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rAbstract h

The aim of this work is using the information in the ATLAS of Finite Groups (Wilson et
al., 1985) and by developing a program inside the GAP computational system (The GAP
computational System , 2010), to determine all Hall n-subgroups for some finite classical
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1. Approach of Collecting Hall Subgroups

We combine the information in the ATLAS (Wilson et al., 1985) with explicit computations using the GAP system (The
GAP computational System , 2010), in particular its library of finite groups and its Character Table Library. We can define
the non-abelian finite simple groups, by using the GAP system, as follows:

1.1. Cases Where the Structure of the Finite Simple Group is Available in the GAP Library

The non-abelian finite simple groups who’s Structures are available in the GAP library are collected by using the
following GAP-functions:

The only Symplectic classical groups of dimension n over the fields GF(q) which appear in the ATLAS (Wilson et al.,
1985), are:

S,(2)'S,(3) S,(4) S,(5) S,(7) S,(9) S,(11) S,(13) S,(17) 5,(2) S,(3) S,(2) S,(3) S,,(2)

By using the following command:

gap> g:=SymplecticGroup(n,q); or
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gap>g:=PSP(n,a);

The only Unitary classical groups of dimension n over the fields GF(g) which which appear in the ATLAS (Wilson
etal., 1985), are:

U,(3) U,(4) U,(5) U,(7) U,(8) U,(9) U,(11) U,(13) U,(2) U,(3) U,(4) U,(5) U,(2) U,(3) U,(4) U,(2) U,(3) U(2)
By using the following command:

GAP> g:=ProjectiveSpecialUnitaryGroup(n,q); or

GAP> g:=PSU(n,q)

The only simple groups of Lie type which can be directly collected from the GAP-command which also appear in
ATLAS (Wilson et al., 1985), are:

R(27), Sz(8), and Sz(32)

By using the following command:

GAP> g:=Suz(8); or gap> g:=SuzukiGroup(8);
GAP> g:=Suz(32); or gap> g:=SuzukiGroup(32);
GAP>g:=Ree(27); or gap>g:=ReeGroup(27);

1.2. Cases Where the Structure of the Finite Simple Group is Not Available in the GAP Library

The non-abelian finite simple groups who’s Structures are not available in the GAP library can be collected by using
their generators appear in the ATLAS.

2. Calculating Hall ®-Subgroups

We develop the following program, by intensive uses of some of the GAP functions, to compute the orders of the Hall
n-subgroup M in the finite non-abelian simple group G which appeared in the Atlas of Finite Groups (Wilson et al.,
1985). Also this program by using the information in the Atlas and the GAP system, in particular the Character Table
Library (Breuer, 2012), finds the structure of M, its presentations with generators, its conjugacy classes of elements
with their fusions map in G, and also its permutation representations in G. Also this program investigate some properties
of M.

s:=Set(Factors(Size(g)));; “find the set of primes of order of the simple group g”
q:=PartitionsSet(s,2);; “Find the all proper subsets of s”

Display(* "),

forjin[1.. Length(q)]do

>r=qi];

>foriin[l..2]do

> if Length(r[i])>1then

hhh:=HallSubgroup(g,r[i]);

if hhh=fail then

> Print(*“? = ");Print(r[i]);Display(*  ™);

Display(“No Hall ?-Subgroup”); Display(**--------------- ”);

elif hhh<> fail then

Display(* );

Print(“the Hall”);Print(r[i]);Print(“-subgroup Hof G is the ”);
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Display(hhh);

order:=Size(hhh);Display(“ ); Print(* and its oreder is );Print(order);Display(* ”);
gen:=SmallGeneratingSet(hhh);

Display(“ and H is generated by ”);Display(gen);
Display(* and H is Isomorphic to the group ”);
struc:=StructureDescription(hhh);
Display(struc);

kkkk:=Group(gen);

hhh:=kkkk;

cc:=CharacterTable(hhh);;

Display(cc);

cname:=ClassNames(c);;
ccname:=ClassNames(cc);;
fuss:=FusionConjugacyClasses(cc,c);
fusl:=fuss;

Display(“The Fusion Maps are ”);

for rwin [1 .. Number(fuss)] do

tw:=fuss[rw];;

gw:=cnameftw];;

Print(qw);Print(* );

od;

Print(* ”);

Display(* ")

Display(“The Induced Character is =");
ind:=PermChars(c,Size(c)/Size(cc));
perm:=PermCharInfo(c,ind) .ATLAS;
Display(perm);

Display(* "),

Display(“Some properties of this Hall Subgroup : ”);
z1:=1sSimple(hhh);;

z2:=IsAbelian(hhh);;

z3:=IsNilpotent(hhh);

z4:=1sSupersolvable(hhh);;

z5:=IsSolvable(hhh);

z6:=1sCyclic(hhh);

> fi:

fi;od;
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Display(* ),
> od;

> od;
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