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ABSTRACT

We have conducted a systematic search for finite homomorphic images of several
permutation and monomial progenitors, including 2*2° : (24 : S5), 220 : ((5x 4) : Sy),
2¢20 : Dog, 2°11 1 (2 11), 2°11 ¢ Lo(11), 2%6 1 (2 x S3), 2°0 : (S5 x S3), 2%36 : (3% : Dy),
2¢10 . [o(11), 2%6 1 Dyo, 2¥10 0 S5 11%4:,,(4 : 5), and 11*2:,, Djp. We have found
original symmetric presentations for several important groups such as the Mathieu
sporadic simple groups M7 and Mo, Suzuki simple group szg, unitary group U(3,4),
Janko group Jj, simplectic groups S(4,4) and S(4, 3), and projective special linear
groups L3(4) and L3(7). We have also constructed, using the technique of double
coset enumeration, the following groups, Lo(11), S(4,3) : 2, My;, and PGL(2,11).

The isomorphism class of each of the finite images is also given.
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Introduction

The aim of group theory is the discovery and classification of groups. Sym-
metric presentations give a uniform method for constructing finite groups. Since finite
groups are composed of simple groups, we are most interested in simple groups. In
Chapter 1 we will discuss some important definitions, lemmas, and theorems. In
Chapter 2 we will begin to explore progenitors and the methods used to write them.
In Chapter 3 we will solve extension problems in order to define our isomorphism
types. Chapter 4 will focus on monomial progenitors and methods used to write
these. Chapter 5 is dedicated to Double Coset Enumeration, both manual and com-
puter based. In Chapter 6 we discuss Transitive Groups and explore certain transitive

groups written on 20, 19, 11, and 6 letters.



Chapter 1

Preliminaries

1.1 Definitions, Theorems, and Lemmas

Definition 1.1. [Rot95] If X is a nonempty set, a permutation of X is a bijection
a: X — X. We denote the set of all permutations of X by Sy.

Definition 1.2. [Rot95] If x € X and o € S, then « fixes x if a(z) = x and «

moves z if a(x) # x.

Definition 1.3. [Rot95] A (binary) operation on a nonempty set G is a function
uw:GxGE= G.

Definition 1.4. [Rot95] A semigroup (G, *) is a nonempty set G equipped with an

assoctative operation .

Definition 1.5. [Rot95] A group is a semigroup G containing an element e such
that:

(i) exa=a=axe forala €G;

(i) for every a € G, there is an element b € G with a xb = e = b* a.
Definition 1.6. [Rot95] A pair of elements a and b in a semigroup commutes if

axb =">bxa. A group (or a semigroup) is abelian if every pair of its elements

comutes.

Theorem 1.7. [Rot95] 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 = bxa.



We call e the identity of G and, if axb=e = bxa, then we call b the inverse of a

and denote it by a~!.

Corollary 1.8. [Rot95] If G is a group and a € G, then
(e ! =a.
Definition 1.9. [Rot95] Let (G, *) and (H,o) be groups. A function f: G = H is
a homomorphism if, for all a,b € G,
flaxb) = f(a)o f(b).

Definition 1.10. [Rot95] An isomorphism is a homomorphism that is also a bi-
jection. We say that G is isomorphic to H, denoted by G = H, if there exists an

isomorphism f : G = H.

Theorem 1.11. [Rot95] Let f : (G,*) = (G',0) be a homorphism.
(i) f(e) =€, where € is the identity in G’
(ii) Ifa € G, then f(a™') = f(a)~t.
(tit) Ifa€ G andn € Z, then f(a™) = f(a)".
Definition 1.12. [Rot95] A nonempty subset S of a group G is a subgroup of G if
s € G implies s7' € G and s,t € G imply st € G.

Theorem 1.13. [Rot95] If S < G (i.e., if S is a subgroup of G), then S is a group

in its own Tight.

Theorem 1.14. [Rot95] A subset S of a group G is a subgroup if and only if 1 € S
and s,t € S imply st~ € S.

Definition 1.15. [Rot95] If G is a group and a € G, then the cyclic subgroup
generated by a, denoted by < a >, is the set of all 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.

Theorem 1.16. [Rot95] 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:seS}



(a left coset is tS = {ts:s € S}). One calls t a representative of St (and also of
tS).

Definition 1.17. [Rot95] If S < G, then the index of S in G, denoted by [G : S], is
the number of right cosets of S in G.

Definition 1.18. [Rot95] If G is a group, then the order of G, denoted by |G|, is

the number of elements in G.

Theorem 1.19. [Rot95] (Lagrange)

If G is a finite group and S < G, then |S| divides |G| and [G : S] = |G|/|S].

Corollary 1.20. [Rot95] If G is a finite group and a € G. Then the order of a
divides |G]|.

Corollary 1.21. [Rot95] If p is a prime and |G| = p, then G is a cyclic group.

Definition 1.22. [Rot95] A subgroup K < G is a normal subgroup, denoted by
K <G, if gKg~' = K for every g € G.

Definition 1.23. [Rot95] 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:

PSL(n,F) = Ly(F) = m.

Definition 1.24. [Rot95] 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:

GL(n,TF)

PGL(n,F) = ZCLa T

Definition 1.25. [Rot95] A special linear group, SL(n,F) is the set of all n x n

matrices with determinant 1 over field F.

Definition 1.26. [Rot95] A general linear group, GL(n,F) is the set of alln xn

matrices with nonzero determinant over field F.



Theorem 1.27. [Rot95] (First Isomorphism Theorem).
Let f: g = H be a homorphism with kernal K. Then K is a normal subgroup of G
and G/K = im f.

Theorem 1.28. [Rot95] (Second Isomorphism Theorem).
Let N and T be subgroups of G with N normal. Then N N'T is normal in T and
T/(NNT)= NT/N.

Theorem 1.29. [Rot95] (Third Isomorphism Theorem).
Let K < H < G, where both K and H are normal subgroups of G. Then H/K s a
normal subgroup of G/K and

(G/K)/(H/K) = G/H



Chapter 2
Writing Progenitors

2.1 Preliminaries

Definition 2.1. [Rot95] Let X be a set and A by a family of words on X. A group
G has generators X and relations A if G = F/R, where F is a free group with
basis X and R is the normal subgroup of F generated by A. We say < X|A > is a

presentation of G.

Definition 2.2. [Rot95] Let G be a group. If H < G, the normalizer of H in G is
defined by No(H) = {a € GlaHa™! = H}

Definition 2.3. [Rot95] Let G be a group. If H < G, the centralizer of H in G is:
Co(H)={x€G:[z,h] =1 forallh € H}.

Definition 2.4. [Rot95] Let N be a group. The point stabiliser of w in N is given
by:

N¥ ={n € N|w"™ = w}, where w is a word in the t;’s.
)

Definition 2.5. [Rot95] Let a € G, where G is a group. The conjugacy class of a
is given by a¥ = {a%g € G} = {9~ 'ag|g € G}

Definition 2.6. [Rot95] Let G be a group and X be a G-set. For x € X, the set
1% = {29)g € G} is a G-Orbit.



Definition 2.7. [Rot95] If x € G, then a conjugate of x in G is an element of the
form aza=! for some a € G; equivalently, x and y are conjugate if y = y4(x) for some

a € G.

Lemma 2.8. [Gril5] (The Factoring Lemma) Factoring the progenitor m*" : N
by (ti,t;) for 1 <i < j <n gives the group m™ : N.

2.2 Permutation Progenitor (15:4)

In this section we will write a presentation for the progenitor 2*15 : (15 : 4).

Our control group N = (15 : 4) has the following presentation.

2 .3 2 1_-1 1

_ 4 - -1,-1,, -1 - 1
N =< w,z,y, z|w*, 2%, z°, w*z,w 2wz~ ", (y,2), wy

1

w_1y2,:cy_ w2y_ z >

2*15  we will have 15 t’s of order 2. We let t ~ t;, which means

Since we have
that ¢ will commute with the stabilizer of 1 in N. We use MAGMA to find these
permutations that stabilize 1 in V.

Nl:=Stabiliser (N, 1);
Permutation group N1 acting on a set of cardinality 15
Order = 4 = 272
(2, 11, 12, 8) (3, 14, 9, 13) (4, 7) (5, 6, 15, 10)
Using our Schreier System, we see that this permutation is wy~! So we add this, as
well as ¢, to our presentation of N to get a presentation for 2*1% : (15 : 4).

2 3 2 1,_-1

4 - - 1
G=<w,x,y,z tlw",z%, 2>, w “x,w "z

w2t (y, 2), wy oy wy

Our progenitor is infinite, in order to make it finite we must factor by relations.

2.3 Writing Relations

2.3.1 First Order Relations

First order relations are written in the form (7t¢)* = 1, where a € N and w

is a word in the ¢;’s. We can exhaust all possible relations by computing the orbits of

wiy e, % (Lwy ) >



the centralizers of Conjugacy Classes of N. Continuing with our example from above,

we find the classes of N = (15 : 4).

Table 2.1: Conjugacy Classes of N = (15 : 4)

Class Representative of the class # of elements in the class
Cl (& 1
Cy = (1,9)(2,7)(3,14)(4,10)(6,8)(12, 15) 5
Cs3 = (1 ,7)(2,9,10)(3,6,12)(5,13,11)(8, 15, 14) 2
C,y (1, ,9,14)(2,8,7,6)(4,12,10,15)(5, 11) 15
Cs  wly=1=(1,14,9,3)(2,6,7,8)(4,15,10,12)(5, 11) 15
Cs y3:( 13,9,3,14)(2,12,15,7,5)(4, 11,10, 6, 8) 4
Cq = (1,5,4,13,7,11)(2,8,9,15,10,14)(3,12,6) 10
Csg (1,2 8,13,12,4,9,15,11,3,7,10, 14,5, 6) 4
Cy = (1,15,6,9,5,4,14,12,10,13,7,8,3,2,11) 4

Now, we need to find the centraliser of each Class representative as well as the orbit

of each centraliser that we find.

CL:=Classes (N);

for 1ii in [2..NumberOfClasses (N)] do

for i in [1..#N] do

if ArrayP[i] eq CL[i1ii][3] then Sch[i]; end if; end for;
Cl2:=Centraliser (N,CL[11][3]);

Orbits (Cl1l2);

end for;

The output we have is given in the following table.



Table 2.2: Orbits of Centraliser(N,Rep)

Class Representative

Centraliser(N,Rep)

Orbits of Centraliser(N,Rep)

Cy x¥ < (1,9)(2,7)(3,14)(4,10)(6,8)(12,15) > {5,11,13},
{1,9,3,12,14,15,2,10,7,4,8, 6}
Cs z < (1,4,7)(2,9,10)(3,6,12)(5,13,11)(8,15,14) > {1,3,4,15,6,5,7,14,12,13,2,8,11,9, 10}
Cy yw < (1,3,9,14)(2,8,7,6)(4, 12,10, 15)(5, 11) > {13},
{5’ 11})
{1,3,9,14},
{2,8,7,6},
{4,12,10,15}
Cs w iyt < (1,14,9,3)(2,6,7,8)(4,15,10,12)(5,11) > {13},
{5,11},
{1,14,9,3},
{2,6,7,8},
{4,15,10,12}
Cs v < (1,13,9,3,14)(2,12,15,7,5)(4,11,10,6,8) >  {1,13,4,9,11,7,3,10,5,14,6,2,8,12,15}
Cr Yz < (1,5,4,13,7,11)(2,8,9,15,10,14)(3,12,6) > {3,12,6},
{1,13,5,7,4,11},
{2,15,8,10,9,14}
Cs y < (1,2,8,13,12,4,9,15,11,3,7,10,14,5,6) > {1,2,8,13,12,4,9,15,11,3,7,10,14,5,6}
Cy Y2z < (1,15,6,9,5,4,14,12,10,13,7,8,3,2,11) > {1,15,6,9,5,4,14,12,10,13,7,8,3,2, 11}

Thus we have the following relations

Table 2.3: Orbits of Centraliser(N,Rep)

Class Relation
Cy V5,29t
Cs zty
Cy ywiis, ywts, ywty,ywta,ywiy
Cs wy 3wy sw Ty ey e w T y T ey
Cé Yt
Cy yxts, yrty,yrts
Cs yt1
Cb y2zt1

Note that ¢; ~ ¢, and, since y = (1,2,8,13,12,4,9,15,11,3,7,10, 14, 5,6), then

ty ~ tY
tg ~tY
ty ~ 1tV

fe ty13

tig ~ Y.
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Now we add these relations to our progenitor to obtain homomorphic images of G.
t2’ (t? wy_l)’

(2990, (@), ()7, (gt ), (gt )5, (gt ()™, (i)'
(w—ly—ltgﬁ)rg’(w—1y—1ty13)r107(w— y 1t)r117(w 1 —lty)'r12

(w—ly—ltys)rli%’(y3t)r14’(yxttyg)r15,(y$tl) 67(y$ )rl? ( )r18 (y Zt)r19 >,

2.3.2 Factoring by Famous Lemma

We use the Famous Lemma [Cur(07] as another method of finding relations.

Factoring our progenitor by this lemma guarantees the non-collapse of groups.

Theorem 2.9. [Cur07] Famous Lemma
Let NN < t;,t; >< Cn(Nij;), where Ni; denotes the stabilizer in N of the

two points i and j.

Proof. Let w € NN < t;,t; >. We need to show w € Cent(N, N¥).
Let m € N¥.

™ = w.

— 7 Lwr = w.

— 7 lwr = Tw.
== WT = TW.

Thus 7 commutes with every element of N%.

Note that |t;| = |t;| = 2, and |t;t;| = n, thus < t;,t; >= Dy, is Dihedral.

1 if n is odd.
Z(Day) =

< (titj)% > if n is even.
So for each two point stabilizer in N we will compute the centralizer of the two point
stabilizer in N and then write elements of NV in terms of < ¢;,¢; > in the following

way given by the Famous Lemma.
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(xt;1)™ =1 where m is odd and z sends 1 to 2

(titj)" =2  where n is even and x fixes both 1 and 2

Let z = (1,2)(3,5)(4, 7)(6,10)(8, 12)(9, 13)(11, 16)(14, 19)(17, 22)(18, 23)(20, 26)
(21,27)(24, 31)(25, 32)(28, 36)(29, 37)(30, 39)(33, 43) (34, 44)(35, 46) (41, 49) (42, 51)
(45,55)(47,57)(48,59)(50, 62)(52, 64)(53,65)(54,67)(56,69) (58, 72)(60, 71)(61, 74)
(66, 78)(68, 80)(70, 82) (73, 85) (75, 87) (76, 83)(77,89)(79, 90)(81, 92)(84, 94) (86, 93)
(88,97)(91,99)(95,102)(96, 103)(98, 105)(100, 106) (104, 107)(109, 110) and

y = (1,3,6)(2,4,8)(5,9,14)(7, 11,17)(10, 15,20)(12, 18, 24)(16, 21, 28)(19, 25, 33) (22
29, 38)(23, 30, 40) (26, 34, 45)(27, 35, 39) (31, 41, 50)(32, 42, 52) (36, 47, 58)(37, 48, 60)
(43,53, 66)(44, 54, 68)(46, 56, 70)(49, 61, 75)(51, 63, 62)(55, 59, 73) (57,71, 83) (64, 76,
88)(65, 77, 80)(67, 79, 91)(69, 81, 78)(72, 84, 95) (74, 86, 96)(82, 93, 100)(85, 90, 92) (87,
97,104)(89, 98, 102)(94, 101, 107)(99, 105, 109)(103, 108, 110).

N =< z,y >= Ly(11).

To find our relations using the Famous Lemma we must first find the Centraliser of
N;;, where N;; is the stabiliser of the two points ¢ and j, which we will say 1 and 2

respectively.

S:=Sym(110);

xx:=S!(1, 2)(3, 5) (4, 7) (6, 10) (8, 12) (9, 13) (11, 16) (14, 19)
(17, 22) (18, 23) (20,26) (21, 27) (24, 31) (25, 32) (28, 36) (29,
37) (30, 39) (33, 43) (34, 44) (35,46) (41, 49) (42, 51) (45, 55)
(47, 57) (48, 59) (50, 62) (52, 64) (53, 65) (54,67) (56, 69) (58,
72) (60, 71) (61, 74) (66, 78) (68, 80) (70, 82) (73, 85) (75,87)
(76, 83) (77, 89) (79, 90)(81, 92) (84, 94) (86, 93) (88, 97) (91,

99) (95,102) (96, 103) (9 105) (100, 10e6) (104, 107) (109, 110);
yy:=S'(1 3, 6) (2, 4, 8)(5, 9, 14) (7, 11, 17) (10, 15, 20) (12,
18, 24) (1 21, 28) (19, 25, 33) (22, 29, 38)(23 30, 40) (26,
34, 45) (2 35, )(3 41, 50) (32, 42, 52) (3 47, 58) (

48, 60) (4 53, 66) (4 54, 68) (46, 56, 70) (4 61, 75) (51
63, 62) (5 59, 73) (5 71, 83) (64, 76, 88) (6 77, 80) (

79, 91) (6 81, 78) (7 84, 95) (74, 86, 96) (8 93, 100) (85,



90, 92) (87, 97, 104) (89, 98, 102) (%94, 101, 107) (99, 105,
109) (103, 108, 110);
N:=sub<S|xx,yy>;
N12:=Stabiliser (N, [1,2]);
C:=Centraliser (N,N12);
Set (C) ;
{
(1, 74) (2, 67) (3, 96) (4, 91) (5, 107) (6, 86) (7, 20) (8, 79)
(9, 101) (10, 17) (11, 15) (12, 50) (14, 94) (18, 41) (19,
46) (21, 28) (22, 93) (23, 80) (24, 31) (25, 70) (26, 99)
(27, 95) (29, 82) (30, 77) (32, 37) (33, 56) (34, 109) (35,
84) (36, 102) (38, 100) (39, 72) (40, 65) (42, 60) (43, 66)
(44, 75) (45, 105) (47, 98) (48, 52) (49, 68) (51, 85) (54,
61) (55, 57) (58, 89) (59, 83) (62, 90) (63, 92) (64, 76)
(69, 78) (71, 73) (87, 110) (97, 108) (103, 104),
Id(cy,
(1, 2)(3, 5)(4, 7) (6, 10) (8, 12) (9, 13) (11, 1lo6) (14, 19) (17,
22) (18, 23) (20, 26) (21, 27) (24, 31) (25, 32) (28, 36)
(29, 37) (30, 39) (33, 43) (34, 44) (35, 40) (41, 49) (42,
51) (45, 55) (47, 57) (48, 59) (50, 62) (52, 64) (53, 65)
(54,67) (56, 69) (58, 72) (60, 71) (61, 74) (66, 78) (68,
80) (70, 82) (73, 85) (75, 87) (76, 83) (77, 89) (79, 90)
(81, 92) (84, 94) (86, 93) (88, 97) (91, 99) (95, 102) (96,
103) (98, 105) (100, 106) (104, 107) (109, 110),
(1, 2)(3, 72) (4, 99) (5, 58) (6, 85) (7, 91) (8, 83) (9, 16) (10,
73) (11, 13) (12, 76) (14, 37) (15, 101) (17, 42) (18, 95)
(19, 29) (21, 80) (22, 51) (23, 102) (25, 46) (27, 68) (28,
41) (30, 107) (32, 35) (33, 98) (34, 75) (36, 49) (38, 108)
(39, 104) (40, 63) (43, 105) (44, 87) (45, 69) (47, 78) (48,
50) (52, 79) (53, 92) (54, 67) (55, 56) (57, 66) (59, 62)
(60, 86) (61, 74) (64, 90) (65, 81) (70, 94) (71, 93) (77,
96) (82, 84) (88, 100) (89, 103) (97, 1006),
(1, 67, 61) (2, 74, 54) (3, 107, 103) (4, 20, 99) (5, 96, 104)
(6, 17, 93) (7, 91, 26) (8, 50, 90) (9, 13, 101) (10,
86, 22) (11, 16, 15) (12, 79, 62) (14, 46, 84) (18,
80, 49) (19, 94, 35) (21, 95, 36) (23, 41, 68) (25,
37, 82) (27, 28, 102) (29, 32, 70) (30, 72, 89) (33,
66, 69) (34, 75, 110) (38, 100, 10e6) (39, 77, 58) (40,
65, 53) (42, 85, 71) (43, 56, 78) (44, 109, 87) (45, 57,
98) (47, 55, 105) (48, 83, 64) (51, 60, 73) (52, 76, 59)
(63, 92, 81) (88, 108, 97),
(3, 58) (4, 91) (5, 72) (6, 73) (7, 99) (8, 76) (9, 11) (10, 85)
(12, 83) (13, 16) (14, 29) (15, 101) (17, 51) (18, 102)
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(19, 37) (20, 26) (21, 68) (22, 42) (23, 95) (24, 31) (25,
35) (27, 80) (28, 49) (30, 104) (32, 46) (33, 105) (34,
87) (36, 41) (38, 108) (39, 107) (40, 63) (43, 98) (44,
75) (45, 56) (47, 66) (48, 62) (50, 59) (52, 90) (53, 81)
(55, 69) (57, 78) (60, 93) (64, 79) (65, 92) (70, 84) (71,
86) (77, 103) (82, 94) (88, 106) (89, 96) (97, 100) (109,
110),

74) (2, 67) (3, 89) (5, 39) (6, 71) (7, 26) (8, 64) (9, 15) (10,
51) (11,101) (12, 59) (13, 16) (14, 82) (17, 85) (18, 36)

(19, 32) (20, 99) (21, 49) (22, 60) (23, 27) (25, 84) (28,

68) (29, 94) (30, 103) (33, 45) (34, 110) (35, 70) (37, 46)
(38, 97) (40, 92) (41, 102) (42, 93) (43, 47) (48, 90) (50,
83) (52, 62) (53, 81) (54, 61) (55, 78) (56, 105) (57, 69)

(58, 96) (63, 65) (66, 98) (72, 107) (73, 86) (76, 79) (77,
104) (80, 95) (87, 109) (88, 106) (100, 108),

54) (2, 61) (3, 104) (4, 26) (5, 103) (6, 22) (7, 99) (8, 62)
(10, 93) (12, 90) (13, 101) (14, 35) (15, 16) (17, 86) (18,
68) (19, 84) (20, 91) (21, 102) (23, 49) (24, 31) (25, 29)
(27, 36) (28, 95) (30, 58) (32, 82) (33, 78) (34, 87) (37,

70) (38, 106) (39, 89) (40, 53) (41, 80) (42, 73) (43, 69)
(44, 110) (45, 47) (46, 94) (48, 76) (50, 79) (51, 71) (52,
83) (55, 98) (56, 66) (57, 105) (59, 64) (60, 85) (63, 81)
(67, 74) (72, 77) (75, 109) (88, 108) (96, 107),

67, 61) (2, 74, 54) (3, 39, 103, 58, 107, 77) (4, 26, 99,

91, 20, 7)(5, 89, 104, 72, 96, 30) (6, 51, 93, 73, 17,
60) (8, 59, 90, 76, 50, 52)(9, 16, 101, 11, 13, 15) (10,
71, 22, 85, 86, 42) (12, 64, 62, 83, 79, 48) (14, 32, 84,
29, 46, 70) (18, 27, 49, 102, 80, 28) (19, 82, 35, 37, 94,
25) (21, 23, 36, 68, 95, 41) (24, 31) (33, 47, 69, 105, 66,
55) (34, 44, 110, 87, 75, 109) (38, 97, 106, 108, 100, 88)
(40, 92, 53, 63, 65, 81) (43, 45, 78, 98, 56, 57),

61, 67) (2, 54, 74)(3, 77, 107, 58, 103, 39) (4, 7, 20, 91,
99, 26) (5, 30, 96, 72, 104, 89) (6, 60, 17, 73, 93, 51) (8,
52, 50, 76, 90, 59)(9, 15, 13, 11, 101, 16) (10, 42, 86,
85, 22, 71) (12, 48, 79, 83, 62, 64) (14, 70, 46, 29, 84,
32) (18, 28, 80, 102, 49, 27) (19, 25, 94, 37, 35, 82) (21,
41, 95, 68, 36, 23) (24, 31) (33, 55, 66, 105, 69, 47) (34,
109, 75, 87, 110, 44) (38, 88, 100, 108, 106, 97) (40, 81,
65, 63, 53, 92) (43, 57, 56, 98, 78, 45),

54) (2, 61) (3, 30) (4, 20) (5, 77) (6, 42) (8, 48) (9, 11) (10,
60) (12, 52) (13, 15) (14, 25) (16, 101) (17, 71) (18, 21) (19,
70) (22, 73) (23, 28) (26, 91) (27, 41) (29, 35) (32, 94) (33,
57) (36, 80) (37, 84) (38, 88) (39, 96) (40, 81) (43, 55) (44,
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109) (45, 66) (46, 82) (47, 56) (49, 95) (50, 64) (51, 86) (53,
63) (58, 104) (59, 79) (62, 76) (65, 92) (67, 74) (68, 102) (69,
98) (72, 103) (75, 110) (78, 105) (83, 90) (85, 93) (89, 107)
(97, 100) (106, 108),

(1, 61, 67)(2, 54, 74) (3, 103, 107) (4, 99, 20) (5, 104, 96) (6,
93, 17) (7, 26, 91) (8, 90, 50) (9, 101, 13) (10, 22, 86) (11,
15, 16) (12, 62, 79) (14, 84, 46) (18, 49, 80) (19, 35, 94)
(21, 36, 95) (23, 68, 41) (25, 82, 37) (27, 102, 28) (29, 70,
32) (30, 89, 72) (33, 69, 66) (34, 110, 75) (38, 106, 100)
(39, 58, 77) (40, 53, 65) (42, 71, 85) (43, 78, 56) (44, 87,
109) (45, 98, 57) (47, 105, 55) (48, o4, 83) (51, 73, 60) (52,
59, 76) (63, 81, 92) (88, 97, 108)

}

Consider the permutation z = (1,2)(3,5)(4, 7)(6,10)(8,12)(9, 13)(11, 16)(14, 19)(17,22)
(18,23)(20,26)(21,27)(24,31)(25, 32)(28, 36)(29, 37)(30, 39)(33, 43)(34, 44)(35,46) (41,
49)(42,51)(45,55)(47,57)(48,59)(50,62)(52,64)(53,65)(54,67)(56,69)(58, 72)(60, 71)
(61,74)(66,78)(68,80)(70,82)(73,85)(75,87)(76,83)(77,89)(79,90)(81,92)(84,94)(86,
93)(88,97)(91,99)(95,102)(96, 103)(98, 105)(100, 106)(104, 107)(109,110). Note that
x sends 1 to 2 and 2 to 1. Therefore, by the Famous Lemma, we have the following

relation (xt1)™ = 1. Now, since t; ~ t, then we have (xt)™ = 1.

We have another permutation in C' that also sends 1 to 2 and 2 to 1. We use our
Schreier System to find this permutation in terms of z and y. Thus, we see that
yry tryzyry lryryzy = (1,2)(3,72)(4,99)(5, 58)(6,85)(7,91)(8,83)(9, 16)(10, 73)
(11,13)(12,76)(14, 37)(15, 101)(17, 42)(18, 95)(19, 29)(21, 80) (22, 51) (23, 102) (25, 46)
(27,68)(28,41)(30,107)(32,35)(33,98)(34, 75)(36,49)(38, 108)(39, 104) (40, 63)(43, 105)
(44,87)(45,69)(47,78)(48,50)(52,79)(53,92)(54,67)(55,56) (57, 66) (59, 62)(60, 86)(61, 74)
(64,90)(65,81)(70,94)(71,93)(77,96)(82,84)(88,100)(89,103)(97,106). Our second

relation found by the Famous Lemma is (yzy~! 1

ryryry  zyxryryt)” = 1.

Consider our next permutation (3, 58)(4,91)(5,72)(6,73)(7,99)(8,76)(9,11)(10,85)(12, 83)
(13,16)(14,29)(15, 101)(17, 51)(18, 102)(19, 37)(20, 26) (21, 68) (22, 42)(23, 95)(24, 31)(25,
35)(27, 80)(28, 49) (30, 104)(32, 46) (33, 105) (34, 87)(36, 41)(38, 108)(39, 107) (40, 63) (43, 98)
(44, 75) (45, 56) (47, 66) (48, 62) (50, 59) (52, 90)(53, 81)(55, 69) (57, 78) (60, 93) (64, 79) (65, 92)
(70,84)(71,86) (77, 103)(82, 94)(88, 106)(89, 96)(97, 100)(109, 110), which we find by
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1 1 1 1

ryryry ryryry Ty
fixes 1 and 2, we have that (t1t2)* = yryryry 'zyryry 'zy. Note that t; ~ ¢t and

Schrier System is equal to yzyryry~ xy. Now, since yryryxry~

ty ~ %, so our final relation found by the Famous Lemma is (£%)* = yayzyxy ' ayzyzy xy.

We add these relations, as well as some first order relations to our progenitor to

produce the following isomorphic images.
G =<uz,y,tl2% y°, (v wyx)®, (zy~ ), (yryzyzy oy ey~ o)?,
2, (t, yryzy ey tey ), (¢ yeyzyzy T eyzyzy T ey),

(tz)F, (tyxy~ 'zyzyzy toyzyzy)’, (t 7)™ = yoyzyzy~

(@yt)™, ((zy)*t)" >.

1 1

Tyryry "y,

Table 2.4: 2*M10: [5(11)
H rl 2 k 1 m Order G H
[10 5 8 8 11 7920 My |
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Chapter 3

Extension Problems

3.1 Preliminaries

Definition 3.1. [Rot95] Let G be a group such that K < G. K is normal in G if
gKg' = K, for every g € G. We will use K <G to denote K as being normal in G.

Definition 3.2. [Rot95] If N <« G, then the cosets of N in G form a group, denoted
by G/N, of order [G : NJ.

Definition 3.3. [Rot95] Let G be a group. A normal series G is a sequence of

subgroups
G=Gp>2G1>-->2G,=1

with Gi+1 < G;. Furthermore, the factor groups of G are given by G;/Git1 for
i=0,1,...,n—1.

Definition 3.4. [Rot95] Let G be a group. A composition series of G given by:
G=Gy>G1>2--->2Gp=1

is a normal series where, for all i, either G;11 is a mazximal normal subgroup of G

or Git1 = G;.

Definition 3.5. [Rot95] If group G has a composition series, the factor groups of its

series are the composition factors of G.
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Definition 3.6. [Rot95] Let G be a group. We say G is a direct product of two
subgroups H and K if:

1. H4G, K <4G;
2. G=HK;
9. HNK =1,
Definition 3.7. [Rot95] G is a semi-direct product of two subgroups H and K if:
1. K<G, Q<G;
2. G=KQ;
3. KN =1.

Definition 3.8. [Rot95] Let G be a group. The center of G, Z(G), is the set of all

elements in G that commute with all elements of G.

Definition 3.9. [Rot95] Let G be a group and H, N < G such that |G| = |N||H|. G
1s a central extension by H if N is the center of G. We denote this by G = N*H.

Definition 3.10. [Rot95] Let G be a group and H, N < G such that |G| = |N||H|.
G is a mixed extension by H if it is a combination of both central extensions and

semi-direct products, where N is the normal subgroup of G but not central. We denote

this by G = N*®: H.

3.2 Direct Product

2*20:1,5(11) A
By~ (zy) ey~ Tay,(yey = (ey)Tey =100

Consider the group L=

G has the following presentation,

G =<y, tl2% y°, (v wyx)®, (zy~ ), (yryzyzy oy ey~ o)?,

2, (¢, yayzy ey oy, (¢ yayzyzy  oyzyzyay),
(tt")! = yryzyry~

Yeyayzy oy, (yoy~ toyzyzyryzy1t)° >.
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The compositon series of G is below.

MI11

Cyclic(2)

R — % — @

G = Gl D) 1, where G = (G/Gl)(Gl/l) = CQMH.

We have Cy by Mj;. In order for this to be a direct product we need to have My

and C normal in G.

The Normal Lattice of G is

(1]

N

(2] (3]

Order 2 Order 7920

N

[4]
Order 15840

M is of order 7920. We verify that our normal subgroup [3] is in fact Mj;.

> load mll;

Loading "/usr/local/MAGMA/libs/pergps/ml1l"

M1l - Mathieu group on 11 letters - degree 11
Order 7 920 = 274 x 372 » 5  11; Base 1,2,3,4
Group: G

> M11:=G;

> Order (M11) ;
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7920
> gs:=IsIsomorphic (NL[3],M11);
> s;
true

Therefore by definition of a direct product we have that G is isomorphic to M1 x Cos.
To verify this, we will first need to write a presentation for Mi;. We use FPGroup in

MAGMA to get a presentation for M.

> FPGroup (M11);
Finitely presented group on 2 generators

Relations
$.172 = Id(9)
$.274 = 1Id(9%)
$.27-1 x $.1 * $.27-2 x $.1 % $.27-2 % $.1 % $.272 «
S.1 * $.272 % $.1 % $.272 % $.1 % $.2°-1 = Id(3)
S.1 * $.2 % $.1 x $.2 x $.1 % $.27-1 % $.1 x $.27-1 «
S.1 * $.2 % $.1 » $.27-1 x $.1 » $.272 x $.1 *« $.2 «
$.1 x $.2°-1 = Id($)
S.1 x $.27-2 % $.1 % $.27-1 % $.1 x $.2 x $.1 * $.27-2 «
S.1 x $.27-1 % $.1 x $.2 * $.1 * $.272 x 5.1 x $.2°-1 =«
$.1 * $.2 = Id($)
($.1 * $.27°-1)711 = Id($)

A presentation for My is K =< x,y|2?,v*, vy~ oy 2oy 2oy zy’oy’aey !,

1 1 1 1 2 1 2 1 1

wyzyry~ wyteyrytayteyey Tt xy ey eyay ey ayrytey ey, (ey~ ) >

A presentation for Cy is H =< 2|22 >.

Thus a presentation for G = H x K is < z,z,y|22, (z,2), (y, 2),

22yt y ey ey 2ayteyteytey L,
1 1 1

wyzyzy oy tayzy” Loy 2oyt 2zy~!

oy oy tayzy 2wy !

zy*ryzy” zyzy*ryzy, (zy~HM >

We verify that this presentation is isomorphic to 2 x M.

> G<x,y,t>:=Group<x,y,t|x"2,y 3, (y " —1lxxxy*xx) "5, (xxy~-1) 11,
> (YHAXAYHAXAYAXHAY T —Lxx*y T —1lxxxy T -1xx) "2,



20

vy * x x vy -1 + x x y' -1 » x x y -1),
X *y * X * y =1l x X %y *x X % Yy *x X *

y-1 % x x y), (t*xt"x)71l=y * X % YV *x X % Y *x X % y -1 %
X % Y Kk X Kk Y *x X *x yA—l * X % y,(y * x % yA—l * X % Y %
X % Y % X *x Y *x X *x Y *x X % yA—l*t)A6>;

GG<x,y,z>:=Group<x,vy,z|x"2,yv"4, v -1 x x » y =2 * x %

* X x V2 & X x Y2 & X xy -l,x xy x X *
X ok yA—l * X Kk Y Kk X ok yA—l * X * yAZ * X *
*x Y7=2 x x * Y-l % X x* Yy x X x Y =2 * X *
X * vy 2 x x x vy -1l x x *xvy,(x *x vy -1)"11,

> f£,G2,k2:=CosetAction (GG, sub<GG|Id (GG)>);

> t72, (t,y » X *

> (t,y » x * y *

>

>

>

> #G;

15840

> f,Gl,k:=CosetAction (G, sub<G|x,y>);
> #k1;

1

>

> y©-2 x x % y2
>y x X x y -1 %
>y x x %y -1,x

> yi-1 % X x y *

> z272,(x,2), (y,z)>
> #GG;

15840

> #k2;

1

> gs:=IsIsomorphic(Gl,G2);
Sy

> sy

true

Therefore,

(tt7) =(yz)3y~

2*20:7,5(11) ~
1(wyﬁxy*?wy(ywy*1Om04wy*1ﬂ6 = (2% M)

3.3 Semi-Direct Product

Consider the group

2*20:(24:85)
(x2y2x71y71tx2ytm2)3 :

G has the following presentation,

G =< z,Y, t|x67 (xy_1)4a yxry

(@ lyPamly ™2,

2, (tyzry ety ), (ta Ty

1 1 1

e 2y eyt y ey Ty T ey,

1 3

7ty By,

_ _ _ _ _ 2 2
(t, (yzy™)3), (¢, y'2dy2), (aPyPaty 17 vE )3 >
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The compositon series of G is below.

Cyclic(2)

G
|
*
| A(Z2, 5) = L(3, 5)
1

G = Gy 2 1, where G = (G/G1)(G1/1) = L3(5)Cs.

The Normal Lattice of GG is

(1]

(2]

Order 372000

(3]

Order 744000

We have a normal subgroup of order 372000. Since L3(5) is of order 372000, we verify
that NL[2] is isomoprhic to L3(5).
> s:=IsIsomorphic (NL[2],L_3(5));

> s;
true

Recall from the previous section, that in order to have a direct product we must have
Cy as well as L3(5) normal in G. Since our normal subgroup lattice does not show
a subgroup of order 2, we know that Cs is not normal in G. Thus we cannot have a

direct product.
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This extension must be a semi-direct product. We need to find an element of order

2 that will extend L3(5) to G. To do this, we first must write a presentation for L3(5).

H<x, y>:=Group<x,vy|x"4,
x"=1 x» y'-1 * xX7=2 * y * x x y' -1 x x"2 * vy,
y -1 % x7=1 %y % X7=2 % y°-2 x x"=1 x y°-1 x x"2 x y"3 %
x" -1,
vy -1 x x7-2 » y x» x'-1 » y x x"-1 » y"-1  x » y" -1 «
X2 x y'2 x x x y -1,
(x » v°-1 » x"=-1 % y~2)"73,
V=2 % X7=2 % y°-1 x x"=1 x y°-2 x x"2 % y°-1 % x"-1 «
v'-2 x x72 x y° -1 % x°-1,
y o XT=1 % y72 x x°=2 x y"-1 x x"=1 x y"-1 x x"=-1 x y" -3 =

V V V V V V V V V V V

XT2 % vy -1 o+ x x vy -1 % x7-1>;

> f,H1l,k:=CosetAction (H, sub<H|Id (H)>);
> s:=IsIsomorphic (NL[2],H1);

Sy

> s;

true

Now we find an element of order 2, which we will label C', that will extend L3(5) to
G.

for i in NL[3] do if i notin NL[2] and Order (i) eq 2 and
sub<Gl|i,NL[2]> eqg Gl then C:=i;
break; end if; end for;

Now that we have this element C, of order 2, we find the action of C' on the generators
of H.
Below we use MAGMA Schreier System and the following loop,

> for 1 in [1..#N1] do if ArrayP[i] eq A"C then print Sch[i];
for|if> end if; end for;
y*x*yﬁ—2*x*yﬁ—2*x“2*yA—l*x*y*x

> for i in [1..#N1] do if ArrayP[i] eq B"C then print Sch[il];
for|if> end if; end for;

X *x Y2 % x"=1 % y'-1 x x7=1 % y"2 x x * y"2 % X * y * X

2

2 1

So now we know that ¢ = yxy 2zy 222y layz, and y© = zy?zly ey 2ey ey,
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Now we will add this element of order 2, say z, to our presentation, along with the

action of this element on the generators of L3(5) to obtain the following presentation.

G2 =<z, y,z|x4 x_ly_lx yry 1x2y Y gl yr- y 2:L”_ly 1$2y3x s
y e Pya ey T ey T e yPey T (ey e ),

y 2,2 y —1,-1 y 2$2y 1,-1 y 2m2y 1.~ 1’

yalyPa Ty ey ey Py T ey e

22, 27 = yry loy 22y tayx, yf = xyle Ty ey layPayx >,

We then verify that this presentation is isomorphic to G.

> G<x,y,z>:=Group<x,y,z|x"4,

> x"=1 x» y'-1 * xX7=2 * y * x x y' -1 x x"2 * y,

> y-1 % x7=1 %y % X7=2 % y°-2 x x"=-1 x y°-1 x x"2 x y"3 %
> x"-1,

> y-1 % xX7=2 %y * xX7=1 %y x x"=1 % y'-1 % x x y -1 %

> X"2 % y'2 x x x y° -1,

> (x » y°=1 » x"=1 % y~2)73,

> V=2 % X7=2 % y°-1 x x"=1 x y°-2 x x"2 % y°-1 % x"-1 «*

> vy -2 % x"2 % y°-1 x x"°-1,

> y * XT=1 % y72 x x7=2 x y°-1 x» x"=1 x y"-1 x» x"=-1 x y -3 =«
> XT2 % vy -1l o+ x x vy -1 % x°-1,272,x"z=y * X x Y -2 *x X %

> Yy =2 % X72 x y'-1 x X x Yy *x X,y z2=X x y 2 % x"=1 % y"-1 %
> X7=1 x y72 x X x Y2 x X x Y * X>;

> £2,G2,kl:=CosetAction (G, sub<G|Id(G)>);
> s,t:=IsIsomorphic(G2,Gl);s;
true

Therefore, 2729:(2%:55) > (Cy : L3(5)).

(x2y2x—1y—1tz2yt:z72 )3

3.4 Central Extension

2*202((04:05) ><S4)
(x2yzy3tv’e)2 ((zy)2tv)7,((xy)2t)

Consider the group

G has the following presentation,
2,03 =1, —1

G =< z,y,t|G < z,y,t >:= Group < z,y, t|z*, yr~2y%2?y, yo~ty 22y, 2 1y Lo 2y~

1



wyayr~t oy Ty T Ty ey Ly,

_ _ 3
2, (¢, yz~ty?), (tyzyarly), (22yzy3ty )2, ((zy)*t)7, ((zy)*t)5 >.

The composition series of G is below.

CompositionFactors (Gl);

G

| Cyclic(2)

*

| A(l, 13) = L(2, 13)
*

| Cyclic(2)

1

G = G1 :_) 1, where G = (G/Gl)(Gl/GQ)(GQ/l) = CQL2(13)CQ.

The normal lattice of G is

24
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(1

N

(2] (3]

Order 2 Order 1092

>

(4] (3] 6]

Order 2184 Order 2184 Order 2184

U7

[7]

Order 4368

NL[2] is of order 2. We will check to see if this is our center.

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

It is possible that we may have a central extension. If there is a larger abelian sub-

group then we will instead have a mixed extension.

The following loop will list all of our abelian subgroups.

> for 1 in [1..11] do if IsAbelian(NL[i]) then i;end if;end for;
1
2
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We now know that NL[2], our center, is a maximal abelian subgroup, thus we will
have a central extension. Now we factor G by our center to form the quotient group

q, and look at the Composition Factors of q.

> g, ff:=quo<Gl|NL[2]>;

> CompositionFactors (q);
G

Cyclic(2)

|
*
AL, 13) = L(2, 13)
1

It looks like ¢ may be Isomorphic to PGL2(13).

> s:=IsIsomorphic(q,PGL(2,13));s;
true

Thus we will have a central extension of Cy by PGL2(13).

Now we need to write a presentation for PG Ly(13).

> FPGroup (PGL(2,13));
Finitely presented group on 2 generators
Relations

$.27°3 = Id($)

($.17-1 » $.27-1)"4 = Id(S)

$.1712 = Id($)
2 0% S0 % $.27-1 % $.174 x $.2 % $.172 + $.27-1 «
.17°-1 = 1d(3)
172 % 5.2 % $.174 x $.27-1 %« S.1 o« $.2 + $.17-1 «
.27=-1 = Id(s
17-1 + S,
.27-1 = Id(s

0 0 »r r 0

)
* $.17-1 % $.27-1 % $.17°3 * $.2 * $.17°3 =
)

Thus our presentation for PGLy(13) is

H < a,b>:= Group < a,b|b®, (a='b71)* a'2, bab~ta*ba®b~1a ", a®ba*b~Laba b1,
a tba= v 1abadh! >.

Now we compute the coset action of PGL2(13), which we have labeled as H, and

check if our presentation is isomorphic to q.
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> H<a,b>:=Group<a,bl|b”3, (a"-1 » b"-1)"4,a"12,

>b xa xb’"-1 a4 b x a2 xb"-1 x a"-1,

> a2 x b *x a4 x b"-1 x ax b x a"-1 » b"-1,
>a"™-1 » b a1 » b"-1 » a3 x b x a3 x b"-1>;
> f1,Hl,kl:=CosetAction (H, sub<H|Id(H)>);

> s,t:=IsIsomorphic (H1l,q);s;

true

To write our presentation we need to write the generators of PGL2(13) in terms of

our center, which we will label c.

> T:=Transversal (G1,NL[2]);
> f£(T[2]) eq g.1l;

true

> ff(T[3]) eq g.2;

true

> A:=T[2];

> B:=T[3];

> c:=NL[2].2;

> for i in [1..2] do if B"3 eq c¢”1 then i; end if; end for;
> for i in [1..2] do if (A"-1%B"-1)"4 eq c"i then 1i;

> end if; end for;

> for i in [1..2] do if A"12 eq c¢”1i then i; end if; end for;
2

> for i in [1..2] do if (A"-1xB"-1)"4 eq c”i then 1i;

> end if; end for;

> for i in [1..2] do if B#A*xB " —-1xA"4%BxA"2+«B"-1xA -1 eq c i
> then i; end if; end for;

> for 1 in [1..2] do if A"2+BxA"4+«B " -1+A*xBxA"-1xB"-1 eq c”i
> then i; end if; end for;

> for 1 in [1..2] do if A"-1#B*A"-1xB " -1+xA"3xBxA"3xB"-1 eq c’1i
> then 1i;

> end if; end for;

Now we can write a presentation for G by including ¢, our generator of the center Co,

and writing PG L2(13) in terms of c.

HH<c, a,b>:=Group<c,a,blc”2, (c,a), (c,b),b"3, (a"-1 » b"-1) "4,
> a"l2=c”2,b x a * b1 a4 x b x a2 * b™-1 x a”-1,

> a2 *bx a4 x b’-1 x a b x a" -1 x b"-1,

>a’™-1 x b a1 » b"-1 » a3 x b x a3 x b"-1>;
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> f2,H2,k2:=CosetAction (HH, sub<HH|Id (HH)>);
> s:=IsIsomorphic (H2,G1l);

> s;

true

Thus G = C3PGLy(13)

3.5 Mixed Extension

2*20:T5(11)

Consider the group W .

G has the following presentation,

_ _ 14 3
G =< z,y,t|2% (y~12)2,y2, 2, (t,2y™?), (xtW )3, (yP1t))2 >.

The composition series of G is below.

CompositionFactors (Gl);

G

| Cyclic(2)

*

| A(1, 19) = L(2, 19)
*

| Cyclic (3)

*

| Cyclic(2)

1

G = G1 2 G2 2 G3 2 1, where G = (G/Gl)(Gl/Gg)(Gg/Gg)(Gg/l) = 02L2(19)0302.

The Normal Lattice of G is
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(1

I

(3] (2] (5]

Order 3 Order 2 Order 3420

X

(4] [7] 6]

Order 6 Order 10260  Order 6840

P

(8] [9] [10]
Order 20520 Order 20520 Order 20520

[11]
Order 41040

NL[2] is of order 2. We will check to see if this is our center.

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

It is possible that we may have a central extension. If there is a larger abelian sub-

group then we will instead have a mixed extension.

The following loop will list all of our abelian subgroups.

for i in [1..11] do if IsAbelian(NL[i]) then 1i;
end if;end for;

N~ VOV
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We now know that NL[2], our center, is not a maximal abelian subgroup. N L[4],
which is of order 6, is our maximal abelian subgroup. Below we confirm that Cg is

the isomorphism type of NL[4].

> X:=AbelianGroup (GrpPerm, [6]) ;
> s:=IsIsomorphic (X,NL[4]);s;
true

We will have a mixed extension of NL[4] by g where ¢ is the isomorphic image of
G/G2 = G/NL[4]. Now we need to look at the normal lattice and composition factors

of ¢ to solve its isomorphism type.

> g, ff:=quo<Gl|NL[4]>;
> nl:=NormallLattice (q);
> nl;

Normal subgroup lattice

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

> CompositionFactors(qg);

G
| Cyclic(2)

*

| A(1l, 19) = L(2, 19)
1

By looking at the composition series of g, it seems that our extension problem of ¢

may be PGL(2,19).
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> s:=IsIsomorphic(q,PGL(2,19));
> 5;
true

So now that we know that ¢ is isomorphic to PGL(2,19), we need to find a presen-

tation for q.

> FPGroup(q9) ;
Finitely presented group on 3 generators

Relations
S.172 = Id($)
$.372 = 1d($)
($.27-1 % $.1)72 = Id($)
($.2 % $.3 % $.27-1 % $.3 % S. ) = ($)
($.2 » $.3 * $.2°-1 « $.3 = $.2°-1 $ 3)7°2 = Id($)
($.1 * $.3 x $.2 * $.3 % S. 2“—1 * $.3)72 = Id($)
$.278 % $.1 % $.3 % $.27°-1 % $.3 % $.2 % $.3 = Id(S)
S.1 * $.3 % $.1 x $.3 x $.274 % $.3 % $.27-1 %« $.3 «*
$.27°-2 % $.3 = Id(9)

> H<x,y,z>:=Group<x,y,z|x"2,z"2, (y" -1*xx) "2,
> (yrzxy —lxzxy) "2, (y*xzxy —lxzxy —=1xz) "2,
> (Xxzxy*z2+xy —1%2z) "2,y " 84x*xzxy —lkz*xy*x2z,

> X*z*kX*ZxY Axzxy —lrzxy -2%z>;

> fl1,Hl1,kl:=CosetAction (H, sub<H|Id(H)>);

> s,t:=IsIsomorphic(H1,q); s;

true

Now our next step is to write the generators of H into elements of ¢. In order to do

this we will need to look at the transversals of N L[4].

> T:=Transversal (G1,NL[4]);
> #T;

6840

> T[2];

Note that T'[2] will give us a permutation that we will have to store in MAGMA. We

will store this permutation as A. Similarily we will store the permutation for T3] as
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B and the permutation for T'[4] as C.

> ff(A) eq g.1;
true
> ff(B) eq g.2;
true
> f£f(C) eq gq.3;
true

We want to look at our presentation of H to see which elements have changed by the

action of gq.

1

H=<uz,y,z2* 2% (y'x)?, (yzy = 29)%, (yzy 2y~ '2)?, (wzyzy~'2)?, yPuzy~ 2y,

x2$zy4zy_1zy_22 >

Our first relation in the presentation, z? tells us that x> = e, therefore the order

of x is 2. We want to see what the order of x is when we apply the action of q.

> Order (A);

So we see that a does not change. We will check the rest of the relations in our

presentation and look for any changes.

Order (C) ;

Order (B"—-1xA);

Order (BxCxB " —1xCxB"—1xC) ;
Order (AxCxBxC*B"-1xC) ;

Order (B"8+A+xCxB"—-1+xC*B=*C) ;

V B VDV NV NV DNV

Order (A+*C*A+xC+xB 4xCxB " —1+xCxB"-2%C) ;
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The order of our last relation has changed. We will need to write this relation in

terms of q.

We will need to find a generator of NL[4]. Note that NL[4], of order 6, is cyclic. So
if we obtain an element of order 6 then this element will generate the whole group.

We will name this element of order 6, D.

> IsCyclic (NL[4]);
true

> Order (NL[4].1);
6

> D:=NL[4].1;

Now we go back to our relation that has changed and write this relation in terms of D.

> AxCxA+xC*B 4xCxB"-1xCxB"-2%C eq D;
false

> AxCxA+xC*B 4xCxB"-1xCxB"-2+C eq D" 2;
false

> AxCxA*xC*B 4xCxB"-1xCxB"-2%C eq D" 3;
false

> A*CxA*CxB"4+xCxB"-1+xCxB"-2+xC eqg D" 4;
false

> AxCxA*xC*B 4xCxB"-1xCxB"-2%C eq D"5;
true

MAGMA tells us that this relation is equal to D?.

Next we need to check to see if D commutes with z,y, or z.

> for i in [0..6] do if DA eq D"i
> for|if> then 1i; break; end if; end for;
5



The above loop confirms that D* =

D>

> for i in [0..6] do if D"B eq D71
for|if> then i; break; end if; end for;

> for i in [0..6] do if D°C eq D"i
for|if> then i; break; end if; end for;

34

We have confirmed that DY = D® and D* = D>. We can now write a presentation

for H, where w will be our element of order 6, and check to see if H is isomorphic to G.

w x=w"5,
wiy=w"5,
w z=w"5>;
#H;

41040

> #G1;
41040

V V.V V V V V V

H<w, x,y, z>:=Group<w, x,vy,z|w 6,x"2,z"2, (y" —-1*xx) "2,
(yrz*xy =1lxzxy) "2, (yrz*xy —lxz+y " —1xz) "2,
(xxzxy*zxy —1%z2) "2,y 8xx*xzxy —l*zxy*z,
X*xZ4X*ZxY Axzky —1lxzxy -2xz=w"5,

> f,h,k:=CosetAction (H, sub<H|Id(H)>);

> #h;

41040

> #G1;

41040

> s:=IsIsomorphic (h,Gl);
> s;

true

o 2*%20:T,5(11) ~ pe
Therefore G = W =6

: PGL(2,19).
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Chapter 4

Monomial Progenitors

4.1 Preliminaries

Definition 4.1. [Cur(07] A monomial representation of a group G is a homomor-
phism from G into GL(n, F), the group of nonsingular n x n matrices over the field

F, in which the image of every element of G is a monomial matrixz over F.

Definition 4.2. [?] (Monomial Character) Let G be a finite group and H < G.

The character X of G is monomial if X = A&, where X is a linear character of H.

Definition 4.3. [?] A matriz in which there is precisely one non-zero term in each

row and in each column is said to be monomial.

Definition 4.4. [?] Let A(x) = (a;j(z)) be a matriz representation of G of degree m.

We consider the characteristic polynomial of A(x), namely

A—aii(x) —aiz(x) e —a1m(T)
det(M] — A(z)) = —az1(x) A—ag(x) ... —agm(T)
—am1(x) —ama(x) e A= G ()

This is a polynomial of degree m in X, and inspection shows that the coefficient of

A" s equal to



36

o(z) = a1(z) + age(x) + ... + amm ().

It is customary to call the right-hand side of this equation the trace of A(x), abbre-
viated to trA(x), so that

o(x) = trA(x).
Definition 4.5. [?] The sum of squares of the degrees of the distinct irreducible

characters of G is equal to |G|. The degree of a character x is x(1). Note that a

character whose degree is 1 is called a linear character.

Definition 4.6. [Isa76] Let H < G and ¢(u) be a charcter of H and define ¢(x) =0
if v € H, then

x),r € H
o= {1 €
Ox ¢ H

is an induced character of G.

Definition 4.7. Formula for Induced Character

[Isa76] Let G be a finite group and H be a subgroup such that |G : H] =
||£| =mn. Let Cn, o = 1,2,....m be the conjugacy classes of G with |Cy| = haq,
a=1,2,....m. Let ¢ be a character of H and ¢ be the character of G induced from

the character ¢ of H up to G. The values of 3 on the m classes of G are given by:

S = o o(w),a=1,23,.,m.
weCaNH

4.2 Monomial Progenitor 11*:,,(4 : 5)

Consider 11*4:,,(4 : 5). G = (4 : 5) is given by

G = (4:5) =< a,ylat, zytady?, y323yx >, where
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x=(1,4,17,15)(2,3,18,16)(5,12, 14, 7)(6,11,13,8)(9, 19, 10, 20), and
y=(1,6,10,14,18)(2,5,9,13,17)(3,8,12,15,19)(4,7,11, 16, 20).

G = (Cy : C5) has monomial irreducible representation in dimension 5. We will write
a progenitor for 11*4:,,(Cy : Cs). Since % =5= |H| =5 = |H| = 4, we need to
find a subgroup H of order 4 and induce a linear character of H up to G to obtain

the irreducible character of degree 5 of G.

The conjugacy classes of group (Cy : C5) are given in the table below.

Table 4.1: Conjugacy Classes of (Cy : Cj)

Class Representative of the class # of elements in the class
Cl € 1
Cy a2 = (1,17)(2,18)(3,16)(4, 15)(5, 14)(6, 13)(7,12)(8, 11)(9, 10)(19, 20)

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

> ot ot Ot

Consider the subgroup H = Z5 of G given below.

H ={e, (1,18,14,10,6)(2,17,13,9,5)(3,19, 15,12, 8)(4, 20, 16,11, 7), (1, 14, 6, 18, 10)
(2,13,5,17,9)(3, 15,8, 19, 12)(4, 16,7, 20, 11), (1, 10, 18, 6, 14)(2,9, 17,5, 13)(3, 12, 19, 8, 15)
(4,11,20,7,16),(1,6,10,14,18)(2,5,9,13,17)(3,8,12,15,19)(4,7,11,16,20)}. The con-

jugacy classes of Z5 are given in the table below.

Table 4.2: Conjugacy Classes of H = Z5

Class Representative of the class # of elements in the class
D1 € 1
Dy y = (1,18,14,10,6)(2, 17, 13 9,5)(3,19, 15,12, 8)(4, 20,16, 11,7) 1
Dy y = (1,14,6,18,10)(2,13,5,17,9)(3, 15,8, 19,12)(4, 16, 7, 20, 11) 1
Dy 3 =(1,10,18,6,14)(2,9, 17 5,13)(3,12, 19,8, 15)(4, 11,20, 7, 16) 1
Ds  y=(1,6,10,14,18)(2,5,9,13,17)(3,8,12,15,19)(4, 7, 11, 16, 20) 1

Consider the irreducible characters ¢ (of H) and x (of G) given below.



Table 4.3: Character Table of H = Zg

Class D1 D2 D3 D4 D5
Size 1 1 1 1 1

Order 1 5 5
¢ 1 1 1 1 1
¢y 1 z 72 73 zt
¢s 1z oz z 73
o 1z oz z¢ Z?
o5 1zt 73 7 Z

where Z is the 5th root of unity.

Table 4.4: Character Table of G = (Cy : C5)

Class Cl CQ Cg 04 05
Size 1 5 5 5 4

Order 1 2 4 4 5
i 1 1 1 1 1
Y2 1 1 -1 -1 1
xvs 1 -1 I I 1
ya 1 -1 I I 1
X5 4 0 0 -1

where [ is the 4th root of unity.
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Next we must find a non-trivial linear character of H to induce up to G. Note that

each character of H is linear since they all have degree 1. We will induce x2 up to G.

Now, G = He UHx U Hx?> U Ha3

Let t; =e, to =x, t3 =22, and t4 =

Then

3
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Boo(titst)  e(tiat)h)
D g(taat

ptsaty ') o(tsaty') o(tsaty') o(tsaty')

2

p(tixtyh)  p(tyat

Y (taxtyh)

2

2

P(taxtyh)  G(taxt

3

N (taat

2

D p(taat

1

| P(tamt

D g(taatyh) |

[ (exe)

Plex(2®)71)  glex(2®)™h)

$lex(z)™")

Pz (z®)7)

Pz (2?)7)

d(a?ve™t) d(a’z(2)™) (a?x(a?)7h) S22 (2®)7)

$(zz(z))

$(zze™!)

| d(aPzet) d(aPx(z)7h) glatz(a?)h) d(zPx(z?)7h) |

(01 0 0]

0010

00 01

100 0|

A(zz) =

[ G(eye)

$ley(z?)™)

$ley(z) ™)

$(zy(z)™")

$(zye™)

| p(aPye™) ¢(Py(x)™) d(@Py(z?)7h) ¢(aPy(a®) ) |

Similarily,

1
e e
- - -
| < <+ < |
VO R W
S D D D
— 2\l N Nl
A RS
S~— Nt N N
< S S o
—~ o~ —~
- - =
lon I Ion I
O S S
DS D D D
— N gl <t
SR R RS
= Z =
< S S ©
/N /N /N /N
- - -
o o v |
P
D D D D
— [\l (el <
AR RS
S~— N N N
< S S ©
—~ o~ —~
— — i —
= = = =
SR
S D D D
— N g <t
SR RS
~— N N N
< S S ©
1
—
>
RN
S~—
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oly)  olyr®)  olyz®)  B(yx)
_ | olay) o) p(zyz?)  playx)
o(z%y) o(z%yz®) o(y')  o(aPyx)
| o(2y)  d(ePyx®) p(aPya®) ¢(y?)
(240 00
|0 2200
lo o0 zo0
(0 0 0 2|

Now, z is the 5th root of unity. To find the value of z we must find the smallest
possible field that has a fifth root of unity. We look for the smallest prime p such
that 5|p — 1. Therefore p = 11.

Now 2 is a primitive root of 11 ; that is, Order(2) = ¢(11 — 1) = 10 =-Order(2) = 10.
It follows that Order(2?) = 5, because if Order(a) = n and d is a positive divisor of

n, then
Order(ad) = d.
Or generally,
Order(a)
Order(a?) = :
rder(a) ged(d, Order(a))
Hence, [4| = 5.

Now the elements of order 5 in Zi; are 4,42 =11 5, 43 =11 9, and 4% =11 3. We will
choose z = 3.

Then we have

22=2-2=3-3=9

B =2.22=3.9=2T=1522=22.22=9.9=81=, 4



Thus,

S O O =
o O © o
o w o O
o O o O

We verify these matrices by running the following loop.

C:=CyclotomicField(5);
GG:=GL (4,C);
T:=Transversal (G, H) ;
#T;

A:=[[C.1,0,0,0] : 1 in [1..4]
for i,Jj in [1..4] do A1 ] =
GG:=GL(4,C);

for i,j in [1..4] do if T[i]*xx*xT[Jj] -1 in H then
for|if> A[i, J]:=CH[2] (T[i]l*xx*xT[]J] " -1);

for|if> end if; end for;

> B:=[[C.1,0,0,0] : i in [1..4]11;

> for i,3 in [1..4] do B[i,J]:=0; end for;

> for i,3 in [1..4] do if T[i]lxyy*T[j] -1 in H then
for|if> B[i, j]: CH[2](T[']*yy*T[ 1°-1);

for|if> end if; end for;

> HH:=sub<GG|A, B>;

>
>
>
>
4
> 17

> 0; end for;
>

>

> #HH, #G;

20 20

> GG!A;

[0 1 0 0]

[0 0 1 0]

[0 0 0 1]

[1 0 0 0]

> GG!B;
[-zeta_5"3 - zeta_5"2 - zeta_5 - 1 0 0 0]
[0 zeta_572 0 0]
[0 O zeta_5 0]
[0 0 0 zeta_573]
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The order of A(z) is 4 and the order of A(y) is 5. Also, the order of A(z)A(y)
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is 4. Thus, < A(z),A(y) > is a faithful representation of G = (C4 : Cj5), since
2| =4 = [A(z)], ly| =5 = A(y), and |zy| = |A(z)A(y)| = 4.

Now we must convert these matrices into permutations.

aj; =a <=t — t?, where a;; stands for the 7th row and jth column of the matrix.

Then for A(z) =

, we have

_ = = O
oS = O =
S = = O
o O O O

a12:1:>t1%t2,
a23:1:>t2—>t3,
a34:1:>t3—>t4,

ag1 =1 = t4 — t;.

We have 4 t’s since [G : H] = 4, and our ¢’s are of order 11 since Z; is the smallest

finite field that has 5th roots of unity.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
t oty t3 tg t7 t3 82 12 6 3 t3 t3 t7 t3 t3 ]

th t3 tg t t3 2 82 2 B 8 B B it t]
2 3 4 1 6 7 8 5 10 11 12 9 14 15 16 13

&t 65 6 8 5§ 1§ 0 L ot 8

5 3 ) S 8 S 8 T D T ] 5 1]

31 32 33 34 35 36 37 38 39 40
5 6 ) 6 B 1] tV #0040

32 29 34 35 36 33 38 39 40 37



Therefore, our permutation representation of A(x) is

z=(1,2,3,4)(5,6,7,8)(9,10,11,12)(13, 14, 15, 16)(17, 18, 19, 20)
(21,22, 23,24)(25, 26, 27, 28)(29, 30, 31, 32)(33, 34, 35, 36) (37, 38, 39, 40).

(400 0]
o 09 00
Similarily, for A(y) = , we have
0030
|00 0 5
a11:4:>t1—)til,
a22:9:>t2—>tg,
a33:3:>t3—>t§,
a44:5:>t4%t2.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
t ty t3 tg B2 2 B2 6 3 Bt T 3 t3 t]
N N N N S e A
o8 8 o & o ot on 5 ) o o B oty t]
13 34 11 20 29 26 23 40 1 18 35 16 17 10 3 36
17 18 19 20 21 22 23 24 25 26 27 28 29 30
8t o6 ot 8 5 5 G o ot 8
N T N N T
O PR 7 S S = N 7 S 7S 7 2 SR - 2 NS 7 S = S 7
33 2 15 12 5 38 27 32 21 30 39 8 37 22
31 32 33 34 35 36 37 38 39 40
5 6 ) 8 8 1] tV #1004
N T N S A
208 ot o oty 8 3 5 1
7 28 9 14 19 4 25 6 31 24

Therefore, our permutation representation of A(y) is
y = (1,13,17,33,9)(5, 29,37, 25, 21)(6, 26, 30, 22, 38)(2, 34, 14, 10, 18)
(3,11,35,19,15)(4, 20, 12,16, 36)(7, 23, 27, 39, 31)(8, 40, 24, 32, 28)

A presentation for (4 : 5) is < x, y|z*, zytaz®y?, P rdyz >.
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Thus, by definition, our presentation of the monomial progenitor 11*4:,,(4 : 5) will be
<z, 2, t|x4, zytady?, Py, Normaliser(N,< t >) >
Since our t’s are of order 11, we will have t"™ = ¢!,

Now we must find the Normaliser(N,< t >), that is, the permutations that sta-
bilize all the powers of ¢, {1,5,9,13,17,21,25,29,33,37}.

Let t ~ ;.

We then find these permutations.

> Normaliser:=Stabiliser (N, {1,5,9,13,17,21,25,29,33,37});

> Generators (Normaliser);

{
(1, 13, 17, 33, 9) (2, 34, 14, 10, 18) (3, 11, 35, 19, 15)
(4, 20, 12, 16, 36) (5, 29, 37, 25, 21) (6, 26, 30, 22, 38)
(7, 23, 27, 39, 31) (8, 40, 24, 32, 28)

Therefore, Normaliser(N, < t; >) =< (1,13,17,33,9)(2,34, 14, 10, 18)(3, 11, 35, 19, 15)
(4,20,12,16,36)(5, 29, 37, 25, 21)(6, 26, 30, 22, 38)(7, 23, 27, 39, 31)(8, 40, 24, 32, 28) >.
Since y = (1,13,17,33,9)(2,34, 14, 10, 18)(3, 11, 35, 19, 15)(4, 20, 12, 16, 36)
(5,29,37,25,21)(6, 26, 30, 22, 38)(7, 23, 27, 39, 31)(8, 40, 24, 32, 28), and

y sends t; to t‘ll, we have that t¥ = ¢4

Thus, the presentation of the monomial progenitor is given by

11, (4 0 5) =<z, y, t|lzt, aytadyd, y3 iy, 1 19 = t4 >,

Next we add the following first order relations to our progenitor to find finite homo-

morphic images.

(2°)3, (308, (yt)°, (")
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> G<x,y,t>:=Group<x,vy,t|x"4,xxy " 4xx"3xy"3,

> vy 3xx"3xyxx,t 11, tTy=t"4, (x"2xt"(y"3)) "3, (x"3%t) "8,
> (y*t"x) "5,

> (x*xt7(y"4))"3>;

> #G;
7920
> /%
> 7920
> %/
> S:=Sym(40);
> xx:=8!(1,2,3,4) (5,6,7,8) (9,10,11,12) (13,14,15,16)
> (17,18,19,20) (21,22,23,24) (25,26,27,28)
> (29,30,31,32) (33,34,35,36) (37,38,39,40);
> yy:=S!(1,13,17,33,9) (5,29,37,25,21)
> (6,26,30,22,38)(2,34,14,10,18) (3,11,35,19,15)
> (4,20,12,16,36)
> (7,23,27,39,31) (8,40,24,32,28);
> N:=sub<S|xx,yy>;
> f£,Gl,k:=CosetAction (G, sub<G|x,y>);
> #k;
1
> CompositionFactors (Gl);
G
| M1l
1

Manual Double Coset enumeration will follow in a later chapter.

4.3 Monomial Progenitor 11*2:,, D

Consider 11*2:,, D1g. G = Dy is given by
G = Dyg =< z,y]x'% 42, (z71y)? >, where
x=(1,4,6,8,10,12,14,16,18,19)(2,3,5,7,9,11,13,15,17,20), and
y = (1,15)(2,16)(3,14)(4, 13)(5, 12)(6, 11)(7, 10)(8, 9)(17, 19) (18, 20).

G = Djp has monomial irreducible representation in dimension 2. We will write a
progenitor for 11*'1:, Dyq. Since % =2= % = 2 = |H| = 10, we need to find

a subgroup H of order 10 and induce a linear character of H up to GG to obtain the



irreducible character of degree 2 of G.

The conjugacy classes of group Dig are given in the table below.

Table 4.5: Conjugacy Classes of Dyg
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Class Representative of the class # of elements in the class
(&) e 1
Co  (1,12)(2,11)(3,13)(4,14)(5,15)(6, 16)(7, 17)(8, 18)(9, 20)(10, 19) 1
Cs (1,15)(2,16)(3,14)(4,13)(5,12)(6,11)(7,10)(8,9)(17,19)(18, 20) 5
Cy (1,13)(2,14)(3,12)(4, 11)(5,10)(6,9)(7, 8)(15, 19)(16, 20)(17, 18) 5
Cs  (1,6,10,14,18)(2,5,9,13,17)(3,7, 11, 15, 20)(4, 8, 12, 16, 19) 2
Cs  (1,10,18,6,14)(2,9,17,5,13)(3, 11, 20, 7,15)(4, 12,19, 8, 16) 2
Cy (1,4,6,8,10,12,14, 16, 18, 19)(2 3,5,7,9,11,13,15,17, 20) 2
Cy (1,8,14,19,6,12,18,4,10,16)(2,7,13,20,5,11,17, 3,9, 15) 2

Consider the subgroup H = Zjy of G given below.

H ={e, (1,12)(2,11

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

The conjugacy classes of Zjp are given in the table below.

Table 4.6: Conjugacy Classes of H = Zjg

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

,9,17,5,13)(3, 11,

Class Representative of the class # of elements in the class
D1 & 1
Dy (1,12)(2,11)(3,13)(4,14)(5,15)(6, 16)(7, 17)(8, 18)(9, 20)(10, 19) 1
Ds  (1,6,10,14,18)(2,5,9,13,17)(3,7,11,15,20)(4, 8,12, 16, 19) 1
Dy (1,10,18,6,14)(2,9,17,5,13)(3,11,20, 7, 15)(4, 12, 19,8, 16) 1
Ds  (1,14,6,18,10)(2,13,5,17,9)(3,15,7,20,11)(4, 16,8, 19,12) 1
Ds  (1,18,14,10,6)(2,17,13,9,5)(3,20, 15,11, 7)(4, 19, 16, 12, 8) 1
D;  (1,4,6,8,10,12,14,16,18,19)(2,3,5,7,9, 11,13, 15, 17, 20) 1
Ds  (1,8,14,19,6,12,18,4,10,16)(2,7,13,20,5,11,17, 3,9, 15) 1
Dy (1,16,10,4,18,12,6,19,14,8)(2,15,9,3,17,11,5,20,13,7) 1
Dy (1,19,18,16,14,12,10,8,6,4)(2,20,17,15,13,11,9,7,5,3) 1




Consider the irreducible characters ¢ (of H) and x (of G) given below.

Table 4.7: Character Table of H = Zyg

Class D1 D2 D3 D4 D5 DG D7 Dg Dg D10
Size 1 1 1 1 1 1 1 1 1 1
Order 1 2 5 5 5 5 10 10 10 10
o1 1 1 1 1 1 1 1 1 1
by 1 10111 1 -1 -1 -1 -1
b3 1 1z z?z z2 zv oz ozt A Z?
by 1 1oz ozr2oz3ozv —z73 —zv -z 77
o5 1 1 zz2 z+ z Z3 Z VAL A
b 1 1oz2ozr oz 73 -z -z -7 74
o7 1 1z oz z+ zz o zv oz 7 Z
| 1ozd oz o oz¢ 72 —z¢ —z72 73 —Z
b9 1 1z 23 z2 Z 72 Z ARA
b0 1 1oz zd z2 oz -7 -z —z4 73
where Z is the 5th root of unity.
Table 4.8: Character Table of G = Dy

Class Cl CQ 03 04 05 06 07 Cg

Size 1 1 5 5 2 2 2 2

Order 1 2 2 2 5 5 10 10

x1 1 1 1 1 1 1 1 1

x2 o1 1 -1 -1 1 1 1 1

x3 1 -1 -1 1 1 1 -1 -1

x4 1 -1 1 -1 1 1 -1 -1

xs 2 2 0 0 =z z* -7 -Z

X6 2 2 0 0 Zz zZz Zz? 7z

xr 2 2 0 0 22 Z Z 72

xs 2 2 0 0 22 Z -z -=Zz?

where Z is the 5th root of unity.
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Next we must find a non-trivial linear character of H to induce up to G. Note that
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each character of H is linear since they all have degree 1. We will induce x4 up to G.

> CH[4];

(1, -1, zeta(5)_5, zeta(5)_572, zeta(5)_5"3,
-zeta(5)_5"3 - zeta(5)_5"2 - zeta(5)_5 - 1,
-zeta(5)_5"3 -

, zeta(5)_5"3 + zeta(5)_5"2 +
zeta(5)_5 + 1, —-zeta(5)_5, —-zeta(5)_572 )

We will use a loop to find the two induced representations A(x) and A(y) of degree
% = % = 2. First we must input the values of z, 22,23, 2%, —z, —22, =23, and —2*
into our loop, which we will denote as C.1, C.2, C.3, C4, -C, -C.1, -C.2, -C.3, and

-C.4, respectively.

Now, z is the 5th root of unity. To find the value of z we must find the smallest
possible field that has a fifth root of unity. We look for the smallest prime p such
that 5/(p — 1). Therefore p = 11. Now, 2 is a primitive root of 11 ; that is,

Order(2) = ¢(11 — 1) = 10 =Order(2) = 10. It follows that Order(22) = 5, because

if Order(a) = n and d is a positive divisor of n, then

d.

als

Order(ad)

Or generally,

Order(a)
der(a?) = '
Order(a%) ged(d, Order(a))

Hence, [4| = 5.
Now the elements of order 5 in Zi; are 4,42 =11 5, 43 =11 9, and 4% =11 3. We will

choose z = 4. Then we have,

2=z-2=4-4=16=11 5
B =2-22=4-16=64=119
24 =22.22=16-16 = 256 =11 3.



Also, 21+ 23+ 22+ 241=0
=+ B3+ 4+1=—2
= 3+9+5+1=—2

— 18 =11 7= —=z.

Similarily, 24 + 23+ 22 +2+1=0
— B3+ 1= 22
—=3+9+4+1=—22

= 17 =11 6 = —22,

A4 B+ 424+1=0
— 22 +24+1=-23
= 3+5+4+1=-22=13=1, 2

A48 4+224241=0
—= 2B+ 22424+ 1=—21
= 9+5+4+1=—2"

— 19 =, 8 = —2*.

C:=CyclotomicField(5);
N:=H;
T:=Transversal (G, H) ;
GG:=GL(2,11);

mat function(n,p,D,k
function> for i, 3 in [1..
function|for|if> if CH[n
function| for|if>
function| for|if>
function|for|if>
function|for|if>
function| for|if>

vV V. V V V

function| for|if>
function| for|if>
function| for|if>
function|for|if>
function| for|if>

= —23 and

do if T[i]l*p*T[j] -1 in H then

i]*pxT[J]"-1) eq C.1
:=4; end if;
i]*pxT[J]"-1) eq -C.1
=7; end 1if;
i]lxp*T[j]"-1) eq C.172
=5; end 1if;
i]lxp*T[j]"-1) eq —-C.172
=6; end 1if;
i]lxp*T[j]"-1) eq C.173
=9; end if;
i]lxp*xT[j]"-1) eq -C.17°3
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function|for|if> then D[i, j]:=2; end if;
function|for|if> if CH[n] (T[i]l*px*xT[Jj] " -1) eq C.174
function|for|if> then D[i, j]:=3; end if;
function|for|if> if CH[n] (T[i]l*pxT[Jj] " -1) eq -C.174
function|for|if> then D[i, j]:=8; end if;
function|for|if> if CH[n] (T[i]l*px*xT[Jj] " -1) eg 1
function|for|if> then D[i, j]:=1; end if;
function|for|if> if CH[n] (T[i]l*px*xT[Jj] " -1) eq -1
function|for|if> then D[i, j]:=-1; end if;
function|for|if> 1if CH[n] (T

il*pxT[j]1°-1) in {1,-1}
function|for|if> then D[i, j]:=CH[n] (T[i]*p*T[Jj] "-1); end if;
function|for|if> end if; end for;

function> return D;

function> end function;

> A:=[[0,0]: i in [1..211;

> mat (4,xx,A7A,2);

[

]I

> mat (4,vy,A,2);

The order of A(x) is 10 and the order of A(y) is 2. Also, the order of A(z)- A(y) is 2.
Thus, < A(x), A(y) > is a faithful representation of G = D, since |z| = 10 = |A(z)],
lyl =2 = A(y), and [zy| = [A(z) - A(y)| = 2.

Now we must convert these matrices into permutations.

aj; = a <=t — t?, where a;; stands for the 7th row and jth column of the matrix.
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20
Then for A(z) = , we have
0 6

a11:2:>t1—>t%,

a22:62t2—>tg.

We have 2 t’s since [G : H| = 2, and our ¢’s are of order 11 since Z;; is the smallest

finite field that has 5th roots of unity.

1 2 3 4 5 6 7 8 9 10
tt to 5ty t] 5 i1ty 1)t
T T T I A
21§t to % 8 2 10 45
3 12 7 2 11 14 15 4 19 16

11 12 13 14 15 16 17 18 19 20
8 45 ] 5 1 1y Y
R T N N R N
bty ) 6 oty ] 0 ) i
1 6 5 18 9 8 13 20 17 10

Therefore, our permutation representation of A(z) is

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

Similarily, for A(y) = , we have
1

a12:1:>t1—>t2,

a1 =1 =ty — t;.

1 2 3 4 5 6 7 8 9 10
oty B2t 3t 1 6
N T T T T T
ty t1 3 82 8 # 3 ot} 5 B
2 1 4 3 6 5 8 7 10 9

11 12 13 14 15 16 17 18 19 20
8 45 w5 1) 1y 0 D

8 5 3 ] B 1) ) 4
12 11 14 13 16 15 18 17 20 19
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Therefore, our permutation representation of A(y) is

y = (1,2)(3,4)(5,6), (7,8), (9,10), (11, 12), (13, 14), (15, 16), (17, 18), (19, 20).
A presentation for Dyg is < z,y|z'0, 92, (z71y)? >.

Thus, by definition, our presentation of the monomial progenitor 11*2:,, D1y will

be
< z,y|z'0, 92, (z71y)2, ™, Normaliser(N, < t >) >
Since our t’s are of order 11, we will have t"™ = ¢!1.

Now we must find the Normaliser(N,< t >), that is, the permutations that sta-
bilize all the powers of ¢, {1,3,5,7,9,11,13,15,17,19}.

Let t ~ ;.

We then find these permutations.

> Normaliser:=Stabiliser (N, {1,3,5,7,9,11,13,15,17,19});
> Generators (Normaliser);

{
(x, 11, 5, 13, 17, 19, 9, 15, 7, 3) (2, 4, 8, 1le6, 10, 20,
18, 14, 6, 12)

Therefore, Normaliser(N, < t; >) =< (1,11,5,13,17,19,9,15,7,3)(2, 4,8,
16,10, 20, 18, 14,6,12) >.

Since 27! = (1,11, 5,13,17,19,9,15,7,3)(2, 4,8, 16, 10, 20, 18, 14,6, 12), and

2! sends t; to t§, we have that t* " = ¢5.

Thus, the presentation of the monomial progenitor is given by

_ -1
11*2 1, D1g =< z,y, t|x'0, 42, (z71y)2, t1 7 =15 >,
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Next we add the following first order relations to our progenitor to find finite homo-

morphic images.
(2°1)%, (yt)°

> G<x,y,t>:=Group<x,y,t|x710,y"2, (x"-1xy) "2,
> t711,t7(x"-1)=t"6, (x"5%t) "2, (y*t) "3>;

> #G;

1320

> f£,Gl,k:=CosetAction (G, sub<G|x,y>);

> #k;

1

> CompositionFactors (Gl);

Cyclic(2)

G
|
*
| A(1, 11) = L(2, 11)
1

Double Coset Enumeration will be performed in a later chapter.
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Chapter 5

Double Coset Enumeration

5.1 Preliminaries

Definition 5.1. [Rot95] The Dihedral Group D,,, n even and greater than 2, groups
are formed by two elements, one of order 5 and one of order 2. A presentation for a

Dihedral Group is given by < a,bla?,b?, (ab)? >.

5.2 L,(11) as a Homomorphic Image of 2*° : Dy,

5.2.1 The Construction of Ly(11) Over D

Consider 2*0 : D1, where D1y =< x,y,2 >,z ~ (12)(35)(46),y ~ (134)(256),
z ~ (12)(36)(45), and t ~ ;.
The progenitor 2*6 : D15 is factored by (xt)3, (2t¥)3, (yt)°, and (xyt)°.

G = (:ct)if,(zt%f*)i:@ 1t2)5,(acyt)6 has symmetric presentation
<z,y, 2,2y, 22 Py, (yP2)?, (22)?,
2, (t, z2),

(xt)?, (2t¥)°, (yt)°, (wyt)® >

We will first show that |G| < 336 by performing manual double coset enumeration of

G over N.



Let us expand our additional relation

(zt)3 =1

(zt1)? =1

(@67 1) = 1

(12)(35)(46)t1tat; = 1
(12)(35) (46)t1 = t1ts

Nt; = Ntqto
(2t¥)5 =1
(2t1Y)° = 1
(Zt3)5 =1

Bty 137 17ty = 1
(12)(36) (4555 LD BOE5) e 12(BO@S) y, — |
(12)(36) (45)ttstatots = 1

(12)(36) (45)t3ts = tatots

(yt)* =1

(yt1)° =1

PV 1 HY Y =1
(143)(265)t, (139(256) 4 4 (143)(265) 4 (134)(256) 4 _ 1
(143)(205)t5t tatst; = 1

(143)(205)t3t; = t1tsty

(zyt)® =1

(zyt1)® =1

($y)6t1xy5tlxy4t1xy3t1xy2t1xyt1 =1
etl(163245)t1(134)(256)t1(12)(35)(46)t1(143)(265)t§154236)t1 _1
tetstotytst; = 1

totsts = titsty

95

(5.2)
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Our first double coset, NeN = {Ne"|n € N} = {N},
which we will denote by [].

N is transitive on {1,2,3,4,5,6} so it has one single orbit {1,2,3,4,5,6}.

We will take a representative from this orbit, say 1, and find out to which double

coset Nt; belongs.
Nt N is a new double coset which we will denote by [1].

Since the orbit {1,2,3,4,5,6} contains 6 elements then 6 symmetric generators will

go to the new double coset [1].

N' = Point Stabiliser in N of Nt; = {n € N[t} =t,} = {e, (34)(56)}.
N = Coset Stabiliser in N of Nt; = {n € N|Nt}? =t} = {e} = N.

Now N(1) > N1,
N = {e, (34)(56)}.

Since we do not have a relation that will increase the Coset Stabiliser N(1), then

N = N1 = {¢,(34)(56)}.

The number of single cosets in Nt1 N is at most % = % = 6.
Nt1N = {Nt1”|n S N}

Nt;N = {Nt,, Nty, Nt3, Nty, Nt5, Nt}

The orbits of N on {1,2,3,4,5,6} are {1},{2},{3,4}, and {5,6}. We take tj,
to, t3, and t5, from each orbit respectively, and determine to which double coset

Ntltl, Ntltg, Ntltg, and Nt1t5 belong.
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Ntit; = N € [] (Since our t’s are of order 2.)
Since the orbit {1} contains one element, then one symmetric generator goes back to

the double coset [*].

Ntity = Nt € [1] (by Equation 5.1).

One symmetric generator will go back to [1].

NtitzN is a new double coset which we will denote [13].

Two symmetric generators will go to the new double coset [13].

NtitsN is a new double coset which we will denote [15].

Two symmetric generators will go to the new double coset [15].

Below is our Cayley Diagram thus far.

N(13) > N13.

N1 = {e}.

Since we do not have a relation that will increase the Coset Stabiliser N(3), then
NU3) = N13 = {e}.
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The number of single cosets in Nt1t3/N is at most % = % =12.
NtitsN = {Ntltgn‘n S N}

NtitsN = {Nt1ts, Ntots, Ntsty, Ntots, Ntgt1, Ntste, Nt1ts, Ntgto, Ntgts, Ntsta, Ntgts, Ntst;}.

N(15) > N15_

N5 = {el.

Since we do not have a relation that will increase the Coset Stabiliser N(5), then
N = N15 = {e}.

The number of single cosets in Nt1t5 N is at most % = % =12.
NtitsN = {Nt1t5”|n S N}

NtitsN = {Nt1t5, Ntitg, Ntgts, Ntots, Ntsts, Ntsty, Ntsto, Ntsts, Ntsts, Ntsty, Ntgty, Ntgts}.

The orbits of N(*3) on {1,2,3,4,5,6} are {1},{2},{3},{4},{5}, and {6}. We take
t1, to, t3, t4, t5, and tg, from each orbit respectively, and determine to which double

coset Ntltgtl, Ntltgtg, Ntltgtg, Nt1t3t4, Nt1t3t5, and Ntltgtﬁ belong.

First we will examine Nt t3t1.
(143)(265)t3t1 = titsts, by Equation 5.3
— (143)(265)t5t1ts = titstats

— (143)(265)t3t1ts = t1t3

— 14(143)(265)tst 1ty = tatits

— (143)(265)t V@) ot 1y = tytits
— (143)(265)tstst 1ty = tatits

— (143)(265)t1t4 = tat1ts

— (143)(265)t1tat; = tatitst;

Also,

(143)(265)tst1 = titsts, by Equation 5.3
— [(143)(265)t5t1] 13 25) = [t,t3t4](13)(2)
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— (134)(256)t113 = t3t1ta

— (134)(256)t1t3ts = tstitats

— (134)(256)t1tsts = t3ty
Therefore, (143)(265)t1tat1 = tatitsty

— (143)(265)t1t4t1 = tat1[(134)(256)t1t3t4]

—> (143)(265)t1taty = (134)(256)[tat,] 13D (50)¢ ¢ty

— (143)(265)t1t4t; = (134)(256)t1tst 1tsty

— (143)(265)t1t4t1 = (134)(256)[e]t1tst tsts

= (143)(265)t1t4t1 = (134)(256)[(12)(35)(46)t1tat]t1tst1tsts, by Equation 5.1
— (143)(265)t1t4ty = (152436)t1tatstitsts. tetsts = titsts, by Equation 5.4

— [tﬁtgtz](12)(35)(46) — [t1t5t4](12)(35)(46)

— tytst) = totste

— tytstite = totatets

— tytstite = tots

Thus, (143)(265)t1tat; = (154236)t totstitsts
— (143)(265)t1tat1 = (154236)t [tatstite|titsts
(12)(36)(45)tsts = tstets, by Equation 5.2

= [(12)(36)(45)t5te) 13 (2% = [t5tt5)(13)(20)
= (35)(16)(42)t1ts = titeh
= (16)(24)(35)t1t6 = trtets

Thus,

(143)(265)t1t4ty = (154236)t 1 tatstitetitsty

— (143)(265)t1t4ty = (154236)t1L4t5[(16)(24)(35)t1t]tsts
— (143)(265)t1t4t; = (154236)(16)(24)(35)[t1tats]1OCHGOt ¢t sty
— (143)(265)t1t4ty = (13)(25)tetatst ittty

Also,

tgtsta = t1tsty, by Equation 5.4

N [t6t3t2](154236) _ [t1t5t4](154236)

— titets = tstats

Thus,

(143)(265)t1t4t, = (13)(25)tstatst tetsts

— (143)(265)t1t4t1 = (13)(25)tetots[tstata]ts
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== (143)(265)t1t4t1 = (13)(25)t6t2t3t5t4t2t4
— (143)(265)t1t4t1 = (13)(25)t6t2t3t5[(16)(24)(35)t4t2], since
[(12)(36)(45)t3ts](13H(256) = [t3t4t3)(13D(256) — (16)(24)(35)t4ts = tatats (Equation

—> (143)(265)t1t4t1 = (13)(25)(16)(24)(35) (tetotsts) 1OCDE) 1,

—> (143)(265)t1t4t; = (154236)t1tatstststo

— (143)(265)t1 L4t = (154236)t114[(12)(35)(46)t5]t4t, since

[(12)(35)(46)t,](194236) — [1,1,](154236) — (12)(35)(46)t5 = t5t3 (Equation 5.1)

— (143)(265)t1t4t; = (154236)(12)(35)(46)(t1t4) 2B E0) ¢, ¢,

— (143)(265)t1t4t; = (134)(256)tatststats

= (143)(265)t1tat1 = (134)(256)tats[t1t6ts], Equation 5.4 conjugated by (15)(23)(46)
— (143)(265)t1tat1 = (134)(256)tatet1tets

— (143)(265)t1t4t1 = (134)(256)t2[(16)(24)(35)tet1]ts, since
[(12)(36)(45)t3ts] 13 (25) = [tatats] (135 — (16)(24)(35)t1t6 = titet: (Equation5.2)
— (143)(265)t1t4t1 = (134)(256)(16)(24)(35)tL 1OV p 4

— (143)(265)t1t4t; = (15)(23)(46)tatet 113

= (143)(265)t124t1 = (15)(23)(46)[(12)(35)(46)t4]t 113, since
[(12)(35)(46)t,](143)(265) — [¢,1,](143)(265) — (12)(35)(46)t4 = tats (Equation 5.1)
— (143)(265)t1t4t1 = (13)(25)tat1t3

—> (143)(265)t1t4t; = (13)(25)[(143)(265)t1t4], since

[(143)(265)t5t1](143)(265) — [t #5t,](143)(265) — (143)(265)t1t4 = tat1t3 (Equation 5.3)

— (143)(265)t1t4t1 = (34)(56)t1t4

—> [(143)(265)t1t4t1]CDOO) = [(34)(56)t1t4)3H(50)
— (134)(256)t1t5t1 = (34)(56)t1t3

Thus, Ntitst; = Ntits € [13].

One symmetric generator will go back to [13].

NtytstaN is a new double coset which we will denote [132].

One symmetric generator will go to [132].

Nt1t3t3 = Nt1 € [1].

One symmetric generator will go back to [1].
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Ntytsty = Ntsty € [13], by Equation 5.3.

One symmetric generator will go back to [13].

Ntyitsts = Ntots € [15], by Equation 5.1, since
[(12)(35)(46)t1](13)25) = [t11,](13)(25) — (12)(35)(46)t3 = t3ts
— (12)(35)(46)t3 = t1t3ts

— (12)(35)(46)t DU 1 — 44t

— (12)(35)(46)tats = t1tsts.

One symmetric generator will go to [15].

NtytstgN is a new double coset which we will denote [136].

One symmetric generator will go to [136].

Below is our Cayley Diagram thus far.

[15]

The orbits of N on {1,2,3,4,5,6} are {1}, {2}, {3}, {4}, {5}, {6}. We take t,, to,
t3, t4, t5, and tg, from each orbit respectively, and determine to which double coset

Ntltg,tl, Nt1t5t2, Nt1t5t3, Nt1t57f4, Nt1t5t5, and Nt1t5t6 belong.



Nt1t5t1 = Nt1t5 € [15], since
[(12)(36) (45)3t6] (143)(265) — [1,14¢,](143)(265)
== (15)(23)(46)t1t5 = t1t5t1, by Equation 5.2.

One symmetric generator will go to [15].

NtytstaN is a new double coset which we will denote [152].

One symmetric generator will go to [152].

Ntitsts = Niots € [13], since

[(12)(35)(46)t,](19)(23)MH6) — [t,4,](15)(23)(46) — (12)(35)(46)t5 = tsts

— t1(12)(35)(46)t5 = t1t5t3
— (12)(35)(46)t DB . — ¢ 1oty
— (12)(35)(46)t2t5 = t1t5t3, by Equation 5.1

One symmetric generator will go back to [13].

NtitstyN is a new double coset which we will denote [154].

One symmetric generator will go to [154].

Ntqtsts = Nt € [1]

One symmetric generator will go to [1].

NtitstgN is a new double coset which we will denote [156].

One symmetric will go to [156].

Below is our Cayley Diagram thus far.
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N(132) > N132.
N132 {e}

[154]
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Next we will check to see if any of our relations will increase the number of elements

in the coset stabilizing group N(132),

titsty = t1tsta

— titaty = t[ttitsta], since

[tetsta] (163245) = [, 5] (163245)

— tstoty = tetits

— tatotyty = tetitsty

= t3to = tgt1tst4 by Equation 5.4

titsty = titetitsts

titste = [(16)(24)(35)t1t6]t5t4, since

[(12)(36) (45) t3t6] 1)) = [t3t6t5](13)(25)
= (16)(24)(35)t1ts = titst1, by Equation 5.2

titsts = (16)(24)(35)t1tetsts

= t1t3ta = (16)(24)(35)¢1[(134)(256)t5t6t2]t4, since

[(143)(265)t3t1](16)(24)(35) — [t1t3t4](16)(24)(35)

— (134)(256)t5ts = Lotsts

— (134)(256)tststs = tetstats

= (134)(256)tstst2 = tets, by Equation 5.3
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titsty = (16)(24)(35)(134)(256)t V@410t

— titgty = (12)(36)(45)tststetats

s t1tgts = (12)(36)(45)[(12)(35)(46)t3)tstata, since
[(12)(35)(46)t1] 1) E5) = [t18,](19)(25)

— (12)(35)(46)t3 = tst5, by Equation 5.1

— tytsty = (34)(56)tstetaty

—> titgty = (34)(56)tstetststats

—> t1t3ty = (34)(56)t3tetstataty

= t1t3ta = (34)(56)[(12)(36)(45)tste]tstats, by Equation 5.2
— t1t5ty = (12)(35)(46)tstetstats

— trtats = (12)(35)(46)tsts[tstrts], since

[tot3ta] (163245) = [t 451,](163245)

= t3taty = tgtits, by Equation 5.4
titsty = (12)(35)(46)tstststits

= t1t3te = (12)(35)(46)tst1ts

— Ntytsts = Nistits.

Now, since [Ntytsto](13(25) = Ntst ts = Ntitste, then (13)(25) € N132),

Also, tstats = tstats

— tstats = t5[(15)(23)(46)tatsts], since
[(12)(36)(45)3t6] (163245) = [t¢t5](163245)

— (15)(23)(46)tats = totsts

— (15 23)(46)tatsty = tatstats

23)(46)tatste = tots, by Equation 5.2
15)(23)(46)t 2 U0 110,

— tstots = (15)(23)(46)t1tatsts
(15)(23)(46)t1tatsty
(15)(23)(46)[(12)(35)(46)t1|tsta, by Equation 5.1
= tstats = (13)(25)t1tsts

— Nitstotz = Ntitsto.

~— ~— ~—

= t5laly =
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Since [Nt1t3to] 19ZDU6) = Ntstots = Ntitsts, then (15)(23)(46) € N(132),

Also, [Nt £5ta]1DE5UEO) — [Nyt £5](12)(35)(46)
== Nt2t5t1 = Nt5t2t3

So, N(132) >« (13)(25), (12)(35)(46) >= {e, (13)(25), (12)(35)(46), (15)(23)(46)}.

N
INl__ 12 _ g

The number of single cosets in Nt1tstoN is at most N = 4

NtitstaN = {Nt1tsty = Ntotst; = Nitstots = Nistits, Ntstats = Nistgts = Ntgtsty =
tatste, Ntyt1ts = Ntgloty = Ntotet; = Ntityto}.

N(136) ~ p136
N136 = fe}.
Next we will check to see if any of our relations will increase the number of elements

in the coset stabilizing group N (136),

t1tste = t1tstls

= t1t3te = t1[(12)(36)(45)tststs], by Equation 5.2

— titgte = (12)(36)(45) 11 BV apepg

— titste = (12)(36)(45)tatstets

= t1t3te = (12)(36)(45)[tatst1]ts, since

[tgLata] 1DBEO) — [14:4,]1(12)(35)(46)

= t4t5t1 = totste, by Equation 5.4

titste = (12)(36)(45)tatstits = titste = (12)(36)(45)t4[(15)(23)(46)t5t1t5]ts, since
[(12)(36 (45)t3t6](16)(24)(35) _ [t3t6t3](16)(24)(35)

256)tetstitsts
256)t6t5t1 [(12) (35) (46)t5] 5 since
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[(1 )( )(46)151} (15)(23)(46) _ [tltg](15)(23)(46)
= (12)(35)(46)t5 = t5t3, by Equation 5.1
titste = (134)(256)t6ts5t1(12)(35)(46)t5
— titstg = (134)(256)(12)(35)(46)[tetst,] 12 B2 H6)¢,
te = (154236)tatstats
— t1t3ts = (154236)[(134)(256)t5t 4t |tats, since
[(143)(265)t5t1] 10 @6) = [1;t5t4](14)(26)
—> (134)(256)t3ty = tatst;
—> (134)(256)t3tat = tatstity
— (134)(256)tst4t1 = tats, by Equation 5.3
titats = (154236)(134)(256)tstat1tats = titats = (163245)tstatitats
—> t1t3ts = (163245)t3t4[(12)(35)(46)t1]ts5, by relation 5.1
— titgtg = (163245)(12)(35)(46)[t3t,] DB H6)¢, ¢
— titats = (143)(265)tstetits
= titstg = (143)(265)t5[tstaty], since
[totsta] 19(25) = [125¢,]13)(25)
= tgt1ts = tstats, by Equation 5.4
titsts = (143)(265)tststats = titsts = (143)(265)[(12)(35)(46)t5)tats, since
[(12)(35)(46)t,] (1D (23)(46) — [¢,£,](15)(23)(46)
= (12)(35)(46)t5 = t5t3, by Equation 5.1
titste = (143)(265)[(12)(35)(46)tstats
— t1t3tg = (163245)t5taty
—> Ntytste = Ntstoty
[Nt1t3tg] 1P @)E6) — Ntgtot, = Nttt
—> (15)(23)(46) € N(136),
Thus, N136) >< (15)(23)(46) >= {e, (15)(23)(46)}.

The number of single cosets in NttstgV is at most

— titstg

[N _ 12 _
|N(136)| ) = 6.

NtitsteN = {Ntitsts = Ntstoty, Ntotsty = Nitstite, Ntstats = Nigtstr, Ntstits =
Ntotgts, Ntstgty = Nigtsty, = Ntgtots = Ntityts}.

N(152) > p152
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N2 = fe}.
Next we will check to see if any of our relations will increase the number of elements

in the coset stabilizing group N(152),

titsts = titsty

= t1tsto = t1t5[(12)(35)(46)t2t1], by Equation 5.1
— titsty = (12)(35)(46) [t1t5] 1D EO W)ty
—> t1t5ty = (12)(35)(46)tatstat,
) )
(

= titsta = (12)(35)(46)[(15)(23)(46)tats]t1, since
[(12)(36)(45)3t6] (163245) = [t5tt5](163245)

= (15)(23)(46)tats = tatsta , by Equation 5.2
titsta = (12)(35)(46)(15)(23) (46)tatsts
— titsty = (13)(25)tatst
— Ntytsty = Ntotst,

Then, since [Nt t5to] 1DE)MH6) = Niotst) = Ntytsty, then (12)(35)(46) € N(152),
Also,

totaty = tatsty

= totst1 = t2[(134)(256)t1tst4], since

[(143)(265)t5t1](13)(25) = [t1£3t4] 1320t ¢4

= (134)(256)tst1t4, by Equation 5.3

totst) = to(134)(256)t tsty

— totst; = (134)(256)t52Y @0 1ot

— totst; = (134)(256)t5t1tts

— totsty = (134)(256)tst1[(12)(35)(46)tsts]ts, since

[(12)(35)(46)t1] 19 35) = [1,](13)(25)

= (12)(35)(46)t3 = tsts

—> (12)(35)(46)t3ts = t3tsts

= (12)(35)(46)tst5 = t3, by Equation 5.1
totsts = (134)(256)t5t1(12)(35)(46)t5tsts
— totsty = (134)(256)(12)(35)(46)tstatststs
— totat) = (154236)tstatststs
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— totst; = (154236)[(15)(23)(46)tsta]tsts, since
[(12)(36)(45)t3ts] 1D E0) = [tatgtz](19(26)
= (15)(23)(46)tsty = tstats, by Equation 5.2
totst; = (154236)(15)(23)(46)tstatsts
— totst = (34)(56)tstatsty
— totsty = (34)(56)tsta[tats]tsts
— totsty = (34)(56)tstatstatsts
= (34)(56)[tet1ts]tatsts, since
ttata] (163245) — [¢, 44 ,](163245)
= t3taty = tgtits, by Equation 5.4
totgty = (34)(56)tat1tstatsts = tatsts = (34)(56)tet1t5[(12)(36)(45)t4ts], since
[(12)(36) (45)t3t6) DGO = [tatt5)(3HG6)
— (12)(36)(45)tats = tatsts, Equation 5.4
tatsts = (34)(56)tet1t5(12)(36)(45)tats
— tytst; = (34)(56)(12)(36)(45)[tet1ts] (1D B0 @)1,
— totsty = (12)(35)(46)tstatatats
— totat; = (12)(35)(46)t5tats
— Niotst; = Nistols

Thus [Nt1t5to] 13 EME6) = Nistots = Ntotst; = Ntqtsto
— (13)(25)(46) € N(152),

So, N(52) >< (12)(35)(46), (13)(25)(46) >= {e, (12)(35)(46), (13)(25)(46), (15)(23)}.
The number of single cosets in Ntitsto N is at most % = % =3.
NtitstoN = {Ntitsty = Nigtst; = Nistst; = Nistots, Ntstels = Ntststs = Ntgtsty =

tatste, Ntytots = Ntgtity = Ntotst; = Ntitgto}.

N(154) > pr154.
N = lel.
Next we will check to see if any of our relations will increase the number of elements

in the coset stabilizing group N (159,
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[Nt1t5t4](16)(24)(35) = Nigtsto = Ntitsty, by Equation 5.4.
Thus, (16)(24)(35) € N(159,

So, N5 >« (16)(24)(35) >= {e, (16)(24)(35)}.

The number of single cosets in Ntit5t4N is at most % = % = 6.

NtitstyN = {Nt1t5t4 = Nigtsto, Niotste = Ntgtsty, Nigtgti = Ntotyls, Niststo =
titgts, Ntatots = Ntstitg, Nigtits = Nt3t2t4}.

N(156) > N156
N156 — { e}
Next we will check to see if any of our relations will increase the number of elements

in the coset stabilizing group N156).

titsts = titste

— t1t5te = [tetatata]ts, since

tetsto = t1l5t4 = telstaly = t1t5t4t4
= tgtgtaty = t1t5,Equation 5.4

t1tste = tetstatats

= t1tste = tetsta[(12)(35)(46)t4], since

[(12)(35)(46)t,](19(260) = [t,1,](14)(26)

= (12)(35)(46)t4 = t4ts, by Equation 5.1
titste = (12)(35)(46)[tetsta] 1DBIM0), — tt5ts = (12)(35)(46)tatst ity
titste = (12)(35)(46)tatst1ts = titste = (12)(35)(46)[tatste]ts, since

[tatsta] 12BDMAE) — ¢ 4-1,1(12)(35)(46)

= t4tst; = tatsts, by Equation 5.4

t1tste = (12)(35)(46)t2t3t6t4

titste = (12)(35)(46)[(15)(23)(46)tatstaltets, since
[( )( )(45) ](163245 [t t t3}(163245)

= (15)

(23)(46)tats = tatsts
= (15)(23)(46

23)(46)totsts = totstats



= (15)(23)(46)tatsta = tats, by Equation 5.2
titste = (13)(25)tatstatets

— titste = (13)(25)tatst2[(12)(35)(46)ts], since
[(12)(35)(46)t;](163245) — [¢,¢,](163245)

= (12)(35)(46)ts = tsts, by Equation 5.1
titste = (13)(25)(12)(35)(46)[tatsts](12(35)(46)¢,
— tytste = (15)(23)(46)t1t5t1te

= titste = (15)(23)(46)t1[tatats], since

[tatsta] (143)265) — [1¢5¢,](143)(265)

= t5t1tg = tatats, by Equation 5.4

titste = (15)(23)(46)t1tatats

= t1tste = (15)(23)(46)t1t4[(15)(23)(46)tatsts], since
[(12)(36)(45)t5t5](163249) = [ttgts](163245)

— (15)(23)(46)tats = totsts

— (15)(23)(46)tatsts = totstats

= (15)(23)(46)tatsta = tats, by Equation 5.2
titste = (15)(23)(46)(15)(23)(46)[t1t4] D 2D 40)tot,t,
— titsts = tstatatsts

= t1tste = [(143)(265)tst5)tste, since
[(143)(265)t5t1](154236) = [t £5t,](154236)

= (143)(265)tsts = tsteta, by Equation 5.3
titste = (143)(265)t6tststs

= titste = (143)(265)t6[(12)(35)(46)ts5]t2, since
[(12)(35)(46)t1](19)23)46) — [¢,,](15)(23)(46)

— (12)(35)(46)t5 = t5ts, by Equation 5.1
t1tste = (143)(265)(12)(35)(46)[tg] 12D @0) ¢4,
— titste = (163245)tatsts
— Ntqtste = Ntatsts

Since [Nt tste]1920) = Niytsty = Niitste, then (14)(26) € N(156),
So, N1%6) >< (14)(26) >= {e, (14)(26)}.

The number of single cosets in Ntit5tgN is at most e N'gsl@' =1

70



71

NtitstgN = {Ntitsts = Nigtsto, Ntotsty = Ntgtsty, Ntstgty = Ntitgts, Ntatsts =
t5t4t1, Nt4t2t5 = thtztﬁ, Ntﬁtltg = Nt5t1t4}.

The orbits of N(132) on {1,2,3,4,5,6} are
{1,2,5,3},{4,6}.
we take t5 and t4 from each orbit respectively.

We want to determine to which double coset Ntitstot; and Ntitstaty belong.

Ntltgtgtg = Ntltg € [13]

Thus 4 symmetric generators will go to [13].

Ntytstaty = Nititstots

— Ntytstats = Nty[tt1ts), since

[tatsta] (163245) = [t 45t,](163245)

= t3taty = tgtits, by Equation 5.4

Nititstoty = Niytetits = Niitstoty = N[(16)(24)(35)t1tg]ts, since
[(12)(36)(45)t3ts] (1325 = [tstgt5](13)(25)

— (16)(24)(35)t1ts = titst1, by Equation 5.2

Ntitstoty = Ntitgts € [156).

Thus 2 symmetric generators will go to [156].

The orbits of N(136) on {1,2,3,4,5,6} are
{1,5},4{2,3},{4,6}.
we take t1, t3, and tg from each orbit respectively.
We want to determine to which double coset Ntqtstgt1, Ntitststs, and Ntitstgts be-
long.

Ntytstet; = Nitqtstets
— Ntitstgt1 = Nty [t2t4t5], since
[ttsto] 1DGEOES) — [14:4,]1(12)(36)(45)

= tatgt1 = talyts, by Equation 5.4



Ntqtstgts = Nmt;;tg)
— Ntitstgts = N[(12)(35)(46)t1]t4t5, by Equation 5.1
= Ntitstgts = Ntityts € [136].

Thus 2 symmetric generators will go to [136].

Ntytatets = Ntytstets

— Ntitstets = Nt1[(12)(36)(45)tsts], by Equation 5.3
—> Ntytstets = N(12)(36)(45)[t1] 1P CO )¢,

—> Ntytstets = Niotst € [154].

Thus 2 symmetric generators will go to [154].

Ntitstete = Ntts € [13].

Thus 2 symmetric generators will go to [13].

The orbits of N(152) on {1,2,3,4,5,6} are
{1,2,5,3},{4,6}.
we take t9 and tg from each orbit respectively.

We want to determine to which double coset Nt tstots and Ntitstats belong.

Ntqtstotya = Ntits € [15].

Thus 4 symmetric generators will go to [15].

Ntytstats = Ntitstat

= Ntitstate = Nt1[(134)(256)tatsts]ts, since
[(143)(265)t311] 19(@3)A6) — [1,444,](15)(23)(46)
— (134)(256)tats = tslats

— (134)(256)tatsts = tstatets

= (134)(256)tatsts = tste, by Equation 5.2
Ntitstate = N(134)(256)[t1] (B30 totstets
— Ntytstots = Nitstotst € [152].

Thus 2 symmetric generators will go to [152].
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The orbits of N(1*%) on {1,2,3,4,5,6} are
{1,6},4{2,4},{3,5}.
We take t1, t4, and t3 from each orbit respectively.
We want to determine to which double coset Ntitstat1, Ntitstats, and Ntitststs be-
long.

titsts = tetste, by Equation 5.4

— titstat; = tetataty

= tyt5tats = tetstats

= t1tstats = tet3[(12)(35)(46)ts], since

[(12)(35)(46)t, ] (1D EDME6) — [1,£,](12)B5)MH6) — (120(35)(46)ts = tot;. by Equation
5.1

titstats = (12)(35)(46)[tets](12(35)(46),

—> titstat; = (12)(35)(46)tatsto

— Ntitstat; = Ntgtsto € [156].

Thus 2 symmetric generators will go to [156].

Ntqtstaty = Niqtsty € [154].

Thus 2 symmetric generators will go to [154].

titsty = tgtsts, by Equation 5.4

— titstaty = tetatals

— t1tstats = t6[(15)(23)(46)t3Ls], since
[(12)(36)(45)tsts] 1D (20) = [tstgt5](14)(26)

= (15)(23)(46)tste = tstats, by relation 5.2
ttstats = (15)(23)(46)t 2 VU0 gy,

—> t1t5tats = (15)(23)(46)tatsto

— Ntytstyts = Ntgtsty € [136].

Thus, 2 symmetric generators will go to [136].

The orbits of N(1%6) on {1,2,3,4,5,6} are
{3}, {5}.{1,4},{2,6}.
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we take t3, t5, t1, and tg from each orbit respectively.
We want to determine to which double coset Ntitstgts, Ntitstets, Ntitstet:, and
Nt1t5t6t6 belong.

titstets = titstets

= t1tstets = [(15)(23)(46)t1t5t1]t6ts, since
[(12)(36)(45)t3tg] (143)(265) = [1514t5] (143)(265)
— (15)(23)(46)t1t5 = tyt5t;

— (15)(23)(46)t1t5t, = titstits = (15)(23)(46)t1tst; = t1t5, by Equation 5.2
titstets = (15)(23)(46)t1tst1tets

— ttstets = (15)(23)(46)t1t5[tstats], since
[totsts] 154236) = [, 451,](154236)

= t1tgts = tstata, by Equation 5.4
titstets = (15)(23)(46)t1tststats

— titstets = (15)(23)(46)t1tsts

— Nititstets = Ntytgty € [132].

Thus 1 symmetric generator will go to [132].

Ntytstets = Ntitstets

— Ntitstets = [Ntgtste]ts, since Ntitste = Ntatsto
— Ntytstets = Nitgtstots

— Ntitstets = Nta[(134)(256)tatststs, since
[(143)(265)t3t1]) (1) 2IM6) = [¢¢51,](15)(23)(46)

— (134)(256)tats = tstots

— (134)(256)tatsts = tstatste

= (134)(256)tatsts = tsta, by Equation 5.3
Ntytstets = N(134)(256)t 2D ® ) ty1st6ts

— Ntytstets = Ntitotstets

= Ntitstets = N[(12)(35)(46)t1]tstets, by Equation 5.1
— Ntitstets = Ntitstels

= Ntitstets = Ntit5[(134)(256)t5t6t2], since
[(143)(265)t3t1](16>(24)(35) — [t1t3t4](16)(24)(35)
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— (134)(256)tsts = totsts

— (134)(256)tststs = totstats

= (134)(256)t5tst2 = tets, by Equation 5.3
Ntitstets = N(134)(256)[t1t5] B30 tst4ts
— Ntytstets = Nistetsteto

= Ntitstets = N[(12)(36)(45)tststs]tsteta, by Equation 5.2
— Ntytstets = Nitstelststets

— Ntytstets = Ntstg[(12)(35)(46)t3]tets, since
[(12)(35)(46)1](13D(256) — [1,1,](134)(256)

— (12)(35)(46)t3 = tst5, by Equation 5.1
Ntitstets = N(12)(35)(46)[tsts] (DB E6) 5t ty
— Ntytstets = Nitstatsteto

— Ntitstets = Nitsta[(12)(36)(45)tststs]ta, by Equation 5.2
— Ntitstets = N(12)(36)(45)[tsts] DB st st sty
— Ntytstets = Ntatststetsto

— Ntitstets = Nt4[(12)(35)(46)t5]tststs, since
[(12)(35)(46)1](154236) — [¢¢,](154236)

— (12)(35)(46)t5 = t5t3, by Equation 5.1
Ntytstots = N(12)(35)(46)t PV pepat,
— Ntytstets = Nigtstetsts

= Ntitstets = Ntgts[t1tsts], by Equation 5.4
— Ntytstets = Nigtstitsts

= Ntytstets = Nitg[(15)(23)(46)t5t1]ty, since
[(12)(36) (45)t3t6] 1O PVE) = [t5t6t5) (10 D)
= (15)(23)(46)t5t1 = t5tits, by Equation 5.2
Ntytstets = N(15)(23)(46)t5> VU0 41,

— Ntytstelts = Ntatstita

— Ntitstets = Ntatstslts, since

[ttta] (DBAE) — [ 44,1(12)(35)(46)

= tatst; = taotsts, by Equation 5.4

Ntytstots = Ntatstels

= Ntitstets = Ntat3[(12)(35)(46)ts, since



[(12)(35)(46)t,](163245) = [¢, 1,](163245)

= (12)(35)(46)t6 = t6l4, by Equation 5.1
Ntitstets = N(12)(35)(46)[tats) (1235 A6) ¢4
—> Niytstets = Ntitste € [156]

Thus 1 symmetric generator will go to [156].

Ntitsts = Ntgtsto

= Niitstels = Nigtstols

= Ntytstets = Ntats[(12)(35)(46)ts], since
[(12)(35)(46)751}(12)(35)(46) _ [tth](IQ)(35)(46)
= (12)(35)(46)te = tot1, by Equation 5.1
Ntitstgts = N(12)(35)(46)[t4t5]) 125 (46)¢,]
— Ntitstet, = Ntgtsts € [154]

Thus 2 symmetric generators will go to [154].

Ntitstetg = Ntqts € [15].

Thus 2 symmetric generators will go to [15].

Below is our completed Cayley Diagram.
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Figure 5.1: Cayley Diagram : Ly(11) Over Dio

[N [N [N |V [N [N] |N] [N] [N
|G‘ < (W ‘N(l)‘ + \N(13)| + |N(15)\ + |N(132)| + |N(136)| + \N(152>\ + |N(154)| + |N(156)| X ‘N|

DT TTTT Tty Ty

=(12+6+12+124+3+6+3+6+6) x 12

12 12 12 12 12 12 12 12 12
_ ( 12 22 ) % 12

=55 x 12
= 660
G <660

Next we will show that |G| > 660. We compute the action of G on the 55 cosets in
N in G that we have found.
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Table 5.1: Single Coset Action of Ly(11) Over Dig

Label Single Cosets T Y z t1

1 N 1 N 1 N 1 N 2 Nty

2 Nty 3 Nto 4 Nts 3 Nty 1 Ntyty
3 Nty 2 Nty 6 Nts 2 Nt; 3 Nisty
4 Nt 6 Nts 5 Nty 7 Ntg 13 Ntsty
5 Nty 7 Ntg 2 Nty 6 Nts 14 Ntgtq
6 Nts 4 Nts 7 Ntg 5 Nty 29 Ntstq
7 Ntg 4 Nty 3 Nty 4 Nts 30 Ntgtq
8 Ntyts 10 Nitots 12 Ntsty 11 Nitotg 8 Nttt
9 Ntyty 11 Ntotg 13  Ntsty 10  Nigts 9 Ntytyty
10 Nitgts 8 Ntit3 16 Ntste 9  Ntyty 32 Niotsty
11 Ntote 9  Ntyty 17 Ntsty 8 Ntyts 34  Niolgly
12 Ntsty 16  Ntstg 14  Ntgty 19  Ntgts 15 Ntstgty
13 Nitsty 17 Ntsty 15 Ntgts 18 Nigta 4  Nishty
14 Ntyty 18  Ntgto 8 Ntits 17 Ntsto ) Ntytq
15 Ntyts 19  Ntgts 9  Ntyty 16  Nistg 12 Niglsty
16 Ntstg 12 Ntsty 18 Ntgta 15 Ntgts 39  Ntstety
17 Nitsty 13 Ntsty 19  Nigts 14 Ntgty 25  Nistoly
18 Nitgto 14 Ntyty 10  Ntots 13 Ntsty 26 Ntgtoty
19 Nitgts 15 Ntyts 11  Ntotg 12 Ntsty 37  Ntgtsty
20 Ntits 22 Ntots 24  Ntstg 23  Ntaty 20  Ntytsty
21 Ntitg 23 Nitoty 25  Ntgtos 22  Nitotg 21 Ntytgty
22 Nitgts 20 Ntits 28 Nisty 21 Ntytg 41 Niotsty
23 Ntaoty 21  Ntit¢ 29 Ntsty 20 Ntyts 43 Ntotgty
24 Ntstg 298  Nitsty 26 Ntgta 31  Nigls 46  Nistgly
25 Nitsty 29 Ntsty 27 Ntgts 30 Nigty 17  Nistoly
26 Ntyto 30  Ntgty 20  Ntits 29  Ntsty 18  Niytoty
27 Ntyts 31  Nigty 21 Nijtg 28 Nisty 45  Nigtst;

Continued on next page
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Label Single Cosets T Y z 31

28 Ntsty 24 Ntstg 30 Ntgty 27 Nigts 53 Ntstyty

29 Ntstq 25  Ntsta 31  Nigts 26 Nigta 6  Ntstitg

30 Ntgtq 26  Ntgto 22 Ntaots 25 Nista 7  Ntgtits

31 Ntgts 27  Ntgts 23 Ntaoty 24  Ntstg 5l Ntgtsty

32 Ntytsts 32 Niotst; 33 Niststs 34 Ntstitg 10 Ntytstot;
33 Ntstyts 33 Ntstgts 34 Nigtits 33 Nistats 54 Nistatsty
34 Ntytits 34 Nitgtots 32 Ntitsts 32 Ntytsts 11 Ntgtitet
35 Ntitstg 36 Ntotsty 37 Nitgtato 38 Nitgtits 40 Ntitstet:
36 Ntotsty 35 Ntitstg 39 Nistgty 40 Nigtats 48  Niotstaty
37 Ntstyto 39 Ntstgty 38 Nitgtits 37 Nistata 19  Ntstatoty
38 Ntytits 55  Nitgtats 35 Ntjtstg 35 Ntitste 49 Nigtitsty
39 Ntstety 37 Ntsgtgto 40 Ntgtats 39 Nistgty 16 Nistetit:
40 Ntgtots 38 Ntytits 36 Niotsty 36 Nigtsty 35 Nigtatst:
41 Ntytsts A1  Nitgtst; 42  Nistets 43  Nigtotg 22 Ntytstoty
42 Ntstets 42 Nitststs 43  Nigtots 42 Nistets 42  Nistetsty
43 Ntytots 43 Ntgtitas 41 Ntytsts 41 Ntytsts 23 Nigtotety
44 Ntytsty 45  Nitgtsts 46 Nistet; 46  Nistet; 50  Ntytstaty
45 Ntotste 44  Ntytsty AT Niststs AT  Niststs 27  Niotstety
46 Ntstet: AT  Nitststs 48 Niytots 44 Ntytsty 24  Nistetit
47 Ntstyts 46 Ntstgt; 49 Nigtits 45 Niotsts 52 Nistatot)
48 Ntytots 49 Ntgtits 44 Ntytsty 48 Nigtots 36  Nigtotsty
49 Ntgtits 48 Nitytots 45 Niotsts 49 Nigtits 38 Nigtitsty
50 Ntytste 51 Ntotsty 52 Ntstets 53 Ntotsts 44 Ntytstet;
51 Nitotsty 50 Ntitsts 53 Ntststi 52 Nistets 31  Ntotstst;
52 Ntstets 53 Ntstst; 54 Ntatots 51 Ntotsty 47 Ntstetot;
53 Ntotyts 52 Ntytgts 55 Nistity 50 Ntitste 28 Ntiotatsty
54 Ntytots 55  Nitgtits 50 Ntjtstg 55  Nitgtits 33  Ntgtotsty
55 Ntgtits 54 Ntytots 51 Ntotsty 54 Ntatots 55 Ntgtitst:




80

Thus,

flx) =1(2,3)(4,6)(5,7)(8,10)(9,11)(12,16)(13,17)(14, 18)(15,19)(20, 22)(21, 23)(24, 28)
(25,29)(26,30)(27,31)(35,36)(37,39)(38,40) (44, 45) (46, 47) (48, 49)(50, 51)(52, 53)(54, 55),

fly) =(2,4,5)(3,6,7)(8,12,14)(9,13,15)(10, 16, 18)(17,19,11)(20, 24, 26)(21, 25, 27) (22,
28,30)(23,29,31)(32,33,34)(35,37,38)(36,39,40)(41, 42, 43)(44, 46, 48) (45,47, 49)(50, 52,
54)(53,55,51), f(2) = (2,3)(4,7)(5,6)(8,11)(9,10)(12,19)(13, 18)(14, 17)(15, 16)(20, 23)(21, 22)
(24, 31)(25,30)(26,29)(27,28)(32, 34)(35, 38)(36,40)(41, 43) (44, 46)(45,47)(50, 53) (51, 52)(54, 55),
and f(t) = (1,2)(4,13)(5,14)(6,29)(7,30)(10,32)(11,34)(12,15)(16,39)(17,25)(18,26)(19, 37)
(22,41)(23,43)(24,46)(27,45)(28,53)(31,51)(33,54)(35, 40)(36, 48)(38, 49)(44, 50)(47, 52).

Now < fu, fy, fzo ft >< Ss5. f : G — Ss5 is a homomorphism, since G acts on
X = {N,Nti, Nty,...Ntst1t3} with |X| = 55. < fa, fy, fa, ft > is a homomorphic
image of the progenitor if

(1) fi has exactly 6 conjugates under conjugation by < fz, fy, f- > and

(2) < fa, fys f= > acts on { fi,, fias ftss fras Jiss fts} Dy conjugation as Sss.

In addition, if the additional relations (zt)3 = (2t¥)° = (yt)> = 1 hold in Ss5, then
< fas fys [=, ft > is a homomorphic image of G.

Note that | < fz, fy, [, fr > | = 660.

G/Kery = Img

= G/Kery =< fu, fy, [z, [t >

— |G/ Ker¢| = | < fo, fy, [, fr > | = 660

= |G| = | < fa, fy, fo, [t > | x Kery

= |G| > 660

But, from our Cayley Diagram we saw that |G| < 660.
Hence, |G| = 660.



5.3 PGLy(11) as a Homomorphic Image of 11**:,, Dy

5.3.1 The Construction of PGL,y(11) Over D

Let G = 11*2:,(D1o) be a symmetric presentation of G given by:
< @y, tat0, g2, ()2, 1 e =48 (25)2, (yt)® > PGL(2,11),
where N 2 Dy =< z,y|z'0, %, (7 1y)? >,
x=(1,3,7,15,9,19,17,13,5,11)(2, 12, 6, 14, 18, 20, 10, 16,8, 4), and
y = (1,2)(3,4)(5,6)(7,8)(9,10)(11, 12)(13, 14)(15, 16)(17, 18)(19, 20).

Definition of a double coset: NwN = {Nwn|n € N}.

1

Note: wn = nn™ wn = nw".

So, Nwn = {Nw"|n € N}.

First we will expand our additional relation.
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(yt)* = e

(yt1)’ =e

)Y () =e
ytitat; = e (5.5)

ytﬁﬂlf = ﬁ

ytity = t1Y

ytita = tig
Labeling:
t =t te = t3 typ = t§ tie = t5
ty = to ty = t] t1e = 1§ tir =]
ty =t3 tg = t3 tiz =t] tig = t3
ty = t3 tg =t ty = t] tyg = t10
ts = t3 t1o = 13 ts =15 too = ti0

Our first double coset, NeN = {Ne"|n € N} = {N}, which we will denote by [*]. The
orbit of N on {1,2,3,4,5,6,8,7,9,10,11,12,13,14,15,16,17,18,19,20} is {1,2,3,4,5,6,8,7,9,
10,11,12,13,14,15,16,17,18,19,20}. We will take a representative from this orbit, say

t1, and determine to which double coset Nt; belongs.

Word of Length 1

Nt1N is a new double coset which we will denote by [1]. Nt;N = {Nt;"|n € N}.
Since the orbit {1,3,2,7,4,12,15,8,6,11,9,16, 14,5, 19, 10, 18, 13,17, 20} contains 20
elements then 20 symmetric generators will go to the new double coset [1].

Now N > N1,

N = {e}.

N = Coset Stabiliser in N of Nt; = {n € N|Nt} = t1}.

We do not have a relation that will increase the Coset Stabiliser N (1),



Now, since (Nt;)¢ = Nt; = e € NV, then,

N' = N = Coset Stabiliser in N of Nt; = {n € N|Nt} =t} = {e}.
¥l — 20 — 90,

Furthermore, the number of single cosets in Nt1 N is T

Therefore, Nth = {Ntl,NtQ,th,Nt4,Nt5,Ntﬁ,Nt7,Nt8,Nt9,Nt10,
Nt11, Nt1a, Nt13, Nt1a, Nt15, Nt1g, Nt17, Nt1g, Nt1g, Ntag}

The orbits of N on {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20}
are {1}, {2}, {3}, {4}, {5}, {6}, {7}, {8}, {9}, {10}, {11}, {12}, {13}, {14},
{15}, {16}, {17}, {18}, {19}, and {20}.

We want to see to which double coset Nt1t1, Ntito, Nt1ts, Ntity, Ntits, Ntitg,
Ntit7, Ntitg, Ntitg, Ntit1g, Ntiti1, Nt1tio, Nt1t13, Ntitia, Nt1ts, Ntitie,
Nt1t17, Ntltlg, Ntltlg, and Ntltg() belong.

Ntit; = Nt7 = Ntz € [1].

One symmetric generator will go to [1].

Ntita = Nti0 = Ntyg € [1], by Equation 5.5.

One symmetric generator will go to [1].

Ntit3 = Nt1t2 = Nt3 = Nt; € [1].

One symmetric generator will go to [1].

NtityN is a new double coset which we will denote by [1 4].

One symmetric generator will go to [1 4].

Ntit5 = Nt1t3 = Nt} = Nt7 € [1].

One symmetric generator will go to [1].

NtitgN is a new double coset which we will denote by [1 6].

One symmetric generator will go to [1 6].
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Ntit7 = Ntitt = Nt3 = Ntg € [1].

One symmetric generator will go to [1].

Nt1tgN is a new double coset which we will denote by [1 8].

One symmetric generator will go to [1 8].

Ntitg = Nt1t] = Nt§ = Nty; € [1].

One symmetric generator will go to [1].

Ntit1oN is a new double coset which we will denote by [1 10].

One symmetric generator will go to [1 10].

Ntit11 = Nt1t6 = Nt{ = Nti3 € [1]

One symmetric generator will go to [1].

Ntit1oN is a new double coset which we will denote by [1 12].

One symmetric generator will go to [1 12].

Ntit13 = Nt1t7 = Ntélg = Nti5 € [1]

One symmetric generator will go to [1].

Ntit14 = Nttty

—> Ntit14 = Nt1tg

= Ntit14 = Nt [z yt3t]], by Equation 5.5.
— Nitityy = Nay[t)|* veded

— Ntit1y = Nt3t5t3

= Nt1t1q = Nt5t3

— Ntit14 = Ntists

Also,

Ntityo € [110]

— N[t1t10)¥*" € [110]
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= Ntigts € [110].
Thus, Ntit14 € [110].

One symmetric generator will go to [1 10].

Ntit1s = Nt1t§ = Nt = Nty7 € [1].

One symmetric generator will go to [1].

Ntit16 = Ntitis
= Ntitis = Ntyt5

= Ntit15 = N[yti°#1%]t5, by Equation 5.5.

= Ntit16 = Nti0t]
= Ntit16 = Ntiglia
Also,

Ntitg € [18]

— N[t1ts]*" € [18]
— Ntigt14 € [18].
Thus, Nt 1t € [18].

One symmetric generator will go to [1 8].

Ntit17 = Ntit] = Nti0 = Ntyg € [1].

One symmetric generator will go to [1].

Ntit1g = Ntqtqg
= Nt1t1s = Nt t)

= Ntit1s = N[yti°4%]t), by Equation 5.5.

— Nt t1g = Nt10t5
= Ntit1g = Ntigti
Also,

Ntitg € [16]

— Nltitg]”" € [16]
— Ntigt1s € [16].
Thus, Nttig € [16].
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One symmetric generator will go to [1 6].

Ntitig = Ntlt%o =N € [*]

One symmetric generator will go to [*].

Ntitoo = Nitytag

= Ntityg = Nt;t3°

= Ntity = N[yttt by Equation 5.5.
= Ntitgy = Nt10t)

= Ntitog = Ntigtig

Also,

Ntity € [14]

— N[t1t4)*" € [14]

= Ntigt1s € [16].

Thus, Ntityg € [14].

One symmetric generator will go to [1 4].

Word of Length 2

N(14) = Coset Stabiliser in N of Ntit, = {n € N|(Nt1ts)"™ = t1t4}. We will look for
a relation that will increase the Coset Stabiliser N (14,
Ntito = Ntyg, by Equation 5.5

= Ntity = Nt]°

= Ntitats = Nti%,

— Ntit3 = Nt1%,

—> Ntity = Ntqoto

Since, (Nt1t4)¢ = Nt1ty = e € N and
(Nt1t4)15 = Ntyigty = Nt1ty = z® € N(M), then,

N4 = Coset Stabiliser in N of Ntjty = {n € N|(Ntits)" = t1t4} = {e,2°}.
IVl =20 — 10.

Furthermore, the number of single cosets in Nt1t4N is O] = 3 =



87

We find the equal names by conjugating t1t4 ~ t19ts by elements of N.

tita ~ tigtig tstie ~ letis tgti1 ~ totia
taty ~ tiot1s tists ~ tiste ti1tg ~ tiatg
lat3 ~ ti7t20 trt12 ~ tiot13
tata ~ taoti7 tigt7 ~ tistio

NU6) = Coset Stabiliser in N of Ntitg = {n € N|(Ntitg)" = titg}. We will look for
a relation that will increase the Coset Stabiliser N(16),
Ntitg = Ntytg

— Ntitg = Nt@

— Ntitg = Nt1[yz*t5t]], by Equation 5.5

—> Ntytg = Nyai[t;]v=" t3¢7

= Ntitg = NtJt5t]

—> Ntitg = Nt§t]

= Ntitg = N[yz*t3t{]t!, by Equation 5.5

= Ntitg = N385

— Ntitg = Ntioto

Since, (Ntitg)® = Ntitg = e € N6 and
(Nt1t6)x4y = Ntygtg = Ntitg = a:4y S N(lﬁ), then,

NU6) = Coset Stabiliser in N of Ntjtg = {n € N|(Ntite)™ = t1te} = {e, 2%y}

N _ 20 _
ooy = 2 = 10.

We find the equal names by conjugating t1tg ~ ti1gtg by elements of .

Furthermore, the number of single cosets in Nt1tgN is

lite ~ tioto tatia ~ ti6l1g ti1ti2 ~ taotis
tl1 ~ tirts tiaty ~ t13ts tigt11 ~ tigtie
lats ~ tgt1o t7lig ~ tgt17
st ~ tigty tigty ~ tst2

NU8) = Coset Stabiliser in N of Ntjtg = {n € N|(Ntitg)™ = t1tg}.

We will look for a relation that will increase the Coset Stabiliser N18),

Ntyito = Ntig, by Equation 5.5
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= Ntita = Nt{®

—> Ntitoty = Nt1°3

—> Ntit3 = Nt;°t3

= Nt1t3 = Nti%yx*5t]], by Equation 5.5
— Ntyth = Nyat[t10]v=" 15¢7

= Ntitj = Nt3t5t]

= Ntit§ = Nt3%]

= Ntitg = Ntaot3

Since, (Nttg)® = Ntitg = e € N8 and

(Nttg)*"¥ = Nitggti3 = Ntyts = 2Py € N8| then,

N{18) — Coset Stabiliser in N of Ntitg = {n € N|(Ntitg)" = titg} = {e, 2%y}.
IN] 20 _ qq.

Furthermore, the number of single cosets in Nt1tgN is a9 = 2

We find the equal names by conjugating t1tg ~ togt13 by elements of V.

titg ~ taot13 tats ~ tiots t1at1g ~ tstio
gty ~ ti5t12 lal3 ~ gl telg ~ t13t20
otz ~ ti9t14 tirtig ~ tiatis
t7to ~ ti6t11 tigti7 ~ tiitie

N(10) — Coset Stabiliser in N of Nt1¢,0 = {n € N|(Nt1t,0)" = t;t,0}.
We will look for a relation that will increase the Coset Stabiliser N(110),
Ntyito = Ntig, by Equation 5.5

= Ntity = Nti°

— Ntmﬁ = Nt%oé

— Nt1ty = Nt;°t3

= Nt1t5 = Nt{%[2z1ytit}], by Equation 5.5

— Nt 1t = Naty[t20]= v

— Ntit5 = Nt5t5t$

= Nt1t3 = N3t}



== Ntltlo = Nt4t15

Since, (Nt1t10)¢ = Ntit19 = e € N9 and
(Ntltlo)xy = Nt4t15 = Ntltl() = TY € N(HO), then,

N(10) — Coset Stabiliser in N of Nt1t19 = {Tl € N’(Ntltlo)n = tltlo} = {e,xy}.
N =20 = 10.

Furthermore, the number of single cosets in Nt1t19N is N = 2 =

We find the equal names by conjugating t1t19 ~ t4t15 by elements of N.

titio ~ tatis lstig ~ ti6t3 trtg ~ tiatig
tiot1 ~ t13tia t1gts ~ tigti2 tgl7 ~ tii1t2o
latg ~ t3t16 let17 ~ tists
lota ~ t1at13 tirte ~ t20t11

NU12) — Coset Stabiliser in N of Ntit1a = {n € N|(Ntit12)" = t1t12}.
We will look for a relation that will increase the Coset Stabiliser N(112),
Ntyto = Ntig, by Equation 5.5

= Ntita = Nt{®

—> Ntitot) = Nt1°t5

— Nt;t8 = Nt%og

= Ntit12 = Niigtig

Also,

Ntit12 = Ntgtio

— Nitit1z = Nt;%t5

= Nt1t12 = Nt}%[yz*t5t3], by Equation 5.5

— Nitityy = Nya2[t10]v=" 512

= Ntit1o = Nt5t5t3

= Nt1t12 = Ntjt}

— Ntit1o = Nigts

Also,

Ntqt1s = Ntgts
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— Nitit1p = Nt3t3

= Nti1t12 = Nyz't3t]]t3, by Equation 5.5
= Ntit1o = Nt5t]

= Ntit12 = Ntigt17

Thus

Ntiti2 = Ntygt1o = Nigts = Ntigtr

Since, (Ntltlg)e = Ntit1s = e € N(112), and

(Ntltlg)x5 = Ntygt19 = Ntit1o = z® e N(112), and

(Ntltlg)ny = Nt(jtg = Ntit12 = ny € N(112), and

(Ntltlz)zgy = Ntigti7 = Nt1tio = .7333/ € N(112), then,

N(112) — Coset Stabiliser in N of Ntt1s = {n € N|(Ntit12)" = tit12} = {e, 2, y2?, 23y}.
Furthermore, the number of single cosets in Ntit1oN is % = % = 5.

We find the equal names by conjugating t1t19 ~ tig9t19 ~ tgts ~ t1gt17 by elements of

N.

liti2 ~ tigtio ~ tet3 ~ tieti7
tale ~ tirtie ~ ti7t7 ~ tgti3
tot11 ~ tootg ~ tsta ~ tistis
L1t ~ tgtao ~ ti2t1 ~ tiot1g

trtg ~ t13lg ~ t18l15 ~ t4l5

The orbits of N4 on {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20}
are {1,18}, {2,9}, {3,14}, {4,19}, {5,10}, {6,7}, {8,17}, {11,20}, {12,15}, and
{13,16}.

We want to see to which double coset Nt1t4t18, Nt1t4t2, Nt1t4t14, Nt1t4t4, Nt1t4t10, Nt1t4t6,
Nt1t4t8, Nt1t4t20, Nt1t4t12, and Nt1t4t16 belong.

Ntitgt1s = Nt1t3t9
—> Ntitst1s = Nt1 € [1]



Two symmetric generators will go to [1].

Ntytyta = Ntit3ty
= Ntitsty = Nt1t3
= Ntjtyto = Nitqtg € [16]

Two symmetric generators will go to [1 6].

Ntytst1y = Nt t3ts
— Ntitqt14 = Nt1t9
—> Ntitqt14 = Ntit1s € [14].

Two symmetric generators will go to [1 4].

Ntitsty = Nt1t3t3
= Ntitsty = Nt1t5
— Ntit4ty = Ntqtg € [18].

Two symmetric generators will go to [1 8.

Ntytgtio = Nt1t3t5

= Ntitstio = Ntt]

= Ntitst1o = N[yti°i )¢l by Equation 5.5
= Ntitgtio = Nt1¢5

= Ntitst190 = Ntigt1o € [110].

Two symmetric generators will go to [1 10].

Ntitste = Nt1t3t3
= Ntitsts = Nt1t)
—> Ntitstg = Ntitig € [110].

Two symmetric generators will go to [1 10].

Ntytyts = Ntqt2ts
= Ntitsts = Nt1t§
—> Ntityts = Ntitio € [112].
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Two symmetric generators will go to [1 12].

Ntytytog = Nt1t3t10

= Ntitstao = Ntyto.

= Ntitstog = Nt19, by Equation 5.5

— Ntitytog = Ntig € [1].

Two symmetric generators will go to [1]
Ntitgt1o = Nt1t3t§

= Ntitst1o = Ntyt§

= Nt tst12 = N[yti%t210]t5, by Equation 5.5
= Ntitgt1o = Nti0t]

— Ntitst1o = Ntigtiy € [18].

Two symmetric generators will go to [1 8.

Ntityt16 = Nt1t3t5

— Ntitstis = Nt1ty"

= Ntitst1 = Ntitot)

= Ntityt1s = Ntlgtg, by Equation 5.5
— Ntityti6 = Ntigtis € [14].

Two symmetric generators will go to [1 4].

The orbits of N9 on {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20}
are {1,10}, {2,17}, {3,20}, {4,13}, {5,8}, {6,9}, {7,18}, {11,16}, {12,19}, and
{14,15}.

We want to see to which double coset Ntltﬁtlo, Ntlt(;tg, Ntltﬁtg, Nt1t6t4, Ntltﬁtg, Ntltﬁtﬁ,
Ntlt(;tlg, Ntltﬁtlﬁ, Ntltﬁtlg, and Nt1t6t14 belong.

Ntytgtio = Ntitsts
= Ntitgt10 = N[yti%10)¢5, by Equation 5.5
= Ntitgtio = Nti0t?

— Ntitgtio = Ntigt14 € [18]



Two symmetric generators will go to [1 8.

Ntitgta = Nt1t3ts
= Ntitgta = Nt1t5
= Ntitgto = Ntitg € [18]

Two symmetric generators will go to [1 8].

Ntitgts = Nt@t%

— Ntitgts = Nty [yz*t5t]]t?, by Equation 5.5
—> Ntytgts = Nyat[ty]v=" 159

= Ntitets = NtJt5t]

—> Nttty = Ni§t]

= Ntitgts = N[yz*t5t]]t], by Equation 5.5
= Ntitets = Nt3t]

—> Ntttz = Ntioty3 € [14].

Two symmetric generators will go to [1 4].

Nttty = Ntqt3t3
= Ntitgty = Nt1t5
= Ntitgty = Ntitig € [110].

Two symmetric generators will go to [1 10].

Ntitets = Ntitits

— Nttty = N[yti0t10]t5, by Equation 5.5
= Ntitgts = Nt1%t§

—> Ntitgts = Ntigtia € [110].

Two symmetric generators will go to [1 10].

Nttt = Nt1t3t3
= Ntitgte = Nt1t$
- Ntltﬁtﬁ = Ntjt1o € [112].

Two symmetric generators will go to [1 12].
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Ntitetis = Ntit3t)

= Ntitgtis = Ntitz

= Ntitgtis = Nyti®, by Equation 5.5
— Ntitgtis = Ntig € [1].

Two symmetric generators will go to [1].

Ntitetis = Ntit3ts
—> Ntitgt1s = Nt1 € [1]

Two symmetric generators will go to [1].

Ntitgtia = Ntitst$

= Ntitet12 = N[yti°t )3, by Equation 5.5
= Ntitgtio = N5

— Ntitgt12 = Ntigt16 € [16].

Two symmetric generators will go to [1 6].

Ntitetis = Ntit5th

= Ntitgt1a = N[yti°t°Jti%, by Equation 5.5
= Ntitgt1a = Nt1%t)

= Ntitetia = Ntiot1s € [14].

Two symmetric generators will go to [1 4].

The orbits of N(® on {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20}
are {1,201, {2,19}, {3,18}, {4,17}, {5,16}, {6,15}, {7,14}, {8,13}, {9,12}, and
{10,11}.

We want to see to which double coset Nt tgtog, Ntitgts, Ntitgt1s, Ntitgts, Ntitgtig,
Ntltgtﬁ, Nt1t8t14, Ntltgtg, Ntltgtlg, and Ntltgtlo belong.

Ntytgtag = Ntitatid
= Ntitgtog = Ntltg



—> Ntitgtog = Nititg € [16].

Two symmetric generators will go to [1 6].

Ntitgta = Ntqtiats
= Ntitgty = Nt1t}
—> Ntitgto = Ntitig € [110].

Two symmetric generators will go to [1 10].

Ntytgtis = Ntit5t)
— Ntltgtlg = Ntlt%
= Ntjtgt1s = Ntity € [14].

Two symmetric generators will go to [1 4].

Ntytgty = Ntitits
— Ntjitgty = Nt1t§
=4 Nt1t8t4 = Ntit19 € [112].

Two symmetric generators will go to [1 12].

Ntytgtip = Ntitsts

— Ntitgtis = Ntity

= Ntitgtig = Nyt%o, by Equation 5.5
— Ntitgtis = Nityg € [1].

Two symmetric generators will go to [1].

Ntitste = Ntitats

= Niytste = Ntit]

— Ntitgts = N[yti%t10]t5, by Equation 5.5
= Ntitste = Nt1%§

— Ntitgts = Ntygt1o € [110].

Two symmetric generators will go to [1 10].

Ntytgtiy = Ntit5th
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— Ntitgt14 = Nt1 € [1]

Two symmetric generators will go to [1].

Ntitsts = Nt1tats

= Ntitsts = Nt1t5

= Ntitsts = N[yti%0]¢5, by Equation 5.5
= Ntytgts = Nt1%7

= Ntjtsts = Ntigt14 € [18].

Two symmetric generators will go to [1 8].

Ntytgtia = Ntitt§

= Nttgtis = Nt 30

= Ntitgtio = N[yti°°)ti%, by Equation 5.5
= Ntitgtio = Nt1%)

— Ntitgtio = Ntigtig € [14].

Two symmetric generators will go to [1 4].

Ntytgtio = Ntit5t5

= Ntytstip = Ntit)

= Ntitgtio = N[yti°ti )3, by Equation 5.5
= Ntitgtio = Nt1%5

— Ntitgtio = Ntigt16 € [16].

Two symmetric generators will go to [1 6].

The orbits of N0 on {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20}

96

are {1,4}, {2,11}, {3,8}, {5,12}, {6,13}, {7,16}, {9,20}, {10,15}, {14,17}, and

{18,19}.

We want to see to which double coset Nt1t10t4, Ntltlotg, Ntltlotg, Ntltwtlg, Ntltlot(;,

Ntitiotie, Nt1tiotoo, Ntitiotio, Nt1tiot14, and Niitigtis belong.

Ntitioty = Nt1t5t3



= Ntitioty = Nt;t]

= Ntitiots = N[yt{°t3°)t], by Equation 5.5
= Ntitiots = Nt1t5

= Ntitipts = Ntigt12 € [110].

Two symmetric generators will go to [1 10].

Ntitiota = Ntitste
— Ntltl()tg = Ntltg
= Ntitiota = Ntit1g € [112].

Two symmetric generators will go to [1 12].

Ntitipts = Ntit5ts

= Ntitiots = Ntt)

= Ntitiots = N[yti°ti )3, by Equation 5.5
= Ntitiots = Nt1045

— Ntitiots = Ntigtig € [16].

Two symmetric generators will go to [1 6].

Ntitiotia = Nt1t5ts
= Ntitigt12 = Nt; € [1]

Two symmetric generators will go to [1 12].

Ntitiots = Nt1t5ts

= Ntitiote = Nt;1t3

= Nt1tiote = N[yt{°t3°)t5, by Equation 5.5
= Ntitiote = Nti0t]

= Ntitiote = Ntiot14 € [18].

Two symmetric generators will go to [1 8].

Ntitiotis = Nt1t5ts
- Ntltlotlﬁ = Ntltg
—> Ntitiotig = Ntity € [14]
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Two symmetric generators will go to [1 4].

Ntitiotao = Nt1t5ti0
—> Ntitiptog = Ntltg
= Ntitiotog = Ntitg € [18]

Two symmetric generators will go to [1 8].

Ntitiotip = Nt1t5ts

= Ntitiotio = Nt1t3°

= Ntitiot10 = N[yti%430]t°, by Equation 5.5
= Ntitiot10 = Nt

— Ntitiotio = Ntigt1g € [14].

Two symmetric generators will go to [1 4].

Ntitiotiy = Ntqt5th

= Ntitiot1a = Ntits

= Ntitipt14 = Nyt%o, by Equation 5.5
= Nti1tiot14 = Nt1g € [1].

Two symmetric generators will go to [1].

Ntitiotis = Nt t5t)
— Ntltlotlg = Ntltg
= Ntitiotis = Ntitg € [16]

Two symmetric generators will go to [1 6].

The orbits of N(1'2) on {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20}
are {1,6,16,19}, {2,7,13,20}, {3,12,10,17}, {4,15,5,18}, and {8,9,11,14}.
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We want to see to which double coset Nt1t12t16, Ntltlgtgo, Ntltlgtlo, Ntltlgtlg, and

Nt1t12t14 belong.

Ntitiotis = Nt 585



== Ntltmtlﬁ = Ntltg
— Ntltlgtm = NtltG € [16]

Two symmetric generators will go to [1 6].

Ntytiatag = Nt1t5t30
— Ntltlgtgo = Ntltg
=4 Nt1t12t20 = Ntltl() S [110].

Two symmetric generators will go to [1 10].

Ntitiatip = Nt t5t5
— Ntltlgtl() = Ntl
= Ntitiot19g = Nt1 € [1]

Two symmetric generators will go to [1].

Ntytiotis = Nt1t5t)
— Ntltlgtlg = Ntltg
= Ntitiot1s = Ntqitg € [18]

Two symmetric generators will go to [1 8.

Ntitiot1y = Nt1t5td
= Ntitiot14 = Ntltg
—> Ntit1ot14 = Nttty € [14].

Two symmetric generators will go to [1 4].

Below is our completed Cayley Diagram.
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Figure 5.2: Cayley Diagram : PGL(2,11) Over Djg

Thus,
N[ | [N] [N [N [N [N |V
< '
612 (j7°+ Ty + v vty * e + v vy
_ (220,202 20 20 20) o
S \20 1 2 2 2 2 4
=(14+20+10+10+10+ 10+ 5) x 20
=66 x 20
= 1320
G < 1320

5.3.2 Proof of the Isomorphism



Table 5.2: Single Coset Action of PGL(2,11) Over Dy

Label Single Cosets x Y t1

1 N 1 N 1 N 2 Nty
2 Ntq 4 Nts 3 Nt 4 Nts
3 Nty 13 Ntyo 2 Nty 21 Nty
4 Nt 8 Nty 5 Nty 6 Nts
5 Nty 3 Nty 4 Nts 23 Ntyty
6 Nts 12 Nty 7 Ntg 8 Nty
7 Ntg 15 Nty 6 Nts 33 Ntgty
8 Nty 16  Nts 9 Ntg 10 Nty
9 Ntg 5 Nty 8 Nty 43  Ntgty
10 Ntg 20 Ntig 11 Nty 12 Nty
11 Nty 17 Ntig 10 Nty 53 Ntyot1
12 Nt 2 Nty 13 Nty 14 Ntis
13 Nt19 7 Ntg 12 Nt;; 63 Ntisty
14 Ntis 6 Nty 15 Nty 16 Ntys
15 Nty 19 Ntig 14 Nty 61  Ntgty
16 Nt1s 10 Ntg 17 Ntig 18 Ntz
17 Ntig 9 Ntg 16  Nti5 51 Nigto
18 Nty7 14 Ntis 19 Ntig 20 Ntig
19 Nt1g 21 Nty 18  Nty; 39 Ntiistop
20 Nt1g 18  Ntiz 21 Nty 1 N
21 Ntog 11 Nty 20 Ntig 24 Niots
22 Ntity 25 Ntsts 24 Nitotg 19 Ntig
23 Nttty 24  Ntots 25  Ntsto 47  Niyts
24 Niots 29 Ntyoty 22 Ntyty 34 Niots
25 Ntsto 28 Ntytios 23 Ntgty 3 Nty
26 Nitstig 31 Ntyts 26 Nitstig 58  Niglyr
27 Ntygts 30 Ntsgty; 27 Ntigts 26  Ntsti

Continued on next page
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Table 5.2 — Continued from previous page

Label Single Cosets x Y 31
28 Ntrtio 27 Ntigts 30 Ntgty 60 Nigtg
29 Ntiotr 26 Ntstig 31 Ntyts 46 Nisty
30 Ntgtq1 23  Ntagt1 28 Ntytio 66 Nistg
31 Ntiitg 22 Ntity 29 Ntioty 38 Nigtig
32 Ntitg 36 Ntstiy 34 Nitots 48 Ntyrtig
33 Ntgtq 37 Ntiyts 35 Nista 62 Ntytio
34 Ntaots 41 Ntiot1n 32 Ntitg 44 Nioty
35 Ntsto 40 Ntytis 33 Nigty 5 Nty
36 Ntstyy 38 Ntrtig 39 Ntistog 17 Ntgg
37 Ntiats 35  Ntsta 37 Ntusts 30  Ntgtg
38 Ntrtig 39 Ntistag 38 Nigtis 55 Ntoto
39 Ntistag 34  Ntaots 36 Ntstiga 52 Ntjtio
40 Ntjqtio 32  Ntitg¢ 41 Ntiat1n 25 Nists
41 Ntjot1y 33  Ntgty 40 Ntiitie 32 Ntytg
42 Ntitg 46  Ntsty 44  Nioty 40 Ntjgtio
43 Ntgty 47  Ntyts 45  Nizta 50  Ntygtig
44 Ntaoty 48 Ntiztis 42 Niits 54 Niotg
45 Ntrto 43  Ntgt; 43  Nigty 7 Ntg
46 Ntsty 45  Ntgta 47  Nigts 41 Ntjotnn
47 Ntyts 44  Ntoty 46  Nisty 64  Niyts
48 Ntirtig 51  Ntgtg 49 Ntigtiy 28 Nirtio
49 Ntigti7 42  Ntytg 48 Ntirtis 22 Nttty
50 Ntigtig 49 Ntigtiz 51 Nigtg 15 Nty
51 Ntgtg 50 Ntiatig 50 Ntygt1g 56 Nistig
52 Ntitio 54 Ntotg 54 Ntotg 57 Ntigts
53 Ntioty 56  Nitstig 55 Ntota 29  Ntjoty
54 Ntotg 60 Nitzts 52 Ntitig 65  Nisty
55 Ntgtoy 57 Ntigts 53  Ntiot1 9 Ntg

Continued on next page
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Table 5.2 — Continued from previous page

Label Single Cosets x Y 31
56 Ntstig 61 Ntgty 58 Nigtir 27 Ntygts
57 Ntigts 59 Ntirte 59  Ntirts 35 Niste
58 Ntgti7 55  Ntgta 56 Ntstis 45  Nigte
59 Ntyirts 53 Ntigt1 57 Ntigts 42  Ntjtg
60 Ntrtg 58 Nitgtiz 61  Ntsty 13 Nty
61 Ntgty 52  Ntitig 60 Ntgtg 37  Ntyts
62 Ntitio 66 Ntstg¢ 65 Nisty 36 Ntstyy
63 Ntiotq 62 Ntiti1a 63 Ntiotp 11 Nty
64 Ntyts 65 Ntsty 66 Ntstg 49 Ntigtiy
65 Ntsty 63 Ntigt; 62 Ntit1o 59 Ntyrig
66 Ntstg 64  Ntgts 64  Nigts 31  Ntggtg

Thus,

flx) =(2,4,8,16,10,20,18,14,6,12)(3,13,7,15,19,21,11,17,9,5)
22,25,28,27,30,23,24,29,26,31)(32, 36, 38, 39, 34,41, 33, 37, 35, 40)
42,46, 45,43,47,44,48,51, 50, 49)(52, 54, 60, 58, 55,57, 59, 53, 56, 61)

62, 66, 64,65,63), f(y) =(2,3)(4,5)(6,7)(8,9)(10,11)(12,13)(14, 15)
16,17)(18,19)(20,21)(22,24)(23, 25)(28,30)(29, 31)(32, 34)(33, 35)
36,39)(40,41)(42,44)(43,45)(46,47)(48,49)(50, 51)(52, 54)(53, 55)

56, 58)(57,59)(60,61)(62,65)(64,66), and f(t) = (1,2,4,6,8,10,12,
14,16, 18,20)(3, 21, 24, 34, 44, 54, 65, 59, 42, 40, 25)(5, 23,47, 64,49, 22, 19,
39,52,57,35)(7,33,62,36,17,51, 56, 27, 26, 58, 45)(9, 43, 50, 15, 61, 37, 30,
66,31, 38,55)(11, 53,29, 46,41, 32,48, 28,60, 13, 63).

~~ I~ /N —~

Now < fo, fy, ft >< Se¢- f : G — See is a homomorphism, since G acts on
X = {N, Nty, Nty,...Ntate} with | X| = 66. < fz, fy, fr > is a homomorphic image of
the progenitor if

(1) fi has exactly 2 conjugates under conjugation by < fz, f, > and
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(2) < fa, fy > acts on {f,, fi,} by conjugation as See.

In addition, if the additional relations (yt)3 = 1 hold in Sgs, then < fy, fy, fi > is a
homomorphic image of G.

Note that | < fg, fy, fr > | = 1320.

G/Kery = Imy

— G/Kery =< fu, fy, fr >

= |G/Kery| =| < fa, fy: ft > | = 1320

— |G| = | < fa, fy, [t > | x Kery

= |G| > 1320

But, from our Cayley Diagram we saw that |G| < 1320.
Hence, |G| = 1320.

5.3.3 Building a Map

Lo(11) =

{x > Zigﬁ, x € F11 U{o0},a,b,c,d € Fi1lad — be = 1, equivalently a nonzero square}

=< a,8,y> wherea=z—x+ 1,8 =2 kx, and'y:xr—>—%.
Let us start with our mapping for alpha.

a:rx—x+1.

0—0+1=1
l—=14+1=2
2—24+1=3
3—3+1=4
4—=44+1=5
5—5+1=6
6—6+1=7
T—T7+1=8

8—=8+1=9
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9—9+1=10
10— 10+1=11=1 mod 11

oo+ 1=0c

Table 5.3: a:x—~ 2+ 1
01 2 3 4 5 6 7 8 9 10 o
R A o A e e e
1 2 3 4 5 6 7 8 9 10 0 o

a = ()(0,1,2,3,4,5,6,7,8,9,10)

Next, to find our mapping for beta, we will first need to find k. Our nonzero squares

in F1; are {1,3,4,5,9}.

12=1
22 =4
32=9

42=16=5 mod 11
52=25=3 mod 11
62 =36 =3 mod 11
72 =49=5 mod 11
82 =64=9 mod 11
92 =81 =4 mod 11
102 =100=1 mod 11

To find k, we need a nonzero square that generates all of the other nonzero squares.

Note that

30 =1
31 =3
32=9

33=27=5 mod 11
31 =81=4 mod 11
35 =243 =1 mod 11



Thus, k = 3. Therefore, 5 : x — 3z.

0—3-0=0
1—3-1=3
2—3-2=6
3—3-3=9

4—3-4=12=1 mod 11
5—3-5=15=4 mod 11
6—3-6=18=7 mod 11
7—3-7=21=10 mod 11
8—3-8=24=2 mod 11
9+—3-9=27=5 mod 11
10— 3-10=30=8 mod 11

oo 3-00=00

B = (0)(0)(1,3,9,5,4)(2,6,7,10,8)

: 1
Yizr —2

=00

=—-1-1"1=-1

=-1.271=-1.6=-6=5
A=—-4=7

=-1-41=-1.3=-3=8
Hl=-1.9=-9=2
2=-2=9

S Ot = W [N} )
111 1 111
Il Il
| |
— —
w
AR
|
|
—_

I

|
—_
A

—
|

|
—_

-1=-1=10 mod 11

mod 11
mod 11
mod 11
mod 11
mod 11
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T —3=-1.71=-1.8=-8=3 mod 11
8 —3=-1.81=-1.7=-7=4 mod 11
9 —§3=-1.9"1=-1.5=-5=6 mod 11
10 —55=-1-10"'=-1-10=-10=1 mod 11

1 _

Table 5.5: v:x — —%
0 1 2 3 4 5 6 7 8 9 10 ~
AR 2 2 N 2 N A R
co 10 5 7 8 2 9 3 4 6 1 0

v = (0,00)(1,10)(2,5)(3,7)(4,8)(6,9)

Now alpha, beta, and gamma generate Ly(11). However, since we have PGL(2,11)
we must find an automorphism for the element of order 2 which is not normal in

PGL(2,11). Note that

a@)+b _ 140
c(z)+d — 0+1z

= %, where ad — bc =1 — 0 = 1, is a non-zero square. Therefore our

mapping for this automorphism will be

aut : x — *
x

0»—>%:oo

l—1=1

2 3=1-2"1=1.6=6
3 3=1-3"1=1-4=4
4 3=1-41=1.3=3
5 1=1.51=1.9=9
6—t=1-6"1=1.2=2
T—1=1.71=1.8=38
8—2=1.81=1.7=7
9—5=1.-9"1=1.5=5

10— 55=1-10""=1-10 =10
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Table 5.6: aut

]|

—
8
1
7

<]
— —
ol | o
o|+| 8

T
7
1
8

== =
o<+ o
| o
ol
|| w
CPACN

0
1
aut = (0,00)(2,6)(3,4)(5,9)(7,8)

> G<x,y,t>:=Group<x,y,t|x710,y" 2, (x"-1xy) "2,t 11,
> £t (x"-1)=t"6, (x"5*t) "2, (y*t) "3>;

> #G;

1320

> f,Gl,k:=CosetAction (G, sub<G|x,y>);
S:=Sym(1l2);
alpha:=s!'(11,1,2,3,4,5,6,7,8,9,10);
beta:=s'(1,3,9,5,4) (2,6,7,10,8);

gamma:=S! (11,12) (1,10) (2,5) (3,7) (4,8) (6,9);
> #sub<S|alpha,beta, gamma>;

660

> aut:=38!(11,12) (2,6) (3,4) (5,9) (7,8);

> #sub<S|alpha,beta,gamma, aut>;

1320

> P:=sub<S|alpha, beta, gamma, aut>;

> s:=IsIsomorphic(G1l,P);s;

true

vV V. V V

5.4 Mj, as a Homomorphic Image of 11**:,,(4 : 5)

Let G = 11*:,,(4 : 5) be a symmetric presentation of G given by:
< x,y, tlot, zytadyd, Padyx, 1 1Y = 14, (m2ty3)3, (23t)8, (y1*)®, (xty4)3 > My,
where N 22 (4 : 5) =< z, y|lo*, zy*23y3, 2 23yx >,
z=(1,2,3,4)(5,6,7,8)(9,10,11,12)(13, 14,15, 16)(17, 18, 19, 20)(21, 22, 23, 24)
(25,26, 27,28)(29, 30, 31, 32) (33, 34, 35, 36) (37, 38, 39, 40), and y = (1,13, 17, 33,9)
(5,29, 37, 25,21)(6, 26, 30, 22, 38)(2, 34, 14,10, 18)(3, 11, 35, 19, 15)(4, 20, 12, 16, 36)
(7,23,27, 39, 31)(8, 40, 24, 32, 28).
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G is of order 7920, and N is of order 20. The number of single cosets is equal to
% = 73—30 = 396. In the next section we will show how this double coset enumeration
of G over (Cy : C5) can be done by performing a double coset enumeration of G over

a maximal subgroup, say H, and N.

5.4.1 Manual Double Coset Enumeration over a Maximal Subgroup
of Order 120

We will find a maximal subgroup, M, or a conjugate of M which contains

f(z), f(y) to perform double coset enumeration.

> G<x,y,t>:=Group<x,y,t|x"4,xxy " 4xx"3xy" 3,

> yo3xx"T3xyxx,t711,tTy=t"4, (x"2+xt7 (y"3)) "3, (x"3xt) "8,
> (yxt"x) "5,

> (xxt” (y"4)) 73>

> #G;

7920

> S:=Sym(40);

> xx:=8!(1,2,3,4)(5,6,7,8) (9,10,11,12) (13,14,15,16)
> (17,18,19,20) (21,22,23,24) (25,26,27,28)

> (29,30,31,32) (33,34,35,36) (37,38,39,40);

> yy:=S!(1,13,17,33,9) (5,29,37,25,21)

> (6,26,30,22,38)(2,34,14,10,18) (3,11,35,19,15)

> (4,20,12,16,36)

> (7,23,27,39,31) (8,40,24,32,28);

> N:=sub<S|xx,yy>;

> #N;

20

> f£,Gl,k:=CosetAction (G, sub<G|x>);
> CompositionFactors (Gl);

G
| M1l
1
> M:=MaximalSubgroups (Gl) ;
> #M;
5
> M;

Conjugacy classes of subgroups
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[1] Order 48 Length 165
Permutation group acting on a set of cardinality 1980
Order = 48 = 274 x 3

[2] Order 120 Length 66
Permutation group acting on a set of cardinality 1980
Order = 120 = 2°3 « 3 % 5

[3] Order 660 Length 12
Permutation group acting on a set of cardinality 1980
Order = 660 = 272 » 3 x 5 % 11

[4] Order 144 Length 55
Permutation group acting on a set of cardinality 1980
Order = 144 = 274 % 372

[5] Order 720 Length 11
Permutation group acting on a set of cardinality 1980
Order = 720 = 274 % 372 % 5

>

We have found the maximal subgroups of G. We need to find which maximal sub-

group contains f(z) and f(y).

> for i in [1..#M] do if f(x) in MI[1i] ‘subgroup and f(y) in

for|if> M[i] ‘subgroup then i; end if; end for;

> for i in [1..#M] do D:=Conjugates (Gl,M[i] ‘subgroup) ;

for> D:=SetToSequence (D) ;

for> for j in [1..#D] do if f(x) in D[Jj] and f(y) in D[Jj] then i, J;
for|for|if> end if; end for; end for;

2 22

55

Using the previous loop, we see that there are 2 maximal subgroups that contain f(z)

and f(y).

> #M[2] ‘subgroup;
120
> #M[5] ‘subgroup;
720

Let us first examine subgroup number 2, which is of order 120. We need to use our

Schreier System to find a representation of this subgroup in words so that we may
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perform Double Coset Enumeration of G over H.

> N:=G1l;

> NN:=G;

> Sch:=SchreierSystem (NN, sub<NN|Id(NN)>);

> ArrayP:=[Id(N): 1 in [1..792011;

> for 1 in [2..7920] do

for> P:=[Id(N): 1 in [1..#Sch[i]]];

for> for j in [1 #Sch[l]] do

for|for> 1if Eltseq(Sch[l])[j] eq 1 then P[j]l:=f(x); end if;
for|for> if Eltseqg(Sch[i])[]j] eg 2 then P[Jj]: —f(y), end 1if;
for|for> if Eltseq(Sch[i])[]j] eq -1 then P[]j]l:=f(x"-1); end 1if;
for|for> if Eltseqg(Sch[i])[]J] eg -2 then P[]j]: —f(y -1); end if;
for|for> if Eltseq(Schl[i])[j] eqg 3 then P[]j]l:=f(t); end 1if;

for|for> end for;

for> PP:=Id(N);

for> for k in [1..#P] do

for|for> PP:=PP«P[k]; end for;
for> ArrayP[i] :=PP;

for> end for;

> D:=Conjugates (G1l,M[2] ‘subgroup) ;
> D:=SetToSequence (D) ;

> f(x) in D[44] and f(y) in DI[44];
true

> for g in D[44] do if sub<D[44]|f(x),f(y),g> eq D[44] then gg:=g;

for|if> end 1if;
for> end for;

> Order (gqg) ;

2

> if Order(gg) eq 2 then for i in [1..7920] do if ArrayP[i] eqg gg

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

X *x y x t x x™2 % y -1 % £t°-1 % y°-1

Thus our maximal subgroup is H =< x,y, zyta?y*t0y* >.

We show how this double coset enumeration of G over (Cy4 : C5) can be done using a

double coset enumeration of G over H and N.

Definition of a double coset: HwN = {Hwn|n € N}.

Note: wn = nn " twn = nw".

So, Hwn = {Hw"|n € N}.
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First we will expand our additional relations.

zytz®y*t'%yt e H
xyt1x2y4t%0y4 eH
xyt1x2y4t37y4 eH

zylz?z Yt iy syt € H
zyz? [zt 22|y tsyt € H
xy:rQ[tfz]y4t37y4 €eH
zyz?[ts)yttsryt € H
zyz? [ty sy tary® € H
ayxy ly sy tsry € H
wya®y t) Jtsryt € H
zyr?yttistary? € H (5.6)
zyz*y yty tistsryt € H
zyz®yty'ly Mtistsry'] € H
zyzy? [t%’;tg?] €H

zyz?y’tigtey € H

Hayz*y tigtag = H
Hazyz?y3 656 = H
Ha:ya:2y3t§t§t3 = Ht}

Haxyz?y3t] = Ht:{’
H:ny2y3t19 = Htg

Htig = Hty



(a2")?3

(2°t33)?
$2t33$2t33$2t33

x2 (x2a:72)t33$2t33x2t33
222 (w72t33x2)t33x2t33
t§§t331‘2t33

tastaza’tss

2,.—2 2
a )t33$ t33

tas(x
tasz?(x ™ 2t332%)t33
tas 1 tiatss
tasa tsstss
(%27 2)t35 2  t35ta3
22 (27 2 t3502)tastas
22 tEetastss

x?t33tsstas

113

(5.7)



114

(xty4)3 =e
(at])* = c
(zt9) =€

xtoxtgrtg = €
:L‘(Cl?xil)tgxtgxtg =e
xQ(afltgx)tga:tg =e
a:?tgtgxtg =e
a:gtlgtgxtg =e

562 ($$_1)t10t9$t9 =

|
o

$3($71)t10t91‘)t9 =e€
xg[tlotg]xtg =€
1‘3t11t10t9 =e

Our first double coset, HeN = {He"|n € N} = {H}, which we will denote by [*].
The orbits of N on
{1,2,3,4,5,6,8,7,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,
29,30,31,32,33,34,35,36,37,38,39,40}

are {1,2,13,3,34,14,17,4,11,35,15,10,18,33,20,12,36,19,16,9}

and {5,6,29,7,26,30,37,8,23,27,31,22,38,25,40,24,28,39,32,21}.

We will take a representative from each orbit, say ¢; and t5, and determine to which

double coset Ht; and Hts belong.
Word of Length 1

HtiN is a new double coset which we will denote by [1].

Ht;N = {Ht;"|n € N}.

Since the orbit {1,2,13,3,34,14,17,4, 11, 35,15, 10, 18, 33, 20, 12, 36, 19, 16,9} contains
20 elements then 20 symmetric generators will go to the new double coset [1].

Now N > ft,

N = {e}.
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N = Coset Stabiliser in N of Ht; = {n € N|Ht} = t1}.

We will look for a relation that will increase the Coset Stabiliser N1,
Hty9 = Htg, by Equation 5.6
1

[Htlg]xy_lm = [Hto]*™¥ *
— Ht1 = Htqs

Now, since Ht{ = Ht; = e € N® and
Htf2y4 = Ht15 = Ht; = 2%y* € N then,

N = Coset Stabiliser in N of Ht; = {n € N|Ht? =t} = {e,2%y*}.

IN|  _ 20 _
N = 2 = 10.

Furthermore, the number of single cosets of Ht1 N is

Conjugating by elements in N gives us the following equal names.

l1 ~ 115 lg ~ 19 t33 ~ t35
ta ~ 116 t10 ~ t20 34 ~ t36
iz ~t13 tin ~ ti7
ty ~ t14 li2 ~ 118

Therefore, Hth = {Htl = Ht15,Ht2 = Hth,Ht3 = Htlg,Ht4 = Ht14,
Htg = Htig, Ht19 = Htoo, Ht11 = Hty7, Ht12 = Ht1g, Hts3 = Htss, Htgy = Htge}

HtsN is a new double coset which we will denote by [5].

HtsN = {HtZ|n € N}.

Since the orbit {5,6,29,7,26,30,37,8,23,27,31,22,38,25,40,24,28,39,32,21} contains 20
elements then 20 symmetric generators will go to the double coset [5].

Now N©®) > H°.

N5 = {e}.

N©®) = Coset Stabiliser in N of Hts = {n € N|HtZ = t5}.

We will look for a relation that will increase the Coset Stabiliser N ),



Hty9 = Htg, by Equation 5.6
— Ht5 = Ht}

— Ht3t} = Htt}

— Hijt} = H1S

= H[zyxty] = HtY, since by Equation 5.7
x2t33t35t33 = e, by Equation 5.7
[$2t33t35t33]m2y = [6]12?’

- x2y2t19t9t19 =e

- mQyztgt:{’tg =e

— w335 =

= 2?y?3t3 = 1§

Hxyxt§ = HtY

= HtS = HtY

= Htoz = Htoy

= [Hitg3)""V = [Ht "

= Hits = Htoy

Now, since Ht¢ = Hts = e € N and
Ht§2y2 = Hty; = Hty = a:2y2 € N(s), then,

116

N®) = Coset Stabiliser in N of Hts = {n € N|Ht! =t5} = {e,x%y?}.

Furthermore, the number of single cosets of Ht; N is

M — 20 — qp.

NG| T 2 T

After conjugating by all the elements of N, we have the following equal names.

ts ~ tor to1 ~ to3
tg ~ tog tog ~ toy
tr ~ tos tog ~ 121
tg ~ tog tog ~ t3g9

t30 ~ ta0
t31 ~ t37

t32 ~ 138

Therefore, Htg,N = {Ht5 = Ht27,Ht6 = Htgg,Ht7 = Htgg,,Htg = Htgﬁ,
Hto1 = Htgs, Htog = Htoy, Htog = Htsg, Htzo = Htao, Htz1 = Htsy, Htzp = Htsg}
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The orbits of N(V) on
{1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,
35,36,37,38,39,40}

are {1,15}, {2,36}, {3,9}, {4,18}, {5,31}, {6,28}, {7,21}, {8,38}, {10,20}, {11, 33},
{12,14}, {13,19}, {16,34}, {17,35}, {22,40}, {23,25}, {24,30}, {26,32}, {27,37},

and {29, 39}.

We want to see to which double coset Ht1t1, Ht1to, Ht1ts, Ht1ty, Ht1ts, Ht1tg, Ht1t7, Htqtg,
Htytyo, Ht1t11, Ht1t14, Ht1t13, Ht1t16, Ht1t17, Ht1too, Ht tos, Ht1to4, Ht1t30, Ht1t37,
and Htltgg belong.

Htty = Ht1ty

= Htit; = Ht?

— Hityt, = His

= Htyt1 € [5], since Hts is in [5].

Two symmetric generators will go to [5].

Ht1taN is a new double coset which we will label [1 2].

Two symmetric generators will go to [1 2].

Htytz = Htyts

= Htit3 = Htysts, since Ht1 = Htys
Htts = Htists

= Htit3 = Htits

= Htit3 = Ht]

— Ht ity = Htyg

= Htits € [1], since Htjg is in [1].

Two symmetric generators will go to [1].

Ht1t4N is a new double coset which we will label [1 4].

Two symmetric generators will go to [1 4].
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Htits = Htyts

= Htits = Ht113

— Htits = Ht3

— Htits = Htyg

= Htits € [1], since Htg is in [1].

Two symmetric generators will go to [1].

HtitgN is a new double coset which we will label [1 6].

Two symmetric generators will go to [1 6].

Htyty = Htyty

= Htity = Htst7, since Hty = Htys
Htit; = Htystr

= Htit; = Ht3t3

= Htyt; = Ht§

— Htt; = Htos

— Htit7 € [5], since Htog is in [5].

Two symmetric generators will go to [5].

Htits = Htytg

= Htitg = Htystg, since Hty = Htys
Htitg = Htystg

— Httg = Htgﬁ

= Htitg = Ht3[z lytat]], since by Equation 5.8
3t11t10t = €

[@3t11tiote]Y * = eV T

- $71yt2t13t36 =e

— x_lytgt‘llt?l =e

— a ottty = 13

— o lytat] =12

Htitg = Htix tytot]

— Htytg = Ho y[td]= viyt?
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— Htitg = Ht3tot]

— Htitg = Hét;*

— Htitg = H[zyt$t2]t}, since by Equation 5.8
23tiitiote = e

—1,,—1 -1
[1’37511151()159]z v =¥ Y

1

—1

—> y e Hiatastyg = e
= yilmfltét?ti =e
— y e gt = 1§
— y ety = 153
—> ayy Lot = aytyed
= t3 = ayt§t

Htitg = Hryt§t3t]

— Hititg = Ht3t}

= Htits = Ht§[z 1y~ 1t5t]], since by Equation 5.8
3ti1tioty = €
[23t11t10te]Y =¥

= z 'y Mstaatir = €

= :U_ly_ltgtgt‘;’ =e

— oy gtdeded =

— oty hgt) = 18

Htytg = Ht§z ™y~ 5t)

= Hiyts = Ho 'y '[t§]" v " tded
— Hititg = Hi3t5t)

— Htytg = Hi3t)

= Htitg = Htostsy

Note that

Httg = Htitg

— Htitg = Htitg

= Htitg = Htystg, since Hty = Htys
Httg = Htists

— Htitg = Hﬁt%



— Httg = H[yxt8t3]t3, since by Equation 5.8

3t11tiote = €
[23t11t10te)V ~ =¥
= oy Mstaatir =€
= oy M = e
— aly el = 18
— oy~ et = 153
— oy~ = yatt3
= t3 = yxtlt?

Htitg = Hyxt$t3t3

— Htitg = Hﬁté

= Htitg = Ht5t5, since Htoy = Htog

= Ht% = Ht}
Htitg = Ht5t]

= Htitg = Ht5[zyt§t?], since by Equation 5.8

xstntlotg =e€

—1,—1 -1
[#3t11tiote]* Y =¥ Y

1

-1

— y o Matasta = €
= yilmflt‘%t?ti =e

— y o gt = 1§
— y et} = 183

— ayy M =

642
zytyty
= t3 = ayt§t
Httg = HtSzytts
= Htits = Hay[t§]®vt5t3
= Htits = Ht}t5t3
— Hiitg = HUjt]
= Htitg = Ht3t3, since
Htiot1g — Hti = Htg
Htytg = Ht13

= Htitg = H[zy 't[t{°]¢3, since by Equation 5.8

$3t11t10t9 =€

120



[l'gtlltlotg]x_ly = em_ly

- yw‘ltlgtltlﬁ =e€

= yz 15tti =e

— yz M5t tgt] = t]

— ya M5t t)° = ti°

= ay” 'y~ 1] = 2y 171"

= t5 =y 1t]t10

Htitg = Hry 1t]ti03

— Htitg = Htity

= Htitg = Htasty

— Htit¢ = Higly, since Htg = Hitog

Htytg = Htgty

Thus,

Htitg = Htostsy

=—> Htitg = Htsstoa3, since by Equation 5.9
Hititg = Htgt

— [Ht1tg]*¥ = [Htgt1]™Y

— Htgqtoz = Htogtsa

Htytg = Htzytos

= Httg € [16], since Htgqto3 is in [1 6].

Two symmetric generators will go to [1 6].

Ht1t1oN is a new double coset which we will label [1 10].

Two symmetric generators will go to [1 10].

Htit1y = Htqit1

= Htit11 = Hti5t11, since Ht1 = Htys
Htyt11 = Htstn

= Ht1t11 = Htit

= Htity; = Ht]

121

(5.9)
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— Htit11 = Htg
— Htltll = Ht27
= Htqt11 € [5], since Htor is in [5].

Two symmetric generators will go to [5].

Htytyy = Htytyy
= Htit14 = Hti5t14, since Ht1 = Htys

—> Htit14 = Hit3ty

= Ht1t1y = Htg" [zyt$t2], since by Equation 5.8
tirtioty = e

—-1,,—1 —-1,,—1
[#3t11tiote]* Y =¥ Y

1,.—1 _
T " t1atsztog = €

=a'B
=y lz 1ttt = e

— y gt = 1§

— y ety = 15

— ey lo 1t = 2yt

= t3 = ayt§t

Htyt1y = Htjzyt§t?

= Htt1q = Hay[t3)*v5t?

= Htit1y = Ht 1512

—> Htyt1q = Htjt}

— Htit14 = Htgt%, since

Hty = Htg

— Hty = Ht}

Htytyq = Hiot?

Htytyy = H[y 'at3t]]#3, since by Equation 5.8
23tiitioty = e

[23t11t0te]Y =¥ T

— 2 tylatistss = e

= o lytatit] =

— x—lym‘ft?ﬁ = @

— x tytot(t] = t3t]



=y laalyty = y~atdt]
=ty =y latit]

Htit1y = Hy at3t]?

— Hiityy = Htjt!

= Htit14 = Ht;t?, since

Htg = Htog

= Ht3 — Ht]

Htityy = Hi3t

Htyt1q = Htl[xytd], since by Equation 5.8
x3t11t10ty = €

2, —1 2,,—1
[23t11t10te]* Y = e Y

1$_1t33t20t3 =e

Yy
=y la 1ttty = ¢

— y o sty = 30

— y e 5] = 13015

— wyy~a 1) = aytl0

= t{ = zyti’§

Hityt1g = Haylt5]Ve3'1

= Htit1y = Hay[t]]v104§

= Ht1t1q = Ht{'t104%

= Ht1t14 = Ht3t§

= Ht1t14 = Htzstoy

= Htyt14 € [16], since Htsstay is in [1 6].

Two symmetric generators will go to [1 6].

Htit13 = Htqtq3

— Htit13 = Ht it}

= Htit13 = Ht}

— Htyt13 = Htyr

= Htity3 € [1], since Hty7 is in [1].

Two symmetric generators will go to [1].
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Ht1t16 = Htltlﬁ
= Ht1t1 = Ht;t]

= Ht1t1g = H|[zvy 't3t]]t], since by Equation 5.8

23tiitiote = e
[23t11t10t0) Y = *°Y

— ya itietss = €

= ymfltltﬁtg =e

— ya it} = 13

— y:n—ltltﬁg = t%ﬁ

— zy tya My = ay '13E]
= t; = xy~t3t]

Htitig = Hry H3t0t;

= Htit1g = Ht3

— Httig = Hty

= Htyt16 € [5], since Ht7 is in [5].

Two symmetric generators will go to [5].

Htit7 = Htitir

= Htit17 = Ht1t]

= Htit17 = Ht§

= Htit17 = Hto

— Htit17 € [5], since Htop is in [5].

Two symmetric generators will go to [5].

Htitoo = Htqtoo
=— Htitoo = Ht15t22, since Ht; = Htys
Htyitos = Htystoo

= Htitoe = Ht3t5 = Htqtay = H[yxtSt3]t5, since by Equation 5.8

$3t11t10t9 =€
[I‘Stutlotg]y72 = €y72
=z ly Mstaatir = €

— x_ly_1t§t8t5 =e
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— aty gt} = 18

— oy~ gt =191

— ﬂy_lx_lté = ﬂt?t%

= t3 = yxtlt?

Htqtag = Hyxt$t3ts

— Htitgy = Htffg

= Htitoe = Ht{[z~1t}t]], since by Equation 5.8
23ttty = €

[23t11t10t9]* = €*

= o Motiitio = e

=z 3t5ts = e

— x5S = 15

= 13t = 1§

Htyty = HtSz 1383

— Htytyy = Hz 18] 1343

= Ht ity = Ht$t3t3

= Htite = HU 3

= Htites = Hitzet1n

= Htitoo = Htsytq1, since Hitsy = Htsg
Htytoy = Htgytqy

= Httoo € [12], since Htgqt11 is in [1 2].

Two symmetric generators will go to [1 2].

Htytys = Htytos

= Htytos = Htqt]

= Htitos = Ht}

— Htitos = Htyg

= Htjtos € [5], since Htgg is in [5].

Two symmetric generators will go to [5].

Ht1t24 = Ht1t24
= Htitos = Htyt§
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= Htytyy = H|[wy 't3t]]tS, since by Equation 5.8
23ttty = €

[23t11t10to) Y = ¥V

- yx*1t1t16t35 =e

= yz 1ttt = e

= ym_ltltﬁtgﬁ = ﬁ

— yx~thtit] = t3t]

— ay lya~ = zy M3t

= t; = zy 1#3t]

Htytgo = Hay “3t715

= Htytyy = Hay 315

—> Httyy = Ht3t3

= Htitoy = Ht:[x 1ytat]], since by Equation 5.8
23ttty = €

[Z3titiote]? T =V

=z lylotistss = e

= x_lytgtilt?l =e

— x lytat et = 13

= 1 lytot? =13

Htytyy = Htz Lytot]

— Htytoy = Hz Ly[t2]" iyt

= Htitoy = Hthtot]

— Htitoy = Hét‘ll

— Htitoy = Ht}lot‘ll, since

Htzy = Htyp

= Ht§ = Ht}°

Hitityy = Hi t]

Httyy = H[x_ly_ltgt‘rl’]t‘f, since by Equation 5.8
23ttty = e
[23t11t10te)V™ " = ev®
- x_ly_1t34t17t4 =e€

= oy Wt = e
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— oy 5ttty = t)°

— oy Mgt} = t)°

Htytoy = He ty=15t5t]

= Htitoy = Ht)t]

= Htitoy = Htzatss

= Htitoy = Htsglss, since Htzy = Htsg
Htytoy = Hitsetss

= Htjtas € [110], since Htsgtss is in [1 10].

Two symmetric generators will go to [1 10].

Htyt3o = Htqt3o

= Ht itz = Hyt§

= Htytgp = H[wy 't3t]]t5, since by Equation 5.8
23ttty = €

[23t11t10te]"Y = €Y

- ym*1t1t16t35 =e

= yx_ltltﬁtg =e

— yaMtjtgt = 13

— ya~htgt] = t3t]

= zy tyz ' = xy'13t]

= t; = zy1t3t]

Htytgo = Hay “3t045

= Htitg = Ht3t}

— Htytsy = Higtis

= Htit3o = Htost1g, since Hi7 = Htos
Htyt3o = Htostie

Htytso = Htygtos, since by Equation 5.9
Ht tg = Htgt

[Htyte]v* ' = [Htgt,]v*

= Htytos = Htoslie

Htyt3o = Htqgtas

—> Htytso € [16], since Htigtas is in [1 6].
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Two symmetric generators will go to [1 6].

Htitsr = Hitqtsy

= Htytg; = Ht1t1®

= Htits3y = He

—> Htyts7 € [*], since He is in [¥]
Two symmetric generators will go to [*].
Htytog = Htytag

= Htitog = Ht t}

= Htityg = Ht}

— Hiytyg = Hiss

= Htjtyg € [1], since Htsz is in [1].

Two symmetric generators will go to [1].

The orbits of N©®) on

{1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,

35,36,37,38,39,40}
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are {1,35}, {2,12}, {3,17}, {4,14}, {5,27}, {6, 24}, {7,37}, {8,30}, {9,19}, {10, 36},
{11,13}, {15,33}, {16,18}, {20,34}, {21,39}, {22,28}, {23,29}, {25,31}, {26,40},

and {32, 38}.

We want to see to which double coset Htsty, Htsto, Htst17, Htst14, Htsts, Htstg, Htstsr, Htstsg,

Htsty, Htst1o, Htst13, Htstzz, Htst1g, Htstog, Htstar, Htstog, Htstog, Htstos, Htstos,

and Htstsa belong.

Htsty = Ht3t

= Htst; = Ht}

— Hitst; = Htyg

= Htst; € [1], since Htg is in [1].

Two symmetric generators will go to [1].



Hitsty = Htjt

= Htsty = H[y ‘o~ 't3t3]ts, since by Equation 5.8
x3t11t10t9 =e
[23t11t10te)V " =¥

— x Ly Mstiutzs = e

= oy tst3t) = e

— a7y gttt} = ]

= oy ltstd =42

Htsty = Hy to~3tits

= Htsty = Htst)

= Htsty = Htztis

= Htsto = Htyst1s, since Hts = Htqs.
Htsty = Htstig

—> Htsty € [110], since Htystys is in [1 10].

Two symmetric generators will go to [1 10].

Htst17 = Ht3t3

— Htst17 = Ht]

— Htst17 = Htos

= Htst17 € [1], since Htgs is in [1].

Two symmetric generators will go to [1].

Htst14 = Htstqyg

= Hitst14 = Htorty4, since Hts = Htoy
Htstiy = Hiorty

= Htst14 = Hty4to7, since by Equation 5.9
Htitg = Higt,

= [Httg)V* = [Htgt1]¥"

= Htyytor = Higrl1y

Htst14 = Htvator

— Htst14 € [16], since Hti4tor is in [1 6].

Two symmetric generators will go to [1 6].
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Htsts = Ht3t?

— Htsts = Ht}

— Htsts = Hty3

— Htsts € [1], since Ht;g is in [1].

Two symmetric generators will go to [1].

Histe = Htjt3

= Htstg = Ht?[z~ 1y~ 1t4t3], since by Equation 5.8
x3t11t10ty = €
[23t11t10to]Y T =€V T

- m_ly_1t4t15t34 =e

- mfly*1t4t§t9 =e

— x—ly—1t4t§t3§ = g

= oyt =13

Htste = Ht3o ty~1t,4t3

— Htstg = Hoz ty Hi3)* v tytd

= Htstg = Ht}tyt]

—> Htstg = Hiits

— Htstg = Ht1t3, since

Htsy = Hisg

= Ht} = Hti°

Hitste = Hiy t3

= Htsts = H[z 1yt]t3)t3, since by Equation 5.8
x3t11t10ty = €

[23t11t10t9]Y" = €¥®

—> 2 Mytagtigty = €

= o yttits = e

— x—lytgtgtgg = g

= x lytt3 = 10

Htste = Hx ytit3ts

= Htsts = Ht}t)



—s Histe = Hitsglss

= Hitstg = Htsytss, since Htgy = Htsg
Htste = Htsytss

— Htstg € [110], since Htagtss is in [1 10].

Two symmetric generators will go to [1 10].

Htstsy = Ht3t10
= Htstsy = Htq
= Htstsy € [1], since Ht; is in [1].

Two symmetric generators will go to [1].

Hitstzo = HiTt5

Htstso = Hy 1z ~1t5t3]t5, since by Equation 5.8
23ttty = €
[23t11t10te)Y =¥

- mfly*1t3t14t33 =e

= oy st3t) = e

— oy sttt = 7

=y ltgty = 13

Htstso = Hy tz~1t5t5t5

= Histzo = Hists

— Htstsy € [14], since Htgto is in [1 4].

Two symmetric generators will go to [1 4].

Htstg = Ht3t3

= Htstg = Ht}

—> Htstg = Hty7

= Htstg € [1], since Ht;7 is in [1].

Two symmetric generators will go to [1].

Htstip = Ht3t3
Htstio = Hy 'x~1t3t3]t3, since by Equation 5.8
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x3t11t10te = €
[23t11t10to]Y = €Y

- m_ly_1t3t14t33 =e

- :rflyfltgt%t% =e

— x—ly—ltgtgtffﬁ = ﬁ

— oyt = 12

Htstio = Hy tz~1tst5t3

= Htst19 = Htst}

= Htst1o = Htstes

= Hitst19 = Hti3tog, since Hts = Htq3
Htst1o = Htq3toe

— Htstqp € [16], since Htystog is in [1 6].

Two symmetric generators will go to [1 6].

Htsti3 = Ht3t}

= Htst13 = HtY

— Htst13 = Hty

= Htst13 € [5], since Htop is in [5].

Two symmetric generators will go to [5].

Htstzs = Ht3t)
- Ht5t33 =H
= Htstss € [*], since He is in [*].

Two symmetric generators will go to [*].

Htstig = Hﬁtg

Htsti1g = Hy 'a~1t3t3]t3, since by Equation 5.8
3tiitioty = €
[@3t11t10to]Y =¥
= oty Mstiytsz = e
— x_ly_ltgtgtsf =e

— x Yy Htstt] = ]
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— oy Mty = ]

Htstis = Hy o~ ltst5t3

— Htst1g = Htst)

= Hitst1g = Htglay

= Htst1g = Hti3t34, since Hty = Htq3
Htst1g = Ht13tza

= Htstig € [12], since Htysts4 is in [1 2].

Two symmetric generators will go to [1 2].

Histyo = Hitjt)
Htstog = Ht3[xytitid], since by Equation 5.8
:L'3t11t10t9 =€

[23t11t10t0] ™Y = %Y
1

—1

=y la Mytgtia =€
— y_lw_ltitgtg =e

— y o ittt = t]
— y o st = 5t

Lo H] = aytits°

= TYYy
=t = xyt;téo

Htstog = Ht3zytlti0

= Htstog = Hay[t?|zytti0

= Htstoo = Ht5t3t10

= Htstog = Ht5ti°

= Htst0 = Htiot3g

— Htstoy € [16], since Htjgtsg is in [1 6].

Two symmetric generators will go to [1 6].

Htstoy = Ht3t9

= Htsty = Ht}

= Htsty) = Htag

= Htste; € [5], since Htgg is in [5].

Two symmetric generators will go to [5].
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Htstog = Htstog

= Htstog = Htorlog, since His = Htoy

Htstog = Hiartog

— Htstog = Htgg

= Htstog = Hti[yz~'t3t1], since by Equation 5.8
23tiitiote = e
[23t11t10te])" ¥ = € ¥

- y:v_ltlgtltw =e

= yz it =e

— ya~ M5t tgt] = t]

— yr 5t =t

Htstog = Htlyz =15t

—> Htstog = Hyx '[t]]¥* 13t

— Htstog = Ht30t3t

= Htstog = Htjt

— Histys = Htyaty

= Hitstog = Ht4t1, since Hty = Htyy
Htstog = Hiyty

—> Htstog € [12], since Htyty is in [1 2]

Two symmetric generators will go to [1 2].

Htstag = H13t3

= Htstag = Ht1°

—> Histog = Htsy

= Htstog € [5], since Htgy is in [5].

Two symmetric generators will go to [5].

Htstos = Ht3t!

= Htstos = Ht

—> Histos = Hitsz

= Htstos € [1], since Htss is in [1].
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Two symmetric generators will go to [1].

Hitstas = HiTt]

= Htstog = H[y ‘o~ 't3t5)t], since by Equation 5.8
3t1tioty = €
[23t11t10te)Y =¥

- xily*1t3t14t33 =e

= oy st3t) = e

— oty Matgtdt} = 17

— oy Mgty = ]

Htstos = Hy o~ ltst5th

— Htsto = Hts

= Htstos € [1], since Htg is in [1].

Two symmetric generators will go to [1].

Htstso = Htstso

= Htstzo = Htorlss, since His = Htoy

Htstss = Htortso

—> Hitstsy = Ht5t}

= Hitstszo = Htg[x_ltgti{’], since by Equation 5.8
3 ti1tioty = e
[23t11t10te])” = €*

— o Mygtotp =€

— o7 153t3t5 = e

= x5ttt} = 1]

= 2715t = 1§

Htstog = Htlz 113t

—> Htstzy = Hya '[th]v* 363

= Htstzs = HtIt313

= Htstzo = Ht30t3

= Htstsy = Htggty

= Hitstzo = Htgtsg, since by Equation 5.9



Httg = Higt,

— [Ht1tg)V ' = [Htgt1]V

— Hitstsg = Htssts

Htstsa = Hiotss

— Htstso € [16], since Htgtsg is in [1 6].

Two symmetric generators will go to [1 6].

Word of Length 2
N(2) = Coset Stabiliser in N of Htty = {n € N|(Htita)" = t1ta}.

We will look for a relation that will increase the Coset Stabiliser N
Htitg = Htgty, by Equation 5.9

— [Ht1t6)*" = [Higt1]*"

— Hitsts = Hitgts

= Htst? = Ht3ts

— Histit)® = Htjtst)°

— Hitgty = Htitgﬁ

— Htgty = Ht3t3[xyxtyts], since by Equation 5.7

[22t3st35tas] ¥ =€ Y

= zyxlstiats = €

- :Uyﬂvt4t%t4 =e

- mymt@%ﬁﬁ = Q

= zyztsts = t}°

Htsty = Ht2ts[wyxtty]

= Htgty = Hryx[tits)™Vt,ts

— Hitsty = Htgﬁmg

= Htsty = Ht§[yxtlti%]t4t3, since by Equation 5.8
23t1itiote = e
[x?)tlltwtg]xy*lx — ety 'z
— 7y Migtatis = e
— x_ly_lt?t4t4 =e

— x—ly—1t§t4t§§ = g

12)
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— oty it = t5t)°
— ﬂx_ly_lt? = ﬂtgt}lo
=t} = ymt%t}lo

Htsty = HtSyxtitl0tyt]
= Htsty = Hyz[t§]¥tit]
= Htsty = Ht5tt]

—> Htsty = Hi3t;

= Htgty = Ht!t5, since
Ht; = Htos

= Ht} = Ht]

Hitsty = Hit;

= Htsty, = H[z lyt3to]t3, since by Equation 5.8
x3t11t10ty = €
[23t11t10te]Y” = ¥’

— $_1yt19t2t13 =e

= lytitat] = e

— a:—lytgtgt‘l‘ﬁ = ﬁ

=z lytty = t]

Htsty = Hx ytitat]

— Hitgty = Hgtg

— Htsty = Ht3t3, since
Hty = Htyg

— Ht} = Ht}

Htgty = Ht3t5 = Htsty = Htot1s
— [Hitgty]*" = [Htot18]*"
= Ht 1ty = Htqilop.

Since, Ht1t§ = Ht1tg = e € N(u), and

Htltgzy = Hti1tyg = Ht1ty = .’L'Zy S N(m), then,

N{12) = Coset Stabiliser in N of Htity = {n € N|(Htito)" = tita} = {e, 2%y}
[N _ 20

Furthermore, the number of single cosets of HtitoN is N = 2 = 10.



We find the equal names by conjugating t1ts ~ t11to9 by elements of N.

tite ~ ti1t2o t13t34 ~ t3st12
lats ~ tiati7 l1alzs ~ t3ely

taty ~ tiot1g tirtia ~ tigtie
lot1g ~ l3ts ligtis ~ t20t13

Therefore, HtitoN = {Htltg = Hty1tog, Htots = Htiot17, Htgt1 = Htyot1g,
Htgt1g = Htgts, Ht13t34 = Hizst12, Ht14t35 = Htsety, Ht17t14 = Ht19t16,
Htigt1s = Htoot1z, Htzat1n = Htietss, Hisstio = Htstse}

t34t11 ~ t16t33

t35t10 ~ t15t36

NU4) — Coset Stabiliser in N of Hiqty = {n € N|(Htity)" = t1t4}.

(14)

We will look for a relation that will increase the Coset Stabiliser N\1%).

Htity = Htyty

= Htits = H[xyiltgtﬂm, since by Equation 5.8
23ttty = e

[23t11t10tg)" Y = ™Y

—> yz~ Mitilss = e

- ya:_ltltﬁtg =e

— ya i tjidt] = 13

— yw‘ltltﬁﬂ = tgg

— zy lya~ M = zy Mt]

= t; = zy 1t3t]

Htity = Hry t3tit,

— Htity = Ht%ﬁ

= Ht ity = Ht3[z~3t3], since by Equation 5.8
23t1itiote = e
[23t11t10te)” = €*
= o Mygtgtin = €

=z 13tt] = e
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— a3t} = 1}
= o713t = 4§

Htyty = Ht3x~ 14383

— Htyty = He 127 363
= Htt, = Ht3t3t3

— Htity = H3t

= Htity = Htistg

Also, Ht1t4y = Htqgtg
— [Ht1t4]yx_1 = [Htlgtg]yx_l
= Htlgtlg = Ht1t4

Htty = Htigt1g
= [Ht1t4]"Y" = [Hti6t19]"Y"

— Ht35t14 = Htlgtg

Htity = Htyet1o
— [Ht1t4]xy71 = [Ht16t19]xy71
— Htlgtg = Htqty

Since, Ht 1t = Hti1ty = e € N(14),

Ht 9 = Htygtrg = Htyty = ya—! € N9,
HGut™ ™ = Htygto = Htyty = oyz—' € NO9, and

Ht t59" = Htast1y = Htigtg = Htty = xyx~! € N4

then,
N4 = Coset Stabiliser in N of Ht1ty = {n € N|(Htity)" = t1t4} = {e,yz~ ', 2y~ ', zyz}.
Furthermore, the number of single cosets of Ht1t4N is % = % = 5.

We find the equal names by conjugating t1t4 ~ t35t14 ~ tigtg ~ t1gt19 by elements of
N.



140

t1ty ~ t35t14 ~ t1gtg ~ t16t19 tot3e ~ t11t34 ~ t10t33 ~ t12t35
tot1 ~ t36t15 ~ t19t10 ~ t13t20 t3to ~ t33t16 ~ t20t11 ~ t1at17

tyts ~ t34t13 ~ t17t12 ~ t15t18

Therefore, Ht1t4N = {Ht1ty = Htsst14 = Ht1stg = Hti6to,
Htoty = Higet15 = Ht1g9t10 = t13t20,

Htgts = Higat13 = Hirrt12 = Htrstas,

Htgtss = Ht11tza = Htrotss = Htratss,

Htsty = Htzgtig = Hlogl11 = tiati7}

N6) — Coset Stabiliser in N of Htitg = {n € N|(Htits)" = titg}.

We do not have a relation that will increase the Coset Stabiliser N(16),

NU6) = Coset Stabiliser in N of Htitg = {n € N|(Htits)™ = t1ts} = {e}.
Nl =20 — 90,

Furthermore, the number of single cosets of HtitgNV is Nae] = 1 =

Htqtg conjugated by elements of N gives us the following cosets in Ht tgN.
Htte N = {Ht1ts, Htot7, Ht13tos, Htats, Htotss, Htstg, Htsatoz, Ht1gts1, Htvator, Ht17,t30,
Htigtos, Htootag, Htsgtor, Htiotsg, Ht1ots7, Htzston, Hty1tao, Ht1stos, Htzstos, Htigtso}

NU6) — Coset Stabiliser in N of Htitg = {n € N|(Htits)" = t1ts} = {e}.
Nl = 20 _ 9,

NGO = 1

Furthermore, the number of single cosets of HtitgN is

N10) — Coset Stabiliser inH of Ht t1g = {’fl S N’(Htltw)n = tltlo}-

We will look for a relation that will increase the Coset Stabiliser N (110)

Hty5 = Hty
= [Ht15]"" = [Ht,]*"
= Hty7 = Htpy

= Ht} = Ht}



141

— Ht} = Ht3t3'

= Ht} = Ht3(t5t3)

— Ht; = H3t§

= Ht} = Ht3[y 'at{ti%], since by Equation 5.8
23ttty = €

[t t1ote]V” = e’

— 2 Mytigtatiz = e

— x_lytgtgtil =e

- m_lyttht‘l"ﬁ = ﬂ

— x ytitaty” = t]t3°

— y laa Tyt =y tat(°
— 15 =y lwt{ty”

Ht? = Htjy tat{tl0

— Ht} = Hy z[td]y =7t}
= Ht}ty = Ht3t1t10ty

= Ht}ty = Ht3t]

—> Hit}ty = Htjt]

— Ht}ty = Ht3(t312)

— Hifty = Htjtht]

= Ht}ty = H|[tat3]t?, since
Htyty = Hty1ta

— [Hityts]* = [Hty1to)*

— Higty = Htiotr

= Htotz = Ht3t)

Ht3ty = Htotst?

— Htjty = Htgﬁtgt%

= Htjty = Hto(t103)t313
= Hit{ty = Htot30(tst3)t3
= Htjty = thtgogtf

= Ht}ty = Htoti[223t]]t3, since by Equation 5.7

2
T t33tsslzy =€

2

2
[22t33t35t33]" = e



= z?t35tastss = e

= 2?1t = e

— 2213191513 = 3

= 22t5t] = 13

HtSty = Htotd0z2t)

— Hit3ty = Ha2[tot30)" 1]
= Hit{ty = Htyt{%t}

= Hit{ty = Ht3t1%3, since
Hty = Htyy

= Ht, = Ht}

Hitlty = Higt{%t3

= Ht{ty = H[zyt§t3]t1%, since by Equation 5.8

$3t11t10t9 =e€

—-1,,—1 —1
[#3t11t1ote]* Y =¥ Y

1

-1

—> y e Hiatstayy = e
= yilwfltgt?ti =e
— y e gt = 1§
— y et} = 153
— ey lo 1t = 2yt
= t3 = ayt$t

Htlty = Hoyt§t2t194)
— Hit{ty = Hift 113

= Ht}ty = Htﬁtltgg

= Ht(ty = HtSt1t3 [z 1ytit]], since by Equation 5.8

[$3t11t10t9]xy2 — eTYT
= z 'ytistsgtio = €
— xilyt%tgt‘:’ =e

— x lytitgests = 1§
=z~ lytit] = 15

Htlty = HtSt t3z~ ytit)

-1
— Hiity = Ho W[t§t,£3]" viit)

—> Hit}ty = HU5t3t5t1t)
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— Hit}ty = H[z~ 1y~ 15t,4)t5t5t1t], since by Equation 5.8

3t11tiote = €
[3331‘5117510759]’”971’6 — ety 'z
— xily*1t17t4t15 =e

= oy Wit =

— a7y ittst] = t]

= oy ity = t]

Ht3ty = Hxly=15t,5¢5t 7t
— Ht}ty = HIt§t5t1t)

= Ht}ty = Ht{ 22y 15t3)t5t1t], since by Equation 5.7

2t33t35t33 = €

[22tagtsstas]! ¢ =€V T

—> 2%y Maotiotan = €

= a:Qy_ltZtth =e

— x?y~ MGst518 = 1§

= 2%y 1hes = 1§

Ht3ty = HtYx?y~ H3e3t5t1t)

— Hibty = Hay [15]7°v  t3e5¢449
— Hit{ty = Hi3t5t5t1t]

= Ht{ty = H[t]]t5t5¢1t], since
Ht3z = Htss

— Ht] = Ht}

Hitlty = Htt515t]

= Ht(ty = H[zyti’t§]t5¢5t1t], since by Equation 5.8
3ti1tiote = €

2,,—1 2,,—1
[$3t11t10t9]x Y = €x Y

Lo tastants = €

=ad'B
=y o tits = e

— y e sty = 30
— y a5 = 13045
1 —1t$1)

= zyy e = eyt

= 1] = ayt}’§
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Htlty = Hoytit5e3e5t1t]

= Htjty = Hﬁtgt‘lltj{

— Ht}ty = H[t§]t5t}t], since
Htog = Htzg

— Ht} = Htl®

Hifty = Htjt5t1t)

= Ht(ty = H[23t3]t{t], since by Equation 5.8
23ttty = €

= 333t = ¢

— o0 = 1}

— 31515 = 1915

— 2313 = 1§15

Ht3ty = Hr3t3t1t]

— Hit}ty = HU3t1t)

—> Hit}ty = Ht3tst1t]

= Ht(ty = Ht{tstit], since
Ht; = Htos

= Ht2 = Ht]

Ht3ty = Htltstit]

= Htlty = Ht![z?yt0tT]t}t], since by Equation 5.7
[£2t33ta5tas] ™y ¢ = ™V ¥
— m2yt3t13t3 =e

- :C2yt3t‘11t3 =e

— 2?ytstitsty’ = t3°
— x?ytatit] = t3°1]
— 2?yxiyts = 2?yt3't]

= t3 = 2yti0t]

Ht3ty = Ht{x?ytiO¢7t1t]

— Hit3ty = Ha2y[t])** V10t
= Htjty = Ht10t10)

= Ht}ty = Ht3t)

— Ht17t2 = Ht35t36
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== [Ht17t2]y_2 = [Ht35t36]y_2
— Ht1t19 = Htst1o

Conjugating by elements in N gives us the following equal names.

titio ~ t3ti2 l34l3s ~ taot1 t18t3 ~ t36t33
lati1 ~ tatg tiotis ~ tieti7 l19la ~ 133l34
tigtig ~ tiitie tigt1z ~ tiatig
lot14 ~ t15t20 ti7ta ~ t35t36

Since, Ht 1ty = Htitip = e € N110),

Htitly = Htgtis = Htityo = 2% € N9 then,

NU19) = Coset Stabiliser in N of Htitig = {n € N|(Ht1t7y = titio} = {e, 22}
Furthermore, the number of single cosets of Htit1gN is % = % = 10.
Htt1gN = {Ht1t1o = Htst1o, Htot1y = Htstg, Ht13t15 = Ht11ts6,

Htgt14 = Htqste0, Htzatszs = Htootq, Ht1ot15 = Htiet17,

Htiot13 = Ht1athg, Ht17ty = Htzstag, Ht1gts = Higetss, Htigts = Htsstss}.

The orbits of N(1?) are {1,11},{2,20}, {3,13}, {4, 34}, {5,231}, {6, 40}, {7, 29}, {8, 26},
{9,35},{10,16},{12,18}, {14,361}, {15, 17}, {19, 33}, {21, 27}, {22, 32}, {24, 38}, {25, 39},
{28,30}, and {31,37}.

We will check to see where tltgtl, tthtQ, tltgtlg, t1t2t4, t1t2t5, tthtG, tltgtgg, t1t2t8, t1t2t9, t1t2t16,

titat1g, titatia, titatyy, titatss, titatar, titatas, titatays, titatas, t1latag, and tytat37 belong.

Hitytoty = Htytoty

= Htitot1 = Htystat1, since Hty = Htys

= Htitot: = Ht3tol

= Hitytot; = Ht%[y_lxtitz]tl, since by Equation 5.8
ti1tioty = €

—1,.—1 —1,.—1
[23t11t10te]Y & =¥



— o ytatistzs = e

= o lytatit] = e

— a ytat ] = 13

— x lytott] = t5t]

— y e lyty =y tatit]
=ty =y lat3t]

Htytoty = Htdy 'at?tity

—> Htytot) = Hy ‘a[tdy ' #38
= Htitot; = Htt4H$

—> Htytoty = Htjt}

= Htytot; = Hti[m%%t%], since by Equation 5.8
3ti1tioty = e

= P33t =e

— pP3t5631% = 1}

= 2333 = 1§

Htytoty = Htj23t3t3

—> Htytoty = Ha3[t]])" 1363

= Htitot; = Ht§t3t3

= Htitot) = Ht't3

= Htitat; = Htsotip

— Htltztl = Htlotgg, since Htl(]tgg = Htggtlo
= Htitst] € [16], since Htqgtsg is in [16].

2 symmetric generators will go to [1 6].

Htytoty = Htqt3
—> Htitoto = Htqtg
= Httato € [16], since Htitg is in [1 6].

2 symmetric generators will go to [1 6].

Htqtot13 = Htqtot1s
= Htytot13 = Ht1tot]
= Htitot13 = Ht1[y ‘at?t]]t], since by Equation 5.8
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3titiote = €
[23t11ti0te]y & = ev T
—> 2 ylatitss = e

— 1‘71yt2t111t?1 =e

— x ytat ity = 13

— a ytatft] = 517

— y lwayty = ylatit]
=ty =y latit]

Htytot13 = Ht1y totit]t]

— Htitot13 = Hyilx[tl]y_lxti

— Htitoti3 = H@t?l

= Htitot13 = Ht3t2, since
Htog = Htyg

= Ht} = Ht}

Htqtot1z = Ht3t2

= Htytot13 = Ht]

= Hitylot13 = Htog

= Httat13 € [5], since Htog is in [5]

2 symmetric generators will go to [5].

Htitoty = Htytaty

— Ht1t2t4 = Ht11t20t4, since

Htqty = Htq1t20

Htytoty = Htq1taoty

= Htytoty = Ht3t3ty

— Htitoty = H@sg

= Htytoty = Ht}t§, since
Hty1 = Htyy

= Ht3 = Ht}

Hitytoty = HUOtS

= Htytaty = H[yxt{ti%]t5, since by Equation 5.8

$3t11t10t9 =€
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[2Pt11tiotg]™Y ¥ ="V *

— oy Mrtatis = e
— :U_ly_lt‘;’t4t§ =e

— aly it tst] = t]
= a7y it = t5t)°
= ﬂx_ly_lt‘;’ = ﬂtgt}lo
=t} = yatitO

Htytoty = Hyxt§t}0§

—> Htytoty = Hijt)

= Htitoty = H13t], since
Hts = Htyy

= Ht} = Ht]

Htytoty = HiTt]

Htytoty = Ht2[zytit], since by Equation 5.8
3 ti1tioty = €

[$3t11t10t9]$y_1 = ™V
1

—1

=y la Hyptstia =€

— y_lib_ltit;gt% =e

— y o ittt = t3

— y o Gt = 5t
— @y‘lm_lti = @t%téo
= 1 = zytstid

Htytoty = Ht2zythtl0

= Htytoty = Hay[t?]*Vt1ti0
= Htytaty = Ht5t5t10

= Htytoty = Ht3t1"

= Htytaty = Htiotsg

= Htjtaty € [16], since Htjptsg is in [1 6].

2 symmetric generators will go to [1 6].

Htqtots = Htqtals
= Htitots = Htytot?
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= Htytots = Htitat?, since
Ht, = Htys

= Ht, = Ht}

Htitots = Htitot?

= Htytots = Htily txt3t]]t3, since by Equation 5.8

w3ttty = e

[ titiote]? F =€V
— z 7 ylotiztzs = e

= o lytatit] = e

— Tyl 1t5t] = 13

— x ytatt] = 317

— y laalyty = y~atit]
=ty =y lat3t]

Htytots = Htdy tatit]t

— Htytots = Hy ‘a[td]y =319

= Htitots = Ht t5t]
= Htitots = Htit]

= Htitats = Hyz~'t3t1]t], since by Equation 5.8

23tiitiote = e
[23t11t10te])" ¥ = € ¥
— yx_ltlgtltlﬁ =e
— yz 134t =e
— ya 5t tyt] = t]
— yr 5t =t
Htytots = Hyx~'5t4t]
= Htitots = Ht5t10
= Httot; = Htistsr

— Ht1t2t5 = Ht12t37, since Htlg = Htlg
Htqtots € [16], since Htqiotg7 is in [1 6]

2 symmetric generators will go to [1 6].

Htytotg = Htqtotg
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= Htytotg = Htitot3
= Htitote = Ht1t3
—> Htytats = Htit1g
= Httats € [110]

2 symmetric generators will go to [1 10].

Htytotag = Htitotag

= Htytotag = Ht ot}

= Htytatag = Htjtot, since

Ht, = Htys

= Ht| =t}

Htytotog = Htjtot$

= Htytotag = Hta[y 'at2t]]t$, since by Equation 5.8
23ttty = €

[@3t11tiote]Y * = eV T

=z lylotistss = e

- x_lytgtilt?l =e

— a lytat et = 13

— T lylot ] = t3t]

=y lzalyty = y ' atit]

=ty =y lat?t]

Htytotog = Htsy latit]t}

— Hitytoteg = Hy ‘a[td]y *t3t}

— Htitotog = Ht3t2t]

= Htitotog = Hﬂt‘f

= Htitotog = H[yx~1t5t1]t], since by Equation 5.8
23tiitiote = e
[23t11t10te]® Y = & Y
- yx_ltlgtltlﬁ =e
— yr Mt =

—> ya~ 3t tit] = t]

= yz 153t = 1]
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Hitqtotyg = Hyx 't5t1t]

= Htytotag = Ht3t5

= Htitotog = Htist17

= Htytotag = Htist17, since

Ht1 = Htyg

Htytotog € [12], since Htyoty7 is in [1 2.

2 symmetric generators will go to [1 2].

Htytots = Htytotg

— Hitytotg = Hitytots
= Htjtatg = Hijitoots
= Htytyts = Ht3t3t3
— Htytyts = Ht}t]
— Htytats = Hitst3t]

= Htitoty = Hizlyx~'t1t]]t], since by Equation 5.8
23tiitiote = e

[23t11t10t0] Y = *°Y

- y:v_ltltlgtgg, =e

= yo titit) = e

— yx—ltltﬁtgg = g

= yz~lt1t] = t3

Htytotg = Htgyx‘t1t4t]

— Hiytots = Hyz [t3]¥ 'ty

= Htytots = Htjt

— Hiqtots = Htiot

=—> Httotg = Htiogtq, since

Htyo = Hty

Htytotg € [110], since Htgot; is in [1 10].

2 symmetric generators will go to [1 10].

Hitytotg = Htytotg
— Htitotg = Ht15t2t9, since
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Ht, = Htys

Htitotg = Htystoty

= Htitoty = Htitot3

= Htytotg = Htj[y txt3t]]t3, since by Equation 5.8
23ttty = €

[@3t11tiote]Y * = eV T

- J:*lytgtlgtgﬁ =e

= o lytstit] = e

= m_lytgt‘l"t?lﬁ = ﬁ

— x ytott] = 517

— y laalyty =y tatit]

=ty =y lat3t]

Htytotg = Htdy tat2t]t

— Htytotg = Hy x[td]y #2410

— Htitotg = Htjt3t°

— Hitytatg = Hijt]°

= Htitotg = Hyz~'t3t1]t1, since by Equation 5.8
3ti1tioty = e
[23t11t10t0])" ¥ = € ¥

- yac_ltlgtltlﬁ =e

- y$_1t§t1t4 =e

— yz M3t tht] = t]

= yr 5t =t

Hitytotg = Hyz—'t5t,t10

= Htitotg = Ht)

= Htjtatg € [1], since Ht3 is in [1].

2 symmetric generators will go to [1].

Htytotis = Htytatyg

= Htitat16 = Htiitaotss, since
Htto = Htq1t90

Htytot16 = Ht11t20t16



= Htitot1 = Ht3t5t]

— Htitotig = Hgtg

= Htytot1s = Ht}t}, since

Htyy = Htqy

= Ht3 = Ht}

Httot1g = H@t?l

= Htitotis = H[yxtiti%]t], since by Equation 5.8
x3t11tiotg = e
[l’stntlotg]wyilx _ e:cyflx

- xily*1t17t4t15 =e

- a:_ly_lt17t4t15 =e

— :n_ly_lt‘i’t4t4 =e

— oy ittst] = t]

— oy it = t5t)°

= ﬂx_ly_lt‘i’ = @tgtio

=t} = ywtit}

Htytotyg = Hyat§t}ot]

—> Htytotis = Hiit)

= Htytot1 = HtL[x~1#3t3], since by Equation 5.8
zPtiitioty = e
[3t11t10te]* = e

= 27 tiototin = €

= 23ty 13t = ¢

— M 5tg 135t = 1]

= 2 13t913 = 1§

Htytotg = Htlo 1t3t3

— Hitytot1g = Ha [t])* 343
= Htytot1g = HtLt3t3

= Htitot1g = Ht30t3

= Htitot1s = Htssty

= Htitot16 = Htgtsg, by Equation 5.9
Htitg = Htgt
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— [Htytg)Y = [Htgt1]?

— Hitgtss = Hisslo

Htytotys = Hiotss

= Httot1s € [16], since Htgtsg is in [1 6]

2 symmetric generators will go to [1 6].

Htqtot1s = Htitolg

= Htitot1s = Htytot)

= Htitot1s = Htyt§

= Htytot1s = HtatS, since

Ht, = Htys

= Ht, = Ht}

Hititotg = Hit3t

Htytot1s = Hyxt$t3]tS, since by Equation 5.8
3ti1tioty = €
[23t11t10te]Y =¥
= z 'y Mstaatir = €
= :U_ly_ltgtgt‘;’ =e
— oy gtdeded =
— oy~ hegedts = 1913
— yaaly g = yatit
— 13 = yatit;

Htitot1s = Hyxt$t3ts
— Hititat1g = Hift3

= Htytot1s = Ht$[x~1t3t3], since by Equation 5.8

23ttty = €
[3t11t10t9]" = €®

= 2 Miatiitig = €
=z 3t = e

— G355 = 5
— o133 = 13
Htytot1g = HtSz~ M 3t3
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— Hitytot1g = Ha '[t8) ' 343

= Htytot1s = Ht§t3t3

= Htitoti1g = H@sg

= Htitot1s = HYt3

= Htitot1s = Htgat1y

—> Htytot1g € [12], since Htsytqq is in [1 2]

2 symmetric generators will go to [1 2].

Htitot1q = Htitot1y

= Htitot14 = Hti5tot14, since

Ht, = Htys

Htyitot1a = Htystot1g

= Htytot14 = Htitot]

= Htytot1q = Ht3t5

= Htytat14 € [14], since Ht3t3 is in [1 4]

2 symmetric generators will go to [1 4].

Htytot17 = Hitytotyy

= Htitot14 = Hti5tot17, since
Ht| = Hts

Htitot17 = Htystotyy

= Htytot1y = Htitot]

= Htytot17 = Hts[y at3t]]t3, since by Equation 5.8
3t11t10t = €

[@3t11t10te]Y =¥ T
- :c_lytgtlgtgﬁ =e

= :Uflytgt‘lltg’ =e

— x lytat ] = 13

— x ytatft] = 317

=y laayty = y~atit]
=ty =y latit]

Htytotyr = Htgy Lat2t]ed
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— Hitytot1; = Hy 'x[td)y ™ “3t

= Htitot17 = Htjt3

— Htitat17 = Htjty

= Htitot1r = Htogt

= Htitot17 = Htgty, since

Htg = Htog

Htytot1y = Htosty

= Htitot17 = Htgty

= Htytat17 = Httg

= Httot17 € [16], since Ht;tg is in [1 6].

2 symmetric generators will go to [1 6].

Htytotss = Htitotss

= Htitotsz = Hti5totss, since

Ht, = Htys

Htytotsz = Htystotss

= Htytotss = Htstot]

= Htytotgs = Hts[y ‘at3t]]t], since by Equation 5.8
23tiitiote = e

[23t11tiote)V @ = eV T

—> 2 Mylatistss = e

= o lytotit] =

— a ottty = 13

— x lytatt] = t3t]

— y lexTyty =y lwift]

— 1y =y lwift]

Hitytotss = Htgy 'wtit]t]

= Htitatsy = Hy 'a[td]y *t38]

—> Hititotsz = Ht3t3t]

—> Htytotzy = Hijt]

= Htitotss = H[yx~1t5t1]t], since by Equation 5.8

$3t11t10t9 =€
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[23t11t10te)® Y = € Y
- yw‘ltlgtltlﬁ =e€
= yz 15tti =e
— yz M5t tgt] = t]
= yz 13t =]
Htqtotss = Hyz 15113
— Hitotsg = Ht5t)
= Htytatss = Ht3[x 1y~ 1tit3], since by Equation 5.8
3ti1tioty = e
[23t11t10te]Y " =¥
— z 'y Mstaatir = €
= oy Mstaatir =€
= oy it = e
— oy gt} = 18
= oy 13t) = 1§
Htytotgs = Htdo ly~t4t)
—> Htytotgy = Ha Yy~ 1[t3]7 v 41
= Htytotgs = Htt3t)
— Hitotss = Hi3t)
= Htitotss = Ht]t), since
Ht; = Htos
= Ht: = Ht]
— Htitotsz = Hﬁtg
= Httotss = H[z 1yt3ta]t), since by Equation 5.8
23tiitiote = e
[23t11t10te)Y” = ¥’
—> z lytiglatiz = €
- a:_lytgtgt‘l1 =e
— x—lytgtgt‘{ﬁ = ﬁ
= o lytdty = t]
Htytotss = Hx lytitat)
= Htytotgs = Ht5t°



—s Hiytytss = Hijgtss

= Htytotsz = Htgtag, since

Htg = Htyg

Htytotsy = Htotss

— Htqtotss € [16], since Htgtsg is in [1 6].

2 symmetric generators will go to [1 6].

Htqtotoy = Htitotor

= Htitotoy = Htistatoy, since

Ht, = Htys

Htytotor = Htystato

= Htitoto) = Htitot$

= Htytotey = Hta[y 'at2t]]t}, since by Equation 5.8
3ttty = e

[@3t11tiote]Y * = eV T

=z lylotistss = e

=z lytstit] = e

— a lytat et = 13

— T lylot ] = t3t]

=y lzalyty = y ' atit]

=ty =y lat?t]

Htytoty; = Htdy Lottt

—> Htytoty) = Hy La[th]y #4312

= Htytaty = Ht 33

—> Htitaty = Htyt]

= Htitoty) = Hlyx 1t5t]t3

x3t11ti0t = €
[23t11t10te])" ¥ = € ¥
- yx_ltlgtltlﬁ =e
— yr Ut =

—> ya~ M3t tit] = t]

= yz 153t = 1]
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Htitote = Hyx 't5tqt3

= Htytote) = Ht3t3

= Htitato) = Htygtg

= Httoto) € [14], since Htiglg is in [1 4]

2 symmetric generators will go to [1 4].

Htytyty) = Htitoto

= Htitoty) = Htytot$

—> Htytotg) = Hiyt]

= Htitots) = Ht1[y 1x~1t5t3], since by Equation 5.8
23ttty = €

[l’?’tlltlotg]xy71 = exy
1

—1

==y w*1t20t3t14 =e

— y e ity = e

— y o Mitstgt] = t]

=yl Uity = 1]

Htytoty) = Htyy o= 1t5t;

— Hititytyy = Hy o=tV '7  t3ts
= Htitote) = Ht3tts

— Htitoto) = Hﬁtg

— Htitate) = Hti0t3, since

Htzs = Htsg

= Ht} = Hti°

Htitote = Hti0t3

— Htitoto) = Hgtg

= Htytotoy = H[x™ 1yt2t§]t3, since by Equation 5.8
[3t11t10t9]Y" = €Y®

—> 2 tytagtioty = €

== x_lytztgtg =e

— a7 ythtitaty’ = 50

=yt = 3"

Htytotoy = Ha ™ 1yt]tsts
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= Htitoty) = HttS

—> Hittoty) = Hisgtos

= Htitotoy = Htsytos, since

Htsy = Htsg

Htytator = Htzatos

= Htytotey € [16], since Htzytos is in [1 6].

2 symmetric generators will go to [1 6].

Htytotay = Htytoto

= Htitotoy = Hti1togtay, since
Htyty = Hty1to

Htytatoy = Hti1toot2a

= Htitotoy = Ht3t5tS

= Htytotey = Ht}

= Htitotoy = Hitqy

— Htytotey € [1], since Htyp is in [1].

2 symmetric generators will go to [1].

Hitqtotos = Htitotos

= Htitotos = Htistotos, since
Hty = Hiys

Htytotes = Htystatas

= Htytotes = Htitot]

= Htytotes = Hts[y 'at3t]]t], since by Equation 5.8
23tiitiote = e

[@3t11tiote]Y * = eV T
— a7 ytatistzs = e

= o lytytit] = e

— x ottty = 13

— x ytatft] = t5t]

— y lexTyty =y lwift]

=ty =y lat3t]
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Htytotes = Htsy tot3t]t]

—> Htytotos = Hy La[th)y 433

— Htitatos = HE312t3

—> Htytotos = Hijt}

= Htitotos = H[yx~1t5t1]t}, since by Equation 5.8
3ti1tioty = e
[23t11t10te]® Y = € Y

- yx_ltlgtltlﬁ =e

- y:n_ltgtlt4 =e

— yz M5t tgt] = t]

= yo 5t =t

Htqtotos = Hyx 1t5t1t3

= Htytotes = Ht3t]

= Htitatos = Htigtis

= Htitotos = Htioty3, since

Htio = Htqg

Htytotos = Hiqot13

= Httates € [110], since Htjots is in [1 10].

2 symmetric generators will go to [1 10].

Hitytotog = Htytotog

= Htitotog = Hti1togtag, since
Htqty = Htq1t20

Htytatos = Hti1tootos

= Htytates = Ht3t5t]

— Htitotog = H§t4

= Htytatog = Ht3ty, since
Htyy = Ht17

= Ht3 = Ht}

Hiytotog = Hit3ty

= Htitotog = H[yxtiti%]ts, since by Equation 5.8

$3t11t10t9 =€
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[£3t11t10tg] Y = ey @
= x by rtats =€
— oy rtats =€
- :rflyflt?tzltg =e
— a7y ittt = t]
- :U_ly_lt‘;’m@ = tgﬁ
= yra~ly T = yatit)”
=t} = yatit}
Htytotes = Hyxtlt %ty
= Htytotog = Ht}
—> Htitotog = Htor
— Htytoteg € [5], since Hty7 is in [5].

2 symmetric generators will go to [5].

Htyitotzy = Htitotzy

= Htitotsy = Htistots7, since
Ht, = Htsy

Htytotsy = Hitystatsy

= Htytatsy = Htitot]"

= Htytotgy = Hts[y at3t]]t0, since by Equation 5.8
3ttty = e

[23t11t10te]Y =¥ T

- :c_lytgtlgtgﬁ =e

— :Uflytgt‘lltg’ =e

— x lytat ity = 13

— a” lytatt] = 517

— y laayty = y~latdt]
=ty =y latit]

Htytotgy = Htsy Lat3t]ti0

—> Htytotyy = Hy La[th]y =438
= Htytotgy = Ht t5t8

= Htitotyy = Hﬁt?
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= Htytotsy = H[yz~'t5t1]t, since by Equation 5.8
23t1itioty = e
[23t11t10tg]* YV =€ Y

—> yx igtitig = e

=y 13tti =e

= y:n_ltgtltjiﬁ = ﬁ

= yz 153t = 1]

Htytotsy = Hyx 15118

Hititotsy = Ht5t]

Htytotgy = Ht3t], since

Ht = Htg

— Ht} = Ht}

Hititotsy = Htjt]

= Htitots; = Ht} [$_1yt§t2], since by Equation 5.8
3ti1tioty = €

[23t11t10te]Y” = ¥’

- a:_lytlgtgtlg =e

= w_lytgt2t4 =e

— x ytitatit] = t]

— 2 ytity = t]

Hitytotsy = Htjx™ytits

= Htitotsy = Hz~'y[t]]" Vi3t

—> Hititotsy = Hi3t5ts

—> Hitytotsy = Hijty

= Htytotgy = Htiito

= Htitotsy = Hti7to, since

Htyy = Htqy

Htytotsy € [110], since Hty7to is in [1 10].

2 symmetric generators will go to [1 10].

The orbits of N4 are {1,35,18,16},{2,12,15, 33}, {3,17, 36,10}, {4, 14,9, 19},
{5,27,38,32},{6,24, 31,25}, {7,37,28,22}, {8, 30, 21,39}, {11, 13, 20, 34}, and {23, 29, 40, 26}.
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We must check to see where t1t4t16, t1t4t12, t1t4t36, t1t4t4, t1t4t32, t1t4t24, t1t4t28, t1t4t8, t1t4t20,

and t1t4t40 belong.

Htqtst16 = Htitat1

— Htitgtig = Ht1tyt]

= Htitstis = Ht1t]

— Hititytys = Hiitog

= Htit4t14 = Hti5t90, since

Ht, = Ht 54

Htytythg = Htst20

= Htytyt16 € [110], since Htqstoq is in [1 10].

4 symmetric generators will go to [1 10].

Htytyt1o = Htytytio

= Htitst1o = Ht1t4t]

= Htytyt1o = Ht t}

= Htytyt1o = Hlvy 't3t]]t], since by Equation 5.8
23tiitiote = e

[23t11t10t0) Y = *°Y

- yx_ltltlgtgg, =e

=y htit) = e

— yaz—ltltﬁt% = g

— yx~Mtit] = t3t]

= zy tyz~ My = ay'13E]

= t; = zy 3]

Htytyt1o = Hry 143t7¢]

= Htytst1o = Ht}

— Hitytyt1o = Hitz

= Httyt12 € [5], since Htr is in [5].

4 symmetric generators will go to [5].
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Htitytzs = Htitytsg

= Htitatss = Ht1tyt]

= Htitstzs = Htlg

= Htitatss = Ht1[z 71y~ 19t since by Equation 5.8
23ttty = €
[23t11t10tg)¥® " = ev®

- xily*1t34t17t4 =e

= oy Wt = e

— oty 5ttty = )0

=z ty 19t =10

Htytgtss = Htpo~ Ly~ 19t

— Hitytytsg = Ho ty )" v 983

= Htitatss = HIt9t3

— Htitatzg = Hgti

— Htitqtss = Ht313, since

Htg = Htgg

= Ht? = Ht]

Hititytzs = HZ19

= Htitatss = H[z lytat]]t], since by Equation 5.8
23ttty = e

[23tiitigtg]? * =¥ T

=z lylotislss = €

- :C_lytgtéllt?1 =e

— x lytat et = 13

=z lytot] = 3

Htytytzg = Hx lytotits

= Htytytss = Htot]

= Htitstss = Htotss

—> Htit4t36 = Htitss, since

Hty = Htyg

Htqitstze = Htypt33

= Htytytse € [12], since Htigtss is in [1 6].



4 symmetric generators will go to [1 6].

Htityty = Htqtyty

— Hitytyty = Htityty

= Htitaty = Ht1t3

= Htytyty = H[zy 1t3t]]t3, since by Equation 5.8
23tiitiote = e
[23t11t10t0] Y = *°Y

- y:v_ltltlgtgg, =e

= yo titit) = e

— yx—ltltﬁtgg = g

— ya~Mhtit] = t3t]

— zy tyz iy = ay'3E]
= t; = xyt3t]

Htytyty = Hoy 42742

— Hitityty = Ht3t)

= Htitsty = Ht[t], since
Ht; = Htos

= Ht: = Ht]

Htityty = Ht@

= Htytyty = Ht] [y 2t1§], since by Equation 5.8
23tiitiote = e

[23t11t10t9]Y" = €¥®

—> z lytsstioty = €

- m_lytitgtg =e

— a7 Tyt t5taty’ = 13°
— x ytht] = 301§

= y‘la;a;_lytg = y‘la:téotg

=t = y ot}
Htytyty = Ht]y Lot
-1
= Htytsty = Hy 1a[t]]y 3048

= Htytsty = Ht301045
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= Htitsty = HtJtS
— Ht1t4t4 = Ht34t23
—> Htytyty € [16], since Htsytog is in [1 6].

4 symmetric generators will go to [1 6].

Htitgtso = Hitqtytso

= Htitatss = Ht1t4t§

= Htitgtso = Ht1t)

— Hititytsg = Htitz

= Htit4t3o = Hti5t36, Since

Hti = Htys

Htytyt3o = Htq5t36

— Httytse € [12], since Htsts is in [1 2].

4 symmetric generators will go to [1 2].

Htitytoy = Htitatoy

= Htitatoy = Ht1t4t§

— Htitgtoy = Ht1t]

= Htit4toy = Hti5tog, since

Hti = Htys

Htytytoy = Htqslog

—> Htytytoy € [16], since Htjztog is in [ 1 6].

4 symmetric generators will go to [1 6].

Htitytog = Ht1tatog

= Htitgtog = Ht1tyt]

= Hitylytos = Ht1t§

= Htytstos = Hxy t3t]]t}, since by Equation 5.8
w3ttty = e

[£3t11t10t9] Y = €7

—> yx Hitigtss = e

= y:c_ltltﬁtg =e
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— yx Mty = 13
— yx—ltltjig = tgg
— zy lya T = ay 3]

= t; = py 1t3t]

Htytytos = Hry 13t1t8 = Htitatos = Ht3t]
— Hitytytog = Htrtg

= Htitytog = Htostyg, since Hty = Htos
Htytytog = Htostis

= Ht tstog = Htigto5, since by Equation 5.9
Htitg = Htgty

— [Htitg]" ' = [Htgt ]

= Htyetos = Htoslie

Htytytog = Htqgtos

—> Htytytog € [16], since Htygtos isin [ 1 6].

4 symmetric generators will go to [1 6].

Htityty = Htqtyts

— Htitgty = Httst2

= Htityts = Htqt]

= Htytyts = H[zy 1t3t]]t], since by Equation 5.8
3ttty = e

[23t11t10tg) " Y = 7Y

= yz Mitietss =€

— ywiltltﬁtg’ =e

=y~ Mhtgtats = 13

— yx_ltltﬁﬁ = tgg

— zy lya M = zy H3t]

= t; = zy '3t}

Hititaty = Hay 'U3t5t3 = Htitatg = Hi3t)°

= Htitsts = Ht3[x~ 1y~ 1t37], since by Equation 5.8
23titiote = €

[$3t11t10t9]yx71 = 6y$71



= oy Magtirts = e

— x_ly_ltgt‘;’m =e

— oy 5ttty = )0

= x Ly 19t =10

Htytyts = Ht3x y~ 14383

— Hitytyty = Ho =Ly~ L[t2]7 v 4965

= Htitats = Htt5t9

= Htityts = H5t]

— Htytsts = Htzot17

= Htitsts = Hti7tsg, since by Equation 5.9
Htitg = Higtly

— [Htitg)V" = [Htgt1]V"

= Hty7t30 = Htsot17

Htytyts = Htq7t30

= Htytyts € [16], since Hty7tsp is in [1 6]

4 symmetric generators will go to [1 6].

Htytatoo = Htytytoo

= Htitatog = Htistytog, since Ht1 = Htys

Htytytog = Htystatog

= Htytytao = Htitqt]

— Hitytatoo = Hi3td

= Hitqtytog = Ht§ [y~ 1z~ 1t4t]], since by Equation 5.8
23tiitiote = e

—1,-1 1
[23t11t10te)" ¥ =e€® Y

S
= yr~Miatsgten = €

— ywiltét?ts =e

— ya~ Mot tqt] = 1}

— ya Mgt = t§

Htytytag = Htyy to—'t3t)

= Hitytytoo = Hy T 4]y "o e

= Htitatog = HtSt5t)
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= Htytytoo = Ht9t]

— Hiytyto = Hisglss

= Htitytog = Htsglss, since Htzy = Htsg

Htitgtog = Htsatss = Htitatoo € [110], since Htsatss is in [1 10].
4 symmetric generators will go to [1 10].

Htitatso = Htrtytyo

= Htitatso = Ht1t4t°

— Htytyts = Hty

—> Htytytso € [1], since Hty is in [1].

4 symmetric generators will go to [1].

N(U6) has 40 single orbits. We will check to see where

liteli, titeta, titets, titeta, titets, Lilele, titetr, Lilels, titety, titetio,

titelin, titeti2, titelis, titetia, titelis, titetie, Lileli, titetis, titelig, titetio,
liteta1, titetsa, titetas, titetaa, titetas, titelas, titelar, tilelas, tilelag, L1let30,

titetsn, titetso, titetss, titetsa, titetss, titetse, t1telar, titetas, titetsg, and ti1tgtso belong.

Htitgty = Htytety

= Htitgt1 = Htgt1t1, since Httg = Htgty

Htytgty = Higt1ty

— Htitgt; = Htogt?, since Htg = Hiog

Htytgty = Htogt?

— Htitst; = Htiﬁ = Htitgt; = Htj[y 'z~'t3t3], since by Equation 5.8
23tiitiote = e
[23t11t10te]Y =¥

- x_ly_1t3t14t33 =e

— xilyfltgtét? =e

— a7y sttt = 1]

— Y Mgty = ]

Htytgty = Htjy o~ 'tst3

= Htytgty = Hy o '[t]]V 7 "t5t}

= Htitet; = HStst5



= Htitet; = HJtS
= Hti1tet1 = Hsst14
—> Htytgt1 € [14], since Htsstq4 is in [1 4].

1 symmetric generator will go to [1 4].

Htitgty = Htitgto

= Htitgty = Ht1t3ty

= Htitgty = Ht1t3

— Httgty = Htit1g

= Httgto € [110], since Htitip is in [1 10].

1 symmetric generator will go to [1 4].

Htitgty = Htitgts

— Htitgty = Htlétg

Htytety = Htq [z~ ly~'t4t3]ts, since by Equation 5.8
aPtitigly = e
[23t11t10t0]V = ¥ ¥

= oy Mytistss = e

= mfly*1t4t§t9 =e

— a7y atgthty = 13

— Y gty = 13

Htytgts = Htyo Ly~ ttgtits

— Htytgty = Ho Ly~ [t]" ¥ 413

= Htitgts = HtJt,t3

— Htitgls = Ht}log

— Htitgts = Htl[y~1at]t4], since by Equation 5.8
23tiitiote = e

[23t11t10te]Y” = ¥’

- x_lytlgtgtlg =e

= xilytgtgt‘l =e

— x—lyttht‘fﬁ = ﬁ

— x ytitaty” = t]t°
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— y tza Tyt =y lwt]t)”
— 5 =y lwt{ty

Htitets = Ht} 'y 'atity

= Htitots = Hy 'a[t'] “t]ty

—> Hiitgts = Htjt]ty

— Httgtz = Hﬁu

= Htitety = H[zyti't§]ts, since by Equation 5.8
Ptiitiolty =€

2, —1 2, —1
[23t11t10te]™ Y =" Y

Yo~ tagtagts = €

=D
— y e Mt =

— y e 5 tsty” = 30

— y a5 = 6305

= ayy a7t = aytt]

= t{ = pyti’§

Htytgts = Hayti%6t,

— Htitgty = Htéoﬂ

= Htitets = Hti[yr~3t1], since by Equation 5.8
23tiitiote = e
[23t11t10te)" ¥ = € ¥

—> yz~Higtitig = e

— yz 134t =e

— ya~ M5ttgt] = t]

— yr 5t =t

Htytgts = HtOyz 15t

— Htytgty = Hyz '[t10v '3t

= Htitgts = Ht5t5

= Htitgts = Ht3t;

= Htitets = Htgt,

= Htitgts = Ht tg, since Ht1tg = Htgty
Htitgts = Htqtg

—> Htytgts € [16], since Htytg is in [1 6].
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1 symmetric generator will go to [1 6].

Htitgty = Htitety

= Htitgt4 = Htgt1ty, since Ht1tg = Htgty

Htitgty = Htgtity

= Htitgty = Ht3t1ty

= Htytety = Ht3t1ty

= Htytety = Ht3[zy 1t3t]]ts, since by Equation 5.8
3ti1tioty = e

[23t11t10tg] " Y = 7Y

—> yx itietss = e

— y:n_ltltﬁtg =e

— ya ' htgt3ts = 13

— yx—ltltﬁg = tgg

— zy lya M = my M3t]

= t; = zy '3t}

Htytety = Ht3xy 'ttty

— Htytgty = Hay 3] 1243

= Htitgty = Ht5t3t}

— Htitets = Hﬁti

— Htitgty = H[y 2~ 11t3]t3, since by Equation 5.8
23tiitiote = e

2,,—1 2,,—1
[ﬂf3t11t10t9]x Y = ex Y

1$71t33t20t3 =e

2B
=y la ity = e

— y o ) t5tsty” = 30
=yl 1{t] = t1°
Htitgty = Hy la 11334}
—> Htytgty = Hi{t]

= Htitgty = H3t3, since
Ht33 = Htss

— Ht] = Ht}



Hitytgty = Hi3t]

Htqtets = Ht%[a:_lytgt‘ﬂ, since by Equation 5.8
x3t11t10t9 =e

[#3tiitigtg]? F =¥ T

— x lytotiatss = e

= o lytatit] = e

— x lytot et = 13

=z lytot} = 3

Htitety = HtJx tytot]

— Hiytgty = Ho [t Vgt

= Htitgty = Httot]

— Htitgty = Htt]

= Htitgty = Htist13

= Htitgty = Htyot13, since Ht1o = Htyg
Htitgty = Htyoty3

— Httgts € [110], since Htiatys is in [1 10].

1 symmetric generator will go to [1 10].

Htytgts = Htytgts

= Htitgls = Htgtits, since Htytg = Htgty
Htytets = Htgtits

= Hititgts = H28tt5, since Htg = Hiog

Htitgts = Htogtits

— Htitgts = Htit 12

— Htitgts = Hﬁt?

= Htitgts = Hyz't3t1]t3, since by Equation 5.8
23tiitiote = e
[z3t11ti0te]” ¥ = e Y
- yx_ltlgtltlﬁ =e
— yx*1t3t1t4 =e
—> ya~ 3t tit] = t]

= yz 153t = 1]
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Htitets = Hyx 1t5t1t3

= Htytets = Ht5t]

— Htitets = Htist13

= Htitgts = Htat13, since Ht1o = Htqg
Htytgts = Htiat13

= Httets € [110], since Htiatis is in [1 10].

1 symmetric generator will go to [1 10].

Htitete = Htitets

= Htitgtg = Ht15tsts, since Hty = Htys
Htitgte = Htystete = Htitets = Ht t3t2

—> Htytgts = Htitg

= Htitete = Ht1[zyt§t?], since by Equation 5.8
3ttty = e

—-1,,—1 —-1,,—1
[@3t11tiote]® ¥ =€ Y

1,.—1
T t1atsztog = €

=y
— y la gt = e

— y e gt = t§

— y e gt} = i4t]
= ayy ey = ayti
— 15 = xytSt?

Htytte = Htyxyt§t?

= Htitete = Haylt1]"Vt§t?
= Htytgte = Ht 52

— Htitglg = Hﬁtf

— Htitgts = Htot?, since
Hty = Htyg

= Hty = Ht]

Htitgte = Hiot?

— Htitete = H[y 'at?t]]t?, since by Equation 5.8

.T?’tntlotg =e

—1,.—1 —1,.—1
[$3t11t10t9]y x = ey x

175



— $71yt2t13t36 =e

— a;_lytgt‘llt?1 =e

— a ytat ] = 13

— x lytott] = t5t]

— y e lyty =y tatit]
= 19 = y_lxt?lt{

Htitets = Hy ‘at]t?

— Htitsts = H@f?{

— Htitgte = Ht5t}], since
Htg = Hiog

= Ht3 = Ht].

Hititete = Ht5t)

Htitgte = Hts[xyti§], since by Equation 5.8
23ttty = €

2, —1 2, —1
[23t11t10te]™ Y =" Y

1$71t33t20t3 =e

Yy
— y a7ttty = e

— y o t5tsty” = 30
— y a5 = 6305
— ﬁy‘lx_lt? = @téotg

— 1] = ayt3t]

Htitte = Htsxyti0t§

— Hiytete = Hay[t5]™V i35

= Htitete = Ht 1S

= Htytets = Htt§

= Htitets = Htsstos

= Httgts € [16], since Htsstaq is in [1 6]

1 symmetric generator will go to [1 6].

Htqtgty = Htqtgtr
= Htitgt; = Ht t3t3

— Htytgt; = Htq [x_ly_1t4t§]t2, since by Equation 5.8
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23tiitiote = e
[£3tiitigte]? ¢ =€V

— oy ytista = e

- xily*1t4t§t8 =e

— a7y atgtht = 13

= oyt =13

Htytet; = Htyx~ty~Ltytat?

— Htytgty = Ho y 1 [t1]" Y t4tht3
= Htitgt; = Httst5t

—> Htytgty = Ht; 513

= Htytet; = Ht5tit, since

Htso = Htyo

= Ht§ = Ht}°

Htytet7 = Ht5t5t

—> Htytgty = Hi5t§

= Htitgt; = H[z~t3t3]t5, since by Equation 5.8
23ttty = €

[23t11t10t0)" = €®

— z Matiitip =€

= o Mt =e

— x5S = 1§

— o313 = 13

Htitet; = Ha '5t315

—> Hitytety = Ht3t3

= Htytgt7 = Ht1atss

—> Htytgt7 € [14], since Htyatss is in [1 4].

1 symmetric generator will go to [1 4].

Htitgts = Htitets

= Htitgts = Htgt1tg, since Htitg = Htgty
Htitgts = Htgtits

= Htitgts = Ht3t1t3
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= Htitets = Ht3[zy 1t3t7]t3, since by Equation 5.8
3t11tiote = €

[23t11t10to) Y = ¥V

- yx*1t1t16t35 =e

— yx_ltltjitg =e

= ym_ltltﬁtgﬁ = ﬁ

— yx~thtit] = t3t]

= zy tyz 'y = xy'13t]

= t; = zy 1#3t]

Htytets = Htaxy '3t5t2

— Hiytets = Hay '[t3]"Y t3t]

= Htitets = Ht§t3t]

— Hititets = Ht3't]

= Htitgts = H[y 'x~113t3]t], since by Equation 5.8
w3tiitioty = e

[23t11t10t9] Y
1

1 2,—1

— y ' Hastaots = e

= y_lzn_lt?titg =e

=yl st = 13°

— y oMty =30

Htytgts = Hy 'tz 113t3t)

= Htitgts = Htt3

= Htitgls = Hisst1o

— Htytets = Htzstio

= Htitgts = Htsst1o, since Htgs = Htgs
Htytets = Htgsti2

= Htitgts in[12], since Higst1o is in [1 2]

1 symmetric generator will go to [1 2].

Htytgtg = Htitgto
- Htltﬁtg = Htﬁtltg, since Ht1t6 = Htﬁtl
Htytgtg = Htgtito



= Htitgtg = Htogtitg, since Htg = Hiog

Htytgty = Htogt1tg = Htitetg = Htlt 13

— Htitgty = Hﬁt‘{

= Htitgtg = H[yx~1t3t1]t}, since by Equation 5.8
3t11tiotg = €
[23t11t10te)" ¥ = €7 ¥

= yz~tigtitig = e

- yx_ltgt1t4 =e

- y:n_ltgtltfiﬂ = ﬁ

= yz 15t =t}

Httgty = Hyx~'5t1t]

— Htiteto = Hi3t?

= Htitgtg = Ht1st17

= Htitgtg = Htyot 7, since Ht1o = Htig
Htitgtg = Ht1at17

— Htitgtg € [12], since Htjoty7 is in [1 2].

1 symmetric generator will go to [1 2].

Htitgtro = Htitet1o

= Htitgtio = Ht 13t

= Htytgt10 = Ht1t3

— Htitetio = Htit1s

= Htitgt19 = Htist1s, since Ht1 = Htqs
Htytgt1o = Hti5t18

= Htitgtip € [14], since Htyst1g is in [1 4]

1 symmetric generator will go to [1 4].

Htitet1 = Httgt

— Htitt11 = Htlétg

= Htitet11 = Htl[acflyfltzlt%]t%, since by Equation 5.8
w3ttty = e

[$3t11t10t9]y71x = 6y71$
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- xily*1t4t15t34 =e

— x_ly_1t4t§t3 =e

== m—ly—1t4t§tgﬁ = é
— oy Mgty = t3
Htytety = Htyo~ty~teqtits

— Htitgt11 = Hx_ly_l[tl]x71y71t4t§

= Htitgtyn = Httt]

— Htitgti1 = H@g

= Htitgt1y = Ht5t], since
Htzy = Htyg

= Ht§ = Ht}°

Hititetin = Hit5ts

—> Htytgty = Hi5t]

= Htitgt1; = Ht[z~ 1y~ 1#3t,], since by Equation 5.8

3ti1tioty = €

[23t11t10tg] ™% = ™Y ®
= [z y Myrtatis = e
= :U_ly_lt‘i’t4t§ =e

— oty ittst] = t]
— oty MYty =t
Htitgty; = HtSz~ly= 113ty

—> Htytgty = Ho Yy i8] v 3ty

= Htitgt1; = Ht3t3ty

— Htytgtyy = Ht{ty

= Htitgt11 = Ht3ty, since
Ht; = Htos

= Ht2 = Ht]

Htitgt = Hgm

— Htitgt11 = H[yx~1t1t}]ts, since by Equation 5.8

.1‘3t11t10t9 =e€
[£3t11t10te) Y = ¥

= yz ltititss = €
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— yxfltltﬁtg =e

— ya~Mhtgtgts = 13

— yx_1t1t4 = t%

Htytgty; = Hyx 'titit,

= Htitet11 = Ht1t3

= Htitgt1n = Htitao

= Htitgt11 = Htistog, since Ht1 = Htys

Htytet11 = Htisteg = Htitgt11 € [110], since Htiptap is in [1 10].

1 symmetric generator will go to [1 10].

Htytet12 = Httet12

= Htitgt1o = Htgtit1o, since Htitg = Htgty
Htytgt1y = Htgtit1o

= Htitet1o = Ht3t1t3

= Htytet1o = Ht3[zy 3t]]t3, since by Equation 5.8
23tiitiote = e

[23t11t10t0) Y = *°Y

- y:v_ltltlgtgg, =e

= yo titit) = e

— ya M titge] = 13

— ya~Mhtit] = t3t]

— ay lya~t = zy M3t

= t; = zy 3]

Htytet1o = Htoy 113t7t3

— Htytgtry = Hay 1320 t3t10

= Htitet1o = Ht5t3t}°

— Hiitetio = Ht3°t;°

= Htitet1o = Hly ta=1t3]t}°, since by Equation 5.8
23ttty = e

2, —1 2, —1
[23t11t10te)" Y =¥ Y

1

=y x_1t33t20t3 =e

=y o Wity =



=y la st = 13°

=yl ] = 1)

Hiytotiz = Hy 'a= 16715t )°

= Htitet1o = Ht)t}

= Htitet12 = Hisstie

= Httet12 € [14], since Htgsti is in [1 4].

1 symmetric generator will go to [1 4].

Htitgt1s = Htitet1s

= Htitgt13 = Htgt1t13, since Ht tg = Htgty
Htytet13 = Higt1t13

— Htitgt13 = Ht3t 1t}

— Hityteti3 = Ht5t}

= Hititgt13 = Ht%[yxtgt}l% since by Equation 5.8
3ti1tioty = €
[x3t11t10t9]wy_1$ — ezy_lx

- a:_ly_lt17t4t15 =e

= :U_ly_lt‘i’t4t§ =e

— oty ittst] = t]

— a:_ly_lt?t4£ = @

— @x_ly_lt‘;’ = @tgtio

= 1] = yat§tl0

Htytet1s = Htyzthti

= Htitgt13 = Hyx[t3]V*t5t}0

= Htitgt1s = Ht5titl0

= Htytet13 = Htjt°

— Httgt13 = Htyita

— Htitgt1s € [16], since Hty1tyg is in [1 6].

1 symmetric generator will go to [1 6].

Ht1t6t14 = Ht1t6t14
— Htitgt14 = Htlt%t%
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— Hitytetis = Ht1t)

= Htytet1a = Htl[y:c_ltjitg], since by Equation 5.8
x3t11t10t9 =e

[23t11t10tg) ™Y = €™

= yr~Mtigtsstis = €

= yz 1ttt = e

— ya Hgtae5ts = 1§

= yz1tit] = 15

Htytet1y = Htyyz'tit5

— Hiytgtiy = Hyz '[t1]4* 41

= Htitet1q = Ht t4t]

—> Htytgty = Hit]

= Htitgt1a = Ht3t3, since

Ht3y = Htsg

= Ht} = Hti°

— Hiitetis = Ht 13

= Hitytgt14 = H[x_lyt?ltg]tg, since by Equation 5.8
23ti1tioty = €

[3t11t10t0]Y" = €Y@

- x_lyt36t19t2 =e

— x_lytitgtg =e

— o ytht3taty’ = 50

— oyt = 3"

Htytet1y = Ha ™ yt]t5e]

—> Htitt1s = Hilt3

= Htitet14 = Htzetn

= Htitgt14 = Htsytq1, since Htzy = Htsg
Htitet14 = Htgytqy

= Htytgt14 € [12], since Htzqtqp is in [1 2].

1 symmetric generator will go to [1 2].

Ht1t6t15 = Ht1t6t15
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—> Htytgt1s = Hiitst]

= Htytet1s = Htl[x_ly_1t4t§]t4, since by Equation 5.8
x3t11t10t9 =e
[23t11t10tg)V T = eV '@

— oy Mytistay = e

= oy i) = e

— Ty gttty = 3

= oyt =13

Htitet1s = Ht1o~ty~teqtits

— Hiytgtis = Ho ty i)"Y 1483
= Htitet1s = Httat§

— Htytgt1s = Hig 't}

= Htitgt1s = H5t5, since

Ht3g = Hty

= Ht§ = Ht}°

Htytetis = Ht5t5

Htitgt1s = Hl’_lti, since by Equation 5.8
3 ti1tioty = e

[3t11t10t0]* = €°

— o Mptitio=e

=z 1t t = e

— G338 = 5

— a7 131§ = 515

= x 13 =345

Htitgt1; = Hx = 't3

— Htitet15 = Htpo

= Htitgt1s € [1], since Htjo is in [1].

1 symmetric generator will go to [1].

Htytgtys = Htytgtg
- Htltﬁtle = Htﬁtltlﬁ, since Htlte = Htﬁtl
Htytgti6 = Htgtit1e



= Htitet1s = Ht3t 1t}

= Htytet1s = Ht3[xy 't3t]]t1, since by Equation 5.8
x3t11t10t9 =e

[23t11t10tg)*Y = ™Y

— yx Mitigtss = e

— yr ttit) = e

— yxMtjtgts = 13

— yx—ltltjig = tgg

— zy lya M = zy M3t]

= t; = vy 1t3t]

Htytet1g = Ht3zy 113t7t]

— Htytgtyg = Hay 12 "2

= Htitetis = Ht5t3

= Htitgt1s = HtL

— Htitgtis = Htsg

— Htitgtis € [5], since Htsg is in [5].

1 symmetric generator will go to [5].

Htytgt1y = Htitgty

— Hitytgt1r = Htgt1t17, since Httg = Htgty

Htytt1 = Htgtityr

= Htitgt17 = Htogt1t17, since Hitg = Htog

Httet17 = Htoglit17

— Htitetiy = Ht 113

= Htitgti7 = HtZﬁ

= Htitet1y = Ht [z~ 1y~ 1t4t3], since by Equation 5.8
3titiote = €
[23t11t10te)Y " =€
=z ly Mastaatir =€
— :nflyfltgtgt‘;’ =e
— oy gt} = 18

— xlygt) = 18

185



186

Htytet1y = Htlo ty=t3e)

—> Htytgtyy = Ho Yy 1 [t])" v 48

= Htitet1y = Ht5t3t)

— Hiiteti7 = Ht3°t3

= Htitgt17 = Ht§t), since

Htgg = Htsg

= Ht} = Hti°

Htitgtir = Hﬁtg

= Htitet1y = H[x3t3t3]t), since by Equation 5.8
23tiitiote = e

= 33313 = ¢

— P53t} = 1}

= 35t = 1§

Htytet1r = Ha3t3t3t)

= Htitgt1; = Htjts

= Htitgt1r = Htpito

= Htitgt17 = Hti7to, since Ht11 = Hti7
Htitgtyy = Hti7to

— Httgti7 € [110], since Hti7te is in [1 10]

1 symmetric generator will go to [1 10].

Hititgtis = Htitgts

— Htitgt1s = Htistetis, since Hty = Hts

Ht tet1g = Htistet1s

= Htitet1s = Ht3t3t3

— Htittig = H§t§

— Htitet1s = H[yxt$13]t5, since by Equation 5.8
3tiitioty = €
[23t11t10te)Y " =¥
= oy Mystaatir =€
= oy Hititl = e

— oty g9l = ¢§



— xty gt = 157

= yry oty = yatft}

== t% = yxt$t?

Htytet1s = Hyxt$t3th

= Htitgt1s = Htt)

— Hititetis = Hiytas

= Htitgt1s = Htostsy, since Htoy = Hitog
Htqtet1s = Hiostss

= Htitgt1g = Htsytos, since Htostsy = Htsgytos
Htitet1s = Htzatos

—> Htytgt1s € [16], since Htsytos is in [1 6]

1 symmetric generator will go to [1 6].

Htytet1g = Htqtet1g

— Htytgtig = Hi1t313

= Htqtetig = Htl[xflyfltzlté]ts’, since by Equation 5.8
23ttty = €
[23t11t10te)lV T =€V '@

— mfly*1t4t15t34 =e

= a:_ly_lt4t§t9 =e

— a YT g5ty = t3

= oyttt =13

Htytetig = Htyo~ty=teqgtit]

— Htytgtyg = Ha Ly~ L[t])" Y 42

= Htitetig = Httst)

— Htitgtig = H@g

= Htitetig = Ht5t3, since

Htzy = Htyg

= Ht§ = Ht}°

Hitytgtig = Ht51

= Htitet1g = Hz~t3t3]t], since by Equation 5.8

$3t11t10t9 =€
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[3t11t10t9]* = €®

— o Mpotitio=e

=z 3tt = e

— G355 = 5

= o7 1t3t5 = 3

Htytetig = Hx 1t3t3t5

= Htitgtig = Htits

= Htitgt1g = Htiots

= Htitgt19 = Htigts, since Ht1o = Htyg
Htitgtig = Htigts

= Htytgt19 € [110], since Htysts is in [1 10].

1 symmetric generator will go to [1 10].

Htytetog = Htyteloo

= Htitgtog = Htgtitog, since Htitg = Htgty
Htytgtag = Htgtitag

= Htitgtao = Ht3t1 1

= Htytetag = Ht3[xy 't3t]]t], since by Equation 5.8
23tiitiote = e

[23t11t10t0) Y = *°Y

—> yz~Mitielss = e

= yzhtit) = e

— yaz—ltltﬁt% = g

— yx~Mtit] = t3t]

= ay lya~M = zy M3t

= t; = zy 3]

Htytgtag = Htdzy 3ty

— Hitytgtoo = Hay L[t2]"Y 2ty

= Htitgtao = Ht5t3t,

— Hiyteloo = Ht3t4

= Htitgtog = H[y ‘o~ 't{t]]ts, since by Equation 5.8

$3t11t10t9 =€
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2, —1 2, —1
[23t11t10t9)" Y =¥ Y

lx_ltggtgotg =e

— Y
— y ettt = e

=yl st = 13°

= y o1t = 0

Htqtgtog = Hy to= 15ty

= Htitgtoo = Ht{t§

= Htytetoo = Htzstos

= Htitgtog = Htsstoy, since Htzs = Htss
Htytetao = Htsstag

= Htytgtoy € [16], since Htzstay is in [1 6].

1 symmetric generator will go to [1 6].

Htytetoy = Htitgtor

= Htitgtoy = Htgtita1, since Htitg = Higty

= Htitgtor = Higtito

— Ht tgtoy = Htogtitay, since Htg = Hitog
Htqtgtyy = Htltq1$

—> Htytgtyr = Htjt]

= Htitgta) = H[yx 1t5t1]t], since by Equation 5.8
3 ti1tioty = e
[23t11t10te]" ¥ = € ¥

- yI_lt]_gt]_t]_ﬁ =e

- ywiltgtlt‘l =e€

— ya:—ltgtltig =1}

= yo 3t =t

Htqtgtyy = Hyx 't5t1t]
— Htitgto = Hgtff

= Htitgto) = Ht3t5, since
Htyo = Htqg

= Ht} = Ht}

Htitgte) = Ht{’;ﬁ
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Htytgtay = Ht3[233t3] |, since by Equation 5.8
2 tiitioty = e

— x3t§t§t§ =e

— o0 = 1}

— 215t5 = 1

Htytetor = Ht3x3t3t3

— Hitytety = HaP[t3)* 133
= Htitetor = Ht3t3t3

—> Htytgtor = Hijt)

= Httgto) = HtSt3, since
Htyy = Htog

= Ht$ = Ht§

Htytetyy = HtSt3

Htytgtor = Hlx~ty~1t4t9]t3, since by Equation 5.8
23tiitiote = e
[23t11t10te)Y " =¥

= oy Mystaatir =€

= oy gt = e

— oy gt} = 18

— xlyhegt) =18

Hitytety) = Ha ™ty 1i565t5

= Htitgtor = Htjts

— Hititgtay = Htist

= Htitgtoy = Htits, since Hty = Htys
Htitgto, = Htito

= Htitgtor € [12], since Htts is in [1 2].

1 symmetric generator will go to [1 2].

Ht1t6t22 = Ht1t6t22
— Hiytgloy = Hit 35
= Htitgtar = Htltg
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= Htitgtos = Hty[z~t3t3], since by Equation 5.8
23ttty = €

[23t11t10t9]* = €*

— z Matiitip =¢€

= o M}t =e

— o35 = 15

= 13t =15

Htytetos = Ht1z 't5t]

— Htytgtyy = Ha L[t))* 133

= Htitgtos = Htqtits

= Htytetor = Htjt}

= Htitgtes = Htigt1n

= Htitgtoo = Hitot11, since Hty = Hitqg
Htytgtoo = Hiot1y

= Htytgtoe € [110], since Htatqy is in [1 10].

1 symmetric generator will go to [1 10].

Htqtgtos = Htqtgtos
— Ht1t6t23 = Htlétg
= Hitqtgtoz = Htl[x_ly_1t4t§]t6, since by Equation 5.8
$3t11t10t9 =€

3 —lg —lg
[z°t11t10t9]Y * = €Y
— l‘_ly_lt4t15t34 =e
— xily*1t4t§t8 =e
— x—ly—1t4t§t3§ = g

-1,—1 4 2

— rT Yy taty =15
Htqtgtoz = Ht1$71y71t4t§0
— Htitgtog = Hx_ly_l[tl]m_ly_lmtéo
= Htytgtaz = Ht tst"
— Htitgtog = Hﬁtéo
= Htitgtoz = Ht;0t3°

= Htitetaz = Ht5t0, since
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Htsg = Htyo

= Ht§ = Ht}°

Hititetos = Hit5ts°

Htytgtog = HtS[y tx~1{t]], since by Equation 5.8
Ptiitioly =€

2,,—1 2,,—1
[23t11t10te]™ Y =" Y

Yo~ agtagts = €

Yy
— y la it = e

— y o 5 tsty” = 30

=yl 1t =10

Htytgtog = HtSy a—14t]

— Hititgtos = Hy a5y "= 4943

= Htitgtaz = Ht{H)t]

= Htitgtoz = Ht3t]

= Htitetos = Htirtao

= Htitgtag = Hti1tog, since Ht11 = Htir
Htytetoz = Htq11t20

= Httgtog € [12], since Htjitog is in [1 2].

1 symmetric generator will go to [1 2].

Htitetos = Htqtgtoy

= Htitgtoy = Htgtitoy, since Ht1tg = Htgty
Htitgtog = Htgtitoy

—> Hitytgtas = Hi5t1t5

= Htitgtoy = Ht3[xy 113t7]t§, since by Equation 5.8

23ttty = €
[23t11t10tg)*Y = ™Y
- y$_1t1t16t35 =e
- y:c_ltltﬁtg =e
— yxMtjtgts = 13
— ya:—ltltjiﬂ = tgg

— ay lyz 't =y 't3t]

192



= t; = vy 1t3t]

Htytetog = Htzy 113¢7t5

— Htytgtoy = Hay i3] 1262

= Htitgtoy = Ht3t3t3

— Htitgtoa = Htéoﬁ

= Htytgtoqs = Ht’ [z 1ytat]] , since by Equation 5.8
23tiitiote = e

[@3t11tiote]Y =¥ T

- m_lyt2t13t36 =e

= x lytotit] = e

— x lytat ] = 13

= 1 lytat] =12

Htytotoy = Ht02 lytot]

= Htitetoy = Htx Lytot]

—> Htytgtoy = Ha y[ti]e Wiyt?

= Htitgtoy = Ht3tot]

= Htitgtoy = Ht3t}

= Htitgtas = Htigt1s

= Htitgtoy = Hitogtys, since Ht1g = Hitog
Httetoy = Hiool13

= Httgtos € [12], since Higpty3 is in [1 2].

1 symmetric generator will go to [1 2].

Hitytgtys = Htytgtos

= Hititgtos = Hitgtitas, since Htitg = Htgty
Htytetos = Htglitos

= Htitgtas = Hitogtitos, since Htg = Htog
Htytgtos = Htoglitas

= Htitgtas = Ht t1t]

—> Htytgtos = Hijt}

= Htytetos = Htl[z3t3t3] , since by Equation 5.8

$3t11t10t9 =€
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= Pttt = e

— pP3563Y = 1}

= 333 = 1§

Htytetas = Ht x3t3t3

—> Htytgtos = HaP[t])* 1363

= Htitgtos = HtLt3t3

= Htitgtos = Ht3t3

= Httgtos = Hitzgt1o

= Htitgtos = Htiptsg, since Htigtsg = Htsgtig
Htytetos = Htyotsg

= Htytgtos € [16], since Htjptsg is in [1 6].

1 symmetric generator will go to [1 6].

Htytetog = Htyteloe

= Htitgtog = Htistgtog, since Ht1 = Htys
Htitetos = Htistelos

= Htitgtos = Ht3t3t]

—> Htytgtos = Higt)

= Htitgtog = H[yxt{t3]t], since by Equation 5.8
23ttty = €
[#3t11t10to]? " = ¥

— 7y Mstaatiy = e

— x_ly_ltgtgt? =e

— aty gl = 18

— oy~ ata = 191

— %y_lx_lt‘l = ﬂtﬁt%

— 13 = yatft]

Htitetog = Hyat$tst)

—> Hiytgtas = HiS

= Htitetes = Hta

= Htitglos € [5], since Htop is in [5].

1 symmetric generator will go to [5].
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Htitetor = Htqtetar

= Htitgtor = Htlétg

= Htqtgtor = Htl[xflyfltzlt%]tg, since by Equation 5.8
23ttty = €
[@3titiote]V T = eV

=z ly Matistaa =

— x_ly_1t4t§tg =e

— a7y atgtdts = t3

— oy Mgty = t3

Htytetyr = Htya ™ty tigtst]

= Htitotyr = Ha 'y~ [1]" ¥ 'ty
= Htitgtar = Htlty

= Htitgtor = Ht}°

— Htitgtar € [5], since Ht 0 is in [5].

1 symmetric generator will go to [5].

Htitetog = Htytgtos

= Hititgtog = Hitgtitag, since Ht tg = Htgty
Httetog = Htgtitog

= Httgtos = Ht3t,t]

= Httgtos = Ht3[xy 113t7]t], since by Equation 5.8
23ttty = €

[23t11t10tg) 7Y = ™Y

- yx_1t1t16t35 =e

= yz it = e

— yxMtjtgt = 13

— yx~Mhitgt] = t3t]

— zy lya M = zy Mt]

= t; = vy 1t3t]

Htytgtog = Htdoy H3t0t]

— Htytgtog = Hay i3] £3t3



= Httgtog = Ht5t3t5

— Htitgtog = Hgti

= Htitgtog = Htéfti, since
Htagtzg

— Hit} = Ht3°

Hititetog = HtYt}

Htytgtog = Ht$[xt5t5], since by Equation 5.8
2 tiitioty = e

[23t11t10t9]" = €”

— o Mtntig=e

— o ity = e

— x5S = 1§

— 5315 = 155

— gx_lti = gtgtg

— 1] = w5ty

Htitetog = Hifat5ts

—> Hiitgtos = Hx[t}]"t5t5
— Hiytetog = Hi5t5t5

—> Httgtog = H5t3

— Hititelos = Htists

= Httgtog € [16], since Htgts; is in [1 6].

1 symmetric generator will go to [1 6].

Htytgtag = Htytgtog

= Hititgtag = Hitgtitag, since Ht tg = Htgty
Htytetog = Htglitog

Htitgtog = Htogtitog, since Htg = Htog

Htytgtog = Htogtitag

—> Htytgtag = Hitjt1}

= Htytgtag = H[yz~'t5t1]t], since by Equation 5.8
w3ttty = e

[$3t11t10t9]zily = exily
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- yx*1t18t1t16 =e

— ya:_ltgtltfi =e

— ya~ M5t tgt] = t]

= yz 153t = 1]

Htytgtog = Hyz 1t5t11]

= Htitgtag = Ht5t1°

= Htytetag = Htistsr

= Htitgtog = Htiotsy, since Ht1o = Htqg
Htitetog = Htyatsr

— Htitgtog € [16], since Htjotsy is in [1 6].
= Htitgtog = HE3t]

1 symmetric generator will go to [1 6].

Httgtsg = Htitatso

= Htitgtso = Htistgtsg, since Ht1 = Htys
Htqtetso = Htystetso

= Htytetzo = Ht5t3t5

—> Htytgtzo = Higty"

= Htitgtso = H[yxt$t3]t0, since by Equation 5.8
23ttty = €
[23t11t10te)V " = e
— Yy Mstaatir = €
- x_ly_ltgtgt? =e
— aty et} = 18
— oy~ ata = 191
— %y_lx_lt‘l = ﬂtﬁt%
— 13 = yatft]

Htytetsg = HyatStsts”
= Htitgtso = HtSty

— Htitgtsg = HtS[y'at?t]], since by Equation 5.8

.T?’tntlotg =e

—1,.—1 —1,.—1
[$3t11t10t9]y x = ey x
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- $71yt2t13t36 =e

— a;_lytgt‘llt?1 =e

— a ytat ] = 13

— x lytott] = t5t]

— y e lyty =y tatit]

= 19 = y_lxt?lt{

Htytgtso = HtSy tatit]

— Hitytetso = Hy ‘xt]y =147
— Htitgtsg = Ht3t3t]

= Htytetzo = Htjt]

= Htytetzo = Hiietos

= Htytgtsy € [16], since Htigtos is in [1 6].

1 symmetric generator will go to [1 6].

Htitgts = Htitgts,

— Hiytetsy = Htit5t5

= Hitytgts = Htl[x_ly_1t4t§]t8, since by Equation 5.8
3ti1tiotg = e
[23t11t10to]Y T =€V ©

— o7ty Hytistas = e

— :U_ly_lt4t§tg =e

— Ty g t5tt] = 3

= oy td =13

Htitetz = Htpo~ty~tegtith

— Hiytgts = Ho ty L[t1]* 'V tyts

= Htitgts) = Ht tyts

— Hiitetsy = Ht t3

= Htitgts) = HtSts, since

Htzg = Hty

= Ht§ = Ht°

Httgts = Hétg

= Hitytgtz = H[Sﬂ_ltitg]tg, since by Equation 5.8
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zPt11tioty = e

[23t11t10t0]" = €

— 2 'ttt =e

= M3l = e

— o35 = 15

= o7 13t5 =13

Htytgtsy = Hx t3t3ts

= Htitts1 = Htjt]

= Htytet31 = Htiatis

= Htitgts1 = Htigt1s, since Ht1o = Htig
Httets) = Htqgtys

= Htytgts1 € [12], since Htigtys is in [1 2].

1 symmetric generator will go to [1 2].

Htitgtso = Htitetso

= Htitgtso = Hitgtitso, since Ht tg = Htgty
Htytetso = Htglits

= Httgtsy = Ht3tt3

= Htytetzy = Ht2[xy 't3t])t3, since by Equation 5.8
23ttty = e

[23t11t10tg) 7Y = ™Y

- yx*1t1t16t35 =e

- yx_ltltﬁtg =e

— ya i tjidt] = 13

— ya:—ltltj{g = tgg

— zy lya M = zy Mt]

= t; = zy 1#3t]

Htytetse = Htdoy H3t0t3

= Htitglze = Hﬂﬂy_l[t%]xyiltgti

= Htitetzo = Ht5t3t]

— Htitglze = Hﬁtﬁi

— Htitgtsy = H[y ‘o~ 't{t}]t], since by Equation 5.8
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x3t11t10t9 =e€

2,,—1 2,,—1
[23t11t10t9)" Y =¥ Y

1$_1t33t20t3 =e

=a'B
— yilmflt?titg =e

— y o sty = 30

— y oMt =40

Htytetzo = Hy ‘o 1tt5t}

= Htitgtss = Ht{t)

— Htytgtsr = Htsstse

= Htitgtso = Htsstsg, since Hizs = Hiss
Htytetsa = Htsstse

—> Htytgtse € [110], since Htsstss is in [1 10].

1 symmetric generator will go to [1 10].

Hititetss = Hiytetss

= Hititgtsg = Htgt1tss, since Ht tg = Htgty
Htqtetzs = Higtqt33

Htytgtss = Htogtitss, since Htg = Htog

Httetss = Htogtitss

— Htitgtsz = Hﬁtlt-‘{

= Htytgtss = H[yz~5t1]t1°, since by Equation 5.8
23tiitiote = e
[23t11t10tg]* YV =€ Y

— yxMtigtiti = e

— ya:_ltgtlt4 =e

— ya~ M5t tgt] = t]

= yz 13t = 1]

Htytgtss = Hyx 15,410

= Htitgtss = Ht)

— Hititetss = Htig

= Htitglss € [1], since Htyg is in [1].

1 symmetric generator will go to [1].



Htitetsy = Ht1tetzs

— Htittss = Ht113t)

— Htytetsy = Hty

= Htitgtss € [1], since Htp is in [1].

1 symmetric generator will go to [1].

Htytetss = Htqtetss

—> Htytgtzs = Ht1t513

= Htytetzs = Ht1[xr~ 1y~ 1t4t3]t], since by Equation 5.8
3ttty = e
[23t11t10te)Y T =€V '@

— mfly*1t4t15t34 =e

= a:_ly_lt4t§tg =e

— a7y atgtdts = t3

= oyt =13

Htytotzs = Htyo~ty=teqtit)

— Htytgtsy = Ha ty=L[ty]" Y 412
= Htittss = Httst3

— Htitgtaa = H@g

= Htytetzq = Ht5t3, since

Htzy = Htyp

= Ht§ = Ht}°

Hitytetzy = Ht5t3

Htytgtsy = HtS[yxr~1t1t]], since by Equation 5.8
23ttty = €

[23t11t10tg)*Y = ™Y

= yz~Hitielss = e

= y:c_ltltﬁtg =e

— yx~Mtjtgts = 13

= yz~ltt] =t

Htytetsy = HtSyx'tit]
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— Hititgtsy = HyzL[t3]v* "ty ¢4

= Htitgtsy = Htt1t]

— Htitgtsy = Htlt]

= Httetss = Htastao

= Htitgtsy = Htyptos, since Htostyg = Htyg = Htos
Hitqtetss = Htgotos

— Htitgtss € [16], since Higotos is in [1 6].

1 symmetric generator will go to [1 6].

Httgtss = Htitstss

— Httgtsg = Higtitss, since Htitg = Htgty
Htqtgtsg = Ht3t,t)

Htytetss = Ht3t1t)

Htytgtss = Ht3 [my‘ltgtﬂt?l, since by Equation 5.8
3 ti1tioty = e

[23t11t10t0] Y = *°¥

- y$_1t1t16t35 =e

= y:n_ltltﬁtg =e

— ya gt = 13

— yx—ltlt;ﬂ = tgg

— zy lya M = zy H3t]

= t; = xy t3t]

Htytetse = Htzy 113t7t]

— Htytgtsg = Hay 2] 1265
= Htitgtss = Ht5t3t5

— Htitgtss = Hgt;’;

= Htytgtss = Ht3t3, since

Htog = Htzg

= Ht} = Ht{®

Htytgtzs = HIth

— Htitglsg = Ht@

= Htitgtss = Ht} [xyt;téo], since by Equation 5.8
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x3t11t10t9 =e€

[$3t11t10t9]xy_1 = %V
1

—1

= yla Mytstia = e
- yilmfltitgtg =e

— y o ittt = t5
- y_lm_ltitgg = t;ﬁ
— ayy~le e} = 2yl
— ﬁ = xytgtéo
Hitytgtss = Hitfxytsty
—> Hitytgtss = Hay[t]]"vt5ti0

—> Hitytetss = Ht5t5ty"

—> Htytgtzs = Hizty"

= Htitgtss = Ht3[y 1x~11t]], since by Equation 5.8
zPtiitioty = e

2, —1 2, —1
[23t11t10tg]™ Y = €™ Y

1$71t33t20t3 =e

Yy
— y a7ttty = e

=y la 1 t5estl0 = 410

=y~ a7 e}t] = 1)

Hityttzs = Htsy o~ 't1t]

— Httotss = Hy '~ 3]V ° 1345

= Htitgtss = Ht1Ot9t5

—> Httetss = Hi3th

= Htitetzs = Htagtog

= Htitgtsg = Htogtag, since Htogtog = Htogtag
Htqtgtsg = Htogtog

— Htitgtsg € [16], since Htogtog is in [1 6].

1 symmetric generator will go to [1 6].

Htytgtyr = Htytetsr
- Ht1t6t37 = Ht6t1t37, since Htlte = Htﬁtl
Htqtgtsy = Ht3tt10



Htitetsy = Ht3
Htqtgtsy = Htg
Htqtetsr € [5], since Htg is in [5].

1 symmetric generator will go to [5].

Hitytetss = Hiqtetss

= Httgtss = Ht 1330

— Hit tetss = Hivts

—> Htytgtss € [12], since Htyto is in [1 2.

1 symmetric generator will go to [1 2].

Htytgtzg = Htitgtsg

— Hitetsg = Htit5t}”

= Hitytgtzg = Htl[x_ly_1t4t§]t§0, since by Equation 5.8
3ti1tioty = e
[23t11t10te]V T =€V ®

- a:_ly_lt4t15t34 =e

= :U_ly_lt4t§tg =e

— Ty g t5tts = 3

= oty iyt = t2

Htytotgg = Htyoly~tt,t3¢10

— Hiytgtsg = Ho ty H[t]" Y 1483

= Htitetzg = Httat3

= Htitgtsg = Ht}t3

= Htytetsg = Htsot11

— Httgtsg = Htq1tag, since Htiitgg = Htgot:
Htqtetsg = Htq1tao

— t1tgtg € [16], since Ht11tqp is in [1 6].

1 symmetric generator will go to [1 6].

Htytetso = Ht1tetao
— Htitgty = Ht6t1t40, since Ht1tg = Htgtq
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= Htytetso = Ht5t1t}°

= Htytetso = Ht3[xy 3t])t1, since by Equation 5.8
x3t11t10t9 =e

[23t11t10tg)*Y = ™Y

= yz~Mitiglss = €

= yz it = e

— yxMtjtgts = 13

— ya~ Mttty = t3t]

— zy lya M = zy M3t]

= t; = vy 1t3t]

Htttyy = Htoy 13¢50

— Htytgtag = Hay 2] 1248

= Htitgtso = Ht5t3t§

— Htitgtao = H@g

— Htitetso = H[y ‘o~ t3]t5, since by Equation 5.8
3t11t10ty = €

2, —1 2, —1
[23t11t10te]* Y = eV

1:E_1t33t20t3 =e

=a'B
- yilmflti’titg =e

— y e t5tsty” = 30

— y~ta ] =30

Htytgtag = Hy o= 4545

= Htitgtso = Ht)

= Htitgtso = Htss

= Htitglao € [1], since Htss is in [1].

1 symmetric generator will go to [1].
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The orbits of N0 are {1, 3}, {2, 4 {5, 7}, {6, 8}, {9, 11}, {10, 12}, {13, 15}, {14,
16}, {17, 19}, {18, 20}, {21, 23}, {22, 24}, {25, 27}, {26, 28}, {29, 31}, {30, 32},

{33, 35}, {34, 36}, {37, 39}, and {38, 40}. We will check to see where
Htitiot1, Ht1t1ot2, Ht1t1ots, Ht1tiote, Ht1t1o0te, Ht1t10t10, Ht1t10t13, Ht1t10t14, Ht1t10t17,

Htqtiot1s, Ht1t1oto1, Ht1t1ot22, Ht1t10t25, Ht1t10t26, Ht1t10t29, Ht1t10t30, Ht1t10t33,



Htytotsa, Htrtyotsr, Htitiotss belong.

Htytyoty = Htitioty

= Htit19t1 = Htist10t1, since Ht1 = Htys
— Htitiot1 = Ht;‘étl

= Htyt19t1 = Ht%[ztit%]tl, since by Equation 5.8
23tiitiote = e
[23t11t10te])” = €*

— z Mjptotiza =€

— M3t =e

— a3t} = 1]

— o3t} = 15t}

— 13 = gtit?

— ty = wtit}

Htytioty = Htgat§tit

—> Htitioty = Ha[t5]“t5t]

— Hiitiot1 = Htjtit]

= Htitiot1 = Htyt]

= Htit1ot1 = Htt], since

Hty = Htyy

— Ht, = Ht}

Htytioty = Hitgt!

Htitiot; = Hlxyt§t?]t], since by Equation 5.8
23tiitiote = e

—-1,,—1 —-1,,—1
[23t11t10te)" ¥ =e® Y

1,.—1
T t14t33ton = €

=B
= yileltélt?ti =e
— y e gt = 1§
— y et} = 151
— @yilaflt‘l = ﬂtgt%
= t3 = ayt{t

Htitiot1 = Hayt$t2t]
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== Htltlotl = Hti
— Htltlotl = Ht24
— Htt1pt1 € [5], since Htoy is in [5].

2 symmetric generators will go to [5].

Htitiota = Htitioto

= Htit1gto = Hti5t10ts, since Ht1 = Htys

= Httiota = Htjt3ts

—> Httioty = Hi3t;

= Htytiota = Hyxt8t2]ts, since by Equation 5.8
23ttty = €
[23t11t10te)Y " = eV
= oy Hstaatir =€
— a:_ly_ltgtgt? =e
— aly gl = 18
— oy gt} = 191
— yry~aT iy =yt
— 13 = yatft]

Hitytigty = Hyat$t3ts

= Htitiota = HtSS

= Httiota = Ht$[yx~1t3t]], since by Equation 5.8

3tirtioty = e
[23t11t10to)™Y = €™

—> yx~ Mietsstis = €
— ya 55 = e

— ya~ 5515 = 5
= ya~ it = t§
Hititioty = HitSyaz't5t]
= Htitioto = Hyxz~'[t§]%* "1t
— Hiitioty = Ht3t5t3
= Htitiolo = HtSt]
= Htit1ota = Htoutss
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= Htitipts € [16], since Htoytss is in [1 6].

2 symmetric generators will go to [1 6].

Htytots = Htitiots

—> Ht tiots = Htystiots, since Ht; = Htys
Htythots = Htystiots

—> Htytiots = Ht3t313

= Httiots = Ht3[xt$t]]t3, since by Equation 5.8

:Egtntlotg =€

-1

=

[23t11t10t0
=z tiototin =€

— o 133t = e

R G

— a3t = 151}

— gm_ltg’ = gtitﬁz’

= 13 = ztit}

Htytyots = Htsathtits

= Ht1tiots = Hyx[t5]°t5t1°

= Htitots = Htit§t10

= Ht tiots = Htst1°

— Htitots = Ht5t10, since

Hty = Htyy

— Ht, = Htj

Hitityots = Hitgty

Htitiots = Hzyt§t3]t1°, since by Equation 5.8
23ttty = €

-1, —1 —1
[23t11t10te)" Y =e¥ Y

1

-1

=yt Mtutastay =€
— y lagtt = e

— y o et = t§
— y e gt = 191
1

— zyy oMy = ayt§t



— 15 = xytSt?

Htitiots = Hryt§t2tl0 = Htitiots = H@sl
— Htit1pts = Htgtl, since

Htoo = Htoy

= Ht$ = Ht§

Htitiots = HtSty

Htytiots = Ht§[zy 3t]], since by Equation 5.8
23ttty = €

[23t11t10te) Y = ¥V

- yx*1t1t16t35 =e

= ym_ltltﬁtg =e

— yx~Mtitgts = 13

— yx~ttit] = t3t]

= zy tyz ' = xy'13L]

= t; = zy 3]

Htitiots = HtSxy 3]

— Htytigts = Hay 18] 3]

= Ht1tiots = Ht3t3t]

= Htytiots = Htat]

= Htytyots = Hiistos

= Httipts € [16], since Htstog is in [1 6].

2 symmetric generators will go to [1 6].

Htitiote = Htit1ots
= Htit19tg = Hti5t10te, since Ht1 = Htqs
Htytiote = Htist10te

= Ht1tiote = Htst3t3

— Htytiote = Hizt)

= Htitiote = H[yxt$t3]t3, since by Equation 5.8
trtioty = e
[23t11t10te]V = €Y~

2

= oy Mystaatir = e
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- :rflyfltgtgt‘;’ =e

— oy gt} = 18

— oy~ g = 191

— yoy Lol = yate}

— t3 = yatit]

Htitiote = Hyxt$t3ts

—> Htytiots = Hift]

= Htitiote = HtS [y 1a~1tt3], since by Equation 5.8
3 ty1tioty = e

[:L'Btutl()tg]xy_l = ™V
1

—1

= [y~ loMgotstiy = €

— [y la Mitsty = e

— [y~ e~ Mitstot = 1]

= [y la M5ty = 15
Htitiote = HtSy o= 1t5t5
= Htitiote = Hy o= 1[t}]Y
= Htitiote = Ht t]ts

— Ht tiotg = Hiyts

= Htitiote € [14], since Htyts is in [1 4].

—1,—-1
T 5

2 symmetric generators will go to [1 4].

Htyitiotg = Htyt1otg

— Hit totg = Htistiote, since Ht; = Hiys
Htitiotg = Htyst1otg

— Htitiptyg = Ht@{%

= Htyt19tg = Ht§ [zt}], since by Equation 5.8
x3t11t10t = €
[23t11t10te])" = €*
— o Mygtotp =€
— 2715383t = e
= a3t = 1]

= zo 15t = 2t}
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— t5t3 =t}

Htytiotg = Htixt§

= Htitiotg = Hax[t3]"t3

= Ht1tiotg = Ht}t§

— Hitytiotg = Hty

= Httiptg € [1], since Hty is in [1].

2 symmetric generators will go to [1].

Htyt1ot10 = Ht1tiot10

= Htitiot10 = Ht1t3t3

— Htitiptip = Htlg

= Htitiot10 = Ht1[yz~1t]t], since by Equation 5.8
3ti1tiote = €

[23t11t10t0)%Y = €Y

—> yax~tigtastis = e

- ymfltitgtg =e

— ya~ HgIat5ts = 1§

— y't4t] = 5

Hitytiotio = Htyyx ™ 't5t3

= Htitiotio = Hyz~'[t:]"" 4t
— Hiitiotio = Htjt4ts

— Hiytiotio = Htj3

— Hiytiot10 = Ht3%t3, since
Htsp = Hiss

— Ht§ = Ht3°

Hititiotio = Hy't]

Htitiotio = Hz lytt3]t], since by Equation 5.8
zPtiitioty = e

[23t11t10t0]¥" = €¥*

— a7 ytztighy = e

= o yttits = e

— a ytt5taty’ = t3°
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— o ytit] = 3

Htytiot1o = Ha Lyt t3ed

= Ht tiot10 = Ht)t3

= Htit1ot10 = Htzgt11

= Htit19t10 = Hts4t11, since Hizy = Htsg
Htytiot0 = Htzatnn

= Htitipt1p € [12], since Htgqt1q is in [1 2].

2 symmetric generators will go to [1 2].

Htitiot13 = Htytiot13

— Httiot13 = Ht15t10t13, since Ht; = Hiys
Htytyot13 = Ht15t10t13

— Hiitiot13 = Htstit]

= Htitiot13 = Hti[zt]t}]t], since by Equation 5.8
3ti1tioty = e
[23t11t10t0])" = €*

= tiototin = €

— o 1313t = e

— o3t ] = ]

— o3t} = 15t}

— gm_ltg = zt§t}

= t5 = ztit}

Htitiot13 = Htjat$eStd

= Htitiot13 = Ha[t3)*tit

= Htitiot13 = Htjtt

— Httiot13 = Htsty

= Htitipt13 € [12], since Hiyt; is in [1 2].

2 symmetric generators will go to [1 2].

Htitiot14 = Htyt1ot14
- Ht1t10t14 = Ht15t10t14, since Htl = Ht15
Htytyot14 = Hti5t10t14
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—> Htytiotia = Hi3tit;

= Htitot14 = H[yxt$t3]t], since by Equation 5.8
3ttty = e
[Z3titiote)? = eV

— oty Mastaatir = e

— Y gt = e

— oty el = 18

— oy~ gt =191

— @y‘lx_ltg = ﬂtﬁt%

= t3 = yxtlt?

Htytiot1s = Hyxt$t3ts

= Htitiot1s4 = Ht5t)

= Ht1t1ot14 = Hioit34

= Htit19t14 = Htostsy, since Hioy = Htog
Htyitiot14 = Htostzq

= Htiti19t14 = Htsytos, since by Equation 5.9
Htitg = Htgtq

— [Htyite)™Y = [Htgt1]™

= Htgytoz = Htoglsa

Htytiot1a = Higatos

= Htitipt14 € [16], since Htgqtog is in [1 6].

2 symmetric generators will go to [1 6].

Htitiot17 = Htitotar

= Htit19t17 = Htist10t17, since Ht; = Htqs
Htytyot17 = Htystiot17

—> Htytigtiy = Ht3t3t]

= Ht1tiot17 = Hti[zt§t5]t], since by Equation 5.8
23ttty = €
[23t11t10te)* = e”
= x tiototin =€

=z 83t = e
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— a3t} = 1}
— x5t} = 151}

= zo 13 = 2§t}

= 13 = ztit}

Htytiot17 = Htdat$t$t]

—> Hiitiot1; = Halt5]" 15t}

= Htitiot17 = Ht 5313

= Htitiot17 = Htst?

= Htitioti7 = Htats

— Htitipt17 € [16], since Hiyts is in [1 6].

2 symmetric generators will go to [1 6].

Htitiot1s = Htqt1ot1s

= Htitiot1s = Ht1t3t5

— Htytigtis = Htit

= Htitiot1s = Hti[x 7 t5t]], since by Equation 5.8
23ttty = €

[23t11t10t9]" = €”

— o Motitig =e

= o Mt =e

— x5S = 15

— o313 = 13

Htityotis = Htyo '3t

= Htitiotis = He ' [t]" 383

—> Htitiot1s = Hitat}t]

— Hiytiot1s = Htjt3

= Hiitiot1is = Hti6tn1

= Htitiot1s = Htat11, since Hty = Htqg
Htqtiot1s = Hiatyy

Htitiotig € [110], since Htaty; is in [1 10].

2 symmetric generators will go to [1 10].
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Htitioter = Htqtiotor

= Htit19to1 = Htyst10t21, since Ht; = Htqs
Htytyotoy = Htisti0t21

—> Htytigtyr = Ht3t5t

— Htitipto = Htggtﬁ

= Htyt1gtor = Htg [2t3t3]t8, since by Equation 5.8
23tiitiote = e
[23t11t10te])” = €*

— z Mjptotiza =€

— M3t = e

— a3t} = 1]

— o3t} = 15t}

= zax 113 = ztit}

= t5 = xtit}

Htytiotor = Htjat$t5t8

= Ht1tioto1 = Ha[t3)* 653

= Htitioto1 = Ht 1383

= Htitiotar = Htst3

— Ht tiptyy = Htatg

= Htyt1pto1 € [110], since Htytg is in [1 10].

2 symmetric generators will go to [1 10].

Htytiotaa = Hititiotoo

= Htitigtos = Htyst10t29, since Ht; = Htyx
Htit1otoo = Ht15t10t22

= Ht tiotoe = Htit5t5

—> Htytigtay = H5t)

= Htitiotee = H[yxt$t3]t), since by Equation 5.8
3t11tiote = €
[Z3titiote)Y = eV
— oty Mastaatir = e

— x_ly_1t§t8t5 =e
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— aty gt} = 18

— oy~ gt =191

== ﬂy_lx_lté = ﬂt?t%

= t3 = yxtlt?

Htytiotag = Hyxt§tit)

— Htitiotee = Hyxt$

= Htitiotoo = Hyxto

= Httiptes € [5], since Hyxto; is in [5].

2 symmetric generators will go to [5].

Htitiotes = Htqtotas

= Htitiotos = Htyst10tos, since Ht; = Htys
Htitiotes = Htqstioton

— Htitiptes = Htggt{

= Ht tiotos = Htj[zt}t5]t], since by Equation 5.8
23tiitiote = e
[23t11t10te])" = €*

= 1z Mototiz =€

— M3t = e

— a3t = 1]

— a3t = 15t}

— gzt = gtit?

— t§ = wtit}

Hitytigtas = Htgwtft}t]

— Hititiotos = Hx[ts]"t3t]

— Hiitiotos = Htjtit]

= Htitiotas = Htqt]

= Htitotos = Hit3t], since

Hty = Htyy

— Ht, = Ht}

Htitiotes = Ht%ﬁ

= Htitiotes = Ht; [y_lmtgt?d, since by Equation 5.8
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x3t11t10te = €

[m3t11t10t9]xw — eTYT

=z Mytistatio = e

— :):flyt‘ft?ltg =e

— a7 ytitests = 1§

— oyttt = 563

=y laalyt] =y at§t?
= t] =y~ Lat§t?

Htytiotos = Htgy ‘atsts
— Hiytyotos = Hy ‘a[td]y “5t2
= Ht tiotas = HtJt5t

—> Htytiotas = Hi5t]

= Htitotos = Htit3, since
Ht, = Htys

= Ht, = Ht}

Htytiotos = Htqt3

= Ht tiotos = Ht 113

= Htytiotos = H[zy 1t3t7]t3, since by Equation 5.8
x3t11t10tg = €

(2311 t10t0] Y = ¥V

- yx_ltltlgtgg, =e

- y$*1t1t3t9 =e

— ya it} = 13

— yx~Mtit] = t3t]

= zy tyz~ My = ay'13E]
= t; = zy 3]

Htytiotos = Hay '3t72
= Htitiotos = Ht3t)

= Htitiptes = Hﬁt?l

— Htitiotes = Ht[t], since
Ht; = Htos

= Ht3 = Ht]
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Hititiotos = Ht{t)

= Htytptos = Htﬂy‘lxtéotg], since by Equation 5.8
x3t11t10t9 =e

[2%t11t10tg)V" = €¥®

=z lytsetiots = €

= o ythtits = e

— a7 ythtitaty’ = 50

— x yti5e§ = 5015

— y lwayt] = ytati0]
=t =y 1atl’§

Htytiotos = HtTy tatdOtS

— Htytigtas = Hy ‘x[t]]y ' =t08

= Htitiotos = Ht30t1015

= Ht tiotos = HtJtS

= Htitiotos = Hisatas

— Htitiptes € [16], since Htgqtog is in [1 6].

2 symmetric generators will go to [1 6].

Htytiotas = Htitiot2e

— Htitiotes = Ht1st10t26, since Ht; = Htis
Htytyotos = Ht15t10t26

= Htitiotas = Ht3t3t5

— Htitiptes = Hét%o

= Htytiotes = H[yxtt3]t10, since by Equation 5.8
w3ttty = e
[23t11t10t0]? " =¥
— oy Mastaatir = e
= oy Hitdtl = e
— o~y gt} = 1§
— aly gt = 157
— ﬂy‘lx_lté = ﬂtﬁt%

= t3 = yxtlt?
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Htityotos = Hyxtft3tl0

— Htitiptes = Hﬁtz

= Httiotas = HtSto, since

Htyy = Htog

— Ht$ = Ht}

Htytyotes = HtSty

Htytiotos = Ht§[y~1at2t]], since by Equation 5.8
Ptiitiolty =€

[23ti1tiotely T =¥ T

—> 2 Mylatigtss = e

= x_lytzt%ti =e

— x lytat it = 13

— x lytott] = t3t]

— y laalyty =y~ tatit]

=ty =y lat?t]

Htytiotos = HtSy tat3t]

= Htitiotos = Hy 'a[t3]Y “t3t]
= Htitiotas = Ht3t3t]

= Htitiotes = Htjt]

= Htyt1otos = Hti6l2s

= Httiptos € [16], since Htgtos is in [1 6].

2 symmetric generators will go to [1 6].

Htytiotag = Ht1tiot2g

= Htit1gtog = Hty5t10t29, since Ht; = Htys
Htytyotag = Htqst10t29

—> Htytigtag = Hi3tt}

= Htytiotag = Hti[zt§t5]t}, since by Equation 5.8
23ttty = €
[23t11t10te)* = e”
= x tiototin =€

=z 83t = e



— x5t E = ]

— x5t} = 151}

= zo 13 = 2§t}

= 13 = ztit}

Htytiotag = Htdat$t$t}

= Htitiotag = Hx[t3)*t58]

= Htitiotag = Ht 5313

= Ht tiotag = Htyst]

= Htitiotag = Ht3t], since

Hty = Htyy

— Hty, = Htj

Hititiotag = Higt]

Htytiotag = Htjlyxtitl0], since by Equation 5.8
23ttty = €

[23ti1t1te] YT = €7V '®
— oy Mrtatis = e
== a:_ly_lt?t4t§ =e

— a Yy it tst] = t]
— oy it = t5ts°
— %a:_ly_lﬁ = Et%t}lo

— 17 = yatity

Htytyotog = Htjyatt}0

— Hiytiotag = Hyx[t3]¥t5t;"
—> Hitityotog = Ht3t5t}°

— Htltlotgg = Hgt}lo

= Htitiotaeg = H[y 1z 11]t3]t10, since by Equation 5.8

.Tgtntlotg =e€

2,,—1 2,,—1
[23t11t10t9]" Y =¥ Y

11‘_1t33t20t3 =e

f— y_
— y Tty =e
— gl )0 = 110

— y oMt = 30

220
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Hititiotag = Hy ta—'t]t5t)°

= Htitotag = Ht{t}

— Hiitioteg = Htzslie

= Hittiptag € [14], since Htsstig is in [1 4].

2 symmetric generators will go to [1 4].

Htitiotso = Htitiotso

= Htitiotzo = Ht t3t5

— Htitiot30 = Hth

— Htitiptso € [1], since Ht; is in [1].

2 symmetric generators will go to [1].

Htqtiotzs = Htitiotss

— Ht tiotss = Hti5t10ts3, since Ht; = Hiys
Htqtiotss = Htystiotss

— Hititiotzz = Hitstst]

= Ht tiots3 = Hti[zt§t5]t], since by Equation 5.8
3ti1tioty = e
[23t11t10te])" = €*

— o Mygtotp =€

— o 1313t = e

— xSt ] = ]

— x5t} = 15t}

= zx~ 13 = 2tits

= t5 = xtit}

Htytiotss = Htjxt$t5t]

= Ht1tiotss = Hx[t3)*t5t$

= Htitiotss = Ht;t5t$

= Htitiptss = Huﬁ

= Httiots3 = Hts[z~ 'y~ 3t]], since by Equation 5.8
23t1itiote = e

[$3t11t10t9]y72 = 6y72
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— oy Mstaatir = e

— x_ly_ltétgti’ =e

— oy gt} = 18

— xtytegt) =18

Htytiotss = Htyx ty~1t4t)

— Htytigtss = Ha ty tg)* 'V tht)

= Htitotss = Ht3tit)

— Htitiptss = H@sg, since

Hts = Htsy

= Ht§ = Ht{°

Htitiotss = H@g

= Htitiots3 = H[yz~1t3t3]t], since by Equation 5.8
23tiitiote = e

[23t11t10te]Y = €Y

—> yx sstisty = e

- ym*1t§t§t1 =e

— yx—ltgtgtlﬁ = E

= yz1t9t] = 10

Htytiotss = Hyx 13t5t)

= Ht tiots3 = HtJt3

= Ht1t1otss = Htzst1o

= Htit1ot3s = Htsst10, since Htsz = Htsg
Htitiotss = Htsstio

= Htitiptss € [12], since Htsstqp is in [1 2].

2 symmetric generators will go to [1 2].

Htytiotsa = Htitiotsa

= Htitotss = Ht t3t)

— Hitytiotss = Hty

= Httiptss € [1], since Ht; is in [1].

2 symmetric generators will go to [1].



Htytyotsr = Htytiotsy

= Htit19t37 = Hty5t10t37, since Ht; = Htqs
Htitiotsr = Htystiotsr

—> Htytiotzy = Ht3titr°

= Ht1tiots7 = Hti[xt§t3]t10, since by Equation 5.8
3ti1tioty = e
[23t11t10t0])" = €*

= x tiototin =€

— o 133t = e

— xSt E = ]

— o3t} = 15t}

— x5 = gtitﬁz’

= 13 = ztit}

Htytiotsr = Htixt$t$t10

= Httiots7 = Ha[td]*t5t]

= Htytiots7 = Htjt5t]

= Htitiots7 = Hiyt]

— Htitiots7 = Ht3t], since

Hty = Htyy

— Ht, = Htj

Hititiotsr = Higt]

= Htitiotsy = H[zyt§t3]t], since by Equation 5.8
23ttty = e

1,1 1,1
[23t11t10te)” Y =e¥ Y

1,.—1
T t1atsztog = €

=a'B
= y o 15tlt] = e
— y o et = t§
— y e gt = 151
— @y‘lm_lté = @tgt%
— 1§ = xytSt?
Htitiotsy = Hayt§tt]
= Htitiotzr = Ht§t]
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= Htyt1ots7 = Hioalsz
— Ht1t10t37 = thgtgg, since HtQQ = Ht24

= Htytyots7 = Higaotss

= Htit19t37 = Htsstos, since by Equation 5.9

Htitg = Hitgt,

— [Ht1tg]V* = [Htgt1]V

= Hisstos = Higotss

Htytiots7 = Hisgtao

—> Htyt1pts7 € [16], since Htsstoo is in [1 6].

2 symmetric generators will go to [1 6].

Htytiotss = Hititotss

= Htitiotss = Ht t5td0

= Htitiotss = Htit3

= Htitiotss = Htytg

— Htt1ptss € [16], since Httg is in [1 6].

2 symmetric generators will go to [1 6].
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This concludes our double coset enumeration. Below is our completed Cayley Dia-

gram.
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Figure 5.3: Mj; Over (Cy: Cs).

5.4.2 Manual Double Coset Enumeration over a Maximal Subgroup
of Order 720

Now we will perform Double Coset Enumeration over our other maximal
subgroup.
Recall that we had 2 maximal subgroups that contained both f(z) and f(y). We will

examine subgroup 5.

We see that the order of this subgroup is 720, which is larger than our other subgroup.

Next we find a representation of this larger subgroup in words.

> #M[5] ‘subgroup;

720

> D:=Conjugates (Gl,M[5] ‘subgroup) ;

> D:=SetToSequence (D) ;

> f(x) in D[5] and f(y) in D[5];

true

> for g in D[5] do if sub<D[5]]|f(x),£f(y),g> eq D[5] then gg:=g;
for|if> end 1if;

for> end for;

> Order (gg) ;
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4

> if Order(gg) eq 4 then for i in [1..7920] do if ArrayP[i] eqg gg
if|for|if> then Sch[i]; end if; end for; end if;

vy’ =1 % £t7-1 % x % t x y -1 % t

> Order (f(y"-1 » t7-1 » x » t » y"=1 x t));

4

> G<x,y,t>:=Group<x,y,t|x"4,xxy " —1l+x"-1xy" -2,

y o =2xx"=1xyxx,t"11,t y=t"4, (x"-1xt) "8,

(yxt"x) "5,

(x+t" (y"4)) "3>;

> Hl:=sub<G|x,y>;

> H2:=sub<G|x,y,y -1 * t°=-1 « x x t x y"=1 x t>;
> #DoubleCosets (G,H2,H1);

3

> #G/#H2;

11

First we will expand our additional relations.
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y ety it e H
yi ety € H
y4t%0$t1y4t1 cH
y'taraly'y iyt € H
yitsreytly Yyt € H
y4t37my4[t3{4]t1 €eH
yUtsrayttots € H
y* [(ay®) (ay®) tsray*tots € H
yray [(xy®) taray'tets € H
Yy [t ety € H (5.10)

ylayttostoty € H
wytostot; € H
zytootit; € H
zytyt] € H
Hl‘y2t22t% =H

nyztggtilﬁ = Hﬁ

ny2t22 = th

Hay?tay = Htos

Htys = Htos



(a2")?3

(2°t33)?
$2t33$2t33$2t33

x2 (x2a:72)t33$2t33x2t33
222 (w72t33x2)t33x2t33
t§§t331‘2t33

tastaza’tss

2,.—2 2
a )t33$ t33

tas(x
tasz?(x ™ 2t332%)t33
tas 1 tiatss
tasa tsstss
(%27 2)t35 2  t35ta3
22 (27 2 t3502)tastas
22 tEetastss

x?t33tsstas

228

(5.11)
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(xty4)3 =e
(at])* = c
(zt9) =€

xtoxtgrtg = €
:L‘(Cl?xil)tgxtgxtg =e
2/ —1
x(x” tgx)tgxty = €
(5.12)
a:?tgtgxtg =e
33‘2t10t9.7,‘t9 =€

562 ($$_1)t10t9$t9 =

|
o

$3($71)t10t91‘)t9 =e€
xg[tlotg]xtg =€
1‘3t11t10t9 =e
Our first double coset, HeN = {He"|n € N} = {H}, which we will denote by [*].
The orbits of N on {1,2,3,4,5,6,8,7,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,
26,27,28,29,30,31,32,33,34,35,36,37,38,39,40} are {1,2,13,3,34,14,17,4,11,35,15,10,18,
33,20,12,36,19,16,9} and {5,6,29,7,26,30,37,8,23,27,31,22,38,25,40,24,28,39,32,21}.

We will take a representative from each orbit, say t; and t5, and determine to which

double coset Ht; and Hts belong.
Word of Length 1

Ht1N is a new double coset which we will denote by [1].
Ht{N = {Htlnln S N}

Since the orbit {1,2,13,3,34,14,17,4, 11, 35, 15, 10, 18, 33, 20, 12, 36, 19, 16, 9} contains

20 elements then 20 symmetric generators will go to the new double coset [1].

Now N1 > g1,
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N = {e}.
N = Coset Stabiliser in N of Ht; = {n € N|Ht} =t,}.

We will look for a relation that will increase the Coset Stabiliser N1,
Htos = Htoe, by Equation 5.10

— Ht] = Ht}

— Ht[t} = Ht5t}

— Ht, = Ht5t7

= Ht; = Ht§[yxt§t1’], since by Equation 5.12

Ptiitigly = e

[23t11t10t0]™Y T = ¥V '@

= oy Myrtatis = e

= mflyflt?mt% =e

— oy ittt = 15

— a7y it = t5t)°

s oy — gt

=t} = yatit}

Hty = HtSyxtito

= Ht; = Hyx[t5]v*t5t0

= Ht; = Hti0]t10

— Ht, = Ht§t;°

= Ht; = Ht°t1°, since by Equation 5.10

Htyy = Htos

— [Hitp)™¥" = [Htgs)" V"
— Htyy = Htog

— Ht}" = Ht§

Ht; = Ht}%t}0

= Ht; = Ht}

= Ht; = Htss

Also, Ht1 = Htsg

= [Ht;]* 'V = [Htse]® v
= Htss = Hty1,
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and

Ht, = Htsg

= [Ht.|"™V = [Hts]"™

= Hty1 = Hta,

and

Ht1 = Htsg

— [Ht1]Y* = [Hts6)¥"

= Ht14 = Ht;.

Thus, Ht; = Htgg = Ht11 = Hiyy

Now, since Ht{ = Ht; = e € N® and
Ht:f_ly_l = Htys = Ht; = 'y~ e N,
HthQy = Ht\; = Ht; = 22y e N,

HtY® = Htyy = Ht; = yr € N then,

N = Coset Stabiliser in N of Ht; = {n € N|Ht} =t} = {e,z7 1y~ 22y, ya}.
N _ 20 _ 5

Furthermore, the number of single cosets of Ht1 N is TSI

Conjugating by elements in N gives us the following equal names.

t1 ~ 136 ~ t11 ~ t14 ty ~ t35 ~ t1g ~ t13
to ~ t33 ~ t12 ~ t15 t17 ~ tog ~ t19 ~ t18

t3 ~ t3q4 ~ tg ~ t16

Therefore, Ht; N = {Htl = Htyg = Ht11 = Ht14, Hto = Hts3 = Ht1o = Htqs,
Hts = Htsy = Htg = Ht1g, Ht4 = Htss = Ht19g = Ht13,
Hti7 = Htyg = Htyg = Ht1g}

Now N©®) > N5,
N5 = {e}.
N©®) = Coset Stabiliser in N of Hts = {n € N|Ht} = t5}.
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We will look for a relation that will increase the Coset Stabiliser N ),

Htos = Htos, by Equation 5.10
— [Hip)* 'V = [Hitys)" ¥
— Hts = Hts.

Also,

Htoo = Htos

—> [Htgo)™ '* = [Htos]"¥ '*
— Htg = Htry,

and

Htgo = Htos

— [Htgo]™ ' = [Hitgs)™

= Hty = Htg,

1

and

Htgg = Htos

— [Hitg]¥" = [Htgs]¥
— Htg = Hts,

2

Thus Hts = Htg = Ht7 = Hig

Since Htf = Hts = e € NG,

Htt = Htg = Hts = 2 € NO),

HtE* = Ht; = Hts = 2%inN©®),

Ht:™ = Htg = Hts = 2*inN®), then,

N©®) = Coset Stabiliser in N of Hts = {n € N|(Hts)" = t5} = {e,z, 2,z }.

N
P = 2 =5

Furthermore, the number of single cosets of Hts N is NGO = 4 =

Conjugating by elements in N gives us the following equal names.

ts ~tg ~t7 ~ 13 t39 ~ tog ~ tog ~ t3g
tog ~ tog ~ tog ~ tag t31 ~ tog ~ to1 ~ t38

t30 ~ to7 ~ tog ~ t37
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Thus HtsN = {Ht5 = Htg = Hty; = Htg, Htog = Htog = Htoz = Htyg,
Htzg = Htoy = Htoy = Htzy, Ht3o = Htos = Htog = Htzg,
Ht31 = Htog = Hto = Htgg}.

The orbits of N are {1, 14, 11, 36}, {2, 35, 20, 9}, {3, 12, 13, 18}, {4, 17, 34, 15},
{5, 30, 23, 28}, {6, 27, 40, 21}, {7, 24, 29, 38}, {8, 37, 26, 31}, {10, 19, 16, 33}, and
{22, 39, 32, 25}.

We will check to see where tltl, tltg, t1t13, t1t17, t1t5, t1t21, t1t29, t1t37, t1t33, and t1t25

belong.

Htit; = Ht?
— Ht1t1 = Ht5
— Htit; € [5], since Hts is in [5].

4 Symmetric generators will go to [5].

Htitg = Ht1t3

— Htitg = Ht}

— Htitg = Hty3

= Htitg € [1], since Ht;3 is in [1].

4 Symmetric generators will go to [1].

Htit13 = Ht t]

= Ht1t13 = Ht}

— Htit13 = Htyy

— Htyt13 € [1], since Hty7 is in [1].

4 Symmetric generators will go to [1].

Htit17 = Htyt3

= Htit;7 = HtY

— Htity; = Hio

= Htit17 € [5], since Htop is in [5].



4 Symmetric generators will go to [5].

Htits = Ht t?

= Htity = Ht}

— Htts = Hito

= Htts € [1], since Htg is in [1].

4 Symmetric generators will go to [1].

Htty = Htqt$

= Htyty) = Ht]

— Htyty = Hios

= Htyto € [5], since Htgs is in [5].

4 Symmetric generators will go to [5].

Hitqtag = Htqt$

= Htityg = Ht)

— Htitog = Htss

= Htjtyg € [1], since Htss is in [1].

4 Symmetric generators will go to [1].

Htytz; = Ht 10
- Ht1t37 =H
= Htitgy € [1], since He is in [*].

4 Symmetric generators will go to [*].

Htytss = Htqt)

= Htytzs = Ht{°

—> Htits3 = Htsy

= Htqtss € [5], since Htgy is in [5].

4 Symmetric generators will go to [5].

Htqtgs = Htt]
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== Ht1t25 = Htgf
— Ht1t25 = thg
= Htqtos € [5], since Htgg is in [5].

4 Symmetric generators will go to [5].

The orbits of N©® are {1,2,3,4}, {5, 6, 7, 8}, {9, 10, 11, 12}, {13, 14, 15, 16}, {17,
18, 19, 20}, {21, 22, 23, 24}, {25, 26, 27, 28}, {29, 30, 31, 32}, {33, 34, 35, 36}, and
{37, 38, 39, 40}.

We will check to see where t5t1, t5t5, t5t9, t5t13, t5t17, t5t21, t5t25, t5t29, t5t33, and t5t37

belong.

Htst; = Ht3t

— Htst; = Ht3

— Hitst; = Htyg

= Htst; € [1], since Htg is in [1].

4 symmetric generators will go to [1].

Htsts = Ht3t2

— Htsts = Ht}

— Hitsts = Hty3

— Htsts € [1], since Hty3 is in [1].

4 symmetric generators will go to [1].

Htstg = Ht3t3

= Htstg = Ht}

—> Hitstg = Hty7

= Htstg € [1], since Ht7 is in [1].

4 symmetric generators will go to [1].

Htsti3 = Ht3t]
— Htst13 = Ht?



== Ht5t13 = Hty

= Htst13 € [5], since Htg is in [5].

4 symmetric generators will go to [5].

Htst17 = Ht3t3

— Htst17 = Ht]

— Hitstyy = Htos

= Htsti7 € [5], since Htgs is in [5)].

4 symmetric generators will go to [5].

Htstgy = Ht3t9

= Htsty = Ht}

— Htsty) = Htyg

= Htsto1 € [5], since Htag is in [5].

4 symmetric generators will go to [5].

Htstos = Ht3t!
= Htstos = Ht?
= Hitstos = Hiss

= Htstos € [1], since Htss is in [1]

4 symmetric generators will go to [1].

Htstag = Ht3t3

= Htstag = Ht1°

—> Histog = Htsy

= Htstog € [5], since Htgy is in [5].

4 symmetric generators will go to [5].

Htstss = Ht3t)
— Htstz3 = H

— Htstss € [«], since He is in [*].

4 symmetric generators will go to [*].
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Htsts; = Ht3t10
— Ht5t37 = Ht;
= Htsts7 € [1], since Ht; is in [1].

4 symmetric generators will go to [1].

This conclude our Double Coset Enumeration. Below is our Cayley Diagram.

4+4+4+4+4 4+4+4+4+4

Figure 5.4: Mj; Over (Cy: Cs).

5.5 (5(4,3):2) as a Homomorphic Image of 2*1 : S;

5.5.1 Factor by Center of GG

Let G =2 2%20: (2% : S5) be a symmetric presentation of G given by

1 1 -1 ,—1,—1, =1, —1...3
TYyr =,y "X CYr Y XY X,

(z7ty2aety ™2, 2, (¢ ya?y 2y, (¢ ey ey By Y,

G =< z,y,t)2° (zy~ ") yay e ?y”
(t, (yzy™")?), (t,y~ 'y ~?) >, where
z = (1,16,9,2,15,10)(3,18,11)(4, 17,12)(5, 6)(7, 14, 19)(8, 13, 20),
y = (1,14,15,2,13,16)(3, 19,6, 8, 18, 10,4, 20, 5, 7, 17, 9),

N =< x,y >, and the order of N is 1920.
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Let us factor the progenitor 2*2 : (24 : S5) by
[(2yt™), (ayt™v=)", (ayt™"v)"].

The Composition Factors of G are given below.

Cyclic(2)

R — % — % — @

However, now our control group has changed.

> #sub<G|x,y>;
120

The order of N is 120 instead of 1920.

We look at our original control group given by

< z,yla, (zy~ )4 yoryta 2y Loy y e Ty ly T layBe, (P ly )2 >

Note that |z| =6, |2y~ | =4, |yzy lo 2y oyt =1, [y Lo tya—ty tayda| = 1,

and |z~ Yy ly~ Y = 2.

We also note that |f(x)| =3, |f(zy™)| = 4, | f(yzy Lo 2y toya™1)| = 1,
If(y~to " tyz—ty~tayde)| = 1, and | f(z 12—ty )| = 2.

So then we change our control group to the following symmetric representation.

<z, ylad, (wy= ) yey a2y oy y ey ly ey, (P ly )2 >
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> NN:=Group<x,y|x"3, (xxy"=1) "4, y*xxxy " =1xx"-2xy " —1lsx*y*x"-1,
> YT =laxT=1layrxT=1xy T =1 xx*y T 3Hx, (XT-1xy " 2xxT=1xy " -1) "2>;

> #NN;

120

Our new control group of order 120 is a permutation representation of NN over the

Stabiliser(NV,1), which we will call H.

> NN<x,y>:=Group<x,vI|x "3, (x+y " =1) "4, yxxxy " =1xx =24y " —laxxyxx"-1,
> Yy =laxT=1layrxT=1xy T =1l ax*y T 3Hx, (XT-1xy " 2xxT=1xy " -1) "2>;

> H:=sub<NN|y*x"2xy =2+x"=1xy*x"=1,x " =1xy " =1lxx"-1xy " =3*x*xy -1,
> (yxx*xy " =1) "3,y —1xx"3xy"=2>;

> #H;

12

> #NN;

120

> f,gl,k:=CosetAction (NN, H) ;

> #9l;

120

> #k;

1

> gl;

Permutation group gl acting on a set of cardinality 10
Order = 120 = 273 = 3 x 5
(1, 2, 4)(3, 5, 6)(7, 8, 10)
(1, 3, 2)4, 7, 5, 9, 6, 8)
> Stabiliser(gl,l) eqg sub<gl]|f (H)>;
true

Now we check in MAGMA.

> S:=Sym(10);

> xx:=S!(1, 2, 4) (3, 5, 6)((7, 8, 10);
> yy:=S!(1, 3, 2)(4, 7, 5, 9, 6, 8);
> N:=sub<S|xx,yy>;

> #N;

120

> #sUub<N|yy*xx"2xyy —2+xx " —1syy*xx"—1,xx" =1xyy " —lrxx"—-1x

> yy  =3Hxx*xyy =1, (yyxxxxyy —1) "3, yy —1xxx"3xyy —=2>;

12

> Stabiliser(N,1) eq sub<N|yy*xx " 2xyy —2+xx —1xyy*xx"—1,xx"—1x%
> yy T —lxxxT-1lxyy T -3xxxxyy -1, (yy* xxxyy —1) "3,yy —1lxxx"3xyy -2>;
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true
> gs:=IsIsomorphic (N, Sym(5));s;
true

Therefore, G =< z, vy, t|z3, (xy~ )4, yey Lz 2y tayz~t y o~ tyz~ly Loy,
(z7ly?2~ly =128, (G yaPy ey ™), (e y ey ey ), (8 (yay ),
(t, y’1x3y’2), (xytx3)67 (xytx2yx2)4, (xythy)S >

is isomorphic to

2*10:55
[(zyt=®)6, (zyt=?va® )4 (zyte?v)8] "

The composition factors of G are given below.

Now we want to factor G by Cs to obtain the following composition series for G,

G = G1 ;) 1, where G = (Gl/GQ)(GQ/l) = 025(4,3).
We find the Normal Lattice of G.

> NL:=NormalLattice (Gl);
> NL;

Normal subgroup lattice

[7] Order 103680 Length 1 Maximal Subgroups: 4 5 6

[6] Order 51840 Length 1 Maximal Subgroups: 3
[5] Order 51840 Length 1 Maximal Subgroups: 2 3



[4] Order 51840 Length 1 Maximal Subgroups: 3
E;; Order 25920 Length 1 Maximal Subgroups: 1
E;; Order 2 Length 1 Maximal Subgroups: 1
EI; Order 1 Length 1 Maximal Subgroups:
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We see that N L[2] is of order 2. We check to see if NL[2] is equal to the center of G.

> NL[2]
true

eq Center (Gl);

We use our Schreier System to write the generators of NL[2] in terms of z,y, and t.

> IN:=sub<Gl|f (x),f(y)>;

> N:=IN;

> #N;

120

> #G;

103680

> N:=G1;

> NN:=G;

> Sch:=SchreierSystem (NN, sub<NN|Id (NN)>);

> ArrayP:=[Id(N): i in [1..103680]];

> for i in [2..103680] do

for> P:=[Id(N): 1 in [1..#Sch([i]]1];

for> for J in [1..#Sch[i]] do

for|for> if Eltseq(Sch[i])[j] eg 1 then P[]j]l:=f(x); end 1if;
for|for> if Eltseq(Schl[i])[j] eq 2 then P[]J]l:=f(y); end if;
for|for> if Eltseqg(Sch[i])[j] eq -1 then P[j]l:=f(x"-1); end if;
for|for> if Eltseqg(Sch[i])[]j] eqg -2 then P[]j]l:=f(y"-1); end 1if;
for|for> if Eltseqg(Sch[i])[]J] eg 3 then P[]j]l:=f(t); end if;
for|for> end for;

for> PP:=Id(N);

for> for k in [1..#P] do

for|for> PP:=PP*P[k]; end for;

for> ArrayP[i] :=PP;

for> end for;

> for i in [1..103680] do if ArrayP[i] eq NL[2].1 then Schli];
for|if> end if; end for;
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Id(G)

> for i in [1..103680] do if ArrayP[i] eq NL[2].2 then Schl[i];
for|if> end if; end for;

X # t *x x *# y' -1l x X #t xy & x* LT *x *y -1l *xx*xt +y -1
* t * X * Tt * \

We now have the following presentation for G.

1 lillyl‘_l,y_lx_lyl’_ly_livygﬂf, (x—lny—ly—1)2

_ _ _ _ _ _ _ _ _ _ _ 3
2, (t,ya®y ey, (o y T ey ey T, (8 (yey ™), (G y T ety ), (aytt)S,
(:cytIQy"’“"Q)‘l, (acytxzy)g, xtey Latyxtey oty oty >.

G =<,y tla®, (zy= ) yey a2y~

)

The Composition Factors of G are,

c(z, 3) = 5(4, 3)

5.5.2 The Construction of (S(4,3) : 2) Over S;

We are now ready to perform Double Coset Enumeration on the progenitor
2¥10 . gx
factored by (mytw3)6, (J:ytx2yx2)4, (a:ytf‘:Qy)g, ataey Latyatey Loty taoty.

Let G = 2*10: S5 be a symmetric presentation of G given by

1 ll‘yﬂf_l,y_1$_1y$_1y_1$y3$, (x—lle,—ly—l)Q

_ _ _ _ _ _ _ _ _ _ _ 3
t2, (tyx®y 2oy ™), (e y ey ey T, (8 (yay 1)), (G y T ety ), (ayt)S,
(:I:ytIQy‘”Q)‘l, (xyt$29)8, xtxy Latyrtry oty oty >, where
NSy =<uz,y> 2=(1,2)(3,4)(5,6)(7,8)(9,10), and y = (1, 3,5,7,9, 10,8, 6,4, 2).

<,y tla?, (xy™ ) yay a2y

9

We will enter this presentation for GG and label our permutations x and y as well as

our control group, N =< z,y >, then verify that we have N = Ss.

> G<x,y,t>:=Group<x,y,t|x"3, (xxy " =1) "4,y xxy 14 x"=2xy " —1xx*xy*
> x7=1,y " -1xx"=1lxyrx T =1xy T —1laxxy T 3xx, (XT-1xy " 2xx"-1xy"-1) "2,
> 72, (L, y*x"2+y " =2xx"=1xy*xx"=1), (£, x " =1xy " =1xx"=1xy " =3xxxy"—-1),
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> (L, (y*x*xy"=1)"3), (t,y " —1*+x"3xy " =2), (xxy*t " (x73)) "6, (xxy*xt™ (x"2x%
> y*x"2)) T4, (XAyrET(XT2xy) ) T8, xxtAxxy T —LlAx*ELAYAXFT X

> xxy T —laxxtay T —latrxxtAy>;

> S:=Sym(10);

> xx:=S!(1,2,4) (3,5,6) (7,8,10);

> yy:=S!(1,3,2)(4,7,5,9,6,8);

> N:=sub<S|xx,yy>;

> f,Gl,k:=CosetAction (G, sub<G|x,y>);

> CompositionFactors (Gl);

G
| Cyclic(2)
*
|  C(2, 3) = S(4, 3)
1
> s:=IsIsomorphic (N, Sym(5));s;
true

We then use MAGMA to calculate the number of double cosets of G over N as
well as to name our t;. Note that when naming our ¢;’s, t; = ¢, then to = %,
since = = (1,2,4)(3,5,6)(7,8,10) takes t; to to. Similarily, t3 = t¥, since y =
(1,3,2)(4,7,5,9,6,8) takes 1 to s, also t4 = t*, since 2 = (1,4,2)(3,6,5)(7,10,8)

takes t1 to t4. This process is repeated until all of our ¢;’s have been named.

> #DoubleCosets (G, sub<G|x,y>, sub<G|x,y>);

20

> IN:=sub<Gl|f(x),£f(y)>;

> ts := [Id(Gl): i in [1 01 1;

> [11:=f(t); ts[2]:=f(t" X), ts[3]: —f(t y); ts[d4]l:=f(t"(x72));
> ts[5]:=£(t" (y*x)); ts[6]:=f£(t" (y*x"2)); ts[7]:=£(£"(x"2xy))
> ts[8]:=f£(t" (x"2*y*x)); ts[9]:=£(t" (y*x*y));

> [10]: f(tA(xAZ*y*xAZ)),

So we will have 20 double cosets. The number of single cosets is equal to

||](\;[|| 5%%0 = 432. We will use the following loop to keep count of the single cosets.
It is important in this loop that we input the number of ¢;’s that we have, 10, as well
as the number of single cosets that we have, 432. The coset counter will give us a
running total of how many single cosets we have thus far, starting with our second

double coset [1]. It does not keep count of the 1 single coset in [*].



244

> prodim:=function(pt, Q, I)
function> v:=pt;

function> for i in I do
function|for> v = v~ (Q[i]);
function| for> end for;
function> return v;
function> end function;

> #G/#N;

432

> cst := [null : i in [1 .. Index(G,sub<G|x,y>)]] where null is
> [Integers() | 1;

> for i := 1 to 10 do

for> cst[prodim(1l, ts, [i]1)] := [i];

for> end for;

> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1l; end if; end for; m;

10

Words of Length 1

Our first double coset is NeN, denoted by [*].

H]_\Nl__mo

=N = 120 = 1 single coset.

> Orbits (N);

[
GSet{@ 1, 2, 3, 4, 5, 7, 6, 9, 8, 10 @}

The orbit of N on {1,2,3,4,5,6,7,8,9,10} is {1,2,3,4,5,6,7,8,9,10}. We pick a
representative from the orbit, say 1, and determine the double coset that contains

Nty.
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Nt1N is anew double coset which we will denote by [1]. Since the orbit{1,2,3,4,5,6,7,8,9,10}
contains ten elements, then ten symmetric generators will go to the new double coset

[1]. Recall that our coset counter, m, was at 10.

We will now examine our double coset [1]. Our representative of this double coset is
Nty. The following code labels the point stabiliser of 1 in NV as N1. Then we label
the set SSS, which is made up of t; conjugated by all of the elements of N.

> Nl:=Stabiliser (N, [1]);
> SSS:={[1]};

> S5SS:=SSS"N;

> #SSS;

10

> Seqqg:=Setseq(SSS);

The next loop tells us if we have any equal names, that is, if any of our cosets in [1]

are equal to each other.

> for i1 in [1..#SSS] do

for> for n in IN do

for|for> 1if ts[l] eqg

for|for|if> nxts[Rep(Seqqli]) [1]]
for|for|if> then print Rep (Seqqlil);
for|for|if> end if; end for; end for;
[ 1]

> Nls:=N1;

From the above loop we see that there are not any equal names in [1]. Thus the
coset stabiliser of 1 in IV is equal to the point stabiliser of 1 in N. We compute the
transversals of N in N and label this as T1. Then we use our coset counter to see

how many single cosets we have thus far.

> Tl:=Transversal (N,Nls) ;

> for 1 in [1..#T1] do

for> ss:=[1]"T1[1i];

for> cst[prodim(l, ts, ss)]:=ss;

for> end for;

> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1; end if; end for; m;

10
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Now we can use MAGMA to find the elements in the set N, To find the distinct
single cosets in [1], we first find the transversals, then conjugate Nt; by each of the

elements in the set of transversals.

> #Nls;

12

> Set (Nls);
{

Id(N1),

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

(2, 9)((3, 7) (5, 10),

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

(2, 6)((3, 4)((7, 9) (8, 10),
(2, 7) (3, 9) (4, o6) (5, 10),
(2, 4, 9) (3, 6, 7) (5, 10, 8),
(2, 3) (4, 6) (7, 9),

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

> for 1 in [1..#T1] do ([1]1°Nls) "T1l[i]; end for;

@}
{e

@}
{a

@}
{a

@}
{e

@}
{@
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@}
{e

@}
{a

@}
{a

@}

Nt = NO = {e,(2,6,9,3,4,7)(5,10,8), (2,4)(3,6)(8,10), (2,9)(3,7)(5, 10), (2,9, 4)(3, 7, 6)
(5,8,10), (2,7,4,3,9,6)(5,8,10), (2,6)(3,4)(7,9)(8, 10), (4,9)(5,8)(6,7), (2, 7)(3,9)(4, 6)
(5,10), (2,4,9)(3,6,7)(5,10,8), (2,3)(4,6)(7,9), (2,3)(4,7)(5,8)(6,9)}.

IN|  _ 120 _
NG| =75 =10

Nt;N = {Nt1, Nty, Nts, Nty, Nt5, Ntg, Nt7, Nts, Ntg, Nt1o}.

The number of single cosets in Nt N is

Lastly, we need to compute the orbits of N,

> Orbits (Nls);

[

GSet{@ 1 @},

GSet{@ 5, 10, 8 @},

GSet{@ 2, 7, 4, 6, 9, 3 @}
]

The orbits of the coset stabilier N(M) on {1,2,3,4,5,6,7,8,9,10} are
{1},{5,10,8} , and {2,7,4,3,6,9}.

We take t1, t5, and to from each orbit respectively.

We want to determine to which double coset Nt1t1, Ntits, and Ntito belong.

Ntity = N € [#] (Since our t’s are of order 2.)
Since the orbit {1} contains one element, then one symmetric generator goes back to

the double coset [].
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Now, so far we have found the double cosets [*] and [1]. We will use the following
loop to see if Ntit5, and Ntite belong in these double cosets. If not, then then they
will go on to a new double coset.

> for m,n in IN do if ts[l]xts[5] eqg mx(ts[1l]*xts[1l]) " n

for|if> then "true"; break; end if; end for;

>

> for m,n in IN do if ts[l]*ts[5] eq mx(ts[1l]) n

for|if> then "true"; break; end if; end for;
>

> for m,n in IN do if ts[l]xts[2] eq mx(ts[l]*xts[1l]) n
for|if> then "true"; break; end if; end for;

>

> for m,n in IN do if ts[l]xts[2] eg mx(ts[1l]) n
for|if> then "true"; break; end if; end for;

>

Since MAGMA did not return any output with the above loop, then we have two new

double cosets.

NtitsN is a new double coset which we will denote [15].
Since the orbit {5,10,8} contains three elements, then three symmetric generators

will go to the new double coset [15].

NtitaN is a new double coset which we will denote [12].
Since the orbit {2,7,4,3,6,9} contains six elements, then six symmetric generators

will go to the new double coset [12].

Words of Length 2

Now we move on to our first double coset of length 2. In the same manner as before

we look for equal names.

N15:=Stabiliser (N, [1,5]);
SSS:={[1,5]1};

SSS:=SSS"N;

#SSS;

0

W Vv V V V
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> Seqg:=Setseq(SSS);

>

> for 1 in [1..#SSS] do

for> for n in IN do

for|for> 1if ts[l]xts[5] eq

for|for|if> nxts[Rep(Seqqgli]) [1]]1*ts[Rep (Seqqlil) [2]1]
for|for|if> then print Rep (Seqqglil]);

for|for|if> end if; end for; end for;

[ 1, 51

Since we do not have a relation that will increase our coset stabiliser, then N1° =

NU5) We input this and check our coset counter.

> T1l5:=Transversal (N,N15s);

> for 1 in [1..#T15] do

for> ss:=[1,5]"T15[1i];

for> cst[prodim(l, ts, ss)]:=ss;

for> end for;

> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1l; end if; end for; m;

40

Our coset counter has increased from 10 to 40. We should have 30 distinct single

cosets in [15]. We find the distinct single cosets as well as the orbits of N(15),

> [1,5] N15s;
GSet{Q@
[ 1, 51
@}
> for i in [1..#T15] do ([1,5]°N15s)"T15[i]; end for;
{@

[ 1, 5]
@}
{e

[ 1, 10 1]
@}
{e

[ 1, 8]
@}
{e

[ 2, 6]

@}



{a

@}
{a

@}
{a

@}
{@

@}
{e

@}
{a

@}
{a

@}
{e

@}
{@

@}
{a

@}
{a

@}
{@

@}
{a

@}
{a

@}
{a
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@}
{@

@}
{a

@}
{a

@}
{@

@}
{a

@}
{a

@}
{@

@}
{e

@}
{a

@}
{a

@}
{e

@}

> Orbits (N15s);

[

[

10,

3

]

GSet{@ 1 @},
GSet{@ 5 @},
GSet{@ 7,
GSet{@ 8,
GSet{@ 2,
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NU) = {e,(24)(36)(810), (26)(34)(79)(810), (23)(46)(79)}. The number of the single
VL =120 — 30,

cosets in the double coset Nt1t5 N is at most Noo — 4

Ntits N = {Ntits, Ntitig, Nt1ts, Ntots, Ntatr, Ntotig, Ntstg, Ntstio, Ntsts, Ntsts, Ntats,
Ntgtr, Nisto, Ntstr, Ntsty, Nteto, Ntgts, Nteta, Ntrta, Ntrts, Ni7ts, Ntsty, Ntgte, Nigts,
Ntgte, Ntots, Ntgts, Ntiot1, Ntiota, Ntiots}.

Similarily we examine our other double coset [12].

> N12:=Stabiliser (N, [1,2]);
> SSSs:={[1,21};

> SSS:=SSS"N;

> #SSS;

60

> Seqg:=Setseq(SSS);

>

> for 1 in [1..#SSS] do

for> for n in IN do

for|for> 1if ts[l]xts[2] eq

for|for|if> nxts[Rep(Seqqgli]) [1]]1*ts[Rep(Seqqlil) [2]]
for|for|if> then print Rep (Seqgqlil);

for|for|if> end if; end for; end for;

[ 1, 21

[ 1, 31

MAGMA tells us that Nt1to = Nt1t3. So we now have a relation that increases N(12)

We enter these equal names with the following code and check our coset counter.

> N12s:=N12;
> for n in N do if 1"n eq 1 and 2°n eg 3 then
for|if> N12s:=sub<N|Nl2s,n>; end if; end for;
> N12s; #N12s;
Permutation group N12s acting on a set of cardinality 10
(4, 9)(5, 8)(6, 7)
(2, 3)(4, 7)(5, 8) (6, 9)
(2, 3) (4, 6) (7, 9)
4
> #N/#N12s;
30
> Tl2:=Transversal (N,N12s);
> for 1 in [1..#T12] do
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for> ss:=[1,2]1"T12[1];

for> cst[prodim(l, ts, ss)]:=ss;

for> end for;

> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1l; end if; end for; m;

70

Our coset counter is now at 70, so we must have 30 distinct single cosets in [12]. We

will find the distinct single cosets as well as the orbits of N(12),

> #N12s;

4

> Set (N12s);
{

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

(2, 3) (4, 6) (7, 9),
Id(N1l2s)

> for 1 in [1..#T12] do ([1,2]°Nl2s)"T12[i]; end for;

(1, 21,
[ 1, 3]
@}
{e
(1, 61,
[ 1, 4]
@}
{e
L1, 71,
(1, 9]
@}
{e
[ 2, 417,
(2, 5]
@}
{e
[ 2, 31,
[ 2, 1]
@}
{e
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@}

{a

@}

{a

@}

{e

@}

{a

@}

{a

@}

{a

@}

{a

@}

{@

@}

{e

@}

{a

@}

{a
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@}

{a

@}

{a

@}

{a

@}

{a

@}

{@

@}

{e

@}

{a

@}

{a

@}

{a

@}

{a

@}
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{@
[ 10, 6 1,
[ 10, ]
@}
{@
[ 10, 4 1,
[ 10, 9 ]
@}
{e
[ 10, 8 1,
[ 10, 5 1
@}

> Orbits (N12s);
[
GSet{@ 1 @},
GSet{@ 10 @},
GSet{@ 2, 3 @},
GSet{@ 5, 8 @},
GSet{@ 4, 9, 7, 6 @}
]

N2 = fe (23)(47)(58)(69), (49)(58)(67), (23)(46)(79)}. The number of the single
N 120 _ 39

cosets in the double coset Nt1ta N is at most N[ = a

Nt1toN = {Ntity = Nt ts, Ntitg = Nt1ty, Nt1tr = Ntitg, Ntoty = Ntots,

Ntots = Ntot1, Ntotg = Nitots, Ntst; = Niste, Ntsts = Ntsts, Ntste = Ntsts,
Ntyt, = Ntgtg, Ntats = Ntgto, Ntatio = Ntgto, Ntsts = Ntsts, Ntstio = Nists,
Ntsts = Ntstg, Ntgts = Ntgt1, Ntgts = Ntgtio, Ntgts = Ntgts, Ntrtz = Nitqts,
Ntstg = Ntsty, Ntvtio = Ntstg, Ntgty = Nitgto, Ntgty = Nitgts, Nigts = Ntstio,
Ntot1 = Ntgty, Ntgty = Ntgtyg, Ntgts = Ntgta, Ntigtg = Ntiot7, Ntiots = Ntyoto,
Ntyots = Ntiots}

So far we have G = N U Nt;N U Nt1ts N U Nt1toN.
Which gives us 1 + 10 4+ 30 + 30 = 71 distinct cosets.

Now we check the orbits of N5 and N(12) to see where our single cosets go.
The orbits of N(1%) on {1,2,3,4,5,6,7,8,9,10} are {1}, {5}, {7,9}, {8,10}, and
{2,6,4,3}. We take t1, ts5, t7, tg, and tp from the orbits of N(1%). We want to de-



257
termine to which double coset Ntitst1, Ntitsts, Ntitsty, Nti1tsts and Ntitsta belong.

The double cosets that we have thus far are [*], [1], [15], and [12]. We will use the
following loop to see which cosets will go to these double cosets, those that do not,
will form new double cosets. We will make sure to add these new double cosets to

our loop as we find them.

~

> for m,n in IN do 1if ts[l]*xts[5]*ts[l] eq m*x(ts[l]l*ts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[5]*ts[l] eg mx(ts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[5]*ts[l] eg m*x(ts[1l]*ts[5]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[5]*ts[1l] eq m*(ts[l]l*ts[2]) n
for|if> then "true"; break; end if; end for;

>

Ntitsti N is a new double coset which we will denote [151].

One symmetric generator goes to the new double coset [151].

> for m,n in IN do if ts[l]*ts[5]*ts[5] eqg mx(ts[1l]l*ts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[5]*ts[5] eq m*(ts[1l]) n
for|if> then "true"; break; end if; end for;

true

> for m,n in IN do if ts[l]*ts[5]*ts[5] eg m*x(ts[1l]*ts[5]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[5]1*ts[5] eg mx(ts[1l]l*ts[2]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[5]*ts[5] eq m*(ts[l]lxts[5]xts[1l]) n
for|if> then "true"; break; end if; end for;

>

Ntitsts € [1] .

One symmetric generator goes back to [1].

> for m,n in IN do if ts[l]xts[5]*ts[7] eqg mx(ts[1l]l*ts[1l]) n
for|if> then "true"; break; end if; end for;



> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
>

IN do if ts[1l]l*ts[5]*ts[7]

"true";

break;

end 1f; end

IN do if ts[1l]l*ts[5]*ts[7]

"true";

break;

end 1f; end

IN do 1if ts[l]*ts[5]*ts[7]

"true";

break;

end 1f; end

IN do if ts[1l]#*ts[5]+*ts[7]

"true";

break;

end 1f; end

eq mx (ts[1])
for;

eq mx (ts[1l]*ts[5])

for;

~

n

~
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n

eq mx (ts[1l]lxts[2]) " "n

for;

eq mx (ts[1l]xts[5]*ts[1l]) n

for;

Ntitst7N is a new double coset which we will denote [157].

Two symmetric generators will go to the new double coset [157].

> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
>

IN do if ts[1l]*ts[5]*ts[8]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

end if; end
*ts[5]*xts[8]
end if; end
*ts[5]*ts[8]
end if; end
*ts[5]*ts[8]
end if; end
*ts[5]*ts[8]
end if; end
*ts[5]*ts[8]
end 1f; end

eq mx (ts[1l]*xts[1]) n

for;
eq mx (ts[1])
for;

eq mx (ts[1l]*ts[5])

for;

eq mx (ts[1l]*xts[2])

for;

eq m*x (ts[1l]+ts[5]*ts[1l])

for;

n

~

n

n

~

n

eq mx (ts[1l]xts[5]*ts[7]) n

for;

NtitstgN is a new double coset which we will denote [158].

Two symmetric generators will go to the new double coset [158].

> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in

IN do 1if ts[l]xts[5]*ts[2]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

end 1f; end
*ts[5]*ts[2]
end 1f; end
*ts[5]*ts[2]
end 1f; end
*ts[5]xts[2]
end if; end
*ts[5]*ts[2]
end if; end

IN do if ts[1l]*ts[5]*ts[2]

eq mx (ts[1l]*ts[1l])

for;
eq mx (ts[1])
for;

~

n

~

n

eqg mx (ts[1l]*ts[5]) n

for;

eq mx (ts[1l]*ts[2]) ' n

for;

eq m*x (ts[1l]+ts[5]*ts[1l])

for;

eq m*x (ts[1l]+ts[5]*ts[7])

n

n



for|if> then
true

> for m,n in
for|if> then
>

Nititsty € [157).

"true"; break; end if; end

IN do if ts[l]*ts[5]*ts[2]

"true"; break; end if; end

Four symmetric generators go to [157].
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for;

eq mx (ts[1l]xts[5]*ts[8]) n

for;

The orbits of N2 on {1,2,3,4,5,6,7,8,9,10} are {1}, {10}, {2,3}, {5,8}, and
{4,9,7,6}. We take t1, tig, to, t5, and t4 from the orbits of N(1?). We want to de-
termine to which double coset Nt tot1, Ntitat1g, Ntitato, Ntitots, and Ntitoty belong.

> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
>

IN do if ts[l]*ts[2]*ts[1l]
"true"; break; end if; end
IN do if ts[l]*ts[2]*ts[1l]
"true"; break; end if; end
IN do if ts[l]*ts[2]*ts[1l]
"true"; break; end if; end
IN do if ts[l]*ts[2]*ts[1l]
"true"; break; end if; end
IN do if ts[1l]l*ts[2]*ts[1]
"true"; break; end if; end
IN do if ts[l]*ts[2]*ts[1l]
"true"; break; end if; end
IN do if ts[l]xts[2]*ts[1]

"true"; break; end if; end

eq m*x (ts[1l]*ts[1l]) "n
for;

eq mx (ts[1]) " "n

for;

eq mx (ts[1l]*xts[5]) 'n
for;

eq mx (ts[1l]l*ts[2])"n
for;

eq m*x (ts[1l]+ts[5]*ts[1l])
for;

eq mx (ts[1l]xts[5]*ts[7])
for;

eq mx (ts[1l]xts[5]*ts[8])
for;

Ntitat1 N is a new double coset which we will denote [121].

One symmetric generator will go to the new double coset [121].

> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in

IN do if ts[1]l*xts[2]1*ts[10]
"true"; break; end if; end
IN do if ts[l]xts[2]*ts[10]
"true"; break; end if; end
IN do if ts[1l]*ts[2]*ts[10]
"true"; break; end if; end
IN do if ts[1l]#*ts[2]*ts[10]

~

eq m*x (ts[l]+xts[1l]) "n
for;

eq m* (ts[1l]) "n

for;

eq mx (ts[1l]l*ts[5]) "n
for;

eqg mx (ts[1l]*xts[2]) n

~

~

n

n

n



for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
>

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

end if; end
*ts[2]*ts[10]
end if; end
*ts[2]*ts[10]
end if; end
*ts[2]*ts[10]
end if; end
*ts[2]*ts[10]
end if; end

for;
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eq mx (ts[1l]xts[5]*ts[1])

for;

eq m*x (ts[1l]xts[5]*ts[7])

for;

eq mx (ts[1l]xts[5]*ts[8])

for;

eq mx (ts[l]xts[2]*ts[1])

for;

Ntitat1oN is a new double coset which we will denote [1210].

One symmetric generator will go to the new double coset [1210].

> for m,n in
for|if> then
> for m,n in
for|if> then
true

> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
>

Ntqtoto € [1] .

IN do if ts[l]*ts[2]*ts[2]

"true";

break;

IN do if ts[1]

"true";

break;

IN do 1if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

end if; end
*ts[2]*xts[2]
end if; end

*ts[2]*ts[2]
end 1f; end
*ts[2]*ts[2]
end 1f; end
*ts[2]xts[2]
end if; end
*ts[2]*ts[2]
end if; end
*ts[2]*xts[2]
end if; end
*ts[2]*xts[2]
end if; end
*ts[2]*ts[2]
end if; end

Two symmetric generators go back to [1].

> for m,n in IN do if ts[1l]x*ts[2]*ts[5]

for|if> then

"true";

break;

end if; end

> for m,n in IN do if ts[1l]*ts[2]*ts[5]

eq m*x (ts[1l]*xts[1])

for;
eq mx (ts[1])
for;

n

n

eqg mx (ts[1l]*ts[5]) "n

for;

eqg mx (ts[1l]*ts[2]) " n

for;

eq mx (ts[1l]xts[5]*ts[1]) n

for;

eq mx (ts[1]xts[5]*ts[7]) ' n

for;

eq mx (ts[1]xts[5]*ts[8])

for;

eq mx (ts[1l]xts[2]*ts[1l])

for;

n

n

n

n

n

n

eq mx (ts[1l]xts[2]*ts[10]) " n

for;

eq m* (ts[1l]*xts[1])

for;
eq m* (ts[1])

n

n



261

for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[5] eq m*x(ts[l]l*ts[5]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[5] eq m*(ts[l]l*ts[2]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[5] eq mx(ts[l]l*ts[5]xts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[5] eq mx(ts[l]*ts[5]xts[7]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[5] eqg mx(ts[l]*ts[5]*xts[8]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[5] eq m*(ts[l]l*ts[2]xts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]l*ts[2]*ts[5] eqg m*(ts[l]l*ts[2]xts[10]) " "n
for|if> then "true"; break; end if; end for;

>

Ntitats N is a new double coset which we will denote [125].

Two symmetric generators will go to the new double coset [125].

> for m,n in IN do if ts[l]*ts[2]+*ts[4] eg m*x(ts[1l]l*ts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[4] eg mx(ts[1l]) n

for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[4] eg mx(ts[1l]*ts[5]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[4] eg mx(ts[l]l*ts[2]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[4] eq mx(ts[1l]*ts[5]*ts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[4] eq mx(ts[1l]l*ts[5]*xts[7]) n
for|if> then "true"; break; end if; end for;

true

> for m,n in IN do if ts[l]*ts[2]*ts[4] eq m*(ts[1l]l*ts[5]*xts[8]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[4] eq m*(ts[l]lxts[2]xts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[4] eg mx(ts[l]*ts[2]xts[10]) n
for|if> then "true"; break; end if; end for;

>

Ntqtoty € [157] .
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Four symmetric generators go to [157].

Words of Length 3

We continue in the same manner above. Our MAGMA code can be found in appendix.

N — fe (26)(34)(79)(810), (14)(35)(710), (163)(245)(8910), (1256)(34)(79810), (15)
(2364)(71098), (164)(235)(7109), (136)(254)(8109), (15)(2463)(78910), (1354)(26)(78109),
(16)(25)(910), (1453)(26)(79108), (146)(253)(7910), (24)(36)(810), (13)(45)(89), (15)(26)(78)
(910), (12)(56)(78), (123)(456)(798), (23)(46)(79), (124)(356)(7810), (142)(365)(7108), (15)
(34)(710)(89), (132)(465)(789), (1652)(34)(71089)}. The number of the single cosets

in the double coset Nt t5t1 N is at most % = % = 5.

Ntitsti N = {Ntitst; = Ntotgto = Ntststy = Nitstyts = Ntstits = Ntgtote, Ntstots =
Ntytgt; = Ntytoty = Niotrty = Ntotstg = Ntgtits, Ntstots = Ntot1gNty = Nitgtyty =
Ntytgty = Ntotsty = Ntigtatig, Ntetote = Ntgtzty = Ntigtitio = Ntitiot; =
Ntotetg = Ntytytr, Ntgtsts = Nitstrts = Ntigtstio = Ntstiotz = Nigtets = Nigtstr}.

NU5T) — fe (24)(36)(810)}. The number of the single cosets in the double coset

: N
Ntitst7N is at most ‘N|<1 |7)| = @ = 60.
NtitstyN = {Nt1tsty, Ntitste, Ntitsts, Ntitsts, Ntitiots, Ntitiote, Ntatsts, Ntatste, Ntatiots,
Niotiot1, Ntotrts, Ntotrty, Ntstgts, Nistote, Ntgtats, Ntststy, Ntstiota, Ntstiots, Niatstio,
Ntytsty, Ntgtrts, Ntatrto, Ntatgte, Ntatsty, Nitstots, Nistots, Ntstiti0, Ntstits, Nistrty,
Ntstrta, Ntgtots, Ntgtots, Ntgtatr, Ntgtatio, Ntetst1, Nigtsts, Ntrtatio, Ntrtats, Ni7tste,
Ntrtsty, Ntqtats, Ntrtats, Ntgtitio, Ntgtits, Ntgtatr, Ntgtats, Nigtety, Ntgteto, Nigtets,
Ntgteta, Ntgtstio, Ntgtsts, Ntgtstr, Ntotst1, Ntiotits, Ntiot1ts, Ntiotsly, Nt1otats,
Ntiotaty, Ntiotate}

NU58) = fe (24)(36)(810), (26)(34)(79)(810), (23)(46)(79)}. The number of the sin-

gle cosets in the double coset Nt t5tgN is at most % = m = 30.
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NtitstsN = {Ntitsts = Nt1tstio, Ntitiots = Ntitiots, Ntitstio = Ntytsts, Ntatetio =
Ntotgtr, Ntatrts = Ntatrtio, Ntatioty = Niotiote, Ntstots = Nistotio, Ntstioty =
Ntstiota, Ntstatro = Nistaty, Ntatsts = Ntatsts, Ntatsts = Ntststs, Ntststs = Nigtrts,
Ntstot; = Ntstotr, Ntstyt, = Nistrty, Ntst1tr = Nitstity, Ntgtots = Ntgtots, Ntgtsto =
Ntgtsto, Ntgtatg = Ntgtots, Ntrtots = Nirtoty, Ntrtats = Ntztate, Ntrtsts = Ntststy,
Ntgtits = Ntgtite, Ntstets = Nistta, Ntstate = Ntgtat1, Ntotets = Ntotgls, Ntglsts =
Ntgtste, Ntotsts = Nitgtste, Ntiotits = Ntiotite, Ntigtats = Ntiotats, Ntiotst; =
Ntyotsta}.

N2 — fe (49)(58)(67), (123)(456)(798), (123)(486957), (23)(46)(79), (13)(45)(89), (12)(56)
5

(78),(13)(48)(59)(67), (23)(47)(58)(69), (132)(465)(789), (132)(475968), (12)(49)(57)(68) }.
INl - _
’N(121 ’ -

The number of the single cosets in the double coset Ntitot1 N is at most
20 = 10.

Ntytoty N = {Ntytoty = Ntstits = Nitotste = Nitot1to = Nitytsty = Nitstots, Ntotyto =
Ntstots = Nitytsty = Ntgtoty = Niotsto = Nistats, Ntgt1ty = Nitgtate = Nitgts =
Ntitgt1 = Nigtgty = Ntgtite, Nt1t7t1 = Ntotitg = Nirtgty = Ntrtity = Nigjtgty =
Ntgtrtg, Ntststs = Ntstst; = Ntgtsts = Niststs = Ntstrts = Ntrtgty, Ntgtots =
Ntgtsty = Ntotots = Ntotsty = Nistols = Ntotote, Ntststs = Ntgtsts = Ntstats =
Ntststs = Ntstgts = Ntgtste, Ntstiots = Ntotsty = Ntiototio = Ntiotatro =
Ntytoty = Ntotiotg, Ntstiots = Nigtsts = Ntigtstio = Ntiotstio = Ntstgts =
Ntgtiots, Ntgtrte = Ntiotet1io = Nitrtiots = Nirtety = Ntgtiote = Ntiotrtio}-

NU20) = fe (23)(47)(58)(69), (49)(58)(67), (23)(46)(79)}. The number of the single
N5 = 120 = 30,

’N(1210| !

cosets in the double coset Ntitot19N is at most

NtitotioN = {Ntytat1g = Ntitstio, Ntitrts = Ntitots, Ntitts = Nititats, Ntotsty =
Ntotstr, Ntatots = Ntatste, Ntotstio = Ntatitio, Ntstitio = Nistotio, Ntstete =
Ntgtsto, Ntstgts = Ntsgtrts, Ntstits = Ntatgts, Ntatiots = Ntatots, Ntatsts = Ntatotr,
Ntstoty = Ntstytr, Ntststg = Nisteto, Ntstioty = Niststr, Ntgtats = Nigtits, Ntgtsty =
Ntgtsto, Ntgtrta = Ntgtiota, Ntztsts = Nitgtsts, Ntztiots = Nitgteta, Ntztots = Nirtits,
Ntgtotg = Ntgtots, Ntststy = Nistiot1, Ntgtets = Niststs, Ntotts = Ntgtrts, Ntgtsts =
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Ntgtote, Ntotats = Ntgtiots, Ntioteta = Ntiotrte, Ntiotsts = Ntiotsty, Ntigtats =
Ntlotgtg}.

NU25) — fe (13)(45)(89), (12)(56)(78), (23)(46)(79), (123)(456)(798), (132)(465)(789)}.
IN|

The number of the single cosets in the double coset Ntitat5 N is at most TN =

120 __
120 — 90

Ntitots N = {Ntitats = Nigtsts = Nistity = Ntitsts = Nistoty = Niot1te, Ntgtite =
Ntytots = Ntotsty = Nistotg = Nitot1t7 = Ntitsts, Ntstots = Ntotate = Ntatsts =
Ntstats = Ntytots = Nitotsts, Ntatots = Nitotstio = Nistste = Nitststs = Nistote =
Ntotstio, Ntatits = Ntitgts = Nigtats = Ntgtets = Ntgtits = Ntitats, Ntgtity =
Ntytyt19 = Nitgtgty = Nigtatg = Nigtity = Nititetio, Ntotits = Niitrts = Nirtoto =
Ntotrts = Ntgtite = Ntitots, Ntvtits = Ntitotio = Ntotrte = Ntrtoty = Ntotite =
Ntytrtio, Ntrtsty = Nigtsto = Nistst; = Ntqtsty = Ntgtsty = Nistrty, Ntstrts =
Ntrtsts = Ntststio = Nistste = Ntstrtio = Niqtsts, Ntgtot; = Nitotots = Nitgtsts =
Nitgtot; = Ntotots = Nitotgtr, Ntotots = Nitotstio = Nistots = Ntotsts = Nigtoty =
Ntototio, Ntgtsts = Nitststy = Nistet; = Ntgtsty = Ntststy = Nistets, Ntststs =
Ntstgtio = Ntgtsts = Nistets = Ntgtsts = Niststio, Ntotate = Ntstiotr = Ntotot; =
Ntgtiots = Ntigtati = Ntgtotr, Ntjgtats = Ntgtgts = Ntotiots = Ntigtota =
Ntgtsts = Ntytiots, Ntstste = Ntstiots = Ntiotsts = Nistioty = Ntiotsts =
Nitgtsty, Ntiotsts = Nigtste = Nitstioty = Ntyotsts = Niststy = Nigtiote, Ntiotrts =
Ntrtgty = Nigtiotg = Ntiotets = Nitgtvtg = Niqtiots, Ntgtrts = Ntrtiots = Ntiotets =
Ntgtiots = Ntiotrts = Nitqtets}.

So far we have G = NUNt{ NUNt1ts NUNt1toNUNt1t5t1 NUNt1t5t7 NUNt t5ts N U
Ntytot1 N U Ntytot19oN U NititatsN.

Which gives us 1 + 10 4+ 30 + 30 + 5 + 60 + 30 4+ 10 + 30 + 20 = 226 distinct cosets.

The orbits of N%Y on {1,2,3,4,5,6,7,8,9,10} are {7,9,8,10} and {1,2,4,3,5,6}.

We take t7, and ¢, from the orbits of N(151),
We want to determine to which double coset Ntitst1t7, and Ntitst1t; belong.
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> for m,n in IN do if ts[l]xts[5]*ts[l]l*ts[7] eq
for|if> mx(ts[1l]*ts[1l]) "n then "true";

for|if> break; end if; end for;

> for m,n in IN do if ts[1l]xts[5]*ts[l]l*ts[7] eq
for|if> m*(ts[1l]) "n then "true";

for|if> break; end if; end for;

> for m,n in IN do 1if ts[l]xts[5]*ts[l]l*ts[7] eq
for|if> mx(ts[1l]*ts[5]) "n then "true";

for|if> break; end if; end for;

> for m,n in IN do if ts[l]xts[5]*ts[l]l*ts[7] eq
for|if> m*x(ts[1l]l*ts[2]) " n then "true";

for|if> break; end if; end for;

> for m,n in IN do if ts[1l]xts[5]*ts[l]l*ts[7] eq
for|if> m*x(ts[1l]*ts[5]xts[1]) " n then "true";
for|if> break; end if; end for;

> for m,n in IN do if ts[l]xts[5]*ts[l]l*ts[7] eq
for|if> mx(ts[1l]*ts[5]+ts[7]) " n then "true";
for|if> break; end if; end for;

> for m,n in IN do if ts[1l]xts[5]*ts[l]l*ts[7] eq
for|if> m*(ts[1l]l*ts[5]+ts[8]) " n then "true";
for|if> break; end if; end for;

> for m,n in IN do if ts[1l]xts[5]*ts[1l]l*ts[7] eq
for|if> m*(ts[l]l*ts[2]xts[1l]) " n then "true";
for|if> break; end if; end for;

> for m,n in IN do if ts[l]xts[5]*ts[l]l*ts[7] eq
for|if> mx(ts[1l]*ts[2]+ts[10]) "n then "true";
for|if> break; end if; end for;

> for m,n in IN do if ts[1l]xts[5]*ts[l]l*ts[7] eq
for|if> m*(ts[l]l*ts[2]+ts[5]) "nthen "true";
for|if> break; end if; end for;

>

Ntitst1t7N is a new double coset which we will denote [1517].

Four symmetric generators will go to the new double coset [1517].

> for m,n in IN do if ts[l]xts[5]*ts[l]l*ts[l] eq
for|if> mx(ts[1l]*ts[1l]) " n then "true";

for|if> break; end if; end for;

> for m,n in IN do if ts[1l]xts[5]*ts[l]l*ts[l] eq
for|if> m*(ts[1l]) "n then "true";

for|if> break; end if; end for;

> for m,n in IN do if ts[1l]xts[5]*ts[l]l*ts[l] eq
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for|if> m*x(ts[1l]l*ts[5]) " n then "true";

for|if> break; end if; end for;

true

> for m,n in IN do if ts[1l]xts[5]*ts[l]l*ts[l] eq
for|if> m*x(ts[1l]l*ts[2]) " n then "true";

for|if> break; end if; end for;

> for m,n in IN do if ts[l]xts[5]*ts[l]l*ts[l] eq
for|if> mx(ts[1l]*ts[5]+ts[1l]) " n then "true";
for|if> break; end if; end for;

> for m,n in IN do if ts[l]xts[5]*ts[l]l*ts[l] eq
for|if> mx(ts[1l]*ts[5]+ts[7]) " n then "true";
for|if> break; end if; end for;

> for m,n in IN do if ts[1l]xts[5]*ts[1l]l*ts[l] eq
for|if> m*x(ts[1l]*ts[5]xts[8]) " n then "true";
for|if> break; end if; end for;

> for m,n in IN do if ts[l]xts[5]*ts[l]l*ts[l] eq
for|if> mx(ts[1l]*ts[2]*ts[1l]) " n then "true";
for|if> break; end if; end for;

> for m,n in IN do if ts[1l]xts[5]*ts[l]l*ts[l] eq
for|if> m*x(ts[1l]l*ts[2]+ts[10]) " n then "true";
for|if> break; end if; end for;

> for m,n in IN do if ts[1l]xts[5]*ts[1l]l*ts[l] eq
for|if> m*x(ts[l]l*ts[2]xts[5]) "n then "true";
for|if> break; end if; end for;

> for m,n in IN do if ts[l]xts[5]*ts[l]l*ts[l] eq
for|if> mrx(ts[1l]*ts[5]+ts[l]l*ts[7]) " n then "true";
for|if> break; end if; end for;

>

Nt1t5t1t1 S [15].

Six symmetric generators go back to [15].

The orbits of N7 on {1,2,3,4,5,6,7,8,9,10} are {1},{5},{7},{9},{2,4},{3,6}, and
{8,10}. We take t1, 15,17, to, to, t3 and tg from the orbits of N(157) We want to deter-
mine to which double coset Ntitstrt1, Nt1tstrts, Ntitstrtr, Nt1tstztg, Ntitstrto, Nt1tstqts,
and Ntitstrts belong.

Ntytst7t1 N is a new double coset which we will denote [1571].

One symmetric generator will go to the new double coset [1571].
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Ntitst7ts N is a new double coset which we will denote [1575].

One symmetric generator will go to the new double coset [1575].

Ntitstrtr € [15] .

One symmetric generator goes back to [15].

Ntitstrtg € [1517].

One symmetric generator goes to [1517].

Ntitstrts € [12] .

Two symmetric generators go to [12].

Ntitst7tsN is a new double coset which we will denote [1573].

Two symmetric generators will go to the new double coset [1573].

Ntitstrtg € [15] .

Two symmetric generators go to [15].

The orbits of N5 on {1,2,3,4,5,6,7,8,9,10} are {1},{5},{7,9},{8,10}, and {2,3,6,4}.
We take t1,t5, t7, tg, and t5 from the orbits of N158)  We want to determine to which
double coset Nt1t5t8t1, Nt1t5t8t5, Nt1t5t8t7, Nt1t5t8t8, and Nt1t5t8t2 belong.

Ntitstst1 N is a new double coset which we will denote [1581].

One symmetric generator will go to the new double coset [1581].

Ntitststs N is a new double coset which we will denote [1585].

One symmetric generator will go to the new double coset [1585].

Ntqtstgty € [1573] .

Two symmetric generators go to [1573].

Ntqtstgts € [15] .
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Two symmetric generators go back to [15].

Ntqtstgty € [1573] .

Four symmetric generators go to [1573].

The orbits of N('2Y) on {1,2,3,4,5,6,7,8,9,10} are {10},{1,3,2}, and {4,9,7,6,8,5}. We
take t10, %1, and t4 from the orbits of NV (121) " We want to determine to which double

cosets Nt1t2t1t10, Nt1t2t1t1,and Nt1t2t1t4 belong.

NtjtatitioN is a new double coset which we will denote [12110].

One symmetric generator will go to the new double coset [12110].

Ntqtot1t1 € [12].

Three symmetric generators go back to [12].
Ntitotity € [1575].

Six symmetric generators go to [1575].

Words of Length 4

N5 — fe (24)(36)(810), (136)(254)(8109), (13)(45)(89), (163)(245)(8910), (16)(25)(910)}.

The number of the single cosets in the double coset Ntit5t1t7N is at most | N‘<]1V5|17] =
120 — 20.

Ntitstit;N = {Ntitstit; = Ntstytst; = Ntgtotely, Nigtatst; = Ntgtstots = Ntigtatioty,
Nitgtatsts = Nitaotetats = Nistitsts, Ntotetots = Nirtatrts = Ntiotitiots, Ntstotsts =
Ntotrtats = Ntgtitsts, Ntstrtsts = Nigtotets = Ntiotitiots, Ntstitstio = Ntatstatio =
Ntgtatgtio, Ntgtstotio = Nitrtatrtio = Nigtitstio, Ntatrtaty = Ntytstity = Ntgtstots,
Ntgtstgts = Ntyotstiots = Nistrtsts, Ntitstite = Ntstotsts = Nitgtatrts, Ntstotste =
Ntatgtats = Ntiotatiote, Ntotetoto = Nt1tstity = Ntatstate, Ntststote = Nistglsto =
Ntiotstiote, Ntitiotits = Ntgtotets = Nitztatrts, Ntotiotats = Nitstotsts = Nigtatsts,
Ntotiotats = Ntgtstots = Nitatgtaty, Ntstiotsts = Ntztstrt; = Nitgtstets, Ntitiotits =



269
Ntotgtoto = Ntytvtato, Nitstigtsto = Nigtgigte = Nt5t7t5t2}.

N5 — fe (24)(36)(810), (19)(24)(310)(68), (19)(38)(610)}. The number of the sin-
|| 120 _ 3.

gle cosets in the double coset Ntitst7t1 N is at most W =

Ntytstrty N = Ntitstrty = Nigtstrte, Ntotstito = Nitgtstits, Ntitstot; = Nitgtstots,
Nitotetsts = Nitotgtste, Ntottate = Nistetots, Ntatetots = Nitgtatots, Ntstotsts =
Ntgtotsts, Ntstotste = Ntstotsts, Ntstotets = Nistotets, Ntatstiota = Ntgtstioto,
Ntotstaty = Ntiotstatio, Ntatstots = Ntqotstotio, Ntotrtats = Ntstrtsts, Ntatrtoty =
Nitstrtots, Ntotrtsta = Ntatrtsts, Ntitstst; = Nigtstate, Ntatstits = Nitgtstite,
Ntytstgty = Ntytgtety, Nitrtotioty = Ntgtotiots, Nt1otatrtio = Ntgtotrte, Ntrtatety =
Ntiotatstio, Ntstitiots = Nitstitsts, Ntiotitstio = Nitstitsts, Ntiotitstio = Nitsgtitsts,
Ntytiptots = Nitstiotats, Ntatiotito = Ntsgtigtits, Ntotiotste = Nititiotsty, Nistytsts =
Ntqtytsty, Ntgtatsts = Ntgtatsty, Ntstatrts = Nigtatrts).

NUST) = Le (24)(36)(810), (294)(376)(5810), (49)(58)(67), (29)(37)(510), (249)(367)(5108)}.

The number of the single cosets in the double coset Nt t5t7t5N is at most ’N‘<]1V5|7s’ =
£20 = 20.

The distinct single cosets in Ntytst7ts N = {Nt1tstrts = Ntytstets = Ntitiotstio, Ntitstots =
Ntitstats = Ntitiotatio, Niatetsts = Nitatrtsts = Ntatiotstio, Niatetots = Ntotrtaty =
Ntatyotitio, Ntstotsto = Nitgtatsts = Nitstiotatio, Ntstoteto = Nitgtatzta = Nitstiotitio,
Nitgtstets = Ntatstiots = Niatrtstz, Ntatstots = Nigtrtats = Nigtstits, Nistrtats =
Ntstitiot1 = Ntstoteto, Ntstotsty = Nitstitsts = Ntstrtaty, Ntgtstits = Nitgtotrta =
Nigtotste, Ntstotste = Nitgtatiota = Nigtstats, Nigtatsts = Niztot1ota = Niqtstots,
Ntqtstits = Ntrtotgta = Niqtytsty, Nitgtetote = Ntgtitioty = Ntgtatrts, Ntgtytsty =
Ntgtitsty = Nigtetats, Ntgtstrts = Ntgtstiots = Nigtetsts, Ntgtetats = Nigtststz =
Nitotstits, Ntrotstots = Ntqotatrta = Ntiotitsts, Ntwotateta = Ntqotitsts = Ntiotstats}.

NU5T) — fe (13)(45)(89)}. The number of the single cosets in the double coset

Ntitst7tsN is at most % = % = 60.
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NtitstrtsN = { Ntitstots = Nitstatsty, Ntstitiots = Ntgtstiots, Ntitstets = Ntstotet,
Ntgtitioto = Ntgtstiots, Ntstotets = Ntatstets, Ntgtatrty = Ntotstrts, Ntotetsts =
Ntstitsta, Ntgtatrty = Ntitstete, Ntstotsts = Niatiotsts, Ntiotatrty = Ntotstrtio,
Ntgtotst; = Ntytiotsts, Ntiotitsto = Nigtatstio, Nistotsta = Nigtrtsts, Ntrtatioty =
Ntotstiotr, Ntstatsts = Ntotgtsts, Ntatstiote = Ntgtotiots, Ntotetsty = Ntrtatsto,
Ntatrtsts = Ntgtotsts, Ntotrtsty = Niqtstats, Ntrtotiots = Nistitiots, Ntatetot; =
Ntitstots, Ntstitiote = Nitgtatiots, Ntrtstots = Nigtatotr, Ntgtstats = Ntstrtats,
Ntitgtaty = Ntotststy, Ntstotsts = Nistitsts, Ntotgtats = Ntitiotato, Ntgtotstio =
Ntiotitste, Nisttots = Ntstigtats, Ntgtstatio = Ntiotstats, Ntstotets = Nivtatets,
Nitotrtaty = Ntgtststa, Ntstiotits = Nitgtstits, Ntyotstats = Nitstrtatio, Ntatiotite =
Ntgtstita, Ntstottio = Ntiotatets, Ntatstits = Ntotiotits, Ntstatrtrg = Ntjotatrts,
Nitgtgtots = Ntytstots, Ntststste = Nigtatrts, Nistetot1o = Ntiotstots, Ntgtstits =
Ntstiotite, Nt1tiotats = Nitgtrtaty, Ntiotitsty = Nivtatstio, Ntatstot; = Nitqtstots,
Ntgtatsts = Ntstitsts, Ntiotstots = Nitgtstotio, Ntstiotats = Nigtrtots, Ntatrtaty =
Ntgtgtats, Ntgtotsty = Nitgtstste, Ntststite = Ntgtstits, Ntstotsts = Nitgtatsts,
Ntrtstits = Nigtstity, Ntstrtats = Nigtgtats, Ntrtatst; = Ntytiotsts, Ntatrtstiy =
Ntiotitsts, Ntvtstets = Nirtotats, Ntatrtsts = Ntgtitsts, Ntiototets = Ntatstetio,
Nitotigtsts = Nitgtatsts}.

N5 — fe (26)(34)(79)(810), (14)(35)(710), (163)(245)(8910), (1256)(34)(79810), (15)
(2364)(71098), (164)(235)(7109), (136)(254)(8109), (15)(2463)(78910), (16)(25)(910), (1354)
(26)(78109), (1453)(26)(79108), (146)(253)(7910), (24)(36)(810), (13)(45)(89), (15)(26)(78)
(910), (12)(56)(78), (123)(456)(798), (23)(46)(79), (124)(356)(7810), (142)(365)(7108), (15)
(34)(710)(89), (132)(465)(789), (1652)(34)(71089)}. The number of the single cosets

in the double coset Nt tstst1 N is at most |Ng\5[lm| = % =5.

Ntitststi N = { Ntitstst, = Ntotetioty = Nigtstrty = Nigtgtrty = Nistytigts =

Ntgtststs = Ntstitots = Nitstitrts = Ntitstioty = Nistatots = Nigtotots = Ntgtatsts,
Ntgtotats = Ntitstiots = Nitstatst; = Ntqtststs = Ntotrtiots = Nirtotaty = Ntgtstety =
Ntgtststy = Nitstotiots = Nitatrteta = Nitgtitets = Nistitats, Ntstot1ts = Ntotigtrts =
Nitgtatgts = Ntotiotgts = Nitatgtety = Nigtatits = Ntgtststy = Ntgtsteto = Nitstotrts =
Ntatgtsts = Ntiototstio = Ntqotatitio, Ntgtotats = Ntatrtgts = Ntyotitstio = Niatrtsty =
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Ntitiotgtt = Ntyotitetio = Nigtgtstg = Nigtgtsty = Ntgtotsts = Ntitiotsti =
Ntrtytsty = Nt7t4t2t7, Ntgtgtotg = Ntstigtgts = Nitrtstaty = Nistigtats = Nistrtgts =
Nitqtstot; = Nigtgtits = Nigtgtats = Nigtgtote = Nistrtits = Nitjotstitio = Ntlotgtgtlo}.

NU55) = {e (269347)(5108), (24)(36)(810), (29)(37)(510), (274396)(5810), (294)(376)(5810),
(26)(34)(79)(810), (49)(58)(67), (27)(39)(46)(510), (249)(367)(5108), (23)(46)(79), (23)(47)

(58)(69)}. The number of the single cosets in the double coset Nt1tststs N is at most

Ntitststs N = {Ntytststs = Ntitstiots = Ntitststs = Ntitiotstio = Ntytstiots =
Ntitiotstio, Ntatetrte = Nitalrtiots = Niatrtels = Niatiotetio = Nitatetiote = Niatiotrtio,
Ntstotate = Ntststiots = Nitstatots = Nitstiotot1o = Nitstotioty = Ntstiotatio, Ntatststs =
Ntytstrts = Ntgtatsts = Ntstrtsts = Ntatgtots = Ntgtrtsts, Ntstrtit; = Ntstitot; =
Ntstitrt; = Ntstotrto = Ntstrtotr = Ntstotite, Ntgtotato = Ntgtotsts = Ntgtotots =
Nitgtstots = Ntgtotsty = Ntgtstots, Ntztytats = Ntstolsts = Ntrtotsty = Nitztststs =
Ntgtytsty = Ntgtstots, Ntstetits = Ntstitat; = Ntgtitets = Ntgtatets = Nistatate =
Ntgttits, Ntotstats = Ntotstts = Ntotststs = Ntotetsts = Ntotstets = Ntotatats,
Ntigtstats = Ntigtatits = Ntigtatsts = Ntiotitsts = Ntiotstits = Ntiotatats }.

NU2110) — £ (49)(58)(67), (123)(456)(798), (123)(486957), (23)(46)(79), (13)(45)(89),
(12)(56)(78), (13)(48)(59)(67), (23)(47)(58)(69), (132)(465)(789), (132)(475968), (12)(49)

(57)(68)}. The number of the single cosets in the double coset NtitotitioN is at most
N =120 = 1.

‘N(1581‘ 12

NtitatitioN = {Nt1tatitio = Nistitstio = Ntatslatio = Ntatitatio = Ntytstitio =
Nitstotstio, Ntotytots = Ntstotsts = Ntytstats = Ntgtotsts = Niotstats = Nistytste,
Ntgtitats = Ntgtstots = Ntitetits = Ntitatits = Ntsttats = Ntgtitets, Ntitotits =
Nitotitots = Ntgtotrts = Ntgtitots = Ntytotits = Ntotrtols, Ntstststs = Nigtstoty =
Nigtrtsty = Nigtststs = Nigtotsty = Ntststoty, Nistolsts = Ntotstots = Niototots =
Nitotstots = Ntgtotsts = Ntototots, Ntstatsto = Nigtstoty = Ntstetste = Nigtstste =
Nitstelsto = Nigtstate, Ntstiotats = Ntotatols = Ntiototiots = Ntiotatiots =
Ntatgtats = Ntgtiotots, Ntstiotsts = Nistststs = Ntotstiots = Ntiotstiols =
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Ntstgtsty = Ntgtiotsti, Ntgtvtgto = Ntigtgtiots = Ntvtiotrta = Nitqtgtrto =
Ntgtioteta = Ntiotrtiota}.

So far we have G = N U Nt1N U Nt1tsN U Nt1toN U Nit1tsti N U Ntgtstz N U
Ntytsts NUNt tots NUNt tot 1o NUNt tots NUNt tst 87 NUNt tstrts NUNE tstrts NU
NtytstrtsN U Ntqtststy N U Ntytststs N U Ntqtotit1oN.

Which gives us 14+10+30+30+54-60+304-10+30+420+20+4+30+204+60+5+4+10+10 =
381 distinct cosets.

The orbits of NU517) on {1,2,3,4,5,6,7,8,9,10} are {7}, {1,3,6}, {2,4,5}, and {8,10,9}.
We take t7,t1ts, and tg from the orbits of N(517)

Ntitstitrtr € [151] .

One symmetric generator goes back to [151].

Ntitstit7t1 N is a new double coset which we will denote [15171].

Three symmetric generators will go to the new double coset [15171].

Nt1t5t1t7t2 € [125] .

Three symmetric generators go to [125].

Ntitstitrtg € [157] .

Three symmetric generators go to [157].

The orbits of N5 o {1,2,3,4,5,6,7,8,9,10} are {5}, {7}, {1,9}, {2,4} and {3,6,10,8}.
We take ts, t7, t1, tz, and t3 from the orbits of N(1571),

Ntitstrtits € [1210] .

One symmetric generator goes back to [1210].

Ntitstrtitr € [15171] .

One symmetric generator goes to [15171].
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Nt1t5t7t1t1 € [157] .

Two symmetric generators go back to [157].

NtitstrtitaN is a new double coset which we will denote [15712].

Two symmetric generators will go to the new double coset [15712].

Ntqtstrtits € [1210] .

Four symmetric generators go back to [1210].

The orbits of N157) on {1,2,3,4,5,6,7,8,9,10} are {1}, {2,4,9}, {3,6,7}, and {5,8,10}.
We take t1,to, t3, and t5 from the orbits of N1575),

Ntqtstrtsty € [15712] .

One symmetric generator goes to [15712].

Ntqtstrtsty € [121] .

Three symmetric generators go to [121].

Ntqtstrtsts € [1210] .

Three symmetric generators go to [1210].

Ntqtstrtsts € [157] .

Three symmetric generators go to [157].

The orbits of N(17) on {1,2,3,4,5,6,7,8,9,10} are {2}, {6}, {7}, {10}, {1,3}, {4,5},
and {8,9}. We take ty, 6, t7,t10, t1,t4 and tg from the orbits of N(1573),

Ntqtstrtsty € [15712] .

One symmetric generator goes to [15712].

Ntqtstrtste € [1210] .
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One symmetric generator goes to [1210].

Ntqtstrtstr € [158] .

One symmetric generator goes to [158].

Ntytstrtstip € [125].

One symmetric generator goes to [125].

Ntitstrtst, € [157] .

Two symmetric generators go to [157].

Ntytstrtsty € [15171].

Two symmetric generators go to [15171].

Ntitstrtsts € [158] .

Two symmetric generators go to [158].

The orbits of N(1581) on {1,2,3.4,5,6,7,8,9,10} are {7,9,8,10} and {1,2,4,3,5,6}. We
take t7 and ¢, from the orbits of N(1581)

Ntitstgtity € [125] .

Four symmetric generators go to [125].

Nt1t5t8t1t1 € [158] .

Six symmetric generators go back to [158].

The orbits of N(158) on {1,2,3,4,5,6,7,8,9,10} are {1}, {5,8,10}, and {2,3,7,9,4,6}. We
take t1,t5 and t9 from the orbits of N(1585)

Ntitstgtsti N is a new double coset which we will denote [15851].

One symmetric generator will go to the new double coset [15851].
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Ntitstgtsts € [158] .

Three symmetric generators go back to [158].

Ntitstgtsts € [15171] .

Six symmetric generators go to [15171].

The orbits of NU2110) on {1,2,3.4,5,6,7,8,9,10} are {10},{1,3,2},and {4,9,7,6,8,5}. We

take t1g,t1, and t4 from the orbits of N(12110)

Ntltgtltl()tlo S [121] .

One symmetric generator goes back to [121].

Ntltgtltlotl S [15171] .

Three symmetric generators go to [15171].

Nt1t2t1t10t4 S [15712] .

Six symmetric generators go to [15712].

Words of Length 5

NOSITY — £ (24)(36)(810), (19)(24)(310)(68), (19)(38)(610)}. The number of the
M = 120 = 30,

single cosets in the double coset Ntitstit7t1 N is at most m =T

Ntytstitrt; = Ntytstitet, = Ntotstotrte, Ntotstotito = Ntststrtits, Ntitstitet; =
Ntqtstotots, Ntotetatsts = Ntotatotste, Ntotstotate = Nistatstots, Ntatetatots = Ntgtetstots,
Nitstotststs = Ntgtotetsts, Ntgtotetsts = Nistotststs, Ntstotstets = Nistotstets, Ntatatstiots =
Nitotstotioty, Ntgtstotaty = Ntrotstiotatio, Ntatstatots = Ntrotstiototio, Ntatrtatate =
Ntstrtstats, Ntgtrtatoty = Nistrtstots, Ntotrtotsto = Nitgtrtatsty, Ntitgtitst] =

Ntgtstetate, Ntgtgtatity = Nigtgtetits, Ntatstateta = Ntitgtitet1, Niqtotrtigty =

Ntstatetiote, Ntiotatiotrtio = Nistatetrts, Ntrtatrtels = Ntiotatiotetio, Nistitstiots =
Ntstitstiots, Ntiotitiotstio = Nistitststs, Ntwotitiolstio = Nitgtitststs, Ntitiotitats =
Ntstiotstots, Ntotigtatito = Nitstiotstits, Niotigtotsto = Niqtigtitst1, Nistatstgts =
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Ntqtytrtgty, Ntgtytststy = Ntgtatrtsty, Ntstytststs = Ntgtytgtrts}.
NU5TI2) — e (129)(387)(5106), (29)(37)(510), (19)(38)(610), (192)(378)(5610), (12)(56)(78)}.

The number of the single cosets in the double coset Ntitst7t1toN is at most

120 _
120 _ 9,

Nl
‘N<15712)|

Ntitstrtits = {Ntitstrtits = Ntotatstot; = Ntotstrtots = Ntitiotstity = Ntatiotstaty =
Niotgtstot1, Ntitstrtita = Nigtgtstot1 = Nigtstrtgto = Ntitigtstitg = Niotigtstotg =
Ntotgtstots, Ntiotitstiote = Ntstotststio = Nistitststs = Ntiotatrtiots = Ntgtatotts =
Ntgtotstetio, Ntotrtstotg = Nitgtstiotats = Nitgtrtstatg = Niotgtstoty = Nigtgtgtots =
Ntgtstiotote, Ntrtotiot7ts = Niglotstets = Nigtotiotgts = Nirtytstrte = Nistytstste =
Nitstotststr, Ntstotststy = Ntgtstatets = Ntetotstets = Ntstiotatsts = Ntitiotatits =
Nitytgtatats, Ntgtstatots = Nitiotitstioto = Ntiotstatiots = Nitgtetatotio = Nistetatstio =
Nigtitststyg, Ntgtstiotgts = Nitgtgtetatg = Nigtstiotats = Nitgtstrtoty = Ntitstrtity =
Ntitgtetitg, Ntstotgtsts = Nistitiotsts = Nistotgtsts = Nistatrtsts = Nitgtatrtgts =
Ntgtitiotsts, Ntotrtatots = Nistotgtsto = Nistrtatsts = Niotiotitots = Nistiotitsts =
Nitstotatsto Ntztotstoto = Ntiotstatioty = Ntiotatetiote = Ntvtstitrtio = Ntotstitotio =
Ntotstatotr, Ntitstot1ts = Nirtatigtyty = Nivtstotrtg = Nititgtatity = Ntgtgtatety =
Nitgtotiotets, Ntstitiotsts = Ntgtetotsts = Ntstitiolsts = Ntstrtatsts = Ntototatots —
Niotgtotots, Niotgtotots = Nigtytrtsto = Nigtgtotsts = Nitotigtitats = Nisgtiotitsts =
Ntstatotste, Ntgtotrtets = Ntiotstotiote = Ntiotatstiots = Ntststitetio = Ntatstitatio =
Ntytstotate, Ntgtgtitats = Nigtotstets = Ntgtstitets = Ntgtrtotats = Nistriotsts =
Nistotststy, Ntrtatstrtg = Nigtgtotsts = Nigtatstgto = Ntrtstitrts = Nigtstitots =
Ntotgtotgtr, Ntgtytgtsty = Nivtstgtrts = Nitrtatstst; = Ntstiogtatsty = Ntitiotatity =
Nitytstotats, Ntatstotsts = Nitiotitstiota = Nitiotstotiols = Ntatriatatio = Nistrtatstio =
Nitstitststy, Ntitgtgtito = Nigtrtstat; = Nigtstetato = Ntitigtstitys = Niotiogtstoty =
Nitatrtstaty, Ntgtitststs = Nitiotatetiots = Ntiotatstioly = Nitgtatststio = Nigtatstztin =
Nt7t2t6t7t8}.

N(15851) — {e}. The number of the single cosets in the double coset Ntitststst1 N is
|| 120 _

at most 7|N(15351)] = 120
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Ntitstatsts = { Ntitststst = Ntgtotstots = Nitgtstrtsty = Ntitstiotsts = Nitstotitots =
Nitotgtrtgts = Nitgtatstoty = Niotrotrtiots = Nitgtatiotats = Ntgtotatots = Ntotetstete =
Ntatgtststs = Ntytgtststy = Nistatotats = Nistitotits = Ntatrtgtzts = Ntitiotstiots =
Ntstitrtits = Nitgtrtiotrts = Nitgtetitets = Niotstststo = Nigtstotste = Ntitstiotst, =
Ntrtotatat; = Ntatiotatiots = Nistatotats = Ntigtitstitro = Nigtaototats = Ntgtstetsty =
Ntrtstatsts = Nitotrtetets = Nistiototiots = Ntgtatstats = Ntatgtrtsts = Ntqotstatstio =
Niytgtststs = Ntotstetsto = Nistiotatiots = Nitgtatitats = Nitstotiotots = Ntstrtstety =
Ntitiotstioty = Nistitetits = Ntotstststy = Nitstotrtots = Nitstrtotrts = Nistitatits =
Nitrtatstaty = Ntyotatitatio = Nigtotstote = Ntstrtitrts = Ntyotitatitio = Nivtstotsty =
Ntigtatstatio = Niotetsteto = Nigtstotste = Nigtatatets = Ntiotstitstio = Ntrtatotats =
Ntatetioteta}.

So now we have the following double cosets, G = N U Nt1 N U Nt1tsN U NtitoN U
Ntytsti N U Nt t5t:N U Nt tsts N U Nt tot; N U Nt tot1oN U Nt tots N U Nt tstit7N U
Ntytstrts N U Ntitstots N U Ntitstrts N U Ntytststt N U Ntgtststs N U NtqtotitioN U
Ntytstitzty N U NtqtstotitaN U Ntitststst; N.

Which gives us 1+ 10 + 30 4+ 30 + 5 + 60 + 30 + 10 4 30 + 20 + 20 + 30 + 20 4 60 +
54104 10 + 30 + 20 4+ 1 = 432 distinct cosets.

We have now found all of our distinct cosets. Thus, there will be no more new double

cosets. To show this we can continue in the same manner as above.

The orbits of N(1*17D) on {1,2,3,4,5,6,7,8,9,10} are {5}, {7}, {1,9}, {2,4}, and {3,6,10,8}.
We take t57t77t17t21 and t3 from the orbits of N(15171),

Ntqtstitrtts € [121 10] .

One symmetric generator will go to [12110] .

Ntqtstitrt1ty € [1571] .

One symmetric generator will go to [1571].

Ntqtstitrt1ty € [1517]
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Two symmetric generators will go to [1517].

Ntqtstitrtits € [1585] .

Two symmetric generators will go to [1585].

Ntitstitrtits € [1573] .

Four symmetric generators will go to [1573].

The orbits of N15712) on {1,2,3,4,5,6,7,8,9,10} are {4}, {1,9,2}, {3,7,8}, and {5,6,10}.
We take t4,t1,t3, and t5 from the orbits of N(15712),

Ntitstrtitaty € [1575] .

One symmetric generator will go to [1575].

Ntitstrtitat, € [1571] .

Three symmetric generators will go to [1571].

Ntitstrtitots € [1573] .

Three symmetric generators will go to [1573].

Ntitstrtitots € [121 10]

Three symmetric generators will go to [12110].

The orbits of N850 on {1,2,3,4,5,6,7,8,9,10} are {1,3,4,5,2,7,6,9,8,10}. We take t;
from the orbit of N(15851)

Ntitstgtstit) € [1585] .

Ten symmetric generators will go to [1585].

Below is our completed Cayley Diagram.
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Figure 5.5: (5(4,3) : 2) Over 2*10: S5
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Chapter 6

Transitive Groups

In this chapter we will examine several groups that are transitive on n letters

by using NumberOfTransitiveGroups(n) command in MAGMA.

6.1 Transitive Groups on 20 Letters

Using the following code we find that there are 1117 transitive groups on 20

letters.

> NumberOfTransitiveGroups (20);
1117

We will examine some of these groups and write progenitors.

6.1.1 Transitive Group(20,222)

Let N be transitive group 222 on 20 letters. N is of order 1920 and is
generated by zz = (1,16,9,2,15,10)(3,18,11)(4,17,12)(5,6)(7,14,19)(8,13,20) and
yy = (1,14,15,2,13,16)(3, 19,6, 8, 18,10, 4,20,5,7,17,9).

> N:=TransitiveGroup (20,222);

> #N;

1920

> Generators (N);

{

(1, 16, 9, 2, 15, 10)(3, 18, 11) (4, 17, 12) (5, 6)



(7, 14, 19) (8, 13, 20),

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

}

Next we find a presentation for NV

> FPGroup (N) ;

Finitely presented group on 2 generators

Relations

$.176 = Id($)

($.1 » $.27=-1)"4 = Id(S)

$.2 x $.1 x $.27-1 % $.17-2 % $.27-1 » $.1 x $.2 % $.1°-1

$.27-1 % $.17-1 » $.2 » $.17-1 » $.27-1 % $.1 % $.2"3 * $.

($.17-1 » $.272 % $.17-1 % $.27-1)"2 = Id(S)
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Thus we have the following presentation of N for the progenitor 2*20 : (2% : Sj).

(Proof of Isomorphism of N to follow.)

N =< z,yla®, (zy°)*, yayPatyPrya®, yPadyadyPayPe, (25y?2%y°)? >.

Next we will add ¢. Let t ~ t;. Since our t’s are of order 2, we add t?> to the

presentation. Now we need to look at the stabiliser of 1 that commute with t. We

label N1 as the stabiliser of 1 in N and find the generators of N1.

> Nl:=Stabiliser (N, 1);
> Generators (N1);

{

(3, 7, 14) (4, 8, 13) (5, 10, 1e6) (6, 9, 15) (11, 19, 18) (12,

(3, 5, 4, 6)(7, 9, 8, 10) (13, 16, 14, 15) (19, 20),
(13, 14) (15, 1e6) (17, 18) (19, 20),
(3, 8, 4, 7)(5, 10, 6, 9) (15, 16) (17, 20, 18, 19)
}

We then use our Schreier System to translate these permutations into words.

> Sch:=SchreierSystem (NN, sub<NN|Id (NN)>);

> ArrayP:=[Id(N): 1 in [1..192011;

> for 1 in [2..1920] do

for> P:=[Id(N): 1 in [1..#Sch[i]]];

for> for j in [1..#Sch[i]] do

for|for> if Eltseqg(Sch] ) [J] eq 1 then P[7]
for|for> 1if Eltseqg(Sch[i]) []j] eg 2 then P[]]
for|for> if Eltseqg(Sch] )[J] eg -1 then P[]

=xx; end 1f;
=yy; end 1if;

i
i :
i :
i

]
]
]
]

]:=xx"-1; end if;

20,

17),
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for|for> if Eltseqg(Sch[i])[Jj] eqg -2 then P[]j]l:=yy -1; end if;
for|for> end for;

for> PP:=Id(N);

for> for k in [1..#P] do

for|for> PP:=PP«P[k]; end for;

for> ArrayP[i] :=PP;

for> end for;

> for i in [1..1920] do if ArrayP[i] eq N! (3, 7, 14) (4, 8, 13)
for|if> (5, 10, 16) (6, 9, 15) (11, 19, 18) (12, 20, 17) then Schli];
for|if> end if; end for;

y o *x X72 % vy -2 % x"=1 x y *x x =1

> for i in [1..1920] do if ArrayP[i] eqg N! (3, 5, 4, 6) (7, 9, 8, 10)
for|if> (13, 16, 14, 15) (19, 20) then Sch[i]; end if; end for;

x"=1 % y"-1 % x"-1 % y"=-3 x» x % y -1

> for i in [1..1920] do if ArrayP[i] eqg N! (13, 14) (15, 16) (17, 18)
for|if> (19, 20) then Sch[i]; end if; end for;

(v * x x y'-1)"3

> for i in [1..1920] do if ArrayP[i] eg N! (3, 8, 4, 7) (5, 10, 6, 9)
for|if> (15, 16) (17, 20, 18, 19) then Schli]; end if; end for;

vy -1 % x"3 % y -2

Therefore we have the following presentation,

2:20 (211 S5) =< w,y, t]ab, (xy®)*, yryPatyPaya®, P rdyxdyPaya, (2PyPatyP)?,

t2, (t, yzyadya®), (t, 22’20y xyP), (¢, (yry®)?), (¢, y°aly?) >

Now we add first and second relations to our progenitor in order to find homomorphic
images of 2*20 : (24 : Sj).
G =< z,y, |25, (zy°)*, yryPatyPoys®, yP2dyadyPayie, (25y225y°)2,
(t, 2y’ Y ay®), (¢, (yzy)?), (8, y°2%y?),
(zyt)™! (wyt D)2, (wyt @), (wyt@ D), (ay) P D),
()Pt DED)0, (2P0, ()Pt (gt 0y,
(a:yxtt(x ))rlO (x?)tt(yzy :c))rn (xyxyf)t(a:5y))r12 >.

2, (¢, yx2y4w5y96 ),
r2



Table 6.1: 2*20 : (24 : S5)
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[r1 r2 r3 r4 15 16 17 r8 19 rl0 rll rl12 Order of G  Shape of G |
6 6 4 8 0 0O 0O 0O O O 0 O 103680  2°(S(4,3):2)
0O 0 0 0 2 3 0 0 O 0 0 0 744000 L3(5) : 2
0O 0 0 0 2 4 5 9 0 0 0 0 979200 S(4,4)
0O 0 0 0 0 0O 0 0 3 4 0 0 190080 My : 2
O 0 0 0 0 0O 0 0O 0 2 8 380160 (Mg x 2) : 2

Proof of the Isomorphism for the Shape of N

The composition series of IV is given below.

Cyclic(2)
Alternating (5)
Cyclic(2)
Cyclic(2)
Cyclic(2)

Cyclic(2)

= — % — % — % — o — * —

G = G1 :_) G2 :_> Gg :_32 G4 :_> G5 :_) 1, Where G = (G/Gl)(Gl/Gg)(Gg/Gg)(Gg/G4)

(G4/G5)(G5/1) = CaA5C2C2CoCs.

The Normal Lattice of N is
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(1]

Order 16

(3]

Order 960

(4]

Order 1920

We use the following loop to give us the largest abelian subgroup of V.

> NL:=NormallLattice (N) ;

> for i in [1..4] do if IsAbelian(NL[i]) then i;end if;end for;
1

2

NL[2], our largest abelian subgroup of N is of order 16. We will examine possibilities

of groups of order 16 to find the isomorphism type of NL[2].

> X:=AbelianGroup (GrpPerm, [2,2,2,2]);

> g:=IsIsomorphic (X,NL[2]);s;

true

We have verified that NL[2] = 2%. Since 1920/16=120, and we do not have a normal
subgroup of order 120, we will have a semi-direct product. We will factor by N L[2]

and check the isomorphism type of ¢, our factor group.

> g, ff:=quo<N|NL[2]>;
> s:=IsIsomorphic (g, Sym(5));s;
true

So we will have a semi-direct product 2% : S5. We need to write a presentation of 2%.
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H :< w7 x? y7z|w27x27y27z27 (w7 x)? (w7y)7 (w7 Z)7 (x7 y)? (x7 z)7 (y’ Z) >‘

A presentation for Sy is Q =< a,b|a’, b?, (a7 1b)*, (aba=2ba)? >. We find an element

of order 5 and an element of order 2, F' and G, respectively.

for i in NL[4] do if i notin NL[2] and Order (i) eq 5 and sub<N|i,NL[4]>
eqg N then F:=i; break; end if; end for;
for i in NL[4] do if i notin NL[2] and Order (i) eq 2 and sub<N|i,NL[4]>
eqg N then G:=i; break; end if; end for;

Now we need to find the action of F' and G on the generators of NL[2].

> for i in [1..#N1] do if ArrayP[i] eq A"F then print Sch[i];
for|if> end if; end for;

z

> for i in [1..#N1] do if ArrayP[i] eq B"F then print Sch[i];
for|if> end if; end for;

W*X*y*z

> for i in [1..#N1] do if ArrayP[i] eq C"F then print Sch[il];
for|if> end if; end for;

W

> for i1 in [1..#N1] do if ArrayP[i] eq D"F then print Sch[i];
for|if> end if; end for;

b4

> for i in [1..#N1] do if ArrayP[i] eq A"G then print Sch[i];
for|if> end if; end for;

W

> for i in [1..#N1] do if ArrayP[i] eq B"G then print Sch[il];
for|if> end if; end for;

zZ

> for i in [1..#N1] do if ArrayP[i] eq C"G then print Sch[i];
for|if> end if; end for;

Yy

> for i in [1..#N1] do if ArrayP[i] eq D"G then print Sch[il];
for|if> end if; end for;

b4

Finally we will add the presentation of (), along with the action of a and b on the
generators of H = 24, to our presentation of H.

G = w7 x? y? Z? a7 b|w27 x27 y27 227 (w? m)? (w7 y)? (w7 Z)? (x7 y)? (‘,'177 Z)? (y? Z)? a57 b27 (a_lb)47
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b

(aba=2ba)?, w® = z,2% = wryz,y* = w, 2% = z,w’ = w, 2’ = 2, Y’ =y, 2 =z >.

We then verify the isomorphism.

> G<w,X,Y,z,a,b>:=Group<w, x,y,z,a,b|lw 2,x"2,v"°2,2"2, (w,x), (W,y),

> (w,z), (x,¥),(x,2),(V,2),

> a’"5,b"2, (a"-1xb) "4, (axbxa”"-2«xb=*a) "2,

> wha=z,x"a=wxx*xy*z,y a=w, z" a=x,

> wb=w,x"b=z,y b=y, z " b=x>;

> f1,Gl,k1l:=CosetAction (G, sub<G|Id(G)>);
> s,t:=IsIsomorphic(Gl,N);

> s;

true

Thus N = (24 : S5).

6.1.2 Transitive Group(20,102)

Let N be transitive group 102 on 20 letters. N = (52 :* 42) is of order 400
and is generated by =z = (1,6,15,16,2,9,12,17,3,7,14,18,4,10, 11, 19, 5, 8, 13, 20),
y=(1,8,12,17,4,10,11,18,2,7,15,19,5,9, 14, 20, 3,6, 13,16), and z = (1,7, 15, 16)
(2,8,13,19)(3,9,11,17)(4, 10, 14,20)(5,6,12,18). In the same manner as before, we
find the following presentation for G.

2 1

3,—-1 2,.2,2 1.713/27 ,

G < z,y, 2,24 (71272, (yz= 12, 222 e, 222222

£, (tyay?), (t, (v~ 27h)),
(yQt)rl,($3t)r2,(yt)r3,(y3t)r4 >.

L T

Table 6.2: 2*20 : (52 :* 42)
H rl 2 r3 r4d Order of G Shape of G H

39 9 9 2448 Ly(17)
30 0 7 672 4 x Ly(7)
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Proof of the Isomorphism for the Shape of N

The composition series of IV is given below.

Cyclic(2)
Cyclic(2)
Cyclic(2)
Cyclic(2)
Cyclic (5)

Cyclic (5)

P o— ok — ok — o — %k — ok — Q)

G =Gy 2Gy2 G322 G4 2G5 2 1, where G = (G/G1)(G1/Ga)(Ga/Gs)(Gs/Ga)
(G4/G5)(G5/1) = CaCyC2C2C5Cs.

The Normal Lattice of N is

(1]

[2] [3]
Order 5 Order 5

[4]/ \6/ \[5]

Order 10 Order 25 Order 10

]/ [L/ 1| 1]\[1 0] 8]

Order20  Order 50 erer 50 Order 50  Order 20

A P T

13
O[rlgr]100 Or[deﬂoo O[r?iezr]100 O[rder]100 Or[der]mo O[rdg']100 o!geﬂoo

19
ogerlzoo ogg 200 O!der £00

okiethoo
By looking at the normal lattice we see that we will not have a direct extension since

we do not have 2 normal subroups of N whose product will give us |[N| = 400. We
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then find the largest abelian subgroup of N.

> for i in [1..22] do if IsAbelian(NL[i]) then i;end if;end for;
1
2
3
6
> NL[6];
Permutation group acting on a set of cardinality 20
Order = 25 = 572
(L, 2, 3, 4, 5)(6, 7, 8, 9, 10) (16, 20, 19, 18, 17)
(¢, 9, 7, 10, 8)(11, 14, 12, 15, 13) (16, 19, 17, 20, 18)
> X:=AbelianGroup (GrpPerm, [5,5]);

> gs:=IsIsomorphic(X,NL[6]);s;
true

NL[6]=2 52 is an abelian subgroup of N. Therefore we will have a mixed extension
N =52 :* Q. Now we will factor by NL[6] and form a factor group, q. We then check
the normal lattice of ¢ to find the isomorphism type of Q).

g, ff:=quo<N|NL[6]>;

Now, @ is of order 16. We check isomorphism of Q.

> s:=IsIsomorphic(q,CyclicGroup(16));s;

false

> s:=IsIsomorphic(q,DirectProduct (CyclicGroup (8),CyclicGroup(2)));s;
false

> s:=IsIsomorphic(q,DirectProduct (CyclicGroup (4),CyclicGroup(4)));s;
true

Q = 42. So we should have a mixed exension 52 :* (42). To prove this isomorphism

we need a presentation for Q = 4.

> Q<a,b>:=Group<a,bla”4,b" 4, (a,b)>;

> f1,01,kl:=CosetAction (Q,sub<Q|Id(Q)>);
> s,t:=IsIsomorphic(Ql,q); s;

true
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Now we need to write the generators of () into elements of q. We will need to look at

the transversals of NL[6].

> T:=Transversal (N,NL[6]);
> #T;

16

> A:=t (fl (a));

> B:=t (fl(b));

> for i in [1..#T] do if f£(T[i])
2

> for 1 in [1..#T] do if f££(T[4i])
3

eq A then ij;

eq B then i;

Now we store T[2] and T[3] as A and B, respectively.

> T[2];

(1, 6, 15, 16, 2, 9, 12, 17, 3, 7, 14, 18, 4,
20)

> A:=N! (1, 6, 15, 16, 2, 9, 12, 17, 3, 7, 14,
> 8, 13, 20);

> T[3]1;

(., 8, 12, 17, 4, 10, 11, 18, 2, 7, 15, 19, 5,
16)

> B:=N! (1, 8, 12, 17, 4, 10, 11, 18, 2, 7, 15,
> 6, 13, 16);

end if; end for;
end if; end for;
11, 19, 5, 8, 13,
18, 4, 10, 11, 19, 5,
9, 14, 20, 3, 6, 13,
19, 5, 9, 14, 20, 3,

Next we find generators of NL[6] and store them. Recall that NL[6] 2 52, so we will

need two generators of order 5.

Order (NL[6].1);

Order (NL[6].2);

D:=NL[6].1;
E:=NL[6].2;

vV V. o1 v 0V

Now we look at our presentation for @) to see if anything has changed once we apply

the action of q.

> Order (A);
20
> Order (B) ;
20
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Recall that our presentation for Q was < a,bla*, b*, (a,b) >, thus the order of a and
the order of b have been changed by the action of q. We will need to write these

generators in terms of D and F.

> for i,j in [0..5] do if A4 eq D ixE"]

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

14

> for i,3 in [0..5] do if B4 eq D i*xE"j

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

3 3

> for i,3 in [0..5] do if (A,B) eq D ixE"]

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

10

> for n,o in [0..5] do

for> for p,gq in [0..20] do

for|for> if DA eq D "n*E"0oxA"p*B" g

for|for|if> then n,o0,p,q; break; end if; end for; end for;
00 12 8

> for n,o in [0..5] do

for> for p,g in [0..20] do

for|for> if D"B eq D "n*E"0oxA"pxB g

for|for|if> then n,o,p,q; break; end if; end for; end for;
0 0 16 4

> for n,o in [0..5] do

for> for p,g in [0..20] do

for|for> if E"A eq D' n*E"0*xA p*B g

for|for|if> then n,o,p,q; break; end if; end for; end for;
00 8 8

> for n,o in [0..5] do

for> for p,gq in [0..20] do

for|for> if E"B eq D'nxE"0o*xA"p*xB" g

for|for|if> then n,o0,p,q; break; end if; end for; end for;
00 4 4

The above loop tell us that a* = de*, b* = d3e?, (a,b) = d,d* = a'?b8,d? = a'5b%, e® =
a®b8, and e = a*b*. We can now add these relations to our presentation of @, along

with the 2 generators of NL[6], say d and e, to check our isomorphism of N.

> NN<a, b, d,e>:=Group<a,b,d,ela”4=d+e”"4,b"4=d"3xe" 3, (a,b)=d,d"5,e"5,
> d"a=a’"12+xb"8,d"b=a”16+xb"4,e"a=a"8+xb"8,e"b=a"4+«b"4>;
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> f£2,NN1, k2:=CosetAction (NN, sub<NN|Id (NN)>);
> gs:=IsIsomorphic(N,NN1) ;s
true

Thus N = 52 :* (42)

6.1.3 Transitive Group(20,121)

Let N be transitive group 102 on 20 letters. N = ((5: 4) x Sy4) is of order 480
and is generated by x = (1,4,2,3)(5,12,18,15)(6,11,17,16)(7,9, 20, 14)(8, 10, 19, 13)
and y = (1,8,9,16,17,4,5,12,13,20)(2,6, 10, 14,18)(3,7,11,15,19). In the same

manner as before, we find the following presentation for G.

G =< z,y, t|zt, yr 2?22y, yaly eyt a7y a2y ety tya T,

w_1y_lx_ly_lx_ly_lxy_la?yxy,

2, (tyz~y?), (¢, yrya~ty),

(yay~ o~y ta2)™ (yaly e 1y~ a2t 2 (y
y ey tat)d (2 ly e yay )"0, (ayaty e ey )0

( ,
(zyz—ty~ e lyt) T, (2Pyt)"®, (P tya?t)™, (
( (

_ _ 3
1l' 1y 1£L'tx )r3

2
, y3$—1y$2tac )7‘10’

:L,nyyStyG)rll, (nyxySty3x)r12 ( 275)7137 (xy)Qty4)r14, ((xy)Qty)rH’)’ ((xy)Qt)rlﬁ > .

Table 6.3: 2*20: ((5:4) x Sy)

[rl 2 3 4 r5 6 r7 r8 19 rl0 rll rl2 113 114 115 116 Order G I
0 7 7 7 7 0 0 0 0 0 0 0 0 0 0 0 58240 2°S3(8)
0 7 8 8 8 0 0 0 0 0 O 0O 0O 0 0 0 161280 2°(2:Ls(4))
6 0 6 0 7 0 0 00O 0 0O 0O 0O 0 0 0 48720 PGL(2,29) x2
6 0 6 8 6 0 0 0 0 0 0O 0O 0 0 0 0 1344 PGL(2,7) x (2 x 2)
6 0 6 0 6 0 0 00O 0 0 0 0 0 0 0 4032 PGL(2,7) x D13
00 00 05 5 0 0 0 0 0 0 0 0 0 7920 6° : PGL(2,11)
00 00 00 00 0 0 0O 0 2 0 7 0 8736 PGL(2,13) x 4
00 00 00 0 00 0 0 0 6 2 8 0 1520640 2xMp*2%2%2
00 00 00 00O 0 0 2 0 0 7 6 4368 2°PGL(2,13)
00 00 00 0 00 0 0 7 0 2 7 7 116480 (2°592(8))x2
00 00 0 0 0 00 0 7 6 10 0 8 6 235200 2:Ly49)

Proof of the Isomorphism for the Shape of N

The composition series of N is given below.



Cyclic(2)

Cyclic(2)

Cyclic (5)

Cyclic(2)

Cyclic (3)

Cyclic(2)

Cyclic(2)

e ok — o — ok — ok — ok — * —

G=G12G22G322G, 2 G52 Gg 21, where
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G = (G/G1)(G1/G2)(Ga/G3)(G3/G1)(Ga)G5)(Gs/Gs)(Gs/1) = CoCaCsCaC5C5Ch.

The Normal Lattice of N is

1]
N
[2] [3]

Order 5 Order 4

7NN

[4] 6] (5]

Order 10 Order 20 Order 12

NN\

(7] [9] [10] [8]
Order 20 Order 40 Order 60 Order 24

N/ NN

[11] [13] [12] [14]
Order 80 Order 120 Order 120 Order 120

N I\

(171 [181 [16]
Order 240 Order 240 Order 240

(18]
Order 480
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We see that NL[7] is of order 20 and NL[8] is of order 24. Since 20 - 24 = 480, and

both subgroups are normal in N, then we have a direct product.

> gs:=IsIsomorphic (N,DirectProduct (NL[7],NL[8]));s;
true

Now we will need to find the isomorphism of NL[7] and NLI§].

> NL[7];
Permutation group acting on a set of cardinality 20
Order = 20 = 272 x5
(5, 9, 17, 13) (6, 10, 18, 14) (7, 11, 19, 15) (8, 12, 20, 16)
(5, 17) (6, 18) (7, 19) (8, 20) (9, 13) (10, 14) (11, 15) (12, 16)
(, 9, 17, 5, 13) (2, 10, 18, 6, 14) (3, 11, 19, 7, 15) (4, 12,
20, 8, 1lo)
> FPGroup (NL[7]);
Finitely presented group on 3 generators
Relations
$.174 = 1Id($)
$.272 = 1Id($)
$.17°-2 % $.2 = Id(S)
($.2 x $.37-1)"2 = Id(S)
$.1 x $.37-1 x $.17°=-1 % $.37-2 = Id($)
G<x,y,z>:=Group<x,vy,z|x"4,y"2,x"=2xy, (y*z2"=1) "2, x+z2 " =1xx"=1xz"-2>;
£f1,Gl,kl:=CosetAction (G, sub<G|Id(G)>);
s,t:=IsIsomorphic(Gl,NL[7]); s;
nnl:=Normallattice (Gl);
nnl;
Normal subgroup lattice

vV V V V V

[4] Order 20 Length 1 Maximal Subgroups: 3
[3] Order 10 Length 1 Maximal Subgroups: 2
[2] Order 5 Length 1 Maximal Subgroups: 1
[1] Order 1 Length 1 Maximal Subgroups:

> Center (G1l);
Permutation group acting on a set of cardinality 20
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Order = 1

for i in [1..4] do if IsAbelian(nnl[i]) then i;end if;end for;

H<x>:=Group<x|x"5>;
f1,H1,k1l:=CosetAction (H, sub<H|Id(H)>);
s,t:=IsIsomorphic (Hl1,nnl[2]); s;

true

> for i in nnl[4] do if i notin nnl[2] and Order (i) eqg 4 and

for|if> sub<Gl|i,nnl[4]> eq Gl then F:=i;

for|if> break; end if; end for;

> A=t (fl(x));

> N1l:=sub<nnl (4] |A>;

> NN<x>:=Group<x|x"5>;

> Sch:=SchreierSystem (NN, sub<NN|Id (NN)>);

>

>

>

>
1
2
> s:=IsIsomorphic(nnl[2],CyclicGroup(5));s;
>
>
>

ArrayP:=[Id(N1): i in [1..#N1]];
Sch:=SchreierSystem (NN, sub<NN | Id (NN)>) ;
for 1 in[2..#N1] do

for> P:=[Id(N1): I in [

for> for j in [1..#Sch/[i

for|for> if Eltseqg(Sch[i])[Jj] eg 1 then P[j]:=A; end 1if;

for|for> if Eltseqg(Sch([i])[j] eq -1 then P[]j]l:=A"-1; end if;

for|for> end for;

for> PP:=Id(N1);

for> for k in [1..#P] do

for|for> PP:=PP«*P[k]; end for;

for> ArrayP[1i] :=PP;

for> end for;

> for i in [1..#N1] do if ArrayP[i] eq A"F then print Sch[i];

for|if> end if; end for;

x"2

> H<x,y>:=Group<x,y|x"5,y"4,x " y=x"2>;

> f1,H1,kl:=CosetAction (H, sub<H|Id(H)>);

> s,t:=IsIsomorphic (H1,NL[7]); s;

true

Thus NL[7] = (5:4).

> NL[8];
Permutation group acting on a set of cardinality 20
Order = 24 = 273 x 3
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3, 4) (7, 8) (11, 12) (15, 16) (19, 20)
2, 4, 3) (6, 8, 7) (10, 12, 11) (14, 16, 15) (18, 20, 19)
1, 2) (3, 4) (5, 6)((7, 8)(9, 10) (11, 12) (13, 14) (15, 16) (17,
9, 20)
(1, 4) (2, 3)((5, 8)(6, 7)(9, 12) (10, 11) (13, 16) (14, 15) (17,
20) (18, 19)
> s:=IsIsomorphic (NL[8],Sym(4));s;
true

Hence NL[8] = Sj.

Now we add both presentations together and verify the isomorphism of N.

> FPGroup (NL[7]);
Finitely presented group on 3 generators
Relations

$.174 = Id($)

$.272 = 1Id($)

$.17°-2 % $.2 = Id(S)

($.2 x $.37-1)"2 = Id(S)

$.1 x $.37-1 x $.17°=-1 % $.37-2 = Id($)
> FPGroup (NL[8]);
Finitely presented group on 4 generators

Relations
S.172 = Id($)
$.27°3 = Id (%)
$.3°2 = Id(S)
$.472 = Id(S)
($.27-1 %= $.1)"2 = Id($)
$.27-1 = $.3 x $.2 * $.4 = Id(9)
($.1 * $.3)°2 = 1d(s)
($.3 * $.4)72 = Id(S)

$.2 % $.3 x $.27-1 * $.3 % $.4 = Id(S)
H<u,v,w,x,vy,z,r>:=Group<u,Vv,w,X,Vy,z,r|u"4,v 2, u"-2*v, (vxw -1) "2,
urw —1lxu"-1xw"-2,x"2,v"°3,2"2,r"2, (y"-1xx) "2,
vy —lxzxy*r, (x*z) "2, (zxr) "2,
y*xzxy =1lxzxr, (u,x), (u,y), (u,z), (u,r), (v,x), (v,y), (v,z), (v, 1),
(w,x), (W, y), (w,2), (w,r)>;
f1,H1,k1l:=CosetAction (H, sub<H|Id(H)>);
> s,t:=IsIsomorphic (H1,N); s;
true

vV V. V V V V

Hence N = (5:4) x Sy.
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6.1.4 Transitive Group(20,10)

Let N be transitive group 10 on 20 letters. N = Dyg is of order 40 and
is generated by x = (1,19)(2,20)(3,18)(4,17)(5,16)(6,15)(7,13)(8,14)(9,12)(10,11)
and y = (1,3,5,8,10,11, 14,16, 18,19,2,4,6,7,9,12,13,15,17,20). In the same man-

ner as before, we find the following presentation,

G =<yt (y '2)*,y*0, ¢, (t, 2y ™), (WO, (yt)"2, (v0)"2, (y7)"™, (v71)"°,
(ajytyl?’)rt}’ (xty14ty6)7'7’ (y5t)r87 (ylottyl?)rg7 (xt)rw’ (wty)rll’ <y10tty)r12, (ylottyll)rls7
(yl[)ttyQ)rM’ (yQttyQ)r15’ (y4tty14)r16’ (xyty)rl7’ (l.tytylg)HS’ (xtyMtyQ)TlQ’ (xytyl‘ltyf’)mo’
(xyty14)r21’ (yQtty16)r22’ <$ty14)r23’ (yStty3)r247 (y9tty6)r257 (l.yty2ty15)r26’ ($yty2)r277
(xyty5ty4)r28, (thtyQ)r297 (xtymtyw)rfi(], (xytywtyg)r?;l’ (xyt)r327 (y4tty3)r337 (y7tty15)r34 >.

Table 6.4: 220 : Dyg

I Jrt r2 r3 r4 15 v6 17 18 r9 rl0 rll 112 r13 rl4 115 rl6 rl7 118 rl9 r20 121
.3 5 0 9 0 0 00 00 0 0 0 0O 0 0 0O O 0 0 0
2.4 0 0o 5 3.0 00 0 0 0 0 0 0 0 0 0 0 0 0 0
3.4 3 0 0 30 0 00 0 0 0 0 0 0 O 0O 0 0 0 0
4 10 3 105 3 0 0 0 OO 0 0O O 0O 0O O O 0O 0 0 0
5o oo 0o 0 3 5 5 5 0 0 0 0 0 0 0 0O 0 0 0 0
6. [3 0 0 0 0 0O 2 0 0O 0 0 0O 0O 0 7 0 0 0 0 0 0
7.3 0 o 0o 0o 02 00 0 0 0 0O 0O 9 0 0 0 0 0 0
8. o 0 0o 0o o 0O 00 OO 0 0O 0O 0 0 2 5 3 0 0 0
9o o 0o 0 3 0 0 00O O 0 0O O 0O 0 9 9 5 0 0 0
100.]o o 0 0 0 0 00 00O O 0O 0O O 0 0 0O 0O 0 0 0
I.fo o 0o 0 0 0 0 0O 0O 0O O 0O 0O O 0 0 0O 0 0 0 0
12]0 o 0 0 0 0 00 00O 0 0 0O 0O 0 0 0 0 0 0 0
B3.Jo o 0o 0 0 0 0 0O 0O O 0O O O 0O 0 0 0 2 3 10
4o 0o 0 0 0 100 0 0 O O O O O O O 0O 0 0O 0 0
5.J]0O 0 0 0 0 100 0 0 0O 0O 0O 0 0O 0 0 2 0 0 0 0
16.Jo 0 0 0 0O 100 0 0 0 0O 0 0 0 0 0 6 0 0 0 0
7o o 0o 0 0 0 0 0O O O O O O O 0O 0O O 0 0 o0 3
BJo o 0 0 0 0 0 0O OO O O O O O 0O O O 0 0 0
9]0 o0 0 0 0 00 00O 0O 0 0O O 0 0 0O 0 0 0 0
20./[o 0 0o 00 000 00 0 0 0 0O 0 0 0 0 0 0 0




Table 6.5: 2*20 : Dy continued
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[ [r22 123 124 125 126 127 128 129 130 r31 132 133 134 Order G

L.Jo o0 0 0 0 O 0 0 0 0 0 0 0 6840 2°Ly(19)

2.0 0 0 0 0 0 0 0 O0 0 0 0 0 13680 2xPGL(219)
3.0 0 0 0 0 0 0 0 0 0 0 0 0 31680 25:°(2:(Ly(11) x3))
£ o0 0 0o 0 0 0 0 0 0 0 0 0 0 249600 2°(2:0(3,4))

5./0 0 0 0 0 0O 0 0 0 0 0 0 0 6840 ILy(19) x2

6. J]0 o0 0 0 0 O 0 0 0 O0 ©0 0 0 33 PGL(2,7)

77 /0 o0 0 0 0O 0 O 0 ©0 0 0 0 0 4896 PGL(217)

8. /0 0 0 0 0 0 0 0 0 0 0 0 0 410400 PGL(2,19) x 45

9. /0 0 0 0 0 0 0 0 0 0 0 0 0 6840 PGL(219)

0.]o0 3 2 0 0 0 0 0 0 0 0 0 0 41040 PGL(2,19) x 4;
.2 5 2 0 0 0 0 0 0 0 0 0 0 68400 5:(PGL(219) x2)
22 1 2 0 0 0 0 0 0 0 0 0 0 136800 10: (PGL(219) x?2)
1I3.J10 10 10 0 0 0 ©0 0 0 0 0 0 0 13680 2°Ly(19)

40 0 0o 0 3 3 10 3 0 0 0 0 0 744000 Ls(5):2

5.J]o 0 0 o0 5 9 10 3 0 0 0 0 0 1320 PGL(211)

60 0 0 2 0 5 10 10 0 0 0 0 0 2640 PGL(211)x2
o o 0 o 0 0 0 0 3 0 0 0 0 6840 PGL(219)

B8]0 0o 0 0 0 3 0 0 0 0 0 3 2 137760 PGL(2,41)x2
9.0 0 0 0 0 3 0 0 0 3 2 7 7 34440 Ly(41)

20./0 0 0 0 0 3 0 0 0 3 2 10 4 1320 PGL(211)

Proof of the Isomorphism for the Shape of NV

The composition series of IV is given below.

G
| Cyclic(2)
*
| Cyclic (5)
*
| Cyclic(2)
*
| Cyclic(2)
1

G =G1 DGy D G3 D1, where
G = (G/G1)(G1/G2)(G2/G3)(G3/1) = C2C5CoC.

The Normal Lattice of N is
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/\

Order Order
Order(10 Order Order(10
Or er{ZO)

s:=IsIsomorphic (N,DihedralGroup (20));s;
true

6.1.5 Transitive Group(20,11)

Let N be transitive group 10 on 20 letters. N = 2*Dyq is of order 40 and
is generated by x = (1,17,2,18)(3,16,4,15)(5,14,6,13)(7,12,8,11)(9, 20,10, 19) and
y=(1,4,6,7,10)(2,3,5,8,9)(11,13,16,17,20,12,14,15,18,19). In the same manner

as before, we find the following presentation,

2,3 3 6,,2 2,3
( )27y10 t2 (t y5) (y2tx Y Ty )rl7 (l,tx Y )r27 (:Iittx Y x)rSy

G =< a,y,tlzt, (x=1y=1)?2,
"5 (et 1" )TS, (2P R )T ()78, (y ) >

6

(xyt$2y2tx2yxy2) ( tw Yy

Table 6.6: 220 : 2° Dy
r2 r3 r4 5 16 r7 8 r9 Order G H
31200  L(25) x 22
158400 2'([42(11) X A5)
940800 22 x Ly(49)
2640 2°PGL(2,11)
4368 2°PGL(2,13)

oo»&wm?
oo | w|w
oo | wo| i
olv|ololo
ollololo
olu|ololo
wlo|lo|lolo
| olololo
ololololo




Proof of the Isomorphism for the Shape of N

The composition series of IV is given below.

Cyclic(2)
Cyclic (5)
Cyclic(2)

Cyclic(2)

B — ok — % — o — Q)

G =G1 D Gy DGy D1, where
G = (G/G1)(G1/G2)(G2/G3)(G3/1) = CoC5CoC Y.

The Normal Lattice of N is

(1]
Or[:ize]r(Z) Or&!grl&

YAV

OrvLer(4) Orc;esr 10)

DG IN

OrJeGJZO) OrcEQO) Oro[e8|'J20)
o

Order(40)

We find the center of N.

> Center (N);

Permutation group acting on a set of cardinality 20

Order = 2

299



> NL
true

We will factor by the center of N and examine the factor group q.

(1, 2) (3,
(17,
[2] eg Center(Gl);

4) (5, 6
18) (19,

> q, ff:=quo<Gl|NL[2]>;
> nl:=NormallLattice(q);

> nl

4

Normal subgroup lattice

[1]

Order
Order
Order

Order

Order
Order

Order

20
10

10
10

1

Length
Length
Length
Length

Length
Length

Length

1 Maximal
1 Maximal
1 Maximal

1 Maximal

1 Maximal
1 Maximal

1 Maximal

Subgroups:
Subgroups:
Subgroups:
Subgroups:

Subgroups:
Subgroups:

Subgroups:

> s:=IsIsomorphic(q,DihedralGroup(10));s;

true

5

300

We see that ¢ is isomorphic to D1g. Thus we will have a central extension of 2 by

Dqp.

Now we need to write a presentation for ¢ = D9 and proceed to verify our

isomorphism.

> FPGroup (q) ;
Finitely presented group on 2 generators
Relations

vV V V V

S7

$.172

$.2710

Id($)
($.27°-1 = $.1) "2

Id($)

= Id($)

F<x,y>:=Group<x,y|x"2, (y"-1%x) "2,y 10>;
f1,F1,kl:=CosetAction (F, sub<F|Id(F)>);
s,t:=IsIsomorphic(F1l,q);
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> T:=Transversal (G1,NL[2]);

> #T;

20

> T[2];

(1, 2, 6, 4)((3, 9, 13, 8) (5, 11, 14, 7) (10, 16, 21, 17) (12, 15,
22, 19) (18, 25, 29, 24) (20, 27, 30, 23) (26, 32, 36, 33) (28,
31, 37, 35) (34, 39, 40, 38)

> A:=Gl!(1, 2, 6, 4)(3, 9, 13, 8) (5, 11, 14, 7) (10, 16, 21, 17)

> (12, 15, 22, 19) (18, 25, 29, 24) (20, 27, 30, 23) (26, 32, 36,

> 33) (28, 31, 37, 35) (34, 39, 40, 38);

> T[3];

(1, 3, 10, 18, 26, 34, 28, 20, 12, 5) (2, 7, 15, 23, 31, 38, 32,
24, 16, 8) (4, 11, 19, 27, 35, 39, 33, 25, 17, 9) (6, 13, 21,
29, 36, 40, 37, 30, 22, 14)

> B:=G1!(1, 3, 10, 18, 26, 34, 28, 20, 12, 5)(2, 7, 15, 23, 31,

> 38, 32, 24, le6, 8) (4, 11, 19, 27, 35, 39, 33, 25, 17, 9) (6, 13,
> 21, 29, 36, 40, 37, 30, 22, 14);

> q;

> ff(A) eq gq.1;

true

> ff(B) eq g.2;

true

> NL[2].1;

> C:=G1! (1, 6) (2, 4) (3, 13) (5, 14) (7, 11) (8, 9) (10, 21) (12, 22)
> (15, 19) (16, 17) (18, 29) (20, 30) (23, 27) (24, 25) (26, 36) (28,
> 37) (31, 35) (32, 33) (34, 40) (38, 39);

> F;
Finitely presented group F on 2 generators
Relations

x"2 = Id(F)

(yv"-1 » x)"2 = Id(F)
y~10 = Id(F)
for i in [1..2] do if A"2 eq C"i then i; end if; end for;

for i in [1..2] do if (B -1%xA)"2 eq C"i then i; end if; end for;
for i in [1..2] do if B"10 eq C"i then i; end if; end for;

H<c, x,y>:=Group<c, x,ylc”2, (y,c), (x,c),x"2=c, (y " -1xx) "2,y 10>;
f1,H1,k1:=CosetAction (H, sub<H|Id(H)>);

s,t:=IslIsomorphic (H1,G1l);

Sy
rue

vV V. V VNV NV PV
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Thus N = 2'D10.

6.1.6 Transitive Group(20,12)

Let N be transitive group 10 on 20 letters. N = (5 x Dy) is of order
40 and is generated by x = (1,13,8,20,4, 15,10, 12,5,18,2,14,7,19,3,16,9,11,6,17)
and y = (1,19,9,18,7,15,5,13,4,11)(2,20,10,17,8,16,6, 14, 3,12). In the same man-

ner as before, we find the following presentation,

1 1 2,,—1 1

G =< z,y, tlaty? oy 1 aya™ y ey ey 72 2, (¢, 22y ), (y e ),

(y—1$—1ty9)7‘2’ (y:cyt)r?’, (yLU_ly_lt)ﬂl, (mymttzlg)r‘r’, (m3t)7"6, (xyﬂcttxn)ﬂ >.

Table 6.7: 2*20 : (5 x Dy)
r7  Order G
0 31680  2:* (2:(Ly(11) x 3))
0 1320 PGL(2,11)
0 1344 4:* (PGL(2,7))
4 31680  23:* (2:(Ly(11) x 3))
249600 2:U(3,4)
6840 L(19)
10 3993600 Co# U(3,4) x Cyx Cyx Cyx Cyx Cy
672 2 x PGL(2,7)
2 4896 2°L5(17)

1

_s
—
[\]
—
w
-
=
-
(@)
—
(@)

O OO0 NN O
O OO OO O|W| U i~
[e=] Ren) Neu) Hen) Hev) Ren) Nen) &) § Raw)
OO W W W oolOo|w
W WO OoO|o|Io|o|o|o
[e=] Ren) 'S INe) N1 | Ren) Neo) Hen) Ran)

—

o

Proof of the Isomorphism for the Shape of N

The composition series of IV is given below.

Cyclic(2)
Cyclic (5)
Cyclic(2)

Cyclic(2)

P — ok — % — o — Q)
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G:Gli_DGg:_)Gg:_)l,Where
G = (G/G1)(G1/G2)(Ga/G3)(G3/1) = CyC5C,Ch.

The Normal Lattice of N is

VAN

Order(5) Order(2)

%l\

Or(!er 4) (ger('l ] (4)

[11] [10]
Order 20) Order(8 Order(20) Order(20)
Or er

It is possible that we have a direct extension.

> s:=IsIsomorphic (N,DirectProduct (CyclicGroup (5),DihedralGroup(4)));s;
true

Thus N = (5 x Dy).

6.1.7 Transitive Group(20,13)

Let N be transitive group 10 on 20 letters. N is of order 40 and is gen-
erated by = = (1,13,18,6)(2,14,17,5)(3,7,16,11)(4,8,15,12)(9,10)(19,20) and y =
(1,3,5,8,10,12,14,16,18,19)(2,4,6,7,9,11,13,15,17,20). In the same manner as be-

fore, we find the following presentation,



1 rl

G =<,y tlat, zy a2y~ ety ey ey T2 2 (8 22y?), ()
(x—ltnyxQ)r27 (m—ltyxyty)r37 (xtyxytygx)r47 (x2y—1t12y3)7'5?
(ayt o270, (bt )T, (2= S, (),
(xtnyty3z)r10 ($2txy2:r2)r11 (thtyxy)r12 (yt:rnyQ)rl?)
) ) 9 )
(ny—lt)rhl’ (y—lx—ltter)'r157 (x2y—1tty21)r167 (thy‘lm)'rl?’
(xyttyfj)rlS’ (l,txy2:c2)r19’ (y—lx—lty2xtyx)7‘20’ (yty2xty)7"21’
4 2 3 6 3 102 2
(1‘ty 95)7“227 (myty Ty )1"237 (thty )7“247 (l‘ytm y)r257 <1'2y 1ty T4y )r267

(l,yty2zty6)r27’ (x—lty4as)r287 ($—1tty2my)r29 S,

Table 6.8: 2*20 : (4° : 10)
6 r7 r9 rl0 ril 112 r13 rl4 rl5 116 |

-
—
-
[}
)
w
~
'S
—~
[$23

w

o|lo|Io|o|Iolo
o|o|Io|o|Iolo
o|o|Io|o|Iolo

—
o
—
o
—
o

O RN | O w0 o) =

N Ww ool olo|lo|o| oo

—| =
k=]

—
i
—
S)

—_
w

._.
~

H
o

H
&

—
=

._.
o

H
©

(=] Nl Fenl Hen)l en) Hen) Ren] Hen] Hen) Hen] Heol ool el en) JNo} @) § N} INoJ LN | Han)
(=] Heol Feol ool Her) o) en) Hen) Hen] Hen] Heo) ool Heoll fen) Hen) ev) Hen) Reo) Jan] Han)
OOOOOOOOOOOOOO‘!OOOOOO&)

[e=] Heul o] Hev)l fev) Hen) Hen) Hen] en] Hen] Heo) o] Neo) ' PN Heo) en) Hen] Ren) lan] R4
(=] Heol Feo] Hen)l fer) Hen) en) Hen) Hen] Hen] Heo) ool el Hev) Hen) ev) Hen) Ren) [an] IS
O OO0 O|O|O|O|O|OOoO|O|uUUw w w|l o
[e=] Heul o] Ne)l ev) Hen) R en) Hen) en] Hen] Heo) ool Neo) Hen) TSN 61§ N BN [ e o] Ran)
(=] Nl Nl Fen)l fen) Nen) Ren] Hen] Hen) Hen] Henl Renl Nen) o o] Hen] Hen] Hen] Hen) en] Nan]
[e=] Heul o] el en) Hen) en) Hen) Hen] Hen] Heo) o] en) i V) Hen) en) Hen) Ren) Jan] Ran)
O OO0 O|W W wo|Ioo|ooo|o|lololo
OO0 O|OO|O|VIN VN wwwoloo|lo|lololo

[en) B en] Nen) Hen) Nen) Hen) Hen) Hev) Nen] Nl Ren] Hev) oo ) Nen) R ev] Nev)l Hev) Nean ) N an]

olo|lololololooloolololo
olo|lololooloolooololo
ol alelw olo|o| o~
=IE=1E=1k=1E=1k=1R=1k=)

%)
<
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Table 6.9: 2*20 : (4* : 10) continued

[ [r17 r18 r19 r20 r21 122 123 124 125 126 r27 128 129 Order G |

. Jo 0 0 0 0 0 0 0 0O 0 0 0 0 235200 2:PGLy(49)
20 0 0 0 0 0 0 0 0 0 0 0 0 336 PGLy(7)
3.J]o0 0 0 0 0 0 0 0 0 0 0 0 0 504 L(3)

4 o 0o 0 0 0 0 0 0 0 0 0 0 0 3420 L(19)

5.J0 0 0 0 0 0 0 0 0 0 0 0 0 660 Ly(11)

6. J]0 0 0 0 ©0 0 0 0 0 0 0 0 0 6840 PGL(2,19)
7.0 0 0 0 0 0 0 0 0 0 0 0 0 322560 25 :(2:Ls(4))
8 |8 & 0 0 0 0 0 0 0 0 0 0 0 1320 PGL(2,13)

9 |2 4 0 0 0 0 0 0 0 0 0 0 0 34440 Ly(41)

10./8 6 0 0 0 0 0 0 0 0 0 0 0 2448 Ly(17)

1.//10 10 0 0 0 0 0 0 0 0 0 0 0 1092 L(13)

12210 10 0 0 0 0 0 0 0 0 0 0 0 24360 PGL(2,29)
310 10 0 0 0 0 0 0 0 0 0 0 0 20520 S5 : Ly(19)
4.0 0 0 0 9 8 2 0 0 0 0 0 0 23336640 C2x A5« Ly(73)
5.0 0 0 0 4 9 2 0 0 0 0 0 0 101232 2x PGLy(37)
6.0 0 0 0 5 6 2 0 0 0 0 0 0 13680 2 x PGL,(19)
17./0 0 0 0 6 5 6 0 0 0 0 0 0 2640 2 x PGLy(11)
8]0 0 5 5 8 10 2 0 0 0 0 0 0 161280 4°(2: Ly(4))
9/0 0 5 10 5 10 2 0 0 0 0 0 0 6600 Ly(11) x D
20./0 0 0 0 0 4 0 1 10 6 9 8 10 499200 C2+U(3,4)xC2%C2

Proof of the Isomorphism for the Shape of NV

The composition series of N is given below.

G
| Cyclic(2)
*
| Cyclic(2)
*
| Cyclic (5)
*
| Cyclic(2)
1

G =G1 DGy D G3 D1, where
G = (G/G1)(G1/G2)(G2/G3)(G3/1) = CaC5CoCo.

The Normal Lattice of N is



306

/\
[2] [3]

Order(2) Order(5)

SN

[4] [3] [6]
Order(10)  Order(10) Order(10)

>

[7] [8] [9]
Order(20) Order(20) Order(20)

e

[10]
Order(40)

We find that the center of N is NL[2]. However we see that NL[2] is not the largest
abelian subgroup. Since NL[4] = C¢ is the largest abelian subgroup then we will

have a mixed extension.

> Center (N);

Permutation group acting on a set of cardinality 20

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

> NL[2] eqg Center (N);

true

> for i in [1..10] do if IsAbelian(NL[i]) then i;end if;end for;

1

Sw DN

> g, ff:=quo<N|NL[4]>;
> nl:=NormallLattice(q);
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> nl;

Normal subgroup lattice

[3] Order 4 Length 1 Maximal Subgroups: 2

[2] Order 2 Length 1 Maximal Subgroups: 1

[1] Order 1 Length 1 Maximal Subgroups:

> s:=IsIsomorphic(qg,CyclicGroup (4));
> 55
true
> H<a>:=Group<ala“ 4>;
> f1,Hl1,kl:=CosetAction (H, sub<H|Id(H)>);
> s,t:=IsIsomorphic (Hl,q); s;
true
> T:=Transversal (N,NL[4]);
> #T;
4
> T[2];
(r, 13, 18, 6) (2, 14, 17, 5)(3, 7, 16, 11) (4, 8, 15, 12) (9,
10) (19, 20)
> A:=N! (1, 13, 18, 6) (2, 14, 17, 5) (3, 7, le, 11) (4, 8, 15,
> 12) (9, 10) (19, 20);
> q;
Permutation group g acting on a set of cardinality 4
Order = 4 = 272
(1, 2, 3, 4)
Id(q9)
> ff(A) eq g.1;
true
> Order (A);
4
> IsCyclic (NL[4]);
true
> Order (NL[4].1);
10
> NL[4].1;
(1, 3, 5, 8, 10, 12, 14, 16, 18, 19)(2, 4, 6, 7, 9, 11,
13, 15, 17, 20)
> B:=N! (1, 3, 5, 8, 10, 12, 14, 1le6, 18, 19)(2, 4, 6, 7, 9,
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> 11, 13, 15, 17, 20);
> for i in [0..10] do if B"A eq B"i
for|if> for|if> then 1i; break; end if; end for;

7

> H<b,a>:=Group<b,alb”10,a"4,b " a=b"7>;
> f,h,k:=CosetAction (H, sub<H|Id(H)>);
> #h;

> s:=IsIsomorphic (h,N);

> 55

true

Thus N = 4° : 10.

6.2 Transitive Groups on 19 Letters

Using the following code we find that there are 8 transitive groups on 19

letters.

> #TransitiveGroups (19);
8

We will examine some of these groups and write progenitors.

6.2.1 Transitive Group(19,2)

Let N be transitive group 10 on 19 letters. N = (2 : 19) is of order 38
and is generated by x = (1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19) and
y = (2,19)(3,18)(4,17)(5,16)(6,15)(7,14)(8,13)(9,12)(10,11). In the same manner

as before, we find the following presentation,

G =<y, 1y, (27 y)% 182, (8, ya?), (25), (250)72, (@807, (220, (y*° )", (@t)" >

Table 6.10: 229 : (2 : 19)
H rl 2 3 r4 15 16 Order G H

5 3 5 10 0 0 6840 PGLy(19)
0 0 0 0 3 3 25308 Ly(37)
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Proof of the Isomorphism for the Shape of N

> S:=Sym(19);

> xx:=S8!(1,2,3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 1le6, 17,
> 18, 19);

> yy:=S! (1, 18) (2, 17) (3, 16) (4, 15) (5, 14) (6, 13) (7, 12) (8,

> 11) (9, 10);

> N:=sub<N|xx,yy>;

> #N;

38

> NL:=NormallLattice (N) ;

> NL;

Normal subgroup lattice

[3] Order 38 Length 1 Maximal Subgroups: 2
[2] Order 19 Length 1 Maximal Subgroups: 1
[1] Order 1 Length 1 Maximal Subgroups:

> IsIsomorphic (NL[2],CyclicGroup(19));
true
> H<x>:=Group<x|x~19>;
> f,H1l,k:=CosetAction (H, sub<H|Id (H)>);
> s:=IsIsomorphic (NL[2],H1l);s;
true
> for i in NL[3] do if i notin NL[2] and Order (i) eq 2 and
for|if> sub<N|i,NL[2]> eg N then C:=1;
for|if> break; end if; end for;
> FPGroup (N) ;
Finitely presented group on 2 generators
Relations
$.174 = 1Id(9)
$.17-1 % $.27-1 % $.172 % $.27-1 % $.1°-1 = 1d(%)
$S.27-1 % $.17-1 % $.2°-1 % $.1 % $.2"°=-2 = Id4(S)
> NN<x,y>:=Group<x,y|y 2, (x"=-1xy) "2,x"-19>;
> Sch:=SchreierSystem (NN, sub<NN|Id(NN)>);
> ArrayP:=[Id(N): i in [1..38]];
> for i in [2..38] do
for> P:=[Id(N): 1 in [1l..#Sch([i]]1];
for> for j in [1..#Sch[i]] do
for|for> 1if Eltseq(Sch[i])[j] eg 1 then P[]j]:=xx; end if;
for|for> if Eltseqg(Sch[i])[j] eqg 2 then P[]J]:=yy; end if;
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for|for> 1if Eltseqg(Sch[i])[Jj] eqg -1 then P[]]l:=xx"-1; end if;
for|for> end for;

for> PP:=Id(N);

for> for k in [1..#P] do

for|for> PP:=PP«P[k]; end for;

for> ArrayP[i] :=PP;

for> end for;

> for i in [1..#NN1] do if ArrayP[i] eq A"C then print Sch[i];
for|if> end if; end for;

x"=1

> H<y,x>:=Group<y,x|x"19,y"2,x " y=x"-1>;

> f2,H2,kl:=CosetAction (H, sub<H|Id(H)>);

> IsIsomorphic (H2,N);

true

Thus N = (2:19).

6.3 Transitive Groups on 11 Letters

Using the following code we find that there are 8 transitive groups on 11

letters.

> NumberOfTransitiveGroups (11);
8

We will examine some of these groups and write progenitors.

6.3.1 Transitive Group(11,2)

Let N be transitive group 2 on 11 letters. N = (2: 11) is of order 22 and is
generated by x = (1,2,3,4,5,6,7,8,9,10,11) and y = (1,10)(2,9)(3,8)(4,7)(5,6). In

the same manner as before, we find the following presentation,

G < x? y? t|y27 (x_ly)27 'CC—117 t27 (t7 yx2)7 (xt)T:l? (th)T27 ("Bst)r:s? (x4t)7‘47 (m5t)r5 >'
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Table 6.11: 211 : (2: 11)

H rl 2 r3 r4 r5 Order G ‘
3 0 5 10 6 2703360 2':PGL(2,11)
0o 3 5 0 5 1320 PGL(2,11)

0 3 6 0 6 190080 2: Mo
0O 0 0 4 3 12144 PGL(2,23)

Proof of the Isomorphism of N

> S:=Sym(11l);
> xx:=8!(1, 2, 3,

> yy:=S! (1, 10) (2,
> N:=sub<S|xx,yy>;

> #N;
22

> Normallattice (N);

4, 5, 6, 7, 8, 9, 10, 11);

9) (3, 8) (4, 7) (5, 6);

Normal subgroup lattice

[3] Order 22 Length 1 Maximal Subgroups: 2

[2] Order 11 Length 1 Maximal Subgroups: 1

[1] Order 1 Length 1 Maximal Subgroups:

> CompositionFactors (N);

G
Cyclic(2)

|
*
| Cyclic(11)
1

> NL:=NormallLattice (N) ;
> s:=IsIsomorphic (NL[2],CyclicGroup(ll));s;

true
> FPGroup (N) ;

Finitely presented group on 2 generators

Relations
$.272 = Id($)

($.17-1 % $.2)7°2 = Id($9)

$.17°-11 = Id($)

> G<x,y>:=Group<x,vy|y 2, (x"-1*xy) " 2,x"11>;
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> #G;

> f£,Gl,k:=CosetAction (G, sub<G|Id(G)>);

> #k;

> NL:=NormalLattice (Gl);

> H<x>:=Group<x|x"11>;

> f1,Hl,kl:=CosetAction (H, sub<H|Id(H)>);

> s,t:=IsIsomorphic (H1,NL[2]);s;

true

> for i in NL[3] do if i notin NL[2] and Order (i) eq 2 and
for|if> sub<Gl|i,NL[3]> eg Gl then E:=i; break; end if; end for;
> A=t (fl(x));

> N1:=sub<NL[3] |A>;

NN<a>:=Group<ala“1ll>;

Sch:=SchreierSystem (NN, sub<NN | Id (NN)>) ;

ArrayP:=[Id(N1): i in [1..#N1]];
Sch:=SchreierSystem (NN, sub<NN | Id (NN)>);

for 1 in[2..#N1] do
for> P:=[Id(N1): I in
for> for j in [1..#Sch
for|for> if Eltseqg(Sch
for|for> if Eltseqg(Sch
end for;

for> PP:=Id(N1);

for> for k in [1..#P] do

for|for> PP:=PP«*P[k]; end for;

for> ArrayP[i] :=PP;

end for;

for 1 in [1..#N1] do if ArrayP[i] egq A"E then print Schli];
for|if> end if; end for;

a"-1

> H<x,e>:=Group<x,e|x"1l,e"2,x"e=x"-1>;

> f1,H1,kl:=CosetAction (H, sub<H|Id(H)>);

> s,t:=IsIsomorphic (H1l,Gl);s;

true

vV V.V V V

i]1)[3] eg 1 then P[j]:=A; end 1if;
i])[j] eq -1 then P[Jj]l:=A"-1; end 1if;

Thus N = 2:11.
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6.3.2 Transitive Group(11,5)

Let N be transitive group 2 on 11 letters. N = Ly(11) is of order 660 and is
generated by = = (1,2,3,4,5,6,7,8,9,10,11) and y = (2,10)(3,4)(5,9)(6,7). In the

same manner as before, we find the following presentation,

G < z,y,tly?, (yz=1)3, 271 (wyz—3ya?)?, ¢2, (t,y"), (t, 22y ~3), (t,y),
((yz®)2t @)™, (ya®t)"2, (ya®t7)73, (yaot=* ), (at)"S, (221)76 >,

Table 6.12: 211 : (Ly(11))
H rl 2 r3 r4 r5 16 Order G H
5 0 6 0 0 0 660 Lo(11)
0O 0 0O 0 6 0 351120 J;x2
0O 0 5 0 0 0 175560 .J;

Proof of the Isomorphism of NV

> N:=TransitiveGroup(1l1l,5);

> #N;

660

> Generators (N);

{
(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11),
(2, 10) (3, 4) (5, 9) (6, 7)

S:=Sym(11l);

xx:=S!'(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11);
yy:=S! (2, 10) (3, 4) (5, 9) (6, 7);
N:=sub<S|xx,yy>;

> #N;

660

> N:=sub<S|xx,yy>;

> #N;

660

> CompositionFactors (N);

vV V. V V —«

> s:=IsIsomorphic(N,PSL(2,11));s;
true
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6.4 Transitive Groups on 6 Letters

> #TransitiveGroups (6);

16

We will examine some of these groups and write progenitors.

6.4.1 Transitive Group(6,3)

Let N be transitive group 3 on 6 letters. N = 2 x S3 is of order 12 and
is generated by x = (1,4)(2,3)(5,6) and y = (1,2,3,4,5,6). In the same manner as

before, we find the following presentation,

G < z,y,t|2?, (y'z)%, 45,
2, (t, zy®),

(@t¥)" 1, (2yt?" )2, (xyt)™, (¥, (yt)"> >.

Table 6.13: 2*0 : (2 x S3)

H rl 2 13 r4 r5 Order G H
10 10 0 3 10 483840 (2x6): (L3(4):2)
6 0 5 5 8 241920 6 :(L3(4):2)

5 8 5 10 6 1320 2 Lo(11)

5 8 6 4 9 51840 2:5(4,3)

5 8 6 8 8 380160 2%x M

4 2 8 7 10 322560 23 : L3(4)

4 0 0 0 7 4368 2 x PGL(2,13)
0O 0 0 3 7 2184 PGL(2,13)

0 0 3 0 7 24360 PGL(2,29)

0 0 5 0 4 13680 2x PGL(2,19)
0 0 5 5 4 6840 PGL(2,19)

Proof of the Isomorphism of NV

> N:=TransitiveGroup (6, 3);

> #N;
12
> Generators (N);

{
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(1, 4) (2, 3) (5, 6),

(1, 2, 3, 4, 5, 6)
}
> S:=Sym(6);
> xx:=S! (1, 4) (2, 3) (5, 6);
> yy:=S!(1, 2, 3, 4, 5, 6);
>
> N:=sub<S|xx,yy>;
> #N;
12
> CompositionFactors (N);

G

| Cyclic(2)

*

| Cyclic (3)

*

| Cyclic(2)

1
> NormalLattice (N);
Normal subgroup lattice
[7] Order 12 Length 1 Maximal Subgroups:
[6] Order 6 Length 1 Maximal Subgroups:
[5] Order 6 Length 1 Maximal Subgroups:
[4] Order 6 Length 1 Maximal Subgroups:
[3] Order 3 Length 1 Maximal Subgroups:
[2] Order 2 Length 1 Maximal Subgroups:
[1] Order 1 Length 1 Maximal Subgroups:
> s:=IsIsomorphic (N,DirectProduct (Sym(3),CyclicGroup(2)));s;
true

6.4.2 Transitive Group(6,9)

Let N be transitive group 9 on 6 letters. N = S3 x S5 is of order 36 and
is generated by = = (1,4)(2,5)(3,6), vy = (2,4,6), and z = (1,5)(2,4). In the same

manner as before, we find the following presentation,
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G =<uz,y,ztl2? 1% 2% (y12)%, (x2) y Loy tayayz,
2, (t,y), (t, zzyzy),

(wyat)™, (@yat )2, (zy~Layt)™, (eyt)™, (v2yt)™®, (7)™ = 22yey™" >

Table 6.14: 2*¢ : (S5 x S3)
H rl r2 r3 r4 r5 m Order G H

3 6 0 0 0 4 3753792 2xL3(7)
8 0 0 0 0 2 451584 22:*(Ly(7) x Lo(7)) : 2%)
0 6 4 8 10 0 760320 (M :2) x 22

Proof of the Isomorphism of N

> N:=TransitiveGroup (6, 9);
> #N;

36

> NL:=NormallLattice (N) ;

> NL;

Normal subgroup lattice

[10] Order 36 Length 1 Maximal Subgroups: 7 8 9

[ 9] Order 18 ©Length 1 Maximal Subgroups: 5 6
[ 8] Order 18 Length 1 Maximal Subgroups: 6
[ 71 Order 18 Length 1 Maximal Subgroups: 4 6

] Order 9 Length 1 Maximal Subgroups: 2 3

[ 6

[ 5] Order 6 Length 1 Maximal Subgroups: 2
[ 4] Order 6 Length 1 Maximal Subgroups: 3
[ 31 Order 3 Length 1 Maximal Subgroups:

[ 2] Order 3 Length 1 Maximal Subgroups: 1

[ 1] Order 1 Length 1 Maximal Subgroups:

> gs:=IsIsomorphic(Gl,DirectProduct (NL[5],NL[4]));s;

true

> NL[5];

Permutation group acting on a set of cardinality 36

Order = 6 = 2 % 3

(1, 2)(3, 9) (4, 7)(5, 12) (6, 13) (8, 1l6) (10, 18) (11, 20) (14, 24)

(15, 26) (17, 23) (19, 27) (21, 25) (22, 28) (29, 33) (30, 36) (31,



317

35) (32, 34)
(1, 27, 25 (2, 21, 19) (3, 28, 13)(4, 34, 36) (5, 16, 23) (6, 22, 9)

(7, 30, 32)(8, 12, 17) (10, 24, 35) (11, 33, 26) (14, 18, 31) (15,

29, 20)
> s:=IsIsomorphic (NL[5],Sym(3));s;

true
:=IsIsomorphic(Gl,DirectProduct (Sym(3),Sym(3)));s;

true
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Chapter 7

More Progenitors

7.1 2%96:(32: Dy)
47 x27 y37 237 w72x7 (wilv)27 (my71)27

lw—lyz—l’

G =<v,w,x,y, 2t w
vz vz, (227 H2, (y, 2), wy~
£, (t, vy~ w ), (boy 2™,

(vt)”, (vtz)’"Q, (th(m%))r37 (yt(w?"u))rfi’

(Zt(wSU))TG’ (wty)r'?’ (vyt(w3v))r8 >

Table 7.1: 2*36 : (32 : Dy)
H rl 2 3 m r5 16 r7 r8 Order G H

3 8 3 3 0 0 0 0 161280 4°%(2:L3(4))
2 2 4 5 0 0 0 0 3916800 22 x S(4,4)

0 0 0 5 2 10 9 5 6840 PGLy(19)

0 0 0 7 0 2 6 7 4368 2 x PGLy(13)

7.2 210 [H(11)

G =<y, tl2% y°, (v wyx)®, (zy~ ), (yryzyzy oy ey~ x)?,
2, (t, ymywy‘lxy_lxy_l), (t, ya:yxyacy_lxyacyxy_lxy),
(tz)*, (tyzy ' wyzyzy~

Leyzyzy)!, (#°)™ = yayzyry 'ayzyzyay,
1

(yry ‘wyzyzyryey='t)", (yoy eyryryayey 1t 6v))r2,
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(yryxyry lryryrylaty)"3, (y*1:nyyxy*1xy*1xyxyt(yzy2))’"4,

(ayt@=))'3, ((ay)20)"® >

Table 7.2: 2*110: [5(11)

H rl 2 k 1 m 3 r4 r5 16 Order G H
6 0 4 4 5 0 0 0 0 15840 9 x My
0O 0 8 4 3 0 0O 0 5 7920 My

7.3 2*15 . (015 . 04)

G =< a,b,c,d,t|la*, b d3 a=2b,a " d tad™!, (c,d),ac ta=tc? be ta?ed,
t2,(t,ac™),
(ebt?)™L (cbt)™2, (cbt®)™3, (ct)™, (2dt)™ >

Table 7.3: 2*15 : (C15 : Cy)
H rl r2 13 r4 r5 Order GG H
[2 8 8 6 6 161280 CoxMI12xC2xC2xC3 |
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Chapter 8

MAGMA Code

8.1 Double Coset Enumeration of (5(4,3) : 2)

> G<X,y,t>:=Group<x,y,t|x"3, (xxy " =1) "4,y xxy —1lxx"-2xy " —1lxxxyxx"-1,

> v olaxT=1ayxxT=1xy T =1lax4y T 3xx, (XT-1xy T 2xxT=1xy"=1)"2,t72, (t,y*

> XT2xy T =2xx T —1xyxx"-1), (£, x T -1xy " —1xx"—1xy -3xxxy " -1), (L, (y*x*

> yT=1)"3), (t,y " —1*x" 3%y " =2), (xxy*t" (x73)) "6, (X * y*t~ (x"2+xyxx"2)) "4,
> (X % y*t T (xX72xy)) "8, x x t & X x Y -1 x x x £ x Yy * X *t x x x y° -1
> x x x t o+ y'-1 x £t % x * € * y>;

> #G;

51840

> S:=Sym(10);
xx:=5!(1,2,4) (3,5,6) (7,8,10);

\%

> yy:=S!(1,3,2)(4,7,5,9,6,8);
> N:=sub<S|xx,yy>;
> f,Gl,k:=CosetAction (G, sub<G|x,y>);
> CompositionFactors (Gl);
G
| Cyclic(2)
*
| C(2, 3) = S(4, 3)
1
> s:=IsIsomorphic (N, Sym(5));s
true
> IN:=sub<Gl|f(x),f(y)>;
> ts := [Id(Gl): i in [1 .. 101 1;
> /* since there are 10 letters =*/
> ts[l]l:=f(t); tsl[2]:=f(t"x); ts[3]:=f(t"y); ts[d4]:=f£(t"(x72));
> ts[5]:=£(t7 (y*x)); ts[6]:=£(t" (y*xx"2)); ts[7]:=£(t" (x"2xy));
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> ts[8]:=f(t7(xX72+y*x)); ts[9]:=f(t" (yxx*y));
> ts[10]:=f(£" (x"2%y*xx"2));

> prodim:=function(pt, Q, I)

function> v:=pt;

function> for i in I do

function|for> v := v"(Q[i]);

function| for> end for;

function> return v;

function> end function;

> #G/#N;

432

> cst := [null : i in [1 .. Index(G,sub<G|x,y>)]] where null is
> [Integers() | 1;

> for i := 1 to 10 do

for> cstprodim(1l, ts, [i]1)] := [i];

for> end for;

> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1l; end if; end for; m;

10

> #Nls;

12

> Set (Nls);

{

Id(N1),

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

(2, 9)((3, 7) (5, 10),

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

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

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

}
> for 1 in [1..#T1] do ([1]1°Nls)"T1[i]; end for;
> Orbits (Nls);
[
GSet{@ 1 @},
GSet{@ 5, 10, 8 @},
GSet{@ 2, 3, 4, 7, 6, 9 @}
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> for m,n in IN do if ts[l]*ts[5] eq mx(ts[l]*ts[1l]) "n then "true";
for|if> break; end if; end for;

> for m,n in IN do if ts[l]*ts[5] eq mx(ts[1l]) "n then "true";
for|if> break; end if; end for;

>

> for m,n in IN do if ts[l]xts[2] eqg mx(ts[l]xts[1l]) "n then "true";
for|if> break; end if; end for;

> for m,n in IN do if ts[l]xts[2] eq mx(ts[1l]) " n then "true";
for|if> break; end if; end for;

>

> N15:=Stabiliser (N, [1,5]);

> S$SS:={[1,51};

> S$SS5:=SSS"N;

> #SSS;

30

> Seqg:=Setseq(SSS);
>
> for 1 in [1..#SSS] do
for> for n in IN do
for|for> if ts[1l]xts[5] eqg
for|for|if> nxts[Rep(Seqqli]) [1]]+ts[Rep(Seqqli]) [2]]
for|for|if> then print Rep (Seqqlil]);
for|for|if> end if; end for; end for;
[ 1, 51
>
> N15s:=N15;
> N15s; #N15s;
Permutation group N15 acting on a set of cardinality 10
Order = 4 = 272

(2, 4) (3, 6) (8, 10)

(2, 6) (3, 4)((7, 9) (8, 10)
4
> #N/#N15s;
30
> T1l5:=Transversal (N,N15s);
> for i in [1..#T15] do
for> ss:=[1,5]"T15[1i];
for> cst[prodim(l, ts, ss)]:=ss;
for> end for;
> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1l; end if; end for; m;
40
> #N15s;
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Set (N15s)

for i in
Orbits (N1

— V VvV

GSet{@
GSet{@
GSet{@
GSet{@
GSet{d

N12:=Stab
SSS:={[1

vV V. V VvV —

#SSS;

60

> Seqgqg:=Set
>

> for i in
for> for n
for|for> if
for|for|if>
for|for|if>
for|for|if>
1, 2]

1, 3]

[
[
>
> N12s:=N12
>

for|if> N12

4

[1..#T15] do ([1l,5]1°N1lb5s)"T15[1]; end for;
5s);

1@},

5 @},

7, 9 @},

8, 10 @},

2, 4, 6, 3 @}

iliser (N, [1,2]);

21%Y;
SSS5:=SSS"N;

seq(SSS);

[1..#SSS] do

in IN do

ts[l]l*ts[2] eq

nxts[Rep (Seqq[i]) [1]]*ts[Rep(Seqq[i]) [2]]
then print Rep(Seqqli]);

end 1f; end for; end for;

4

for n in N do if 1°n eq 1 and 2°n eq 3 then

s:=sub<N|N1l2s,n>; end if; end for;

> N12s; #N12s;

Permutation

group N12s acting on a set of cardinality 10

(4, 9) (5, 8) (6, 7)

(2, 3)(
(2, 3)(
4
> #N/#N12s;

4, 7) (5, 8) (6, 9)
4, 6) (7, 9)
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>

> Tl2:=Transversal (N,N12s);

> for 1 in [1..#T12] do

for> ss:=[1,2]1"T12[1];

for> cst[prodim(l, ts, ss)]:=ss;

for> end for;

> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1l; end if; end for; m;

70

> #N12s;

4

> Set (N12s);

{
(2, 3) (4, 7) (5, 8)(6, 9),
(4, 9) (5, 8) (6, 7),
(2, 3) (4, 6) (7, 9),
Id(N12s)

}

> for 1 in [1..#T12] do ([1,2]°Nl2s)"T12[1i];

> Orbits (N12s);

[

GSet{@ 1 @},

GSet{@ 10 @},

GSet{@ 2, 3 @},

GSet{@ 5, 8 @},

GSet{@ 4, 9, 7, 6 @}
]
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end for;

> for m,n in IN do if ts[l]*ts[5]*ts[l] eg m*x(ts[l]*ts[1l]) n

for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[5]*ts[1l] eq m*(ts[1l]) n

for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[1l]xts[5]*ts[1l] eq m*(ts[l]l*ts[5]) n

for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[1l]xts[5]*ts[1l] eq m*(ts[l]l*ts[2]) n

for|if> then "true"; break; end if; end for;
>

~

> for m,n in IN do 1if ts[l]*xts[5]*ts[5] eq m*x(ts[l]l*ts[1l]) n

for|if> then "true"; break; end if; end for;

~

> for m,n in IN do if ts[l]*xts[5]*ts[5] eq m*x(ts[l]) n

for|if> then "true"; break; end if; end for;
true

~

> for m,n in IN do if ts[l]*xts[5]*ts[5] eq m*x(ts[l]l*ts[5]) n



for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
>

> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
>

> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
>

> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
> for m,n in
for|if> then
true

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do 1if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

IN do if ts[1]

"true";

break;

end if; end
*ts[5]*ts[5]
end if; end
*ts[5]*ts[5]
end if; end

*ts[5]*ts[7]
end 1f; end
*ts[5]*ts[7]
end 1f; end
*ts[5]*ts[7]
end if; end
*ts[5]*ts[7]
end if; end
*ts[5]*ts[7]
end if; end

*ts[5]*ts[8]
end 1f; end
*ts[5]*ts[8]
end 1f; end
*ts[5]*ts[8]
end if; end
*ts[5]*ts[8]
end if; end
*ts[5]*xts[8]
end if; end
*ts[5]*ts[8]
end if; end

*ts[5]*ts[2]
end 1f; end
*ts[5]*xts[2]
end if; end
*ts[5]*ts[2]
end if; end
*ts[5]*xts[2]
end if; end
*ts[5]*xts[2]
end if; end
*ts[5]*xts[2]
end if; end

for;

eq m*x (ts[1l]*ts[2])

for;

eq m*x (ts[1l]+ts[5]*ts[1l])

for;
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n

eq mx (ts[1l]xts[1l]) " "n

for;
eq mx (ts[1l])
for;

eq m*x (ts[1]*xts[5])

for;

~

n

n

eq mx (ts[1l]*ts[2]) " n

for;

eq m*x (ts[1l]+ts[5]*ts[1l])

for;

eq mx (ts[1l]xts[1l]) " "n

for;
eq mx (ts[1l])
for;

eq m* (ts[1l]*xts[5])

for;

eq m*x (ts[1l]*xts[2])

for;

eq m*x (ts[1l]+ts[5]*ts[1l])

for;

~

n

n

n

n

n

n

eq mx (ts[1l]xts[5]*ts[7]) 'n

for;

eqg mx (ts[1l]*ts[1]) " n

for;
eq mx* (ts[1])
for;

eq m*x (ts[1l]*xts[5])

for;

eq mx (ts[1l]*xts[2])

for;

eq m*x (ts[1l]+ts[5]*ts[1l])

for;

~

n

n

n

n

eq mx (ts[1l]xts[5]*ts[7]) 'n

for;
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~

> for m,n in IN do 1if ts[l]xts[5]*ts[2] eqg mx(ts[l]*ts[5]*xts[8]) n
for|if> then "true"; break; end if; end for;

>

> for m,n in IN do if ts[l]xts[2]*ts[l] eq m*(ts[l]l*ts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[l] eq m*x(ts[1l]) n

for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[l] eq m*x(ts[l]l*ts[5]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[l] eg m*x(ts[1l]l*ts[2]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[l] eq m*(ts[1l]l*ts[5]*xts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]l*ts[2]*ts[l] eq m* (ts[l]l*xts[5]xts[7]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]l*ts[2]*ts[l] eq m* (ts[l]l*xts[5]*xts[8]) n
for|if> then "true"; break; end if; end for;

>

> for m,n in IN do if ts[l]xts[2]*ts[10] eq mx(ts[1l]*xts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[10] eqg mx(ts[1l]) n

for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[10] eg mx(ts[1l]l*ts[5]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[10] eg mx(ts[l]l*ts[2]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[10] eg m*x(ts[1l]*ts[5]xts[1l]) "n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[10] eqg mx(ts[l]*ts[5]*xts[7]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[10] eq mx(ts[1l]l*ts[5]*ts[8]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[1l]xts[2]*ts[10] eq mx(ts[l]l*xts[2]*ts[1l]) n
for|if> then "true"; break; end if; end for;

>

> for m,n in IN do if ts[l]*ts[2]+*ts[2] eg mx(ts[1l]l*ts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[2] eg mx(ts[1l]) n

for|if> then "true"; break; end if; end for;

true

> for m,n in IN do if ts[l]xts[2]*ts[2] eq m*x(ts[l]l*ts[5]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]+*ts[2] eg m*x(ts[1l]l*ts[2]) n
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for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[2] eq mx(ts[1l]l*ts[5]*xts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[2] eq mx(ts[1l]l*ts[5]xts[7]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[2] eq mx(ts[l]*ts[5]*xts[8]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[2] eq mx(ts[l]l*ts[2]xts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[2] eqg m*(ts[1l]l*ts[2]xts[10]) " "n
for|if> then "true"; break; end if; end for;

>

> for m,n in IN do if ts[l]xts[2]*ts[5] eq m*x(ts[l]l*ts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[5] eq m*x(ts[1l]) n

for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[5] eq m*(ts[l]l*ts[5]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[5] eq m*x(ts[l]l*ts[2]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[5] eq mx(ts[l]*ts[5]xts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[5] eq m*(ts[l]l*ts[5]xts[7]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]l*ts[2]*ts[5] eq m*(ts[1l]l*ts[5]*xts[8]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]l*ts[2]*ts[5] eq m*(ts[l]lxts[2]xts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[5] eg mx(ts[l]*ts[2]xts[10]) n
for|if> then "true"; break; end if; end for;

>

> for m,n in IN do if ts[l]*ts[2]+*ts[4] eg m*x(ts[1l]l*ts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[4] eg mx(ts[1l]) n

for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]+*ts[4] eg mx(ts[1l]*ts[5]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[4] eg mx(ts[l]*ts[2]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]*ts[2]*ts[4] eq m* (ts[l]lxts[5]xts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[4] eq m*x(ts[1l]*ts[5]*xts[7]) n
for|if> then "true"; break; end if; end for;
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true

> for m,n in IN do if ts[l]xts[2]*ts[4] eq mx(ts[1l]*ts[5]*xts[8]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[4] eq mx(ts[l]l*ts[2]xts[1l]) n
for|if> then "true"; break; end if; end for;

> for m,n in IN do if ts[l]xts[2]*ts[4] eq m*x(ts[1l]l*ts[2]xts[10]) n
for|if> then "true"; break; end if; end for;

N151:=Stabiliser (N, [1,5,1]);
S8S:={[1,5,1]};

S5SS:=SSS"N;

#SSS;

vV V. V V V

30
> Seqg:=Setseq(SSS);

> for 1 in [1..#SSS] do

for> for n in IN do

for|for> if ts[1l]xts[5]*ts[l] eq

for|for|if> nxts[Rep(Seqg[i]) [1]]*ts[Rep(Seqqli]) [2]]~*
for|for|if> ts[Rep (Seqqlil) [31]

for|for|if> then print Rep (Seqgqlil);

for|for|if> end if; end for; end for;

1, 5, 1

4

]

6 ]

v 3 ]
r 4 ]
1 ]

~
g w s DN

2, 6]

N151s:=N151;

for n in N do if 1°n eqg 2 and 5°'n eq 6 and 1°n eqg 2 then
for|if> N151s:=sub<N|N151s,n>; end if; end for;

> for n in N do if 1°n eq 4 and 5°'n eq 3 and 1°n egq 4 then
for|if> N151s:=sub<N|N151s,n>; end if; end for;

> for n in N do if 1°n egq 3 and 5°'n eq 4 and 1°n egq 3 then
for|if> N151ls:=sub<N|N151s,n>; end if; end for;

> for n in N do if 1°"n eg 5 and 5 n eq 1 and 1°n eg 5 then
for|if> N151s:=sub<N|N151s,n>; end if; end for;

> for n in N do if 1°"n eqg 6 and 5'n eq 2 and 1°n eg 6 then
for|if> N151s:=sub<N|N151s,n>; end if; end for;

> N151s; #N1b51s;

Permutation group N151s acting on a set of cardinality 10
(2, 3) (4, 6) (7, 9)

(2, 4) (3, 6) (8, 10)

(L1, 2, 3) (4, 5, 6) (7, 9, 8)

o U1 W N

[
[
[
[
[
[
>
>
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> #N/#N151s;
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> T151:=Transversal (N,N151s);

>

for i in

[1..#T151] do

for> ss:=[1,5,1]"T151[i];
for> cst[prodim(1,
for> end for;
> m:=0;

75

for i in

> #N151s;

24

> Set (N151s);

{

4)

[1.
for|if> then m:=m+1;
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~

~ ~ ~

N oy W Ol oy W i J
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end if;
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ss)]:=ss;

do if

10),

9, 10)
9, 8,

10, 9,
10, 9)
10, 9)
8, 9,

8, 10,

cst[i] ne

end for; m;

r

10),
8) .,

’

r

10),
9),
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(L1, 6) (2, 5) (9, 10),
(L, 4, 5, 3)(2, 6) (7, 9, 10, 8),
(1, 4, 6)(2, 5, 3)((7, 9, 10),
Id(N151s),
(2, 4) (3, 6) (8, 10),
(1, 3) (4, 5)(8, 9),
(L1, 5)(2, o6)((7, 8) (9, 10),
(1, 2) (5, 6) (7, 8),
(L1, 2, 3) (4, 5, 6)(7, 9, 8,
(2, 3) 4, 6) (7, 9),
(1, 2, 4) (3, 5, 6) (7, 8, 10),
(1, 4, 2)(3, 6, 5 (7, 10, 8),
(L, 5) (3, 4) (7, 10) (8, 9,
(1, 3, 2)(4, 6, 5 (7, 8, 9,
(L, 6, 5, 2)(3, 4) (7, 10, 8, 9)
}
> for i in [1..#T151] do ([1,5,1]1°N151s) "T151[i]; end for;
> Orbits (N151s);
[
GSet{@ 7, 9, 8, 10 @},
GSet{@ 1, 2, 4, 3, 5, 6 @}
]
> N157:=Stabiliser (N, [1,5,7]);
> S$S8S:={[1,5,71};
> 5SS:=SSS°N;
> #SSS;
60

> Seqqg:=Setseq(SSS);

> for 1 in [1..#SSS] do

for> for n in IN do

for|for> if ts[1l]xts[5]*ts[7] eq

for|for|if>
for|for|if>
for|for|if>

nxts[Rep (Seqq[i]) [1]]*ts[Rep(Seqq[i]) [2]]~
ts[Rep(Seqqli]) [3]]
then print Rep(Seqqlil]);

for|for|if> end if; end for; end for;
[ 1, 5, 7]
> N157s:=N157;
> N157s; #N157s;
Permutation group N157 acting on a set of cardinality 10
Order = 2
(2, 4) (3, 6) (8, 10)
2

> #N/#N157s

4

330
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60

> T157:=Transversal (N,N157s);

> for 1 in [1..#T157] do

for> ss:=[1,5,7]"T157[i];

for> cst[prodim(l, ts, ss)]:=ss;

for> end for;

> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1l; end if; end for; m;

135

> #N157s;

Set (N157s) ;

-~ VvV N

(2, 4) (3, 6)(8, 10),
Id(N157)

for 1 in [1..#T157] do ([1,5,7]°N157s) "T157[i]; end for;
Orbits (N157s) ;

— VvV VvV

GSet{@ 1 @},
GSet{@ 5 @},
GSet{@ 7 @},
GSet{@ 9 @},
GSet{@ 2, 4 @},
GSet{@ 3, 6 @},
GSet{@ 8, 10 @}

N158:=Stabiliser (N, [1,5,81);
SsSs:={[1,5,8]};

SSS:=SSS"N;

#SSS;

vV V. V V —

60

> Seqqg:=Setseq(SSS);

> for i in [1..#SSS] do

for> for n in IN do

for|for> 1if ts[1l]xts[5]*ts[8] eqg
for|for|if> nxts[Rep(Seqqli]) [1]]1*ts[Rep(Seqqlil) [2]]~*
for|for|if> ts[Rep(Seqqli]) [3]]
for|for|if> then print Rep (Seqqlil);
for|for|if> end if; end for; end for;
[ 1, 5, 81

[ 1, 5, 10 ]

> N158s:=N158;
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> for n in N do if 1°n eg 1 and 5'n eq 5 and 8" n eg 10 then
for|if> N158s:=sub<N|N158s,n>; end if; end for;
> N158s; #N158s;
Permutation group N158s acting on a set of cardinality 10
(2, 3) 4, 6) (7, 9)
(2, 6) (3, 4)((7, 9) (8, 10)
(2, 4) (3, 6) (8, 10)
4
> #N/#N158s;
30
> T158:=Transversal (N,N158s);
> for 1 in [1..#T158] do
for> ss:=[1,5,8]1"T158[1i];
for> cst[prodim(l, ts, ss)]:=ss;
for> end for;
> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1l; end if; end for; m;
165
> #N158s;
4
> Set (N158s) ;
{

(2, 4) (3, 6) (8, 10),

(2, 6)((3, 4) (7, 9) (8, 10),
(2, 3) (4, 6) (7, 9),
Id(N158s)

}
> [1,5,8]"°N158s;
GSet{d
[ 1, 5, 8 1,
[ 1, 5, 10 ]
@}
> for i in [1..#T158] do ([1,5,8]°N158s) "T158[i]; end for;
> Orbits (N158s);
[
GSet{@ 1 @},
GSet{@ 5 @},
GSet{@ 7, 9 @},
GSet{@ 8, 10 @},
GSet{@ 2, 3, 6, 4 @}
]
> N121:=Stabiliser (N, [1,2,1]);
> $SS:={[1,2,11};
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> SS5:=SSS°N;

> #SSS;

60

> Seqqg:=Setseq(SSS) ;

> for 1 in [1..#SSS] do

for> for n in IN do

for|for> 1if ts[l]xts[2]*ts[l] eqg

for|for|if> nxts[Rep(Seqqgli]) [1]]1*ts[Rep(Seqqlil) [2]]~*

for|for|if> ts[Rep(Seqgqlil]) [3]1]

for|for|if> then print Rep (Seqqlil);

for|for|if> end if; end for; end for;

1, 2, 1 ]

1 ]

r 3 ]
1 ]
3 ]

=N DN W

14
r 2, 3]

N121s:=N121;

for n in N do if 1"n eq 3 and 2"n eqg 1 and 1°n eq 3 then
for|if> N121ls:=sub<N|N1l21ls,n>; end if; end for;

> for n in N do if 1°n eq 2 and 2°n eq 3 and 1°n eq 2 then
for|if> N121ls:=sub<N|N121ls,n>; end if; end for;

> for n in N do if 1"n eq 2 and 2°n eqg 1 and 1°n eq 2 then
for|if> N121ls:=sub<N|N121ls,n>; end if; end for;

> for n in N do if 1"n eq 1 and 2°n eq 3 and 1°n eq 1 then
for|if> N121ls:=sub<N|N121ls,n>; end if; end for;

> for n in N do if 1°n eq 3 and 2°n eq 2 and 1°n eq 3 then
for|if> N121ls:=sub<N|N1l21ls,n>; end if; end for;

> N121s; #N1l21s;

Permutation group N121s acting on a set of cardinality 10

[CORN =\ SR\ G OV]
~

[
[
[
[
[
[
>
>

(4, 9)(5, 8) (6, 7)

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

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

(1, 3) (4, 8) (5, 9) (6, 1)

(1, 3) (4, 5) (8, 9)

12
> #N/#N121s;
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10

>

> T1l21l:=Transversal (N,N121s);

> for i in [1..#T121] do

for> ss:=[1,2,1]"T121[i];

for> cst[prodim(l, ts, ss)]:=ss;

for> end for;

> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1l; end if; end for; m;
175

> #N121s;

12

> Set (N121s);

{

(4, 9) (5, 8) (6, 7),
(L1, 2, 3) (4, 5, 6) (7, 9, 8),
(1, 2, 3)(4, 8, 6, 9, 5, 1),
(2, 3) (4, 6) (7, 9),
(1, 3) (4, 5) (8, 9),
(1, 2) (5, 6) (7, 8),
(1, 3) (4, 8)(5, 9)(6, 7),
Id(N121s),
(2, 3) (4, 7)(5, 8)(6, 9),
(1, 3, 2)(4, 6, 5) (7, 8, 9,
(1, 3, 2)4, 7, 5, 9, 6, 8),
(1, 2) (4, 9)((5, 7) (6, 8)
}
> for 1 in [1..#T121] do ([1,2,1]°N121s) "T121[i]; end for;
> Orbits (N121s);
[
GSet{@ 10 @},
GSet{@ 1, 3, 2 @},
GSet{@ 4, 9, 7, 6, 8, 5 @}
1
> N1210:=Stabiliser (N, [1,2,10]);
> S58S:={[1,2,101};
> S$S5S:=SSS"N;
> #SSS;
60

> Seqg:=Setseq(SSS);

> for 1 in [1..#SSS] do

for> for n in IN do

for|for> if ts[1l]xts[2]*ts[10] eq



for|for|if> nxts[Rep(Seqqg[i]) [1]]*ts[Rep(Seqqli]) [2]]~*

for|for|if> ts[Rep(Seqqlil]) [31]
for|for|if> then print Rep (Seqqlil);
for|for|if> end if; end for; end for;
[ 1, 2, 10 ]

[ 1, 3, 10 ]

> N1210s:=N1210;

335

> for n in N do if 1"n eqg 1 and 2"n eq 3 and 10°n egq 10 then

for|if> N1210s:=sub<N|N1210s,n>; end if; end for;

> N1210s; #N1210s;

Permutation group N1210s acting on a set of cardinality 10

(4, 9)(5, 8)(6, 7)
(2, 3)(4, 7)((5, 8) (6, 9)
(2, 3) (4, 6) (7, 9)
4
> #N/#N1210s;
30
> T1210:=Transversal (N,N1210s);
> for i in [1..#T1210] do
for> ss:=[1,2,10]"T1210[1i];
for> cst[prodim(l, ts, ss)]:=ss;
for> end for;
> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1; end if; end for; m;
205
> #N1210s;
4
> Set (N1210s);
{
(2, 3)(4, 7)(5, 8)(6, 9),
(4, 9) (5, 8) (6, 7),
(2, 3) (4, 6) (7, 9),
Id(N1210s)
}

> for i in [1..#T1210] do ([1,2,10]°N1210s) "T1210[1i];

> Orbits (N1210s);

[
GSet{@ 1 @},
GSet{@ 10 @},
GSet{@ 2, 3 @},
GSet{@ 5, 8 @},
GSet{@ 4, 9, 7, 6 @}

end for;



> N125:=Stabiliser (N, [1,2,5])
> 888:={[1,2,5]};

> 5SS:=SSS"N;

> #SSS;

120

> Seqqg:=Setseq(SSS);

> for 1 in [1..#SSS] do

for> for n in IN do

for|for> if ts[1l]xts[2]*ts[5]

4

eq
for|for|if> nxts[Rep(Seqqg[i]) [1]]1*ts[Rep(Seqqlil]) [2]]~*

for|for|if> ts[Rep(Seqqli]) [3]]

for|for|if> then print Rep (Seqqlil);
end for;

for|for|if> end if; end for;
1, 2, 5

4

~

]
]
]
]
]

SO Doy

3

1
r 3
, 2
r 1, 6]
N125s:=N125;

N Wk W

[
[
[
[
[
[
>
>

for n in N do if 1°n eg 2 and 2°n eg 3 and 5°n

for|if> N125s:=sub<N|N125s,n>;

> for n in N do if 1°n eq 3 and 2°n eq

for|if> N125s:=sub<N|N125s,n>;

> for n in N do if 1°n eq 1 and 2°n eq

for|if> N125s:=sub<N|N125s,n>;

> for n in N do if 1°n eq 3 and 2°n eq

for|if> N125s:=sub<N|N125s,n>;

> for n in N do if 1°n eq 2 and 2°n eq

for|if> N125s:=sub<N|N125s,n>;

> N125s; #N125s;

end for;
1 and 5°n
end for;
3 and 57°n
end for;
2 and 5°n
end for;
1 and 5°n
end for;

then

then

then

then

then

Permutation group N125s acting on a set of cardinality 10

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

6

> #N/#N125s;

20

> T1l25:=Transversal (N,N125s);
> for 1 in [1..#T125] do
for> ss:=[1,2,5]"T125[1i];

8)
9)

336
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for> cst[prodim(l, ts, ss)]:=ss;

for> end for;

> m:=0; for i in [1..432] do if cst[i] ne []

for|if> then m:=m+1l; end if; end for; m;

225

> #N125s;

6

> Set (N125s);

{
(L1, 3)(4, 5)(8, 9
(1, 2) (5, 6) (7, 8
(2, 3)(4, 6) (7, 9
(1, 2, 3)((4, 5, 6
Id(N125s),
(1, 3, 2)(4, 6, 5 (7, 8, 9)

}

> for 1 in [1..#T125] do ([1,2,5]"N125s) "T125[i]; end for;

> Orbits (N125s);

[

GSet{@ 10 @},

GSet{@ 1, 2, 3 @},
GSet{@ 4, 5, 6 @},
GSet{@ 7, 9, 8 @}

1

/* Checking Orbits =/

> Orbits (N151s);

[
GSet{@ 7, 9, 8, 10 @},
GSet{@ 1, 2, 4, 3, 5, 6 @}

> for m,n in IN do for i1 in [7,1] do if

for|for|if> ts[1]xts[5]*ts[l]l*ts[i] eq m*x(ts[1l]l*xts[1l]) "n then i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i1 in [7,1] do if

for|for|if> ts[1l]xts[5]*ts[l]*xts[i] eq mx(ts[1l]) " n then i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i1 in [7,1] do if

for|for|if> ts[1l]xts[5]*ts[l]l*ts[i] eq mx(ts[l]lxts[5]) " n then i;
for|for|if> break; end if; end for; end for;

1
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o e

> for m,n in IN do for i in [7,1] do if
for|for|if> ts[1l]lxts[5]xts[l]l*ts[i] eq mx(ts[l]*ts[2]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [7,1] do if
for|for|if> ts[1]xts[5]*ts[l]l*ts[i] eq mx(ts[1l]*xts[5]xts[1l]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i1 in [7,1] do if
for|for|if> ts[1]xts[5]*ts[l]l*xts[i] eq mx(ts[1l]l*xts[5]xts[7]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i1 in [7,1] do if
for|for|if> ts[1]xts[5]*ts[l]l*xts[i] eq mx(ts[l]lxts[5]*ts[8]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i1 in [7,1] do if
for|for|if> ts[1l]xts[5]*ts[l]l*xts[i] eq mx(ts[l]lxts[2]xts[1l]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [7,1] do if
for|for|if> ts[1l]xts[5]xts[l]*ts[i] eq mrx(ts[l]*ts[2]*ts[10]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [7,1] do if
for|for|if> ts[1l]xts[5]xts[l]*ts[i] eq mrx(ts[l]*xts[2]*ts[5]) " n then i;
for|for|if> break; end if; end for; end for;
>
> Orbits (N157s);
[
GSet{@ 1 @},
GSet{@ 5 @},
GSet{@ 7 @},
GSet{@ 9 @},
GSet{@ 2, 4 @},
GSet{@ 3, 6 @},
GSet{@ 8, 10 @}
1
> for m,n in IN do for i in [1,5,7,9,2,3,8] do if
for|for|if> ts[1l]xts[5]*ts[7]xts[1] eqg
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for|for|if> m*(ts[l]l*ts[1l]) "n then i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [1,5,7,9,2,3,8] do if
for|for|if> ts[l]xts[5]*ts[7]xts[1] eqg
for|for|if> m*(ts[1l]) "n then 1i;

for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,7,9,2,3,8] do if
for|for|if> ts[1l]xts[5]*ts[7]xts[1] eg
for|for|if> mx(ts[l]*ts[5]) "n then 1i;

for|for|if> break; end if; end for; end for;

7

8

> for m,n in IN do for i in [1,5,7,9,2,3,8] do if
for|for|if> ts[l]xts[5]*ts[7]xts[1] eqg

for|for|if> m*(ts[l]l*ts[2]) "n then i;
for|for|if> break; end if; end for; end for;
2

> for m,n in IN do for i in [1,5,7,9,2,3,8] do if
for|for|if> ts[1l]xts[5]*ts[7]xts[1] eqg
for|for|if> mx(ts[1l]*ts[5]*ts[1]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,7,9,2,3,8] do if
for|for|if> ts[1]xts[5]*ts[7]*xts[i] eqg
for|for|if> mx(ts[l]*ts[5]*ts[7]) "n then i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,7,9,2,3,8] do if
for|for|if> ts[1l]xts[5]*ts[7]*xts[i] eqg
for|for|if> mx(ts[l]*xts[5]*ts[8]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,7,9,2,3,8] do if
for|for|if> ts[1l]xts[5]*ts[7]xts[1] eqg
for|for|if> m*(ts[l]l*xts[2]*ts[1l]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,7,9,2,3,8] do if
for|for|if> ts[1l]xts[5]*ts[7]xts[i] eqg
for|for|if> mx(ts[l]*ts[2]*ts[10]) " n then 1i;
for|for|if> break; end if; end for; end for;



>
> for m,n in IN do for i in [1,5,7,9,2,3,8] do if
for|for|if> ts[l]xts[5]*ts[7]xts[1] eqg
for|for|if> m*(ts[l]l*xts[2]*ts[5]) "n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1,5,7,9,2,3,8] do if
for|for|if> ts[1l]xts[5]*ts[7]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]+ts[1l]l*ts[7]) "n then 1ij;
for|for|if> break; end if; end for; end for;
9
> Orbits (N158s);
[

GSet{@ 1 @},

GSet{@ 5 @},

GSet{@ 8 @},

GSet{@ 10 @},

GSet{@ 2, 3 @},

GSet{@ 4, 6 @},

GSet{@ 7, 9 @}
1
> for m,n in IN do for i in [1,5,8,10,2,4,7] do if
for|for|if> ts[1l]xts[5]*ts[8]xts[i] eqg
for|for|if> m*(ts[l]l*ts[1l]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1,5,8,10,2,4,7] do if
for|for|if> ts[1l]xts[5]*ts[8]xts[i] eqg
for|for|if> mx(ts[1l]) "n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1,5,8,10,2,4,7] do if
for|for|if> ts[1]xts[5]*ts[8]xts[i] eqg
for|for|if> m*(ts[l]l*ts[5]) "n then i;
for|for|if> break; end if; end for; end for;
8
10
>
> for m,n in IN do for i in [1,5,8,10,2,4,7] do if
for|for|if> ts[1l]xts[5]*ts[8]xts[i1] eqg
for|for|if> m*(ts[l]l*ts[2]) "n then i;
for|for|if> break; end if; end for; end for;
>
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> for m,n in IN do for i in [1,5,8,10,2,4,7] do if
for|for|if> ts[1]xts[5]*ts[8]xts[i] eqg

for|for|if> mx(ts[l]*ts[5]*ts[1]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,8,10,2,4,7] do if
for|for|if> ts[l]xts[5]*ts[8]xts[i1] eqg

for|for|if> m*(ts[1l]l*ts[5]*ts[7]) "n then 1i;
for|for|if> break; end 1f; end for; end for;

>

> for m,n in IN do for i in [1,5,8,10,2,4,7] do if
for|for|if> ts[1l]xts[5]*ts[8]xts[i] eqg

for|for|if> m*(ts[1l]*xts[5]*ts[8]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,8,10,2,4,7] do if
for|for|if> ts[1l]xts[5]*ts[8]xts[i] eqg

for|for|if> mx(ts[l]*ts[2]*ts[1]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,8,10,2,4,7] do if
for|for|if> ts[1]xts[5]*ts[8]xts[i] eqg

for|for|if> mx(ts[l]*xts[2]*ts[10]) " n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,8,10,2,4,7] do if
for|for|if> ts[1l]xts[5]*ts[8]xts[i] eqg

for|for|if> m*(ts[1l]l*xts[2]*ts[5]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,8,10,2,4,7] do if
for|for|if> ts[1l]xts[5]*ts[8]xts[i] eqg

for|for|if> mx(ts[l]*ts[5]+ts[1]l*ts[7]) " n then i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,8,10,2,4,7] do if
for|for|if> ts[1l]xts[5]*ts[8]xts[i] eqg

for|for|if> mx(ts[l]*ts[5]+ts[7]1*ts[1l]) " n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,8,10,2,4,7] do if
for|for|if> ts[1l]xts[5]*ts[8]xts[i] eqg

for|for|if> mx(ts[l]*xts[5]l+ts[7]1*ts[5]) "n then 1i;
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for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1,5,8,10,2,4,7] do if
for|for|if> ts[1l]xts[5]*ts[8]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]+ts[7]1*ts[3]) "n then 1i;
for|for|if> break; end if; end for; end for;
4
7
2> Orbits (N121s);
[

GSet{@ 10 @},

GSet{@ 1, 3, 2 @},

GSet{@ 4, 9, 7, 6, 8, 5 @}
]
> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[l]*xts[i] eqg

for|for|if> m*(ts[l]l*ts[1l]) "n then i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i1 in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[l]*xts[i] eqg
for|for|if> m*(ts[1l]) "n then 1i;

for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i1 in [10,1,4] do if
for|for|if> ts[1l]xts[2]*ts[l]x*xts[i] eqg
for|for|if> mx(ts[l]*ts[5]) " n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[1l]xts[2]*ts[l]*ts[i] eqg

for|for|if> m*(ts[l]l*ts[2]) "n then i;
for|for|if> break; end if; end for; end for;
1

>

> for m,n in IN do for i1 in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[l]*xts[i] eqg
for|for|if> mx(ts[l]*ts[5]*ts[1]) "n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[1l]xts[2]*ts[l]*ts[i] eqg
for|for|if> mx(ts[l]*xts[5]*ts[7]) "n then 1i;



for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[l]*xts[i] eqg
for|for|if> mx(ts[1l]*ts[5]*ts[8]) "n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[l]*ts[i] eqg
for|for|if> mx(ts[l]*xts[2]*ts[1]) "n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[l]*xts[i] eqg
for|for|if> m*(ts[l]l*ts[2]*ts[10]) " n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[l]xts[i] eqg
for|for|if> mx(ts[l]*ts[2]*ts[5]) "n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i1 in [10,1,4] do if
for|for|if> ts[1l]xts[2]*ts[l]*xts[i] eqg

for|for|if> m*(ts[l]l*ts[5]*ts[1l]xts[7]) "n then

for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[l]*xts[i] eqg

for|for|if> mx(ts[1l]*ts[5]*ts[7]xts[1l]) "n then

for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i1 in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[l]xts[i] eqg

for|for|if> m*(ts[1l]l*xts[5]*ts[7]*ts[5]) "n then

for|for|if> break; end if; end for; end for;
4

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[l]xts[i] eqg

for|for|if> m*(ts[l]l*xts[5]*ts[7]*ts[3]) "n then

for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [10,1,4] do if

i;

i

i

ij;
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for|for|if> ts[l]xts[2]*ts[l]xts[i] eqg
for|for|if> m*(ts[1l]l*xts[5]*ts[8]+ts[5]) " n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[l]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]+ts[8]*ts[1l]) "n then 1i;
for|for|if> break; end if; end for; end for;

N1517:=Stabiliser (N, [1,5,1,7]);
SSS:={[1,5,1,71};

S55:=5SS"N;

#SSS;

vV V V V V

60

> Seqqg:=Setseq(SSS);

> for 1 in [1..#SSS] do

for> for n in IN do

for|for> 1if ts[l]xts[5]*ts[l]xts[7] eqg
for|for|if> nxts[Rep(Seqqgli]) [1]]1*ts[Rep(Seqqlil]l) [2]]~*
for|for|if> ts[Rep(Seqqli]) [3]]*ts[Rep(Seqqgli]) [4]]
for|for|if> then print Rep (Seqqlil);

for|for|if> end if; end for; end for;

[ 1, 5, 1, 7]

[ 3, 4, 3, 7 1]

[ 6, 2, 6, 7]

> N1517s:=N1517;
>

for n in N do if 1°n eqg 3 and 5°n eq 4 and 1°n eqg 3 and

for|if> 7°n eq 7 then
for|if> N1517s:=sub<N|N1517s,n>; end if; end for;

> for n in N do if 1°n eq 6 and 5'n eq 2 and 1°n eqg 6 and

for|if> 7°n eq 7 then
for|if> N1517s:=sub<N|N1517s,n>; end if; end for;
> N1517s; #N1517s;

Permutation group N1517s acting on a set of cardinality 10

(2, 4) (3, 6) (8, 10)

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

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

6

> #N/#N1517s;

20

> T1517:=Transversal (N,N1517s);
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> for 1 in [1..#T1517] do

for> ss:=[1,5,1,7]1°T1517[i];

for> cst[prodim(l, ts, ss)]:=ss;

for> end for;

> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1l; end if; end for; m;

245

> #N1517s;

Set (N1517s) ;

-~ VvV O

(2, 4) (3, 6) (8, 10),

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

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

(1

, 6) (2, 5)(9, 10)

}
> for i in [1..#T1517] do ([1,5,1,7]1°N1517s)"T1517[1]; end for;
> Orbits (N1517s);
[
GSet{@ 7 @},
GSet{@ 1, 3, 6 @},
GSet{@ 2, 4, 5 @},
GSet{@ 8, 10, 9 @}
]
> N1571:=Stabiliser (N, [1,5,7,11);
> SSS:={[1,5,7,11};
> SSS:=SSS"Nj;
> #SSS;
60

> Seqqg:=Setseq(SSS);

> for i in [1..#SSS] do

for> for n in IN do

for|for> if ts[1l]xts[5]*ts[7]*xts[1l] eqg
for|for|if> nxts[Rep(Seqqg[i]) [1]]*ts[Rep(Seqqli]) [2]]~*
for|for|if> ts[Rep(Seqqlil]) [3]]*ts[Rep(Seqqli]) [4]]
for|for|if> then print Rep (Seqqlil);

for|for|if> end if; end for; end for;

[ 1, 5, 7, 1]

[ 9, 5, 7, 9 1]

> N1571s:=N1571;

> for n in N do if 1°n eq 9 and 5'n eq 5 and 7"n eg 7 and
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for|if> 1°n eq 9 then
for|if> N1571s:=sub<N|N1571s,n>; end if; end for;
> N1571s; #N1571s;
Permutation group N1571s acting on a set of cardinality 10
(2, 4) (3, 6) (8, 10)
(1, 9)(2, 4) (3, 10) (6, 8)
(L, 9)(3, 8) (6, 10)
4
> #N/#N1571s;
30
> T1571:=Transversal (N,N1571s);
> for 1 in [1..#T1571] do
for> ss:=[1,5,7,11"T1571[1i];
for> cst[prodim(l, ts, ss)]:=ss;
for> end for;
> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1l; end if; end for; m;

275

>

> #N1571s;

4

> Set (N1571s) ;

{
(2, 4) (3, 6) (8, 10),
(1, 9) (2, 4) (3, 10) (6, 8),
(1, 9) (3, 8) (6, 10),
Id(N1571s)

for i in [1..#T1571] do ([1,5,7,1]1°N1571s) "T1571[i]; end for;
Orbits (N1571s);

— VvV VvV -

GSet{@ 5 @},
GSet{@ 7 @},
GSet{@ 1, 9 @},
GSet{@ 2, 4 @},
GSet{@ 3, 6, 10, 8 @}

N1575:=Stabiliser (N, [1,5,7,5]);
SSS:={[1,5,7,51};

SSS:=SSS"Nj;

#SSS;

0

> Seqqg:=Setseq(SSS);

oV V. V VvV —
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> for i1 in [1..#SSS] do
for> for n in IN do
for|for> 1if ts[l]xts[5]*ts[7]xts[5] eqg
for|for|if> nxts[Rep(Seqqli]) [1]]1*ts[Rep(Seqqlil]l) [2]]~*
for|for|if> ts[Rep(Seqqli]) [3]]*ts[Rep(Seqqgli]) [4]]
for|for|if> then print Rep (Seqqlil);
for|for|if> end if; end for; end for;
[ 1, 5, 7, 5]
[ 1, 8, 6, 8]
[ 1, 10, 3, 10 1]
> N1575s:=N1575;
> for n in N do if 1"n eg 1 and 5'n eq 8 and 7"n eg 6 and
for|if> 5°n eqg 8 then
for|if> N1575s:=sub<N|N1575s,n>; end if; end for;
> for n in N do if 1°"n eg 1 and 5'n eq 10 and 7"n eq 3 and
for|if> 5°n eqg 10 then
for|if> N1575s:=sub<N|N1575s,n>; end if; end for;
> N1575s; #N1575s;
Permutation group N1575s acting on a set of cardinality 10
(2, 4) (3, 6) (8, 10)
(4, 9) (5, 8) (6, 7)
(2, 9, 4)(3, 7, 6) (5, 8, 10)
(2, 4, 9) (3, 6, 7)(5, 10, 8)
(2, 9)((3, 7) (5, 10)
6
> #N/#N1575s;
20
> T1575:=Transversal (N,N1575s);
> for i in [1..#T1575] do
for> ss:=[1,5,7,5]1"T1575[1i];
for> cst[prodim(l, ts, ss)]:=ss;
for> end for;
> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1l; end if; end for; m;
295
> #N1575s;
6
> Set (N1575s);
{
(2, 4) (3, 6) (8, 10y,
(2, 9, 4)(3, 7, 6) (5, 8, 10),
(4, 9) (5, 8) (6, 7),
(2, 9)(3, 7)(5, 10),
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(2, 4, 9)(3, 6, 7)(5, 10, 8),
Id(N1575s)

for i in [1..#T1575] do ([1,5,7,5]1°N1575s) "T1575[i]; end for;
Orbits (N1575s);

— VvV VvV -

GSet{@ 1 @},
GSet{@ 2, 4, 9 @},
GSet{@ 3, 6, 7 @},
GSet{@ 5, 8, 10 @}
]
> N1573:=Stabiliser (N, [1,5,7,31);
> $S8S:={[1,5,7,31};
> 5SS:=SSS"N;
> #SSS;
120

> Seqqg:=Setseq(SSS);
> for 1 in [1..#SSS] do
for> for n in IN do
for|for> if ts[1l]xts[5]*ts[7]*xts[3] eqg
for|for|if> nxts[Rep(Seqqgli]) [1]]1*ts[Rep(Seqqlil]l) [2]]~*
for|for|if> ts[Rep(Seqqli]) [3]]*ts[Rep(Seqqgli]) [4]]
for|for|if> then print Rep (Seqqlil);
for|for|if> end if; end for; end for;
[ 1, 5, 7, 3]
[ 3, 4, 7, 1]
> N1573s:=N1573;
> for n in N do if 1°n eq 3 and 5'n eq 4 and 7°n egq 7 and
for|if> 3"n eq 1 then
for|if> N1573s:=sub<N|N1573s,n>; end if; end for;
> N1573s; #N1573s;
Permutation group N1573s acting on a set of cardinality 10
Order = 2
(1, 3) (4, 5) (8, 9)
2
> #N/#N1573s;
60
>
> T1573:=Transversal (N,N1573s) ;
> for i in [1..#T1573] do
for> ss:=[1,5,7,3]1"T1573[1];
for> cst[prodim(l, ts, ss)]:=ss;
for> end for;



> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1; end if; end for; m;

355

> #N1573s;

Set (N1573s) ;

-~ Vv N

(1, 3) (4, 5)(8, 9),
Id(N1573s)

Orbits (N1573s);

— VvV V —

GSet{@ 2 @},
GSet{@ 6 @},
GSet{@ 7 @},
GSet{@ 10 @},
GSet{@ 1, 3 @},
GSet{@ 4, 5 @},
GSet{@ 8, 9 @}

N1581:=Stabiliser (N, [1,5,8,1]);
SSS:={[1,5,8,11};

SSS:=SSS”N;

#SSS;

vV V V V —

60

> Seqg:=Setseq(SSS);

> for 1 in [1l..#SSS] do

for> for n in IN do

for|for> 1if ts[1l]xts[5]*ts[8]xts[l] eqg

for|for|if> nxts[Rep(Seqqgli]) [1]]+*ts[Rep (Seqgql
for|for|if> ts[Rep(Seqqli]) [3]1]*ts[Rep(Seqqli]

for|for|if> then print Rep (Seqgqlil);
for|for|if> end if; end for; end for;
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for i in [1..#T1573] do ([1,5,7,3]"N1573s) "T1573[1];

211+
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end for;



[ 3, 4, 9, 31
[ 6, 2, 9, 6]
[ 6, 2, 8, 6]
> N1581s:=N1581;
> for n in N do if 1°n eq 2 and 5°n eqg 6
for|if> and 1°n eq 2 then
for|if> N1581s:=sub<N|N1581s,n>; end if;
> for n in N do if 1°n eq 4 and 5™'n eq 3
for|if> and 1°n egq 4 then
for|if> N1581s:=sub<N|N1581s,n>; end if;
> for n in N do if 1°n eq 2 and 5°n eqgq 6
for|if> and 1°n eg 2 then
for|if> N1581s:=sub<N|N1581s,n>; end 1if;
> for n in N do if 1°n eq 3 and 5°n eq 4
for|if> and 1°n eq 3 then
for|if> N1581s:=sub<N|N1581s,n>; end if;
> for n in N do if 1°n eq 4 and 5™'n eq 3
for|if> and 1°n eq 4 then
for|if> N1581s:=sub<N|N1581s,n>; end if;
> for n in N do if 1°n eq 5 and 5'n eq 1
for|if> and 1°n egq 5 then
for|if> N1581s:=sub<N|N1581s,n>; end if;
> for n in N do if 1°n eq 5 and 5'n eq 1
for|if> and 1°n eq 5 then
for|if> N1581s:=sub<N|N1581s,n>; end if;
> for n in N do if 1°"n eqg 1 and 5'n eq 5
for|if> and 1°n eg 1 then
for|if> N1581s:=sub<N|N1581s,n>; end if;
> for n in N do if 1°n eq 3 and 5°n eq 4
for|if> and 1°n eq 3 then
for|if> N1581s:=sub<N|N1581s,n>; end 1if;
> for n in N do if 1°n eq 6 and 5°n eqg 2
for|if> and 1°n eq 6 then
for|if> N1581s:=sub<N|N1581s,n>; end if;
> for n in N do if 1°n eqg 6 and 5™n eq 2
for|if> and 1°n eg 6 then
for|if> N1581s:=sub<N|N1581s,n>; end 1if;
> N1581s; #N1581s;
Permutation group N1581ls acting on a set

(2, 3) 4, 6) (7, 9)

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

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

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

and 8°n eq 10
end
and

for;
8"°n eq 7

end
and

for;
8"n eq 7
end for;

and 8°n eq 10
end

and

for;
8"n eq 8

end
and

for;
8"n eq 9

for;
8"n eq 7

end
and
end for;
and 8°n eqgq 10
end

and

for;
8"n eq 9

for;
8°n eq 9

end
and
end for;
and 8°n eq 8

end for;

of cardinality 10
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(1, 4, 5, 3)(2, 6) (7, 9, 10, 8)
(1, 2, 3)(¢4, 5, 6) (7, 9, 8)
(1, 2)((5, o6) (7, 8)
(1, 3, 6) (2, 5, 4) (8, 10, 9)
(1, 3, 5, 4)(2, 6) (7, 8, 10, 9)
(1, 4, 6) (2, 5, 3)((7, 9, 10)
(1, 4) (3, 5)((7, 10)
(1, 5)(3, 4) (7, 10) (8, 9)
(1, 5)«(2, 4, 6, 3)(7, 8, 9, 10)
(1, 5) (2, o6) (7, 8) (9, 10)
(1, 5) (2, 3, , 4) (7, 10, 9, 8)
(2, 6) (3, 4) (7, 9) (8, 10)
(2, 4) (3, 6) (8, 10)
(1, 3, 2)(¢4, 6, 5 (7, 8, 9)
(1, 3) (¢4, 5) (8, 9)
(1, 6, 3)(2, 4, 5)(8, 9, 10)
(1, 6, 5, 2)(3, 4) (7, 10, 8, 9)
(1, 6, 4) (2, 3, 5) (7, 10, 9)
(1, 6) (2, 5) (9, 10)

4

#N/#N1581s;

T1581:=Transversal (N,N1581s) ;

for i in [1..#T1581] do

for> ss:=[1,5,8,1]1"T1581[i];

for> cst[prodim(l, ts, ss)]:=ss;

for> end for;

> m:=0; for i in [1..432] do if cst[i] ne []
for|if> then m:=m+1l; end if; end for; m;
360

> #N1581s;

24

> Set (N1581s);

{

vV V.V 00V N

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

(1, 4) (3, 5)(7, 10),

(1, 6, 3) (2, 4, 5)(8, 9, 10y,
(1, 2, 5, 6)(3, 4)(7, 9, 8, 10y,
(1, 5) (2, 3, 6, 4)((7, 10, 9, 8),
(1, 6, 4)(2, 3, 5 (7, 10, 9,
(1, 3, 6)(z2, 5, 4)(8, 10, 9),
(1, 5) (2, 4, 6, 3)((7, 8, 9, 10y,
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(L1, 6) (2, 5) (9, 10),
(L, 3, 5, 4)(2, 6) (7, 8, 10, 9,
(1, 4, 5, 3)(2, 6) (7, 9, 10, 8),
(1, 4, 6) (2, 5, 3)(7, 9, 10),
Id(N1581s),
(2, 4) (3, 6) (8, 10),
(1, 3) (4, 5) (8, 9),
(L, 5)(2, 6) (7, 8)(9, 10y,
(1, 2) (5, 6) (7, 8),
(L1, 2, 3)(4, 5, 6) (7, 9, 8,
(2, 3) (4, 6) (7, 9),
(1, 2, 4) (3, 5, 6)(7, 8, 10),
(1, 4, 2) (3, 6, 5) (7, 10, 8),
(1, 5)(3, 4) (7, 10) (8, 9,
(L, 3, 2)(4, 6, 5 (7, 8, 9,
(1, 6, 5, 2)(3, 4) (7, 10, 8, 9)
}
> for i in [1..#T1581] do ([1,5,8,1]"°N1581s) "T1581[i]; end for;
> Orbits (N1581s);
[
GSet{@ 7, 9, 8, 10 @},
GSet{@ 1, 2, 4, 3, 5, 6 @}
]
> N1585:=Stabiliser (N, [1,5,8,5]);
> 8s8s:={[1,5,8,51};
> SSS:=SSS"Nj;
> #SSS;
60

> Seqg:=Setseq(SSS);

> for 1 in [1..#SSS] do

for> for n in IN do

for|for> 1if ts[1l]xts[5]*ts[8]xts[5] eqg
for|for|if> nxts[Rep(Seqq[i]) [1]]1*ts[Rep(Seqgqlil]) [2]]~*
for|for|if> ts[Rep(Seqqli]) [3]]*ts[Rep(Seqqgli]) [4]]
for|for|if> then print Rep (Seqqlil);

for|for|if> end if; end for; end for;

1, 5, 8, 5 1

, 8, 10, 8 1

, 8, 5, 8]

, 10, 5, 10 ]

, 5, 10, 51

, 10, 8, 10 ]

N1585s:=N1585;

R e

[
[
[
[
[
[
>



> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>

Permutation group N1585s acting on a set of cardinality 10

in N do if 1"n egq 1 and 5'n eq 8 and 8°n eg 10
and 5°n eq 8 then

N1585s:=sub<N|N1585s,n>;

in N do if 1"n egq 1 and 5'n eq 8 and 8°n egq 5
and 5°n egq 8 then

N1585s:=sub<N|N1585s, n>;

in N do if 1°n eg 1 and 5°n eq 10 and 8"°n egq 5
and 5°n egq 10 then

N1585s:=sub<N|N1585s, n>;

in N do if 1°"n egq 1 and 5°n eq 5 and 8"n eg 10
and 5°n eg 5 then

N1585s:=sub<N|N1585s,n>;

in N do if 1"n eqg 1 and 5'n eq 10 and 8°n eqgq 8
and 5°n eqg 10 then

N1585s:=sub<N|N1585s, n>;

> for n

for|if>

for|if>

> N1585s; #N1585s;
(2, 3) (4, o6) (7,
(2, 7, 4, 3, 9,
(2, 9, 4)(3, 7,
(4, 9) (5, 8) (6,
(2, 3) (4, 7) (5,
(2, 4, 9) (3, 6,
(2, 6, 9, 3, 4,
(2, 6) (3, 4)(7,
(2, 4) (3, 6)(8,
(2, 9) (3, 7) (5,
(2, 7) (3, 9) (4,

12

> #N/#N1585s;

10

9)

(&)}

O P PO J 100 Jo0o
—_— O O — — — — — — —

8,
8,

9)

10,
10,
10)

10)

10)
10)

8)
8)

> T1585:=Transversal (N,N1585s) ;

> for 1

in [1..#T1585]

do

for> ss:=[1,5,8,5]"T1585[1];
for> cst[prodim(1,
for> end for;

> m:=0;

370

for i in

> #N1585s;

12

> Set (N1585s) ;

{

[1
for|if> then m:=m+1;

ts,

..432]

end 1if;

ss) ] :=ss;

do 1f cst[i]
end for; m;

end 1if;

end 1f;

end 1f;

end 1if;

end if;

ne

end for;

end for;

end for;

end for;

end for;

(]
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Id(N1585s)

(2, 7)(

(2, 3)(
(2, 3)(

for i in

— vV V-

[1

—

~N o W W W W WwJoy W

~ ~— ~

N ~— ~— ~

~ ~— ~— ~

(8, 10),

(5, 10),

9, 6) (5, 8, 10),
7, 6) (5, 8, 10),
(7, 9)(, 10),
(6, 7),

(4, 6) (5, 10),

6, 7) (5, 10, 8),
(7, 9),

(5, 8) (6, 9)

..#T1585] do ([1,5,8,5] "N1585s) "T1585[1i];

GSet{@ 1 @},

GSet{(@
GSet{@

vV V. V V —

#SSS;
60

S
2,

8
3

14

4

Orbits (N1585s);

lO @}/
7, 9, 4, 6

> Seqqg:=Setseqg(SSS) ;
[1..#SSS] do
for> for n in IN do
ts[l]*ts[2]xts[1l]*xts[10]

> for 1 in

for|for> if
for|for|if>
for|for|if>
for|for|if>
for|for|if>
1, 2, 1,

4 14

14 4

~

~
=N DN W

’ 4

4 2’ 3’

[COR =\ SR\ G OV]
~

w = W =
~

[
[
[
[
[
[
>
>

nxts[Rep (Seqgqg[i]) [1]]*ts[Rep (Seqqli]
ts[Rep (Seqq[i]) [3]]1*ts[Rep(Seqqli]) [

@}

N12110:=Stabiliser (N, [1,2,1,10]);
SSS:={[1,2,1,10]};
S55:=SSS"N;

then print Rep(Seqqlil]);
end 1f; end for;

10
10
10
10
10
10

]
]
]
]
]

]

N12110s:=N12110;
for n in N do if 1"'n eq 3 and 2°n eq 1 and 1°n eq 3

for|if> and 10°n eq 10 then

for|if> N12110s:=sub<N|N12110s,n>;

end for;

eq

end 1if;

)
4

[
]

2
]

end for;

11
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end for;



> for n in N do if 1°n eq 2 and 2°n eq 3 and 1°n eq 2
for|if> and 10°n eq 10 then

for|if> N12110s:=sub<N|N12110s,n>; end if; end for;

> for n in N do if 1°"n eq 2 and 2°n eq 1 and 1°n eqg 2
for|if> and 10°n eq 10 then

for|if> N12110s:=sub<N|N12110s,n>; end if; end for;

> for n in N do if 1"n eq 1 and 2°n eq 3 and 1°n eq 1
for|if> and 10°n eq 10 then

for|if> N12110s:=sub<N|N12110s,n>; end if; end for;

> for n in N do if 1°n eg 3 and 2°n eq 2 and 1°n egq 3
for|if> and 10°n eq 10 then

for|if> N12110s:=sub<N|N12110s,n>; end 1f; end for;

> N12110s; #N12110s;

Permutation group N12110s

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

12

> #N/#N12110s;

10

7)

O W W 00 J

acting on a set of cardinality 10

O U1 00 O
~ N~
0 J WOW

~

> T12110:=Transversal (N,N12110s) ;
> for i in [1..#T12110]
for> ss:=[1,2,1,10]1"T12110([41];
for> cst[prodim(l, ts,

for> end for;

do

ss)]:=ss;

> m:=0; for i in [1..432]
end if; end for; m;

for|if> then m:=m+1;
380

> #N12110s;

12

> Set (N12110s);

do if cst[i] ne []
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(2, 3) (4, 6) (7, 9),

(1, 3) (4, 5) (8, 9),

(1, 2) (5, 6) (7, 8),

(1, 3) (4, 8) (5, 9) (6, 7),
Id(N12110s),

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

}

> for i in [1..#T12110] do ([1,2,1,10]°N12110s)"T12110[1];

> Orbits (N12110s);
[

GSet{@ 10 @},

GSet{@ 1, 3, 2 @},

GSet{@ 4, 9, 7, 6, 8, 5 @}
1
/*Checking Orbitsx/
> Orbits (N1517s);
[

GSet{@ 7 @},

GSet{@ 1, 3, 6 @},

GSet{@ 2, 4, 5 @},

GSet{@ 8, 10, 9 @}
]
> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1l]xts[5]*xts[l]l*ts[7]*xts[i] eq
for|for|if> m*(ts[l]l*ts[1l]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1l]xts[5]*xts[l]l*ts[7]xts[i] eq
for|for|if> m*(ts[1l]) "n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1]xts[5]*ts[l]l*ts[7]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]) " n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1]xts[5]*ts[l]l*ts[7]xts[i] eqg
for|for|if> m*(ts[l]l*ts[2]) "n then i;
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for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1]xts[5]*ts[l]l*ts[7]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]*ts[1]) "n then i;
for|for|if> break; end if; end for; end for;
7

> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1]xts[5]*ts[l]l*ts[7]xts[i] eqg
for|for|if> mx(ts[l]*xts[5]*+ts[7]) "n then 1i;
for|for|if> break; end if; end for; end for;
8

>

> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1]xts[5]*xts[l]l*ts[7]xts[i] eqg
for|for|if> mx(ts[1l]*ts[5]*ts[8]) "n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1]xts[5]*ts[l]l*ts[7]xts[i] eqg
for|for|if> mx(ts[l]*xts[2]*ts[1]) "n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1l]xts[5]*xts[l]l*ts[7]xts[i] eq
for|for|if> m*(ts[l]l*ts[2]*ts[10]) " n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1l]xts[5]*xts[l]l*ts[7]xts[i] eq
for|for|if> mx(ts[l]*ts[2]*ts[5]) "n then 1i;
for|for|if> break; end if; end for; end for;
2

> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1]xts[5]*xts[l]l*ts[7]xts[i] eqg

for|for|if> mx(ts[l]*xts[5]+ts[1]l*ts[7]) " n then 1i;

for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [7,1,2,8] do if

for|for|if> ts[1l]xts[5]*ts[l]l*ts[7]*xts[i] eq

for|for|if> m*(ts[l]l*ts[5]*ts[7]+ts[1l]) " n then i;

for|for|if> break; end if; end for; end for;
>
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> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1]xts[5]*xts[l]l*ts[7]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]+ts[7]1*ts[5]) "n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1l]xts[5]*xts[l]l*ts[7]*xts[i] eq
for|for|if> m*(ts[l]l*xts[5]*ts[7]+ts[3]) " n then 1i;
for|for|if> break; end 1f; end for; end for;
>
> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1l]xts[5]*xts[l]l*xts[7]xts[i] eq
for|for|if> m*(ts[1l]l*xts[5]*ts[8]+ts[5]) " n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1l]xts[5]*xts[l]l*ts[7]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]+ts[8]*ts[1l]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [7,1,2,8] do if
for|for|if> ts[1]xts[5]*ts[l]l*ts[7]xts[i] eqg
for|for|if> mx(ts[l]*xts[2]+ts[1]1*ts[10]) "n then i;
for|for|if> break; end if; end for; end for;
>
> Orbits (N1571s);
[

GSet{@ 5 @},

GSet{@ 7 @},

GSet{@ 1, 9 @},

GSet{@ 2, 4 @},

GSet{@ 3, 6, 10, 8 @}
]
> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1]xts[5]*xts[7]*ts[1l]xts[i] eqg
for|for|if> mx(ts[l]*ts[1l]) " n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[l]*xts[i] eq
for|for|if> m*(ts[l]) "n then 1i;
for|for|if> break; end if; end for; end for;
>
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> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1]xts[5]*ts[7]*ts[1l]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]) " n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[l]*xts[i] eq
for|for|if> m*(ts[l]l*ts[2]) "n then i;
for|for|if> break; end 1f; end for; end for;
>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[l]xts[i] eq
for|for|if> m*(ts[1l]*xts[5]*ts[1l]) "n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*ts[7]*ts[l]xts[i] eqg
for|for|if> mx(ts[l]*xts[5]*ts[7]) "n then i;
for|for|if> break; end if; end for; end for;
1

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1]xts[5]*ts[7]*ts[1l]xts[i] eqg
for|for|if> mx(ts[1l]*ts[5]*ts[8]) "n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[l]xts[i] eq
for|for|if> mx(ts[1l]*ts[2]*ts[1l]) "n

for|for|if> then i;break; end if; end for; end for;

>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[l]xts[i] eq
for|for|if> m*(ts[l]l*ts[2]*ts[10]) n

for|for|if> then i;break; end if; end for; end for;

3

5

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[l]*xts[i] eq
for|for|if> mx(ts[1l]*ts[2]*ts[5]) "n

for|for|if> then i;break; end if; end for; end for;

>
> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[l]xts[i] eq
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for|for|if> mx(ts[l]*xts[5]+ts[1]1*ts[7]) " n
for|for|if> then i;break; end if; end for; end
>

> for m,n in IN do for i in [5,7,1,2,3]
for|for|if> ts[1l]xts[5]*ts[7]*xts[l]*xts[i
for|for|if> mx(ts[1l]*ts[5]*ts[7]+ts[1l])"
for|for|if> then i;break; end if; end fo
>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[l]xts[i] eqg
for|for|if> m*(ts[l]l*xts[5]*ts[7]+ts[5]) n
for|for|if> then i;break; end if; end for; end
>

do 1if
] eq

r; end

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[l]+ts[5]*xts[7]*ts[1l]*ts[1 ] eq
for|for|if> mx(ts[1l]*xts[5]xts[7]*ts[3])"
for|for|if> then i;break; end if; end for; end
>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]+ts[5]*ts[7]*ts[1l]+ts[1 ] eq
for|for|if> m*x(ts[l]*ts[5]*ts[8]+ts[5])"
for|for|if> then i;break; end if; end for; end

>
> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[l]xts[i] eq
for|for|if> mx(ts[1l]*ts[5]*ts[8]xts[1l]) n
for|for|if> then i;break; end if; end for; end
>
> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[1l]xts[i] eq
for|for|if> mx(ts[l]*xts[2]*ts[1]*ts[10])"
for|for|if> then i;break; end if; end for; end
>
> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1]xts[5]*ts[7]*ts[1l]xts[i] eqg
for|for|if> mx(ts[l]*xts[5]+ts[1]l*ts[7]*ts[1l]) n
for|for|if> then i;break; end if; end for; end
5
> Orbits (N1575s);
[

GSet{@ 1 @},

GSet{@ 2, 4, 9 @},

GSet{@ 3, 6, 7 @},

for;

for;

for;

for;

for;

for;

for;

for;
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GSet{@ 5, 8, 10 @}
1
> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1]xts[5]*xts[7]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*ts[1l]) " n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1]xts[5]*ts[7]*ts[5]xts[i] eqg
for|for|if> mx(ts[1l]) "n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[5]*xts[i] eq
for|for|if> m*(ts[l]l*ts[5]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*ts[2]) " n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1]xts[5]*xts[7]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]*ts[1]) "n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[5]*xts[i] eq
for|for|if> m*(ts[1l]l*ts[5]*ts[7]) "n then 1i;
for|for|if> break; end if; end for; end for;
5
> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[5]xts[i] eq
for|for|if> m*(ts[1l]*xts[5]*ts[8]) "n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*ts[2]*ts[1]) "n then 1i;
for|for|if> break; end if; end for; end for;
2
> for m,n in IN do for i in [1,2,3,5] do if
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for|for|if> ts[1l]xts[5]*xts[7]*ts[5]xts[i] eq
for|for|if> m*(ts[1l]l*xts[2]*ts[10]) " n then 1i;
for|for|if> break; end if; end for; end for;

3

> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*ts[2]*ts[5]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1]xts[5]*ts[7]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*xts[5]+ts[1]l*ts[7]) " n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[5]*xts[i] eq
for|for|if> m*(ts[1l]l*xts[5]*ts[7]+ts[1l]) " n then i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[5]xts[i] eq
for|for|if> m*(ts[1l]l*xts[5]*ts[7]+ts[5]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1]xts[5]*xts[7]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]+ts[7]1*ts[3]) " n then i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1]xts[5]*ts[7]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*xts[5]+ts[8]1*ts[5]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[5]*xts[i] eq
for|for|if> m*(ts[l]l*xts[5]*ts[8]+ts[1l]) " n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*ts[2]+ts[1]1*ts[10]) "n then i;
for|for|if> break; end if; end for; end for;
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>
> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[5]*xts[i] eq
for|for|if> m*(ts[l]l*xts[5]*ts[1l]+ts[7]*ts[1l]) "n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1,2,3,5] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]+ts[7]*ts[l]*ts[2]) " n then 1i;
for|for|if> break; end if; end for; end for;
1
> Orbits (N1573s);
[

GSet{@ 2 @},

GSet{@ 6 @},

GSet{@ 7 @},

GSet{@ 10 @},

GSet{@ 1, 3 @},

GSet{@ 4, 5 @},

GSet{@ 8, 9 @}
1
> for m,n in IN do for i in [2,6,7,10,1,4,8] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[3]xts[i] eq
for|for|if> mx(ts[1l]*xts[1l]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [2,6,7,10,1,4,8] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[3]xts[i] eqg
for|for|if> mx(ts[1l]) "n then 1ij;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [2,6,7,10,1,4,8] do if
for|for|if> ts[1]xts[5]*ts[7]*ts[3]xts[i] eqg
for|for|if> mx(ts[l]* ts[5]) "n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [2,6,7,10,1,4,8] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[3]*xts[i] eq
for|for|if> m*(ts[l]l*ts[2]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [2,6,7,10,1,4,8] do if
for|for|if> ts[1l]xts[5]*xts[7]*xts[3]xts[i] eq
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for|for|if> mx(ts[l]*xts[5]*+ts[1]) "n then i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [2,6,7,10,1,4,8]
for|for|if> ts[1l]xts[5]*xts[7]*ts[3]*xts[i] eq
for|for|if> m*(ts[1l]l*xts[5]*ts[7]) "n then 1i;
for|for|if> break; end if; end for; end for;
1

> for m,n in IN do for i in [2,6,7,10,1,4, 8]
for|for|if> ts[1l]xts[5]*xts[7]*ts[3]xts[i] eq
for|for|if> mx(ts[1l]*ts[5]*ts[8]) "n then 1i;
for|for|if> break; end if; end for; end for;
7

8

> for m,n in IN do for i in [2,6,7,10,1,4,8]
for|for|if> ts[1l]xts[5]*ts[7]*ts[3]*xts[i] eq
for|for|if> m*(ts[1l]l*xts[2]*ts[1l]) "n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [2,6,7,10,1,4, 8]
for|for|if> ts[1l]xts[5]*xts[7]*ts[3]xts[i] eqg
for|for|if> mx(ts[1l]*ts[2]*ts[10]) "n then 1i;
for|for|if> break; end if; end for; end for;
6

> for m,n in IN do for i in [2,6,7,10,1,4, 8]
for|for|if> ts[1]xts[5]*xts[7]*ts[3]xts[i] eqg
for|for|if> mx(ts[l]*ts[2]*ts[5]) "n then 1i;
for|for|if> break; end if; end for; end for;
10

> for m,n in IN do for i in [2,6,7,10,1,4,8]
for|for|if> ts[1]xts[5]*ts[7]*ts[3]xts[i] eqg

do

do

do

do

do

do

if

if

if

if

if

if

for|for|if> mx(ts[l]*xts[5]l+ts[1l]l*ts[7]) "n then 1i;

for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [2,6,7,10,1,4,8]
for|for|if> ts[1l]xts[5]*xts[7]*ts[3]*xts[i] eq

do

if

for|for|if> m*(ts[l]l*xts[5]*ts[7]+ts[1l]) " n then 1i;

for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [2,6,7,10,1,4, 8]
for|for|if> ts[1l]xts[5]*ts[7]*ts[3]xts[i] eqg

do

if

for|for|if> mx(ts[l]*ts[5]+ts[7]1*ts[5]) "n then 1i;

for|for|if> break; end if; end for; end for;
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>
> for m,n in IN do for i in [2,6,7,10,1,4,8] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[3]*xts[i] eq
for|for|if> m*(ts[1l]l*xts[5]*ts[7]+ts[3]) " n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [2,6,7,10,1,4,8] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[3]xts[i] eqg
for|for|if> mx(ts[l]* ts[5]*ts[8]+ts[5]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [2,6,7,10,1,4,8] do if
for|for|if> ts[1]xts[5]*xts[7]*ts[3]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]+ts[8]*ts[1l]) "n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [2,6,7,10,1,4,8] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[3]*xts[i] eq
for|for|if> m*(ts[l]l*ts[2]*ts[1]lxts[10]) "n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [2,6,7,10,1,4,8] do if
for|for|if> ts[1l]xts[5]*xts[7]*ts[3]xts[i] eq
for|for|if> mx(ts[1l]*ts[5]*ts[l]xts[7]*ts[1l]) "n then
for|for|if> break; end if; end for; end for;
4
> for m,n in IN do for i in [2,6,7,10,1,4,8] do if
for|for|if> ts[1l]xts[5]*ts[7]*ts[3]xts[i] eqg
for|for|if> mx(ts[l]*xts[5]+ts[7]*ts[1l]+ts[2]) "n then
for|for|if> break; end if; end for; end for;
2
> Orbits (N1581s);
[

GSet{@ 7, 9, 8, 10 @},

GSet{@ 1, 2, 4, 5, 3, 6 @}
]
> for m,n in IN do for i in [7,1] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[l]xts[i] eq
for|for|if> m*(ts[l]l*ts[1l]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [7,1] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[l]xts[i] eqg

i

ij;
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for|for|if> mx(ts[1l]) "n then 1i;

for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [7,1] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[l]*xts[i] eq
for|for|if> m*(ts[l]l*ts[5]) "n then i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i1 in [7,1] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[l]xts[i] eqg
for|for|if> mx(ts[l]+*ts[2]) "n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i1 in [7,1] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[l]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]*ts[1]) "n then i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [7,1] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[1l]xts[i] eqg
for|for|if> mx(ts[l]*xts[5]*+ts[7]) "n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [7,1] do if
for|for|if> ts[1l]xts[5]*xts[8]*ts[l]xts[i] eq
for|for|if> m*(ts[1l]l*xts[5]*ts[8]) "n then 1i;
for|for|if> break; end if; end for; end for;
1

> for m,n in IN do for i1 in [7,1] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[l]xts[i] eqg
for|for|if> mx(ts[l]* ts[2]*ts[1l]) " n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i1 in [7,1] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[l]xts[i] eqg
for|for|if> mx(ts[l]*xts[2]*ts[10]) " n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [7,1] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[l]*xts[i] eq
for|for|if> m*(ts[l]l* ts[2]*ts[5]) " n then 1i;
for|for|if> break; end if; end for; end for;
7
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> for m,n in IN do for i1 in [7,1] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[l]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]+ts[1]l*ts[7]) " n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [7,1] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[l]*xts[i] eq
for|for|if> m*(ts[l]l*ts[5]*ts[7]+ts[1l]) " n then i;
for|for|if> break; end 1f; end for; end for;

>

> for m,n in IN do for i1 in [7,1] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[l]xts[i] eq
for|for|if> m*(ts[l]l* ts[5]+ts[7]*ts[5]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i1 in [7,1] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[l]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]+ts[7]1*ts[3]) "n then i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i1 in [7,1] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[1l]xts[i] eqg
for|for|if> mx(ts[l]* ts[5]*ts[8]xts[5]) "n then i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [7,1] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[l]xts[i] eq
for|for|if> m*(ts[1l]l*xts[5]*ts[8]+ts[1l]) " n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [7,1] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[l]xts[i] eq
for|for|if> mx(ts[l]*ts[2]+ts[1]1*ts[10]) "n then i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i1 in [7,1] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[l]xts[i] eqg
for|for|if> mx(ts[l]*xts[5]+ts[1l]l*ts[7]xts[1]) " n then
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [7,1] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[l]xts[i] eqg
for|for|if> m*(ts[l]l*ts[5]*ts[7]+ts[l]l*ts[2]) "n then
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for|for|if> break; end if; end for; end for;
>
> Orbits (N1585s);
[

GSet{@ 1 @},

GSet{@ 5, 8, 10 @},

GSet{@ 2, 3, 7, 9, 4, 6 @}
1
> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]* ts[l]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[5]xts[i] eqg
for|for|if> mx(ts[1l]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[5]xts[i] eqg

for|for|if> m*(ts[l]l*ts[5]) "n then i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1l]xts[5]*xts[8]*ts[5]xts[i] eq
for|for|if> m*(ts[l]l*ts[2]) "n then i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[5]xts[i] eq
for|for|if> mx(ts[1l]*ts[5]*ts[1]) "n then i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*xts[5]*ts[7]) "n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[5]*xts[i] eq
for|for|if> m*(ts[1l]l*ts[5]*ts[8]) "n then 1i;
for|for|if> break; end if; end for; end for;
5



> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*ts[2]*ts[1]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[5]*xts[i] eq
for|for|if> m*(ts[1l]l*ts[2]*ts[10]) " n then 1i;
for|for|if> break; end 1f; end for; end for;

>

> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1l]xts[5]*xts[8]*ts[5]xts[i] eq
for|for|if> m*(ts[1l]l*xts[2]*ts[5]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]+ts[1l]l*ts[7]) " n then
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*xts[5]+ts[7]1*ts[1l]) " n then
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1l]xts[5]*xts[8]*ts[5]*xts[i] eq
for|for|if> mx(ts[1l]*ts[5]*ts[7]+xts[5]) "n then
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1l]xts[5]*xts[8]*ts[5]xts[i] eqg
for|for|if> m*(ts[1l]l*xts[5]*ts[7]*ts[3]) "n then
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*xts[5]+ts[8]*ts[5]) " n then
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*xts[5]+ts[8]*ts[1l]) " n then

ij;

i;

i

i

369



370

for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[5]xts[i] eqg
for|for|if> mx(ts[l]*ts[2]+ts[1]1*ts[10]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[5]xts[i] eqg
for|for|if> m*(ts[l]l*ts[5]*ts[1l]l+ts[7]1*ts[1l]) "n then i;
for|for|if> break; end if; end for; end for;
2
> for m,n in IN do for i in [1,5,2] do if
for|for|if> ts[1l]xts[5]*xts[8]*ts[5]xts[i] eq
for|for|if> m*(ts[l]l+ts[5]*ts[7]+ts[l]l*ts[2]) "n then 1i;
for|for|if> break; end if; end for; end for;
>
> Orbits (N12110s);
[

GSet{@ 10 @},

GSet{@ 1, 3, 2 @},

GSet{@ 4, 9, 7, 6, 8, 5 @}
]
> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[1l]*xts[1l0]xts[i] eq
for|for|if> m*(ts[l]l*ts[1l]) "n then i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[1l]xts[2]*ts[1l]l*xts[10]xts[i] eqg
for|for|if> mx(ts[1l]) "n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i1 in [10,1,4] do if
for|for|if> ts[1l]xts[2]*ts[1]*xts[10]xts[i] eq
for|for|if> mx(ts[l]*ts[5]) " n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[l]*xts[1l0]xts[i] eqg
for|for|if> m*(ts[l]l*ts[2]) "n then i;
for|for|if> break; end if; end for; end for;
>



> for m,n in IN do for i1 in [10,1,4] do if
for|for|if> ts[1]xts[2]*ts[1]*xts[10]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]*ts[1]) "n then i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[1l]*xts[1l0]xts[i] eqg
for|for|if> m*(ts[l]l* ts[5]xts[7]) " n then 1i;
for|for|if> break; end i1f; end for; end for;
>

> for m,n in IN do for i1 in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[1l]*xts[1l0]xts[i] eq
for|for|if> m*(ts[1l]*xts[5]*ts[8]) "n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[1l]xts[2]*ts[1l]l*xts[10]xts[i] eqg
for|for|if> mx(ts[l]*ts[2]*ts[1]) "n then 1i;
for|for|if> break; end if; end for; end for;
10

> for m,n in IN do for i1 in [10,1,4] do if
for|for|if> ts[1]xts[2]*ts[1]*xts[10]xts[i] eqg
for|for|if> mx(ts[l]*xts[2]*ts[10]) " n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[1l]l*xts[1l0]xts[i] eqg
for|for|if> m*(ts[l]l*xts[2]*ts[5]) "n then 1i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i1 in [10,1,4] do if
for|for|if> ts[1l]xts[2]*ts[1l]l*xts[10]xts[i] eg

for|for|if> m*(ts[l]l*xts[5]*ts[1l]+ts[7]) "n then 1i;

for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i1 in [10,1,4] do if
for|for|if> ts[1]xts[2]*ts[1l]*xts[10]xts[i] eqg

for|for|if> mx(ts[l]*ts[5]+ts[7]1*ts[1l]) " n then 1i;

for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[1l]xts[2]*ts[1]*xts[10]*ts[i] eqg

for|for|if> mx(ts[l]*xts[5]l+ts[7]1*ts[5]) "n then 1i;
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for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[1l]xts[2]*ts[1l]*xts[10]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]+ts[7]1*ts[3]) "n then 1i;
for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i1 in [10,1,4] do if
for|for|if> ts[1l]xts[2]*ts[1l]*xts[10]xts[i] eg
for|for|if> mx(ts[l]*ts[5]+ts[8]1*ts[5]) "n then i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i1 in [10,1,4] do if
for|for|if> ts[1]xts[2]*ts[1l]*xts[10]xts[i] eqg
for|for|if> mx(ts[l]*ts[5]+ts[8]*ts[1l]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[1l]xts[2]*ts[1]*xts[10]*ts[i] eqg
for|for|if> mx(ts[l]*xts[2]+ts[1]1*ts[10]) " n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [10,1,4] do if
for|for|if> ts[l]xts[2]*ts[1l]*xts[1l0]xts[i] eq
for|for|if> m*(ts[l]l*ts[5]*ts[1l]+ts[7]1*ts[1l]) " n then 1i;
for|for|if> break; end if; end for; end for;

1

> for m,n in IN do for i1 in [10,1,4] do if
for|for|if> ts[1l]xts[2]*ts[1l]l*xts[10]xts[i] eg
for|for|if> mx(ts[l]* ts[5]*ts[7]+ts[1l]l*ts[2]) "n then i;
for|for|if> break; end if; end for; end for;

4

> for m,n in IN do for i1 in [10,1,4] do if
for|for|if> ts[1l]xts[2]*ts[1]*xts[10]xts[i] eq
for|for|if> mx(ts[1l]*ts[5]+ts[8]*ts[5]*ts[1]) " n then 1i;
for|for|if> break; end if; end for; end for;

>

> N15171:=Stabiliser (N, [1,5,1,7,1]);

> S88S:={[1,5,1,7,11};

> S53S:=SSS"N;

> #SSS;

60
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> Seqg:=Setseq(SSS);
> for 1 in [1..#SSS] do
for> for n in IN do

for|for> if ts[1l]xts[5]*xts[l]l*ts[7]xts[1l] eqg
for|for|if> nxts[Rep(Seqqg[i]) [1]]*ts[Rep(Seqqli]) [2]]~*
for|for|if> ts[Rep(Seqqli]) [3]]+ts[Rep(Seqq[i]) [4]]+*
for|for|if> ts[Rep(Seqqli]) [5]]

for|for|if> then print Rep (Seqqlil);

for|for|if> end if; end for; end for;

[ 1, 5, 1, 7, 1]

[ 9, 5, 9, 7, 91

> N15171s:=N15171;

> for n in N do if 1°n eqg 9 and 5°'n eq 5 and 1°n eq

for|if> 9 and 7"n eq 7 and 1°n eq 9 then

for|if> N15171s:=sub<N|N15171s,n>; end if; end for;

> N15171s; #N15171s;

Permutation group N15171s acting on a set of cardinality 10
(2, 4) (3, 6) (8, 10)
(1, 9)(2, 4) (3, 10) (6, 8)
(1, 9) (3, 8)(6, 10)

4

> #N/#N15171s;

30

> T15171:=Transversal (N,N15171s);

> for 1 in [1..#T15171] do

for> ss:=[1,5,1,7,1]1"T15171[1i];

for> cst[prodim(l, ts, ss)]:=ss;

for> end for;

> m:=0; for i in [1..432] do if cst[i] ne []

for|if> then m:=m+1l; end if; end for; m;

400

>

> [1,5,1,7,1]°N15171s;

GSet{@
[ 1, 5, 1, 7, 1
[ 9, 5, 9, 7, 91

@}

> for i in [1..#T15171] do ([1,5,1,7,1]1°N15171s) "T15171[1i]; end for;

> Orbits (N15171s);
[
GSet{@ 5 @}I
GSet{@ 7 @}/
GSet{@ 1, 9 @},
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GSet{@ 2, 4 @},
GSet{@ 3, 6, 10, 8 @}

#N15171s;

N15712:=Stabiliser (N, [1,5,7,1,2]);

SsS:={[1,5,7,1,21};

SSS:=SSS"N;

> #SSS;

120

> Seqg:=Setseq(SSS);

> for 1 in [1..#SSS] do

for> for n in IN do

for|for> if ts[1l]xts[5]#*ts]

for|for|if> nxts[Rep(Seqqgli
)
)

V V. V V &> V —

*ts[l]*xts[2] eq
l1xts[Rep(Seqqli]) [2
) ]

) IS
xts[Rep (Seqql[i]) [4]

7]+t
1) I[1 ]
for|for|if> ts[Rep (Seqqlil]) [3]1] *
for|for|if> ts[Rep(Seqqli]) [5]]
for|for|if> then print Rep (Seqqlil);
for|for|if> end if; end for; end for;
1, 5, 7, 1, 2 ]
, 6, 8, 9, 1 ]
, 5, 7, 9, 2 1]
, 10, 3, 1, 9 ]
, 10, 3, 2, 9 ]
2, 6, 8, 2, 1]
N15712s:=N15712;
for n in N do if 1°n eq 9 and 5°'n eq 6 and 7°n eq 8
for|if> and 1"n eq 9 and 2°n eg 1 then
for|if> N15712s:=sub<N|N15712s,n>; end if; end for;
> for n in N do if 1°n eg 9 and 5°n eq 5 and 7°n eqg 7
for|if> and 1°"n eq 9 and 2°n eqg 2 then
for|if> N15712s:=sub<N|N15712s,n>; end if; end for;
> for n in N do if 1°n eg 1 and 5°'n eq 10 and 7°n eq 3
for|if> and 1°"n eqg 1 and 2°n eq 9 then
for|if> N15712s:=sub<N|N15712s,n>; end if; end for;
> for n in N do if 1°"n eq 2 and 5°n eq 10 and 7"n eq 3
for|if> and 1°n eq 2 and 2°n eq 9 then
for|if> N15712s:=sub<N|N15712s,n>; end if; end for;
> for n in N do if 1°n eq 2 and 5°n eq 6 and 7"n eqg 8
for|if> and 1°n eq 2 and 2°n eq 1 then
for|if> N15712s:=sub<N|N15712s,n>; end if; end for;
> N15712s; #N15712s;

]
) [
3]
5]
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[
[
[
[
[
[
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>
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Permutation group N15712s acting on a set of cardinality 10

(1, 9, 2)((3, 7, 8) (5, 6, 10)
(1, 9) (3, 8) (6, 10)
(2, 9)(3, 7) (5, 10)
(1, 2, 9)(3, 8, 7)(5, 10, 6)
(1, 2) (5, 6) (7, 8)
6
> #N/#N15712s;
20
> T15712:=Transversal (N,N15712s);
> for 1 in [1..#T15712] do

for> ss:=[1,5,7,1,2]"T15712[i];

for> cst[prodim(l, ts, ss)]

for> end for;

> m:=0; [1..432] do if cst[i]

for|if> then m:=m+1l; end if; end for;

420

>

> [1,5,7,1,2]°N15712s;

GSet{d
[

1=Ss;

ne []
m;

for i in

~ 0~ 0~
g o O
~ 0~ 0~
~J 0 J
~ 0~ 0~
o O =
~ N~
N =N

-

~

NN RO O
~ <
o
o o
~ S
w W
N
N
~ <
© ©

[
[
(
[
[

~
(&)}

~
e}

~

}
for 1 in [1..#T15712]
Orbits (N15712s);

do ([1,5,7,1,2]°N15712s) "T15712[1i]; end for;

— VvV VvV @®

GSet{d
GSet{@
GSet{Q@
GSet{@

#N15712s;

~
~

g W >
~

o J O —
~

~

4

2 @},
8 @},
10 @}

N15851:=Stabiliser (N, [1,5,8,5,11);
SSS:={[1,5,8,5,11};

SSS:=SSS"N;

#SSS;

NV V.V V.V . oyVvV —
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> Seqg:=Setseq(SSS);
> for 1 in [1..#SSS] do
for> for n in IN do

for|for> if ts[1]xts[5]*ts[8]*ts[5]xts[l] eqg
for|for|if> nxts[Rep(Seqqg[i]) [1]]*ts[Rep(Seqqli]) [2]]~*
for|for|if> ts[Rep(Seqqli]) [3]]+ts[Rep(Seqq[i]) [4]]+*
for|for|if> ts[Rep(Seqqli]) [5]]

for|for|if> then print Rep (Seqqlil);
for|for|if> end if; end for; end for;

[ 1, 5, 8, 5, 1]

[ 2, 6, 10, 6, 2 ]
[ 3, 9, 4, 9, 3]

[ 4, 3, 7, 3, 4]

[ 1, 8, 10, 8, 1 ]
[ 5, 9, 1, 9, 5]

[ 2, 6, 7, 6, 2 1]

[ 7, 2, 5, 2, 7]

[ 2, 10, 7, 10, 2 ]
[ 3, 4, 10, 4, 3 ]
[ 6, 9, 2, 9, 6]

[ 9, 6, 3, 6, 9]

[ 4, 3, 8, 3, 4]

[ 1, 8 5, 8, 1]

[ 8, 4, 6, 4, 8 1]

[ 5, 1, 9, 1, 5]

[ 4, 7, 8, 7, 4]

([ 1, 10, 5, 10, 1 ]
[ 5, 1, 7, 1, 51

([ 2, 7, 10, 7, 2 1]
[ 8 6, 1, 6, 8 ]

[ 9, 3, 5, 3, 9]

[ 6, 8, 2, 8, 6]

([ 1, 5, 10, 5, 1 ]
[ 7, 2, 4, 2, 71

[ 2, 10, 6, 10, 2 ]
[ 3, 4, 9, 4, 3]

[ 10, 1, 3, 1, 10 ]
[ 6, 2, 9, 2, 6]

[ 9, 3, 6, 3, 9]

[ 7, 5, 4, 5, 71

[ 2, 7, 6, 7, 2]

[ 3, 10, 9, 10, 3 ]
[ 6, 2, 8, 2, 6]

~
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for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
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~
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~
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~
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~

10, 3,
N15851s:=N15851;

OO Jd W o
~

S 2J 0o o
~

~J © U1 U1 O

1, 3

in N do
and 57n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 57n

N15851s:

in N do
and 5°n

N15851s:

in N do

10 ]

if 1"'n eq 2 and 5°n eq
eq 6 and 1°n eg 2 then
=sub<N|N15851s,n>; end
if 1°n egq 3 and 5°n eq
eqg 9 and 1°n eg 3 then
=sub<N|N15851s,n>; end
if 1"n eqg 4 and 5°n eq
eq 3 and 1°n eq 4 then
=sub<N|N15851s,n>; end
if 1"n eq 1 and 5°n eq
eq 8 and 1°n eg 1 then
=sub<N|N15851s,n>; end
if 1"n eg 5 and 5°'n eq
eq 9 and 1°n eq 5 then
=sub<N|N15851s,n>; end
if 1°"n eqg 2 and 5°n eq

6 and 8°n eq

if; end for;
9 and 8"n eq

if; end for;
3 and 8°n eq

if; end for;
8 and 8°n eq

if; end for;
9 and 8°n eq

if; end for;
6 and 8°n eq

10

10
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for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>

and 5°n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 57n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 57n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 57n

N15851s:

in N do
and 57n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 57n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 57n

N15851s:

in N do
and 5°n

eqg 6 and 1°n eg 2 then
=sub<N|N15851s, n>;
if 1"n eg 7 and 5°n eq
eq 2 and 1°n eq 7 then
=sub<N|N15851s,n>; end
if 1"'n eq 2 and 5°n eq
eq 10 and 1°neg 2 then
=sub<N|N15851s,n>; end
if 1°n eq 3 and 5°n eq
eq 4 and 1°n eg 3 then
=sub<N|N15851s,n>; end
if 1°"n eqg 6 and 5°n eq
eq 9 and 1°n eq 6 then
=sub<N|N15851s,n>; end
if 1"'n eq 9 and 5°n eq
eq 6 and 1°n egq 9 then
=sub<N|N15851s,n>; end
if 1"n eg 4 and 5°n eq
eq 3 and 1°n eq 4 then
=sub<N|N15851s,n>; end
if 1"n eg 1 and 5°n eq
eq 8 and 1°n eq 1 then
=sub<N|N15851s,n>; end
if 1"n eq 8 and 5°n eq
eq 4 and 1°n eg 8 then
=sub<N|N15851s,n>; end
if 1"n eg 5 and 5°n eq
eq 1 and 1°n eq 5 then
=sub<N|N15851s,n>; end
if 1"'n eq 4 and 5°n eq
eq 7 and 1°n eq 4 then
=sub<N|N15851s,n>; end
if 1°"n eg 1 and 5°n eq
eq 10 and 1°neq 1 then
=sub<N|N15851s, n>;
if 1"n eg 5 and 5°n eqg
eq 1 and 1°n eq 5 then
=sub<N|N15851s,n>; end
if 1"'n eq 2 and 5°n eq
eq 7 and 1°n eg 2 then
=sub<N|N15851s,n>; end
if 1°n eq 8 and 5°n eq
eq 6 and 1°n eg 8 then

end

end

if; end for;
2 and 8"n eqg 5

if; end for;
10 and 8"n eq 7

if; end for;
4 and 8°n eqgq 10

if; end for;
9 and 8"n eq 2

if;

6 and 8"n eq 3

end for;
if; end for;
3 and 8°n eq 8

if; end for;
8 and 8"n eqg 5

if;

4 and 8°n eq 6

end for;
if; end for;
1 and 8"°n egq 9

if; end for;
7 and 8"n eq 8

if; end for;
10 and 8"n eq 5

if; end for;
1 and 8"°n eq 7

if; end for;
7 and 8°n eqgq 10

if; end for;
6 and 8" n eq 1
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for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>

N15851s:

in N do
and 57n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 57n

N15851s:

in N do
and 57n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 57n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 57n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 57n

N15851s:

in N do
and 57n

N15851s:

for> for n in N

for|if>
for|if>
> for n
for|if>
for|if>

and 5°n

N15851s:

in N do
and 57n

N15851s:

=sub<N|N15851s,n>; end
if 1"’n eq 9 and 5°n eq
eq 3 and 1°n eg 9 then
=sub<N|N15851s, n>;
if 1°"n eqg 6 and 5°'n eq
eq 8 and 1°n eq 6 then
=sub<N|N15851s,n>; end
if 1"'n eq 1 and 5°n eq
eq 5 and 1°n eq 1 then
=sub<N|N15851s,n>;
if 1°"n eq 7 and 5°n eq
eq 2 and 1°n eg 7 then
=sub<N|N15851s, n>;
if 1°"n eqg 2 and 5°n eq

end

end

end

eq 10 and 1°n eq 2 then

=sub<N|N15851s,n>; end
if 1"'n eq 3 and 5°n eq
eq 4 and 1°n eg 3 then

=sub<N|N15851s,n>; end
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if;

3 and 8"n eq 5

end for;
if; end for;
8 and 8°n eq 2

if; end for;
5 and 8°n eqg 10

if;

2 and 8"n eqgq 4

end for;
if; end for;
10 and 8°n eqgq 6

if; end for;
4 and 8"n eq 9

if; end for;

if 1"n eq 10 and 5°n eq 1 and 8°n eq 3

eq 1 and 1°n eg 10 then

=sub<N|N15851s,n>; end
if 1°"n eqg 6 and 5°n eq
eq 2 and 1°n eq 6 then
=sub<N|N15851s,n>;
if 1"'n eq 9 and 5°n eq
eq 3 and 1°n eg 9 then
=sub<N|N15851s, n>;
if 1"n eg 7 and 5°n eq
eq 5 and 1°n eq 7 then
=sub<N|N15851s,n>; end
if 1"n eqg 2 and 5°n eq
eq 7 and 1°n eq 2 then
=sub<N|N15851s,n>;
if 1"’n eq 3 and 5°n eq

end

end

end

eq 10 and 1°n eg 3 then

=sub<N|N15851s,n>; end
do if 1°n egq 6 and 5°n
eq 2 and 1°n eq 6 then
=sub<N|N15851s,n>; end
if 1"'n eq 4 and 5°n eq
eq 8 and 1°n eq 4 then

=sub<N|N15851s,n>; end

if; end for;
2 and 8"n eq 9

if;

3 and 8"n eq 6

end for;

if; end for;
5 and 8°n eq 4

if; end for;
7 and 8"n eq 6

if; end for;
10 and 8"n eq 9

if; end

eq 2 and 8°n eq 8

if; end for;
8 and 8°n eq 7

if; end for;



> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n
for|if>
for|if>
> for n

in N do
and 5°n

N15851s:

in N do
and 57n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 57n

N15851s:

in N do
and 57n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 57n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 57n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 5°n

N15851s:

in N do
and 57n

N15851s:

in N do
and 5°n

N15851s:

in N do

if 1°"n eq 10 and 5°n eq 3 and 8°n eqg 2

eq 3 and 1°n eq 10 then

=sub<N|N15851s,n>; end
if 1"'n eq 4 and 5°n eq
eq 8 and 1°n eg 4 then
=sub<N|N15851s, n>;
if 1°"n eqg 9 and 5°'n eq
eq 5 and 1°n eq 9 then
=sub<N|N15851s,n>; end

if 1"n eqg 3 and 5°n eq

end

eq 10 and 1°n eq 3 then

=sub<N|N15851s,n>; end
if 1"n eq 8 and 5°n eq
eq 4 and 1°n eg 8 then
=sub<N|N15851s, n>;
if 1"n eqg 3 and 5°n eq
eq 9 and 1°n eq 3 then
=sub<N|N15851s,n>; end
if 1"'n eq 4 and 5°n eq
eq 7 and 1°n eq 4 then
=sub<N|N15851s,n>;
if 1°"n eg 1 and 5°n eq

end

end

eq 10 and 1°n eq 1 then

=sub<N|N15851s,n>; end
if 1°"n eqg 8 and 5°n eq
eq 1 and 1°n eq 8 then
=sub<N|N15851s,n>; end
if 1"'n eq 9 and 5°n eq
eq 5 and 1°n eg 9 then
=sub<N|N15851s, n>;
if 1°"n egqg 5 and 5°n eq
eq 9 and 1°n eg 5 then
=sub<N|N15851s,n>; end
if 1"n eg 5 and 5°n eq
eq 7 and 1°n eq 5 then
=sub<N|N15851s, n>;
if 1"'n eq 8 and 5°n eq
eq 1 and 1°n eg 8 then
=sub<N|N15851s, n>;
if 1"n eqg 7 and 5°n eq
eq 4 and 1°n eq 7 then
=sub<N|N15851s,n>; end

end

end

end

if;

8 and 8"n eqg 3

end for;
if; end for;
5 and 8°n eq 6

if; end for;
10 and 8°n eq 4

if;

4 and 8°n eq 1

end for;
if; end for;
9 and 8"n eg 10

if; end for;
7 and 8"n eq 3

if; end for;
10 and 8°n eq 8

if; end for;
1 and 8°n eqg 6

if; end for;
5 and 8"n eq 3

if; end for;
9 and 8°n eq 7

if; end for;
7 and 8°n eq 9

if;

1 and 8"°n eqgq 4

end for;
if; end for;
4 and 8"°n eq 5

if; end for;

if 1"n eq 10 and 5"n eq 2 and 8"n eq 1
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for|if> and 5°'n eq 2 and 1°n eq 10 then

for|if> N15851s:=sub<N|N15851s,n>; end if; end for;

> for n in N do if 1°n eq 7 and 5™n eq 2 and 8"n eq 2

for|if> and 5°n eq 4 and 1°n eq 7 then

for|if> N15851s:=sub<N|N15851s,n>; end if; end for;

> for n in N do if 1°n eqg 6 and 5'n eq 9 and 8°n eqg 8

for|if> and 5°'n eq 9 and 1°n eqg 6 then

for|if> N15851s:=sub<N|N15851s,n>; end if; end for;

> for n in N do if 1°n eq 5 and 5°'n eq 7 and 8"n eqg 1

for|if> and 5°n eq 7 and 1°n eq 5 then

for|if> N15851s:=sub<N|N15851s,n>; end if; end for;

> for n in N do if 1°n eq 10 and 5°n eqg 1 and 8°n eq 2

for|if> and 5°n eqg 1 and 1°n eq 10 then

for|if> N15851s:=sub<N|N15851s,n>; end if; end for;

> for n in N do if 1°n eq 7 and 5'n eq 5 and 8"°n eqg 2

for|if> and 5°n eq 5 and 1°n eg 7 then

for|if> N15851s:=sub<N|N15851s,n>; end if; end for;

> for n in N do if 1°n egq 10 and 5°n eqg 2 and 8°n eqgq 3

for|if> and 5°'n eq 2 and 1°n eq 10 then

for|if> N15851s:=sub<N|N15851s,n>; end if; end for;

> for n in N do if 1°n eg 9 and 5'n eq 6 and 8°n eg 5

for|if> and 5°'n eq 6 and 1°n eq 9 then

for|if> N15851s:=sub<N|N15851s,n>; end if; end for;

> for n in N do if 1°n eg 6 and 5'n eq 8 and 8°n eqg 9

for|if> and 5°’n eq 8 and 1°n eqg 6 then

for|if> N15851s:=sub<N|N15851s,n>; end if; end for;

> for n in N do if 1°n eq 8 and 5™'n eq 6 and 8"n eq 4

for|if> and 5°n eq 6 and 1°n eq 8 then

for|if> N15851s:=sub<N|N15851s,n>; end if; end for;

> for n in N do if 1°n eq 10 and 5°n eq 3 and 8™ n eq 1

for|if> and 5°n eq 3 and 1°n eq 10 then

for|if> N15851s:=sub<N|N15851s,n>; end if; end for;

> N15851s; #N15851s;

Permutation group N15851s acting on a set of cardinality 10
(2, 3) (4, 6) (7, 9)

(1, 3, 2)«(4, 7, 5, 9, 6, 8)

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

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

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

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

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

(3, 6, 7)(5, 10, 8)

3, 4, 7) (5, 10, 8)

6) (7, 8) (9, 10)

3, 6, 4) (7, 10, 9, 8)

4) (3, 8, 10, ©6) (5, 7)

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

7) (4, 10) (5, 6)

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

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

(2, 5, 8) (4, 10, 9)

4) (7, 9) (8, 10)

6) (8, 10)

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

2) (4, 6, 5) (7, 8, 9)

5) (8, 9)
2, 6, 9, 5 (3, 7, 8)
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(1, 5, 7, 2, 6, 8) (4,
(r, 5, 7, 4, 8) (2, 3,
(1, 10, 3, 9, 5)(2, 4,
(r, 10, 3, 4, 7, 5) (2,
(1, 7, 9) (2, 3, 8) (4,
(L, 7)(2, 8) (4, 10)
(1, 10) (2, 5) (3, 8) (6,
(L1, 10) (2, 8, 3, 5) (4,
(1, 9, 8, 5, 6) (2, 10,
(1, 9, 2, 4) (3, 10) (5,
(1, 6, 5, 8, 9)(2, 7,
(1, 6, 3, 7)(2, 10) (4,
(r, 8, 4, 3, 10) (2, 5,
(1, 8, 4, 7, 2, 10) (3,
(r, 10, 2, 7, 4, 8) (3,
(1, 10, 2, 6, 8)(3, 7,

120

> #N/#N15851s;

1

> T15851:=Transversal (N,N15851s);

>

for i in [1..#T15851] do

for> ss:=[1,5,8,5,1]"T15851[1i];

for> cst[prodim(l, ts, ss)]

for> end for;
> m:=0; for i in [1..432]

for|if> then m:=m+1l; end if;
421

>

> [1,5,8,5,1]"N15851s;

GSet{@

[ 1, 5, 8, 5, 11,
[ 3, 9, 4, 9, 31,
[ 4, 3, 7, 3, 41,
(1, 8, 10, 8, 1 1,
[ 5, 9, 1, 9, 51,
[ 2, 6, 7, 6, 21,
L 7, 2, 5, 2, 71,
( 2, 10, 7, 10, 2 1,
[ 3, 4, 10, 4, 3 1],
[ 6, 9, 2, 9, 61,
[ 9, 6, 3, 6, 91,
[ 4, 3, 8, 3, 41,
[ 1, 8, 5, 8, 1 1

~
~

:=Ss;

do if cst[i]
end for;
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> for i in [1..#T15851] do ([1,5,8,5,1]1 °N15851s) "T15851[1i];

> Orbits (N15851s);
[
GSet{@ 1, 3, 4, 5, 2, 7, 6, 9, 8, 10 @}
]
> #N15851s;
120
/*Checking Orbits=*/
> Orbits (N15171s);
[
GSet{@ 5 @},
GSet{@ 7 @},
GSet{@ 1, 9 @},
GSet{@ 2, 4 @},
GSet{@ 3, 6, 10, 8 @}
]
> for m,n in IN do for i in [5,7,1,2,3] do if

for|for|if> ts[1]1xts[5]*ts[1l]*ts[7]1+ts[l]*ts[i]

for|for|if> m*(ts[l]l*ts[1l]) "n then i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [5,7,1,2,3] do if

for|for|if> ts[l]l+ts[5]xts[1l]*ts[7]*xts[l]lrts[1i]

for|for|if> mx(ts[1l]) "n then 1i;

for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [5,7,1,2,3] do if

for|for|if> ts[1l]+ts[5]*ts[l]*ts[7]xts[1l]*ts[i]

for|for|if> m*(ts[l]l*ts[5]) "n then i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [5,7,1,2,3] do if

for|for|if> ts[l]lxts[5]*ts[1l]*ts[7]*ts[l]rts[i]

for|for|if> m*(ts[l]l*ts[2]) "n then i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [5,7,1,2,3] do if

for|for|if> ts[1]1xts[5]*ts[1l]*ts[7]rts[l]*ts[i]

eq

eq

€q

€q

eq
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end for;



for|for|if> mx(ts[l]*xts[5]*+ts[1]) "n then i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*ts[l]l*xts[7]xts[l]l*ts[i] eqg
for|for|if> m*(ts[1l]l*xts[5]*ts[7]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*ts[l]l*xts[7]xts[l]l*ts[i] eqg
for|for|if> mx(ts[1l]*ts[5]*ts[8]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*ts[l]l*xts[7]xts[l]l*ts[i] eq
for|for|if> mx(ts[l]*ts[2]*ts[1]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1]xts[5]*ts[l]l*ts[7]xts[1l]l*ts[i] eq
for|for|if> m*(ts[1l]l*ts[2]*ts[10]) " n then i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*ts[l]l*xts[7]xts[l]l*ts[i] eqg
for|for|if> m*(ts[l]l*xts[2]*ts[5]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*ts[l]l*xts[7]xts[l]l*ts[i] eq
for|for|if> mx(ts[l]*ts[5]+ts[1]l*ts[7]) " n then 1i;
for|for|if> break; end if; end for; end for;

1

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1]xts[5]*ts[1l]l*xts[7]xts[1l]l*ts[i] eq
for|for|if> mx(ts[l]*xts[5]+ts[7]1*ts[1l]) "n then 1i;
for|for|if> break; end if; end for; end for;

5

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*ts[l]l*xts[7]xts[l]l*ts[i] eqg
for|for|if> mx(ts[1l]*xts[5]l*ts[7]xts[5]) "n then i;
for|for|if> break; end if; end for; end for;

>
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> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1]xts[5]*ts[l]l*xts[7]xts[1l]l*ts[i] eq
for|for|if> mx(ts[l]*ts[5]+ts[7]1*ts[3]) "n then 1i;
for|for|if> break; end if; end for; end for;

3

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*ts[l]l*xts[7]xts[l]l*ts[i] eqg
for|for|if> m*(ts[l]l*xts[5]*ts[8]+ts[5]) " n then 1i;
for|for|if> break; end 1f; end for; end for;

2

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*ts[l]l*xts[7]xts[l]l*ts[i] eqg
for|for|if> m*(ts[1l]l*xts[5]*ts[8]+ts[1l]) " n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*ts[l]l*xts[7]xts[l]l*ts[i] eq
for|for|if> mx(ts[l]*ts[2]+ts[1]1*ts[10]) "n then i;
for|for|if> break; end if; end for; end for;

5

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1]xts[5]*ts[1l]l*xts[7]xts[1l]l*ts[i] eq

for|for|if> mx(ts[l]*xts[5]+ts[1l]l*ts[7]*ts[1]) " n then 1i;

for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*ts[l]l*xts[7]xts[l]l*ts[i] eqg

for|for|if> m*(ts[l]l*ts[5]*ts[7]+ts[1l]l*ts[2]) "n then 1i;

for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [5,7,1,2,3] do if
for|for|if> ts[1l]xts[5]*ts[l]l*xts[7]xts[l]l*ts[i] eqg

for|for|if> m*(ts[l]l*ts[5]*ts[8]+ts[5]*«ts[1l]) "n then 1i;

for|for|if> break; end if; end for; end for;
>
> Orbits (N15712s);
[
GSet{@ 4 @},
GSet{@ 1, 9, 2 @},
GSet{@ 3, 7, 8 @},
GSet{@ 5, 6, 10 @}
]

> for m,n in IN do for i in [4,1,3,5] do if
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for|for|if> ts[l]lxts[5]*ts[7]*ts[1l]*xts[2]+ts[1]

for|for|if> m*(ts[l]l*ts[1l]) "n then i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [4,1,3,5] do if

for|for|if> ts[l]l+ts[5]xts[7]*ts[1l]*xts[2]+ts[1]

for|for|if> mx(ts[1l]) "n then ij;

for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [4,1,3,5] do if

for|for|if> ts[1]+ts[5]*ts[7]*xts[1l]rts[2]*ts[i]

for|for|if> m*(ts[l]l*ts[5]) "n then i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [4,1,3,5] do if

for|for|if> ts[l]lxts[5]*xts[7]*ts[l]*ts[2]+ts[1]

for|for|if> m*(ts[l]l*ts[2]) "n then i;
for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [4,1,3,5] do if

for|for|if> ts[1]1xts[5]*ts[7]*ts[1]lrts[2]*ts[i]

for|for|if> mx(ts[1l]*ts[5]*ts[1]) "n then 1i;

for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [4,1,3,5] do if

for|for|if> ts[l]xts[5]xts[7]*ts[1l]*xts[2]+ts[1]

for|for|if> mx(ts[l]*ts[5]*+ts[7]) "n then i;

for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [4,1,3,5] do if

for|for|if> ts[1]xts[5]*ts[7]*xts[1l]lrts[2]*ts[i]

for|for|if> mx(ts[1l]*xts[5]*ts[8]) "n then 1i;

for|for|if> break; end if; end for; end for;
>

> for m,n in IN do for i in [4,1,3,5] do if

for|for|if> ts[l]lxts[5]*xts[7]*ts[1l]*ts[2]*ts[1i]

for|for|if> m*(ts[l]l*xts[2]*ts[1l]) "n then 1i;
for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i in [4,1,3,5] do if

for|for|if> ts[1l]xts[5]*ts[7]*ts[1l]rts[2]*ts[i]

for|for|if> m*(ts[1l]l*ts[2]*ts[10]) " n then i;

eq

eq

€q

€q

eq

eq

eq

eq

eq
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for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i in [4,1,3,5] do if
for|for|if> ts[1l]xts[5]*ts[7]*xts[l]xts[2]*ts[i] eqg
for|for|if> m*(ts[1l]l*xts[2]*ts[5]) "n then 1i;
for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i in [4,1,3,5] do if
for|for|if> ts[1]xts[5]*ts[7]*ts[1l]xts[2]*ts[i] eq
for|for|if> mx(ts[l]*xts[5]+ts[1l]l*ts[7]) " n then 1i;
for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i in [4,1,3,5] do if
for|for|if> ts[1l]xts[5]*ts[7]*xts[l]xts[2]*ts[i] eq
for|for|if> mx(ts[l]*ts[5]+ts[7]1*ts[1l]) "n then i;
for|for|if> break; end if;

for|for> end for; end for;

1

> for m,n in IN do for i in [4,1,3,5] do if
for|for|if> ts[1l]xts[5]*ts[7]*xts[l]xts[2]*ts[i1] eqg
for|for|if> m*(ts[l]l*xts[5]*ts[7]+ts[5]) "n then 1i;
for|for|if> break; end if;

for|for> end for; end for;

4

> for m,n in IN do for i in [4,1,3,5] do if
for|for|if> ts[1l]xts[5]*ts[7]*xts[l]xts[2]*ts[i] eqg
for|for|if> m*(ts[1l]l*xts[5]*ts[7]+ts[3]) " n then i;
for|for|if> break; end if;

for|for> end for; end for;

3

> for m,n in IN do for i in [4,1,3,5] do if
for|for|if> ts[1]xts[5]*ts[7]*xts[1l]xts[2]*ts[i] eq
for|for|if> mx(ts[l]*xts[5]+ts[8]1*ts[5]) "n then 1i;
for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i in [4,1,3,5] do if
for|for|if> ts[1l]xts[5]*ts[7]*xts[l]xts[2]*ts[i] eq
for|for|if> mx(ts[l]*ts[5]+ts[8]*ts[1l]) "n then 1i;
for|for|if> break; end if;
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for|for> end for; end for;
>
> for m,n in IN do for i in [4,1,3,5] do if
for|for|if> ts[1]xts[5]*ts[7]*xts[l]xts[2]*ts[i] eq
for|for|if> mx(ts[l]*ts[2]+ts[1]1*ts[10]) "n then i;
for|for|if> break; end if;
for|for> end for; end for;
5
> for m,n in IN do for i in [4,1,3,5] do if
for|for|if> ts[1l]xts[5]*ts[7]*xts[l]xts[2]*ts[i] eqg
for|for|if> mx(ts[l]*ts[5]+ts[1l]l*ts[7]*ts[1l]) " n then 1i;
for|for|if> break; end if;
for|for> end for; end for;
>
> for m,n in IN do for i in [4,1,3,5] do if
for|for|if> ts[1l]xts[5]*ts[7]*xts[l]xts[2]*ts[i] eqg
for|for|if> m*(ts[l]l+ts[5]*ts[7]+ts[1l]l*ts[2]) "n then 1i;
for|for|if> break; end if;
for|for> end for; end for;
>
> for m,n in IN do for i in [4,1,3,5] do if
for|for|if> ts[1]xts[5]*ts[7]*xts[1l]xts[2]*ts[i] eq
for|for|if> mx(ts[l]*xts[5]+ts[8]*ts[5]*ts[1]) " n then 1i;
for|for|if> break; end if;
for|for> end for; end for;
>
> Orbits (N15851s);
[

GSet{@ 1, 3, 4, 5, 2, 7, 6, 9, 8, 10 @}
1
> for m,n in IN do for 1 in [1] do if
for|for|if> ts[1l]xts[5]*ts[8]xts[5]xts[l]l*ts[i] eq
for|for|if> mx(ts[l]*ts[1l]) " n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1] do if
for|for|if> ts[1]xts[5]*ts[8]xts[5]xts[l]l*ts[i] eq
for|for|if> mx(ts[1l]) "n then 1i;
for|for|if> break; end if; end for; end for;
>
> for m,n in IN do for i in [1] do if
for|for|if> ts[1]xts[5]*ts[8]*ts[5]xts[l]l*ts[i] eq
for|for|if> m*(ts[l]l*ts[5]) "n then i;



for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1] do if
for|for|if> ts[l]+ts[5]*ts[8]*ts[5]*ts[l]rts[1i]
for|for|if> mx(ts[l]*ts[2]) " n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1] do if
for|for|if> ts[1l]+ts[5]1*ts[8]*ts[5]rts[1l]*ts[i]
for|for|if> mx(ts[l]*xts[5]*ts[1]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1] do if
for|for|if> ts[1]1xts[5]*ts[8]*ts[5]rts[l]*ts[i]
for|for|if> m*(ts[1l]l*xts[5]*ts[7]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1] do if
for|for|if> ts[l]l+ts[5]*ts[8]*ts[5]*ts[l]lrts[1i]
for|for|if> mx(ts[1l]*ts[5]*ts[8]) "n then 1i;
for|for|if> break; end if; end for; end for;

>

> for m,n in IN do for i in [1] do if
for|for|if> ts[l]+ts[5]*ts[8]*ts[5]*ts[l]rts[1i]
for|for|if> mx(ts[l]*ts[2]*ts[1]) "n then 1i;
for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i in [1] do if
for|for|if> ts[l]+ts[5]*ts[8]*ts[5]*ts[l]lrts[1i]
for|for|if> mx(ts[1l]*ts[2]*ts[10]) " n then 1i;
for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i in [1] do if
for|for|if> ts[1]1xts[5]*ts[8]*ts[5]rts[l]*ts[i]
for|for|if> m*(ts[l]l*xts[2]*ts[5]) "n then 1i;
for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i in [1] do if
for|for|if> ts[1l]xts[5]*ts[8]*ts[5]rts[1l]*ts[i]

eq

eq

eq

eq

eq

eq

eq

eq

for|for|if> m*(ts[l]l*ts[5]*ts[1l]+ts[7]) " n then i;
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for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i in [1] do if

for|for|if> ts[1l]xts[5]*ts[8]xts[5]xts[l]l*ts[i] eqg
for|for|if> m*(ts[1l]l*xts[5]*ts[7]+ts[1l]) " n then i;
for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i in [1] do if

for|for|if> ts[1]xts[5]*ts[8]*xts[5]xts[1l]l*ts[i] eq
for|for|if> mx(ts[l]*xts[5]l+ts[7]1*ts[5]) "n then 1i;
for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i in [1] do if

for|for|if> ts[1l]xts[5]*ts[8]xts[5]xts[l]l*ts[i] eq
for|for|if> mx(ts[l]*ts[5]+ts[7]1*ts[3]) "n then i;
for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i1 in [1] do if

for|for|if> ts[1l]xts[5]*ts[8]xts[5]xts[l]l*ts[i] eqg
for|for|if> m*(ts[1l]l*xts[5]*ts[8]+ts[5]) " n then 1i;
for|for|if> break; end if;

for|for> end for; end for;

1

> for m,n in IN do for i in [1] do if

for|for|if> ts[1l]xts[5]*ts[8]xts[5]xts[l]l*ts[i] eqg
for|for|if> m*(ts[1l]l*xts[5]*ts[8]+ts[1l]) " n then i;
for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i in [1] do if
for|for|if> ts[l]xts[5]+ts[8]*ts[5]*ts[1l]
for|for|if> mx(ts[l]*xts[2]+ts[1]*ts[10])"
for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i in [1] do if
for|for|if> ts[1l]xts[5]*ts[8]xts[5]xts[l]l*ts[i] eq
for|for|if> mx(ts[l]*ts[5]+ts[1l]*ts[7]+ts[1]) "n then
for|for|if> break; end if;

*ts[i] eqg
n then i;

i;
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for|for> end for; end for;

>

> for m,n in IN do for i in [1] do if
for|for|if> ts[l]+ts[5]*ts[8]*ts[5]*ts[l]rts[1i]
for|for|if> mx(ts[l]*xts[5]+ts[7]*ts[l]*ts[2]) n
for|for|if> break; end if;

for|for> end for; end for;

>

> for m,n in IN do for i1 in [1] do if
for|for|if> ts[1]1xts[5]*ts[8]*ts[5]1rts[l]*ts[i]
for|for|if> mx(ts[1l]*ts[5]+ts[8]*ts[5]+ts[1l]) n
for|for|if> break; end if;

for|for> end for; end for;

>

394

eq
then i;

eq
then i;



395

Bibliography

[Bac15]

Kevin Baccari. Homomorphic Images and Related Topics. CSUSB, 2015.

[BCP97] Wieb Bosma, John Cannon, and Catherine Playoust. The Magma algebra

[Bra97]

[Cur07]

[GLO3]

[Gril5]
[Has17]

[HKO6]

[Isa76]

[Lam15]

system. I. The user language, volume 24. 1997. Computational algebra and

number theory (London, 1993).

John N. Bray. Symmetric presentations of sporadic groups and related topics.

University of Birmingham, England, 1997.

Robert T. Curtis. Symmetric generation of groups. volume 111 of Ency-
clopedia of Mathematics and its Applications. Cambridge University Press,
Cambridge, 2007.

James Gordon and Martin Liebeck. Representations and characters of

groups, 1993. [Online; accessed October-2017].
Dustin Grindstaff. Symmetric Presentations and Generation. CSUSB, 2015.
Zahid Hasan. Lecture notes in group theory, October 2017.

Z. Hasan and A. Kasouha. Symmetric Representation of the Elements of

Finite Groups. 2006.

I. Martin Isaacs. Character Theory of Finite Groups. Academic Press, New

York, 1976.

Leonard Lamp. Symmetric Presentations of Non-Abelian Simple Groups.
CSUSB, 2015.



396
[Rot95] Joseph J. Rotman. An introduction to the theory of groups, volume 148 of
Graduate Texts in Mathematics. Springer-Verlag, New York, 1995.
[Vall5] Elissa Valencia. Progenitors Related to Simple Groups. CSUSB, 2015.

[WB99] Robert Wilson and John Bray. Atlas of finite group representa-
tions. http://brauer.maths.qmul.ac.uk/Atlas/v3/, 1999. [Online; accessed
October-2016].

[Wed08] Extensions of groups. http://www.weddslist.com/groups/
extensions/ext.html, 2008. [Online; accessed December-2016].

[Why06] Sophie Whyte. Symmetric Generation: Permutation Images and Irreducible
Monomial Representations. The University of Birmingham, 2006.



	Images of Permutation and Monomial Progenitors
	Recommended Citation

	tmp.1528254954.pdf.XwKLZ

