1 BEREORMFRER ]
HIEDRTINC O 3 >3 %, BEIEICH L CRANAGIEAEE R, BT, ]
0O B3 2 ER % 2 KIEATAICHERRL T 2 9. & B 820 IS HRIEA 7

A3, BEMIBOHEZHES.

T3 ERD L) REEMrND, BRE ) F GEXE, FEA» 55w H
ERE EICOD 29 Th D, TNHEHO i (principal axis) LIS DT,
HWIZERT %,

display([principal,op(pl),op(11)],view=[-4..4,-4..4] ,axes=box);

RIAREL (111, &4 H)

BAVEABERS: - BELAAES - THMplARl TUasA
-BUEEER (10/10/29)- 21

FAZERT 2L, 1 IXB#T 2. Zhzilmzdn s 351 EoRicRLIcf ]

> restart;
with(LinearAlgebra) :with(plots) :with(plottools):
A:=Matrix(1..2,1..2,[[3,2/31,[2/3,211);

3 2/3
M 2 B
A ZNIRIESTATH, 2 Z2_7 b E L& ZIT,
Az = Mz (1)

D, N ZMEAME, ¢ ZEEXZ FLEV), BT FILTIERWEKD H
2RISR det(A — AE) = 0 3R D 2o & FlcoAHO NS,
% 9" Maple TREHBRAZ RN TH S,

> N:=30:p1:=[]:11:=[]:
for k from 0 to N-1 do
x0:=Vector ([sin(2*Pixk/N) ,cos (2xPi*k/N)1);
x1:=MatrixVectorMultiply(A,x0);
pl:=[op(pl),pointplot ({x0,x1})];
11:=[op(11),line( evalf(convert(x0,list)),evalf(convert(xl,list)) )];
end do:

> x:=Matrix([[1,0],[0,111):
Mat_E:=A-lambda.x;

‘ > principal:=plot({1/2*x,-2%x},x=-4..4): (2)

1 2



> eq2:=Determinant (A-lambda.x) ;

eq? = %75>\+)\2

> solve(eq2=0,lambda) ;

10/3,5/3

[ fE% ke 5 2= F Eigenvectors ZiH T % &, BEHMEELEHR~Y FLos
KE2, 22T, EHERZ PVIEFHIOF (Column) X7 FVIZAS T3,

> (lambda,V) :=Eigenvectors(A);
10/3 2 —1/2
AV o= / s /
5/3 11
n XILOEHE AR (n+1) HORMEZFo> o X AR Th DT, iz

FFET 272 0ICIF E S ICHIRBILEE 3 L 72 %,
FHRER (1) DD o T B 2 & ZHERT 2

> lambda[1].Column(V,1)=A.Column(V,1);

20

[16/3} j [ 16/3}

3 GoogleDR—=IF>Y
ZLDREBR—IDSI 2V IINTVBIR—IFPRORELGAR—
ITHD

Google @ page rank I3 £ X 9 ZIEFICHMARKE» SR Y Lo T D, =2
TV I RFBRIRD L), DFDLI BV VYV INRONIAR—TEEZ D,

FHEFIEIZL T oM !,

1. Vv 7 2@ 288702165, XR—VILFESE2 20T, ZoskiEn
TV3ijHEEL, ZITRVEEZ0 LTS,

2. BHEYI 2RI 5
3. FIRZ b ORRIIMS 1 &% k) IHHEILT 5.

4. 29 L TR e iR ERITA O R KEAEICE§ 2 EA~ 7 v 2R,
A ICHIRE T 5.

1. EEFHEEZSEIZL T, Maple TR—=Y 7 v 7 %KD Xk

2. 2D ) LEETIE TN COMEAME - HAE~7 LR 20837% <, &
ROBEFEZRTEGRY FL2RD 7217 Tl IR b v zi@Eyic
WDT, M HBMERITIZ BT 2 KEETR—Y 7y 72Kk X,

13 L < ld http://www.kusastro.kyoto-u.ac. jp/baba/wais/pagerank.html % Z:iH k.
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BT

Al

TRIEATS

Transpose(Al) =

Bt il

[ 1f2]3]a]5][6]7]
tjofr]1|1]1fo]|1
2[1]ofojofofo]o

wt

1/2
12

1/3
1/3

1/3

0

1/4
0
1/4
1/4
0
1/4
0

17
17
1/7
17
17
1/7
17

0.32
0.15
0.11
0.06
0.29
0.04
0.03




4 RENEF)ZFICISDEREFEHREZRE 5.1 Maple THB[EER{TS!

R (NER) 1, RAEAHELE ZOEAGR7 P AVZRIIRNICEST 258 T T OBIRMEDEE % § 5. WY B2 5 U 2(FH§ 5 &
H5. TIL, WHEICOVTEELTE . LT AKKLT, .
BU - ( a1 aro ) < cos(f) —sin() )
Az = Iz (5) [CPIRCY) sin(f)  cos(6)

DIFENZ W AfE, »ZBHEXZ FLEV), N,
det(A—AE)=0 (6)

ELTREZKRENRADETH 5.
T, BT PV X 50T, KiE

X =AX, (7)
ZREDET L, ADHHERAKDOEGHICET 2HAEXT7 FILSGETRTW LD L%, HEEfTH % 4x4 DIFHNIC
PERTEIZ). t
TRCDEAESEH I RE 2562 EA 5, 4, [FHIOREAMEZHHED U'BU
ARELBHOMUMAT, [M] > Aof > > Ao| £ L, MIET 2R S % LKL LIS E T L EOKBEHROMT 2D TSR L,
LEWEBRT PVE 2y, 2o, @, ET 5, PR FOVIBER X2 bV ORIGES
HTEDLET, > restart:
o ., X n:=4:
Xo=azitorat- -t ot ®) with(LinearAlgebra) :
ERBETE, ZHUTHI AR N RN S &, B:=Matrix(n,n,shape=symmetric,symbol=a);
ANX g =A@+ oM T+ + o\ @, 9) a1 avs avs ais
Elb, InaEBTS L Bi.=| M2 022 023 024
. ' N N ' a3 a3 G33 434
ANX[]:XN101/\11\({1!1+672(&> w2+--»+c—"<&) $n} (10) a4 G4 @34 Q44
a \ M o\ M
LD, (M| > NG >2) ZhofEilohid z, ZTBEERS, > U:=Matrix(n,n, [[c,-s,0,0],[s,c,0,0],[0,0,1,01,[0,0,0,111);
29 LTRABEIEHEICET 2EHE X7 Fvds, REGHHEZEDIRTEZTTRD #U:=Matrix(n,n, [[c,-s], [s,cl]);
55,
c —s 0 0
Ue— s ¢ 00
. — T l0 0 10
5 Jacobi[BlEEIC &K ZEIHEDKODA 00 01

EfHE%Z KD ZFEE LT, AKEABAEZM LVIPLYHIEAH S ETE S,
D LUE DD L WSIENAEEHEZ 0127 2 [BERTH 2 KIS/ &8 % Jacobi(Y
AV ERANT S, BIERD SN TV RED KL, N7 ARV T — (House-
holder) Z#a 1751 % HifliZe =B AATINCEE L Th 6, RIEETHZIE VA
ATWL RN TH S, Jacobi %1%, Householder ¥ (F EJTRETIZ 2\ 28, 10K
FLEE F TOHNICIZS TH RIS,

> TT:=Transpose(U) .B.U;



5.2 Jacobiiklic &k EFEZXHS CI—FK

DRy avikz oAl e a7 FVveRkoa—F2RL 7k, §F
Bk, BEHEMEE Z2 U T 2 B8 LS BB X7 b LDHE (column) X7 kv

TT =
[((:al_] +sa2)c+ (caro+saza)s, —(car,1+sai2)s+ (cai2 +saz)c,

cay 3+ sas s, cayy +saz,4}
[(75111,1 +cay2)c+ (—say2+caga)s, —(—sai, 1 +cay2)s+ (—say2+cag2)c,
—sa1,3+caz3, —saj 4+ Cll2,/1}

kai,s+sazs, —sai3+cays, as s, as 4
kaia+sazs, —sara+caz s, aza, a4

> expand(TT[1,1]);
expand(TT[2,2]);
expand(TT[1,2]);
expand(TT[2,1]);

02a171+2¢:sa1_’2+52a2,2
52a171 7265a1,2+02a2_2

—scay, 1 752a1,2+02a1,2+csa12

—scay — 52(1,1,2 + nza,l,g +csag 2

COIENAEFEZ 0ICT 20 IBUTDX ) ITKRE S,

(14)

ZOEEFEHLTWS 4, j=12UN0BEHELENT 3

> expand(TT[3,1]);
expand(TT[3,2]);

cay g+ saz 3
—sa1,3+cazs

CHUTE > T—HO B> HEBHEFFOD, BALDBHOET I LItk->T,
20 NEDBTWL

TERINS,

YA+ 1 Parik

#include <stdio.h>
#include <math.h>

#define M 10
void PrintMatrix(double a[M][M], int n);

int main(void){
double a[M][M],v[M][M];

double eps=0.0001,div,r,t,s,c,apj,aqj,aip,aiq,vip,viq;

int i,j,n,iter,count,iterMax=1000000,p,q;

scanf("%d",&n);
for(i=1;i<=n;i++){
for(j=1;j<=n;j++) scanf("%1f" &ali][j]);

PrintMatrix(a,n);

for(i=1;i<=n;i++){
for(j=1;j<=n;j++) v[i][j]=0.;
v[i][i]=1.;

for(iter=1;iter<=iterMax;iter++){

for(p=1;p<=n—1;p++){
for(q=p+1;q<=n;q++){
if (fabs(a[p][q])<eps) continue;
count++;
div=alp][p]—a[q][q];
if (div 1= 0.0){
r=2.0*a[p][q]/div;
t=0.5%atan(r);
} else {
t=0.78539818;
}
s=sin(t);
c=cos(t);
for(j=1;j<=n;j++){
abj=alpll};
aqj=alq][j];
a[p][jl=apj*ctaqj*s;
alq]fj]=—apj*s+aqj*c;

for(i=1i<=n;i++){
aip=ali][p];

10
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aiq=ali[q];
a[i][p]=aip*c+aiq*s;
ali][q]=—aip*s+aiq*c;
vip=v[i][p];
vig=v(i][q];
vl[i][p]=vip*c+vig*s; 50
vl[i][q]=—vip*s+vig*c;
}
printf("p,q=%3d,%3d\n",p,q);
PrintMatrix(a,n);

}
if (count==0) break;

printf("Eigen values:\n");

for(i=1;i<=n;i++) printf("%6.2£" ali]i]); 60
printf("\nEigen vectors:\n");

PrintMatrix(v,n);

return 0;

}

void PrintMatrix(double a[M][M], int n){
int ij;
for(i=1i<=n;i++){

for(j=1;j<=n;j++) printf("%6.2£" ali][j]); 70
printf("\n");

printf("\n");

}

YR 2 Y aEoFEEE.

[BobsNewPBG4: ~/NumRecipe/chap8] bob% cat input.txt

4

5411
4511
1142
1124

BobsNewPBG4: ~/NumRecipe/chap8] bob% Jacobi2<input.txt
5.00 4.00 1.00 1.00
4.00 5.00 1.00 1.00
1.00 1.00 4.00 2.00
1.00 1.00 2.00 4.00

p,q= 1, 2
9.00 -0.00 1.41 1.41
-0.00 1.00 -0.00 -0.00

11

1.41 -0.00 4.00 2.00
1.41 -0.00 2.00 4.00

p,g= 1, 3

9.37 -0.00 -0.00 1.88
-0.00 1.00 0.00 -0.00
-0.00 0.00 3.63 1.57
1.88 -0.00 1.57 4.00

p,q= 1, 4
9.96 -0.00 0.47 -0.00
-0.00 1.00 0.00 0.00
0.47 0.00 3.63 1.50
0.00 0.00 1.50 3.41
LS

Eigen values:
10.00 1.00 5.00 2.00
Eigen vectors:
0.63 -0.71 -0.32 0.00
0.63 0.71 -0.32 0.00
0.32 0.00 0.63 -0.71
0.32 0.00 0.63 0.71

6 HEHAESATFV—IOWVWT

—DBHEFE T 4 75V —IlzownTlE, HROBRTH#HETIIZ O I2H
NT2IcEEDD, HFOWBHTHELIMD EIFT00T, PIERSHDLDIC
MHIEERI LEIZ, TXAFZIDICEVT,

THlOGFEIE, BUEGHREOTCORICHAT 2E»% <, £k, fdr—F
v ERBAREEDSE, 2 2T, W s AR o EE L —F v asiFE I T
72, dTH BLAS &£ LAPACK 137V — Ao IEFIcEETH 5.

FIRNC R L7z, 150 7% ko 2 Wiz LU k2 C SiEca—T4 v/ Lk
b DL, LAPACK DV —F ¥ Z 7854, 1000 RICOFTHITEHMIT 3 &

> 1000 [dim] 2.5200 [sec] #BOB
> 1000 [dim] 0.4700 [sec] #LAPACK

L o7, Fviz PCIx MacBook(2GHz Interl Core Duo) TH %43, ZDFIET
D 0.47 13 1.4GFLOP IZHM4 ¢ 5. I 512 07 D MacBook(2GHz Interl Core 2
Duo) TIEI HICH %o T

12



bob? gcc -03 bob.c -o bob

bob% ./bob

1000

1000 [dim] 1.7543 [sec] #BOB

bob% gcc -03 lapack.c -llapack -lblas -o lapack
boby, ./lapack

1000

1000 [dim] 0.1893 [sec] #LAPACK

T, 3.5GFLOPS 3T\ 3,

74770 —3HFAFOHEEBEIAN L 5> T THRIEL TW 3D T, N
IHREEAERS, £, BHETHL, WEFIEZIATIY) —2EIRETH 2,
EL, TOVry7r7u s LofFERDED X, 77y 7 y 7 Ak
T3 L Bbail#Ey: (2 2Tl Fortran & C & DfTFION N DEHIFIA) % L
TRTIENHEDT, 7077 MHBATENCH TN ORIE (Y 7 va—
F)THREELTH L Tk,

L ko LRSS HIUT 7 41— &

VAL 3 PR lagy WTHIGHE 70 75 4,

#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <time.h>

//#undef PRINT
//#define PRINT

void printMatrix(double *a, double *b, long n);
int MatrixInverse(double *a, double *b, long n);

int main(void){
clock_t start, end;
int i,j;
long n;
double *a,*b;

scanf("%1d",&n);

a=(double *)malloc(n*n*sizeof(double));
b=(double *)malloc(n*sizeof(double));
for (i=0;i<n;i++){
for (j=0;j<m;j++){
a[i*n+j]= 2*(double) random() / RAND_MAX — 1.0;

13

20

for (i=0;i<n;i++){
bli]= 2*(double) random() / RAND_MAX — 1.0;

printMatrix(a,b,n);

start = clock();

MatrixInverse(a,b,n);

end = clock();

printf("%5d [dim] %10.4f [sec] #BOB\n",
n,(double)(end—start)/CLOCKS_PER_SEC);

printl\rlatrix(a,b,n);

free(a);
free(b);
return 0;

}

int MatrixInverse(double *a, double *b, long n){
double *x;
double pvt=0.00005,am;
int i,j.k;

x=(double *)malloc(n*sizeof(double));

for(i=0;i<n—1;i++){
if (fabs(a[i*n+i] ) <pvt){

printf("Pivot %3d=%10.5f is too small.\n"ia[i*n-+i]);

return 1;

for(j=i+1;j<n;j++){
am=a[j*n-+i]/a[i*n+i];
for(k=0;k<n;k++) a[j*n+k]—=am*a[i*n+k];
b[j]—=am*bl[i];

//Backward substitution
for(j=n—1;j>=0;j——){
x[j]=blj];
for(k=j+1;k<n;k-+-+){
x[j]—=a[j*n+k]*x[k];

}
b[j]=x[jl/=ali*n+jl;

free(x);
return 0;

void printMatrix(double *a, double *b, long n){
int ij;
#ifdef PRINT
printf("\n");
for (i=0;i<n;i++){
for (j=0:j<m;j++){
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printf("%10.5£" a[i*n+j]); free(ipiv);

printf(":%10.5£" bi]); return 0;
printf("\n"); }
}
ot PrintMatrix I£ bob & [ U % D THME, OSX Tl
endl:
}ret“r"; gcc -03 -UPRINT lapack.c -llapack -lblas
LT a v 84 L TE S, linux Tl LAPACK, BLAS 254 Y A F =L & T\»
YA b 4: LAPACK #8 smart 3 5I3H5 70 7 5 4, s,
#include <stdio.h> #include <vecLib/vecLib.h>
#include <stdlib.h>
#include <time.h> ZaXY 77 RLT,

#include <vecLib/vecLib.h>
gcc -03 -DPRINT lapack.c -L/usr/local/lib64 -llapack -lblas -lg2c
void printMatrix(double *a, double *b, long n);
. S REETNEa VAL NLTEBIZT,
int main(void){
clock_t start, end;
int i,j; 10

double *a,*Db; E%EE

long n,nrhs=1, lda,ldb, info, *ipiv;

scanf("1d" &n); 1. 4x4 DfTFI % WMISED, Maple THIAEZ KD XK. ROFGlE~v=a 7%
2 X,

a=(double *)malloc(n*n*sizeof(double));

b=(double *)malloc(n*sizeof (double)); 2. Jacobi H12 & - CRAHEZ KD X,

lda=ldb=n;

ipiv=(long *)malloc(n*sizeof (long)); 20 3. LAPACK IZ & £ T\ 5 dseyv BBz iV CHEIAHZ RO &, (HHETIEL
for (i=0ji<n;i++){ CHLY BTz, IRPSHOEDICHIEE]) L E1E, TFA 2D
for (j=0;j<mj++){ IZBWT)
a[j*n+i]= 2*(double) random() / RAND_MAX — 1.0;

}

for (i=0;i<n;i++){
bli]= 2*(double) random() / RAND_MAX — 1.0;

printMatrix(a,bn); 0

start = clock();
dgesv_(&n, &nrhs, a, &lda, ipiv, b, &ldb, &info);
end = clock();
printf("%Bd [dim] %10.4f [sec] #LAPACK\n",

n, (double)(end—start)/CLOCKS_PER_SEC);
printMatrix(a,b,n);

free(a);
free(b); 40
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