Fage 1
Project Progress Report: Week 5

Consider any point in space represented with respect to an o
orthonormal basis with three vectors, { e, &, &;}. For any two basis =3
vectors, g+g = d;. In the diagram, we have P(xy.2)
® 0 :
r=0P=xe +ye + zes. e

Consider that we want to change the representation of our €
vector r from one basis to another. For example, consider that the
diagram shown represents the usual basis we take (i, | and k). We may represent this basis by the
following matrix, where the columns represent e, & and &:

100
A=1010
001

Keeping the origin where it is, consider that we reflect the e, and &, axes so we obtain the
following matrix:

= O O

-1 0
B= 0 -1
0O

The general ideais that we use a 3x3 matrix to represent any basis which may be obtained
by rotation or reflection from the normal basis A. Let these matrices be generators, and consider
that we are given an arbitrary number of generators. The task is to generate a matrix group from
agiven set of generators. This should be implemented in the Java programming language.

When the program starts, it should ask the user to provide a set of generators. The
program should check to see whether these generators are valid, and this is done by calculating
the determinant and checking to see whether it is £1. Assume that if you multiply any two
matrices aready in the group and obtain a matrix not already in the group, that matrix is a valid
basis and may be added to the matrix group.

The program should calculate the matrix group of any given set of generators and return
the order of the matrix group. It terms of calculation, when the program has found the matrix
group, then is should be closed under multiplication, meaning that the product of any two
matrices in the group should already be in the group.

Implementing this problem, the program will depend heavily on the construction of a class
to represent a 3x3 matrix. This class should have methods to find the determinant of such a
matrix, the product of two such matrices and a method to see whether two such matrices are the
same.
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Source Code: DOS Program

Gar et h Evans

Started: 23rd COct ober 2000
Last Modified: 30th Cctober 2000 (Revision 1.1)

Goup Cassification for 3x3 matrices

Mat ri x3x3 Cl ass

L R I B R

/

public class Matrix3x3
{ // start Matrix3x3

/| Define Variables for a 3x3 Matrix
int[][] elements;
String nane = new String();
Mat ri x3x3 next El enent ;
/1l Constructor for creating a new 3x3 Matrix
Mat ri x3x3()
elements = new int[3][3]; // 3x3 matrix

nane = nul | ;
next El ement = nul |l ;

}
/1 | NSERT METHOD

public void insert(Matrix3x3 list, Mtrix3x3 tolnsert)

{ // start insert

if (list.nextEl ement == null) /1
list.elements = tolnsert. el enents; /1
list.nane = tol nsert. naneg; /1
list.nextElenent = new Matrix3x3(); /1

}

el se

- _
insert(list.nextEl enment, tolnsert); /1

} // end insert

/1 NEXT METHCD

Checks next elenment in |ist
Add matrix to |ist

Add matrix's nane to |i st
Create a fresh new node

Calls the method again recursively

public Matrix3x3 nextMatrix(Matrix3x3 list) // pass in a node, want to return the

next node
{
return |ist.nextElenent;
}
/1 Method for working out the determinant of a 3x3 Matrix
/[l W will use the following notation: A = (a b c)
11 (d ef)
11 (g hi)

/1 So det(A) = a(ei-hf)-d(bi-hc)+g(bf-ec)

public int Det(Matrix3x3 workmatrix)
{ I/ start Det

int result;
int a,b,c,d, e, f,g, h,i;



/1l For sinplification, assign letters to elenents of the matrix
wor krmat ri x. el ement s[ 0] [ O]
wor kmatri x. el ements[ 0] [1];
wor krmat ri x. el ement s[ 0] [ 2]
wor krmat ri x. el ement s[ 1] [ 0]
wor kmatri x. el ements[1][1];
wor krmat ri x. el ement s[ 1] [ 2]
wor krmat ri x. el ement s[ 2] [ 0]
wor krmat ri x. el ement s[ 2] [1];
wor krmat ri x. el ement s[ 2] [ 2]

—0TQ T Q0T

/1 Work out the deteminant and return the result
result = a*((e*i)-(h*f)) - d*((b*i)-(h*c)) + g*((b*f)-(e*c));
return result;

} /] end Det

/1 Method for conparing two matrices to see if they are the sane

public bool ean Same(Matri x3x3 one, Matrix3x3 two)
{ I/ start Sane

/1 Assume matrices are the sanme to begin with
bool ean result = true;

/1 Now conpare each individual elenent, returning false if
/1 any two elenments differ
for(int i=0; i<=2; i++)
for(int j=0; j<=2; j++)
if((one.elements[i][j])!=(two.elenents[i][j]))
result = fal se
} /1 endif
} /1 end for(j)
} /1 end for(i)
return result;
} // end Sane
/1 Method for multiplying to matrices

public Matrix3x3 Miltiply(Mtrix3x3 one, Mtrix3x3 two)
{ I/ start Miltiply

/1 Define Variabl es

Matri x3x3 result = new Matri x3x3();
int i,j,k,sum

for(i=0; i<=2; i++)

for(j=0; j<=2; j+4+)
{

sum = O;
for(k=0; k<=2; k++)
{

sum = sum + (one.elements[i][k])*(two.elements[k][j]);

result.elements[i][j] = sum

}

return result;

} // end Multiply

} // end Matrix3x3
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"
: Gareth Evans
* Started: 23rd Cctober 2000
: Last Modified: 30th Cctober 2000 (Revision 1.2c)
: Group Cassification for 3x3 matrices
: Mai n C ass
*/

i mport java.bangor.*; // for the Basiclo class

public class groupcal c
{ Il start groupcalc

/1 GLOBAL VARI ABLES
static Matrix3x3 MatrixList = new Matrix3x3(); // Holds group matrices
static int count = 1; // Keeps track of the size of MatrixList

/1 CGET I NTEGER METHOD - gets an integer fromthe end user
public static int Getint() throws Exception
{ Il start Getlnt

int Choice = 0; // returns O if error or no input

try
{

Choi ce = Basiclo.readlnteger();

}
catch (Exception exp)
{

}

return Choice;

Choice = GetlInt();

} I/ end Getlnt
/1 GET | NPUT METHOD
public static Matrix3x3 Getlnput() throws Exception
{ Il start GCetlnput
Matri x3x3 result = new Matrix3x3();

Systemout.println("Please enter the elenments of your 3x3 matrix");
Systemout. println();

for(int i=0; i<=2; i++)
for(int j=0; j<=2; j++)
Systemout.print("Row " + (j+1) +", Colum " + (i+1) + ": ");

result.elenents[j][i] = GetInt();
/1 Enter nunbers by colum

}
} _
Systemout. println();
Systemout.print("Please enter a descriptor for your matrix e.g. AL B, P, Q...");
try

resul t.name = Basiclo.readString();
}
catch (Exception exp) { }
return result;

} I/ end Getlnput



/1 DI SPLAY (SI NGLE) MATRI X METHOD

rage b

public static void DisplayMatrix(Matrix3x3 single) throws Exception

{ /1 start DisplayMatrix

System out .
System out .
System out .

println("Matrix ldentifier:
printlin();

System out .

System out .

} /1 end DisplayMatrix

/1 DI SPLAY MATRI X METHOD
public static void Display(Mtrix3x3 disp,

println(single.elements[0][0] +
+ single.elenents[0][2]);
printin(single.elements[1][0] +
+ single.elenents[1][2]);
printin(single.elements[2][0] +
+ single.elenents[2][2]);

String descriptor,

+ single.nane);

+ single.elenents[0][1] +

+ single.elenents[1][1] +

+ single.elenents[2][1] +

int dispcount) throws Exception

/1 3 paranetres:

Il

(1) the 3x3 natrix to display on screen
(2) descriptor to describe what is shown e.

g. generators, groups,...

11
{ Il start Display

Systemout.printin();

Systemout. println("Number of matrices in the

Matri x3x3 tenp
temp = disp;
int scrollstop

new Matri x3x3();

0;

for(int i=1; i<=dispcount;
{ Il start for(i)

i ++)

scrol | st op++;
Systemout.println();

/1 scrollstop used to control

(3) an integer to denote how nmany nmatrices to display

+ descriptor + + di spcount);

large output as in dir/p in DOS

Systemout.print("List Nunber: " + i + ". ");
Di spl ayMatri x(tenp);
tenp = tenp.nextMatrix(tenp);
i f(scrollstop==3)
{ /] start if
Systemout.println();
Systemout.print("Press Enter to continue....");

String sponge
scrol | stop = O;

Y I/ end if

} I/ end for(i)

Systemout. println();

Systemout. println("Nunmber of matrices in the

} /'l end Display

Basi cl 0. readString();

+ descriptor +": + di spcount);

/1 METHOD TO CHECK WHETHER A MATRI X EXI STS IN A MATRI X LI ST ALREADY

public static bool ean AlreadylnList(Matrix3x3 check,

{ Il start AlreadylnList

/1 CHECK NOT ALREADY IN LI ST
bool ean al ready = fal se;
Matri x3x3 tenp = new Matri x3x3();
temp = fulllist;

for(int i=1; i<=loopduration;
{ Il start for(i)

i ++)

if ((tenp. Same(tenp,
{ /] start if

check)) ==t rue)

al ready = true;
Y} // end if
tenp = tenp.nextMatrix(tenp);

} I/ end for(i)
return already;

} I/ end Alreadyl nLi st

11

/1 assunme new matri x not

Matrix3x3 fulllist, int |oopduration)

inlist

i nvokes nethod in Matrix3x3 cl ass
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// METHOD TO ADD A (VALID) MATRI X TO A MATRI X LI ST
public static void AddMatrix() throws Exception
{ Il start AddMatrix

Mat ri x3x3 check = Getlnput();
Systemout. println();
Systemout.println("The Determnant of the matrix is " + check. Det(check));

/| CHECK DETERM NANT
i f(((check. Det(check))==1)| ((check. Det (check))==-1))
{ Il start if
/1 CHECK NOT ALREADY IN LI ST
bool ean test = Alreadyl nList(check, MatrixList, count);
if (test == true)
Systemout.println("Your Matrix is already in the list. Please try again.");
}
else // Add to list
{
Systemout. println("Now adding the matrix to the list.");
Mat ri xLi st.insert(MatrixList, check);
count ++;
}
} /1 endif
el se

/1 Display Error Message

Systemout. println("You have entered an invalid nmatrix whose determ nant is
not 1 or -1");

Systemout.println("Please try again.");

}
} // end AddMatri x

/1 METHOD TO CALCULATE THE GROUP OF ANY d VEN SET OF MATRI CES

public static void Cal cGoup(Matrix3x3 Manip, String descriptor, int calccount, bool ean
i ncrenent OK) throws Exception

{ Il start Cal cG oup

/1 To calculate the group, calculate all products of
// matrices in the list so far and see if they already exist.

Matri x3x3 testi new Matri x3x3();
Matri x3x3 testj new Matri x3x3();
Matri x3x3 testixj = new Matrix3x3();
testi = Manip;

testj = Manip;

bool ean nonore = fal se;

while (nonore == false) // Execute until whole group is closed under multiplication
{ Il start while

nonore = true; // assume no nore to add

for(int i=1; i<=calccount; i++)
{ Il start for(i)

for(int j=1; j<=cal ccount; j++)
{ /1 start for(j)

testixj = testi.Miltiply(testi, testj);
bool ean result = AlreadylnList(testixj, Mnip, calccount);

if (result == false) // i.e. not in list already
{ Il start if

Mani p. i nsert (Mani p, testixj);
cal ccount ++;
i f(increment K==true) {count++;}

/] NOTE: incrementOK is used to denote whether we are calculating a group
I fromgenerators (true, increment count) OR cal culating e.g.

I subgroups. (false, do not increment count)

nonore = fal se;

Y /Il end if
testj = testj.nextMatrix(testj);



} I/ end for(j)
testi = testi.nextMatrix(testi);

testj = Manip;

} I/ end for(i)
testi = Manip;
} I/ end while

i f (increment OK==true)

11

11

reset

reset

Matri xLi st = Mani p;
Di spl ay(MatrixLi st, descriptor, calccount);

el se
Di spl ay( Mani p,
}
} I/ end Cal cG oup

/1 METHOD TO CALCULATE SUBGROUP GENERATED BY AN ELEMENT OF A GROUP

descriptor, cal ccount);

public static void Element() throws Exception

{ Il start Elenent

/1 CGenerates all subgroups generated by an el enent of Matri xLi st

Mat ri x3x3 gener at or
Matri x3x3 carrier
Mat ri x3x3 swap

carrier = Matri xLi st;

int generatorsize;

new Matri x3x3();
new Matri x3x3();
new Matri x3x3();

for (int i=1;, i<=count; i++)

{ Il start for(i)

Systemout. println();

generator.nextElement = null; // reset matrix
carrier.elenents;

swap. hanme = carri er. nane;

swap. el ements =

generatorsize =

1

insertldentity(generator); // Insert ldentity Matrix
Systemout.printin();
System out. print("Generator: ");

if (i>1) // i.e.
{

Generator is not the ldentity matrix

generator.insert(generator, swap);

gener at or si

ze

= 2;

Di spl ayMat ri x(gener at or. next Matri x(generator));

}

el se

Di spl ayMatri x(generator);

Systemout. println();
Systemout.println("Press Enter to continue");
String tenp = Basiclo.readString();

Cal cGoup(generator, "subgroup", generatorsize, false);

carrier = carrier.nextMatrix(carrier); // cycle

} I/ end for(i)
} /] end El enent

/1 METHOD TO CALCULATE THE SUBGROUPS OF A GROUP
public static void Subgroup()

{ Il start Subgroup

for (int size = 1;

size <=count; size++)

/1 TO BE COVPLETED

}

Systemout. println();
Systemout. println("TO BE COVWLETED") ;
Systemout. println();

} I/ end Subgroup
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/1 METHOD TO CALCULATE THE HASSER DI AGRAM OF A SUBGROUP STRUCTURE
public static void Hasser()
{ Il start Hasser

Systemout.printin();
Systemout. println("TO BE COWLETED");
Systemout. println();

} // end Hasser
/1 METHOD TO | NSERT AN | DENTI TY MATRI X | NTO ANY MATRI X LI ST

public static void insertldentity(Mtrix3x3 input)
{ Il start insertldentity

int[]1[] id_el;

id_el =newint[3][3];

id_el[0][0] =1; id_el[0][1] =0; id_el[0][2] = O;
id_el[1]1[0] = 0; id_el[1][1] =1; id_el[1][2] = O;
id_el[2][0] =0; id_el[2][1] =0; id_el[2][2] = 1;
String id_str = new String();

id_str ="I";

Mat ri x3x3 id_m = new Matrix3x3();

id_melenments = id_el;

id_mnane = id_str;

input.insert(input, id_m;
} I/ end insertldentity
/1 MAIN METHCD
public static void main(String args[]) throws Exception
{ Il start MAIN
int Choice = -1,

I/ insert ldentity Matrix into the |ist
i nsertldentity(MatrixList);

/1 MENU

do // repeat this until option 7 is chosen
{ Il start DO

Choice = -1;

Systemout. println();

Systemout. println("MAIN MENU - PLEASE ENTER YOUR CHO CE.
Systemout.println("---------cmmmm "

Systemout. println();

Systemout.printin("1. Display the List");
Systemout.printin("2. Add a Matrix to the list");
Systemout.printIn("3. Calculate the Goup");

Systemout.println("4. Calculate the Subgroups CGenerated by an El enent");

Systemout.println("5. Calculate the Subgroups");

Systemout.println("6. Hasser Di agram of the Subgroups");

Systemout.printin("7: Exit the Progrant');
Systemout. println();

try
{

}
catch (Exception exp) { }

Choi ce = Basiclo.readl nteger();

swi t ch( Choi ce)
{ Il start SWTCH

case 1. Display(MatrixList, "list", count);
br eak;

case 2: Addmatrix();
br eak;

case 3. CalcGoup(MtrixList, "list", count, true);

br eak;
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case 4. Elenent();
br eak;

case 5: Subgroup();
br eak;

case 6: Hasser();
br eak;

case 7: Systemout.println("The Programw |l now close...");
br eak;

default: Systemout.println("Sorry, Input is incorrect. Please Try Again. ");
} // end SWTCH
} // end DO
while (Choice !=7);
} /'l end MAIN

} I/ end groupcal c
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Testing the Program

>j ava groupcal ¢

MAIN MENU - PLEASE ENTER YOUR CHO CE.

1. Display the List

2. Add a Matrix to the |ist

3. Calculate the G oup

4. Cal cul ate the Subgroups Cenerated by an El ement
5. Cal cul ate the Subgroups

6. Hasser Di agram of the Subgroups

7: Exit the Program

[N

Nunmber of matrices in the list: 1
List Nunber: 1. Matrix ldentifier: |

1 0 0
0 1 0
0 0 1
Nunber of matrices in the list: 1

MAIN MENU - PLEASE ENTER YOUR CHO CE.

1. Display the List

2. Add a Matrix to the |ist

3. Calculate the Goup

4. Cal cul ate the Subgroups Cenerated by an El ement
5. Cal cul ate the Subgroups

6. Hasser Di agram of the Subgroups

7: Exit the Program

2

Pl ease enter the elenents of your 3x3 matrix
Row 1, Colum 1: -1
Row 2, Colum 1: O
Row 3, Colum 1: O
Row 1, Colum 2: 0
Row 2, Colum 2: -1
Row 3, Colum 2: 0
Row 1, Colum 3: O
Row 2, Colum 3: O
Row 3, Colum 3: 1

Pl ease enter a descriptor for your matrix e.g. A B,

P, Q...P

The Determnant of the matrix is 1
Now adding the matrix to the list.

MAIN MENU - PLEASE ENTER YOUR CHO CE.

1. Display the List

2. Add a Matrix to the |ist

3. Calculate the Goup

4. Cal cul ate the Subgroups Cenerated by an El ement
5. Cal cul ate the Subgroups

6. Hasser Di agram of the Subgroups

7: Exit the Program

[N

Nunber of matrices in the list: 2
List Nunber: 1. Matrix ldentifier: |
1 0 0

0 1 0

0 0 1

List Nunber: 2. Matrix ldentifier: P
-1 0 0

0 -1 0
0 0 1

MAIN MENU - PLEASE ENTER YOUR CHO CE.

1. Display the List

2. Add a Matrix to the |ist

3. Calculate the Group

4. Cal cul ate the Subgroups Generated by an El enent
5. Cal cul ate the Subgroups

6. Hasser Di agram of the Subgroups

7: Exit the Program

2

Pl ease enter the elements of your 3x3 matrix

Row 1, Col um
Row 2, Col um
Row 3, Col um
Row 1, Col um
Row 2, Col um
Row 3, Col um
Row 1, Col um
Row 2, Col um
Row 3, Col um

corroocoro

Pl ease enter a descriptor for your matrix e.g. A B,

P, Q...Q

The Determnant of the matrix is 1
Now addi ng the matrix to the list.

MAIN MENU - PLEASE ENTER YOUR CHO CE.

1. Display the List

2. Add a Matrix to the |ist

3. Calculate the Group

4. Cal cul ate the Subgroups Generated by an El enent
5. Cal cul ate the Subgroups

6. Hasser Di agram of the Subgroups

7: Exit the Program

3

Nunber of matrices in the list: 12
List Nunmber: 1. Matrix ldentifier: |
1 0 0
0 1 0
0 0 1
List Nunmber: 2. Matrix ldentifier: P
-1 0 0
0 -1 0
0 0 1
List Number: 3. Matrix ldentifier: Q
0 0 1
1 0 0
0 1 0

Press Enter to continue....

Li st Nunber: 4. Matrix ldentifier: PQ
0 0 -1
-1 0 0
0 1 0
List Nunmber: 5. Matrix ldentifier: QP
0 0 1
-1 0 0
0 -1 0
Li st Number: 6. Matrix ldentifier: QQ

0 1 0
0 0 1
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Nunmber of matrices in the list: 2 1 0 0
Press Enter to continue....
List Nunber: 7. Matrix ldentifier: QPQ Generator: Matrix ldentifier: P
0 1 0 -1 0 0
0 0 -1 0 -1 0
-1 0 0 0 0 1
List Nunber: 8. Matrix ldentifier: QQP Press Enter to continue
0 -1 0 Nunber of matrices in the subgroup: 2
0 0 1
-1 0 0 Li st Nunber: 1. Matrix ldentifier: |
List Nunber: 9. Matrix ldentifier: QQPQ 1 0 0
0 1 0
-1 0 0 0 0 1
0 1 0
0 0 -1 Li st Nunber: 2. Matrix ldentifier: P
Press Enter to continue.... -1 0 0
0 -1 0
Li st Nunber: 10. Matrix ldentifier: PQP 0 0 1
0 0 -1 Nurmber of matrices in the subgroup: 2
1 0 0
0 -1 0

Generator: Matrix ldentifier: Q
Li st Nunber: 11. Matrix ldentifier: PQQ

0 0 1
0 -1 0 1 0 0
0 0 -1 0 1 0
1 0 0

Press Enter to continue
Li st Nunber: 12. Matrix ldentifier: PQQQ
Nunber of matrices in the subgroup: 3

1 0 0
0 -1 0 List Nunmber: 1. Matrix ldentifier: |
0 0 -1
1 0 0
Press Enter to continue.... 0 1 0
0 0 1

Nunber of nmatrices in the list: 12
Li st Nunmber: 2. Matrix ldentifier: Q
MAIN MENU - PLEASE ENTER YOUR CHO CE.

———————————————————————————————————— 0 0 1
1 0 0
1. Display the List 0 1 0
2. Add a Matrix to the |ist
3. Calculate the G oup Li st Number: 3. Matrix Identifier: QQ
4. Cal cul ate the Subgroups Cenerated by an El ement
5. Cal cul ate the Subgroups 0 1 0
6. Hasser Di agram of the Subgroups 0 0 1
7: Exit the Program 1 0 0
4 Press Enter to continue....

Generator: Matrix ldentifier: |
Generator: Matrix ldentifier: PQ

1 0 0

0 1 0 0 0 -1

0 0 1 -1 0 0
0 1 0

Press Enter to continue
Press Enter to continue
Number of matrices in the subgroup: 1
etc.
List Nunber: 1. Matrix ldentifier: |
MAI N MENU - PLEASE ENTER YOUR CHO CE.

1 0 O e
0 1 0
0 0 1 1. Display the List
2. Add a Matrix to the Iist
Nunmber of matrices in the subgroup: 1 3. Calculate the Group
4. Cal cul ate the Subgroups Generated by an El enent
5. Cal cul ate the Subgroups
6. Hasser Di agram of the Subgroups
7: Exit the Program
7
The Programwill now cl ose. ..
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Source Code: Applet (29/10/2000)

Garet h Evans

Started: 23rd Cct ober 2000
Last Modified: 29th Cctober 2000 (Revision 1.4)

G oup Cassification for 3x3 matrices

Main Cl ass (Appl et)

* 0% ok Ok X Xk 2k X X X X

/

i mport java.awt.*;

i mport java.awt.event.*;

i mport java.applet.*;

public class G oupAppl et extends Applet {

/1l My Variabl es
String messageStore = new String();

static Matrix3x3 MatrixList = new Matrix3x3(); // Holds group matrices
static Matrix3x3 DisplayList = new Matrix3x3();

static int count = 1; // Keeps track of the size of MatrixLi st

static int displaycount = 1;

static int displayposition = 1;

static String displayString = new String();

static int custonfunction = -1;

// JBuil der Vari abl es
bool ean i sSt andal one = fal se;
Bor der Layout Mast er Bor der Layout = new Bor der Layout ();

Panel | OPanel = new Panel ();

GridLayout |QgridLayout = new GidLayout();
Panel i nput Panel = new Panel ();

Panel out put Panel = new Panel ();

Text Fiel d Message = new Text Fi el d();

static TextField input Message = new TextField();
Panel inputSub = new Panel ();

Bor der Layout | nput Bor der Layout = new Bor der Layout () ;
Bor der Layout bor der Layout 2 = new Bor der Layout () ;
static TextFi el d output Message = new TextFiel d();
Panel out put Sub = new Panel ();

Bor der Layout bor der Layout3 = new Bor der Layout () ;
Button Next = new Button();

static Button Custom = new Button();

Panel out put Mat Base = new Panel () ;

GridLayout gridLayoutl = new GidLayout();

static TextField OA = new TextField();
static TextField OE = new TextField();
static TextField OF = new TextField();
static TextField OD = new TextField();
static TextField OC = new TextField();
static TextField O = new TextField();
static TextField OG = new TextField();
static TextField OH = new TextField();
static TextField OB = new TextField();
GidLayout inputGid = new GidLayout();

static TextField 1A = new TextField();
static TextField Il = new TextField();
static TextField IF = new TextField();
static TextField ldentifier = new TextField();
static TextField IH = new TextField();
static TextField 1C = new TextField();
static TextField IE = new TextField();
static TextField 1B = new TextField();
static TextField 1G = new TextField();

Panel panel 1l = new Panel ();

static TextField 1D = new TextField();
Button Add = new Button();

Button Display = new Button();

Butt on Cal cSubgroup = new Button();
Button Cal cG oup = new Button();
Button Cal cEl enent = new Button();
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/1 Get a paraneter val ue
public String getParaneter(String key, String def) ({
return isStandal one ? System get Property(key, def)

(get Paraneter (key) !'= null ? getParaneter(key) def);

// Construct the appl et
public G oupApplet() {
}

[/lnitialize the appl et
public void init() {
insertldentity(MtrixList);
try {
jblnit();

}
catch(Exception e) {
e.printStackTrace();
}
}

/1 GET | NPUT METHOD
public static Matrix3x3 Getlnput() throws Exception

{
Matri x3x3 result = new Matri x3x3();
result.elenents[0][0] = 0; //1A getText();
result.elenents[1][0] = 1; //1B.getText();
result.elenents[2][0] = 0; //1C. getText();
result.elenents[0][1] = 0; //1D. getText();
result.elenents[1][1] = 0; //IE getText();
result.elenents[2][1] = 1; //IF.getText();
result.elenents[0][2] = 1; //1GgetText();
result.elenents[1][2] = 0; //IH getText();
result.elenents[2][2] = 0; //1l.getText();
result.name = ldentifier.getText();
return result;

}

/1 DI SPLAY (SI NGLE) MATRI X METHOD

public static void DisplayMatrix(Matrix3x3 single, int position, int total, String
descriptor) throws Exception
{
out put Message. set Text (descriptor + " " + position + " of " + total + ": " + single.nane);
OA. set Text (""+single.elements[0][0]);
OB.set Text("" + single.elenents[1][0]);
OC. set Text ("" + single.elenents[2][0]);
OD. set Text ("" + single.elenents[0][1]);
CE.set Text("" + single.elenents[1][1]);
OF.set Text("" + single.elenents[2][1]);
OG set Text ("" + single.elenents[0][2]);
OH. set Text ("" + single.elenents[1][2]);
O .setText("" + single.elenents[2][2]);
}

/1 DI SPLAY MATRI X METHCD

public static void Display(Mtrix3x3 disp, String descriptor, int size) throws Exception

/1 3 parametres: (1) the 3x3 matrix to display on screen

I (2) descriptor to describe what is shown e.g. generators, groups,...
I (3) an integer to denote how nmany nmatrices to display
t . _
Di spl ayLi st = di sp;
di spl aycount = size;
di splayString = descriptor;
di spl ayposition = 1;
Di spl ayMatri x(Di spl ayLi st, 1, size, descriptor);
}
[/l METHOD TO CHECK WHETHER A MATRI X EXI STS IN A MATRI X LI ST ALREADY
public static bool ean AlreadylnList(Matrix3x3 check, Mtrix3x3 fulllist, int |oopduration)

{
/1 CHECK NOT ALREADY IN LIST

bool ean already = false; // assunme new matrix not
Matri x3x3 tenp = new Matri x3x3();
temp = fulllist;

inlist
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for(int i=1; i<=loopduration; i++)
if ((tenp.Sane(tenp, check))==true) [/ invokes method in Matrix3x3 class
already = true
%enp = tenp. nextMatrix(tenp);

return already;

}

// METHOD TO ADD A (VALID) MATRI X TO A MATRI X LI ST
public static void AddMatrix() throws Exception

{
Mat ri x3x3 check = Getlnput();
i nput Message. set Text("Det (" + ldentifier.getText() + "): " + check. Det(check));
/| CHECK DETERM NANT
i f(((check. Det(check))==1)]| ((check. Det (check))==-1))
{
/1 CHECK NOT ALREADY IN LI ST
bool ean test = Alreadyl nList(check, MatrixList, count);
if (test == true)
i nput Message. set Text(ldentifier.getText() + " Already in the List. Try Again.");
}
else // Add to |ist
Mat ri xLi st.insert(MatrixList, check);
count ++;
}
}
el se
{ .
/1 Display Error Message
i nput Message. set Text ("l nvalid Determ nant!");
}
}

/1 METHOD TO CALCULATE THE GROUP OF ANY d VEN SET OF MATRI CES

public static void Cal cGoup(Matrix3x3 Manip, String descriptor, int calccount, bool ean
i ncrenent OK) throws Exception

{

/1 To calculate the group, calculate all products of
// matrices in the list so far and see if they already exist.

Matri x3x3 testi new Matri x3x3();
Matri x3x3 testj new Matri x3x3();
Matri x3x3 testixj = new Matrix3x3();
testi = Manip;

testj = Manip

bool ean nonore = fal se

while (nonore == false) // Execute until whole group is closed under multiplication
nonore = true; // assune no nore to add
for(int i=1; i<=calccount; i++)
for(int j=1; j<=cal ccount; j++)

testixj = testi.Miltiply(testi, testj);
bool ean result = AlreadylnList(testixj, Mnip, calccount);

if (result == false) // i.e. not in list already
{

Mani p. i nsert (Mani p, testixj);

cal ccount ++;

i f(increment K==true) {count++;}

/] NOTE: incrementOK is used to denote whether we are calculating a group
I fromgenerators (true, increment count) OR cal culating e.g.
I subgroups. (false, do not increment count)

nomore = fal se

}
testj = testj.nextMatrix(testj);



}
testi = testi.nextMatrix(testi);
testj = Manip; // reset
}
testi = Manip; // reset

}
i f (increment OK==true)

Matri xLi st = Mani p;
Di spl ay(MatrixLi st, descriptor, calccount);

el se

Di spl ay(Mani p, descriptor, calccount);

/1 METHOD TO CALCULATE SUBGROUP GENERATED BY AN ELEMENT OF A GROUP
public static void Element() throws Exception

{

}

/1 CGenerates all subgroups generated by an el enent of Matri xLi st

Mat ri x3x3 gener at or
Matri x3x3 carrier
Mat ri x3x3 swap
carrier = Matri xLi st;
i nt generatorsize;

new Matri x3x3();
new Matri x3x3();
new Matri x3x3();

for (int i=1;, i<=count; i++)

generator.nextElement = null; // reset matrix
swap. el enents = carrier. el enents;

swap. hanme = carri er. nane;

generatorsi ze = 1;

insertldentity(generator); // Insert ldentity Mtrix
if (i>1) // i.e. Generator is not the ldentity matrix
generator.insert(generator, swap);
generatorsi ze = 2;

/1 Di spl ayMat ri x(generator.nextMatrix(generator));
}

el se

/1 Di spl ayMatri x(generator);
}

/1 LI STEN FOR BUTTON PRESS - "Cal cul at e Subgroup"
Cust om set Label (" Cal cul at e Subgroup");

Cal cGoup(generator, "Subgroup", generatorsize, false);
carrier = carrier.nextMatrix(carrier); // cycle

/1 LI STEN FOR BUTTON PRESS - "Next Subgroup"
Cust om set Label (" Next Subgroup");

}
Cust om set Label ("");

/1 METHOD TO CALCULATE THE SUBGROUPS OF A GROUP
public static void Subgroup()

{

for (int size = 1; size <=count; size++)

/1 TO BE COMPLETED
}

i nput Message. set Text (" TO BE DONE") ;

/1 METHOD TO CALCULATE THE HASSER DI AGRAM OF A SUBGROUP STRUCTURE
public static void Hasser()

{

i nput Message. set Text (" TO BE DONE") ;
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/1 METHOD TO | NSERT AN | DENTI TY MATRI X | NTO ANY MATRI X LI ST
public static void insertldentity(Mtrix3x3 input)

{
int[]1[] id_el;
id_el =newint[3][3];
id_el[0][0] =1; id_el[0][1] =0; id_el[0][2] = O;
id_el[1]1[0] =0; id_el[1][1] =1; id_el[1][2] = O;
id_el[2][0] =0; id_el[2][1] =0; id_el[2][2] = 1;
String id_str = new String();
id_str ="I";
Matri x3x3 id_m = new Matrix3x3();
id_melenments = id_el
id_mnanme = id_str
i nput.insert(input, id_n;
}

/| Conponent initialization

private void jblnit() throws Exception {
t hi s. set Layout ( Mast er Bor der Layout ) ;
Mast er Bor der Layout . set Vgap(2);
| OPanel . set Backgr ound( Col or. white);
| OPanel . set Layout (1 Ogri dLayout);
| Ogri dLayout . set Col utms(2);
out put Panel . set Backgr ound( Col or. red);
out put Panel . set Layout ( bor der Layout 2) ;
i nput Panel . set Backgr ound( Col or. green);
i nput Panel . set Layout (| nput Bor der Layout ) ;
Message. set Backgr ound( Col or. dar kG ay) ;
Message. set Font (new j ava. awm . Font ("Serif", 1, 12));
Message. set For eground( Col or. white);
Message. set Edi t abl e(fal se);
i nput Message. set Backgr ound( Col or. gray);
i nput Message. set For egr ound( Col or. white);
i nput Message. set Edi t abl e(fal se);
out put Message. set Backgr ound( Col or. gray) ;
out put Message. set For egr ound( Col or. white);
out put Message. set Edi t abl e(f al se);
out put Sub. set Layout ( bor der Layout 3) ;
Next . set Background( Col or. | i ght Gray);
Next . set Act i onComand(" Down") ;
Next . set Label (" Next");
Next . addMbuselLi st ener (new j ava. am . event . MouseAdapt er () {

public void nouseExited(MuseEvent e) {
Next _nouseExi ted(e);

}

public void nouseEnt ered( MouseEvent e) {
Next _nmouseEnt ered(e);

}

public void noused i cked(MouseEvent e) {
Next _rmoused i cked(e);

}
) _
Cust om set Background( Col or. | i ght Gray);

Cust om set Acti onComand(" Up");
Cust om addMbuselLi st ener (new j ava. awt . event . MouseAdapter () {

public void nouseEnt ered( MouseEvent e) {
Cust om nouseEnt ered(e);

s
CU%ton1addNbuseListener(new java. awt . event . MouseAdapter () {

public void nouseExited(MuseEvent e) {
Cust om nouseExi ted(e);

}

public void nouseEnt ered( MouseEvent e) {
Cust om nouseEnt ered(e);

}

public void noused i cked(MouseEvent e) {
Cust om noused i cked(e);
}
s



out put Mat Base. set Backgr ound( Col or. | i ght Gray);
out put Mat Base. set Layout (gri dLayout 1) ;
gridLayout 1. set Col ums( 3) ;

gri dLayout 1. set Hgap( 2);

gridLayout 1. set Rows( 3);

gri dLayout 1. set Vgap(2);

set Backgr ound( Col or. yel | ow) ;

set Edi t abl e(fal se);

set Text ("0");

set Backgr ound( Col or. cyan);

set Edi t abl e(fal se);

set Text ("0");

set Backgr ound( Col or. cyan);

set Edi t abl e(fal se);

set Text ("0");

set Backgr ound( Col or. cyan);

set Edi t abl e(fal se);

set Text ("0");

set Backgr ound( Col or. yel | ow) ;

set Edi t abl e(fal se);

set Text ("0");

set Backgr ound( Col or. green);

set Edi t abl e(fal se);

set Text ("0");

set Backgr ound( Col or. green);

set Edi t abl e(fal se);

set Text ("0");

set Backgr ound( Col or. green);

. set Edi t abl e(f al se);

. set Text ("0");

. set Backgr ound( Col or. yel | ow) ;

. set Edi t abl e(fal se);

.set Text ("0");

i nput Sub. set Background( Col or. |ight Gray);
i nput Sub. set Layout (i nputGrid);

i nput &i d. set Col ums(4);

i nput &i d. set Hgap(2);

i nput &i d. set Rows(4);

i nput &i d. set Vgap(2);
|
|
|
|
|

BEBI22BBR228RB888ARARRRARE

A. set Background( Col or. yel | ow) ;
A set Text ("0");
set Backgr ound( Col or. green);
set Text ("0");
F. set Backgr ound( Col or. cyan);
| F.set Text ("0");
I dentifier.setBackground(Col or. dar kG ay);

I dentifier.setFont(new java.awt. Font ("D al og",

I dentifier.setForeground(Col or.white);
Identifier.setText("A");

I dentifier.addMouseli st ener (new j ava. am . event . MouseAdapter () {

public void nouseEnt ered( MouseEvent e) {
| dentifier_npuseEntered(e);

}

public void nouseExited(MuseEvent e) {
I dentifier_npuseExited(e);

H. set Backgr ound( Col or. green);
H. set Text ("0");

C. set Backgr ound( Col or. yel | ow);
C. setText("0");

E. set Backgr ound( Col or. cyan);

E. set Text ("0");

B. set Backgr ound( Col or. yel | ow) ;
B. set Text ("0");

G set Background( Col or. green);
G set Text ("0");

D. set Backgr ound( Col or. cyan);

I D.set Text ("0");

1,

Add. set Font (new j ava. awt. Font ("Di al og", 1, 12));

Add. set Label ("+");

Add. addMbuselLi st ener (new j ava. awt . event . MouseAdapter () {

public void noused i cked(MouseEvent e) {
Add_nouseC i cked(e);
}
)

12));
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Add. addMbuselLi st ener (new j ava. awt . event . MouseAdapter () {

public void noused i cked(MouseEvent e) {
Add_noused i cked(e);

Add. addMouseLi st ener (new j ava. awm . event . MouseAdapter () {

public void nouseEnt ered( MouseEvent e) {
Add_nouseEnt ered(e);

}

public void nouseExited(MuseEvent e) {
Add_nouseExi ted(e);
}

public void noused i cked(MouseEvent e) {
Add_nouseC i cked(e);
}
1) . .
Di spl ay. set Font (new j ava. awmt . Font ("Di al og", 1, 12));
Di spl ay. set Label ("D");

Di spl ay. addMouseli st ener (new j ava. awt . event . MouseAdapter () {

public void noused i cked(MouseEvent e) {
try
U _
Di spl ay_moused i cked(e);
catch (Exception exp) { }

}
1)

public void nouseEnt ered( MouseEvent e) {
Di spl ay_mouseEnt ered(e);

public void nouseExited(MuseEvent e) {
Di spl ay_mouseExi ted(e);

public void noused i cked(MouseEvent e) {
try

Di spl ay_moused i cked(e);

}

catch (Exception exp) { }
}).J'L
Cal cSubgroup. set Font (new j ava. awt . Font ("Di al og", 1, 12));
Cal cSubgroup. set Label ("S");

Cal cSubgr oup. addMouselLi st ener (new j ava. awt . event . MouseAdapter () {

public void nouseExited(MuseEvent e) {
Cal cSubgroup_nopuseExi ted(e);

}

public void nouseEnt ered( MouseEvent e) {
Cal cSubgr oup_npuseEnt ered(e);

public void noused i cked(MouseEvent e) {
Cal cSubgr oup_nopused i cked(e);
}
1) _ _
Cal cG oup. set Font (new j ava. awt . Font ("Di al og", 1, 12));
Cal cGoup. set Label ("G");

Cal cG oup. addMbuselLi st ener (new j ava. awmt . event . MouseAdapter () {

public void noused i cked(MouseEvent e) {
Cal cGoup_moused i cked(e);
}
s

Di lspl ay. addMouseli st ener (new j ava. awt . event . MouseAdapter () {
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Cal cG oup. addMbuselLi st ener (new j ava. awmt . event . MouseAdapter () {

public void nouseExited(MuseEvent e) {
Cal cGroup_mouseExi ted(e);
}

public void nouseEnt ered( MouseEvent e) {
Cal cGroup_nmouseEnt ered(e);
}
)
Cal cEl enent . set Font (new java. awt. Font ("Di al og", 1, 12));
Cal cEl enent . set Label ("E");
Cal cEl enent . addMbuselLi st ener (new j ava. awt . event . MouseAdapter () {

public void nouseEnt ered( MouseEvent e) {
Cal cEl enent _nouseEnt ered(e);

}

public void nouseExited(MuseEvent e) {
Cal cEl enent _nouseExited(e);
}
)

Cal cEl enent . addMouselLi st ener (new j ava. awt . event . MouseAdapter () {

public void nouseEnt ered( MouseEvent e) {
Cal cEl enent _nouseEnt ered(e);
}
)

Cal cEl enent . addMbuselLi st ener (new j ava. awt . event . MouseAdapter () {

public void nouseExited(MuseEvent e) {
Cal cEl enent _nouseExited(e);

}

public void nouseEnt ered( MouseEvent e) {
Cal cEl enent _nouseEnt ered(e);

}

public void noused i cked(MouseEvent e) {
Cal cEl enent _nouseC i cked(e);

})}

t hi s. add(| OPanel , BorderLayout. CENTER);

| OPanel . add(i nput Panel, null);

i nput Panel . add(i nput Sub, Border Layout. CENTER);
nput Sub. add(1 A, null);

nput Sub. add(I D, null);

nput Sub. add(1 G nul l);

nput Sub. add( Add, null);
nput Sub. add(I B, null);
nput Sub. add(l E, null);
nput Sub. add(IH, null);
nput Sub. add(l dentifier
nput Sub. add(I C, null);

nput Sub. add(I F, null);

nput Sub. add(11, null);

nput Sub. add( panel 1, null);

nput Sub. add( Di spl ay, null);

nput Sub. add( Cal cGroup, null);

nput Sub. add( Cal cSubgroup, null);

nput Sub. add( Cal cEl emrent, null);

nput Panel . add(i nput Message, Border Layout. SOUTH);

| OPanel . add( out put Panel, null);

out put Panel . add( out put Message, Border Layout. SOUTH) ;
out put Panel . add( out put Sub, Border Layout. CENTER);
out put Sub. add( Next, BorderLayout. SOUTH);

out put Sub. add( Cust om Bor der Layout . NORTH) ;

out put Sub. add( out put Mat Base, Border Layout. CENTER) ;
out put Mat Base. add( CA, nul | );

out put Mat Base. add(OD, null);

out put Mat Base. add(OG, nul | );

out put Mat Base. add( OB, null);

out put Mat Base. add( Cg, null);

out put Mat Base. add(COH, nul l);

out put Mat Base. add(CC, null);

out put Mat Base. add(OF, null);

out put Mat Base. add(QO, null);

t hi s. add( Message, BorderLayout. SOUTH);

, null);

)
|
)
)
)
e
)



/1 Get Applet information
public String getAppletinfo() {
return "Applet Infornmation";

}

/1 Get paraneter info

public String[][] getParameterinfo() {
return null;

}

voi d Add_nouseEnt er ed( MouseEvent e) {
nmessageStore = Message. get Text () ;

Message. set Text ("Add Matrix to Basis Vectors");
}

voi d Add_mpuseExi t ed( MouseEvent e) {
Message. set Text (nmessageSt ore) ;

}

voi d Di spl ay_nouseEnt er ed( MouseEvent e) {
nmessageStore = Message. get Text () ;

Message. set Text ("Di splay Current Matrix List");
}

voi d Di spl ay_nouseExi t ed( MouseEvent e) {
Message. set Text (nmessageSt ore) ;

}

voi d Cal cG oup_npuseExited(MouseEvent e) {
Message. set Text (nmessageSt ore) ;

}

voi d Cal cSubgr oup_npuseExi t ed( MouseEvent e) {
Message. set Text (nmessageSt ore) ;

}

voi d Cal cEl enent _nouseExi t ed( MouseEvent e) {
Message. set Text (nmessageSt ore) ;

}

voi d Cust om nobuseExited(MuseEvent e) {
Message. set Text (nmessageSt ore) ;

}

voi d Next _nouseExited(MuseEvent e) {
Message. set Text (nmessageSt ore) ;

}

voi d Cal cG oup_nouseEnt er ed( MouseEvent e) {
nmessageStore = Message. get Text () ;

Message. set Text (" Cal cul ate G oup");

}

voi d Cal cSubgr oup_nouseEnt er ed( MouseEvent e) {
nmessageSt ore = Message. get Text () ;

Message. set Text (" Cal cul at e Subgroups");

}

voi d ldentifier_nuseExited(MuseEvent e) {
Message. set Text (nmessageSt ore) ;

}

voi d Cal cEl enent _nouseEnt er ed( MouseEvent e) {
nmessageSt ore = Message. get Text () ;

Message. set Text (" El enent Gener at ed Subgroups");
messageStore = nul |l ;

}

voi d Cust om nobuseEnt ered( MouseEvent e) {
nmessageStore = Message. get Text () ;
Message. set Text (Cust om get Label ());

}

voi d Next _nouseEnt er ed( MouseEvent e) {
nmessageSt ore = Message. get Text () ;
Message. set Text (" Next Matrix");

}
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voi d ldentifier_nouseEnt ered(MuseEvent e) {
nmessageSt ore = Message. get Text () ;
Message. set Text ("Matrix Identifier");

}

voi d Add_noused i cked( MouseEvent e) {
/1 ADD MATRI X TO LI ST OF GENERATORS

try
AddMat ri x();

E:atch (Exception exp) { }
}

voi d Di spl ay_noused i cked( MouseEvent e) throws Exception {
/1 DI SPLAY LI ST OF MATRI CES

Di spl ay(Matri xList, "Mtrix", count);

}

voi d Cal cG oup_noused i cked( MouseEvent e) {
/1 CALCULATE GROUP

try
Cal cG oup(MatrixList, "Goup", count, true);

E:atch (Exception exp) { }
}

voi d Cal cSubgr oup_nouseC i cked( MouseEvent e) {
/1 CALCULATE SUBGROUP

try
Subgr oup();

E:atch (Exception exp) { }
}

voi d Cal cEl enent _noused i cked( MouseEvent e)
/1 CALCULATE SUBGROUPS GENERATED BY AN ELEMENT OF THE GROUP

try
El enent () ;

E:atch (Exception exp) { }
}

voi d Cust om nobused i cked( MouseEvent e) {
/1 CUSTOM FUNCTI ON

swi t ch(cust onfuncti on)

{
case 1. //CUSTOM FUNCTI ON 1
br eak;
case 2: //CUSTOM FUNCTI ON 2
br eak;
defaul t:
}
}
voi d Next _noused i cked( MouseEvent e) {
try

{
/1 SHOW NEXT MATRI X
i f (displayposition < displaycount)

Di spl ayLi st = Di spl ayLi st. next Matri x(Di spl ayLi st);

di spl ayposi ti on++;

Di spl ayMat ri x(Di spl ayLi st, displayposition, displaycount,
}

E:atch (Exception exp) { }
}

di splayString);
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