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0 SP++55]|

0.1 SP++iiR

SP++ (Signal Processing in C++) & —/N K TE T 02 SEE THH IR C++2
FPEE, ZEERRME 75 5 B 5B TR R R RE R CH+523.

SP++ BT BIEH LA CH+IRIBRR VA SE I, DL SO A e, i AAS 75
B P AT AR R B, REE AR SRS AR E th RI R A . XXX "R
ISR, XXX-implh? R 0 NS B . BT IR BRI AL T A T w
[f]”splab™ =, [AIULfs FH SP++ k4T i 44 25 [A] A B . ”using namespace splab”.

SP++E R R T IR EAE X, %&bk y: http:/my.oschina.net/zmjerry. J&
S &A1 FGoogle Code, #ihi->Ny: http://code.qoogle.com/pltspl/, A4 m5E, Ll
i H 42 BN TSPL(Template Signal Processing Library).

0.2 SP++Z3E (CodeBlocks)

1 K SP++3.0 B4 LRI K — 842 F, i D:\Program Files\SP++3.0;
2 §J JF CodeBlocks, 7t Settings->Compler and Debugger / Search directories /
Compilerd il AD:\Program Files\SP++3.0\include, %1% 0-1ff7~;

Global compiler settings

Selacted compiler
4 [GNU GCC Compiler -]
Set as default ’ Copy ” Rename ] Delete Reset defaults

Global cormpiler | compiler settings | Linker settings| Search directories | Toolchain executables | Custom varables | other| | *

settings

Compiler | Linker | Resource compiler|

" hecEas
Policy:
D:\Program Files\SP++2.0\include |

Profiler settings

K 0-1

3 1 CodeBlocks H#3. C++ IiH, #lun SP++3.0Test, AAHSUn

L. RRRRR KRS R RAK SRR R S KR S KK KKK S KK S oK K 3 oK K S o KK KK o o

N

* fir_test.cpp

3. *


http://my.oschina.net/zmjerry
http://code.google.com/p/tspl/

SP++3: 5]

4. * FIR class testing.
5. *

6. * Zhang Ming, 2010-03, Xi'an Jiaotong University.

7. *********************>I<>I<*****>I<************************************************/

10. #define BOUNDS_CHECK

11.

12. #include <iostream>

13. #include <fir.h>

14.

15.

16. using namespace std;

17. using namespace splab;

18.

19.

20. int main()

21. {

22. string wType = "Hamming";
23.

24. // string fType = "lowpass";

25. // double fs = 1000,

26. // fpass = 200,
27. // apass = -3,
28. // fstop = 300,
29. // astop = -20;

30. // FIR fir( fType, wType );

31. // fir.setParams( fs, fpass, apass, fstop, astop );
32.

33. // string fType = "highpass";

34. // double fs = 1000,

35. // fstop = 200,
36. // astop = -20,
37. // fpass = 300,
38. // apass = -3;

39. // FIR fir( fType, wType );

40. // fir.setParams( fs, fstop, astop, fpass, apass );
41.

a42. // string fType = "bandpass";

43, // double fs = 1000,

a4. // fstopl = 100,
a5. // astopl = -20,
46. // fpassl = 200,
a7. // fpass2 = 300,




48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

10.

11.

12.

13.

14.

15.

16.

17.

//
//
//
//
//

apassl
fstop2

astop2

= 400,

= -20,

FIR fir( fType, wType );

fir.setParams( fs, fstopl, astopl, fpassl, fpass2, apassi,

string fType = "bandstop";

double fs = 1000,

fpassi
apassl
fstopl
fstop2
astopl
fpass2
apass2

FIR fir( fType,

100,
-3,

200,
300,
-20,
400,
-3;

wType );

SP++%%% (CodeBlocks)

fstop2, astop2 );

fir.setParams( fs, fpassl, apassl, fstopl, fstop2, astopl, fpass2, apass2 );

fir.design();
fir.dispInfo();

cout << endl;

return 0;

Filter selecti
Window type
Sampling Frequ
Lower passband
Lower passband
Lower stopband
Upper stopband
Stopband gain
Upper passband

Upper passband

vity bandstop
Hamming
ency (Hz) : 1000

frequency (Hz)
gain (dB)
frequency (Hz)
frequency (Hz)

(dB)
frequency (Hz)

gain (dB)

Filter Coefficients

100

200

300

-20

400

-3.85192764e-003 8.42472981e-003 3.11153775e-003 -2.03549729e-003
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18. 4 -3.55185234e-002 2.30171390e-002 -1.41331145e-001 2.61755439e-001
19. 8 2.88881794e-002 3.56158158e-001 3.56158158e-001 2.88881794e-002
20. 12 2.61755439e-001 -1.41331145e-001 2.30171390e-002 -3.55185234e-002
21. 16 -2.03549729e-003 3.11153775e-003 8.42472981e-003 -3.85192764e-003
22.

23.

24. Edge Frequency Response

25. Mag(fpl) = -0.85449456(dB) Mag(fp2) = -0.80635855(dB)
26. Mag(fsl) = -21.347821(dB) Mag(fs2) = -21.392825(dB)

27.

28.

29. Process returned @ (©x0) execution time : 0.048 s

30. Press any key to continue.

0.3 SP++7Z23: (VS2010)

1 ¥ SP++3.0 [E4p B B —%4A T, 4 D:\Program Files\SP++3.0;
2 #37VS2010 T H, fEProject->Propertiesrff]VC++Directories->Include Directories
f1 i AD:\Program Files\SP++3.0\include, #1& 0-2F77x;

Configuration: [Adive(Debug) vl Platform: [Active(WinSQ] V] l Configuration Manager... ]
> Comman Properties 4
4 Configuration Properties Executable Directories $(VCInstal Dir)bin:$(WindowsSdkDir)bin\NETFX 4.0 Tools:$ (Wil
General Include Directories D\Program Files\SP++2.0\include;$(IncludePath)
Debugging Reference Directories $(VClInstallDir)atimfc\lib; $(VCInstallDir)lib
Library Directories $(VClInstallDir)lib; $(VCInstall Dir)atimfc\lib;$ (WindowsSdkDir)lib
. CfC++ Source Directories $(VCInstallDir)atimfc\sre\mfc;$(VClnstalDirjatimfc\src\mfem; $ (]
» Linker Exclude Directories $(VCInstallDir)include;$(VCInstallDir)atlmfc\include;$ (Windows

> Manifest Tool

K 0-2

3 fF VS2010 @St C++ WiH, 540 SP++3.0Test, UG F:

1. [ ks ok sk ok sk ok ok s ok sk ok sk ok ok s ok sk ok sk ok s ok sk skl ok s ok sk sk o ks ok sk sk s ok sk ok sk ok sk ok s sk ok sk ok sk sk sk ko ok sk ok sk sk sk ok sk ok sk ok
2. * inverse_test.cpp
3. *

4. * Matrix inverse testing.
5. *

6. * Zhang Ming, 2010-08 (revised 2010-12), Xi'an Jiaotong University.

7 *****************************************************************************/

9.
10. #define BOUNDS_CHECK
11.

12. #include <iostream>




13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

#include

#include

<iomanip>

<inverse.h>

using namespace std;

using namespace splab;

typedef double Type;

const int N = 3;
int main()
{

Matrix<Type> A, invA, B(N,N);

A.resize(3,3);

SP++Z23% (VS2010)

Afe][e] = 1; Afe][1] = 2; Afe][2] = 1;

A[1][e] = 2; A[1][1] = 5; A[1][2] = 4;

A[2][e] = 1; A[2][1] = 1; A[2][2] = e;

cout << setiosflags(ios::fixed) << setprecision(4);

cout << "The original matrix A is : " << A << endl;

invA = inv(A);

cout << "The inverse matrix of A (LUD) : " << invA << endl;

invA = colPivInv(A);

cout << "The inverse matrix of A (column pivot) " << invA << endl;
invA = cmpPivInv(A);

cout << "The invese matrix of A (complete pivot) " << invA << endl;

cout

for(
{

}

cout
invA
cout
invA

cout

<< "The multiplication of A and its inverse:

int i=1; i<=N; ++i )

for( int j=1; j<=N; ++j )

if(1==73)
B(i,i) = i;

else if( i < j )

" << A*invA << endl;

B(i,J) = i;
else
B(i,3) = J;
<< "The original matrix B is : " << B << endl;
= inv(B,"spd");
<< "The inverse matrix of B (Cholesky) : " << invA << endl;

= colPivInv(B);

<< "The inverse matrix of B (column pivot) :

<< invA << endl;
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57. invA = cmpPivInv(B);
58. cout << "The inverse matrix of B (complete pivot) : " << invA << endl;
59. cout << "The multiplication of B and its inverse: " << B*invA << endl;
60.
61. cout << setiosflags(ios::fixed) << setprecision(3);
62. Matrix<complex<Type> > cA(N,N), cIA;
63. cA = complexMatrix( A, B );
64.
65. cIA = inv(cA);
66. cout << "The original complex matrix cA is: " << cA << endl;
67. cout << "The inverse matrix of cA is (general method): "
68. << inv(cA) << endl;
69. cout << "The inverse matrix of cA is (column pivot): "
70. << colPivInv(cA) << endl;
71. cout << "The inverse matrix of cA is (complete pivot): "
72. << cmpPivInv(cA) << endl;
73. cout << "The inverse matrix of cA is (real inverse): "
74. << cinv(cA) << endl;
75. cout << "The multiplication of cA and its inverse: "
76. << CA*cIA << endl;
77.
78. return 0;
79. }
BATE R

1. The original matrix A is : size: 3 by 3
2. 1.0000 2.0000 1.0000
3. 2.0000 5.0000 4.0000

4. 1.0000 1.0000 0.0000

6. The inverse matrix of A (LUD) : size: 3 by 3

7. -4.0000 1.0000 3.0000

8. 4.0000 -1.0000 -2.0000

9. -3.0000 1.0000 1.0000

10.

11. The inverse matrix of A (column pivot) : size: 3 by 3
12. -4.0000 1.0000 3.0000

13. 4.0000 -1.0000 -2.0000

14. -3.0000 1.0000 1.0000

15.

16. The invese matrix of A (complete pivot) : size: 3 by 3
17. -4.0000 1.0000 3.0000

18. 4.0000 -1.0000 -2.0000

19. -3.0000 1.0000 1.0000




20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

SP++Z23% (VS2010)

The multiplication of A and its inverse: size: 3 by 3
1.0000 0.0000 0.0000
0.0000 1.0000 -0.0000

0.0000 0.0000 1.0000

The original matrix B is : size: 3 by 3
1.0000 1.0000 1.0000
1.0000 2.0000 2.0000

1.0000 2.0000 3.0000

The inverse matrix of B (Cholesky) : size: 3 by 3
2.0000 -1.0000 0.0000
-1.0000 2.0000 -1.0000

0.0000 -1.0000 1.0000

The inverse matrix of B (column pivot) : size: 3 by 3
2.0000 -1.0000 -0.0000
-1.0000 2.0000 -1.0000

0.0000 -1.0000 1.0000

The inverse matrix of B (complete pivot) : size: 3 by 3
2.0000 -1.0000 0.0000
-1.0000 2.0000 -1.0000

-0.0000 -1.0000 1.0000

The multiplication of B and its inverse: size: 3 by 3
1.0000 0.0000 0.0000
0.0000 1.0000 ©0.0000

0.0000 0.0000 1.0000

The original complex matrix cA is: size: 3 by 3
(1.000,1.000) (2.000,1.000) (1.000,1.000)
(2.000,1.000) (5.000,2.000) (4.000,2.000)

(1.000,1.000) (1.000,2.000) (0.000,3.000)

The inverse matrix of cA is (general method): size: 3 by 3
(1.400,-3.200) (-0.200,1.600) (-1.400,0.200)
(-2.000,1.000) (1.000,-1.000) (1.000,1.000)

(1.600,0.200) (-0.800,0.400) (-0.600,-1.200)

The inverse matrix of cA is (column pivot): size: 3 by 3
(1.400,-3.200) (-0.200,1.600) (-1.400,0.200)

(-2.000,1.000) (1.000,-1.000) (1.000,1.000)
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65.

70.

75.

80.

64. (1.600,0.200)

67. (1.400,-3.200)
68. (-2.000,1.000)

69. (1.600,0.200)

72. (1.400,-3.200)
73. (-2.000,1.000)

74. (1.600,0.200)

77. (1.000,0.000)
78. (0.000,0.000)

79. (0.000,0.000)

81. AT RmEkEE. |

(-0.800,0.408) (-0.600,-1.200)

66. The inverse matrix of cA is (complete pivot): size: 3 by 3
(-0.200,1.600) (-1.400,0.200)
(1.000,-1.000) (1.000,1.000)

(-0.800,0.408) (-0.600,-1.200)

71. The inverse matrix of cA is (real inverse): size: 3 by 3
(-0.200,1.600) (-1.400,0.200)
(1.000,-1.000) (1.000,1.000)

(-0.800,0.408) (-0.600,-1.200)

76. The multiplication of cA and its inverse: size: 3 by 3
(0.000,-0.000) (-0.000,0.000)
(1.000,-0.000) (0.000,0.000)

(0.000,-0.008) (1.000,0.000)

0.4 SP++5 Matlab JE&4RFE

1 ESIC++IUH, fE0 HE S Hrh U H 4 PR B A B, e T 14 Properties

WL, il 0-3FR;

Maragement

Projects = Symbols
=-{) Workspace
=R, | cppMatiab
=2 Sources

main,

2 main.cpp %
Kesouces: 37 [EEFEEX KT KAK XTI KA XXX XKL XA RIRAE [ g ] FEEXEFEXEAXIEXKK AKX KKK XA KK KK/
38 t = linspace (Type (0),Type (Lg-1) ,Lg) ¢
39 Vector<Type> g = gauss( t, (Lg-1)/Type(2), Lg/Type(8) )i

Save project
Close project

Add files..
Add files recursively...
Remove files..

Find file..
Add new virtual folder...
Format this project (AStyle)

Build
Rebuild

Clean
Build options...

Project free

cout << "The relative error is : " << "norm(s-x) / norm(s) =

L o Tl [ Ty

“|cout << "Taking windowed Fourier transform." << endl;

Matrix< complex<Type> > coefs = wft( s, g )

JEAFAEA KA A RRK KA IR KRR AR AR AR RAR | TWHET | *rrhadhhrr sk hhhxkxkk Rk kAR kR AR A/

cout << "Taking inverse windowed Fourier transform.™ << endl;

|Vector<Type> x = iwft( coefs, g )i

<< norm(s-x) /norm(s) << endl << endl;

[REKE R AR R ARk R R AR KRR KRR R R A AR A RF | DLOT | **khkdhhkhrhkhrhhrdhrrhnddhkhns/
- Engine *ep = engOpen( NULL ):

if( lep )

cerr << "Cannot open Matlab Engine!" << endl:
exit(1);

K 0-3

2 EFTIFIOE ik 45 R A Project’s build optionsi& I, & 0-4fR;
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If you change the strategy used for PCH generation,
please delete the old PCH file (or directory) manually to avoid conflicts...

Object names generation: [ Generate extended object names (i.e. “foo.cpp.o” instead of "foo.o0")
(this setting is mostly useful for large projects containing similarly named files
differing on extension only)

l Project's dependencies... ] [PIQiECt'S build options... ]

’ 0K H Cancel ]

K 04

3 TETHFME ik Search directoriesid 1 H ) Complileri& 151, 7E 3L AmA
SP++3.0 5Matlab\externt (jinclude H 3%, W& 0-5Ff7%, VEi: HAbZistin
#HSP++3.0\include, #AJ5 Ff K Matalb\extern\inlcude, [HJySP++3.0 5 Matlabr
#A matrix.h3k 3P, WERANEIGUF A S, I JE i3 1 G % 5

Project build options =
CppMatlab Selected compiler
i Debug 'l

| peeg| [enu 6ee compiker
|

| Compiler settings I Linker settjngsl Search directories IPrej'post build steps | Custom variables | "Mak( *[*| |

Compiler | Linker | Resaurce compiler]|

Policy:

D:\Program Files\5P++2.0\include
D:\Program Files\MATLAB\extern\include

K 0-5

4 [, FEIFIE D ik ESearch directoriesik i H i Linkeri& 15, 7E E A
AMatlabH AR lib H 3%, W& 0-6fT7;

. Project build options =
CppMatlab Selected compiler
i Debug =
i GNU GCC Compiler -
- Release [ e l
|

| compiler settings | Linker settings| Search directories | pre/post buid steps | Custom variables uak 2] ||

| compier| Linker |Resource compiler]|

Policy:

D:\Program Files\MATLABR externtib\win32\microsoft I

K 0-6

5 @ b, EITIFRIE Dbk EELinker settingi& 10, 7£ H: 71 in A Matlab A 5¢ K lib
A, wEl 0-THR;
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Project build options

CppMatlab Selected compiler
~Debug | fen Gec compier
" Release
|_Ci_mp|legett|_nasl Linker settings ISeEh directories | Pre,i'postnb_u.i.l.ﬁl steps | Custom variables | “Make" command;.é
Policy:
Link libraries:
D:\Program Files\MATLAB\extern\lib\win32\microsoft\ibeng.lib
D:\Program Files\MATLABextern\lib\win32\microsoft\librm.lib
Kl 0-7
6  fEIHHIEAT I SIS
N
BATEE R
00 8
. w ki
06 | 400
04 §
§ 0.2 g 300
EL -uz g
= =
04 g
06 100
A
a 100 200 300 400 500 EEIEI 700 800 HEIEI WEIEIEI UEI 100 200 300 400 500 BOO 700 800 900 1000
Tirme {ms) Tirme {ms)
" 5
. W UI T 2 '
06 ‘ 4 i
0.4
o 02 o of
ER 2
o [
£ 02 £
< o4 <
06 ‘ ¥
|
08 ‘ 3 i
1) 100 200 300 400 500 EEIEI 700 800 900 1000 1] 100 200 300 400 500 600 700 800 900 1000
Time {ms) Time {ms)

10

K 0-8




1.1 BEARFER

1 [IERBER

li] B R AR AR Vector<Type> /& % |1 g MEAR B ) 5 ia 50 Wit il — AMSEAR 2K,
YFFSA I E MR R EN SIS, OF T mENRE ST, LR 11 mE
RMEAR BRI, WER 1-2; WEFHTENEEAER, Lk 1-3; DL
HEwHEE, &R 1-4.

RNTRRTTE, TP R BRI ARE A, AR AR 5 44 FRRH s b ) tip

FERAM, an > v kEoR AR, H a SREEREHE, H n REOR u R MRS

1A B BR B B 5 5 AT LS L “vector.h” AT “vector-impl.h 7,

R -1 ERKHIE ST R

A

>N

Operation Effect
Vector<Type> v Gl — T E
Vecto<Type> v1(v2) G m) & v2 145 DL vl

Vector<Type> v(n,x)
Vector<Type> v(n,a)
v.~Vectro<Type>()

g H &
L B )
B 5 1) B PR T 1)

F 1-2  [ERREMEIRE

Operation Effect

v.Type*() ) B BIEAH AR £ I 2R Y i 46

v.begin() SR — oo &R AR

v.end SRR G — N ICER T — AL s

v.dim() SR ) 2 1 45

v.size() SREN [m) £ 1R/

v.resize(n) O BCE [ 2R/
#1-3 AR E B AT

Operation Effect

vl=v2 ) 0} ] 2 Tt A

V=X i HO ) B R AR

v[i] 0 A% N A5 i il

v(i) 1w # T F5 U 1]

v ARG R AR

V+= X ) 8 £ I 4




V-=X Iri) £ B 980 AL

Vv *= X ) £ B 3 4L

Vv /=X )5 BB LR AL

vl +=v2 EE=4=E=g Ik
vl-=v2 v 8 [ B Ok )

vl *=v2 )& B 7 & (B0 %)
vl/=v2 EESER=1UIUNEE =46 ST
v+ X I 5 5 B 2

X+V i ) B

vl +v2 I 5 A) 2

V- X ) B 5 R %=

X-V WS EZ %

vl-v2 ) 5 5 ) 2 2

v * X ) B 5 A 2 AR

X*Vv A AR AR

vl *v2 5 a2 (8 0R)
v/x ) 5 A T

x/v WS AR R

vl/v2 )i 5 [ 2 B (B0 %R)
>> v WA=

<<y i o ) =

® 14 [AEERNEERE

Operation Effect
sum(v) IF] R T 3R A
min(v) K E P RNTTER
max(v) KA E R K TC R
swap(vi,v2) A =R UG 3R
norm(v) F] B L2 YUk
dotProd(v1,v2) I 2 R AR
linspace(a,b,n) FEAE SRR
abs(cv) REH 2 BYE
arg(cv) SR A n) = AE A
real(cv) SR H ) 1 S
imag(cv) SR Hm =
complexVector(vr) W sL s N =
compltxVector(vr,vi) S B IEE N E
MRAACHS

‘2. * vector_test.cpp

‘3. *

‘4. * Vector class testing.

12



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

* Zhang Ming, 2010-01 (revised 2010-12), Xi'an Jiaotong University.

B NEEeS

*********************>I<>I<*****>I<************************************************/

#define BOUNDS_CHECK

#include <iostream>

#include <iomanip>

#include <complex>

#include <vector.h>

using namespace std;

using namespace splab;

const int M = 3;

void display( const int *p, int length )

{

for( int i=0; i<length; ++i )

cout << p[i] << "\t" ;

cout << endl;

int main()

int k;

int arrays[3] =

Vector<int> vi(

k = 1;

Vector<int> v2(

Vector<int> v3(

Vector<int> vé4(

cout <<

"vector

{1)2)

3};

M,arrays );

M,k );

M);

vl );

vl :

" << vl << endl;

13



i

*

il

14

TR

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

cout << "vector v2 : " << v2 << endl;
cout << "vector v3 : " << v3 << endl;
cout << "vector v4 : " << v4 << endl;

display( v4, M );

cout << endl;

v4.resize( 5 );
Vector<int>::iterator itr = v4.begin();
while( itr != v4.end() )

*itr++ = 1;

cout << "new vector v4 : " << v4 << endl;
v4d = vl;

cout << "new vector v4 : " << v4 << endl;
k = 2;

v3 = k+vl;

cout << "v3 = k + vl : " << v3 << endl;
v3 += k;

cout << "v3 += k : " << v3 << endl;

v3 = vl-k;

cout << "v3 = vl - k : " << v3 << endl;
v3 = k-v1;

cout << "v3 = k - vl : " << v3 << endl;
v3 -= k;

cout << "v3 -= k : " << v3 << endl;

v3 = k*vl;

cout << "v3 = k * vl : " << v3 << endl;
v3 *= k;

cout << "v3 *= k : " << v3 << endl;

v3 = vl/k;

cout << "v3 = vl / k : " << v3 << endl;
v3 = k/vl;

cout << "v3 =k / vl : " << v3 << endl;
v3 /= k;

cout << "v3 /= k : " << v3 << endl;

v3 = v1+v2;

cout << "v3 = vl + v2 : " << v3 << endl;
v3 += vl;
cout << "v3 += vl : " << v3 << endl;



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

v3 = vl-v2;

cout << "v3 = vl - v2 : " << v3 << endl;
v3 -= vl;

cout << "v3 -= vl : " << v3 << endl;

v3 = v1l*v2;

cout << "v3 = vl * v2 : " << v3 << endl;

v3 *= v1;

cout << "v3 *= vl : " << v3 << endl;

v3 = vl/v2;

cout << "v3 = vl / v2 : " << v3 << endl;

v3 /= v1;

cout << "v3 /= vl : " << v3 << endl;

cout << "minimum element of v1 : " << min(vl) << endl << endl;
cout << "maximum element of v1 : " << max(vl) << endl << endl;

"

cout << "L2 norm of v3 << norm( v3 ) << endl << endl;

cout << "inner product of vl and v2 :

<< dotProd( v1, v2 ) << endl << endl;

complex<double> z = -1.0;

Vector< complex<double> > v( M );

v[e] = polar( 1.0,PI/4 );

v[1] = polar( 1.0,PI );

v[2] = complex<double>( 1.0,-1.0 );

Vector< complex<double> > u = v*z;

cout << setiosflags(ios::fixed) << setprecision(4);

cout << "convert from real to complex vector:

<< complexVector(v3) << endl;

cout << "convert from real to complex vector:

<< complexVector(v3,-vl) << endl;

"

cout << "complex vector v : << Vv << endl;

"

cout << "complex vector u = -v : << U << endl;

cout << "norm of coplex vector v : << norm(v) << endl << endl;

"

cout << "dot product of complex vector v and 1+u:

<< dotProd(v,u-z) << endl << endl;

int N = 5;
Vector<double> x = linspace( 0.0, TWOPI, N );
Vector< complex<float> > cv(N);

for( int i=@; i<N; ++i )

s
sy

il

Bk

15
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16

fEin

B

AR

137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.

161.

1. vect

6. vect

10.

11. vect
12. o
13. o

14. o

cv[i] = complex<float>( float(sin(x[i])), float(cos(x[i])) );

cout << "Complex vector vc : << cv << endl;

cout << "Absolute of vc : " << abs(cv) << endl;

cout << "Angle of vc : << arg(cv) << endl;

"

cout << "Real part of vc : << real(cv) << endl;

cout << "Imaginary part of vc : << imag(cv) << endl;
cout << resetiosflags(ios::fixed);
Vector< Vector<double> > v2di( M );

for( int i=@; i<M; ++i )

{
v2di[i].resize( M );
for( int j=@; j<M; ++j )
v2d1[i][j] = double( i+j );
}
cout << "two dimension vector v2dl : " << endl;

Vector< Vector<double> >::const_iterator itrD2 = v2dil.begin();
int rowNum = @;

while( itrD2 != v2dl.end() )

cout << "the " << rowNum++ << "th row : " << *itrD2++ << endl;

Vector< Vector<double> > v2d2 = v2di+v2dl;

cout << "two dimension vector v2d2 = v2dl + v2dl : " << v2d2;

return 0;

or vl : size: 3 by 1

or v2 : size: 3 by 1

or v3 : size: 3 by 1



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

s
el
iy
fEin

vector v4 : size: 3 by 1

new vector v4 : size: 5 by 1

new vector v4 : size: 3 by 1

v3 = k + vl : size: 3 by 1

v3 += k : size: 3 by 1

v3 = vl - k : size: 3 by 1

v3 = k - vl : size: 3 by 1

v3 -= k : size: 3 by 1

Bk

17



[ EE SRR

59.

86. 2
87. 3
88. 4
89.

91. 3
92. 5
93. 7
94.

96. @
97. 1
98. 2
99.

101. -1

102. -1

18

60. v3 = k * vl

61. 2
62. 4
63. 6
64.

65. v3 *= k :
66. 4
67. 8
68. 12
69.

70. v3 =
71. ©
72. 1
73. 1
74.

75. v3 =k / vl :

76. 2

77. 1

78. ©

79.

80. v3 /= k :
81. 1

82. 0

83. 0

84.

85. v3 = vl + v2 :

90. v3 += vl

95. v3 = vl - v2 :

100.v3 -= vl :

: size: 3 by 1

size: 3 by 1

: size: 3 by 1

size: 3 by 1

size: 3 by 1

size: 3 by 1

¢ size: 3 by 1

size: 3 by 1

size: 3 by 1



103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

s
P
iy
fEm
Bk

v3 = vl * v2 : size: 3 by 1

v3 *= vl : size: 3 by 1

v3 =vl / v2 : size: 3 by 1
1
2

3

v3 /= vl : size: 3 by 1
1
1

1

minimum element of v1 : 1

maximum element of v1 : 3

L2 norm of v3 : 1

inner product of v1 and v2 : 6

convert from real to complex vector: size: 3 by 1
(1,0)
(1,0)

(1,0)

convert from real to complex vector: size: 3 by 1
(11'1)
(1,-2)

(11'3)

complex vector v : size: 3 by 1
(0.7071,0.7071)
(-1.0000,0.0000)

(1.0000, -1.0000)

19
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20

il

B

147.

148.

149.

150.

151

152.

153.

154.

155.

156.

157.

158.

159.

160

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

AR

complex vector u = -v : size: 3 by 1
(-0.7071,-0.7071)

(1.0000, -0.0000)

. (-1.0000,1.0000)

norm of coplex vector v : 2.0000

dot product of complex vector v and 1+u: (-3.2929,-0.2929)

Complex vector vc : size: 5 by 1

(0.0000,1.0000)

(1.0000,0.0000)

. (0.0000,-1.0000)

(-1.0000, -0.0000)

(-0.0000,1.0000)

Absolute of vc : size: 5 by 1
1.0000
1.0000
1.0000
1.0000

1.0000

Angle of vc : size: 5 by 1
1.5708
0.0000
-1.5708
-3.1416

1.5708

Real part of vc : size: 5 by 1
0.0000
1.0000
0.0000
-1.0000

-0.0000

Imaginary part of vc : size: 5 by 1
1.0000
0.0000
-1.0000
-0.0000

1.0000



219

1.2

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

220.

221.

222.

223.

224.

225.

226.

two dimension vector v2dl :
the Oth row : size: 3 by 1
0
1
2

the 1th row : size: 3 by 1

the 2th row : size: 3 by 1

two dimension vector v2d2 = v2dl + v2dl :
size: 3 by 1

0

2

4

size: 3 by 1
2
4

6

.size: 3 by 1

4
6

8

Process returned @ (0x0)

Press any key to continue.

H B R R RERA

execution time :

size: 3 by 1

0.151 s

WP R R T R A

NTETEHAETE, L85 S rh 2% (0 8 ol AT T8, i
REMBIZ T REXR, WK 1-557R.

21



7] H2 AR

* 15 HHEREWERE (FTER)
Operation Effect
cos(V) [E={APFSA
sin (v) ] & () 1E 5%
tan (v) m] & (1) 1IE V)
acos (V) IF) 2 PR S AR 7%
asin (v) ) & 1) R IR 5%
atan (v) ) & (1) & 1)
exp (V) [E=REZTIE A

log (v) [EE=GRISEAP R ETERA
log10 (v) ) B LA 10 D49 )i 0] i ek £

sqrt (v) ) & [1)°F 7R

pOW (V,V) IFi) B2 (14 [v) 67 B 4
pow (V,p) TFa) 5 ) 507 R K
pow (b,v) i ) ) R
gauss (v,u,r) i) 5 1) Gauss PRIAL

IAAACRS -

1. /*****************************************************************************
2. * vectormath_test.cpp

3. *

4. * Math functions of vector testing.

5. *

6. * Zhang Ming, 2010-08, Xi'an Jiaotong University.

7. SRR R SRK R SR SRR S KK K SRR K S SRR SRS RH R SRR S KKK S KKK S K K SR oK

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <iomanip>

14. #include <vectormath.h>
15.

16.

17. using namespace std;
18. using namespace splab;
19.

20.

21. int main()

22. {

23.

24. int N = 5;
25. double a = 0,

22



WP R R T R A

26. b = 2*PI;

27. Vector<double> x = linspace( a, b, N );

28.

29. cout << setiosflags(ios::fixed) << setprecision(4);
30. cout << x << endl;

31. cout << "sin of x : " << sin(x) << endl;

32. cout << "cos of x : "<< cos(x) << endl;

33. cout << "tan of x : " << tan(x) << endl;

34. cout << "asin of x : "<< asin(x) << endl;
35. cout << "acos of x : " << acos(x) << endl;
36. cout << "atan of x : " << atan(x) << endl;
37.

38. cout << "exp of x : "<< exp(x) << endl;

39. cout << "log of x : " << log(x) << endl;

40. cout << "logle of x : " << logle(x) << endl;
41.

42. a=2.0;

43. cout << "sqgrt of x : "<< sqgrt(x) << endl;
a4. cout << "pow of x : " << pow(x,Xx) << endl;
45. cout << "pow of x : " << pow(x,a) << endl;
46. cout << "pow of x : " << pow(a,x) << endl;
47.

48. cout << "The standard normal distribution : " << gauss( x, a, b ) << endl;
49.

50. return 0;

51. }

BATE R

1. size: 5 by 1

2. 0.0000
3. 1.5708
4. 3.1416
5. 4.7124
6. 6.2832
7.

8. sin of x : size: 5 by 1

9. 0.0000
10. 1.0000
11. ©.0000
12. -1.0000
13. -0.0000
14.

15. cos of x : size: 5 by 1

16. 1.0000

23
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17. ©.0000
18. -1.0000
19. -0.0000
20. 1.0000
21.

22. tan of x : size: 5 by 1
23. 0.0000

24. 16331778728383844.0000
25. -0.0000

26. 5443926242794615.0000
27. -0.0000

28.

29. asin of x : size: 5 by 1

30. 0.0000
31. nan
32. nhan
33. han
34. nan
35.

36. acos of x : size: 5 by 1

37. 1.57e8
38. han
39. nan
40. nan
41. nan
42.

43. atan of x : size: 5 by 1

44.. ©.0000
45. 1.0039
46. 1.2626
47. 1.3617
48. 1.4130
49.

50. exp of x : size: 5 by 1

51. 1.0000
52. 4.8105
53. 23.1407
54. 111.3178
55. 535.4917
56.

57. log of x : size: 5 by 1

58. -inf
59. 0.4516
60. 1.1447

24



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

WP R R T R A

1.5502

1.8379

logl® of x : size: 5 by 1
-inf

0.1961

0.4971

0.6732

0.7982

sqrt of x : size: 5 by 1
0.0000
1.2533
1.7725
2.1708

2.5066

pow of x : size: 5 by 1
1.0000

2.0327

36.4622

1487.9012

103540.9204

pow of x : size: 5 by 1
0.0000
2.4674
9.8696
22.2066

39.4784

pow of x : size: 5 by 1
1.0000
2.9707
8.8250
26.2162

77.8802

The standard normal distribution : size: 5 by 1
0.0604
0.0633
0.0625
0.0578

0.0503

25



I B AR
105.
106.

107. Process returned @ (@x0) execution time : 0.094 s

108. Press any key to continue.

1.3 5B R %

Matlabf fft 1 AEH =+ 5 K T RA, 8 T Z B st i H H sk, & 1-651
th 1 Matlab{ 5 Ab 2 TR o 22 48 T B — L2 R B0 C++ 58 B

#* 1-6 Matlab H% R %L

Operation Effect
mod(m,n) Hm % n B HESSHE
ceil(m,n) XF m/n AT ) O
reverse(v) I 2 e
flip(v) BESE S
shift(v,n) WERAL
cirshift(v,n) TEI AL
fftshift(v,n) FFT # 41
dyadUp(v,0e) i R
dyadDown(v,0e) TR
fftInterp(v,factor) 5T AU A A
wkeep(v,n,first) PR R B R A TR
wkeep(v,n,direct) PR R B R 7 u R
wextend(v,n,direct, mode) RS 17
DAY
T,
2. # utilities_test.cpp
3. *

4. * Utilities testing.
5. *
6. * Zhang Ming, 2010-01, Xi'an Jiaotong University.

7. K K K KK KK KK KKK KK KK oK S K K S KOK S KK S KK S K 3 KK S KK KKK S K S KO S K S Ko ok

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <iomanip>

14. #include <string>

26



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

#include <utilities.h>

using namespace std;

using namespace splab;

const int N = 5;

int main()

{

Vector<int> vi(N);

for( int i=1; i<=vil.dim(); i++ )
vl(i) = i;

cout << "vector vl : " << vl << endl;

Vector<int> v2(N);

for( int i=1; i<=v2.dim(); ++i )
v2(i) = i+N;

cout << "vector v2 : " << v2 << endl;

int N = 11;

double a = 9;

double b = 1.0;

Vector<double> x = linspace( a, b, N );

cout << N << " points linearly spaced from @ to 1.0"

<< X << endl;

“HFH AR A 1) bR

cout << "Flipping vector vl from left to right : " << flip(vl) << endl;
cout << "Shift vector vl from left to right : " << shift(v1l,2) << endl;
cout << "Shift vector vl from right to left : " << shift(vi,-2) << endl;

cout << "Circle shift vector vl from left to right :
<< circshift(vl,2) << endl;
cout << "Circle shift vector vl from right to left :

<< circshift(vl,-2) << endl;

cout << "FFT shift of vector : " << fftshift(vl) << endl;

cout << "Dyadic upsampling of vector vl by zeros at the even position :

<< dyadUp( v1,0 ) << endl;

cout << "Dyadic upsampling of vector vl by zeros at the odd position :

<< dyadUp( v1,1 ) << endl;

cout << "Dyadic downsampling of vector v1 by zeros at the even position :

<< dyadDown( v1,0 ) << endl;

"
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il

e

61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.
101.

102.

cout << "Dyadic downsampling of vector vl by zeros at the odd position :

<< dyadDown( v1,1 ) << endl;

Vector<float> sn(N);
Vector< complex<float> > cn(N);
for( int i=@; i<N; ++i )
{
sn[i] = float(sin(i*TWOPI/N));

cn[i] = complex<float>( float(sin(i*TWOPI/N)), float(cos(i*TWOPI/N))

}

cout << setiosflags(ios::fixed) << setprecision(4);

cout << "real signal sn : << sn <<

cout << "FFT interpolation of sn by factor fo 2 :

<< fftInterp( sn, 2 ) << endl;

"

cout << "complex signal cn : << ¢cn

cout << "FFT interpolation of sn by factor fo 2 :

<< fftInterp( cn, 2 ) << endl;

cout << resetiosflags(ios::fixed);

int n = 2;

string dire = "left";

string mode = "zpd";

cout << "Extending vector vl in left
<< wextend( vi,n,dire,mode ) <<

mode = "ppd";

cout << "Extending vector vl in left
<< wextend( vi,n,dire,mode ) <<

mode = "sym";

cout << "Extending vector vl in left

<< wextend( vi,n,dire,mode ) <<

dire = "right";

mode = "zpd";

cout << "Extending vector v1 in right direction by zeros padding :

<< wextend( vi,n,dire,mode ) <<

mode = "ppd";

cout << "Extending vector v1 in right direction by periodic mode :

<< wextend( vi,n,dire,mode ) <<

mode = "sym";

cout << "Extending vector vl in right direction by symmetric mode :

<< wextend( vi,n,dire,mode ) <<

dire = "both";

mode = "zpd";

endl;

"

<< endl;

"

direction by zeros padding :

endl;

direction by periodic mode :

endl;

direction by symmetric mode :

endl;

endl;

endl;

endl;

"

)s



103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

y

iz

10.
11.

12.

hEEES

cout << "Extending vector vl in both direction by zeros padding :
<< wextend( vi,n,dire,mode ) << endl;
mode = "ppd";
cout << "Extending vector vl in both direction by periodic mode : "
<< wextend( vi,n,dire,mode ) << endl;
mode = "sym";
cout << "Extending vector vl in both direction by symmetric mode : "
<< wextend( vi,n,dire,mode ) << endl;
cout << "Keeping the center part of vector vi : "
<< wkeep( v1,3,"center" ) << endl;
cout << "Keeping the left part of vector vi "
<< wkeep( v1,3,"left" ) << endl;
cout << "Keeping the right part of vector vi "
<< wkeep( v1,3,"right" ) << endl;
cout << "Keeping the first(2) to first + L(3) elements of vector vl "
<< wkeep( v1,3,2 ) << endl;
cout << "The modulus of 2 divided by 5 is " << mod(2,5) << "." << endl;
cout << "The modulus of -1 divided by 5 is " << mod(-1,5) << "." << endl;
cout << endl;
cout << "The nearest integer >= 10/2 is " << ceil(10,2) << "." << endl;
cout << "The nearest integer >= 10/3 is " << ceil(10,3) << "." << endl;
cout << endl;
cout << "The numbers can be represented by the integer power of 2 "
<< "from @ to 1000 are : " << endl;
return 0;
}
145
vector vl : size: 5 by 1
1
2
3
4
5
vector v2 : size: 5 by 1
6
7
8
9

¥
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15. 11 points linearly spaced from © to 1.0size: 11 by 1

16. ©
17. 0.1
18. 0.2
19. 0.3
20. 0.4
21. 0.5
22. 0.6
23. 0.7
24. 0.8
25. 0.9
26. 1
27.

28. Flipping vector vl from left to right : size: 5 by 1

29. 5
30. 4
31. 3
32. 2
33. 1
34.

35. Shift vector vl from left to right : size: 5 by 1

36. ©
37. ©
38. 1
39. 2
40. 3
41.

42. Shift vector vl from right to left : size: 5 by 1

43. 3
44. 4
45. 5
46. ©
47. @
48.

49. Circle shift vector vl from left to right : size: 5 by 1

50. 4
51. 5
52. 1
53. 2
54. 3
55.

56. Circle shift vector vl from right to left : size: 5 by 1

30



57. 3

58. 4

59. 5

60. 1

61. 2

62.

63. FFT shift of vector : size: 5 by 1
64. 4

65. 5

66. 1

67. 2

68. 3

69.

70. Dyadic upsampling of vector vl by zeros at the even position :
71. ©

72. 1

73. ©

74. 2

75. ©

76. 3

77. ©

78. 4

79. ©

80. 5

81l. ©

82.

83. Dyadic upsampling of vector vl by zeros at the odd position :
84. 1

85. ©

86. 2

87. ©

88. 3

89. ©

90. 4

91. ©

92. 5

93.

94. Dyadic downsampling of vector vl by zeros at the even position :
95. 1

96. 3

97. 5

98.

99. Dyadic downsampling of vector vl by zeros at the odd position :
100. 2

“HFH AR A 1) bR

size: 11 by 1

size: 9 by 1

size: 3 by 1

size: 2 by 1
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101. 4

102.

103. real signal sn : size: 11 by 1
104. 0.0000

105. 0.5406

106. ©0.9096
107.0.9898

108. 0.7557

109. 0.2817

110. -0.2817

111. -0.7557

112. -0.9898

113. -0.9096

114. -0.5406

115.

116. FFT interpolation of sn by factor fo 2 : size: 22 by 1
117. ©.0000
118.0.2817

119. 0.5406

120. 0.7557

121. 0.9096
122.0.9898
123.0.9898
124.0.9096
125.0.7557

126. 0.5406
127.0.2817

128. -0.0000

129. -0.2817

130. -0.5406

131. -0.7557

132. -0.9096

133. -0.9898

134. -0.9898

135. -0.9096

136. -0.7557

137. -0.5406

138. -0.2817

139.

140. complex signal cn : size: 11 by 1
141. (©.0000,1.0000)
142. (0.5406,0.8413)
143. (0.9096,0.4154)

144. (0.9898,-0.1423)

32



145.

146.

147.

148.

149.

150.

154.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

(e.

(e.

7557,-0.6549)

2817,-0.9595)

(-0.2817,-08.9595)

(-0.7557,-0.6549)

(-0.9898,-0.1423)

(-0.9096,0.4154)

(o.
. (e.
. (e.
. (e.
. (e.
(o
(o
(o.
(o
(o.
(o.

(e.

. (-0.5406,0.8413)

. FFT interpolation of sn by factor fo 2 :

0000,1.0000)
2817,0.9595)
5406,0.8413)
7557,0.6549)
9096,0.4154)
9898,0.1423)
9898,-0.1423)
9096, -0.4154)
7557,-0.6549)
5406,-0.8413)
2817,-0.9595)

0000, -1.0000)

(-0.2817,-08.9595)

(-0.5406,-0.8413)

(-0.7557,-0.6549)

(-0.9096,-0.4154)

(-0.9898,-0.1423)

(-0.9898,0.1423)

(-0.9096,0.4154)

(-0.7558,0.6549)

(-0.5406,0.8413)

(-0.2817,0.9595)

Extending vector v1 in left direction by zeros padding :

0

0

Extending vector v1 in left direction by periodic mode :

4

5

size: 22 by 1

size: 7 by 1

size: 7 by 1

“HFH AR A 1) bR
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B

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

AR

Extending vector v1 in left direction by symmetric mode : size: 7 by 1
2

1

Extending vector v1 in right direction by zeros padding : size: 7 by 1
1

2

Extending vector v1 in right direction by periodic mode : size: 7 by 1
1

2

Extending vector v1 in right direction by symmetric mode : size: 7 by 1
1

2

Extending vector v1 in both direction by zeros padding : size: 9 by 1

0



233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

hEEES

Extending vector vl in both direction by periodic mode : size: 9 by 1
4

5

. Extending vector v1 in both direction by symmetric mode : size: 9 by 1
.2

.1

Keeping the center part of vector vl : size: 3 by 1
2
3

4

Keeping the left part of vector vl : size: 3 by 1
1
2

3

Keeping the right part of vector vl : size: 3 by 1
3

4

¥
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277.5

278.

280. 3

281. 4

282.5

283.

284. The modulus of 2 divided by 5 is 2.
285. The modulus of -1 divided by 5 is 4.
286.

287. The nearest integer >= 10/2 is 5.
288. The nearest integer >= 10/3 is 4.

289.

291.
292. Process returned @ (@x0) execution time : 0.218 s

293. Press any key to continue.

1.4 fRiBTHIN 4%

279. Keeping the first(2) to first + L(3) elements of vector vl : size: 3 by 1

290. The numbers can be represented by the integer power of 2 from © to 1000 are :

97 TTAEMARE 7 S AT 8], SP++rRdfit | — /N TN 2828, 1%t
R 1-THR.
® 17T UFET AR
Operation Effect
Timing time B — N 2%
time.start() VAR caani
time.stop() {5 1A
time.read() T H N ]
DAL -
1. R AR A R A A R R
2. * time_test.cpp
3. *
4.  * Timing function testing.
5. *
6.  * Zhang Ming, 2010-01, Xi'an Jiaotong University.
7. R R R R R R R R R
8.
9.
10. #include <iostream>

36
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11. #include <cmath>

12. #include <timing.h>
13.

14.

15. using namespace std;
16. using namespace splab;
17.

18.

19. int main()

20. {

21. double var = 1;

22. double runTime = 0;

23. Timing time;

24.

25. time.start();

26. for( int i=0; i1<10000; ++i )

27. for( int j=0; j<10000; ++j )
28. var = sqrt(1.0*i*j);

29. time.stop();

30. runTime = time.read();

31.

32. cout << "The running time is " << runTime << endl << endl;
33.

34. return 0;

35. }

IBAT 4G

1. The running time is : 7.254

4. Process returned @ (0x0) execution time : 7.301 s

5. Press any key to continue.
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2 FEFEIARAR

2.1 FEARFEMI

B AR AR Matrix<Type>i& T [T 28 A E b AE B i B v i — AN BEAR 2K, S
FMRHE B HOEREE . ARSI, W 2-1; SRR A
PESREG, W 2-2; FPEWAUEMNEEA RS, WK 2-3; ULHEE MR
PR, WK 2-4. BARMREE RS e O A2 W, “matrix.h” A1 ¢ matrix -impl.h”,
HE: R DT, B—4eird, 5 4eR5%.

R 2-1 FEFEREIHIE S HTHY R

Operation Effect

Matrix<Type> m B — > AR
Matrix<Type> m2(m1) G FE FE m2 1945 UL ml
Matrix<Type> m(r,c,X) B8 H HOH
Matrix<Type> m(r,c,a) I B A R R
m.~Matrix<Type> () B B O R TR ()

R 2-2 FEFESEAJEPESREL

Operation Effect

m. Type*() LB 2 B A F T 1 2 B e 3
m.size() FERE TG R BN
m.dim(d) FRFESE d 4EZ4ESL
m.rows() FERE AT 5L
m.cols() 88 1) 271 8
m.resize(r,c) T BCRE PR RN
m.getRow(r) PERUE RN SE 4T
m.getColumn(c) FERUHRE IS ¢ 7
m.setRow(v) BRI r AT
m.setColumn(v) B HEIIE ¢ 7

® 2-3 WFERHERIIBER

Operation Effect

Al=A2 SR 0o o e A
A=x B RO A A
Ali]l] 0 fm#% T b5 s il
A(i)) 1w # T F5 U i)

-A TR




HERERBER

A+=X FERE BN 2
A-=X FERE B3 2
A*=x FERE H BT 2
Al=x FERE B B bR DLH L
Al += A2 RIS EEgInpraca
Al-=A2 FELRE B I R
Al *=A2 FHFE B B et [ (BT R)
Al/=A2 FEFE E B ER DA (BT ER)
X+A A R
A+ X FERE 5 2
Al +A2 FERE 5 55 R 2
A-X FERE S e 22
X-A WS %
Al-A2 R 5 e 2 72
A*x FERE S 2 R
X*A RS R AR
A*v FE R Ife DA ) £
ALl *A2 L 5 5 e 2 AR
Alx FERE S H B R
xX/A S T
Al/A2 R 55 e 2 B (BT R)
>> A ONHE R
<A o L R

* 24 FFRRRHE R
Operation Effect
optMult (A,B,C) e A R A 1) R o8 e
optMult (A,b,c) A RAS IR B e LA ) &
elemMult(A,B) R 5 50 PR IZ G R AH IR
elemMultEq(A,B) Bl 5 R G R TR AH
elemDiv(A,B) JL 0 5 R B 70 2 AH B
elemDivEq(A,B) B 5 0 R 32 70 2R TR ELAH R
trMult(A,B) R B2 1) B T e DA o
trMult(A,b) R 88 10) Bt 1L e DA, )
multTr(A,B) L B8 e LA HE BEE (1 7 L
multTr(A,b) FE PRI DA ) & 1 3 B
multTr(b,c) I £ 3 LA r) B ()
trT(A) TR B
trH(A) FEFER LR B
eye(n,x) FEAE n B A R R
diag(A) FRIDURE P PRI 0T A 2
diag(v) JE ek [ A RN A R R
norm(A) FERE ) Frobenius Ju %
swap(A,B) AEH I HE IR TG R

40



sum(A)
min(A)
max(A)

mean(A)

abs(cA)
arg(cA)
real(cA)

imag(cA)
complexMatrix(rM)
complexMatrix(rM,iM)

FEREAZ B SRAN A
FEREAL SR e/ ME A B
FEREAL SR B K AE A
SR TIR SO IEACh-S
REHOGE P RAE
SR B R A A
SREHOE PR 55
SR B P I R B
Fe SERERE L N R HOERE
i SRR A R R

IAAACRS -

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

AR K A KA A K A S o oK A K oK S KK S oo KK oK KK o KoK

*

*

* Matrix class testing.

*

matrix_test.cpp

* Zhang Ming, 2010-01 (revised 2010-12), Xi'an Jiaotong University.

SRR RS SRS KH S KR K SRR S SR SR RH SRR K S KK S KKK S K K KK oK

#define BOUNDS_CHECK

#include <iostream>

#include <iomanip>

#include <matrix.h>

using namespace std;

using namespace splab;

typedef double Type;

const int M= 3;
const int N = 3;
int main()
{

Type X;

Matrix<Type> ml;

ml.resize( M, N );
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

//
//
//
//
//
//
//
//
//

cout << "matrix ml :

X = 2.0;

Matrix<Type> m2( M, N, x );

cout << "matrix m2 :

Matrix<Type> m3 =

cout << "matrix m3 :

m3.resize( 3, 4 );

m

1;

for( int i=1; i<=3; ++i )

for( int j=1; j<=4; ++j )

m3(i,3) = Type(i*j);

int row = m3.dim(1);

int column = m3.dim(2);

cout << "the row number of new matrix m3

cout << "the column number

cout <<

cout <<

new matrix m3

new matrix m3

cout << "the diagonal matrix of m3

cout << "the transpose matrix of m3

cout << "\t\t\t\tmatrix-scalar operand" << endl

cout << "scalar x
cout << "ml + x :

cout << "x + ml :

ml += X;

cout << "ml += x :
cout << "ml - x :

cout << "x - ml :

ml -= x;

cout << "ml -= x :
cout << "ml * x :

cout << "x * ml :

ml *= x;

cout << "ml *= x :
cout << "ml / x :

cout << "x / ml :

ml /= X;

cout << "ml /= x :

<< X << endl;
<< ml+x << endl;

<< x+ml << endl;

" << ml << endl;
<< ml-x << endl;

<< x-ml << endl;

" << ml << endl;
<< ml*x << endl;

<< x*ml << endl;

" << ml << endl;

<< ml/x << endl;

<< x/ml << endl;

" << ml << endl;

" << ml << endl;

" << m2 << endl;

" << m3 << endl;

of new matrix m3

<<

<< m3 << endl;

<< m3 << endl;

<< diag(

" << trT(

row << endl;

<< column << endl;

m3 ) << endl;

m3 ) << endl;

<< endl;



76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

cout << "\t\t\telementwise matrix-matrix operand" << endl << endl;

cout << "ml + m2 << ml + m2 << endl;

ml += m2;

cout << "ml += m2 : " << ml << endl;

cout << "ml - m2 : " << ml-m2 << endl;

ml -= m2;

cout << "ml -=m2 : " << ml << endl;

ml *= m2;

cout << "ml *=m2 : " << ml << endl;

ml /= m2;

cout << "ml /=m2 : " << ml << endl;

cout << "column minimum vector of ml : " << min(ml) << endl;
cout << "column maximum vector of ml : " << max(ml) << endl;
cout << "column sum vector of ml : " << sum(ml) << endl;

cout << "column mean vector of ml : << mean(ml) << endl;

cout << "\t\t\t\tmatrix-vector operand" << endl << endl;

Vector<Type> v1( 3, 2 );

cout << "vector vl : " << vl << endl;
cout << "ml * vl : " << ml*vl << endl;
cout << "milAT * vl @ " << trMult(ml, v1) << endl;

cout << "\t\t\t\tmatrix-matrix operand" << endl << endl;

cout << "ml * m2 : " << ml*m2 << endl;
cout << "m3”T * m2 : " << trMult(m3, m2) << endl;
cout << "ml * m3°ATAT @ " << multTr(ml, trT(m3)) << endl;

Matrix<int> m4( 4, 5 );

Vector<int> v2(5);

v2[@] = 1; v2[1] = 2; v2[2] = 3; v2[3] = 4; v2[4] = 5;
for( int i=0; i<4; ++i )

m4.setRow( i*v2, i );

cout << "matrix m4 : " << m4 << endl;
cout << "column vectors of m4 : " << endl;
for( int j=@; 3j<5; ++j )

cout << "the " << j << "th column" << m4.getColumn(j) << endl;

v2.resize(4);
v2[@] = 1; v2[1] = 2; v2[2] = 3; v2[3] = 4;
for( int j=@; j<5; ++j )

m4.setColumn( j*v2, j );
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120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

cout

<<

"row vectors of m4 : " << endl;

for( int i=0; i<4; ++i )

cout << "the " << i << "th row" << m4.getRow(i) << endl;

cout << "\t\t\t\tcomplex matrix operand" << endl << endl;

complex<Type> ¢ = polar(1.0,PI/4);

Matrix< complex<Type> > A( M, N ), B(M,N), C( M, N+1 );

for( int i=@; i<M; i++ )

for( int j=@; Jj<N; Jj++ )

{

}

A[i][j] = complex<Type>( Type(0.3*i+0.7*j), sin(Type(i+j))

B[1][j] = complex<Type>( cos(Type(i+j)), Type(0.8*i+0.2*j)

for( int i=@; i<N; ++i )

C.setColumn( A.getColumn(i), i );

C.setColumn( B.getColumn(®), N );

cout

cout

cout

cout

cout

cout

cout

cout

cout

cout

cout

cout

cout

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

setiosflags(ios::fixed) << setprecision(2);
"Matrix A: " << A << endl;

"Matrix B: " << B << endl;

"Matrix C: " << C << endl;

"Absolute of C : " << abs(C) << endl;
"Angle of C : " << arg(C) << endl;

"Real part of C : " << real(C) << endl;

"Imaginary part of C : << imag(C) << endl;

"c*A - A*B + trH(B) " << c*A - A*B + trH(B) << endl;

"A*C * CAH*B " << A*C * trMult(C,B) << endl;
"(A.¥B+CXCAH)) ./ AMT "

elemDivd( elemMult(A,B)+multTr(C,C), trT(A) ) << endl;
"diag( A * diag(C) ) " << diag( A*diag(C)/c ) * c << endl;
"A ¥ (B./(c*ml) ) "

elemMultEq( A, elemDivdEq(B,c*complexMatrix(ml)) ) << endl;

return 0;

matrix ml :

matrix m2 :

size: 3 by 3

size: 3 by 3

);
);



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

matrix m

scalar x
ml + X :
3

3

X + ml :

ml += X :

X - ml :

ml * x :

2

2 2
2 2
2 2

3 : size: 3 by 3
1 1
1 1
1 1
matrix-scalar operand
=2

size: 3 by 3

3 3
3 3
3 3

size: 3 by 3

3 3
3 3
3 3

size: 3 by 3

3 3
3 3
3 3

size: 3 by 3

1 1
1 1
1 1

size: 3 by 3

-1 =dl,
-1 -1
-1 =dl,

1 1
1 1
1 1

size: 3 by 3

2 2
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51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

x *ml :

ml *= x :

ml / x :

x / ml :

ml /= x :

ml - m2 :

size: 3 by 3

size:

2

2

3

by 3

size: 3 by 3

size: 3 by 3

size:

size:

size:

size:

3

3

3

by 3

by 3

3 by 3

by 3

elementwise matrix-matrix operand



95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

ml -=m2 : size: 3 by 3

1 1 1
1 1 1
1 1 1

ml *= m2 : size: 3 by 3

2 2 2
2 2 2
2 2 2

ml /= m2 : size: 3 by 3

1 1 1
1 1 1
1 1 1

column minimum vector of ml : size: 3 by 1

column maximum vector of ml : size: 3 by 1

column sum vector of ml : size: 3 by 1

column mean vector of ml : size: 3 by 1

matrix-vector operand

vector vl : size: 3 by 1

ml * vl : size: 3 by 1
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139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173

174.

175.

176.

177.

178.

179

180.

181.

182.

6
6
6
mi~rT * vl : size: 3 by 1
6
6
6
matrix-matrix operand
ml * m2 : size: 3 by 3
6 6 6
6 6 6
6 6 6
m3~T * m2 : size: 4 by 3
12 12 12
24 24 24
36 36 36
48 48 48
ml * m3~TAT : size: 3 by 4
6 12 18 24
6 12 18 24
6 12 18 24
matrix m4 : size: 4 by 5
0 0 0 0 0
1 2 3 4 5
2 4 6 8 10
3 6 9 12 15

column vectors of m4 :

0

1

(4]

2

4

. the @th columnsize: 4 by 1

. the 1th columnsize: 4 by 1



183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

the 2th columnsize: 4 by 1
(]

3

the 3th columnsize: 4 by 1
(]
4
8

12

the 4th columnsize: 4 by 1
(]
5
10

15

row vectors of m4 :
the Oth rowsize: 5 by 1
0

1

the 1th rowsize: 5 by 1
]

2

the 2th rowsize: 5 by 1
0

3

12

the 3th rowsize: 5 by 1

0
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227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270

12

16

Matrix A: si
(0.00,0.00)
(0.30,0.84)

(0.60,0.91)

Matrix B: si
(1.900,0.00)
(0.54,0.80)

(-0.42,1.60)

Matrix C: si
(0.00,0.00)
(0.30,0.84)

(0.60,0.91)

Absolute of C :

0.00 1.09
0.89 1.35
1.09 1.31
Angle of C :
0.00 0.88
1.23 0.74
0.99 0.11

Real part of
0.00 0.70
0.30 1.00
0.60 1.30

ze: 3 by
(0.70
(1.00

(1.30

ze: 3 by
(0.54
(-0.4

(-0.9
ze: 3 by
(0.70
(1.00

(1.30

size:

size: 3

-0.36

C : size:

2.00

Imaginary part of C :

0.00 0.84
0.84 0.91
0.91 0.14

C*A - A*B + t

. (3.33,-2.88)

0.91

0.14

-0.76

rH(B) size: 3 by 3

(4.60

3
,0.84)
,0.91)

,0.14)

3
,0.20)
2,1.00)

9,1.80)

4

,0.84)

,0.91)

,0.14)

by 4

0.98

-0.42

3 by 4

complex matrix operand

(1.40,0.91)
(1.70,0.14)

(2.00,-0.76)

(-0.42,0.40)
(-0.99,1.20)

(-0.65,2.00)

(1.40,0.91)
(1.70,0.14)

(2.00,-0.76)

size: 3 by 4

0.00
0.80

1.60

,-1.68)

(4.37,-2.18)

(1.00,0.00)
(0.54,0.80)

(-0.42,1.60)



276. (-13.03,52.79) (-53.59,46.63)

296.

Press any key to continue.

2.2

271. (0.98,-4.19) (2.92,-3.71) (4.
272.(-2.20,-4.87) (0.99,-6.38) (3.
273.

274.A*C * CAH*B  size: 3 by 3

275. (-22.45,41.39) (-57.34,30.67)

W R B R R A

05,-3.88)

16,-6.90)

(-75.11,36.86)

(-73.18,52.60)

277.(16.66,60.01)  (-25.93,77.12) (-40.26,93.59)
278.

279. (A.*B+C*C*H)) ./ AT size: 3 by 3

280. (inf,nan) (3.20,-4.47) (2.78,-0.12)
281. (2.30,-2.85) (3.12,-2.22) (3.99,2.29)
282.(-0.04,-1.18) (3.05,0.07) (3.81,3.69)
283.

284. diag( A * diag(C) ) size: 3 by 3

285. (3.42,2.24) (0.00,0.00) (0.00,0.00)
286. (0.00,0.00) (3.68,0.81) (0.00,0.00)
287. (0.00,0.00) (0.00,0.00) (4.60,-1.70)
288.

289.A .* ( B./(c*ml) ) size: 3 by 3

290. (0.00,0.00) (8.57,0.27) (-0.54,0.80)
291. (0.13,0.85) (-0.50,1.38) (0.03,2.65)
292. (-0.79,1.62) (0.47,2.65) (3.32,3.03)
293.

294.

295. Process returned @ (@x0) execution time : 0.218 s

B R R

NTETHAETE, L85 S rp 2% 0 8 Bt AT T8, i

AENBIZ ] THEREXT R, R 2-5F7R.

® 2-5 HHRBIEFE AR GFIes)

Operation Effect

cos(m) TR ) AR 5%

sin (m) FE R (1) 1R 5%

tan (m) FEREH)IED]

acos (m) FERE (1) SRR %

asin (m) JE R () [ IR 5%

atan (m) R 0 ) B

exp (m) R OO ) R B

log (m) LR 1) A0S B R
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log10 (m) FERELL 10 MR fr %o £ ek 25
sqrt (m) FE R F AR

pow (m,m) R 11 1 o e bR B

pow (m,p) I 1 B bR B

pow (b,m) R R e R B

IAAACRS -

1. 3Kk sk ok s ok sk ks ok ok sk sk ok sk ok sk ok sk s ok ook sk ks ok sk sk sk ok sk ok sk sk ok sk sk sk ok sk sk sk ok ok sk sk sk ok sk sk sk ok sk ok ok ok
2. * matrixmath_test.cpp

3. *

4. * Math functions of matrix testing.

5. *

6. * Zhang Ming, 2010-08, Xi'an Jiaotong University.

7. SRR R SRK SRS KK S KR K SRR K S SRR SR SRH R SRR SO K S KKK S K SR oK

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <iomanip>

14. #include <matrixmath.h>
15.

16.

17. using namespace std;
18. using namespace splab;
19.

20.

21. typedef double Type;
22.

23.

24. int main()

25. {

26. int N = 9;

27. Type a =0, b = 2*PI;

28. Vector<Type> array = linspace( a, b, N );
29.

30. Matrix<Type> x( 3, 3, array );

31.

32. cout << setiosflags(ios::fixed) << setprecision(4);
33. cout << x << endl;

34. cout << "sin of x : " << sin(x) << endl;
35. cout << "cos of x : "<< cos(x) << endl;
36. cout << "tan of x : " << tan(x) << endl;
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"<< asin(x) << endl;
M

<< acos(x) << endl;

" << atan(x) << endl;

"<< exp(x) << endl;
" << log(x) << endl;

" << logl@(x) << endl;

"<< sqrt(x) << endl;
" << pow(x,Xx) << endl;
" << pow(x,a) << endl;

" << pow(a,x) << endl;

-1.0000 -0.0000

37. cout << "asin of x :
38. cout << "acos of x :
39. cout << "atan of x :
40.

41. cout << "exp of x :
42. cout << "log of x :
43. cout << "logle of x :
44.

45, a=2.0;

46. cout << "sqrt of x :
a47. cout << "pow of x :
48. cout << "pow of x :
49. cout << "pow of x :
50.

51. return 0;

52. }

BATE R

1. size: 3 by 3

2. ©.0000 0.7854 1.5708
3. 2.3562 3.1416 3.9270
4. 4.7124 5.4978 6.2832
5.

6. sin of x : size: 3 by 3
7. ©.0000 0.7071 1.0000
8. ©0.7071 0.0000 -0.7071
9. -1.0000 -0.7071 -0.0000
10.

11. cos of x : size: 3 by 3
12. 1.0000 ©.7071 ©0.0000
13. -0.7071 -1.0000 -0.7071
14. -0.0000 0.7071 1.0000
15.

16. tan of x : size: 3 by 3
17. ©.0000 1.0000 16331778728383844.0000
18. -1.0000 -0.0000 1.0000
19. 5443926242794615.0000
20.

21. asin of x : size: 3 by 3
22. ©0.0000 0.9033 nan

23. nan nan nan

24. nan nan nan

25.

26. acos of x : size: 3 by 3
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27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

1.5708 0.6675

nan nan

nan nan

nan

nan

nan

atan of
0.0000
1.1694

1.3617

x : size: 3 by 3
0.6658 1.0039
1.2626 1.3214

1.3909 1.4130

exp of x : size:

1.0000 2.1933

10.5507 23.1407

111.3178

log of x : size:

-inf -0.2416
0.8570 1.1447

1.5502 1.7043

3 by 3
4.8105
50.7540

244.1511 535.4917

3 by 3
0.4516
1.3679

1.8379

logl® of x : size: 3 by 3

-inf -0.1049
0.3722 0.4971

0.6732 0.7402

0.1961

0.5941

0.7982

sqrt of x : size: 3 by 3

0.0000 0.8862

1.5350 1.7725

2.1708 2.3447

pow of x : size:

1.0000 0.8272

7.5336 36.4622

1487.9012

pow of x : size:

0.0000 0.6169

5.5517 9.8696

22.2066 30.2257

pow of x : size:

1.0000 1.7236

5.1202 8.8250

26.2162 45.1855

1.2533
1.9817

2.5066

3 by 3
2.0327
215.2126

11732.6371 103540.9204

3 by 3
2.4674
15.4213

39.4784

3 by 3
2.9707
15.2104

77.8802
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71.
72. Process returned @ (0x0) execution time : ©.078 s

73. Press any key to continue.

2.3 SKAEFEEEMEFER Cholesky 7)f#

M AR AFA, TR AL, Sy F= s, i
R FRIE SR (¥ Cholesky 7M. T I% AR T LARLETE T FRAL, ol LASRARAE R 7
P, CholeskyXINAAINAEIE 2-6.

#* 2-6 SEHHEFE Cholesky 7 fif

Operation Effect
Cholesky<Real> cho @7 Cholesky &
cho.~Cholesky<Real>() Cholesky HT# pR%L
cho.isSpd() S 07 B 2 A5 K R AT S
cho.dec(A) X SEHERE A #E4T Cholesky 47 fi#
cho.getL() REUR = AR L
cho.solve(b) fREJTFEH Ax = b
cho.solve(B) fEFERE T2 AX = B
DALY -
1. JEERRk Rk Ak ok Ak kR R Ak kR ko
2. % cholesky_test.cpp
3. %

4. * Cholesky class testing.
5. *
6. * Zhang Ming, 2010-01 (revised 2010-12), Xi'an Jiaotong University.

7. K K SR KK KK KK KKK K KK oK KK S KK S KK S KK S K 3 KK S KK S KK S K KK S K Sk Ko ok

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <iomanip>

14. #include <cholesky.h>
15.

16.

17. using namespace std;
18. using namespace splab;
19.

20.
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

typedef double

const

int

int main()

{

Type

3

55

Matrix<Type> A(N,N), L(N,N);

Vector<Type> b(N);

for( int i=1; i<N+1; ++i )

{

for( int j=1; j<N+1; ++j )

if(1==17)
A(i,i) = 1i;
else
if(i<3j)
A(i,3) = 1i;
else
A(i,3) = 3;

b(i) = i*(i+1)/2.0 + i*(N-i);

cout << setiosflags(ios::fixed) << setprecision(3);

cout << "The original matrix A : " << A << endl;

Cholesky<Type> cho;

cho.

dec(A);

if( !cho.isSpd() )

else

{

cout << "Factorization was not complete." << endl;

L = cho.getL();

cout << "The lower triangular matrix L is : " << L << endl;
cout << "A - L*LAT is @ " << A - L*trT(L) << endl;
Vector<Type> x = cho.solve(b);

cout << "The constant vector b : " << b << endl;

cout << "The solution of Ax = b : " << x << endl;

cout << "The Ax - b : " << A*x-b << endl;

Matrix<Type> IA = cho.solve(eye(N,Type(1)));

cout << "The inverse matrix of A : " << IA << endl;

cout << "The product of A*inv(A) : " << A*IA << endl;



The original matrix A :

The constant vector b :

The solution of Ax = b :

1.000

2.000

3.000

3.000

3.000

size:

1.

2.

3.

a.

4.

000

000

000

000

000

triangular matrix L

65. }

66.

67. return 0;
68. }

BATE R

1.

2. 1.000 1.000
3. 1.000 2.000
4. 1.000 2.000
5. 1.000 2.000
6. 1.000 2.000
7.

8. The lower

9. 1.000 0.000
10. 1.000 1.000
11. 1.000 1.000
12. 1.000 1.000
13. 1.000 1.000
14.

15. A - L*LA"T is

16. ©.000 ©.000
17. ©.000 ©0.000
18. ©.000 ©.000
19. ©.000 ©0.000
20. ©.000 ©0.000
21.

22.

23. 5.000

24. 9.000

25. 12.000

26. 14.000

27. 15.000

28.

29.

30. 1.000

31. 1.000

32. 1.000

33. 1.000

34. 1.000

35.

36. The Ax - b :

37. 0.000

38. 0.000

0.

0.

0.

0.000
0.000
1.000
1.000 1
1.000 1
: size: 5 by
0.000
0.000
0.000
0.000
0.000

(2]
(2]
0.
(2]
(2]

000

000

000

.000

.000

.000

.000

000

.000

.000

5 by 5

is :

.000

.000

.000

.000

.000

size: 5 by 5

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

size: 5 by 1

size: 5 by 1

size: 5 by 1

SRS 5 E AR R Cholesky )i
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39. 0.000
40. 0.000
41. ©.000
42.

43. The inverse matrix of A : size: 5 by 5
44. 2.000 -1.000 0.000 0.000 0.000
45. -1.000 2.000 -1.000 0.000 0.000
46. 0.000 -1.000 2.000 -1.000 0.000
47. ©.000 0.000 -1.000 2.000 -1.000
48. 0.000 0.000 0.000 -1.000 1.000
49.

50. The product of A*inv(A) : size: 5 by 5
51. 1.000 0.000 0.000 0.000 0.000
52. 0.000 1.000 0.000 0.000 0.000
53. 0.000 0.000 1.000 0.000 0.000
54. 0.000 0.000 0.000 1.000 0.000
55. 0.000 0.000 0.000 0.000 1.000
56.

57.

58. Process returned @ (©x0) execution time : 0.094 s

59. Press any key to continue.

5B B Cholesky MR INEER 2-THT 7R

# 2-7 HEHFF Cholesky 7 fif

Operation Effect
CCholesky<Real> cho T CCholesky 2%
cho.~CCholesky<Real>() CCholesky HT#4 pRI%Y
cho.isSpd() S TR I A 75 R IE
cho.dec(cA) SRS cA #ET Cholesky 43 fift
cho.getL() SRR = AR L
cho.solve(b) fR TR Ax = b
cho.solve(B) FRFERE T IR AX = B

MRAACHS

2. * ccholesky_test.cpp

3. %

4. * Comnplex Cholesky class testing.
5. *
6. * Zhang Ming, 2010-12, Xi'an Jiaotong University.

7 *****************************************************************************/
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

SRS 5 E AR R Cholesky )i

#define BOUNDS_CHECK
#include <iostream>

#include <iomanip>

#include <ccholesky.h>

using namespace std;

using namespace splab;

typedef double Type;

const int N = 5;
int main()
{

cout << setiosflags(ios::fixed) << setprecision(3);
Matrix<complex<Type> > A(N,N), L(N,N);

Vector<complex<Type> > b(N);

for( int i=1; i<N+1; ++i )

{
for( int j=1; j<N+1; ++j )
if(i==73)
A(i,i) = complex<Type>(N+i,0);
else
if(i<j)
A(i,j) = complex<Type>(Type(i),cos(Type(i)));
else
A(i,3) = complex<Type>(Type(J),-cos(Type(3)));
b(i) = i*(i+1)/2 + i*(N-i);
}
cout << "The original matrix A : " << A << endl;

CCholesky<complex<Type> > cho;
cho.dec(A);
if( !cho.isSpd() )
cout << "Factorization was not complete." << endl;
else

{
L = cho.getL();

59



HERERBER

60

53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.

64.

67.

y

iz

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

27.

cout << "The lower triangular matrix L is : " << L << endl;
cout << "A - L*L"H is : " << A - L*trH(L) << endl;
Vector<complex<Type> > x = cho.solve(b);
cout << "The constant vector b : " << b << endl;
cout << "The solution of Ax = b : " << x << endl;
cout << "The solution of Ax - b : " << A*x-b << endl;
Matrix<complex<Type> > IA = cho.solve(eye(N,complex<Type>(1,0)));
cout << "The inverse matrix of A : " << IA << endl;
cout << "The product of A*inv(A) : " << A*IA << endl;
}
return 0;
}
S
T8 R
The original matrix A : size: 5 by 5
(6.000,0.000) (1.000,0.540) (1.000,0.540) (1.000,0.540) (1.000,0.540)
(1.000,-0.540) (7.000,0.000) (2.000,-0.416) (2.000,-0.416) (2.000,-0.416)
(1.000,-0.540) (2.000,0.416) (8.000,0.000) (3.000,-0.990) (3.000,-0.990)
(1.000,-0.540) (2.000,0.416) (3.000,0.990) (9.000,0.000) (4.000,-0.654)
(1.000,-0.540) (2.000,0.416) (3.000,0.990) (4.000,0.654) (10.000,0.000)
The lower triangular matrix L is : size: 5 by 5
(2.449,0.000) (0.000,0.000) (0.000,0.000) (0.000,0.000) (0.000,0.000)
(0.408,-0.221) (2.605,0.000) (0.000,0.000) (0.000,0.000) (0.000,0.000)
(0.408,-0.221) (0.685,0.160) (2.700,0.000) (0.000,0.000) (0.000,0.000)
(0.408,-0.221) (0.685,0.160) (0.848,0.367) (2.727,0.000) (0.000,0.000)
(0.408,-0.221) (0.685,0.160) (0.848,0.367) (0.893,0.240) (2.753,0.000)
A - L*L"H is : size: 5 by 5
(0.000,0.000) (0.000,0.000) (0.000,0.000) (0.000,0.000) (0.000,0.000)



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

a4,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

(0.000,0.000)

(0.000,0.000)

(0.000,0.000)

(0.000,0.000)

The constant vector b :

(5.000,0.000)
(9.000,0.000)
(12.000,0.000)
(14.000,0.000)

(15.000,0.000)

The solution of Ax = b

(0.356,-0.310)
(0.562,0.207)
(0.746,0.284)
(0.843,-0.037)

(0.842,-0.214)

The solution of Ax - b :

(0.000, -0.000)
(-0.000,0.000)
(-0.000,0.000)
(-0.000,0.000)

(0.000,0.000)

The inverse matrix of A :

(0.177,0.000)

(-0.018,0.007)

(-0.014,0.004)

(-0.008,0.006)

(-0.005,0.007)

The product of

(1.000,0.000)

(0.000,0.000)

(0.000,0.000)

(0.000,0.000)

(0.000,0.000)

(0.164,-0.000)

(-0.017,0.002)

size: 5 by 1

: size: 5 by 1

size: 5 by 1

size: 5 by 5

(-0.018,-0.007) (-0.014,-0.004)

(-0.024,-0.013) (0.160,-0.000)

(-0.020,-0.003) (-0.032,-0.018)

: size: 5 by 5

(-0.000,-0.000) (-0.000,-0.000)

(0.000,0.000)

(0.000,0.000)

(0.000,0.000)

(0.000,0.000)

(-0.024,0.013)

(-0.029,-0.008)

SR E 5 Z A RER) Cholesky 77

(0.000,0.000) (0.000,0.000)

(0.000,0.000) (0.000,0.000)

(-0.000,0.000) (0.000,0.000)

(0.000,0.000) (0.000,0.000)

(-0.008,-0.006) (-0.005,-0.007)

(-0.020,0.003) (-0.017,-0.002)

(-0.032,0.018) (-0.029,0.008)

(0.150,0.000) (-0.043,0.012)

(-0.043,-0.012) (0.132,0.000)

(-0.000,-0.000) (0.000,-0.000)
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72.

73. (0.000,-0.000) (1.000,0.000) (-0.000,0.000) (0.000,-0.000) (0.000,-0.000)
74.

75. (0.000,-0.000) (-0.000,-0.000) (1.000,0.000) (-0.000,0.000) (-0.000,-0.000)
76.

77. (0.000,-0.000) (0.000,0.000) (-0.000,-0.000) (1.000,0.000) (0.000,0.000)
78.

79. (0.000,-0.000) (0.000,0.000) (-0.000,0.000) (0.000,0.000) (1.000,-0.000)
80.

81.

82.

83. Process returned @ (©x0) execution time : 0.125 s

84. Press any key to continue.

2.4 SKAEMEEEHEMER LU 73#

AT AEEEA, LUK 08— N =ABELS — A E=AFFURR,
A DA BIRE R B LU 73 R SR AR B AT 213K, RVEDT REZ AR RS T RE 4%, PR ILR
2-8, AZRFTIEALN R B AR S RIERE W IE ] o T AT RS SIS I R
LURIAE AT BAo i i 2 o

* 2-8 LU R

Operation Effect
LUD<Real> lu ST LUD 2K
lu.~LUD<Real>() LUD #7144 26 %5
lu.dec(cA) YT FERE A BEAT =550 i
lu.getL() SREUT = AR L
lu.getU() SREL - = R U
lu.det() THEHEBERAT 51K
lu. isNonsingular() balluy ElS e S e
lu.solve(b) TR Ax = b
lu.solve(B) FpE 72 AX = B
DRARHD «
TN
2. # lud_test.cpp
3. *

4. * LUD class testing.
5. *
6. * Zhang Ming, 2010-01 (revised 2010-12), Xi'an Jiaotong University.

7. K K K KK KK KK KKK K K S K S K K S KK S KK S KK S K 3 KK S KK S KK S K KO S K Ko ok
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

SRS RAFER) LU 7 fif

#define BOUNDS_CHECK

#include <iostream>

#include <iomanip>

#include <lud.h>

using namespace std;

using namespace splab;

typedef double Type;

const int M= 3;
const int N = 4;
int main()

{

Matrix<Type> A(3,3), B(3,3), L, U;

Vector<Type> b(3);

Afe][e] = 1; Afe][1] = 2; Afe][2] = 1;
A[1][e] = 2; A[1][1] = 5; A[1][2] = 4;
A[2][e] = 1; A[2][1] = 1; A[2][2] = e;
B[e][e] = 1; B[@][1] = e; B[@][2] = e;
B[1][e] = e; B[1][1] = 1; B[1][2] = e;
B[2][e] = e; B[2][1] = e; B[2][2] = 1;

b[e] = 1; b[1] = @; b[2] = 1;

LUD<Type> 1lu;
lu.dec(A);

L = lu.getL();
U = lu.getU();
cout << setiosflags(ios::fixed) << setprecision(4);
cout << "The original matrix A is : " << A << endl;
cout << "The unit lower triangular matrix L is :

" << L << endl;

cout << "The upper triangular matrix U is : " << U << endl;

Vector<Type> x = lu.solve(b);

cout << "The constant vector b : " << b << endl;
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64

52. cout << "The solution of A * x = b : " << x << endl;

53. cout << "The solution of A * x - b : " << A*x - b << endl;
54.

55. cout << "The inverse matrix of A : " << lu.solve(B) << endl;
56. cout << "The A * inverse(A) : " << A*lu.solve(B) << endl;
57. cout << "The determinant of A : " << endl;

58. cout << lu.det() << endl << endl << endl;

59.

60. Matrix<complex<Type> > cA(M,N), cPA(M,N), invcA, cL, cU;

61. for( int i=@; i<M; i++ )

62. for( int j=@; Jj<N; Jj++ )

63. cA[i][]j] = complex<Type>( Type(0.3*i+0.7*j), sin(Type(i+j)) );
64. LUD<complex<Type> > clu;

65.

66. clu.dec(cA);

67. cL = clu.getL();

68. cU = clu.getU();

69. Vector<int> p = clu.getPivot();

70. for( int i=@; i<M; ++i )

71. cPA.setRow( cA.getRow(p[i]), i );

72.

73. cout << setiosflags(ios::fixed) << setprecision(3);

74. cout << "The original complex matrix cA is : " << cA << endl;
75. cout << "The unit lower triangular matrix cL is : " << cL << endl;
76. cout << "The upper triangular matrix cU is : " << cU << endl;
77. cout << "cP*cA - clL*cU is : " << cPA - clL*cU << endl;

78.

79. if( M==N)

80. {

81. invcA = clu.solve( eye( M, complex<Type>(1.0,0) ) );

82. cout << "The inverse matrix of cA : " << invcA << endl;
83. cout << "The cA * inverse(cA) : " << cA*invcA << endl;
84. }

85.

86 return 0;

87. }

BATE R

1. The original matrix A is : size: 3 by 3

2. 1.0000 2.0000 1.0000

3. 2.0000 5.0000 4.0000

4. 1.0000 1.0000 0.0000

5.

6. The unit lower triangular matrix L is : size: 3 by 3



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

SRS RAFER) LU 7 fif

1.0000 0.0000 ©0.0000
0.5000 1.0000 0.0000

0.5000 0.3333 1.0000

The upper triangular matrix U is : size: 3 by 3
2.0000 5.0000 4.0000
0.0000 -1.5000 -2.0000

0.0000 0.0000 -0.3333

The constant vector b : size: 3 by 1
1.0000
0.0000

1.0000

The solution of A * x = b : size: 3 by 1
-1.0000
2.0000

-2.0000

The solution of A * x - b : size: 3 by 1
-0.0000
0.0000

0.0000

The inverse matrix of A : size: 3 by 3
-4.0000 1.0000 3.0000
4.0000 -1.0000 -2.0000

-3.0000 1.0000 1.0000

The A * inverse(A) : size: 3 by 3
1.0000 0.0000 0.0000
0.0000 1.0000 ©0.0000

0.0000 0.0000 1.0000
The determinant of A :

1.0000

The original complex matrix cA is : size: 3 by 4
(0.000,0.000) (0.700,0.841) (1.400,0.909) (2.100,0.141)
(0.300,0.841) (1.000,0.909) (1.700,0.141) (2.400,-0.757)

(0.600,0.909) (1.300,0.141) (2.000,-0.757) (2.700,-0.959)

The unit lower triangular matrix cL is : size: 3 by 3
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51. (1.000,0.000) (0.000,0.000) (0.000,0.000)

52. (0.000,0.000) (1.000,0.000) (0.000,0.000)

53. (0.796,0.196) (0.377,0.322) (1.000,0.000)

54.

55. The upper triangular matrix cU is : size: 3 by 4

56. (0.600,0.909) (1.300,0.141) (2.000,-8.757) (2.700,-0.959)
57. (0.000,0.000) (0.700,0.841) (1.400,0.909) (2.100,0.141)
58. (0.000,0.000) (0.000,0.000) (-0.275,-0.441) (-0.683,-1.252)
59.

60. cP*cA - cL*cU is : size: 3 by 4

61. (0.000,0.000) (0.000,0.000) (0.000,0.000) (0.000,0.000)
62. (0.000,0.000) (0.000,0.000) (0.000,0.000) (0.000,0.000)
63. (0.000,0.000) (0.000,0.000) (0.000,-0.000) (0.000,0.000)
64.

65.

66. Process returned @ (©x0) execution time : ©.059 s

67. Press any key to continue.

2.5 SKAEFEEEEMER QR 73F

% T AN SEREA, QRAMIEK 45— mBTHY IE AR FEQAT M miTn7l
9 E = AR, W ARASQ R, QRAMEREIAIEN, B TREFAERE . IR
FEIQR4} A FT LIS A 5 4 7y FERAAL I 5/ — T 5 o NS O, TRA 3 L
— . QRAMAMICHEIE 2-9.

R 2-9  SLHEFE QR 2 fi#

4. * QRD class testing.

Operation Effect
QRD<Real> gr #57 QRD 2K
gr.~QRD<Real>() QRD #7#4 R %L
gr.dec(A) XTSRHE R A HEAT IEAE = A 70 il
gr.getQ() SRHUIE S5 FE Q
gr.getR() SREL - = AR R
gr. isFullRank() ball [V ENS SN
gr.solve(b) AN TTREH D e Ax = b
gr.solve(B) TR TR R /N —Tefif AX = B
I ARRY
‘2. * qrd_test.cpp
‘3. *
|
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

*

SRR 5 2R QR i

* Zhang Ming, 2010-01 (revised 2010-12), Xi'an Jiaotong University.

*****************************************************************************/

#define BOUNDS_CHECK

#include <iostream>

#include <iomanip>

#include <qgrd.h>

using namespace std;

using namespace splab;

typedef double Type;

const int M = 4;
const int N = 3;
int main()

{

Matrix<Type> A(M,N), Q,

Afe][e] = 1; Afe][1]
A[1][e] = 1; A[1][1]
A[2][e] = 1; A[2][1]
A[3][e] = 1; A[3][1]

Matrix<Type> B = trT(A);

QRD<Type> qr;
gr.dec(B);

Q = qr.getQ();
R = gr.getR();

=)

Afe][2] = e;
A[1][2] = 4;
A[2][2] = 9;
A[3][2] = 95

cout << setiosflags(ios::fixed) << setprecision(4);

cout << "The original matrix B :

" << B << endl;

cout << "The orthogonal matrix Q : " << Q << endl;

cout << "The upper triangular matrix R :

cout << "B - Q*R : " << B - Q*R << endl;

Vector<Type> b(M);

b[e]= 1;  b[1] = o;

b[2] = 1, b[3] = 2;

" << R << endl;
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49. gr.dec(A);

50. if( gr.isFullRank() )

51. {

52. Vector<Type> x = qr.solve(b);

53. cout << "The constant vector b : " << b << endl;
54. cout << "The least squares solution of A * x = b :
55.

56. Matrix<Type> X = gr.solve(eye(M,Type(1)));
57. cout << "The least squares solution of A * X = I :
58. cout << "The A * X: " << A*X << endl;

59. }

60. else

61. cout << " The matrix is rank deficient! " << endl;
62.

63. return 0;

64. }

BATE R

1. The original matrix B : size: 3 by 4

2. 1.0000 1.0000 1.0000 1.0000

3. ©0.0000 2.0000 3.0000 3.0000

4. ©.0000 4.0000 9.0000 9.0000

5.

6. The orthogonal matrix Q : size: 3 by 3

7. -1.0000 0.0000 ©.0000

8. ©0.0000 -0.4472 0.8944

9. ©0.0000 -0.8944 -0.4472

10.

11. The upper triangular matrix R : size: 3 by 4

12. -1.0000 -1.0000 -1.0000 -1.0000

13. 0.0000 -4.4721 -9.3915 -9.3915

14. ©.0000 0.0000 -1.3416 -1.3416

15.

16. B - Q*R : size: 3 by 4

17. ©.0000 ©0.0000 ©0.0000 ©.0000

18. ©.0000 ©0.0000 ©0.0000 ©.0000

19. ©.0000 0.0000 ©0.0000 ©.0000

20.

21. The constant vector b : size: 4 by 1

22. 1.0000

23. 0.0000

24. 1.0000

25. 2.0000

26.

"

<< X << endl;

" << X << endl;



SRR 5 2R QR i

27. The least squares solution of A * x = b : size: 3 by 1

28. 1.0000
29. -1.8333
30. 0.6667
31.

32. The least squares solution of A * X = I : size: 3 by 4
33. 1.0000 -0.0000 0.0000 -0.0000

34. -0.8333 1.5000 -0.3333 -0.3333

35. 0.1667 -0.5000 0.1667 0.1667

36.

37. The A * X: size: 4 by 4

38. 1.0000 0.0000 0.0000 0.0000

39. 0.0000 1.0000 -0.0000 0.0000

40. -0.0000 0.0000 0.5000 0.5000

41. -0.0000 0.0000 0.5000 0.5000

42.

43,

44. Process returned @ (0x0) execution time : 0.029 s

45. Press any key to continue.

SAERFIRIQR IR 2-101715 .

# 2-10 HEHBE QR /iR

Operation Effect
CQRD<Real> gr ##37 CQRD 2K
gr.~CQRD<Real>() CQRD HH4 B %L
gr.dec(cA) PSR cA BEAT IEAE = A 57 fiF
gr.getQ() SR IEAZHIE Q
gr.getR() SR = R R
gr. isFullRank() ballu [V NS SN
gr.solve(b) LA TTRE M /D I Ax = b
gr.solve(B) FE R MR R /N —Tfefif AX = B
WARHD «
2o W cqrd_test.cpp
3. *

4. * CQRD class testing.
5. *
6. * Zhang Ming, 2010-12, Xi'an Jiaotong University.

7 *****************************************************************************/
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

#define BOUNDS_CHECK

#include <iostream>

#include <iomanip>

#include <cqrd.h>

using namespace std;

using namespace splab;

typedef double Type;

Matrix<Type> A(M,N);

const int
const int
int main()
{
Afe][e]
A[1][e]
A[2][e]
A[3][e]

=1; Afe][1] = 2; Afe][2] = 3;
=1 A[1][1] = 2; A[1][2] = 4;
=1; A[2][1] = 9; A[2][2] = 7;
=55 A[3][1] = 6; A[3][2] = 8&;

// A= trT(A);

Matrix<complex<Type> > cA = complexMatrix( A, elemMult(A,A)

CQRD<Type> qr;

gr.dec(cA);

Matrix<complex<Type> > Q = qr.getQ();

Matrix<complex<Type> > R = gr.getR();

cout

cout

cout

cout

cout

cout

<<

<<

<<

<<

<<

<<

setiosflags(ios::fixed) << setprecision(3);

"The original matrix cA : " << cA << endl;

"The orthogonal matrix Q : " << Q << endl;

"The upper triangular matrix R : " << R << endl;
"QMH * Q : " << trMult(Q,Q) << endl;

"cA - Q*R : " << cA - Q*R << endl;

Vector<Type> b(M);

b[e]= 1;

b[1] = @; b[2] = 1, b[3] = 2;

Vector<complex<Type> > cb = complexVector(b);

if( gr.isFullRank() )

{

)s



SRS RAFE QR 2 fif

54. Vector<complex<Type> > x = gr.solve(cb);

55. cout << "The constant vector cb : " << cb << endl;
56. cout << "The least squares solution of cA * x = cb : " << x << endl;
57.

58. Matrix<complex<Type> > X = qr.solve( eye( M, complex<Type>(1) ) );
59. cout << "The least squares solution of cA * X = I : " << X << endl;
60. cout << "The cA * X: " << cA*X << endl;

61. }

62. else

63. cout << " The matrix is rank deficient! " << endl;
64.

65 return 0;

66. }

BATE R

1. The original matrix cA : size: 4 by 3

2. (1.000,1.000) (2.000,4.000) (3.000,9.000)

3. (1.000,1.000) (2.000,4.000) (4.000,16.000)

4. (1.000,1.000) (9.000,81.000) (7.000,49.000)

5. (5.000,25.000) (6.000,36.000) (8.000,64.000)

6.

7. The orthogonal matrix Q : size: 4 by 3

8. (-0.055,0.000) (-0.029,-0.000) (0.370,-0.040)

9. (-0.055,0.000) (-0.029,-0.000) (0.913,-0.143)

10. (-0.055,0.000) (-0.985,-0.158) (-0.042,-0.000)

11. (-0.828,-0.552) (0.043,0.039) (-9.063,-0.030)

12.

13. The upper triangular matrix R : size: 3 by 3

14. (-18.111,-18.111) (-25.565,-31.418) (-42.737,-52.676)
15. (0.000,0.000) (-20.071,-77.269) (-11.956,-45.432)
16. (0.000,0.000) (0.000,0.000) (-9.593,12.784)

17.

18. Q™ * Q : size: 3 by 3

19. (1.000,0.000) (0.000,0.000) (-90.000,-0.000)

20. (0.000,-0.000) (1.000,0.000) (-90.000,0.000)

21. (-0.000,0.000) (-0.000,-0.000) (1.000,0.000)

22.

23. cA - Q*R : size: 4 by 3

24. (-0.000,-0.000) (-0.000,-0.000) (-0.000,-0.000)

25. (0.000,0.000) (-0.000,-0.000) (-0.000,-0.000)

26. (0.000,0.000) (0.000,0.000) (0.000,-0.000)

27. (0.000,0.000) (0.000,0.000) (0.000,-0.000)

28.

29. The constant vector cb : size: 4 by 1
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30. (1.000,0.000)

31. (0.000,0.000)

32. (1.000,0.000)

33. (2.000,0.000)

34.

35. The least squares solution of cA * x = cb : size: 3 by 1

36. (-0.002,-0.035)

37. (-0.002,-0.002)

38. (0.007,-0.016)

39.

40. The least squares solution of cA * X = I : size: 3 by 4

41. (-0.007,0.048) (-0.025,0.120) (-0.002,0.012) (0.004,-0.048)
42. (-0.001,0.017) (-0.004,0.042) (0.001,-0.014) (-0.001,-0.002)
43. (0.002,-0.029) (0.008,-0.072) (0.000,0.003) (0.003,0.005)
44.

45. The cA * X: size: 4 by 4

46. (0.143,-0.000) (0.348,0.017) (0.016,-0.003) (0.022,-0.016)
47. (0.348,-0.017) (0.858,0.000) (-0.007,0.001) (-0.009,0.007)
48. (0.016,0.003) (-0.007,-0.001) (1.000,-0.000) (-0.000,0.000)
49. (0.022,0.016) (-0.009,-0.007) (-0.000,-0.000) (0.999,0.000)
50.

51.

52. Process returned © (©x0) execution time : 0.031 s

53. Press any key to continue.

2.6 SKAEFEEEIEFER SVD 7

T —=AMmITnFIAEFEA, SVDA RN F— A mBr B IEASHFEY, —4miTn
FIIN AR FESAT— /B B IE S AE RV, 12 A=U*S*V’, i RE1ISVD I il B SR A7 1E
(1o FIFAEREISVD v DR AR RERIRR, FEFER 2 SOEUOR A 3L R R 1)) X
WS, BRNEE 2-11.

2 2-11  SEHEEE SVD 70 fif

Operation Effect
SVD<Real> sv HEST SVD 2K
sv.~SVD<Real>() SVD Hf7 #4) pR %k
sv.dec(A) X SRHERE A HEAT A 8 0
sv.getU() AREU/ & Sl & U
sv.getV() R & e la &V
sv.getSM() ARELAT S AE FE
sv.getSV() ARELE S AE ) &
sv.norm2() THEAERER) 2 Y04 ORK&E RED
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sv.cond(b) TH SR B 1) 2% A
sv.rank(B) TH B B B R
DAY -
1. /*****************************************************************************
2. * svd_test.cpp
3. *
4. * SVD class testing.
5. *
6. * Zhang Ming, 2010-01 (revised 2010-08), Xi'an Jiaotong University.
7. stk sk ke ke sk ks kol stk sk ks ok stk stk skl stk ks ksl ks skl stk sk sk ksl sk stk stk sk ks ksl sk sk kb skt ok sk kok ok /
8.
9.
10. #define BOUNDS_CHECK
11.
12. #include <iostream>
13. #include <iomanip>
14. #include <svd.h>
15.
16.
17. using namespace std;
18. using namespace splab;
19.
20.
21. typedef double Type;
22.
23.
24. int main()
25. {
26. // Matrix<Type> A(4,4);
27. // A(1,1) = 16; A(1,2) = 2; A(1,3) = 3; A(1,4) = 13;
28. // A(2,1) = 5; A(2,2) = 11; A(2,3) = 10; A(2,4) = 8;
29. // A(3,1) = 9; A(3,2) = 7; A(3,3) = 6; A(3,4) = 12;
30. // A(4,1) = 4; A(4,2) = 14; A(4,3) = 15; A(4,4) = 1;
31.
32. // Matrix<Type> A(4,2);
33. // A(1,1) = 1; A(1,2) = 2;
34. // A(2,1) = 3; A(2,2) = 4;
35. // A(3,1) = 5; A(3,2) = 6;
36. // A(4,1) =7; A(4,2) = 8;
37.
38. Matrix<Type> A(2,4);
39. A(1,1) = 1; A(1,2) = 3; A(1,3) = 5; A(1,4) = 7;
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40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

y

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

iz

A(2,3) = 6;

A(2,4) = 8;

" << svd.rank() << endl << endl;

" << svd.cond() << endl <<

A(2,1) = 2; A(2,2) = 4
SVD<Type> svd;
svd.dec(A);
Matrix<Type> U = svd.getU();
Matrix<Type> V = svd.getV();
Matrix<Type> S = svd.getSM();
cout << setiosflags(ios::fixed) << setprecision(4);
cout << "Matrix--A: " << A << endl;
cout << "Matrix--U: " << U << endl;
cout << "Vector--S: " << S << endl;
cout << "Matrix--V: " << V << endl;
cout << "Matrix--A - U * S * VAT:
<< A- U*S*trT(V) << endl;
// << A- U*multTr(S,V) << endl;
cout << "The rank of A :
cout << "The condition number of A :
return 0;
}
/e
ITE 5
Matrix--A: size: 2 by 4
1.0000 3.0000 5.0000 7.0000
2.0000 4.0000 6.0000 8.0000
Matrix--U: size: 2 by 2
0.6414 -0.7672
0.7672 0.6414
Vector--S: size: 2 by 2
14.2691 0.0000
0.0000 ©0.6268
Matrix--V: size: 4 by 2
0.1525 0.8226
0.3499 0.4214
0.5474 0.0201
0.7448 -0.3812
Matrix--A - U * S * VAT: size: 2 by 4

endl;



SRS RAEFE) SVD iR

20. -0.0000 0.0000 -0.0000 0.0000

21. -0.0000 -0.0000 -0.0000 -0.0000

22.

23. The rank of A : 2

24.

25. The condition number of A : 22.7640

26.

27.

28. Process returned @ (©x0) execution time : 0.024 s

29. Press any key to continue.

SHFERISVD R UIER 2-120 7K.

* 2-12  HHRE SVD 7R

Operation Effect
CSVD<Real> sv ##37 CSVD 2K
sv.~CSVD<Real>() CSVD H7#4) bR
sv.dec(cA) PR cA BEAT AT B 5 i
sv.getU() R B R U
sv.getV() A A RV
sv.getSM() R B A
sv.getSV() RN S8 )
sv.norm2() THEAERER) 2 Y04 (KA MED
sv.cond(b) TH L P 1R 2% A1 2
sv.rank(B) THERE R R
MAHD «
2. * csvd_test.cpp
3. %

4. * CSVD class testing.
5. *
6. * Zhang Ming, 2010-12, Xi'an Jiaotong University.

7 *****************************************************************************/

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <iomanip>
14. #include <csvd.h>

15.

16.
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

2.

using namespace std;

using namespace splab;

typedef double Type;

const int M = 4;
const int N = 5;
int main()

{

//

Matrix< complex<Type> > A( M, N ), B(M,N);
for( int i=@; i<M; i++ )
for( int j=@; Jj<N; Jj++ )

A[i][j] = complex<Type>( Type(0.3*i+0.7*j), sin(Type(i+j)) );

CSVD<Type> svd;

svd.dec(A);

Matrix< complex<Type> > U = svd.getU();

Matrix< complex<Type> > V = svd.getV();
Matrix<Type> S = svd.getSM();

Matrix< complex<Type> > CS = complexMatrix( S );

Vector<Type> S = svd.getSV();

cout << setiosflags(ios::fixed) << setprecision(3);

cout << "Matrix-------- A: " << A << endl;
cout << "Matrix-------- U: " << U << endl;
cout << "Vector-------- S: " << S << endl;
cout << "Matrix-------- V: " << V << endl;
cout << "Matrix-------- A-U*S*VrH: "

<< A - U*CS*trH(V) << endl;

// << A - U*multTr(CS,V) << endl;
cout << "The rank of A : " << svd.rank() << endl << endl;
cout << "The condition number of A : " << svd.cond() << endl << endl;
return 0;

}

/e

TEER .

Matrix-------- A: size: 4 by 5

(0.000,0.000) (0.700,0.841) (1.400,0.909) (2.100,0.141) (2.800,-0

.757)



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

(0.300,0.841)

(0.600,0.909)

(0.900,0.141)

(0.394,0.000)
(0.466,-0.095)
(0.524,-0.121)

(0.571,-0.060)

9.642 0.000
0.000 2.428
0.000 0.000

0.000 0.000

(0.080,-0.114)
(0.236,-0.077)
(0.398,-0.002)
(0.547,0.024)

(0.677,-0.042)

Matrix--------

(0.000,0.000)

(0.000, -0.000)

(0.000,0.000)

(0.000,0.000)

The rank of A :

The condition number of A :

Process returned @ (0x0)

(1.000,0.909)

(1.300,0.141)

(1.600,-0.757)

: size: 4 by 4

(-0.579,0.000)
(-0.431,0.137)
(0.130,0.031)

(0.644,-0.164)

: size: 4 by 4
0.000 0.000
0.000 0.000
1.021 0.000
0.000 0.028
: size: 5 by 4

(0.267,0.027)
(0.254,0.521)
(0.145,0.504)
(-0.022,-0.007)

(-0.156,-0.541)

- U * S * VrMH:

(0.000, -0.000)

(0.000, -0.000)

(0.000, -0.000)

(0.000, -0.000)

Press any key to continue.

execution time :

(1.700,0.141)

(2.000,-0.757)

(2.300,-0.959)

(0.632,0.000)
(-0.349,0.187)
(-0.537,0.070)

(0.378,-0.085)

(0.120,0.734)
(0.241,0.283)
(0.141,-0.301)
(-0.008,-0.372)

(0.009,0.243)

size: 4 by 5

(0.000, -0.000)

(-0.000,0.000)

(0.000,0.000)

(-0.000,-0.000)

350.515

SRS RAEFE) SVD iR

(2.400,-0.757)

(2.700,-0.959)

(3.000,-0.279)

(-0.331,0.000)
(0.642,0.005)
(-0.629,-0.064)

(0.275,0.053)

(0.561,0.118)

(-0.451,-0.114)

(0.031,-0.058)

(0.555,0.074)

(-0.371,-0.001)

(0.000,0.000)

(0.000,0.000)

(0.000,0.000)

(0.000, -0.000)

0.045 s

(3.100,-0.959)

(3.400,-0.279)

(3.700,0.657)

(0.000,0.000)

(0.000, -0.000)

(0.000,0.000)

(0.000,0.000)
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2.7 SEAERES BN EVD 7

R (BT MRHEA R —MER EEES, T AJERA, FEE
SRRV FAEFED, Wi AV=VAD, VIS B R AL, DXL L
[ 76 25 Ay S 2B GE 16 B PO AR AL A O T AR SR, T A 1 30D I "evd
EVD<Type>Z ] — L4 FIRFU L 2-13,

* 2-13  SHERE EVD 0

Operation Effect
EVD<Real> ev A7 EVD 2%
ev.~SVD<Real>() EVD H744) R £
ev.dec(A) XS A HEATRHIE 53
isSymmetric() Pl IV el P RREp o PN
isComplex(tol) F TR PR AR A 2 75 9 A
ev.getV() SRR ) B V
ev.getCV() SR RHIE ) & CV
ev.getD() RIS AEE D
ev.getCD() R FFAE{E CD

MARHD «

2o * evd_test.cpp

3. %

4. * EVD class testing.
5. *
6. * Zhang Ming, 2010-01 (revised 2010-12), Xi'an Jiaotong University.

7 *****************************************************************************/

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <iomanip>

14. #include <evd.h>

15.

16.

17. using namespace std;
18. using namespace splab;
19.

20.

21. typedef double Type;
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23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

const int

int main()

{

//

Matrix<T:
B[o][e]
B[1][e]

Matrix<T

Matrix<c

for( int
for(
{

A = B;
cA = com
cout <<

cout <<

EVD<Type
eig.dec(
if( leig
{

V =

D =

cout

cout

cout

cout

else

cV =

cout

cout

cout

SRS R FEN EVD 7 fif

ype> B(N,N);
= 3.0; B[@][1] = -2.0;
= -2.0; B[1][1] = 4.0;

ype> A(2*N,2*N), D, V;
omplex<Type> > cA(2*N,2*N), cD, cV;
i=0; i<N; ++1i )

int j=0; j<N; ++j )

A[i][3] = B[i][]];
A[i][3+N] = -B[J][i];
A[i+N][]] = B[JI[i];
A[i+N][J+N] = B[i][]l;
plexMatrix(A);

setiosflags(ios::fixed) << setprecision(2);

"The original matrix A : " << A << endl;

> eig;
A);

.isComplex() )

eig.getV();

diag(eig.getD());
<< "The eigenvectors matrix V : " << V << endl;
<< "The eigenvalue D : " << D << endl;
<< "The V'*V : " << trMult(V,V) << endl;

<< "The A*V - V*D : " << A*V - V*D << endl;

eig.getCv();

diag(eig.getCD());

<< "The complex eigenvectors matrix V : " << cV << endl;
<< "The complex eigenvalue D : " << cD << endl;
<< "The A*V - V*D : " << cA*cV - cV*cD << endl;
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66. return 0;
67. }

e

AT

2. 3.00 -2.00
3. -2.00 4.00
4. 3.00 -2.00
5. -2.00 4.00
6.

8. (-0.06,-0.61)
9. (0.08,0.78)

10. (-0.61,0.06)
11. (0.78,-0.08)

12.

14. (5.56,5.56)
15. (0.00,0.00)
16. (0.00,0.00)
17. (0.00,0.00)

18.

20. (0.00,-0.00)
21. (-0.00,0.00)
22. (0.00,-0.00)
23. (-0.00,-0.00)
24.

25.

1. The original matrix A :

13. The complex eigenvalue D :

19. The A*V - V*D :

26. Process returned 0 (0x0)

size: 4
-3.00 2.00
2.00 -4.00
3.00 -2.00
-2.00 4.00

7. The complex eigenvectors matrix V :

27. Press any key to continue.

by 4

SHHEFEMEVD RNk 2-14F7R.

size: 4 by 4

(-90.06,0.61) (0.06,-0.79) (0.06,0.79)
(0.08,-0.78) (0.05,-0.61) (0.05,0.61)
(-0.61,-0.06) (-9.79,-0.06) (-9.79,0.06)
(0.78,0.08) (-0.61,-0.05) (-9.61,0.05)
size: 4 by 4
(0.00,0.00) (0.00,0.00) (0.00,0.00)
(5.56,-5.56) (0.00,0.00) (0.00,0.00)
(0.00,0.00) (1.44,1.44) (0.00,0.00)
(0.00,0.00) (0.00,0.00) (1.44,-1.44)
size: 4 by 4
(0.00,0.00) (-9.00,0.00) (-9.00,-0.00)
(-0.00,-0.00) (0.00,0.00) (0.00,-0.00)
(0.00,0.00) (0.00,0.00) (0.00,-0.00)
(-0.00,0.00) (0.00,-0.00) (0.00,0.00)
execution time : 0.027 s

* 2-14 IR EVD 70

Operation Effect
CEVD<Real> ev # 57 CEVD 2
ev.~CSVD<Real>() CEVD 44 B %X

ev.dec(cA)
isHertimian()
ev.getV()
ev.getD()

X cA BEATHRHE 7 iR
W P2 A3 Hertimian XJHK
SRR [ & V

SRIURFIEME D
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ev.getRD()

ARIUSEAFAEAE RD

IAAACRS -

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

AR KA KK A K oA S oo A K KK S KK S o KK o KKK oo KoK

* cevd_test.cpp

*

* CEVD class testing.

*

* Zhang Ming, 2010-12, Xi'an Jiaotong University.

SRR R SRK SRS KK S KKK SRR R S SR SR RH R S KKK S KK KKK SR KK KK oK

#define BOUNDS_CHECK

#include <iostream>
#include <iomanip>

#include <cevd.h>

using namespace std;

using namespace splab;

typedef double Type;

const int N = 4;

int main()

{
Matrix<Type> B(N,N);
B[@][e] = 3.8; B[@][1] = -2.0; B[@][2] = -0.9;
B[1][@] = -2.e; B[1][1] = 4.0; B[1][2] = 1.0;
B[2][@] = @.0; B[2][1] = @.0; B[2][2] = -1.0;
B[3][@] = -0.5; B[3][1] = -0.5; B[3][2] = @.1;

B[@][3] = 0.0;
B[1][3] = ©.0;
B[2][3]
B[3][3] = 1.0;

0.0;

Matrix<complex<Type> > A = complexMatrix( B, elemMult(B,B) );

// A = multTr(A,A);

cout << setiosflags(ios::fixed) << setprecision(2);

cout << "The original complex matrix A :

CEVD<Type> eig;

eig.dec(A);

<< A << endl;
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41. if( eig.isHertimian() )

42. {

43. Matrix<complex<Type> > V = eig.getV();

44, Vector<Type> D = eig.getRD();

45, Matrix<complex<Type> > DM = diag( complexVector(D) );
46. cout << "The eigenvectors matrix V is : " << V << endl;
a47. cout << "The eigenvalue D is : " << diag(D) << endl;
48. cout << "The V'*V : " << trMult(V,V) << endl;

49. cout << "The A*V - V*D : " << A*V - V*DM << endl;

50. }

51. else

52. {

53. Matrix<complex<Type> > V = eig.getV();

54. Vector<complex<Type> > D = eig.getD();

55. Matrix<complex<Type> > DM = diag( D );

56. cout << "The complex eigenvectors matrix V : " << V << endl;
57. cout << "The complex eigenvalue D : " << DM << endl;
58. cout << "The A*V - V*D : " << A*V - V*DM << endl;

59. }

60.

61. return 0;

62. }

BATE R

1. The original complex matrix A : size: 4 by 4

82

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

(3.900,9.00)
(-2.00,4.00)
(0.00,0.00)

(-0.50,0.25)

The complex eigenvectors matrix V :

(-0.54,-0.75)
(-1.49,-0.96)
(0.00,0.00)
(0.03,-0.08)

The complex eigenvalue D :

(2.26,17.55)
(0.00,0.00)
(0.00,0.00)
(0.00,0.00)

The A*V - V*D :

(-0.00,0.00)

(-2.00,4.00)
(4.00,16.00)
(0.00,0.00)

(-0.50,0.25)

(1.50,-1.10)
(-0.94,0.24)
(0.00,0.00)

(0.06,0.05)

(0.00,0.00)
(4.74,7.45)
(0.00,0.00)
(0.00,0.00)

size: 4 by 4

(0.00,0.00)

size:

(-0.90,0.81)
(1.00,1.00)
(-1.00,1.00)

(0.10,0.01)

(0.00,0.00)
(-0.00,-0.00)
(-0.00,0.00)

(-1.11,1.67)

4 by 4
(0.00,0.00)
(0.00,0.00)
(1.00,1.00)

(0.00,0.00)

(0.00,0.00)

size: 4 by 4

(0.00,0.00)
(0.00,0.00)
(0.00,0.00)

(1.00,1.00)

(-0.19,-0.09)
(0.05,0.23)
(0.54,-1.92)

(-0.05,0.15)

(0.00,0.00)
(0.00,0.00)
(0.00,0.00)

(-1.00,1.00)

(0.00,0.00)



RS E U

21. (-0.00,0.00) (-0.00,0.00) (0.00,-06.00) (0.00,0.00)
22. (0.00,-0.00) (-0.00,-0.00) (0.00,-0.00) (-0.00,-0.00)
23. (-0.00,0.00) (0.00,0.00) (-0.00,0.00) (-0.00,0.00)
24,
25.

26. Process returned © (©x0) execution time : 0.036 s

27. Press any key to continue.

2.8 FEFEMIML XY

FEFESR IS RO EE R, A& ZMNAH, HEHEFEREE R, —
HEIENIRI N TT G o SP++H R A I R B SR Bk A48 : 41 3 JeGaus s Jeidk, 4 F jtGauss
Gk, LUDZ 2 AICholesky 7 i, i Cholesky 70 ARE BRI X AR IE EFEFE, W]
PAREARTHE 2, BARRBLE 2-157R.

R R ZHERE RIS ER IS T DU AL SR AR e 1t 7 AR 2 1), X A mT LA
DR, RGN ITRRARRETE T S —ERAHKNE

* 2-15  FEFESRW L

Operation Effect
inv(A,type) B S P SR 0 AR
cinv(cA,type) 10 A O O SR 1 B
colPivinv(A) SCAERE S B HERES T Gauss 7ok
cmpPivinv(A) SEA R 5 B R 4 2 TG Gauss Y JGTE
M
1. JFERRRRR R KRR KRR R RS RS RSF HRRSF HFF HRSFH R RSHH R RSHH K RF H K
2o & inverse_test.cpp
3. *
4. * Matrix inverse testing.
5. *

6. * Zhang Ming, 2010-08 (revised 2010-12), Xi'an Jiaotong University.

7. K K K KK KK K KKK K KK oK KK S KK S KK S KK S K 3 KK S KK S KK S K KO S K S Ko ok

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <iomanip>
14. #include <inverse.h>
15.

16.
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84

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

using namespace std;

using namespace splab;

typedef double Type;

const int N = 3;
int main()
{

Matrix<Type> A, invA, B(N,N);

A.resize(3,3);

Afe][e] = 1; Afe][1] = 2; Afe][2] = 1;
A[1][e] = 2; A[1][1] = 5; A[1][2] = 4;
A[2][e] = 1; A[2][1] = 1; A[2][2] = eo;
cout << setiosflags(ios::fixed) << setprecision(4);

cout

<< "The original matrix A is : " << A << endl;

invA = inv(A);

cout

<< "The inverse matrix of A (LUD) : " << invA << endl;

invA = colPivInv(A);

cout

<< "The inverse matrix of A (column pivot)

invA = cmpPivInv(A);

cout

cout

for(
{

}

cout

<< "The invese matrix of A (complete pivot)

<< "The multiplication of A and its inverse:

int i=1; i<=N; ++i )

for( int j=1; j<=N; ++j )

if(1==73)
B(i,i) = i;

else if( i < j )

"

<< invA << endl;

"

<< invA << endl;

" << A*invA << endl;

B(i,J) = i;
else
B(i,3) = J;
<< "The original matrix B is : " << B << endl;

invA = inv(B,"spd");

cout

<< "The inverse matrix of B (Cholesky) : " << invA << endl;

invA = colPivInv(B);

cout

<< "The inverse matrix of B (column pivot) :

invA = cmpPivInv(B);

cout

cout

<< "The inverse matrix of B (complete pivot) :

<< "The multiplication of B and its inverse:

"

<< invA << endl;

<< invA << endl;

" << B*invA << endl;
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61. cout << setiosflags(ios::fixed) << setprecision(3);

62. Matrix<complex<Type> > cA(N,N), cIA;

63. cA = complexMatrix( A, B );

64.

65. cIA = inv(cA);

66. cout << "The original complex matrix cA is: " << cA << endl;
67. cout << "The inverse matrix of cA is (general method): "
68. << inv(cA) << endl;

69. cout << "The inverse matrix of cA is (column pivot): "
70. << colPivInv(cA) << endl;

71. cout << "The inverse matrix of cA is (complete pivot): "
72. << cmpPivInv(cA) << endl;

73. cout << "The inverse matrix of cA is (real inverse): "
74. << cinv(cA) << endl;

75. cout << "The multiplication of cA and its inverse: "

76. << CA*cIA << endl;

77.

78. return 0;

79. }

-
BATE R

1. The original matrix A is : size: 3 by 3
2. 1.0000 2.0000 1.0000

3. 2.0000 5.0000 4.0000

4. 1.0000 1.0000 0.0000

6. The inverse matrix of A (LUD) : size: 3 by 3

7. -4.0000 1.0000 3.0000

8. 4.0000 -1.0000 -2.0000

9. -3.0000 1.0000 1.0000

10.

11. The inverse matrix of A (column pivot) : size: 3 by 3
12. -4.0000 1.0000 3.0000

13. 4.0000 -1.0000 -2.0000

14. -3.0000 1.0000 1.0000

15.

16. The invese matrix of A (complete pivot) : size: 3 by 3
17. -4.0000 1.0000 3.0000

18. 4.0000 -1.0000 -2.0000

19. -3.0000 1.0000 1.0000

20.

21. The multiplication of A and its inverse: size: 3 by 3
22. 1.0000 0.0000 ©0.0000

23. ©0.0000 1.0000 ©.0000
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24. ©0.0000 0.0000 1.0000

25.

26. The original matrix B is : size: 3 by 3

27. 1.0000 1.0000 1.0000

28. 1.0000 2.0000 2.0000

29. 1.0000 2.0000 3.0000

30.

31. The inverse matrix of B (Cholesky) : size: 3 by 3

32. 2.0000 -1.0000 0.0000

33. -1.0000 2.0000 -1.0000

34. 0.0000 -1.0000 1.0000

35.

36. The inverse matrix of B (column pivot) : size: 3 by 3
37. 2.0000 -1.0000 -0.0000

38. -1.0000 2.0000 -1.0000

39. 0.0000 -1.0000 1.0000

40.

41. The inverse matrix of B (complete pivot) : size: 3 by 3
42. 2.0000 -1.0000 -0.0000

43. -1.0000 2.0000 -1.0000

44. -0.0000 -1.0000 1.0000

45.

46. The multiplication of B and its inverse: size: 3 by 3
47. 1.0000 0.0000 0.0000

48. ©.0000 1.0000 0.0000

49. ©0.0000 0.0000 1.0000

50.

51. The original complex matrix cA is: size: 3 by 3

52. (1.000,1.000) (2.000,1.000) (1.000,1.000)

53. (2.000,1.000) (5.000,2.000) (4.000,2.000)

54. (1.000,1.000) (1.000,2.000) (0.000,3.000)

55.

56. The inverse matrix of cA is (general method): size: 3 by 3
57. (1.400,-3.200) (-0.200,1.600) (-1.400,0.200)

58. (-2.000,1.000) (1.000,-1.000) (1.000,1.000)

59. (1.600,0.200) (-0.800,0.400) (-0.600,-1.200)

60.

61. The inverse matrix of cA is (column pivot): size: 3 by 3
62. (1.400,-3.200) (-0.200,1.600) (-1.400,0.200)

63. (-2.000,1.000) (1.000,-1.000) (1.000,1.000)

64. (1.600,0.200) (-0.800,0.400) (-0.600,-1.200)

65.

66. The inverse matrix of cA is (complete pivot): size: 3 by 3

67. (1.400,-3.200) (-0.200,1.600) (-1.400,0.200)
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68. (-2.000,1.000) (1.000,-1.000) (1.000,1.000)

69. (1.600,0.200) (-0.800,0.400) (-0.600,-1.200)

70.

71. The inverse matrix of cA is (real inverse): size: 3 by 3
72. (1.400,-3.200) (-0.200,1.600) (-1.400,0.200)

73. (-2.000,1.000) (1.000,-1.000) (1.000,1.000)

74. (1.600,0.200) (-0.800,0.400) (-0.600,-1.200)

75.

76. The multiplication of cA and its inverse: size: 3 by 3
77. (1.000,0.000) (0.000,0.000) (-0.000,-0.000)

78. (0.000,0.000) (1.000,-0.000) (0.000,0.000)

79. (0.000,0.000) (0.000,0.000) (1.000,-0.000)

80.

81.

82. Process returned @ (0x0) execution time : ©.168 s

83. Press any key to continue.

Y AN A T B B B AR R I, 350 R SR T SO0 SR A S e 2 1 7 AR 4
SERER ) SCHRT DB 3@ I SVD A T E R, SPH AR AL T SEAR RE 5 B AR SR
fREE, R 2-16T7.

FE . MR SCE “pseudoinverse test. epp” £E GCC ik 25 (CodeBlocks &)
TWAH R, £ VS2010 MBS NAFE R, $eum R BUSAR B I = 1, 7T A E 5
FEFER T S8R piny (cA, tol) B4 7 RIAS,  HLAnEON epinve

*£2-16 FEFERYT

Operation Effect
pinv(A tol) SEFERER)T %
pinv(cA tol) SRR %
AR -
1' /*****************************************************************************
2o & pseudoinverse_test.cpp
3. *
4. * Matrix pseudoinverse testing.
5. *

6. * Zhang Ming, 2010-08 (revised 2010-12), Xi'an Jiaotong University.

7 *****************************************************************************/

10. #define BOUNDS_CHECK
11.

12. #include <iostream>

13. #include <iomanip>
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14. #include <pseudoinverse.h>

15.

16.

17. using namespace std;

18. using namespace splab;

19.

20.

21. typedef double Type;

22.

23.

24. int main()

25. {

26. Matrix<Type> A(8,6), invA;

27. A[e][e]=64; A[@][1]=2; A[e][2]=3; A[@][3]=61; A[e][4]=60; A[@][5]=6;
28. A[1][@]=9; A[1][1]=55; A[1][2]=54; A[1][3]=12; A[1][4]=13; A[1][5]=51;
29. A[2][@]=17; A[2][1]=47; A[2][2]=46; A[2][3]=20; A[2][4]=21; A[2][5]=43;
30. A[3][@]=40; A[3][1]=26; A[3][2]=27; A[3][31=37; A[3][4]=36; A[3][5]=30;
31. A[4][0]=32; A[4][1]=34; A[4][2]=35; A[4][3]=29; A[4][4]=28; A[4][5]=38;
32. A[5][@]=41; A[5][1]=23; A[5][2]=22; A[5][3]=44; A[5][4]=45; A[5][5]=19;
33. A[6][@]=49; A[6][1]=15; A[6][2]=14; A[6][3]1=52; A[6][4]=53; A[6][5]=11;
34. A[7]1[e]=8; A[7][1]=58; A[7][2]=59; A[7][3]=5; A[7][4]=4; A[7][5]=62;
35.

36. invA = pinv(A);

37. cout << setiosflags(ios::fixed) << setprecision(4);

38. cout << "The original matrix A is : " << A << endl;

39. cout << "The pseudoinverse matrix of A is : " << invA << endl;

40. cout << "The multiplication of A and its inverse is : " << A*invA << endl;
41.

42. Matrix<complex<Type> > cA = complexMatrix(A,-A);

43. Matrix<complex<Type> > cPIA = pinv(cA);

a4. cout << "The original complex matrix A is : "

45. << setprecision(@) << cA << endl;

46. cout << setiosflags(ios::fixed) << setprecision(4);

a47. cout << "The real part of the pseudoinverse matrix of A is: "

48. << real(cPIA) << endl;

49. cout << "The real imaginary of the pseudoinverse matrix of A is: "

50. << imag(cPIA) << endl;

51.

52. return 0;

53. }

BATE R

‘1. The original matrix A is : size: 8 by 6

‘2. 64.0000 2.0000 3.0000 61.0000 60.0000 6.0000
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

9.0000 55.0000 54.0000

17.0000 47.0000 46.0000

40.0000 26.0000 27.0000

32.0000 34.0000 35.0000

41.0000 23.0000 22.0000

49.0000 15.0000 14.0000

12.0000

20.0000

37.0000

29.0000

44,0000

52.0000

13.0000

21.0000

36.0000

28.0000

45.0000

53.0000

8.0000 58.0000 59.0000 5.0000 4.0000

The pseudoinverse matrix of A is :

size:

0.0177 -0.0165 -0.0164 0.0174 0.0173

-0.0121 0.0132 0.0130
-0.0055 0.0064 0.0060
-0.0020 0.0039 0.0046
-0.0086 0.0108 0.0115

0.0142 -0.0140 -0.0149

The multiplication of A
0.5417 -0.2083 -0.1250
-0.2083 0.3988 0.3393
-0.1250 0.3393 0.3036

0.2917 -0.0298 -0.0179

0.2083 0.0298

0.1250 0.1607

0.2083 0.1012

-0.0417 0.2083

The original complex matrix A is :

0.0179

0.1964

0.1607

0.1250

(64,-64) (2,-2)
(9,-9) (55,-55)
(17,-17) (47,-47)
(43,-43)

(40,-40) (26,-26)
(30,-30)

(32,-32) (34,-34)
(38,-38)

(41,-41) (23,-23)
(19,-19)

(49,-49) (15,-15)
(11,-11)

(8,-8) (58,-58)

-0.0114
-0.0043
-0.0038
-0.0109

0.0169

and its
0.2917
-0.0298
-0.0179
0.2560
0.2440
0.0179
0.0298

0.2083

(35'3)

(54,-54)

(59,-59)

-0.0112
-0.0040
-0.0044
-0.0117

0.0178

inverse
0.2083
0.0298
0.0179
0.2440
0.2560
-0.0179
-0.0298

0.2917

size:

(61,-61)

(46,-46)

(27,-27)

(35, -35)

(22,-22)

(14,-14)

51.0000
43.0000
30.0000
38.0000
19.0000
11.0000

62.0000

6 by 8
-0.0161
0.0124
0.0049
0.0064
0.0139

-0.0176

-0.0160

0.0122

0.0045

0.0070

0.0147

-0.0185

is : size: 8 by

0.1250
0.1607
0.1964
0.0179
-0.0179
0.3036
0.3393

-0.1250

8 by 6

(12,-12)

(51'5)

0.2083
0.1012
0.1607
0.0298
-0.0298
0.3393
0.3988

-0.2083

(60, -60)

(20, -20)

(37,-37)

(29, -29)

(44,-44)

(52,-52)

(4)'4)

0.0170

-0.0106
-0.0028
-0.0063
-0.0141

0.0205

8
-0.0417
0.2083
0.1250
0.2083
0.2917
-0.1250
-0.2083

0.5417

(13,-13)

(62,-62)

The real part of the pseudoinverse matrix of A is: size: 6 by 8

0.0089 -0.0083 -0.0082 0.0087 0.0087

-0.0081 -0.0080 0.0085

RS E U

(6)'6)

(21,-21)

(36,-36)

(28,-28)

(45,-45)

(53,-53)

(51, -51)
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47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

-0.0060 0.0066 0.0065 -0.0057 -0.0056 0.0062 0.0061 -0.0053
-0.0027 0.0032 0.0030 -0.0022 -0.0020 0.0025 0.0023 -0.0014
-0.0010 0.0020 0.0023 -0.0019 -0.0022 0.0032 0.0035 -0.0031
-0.0043 0.0054 0.0058 -0.0055 -0.0059 0.0069 0.0073 -0.0070

0.0071 -0.0070 -0.0075 0.0085 0©0.0089 -0.0088 -0.0093 0.0103

The real imaginary of the pseudoinverse matrix of A is: size: 6
0.0089 -0.0083 -0.0082 0.0087 ©0.0087 -0.0081 -0.0080 0.0085

-0.0060 0.0066 0.0065 -0.0057 -0.0056 0.0062 0.0061 -0.0053
-0.0027 0.0032 0.0030 -0.0022 -0.0020 0.0025 0.0023 -0.0014
-0.0010 0.0020 0.0023 -0.0019 -0.0022 0.0032 0.0035 -0.0031
-0.0043 0.0054 0.0058 -0.0055 -0.0059 0.0069 0.0073 -0.0070

0.0071 -0.0070 -0.0075 0.0085 0©0.0089 -0.0088 -0.0093 0.0103

Process returned @ (@x0) execution time : 0.125 s

Press any key to continue.
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3 MRS

3.1 WMlatmEA

WML A E 2%, 5 RBOERE N — AR RE R, AT DA% 3278
Gaussii TLiEBLUZ A BEAT R 35 R BOEFE X AR IE /K, AT LA Cholesky
OMEFREAT RAR s A RBGERE N =X, AT DA IE ALVE AT DU SR A . FEFE
TR R AN AN IR, WU — 8, BARRBUILER 3-1, iR RHtK
BRSO S R A T RN B AR B T R AL T ATE T

® 31 WM AR A

Operation Effect
gaussSolver(A,B) Gauss JH JGIEARHE 7 72
gaussSolver(A,b) Gauss JH TCIEMRZNMETT FR4H
luSolver(A,B) LU 73 i A 3 B 7 12
luSolver(A,b) LU 73 il fii 2o v 7 F2 4
choleskySolver(A,B) Cholesky 732 fift i [ 77 2
choleskySolver(A,b) Cholesky 7 fiftvk i 4 1 7 FE4H
utSolver(A,b) KA = R St T R
[tSolver(A,b) SR T = BB St 7 R4
febsSolver(A,b) BTV = T R
DRAACRS -
T
2. x linequsl_test.cpp
3. *
4.  * Deterministic Linear Equations testing.
5. *

6. * Zhang Ming, 2010-07 (revised 2010-12), Xi'an Jiaotong University.

7. KRR SRKH SRS KH S KR K SRR S SR SRR SR S KKK S KKK S RK SR oK

10. #define BOUNDS_CHECK
11.
12. #include <iostream>

13. #include <iomanip>

14. #include <linequsl.h>
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

using namespace std;

using namespace splab;

typedef float Type;

const int M= 3;
const int N = 3;
int main()

{

Matrix<Type> A(M,N), B;

Vector<Type> b(N);

// ordinary linear equations

Afe][e] = 1; Afe][1] = 2;
A[1][e] = 2; A[1][1] = 5;
A[2][e] = 1; A[2][1] = 1;

B = eye( N, Type(1.0) );
b[e] = 1; b[1] =@; b[2] =
Matrix<Type> invA( A );

Matrix<Type> X( B );

cout << setiosflags(ios::fixed

cout << "The original matrix A

gaussSolver( invA, X );

cout << "The inverse of A is (
<< invA << endl;

cout << "The inverse matrix of

<< luSolver( A, B ) << en

cout << "The constant vector b :

cout << "The solution of A * x
<< gaussSolver( A, b ) <«
cout << "The solution of A * x

<< luSolver( A, b ) << en

Matrix<complex<Type> > cA = co
Vector<complex<Type> > cb = co
cout << "The original complex
cout << "The constant complex
cout << "The solution of cA *

<< gaussSolver( cA, cb )

Afe][2] = 1;
A[1][2] = 4;
A[2][2] = e;
1;

) << setprecision(4) << endl;

is ¢ " << A << endl;

Gauss Solver) : "

A is (LUD Solver) : "

dl;

" << b << endl;

= b is (Gauss Solver) : "
endl;

= b is (LUD Solver) : "

dl << endl;

mplexMatrix( A, B );
mplexVector( b, b );

matrix cA is : " << cA << endl;
vector cb : " << cb << endl;

cx = cb is (Gauss Solver) : "

<< endl;



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

i AL )
cout << "The solution of cA * cx = cb is (LUD Solver) : "
<< luSolver( cA, cb ) << endl;
cout << "The cA*cx - cb is : "<< cA*luSolver(cA,cb) - cb << endl << endl;

// linear equations with symmetric coefficient matrix

for( int i=1; i<N+1; ++i )

{
for( int j=1; j<N+1; ++j )
if(1==17)
A(i,1i) = Type(i);
else
if(i<3j)
A(1,3) = Type(i);
else
A(1,3) = Type(d);
b(i) = Type( i*(i+1)/2.0 + i*(N-i) );
}
cout << "The original matrix A : " << A << endl;

cout << "The inverse matrix of A is (Cholesky Solver) : "
<< choleskySolver( A, B ) << endl;

cout << "The constant vector b : " << b << endl;

cout << "The solution of Ax = b is (Cholesky Solver) : "

<< choleskySolver( A, b ) << endl << endl;

cA = complexMatrix( A );

cb = complexVector( b, b );

cout << "The original complex matrix A : " << cA << endl;
cout << "The constant complex vector b : " << cb << endl;
cout << "The solution of Ax = b is (Cholesky Solver) : "

<< choleskySolver( cA, cb ) << endl << endl;

// upper and lower triangular system
for( int i=@; i<N; ++i )
for( int j=i; Jj<N; ++j )
B[i][J] = A[i][]];
cout << "The original matrix B : " << B << endl;
cout << "The constant vector b : " << b << endl;
cout << "The solution of Ax = b is (Upper Triangular Solver) : "

<< utSolver( B, b ) << endl << endl;

cA = complexMatrix( trT(B), -trT(B) );
cout << "The original complex matrix A : " << cA << endl;
cout << "The constant complex vector b : " << cb << endl;

cout << "The solution of Ax = b is (Lower Triangular Solver) : "
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103. << 1tSolver( cA, cb ) << endl << endl;

104.

105. // Tridiagonal linear equations

106. Vector<Type> aa( 3, -1 ), bb( 4, 4 ), cc( 3, -2 ), dd( 4 );

107. dd(1) = 3; dd(2) = 2; dd(3) =2; dd(4) = 3;

108. cout << "The elements below main diagonal is : " << aa << endl;

109. cout << "The elements on main diagonal is : " << bb << endl;

11e. cout << "The elements above main diagonal is : " << cc << endl;

111. cout << "The elements constant vector is : " << dd << endl;

112. cout << "Teh solution is (Forward Elimination and Backward Substitution) : "
113. << febsSolver( aa, bb, cc, dd ) << endl;

114.

115. Vector<complex<Type> > caa = complexVector(aa);

116. Vector<complex<Type> > cbb = complexVector(bb);

117. Vector<complex<Type> > ccc = complexVector(cc);

118. Vector<complex<Type> > cdd = complexVector(Vector<Type>(dd.dim()),dd);
119. cout << "The elements below main diagonal is : " << caa << endl;

120. cout << "The elements on main diagonal is : " << cbb << endl;

121. cout << "The elements above main diagonal is : " << ccc << endl;

122. cout << "The elements constant vector is : " << cdd << endl;

123. cout << "Teh solution is (Forward Elimination and Backward Substitution) : "
124. << febsSolver( caa, cbb, ccc, cdd ) << endl;

125.

126. return 0;

127.}

-
BATE R

1. The original matrix A is : size: 3 by 3
2. 1.0000 2.0000 1.0000

3. 2.0000 5.0000 4.0000

4. 1.0000 1.0000 0.0000

6. The inverse of A is (Gauss Solver) : size: 3 by 3
7. -4.0000 1.0000 3.0000

8. 4.0000 -1.0000 -2.0000

9. -3.0000 1.0000 1.0000

10.

11. The inverse matrix of A is (LUD Solver) : size: 3 by 3
12. -4.0000 1.0000 3.0000

13. 4.0000 -1.0000 -2.0000

14. -3.0000 1.0000 1.0000

15.

16. The constant vector b : size: 3 by 1

17. 1.0000
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

RN T R

3
&
n

0.0000

1.0000

The solution of A * x = b is (Gauss Solver) : size: 3 by 1
-1.0000
2.0000

-2.0000

The solution of A * x = b is (LUD Solver) : size: 3 by 1
-1.0000
2.0000

-2.0000

The original complex matrix cA is : size: 3 by 3
(1.0000,1.0000) (2.0000,0.0000) (1.0000,0.0000)
(2.0000,0.0000) (5.0000,1.0000) (4.0000,0.0000)

(1.0000,0.0000) (1.0000,0.0000) (0.0000,1.0000)

The constant complex vector cb : size: 3 by 1
(1.0000,1.0000)
(0.0000,0.0000)

(1.0000,1.0000)

The solution of cA * cx = cb is (Gauss Solver) : size: 3 by 1
(0.4000, -0.8000)
(-90.4000,1.2000)

(0.6000, -1.0000)

The solution of cA * cx = cb is (LUD Solver) : size: 3 by 1
(0.4000, -0.8000)
(-90.4000,1.2000)

(0.6000, -1.0000)

The cA*cx - cb is : size: 3 by 1
(-0.0000,0.0000)
(0.0000,0.0000)

(-0.0000, -0.0000)

The original matrix A : size: 3 by 3
1.0000 1.0000 1.0000
1.0000 2.0000 2.0000

1.0000 2.0000 3.0000
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96

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

The inverse matrix of A is (Cholesky Solver)

2.0000 -1.0000 0.0000
-1.0000 2.0000 -1.0000

0.0000 -1.0000 1.0000

The constant vector b : size: 3 by 1
3.0000
5.0000

6.0000

The solution of Ax = b is (Cholesky Solver)
1.0000
1.0000

1.0000

The original complex matrix A : size: 3 by 3

: size: 3 by 3

size: 3 by 1

(1.0000,0.0000) (1.0000,0.0000) (1.0000,0.0000)

(1.0000,0.0000) (2.0000,0.0000) (2.0000,0.0000)

(1.0000,0.0000) (2.0000,0.0000) (3.0000,0.0000)

The constant complex vector b : size: 3 by 1

(3.0000,3.0000)
(5.0000,5.0000)

(6.0000,6.0000)

The solution of Ax = b is (Cholesky Solver)
(1.0000,1.0000)
(1.0000,1.0000)

(1.0000,1.0000)

The original matrix B : size: 3 by 3
1.0000 1.0000 1.0000
0.0000 2.0000 2.0000

0.0000 0.0000 3.0000

The constant vector b : size: 3 by 1
3.0000
5.0000

6.0000

size: 3 by 1

The solution of Ax = b is (Upper Triangular Solver) : size: 3 by 1
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107

108

. 0.5000

. 0.5000

. 2.0000

109.

110.

111.

112.

113.

114.

The original complex matrix A : size: 3 by 3

(1.0000, -1.0000) (0.0000, -6.0000) (0.0000, -0.0000)
(1.0000, -1.0000) (2.0000, -2.0000) (0.0000, -0.0000)
(1.0000, -1.0000) (2.0000, -2.0000) (3.0000, -3.0000)

115.

116.

117.

118.

119.

The constant complex vector b : size: 3 by 1
(3.0000,3.0000)
(5.0000,5.0000)

(6.0000,6.0000)

120.

121.

122.

123.

124.

The solution of Ax = b is (Lower Triangular Solver) : size: 3 by 1
(0.0000, 3.0000)
(0.0000,1.0000)

(0.0000,0.3333)

125.

126.

127.

128.

129.

130.

The elements below main diagonal is : size: 3 by 1
-1.0000
-1.0000

-1.0000

131.

132.

133.

134.

135.

136.

The elements on main diagonal is : size: 4 by 1
4.0000
4.0000
4.0000

4.0000

137.

138.

139.

140.

141.

The elements above main diagonal is : size: 3 by 1
-2.0000
-2.0000

-2.0000

142.

143.

144.

145.

146.

147.

The elements constant vector is : size: 4 by 1
3.0000
2.0000
2.0000

3.0000

148.

149.

Teh solution is (Forward Elimination and Backward Substitution)

R

3
&
n

: size: 4 by 1

LT TR
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150. 1.5610

151.1.6220

152.1.4634

153.1.1159

154.

155. The elements below main diagonal is : size: 3 by 1
156. (-1.0000,0.0000)

157. (-1.0000,0.0000)

158. (-1.0000,0.0000)

159.

160. The elements on main diagonal is : size: 4 by 1
161. (4.0000,0.0000)

162. (4.0000,0.0000)

163. (4.0000,0.0000)

164. (4.0000,0.0000)

165.

166. The elements above main diagonal is : size: 3 by 1
167. (-2.0000,0.0000)

168. (-2.0000,0.0000)

169. (-2.0000,0.0000)

170.

171. The elements constant vector is : size: 4 by 1
172. (0.0000,3.0000)

173. (0.0000,2.0000)

174. (©.0000,2.0000)

175. (©.0000,3.0000)

176.

177. Teh solution is (Forward Elimination and Backward Substitution) : size: 4 by 1
178. (0.0000,1.5610)

179. (0.0000,1.6220)

180. (0.0000,1.4634)

181. (0.0000,1.1159)

182.

183.

184. Process returned @ (@x0) execution time : 0.162 s

185. Press any key to continue.

3.2 BEERELEREAH

A RBOEFERATECR T 208, WIARZ T R4 s e TR AL, KRR T R4l
ARG, (EF LRSS HHa R 2 MR Z e R RN g, Bla/h —off, &
L SRAFTTVEAT B/ 3] SUBAEFEEFIQRAT il ik 4 B FE AT RO T- 514,
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WFRIZITREH N R E AN T RE A, AR TR A e 75 Z AR, (B W] IR EIX
e PR /NS, BIUARNE RO, BRI DT e NE YT SRR
IEAQRAMiAE . A 5 R E LM R A AR s ol R A R 3-2, iR P

e 5 R E 2T TR

B R BN S R BN T RN R B ik Dy R Y T T .

R 3-2 EE S RELNEIT R R

Operation Effect
IsSolver(A,b) /N e S R s B T RE A
grLsSolver(A,b) QR 73 ff i 5 B 1t 7 20
svdLsSolver(A,b) SVD F3 fiftv2: ik e oe 2 M 5 R 40
InSolver(A,b) WRNTGE SCB AR R 8 e T R4
grLnSolver(A,b) QR 7 EVE R R € Bt 7 R 20
svdLnSolver(A,b) QR 7 EVE R R € Bt 7 R 20

DAY -

L. Rk ks ok s ok ok o o o Rk R R o o o R R o R o o R o

2o o linequs2_test.cpp

3. *

4. * Undetermined Linear Equations testing.

5. *

6. * Zhang Ming, 2010-07 (revised 2010-12), Xi'an Jiaotong University.

7. sk s o ok o o o K R R K R S R o R S R R o

8.

9.

10. #define BOUNDS_CHECK

11.

12. #include <iostream>

13. #include <iomanip>

14. #include <linequs2.h>

15.

16.

17. using namespace std;

18. using namespace splab;

19.

20.

21. typedef double Type;

22. const int M= 3;

23. const int N = 3;

24.

25.

26. int main()

27. A

28. Matrix<Type> A(M,N), B(M,N);
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29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Vector<Type> b(N);

// overdetermined linear equations

A.resize( 4, 3 );

Afe][e] = 1; Afe][1] = -1; A[e][2] = 1;

A[1][e] = 1; A[1][1] = 2; A[1][2] = 4;

A[2][e] = 1; A[2][1] = 3; A[2][2] = 9;

A[3][e] = 1; A[3][1] = -4; A[3][2] = 16;

b.resize( 4 );

b[e]= 1; b[1] = 2; b[2] = 3; Db[3] = 4;

cout << setiosflags(ios::fixed) << setprecision(3);

cout << "The original matrix A : " << A << endl;

cout << "The constant vector b : " << b << endl;

cout << "The least square solution is (using generalized inverse) : '
<< 1sSolver( A, b ) << endl;

cout << "The least square solution is (using QR decomposition) : "
<< grLsSolver( A, b ) << endl;

cout << "The least square solution is (using SVD decomposition) : "
<< svdLsSolver( A, b ) << endl;

Matrix<complex<Type> > cA = complexMatrix( A, A );

Vector<complex<Type> > cb = complexVector( b );

cout

cout

cout

cout

cout

<<

<<

<<

<<

<<

<<

<<

<<

"The original complex matrix cA : " << cA << endl;

"The constant complex vector cb : " << cb << endl;

"The least square solution is (using generalized inverse) :

1sSolver( cA, cb ) << endl;

"The least square solution is (using QR decomposition) : "

grLsSolver( cA, cb ) << endl;

"The least square solution is (using SVD decomposition) : "

svdLsSolver( cA, cb ) << endl;

// undetermined linear equations

Matrix<Type> At( trT( A ) );

b.resize( 3 );

b[e]= 1;

cout

cout

cout

cout

cout

<<

<<

<<

<<

<<

<<

<<

<<

b[1] = 2; b[2]= 3;

"The original matrix A : " << At << endl;

"The constant vector b : " << b << endl;

"The least norm solution is (using generalized inverse) : "

1nSolver( At, b ) << endl;

"The least norm solution is (using QR decomposition) : "

grLnSolver( At, b ) << endl;

"The least norm solution is (using SVD decomposition) : "

svdLnSolver( At, b ) << endl;

1

"
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73.

74. cA = complexMatrix( At, -At );

75. cb = complexVector( b );

76. cout << "The original complex matrix cA : " << cA << endl;

77. cout << "The constant complex vector cb : " << cb << endl;

78. cout << "The least square solution is (using generalized inverse) "
79. << 1nSolver( cA, cb ) << endl;

80. cout << "The least square solution is (using QR decomposition) : "
81. << grLnSolver( cA, cb ) << endl;

82. cout << "The least square solution is (using SVD decomposition) : "
83. << svdLnSolver( cA, cb ) << endl;

84.

85. return 0;

86. }

BATE R

1. The original matrix A : size: 4 by 3
2. 1.000 -1.000 1.000
3. 1.000 2.000 4.000
4. 1.000 3.000 9.000

5. 1.000 -4.000 16.000

7. The constant vector b : size: 4 by 1

8. 1.000
9. 2.000
10. 3.000
11. 4.000
12.

13. The least square solution is (using generalized inverse) : size: 3 by 1

14. 0.909
15. 0.079
16. 0.212
17.

18. The least square solution is (using QR decomposition) : size: 3 by 1

19. 0.909
20. 0.079
21. 0.212
22.

23. The least square solution is (using SVD decomposition) : size: 3 by 1

24. 0.909
25. 0.079
26. 0.212
27.

28. The original complex matrix cA : size: 4 by 3
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102

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

(1.000,1.000)
(1.000,1.000)
(1.000,1.000)

(1.000,1.000)

(-1.000,-1.000) (1.000,1.000)
(2.000,2.000) (4.000,4.000)
(3.000,3.000) (9.000,9.000)

(-4.000,-4.000) (16.000,16.000)

The constant complex vector cb : size: 4 by 1

(1.000,0.000)
(2.000,0.000)
(3.000,0.000)

(4.000,0.000)

The least square solution is (using generalized inverse)

(0.455,-0.455)
(0.039,-0.039)

(0.106,-0.106)

The least square solution is (using QR decomposition)

(0.455,-0.455)
(0.039,-0.039)

(0.106,-0.106)

The least square solution is (using SVD decomposition)

(0.455,-0.455)
(0.039,-0.039)

(0.106,-0.106)

The original matrix A : size: 3 by 4

1.000 1.000

-1.000 2.000

1.000 4.000

1.000 1.000

3.000 -4.000

9.000 16.000

The constant vector b : size: 3 by 1

1.000

2.000

3.000

The least norm solution is (using generalized inverse)

0.373

0.421

0.336

-0.130

The least norm solution is (using QR decomposition)

0.373

: size: 3 by 1

: size: 3 by 1

: size: 3 by 1

: size: 4 by 1

: size: 4 by 1



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

e 5 R E 2T TR

0.421
0.336

-0.130

The least norm solution is (using SVD decomposition) : size: 4 by 1
0.373
0.421
0.336

-0.130

The original complex matrix cA : size: 3 by 4
(1.000,-1.000) (1.000,-1.000) (1.000,-1.000) (1.000,-1.000)
(-1.000,1.000) (2.000,-2.000) (3.000,-3.000) (-4.000,4.000)

(1.000,-1.000) (4.000,-4.000) (9.000,-9.000) (16.000,-16.000)

The constant complex vector cb : size: 3 by 1
(1.000,0.000)
(2.000,0.000)

(3.000,0.000)

The least square solution is (using generalized inverse) : size: 4 by 1
(0.186,0.186)
(0.211,0.211)
(0.168,0.168)

(-0.065,-0.065)

The least square solution is (using QR decomposition) : size: 4 by 1
(0.186,0.186)
(0.211,0.211)
(0.168,0.168)

(-0.065,-0.065)

The least square solution is (using SVD decomposition) : size: 4 by 1
(0.186,0.186)
(0.211,0.211)
(0.168,0.168)

(-0.065,-0.065)

Process returned @ (@x0) execution time : 0.108 s

Press any key to continue.
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3.3 AL TEA

WER REGEPE R HERE, R TR mas A, X EHN KRG
FRAFEN, MONBEH ML R R N T IR s fe e v, DA A ) HE R
Y, HcH A BT SVDI%, BHJESVDIEAITikhonov iE ML 7 VL5645 . SP++
Rt T IX =R VE, BARRECR AR AR 3-3, iR IR AR RO S &R
BN TR AN R TR AT E H

VER: WA “linequs3_test. cpp” 1E GCC 4uiF#s (CodeBlocks M¥5) T
WA R, 1£VS2010 MEE FAHTIR, -7 REUBAR EH 280 I = SCME, AT DUKs R ek
NZFEPN], ek sk R REOTRRARN REETINA TR o &

® 33 ASEMINVEMRMITE

Operation Effect
tsvd(A,b,tol) HT SVD AR T T AL
dsvd(A,b,sigma) BHJE SVD VEMERL 7 Lt T FE4H.
tikhonov(A,b,alpha) Tikhonov IENIAiEARFR T Lt 7 FE 4

TACH -

1. /*****************************************************************************

2o * linequs3_test.cpp

3. *

4. * Rank Defect Linear Equations testing.

5. *

6. * Zhang Ming, 2010-07 (revised 2010-12), Xi'an Jiaotong University.

7. SRR A K SR KK S o KK R K K S oK K S S HH O S KKK S oo KK S KKK oK S oK oo

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <iomanip>
14. #include <linequs3.h>
15.

16.

17. using namespace std;
18. using namespace splab;
19.

20.

21. typedef double Type;
22.

23.

24. int main()

25. {
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26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

67.

y

o

TSI A

Matrix<Type> A(8,6);
A[e][e]=64; A[@][1]=2; A[e][2]=3; A[@][3]=61; A[e][4]=60; A[@][5]=6;
A[1][e]=9; A[1][1]=55; A[1][2]=54; A[1][3]=12; A[1][4]=13; A[1][5]=51;
A[2][e]=17; A[2][1]=47; A[2][2]=46; A[2][3]=206; A[2][4]=21; A[2][5]=43;
A[3][e]=46; A[3][1]=26; A[3][2]=27; A[3][3]=37; A[3][4]=36; A[3][5]=30;
A[4][e]=32; A[4][1]=34; A[4][2]=35; A[4][3]=29; A[4][4]=28; A[4][5]=38;
A[5][e]=41; A[5][1]=23; A[5][2]=22; A[5][3]=44; A[5][4]=45; A[5][5]=19;
Al6][0]=49; A[6][1]=15; A[6][2]=14; A[6][3]=52; A[6][4]=53; A[6][5]=11;
A[7]1[e]=8; A[7][1]=58; A[7][2]=59; A[7][3]=5; A[7][4]=4; A[7][5]=62;
Vector<Type> b(8);
b[0]=260; b[1]=260; b[2]=260; b[3]=260;
b[4]=260; b[5]=260; b[6]=260; b[7]=260;
Type alpha = 1.0e-006,
sigma = 1.0e-009;
cout << setiosflags(ios::fixed) << setprecision(4);
cout << "The original matrix A : " << A << endl;
cout << "The constant vector b : " << b << endl;
cout << "The solution of Truncated SVD (is consistent with Matlab) :"
<< endl << tsvd( A, b ) << endl;
cout << "The solution of Damped SVD with alpha = "
<< sigma << " :" << endl << dsvd( A, b, sigma ) << endl;
cout << "The solution of Tikhonov Regularization with alpha = "
<< alpha << " :" << endl << tikhonov( A, b, alpha ) << endl;
Matrix<complex<Type> > cA = complexMatrix( A, -A );
Vector<complex<Type> > cb = complexVector( b );
cout << setiosflags(ios::fixed) << setprecision(4);
cout << "The original complex matrix cA is: A - jA" << endl << endl;
cout << "The constant complex vector cb is: b" << endl << endl;
cout << "The solution of Truncated SVD (is consistent with Matlab) :"
<< endl << tsvd( cA, cb ) << endl;
cout << "The solution of Damped SVD with alpha = "
<< sigma << " :" << endl << dsvd( cA, cb, sigma ) << endl;
cout << "The solution of Tikhonov Regularization with alpha = "
<< alpha << " :" << endl << tikhonov( cA, cb, alpha ) << endl;
return 0;
}
T8 R
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1. The original matrix A : size: 8 by 6

2. 64.0000 2.0000 3.0000 61.0000 60.0000 6.0000
3. 9.0000 55.0000 54.0000 12.0000 13.0000 51.0000
4. 17.0000 47.0000 46.0000 20.0000 21.0000 43.0000
5. 40.0000 26.0000 27.0000 37.0000 36.0000 30.0000
6. 32.0000 34.0000 35.0000 29.0000 28.0000 38.0000
7. 41.0000 23.0000 22.0000 44.0000 45.0000 19.0000
8. 49.0000 15.0000 14.0000 52.0000 53.0000 11.0000
9. 8.0000 58.0000 59.0000 5.0000 4.0000 62.0000
10.

11. The constant vector b : size: 8 by 1

12. 260.0000
13. 260.0000
14. 260.0000
15. 260.0000
16. 260.0000
17. 260.0000
18. 260.0000
19. 260.0000
20.

21. The solution of Truncated SVD (is consistent with Matlab) :

22. size: 6 by 1

23. 1.1538
24. 1.4615
25. 1.3846
26. 1.3846
27. 1.4615
28. 1.1538
29.

30. The solution of Damped SVD with alpha = 0.0000 :

31. size: 6 by 1

32. 1.1539
33. 1.4615
34. 1.3847
35. 1.3847
36. 1.4615
37. 1.1538
38.

39. The solution of Tikhonov Regularization with alpha = ©.0000 :

40. size: 6 by 1

41. 1.1538
42. 1.4615
43. 1.3846
44.. 1.3846
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45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

TSI A

1.4615

1.1538

The original complex matrix cA is: A - jA

The constant complex vector cb is: b

The solution of Truncated SVD (is consistent with Matlab) :
size: 6 by 1

(0.5769,0.5769)

(0.7308,0.7308)

(0.6923,0.6923)

(0.6923,0.6923)

(0.7308,0.7308)

(0.5769,0.5769)

The solution of Damped SVD with alpha = ©.0000 :
size: 6 by 1

(0.5769,0.5769)

(0.7308,0.7308)

(0.6923,0.6923)

(0.6923,0.6923)

(0.7308,0.7308)

(0.5769,0.5769)

The solution of Tikhonov Regularization with alpha = 0.0000 :
size: 6 by 1

(0.5769,0.5769)

(0.7308,0.7308)

(0.6923,0.6923)

(0.6923,0.6923)

(0.7308,0.7308)

(0.5769,0.5769)

Process returned @ (@x0) execution time : 0.080 s

Press any key to continue.
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4 eI RESHRRA

4.1 FRLMTTHERR

TR BT AR L I T AR BUAR, — M1 DL T A B AT A AR R 1,
DR LB Al SR AS U N EE S . SP++rR SEBRIY 3 i F AR LR PE 7 FESRAR 771, BRI
I35, NewtoniEFIEIZyk, VENE 4-1. HhSH 67 NEmBot g, RERLMET
&, E3CHE “nifunc.h” HiE L.

R A-1 ARERMETTRERAR

Operation Effect

bisection (f,a,b,tol) ZOMEARE TR R AR
newton (f,x0,tol, maxItr) Newton ¥EARZ 1 7 LR
secant (f,x1,x2,tol,maxltr) BN BV E AR BT FE R AR

A

1. /*****************************************************************************
2. * nle_test.cpp

3. *

4. * Rooting of nonlinear equation testing.

5. *

6. * Zhang Ming, 2010-04, Xi'an Jiaotong University.

7. KRR SRKH SRR KR K SRR S SRR SR KK SRR S KKK S KKK SR K SR oK

10. #include <iostream>
11. #include <iomanip>

12. #include <nleroot.h>
13.

14.

15. using namespace std;
16. using namespace splab;
17.

18.

19. typedef double Type;

20.

21.



LTS RN

" << x01 << endl <<endl;

" << x02 << endl <<endl;

" << x03 << endl <<endl;

0.061 s

22. int main()

23. {

24, Type x01, x02, x03;

25. NLFunc<Type> f( 1.0, -3.0, 1.0 );

26.

27. cout << setiosflags(ios::fixed) << setprecision(8);
28. x01 = bisection( f, 0.0, 2.0, 1.0e-6 );
29. cout << "Bisection method :

30.

31. x02 = newton( f, 0.9, 1.0e-6, 100 );
32. cout << "Newton method :

33.

34. x03 = secant( f, 1.9, 3.0, 1.0e-6, 100 );
35. cout << "Secant method :

36.

37. return 0;

38. }

IBAT 4G

1. Bisection method : 0.38196611

2o

3. Newton method : 0.38196601

4.

5. Secant method : 2.61803406

6.

7.

8. Process returned @ (0x0) execution time :
9. Press any key to continue.

4.2 AREMTEARR

RN TTREH H R AR L LCAR R TR R R N R %, — B ISR
bt tnSeidelis Ak MNewtoniE %, FEHR 4-2. K24 “G” 1 “F” ek o
G, MERARLMETTREA, £ “nlfuncs.h” H15E 3.

K A2 AR AR

Operation

Effect

seidel (G, X0 ,tol,maxltr)
newton (F,x0,tol,eps,maxltr)

Seidel IEMIEARL T REALRAR
Newton IEAEARLEIE T FE AR AR

ML A

110



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

‘

ARLANETT R RAR

[ AR KA A KA KA A K KA K KA K KA KA KKK KA KK KA K KA K KA K KA K KK KKK KA K KK KK KK K

*

nle_test.cpp

* Rooting of nonlinear equations testing.

* Zhang Ming, 2010-10, Xi'an Jiaotong University.

*****************************************************************************/

#include <iostream>
#include <iomanip>

#include <nleroots.h>

using namespace std;

using namespace splab;

typedef double Type;

const int N = 2;
int main()
{

Vector<Type> XO(N);

cout << setiosflags(ios::fixed) << setprecision(8);

NLEqus<Type> G;

X0(1) = 8; X0(2) = 1;

cout << "Seidel iteration method : " << seidel( G, X0 ) << endl;

NLFuncs<Type> F;

X0(1) = 2; Xe(2) = 0;

Seidel iteration method :

-0.22221445

0.99380842

Newton iteration method :

cout << "Newton iteration method : " << newton( F, X0 ) << endl;
return 0;

}

S

ITE S

size: 2 by 1

size: 2 by 1
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LTS RN

6. 1.90067673

7. 0.31121857

10. Process returned @ (©x0) execution time : 0.042 s

11. Press any key to continue.

4.3 Romberg F{EF 4

SP++ 324t T RombergBU B /3 5%, W13k 4-3FR. HPSE “f” o
%, REMARE, 30 “integrand” HE Lo

% 4-3 Romberg HEHFR 4

Operation Effect

romberg(f,a,b,tol) Romberg F{E AR 7 &1k

TR AR «

1. [k sk sk kst ok sk ok sk sk ok s ke sk ks etk sk ks ks kst sk sk sk sk ok stk sk sk s sk ks sk o stk sk sk sk ok sk ok sk ok ok
2o & integral_test.cpp

3. *

4. * Numerical integral testing.

5. *

6. * Zhang Ming, 2010-04, Xi'an Jiaotong University.

7. K K SR KK KK KK KKK K KK oK S K K S KOK S KK SO S K 3 KK S KK S KK S K KO S K S Ko ok

10. #include <iostream>
11. #include <integral.h>
12.

13.

14. using namespace std;
15. using namespace splab;
16.

17.

18. typedef double Type;
19.

20.

21. int main()

22. {
23. Type pl =1,
24. p2 = 2,
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Romberg {E AR5

lower = 0,
upper = PI,
I=209;
Func<Type> f( p1, p2 );
I = romberg( f, lower, upper );
cout << "The integral of function 'f' from " << lower <<
" to " << upper << " is : " << I << endl << endl;
return 0;
}
-
BATE R
The integral of function 'f' from @ to 3.14159 is : 7.14159

Process returned @ (@x@) execution time : 0.029 s

Press any key to continue.
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5 HESIE

5.1 Newton fH{E

X F- 45 5 I N+L AN 5, 7T PLIE L Newtow i 723K BU 2 i X 26 5 K N R 2 T,
(R AE I F ZEE N RP R E 2 0, By 2 0K — e MR 2R, 1
FEE S A2 ) NAEH R IR 2

SP++ 1 Newtonfdi{E i2: 25 NewtonInterp<Type> ) {8 F 7 L2 5-1, IFH 5=
FESE /N et FL [ 4K 1 — i B4 2R AR Interpolation<Type>, 1%
A2 W, “interpolation.h”.

% 5-1 Newton HH{EE

Operation Effect
NewtonInterp<Type> intp(xi,yi) £1)% Newton {35
intp.~ NewtonInterp<Type> Hr#4 Newton #{f 2
intp.calcCoefs() THE (A 2 T R 5
intp.evaluate(x) THELLE 2 AR bR ) R B E
intp.getCoefs() ENIEEHIEET RMITE

AR :

T

2o * newtoninterp_test.cpp

3. *

4. * Newton interpolation testing.

5. *

6. * Zhang Ming, 2010-04, Xi'an Jiaotong University.

7. KRR SRK SRS KH S KR K SRR R S SRS K K SR SRH R SRR K S KKK S KKK S K SR oK

10. #define BOUNDS_CHECK

11.

12. #include <iostream>

13. #include <iomanip>

14. #include <newtoninterp.h>
15.

16.

17. using namespace std;



WESUE
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

y

10.

11.

12.

13.

14.

15.

using names

typedef dou

int main()

{

Vector<

x[e]

y[e]

NewtonI

poly.ca

cout <<
cout <<

<<

cout <<
cout <<
<<

<<

return

-

GE-E

Coefficient
0.0000
0.0167
-0.0001
-0.0000

0.0000

The true an
0.1736 @.
0.3420 O.

0.7660 0.

Process ret

pace splab;

ble Type;

Type> x(5),
y(5);

0; x[1] = 30; x[2] = 45; x[3] = 60; x[4] = 90;

0; y[1] = @.5; y[2] = sqrt(2.8)/2; y[3] = sqrt(3.8)/2; y[4] = 1;

nterp<Type> poly(x,y);

1cCoefs();

setiosflags(ios::fixed) << setprecision(4);
"Coefficients of Newton interpolated polynomial:"

poly.getCoefs() << endl;

"The true and interpolated values:" << endl;

sin(10*D2R) << " " << poly.evaluate(10) << endl

sin(20*D2R) << " " << poly.evaluate(20) << endl

sin(50*D2R) << " " << poly.evaluate(50) << endl << endl;
0;

s of Newton interpolated polynomial:size: 5 by 1

d interpolated values:
1734
3419

7660

urned @ (0x0) execution time : ©.020 s

Press any key to continue.



ERVEE Szl

5.2 =IRFE&IEE

SN SR AR BV A B DX 8] T =k 2 AT I AL, I L ORIE DX 18] S i 47
2 TS S HES:. RIS i E 2 BRI BT, JF X2
R A RS FEIE R . =B 2R U575 S Newton i [7], W& 5-2.

#5652 ZIRFEIEETE

Operation Effect
Spline3Interp<Type> intp(xi,yi,d2l,dwr) B = O Sl 2R
intp.~ Spline3Interp<Type> DR ERY =S TS
intp.calcCoefs() THEAEE 2 ) R 8
intp.evaluate(x) THEL45 58 AR PR 1) R EE
intp.getCoefs() SR AAE 2 W) R 8

MRAACHS

2. * spline3interp_test.cpp

3. *

4. * Spline3 interpolation testing.

5. *

6. * Zhang Ming, 2010-04, Xi'an Jiaotong University.

7 *****************************************************************************/

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <iomanip>

14. #include <spline3interp.h>
15.

16.

17. using namespace std;
18. using namespace splab;
19.

20.

21. typedef double Type;
22.

23.

24. int main()

25. {

26. /] F(x) = 1/ (1+25%x*2) -1 <= x <= 1
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WESUE
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27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.

44.

47.

y

iz

1.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.

Type xi[11]

Type yi[11]

1
-~

-1.0, -0.8, -0.6, -0.4, -0.2,

0.0, 0.2, 0.4, 0.6, 0.8, 1.0 };

1
-~

0.0385, 0.0588, 0.1, 0.2, 0.5,

1.0, 0.5, 0.2, 0.1, 0.0588, 0.0385 };

Type M1 = 0.2105, Mr = 0.2105;

Vector<Type> x( 11, xi ), y( 11, yi );

Spline3Interp<Type> poly( x, y, M1, Mr );

poly.calcCoefs();

cout

cout

cout

cout

<<

<<

<<

<<

<<

<<

<<

setiosflags(ios::fixed) << setprecision(4);
"Coefficients of cubic spline interpolated polynomial:

poly.getCoefs() << endl;

"The true and interpolated values:" << endl;
"0.0755" << " " << poly.evaluate(-0.7) << endl
"0.3077" << " " << poly.evaluate(0.3) << endl

"0.0471" << " " << poly.evaluate(®.9) << endl << endl;

return 0;

-

ITE R

Coefficients of cubic spline interpolated polynomial: size: 10 by 4

0.0385

0.0588

0.1000

0.2000

0.5000

1.0000

0.5000

0.2000

0.1000

0.0588

0.0737 0.1052 0.1694

0.1291 0.2069 0.8886

0.3185 0.7400 0.8384

0.7151 1.2431 13.4078

2.8212 9.2877 -54.4695

-0.0000 -23.3940 54.4704

-2.8212 9.2882 -13.4120

-0.7153 1.2410 -0.8225

-0.3176 0.7476 -0.9482

-0.1323 0.1787 -0.1224

The true and interpolated values:

0.0755

0.3077

0.0471

0.0747

0.2974

0.0472

Process returned @ (@x@) execution time : 0.057 s

Press any key to continue.



/N AR A

5.3 &/DTRME

28 78 MUMAE SR I Pt ) pR o0 BRI 7 BE0EAT i 2k 0L, B I — & T
AU B/ TG, 1% DOV IS 55 0L ek K ] (1 459 75 0% 22 v DU SR AL
ESH. LR B R R A b RIS (R Z AR/ A T LR
WAL T/ IR G, BIAFIULA 0 B8 B0 R BUR I 2L 5

SP++rf R fIt 1 4R Mk B/ —3fedbl 5 2K LSFitting<Type>, Hrpyig e Bt “f” &
CURII R AR, e UL “fitcurves.h”, B 7k L& 5-3.

* 5-3 EADNIRUE

Operation Effect
LSFitting<Type> Isf(xi,yi,f) B /N A G R
Isf.~ LSFitting<Type> Mt s/ A 2K
Isf.calcCoefs() THEALE BRI SR AL
Isf.evaluate(x) THEL45 58 AR PR 1) R EE
Isf.getCoefs() SR 2R H 1) F AL

A

L. Rk sk s ko o R R o Rk o R R o ko o R o ok ok R o

2. * 1sfit_test.cpp

3. *

4. * Least square fitting testing.

5. *

6. * Zhang Ming, 2010-04, Xi'an Jiaotong University.

7. sk ok o ok ook o o o ok o R o ok ok ko ko ok o ok

8.

9.

10. #define BOUNDS_CHECK

11.

12. #include <iostream>

13. #include <1lsfitting.h>

14.

15.

16. using namespace std;

17. using namespace splab;

18.

19.

20. typedef double Type;

21.

22.

23. int main()
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WESUE

24. {

25. Type A = 4.0,

26. alpha = 1.0,

27. beta = -2.0,

28. gamma = -4.0,

29. tmp = 0.0;

30.

31. int M = 100;

32. Vector<Type> x = linspace( 0.01, 0.5*PI, M );

33. Vector<Type> y(M);

34. for( int i=@; i<M; ++i )

35, {

36. tmp = A * pow(x[i],alpha) * exp(beta*x[i]+gamma*x[i]*x[i]);
37. y[i] = log(max(tmp,EPS));

38. }

39.

40. Funcs<Type> phi;

41. LSFitting<Type> 1sf( x, y, phi );

42. 1sf.calcCoefs();

43. Vector<Type> parms = lsf.getCoefs();

44, parms(1) = exp(parms(1));

45.

46. cout << "The original parameters are:" << endl

a47. << A << endl << alpha << endl << beta << endl << gamma << endl << endl;
48. cout << "The fitted parameters are: " << parms << endl;
49.

50. return 0;

51. }

BATE R

1. The original parameters are:

2. 4
3. 1
4. -2
5. -4
6.

7. The fitted parameters are: size: 4 by 1

8. 4

10. -2
11. -4
12.
13.

14. Process returned © (0x0) execution time : 0.039 s
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15. Press any key to continue.
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6 PLibEE

6.1 —#ELER

FITA 371 B 75 1 B ALAL 5 R e 2 — L 2ok e Dk, R R K

LR B0 7572 R S 2, A e —

I Z T — A R AP B

SP++r AL T RS TR — 448 R 572K LineSearch<DType, Ftype>, [Fli 7] AR 15# &
HKE AR R R, BAARB LR 6-1. Hd “func” & HAREE, & X

% I, “objfunc.h” Sk30fF.

#®6-1 —dELIR
Operation Effect
LineSearch<DType,Ftype> ols O — Y Rk

ols.~ LineSearch <DType,Ftype>()
ols. getStep (func, x0, dk, maxltr)
ols. getFuncNum ()

ols. isSuccess ()

BTk — e 2R

R 42K

BRECH b pf T S KR
HUWr— YA A2 1 T

6.2 HIE NI

Ok TR (EIBBEEVE) &Rl Z s fal AL s, L R R e it

e, SRSl R AR 18

o AT XH ST SACE 28 BESRAN AR e (4 ) LR e 4R

PELLEZ IR, AZ 7V — AR SE I Bk .
SP++H i3 TN [ 2K SteepDesc<DType, Ftype>$e fit TR A0 (EH . T/ NeREUE . B

JEASAELAN H A o v S A5 R A

VLR 6-2,

£ 6-2 HiE NEE

Operation Effect

SteepDesc<DType,Ftype> fmin B ol T PRVESR
fmin.~SteepDesc<DType,Ftype>() i) ol T B

fmin. optimize(func, x0, tol, maxItr) SKRARE S HR B B /ME
fmin.getOptValue() ARELH AR S A
fmin.getGradNorm() SRIOEAC ISR i B ) B AR
fmin.getFuncMin() SRR E ) e /MA
fmin.getltrNum() SRIOER IR HL




AL

DA -

1. [k sk sk kst sk ok sk ks ok s ks sk sk skl sk ks ks kst ks s sk sk sk ksl kol sk sk s sk ks kst ol skl sk sk sk ks ok sk ok ok
2. * steepdesc_test.cpp
3. *

4. * Steepest descent method testing.
5. *

6. * Zhang Ming, 2010-03, Xi'an Jiaotong University.

7. KA AR KKK AR KK KA KK KA K KA K KKK KA K KA AR AR KKK K KKK A K KK KK KKK KKK K

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <iomanip>

14. #include <objfunc.h>
15. #include <steepdesc.h>
16.

17.

18. using namespace std;
19. using namespace splab;
20.

21.

22. typedef float Type;
23.

24.

25. int main()

26. {

27. Type a = 1.0,

28. b=-1.0,

29. c = -1.0;

30. ObjFunc<Type> f( a, b, c );

31. Vector<Type> x0(2);

32. x0(1) = Type(0.0);

33. x0(2) = Type(0.0);

34.

35. Type tolErr = 1.0e-3;

36. SteepDesc< Type, ObjFunc<Type> > steep;

37. steep.optimize( f, x@, tolErr );

38. if( steep.isSuccess() )

39. {

40. Vector<Type> xmin = steep.getOptValue();

41. int N = steep.getItrNum();

42. cout << "The iterative number is: " << N << endl << endl;
43. cout << "The number of function calculation is: "
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FRHURS L i

a4. << steep.getFuncNum() << endl << endl;

45. cout << setiosflags(ios::fixed) << setprecision(4);

46. cout << "The optimal value of x is: " << xmin << endl;
a47. cout << "The minimum value of f(x) is: " << f(xmin) << endl << endl;
48. cout << "The gradient's norm at x is:

49. << steep.getGradNorm()[N] << endl << endl;

50. }

51. else

52. cout << "The optimal solution can't be found!" << endl;
53.

54. return 0;

55. }

BATHIR:

1. The iterative number is: 14

2o

3. The number of function calculation is: 43

4.

5. The optimal value of x is: size: 2 by 1

6. -0.7070

7. ©.0000

8.

9. The minimum value of f(x) is: -0.4289

10.

11. The gradient's norm at x is: 0.0006

12.

13.

14. Process returned © (0x0) execution time : 0.039 s

15. Press any key to continue.

6.3 FLEEEARE VR

FLHEAS B vl i A R0 T R R e R UGE R R T A, B IR R R
B SER R, I H TR B S (AR D, R T — e S 4R LAk 1) R
W AR H PR RECN 2 R R E CRPRRA H B AR R B A kD B, A
et n DIEACRE RN, TR EEFGHEAREHE TR, FHAE
PR EAN RE FH IR R EUR B B T I, W SIOE A A S0l T B I A B B R AL
#

SP++ 1 JLHE A F 25 ConjGrad  <DType,Ftype> it 42 {1k (1) o8 5 5 f¢ 3 K Bk 2540
L, FERFER 6-3, BRI MG IR ECH B AR ek B 4E5in .
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7 6-3

SEHURS A

Operation

Effect

ConjGrad <DType,Ftype> fmin
fmin.~ ConjGrad <DType,Ftype>()
fmin. optimize(func, x0, tol, maxItr)

llfESERiE L RES S
VIR BT RS
RIBE S Bk B e/ ME

fmin.getOptValue() FREH AR & 1 F AL AE
fmin.getGradNorm() SREE AR FE s B 1) = (1 A
fmin.getFuncMin() SR HX R H ) e /IMEL
fmin.getltrNum() IREGEA L

AR

1' /*****************************************************************************

2. * conjgrad_test.cpp

3. *

5. *

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <iomanip>
14. #include <objfunc.h>
15. #include <conjgrad.h>
16.

17.

18. using namespace std;
19. using namespace splab;
20.

21.

22. typedef double Type;
23.

24.

25. int main()

26. {

27. Type a = 1.0,

28. b =-1.0,

29. c =-1.0;

30. ObjFunc<Type> f( a, b, c );
31. Vector<Type> x0(2);

32. x0(1) = 0.5;

126

4. * Conjugate gradient optimal method testing.

6. * Zhang Ming, 2010-03, Xi'an Jiaotong University.

7. SRR R SRK R SRS KH S KR K SRR K S SRR SRS RH SIS KKK S KKK K KK oK



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

‘

10.

11.

12.

13.

14.

15.

x0(2) = 0.5;

Type tolErr

= 1.0e-6;

ConjGrad< Type, ObjFunc<Type> > prp;

prp.optimize( f, x@, x@0.dim(), tolErr );

if( prp.isSuccess() )

The number of function calculation is:

The optimal value of x is: size: 2 by 1

-0.7071

-0.0000

The minimum value of f(x) is: -0.4289

The gradient's norm at x is: 0.0000

207

Process returned @ (@x0) execution time :

Press any key to continue.

FRHURS L i

" << N << endl << endl;

<< xmin << endl;

{
Vector<Type> xmin = prp.getOptValue();
int N = prp.getItrNum();
cout << "The iterative number is:
cout << "The number of function calculation is:
<< prp.getFuncNum() << endl << endl;
cout << setiosflags(ios::fixed) << setprecision(4);
cout << "The optimal value of x is: "
cout << "The minimum value of f(x) is: " << f(xmin) << endl << endl;
cout << "The gradient's norm at x is: "
<< prp.getGradNorm()[N] << endl << endl;
}
else
cout << "The optimal solution cann't be found!" << endl;
return 0;
}
(e
The iterative number is: 29

0.036 s
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6.4 Hl Newton V£

L Newton 7218 i 6 B 1) J AR IE A SR IT L B A5 BB AL Hess 4615, FIFERA
TR, FF R B R R AL EE A R R IR R . LRBRCE R
JHL Newton i & DFP Fl FBGS, & H 6T AWK AR AL 1 T0 20 A A Ak i) 88 1) B
TFE . (AT RS RG] B, 51 Newton 55K IIfEME A3 0], I HAEE
S5 BT R IR ] f iy 1 5 ik HE R

SP++H It T BFGSHINewton &3k, i P A% 205 e T Bk DA K LB H 5 v
HHE, FERE 6-4.

#* 6-4 H Newton V£

Operation Effect
BFGS <DType,Ftype> fmin B2 Newton 3
fmin.~ BFGS <DType,Ftype>() Hr#e 48l Newton v2:2%
fmin. optimize(func, x0, tol, maxItr) SREE B S HR B B /IME
fmin.getOptValue() FRELH AR S 1 E AL E
fmin.getGradNorm() SREE AL FE s B ) = (A
fmin.getFuncMin() SR HX R H ) e /IMEL
fmin.getltrNum() IREGEA L
WARHD «
T .
2. * bfgs_test.cpp
3. *

4. * BFGS method testing.
5. *
6. * Zhang Ming, 2010-03, Xi'an Jiaotong University.

7. SRR A HKH SRR KK S o oK KKK S oK K S o HH O S KKK S oo KK 3o KKK 3K S oK oo/

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <iomanip>
14. #include <objfunc.h>
15. #include <bfgs.h>
16.

17.

18. using namespace std;
19. using namespace splab;
20.

21.

22. typedef double Type;
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" << N << endl << endl;

< xmin << endl;

" << f(xmin) << endl <<

23.

24.

25. int main()

26. {

27. Type a = 1.0,

28. b =-1.0,

29. c = -1.0;

30. ObjFunc<Type> f( a, b, c );

31. Vector<Type> x0(2);

32. x0(1) = Type(0.0);

33. x0(2) = Type(0.0);

34.

35. BFGS< Type, ObjFunc<Type> > bfgs;

36. bfgs.optimize( f, x0 );

37. if( bfgs.isSuccess() )

38. {

39. Vector<Type> xmin = bfgs.getOptvalue();
40. int N = bfgs.getItrNum();

41. cout << "The iterative number is:

42. cout << "The number of function calculation is:
43. << bfgs.getFuncNum() << endl << endl;
44, cout << setiosflags(ios::fixed) << setprecision(4);
45. cout << "The optimal value of x is: "<
46. cout << "The minimum value of f(x) is:

a47. cout << "The gradient's norm at x is: "
48. << bfgs.getGradNorm()[N] << endl << endl;
49, }

50. else

51. cout << "The optimal solution cann't be found!" << endl;
52.

53. return 0;

54, }

BATE R

1. The iterative number is: 7

2o

3. The number of function calculation is: 16

4.

5. The optimal value of x is: size: 2 by 1

6. -0.7071

7. ©.0000

8.

9. The minimum value of f(x) is: -0.4289

10.

. Newton %

endl;
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12.

13.

14.

15.

The gradient's norm at x is: 0.0000

Process returned @ (©x0)

Press any key to continue.

execution time :

0.007 s



7 Fourier 437

7.1 2 WBEIRR: FFT Bk

SP++HRSEHL T KN 2 BRI IFFT A, FFTMR<Type>28, HARKH 7%
8. A 4 FNAL 2 MR G RV, HRHAET A, R 7-1. KEN 2 fBRHE
(G5 FFTHHERCRAER &, #eLbr bR 2 N #CRE T %7 .

R T-1 KEDN 2 BRI FRT 5%

Operation Effect
FFTMR <Type> ft £)% FFTMR 2%
ft.~ FFTMR <Type>() Mt FFTMR 2§
ft.fft(cxn) ZAE55 1 Fourier A2
ft.fft(rxn,Xk) SEAE 5 H Fourier A8
ft.ifft(cXk) S5 58 Fourier A8
ft.ifft(Xk,rxn) SEAE 5 B Fourier A8
DRAACRS -
T -
B, % fftmr_test.cpp
3. %
4.  * Mixed Radix Algorithm FFT testing.
5. *

6. * Zhang Ming, 2010-04, Xi'an Jiaotong University.

7. SRR R SRK SRS KH S KKK SRR R S SR SR RH SRR S KKK S KKK S RK KK oK

10. #include <iostream>
11. #include <iomanip>

12. #include <fftmr.h>

13.

14.

15. using namespace std;
16. using namespace splab;
17.

18.

19. typedef double Type;

20. const int LENGTH = 32;
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21.

22.

23. int main()

24. {

25. int i, j, index, rows = LENGTH/4;

26.

27. Vector<Type> xn(LENGTH);

28. Vector< complex<Type> > yn(LENGTH),

29. Xk (LENGTH) ;

30. FFTMR<Type> Fourier;

31.

32. cout << "The original signal is: " << endl;
33. for( i=0; i<rows; i++ )

34, {

35. cout << endl;

36. for( j=0; j<3; j++ )

37. {

38. index = 3*i+j;

39. xn[index] = i+j;

40. cout << setiosflags(ios::fixed) << setprecision(6);
41. cout << "\t" << xn[index];

42. }

43, }

44 cout << endl << endl;

45.

46. Fourier.fft( xn, Xk );

47.

48. cout << "The Fourier transform of original signal is:" << endl;
49. for( i=0; i<rows; i++ )

50. {

51. cout << endl;

520 for( j=0; j<3; j++ )

53, {

54. index = 3*i+j;

55. cout << setiosflags(ios::fixed) << setprecision(6);
56. cout << "\t" << Xk[index];

57. }

58. }

59. cout << endl << endl;

60.

61. Fourier.ifft( Xk, xn );

62. cout << "The inverse Fourier transform is" << endl;
63. for( i=0; i<rows; i++ )

64. {
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65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

2 IR FRFT Hk

cout << endl;

for( j=0; j<3; j++ )

{
index = 3*i+j;
cout << setiosflags(ios::fixed) << setprecision(6);
cout << "\t" << xn[index];

¥

}

cout << endl << endl;

cout << "The original signal is: " << endl;

for( i=@; i<rows; i++ )

{
cout << endl;
for( j=0; j<3; j++ )
{
index = 3*i+j;
yn[index] = complex<double>(i,j);
cout << setiosflags(ios::fixed) << setprecision(6);
cout << "\t" << yn[index];
¥
}

cout << endl << endl;

Fourier.fft( yn );
cout << "The Fourier transform of original signal is:" << endl;

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

{
cout << endl;
for( j=0; j<3; j++ )
{
index = 3*i+j;
cout << setiosflags(ios::fixed) << setprecision(6);
cout << "\t" << yn[index];
¥
}

cout << endl << endl;

Fourier.ifft( yn );
cout << "The inverse Fourier transform is" << endl;
for( i=0; i<rows; i++ )
{
cout << endl;

for( j=0; j<3; j++ )
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134

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

y

iz

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

32.

cout << setiosflags(ios::fixed) << setprecision(6);

2.000000
3.000000
4.000000
5.000000
6.000000
7.000000
8.000000
9.000000

(-52.827446,1.358153)
(-4.000000,9.656854)
(5.303682,2.676653)

(0.917608, -8.368233)

(-0.343999, -3.954231)
(-4.000000, -0.000000)
(-0.343999,3.954231)

(0.917608,8.368233)

2.000000
3.000000
4.000000
5.000000
6.000000
7 .000000

8.000000

{
index = 3*i+j;
cout << "\t" << yn[index];
¥
}
cout << endl << endl;
return 0;
}
S
T8 R
The original signal is:
0.000000 1.000000
1.000000 2.000000
2.000000 3.000000
3.000000 4.000000
4.000000 5.000000
5.000000 6.000000
6.000000 7.000000
7.000000 8.000000
The Fourier transform of original signal is:
(108.000000, 0.000000)
(13.310056,1.647944)
(3.082392,-7.681941)
(-5.314558,-4.659704)
(-4.000000,1.656854)
(0.554051,4.364941)
(4.613126,0.326383)
(0.220781,-11.701395)
The inverse Fourier transform is
0.000000 1.000000
1.000000 2.000000
2.000000 3.000000
3.000000 4.000000
4.000000 5.000000
5.000000 6.000000
6.000000 7.000000
7.000000 8.000000

9.000000

(-0.613126, -23.640092)
(-8.902567, -4.353284)
(-4.000000, 4.000000)
(0.220781,11.701395)
(4.613126,-0.326383)
(0.554051, -4.364941)
(-4.000000, -1.656854)

(-5.314558,4.659704)



33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

Process returned @ (0x0)

The original signal is:

(0.000000,0.000000)
(1.000000,0.000000)
(2.000000,0.000000)
(3.000000,0.000000)
(4.000000,0.000000)
(5.000000,0.000000)
(6.000000,0.000000)

(7.000000,0.000000)

(84.000000, 24 .000000)
(13.685581,5.361763)
(6.192124,-5.705118)
(-1.277237,-6.299534)
(-4.000000,1.656854)
(-0.485914,4.057658)
(4.137445,2.209863)

(14.648770,-2.703773)

The inverse Fourier transform is

(-0.000000,0.000000)
(1.000000, -0.000000)
(2.000000,0.000000)
(3.000000, -0.000000)
(4.000000, -0.000000)
(5.000000, -0.000000)
(6.000000, -0.000000)

(7.000000,0.000000)

Press any key to continue.

7.2 MERKE FFT Hik

execution time :

(0.000000,1.000000)
(1.000000,1.000000)
(2.000000,1.000000)
(3.000000,1.000000)
(4.000000,1.000000)
(5.000000,1.000000)
(6.000000,1.000000)

(7.000000,1.000000)

The Fourier transform of original signal is:

(-42.542528,1.020494)
(-4.000000,9.656854)
(6.023013,5.306175)

(13.722858,-4.086928)
(-1.716734,-2.445797)
(-4.000000, -0.000000)
(-1.852433,5.326967)

(-3.363697,-4.437017)

(0.000000,1.000000)
(1.000000,1.000000)
(2.000000,1.000000)
(3.000000,1.000000)
(4.000000,1.000000)
(5.000000,1.000000)
(6.000000,1.000000)

(7.000000,1.000000)

0.092 s

ERKE FFT HiE

(0.000000, 2.000000)
(1.000000, 2.000000)
(2.000000, 2.000000)
(3.000000, 2.000000)
(4.000000,2.000000)
(5.000000, 2.000000)
(6.000000, 2.000000)

(7.000000, 2.000000)

(5.034128,-18.695144)
(-6.244002,-4.826961)
(-4.000000,4.000000)
(-8.776842,-2.726593)
(2.729646,0.149298)

(0.861334,-3.324976)
(-4.000000, -1.656854)

(-3.674728,0.622383)

(0.000000, 2.000000)
(1.000000, 2.000000)
(2.000000, 2.000000)
(3.000000, 2.000000)
(4.000000,2.000000)
(5.000000, 2.000000)
(6.000000, 2.000000)

(7.000000, 2.000000)

SP++H1 LI AR K EEMFFT S, FRTPR<Type>2K, i%H LR #HHA 14
Rt AR S K ERIDFT, BARREILER 7-2. iR EREHEFFT, @2UGHH
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FFTW, VRmEit&ERR,

R T2 AEEKER FFT 5k

Operation Effect

FFTPF <Type> ft G FFTPF 28

ft.~ FFTPF<Type>() Hr#4 FETPF 2%
ft.fft(rxn, XKk) S5 51 Fourier A5 #r

ft.ifft(Xk,rxn)
ft. fft(cxn, XK)
ft.ifft(Xk,cxn)

SEAE 5 Fourier AX ¥
BA1Z5 1 Fourier A8k
S5 5 Fourier A5

IAAACRS -
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

AR A A K KA KA A A K oK oo HK A oK S KK S o KK S oK KK o KoK

*

*

* Prime factor FFT test.

*

fftpf_test.cpp

* Zhang Ming, 2010-09, Xi'an Jiaotong University.

SRR R SRK R SR SRR S KK K SRR K S SRR SRS RH R SRR S KKK S KKK S K K SR oK

#include <iostream>

#include <cstdlib>

#include <vectormath.h>

#include <fftpf.h>

using namespace std;

using namespace splab;

typedef double
const int
const int

const int

int main()

{

Vector< complex<Type> >

Type;
MINLEN
MAXLEN
STEP

Vector<Type> rn, tn;

FFTPF<Type> Fourier;

101;
1000;

10;

sn, Rk, Sk, xn;



1F K FFT Hik

32. << "forward transform: Sk = ( complex to complex )." << endl;
33. << "inverse transform: = ifft(Sk) ( complex to complex )." <<
34. << endl;

35. int len=MINLEN; len<MAXLEN; len+=STEP )

36.

37. sn.resize(len);

38. Sk.resize(len);

39. xn.resize(len);

40. for( int i=@; i<len; ++i )

41. sn[i] = complex<Type>( rand()%10, rand()%10 );

42.

43, Fourier.fft( sn, Sk );

44, Fourier.ifft( Sk, xn );

45. cout << "N = " << len << "\t\t" << "mean(abs((sn-xn)) ="
46. << sum(abs(sn-xn))/len << endl;

47.

48. << endl << endl;

49.

50. << "forward transform: Rk = ( real to complex )."
51. << "inverse transform: tn = ifft(Rk) ( complex to real )."
52. << endl;

53. int len=MINLEN; len<MAXLEN; len+=STEP )

54.

55. rn.resize(len);

56. Rk.resize(len);

57. tn.resize(len);

58. for( int i=@; i<len; ++i )

59. rn[i] = rand()%10;

60.

61. Fourier.fft( rn, Rk );

62. Fourier.ifft( Rk, tn );

63. cout << "N = " << len << "\t\t" << "mean(abs((rn-tn)) ="
64. << sum(abs(sn-xn))/len << endl;

65.

66 cout << endl;

67.

68 return 0;

69. }

BATE R

1. forward transform: Sk = fft(sn) ( complex to complex ).

2. inverse transform: xn = ifft(Sk) ( complex to complex ).

w

~

N = 101 mean(abs((sn-xn)) = 9.56796e-015
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

111

121

131

141

151

161

171

181

191

201

211

221

231

241

251

261

271

281

291

301

311

321

331

341

351

361

371

381

391

401

411

421

431

441

451

461

471

481

491

541

mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))

mean(abs((sn-xn))

w

v

.02908e-015

.68512e-015

.0032e-014

.53139e-015

.32487e-014

.01949e-015

.78613e-015

.90428e-015

.28095e-014

.66037e-015

.64879e-014

.23744e-014

.52028e-014

.48443e-014

.23183e-014

.19937e-014

.54789e-014

.37825e-014

.81017e-015

.67519e-014

.74232e-014

.06363e-014

.6944e-014

.32377e-014

.81853e-014

.70795e-014

.89281e-015

.1903e-014

.39787e-015

.26719e-014

.56459e-014

.49224e-014

.13155e-014

.9457e-015

.90133e-014

.84939e-014

.29465e-014

.52387e-014

.10306e-013

.37587e-014

.57228e-014

.11653e-013

.84668e-014

.27624e-013



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

561

571

581

591

601

611

621

631

641

651

661

671

681

691

701

711

721

731

741

751

761

771

781

791

801

811

821

831

841

851

861

871

881

891

901

911

921

931

941

951

961

971

981

mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))
mean(abs((sn-xn))

mean(abs((sn-xn))

w

v

w

w

w

=

N

=

=

=

=

N

~N

=

=

N

w

o)}

o)}

=

w

w

o)

=

=

=

o)

[o)

o)}

N

=

N

o)

=

v

o)}

v

=

=

o)

.54317e-014

.29495e-014

.74233e-014

.8153e-014

.24913e-014

.32896e-013

.92566e-014

35837e-014

.35408e-013

.35158e-013

.38349e-014

.30397e-013

.18791e-014

.84698e-014

.38373e-013

.66637e-013

.22414e-014

.17155e-014

.88291e-014

.79333e-014

.76077e-014

.4751e-013

.765e-014

.03454e-014

.66948e-014

.22744e-014

.90965e-014

.775e-013

.52596e-014

.06967e-014

.87579e-014

.5877e-015

.90611e-014

.11084e-013

.36818e-014

.32884e-014

.32497e-013

.2289%e-014

.6602e-014

.79529e-014

.12486e-014

.3465e-013

.80164e-013

.43108e-014

ERKE FFT HiE
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93. N = 991 mean(abs((sn-xn)) = 4.85968e-014
94.

95.

96. forward transform: Rk = fft(rn) ( real to complex ).
97. inverse transform: tn = ifft(Rk) ( complex to real ).
98.

99. N = 101 mean(abs((rn-tn)) = 4.76826e-013
100.N = 111 mean(abs((rn-tn)) = 4.33869e-013
101.N = 121 mean(abs((rn-tn)) = 3.98012e-013
102.N = 131 mean(abs((rn-tn)) = 3.67629e-013
103.N = 141 mean(abs((rn-tn)) = 3.41556e-013
104.N = 151 mean(abs((rn-tn)) = 3.18937e-013
105.N = 161 mean(abs((rn-tn)) = 2.99127e-013
106.N = 171 mean(abs((rn-tn)) = 2.81634e-013
107.N = 181 mean(abs((rn-tn)) = 2.66074e-013
108.N = 191 mean(abs((rn-tn)) = 2.52144e-013
109.N = 201 mean(abs((rn-tn)) = 2.39599e-013
110.N = 211 mean(abs((rn-tn)) = 2.28244e-013
111.N = 221 mean(abs((rn-tn)) = 2.17916e-013
112.N = 231 mean(abs((rn-tn)) = 2.08482e-013
113.N = 241 mean(abs((rn-tn)) = 1.99832e-013
114.N = 251 mean(abs((rn-tn)) = 1.9187e-013
115.N = 261 mean(abs((rn-tn)) = 1.84519e-013
116.N = 271 mean(abs((rn-tn)) = 1.7771e-013
117.N = 281 mean(abs((rn-tn)) = 1.71386e-013
118.N = 291 mean(abs((rn-tn)) = 1.65496e-013
119.N = 301 mean(abs((rn-tn)) = 1.59998e-013
120.N = 311 mean(abs((rn-tn)) = 1.54853e-013
121.N = 321 mean(abs((rn-tn)) = 1.50029e-013
122.N = 331 mean(abs((rn-tn)) = 1.45497e-013
123.N = 341 mean(abs((rn-tn)) = 1.4123e-013
124.N = 351 mean(abs((rn-tn)) = 1.37206e-013
125.N = 361 mean(abs((rn-tn)) = 1.33406e-013
126.N = 371 mean(abs((rn-tn)) = 1.2981e-013
127.N = 381 mean(abs((rn-tn)) = 1.26403e-013
128.N = 391 mean(abs((rn-tn)) = 1.2317e-013
129.N = 401 mean(abs((rn-tn)) = 1.20098e-013
130.N = 411 mean(abs((rn-tn)) = 1.17176e-013
131.N = 421 mean(abs((rn-tn)) = 1.14393e-013
132.N = 431 mean(abs((rn-tn)) = 1.11739e-013
133.N = 441 mean(abs((rn-tn)) = 1.09205e-013
134.N = 451 mean(abs((rn-tn)) = 1.06784e-013
135.N = 461 mean(abs((rn-tn)) = 1.04467e-013
136.N = 471 mean(abs((rn-tn)) = 1.02249e-013
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137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

481

491

501

511

521

531

541

561

571

581

591

601

611

621

631

641

651

661

671

681

691

701

711

721

731

741

751

761

771

781

791

801

811

821

831

841

851

861

871

881

891

901

911

mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))

mean(abs((rn-tn))

.00124e-013

.80844e-014

.61266e-014

.42455e-014

.24365e-014

.06957e-014

.90193e-014

.74037e-014

.58457e-014

.43423e-014

.28906e-014

.1488e-014

.01322e-014

.88207e-014

.75514e-014

.63224e-014

.51317e-014

.39776e-014

.28584e-014

.17726e-014

.07187e-014

.96953e-014

.8701e-014

.77348e-014

.67953e-014

.58816e-014

.49925e-014

.41271e-014

.32844e-014

.24636e-014

.16638e-014

.08842e-014

.01241e-014

.93828e-014

.86595e-014

.79536e-014

.72645e-014

.65916e-014

.59343e-014

.52921e-014

.46645e-014

.4051e-014

.34511e-014

.28644e-014

ERKE FFT HiE
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191

7.3

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

192.

N = 921
N = 931
N = 941
N = 951
N = 961
N = 971
N = 981
N = 991

. Process returned @ (0x0)

mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))
mean(abs((rn-tn))

mean(abs((rn-tn))

Press any key to continue.

n
v

.22904e-014

]
v

.17287e-014

n
v

.1179%e-014

]
v

.06408e-014

n
v

.01139%e-014

= 4.95978e-014

= 4.90922e-014

= 4.85968e-014

execution time : 0.717 s

HiBfE5 FFT LRk

NTHEMER, ¥ 2 B RESEEKENFFTHEEHEBEAET —&, YESKE
N2 R U FHFFTMRIS R 0, SR b EACR, BN MESKEAET 2
HIF R, WHFFTPRZR 8. B2 ERIREULE 7-3.

#* 7-3 (55 H FRT i

Operation Effect
fft(s) THESHE S E# Fourier A4
fft(cs) THEEE S E Fourier AL
ifft (cS) THEEAE S ESEL Fourier A2
fftr2c (s) THRSEAE 5 B HL Fourier A4
fftc2c (cs) THREE T BB Fourier A4k
ifftc2r (cS) THHEEAE SRS B #L Fourier A2k
ifftc2c (cS) THREE T B H Fourier A8 #t

MAAACRY

TP

2.+ FFft_test.cpp

3.+

4. * FFT test.

5. %

6. * Zhang Ming, 2010-09, Xi'an Jiaotong University.

T, EEEREREREREERE R R R R RS R R bR R R R bk [

8.

9.

10. #include <iostream>

11. #include <cstdlib>
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

#include <ve

#include <ff

using namesp

using namesp

typedef doub
const int
const int

const int

int main()
{
Vector<

Vector<T

cout <<
cout <<
cout <<

for( int

sn.nr

for(

Xn =
// Sk
// Xn
cout

}

cout <<

cout <<
cout <<
cout <<
for( int
{

rn.r

for(

W@ES FFT Mk

ctormath.h>

t.h>

ace std;

ace splab;

le Type;

MINLEN

n
=
..

MAXLEN = 1000;

STEP = 10;

complex<Type> > sn, Rk, Sk, xn;

ype> rn, tn;

"forward transform: complex to complex." << endl;
"inverse transform: complex to complex." << endl << endl;
"signal length" << "\t" << "mean(abs((sn-xn))" << endl;

len=MINLEN; len<MAXLEN; len+=STEP )

esize(len);
int i=0; i<len; ++i )

sn[i] = complex<Type>( rand()%10, rand()%10 );

fftc2c( sn );

ifftc2c( Sk );

= fft( sn );
= ifft( Sk );
<< " " << len << "\t\t" << " " << sum(abs(sn-xn))/len << endl;

endl << endl;

"forward transform: real to complex ." << endl;
"inverse transform: complex to real." << endl << endl;
"signal length" << "\t" << "mean(abs((rn-tn))" << endl;

len=MINLEN; len<MAXLEN; len+=STEP )

esize(len);
int i=0; i<len; ++i )

rn[i] = rand()%10;
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56.

57. Rk = fftr2c( rn );

58. tn = ifftc2r( Rk );

59. // Rk = fft( rn );

60. // tn = real( ifft(Rk) );
61. cout << " " << len << "\t\t" << " " << sum(abs(rn-tn))/len << endl;
62. }

63. cout << endl;

64.

65. return 0;

66. }

BATE R

1. forward transform: complex to complex.
2. inverse transform: complex to complex.
3.

4. signal length  mean(abs((sn-xn))
5. 1 )

6. 11 2.53071e-016
7. 21 2.04167e-015
8. 31 3.23943e-015
9. 41 2.72403e-015
10. 51 3.16559e-015
11. 61 2.59734e-015
12. 71 8.2923e-015
13. 81 6.68263e-015
14. 91 8.43078e-015
15. 101 1.00071e-014
16. 111 6.01269e-015
17. 121 3.93451e-015
18. 131 1.85043e-014
19. 141 8.70367e-015
20. 151 1.23613e-014
21. 161 6.08565e-015
22. 171 9.52577e-015
23. 181 4.67904e-015
24. 191 1.26907e-014
25. 201 7.17336e-015
26. 211 2.48636e-014
27. 221 1.16938e-014
28. 231 1.68039e-014
29. 241 1.37351e-014
30. 251 2.15957e-014
31. 261 1.34044e-014
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

a4,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

271

281

291

301

311

321

331

341

351

361

371

381

391

401

411

421

431

441

451

461

471

481

491

501

511

521

531

541

561

571

581

591

601

611

621

631

641

651

661

671

681

691

701

[y

v

)}

w

~N

N

N

N

[y

N

[y

[y

v

[y

v

~N

~N

N

v

[y

w

[y

v

[y

w

v

w

w

w

[y

N

[y

[y

[y

[y

N

~N

[y

[y

.57957e-014

.82583e-014

.69909e-015

.8242e-014

.39088e-014

.20706e-014

.58994e-014

.24836e-014

.86775e-014

.74814e-014

.27838e-015

.14252e-014

.0008e-014

.94498e-014

.53057e-014

.47408e-014

.25253e-014

.87218e-015

.92309e-014

.81937e-014

.23726e-014

.51822e-014

.10778e-013

.52489e-014

.42759e-014

.18393e-013

.78823e-014

.26566e-013

.69879e-014

.15765e-014

.83505e-014

.7811e-014

.06472e-014

.39216e-013

.93462e-014

.50018e-014

.35626e-013

.4146e-013

.36433e-014

.35491e-013

.22196e-014

.82905e-014

.41573e-013

.63199e-013

(S5 FRT fd 51
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76. 711 2.18095e-014
77. 721 3.11044e-014
78. 731 4.84485e-014
79. 741 6.47117e-014
80. 751 6.65676e-014
81. 761 1.50277e-013
82. 771 3.72186e-014
83. 781 4.02716e-014
84. 791 3.55064e-014
85. 801 8.17425e-014
86. 811 1.82512e-014
87. 821 1.78106e-013
88. 831 1.43936e-014
89. 841 8.8678e-014
90. 851 8.81647e-014
91. 861 6.26873e-015
92. 871 2.98626e-014
93. 881 1.08503e-013
94. 891 2.44492e-014
95. 901 8.29867e-014
96. 911 1.29968e-013
97. 921 5.25883e-014
98. 931 6.62704e-014
99. 941 4.87279%e-014
100. 951 5.11132e-014
101. 961 1.33708e-013
102. 971 1.78372e-013
103. 981 8.49343e-014
104. 991 4.66578e-014
105.

106.

107. forward transform: real to complex .
108. inverse transform: complex to real.
109.

110. signal length  mean(abs((rn-tn))
111. 1 0

112. 11 1.41301e-016
113. 21 1.11022e-015
114. 31 1.96513e-015
115. 41 1.3419e-015
116. 51 2.13333e-015
117. 61 1.88711e-015
118. 71 5.01281e-015
119. 81 4.06212e-015
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120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

160.

161.

162.

163.

91

101

111

121

131

141

161

171

181

191

201

211

221

231

241

261

271

281

291

301

311

321

331

341

351

361

371

381

391

401

411

421

431

441

451

461

471

481

491

501

511

521

.96021e-015

.08343e-015

.27759e-015

.21945e-015

.2793e-014

.77218e-015

.30687e-015

.41983e-015

.91683e-015

.50161e-015

.77976e-015

.62208e-015

.66658e-014

.22645e-015

.01782e-014

.79362e-015

.55712e-014

.40681e-015

.01074e-014

.81723e-014

.8929e-015

.22941e-014

.76995e-014

.36251e-014

.78498e-014

.3842e-014

.16846e-014

.50902e-014

.81715e-015

.45036e-015

.79102e-015

.68331e-014

.45149e-015

.5318e-014

.64351e-014

.5536e-015

.82979%e-014

.11746e-014

.67421e-014

.76207e-014

.49936e-014

.24768e-014

.8849e-014

.29438e-014

(S5 FRT fd 51
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164. 531 3.92363e-014
165. 541 8.14216e-014
166. 551 2.2449e-014
167. 561 3.26657e-014
168. 571 2.44778e-014
169. 581 2.23165e-014
170. 591 1.95616e-014
171. 601 8.50218e-014
172. 611 1.81843e-014
173. 621 2.89087e-014
174. 631 8.84136e-014
175. 641 9.02308e-014
176. 651 8.84008e-015
177. 661 8.58328e-014
178. 671 1.31807e-014
179. 681 4.8685e-014
180. 691 8.97514e-014
181. 701 1.07318e-013
182. 711 1.35663e-014
183. 721 1.82121e-014
184. 731 2.86341e-014
185. 741 4.07251e-014
186. 751 4.35763e-014
187. 761 9.37088e-014
188. 771 2.29587e-014
189. 781 2.29084e-014
190. 791 1.99687e-014
191. 801 5.27873e-014
192. 811 1.21722e-014
193. 821 1.06546e-013
194. 831 9.23176e-015
195. 841 5.27161e-014
196. 851 5.19815e-014
197. 861 3.93491e-015
198. 871 1.86002e-014
199. 881 7.19074e-014
200. 891 1.38322e-014
201. 901 4.85723e-014
202. 911 8.17142e-014
203. 921 3.32546e-014
204. 931 3.87686e-014
205. 941 3.16691e-014
206. 951 2.93188e-014
207. 961 8.21269e-014
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208.

209.

210.

211.

212.

213.

214.

FFTW f C++3 0

971 1.16589e-013
981 5.44883e-014
991 2.98482e-014

Process returned @ (@x0) execution time : 0.741 s

Press any key to continue.

7.4 FFTW §) C++E: O

FFTWEMITEZHCIESWME N — M EAEREKEN — 480 2 41 5 8L
Fourier B3 AR /7 2, ZEMITHERCRAER &, [2 7) ZHMRAH, &E 540
AL —ANCIE S R B SP++XTFFTWHEGHIA (3.2.2) |h—4EFFTHRML T C++
e, W T-4FR. 2R PRI SRR EL, S FFfloat, doublefillong double

=R SRR .
F T-4 FFIV [ C++H211

Operation Effect
fft(rxn,Xk) SEAE 5 ) Fourier A8
fft(cxn,Xk) S5 51 Fourier A8
ifft(Xk,rxn) SEAE 5 B Fourier A8
ifft(Xk,cxn) S5 51 Fourier A8

M

1. [k ks ok sk kst ks ok ok sk ks ok s ks sk sk skl sk ks ks kst sk s sk sk sk ke kol sk skl sk o skl ks ok s sk ok sk ok sk ok ok ok

2. * fftw_test.cpp

3. %

4. * FFTW interface testing.

5. *

6. * Zhang Ming, 2010-01, Xi'an Jiaotong University.

7. stk o s sk ok ok sk sk ok sk o ok sk sk s ko o sk sk ok sk sk sk ok s sk sk o ks sk ke sk s ok sk sk ks ok sk sk ok ok sk ks ke sk ke sk ok ok sk ok sk ok ok /

8.

9.

10. #define BOUNDS_CHECK

11.

12. #include <iostream>

13. #include <iomanip>

14. #include <fftw.h>

15.

16.

17. using namespace std;
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150

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

using namespace splab;

typedef float Type;

const int N =7;
int main()
{

)5

// complex to complex dft test...
Vector< complex<Type> > xn( N );
Vector< complex<Type> > yn( N );

Vector< complex<Type> > Xk( N );

for( int i=@; i<N; ++i )
{
Type theta = Type( 2*PI * i / N );

xn[i] = complex<Type>( cos(theta), sin(theta) );

cout << setiosflags(ios::fixed) << setiosflags(ios::showpos) << setprecision(8

cout << "xn: << xn << endl << endl;

fftw( xn, Xk );

cout << "Xk=fft(xn): " << Xk << endl << endl;
ifftw( Xk, yn );

cout << "xn-ifft(Xk): " << xn-yn << endl << endl;

// real to complex and complex to real dft test...
Vector<Type> sn(N), tn(N);
Vector< complex<Type> > Sk;

for( int i=@; i<N; ++i )

{
Type theta = Type( 2*PI * i / N );
sn[i] = sin(theta);

}

cout << "sn: " << sn << endl;

fftw( sn, Sk );
cout << "Sk=fft(sn): " << Sk << endl << endl;
ifftw( Sk, tn );

cout << "sn-ifft(Sk): " << sn-tn << endl;



FFTW (1] C++E211

61. return 0;

62. }

v

BATHR:

1. xn: size: +7 by 1

2. (+1.00000000,+0.00000000)
3. (+0.62348980,+0.78183150)
4. (-0.22252095,+0.97492790)
5. (-0.90096885,+0.43388382)
6. (-0.90096885,-0.43388376)
7. (-0.22252101,-0.97492790)

8. (+0.62348968,-0.78183162)

10.

11. Xk=fft(xn): size: 47 by 1
12. (-0.00000018,-0.00000006)
13. (+7.00000000, -0.00000028)
14. (+0.00000021,-0.00000003)
15. (+0.00000018,+0.00000009)
16. (-0.00000003,+0.00000010)
17. (+0.00000005,+0.00000015)
18. (-0.00000028,+0.00000002)
19.

20.

21. xn-ifft(Xk): size: +7 by 1
22. (+0.00000006,-0.00000000)
23. (+0.00000000, -0.00000006)
24. (-0.00000001,+0.00000000)
25. (+0.00000000,+0.00000006)
26. (+0.00000000, -0.00000003)
27. (-0.00000001,+0.00000000)
28. (+0.00000000,+0.00000000)
29.

30.

31. sn: size: +7 by 1

32. +0.00000000

33. +0.78183150

34. +0.97492790

35. +0.43388382

36. -0.43388376

37. -0.97492790

38. -0.78183162

39.

40. Sk=fft(sn): size: +4 by 1
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7.9

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

(-0.00000006,+0 .00000000)

(-0.00000013, -3.50000024)

(+0.

(+0.

sn-
+0.
-0.
+0.
+0.
-0.
+0.

+0.

6,-0. 8)

9,-0. 11)

ifft(sk): size: +7 by 1
00000000
00000006
00000000
00000000
00000003
00000000

00000006

Process returned @ (@x0) execution time : 0.116 s

Press any key to continue.

BREPRELIE I

ERRE ST F A EHE, RGN E B T LU RE0E SCRER AL
FUSTIRIEAT VS, R TS0 T LUK 1) 52 244 BEAAN? B UNITogoN, B R H i T
THERCR . SP++R4E VBN ERAE SR TRFTINIRIEE ML, BARREUILER

T-5,
® 15 BGMHCH PR E
Operation Effect
conv(x,y) T x 5y KE#K
convolution(s,f) HHE s 5 REH (E MKENAT 9
fastConv(x,y) TR x 5y BB (P
AR«
T,
2. o+ convolution.cpp
3. *
4.  * Convolution testing.
5. *
6. * Zhang Ming, 2010-01, Xi'an Jiaotong University.
T, EEEEEREEEREERE R R R R R R R R bk [
8.
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10. #define BOUNDS_CHECK

11.

12. #include <iostream>

13. #include <convolution.h>
14.

15.

16. using namespace std;

17. using namespace splab;
18.

19.

20. typedef double Type;

21. const int M= 3;
22. const int N = 5;
23.
24.

25. int main()

26. {

27. Vector<Type> xn( M ), yn( N );

28. Vector<Type> zn;

29.

30. for( int i=@; i<M; ++i )

31. xn[i] = 1i;

32. for( int i=@; i<N; ++i )

33. yn[i] = i-N/2;

34.

35. // convolution

36. zn = conv( Xxn, yn );

37. cout << "xn: " << xn << endl << "yn: "
38. cout << "convolution of xn and yn: "
39. zn = fastConv( xn, yn );

40. cout << "fast convolution of xn and yn:
41.

42. return 0;

43. }

BATE R

1. xn: size: 3 by 1

2. o
3. 1
4. 2
5.

6. yn: size: 5 by 1

7. -2

<< yn << endl;

<< zn << endl;

<< zn << endl;

BIRG Pl L%
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

convolution of xn and yn: size: 7 by 1

fast convolution of xn and yn: size: 7 by 1

-2.53765e-016

Process returned @ (@x0) execution time : 0.059 s

Press any key to continue.
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8.1 WHEKRH

® S-1AIH TR E BRI AER, S “amp” NEREAIERE,
I 5E 1 B e Bk (a1 2R, 45 R 5 Matlabh & R £ ) 45 R AR A .

# 81 HWHNHEERH

Operation Effect
window(wnName,N,amp) FEAERALN “wnName” )T BRI
window(wnName,N,alpha,amp) FEAERALN “wnName” )T BRI
rectangle(n,amp) SEhAC]
bartlett(n,amp) Bartlett &
hanning(n,amp) Hanning &
hamming(n,amp) Hamming &
blackman(n,amp) Blackman &
kaiser(n,alpha,amp) Kaiser &
gauss(n,alpha,amp) Gauss
DRAACHS -
T -
2. * window_test.cpp
3. *
4. * Windows function testing.
5. *
6. * Zhang Ming, 2010-01, Xi'an Jiaotong University.
T ——
8.
9.

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <iomanip>
14. #include <window.h>
15.

16.

17. using namespace std;
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18. using namespace splab;

19.

20.

21. typedef double Type;

22.

23.

24. int main()

25. {

26. int N = 5;

27. Type A = 1.0;

28.

29. cout << setiosflags(ios::fixed) << setprecision(4);

30. cout << "Rectangle window : " << rectangle(N,A) << endl;

31. cout << "Bartlett window : " << bartlett(N,A) << endl;

32. cout << "Hanning window : " << hanning(N,A) << endl;

33. cout << "Hamming window : " << hamming(N,A) << endl;

34. cout << "Blackman window : " << blackman(N,A) << endl;

35. cout << "Kaiser window : " << kaiser(N,Type(8/PI),A) << endl;
36. cout << "Gauss window : " << gauss(N,Type(2.5),A) << endl;

37.

38. cout << "Rectangle window : " << window("Rectangle",N,A) << endl;
39. cout << "Bartlett window : " << window("Bartlett",N,A) << endl;
40. cout << "Hanning window : " << window("Hanning",N,A) << endl;
41. cout << "Hamming window : " << window("Hamming",N,A) << endl;
42, cout << "Blackman window : " << window("Blackman",N,A) << endl;
43, cout << "Kaiser window : " << window("Kaiser",N, Type(8/PI),A) << endl;
44, cout << "Gauss window : " << window("Gauss",N,Type(2.5),A) << endl;
45.

46 return 0;

47. }

BATE R

1. Rectangle window : size: 5 by 1

2. 1.0000

3. 1.0000

4. 1.0000

5. 1.0000

6. 1.0000

7.

8. Bartlett window : size: 5 by 1

9. ©.0000

10. 0.5000

11. 1.0000

12. 0.5000



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

FE
&
=}

0.0000

Hanning window : size: 5 by 1
0.0000
0.5000
1.0000
0.5000

0.0000

Hamming window : size: 5 by 1
0.0800
0.5400
1.0000
0.5400

0.0800

Blackman window : size: 5 by 1
-0.0000
0.3400
1.0000
0.3400

-0.0000

Kaiser window : size: 5 by 1
0.2933
0.7742
1.0000
0.7742

0.2933

Gauss window : size: 5 by 1
0.0439
0.4578
1.0000
0.4578

0.0439

Rectangle window : size: 5 by 1
1.0000
1.0000
1.0000
1.0000

1.0000
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57. Bartlett window : size: 5 by 1

58. 0.0000
59. 0.5000
60. 1.0000
61. 0.5000
62. 0.0000
63.

64. Hanning window : size: 5 by 1

65. 0.0000
66. 0.5000
67. 1.0000
68. 0.5000
69. 0.0000
70.

71. Hamming window : size: 5 by 1

72. ©.0800
73. 0.5400
74. 1.0000
75. ©.5400
76. ©.0800
77.

78. Blackman window : size: 5 by 1

79. -0.0000
80. 0.3400
81. 1.0000
82. 0.3400
83. -0.0000
84.

85. Kaiser window : size: 5 by 1

86. 0.2933
87. 0.7742
88. 1.0000
89. 0.7742
90. 0.2933
91.

92. Gauss window : size: 5 by 1

93. 0.0439
94. 0.4578
95. 1.0000
96. 0.4578
97. 0.0439
98.

99.

100. Process returned @ (©x0) execution time : 0.089 s
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101. Press any key to continue.

8.2 JBIKARERBT

P DE s A LR, AR BRI, IR, BOEMR, MR,
DRI T DIORE I eIl B R A g B8 v vk (1 — AN ESE, sk 82w

R 82 BrIEBARRIIESE

Operation Effect

DFD f(select) 81 DFD 2

f.~ DFD <Type>() Fr#49 DFD 2%

f. setParams(fs,f1,al,f2,a2) RG4S & S BT IR A
f. setParams(fs,f1,al,f2,f3,a2,f4,a3) RG4S & S BTH IR R A
f. dispInfo(fs,f1,al,f2,f3,a2,f4,a3) NIRRT AR

8.3 FIR B FJEP a1t

4 BRI S IE S (FIR) BT VEAT LRI, TR R — b b 37 L A ek
KIS RE TS M. 3 EFIREA R, 7L Rase M By, 48R i ik
PEME S, SP++rfscEl T I T3 M BOE IFIR G 7, Bk 8-3.

% 8-3 FIR B e gs it

Operation Effect
FIR<Type> f(select,win) f# FIR 25
FIR<Type> f(select,win,a) BIZE FIR 2% (51 %f Kaiser 5 Gauss &)
f~FIR<Type>() Pt FIR 28
f.design() G4 € SHBH IR A%
f.dispInfo() WRIE AR BT A
f.getCoefs() SRELIE B A8 22
AR -
2. * fir_test.cpp
3. *

4. * FIR class testing.
5. *
6. * Zhang Ming, 2010-03, Xi'an Jiaotong University.

7. SRR A KK SR KK S o KK S KK S oK K S K o HH O SR S o KK 3o KKK S KK S oK oo
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

#define BOUNDS_CHECK

#include <iostream>

#include <fir.h>

using namespace std;

using namespace splab;

int main()

{

string wType = "Hamming";

// string fType = "lowpass";

// double fs = 1000,

// fpass = 200,
// apass = -3,
// fstop = 300,
// astop = -20;

// FIR fir( fType, wType );

// fir.setParams( fs, fpass, apass, fstop,

// string fType = "highpass";

// double fs = 1000,

// fstop = 200,
// astop = -20,
// fpass = 300,
// apass = -3;

// FIR fir( fType, wType );

// fir.setParams( fs, fstop, astop, fpass,

// string fType = "bandpass";

// double fs = 1000,

// fstopl = 100,
// astopl = -20,
// fpassl = 200,
// fpass2 = 300,
// apassl = -3,

// fstop2 = 400,
// astop2 = -20;

// FIR fir( fType, wType );

astop );

apass );



FIR %7y s 8Lt

52. // fir.setParams( fs, fstopl, astopl, fpassl, fpass2, apassl, fstop2, astop2 );

53.

54. string fType = "bandstop";

55. double fs = 1000,

56. fpassl = 100,

57. apassl = -3,

58. fstopl = 200,

59. fstop2 = 300,

60. astopl = -20,

61. fpass2 = 400,

62. apass2 = -3;

63. FIR fir( fType, wType );

64. fir.setParams( fs, fpassl, apassl, fstopl, fstop2, astopl, fpass2, apass2 );
65.

66. fir.design();

67. fir.dispInfo();

68.

69. cout << endl;

70. return 0;

71. }

BATE R

1. Filter selectivity :  bandstop

2. Window type :  Hamming

3. Sampling Frequency (Hz) : 1000

4. Lower passband frequency (Hz) : 100

5. Lower passband gain (dB) : -3

6. Lower stopband frequency (Hz) : 200

7. Upper stopband frequency (Hz) : 300

8. Stopband gain (dB) : -20

9. Upper passband frequency (Hz) : 400

10. Upper passband gain (dB) : -3

11.

12.

13. Filter Coefficients

14.

15. N [ N+ 0 N+ 1 N + 2 N + 3 ]
16. ===

17. 0 -3.85192764e-003 8.42472981e-003 3.11153775e-003 -2.03549729e-003
18. 4 -3.55185234e-002 2.30171390e-002 -1.41331145e-001 2.61755439e-001
19. 8 2.88881794e-002 3.56158158e-001 3.56158158e-001 2.88881794e-002
20. 12 2.61755439e-001 -1.41331145e-001 2.30171390e-002 -3.55185234e-002
21. 16 -2.03549729e-003 3.11153775e-003 8.42472981e-003 -3.85192764e-003
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22.

23.

24. Edge Frequency Response

25. Mag(fpl) = -0.85449456(dB) Mag(fp2) = -0.80635855(dB)

26. Mag(fs1l) = -21.347821(dB) Mag(fs2) = -21.392825(dB)

27.
28.
29. Process returned @ (©x0) execution time : 0.025 s

30. Press any key to continue.

8.4 TIR HF ka8t

TERRIKFA R CHRD JER AR TRt PRI EA IR s R e g vk, (H R
WK T LR EAR LR, JF HARE PE AN IIFIRGE o NRWT DA BIASLDL I 5% 1E 4T 35
i, TRl SRR A R AR BT, IR NR BT R TR KAFAL . SP++H s
DL BT R BB NR BT 735, LR 8-4.

*£ 84 TIR BryEsas vt

Operation Effect
IIR<Type> f(select, method) B%E TIR 2%
f~IIR<Type>() By TIR 28
f.design() W25 & ZH0 TR A
f.dispInfo() SN e e
f.getNumCoefs() SRR AR 70 1 R 8
f.getDenCoefs() SRR A 1 7 BE 2 8
DRARHD «
T,
2o & iir_test.cpp
3. *

4. * TIR class testing.
5. *
6. * Zhang Ming, 2010-03, Xi'an Jiaotong University.

7. K K K KK KK KK KKK KK KK oK S K K S KOK S KK S KK S K 3 KK S KK KKK S K S KO S K S Ko ok

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <iir.h>

14.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

using namespace std;

using namespace splab;

int main()
{
// string fType = "lowpass";

// double fs = 1000,

// fpass = 200,
// apass = -3,
// fstop = 300,
// astop = -20;
// string method = "Butterworth";

// string method = "Chebyshev";

// string method = "InvChebyshev";
// string method = "Elliptic";

// IIR iir( fType, method );

// iir.setParams( fs, fpass, apass, fstop,

// string fType = "highpass";

// double fs = 1000,

// fstop = 200,
// astop = -20,
// fpass = 300,
// apass = -3;
// string method = "Butterworth";

// string method

"Chebyshev";

// string method = "InvChebyshev";
// string method = "Elliptic";

// IIR iir( fType, method );

// iir.setParams( fs, fstop, astop, fpass,

// string fType = "bandpass";

// double fs = 1000,

// fstopl = 100,
// astopl = -20,
// fpassl = 200,
// fpass2 = 300,
// apassl = -3,
// fstop2 = 400,
// astop2 = -20;
// string method = "Butterworth";

//

string method

"Chebyshev";

astop );

apass );

HR F e Ay s it
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59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

10.

11.

12.

13.

14.

//
//
//
//

//
//
//

string method
string method

IIR iir( fType

iir.setParams( fs, fstopl, astopl, fpassl, fpass2, apassl, fstop2,

string fType =
double fs = 100
fpassl =

apassl =

fstopl =

fstop2 =

astopl =

fpass2 =

apass2 =

string method
string method
string method
string method =

IIR iir( fType,

"InvChebyshev";
= "Elliptic";

, method );

"bandstop";
0,
100,
-3,
200,
300,
-20,
400,
-3;
= "Butterworth";
= "Chebyshev";
= "InvChebyshev";
"Elliptic";

method );

astop2 );

iir.setParams( fs, fpassl, apassl, fstopl, fstop2, astopl, fpass2, apass2 );

iir.design();

iir.dispInfo();

cout << endl;

return 0;

Filter selectivity :  bandstop
Approximation method : Elliptic
Filter order 4

Overall gain : 0.153272

Sampling Frequency (Hz) : 1000
Lower passband frequency (Hz)
Lower passband gain (dB)
Lower stopband frequency (Hz)
Upper stopband frequency (Hz)
Stopband gain (dB)
Upper passband frequency (Hz)

Upper passband gain (dB)

100

200

300

-20

400



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

IR Hry-JE it

Numerator Coefficients Denominator Coefficients
N[ 1 z7-1 z7-2 ] [ 1 z7-1 z7-2 ]
1 1.0 -0.45087426 1.00000000 1.0 -1.44482415 0.70572930
2 1.0 0.45087426 1.00000000 1.0 1.44482415 0.70572930

Edge Frequency Response

Mag(fpl)
Mag(fsl) = -36.87418446(dB) Mag(fs2) = -36.87418446(dB)

-3.00000000 (dB) Mag(fp2) = -3.00000000(dB)

Process returned @ (@x0) execution time : 0.025 s

Press any key to continue.
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9O FEVUESALH

9.1 BEHLEAE AR

FERUETH 515 5 B b 22 257 A — ey @ A KIBENLP 51, DAL S
AR, BN H A i Gauss e A . SPH+HR R T T 0 A K BE LB S B AL
FEHIR A il ek 4, BAR BRI 590 A IEZS 70 Al . $8 40704 . Rayleighs) i . Poisson

rAf~ BernoullisrAi%E, LR 9-1.

* 9-1 BENLECSRENLT S g

Operation Effect

randu(s,a,b) 951 53 A R B A LA

randn (s,u,sigma) EAS AR BN EL

rande (s,beta) EERV G TN IR

randr (s,sigma) Rayleigh 437 i REAL £
randp (s,lambda) Poisson 4341 B AL
randb (s,p) Bernoulli 434 () BEALEL
randu(s,a,b,N) )50 53 A I BB LT 51
randn (s,u,sigma,N) B A I BENLT 1)
rande (s,beta,N) BH AT IRE LT 51

randr (s,sigma,N)
randp (s,lambda,N)
randb (s,p,N)

Rayleigh 4345 I BEALF 1)
Poisson AR IBENLT 51
Bernoulli 43 4ii I BEAL T 1)

N S
TR«

1. 3Kk s ok s ok sk ks ok ok sk sk ok sk ok sk ok sk sk ok ook sk ok sk ok sk sk sk ok sk ok sk sk ok sk sk sk ok sk sk sk ok ok sk sk ok sk ok sk sk sk ok ok ok ok ok
2. * random_test.cpp

3. *
4. * Random number generator testing.

5. *

10. #include <iostream>
11. #include <iomanip>

12. #include <random.h>

6. * Zhang Ming, 2010-10, Xi'an Jiaotong University.

7. SRR SRK RS KK S KR K SRR R S SR K SR RH SRR S KK S KKK SR K SR oK
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

#include <statistics.h>

using namespace std;

using namespace splab;

typedef double Type;

const int N = 100;
int main()
{

//
//
//
//
//
//
//
//
//

int seed = 37;

int low = @, high = 100;
Type mu = 0.0, sigma = 1.0;
Type beta = 2.0;

Type lambda = 4.0;

Type p = 0.5;

Vector<Type> rs(N);
Vector<int> irs(N);

Vector<double> tmp(N);

Random rand(seed);
cout << "Random Number Generator:" << endl;

for( int i=@; i<N; ++i )

{
cout << rand.random() << "\t";
if( 1((i+1)%4) )
cout << endl;
}

cout << endl << endl;

cout << "Uniform distribution: U ~ ( " << low << ", " << high << " )" << endl;

for( int i=@; i<N; ++i )

cout << randu( seed, low, high ) << "\t";
cout << endl;
irs = randu( seed, low, high, N );
cout << "mean (theoretical generated): "
<< mean(irs) << "\t" << (high-low)/2 << endl;

cout << "variance (theoretical generated):

<< var(irs) << "\t" << (high-low)*(high-low)/12



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

<<

cout <<

cout <<

endl << endl << endl;
"Normal distribution: N ~ ( " << mu <<

" "
i)

setiosflags(ios::fixed) << setprecision(4);

for( int i=@; i<N; ++i )

cout << randn( seed, mu, sigma ) << "\t\t";

cout <<

endl;

rs = randn( seed, mu, sigma, N );

cout <<

<<

cout <<

<<

<<

cout <<

cout <<

"mean (theoretical generated):
mean(rs) << "\t" << mu << endl;
"variance (theoretical generated): "
var(rs) << "\t" << sigma*sigma

endl << endl << endl;

"Exponential distribution: E ~ ( " << beta << " )" << endl;

setiosflags(ios::fixed) << setprecision(4);

for( int i=@; i<N; ++i )

cout << rande( seed, beta ) << "\t\t";

cout <<

endl;

rs = rande( seed, beta, N );

cout <<

<<

cout <<

<<

<<

cout <<

cout <<

"mean (theoretical generated):
mean(rs) << "\t" << beta << endl;
"variance (theoretical generated): "
var(rs) << "\t" << beta*beta

endl << endl << endl;

"Rayleigh distribution: R ~ ( " << sigma << " )" << endl;

setiosflags(ios::fixed) << setprecision(4);

for( int i=@; i<N; ++i )

cout << randr( seed, sigma ) << "\t\t";

cout <<

endl;

rs = randr( seed, sigma, N );

cout <<

<<

cout <<

<<

<<

cout <<

"mean (theoretical generated):
mean(rs) << "\t" << sigma*sqrt(PI/2.0) << endl;
"variance (theoretical generated): "
var(rs) << "\t" << (2-PI/2)*sigma*sigma

endl << endl << endl;

"Poisson distribution: B ~ ( " << p << " )" << endl;

for( int i=@; i<N; ++i )

cout << randp( seed, lambda ) << "\t\t";

cout <<

endl;

irs = randp( seed, lambda, N );

BEHLECE s

<< sigma << " )" << endl;
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99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

0

31

99

64

55

10

35

65

46

56

for( int i=@; i<N; ++i )

tmp[i] = irs[i];

cout <<

<<

cout <<

<<

<<

cout <<

for( int i=@; i<N; ++i )

"mean

(theoretical

generated):

mean(tmp) << "\t" << lambda << endl;

"variance (theoretical

generated):

var(tmp) << "\t" << lambda

endl << endl << endl;

"Bernoulli distribution: B ~ ( " << p

cout << randb( seed, p ) << "\t\t";

cout <<

irs = randb( seed, p, N );

for( int i=@; i<N; ++i )

endl;

tmp[i] = irs[i];

(theoretical

generated):

mean(tmp) << "\t" << p << endl;

"variance (theoretical

generated):

var(tmp) << "\t" << p*(1-p)

cout << "mean
<<
cout <<
<<
<< endl << endl;
return 0;
-
Uniform distribution:
14 25
73 54
76 28
34 41
99 18
70 81
6 84
29 42
65 20
94 17
(theoretical

mean

variance (theoretical

U~ (0, 100 )
98 81
95 90
16 35
5 63
26 21
42 35
38 86
94 45
21 2
5 32
generated):
generated):

Normal distribution: N ~ ( @, 1)

-0.7

0.23

148

21

2.4179

-0.7548

93

57

22

59

62

82

46

88

49

840

-0.4947

-0.5397

43

49

65

23

76

80

71

66

50

833

-0.4264

-0.6533

72

81

74

13

24

45

42

74

54

<< " )" << endl;

72

86

55

91

27

62

34

58

97

0.0118

-1.2043

50

76

87

46

87

71

38

11

43

40



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

1.8746

-1.8528

0.1583

1.4424

1.2555

-2.2454

-0.3988

-0.4084

-0.5463

0.0866

0.5863

-1.0913

-0.8948

-0.2743

0.4193

1.0729

0.8338

0.4494

mean

0.7539

-0.7200

-2.9330

1.8424

0.1753

-1.3620

0.5761

-0.4072

-0.3924

0.3005

2.6818

0.4349

0.1357

1.0441

-0.1397

-1.0523

-0.2278

-1.6238

(theoretical

variance (theoretical

Exponential distribution: E ~ ( 2.0000 )

14.1841

7.9776

2.3214

0.1379

0.0145

1.1008

0.8894

3.0099

1.1923

1.0373

4.4738

0.9469

2.0931

0.3967

0.8492

1.5185

1.5262

0.2372

1.1570

9.7065

3.8456

5.8336

0.6173

1.6627

0.5387

4.7209

2.1468

1.3934

0.0128

0.8570

0.6858

2.8776

5.4628

0.5345

2.4460

0.4214

0.8318

0.6579

0.1181

0.8140

generated):

generated):

0.0210

1.1448

0.3818

-0.6886

1.6852

-0.2316

-0.2895

-1.2768

-1.2157

0.2995

0.4002

0.7805

-0.1333

-0.5881

0.7841

-1.0604

0.7157

0.5206

2.7722

0.6396

1.2231

0.4015

2.5359

0.5873

1.7691

3.9596

3.3930

4.6297

0.4023

2.8258

0.3361

1.5645

1.7180

1.7257

3.2001

0.5884

3.4733

1.1978

0.0480

1.0853

0.3340

-0.7554

-0.0193

1.6361

0.4694

-2.3769

-0.2019

0.9203

-0.9195

0.8217

-0.3112

1.3383

0.7235

-0.1807

0.8995

0.1780

0.8513

-0.0174

0.0000

1.0000

0.0209

0.6362

0.0943

0.2789

3.6533

1.1839

5.9504

0.1688

2.6764

2.5929

1.6962

0.9276

1.8864

2.1240

0.1191

5.5630

3.0868

1.0777

5.8509

0.0423

0.2786

-1.0937

-1.3456

0.9801

-0.2241

1.0066

-0.6050

-0.0252

-0.2086

1.5764

-1.5317

0.4580

0.7452

1.8741

1.7939

-1.8157

0.7649

0.1020

0.4107

1.3468

0.2085

0.5368

2.0613

0.2580

0.9212

1.5344

3.0453

0.2703

2.0739

0.6701

0.2925

1.9347

1.5695

4.2447

7.5201

1.6624

2.2530

1.8098

BEHLECE s
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64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

mean

(theoretical

variance (theoretical

generated):

generated):

Rayleigh distribution: R ~ ( 1.0000 )

3.

2.

7662

8245

.5236

.3714

.1203

.0492

.9431

.7349

.0919

.0185

.1151

.9731

.4468

.6299

.9215

.2323

.2354

L4871

.0756

.1155

mean

1.

2.

9610

4153

.7857
.2895
.7340
.1728
.4652
.1804
.1133
.9257
.8281
.6964
.3373
.7311
.5640
.6492
.9120
.8111
.3436

.9022

(theoretical

variance (theoretical

1.6650
0.7997
1.1060
0.6336
1.5924
0.7664
1.3301
1.9899
1.8420
2.1517
0.6343
1.6810
0.5798
1.2508
1.3107
1.3137
1.7889
0.7671
1.8637

1.0944

generated):

generated):

Poisson distribution: B ~ ( ©.5000 )

0

5

4

2

3

3

2.0445

5.0310

1.2553

0.4735

2.0000

4.0000

0.1445

0.7976

0.3070

0.5281

1.9114

1.0881

2.4393

0.4108

1.6360

1.6103

1.3024

0.9631

1.3735

1.4574

0.3452

2.3586

1.7569

1.0381

2.4189

0.2056

1.2533

0.4292

11

.6409

.1605

.4566

.7326

.4357

.5080

.9598

.2387

.7451

.5199

.4401

.8186

.5408

.3909

.2528

.0603

L7423

.2893

.5010

.3453



108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

mean

variance (theoretical

Bernoulli distribution: B ~ ( ©.5000 )

1

1

mean

variance (theoretical

Process returned @ (0x0)

Press any key to continue.

(theoretical

1

1

(theoretical

generated):

generated):

1

0

generated):

generated):

execution time :

4.0000

4.0000

0.5000

0.2500

0.203 s

BEHLECE s
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9.2 MG HIHE R

“statistics.h” SLICHF PR AL T REALE S AL b — 28 HT S, AnBENL AR
P B JTZE RIE U E LU R BEATL A B s v A AR 3 5 R B A T 5SS

FEHE 9-2.
R 9-2 WERGUH R A
Operation Effect

mid(v) HY [ £ 1 B
mean(v) THEBENIAE R IE
var(v) WHBEN AR RN T Z
stdVar(v) TH 5Bl LA 5 1A i 22
standard (v) BEALAR & AR AELL
skew(V) THE AR & (1)
kurt(v) THEBEATL AR & (1) 0
pdf(v,lambda) il T BEATL AR 52 (14 M 25 5 b 40

TAAACRS -

L. R R A R R S R R o o o ok

2. * statistics_test.cpp

3. *

4. * Statistics routines testing.

5. *

6. * Zhang Ming, 2010-03, Xi'an Jiaotong University.

T R R A AR SR R R R R R R R A R S

8.

9.

10. #define BOUNDS_CHECK

11.

12. #include <iostream>

13. #include <iomanip>

14. #include <random.h>

15. #include <statistics.h>

16.

17.

18. using namespace std;

19. using namespace splab;

20.

21.

22. typedef double Type;

23. const int N = 1000;

24.

25.
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27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

y

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

iz

int main()

{

-

Vector<Type> xn = randn( 37, Type(0.0), Type(1.0), N );

cout << setiosflags(ios::fixed) << setprecision(4);

cout << "The minimum maximum and median value of the sequence." << endl;
cout << min(xn) << endl << max(xn) << endl << mid(xn) <<endl << endl;

cout << "The mean, variance and standard variance of the sequence." << endl;

cout << mean(xn) << endl << var(xn) << endl << stdvar(xn) << endl << endl;
Vector<Type> yn = xn - mean(xn);
cout << "The skew and kurtosis of the sequence." << endl;

cout << skew(yn) << endl << kurt(yn) << endl << endl;

cout << "The PDF of the sequence." << endl;

cout << pdf(yn) << endl;

return 0;

ITE R

The minimum maximum and median value of the sequence.

-3.6176

3.

0.

1326

0294

The mean, variance and standard variance of the sequence.

0.

1.

1.

0167

0343

0170

The skew and kurtosis of the sequence.

-0.1354

-0.0274

The PDF of the sequence.

size: 14 by 1

0.

0.

0024

0026

.0142

.0406

.0864

.1595

.2216

MR GETH B P pR A

175



BEALIE 5 AL 2R

24. 0.1322

25. 0.1923

26. 0.0903

27. 0.0426

28. 0.0127

29. 0.0024

30. 0.0003

31.

32.

33. Process returned @ (@x0) execution time : 0.031 s
34. Press any key to continue.

9.3 MRERELIFIE

HRAREHUE T B e HE AR (I2 5, RIS 5B R T LU R
WANBRIZ T, BET AT AR A6 AR E B Ik B AR R B AL B USR A AT 155, FIHIFFT
ST LUK I 1) B 44 B AN? F#AI NITogoN, B KR o 1S5 AR . SP++rp it 1
BARSCS AR s EL, ik 9-3Pos, 1545 R 5 Matlabf[A], mT LLIE 2% opt”
WA IGB S, A AR A T AT A A T

R 9-3 BRGHRMPEERL

Operation Effect
corr (x,0pt) THE x B EAER
corr (x,y,opt) HHE x5y FHAMX
fastCorr (x,0pt) i FFT iHA x B E AR
fastCorr (x,y,opt) B FFT i x 5 v (I HAER
BT
T ——
2o & correlation_test.cpp
3. *
4. * Correlation testing.
5. *

6. * Zhang Ming, 2010-10, Xi'an Jiaotong University.

7. K K SR KK KK KK KKK KK KK oK S K K S K S KK S KK S K 3 KK S KK S KK S K KO S K S Ko ok

10. #define BOUNDS_CHECK
11.

12. #include <iostream>

13. #include <iomanip>
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

#include <correlation.h>

using namespace

using namespace

typedef double

const int
const int
int main()
{

std;

splab;

Type;
M = 3;

N = 5;

Vector<Type> xn( M ), yn( N );

for( int i=@; i<M; ++i )

xn[i] = i;

MR G P SR

corr(xn) << endl;

<< corr(xn,"biased") << endl;

<< corr(xn,"unbiased") << endl;

<< corr(xn,yn) << endl;

<< corr(yn,xn) << endl;

and yn:

and xn:

for( int i=@; i<N; ++i )
yn[i] = i-N/2;
cout << setiosflags(ios::fixed) << setprecision(4);
cout << "xn: " << xn << endl;
cout << "yn: " << yn << endl;
// auto and cross correlation functions
cout << "auto-correlation of xn: "
cout << "biased auto-correlation of xn:
cout << "unbiased auto-correlation of xn:
cout << "cross-correlation of xn and yn:
cout << "cross-correlation of yn and xn:
cout << "biased cross-correlation of xn
<< corr(xn,yn,"biased") << endl;
cout << "biased cross-correlation of yn
<< corr(yn,xn,"biased") << endl;
cout << "unbiased cross-correlation of xn and yn:
<< corr(xn,yn,"unbiased") << endl;
cout << "unbiased cross-correlation of yn and xn:
<< corr(yn,xn,"unbiased") << endl;
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178

57.
58.
59.
60.
61.
62.
63.
64.

65.

66.

67.
68.
69.
70.
71.
72.
73.
74.
75.

76.

4,

&

10.
11.
12.
13.
14.
15.
16.

17.

// fast auto and cross correlation functions

cout

cout

cout

cout

cout

cout

cout

cout

cout

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

"fast auto-correlation of xn:
fastCorr(xn) << endl;

"fast biased auto-correlation of xn: "
fastCorr(xn,"biased") << endl;

"fast unbiased auto-correlation of xn:
fastCorr(xn,"unbiased") << endl;

"fast cross-correlation of xn and yn: << fastCorr(xn,yn) << endl;

"fast cross-correlation of yn and xn: << fastCorr(yn,xn) << endl;

"fast biased cross-correlation of xn and yn:
fastCorr(xn,yn,"biased") << endl;

"fast biased cross-correlation of yn and xn:
fastCorr(yn,xn,"biased") << endl;

"fast unbiased cross-correlation of xn and yn: "
fastCorr(xn,yn,"unbiased") << endl;

"fast unbiased cross-correlation of yn and xn:

fastCorr(yn,xn,"unbiased") << endl;

return 0;

-

THIR:

xn: size: 3 by 1

0.0000

1.0000

2.0000

yn: size: 5 by 1

-2.0000

-1.0000

0.0000

1.0000

2.0000

auto-correlation of xn: size: 5 by 1

0.0000

2.0000

5.0000

2.0000



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

RS PR BLEE

0.0000

biased auto-correlation of xn: size: 5 by 1
0.0000
0.6667
1.6667
0.6667

0.0000

unbiased auto-correlation of xn: size: 5 by 1
0.0000
1.0000
1.6667
1.0000

0.0000

cross-correlation of xn and yn: size: 9 by 1
0.0000
2.0000
5.0000
2.0000
-1.0000
-4.0000
-4.0000
0.0000

0.0000

cross-correlation of yn and xn: size: 9 by 1
0.0000
0.0000
-4.0000
-4.0000
-1.0000
2.0000
5.0000
2.0000

0.0000

biased cross-correlation of xn and yn: size: 9 by 1
0.0000
0.4000
1.0000
0.4000

-0.2000
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180

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

-0.8000
-0.8000
0.0000

0.0000

biased cross-correlation of yn and xn: size: 9 by 1
0.0000
0.0000
-0.8000
-0.8000
-0.2000
0.4000
1.0000
0.4000

0.0000

unbiased cross-correlation of xn and yn: size: 9 by 1
0.0000
1.0000
1.6667
0.5000
-0.2000
-1.0000
-1.3333
0.0000

0.0000

unbiased cross-correlation of yn and xn: size: 9 by 1
0.0000
0.0000
-1.3333
-1.0000
-0.2000
0.5000
1.6667
1.0000

0.0000

fast auto-correlation of xn: size: 5 by 1
0.0000
2.0000
5.0000
2.0000

-0.0000



106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

RS PR BLEE

fast biased auto-correlation of xn: size: 5 by 1
0.0000
0.6667
1.6667
0.6667

-0.0000

fast unbiased auto-correlation of xn: size: 5 by 1
0.0000
1.0000
1.6667
1.0000

-0.0000

fast cross-correlation of xn and yn: size: 9 by 1
-0.0000
2.0000
5.0000
2.0000
-1.0000
-4.0000
-4.0000
-0.0000

-0.0000

fast cross-correlation of yn and xn: size: 9 by 1
-0.0000
-0.0000
-4.0000
-4.0000
-1.0000
2.0000
5.0000
2.0000

0.0000

fast biased cross-correlation of xn and yn: size: 9 by 1
-0.0000
0.4000
1.0000
0.4000
-0.2000

-0.8000
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150. -0.8000

151. -0.0000

152. -0.0000

153.

154. fast biased cross-correlation of yn and xn: size: 9 by 1
155. -0.0000

156. -0.0000

157. -0.8000

158. -0.8000

159. -0.2000

160. 0.4000

161. 1.0000

162. 0.4000

163. ©0.0000

164.

165. fast unbiased cross-correlation of xn and yn: size: 9 by 1
166. -0.0000

167.1.0000

168.1.6667

169. 0.5000

170. -0.2000

171. -1.0000

172. -1.3333

173. -0.0000

174. -0.0000

175.

176. fast unbiased cross-correlation of yn and xn: size: 9 by 1
177 . -0.0000

178. -0.0000

179. -1.3333

180. -1.0000

181. -0.2000

182. 0.5000

183.1.6667

184. 1.0000

185. ©0.0000

186.

187.

188. Process returned @ (©x0) execution time : ©0.140 s
189. Press any key to continue.
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10 TR EAL T

10. 1 & #3771

A PR AR R A T BE LS5 I D - AR Uk ) 73 A1 RN BE RS = R Zh R
flitho SP++IRAL T IS THENE, BRI RERE. RS LR st 1 H
WIERE, Wk 10-107R . X LRE A THEEA IR 4 ni A VE ELiB s, (B 7>
PRI

* 10-1 AR E

Operation Effect
correlogramPSE (xn,L) AH 2R R B TE A T
periodogramPSE (xn,wn,L) JAIR RS T
bartlettPSE (xn,M,L) Bartlett yEi it
welchPSE(xn,wn,K,L) Welch v fk it
btPSE (xn,wn,L) BT v {1t

A

1. 3Kk sk ok s ok sk ks ok ok sk sk ok sk ok sk ok sk s ko sk sk ks ok sk sk ok sk ok sk sk ok sk sk sk ok sk sk sk ok ok sk sk sk ok sk sk sk ok ok ok ok ok
2. * classicalpse_test.cpp

3. *

4. * Classical power spectrum estimation testing.

5. *

6. * Zhang Ming, 2010-11, Xi'an Jiaotong University.

7. stk sk ke ke sk ks kol stk sk ks ok skl stk skl stk ks ksl sk ksl skl stk sk sk skl sk sk stk stk sk kst ksl sk sk kb skt ok sk okokok /
8.

9.

10. #define BOUNDS_CHECK

11.

12. #include <iostream>

13. #include <cstring>

14. #include <vectormath.h>
15. #include <classicalpse.h>
16. #include "engine.h"

17.

18.

19. using namespace std;



S
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

using namespace splab;

typedef double Type;

const int N = 100;
const int K = 25;
const int M = 50;
const int L = 200;
int main()

{

//
//
//

//

/******************************* [ Signal ] ******************************/
int mfn = L/2+1;
Type ampl = Type(1.0),
amp2 = Type(0.5);
Type f1 = Type(0.3),
f2 = Type(0.4);
Vector<Type> tn = linspace(Type(@), Type(N-1), N );

Vector<Type> sn = ampl*sin(TWOPI*fl*tn) + amp2*sin(TWOPI*f2*tn);

/******************************** [ Widow ] ******************************/

Vector<Type> wn = window( "Hamming", M, Type(1.0) );

/********************************* [ PSD ] *******************************/

Vector<Type> Ps = correlogramPSE( sn, L );
Vector<Type> Ps = periodogramPSE( sn, wn, L );
Vector<Type> Ps = bartlettPSE( sn, M, L );

Vector<Type> Ps = welchPSE( sn, wn, K, L );

Vector<Type> Ps = btPSE( sn, wn, L );

/******************************** [ PLOT ] *******************************/
Engine *ep = engOpen( NULL );
if( lep )
{
cerr << "Cannot open Matlab Engine!" << endl;

exit(1);

mxArray *msn = mxCreateDoubleMatrix( N, 1, mxREAL );
mxArray *mPs = mxCreateDoubleMatrix( mfn, 1, mxREAL );
memcpy ( mxGetPr(msn), sn, N*sizeof(Type) );

memcpy ( mxGetPr(mPs), Ps, mfn*sizeof(Type) );

engPutVariable( ep, "sn", msn );



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

-

2 Mg 7%

engPutVariable( ep, "Ps", mPs );

const char *mCmd = " figure('name', 'Welch Method of Spectrum Estimation'); \

N = length(sn); mfn = length(Ps); \
subplot(2,1,1); \
plot((@:N-1), sn); \
axis([@,N,min(sn),max(sn)]1); \
title('(a) Signal', 'FontSize',12); \
xlabel('Samples', 'FontSize',12); \
ylabel('Amplitude', 'FontSize',12); \
subplot(2,1,2); \
h = stem((@:mfn-1)/(mfn-1)/2, Ps); \
axis([@,0.5,min(Ps),max(Ps)]); \
set(h, 'MarkerFaceColor', 'blue'); \
set(gca, 'XTick', 0:0.1:0.5); \
grid on; \
title('(b) Spectrum', 'FontSize',12); \
xlabel('Normalized Frequency ( f / fs )', 'FontSize',12); \
ylabel('Amplitude', 'FontSize',12); ";

engEvalString( ep, mCmd );

mxDestroyArray( msn );
mxDestroyArray( mPs );
system( "pause" );

engClose(ep);

return 0;

BATERWE 10-1T7R:

Amplitude

Amplitude

— M B

{a) Signal

Samples

{b) Spectrum

01 0z 03 04
Normalized Frequency (1/1s )
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el 10-1 Welch Zha kit

10. 2 SEAL G

SHATEAL TF 7R e BEN LT 51 2 — B 5, LRInARBERIESE, AR5 MW
DU A TF IR Z A5 W S 4, R i B Al vh (0 2 50 e BEATLIT 51 1 D) 263
TV BARIR S A oy e, (AR S B 7 R B B, B/~
BORBIMb TR R ZE . SPHERME T TSRS B T 57%, A ARBLZLFIARMARE A,
BAiknZk 10-2F17R.

*£ 10-2  SEEETHTE

Operation Effect
yulewalkerPSE (xn,p,sigma) Yule-Walker WA 117714
burgPSE (xn,p,sigma) Burg ittt 75 %
folplsPSE (xn,p,sigma) TE S 1) 2 TN fge /> — SR i A T vk
armaPSD (ak,bk,sigma,L) ARMA 7R Ak 1 792
MAHD «
2. * parametricpse_test.cpp
3. *
4. * parametric power spectrum estimation testing.
5. *

6. * Zhang Ming, 2010-11, Xi'an Jiaotong University.

7 *****************************************************************************/

10. #define BOUNDS_CHECK
11.

12. #include <iostream>

13. #include <iomanip>

14. #include <cstring>

15. #include <random.h>

16. #include <vectormath.h>
17. #include <parametricpse.h>
18. #include "engine.h"

19.

20.

21. using namespace std;
22. using namespace splab;

23.

24.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

SR T i

typedef double Type;

const int N = 50;

const int L = 200;

const int yuleOrder = 4;
const int burgOrder = 4;
const int lplsOrder = 4;
int main()

{

//
//
//

//
//
//

/******************************* [ Signal ] ******************************/

cout << setiosflags(ios::fixed) << setprecision(4);
int mfn = L/2+1;
Type ampl = Type(1.90),
amp2 = Type(1.0);
Type f1 = Type(0.2),
f2 = Type(0.4);

Type sigma2, SNR;

Vector<Type> tn = linspace(Type(@), Type(N-1), N );

Vector<Type> sn = ampl*sin(TWOPI*fl*tn) + amp2*sin(TWOPI*f2*tn);
Vector<Type> wn = randn( 37, Type(0.0), Type(0.1), N );
Vector<Type> xn = sn + wn;

SNR = 20*1ogl@(norm(sn)/norm(wn));

cout << "The SNR = " << SNR << endl << endl;

/********************************* [ PSD ] *******************************/

Vector<Type> ak = yulewalkerPSE( xn, yuleOrder, sigma2 );

cout << "The estimated AR coefficients by Youle-Walker method are:

<< ak << endl;

Vector<Type> ak = burgPSE( xn, burgOrder, sigma2 );

cout << "The estimated AR coefficients by Burg method are:

<< ak << endl;

Vector<Type> ak = fblplsPSE( xn, 1lplsOrder, sigma2 );
cout << "The estimated AR coefficients by Youle-Walker method are: "
<< ak << endl;

cout << "The estimated variance is: << sigma2 << endl << endl;

Vector<Type> bk(1,Type(1.0));

Vector<Type> Px = armaPSD( ak, bk, sigma2, L );
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69. /******************************** [ PLOT ] *******************************/
70. Engine *ep = engOpen( NULL );

71. if( lep )

72. {

73. cerr << "Cannot open Matlab Engine!" << endl;
74. exit(1);

75. }

76.

77. mxArray *mxn = mxCreateDoubleMatrix( N, 1, mxREAL );
78. mxArray *mPx = mxCreateDoubleMatrix( mfn, 1, mxREAL );
79. memcpy ( mxGetPr(mxn), xn, N*sizeof(Type) );

80. memcpy ( mxGetPr(mPx), Px, mfn*sizeof(Type) );

81. engPutVariable( ep, "xn", mxn );

82. engPutVariable( ep, "Px", mPx );

83.

84. const char *mCmd = " figure('name', 'FBLPLS Method of Spectrum Estimation'); \
85. N = length(xn); mfn = length(Px); \

86. subplot(2,1,1); \

87. plot((@:N-1), xn); \

88. axis([@,N,min(xn),max(xn)1); \

89. title('(a) Signal', 'FontSize',12); \

90. xlabel('Samples', 'FontSize',12); \

91. ylabel('Amplitude', 'FontSize',12); \

92. subplot(2,1,2); \

93. h = stem((@:mfn-1)/(mfn-1)/2, Px); \

94. axis([@,0.5,min(Px),max(Px)]); \

95. set(h, 'MarkerFaceColor', 'blue'); \

96. set(gca, 'XTick', ©0:0.1:0.5); \

97. grid on; \

98. title('(b) Spectrum', 'FontSize',12); \
99. xlabel('Normalized Frequency ( f / fs )', 'FontSize',12); \
100. ylabel('Amplitude', 'FontSize',12); ";

101. engEvalString( ep, mCmd );

102.

103. mxDestroyArray( mxn );

104. mxDestroyArray( mPx );

105. system( "pause" );

106. engClose(ep);

107.

108. return 0;

109. }

BATEE R T L 10-2f7K:
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1. The SNR = 18.9846

4. 1.0000
5. 0.9464
6. 0.9341
7. 0.9486
8. 0.9411
9.

FHIE TS Ak v 7572

3. The estimated AR coefficients by Youle-Walker method are: size: 5 by 1

10. The estimated variance is: 0.0404
11.
12. EHALEEES:. . .
(a) Signal
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RFAE 0 M 1 A T D5 9208 BE LIS 5 1K) B AR SR AE R 23 i 9 15 5 1 A R M 7 1 25
8], SRJEAI A —FH I SVEM THBERUE 5 PR Bl o 207 IR e 5 5 B L
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%, mEFE 10-3fR.

# 10-3 RS HTREAG Tk
Operation Effect
caponPSE (xn,M,L) Capon i&fti 1+ 7714
musicPSE (xn,M,p,L) MUSIC 1Akt 77%
pisarenkoPSE (xn, M,p,L) Pisarenko WEAH 117514
espritPSE (xn,M,p) ESPRIT #EAf 1 771%
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

/
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* eigenanalysispse_test.cpp

*

* Eigenanalysis spectrum estimation testing.

* Zhang Ming, 2010-11, Xi'an Jiaotong University.

RS R IR A SRRK A SR A SRR S K K A SRR SR OK SR K K S R K koo ok

#define BOUNDS_CHECK

#include <iostream>

#include <iomanip>

#include <cstring>

#include <random.h>

#include <vectormath.h>

#include <eigenanalysispse.h>

#include "engine.h"

u

sing namespace std;

using namespace splab;

typedef double Type;

const int N = 200;
const int M = 20;
const int L = 200;
int main()

{

R Rk ok ok ok ko ok ok stk ok ok ko ok ok ok [ signal ] ok ok ok fokok ok ok ko ok ok ko ok ok /
cout << setiosflags(ios::fixed) << setprecision(4);
int mfn = L/2+1;

Type ampl = Type(1.9),

amp2 = Type(1.90);
Type f1 = Type(0.2),
f2 = Type(0.25);

Type SNR;

Vector<Type> tn = linspace(Type(@), Type(N-1), N );

Vector<Type> sn = ampl*sin(Type(TWOPI)*f1*tn) + amp2*sin(Type(TWOPI)*f2*tn);



44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

//

//

//

FHIE TS Ak v 7572

Vector<Type> wn = randn( 37, Type(0.9), Type(0.2), N );
Vector<Type> xn = sn + wn;
SNR = 20*1logl@(norm(sn)/norm(wn));

cout << "The SNR = " << SNR << endl << endl;

/********************************* [ PSD ] *******************************/
int p = orderEst( xn, M );

p = p/2*2;

cout << "The model order that minimizes the MDL criterion is: p =

<< p << endl << endl;

Vector<Type> Px = caponPSE( xn, M, L );

Vector<Type> Px = pisarenkoPSE( xn, M, p, L );

Vector<Type> Px = musicPSE( xn, M, p, L );

Vector<Type> fk = espritPSE( xn, M, p );

Vector<Type> Px(mfn);

for( int k=0; k<p; ++k )

{
int index = int( L*abs(fk[k]) + 0.5 );
if( index != @ && index != L/2 )
Px[index] = Type(1.90);

}

/******************************** [ PLOT ] *******************************/
Engine *ep = engOpen( NULL );
if( lep )
{
cerr << "Cannot open Matlab Engine!" << endl;

exit(1);

mxArray *mxn = mxCreateDoubleMatrix( N, 1, mxREAL );
mxArray *mPx = mxCreateDoubleMatrix( mfn, 1, mxREAL );
memcpy ( mxGetPr(mxn), xn, N*sizeof(Type) );

memcpy ( mxGetPr(mPx), Px, mfn*sizeof(Type) );

engPutVariable( ep, "xn", mxn );

engPutVariable( ep, "Px", mPx );

const char *mCmd = " figure('name','FBLPLS Method of Spectrum Estimation'); \

N = length(xn); mfn = length(Px); \
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87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

subplot(2,1,1); \
plot((@:N-1), xn); \
axis([@,N,min(xn),max(xn)]1); \
title('(a) Signal', 'FontSize',12); \
xlabel('Samples', 'FontSize',12); \
ylabel('Amplitude', 'FontSize',12); \
subplot(2,1,2); \
h = stem((@:mfn-1)/(mfn-1)/2, Px); \
axis([@,0.5,min(Px),max(Px)]); \
set(h, 'MarkerFaceColor', 'blue'); \
set(gca, 'XTick', 0:0.05:0.5); \
grid on; \
title('(b) Spectrum', 'FontSize',12); \
xlabel('Normalized Frequency ( f / fs )',
ylabel('Amplitude', 'FontSize',12); ";

engEvalString( ep, mCmd );

mxDestroyArray( mxn );
mxDestroyArray( mPx );
system( "pause" );

engClose(ep);

return 0;

}

BATEE R T LK 10-3fR:

The SNR = 14.3399

The model order that minimizes the MDL criterion is:

ZESERSSi it

'FontSize',12); \
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11 HiEMN K 2

11. 1 Wiener JEUE 2%

WienerJiE i #8 /& /N T iR ZE B U N IR IR MBI RS, EH T FRES . 1T
I ReWiener-Hopf 77 7 (ff F Levinson-DurbintRod i #E 532D 15 3 I8 . 1E
BRI A LR AT S DR /N, 15 M LU/ (1 ATy SR kbR oK, AT B3 K
FEPE M PERRIE 75, (RS 5 o SP++HERAE T Wiener 5 25 FWiener T 25 5 #5032,
[ LS T SR f# Toeplitz R B0 PR 26 M 7 FEZHL A LevinsoniB 59k, WiEk 11-1FTR.

% 11-1 Wiener JEJESR

Operation Effect

wienerFilter (x,d,p) P Bt Wiener JEJ 8%

wienerPredictor (x,p) P Bt Wiener il

levinson (t,b) Levinson &R f# Toeplitz L

A

1. Kk s ok s ok sk ks ok ok sk sk ok sk ok sk ok sk s ok ook sk ok sk ok s sk sk ok sk ok sk sk ok sk sk sk ok sk sk sk ok ok sk sk ok sk ok ok sk sk ok sk ok ok ok
2o o wiener_test.h

3. *

4. * Wiener filter testing.

5. *

6. * Zhang Ming, 2010-10, Xi'an Jiaotong University.

7. SRR R SRK SRS KH S KKK SRR R S SR SR RH SRR S KKK S KKK S RK KK oK

10. #define BOUNDS_CHECK
11.

12. #include <iostream>

13. #include <iomanip>

14. #include <wiener.h>

15. #include <random.h>

16. #include <vectormath.h>
17.

18.

19. using namespace std;

20. using namespace splab;




21.

22.

23. typedef double Type;

24. const int N = 1024;

25. const int M= 12;

26. const int fOrder = 8;

27. const int pOrder = 3;

28.

29.

30. int main()

31. {

32. Vector<Type> tn(N), dn(N), vn(N), xn(N), yn(N);

33. tn = linspace( Type(0.0), Type(2*TWOPI), N );

34. dn = sin(tn);

35. vn = randn( 37, Type(0.0), Type(1.0), N );

36. xn = dn + vn;

37.

38. Vector<Type> hn = wienerFilter( xn, dn, fOrder );
39. cout << "Wiener filter hn: " << hn << endl;

40. yn = wkeep( conv(xn,hn), N, "left" );

41. cout << "original relative error: " << norm(dn-xn)/norm(dn) << endl;
42. cout << "filtered relative error: " << norm(dn-yn)/norm(dn) << endl << endl;
43,

44, Vector<Type> sn(M);

45. for( int i=@; i<M; ++i )

46. sn[i] = sin( Type(i*TWOPI/10) );

a47. Vector<Type> pn = wienerPredictor( sn, pOrder );

48. Vector<Type> snPred = wkeep( conv(sn,pn), M, "left" );
49. cout << "Wiener predictor pn: " << pn << endl;

50. cout << "original\tpredicted\terror" << endl;

51. Type realvalue = sin( Type(M*TWOPI/10) );

52. cout << setiosflags(ios::fixed) << setprecision(4)
53. << realvalue << "\t\t" << snPred[M-1] << "\t\t"
54. << abs(realValue-snPred[M-1]) << endl << endl;
55.

56. return 0;

57. }

BATE R

1. Wiener filter hn: size: 9 by 1
0.0903079
3. 0.0858067

4. 0.0813221

S BT S BT
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Kalman JE i 2%

5. 0.0870775

6. 0.0968708

7. ©.0888659

8. 0.0844214

9. 0.0901495

10. ©0.0965093

11.

12. original relative error: 1.43689

13. filtered relative error: 0.416294

14.

15. Wiener predictor pn: size: 3 by 1
16. ©.606355

17. ©0.699992

18. -1.03413

19.

20. original predicted error
21. 0.9511 0.9643 0.0132
22.

23.

24. Process returned @ (©x0) execution time : 0.047 s

25. Press any key to continue.

11. 2 Kalman JEJ; 28

KalmanJEk 4% FIFE & /N T R 2 8 SU T s R Al T8, xF-FRafl 9P
MFERIATIE L A] DK HA Dy —Fl 38 N WienerJE % a8 . L EBEAUR R “H
8.7 EjKalmand o T AL IE T, @ik s ik R A TR sh & RN FIRE T & .
SP++ AL T8 M KalmanyE g &k, R 11-2F175R.

F 11-2 Kalman JEJ 2%

Operation Effect
kalman(A,C,Q,R,xp,y,V) Kalman JEE A, VE4H U0 2 WACAD A B
A«
1. [k ks kb stk ok ok sk ok ok ok kol ok ok kbl ok ok ok stk ook skt ok skl ok ookl ok ok kol ok ok ok ok ok sk ok kok
2o & kalman.h
3. *

4. * Kalman filter testing.
5. *
6. * Zhang Ming, 2010-10, Xi'an Jiaotong University.

7. K K SR KK KK KK KKK K KK oK KK S KOK S KK S KK S K 3 KK S KK KKK S K KO S K S Ko ok
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

#define BOUNDS_CHECK

#include <iostream>

#include <kalman.h>

using namespace std;

using namespace splab;

typedef double Type;

const int N = 2;
const int M= 2;
const int T = 20;
int main()

{

Matrix<Type> A(N,N), C(M,N), Q(N,N), R(M,M);
A = eye( N, Type(1.0) ); C = eye( N, Type(1.9)

Q = eye( N, Type(1.0) ); R = eye( N, Type(2.0)

Vector<Type> x(N,Type(1.8)), y(M), ytInit(M);
ytInit[@] = Type(@.5); ytInit[1] = Type(2.0);
Matrix<Type> yt(M,T);

for( int t=0; t<T; ++t )

yt.setColumn( ytInit, t );

Vector<Type> intV( N, Type(10.0) );

for( int t=0; t<T; ++t )

{

y = yt.getColumn(t);

x = kalman( A, C, Q, R, X, y, intv );

cout << "Estimation of xt at the " << t << "th
}

cout << "The theoretical xt should converge to:

return 0;

)s
)8

iteratin: << X <<

" << ytInit << endl;

endl;



S

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

(FESE 3

Estimation
0.576923

1.84615

Estimation
0.532787

1.93443

Estimation
0.51581

1.96838

Estimation
0.507835

1.98433

Estimation
0.503909

1.99218

Estimation
0.501953

1.99609

Estimation
0.500977

1.99805

Estimation
0.500488
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1th iteratin:

2th iteratin:

3th iteratin:

4th iteratin:

5th iteratin:

6th iteratin:

7th iteratin:

8th iteratin:

9th iteratin:

10th iteratin:
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Kalman £ 2%
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44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Estimation
0.500031

1.99994

Estimation
0.500015

1.99997

Estimation
0.500008

1.99998

Estimation
0.500004

1.99999

Estimation
0.500002

2

Estimation
0.500001

2

Estimation
0.5

2

Estimation
0.5

2

Estimation
0.5

2

The theoretical xt should converge to:

0.5

2

Process returned @ (0x0)

of

of

of

of

of

of

of

of

of

xt

xt

xt

xt

xt

xt

xt

xt

xt

at

at

at

at

at

at

at

at

at

the

the

the

the

the

the

the

the

the

11th

12th

13th

14th

15th

16th

17th

18th

19th

execution time :

Press any key to continue.

iteratin:

iteratin:

iteratin:

iteratin:

iteratin:

iteratin:

iteratin:

iteratin:

iteratin:

size:

size:

size:

size:

size:

size:

size:

size:

size:

size:

2

2

2

2

2

2

2

2

2

2

by

by

by

by

by

by

by

by

by

by

0.125 s



LMS H &M 4%

11. 3 LMS Hi&MNyEF: 78

LMS (Least Mean Squares) & i H ¥ H & SLgE e 2%, B RLUYHT iR 2 A
IR R 72, I RE R T BT 1A R IR AR I R B, WM EREF NS 5 LR A1k,
REIHEN M E W DK EFREEE R BB, KD K E PR
PREFRRIE, RN P2 A2 KR LA E T, R R LMSHZ PR, SP++
ALY 3 AR HILMSEHE, RIFELMSE L, LMS-Newton B A A — L LMSH
2%, AR 11-30R.

2 11-3  LMS HidE B Ek

Operation Effect
Ims (x,d,w,mu) R LMS By3:
ImsNewton (x,d,w,mu,alpha,delta) LMS-Newton 5%
ImsNormalize (x,d,w,rho,gamma) H—14k LMS &%
MARHD «
1' /*****************************************************************************
2. * Ims_test.cpp
3. %

4. * LMS adaptive filter testing.
5. *

6. * Zhang Ming, 2010-10, Xi'an Jiaotong University.

7 *****************************************************************************/

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <iomanip>
14. #include <1lms.h>

15.

16.

17. using namespace std;
18. using namespace splab;
19.

20.

21. typedef double Type;

22. const int N = 50;

23. const int order = 1;

24. const int dispNumber = 10;
25.
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202

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

int main()

{

Vector<Type> dn(N), xn(N), yn(N), wn(order+l);

for( int k=0; k<N; ++k )

{
xn[k] = Type(cos(TWOPI*k/7));
dn[k] = Type(sin(TWOPI*k/7));
}
int start = max(0,N-dispNumber);

Type xnPow = dotProd(xn,xn)/N;
Type mu = Type( 0.1 / ((order+1l)*xnPow) );

Type rho = Type(1.0), gamma = Type(1l.0e-9), alpha = Type(0.08);

cout << "The last " << dispNumber
<< " iterations of Conventional-LMS:" << endl;
cout << "observed" << "\t" << "desired" << "\t\t" << "output" << "\t\t"
<< "adaptive filter" << endl << endl;
wn = 90;
for( int k=@; k<start; ++k )
yn[k] = Ims( xn[k], dn[k], wn, mu );
for( int k=start; k<N; ++k )
{
yn[k] = Ims( xn[k], dn[k], wn, mu );
cout << setiosflags(ios::fixed) << setprecision(4)
<< xn[k] << "\t\t" << dn[k] << "\t\t" << yn[k] << "\t\t";
for( int i=@; i<=order; ++i )
cout << wn[i] << "\t";
cout << endl;
}

cout << endl << endl;

cout << "The last " << dispNumber << iterations of LMS-Newton:" << endl;
cout << "observed" << "\t" << "desired" << "\t\t" << "output" << "\t\t"
<< "adaptive filter" << endl << endl;

wn = 90;
for( int k=0; k<start; ++k )

yn[k] = lmsNewton( xn[k], dn[k], wn, mu, alpha, xnPow );
for( int k=start; k<N; ++k )
{

yn[k] = lmsNewton( xn[k], dn[k], wn, mu, alpha, xnPow );

cout << setiosflags(ios::fixed) << setprecision(4)

<< xn[k] << "\t\t" << dn[k] << "\t\t" << yn[k] << "\t\t";

for( int i=@; i<=order; ++i )



cout << wn[i] << "\t";

cout << endl;

<< endl << endl;

<< "The last " << dispNumber

<< " iterations of Normalized-LMS:" << endl;

LMS H &M 4%

<< "observed" << "\t" << "desired" << "\t\t" << "output" << "\t\t"

<< "adaptive filter" << endl << endl;
0;

int k=0; k<start; ++k )

yn[k] = 1lmsNormalize( xn[k], dn[k], wn, rho, gamma );

int k=start; k<N; ++k )

yn[k] = 1lmsNormalize( xn[k], dn[k], wn, rho, gamma );

cout << setiosflags(ios::fixed) << setprecision(4)

<< xn[k] << "\t\t" << dn[k] << "\t\t" << yn[k] << "\t\t";

for( int i=@; i<=order; ++i )
cout << wn[i] << "\t";

cout << endl;

<< endl << endl;

cout << "The theoretical optimal filter is:\t\t" << "-0.7972\t1.2788"

70.

71.

72. }
73. cout
74.

75. cout
76.

77. cout
78.

79. wn =
80. for(
81.

82. for(
83. {
84.

85.

86.

87.

88.

89.

90. }
91. cout
92.

93.

94.

95.

96. retu
97. }
BATE R
1. The last
2. observed
3.

4. -0.2225
5. 0.6235
6. 1.0000
7. 0.6235
8. -0.2225
9. -0.9010
10. -0.9010
11. -90.2225
12. 0.6235
13. 1.0000
14.

<< endl << endl;

rn 9;

10 iterations of Conventional-LMS:

desired output

-0.9749 -0.8216 -0.5683
-0.7818 -0.5949 -0.5912
-0.0000 0.0879 -0.6084
0.7818 0.6991 -0.5983
0.9749 0.8156 -0.6053
0.4339 0.2974 -0.6294
-0.4339 -0.4314 -0.6289
-0.9749 -0.8589 -0.6239
-0.7818 -0.6402 -0.6412
-0.0000 0.0667 -0.6543

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

adaptive filter

0810

0892

0784

0947

1141

1082

1086

1291

1353

1271

203



15.

16. The last 10 iterations of LMS-Newton:

17. observed desired output adaptive filter
18.

19. -0.2225 -0.9749 -0.9739 -0.7958 1.2779
20. 0.6235 -0.7818 -0.7805 -0.7964 1.2783
21. 1.0000 -0.0000 0.0006 -0.7966 1.2783
22. 0.6235 0.7818 0.7816 -0.7966 1.2784
23. -0.2225 0.9749 0.9743 -0.7968 1.2787
24. -0.9010 0.4339 0.4334 -0.7971 1.2787
25. -0.9010 -0.4339 -0.4340 -0.7971 1.2787
26. -0.2225 -0.9749 -0.9747 -0.7971 1.2788
27. 0.6235 -0.7818 -0.7816 -0.7972 1.2789
28. 1.0000 -0.0000 0.0001 -0.7973 1.2789
29.

30.

31. The last 10 iterations of Normalized-LMS:

32. observed desired output adaptive filter
33.

34. -0.2225 -0.9749 -0.9749 -0.7975 1.2790
35. 0.6235 -0.7818 -0.7818 -0.7975 1.2790
36. 1.0000 -0.0000 -0.0000 -0.7975 1.2790
37. 0.6235 0.7818 0.7818 -0.7975 1.2790
38. -0.2225 0.9749 0.9749 -0.7975 1.2790
39. -0.9010 0.4339 0.4339 -0.7975 1.2790
40. -0.9010 -0.4339 -0.4339 -0.7975 1.2790
41. -0.2225 -0.9749 -0.9749 -0.7975 1.2790
42. 0.6235 -0.7818 -0.7818 -0.7975 1.2790
43. 1.0000 -0.0000 -0.0000 -0.7975 1.2790
44.

45.

46. The theoretical optimal filter is: -0.7972 1.2788
47.

48.

49. Process returned @ (0x0) execution time : 0.062 s

50. Press any key to continue.

11.4 RLS Hi&MEF 25

RLS (Recursive Least Square) 5= 5LMSHIEARHE, AREBRNTTECFHH
3T IR A% » T 33 328 U 110 7 v SR AR 22455 5 A R B A i /s — 3 vl AL
NI SE R IR 25 1 R A . RLSEVE SR s RSO BE R, FosE M, (HIX 2 DA
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RLS H &N 4%

THE ORI ER R M A8 22 N AR I (283X PT DAIE ik 1 0 R b AT R, 8 (R i
AN, WSGE SRR, PREERE ST, (HACREROK, FaEthiizE). SP++RiRMt T 5
RS H & MJER HI%, MEZRLSH L, Fag s mRLSH VL, s HRLSH I,
W R MRLSHEME T QR MRIMRLSH L, Ik 11-4fn, S8 EARE
XA AR

2% 11-4 RLS [ 3& M JER: H %

Operation Effect

rls (x,d,w,lambda,delta) 1£4: RLS 51

sftrls (x,d,w,lambda,epsilon,training) FeE PO A [A) RLS Bk
Irls (x,d,v,lambda,epsilon,training) WIE LT RLS Bk

eflrls (x,d,v, lambda,epsilon,training) R R RLS 532
grims (x,d,w, lambdaSqrt,training) BT QR 7rfiR ) RLS Hi%

IAAHD -

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

AR A A KA KA A K oA S oK A oK S KK S oo KK oK KK o KoK

& rls_test.cpp

*

* RLS adaptive filter testing.

*

* Zhang Ming, 2010-10, Xi'an Jiaotong University.

KRR SRKH SRS KH S KR K SRR S SR SRR SR S KKK S KKK S RK SR oK

#define BOUNDS_CHECK

#include <iostream>
#include <iomanip>
#include <convolution.h>
#include <vectormath.h>
#include <random.h>

#include <rls.h>

using namespace std;

using namespace splab;

typedef float Type;

const int N = 1000;

const int orderRls = 1;
const int orderLrls = 16;
const int orderTrls = 12;
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29. const int orderQrrls = 8;

30. const int sysLen = 8;

31. const int dispNumber = 10;

32.

33.

34. int main()

35. {

36. int start = max(0,N-dispNumber);

37. Vector<Type> dn(N), xn(N), yn(N), sn(N), rn(N), en(N),

38. hn(sysLen+1), gn(orderLrls+l), wn(orderRls+l);

39. Type lambda, delta, eps;

40.

41.

42. cout << "/RFrEkkkikkxickkx  Conventional RLS <---> Waveform Tracking \
43, ekl /0 < endl << endl;

44. for( int k=0; k<N; ++k )

45, {

46. dn[k] = Type(sin(TWOPI*k/7));

47. xn[k] = Type(cos(TWOPI*k/7));

48. }

49. lambda = Type(0.99);

50. delta = dotProd(xn,xn)/N;

51.

52. cout << "The last " << dispNumber << " iterations result:" << endl << endl;
53. cout << "observed" << "\t" << "desired" << "\t\t" << "output" << "\t\t"
54. << "adaptive filter" << endl << endl;

55. for( int k=@; k<start; ++k )

56. yn[k] = rls( xn[k], dn[k], wn, lambda, delta );

57. for( int k=start; k<N; ++k )

58. {

59. yn[k] = rls( xn[k], dn[k], wn, lambda, delta );

60. cout << setiosflags(ios::fixed) << setprecision(4)

61. << xn[k] << "\t\t" << dn[k] << "\t\t" << yn[k] << "\t\t";
62. for( int i=@; i<=orderRls; ++i )

63. cout << wn[i] << "\t";

64. cout << endl;

65. }

66. cout << endl << "The theoretical optimal filter is:\t\t" << "-0.7972\t1.2788"
67. << endl << endl << endl;

68.

69.

70. cout << "/RFrEkkdokkxdokkx ) gttice RLS <---> Channel Equalization \
71, HEEkRkkckkoRkookkk /Y oo and] << endl;
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72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

for( int k=0; k<=syslLen; ++k )

hn[k] = Type( ©.1 * pow(@.5,k) );
dn = randn( 37, Type(0.0), Type(1.0), N );
xn = wkeep( conv(dn,hn), N, "left" );

lambda = Type(0.99), eps = Type(0.1);

wn.resize(orderLrls);
wn = Type(0.0);
for( int k=0; k<N; ++k )
// yn[k] = 1lrls( xn[k], dn[k], wn, lambda, eps, "on" );
yn[k] = eflrls( xn[k], dn[k], wn, lambda, eps, "on" );
Vector<Type> Delta(orderLrls+l);
Delta[ (orderLrls+1)/2] = Type(1.0);
for( int k=0; k<=orderLrls; ++k )
// gn[k] = 1rls( Delta[k], Type(0.0), wn, lambda, eps, "off"
gn[k] = eflrls( Delta[k], Type(©.0), wn, lambda, eps, "off"
cout << setiosflags(ios::fixed) << setprecision(4);
cout << "The original system: " << hn << endl;

cout << "The inverse system: << gn << endl;

cout << "The cascade system:

//

RLS H &M EH 2%

)s
)5

<< conv( gn, hn ) << endl << endl;

cout << "/RFrEkkikkxikk  Tpansversal RLS <---> System Identification \

kR Rk /M << end]l << endl;

Vector<Type> sys(8);

sys[@] = Type(@.1);  sys[1] = Type(@.3);
sys[2] = Type(@.0); sys[3] = Type(-0.2);
sys[4] = Type(-0.4); sys[5] = Type(-0.7);
sys[6] = Type(-0.4); sys[7] = Type(-0.2);

xn = randn( 37, Type(0.0), Type(1.0), N );

dn = wkeep( conv(xn,sys), N, "left" );
lambda = Type(0.99), eps = Type(1.0);
wn.resize(orderTrls);

wn = Type(0.0);

for( int k=@; k<start; ++k )
yn[k] = sftrls( xn[k], dn[k], wn, lambda, eps, "on" );

cout << "The last " << dispNumber <<

cout << "input signal" << << "original system output" <<
<< "identified system output" << endl << endl;
for( int k=start; k<N; ++k )
{
yn[k] = sftrls( xn[k], Type(0.0), wn, lambda, eps, "off" );

cout << setiosflags(ios::fixed) << setprecision(4)

iterations result:" << endl << endl;
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116. << xn[k] << "\t\t\t" << dn[k] << "\t\t\t" << yn[k] << endl;
117. }

118. cout << endl << "The unit impulse response of original system: "
119. << sys << endl;

120. cout << "The unit impulse response of identified system: "

121. << wn << endl << endl;

122.

123.

124. cout << "/RFrEkkkdckkxdokkxk QR Based RLS <---> Signal Enhancement \
125, FkEkrkkclkokoiik /U ¢ endl << endl;

126. sn = sin( linspace( Type(0.0), Type(4*TWOPI), N ) );

127. rn = randn( 37, Type(9.0), Type(1.0), N );

128. dn = sn + rn;

129. int delay = orderQrrls/2;

130. for( int i=@; i<N-delay; ++i )

131. xn[i] = rn[i+delay];

132. for( int i=N-delay; i<N; ++i )

133. xn[i] = @;

134. Type lambdaSqrt = Type(1.0);

135. wn.resize(orderQrrls);

136. wn = Type(0.0);

137.

138. for( int k=0; k<N; ++k )

139. yn[k] = grrls( xn[k], dn[k], wn, lambdaSqrt, "on" );

140. en = dn - yn;

141. for( int i=@; i<N/2; ++i )

142. {

143. sn[i] = @;

144. rn[i] = ©;

145. en[i] = o;

146. }

147. cout << "The last " << dispNumber << " iterations result:" << endl << endl;
148. cout << "noised signal\t\t" << "enhanced signal\t\t" << "original signal"
149. << endl << endl;

150. for( int k=start; k<N; ++k )

151. cout << setiosflags(ios::fixed) << setprecision(4)

152. << dn[k] << "\t\t\t" << en[k] << "\t\t\t" << sn[k] << endl;
153. cout << endl << "The SNR before denoising is: "

154. << 20*(logle(norm(sn))/logle(norm(rn))) << " dB" << endl;

155. cout << "The SNR after denoising is: "

156. << 20*(logle(norm(en))/logl@(norm(sn-en))) << " dB" << endl << endl;
157.

158.

159. return @;
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RLS [ & B A%
‘160. }
BATE R
1. /¥®kRxkkkrkkxsk Conventional RLS <---> Waveform Tracking *¥*¥ikxxsiokxik/

3. The last 10 iterations result:

4.

5. observed desired output adaptive filter
6.

7. -0.9010 0.4339 0.4339 -0.7975 1.2790
8. -0.9010 -0.4339 -0.4339 -0.7975 1.2790
9. -0.2225 -0.9749 -0.9749 -0.7975 1.2790
10. 0.6235 -0.7818 -0.7818 -0.7975 1.2790
11. 1.0000 0.0000 0.0000 -0.7975 1.2790
12. 0.6235 0.7818 0.7818 -0.7975 1.2790
13. -0.2225 0.9749 0.9749 -0.7975 1.2790
14. -0.9010 0.4339 0.4339 -0.7975 1.2790
15. -0.9010 -0.4339 -0.4339 -0.7975 1.2790
16. -0.2225 -0.9749 -0.9749 -0.7975 1.2790
17.

18. The theoretical optimal filter is: -0.7972 1.2788
19.

20.

21, [HEkxskskrkkookikokk | gttice RLS  <--->  Channel Equalization ks /
22.

23. The original system: size: 9 by 1

24. 0.1000
25. 0.0500
26. 0.0250
27. 0.0125
28. 0.0063
29. 0.0031
30. 0.0016
31. 0.0008
32. 0.0004
33.

34. The inverse system: size: 17 by 1
35. 0.6038
36. -0.0026
37. -0.0018
38. -0.0012
39. 0.0008
40. 0.0011
41. 0.0011
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42. -0.0009
43. 8.7646
44. -5.0002
45. ©.0000
46. 0.0015
47. -0.0007
48. -0.0004
49. 0.0014
50. 0.0027
51. 0.0048
52.

53. The cascade system: size: 25 by 1

54. 0.0604
55. 0.0299
56. 0.0148
57. 0.0073
58. 0.0037
59. 0.0020
60. 0.0011
61. 0.0005
62. 0.8767
63. -0.0618
64. -0.0309
65. -0.0153
66. -0.0077
67. -0.0039
68. -0.0018
69. -0.0006
70. 0.0002
71. -0.0016
72. ©.0002
73. 0.0001
74. ©.0000
75. ©.0000
76. ©.0000
77. ©.0000
78. ©.0000
79.

80.

81, /¥¥¥kkxikkxkk  Tpransversal RLS <---> System Identification *¥¥¥ikkxiokxx/
82.

83. The last 10 iterations result:

84.

85. input signal original system output identified system output
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86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

1.5173

-0.9741

-1.4056

-0.9319

-0.5763

0.4665

0.5959

0.5354

-0.4990

-1.1519

The unit impulse response of original system:

0.1000

0.3000

0.0000

-0.2000

-0.4000

-0.7000

-0.4000

-0.2000

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

0.1000

0.3000

0.0000

-0.2000

-0.4000

-0.7000

-0.4000

-0.2000

0.0000

0.0000

-0.0000

-0.0000

121.

122.

123.

/***************

124.

125.

126.

127.

noised signal

128.

129

.1.2928

-1.7206

-1.3146

-2.1204

-2.3165

-2.1748

-1.2228

0.7623

1.7904

1.6573

0.4866

The unit impulse response of identified system:

QR Based RLS

The last 10 iterations result:

enhanced signal

-0.2263

Signal Enhancement

-1.7206
-1.3146
-2.1204
-2.3165
-2.1748
-1.2228
0.7623
1.7904
1.6573

0.4866

size: 8 by 1

size: 12 by 1

original signal

-0.2245

RLS H &N 4%

***************/
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212

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

-1.1740 -0.1998
-1.5808 -0.1748
-1.0823 -0.1469
-0.7017 -0.1039
0.3660 -0.0745
0.5205 -0.0628
0.4851 -0.0439
-0.5242 -0.0220
-1.1519 0.0058

The SNR before denoising is:

The SNR after denoising is:

Process returned @ (0x0)

Press any key to continue.

exec

17.5084 dB

121.1680 dB

ution time :

-0.1999

-0.1752

-0.1504

-0.1255

-0.1005

-0.0754

-0.0503

-0.0252

0.0000

0.140 s
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12. 1 J0E Fourier 2

18 Fourier 284t (WFT) B5EH} Fourier 284 (STFT) T EARE M, Sz
fRiEA, BN T B R iR — . WET B3z 5 5 R FENR, ¥
55 IS A5 5 7 8 B I A8, BT B AT A I e BT RE P, SEAR T Fourier AR 4
4 JR I R A

IS} AR A i X A T R B AT I RS R 1 BT A, i DT R ) e % B A
A e 2k SRS R, A 3% FH ISR SR I 4 1 B BRI WnGauss T B Hamming 2545
WFTIE AR AR LR 12-1, Hpry a4 “FFTW” 1) R 23~ {8 HHFFTW
FETHEDFT, ¥ 1% 46 bR 25 75 B2 2EFFTW,

% 12-1 JINE Fourier A%k

Operation Effect
wft(sn,gn,mod) THE sn [N Fourier 284t 244
iwft(coefs,gn) 5 coef's INNE Fourier WA
WFtFFTW(sn,gn,mod) THE sn BIINE Fourier 4 R4
iwftFFTW(coefs,gn) 15 coefs MIfNE Fourier WA
IAAARAD :
1. JERRRk kA Ak Ak ok Ak Ak kR kA
2. * wft_test.cpp
3. o+
4. * Windowed Fourier transform testing.
5. *

6. * Zhang Ming, 2010-03, Xi'an Jiaotong University.

7. SRR SRKH SRS S KR SRR R S SRS K K SRS SRH R SRR K S KK KKK SR K K SR oK

10. #define BOUNDS_CHECK
11.

12. #include <iostream>

13. #include <vectormath.h>
14. #include <timing.h>

15. #include <wft.h>

16.
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

using namespace std;

using namespace splab;

typedef long double Type;

const int Lg = 100;
const int Ls = 1000;
const int Fs = 1000;
int main()

{

/******************************* [ Signal ] ******************************/
Type a = ©;

Type b = Ls-1;

Vector<Type> t = linspace(a,b,Ls) / Type(Fs);

Vector<Type> s = sin( Type(400*PI) * pow(t,Type(2.0)) );

/******************************** [ WidOW ] ******************************/
a=0;

b = Type(Lg-1);

Type u = (Lg-1)/Type(2);

Type r = Lg/Type(8);

t = linspace(a,b,Lg);
Vector<Type> g = gauss(t,u,r);

g = g/norm(g);

/********************************* [ WFT ] *******************************/
Type runtime = 0;

Timing cnt;

cout << "Taking windowed Fourier transform." << endl;

cnt.start();

Matrix< complex<Type> > coefs = wft( s, g );

cnt.stop();

runtime = cnt.read();

cout << "The running time = " << runtime << " (ms)" << endl << endl;

/******************************** [ IWFT ] *******************************/

cout << "Taking inverse windowed Fourier transform." << endl;
cnt.start();

Vector<Type> x = iwft( coefs, g );

cnt.stop();

runtime = cnt.read();



61.

62.

63.

64.

65.

66.

67.

-

y

7. The relative error is :

cout << "The running time =

"

cout << "The relative error is :

<< "norm(s-x) / norm(s) =

B8k Gabor A5

<< runtime << " (ms)" << endl << endl;

<< norm(s-x)/norm(s) << endl << endl;

return 0;

-
BATE R
1. Taking windowed Fourier transform.

2. The running time = 0.031 (ms)

5. The running time = 0.047 (ms)

11. Press any key to continue.

4. Taking inverse windowed Fourier transform.

10. Process returned © (0x0) execution time :

norm(s-x) / norm(s) = 7.013e-020

0.094 s

NTHEMEM, FH%H— MMatlabf i B4R, WE 12-1F7R.

Amplitude

W 50 60
Time {ms)

Tirme {ms)

Frequency (Hz)

Amplitude

0100 200 30 40 S0 B0 00 B0 W0 100
Time (ms)

0 100 20 30 40 S0 0 00 B0 W0 100
Time (ms)

12-1  JN% Fourier At

12. 2 B# Gabor A #t

121 Gabor 4Z#t (DGT) 52 Gabor 73 HrdrZe 5 8 G AR A5 S5 BEAT I 73 f

=
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L4itr, DGT il LLEAER WFT TER AU ) —FloR e . HTUAR BT Re il i SRR
AT, JE ELIRFE AT DU BY FRT SAseal, R ERBCRMT WFT 18 218 K
.

DGT/&2 —FibrZuia i, SO i S 456t R A — o2 A MR, T 22
TR R BT IS . “dgth” Sk R T XS ek £ DL 2 25 B Gabor IF g A7
?&E@ﬁ%ﬁ, BAR R 12-2, Hrhar a4 “FFTW” [ 58 B2 75 8 I FFTWE i+ 5.DF T,
ol FH A A R 0 7R B 22 2R FFTW.

# 12-2 HHk Gabor AF

Operation Effect
dual(gn,N,dM) THE gn AR B 2R £
dgt(sn,gn,N,dM,mode) T sn (B HL Gabor A8 #
idgt(coefs,gn,N,dM) THE coefs IEHI Gabor 1AL 4
dualFFTW(gn,N,dM) THE gn FOOGHE B R AL
dgFFTWt(sn,gn,N,dM,mode) T sn (B EL Gabor 28 #
idgtFFTW (coefs,gn,N,dM) THE coefs MIEHI Gabor 1AL 4

DRAACHS -

T L ——

2. * dgt_test.cpp

3. *

4. * Discrete Gabor transform testing.

5. *

6. * Zhang Ming, 2010-03, Xi'an Jiaotong University.

7. SRR R SRK R SR SRR S KK K SRR K S SRR SRS RH R SRR S KKK S KKK S K K SR oK

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <vectormath.h>
14. #include <timing.h>
15. #include <dgt.h>

16.

17.

18. using namespace std;
19. using namespace splab;
20.

21.

22. typedef double Type;

23. const int Fs = 1000;
24. const int Ls = 10000;
25. const int Lg = 80;
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26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

B8k Gabor A5

const int N = 40;

const int dMm = 10; // over sampling ratio is N/dM
int main()

{

/******************************* [ Signal ] ******************************/
Type a = ©;

Type b = Ls-1;

Vector<Type> t = linspace( a, b, Ls ) / Type(Fs);

Vector<Type> st = cos( Type(400*PI) * pow(t,Type(2.0)) );

/******************************* [ WidOW ] ******************************/
a=0;

b = Type( Lg-1);

Type r = sqrt( dM*N / Type(2*PI) );

Type u = (Lg-1) / Type(2.0);

t = linspace( a, b, Lg );

Vector<Type> h = gauss( t, u, r );

h = h / norm(h);

/***************************** [ daul function ] *************************/

Type runtime = 0.0;

Timing cnt;

cout << "Compute daul function." << endl;
cnt.start();

Vector<Type> g = daul( h, N, dM );
cnt.stop();

runtime = cnt.read();

cout << "The running time = " << runtime << " (ms)" << endl << endl;

/******************************** [ DGT ] ********************************/

cout << "Taking discrete Gabor transform." << endl;
cnt.start();

Matrix< complex<Type> > C = dgt( st, g, N, dM, "sym" );
cnt.stop();

runtime = cnt.read();

cout << "The running time = " << runtime << " (ms)" << endl << endl;

/******************************** [ IDGT ] *******************************/

cout << "Taking inverse discrete Gabor transform." << endl;
cnt.start();

Vector<Type> xt = idgt( C, h, N, dM );
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70. cnt.stop();

71. runtime = cnt.read();

72. cout << "The running time = " << runtime << " (ms)" << endl << endl;
73.

74. cout <<"The relative error : norm(s-x) / norm(s) = "

75. << norm(st-xt)/norm(st) << endl << endl;

76.

77. return 0;

78. }

BATE R
1. Compute daul function.

2. The running time = 8.67362e-019 (ms)

4. Taking discrete Gabor transform.

5. The running time = 0.063 (ms)

7. Taking inverse discrete Gabor transform.

8. The running time = 0.031 (ms)

10. The relative error : norm(s-x) / norm(s) = 5.79937e-012
11.

12.

13. Process returned @ (0x0) execution time : 0.109 s

14. Press any key to continue.

N TEIMEM, gt —Matlabfi 5ER, WK 12-25K] 12-3F7R.

(a)

ozp P
.
(R} F
= 4 %
=] / \
é /
a 01 \
E o
1] \
005
A PN~ 1 | | e O — |
50 40 20 [ 20 an &0
Time [ms)
(by
nospk T 2
004 / \
b
a F \
3 003 /
= P
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N
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Frequency (Hz)

0 W0 X0 W0 M0 S0 B0 0 B0 S0 100 20 i)
Time {ms) Timne [ms)

@ @
3 2
El 2
£ a £
< =
05
06
1 bk 1
0 100 20 0 400 S0 B0 0 S0 W0 00 0 10 A0 A0 40 0 eN /00 B0 S0 100

Time {ms) Time (ms)

K 12-3 BB Gabor A8 ¥

12. 3 Wigner-Wille 4347

N Fourier A2 5 /N AR A Tl — RIS 1 545 5 M AL BRI e A Tt
B A el T I AU 1T 32 B R o PRI AT BT 8 S BA I HE - 8 2R
SR, IR AR TE S A S, AR T 5 — MR 7%
Wigner-Ville 734 (WVD) I — R R B Bk MR RE 2 A\ A, e
SGNRERE N = -l ETRST TR S B i 2 i AT E G

WVDH W Z A, IIWVDE— M (7041, i A2 I (A1 7 2% A A2 s 2%
i, BABRR R SR @R IR S ISR RS AE . (HWVDA DB sk, BE
XA SP++HRft 7 S5 5 5RE S MWVD, HARKXHE, g 12-35
o

* 12-3 Wigner—Wille 44

Operation Effect

wvd(sn) 18 sn ) Wigner—Ville 7375
MRS -
1' /*****************************************************************************
2o & wvd_test.cpp
3.

4. * Wigner-Ville distribution testing.
5. *
6. * Zhang Ming, 2010-10, Xi'an Jiaotong University.

7 *****************************************************************************/
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220

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

#define BOUNDS_CHECK

#include <iostream>

#include <iomanip>

#include <timing.h>

#include <wvd.h>

using namespace std;

using namespace splab;

typedef double Type;

const int Ls = 100;
int main()
{

)5

/******************************* [ Signal ] ******************************/
Vector<Type> t = linspace( Type(-0.5), Type(©.5-1.9/Ls), Ls );
Vector< complex<Type> > sn(Ls);

for( int i=@; i<Ls; ++i )

{
Type tip2 = t[i]*t[i],
freq = Type(TWOPI*25);
sn[i] = exp(-32*tip2) * polar(Type(l),freq*t[i]) * polar(Type(1),freq*tip2
}

cout << setiosflags(ios::fixed) << setprecision(4);

/********************************* [ WVD ] *******************************/
Type runtime = 0;

Timing cnt;

cout << "Computing Wigner-Wille distribution." << endl << endl;
cnt.start();

Matrix<Type> coefs = wvd( sn );

cnt.stop();

runtime = cnt.read();

cout << "The running time = " << runtime << " (ms)" << endl << endl;

Vector<Type> timeMarg = mean(coefs),

fregMarg = mean(trT(coefs));

cout << "The time marginal condition is: << timeMarg << endl;

cout << "The frequency marginal condition is: << fregMarg << endl;
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53.

54. return 9;
55. }

e

BATEE R

1. Computing Wigner-Wille distribution.

3. The running time = 0.0000 (ms)

5. The time marginal condition is: size: 100 by 1

6. ©0.0000
7. ©.0000
8. 0.0000
9. 0.0000
10. ©.0000
11. ©.0000
12. ©.0000
13. ©.0000
14. ©.0000
15. ©.0000
16. ©.0000
17. 0.0001
18. 0.0001
19. 0.0002
20. 0.0003
21. ©.0005
22. ©.0008
23. 0.0012
24. 0.0017
25. 0.0026
26. 0.0038
27. ©.0055
28. 0.0079
29. 0.0112
30. 0.0156
31. 0.0214
32. 0.0292
33. 0.0392
34. 0.0519
35. 0.0679
36. 0.0877
37. 0.1118
38. 0.1409
39. 0.1751
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40. 0.2148
41. 0.2604
42. 0.3115
43. 0.3678
44. 0.4290
45. 0.4938
46. 0.5612
47. 0.6298
48. 0.6978
49. 0.7630
50. 0.8239
51. 0.8785
52. 0.9246
53. 0.9607
54. 0.9857
55. 0.9985
56. 0.9984
57. 0.9856
58. 0.9608
59. 0.9247
60. 0.8784
61. 0.8239
62. 0.7630
63. 0.6978
64. 0.6298
65. 0.5612
66. 0.4937
67. 0.4290
68. 0.3679
69. 0.3115
70. 0.2604
71. 0.2148
72. 0.1751
73. 0.1409
74. 0.1119
75. 0.0877
76. 0.0679
77. ©.0519
78. 0.0391
79. 0.0292
80. 0.0215
81. 0.0156
82. 0.0112
83. 0.0079

222



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

The frequency marginal condition is: size: 100 by 1

0

0

.0055

.0038

.0026

.0017

.0012

.0008

.0005

.0003

.0002

.0001

.0001

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0001

.0003

.0007

.0016

.0036

.0078

.0158

.0308

.0569

.1001

.1678

.2677

.4064

.5877

.8089

Wigner-Wille 477
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128. 1.0600
129.1.3226
130. 1.5707
131.1.7763
132.1.9121
133.1.9598
134.1.9121
135.1.7763
136.1.5707
137.1.3226
138. 1.0600
139. 0.8089
140. 0.5877
141. 0.4064
142.0.2677
143.0.1678
144. 0.1001
145. 0.0569
146. 0.0308
147.0.0158
148. 0.0078
149. 0.0036
150. 0.0016
151. 0.0007
152. 0.0003
153. 0.0001
154. 0.0000
155. 0.0000
156. 0.0000
157. 0.0000
158. 0.0000
159. 0.0000
160. 0.0000
161. 0.0000
162. 0.0000
163. 0.0000
164. 0.0000
165. 0.0000
166. 0.0000
167. 0.0000
168. 0.0000
169. 0.0000
170. 0.0000

171. 0.0000
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172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000

Process returned @ (@x0) execution time : 0.125 s

Press any key to continue.

Wigner-Wille 477

NTHEMEM, FHE%HE— MMatlabf{iEER, WK 12-45K 12-50T%.

225



IS 4353 A

226

Amplitude
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13 /MRA

13. 1 EE/NFEA

NPT E B 80 EARDIRAG R T ORI R, JF HAEM RS S5 AR, YR
AR SR, BB S G A L AT 12 W 4 b A 1 AR A S o
BLEBN T i R — M5 5 e i T BL.

HEENE A (CWT) BAIRERIIRE, HESEEESE, @¥HTES
FIEPESEH FIR CWT HA IR MR e, fE LM BAgs] 1) 2. SP++HiR
BT SN AR (LLMexicoli/NECABID AR S/ NEAZ# (LLMorlet/NE
B MIE AR, WHERIE 13-1, Hpay a8 “FFTW” 1R #E3n il i
FETWZETHSEDFT, i 1 46 by 5 75 22 e FFTW o AR 46 0 B LA 2 T Lo o RUBE
SHGATIRRE, REEEE, IR, BRIASENEMIREKETE 107 £ 10°
Z 18]

#13-1  EE/NEA

Operation Effect
CWT<Type> wt(wname) BIEE CWT 28
wt.~CWT<Type>() Hri) CWT 2
CWTFFTW<Type> wt(wname) B2 CWTFFTW 2%
wt.~ CWTFFTW<Type>() Hr#g CWTFFTW 2
wt.setScales(fs,fmin,fmax,dj) WERESH
wt.cwrR(sn) THE sn [R82 /N AR
wt.icwrR(coefs) THE coef's IS/ NBOYAR #it
wt.cwrC(sn) THE sn B /N AR 4
wt.icwrC(coefs) THE coef's [R5 /NBOY AR #
DARHD «
T
2. % cwt_test.cpp
3. *
4.  * Continuous wavelet transform testing.
5. *

6. * Zhang Ming, 2010-03, Xi'an Jiaotong University.

7. KRR SRKH SRR KR K SRR S SRR SR KK SRR S KKK S KKK SR K SR oK

10. #define BOUNDS_CHECK




N

11.

12. #include <iostream>

13. #include <vectormath.h>

14. #include <statistics.h>

15. #include <timing.h>

16. #include <cwt.h>

17.

18.

19. using namespace std;

20. using namespace splab;

21.

22.

23. const int Ls = 1000;

24. const double fs = 1000.0;

25.

26.

27. int main()

28. {

29.

30. /******************************* [ Signal ] ******************************/
31. Vector<double> t = linspace( 0.0, (Ls-1)/fs, Ls );

32. Vector<double> st = sin( 200*PI*pow(t,2.0) );

33. st = st-mean(st);

34.

35' /******************************** [ CWT ] ********************************/
36. Matrix< complex<double> > coefs;

37. CWT<double> wavelet("morlet");

38. wavelet.setScales( fs, fs/Ls, fs/2 );

39. Timing cnt;

40. double runtime = 0.0;

41. cout << "Taking continuous wavelet transform(Morlet)." << endl;
42, cnt.start();

43, coefs = wavelet.cwtC(st);

44, cnt.stop();

45, runtime = cnt.read();

46. cout << "The running time = " << runtime << " (ms)" << endl << endl;
47.

49. cout << "Taking inverse continuous wavelet transform." << endl;
50. cnt.start();

51. Vector<double> xt = wavelet.icwtC(coefs);

52. cnt.stop();

53. runtime = cnt.read();

54. cout << "The running time = " << runtime << " (ms)" << endl << endl;
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55.

56. cout << "The relative error is : " << endl;

57. cout << "norm(st-xt) / norm(st) = " << norm(st-xt)/norm(st) << endl;

58. cout << endl << endl;

59.

60.

61' /******************************* [ Signal ] ******************************/

62. Vector<float> tf = linspace( float(@.0), (Ls-1)/float(fs), Ls );

63. Vector<float> stf = sin( float(200*PI) * pow(tf,float(2.0) ) );

64. stf = stf-mean(stf);

65.

66' /******************************** [ CWT ] ********************************/

67. CWT<float> waveletf("mexiHat");

68. waveletf.setScales( float(fs), float(fs/Ls), float(fs/2), float(@.25) );

69. runtime = 90.0;

70. cout << "Taking continuous wavelet transform(Mexican Hat)." << endl;

71. cnt.start();

72. Matrix<float> coefsf = waveletf.cwtR(stf);

73. cnt.stop();

74. runtime = cnt.read();

75. cout << "The running time = " << runtime << " (ms)" << endl << endl;

76.

77' /******************************** [ ICWT ] *******************************/

78. cout << "Taking inverse continuous wavelet transform." << endl;

79. cnt.start();

80. Vector<float> xtf = waveletf.icwtR(coefsf);

81. cnt.stop();

82. runtime = cnt.read();

83. cout << "The running time = " << runtime << " (ms)" << endl << endl;

84.

85. cout << "The relative error is : " << endl;

86. cout << "norm(st-xt) / norm(st) = " << norm(stf-xtf)/norm(stf) << endl << endl
5

87.

88. return 0;

89. }

BATE R

1. Taking continuous wavelet transform(Morlet).

2. The running time = 0.034 (ms)

3.

4. Taking inverse continuous wavelet transform.

5. The running time = 0.004 (ms)

6.
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7. The relative error is :

8. norm(st-xt) / norm(st) = ©.000604041

9.

10.

11. Taking continuous wavelet transform(Mexican Hat).
12. The running time = 0.037 (ms)

13.

14. Taking inverse continuous wavelet transform.

15. The running time = 0.002 (ms)

16.

17. The relative error is :

18. norm(st-xt) / norm(st) = ©.00157322

19.

20.

21. Process returned © (©x0) execution time : 0.085 s

22. Press any key to continue.

RNTHEINEM, FrgH— MMatlabffi R, WE 13-1Fxm.
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K 13-1 EE/ AR

13. 2 /N EA R

EHN PR RE S PR SRR ESIUER, TR ERG, R R
ESHRAT SR R R A2 S HOES:,  Aie 2 i/ NP . b /N e R
DT IUAR, RS ORIE /NPT M PR AN, AR 2 T2 IR

SP++rfR {1 EE T PRSI N B Y, IR 13-2FR . XHE St
ATIG 3 /NE AR JE AT AR 2 1 LRI AR R BRI T R AL IR AES 2
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X132 kAR R

Operation Effect

bwt(sn,J) X sn HEAT T SR gk /N AR
ibwt(coefs,j) XF coefs AT j Gty it /N B

DA«

1. sk st sk ks ok s ok sk ok sk ok ok ok sk ok sk ok ok ok sk ok sk ok sk ok sk sk ok ook ok sk ok sk ok s sk sk ok sk ok sk sk ok sk ok sk sk ok sk ok sk sk ok ok sk sk ok
2. * bwt_test.cpp

3. *

4. * Dyadic wavelet transform testing.

5. *

6. * Zhang Ming, 2010-03, Xi'an Jiaotong University.

7. SRR SRK SRR S KKK SRR R S SR K SR RH R SRR K S KK R S KKK S K SR oK

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <timing.h>
14. #include <bwt.h>

15.

16.

17. using namespace std;
18. using namespace splab;
19.

20.

21. const int Ls = 100;
22.

23.

24. int main()

25. {

26.

27. [k sk ok stk sk ok s ok sk sk ok sk ok sk ok o sk ok sk ok ok ok [ signal ] stk stk sk ok sk kR sk ok sk ks sk sk ok ok ok ko ok /
28. Vector<double> s(Ls);
29. for(int i=0; i<Ls; i++)
30. {

31. if(i<Ls/4)

32. s[i] = 90.0;

33. else if(i<2*Ls/4)
34. s[i] = 1.0;

35. else if(i<3*Ls/4)
36. s[i] = 3.0;
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37. else

38. s[i] = 0.8;

39. }

40.

41' /*************************** [ BWT ] ***************************/
42. int level = 3;

43. Timing cnt;

44 double runtime = 0.9;

45. cout << "Taking dyadic wavelet transform." << endl;

46. cnt.start();

47. Vector< Vector<double> > coefs = bwt( s, level );

48. cnt.stop();

49. runtime = cnt.read();

50. cout << "The running time = " << runtime << " (s)" << endl << endl;
51.

52' /*************************** [ IBWT ] **************************/
53. cout << "Taking inverse dyadic wavelet transform." << endl;

54. cnt.start();

55. Vector<double> x = ibwt( coefs, level );

56. cnt.stop();

57. runtime = cnt.read();

58. cout << "The running time = " << runtime << " (s)" << endl << endl;
59.

60. cout << "The relative error is : norm(s-x) / norm(s) = "

61. << norm(s-x)/norm(s) << endl << endl;

62.

63. return 0;

64. }

BATE R

1. Taking dyadic wavelet transform.

2. The running time = @ (s)

4. Taking inverse dyadic wavelet transform.

5. The running time = @ (s)

7. The relative error is : norm(s-x) / norm(s) = 3.76025e-016

10. Process returned © (0x0) execution time : 0.005 s

11. Press any key to continue.

NTHEMEM, FHEHEAH —MatlabfIFESER, WK 13-25K 13-30TR.
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Operation Effect
DWT<Type> wt(wname) B DWT £
wt.~DWT<Type>() B e DWT 2%

wt.dwt(sn,J) XF sn HEAT T G IR B N A
wt.idwt(coefs,j) X} coefs BT § LB HUN K E
wt.getApprox(ceofs) S B HI/ N A8 e 1) ST 2R

wt. getDetial (ceofs,j) SREUES BN AR 5 Ran T R AL
wt.setApprox(a,ceofs) T B B HI/ N AR 6 1)~ 2R

wt. setDetial (d,ceofs,j) BB SN AR § 4l R AL

IAAACRS -

1. Kk sk ok s ok sk ks ok ok sk sk ok sk ok sk ok sk sk ko sk sk ok sk ok sk sk sk ok sk ok sk sk ok sk sk sk ok sk sk sk ok ok sk sk ok sk ok sk sk sk ok ok ok ok ok
2. * dwt_test.cpp

3. *

4. * Discrete wavelet transform testing.

5. *

6. * Zhang Ming, 2010-03, Xi'an Jiaotong University.

7. SRR R SRK R SRS KH S KR K SRR K S SRR SRS RH SIS KKK S KKK K KK oK

10. #define BOUNDS_CHECK
11.

12. #include <iostream>
13. #include <dwt.h>

14. #include <timing.h>
15.

16.

17. using namespace std;
18. using namespace splab;
19.

20.

21. typedef float Type;
22. const int Ls = 1000;
23.

24.

25. int main()

26. {

27.

28‘ /******************************* [ Signal ] ******************************/
29. Vector<Type> s(Ls);

30. for(int i=0; i<Ls; i++)

31. {

32. if(i<Ls/4)
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33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

(&)
~N
-

BATH,

Taki
firs

The

Taki

The

s[i] = @.0;
else if(i<2*Ls/4)

s[i] = 1.0;
else if(i<3*Ls/4)

s[i] 3.0;

else

s[i]

S BN AR

/******************************** [ DWT ] ********************************/

int level = 3;
DWT<Type> discreteWT("db4");

Timing cnt;

double runtime 0.9;

cout << "Taking discrete wavelet transform." << endl;

cnt.start();

Vector<Type> coefs

cnt.stop();

runtime = cnt.read();

cout << "The running time = " << runtime

/******************************** [ IDWT
level = 0;
cout << "Taking inverse discrete wavelet

cnt.start();

Vector<Type> x = discreteWT.idwt( coefs,

cnt.stop();

runtime = cnt.read();

"

cout << "The running time = " << runtime

cout << "The relative error is

<<

return 0;

ng discrete wavelet transform.

t

running time = @0.001 (s)
ng inverse discrete wavelet transform.

running time = 0.001 (s)

discreteWT.dwt( s, level );

<< " (s)" << endl << endl;

] *******************************/

transform." << endl;

level );

<< " (s)" << endl << endl;

norm(s-x) / norm(s) = "

norm(s-x)/norm(s) << endl << endl;
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8. The relative error is
9.

10.

11. Process returned 0 (0x9)

12. Press any key to continue.

execution time :

: norm(s-x) / norm(s) = 9.26354e-008

0.007 s

NTEMEM, FEHZH— MMatlabf{iE g%, WE 13-45E 13-501r.
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14 AR S5HRF

14.1 X E®RKM

XM ROV E E B, AR N SPH+rRSEEL T O
WA, WERR. PR, SEA, MR, B RORIS NS,
A S LLAR I A B 5USe B, SEIRERE b ] B R AR m 450, 12 I stack.h”
A, BARRBOLER 14-1.

* 14-1 XA

Operation Effect
BSTree bst O = XA
bst.~BSTree() Ml — X &AM
bst.isEmpty() IR 1 9
bst.makeEmpty/() DR
bst. preTraverse () HiT 5 38 [
bst. inTraverse () HR Tk T
bst. postTraverse () J& 5 [
bst. insert (x) FHATCER
bst.remove(k) LillE ey
bst.search(k) BmHRITHR
bst.maxItem() A KT
bst.minltem() /NI
MHAACR
T .
2. * bstree_test.cpp
3. *
4.  * Binary search tree class testing.
5. *

6. * Zhang Ming, 2010-07, Xi'an Jiaotong University.

7 SRR SRK RS KK S KR K SRR R S SR K SR RH SRR S KK S KKK SR K SR oK

10. #include <iostream>

11. #include <student.h>

12. #include <bstree.h>
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13.

14.

15. using namespace std;

16. using namespace splab;

17.

18.

19. int main()

20. {

21. const int N = 8,

22. M= 4;

23.

24. int x[N] = {3,1, 2, 7,5, 8, 4, 6 };

25. int y[N] = {3, 2,5,7,7,9,5,0};

26. int z[M] = { 3, 2, 1, 7 };

27. Student stu;

28. BSNode<Student> *pNode = NULL;

29. BSTree<Student, int> stuTree;

30.

31. for( int i=@; i<N; ++i )

32. {

33. stu.key = x[i];

34. if( stuTree.insert( stu ) )

35. cout << "Insert " << x[i] << " success." << endl;
36. else

37. cout << "Insert failing." << endl;
38. }

39. cout << endl;

40.

41. cout << "Preorder Travesal: " << endl;

42. stuTree.preTraverse();

43, cout << endl << "Inorder Travesal: " << endl;
44, stuTree.inTraverse();

45, cout << endl << "Postorder Travesal: " << endl;
46. stuTree.postTraverse();

47. cout << endl;

48.

49. for( int i=@; i<N; ++i )

50. {

51. if( stuTree.remove( y[i] ) )

52. {

53. cout << "Remove " << y[i] <<" sucess. Preorder Travesal: "<< endl;
54. // stuTree.preTraverse();

55. stuTree.inTraverse();

56. // stuTree.postTraverse();
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57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

10.

11.

12.

13.

14.

15.

16.

17.

-

X AR

}

else

cout << "No such item (key=" << y[i] << ") in the tree!" << endl;

cout << endl;

for( int i=@; i<M; ++i)

{
pNode = stuTree.search( z[i] );
if( pNode )
cout << "Finding the element: " << pNode->data;
else
cout << "No such item (key=" << z[i] << ") in the tree!" << endl;
}

cout << endl;

stuTree.makeEmpty();
if( stuTree.isEmpty() )

cout << "The tree is empty." << endl;
else

cerr << "Making tree empty failing!" << endl;

cout << endl;

return 0;

Insert 3 success.

Insert 1 success.

Insert 2 success.

Insert 7 success.

Insert 5 success.

Insert 8 success.

Insert 4 success.

Insert 6 success.

Preorder Travesal:

3

Zhang Ming
Zhang Ming
Zhang Ming
Zhang Ming
Zhang Ming
Zhang Ming

Zhang Ming
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18. 8 Zhang Ming
19.

20. Inorder Travesal:

21. 1 Zhang Ming
22. 2 Zhang Ming
23. 3 Zhang Ming
24. 4 Zhang Ming
25. 5 Zhang Ming
26. 6 Zhang Ming
27. 7 Zhang Ming
28. 8 Zhang Ming
29.

30. Postorder Travesal:

31. 2 Zhang Ming
32. 1 Zhang Ming
33. 4 Zhang Ming
34. 6 Zhang Ming
35. 5 Zhang Ming
36. 8 Zhang Ming
37. 7 Zhang Ming
38. 3 Zhang Ming
39.

40. Remove 3 sucess. Preorder Travesal:

41. 1 Zhang Ming
42. 2 Zhang Ming
43. 4 Zhang Ming
a4. 5 Zhang Ming
45. 6 Zhang Ming
46. 7 Zhang Ming
47. 8 Zhang Ming

48. Remove 2 sucess. Preorder Travesal:

49. 1 Zhang Ming
50. 4 Zhang Ming
51. 5 Zhang Ming
52. 6 Zhang Ming
53. 7 Zhang Ming
54. 8 Zhang Ming

55. Remove 5 sucess. Preorder Travesal:

56. 1 Zhang Ming
57. 4 Zhang Ming
58. 6 Zhang Ming
59. 7 Zhang Ming
60. 8 Zhang Ming

61. Remove 7 sucess. Preorder Travesal:
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62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

No such
No such
No such

No such

No such
No such
Finding

No such

Zhang Ming
Zhang Ming
Zhang Ming
Zhang Ming
item (key=7)
item (key=9)
item (key=5)

item (key=e)

item (key=3)
item (key=2)
the element:

item (key=7)

The tree is empty.

Process returned @ (0x0)

in
in
in

in

in

in

in

the tree!
the tree!
the tree!

the tree!

the tree!
the tree!
Zhang Ming

the tree!

ST SURE

execution time : 0.047 s

Press any key to continue.

14. 2 P — X H

T SO AT RE I ] B2 2% BE OIN I B R g logoN, 3K DL SO LU BT TR
(1, AR AT, BRI T AR EVAAN, 1 H R 9 2 RIS, —
Folfif R 7 5 B A g A AE — SR PR 1T, IR — SO R 22 D9 148 — SO
BAVLA . SP++rRSEEL T AVLI K3 A, AR, &, fmA, MRS,
SEHLERE o BRI A R SRL5 K, 7S W “stackh” SCfF, BAARHE 14-2.

® 14-2 P SOW
Operation Effect
AVLTree avlt B AVL B
avit.~ AVLTree() HTH4 AVL A
avlt.isEmpty() T 2 5
avlt. makeEmpty() P B
avlt. print (mode) B, WIERTE . B
avlt. height() THER ) =
avlt. search(k) AR RHET k
avlt. insert(x) FHATTER
avlt. remove(k,x) MR TCER

M
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1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

[ AR A KA KA KA A K KA K KA K KA KA KKK KA KK KA K KA K KA K KA K KK KKK KA K KK KK KK K

* avltree_test.cpp

* AVL tree class testing.

* Zhang Ming, 2009-10, Xi'an Jiaotong University.

*****************************************************************************/

#include <iostream>
#include <student.h>

#include <avltree.h>

using namespace std;

using namespace splab;

int main()

{
int x[16] = { 3, 2, 1, 4, 5, 6, 7, 16, 15, 14, 13, 12, 11, 10, 8, 9 };
int y[16] = { 9, 4, 12, 6, 5, 2, 3, 15, 14, 7, 8, 1, 1, 3, 20, 12 };

int z[4] = { 10, 13, 5, 1 };
Student stu;
AVLNode<Student, int> *pNode;

AVLTree<Student, int> stuTree;

for( int i=@; i<16; ++i )

{
stu.key = x[i];
stuTree.insert( stu );
}
cout << "Preorder Travesal: " << endl;

stuTree.print( "preorder" );

cout << endl << endl;

for( int i=@; i<16; ++i )

{
if( stuTree.remove( y[i], stu ) )
{
cout << "The removed item is: "<< stu;
cout << "Preorder Travesal: " << endl;



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

y

10.

11.

12.

13.

14.

15.

-

S—

T4

Preo

® ®© o o

stuTree.print( "preorder" );

else

cout << "No such item (key=" << y[i] << ") in the tree!";

}

cout << endl << endl;

cout << endl;

for( int i=@; i<4; ++i)

{
pNode = stuTree.search( z[i] );
if( pNode )
cout << "Have finding the element: " << pNode->data;
else
cout << "No such item (key=" << z[i] << ") in the tree!";
cout << endl;
}

cout << endl;

stuTree.makeEmpty();

pNode = stuTree.search( 10 );

return 0;

B

rder Travesal:
7 Zhang Ming
4 Zhang Ming
2 Zhang Ming
1 Zhang Ming
3 Zhang Ming
6 Zhang Ming
5 Zhang Ming
13 Zhang Ming
11 Zhang Ming
9 Zhang Ming
8 Zhang Ming
10 Zhang Ming
12 Zhang Ming
15 Zhang Ming

ST SURE
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

14

16

Zhang

Zhang

The removed item is:

Preorder Travesal:

1

7

13

11

10

12

15

14

16

Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang

Zhang

The removed item is:

Preorder Travesal:

1

7

13

11

10

12

15

14

16

Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang

Zhang

The removed item is:

Preorder Travesal:

2]

7

Zhang

Ming

Ming

9 Zhang Ming

Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming

Ming

4 Zhang Ming

Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming

Ming

12 Zhang Ming

Ming



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

13

10

11

15

14

16

Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang

Zhang

The removed item is:

Preorder Travesal:

2]

7

13

10

11

15

14

16

Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang

Zhang

The removed item is:

Preorder Travesal:

1

7

13

10

11

15

14

16

Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang
Zhang

Zhang

Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming

Ming

6 Zhang Ming

Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming

Ming

5 Zhang Ming

Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming

Ming

ST SURE
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104.

105

106

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119

120

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132

133

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144

145

146.

147.

. The removed item is:
. Preorder Travesal:
1 7 Zhang
1 1 Zhang
0 3 Zhang
2] 13 Zhang
2] 10 Zhang
2] 8 Zhang
2] 11 Zhang
2] 15 Zhang
2] 14 Zhang
2] 16 Zhang
. The removed item is:
. Preorder Travesal:
-1 13 Zhang
1 7 Zhang
2] 1 Zhang
2] 10 Zhang
0 8 Zhang
2] 11 Zhang
2] 15 Zhang
2] 14 Zhang
0 16 Zhang
. The removed item is:
. Preorder Travesal:
-1 13 Zhang
1 7 Zhang
2] 1 Zhang
0 10 Zhang
2] 8 Zhang
2] 11 Zhang
1 14 Zhang
2] 16 Zhang
. The removed item is:
. Preorder Travesal:
2] 10 Zhang
2] 7 Zhang

2 Zhang Ming

Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming

Ming

3 Zhang Ming

Ming
Ming
Ming
Ming
Ming
Ming
Ming
Ming

Ming

15 Zhang Ming

Ming
Ming
Ming
Ming
Ming
Ming
Ming

Ming

14 Zhang Ming

Ming

Ming



148.

149.

150.

13

11

16

Zhang
Zhang
Zhang
Zhang

Zhang

. The removed item is:

. Preorder Travesal:

159.

160.

161.

162.

163.

164.

165

166

2]

10

1

8

13

11

16

Zhang
Zhang
Zhang
Zhang
Zhang

Zhang

. The removed item is:

. Preorder Travesal:

167.

168.

169.

170.

171.

172.

173.

1

10

1

13

11

16

Zhang
Zhang
Zhang
Zhang

Zhang

174. The removed item is:

175

. Preorder Travesal:

176.

177.

178.

179.

180.

181.

182.

No

183.

184.

No

185.

186.

No

187.

188.

No

189.

190.

191.

1

2]

2]

1

such

such

such

such

13

10

11

16

Zhang
Zhang
Zhang

Zhang

Ming
Ming
Ming
Ming

Ming

7 Zhang Ming

Ming
Ming
Ming
Ming
Ming

Ming

8 Zhang Ming

Ming
Ming
Ming
Ming

Ming

1 Zhang Ming

Ming
Ming
Ming

Ming

item (key=1) in the tree!

item (key=3) in the tree!

item (key=20) in the tree!

item (key=12) in the tree!

Have finding the element: 10

Zhang Ming

ST SURE
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192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

Have finding the element: 13 Zhang Ming

No such item (key=5) in the tree!

No such item (key=1) in the tree!

The tree is empty!

Process returned 1 (@x1) execution time : 0.156 s

Press any key to continue.

14. 3 FEAHFEE

HEy 2 — SR ARH R AT M ISR, SP++rdettt 1 I 6 ST
%, WEERESERRIRE IS HERAR SN, EAEEE. BRK
BFE 14-3,

% 14-3 HFEHEE

Operation Effect
bubbleSort(v, left,right) Bubble 7 &%
selectSort (v,left,right) Bk e IS T P
insertSort (v, left,right) N7 R
quickSort (v, left,right) PUEHE Y Bk
mergSort (v, left,right) A FEHE B
heapSort (v, left,right) HEHE B
MHARARHD :

TN

2. # sort_test.cpp

3. *

4.  * Sorting algorithm testing.

5. *

6. * Zhang Ming, 2010-07, Xi'an Jiaotong University.

T, EEEEEREEEREERE R R R R R R R R bk [

8.

9.

10. #include <iostream>

11. #include <random.h>

12. #include <sort.h>

13.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

using namespace std;

using namespace splab;

const int SIZE = 10;

template <typename Type>

void printVector( const Vector<Type> &a )

{
Vector<int>::const_iterator itr = a.begin();
while( itr != a.end() )

cout << *itr++ << "\t";

cout << endl;

int main()

{

Vector<int> a( SIZE );

cout << "Unsorted Numbers : " << endl;

a = randu( 127, 1, 10*SIZE, SIZE );
printVector( a );

cout << "Bubble Sorted Numbers : " << endl;
bubbleSort( a, @, a.size()-1 );
printVector( a );

cout << endl;

cout << "Unsorted Numbers : " << endl;

a = randu( 13579, 1, 1@*SIZE, SIZE );
printVector( a );

cout << "Select Sorted Numbers : " << endl;
selectSort( a, @, a.size()-1 );
printVector( a );

cout << endl;

cout << "Unsorted Numbers : " << endl;

a = randu( 37, 1, 10*SIZE, SIZE );
printVector( a );

cout << "Insert Sorted Numbers : " << endl;

insertSort( a, @, a.size()-1 );

HARHE A
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58. printVector( a );
59. cout << endl;
60.
61. cout << "Unsorted Numbers : " << endl;
62. for( int i=0; i<a.size(); ++i )
63. a[i] = randu( 127, 1, 10*SIZE );
64. printVector( a );
65. cout << "Quick Sorted Numbers : " << endl;
66. quickSort( a, @, a.size()-1);
67. printVector( a );
68. cout << endl;
69.
70. cout << "Unsorted Numbers : " << endl;
71. for( int i=@; i<a.size(); ++i )
72. a[i] = randu( 127, 1, 10*SIZE );
73. printVector( a );
74. cout << "Merg Sorted Numbers : " << endl;
75. mergSort( a, @, a.size()-1 );
76. printVector( a );
77. cout << endl;
78.
79. cout << "Unsorted Numbers : " << endl;
80. for( int i=0; i<a.size(); ++i )
81. a[i] = randu( 127, 1, 10*SIZE );
82. printVector( a );
83. cout << "Heap Sorted Numbers : " << endl;
84. heapSort( a, @, a.size()-1 );
85. printVector( a );
86. cout << endl;
87.
88. return 0;
89. }
BATE R
1. Unsorted Numbers :
2. 1 80 37 24 93 9
3.
4. Bubble Sorted Numbers :
5. 1 9 24 37 39 40
6.
7.
8. Unsorted Numbers :
9. 31 65 76 19 87 79

10.

40 55 39
43 55 80
85 56 1

43

93

16



11. Select Sorted Numbers :

12. 1 16 19 31 56 65 76
13.

14.

15. Unsorted Numbers :

16. 1 15 25 98 81 2 6
17.

18. Insert Sorted Numbers :

19. 1 2 6 15 25 51 72
20.

21.

22. Unsorted Numbers :

23. 1 80 37 24 93 9 40
24.

25. Quick Sorted Numbers :

26. 1 9 24 37 39 40 43
27.

28.

29. Unsorted Numbers :

30. 37 17 94 81 18 98 33
31.

32. Merg Sorted Numbers :

33. 17 18 23 33 37 38 76
34.

35.

36. Unsorted Numbers :

37. 73 11 24 93 49 12 91
38.

39. Heap Sorted Numbers :

40. 11 12 17 24 34 49 73
41.

42.

43,

44. Process returned @ (0x0) execution time : 0.031 s

45. Press any key to continue.

14. 4 Huffman ZmH5

79

72

73

55

55

38

81

96

91

85

73

81

39

80

23

94

17

93

Huffman 2%

87

51

98

43

93

76

98

34

96

Huffman % A5 J2& AR 95 2088 1 Ge tH A S I 10 — M e B R 4 dm i, mr DLiE i
Huffmant SEI e S 5 ARA0dFE . BARMREUNLR 14-4. SRR o 21 5/ — YO
FEARBHREN, WS W “binaryheap.h” SCfF, FEHE BT T AT S AR £ S LS HLE L £

ECICISE P NN A5 &5 PN
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# 14-4 Huffman %%

Operation Effect
HuffmanTree ht £ % Huf fman #f
ht.~ HuffmanTree() M) Huf fman #
ht.code(codeArray,lenght) Huf fman Zhs
ht.decode(bits,length,decodeword) Huffman fifht
ht.printCode(bits, length) FTEPAG
ht.printCodeTable() FTENG R

DRAACRS -

1. ERRRk kA Ak Ak ok Ak Ak kA kA

2. % huffmancode_test.cpp

3. *

4.  * Huffman Code class testing.

5. *

6. * Zhang Ming, 2010-07, Xi'an Jiaotong University.

7 SRR R SRK R SRS KH S KR K SRR K S SRR SRS RH SIS KKK S KKK K KK oK

10. #include <iostream>

11. #include <string>

12. #include <huffmancode.h>

13.

14.

15. using namespace std;

16. using namespace splab;

17.

18.

19. const int CHARNUM = 128;

20. template <typename Object, typename Weight>

21. void creatCodeInfo( string &str, CodeObject<Object,Weight> *&codeArr, int &length
)s

22. template <typename Object, typename Weight>

23. void printCodeInfo( CodeObject<Object,Weight> *&codeArr, int length );

24.

25.

26. int main()

27. A

28. int length = 0;

29. CodeObject<char, int> *codeArr = NULL;
30. string str = "AAAABBCD";

31. creatCodeInfo( str, codeArr, length );
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Huffman 2w A4

printCodeInfo( codeArr, length );

HuffmanTree<char, int> ht;
ht.code( codeArr, length );

ht.printCodeTable();

char decodedResult;

unsigned char codeword[CODESIZE];

cout << "Coding\t" << "Decodeding" << endl;
codeword[@] = 0xCO;

if( ht.decode( codeword, 3, decodedResult ) )

{

ht.printCode( codeword, 3 );

cout << "\t" << decodedResult << endl;
}
else

cerr << "invalid codeword! " << endl;
codeword[@] = 0xCO;

if( ht.decode( codeword, 4, decodedResult ) )

{
ht.printCode( codeword, 3 );
cout << "\t" << decodedResult << endl;
}
else
{
ht.printCode( codeword, 4 );
cerr << "\t" << "invalid codeword! " << endl;
}

codeword[@] = 0x40;

if( ht.decode( codeword, 3, decodedResult ) )

{
ht.printCode( codeword, 3 );
cout << "\t" << decodedResult << endl;
}
else
{
ht.printCode( codeword, 3 );
cerr << "\t" << "invalid codeword! " << endl;
}

cout << endl;

return 0;
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76.

77. [**

78. * Generate the array for counting character frequency.

79. */

80. template <typename Object, typename Weight>

81. void creatCodeInfo( string &str, CodeObject<Object,Weight> *&codeArr, int &length
)

82. {

83. char charFreq[ CHARNUM];

84. int index[CHARNUMTJ;

85. for( int i=@; i<CHARNUM; ++i )

86. {

87. charFreq[i] = ©;

88. index[i] = -1;

89. }

90.

91. length = 0;

92. for( unsigned int i=0; i<str.size(); ++i )

93. charFreq[int(str[i])] += 1;

94.

95. for( int i=@; i<CHARNUM; ++i )

96. if( charFreq[i] )

97. index[length++] = i;

98.

99.

100. codeArr = new CodeObject<Object,Weight>[length];

1e1. for( int i=@; i<length; ++i )

102. {

103. codeArr[i].data = index[i];

104. codeArr[i].cost = charFreq[index[i]];

105. }

106. }

107.

108.

109. /**

110. * Print the characters and there frequency.

111. */

112. template <typename Object, typename Weight>

113. void printCodeInfo( CodeObject<Object,Weight> *&codeArr, int length )

114. {

115. cout << "Object\tFrequency" << endl;

116. for( int i=@; i<length; ++i )

117. cout << codeArr[i].data << "\t" << codeArr[i].cost << endl;

118. cout << endl;
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1. Object Frequency

2. A 4
3. B 2
4 C 1
5 D 1
6.

7. Object Code Size

8. A 2] 1
9. B 10 2
10. C 110 3
11. D 111 3
12.

13. Coding Decodeding

14. 110 C

15. 1100 invalid codeword!

16. 010 invalid codeword!

17.

18.

19. Process returned @ (0x0) execution time : 0.000 s

20. Press any key to continue.
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