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Java already has good

Support for scalars - D770 O
(Float, Double)
?717'n ,79> 110'N 1IN
Java has arrays but are — I
they good enough? a 1|U|7| O
Perhaps we should N90IN ,NN1I ;17701 n'79dn

define our own class
nmmno n'793n ,D'WIU|7I 11N
NIIX'N N'790n1

Should Matrix be a

class? An interface? —~ ——ijmEEEE—————— T|X'70N O

Do we need more

than one ,OM10712 79> ,2INIXMO0ON 79D
implementation? -1'7I701 593



oI ,OMXY 0PN, NIPINN (e

?0¥M0Nn 07vn D — 1 190n NXOIX ©

S S 0| 5 (10] 9
1 1 0| 1 8

4 4 {9 11| 4

2 0| 3| 0| 2

911 1]101] 2

Madrialatx1) Naiehor (44) Matrix (4x5)



oI ,OMXY 0PN, NIPINN (e

NTION - 2 190N NXOIN O

S S 0|5 [10] 9
Double 1 11018
4 419 (11| 4

- 03|02

Vector 9 1 lo1l 2

Matrix



oI ,OMXY 0PN, NIPINN (e

NTION - 2 190N NXOIN O

0 5|00 0|5 ]10] 9
Double 0|1 2|0 1 0| 1 8
O 0|11 4 1 9 | 11| 4

Diaggnall\/latrix? O3] 0] 2

Vector 9l 1 101! 2

Matrix



oI ,OMXY 0PN, NIPINN (e

Interfaces

Implementations

12
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Vector Matrix
VectorArr FullMatrix DiagonalMatrix
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public interface Vector {
int dimensions();
boolean isNormalized();
double element(int index);
void setElement(int index, double value);
void setFromArray(double[] arr);
Vector multiply(double scalar);
double dotproduct(Vector v);
Matrix crossproduct(Vector v);
Vector add(Vector v);

Vector normalize();

al[Uh]
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public class DimensionMismatchException extends Exception

{

DimensionMismatchException() {
super();

}

DimensionMismatchException(String msg) {
super(msg);
}
}

15
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public interface Vector { 1'(9'7' .

int dimensions();

boolean isNormalized();

double element(int index) throws DimensionMismatchException;

void setElement(int index, double value) throws DimensionMismatchException;
void setFromArray(double[] arr) throws DimensionMismatchException;

Vector multiply(double scalar);

double dotproduct(Vector v) throws DimensionMismatchException;

Matrix crossproduct(Vector v) throws DimensionMismatchException;

Vector add(Vector v) throws DimensionMismatchException;

Vector normalize();



public interface Matrix {
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int getWidth();

int getHeight();

double element(int col, int row) throws DimensionMismatchException;

void setElement(int col, int row, double val) throws DimensionMismatchException;
void setFromArray(doublef[][] arr) throws DimensionMismatchException;

Vector multiply(Vector v) throws DimensionMismatchException;

Matrix multiply(Matrix m) throws DimensionMismatchException;

Matrix multiply(double scalar);
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public class VectorArr implements Vector {
private double datal];

public VectorArr(int dimensions) {
data = new double[dimensions];

Abstract Implementation
5
j [ J
Abstraction 1 avaarray
A d-dimensional vector Function 4
18
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public class VectorArr implements Vector {
private double data[];

public void setElement(int index, double value) throws DimensionMismatchException {
if (index<0 || index>=data.length) throw new DimensionMismatchException();

data[index] = value;

}

public void setFromArray(double[] arr) throws DimensionMismatchException {
if (arr.length != data.length) throw new DimensionMismatchException();

java.lang.System.arraycopy(arr, 0, data, 0, arr.length);

19
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public class VectorArr implements Vector {
private double datal];

public Vector add(Vector v) throws DimensionMismatchException {

if (v.dimensions() !'=dimensions()) throw new
DimensionMismatchException();

VectorArr newv = new VectorArr(data.length);
for (int i=0; i<data.length; i++) {

newv.data[i] = data[i] + v.element(i);
}

return newyv;
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public Matrix crossproduct(Vector v) throws DimensionMismatchException {

if (v.dimensions() != dimensions()) throw new
DimensionMismatchException();

Matrix m = new FullMatrix(dimensions(), dimensions());
for (int i=0;i<data.length;i++) {
for (int j=0;j<data.length;j++) {
m.setElement(j, i, datali] * v.element()));
}
}

return m;

FullMatrix nx nunm X7 Tivw nNn? rvdy wnn? |nn
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public class FullMatrix implements Matrix {

double data[][];
int width;
int height;

private boolean dimensionsValid(int col, int row) {
return (col>=0 && col<data.length && row>=0 && row <data[col].length);

}

public FullMatrix(int width, int height) {
data = new double[width][height];
this.width = width;
this.height = height;

}

public double element(int col, int row) throws DimensionMismatchException {
if ('"dimensionsValid(col, row)) throw new DimensionMismatchException();

return data[col][row];

23
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Vector multiply(Vector v) throws DimensionMismatchException;
Matrix multiply(Matrix m) throws DimensionMismatchException;
Matrix multiply(double scalar);

public Matrix multiply(double scalar) {
FullMatrix newm = new FullMatrix(width, height);
for (int i=0; i<width; i++) {
for (int j=0; j<height; j++) {
newm.data([i][j] = datali][j] * scalar;
}

}

return newm;



290D - AN XM |e

o  Vector multiply(Vector v) throws DimensionMismatchException;
o  Matrix multiply(Matrix m) throws DimensionMismatchException;
o  Matrix multiply(double scalar);

public Vector multiply(Vector v) throws DimensionMismatchException {
if (v.dimensions() != width) throw new DimensionMismatchException();

Vector newv= new VectorArr(height);
for (int i=0;i<height;i++) {
double val = 0.0;
for (int j=0; j<width; j++) {
val += data[j][i] * v.elementy());
}

newv.setElement(i, val);

}

return newv;

25



o
o
o

26

290D - AN XM |e

Vector multiply(Vector v) throws DimensionMismatchException;
Matrix multiply(Matrix m) throws DimensionMismatchException;
Matrix multiply(double scalar);

public Matrix multiply(Matrix m) throws DimensionMismatchException {
if (m.getHeight() != width) throw new DimensionMismatchException();

FullMatrix newm = new FullMatrix(m.getWidth(), height);
for (int row=0; row<height; row++) {
for (int mcol = 0; mcol<m.getWidth(); mcol++) {
double val = 0.0;
for (int col=0; col<width; col++) {
val += data[col][row] * m.element(mcol, col);
¥
newm.data[mcol][row] = val;
}
}

return newm;
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public class DiagonalMatrix implements Matrix {
double data[];
int size;

public static DiagonalMatrix eye(int size) {
DiagonalMatrix eyeMat = new DiagonalMatrix(size);
for (int i=0;i<size;i++)
eyeMat.data[i] = 1.0;
return eyeMat;

28
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Vector w1l = new Vectorlirr (3);
wl.setFrombirray (new double[] {1, O, 0O});

Vector w2 = new Vectordrr(3);
vi.setFromirray (new double[] {0, 1, 0O.5});:

SJystem. ort.println("wl=" + <vl1l):

System. cut.princln(Mwa2=" 4+ w22
Jystem.out.println("vi+vi=" + wl.add(vi));
System.out.princtln (w1l w2 '=" + vl.dotproduct (v2)]):
Jystem.out.println (vl #vwi=" + wl.crossproduct (v2));
Svstem.out.println("normalized w2=" 4+ w2 .normalize(]):

30
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Matrix wl = new FullMatrix(3,3):
wml.setFromirray (new double[] [] ¢
11, 1, 0O},
f0.5, 1, 0O,
f0.2, 0.8, 1r+)1;:

System. out.println("ml=" 4+ ml) :
SJvstem. ort.println (" ml*5=" + ml.multiplyi(S)):
Svstem. ort.println(™ml*ml=" 4+ ml.mwultiplvyiml]):

Matrix md = new DiagonalMatrix(3):
ms . setFromirray inew double[] [] 1

12, 0O, 0O,

10, 3, 0O,

{0, O, 4r}):
Gvatem. ot .println (™ mZ=" + md) :

Gvatem. ort.println (" mE *5=" + md.maltciplvis) )
avstem. ort.println(™ms *ml=" + mwZ.mwultiplvyiml]):

31
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Matlab - "nia nraionn 1m%7 o

n'72101 D'U'ON

File Edit Wew Web Window Help

<) MATLAB
\ O & B < cu | W | ? |Current Diredory:Ig:\MATLAEIBpS\Work

=1

~=lalx|

NTIAYN NITX \

Dq' E m | ﬁ Stadk: IElase VI
Name Size Eytes|Class
@A 3x3 7Z|double array

~

n'moon/

I I | \Workspace | current Directary |

Cormmand History
%-- 8/15/06 10:35 AM --% Al

test
g=[123:456]

Cormmand Windows

Using Toolbox Path Cache.

To get started, select "MATLABR Help” from the Help menu.

> A =[123;456;78589]

A =
1 Z 3
4 5 3]
7 g 9
>=

[N'NIXRXINI NITIEO

Type "help toolbox_path cache™ =]

gi:,1)

test

4-- 8/15/06 5:20 PM —-%

A =[l23:456:789] =
| Lo | o

4\ Start |




2} Array Editor: &

File Edit

Wiew Wweb Window Help

3 [ = ‘ Numericfurmat:lshurtG VI | Bize:|3

NIXMon Ny

TONTIAD PUINND AIXY (@

Matlab - "nira nraionn 1m4Y7 o

<} MATLAB

File Edit Wew Web Window Help

O = | 3 B < cu | W | ? |Current Diredory:Ig:\MATLAEIBpS\Work

~=lalx|

=1

Command '

Using Toolbox Path Cache.

Dq' E m | ﬁ Stadk: IElase VI
[Ty Size Bytes|Class
@A I 3x3 7Z|double array

bﬁ,r|3 x|

1

E

&

> A =[123;456;78589]

A =
1 Z 3
4 5 3]
7 g 9
>=

ectory I

35

test
s-— B/15/06 5:20 PM —-%
L=1[123;456;:783]

2]

To get started, select "MATLABR Help” from the Help menu.

Type "help toolbox_path cache™ =]

4\ Start |
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ITw ,Matlab jnroa inwn wnnmiw "n1" Inna o
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# nIxy NN2AYR 190
(Workspace) jno'r
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_ 1Ol |
File Edit Wiew ‘web MWindow Help
3 g,| Numericformat:lshortG LI | Size:|3 by |2 x|
1 2 3
Create Matrix El

fko fos oz

fto  Jio  Jos

foo  Joo 1o

Cancel |
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DialogMatrix (e

nowom np7nn ,Dialog np7nn 2 1an SWT o
NXMIY ANTT 70 WM Nann

public class DialogMatrix extends Dialog |
private int width, height:

private Matrix result:

public DialogMatrix (int width, int height, 23hell parent, int style) {
super (parent, stylel;

this.width = width;
this.height = height;

result = new FullMatrix(width, height):

setText ("Create Matrix™):
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public Matrix openi) 1
Zhell parent = getParent():
Shell shell = new Shelliparent, SWT.DTALOG TRIM | SWT.APPLICATION MODAL):
shell.setText (getText (1)
/¢ Tour code goes here (widget creation, set result, eto).
zhell.zetlayout (new Gridlayout (width, true)]):

Text cells[] = new Text[width * height]:
for (int i=0;i<height;i++) |
Tfor (int j=0:j<width:j++) |
cella[i * width + 3] = new Text(shell, SWT.EBORDER):
Text cell = cells[i * width + j]:

Create Matrix il

cell.setlayoutlbata (new GridData(3WT.FILL, SWT.CENTER, false, false)): Ihﬂ IDE |02
try {

o fto  Jio  Jos
} catch (DimensionMiswmatchException e) {} foo  Joo 1o

Cancel |

|
1
1
|
cell.setText (3tring. valuelOf (result.element (i, 11)11:
|
1
|
|

Button okButton = mew Buttoni(shell, 3WT.NONE):
okButton.setText [ "OE") ;
okEButton.setlayoutData (new GridData (3WT.CENTER, SWT.CENTEELR, false, false));
okButton.add3electionlListener (new Ok3IelectionlListener(shell, cells)):

Button cancelButton = new EButtoni(zshell, 2WT.NONE) :

cancelButton.setText ("Cancel™)

cancelButton.setlayoutData inew GridData (3WT. CENTER, 3SWT.CENTER, false, false)):
cancelButton.add3electionlistener (new Cancel3electionlListener (shell)):;

39
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DialogMatrix

shell.=zsetDhefaultButton(okButton) ;
shell.packi);
zhell.openi);
Digplay display = getParent().getDisplavi):
while ('shell.izsDispozsed())] |
if [(!'displav.readindDbi=zpatch()) displavy.sleeni):
h

return result;

Create Maktrix

10

11

oo~ |O

W O[O O

0.1

NIN|H |0 |O©
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:N'M"9 NP7NN

private class Ok3electionlListener extends 3Selectionidapter |
private Shell shell:
private Text[] cells:

public OkZelectionListener (Shell shell, Text[] cells) |

super (] :
this.shell = shell:
this.cells = cells:

public volid widget3elected(3electionEvent e) |
for (int i=0;i<height;i++]) |
for (int J1=0;]j<width;j++) |
Text cell = cells[i * width + 3]

try |

result.setElement (J,1,louble. ralueldf(cell.getText ()] .doubleValusi() ) ;
' catch (DimensionMismatchException dme) {3

shell.close () :
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