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1 CPPLapack ���������
	���
������
1.1 ���

CPPLapack /�� *�� 3 2M8��4]�����BQHCZ linux � ��/"!$#
�&% 9('
�*),+F:<; =�?CBQD,E

1.2 -/.1032$415
6 7 / linux �8�.H.TG_C`.Z

apt-get install blas

i:91;@? : lapack /�� *�� 3 2M8
�,Z
apt-get install lapack

i:91;@? : BLAS /��<*<�43 2M8"Y>H
A BQD,E (yum =�> /(?8@>H�\BA@��BcW"X )

LAPACK i BLAS /C� *D�43 2M8 Y8E P/+G!�] CPPLapack /F�$*D�43 2Q8��&�@� BVD,E1� *D�43 2Q8 iV�1+V:
\(GIH<�F8��KJ�L'D�O"M"R$H D,EN '@S8O1P</"Q U H"D,E

• mkdir ~/local Z mkdir ~local/lib i:9C; ?,Z"RTS<U V�3<5 ~/local/lib �&W XCD�OGE
• cd ~/local/lib iY9C; D�O�E
• http://sourceforge.net/projects/cpplapack/ �>] CPPLapack / 6�Z�[ cpplapack-XXXX_XX_XX.tar.gz

��\^]$*<%'2F_VD�O�E
• tar xzf cpplapack-XXXX_XX_XX.tar.gz i:9C; ? Z CPPLapack �`J�L$D�O�E
• lu -s cpplapack-XXXX_XX_XX cpplapack iY9C;�? Z1a>*cb 5�d�V
5c* V'�*W XCD�O�E

O�e,Hf� *�� 3 2M8CgCh'H"D+E
\ ? Cygwin i VC++ �8�>H CPPLapack �`jC��?,! �K!�#.S
�Kk�l 9>? :3mnMfoG�'E

1.3 pC4rq s�t^u
v 2Dw�2"S cpplapack.h ���.*xVM8�2y_�D$_�` CPPLapack /+I�:�/$J�K��(j��@D�O.-�iFY�H A.B+D,E�B$!CZ

iostream i cmath hFz({x|}��/<~,d�\IG�H<�V8�Sy�cb H$�F�f� ?"�x�"h@/<H>Z�-V_ ]+�8� �<:/�C*�Vc8
2I_MD�O�}� SCT4UcBVW"X.E

% iG? :"Z A =

[

1 7 5

3 4 6

]

ic� g �$���&�$�.D�OQ#
%,&>(<�>�`W UcBMD'Ex�'2x_VS$OCP</"Q U H"D,E
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#include ‘‘cpplapack.h’’

void main(void)

{

CPPL::dgematrix A(2,3);

A(0,0)=1; A(0,1)=7; A(0,2)=5;

A(1,0)=3; A(1,1)=4; A(1,2)=6;

std::cout << A << std::endl;

}
� �
-F_
� main.cpp i�?�:����.D�O"-@iV9.?>BQD,E

1.4 pI.���-�5
B��"Z /̃local/lib/cpplapack/makefiles �4] Makefile.g++ � main.cpp i��
	*RTS}U$V�3"5 91��� 2"?+:�Ac:FPxo

�'E
� ?+:"Z
>mv Makefile.g++ Makefile

i:91;@? :xGFHD�c8�� ���.^$:FPFoQ� E�� /�� 9 Makefile /
�����DL<�':"Z
OBJECTS = main.o

i7h/+V:C�@O"-.i ���
��? :3mnMfoQ� E
-F_ ]M/��
�}W��<Y E<P +G!
]FZF�"*�� �F8
�&���.BGD,E���/�� 9(91;@? :3mnMfoG�'E

>make

- _.Hx� *��f�c8 Y$�$P'_ Z`�$�fGCH(�F8 A.OUT Y��$X o _ BVD,EK�
 <9�� *!�y�c8>D�O.iFZ�� /��"h�"#	+9$h U
BQD,E� �
>make

g++ -c main.cpp -O2 -Wall -Wno-unknown-pragmas -I/home/hoge/local/lib/cppla

pack/include

g++ main.o -O2 -Wall -Wno-unknown-pragmas -L/usr/local/lib/LAPACK -L/usr/local/

lib/BLAS -llapack -lblas -lg2c -lm -o A.OUT

� �

1.5 $&%
�C*��/�F8�?G:"H
A T�Y +G! A.OUT �`�$�>D�O 9$S�� /'�.9D9�;�?G: m M^oM�'E

>./A.OUT

�$��(�)@S*��/�� 9'h UcBMD,E� �
>./A.OUT

1 7 5

3 4 6

� �
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2.1 ���

CPPLapack H"S"Z��������8?������Q; m !<�>/� "!"Y$#$�$��V,(D�C/&%+*(') *! iG?G:"�,+ o _ :>��BQD,E
dgematrix.dgesv

dgbmatrix.dgbsv

dsymatrix.dsysv

zgematrix.zgesv

zgbmatrix.zgbsv

zhematrix.zhesv

2.2 -/.�0
-"-VH>S double 1�/"�2�,3 �8�
�&% 9�4�5�?>BQD,E

�6�7��� ?6�$� Ax=y �Q; m 9$S�P98@/'�.9,8�:
?>BQD,E'; x S y 9Ce"; A o _4BQD,E
A.dgesv(y);

2.3 <&=?>
• -F_ ]M/� @!.S LU d";����>�':';��+:@�.BGD,E��</BA �8� A S,C$? �8�CH"h�m :CS<h UVBVW"X>E
• D,E$F>Z`�}� A SHG(I L,U 9 ( J�? L /,K9L�M$N ��O S�P6Q�?�h"� ) Z$R@! y S ; x iG?G:1e";�A$o _ BVD,E�S
/�T�����U�?'!<�"!$#@S ZH V!��XW�Y^��D�Z.9����$2"�`W +c:�["�,:FPxoM�$E

2.4 \?]
�������8?����







1 1 −2

−3 2 1

3 −1 2













x0

x1

x2
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


=






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





�Q; m E
�'2x_ �DO�P<9"��?CBQD,E

4



� �
//====================================================================[include]

#include ‘‘cpplapack.h’’

//=======================================================================[main]

/*! main */

int main(int argc, char** argv)

{

//// make dgematrix A ////

CPPL::dgematrix A(3,3);

A(0,0)=1; A(0,1)=1; A(0,2)=-2;

A(1,0)=-3; A(1,1)=2; A(1,2)=1;

A(2,0)=3; A(2,1)=-1; A(2,2)=2;

//// make dcovector y ////

CPPL::dcovector y(3);

y(0)=1;

y(1)=2;

y(2)=3;

//// solve Ax=y ////

A.dgesv(y);

//// print ////

std::cout << ‘‘x=\n’’ << y << std::endl;

return 0;

}

� �

�$��(�)@S8O1P</'�.9<h UQBQD,E� �
x=

1

2

1
� �

5
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3.1 ���

CPPLapack H"S"Z���� 6���������� �M; m !}�"/2 *!"Y$#$�$��V,(<� /?% *V'  *! iG? :<��+�o _@:.�@BMD,E
dgematrix.dgels

dgematrix.dgelss

zgematrix.zgels

zgematrix.zgelss

3.2 -/.�0
-"-VH>S double 1�/"�2�,3 �8�
�&% 9�4�5�?>BQD,E

Ax=y ��/���� 6���������� �Q; m �'Z$OCP /��@9,8�:�?CBQD,E A S M � N �8� �CH@T4U Z'; x S y 9�e ; A�ok_
BQD,E

A.dgels(y,r);

A.dgelss(y,S,RANK,RCOND);

dgels S m ≥ n /K!8#.9<S 6������ ;��+Z m ≤ n /*!�#>S 6��"! 8��G;��$#���BQD,E r 9'SXD,E�%�&"Y89 UFBGD,E r
S2R"!@9�'4]ch�m :�\VH�\BA@��BcW X>E
dgelss S 6��"! 81��;��$#1� BVD,E S S�(*)$T��$�K;$D�O dcovector 1.Z RANK S A /C(<*1V �$�&;<D�O double 1
H D,E RCOND S A /K� ��+�,��.-1��O double 1.H"Z&R/G0/ 8 3 R*!>H -1.0( J�1�+�, ) 9�2�3 o _@:>�.O+/+HCZ@-<-
S�4�5"H�\�� B���BcW"XCE6 ? m S�7*8 1$6G8���9�:IPFoG�'E

3.3 <&=?>
• D�E$F@Z�� � A S dgels HCS QR,LQ d ;�/ 6�; 9$Z dgelss H>S�<�(�)�= V
3 8�>4i`e"; A$ok_ ZHR*! y S
; x i�?�:1eB; A�o _4BQD,E6S./�T�����U
?$!$�(!$#@S ZH V!��XW�Y^��D�Z.9����$2"�`W�+V:�["�,:FPxoG�'E

• dgels H.SxGM8�(C*xV$�@?�3�?+:@��BGD,ED��� A Y (>*�VBADC$/�E�K*F"Y�T�O*!C# S dgelss �,�@�': m M
oG�'E

3.4 \?]
�������8?����
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//====================================================================[include]

#include ‘‘cpplapack.h’’

//=======================================================================[main]

/*! main */

int main(int argc, char** argv)

{

//// make dgematrix A ////

CPPL::dgematrix A(4,3);

A(0,0)=4; A(0,1)=1; A(0,2)=3;

A(1,0)=5; A(1,1)=1; A(1,2)=-1;

A(2,0)=2; A(2,1)=2; A(2,2)=0;

A(3,0)=-3; A(3,1)=1; A(3,2)=5;

//// make dcovector y ////

CPPL::dcovector y(4);

y(0)=8;

y(1)=2;

y(2)=0;

y(3)=5;

//// solve Ax=y ////

A.dgels(y);

//// print ////

std::cout << ‘‘x=\n’’ << y << std::endl;

return 0;

}
� �

�$��(�)@S8O1P</'�.9<h UQBQD,E� �
x=

0.928934

-0.92422

1.74003
� �
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4 ( ������� ) ����� � 

4.1 ���

CPPLapack H"S"Z����6T �.� �Q; m !}�C/� "!"Y$#$�$��V,(D�C/&%+*(') *! iG? :<�,+ o _ :>��BQD,E
dgematrix.dgeev

dgematrix.dggev

dsymatrix.dsyev

zgematrix.zgeev

zgematrix.zggev

zsymatrix.zsyev

4.2 -/.�0
-"-VH>S double 1�/"�2�,3 �8�
�&% 9�4�5�?>BQD,E

C$? �8� A /	�
��T��@#���OG9 S<Z O�P</'�@9.?CBMD,E
A.dgeev(wr,wi);

-<-MH"Z wr,wi S����6T�/K�"b i��$b�� �";<D�O double 1 =/V�3 8y� *�
�� H D,E
���<9�<��
��T�i <�����= V�3 8��$#x�"! ���<S Z dcovector 1 =/V�3 8/� *�
��GZ vrr,vri �G�X+
? :"Z

A.dgeev(wr,wi,vrr,vri);

i 86:�?.BQD,E� ���6T i � �
��=/V�3 8��$#F�C!$���'S Z drovector 1�=�V�3 8^�"*

��QZ vlr,vli ���X+�?G:>Z
A.dgeev(wr,wi,vli,vri);

i 86:�?.BQD,E�B !$Z6�X3������$T.Z6�X3����
��=/V�3 8CY��
?,�(!$#@S<Z dggev �`j"��?�: m MyoQ� E

4.3 <&=?>
D�E�F.ZD�$� A S�eB; A�o _�:�?CB+� BMD'EXS@/�T�� �$U�?,! �(!$#@S"ZH *!���W Y/�GD$Z>9����<2"�KW�+V:$[
�+:xPFoM�$E

4.4 \?]

� � A =







3 2 1

2 0 0

4 2 1






/����6T@Z�����=/V�3 8��$#F��OME

�'2x_ �DO�P<9"��?CBQD,E
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� �
//====================================================================[include]

#include ‘‘cpplapack.h’’

//=======================================================================[main]

/*! main */

int main(int argc, char** argv)

{

//// make dgematrix A ////

CPPL::dgematrix A(3,3);

A(0,0)=3; A(0,1)=2; A(0,2)=1;

A(1,0)=2; A(1,1)=0; A(1,2)=0;

A(2,0)=4; A(2,1)=2; A(2,2)=1;

//// make wr wi vr ////

std::vector<double> wr, wi;

std::vector<CPPL::dcovector> vrr, vri;

//// dgeev ////

A.dgeev(wr, wi ,vrr, vri);

//// print ////

for(int i=0; i<3; i++){

std::cout << ‘‘#### ‘‘ << i << ‘‘th eigen ####’’ << std::endl;

std::cout << ‘‘wr=’’ << wr[i] << std::endl;

std::cout << ‘‘wi=’’ << wi[i] << std::endl;

std::cout << ‘‘vrr=\n’’ << vrr[i] << std::endl;

std::cout << ‘‘vri=\n’’ << vri[i] << std::endl;

}

}
� �

�$��(�)@S8O1P</'�.9<h UQBQD,E
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� �
#### 0th eigen ####

wr=5

wi=0

vrr=

0.620174

0.248069

0.744208

vri=

0

0

0

#### 1th eigen ####

wr=-1

wi=0

vrr=

0.447214

-0.894427

1.23361e-16

vri=

0

0

0

#### 2th eigen ####

wr=1.36434e-16

wi=0

vrr=

-5.22952e-17

-0.447214

0.894427

vri=

0

0

0

� �
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5 ( ������� ) ��� ��� �
5.1 ���

CPPLapack H"S"Z�(�)$T"d<;
�&� g !}�C/� "!"Y$#$�$��V,(D�C/&%+*(') *! iG? :<�,+ o _ :>��BQD,E
dgematrix.dgesvd

zgematrix.zgesvd

5.2 -/.�0
-"-VH>S double 1�/"�2�,3 �8�
�&% 9�4�5�?>BQD,E

�8� A /�(�) T<d";��K� g 9$S1PB8 /��@9,8X:�?CBMD,E A S M � N �$�$�>H D,E
A.dgesvd(S,U,VT);

S S (�)�T
� �`; D�O dcovector 1 Z U S � (�) =/V�3 8@Z VT S�<�(�) =/V�3 8
���`;"D�O dgematrix 1.H D,E

5.3 <&=?>
D�E�F.ZD�$� A S�eB; A�o _�:�?CB+� BMD'EXS@/�T�� �$U�?,! �(!$#@S"ZH *!���W Y/�GD$Z>9����<2"�KW�+V:$[
�+:xPFoM�$E

5.4 \?]

� � A =











4 1 3

5 1 −1

2 2 0

−3 1 5











��(�)$T"d<;.D�O�E

�'2x_ �DO�P<9"��?CBQD,E
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� �
//====================================================================[include]

#include ‘‘cpplapack.h’’

//=======================================================================[main]

/*! main */

int main(int argc, char** argv)

{

//// make dgematrix A ////

CPPL::dgematrix A(4,3);

A(0,0)=4; A(0,1)=1; A(0,2)=3;

A(1,0)=5; A(1,1)=1; A(1,2)=-1;

A(2,0)=2; A(2,1)=2; A(2,2)=0;

A(3,0)=-3; A(3,1)=1; A(3,2)=5;

//// make S, U and VT ////

CPPL::dcovector S;

CPPL::dgematrix U, VT;

//// SVD A ////

A.dgesvd(S,U,VT);

//// print S, U, and VT ////

std::cout << ‘‘S=\n’’ << S << std::endl;

std::cout << ‘‘U=\n’’ << U << std::endl;

std::cout << ‘‘VT=\n’’ << VT << std::endl;

return 0;

}
� �

�$��(�)@S8O1P</'�.9<h UQBQD,E

12
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S=

7.61305

5.94552

1.64083

U=

-0.404476 -0.672423 0.445651 -0.430862

-0.678796 -0.0902972 -0.0493761 0.727079

-0.287353 -0.181365 -0.872916 -0.350075

0.541353 -0.711899 -0.192289 0.403933

VT=

-0.947144 -0.146673 0.285317

-0.230125 -0.309031 -0.922791

0.22352 -0.939674 0.258944

� �
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6 (����� ) ����� �
	�������

6.1 ���
���������

CPPLapack �����������! #"%$'&)(+*+,.-0/2103.45�) �76.8�9 �):.;2<.=�>�?./@17A@BDC�3�E2F.GH �JI.K�LNMOKQPR* ��S &RT�-�U�V+1

6.2 W�XQY[Z]\_^a`cbQd
m e5� 6.8�9 (x1, y1) f (xn, yn) " m gh�):.;�<�=�>+/'ikjclDm













1 x1 x2
1 · · · xn

1

1 x2 x2
2 · · · xn

2
...

...
...

...

1 xm x2
m · · · xn

n

























k0

k1

...

kn













=













y1

y2

...

ym













n *po Ax=y qh�JI.r�<s"Rt�u@v+m!:2;�<h�Rw�x k0 f kn "%y5z � T�-0/@1aP'M|{s&@*7t�} �7~ "0���5�'�0*21

6.3 �s�
4 ��� 6�8�9 (0,-4.04), (1,-1.98), (2,2.02), (3,13.86) " 3 gh�):�;.<�?@=�>+/#i�1
�!�h� "@�c�.C)$a&c-0/@1
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//====================================================================[include]

#include ‘‘cpplapack.h’’

//======================================================================[solve]

void solve(int N,

CPPL::dcovector& x, CPPL::dcovector& y)

{

//// make dgematrix A ////

CPPL::dgematrix A(x.l,N+1);

for(int i=0; i<A.m; i++){for(int j=0; j<A.n; j++){

A(i,j) = std::pow(x(i), (double)j);

}}

//// solve Ak=y ////

A.dgels(y);

}

//=======================================================================[main]

/*! main */

int main(int argc, char** argv)

{

//// make dcovector x,y ////

CPPL::dcovector x(4), y(4);

x(0)=0; y(0)=-4.04;

x(1)=1; y(1)=-1.98;

x(2)=2; y(2)=2.02;

x(3)=3; y(3)=13.86;

//// solve ////

solve(3,x,y);

//// print ////

for(int i=0; i<3; i++){

std::cout << ‘‘k’’ << i << ‘‘=’’ << y(i) << std::endl;

}

return 0;

}
� �

������� � ���.����C�	 M0-0/@1� �
k0=-4.04

k1=3.05667

k2=-1.98
� �
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7 (����� ) ���	��

��� �������
7.1 ���
FD�.z��) ����������� �! #"%$'& ?�/@1

7.2 W�XQY[Z]\_^a`cbQd
���(� �! )"*$�& ��+',�< � g5�5P#o]C 	 M%-R/@1

Xk =

N−1
∑

n=0

xne−j 2πkn

N

- � ?�m
W = e−j 2π

N

n &@m
















W 0 W 0 W 0 · · · W 0

W 0 W 1 W 2 · · · W n

W 0 W 2 W 4 · · · W 2n

...
...

...
...

W 0 WN−1 W (N−1)2 · · · W (N−1)n
















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










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x1
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...
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






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7.3 �s�
data.txt

�Q�)���.1 �32 "54767896�m 10 gh� � �! #"%$'& "�&)( dft.txt C;:5<./#i�1
�!�h� "@�c�.C)$a&c-0/@1
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� �
//====================================================================[include]

#include ‘‘cpplapack.h’’

//========================================================================[DFT]

void DFT(CPPL::zcovector& X, int n)

{

//// make zgematrix A ////

CPPL::zgematrix A(X.l,n+1);

for(int i=0; i<A.m; i++){ for(int j=0; j<A.n; j++){

A(i,j) = std::complex<double>(std::cos((i*j)*2*MPI/(X.l))

,-std::sin((i*j)*2*MPI/(X.l)));

}}

//// solve Ax=X ////

A.zgels(X);

}

//=======================================================================[main]

/*! main */

int main(int argc, char** argv)

{

//// make zcovector X ////

CPPL::zcovector X;

X.read(‘‘data.txt’’);

//// solve ////

DFT(X,10);

//// write ////

X.write(‘‘dft.txt’’);

return 0;

}
� �

data.txt ������?./@1
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� �
zcovector 100

(1,3.97901e-10)

(0.998027,-0.0627905)

(0.992115,-0.125333)

(0.982287,-0.187381)

(0.968583,-0.24869)

(0.951057,-0.309017)

(0.929776,-0.368125)

(0.904827,-0.425779)

(0.876307,-0.481754)

(0.844328,-0.535827)

...

� �

dft.txt � � �c?�/@1� �
zcovector 11

(2.07977e-07,6.53992e-09)

(1,-6.4705e-07)

(-2.07977e-07,6.54019e-09)

(-1.03885e-07,6.54021e-09)

(-6.91412e-08,6.5401e-09)

(-2.80132e-08,6.53977e-09)

(-4.12676e-08,6.54009e-09)

(-3.42625e-08,6.54017e-09)

(-2.92385e-08,6.54009e-09)

(-3.86341e-08,6.53992e-09)

(-2.24983e-08,6.54008e-09)

� �
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n *po Ax=y qh�JI.r�<s"Rt�u@v+m�0-9 φ K.yDz � T�-0/@1 P5M {'&!*�t+} �@~ "0���h�h�0*�1

8.3 �s�

d2φ

dx2
= −k2sin(kx) (k = 2π)

"0t ' 1;:s&Jm 1-2+3-4s" φ(0) = 0,φ(1) = 0
n &7m 0 ≤ x ≤ 1 �/<�=@? 201 e5C ���$> /hi)1

�!�h� "@�c�.C)$a&c-0/@1
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� �
//====================================================================[include]

#include ‘‘cpplapack.h’’

//=======================================================================[main]

/*! main */

int main(int argc, char** argv)

{

//// declare objects ////

const int N(201);

const double dx(1/(double)(N-1));

const double k(2*MPI);

CPPL::dgbmatrix A(N-2,N-2,1,1);

CPPL::dcovector rho(N-2);

//// make dgbmatrix A ////

A.identity();

A *= -2;

for(int i=0; i<A.n-1; i++){

A(i,i+1) = 1;

A(i+1,i) = 1;

}

//// make dcovector rho ////

for(int i=0; i<rho.l; i++){

rho(i) = -k*k*sin((i+1)*k*dx);

}

rho *= dx*dx;

//// solve A*phi=dx^2*rho ////

A.dgbsv(rho);

//// print ////

std::cout << ‘‘x phi(x) Ans’’ << std::endl;

std::cout << ‘‘0 0 0’’ << std::endl;

for(int i=0; i<rho.l; i++){

std::cout << (i+1)*dx << ‘‘ ‘‘ << rho(i) << ‘‘ ‘‘ << sin((i+1)*k*dx)

<< std::endl;

}

std::cout << ‘‘1 0 0’’ << std::endl;

}
� �

������� � ���.����C�	 M0-0/@1
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� �
x phi(x) t��.t
0 0 0

0.005 0.0314133 0.0314108

0.01 0.0627957 0.0627905

0.015 0.0941161 0.0941083

0.02 0.125344 0.125333

0.025 0.156447 0.156434

0.03 0.187397 0.187381

0.035 0.218161 0.218143

0.04 0.24871 0.24869

0.045 0.279014 0.278991

0.05 0.309042 0.309017

0.055 0.338766 0.338738

0.06 0.368155 0.368124

0.065 0.397181 0.397148

0.07 0.425814 0.425779

0.075 0.454028 0.45399

0.08 0.481793 0.481754

0.085 0.509083 0.509041

0.09 0.535871 0.535827

0.095 0.56213 0.562083

0.1 0.587834 0.587785

0.105 0.612957 0.612907

0.11 0.637476 0.637424

0.115 0.661366 0.661312

0.12 0.684603 0.684547

...
� �
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	�� ��� �

9.1 ���
� , � �!�����0I.r�<#"���� H (PointJacobi
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) ?.t ,�-0/@1

9.2 W�XQY[Z]\_^a`cbQd
�	� ��
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 M%�a& ��� " � 6!v�m 0 9 φ K.y5z � T�-0/@1

PhM {#&!*)t+} �!~ "��.�'�5��*!1

9.3 �s�
section8
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�!�h� "@�c�.C)$a&c-0/@1
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� �
//====================================================================[include]

#include ‘‘cpplapack.h’’

//=======================================================================[main]

/*! main */

int main(int argc, char** argv)

{

//// declare objects ////

const int N(201);

const double dx(1/(double)(N-1));

const double pai(3.141592);

const double k(2*pai);

const double eps(1.0e-6);

CPPL::dgbmatrix A(N-2,N-2,1,1);

CPPL::dcovector rho(N-2);

CPPL::dcovector phi(N-2),phi_old(N-2);

//// make dgbmatrix A ////

A.zero();

for(int i=0; i<A.n-1; i++){

A(i,i+1) = 1;

A(i+1,i) = 1;

}

//// make dcovector rho ////

for(int i=0; i<rho.l; i++){

rho(i) = -k*k*sin((i+1)*k*dx);

}

rho *= dx*dx;

//// solve ////

do{

phi_old = phi;

phi = A*phi_old-rho;

phi *= 0.5;

}while(nrm2(phi-phi_old)>eps);

//// print ////

std::cout << ‘‘x phi(x) t ��t ’’ << std::endl;

std::cout << ‘‘0 0 0’’ << std::endl;

for(int i=0; i<rho.l; i++){

std::cout << (i+1)*dx << ‘‘ ‘‘ << phi(i) << ‘‘ ‘‘ << sin((i+1)*k*dx)

<< std::endl;

}

std::cout << ‘‘1 0 0’’ << std::endl;

}
� �

23



������� � ���.����C�	 M0-0/@1� �
x phi(x) t��.t
0 0 0

0.005 0.031407 0.0314108

0.01 0.062783 0.0627905

0.015 0.094097 0.0941083

0.02 0.125318 0.125333

0.025 0.156416 0.156434

0.03 0.187359 0.187381

0.035 0.218117 0.218143

0.04 0.24866 0.24869

0.045 0.278958 0.278991

0.05 0.30898 0.309017

0.055 0.338697 0.338738

0.06 0.36808 0.368124

0.065 0.3971 0.397148

0.07 0.425728 0.425779

0.075 0.453936 0.45399

0.08 0.481696 0.481754

0.085 0.50898 0.509041

0.09 0.535762 0.535827

0.095 0.562016 0.562083

0.1 0.587715 0.587785

0.105 0.612833 0.612907

0.11 0.637347 0.637424

0.115 0.661232 0.661312

0.12 0.684465 0.684547

...
� �
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