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Abstract

This project presents the program tibrary files in class type, which their numerica\l'
computing capability cover the following topics: Finding the root of non-linear equation, the
solution of system of linear equation, method of least square, basic derivative and
integration, the solution of ordinary differential equation and simple statistics. This collection
of class files work well under any platform of computer and operating system and via
internet network.

To use them in any E-learning lesson, just creating the content document in HTML
format or writing an interactive graphic user interface then embeds these class files in

documents and invokes them when numerical computing is needed.
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sznaufiuaana First Derivative Wax Second Derivative

- Integration  HinamailituaaaR 1A e Bus ARNaTREYTes
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drenaufineaana Modified Euler A% RungKutta WaZARIE AdamsMulton

4:] o H o [ - -lﬁ” u’;
- simpleStat WuinawmeinlfiifiuarsianliaiuiniAiniaa it besiunivum

Wngtn class library  Wldamanunsadnatalneldfinds  import  mufng
1 v
Waweiudnuaclvamaitounaananuey 11y feanisliasia Newton Raphson Tuwn

snaun suLuliiudadunnlisat
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ABINNTATUITLLAEUY slope LazamsaLny y vesaNmadadu rasisunldrana

Linear Regression S
Import MathTools.Regression LinearRegression;
Whalidydnwal * unudararaynasafiegaisliinameRiuils
Import MathTools.Regression . ;
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ARTRLINTIARIANAN RootUtils java Hiuaziden
/* File : RootUtils.java =*/

package MathTools.RootUtils;

import static MathTools.Common.CommonConstants.*;
import MathTools.Common.Function;

public abstract class RootUtils {
Function function;
private int counter;
private int max_ loop:

RootUtils ( Function f, int max_loop} {
this.function =
this.max lcop =

}

£;
max_loop;

public int getLoopCount () { return counter;}
abstract double getRoot (};

void resetCounter () {

counter = 0; }

public void testInterval (double x1, double x2) throws

BadIntervalException |

double y1
double y2
if (yl*y2
throw new
}

}

>

function.Of {x1);
function.of (x2);

0[]

(x1 » x2)){

BadIntervalException() ;

public void testLoopCount ()} throws ExceedLoopException {
counter+l;
if (counter > max_loop) {

throw new ExceedLoopException () ;

counter =

}
}

abstract voild findWextPogition{);

abstract void dolIteration(int count) ;

abatract boolean IsSuccessed {);

public boolean DoProcess{) throws ExceedLoopException {

testLoopCount {) ;

doIteration (counter);

findNextPosition();
return IsSuccessed();

db!/l/
uniseanuuuiitfiasg

class  AMMFLANAUAINEANAIATENI IR TUS LN TN

° = ) a . e e -
U 2 ARNAATR Badinteval Exception ANMNRANAIAULA ATUIINAVEHAVR AT MLATHITY

BWannson ildsunsumnAmsinaundldl §lEReariwunnsdssinaiinGuiuludise

WinannannsiufisniluanuuauanIn  wazpana ExceedLoopException usarasn
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meuseu fesduliliiifanieousounubau  WRTEWAwuaiudnfae (defautt)

w
Taifiu 50 seu Aanaiansusendlisunsanmuaasliimlasey :

Y . Y
4.1.1 A8EMI9AT9894 (Bisection Method)

Hhaandnenan Warsnutianaanana it liashqaiianuultsunsy
poufowmel  Wwisnaunslineliafithmmnauandenda  Fusiu foanisseydoa
- d'v 4? t - 1 = dl ¥ = 3 1
falnafisanisuisIngun1suNInaw auufdtedlugn a Tab Ieefian b NAWANNIN a
Feadludydneallfidiu [ab] a fe Tadiedne b Ae Iadiaun Adesdu f(x) Tutas

Jl!/ -~y ] d' dl a U = o v 1 o 3
[a,b] UFADINANFBIUEY LHDUY a @y b WA IWRATULAY rarnassp i duazfias

s

13 9
HAntiuay (fa).fb) < 0) TURDUNTUFINGNANTH AT

& < 1 ' o
Tun 1 @endl auas b Tnemeguusifie i

f(a).f(b) iaandi Aud

& o . A
AUN 2 MANINANNI et r N Dl ABULIATITRY

1 B i 1 1 .’" J J
send s MU b Wiaphudieeds (A5a% 1) UAa m, (m A

midpoint)

u / m, = (a+b)/2 ﬁdg‘ﬂ n.
& Js [ ! =i
am, YUN 3 10ueHIN a usy b azgnutiadii 2 4os Tawdl m,
/m ] dhuaaudeess araasugdtInannisiuieiegdoln

n. finfa).fm,) <0 uamsdnzinaunisaglugag [a, m,]
/ 1. 81 f(m,).f(b) < 0 uanvirsInannisegludan [, bl
a. A. 81 f(a).fm,)= 0 WretlaandiAmuasiardsufisauiy

m Wilduanedn m, AesnaunsuasBuganisannong
2

oy
o

mal"n & N ¥ Il
\_/ 1 1ud 4§71 m, Seldldsnaunisibieinas TuLiaAsedag

Bn (Hounduldui 2 ) aangy (1)

s 4.1 LARABNIMNIINANNS

POV m, = {a+m,)i2
TpAtuLiaAsatag

'Y e y i =2 i 1]
nesindIiuilises q auta k AF Wald fm,)f(m) wirdusudvssliatndiacuaann

.-.'1 oo > ) o -
WARDUNNIUUALLAD AN m, UABTINAKNNITNARNNNG
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nsutierdetasusiaraia axiillinnunitsesdasiasauausiiey 7 wiay
v

v v ]
afgn  m, anfludszinueseinannts nenssandnasBuaaasdia m, agludas

AMHARNALAREUVIEANFULH (given tolerance)

y ar Pl i 1 = = J’ o e |A”
wallasfurautianaanbimeadafiaty AlETUsunsuinawaureuldduan

RN MUARININTELRIgATEINTTNTER T [ fae

L

Tumswann {3de15diepaa Bisection AvdumamammniRINaInAREwW
Aa RootUtils lRa$aiusen dolteration{ int) UT?ﬁmﬁl 56-65, findNextPosition() U‘i?ﬁmﬁ
66-70, IsSuccessed() USTAR 7173 mmmsnaxnisazdrGadie iAsmnaitliiy
winznnsausaylunuaslufeffuudalef i andusudiiesiationnd
ZERO_APPROACH (fuuadnl4# 107)

1: /* File : Bisection.java*/

2: package MathTools.RootUtils;
3:
4: import static java.lang.Math.*;
5:
6: import MathTools.RootUtils.*;
7: import MathTools.Common.Function;
8: import static MathTools.Common.ComuonConstants. *;
9:
10: public class Bisection extends RootUtils({
11: private double xLeft;
12: private double xRight;
13: private double xMid;
14: private double { xLeft;
15:  private double f xRight;
16: private double f xMig;
17:
18+ /** constructor */
19: public Bisection(Function function, double xMin, double xMax)
20: throws BadIntervalException {
21: super (function, MAX LOOP);
22: testInterval {(xMin, xMax);
23:
24 double yMin = function.Of (XMin};
25: double yMax = function.of (xMax);
26
27: if (yMin < 0){
28: xLeft = xMin;
29: xRight = xMax;
30: f xLeft = yMin;
31: f_xRight = yMax;
32 } else {
33: xLeft = xMax;
34: xRight = xMin;
35: f xLeft = yMax;
36: f xrRight = yMin;
37: 1
38: findNextPosition(};
39; try{
40 koolean IsOX;

41: do{



42
43:
44 ;
45
46: }
47:

IsOK = DoProcess();
}Jwhile (!1ISOK);
Y/ ery

catch (Exception e) { system.out.println{ e);}

48: public double get_xLeft () { return xLeft;)}

49: public double get_xMid () { return xMid;)

50: public double get xRight ()} { return xRight;}

51: public double get f_xLeft () { return f_xLeft;}
52: public double get f xRight () { return f_xRight;}
S3: public double get_f xMid () { return £ xMid;}

54: public double getRoot{) { return get_xMid{);}

55:
56: void dolteration{ int count) {
57: if ((f_xLeft*f xMid) <« 0 ){
58: xRight = xMid;
59: f xRight = f xMid;
60: } else {
61: xLeft = xMid;
62: f xLeft = £ xMid;
63: }
64:
65: }
66: void findNextPosition(}
67: XMid = (xLeft + xRight)/2.0;
68: f xMid = function.Of (xMid);
69: }
70:
71: boolean IsSuccessed{) {
72: return abs(f_xMid) <= ZERO_APPROACH;
73: )
74
75: )
4.1.2 99 muMlIAnauBan (Method of False Position)
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[* file : FalsePoszition.java */

1: package MathTools.RootUtils;
2:
3: import static java.lang.Math.*;
4:
5: import MathTools.RootUtils.*;
6: import MathTools.Common.Function;
7: import static MathTools.Common.CommeonConstants. *;
8:
9: public class FalsePosition extends RootUtils({
10: private double xLeft;
11: private double xRight;
12: private double xFalse ;
13: private double f xLeft;
14: private double f xRight;
15: private double f xFalse;
16:
17: /** constructor */
18: public FalsePositicn(Functicon function,double xMin,double xMax)
19: throws BadIntervalException {
20: super (functicon, MAX_LOOP);
21: testInterval (xMin, xMax};
22:
23: double yMin = function.Of (xMin);
24: double yMax = function.Of (xMax);
25
26: if (yMin < 0){
27: xLeft = xMin;
28: xRight = xMax;
29; f xLeft = yMin;
30: f xRight = yMax;
31: } else ¢
32: xLeft = xMax;
33: xRight = xMin;
34: f xLeft = yMax;
35: f xRight = yMin;
36: }
37: findNextPosition() ;
38: try{
39;: : boolean Is0OX;
40;: do{
41: IsQK = DcProcess();
42: }while (1IsOK);
43: }// try
44 catch (Exception e} { system.out.println{ e};}
45:
46: }
47 ;

48: public double get_xLeft () { return xLeft;}

49: public double get xFalse () { return xFalse;}

50: public double get xRight () { return xRight;}

51: public double get f xLeft ()} { return f_xLeft;}
52: public double get_f xRight () { return f_xRight;}
53: public double get_f xFalse (} { return f_xFalse;}
S54: public double getRoot() { return xFalse;}

55:

56:

57: void doIteration(int count ) {
58: if (count==1) return;
59: if (f _xFalse < 0 ){

60: xLeft = xFalse;

=n



-5 .

€1: f_ xLeft = f xFalse;
62: } else {

63: xkRight = xFalse;

64: f_xRight = f xFalse;
65: )

66

67: void findNextPosition(} {
68: xFalse = xLeft - f xLeft*(xRight - xLeft)/(f_xRight - f_xLeft);

69 f xFalse = function.Of (xFalse);

70: )

71:

72: boolean IsSuccessed() {

73: return abs(f xFalse) < ZERC_APPROACH;
74: )

75: )

4.1.3 81UAU-59FU (Newton - Raphson Method)
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Tsunssasinnudugailadrminasnisfiilunimuseuifaquiusaiudsinaumsn s

Aoy e A Ay ey
annsauseufiudaliesndiArannasawieuiteniulll (IWsunsulisiasn
DEFAULT_TOLERANGE 14% 107)

1: /* file : NewtonRaphson.java */
2: package MathTools.RootUtils;
3: import static java.lang.Math.*;
4:
5: import MathTools.RootUtils.*;
6: 1import MathTools.Common.Function;
7: import static MathTools.Common.CommonConstants.*;
8:
9: public class NewtonRaphson extends RootUtils{
10: private double xn;
11: private double xn_next;
12: private double f_xn;
13: private double f_xn_next;
14: private double diff f xn;
15: °
16: /** constructor */
17 public WewtonRaphson{(Function function, double guess)
18: throws BadIntervalException {
19: super (function, MAX LOOP);
20:
21: XN = guess;
22 f xn = function.Of (xn);
23: diff f xn = function.DerivativeOf (xn);
24: xn_next = xn - £ xn/diff f xn;
25: boolean IsOQK;
26: do|{
27: IsOK = DoProcess{};
28: Jwhile (!IsSOK);
29:
30: catch (Exception e){ System.cut.println{" Error{(s):"+ e);}
il:
32: 1
33
34: public double get xn () { return xn;}

35: public double get_xn_next () { return xn_next;}

36: public double get f xn () { return f xn;}

37: public double get_f xn_next (} { return f_xn_next;}
38: public double get_diff f xn() { return diff f xn; }
39: publie double getRoot () { return get xn_next();}

41:

42: void dolIteration(int count }

43; Xn = xn_next;

44: f xn = function.Of (xn);

45 diff £ xn =function.DerivativeOf {(xn);
46

47: '}

48: void findNextPosition{) ({

49: xn_next = xn - £ xn/diff £ xn;
50:

s1: )

52

53: boclean IsSuccessed{) |
54: return abs(xn-xn_next) < DEFAULT TOLERANCE;
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55: }
56:
57: ]

4.1.4 FRALAUA { Secant Method )
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1: [/*file: Secant.java */

2:

3: package MathTools.RootUtils;

4: import static java.lang.Math.*;

5: import MathTocls.RcotUtils.*;

6: import MathTools.Common.Function;

7: import static MathTools.Common.CommonConstants.*;
8:

9: public class Secant extends RootUtils{
10: private double xn_minusi;
11: private double xn;
12: private double xn_plusl;
13: private double f xn minusl;
14: private double f_xn;
15: private double f xn _plusl;
16: -
17: /** constructor */
18: public Secant (Function function, double guessl, double guess2)
19: throws BadIntervalException {
20 super (function, MAX LOOP);
21

22: ¥n_minusl = guessl;
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23: f_xn_minusl = function.Of (guessl);

24: xn = guess2;

25: f xn = function.Of (gquess2) ;

26: findNextPesition();

27: try{

28: boolean IsOK;

29;: do{

30: IsOK = DoProcess();

31: }while (!IsQK}); . . 8
312 } m‘m%ﬂﬂu?nmm:l‘nnTuTaﬁmymmn
33: -
34 : catch (Exception e)

35 { system.out.println(" Error{s) : "+ e);

36: : 1

37: }

38: public double get_xn minusl () { return xn_minusl;)

39: public double get xn {) { return xn;}

40: public double get xn plusl () { return xn_plusl;}

41: public double get_f xn minusl ()} { return f_xn_minusi;}
42: public double get_f xn (} { return f xn;}

43: public double get_f xn plusl () { return £ xn plusi;}
44: public double getRoot() { return xn plusl;}

45:

46: void dolteration{int count ) {

47: *xn_minusl = xn;

48: Xxn = xn_plusl;

49: f_xn minusl = f_xn;

50: f xn = £ xn_plusl;

51:

52: wvoid findNextPosition{) {

53: xn_plusl = xn -f xn* (xn - xn _minusl}/(f_xn- f_xn_minusil);
54 f xn _plusl = function.Of (xn_plusl);

55: }

56: boolean IsSuccessed() |

ST return abs (f xn_plusl) < ZERO_APPROACH;
58: |}

59: )

415 nisnagauniswIsInasnisuuuliilugadu
naswsnaun suuLliifudaduwia 4 55 THuummsseuiulandrtinAngns
=y e L5 as + 1 J
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MuusaERiiulunsuisinannishe 0 uazagaiedlunsussunadiie 100

(ENEUTRTFL- AL UrssnaudBusidliwiagu 0 WeeAuaen)

1: /* File : AllRootTest.java */

3: import static java.lang.Math.*;
4: import MathTools.RootUtils.*;
5: import MathTeools.Common.Function;

7: c¢lass

AllRootTest |

9: public static veid main(String[] args} {

10: long usedTime, start;

11: Function func = new Function{() {

12 public double Of (double x} {return(cos(x)-x ); }

13 public double Derivativeof {(double x}{ return -sin(x}-1;}

14: };

15: try{

16+ start = System.nanoTime(} ;

17: Bisection bs = new Bisection{( func, 0,100} ;

18: System.out.printf ("\n Root of your equation
{Bisection Algorithm) = %f\n",bs.getRoot{));

19: usedTime = System.nanoTime() - start;

20: System.out.println("\nExecuted time = "+usedTime+" ns");

211 //=-.========================_—..==========.—_=====

22: start = System.nanoTime() ;

23: FalsePosition fp = new FalsePosition

( func, 0,100) ;

24: System.out.printf (”"\n Root of your equation (False
Position Method} = $f\n",fp.getRoot());

25: usedTime = System.nanoTime{) - start;

26: System.out.println{"\nExecuted time = "+usedTime+" ns");

27: . //==========================================

28: start = System.nanoTime() ;

25: NewtonRaphson nr = new NewtonRaphson( func,0);

30: System.out.printf("\n Root of vyour eguation
Newton Raphson method) = %f\n",nr.getRoot()};

31: usedTime = System.nanoTime{} - start;

32: System.out .println{("\nExecuted time = "+usedTime+" ns");

33 H //==-_—======================================:

34: start = System.nanoTime (} ;

35: Secant sc¢ = new Secant( func,0, 100);

36: System.out.princf{"\n Root of your eguation (|
Secant method} = %f\n",sc.getRoot (});

37: usedTime = System.nanoTime() - start;

38: System.out.println("\nExecuted time = "+usedTime+" ns");

39:

40: )

41: catch (Exception e)

42 { system.out.println(* Error(s) : "+ e};

43: }

44 }

45: )

46
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MathTools.RootUtils.ExceedioopException: The iterations more than the limit.
Root of your equation (Bisection Algorithm) = 0.739085
Executed time = 39668729 ns
Root of your equation (False Position Method) = 0.739085
Executed time = 1105448 ns
Root of your equation { Newton Raphson method) = 0.739085
Executed time = 980851 ns
Root of your equation { Secant method) = 0.739085

Executed time = 904305 ns
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/* File: Matrix.java =*/
package MathTools.LinearAlgebra;

import static java.lang.Math.*;
import MathTools.LinearAlgebra.MatrixException;
import static MathToels.Commen.CommonConstants. *;

public class Matrix {

/** rows of matrix */ int rows;

/** column of matrix */ int cols;

/** values of element of matrix */ double elements[](];

/**
* Construct an m X n constant matrix.
* @param m Number of rows.
* @param n Number of colums.
*/
public Matrix(int m, int n) {
if (m >0 ) rows = m; else rows =1;
if (n > 0 Ycols = n; else cols =1;
elements = new doublelrows] [cols];
}**
* Construct an m x n constant matrix.
* @param m Number of rows.

* @param n Number of colums.
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scalar value was filled in the matrix.

*
/
public Matrix(int m, int n, double c) {
rows = m;
cols = n;
elements = new double[m] [n];
for {(int 1 = 0; 1 < m; i++)
for {int j = 0; j < n; J++)
elements [i] [J] = c;
}
/**
* Constructor : create a matrix from a 2 dimensional array.

* gparam val- wvalues of array of matrix

*/

* @thrown MatrixException if some rows have different length

public Matrix (double[][] wval) ({
rows = val.length;
cols = valflo].length;
elements = val;

}

/** default Constructor

*/

public Matrix{) { }

/**

* Get the nubmer of row of this matrix
* @return number of row count

*/
public
/**

int getRowCount () { return rows;}

* Get the nubmer of column of this matrix
* @return number of column count

*/
public
/**

int getColumnCount ()

{ return cols;}

* Get the value of an element (i,3j) in matrix
*@param i the row index
*@param j the column index
*@return the value of an element at (i,j)
*@thrown Matrix.MatrixException for index error

*/

public double getValueAt (int i, int j) throws MatrixException {
if ((L < 0 |] 1 »= rows)}|[(J <« 0 || J »= cols)}{
throw new MatrixException(MatrixException.BAD INDEX);

}

return elements [i] [§];

}
/**

* Set the value of an element {(i,j) in matrix
*@param i the row index
*@param j the column index
*@param value the wvalue

*@thrown Matrix.MatrixkException for index error

*/

public void setValueaAt(int i,int j,double value)throws

if ((i « 0 |] 1 »>=rows)|[|(3 < 0 || J »= cols})){
throw new MatrixException(MatrixException.BAD INDEX);

}

elements[i] [j]l=value;

MatrixException {
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/** Get the values of all elements of this matrix
* @return the values of all elements of this matrix
*/
public doublel] [] getValueOfElements{ ) {
return elements;
}

/** Set the values of all elements of this matrix
* @return the values of all elements of this matrix are set.

*/

public void setValueOfElements {double(] [] values){
elements = values;
}

/**Set the values at indexed row of this matrix with row matrix
* @param rowIndex the index row {( a row to be set.}

* @ param rowmatrix the row vector

* *@thrown Matrix.MatrixException for index and dimesion errors

*/

public void setValueAtRow(int rowIndex,RowMatrix rowmatrix}
throws MatrixException {

if (cols != rowmatrix.cols)
throw new atrixException{MatrixException.BAD DIMENSIONS) ;
if (rowIndex < 0 || rowIndex »= rows)

throw new MatrixException(MatrixException.BAD_INDEX] ;
for (int 3=0;3 < cols ;j++ }{
this.elements [rowIndex] {j] = rowmatrix.elements{0] [j];

}
}

/**Set the wvalues at indexed column of this matrix with column
vector.

* @param rowIndex the index column

* @ param colmatrix the column vector

* @thrown Matrix.MatrixException for index and dimesion errors

*/

public void setvValueAtColumn({int colIndex,ColumnMatrix
colmatrix) throws MatrixException {

if (rows != colmatrix.rows)
throw new atrixException{MatrixException.BAD DIMENSIONS) ;
if (colindex < 0 || colimdex »= cols)

throw new MatrixException(MatrixException.BAD INDEX};
for {(int i=0;i < cols ;i++ }{

this.elements[i] [colIndex] = colmatrix.elements[i] [0];
}

}

/** Copy the values of all elements into 2 dimension array
* @ return the values of all elements in 2 dimension array.
*/
public double(] [] copyValueOfElements() |

double [] [] wvalues = new double frows] [cols];

for{int i=0; i < rows; i++) |{
for(int j=0; j < cols; j++) {
values (i) (j] = elements[i]) [i];
}
!

return values;

}
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/** BAdd another matrix to this matrix

* @param matrix an another matrix to be added

* @return the sum matrix

* @throws MatrixException for Bad dimension of matrix
*

/

public Matrix add(Matrix matrix) throws MatrixException ({

if {(rows == matrix.rows)&& {cols == matrix.cols)) {
double temp (][] = new double[rows] [cols];
for{int 1 = 0 ; i < rows; i++}
for{int j =0; j < cols; j++)

temp [i] []] elements [1] [J)+ matrix.elements [(i] [3]);
return new Matrix{temp) ;
} else | .
throw new atrixException (MatrixException.BAD DIMENSIONS!;
}//else ‘

}

/** Substract another matrix to this matrix

* @param matrix an another matrix to be substracted

* @return the difference matrix

* @throws MatrixException for Bad dimension of matrix
*

/

public Matrix substract (Matrix matrix) throws MatrixException {

if ({rows == matrix.rows)&k (cols == matrix.cols)) {
doubkle temp[] {] = new double{rows] [cols];
for{int 1 = 0 ; i < rows; i++)
for{int j =0; j < cols; Jj++)
temp [i] [§]= elements[i] [j]- matrix.elements[i] [j];
return new Matrix{temp);
1 else {
throw new MatrixException({MatrixException.BAD_ DIMENSIOCNS) ;
Y/ /else
}
/** Transpose of this matrix
* @return the transposed matrix

*

/

public Matrix transpose () {
double templ(] [] = new double[cols] [rows];
for {(int i=0;1i < rows ;i++ )

for (int j=0;3 < cols ;j++ )
temp[j] [i] = elements[i] [j];

return new Matrix(temp);

}

/** Multiply this matrix by another matrix
* @param matrix multiplier '
* @Greturn a product matrix
* @throws MatrixException for Invalid dimension of matrix.
R4
/

public Matrix multiply (Matrix matrix) throws MatrixException |

if (cols == matrix.rows) {
double product[] [] = new double({rows] [matrix.cols];
for(int i = 0 ; i < rows; i++)

for{int j =0; i < matrix.cols; j++) {
double temp =0;
for(int ¥ = 0; k < cols; k++)
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206: temp = temp +elements [i] [k]*matrix.elements (k] [j]:
207 product [i} [j] = temp;

208 : } // for i

209: return new Matrix{product};

210:

211: } else {

212 ; throw new MatrixException(MatrixException.INVALID MULTIPLY) ;
213: }//else

214:

215:;

216: /** Multiply this matrix by scalar quantity.
217: * @param c f{a constant)

218: * @return a product matrix

219: */

220: public Matrix multiply(double c} {

221:

222: double product[] [] = new double[rows] [cols];
223: for{int 1 = 0 ; i < rows; i++)

224: for(int j =0; j < cole; j++)

225: product il [j] = ¢ * elements(i] [i];
226 return new Matrix(product) ;

227:  }

228: /** print a matrix for test */

229: public void printMatrix( ) {

230: for (int i = 0;i < rows ;i++ ){

231: for {(int j =0C;j < cols ;j++ ) {
232: System.out.print( elementsii] {31+ ™ "};
233: }

234: System.out.printin()};

235: )

236 ]

237: )

238:

ARTA SquareMatrix ALNBANIAINARNG Matrix Ransaasa 4 Tiaadesiy

= o

WsBndAnda  Ww  nAswaAINMuA  (determinant)  nAsRMERNdaNTu(inverse)  dau

Ufinamsnduan au A uas transpose Widniufissdinugmddslva

1: /* File: SgquareMatrix.java*/

2: package MathTools.LinearAlgebra;

3:

4: import static java.lang.Math.*;

S: import static MathTools.Common.CommonConstants. *;
6: import MathTools.LinearAlgebra.MatrixException;
7: public class SquareMatrix extends Matrix {

8: /** Constructor.

9: * @param n number of rows and columns
10: *f

11: public SquareMatrix(int n){

12: super {n,n) ;

13: }

14: /** Constructor.

15: * @param val the value of elements

16: */



-39 -

17: public SquareMatrix{double[][] val}{

18: setValue (val} ;

19:

20: }

21: /** Constructor.

22: * @param matrix the matrix n row 1 columms.
23: */

24: public SquareMatrix (Matrix matrix) {

25: this.rows = this.cols= min(matrix.rows, matrix.cols);
26: this.elements= matrix.elements;

27: }

28: /** Constructor.

29: * defalut Constructor.

30: - * /

31:

32: public SquareMatrix()} {

33: super () ;

34: 1

35: /*% Get the number of elements ( O0r row) of this matrix.
36: * @return the size of this column vector
37: */

38: public int getS8quareMatrixSize() {

39: return rows;

40: }

41: Jw=

42: * get the value of an element ({(i,j) in matrix
43: *@param i the row index

44: *@param j the column index

45: *

46: «/

47: public double getValueAt (int i, int j) throws MatrixException {
48: return{super.getValueat (i, j));

49: |}

50:

51:

52: /* get this matrix from a two dimension array of value.
53: * @param val a two dimension array of value.
S4: */

55: void setvalue{double values({] (]} {

56:

57: rows = values.length;

58: cols = values[0] .length;

59: this.elements = wvalues;

60: rows = cols = min(rows,cols);

61: }

62: [x=

£3: * Set the value of an element (i,3j)} in matrix
64: *@param i the row index

65: *@param j the column index

66: *@param value the wvalue

67: *@thrown Matrix.MatrixException for index error
68: */

69: public void setValuebt(int i, int j, double value)
throws MatrixException {

70: super.setValueAt (i,j,value};

71: }

72 FAA

73: * Generate identity matrix

74: * @param n Number of rows, and columns

75: * @return A sguare matrix with 1 on diagonal and 0 elsewhere.

76: */
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public static SquareMatrix identity(int n) {
double[] [1 temp = new doublel[n] [n];
for (int 1 = 0; 1 < n; i++4)
for{int j =0; Jj < n ; j++}
temp [Li]1 [j] = (i == J 2 1.0 : §.0);
return new SguareMatrix (temp) ;
} J Frrdwkdkrnx Square Matrix Operation thhkkhkkhkkkkkx
/** Add another square matrix to this square matrix
* @param sg_matrix an another column vector to be added
* @return the sum column vector
* @throws MatrixException for Bad dimension of row vector
*
/
public SguareMatrix add(SquareMatrix sg_matrix)
throws MatrixException {
return new SquareMatrix{super.add(sq matrix));

}

/** Substract another sgquare matrix to square matrix

_* @param sq_matrix an another sqguare matrix to be substracted

* @return the difference square matrix

* @throws MatrixException for Bad dimension of matrix

*/

public SquareMatrix substract(SquareMatrix sq matrix)
throws MatrixException {

return new SguareMatrix(super.substract (sq _matrix));

}

/** Multiply another square matrix to sguare matrix

* @param sg matrix an another square matrix to be multiplied
* @return the difference square matrix

* @throws MatrixException for Bad dimension of matrix.

*

/
public SguareMatrix multiply(SquareMatrix sqg matrix)

throws MatrixException {

return new SquareMatrix{super.multiply{sqg matrix)});

}

/** Transpose square matrix
* @return the transposed square matrix
*/
public SquareMatrix transpose() {
return new SquareMatrix(super.transpose());

/** Multiply this matrix by scalar gquantity.
* @param ¢ (a constant)
* @return a product matrix
*/
public SquareMatrix multiply(double c) {
return new SquareMatrix{super.multiply{c)};
}

/** BEvaluate the determinant of this square macrix.
* (no pivot wversion)

* @return the determinant
*

*

/

public double determinant({) {

double tmp=0;

double multiplier=90;

double det = 1.0;

double[] [] values = new double[rows] [cols];

/* copy value of this matrix */
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values = this.copyValueOfElements () ;

values = super.makeUpperTriangular();
for (int i = 0; i < rows; i++ )
det *= values[i] [1];
/7 if (pivotChecked) det = -det;

return det;

/** Evaluate the inverse of this square matrix
* @return the inverse matrix
* throws MatrixException if error occurred
*
/
public SquareMatrix inverse() throws MatrixException{
int pivot;
double temp=0,multiplier=0;
double []1 [1 values = new double(rows] [ccols];
double[] [] dummy = new doublelrows) [2*rows];
// copy values of this matrix into dummy matrix
for(int i=0; i < rows; i++)
for(int 3=0; j < rows; j++)
dummy [i] [§j] = elements[i] {j1;
// append dummy matrix with identity matrix
for{ int i= 0; i < rows; i++) {
for (int j=rows; j < 2*rows; J++){
if { {§j - 1) == rows) dummy[i] £3] = 1.0;
else dummy [i] [j1= 0.;
}
}

for (int i=0; 1 < {(rows-1); i++) {

pivot = i;
/* Check the maximum element in the same column */
for (int j = i+1l; j < rows; j++)

if (abs{dummy[pivat] [i]) < abs (dummy [J] [1]}) pivot=j;
/* Pivoting */
if (pivot t= i) {
for (int j =0;j < {(2*rows}; Jj++)} {
temp = dummy[il [j];
dummy (i1 [§] = dummy [pivot] [j];
dummy [pivot] [j]1 = temp;

}

if (dummy [i] [i] == 0} {
throw new MatrixException{MatrixException.SINGULAR MATRIX); }
// make an upper triangular matrix

for (int r = i+l;r < rows; r++) {
if (Qummy [r) {11 '= 0 )
multiplier= dummy {r] [i} /dummy (i) [i];
for{int ¢ = 0;c < (2*rows);c++) |

dummy [r] [c] = dummy {r] [¢) - multiplier*dummy [i] [c];
if (abs(dummy[r] [c¢]) <= ZERO_APPROACH)
dummy [x] [el= 0O;
1// for (int ¢

|RVANES SR Y)
V // for ( r....}
} //for (i..)

// Make a Matrix lower triangular
for (int i = rows-1; i > 0; i--} {

for ( int r = i-1;r »= 0; r--) |

1f{dummy [r] [i] = 0 } {
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194: multiplier= dummy (r] [i] /dummy [1] {i];
155: ° for{int ¢ = i;c < 2*rows;c++) {
196: dummy [r] [c] = dummy [r] [c] -multiplier*dummy [i] [c];
157: if (abs (dummy{r] [c]} <= ZERO_APPROACH}
198: dummy [r] [(¢] = O;

199: }

200: } /* if +/

201: } /* for (r....) %/

202 } /% for(i.. */

203: // Create Identity Matrix

204: for ( int i= rows-1 ; i »=0; i--} {

205: temp = dummy [i] [1];

206: for (int j = i; j < 2*rows; j++) {

207: dummy [i] [j]1 /= temp;

208: }

209: }

210: /* copy to sguare matrix */

211: for ( int i= 0 ; i < rows; i++) |

212: int k =0;

213: for (int j = rows; j < 2*rows; Jj++) {
214: values{i] [k] = dummy{i] (j];

215: k = k+1;

216: }

217: }

218: return({new SquareMatrix{values)}:

219: }

220: )}

AANA LinearEquationSystem AunsmuNAINARNS SquareMatrix %nﬂﬂﬂwﬁq Woam
f14 ] AINARNE SquareMatrix WAL ARIA Matrix Sanadeanli g lidnsd@uuwsaninn
saafulal waen determinant (Ussvind 99 - 116)lLFUgauRle lnilne Widinnsadufiuan
axndnfislAaaniuuaefasndnianties (pivoting) [fansespanuanaAaeulunig
AN NATEWNERR determinant 1uASTE LinearEquationSystem T':G"tln'i’uﬂum&‘
override  \NERATBIAATAUY 'Lﬁmm:ﬂuu.amﬂmﬂﬁfmﬁ’umﬂ"ﬁmuluﬂmﬂ@unu’méﬁvu
wenaNTgasinag overloading WWE8A determinant (ua‘iﬁmﬁ 117-141) AANTUNUANANTN
Tuuasansfres determinant mudiuualily argument ieioslisungrosnsiuef
Bnfan  wisesRfnIuIAReldwimuaseldud  forwardElimination)  (ussiaR

49-94) Wax backSubstitution( ) (UT9MR 146-158)

/* File: LinearEquationSystem.java */
package MathTcols.LinearAlgebra;

import static java.lang.Math.?*;

import static MathTools.Common.CommonConstants.*;

import MathToocls.LinearAlgebra.MatrixException;

//import MathTools.LinearAlgebra.ColumnMatrix;

public c¢lass LinearEquationSystem extends SquareMatrix {
/** count the number of pivoting */ int piveotCount=0 ;
/** right- hand constants */ ColumnMatrix rhConstant;

CWw o~k Wk

=
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/** dummy of two array for temporaly value */
SquareMatrix dummy;

/** dummy of an array for temporaly value */
ColumnMatrix b;

/** Constructor.

* @param n number of linear equation

*

/
public LinearEquationSystem (int n) {
super (n) ;

rhConstant = new ColumnMatrix(n);

)

/** Constructor.
* @param augment the matrix of coefficient and their constants.

*/ .
public LinearEgquationSystem (double(] [] coefficient) {
super (coefficient);
rhConstant = new ColumnMatrix(};

}

/** Constructor.
* @param matrix the matrix n row n columms of coefficient.

* /
public LinearEquationSystem (SquareMatrix matrix) {
super {matrix) ;
rhConstant = new ColumnMatrix (rows);

)

/** Constructor.

* @param matrix the matrix n row n columms of coefficient.
* @param bmatrix the right hand constant vector
*/
public LinearEquationSystem (SquareMatrix matrix,
ColumnMatrix bmatrix) {
super {(matrix) ;
rhConstant = new ColumnMatrix{bmatrix);
1
]
protected void setDummyArray () {

dummy = mew SquareMatrix(this.copyvalueOfElements());
if (rhConstant != null)

b = new ColumMatrix( rhConstant.copyvalueOfColumnMatrix());
}

protected void forwardElimination{boolean

with rhConstant)throws MatrixException{
int pivot;

double multiplier;
//Pivot loop start here =========z=== >

for {int rowPivot =0; rowPivot < rows-1; rowPivot++} {
pivot = rowPivot;
// Check the maximum element in the same column.
for (int r= rowPivot+l; ¥ < rows; r++)
if (abs (dummy.getValuelt (pivot, rowPivot)} <«
abs (dummy .getValueAt (r, rowPivot)))
pivot = r;
// pivoting rows for get the best element.
if (pivot != rowPivot) {
for(int ¢ = 0; ¢ < cols; c++) {
double temp = dummy.getValueAt (rowPivot,c);
dummy . setValueAt (rowPivot, ¢, dummy.getValuelAt (pivot,c) ) ;
dummy .setValueht (pivot,c, temp};

if (with _rhConstant) {
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67: double temp = b.getValueAt (rowPivot) ;
68: b.setValueAt (rowPivot,b.getvValuedt (pivot)) ;
69: b.setValueAt (pivot, temp) ;
70: }
71: pivotCount += 1;
72: }
73: 1f (dummy .getValueht (rowPivot, rowPivot) ==0)
74: throw new MatrixException{MatrixException.SINGULAR MATRIX) ;
75: // make an upper triangular matrix
76: for{int r = rowPivot+l; r < rows; r++){
77 if (dummy.getvValueht (r, rowPivot) !'= 0){
78: multiplier = dummy.getvValueAt (r, rowPivot)
/dummy .getValueAt (rowPivot , rowPivot} ;
79: for(int ¢ = 0; c < cols;c++){
80: double temp = dummy.getValueAt{r,c)-
multiplier*dummy.getValuelt (rowPivot,c);
g8l: if (abg (temp) <= ZERO_APPROACH) temp = 0;
82: dummy .setValueAt {(r,c, temp);
83: }// for int ¢
84: if (with_rhConstant) {
85 deouble temp = b.getValueAt (r) -
- multiplier*b.getValueAt (rowPivot};
86: b.setvaluelt (r,temp) ;
87: }
88: YV//L1E (dummy. ...
89: }//for r
90: }//for rowPivot
91: // check the lower mast of element of matrix is zero ?
92 // if (dummy .getValueht (rows-1,rows-1) ==0)
93: //throw new MatrixException(MatrixException.SINGULAR MATRIX) ;
94: |}
95: /** Evaluate the determinant of this coefficient matrix.

96: * with partially row pivot.

97: * @return the determinant
-98:  */

99: public double determinant{) {
100: double det = 1.0;

101: piveotCount = 0; // initialize pivot count
102: setDummyArray () ;

103: try{

104 :

forwardElimination(false};

105: Jcatch { MatrixException msg) {

106: System.out.println(msg);

107: 1

108: try {

109: for (int r = 0; r < rows; r++ )
110: det *= dummy.getValuehAt (r,r);
111: Jcatch (MatrixException msg) {

112: System.out.println(msg);

113:

114: if (pivotCount%2 != 0) det = -det;
115: return det;

116: |}

117: /** Evaluate the determinant of this coefficient matrix.

118: * bnt replace collndex column with right-hand constants.
119: * @return the determinant ’

120: */

121: public double determinant (int collndex) {

122: double det = 1.0;

123: pivotCount = 0; // initialize pivet count
124 : setDummyArray ()} ;



- 45 -

125: try{

126: dummy . setValueAtColumn (colIndex, b);
127: }catch( MatrixException msg) { }
128: try{

129: forwardElimination(false) ;
130: Jcatch ( MatrixException msg) {

131: System.out.println(msg};

132: }

133: try {

134 for {(int r = 0; ¥ < rows; r++ )
135: det *= dummy.getvValueAt(r,r);
136: }catch (MatrixException msg) {

137: System.out.println(msqg);

138: }

139: if (pivotCount%2 != 0) det = -det;
140: return det;

141: |}

142: /** Solve AXx = b for x by back substitution
143: * @param -- Column vector b (right hand constants}
144: * @ return -- the solution of column matrix
145: *f

146: protected ColumnMatrix backSubstitution{ColumnMatrix b)
throws MatrixException{

147 : ColumnMatrix x = new ColumnMatrix (rows);

148: /* Backward Substitution */

149:

150 for {int ¥ = rows-1; r »>=0; r--) {

151: double temp = b.getValueAt(r);

152 for {(int ¢ = r; ¢ < cols-1; c++} |

153: temp = temp - dummy.getValuelAt (r,c+1l) *x.getValueht (c+1);
154: }

155: x.setValueht (r, temp/dummy.getValueAt(r,r));
156: }

157: return x;

158: }

159: }

4.2.1 ngmmﬂmm@% (Cramer’s Rule)

v
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ayxp +oagpx, +oagsxy = by

v

di 2 [ 1 ar ] o o
Walingrssnsmedarlfinaiaserasdususaefdell



by a2y ag ajp by a3 a;p a2y by
by 2y ap ay;p by A ay; axp by
_ 1P 2m 23 _ 1231 b3 a3 _ 1231 233 by
X = Xy = L Xy =
a1 a1y 23 a2 213 a1 2 13
21 222 223 f21 "2 %23 421 222 223
a3] 23 a3y 331 %32 233 a3) 23y 233
Fouiuaunisvia s sl
)
R

e A dluwsEndassdinlssavsressauls Taed |A] wirfuegud
A, Jhuwsdndruis o X o e nifusiuauaunag eunuiuea s (column) A j

AIBANAYY b

all 312 “aa bl - aln
a a ... b ... 4
A, = |12 %22 - 72t ¥In
J - . : : . .
ajp @y -+ bp ... azp

WNUAT WO9GAT | Aosan A
AATA CramerRule AZIUARARNTAARIRY 7 (NTIZALNBANIAINAIA Linear
Eguation system asaunsaliimsensing « fegluaarausausswysevidunemnliae

(lAun wenan I muR (determinant) {usy) MeaviBen189Aa18 Cramer Rule &

%
o =

! 1 kA
AtiAaNa CramerRule AniiuaaraffigaAtdadn o iwszBunemnanasia
LinearEquationSystem Asaunsniusansing 4 Reg lupaiaasussnyssidunenunls

we ( lHuiwgannisundaiiuus(determinant) wlufiv) sneezBansspanaCramerRule

N
1 /* File: CramerRule.java */

2: package MathTools.LinearAlgebra;
3:

4

import static¢ java.lang.Math.*;
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5: import static MathTools.Common.CommonConstants.*;
6: import MathTools.LinearAlgebra.MatrixException;
7: public class CramerRule extends LinearEguationSystem {
8: ColummMatrix x = new ColumnMatrix(rows);
9: double delta = 0;
10: /*+* Constructor.
11: * @param matrix the coefficient matrix (n x n size.)
12: *@param bconstant the right hand side column vector
13: * /
14: public CramerRule{SquareMatrix matrix, ColumnMatrix bconstant)
throws MatrixException{ -
15: super (matrix, bconstant) ;
16: if (rows > ARRAY SIZE || cols > ARRAY_SIZE)
17: throw new MatrixException(MatrixException.ARRAY SIZE_EXCEED) ;
18: }
19:
20: public ColumnMatrix solve() throws MatrixException(
21: setDummyArray () ;
22: delta = determinant{);
23 for(int i=0; i < rows ; i++}{
24: double temp = 0;
25: temp = determinant (i) ;
26 X.setValueit (i, temp/delta);
27: dummy .elements = this.copyValueOfElements();
28: }
29: return x;
30: }
31: }
4.2.2 MSAANAULLULNE (Gauss Elimination)
h ‘d ol = & of
TTIUUAB(Algorithm) MsarneuTedNagraesue i lrelsznauiy
Aaeenamasialyl

é'f-:'aém 421 S RARALIRITEUUANNTTE Ulee 1 n1rarnauaaunnd

F89

2x-2y+z =1
dx -2y +z2 =3
X+ty-z =20

&5 & a = Ly =y A:— L] Aﬁ! =l 2 1 = <
U 1 dsindrasdulssAviuavionimesanasnunaaulites lugtaeamessng

uslAsuA? (augment matrix) (A|8)
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6 . = " L 2
auf 4 M3sunuantlaunau azli
05z = 15
z = 3

iy 7 Tuwaouawi 2 a1l y
2vy-1X3 = 1
y = 2
uuAn y, z asluwnoueu® 1 a2ld
2x-2X2-1X3 = 1
x =1

%
HARRLIDIANNTTYATAG x =1,y =2,2=3

vea as 2 . . 2o
%qqa‘lm@ﬂmmw\ma GaussElimination el unaAnIann ARTR
LinearEguationSystem Faunliwsan forwardElimination () waz backSubstitution{ ) |1n

AANALHNN T TFULAR LA AR PEAYIBLA1RIARNE GaussElimination NN

1: /* File: GaussElimination.java */

2: package MathTcols.LinearAlgebra;

3

4: import static java.lang.Math.*;

5: impert static MathTools.Common.CommonConstants. *;
6€: 1mport MathTools.LinearBlgebra.MatrixException;
7: public class GaussElimination extends LinearEquationSystem {
8: ColumnMatrix x = new ColumnMatrix({);

9: [** Constructor.

10: * @param n number of linear equation.
11: */

12:

public GaussElimination (int n)throws MatrixException{
13: super(n) ;

if (rows > ARRAY SIZE || cols > BRRAY_SIZE)

throw new MatrixException{(MatrixException.ARRAY SIZE EXCEED) ;
16 : }

17: /[** Constructor.

18 * @param augment the matrix of coefficient and their constants.
19: */
20: public GaussElimination (double[] []1 coetfficient)
throws MatrixException {
21: super {coefficient);
22: if (rows > ARRAY SIZE || cols > ARRAY SIZE)}
23

throw new MatrixExXception(MatrixException.ARRAY SIZE EXCEED) ;
24 : }

25: /** Constructor.

26: * @param matrix the matrix n x n size,
27: */
28:

public GaussElimination (SquareMatrix matrix)
throws MatrixException]
29: super (matrix) ;
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30: .
31: if {(rows > ARRAY SIZE || cols > ARRAY_SIZE)

32: throw new MatrixException(MatrixException.ARRAY SIZE_EXCEED);
33: } )

34: /** Constructor.

35: * @param matrix the coefficient matrix (n x n size.)
36: *@param bconstant the right hand side column vector
37: * [/

38: public GaussElimination {SquareMatrix matrix,
ColumnMatrix bconstant)throws MatrixException(

39: super (matrix, bconstant);

40: if {(rows > ARRAY SIZE || cols > ARRAY SIZE)
41: throw new MatrixException{MatrixException.ARRAY_ SIZE_EXCEED) ;
42 i

43

44 ; public ColumnMatrix solve{} throws MatrixException{
45: setDummyArray () ;

46: try{

47: ~ forwardElimination(true);

48: }catch ( MatrixException msg) {

49: System.out.println{msg);

507 }

51: X = backSubstitution(b);

52: return x;

53: }

54: }

42.3 FBuantuarindaauwALNa1waTIY (LU Decomposition)
sisndrasdilssdve (A) q:qmmn@@nLﬂuﬂﬂuxugﬂuﬁﬁq (L, Lower triangular
matrix) WRLLH m‘%‘n*ﬁmumgﬂuuu (U- Upper triangular matrix) ‘Imﬂﬁ
A= LU
mauanusind A Wedlugd L uar U awnsoviliane  Snumendiulaidy
wrFndlang u  (singular matrix) TuReTUNATRFIR LA (determinant) Taiitupud

Ao idnlalide Tagasanmetinausing A Tadlauns 3 x3

) L
weiand L azflan@nluwusdunueayy Hanthy 1 fauna azundn | waz o, Tae

AeANUNETNT L uaz U dindianriy
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13:
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15:
16:
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27
28
29:
30:
31:
32:
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34:
35:
316:
37
38:
319:

40:

= . Y «J’
ATt A1a9Aad LUDecomposition H@9

/* File: LUDecomposition.java */
package MathTools.LinearAlgebra;

import static java.lang.Math.*;
import static MathTools.Common.CommonConstants.*;
import MathTools.LinearAlgebra.MatrixBxception;
public c¢lass LUDecomposition extends LinearEquationSystem {
/** keeping solution in here */
ColumnMatrix x = new ColumnMatrix (rows) ;
/** LU Lower and Upper triangular matrix in commpact */
SquareMatrix LU = new SquareMatrix(rows);
/** Constructor.
* @param matrix the coefficient matrix {n x n size.)
*@param bconstant the right hand side column vector
*/
public LUDecomposition{SquareMatrix matrix,
ColumnMatrix beonstant)throws MatrixException{
super (matrix, bconstant) ;
if (rows > ARRAY SIZE || cols > ARRAY SIZE)
throw new MatrixException(MatrixException.ARRAY SIZE_EXCEED};

}

public ColumnMatrix solve() throws MatrixException{
ColumnMatrix y = new ColumnMatrix(rows) ;
setDummyArray () ;
decompose () ;
v = forwardSubstitution(); // evaluate Ly

X = backSubstitution(y); // evaluate Ux = y
return Xx;

b

}

private void decompose () throws MatrixException {
try(

}

catch (MatrixException err){ System.out.println( err);}
// first row of U matrix
for(int § = 0 ; j < cols ; J++)
LU.setValueAt (0,],dummy.getValuehAt (0,5));
// first column of L matrix
for{int 1 = 1; i < rows; 1i++)
LU.setValueAt (i, 0, (dummy.getValueAt (i, 0)
JLU.getValuehAt (0,0))) ;

partialpPivot{1);
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for(int i =1; i < rows; i++)}{
try|
partialPivet{i);
jcatech (MatrixException err){ System.out.println (err);}
// for n th row
for(int j = i; j < cols ; j++) {
double temp = dummy.getValueht(i,]j);
for(int k =0; k <= i-1; k++){
temp = temp -~
LU.getValueAt {i, k) *LU.getValueat (k,J);

}

LU.setvalueat{i,j, temp);
}
// for n th column
for{int m = i+l; m < rows ; m++) {
double temp = dummy.getValueat (m, i) ;
for(int k¥ = 0 ; k <= i-1; k++){
temp = temp -
LU.getValueAt (m, k) *LU.getvalueAt (k, 1) ;
if (abs(LU.getValueAt(i,i)) < ZERO_APPROACH)
throw new MatrixException(MatrixException.SINGULBR MATRIX) ;

else LU.setValueAt (m,i, temp/LU.getValueAt(i,i));
V// for{int k...

} //for (imt m...
}//for (int i..

/** pivot the elements of matrix by exchange rows,
* @param start row the starting row of matrix to be pivoted.
* @param values the elements of matrix to be partial pivoted.
* @return true if some rows of matrix has been pivoted.
*
/
private void partialPivot{int rowPivot) throws MatrixException{

/* Check the maximum element in the same column */

int pivet = .rowPivot;

for(int r= rowPivot+l; ¥ < rows; r++)

if (abs (dummy.getValueat (pivot, rowPivotl)} <«
abs (dummy .getValueAt {r, rowPivot)))

pivot = r;
// pivoting rows for get the best element.
if (pivot 1= rowPivot) {

for{int ¢ = 0; ¢ < cols; c++) |

double temp = dummy.getValueAt (rowPivot,c);
dummy . setValueAt {rowPivot, c,
dummy .getValuedt (pivot,c));
dummy . setValueht (pivot,c, temp);
temp = LU.getValuelt (rowPivot,c);
LU.setValuedt (rowPivot, c
,LU.getvalueat (pivot,c));
LU.setValueAt (pivot,c, temp);
}
double temp = b.getValueAt (rowPivot});
b.setValueAt (rowPivot,b.getValueht (pivot) ) ;
b.setValueAt (pivot, temp) ;
!
}
/** Solve Ly = b by forward substitution.
* @return the column matrix y
* @throws LinearAlgebra.MatrixException if an error occured.
”*
/

protected ColumnMatrix forwardSubstitution{)
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throws MatrixException {
ColumnMatrix y = new ColumnMatrix (rows) ;
for{int i = 0; i < rows; i++}{
double temp = b.getValueRt (i};
for{int § = 0; j < 1i; j++){
temp = temp - LU.getValuehdt (i,j)*y.getValuelt (3j);

}

y.setValueht (i, temp) ;

}

return y;
/** Solve Ux = y by backward substitution
* @return the column matrix y
* @throws Linearhlgebra.MatrixException if an error occured.
* / .
protected ColumnMatrix backSubstitution (ColumnMatrix ¥y}
throws MatrixException]
ColumnMatrix x = new ColumnMatrix(rows) ;
/* Back Substitution */

for {(int 1 = rows-1; i >=0; i--) {
double temp = y.getValuedAt({i);
for (int j = i; J < cols-1; j++) {

temp = temp - LU.getValueAt(i,j+1l)*x.getValueAt{(j+1};

}
X.setValuelht (i, temp/LU.getValueAt(i,i)};

}

return x;
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/* File: LESTestAll.java (LinearEquat ionSystemTestAll.java)
*/

import static java.lang.Math.*;
import MathTools.LinearAlgebra.*;

class LESTestAll

public static void main(String([] args) {
// ============To change Augument Matrix here ===========
double [] {1 problemol = {{3.0,-2.0,2.0,1.

1
{2.,4.0,-1.0,-2.0},{3.,7.,-1.,3.},{1.0,-3.,2.,-3.}};

// Right hand side constants
double (] constant0l1={5.,3.,23.,-12.0};

ColumnMatrix sclution = new ColumnMatrix () ;

// example 1

SquareMatrix A = new SquareMatrix(problem01l);
ColumnMatrix b = new ColumnMatrix{constant0l);
System.out.println(" Sguare Matrix of Problem 1.-->");
A.printMatrix();

System.out.println{" The constants of Prcbleml.-->"
b.printMatrix();

System.out.println (" =============2===========s===== "y

’

try{
// cramer's rule

CramerRule cr = new CramerRule{li,b);

solution = cr.solve();
System.out.println{"\n\nThe Scluticn Using cramer's rule ...");

solution.printMatrix();
lcatch ( MatrixException msg) {
System.out.println (msg);

}
//end of cramer's rule
i
try{

// GaussElimination method
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GaussElimination ge = new GaussElimination( &A,b);

solution = ge.solve();

System.out.println{("\n\n Using Gauss Elimination .."):

solution.printMatrix(};
}catch ( MatrixException msg) {
System.out.println (msg};

}

//end of Gauss elimination method

// LU (lower and upper triangular decomposition.
try{
LUDecomposition lu= new LUDecomposition( A,b);

solution = lu.solve();
System.out.println{"\n\nUsing LU decomposition
solution.printMatrix() ;
}catch ( MatrixException msg) {
System.out.println(msg};

//end of LU decomposition method

}

9 . 'S @ & e ¥
Wa91nN15 1% 1U5itnsU LES TestAlLjava ¥nauee ldnadwiaail

MY

Square Matrix of Problem 1.--»>

3.0

.0

-2.0 2.0 1.0
2.0 4.0
3.0 7.0
1

-2.0

-1.0 3.0

-3.0

The constant Column Matrix of Problem 1.-->

5.0
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The Sclution of Problem by Using Cramer’s rule
1.9589595955955933

1.0000000000000007
-0.999999999999957
2.9999595599593596

The Soplution of Problem by Using Gauss Elimination
2.0

1.0000000000000004
-0.99935999999595996
2.9995995999959999¢

The Solution of LU decomposition
2.0

1.0000000000000004
-0,95859999995999596
2.35899999959999996
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2 1000
60
c T D
B ] /
R oot ¥,
E,
s )
il 4.5 wams Free body diagram i9asin4 7
WinodeA  XF, =0 . R, + F,sin30 =0
LF=0 = Q+F, =0
% node B 2ZF =0 : Fg =0
ZF=0 :F, - F4 =0
# node C 2F =0 . R, + F,sin60 =0
2 F,=0 . F,+ F,cos 60 =0
WnodeD  XF, =0 . -F, + F,cos 60 -F,cos 30 = 1000
2 F,=0  : -F,sin60+F,sin 30 =0
Hannieianua 8 aunis (8 saudls) @eusrvuaunasdaduliedlugtwsandacld
1 0 0 05 0 0o 0 0 RA—‘ [ o |
0106 0 0 0 1 0 Q, 0
000 0 0 0 0 1 R, 0
000 0 0 1 -1 0 F, 0
00 1 0 0866 0 O 0 FE I oo
000 © 0.5 1 0 0 F, | 0
00 0 —05 —086 0 0 -l F, 1000
.0 0 0 —0866 0.5 o o o L E l_o_
utalusunsy LESTestAlljava  @wizmsedouiiilu augment matrix wazAtasiliiy
Aapalaliy
// ====================To change Augment Matrix here ===========

double{} {] problemol = {{1.,0,0,0.5,¢,¢,0,0}, {0,1.,0,0,0,0,1.,0},
{e,0,0,0,0,0,0,1.},(0,0,0,0,0,1.,-1.,0},
{0,0,1.0,0,0.866,0,0,0}, {0,0,0,0,0.5,1.0,0,0},

{0,0,0,-0.5,-0.866,0,0,-1.0}, {0,0,0,-0.866,0.5,0,0,0}};

// Right hand side constants
doublel] constant01={0,0,0,0,0,0,1000,0};
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The Solution of Problem by Using Cramer's rule ...
250.01100048402128

-433.0150528383249

749.9889995159788

-500.0220009680426

-866.0381056766498

433.0150528383249

433.0150528383249

0.0

Executed time = 3161016 ns

The Solutien of Problem by Using Gauss Elimination ..
250.0110004840213

~433.0190528383249

749.9889995159788

-500.0220009680426

-866.0381056766498

433.0190528383249

433.0190528383249

0.0

Executed time = 1345702 ns

The Selution of LU decomposition ..
250.0110004840213
-433.0190528383249
749.9889995159788
-500.0220009680426
-866.0381056766498
433.0190528383249
433.0190528383249

0.0

Executed time = 1747987 ns

v anay v < o ) 14 v - ar ot
wansdsaslinaessrasrsuvdunssadluatuszunaliindidnany  Avfinanan
Aaav 1iun Q, | F, uae F, uamdmanmradunmusininasiaanauiadolud nainld

TunisAman wudt Taasvaureandifnariieenan npresrriweilinaminiign

fABENg 4.2.3 naaautulywnidmnuaunnFudu 50 annts 1Hueaws

2ENUIAINTINNTN 61 doulandaasszuvannia@adiu 50 avnsliuaadlilugthuning

wiaFAnLE2lunlin 62 63

A9 e M HluN Uz ANs wudT AEedaTuaTIENAN 327,279,584 ns NNTARNDY

4N IEIENAY 8,320,331 ns 78 LUDecomposition W81 16,039,469 ns.
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funls AMATI S Tt Cramer mIaaneUYBAMT LU Deeomposition

x1 0 0.000000000000000 | -0.000000000000014 | 0.000000000000559
X2 1 0.995999995559979 1.000000000000020 (.999999999999071
x3 2 1,999999599999970 1.999999999999980 1.999999999999680
x4 3 3.000000000000000 | 2.999959999995970 | 3.000000000000650
x5 4 3.899999999999960 3.999999999959990 | 3.999999999959740
x6 0 (.000000000000000 | 0.000000000000017 | -0.000000000000316
X7 -1 -0.999999999939980 [ -0.9999999995999961 | -1.000000000000400
x8 -2 -1.999999999999990 | -2.000000000000020 [ -1.999999999598910
x9 -3 -2.999999999999940 | -2.999995959999970 | -3.000000000000990
x10 -4 -4.000000000000030 | -3.999999959959990 | -3.,999999999999720
xi1 0 0.000000000000000 | 0.000000000000023 | -0.000000000000475
x12 0.5 0.500000000000045 | 0.500000000000097 | 0.499999993995506
x13 0.4 0.395959999999989 (.399999999999999 | (.400000000000573
x14 0.3 0.2999999959%9943 | 0.299999999999982 | 0.300000000000145
x15 0.2 0.200000000000020 | 0.200000000000002 | 0.200000000000856
x16 0.1 0.100000000000016 | 0.100000000000024 | 0.099999999995852
x17 0 (0.000000000000000 | -0.000000000000028 | -0.000000000000070
x18 -0.1 -0.099999999995978 | -0.099999999999995 | -0.099999999999942
x19 -0.2 ~0.200000000000000 | -0.199999999599995 | -0.200000000000129
x20 -0.3 -0.299999999999996 | -0.300000000000034 | -0.299999999999687
x21 0 0.000000000000000 |  0.000000000000010 | -0.000000000000050
| x22 1 1,000000000000000 1.000000000000030 | 0.999999999999524
Xx23 2 1.999999559995880 1,999999999999920 2.000000000000S00
x24 3 2.999999999999980 | 3.000000000000020 2.999999995999880
x25 4 3.999999999999940 | 3.999999999999950 | 4.0000000000002940
x26 5 5.000000000000040 [ 5.000000000000050 | <4.,999999999999520
x27 4 4.000000000000040 | 4.000000000000020 3.999599999999990
| x28 3 2.999959999993960 | 2.999999999999970 | 3.0000000000C0510
x29 2 2.000000000000010 2.000000000000030 1.999999999599780
x30 1 1.000000000000020 1.000000000000030 | 0.9999999993999689
x31 -5 -5.000000000000010 | -5.000000000000010 | -5.000000000000100
| X32 -4 -3.999995999959960 | -3.999999999999920 | -4,000000000000820
X33 -3 -3.000000000000000 | -3.000000000000010 | -2.999595999999700
x34 -2 -1,999999599999970 | -1.999999999999970 | -1.999999999955930
x35 -1 -1.000000000000020 | -1.000000000000020 [ -0.999999999999779
%36 0 0.000000000000000 | -0.000000000000014 | 0.000000000000207
x37 1 1.000000000000070 1.000000000000060 | 0.999999999959138
x38 2 2.000000000000000 | 2.000000000000010 1.999959999999920
| x39 3 3.000000000000020 |  3.000000000000030 2.995559999999460
x40 4 3.9999999599959990 | 4.000000000000000 | 4.000000000000090
x41 1 0.999999999999970 | 0.999999999999956 1.000000000000440
x42 2 1.999959999999970 1.999999999999980 2.000000000000090
%43 3 3.000000000000020 |  3.000000000000030 2.999999999999840
X44 5 5.000000000000040 5.000000000000050 4.999999999999650
_ x45 7 6.999959999999980 £.999999999999970 7.000000000000310
x46 9 9.000000000000030 |  9.000000000000030 8.9959999999959430
x47 11 11.000000000000000 | 11.00000G0000000000 | 10.999999999999400
x48 12 11.599959999995900 | 11.959999999599500 | 12.000000000000500
x49 13 13.000000000000000 [ 13.000000000000000 | 12.999999999995700
x50 15 15.000000000000000 | 15.000000000000000 | 14.999999999999200
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4.3 msﬂszmmdﬂfmﬂ"a‘ﬁ'ﬁﬂﬁamaﬁ@ﬂﬁ@ﬂ (Method of Least Square)

L4 = d = Ly =% i
NSATILLANRBIMIANAManiReeE L ats ngn1taininaAmanfiEnii
e ° o e P Y
ffa drdeysanniseassnmpnnduiuissndssudsiidannnisveans udofan
) v
dhafariduizesunismeadinanand iNelilunsetunssngnisaid
msdszanuamaiiulaedtidmastissiaaerlifandunduimuniiatign
i d‘ 1 4 2 8 |- i ar d!
wndfaya wsrlianmsinfedimnuasiaadourasioyaliivastiaaiian  Aniuie
daunreaaiaifu dunsvasinduBnGougese 9 1eddieys nessdadiugnues

v

TRHAUNIA

is L t
- w a

L o L v o ¥ = o 3 oo =l
wanmsredIEnRAeniaage taell dnddieys x, y M@y n ga Widsddui
: Lo o ,
Uszsnuandiayagatiiiiu Gx) Taah Gix) atlugl

G) = a8 +a,0x* . 8,8, (4.5)

Y or é Y 1 1 H
en m <o g, g duleidumauegiva x araazetluguiniuis
(polynomial) sU&ENNIN Wialdndiniuu@as  aunis (4.5) azanysalldiiseiiansue
1 = n’ ] cr b2 ° } T a: 2 as 0 Gil
a, a, ..a, wuwadulsranbusiiianmeinliandesuaesiaysiuattszunni

3
[P X e

ThanWarid Gx) Rentiaengn

7 46 wammmawisauwrediimdsasiliasiiqn

1
=i =4

angd Auansnsaesdiayatahi i Ae

b4 @ ]

y, - G(x) RanrAuAnsterssdonanngauds WA ANAYmMaTiNNTINAY WEY

u a L

HANNAIAEY  (NRTdRLATaINLNE AL a2l

D = i[y ~ Gt

Ly, TOw e

P——



-B5-

' = « [-1 at dl ' i d"d I 1 ar o ar
AANUIEAVT a,, a,, ... a, szdlusouls wezilleAman i sng o du Naidu
[ i 1 b 1 I Cll di o = 1
Gx) azilufadfuiuwansnaiusanll uRkaannsunm a,, a,, .. a, AdReuladlidise
D fietinafan Anaywusaas D Wafuuiu a,, a,, .. a, asilantugued

oo _

Oa,

o _

?aq_ e, (4.7)
o

Ca.

azlaann1seanty m 4a §uNsuIen a, ... a, 15 Iealdssuuanniadadu

2 t

o o ! 2 a0 e 3, = el A o ,
ﬂ']ﬁ‘“']ﬁ\'lﬂ‘ﬁuLW’ﬂﬂﬁ‘:ﬁNqmﬂ’]‘]‘j‘m'ﬂ’ﬂﬁuﬂtﬂﬂQﬁnqﬂqﬂﬂ\ju'ﬂﬂ'ﬂqmunﬂﬂ’ﬁ’ﬂ’ﬂﬂ'ﬂﬂqﬂ

W1 N1s0mnat (regression)
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3.1 TAaNRNAMNANNUSLULLBILEY {Linear Regression)
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4.3.2 TayadinuANRUGWLUNRUIN (Polynomial Regression)
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Az UNANNT (4.9) 1 Tudounilereasinig (4.10) dis m = 1 duiea

=

§3delieanuuuliinaa PolynomiaiRegression uasiaud Tnefiwualiiwmuiu
nariflunisdssan uieidudeystitinndigeanuessioulsdass NAnldifin 10 (x AAndelad
= a‘l s 1 a8 hg k3 3 ' d‘y h{ o

Fiu 10, ') deyatitdluntmmARaidusisaidarwindeyasus 2 gadulll dmivannis

Fadu viedurudaysaviiesiiinandt Amdswasshulsdassuandeenils (m+1) ol

AR RegressionException  ANSUAINNHANRIAMENY wsannatAnluAang

o

PolynomialRegression A8 computeCoefficients() azAurndNlsrdviaesouls a, a,,

o . . o
a, ..... a, Weelanniadl 4.10 oazBua189ARIA PolynomialRegression Heall

1: /* File: PolynomialRegression.java */
2: package MathTools.Regression;
3:
4: import static java.lang.Math.*;
5: import MathTools.Common.¥;
6: import MathTools.LinearhAlgebra.*;
7 /**
8: * Finding coefficients of polynomial regression.
9: */
10: public class PolynomialRegression
11:
12: /** number of data */ private int dataCount=0;
13: /** maximum number of data */ private int maxPoints;
14: /** true if those coefficients are calculated */
15: private boolean CalculatedChecking:
16: /** degree of the polynomial , max value = 10 */
17: private int degree;
18: /** data in {(x, ¥) pairs for calculating coefficient */
19: private Dataltem datal(];
20:
21: /** coefficient square matrix */ private SguareMatrix coeff;
22: /** coefficient of x */ private ColumnMatrix a;
23: /** right hand side constants */ private ColumnMatrix c;
24 e+
25: * Constructor.
26: */
27: puklic PalynomialRegression() {}
28:
29 /**
30: * Constructor.
31: * @param degree the degree of polynomial
32: * @param data the array of xy data.
33: %/
34: public PolynomialRegression(int degree,Dataltem datal]) {
35; this.data = data;
36: this.dataCount = data.length;
37: this.degree= degree;
38: }
35: J/*x
40: * Constructor.
41: * @param degree the degree of polynomial
42: * @param maxPoints the maximum nuwber of data.
43: */



44:
45
46:
47
48:
49:
S0:
51:
52:
53:
54:
55:
56:
57:
58:
59
60:
61:
62:
63
64:
65:
66
67:
€8:
69:
70:
71:
72:
73:
74 ;
75:
76:
77:
78;:
79
80:
81l:
82:
B3:
84 :
85:
86:
87:
BB8:
B9:
90:
91:
92:
93:
94:
95:
96:
97 :
98B:
99:
100:
101:
102:
103:
104:

.

.
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public PolynomialRegression{int degree, int waxPoints) {
this.maxPoints = maxPoints;
this.degree= degree;
this.data = new Dataltem[maxPoints];

}
/**
* Constructor.
* @param degree the degree of polynomial
* @param X Iindependent variable x
* @param y dependent variable y
*
/

public PolynomialRegression(int degree,double[] x,double(]l v} {
' this.degree= degree;
this.dataCount = min(x.length,y.lengthj;
this.data = new Dataltem[dataCount];
for{int i = 0; 1 « dataCount; i++)
data[i] = new DataItem(x[i],y[il};

}
/**
* Return the current number of data
* @return the number of data.
*/
public int getNumberOfData() { return dataCount; }
/**
* Return the data items
* @return Dataltem
*/
public Dataltem([] getDataltem() { return data; }

YA
* Return the coefficients matrix
* @return coefficient square matrix
*/
public SguareMatrix getCoeffMatrix() { return coeff; }
/**
* Return the coefficients of Polynomial of x
* @return coefficient column matrix
*/
public ColumnMatrix getCoeffOfPolynomial () {
if {!CcalculatedChecking)
try{
computeCoefficients();
} catch(RegressionException msg)
System.out.println{msg);
i

return a;

}
/**
* Add a new data point
* @param dataltem the new data point
*/
public void addData{bataItem dataltem) {
data[dataCount] = dataltem;
dataCount +=1;
CalculatedChecking = false;
}
/-n-*
* Return the value of the polynomial regression at X.
* @param X the value of x
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105: * @return the value of polynomail at x
106: */

107: public double getValueAt {(double x) {

108: double y=0;

109: double xPower=1;

110: if {!CalculatedChecking) |{

111: try{

112 computeCoefficients () ;

113: 1 catch(RegressionException msg) |
114: System.out.println{msg) ;
115: 1

116: }

117: for{(int i =0; i <= degree; i++){
118: Yy += a.getValueAt (i) *xPower;
119: xPower = xPowerx*x;

120: }

121: return y;

122: 1

123 JEr

124 : * Reset all instance variable in object.
125; */

126: public void resetAll()

127: {

128: dataCount = 0;

129: CalculatedChecking = false;

13¢: }

131: /** Calculate the sum of x for each power of x
132: * @return sum

133: * /

134: private double sumXPower(int power) {

135: double sum=0;

136: for (int i=0; i< dataCount; i++}{
137: sum += xPower (data[i].x, power);
138: }

139: return sum;

140: }

141: J

find the sum of x for each power of x and multiplied by vy
142: * @return sum

143: *f

144: private double sumXPowerY{int power) {

145: double sum=0;

146 : for{int i=0; i< dataCount; i++}{

147: sum += datali] .y*xXPower(datali] .x, power);
148;: }

149: return sum;

150: )

151: /** Compute the power of x using my special algorithm.
152: * @param x the value of x

153: * @param n the integer power of x

154: * @ return the resulte of the nth power of x

155: */

156: private double xPower (double x, int n) {

157 : if (n < 0) return 1/xPower(x, -n);

158: double power = 1;

159: // Loop to compute x"n.

160: while (n > 0) {

161: // Is the rightmost exponent bit a 17
le2: if ((n & 1) == 1) power *= x;

163: // Sguare x

1l64: X *= X;

165 : //shift the exponent 1 bit to the right.
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166: n »»= 1;

167: ° }

168: refturn power;

169: }

170 /** Compute the coefficients of polynomial,

171: * @exception MatrixException

172: */

173

174: private void computeCoefficients() throws RegressionException{
175: if {(CalculatedChecking) return;

176: coeff = new SquareMatrix{degree+l);

177: c = new ColumnMatrix(degree+l};

178: // compute each coefficient of upper left half (by row)
179:  // ato a0l a0z a3 e aom ( m = degree)
180: // ali0 alil ... al(m-1)

181: /7 R e a2 {m-2}%

182: /7 amo

1683 : //

184: if (degree » 10 || degree < 1) throw new

185: RegressionException(RegressionException.DEGREE_INVALID) ;
186: 1if (dataCount < degree+l) throw new

187: RegressionException {RegressionException.LESS_DATA) ;
188:
189: for(int i=0; i <=degree; i++){
190 : double sumX = sumXPower (i) ;
191: int 3 =0;
192: // set the value which along the diagonal
193: for{int k = i; k »>=0; k--){
194: try{
195: coeff.setvValuept (k, 3, sumX} ;
196: 3 o= j+1; :
197: Jcatch (MatrixException er)
198: System.out.println{er.getMessage(}};
189. }
200: }
201: c.setValuehAt (i, sumXPowerY (i) ) ;
202: Y/ for i
203: // compute each coefficient of lower right half (by column}
204 for (int j=1; j <= degree; j++){
205: double sumX = sumXPower (j+degree]) ;
206: int i = degree;
207 for(int k = j; k <=degree; k++){
208 ; try{
209: coeff.setValuept (i, k, sumX) ;
210: i=1i-1;
211 } catch(MatrixException er)
{ System.out.println(er.getMessage(});}
212:
213: }
234: try{
215: GaussElimination ge = new GaussElimination{ coeff,c);
216: a = ge.solvel);
217: lcatch ( MatrixException msg) {
218: ) System.out.println{msg) ;
219: N }
220 }

221}
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A7UARATA LinearRegression AZALNDAUIRAINARR PolynomialRegression wa =4

o ] nﬂld ;ni; " = ° Y d” i n: oy, =
futlraanauaziugensad 7 Alegimun lfeaduugnarddumn il daaellannics
AERMUAAN degree THHAYNAL 1 Winiy

v

o =l
seaBLATEIAAR LinearRegression 1Al

1: /* File: LinearRegression.java */

2: package MathTocls.Regression;

3:

4: import static java.lang.Math.*;

5: import MathTcols.Common.*;

6: import MathTools.LinearAlgebra.*;

i /**

8: * Finding coefficients of Linear regression.
9. *f

10Q:

public class LinearRegression extends PolynomialRegression {
11: /E*

12 * Constructor.

13: */

14 : public LinearRegression() {}

16: /*x

16: * Constructor.

17: * @param data the array of xy data.

18: */

19: public LinearRegression (DataItem data{ 1) {
20: super {1,data) ;

21: )

22  [kw

23: * Constructar.

24 : * @param maxPoints the maximum number of data.
25 */

26: public LinearRegression{int maxPoints) {
27: super (1,maxPoints} ;

28: }

29: Jrx

30: * Constructor.

31: * @param x independent variable x

32: * @param y dependent variable y

33: */

34 public LinearRegression(double[ ] x, double[ ] y} {
35: super{l,x,y};

36: )

37: }
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4.3.3 NN9RTIRFDVANNUNITANTDININTU
1 ! ] L4
Hyhddylszniswilspeadgldacnclsdndayanlfinniusennfasfuanms
WumsvisaanmMevuun seanmadntbwiuudes  FansaseuidiuAanisndsansan
l’: = o i ndJﬂ’ o 7 1 73 L
aunsdunBeuieusunsiiléianndays  ueRsiAarinlEdwntintdaulsluaunis
v 4 o
wnndr 2 meduld demmel Ralinnsduaainneadi iy AulstRvidreanisiowun
(Coefficient of determination) azlidhAnuduRusiMiTaanduiuissninafullstiass
m‘: [ 21 b 4 ar iy o ]
vangraiudaulsanu anunsnuanlfdnassadesiuanntsilivisely

1 4 ]

nénnsdiesdiugesdussRvianistmuaaanroesualidall feyafliainns
NARAY (x, y) LAZANT LEANNNNT AU OITBY G(x) ANLUANANTLEAD y, - G(x) Haun
AMNUANFNTBINN | AR ﬂnﬁﬂﬁmmunr»inﬁfa«ufﬁ’mmﬁtﬂuau HRTINATRIADILAIAN
WANFENNTY v, (Andiaya) M G(x) @lannnisanunny) Bundn uesmufndiaairaaay

WAD (The sum of the square of the residuals)

SSE = .i(yi — G(xi))
i=l
ininAn y, andiayaii lfauesnainANedeTed y (7) HasINRA1AIR8T89AY
UWANFNY y, AT ¥ NNANITENGN NARTINAIRIABITEINITOANEE (The sum of the square of

the regression)

n
SSR = _Z,l(yl—Y): ............. (4.12)
1=

fnlszAvinmsimmuassuanddayaiufeifuiianummnzanasnadiedium
visald walfann

SSE
2

R = 1_SSR .............. (4.13)

Tunsaindlurzuuannisdadu aunis R avvnsodewlii
i n 2
nle'yJ - (Zy.l)
i=l 1=l
N 2 I n 2 N
(Zx.' _(ij)?.)l(nzyi _(zyj)z)
i=1 1=1 i=| 1=1
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1 2 -y 1 1 =l | % 1 = ] o % = 1=

AN R® azfidatiszndng 0t 1 findn v, uaz yix) Beanuwanstsiutieevie
AHLANGng azldidn R InfAes 1 dunsvilissaenadasussunzansudaya fas
azldFn R? 19nndn 0.9

ATsaBFEnAwiNAe  ATAINARIAARBUNIATEINIDINSUSINNAY
(Standard error of the estimate) AzElUNIIMIAIAMNARIAARBULRIAT Y NHANNNT
o 3 3 :i‘ v 1 J
AU UazAN y 98edays TonldiaingasrelUl

EZ y n(ﬂx))

(ﬂ_m) ................

Jia n Aeduaudeya uaz m Aeswaudulsz@niluannisnanes Gun (n - m)
Juilunseaaspiludasy (number of degree of freedom)  AWerduildlunng

Uszurnuiluaunisiumnss asauamnuihidase e n-2

f1 s, Badiey wer R lndidus 1 wnoile wamadieidunliaenatoas
minzaniudeyaiiiletntufieaiy

uAaN& PolynomialRegression HMNGEA testDeterminationAndError ()
éw%’umﬁhﬁuﬂszaw%'mmmsﬁmumuﬂ:mmﬂmmLﬂ‘é%'aummgwmmmsﬂﬁ‘:mmm y

@

PRALANNIT 4.14 1Az 4.15 TUsensNANTUTRUNSRAAINAIIN Aa)

1:/** compute the coefficient of the determination and standard error
2: * of estimate for y (from data) and predicted polynomial
3 function

4: *f

5: private void testDeterminationBndBrror() {

6: double SSofResidual=0;

7 double SScfRegresg = 0;

8 int DegreeofFreedom;

5 double y estimate, temp;

10: if {(dataCount <= degree+l} return;

11: DegreecfFreedom = dataCount - (degree+l);

12 SsofResidual = 0;

13: for (int i = 0; i< dataCount; i++) {

14; y_estimate = a.getValueAt (0);

15: for (int j = 1; j <= degree; j++} {

le: temp = 1;

17: for (int k=1; k<= j; k++) |

18: temp = temp*datali]l.x

19: }

20: y_estimate += a.getvValueAt{])*temp;

21: }

22 550fResidual = SSofResidual + (datalil.y -
23

y_estimate)* (datali]l.y - y_estimate);
24 ; }

25: std_err = sqrt(SS5cfResidual/DegreecfFreedomn);
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26:

27: /* Find average value of y */

2B: double sumy = ¢;

25: double ybar = ¢;

30: for ( int i = 0; 1 < dataCount; i++) {
31: sumy = sumy + datali].y;

32: }

33: ybar = sumy/dataCount;

34: SSofRegress = 0;

35 for (int i = 0; i< dataCount; i++ ) {
36: S8ofRegress = SSofRegress + (data[il.y - ybar)*
37: {(datali] .y -ybar);

3B: 1

39: R2 = 1 - SSofResidual/SSofRegress;

40: |}

' ac o w ]
4.3.4 nMenagaunsUsranuAming3siasdastasnga
NTNARBUARIA LinearRegression WaTAaId PolynomialRegression A lede
TaannsfinmuadariduaunWesdunis afsdiaysanndaidul dhdeyaldnaaauliusas

ARIANARBIATUINIAINE N0 I AT TR iuTiAwun Visizala

ARy 4.3.1  FayaselUllinianauniniuns y =3+ 2x

11 13

<
w | O
o
~
w0

naastitfeyawmantiliiaana LinearRegression AMuwImIAIANEY uas 9aRR

} 4 1 ar 1 dl v L } 74 a = = 4

wnu y azldminduan e nieidusiuiniiaveely
ol o d' 4 3 B ar 7 .:‘ 3 ar L7 =i
M Wsunsuilineseauntrdszinadnineismasansiisanandiuivannisidunse §

o
MY

1: /* File: LinearTest.java */

2

3 import static java.lang.Math.*;

4 import MathTools.Regression.*;

5 import MathTools.LinearAlgebra.*;
6: import MathTools.Common.*;
'7 -
8
9

class LinearTest {

10: public statie void main{Stringl(] args} {

11: ColumnMatrix a = new ColumnMatrix(};
12 double([] x = {0,1.,2.,3.,4.,5.};
13: double[] v = {3., 5., 7., 9., 11., 13.};

14 : try{
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15: LinearRegression lr = new LinearRegression{ x, y);

16: System.out.println("Number of data = " +
lr.getNumberOfData() ) ;

17: a = lr.getCoeffofPolynomial () ;

18: //print polynomial equation

19: System.out.print("y = " + a.getValueAt(0) + " + " &+
a.getValueAt (1)+ "x ");

20: } catch{Exception msqg) {

21: System.out.println{msg};

22 }

23: }

24 }

HANIINARBUAE LHATRBLIAIL

Number of data = &
Y =3 + 2 X

v

AIAENY 4.3.2 fauiuadauinuiRilAl ANNANRUETININIANNEITITAANNRURY ()

1 1
ar

- LT o Al
RATITHENALARBUN LA LuLNIT L (x) HAl

X 0 1 2 4 5 6 7 8

y 0 0.5121 | 0.8936 | 1.2648 | 1.2545 | 1.1136 08421J 0.4400

2 &
dayageiiliantandnatafanisrlwhewiuiugse 30° Auiulanfonasuidasiu 10 was
seduh Webifausdihureseinia azlfasunsuanainunias o rasfisuiiuiiy

y = 0.5774x - 0.0653x%°

AU AlsrAnBeed x Feeglugiasanyunnnnga 2

e

38vh Uifays x, y ouliilsunsn PolyRegressTest java Fadisraasifundall

1: /* File: PolyRegressTest.java*/

2:

3: import static java.lang.Math.*;

4: import MathTools.Regression.*;

5: import MathTools.LinearAlgebra.*;

6: import MathTools.Common. *;

7

8: class PolyRegressTest {

9:
10: public static void main(String(] arg5){
11: int degree = 2;

12: ColumnMatrix a = new ColumnMatrix();
13: doublel! x = {0, 1., 2., 4., 5., 6., 7., B.};



-76 -

14: double[] y = {0, 0.5121, 0.8936, 1.2648, 1.2545, 1.1136,
. 0.8421, 0.44};

15:
l6: PolynomialRegression pr = new PolynomialRegression
(degree,x, y);

17: System.out.println{“Number of data = " +
pr.getNumberOfData()) ;

18: a = pr.getCoeffOfPolynomial () ;

19: //print polynomial equation

20: System.out .print{“y = " + a.getValueAt{0) + " + " +
a.getValueAt (1l}+ "x ");

21: for(int i = 2; i <= degree; i++)

22 System.out.print{ " + "+ a.getValueAt(i)+ " x""+ i};

23:

24: |}

25: |}

»
o =l

HAANEIINNITATUI LA IRAIT

Numberofdata=8

y = 2.9150471210670776E-15 + 0.5773999999999974x + -0.06529999999999968 x"2

azwiwinlndAesiudufiane weanusnilAttiosunn 107 anunsodaliiuudly
a ¢ o ¢
44 mMawaywusuaslIwusilasmu

mMevRuasnalausitdmiunismeyiuiiuntsmeyiusasslaiduniism

'
ir

<, = o = o o ol < o oy 1.0 1 1s o ¢ e =l
wlrdasuieinmen wenitluafiuniiAnluarueueas §liasdssimuataiqunazm
v
ir

BUNUEUATIMNUAATFRIN T AYRLETY ason LRy RLESUALT 1 watdudALT 2

o fa ow & ¢ ar e W
4.4 nqﬁ'“q@quﬁ@umﬂ“ud’ﬂ'ﬂ-ﬂﬁ-ﬁn'ﬂu“n'\“uﬁﬂa“
Wofx)  Wudaidun

Lr 5

faanswmAtayRuiuas x AIRANKBINIIUIANBYYLS

ansaUssinnFnaRuidusunilefian x  Fregrsnisldan 3 aaniayWus (three point

q

P - . P N T | v s
formula) .LuLU'BGﬂHﬂ'ﬂu "'ﬂﬂuu’J?U\LCﬂQﬂqﬂ?:uqmﬂ‘lﬂuj.ﬂlﬂﬂl.ﬂﬂﬁﬂ']LLWQ?Qm’JEm']?

UszunnmuuLTENindu (Richardson extrapolation)

n1sUszanuAIn s ayRuEaudy 1 Nan x aeligninisldqe 3 aamiayiug

o
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i1 100 Wudaidunilimeyiuifeiadedudn 5 nsvane (x) Jdueaynsu Tae

= [ 1%
ﬂqﬁ/ﬂﬂQEﬂUﬂﬁlﬂdLﬂLﬂ’ﬂi‘ Q:lﬂ

1 3 1 5

h h h h'
fxgth) = flx )+ GO+ )+ & )+ x )+ 17 (x )+ Oh")
2 2 24 120
................. (4.16)
¥ 1] 2 o ] “@ h4 [&)] h’ 4
f,+h) = fx ) —fx h+ 7 (x )£ x )+ (x ) — " (x,)—— + Oh")
2 2 24 120

o [ A % o
WIANN"T (4.16) AUALANMT (4.17) wanTitlszneudian 12, £ azunelyl dmgl
aunslmd azlmiy

4

1 h’
v =fl(x) = E(f(x“ +h)—fix, - h)) —f"'(xn)'6_ —£9(x,) 120 e

4 L7 1
3la O(h”) Ae wan q wawn £ Taetndazdniiall iiifamuasaAtay
Wasannigsalans
N S 1 d: A o ar i =, -
Eitiuanng (4.18) 1dne wansetn W Aunsds s nidwuii i ndu

y' = Ao(h)+a2hz +a4h4 +o0®» {(4.19)

1
A() (h) = 21](f(x0 +h)~ f(xo — h))
=3 £ e(5)
a f8 f (xo)/G a, AD f (xo)/120

A L e o & o - = a o ar [
Wasannisdszunnidifanssiiuuataaie viananaseau flafaetian
Pradnes A 1 el lfiduaunaunisszaiudn v = Ah)

Guuszunmenaion 1 Taetiuldausn n Sl he

&

ANAUNTT (4.19) a= 1§

h2
h h
y = A0(2)+a2 1 +a, 6 e e (4.20)
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W1 4 ALIANNNT (4.20) WAMNANNTS (4.19) Mnauean nan b’ azunall  #n
wan h* fa azlfifiuendszunudlug fe

4A (h/2)— A (b) 3
y = + —a h*+.. (4.21)
3 4 ?

4A0(h 2y — AO {(h)
P (Y

3
Ay andlualud fesandlunasdssinmuAiaian 1 waz y' = A'(h) AR
g
Aaldian 7 Wit A, ()
' ' o Y a 5o 4 4 o Wy AW
WANARNTENIN A (h) ND Alh) fndaunnndndprusaaraauiinaniuld 1%
szanueasan 2 salil

INAUNTT (4.21)

N

y! = AW-7an*t+ow®y L (4.22)

1 | %3 h v A‘-
UHILAY h fiog — udunuduslsyBntans h' Mo b,

y! = A‘(11/2)+b1h4 +on® (4.23)
WNWAN h F9g b2 adluaunas (4.23)
, hoooont o
y = ACQHb L FOEY) (4.24)

VIANNT (4.24) X 16 udi1aunis (4.23) 4rauaan Famay Oh) #ia

= A (h}

azli AN Wuanlszunuanludsesy  Bnasa1es Adh) waz A (h) €9
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L4
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1 b d i i 1 ﬂl-‘ & J
fnsdssannuanvinluizen o autivafefin adldigresmiatlszsnninludal

h
n -
4 An_l(2 —A__ (0
A G = ———— (4.26)
n 4" —1
e linde Asldearsie q dumieded
TudfATUa , ) ] .
. O(h O(h h
i o) () (r) o)
0 Ag(h)
1 Ah2) A ()
2 Ag(hVa) A, (h/2) Ah)
3 A(h/8) A (hi4) AN/2) A(h)
4 A,(n/16)
fadtlFaanuuumaiaDerivative Lidpanawduaniuas anusssy

(abstract class) HW8am computeFirstApproximate () FvFuensrnantiaaduees
ayRusTiauwda x {aeliaeemsldan 3 qaunanwus wsen RichardsonExtrapolation()
At lEsnnansszunuefausnanUiuusiad el H A nd A it et iy Aufiats
AN Aan ALARauTEaNTY AR AN lne BuntRe DEFAULT_TOLERANCE iy 107
sunsoilAsuuladnlEnuanumnsay

nsfndupnafianaaianaiatulilusasiilUsunsuine aylinana
DerivativeException Foutin@i SinnefmuanistlssinnnuuneFaduli iy 50 sy
Fetlasunisusauuuylafay

ARG FirstDerivative AXALUNAANIANAMA Derivative annammis axiinis

override 886 computeFirstApproximate() tasniswatdszunauafausnioaldan 3 qm
WBYRUFLULIINAN 43-45
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g

14
FWALDHAVDINATE Derivative 1181% FirstDerivative H@ail

1: /* File : Derivative.java */
2:
3: package MathTools.Derivative;
4:
5: import static java.lang.Math.*;
6: import static MathTools.Common.CommonConstants.*;
7: import MathTools.Common.Function;
a:
9: /[#*+* Abstract class for Derivative */
10:

11: public abstract class Derivative {

12: /#** Function to integrate */ Function function;

/** default tolerance */double tolerance = DEFARULT TOLERANCE;
14: /** wvalue x at which to differentiate */

double xDerive;
16: /** first derivative at xDerive point */
double yDerive;

jy
[¥5]

19: /** the spacing of x value */ double h;

21: /** Constructor */
22: Derivative() { }

24: /** Constructor

25: * @param f function to differentiate

* @param x data point at which to differentiate
27 */

28: Derivative{ Function f, double x){

L )
(22}

29: this. function = £;
30: xDerive = x;

31: initialize h{);
i2: )

33: /** Constructor
34: * @param f function to differentiate
35: * @param x data point at which to differentiate

36: * @param tol tolerance assigned by user

37 */

38: Derivative{ Function f, double x, double tol){
35: this.function = f;

40: xDerive = x;

41: 1if(tol <= 0} tol = DEFAULT_TOLERANCE; else tolerance = tol;
42 : initialize_h{);

43: |}

44 :

45: private void initialize_h() {

46: if (abs {xDerive) < ZERO_APPROACH)

47 h = sgrt{tolerance);

48 : else h = abs (xDerive*sqgrt (tolerance));

49 : }

50: ]

51: /** Evaluate the first approximated derivative of the fucntion
52: -* at the point x by using three point formula

53: * @return the value of derivative

54: */

55 abstract double computeFirstApproximate (double deltaX);
56

57: /** to improve the current approximation
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* ugses Richardson extrapolation

*/

protected void RichardsonExtrapolate () throws
DerivativeException{

double (]l [] result = new double [ARRAY SIZE] [ARRAY_ SIZE];
int row = ¢, col = 0;

double delta, numberd;

delta = h;

result [0} [0] = computeFirstApproximate (delta}; .
/* Richardson extrapolate start here =*/

do {
row +=1;
if (row > ARRAY SIZE) throw new
DerivativeException (DerivativeException.ARRAY SIZE EXCEED);

delta /=2;
result [row! [col] = computeFirstApproximate (delta);
number4 = 1.0; )
for{int j = 1; 3 <= row ; Jj++}{

numberd *=4;

result [row] [j] = (number4*result [row] [j-1] -

result [row-1] {j-1])/ (number4-1) ;

} //for 3

}while ({abs(delta)> ZERC APPROACH) &&
(abs (result [row] [row] -result [row] [row-1]) > tolerance));
yDerive = result [row] [row];

/* Richardson extrapolate result print out for checking */
System.out .println{" value of h = " + h);
for(int k = 0; k <=row; k++){
for {(int j = 0; je=zk; j++){
System.out.print (result [k} [1+ "\t&"};
S

System.out.println() ;
}

}/** getting the Derivative result */
public double getDerivativeResult({){ return yDerive;}

}
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/* File : FirstDerivative.java */

package MathTools.Derivative;

import static java.lang.Math.*;

import static MathTools.Commorn.CommonConstants. *;
import MathTools.Common.Function;

import MathTools.Derivative.*;

/** hbstract class for Derivative */

public class FirstDerivative extends Derivative (

/** Constructor */
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public FirstDerivative() { }

/** Constructor
* @param f function to differentiate
* @param x data point at which to differentiate
*
/
public FirstDerivative( Function f, double x){
super (f,x) ;
try(
RichardsonExtrapolate () ;
} catch (DerivativeException msg) {
System.out.println{msqg);}

}

/** Constructor
* @param f function to differentiate
* @param X data point at which to differentiate
* @param tol tolerance assigned by user
*
/
public FirstDerivative( Function £, double x, double tol){
super(f,x,tol);
try{
RichardsonExtrapolate () ;
} catch (DerivativeException msg) {
System.out.println(msg);}
}
/** BEvaluate the first approximated derivative of the fucntion
* at the point x by using three point formula
* @return the value of derivative
w*
/
protected double computeFirstApproximate (double deltaX) {
return{function.of (xPerive + deltax) -
function.Of (xDerive - deltaX))/{(2*deltaX);
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/* File : Secondberivative.java */
package MathTools.Derivative;

import static java.lang.Math.*;

import static MathTools.Common.CommonConstants. *;
import MathTools.Common.Function;

import MathTools.Derivative.*;

/** Abstract class for Derivative */

public class SecondDerivative extends Derivative (

/** Constructor */
public SecondDerivative{) { }

/** Constructor
* @param f function to find the second derivative
* @param x data point at which to differentiate
*/
public SecondDerivative( Function f, double x){

super (£, x};

try{

RichardsonExtrapolate() ;

} catch (DerivativeException msg)

{ system.out.printlni{msg);}

}

/** Constructor
* @param £ function to differentiate
* @param x data point at which to differentiate
* @param tol tolerance assigned by user
*/
public SecondDerivative( Function £, double x, double tol){
super (f,x,tol) ;
try(
RichardsonExtrapoclate() ;
} catch (DerivativeBxception msg)
{ system.out.println{msg);}

}

/** Evaluate the second approximated derivative of the fucntion
* at the point x by using three point formula

* @return the value of derivative

*/
protected double computeFirstApproximate (double deltaX){
return{function.Of (xDerive + deltaX) -
2*function.Of (xDerive} + function.Of {(xDerive -
deltaX))/ (deltaX*deltaX) ;

}

public double getSecondDerivativeResult (){ return yDerive;}

}
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0.9324695142 0.1713244923
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0.525532410 0.313706646
0.796666478 0.222381034
0.960289857 0.101228536
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/* File : Integrator.java */
package MathTools.Integration;

import static MathTools.Common.CommonConstants. *;
import MathTools.Common.Function;

/** Bbstract class for integration */

public abstract class Integrator |

/** Function to integrate */
Function function;

/** the number of equal-width intervals =*/
int intervals;

/** the lower limit of integration */
double lower;

/** the upper limit of integration */
double upper;

/** Integration results */
double IntegrationResult;

Integrator () { }

Integrator{ Function f, double a, double b, int n){
thig.function = f;
this.lower = a;
this.upper = b;
this.intervals = n;
1
/** getting the Integration result */
public double getIntegrationResult ()
{ return IntegrationResult;}
/** Compute the area at nth region */
abstract double integrate()throws IntegrationException;
abstract double findAreaUndexCurve{double x_left, double h);

ki

- '- . ] Pl 2 1 ar T dv t=z | %4
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/* File :TrapezoidallIntegration.java */
package MathTools.Integration;

import static java.lang.Math.*;
import MathTools.Integration.*;

import MathTools.Common.Function;
import static MathTools.Common.CommenConstants. *;

/** Integration of given function from lower limit
to upper limit using the trapezocidal rule.
*/

public class TrapezoidalIntegration extends Integrator{

/** Constructor.
* @param function the function to Integration.
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* @param lower the lower limit of integration.
‘* @param upper the upper limit of integration.
* @param intervals the number of equal-width intervals
*
/
public Trapezoidallntegration (Function function,
double lower, double upper, int intervals) {
super (function, lower, upper,intervals);
try {
IntegrationResult = integrate();
} catch (IntegrationException msg) {
System.out.println( "Error : "+ msg);
}
}

double integrate(} throws IntegrationFxception {
if (intervals <=0} throw new
IntegrationException(IntegrationException.INVALID INTERVALS) ;
double h = (upper - lower)/intervals;
double area = 0;
for{int 1 = 0; i < intervals; i++){
double x left = lower + i*h;
area += findareaUnderCurve (x_left, 6 h);

}

return area;

}

double findAreaUnderCurve{double x_left, double h){

double x_right = x_left + h;

double y_left = function.0f(x left):

double y_right = function.Of {x_right);

return (h*{y_left + y right}/2); // area of trapezoidal

=l . R Q ar 12 ' - ] dly ei i
MUALIBYATDIAANA Simpson1_3integration AnFLIEM AN BERURIatuUInLN 16

Walneiidudenamaste ) vunsiduumisiuan

1:

22:
23:

/* File :Simpsonl_3Integration.java */
package MathTools.Integration;

import static java.lang.Math.*;

import MathTools.Integration.*;
import MathTools.Common.Function;
import static MathTools.Common.CommonConstants. *;

/** Integration of given function from lower limit
to upper limit using the Simpson 1/3 method.
*/

public class Simpsonl_3Integration extends Integrator{

/** Constructor.

* gparam function the function to integration.

* @param lower the lower limit of integration.

* @param upper the upper limit of integration.

* @param intervals the number of equal-width intervals

*

/ i

public Simpsonl 3Integration (Function function,

double lower, double upper, int intervals){

super (function, lower, upper,intervals);
try {
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24: IntegraticnResult = integrate{};

25: } catch (IntegrationException msg) {

26: System.cut .printin{ "Error : "+ mag);

27: }

28B: }

29: double integrate{)} throws IntegrationException {

30: if (intervals <=0} throw new
IntegraticnException(IntegrationException.INVALID INTERVALS) ;

31: double h = {(upper - lower)/{2*intervals);

32: double area = 0;

33: for(int i = 0; i < intervals; i++){ -

34: double x1 = lower + 2*i*h;

35: area += findAreaUnderCurve {x1,h};

36: }

37 return area;

38: |}

39: /#** Evaluate the area under parabolic curve

40: * @param x1 the left bound of the region
41: +* @param h the interval width

42: *f

43: double findAreaUnderCurve (double x1, double h){
44 ; // area of the parabelic region = h/3(£(-h) +4£{(0) +£{h))
45 ;

46: double x2 = x1 + h; // middle point

47: double x3 = x2 + h; // rightmost point
48: double y1 = function.Of (x1);

49: double y2 = function.Of (x2);

50: double y3 = function.Of (x3};

51:

52: return (h*{yl + 4*y2 +y3)/3};

53: }

54: }

55:

SURLBLATBIAANE Simpson3_Bintegration &niulivnArivusinewtawuils

ThalnetifwTangasig 7 punshithuuiummnssemany

t: /* File :Simpson3 BIntegration.java */

2: package MathTools.Integration;

3:

4: import static java.lang.Math.x*;

5:

6: import MathTools.Integration.*;

7: import MathTools.Common.Function;

8: import static MathTools.Common.CommonConstants.*;
9:

10: /** Integration of given function from lower limit
11: to upper limit using the Simpson 3/8 method.
12: */

13: publie class Simpson3_BIntegration extends Integrator{
14:

15: /** Constructor.

16: * @param function the function to integration.

17: * @param lower the lower limit of integration.

18: * @param upper the upper limit of integration.

19: * @param intervals the number of equal-width intervals

20: *f

21: public Simpson3_BIntegration {Function function,
double lower, double upper, int intervals) {
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super {(function, lower, upper,intervals);
try |{
IntegrationResult = integrate();
} catch (IntegrationException msg) {
System.ocut.println( "Error : "+ msg);

}

double integrate() throws IntegrationException {
if (intervals «<=0) throw new
IntegrationException(IntegrationException.INVALID INTERVALS)
double h = (upper - lower)/({3*intervals);
double area = 0; ‘
for{int i = 0; i < intervals; i++){
double x1 = lower + 3*irh;

area += findAreaUnderCurve (x1,h};

}

return area;
}
/** BEvaluate the area under parabolic curve
* gparam x1 the léft bound of the region

* @param h the interval width

*/

double findAreaUndercCurve {double x1, double h){

// area of the 3rd degree region = 3h(y0 + 3yl + 3y2 +y3)/8

double x2 = x1 + h;
double x3 = x2 + h;
double x4 = x3+h;
double yl = functicn.Of (x1);
double y2 = function.Of(x2);
double y3 = function.Of{x3);

double y4 = function.Of({x4);
return (3*h*{yl + 3*y2 + 3*y3 + y4)/8)};

EAZIREATAIAATE GaussQuadraturelntegration A1uFulianEnudlae

AMuLARIUIY node uarininassdsidulneBondanmuisiaaand

@~ RN

9:
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12:
13:
14:
15:
16:
17:
18:

/* File :GaussQuadraturelntegration.java */
package MathTools.Integration;

import static java.lang.Math.*;

import MathTocls.Integration.*;
import MathTools.Common.Function;
import static MathTools.Common.CommonConstants.*;

/** Integration of given function from lower limit
to upper limit using the Gauss Quadrature method.
*/

public class GaussQuadratureIntegration extends Integrator{
/** the number of node for integration */ int node;

/** Constructor.

* @param function the function to integration.
* @param lower the lower limit of integration.

.
F
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19: * @param upper the upper limit of integration.
20: * @param node the number of node for integration from 2 to 6
21:  *+/
22: public GaussQuadratureIntegration (Function function,
double lower, double upper, int node) {

23: this.function = function;

24 this.lower = lower;

25: this.upper = upper;

26: this.node = node;

27

28: try {

29: IntegrationResult = integrate(};
30: } catech (IntegrationException msg) {
31: System.out.println( "Error : "+ msg);
32: }

33: )

34: doubkle integrate() throws IntegrationException {

35: double[] weight = new double[9]; // weight of this point
36: double[] u = new double[9]; // node point of function.
37: double[]l] x = new double[9];

38: double area =0;

39: if(node < 2 || node >8 || {upper == lower)] throw new
IntegrationException (IntegrationException.INVALID NODE} ;

40: switch (node) |

41: case 2 : { ulll= -1/sqrt(3.};

42: ul2l! = -ull);

43: weight [1] = weight [2] = 1;

44 ; break;

45: }

46 : case 3 :{ ul1l = -sqgrt(1s5.)/5.;

47 : uf{z2l = 0; .

48 : ufi}l = -ufil;

49: weight (11 = 5.0/9.0;

50: weight {2} = 8.0/9.0 ;

51: weight [3] = weight{1];

52: break;

53: }

54: case 4 : { u[ll = -sgrt{525+70*sgrt(30))/35;

55 ul2] = -sqrt(525-70*sgrt{30))/35;

56 uf3] = -ulz2];

57 uf4] = -ulll;

58: weight[1] = (18. - sqrt(30))/36.0;

59: weight (2] = (18. + sqrt(30))/36.0;

60: weight [3] = weight([2];

61: weight [4] = weight[1],

62: break;

63: }

64 case 5 : { ull] = -sqgrt(245.+1l4*sqrt{70.))/21.0;

£5: ul2] = -sqrt{245.-ld*sqrt(70.))/21.9;

66: ul3] = 0;

67: uld]l = -uf2l; //ul2] = -ul4]

68: uls] = -ul1l; // 0.9061798459

69: weight {1} = weight[5] = (322-13*sqrt(79))/900.0;

70: weight [2] = weight[4] =(322+13*sqrt(70))/900.0;

71: weight [3) = 128./224. ;

7T2: break;

73: }

74 : case 6 : { uf1] = -0.9324695142;

75 uf2] = -0.6612093864;

76 ull] = -0.2386191860;

77

I

uf4] 0.2386191860;
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78 uis] = 0.6612093864;

79: ufel] = 0.%324695142;

80:

B1: weight [1] = weight[6] = 0.1713244923;
B2: weight [2] = weight[5) = 0.3607615730;
B3: weight (31 = weight{4) = 0.4679139345;
B84 : break;

B85:

86 }

87: case 7 : { ul1) = -0.549510791;

88 : ulzl = -0.74153119;

B9 ul3l = -0.40584515;

20: ufal] = 0;

91: uls] = -uf3l;

92: ulel] = -ul2};

g3: uf{7] = -ul1l;

94:

95: weight [1] = weight[7] = 0.12948497;
96: weight [2] = weight[6] = 0.27970539;
97: weight [3] = weight[5] = 0.3818B3005;
98: weight (4} = 0.41795918;

29 ; break; ’

100: }

101: case B : { ul1] = -0.96028986;
102: ul2] = -0.79666648;

103: ul3] = - 0.52553241;

104 ul4] = - 0.18343464;

105: u(5] = 0.18343464;
106: ule] = 0.52553241;

107: ul?} = 0.79666648;

108 : ul8] = 0.96028986;

109:

110:

111: weight [1] = weight [8) = 0.10122854;
112; weight (2] = weight[7] =0.22238103.:. ...
113: weight [3] = weight[6] = 0.31270665;
114: weight [4] = weight[5] = 0.36268378 ;
115: break;

116:

117: }

118: }// switch(node)

119: for{int i = 1; i <= node; i++) {

120: x[i] = 0.5*((upper+lower)+ (upper - lower)*ulil);
121: area += findAreaUnderCurve(x(i], weight[i]);

122: )

123: return area* (upper - lower)/2;

124:

125: |}

126: /** Evaluate the area under curve
127: * @param point the node value.
128: * @param w the weight of functicn
129: =/

130: double findAreaUnderCurve (double p

131: ‘ return function.Of (point) *w;
132: )
133: }

134:

at this node.

oint, double w){
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4.4.4 nsvARALNsSMAYNUSuasEWUE

FIRENg 4.4.1 RIWayRNETuALUTIne v =" cos (x) Hiqax=T0/2

Agvih Isunsuilinasaunimneyiuisusuwiiaeas y = x° cos (x) fidall

1: /* File : FirstDerivativeTest.java */

2: imporxt static MathTools.Common.CommonConstants . *;
3: import MathTools.Common.Function;

4: import MathTools.bPerivative.*;

5.

6: 1import static java.lang.Math.*;

71

B: public class FirstDerivativeTest {

9:
10: public static void main{String[ ] args) {
11: double x=PI/2.0;
12: // insert function in here
13: Function func = new Function{) {

14 : '
15: public double Of (double x) {
16: return x*x*cos (x);

17: }
18:

19: };

20: [/ FirstDerivative (fucntion,xDerive,tolerance)

22: FirstDerivative f£d = new FirstDerivative (func,x);

23: System.out.println("\n The result of Derivative at
X = "4x+ " is " + fd.getDerivativeResult());

24 : }

25: |}

Walildsunsunineu uadnsiline

The result of Derivative at x = 1.5707963267948966 is -2.467401100272417

' ar u‘d‘ v o dy 7 -
ANBUNUDVILNATIAE —— =2xcosx —x” sinx

dt

WUAT x =TT/ 2 aZld % - —%l = _2.46740110027234
{
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AIBENG 4.4.2  AMAYRUEAUA LAY vy = X cos (x) N1qm x =TT/ 2

<l o

89

W H HHHE R H e
P OWw @0 e Ww bk

22
23:

o’ fﬂi’ b s ir o = =y
nagninlFann1s 1l swn sl Fail

H
SOV D@~ OU W

] ¥
1 Wsunsuilineaaumemeyiustusiuiaestns y = x° cos (x) Hfall

/* File : SecondDerivativeTest.java */

import static MathTools.Common.CommonConstants. *;
import MathTools.Common.Function;

import MathTools.Derivative.*;

import static java.lang.Math.*;

public class SecondDerivativeTest {

publie static void main(Stringll args)
double x=PI/2.0;

// insert function in here
Function func = new PFunction(}

public double Of (double x) {
return X*x*cos{x);
}

}:

SecondDerivative sd = new SecondDerivative{func,x};
System.out.println(*\n The result of second
derivative at x = "+x+ " is " +
sd.getSecondDerivativeResult ()} ;

W
ar

The result of second derivative at x = 1.5707963267948966 is -6.28318530717974

ar T & ar

AURUTAUMIAR9T89 y = X cos (X) AR

-

]

?22 =2cosx—4xsinx —x cosx
!

UWNuAT x = 70/ 2 azli
a’zy

7 -= -2T0 = -6.28318530718
.2
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Aragng 4.4.3 ndliluniswedaudmgaansuonii x =a s x=2a wldan
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21:
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24
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26:

27:
28:
29:
30:
31:

32:

33:
34
35:
36
37:

38:

39:

3
2 (x* +a*)?

| P g
AW IAVANNUU LA a2 =1, k=05

" _ T kdx

4 14

Tusinsuinl A uanumiEwusaaslandlusaagranisail

/* File : IntegrationTest.java */

import static MathTools.Common.CommonConstants. *;
import MathTools.Common.Function;

import MathTools.Integration.*;

import static java.lang.Math.*;

public class IntegrationTest {

public static void main{Stringl)} args) ({
long usedTime,start;

// insert integrand function in here
Function func = new Function(} {
public double Of (double x) {
return (0.5/pow{{x*x+ 1},1.5)};

)
Yi
start = System.nanoTime() ;
TrapezoidalIntegration tp =
new TrapezoidalIntegration(func,1,2,1000);
System.out.println("\n The result of Integration using

Trapezoidal rule = " + tp.getIntegrationResult());
usedTime = System.nanoTime(} - start;
System.out.println("\nExecuted time = "+usedTime+" ns”};
2
start = System.nanoTime() ;

Simpsoni 3Integration ssl =
new Simpsonl 3Integration(func,1,2,1000);
System.out.println(”\n The result of Integration using Simpson

1/2 rule = " + ssl.getIntegrationResult(});
usedTime = System.nanoTime({) - start;
System.out.println("\nExecuted time = "+usedTime+" ns”);

start = System.nanocTime (}
Simpson3_8Integration ss2 =

new Simpson3 8Integration{func,1,2,1000};
System,out.println{"\n The result of Integration using

Simpson 3/8 rule = " + ss2.getIntegrationResult());
usedTime = System.nanoTime{) - start;
System.out.println("\nExecuted time = "+usedTime+" ns”);
{/==s==c===sc===azz==cs=cs=c====sc==s=o===z=s===
start = System.nanoTime() ;

GaussQuadraturelntegration gg4 = new

GaussQuadratureIntegration{func,1,2,8);
System.out.println("\n The result of Integration using

GaussQuadrature 8 point = " + gg4.getIntegrationResult());
usedTime = System.nanoTime() - start;
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40: System.out.println("\nExecuted time = trugsedTime+” ns”);
41: "}

42: |}

43:

LadnsnEannisnaaaulillsunsuinan niialiinadnslndAasAuiiaie T5reand

cax o o 4 4 o " o
waaaad WinarlunisAunadieefign vasiingdmasuatiamynsuinign

The result of Integration using Trapezoidal rule = 0.09366022253163486

Executed time = 7971125 ns

The result of Integration using Simpson 1/3 rule = 0,09366020490668424

Executed time = 3000940 ns

The result of Integration using Simpson 3/8 rule = 0.0936602049066842

Executed time = 4742223 ns

The result of Integration using GaussQuadrature 8 point = 0.09366020498197819
Executed time = 971632 ns

e - k X
ANutiasaaris W = — sin [tan-l ;]
: .. a

- e 8 e ) . o v
LHALNUATTAATARAUULRTE N LWNUAN Kk WAy a k]l ‘Q:‘lﬂ

ool

= D.093660
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4.5 MIMAINBUBDIANNIFAYNUTUULEITY

e

nsimuAsalavriiineliiwnmAnaurssaunaieyiusidadnnmall

L = [ s . . . N o at A

raldiusuniadseyiuguuuasiey (Ordinary differential equation)  WannnsayusTl
o’ = a8 as [ - T [ rd' = U A

FnlsdassifewnGes  Idnsunihudady dsyiuiidsingluauniadudfivfiey

|

usiulsieasaies Bilddluwny partial derivative @euliiorluguia &l

y = Xy} e (4.30)

Tmuu@nﬁfaulﬁqmﬁ"uﬁu (initial condition) A8 y (X} = v,

sufloTaT A mourssaumseuiuflufitarlded 2 53 THud Stuuududien
(one step techniques) TneiButlssunnrndaulssass (x) mudeulaFudu uaztindnd
mlﬁ?ﬁﬂéwmmuﬁmfimﬁiﬂlﬂuuiﬁwm ) i Feaseaneeiiliulsuds (modifed
Euler's method) 3384 Fal-ARA" (Runge-Kutta method)  BnaawinAeiauuunandy
(multi step techniques) ThiaTmqadaluuiulhs 1) Tanlddeuaannisdmuand
fusaEqn azfinisusetaunssidliaAaemaiewlifuiiuusls  Tiud 7

U84 BIAN-1AAW (Adam-Moulton's method)

4.5.1 JHuBeaneLans (Forward Euler and Modified Euler Method)

thiashdrauazsssunngs azaaniazlfidouldsunsulfineuiamaiiiey way

2
s

HugudrAnylumai il drevauniseuiuseias (partial differential equation)

2
nsUszanAIN T aYALE & nsndlanu iRl

. —~ Yn+l = Yn
Y —_
h
wie Yart = Yo T hy
WNUA1 vy’ R1nauns (4.30) Azl
Yas1 = oy, THM &y Ll (.4.31)

R St R T
disnuuaaulaBuiunnli yix) =y, wawnsaiReulatinmen y af
sie 7 Wlé

Y, Yo + i (X Yo
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Yo = ¥, t hi{x,, y,)

yn = yn+1 + hf (xn-1‘ yn-1)

X X X3 X .
g 4.7, RoulyEusiu x, lwdy 130 x, x,.... 1

¢
|

1 Aqu at J b ] n'
feunwinsredisiiulddadinan x VegwrerndrGufivn ) AnNARIR

.
1

o4 Ao A e = v 3 e 0 o w - <
Lﬂﬂ'ﬂu‘ﬂl-nﬂLuﬂﬂqume:Nqﬂmquﬁ‘xﬂzﬂﬂquﬂﬂQﬂ ﬂQﬂL'ﬂQNQQquﬂum'ﬂQﬂ?Uﬂ?Q‘ﬂuﬂ'ﬂu
=l T d' Y v as rd' g =
5B UIAET L'Wﬂl‘ﬂ‘lﬂNﬂﬂWﬁﬂlﬂ@LﬂﬂQﬂqqu’;}?\‘]N’]ﬂ'ﬂu

FoeeuaaTiuuliulaude (Modified Euler's Method) unmsieng@mans

ANRYUTIBMIAAALANNTANIHATWTS ANNNT (4.31) aznaneily

h
Yu+l = Ya + ; [f (xn+li yn+1) f (xn! y,,)] .............. (432)

AD wwru BC

L slopef(x,.y )

v A A \::B !

slope f!:-:1, ¥1)

2 3 4

g1l 4.8 uanaiBrovesmaniuuutifurlgaudn
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] i ° 1 ] Y [ 1
AngUATIINN y + M (x,, y,) Aadu AB Taarlffndnarfiliuai (fndiqa
E) wax y, + hf (x,,y,) Aadiu AD dganindads alidAefuvesAvisansiazly
. e s o o
Atlsranaunlnddnaiaia AE anflununeasannig (4.32)

A - { - 1 1 ! i L]
trywranusznisuineesaunis (4.32) Aa v,,, Sudqling el Jaszwudifiet

a
b

PRFUTNTaTRIRNMS (4.32) Mot nsannis (4.32)  WlERafesdssunuen v,

. A = i ey e e . v & o ' - 1 P
NWATWIITHANBY Lﬁ‘ﬂm"llﬂum’mﬁwm (predlct) LLm'Nuﬂﬂﬂ"lﬂ"l Yner Qnﬁ]ﬂéuqﬂﬁﬁ'ﬂu

luannag (4.32) (correct) NasneNstiAn y_ ., wildanaunag (4.31)

4572 33“1!@\1‘3"«.\1—@‘5161’1 (Runge - Kutta method)

fauliiRreseenmefignuiutauaac inadnalng i AnssuAsudistanniy
LLﬁiﬂfmuﬂmmm?;amﬁ@mf‘hmwmaummgﬁ’uﬁﬁfimﬁhﬂ %qqunﬁmﬁuﬁumn1
faalsngidivatnadaau  dnadissnanitaeeniu 2 au e K (Runge) uazAn
A1 (Kutta) ‘lﬁmufaﬁﬁmﬁﬁrﬂfauﬂumswﬁ’uﬁﬁﬁﬂi:ﬁﬂ%mwlﬁmqmﬁmmmmnnfiﬂ %
wanlunisAnwanuiiaands

wdnnsrasian - Aean andunndsduuesTanBiazgniaie  (Tuntsn
ﬂ'qﬂs:mm-nmméﬁuﬁfé’uﬁuﬂmlumamamgﬁuﬁﬁuﬁuﬁ 1 AR X, UAY X, Fednilu

azfieannA iy i eisaqn x, + ah Toah O Wudla q  Esniudiuoumentadiy

ayRuidudugIndtany RifeamiAnisfasuitssaesieiduiian o s o du ey

e o '

g - niv ] ar 1 a.w
AATATMNTUITUENITIN - ARRAT HINNY 1]1&@%@’]L?Wﬁﬂ\?ﬂﬁﬁ‘ﬂ'}'}}lﬂ“&LﬁﬂﬂLLﬂZﬁl ALNBNATY ]

RN RIRTRY
Taavialiludar lenldisian-Annn dudy 4 BeldsunannnisdssunAinamen b’
azlfisuls 13 sautls  Ausuanms 11 auns uls 2 / Gasiasgnitwusd iy

lagay aunisilifuataunsnaisdmiuiaiaa-aamsudu 4 As

1
yn+1 = yn + E (k1 + 2k2 + 2k3 + kd) 7
K, = hf(x..y,)
h k,
k, = hfx,+ .y, + ) Lo {4.33)
2 2
K hi( b K2 )
= X, +* Ty, t L
3 n 2 y 2
K, = hi(x, +h,y, +Kk}
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4.5.3 faasamuE-yacu
o P o o ar ) «a
mawAneuAldallaesaunsayiuflaedaias-apmasiidrauainaAni
o L ] h 1 : = 1 = L= | JI g ac o Il: =
Aaadlditiudanaumiiniuies 1 A GandftuuuidihidEAunndunewien (one step
method) Fireseiatnd-yasi Tdanmameuiauld 2 gremausiu gasusnazl¥iiluda
"ue (predict) AeauRlA  wiaRatigasii 2 UFuen (correct) Mlkanngash 1 auldidn
4 4 ¢ oo v & = . v v oo sl y & '
pNARIAARAUtBENdIIn MUAlS  Yiagesti 1 uazgesh 2 fasldAnlseanduneunaw
v ol o - ada (@) A o o .
wihiine 4 qeundasiumsamnns Gandpisdhdsiurnmaneduneu  (mutti step
method) Va9 8 M Aa N N e-Fawfle {predictor - corrector method)
et - a [ y A uI/ -
Tnree1mud-yesiu WisuniseyWuidudumnila 3afigUiahdsannas (4.30)

GI/ o .t J ) ]
Taealfarkdu £ (x, y) annsounulBFoanuunn wnusliazunues i(xy) HlndRaaiis
nezaulif x HduAugavinRazinli

Wevsvanafaidudumiunnte ' laaldqe 4 ealunisiansan azldiaunis
. v
dwiuitludovinung (Predictor) Al

h
Voo =y Ay SS90, 376, -90) (4.34)

Waniarldianindidgsdufisds Rangredwiulidiudiannis (4.34) Bnges
wil gastilfiannniswivuilagatdeqn 4 aneasiaidududuoiuiléiluannis (4.34)

A . d y ' oo
wriraauainnlinaguilian adldaunsiliufiladminune sl

h
yi+1 = ¥, + 24 (f-—:L - Sf:—l + ]'gfn + 9fi+t)

Tunraanuuu liasasataDifferentialEquation AARLNOANIAINARIA  Function
AuFLLAuAN fix.y) wastiaylatuiiu AR"ADIfferentialEquationSolver Hiuaaaus Niauls
ARELAZINSATIYN 1 Taaziaslisaniy Arna ModifiedEuler AR1A RungeKutta WAZARYA
AdamsMoutton ﬁhaﬁ?ﬁummmmnﬁmmﬁﬁﬁqgu

[%
=

$18ATIBIA129AANE DifferentialEquationSolver HAa1L

/* File : DifferentialEgSolutionFinder.java =*/

package MathTools.DifferentialEqg;

import static MathTools.Common.CommonConstants. *;
import MathTools.Common. *;

import MathTools.DifferentialEq. *;

(= RN B AR NI S

/** Abstract base class for differential equation solving */
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public abstract class DifferentialEquationSolver |
/** the differential equation to be solved */
DifferentialEquation differentialEquation;

/** initial cendition */ DatalItem initialvalue;
/** current x */ double current x:
/** current y */ doukle current y;

/** spacing of each data point */
double h = DEFAULT INTERVAL;
/** counter for check the number of nextStep */
int counter;
/** the solution of differential equation at x */ -
public double solution;

/** Constructor:
* @param diffEquation the differential equation to be solved.
*/
public DifferentialEgquationSolver
{DifferentialEquation differentialEquation ){
this.differentialEquation = differentialEquation;
this.initialvalue = differentialEquaticn.getInitialCondition(};
current_x = initialvalue.x;
current y = initialvValue.y;

}

/** Constructor:

* @param diffEguation the differential eguation to be solved.
* @param h an interval of data point change
*
/
public DifferentialEquationSolver
{DifferentialEquation differentialEquation,double interval ) {
this.differentialEguation = differentialEquation;
this.initialvValue = differentialEquation.getInitialCondition();
current_® = initialvValue.X;
current_y = initialvalue.y;
if (interval = 0) this.h = interval;

}

/** The next result of computing */
public abstract DataItem nextStep();

[** get the solution of Differential equation at x
* @return the sclution.

x/
public double getSolution{){ return solution;}

/** the number of counting how many time nexStep ()} does loops.
* @return counter the number of counting

x/
public int getCounter{) { return counter;}

}

AnluUlseazideaa4Aang ModifiedEuler Junanatils override wsas NextStep()

aAEnilstunudraueaataain lFiliul it nsdunniudo
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/* File : ModifiedEuler.java */
package MathTocls.DifferentialEq;

import MathTools.Commorn. *;
import MathTools.DifferentialEqg.*;

/** Solving the 1st order differential equation by using
modified Euler's method

*/

public class ModifiedEuler extends DifferentialEgquationSolver ({

/** the value of x for solving differential equation*/
public double target_x; )
/** Constructor:

* gparam DifferentialEquation differential eqn to be solved.
*
/
public ModifiedEuler (DifferentialEquation
differentialEquation, double h, double target_x) {

super (differentialEquaticn, h); )
this.target_x = target x;
solution = solver(};

}

private double solver(} {
Dataltem nextData = null;
counter = 0;
while{ current x < target_x} {
counter += 1;
nextData = nextStep(};

}

return nextData.y;

}

/** The next result of computing

* return the next data item of the solution approximately.
* @param h the width of the interval.
*/
public DataTtem nextStep(){
double prev x = current x; [/ previous x
double prev_y = current_y; // previous y

current y += h+*differentialEquation.Of (current_x,current_y);
current_x += h;

// modified value of y
current y = prev y + h¥(differentialEguation.Of (prev_x, prev_y}

+differentialEquation.Of (current_x,current_vy)}/2.0;
return new Dataltem({current x, current_y);
}

}
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a o = a
THATIBEIAYBIARR RungeKutta KAUNANLUERA nextStep( ) TIRZQALTEUUUN
Tnrimnszlieudiees Runge - Kutta

/* File : RungeKutta.java */

package MathTools.DifferentialEqg;

import MathTools.Common. *;

import MathTools.DifferentialEq.*;

/** Solving the 1st order differential equation

* by using fourth-order Runge-Kutta method.
: *f

H O W0 e W

Vo

public c¢lass RungeKutta extends DifferentialEquationSolver |
: /** the value of x for solving differential equation*/

public double target_x;
12: /** Constructor:

13: * @param DifferentialEquation differential egn to be solved.
14: */

15: public RungeKutta (DifferentialEquation
differentialEquation, double h, double target_x){

16: super{(differentialEguation,h) ;
17: this.target x = target x;

18: solution = solver();

19}

20: private double solver() {

21: DatalItem nextData = new Dataltem{0,0);
22 counter = 0;

23: while( current_x < target x) {

24: counter += 1;

25: nextData = nextStep{);

26: }

27: return nextData.y;

28: |}

29:

30: /** The next result of computing

31: * return the next data item of the solution approximately.
32: * @param h the width of the interval.

33: */

34: public Dataltem nextStep(}{
35: double k1 = h*differentialEquation.Of (current x, current y);
36: double k2 = h*differentialEquation.Of {(current_x+h/2,current_y +

ki/2};

37: double k3 = h*differentialEquation.Of {current_x+h/2,current y +
k2/2);

38: double k4 = h*differentialEquation.Of (current x+h,current y +
k3 ;

39: current_y = current y + (kl + 2*k2 + 2*k3 + k4}/6;
40: current_x += h;

41: return new Dataltem(current x, current_y);
42: |}

43: |}
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MURZBUATRIARIE AdamsMoulton TiuEaA nextStep( ) Tlunsinvua

1 H ) b a o as -3 { o v - A‘ J’
Ardrzanaiiduainaune wasindauiilanndruaaanalildarneudinln&audiaratistiu

o m -~ N
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/* File : AdamsMoulton.java */

package MathTools.DifferentialEqg;
import MathTools.Common. *;
import MathTools.DifferentialEq.*;
/** Solving the 1st order differential equation
* by using predictor-corrector method.
*
/

public class AdamsMoulton extends DifferentialEquationSolver ({

/** the value of x for solving differential equation=*/
public double target_x;

/** dirived value */ private double F{] = new double [4];

/** number of interval */ private int interwval;

/** Constructor:
* @param DifferentialEquation differential eqn to be solved.

*
/
public AdamsMoulton (DifferentialEquation
differentialEquation, double h, double target x) {
super {differentialEquation,h);
this.target_x = target_x;
interval = (int) {({target x - initialvValue.x)/h };
if (interval < 4) h = (target_x -initialvalue.x)/4;
solution = solver () ;

}

private double solver({) {
Dataltem nextData = null;
counter = 0;
getFirstThreeValues(};
for(int 1 = 4; i<= interval; i++){
counter += 1;
nextData = nextStep();

}

return nextData.y:

}

/** Using the Runge-Kutta one step method to solve for
* first three of y and the derivative

* at 3 points are calculated */

private void getFirstThreeValues () {

Fl0] = differentialEquation.Of (current x, current ¥J);
foer{int i =1; i < 4; i++) {

double k1 = differentialEquation.Of (current_x,current_y);

double k2 = differentialEquation.Of (current_x+h/2,
current_y + k1l*h/2}; )

double k3 = differentialEquation.Of (current_x+h/2,
current_y + k2*h/2);

double k4 = differentialEquation.Of (current_x+h,

current_y + h*ki};
current_y + (k1 + 2*k2 + 2*k3 + k4}+*h/6;

Il

current_y
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51: current_x += h;

52 Fli] = differentialEquation.Of {current_x,current_y);
53: }

54: }

55: /** The next result of computing

S6: * return the next data item of the solution approximately.
57: * @param h the width of the interval.

58: */

59: public Dataltem nextStep(}

60: double prev_y = current y; // previous y

61:

62: // Apply predictor

63: current_y =prev_y + h/24*(55*F[3) - 59*F([2] + 37*F[1]- 5*F(0]);
64: current_x = current x + h;

65: Flo] = F[1];

66: Fl1] = F[2];

67: Fl[2] = F[3];

68: F[3] = differentialEquation.Of {current_x, current_y);
69: // Apply corrector

70: current_y = prev_y + h/24*(9*F[3]+ 19*F[2) - 5*F[1] + F[0));
71: . return new Dataltem{current_x, current_y);

72: )

73: |}

4.5.4 NINAFAUNTMIAIRDUUDIRNNTRYAUERLUATTY

»

AIRENS 4.5.1 [aAEALUTBIaNN T NERa I B x =1

dy 2x
— =2xe" +
dr 4

BN a519ARIAEMILNARALANNNTEURLE TRz IBaAnaallsunTuiinail

L]

1: /* File : DETestAll.java */

2:

3: import static Jjava.lang.Math.*;

4: import MathTools.Common.*;

5: import MathTools.DifferentialEqQ.*;

6: c¢lass DETestAll {

7: public static void main(String{} args) ({

8: long executedTime,start;

9: DifferentialEquation equation = new

10: DifferentialEquation({new DataItem(0d,1.0)) {
11 public double Of (double x) { return 0;}
12 public double 0Of {double %X, double y)

{return 2*xX*exp(2+*x)+y;}
13;: public double solutionoOf (double x) {
14 : return 3*exp(x) - 2*exp(2*x) + 2*x*exp(2*x);

15: }
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16: };

17: - System.out.println("Differential Egn. : y' = 2xe"2x +y "};

18: System.out.println(” h. = 0.001");

19: System.out.println("----------commmmm oo "y

20:

21: start = System.nanoTime () ;

22: ModifiedEuler me = new ModifiedEuler( equation, 0.001,1.0};

23: System.out.println{"Loop count : “+ me.getCounter(});

24: System.out.println ("by using Modified Euler Method...");

25: System.out.println{("\n The solutiomn of this D.E.at x=
"+me.target x + " is "+ me.getSolution(});

26: executedTime = System.nanoTime() - start;

27: System.out.println("Executed time = "+executedTime+" ns");

28;: System.out.printin("--------ss------ e ") ;

29:

30:

31: start = System.nanoTime (} ;

32: RungeKutta rk = new RungeKutta({ egquation, 0.001,1.0);

33: System.out.println{"Loop count : "+ rk.getCounter{));

34: Syetem.out.println("by using Runge- Kutta Method...");

35: System.out.println("\nThe solution of this D.E.at x= "+
rk.target_x + " is "+ rk.getSolution(});

36: executedTime = System.nanoTime() - starc;

37: System.out.println{"Executed time = "+executedTime+" ns"};

38: System.out.println{"------=~=w-v----------ommm oo ")
35:

40:

41: start = System.nanoTime() ;

42: AdamsMoulton am = new AdamsMoulton{ equation, 0.001,1.0);
43: System.out.println("Loop count : "+ am.getCounter());

44: System.out.println("by using Adams - Moulton Methed...");

45: System.out.println("\n The solution of this D.E.at x= "+
am.target x + " is "+ am.getSolution(}));
46 executedTime = System.nanoTime() - start;

47: Bystem.out.println("Executed time = "+executedTime+" ns")};
48:

49 }
50: )
51:

WAaidu 2xe™ + p adlunnoursviaf 12 ldRewleGudiu ( y©) = 1) aslu
uTHAN 10 waaniiaara ModifiedEuler, ARG RungeKutta, Aa1a8 AdamsMoulton

a o red o PR 4
ﬂﬂqﬁuuﬂﬂWﬁvanWnﬂﬁ?ﬂﬁHQﬂﬂJ@Qu
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Differential Eqn. : y' = 2xe”2X +y
h. = 0.001

Loap count : 1000
by using Modified Euler Method...

The solution of this D.E.at x= 1.0 is 8.154845431632598
Executed time = 5993778 ns

Loop count : 1000
by using fourth order Runge- Kutta Method...

The solution of this D.E.at x= 1.0 is B.154845485376939
Executed time = 4263670 ns

Loop count : 997
by using Adams - Moulton Method...

The solution of this D.E.at x= 1.0 is 8.1548454853935
Executed time = 2702019 ns

ATRALIIaIANNNTRYTUSlUADRENT 4.5.1 Aay = 3 6" — 2 €™ + 2xe™ (HlaunuAi x =

1 azlfAn y = 8.154845

diA urdll; < ] L T v e L ] $r = dl
LN@WQﬁﬂuWNﬂﬁﬂﬁﬂiﬂﬁﬂﬂﬂﬂ?ﬂﬁ¢“¢ ﬂﬂQﬁqz1ﬁﬂqﬂ®U1ﬂﬂLﬂﬂQﬂUﬂWuﬂQTQ LB

= o r_‘!l L] d. 1% o - 1 Ja.d
UANDIR MUIUAITIUTALIN AV ANFALLR AN M Lun1sa w9 e Tusaet19ti 5999 Adams-

Moulton azlfina fisafign uaznimusaLiNemARELANITIEIDM 1298901ABGE Runge-

Kutta Was ModifiedEuler RMNA1AL

FRRH18 4.5.2 A UannsayRuisalll

d
A A
X
nvunideulafa v(1) = 1

35

VildsunsuiRendusagie 4.5 1 eusasuaiwanduliiilu s

DifferentialEquation equation = new DifferentialEquation

{new Dataltem(1,1))

{

public double Of {double x)
{ return o}
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public double Of {double x, double y)
{return y/x+x-1);}

public double solutionOf (double x) {
return 0;

}
}e

(Y 4 o v o «
Nﬂﬂﬂﬁnﬁ?ﬂﬁﬁﬁuﬂﬂﬂiﬂfuﬂTuﬁziﬂﬂﬁm%umﬁu

Differential EQn. : y' = y/x + x-1
h. = 0.001

using Modified Euler Method...

The solution of this D.E.at x= 2.0 is 2.6160129916787485
Executed time = 4989181 ns

using fourth order Runge- Kutta Method...

The solution of this D.E.at x= 2.0 is 2.6160132417411783
Executed time = 3666108 ns

using Adams - Moulton Method...

The solution of this D.E.at x= 2.0 is 2.613705638880162
Executed time = 3196775 ns

ﬁ'wrﬂ'awmmuma‘mﬁ'uﬂuﬁqaﬂﬂqﬁ”ﬁﬂ
y = X - xIn {x)
Hox=2av8y = 26137056
FE1e9 Adams Mouiton arVinantiesfigauazliidnaaulndidndudisiannign

FE9RIHNADIE Runge- Kutta uaz ModifiedEuler muaIsL
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o L] = J e
46 NMTAUINAERALIEIAU

Fayanrinmeanidoulnnaeiusenitadauin vy Wlilasiveia
Wurugudnatareaduaniunilivaty - Al wsednArsdaiinminussliindases
Tan (g) Taelfidmgmnanstumiafigeninfusing 4 My udaduisansnaaui adlfiduiu

Ly 174 =4 1 ¥ 3 L lﬁl 9 t J
Autnanteaduaan viad g vane q A1 antwiieyafsaussidveriinaniuanis

voaed Iaelatimidanssoiun (Descriptive Statistic) MMAINKNT ALGRE ANYEEI Y ANgIU
o Wi dnudonuumnemsgiu

1 1 1 L
Turaalausiite SimpleStat Urznaufawseanviauiinvselilil
d 1 3
4.6.1 MIUANUAIAIIND (Frequency) HunsuiaNduasAI DAz a1
v = o ooy \ s e [T PR .
TS ‘Emﬂmmqmmu'nwﬂmnmmn‘hJ'mmwa'a WERANNIMUINUAL findFrequency()

uae findCumuiativeFrequency() msBtnardudeyasrlisuilsuds Quick sort

46.2 nsinuusliutngdaunans (Central Tendency) 1flumsmenans

v dl‘ h 7O~ | ar 1 3 [~{ = b 3 [ ]
wavdoyanaliidwiauusnddiayaisunn  dlunsuuuRatsnndeysiswun  (lauds
fayaitludoedi)

1 dl =4 1 & e 2y —_
- AURRLUTAATNDTHNIRYATMA (X ) (Mean)

n

2
¥l

R
] =l L3 2 3
Wa n Aesuaudiayavianus

| 1
ar =

=4 & . =] .
X, PRIAYAMINI Wai=1,2, ...n

[l
L] v o u

\WEBANN MR WIARAR AR findMean( )
v . =] dl LS =l ] a 1w i =y
- ANNEESIU (Median) ABLHBUNIAYANUTENRIAL (@ nartitligAvuanuieann
Amanlltienils) Awesdayaiagnsnaisrasieyavisunnfarlisag infieyaviaune
= o o ] J P 1 3 ) 1 i 1 : ! 1=|' a
Hiluduoug Afiegnsanansacil 2 A1 FeduIANRRETRAANINARIANBY UEBATIN

wiwwrenuiseguAe findMedian( )

i =, <o A== A=ll

- Mgulisy (Mode) AaAtasiieyavilasmiinigasetsngdifuniniigaly
o,

Iayagaiy 1 daysunvgannalifgrutisuainnd 1 AWLE wsen findMode() wan

= 4' e v d-ﬂl < ol e <X| N 1'%
gmuﬂu ‘N'aﬂnLLuula’luunﬁ?mammulunsmmgmuﬂumm:rm:tﬂu multimodal aag
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46.3 nsiamsnszanavasiays (Measure of variation) HiunnsaRLnedn

>
o

14 1 1 = ' or 1 24 =l
fayausiazAninBAwvinaiuunntiaaiola
1 e E=] 1 ] 4 & d‘ d‘ o a 1:1‘1:! 13 d‘
- ARdY (Range) Aarmasitasdeyasiininian dusiiilefisehian ween
. L ey o
findRange() AutiniivnAnAde
- AduilisauuNIATgIU (Standard deviation, S.D.) ABANTINNABITAIUATINTEY
: , . o 2 . » [t
ArnuAnsinsrswindeyafuAederestiayagmin wisfosdauiayaiomun luntiay
1 A ’ o r = l‘: [l L |
Vigaaeandrudauuuninsgannngusinetne Inelifayauviannn (Wlinutunise
d' =] ] -’;
wanuasAr N thtugaetu)

s Ao MaudvauunTg
v
n Aedwutieyaiouun
o v o ﬂil . =HI .
X, ARAARBAM I R i=1,2, ..., n

wren findsD() axlflunsurddowdisaumnrrgy

46.4 nsnseaawuuladdn®  (Normal Distribution or Gaussian Distribution)
wisliazfinarligdatifeyuuisealisinedy (Inference statistics) w1t

fayamAvlfanngudaating (sample) lWVadunnvidedeBetangauilszans(population)

| 3

nanue Iaeldnanasaniazdu (probability) AraasuanFEgiy

L4

Yoyan1aingrnaniifiuldannngusiaetnedifidtwauinn  wiudaannugaute

L3 v
wwtdnaerulasguainnguansauunn - MINTZANETBIANMGILAETIMTNALH
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A e P = A = = w o g
WTENANTWLINLNAAIY ﬂﬂWﬁkﬂﬂﬂlﬂﬂqqﬂﬂLmUﬂﬂﬂﬂlQ AMUARIALARDUTUIATUAIY

o . oy a v - ar
dedanuugnacidanwoienmanszanetuwuu TSl ng iuiy
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31U 4.9 UTEaLn?

dl L 1 d‘ g ci | l=;
Heguetnaindszansla 1 Tafidnedodiu P warassulasennsgiu
du o amnsodszunainisnszanglfidiaannsnszarauuudnd Tnangdaiiguenetiaiiawn

] f‘ld " o -
el ansnd@ewdludeiduiuentionnaiasiivsesdowlsgy ) luplues

Probability Density Function 1#faTl

x ardlAnagsendn -0 uar +00 anglanifiudidulfsasidnwaramnniiag

' i -] Aﬂ. a: <N 4 v L <4 | =]
X = Ll. LAZRATAAANBENTIALTILNE X qu‘vi?faﬂﬂmlﬂmumﬂuwa‘mmm

'
aSajal )

nisnssanauuuiBalninidwade (b ansudsdsauilu 6° anmnsodauliie

3
ar =4

Iugﬂzfu 7 1 aty

X ~ N(LO) e (4.37)

Sermualf z = /o winhldunudnasluaunis (1) e lierlug
NASFIU (standard normal distribution) vude mmémzﬁmtﬂuquﬁ wazAMN LN
HAwins 1

X ~ N (0, 1)

AUNIT (4.36) @:L&Jﬁlﬂugmﬂu

= ——c " 4.39
v = (4.39)
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'y A 1 1 o ) L1
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/* File : Simplestat.java

Project: Math Tools in Java

Purpose: Compute basic statistics
frequency, central tendency, measure of variation.
normal curve distribution.

Author : Wachara R.

First Released: Th 3 May 2007

Last Updated : Mon 10 May 2007
/

* % % * % % * %

package MathTools.SimpleStat;

import static java.lang.Math.*;

import statie java.lang.Double.*;

import MathTools.SimpleStat.SimpleStatException;
import static MathTools.Common.CommonConstants.*;
import MathTools.Common.Function;

import MathTools.Integratiom.*;

/** class for basic statistics algorithm:
* frequency, measure of variation.
* some inference statistics*/

public <class SimpleStat {

/** data for computing the basic statistics */ double[ ] data;
/** number of data */ int numbata;
/** number of data after finding frequency */
int numbataAtLast;
/** basic statistic quantities */
/** mean value */ double mean;
/** median value */ double median;
/** range of data */ double range;
/** standard deviation */ double sd;
/** managed data */ double [] mbata;
/** keeping repeated mode data */ double[] modeData;
/** mode of data */ int mode;
/** frequency of data set */ int [] frequency;
/** cumulated frequency */ int [] cFreguency;
/** checking data have been sorted */ boolean isSorted = false;

/** checking data have been classified with freguencies */

boolean isClassified = false;
/** Constructor

* @param dat data for computing basic statistics
*
/
public Simplestat( double [ } dat ){
data = dat;
numbata = dat.length;
findMean() ;
findsD{() ;
quickSort{ data, 0,numbata-1,false);
findMedian() ;
findFrequency () ;
findCumulativeFrequency () ;
findMode (} ;
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findRange () ;

)

/** copy data from current array to another array */
private double[ ] copyData(doublel] itemToBeCopied,int nItem) {
double| ] dummy = new double[ nlItem)];
for{(int i = 0 ; 1 < nltem; i++)
dummy [i] = itemToBeCopiedli];
return dummy;

}

private intl ] copyData{int([] itemToBeCopied,int nItem) { -

int[ 1 dummy = new int[ nItem];
for(int 1 = 0 ; i < nlItem; i++)

dummy [1] = itemToBeCopiedii];
return dummy;

}

// ========= Frequency s=========

/** finding frequency of each data */
private void findFrequency( ){

int n_freq = 0;

int tempfrequencyl[ ] = new int[numData];
double temp [ ] = new double[numbData];
double dummy!] = new double [numDatal;
if (isSorted == false} quickSort( data, 0,numbata-1,false);

temp = copyData({data, numData);
for (int i = 0; i < numData;i++){
if (temp([i] != MAX VALUE) (
tempfrequency [n_freq)=1;
dummy [n_freqg] = templi];

int § = i;
while ( {j < numData-1) && (temp([j+1] == temp(i])){
tempfrequency [n_freqg] +=1;
temp[j+1] = MAX VALUE;
o= j+1;
}

n _freq +=1;

}
mData= new double([n_freq);
mData = copyData { dummy, n_freq);
frequency = new intln_freq];
freguency = copybata(tempfrequency, n_freq};
isClassified = true;
numDataAtLast = n_freq;
}
/** finding cumulative frequency */
private veid findCumulativeFrequency () {
// 1f data are not sorted, sort them decendingly.
if {(isSorted == false) quickSort( data, O0,numbData-1,true);
cFrequency = new int [numDataAtLast];
c¢Frequency [ numDataAtLast-1] =frequencyl[numbDataAtlLast-1};
for{int i = numbataAtLast -2; 1 »>=0; i--){
cFrequency [i] = frequency[i] + cFrequency{i+l];

/** quick sort: sort all data in ascending or decending

R T P

. - m————
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item data to be sorted

left the first item of data
right the last item of data
ascending if true,data will be

void quickSort (double[litem,int left,int right,

Boolean a

scending) {

sort in ascending

int 1i,j;
double comparand, temp;
i = left;
j = right;
comparand = item[(left+right}/2];
do { if (ascending) {
while( item(i] < comparand && i < right) i++;
while (comparand < item[i] && jJ left) j--;
lelse {
while( item[1i] > comparand && i < right) i++;
while (comparand > item[j] && jJ left) j--;
if (1 <= §) {
temp = iteml[i];
item[i] = item[j];
item[j] = temp;
14+;
3--
}
}while (i <= 3 );
if {left < j) quickSort(item, left, j, ascending);

if (i <« right ) eguickSort(item, i,right, ascending};

/!

isSorted =

Central tendecy

true;

/** find mean or average of data */

private void fi
-goukle su
for{int i

ndMean{ ) {
mData=0;
= 0

sumData +=datal[i];

meall =

}

/** find median

of data */

private void findMedian( ) {

if

if (numDa

// number of data is even,

med

else

}

/** find mode

med

ta%2 == Q)

ian =
1)) /2.0 ;

ian =

of data */

; 1 < numData;

(isSorted == false)quickSort(data,

1++ )

sumData/ {(double)numbData;

data [numData/2];

0, numbData-1, true) ;

find the average
(data[numData/2)] + datal (numbData/2) -

private void findMode( ) {
int multiMode =1;
if (isClassified == false) findFrequency( );
if (numData == numDataAtLast) {
modeData = new double[1];
modeData[0] =0;
mode = 0;

return;
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175:

176:// walk through classified data looking for multimode
177: for (int 1 = 0; i < numbataAtLast; i++) ({
178 : if (frequency[i] >= mode) {

179: if (frequencyli] == mode)

180: multiMode +=1;

181: else {

182: mode = frequencyl[i];

183: multiMode = 1;

184: }

185: }

186: }

187: if {multiMode ==1 ) {

188: modeData = new double[1];

189: } else {

190: modeData = new double [multiModel];
191: }

192: int j =0;

193: for {int i = 0 ; i < numbDataAtLast ; i++}{

194 : if (frequency[i] == mode) {

195: modeDatalj]l = mpatalil;

196: i o= j+1;

197: }

198: }

199: }

200:

201:

202: // ===========Measure of variation =====

203: /** find range of data */

204: private void findRange () {

205: if (isClassified == false)findFrequency( );
206: range = data (0] - dataldata.length-1};
207: }

208:

209: /** find standard deviation.of data */

210: private void findsp() {

211: double sumDifference=0;

212 for(int i = 0; i < numData; i++){

213: sumDifference += (datal[i]l - mean)*{(datal[i] -mean);
214: }

215: sd = sqgrt(sumDifference/ (double) (numbData-1}) ;
216: }

217

218:

219: [/ ========== Some parameter inference statistics ==========
220:

221: /** Compute the area between 2 statistic z wvalue
222: * @param lower_z lower limit of area

223: * @param upper_z upper limit of area

224: ¥ @ return area under normal curve between 2 value of z
225 */

226

227: public double findAreaUnderNormalCurve(double lower_z,
double upper z) {

228

229: Function normalFunction = new Function() {

230: public double Of (double x) {

231: return (1/sqgrt(2.0*PI}*exp{(-{x*x}/2.0});}
232: };

233; Simpsonl_3Integration si = new Simpsonl_3Integration

(normalFunction, lower =z, upper_z,1000};
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234
235: |}
236:
237: /+*x finding statistic Z of any data x
238: * @param X any data x

239: * @return z value statistic 2

return (si.getIntegrationResult());

240: */

241: public double findZ(double x) {

242: return ( x - mean)/sd;

243: |}

244: .

245: /** finding statistic Z value at known area under normal curve
246: * @param area the area under normal curve should be between 0 -
1

247; * @return z value at known area

248: * /

24%9: public double findZAtKnownArea (double area} throws
SimpleStatException {

250: boolean isAreaGreaterThanHalf = false;
251: double lowerLimit=0;
252: double newArea=0;
253: double z=0 , sumArea=0;
254: double da;
255: if ( area < 0 || area »1 ) throw
new SimpleStatException(SimpleStatException.BAD AREA);
256: if (area > 0.5){
257: newArea = area - 0.5;
258: isAreaGreaterThanHalf = true;
259: } else {
260: newArea = 0.5 - area;
261: }
262 if (newArea >= 0.3412944)
263: lowerLimit = 1;
264: sumArea = 0.3412944;
265: }
266: if (newhrea »>= 0.4771599) ({
267: lowerLimit = 2;
268: sumArea = 0.4771599;
269: }
270: if (newhrea >= 0.4986253}) {
271: lowerLimit = 3;
272+ sumArea = 0.4986253;
273: }
274: 2z = lowerLimit;
275:
2761 while ( newhArea - sumBArea »0.001) {
277: dA = (1/sqQrt(2*PI))*0.5*0.01*
{exp(-0.5*z*z)} +exp (-0.5* (z+0.01) *(z+0.01) }};
278: sumArea += dA;
279: z += 0.01;
280: }
281: if (isAreaGreaterThanHalf) return z;
282: else return -z;
283 : }
284 -
285: // ========= Getter ===ss==z======

286: public double getMean(}{ return mean; }

287: public double getMedian() { return median;)}

288: public double getStandardDeviation( ){ return sd;}
289: public double getRange{) { return range;}

290: public int getFrequency0fMode ()} { return mode;}
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291: public double[] getModeData(){ return modeData;}
292: ' public doublel] getScrtedData( } { return data;}
293: public double[lgetManagedData() { return mData;}
294: public int[ ] getFrequency() { return frequency;}

295: public int[] getCumulativeFregquency() { return cFrequency;};
296: |}

297:

1 A‘
4.6.5 NSNARALNITHAAADALLIDIAU

inpanglausiae SimpleStat HMMARELMANEDA sepnatinema LT

paeng 4.6.1 annirdaduliuguinatszasgniiu(Bal bearing) HNARAINIATENENT

Q o’ «l = 0 1 J 1 = = Jﬂ‘
fau 110 gn dalfanBuatanalionsiumid 3 Tuwmdssfiafwns fasniswiaiad,

“Anade wazAmlaRrgwrastiay sl

3.5103.515 3.519 3.517 3.517 3.518 3.522 3.521 3.520 3.524
3.523 3,522 3.522 3.519 3,526 3.521 3,526 3.522 3.523 3.520
3.522 3.509 3.524 3.525 3.510 3.515 3.521 3.522 3.519 3.516
3.5213.522 3,519 3.5203.522 3.518 3.519 3.519 3.521 3.515
3.516 3.518 3.521 3.521 3.519 3.517 3.523 3.525 3.522 3.522
3.5213.5203.516 3.522 3.521 3.525 3.520 3.521 3.520 3.524
3.523 3,520 3,519 3.525 3.525 3.527 3.528 3.519 3.525 3.520
3.5173.516 3.518 3.520 3.520 3.516 3.521 3.520 3.519 3.521
3.517 3.523 3.524 3.517 3.518 3.518 3.520 3.520 3.521 3.524
3.5203.523 3,519 3.518 3.517 3.517 3.524 3.523 3.519 3.518

3.523 3.524 3.523 3.524 3.519 3.518 3.519 3.518 3.520 3.520

oo o
RENI

17 ¥
ar v or =i

FURDUNITNAABUN LARIT

t 3
o ar [ 1

1. wdauananuaaaiulilu text file 91 ball txt

o

2. @319 application TswnsudwiumaaauAtadsa Funlieata SimpleStat {ia

o =l ol as J
AU Az ATaslLrunT AT




NNNNBDN S S T O I el ol el
Nk W N Owo-aUdeWwNPE O

| SIS
w W

w
[e=]

Wo oUW

8]
P

31:
32:
33:
34:
35:
36:
37
38:
39:
40
41:
42
43:
44 -
45:
46:
47
48:

49:
50:

51:

52:
53:

54:

55:
56:
57:

58:

/*

* % % ¥ * &

/

-121 -

File :8tatTest.java
Project: Math Tools in Java

Purpose: Test class for finding simple statistic formula

and Reading data from text file..
Author : Wachara R.

First Released: Sun & May 2007
Last Updated : Wed 9 May 2007

import static java.lang.Math.*;

import java.io.*;

import java.util.*;

import MathTools.Common. *;

import MathTools.SimpleStat.sSimpleStat;

cl

ass StatTest {

public static void main(Stringl] args) ({

// this means you must know the number of data
double datal ] = new double(110];

double dataAtMode[] = new double[110];

// read data from text file
cry{
File file = new File {("ball.txt"};

FileReader filereader = new FileReader ({file);

BufferedReader reader = new BufferedReader(filereader};

String line = null;
StringTokenizer token;

int i=0;

while ((line = reader.readLine()) t!= null){
token = new StringTokenizer (line);
while (token.hasMoreTokens (}) {

data(i] = Double.parseDouble (token.nextToken());

i+4;
}
}
reader.close();
} catch(EOFException err) {

System.out.println("end of stream");
} catch{IOException err) {

System.out.println(err.getMessage (}) ;
}

catch (NumberFormatException err)
System.out.println{err.getMessage()) ;

}

double classifiedDatal ] = new double[data.length];
SimpleStat st = new Simpleétat(data);
System.out.println("Mean : "+ st.getMean()):
System.cut.println{"Median : "+ st.getMedian()}:

System.out.println{"Standard deviation :"+

st.getStandardDeviation()) ;
System.cut.println{"Range : "+ st.getRange());



59:
60
61l:
62
63:
64 :

65
66
67:
68:
69:
70:
71:
72
T3:
74 :
75
76:

77:
78:
79:
801
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System.out.print {("mode = ");

dataAtMode = st.getModeDatal()

for(int i = 0; i < dataAtMode.lenath; i++){
System.out.print ( datahtMode[il+ ~ "oy

}

System.out.print (" (most frequency = " +
st.getFrequencyOfMode ()} +") ");
System.out.println();
classifiedbData = st.getManagedDatal();
int [1freg = new int[data.length];
int[] c¢f = new int[data.length);
freq= st.getFrequency();
cf = st.getCumulativeFrequencyl();

System.out.println(" Data\tFrequency\tCF " };
System.out.println{" ====\ts========\t=== " );

for(int i = 0; i < classifiedData.length; i++){
System.ocut.println ( classifiedpatali] + "\t " +
fregil+"\t\t"+ cf[i]);

}
}

-
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1: /* File :Ztable.java

2: * Project: Math Tools in Java

3: * Purpose: Test class for finding 2 table

4: * pauthor : Wachara R. :

5: * First Released: Th 10 May 2007

6: * Last Updated

7 * /

8: i
9:

!
import static java.lang.Math.*; ]
10: dimport java.io.*;

11: import java.util.*;

12: import MathTools.Common. *;

13: import MathTools.SimpleStat.SimpleStat;

15: public~c1ass_Ztab1e {

17: public static void main(sStringl] args) {
18: double z,area, step;
19: double tempz;

20: SimpleStat s = new SimpleStat();

21: step = 0.01; i
22: System.out.println{"\n\t Find the Area under Normal
curve between 0 to 1.99 step 0.01.\n\n");

23: System.out.println(" 0 1 2 3
4 5 5 7 8 9n);

24: i= 0;

25: area = 0;

26 for( 2 = 0; z<= 2; z = z+step) |

27: if (1% 10 ==0) {

28: System.out.printf ("\n%2.1f ",z};

29: 1 =0;

30: }

31l: 1 +=1;

32: area = s.findAreaUnderNormalCurve(0,2) ;

33: System.out.printf (" %4.4f",area+0.5);

34: }

35: System.out.println("\n\t Find the Area under Normal

curve between 0 to -1.99 step ¢.01.\n\n"};

36: System.out.println(" ¢ 1 2 3
4 5 6 7 B 9"} ;

17: area = 0;

3g: step = 0.1;

39; for( z = -1.9; z <= 0; z = z+step) |

40: System.out.printf ("\n%2.1f v,z);

41: tempz = Z;

42: for{int k = 0; k < 10 ; k++) {

43 area = s.findAreaUnderNormalCurve(z, 0} ;

44: System.out.printf (" %4.4f", 0.5 - area);

45: tempz = tempz + 0.01;

46 }

47

4B: }

49:

50: }

51: }
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1 3

a L=y (¥4 J ! = 1 0’: ]
HaNI NI Tlsunsuaniugll mmuan e EE LA s n Bsass Z faus 0
04 1.99 RNATASIEE 0.0

0 1 2 3 4 5 6 7 8 9

0.0 0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359
0.1 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753
0.2 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
0.3 0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517
0.4 0.6554 0.6591 0.5628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879
0.5 0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.7190 0.7224
0.6 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549
0.7 0.7580 0.7611 0.7642 0.7673 0.7704 0.7734 0.7764 0,7794 0.7823 0.7852
0.8 0.7881 0.7910 0.7939 0,7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133
0.9 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389
1.0 0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621
1.1 0.8643 0.8665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790 0.8810 0.8830
1.2 0.8849 0.8869 0.8888 0,8307 0.8925 0.8944 0.8962 0.8980 0.8997 0.9015
1.3 0.9032 0.9049 0.9066 0.9082 0.9099 0.9115 0.9131 0.9147 0.9162 0.9177
1.4 0.9192 0.9207 0.9222 0.9236 0.9251 0.9265 0.9279 0.9292 0.9306 0.9319
1.5 0.9332 0.9345 0.9357 0.9370 0.9382 0.9394 0.9406 0.9418 0.9429 0.9441
1.6 0.9452 0.9463 0.9474 0.9484 0.9495 0.9505 0.9515 0.9525 0.9535 0.9545
1.7 0.9554 0.9564 0.9573 0.9582 0.9591 0.9539 0.9608 0.9616 0.9625 0.9633
1.8 0.9641 0,9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693 0.9699 0.9706
1.9 0.97130.9719 0.9726 0.9732 0.9738 0.9744 0.9750 0.9756 0.9761 0.9767

& 5 1 L3
mewsieluTuaneiunlsidulieUni faus -1.99 500

0 1 2 3 4 5 6 7 8 9

-1.9 0.0287 0.0281 0.0274 0,0268 0.0262 0.0256 0.0250 0.0244 0.0239 0.0233
-1.8 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294
-1.7  0.0446 0.0436 0.0427 0,0418 0.0409 0.0401 0.0292 0.0384 0.0375 0.0367
1.6 0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0,0455
-1.5 0.0668 0.0655 0.0643 0,0630 0.0618 0.0606 0.0594 0.0582 0.0571 0.0559
-1.4 0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0.0721 0.0708 0.0694 0.0681
-1.3  0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823
-1.2° 0.1151 0.1131 0.1112 0.1093 0.1075 0.1056 0.1038 0.1020 0.1003 0.0985
-1.1 0.1357 0.1335 0.1314 0.1292 0.1271 0.1351 0.1230 0.1210 0.1190 0.1170
-1.0 0.1587 0.1562 0.1539 0.1515 0.1492 0.1469 0.1446 0.1423 0.1401 0.1379
-0.9 0.1841 0.1814 0.1788 0.1762 0.1736 0.1711 0.1685 0.1660 0.1635 0.1611
-0.8 0.2119 0.2090 0.2061 0.2033 0.2005 0.1977 0.1949 0.1922 0.1894 0.1867
0.7 0.2420 0.2389 0.2358 0.2327 0.2296 0.2266 0.2236 0.2206 0,2177 0.2148
-0.6  0.2743 0.2709 0.2676 0.2643 0.2611 0.2578 0.2546 0.2514 0.2483 0.2451
-0.5 0.3085 0.3050 0.3015 0.2981 0.2946 0.2912 0.2877 0.2843 0.2810 0.2776
-0.4  0.3446 0.3409 0.3372 0.3336 0.3300 0.3264 0.32285 0.31920.3156 0.3121
-0.3 0.3821 0.3783 0.3745 0.3707 0.3669 0.3632 0.3594 0.3557 0.3520 0.3483
-0.2 0.4207 0.4168 0.4129 0.4090 0.4052 0.4013 0.3974 0.3936 0.3897 0.3859
0.1 0.4602 0.4562 D.4522 0.4483 0.4443 0.4404 0.4364 0.4325 0.4286 0.4247
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1: /* File :AreaTest.java
2: * Project: Math Tools in Java
3: * Purpose: Test class for finding area under normal curve
4: * between lower z and upper z
5: * Bduthor Wachara R.
6: * First Released: Sun 6 May 2007
7: * Last Updated
g8: */
9:
10: import static java.lang.Math.=*;
11: import MathTools.Common. *;
12: import MathTools.SimpleStat.*;
13:
14: class AreaTest |
15:
16: public statie void main(stringl]l args) {
17: double area;
18: double z1l,z2,23,24;
19: -
20: SimpleStat s= new SimpleStat{);
21: zl= -0.67;
22: z2 = 1.0;
23: area = g.findArealUnderNormalCurve (zl,z2);
24 System.ocut.printf(" a) Area between %1.4f to
£¥1.4f = %1.4f \n",zl, =z2, area};
25: System.out.println{ "-------------"--—-~------ "y
26: z3 = -1.67;
27 z4é = 1.67;
28: area = s.findAreaUnderNormalCurve(z3,z4);
29: System.out.printf(™ b} Area between %1.4f to
$1.4f = %1.4f \n",z3, z4, area);
30: System.out.printf ("Ball bearing must be split
out = %l.4f _percents\n",{1l.0- area)*100);
31: } '
32: }
33:

azifiuin 188AN z1 = -0.67

72 =1.0 23 = -1.67 way z4 = 1.67 adldlulisunsy

e lllalllsunsnAnnmadt z ludeiines wsefiadnisasaaAnNaAsIAARAL

v o [ =Y ] 1 [ =y 1 J i | 73 = a‘: i {
ILasanawrimeatanlivindy lunistlaansrmnafunBidulfsdnftuasldan z 71

nedies ladiniu 2 Auuwiia
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a) Area between -0.6700 to 1.0000 = 0.5899
b) Area between -1.6700 to 1.6700 = 0.9051

ball bearing must be splitted out 9.4949 percents

- 1 [ c'A b o e n| = 1
RCVUUITHAAN ﬁﬂiﬁ“ﬂﬂﬂ’]i‘ﬂ’m‘] mﬂmﬂﬂmn FrY WRTA NISNISLARITINE m'lu
ANAY

4.7 MAFAUNITHINUABIAFLAUTIT HU web server
N -~ o - I’: = =
Rstlinarounaralndloeinllfiesisldly web  server  tewniAdTR@NA

(http://203.158.100.1404mt) Inedafuliluivamnad cwww ananizaadivameiaciinng

o b3 - J’
RANUAIU

= k) AppletClass
{23 LRegression

i) backup_LRegressA
g LRegressApplet
o ) MathTodls

) Common
) Derivative
7 DifferentialEq
i Integration
i) LinearAlgebra
) Regression
) RootUtils
\ o) Simplestat _J/

1 4.11 Tanaginaas iawme i lidaiunaalWdurasinde

TunARALINITANLETY web server  fnaaaulidilufiacliuiATewidne
d‘ - o [ ) 1/ a d! - rd‘ 2 Y 18 4 9 ) V] a; -1
WadpuiuTWare 9 fveseuaunsndtaeAtasrenRameiilieueg limuihiuiy

L@Ha web server Uiy (gmAnwan 2)

BT o s o



- 129 -

3 1
AratieselUiuanliainnnsmagauTdsunsuens web  server  lunstinaang

Regression W/llunsszninudraunisdiunm Teserdediayafldiarnnismnaesiesnis
ANaLNIBATE

address [ 4] http:!fwww.elettro;\<r;ﬂw-caﬂﬂ0f

[.}3 B nmmaau‘%na

T Aaanadiebisse

NISINA g ‘:' “““““ =
- ReEEETuD eTIRRaY
Wi finduionsanadudmrosieamatéussiindsuasian (ladumen g defidnivndu

" 9.8 m/fs? ﬂmmgtmfh AhuitaTlasam G Teuanuatifia anlafrwe vuaohevladio Sos
nuasessTingsin - saufudugaouds. wisaud imavlRourordeadivia uoullaaoiniw

_ AfTannienuasranieastivawmhila

BH- o

1t 4.12 msndhaana LinearRegression T luunGaunafand

Tunsnagevi fAsulhdullunsunssdauifosefufld  (Graphic  user
interface) Lﬂ@lﬁﬁlﬁﬂ@u’ﬂ]a:ﬂaimnwﬂﬁmmz{uun?:mwnmﬂuusmmw Tsunsuazifiu
ﬁmﬂﬂﬁ‘lﬁmuﬁ'\wdq (x, y) 0 qumﬁmﬁﬂ%n warinllszunanalnelinaa
LinearRegression aglianmndusnafiiiuuusesiogs  guisenszansnsvasd]

AnnizAanwsalls



-130 -

rrTenTsEYng ¥ Au R T Applet doqu vimvuna W Tumnlo8oR 1

watisamutuiitatvawasndamudsTiug

71l 4.13 nszanenamigFouaunroliundadniunidiogg

Japdnmndanusiumiesing 4 uunszanmniulis aantdusdnia "Arusnaunis

Fusse” Tsunsuasaiadunse TananAunisA1ua niae9Aana LinearRegression AN

1 1 3 !
1 ) 1 T
) -3 T 8

-

Mln:t: o dnanivand: 10.869,-866

Man x ]n.o

Anumat B

31l 4.14 nsmdiupssteAnuaiasanAuaana LinearRegression



131 -

2
uni 5
L Ll
afiansluasIalaua L

annsnagaulfeuaanalausiivmunidioap) feduns  faResrde uay

L v - o o o
faimuaunuzlumstauusrnistfulsdunisfizmnafasia 1 dsi

51 mewisnaunisuun ihflulady
tadnlRasveaalavstdwmiummnaunisuunbidudaduld 4 35 Tty

ot dl 1 ] t |
AL wazAtiuaud artidwauaitlunfsausatiiawiAtsinannisiaandTiouLieAs

-

| el g ] nil
FRUASITT AU LI AN

= ol . ael A ey o = e
o liaudd (algorithm) NNSWITINANNITRIABULIATITIUAEA BN IR UMLEAN
fansusiviacudinlaladnandt  @ougaddildilidufeu  Tamatiananluniadeu
fdsunsutias  walidrwouaflunimusaudauinaunn  BanwuasGRse itz

NUATINTIUTALRNALINY 50 FaU

o Y s CF| ndﬁ.i'o ¥ -a‘ 17 | L =l ‘ A
AEUIANIHAL s RNIMUAAIBHALIAITINANNNTINENAILAED ik
AnwundAtga¥ing uwAkammeyiuiausy 1 gasfafdufiazmmnanniniugien friafidul)
anmnizdudew  nmsweyWuiausy 1 inldiean  Fatasurdusylimanziuiaidu
H‘d [ =] - 'R 7 © n‘; 1 aal i P | %
dszinnll AT UTLALAWNY. WANAIAMMUATIIBINANNNSYRAENARLATANGRTINY
|7 = d‘ 2ol o - el sl o < l=' v [ =
IBLALLT N3 U199 B AUTIHAUUAL AT ILAUARAD mLaﬂnﬁma‘uﬂﬂummmummnm
negidingevius agindAnauduiibifieanns
fnaninrassitloudsniauslivhe 4 558 Ao W naun eI TuR L AL
Wea 1/ wissiidutAvFediasludasfiasmisinaunis  snaunisileaziluateas

il lanunsnwisnaunsittaNAunn 1wl

daLAUALUL

=i Qs = qﬂial‘ od' o 4 ~
- AEHEAATIHRNHITOWERHUNTTILELIENUITINRUNITN Lﬂummu@ummwtmﬂ

1i35e0awed (Muller) viiadaeasaunt (Laguerre's method)

L3 L
A

- AsHNTRRgeLviaAnsUAINLEIANatat TRt iut A lilsalaem s
VA9 TIAUIINANNAS



-132 -

. Arsiinnsudaiteuns@fisnanunsiuiindnm W of 4x + 4 = 0 Tdasn
auNEEATY AD x =2 a2 A

- ma‘ﬁwumﬂ'wG"uﬁuuﬂ::ﬂ'ﬂqmﬁqm‘iw%’um?ﬂ?:mmﬁnﬁnauma‘ Ang
fuualilndessnaunisiiuiiaie  lunsdiffliannsaaawnldidrsnaunisanset

ludasla mrsiitlsunsnidasuunirdsniisinannsysinges

52 MIMIURLRRTBITTULANNSIBIAY
L wr & oar = o - = % =] A
e linmunpaalansid fvfumnaaattesssuuannaiadu 3 55he ng
189A5UNAT (Cramer's rule) NIFAAVNAUWLLINNG (Gauss Elimination) uwasasuanidlu
LEENF AR ENAIUAZUY (LU Decomposition)
v n‘; e o ol ] k1 a{ L TN}
TAvagsunisunsiaattasisgdstuiywidaaiuwudnaz Muaasanlsian
InéAeaiy dalu naaidendslallautegunsn@anas Laf L uaans IndlABany
faanfinreeanisninaiasnavisawdiae idulfaniaduaudauds1ibidu 50
Fauds  FeentsaansmnausoradlsunsuilEiuanndn 5o sauds vlElaaukledn

LT

ARRAY_S1ZE TulWd/common/CommonConstantsjava  MHiiusuauisasnis  usiviall

as

b 7Y 4 | 3 Jv ar . a as ] .‘: a - ©
st linaaaUiEiaaniliusoulslifiu 50 daudsivini. Auausaudlsuasanuauanms
b3 1 as
Faawinfuang
) T o b3 4‘ ) ] as
nsmaeatiaedaanavtaantd  fidaliasnanuaaininfoulseliaady
=l & as g & = - g = as as
w7 (pivoting) WuANMSAN  Hranrdnsaswsinddulsr@ngdluiwndunueausialas
A a0 oo cA S v v o« 4 o A o a e
wilafiAuflugudizalidndnlndauduan 4 vseliAnisuuinidesuiuanidndagy 7
& a ' v P o [ o g v -
wnasafnafiy  ArsaritA luwdunueapEllilugawnr  nadwiiildiaannismis (@9
fawsianfian q wiedinlndaud) azfidumaaauivdssrinassneniamneifaciiuly
16 s liifieauasiardewdinsannmstaey  nsufilafeaduuniueu Weady
° a P o P P el ' as a’:
wdanllannTngeusEnddussdniidannngratluwuadunueayy (@1saduunaria
=3 1 ‘;J k2 a/
faufld wiluniaslfaduuniuaudieaiuuien)
P o A4 o 4 o a ¥y =k g
faposAntlednlsznisuilee  wassrassruLannadaduiliiuen
Wu$ (non-homogenous equation — sxuLaNAMFdAdURAT AR B e LiTuaudy nea)
awlfnaaavategavielisuisamuaeatliiag FNBENTEULANNNFITIEUTLIA

tuymlupsuinaieat



133 -

1. defhneaumslusruusumsiulidnunsBeediugnaunisilalussundea iy
Feeand Linearly dependent ﬂumwﬁqmmﬁmmnmsﬁqmﬂqﬁqmﬁnaunwsuﬁa Wi
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- U editplus Aaas annsaFuntlsunsunuile edit waz save file 14

A1119013 811 mathematic expression Widlunimnananl

- @190 compile Talsunsy source code wax run anagadllsunsula

Mathematic expression Tun1®19197 ardigtuvumiieutainisn C uay C++
[¥) o 4
Wenduadinaraning o 1l

Method

Function Argument Type Result Type

sqrt(arg) Calculates the square root of | double double
the argument.

cbri(arg) Calculates the cube root of | double double
the argument

pow(arg1, arg2) Calculates the first argument | Both double double
raised to the power of the
second argument , arg1™®

hypot (arg1, arg2) | Calculates the square root Both double double
of (arg12+ arg22)

exp (arg) Calculates e raised to the | double double
power of the argument, &”°

expm1(arg) Calculates e raised tc the
power of the argument munus
1,67 -1

log (arg) Calculates the natural double double
logarithm (base e} of the
argument

log1p(arg) Calculates the natural double double
logarithm (base e) of arg+1

log10 (arg) Calculates the base 10 double double

‘ logarithm of the argument
rancdom(} returns a pseudo-random None double

number greater than or equal

to 0.0 and less than 1.0
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Method Function Argument Type Result Type
abs (arq) Calculates the absolute int, long, float The same type
value of the argument or double as the
argument

max (argt, arg2)

Returns the larger of the two

int, long, float,

The same type

arguments, both of the same Or double as the
type argument
min (arg1, arg2) Returns the smaller of the int, long, float, | The same type
two arguments, both of the or double As the
same type argument
ceil (arg) Retumns the smallest integer double double
that is greater than or equal
to the argument
floor (arg) Returns the largest integer double double
that is less than or equal to |
the argument
round (arg) Calculates the nearest float or of type int
integer to the argument double for a float

value

argument, of
type long for a
double

argument

rint (arg)

Calculates the nearest

integer to the argument value

float or double

Of type int for
A float
Argument, of
Type long for
A double

argument

IEEEremainder

(argt, arg2)

Calculates the remainder

when arg1 is divided by arg?

both of type
double

Of type

double
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Hafitussinaufia Builtin swheniy JDK 1.6 Tl
Method function Argument Type Result Type
sin({arg) sine of the argument double in radians | double
cos{arg) cosine of the double in radians | double
argument
tan(arg) tangent of the double in radians | double
argument
asin{arg) sin'1(arc sing) of the doubile double in radi-
argument ans, with values
from -T0/2 1o TU2
.acos(arg) CosJ(arC cosine) of double double in radi-
the argument Ans, with values
from 00t T
atan(arg) tan'1(arc tangent) double double in radi-
of the argument ans, with values
from -TU/2toT0/2
atan2(argl,arg?) tan”(arc tangent} of Both double Double in radians,
arg/arg? with -7 toTt
Wsndulaalatuaiin it buitin Wurd
i Method W Function Argument Type Result Type
| sinh(arg) | Hyperbolic sine of the argument, double double
which is:(e”"-e*%)/2
cosh{arg) Hyperbolic cosine of the argument, | double double
which is:(e”°-e*®)/2
tanh{arg) Hyperbolic tangent of the argument, | double double
| which is: (- )™ +e ) |
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fhatanndauisidunnsndinanans

ALY 1BNARTIBINTNINTZUAN

volume =Tt h  lunw1a191 ety volume = PL*r* r*h;

s

SR $INYBIANNIS quadratic equation

- T _ = v o
A \/zbﬁ Geulidly x = (b + sgrt(b™b - 4*a*c)/(2*a);
a

ar ' 4 deacoy an
FBAREN] ﬂqTLﬂﬂ'ﬂu'ﬂQQTﬂ\nLUU 2 HA
ol

x = (u cos 60° )t W@aulfiiy X = u* cos (60*PI/180);
y = {usin 60”) t - 0.5g¢ Weaulfiflu vy = usin( 60*PI/180)*t -0.5%g*t*t;

paatg auntslszalniinlusas RLC

—Ref2L

R* 1 e
= e cos{f,|— — — INIEIRPRNCIANREY
7= (\J4L LC)

q = g0 * exp(-R*/(2*L))*cos{t*sart{pow(R,2)/{4*L) —{1/(L*C))));

@ 4 4
mzaanlnwalilsunsusuatiu ua Wildsunsainaunaauaa e

ANRENS  LAPITENIINAREL FEULIANNNTTILAY

Ly w J
flantfymaall - swnszualw¥in 1, 1, uaz 7,
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1 1

A8 Aeuannssasnszua 1, Luay I, Susrruaumsdadiugall

=20 +1, = 2
I -6l,+3], = -4
i, -1, = -2

uwhiauniswnAnszualWin I |, 1, use 1,

+2 +1 0

2 43 -7 32
I, = ———— = -= = —05424
2 4+ 0 59

0 +3 -7

0 2 -7 54
I, = = = = 09153
2 +1 0 59

0 -3 -2
I, = = l = 0.6780 A
: 2 +1 o 59

nglannrindliiaglugluving AX = b azli
2 1 ofr] T2
1 -6 3|1,|=|-4
0 3 -7, |-2
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&
JURDUNITYAFDUTEUUFNNIF LD LAY

1. Tsunsuiasld test aglulawme? ciJavaMathTools\sreitestO2LinearSystem
FaratlidlsunsufnsinumasauAs LESTestAlljava (Talndtianiain Linear Equation

System Test All) 1p@nwndijuan inellavinnisullafog Editplus

(7 JavaMathTools
E {£3) MathTools
E £ src
€ Common
™) DifferentialEq
™ Integration
™) tnearalgebra
i) Regression
i) RootLils
& 3 test
{3 OlRoot
{73 O2LinearSystem
9 03Regression
™ 0dDerlvative
i OSIntagration
i) O6DifferentialEq
£y 07stat
& £ WordDocs
) JavaMine
& Oy Keil
#Fi ) mlRC
# ) MovieScript
) MSINSTR
4 Y My Installstions

IR

GaussEimTest
JAaka e
ZKEB

GaussJardanTect
lava Fie
i )

InverseTest
Jnidp e
1 KB

LESAMethod
Javh Fe
BKE

LEStest
Jay i Fi=

HENE S

LEStestAll java bak
SAK B
IHE

i MatrixOp

JAVA Fie
2 KB

[P V-

= | GaussEmTesta2
== JAkA e
= rKE

“adnundilnvida tid
LESTestALL java uan
zidan Editphas

24 () Scan for viruses...

:3 @ Add to archive...
= B Add to "LESTestAll.rar”

2. Source code 184lsunsu LESTestAll java azdsngetluniingne editor 189

{usunsw Editplus fagy
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mfﬁtof}‘ i Cliptext | 1

| C,l M * Objective: Evaluating the selution of linear equation
"‘3[:\ o ! * Cremer's rule, Gauss elinination method, LU 4
j.JavaMathTools 4 % Project: Math Tools in Javs 3
% stc © % Anuthor: Wachara R, v e
53 Lineabigebra £ * First Released: 24 Mar 2007 HUTWN editor 1
: 9 > * Last Updated : 24 Har 2007 |
5wy s
T © import static java,leng.Math.*:
MU HHIaa import MathTools.Linearhlgebra.*;
THanad
% class LESTestdll
_ + oy
}\- e -') public static void mein(String[] args) throws MatrixH
Eo1urnnMatri':4.iava : : ff =========s==========Tn change Augument Matrix hered
[érameerF:_ulg.laya_ 0 1 double[ ][] problewn]l = {{-2.0,1.0,0},{1.,-6.0,3.0},{0
aussk imination.java i -,
Covsiotonhedictoniore | | P —
LineaiE quationSystemiava | | double[] conatantll={2.,-4¢,-2.0);
LUDecampastion.java 10
LUDBCUmpUSRiDn.iaVE bak i Ty ,’;" o —E—sSE—SSt-SsE-SsSSSSS===cSo=xT===2===s===S=SEE=oi
Maliix java : kA ColumnMacrix solution = new ColumnMatrix():
MatrixExceplion.iava i &
RowMatrix java i 3 /7 =wample 1
| SquareMatinjsva ] i\ SquareMatrix A = new SquareMatrix (problem0l}; J¥!
AlFiles (") v ?
For Hefp. press F1 1 et P74 TR L PC . INS Yo ‘JJ

- i ) = L J
3. vansuklellsunsy TatFinAaunBnveussind A uar Arvasfidinueanile

column matrix b A5

LY

.+t import static Jjava,lang.liath,*;

import MathTools.LinearAlgebra, *; ﬂ“ﬂj\llgllltlétlt m'.atuxd_
(HA T A) uas ar1aan

.% class LESTestdll mﬂ‘lﬂf

|

.
public static veid main(String[] args) throws Mabf|yjeisnaf A
Ff7 ===zxs=====ws==o=======3Tq changa Ao ix here ==fs==s=====

lkt‘nll'rl.\w-rtboo«‘-c-rltrdiihl- e I S Y TP Y TR T

/7 Right hand side cornstants

ColumnMatrix solution = new ColumnMatrix{):

A7 exsaple L
SquareMatrix A = new SquareMatrix (problem0l]:
ColumnMatrix b = new ColumnMatrix (constant0l);
System, out.println(” Square Matrix of Problem 1l.-->):
A.prinMatrix|):

wg L7

[}
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4. save Wsunsuierufinnsukle TWsunsuilastnAnwsind A uas wsdnd b 1y
WA Ra IR LUANNSEaLE 3 uundasty wwuusnl¥3E Cramer's rule wuLTiaasld
% Gauss elimination wazwuU# 3 133 LU decomposition (B3mausnising A Wiaglu
sUnaAEDY Lower matrix (L) Lz Upper matrix (U))

5. Buiuneunisaening laupAnfilu stat >> run >> cmd fumsasuindlon

@ ta go o
rrasitiugnuiAdalu command console

- . Type the name of a program, Folder, document, or
7 F Interpet resource, and Windows will open it for you,

Open:  and ‘ v}

Lﬁ oK a[ Cance! ][ Browse,., ]

(¢} Copyright

P

N Dogurments and Setringst I8N
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7. RUWARY cd\  (cd mudiaiAiaavang back slash)  dluandailindulun
Mawadsn e c\

oft Wine

‘J o 1 (=1 J o 1T o . o v
8. dinlunTnawad sre FufluTiainaiifiu source code 103151 TaaldAndasail

Ci:Vr»ed JavallathTools/sre

EC e JavalashToolsh srox

| T8 Y s J
9. ananwalLTunsy LESTestAlljava TnelEAndasail

C:\JavalathTools\sre>javae -d .. -cp .. ./test/0OZLinearSystem/LESTestlll. jeva

C:yJavaMathTools\ sre>

-t source code Lififaunnies uihaearliuantisfianatala 4
Option flMngiinedda javac Ae —d  waty Mawmeifanfiulusunsdatinnanaiy

A ol o 4 ol
class Withilu 4a 2 9a wnetalifiy class file #ildannnsranndllilulvawneinat

o

- 2 o o &
wila sre 2wl 1 andudu
-cp WULANNIAINAIN class path Wunssaydn class fileMilu library U fapenlwaad
ansallAunlnaGusiuaininawmeifiegvwile src T 1 srAudududianiu

Mtest/02LinearSystem/LESTestAll java lunsszfiaianasyiinisaaning
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Waranlndiaiausoarlé LESTestAll.class agluiaimef c:\JavaMathTools

Lk 1 .
]

¥ o

»

Address {@ C:\JavaMathToois . i

x | lass|] ST '
Folders 2B h-3
& ) JavaDesign ~ L
Ehar] 15 2Math Tools LEEfT__e_St'?' i
. CLASS File
& 2 MathTools 2 KE
= 13 src
& I3 Common LinearRegressTest.class
# ) DifferentialEq g'ﬁa”s File
& (3 Integration )
S I = NPT F S, |

V e o v . -~ J
10. naaad run TsuntuiRanagauuadniils TnalEAnde java fall
C:\JavalathTools\srescd ..

C:vJavalathTools>jave LESTestill

arliinadwiannnisiultsunsudagl

TathTo
Scuare Hatrix of Problemw 1.-~~>
-2.0 1.0 0.C
1.0 -5.0 3.0
a.0 3.0 -7.9
The constant Colwnn Hatrix of Problem 1.--=3>

Determinant

Elcterninant -~53,0

Determinant 2 = —-40.0

mldnsaseuianFoudauiudwkareivillandiau o
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Faagna nAaaullsunsum M Naunsua9 non-linear equation a5 bisection

. awriihdsenaudeudafiudszy © Mfuwnu R uasunasdeiinse & Taadl & € 3

.»!‘I'I.N,’.Iw‘,~.|n

-!‘..l\_! BCEE LR

118 10° Wrda (10 PF) undsangIdassilusandouliiin 12 Taad Razfinalidwwinle a

usradsaraunsniiudseqlé 20 %aaerngagalunan 0.01 Funi

FE9
R c aunsusssulWiraaass @ uliasil
I
/\/\/ i q
—=+IR =
_ , C d
& _ _ : , UnuAY | = dg/dt
| s |
- 49 .49 _ ¢
| &t " RC T R
ufiannis@eyius uazliReula
Wat=0 g=0aclARRauseannisii Ae
q — é:C(l - e-IIRC)
o 2 =4 ] cj - < h=3 . t
fwualil g, = €C Andsrarmguaahiufiudszaanunsaiulile wnuen 1
asluaunig |
__qﬁ — 0‘02 — (1 _ e—O.UL"]U"’R)
Go
Jaguanunislieglugyd (R) = 0
_looo
098—e R =0

o o & o o
FENAFAL MATNUUARUAIN
1. lUnMawef ¢ \JavaMathTools\sretestiO1Root  IATHWA BisectionApply java

Al Editplus



& {2 JavaMathTools e

& 175 mathTools
e R
£33 Common
I DifferentialEg
£7) Integration
&) Linearalgebra
™) Regrassion

AlRootTest java.bak
BAK File
ZKE

‘|fn.tu:1ru-&ppl
Filz

i Edit

h‘i:' RootUtils Bi;m . dil‘Pltjr.:-:-:..’:-.-:-- N
o 1 I : )
20 test ?m Open Wlth
£ 01Root R, .

& Scan for viruses. .,
Palse ~ .

i‘ﬁ;’g Baddto archive...
8 Add to "BisettionApply,
New E3Compress and email..

Javs B Compress to "Blsectuonl
| KB e

Sand Tn

3 o2linearsystem
e 03Regression
i23) 04Derivative
i) OSIntegration
) 06DifferentialEq
73 a7stat

1
ar &=l

2. whlalisunsu meuwﬁqn'ﬁqu wenznanns uazldan G LLﬂ"ﬂ’lauﬂm

1 1 1 1 w J
FRITINAUNNT (mmmmnmummmqsxmwmmamu)

1

4 class Bisectiondpply {

public static void main(String[] args) f
Furniction func = new Function{) { ﬁuﬁﬂdﬁ'ﬁuﬁﬁ
// public double Nf(double #) {re..... ..

public double Of({double x) @:eturn 0.98 - exp( 1.000 asx):; )}
S public double Deriwative Fou COLI oreey

}' =Y L] = 1
try( FRIVIANSUETU LazAN
. . , . = o
f/Bisection bis = new Blsectlmgimﬁ’]f JAlifulssnar ongx
//Bilsection bs = new Bisectim ﬂnl‘”f
: root

f/B1sention bs = new Bisectiang mr.n e, L Lot
Eisection bs = new Bisection( funcf{l, lDUDUD], )
Jyatem.out.printf{"\n Root of your qu iizection Tes

}

catch {Exception e)

{ System.out.println("” Error(s) : "+ e);

3. save ulsunsu
4. V%A149 start >> run >> omd

5. pauIndauaziullsunsy 9t



azoft Wlnﬂut“- P {»Pr*lun 5.1.

e

Copyright 1885-z001 Microsoft Corwm,

v Documents and Settingsh IBM»cdl

»od JavaNathToolslsro

i\ JavalathToolsh sre
”:-Jaa1u1rthal:._Lr)cd ..

::.Jav aathToola»3java Bisectionipply

3

tha

?

e lfuasnsfnIn

Root gof vour equation {Bisection Tezt)

i ‘v. JavalathTools>

v

SaufFaunusadwin 1#iu Mathematica 5.1 azlfisan

n[i]= FindRoot [Exp[-10080 /x] == 0. 98, {x, 40000}] ‘]}

ol {X -+ 49498.3)

NsNAAdLNTINUIWUS (Integration)
2] ‘
Wuniswian J-f(x)dx =7 FENIULAAN a (lower limit) La bupper limit) A%

[/]

Vantludauar Isunsniibinnunsawanivusilénadniaanunfludydnualld (v

J-xdx = %xl +c luriu

- & o« .
Tn1aWRn Class library uazl4 algorithm 3 wun lwmswnAERug nadsasul

Fudliths fx) Wiluiuiian 7 uhrnsiuiin Tusoud x =a A x = b Aslkifly
nadnSranwuiuiau

oo ol

760 1 Fondd Trapezoid rule ( ngamaﬂumwu) fhunisanndiumssd e
@an 7 uadulAs £(x) q:‘lmwummaﬂumwy}ﬂn 1 Wutmaunn ﬁ‘fmwuﬂamaﬂumqmg

AN | MauesclfnadniraanisunBRus
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AnLaniTauIeans 9 U £(x) 1duiquass
fi{b}
T
-~
£fi{a)
h
a b

.
o004

38N 2 Simpson 1/3 rule ui'_lumﬂﬂ?iﬂumnnwmntéﬁumwmﬁu‘[ﬁq f(x) 1Tlung
aniulfannsiuan feendluiuifthincEdudin s fudunsd 1) snndnas
AnuAN Wi sNAuTEN 7 WifulA f(x) Fauun

380 3 Simpson 3/8 rule Wunranidulde x* vwdulba ) WiarauiuiiEn y
Tidulfa f(x) Fauue

381 4 Gauss quadrature 1{hARULRT a, b aandiuan Tnausazqafissasiing

LiwinuEunda node antuld Legendre polynomial gaglunsissuinesn

1 5 4 1
s luflaziflunsdraanalateEmadas Amuwdnmnantiwug
AN TOHUANNA 5.400 Alaniu AskatAnnuiEe 30 1AW Budunatlany
Wiastus Uaes fisninasuinotnedass aNN1ININARAUTITEITOLUE WRIANALILATEY

vdv

[V | 2
La% AR m = -cv -R
dx
e m A UIRTBITO
- « o
v Aa AEala

R A8 usakunuRidadeanuEviyg = 2,000 N
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o’ Pausabiunauenid = 8.276 N
af o dusy o o -
AIMFEEIZNINTOLARDUR IR HAANITIAANAS 15 1AW
A5 Wedngiannislmiazls

15

_ 5400vdv
x o= -] 8076
) 8276v* + 2000
Wil () fe —— o0V
8.276v% + 2000

, lower limit (a) fim 30, upper limit(b) fla 15

1. Alatsunsy IntegrationTest java Fengjluldawmes

C:\JavaMathTools\src\esti05Integration Aa3l

Address .‘}_?I €1} JavaMathToolstsrcitest\0SIntegration

f“olders x i - i IntegrationTest
& L7 JavaMathTools R A Fibe

MathTools ‘ S HEE
0 st
5y Comtmon
L7y Derivative
i} UifferentialEq
9 Integration
# £ Linearlgebra
& 73 Regression
7 Rootitils
7)) Sinplestat
=T test
% D1Root
£y 0ZlinearSystem
# 7)) D3Reqgression
% Y D4Derivative
Y osintatr ation:
i} 06DifferentialE
) O7stat

ndaRnyjuaanile @an editplus taiinasuflahlsunsy
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\_@Mathnolslsr:\testmﬁ[ntegratiun
Folders x
& 9 JavaMathTaols
& L) MathTools
=5 sec
7y Common

Lgidress

IntegrationTes

) Derlvative t OpenWith ’
= DifferentialEq B Add to archive... :
(2 Integration { @add to "IntegrationTest.rar"

g j LingarAlgebra : @ Compress and emai...
& u..:l Regression B Compress to "IntegrationTest.rar" and email
3 Simplestat ji | oendTo &

Cut

2. uwiilalsunsa integrationTestjava lruninulduuArdefduliidivllautand

Wwsetivah 1 waeuan lower limit waz upper fimit e 30 uas 15 Auansu

public class IntegrationTest {

Tadsaduriciavnns
1® public static veoild main{String[] args) { s, - ol
2 long usedTinmeé,start; guntAsa N
/7 insert integrand function in here

Punction func = new Function{) {
public double Of (double x) ¢§

rewurn (BRI [ (4 lower limit use

. - N . upper limit
ar F4 000 Integrationiintergrand, lower limit,up

ol gtart = System.nanoTime() ; - R
et TrapezoidalIntegration tp = new TrapezoidalIntegration(

usedTime = System.nanoTime() - start’
System.out.println("\nUsed time = “JusedTime+" ns"]

start = 3ystem.nanoTime() :
Simpsonl 3Integration szl = new Simpsonl_ 3Integration(f
Sygten.out.printin{”\n The result of Integration using 3
usedTime = System.nanoTime() - start;
System.out.printin(“\nlUsed time = *“+usedTime+" ns"):

! 3tart = System.nancoTime() ;

Jimpgon3_SIntegration ss2 = new Simpson3_BIntegration(func
Systen.ouc.printin{“iu The result

usedTipe = System.nanoTime() - 3tart;

System.out,.println(”inlsed tine = "+ugsedTime+" na"):;

of Integration using Simpson 3/8

start = System,nanoTime () ;

-,

GaussQuadratureIntegration gqd4 = new GaussQuadratureIntegration(func
Systew.qut.printin{"\n The

result of Integration using Gaussluadygtily
usediime = System.nhanoTime () - start;

System.out.princin{™\nlsed tine = "+usedTime+" ns3"):
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3. save Wsunaauinlfn&s command Waaantig console mode

_ oy Type the name of a program, folder, documert, or
- Internet resource, and Windows will open it For you.

Open: | W

E oK j r Cancel J ﬁrowse... ]

4. Wasuiawmef\iilueg? cvavaMathTools/sre

WINDOWS\system 32\cmd. exe
EHiErOguéﬁ ﬁ;LL-

] Copyrighﬁ 1

YWIocuments and Settingsh IBM=cdb,

5. aaulwAlisunss integrationTestjava TaaFunlEAdadenn

¢C:iJavaMathTools\sre>iavas -d .. —cp .. ./test/05Integration/IncegrationTest.jav

=]

Cih\davalathTooish sre>

8. run Wsunsy TneldAdanatl
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CihvJavaMathTools

EC S JavaMathTools -

o L] = oas J
HAGWSI NN LAY TN R AT

IC:\JaveMathTools>jeva IntegracionTest

f The resulct of Integration wsing Trapezoidal rule :@1.86958116?39023

lUsed time = 17824332 ns

f The result of Integration using Simpson 1/3 rule =€91.8695882828839

Uzed time = 1668089 ns

f The result of Integration using Simpson 3/8 rule =@1.86958828288*’! ’

fUsed tiwe = 2442482 na

i The result of Integration using GeussQuadrature 8 point =f291.8695382555315’

lUsed time = 1238147 ns

jC N JavallathToolg>

WheuAsufuariuRiase Ae
2700

8276
291.8695883 u.

>
|

In(8.276v* + 2000)|‘;

NMENARBUNITHIANABLLBIANNTBYNUAULILARIDY

anunrayRuinasanAneulfazeglugsalyil

Y - )

dx
TrefmuaRaulsBumuniial  condition) W% éwiulandnnwuadeulireuan
(boundary condition) TdawasavianmAreuld
i o o v ar JI
Algorithm AldwrAaauayiuiiier 3 3564l

. g r‘:& o 1
1. Modified Euler method a1asaatiaanysunsauds
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2. Runge — Kutta method 35984 591 ARRAY

3. Adams — Moulton method 3p184816HE uaz Y&

a [ © [ . ¢=:
AAENY AINTIAIPRUTIBNANNITAYWUDLLLU Bernoullivix =10

4xy + 4x\/;

‘ . 1+ x
AQdeulafudiu x=0, y=1

'

y =

S o
25N

1. ElalWd  ci\JavaMathTools\src\test0BDifferential EQ\DETestAlLjava  1atild
Tdsunsu Editplus 1w editor

|lf_'] C:\JavaMathTools\src\test\06DifferentialEq

L _ x iy AdamsMoultonTest1 = 1 AdamsMoultonTest2
W : A~ l==]| davaFe == JavaTie
+ C, Regresfs:on o~ E P .:.—-l b
‘™ RootLkils —
- ;3 Simplestat ™ AdamsMoultonTest3
o ) test ==| MuvaFl -
i™) O1Root = 1 2K | Open
) O2LinearSystem | Edt
& &) 03R ’ (™ DETestallz M fectalls
L eg!res*:ﬂon == | JnFle 315canDE estall. jav
__j 04Derivative TN ¥k Z§ Phiss
27y O5Inkegration | Open Wi
=} 06DifferentialEq W ModifiedELler Test2 ¥ @ add to archive. ..
. == | JMVAFi : e
L3 O7stat = J,MFA " o ERAY b DETestAllr

2. ullalilsunsn Teow@eudaddn Wiiuldauweddulumqetneh 1 wianld

RavlaGudiu

public static void main(String[] args) { '[dlﬁgau"]mﬁluﬁu x=0,yg1l
long executedTime,starc; i

DifferencialEquation eguation = new DifferentialEguation(new Datelved{Ud,1.0)) (
public double 0f{double x) { return 0:}

public double 0f(double x, double y) lreturn@fx*[y + 3qrt (y))/(14x*xX) )} l
public double solutionOf (double x} {

y ey (rastoriatu F(x,y) ﬁ'ﬁ) i)

}2

3. #eIN1IMIAIABLTBIANNITEYRUE QU Uiy x = 10
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ModifiedEuler me = new ModifiedEuler{ equation, 0.001§
Systen.out.println("Loop count : "+ me.getCounter ()
Systen.out.printin("by using Modified Euler Method...™};
System.out.printin({”"\n The solution of this D.E.at x= "+t
executedTine = System.nanoTime() - starc:
System.out.printin("Executed time = “+executedTime+" ns"f:
L o o A Y T T ——— ~ﬁ§]‘3ﬂ'\‘ivli'l

Aaui
x =10

//Pungefutta (DifferentialEcuation differentialEquaty

a)
start = Systen.nanoTime()] |

r

RungeKutta tk = new RungeKutta{ equation, 0.001
System.out.println(“Loop count : "+ rk,getCounter
System.out.println{"by using fourth order Runge- Kutta Met
System.out.println(”\nThe solution of this D.E.at x= "+ rk.ts
executedTime = System.nanoTime(] - startc:
S¥stem.out.println{"Executed time = "+executedTime+" rn="):
SYStem. out. printin (" ——-——-——— - mmm e m e m e

get x + “ :

//  AdamsMoulton (DifferentialEquation differentialEquation,
start = Jystem.hanoTime() ;
AdamsMoulton am = new AdamsMoulton( equation, ©0.00 @
System.out.printin(”lLoop count : "+ am.getCounter()
System.out.printin{“by using adsms - Moulton Method...™):
Systenm.out.println({"in The solution of this D.E.at x= "+ am.target x + ©

exetutedTime = System.nanoTime() - start;

System.out.println("Executed time = “+executedTime+" ns"):

double h, doubl:

v e A o v
4. save Usunsu wiavinniscompile Tdsunsy Taaaanlu® console TnuldAnda

start >> run >> cmd

5. luniWawmes C\JavaMathTools\src

s

j (C) Copyvright

— e —— .

Ci\Documents and Ssthing

Sryrod JavaMachTools/sro

C:\ defvallathToo layere:

' o b o
6. paulndldsunssy InalAn4amst
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~4
b |
)
3
—5
[l
e
5
ah
=
—
=2
(=i
=p
Z
.
-
%-
2e
=1

aIrefFoundError: DETestill

C:\JevallathToolsh srored

Ci\devalavhToolsxJava DETesnill

e raM vl o o
HARWEN LA AT

Loop count @ 10001

by using Modified Euler Method,...

| The solution of this D.E.at x

Executed tite = 10743544 ns

Laop eount ; 10001

by uzing fourth order Runge- Furta Hethod, ..

The sclution of this Jat w= 10.0 iz 40217.032404132
Executed time = :

Loop count @ 9997
by using Adsms - MHoulton Nethod...

| The solution of this D,E.at x= 10.0 is 40401.0000000008%-
Execured time = 72846409 nz i

-

CivJavalMathTools>

WisueaunuaAuias

ANABLIIBIANNIBYRUS Aa v = (2x° + 1)

Wa  x =10 a¥ld y= 40401
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|
s

Aanting aunInspReuTiveninnsziansunas m nn. Sl

dv c

@ &8 m’

Ha ¢ AaduLlszAviussdiouannia = 12.5 nnAuin
t Aataanfludunh
g = 9.81 W.AUW’

- 9 ar ol - % =
v An Audareinnsziasduinnat t ia q Bwdaedlu wingAunh

]
& =

N " » J u:\' < - 4
fntnneslamsu ﬂi‘ﬁTﬁﬂ'ﬁ’mUﬂﬂquﬂﬂﬂﬂﬂféuQ AaMANFITasinnIslandn Tl

WIA(AU+TN) Wi 75 nn. Wananeiulld 20 Guai

aa o [ Y ar i\ Jd dv 12-5
fvih auntseyiuireslantdluietting == 9.81- ETI
' i

1
= &

HideuleGudiufa t=0, v=0
/] ot ar d‘J
1. uhlawadduresannisaywus il y=v uaz x=t

- = 2 o )
public static void main(String(] al.aau'l'utsumu X vsn t - 0 ! ,N
long executedTime,3tart; Y 'H?B v=0
DifferentialEquation equation = new DifferentialEquaticn(new Datalten |

. ._.Dbublic double Of(double x) { return 0 ;}
public double 0f(double x, double y) {:eturn@&l-lZ.S'yi?E.D}
public double solutionOf(double x) {
return 0:

} ( ﬂoﬁﬂuﬂamumsauﬁu@

|

o 1 i o [T o IJ 8 =
2 ublasumiafdiaanismAnaauayiud Wil x e t = 20 Tual
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Lt L e R L et L A O ] I

ModifiedEuler me = new ModifiedEuler( eguation, 0.001,§0.0)
Syaten,out.printin(“lLocp count : "+ me.getCounter()
Systen.out.println{“by using Modified Euler Method..."):
System.out,.println(”™\n The solution of this D.E.&at x= "+me.targe
executedTime = System.nanoTime() - start;
Syatem.out.println("Executed time = "+executedTime+" ns");
SYstem, out . println (M ———emmm e e e

.
.

//RungeRutta ({DifferentialEquation differencislEquation, double h, 4
3tart = Systen.nanoTime{) :
RungeKutca rk = hew RungeKutta( equationh, D.Ell'.rl
Syster.out.printin{“lLoop count : "+ rk.getCounter()):
S¥stem.out.println(”by using fourth order Runge- Futta Hethod...
dystem.out.println({"\riThe solution of this D.E.at x= "4 rk,targe

executedTime = System.nanoTime() - starc:
System.out.printin(“Executed time = "4executedTime+"” ns™);
Syster.out.println("-——-—mmemm e e e e o

//  AdamsMoulton (DifferentialEquation differentialEquation, double
start = System.nanoTine() :

AdamsMoulton am = new AdansMoulton{ equatiorn, B.OOJ.

Crrmimmen Attd vwrdm e lw T Anman mavant 0 T oam saelaianEav i b

3. compile Waz run TsuNsIAEMINAENT

CihvJavgMathTools\srerjavas -d o -op .. JFrest/06DifferentialEgq/DETestAllL, Java

CihJavallathTools) srered. .

iV JavalMathTools>jswva DETesthll

[ u‘-:l
NARWAT LA
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Lioop count

by uzing Modified Euler K=

Exe

Lonm P count

by using Lourth order Funge- o

The solution of thiz D.E.at

Executed time = 14356136 ns3

Loop count

by uzing &dawes - Houlton Method. ..

The =clution of this D.E.at == 20,0 is

Executed tine S499

FIIRAAAUAIFALFAETANATIZY anusavimanFreninassiansuiauuiamnavted

J. i .l.
= ldt
[
v

annsayiuilatTsuansouls

g—m

andeuly t=0 v=0 arli

v = gm(1-e“") /e

WLAT 1= 20 Aun asld v = 56.70348 wns Auad

nsnafaulilsunsn Regression

azutnisnaaauaenil 2 4o g 1 axilu Linear Regression dauf 2 a

dlu Polynomial Regression

. ' =y P [ 2w J
Linear Regression : wniifiayaannismasasdeudunisslinag

‘ X 0 1 2 3 4 5

|
‘ -

K 3 5 7 9 11 13
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|73 a g ey & o
Aeanisaruanduiufidaduaassiouls x waz y lugd y=mx +¢

P " a R ‘
2 m A slope WAL ¢ AR y-intercept

z
TUABUNISNAR DU
d _ o dwie
1. lWnlWaweaf  CiJavaMathTools\srcitest\03Regression AANINT WA
LinearRegressTest java laanyiay editplus
Aedress {2 Ci\JavaMathTooistsrcitesti03R egression I
Folders nressTest o _IRTe

T File

& i) O1Root
27 02LinearSystem
2 03Regression

Poly2LinsarTes Muubi

=| JavAfie Open With
L. Q4Derj i = 2¥B .
‘-::’ erwatlw_'e {J Scan for viruses...
) 05Integration M PolyTest .
) ) = | olyTes .
-,-;)UﬁleferentlaIEq == JavaFie B add to archive.., ]
7 Q7stat = | 2KB BB Add to "LinearRegressTest.rar
# T WordDocs | 88 Compress and emal...
a e o
1. INNTaYa x waz y Aegy
clazz LinearRegressTest
{
public atatic vaid main(String[] args)
{
A dowble <1(Y = (2.} -
i double wl[] = {5, %: A VA x
dguble[] %1 = -, .
doublef ] = HRYRRY
double m Sy e om o+
double ¢
tryl{
LinearRegression lr = new LinearRegressiofixl, vl);
n = lr.getSlope(};
[ = lr.get¥Intercept():
System,put.println{ “The line equation of this data is ¥ = "4mt+” X+ "+c);
ycatch ( RegressionException mag){ Systen.out,println(msgj:}
H
}

3. save program a1nNwuNINITcompile
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FallathToolah ores>jaovrac -d ..

2y JavalathTaolsh soos

Polynomial Regression (Hluniswiaruduiufszwinediona x, y feglug inahuiios vie
WILNANAIUAIFAUYT x TAnNgn 1
L la Qs g as - e = o| s e J
Haya n 4o JaouduRuiiuuULwRNE AU m Geuiiuainisléised
Y = g, taxt azx2 +
L 13 L ] dl 4 [ 4 s T [] d! ar J -
Aatie fesuthurdsuiuuuhlsaniag Anuduiuisendanugalainaniumu (y) uaz

B I R PR
LU N AAARUR A IRLLITIL ) ATl

X 0 1 2 4 5 6 7 8

y 0 05121 | 0.8936 | 1.2648 | 1.2545 | 1.1136 | 0.8421 | 0.4400
9 ar [ « = L v = o -0 as g [% T
fayagaitliarntandnanafantsrinefeufiudham 30 nudulanfAsANEIAY

10 1.4 hifnussfurasenia aclfiaumsuanssinumiseng - sesfieufiude

y = 05774x-0.0653%°

alifoyn x, y Yauliilusunsy PolyRegressTest.java Auanmn glilsz@ndaed x s1a1d

wiiuAdnseAnsnidanAmguivsala
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»
TURADUNITNAADL Polynomial Regression

11hinawmad C:\JavaMathTools\src\test03Regression Aanu T WS

PolyRegressTest.java \an ﬂ‘ﬁm‘lé editplus

[ 7l L n ‘ i o, =l c‘ -
2. uhtaldsunsa AnusAs degree = 2 (s indTudigaiigiasui AN dunug x an

L [ =] -QI - J
fnaalaiiiu 2 l.Lﬂ‘.‘iLﬂNﬁﬂIéﬂ X WAT y ATNUTVIMULGNATT

class PolvRegressTest {

_ , , _ _ ,// finvum degree = 2
public static void main(Scring[] args){

int degree = 2;
ColunnMatrix a = ney ColuwnMatrix():;

,.‘K
// firsc =vyle: this style works well.

FolynomialRegression pr = new PolynomialRegregsion(degres, 8);
pr.addhate{new Dataltew{D., O.));
pr.addlara(new Dataltem(l., 0.51211);
pr.addlatainew Dataltem(2., 0.9%36));
pr.addbata(new Dataltem(d4., l.26468)1);
pr.addhata({new Dat~7~-=’'" TooEARS Y.
pr.addhata(new Dat =
pr.eddlatalnew Datiaﬁa"éa XU Y U
pr.addbata (new Dat

J*% gecond atyle alan
double[] x =
double[] ¥ =

=11 *7

0, 1., 2., 4., 5., 6., 7., 8.};
{0, 0.5121, 0.8936, 1.2648, 1.2545, 1.1136, 0.08421, 0.44);

PolynonialRegression pr = new PolynomialRegression(degree , x, ¥):
3. save lsunsu uaznonizranlng

C:\JavalathToolsy
f:xJavanathTuols>;d src

CiyJavallathTools\ sve>javac -d .. -Top .. .ftes /03 Re

greassion/PolyRebressTest. Jav
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4. yageulillsunsuvnianu

sindlndlAseiuAuRase wenusniiAdiatann 10 anunsadaliidugudli
fuslfdayaainsnegwluiies Linear regression unilauliilisunsy Polynomial

Regression lauwl@su degree = 1 aznudazlliAmeuwmiiouiu Ay Polynomial

Regression 3\1ﬂﬁ‘m_|ﬂfqu Linear Regression fnel
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na|uan 2

a & ) o =
AISARAAY Web server LW@Wﬂﬂaun']‘iﬂ'\Q']um@Qﬁﬁ']ﬂ‘lﬂﬂi']?

m?wmMmm?ﬁqmu'ummmmiﬂmﬁmaﬂﬂmmﬁm%ﬁﬂ%ﬂﬁyummumq%mmﬁﬁm
mlialaudniatiy applet dal%Tuenans Himl ufadnAn1slu web server  ldauanunen
Bunlf applet 1eEMIUTITRTIAS applet szuannangluifgenamed  luns
pageuiudasi wannsadasrarfiowe i Wauegiowifd web server 15l
F0994 Localhost A4fian 1P Ry 127.0.01 reviussdadadusunsnivmiin@dhy web

al i JJ 2 .
server Wanaw allazld Apache version 2.2

& a &
'nui'?'i 1 MR Web Server
Fowngedllsuninde Apache HTTP Server 2.2  @wnsoanduluas  1Haan

hitp://apache.org T AL WAL sz 0L 4.3 Mb

apache_2.2...

v L ep e en o in e = - o
Wisninunsiasdlunmsisumiouiuldsunsuilouluiuiad vl 1
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pache HTTP.

Iﬁétﬁllﬁtian;%iéé&ii_"mm
Welcome to the Installation Wizard for
Apache HTTP Server 2.2.4

The Installation Wizard will aliow you to modify, repair, or
remave Apache HTTP Server 2,2.4. To continue, click Next.

‘ “cfuk L Next > J [ Cancel

)

U

d - c"‘ -~ L i o o Lo
Wadnnadauda acliinawme Fdmiiulusunsu Apache web server fagyl

I
Bddress i
1,

ogram Files\Apache Software FoundatiortApachez. 2

Folders

&= {3 Program Files
= &) apache Software Foundation

error

i cgi-bin

iy conf

# 12) error
£ htdocs

& 7y icons

include

3 b

D logs
) manual A¥™ ABOUT_APACHE
(%) modules = 'i Tex=t Document

£ proxy fz= | 13KE

manuyal
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fauldeu Apache Wiy @vines feulilaWd configuration aasafasiuaumeaas

] .J’ o ral: [ 4

@i lunismasauirzsifiutends html war  Aadlddianate  ineldiinawmas
. e wy o
CiwwwAjmt nsuflavinléfat

lUniWawef conf BuilulWawmaditonniuls awmas Apache2.2 Enfiuile

ﬂddfass '(_‘3 C:\Program Files\dpache Software Foundation\Apache2, 2\conf )
Folders x e

S - £~ =
& ) Program Files i U defauilt

2 7y Apache Software

.l-:-li\.?achez-z httpd
i+ ) bin Tesd Dourins s
3 cgibi 19 k&

_L defaul EEE) r:frggst;ﬁz ?
i) extra 228 | g5
I8 i) error
=3 htdocs %
& ) icons
i) include

L d

whla' W4 httpd.conf Tnelfnfnes (araflu notepad) whlvAindsluldunusmineal
1. wily SeverName Wiflu 127.0.0.1:80 181 80 NsiaNneuuiatdamelnttiunin

WuUNELET 80

a;f;je # If your host doesn't have a registe
R
ServerName 127.0.0.1:80

b}

2. uhloldawaifacliifuianans ntmt uas dranasine -

. #DocumentRoot "Ci/Program Files/Apache Software FoundaticnfApache2. 2/htdocs”
| DocumentRoot "C:AvWW" |
B

3. uilsRaulesin 4 Winseiuawmes www niluiWaimasiivienans htm

#<Directory "C:./Program Files/Apache Softwar
<Directory "C:.AWWW">
#

Ll ™ élwl.l
wazifiluussinildion
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H

# AllowOverride controls what directives may be place
# It can be "All", "None", or any combination of the ke
# Options Filelnfo AuthConfig Limit

Fod

AllowQOverride ALL

x ; & -
N1 save THaRLS Lo udatiiunais

4. start Wildsunsu apache vanu

Configure Apache Server :

A LizardTech

f‘ﬁg " Control Apache ETEr‘.-'eff: e

B WinRar bl@ Review Server Log Files »i W\, Restart
B@ Nitro PDF Professional :.’&’] Apache Online Dorumentation '_ o
R ?’“ ";,@ Help, 'm Stuck! Z\ Stop

5. thififelewanadula raziiu icon 1aaliltunsn Apache fRegf unuyuuN
ATe9RaNIN AN NaNdnY  Aaniiufiddiegneganinany uaned

Apache Waulfetegneied

& = a o & =
auh 2 dnanuldfanslin web server
tusamAsenliiamuniiogluplaaaig waz wnans Himl lhAuElu

- al o [ -3 - J
Wawmad ciwww dnruzraalnamaiazinirdainsall
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= T3 appletClass
2%} LRegression

3 AppletSrc S
Y backup_LRegresss
% | Regressfpplet
‘MathTooks

=) Common

) Derivative
DifferentialEq -
(™ Integration .
73 LinearAlgebra ;
% Regression

r 'T7) RootUtils

k :ﬁ SimpleStat

|19 []
matare luTuafldannimvagenilsunsuedne web  server  IHUNTUNARIA

Regression Wl lunrdszunmusraunindunss asendufayshilfannimanssaioanisan
DENDATE

h..rh.'eﬂ [:@j thﬁmm eiect.rm..n;m.td'rrs-cs.cotr\fgf

[N rhfn_mamﬁ'me
frisanagvissy
AISLIWN g
FOITA A LD INYIVRADY

Tivnuiiufindunnsansurviauariaanulssltiuieaslan adumdn g dofidivindu

9.8 m/s? Hfunuirin @u'mas"lau-:m Tfu Teuamolila antdfiswy mi’lutauthmﬂq"latﬁu dav
auasissTininedu southuiiuanauda wieoudl aedRaunauRaieasiia uaullaraunu

sdTanvanuashad weastiviawakila

|

Bl sunsunsedaunsiasaiuild (Graphic user interface) e ltigl1tleuiayalos
el a 1 =J v ° [} =I'
mapdnnduunszasnauusanw IWsunsuazifudeyanliniumuuua (x, y) i arqan

pndadn ufatilldszinanalnglinana LinearRegression a¥lfaunisfiunmiiilusinunu

| ' ad ar o t dv
1aefioya JUtsoIntzAEnvasianwuzdinawsiell
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Fh T wRTMAE YRR P TSP TWAT LA A4

N .
H H & H H 1 © )

Avenbang ] TR, 908
e ¢

AsTIRNT W SIM IS Y _ﬁ‘ust-a--'l‘x_«'ilﬁﬁpplet fotll YrununsTwlumio&aAld

uariia Ul unamnde e Tiug e -

1 L4 L
waadndmuA AN 7 vunrzaenuan aantuRdntin “Atuauanng

Wunee” Tdsunsuazairaduns InaendunisAtuiniiesnand LinearRegression AN

AU uesaosdmyRARTA y = 1.004 x + 017, RA2 = 1.000
o

8

11

-~
-
L3

w

¥

f {
8 6 7 g 9

Minx |-1.0 Miny: |-1.0 sienivand: 10,869 - 956

‘Maxx: [11.0 Maxy: [10.0 AR 8
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NIANUIN 3
LAN@I5 LlULEUY CD

! ] b 1 4

Wadawin CO Fuwumfumanunalazanmddedalzfinfadull  aswuiianad
) _
Aastallil

| MathToolsRef

’ “\.-:. -
"J MathTodls
|

Research_Pdf

P

L’J SourceCode

1. Iama3 MathTools AL class file AlFaNnn1sAaxIwaAlLsunTRdueriy
M WanaastATn iR s ot dseneuiullsun s Geusing 7 i
RoauAth T awe ST AU huatequ i A nnsaumas iy

2. TWaan MathToolsRef i Math Tool Quick Reference Aa%19ann
Tdsuntu Javadoc enanswmantiansntodlaliensii Browser Tnamdndt index.htmi A= fink
FonsiaBidusuwiaeianaranng g AgseunhlazanAden lwenanstisianinana
A1 ) Tudne s el (Hierarchy diagram) {RtAZUSNAMANHUTIRIARIAUAT interface
viihfiadaang package A9 7 franaiinsBunld madnaudeiawana (Exception) 184
ARNE FLLITARNE LAZINGRAYA public protected uaY private ﬁﬂiwngluﬂﬂﬁﬁﬁu N1TAYHY
AR 1) 1B parameter TWNBBA NIIAIAAWNAL (return) YBAUNERA 39UV inner class 7l
fafgj'lummmmhﬁu

3. Mawmaf Research_pdf Tl anesifumsnunalAnmAds “Wann
pandlausT (Class library) feafunsfusadsdiawadwiuaiaundounsiandi o
WATatefumefills” ﬂﬂ’uﬁﬁﬂuﬁﬂﬁ’qﬁmt“iffﬁudu aufivlugd pdf amnsodngulaine
anfalusunsy Acrobat reader au”uﬁbfﬁ'lu O asfimaan 4 Failunissaysonsanere

Ty mnaiamaafuasWandi idnaaeunisvieueadltsunsy 4wy 40 i saudnlu
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|
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INDEX

A ColumnMatrix, class 33
Abstract class 79, 8O, 89 CramerRule, class 33, 46
Adam- Moulton 's method 99, 101 CramerRule.java 46
AdamsMoulton, class 1398 Cramer's Rule 45

AdamsMoultonjava 105,106

AlIRootTest java 30 D

Apache 173,176 Derivative, class 79

Applet 6, 10 Derivative.java 80

Array 6 DerivativeException, class 79

Augment matrix 47,53, 59 Descriptive statistic 111
DETestAll java _ 107

B DiffereintialEgSolutionFinder.java 102

BadlntevalException, class 19

Ball bearing 120, 126 E

Base class 12 Eclipse 11

Bisection 12,18 Eclipse 14

Bisection.java 21 Editplus 14

Boundary condition 139 ExceedlLoopException, class 19

Byte code 3,5, 14 Exception 5
Exception 13

C

Central tendency 111, 115

Class library 123,6 F

Coeflicient of determination 72 False Position, method 12

Column vector 33 False Position, method 18, 22



FalsePosition.java 24
FirstDerivative, class 79
FirstDerivative.java 81
Forward Euler method 99

Free body diagram 58

F-test 136

G

Garbage collector 3

Gauss Elimination a7
GaussElimination, class 33
GaussElimination java 49
Gaussian Distribution 112
GaussQuadraturelntegration, class 137
GaussQuadraturelntegration.java 92
Given tolerance 21
Graphic user interface 1
Grouped data 138

H

Homogeneous equation 33
httpd.condf 175

1

nse6 11

Inconsistent system 133,134
Inhomogeneous equation 33
Instance variable 12,13

integrationTest.java 97
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Integrator.java 89
J
Java SDK 11

Java Virtual Machine 5

JavaMathToc!s 14,16
Jereator 11, 14
JVM 56

K

Kkurutis 140

L

Laguerre method 12, 131

Least square, method 64, 135
Legendre-Gauss quadrature 87
LESTestAll.java 56. . .-
Linear regression 65
LinearEquationSystem, class 33,42,53
LinearEquationSystem.java 42
Linearly dependent 133
LinearRegression, ciass 71, 130,178
LinearRegression.java 71

LU Decomposition 49, 132
LUDecomposition, class 33,63

LUDecomposition.java 53



M

Mathematica 16
MathTools 14,16,18
Matrix Exception 33
Matrix.java 34
Median 111
Mode 111

Modifed Euler's method 99,100

ModifedEuler.java 103 °
ModifiedEuler, class 139
Monte calo 139

Mulit step techniques 99

Muller 131

Multiple regression 137

N

Netbean 14
Newton-Raphsan, method 12
Newton-Raphson, method 18, 25
NewtonRaphson.java 26
Node 59, 87, 88
Normal curve distribution 112,115
Notepad 11

Notepad 14

Number of degree of freedom 73

O

Object oriented 7,13

One step techniques 99,101

-183 -

OolLALA 7

Ordinary differential equation 99

P

Percentile 140
Physlet 7
Pivoting 132
Polynomial - B4

Polynomial regression 66

PolynomialRegression,class 67,73
PolyRegressTest.java 75
Probability Density function 113
Procedural language 7

Procedural language 12

Q

Quadrature 84
Quadrilaterals 84

Quatile deviation 140

R

Redundant 33
Regression 65
RegressionException, class 67
Richardson extrapolation 76,79
Romberg 139

Root means square 203
RootUtils.java 19

Row vector 33



- 184 -

RowMatrix, class 33 T

Runge-Kutta method 99, 101 Three point formula 76, 136
RungeKutta, class 139 Trapezoid rule 84
RungeKutta.java 104

Trapezoidallntegration, class 136

Trapezoidallntegration.java 89

S Trivial solution
Secant method 12,18, 37

Secant.java 28 W
SecondDerivative, class 82 ‘ Web server
Serviet 6 Weight
Simplestat.java 115 Wineditor

Simpson1_3Integration, class 136
Simpson1_3Integration.java 90 yA
Simpson3_8Integration, class 136 Ztable.java
Simpson3_8integration.java 91

Simpson’s 1/3 rule 85

Simpson's 3/8 rule 87

Skewness 140

SPSS 126

SquareMatrix, class 33, 42

SquareMatrix.java 38

Standard deviation 112

Standard error of the estimate 73

StatTest.java 121

Sum of the square of regression 72

Sum of the square of the residual, the 72

Sun Micro system 5

éuper class 12

33

128, 129, 173, 176
£4,85,86,87
14

124



-185-

AT 140

ArfigauNInIgIu 112, 120

n mﬂa‘?‘;“ﬂmuﬁﬂ, R 31
nsnszantuuuifmng 112 Alaat 111
MIUANUAIAINT 111 ﬁqlilaﬂ 120
n111¥qm 3 qavnayAug 76 Admn 34,85,86,87
nfaAnaE 65 AR 112
nsaaneetuay 65 ANADA t 138
NTAABLLLLUANHT 135 ANRORA 2 138
MINANBEYLIN 66 -~ TAunR 112
MIUsENAALILTTNTAAY 76, 79, 82 TAasralandn 112
MIARNBUMLNNAG 47, 55, 61, 132 Tareialuanmanna 58

ar L
ﬂﬁ?’lﬂﬂﬁ?ﬂﬁ‘ﬂ"‘l’]ﬂﬂﬂ\?“ﬂ'ﬂﬂﬂ 112

nsfauunltudingdaunate 111 R

nstlefidulng 140 Ny 97

marnadnruuu lditludadn - 131 deulareuan 137

a i

foyaifiugaadu 138 fu ulag Saviu. 15 5
dufldu 173, ng 85

A duildu 3/8, ny 87

ATMEE, Ny 45,5561, 132 i, nmn 712

paslsunsy 1

AMuAaIAAReUREoUTILE 21 3

mmﬂﬂmﬂ‘ﬁiﬂummﬁmﬂum Fuilen 111

NATUIEHNTUAN 73,135
Al 140 ]
AT 120

Aoufily 101,102



o

AUNE
Alspang
1)

as g ar

TRV EAT

LIBAgU

1

UIWUE, N9

tdaa

7

- 186 -

101, 102
12

195

210

76, 84, 95
7,12

NARAELUDITELLANNITITOEY 55

naLRat A A ATy 33

Nﬂ?ﬂhﬁﬂﬁhﬁﬂﬁ%ﬂﬂﬂﬂ?ﬂﬂﬂﬂﬂ 72

HATINANIAIADBIIAYAG 72

HWUUH

W

nefunsu

H

L

THMAANA

Nt

64

7,12

111

111

WwsdndusaLRnudn

)
sruLdAUs
UL BNy

FEULIANNTTIT AL

N

L3 e
[/ANNITNY

oJ

pal ¥

ANTAY
Tirdsansianfian
584N d-1803894
aaad «
Thuaayaian’

e o

TE19F AR

e "
IAUBIRMNT

47,134

133
133
32

137

75
64,135
87
131
99, 101
131

Fraventaefiliulsuda 99,100

Fbr0eedu-uaiy 99,101
FTuAus  18,27.32, 131

FaHsu TAdu12, 18, 25, 131

FouLaATgaY  18,20,32, 131

Tymaed 12

e

F5aung

]
=l

cued 4 [
TETWAIUUUIHAN

SnuanthauFmnda i naauasuu

49, 55, 61
12

18,22,32,131



-}

AHAALLOD

U 10aF 218K, NJ)

;!

ANAIINTIIUN

aunsuunlidludadu

gun 5T nwus

- 187 -

132
31

111
18
33

aunNIaURUSULILATtY 99, 107,110

AUNTIENWUS

r -
doudlavuuaialng

Aulsz@vBnisniuum

P
AmdauAnawy, ng

a

ANATENANNITI LB AT

AUNTHMIALT
DURUS

AUAUS, N1TUY
DYAUSTUAUADY
ayLESuAWL
azigd

LOWINERR

[

lalasu. ufia

33

140
72,137
84

73
25
95
76

82.96,136
76,136

6

6.8,10

31

. Ly
MLLELTTE LT RS N0 A S



	1.Front
	2.Chapter1
	3.Chapter2
	4.Chapter3
	5.Chapter4
	6.Chapter5
	7.References
	8.Appendices

