [O..
if; end for;

1] do if
end for;

1] do if
end for;

1] do if
end for;

1] do if
end for;

1] do if
end for;

1] do if
end for;

1] do if
end for;

A°F

B°E

B°F

C°E

C°F

D°E

D°F

eq

eq

eq

eq

eq

eq

eq

A"ixB"j*C"k*D"1

A"ixB"j*C"k*D"1

A"i*B"j*C"k*D"1

A"ixB"j*C"k*D"1

A"ixB"j*C"k*D"1

A"ix*B”j*C"k*D"1

A"ixB"j*C"k*D"1
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do for j in [0..1] do if B * D * C x* A°-2 x D x A * B * D
i,j; break;end if;end for;end for;
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HH<a,b,c,d,e,f>:=Group<a,b,c,d,e,fla"5=e,b"2,c"2,d"2, (a"-1%b) "2,
a"-1xcxaxc=e"2, (b*xc) "2=e, ckd*b*a 2xd*cxd=ex*f ,bkxd*c*a -2*d*a*xb*xd=e*f,
ckaxd*xc*a~—1*xdxb*a*dxa*ckxd*xa~—1xc*kd=e " 2*f,
e~3,f"2,(e,f),a"e=a,a"f=a,b " f=b,c " f=c,d " f=4>;
f2,H2,k2:=CosetAction(HH, sub<HH|Id (HH)>) ;

#H2;

s,t:=IsIsomorphic(H2,G1);

S;

D:=DirectProduct (CyclicGroup(2),CyclicGroup(3));
IsIsomorphic(D,CyclicGroup(6));
s,t:=IsIsomorphic(D,CyclicGroup(6));

S;
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Appendix B

Magma Code for Double Coset

Enumeration

B.1 Construction of M;; over 22 "A,

S:=Sym(8);

A:=s'(1, 2)(3, 7, 4, 5, 8, 6);
B:=S!(1, 3, 2, 5)(4, 8, 6, 7);
c:=s'(1, 4, 2, 6)(3, 7, 5, 8);
D:=S!(1, 2)(3, 5)(4, 6)(7, 8);
N:=sub<S|A,B,C,D>;

#N;

/*24%/

G<a,b,c,d,t>:=Group<a,b,c,d,t|b"4,c"4,d"2,a"3*d,b"-2xd,
CcT-1%b"2%c"-1,b -1%c”"—-1xb*c~-1,a"-1*d*a*d,b"-1*d*b*d,
c”-1*xd*c*d,c”-1*xa~-2xb"-1*%a"-1,a*xc -1*xa"-1*xb*xc~-1,t"2, (t,a"2),
(c™=1*a~-1*t"b) "3, (c"-1*a"-1xt) "6, (axd*t"b) "5>;
f,G1,k:=CosetAction(G,sub<Gla,b,c,d>);
IN:=sub<G1l|f(a),f(b),f(c),f(d)>;
NN<x,y,z,w>:=Group<x,y,z,w|y 4,z 4,w 2,x"3*w,y" —2%w,
z7-1xy"2%z7 -1,y - 1xzT - 1kykzT -1 X7 - Lkwkxkw, y T - Dkwkyky,
z7-lkwkzdy, 27 - 1kx T 2%y T -1kx T -1 xkzT - 1kx T - 1kykzT 1>
Sch:=SchreierSystem (NN, sub<NN|Id(NN)>);

ArrayP:=[Id(N): i in [1..#N]];

for i in [2..#N] do

P:=[Id(N): 1 in [1..#Sch[ill];

for j in [1..#Sch[i]] do

if Eltseq(Sch[i]) [j] eq 1 then P[j]:=A; end if;



if
if
if
if
if
if

Eltseq(Sch[il) [j]
Eltseq(Sch[il) [j]
Eltseq(Sch[il) [j]
Eltseq(Sch([il) [j]
Eltseq(Sch[il) [j]
Eltseq(Sch[il) [j]

end for;

PP:

=Id(N);

for k in [1..#P] do

PP:=PP#*P[k]; end for;

ArrayP[i] :=PP;
end for;

for i in [1..#N] do if ArrayP[i] eq N!(1, 2)(3,
then Schli]; end if; end for;

eq
eq
eq
eq
€q
eq

-1 then P[j]:=A"-1;

2 then P[j]:=B; end i

-2 then P[j]:=B"-1;

3 then P[j]l:=C; end i

-3 then P[j]:=C"-1;

4 then P[j]:=D; end i

Sch:=SchreierSystem (NN, sub<NN|Id(NN)>);
ArrayP:=[Id(N): i in [1..#N]];

for i in [2..#N] do
P:=[Id(N): 1 in [1..#Sch[il]l];

for j in [1..#Sch[i]] do

if
if
if
if
if
if
if

Eltseq(Sch[il) [j]
Eltseq(Sch[il) [j]
Eltseq(Sch[il) [j]
Eltseq(Sch[il) [j]
Eltseq(Sch[il) [j]
Eltseq(Sch([il) [j]
Eltseq(Sch[il) [j]

end for;
PP:=Id(N);
for k in [1..#P] do

PP:=PP*P[k]; end for;

ArrayP[i] :=PP;
end for;

for i in [1..#N] do if ArrayP[i] eq N!(1, 3, 2,
then Sch(i]; end if; end for;

eq
eq
eq
eq
eq
eq
€q

1 then P[jl:=A; end i

-1 then P[j]:=A"-1;

2 then P[j]:=B; end i

-2 then P[j]:=B"-1;

3 then P[j]:=C; end i

-3 then P[j]l:=C"-1;

4 then P[j]l:=D; end i

Sch:=SchreierSystem (NN, sub<NN|Id(NN)>);
ArrayP:=[Id(N): i in [1..#N]];

for i in [2..#N] do
P:=[Id(N): 1 in [1..#Sch[ill];

for j in [1..#Sch[i]] do

if Eltseq(Sch([i]) [j] eq 1 then P[j]:=A; end if;
if Eltseq(Sch[i]) [j] eq -1 then P[j]l:=A"-1; end if;
if Eltseq(Sch([i]) [j] eq 2 then P[j]:=B; end if;

if;

if;

if;

if;

if;

if;

4, 5, 8, 6)

5)(4, 8, 6, 7)
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if Eltseq(Sch[i]) [j] eq -2 then P[j]l:=B"-1; end if;
if Eltseq(Sch[i]) [j] eq 3 then P[j]:=C; end if;

if Eltseq(Sch[i]) [j] eq -3 then P[j]:=C"-1; end if;
if Eltseq(Sch[i]) [j] eq 4 then P[j]:=D; end if;

end for;

PP:=Id(N);

for k in [1..#P] do

PP:=PP*P[k]; end for;

ArrayP[i] :=PP;

end for;

for i in [1..#N] do if ArrayP[i] eq N!(1, 4, 2, 6)(3, 7, 5, 8)
then Schli]; end if; end for;

prodim:=function(pt,Q,I)

v:=pt;

for i in I do

v:=v~(Q[ilD);

end for;

return v;

end function;

ts:=[Id(G1): i in [1..8]1];

ts[1]:=f(%); ts[2]:=f(t"a); ts[3]:=f(t"b); ts[4]:=f(t"c);
ts[5]:=£(t~(b"3)); ts[6]:=f(t"(c"3));ts[7]:=f(t"(bxa));
ts[8] :=f (£t~ (c*a~2));

cst:=[null: i in [1..Index(G,sub<Gla,b,c,d>)]] where null is
[Integers() | ]; for i:= 1 to 8 do

cstlprodim(1, ts, [i1)]:= [il;

end for;

m:=0;

for i in [1..#G/#N] do if cst[i] ne [] then m:=m+1;

end if; end for; m;

N1:=Stabiliser(N,1);

N1i;

#N/#N1;

Orbits(N1);

for i in [1..8] do i, cst[i]; end for;
N1:=Stabiliser (N, [1]);

N1;

/*NOT NEW [12]=[1]
N12:=Stabiliser (N, [1,2]1);
8SS:={[1,2]};
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SSS:=SSS"N;
SSS;;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]l*ts[2] eq

n*ts [Rep(Seqq[i]) [1]]

then print Rep(Seqqlil);

end if; end for; end for;
T12:=Transversal (N,N12);

for i in [1..#T12] do
ss:=[1,2]"T12[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..#G/#N] do if cstl[i] ne []
then m:=m+1; end if; end for; m;

for i in [1..8] do i, cst[i]; end for;
[

(Nt1 is 2)

O N O O WN -

(1]
(2]
[ 3]
(4]
[ 5]
[ 6]
(7]

for a in [1..8] do for g,h in IN do if ts[1]*ts[2] eq g*(ts[al)"h
then "1,2=", a; end if; end for; end for;

for g,h in IN do if ts[1]*ts[2] eq g*(ts[1])"h then g,h; end if;
end for;

/*Choose any combination for g and h. When there are two identitied
we use both to make it easier. If there’s one then use one.

g=(2, 3)(4, 6)(5, 7)(8, 10) change to t’s

g=(1, 2)(3, 5)(4,6)(7, 8)

h=Td (IN)

h=Id (IN)

12=gx(1)"h

12=(1, 2)(3, 5)(4,6) (7, 8)*(1)"Id(IN)

12=gx (1) */

Sch:=SchreierSystem (NN, sub<NN|Id(NN)>);
ArrayP:=[Id(N): i in [1..#N]];



for i in [2..#N] do

P:=[Id(N): 1 in [1..#Sch[il]];

for j in [1..#Sch[i]] do

if Eltseq(Sch[i]) [j] eq 1 then P[j]:=A; end if;

if Eltseq(Sch[i]l)[j] eq -1 then P[jl:=A"-1; end if;
if Eltseq(Sch[i]) [j] eq 2 then P[j]:=B; end if;

if Eltseq(Sch[i]) [j] eq -2 then P[j]l:=B"-1; end if;
if Eltseq(Sch[i]) [j] eq 3 then P[j]:=C; end if;

if Eltseq(Sch([i]) [j] eq -3 then P[j]:=C"-1; end if;
if Eltseq(Sch[i]) [j] eq 4 then P[j]:=D; end if;

end for;

PP:=Id(N);

for k in [1..#P] do

PP:=PP%*P[k]; end for;

ArrayP[i] :=PP;

end for;

for i in [1..#N] do if ArrayP[i] eq N!(1, 2)(3, 5)(4,6)(7, 8)

then Sch[i]; end if; end for;
ts[1]1*ts[2] eq f(d)*ts[1];
TRUUUUUUUUUUUUUUUE

x/

N13:=Stabiliser (N, [1,3]);
SSs:={[1,31};

SSS:=SSS”N;

SSS;;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]1*ts[3] eq
n*ts[Rep(Seqql[il) [1]1*ts[Rep(Seqqlil) [2]]
then print Rep(Seqqlil);

end if; end for; end for;
T13:=Transversal(N,N13);

/* #N/#N13s = #T13 */ #T13;

for i in [1..#T13] do
ss:=[1,3]"T13[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N13);
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N15:=Stabiliser (N, [1,5]);
SSS:={[1,5]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[5] eq
n*ts[Rep(Seqqlil) [1]1]*ts[Rep(Seqqlil) [2]]
then print Rep(Seqqlil);

end if; end for; end for;
T15:=Transversal (N,N15) ; #T15;
for i in [1..#T15] do
ss:=[1,5]"T15[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N15);

N131:=Stabiliser (N, [1,3,1]);
88S:={[1,3,11%};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[1] eq

n*ts [Rep(Seqql[il) [1]11*ts[Rep(Seqqlil) [2]11*ts[Rep(Seqqlil) [3]]
then print Rep(Seqqlil);

end if; end for; end for;
T131:=Transversal (N,N131) ;#T131;
for i in [1..#T131] do
ss:=[1,3,1]1"T131[i];
cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N131);
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N132:=Stabiliser (N, [1,3,2]);
8Ss:={[1,3,2]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]1*ts[2] eq

nxts [Rep(Seqql[il) [1]11*ts[Rep(Seqqlil) [2]1]1*ts[Rep(Seqqlil) [3]]
then print Rep(Seqqlil);

end if; end for; end for;
T132:=Transversal (N,N132) ;#T132;
for i in [1..#T132] do
ss:=[1,3,2]"T132[i];
cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N132);

N134:=Stabiliser (N, [1,3,4]);
S88S:={[1,3,41%};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[4] eq

n*ts [Rep(Seqql[il) [1]11*ts[Rep(Seqqlil) [2]11*ts[Rep(Seqqlil) [3]]
then print Rep(Seqqlil);

end if; end for; end for;
T134:=Transversal (N,N134) ;#T134;
for i in [1..#T134] do
ss:=[1,3,4]"T134[i];
cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N134);
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/*Not a new coset, equal to [15]

N135:=Stabiliser(N, [1,3,5]);

88s:={[1,3,5]};

SSS:=SSS”N;

SSS;;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[5] eq

n*ts [Rep(Seqq[il) [1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [31]
then print Rep(Seqqlil);

end if; end for; end for;

T135:=Transversal (N,N135) ;#T135;

for i in [1..#T135] do

ss:=[1,3,5]"T135[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

for a in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[5] eq
g*x(ts[al)"h then "1,3,5=",a; end if; end for; end for;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]x*ts[5]
eq gx(ts[al*ts[b]l)"h then "1,3,5=",a,b; end if; end for; end for;
for g,h in IN do if ts[1]*ts[3]*ts[5] eq g*(ts[1]l*ts[5])"h
then g,h; end if; end for;

g=(2, 3)(4, 6)(5, 7)(8, 10)

g=(1, 2)(3, 5)(4,6)(7, 8)

h=(2, 3)(4, 6)(5, 7)(8, 10)

h=(1, 2)(3, 5)(4,6) (7, 8)

135=g* (1) "h

135=(1, 2)(3, 5)(4,6) (7, 8)*(15)~(1, 2)(3, 5)(4,6)(7, 8)
135=g (23)

ts[1]*ts[3]*ts[5] eq f(d)*ts[2]*ts[3];

truex/

/*Not a new coset, equal to [15]
N136:=Stabiliser (N, [1,3,6]);
sss:={[1,3,6]1};

SSS:=SSS”N;

SSS;
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#SSS;

Seqq:=Setseq(SSS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[6] eq

nxts [Rep(Seqq[i]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
then print Rep(Seqqlil);

end if; end for; end for;
T136:=Transversal (N,N136) ;#T136;

for i in [1..#T136] do

ss:=[1,3,6]"T136[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

for a in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[6]
eq g*(ts[al)"h then "1,3,6=",a; end if; end for; end for;
for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[6]
eq gx(ts[al*ts[b])"h then "1,3,6=",a,b; end if; end for; end for;
for g,h in IN do if ts[1]l*ts[3]*ts[6] eq gx(ts[1]*ts[5])"h
then g,h; end if; end for;

g=(2, 7, 4)(3, 5, 6)

g=(1, 6, 3)(2, 4, b5)

h=(2, 4, 3, 6)(5, 10, 7, 8)

h=(1, 3, 2, 5)(4, 8, 6, 7)

136=g*(15) "h

136=(1, 6, 3)(2, 4, 5)*(15)~(1, 3, 2, 5)(4, 8, 6, 7)
136=g* (31)

Sch:=SchreierSystem (NN, sub<NN|Id(NN)>);

ArrayP:=[Id(N): i in [1..#N]];

for i in [2..#N] do

P:=[Id(N): 1 in [1..#Sch[illl;

for j in [1..#Sch[i]] do

if Eltseq(Sch[i])[j] eq 1 then P[j]:=A; end if;

if Eltseq(Sch[i]) [j] eq -1 then P[j]l:=A"-1; end if;

if Eltseq(Sch[i]) [j] eq 2 then P[j]:=B; end if;

if Eltseq(Sch[i]l) [j] eq -2 then P[j]l:=B"-1; end if;

if Eltseq(Sch[i]) [j] eq 3 then P[j]:=C; end if;

if Eltseq(Sch[i]) [j] eq -3 then P[j]l:=C"-1; end if;

if Eltseq(Sch[i]l) [j] eq 4 then P[j]:=D; end if;

end for;

PP:=Id(N);

for k in [1..#P] do



PP:=PP#*P[k]; end for;

ArrayP[i] :=PP;

end for;

for i in [1..#N] do if ArrayP[i] eq N!(1, 6, 3)(2, 4, 5)
then Sch[i]; end if; end for;

ts[1]1*ts[3]*ts[6] eq f(b*a"-1)*ts[3]*ts[1];

truex/

N137:=Stabiliser (N, [1,3,7]1);
S88S:={[1,3,7]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]1*ts[7] eq

n*ts [Rep(Seqq[il) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
then print Rep(Seqqlil);

end if; end for; end for;
T137:=Transversal (N,N137) ;#T137;
for i in [1..#T137] do
ss:=[1,3,7]1"T137[i];
cst[prodim(l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N137);

N138:=Stabiliser (N, [1,3,8]);
S$8s:={[1,3,8]};

SSS:=SSS”°N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[8] eq

n*ts [Rep(Seqql[il) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
then print Rep(Seqqlil);

end if; end for; end for;
T138:=Transversal (N,N138) ; #T138;
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for i in [1..#T138] do
ss:=[1,3,8]"T138[i];

cst[prodim(l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N138);

N151:=Stabiliser (N, [1,5,1]);
88S:={[1,5,11%};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[5]*ts[1] eq

n*ts [Rep(Seqq[il) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
then print Rep(Seqqlil);

end if; end for; end for;
T151:=Transversal (N,N151) ;#T151;
for i in [1..#T151] do
ss:=[1,5,1]1"T151[i];
cst[prodim(l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N151);

\*Not a New Coset, equal to [132]
N152:=Stabiliser (N, [1,5,2]);
sss:={[1,5,21};

SSS:=SSSN;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[5]*ts[2] eq
n*xts[Rep(Seqq[il) [1]1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqql[il) [3]]
then print Rep(Seqqlil);

end if; end for; end for;
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T152:=Transversal (N,N152) ;#T152;

for i in [1..#T152] do

ss:=[1,5,2]"T152[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

for a in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[2]

eq gx(ts[al)"h then "1,5,2=",a; end if; end for; end for;
for a,b in [1..8] do for g,h in IN do if ts[1]l*ts[5]*ts[2]
eq gx(ts[al*ts[b]l)"h then "1,5,2=",a,b; end if; end for; end for;
for a,b,c in [1..8] do for g,h in IN do if ts[1]x*ts[5]*ts[2]
eq gx(ts[al*ts[bl*ts[c])"h then "1,5,2=",a,b,c; end if;

end for; end for;

for g,h in IN do if ts[1]*ts[5]*ts[2] eq gx(ts[1]l*ts[3]*ts[2])"h
then g,h; end if; end for;

g=(2, 3)(4, 6)(5, 7)(8, 10)

g=(1, 2)(3, 5)(4, 6)(7, 8)

h=(2, 6, 3, 4)(5, 8, 7, 10)

h=(1, 5, 2, 3)(4, 7, 6, 8)

1562=g*(132) "h

152=(1, 2)(3, 5)(4, 6)(7, 8)*(132)~(1, 5, 2, 3)(4, 7, 6, 8)
152=g* (513)

Sch:=SchreierSystem (NN, sub<NN|Id(NN)>);

ArrayP:=[Id(N): i in [1..#N]];

for i in [2..#N] do

P:=[Id(N): 1 in [1..#Sch[il]];

for j in [1..#Sch[i]] do

if Eltseq(Sch[il) [j] eq 1 then P[j]:=A; end if;

if Eltseq(Sch[i]) [j] eq -1 then P[j]l:=A"-1; end if;

if Eltseq(Sch([i]) [j] eq 2 then P[j]:=B; end if;

if Eltseq(Sch[i]) [j] eq -2 then P[j]l:=B"-1; end if;

if Eltseq(Sch[il) [j] eq 3 then P[j]:=C; end if;

if Eltseq(Sch[i]) [j] eq -3 then P[j]l:=C"-1; end if;

if Eltseq(Sch[i]) [j] eq 4 then P[j]:=D; end if;

end for;

PP:=Id(N);

for k in [1..#P] do

PP:=PP*P[k]; end for;

ArrayP[i] :=PP;

end for;

for i in [1..#N] do if ArrayP[i] eq N!(1, 2)(3, 5) (4, 6)(7, 8)
then Sch[il; end if; end for;

ts[1]*ts[5]*ts[2] eq f(d)*ts[bl*ts[1]*ts[3]; truex/
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/*Not New, equal to [13]

N153:=Stabiliser (N, [1,5,3]);

S8S:={[1,5,3]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[6]*ts[3] eq

nxts [Rep(Seqql[il) [1]11*ts[Rep(Seqqlil) [2]1]1*ts[Rep(Seqqlil) [3]]
then print Rep(Seqqlil);

end if; end for; end for;

T153:=Transversal (N,N153) ; #T153;

for i in [1..#T153] do

ss:=[1,5,3]"T153[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

for a in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[3]
eq g*(ts[al)"h then "1,5,3=",a; end if; end for; end for;
for a,b in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[3]
eq g*(ts[al*ts[b])"h then "1,5,3=",a,b; end if; end for; end for;
for g,h in IN do if ts[1]*ts[5]*ts[3] eq gx(ts[1]l*ts[3])"h
then g,h; end if; end for;

g=(2, 3)(4, 6)(5, 7)(8, 10)

g=(1, 2)(3, 5) (4, 6)(7, 8)

h=(2, 3)(4, 6)(5, 7)(8, 10)

h=(1, 2)(3, 5)(4, 6)(7, 8)

153=g*(13) "h

163=(1, 2)(3, 5)(4, 6)(7, 8)*(13)~(1, 2)(3, 5)(4, 6)(7, 8)
153=g* (25)

Sch:=SchreierSystem (NN, sub<NN|Id(NN)>);

ArrayP:=[Id(N): i in [1..#N]];

for i in [2..#N] do

P:=[Id(N): 1 in [1..#Sch[il]];

for j in [1..#Sch[i]] do

if Eltseq(Sch[i]l) [j] eq 1 then P[j]:=A; end if;

if Eltseq(Sch[i]) [j] eq -1 then P[j]l:=A"-1; end if;

if Eltseq(Sch([i]) [j] eq 2 then P[j]:=B; end if;

if Eltseq(Sch[i]) [j] eq -2 then P[j]l:=B"-1; end if;

if Eltseq(Sch[il) [j] eq 3 then P[j]:=C; end if;
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if Eltseq(Sch[i]) [j] eq -3 then P[j]:=C"-1; end if;
if Eltseq(Sch[i]) [j] eq 4 then P[j]:=D; end if;

end for;

PP:=Id(N);

for k in [1..#P] do

PP:=PP*P[k]; end for;

ArrayP[i] :=PP;

end for;

for i in [1..#N] do if ArrayP[i] eq N!(1, 2)(3, 5) (4, 6)(7, 8)
then Sch[il; end if; end for;

ts[1]*ts[6]*ts[3] eq f(d)*ts[2]*ts[5];

truex/

/*Not New, equal to [137]

N154:=Stabiliser (N, [1,5,4]);

Sss:={[1,5,41};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[6]*ts[4] eq

n*ts[Rep(Seqql[il) [1]]*ts[Rep(Seqqlil) [2]]1*ts[Rep(Seqqlil) [3]]
then print Rep(Seqqlil);

end if; end for; end for;

T154:=Transversal (N,N154) ;#T154;

for i in [1..#T154] do

ss:=[1,5,4]"T154[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

for a in [1..8] do for g,h in IN do if ts[1]=*ts[5]*ts[4]

eq g*(tslal)"h then "1,5,4=",a; end if; end for; end for;
for a,b in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[4]
eq gx(ts[al*ts[b]l)"h then "1,5,4=",a,b; end if; end for; end for;
for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[4]
eq g*(ts[al*ts[bl*ts[c])"h then "1,5,4=",a,b,c; end if;

end for; end for;*/

/*Not new, equal to [138]
N156:=Stabiliser (N, [1,5,6]);
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S8S:={[1,5,6]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[5]*ts[6] eq

nxts[Rep(Seqqli]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
then print Rep(Seqqlil);

end if; end for; end for;

T156:=Transversal (N,N156) ; #T156;

for i in [1..#T156] do

ss:=[1,5,6]"T156[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

for a in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[6]

eq g*(ts[al)"h then "1,5,6=",a; end if; end for; end for;
for a,b in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[6]
eq g*(ts[al*ts[b]l])"h then "1,5,6=",a,b; end if; end for; end for;
for a,b,c in [1..8] do for g,h in IN do if ts[1]x*ts[5]*ts[6]
eq g*(tslal*ts[bl*ts[c])"h then "1,5,6=",a,b,c; end if;

end for; end for;*/

/*Not New, equal to [134]
N157:=Stabiliser (N, [1,5,7]);
88S:={[1,5,7]1};

SSS:=SSS”°N;

SSS;

#3SS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[5]*ts[7] eq

n*ts [Rep(Seqql[il) [11]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
then print Rep(Seqql[il);

end if; end for; end for;

T157 :=Transversal (N,N157) ;#T157;
for i in [1..#T157] do
ss:=[1,5,7]1"T157[i];



cst[prodim(l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

for a in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[7] eq
gx(ts[al)"h then "1,5,7=",a; end if; end for; end for;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[7]
eq gx(ts[al*ts[b]l)"h then "1,5,7=",a,b; end if; end for; end for;
for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[7]
eq g*(tslal*ts[bl*ts[c])"h then "1,5,7=",a,b,c; end if;

end for; end for;*/

/*Not new, equal to [13]

N158:=Stabiliser (N, [1,5,8]);

S88s:={[1,5,8]};

SSS:=SSS”N;

SSS;;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[5]*ts[8] eq

n*ts [Rep(Seqq[il) [1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [31]
then print Rep(Seqqlil);

end if; end for; end for;
T158:=Transversal (N,N158) ;#T158;

for i in [1..#T158] do

ss:=[1,5,8]"T158[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

for a in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[8]
eq gx(tslal)"h

then "1,5,8=",a; end if; end for; end for;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[8]
eq gx(ts[al*ts[b]l)"h

then "1,5,8=",a,b; end if; end for; end for;*/

/*Not new, equal to [132]
N1312:=Stabiliser(N,[1,3,1,2]);
Sss:={[1,3,1,21};

SSS:=SSS”°N;
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SSS;

#SSS;

Seqq:=Setseq(SSS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[1]*ts[2] eq

n*ts [Rep(Seqql[il) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
*ts [Rep(Seqql[il) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;

T1312:=Transversal (N,N1312) ;#T1312;

for i in [1..#T1312] do

ss:=[1,3,1,2]"T1312[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

for a in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[1]*ts[2]
eq gx(ts[al)"h

then "1,3,1,2=",a; end if; end for; end for;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[1]*ts[2]
eq gx(ts[al*ts[bl)"h

then "1,3,1,2=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]x*ts[3]*ts[1]*ts[2]
eq g*(ts(al

*ts[b]*ts[c])"h then "1,3,1,2=",a,b,c; end if; end for; end for;*/

/*NEW*/
N1313:=Stabiliser (N, [1,3,1,3]);
$8s:={[1,3,1,31};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[1]*ts[3] eq
nxts[Rep(Seqq[i]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqqlil) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;
N1313s:=N1313;



for n in N do if 1'n eq 1 and 3 n eq 4 and 1"n eq 1 and 3°n eq 4
then N1313s:=sub<N|N1313s,n>; end if; end for;

for n in N do if 1'n eq 1 and 3™n eq 8 and 1"n eq 1 and 3"n eq 8
then N1313s:=sub<N|N1313s,n>; end if; end for;

N1313s; #N1313s;

#N/#N1313s;

T1313:=Transversal(N,N1313) ;#T1313;

for i in [1..#T1313] do

ss:=[1,3,1,3]1"T1313[i];

cst[prodim(1, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

[1,3,1,3]"N1313s;

for i in [1..#T1313] do ([1,3,1,3]°N1313s)"T1313[i]; end for;
Orbits(N1313);

/*NEW*/
N1314:=Stabiliser (N, [1,3,1,4]);
S8S:={[1,3,1,4]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[1]*ts[4] eq
nxts[Rep(Seqq[i]) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqqlil) [41]

then print Rep(Seqqlil);

end if; end for; end for;
T1314:=Transversal (N,N1314) ;#T1314;
for i in [1..#T1314] do
ss:=[1,3,1,4]"T1314[i];
cst[prodim(l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N1314);

/*Not new, equal to [151]
N1315:=Stabiliser(N,[1,3,1,5]);
Sss:={[1,3,1,5]};
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SSS:=SSS"N;
SSS;;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[1]*ts[5] eq

n*xts[Rep(Seqq[il) [1]1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqql[i]l) [3]]

*ts [Rep(Seqqlil) [4]]

then print Rep(Seqqlil);

end if; end for; end for;

T1315:=Transversal (N,N1315) ;#T1315;

for i in [1..#T1315] do

ss:=[1,3,1,5]"T1315[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1315);

for a in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[1]*ts[5]

eq gx(tslal)"h

then "1,3,1,5=",a; end if; end for; end for;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[1]*ts[5]
eq g*(ts[al*ts[b]l)"h

then "1,3,1,5=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[1]*ts[5]
eq g*(ts[al

*ts[b]*ts[c])"h then "1,3,1,5=",a,b,c; end if; end for; end for;*/

/Not new, equal to [151]
N1316:=Stabiliser(N, [1,3,1,6]);
$8s8:={[1,3,1,61};

SSS:=SSSN;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#S8S] do

for n in IN do

if ts[1]*ts[3]*ts[1]*ts[6] eq
n*xts[Rep(Seqq[il) [1]1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqql[il) [3]]
*ts [Rep(Seqqlil) [4]]

then print Rep(Seqqlil);
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end if; end for; end for;

T1316:=Transversal (N,N1316) ;#T1316;

for i in [1..#T1316] do

ss:=[1,3,1,6]"T1316[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1316);

for a in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[1]*ts[6]

eq gx(tsfal)"h

then "1,3,1,6=",a; end if; end for; end for;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[1]*ts[6]
eq gx(ts[al*ts[b]l)"h

then "1,3,1,6=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[1]*ts[6]
eq g*(ts(al

*ts[b]*ts[c])"h then "1,3,1,6=",a,b,c; end if; end for; end for;*/

/*NEW*/
N1317:=Stabiliser (N, [1,3,1,7]);
$8s:={[1,3,1,71};

SSS:=SSS"N;

SSS;;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[1]*ts[7] eq
n*ts[Rep(Seqq[il) [1]1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqql[il) [3]]
*ts [Rep(Seqqlil) [4]]

then print Rep(Seqqlil);

end if; end for; end for;
T1317:=Transversal (N,N1317) ;#T1317;
for i in [1..#T1317] do
ss:=[1,3,1,7]1"T1317[i];
cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N1317);

/*NEW*/



N1318:=Stabiliser (N, [1,3,1,8]);
S88s:={[1,3,1,81};

SSS:=SSS”N;

SSS;;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]1*ts[1]1*ts[8] eq
nxts[Rep(Seqql[i]) [1]1]*ts[Rep(Seqql[il) [2]1*ts[Rep(Seqqlil) [3]]
*xts [Rep(Seqqlil) [41]

then print Rep(Seqqlil);

end if; end for; end for;
T1318:=Transversal (N,N1318) ;#T1318;
for i in [1..#T1318] do
ss:=[1,3,1,8]"T1318[i];
cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N1318);

/*Not new, equal to [131]
N1321:=Stabiliser(N,[1,3,2,1]);
S$8s:={[1,3,2,11};

SSS:=SSS”N;

SSS;;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[2]*ts[1] eq
n*ts[Rep(Seqql[il) [111*ts[Rep(Seqqlil) [2]1]1*ts[Rep(Seqqlil) [3]1]
*ts[Rep(Seqqlil) [4]]

then print Rep(Seqqlil);

end if; end for; end for;
T1321:=Transversal (N,N1321) ;#T1321;
for i in [1..#T1321] do
ss:=[1,3,2,1]"T1321[i];
cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
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then m:=m+1; end if; end for; m;

Orbits(N1321);

for a in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[1]
eq gx(tsl[al) h

then "1,3,2,1=",a; end if; end for; end for;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[1]
eq g*(ts[al*ts[b])"h

then "1,3,2,1=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[1]
eq g*(tsl[al*ts[bl*ts[c])"h then "1,3,2,1=",a,b,c; end if;

end for; end for;*/

/*Not new, equal to [151]

N1323:=Stabiliser (N, [1,3,2,3]);

88s:={[1,3,2,3]1};

SSS:=SSS”N;

SSS;;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[2]*ts[3] eq

n*ts [Rep(Seqq[il) [1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [31]
*ts[Rep(Seqqlil) [4]]

then print Rep(Seqqlil);

end if; end for; end for;

T1323:=Transversal (N,N1323) ;#T1323;

for i in [1..#T1323] do

ss:=[1,3,2,3]"T1323[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1323);

for a in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[3]
eq gx(tslal) h

then "1,3,2,3=",a; end if; end for; end for;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[3]
eq gx(ts[al*ts[b]l)"h

then "1,3,2,3=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[3]
eq gx(tsl[al*ts[bl*ts[c])"h then "1,3,2,3=",a,b,c; end if;

end for; end for;*/
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/*Not new, equal to [137]

N1324:=Stabiliser (N, [1,3,2,4]);

88s:={[1,3,2,41};

SSS:=SSS”N;

SSS;;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[2]*ts[4] eq

n*ts [Rep(Seqq[il) [1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [31]
*ts [Rep(Seqql[il) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;

T1324:=Transversal (N,N1324) ;#T1324;

for i in [1..#T1324] do

ss:=[1,3,2,4]"T1324[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1324);

for a in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[4]
eq gx(tsfal)"h

then "1,3,2,4=",a; end if; end for; end for;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[4]
eq gx(ts[al*ts[b]l)"h

then "1,3,2,4=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[4]
eq g*(tsl[al*ts[bl*ts[c])"h then "1,3,2,4=",a,b,c;

end if; end for; end for;*/

/*Not new, equal to [15]
N1325:=Stabiliser (N, [1,3,2,5]);
Sss:={[1,3,2,5]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do
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if ts[1]*ts[3]*ts[2]*ts[5] eq

n*ts [Rep(Seqq[il) [1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [31]
*ts[Rep(Seqqlil) [4]]

then print Rep(Seqqlil);

end if; end for; end for;

T1325:=Transversal (N,N1325) ;#T1325;

for i in [1..#T1325] do

ss:=[1,3,2,5]"T1325[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1325);

for a in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[5]
eq gx(tslal) h

then "1,3,2,5=",a; end if; end for; end for;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[5]
eq g*(ts[al*ts[b]l)"h

then "1,3,2,5=",a,b; end if; end for; end for;*/

/*Not new, equal to [1317]
N1326:=Stabiliser (N, [1,3,2,6]);
Sss:={[1,3,2,61};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[2]*ts[6] eq
nxts[Rep(Seqqli]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqq[il) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;
T1326:=Transversal (N,N1326) ;#T1326;

for i in [1..#T1326] do
ss:=[1,3,2,6]"T1326[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N1326);

for a in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[6]



eq gx(ts[al)"h

then "1,3,2,6=",a; end if; end for; end for;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[6]
eq gx(ts[al*ts[b])"h

then "1,3,2,6=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[6]
eq g*(ts[al

*ts[b]l*ts[c]) "h then "1,3,2,6=",a,b,c; end if; end for; end for;
for a,b,c,d in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[6]
eq g*(ts[al*ts[bl*ts[cl*ts[d])"h then "1,3,2,6=",a,b,c,d;

end if; end for; end for;*/

/*Not new, equal to [132]

N1327:=Stabiliser (N, [1,3,2,7]1);

88s:={[1,3,2,71};

SSS:=SSS”N;

SSS;;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[2]*ts[7] eq

n*ts [Rep(Seqq[il) [1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [31]
*ts[Rep(Seqqlil) [4]]

then print Rep(Seqqlil);

end if; end for; end for;

T1327:=Transversal (N,N1327) ;#T1327;

for i in [1..#T1327] do

ss:=[1,3,2,7]"T1327[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1327);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[7]
eq gx(ts[al*ts[b])"h

then "1,3,2,7=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[7]
eq g*(ts[al*ts[bl*ts[c])"h then "1,3,2,7=",a,b,c;

end if; end for; end for;*/

/*Not new, equal to [132]
N1328:=Stabiliser(N, [1,3,2,8]);
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Sss:={[1,3,2,81};

S888:=8S8S"N;

SSS;

#SSS;

Seqq:=Setseq(SSS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[2]*ts[8] eq

nxts[Rep(Seqqli]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqql[il) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;

T1328:=Transversal (N,N1328) ;#T1328;

for i in [1..#T1328] do

ss:=[1,3,2,8]"T1328[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1328);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[2]*ts[8]
eq gx(ts[al*ts[bl)"h

then "1,3,2,8=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]x*ts[3]*ts[2]*ts[8]
eq g*(ts[al*ts[bl*ts[c])"h then "1,3,2,8=",a,b,c;

end if; end for; end for;x*/

/*Not new, equal to [134]
N1341:=Stabiliser (N, [1,3,4,1]);
S8S:={[1,3,4,11};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[4]*ts[1] eq
nxts[Rep(Seqq[i]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqqlil) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;
T1341:=Transversal (N,N1341) ;#T1341;



for i in [1..#T1341] do

ss:=[1,3,4,1]1"T1341[i];

cst[prodim(l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1341);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[4]*ts[1]
eq gx(ts[al*ts[b]l)"h

then "1,3,4,1=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[4]*ts[1]
eq g*(ts[al*ts[bl*ts[c])"h then "1,3,4,1=",a,b,c;
end if; end for; end for;*/

/*Not new, equal to [1318]

N1342:=Stabiliser (N, [1,3,4,2]);

S$8s:={[1,3,4,21};

SSS:=SSS”N;

SSS;;

#3SS;

Seqq:=Setseq(8SS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]l*ts[3]1*ts[4]*ts[2] eq

n*ts [Rep(Seqql[il) [11]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
*ts [Rep(Seqq[il) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;

T1342:=Transversal (N,N1342) ;#T1342;

for i in [1..#T1342] do

ss:=[1,3,4,2]"T1342[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1342);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]x*ts[4]*ts[2]
eq gx(ts[al*ts[b])"h

then "1,3,4,2=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[4]*ts[2]
eq gx(ts[al

*ts[b]*ts[c])"h then "1,3,4,2=",a,b,c; end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[4]*ts[2]
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eq g*(ts[al
*ts[b]*ts[c]*ts[d])"h then "1,3,4,2=",a,b,c,d; end if;
end for; end for;*x/

/*Not new, equal to [1318]

N1343:=Stabiliser(N, [1,3,4,3]);

Sss:={[1,3,4,3]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]1*ts[4]*ts[3] eq

nxts [Rep(Seqq[i]) [1]]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqqlil) [41]

then print Rep(Seqql[il);

end if; end for; end for;

T1343:=Transversal(N,N1343) ;#T1343;

for i in [1..#T1343] do

ss:=[1,3,4,3]1"T1343[i];

cst[prodim(l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1343);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[4]*ts[3]
eq gx(ts[al*ts[b]l)"h

then "1,3,4,3=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[4]*ts[3]
eq g*(ts[al

*ts[b]*ts[c])"h then "1,3,4,3=",a,b,c; end if; end for; end for;
for a,b,c,d in [1..8] do for g,h in IN do if ts[1]*ts[3]x*ts[4]*ts[3]
eq g*(ts[al

*ts[b]*ts[c]*ts[d])"h then "1,3,4,3=",a,b,c,d;

end if; end for; end for;*/

/*Not new, equl to [134]
N1345:=Stabiliser (N, [1,3,4,5]);
Sss:={[1,3,4,51};

SSS:=SSS"N;

SSS;

#SSS;
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Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[4]*ts[5] eq

n*ts [Rep(Seqql[il) [11]1*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
*ts [Rep(Seqq[il) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;

T1345:=Transversal (N,N1345) ;#T1345;

for i in [1..#T1345] do

ss:=[1,3,4,5]"T1345[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1345);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[4]*ts[5]
eq gx(ts[al*ts[b]l)"h

then "1,3,4,5=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]x*ts[3]*ts[4]*ts[5]
eq g*(ts([al

*ts[b]*ts[c])"h then "1,3,4,5=",a,b,c; end if; end for; end for;*/

/*Not new, equal to [15]
N1346:=Stabiliser (N, [1,3,4,6]);
Sss:={[1,3,4,6]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(8SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[4]*ts[6] eq

nxts [Rep(Seqql[il) [1]11*ts[Rep(Seqqlil) [2]1]1*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqqlil) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;
T1346:=Transversal (N,N1346) ;#T1346;
for i in [1..#T1346] do
ss:=[1,3,4,6]1"T1346[i];
cst[prodim(1, ts, ss)]:=ss;

end for;
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m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1346);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[4]*ts[6]
eq gx(tslal*ts[b]l)"h

then "1,3,4,6=",a,b; end if; end for; end for;*x/

/*NEW*/
N1347:=Stabiliser(N,[1,3,4,71);
S88S:={[1,3,4,71};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[4]*ts[7] eq

n*ts [Rep(Seqq[il) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
*ts [Rep(Seqq[il) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;

T1347 :=Transversal (N,N1347) ;#T1347;
for i in [1..#T1347] do
ss:=[1,3,4,7]1"T1347[i];
cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N1347);

/*Not new, equal to [138]
N1348:=Stabiliser(N, [1,3,4,8]);
Sss:={[1,3,4,81};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[4]*ts[8] eq
nxts[Rep(Seqqli]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqql[il) [4]1]
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then print Rep(Seqqlil);

end if; end for; end for;

T1348:=Transversal (N,N1348) ;#T1348;

for i in [1..#T1348] do

ss:=[1,3,4,8]"T1348[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1348);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[4]*ts[8]
eq gx(ts[al*ts[bl)"h

then "1,3,4,8=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]x*ts[3]*ts[4]*ts[8]
eq g*(ts(al

*ts[b]l*ts[c])"h then "1,3,4,8=",a,b,c; end if; end for; end for;*/

/*Not New, equal to [138]

N1371:=Stabiliser (N, [1,3,7,1]);

S88:={[1,3,7,11};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]1*ts[7]*ts[1] eq

nxts[Rep(Seqq[i]) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqqlil) [41]

then print Rep(Seqqlil);

end if; end for; end for;

T1371:=Transversal (N,N1371) ;#T1371;

for i in [1..#T1371] do

ss:=[1,3,7,1]1"T1371[i];

cst[prodim(l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1371);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[7]*ts[1]
eq gx(ts[al*ts[b])"h

then "1,3,7,1=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]x*ts[3]*ts[7]*ts[1]
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eq g*(tsl[al*ts[bl*ts[c])"h then "1,3,7,1=",a,b,c;
end if; end for; end for;*/

/*Not new, equal to [15]
N1372:=Stabiliser (N, [1,3,7,2]1);
88s:={[1,3,7,21};

SSS:=SSS”N;

SSS;;

#3SS;

Seqq:=Setseq(8SS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]1*ts[7]1*ts[2] eq

n*ts [Rep(Seqql[il) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
*ts [Rep(Seqql[il) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;
T1372:=Transversal (N,N1372) ;#T1372;

for i in [1..#T1372] do

ss:=[1,3,7,2]1"T1372[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1372);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[7]*ts[2]
eq gx(ts[al*ts[b])"h

then "1,3,7,2=",a,b; end if; end for; end for;*/

/*Not new, equal to [1317]
N1373:=Stabiliser(N,[1,3,7,3]);
ss8s8:={[1,3,7,31};

SSS:=SSS"N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]1*ts[7]*ts[3] eq
n*xts[Rep(Seqq[il) [1]1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqql[il) [3]]
*ts [Rep(Seqqlil) [4]]

then print Rep(Seqqlil);
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end if; end for; end for;

T1373:=Transversal (N,N1373) ;#T1373;

for i in [1..#T1373] do

ss:=[1,3,7,3]"T1373[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1373);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[7]*ts[3]
eq g*(ts[al*ts[b])"h

then "1,3,7,3=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[7]*ts[3]
eq g*(tslal

*ts[b]*ts[c])"h then "1,3,7,3=",a,b,c; end if; end for; end for;
for a,b,c,d in [1..8] do for g,h in IN do if ts[1]xts[3]*ts[7]*ts[3]
eq g*(ts(al

*ts[b]*ts[c]*ts[d])"h then "1,3,7,3=",a,b,c,d;

end if; end for; end for;*/

/*NEW*/
N1374:=Stabiliser (N, [1,3,7,4]);
88S:={[1,3,7,4]1%};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[7]*ts[4] eq
nxts[Rep(Seqqli]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqq[il) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;
T1374:=Transversal (N,N1374) ;#T1374;
for i in [1..#T1374] do
ss:=[1,3,7,4] "T1374[i];
cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N1374);
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/*Not new, equal to [132]

N1375:=Stabiliser (N, [1,3,7,5]);

s8ss:={[1,3,7,5]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[7]*ts[5] eq

nxts [Rep(Seqql[il) [1]11*ts[Rep(Seqqlil) [2]1]1*ts[Rep(Seqqlil) [3]]
*xts [Rep(Seqqlil) [41]

then print Rep(Seqqlil);

end if; end for; end for;

T1375:=Transversal (N,N1375) ;#T1375;

for i in [1..#T1375] do

ss:=[1,3,7,5]"T1375[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1375);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[7]*ts[5]
eq g*(ts[al*ts[b]l)"h

then "1,3,7,5=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[7]*ts[5]
eq g*(ts[al

*ts[b]*ts[c])"h then "1,3,7,5=",a,b,c; end if; end for; end for;*/

/*Not new, equal to [1374]
N1376:=Stabiliser(N, [1,3,7,6]);
88s8:={[1,3,7,61};

SSS:=SSS"N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]1*ts[7]*ts[6] eq
n*xts[Rep(Seqq[il) [1]1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqql[il) [3]]
*ts [Rep(Seqqlil) [4]]

then print Rep(Seqqlil);
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end if; end for; end for;

T1376:=Transversal (N,N1376) ; #T1376;

for i in [1..#T1376] do

ss:=[1,3,7,6]"T1376[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1376);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[7]*ts[6]
eq g*(ts[al*ts[b])"h

then "1,3,7,6=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[7]*ts[6]
eq g*(tslal

*ts[b]*ts[c])"h then "1,3,7,6=",a,b,c; end if; end for; end for;
for a,b,c,d in [1..8] do for g,h in IN do if ts[1]xts[3]*ts[7]*ts[6]
eq g*(ts[al

*ts[b]*ts[c]*ts[d])"h then "1,3,7,6=",a,b,c,d;

end if; end for; end for;*/

/*Not new, equal to [138]
N1378:=Stabiliser (N, [1,3,7,8]);
s8ss:={[1,3,7,8]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[7]*ts[8] eq
nxts[Rep(Seqqli]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqq[il) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;
T1378:=Transversal (N,N1378) ;#T1378;

for i in [1..#T1378] do
ss:=[1,3,7,8]"T1378[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N1378);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[7]*ts[8]
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eq gx(ts[al*ts[bl)"h

then "1,3,7,8=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]x*ts[3]*ts[7]*ts[8]
eq g*(ts(al

*ts[b]l*ts[c])"h then "1,3,7,8=",a,b,c; end if; end for; end for;*/

/*Not new, equal to [137]

N1381:=Stabiliser (N, [1,3,8,1]);

$8s:={[1,3,8,11};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]1*ts[8]*ts[1] eq

nxts [Rep(Seqq[i]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqqlil) [41]

then print Rep(Seqqlil);

end if; end for; end for;

T1381:=Transversal (N,N1381) ;#T1381;

for i in [1..#T1381] do

ss:=[1,3,8,1]1"T1381[i];

cst[prodim(l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1381);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[8]*ts[1]
eq gx(ts[al*ts[b])"h

then "1,3,8,1=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[8]*ts[1]
eq g*(ts[al

*ts[b]l*ts[c])"h then "1,3,8,1=",a,b,c; end if; end for; end for;*/

/*Not new, equal to [15]
N1382:=Stabiliser(N, [1,3,8,2]);
Sss:={[1,3,8,2]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(8SS);

Seqq;



for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]1*ts[8]*ts[2] eq

n*ts [Rep(Seqql[il) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
*ts [Rep(Seqq[il) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;

T1382:=Transversal (N,N1382) ;#T1382;

for i in [1..#T1382] do

ss:=[1,3,8,2]"T1382[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1382);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[8]*ts[2]
eq gx(ts[al*ts[b])"h

then "1,3,8,2=",a,b; end if; end for; end for;*/

/*Not new, equal to [1314]
N1383:=Stabiliser(N,[1,3,8,3]);
$ss:={[1,3,8,31};

SSS:=SSS"N;

SSS;;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]1*ts[8]*ts[3] eq
n*ts[Rep(Seqq[il) [1]1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqql[il) [3]]
*ts [Rep(Seqqlil) [4]]

then print Rep(Seqqlil);

end if; end for; end for;
T1383:=Transversal (N,N1383) ; #T1383;

for i in [1..#T1383] do
ss:=[1,3,8,3]"T1383[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N1383);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[8]*ts[3]
eq g*(ts[al*ts[b])"h
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then "1,3,8,3=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[8]*ts[3]
eq g*(ts[al

*ts[b]*ts[c])"h then "1,3,8,3=",a,b,c; end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if ts[1]xts[3]*ts[8]*ts[3]
eq g*(ts(al

*ts[b]*ts[c]*ts[d])"h then "1,3,8,3=",a,b,c,d;

end if; end for; end for;*/

/*Not new, equal to [134]

N1384:=Stabiliser (N, [1,3,8,4]);

88s:={[1,3,8,4]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[8]*ts[4] eq

nxts[Rep(Seqqli]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqq[il) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;

T1384:=Transversal (N,N1384) ;#T1384;

for i in [1..#T1384] do

ss:=[1,3,8,4]"T1384[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1384);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[8]*ts[4]
eq gx(ts[al*ts[bl)"h

then "1,3,8,4=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]x*ts[3]*ts[8]*ts[4]
eq g*(ts(al

*ts[b]l*ts[c])"h then "1,3,8,4=",a,b,c; end if; end for; end for;*/

/*Not new, equal to [1314]
N1385:=Stabiliser(N, [1,3,8,5]);
sss:={[1,3,8,51};

SSS:=SSS”N;

SSS;
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#SSS;

Seqq:=Setseq(SSS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]1*ts[8]*ts[5] eq

nxts [Rep(Seqq[i]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqqlil) [41]

then print Rep(Seqqlil);

end if; end for; end for;

T1385:=Transversal (N,N1385) ; #T1385;

for i in [1..#T1385] do

ss:=[1,3,8,5]"T1385[i];

cst[prodim(l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1385);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[8]*ts[5]
eq gx(ts[al*ts[b])"h

then "1,3,8,5=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[8]*ts[5]
eq g*(ts[al

*ts[bl*ts[c])"h

then "1,3,8,5=",a,b,c; end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[8]*ts[5]
eq g*(ts[al

*xts [b]*ts[cI*ts[d])"h

then "1,3,8,5=",a,b,c,d; end if; end for; end for;*/

/*Not new, equal to [1347]
N1386:=Stabiliser(N,[1,3,8,6]);
ss8s8:={[1,3,8,61};

SSS:=SSS"N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[8]*ts[6] eq
n*xts[Rep(Seqq[il) [1]1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqql[il) [3]]
*ts [Rep(Seqqlil) [4]]

then print Rep(Seqqlil);
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end if; end for; end for;

T1386:=Transversal (N,N1386) ; #T1386;

for i in [1..#T1386] do

ss:=[1,3,8,6]"T1386[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1386) ;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[8]*ts[6]
eq g*(ts[al*ts[b])"h

then "1,3,8,6=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[8]*ts[6]
eq g*(tslal

*ts[bl*ts[c])"h

then "1,3,8,6=",a,b,c; end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[8]*ts[6]
eq g*(ts([al

*xts [b]*ts[cI*ts[d])"h

then "1,3,8,6=",a,b,c,d; end if; end for; end for;*/

/*Not new, equal to [137]
N1387:=Stabiliser (N, [1,3,8,7]1);
88s:={[1,3,8,71};

SSS:=SSS”N;

SSS;;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]1*ts[3]1*ts[8]*ts[7] eq
nxts[Rep(Seqql[il) [1]1]*ts[Rep(Seqql[il) [2]1*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqqlil) [41]

then print Rep(Seqqlil);

end if; end for; end for;
T1387:=Transversal (N,N1387) ;#T1387;
for i in [1..#T1387] do
ss:=[1,3,8,7]"T1387[i];
cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N1387);
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for a,b in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[8]*ts[7]
eq g*(ts[al*ts[b]l)"h

then "1,3,8,7=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[3]*ts[8]*ts[7]
eq gx(ts[al

*ts[b]*ts[c])"h then "1,3,8,7=",a,b,c; end if; end for; end for;*/

/*Not new, equal to [132]

N1512:=Stabiliser(N,[1,5,1,2]);

88S:={[1,5,1,2]1};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[5]*ts[1]*ts[2] eq

n*ts [Rep(Seqq[il) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
*ts [Rep(Seqq[il) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;

T1512:=Transversal (N,N1512) ;#T1512;

for i in [1..#T1512] do

ss:=[1,5,1,2] "T1512[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1512);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[1]*ts[2]
eq g*(ts[al*ts[b]l)"h

then "1,5,1,2=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]x*ts[5]*ts[1]*ts[2]
eq g*(ts[al

*ts[b]*ts[c])"h then "1,5,1,2=",a,b,c; end if; end for; end for;*/

/*Not new, equal to [131]
N1513:=Stabiliser (N, [1,5,1,3]);
$ss:={[1,5,1,31};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS);
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Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[6]*ts[1]*ts[3] eq

nxts[Rep(Seqq[i]) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqqlil) [41]

then print Rep(Seqql[il);

end if; end for; end for;

T1513:=Transversal(N,N1513) ;#T1513;

for i in [1..#T1513] do

ss:=[1,5,1,3]1"T1513[i];

cst[prodim(1, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N1513);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[1]*ts[3]
eq g*(ts[al*ts[b]l)"h

then "1,5,1,3=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[1]*ts[3]
eq g*(ts[al

*ts[b]*ts[c])"h then "1,5,1,3=",a,b,c; end if; end for; end for;x*/

/*Not new, equal to [1317]
N1514:=Stabiliser (N, [1,5,1,4]);
S8Ss:={[1,5,1,41};

SSS:=SSS”N;

SSS;;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[5]*ts[1]*ts[4] eq
n*ts[Rep(Seqql[il) [111*ts[Rep(Seqqlil) [2]1]1*ts[Rep(Seqqlil) [3]1]
*ts[Rep(Seqqlil) [4]]

then print Rep(Seqqlil);

end if; end for; end for;
T1514:=Transversal (N,N1514) ;#T1514;
for i in [1..#T1514] do
ss:=[1,5,1,4]"T1514[i];
cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []



then m:=m+1; end if; end for; m;

Orbits(N1514);

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[5]l*ts[1]x*ts[4]
eq gx(ts[al*ts[b])"h

then "1,5,1,4=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[1]*ts[4]
eq g*(ts[al

*ts[b]l*ts[c])"h then "1,5,1,4=",a,b,c; end if; end for; end for;
for a,b,c,d in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[1]*ts[4]
eq g*(ts[al

*ts[b]l*ts[c]*ts[d])"h then "1,5,1,4=",a,b,c,d;

end if; end for; end for;*/

/*Not new, equal to [1313]

N1515:=Stabiliser (N, [1,5,1,5]);

sss:={[1,5,1,5]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[6]*ts[1]*ts[5] eq

n*ts[Rep(Seqql[il) [1]]*ts[Rep(Seqqlil) [2]]1*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqqlil) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;

T1515:=Transversal (N,N1515) ;#T1515;

for i in [1..#T1515] do

ss:=[1,5,1,5]1"T1515[i];

cst[prodim(1, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[1]*ts[5]
eq gx(ts[al*ts[b])"h

then "1,5,1,5=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[1]*ts[5]
eq g*(ts[al

*ts[b]l*ts[c])"h then "1,5,1,5=",a,b,c; end if; end for; end for;
for a,b,c,d in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[1]*ts[5]
eq g*(ts[al

*ts[b]l*ts[c]*ts[d])"h then "1,5,1,5=",a,b,c,d;
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end if; end for; end for;x*/

/*Not new, equal to [1318]

N1516:=Stabiliser (N, [1,5,1,6]);

Sss:={[1,5,1,6]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(8SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[bl*ts[1]*ts[6] eq

n*ts[Rep(Seqql[il) [1]]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqqlil) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;

T1516:=Transversal(N,N1516) ;#T1516;

for i in [1..#T1516] do

ss:=[1,5,1,6]1"T1516[i];

cstlprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[5]l*ts[1]*ts[6]
eq gx(ts[al*ts[b])"h

then "1,5,1,6=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[1]*ts[6]
eq g*(ts[al

*ts[b]l*ts[c]) "h then "1,5,1,6=",a,b,c; end if; end for; end for;
for a,b,c,d in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[1]*ts[6]
eq g*(ts[al

*ts[b]l*ts[c]*ts[d])"h then "1,5,1,6=",a,b,c,d;

end if; end for; end for;*/

/*Not new, equal to [1314]
N1517:=Stabiliser (N, [1,5,1,7]);
$ss:={[1,5,1,71};

SSS:=SSS°N;

SSS;

#SSS;

Seqq:=Setseq(8SSS);

Seqq;
for i in [1..#SSS] do
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for n in IN do

if ts[1]*ts[b]*ts[1]*ts[7] eq

n*ts[Rep(Seqql[il) [1]]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqli]) [3]]
*ts [Rep(Seqqlil) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;

T1517:=Transversal (N,N1517) ;#T1517;

for i in [1..#T1517] do

ss:=[1,5,1,7]1"T1517[i];

cst[prodim(1, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[5]l*ts[1]*ts[7]
eq gx(ts[al*ts[b])"h

then "1,5,1,7=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[1]*ts[7]
eq g*(ts([al

*ts[b]l*ts[c])"h then "1,5,1,7=",a,b,c; end if; end for; end for;
for a,b,c,d in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[1]*ts[7]
eq g*(ts[al

*ts[b]l*ts[c]*ts[d])"h then "1,5,1,7=",a,b,c,d;

end if; end for; end for;*/

/*Not new, equal to [131]
N1518:=Stabiliser (N, [1,5,1,8]);
Sss:={[1,5,1,8]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(8SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[6]*ts[1]*ts[8] eq
n*ts[Rep(Seqql[il) [1]]*ts[Rep(Seqqlil) [2]]1*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqqlil) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;
T1518:=Transversal(N,N1518) ;#T1518;
for i in [1..#T1518] do
ss:=[1,5,1,8]"T1518[i];
cst[prodim(1, ts, ss)]:=ss;

end for;



m:=0; for i in [1..330] do if cst[i] ne []

then m:=m+1; end if; end for; m;

for a,b in [1..8] do for g,h in IN do if ts[1]*ts[5]l*ts[1]*ts[8]
eq gx(ts[al*ts[b])"h

then "1,5,1,8=",a,b; end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[1]*ts[8]
eq g*(ts[al

*ts[b]l*ts[c])"h then "1,5,1,8=",a,b,c; end if; end for; end for;
for a,b,c,d in [1..8] do for g,h in IN do if ts[1]*ts[5]*ts[1]*ts[8]
eq g*(ts[al

*ts[b]l*ts[c]*ts[d])"h then "1,5,1,8=",a,b,c,d;

end if; end for; end for;*/

/*NEW*/
N13131:=Stabiliser(N,[1,3,1,3,1]1);
88s:={[1,3,1,3,1]1%};

S85:=8SS"N;

SSS;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3]*ts[1]*ts[3]*ts[1] eq
n*ts[Rep(Seqql[il) [1]]*ts[Rep(Seqqlil) [2]]1*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqq[i]) [4]]1*ts[Rep(Seqqlil) [5]]
then print Rep(Seqqlil);

end if; end for; end for;
T13131:=Transversal (N,N13131) ;#T13131;
for i in [1..#T13131] do
ss:=[1,3,1,3,1]"T13131[i];

cst[prodim(1, ts, ss)]:=ss;

end for;

m:=0; for i in [1..330] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N13131);

/*[13134]=[1313]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[3]*ts[2]

eq gx(ts[al*ts[b]l)"h then "1,3,1,3,2=",a,b; end if; end for; end for;
for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[3]*ts[2]

eq g*(ts[al*ts[b]l*ts[c])"h then "1,3,1,3,2=",a,b,c; end if;
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end for; end for;for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[1]1*ts[3]*ts[2] eq g*(tslal*ts[bl*ts[cl*ts[d])"h
then "1,3,1,3,2=",a,b,c,d; end if; end for; end for;*/

/*[13134]=[131]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[3]*ts[4]

eq gx(ts[al*ts[b]l)"h then "1,3,1,3,4=",a,b; end if; end for; end for;
for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[3]*ts[4]

eq g*(ts[al*ts[bl*ts[c])"h then "1,3,1,3,4=",a,b,c;

end if; end for; end for;*/

/*[13135]=[151]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[3]*ts[5]

eq gx(ts[al*ts[b]l)"h then "1,3,1,3,5=",a,b; end if; end for; end for;
for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts [3] *ts[1]*ts[3] *ts[5]

eq g*(ts[a]*ts[b]l*ts[c])"h then "1,3,1,3,5=",a,b,c;

end if; end for; end for;*/

/*[13136]=[151]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[3]*ts[6]

eq gx(ts[al*ts[b]l)"h then "1,3,1,3,6=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[3]*ts[6]

eq gx(ts[al*ts[bl*ts[c])"h then "1,3,1,3,6=",a,b,c;
end if; end for; end for;*/

/*[13137]=[151]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[3]*ts[7]

eq g*(ts[al*ts[b]l])"h then "1,3,1,3,7=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3] *ts[1]*ts[3] *ts[7]

eq g*(ts[al*ts[b]l*ts[c])"h then "1,3,1,3,7=",a,b,c;
end if; end for; end for;*/

/*[13138]=[131]
for a,b in [1..8] do for g,h in IN do if
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ts[1]*ts[3]*ts[1]*ts[3]*ts[8]

eq gx(ts[al*ts[b]l)"h then "1,3,1,3,8=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[3]*ts[8]

eq gx(ts[al*ts[bl*ts[c])"h then "1,3,1,3,8=",a,b,c;
end if; end for; end for;x*/

/*[13141]=[1314]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[4]*ts[1]

eq g*(ts[al*ts[b]l)"h then "1,3,1,4,1=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[4]*ts[1]

eq gx(ts[al*ts[bl*ts[c])"h then "1,3,1,4,1=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3] *ts[1]*ts[4]*ts[1]

eq gx(ts[al*ts[bl*ts[cl*ts[d])"h then "1,3,1,4,1=",a,b,c,d;
end if; end for; end for;*/

/*[13142]=[138]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[4]*ts[2]

eq gx(ts[al*ts[b]l)"h then "1,3,1,4,2=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[4]*ts[2]

eq gx(ts[al*ts[bl*ts[c])"h then "1,3,1,4,2=",a,b,c;
end if; end for; end for;*/

/*[13143]=[138]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[4]*ts[3] eq

g*x(ts[al*ts[b])"h then "1,3,1,4,3=",a,b; end if; end for; end for;
for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[4]*ts[3]

eq gx(ts[al*ts[bl*ts[c])"h then "1,3,1,4,3=",a,b,c;

end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[4] *ts[3]

eq g*(ts[al*ts[bl*ts[cl*ts[d])"h then "1,3,1,4,3=",a,b,c,d;
end if; end for; end for;*/
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/*[13145]=[1314]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[4] *ts[5]

eq gx(ts[al*ts[b])"h then "1,3,1,4,5=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts [3] *ts[1]*ts [4] *ts[5]

eq gx(ts[al*ts[bl*ts[c])"h then "1,3,1,4,5=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[4]*xts[5]

eq g*(ts[al*ts[b]l*ts[c]*ts[d])"h then "1,3,1,4,5=",a,b,c,d;
end if; end for; end for;x*/

/*[13146]1=[151]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[4]*ts[6]

eq gx(ts[al*ts[b]l)"h then "1,3,1,4,6=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[4]*ts[6] eq
g*(ts[al*ts[bl*ts[c])"h then "1,3,1,4,6=",a,b,c;
end if; end for; end for;*/

/*x[13147]1=[1374]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[4]*ts[7] eq
g*(ts[al*ts[b])"h then "1,3,1,4,7=",a,b; end if;
end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[1]1*ts[4]*ts[7] eq
g*(ts[al*ts[bl*ts[c])"h then "1,3,1,4,7=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts [3] *#ts[1]1*ts[4]*ts[7]

eq gx(tslal*ts[bl*ts[cl*ts[d])"h then "1,3,1,4,7=",a,b,c,d;
end if; end for; end for;*/

/*[13148]1=[1318]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[4]*ts[8] eq
g*(ts[al*ts[b])"h then "1,3,1,4,8=",a,b;
end if; end for; end for;
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for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[4]*ts[8] eq

g*(ts[al*ts[bl*ts[c])"h then "1,3,1,4,8=",a,b,c; end if; end for;
end for; for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[4]*ts[8]

eq gx(tsl[al*ts[bl*ts[cl*ts[d])"h then "1,3,1,4,8=",a,b,c,d;

end if; end for; end for;x*/

/*[13171]=[1318]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[7]*ts[1] eq

g*x(ts[al*ts[b])"h then "1,3,1,7,1=",a,b; end if;

end for;end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[7]I*ts[1] eq
gx(ts[al*ts[b]l*ts[c])"h then "1,3,1,7,1=",a,b,c; end if;
end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*#ts[1]1*ts[7]*ts[1]

eq gx(ts[al*ts[bl*ts[cl*ts[d])"h then "1,3,1,7,1=",a,b,c,d;
end if; end for; end for;*/

/*[13172]=[151]

for a,b in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[1]1*ts[7]1*ts[2] eq

gx(ts[al*ts[b])"h then "1,3,1,7,2=",a,b; end if; end for; end
for; for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[7]I*ts[2] eq

g*(ts[al*ts[bl*ts[c])"h then "1,3,1,7,2=",a,b,c;

end if; end for; end for;*/

/*[13173]1=[137]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[7]*ts[3] eq

gx(ts[al*ts[b])"h then "1,3,1,7,3=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[7]*ts[3]

eq gx(ts[al*ts[bl*ts[c])"h then "1,3,1,7,3=",a,b,c; end if;
end for; end for;*x/

/*[13174]1=[1347]
for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[7]*ts[4] eq
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g*(ts[al*ts[b])"h then "1,3,1,7,4=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[7]I*ts[4] eq
gx(ts[al*ts[b]*ts[c])"h then "1,3,1,7,4=",a,b,c;

end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts [3] *ts[1]*ts [7]*ts[4]

eq gx(ts[al*ts[bl*ts[cl*ts[d])"h

then "1,3,1,7,4=",a,b,c,d; end if; end for; end for;*/

/*[13175]1=[132]

for a,b in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[1]1*ts[7]1*ts[5] eq

g*(ts[al*ts[b]l)"h then "1,3,1,7,5=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[7]*ts[5]

eq gx(ts[al*ts[bl*ts[c])"h then "1,3,1,7,5=",a,b,c;
end if; end for; end for;*/

/*[13176]=[1347]

for a,b in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[1]1*ts[7]*ts[6] eq
g*(ts[al*ts[b])"h then "1,3,1,7,6=",a,b; end if; end for; end for;
for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[7]*ts[6] eq
gx(ts[al*ts[bl*ts[c])"h then "1,3,1,7,6=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[7]*ts[6]

eq gx(ts[al*ts[bl*ts[cl*ts[d]) h then
"1,3,1,7,6=",a,b,c,d; end if; end for; end for;*/

/*[13178]=[1318]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[7]*ts[8] eq
gx(ts[al*ts[b])"h then "1,3,1,7,8=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[7]1*ts[8] eq
g*(ts[al*ts[bl*ts[c])"h then "1,3,1,7,8=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if



ts[1]*ts[3]*ts[1]*ts [7]*ts[8]
eq g*(ts[al*ts[b]l*ts[c]*ts[d])"h then "1,3,1,7,8=",a,b,c,d;
end if; end for; end for;x*/

/*[13181]1=[1317]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[8]*ts[1] eq
g*(ts[al*ts[b])"h then "1,3,1,8,1=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[8]*ts[1] eq
g*(ts[al*ts[bl*ts[c])"h then "1,3,1,8,1=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[8] *ts[1]

eq gx(tsl[al*ts[bl*ts[cl*ts[d]) "h then
"1,3,1,8,1=",a,b,c,d; end if; end for; end for;*/

/*[13182]=[151]

for a,b in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[1]1*ts[8]*ts[2] eq

g*(ts[al*ts[b])"h then "1,3,1,8,2=",a,b; end if; end for; end for;
for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[8]*ts[2] eq

g*(ts[al*ts[bl*ts[c])"h then "1,3,1,8,2=",a,b,c;

end if; end for; end for;*/

/*[13183]=[134]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[8]*ts[3] eq

g*(ts[al*ts[b])"h then "1,3,1,8,3=",a,b; end if; end for; end for;
for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[8]*ts[3] eq

g*(ts[al*ts[bl*ts[c])"h then "1,3,1,8,3=",a,b,c;

end if; end for; end for;*/

/*x[13184]1=[1314]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[8]*ts[4] eq

g*(ts[al*ts[b])"h then "1,3,1,8,4=",a,b; end if; end for; end for;
for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[8]*ts[4] eq

g*(ts[al*ts[bl*ts[c])"h then "1,3,1,8,4=",a,b,c;

end if; end for; end for;
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for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[8] *ts[4]

eq gx(tslal*ts[bl*ts[cl*ts[d])"h then
"1,3,1,8,4=",a,b,c,d; end if; end for; end for;*/

/*[13185]1=[134]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[8]*ts[5] eq

g*(ts[al*ts[b])"h then "1,3,1,8,5=",a,b; end if; end for; end for;
for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[8]*ts[5] eq

g*(ts[al*ts[bl*ts[c])"h then "1,3,1,8,5=",a,b,c;

end if; end for; end for;*/

/*[13186]1=[1374]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[8]*ts[6] eq
g*(ts[al*ts[b])"h then "1,3,1,8,6=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[1]1*ts[8]*ts[6] eq
g*(ts[al*ts[bl*ts[c])"h then "1,3,1,8,6=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[8]*ts[6]

eq gx(ts[al*ts[bl*ts[cl*ts[d]) h then
"1,3,1,8,6=",a,b,c,d; end if;

end for; end for;*/

/*[13187]1=[1317]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[8]*ts[7] eq
g*(ts[al*ts[b])"h then "1,3,1,8,7=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*#ts[1]1*ts[8]*ts[7] eq
gx(ts[al*ts[bl*ts[c])"h then "1,3,1,8,7=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[8]*ts[7] eq
gx(ts[al*ts[bl*ts[cl*ts[d])"h then
"1,3,1,8,7=",a,b,c,d; end if; end for; end for;*/

/*[13471]1=[1317]
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for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[4]*ts[7]*ts[1] eq
g*x(ts[al*ts[b])"h then "1,3,4,7,1=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[4]*ts[7]I*ts[1] eq
g*(ts[al*ts[bl*ts[c])"h then "1,3,4,7,1=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[4]*ts[7]*ts[1] eq
gx(ts[al*ts[bl*ts[c]*ts[d]) "h then
"1,3,4,7,1=",a,b,c,d; end if;

end for; end for;*/

/*x[13472]=[1347]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[4]*ts[7]1*ts[2] eq
g*(ts[al*ts[b])"h then "1,3,4,7,2=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[4]*ts[7]1*ts[2] eq
g*(ts[al*ts[bl*ts[c])"h then "1,3,4,7,2=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[4]*ts[7]*ts[2]

eq gx(ts[al*ts[bl*ts[cl*ts[d]) h then
"1,3,4,7,2=",a,b,c,d; end if; end for; end for;*/

/*[13473]1=[1347]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[4]*ts[7]*ts[3] eq
g*(ts[al*ts[b])"h then "1,3,4,7,3=",a,b; end if;
end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[4]*ts[7]*ts[3] eq
g*(ts[al*ts[bl*ts[c])"h then "1,3,4,7,3=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts [3] *ts[4]*ts [7]*ts[3]

eq gx(ts[al*ts[b]l*ts[cl*ts[d]) "h then
"1,3,4,7,3=",a,b,c,d; end if;

end for; end for;*/

/*[13474]1=[1347]



for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[4]*ts[7]*ts[4] eq
g*x(ts[al*ts[b])"h then "1,3,4,7,4=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[4]*ts[7]1*ts[4] eq
g*(ts[al*ts[bl*ts[c])"h then "1,3,4,7,4=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[4]*ts[7]*ts [4]

eq g*(ts[al*ts[b]l*ts[cl*ts[d]) "h then
"1,3,4,7,4=",a,b,c,d; end if;

end for; end for;*/

/*[13475]1=[1317]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[4]*ts[7]1*ts[5] eq
g*(ts[al*ts[b])"h then "1,3,4,7,5=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[4]*ts[7]*ts[5] eq
g*(ts[al*ts[bl*ts[c])"h then "1,3,4,7,5=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[4]*ts[7]*ts[5]

eq gx(ts[al*ts[bl*ts[cl*ts[d]) h then
"1,3,4,7,5=",a,b,c,d; end if; end for; end for;*/

/*[13476]1=[1347]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[4]*ts[7]*ts[6] eq
g*(ts[al*ts[b]l)"h then "1,3,4,7,6=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[4]*ts[7]*ts[6] eq
g*(ts[al*ts[bl*ts[c])"h then "1,3,4,7,6=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts [3] *ts[4]*ts[7]*ts[6]

eq gx(ts[al*ts[b]l*ts[cl*ts[d]) "h then
"1,3,4,7,6=",a,b,c,d; end if; end for; end for;*/

/*[13478]=[138]
for a,b in [1..8] do for g,h in IN do if
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ts[1]*ts[3]*ts[4]*ts[7]*ts[8] eq
gx(ts[al*ts[b]l) "h then "1,3,4,7,8=",a,b; end if;
end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[4]1*ts[7]*ts[8] eq
gx(ts[al*ts[bl*ts[c]) "h then "1,3,4,7,8=",a,b,c;
end if; end for; end for;x*/

/*[13741]1=[1314]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[7]*ts[4]*ts[1] eq
g*x(ts[al*ts[b]l)"h then "1,3,7,4,1=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[7I*ts[4]*ts[1] eq
gx(ts[al*ts[b]*ts[c])"h then "1,3,7,4,1=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3] *ts[7]1*ts[4] *ts[1]

eq gx(ts[al*ts[bl*ts[cl*ts[d]) "h then
"1,3,7,4,1=",a,b,c,d; end if; end for; end for;*/

/*[13742]=[1318]

for a,b in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[7]1*ts[4]*ts[2] eq
g*(ts[al*ts[b]l)"h then "1,3,7,4,2=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[7]1*ts[4]*ts[2] eq
gx(ts[al*ts[bl*ts[c])"h then "1,3,7,4,2=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[7]*ts[4] *ts[2]

eq g*(tslal*ts[bl*ts[cl*ts[d])"h

then "1,3,7,4,2=",a,b,c,d; end if; end for; end for;*/

/*[13743]=[1374]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[7]I*ts[4]*ts[3] eq
g*(ts[al*ts[b])"h then "1,3,7,4,3=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[7]1*ts[4]*ts[3] eq
g*(ts[al*ts[bl*ts[c])"h then "1,3,7,4,3=",a,b,c;



end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[7]*ts[4]*ts[3]

eq gx(ts[al*ts[bl*ts[cl*ts[d]) h then
"1,3,7,4,3=",a,b,c,d; end if; end for; end for;x*/

/*[13745]=[137]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[7]*ts[4]*ts[5] eq
g*(ts[al*ts[b])"h then "1,3,7,4,5=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[7]1*ts[4]*ts[5] eq
g*(ts[al*ts[bl*ts[c])"h then "1,3,7,4,5=",a,b,c;
end if; end for; end for;*/

/*x[13746]1=[1374]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[7]I*ts[4]*ts[6] eq
g*(ts[al*ts[b])"h then "1,3,7,4,6=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[7]*ts[4]*ts[6] eq
gx(ts[al*ts[bl*ts[c]) "h then "1,3,7,4,6=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[7]1*ts[4]*ts[6]

eq gx(tsl[al*ts[bl*ts[cl*ts[d])"h then
"1,3,7,4,6=",a,b,c,d; end if; end for; end for;*/

/*[13747]1=[1374]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[7]1*ts[4]*ts[7] eq
g*(ts[al*ts[b]l)"h then "1,3,7,4,7=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[7]I*ts[4]*ts[7] eq
gx(ts[al*ts[b]*ts[c])"h then "1,3,7,4,7=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts [3] *ts[7]*ts[4] *ts[7]

eq gx(ts[al*ts[bl*ts[cl*ts[d])"h

then "1,3,7,4,7=",a,b,c,d; end if; end for; end for;*/
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/*x[13748]=[1374]

for a,b in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[7]1*ts[4]*ts[8] eq
g*(ts[al*ts[b]l)"h then "1,3,7,4,8=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[7]1*ts[4]*ts[8] eq
gx(ts[al*ts[bl*ts[c])"h then "1,3,7,4,8=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[7]*ts[4] *ts[8]

eq gx(ts[al*ts[bl*ts[cl*ts[d]) "h then
"1,3,7,4,8=",a,b,c,d; end if; end for; end for;*/

/*[131312]1=[1313]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[3]*ts[1]*ts[2]

eq g*(ts[al*ts[b])"h then "1,3,1,3,1,2=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[3]*ts[1]*ts[2]

eq g*(ts[al*ts[bl*ts[c])"h then "1,3,1,3,1,2=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[1]1*ts[3]*ts[1]*ts[2] eq
gx(ts[al*ts[bl*ts[cl*ts[d])"h then
"1,3,1,3,1,2=",a,b,c,d; end if; end for; end for;x*/

/*[131313]1=[1313]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[3]*ts[1]*ts[3]

eq g*(ts[al*ts[b]l)"h then "1,3,1,3,1,3=",a,b;
end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[1]*ts[3]*ts[1]*ts[3]

eq gx(ts[al*ts[bl*ts[c])"h then
"1,3,1,3,1,3=",a,b,c; end if; end for; end for;
for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[1]*ts[3]*ts[1]*ts[3] eq
g*(ts[al*ts[bl*ts[c]*ts[d]) "h

then "1,3,1,3,1,3=",a,b,c,d; end if; end for; end for;*/

/*[131314]=[1313]
for a,b in [1..8] do for g,h in IN do if
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ts[1]*ts[3]*ts[1]*ts[3]*ts[1]*ts[4]

eq gx(ts[al*ts[b])"h then "1,3,1,3,1,4=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[3]*ts[1]*ts[4] eq
g*(ts[al*ts[bl*ts[c])"h then "1,3,1,3,1,4=",a,b,c;

end if; end for; end for;for a,b,c,d in [1..8] do

for g,h in IN do if ts[1]*ts[3]*ts[1]*ts[3]*ts[1]*ts[4] eq
g*(ts[al*ts[bl*ts[c]*ts[d]) "h

then "1,3,1,3,1,4=",a,b,c,d; end if; end for; end for;x*/

/*[131315]=[1313]

for a,b in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[1]*ts[3]*ts[1]*ts[5]

eq gx(ts[al*ts[b]l)"h then "1,3,1,3,1,5=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[3]*ts[1]*ts[5] eq gx(ts[al*ts[bl*ts[c]l)"h
then "1,3,1,3,1,5=",a,b,c; end if; end for;

end for;for a,b,c,d in [1..8] do for

g,h in IN do if ts[1]l*ts[3]*ts[1]*ts[3]1*ts[1]*ts[5] eq
g*(ts[al*ts[b]l*ts[c]*ts[d])"h then "1,3,1,3,1,5=",a,b,c,d;
end if; end for; end for;*/

/*[131316]=[1313]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[3]*ts[1]*ts[6]

eq gx(ts[al*ts[b]l)"h then "1,3,1,3,1,6=",a,b;
end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[3]*ts[1]*ts[6]

eq gx(ts[al*ts[bl*ts[c]) "h then
"1,3,1,3,1,6=",a,b,c; end if; end for; end for;
for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[3]*ts[1]*ts[6] eq
g*(ts[al*ts[bl*ts[c]*ts[d])"h then "1,3,1,3,1,6=",a,b,c,d;
end if; end for; end for;*/

/*[131317]1=[1313]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[3]*ts[1]*ts[7]

eq gx(ts[al*ts[b])"h then "1,3,1,3,1,7=",a,b;
end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
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ts[1]1*ts[3]*ts[1]1*ts[3]*ts[1]*ts[7] eq gx(ts[al*ts[bl*ts[c]) h
then "1,3,1,3,1,7=",a,b,c; end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]1*ts[3]*ts[1]*ts[3]*ts[1]*ts[7] eq
gx(ts[al*ts[b]*ts[c]*ts[d])"h then "1,3,1,3,1,7=",a,b,c,d;

end if; end for; end for;*/

/*[131318]1=[1313]

for a,b in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]*ts[3]*ts[1]*ts[8]

eq gx(ts[al*ts[b])"h then "1,3,1,3,1,8=",a,b;

end if; end for; end for;

for a,b,c in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[3]*ts[1]*ts[8] eq
gx(ts[al*ts[bl*ts[c])"h then "1,3,1,3,1,8=",a,b,c;
end if; end for; end for;

for a,b,c,d in [1..8] do for g,h in IN do if
ts[1]*ts[3]*ts[1]1*ts[3]*ts[1]*ts[8] eq
gx(ts[al*ts[bl*ts[cl*ts[d])"h then
"1,3,1,3,1,8=",a,b,c,d; end if; end for; end for;x*/

B.2 Construction of PSLy(19) over 210 : Dy,

S:=Sym(10);

A:=S'(1, 3, 9, 7, 8)(2, 6, 4, 10, 5);
B:=S!(1, 2)(3, 5)(4, 7)(6, 8)(9, 10);
C:=S!(1, 4)(2, 7)(3, 10)(5, 9)(6, 8);
N:=sub<S|A,B,C>;

r1:=0;r2:=0;r3:=0;r4:=0;r5:=0;r6:=0;r7:=0;r8:=0;r9:=3;r10:=9;r11:=5;
G<a,b,c,t>:=Group<a,b,c,t|b"2,c"2,(a"-1*b) "2,a"-1xc*a*xc, (b*c)"2,a"-5,
t°2, (t,bxa"2*c), (cxt) “r1, (bxt~(a~-1)) "r2, (b*xt) "r3, (b*t~a) "r4,
(b*cxt~(a~-1))"r5, (b*xc*xt) “r6, (bxc*t~a) “r7, (axt) “r8, (a~2*t) "r9,
(axc*t)"r10,(c*a-2%t)"ril,(a * c * t * a * t * a"-1 * t * b)>;
f,G1,k:=CosetAction(G,sub<Gla,b,c>);

IN:=sub<G1|f(a),f(b),f(c)>;
NN<x,y,2z>:=Group<x,y,z|y~2,z"2, (x"-1*y) "2,x"—1xz*x*z, (y*z) "2,x"-5>;
Sch:=SchreierSystem (NN, sub<NN|Id(NN)>);

ArrayP:=[Id(N): i in [1..#N]];

for i in [2..#N] do

P:=[Id(N): 1 in [1..#Sch[ill];

for j in [1..#Sch[i]] do

if Eltseq(Sch([i]) [j] eq 1 then P[j]:=A; end if;
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if Eltseq(Sch[i]) [j] eq -1 then P[j]l:=A"-1; end if;
if Eltseq(Sch[i]) [j] eq 2 then P[j]:=B; end if;

if Eltseq(Sch[i]) [j] eq 3 then P[j]:=C; end if;

end for;

PP:=Id(N);

for k in [1..#P] do

PP:=PP*P[k]; end for;

ArrayP[i] :=PP;

end for;

for i in [1..20] do if ArrayP[i] eq N!(1, 3, 9, 7, 8)(2, 6, 4, 10, 5)
then Schli]; end if; end for;

prodim:=function(pt,Q,I)

v:=pt;

for i in I do

v:=v~(Q[il);

end for;

return v;

end function;

ts:=[Id(G1): i in [1..10]1]1;

ts[1]:=f(t); ts[2]:=f(t"b); ts[3]:=f(t"a); ts[4]:=f(t"c);
ts[5]:=f(t~(axb)); ts[6]:=f(t"(a~4%*b));ts[7]:=f(t"(a"3));
ts[8]:=f(t~(a~4)); ts[9]:=f(t"(a~2));
ts[10] :=f (£~ (a~2%b));

cst:=[null: i in [1..Index(G,sub<Gla,b,c>)]] where null is
[Integers() | 1;

for i:= 1 to 10 do

cstlprodim(1, ts, [i1)]:= [i];

end for;

m:=0;
for i in [1..171] do if cst[i] ne [] then m:=m+1; end if; end for; m;
/* 171=|G|/|N| */

N1:=Stabiliser(N,1);

#N/#N1;

Orbits(N1);

for i in [1..10] do i, cst[i]; end for;

N14:=Stabiliser (N, [1,4]);
8SS:={[1,4]};

/*conjugating the double coset by Nx*/
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SSS:=SSS°N;
SSS;

#SSS;
Seqq:=Setseq(8SS);
Seqq;

/*We change it to sequence to check whether any of our singles cosets
are equal to each other inside N14, our double coset*/

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[4] eq

n*ts[Rep(Seqqlil) [1]1]*ts[Rep(Seqqlil) [2]]

then print Rep(Seqqlil);

end if; end for; end for;

/*Transversals are the number of right cosets of N14 in N. In other
words, N has permutations and N(14) has permutations that stabilise
the coset [1,4] and the equal names of N14(for ex, if there’s a
permutation that sends (2,3) to (1,4), not this case though).

The Transversals are the permutations that are in N but are NOT in
N(14) and we are right multiplying to all elements in N(14).
(#Tranversals = #single cosets) */

T14:=Transversal (N,N14);

/* #N/#N14 = #T14 (#Tranversals = #single cosets)x*/
for i in [1..#T14] do

ss:=[1,4]"T14[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []

then m:=m+1; end if; end for; m;

/* ([1,4]°N14)°T14 gives all of the different #T14 cosets in the
double coset Nt1t4N These are computed as follows*/

for i in [1..#T14] do ([1,4]°N14)"T14[i]; end for;

Orbits(N14);

#N14;

N12:=Stabiliser(N, [1,2]);
Sss:={[1,2]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS) ;
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Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]l*ts[2] eq

n*ts[Rep(Seqq[il) [1]1]1*ts[Rep(Seqqlil) [2]]
then print Rep(Seqqlil);

end if; end for; end for;
T12:=Transversal (N,N12);

/* #N/#N12s = #T12 */

for i in [1..#T12] do

ss:=[1,2]"T12[i];

cst[prodim(1, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []
then m:=m+1; end if; end for; m;

/* NOT A NEW COSET, equal to [1]
N13:=Stabiliser (N, [1,3]);

SSS:={[1,3]};

SSS:=SSS°N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[3] eq

nxts[Rep(Seqq[il) [1]1]1*ts[Rep(Seqqlil) [2]]
then print Rep(Seqqlil);

end if; end for; end for;

N13s:=N13;

for n in N do if 1"n eq 1 and 3"n eq 8 then
N13s:=sub<N|N13s,n>; end if; end for;
N13s; #N13s;

#N/#N13s;

(#N/#N13s gives the number of single coset in the double
cosets in the double coset $Nt1t13 )
T13:=Transversal (N,N13s);

( #N/#N13s = #T13 )

for i in [1..#T13] do

ss:=[1,3]"T13[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []
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then m:=m+1; end if; end for; m;

( [1,3]1°N13s gives equal names of the coset Nt1t3 )

[1,3]°N13s;

( ([1,3]°N13s)"T13 gives all of the different #T13 cosets in the
double coset NtOtlN These are computed as follows)

for i in [1..#T13] do ([1,3]°N13s)"T13[i]; end for;

Orbits(N13s);

for n in IN do if ts[1]*ts[3] eq n*ts[1]*ts[8] then n; end if; end for;
for i in [1..20] do i, cst[i]; end for;

ts:=[Id(G1): i in [1..15]];

ts[1]:=f(t); ts[2]:=Ff(t"b); ts[3]:=f(t"a); tsl[4]:=f(t"c);
ts[5] :=f(t"(axb)); ts[6]:=f(t"(a~4*b));ts[7]:=f(t"(a"3));
ts[8]:=f(t"(a"4)); ts[9]:=f(t~(a"2));
ts[10] :=f (£t~ (a~2%b));

ts[1]1*ts[3] eq f(a"3)*ts[1]1*ts[8];

(true)#N13s;

for a in [1..10] do for g,h in IN do if ts[1]*ts[3] eq gx(ts[al)"h
then "1,3=", a; end if; end for; end for;

x/

N16:=Stabiliser (N, [1,6]);
SSs:={[1,61};

SSS:=SSS”N;

SSS;;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[6] eq
n*ts[Rep(Seqql[il) [1]1*ts[Rep(Seqqlil) [2]]
then print Rep(Seqqlil);

end if; end for; end for;
T16:=Transversal(N,N16);

/* #N/#N16s = #T16 *x/

for i in [1..#T16] do
ss:=[1,6]"T16[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []
then m:=m+1; end if; end for; m;
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/*NOT A NEW COSET, equal to [1]
N17:=Stabiliser (N, [1,7]);
SSS:={[1,7]1};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]1*ts[7] eq
n*ts[Rep(Seqqlil) [1]1]*ts[Rep(Seqqlil) [2]]
then print Rep(Seqqlil);

end if; end for; end for;
T17:=Transversal (N,N17);

/* #N/#N17s = #T17 */

for i in [1..#T17] do
ss:=[1,7]"T17[1i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []
then m:=m+1; end if; end for; m;

for m,n in IN do if ts[1]*ts[7] eq m*(ts[9]*ts[8]) n

then m, n; end if; end for;

for i in [1..20] do i, cst[i]; end for;

for a in [1..10] do for g,h in IN do if ts[1]*ts[7] eq g*(ts[al)"h
then "1,3=", a; end if; end for; end for;*/

/*NOT NEW, equal to [14]
N141:=Stabiliser (N, [1,4,1]);
SSS:={[1,4,1]1%};

(conjugating the double coset by N)
SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS) ;

Seqq;

(We change it to sequence to check whether any of our singles cosets
are equal to each other inside N141, our double coset)

for i in [1..#SSS] do

for n in IN do
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if ts[1]*ts[4]*ts[1] eq

n*ts [Rep(Seqq[il) [1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [31]
then print Rep(Seqqlil);

end if; end for; end for;

(Transversals are the number of right cosets of N141 in N. In other
words, N has permutations and N(141) has permutations that stabilise
the coset [1,4,1] and the equal names of N141)

T141:=Transversal (N,N141);

/*( #N/#N14 = #T14 (#Tranversals = #single cosets))*/
for i in [1..#T141] do

ss:=[1,4,1]1"T141[i];

cst[prodim(l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []

then m:=m+1; end if; end for; m;

for a in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[1] eq g*(ts[al)"h
then "1,4,1=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[1]

eq gx(ts[al*ts[b]l)"h then "1,4,1=", a,b; end if; end for; end for;*/

/*Not a new coset, equal to [12]
N142:=Stabiliser (N, [1,4,2]);

SsS:={[1,4,21};

-conjugating the double coset by N

SSS:=SSS°N;

SSS;

#SSS;

Seqq:=Setseq(8SSS);

Seqq;

-We change it to sequence to check whether any of our singles
cosets are equal to each other inside N142, our double coset
for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[4]*ts[2] eq

nxts[Rep(Seqq[i]) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]]
then print Rep(Seqqlil);

end if; end for; end for;

T142:=Transversal (N,N142);

for i in [1..#T142] do

ss:=[1,4,2]"T142[i];

cstprodim(1l, ts, ss)]:=ss;
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end for;

m:=0; for i in [1..171] do if cst[i] ne []

then m:=m+1; end if; end for; m;

for a in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[2]

eq gx(ts[al)"h then "1,4,2=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[2]

eq gx(ts[al*ts[b]l)"h then "1,4,2=", a,b; end if; end for; end for;
*/

N143:=Stabiliser (N, [1,4,3]);

SsS:={[1,4,31};

SSS:=SSS”N;

SSS;;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[4]*ts[3] eq

n*xts[Rep(Seqq[il) [1]1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqql[i]l) [3]]
then print Rep(Seqqlil);

end if; end for; end for;

N143s:=N143;

for n in N do if 1"n eq 3 and 4™n eq 10 and 3"n eq 1 then
N143s:=sub<N|N143s,n>; end if; end for;

N143s; #N143s;

#N/#N143s;

T143:=Transversal (N,N143s);

for i in [1..#T143] do

ss:=[1,4,3]"T143[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []

then m:=m+1; end if; end for; m;

[1,4,3]"°N143s;

for i in [1..#T143] do ([1,4,3]°N143s)"T143[i]; end for;
Orbits(N143s);

/*NOT A NEW COSET [146], equal to [16]

for a in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[6] eq
gx(ts[al)"h then "1,4,6=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[6] eq
g*x(ts[al*ts[b]l)"h then "1,4,6=", a,b; end if; end for; end for;
*/
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N147:=Stabiliser (N, [1,4,7]);

SSs:={[1,4,71};

SSS:=SSS”N;

SSS;;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[4]1*ts[7] eq

nxts[Rep(Seqql[i]) [1]1]*ts[Rep(Seqql[il) [2]1*ts[Rep(Seqqlil) [3]]
then print Rep(Seqqlil);

end if; end for; end for;

N147s:=N147;

for n in N do if 1'n eq 4 and 4™ n eq 1 and 7°n eq 2 then
N147s:=sub<N|N147s,n>; end if; end for;

for n in N do if 1"n eq 6 and 4™n eq 8 and 7"n eq 10 then
N147s:=sub<N|N147s,n>; end if; end for;

for n in N do if 1"n eq 8 and 4™n eq 6 and 7"n eq 3 then
N147s:=sub<N|N147s,n>; end if; end for;

N147s; #N147s;

#N/#N147s;

T147 :=Transversal (N,N147s) ;

for i in [1..#T147] do

ss:=[1,4,7]"T147[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []

then m:=m+1; end if; end for; m;

[1,4,7]1°N147s;

for i in [1..#T147] do ([1,4,7]1°N147s)"T147[i]; end for;
Orbits(N147s);

N121:=Stabiliser(N, [1,2,1]);
S88S:={[1,2,11};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[2]*ts[1] eq
nxts[Rep(Seqql[il) [1]1]*ts[Rep(Seqql[il) [2]1*ts[Rep(Seqqlil) [3]]
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then print Rep(Seqqlil);

end if; end for; end for;
T121:=Transversal(N,N121);

for i in [1..#T121] do
ss:=[1,2,1]1"T121[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N121);

/+NOT A NEW COSET [123] equal to [12]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[3]

eq g*(tslal)"h then "1,2,3=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[3]

eq gx(ts[al*ts[b]l)"h then "1,2,3=", a,b; end if; end for; end for;*/

/*Not a new coset [124] equal to [16]

for a in [1..10] do for g,h in IN do if ts[1]x*ts[2]*ts[4]

eq gx(ts[al)"h then "1,2,4=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[4]

eq gx(ts[al*ts[b]l)"h then "1,2,4=", a,b; end if; end for; end for;*/

/*Not a new coset [125] equal to [12]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[5]

eq gx(ts[al)"h then "1,2,5=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]x*ts[2]*ts[5]

eq g*(ts[al*ts[b]l)"h then "1,2,5=", a,b; end if; end for; end for;*/

/*Not a new coset [126] goes to [16]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[6] eq
g*x(ts[al)"h then "1,2,6=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[6] eq
g*x(ts[al*ts[b]l)"h then "1,2,6=", a,b; end if; end for; end for;*/

N127:=Stabiliser (N, [1,2,7]);
8SS:={[1,2,71};

SSS:=SSS°N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do
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if ts[1]*ts[2]*ts[7] eq

n*ts [Rep(Seqq[il) [1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [31]
then print Rep(Seqqlil);

end if; end for; end for;

N127s:=N127;

for n in N do if 1"n eq 2 and 2'n eq 1 and 7°n eq 4 then
N127s:=sub<N|N127s,n>; end if; end for;

for n in N do if 1"'n eq 4 and 2'n eq 7 and 7°n eq 2 then
N127s:=sub<N|N127s,n>; end if; end for;

for n in N do if 1"n eq 7 and 2°n eq 4 and 7°n eq 1 then
N127s:=sub<N|N127s,n>; end if; end for;

N127s; #N127s;

#N/#N127s;

T127:=Transversal (N,N127s);

for i in [1..#T127] do

ss:=[1,2,7]1"T127[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []

then m:=m+1; end if; end for; m;

[1,2,7]1"°N127s;

for i in [1..#T127] do ([1,2,7]1°N127s)"T127[i]; end for;
Orbits(N127s);

N128:=Stabiliser (N, [1,2,8]);

Sss:={[1,2,81};

S588:=888"N;

SS8S;

#3SS;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[2]*ts[8] eq

n*ts[Rep(Seqql[il) [111*ts[Rep(Seqqlil) [2]1]1*ts[Rep(Seqqlil) [3]1]
then print Rep(Seqqlil);

end if; end for; end for;

N128s:=N128;

for n in N do if 1"n eq 3 and 2°n eq 2 and 8™n eq 9 then
N128s:=sub<N|N128s,n>; end if; end for;

N128s; #N128s;

#N/#N128s;

T128:=Transversal (N,N128s) ;

for i in [1..#T128] do



181

ss:=[1,2,8]"T128[i];

cstlprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []

then m:=m+1; end if; end for; m;

[1,2,8]°N128s;

for i in [1..#T128] do ([1,2,8]°N128s)"T128[i]; end for;
Orbits(N128s);

/*Not a new coset; it’s not equal to anything but the coset
counter does not increase

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[9] eq
g*x(ts[al)"h then "1,2,9=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[2]*ts[9]
eq gx(ts[al*ts[b]l)"h then "1,2,9=", a,b; end if; end for; end for;
N129:=Stabiliser (N, [1,2,9]);

8SS:={[1,2,91};

S85:=88S°N;

SSS;

#3SS;

Seqq:=Setseq(8SS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]l*ts[2]1*ts[9] eq

n*ts [Rep(Seqql[il) [11]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
then print Rep(Seqqlil);

end if; end for; end for;

T129:=Transversal (N,N129) ;

/* #N/#N129s = #T129 */

for i in [1..#T129] do

ss:=[1,2,9]"T129[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []

then m:=m+1; end if; end for; m;

Orbits(N129) ;*/

/*Not a new coset, [12 10] to [14]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[10]

eq gx(ts[al)"h then "1,2,10=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[10]

eq g*(ts[al*ts[b]l)"h then "1,2,10=", a,b; end if; end for; end for;
N1210:=Stabiliser (N, [1,2,10]);
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S8S:={[1,2,10]};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[2]*ts[10] eq

nxts[Rep(Seqqli]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
then print Rep(Seqqlil);

end if; end for; end for;

N1210s:=N1210;

for n in N do if 1"n eq 7 and 2°n eq 4 and 10°n eq 5 then
N1210s:=sub<N|N1210s,n>; end if; end for;

N1210s; #N1210s;

#N/#N1210s;

T1210:=Transversal (N,N1210s);

for i in [1..#T1210] do

ss:=[1,2,10]1"T1210[i];

cstlprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []

then m:=m+1; end if; end for; m;

[1,2,10]°N1210s;

for i in [1..#T1210] do ([1,2,10]°N1210s)"T1210[i]; end for;
Orbits(N1210s) ;*/

N161:=Stabiliser (N, [1,6,1]);
S8S:={[1,6,1]1};

SSS:=SSS°N;

SSS;

#3SS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[6]*ts[1] eq
n*ts [Rep(Seqql[il) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
then print Rep(Seqqlil);

end if; end for; end for;

N161s:=N161;
for n in N do if 1'n eq 5 and 6™n eq 7 and 1°n eq 5 then
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N161s:=sub<N|N161s,n>; end if; end for;

N161s; #N161s;

#N/#N161s;

T161:=Transversal (N,N161s);

for i in [1..#T161] do
ss:=[1,6,1]1"T161[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []
then m:=m+1; end if; end for; m;
[1,6,1]1°N161s;

for i in [1..#T161] do ([1,6,1]1°N161s)"T161[i]; end for;
Orbits(N161s);

/*Not a new coset, [162] equals to [12]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[2]

eq g*(ts[a])"h then "1,6,2=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[2]

eq gx(ts[al*ts[b])"h then "1,6,2=", a,b; end if; end for; end for;x/

N163:=Stabiliser (N, [1,6,3]);
SSs:={[1,6,31};

SS8S:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[6]*ts[3] eq
nxts[Rep(Seqqli]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
then print Rep(Seqqlil);

end if; end for; end for;

N163s:=N163;

for n in N do if 1"'n eq 6 and 6™n eq 1 and 3"n eq 2 then
N163s:=sub<N|N163s,n>; end if; end for;
N163s; #N163s;

#N/#N163s;

T163:=Transversal (N,N163s);

for i in [1..#T163] do
ss:=[1,6,3]1"T163[i];

cstlprodim(1l, ts, ss)]:=ss;

end for;
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m:=0; for i in [1..171] do if cst[i] ne []

then m:=m+1; end if; end for; m;

[1,6,3]1"N163s;

for i in [1..#T163] do ([1,6,3]°N163s) "T163[i]; end for;
Orbits(N163s);

/*Not a new coset [164] to [14]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[4]

eq gx(ts[al)"h then "1,6,4=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[4]

eq gx(ts[al*ts[b]l)"h then "1,6,4=", a,b; end if; end for; end for;*/

/*Not a new coset [165] equals to [16]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[5] eq
gx(ts[al)"h then "1,6,5=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]x*ts[6]*ts[5]

eq g*(ts[al*ts[bl)"h then "1,6,5=", a,b; end if; end for; end for;*/

N167:=Stabiliser (N, [1,6,7]1);
88s:={[1,6,71};

SSS:=SSS”N;

SSS;

#SSS;

Seqq:=Setseq(SSS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[6]1*ts[7] eq
nxts[Rep(Seqq[i]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
then print Rep(Seqqlil);

end if; end for; end for;

T167 :=Transversal (N,N167);

/* #N/#N167s = #T167 */

for i in [1..#T167] do
ss:=[1,6,7]1"T167[i];
cst[prodim(l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N167);

N168:=Stabiliser (N, [1,6,8]);
88S:={[1,6,8]1%};
SSS:=SSS°N;
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SSS;

#SSS;

Seqq:=Setseq(SSS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[6]*ts[8] eq

n*ts [Rep(Seqql[il) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
then print Rep(Seqqlil);

end if; end for; end for;

N168s:=N168;

for n in N do if 1°"n eq 2 and 6™n eq 8 and 8™n eq 6 then
N168s:=sub<N|N168s,n>; end if; end for;

N168s; #N168s;

#N/#N168s;

T168:=Transversal (N,N168s) ;

for i in [1..#T163] do

ss:=[1,6,8]"T168[i];

cst[prodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []

then m:=m+1; end if; end for; m;

[1,6,8] "N168s;

for i in [1..#T168] do ([1,6,8]°N168s) "T168[i]; end for;
Orbits(N168s);

/*not a new coset, goes back to [16]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[9]

eq g*(ts[al)"h then "1,6,9=", a; end if; end for; end for;
for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[9]
eq gx(ts[al*ts[b])"h then "1,6,9=", a,b; end if; end for; end for;
N169:=Stabiliser (N, [1,6,9]);

88s:={[1,6,91};

SSS:=SSSN;

SSS;;

#SSS;

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[6]*ts[9] eq

n*xts[Rep(Seqq[il) [1]1]1*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqql[il) [3]]
then print Rep(Seqqlil);

end if; end for; end for;
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T169:=Transversal (N,N169) ;

#N/#N169s = #T169

for i in [1..#T169] do
ss:=[1,6,9]1"T169[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []
then m:=m+1; end if; end for; m;
Orbits(N169) ;*/

/*not a new coset [16 10] goes to [12]

for a in [1..10] do for g,h in IN do if ts[1]x*ts[6]*ts[10]

eq gx(ts[al)"h then "1,6,10=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[6]*ts[10]

eq g+(ts[al*ts[bl)"h then "1,6,10=", a,b; end if; end for; end for;*/

/*Not a new coset [1432] goes back to [128]

for a in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[3]*ts[2]

eq gx(ts[al)"h then "1,4,3,2=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[3]*ts[2]

eq gx(ts[al*ts[b]l)"h then "1,4,3,2=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[3]*ts[2]
eq g*(tsl[al*ts[bl*ts[c])"h then "1,4,3,2=", a,b,c;

end if; end for; end for;*/

/*Not a new coset [1434] goes back to [167]

for a in [1..10] do for g,h in IN do if ts[1]xts[4]x*ts[3]*ts[4]

eq gx(ts[al)"h then "1,4,3,4=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[3]*ts[4]

eq gx(ts[al*ts[bl)"h then "1,4,3,4=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[3]*ts[4]
eq g*(ts[al*ts[bl*ts[c])"h then "1,4,3,4=", a,b,c;

end if; end for; end for;*/

/*[1437] goes back to itself [143]

for a in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[3]*ts[7]

eq gx(ts[al)"h then "1,4,3,7=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]x*ts[4]*ts[3]*ts[7]

eq gx(ts[al*ts[bl)"h then "1,4,3,7=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[3]*ts[7]
eq g*(ts[al*ts[bl*ts[c])"h then "1,4,3,7=", a,b,c;

end if; end for; end for;*/

/*[1438] goes to [147]



for a in [1..10] do for g,h in IN do if ts[1]*ts[4]x*ts[3]*ts[8]

eq gx(ts[al)"h then "1,4,3,8=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[4]*ts[3]x*ts[8]

eq gx(ts[al*ts[bl)"h then "1,4,3,8=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[3]*ts[8]
eq g*(ts[al*ts[bl*ts[c])"h then "1,4,3,8=", a,b,c;

end if; end for; end for;x*/

for a in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[3]*ts[5]
eq g*(ts[al)"h then "1,4,3,5=", a; end if; end for; end for;
for a,b in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[3]*ts[5]
eq g*(ts[al*ts[b]l)"h then "1,4,3,5=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[3]*ts[5]
eq g*(ts[al*ts[bl*ts[c])"h then "1,4,3,5=", a,b,c;

end if; end for; end for;

N1435:=Stabiliser (N, [1,4,3,5]);

S8s:={[1,4,3,5]};

SSS:=SSS”N;

SSS;;

#3SS;

Seqq:=Setseq(8SS) ;

Seqq;

for i in [1..#SSS] do

for n in IN do

if ts[1]*ts[4]1*ts[3]*ts[5] eq

n*ts [Rep(Seqql[il) [11]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
*ts [Rep(Seqq[il) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;

N1435s:=N1435;

for n in N do if 1°"n eq 5 and 4°n eq 9 and 3"n eq 10 and 5°n eq
1 then N1435s:=sub<N|N1435s,n>; end if; end for;

N1435s; #N143bs;

#N/#N1435s;

T1435:=Transversal (N,N1435s) ;

for i in [1..#T1435] do

ss:=[1,4,3,5]"T1435[i];

cstprodim(1l, ts, ss)]:=ss;

end for;

m:=0; for i in [1..171] do if cst[i] ne []

then m:=m+1; end if; end for; m;

[1,4,3,5] "N1435s;

for i in [1..#T1435] do ([1,4,3,5]°N1435s)"T1435[i]; end for;
Orbits(N1435s);
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/* [1475] goes back to itself [147]

for a in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[7]*ts[5]

eq gx(ts[al)"h then "1,4,7,5=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]x*ts[4]*ts[7]*ts[5]

eq gx(ts[al*ts[b]l)"h then "1,4,7,5=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[4]*ts[7]*ts[5]
eq g*(ts[al*ts[bl*ts[c])"h then "1,4,7,5=", a,b,c;

end if; end for; end for;*/

/*[1472] goes to [14]

for a in [1..10] do for g,h in IN do if ts[1]l*ts[4]x*ts[7]*ts[2]

eq gx(ts[al)"h then "1,4,7,2=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[4]*ts[7]x*ts[2]

eq gx(ts[al*ts[bl)"h then "1,4,7,2=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]l*ts[4]x*ts[7]*ts[2]
eq g*(tsl[al*ts[bl*ts[c])"h then "1,4,7,2=", a,b,c;

end if; end for; end for;*/

/*[1212] goes to [167]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[2]

eq gx(ts[al)"h then "1,2,1,2=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[2]*ts[1]x*ts[2]

eq gx(ts[al*ts[bl)"h then "1,2,1,2=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]x*ts[2]
eq g*(ts[al*ts[bl*ts[c])"h then "1,2,1,2=", a,b,c;

end if; end for; end for;x*/

/*[1213] not a new coset, goes to [12]

for a in [1..10] do for g,h in IN do if ts[1]x*ts[2]*ts[1]*ts[3]

eq gx(ts[al)"h then "1,2,1,3=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[2]*ts[1]x*ts[3]

eq g*(ts[al*ts[b])"h then "1,2,1,3=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[3]
eq gx(ts[al*ts[bl*ts[c])"h then "1,2,1,3=", a,b,c;

end if; end for; end for;*/

/*[1214] not new, goes to [168]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[4]

eq g*(ts[a])"h then "1,2,1,4=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[4]

eq gx(ts[al*ts[b])"h then "1,2,1,4=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[4]
eq g*(ts[al*ts[bl*ts[c])"h then "1,2,1,4=", a,b,c;
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end if; end for; end for;x*/

/*[1215] goes back to [16]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[5]

eq gx(tslal)"h then "1,2,1,5=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[5]

eq g*(ts[al*ts[b])"h then "1,2,1,5=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[5]
eq gx(ts[al*ts[bl*ts[c])"h then "1,2,1,5=", a,b,c;

end if; end for; end for;*/

/*[1216] goes back to [161]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[6]

eq g*(tsl[al)"h then "1,2,1,6=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[6]

eq gx(ts[al*ts[bl)"h then "1,2,1,6=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[6]
eq g*(ts[al*ts[bl*ts[c])"h then "1,2,1,6=", a,b,c;

end if; end for; end for;*/

/*[1217] goes back to [121]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[7]

eq g*(tslal)"h then "1,2,1,7=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[7]

eq g*(tslal*ts[b]l)~h then "1,2,1,7=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]l*ts[2]*ts[1]*ts[7]
eq gx(ts[al*ts[bl*ts[c])"h then "1,2,1,7=", a,b,c;

end if; end for; end for;*/

/*[1218] goes back to [128]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[8]

eq g*(ts[al)"h then "1,2,1,8=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[8]

eq g*(ts[al*ts[b]l)"h then "1,2,1,8=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[8]
eq g*(ts[al*ts[bl*ts[c])"h then "1,2,1,8=", a,b,c;

end if; end for; end for;*/

/*[1219] goes back to [127]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[9]

eq gx(ts[al)"h then "1,2,1,9=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[9]

eq gx(ts[al*ts[b]l)"h then "1,2,1,9=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[9]
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eq g*(tsl[al*ts[bl*ts[c])"h then "1,2,1,9=", a,b,c;
end if; end for; end for;*/

/*[121 10] goes back to [163]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[10]

eq gx(ts[al)"h then "1,2,1,10=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[1]*ts[10]

eq gx(ts[al*ts[b]l)"h then "1,2,1,10=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]xts[2]*ts[1]*ts[10]
eq g*(ts[al*ts[bl*ts[c])"h then "1,2,1,10=", a,b,c;

end if; end for; end for;*/

/*[1276] goes back to [128]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[7]*ts[6]

eq gx(ts[al)"h then "1,2,7,6=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]x*ts[2]*ts[7]*ts[6]

eq gx(ts[al*ts[b]l)"h then "1,2,7,6=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[7]*ts[6]
eq g*(ts[al*ts[bl*ts[c])"h then "1,2,7,6=", a,b,c;

end if; end for; end for;*/

/*[1273] goes back to [121]

for a in [1..10] do for g,h in IN do if ts[1l*ts[2]*ts[7]*ts[3]

eq gx(ts[al)"h then "1,2,7,3=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[2]*ts[7]x*ts[3]

eq gx(ts[al*ts[b]l)"h then "1,2,7,3=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]l*ts[2]*ts[7]*ts[3]
eq g*(tsl[al*ts[bl*ts[c])"h then "1,2,7,3=", a,b,c;

end if; end for; end for;*/

/*[1282] goes back to [143]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[8]*ts[2]

eq g*(ts[a])"h then "1,2,8,2=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[2]*ts[8]*ts[2]

eq gx(ts[al*ts[b]l)"h then "1,2,8,2=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[8]*ts[2]
eq g*(ts[al*ts[bl*ts[c])"h then "1,2,8,2=", a,b,c;

end if; end for; end for;x*/

/*[1287] goes back to [127]

for a in [1..10] do for g,h in IN do if ts[1]x*ts[2]*ts[8]*ts[7]

eq gx(ts[al)"h then "1,2,8,7=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[2]*ts[8]*ts[7]

eq g*(ts[al*ts[b])"h then "1,2,8,7=", a,b; end if; end for; end for;
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for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[8]*ts[7]
eq gx(ts[al*ts[bl*ts[c])"h then "1,2,8,7=", a,b,c;
end if; end for; end for;*/

/*[1281] goes back to [121]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[8]*ts[1]

eq g*(ts[a])"h then "1,2,8,1=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[8]*ts[1]

eq gx(ts[al*ts[b])"h then "1,2,8,1=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[8]*ts[1]
eq gx(ts[al*ts[bl*ts[c])"h then "1,2,8,1=", a,b,c;

end if; end for; end for;*/

/*[1284] goes back to [167]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[8]*ts[4]

eq gx(ts[al)"h then "1,2,8,4=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[8]*ts[4]

eq g*(ts[al*ts[b])"h then "1,2,8,4=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[8]*ts[4]
eq gx(ts[al*ts[bl*ts[c])"h then "1,2,8,4=", a,b,c;

end if; end for; end for;*/

/*[1285] goes back to [1435]

for a in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[8]*ts[5]

eq g*(tslal)"h then "1,2,8,5=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[8]*ts[5]

eq gx(ts[al*ts[bl)"h then "1,2,8,5=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[8]*ts[5]
eq g*(ts[al*ts[bl*ts[c])"h then "1,2,8,5=", a,b,c;

end if; end for; end for;

for a,b,c,d in [1..10] do for g,h in IN do if ts[1]*ts[2]*ts[8]*ts[5]
eq gx(ts[al*ts[bl*ts[cl*ts[d])"h then "1,2,8,5=", a,b,c,d; end if;
end for; end for;*/

/*[1612] goes back to [168]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[1]*ts[2]

eq gx(ts[al)"h then "1,6,1,2=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]x*ts[6]*ts[1]*ts[2]

eq gx(ts[al*ts[bl)"h then "1,6,1,2=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[1]*ts[2]
eq g*(ts[al*ts[bl*ts[c])"h then "1,6,1,2=", a,b,c;

end if; end for; end for;*/

/*[1613] goes back to [163]
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for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[1]*ts[3]

eq gx(ts[al)"h then "1,6,1,3=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[6]*ts[1]*ts[3]

eq gx(ts[al*ts[bl)"h then "1,6,1,3=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[1]*ts[3]
eq g*(ts[al*ts[bl*ts[c])"h then "1,6,1,3=", a,b,c;

end if; end for; end for;x*/

/*[1614] goes back to [167]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[1]*ts[4]

eq gx(ts[al)"h then "1,6,1,4=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[6]*ts[1]x*ts[4]

eq gx(ts[al*ts[b]l)"h then "1,6,1,4=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[1]x*ts[4]
eq g*(ts[al*ts[bl*ts[c])"h then "1,6,1,4=", a,b,c;

end if; end for; end for;*/

/*[1616] goes back to [121]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[1]*ts[6]

eq gx(ts[al)"h then "1,6,1,6=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[6]*ts[1]*ts[6]

eq gx(ts[al*ts[bl)"h then "1,6,1,6=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[1]*ts[6]
eq gx(ts[al*ts[bl*ts[c])"h then "1,6,1,6=", a,b,c;

end if; end for; end for;x*/

/*[1631] goes back to [161]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[3]*ts[1]

eq g*(ts[a])"h then "1,6,3,1=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[3]*ts[1]

eq gx(ts[al*ts[b])"h then "1,6,3,1=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[3]*ts[1]
eq g*(ts[al*ts[bl*ts[c])"h then "1,6,3,1=", a,b,c;

end if; end for; end for;*/

/*[1634] goes back to [167]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[3]*ts[4]

eq gx(ts[al)"h then "1,6,3,4=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[3]*ts[4]

eq g*(ts[al*ts[b])"h then "1,6,3,4=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[3]*ts[4]
eq gx(ts[al*ts[bl*ts[c])"h then "1,6,3,4=", a,b,c;

end if; end for; end for;*/
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/*[1635] goes back to [121]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[3]*ts[5]

eq g*(tsl[al)"h then "1,6,3,5=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[3]*ts[5]

eq gx(ts[al*ts[bl)"h then "1,6,3,5=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[3]*ts[5]
eq g*(ts[al*ts[bl*ts[c])"h then "1,6,3,5=", a,b,c;

end if; end for; end for;*/

/*[1637] goes back to [168]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[3]*ts[7]

eq g*(tslal)"h then "1,6,3,7=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[3]*ts[7]

eq g*(ts[al*ts[b]l)"h then "1,6,3,7=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[3]*ts[7]
eq gx(tsl[al*ts[bl*ts[c])"h then "1,6,3,7=", a,b,c;

end if; end for; end for;*/

/*[1671] goes back to [168]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[1]

eq g*(ts[al)"h then "1,6,7,1=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[1]

eq g*(tsl[al*ts[b]l)"h then "1,6,7,1=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[1]
eq g*(ts[al*ts[bl*ts[c])"h then "1,6,7,1=", a,b,c;

end if; end for; end for;*/

/*[1672] goes back to [1435]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[2]

eq gx(ts[al)"h then "1,6,7,2=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[2]

eq gx(ts[al*ts[b]l)"h then "1,6,7,2=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[2]
eq g*(ts[al*ts[bl*ts[c])"h then "1,6,7,2=", a,b,c;

end if; end for; end for;

for a,b,c,d in [1..10] do for g,h in IN do if ts[1]l*ts[6]*ts[7]*ts[2]
eq g*(ts[al*ts[b]l*ts[cl*ts[d])"h then "1,6,7,2=", a,b,c,d;

end if; end for; end for;*/

/*[1673] goes back to [161]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[3]

eq gx(ts[al)"h then "1,6,7,3=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[6]*ts[7]*ts[3]

eq g*(ts[al*ts[b])"h then "1,6,7,3=", a,b; end if; end for; end for;



for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]1*ts[3]
eq gx(ts[al*ts[bl*ts[c])"h then "1,6,7,3=", a,b,c;
end if; end for; end for;*/

/*[1674] goes back to [167]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[4]

eq g*(ts[a])"h then "1,6,7,4=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[4]

eq gx(ts[al*ts[b])"h then "1,6,7,4=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[4]
eq gx(ts[al*ts[bl*ts[c])"h then "1,6,7,4=", a,b,c;

end if; end for; end for;*/

/*[1675] goes back to [1435]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[5]

eq gx(ts[al)"h then "1,6,7,5=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[5]

eq g*(ts[al*ts[b])"h then "1,6,7,5=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[5]
eq gx(ts[al*ts[bl*ts[c])"h then "1,6,7,5=", a,b,c;

end if; end for; end for;

for a,b,c,d in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[5]
eq gx(tslal*ts[bl*ts[cl*ts[d]l)"h then "1,6,7,5=", a,b,c,d;

end if; end for; end for;*/

/*[1676] goes back to [128]

for a in [1..10] do for g,h in IN do if ts[1]x*ts[6]*ts[7]*ts[6]

eq gx(ts[al)"h then "1,6,7,6=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[6]

eq gx(ts[al*ts[bl)"h then "1,6,7,6=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[6]
eq g*(ts[al*ts[bl*ts[c])"h then "1,6,7,6=", a,b,c;

end if; end for; end for;*/

/*[1678] goes back to [168]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[8]

eq gx(ts[al)"h then "1,6,7,8=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]x*ts[6]*ts[7]*ts[8]

eq gx(ts[al*ts[b]l)"h then "1,6,7,8=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[8]
eq g*(ts[al*ts[bl*ts[c])"h then "1,6,7,8=", a,b,c;

end if; end for; end for;*/

/*[1679] goes back to [121]
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for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[9]

eq gx(ts[al)"h then "1,6,7,9=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[6]*ts[7]x*ts[9]

eq gx(ts[al*ts[b]l)"h then "1,6,7,9=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]l*ts[6]*ts[7]*ts[9]
eq g*(tsl[al*ts[bl*ts[c])"h then "1,6,7,9=", a,b,c;

end if; end for; end for;x*/

/*[167 10] goes back to [143]

for a in [1..10] do for g,h in IN do if ts[1]x*ts[6]*ts[7]*ts[10]

eq gx(ts[al)~h then "1,6,7,10=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]l*ts[6]*ts[7]*ts[10]

eq gx(ts[al*ts[b]l)"h then "1,6,7,10=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[7]*ts[10]
eq gx(ts[al*ts[bl*ts[c])"h then "1,6,7,10=", a,b,c;

end if; end for; end for;*/

/*[1681] goes back to [161]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[8]*ts[1]

eq gx(ts[al)"h then "1,6,8,1=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[8]*ts[1]

eq gx(ts[al*ts[b]l)"h then "1,6,8,1=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[8]*ts[1]
eq gx(ts[al*ts[bl*ts[c])"h then "1,6,8,1=", a,b,c;

end if; end for; end for;x*/

/*[1683] goes back to [161]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[8]*ts[3]

eq g*(ts[a])"h then "1,6,8,3=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[8]*ts[3]

eq gx(ts[al*ts[b])"h then "1,6,8,3=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[8]*ts[3]
eq g*(ts[al*ts[bl*ts[c])"h then "1,6,8,3=", a,b,c;

end if; end for; end for;*/

/*[1684] goes back to [167]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[8]*ts[4]

eq gx(ts[al)"h then "1,6,8,4=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[8]*ts[4]

eq g*(ts[al*ts[b])"h then "1,6,8,4=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[8]*ts[4]
eq gx(ts[al*ts[bl*ts[c])"h then "1,6,8,4=", a,b,c;

end if; end for; end for;*/
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/*[1689] goes back to [163]

for a in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[8]*ts[9]

eq g*(ts[al)"h then "1,6,8,9=", a; end if; end for; end for;

for a,b in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[8]*ts[9]

eq gx(ts[al*ts[bl)"h then "1,6,8,9=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if ts[1]*ts[6]*ts[8]*ts[9]
eq g*(ts[al*ts[bl*ts[c])"h then "1,6,8,9=", a,b,c;

end if; end for; end for;*/

/*[14352] goes back to [128]

for a in [1..10] do for g,h in IN do if
ts[1]*ts[4]*ts[3]*ts[5]*xts[2]

eq gx(ts[al)"h then "1,4,3,5,2=", a; end if; end for; end for;
for a,b in [1..10] do for g,h in IN do if
ts[1]*ts[4]*ts[3]*ts[5]*ts[2]

eq gx(ts[al*ts[b]l)"h then "1,4,3,5,2=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if
ts[1]*ts[4]*ts[3]*ts[5]*ts[2]

eq gx(ts[al*ts[bl*ts[c])"h then "1,4,3,5,2=", a,b,c;

end if; end for; end for;

for a,b,c,d in [1..10] do for g,h in IN do if
ts[1]*ts[4]*ts[3]*ts[5]*ts[2]

eq g*(tsl[al*ts[bl*ts[cl*ts[d])"h then "1,4,3,5,2=", a,b,c,d;
end if; end for; end for;*/

/*[14353] goes back to [167]

for a in [1..10] do for g,h in IN do if

ts[1]*ts[4] *ts[3]*ts [5]*ts[3]

eq g*(ts[al])"h then "1,4,3,5,3=", a; end if; end for; end for;
for a,b in [1..10] do for g,h in IN do if
ts[1]*ts[4]*ts[3]*ts[5]*ts[3]

eq g*(ts[al*ts[b]l)"h then "1,4,3,5,3=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if
ts[1]*ts[4]*ts[3]*ts[5]*ts[3]

eq gx(ts[al*ts[bl*ts[c])"h then "1,4,3,5,3=", a,b,c;

end if; end for; end for;

for a,b,c,d in [1..10] do for g,h in IN do if
ts[1]*ts[4]*ts[3]1*ts[5]*ts[3]

eq g*(ts[al*ts[b]l*ts[cl*ts[d])"h then "1,4,3,5,3=", a,b,c,d;
end if; end for; end for;x*/

/*[14354] goes back to [1285]
for a in [1..10] do for g,h in IN do if
ts[1]*ts[4]*ts[3]*ts [6]*ts[4]
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eq g*(ts[al)"h then "1,4,3,5,4=", a; end if; end for; end for;
for a,b in [1..10] do for g,h in IN do if
ts[1]*ts[4]*ts[3]*ts[5]*ts[4]

eq gx(ts[al*ts[b]l)"h then "1,4,3,5,4=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if

ts[1]*ts[4] *ts[3]*ts [5] *ts[4]

eq g*(ts[al*ts[b]l*ts[c])"h then "1,4,3,5,4=", a,b,c;

end if; end for; end for;

for a,b,c,d in [1..10] do for g,h in IN do if
ts[1]*ts[4]*ts[3]*ts[5] *xts [4]

eq g*(ts[al*ts[b]l*ts[cl*ts[d])"h then "1,4,3,5,4=", a,b,c,d;
end if; end for; end for;*/

/*[14356] goes back to [167]

for a in [1..10] do for g,h in IN do if
ts[1]*ts[4]*ts[3]*ts[5]*ts[6]

eq gx(ts[al)"h then "1,4,3,5,6=", a; end if; end for; end for;
for a,b in [1..10] do for g,h in IN do if

ts[1]*ts[4] *ts[3]*ts [5] *ts[6]

eq gx(ts[al*ts[b])"h then "1,4,3,5,6=", a,b; end if; end for; end for;
for a,b,c in [1..10] do for g,h in IN do if
ts[1]*ts[4]*ts[3]*ts[5] *ts[6]

eq g*(ts[al*ts[bl*tslc])"h then "1,4,3,5,6=", a,b,c;

end if; end for; end for;

for a,b,c,d in [1..10] do for g,h in IN do if
ts[1]*ts[4]*ts[3]*ts[5] *ts[6]

eq gx(tslal*ts[bl*ts[cl*ts[d])"h then "1,4,3,5,6=", a,b,c,d;
end if; end for; end for;*/

B.3 Construction of PSL,(7) over 2*: C,

G<x,t>:=Group<x,t|x"4,t"2, (x"-1*t) "7, (x"2%t) "3, (x*t) "7>;
Index (G, sub<G|x>);

/*When the number of right cosets is too large, we use a
suitable maximal subgroup H of G containing to perform DCE.x/
/* Relation 1:
(x*t) "7 = x7T*t" (x76) *t (x75) %t~ (x74) %t~ (x73)*t ™ (x72) *t "x*t
= X733t (x72) #tTxxtxt T (x73) T (x72) ¥t Tx*t
= (1432)t3t2t1t4t3t2t1 = e
=> (1432)t3t2t1t4 = t1t2t3

Relation 2:



(x~ (1) *t) "7 = x*%t~ (x"2)*t~ (x"3) *t*xt~ (x) *t~ (x"2)*t~ (x"3) *t

= (1234)t3t4t1t2t3t4tl =
=> (1234)t3t4t1t2 = t1t4t3

Relation 3:
(x"2%t) "3 = x"2%t*t”~ (x72) *t
= (13)(24)t1t3t1 = e
=>(13) (24)t1 = t1t3
*/

f,G1,k:=CosetAction(G,sub<G|x>);
CompositionFactors(Gl);
M:=MaximalSubgroups(G1) ;

#M;

M;

N:=sub<Sym(4)|(1,2,3,4)>;

/* D:=Conjugates(G1,M[2] ‘subgroup) ;

D:=SetToSequence (D) ;

#D;/*7 groups of order of M[2]*/

e

for j in [1..#D] do if f(x) in D[j] then j; end if; end for;

/*output*/

A:=D[1]; /*The output was 1, but this number will change*/

#A;/*24%/

f(x) in A; /*NEEDS to be truex/ */

C:=Classes(G1);
#C;

for ¢ in Class(G1,C[2][3]) do if A eq sub<G1l|f(x),c>

then B:=c; break;end if; end for;

Order(B); /*2%/
W,phi:=WordGroup(G1l);
rho:=InverseWordMap(G1l) ;
B@rho;

/* function(W)

wl := W.17-1; w3 = wl *x W.2; wd :

w6 := wb *x wi;

w7 = w6 * W.2; w8 := w7 *x W.1;

end function;
*/
gg:=function (W)

wl (= W.17-1; w3 := wl * W.2; wd :

w6 := wb *x wil;

w7 := w6 * W.2; w8 := w7 * W.1; return w8;

end function;

gg(G); /#x™-1 * t * x * t * x"-1 * t * x */

w3 *x W.1; wb :

return w8;

w3 * W.1; wb :

wd *x W.2;

w4 x W.2;
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/* H is M[2] ‘subgroup */

H:=sub<G|x,x -1 * t * x * t * x"-1 * t * x>;

#H; /x24x/

#DoubleCosets (G,H, sub<G|x>);

IN:=sub<G1l|f(x)>;

IH:=sub<G1l|f(x),f(x"-1 * t * x * t * x"-1 * t * x)>;

#IH;/*24%x/

ts:=[Id(G1): i in [1 .. 4] 1;

ts[1]:=f(t); ts[2]:=f(t"x); ts[3]:=f(t"(x"2)); ts[4]:=f(t"(x"3));
IH eq sub<G1l|f(x),f(x"2)*f(t~(x"3))*f (£t~ (x"2))*f(t~(x73))>;

/*DCE PSL_2(7) as a Homomorphic Image of 27{4}:C_4x*/

S:=Sym(4) ;

xx:=51(1,2,3,4);

N:=sub<S|xx>;
G<x,t>:=Group<x,t|x"4,t"2, (x"-1%t) "7, (x"2*t) "3, (x*t) "7>;
f,G1,k:=CosetAction(G,sub<G|x>);

#G1; #k; #sub<G|x>;

H:=sub<Glx,x"-1 * t * x * t * x™-1 * t * x>;
IN:=sub<G1|f(x)>;

TH:=sub<G1l|f(x),f(x"-1 * t * x * t * x~-1 * t * x)>;
W,phi:=WordGroup(Gl);

rho:=InverseWordMap(G1) ;

ts := [Id(G1): i in [1 .. 4] 1;

ts[1]:=f(t); ts[2]:=f(t"x); ts[3]:=f(t"(x"2)); ts[4]:=f(t"(x73));
prodim := function(pt, Q, I)/*Return the image of pt under
permutations Q[I] applied sequentially.*/

v := pt;
for i in I do
v := v (Q[i]);

end for;
return v;
end function;
cst := [null : i in [1 .. Index(G,sub<G|x>)]] where null is
[Integers() | 1;
for i := 1 to 4 do cstlprodim(1, ts, [i1)] := [i];

end for; m:=0;

for i in [1..42] do if cst[i] ne [] then m:=m+1; end if; end for; m;

/*4x/

N1:=Stabiliser(N,[1]);
N1i;
#N/#N1;
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Ni1s:=N1;

Orbits(Nis);

for i in [1..4] do i, cst[i]; end for;
SSS:={[1]}; SSS:=SSS"N;
SSS;

#(SSS);

Seqq:=Setseq(SSS);
Seqq;for i in [1..#SSS] do
for n in IH do

if ts[1] eq
nxts[Rep(Seqqlil) [1]]

then print Rep(Seqqlil);
end if; end for; end for;

N12:=Stabiliser (N, [1,2]);
SsS:={[1,21};

SSS:=SSS°N;

SSS;

#(SSS);
Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do
for n in IH do

if ts[1]1*ts[2] eq
n*ts[Rep(Seqqli]) [1]1]*ts[Rep(Seqqlil) [2]]
then print Rep(Seqqlil);
end if; end for; end for;

/x [ 1, 2]
[ 3, 4 1%/
/*

N12:=Stabiliser (N, [1,2]);

N12s:=N12;

for g in N do if 1°g eq 3 and 2°g eq 4 then N12s:=sub<N|N12s,g>;
end if; end for;

T12:=Transversal (N,N12s);

#T12;

for i in [1..#T12] do

ss:=[1,2]"T12[i];

cstlprodim(1l, ts, ss)] := ss;

end for;

m:=0; for i in [1..Index(G,sub<G|x>)] do if cst[i] ne []
then m:=m+1; end if; end for; m;

/*6x/
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Orbits(N12s);

/*NOT A NEW DOUBLE COSET N13=N1x/
N13:=Stabiliser (N, [1,3]); SSS:={[1,3]1}; SSS:=SSS"N;

SSS;

#(SSS);

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IH do

if ts[1]*ts[3] eq

n*ts[Rep(Seqqlil) [1]1]*ts[Rep(Seqqlil) [2]]

then print Rep(Seqqlil);

end if; end for; end for;

/* [ 1, 3 1%/

N13s:=N13;

N13s; #N13s;

#N/#N13s;

T13:=Transversal (N,N13s);

for i in [1..#T13] do

ss:=[1,3]"T13[i];

cstlprodim(1l, ts, ss)] := ss;

end for;

m:=0; for i in [1..Index(G,sub<G|x>)] do if cst[i] ne []
then m:=m+1; end if; end for; m; /*did not increasex/
for i in [1..#T13] do ([1,3]°N13s)"T13[i]; end for;

for n in IN do if ts[1]*ts[3] eq n*ts[1] then n; end if; end for;
for i in [1..4] do i, cstl[i]; end for;

ts := [Id(G1): i in [1 .. 4] 1;

ts[1]:=£(t); ts[2]:=f(t"x); ts[3]:=f(t"(x72)); ts[4]:=f(t"(x73));
ts[1]*ts[3] eq f(x"2)*ts[1];

for a in [1..4] do for g,h in IH do if ts[1]*ts[3] eq g*(ts[al)"h
then "1,3=", a; end if; end for; end for;

/*NOT A NEW DOUBLE COSET N14=N1 */
N14:=Stabiliser (N, [1,4]);
SSS:={[1,4]};

SSS:=SSS”N;

SSS;;

#(8SS) ;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IH do



if ts[1]*ts[4] eq

n*ts[Rep(Seqql[il) [1]1*ts[Rep(Seqqlil) [2]]

then print Rep(Seqqlil);

end if; end for; end for;

/x [ 1, 4 1%/

N14s:=N14;

N14s; #N14s;

#N/#N14s;

T14:=Transversal (N,Ni4s);

for i in [1..#T14] do

ss:=[1,4]"T14[i];

cst[prodim(1, ts, ss)] := ss;

end for;

m:=0; for i in [1..Index(G,sub<G|x>)] do if cst[i] ne []

then m:=m+1; end if; end for; m; /*did increasex/

for i in [1..#T14] do ([1,4]"N14s)"T14[i]; end for;

for n in IH do if ts[1]*ts[4] eq n*ts[1] then n; end if; end for;
for i in [1..4] do i, cst[i]; end for;

ts := [Id(G1): i in [1 .. 4] 1;

ts[1]:=f(t); ts[2]:=f(t"x); ts[3]:=f(t"(x"2)); ts[4]:=f(t"(x"3));
ts[1]*ts[4] eq f(x)*ts[1];

for a in [1..4] do for g,h in IH do if ts[1]*ts[4] eq g*(ts[al)"h
then "1,4=", a; end if; end for; end for;

/*NOT A NEW DOUBLE COSET N121=N1 */
N121:=Stabiliser (N, [1,2,1]);

8SS:={[1,2,11};

SSS:=SSS”N;

SSS;

#(SSS);

Seqq:=Setseq(8SSS);

Seqq;

for i in [1..#SSS] do

for n in IH do

if ts[1]l*ts[2]1*ts[1] eq

nxts [Rep(Seqql[il) [1]11*ts[Rep(Seqqlil) [2]1]1*ts[Rep(Seqqlil) [3]]
then print Rep(Seqqlil);

end if; end for; end for;

/* [ 1, 2, 1]

[ 3, 4, 3]

*/

for a,b in [1..4] do for g,h in IH do if ts[1]*ts[2]*ts[1]
eq g*(ts[al*ts[b]l)"h

then "1,2,1=", a,b; end if; end for; end for;
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/*1,2,1=1 2%/

B.4 Construction of S; over S;

S:=Sym(3);
xx:=8!(1, 2, 3);
yy:=S!(1,2);
N:=sub<S|xx,yy>;
G<x,y,t>:=Group<x,y,t1x"3,y72, (x*y) "2,t72, (y,t) ,x=t"x*t" (x"2) *t*t"x>;
#G;
f,G1l,k:=CosetAction(G,sub<Glx,y>);
#G1; #k; #sub<Glx,y>;
H:=sub<G|x,y,t*t " x*t>;
#DoubleCosets (G,H, sub<G|x,y>);
IN:=sub<G1|f(x),f(y)>;
IH:=sub<G1|f(x),f(y),f(t*xt x*t)>;
W,phi:=WordGroup(G1) ;
rho:=InverseWordMap(G1l) ;
ts := [Id(G1): i in [1 .. 3] ];
ts[1]:=f(t); ts[2]:=f(t"x); ts[3]:=fF(t"(x"2));
prodim := function(pt, Q, I)
v := pt;
for i in I do
v := v (Q[i]);
end for;
return v;
end function;
cst := [null : i in [1 .. Index(G,sub<Gl|x,y>)]] where null
is [Integers() | 1;
S8s:={[1]}; SSS:=8SS"N;
SSS;;
#(SS9);
Seqq:=Setseq(SSS);
Seqq;
for i in [1..3] do
for n in IH do
if ts[1] eq
n*ts [Rep(Seqq[il) [1]1]
then print Rep(Seqqlil);
end if; end for; end for;

N1:=Stabiliser(N, [1]); SSS:={[1]}; SSS:=SSS"N;
SSS;
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#(SSS);
Seqq:=Setseq(SSS) ;
Seqq;for i in [1..#SSS] do
for n in IH do
if ts[1] eq
n*ts [Rep(Seqq[il) [1]1]
then print Rep(Seqql[il);
end if; end for; end for;
Ni1s:=N1;
Orbits(Nis);
/* GSet{@ 1 @},
GSet{@ 2, 3 @}
*/
for i := 1 to 3 do cstlprodim(1, ts, [i])] := [i];
end for; m:=0;
for i in [1..8] do if cst[i] ne [] then m:=m+1; end if; end for; m;

N12:=Stabiliser (N, [1,2]); SSS:={[1,2]}; SSS:=SSS"N;
SSS;

#(8SS);

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IH do

if ts[1]*ts[2] eq

nxts[Rep(Seqqlil) [111*ts[Rep(Seqqlil) [2]]
then print Rep(Seqqlil);

end if; end for; end for;

/x[ 1, 2]

[ 1, 3 1%/

N12:=Stabiliser (N, [1,2]);

N12s:=N12;

for g in N do if 1"g eq 1 and 27g eq 3
then N12s:=sub<N|N12s,g>; end if; end for;

T12:=Transversal (N,N12s);

for i in [1..#T12] do

ss:=[1,2]"T12[i];

cstprodim(1l, ts, ss)] := ss;

end for;

m:=0; for i in [1..8] do if cst[i] ne []
then m:=m+1; end if; end for; m;

/*6x/
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for m in IH do for n in IN do if ts[1]*ts[2] eq m*(ts[1])°n
then m, n; break; end if; end for; end for;

/*x (1, 8)(2, 5)(3, 7)4, 6)

Id(IN)*/

B.5 Construction of Us(5) : 2 over 27 : (7 : 6)

/0 0 0 00708 6 0 8 252000%/
r1:=0;r2:=0;r3:=0;r4:=0;r5:=0;r6:=7;r7:=0;r8:=8;r9:=6;r10:=0;r11:=8;
G<x,y,t>:=Group<x,y,t|x*y -1*x"-1*%y~-2,x"6,y*x " -1*y - 1*x*y~2,

t72, (t,x*xy"-2), (t,x"2*y"-1),(x"2 * y™-1 * x*t"y) ri,

(x72 * y7-1 * xxt)"r2,(y"-1 * x"2%t7y) "r3,(y -1 * x"2%t)"r4,

(x7-2 * y*t7y)"r5, (x7-2 * y*t) "r6, (y*x*t”"y) "r7, (y*x*t) "r8,

(x7-1 * y™-1*xt"y)"r9, (x"-1 * y~-1xt) "r10, (y*t) "rii>;

Index (G,sub<G|x,y>);

/*6000%/

f,G1l,k:=CosetAction(G,sub<Glx,y>);
CompositionFactors(Gl);
/* G

Cyclic(2)

I
*
| 2A(2, 5) = U(3, 5)
1
*/

M:=MaximalSubgroups(G1) ;
#M;
/*6x/

/*D:=Conjugates(G1,M[1] ‘subgroup) ;
D:=SetToSequence (D) ;

#D;

for j in [1..#D] do if £(x) in D[j] and £f(y)
in D[j] then j; end if; end for;
A:=D[294];

#A;

/*336%/

f(x) in A;

/*truex/

f(y) in A;
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/*truex/

*/

D:=Conjugates(G1,M[1] ‘subgroup) ;
D:=SetToSequence (D) ;

#D;

/*750 groups of order of M[1]*/

for j in [1..#D] do if f(x) in D[j] and £f(y)

in D[j] then j; end if; end for;

/*748 - this one will change every time magma runs*/
C:=Classes(G1);

#C;

/*19%/

A:=D[748]; /*12- this number will change

depending on what magma gave us*/

for ¢ in Class(G1,C[2][3]) do if A eq sub<G1l|f(x),f(y),c>
then B:=c; break;end if; end for;

Order (B) ;

/*%2%/

D:=Conjugates(G1,M[5] ‘subgroup) ;
D:=SetToSequence (D) ;

#D;

/*50%/

for j in [1..#D] do if f(x) in D[j] and £f(y)
in D[j] then j; end if; end for;
/*50%/

A:=D[50];

for ¢ in Class(G1,C[5][3]) do if A eq sub<G1l|f(x),f(y),c>
then E:=c; end if; break; end for;

Order (E) ;

/*x4x/

W,phi:=WordGroup(G1) ;

rho:=InverseWordMap(Gl);

B@rho;

/* function(W)
w2 = W.27-1; w4 :=W.1 x w2; wb := wd * W.3; w6 := wb *x W.1;
w7 = w6 * W.2; w8 := w7 *x W.3; w9 := w8 * W.2; wi0 := w9 * W.3;
wll := wi0 * W.1; wil2:= will * W.3; wl3d := w12 * w2;



wld := wil3 * W.3; wilb := wid4 * W.1; wil6 := wil5 * W.3; return wi6;
end function

*/

gg:=function(W)
w2 = W.27-1; w4 :=W.1 x w2; wb := wd x W.3; w6 := wb * W.1;
w7 := w6 *x W.2; w8 := w7 *x W.3; w9 := w8 x W.2; wi0 := w9 * W.3;
wll = wi10 * W.1; wil2:= will *x W.3; wil3 := wl2 * w2;
wld := w13 * W.3; wilb := wild4 x W.1; wl6 := w15 *x W.3; return wil6;
end function;

gg(G);
/* X*y -l xt*xx*xy*xt*xy*t*x*t*xy-1x*xtx*zxx*t *x/

E@rho;
/*function (W)
wl7 = W.172; w2 := W.27-1; w18 := wl7 *x w2; wl9 := wi8 *x W.1;
w20 := wl9 * W.3; w2l := w20 * w2; w22 := w2l *x W.3;
w23 = w22 * w2; w24 := w23 *x W.3; w25 := w24 * w2;
w26 = w25 * W.3; w27 := w26 * W.2; return w27;

end functionx/

gg:=function(W)
wl7 = W.172; w2 := W.27-1; w18 := wil7 *x w2; wl9 := wi8 *x W.1;

w20 := wl9 *x W.3; w2l := w20 * w2; w22 := w21 *x W.3;
w23 = w22 * w2; w24 :=w23 * W.3; w25 := w24 *x w2;
w26 := w25 *x W.3; w27 := w26 * W.2; return w27;

end function;

gg(G);
/¥ XT2 x yT-1 x x kb ok yT-1 okt ok yT-1 xt ok y -1kt oky */

/* H1 is M[1] ‘subgroup */

H1:=sub<G|x,y,x*y —Llxtxx*y*ktkyxt*x*kt *y —1*ktkx*t>;
#H1;

/*336%/

#DoubleCosets(G,H1,sub<G|x,y>);
/*26%/

ImH1:=sub<G|f(x),f(y),

f(x *y -1l %t *xx*xy*xt*xy*xtxkx*xtx*xy-1xtx*xxx*t)>
#ImH1;

/*336%/
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/* H2 is M[5] ‘subgroup */

H2:=sub<Glx,y,x"2 * y™-1 * x * t * y™-1 *x t * y™=1 % t * y™—-1 * t *x y>;
#H2;

/*5040%/

#DoubleCosets(G,H2,sub<G|x,y>);
/*5%/

ImH2:=sub<G1|f(x),f(y),

f(x™2 * y7-1 *x x *x t * y™-1 *x t % y™°=1 % t *x y™° =1 % t * y)>;
#ImH2;

/*5040%/

S:=Sym(7);
xx:=S!(1, 3, 2, 6, 4, 5);
yy:=S81(1,2,3,4,5,6,7);
N:=sub<S|xx,yy>;
rl:=7;r2:=8;r3:=6;r4:=8;
G<X,y,t>:=Group<x,y,t|x*xy —1*x"-1%y~-2,x76,y*x " —1xy - 1*x*xy~2,
t72, (t,x*xy"-2),
(t,x"2*%y"-1),(x"-2 * y*t) ril, (yxx*t) "r2,
(x7-1 * y~-1%t"y) "r3, (y*t) "rd>;
f,G1l,k:=CosetAction(G,sub<Glx,y>);
#G1; #k; #sub<Glx,y>; /*252000%/
H:=sub<G|x,y,x"2 * y7-1 * x * t * y™=1 * t x y"°-1 * t * y™=1 %x t * y>;
#DoubleCosets(G,H,sub<G|x,y>);
IN:=sub<G1|f(x),f(y)>;
TH:=sub<G1l|f(x),f(y),f (X" 2%y —Llkxxt*y —1*t*ky —1ktxy —1xtxy)>;
W,phi:=WordGroup(G1l);
rho:=InverseWordMap(Gl) ;
ts := [Id(G1): i in [1 .. 7] 1;
ts[1]:=£(t); ts[2]:=f(t"y); ts[3]:=f(t"x); ts[4]:=f(t"(y°3));
ts[5]:=f (£~ (y~4));ts[6]:=f (£~ (x"3));ts[7]:=£(t"(y"6));
prodim := function(pt, Q, I)
/*
Return the image of pt under permutations Q[I] applied sequentially.
*/
v := pt;
for i in I do
v := v (QLiD);
end for;
return v;
end function;
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cst := [null : i in [1 .. Index(G,sub<G|x,y>)]]
where null is [Integers() | J;
SSS:={[1]}; SSS:=SSS"N;

SSS;;

#(SSS) ;

Seqq:=Setseq(8SS);

Seqq;

for i in [1..#SSS] do

for n in IH do

if ts[1] eq
nxts[Rep(Seqqlil) [1]]

then print Rep(Seqqlil);

end if; end for; end for;

for i := 1 to 7 docst[prodim(1l, ts, [i])] := [i];
end for; m:=0;
for i in [1..10] do if cst[i] ne [] then m:=m+1; end if; end for; m;

N1:=Stabiliser (N, [1]); SSS:={[1]}; SSS:=SSS"N;
SSS;

#(SSS);

Seqq:=Setseq(SSS) ;
Seqq;for i in [1..#SSS] do
for n in IH do

if ts[1] eq

n*ts [Rep(Seqq[il) [1]1]

then print Rep(Seqqlil);
end if; end for; end for;
Ni1s:=N1;

Orbits(Nis);

N12:=Stabiliser(N, [1,2]); SSS:={[1,2]}; SSS:=SSS"N;
SSS;

#(SSS);

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IH do

if ts[1]l*ts[2] eq

n*ts[Rep(Seqq[il) [1]1]1*ts[Rep(Seqqlil) [2]]
then print Rep(Seqqlil);

end if; end for; end for;

/x [ 1, 2]

[ 4, 3 1%/
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/* for h in IH do if ts[1]*ts[2] eq h*ts[4]*ts[3] then h@rho;
break;end if;end for;
/*function (W)

wd = W.2 x W.3; wb := w4 * W.2; w6 := wb *x W.3; w7 := w6 *x W.2;
w8 = w7/ * W.3; w9 := w8 *x W.1; wi0 := w9 * W.2; wil := wl0 *x W.3;
wl = W.17-1; w12 := will *x wl; return wi2;

end function*/

h:=function(W)

wd = W.2 * W.3; wb := w4 * W.2; w6 := wb *x W.3; w7 := w6 * W.2;
w8 = w7 * W.3; w9 := w8 *x W.1; wi0 := w9 * W.2; wil := wi0 *x W.3;

wl := W.17°-1; w12 := will *x wl; return wil2;
end function;
h(G);
/¥y okt oky kt*ky*xt*kx*yxtxx-1x/
N12:=Stabiliser (N, [1,2]);
N12s:=N12;
for g in N do if 1°g eq 4 and 2°g eq 3 then N12s:=sub<N|N12s,g>;
end if; end for;
T12:=Transversal (N,N12s);
for i in [1..#T12] do
ss:=[1,2]"T12[i];
cstlprodim(1l, ts, ss)] := ss;
end for;
m:=0; for i in [1..6000] do if cst[i] ne [] /* 252000/7=36000%/
then m:=m+1; end if; end for; m;
/%28%/
Orbits(N12s);

N121:=Stabiliser (N, [1,2,1]); SSS:={[1,2,1]}; SSS:=SSS"N;
SSS;

#(SSS);

Seqq:=Setseq(8SS) ;

Seqq;

for i in [1..#SSS] do

for n in IH do

if ts[1]l*ts[2]*ts[1] eq

n*ts [Rep(Seqql[il) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
then print Rep(Seqqlil);

end if; end for; end for;

/x [ 1, 2 ,1]

[ 2, 4 ,2]
(4, 1, 4]x/
/*

for h in TH do if ts[1]*ts[2]*ts[1] eq h*ts[2]*ts[4]*ts[2] then h@rho;
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break;end if;end for;

/*function (W)
whd = W.172; wb := wld * W.2; w6 := wb * W.1; w7 :
w2 := W.27-1; w8 := w7 * w2; w9:= w8 *x W.3; wiO :

w6 *x W.3;
w9 * W.1;

wll := w10 * W.3; wl = W.1°-1; w12 := wll * wl;
wl3 = wil2 * W.3; wild := w13 * W.1; wl5 := wid *x W.2;
wl6 := wlb * W.3; return wil6;

end function */
h:=function (W)
wd = W.172; wb = wd * W.2; w6 := wb * W.1; w7 := w6 *x W.3;
w2 := W.27-1; w8 := w7 * w2; w9:= w8 * W.3; wi0 := w9 *x W.1;
wll := w10 * W.3; wl := W.17-1; wl12 := wil * wl;
wl3 = wil2 * W.3; wild := w13 * W.1; wlb5 := wid *x W.2;
wl6 := wilb * W.3; return wil6;
end function;
h(G);
/¥ XT2 x yox x x bt ok yT-1l x b ok x kLt ok xT-1 xt xkxkyxt x/

for h in IH do if ts[1]*ts[2]*ts[1] eq h*ts[4]*ts[1]*ts[4] then h@rho;
break;end if;end for;

/*function (W)

wl7 = W.2 * W.1; wi8 := w17 * W.3; w2 := W.27-1; wl9 := w18 * w2; w20
= wl9 *x W.3; w2l := w20 * W.1; w22 := w21 *x W.3; wl := W.17-1; w23 :=
w22 *x wl; w24 := w23 *x W.3; w25 := w24 *x W.1; w26 := w25 *x W.2; w27 :=
w26 * W.3; return w27;

end function */

h:=function(W)

wl7 = W.2 * W.1; wi8 := w17 * W.3; w2 := W.27-1; wl9 := w18 * w2; w20
= wl9 *x W.3; w21 := w20 * W.1; w22 := w21 * W.3; wl := W.1°-1; w23 :=
w22 *x wl; w24 := w23 *x W.3; w25 := w24 *x W.1; w26 := w25 *x W.2; w27 :=
w26 * W.3; return w27;

end function;

h(G);

/¥y ok x okt ky-lktkx*kt*kx-1*t*x*y*tx/

N121:=Stabiliser (N, [1,2,1]);

N121s:=N121;

for g in N do if 1°g eq 2 and 2°g eq 4 and 1°g eq 2 then
N121s:=sub<N|N121s,g>;

end if; end for;

for g in N do if 1°g eq 4 and 2°g eq 1 and 1°g eq 4 then
N121s:=sub<N|N121s,g>;

end if; end for;

T121:=Transversal(N,N121s);



for i in [1..#T121] do

ss:=[1,2,1]1"T121[i];

cst[prodim(1l, ts, ss)] := ss;

end for;

m:=0; for i in [1..6000] do if cst[i] ne [] /* 252000/7=36000%/
then m:=m+1; end if; end for; m;

/*42%/

for i in [1..#T121] do ([1,2,1]°N121)°T121[i]; end for;
Orbits(N121s);

N125:=Stabiliser (N, [1,2,5]); SSS:={[1,2,5]}; SSS:=SSS"N;

SSS;

#(SSS);

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IH do

if ts[1]*ts[2]*ts[5] eq

n*ts [Rep(Seqq[il) [1]1]*ts[Rep(Seqqlil) [2]1]*ts[Rep(Seqqlil) [3]1]
then print Rep(Seqqlil);

end if; end for; end for;

/x [ 1, 2 ,5]

[ 5, 7 ,6]

[2,5,7]

[7,6,3]

[6,3,1]

[3,1,2]*/

for h in IH do if ts[1]*ts[2]*ts[5] eq h*ts[5]*ts[7]*ts[6] then h@rho;
break;end if;end for;

/*function (W)
wil8 = W.17°3; w17 := w18 * W.2; wl := W.1°-1; w19 := wil7 * wi;
w20 = w19 *x W.3; w21 := w20 * W.1; w22 := w2l * W.3; w2 := W.27-1;
w23 = w22 * w2; w24 := w23 *x W.3; w2b := w24 * W.2;
w26:= w25 * W.3; w27 := w26 * wl; wd := w27 * W.3; wb := wd * w2;
w6 := wb * W.3; return w6;

end function */

h:=function (W)

wl8 = W.17°3; wl7 := wil8 * W.2; wl := W.17-1; w19 := wl7 * wl;
w20 := wl9 * W.3; w21 := w20 * W.1; w22 := w21 * W.3; w2 := W.27-1;
w23 = w22 * w2; w24 := w23 *x W.3; w25 := w24 * W.2;
w26:= w25 *x W.3; w27 := w26 *x wl; wd := w27 * W.3; wb := wd *x w2;
w6 := wb * W.3; return w6;

end function;

h(G);
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/¥ X733 % yox XT-1 %t x x kL x yT-1l xt oxy okt ok xT-1 okt ok y -1k tx/

for h in IH do if ts[1]*ts[2]*ts[5] eq h*ts[2]*ts[5]*ts[7] then h@rho;
break;end if;end for;
/*function (W)
wl8 = W.2 * W.3; wil9 := w18 * W.1; w20 := w19 *x W.3;
w2 = W.27-1; w21 := w20 *x w2; w22 := w21 * W.3;
w23 = w22 * W.2; w24 := w23 * W.3; wl := W.17-1;
w2b:= w24 *x wl; w26 := w2b *x W.3; w27 := w26 *x w2;
w28 := w27 * W.3; return w28;
end function */
h:=function(W)
wil8 = W.2 * W.3; wl9 := w18 * W.1; w20 := w19 *x W.3;
w2 = W.27-1; w21 := w20 * w2; w22 := w21 *x W.3;
w23 = w22 * W.2; w24 := w23 * W.3; wl := W.17-1;
w2b:= w24 *x wl; w26 := w25 *x W.3; w27 := w26 *x w2;
w28 := w27 * W.3; return w28;
end function;
h(G);
/¥y okt ok x okt ky-l okt *ky*xt*kx-1*xt*xy-1x*xt x/

for h in TH do if ts[1]*ts[2]*ts[5] eq h*ts[7]*ts[6]*ts[3] then h@rho;
break;end if;end for;
/*function (W)
wh = W.2 *x W.1; wd := wb * W.3; w6 := wd *x W.1; w7 := w6 * W.3;
w8 = w7 *
W.2; w9 := w8 * W.3; wl :=W.1"-1; w10 := w9 *x wl; will := wi0 * wl;
wl2 := wll
* W.3; w2 := W.27-1; wi3d := wl2 *x w2; wild4 := wil3d *x W.3; return wil4;
end function */
h:=function (W)
wh = W.2 *x W.1; w4 := wh * W.3; w6 := wd * W.1; w7 := w6 *x W.3;
w8 = w7 *
W.2; w9 = w8 * W.3; wil :=W.17-1; wil0 := w9 * wil;
will := w10 * wil; wi2 := wil
¥* W.3; w2 := W.27-1; wi3d := wl2 *x w2; wild := wil3 *x W.3;
return wil4;
end function;
h(G);
/¥ y ok x okt kx kbt ky*kt*kxT-2%txy-1*xt x/

for h in TIH do if ts[1]*ts[2]*ts[5] eq h*ts[6]*ts[3]*ts[1] then h@rho;
break;end if;end for;
/*function (W)
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wl8 = W.1 * W.2; wl9 := w18 * W.2; w20 := w19 * W.3;
w21l := w20 * W.1; w22 :=

w2l *x W.3; w23 := w22 *x W.1; w24 := w23 * W.2; w2b :
w26 := w25 *

W.1l; w27 := w26 *x W.3; w28 := w27 *x W.2; wlb := w28 *x W.1;
wl6é := wilb * W.3;

wl = W.17-1; wil7 :
end function */
h:=function (W)
wl8 = W.1 *x W.2; wil9 :
w21l := w20 * W.1; w22 :=

w2l * W.3; w23 := w22 * W.1; w24 := w23 *x W.2; w25 :
w26 := w25 *

W.1l; w27 := w26 *x W.3; w28 := w27 *x W.2; wlb := w28 *x W.1;
wl6 := wilb * W.3;

wl = W.17°-1; w17 := w16 *x wl; return wil7;
end function;
h(G);
/¥ Xk §T2 x L x X kL kX kY okt okxkt*ky*kx*txx-1 %/

w24 *x W.3;

wl6é * wl; return wil7;

wl8 *x W.2; w20 := w19 * W.3;

w24 * W.3;

for h in IH do if ts[1]*ts[2]*ts[5] eq h*ts[3]*ts[1]*ts[2] then h@rho;
break;end if;end for;
/*function (W)

wd = W.2 x W.3; wb := w4 * W.2; w6 := wb x W.3; w7 := w6 *x W.2;
wl *

W.3; w9 := w8 * W.1; wiO :
wl :=W.17-1; wi12 :=

wll * wl; return wi2;
end function */
h:=function(W)
w4 = W.2 * W.3; wb := wd * W.2; w6 :
w8 = w7 *

W.3; w9 := w8 x W.1; wi0 :
wl (= W.17-1; wil2 :=

wll * wl; return wi2;

w8 :

w9 * W.2; wil := w10 * W.3;

wh * W.3; w7 := w6 *x W.2;

w9 *x W.2; wil := w10 * W.3;

end function;
h(G);
/¥y okt kyxtkyxtkxky*xt*x -1 x/

N125:=Stabiliser (N, [1,2,5]);

N125s:=N125;

for g in N do if 1°g eq 5 and 2°g eq 7 and 5°g eq 6 then
N125s:=sub<N|N125s,g>;

end if; end for;#
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for g in N do if 1°g eq 2 and 2°g eq 5 and 5°g eq 7 then
N125s:=sub<N|N125s,g>;

end if; end for;

for g in N do if 1°g eq 7 and 2°g eq 6 and 5°g eq 3 then
N125s:=sub<N|N125s,g>;

end if; end for;

for g in N do if 1°g eq 6 and 2°g eq 3 and 5°g eq 1 then
N125s:=sub<N|N125s,g>;

end if; end for;

for g in N do if 1°g eq 3 and 2°g eq 1 and 57g eq 2 then
N125s:=sub<N|N125s,g>;

end if; end for;

T125:=Transversal (N,N125s);

for i in [1..#T125] do

ss:=[1,2,5]"T125[i];

cstprodim(1l, ts, ss)] := ss;

end for;

m:=0; for i in [1..6000] do if cst[i] ne [] /* 252000/7=36000%/
then m:=m+1; end if; end for; m;

/*49%/

for i in [1..#T125] do ([1,2,5]"°N125)"T125[i]; end for;
Orbits(N125s);

N126:=Stabiliser (N, [1,2,6]); SSS:={[1,2,6]}; SSS:=SSS"N;
SSS;
#(SSS);
Seqq:=Setseq(SSS);
Seqq;
for i in [1..#SSS] do
for n in IH do
if ts[1]*ts[2]*ts[6] eq
nxts[Rep(Seqqli]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
then print Rep(Seqqlil);
end if; end for; end for;
/* [ 1, 2 ,6]
[ 4, 3 ,6]%/
for h in IH do if ts[1]*ts[2]*ts[6] eq h¥ts[4]*ts[3]*ts[6] then h@rho;
break;end if;end for;
/*function (W)
wl7 = W.2 *x W.3; wi8 := wi7 *x W.2; w19 := wi8 * W.3;
w20 := w19 * W.2; w21 w20 * W.3; w22
w2l * W.1; w23 := w22 * W.2; w24 := w23 *x W.3; wl := W.1°-1;
w25 := w24 *x wl; return w25;
end function */



h:=function(W)

wl7 = W.2 * W.3; wil8 := w17 * W.2; wl9 := wi8 * W.3;
w20 = wl9 * W.2; w21l := w20 * W.3; w22

= w2l * W.1; w23 := w22 *x W.2; w24 := w23 * W.3; wl := W.17°-1;
w25 = w24 * wl; return w25;

end function;
h(G);
/¥y okt ky okt ky*xt*kxxyxtxx-1 x/

N126:=Stabiliser (N, [1,2,6]);

N126s:=N126;

for g in N do if 1°g eq 4 and 2°g eq 3 and 67g eq 6 then
N126s:=sub<N|N126s,g>;

end if; end for;

N126s; #N126s;

#N/#N126s;

T126:=Transversal (N,N126s) ;

for i in [1..#T126] do

ss:=[1,2,6]1"T126[i];

cstlprodim(1l, ts, ss)] := ss;

end for;

m:=0; for i in [1..6000] do if cst[i] ne [] /* 252000/7=36000%/
then m:=m+1; end if; end for; m;

/*¥70%/

for i in [1..#T126] do ([1,2,6]1°N126)"T126[i]; end for;
Orbits(N126s);

for m,n in IN do if ts[1]*ts[2]*ts[6] eq mx(ts[4]*ts[3]*ts[6]) n
then m, n; end if; end for;
for i in [1..7] do i, cst[i]; end for;

for a in [1..7] do for g,h in IH do if ts[1]*ts[2]*ts[6] eq
g*x(ts[al)"h then "1,2,6=", a; end if; end for; end for;

for a,b in [1..7] do for g,h in IH do if ts[1]*ts[2]*ts[6] eq
g*x(ts[al*ts[b])"h then "1,2,6=", a,b; end if; end for; end for;
/*MAGMA SAYS THERE’S NO SUCH PERMUTATIONx*/

for m in IH do for n in IN do if ts[1]*ts[2]*ts[6] eq
m*(ts[1]*ts[2])"n then m, n; break; end if; end for; end for;

for m in IH do for n in IN do if ts[1]*ts[2]*ts[1]*ts[7] eq
m*(ts[1]*ts[2]*ts[1]) "n then m, n; break; end if; end for; end for;
/*x [126]=[12] */
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/*NOT NEW*/

N1217:=Stabiliser(N,[1,2,1,7]); SSS:={[1,2,1,7]1}; SSS:=SSS"N;
SSS;

#(SSS);

Seqq:=Setseq(SSS);

Seqq;

for i in [1..#SSS] do

for n in IH do

if ts[1]*ts[2]*ts[1]*ts[7] eq

nxts[Rep(Seqqli]) [1]1]*ts[Rep(Seqqlil) [2]]*ts[Rep(Seqqlil) [3]]
*ts [Rep(Seqql[il) [4]1]

then print Rep(Seqqlil);

end if; end for; end for;

/* [ 1, 2,1, 7]

[ 2, 4 ,2, 7]
[4, 1’ 4, 7]*/
/*

for h in TH do if ts[1]x*ts[2]*ts[1]*ts[7] eq h*ts[2]*ts[4]*ts[2]*ts[7]
then hQ@rho;
break;end if;end for;
/*function (W)
w7 = W.172; w8 := w7 * W.2; w9 := w8 * W.1; wi0 := w9 * W.3;
w2 = W.27-1; wil wl0 * w2;
wl2 = will * W.3; wil3 := w12 * W.1; wld4 := wi3 *x W.3;
wl (= W.17-1; wilb := wld * wl; wl6 :=
wlb *x W.3; w28 := wil6 *x W.1; wi8 := w28 *x W.2; wl7 := wil8 * W.3;
return wil7;
end function */
h:=function(W)
w7 = W.172; w8 := w7 * W.2; w9 := w8 *x W.1; wi0 := w9 * W.3;
w2 = W.2°-1; wil := w10 * w2;
wl2 = will *x W.3; wil3 := w12 *x W.1; wil4 := wi3 *x W.3;
wl := W.17-1; wib := wld4 * wl; wl6 :=
wlb * W.3; w28 := wl6 * W.1; wil8 := w28 * W.2; wl7 := wl8 * W.3;
return wil7;
end function;
h(G);
/¥ X72 x y ok x kbt ok yT-1l xt kx kLt kxT-1xtkxky*t */

for h in TIH do if ts[1]x*ts[2]*ts[1]*ts[7] eq h*ts[4]*ts[1]*ts[4]*ts[7]
then h@rho;
break;end if;end for;
/*function (W)
wl7 = W.2 * W.1; wi8 := w17 * W.3; w2 := W.2"-1; w19 := wil8 * w2;
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w20:= w19 * W.3; w21 := w20 * W.1; w22 := w21 * W.3; wl :
w23 :=w22 *x wl; w24 := w23 *x W.3; w25 := w24 *x W.1; w26 :
w27 :=w26 * W.3; return w27;

end function */

h:=function(W)

wl7 = W.2 * W.1; wi8 := w17 * W.3; w2 :
w20:= w19 * W.3; w21 := w20 *x W.1; w22 :
w23 :=w22 *x wl; w24 := w23 *x W.3; w25 :
w27 :=w26 * W.3; return w27;

end function;

h(G);

/¥y ok x okt ky-l okt kx*kt*kxT-1*t*x*y*tx/

W.1°-1;
w25 *x W.2;

W.27-1; w19 := wil8 * w2;
w2l * W.3; wl := W.17°-1;
w24 x W.1; w26 := w25 *x W.2;

N1217:=Stabiliser (N, [1,2,1,7]1);

N1217s:=N1217;

for g in N do if 1"g eq 2 and 27°g eq 4 and 1°g eq 2 and 7"g eq 7 then
N1217s:=sub<N|N1217s,g>;

end if; end for;

for g in N do if 1°g eq 4 and 2°g eq 1 and 1°g eq 4 and 7°g eq 7 then
N1217s:=sub<N|N1217s,g>;

end if; end for;

T1217:=Transversal (N,N1217s);

for i in [1..#T1217] do

ss:=[1,2,1,7]1"T1217[i];

cst[prodim(1l, ts, ss)] := ss;

end for;

m:=0; for i in [1..6000] do if cst[i] ne [] /* 252000/7=36000%/

then m:=m+1; end if; end for; m;

/*84x/

for i in [1..#T1217] do ([1,2,1,7]1°N1217)°T1217[i]; end for;
Orbits(N1217s);

/* [1217]1=[121]%/
for m in IH do for n in IN do if ts[1]l*ts[2]*ts[1]1*ts[7] eq
m*(ts[1]*ts[2]*ts[1]) "n then m, n; break; end if; end for; end for;

/* [1254]=[125]*/
for m in IH do for n in IN do if ts[1]*ts[2]*ts[5]*ts[4] eq
m*(ts[1]*ts[2]*ts[5]) "n then m, n; break; end if; end for; end for;

/* [1213]1=[121]1%*/

for m in IH do for n in IN do if ts[1]*ts[2]*ts[1]*ts[3] eq
m* (ts[1]*ts[2]*ts[1])"n

then m, n; break; end if; end for; end for;
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