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Abstract 

This project presents the program library files in class type, which their numerical 

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 conte,lt 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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iwse~uan l%lun~sG~?<u 

1. r~$e~wauG?rneiG~vls'ul%AuuPdsrrnsu ~m=nmaauPdsr~nsu 

2. aednia?iJava SDK 1.6 (java Standard Development Kit) flIU'l4n download 
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4. ~ d a 4 w a U ~ ? ~ m a ~ ~ 7 ~ f i i $ L ~ ~  server vuiubnq IP 203.158.100.100 15 

Cdsransu IIS 6 (Internet Information System) 1% web server n iu l6 
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rdurflu pseudo code source code a~~u~d~dsrmsun'ilufj7~m'ilinirsi~ia 7 ~ d u  nini 

ru8n nimdairrnsu n in id ian in  niw c rrn:niw c++ Aaaqinniwnnufj7rn& 
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M d 
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nisGii]iua'il.~Wsrrnsu 4iu~urufi'ilm~~~~n'n.rrm:nisGii]iu~'ili]~~in:~ufiam qinCu4a 

aanrruunniar~i (super class base class) ~ads:neui7~n~7rrdsnnifi (instance 
A v v  Y d o  

variable) rrn:rufi'ilmn~n'drmns'ilun~un'uy1n 7 7:riuu'j"s nniai~i~ui~aivls'u~~fif l~vli91' i la 
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Lrla?usouLiu~iiLLl?ii:7Ldi i u l h Y d ~ ~ ' l 6 ' i l ~ . l u i ~ ~ ~ ~ a u 5 u l &  ij?7YU7.~iiivlumn'?~~ds~~az 
dd Y 

a 3 
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Inteaation w 
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H j IavaMathTools 
a ~ Mathmols 

5 Derivative 

DifferentialEq 
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tJ LinearAlgebra 
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t9uT-dnrnafmn 1-3 
r6u Application ~ " s  Applet ihzTfi  1 
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m7u~'?iiaPsod~iruaGu7n'l~ 



d ", ns4$ilsuwiui;lle~nsiudinLLnTsa a i u 1 s n ~ i ~ i ~ e u r d e r ~ u u ~ ! u u ~ i 2 i ~ i n  
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A ~ I ~ I ~ & L M ~ I < L ~ ' ~ ~ ~ W R ~ W ~ ~ L ~ ~  

~ ~ e n a i u a z n a n l u n i s n n a ~ u  ~dounsud~%lun isnn~eu~z~uue~lu~d 
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- (w  9 

uueunwnindqziaqrrii~sl~~Ia 
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6amisiiu7mriatr7 slope r r n ~ y m i ~ m u  y ua~wunisa%a~8u 6a.aPsun'Liinaia 
Y 

Linear Regression 6.3; 

Import MathTools.Regression LinearRegression; 

w"s'L%i~a'nwd. ~ m u ~ m n i a v ! n n n i a ~ a ~ n i u ~ 6 f d n ~ ~ a 5 ~ u i i ~ 6  

Import MathTools.Regression .* ; 
Y 

i i i 4 ~ ~ 1 u i s n ~ u n ' l %  class ynnniaia~niu' l i fdnma~' MathToolslRegression -. 

sin x  + 2 - d X  = 0 

4%-5 = 0 
4 4 

@<u~m"~"an'j"snisviisinwunis~? 4 a6 ~ ~ n ~ m u i t 3 u  class library ;a 

1. ;j-$LLIhm$4d?4 (Bisection) 

2. %aiGi~~wdqEmi (Method of False Position) 
-.d - 

3. asuafu-ridiu (~ewton-~aphson Method) 

4. %aaLLnu6 (Secant Method) 
-4  C Y 4- 

$4 4 as~rdunisw~Fiisinaunisfm~dszuim n n ~ q ~ 6 a ~ ! i ~ u m d i ~ u m u Y ; n m i i  

'Lunlseen~~uuflis~~n~u~~!iwum'Lfinn71 RootUtisls ~ijumniwwnYnriaz~iiunni~ 
d uiusssuraqyn 1 nniw Lusem (method) d74 1 i6a;l1%~ii9auculz~na~iqLiiuZ~1unniwu 



1: / *  File : RootUtils. java */ 
2: 
3: package MathTools.RootUtils; 
4: 
5 :  import static MathTools.Common.CommonConstants.*; 
6: import MathTools.Common.Function; 
7: 
8: public abstract class RootUtils ( 
9: Function function; 
10: private int counter; 
11 : private int max-loop; 
12 : 
13: RootUtils ( Function f, int max-loop)( 
14 : this.function = f; 
15: this.max-loop = max - loop; 
16: ) 

public int getLoopCount0 ( return counter;) 
abstract double getRoot 0 ; 

void resetcounter0 ( counter = 0; ) 

public void testInterva1 (double xl, double x2) throws 
BadIntervalException { 

double yl = function.Of(x1); 
double y2 = function.Of (x2) ; 
if (yl*y2 > 0 ( / (xl > x2) ( 
throw new BadIntervalExceptionO; 
) 

1 
public void testLoopCount0 throws ExceedLoopException ( 

counter = counter+l; 
if (counter > max-loop)( 

throw new ExceedLoopException 0 ; 
\ 

) 
abstract void findNextPosition0; 
abstract void doIteration(int count); 
abstract boolean IsSuccessed 0 ; 
public boolean DoProcessO throws ExceedLoopException ( 

testLoopCount0; 
doIteration (counter) ; 

findNextPosition0; 
return 1sSuccessed~1; 

d W "  1unisaenuuu;lmasid class $iu~um'niuwQiu"uwn7ms:wii~~~sunsz1~nsu 
2, 2 

G i d i u  2 wnia& Badlnteval Exception w~iu~mwninuanmuu~indi~u6udiii~1um1~du 
w W" 

~ a i ~ i s n ~ i Z ~ W s ~ ~ n r u u i d i ~ i n a u n i r ~ ~  c?Z.amaaiiivlumnisds~uimdi~u6uI~d~~e 
%, 

r'im.uinaunis~uijsin~~ui~ldau~ldmniw LnZflnia ExceedLoopException tfiuflniam'n 



niTaysou Uoa~u~"LrPnmnisauseu~~uuIx>qu vfqi;~s!~iiivunriludifiuiu (default) 

Wtiiu 50 mu "i'luun~~nisauseu~%aiuisniiiwumL~~~&miu\qa~u 

4.1.1 ?k~Iisf l$sdas (Bisection Method) 

r i l u ~ i d i o i q m  ~ i i n n a ~ ~ ~ m w a i m $ ~ ~ m ! b j ~ ~ ~ a o ~ ~ m $ a ~ i ~ f l u ~ d s ~ ~ n ~ u  

nou%armaT' " ~ . a " ~ i ~ ? n a u n i ~ ~ ~ ~ a ~ ~ m ~ r ~ u w ~ u i u L L a z L % ~ e ~ ~ o  6u6u fiaonisszqdaq . 
f 

mi~asl~6eanis~isinaunissluuiri'ilu axu'liie$udaa a $4 b lmu id i  b s d i u i n n i i  a 

duu~f lu&~n 'nnm.&~Uu [a,b] a Zo ~n415mi-1.~ b ze inBin'nuu difia6.a'~ f(x) \ udx  

[a.b] i%oaijdim'o~%oa r d o ~ i  a rrar b r~vuFiia-a\ufian'.a'u~~6a ua~msloadifiqriauqz6eq 
" v 

i idir i luau ( f(a).f(b) < 0 ) 
Cl v d ~umoun~swisinaunisumau 

J' 
uun 3 91mzudaa a rrnr b qz;n~rua~ilu 2 daa lnofj  m, 

~ilu?nrru'an& a m ~ q a o u ~ i i s i n a u n i s ~ r ~ d ~ ^ s ~ o ~ d ~ ~ ~ r n  

n. 6-1 f(a).f(m,) < o rram~4isinfiuniso~"Ludaa [a, m,] 



nisraeiqn$q.dqqrria-nfq q:iilfinq7un5iqsl'ilq.dqqn41wslranuaq&ou q rria: 
v * 

n&n rn, qza3udids:uimsr'il~sinfiun7s nisn~:ii47q:5u~maq~d'il rn, 'il$u.dqq 

nqiuna7nrn~'ilu$u'ilui~1h (given tolerance) 

ri'il~'ilq~unq7uijmwaimi1zjnin~mLiim$u ~ I ' L G w ? L ~ ~ ? U ~ ~ ~ I U ~ U T ' ~ ~ U I ~ ~ ~ " U $ ~  

d q ~ i i 7 u u n i i u ~ u ~ ' i l ~ ~ ~ ~ m s l ' i l ~ n i s n ~ : i i ~ i I 5 6 ~ u  

l l d n i ~ w ' ~ ~ 7  @'%16fi%74~~7fi Bisection $ ; l 8 Y n ' i l m Q ~ f i U Y ~ ~ 7 4 7 n ~ a 7 f i ~ ~ ~  
4 

n'il RootUtils ~hf i%74~sem dolteration( int) l .??fmi  56-65, findNextPosition() l.I'2?fm$ 

66-70, lsSuccessed() Y??MY~$I 71-73 ni?Y1isinfiUn7Pq=i'1i~qri'il i7d'ld?:Ui1ld~1h~u 

rriaznis~ur'iluIllarnua~luJ~;l~urrij~J~ii.n'u~uiidi~~uturjt~'ilid7fi'ilun47 

ZERO-APPROACH (ii7~ldndi16; 10-l6 ) 

1: / *  File : Bisection.javae/ 
2: package MathTools.RootUtils; 
3: 
4: import static java.lang.Math.*; 
5: 
6: import MathTools.RootUtils.*; 
7: import MathToo1s.Common.Function; 
8: import static MathTools.Common.CommonConstants.*; 
9: 

10: public class Bisection extends ~oot~tils( 
11: private double xLeft; 
12 : private double xRight; 
13 : private double xMid; 
14 : private double f-xLeft; 
15 : private double f-xRight; 
16: private double f-xMid; 
17 : 
18: / * *  constructor * /  
19: public ~isection(Functi0n 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-xRigllt = yMin; 
37: 
38: 

1 
findNextPosition0 ; 

39: try ( 
40: boolean IsOK; 
41: do ( 



/ /  try 
catch (Exception e) ( System.out.println( e) ;) 

1 
public double get-xLef t 0 ( return xLef t; ) 
public double get-x~id 0 { return x~id;) 
public double get-xRight 0 { return x~ight; ) 
public double get-f-xLeft 0 { return f-xLeft;) 
public double get-f-xRight 0 { return f-xRight;) 
public double get-f-x~id 0 ( return f-x~id;) 
public double getRoot 0 { return get-xMid0 ; ) 

void doIteration( int count) { 
if ((f-x~eft*f-xMid) c 0 ) { 

xRight = xMid; 
f-xRight = f-xMid; 

) else { 

) 
void findNextPosition 0 { 

xMid = (xLeft + xRight)/2.0; 
f - xMid = function.Of(xMid); 

1 
boolean IsSuccessedO { 

return abs(f-Mid) c= ZERO - APPROACH; 
) 

4.1.2 ~ ~ a i ~ ~ i a a w ~ ~ ~ i ~ ~ u i j ~ ~  (Method of False Position) 
d d  qs~mn"iufiu%Lr~qm$qdqq ~~d"i~~u~eaawudq=dozuimdir inauniTiu~u 

m"qu?n&nwiq n<u'u2.iiGninrXuns~w'iu?n f(a) Lrwz f(b) cXuns~6n'ncjiu~rnu x $?nlnqz'u2% 

~ii$rqudidszuim&un"u 
Y d d  * 4 cu A d  , 

iou147-1.aqsGn me f(x) qz iaqr~uf iqnaunumi ier ied~uiqd [a,b] wngm 

a m  f(a) rmz f(b) i id i r i luau r d a n i n r l u n s m ~ n ~ n  (a,f(a)) ~ d u j a n  (b,f(b)) cjiurrnu x i 
?n (x,, O )  X, q z r i l u d i d s ~ u i m d i ~ ~ ~ n  (91 4.2) 



d " 9  

qin$umnqasuda~dii~rwii.J [a,x,] ~ra: [x,,b] disinaunisnirnqs4qznn 
d l  Y o-$i~slm ~xrGuIm".aiaii K i  f(a) arn?uauni? f(b) d i  X, q:rfasuinisdaiu?m a u i n n i i  

qm b n i s n s ~ q a a u ~ i ~ ~ ~ r n u ~ ~ d a ~ v u i u ~ ~ a . ~ u a ~ m s ~ w i i . ~  f(a)f(x,) ui3: f(x,jf(b) ~ d o u i ?  - d 

199 a rra: b ~ ~ 6 q v i i i  x2 Pmo?firmu~rYu n s z G i ~ i r d u < r ~ o ~ i d i  x3, x4. .... q u n ~ z k . ~ l i d i  
_ I d ,  

x, ~;luniCooniidirn~iuna?n~n~aalado'i]ur'u~~ iawynn~sG?~ iu  
d $<~b%"s79~aifi FalsePosition 4 . ~ ~ u m ~ m ~ m a b l ~ ~ b l i ~ i n n a i ~ ~ ~ b i ~ o  

RootUtils Ih??.11~6'iln dolteration( int) YSSKGI~ 57-66, f ind~ext~osit ion()uss~"md 67-70. 

IsSuccessed() us?%$ 71-73 ni?wisinaunisq::di~sqda ~ i ~ i r i s : u i m d l i l u u ~ a = n i s  

? ~ T ~ . L ~ I ~ ~ ~ U ~ ~ Q I ~ ~ ~ ~ " . O ' ~ L L ~ ? ~ . J ~ ' . ~ ' ~ ~ ~ G ~ I L ~ ~ ~ ~ ~  w"saRdiCoun41 ZERO-APPROACH 

(ri ivurndiI~$ ) ~ ~ a ~ u I m " ~ u s a m ~ ~ e ~ a r ~ u f i o n ~ u i q n i ~ ~ s l ~ ~ w i o u r Y ~ u o ~ n n ~ a  

Bisection ~sun;~snis~~uuLblsamL.du~iiL~unis override ~ b l f i ' i l m ~ i i . ~  q qinnaiarLaho4fiu 



/*  file : FalsePositi0n.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.CommonConstants.t; 
8: 
9: public class FalsePosition extends ~0otUtilS( 
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 FalsePosition(Function function,double xMin,double xMax) 
19: throws BadIntervalException ( 
20: super(function, MAX-LOOP); 
21: testInterva1 (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: x~eft = xMax; 
33: xRight = xMin; 
34 : f - xLeft = yMax; 
35 : f-xRight = yMin; 
36: 
37 : 

I 
findNextPosition0 ; 

38: try ( 
39: boolean IsOK; 
40: do ( 
41: IsOK = Doprocess 0 ; 
42 : )while (!IsOK) ; 
43: I try 
44 : catch (Exception e) ( System.out.println( e);) 
45: 
46: 
47 : 

) 

48: public double get-xLeft 0 ( return xLeft;) 
49: public double get-xFalse 0 ( return xfalse;) 
50: public double get-xRight 0 ( return x~ight;) 
51: public double get-f-xLeft 0 ( return f-xLeft;) 
52: public double get-f-xRight 0 ( return f-xRight;) 
53: public double get-f-xFalse 0 ( return f-xFalse;) 
54: public double getRoot0 ( return xfalse;) 
55 : 
56: 
57: void doIteration(int count ) ( 
58: if (count==l) return; 
59: if (f-xFalse < 0 ) (  
60: xLeft = xFalse; 



61: f-xleft = f-xfalse; 
62 : ) else ( 
63 : xRiqht = xfalse: 

66: ) 
67: void findNextPosition0 ( 
68: xfalse = xLeft - f-xLeft*(xRight - xleft)/(f-x~ight - f-xLeft); 
69: f-xfalse = function.Of(xFalse); 
70: ) 
71: 
72: boolean IsSuccessedO ( 
73: return abs(f-xfalse) < ZERO-APPROACH; 
74: ) 
75: ) 

a m  a 
4.1.3 ? 6 ~ ? ~ ~ - 5 7 d % ~  (Newton - Raphson Method) 

iiiiiivlum X, ~~um' i r r rnue~nirdrz~imm' is in~unir  m ' i r i n a u n i s ~ L a ~ q ~ ~  



l d s r m s ~ ~ ~ i ~ ~ i u ~ u ~ m ~ ~ m d i s i n ~ u n i s d l ~ l u n i s ~ u s m ~ 1 f l ~ ~ ~ u ~ i ~ ~ ~ d i ~ i n ~ u n i s d l 6  

~ i n n i s ~ u s n u d u ~ ~ ~ m ~ n i i d i ~ ~ i u ~ ~ i ~ ~ ~ ~ m u d ~ ~ ~ ~ ~ ] l 6  ( ld~unsol l6&di  

DEFAULT-TOLERANCE 154 10.' ) 

1: / *  file : NewtonRaphson.java * /  
2: package MathTools.RootUti1s; 
3: import static java.lang.Math.*; 
4: 
5: import MathTools.RootUtils.*; 
6: import MathTools.Common.Function; 
7: import static MathTools.Common.CommonConstants.*; 
8: 
9: public class NewtonRaphson extends ~oot~tils( 

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 ~ewtonRaphson(Functi0n function, double guess) 
18: throws BadIntervalException ( 
19: super(function, W-LOOP); 
20: 
21: xn = guess ; 
22: f-xn = function.Of (xn) ; 
23 : diff-f-xn = function.DerivativeOf(xn) ; 
24 : xn-next = xn - f-xn/diff-f-xn; 
25: boolean IsOK; 
26: do ( 
27 : IsOK = DoProcess 0 ; 
28: )while ( !IsOK) ; 
29: 
30: 

I 
catch(Excepti0n e) ( ~ystem.out .println(" Error(s) : "+ e) ; ) 

31: 
32: 
33 : 

1 

34: public double get-xn 0 ( return xn; ) 
35: public double get-xn-next 0 ( return xn-next;) 
36: public double get-f-xn 0 ( return f-xn;) 
37: public double get-f-xn-next 0 ( return f-xn-next;) 
38: public double get-diff-f-xn0 ( return diff-f-xn; ) 
39 : public double getRoot ( )  ( return get-xn-next 0 ; ) 
40 : 
41: 
42: void doIteration(int count ) ( 
43 : xn = xn-next; 
44 : f-xn = function.Of (xn) ; 
45: diff-f-xn =function.DerivativeOf(xn); 
46: 
47: ) 
48: void findNextPosition0 ( 
49: xn-next = xn - f-xn/diff-f-xn; 
50: 
51: ) 
52: 
53: boolean IsSuccessedO ( 
54 : return abs(xn-xn-next) < DEFAULT-TOLERANCE; 



4.1.4 P?~babbnuT61 ( Secant Method ) 

n s ~ d f i n " T u ~ i i T u ~ o u  nisayKuhoafi~n"Tuii16\~azlil7n 'L~r~ai lunis 
w 8 
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package MathTools.RootUtils; 
import static java.lang.Math.*; 
import MathTools.RootUtils.*; 
import MathToo1s.Common.Function; 
import static MathTools.Common.CommonConstants.*; 

public class Secant extends ~oot~tils( 
private double xn-minusl; 
private double xn; 
private double xnglusl; 
private double f-xn-minusl; 
private double f-xn; 
private double f-xnglusl; 

/ * *  constructor * /  
public Secant(Function function, double guessl, double guess2) 

throws BadIntervalException ( 
super (function, MAX-LOOP) ; 

xn-minus1 = guessl; 



f-xn-minus1 = function.Of(guess1); 
xn = guess2; 
f -xn = function.0f (guess2) ; 
findNextPosition0; 
try i 

boolean IsOK; 
do ( 

I ~ O K  = DoPrOCeSS 0 ; 
)while ( ! IsOK) ; 

catch (Exception e) 
( System.out.println(" Error(s) : "t e); 

1 
public double get-xn-minus1 0 ( return xn-minusl;) 
public double get-xn 0 ( return xn;) 
public double get-xnqlusl 0 { return xnglusl;) 
public double get-f-xn-minus1 0 ( return f-xn-minusl;) 
public double get-f-xn 0 ( return f-xn;) 
public double get-f-xnqlusl 0 ( return f-xnqlusl;) 
public double getRoot0 { return xnqlusl;) 

void do~teration(int count ) ( 
xn-minus1 = xn; 
xn = xnqlusl; 
f-xn-minus1 = f-xn; 

50: f-xn = f-xnqlusl; 
51: ) 
52: void find~extPosition0 ( 
53 : xnglusl = xn -f-xn* (xn - xn-minusl)/(f-xn- f-xn-minusl); 
54 : f - xnglusl = function.Of(xnqlusl); 
55: ) 
56 : boolean IsSuccessed 0 { 
57 : return abs(f-xnqlusl) c ZERO-APPROACH; 
58: ) 
59: } 

e- 0 

asw.l listing ~e~~~9u~dsaansud%%~id is in~un i r rvuu~r9ua~; l r~u Iunqswmaau 
< r  d *  A 4'" 

Fdsrrnsu %fiGi~; lnau~me; ln is~is inaunis luwune cos x - x ~u&;l~m~;liqud~%LLam;l 

difi;ln'a'uaa;l~ds~~nsu (usscmd 12 ) ua~~u~fi;ln"a"ue~~us"du~uM<;l - sin x -1 a;l'Ld 



1: / *  File : A11RootTest.java '/ 
2: 
3: import static java.lang.Math.*; 
4: import MathTools.RootUtils.*; 
5: import MathToo1s.Common.Function; 
6: 
7: class AllRootTest ( 
8: 
9: public static void main(Stringt1 args) { 
10: long usedTime,start; 
11: Function func = new Function0 { 
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.nanoTime0 ; 
17: Bisection bs = new Bisection( func,0,100); 
18 : System.out.printf("\n Root of your equation 

(Bisection Algorithm) - %f\n7', bs .getRoot 0 ) ; 
19: usedTime = System.nanoTime0 - start; 
20: System.out.println("\nExecuted time = "+usedTime+" ns"); 
21: ............................................ 
22: start = System.nanoTime0 ; 
23 : FalsePosition fp = new FalsePosition 

( func.0,lOO) ; 
24 : System.out.printf("\n Root of your equation (False 

Position Method) = %f\n",fp.getRoot 0 ) ; 
25: usedTime = System.nanoTime0 - start; 
26: System.out.println("\nExecuted time = "+usedTime+" ns"); 
27: ............................................ 
28 : start = System.nanoTime 0 ; 

29: NewtonRaphson nr = new NewtonRaphson( func.0) ; 
30: System.out .printf("\n Root of your equation ( 

Newton Raphson method) = %f\nU,nr.getRootO) ; 
31: usedTime = System.nanoTime0 - start; 
32: System.out.println("\nExecuted time = "+usedTime+" ns"); 
33: ............................................ 
34: start = System.nanoTlme0 ; 
35: Secant sc = new Secant( func.0, 100); 
36: System.out.printf("\n Root of your equation ( 

Secant method) = %f\n",sc.getRoot 0 ) ; 
37: usedTime = System.nanoTime0 - start; 
38: System.out.println("\nExecuted time = "+usedTime+" ns"); 
39: 
40: 
41: 

I 
catch (Exception e) 

42: ( System.out.println(" Error(s) : " +  e); 
43: 
44: 

) 
1 

45: ) 
46: 



MathTools.RootUtils.ExceedLoopException: 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 

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

import static java.lang.Math.*; 
import MathTools.LinearA1gebra.MatrixException; 
import static HathTools.Common.CommonConstants.*; 

public class Matrix { 
/ * *  rows of matrix * /  int rows; 
/ * *  column of matrix * /  int cols; 
/ * *  values of element of matrix * /  double elements[] [I ;  

/ * *  
* Construct an m x n constant matrix. 
* Cparam m Number of rows. 
* @param n Number of colums. 

* /  
public Matrix(int m, int n) ( 

if (m > O  ) rows = m; else rows =1; 
if (n > 0 )cols = n; else cols =1; 
elements = new double Irowsl [colsl ; 

/ * *  
* Construct an m x n constant matrix. 
* @param m Number of rows. 
@param n Number of colums. 



27 : * @param c scalar value was filled in the matrix. 
28: * / 
29: public Matrix(int m, int n, double c) ( 
30: rows = m; 
31: cols = n; 
32: elements = new double [ml [nl ; 
33: for (int i = 0; i < rn; i++) 
34: for (int j = 0; j .z n; j++) 
35: elements ti] [jl = c; 
36: 
37: 

I 
38: / * *  
39: * Constructor : create a matrix from a 2 dimensional array. 
40: * @param val- values of array of matrix 
41: @thrown MatrixException if some rows have different length 
42: * /  
43: public Matrix (double[] [I val) ( 
44 : rows = val.length; 
45: cols = val [O] .length; 
46: elements = val; 
47: } 
48: / * *  default Constructor 
49: * /  
50: public Matrix0 ( } 
51: / * *  
52: Get the nubmer of row of this matrix 
53: * @return number of row count 
54: * /  
55: public int getRowCount(l ( return rows;) 
56: / * *  
57: Get the nubmer of column of this matrix 
58: * @return number of column count 
59: * /  
60: public int getColumnCount0 ( return cols;] 
61: / * *  
62: Get the value of an element (i,j) in matrix 
63: *@param i the row index 
64: *@param j the column index 
65: *@return the value of an element at (i,j) 
66: *@thrown Matrix.MatrixExcepti0n for index error 
67: * /  
68: public double getValueAt(int i, int j) throws MatrixException ( 
69: if ((i < o ( 1  i >= rows) 1 1  (j < o I I j >= cols)) { 
70: throw new Matrix~xception(MatrixException.BAI~1NDEX); 
71: 
72: 

I 
return elements lil [jl ; 

73: ] 
74: / * *  
75: Set the value of an element (i,j) in matrix 
76: *@param i the row index 
77: *@param j the column index 
78: *@param value the value 
79: *@thrown Matrix.MatrixException for index error 
80: * /  
81: public void setValueAt(int i,int j,double va1ue)throws 

MatrixException ( 
82 : if ((i < o / I  i >= rows)ll(j < o ) (  j >= cols))( 
83 : throw new ~atrixException(MatrixException.BAI~INDEX); 
84 : 
85: 

I 
elements [il ljl =value; 

86: ) 



87 : 
88 : 
89: / * *  Get the values of all elements of this matrix 
90: @return the values of all elements of this matrix 
91: */  
92 : public double [I [I getValueOfElements ( ) { 
93 : return elements; 
94: ) 
95: / * *  Set the values of all elements of this matrix 
96: * areturn the values of all elements of this matrix are set. 
97: =/  
98 : 
99: public void setValueOfElements(double[l [ I  values){ 

100 : elements = values; 
101: ) 
102: /**Set the values at indexed row of this matrix with row matrix 
103: * @param rowIndex the index row ( a row to be set.) 
104: * @ param rowmatrix the row vector 
105: * *@thrown Matrix.MatrixException for index and dimesion errors 
106: * /  
107 : 
108: public void setValueAtRow(int rowIndex,RowMatrix rowmatrix) 

throws MatrixException { 
109: if (cols !=  rowmatrix.cols) 
110 : throw new atrixException(MatrixException.BAD~DIMENSIONS); 
111: if (rowIndex < 0 ( 1  rowIndex >= rows) 
112 : throw new MatrixException(MatrixException.BAD~INDEX) ; 
113: for (int j=o;j F C O ~ S  ;j++ ) {  
114: this. elements [rowIndexl [j I = rowmatrix. elements to1 [j I ; 
115: 
116: ) 

) 

117: /**Set the values at indexed column of this matrix with column 
vector. 

118: * @param rowIndex the index column 
119: * @ param colmatrix the column vector 
120: * @thrown Matrix.MatrixException for index and dimesion errors 
121: * /  
122: public void setValueAtColumn(int colIndex,ColumnMatrix 

colmatrix) throws MatrixException { 
123: if (rows !=  colmatrix.rows) 
124 : throw new atrixException(MatrixException.BAD~DIMENSIONS); 
125: if (colIndex < 0 / I  colIndex >= cols) 
126 : throw new MatrixException(MatrixException.BAD~1NDEX); 
127 : for (int i=O;i < cols ;i++ ) { 
128 : this. elements [il [colIndexl = co1matrix.elements [il 101 ; 
129: 
130: ) 

) 

131: 
132: /* '  Copy the values of all elements into 2 dimension array 
133: * @ return the values of all elements in 2 dimension array. 
134: * /  
135: public double[] [I copyValueOfElements~) { 
136 : double[] [I values = new double [rowsl [colsl ; 
137: 
138: forlint i=O; i < rows; i++) { 
139: for(int I=O; j < cols; j++) { 
140: values [il (jl = elements[i] [jl ; 
141: 
142 : 

) 

143: 
) 
return values; 

144: ) 



145: //.----..---.-----..---..--..-----. 
146: / /  A Collection of Matrix Operation 
147: / /  -....--..----.---..---....----..-- 
148: 
149: / * *  Add another matrix to this matrix 
150: * Qparam matrix an another matrix to be added 
151: * Qreturn the sum matrix 
152: * Qthrows MatrixException for Bad dimension of matrix 
153: '/ 
154: public Matrix add(Matrix matrix) throws MatrixException ( 
155: 
156: if ((rows == matrix.rows) && (cols == matrix.cols)) ( 
157 : double temp [I [I = new double [rows] [colsl ; 
158: for(int i = 0 ; i < rows; i++) 
159: for(int j =O; j < cols; j++) 
160 : temp[il [jl = elements[i] [jl+ matrix.elements[il [j]; 
161: return new Matrix(temp) ; 
162 : ) else ( 
163 : throw new atrixException(MatrixException.BAE~DIMENSIONS); 

)//else 164 : 
165: ) 
166: / * *  Substract another matrix to this matrix 
167: * @param matrix an another matrix to be substracted 
168: * Qreturn the difference matrix 
169: * Qthrows MatrixException for Bad dimension of matrix 
170: */  
171: public Matrix substract(Matrix matrix) throws MatrixException ( 
172 : 
173 : if ((rows == matrix.rows)&& (cols == matrix.cols)) { 
174: double temp [I [I = new double [rows] [colsl ; 
175: for(int i = 0 ; i c rows; i++) 
176: for(int j =O; j < cols; j++) 
177 : temp [il [jl= elements [il [j I - matrix.elements [il [jl ; 
178: return new Matrix (temp) ; 
179: } else ( 
180 : throw new MatrixException(MatrixException.BAD~DIMENSIONS); 
181: }//else 
182: ) 
183: /" Transpose of this matrix 
184: * areturn the transposed matrix 
185: * /  
186 : public Matrix transpose 0 ( 
187 : double temp [ I  [I = new double [colsl lrowsl ; 
188: for (int i=O;i < rows ;i++ ) 
189: for (int j=O;j < cols ;j++ ) 
190: temp [jl [il = elements [il [jl ; 
191: return new Matrix(temp) ; 
192: ) 
193: / * *  Multiply this matrix by another matrix 
194: ' Qparam matrix multiplier 
195: * Oreturn a product matrix 
196: ' Qthrows MatrixException for Invalid dimension of matrix. 
197: '/ 
198: public Matrix multiply(Matrix matrix) throws MatrixException ( 
199: 
200: if (cols == matrix.rows) ( 
201: double product [I [ I  = new double [rows] [matrix. colsl ; 
202: for(int i = 0 ; i < rows; i+t) 
203: for(int j =O; j c matrix.cols; j++) ( 
204: double temp -0; 
205: for(int k = 0; k c ~01s; k++) 



temp = temp +elements [i] [kl *matrix.elements Ikl [ j I ; 
productIi1 ljl = temp; 

) / /  for j 
return new Matrix(product); 

) else ( 
throw new MatrixException(MatrixException.INVALID~MULTIPLY); 
)//else 
1 

/" Multiply this matrix by scalar quantity. 
* @param c (a constant) 
* @return a product matrix 
* /  
public Matrix multiply(doub1e c) { 

double product I] I ]  = new double [rowsl [colsl ; 
for(int i = 0 ; i c rows; i++) 
for(int j =O; j c cols; j++) 

producttil [ j l  = c + elementsIi1 [jl; 
return new Matrix(product); 

1 
j" print a matrix for test * /  
public void print~atrix( ( 

for (int i - 0;i c rows ;i++ ) (  
for (int j =O;j < cols ;j++ ) ( 

system.out.print( elements[il [jl+ " ' I ) ;  

I 

nala SquareMatrix ~~1~' i lmb1171n~ala Matrix ~&.lLb16fIPld14 7 ' ~ L ~ u ? % ' ~ ~ Q ~ Y E I  
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/ *  File: SquareMatrix.java*/ 
package MathTools.LinearAlgebra; 

import static java.lang.Math.*; 
import static MathTools.Common.CommonConstants.*; 
import MathTools.LinearAlgebra.MatrixException; 
public class SquareMatrix extends Matrix ( 

/ * *  Constructor. 
* Bparam n number of rows and columns 
* / 
public SquareMatrix(int n){ 

super (n, n) ; 

/ * *  Constructor. 
* Dparam val the value of elements 
* /  



public SquareMatrix(doub1e [ I  [ I  val) ( 
setvalue (val) ; 

1 
/ * *  Constructor. 
* @param matrix the matrix n row 1 columms. 
* / 
public SquareMatrix(Matrix matrix) ( 
this.rows = this.cols= min(matrix.rows, matrix.cols); 
this.elements= matrix.elements; 

1 
/ * *  Constructor. 
* defalut Constructor. 
* /  

31: 
32: public SquareMatrixO ( 
33 : super ( )  ; 
34 : 
35: 

1 
/ * *  Get the number of elements ( Or row) of this matrix. 

36: * @return the size of this column vector 
37: * / 
38: public int getSquareMatrixSize0 ( 
39: return rows; 
40: 
41: / * '  

1 

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: / *  set this matrix from a two dimension array of value. 
53: * @param val a two dimension array of value. 
54: * /  
55: void setvalue (double values [ I  [ l  ) ( 
56: 
57 : rows = values.length; 
58: cols = values [Ol .length; 
59: this.elements = values; 
60 : rows = cols = min(rows,cols); 
61: ) 
62: / * *  
63: set the value of an element (i,j) in matrix 
64: *@param i the row index 
65: *@param j the column index 
66: *@param value the value 
67: *@thrown Matrix.MatrixException for index error 
68: */  
69: public void setValueAt(int i, int j, double value) 

throws MatrixException ( 
70 : super.set~alue~t(i,j.value); 
71: ) 
72: / "  
73: * Generate identity matrix 
74: * @param n Number of rows, and columns 
75: * areturn A square matrix with 1 on diagonal and 0 elsewhere. 

76: * / 



77: public static SquareMatrix identity(int n) ( 
78: double [I [ I  temp = new double [nl [nl ; 
79: for (int i = 0; i < n; i++) 
80: for(int j =O; j < n ; j++) 
81: temp[il [jl = (i == j ? 1.0 : 0.0); 
82 : return new SquareMatrix(temp); 
83: 
84: 

I 
/ /  * * *+* * * * * *  square Matrix operation *************  

85: / * *  Add another square matrix to this square matrix 
86: * Dparam spmatrix an another column vector to be added 
87: * Dreturn the sum column vector 
88: * Qthrows MatrixException for Bad dimension of row vector 
89: */  
90: public SquareMatrix add(SquareMatrix sq-matrix) 

throws MatrixException { 
91: return new SquareMatrix(super.add(spmatrix)); 
92: ] 
93: / * *  Substract another square matrix to square matrix 
94: , * Dparam spmatrix an another square matrix to be substracted 
95: @return the difference square matrix 
96: ' Qthrows MatrixException for Bad dimension of matrix 
97: */  
98: public SquareMatrix substract(SquareMatrix spmatrix) 

throws MatrixException { 
99: return new SquareMatrix(super.substract(spmatrix)); 
100: ] 
101: / * *  Multiply another square matrix to square matrix 
102: Dparam spmatrix an another square matrix to be multiplied 
103: * Dreturn the difference square matrix 
104: * Dthrows MatrixException for Bad dimension of matrix. 
105: * /  
106: public SquareMatrix multiply(SquareMatrix spmatrix) 

throws MatrixException { 
107: return new SquareMatrix(super.multiply(spmatrix) ) ;  
108: ) 
109: /" Transpose square matrix 
110: * areturn the transposed square matrix 
111: */  
112: public SquareMatrix transpose0 { 
113 : return new SquareMatrix(super.transpose0 ) ;  

114: ) 
115: 
116: / *+  Multiply this matrix by scalar quantity. 
117: * Bparam c (a constant) 
118: * Dreturn a product matrix 
119: */  
120: public SquareMatrix multiply(doub1e c) { 
121: return new SquareMatrix(super.multiply(c)); 
122: ] 
123: / * *  Evaluate the determinant of this square maLrix. 
124: * (no pivot version) 
125: * areturn the determinant 
126: * 
127: */  
128: public double determinant 0 { 
129: double tmp=O; 
130: double multiplier=O; 
131: double det = 1.0; 
132 : double [ I  [I values = new double [rows] [colsl ; 
133: 
134: / f  copy value of this matrix * /  



135: values = this.copyValueOfElements~); 
136: values = super.makeUpperTriangular0; 
137: 
138 : for (int i = 0; i < rows; i++ ) 
139: det * =  values [il [il ; 
140: / /  if (pivotchecked) det = -det; 
141: return det; 
142: ) 

/ * *  Evaluate the inverse of this square matrix 
* @return the inverse matrix 
* throws MatrixException if error occurred 
* /  
public SquareMatrix inverse() throws ~atrix~xce~tion( 
int pivot; 
double temp=O,multiplier=o; 
double [I [I values = new double [rows] [colsl ; 
double [I [I dummy = new double [rowsl [2*rowsl ; 

/ /  copy values of this matrix into dummy matrix 
for(int i=O; i < rows; i++) 

for(int j=O; j c rows; j++) 
dummy[il [jl = elernentsril [jl; 

/ /  append dummy matrix with identity matrix 
for( int i= 0; i c rows; i++) ( 

for (int j=rows; j c z*rows; j++) ( 
if ( (j - i) == rows) dummy[il [jl = 1.0; 
else dummy [il [jl= 0. ; 

i 

for (int i=O; i < (rows-1); i++) { 
pivot = i; 
/ *  Check the maximum element in the same column * /  
for (int j = i+l; j c rows; j++) 
if (abs (dumm:r[ri.,ntl [il ) c abs (dummy Ljl [il 1 )  pivot=j; 
/ *  Pivoting * /  
if (pivot !=  i) { 

for (int j =O;j < (2*rows); j++) { 
temp = dummy[il [jl; 
dummy [il [jl = dummy [pivot] [jl ; 
dummy [pivot] [j 1 = temp; 

) 
1 
if (dummy [il [il == 0) ( 

throw new M a t r i x E x c e p t i o n ( M a t r i x E x c e p t i o n . ~ ~ ~ ~ ~ ~ ~ ~ ~ M A ~ ~ ~ ~ ) ;  ) 
/ /  make an upper triangular matrix 

for (int r = i+l;r c rows; r++) ( 
if (dummy [rl [il != 0 ) { 

multiplier= dummy [rl [il /dummy [il [il ; 
for(int c = 0;c c (2*rows) ;c++) ( 

dummy [rl [cl = dummy [rl LC] - multiplier*dummy [il [cl ; 
if (abs (dummy [rl [cl ) <= ZERO-APPROACH) 

dummy Lrl [cl = 0; 
) / /  for (int c 

) / *  if * /  
) / /  for ( r....) 
) //for (i..) 

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

for ( int r = i-l;r >= 0; r--) ( 
if (dummy [rl [il ! =  0 ) ( 



multiplier= dummy [rl [il /dummy [il [il ; 
for(int c = i;c < ztrows;c++) ( 

dummy [r] [c] = dummy [r] [c] -multiplier*dummy [il [cl ; 
if (abs (dummy [rl lcl ) c =  ZERO-APPROACH) 

dummy [rl [cl = 0; 
) 

) / *  if * /  
) / *  for ( r....) * /  

} / *  for(i.. * /  
/ /  Create Identity Matrix 

for ( int i= rows-1 ; i > = O ;  i--) ( 
temp = dummy [il [il ; 

for (int j = i; j < 2*rows; j++)  ( 
dummy[il [jl / =  temp; 
} 

} 
* copy to square matrix * /  

for ( int i= 0 ; i < rows; i++) ( 
int k =O; 
for (int j = rows; j < 2*rows; j++) ( 
values [i] [k] = dummy [il [jl ; 
k  = k + l ;  
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' l ~ ~ L ~ 9 8 m ~ f i ~ B 4  determinant n l u i ~ i u u m ~ ~ ' l u  argument Ld'i l l~u~19'lan~fl~"U'il4~1?1~~'il4 
$ 2  d' 

h % ? u  aufiannrwuvuu7~d'il'l%ilvl~uvliwab~au~6LLri forwardElimination() ( U T T G ~  

49-94) rra'. backsubstitution() (ufrfim 146-158) 

/ *  File: LinearEquationSystem.java * /  
package MathTools.LinearA1gebra; 

import static java.lang.Math.*; 
import static MathTools.Common.CommonConstants.*; 
import MathTools.LinearAlgebra.MatrixException; 
//import MathTools.LinearAlgebra.ColumnMatrix; 
public class ~inearEquationSystem extends SquareMatrix ( 

/ * *  count the number of pivoting * /  int pivotCount=O ; 
/ * *  right- hand constants * /  ColumnMatrix rhconstant; 



/ * *  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. 

23: * /  
24: public LinearEquationsystem (double [ I  [ I  coefficient) ( 
25: super (coefficient) ; 
26: rhconstant = new ColumnMatrixO ; 
27: ) 
28: / * *  Constructor. 
29: * @param matrix the matrix n row n columms of coefficient. 
30: * /  
31: public LinearEquationsystem (SquareMatrix matrix)( 
32: super (matrix) ; 
33: rhconstant = new ColumnMatrix(rows); 
34: ) 
35: / * *  Constructor. 
36: * @param matrix the matrix n row n columms of coefficient. 
37: * oparam bmatrix the right hand constant vector 
38: * /  
39: public LinearEquationSystem (SquareMatrix matrix, 

ColumnMatrix bmatrix) ( 
40: super (matrix) ; 
41: rhconstant = new ColumnMatrix(bmatrix); 
42 : 
43: j 
44: protected void setDummyArray()( 
45 : dummy = new SquareMatrix(this.copyValueOfElements~)); 
46: if(rhConstant ! =  null) 
47: b = new ColumnMatrix( rhConstant.copyValueOfC01umnMatrixO); 
48: ) 
49: protected void forwardElimination(boolean 

with-rhConstant)throws ~atrix~xception( 
50: int pivot; 
51: double multiplier; 
52: //Pivot loop start here ============> 
53 : for (int rowpivot =O; rowpivot < rows-1; rowpivot++) ( 
54 : pivot = rowPivot; 
55 : / /  Check the maximum element in the same column. 
56: for(int r= rowPivot+l; r < rows; r++) 
57: if (abs (dummy. getValueAt (pivot, rowpivot) ) < 

abs ~dummy.getValueAt(r,rowPivot))) 
58: pivot = r; 
59: / /  pivoting rows for get the best element. 
60: if (pivot ! = rowpivot) ( 
61: for(int c = 0; c < cols; c++) ( 
62 : double temp = dummy.getValueAt(rowPivot,c); 
63: dummy.setValueAt(rowPivot,c,dummy.getValueAt(p~vot,c) ) ;  
64 : dummy.setValueAt(pivot,c, temp); 
65 : 
66: 

) 
if (with-rhconstant) ( 



double temp = b.get~alueAt(rowPivot); 
b.set~alue~t(row~ivot,b.get~alue~t(pivot~~; 
b.setValueAt(pivot,temp); 
I 
I 

pivotcount += 1; 
) 
if(dummy.getValueAt(rowPivot,rowPiv0t)==0) 

throw new MatrixException(MatrixException.SINGULARULARMATRIX); 
/ /  make an upper triangular matrix 

for(int r = rowPivot+l; r c rows; r++)( 
if (dummy.getValueAt (r,rowPivot) ! =  0) ( 
multiplier = dummy.getValueAt(r,rowPivot) 

/dummy.getValueAt(rowPivot,rowPivot); 
for(int c = 0; c c cols;c++) ( 

double temp = dummy.getValueAt(r,c)- 
multiplier*dummy.getValueAt(rowPivot,c); 
if (abs (temp) <= ZERO-APPROACH) temp = 0; 

dummy.setValueAt(r,c, temp) ; 
) / /  for int c 
if (with-rhConstant)( 
double temp = b.getValueAt(r) - 

multiplier*b.getValueAt(rowPivot); 
b.setValueAt (r, temp) ; 
1 
i f  (dummy . . . .  
)//for r 

)//for rowpivot 
/ /  check the lower most of element of matrix is zero ? 

/ / if (dummy .getValueAt (rows-1, rows-1) ==o) 
//throw new ~atrix~xception(MatrixException.SINGULAR~MATRIX); 

/ * *  Evaluate the determinant of this coefficient matrix. 
* with partially row pivot. 
* areturn the determinant 
* /  
public double determinant0 ( 
double det = 1.0; 

pivotcount = 0; / /  initialize pivot count 
setDummyArray 0 ; 
try I 

forwardElimination(false); 
)catch ( MatrixException msg) ( 

System.out .print111 (msg) ; 
1 
try ( 
for (int r = 0; r < rows; r++ ) 

det *= dummy. getvalueat (r, r) ; 
)catch (MatrixException msg) ( 

System.out.println(msg); 

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

I 
I 
/ * *  Evaluate the determinant of this coefficient matrix. 
* b1.t replace colIndex column with right-hand constants. 
* areturn the determinant 
" / 
public double determinant(int collndex) ( 
double det = 1.0; 

pivotcount = 0; / /  initialize pivot count 
setDummyArray ) ; 



try I 
forwardElimination(false); 

)catch ( MatrixException msg){ 
System.out .println(msg) ; 

) 
try I 
for (int r = 0; r c rows; r++ ) 

det *= dummy .getValueAt (r, r) ; 
)catch (MatrixException msg) ( 

System.out .println(msg) ; 
1 
I 
if(pivotCount%2 ! =  0) det = -det; 
return det; 

) 
/++ Solve Ax = b for x by back substitution 
* @param - -  Column vector b (right hand constants) 
* @ return - -  the solution of column matrix 
* /  
protected ColumnMatrix backSubstitution(Co1umnMatrix b) 

throws ~atrix~xception( 
ColumnMatrix x = new ColumnMatrix(rows); 
/+  Backward Substitution * /  

for (int r = rows-1; r >=O; r--) ( 
double temp = b.getValueAt(r); 
for (int c = r; c c cols-1; c++) ( 
temp = temp - dummy.getValueAt(r,c+l) *x.getValueAt(c+l); 

x.setValueAt(r, temp/dummy.getValueAt(r,r) ) ;  

1 
return x; 

) 
) 

4.2.1 nd~?1%313%7~~84 (Crarner's Rule) 
Y W d  

n i s v i u n ~ ~ n o u a ~ ~ z u u a b ~ n i r ~ G ~ ~ i j u  4 .4  3 Kq~~ds ~uuauniT1rnrnd 



r i m  A r~urun?na ' .o~fudsr iy~~~~o~~~rrds  ~ n o i  (AI rV i ihp6 

A, rilurumi+n5~uim n x n r i a  n ~flu4iuquaunislmurayIu~ranq$q (column) 4 j 
Wquiin4?i b 

? " 
F~nia CramerRule q ~ r i l u n n i a i i ~ m i i ~ 4 f u  q ~wr i=~uyIomui innn ia  Linear 

Equation system ~ 4 a i u i s n ~ $ r u f i o m d i ~  q i o d ~ u n n i a a o a P r s s w ~ ~ w i ~ P r y I o m u i ~ k ~ n ~  

(Ikk6 r u f i a n n i s v i n i ~ i v l  (determinant) r i l u h )  S I U ~ = $ U ~ Y Q ~ W ~ I ~  Crarner Rule 
, %- 

fi$nnia CramerRule qzri lunniaij j ;ni i&4fu q rws iz~uv lowuiq innn ia  

mu (~~~rr i ruf iomnis~i~~i? iV1um(determinant)  r i h i l d )  ~ l ~ n ~ ~ ~ m ~ ~ ~ n n i ~ q ~ r a m e r ~ u l e  
* 

Ti645 
1: / *  File: CramerRule.java */  
2: package MathTools.LinearA1gebra; 
3: 

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



import static MathTools.Common.CommonConstants.*; 
import MathTools.LinearAlgebra.MatrixException; 
public class CramerRule extends LinearEquationSystem ( 

ColumnMatrix x = new ColumnMatrix(rows); 
double delta = 0; 

/ * *  Constructor. 
@param matrix the coefficient matrix (n x n size.) 

*@!param bconstant the right hand side column vector 
* / 
public CramerRule(SquareMatrix matrix, ColumnMatrix bconstant) 

throws ~atrix~xception( 
super(matrix,bconstant); 
if (rows > ARRAY-SIZE I ( cols > ARRAY-SIZE) 

throw new MatrixException(MatrixException.ARRAY~S1ZE~EXCEED); 
) 

public ColumnMatrix solve0 throws ~atrix~xception( 
setDummyArray ( )  ; 
delta = determinanto; 
for(int i=O; i < rows ; i++) ( 

double temp = 0; 
temp = determinant(i); 
x.setvalue~t(i,temp/delta); 
dummy.elements = this.copyValueOfElements0 ; 

I 
return x; 

1 
1 

4.2.2 n158EIW~~LLuuLnld (Gauss Elimination) 

rri;lrgua~6a (augment matrix) (A(B) 



- GI 0.5 q~aui~nynnislo~rrnau'ilubrn2rbfn r~6?\daurrnauauG 3 

(R, C R, - 0.5 X R,) . . . . . . . 



@l"er\m"fIfIflLLYYR~7a GaussElirnination P m u a ~ ~ ~ y ~ s n ~ i q i f l  RRIW 

LinearEquationSystem &Ina+aufiarn forwardElimination () backSubst~tution( ) ?in 
* 

d w d ~wiWuu'u i~%ar i i~un?~~~iwat~nu si~n~t?ium~aamnia GaussElimination umau 

1: / *  File: GaussE1imination.java * /  
2: package MathTools.LinearA1gebra; 
3: 

import static java.lang.Math.*; 
import static MathTools.Common.CommonConstants.*; 
import MathTools.LinearAlgebra.MatrixException; 
public class GaussElimination extends LinearEquationSystem { 

ColumnMatrix x = new ColumnMatrixO; 
/ * *  Constructor. 
Bparam n number of linear equation. 

* /  
public GaussElimination(int n)throws ~atrix~xce~tion( 
super (n) ; 
if (rows > ARRAY-SIZE I I cols > ARRAY-SIZE) 

throw new MatrixException(MatrixException.RRRAY~SIZE~EXCEED); 
\ 

17: / * *  Constructor. 
18: Bparam augment the matrix of coefficient and their constants. 

* /  
public GaussElimination(doub1e [ I  [ I  coefficient) 

throws MatrixException ( 
super (coefficient) ; 

if (rows > ARRAY SIZE I I cols > ARRAY-SIZE) 
throw new ~ a t r i x ~ x c e ~ t ~ o n ( ~ a t r i x ~ x c e ~ t i o n . A R R A Y ~ S I Z E ~ E X C E E D )  ; 

} 
/ * *  constructor. 
* Bparam matrix the matrix n x n size. 
/ 

public GaussElimination(SquareMatrix matrix) 
throws Matrix~xception( 

super (matrix) ; 



if (rows > ARRAY-SIZE I (  cols > ARRAY-SIZE) 
throw new MatrixException(MatrixException.ARRAY~SIZE~EXCEED); 

/ * *  Constructor. 
* sparam matrix the coefficient matrix (n x n size.) 
*@param bconstant the right hand side column vector 
* / 

public GaussElirnination(SquareMatrix matrix, 
ColumnMatrix bconstant)throws ~atrix~xception( 

super(matrix,bconstant); 
if (rows > ARRAY-SIZE 1 1  cols > ARRAY-SIZE) 

throw new MatrixException(MatrixException.ARRAY~SIZE~EXCEED); 
1 

public ColumnMatrix solve0 throws ~atrix~xception{ 
setDummyArray 0 ; 

)catch ( MatrixException msg) { 
Systern.out .println(rnsg) ; 

) 
x = backSubstitution(b); 
return x; 

4.2.3 ?~bbonduaolm~sn~~i41b~1"aoolii~bba~~u (LU Decomposition) 

~um"~~11aos~~u11s~ijn6 (A) qZqnrrunaonr9uaiuLvIiuuii~ (L, Lower triangular 

matrix) ~m~aum?na'aiuLvI~uuuu (U- Upper triangular matrix) ~ n u i  

A = LU 

nisiaunrum?na' A Itia$h.~ufII L am:: u aiuisoGil6rauo i i i ~ u m ? n $ & ~ ~ i l u  

~ ~ ~ ? ~ a ' L a n ~ i u  (singular matrix) ~ U ~ ~ s i U i ~ I I ~ . t & f i i v I U ~ i l  (determlnant) \ b j ~ ~ ~ t = $ G  

aiuisnGi"l~5i"ll64iu Tmuq~unCaodiil~umina'~ %osi~~uim 3 x3 

" 
rum?na' L ~ : ~ ~ b l i % n ~ ~ l L ~ ? ~ ~ U n ~ ~ ~ . t ~ ~  Zdiagu I 6"wun q ~ u i d i  I, irn: u, Tmu 

nisgturum?na"~ aan: u ~4im"aurYu 



- - 
'11 = a l l *  "12 - a12 ' '13 - a13 

~ 7 7 ~  u.. = a . .  
11 1 

r i a  j = I $4 3 





~awuii w adlufiunir ux = w 1 7 ~ ~ i u i r n v i d i  x 9 3 6  

n i~oon r~uuna i f i  LUDecomposition l6o~n~~uu'lG8unamui~innaifi  

LinearEquationSystem ~ i l G a i u i s n ' l ~ K ~ ~ ~ d s n n i a l ~ 4 ~ u K u  L L S " ~  override 1u6am 

backsubstitution() ' ~ ~ L ~ ~ ~ Y ~ " ~ ~ ~ Y U ~ ~ L L U U S I ~ ~ L ~ ~ ~ ~ ~ % L ~ ~ U ~ ~ ~ ~ L ~ U ~ U G ~ % ~ ~ ~ ~ V I ~ U ~ ~ ~ ~  

rrazuu ~usom&iuL~ul6uri decompose() L ~ ~ U ~ I S L L U ~  augment matrix 1G'il~'lu;Plua~t-u 

uo4rum>n%aiu~vi~u614~~azaiub~i~uuld forwardsubstitution( ) ~ ~ l d n l r ~ k w u ~ l ~  
v d c l v  %, %, 

i i ~ ~ u i ~ s u l ~ l u n a i f i G ~ ~ ~ n F s : 9 ~ l ~ n  
4" 2 

T I U ~ = ~ ~ U ~ " U ~ ~ W I ~  LUDecomposition umsu 

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

import static java.lang.Math.*; 
import static MathTools.Common.CommonConstants.*; 
import MathTools.LinearAlgebra.MatrixException; 
public class LUDecomposition extends LinearEquationSystem { 
/ * *  keeping solution in here * /  

ColumnMatrix x = new ColumnMatrix(rows) ; 
/ * *  LU Lower and Upper triangular matrix in commpact * /  

SquareMatrix LU = new SquareMatrix(r0ws); 
/ * *  Constructor. 
* sparam matrix the coefficient matrix (n x n size.) 
*@param bconstant the right hand side column vector 
* / 
public LUDecomposition(SquareMatrix matrix, 

ColumnMatrix bconstant)throws MatrixExceptionj 
super (matrix, bconstant) ; 
if (rows > ARRAY-SIZE 1 cols > ARRAY-SIZE) 

throw new MatrixException(MatrixException.ARRAYYSIZE~EXCEED); 
\ 

public ColumnMatrix solve0 throws ~atrix~xception{ 
ColumnMatrix y = new ColumnMatrix(rows); 

setDummyArray(); 
decompose ( )  ; 
y = forwardSubstitution0; / /  evaluate Ly = b 
x = backSubstitution(y); / /  evaluate Ux = y 

return x; 
1 

private void decompose0 throws MatrixException { 
try{ 

1 
catch (~atrixException err)( System.out.println( err);) 

/ /  first row of U matrix 
for(int j = 0 ; j < c0lS ; j++) 

Lu.setValueAt(O,j,dummy.getValueAt(0,j)); 
/ /  first column of L matrix 
for(int i = 1; i < rows; i++) 

~u.setValueAt(i.0, (dummy.getvalueAt(i,o) 
/Lu.getValueAt(O,O))); 



41: for(int i =1; i < rows; i++) ( 
4 2  : try ( 
43 : partialpivot (i) ; 
44:  )catch (MatrixException err) { system.out.println (err) ; )  
4 5 :  / /  for n th row 
4 6 :  for(int j = i; j < cols ; j++) ( 
4 7 :  double temp = dummy.getValue~t(i,j); 
4 8 :  for(int k =O; k <= i-1; k++) ( 
4 9 :  temp = temp - 

~ u . g e t ~ a l u e ~ t ( i , k ) ~ ~ ~ . g e t V a l u e ~ t ( k , j ) ;  
50 : ) 
51: Lu.setvalueAt (i, j, temp) ; 
5 2 :  
5 3  : 

) 
/ /  for n th column 

54 : for(int m = i+l; m < rows ; m++)( 
5 5 :  double temp = dummy .getValueAt (m, i) ; 
5 6 :  for(int k = 0 ; k <= i-1; k++l ( 
5 7 :  temp = temp - 

LU.getValueAt (m,k) *Lu.getValueAt (k, i) ; 
5 8 :  if (abs (LU.getValueAt (i, i) 1 c ZERO-APPROACH) 

throw new MatrixException(MatrixException.SINGULAR_MATRIX); 
5 9 :  else LU.setValueAt(m,i, temp/LU.getValueAt(i,i)); 
6 0 :  ) / /  for(int k.. . 
61: ) //for (int m.. . 
62 : 
63 : )//for (int i.. 
6 4 :  ) 
6 5 :  / f *  pivot the elements of matrix by exchange rows. 
6 6 :  ' @param start-row the starting row of matrix to be pivoted. 
6 7 :  * @param values the elements of matrix to be partial pivoted. 
6 8 :  * areturn true if some rows of matrix has been pivoted. 
6 9 :  * /  
7 0 :  private void partialPivot(int rowPivot)throws ~atrix~xce~tion( 
7 1 :  / *  Check the maximum element in the same column * /  
7 2  : int pirrc.t --: .rowpivot; 
7 3  : for(int r= rowPivot+l; r < rows; r++) 
7 4  : if (abs (dummy .getValueAt (pivot, rowpivot I ) < 

abs(dummy.getValueAt(r,rowPivot))) 
7 5 :  pivot = r; 
7 6 :  / /  pivoting rows for get the best element. 
7 7  : if(pivot !=  rowpivot) ( 
7 8 :  for(int c = 0; c < cols; c++) ( 
7 9 :  double temp = dummy.getValueAt(rowPivot,c); 
80 : dummy.setValueAt(rowPivot,c, 

dummy .getValueAt (pivot, c) ) ; 
8 1 :  dummy.setValueAt(pivot,c, temp); 
82: temp = LU .getValueAt (rowpivot, c) ; 
83 : LU.setValueAt(rowPivot,c 

.Lu.getValueAt(pivot,cl~ ; 
8 4  : LU.setValueAt(pivot,c, temp); 
8 5 :  
86:  

) 
double temp = b.getValueAt(rowPiv0t); 

8 7 :  b.setValueAt(rowPivot,b.getValueAt(pivot) ) ;  

8 8 :  b.setValueAt(pivot,temp); 
8 9 :  1 
9 0 :  ) 
91: / * *  Solve Ly = b by forward substitution. 
9 2 :  @return the column matrix y 
9 3 :  * @throws LinearAlgebra.MatrixException if an error occured. 
9 4 :  " /  
9 5 :  protected ColumnMatrix forward~ubstitution~) 



throws MatrixException ( 
ColumnMatrix y = new ColumnMatrix(rows); 
for(int i = 0; i c rows; i++){ 
double temp = b . getValueAt (i) ; 
for(int j = 0; j c i; j++) ( 

temp = temp - LU.getValueAt(i,j)*y.getValueAt(j) ; 

1 
y.setValueAt(i,temp) ; 

I 
return y; 

1 
/" Solve Ux = y by backward substitution 
* @return the column matrix y 
* @throws LinearAlgebra.MatrixException if an error occured. 
* /  
protected ColumnMatrix backSubstitution(Co1umnMatrix y) 

throws ~atrixException( 
ColumnMatrix x = new ColurnnMatrix(rows) ; 

/ *  Back Substitution * /  
for (int i = rows-1; i >=O; i--) ( 

double temp = y.getValueAt(i) ; 
for (int j = i; j c cols-1; j++) ( 
temp = temp - LU.getValueAt(i.j+l)~x.getValueAt(j+l); 

1 
1 1 8 :  x.setValueAt(i, temp/LU.getValueAt(i,i) ) ;  
119: 
120: 

1 
return x; 

121: ) 
122: ) 



~l"1Pii .1 7 il'il4 augment matrix rmz n ' i n ~ d ~ i u v s i ~ a  Id'ludn~luCdr~mru 

1: / *  File: LESTestAll.java (LinearEquationSystemTestA1l.java) 
2: 
3: * /  
4: 
5: import static java.1ang.Math.t; 
6: import MathTools.LinearAlgebra.*; 
7: 
8: class LESTestAll 
9: ( 
10: 
11: public static void main(String[l args) ( 
12: / /  ============To change Augument Matrix here =========== 
13 : double [ I  [ I  problem01 = ( (3.0, -2.0,2.0, 1. ) , 

(2. ,4.0, -1.0, -2.01, (3. , 7 . ,  -1. ,3.), (1.0, -3. ,2., -3.)); 
14 : 
15: / /  Right hand side constants 
16: double[] constant01=(5.,3.,23.,-12.0); 
17 : 

/ /  ............................................................ 

ColumnMatrix solution = new ColumnMatrix() ; 

/ /  example 1 
Squarematrix A = new SquareMatrix(problem01); 
ColumnMatrix b = new ColumnMatrix(constant01); 
System.out.println(" Square Matrix of Problem I.-->"); 
A.printMatrix 0 ; 
System.out.println(" The constants of Problem1.--9"); 
b.printMatrix0 ; 
System.out.println(' ............................... ) ;  

try ( 
/ /  cramer's rule 
CramerRule cr = new CramerRule(A,b); 

solution = cr.solve0; 
System.~ut.println(~\n\n~he solution Using cramer's rule . . . "  ) ;  

36: solution.printMatrix0; 
37: )catch ( ~atrixException msg)( 
38: system.out.println(msg); 
39: 
40: 

) 
//end of cramer's rule 

41: 
42: / /  .----...-.--..-.-.---..--.......... 
43 : try ( 
44 : / /  ~aussElimination method 
45: 



GaussElimination ge = new GaussElimination( A,b); 

solution = ge. solve 0 ; 
system.~ut.println(~\n\n Using Gauss Elimination . . " ) ;  

solution.printMatrix0; 
)catch ( ~atrix~xce~tion msg){ 
System.out .print111 (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 . . . I1 ) ;  

solution.printMatrix ( )  ; 
}catch ( MatrixException msg) { 

System.out.println(msg); 
1 
I 

//end of LU decomposition method 

Square Matrix of Problem I.--> 
3.0 -2.0 2.0 1.0 
2.0 4.0 -1.0 -2.0 
3.0 7.0 -1.0 3.0 
1.0 -3.0 2.0 -3.0 

The constant Column Matrix of Problem I.--> 
5.0 
3.0 
23.0 
-12.0 
............................. ............................. 



The Solution of Problem by Using Cramer's rule . . .  
1.9999999999999993 
1.0000000000000007 
-0.999999999999991 
2.9999999999999996 

The Solution of Problem by Using Gauss Elimination . .  
2.0 
1.0000000000000004 
-0.9999999999999996 
2.9999999999999996 

The Solution of LU decomposition . . .  
2.0 
1.0000000000000004 
-0,9999999999999996 
2.9999999999999996 

a- 0 d ,  2 
aBW7 1; F, F, , F 3 ,  F4 , F5 ~ ~ u ~ ~ s \ l n ~ n n ~ u ~ u ~ n s ~ i i u  QA , RA ~(az R3 L ~ ~ ~ U L L S ~ ~ @ ~ U I  

niuuan 

Zuu Free body diagram i node n'l4"~4bl~44ilu~&t%~d 



yrl 4.5 ~firna Free body diagram d7ndiq 1 

i  node^ C F, = 0 : R, + F, sin 30 = 0 

CF,=O : Q,+F, = 0 

i node B CF, = O  F5 = 0 

CF,=O : F a - F 4  = 0 

node C C F, = 0 : R, + F, sin GO = 0 

C F, = 0 : F, + F,cos 60 = 0 

in ode^ C F , = O  : -F, + F, cos GO - F,cos 30 = 1000 

C F, = 0 : -F, sin 60 + F, sin 30 = 0 

$ v c  uiihlds~~nsu LESTestAll.java L B W I = W S ~ ~ ? U ~ L ~ ~  augment matrix un="7nan"Lwrdu 

g q i a ~ %  
/ /  ====================To change Augment Matrix here =========== 

doublecl [I problem01 = ((1.,0,0,0.5,0,o,0.0). (0,1.,0,0,0,0,1.,0), 

/ /  Right hand side constants 
double[] constant01=(0,0,0,0,0,0,1000,0]; 



The Solution of Problem by Using Cmmer's rule ... 
250.01100048402128 
-433.0190528383249 
749.9889995159788 
-500.0220009680426 
-866.0381056766498 
433.0190528383249 
433.0190528383249 
0.0 

Executed time = 3161016 ns 

m e  Solution of Problem by Using Gauss Elimination .. 
250.0110004840213 
-433.0190528383249 
749.9889995 159788 

433.0190528383249 
433.0190528383249 
0 .o 

Executed time = 1345702 ns 

The Solution of LU decomposition ... 
250.0110004840213 
-433.0190528383249 

0.0 
Executed time = 1747987 ns 

A d *  
gamiia 4.2.3 nmaaunirfl~vinu~iu~uaunisr%~~I~~ 50 aunis lrfiuanivs' 

aanuiK~nis i~vCi  61 d?uTqn6aaas;uuauni~~%~~Iu 50 f l ~ n i ~ ~ 6 L ~ f l ~ J ~ " ? l d ~ d L ~ ~ " s n a '  

rrd~rRurr&?luu~i 62 -63 
-a 0 

?sn7 r?nid~%~wnisdszu?nua wuii  'i*sua~rnriruafi%~~rn 327,279,584 ns nisnnnau 

18JLnifl%L?ni 8,320,331 ns% LUDecomposition l%L?nl 16,039.469 ns. 









0 a, 
4.3 nlsds=uimii0naasnia~fi'iladmaM"q(il (Method of Least Square) 

<.. d 2 
~ n u d  rn 5 n g,(x), ...g, (n) rilu$qnauaqauo~fudi x ' i l i ~ q z e ~ l u q l j w ~ ~ i ~ .  

(polynomial) !dCmnni?$u G9dSor~naCwruu~~a sunis (4.5) qzd~ ;sdE i~~~$ans iuF i i  

a, a,, ... a, lnuwidi~uds~~n?-;~wdi~ti~innisiiil~di~~~ari"s.uuuo~is~afudi~s~uim$ 

&in$dn"Tu G(x) dd i60uiqn 



ad I diKuds3wB a,, a,, ... a, I X ~ ~ ' ~ L L ~ S  rwsizLiwi i rv i iJum"i4 7 FU ~ 4 6 %  
<-  4 d a d  

G(x) 1:rilufl.~nauw~rwni14n'u'il'ilnld r r i hs~n isw id i  a,, a,, ... a, nuw'ilu~uGilG~Emdi 

D ~di6'ilu$Iqm hqWIPd6v'il~ D rd'il~;u~lrk a,, a,, ... a, iz f id i r i lu$ud 

qz!&aunis'il'ilnui m ;m miu isnv id i  a,. ... a, 16 fmu~%szu~launis~34~8u 

n i~wid.~f iTu~~ ' i lds tu imdi~m%~~afmu?"s i~a" . ras~6 ' i lu~qm~un~' i l~n ' i ld i~  

~ $ 4 4 1  nimmn'ilu (regression) 

4.3.1 + m ~ w i ~ a i N ~ N ~ u ~ b b u u b ~ . ~ b f u  (Linear Regression) 

iii%'ilYa$4 n y ~ ~ ' J I ~ ~ ~ W ' ~ ~ ~ ~ ~ U ~ ' ~ W N ~ L % ~ L ~ ~ L ~ ~ ~ ~  a u n i ~ r ~ u w s ~ i ~ i i ~ ~ ~ i n  
4 a-a 
'Jaursunii nisnmn'i lu~~uur%.~~Iu l~fi~n".a"u$I~zl%~iluK'~~~wu%~ya;m&~daunis~iru 

G(y) = a, + a,x . . . . . . . . . . . . . , . . . (4.8) 

~~ ' i l t f i uu r~uun i raun i s  (4.5) 2uZ'il g,(x) = I , g,(x) = x rwaui'il q ?d~ilu$uB 
%- 

wSlwum 

uas~uiiia'4a'il411'il.1diLdu4~uuq~naunis (2 )  Z'il 

Ad* 
a,, a, ~ ' i ld im.1w~w' i l4nim Imuii lG D i d ~ ~ ' i l u $ I ~ m  <u~.il 



i m ~ ~ I I ~ a h z 1 W  

na, + a,Cx, = Cy, 

r ~ f i f i u n i s ~ l i d i  a,, a, q:!X 

a, ~e7mKminrmu y rrn: a, ~ n n ~ i u 5 u ~ e d ~ 3 u ~ s ~ Q u ~ ' i l ~  

4.3.2 ~ ~ ~ a ~ n a i u ~ ~ w ' u ~ b b u u w ~ u i u  (Polynomial Regression) 
C I  e 

%sap n Sj~aiu&uKu~5u~uuwyuiuduK~ m A~u~Oufiunislmm~ldu 

M i d 1  a,, a,, a,, ..... a,~ltlU~+i'illd!Y D #~~Z~IGBU;~W 

n E x  E x 2  ... E x " '  

CX"' CX""l CX""2 ,,, 



q:rGuiiaunis (4.9) ~i)ui+mv4~uaafiun?~ (4.10) d.a m = I &aa 

$<ul6een~luul6nni8 PolynomialRegression L ~ U R ~ ? T I L L % ~  ~muii?Mum~6iiwyu?u 

d q z 1 ~ 1 u n i s ~ s : u i ~ ~ ~ ~ ~ u + a ~ , n ~ i i i ~ ~ ~ ~ ~ ~ i l 1 ~ e a m " 1 ~ ~ ~ r ~ ~ s z  i i d i ~ % i a ~ u  10 (X ijii?nj~%i 
10 u Pnu 10 , x ) u e y n ~ l ~ I u n i ~ w i d i d a n ' ~ u m " a ; l ~ i i u ~ ~ + e Y n ~ ~ r t d .  2 y$u?d ~ i v ~ ~ s z l n i s  

dqrWu daiiu?u+ayn~zm"e;lijuinni7 fii<qjjue.r~~rdstar~u~n~?uvda (rn+l) CwulG 
* 

nn18 RegressionException ~ n . 1 ' ~ ~ 1 a i u i m ~ n i w ~ v i i ~  ~ u s a m i i l & g ~ u n a i a  .- 
~ o l ~ n o m i a l ~ e ~ r e s s i o n  ;'i) cornputeCoefficients() q ~ i i u a m ~ u d 9 z ~ ~ " f i ~ a ~ m ' a ~ ~ d s  a,, a,, 

d w 2 
a,, ..... a, ~rnu$%aun?si 4.10 slfJnz~~umuaannl8 PolynomialRegression uwQu 

1: / *  File: PolynomialRegression.java * /  
2: package MathTools.Regression; 
3: 
4: import static java.lang.Math.*; 
5: import MathToolc.Common.~; 
6 :  import MathTools.LinearAlgebra.*; 
7: / * *  
8: * Finding coefficients of polynomial regression. 
9: * /  
10: public class PolynomialRegression ( 
11: 
12: / * *  number of data * /  private int dataCount=O; 
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, y )  pairs for caicuia'ing coefEicient * /  
19: private DataItem data [ l  ; 
20: 
21: / * *  coefficient square matrix * /  private SquareMatrix coeff; 
22: / * '  coefficient of x * /  private ColumnMatrix a; 
23: / * *  right hand side constants * /  private ColumnMatrix c; 
24: /'* 
25: * Constructor. 
26: * / 
27: public PolynomialRegressionO ( 1  
28: 
29: / * *  
30: * Constructor. 
31: * cparam degree the degree of polynomial 
32: * cparam data the array of xy data. 
33: * /  
34 : public PolynomialRegression(int degree,DataItem data[]) { 
35: this.data = data; 
36: this.dataCount = data.length; 
37: this.degree= degree; 
38: 
39: / * +  

1 

40: Constructor. 
41: * @param degree the degree of polynomial 
42 : 1 cparam maxPoints the maximum number of data. 
43: * /  



public PolynomialRegression(int degree,int maxpoints) ( 
this.maxPoints = maxpoints; 

this.degree= degree; 
this.data = new DataItem[maxPointsl; 

) 
/ * *  

* Constructor. 
* @param degree the degree of polynomial 
@param x independent variable x 
* @param y dependent variable y 

* / 

public PolynomialRegression(int degree,doublell x,double[l y) ( 
this.degree= degree; 
this.dataCount = min(x.length,y.length); 
this.data = new DataItemldataCountl; 
for(int i = 0; i < datacount; i++) 

data [i] = new ~ataItem(x[il , y [il ) ; 
1 
;** 

* Return the current number of data . 
* ereturn the number of data. 
* /  

public int getNumberOfData0 ( return datacount; ) 
/ * *  

* Return the data items 
* @return DataItem 
* /  

public ~ataItem[] getDataItem0 ( return data; ) 

/ * *  
* Return the coefficients matrix 
* @return coefficient square matrix 

* /  ... . . . 
public SquareMatrix getCoeffMatrix0 ( return coeff; ) 

/ * *  
* Return the coefficients of Polynomial of x 
* oreturn coefficient column matrix 

* /  
public ColumnMatrix getCoeffOfPolynomial0 ( 

if(!CalculatedChecking) 
try ( 

computeCoef f icients 0 ; 
) catch(~egressionException msg) ( 

System.out.println(msg); 

i 
return a; 

I 
/ * *  
* Add a new data point 
* @param dataItem the new data point 
* /  

public void addData(Data1tem dataItem) ( 
dataLdataCount1 = dataItem; 
datacount +=I; 
CalculatedChecking = false; 

\ 
;** 
* Return the value of the polynomial regression at x. 
* @param x the value of x 



105: ereturn the value of polynomail at x 
106: / 
107: public double getValueAt(doub1e x)( 
108: double y=O; 
109: double xPower=l; 
110 : if ( !CalculatedChecking) ( 
111: try ( 
112 : computeCoefficients 0 ; 
113 : ) catch (~egressionException msg) ( 
114: System.out .println(msg) ; 
115 : ) 
116: 
117 : 

) 
for(int i =O; i c=  degree; i++)( 

118 : y += a.getValueAt (i) *xPower; 
119: xPower = xPower*x; 
120: 
121: 

) 
return y; 

122: ) 
123 : /.'* 
124 : * Reset all instance variable in object. 
125 : / 
126: public void resetAll0 
127 : 
128: 

( 
datacount = 0; 

129: Calculatedchecking = false; 
130: 
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=O; i< datacount; i++) ( 
137 : sum += xPower (data [il .x, power) ; 
138: 
139: 

) 
return sum; 

140 : ) 
141: / * *  find the sum of x for each power of x and multiplied by y 
142: * @return sum 
143: * /  
144: private double sumXPowerY(int power) ( 
145 : double sum=O; 
146: for(int i=O; i< datacount; i++)( 
147: sum += data [il .y*xPower(data [il .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: aparam n the integer power of x 
154: * @ return the resulte of the nth power of x 
155: * /  
156: private double xPower(doub1e x, int n) ( 
157 : if (n c 0) return l/xPower(x, -n); 
158: double power = 1; 
159: / /  LOOP to compute xAn. 
160: while (n > 0) ( 
161: / /  Is the rightmost exponent bit a l? 
162 : if ((n & 1) == 1) power *= x; 
163 : / /  Square x 
164 : x * =  x; 
165 : //shift the exponent 1 bit to the right. 



n >>= 1; 

) 
return power; 

/ * *  Compute the coefficients of polynomial. 
* @exception MatrixException 
* /  

private void computeCoefficients() throws ~egression~xce~tion( 
if (Calculatedchecking) return; 

coeff = new SquareMatrix(degree+l); 
c = new ColumnMatrix (degree+l) ; 

/ /  compute each coefficient of upper left half (by row) 
/ /  a00 a01 a02 a03 . . . aOm ( m = degree) 
/ /  a10 all . . . al(m-1) 
/ /  . . . . . . a2 (m-2) 
/ /  am0 
/ / 
if (degree > 10 1 1  degree < 1) throw new 
~e~ression~xce~tion(~e~ression~x~e~tion.DEGREE~INVALID); 
if (datacount c degree+l) throw new 

~e~ression~xception(~egression~xception.LESS~DATA~; 

for(int i=O; i <=degree; i++) ( 
double sumX = sumXPower (i) ; 
int j =O; 
/ /  set the value which along the diagonal 
for(int k = i; k >=O; k--){ 
try 

coeff.setValueAt(k,j,sumX); 
j = j+l; 

)catch (MatrixException er1 ( 
System.out.println(es.getMessage~)); 

) 
1 
c.setValueAt (i,sumXPowerY(i)) ; 

] / /  for i 
/ /  compute each coefficient of lower right half (by column) 

for(int j=l; j c= degree; j++ )  ( 
double sumX = sumxPower (j+degree) ; 
int i = degree; 
for(int k = j; k <=degree; kc+) ( 

213 : 
214 : 

) 
try 

215: GaussElimination ge = new GaussElimination( coeff,~); 
216: a = ge. solve 0 ; 
217: )catch ( MatrixException msg) ( 
218: System.out .println(msg) ; 
219: 1 

1 220: 
221: ) 



dquwaia LinearRegression 9 ~ ~ ~ n ' i l ~ u i q i n ~ a i a  PolynomialRegression ka:'L$ 
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niaadswaiaarazrus'il~ii.~ 7 &Ie$&uam Ia j6e~duu .gn61kuuu~h i  $ J $ G ~ I ~ W ~ ~ ~ G P I  
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" 
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" 
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siua~&nue4naia LinearRegression U-lmdU 

/ *  File: LinearRegression.java * /  
package MathTools.Regression: 

import static java.lang.Math.*; 
import MathTools.Common.*; 
import MathTools.LinearAlgebra.*; 
/ * *  
* Finding coefficients of Linear regression. 
* 1 

public class LinearRegression extends ~olynornial~egression ( 
/ * *  

* constructor. 
* / 

public LinearRegression 0 ( )  
/ * *  

* Constructor. 
* @param data the array of xy data. 

* /  
public LinearRegression (DataItem data[ 1 )  { 

super(1,data) ; 

) 
/ * *  

* Constructor. 
* eparam maxPoints the maximum number of data. 
* / 
public LinearRegression(int maxpoints) ( 

super (1,maxPoints) ; 

/ * *  
* Constructor. 
@param x independent variable x 
* eparam y dependent variable y 

* /  
public LinearRegression(doub1e I I x, double [ I y) ( 

super(l,x,y) ; 



4.3.3 n7snsaqaeuna7u~wu7~~~.11eaqai%u 

~suv l i i i i~yds-n isv iq~mq: :~~&m~iq~s i i iayad~~uikuammm~mq~Praunis  
-d 

r~ums;lli"smauniswyuiu v l ~ a a u n i ~ r ~ n a l w r u u r ~ u n  a ~ m s a ~ a a ~ ~ i i u ~ m n i s w ~ a m n s i d  
CId 2- Y  d l  

aunis~urfiuPrduPr<unsiddl&qiniayn rrmasun~:4ilWi7~innium?~~dsluaunis 
" 

dU P d 
.- 

u i n n i i  2 m;l%uld Waurvqu ~ .aun i s i i u~mmi .aaZZ  rdu &uds~~n"smo.l is i i ivum 

(Coefficient of determination) ~ : ' L ~ ~ ~ m ~ i ~ & ~ ~ ~ s " f ~ ~ ~ ~ ~ ~ & ~ ~ ~ ~ ~ ~ ~ l ~ i ~ ~ ~ ~ d ~ ~ ~ ~ :  
d Y d  

&vniun'~rm;lardsmiu ~iuisnumnlEjii~nan~n~f~raunismlnvsald 

vln'nnisrfnqiuya;l&uds:ijn:nisiiivluaaiuisnm'iuiul&n'q i n y n ~ l h i n n i s  
4 Y d  

mmnm (xi, y,) ran:dii~Wqinnisi iuamunq G(x~) m?iuumnii.ammma yi - G(xi) r&~ui 

naiurrmniiqunqyn 1 ?n uniii&qan;lyniirdau4miiirBuaPr c lnsau~ in '~am~um~ma iu  

aamniiq~nq y, ( q i n i a y s )  n'pr G(x,) (~1Wq7nnisiiuasld) 8 u n j i  wnsauii?fiaa~uaqrrnw 

LV%!  he sum of the square of the residuals) 

SSE = t ( y r  - G(xL))' ............. (4.11) 
i=l 

K i G i d i  y, qinimysil&sPraanqiniir~duuaq y (7) wssauiiin'~aa;lunqm?iu 

r m n i i q  y, rm: y y n i i 8 u n i i  wnsau~i6~aa~~m.1nisnanmu (The sum of the square of 

the regression) 
n 

............. SSR = C(y, - L)' (4.1 2) 
i=l 
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!o=~enpysaxjoss aIqnop :9 
) ()xoxxapuuuoTseuTuxalaaJsa3  pro^ a~e~rxd :S 

/a :P 
uor~sunj : E 
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26: 
27: / *  Find average value of y * /  
28: double sumy = 0; 
29: double ybar = 0; 
30: for ( int i = 0 ;  i < datacount; i++) { 
31: sumy = sumy + data [il .y; 
32: 
33: 

1 
ybar = sumy/dataCount; 

34 : SSofRegress = 0; 
35: for (int i = 0; i< datacount; i++ ) { 
36: SSofRegress = SSofRegress + 'IdataLil .y - ybar)* 
37: (data lil .y -ybar) ; 
38: 
39: 

1 
R2 = 1 - SSofResidual/SSofRegress; 

40: ) 

P _  0 - 
4.3.4 n i s n n a m u n i s d s ~ u i ~ d i l n ~ a ~ n i n ~ a m ~ u " m ~ ~ ~ n  

fllTn~fia¶JLlni3lfi LinearRegression bbn'wala PolynomialRegression ~ l l c % l u  
bY 4 C Y  d lmuni~ii ivumfi~nau~uuifi~6%uv%~ f i5iq%aYn~inf iqnau~ G~%~ynldnmfia~~'Liiun'n= 

w a i a n m a a ~ ~ i u ~ m L i l ~ i f i i u i ~ n ' L ~ i i f i ~ 6 % u m ~ ~ n Y u ~ i i i v u m l ~ v ~ ~  

!, 

mmaa4Gi%aya~vi16'L6~lnaia LinearRegression i i u ~ m v i i i w ~ i ~ % u  bbaz ?mKm 

unu y ~z lm"~vi i~ui1~2~~inf i~6%un"ui i i~~mv"~alb i  

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: class LinearTest { 
9: 
10: public static void main(String[l args) { 
11: ColumnMatrix a = new ColumnMatrixO; 
12 : double[l x = {0,1.,2.,3..4.,5.); 
13 : double[] y = {3., 5., 7., 9., ll., 13.); 
14 : try i 



LinearRegression lr = new LinearRegression( x, y); 
System.out.println("Number of data = " + 

lr.getNumberOfData0 ) ;  
a = lr.getCoeff0fPolynomial~); 
//print polynomial equation 
System.out.print("y = " + a.getValueAt(0) + " + " + 

a.getValueAt (1) + "x " 1  ; 
) catch(Exception msg) ( 

System.out .println(msg) ; 
} 

Number of data = 6 
y = 3 + 2 x  

2, 
;am413 4.3.2 iieuGu~n~au~~auu^7"n~~i~ n a i u & u ~ i d ~ s ~ ~ i i a ~ a i u ~ q $ ~ a ' n ~ i n w u n u  (y) 

4 r d ~~asszutmi~~~~~ ' i lu~ I61u~Luas iu  (x) unqd 

~ ~ y ~ ~ ~ ~ ~ 6 ~ i ~ f ~ ~ d ~ d i ~ " n 4 ~ i ~ I I ~ i Q ~ ' i l ~ ~ ~ L ~ ~ Y ~  300 ~ u $ u ~ n n 6 a u n a i u ~ a ~ u  10 wms 

~ G u i ;  LdeIi~naa~aGiuaeqn~niw ~ ~ I A f i u n i s ~ ~ f i n ~ 6 i ~ i u ~ ~ ~ i ~  7 11'il~ii'iluGu~ilu 

Y = 0 . 5 7 7 4 ~  - 0.0653x2 

0 

aswi %%iaya x, "llu%6Tdsknsu PolyRegressTest.java <GisiuacL~unKq% -- 

1: / *  File: ~ol~~e~ress~est.java*/ 
2: 

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

class PolyRegressTest { 

public static void main (string [ I  args) { 
int degree = 2; 
ColumnMatrix a = new ColumnMatrix(); 
double[] x = { O ,  I., 2., 4., 5 . ,  6 . .  7 . ,  8 . ) ;  



PolynornialRegression pr = new PolynornialRegression 
(degree. x, y) ; 

System.out.println("Number of data = " + 
pr.getNumberOfData0 ) ;  

a = pr.getCoeff0fPolynornial~) ; 
//print polynomial equation 
Systern.out.print("y = " + a.getValueAt(0) + " + " i 

a.getValueAt(l)+ "x " ) ;  
for(int i = 2; i <= degree; i++) 
System.out.print( " + " +  a.getValueAt(i)+ " xA"+ i); 

Number of data = 8 

y = 2.91 50471 210670776E-15 + 0.5773999999999974~ + -0.06529999999999968 xA2 

~ i ~ i ~ ~ d ~ ~ ~ i ~ ~ i ~ y w ' ~ ~ . i l ' ~ m ' ~ ~ ~ ~ ~ ~ ~  x m"au~wsnis2%?m 3 yvliayKus" (three point 
2- $ " d U u  e d  

formula) 2w~uosm"uriau ~ i n d u d T u : ~ 1 ~ ~ ~ i i d s z u i m n l ~ i l u 2 ~ % n a ~ ~ u ~ i i ~ ~ M " ~ 3 ~ ~ ~ ~ l n i s  

ds=uimiirauu~'dis"m&u (Richardson extrapolation) 



C V  dci I KI f(x) ~i~lu~"lanm&ni~~~us'~oL~~a"nadum'u 5 nszqiu f(x) duoynsu Pmu 

oiKuwqw?~urn~oa~w~no5 qzI& 



4Ao (h I 2) - A. (h) 
Y' - - 

3 = A,(h) 

rrmudi h Wao 1112 naluaunqs (4.23) 



sm r 
y a q ~ l ~ ' i l ' i l n i a u ~ ~ n 1 ~ ~ e r i v a t i v e  ~~~ilunnia~aaja~:a~unni~uiu69su 

(abstract class) iau6'iln cornputeFirstApproximate () ~iM~~dlds:U?~Lf'il;l6u91'ilQ 

'ily%u~iilaaw~a;l x FnuS.a"qwsnisS%~m 3 ?nwl'ily%us" ~bl6'ilA RichardsonExtrapolation() 

~:0 id i~~k.uinnisds:~imw~; l runuid~uaa~~asf i~~Sf i~kSn~dir~~~?; ld ' i l rv i i<udi~~~~?; l  

d i rna iunnin~n~' i lu~u ' i lu~u l i$~~di l6Fno~uiu"n DEFAULT-TOLERANCE rv i i% 10" 

fiiuisn~d~ooPddn;ldi$l6miunaiuawuizfiu 

nis~n~u"uiu~mwnim$oi~a~nn~uliSuslruz$Fd~~ansar~i;liu q:S%nnia 
m u 

Y dd El 

DerivativeException ~~IMUI~U uni~~i~unnisd~zuimdi~auu~~iimKul7"l~~"nu 50 sz&u 

~d'il~~l'il\lnl~dnisaus'ilurruulu~qu 

mnia FirstDerivative ~~~um' i lnui .u innnia Derivative ?~nm'ilnw%.l 4zinis 
u 

override Lu6'iln computeFirstApproximate() ~nunis~idids~ui176~~;labb~nfn~~.a"~n 3 4n 

wl'ily~us"luussfm$ 43-45 
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5l~n:b~fl~%~S~nl'i7 Derivative tin: FirstDerivative UASU 

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.~unction; 
8: 

9: / * *  Abstract class for ~erivative * /  
10: 
11: public abstract class Derivative { 
12: / * *  Function to integrate * /  Function function; 
13: / * *  default tolerance */double tolerance = DEFAULT-TOLERANCE; 
14: / * *  value x at which to differentiate * /  
15: double xDerive; 
16: / * *  first derivative at xDerive point * /  
17 : double yDerive; 
18: 
19: / * *  the spacing of x value * /  double h; 
20: 
21: / * *  Constructor * /  
22: Derivative0 ( ) 
23 : 

24: / * *  Constructor 
25: * @param f function to differentiate 
26: * @param x data point at which to differentiate 
27: * /  
28: Derivative( Function f ,  double x)( 
29: this.function = f; 
30: xDerive = x; 
31: initialize-h0; 
32: ) 
33: / * *  Constructor 
34: * @param f function to differentiate 
35: * @param x data point at whlch to differentiate 
36: * @param to1 tolerance assigned by user 
37: * /  
38: Derivative( Function f, double x, double tol)( 
39: th1s.function = f; 
40: xDerive = x; 
41: if(to1 <= 0) to1 = DEFAULT-TOLERANCE; else tolerance = tol; 
42: initialize-h 0 ; 
43: } 
44 : 
45: private void initialize-hO( 
46: if (abs (xDerive) < ZERO-APPROACH) 
47: h = sqrt (tolerance) ; 
48: else h = abs(xDerive*sqrt(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 compute~irst~pproximate(doub1e deltax); 
56: 

57: / * *  to improve the current approximation 



58: * uses Richardson extrapolation 
59: * /  
60: 
61: protected void RichardsonExtrapolateO throws 

~erivative~xception( 
62: double[] [I result = new double[ARRAY-SIZE1 [ARRAY-SIZE]; 
63: int row = 0, col = 0; 
64: double delta, number4; 
65: 
66: delta = h; 
67: result [Ol [O] = computeFirstApproximate (delta) ; 
68 : / *  Richardson extrapolate start here '/ 
69: 
70 : do ( 
71: row +=I; 
72 : if(row > ARRAY-SIZE) throw new 

DerivativeException(DerivativeException.ARRAY~SIZE~EXCEED); 
73 : delta / = 2 ;  
74: result [row] [col] = computeFirstApproximate (delta) ; 
7 5 :  number4 = 1.0 ; 
76: for(int j = 1; j c= row ; j++)( 
77: number4 *=4; 
78: result [row] [j I = (number4'result [rowl [j -11 - 

result [row-11 [ j  -11 ) / (number4-1) ; 
79. 1 //for j 
80: )while ((abs(delta)> ZERO-APPROACH) && 

(abs (result [rowl [row] -result [row] [row-11 ) > tolerance) ) ; 
81: yDerive = result [row] [row] ; 
82: 
83: / *  Richardson extrapolate result print out for checking * /  
84 : System.out.println(" value of h = " + h); 
85 : for(int k = 0; k <=row; k++) ( 
86: for (int j = 0; jc=k; j++)( 
87: System.out.print (result [kl [jl+ "\t") ; 
88: 
89: 

1 
System.out.println0 ; 

90: 
91: 
92: ) / * *  getting the Derivative result * /  
93: public double get~erivative~esult~)( return yDerive;) 
94 : 
95: } 

4 4 4  
~ f l ~ < L ~ U T l f l f l E L ~ U m I I f l 4 F I f l 7 f l  FirstDerivative ~ 4 ~ U Y l f l ~ U l l l ~ ~ ~ l ~  Derivative DnYlViuQ 

1: / *  File : FirstDerivative.java * /  
2: 
3: package MathToo1s.Derivative; 
4: 
5: import static java.lang.Math.*; 
6: import static MathTools.Common.CommonConstants.*; 
7: import MathToo1s.Common.Function; 
8: import MathTools.Derivative.*; 
9: 
10: / * *  Abstract class for Derivative '/ 
11: 
12: public class FirstDerivative extends Derivative ( 
13 : 
14: / * *  Constructor * /  



public FirstDerivativeO ( ) 

/ * *  Constructor 
* cparam f function to differentiate 
* @param x data point at which to differentiate 
* 1 
public FirstDerivative( Function f, double x)( 

super (f , x) ; 
try ( 
RichardsonExtrapolateO; 
) catch (DerivativeException msg)( 

System.out .println(msg) ; ] 
1 

/ * *  Constructor 
* cparam f function to differentiate 
cparam x data point at which to differentiate 
@param to1 tolerance assigned by user 

* /  
public FirstDerivative( Function f, double x, double tol)( 

super (f, x, tol) ; 
try ( 
RichardsonExtrapolate 0 ; 
) catch (DerivativeException msg) ( 

system.out.println(msg);) 
1 
I 
/ * *  Evaluate the first 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) - 
function.Of(xDerive - deltaX))/(Z*deltaX); 

i 

A Y ,  
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d , c P  
4iua~~umn'il.Jmaifi Sceond Derivative ~ ~ ; 1 ~ 5 i ~ a : l ~ ~ ~ ~ 8 9 f l a i a  

d w  2 
SecondDerivative UnSU 

1: / *  File : SecondDerivative.java '/ 
2: 
3: package MathTools.Derivative; 
4: 

5: import static java.lang.Math.*; 
6: import static MathTools.Common.CommonConstants.*; 
7: import MathToo1s.Common.Function; 
8: import MathTools.Derivative.*; 
9: 
lo: / * *  Abstract class for Derivative * /  
11: 
12: public class SecondDerivative extends Derivative ( 
13: 
14: I*' Constructor * /  
15: public SecondDerivativeO ( ) 
16: 
17: / * *  Constructor 
18: * @param f function to find the second derivative 
19: * @param x data point at which to differentiate 
20: * /  
21: public SecondDerivative( Function f, double x)( 
22: super (f , XI ; 
23: try ( 
24 : RichardsonExtrapolate (I ; 
25: ) catch (DerivativeException msg) 
26: ( System.out .println (msg);J 
27: 

/ * *  Constructor 
* @param f function to differentiate 
* @param x data point at which to differentiate 
@param to1 tolerance assigned by user 

* /  
public SecondDerivative( Function f, double x, double tol)( 

super(f ,x,tol) ; 
try ( 
RichardsonExtrapolate (1 ; 
) catch (DerivativeException 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) ; 
I 
public double get~econd~erivative~esult~)( return y~erive;) 
) 
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Trapezoidallntegration An18 Simpsonl-3lntegration AWIR Simpson3-8lntegration 
Y 

# U  4 4  8 

LLn::nniR GaussQuadraturelntegration naiRfivun'L~vitPs~u~u'il~fl~naumuniisL%s~ 
,Y $a 

'Luiail a i i 4  b LLnzL9unisvifiw'u~LLuu~uL~ua n n i ~ m ~ ~ a ~ m ' i l n ~ m a u u T u i ~ i n n n i ~ ~ ~ i  
A 
~ i l d ~ ~ W i f i ~ i s l f i ~ ~ 5 ] ~ ' i l  Integrator d 4 i i ~ u f i s n i q z i s 4 ~ 1 ~  override 'L~nWi%3~fll6LLfi fina 

Areaundercurve() LLWT. Integrate() 
2' Y 4 "  naiuijnwnim~aiq~nnauLLa~naia IntegrationException ~ i v u i ~ n n i u n a i u  

ijnwninLvii%lEiLLri 5n4iI7~1di4 (a) ~mz~n4in'nuu (b) un~nisvitPsw'uBis~li~viiI7u, 

u u i n u o . ~ i o . ~ d n  7 (h) qz i j d i~9unu l i l 6  ~~n=;iuau node ~'L-%'Lunisvit~~w'u8nu'~, 

~ni&-~aeqsq6'ildszuii4 2 $4 8 



C 4  Y PY 
9 1 ~ ~ ~ L ~ ~ f l 9 1 8 . 1 ~ ~ 1 ~ ~ ~ % 1 ~ ~ 1 ~ ~ 7 ~ ? ~ ~ 1 f ~ r j ~ 6 ~ ~ . l ~  

maia Integrator ~ .~a~umwiar ru '~~"sann iaun 'n~~~~n  7 nnia 
1: /+  File : 1ntegrator.java * /  
2: 
3: package MathTools.1ntegration; 
4: 
5: import static MathTools.Common.CommonConstants.*; 
6: import MathTools.Common.Function; 
7: 
8: /+*  Abstract class for integration * /  
9: 
10: public abstract class Integrator ( 
11: / * *  Function to integrate * /  
12 : Function function; 
13 : / * *  the number of equal-width intervals * /  
14 : int intervals; 
15: / * *  the lower limit of integration f /  
16: double lower; 
17: /*' the upper limit of integration * /  
18: double upper; 
19: / * *  Integration results * /  
20: double IntegrationResult; 
21: 
22: Integrator0 ( } 
23: 
24: Integrator( Function f, double a, double b, int n)( 
25: this.function = f; 
26: this.lower = a; 
27: this.upper = b; 
28: this.interva1s = n; 
29: } 
30: / * *  getting the Integration result '/ 
31: public double getIntegrationResult0 
32: ( return ~ntegration~esult;) 
33: /'* Compute the area at nth region * /  
34: abstract double integrate(1throws IntegrationException; 
35: abstract double findAreaUnderCurve(doub1e x-left, double hl; 
36: } 

" 0 

siuazb~urn~8.lnaio Trapezoidallntegration ~ i W ~ i l ~ % ~ l ~ l ~ ~ ~ ~ f l ~ ~ b Y ' . ~ ~ ~ ~ ~ ~  

~n"~r~U~d~aw~uuuni .1H2 
1: / *  File :TrapezoidalIntegration.java '/ 
2: package MathToo1s.Integration; 
3: 
4: import static java.lang.Math.*; 
5: 
6: import MathTools.Integration.*; 
7: import MathToo1s.Common.Function; 
8: import static MathToo1s.Common.CommonConstants.f; 
9: 
10: /'* Integration of given function from lower limit 
11: to upper limit using the trapezoidal rule. 
12: * /  
13: public class TrapezoidalIntegration extends ~ntegrator( 
14: 
15: /*' Constructor. 
16: * @param function the function to integration. 



* Bparam lower the lower limit of integration. 
' *  @param upper the upper limit of integration. 
* Bparam intervals the number of equal-width intervals 
* /  
public TrapezoidalIntegration (Function function, 

double lower, double upper, int intervals) { 
super (function, lower, upper, intervals) ; 
try ( 

IntegrationResult = integrate(); 
) catch (IntegrationException mag) ( 

System.out.println( "Error : "+ msg); 
\ 

I 
double integrate0 throws 1ntegrationRxception ( 

if (intervals <=0) throw new 
Integration~xception(1ntegrationException.INVALID~INTERVRLS); 

double h = (upper - lower)/intervals; 
double area = 0; 
for(int i = 0; i < intervals; i++)( 

double x-left = lower + i*h; 
area += findAreaUnderCurve(x-left,h); 

I 
return area; 

\ 
1 

double f indAreaUnderCurve (double x-left , double h) ( 
double x-right = x-left + h; 
double y left = function.Of(x-left); 
double yIright = function.Of (x-right) ; 
return (h*(y-left + ~-right)/2); / /  area of trapezoidal 

I 
I 

/ *  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 113 method. 

* /  
public class Sirnpsonl-3Integration extends Integrator{ 

/ * *  constructor. 
* Bparam function the function to integration. 
* Bparam lower the lower limit of integration. 
Bparam upper the upper limit of integration. 

* @param intervals the number of equal-width intervals 
* /  
public Simpsonl-3Integration (Function function, 

double lower, double upper, int intervals)( 
super(function, lower, upper,intervals); 
try 



IntegrationReeult = integrate(); 
) catch (IntegrationException msg) ( 

System.out .println ( "Error : "+ msg) ; 
) 

1 
double integrate0 throws IntegrationException ( 

if(interva1s c = O )  throw new 
~ntegration~xception(~ntegration~xception.INV~LI~~IN~ERV~~S); 

double h = (upper - lower) / ( 2 *  intervals) ; 
double area = 0; 
for(int i = 0; i c intervals; i++)( 

double xl = lower + 2+i+h; 
area += f indAreaUnderCurve (xl, h) ; 

) 
return area; 

j f *  Evaluate the area under parabolic curve 
* @param xl the left bound of the region 
* @param h the interval width 
* /' 
double findAreaUnderCurve(doub1e xl, double h) ( 

/ /  area of the parabolic region = h/3 (f (-h) +4f (0) +f (h) ) 

double x2 = xl + h; / /  middle point 
double x3 = x2 + h; / /  rightmost point 
double yl = function.Of(xl); 
double y2 = function.0f (x2) ; 
double y3 = function.Of (x3) ; 

return (h*(yl + 4+y2 +y3)/3) ; 

2.A u 
siun:~umaeanaia Simpson3-Elntegration ~ ~ V I ~ U Z % U I ~ ~ ~ ~ ~ ' U ~ T ( ~ ( ~ L L ~ ~ W U M ~ ~  
4 r  d 

CkaFmuurfiuraeu?miw 7 U U ~ S ~ ~ L ~ U L L U U W ~ U ~ U ' ~ ~ ~ ~ I ~ ~ U  

1: / *  File :Simpson3-8Integration.java * /  
2: package MathTools.1ntegration; 
3: 
4: import static java.lang.Math.*; 
5: 
6: import MathTools.Integration.*; 
7: import MathToo1s.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: public class Simpson3-8Integration extends ~ntegrator( 
14 : 
15: / * *  Constructor. 
16: * @param function the function to integration. 
17: * @paLam lower the lower limit of integration. 
18: * @param upper the upper limit of integration. 
19: * @param intervals the number of equal-width intervals 
20: * /  
21: public Simpson3-BIntegration (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 integrate0 throws IntegrationException { 
if(interva1s c=O) throw new 

~ntegration~xception(~ntegrationException.INVRLID~~NT~~VRL~); 
double h = (upper - lower) / (3'intervals) ; 
double area = 0; 
for(int i = 0; i c  interval^; i++)( 

double xl = lower + 3*i*h; 
area += find~reaUnderCurve(x1,h); 

return area; 
I 
/" Evaluate the area under parabolic curve 
* @param xl the left bound of the region 

41: ' @param h the interval width 
42: * /  
43: double findAreaUnderCurve(doub1e xl, double h)( 
44: / /  area of the 3rd degree region = 3h(y0 + 3yl + 3y2 +y3)/8 
45: 
46: double x2 = xl + h; 
47: double x3 = x2 + h; 
48: double x4 = x3+h; 

49: double yl = function.Of(x1); 
5 0 :  double y2 = function.Of(x2); 
51: double y3 = function.Of(x3); 
52 : double y4 = function.0f (~4); 
53 : return (3*h*(yl + 3*y2 + 3*y3 + y4) /8); 
54: ) 
55: ) 
56: 

" 
iiivlum4iu?u node r rn~ i iv l~n~a~~~; l%uP~nu; j~a~~uwquiuuo~o ' i l~m'  

/*  File :GaussQuadratureIntegration.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 Gauss Quadrature method. 

+ /  
public class GaussQuadratureIntegration extends ~ntegrator( 
/" the number of node for integration +/  int node; 

/" Constructor. 
* eparam function the function to integration. 
* @param lower the lower limit of integration. 



19: Oparam upper the upper limit of integration. 
20: * Oparam 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: ) catch (IntegrationException msg) ( 
31: System.out.println( "Error : " +  rnsg); 
32 : 
33: } 

1 
34: double integrate0 throws IntegrationException ( 
35: double[] weight = new double[91; / /  weight of this point 
36: double[] u = new double[91; / /  node point of function. 
37: double [I x = new double 191 ; 
38: double area =O; 
39: if(node < 2 ( 1  node >8 ( 1  (upper == lower)] throw new 

~ntegrationException(IntegrationException.INVALID~NODE); 
40: switch (node) ( 
41: case 2 : ( u[ll= -l/sqrt (3.) ; 
42 : u[21 = -u[l] ; 
43 : weight Ill = weight [2l = 1; 
44: break; 
45: 
46: 

I 
case 3 : (  u[ll = -sqrt(15.) 15.; 

47: u12l = 0; 
48: ~ 1 3 1  = -u[ll; 
49: weight[ll = 5.0/9.0; 
50 : weighti21 = 8.0/9.0 ; 
51: weight I31 = weight Ill ; 
52: break; 
53: 
54 : 

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

55: u[21 = -sqrt (525-70rsqrt (301 1/35; 
56 : u[3l = -u[21 ; 
57: u[41 = -u[ll; 
58: weiyht[ll = (18. - sqrt 00) 1/36.0; 
59: weight121 = (18. + sqrt(30))/36.0; 
60: weight [31 = weight [2 1 ; 
61: weight [41 = welght [ll ; 
62 : break; 
63: 
64 : 

I 
case 5 : { u[l] = -sqrt(245.+14*sqrt (70.) )/21.0; 

65: u[zl = -sqrt(245.-14*sqrt (70.) )/21.0; 
66: u[31 = 0; 
67 : u[41 = -u[2l; //u[21 = -u[41 
68 : u[5] = -u[ll; / /  0.9061798459 
69: weight111 = weight [S] = (322-13+sqrt(701 1/900.0; 
70: weight [21 = weight [41 =(322+13*sqrt (70) 1/900.0; 
71: weight [3l = 128.1224. ; 
72 : break; 
73 : 
74 : case 6 : { u[ll = -0.9324695142; 
75: ~ 1 2 1  = -0.6612093864; 
76: u[3] = -0.2386191860; 
77: u[4] = 0.2386191860; 



weight [ll = weight 161 = 0.1713244923; 
weight [21 = weight 151 = 0.3607615730; 
weight [31 = weight [el = 0.4679139345; 
break; 

1 
case 7 : ( u[1] = -0.94910791; 

u[21 = -0.74153119; 
u[31 = -0.40564515; 
ul41 = 0; 
u[51 = -u[3] ; 
u[61 = -u [21 ; 
u[71 = -u [ll ; 

weight [ll = weight [71 = 0.12948497; 
weight121 = weight [61 = 0.27970539; 
weight [31 = weight [51 = 0.38183005; 
weight [4] = 0.41795918; 

break; 
\ 
1 

case 8 : { u[ll = -0.96028986; 
u121 = -0,79666648; 
u[31 = - 0,52553241; 
u[41 = - 0.18343464; 
u[5] = 0.18343464; 
u161 = 0,52553241; 
u[7] = 0.79666648; 
~ 1 8 1  = 0,96028986; 

weight [l] = weight 181 = 0.10122854 ; 
weight [2] = weight [71 =0.22238103. . . . 

weight [3] = weight 161 = 0.31370665; 
weight141 = weight I51 = 0.36268378 ; 

break; 

I 
) / /  switch(node) 
for(int i = 1; i <= node; i++) { 
x [i] = 0.5* ( (upper+lower) + (upper - lower) *u [il ) ; 
area += f ind~rea~nder~urve (x [il , weight [il ) ; 

return area* (upper - lower) /2 ; 

I 
/ * *  Evaluate the area under curve 
* oparam point the node value. 
* Oparam w the weight of function at this node. 
* /  
double findAreaUnderCurve(doub1e point, double w) { 

return function.Of(point)*w; 

I 
I 



n"aai74 4.4.1 Q ~ M I ~ ~ W Y ~ ~ ~ ~ L ~ ~ Y Y V I ~ ~ ~ ~ ~ P  y = x2 cos (x) i ? W  x = 7t 12 
0 d V d  

Z E ~  Fdsrrnsu~~a"wnfi.iluniswie~%uG~u~u'utl~saoa y = x2 cos (x) urnad 
1: / *  File : FirstDerivativeTest.java * /  
2: import static MathTools.Common.CommonConstants.*; 
3: import MathToo1s.Common.Function; 
4: import MathTools.Derivative.*; 
5: 
6: import static java.lang.Math.*; 
7: 
0 :  public class FirstDerivativeTest { 
9: 

10: public static void main(String[ I args) { 
11: double x=PI/2.0; 
12 : / /  insert function in here 
13 : Function func = new Function0 { 
14: 
15: public double Of (double x) ( 
16: return x*x* cos (x) ; 
17: 
18: 

) 

19: ) ;  
20: / /  FirstDerivative(fucntion,xDerive,tolerance) 
21: 
22: FirstDerivative fd = new FirstDerivative(func,x); 
23 : System.out.println("\n The result of Derivative at 

x = "txt " is " t fd.getDerivativeResult()); 
24: ) 
25: ) 

The result of Derivative at x = 1.5707963267948966 is -2.467401100272417 

" A  4 dy 
dieyrruswrrw~sam.il - = 2 x c o s x - x 2  sinx 

dt 



/ *  File : SecondDerivativeTest.java * /  
import static MathTools.Common.CommonConstants.*; 
import MathTools.Common.Function; 
import MathTools.Derivative.*; 

import static java.lang.Math.*; 

public class SecondDerivativeTest { 

public static void main(String[l args) { 
double x=PI/2.0; 
/ /  insert function in here 
Function func = new Function0 { 

14: 
15: public double Of (double x) { 
16: return xRx*cos (x) ; 
17: 
18: 

I 

19: ) ;  
20: SecondDerivative sd = new SecondDerivative(func,x); 
21: System.out.println("\n The result of second 

derivative at x = "+x+ " is " + 
sd.getSecondDerivativeResult0 ) ;  

22: } 
23: ) 

d u d  
unn"w~$lm"q?nn?T'~~~srrnTu4?~~uumqldY 

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

ay%u~<u$ufia491aq y = x2 cos (x) %I 

d 2 y  
-- - 2 -2cosx-4xsinx-x cosx 
dt 



/ *  File : 1ntegrationTest.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(String[l args) ( 
long usedTime,start; 

/ /  insert integrand function in here 
Function func = new Function0 ( 

public double Of (double x) ( 
return (0.5/pow( (x+x+ 1) ,l. 5) ) ; 

) 
) ;  

start = System.nanoTime0 ; 
TrapezoidalIntegration tp = 

new TrapezoidalIntegration(funcC1,2,1000) ; 
System.out.println("\n The result of Integration using 
Trapezoidal rule = " + tp.getIntegrationResult() ) ; . . 

usedTime = System.nanoTime0 - start; 
System.out.println('\nExecuted time = "+usedTime+" ns"); 
........................................ 

start = System.nanoTime0 ; 
Simpsonl-3Integration ssl = 

new Simpsonl~3Integration(func,l,2,1000); 
System.out.println("\n The result of Integration using Simpson 

1/3 rule = " + ssl.getIntegrationResult 0 ) ; 
usedTime = System.nanoTime0 - start; 
System.out .println ( W x e c u t e d  time = "+usedTime+" ns" ) ; 
............................................. 

start = System.nanoTime0 ; 
Simpson3-8Integration ss2 = 

new Simpson3~81ntegration(func,1,2,1000); 
System.out.println('\n The result of Integration using 

Simpson 3/8 rule = " + ss2.getIntegrationResultO); 
usedTime = System.nanoTime0 - start; 
System.out .println ( "\nExecuted time = "+usedTime+" ns") ; 
............................................... 

start = System.nanoTime0 ; 

GaussQuadratureIntegration gq4 = new 
GaussQuadratureIntegration(func,l,2,8); 

System.out.println("\n The result of Integration using 
GaussQuadrature 8 point = " + gq4.getIntegrationResultO ) ;  

usedTime = System.nanoTime0 - start; 





4.5 n i ~ ~ i A i m ' ~ ~ ~ ~ m ~ a ~ n i ~ ~ ~ ~ u ~ ~ ~ ~ a i ~ ~  

n i ~ w ' ~ ~ i ~ a ? a ~ a u s i d ~ ~ ~ n ~ % i i u a m ~ i i i m n u ~ n ~ a u n i s ~ ~ 4 n ~ w ' u s " i ~ n ~ 1 n " m ~ 4 6  
d nnl%tuaunisB~o~%uBr~u~a~J~ (Ordinary differential equation) r~uaunisnld%us"i?. 

Karrds%szdu.aKaPmu? ia'nwm;riiu~%4duu diayw'uB~doingluaunis r~ud~d~iduu 

n"umirrdsduai'a'?rZoa Wli~Burruu partial derivative A ~ U T ~ ~ ~ ~ I U ~ E I A ~ I ~ ~ I ~ ~ K ~ ~  

~muuendnula~?n6uiu (initial condition) &a y (x,) = yo 

-4 * s:r~uuafinlmiiimnu'11aQaunisn~w'us"lu~6q::l%'il~ 2 'i"s 16rari 'i"sum-hr~ua 

(one step techniques) ~muiudswimd?~9~~ds~fis:  (x) W ? u d n u ~ a ~ u ~ u  rrnz~id?i  

Wi166ldiiuamWidi~min1duu~~~an4 f(x) % Y ~ ~ ' i l ~ ~ ~ a ~ ~ ~ d ~ u d ~ . a r r a ~ a  (modified 
4-4 2 4 -  * 

Euler's method) G Y O ~  ?Qr4-4mWl (Runge-Kutta method) nnafi~9u4Ana~bbuu~aiu~u - d 

(multi step techniques) ~3uas~wi?mbimlduurAuFii4 f(x) ~no~%~e;wqinnis6iuanai 

riiuui~aiu?m ~: inisauseu~uns:~4~i idi~aix~aimr~~' i lu1ir~ui~?wum16 liirari % 

4 ni6u-yaKu (Adam-Moulton's method) 

4.5.1 ?&'il4'ililsa~a8i (Forward Euler and Modified Euler Method) 
-4 4 , 

19uafii~iursa:sssunii~m azmaniq:"~%dudds~~nsu~~~nu~a~w'i i~~141u am; 

~ u , 5 i u ~ i ~ y I u n ~ s d i ~ d ~ i ~ i m n u a u n ~ s n ~ % u B d n u  (partial differential equation) 
b 

nisds:uimdinirvlinyw"us" aixisaGu1ul6m"~ 

- - Y n + l  - Yn 
Y - 

h 



,d 2 , 
%nunn"14asmas~cuL~ulk~wii$~Lil x $a@iias~indi&ukuuin 7 m?iumnin 

d d ,  d 
Lm~' i l ld~Ln~LU~~l ld?~L61~~lnwlu?:~:$~ l9~dk?O k ? O L M q ~ ~ ~ l L ~ ~ ~ ~ ( I S ~ ? ~ ~ I ~ u " ~ ~ ( i l U  - 2' 
~suaqaaumas" Ldsl~lkwnn"w<~lnn"Liuqw~~u~^squinuu 

Pd 

?saaermas'Lcuud?ud~4~~n"Q (Modified Euler's Method) L ~ u ~ ~ ? ~ ~ L ~ ~ ~ ~ ~ ~ M ~ O ~  

m i ~ ~ y u i i ~ e r ~ i i i w a u a u n i ~ ^ n d ~ d a ~ ~ u ~ ~ ~  sun?? (4.31) l : n n i ~ ~ q u  . . . . .  

j slope fixl, Y1 : 



A 
q i n p h z ~ G u < i  yo+ hf (x,, yo) i a r h  AB a~qr16 i in< id id~3uq?q (; in<iy 

E) uar yo + hf (x,, y,) i;ea8u AD i r i i i y n < i i i . ~ s s  rie~.ii i iLaduouq~idqwoqiiqz~i 

m' idrruim$ln6m' i .~q~o AE h f l u $ u i u o ~ a u n i s  (4.32) 
a ~ v l i ~ n ~ r z n i n r w u e ~ w u n i r  (4.32) "n y,,,, i ~ u ~ ~ r i n r i u i i  & 4 t n u < i ~ o ~  

** * n i a 6 i u ~ a i ~ o u e a a u n i r  (4.32) 6au n i s ~ i a u n i r  (4.32) 'Idlnq.rme~drzuiNd7 y,,, 
d d' n i ~ A i w ~ 1 5 o r i o u  8un< i~ f l u~?C i i u i u  (predict) ~~i i?$.~GiWvl im' i  y,,, i gn8o4u inu~uu 

luwunis (4.32) (correct) n i ~ ~ ~ i n ~ 6 m ' i  yn+, v l i164 in~un i r  (4.31) 

4.5.2 ?' lss1~4?4~4-qnml  (Runge - Kutta method) 
a n a ~ ~ u ~ i ~ s u a ~ o o u i a e ~ ~ ~ n d ? u d ~ ~ r r 6 ~ ~ ~ l ~ i i u n ~ i w ~ n 6 ~ ~ u ~ ~ u r i i ~ ~ ~ ~ ~ > w i n u u  , , I -  2 

d 
r ~ d n ? i u n a i ~ ~ n ~ m u ~ ~ o v l i i i m o u u o 4 w u n i ~ o y ~ u d d ~ m i i ~  a q t i i a ? i n ~ m i i u ~ u u i n  1 

~qnqdsin~lGiiGueeiiq%maqu ~nn6mfiiamFdi?auoraj'u 2 n u  "m &a (Runge) LLarqw 

m i  (Kutta) 16~auo'p,vliiimouwuniseyGuidddrz~ntniw1iim~iuLdu~m~uinn<i 1% 

~7a i l un i r i i u?mGsun i i  

vl6'nniruoqkw - q m m i  e i ~ u n i r ~ h u i i u ~ u r n o u ~ ~ d n ~ ~ z g n ~ m d a  ~f lunisvl i  
C" " .A 

didrzuimuaaoyflud~u~uwa.~~u~nouu~~ay~u6oumun I w r q m  ? uaz x,,, iq4irflu 

qzWe~wim'idqn'.a'u m msay X, + a h  b u d  a ifludilm 1 6 i ~ n ~ h u ~ i u ? u ~ n e u ~ a ~ f l u  
a ,, a-s d , 

oywia~6um'utqniiaea aanmoavl id in i r~d~uu~~daa~o~d~nnu~mi  a ii~ 1 fu ~ r i q z I 6  
" " - 2 

ps i i v l su?aua.~kw - qmmi u i n u i u  u u o ~ i i ~ s i k o ~ n i r n a i u a z ~ u m ~ ~ a z m ' m ~ n e u ~ i ~  1 Gq 

nsqiiuwdqlm 
Y s d  " 

~~flk?1dLL6?9=~~~1"d76~~L4-~[il[ili6~m'~ 4 ~ ~ ~ ~ u i ~ i n n i r d ~ z ~ i m d i ~ ~ ~ n ~ u  h4 

qzUniadr  13 KQLLLIT i i u ~ u w u n i r  11 wunis ~KQLLLIS 2 K? i 7 q ~ o q g n ~ i v l u ~ i i 1 ~ m i u  
d Y "  r M U  l w a u  ~un is~ l~nuo~ i~~~~4v ln iu~ iv lsua~s~~a -~mmi6um'u  4 $8 

- - 
I 

Y"*1 y, + - (k, + 2k, + 2k, + k,) 
6 

k, 
- - h f(x,,yn) 

- 
h 

- 
k l  

k, hf(x,+-,y" 2 + T )  I ................. (4.33) 
I 



4.5.3 ~~um9mlwlalPi-yf4i.u 

n ~ s w 7 i i w ' i l ~ ~ ~ ~ m ~ d v ' i l ~ a U n 7 s a ~ ~ u s ~ ~ u ~ ? P L 4 - ~ m m 7 ~ z ' l . i i i i m a u ~ i n m ' i d  
d 0 iiu?mlti~aag?riauw~ituL~ua I 6-1 P s U ~ G L L U U ~ ~ ? L ~ ~ ? B A ~ ~ ? ~ ~ U W ' ~ ~ ~ L " ~ U ?  (one step 

method) Li"sv'ilqe7n7uap-yngu rilu'j"simiimau~mu~.ii 2 emsm?ud~u ~~s~~sn l~ ' l . i i r~um; )  

$iu?u (predict) 67neudlti rdGid%tmsd 2 dkm'i (correct) dkingmsd 1 qultim'i 
" l  d 

~ ~ ~ u r n n 7 m m ~ e u ~ o u n i ~ d ~ i v i u m l 5  &!msd I u~1z~rnsd 2 ~'ilq1an7nl6qin~um~uri.ilu I 
" ! 

v db d d v ,  wuiunq 4 ~muid~u'lun7siiuam Gun?su~~r~u^i*sA~u~mwn7uQu~au (multi step 
CI d " "  0 

method) ~ s . i l 7 6 ~ ~ m ? ~ l ~ l ~ - ~ 7 ~ ~ ~ ~ 9 1  (predictor - corrector method) 
d d ~sva~aini~Fynm'w 1a"furun~s.ilywiaS'ium'uwu~ .aqi@n"7~ka~n7s (4.30) 
d" 

lmu&~fi.aria'u r (x, y) a i u ~ s n ~ n u E & ~ u w y u i ~  wywuuqz~~num'~ f(x,y) lti'lnn~~guq~ds 

nszq7u'lfi x i6u6uq.aivi7dqzGi16 

~i l ;odszuimm'~f i~n'a 'u~~un~ui~~~ x3 lmu'la"?m 4 ?n'Lun~sGq~smi qzl6aun1o 

~ ~ H F U ~ U K ? G ~ U ? U  (Predictor) 6.c 

h 
................. Yi,, = y, - 4ff2 - 5f., + 19f + 9$+,) (4.35) 

' l u n i ~ ' i l ' i l n ~ ~ ~ ~ ~ 6 ~ ~ ~ ~ ~ f i ? ~ ~ i f f e r e n t i a l ~ q u a t i o n  &~un.ilmuiq?nmnia Function 
I d "  

i?w?u:urn"um'7 f(x,y) aanzi.ilu~v&~u nniflDifferentialEquationSolver ~~umniaaau um?Lads 

mniaaanzaus.ilmiqn q %iqz&13'l%$?uKu mnia ModifiedEuler A8id RungeKutta i K A 8 7 d  

d "  
AdamsMoulton ~ I J ~ ~ ~ u M ~ ~ N I ~ I ~ A R ~ ~ L L N u ~ P ~ ~  

1: / *  File : DifferentialEqSo1utionFinder.java * /  
2: 
3: package MathTools.DifferentialEq; 
4: import static MathTools.Common.CommonConstants.*; 
5: import MathTools.Common.*; 
6: import MathTools.DifferentialEq.*; 
7: 
8: / * *  Abstract base class for differential equation solving * /  



9: public abstract class DifferentialEquationSolver ( 
10 : / * *  the differential equation to be solved */  

DifferentialEquation differentialEquation; 
11 : / * *  initial condition * /  DataItem initialvalue; 
12 : /'* current x */  double current-x; 
13 : /+ *  current y */ double current-y; 
14 : I**  spacing of each data point * /  
15: double h = DEFAULT-INTERVAL; 
16: / * *  counter for check the number of nextstep * /  
17 : int counter; 
18: / * *  the solution of differential equation at x */  
19: public double solution; 
20: 
21: / * *  Constructor: 
22: * eparam diffEquation the differential equation to be solved. 
23: */  
24: public DifferentialEquationSolver 

(DifferentialEquation difEerentialEquation ) { 
25: this.differentialEquation = differentialEquation: 
26: this.initialValue = differentialEquation.getInitialCondition0; 
27: current-x = initialVa1ue.x; 
28: current-y = initia1Value.y; 
29: } 
30: / * *  Constructor: 
31: * @param diffEquation the differential equation to be solved. 
32: * oparam h an interval of data point change 
33: * /  
34: public DifferentialEquationSolver 

(DifferentialEquation differentialEquation,double interval ) { 
35: this.differentia1Equation = differentialEquation; 
36: this.initia1Value = differentialEquation.getInitialCondition0; 
37 : current-x = initia1Value.x; 
38: current-y = initia1Value.y; 
39: if (interval s 0) thi5.h = interval; 
40: ) 
41 : 
42: / * *  The next result of computing */ 
43: public abstract DataItem nextStep0; 
44 : 
45: / * *  get the solution of Differential equation at x 
46: * ereturn the solution. 
47: * /  
48: 
49: public double get~olution0 { return solution;} 
50: 
51: / * *  the number of counting how many time nexStep0 does loops. 
52: * @return counter the number of counting 
53: * /  
54 : 
55: public int getcounter0 { return counter;} 
56: 
57: j 

ialddriunuL~urnuaqwRiw ~ o d i f i e d ~ u l e r ~ u m a l ~ $ ~ &  override ~usarn Nextstep() 

w l u ' i " s n l ~ d ~ ~ u l ~ ~ ~ m % ~ 1 1 a ~ % a ~ ~ ~ a ~ i ~ ~ d s ' ~ ~ ~ ~ ~ n l ~ ~ i l 9 d ? ~ ~ ~ ~ ?  



1: /' File : ModifiedEuler.java '/ 
2: 
3: package MathTools.Differentia1Eq; 
4: 
5: import MathTools.Common.*; 
6: import MathTools.DifferentialEq.*; 
7: / * +  Solving the 1st order differential equation by using 

modified Euler's method 
8: * /  
9: 

lo: public class ModifiedEuler extends DifferentialEquationSolver { 
11: 
12: /" the value of x for solving differential equatione/ 

public double target-x; 
13: 1" Constructor: 
1.4: * @param DifferentialEquation differential eqn to be solved. 
15: * /  
16: public ModifiedEuler (DifferentialEquation 

differentialEquation, double h, double target-x){ 
17 : super(differentialEquation,h) ; 
18: this.target-x = target-x; 
19: solution = solver ( ) ; 
2 0 :  } 
21: 
22: private double solver0 { 
23: DataItem nextData = null; 
24: counter = 0; 
25: while( current-x < target-x) { 
26: counter += 1; 
27: nextData = nextstep(); 
28: 
29: 

} 
return nextData.y; 

30: } 
31: 
32: / * *  The next result of computing 
33: * return the next data item of the solution approximately. 
34: * @param h the width of the interval. 
35: * /  
36: public DataItem nextstep(){ 
37: double prev-x = current-x; / /  previous x 
38: double prev-y = current-y; / /  previous y 
39: 

40: current-y += h*differentialEquation.Of(current~x,current~y); 
41:. current-x += h; 
42: / /  modified value of y 
43: current-y = prev-y + h*(differentialEquation.Of(prev-x, prev-y) 
44 : 

+differentialEquation.Of(current-x,current-y))/2.0; 
45: return new DataItem(current-x, current-y); 
46: } 
47: } 



aiua-dunuoqnaifi RungeKutta &'dLnlilh~88(?1 nextstep( ) id?~Ont?uu$u~i  

~U~~~~IU?:L!~U%P~;I Runge - Kutta 

/ *  File : RungeKutta.java */  

package MathTools.Differentia1Eq; 
import MathTools.Common.*; 
import MathTools.DifferentialEq.*; 
/* '  Solving the 1st order differential equation 
* by using fourth-order Runge-Kutta method. 
* /  

public class RungeKutta extends DifferentialEquationSolver ( 
/ * *  the value of x for solving differential equation*/ 
public double target-x; 

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

differentialEquation, double h, double target-x)( 
super(di f ferent ia1Equat ion .h) ;  
this. target-x = target-x; 
solution = solver 0 ; 

private double solver0 ( 
DataItem nextData = new DataItem(0,O); 
counter = 0; 
while( current-x c target-x) ( 

counter += 1; 
nextData = nextstep 0 ; 

1 
return nextData. y; 

1 

/" The next result of computing 
* return the next data item of the solution approximately. 
* Cparam h the width of the interval. 
*/  
public DataItem nextstep(){ 
double kl = hfdifferentialEquation.Of(current-x, current-y); 
double k2 = hfdifferentialEquation.Of(current-x+h/2,current-y + 

kl/2) ; 
double k3 = h*differentialEquation.Of(current-x+h/2,current-y + 

k2/2) ; 
double k4 = h*differentialEquation.Of(current~x+h,current~y + 

k3); 
current-y = current-y + (kl + 2fk2 + 2*k3 + k4)/6; 
current-x += h; 
return new DataItem(current-x, current-y) ; 



/' File : AdamsMoulton.java * /  

package MathTools.DifferentialEq; 
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[1 = new double 141; 
/" number of interval * /  private int interval; 

/ * *  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 - initia1Value.x) /h ) ; 
if (interval < 4) h = (target-x -initialValue.x)/l; 
solution = solver0 ; 

1 

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

counter += 1; 
nextData = nextstep 0 ; 

1 
return nextData.y; 

1 

/ * *  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 ( 1  ( 

Fro] = differentialEquation.Of(current-x, current-y); 
for(int i =l; i < 4; i++) { 

double kl = differentialEquation.Of(current~x,current~y); 
double k2 = differentialEquation.Of(current-x+h/2, 

current-y + kl*h/2); 
double k3 = di f fe ren t ia lEquat ion .Of(cur ren t_xsh/2 ,  

current-y + k2*h/2); 
double k4 = differentialEquation.Of(current-x+h, 

current-y + h'k3); 
current-y = current-y + (kl + 2'k2 + 2*k3 + k4)*h/6; 



current-x += h; 
F[il = differential~~uation.Of(current~x,current~y); 

/ * *  The next result of computing 
* return the next data item of the solution approximately. 
@param h the width of the interval. 

* /  
public DataItem nextstep()( 

double prev-y = current-y; / /  previous y 

/ /  Apply predictor 
current - y =prev_y + h/24*(55f~[31 - 5gfF[21 + 37+~[11 - 9+F[01); - - 

current-x = current-x + h; 
F[OI = F[lI; 
€[I1 = F[21; 
F[2] = F[3]; 
F[3] = differentialEquation.Of(current-x, current-y); 
/ /  Apply corrector 

current-y = prev-y + h/24+ (gfF[3]+ 1gfF[2] - 5+~[ll + FIO]) ; 
return new ~ataItem(current-x, current-y); 

/ +  File : DETestAll.java +/ 

import statiz java.lang.Math.*; 
import MathTo01s.Common.~; 
import MathTools.Differentia1Eq.'; 
class DETestAll ( 
public static void main(String [I args) ( 
long executedTirne,start; 
DifferentialEquation equation = new 
DifferentialEquation(new DataItem(Od.l.0)) ( 

~ublic double Of(doub1e x) ( return 0;) 
public double Of(doub1e x, double y) 
(return 2*xfexp(2*x) +y;) 

public double solutionOf(double x) ( 
return 3fexp(x) - 2+exp(2+x) + 2*x*exp(2+x); 



16: 1; 
17: .System.out.println("Differential Eqn. : y' = 2xeA2x +y " ) ;  
18: System.out.println(" h. = 0.001"); 
19: System.out.println("- ...--........-------....---.--.-- r t  ) ;  

20: 
21: start = System.nanoTime 0 ; 
22: ModifiedEuler me = new ModifiedEuler( equation, 0.001.1.0); 
23: System.out.println("Loop count : " +  me.getCounter 0 ) ; 
24: System.out.println("by using Modified Euler Method..."); 
25: System.out.println("\n The solution of this D.E.at x= 

"+me.target-x + " is "+  me.getSolution0); 
26: executedTime = System.nanoTime0 - start; 
27: System.~ut.println(~'Executed time = "+executedTime+" ns"); 
28: ~ ~ ~ t ~ ~ , ~ ~ t , ~ ~ i ~ t l ~ (  "--.....-----.----..-----..---.- qt ) ; 

29: 
30: 
31: start = System.nanoTime0 ; 
32: RungeKutta rk = new RungeKutta( equation, 0.001,l.O); 
33: System.out.println("Loop count : "+ rk.getCounter0); 
34 : System.out.println("by using Runge- Kutta Method..."); 
35: System.~ut.println(~~\nThe solution of this D.E.at x= " +  

rk.target-x + " is " +  rk.getSolution0) ; 
36: executedTime = System.nanoTime0 - start; 
37: System.out.println('~Executed time = "+executedTime+" ns"); 
38: ~ ~ ~ t ~ ~ , ~ ~ t , ~ ~ i ~ t l ~ (  "--...-.-------.....-...-.---.... 8 ,  ) ; 

39: 
40: 
41: start = System.nanoTime0 ; 
42: AdamsMoulton am = new ~damsMoulton( equation, 0.001,l.O); 
43: System.out.println("Loop count : "+ am.getCounter 0 ) ; 
44 : System.out.println("by using Adams - Moulton Method..."); 
45: System.out.println("\n The solution of this D.E.at x= "+  

am.target-x + " is " +  am.getSolution0); 
46 : executedTime = System.nanoTime() - start; 
47: System.~ut.println(~~Executed time = "+executedTime+" ns"); 
48: 
49: 
50: ) 

) 

51: 

1idiflqn"a"u 2xe?.' + y ~ . J W W T . I U T T C ~ ~  12 % i d n \ d l ~ $ ~ i u  ( Y(O) = 1) 8 4 % ~  
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Differential Eqn. : y' = 2xeA2x +y 
h. = 0.001 

Loop 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 8.154845485376939 
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 

uaa"n~iuauni?au~oui$a~iii~a~l~~fiziaaid~%~uni?~iu~~ 2u~~sdiaf ;~smq Adams- 

4 M 
Moulton . . .. q z ~ % i a f i i ~ ~ u d ~ ~  ~ f i z n i ? a ~ ? ~ ~ ~ $ ~ ~ i i i ~ s ~ " m n i i ' ~ , ~ u  ?f1a8.1b1if=18a~ Runge- 

Kutta Laaz ModifiedEuler m l g i ~ l &  

DifferentialEquation equation = new DifferentialEquation 
(new DataItem(l.1)) 

public double Of (double x) 
( return 0 )  



public double Of(doub1e x, double y) 
{return y/x+x-1);) 

public double solutionOf (double x) { 
return 0 ;  

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 
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1: / *  File : Simplestat.java 
2: * Project: Math Tools in Java 
3: * Purpose: Compute basic statistics 
4: * frequency, central tendency, measure of variation. 
5: * normal curve distribution. 
6: * Author : Wachara R. 
7: * First Released: Th 3 May 2007 
8: * Last Updated : Mon 10 May 2007 
9: */  
10 : 
11: package MathTools.SimpleStat; 
12 : 
13: import static java.lang.Math.*; 
14: import static java.lang.Double.*; 
15: import MathTools.SimpleStat.SimpleStatException; 
16: import static MathTools.Common.CommonConstants.*; 
17: import MathToo1s.Common.Function; 
18: import MathTools.Integration.*; 
19: 
20: / a *  class for basic statistics algorithm: 
21: * frequency, measure of variation. 
22: * some inference statistics*/ 
23: 
24: public class Simplestat { 
25: 
26: / + *  data for computing the basic statistics */  double[ I data; 
27: / * *  number of data * /  int nudata; 
28: / * *  number of data after finding frequency */  

int numDataAtLast; 
29: / * *  basic statistic quantities */  
30: / * *  mean value * /  double mean; 
31: /* '  median value * /  double median; 
32: / * *  range of data * /  double range; 
33: / * *  standard deviation * /  double sd; 
34: / * *  managed data * /  double [ I  data; 
35: / * *  keeping repeated mode data * /  double[] modeData; 
36: / * *  mode of data */  int mode; 
37: / * *  frequency of data set * /  int [ I  frequency; 
38: /'* cumulated frequency */  int [ I  cFrequency; 
39: / * *  checking data have been sorted * /  boolean issorted = false; 
40: / * *  checking data have been classified with frequencies * /  
41: boolean isclassified = false; 
42: / * *  Constructor 
43: * Oparam dat data for computing basic statistics 
44: * /  
45: public Simplestat( double [ I dat ) ( 
46: data = dat; 
47 : numData = dat.length; 
48: f indMean ( ) ; 
49: f indSD ( ) ; 
50: quicksort( data, 0,numData-1,false); 
51: f indMedian ( )  ; 
52 : f indFrequency ( )  ; 

53 : findCumulativeFrequency0; 
54 : f indMode ( ) ; 



55 : f indRange ( ) ; 
56: ) 
57: / * *  copy data from current array to another array * /  
58: private double[ I copyData(double[l itemToBeCopied,int nItem) { 
59: double [ I dummy = new double [ nItem1 ; 
60: for(int i = 0 ; i c nItem; i++) 
61: dummy[il = itemToBeCopied[il ; 
62 : return dummy; 
63: 
64: 

) 

65 : private int[ 1 copyData(int[l itemToBeCopied,int nItem) { 
66: int [ 1 dummy = new int [ nItem1 ; 
67: for(int i = 0 ; i < nItem; i++) 
68 : dummy [il = itemToBeCopied [il ; 
69: return dummy; 
70: 
71: 

) 

72: 
73 : / /  ========= Frequency ========== 
74: / * *  finding frequency of each data * /  
75: private void f indfrequency ( ) ( 
76: int n-freq = 0; 
77: int tempfrequency [ I = new int [numDatal ; 
78 : double temp [ 1 = new double [numDatal ; 
79: double dummy [I = new double InumDatal ; 
80: if (issorted == false) quicksort( data, 0,numData-1,false); 
81: temp = copyData(data, numData); 
82 : for (int i = O; i s numData;i++){ 
83 : if (temp[il ! =  MAX-VALUE) ( 
84 : tempfrequency [n-freql =1; 
85: dummy [n-f reql = temp [il ; 
86 : int j = i; 
87: while ( (j c numData-1) && (temp[j+ll == temp[il 1 )  { 
88: tempfrequency [n-f req] +=I; 
89: temp[j+ll = MAX - VALUE; 
90: j = j+l; 
91: 
92 : 

1 

93: n-freq +=I; 
94: ) 
95: 
96: 
97: 

) 
data= new double [n-freql ; 

98: data = copyData ( dummy, n-freq); 
99: frequency = new int [n-freql ; 
100: frequency = copyData(tempfrequency, n-freq); 
101: isclassified = true; 
102 : numDataAtLast = n-freq; 
103: ) 
104: / * *  finding cumulative frequency */  
105: private void findCumulativeFrequencyO{ 
106: / /  if data are not sorted, sort them decendingly. 
107: if (issorted == false) quicksort( data, 0,numData-1,true) ; 
108: cFrequency = new int[numDataAtLastl; 
109: cFrequency[ numDataAtLast-11 =frequency[numDataAtLast-11; 
110: for(int i = numDataAtLast -2; i >=O; i--)( 
111: cErequency [il = frequency [il + cFrequency [i+ll ; 
112 : 
113: 

1 

114 : ) 
115: / * *  quick sort: sort all data in ascending or decending 



116: * param item data to be sorted 
117: * param left the first item of data 
118: * param right the last item of data 
119: * param ascending if truesdata will be sort in ascending 
120: * /  
121: void quick~ort(double[litem,int left,int right, 

Boolean ascending) ( 
122 : int i,j; 
123: double cornparand, temp; 
124: i = left; 
125: j = right; 
126 : comparand = item[(left+right)/2]; 
127: do ( if (ascending) ( 
12;: while( itern[i] c comparand && i c right) i+t; 
129: while (comparand c item[jl && j > left) j--; 
130: )else ( 
131: while( itemli] z cornparand && i c right) i++; 
132 : while (comparand > itemtjl && j z left) I--; 
133 : 1 
134: if ( i c= j) ( 
135: temp = item[il ; 
136 : item[il = item[jl ; 
137 : item[j] = temp; 
138: it+; 
139: j..; 
140 : 
141: 

) 
)while ( i c= j ) ; 

142 : if (left c j) quicksort (item, lei t, j , ascending) ; 
143 : if(i c right ) quickSort(item, i,right, ascending); 
144 : issorted = true; 
145: 
146 : 

} 
/ /  ============ Central tendecy ============= 

147: / * *  find mean or average of data * /  
148: private void findMean( ) ( 
149: 2.xtle sumData=O; 
150: for(int i = 0 ; i c numData; i++ ) 
151: sumData +=data [il ; 
152 : 
153: mean = sumData/(double)numData; 
154: } 
155: / * *  find median of data * /  
156: private void findMedian( ) ( 
157 : if (issorted == false)quickSort(data, 0,numData-1,true); 
158: if (numData%2 == 0) 
159: / /  number of data is even, find the average 
160: median = (data [numData/21 + data [ (numData/2) - 

11)/2.0 ; 
i61: else 
162: median = data[numData/21 ; 
163 : 
164 : 

} 

165: / * *  find mode of data * /  
166: private void findMode( ) ( 
167: int multiMode =1; 
168: 
169: if (isclassified == false) f indFrequency ( ) ; 
170 : if (numData == numDataAtLast) ( 
171: modeData = new double [ll ; 
172 : modeData[O] =O; 
173 : mode = 0; 
174 : return; 



) 
walk through classified data looking for multimode 

for (int i = 0; i c numDataAtLast; i++) { 
if (frequency [il >= mode) { 

if (frequency [il == mode) 
multiMode +=I; 

else { 
mode = frequency[il ; 
multiMode = 1; 
) 

) 
) 
if (multiMode ==1 ) { 

mo$eData = new double ill ; 
) else { 

rnodeData = new double[multiModel; 
1 

int j =O; 
for (int i = 0 ; i c numDataAtLast ; i++){ 

if (frequency [il == mode) { 
modeData [jl = mDatati1 ; 
j = j+l; 

) 

/ /  ===========Measure of variation ===== 

/" find range of data * /  
private void find~angeo { 

if (isclassified == false) f indfrequency ( 1 ; 
range = data [O] - data[data.length-11 ; 

) 

/ * *  find standard deviati-on. of data * /  
private void findSD0 { 

double sumDifference=O; 
for(int i = 0; i c numData; i++){ 

sumDifference += (data[il - mean) '(data [il -mean) ; 

/ /  ========== Some parameter inference statistics ========== 

/ * *  Compute the area between 2 statistic z value 
* @param lower-z lower limit of area 
* @param upper-z upper limit of area 
* @ return area under normal curve between 2 value of z 
* /  

public double findAreaUnderNormalCurve(doub1e lower-z, 
double upper-z) { 

Function normalFunction = new Function0 { 
public double Of (double x) { 

return (l/sqrt (2.0*~1)*exp(- (x*x)/2.0)) ; )  
) ;  
Simpsonl-3Integration si = new Simpsonl-3Integration 

(normalFunction,lower-z, upper-z,1000); 



234: return (si.getIntegrationResult 0 ; 

235: ) 
236: 
237: / * *  finding statistic Z of any data x 
238: * Oparam x any data x 
239: * Oreturn z value statistic Z 
240: * /  
241: public double findZ(doub1e x) ( 
242: return ( x - mean)/sd; 
243: ) 
244 : 
245: / * *  finding statistic Z value at known area under normal curve 
246: * Oparam area the area under normal curve should be between 0 - 
1 
247: * Oreturn z value at known area 
248: * /  
249: public double findZAtKnownArea (double area) throws 

SimpleStatException ( 
250: boolean isAreaGreaterThanHalf = false; 
251: double lowerLimit=O; 
252: double newArea=O; 
253: double z=0 , sumArea=O; 
254 : double dA; 
255: if ( area < 0 I I area >l ) throw 

new ~imple~tat~xception(~impleStatException.BAD-AREA); 
256: if (area > 0.5) ( 
257: newArea = area - 0.5; 
258: isAreaGreaterThanHalf = true; 
259: ) else { 
260: newArea = 0.5 - area; 
261: 
262: 

1 
if (newArea >= 0.3412944) ( 

263 : lowerLimit = 1; 
264 : sumArea = 0.3412944; 
265: 
266: 

) 
if (newArea >= 0.4771599) ( 

267: 1owerLimit = 2; 
268: sumArea = 0.4771599; 
269: 
270: 

) 
if (newArea >= 0.4986253) ( 

271: lowerLimit = 3; 
272: sumArea = 0.4986253; 
273 : 
274: 

) 
z = lowerlimit; 

275: 
276: while ( newArea - sumArea >0.001) ( 
277 : dA = (l/sqrt (2*PI)) *0.5*0.01* 

(exp(-0.5*z*z)+exp(-0.5*~z+0.01)* (z+O.Ol))) ; 
278: sumArea += dA; 
279: z += 0.01; 
280: 
281: 

1 
if (isAreaGreaterThanHaIf) return z; 

282: else return -2; 
283 : 
284: 

1 
285: / /  ========= Getter 
286: public double getMean0 ( return mean;) 
287: public double getMedian0 ( return median;) 
288: public double getStandardDeviation( ) (  return sd;) 
289: public double getRange0 ( return range;) 
290: public int getFrequencyOfMode 0 ( return mode; ) 



291: public double[] getModeDataO( return modeData;) 
292 : ' public double [ I  getSortedData ( ) { return data; ) 
293 : public double [IgetManaged~ataO { return mData; ) 
294: public int[ 1 getFrequency0 { return frequency;) 
295: public int[l getCumulativeFrequency~) { return c~requency;); 
296: ) 
297: 

&iaafii4 4.6.1 9innis?Ym~8uCiiu~uu'nni911'il~~n~u(~all bearing) &~~9 inL~<84<n? 
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/ *  File :StatTest.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 6 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.Simp1eStat; 

16: class StatTest ( 
17: 
18: public static void main(String[l args) ( 
19: / /  this means you must know the number of data 
20: double data[ I = new double [llOl ; 
21: double dataAtMode [ I  = new double [llO] ; 
22: 
23: 
24 : 
25 : / /  read data from text file 
26: try { 
27: File file = new File ("ball.txt"); 
28: 
29: FileReader filereader = new FileReadertfile); 
3 0 
31: BufferedReader reader = new BufferedReader(fi1ereader); 
32 : String line = null; 
33: StrinoTokenizer token; 
34 : int i=O; 
35: while ( (line = reader. readline 0 ) ! = null) ( 
36: token = new StringTokenizer(1ine); 
37 : while (token. hasMoreTokens ( )  ) ( 
38: data [il = Double.parseDoub1e (token.nextToken I )  ) ; 
39: i++; 
40 : 
41: 

1 

42 : 
1 
reader. close ( )  ; 

43: } catch(E0FException err) ( 
44 : System.out.println('end of stream") ; 
45: ) catch(I0Exception err) ( 
46: system.out.println(err.getMessage0) ; 
47 : 
48: 

1 
catch(NumberFormatException err) ( 

49: Systern.out.println(err.getMessage~)); 
50 : 
51: 
52 : double classifiedData[ I = new double[data.lcngthl; 
53: 
54 : Simplestat st = new SimpleStat(data): 
55 : System.out.println("Mean : " +  st.getMean0 ) ;  
56 : System.out.println("Median : " +  st.getMedian0); 
57: System.out.println("Standard deviation : " +  

st.getStandardDeviation0 ) ;  
58: System.out.println("Range : " +  st.getRange0); 



System.out.print(" (most frequency = " + 
st .getFrequencyOfModeO + " )  I s )  ; 

System.out .printlnO ; 
classifiedData = st.getManagedData0; 
int [I freq = new int [data. lengthl ; 
int [I cf = new int [data. length] ; 
freq= st.getFrequency0; 
cf = st.getCumulativeFrequency0; 

3. n s u l w n i ~ n = I i i P d ~ ~ t n ~ u i i ~ i u  aani~mmaauq=26unKw~K~niw ~APsuurkuu 

u n ~ w ~ i ~ i u ? d 6 ~ u a n ~ i n n i ~ m m a a ~ ~ i n ~ d ~ r r n ~ u ~ i ~ ~ ~ d  Excel PmuI5Payn 
d qmr"mu?Kuu q = r ~ u i i l h u n K w ~ d ~ i i q K u  ( I I  Zaund~m"qin 

. - 

Pdsrrn~u StatTest.java d?udrilu3si?~sun<16qinni~iiu?sldva~ Excel) 



. d 
7 8 ~ 7  ~wmbi"I66u~i'iin~:miw q : ~ ~ a m . ~ ~ n n i ~ ~ i u a m ~ i d i  z V~I~;:U~I"I&T~~L~U 2 m i514  

2 ' 2 Y * 2  m i s i d  z Zdi~guuan ( & L L ~  o 1.99) ~~n:~~n:mi~i.~wun"ImTn.~n z Zdir9unu (kwi - 
I .99 8 4  0) TmumiKu~ni~ Ztable iqiSiUn::L~umvBq~dSLLnTu~?ijk 



1: / *  File :Ztable.java 
2: * Project: Math Tools in Java 
3: Purpose: Test class for finding Z table 
4: Author : Wachara R. 
5: First Released: Th 10 May 2007 
6: Last Updated : 

7: * /  
8: 
9: Import static java.lang.Math.*; 
10 : import j ava. io. ; 
11: import java.util.*; 
12: import MathTools.Common.*; 
13: import MathTools.SimpleStat.Simp1eStat; 
14 : 
15: public class Ztable ( 
16 : 
17: public static void main(String[l args) ( 
18: double z,area, step; 
19: double tempz; 
20: Simplestat s = new SimpleStatO; 
21: step = 0.01; 
22: System.out.println("\n\t Find the Area under Normal 

curve between 0 to 1.99 step O.Ol.\n\nU); 
23: System.out.println(" 0 1 2 3 

4 5 6 7 8 9") ; 
24 : i = 0; 
25: area = 0; 
26: for( z = 0; z<= 2; z = z+step) ( 
27 : if ( i % 10 ==o) ( 
28: System.out.printf("\n%2.1f ",z); 
29: i =O; 
30: 
31: 

1 
i +=I; 

32: area = s.findAreaUnderNormalCurve(O,z); 
33: System.out.printf(" %4.4fU,area+0.5); 
34 : 
35: 

1 
System.out.println("\n\t Find the Area under Normal 
curve between 0 to -1.99 step O.Ol.\n\n"); 

36: System.out.println(" 0 1 2 3 
4 5 6 7 8 9") ; 

37: area = 0; 
38: step = 0.1; 
39: for( z = -1.9; z <= 0; z = z+step) ( 
40: System.out.printf("\n%2.1f ",z); 
41: tempz = z; 
42: for(int k = 0; k c 10 ; k++) ( 
43: area = s.findAreaUnderNormalCurve(z,O); 
44: System.out.printf(" %4.4f", 0.5 - areal; 
45 : tempz = tempz + 0.01; 
46: 
47: 

} 

48: 
49: 

} 

50: } 
51: \ 







1: I *  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: Author : Wachara R. 
6: First Released: Sun 6 May 2007 
7: * Last Updated : 
8 : .  * /  
9: 
10: import static java.lang.Math.*; 
11: import MathTools.Common.*; 
12: import MathTools.SimpleStat.*; 
13 : 
14: class AreaTest ( 
15 : 
16 : public static void main(stringL1 args) ( 
17 : double area; 
18: double zl,z2,~3,z4; 
19: 
20: Simplestat s= new SimpleStatO; 
21: z1= -0.67; 
22 : 22 = 1.0; 
23: area = s.findAreaUnderNormalCurve(z1,22); 
24: Sy~tem.out.printf(~ a) Area between %1.4f to 

%1.4£ = %1.4£ \nfl,zl, 22, area); 
25: ~ ~ ~ t ~ ~ , ~ ~ t , ~ ~ i ~ t l ~ (  M - - - - - - - . - - - . . . . - - - - - - . N  ) ; 
26: 23 = -1.67; 
27 : 24 = 1.67; 
28: area = s.findAreaUnderNormalCurve(23,24); 
29: System.out.print£(" b) Area between %1.4£ to 

%1.4£ = %1.4£ \nW,z3, 24, area); 
30 : System.out.printf("Bal1 bearing must be split 

out - %1.4f .percents\nU,(1.0- area)*100); 
31: \ 



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 

4.7 n~aQunis~141usl~4~ni~~num"s UIU web server 

$iu18nnaaunnqa1,d3mu~q'1d~mkd1?"lu web server ?I'il.Jn7n?"dqan& 

(htto:11203.158.100.1401irnt) Tmui~~iiuI5luTdn~m'ilT' c : \ w  Tinwrn=~'il.~ldn~m'ilT'q:ijni~ 

i m r i i u ~ q i f  

- 
1% L?I www 

~uniTnmaounqriiqdiui1u web server ~ W ~ ~ ' ~ ] ~ I ~ ~ ~ L E ~ ~ ~ ~ ' ~ ] ~ ~ ~ V I ~ L ~ ~ ' ~ ] ~ L L ~ ~ ~ I O  

CI I  Y * 4 -  ~ ~ o i m ~ i i u l d n ' d ~ ~  1 ~nmfi ' i ]ua iu i~n~in ' i ]~~n~o~n' i lu~a~rn ' i l~n 'Z~~~u' i l~ l~~ i~uin~du 

Lafiou web server I6L"dn'u (tninuuan 2) 



n'aad?qi81d$~ad1&q~nn7TnnaeuCdTLrnsud7~ web server b i ? u n 7 s f J 7 ~ ~ 7 ~  

Regression ~d%%%un7Tds;uimd~d%1n7~~fium~~ ~rnua.l~uis~ni1~q?nn.lsnnaa4ie4nis 

mnadiGa~:  

fd 4.12 n l~ f i l nn i f i  LinearRegression W~~~UU%I~UU%I I . I?~%~~ 

2 
%U~~TMW~~IUU ( ? < U I A A U ~ T ~ T L L ~ T U W S P ~ ? U ~ Z W ~ ~ ~ U [ " ~  (Graphic user 

~nterface) r d a % ~ ~ % ~ ~ a u b a ~ a ~ n v n i s ~ ~ n ~ u i ~ u u n s : n i w n s i d u u ~ a n i w  Tds~~nsuq:~ih 

~ a l ? a i ~ t i m i u i i u u ~ ~  (x, y) m ms.yni~uiaS~~n ~ ~ ~ ? ~ 3 l d d s : ~ 9 a ~ 8 C ~ u % ~ ~ ~ i d  

LinearRegression ~ z 1 B ~ " r ~ n i s ~ ~ u w s ~ ~ r ~ u m i u n u u e ~ i a ~ n  ;d+iqueqnszn7wnsidqzG 

~ n w m z ~ q n i w i a l d 6  





5.1 ni~vlisineunisuuul~Aub~~~~u 

~ ~ Z X a 5 ' s 7 ~ ~ n ~ a l a u s ~ i ~ ~ v % v i s i n a ~ n i s ~ ~ u u l z i ~ i l u ~ % ~ ~ i d u l ? "  4 G %%Ku 

sirl&u idida:G~.~~id~~umC 1 ~ ~ 4 i ~ ~ u ~ f ~ l u n i s ~ u s a u ~ ~ a v ~ d i s i n ~ u n i ~ ~ o u n ~ i ' i " s ~ ~ u ' ~ ~ " s ~  

i?qaida::G?iqii~~vd.~Z~d 

T=~fiuu;Pfi (algorithm) n i s v 1 s i n 6 u n i ~ a ~ % L ~ ~ 9 ~ ~ ~ d ? ~ L L ~ ~ ; ~ s ~ i 9 i ~ ~ ~ v d ~ ~ m i  

~ ~ ~ m = d ~ i ~ ? i ~ ~ % i I q l m " i i u n i i  ~ u u ~ n i i & ~ m " l u ' a ~ u 4 a u  Coni6nwaim'lunisduu 

Ids~~nruCau ~~~l%~iu~u~f~ lun is~usoudau4i .1~ in  i i i ~ i v u m d i & ~ h u ~ ~ v ~ i = a u  
" 

41u?uwT~nis?useuai~a'iu 50 SBU 

-rr 

~f iu? fus id&u ~ ~ u ~ d ~ i v u n d i k u 6 u n a ~ s i n a u n i s . ~ d u ~ d i ~ ~ u ~  \56oq 
<- 4 

iiivumiiqmSiiu rr~m"a~viey~ui.il'uKu I n a ; l ~ ~ ~ ~ u i q = v i s i n a u n 7 s k u ~ ~ u  ii7dqnnuu 

Knwm=Tu%au nisvioy6'u~~um'u 1 4ilm"uin %c?~u~id&uq=\zi~vu'~=hdan'a'u 

dsrmn% w~sla"i"s~tnunum'~~nu LLim"oqfiivumd?qnaqsinaunisM"qd?ku&ullazdiqm~iu 

% e d u d s = n i r v % ~ u o ~ % ~ ? f u ~ i d & u ~ ~ a : % ~ ~ ~ ~ r n u ~ ~  ~ I P R ' ~ ~ ~ ? ~ ~ ~ S U & U I ~ ' L M U ~ Z ~ ~ U ~ ~ I L " ~ A  

n ~ s ~ b i ~ o Q m ' c i ' ~ o ~ d i ~ ~ i n e u & $ ~ 5 ~ ' i l . 1 n i ~  
d 2 .. #" -4  - 

i ' i l ~ i n l m u e ~ s : : ~ ! u u ~ d ~ a u ~ ~ ~ ~ ~  4 ?fiu w'ill%vis7naunisv'il~d~nau~um~~~ds 
C U  cl t Auq 1 fn ~~~n=d~n.auuw~i'il~d'il~'~ud~~dq~visinfiunis s 7 n a ~ n ? s d ~ m ~ q = ~ ~ ~ d i q 3 ~  

~ v i ~ k u  ~r in7~~sntr7s7naun~sd~difunniwlt" i  

Gauuaaru:: 
4 d 

- nuiu~m~?iu~iuisn~wldisz~~~u?f inwis~naunisd~~u~iu?u~umniw~nu .. sd 'LnTfinoqya~aoi (Muller) w s ~ a f i n e ~ a i ~ ~ n ~  (Laguerre's method) 

- n~~~nisms~qaouw"s~n<u"uwi7u~mwaim~i~~. ln 'a"kuGdi lu ' i ' i l~~ ' i l~ms~ 

u?L~mi?;l~wis7naunis 



5.2 ~ I S W I W ~ ~ Q ~ ~ " ~ ~ ~ ~ % ' L I ' L I W U ~ I S L ~ ~ L ~ ~ ' ~  
- v  MC( 

yaqo\6fl~uqmnqalnus7"r iivFuv~un~an~~~~s::u~aunis~%~~8u 3 a~m'il ng 
1 

I'ilqflsqLu'ils" (Cramer's rule) nisnnmouaruum7& (Gauss Elimination) ttfiz%LLonLqld 
I 

~um~na"aiuLv~uudi~~~n:uu (LU Decomposition) 
i 

l ~ m n a o u n ~ r v i u n ~ ~ n o ~ ' i l ~ ~ ~ a ' 1 u % h i l ~ v ~ ~ ~ u a ~ u ~ ~ i i ~ ~ l G u n r a n o ~ l 6 d ~  

ln6PnoqrYu n'du n~sPnan%lnldl$~~u"7~aiu~~n~"nan%lniil&lGunn'~s"Ln6~"no~n'u 
.. 

i ' i l~~n'n~a~n~sv7tln~anu1'il~~~a~uli"s"n'il  @Liiul&Gqn'n47uauKa~~dsI?"\d~'1u 50 

a & ' i l ~ n ~ s n o ~ u m a ~ u a i u i s n n ~ ~ ~ d s ~ ~ n s u I G l & u ~ n n i i  50 K a ~ ~ d s  i716~mo~~fi191d-1 
" .. 

ARRAY-SIZE ~u~~&/commonl~ornmon~onstants. java 1~~qu47uaui&a4n7s kbifiqi 

d ,Y 2- ~5~lEimnaouasm~aiuunum".l~~dsk~Zu 50 6 a ~ ~ d s ~ Y j i d u  4~uaumj~~ds~~nz~~uauaunir  

i'ilq~min'u~aua 

ni~v~wn~anoTno%nnmau~'il~mi& @l'o l&nnna~umninrm~~u~nol~an"y 

LLW (pivoting) ijvn"nnis$q% ii~au~Gnsl'il~~umPSna"&udsz2m~u~~ua~3unrru~yuKalnm"? 

vd~dd~Lflu~uu"v"s'ilijdiLii1n6~uu"u~n 7 w"sa~d~i;l'ilouinLdaLGoun'uaui%nn'a~u 7 l u  
4 w 

~matk"nan'u nisq~~~m'~luaaua~8urnrau~~u%ld~~ulej?vis wnnYW~mlnq~nnirwis (44 

m"?w~sijm'ii;lau 7 v;"so%-1ln6~?uUc) qsijdiuv~a~nquLZu"unG~n'nqa~mau~aLmas"~q::r6ul5 

lE i  v ~ " s a i l i i ~ ' 1 n m a i u ~ n i n ~ ~ ~ a u ~ ~ o ~ ~ i n n i s ~ n r a r s  nisufilq"nan"u~~nau'ilu ~d'ilan'u 
d u6ai~1Gaui%nrma~~umTna"&udsz2ms"~ijn'~u~nm~n'il~lu~~ua~8um~~o~~u (aqqan"uLLna!k 

i a o i i l i  ubilu{%qzl$an"uLLnau'iluifjuqLLuuLZua) 

%aimar i i~q~ndszn iswdq i ia  wnLQnum'isxuaunis~~qL3ui~~~u~an 

$u< (non-homogenous equation - S ~ ~ U ~ ~ n 7 ~ ~ ~ ~ ~ ~ ~ d 1 m ~ ~ 6 7 ~ ~ ~ 7 ~ ' i l ~ ~ L ~ ~ ~ ~ u " ~ n r n " ~ )  

'iliqlEiun~~nuvn~u~nG'illda~u~snwiunranulhuu mi'ilEi~~s~u~aunis~%~~8uGPnn 

1 4 ~ ~ 1 1 u n i s v q u n ~ ~ n o  



d d d -  0 -  d 

1. ~u'i1uui~aunis~us~.uufiunis~uunnwm~~~'il~nu~nfiun?~~1~~'1u~t:uui"nu?n'u 
d d 

adasunii Linearly dependent a ~ n i s ~ d ~ ' i l i ~ ~ n n ~ i n n ~ s ~ i i 7 ~ i ~ ~ ~ ~ m ~ n a u n i s ~ ( % ~  G'il 
a'in~innisuanau~u~nauniswd ~ i u a u u a ~ ~ a u ~ l i i ~ ~ . ~ u ~ n u i u l P j f u ~ n  6'qm'?ediq 

x + Y = 3 

4x+4y = 1 2  

aun7sd 2  ri inqinnisGi4 4 m ~ f i ~ n i ~ i  1 ~uiq?qLL6?aunisZqa'ilq~maunis 
d rd ~nua~ukureq  uaraaun~nuuinuiu~Pj$u~Lil rau x = 0, y = 3; x = I ,  y = 2  WYO x = I .5, y 

= I .5, 'lay 

2. i~aaunisua~s~uua3ua1uuuiulPj~~nn'nn'u uer~auu.i l~s~.uufiunis~~zlPj~ 
2 ~un~n'nmzud?~3us=uuT~il~~Lii~ (inconsistent system) aiuisn~?'Ziifiui%nvaaaunPsn4 

&udsz~n~'i lu'?q~au I rmq r3ugufiZqwun Inunisuanaun'~arn?;u 1 Inu$~ani~uai5 ' i1  

Isiduguu' Kq.ildi~du 



c; v r  
@iu!68~14malfl MatrixException L ~ u A a l ~ m ~ ~ W n i u ~ ~ l ~ i j h ~ n l ~ d L i i ~ ~ l ~  

nisii~iuve4Tdsrrnsu s a u ~ ~ n s ~ d s ~ u u ~ u n i s d ~ ~ l u r ~ u s z u u d ~ ~ ~ u  (Linearly 

dependent) ' M ~ a r ~ u s ~ u u d ~ ~ r r i - ~  (inconsistent system) r~az( i ls~qaau~~uauKa~~ds~~az  

41uauaunis6a~rmifwraua 

u n ~ ' w s ' ~ d s i n ~ ~ u ~ ~ o d ~ ~ ~  ~~ulfild~~nsu~~bnrlilq~a~mnuiPmu~2-i~nisil~1~~ 

n 1 s ~ 1 ~ l % ~ 1 u ~ ~ ; l ~ w ' ~ u i a i ~ ~ z ~ o ~ i l n ~ ~ m ~ l ~ u u l i i ~ ~ u 1 z a u K u ~ 1 ~ ~ d 1 ! d l % 6 ~ u  



Pa 0 Y 

, 5.3 n i s d % ~ i m ~ i ~ ~ u ? s n i n ~ ~ ~ ~ u ' ~ u ; t ~ ~ ~  (Method of Least Square) 
d n1sw'mu1mn~a~nus7"Tdszu1md1lmu%fi~~~am~Cmumqm ~d'il8qqaunqs 

~ ~ u i u ~ i n i m ~ n ~ f i i v l u n ' l ~ d ~ i u " ~ y n ~ l 6 ~ i n n i s m m n m a  ~ ~ ~ ~ ~ T M ~ B B U W U < I A ~ I ~  

c v  4 Y D 

Polynomial Regression lfiaunqswyuiuwT~nilqqnau~'lvlniL~m%mQnqm$u n n i a d f ~  

msmumqu"naun7sdqdumsa8?u ' lun~s' la"~iu$u~%miin'm~6m~umnfi in '~~~~m1~'i l~m'~~~ds 

%as:: (x) ' l i i lds~~nsu~~n1~~uiu$aiu i~nvl i l~$u6m~f j f i~n ' ;1~~~ml~~i iu 10 

i i i%mya$~m"f jm~~u~uw'u~~uu~~~u~~u~u ' i l7~m~' luEd~mnni~~u,  ~6n"dw~uu 

dun 8a~l.a"rmm~mm'mrrdn~~dauni~lmun~s~d~uum'7~~ds~1urimu ~ d u  

Y 
- - a,+a,ln x 

$ar8uaunisrlumsaaquisavlid7 a, rmr. a, 16 

d v . 2  
~ m ~ m ? s w ' m u ~ r ~ u r ~ u ' ~ u d a ~ n i d s r . u ~ m d ~ ~ m u ~ i " s f i i n ' ~ ~ ~ ~ ~ ~ u $ ~ m  umqu 

I .  ' l i ia~u~sndsr.uinad~~~n'u%m~n$fjm'~~~ds%as~vla~um'~~~ds ieyni'L8'luww 

"?ui~~iamkiq$un'um'~rLdsvlniu 1 krrds du m7iuKuumaaqniP1'luns::umn~u$um~n'u 

qmv l~ i i  fiu7nsuaqn~,-uan~uirdiuuld nszr~aldWilu~.aqt RC i i im j6 i uw iu f j n~~  

r d $ o u d i l ~  n s r . ~ r a ~ r l ~ ~ q 1 ~ u m ~ n ' u ~ ~ n i ~ ~ n ~ m ~ i u 6 ~ u w i u ~ ~ d ~ o u ~ ~ d  Psunm?iuTuwidhm-a 

n;lrrdsmiu~$ua~nirnirrds%asr.unio 1 &<I nisnmnmorruuwn~umi (Multiple 
Y Y d  

regression) ~uuut~uaunislmmq; 

2. m~s~n~~ms7qa'ilum~iu~uu~r.au11m~~~fi~u nisms7qamujii'ilyn4liuitu 

amnrn6m~n'uaunis~~umsa~i~auni~wyuiu w"sounisr~n.nlwruudunGil6lmu'lBGnis -- $4 , 
6lu7mwi4anm mrsun~ i~ id i~ud~r . tm~~~m~nis f i i v lum (Coefficient of determination, R2) 

r~unisimmaiuTuw'u~n'uw"smavlTuw'u1s:vlii4m~7LLds%asr.~~vlaiun'um'~LLds[iliu d i  R' 1:: 





iqinasd~u:~?q~unisfimuinFdia 1  go 

1. nas i jn ismsaqf inuna iudar ie~~a~f i~n ' fums~~~~~?~iq : :~~ id i f iw 'u f i "  

2. nimi~iififiu~61%1~i~ufifiufi"ku\~uq ~arr~unniai~iuisnv~ififiufi"aauu 
w " 

2 fu arn:: 3 {u 
d d  Y 

3. Rnlfi GaussQuadraturelntegration ~ ~ ~ 7 f i ~ ' l " d ~ y l d l ~ ~ ~ f l ~ ~ 4 6  ~1"duWldl 

fiw'u641n'm~diiuqu node W r h  8 y aiu isnwiu~t iu inn i idk i  
r .. d d d  

4. ?othu% (Algorithm) n'IsUl~sw'u6udu76~ 1 ~ ~ ~ V I ~ I ~ I L ~ Y E ~ ~ W ~ X G I L ~ I ~ ' ~  

! ~ Y I u ~ ~ I ~ w Y w I W I A ~ % L " ~ Z " U ~  Romberg % Monte Calo Lhhu 

5.5 ~ I ~ M I ~ I A ~ Y ~ ~ ~ w u ~ I ~ ~ ~ W Y ~ ~ ~ U Y Y ~ I G ~  
b 3 .  uou~?~mnis~"dViunnif i~un~aa~~a'?aeuno 'L%aiiimou~a~fiunis~yw'us'~ruu 

i d  1 [a ~rrn-ij&wm::d~r~dmuiiivIurndau!adum"u neialaus7"Trrfims 

~imeui!iia$'Lu~d6qn"arna (!d'Ld&~ineG) 

n n ~ f i ~ a e n a a u u l ~ ~ i ~ s ' u ~ r n " ~ ~ ~ i f i u n i s e q w ' u ~ ~ r u u f i ~ ~ ~ i j i ~ u a u  3 nnia &I 

nala ModifiedEuler Rnl6 RungeKutta unznnia AdamsMoulton ~n9 l~~ lSWmf iBU~iS 

~ 1 4 i ~ ~ ' i l ~ ~ ~ l f i ! ~ ~ ~ 7 d ~ l ~ d i ~ W ~ ~ i  A81W AdamsMoulton q::'L+6imeu'Ln#d?~a~?"s~~in 
d 

i a ? m  rr~:: '1%rani ' luni~dszua~ua~eu~~m ~ ~ i ~ : : ~ ~ ~ u ~ ~ e ~ ~ n i ~ u d a u u " i ~ ~ u % o ~ e r i n i o  

~I~~IR'~IUL~"I'L~ A8'1fl RungeKutta 'LfiunCw'ws"Lnn"dirrw"q?srra:'lgraai'Lunisds-uaaua - - 
r i l ~ ~ ~ L k f i a 4  Waifi ModifiedEuler ~ t i ~ 8 ~ w i ; ~ ~ % ~ ~ j ~ a i ~ L i ~ 9 ~ ~ 9 ~ e u u " l 9 ~ l L ~ e ~ ~ ~ l n ~ ~ ~  

d F  4 i u  arn-'L~rani'lun~sds::uaauauin~~m iris~r~uu;~sae~naifi~~dua~L~uu~um'ilu~dmua 
4 

~~iinaiuau"i'Lq~aa~r~uuldsarnsulm"4iu 

Y d 
aewnasw'rmuidurEu 

1. nasaeriu~mm~aiufiiuirn'L3iwiiimeuae~fiunisa~~~~ds"aauufiiu'~lm"~de 

~ I V I U ~ ~ ~ ~ ~ I P P ~ E I ~ ~  (Boundary condition) 
r d  2 ~4 * r 

2. n a ~ ~ e r i u ~ m ~ a i u a i u i s n ~ ~ ~ w ~ ~ u  aiuisn~iiineufiunisey~idfiY;ueum'u 

uinniiadq ~ m u i i i w u m i e u ~ ~ ~ u ~ u ~ ~ " ~ e ~ i ~ ~ u m ~ e u ~ ~ a e u r a m u i ~ ~  

lunisviiimeuaunis'ilq~u~ium'ua~~96"~ a i ~ i s n l % ~ ~ n ~ n n i s ~ d ~ e r u ~ ~ d n ~ ~  

fiuni~fia~uauniseyw'u6~u~uwd~ a~6a~nn1filmwaifi~1d~~iiimeulti~iun~d 

Kaadidaiu 



PP .dl 
5.6 n i s i i ~ ~ ~ d i s n n ~ u a a & u  

* 
nn d 

nn18 Simple Stat ~ i s o n ~ ~ u u ~ ~ ~ i ~ ? ~ l ~ i i i a n m ~ u ' i l ~ 6 u v a ~ % ' i l ~ a  iia?I'1$ 

i i u m ~ ~ i r ~ r i  n m u i  n m t i k z a u  i i r d u  i i ~ ~ u g i u  i i j i u ~ u u  i i~7udu.abuu 
" 

u im~3-1~ ~uni~iiu~m~ul~i(.dY"~~~a~u~~~umlrj~a~nraq~r3uwiri~~r~~%a~nailuda~~u 

(grouped data) 
b$ I. 

u a ~ w s n ~ m q i n n i s ~ i u a m  $ a r ~ u u n ' y i i ~ ~ i u ~ d ~ ~ i n ~ d ~ ~ ~ n ~ u m i ~ i ~ ~ ~ u ~ m  

excel wuii~6uaa'ws"ms.aEu 
d u1" 

n i ~ ~ n n r ~ ~ ~ 1 a ~ % ~ ~ a n l m n ~ ' i l ~ % u a u u ' 1 j i ~ ~ i i n i ~ n ~ z ~ i u v ' i l ~ % a ~ a ~ ~ u ~ d I i i ~  
d u d * *  

dn'1 n iu luna ia  simplestat l i i n i s i i u 7 m i i a " n  z zrrazwuw%mIn.asz~iiqii z %m q $4 

u e n ~ . a n ~ ~ u d i ~ ~ a i l u v a ~ % ' i l ~ a ~ ' i l ~ s : : ~ i i ~ d i  z $u q iqaiuiTniiu~diI(iluli6'ilq'ilip~u 

n i~~mmi~ i . a~9 i i i aEPm z 
J ' A L 1 . .  ~imTaqaauuagw~nirpsiwun~m~rnqazauiqLLiii z =-1.99 ;.a z = I .99 naiu 

a:~~umuaqwmTiuu 4 ~ I L L M ~ ~  w u i i ~ i i i m s ~ f u m i ~ i ~ a " n ' 1  z %u~G.a$aa"nynd~zni~ [2 ]  
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n7'illnn" (Quartile deviation) niTM1a~aSbradwa" (percentile) n:iulfi (skewness) rat?: 

n71uIvh (kurutis) Ia.lnisn~zqiuva.a%aya 
u u  L1 44. 

n i ~ ~ i i i a 9 n E  z ~ ~ a ~ i n ~ i u d i ~ z ~ ~ u ~ ' i l ~ % a ~ a i ~ ~ u % a n ~ ~ a ~ a ~ u ~ i u ~ u u i n  7 
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mnia simplestat1 l~lis~uni~inaua%'ilynl7"biil.1l%ia1uisnraam~unaDunsid 
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ni~~1id i~nmaE]s~6uuss%aynrr~n~q~~~h~aa"s ia  object 9'ilqmnia Simple Stat auui 2 

object dodszuanunrrun~u 
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n i s w i n ~ i u a 3 u w ' i 6 " ~ z w i i a i ~ y n ~ ~ a a ~ ~ m i o ~ ~ i n n i a  
d 4 

Polynomial Regression ("Iu$?%'il4.3) ui"I$a?u$nmsmuus aa-iil$~~~uinwaa21m94 
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1. JDK 1.6 (Java Development Kit $u 1.6) k'ilql%Sld 1.6 v l% iyv i i~n i6~  idfi 

~inis?m$qnq~'lusi9n~an' 

2. Edit plus $u 2.1 vl% Tdsrrnsu text editor &J 7 
* " 8 * 

~~o?m~sm'sqrm&fi~a'il~sionis q : r~u i i ' l u~dn rmn~~~m~~  Java qzij~srrnsu'il?j 
" " Y 4d 

uinuiuunwWrrmsu rmzGTdnrma5 jre ra'il%uiiq 7 Tdsrmsu~qzl%luni~nna'iluns~uu 
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~ a c k  - . i ;I , ' Search / : Folderr : 3- 

\J# .. 

applelv~ewer 
lava(rm) 2 Platform Standard . 
Sun Mzrosystemr, IN 

beaweg.dU 
1.5.0.0 
:ara(TM) 2 ~latfoim Standard. .. 

lava(TM) 2 Platform Standard 
Sun Mlooryrtemr, Inr. 

artcheck 
:ava(TM) 2 Platform Standard 
SunMcroryYemr, In<. 

, HtmlConwter 
lara(TM) 2 Platform Standard... :ava(TM) 2 Platform Standard. 
Sun Mimryrtemr, Inc. Sun Mrroryrtemr, Inc. 
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:ava(TM) 2 Platform Standard ... 
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ni~irn~aa.lri 'san1wiiri lu~n4]~iuaa4 ~ n a ~ ~ a r m n r ' a i u i ~ n ~ i ~ d ' ~ i i ~ i u ~ " T a d ~ u ~ ~ i  

java.exe hk lnterpreter 61 byte code d~i~inni~flau~wnc~i?uEiau javac.exe U l  

rrdn4rilunlw7ifl~~4~1"T'ilrn4]~iuQa~ 4qrg.lani.wisi~'nrrahaqflau~arma~<n rmt+d~dw 

(link)~uflniflGii4 7 iL<oa%aq~uldsunsu r~a'l~flau~arnaT'ds:uaww~ 
d d m  

~dnrnas'jre (Java Runtime Environrnent)flaM~nY class library i 1 4  7 ~Ulw"sazl<u 
a .. 

jdk ~nuq=riiuflt3iQLvl6i$ad'1u~d zip file ~ l l b n i ~ ~ i a i ~ ~ ~ u n l d n ' r y ~ d i ~  41 jar file 

2. L ~ ~ ~ U ~ I T W W ~ ~ Y  .. 
l G i i n i ~  copy Idnrnaj  JavaMathTools 5qlwnrnaj ldl5d'lnsj c:\ o u n s i i  

copy q l n  CD l ~ a 4 r d i u u  attribute TIa4ld67ifI read only ~ f i Q l U l ~ n ~ ~ u ~ u ~ E i ~ 8 u r i a u )  
* 

~nlma~ua~ldnrwa4q::~TIuK~G 

~ilulvla~eaimn Idrclniufili7-d 
test ila= a 111licatio11 614 1 xnn 

. . . -. f triu'lflu dillmaid 

lda~nil i  &la(hTools 3: 

f--------- 16unr7iiildii n'riiumr 
nilu'lvrii~~il"~ rmu~ln~fiu 
1iluIda1eaitiilt~~il~116 
a = f i G a  

ha lea i  src 15u solute 

code i 4 w n  ~ R U J I R I ~ ~ U I ~ ~ U  

~datnaitiaumufii?la~~ar 
source code aa~rdrllnru 
n'xl~nclaru~=iltjlu 
lvlaimai test 



- 1% editplus dFb3 ~ i u i ~ f l 8 ~ n ~ d ~ i ~ n ~ u b l l ~ ~ i i ~ 9 1  edit aanz save file 1; 

- WIUIT~~UU mathematic expression l G ~ ~ u n i w i q i a i 1 M  

- WiUiTn compile ~dT~in5'u source code Lmr. run ~~891'il4~dTLiflSblb% 

Mathematic expression ~ u n i w i q i a i  ~ z ~ ~ d ~ i u u ~ w ~ ' i ) ~ l i a ~ n i ~ i  C ~1% C++ 

+h$%unGrnmarm5i?a 7 1d 

1 Calculates the cube root of 1 double 

Calculates the square root of 

the argument. 

1 double 

Result Type Method 

double 

I 1 raised to the power of the I I I 

Function 

double 

) the argument 

Argument Type 

pow(arg1, arg2) Calculates the first 

hypot (argl ,  arg2) 

1 I power of the argument, ear' I 1 1 
exp ( 4  

second argument, arglarg2 

Calculates the square root 

of (arg I 2+ arg2') 

Calculates e raised to the 

expml (arg) 

double 

Both double 

Calculates e raised to the 

power of the argument munus 

1 

double 

double 

1 1 1, earQ - 1 

I logarithm (base e) of arg+l ) 1 

double 

log (arg) 

argument 

the natural 

log 10 (arg) 1 Calculates the base 10 I double / double 

Calculates the natural 

logar~thm (base e) of the 

double 

double 

double 

random0 

logarithm of the argument I 

returns a pseudo-random None 

number greater than or equal 

double 

to 0.0 and less than 1.0 I 



1 Method 1 Function 1 Argument Type Result Type 1 
abs (arg) 

I I I 1 argument I 

Calculates the absolute 

value of the argument 

I I 

max (argl, arg2) I Returns the larger of the two I int, long, float, I The same type 

( arguments, both of the same 1 Or double 1 as the 
I 

int, long, float 

or double 

I 1 type I 1 argument 1 

The same type 

as the 

I 1 same type I 1 argument 1 

min (argl, arg2) 

1 ceil (arg) 

Returns the smaller of the 

two arguments, both of the 

double Returns the smallest integer 

that is greater than or equal 

1 1 to the argument 1 1 I 

Int, long, float, 

or double 

double 

The same type 

As the 

1 ) the argument 1 1 1 

floor (arg) 

of type int 

for a float 

argument, of 

type long for a 

double 

Returns the largest integer 

that is less than or equal to 

round (arg) 

double 

Calculates the nearest 

integer to the argument 

value 

rint (arg) 

IEEEremainder 

1 (argl, arg2) 

double 

I 

float or 

double 

Calculates the nearest 

integer to the argument value 

---- 
Calculates the remainder 

when arg1 is divided by arg2 

float or double 

both of type 

argument 

Of type int for 

A float 

Argument, of 

Type long for 

A double 

argument 

double 



sin(arg) 1 sine of the argument double in radians double 

cos(arg) cosine of the 

argument 

tangent of the double in radians double 

1 argument 

4 u A" 

&6%'Pd&?LntX~~ Built in ulw%~ufh JDK 1.6 Nnaw 

1 sin.'(arc sine) of the double 1 double in radi- I 

Result Type Method 

1 argument I 1 ans. with values 

i ( the argument 1 1 Ans, with values I 

Function 

I I I 1 from 0.0 to 7t I 

Argument Type 

double in radi- 

ans, with values 

from -7ti2toXi2 

tan-'(arc tangent) 

of the argument 

( atanZ(arg1 arg2) 1 tan-'(arc tangent) of Both double I 1 Double in radians. 1 

double 

I 1 arg 11arg2 I 1 with -7t t o n  I 

i%6%u?s~dainraZin $ built in !&rri 

Function Argument Type Result Type 

sinh(arg) Hyperbol~c sine of the argument, 

1 cosh(arg) ) Hyperbolic cosine of the argument, ( double 1 double 1 
I 1 which is:(earg-edm)/2 1 I 1 
1 tanh(arg) 1 Hyperbolic tangent of the argument, ( double 1 double 1 

1 which i ~ : ( e ~ ~ ~ - e - ~ ~ ~ ) i ( e ~ ' + e - ~ ~ ~ )  



@adi~nis~~uu~sn".a'uni~mGjlnpli8ns' 

~ % m i i q  EPsuirnsaasnrdnszu.iln 

volume = 7~ r2 h ~ u n i w i q i ~ i  ~~ub f lu  volume = PI r ' r 'h; 

& a i l 9  Sl~"U'ilSWUni5 quadratic equation -- 

d 4-4 Y 
& m i i q  nisrnnau~~nCnsbvuu 2 GFi 

x = (U cos 60' )t &iu!t%bk x = u* cos (60*P11180)*t; 

y = (U sin 60') t - 0 . 5 ~ t ~  A~u!t%rflu y = u'sin( 60*P11180)*t -0.5*g*t*t; 

nismmulw6Fdsa~nsu6u~G'~1 bbar ~~ds~bnsuw"iqiubdm~ernn"w6 
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1. w?LL~I?~&ZI% test af,jluTd@~Lil'il$ ~:\Ja~aMathTo01~\~r~\te~t\02LinearSystem 
d 
.da4la41dn~dsunsuiq::iiuinlil@'ilu"n'il LESTestAll.java (&I~dncu"ilulqln Linear Equation 

System Test All) ~ ~ ~ l ~ n ~ u i & i ! u ~ a i  ~d'il~Lili in7s~~fih6af. Editplus 

I i , 

Gd~l~f lrnTeYD2 
j&:a ?I.> 
i ri; 

nin1u1d1!ua~in'~li17 rlii 
LESTrstALL.je.rsa lliti 

Open 

2. Source code u'il4~dsansu LESTestAll.java ~ ~ d ~ l n ~ ~ ~ ~ u ~ 1 ~ 1 ~ 1 4  editor 4189 

TdsLmsu Editplus 64i;d 
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Vfl 1,. * Obisctive: Evaluat~no The salution of linear erp.iatlnn 4 I (  .... 
C L ~ ~ L ' S  cule, Gau99 eli~matlon method, LU 11 I 2 : Prbirct: llach ~ools In Jsrr* 

. * A~.n.hor: Wachara R. 
* First Released: 24 Ahr 2007 HG-I&N t'ditol' 
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: *) i .... - I 
.. ...... 
Colum~d~ia.iava 
CrarnerRule.iava 
GaussEl'i~alion.iava : 

GausdordanReduction.iava 
GausdordanRed~ctiodO~ia. 
Linea~EquationSyslem.iava 
LUDecamposlion.iava 
LUDecompos~ioniava bak 
Mat~ixiava 

import static java.1ang.Aac.h. *: 
import MathTools.LinearAlgebra.*: 

class LESTesUll 
{ 

public static void main(SCring[] args) throws latrix 
/ ,: === == ===== ==== = ==- ---To -- change dugumerrt Aatrlx her 
double[][] problem01 = ((-2.0,1.0,0),(1.,-6.0,3.0).(: 

// Rqht hand slCe constants 
double[] constantOl=(2..-4d,-2.0): 

;/ ............................................ 

C o l ~ a t r i x  solution = nev ColmYatrix 0 : 

column matrix b h i d  

. .: lmport static java.lang.Math.*; 
import MathTools. Linearalgebra. a; 

uvc aupnent matrix ... 

I class LESTestAll 
.! ( 

public static void main(Scring[] args) 
/ j  .................... T o  change h1.1y.m 

double[][] problem01 = ( 

:: Riql-~t hand ~ l d e  constants 
double[] constantOl=(Z.,-46,-2.0); f ...................... 

61l~\)I;/63~7~3lfiFl 
/ /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C o l W a t r i x  solution = new ColumnMatrix() : 

/ i  e:.:.axplr L 
. ." 

Squarematrix A = new SquaceMatrix(problemO1) : 
COlumnMat~iX b = new ColumnMatriX(constantO1); 
Systeu. out.println(" Square Batrix of Prnblen 1. -->") ; 
A.prin-Jatrix I) : 
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as Gauss elimination rrn=rruu< 3 ' la% LU decomposition rj4sn?srmnrum?n.a" A 'l$'il$u 

fdun%mma.1 Lower matrix (L) LLaz Upper matrix (U)) 
, * 
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Open: and 1 

v 1 .- .................... 

6. L&n'in4~ OK ?zd?lng command console 64fd 
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D r;S src 

a 8 Common LinearRegressTest.class 
&I Q DifferentialEq 
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<A " d 
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3 MathTools 
[A src 

a Common 
a DifferentialEq 
0 Integration 
a LinearAlgebra 
a Regression 
0 RootUtils a test 

a OlROOt 
OZLinearSystem 
a 03Regression 
i;=) 04Derivative 
ra OSIntegration 
(3 06DifferentialEq 

07stat 
,. 

Edit 

)Add to "BisectionApply. 

, j 

!;;"j . . 
* : 9 

i p) Scan for viruses... " 1  Fals/ 

5 I JA'!4 S ~ d d  to archive... ig' 9 1 KB' - i E 
Compress and email.. . 

lnvl BCompress to "Bisectionl 
, K  E.,--..-.---.. . .  

$ _# 
Ecl-rl Tn 

,: c l a s s  B i sec t ionApply  ( 
p u b l i c  s t a t i c  v o i d  m a i n ( S t r i n g [ ]  a r g s )  

F'unction func  = new F'unction() ( ~ < I I % - z + J . I ~ ~ > ~ I J ~ ~  . . - . . . . - . . - -, . . -. 
/ /  pl.Itilic double Uf (doubl  
p u b l i c  double  Of (double  x )  
/ /  public duuhlc D e r i v a t i  
); 
t r y  ( ~~uvu'6~i'su~iu A ~4~mi-1 

i ? B i s e c t i o n  b s  = new ~ i ~ e c t i o l f l m f i 3 ~ 1 1 1 ~ 2 ? 1 j 5 ~ l f l l  . . ~ .  . . ~ 
on["r  

/ :E l sec t inn  b s  = nrm B i s e c t i o l  63 root on[" t  
/:Ei3ection b s  = new B i ~ c . c t i o n (  I LULL I L I O L ~ ( ' ' E  

B i s e c t i o n  b s  = new B i s e c t i o n (  f u n  
51'scern. o u t . p r i n t f  ("\ ,n Rout o f  your ~ e c c i u n  Te: 

c a t c h  (Excep t ion  e )  
{ S. ;s ten .out .pr in t ln("  E r e o r j s )  : "+ e ) :  

3. save fdsrrnsu 

4. ~%&lk.J sslr l>> run >> crnd 
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L&LfiPsu~L!fIIIu~i=%sn~mn~ Mathematica 5.1 1:~mmJc 

n isn~aeun is~ i f iw id8  (Integration) 
h 

L ~ U ~ I T M I ~ I  I f  (x)dx = ? imaiiiwumdi a (lower limit) LLn= b(upper limit) dl; 
0 

Zh~z~fluni~na ~dsLLnTu<ZiaiuimwidifiKu&~l6unnius"mmnui~0u&~Knnssld?6 ( ~ i u  
1 

jxdx = - x 2  + c duiu) 
2 

d 'IU~IT~WUI Class library uq:% algorithm 3 LLUU ~ ~ n i ~ ~ i d i f i < ~ 6 c  V~%IELLUQ 

' 4  Y Y Y m  J'A, 4" .4 , * .. 
iiuw'Lw1n.l f(x) 'lurduwuwmn 7 r~ias~uwuw~nn 7 G ~ P ~ L L ~  x =a qui% x = b iiq:?X~Yu 

u ,, 
wnKnhm~fi$u~Gufl.~uum 

P- ci d A 
?sw 1 &In41 Trapezoid rule (nOdLwiuuniJuy) LgunisninL3uwsqdmuw'uw 

U P  $A 2' A$ $ 
ain 7 UULIUF~J  f(x) ~ ~ ~ m n u w ~ L ~ ~ i ~ u n i ~ v ~ ~ ~ i j n  7 ~ ~ u i i u ~ u u i n  s~uwunwLvnuuniqq 

,, 
~ l n  1 ~4wumq:~6uwKwhmqni~t1ififiu6 



-4 4 
asn 2 Simpson 113 rule r~unisad~uuqinnisain~~um~auua~u~~a f(x) r i lunir 

d * d 
nindJWawir iCuai  a~nin~u~luln~u~1q::1h~Au~In~a"nuan'u~lunr1rl f(x) u?nn i i n i r  

b d ,  Y 

ain~lumr.1 ~ t 6 ~ r ~ u w u n m n  q I i ~ l d W a  f(x) MYJvum 
44.4 
asn 3 S~mpson 318 rule ~3unira~nduCWa x3 uu~lulii.1 f(x) ~ t 6 ~ ~ K u d ~ n " n  q 

aEialuliia f(,) dvum 
-4 asw 4 Gauss quadrature tdu%~~&dsa a, b aenrBuqm Cmu~~ia::qmGszu::di.1 

bh~i r i 'u$uni i  node q i n k u ~ h e ~ e n d r e  polynomial iauIuni?d?::u1~67 

vdv - - - 2 
rn - c v  - R  

dx 



1~4% f ( ~ )  aa - 5400v 
, lower limit (a) ;a 30,  upper lirnit(b) %I 15 

8.276v2 + 2000 

1. dmldsunru IntegrationTest.java %a$ufdaamas" 

C:\JavaMathTools\src\test\05lntegration 642d 

~. . . ... . 

a Common 
i 3  Derivative 

,3 DifferentialEq 
:A Integration 

R: a LhearAlgebra 
it_ '3 Regressian 

~2 RootUtils 

_3 OlR00t 

13 OZLinearSystern 
t: :A 03Reqression 



Folders x 
r 3 JavaMathTools A 

kt MathTooIs 

I : 3 src 
;15 Common 
a Derivative 
a DiFferentialEq 
(2 Integration %Add to "1ntegrationTest.rar" 

% -3 LinearAl~ebra %Compress and email... 
j. Regression ~Compresr to '1ntegrationTest.rar" and email 
3 RootUtils 
:A Simplestat 

2 (3 test 

I U K G J ~ ~ ~ ~  1 ~ d i ~ u d 7  lower limit LLR: upper limit rsu 30 rm:: 15 n7uijln'u 
! :> . .., 
1 ,  public class IntegrationTest ( 
: 3 - .  
L3 public static void main(String[] args) ( 
" . ,  long usedTime,scart; 

. .  . / /  insert integrand function in here 
? i hnction func = new 

public double Of (do 

); 
/'/ :CCC<-Iilttgr6cir~niititerqrsnd, lower limit,up 
start = System.nanoTime() : 

,,-, 
, ~ , :  

System.out.println(":nUsed time = "+usedTime+" ns"); . . ,. ------------------.--======--..-.---======= 

start = System.nanoTime ( )  : 
Simpsonl-3Integration ssl = new Simpsonl-3Integrationlf 

System.out.println(":n rile result o t  Inteyration using 
usedTime = System.nanoTime ( )  - start: 

System.out.println("?nUsed time = "+usecTime+" ns") ; 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 

start = System.nanoTime() ; 
Simpson3-BIntegration ss2 = new Simpson3-EIntegration(€unc 

usedTime = System.nanoTime ( ) - start; 
System.out.println(":nlJsed t m e  = "+usedTime+" ns"): 
.......................................................... 

start = 5ystem.nanoTime ( )  : 
GaussWuadratureIntegrafion gq4 = new GaussWuadratureIntegration(func 

System.out.println("!,n nie reralt of Inrelijraeio!l using Caus3Wuadr 
used'rime = System.nanoTime() - start: 
System.out.println("\nUsed time = "+usedTime+" ns"): 

) 

. ' ~  ) 
8 -  



- 161 - 

. 3. save c ~ ~ L ~ ~ T u L L ~ ? ! % ~ ? ~ P  command b i e n a n ~ 4  console mode 

Type the named a program, folder, document, or 
Internet resource, and Windows will open it for you. 

6. run Tdsr~nsu ~ r n e r ~ % d i & ~ ~ d  



C:\JavaNathTools>java IntrgrationTest 

The r e s u l t  of Integration using Trapezoidal rule  291.86958116739027 0 
b e d  time = 17824332 ns 

The r e s u l t  of Integration using Simpson 1/3 rule  = 291.8695882828839 0 
(Used time = 1668083 ns 

The resu l t  nf Integration using Simpson 3/8 rule  - 291.663588262684 v 
lused time = 2442489 ns 

The r e s u l t  of Integration using GaussQuadracure 8 polnt = 231.869588255531. C 
(Used time = 1238147 ns 

~muhl~umd'ilulq6~6u(1nitia1 condition) 6 i i ~?u~q~1~6~ iv lum~ ' i lu~~~ ' i lu~vm 

(boundary condition) l U ' ~ i ~ i ~ n ~ i ~ i u i A i ~ ' i l u l &  
-4-2 

Algorithm ~ 1 $ v l i ~ i ~ ~ U ~ ~ ~ i d 6 " ~ ~ ~  3 ? S A W  

1. Modified Euler method '~sv'ilqeourne&d?u:y~iq~a~a 



- .- . 2. Runge - Kutta method %sea Taw qmni 

3. Adams - Moulton method;j^$~'ila~l6u8 LLa:: ya$u 

~~vl i~ inauu' i l~~un7s' i l~~us"~~uu Bernoulli d x = 10 

4xy + 4x& 
Y' - - 

- l + x l  
i i dau ' tu iu iu  x = 0, y = 1 

0 

. . m  

-- 1. t%!'td& c : \ ~ a v a ~ a t h ~ o o l s \ s r c \ t e s t \ 0 6 ~ i f f e r e n t i a l ~ ~ \ ~ ~ ~ e ~ t ~ l l . j a v a  h ' L %  
CdrLLns~ Editplus 1 % ~  editor 

AdamsMoultonTestl 
:Xi LJ Regression 
a RootUtils 
9 Simplestat " ... 3 test 

!J OlR00t 

1 Edlt .. 

j Open With 
vi S A d d  to archive.. . 
3 2 B ~ d d  tu "iX76stAll.r 

public static void rnain(Scring[] ergs) ( l d L i D ~ ~ v ~ & " ~  x = 0, Y - 1 
long execucedTime,scart: 
DifferencialEquacion equation = neu DifferentialEquacion(new DataIce d,l 01) ( 

public double Of (double x) ( return 0:) 
'a! 

public double Of(doub1e x, double y) (recur *x*(y + sqrt (y))/(l+xaxl) 
public double solutionOE(doub1e x) ( 

return 0; 
1 

\: 



* .. . 
Modif iedEuler me = new NodifiedEuler I equation, 0.001 

System. out.println("Lonp count : "+ me. getcounter 
System.out.println("by using Modified Euler Method.. .") : 
System.out.println("\n The solution of this D.E.at x= "+me 

executedTime = System.nanoTime() - start; 
System.out.println(~~Exe~uted time = "+executedTime+" nsr'{-] 
~ ~ ~ t ~ ~ . ~ ~ ~ . ~ ~ i ~ t l ~ ( ~  .............................. - ~ 1 ~ 1 9 n 7 5 ~ 7  -. 

//RungeK~itta (DifferentialE~tion 
start - System. nanoTime ( )  : 

RungeKutta rk = new RungeKutta( 
S~3te~.O~t.println("Loop count . .  . 
System.out.println("by k i n g  fourth ordir Runge- Kutta Met 
System.out.println("\nThe solution of this D.E. at x= "+ 
executedTime = System.nanoTime() - start: 
System;out.println("Executed time = "+executedTime+" ns"); 
system . out . println("------------------------------------- 

/ /  AdmsNoulton (DifferenrialEwatiun differentialEq.lation, ouble  h, douhlr 
start = System.nanoTime() : 
AdamsNoulton am = new AdamsMoulton( equation, 0.00 ,10.0): 
System.out.println("Loop count : "+ am.getCounter() 

executedTime = System.nanoTime0 - start: 

d 
System.out.println("by using Adms - Iloulton Method.. .") : 
System. out.println("\n The solucion of this D.E. at x =  "+ am. target-x + " 

System.out.println("Executed time = "+executedTime+" n3"): 

d 
4.  save Tdsunsu ~~6?Gin isco rn~ i1e  TLJSLL~SII Fnuamnldn console Tnul%iii& 

start >> run >> crnd 

5. ~LJdTdnmo~ C:\JavaMathTools\src 



- - 

7. run T I J S L L ~ S ~  





dCuLr  - r ~ * ' c u . r . r u r u r r - c , ,  , 
ModifiedEuler me = new ModifiedEuler( equation, 0.001, 0.0 

System.out.println("Loop count : "+ me.getCounter() e3 
System. out.println("by using Hoditied Euler Method.. . " )  : 
System. out.println("\n 'Ihe solution of this D.E.at x= "+me. targe 

executedTime = System.nenoTime() - start; 
System.out.println("Executed time = "+executedTime+" ns"); 
system . out . println["-------------------------------------------- 

//RungeKutta (DifferentialEquation differmtialEquaCion, double h, d 
start = System.nanoTime() : 

RungeKutta rk = new RungeKutta( equation, 0.001 20.0 
System. out.println ("~oup count : "+ rk. getcounter 9 ( ) 
System.out.println("by using fourth order Runge- Kutta lethod.. . 
System.out.println("\n'Ihe solution of this D.E.at x= "+ rk.targe 
executedTime = System.nanoTime ( ) - start: 
System.out.println("EXecuted tine = "+executedTime+" ns"): 
System.out.println("--------------------------------------------- 

. AdmsMoulton (Dif f erentialEquation diff rrentialEquation, double 
start = System.nanoTime0 : 
AdamsMoulton am = new AdamsMoulton( equation, 0.001 a 
e.*-c-." -..r --i-.., ..,.., ^^- ^ ,̂.-- . 'I, ^- -^cP -..- c - " l l , .  

3. com~ i le  LLW= run ~~'bLLn'bULd~lrllWfi~W6 



nlownamu~dsbbnsol Regression 

qzLrEi4nlsnnaouean~~u 2 d?u d?ud 1 1::rgu Linear Regression d ? u i  2 1:: 

lgu Polynomial Regression 
9 , "  A' 

Linear Rearession : u ? i ~ $ ~ ~ n ~ i n n i s n n n ~ ~ ~ ~ ~ u ~ ~ u m i ? i ~ ~ n n . ~ u  



. ~ 8 4 n l T ~ : ~ l ~ 9 l 2 1 ~ ~ w ' ~ s " l ~ ~ l ~ ~ ~ ~ ~ n ' 9 ~ ~ d ~  x LLa'. y ZUid y = mX + C 

Lie m ila slope rra: c 'la y-intercept 

$UABU~~SWAIBU 

1 . ~ ~ ~ d n r n a 5  C:\JavaMathTools\src\test\O3Regression w'inu9iildri 

LinearRegressTest.java $sn%uy editplus 

~ ~..-&--.= 
Addr 

X 

03Regression 
!A 04Derivative Scan for viruses.. . 3 OSIntegration 
:3 06DifferentialEq 

_j 07stat 
.? fi WordDocs 

class LinearRegressTest 
( 

double m \ i v = m.: + c 
double c: \ 
try( 
LinearRegcession lr = new LinearRegressio 

m = lr.getSlope(); 
c = lr.gerYInrercept(]: 
Spstem.out.println( "The line cquaclnn of chis data is I' 

)catch ( RegressianException msg)( Systea.aut.prinrln(msg);) 
I 

" 
3. save program q i n ~ u ~ i n i s c o m p i l e  



C "  2 
4. run Tdljsimsu 7::lhunn'wen;lu 

Polynomial Regression r~~nis~in~?u&uw'us"s: :~i i .~%e~n X, y ied%urdPw~PuaGun c7.a 
I : 
! 

! inaunAin'neaKq~~dljs x ddiuinni i  1 
i 

Y v 2 %eyn n l n  Gn~iu&u~us 'n 'u~~~~w~uiu iun '~  m Guu~3ufiun?slnn;)ld I 
2 m ! Y = a,+a,x+a,x + ..... a,x 

a v d, 
&ou'i;l iiou~uan~euiaruu~ds~~nlmn' n~iu&uw'ub::~i i .~n~iu~a.da~~~inwunu (y) tin:: 

2 d d ;-.2-- s=u;ni~n~nneudl8uLiu~ljsi~l (x) UWQU 



w 

i~1s181dni~mIil~~y Polynomial Regression 

l.~d~drlnLIilm? C:\JavaMathTools\src\test\03Regression R Z ~ I ? I ~ I ~ ~  

PolyRegressTest.java ~ n e n d w ~  editplus 

d 
2. r~ii lr ldwnsu fi~vund? degree = 2 (~w~~: :~w~fual j~rnm~r~~: :u~~~lu&~f ius"x  un 

2 
hKdsi~?iu 2 rrr\:~hu%a~B x LL~:: y wrqui~~m~nploa 

class PolyRegressTest ( 

public static void main(String[] args) ( / ri-114uc.l cleyree = 2 
int degree = 2: ( I----' 
Columnllatrix a = n'ew ColumMatrix(); 

jX 
/ /  first style: chis style wurks arll. 

PolynonialRegressinn pr = new Polq?~omialRegressionjdegree,6); 
p r .  addData(new DataItem(U., 0.) ) ; 
pr.addnata(neu DatRItem(l., 0.51211 ) ;  
Dr. addData(new DataItemi2., 0.8936) ) : 
pr.addData(new DataItem(4., 1.2648) 1 ;  
pr.addDatalnew Dat.-T---," ' - '"" '. 
pr. addnata(neu Dac. 
pr. 6db?ata(nrw nat.ld3a~a x LEG Y Gd 
pr. addnaza (new Dac. 

/ *  second ~tyle 

PolynomialRegression pr = new PolynomialRegression(degree , x ,  y ) ;  

3. save Pdr~~nsu a~a=iinisrnsulwn' 



~lLr l 'L%~' i l~o~ ln~9mu' l .1 'Lu~ ' i ) .1  Linear regression ~ 7 h d f i ~ d T L L n T ~  Polynomial 

Regression ~mubd&!~ degree = 1 1 z ~ ~ d 1 1 z ~ h ~ l ~ ' i l ~ ~ ~ l ~ ' i l u ~ u  ~4Eu Polynomial 

Regression i4flr'ilmqu Linear Regression h?u 



niauuan 2 

nisfim& Web server ~ ~ a w ~ ~ a u n 1 ~ ~ l 9 i u ~ a 9 a a i ~ ~ a ~ 1 s i ~  

niTnwfiaunisGi~iu11o~mnifi1nusi~ni~m~mniam5~a"si~~uui~iuni~5u~~o5~~m 

~ i ~ r n " ~ ~ U < m ~ i l ~ ~  applet fi41?Yl~l'ilnfi17 Html tL~?l'mlf%J1?Yl~ web server ~ ~ $ . l l ~ f i l ~ l ~ n  

Gun15 applet i,d~jiuMiqusiaLao5unz applet IzufimqunniUlu6ui~fi~uTiqLaa5 lunis 
" 2 -  ~ m a a u t u 1 u ~ f a 4 i u  ~ s i f i i ~ ~ ~ n ~ i n o ~ ~ o u ~ a ~ m o ~ i ~ s i ~ % ~ i u o ~ ~ i ~ u i n ~ d u  web server 16114 

d. " A ,  
$a%a-a Localhost &GL~II IP i9-d 127.0.0.1 riaudu~ziaq~nm$qlds~~nsunniv~u~n~du web 

d 2  
server ~ & ~ n o u  lunulz l% Apache version 2.2 

2: .4 2: 
?IUW 1 i?nw Web Server 
A 
.aai iuuo.~Td~~~n~u"na Apache HTTP Server 2.2 f i iuisnmiiuI~nm 161in 



Welcome to the Installation Wizard for 
Apache HTTP Server 2.2.4 

~&~~rnkq~a?$slu~? $sl~l~iFrln~rna5~irn~ii~~ds~~nsu Apache web server fiqd 

Address C:\Program Files\Apache Software Foundation\ApacheZ.Z 
t. . .  . . .  . .................... 

Folders x - -. -.. ............. .-...... .......... .-..- ,.J ,,in 
O l&i Program Files 

3 3 Apache Software Foundation 
I 

c. gJ - - \ .......- -1 
:3: bin error 

s +  conf 
~t la error 

htdocs 
z :a icons 

'3 include 

a lib ,. 
1;3 logs 

:+z ;_) manual 
0 modules 
i;l proxy 

{ z ~  include 

manual 

i ABOUT-APACHE 
1 Te;t ? - F L 0-ui 10i't 

, %-_J 15 t:6 



riau\=%;llu Apache bflu~qu ~ % d ~ ? e $  h;lofi!n!dn' configuration Ififi'ilnn6eqK~;liunnne;l 
J 

durieu 'lunimmaauu?z~n"urenfiis htrnl un:: nnifi~d&;lwniu !qniu%~dnrme$ 

Adiltesi ''& C:\Program Files\Apache Software Foundation\ApacheZ.Z\conf . ~ .~ . . .~ ...- 

Folders 
. . ~ . .-.-> 

1 :- 

a 6j Program Files ;+J; - vJ default 
6 Apache Software 

L-. ia ApacheZ.2 
I+J 'a bin 

cgi-bin am 
defaul 

b extra - 
FJ a error 

htdocs 
[+j a icons 

a include 

4 

kii!.u1dn'httpd.conf f A ~ l = % ~ ' i l % L m ' i l $  (si11flu notepad) r r i i~n i i~41u~dn 'U iQUss~m~'1~ 

1. L~h1"~eve r~a rne  Ifitflu 127.0.0.1:80 m.u 80 i i ' i l ~ i u w ~ i u ~ n ; l ~ n i e f m u c i i u ~ ' i l ~ ~  

9.1UlULM 80 

. # If your host doesn't have a registc 
I I  # 

: '  S e ~ e r N a m e  127.0.0.1:80 

: ,y 

2. uii!uPdn~mo5d?zl=%rn"u~snais htrnl unz ! v i ~ m n i f i i i ; l ~  

#DocumentRoot "C IProqram FilestApache Sofhvare FoundatlonlApache2 2/htdocsm 

1 DocumentRoot "C M' 1 
if 



H 

# AllowOverride controls what directives may be place 
# It can be "All", "None", or any combination of the ke 
# Options Filelnfo AuthConfig Limit 

AllowOverride ALL 

* 

u 2" qin& save 2 d n ~ ~ ~ i i ~ g l ~ ~ n a u n ~ u a . 1 ~ ~ ~  

4. start l f i fds~~nsu a ~ a c h e  6 i ~ i u  

. . 
b Monitor Apache Servers 

- @ WinRAR h :@ Review Server Log Files 

Nitro PDF ProFessional la Apache Online mcurnentation 

Help, I'm Stuck! 
' I * . ,  ,. . a  , . 

5. 6 l ~ ~ ~ ~ ~ ~ m N n l m ~ ~ ~ ~ i l  L?l93% icon umfdsr~nru  a ache fi4aFjd LLnUyUu'll 

6 i~uaman iw  n ~ ~ i i ' ~ n n i ~ a ~ n a u 1 g l i a  qr~f iu i j~r i iuae~rnsq~m~qnniq ufinqii 

Apache r ; i l ~ l u ~ i a f i l ~ ~ n i a 4  

$ui 2 ~ I U ~ ~ I ~ I P ] ? I W ~ ? ~ I ~ ~  Web server 
,, $ u ' ~iun~iua~un~mfiwunda~lu~drnai f i~dn'  unr ranfils Html 2d~ih252u 

fdarna5 C:\WW n"nwmrua~fdnLna5qzijnisimLiiu~~6 



~ ~ ~ i l J ~ ~ ~ d $ U ~ ~ ~ h ~ I n n l T Y I ~ f i ~ ~ ~ d ~ L L ~ ~ P 1 ~ 1 ~  web server L~unl7fil~nlfi  

Regression ~d~$~uni~ds-~imdif ip1n1~~8ums.~ ~ m u o i ~ u $ a ~ n ~ ~ t i ~ i n n i s w m n a ~ ~ ~ ~ n l ~ m n  

BEi14%f iT~  

"b bb 

~ u u ~ s ~ L n s N m s 4 d 9 u i i m i ~ < u ~ ~ $  (Graphic user interface) &alu;ladau$~ynlmu 

nisn~n~~i6uun~~miwnsiduuqaniw ~srLnsu.r-Liiu$a~nilhmiuiiLL~rd~ (x, y) m msqmi 

~1116fl%n ~ ~ 6 9 f i l ~ d d ~ z ~ ' l n ~ n ~ m u ~ $ ~ n l f i  LinearRegression ~ ~ l m ~ f i ~ n i s r 8 u m s ~ ~ ~ 3 u ~ ~ ~ ~ n u  

ua~iioya idhquo.inT-miwnTidq:i<nwm::64niwia~d$ 



n~snnnsivlsm<-~d y n'u !? 1ii'Lfi Applet G K Q ~  ~~-IuMu~T-I~~IuMC~~~??I~ 

~~a:~'liill7m-1~iTU~'16'1d~1~7fl~~7d7m77~~fd'1li~ti~d 



1. ~ d n ~ r n a i  MathTools irnbnu class file iln"qinnisnoulwn~drunsuhuafiu 
" 

-, d Y V  4 n i ~ i ~ i 1 i f i ~ u r n u a ~ ~ n s ~ n i ~ ~ ~ ~ u  a i u i ~ n ~ i ~ d ~ % d ~ z n o u ~ u ~ d s ~ ~ n ~ u u n ~ ~ u i i ~  7 b~nun 
" 

a~o;lurn'iildn~rnoi6ldt~ul~lu~m~oquzidio~2fiu?nisZu~wo5~~m~vii~u 

2. l l~n tna?  MathToolsRef ~fiu Math Tool Quick Reference df l~~iQ1in 

ldTilnsu Javadoc LBnaiSLw6i~aiuisndrn1.d"~iutiiu Browser ~rnum~nd index.html qz; link 
$ r  ' 

dauialfi~u~uwi'ilii~ZQmnian'iq 7 wasiq~uuilulmsJnis7iu6 luronais6qznarn;lmwm 

i1-3 7 IUK~W~~~:~%TUY (Hierarchy diagram) l~fl1z~on?~~n~61dz~8.1m81fl~~n~ lnterface 

w 6 i ~ ~ . i l 4 ~ n i ~  package ii~ 7 dmni f l i jn lT~~~n~.d"  n i 7 & f l % J h f i ~ w n i ~  (Exception) u8Q 

nnia 6aurdsmaia ILnzLufiornvfq public protected LLnz private i dS l f l g~~mn i f i&  nisdQulu 
" 

~ I ~ I Q  7 WIU parameter Iu~ufiarn nisd~n'iZunnYU (return) BBQLUfi8rn w u f i  inner class 
" 

8FJIunnlflLw~lGu 
,d '. 

3. ldn~rna$ Research-pdf ~ ~ ~ d ~ ~ ~ ~ ~ l d l d ~ ~ i ~ ~ l ~ ~ ~ f ~ ~ ~ n i ~ ~ ~ ~  " h u i  

nnialnusi? (Class library) ~ u a n ~ u n i s i i u a ~ d ~ m u ~ i w ~ u a Y S i ~ u n ~ s u u n i ~ ~ i 3 n a ~ ~ ~ u u ~  

diu~n"sdiu?jurnoQ~Gm~~ afiudviiuiiinj~o'iiFJ6dQtdu <rn~Aulupi pdf ~ i u i s n ~ ~ r n d ~ u 1 n " l ~ i l ~  

8lFhfdsunsu Acrobat reader wh;usq'lu CD 1zhlmwu?n 4 ~<68~ni??9u~Um"98dl.J 

~ v ~ ~ ~ ~ m ~ m ~ ~ ~ m ~ u ~ n z ~ ~ n ~ ~ ~ ~ ~ ~ w ~ u n ~ ~ ~ ~ ~ ~ u ~ o ~ ~ ~ r ~ ~ n r ~  4iu?u 40 v f i  s a u ~ i i W  



-.. d m  5" A 
hau ninuuqn 4 ~:l:1~id~in~lur6u~~~usiu~iuunlns;ln1sa~unrdu~6u n;lu~wolrilii;d~hu 

~o~siuq iu i jau in~ui~ ' iu ld  
" 

4. ldn~moi Sourcecode ~ : : ~ i i ~ ~ d s ~ ~ n ~ u 6 u ~ ~ u ~ i ; l ~ u m d ~ w u i ~ u u i ~ u  
-.. 2 P" 2" lnsqnisqquu l d ~ u n s u 6 u ~ ~ u d d ~ i n ~ o ~ l u ~ i u ; l i u ~ ~ n i s ~ ~ u u l m ~ ~ ~ u i ~ ~ ~ i ~ ~ i ~ ~ ~ u ~  

&uqioq~un~ujdiii~;lo:uiuo~Lviidu 1:1Li1k~iuiuum&mi~dsunsu iaulqfiiuiTn9 

~dsunsu~liurm'u~n~sunsus?u~;l~ds~~nsums;ld?ud~~u Graphic User Interface i6qin 

Idn1moi< 

~o;lnisio~o~~u~~u~io6~~ni~lds~~nsudijnisd?~d~;l~~iil11hi~m aiuisn 3un"u LEI: 

download !&?in l'?ul¶6 http://204.158.100.140/jmt T?~V?;l%dml~u io~au'il1lu:Pii;l 7 
Y," P 44 n m : : ~ a ~ u u u m n ~ ~ ? u ~ ~ h ~ ~ 1 ~ ~ i u ~ d u 1 ~ 6 ~  



INDEX 

A 
Abstract class 79. 80, 89 

Adam- Moulton 's method 99. 101 

AdamsMoulton, class 139 

Apache 173. 176 

Applet 6, 10 

Array 6 

Augment matrix 47, 53, 59 

B 
BadlntevalException, class 19 

Ball bearing 120, 126 

Base class 12 

Bisection 12.18 

Bisection.java 2 1 

Boundary condition 139 

Byte code 3 .  5. 14 

C 
Central tendency 111. 115 

Class library 1.2.3.6 

Coefficient of determination 72 

Column vector 33 

ColumnMatrix, class 

CramerRule, class 

CramerRule.java 

Cramer's Rule 

D 
Derivative, class 79 

Derivative.java 80 

DerivativeException. class 79 

Descriptive statistic 111 

DETestAll.java 107 

DiffereintialEqSo\utionFinder.java 102 

Eclipse 11 

Eclipse 14 

Editplus 14 

ExceedLoopException. class 19 

Exception 5 

Exception 13 

F 
False Position, method 12 

False Position, method 18,22 



FalsePosition.java 24 

FirstDerivative, class 79 

FirstDerivative.java 8 1 

Forward Euler method 99 

Free body diagram 58 

F-test 136 

G 
Garbage collector 5 

Gauss Elimination 47 

GaussElimination, class 33 

GaussElimination.java 49 

Gaussian Distribution 112 

GaussQuadraturelntegration, class 137 

GaussQuadratureIntegration.java 92 

Given tolerance 21 

Graphic user interface 1 

Grouped data 138 

H 
Homogeneous equation 33 

httpd.condf 175 

I 
l iS6 11 

Inconsistent system 133. 134 

Inhomogeneous equation 33 

Instance variable 12, 13 

1ntegrationTest.java 97 

J 
Java SDK 11 

Java Virtual Machine 5 

JavaMathToc!~ 14,16 

Jcreator 11. 14 

JVM 5 5  

K 
Kkurutis 

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, class 71. 130.178 

LinearRegression.java 71 

LU Decomposition 49. 132 

LUDecomposition, class 3333 



M 
Mathematica 16 

MathTools 14,16,18 

Matrix Exception 33 

Matrixjava 34 

Median 11 1 

Mode 11 1 

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-Raphson, 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 

0 
Object oriented 7. 13 

One step techniques 99.101 

OoLALA 7 

Ordinary differential equation 99 

P 
Percentile 140 

Physlet 7 

Pivoting 132 

Polynomial 64 

Polynomial regression 66 

PolynomialRegression.class 67, 73 

PolyRegressTest.java 75 

Probability Density function 113 

Procedural language 7 

Procedural language 12 

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 



RowMatrix, class 33 

Runge-Kutta method 99. 101 

RungeKutta, class 139 

RungeKutta.java 104 

S 
Secant method 12. 18. 37 

Secant.java 28 

SecondDerivative, class 82 

Servlet 6 

Simplestat.java 115 

Simpsonl-3lntegration, class 136 

Simpsonl-31ntegration.java 90 

Simpson3-8lntegration. class 136 

Simpson3-8lntegration.java 91 

Simpson's 113 rule 85 

Simpson's 318 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 01 the square of the residual, the 72 

Three point formula 76, 136 

Trapezoid rule 84 

Trapezoidallntegration, class 136 

TrapezoidaIIntegration.java 89 

Trivial solution 33 

W 
Web server 128, 129.173, 176 

Weight 84,85,86,87 

Wineditor 14 

Sun Micro system 5 







- 
96fln'~lL09 132 

L L ~ U  LWB; 9 1 ~ 6 ,  nrj 3 I 

fl"n1~l;lwssna1 11 1 

~ u n i ~ ~ ~ u u W ~ f l u ~ ^ a ~ ~ A u  18 

~unis?lj~flu~on6'us' 33 

f lunismyKus'u~ui 99, 107.1 10 

aunisronwids' 33 

hu~dul;l~uun?o?mrj 140 
c 

&uds:~m"sn7siii~un 72, 137 

i ~ ~ i u u n i w ~ ,  ng 84 


	1.Front
	2.Chapter1
	3.Chapter2
	4.Chapter3
	5.Chapter4
	6.Chapter5
	7.References
	8.Appendices

