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Az = Az
J

DfE, Alambda)ZEHEE zZBEERY MLEWS, shMEORYT ML TRBWERD & 3
(FFEAERdet(A — AE) = 08D D& ZICOHEEND,

Z DA ZpythonTHFICIE, sympy> TOZEFEDLLGRVEWFRWL, —HRLTEL &,

—_—

3 2/3
A= (2/3 2 > M
det(A —tE) = det (32;; 221 3t) (2)
=t275t+674/9§ (3)
=1* — 5t +50/9 (4)
* t(\) =10/3, 5/3 (5)

from sympy import *

t = symbols('t") [+ yenh ‘l"l C
A = Matrix([[3, 2/31,[2/3,2]] —_

)

xx = diag(t,t)

pprint(xx)

eql1 = simplify((A-xx).det())
pprint(eq1)

solve(eq,t)

It 07

[

Lo t]

2

t -51t+5.55555555555556
[1.66666666666667, 3.33333333333333]

3 SCH Py

import scipy.linalg # SciPy Linear Algebra Library
=

A = scipy.array([[3, 2/31,[2/3,2]])
[V = scipy.linalg.eig(A)

“pprint.pprint(l) 3
pprint.pprint(V) &ili
pprint.pprint(V[:,0]) # column® YL 7

5 e
— array([-0.894

[ Googled_—Y' 54 |

<ipython-input-13-d7ee8a9d901c>:4: DeprecationWarning: scipy.array is deprecated and will be
removed in SciPy 2.0.0, use numpy.array instead % m
A = scipy.array([[3, 2/31,[2/3,2]]) . -
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Colr]|rle|] e
1 0 ! ! oo 0
1|e 0 AR
Transpose(Al) :== | 1|0|0|0|2 |0 0
1lo|e|r|e|/
| 1|o|o|0|2|e| |
syl
- 0 1 1/2 0 1/4 172 1/7 N
SHEFIERUTO®ED
TRFIREA TR 1/5 0 1/2 1/3 0 0 o || 1/7
1.U‘/7%@E?@f’%_ R=—VILHESEDHT, Z0OMMBENTVSIER /5 0 0 1/3 1/4 0 O 1/7
£1) T5 TRVEREOL T 3. 150 0 0 1/4 0 o) 1/7]= =
Z.Ii?é?ﬁﬁﬂféﬁiﬁ;?é /5 0 0 1/3 0 1/2 1 1/7
3.51]’\“7 NLOFIMME BB &S ICRIBILT 5. 0 0 0 0 1/4 0 0 1/7
4. 25 LTEOSNIEBRERTIORAEEEICET 2EENY MNLzKe, BHICHEEL 15 0 0 0 0 0 0 1/7
5 2 / /
: % from pprint import pprint
\%.g{f from numpy import array, zeros, diagflat, dot, transpose
- from scipy.linalg-import eig A
“w . EEFIEZSEICLT, pythonTR—I TV U ZRH L. Carray([[0,1,1,1,1,0.) X] - -Xo
2. 2D &S BEETRINTOEEIE - BENY ML ERDZRERRL, BAOEDNgE | 3k [1.0.0.0,0,0.0],
RIEENY MERSBEITEN. MBRY MLEESICROT, AR OEBRER [1,1,0,00,0,01, D
FIAEBNF B RIEETR—Y TV I ERD &, %?,(1),],%98% I, -
e [1,0,0,0,1,0,0], 2 A X,
Uzl 0,0,0,0,1,0,011)
[ 2(3]4a|5]6|7] diag =[] W
foriinrange(0,7): = t.—E
1 1101 tmp = 0.0 (? — A J( . i——?
2|1f{o]|o|ofo]o|o0O for j in range(0,7): 2
M 3 tmp += Ali,j] . —
1:= diag. d(1.0/t -~
4 iag-append( mp) ) 4 %ﬁ«x
5 D = diagflat(diag)
tA = dot(transpose(A),D) - A
6 print(tA) ‘x - X
7 x =array([1/7,1/7,1/7,1/7,1/7,1/7,1/7])
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pprint(dot(tA,dot(tA,x)))

I, V = eig(tA)
vO = V[:,0]
pprint(v0)

[[ 0.000 1.000 0.500 0.000 0.250 0.500 0.000]

[ 0.200 0.000 0.500 0.333 0.000 0.000 0.000]

[ 0.200 0.000 0.000 0.333 0.250 0.000 0.000]

[ 0.200 0.000 0.000 0.000 0.250 0.000 0.000]

[ 0.200 0.000 0.000 0.333 0.000 0.500 1.000]

[ 0.000 0.000 0.000 0.000 0.250 0.000 0.000]

[ 0.200 0.000 0.000 0.000 0.000 0.000 0.000]]

array([ 0.294, 0.142, 0.158, 0.137, 0.132, 0.073, 0.064])
array([0.699+0.j, 0.383+0.j, 0.324+0.j, 0.243+0.j, 0.412+0.j, 0.103+0.j,

0.14 +0.j1)

import numpy as np
from pprint import pprint

np.set_printoptions(formatter={'float": '{: 0.3f}'.format})
#pprint(A)

pprint(D)

#pprint(transpose(A))
pprint(dot(transpose(A),D))

x = array([1,0,0,0,0,0,0])
#pprint(x)
#pprint(dot(tA,dot(tA,dot(tA,x))))
I,V =eig(tA)

v0 = V[:,0]

#pprint(v0)

array([[ 0.200, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000],
[ 0.000, 1.000, 0.000, 0.000, 0.000, 0.000, 0.000],
[ 0.000, 0.000, 0.500, 0.000, 0.000, 0.000, 0.000],
[ 0.000, 0.000, 0.000, 0.333, 0.000, 0.000, 0.000],
[ 0.000, 0.000, 0.000, 0.000, 0.250, 0.000, 0.000],
[ 0.000, 0.000, 0.000, 0.000, 0.000, 0.500, 0.000],

[ 0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 1.0001])
array([[ 0.000, 1.000, 0.500, 0.000, 0.250, 0.500, 0.000],
[ 0.200, 0.000, 0.500, 0.333, 0.000, 0.000, 0.000],

[ 0.200, 0.000, 0.000, 0.333, 0.250, 0.000, 0.000],
[ 0.200, 0.000, 0.000, 0.000, 0.250, 0.000, 0.000],
[ 0.200, 0.000, 0.000, 0.333, 0.000, 0.500, 1.000],
[ 0.000, 0.000, 0.000, 0.000, 0.250, 0.000, 0.000],
[ 0.200, 0.000, 0.000, 0.000, 0.000, 0.000, 0.0001])
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RS R EDRERDFFEUTICRLU Z@?EN%E%@Z?@Q@MT@& SICKRES.

maple 4
> restart: .
> n:=4: - 3 .. \ 75
> with(LinearAlgebra): COEEFBLTWSE, j =1, 2L 0ERHENT 2.
> B:=Matrix(n,n,shape=symmetric,symbol=a);
maple
a4 >expand(TTI[3,1]);
, expand(TT[3,2]);
az 4
as 4 cai,3+sazs
Ay, 4 —sai,3+caz s
¢ =cos(6) ZNIC& > T—BOlL B> ERBEEF DN, AELRDETILICELST,
s=sin(f) wTwn<,
== T ==
maple = ESDET 0)5%22

> U:=Matrix(n,n, [[c,-s,0,0], [s,c,0,0],[0,0,1,0],[0,0,0,1]11);
lapack_codes/c_versions/Jacobi2.c [Cd—KZANTWS,
#U:=Matrix(n,n, [[c,-s1,[s,cl]);
$ gcc Jacobi2.c
$ a.out < input.txt

TEHEZ RS TWBENEKRREINS.

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

maple #define M 10
>TT:=Transpose(U).B.U; void PrintMatrix(double a[M][M], int n);
TT .= int main(void)<{

double a[M][M],vI[M] [M];

double eps=0.0001,div,r,t,s,c,apj,aqj,aip,aiq,vip,viq;
cay3+8ass, ca;q+sasy] int i,j,n,iter,count,iterMax=1000000,p,q;

[(—sai1+cay o) e+ (—sar s+ cass)s, —(—say 1 +cayq)s+ (—sayr+casy)c,

[(cai,1+sars)c+(car2+sas2)s, —(car1+5a1,2)s+ (ca 2 +saz2)c,

scanf("%d",&n);

for(i=1;i<=n;i++){

[cai,3+sas 3, —say 3+ cas s, ass, as 4] for(j=1;j<=n;j++) scanf("%lf",&[i]1[j]);

[cai,s+5sas 4, —sar 4+ cayq, a3 4, ay 4] ¥ ) )

PrintMatrix(a,n);

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

—say3+cag 3, —5a1, 4+ Cay 4]

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

expand(TT[1,2]); 2_ Q 2 '

expand(TT[2,1]); r . for(iter=1;iter<=iterMax;iter++){
s ) count=0;
c'ay 1 +2csay s+ s ay for(p=1;p<=n-1;p++){
for(g=p+1;q<=n;q++){
if(fabs(alpl[ql)<eps) continue;
count++;

szalyl —205a1)2+02a2’2

_sca171—52a1,2+c2a1,2+68a2,2 _ -§div=a[p] [pl-alqllql;
=0 if (div 1= 0.0){

ﬂ _sca1y1—52a12+cza1)2+65a2,2 4r=2.0*a[p] [q]/div;

—

wmLeIicoNED
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-> t=0.5*atan(r);J §,C [" a,!"' All)

} else {
t=0.78539818; -a /sz~—c2) 7—/5 oL
S VB —
s=sin(t);
c=cos(t); S)- (;2 ‘R~ a Q-al‘).
for(j=1;j<=n;j++){ - " 2 Y":
apj=alpl[jl; I - - d{:’l)'
agqj=alql [j1; SC A2 -
alpl [jl=apj*c+aqj*s; \(,
alql [j]1=-apj*s+aqj*c; ,t ‘ :
} N 2 -
for(i=1;i<=n;i++){ SAC= e ':.—?’_tay‘ (YS
aip=alil [p]; Y n
aig=alil [q]; = -G tG“LDI
ali] [pl=aipkxc+aigxs; 9
alil [q]=—aipks+aigxc; | - 2C /_'
vip=v[il [p]; -
vig=v[il [q]; S¢C

v[il [pl=vip*c+vigxs;
v[i] [q]=-vip*s+vigxc;
}
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("%6.2f",alil [i]);
printf("\nEigen vectors:\n");
PrintMatrix(v,n);

return 0;

b

void PrintMatrix(double a[M] [M], int n){
int i,j;
for(i=1;i<=n;i++){
for(j=1;j<=n;j++) printf("%6.2f",alil [j]);
printf("\n");

}
printf("\n");
¥
a.out < input.txt
5.00 4. 1.00 1.00
4.00 5.00f 1.00 1.00
1.00 1.00 4.00 2.00
1.00 1.00 2.00 4.00
<1.41 1.41
0.00 -0.00
-4.00 2.00
‘1.41 -0.00 2.00 4.00

p,g= 1, 3
9.37 -0.00
-0.00 1.00
0.00! 0.00
1.88 -0.00

p,g= 1, 4
9.96 -0.00
-0100 1.00
0.4 0.00
0.00| 0.00

p,g= 3, 4
9.967=0.00
-0.00 1.00
0:35 0.00
-0.32 0.00

p,qg= 1, 3

9.99 -0.00
-0.00 1.00
-0.00 0.00
-0.32 0.00

p,q= 1, 4
10.00 -0.00
-0.00 1.00

-0.00 0.00

-0.00 0.00

p,a= 3, 4
10.00 -0.00
-0.00 1.00
-0.00 0.00

0.00 -0.00

p,g= 1, 3
10.00 -0.00
-0.00 1.00
-0.00 0.00

0.00 -0.00

t@.@@ L1.88

0.00 -0.00
3.63 1.57
1.57 4.00

.35 -0.32
0.00 0.00
5.02 0.00

-0.00 2.01

(.00 +0.32y

0.00 0.00
5.00 0.02
0.02 2.01

-0.00 ( 0.00)
0.00 0.00

5.00 0.02
0.02 2.00

-0.00 0.00
0.00 —0.00
5.00 -0,00

-0.00 2.00

.00 0.00
.00 -0.00
.00 0.00
.00 2.00

[SHC NSRS

Eigen values:

10.00 1.00

5.00 2.00

Eigen vectors:

0.63 -0.71
0.63 0.71
0.32 0.00
0.32 0.00

HEHEZ A TZU—IcDWT

o ZMIDITEA L TWLBC, Python, Maple, ruby
numerical_calc/lapack_codesICH W T W3

-0.32 0.00
-0.32 0.00
0.63 -0.71
0.63 0.71
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—ROBEFHEZ A T ZV—ICDW\WTIE, BEOBRTEZETEZDEAEBN T DICEED
%, BOEZBTHULLED EFTWeD T, ARPSERDIEHICRBERS EEF, TFAN
EEDICEWT.

FHIDHER, BESEORTHBICABETIMANS < Ffe, BRIL—F > ERBTE
BBV, 22T, HEOSTIHEOBEL—F VBRI N TS/, BRATHBLASE

SN S R (- B
LAPACKI 7 U—h'SHERICERTSHS.  yAS  MEL

FIENCRU T2, H1T7Z K B BMBRLUNREECEERTI—T 4 I LItbDE, LAPACKD
IV—=F U ZHENTS5E, 1000RTOTIITEHAT S &

maple FLOPS’
> 1000 [dim] 2.5200 [sec] #BOB
> 1000 [dim] 0.4700 [sec] #LAPACK FLOAT]NG]
Poinl ation
ERofc. 2006£(C# T T DEHEICALVcPClEMacBook(2GHz, Intel Core Duo) T 3 H3,
z@%fﬁ'é@OAﬁ%UAL:ffﬁé’@“é. 074F DMacBook(2GHz, Intel Core 2 Duo) Tl &

BITE B> T P
CH 27, wed
maple =

bob% gcc —-03 bob.c —o bob 7, 032,9
bob% ./bob _;_,_/-/“ ?5
¥

1000 \ L}G\

1000 [dim] 1.7543 [sec] #BOB
bob% gcc -03 lapack.c -1lapack -1lblas -o lapack
bob% ./lapack
1000

1000 [dim] 0.1893 [sec] #LAPACK

T, 3.5GFLOPSHA'HHTWS. %5(2016%)(&, MacBookAir(2.2¢Hz, Intel Core i7) T...
top500.0orgN\EB4E 2 [EHigh Performance Computer® 5 > 7% H&K L TW3. Sid, Topllk
T00PFlops T 31, 1IIEI199446 3 D5001LA0.AGFIopS, & Dlaptophiid B HNT
W3, F&(ClaptopR/SO Y DERBATT &,

SATSY—FHRPDHERBS AN K > TN > TRIELTWEDT, NINFEACE
<, &, BETH 2. NRFHEESATSV—%RESRETHS. L, FTovr7)L70
TS LADTHERDEVNDELSIC, TV IRy o Ad 3 EBhOHEELN (I 2 TlEFortran
ECTODITHDILNEDEVWHIERRA)Z LTHhI ZENHZDT, 7OT T AICEHMADEIICTH
FINS WRIT(T > 7L D— R)TRIEL TH < T E\footnote{”) L AT(20024F & %) GotoBLASH
S —— e e—

BRINT, HEMO%IFED N> T)

AMFOA—REE & > ERVWHREINGNIE 7 A O—t &, T/ ILIE, OSXTIE

maple
> gcc -03 -UPRINT lapack.c -1lapack -1lblas

ETNIETES. linux TIELAPACK, BLASH A Y A k=)L TWLwhid,

maple
> #include <veclLib/vecLib.h>

EIXYRT7IRUT,

maple
> gcc —-03 -DPRINT lapack.c -L/usr/local/lib64 -1lapack —lblas -
lg2c

REETNIEAVIAILTEZIELT,

pythonzZ 3! lapackF| T3

import numpy as np
import scipy.linalg as la
import time

sizes =[1000, 2000, 4000]
for nin sizes:
A = np.random.random((n, n))
b = np.random.random((n))
start = time.time()
la.lapack.dgesv(A, b)
print('%s [dim], %10.5f [sec] # python' % (n,time.time()-start))

1000 [dim], 0.01349 [sec] # python
2000 [dim], 0.07105 [sec] # python
4000 [dim], 0.48818 [sec] # python

size elapsed_time[sec]

100 0.004878
1000 0.085786
10000 46.031718

= A5\ Evavd
STERERS
Maple&, C, pythonTHREI B THFEL. CIEZDEETY. Mapleld

with(LinearAlgebra):
data:=[1000,2000,4000];
for n in data do
A:=RandomMatrix(n,n,generator = 0..1.0):
b:=RandomVector(n,generator = 0..1.0):
st:=time();
LUDecomposition(<A|b>):
print(time()-st);
end:
T9. python®Dcodeld, lapackiC ddgesvEIEEL T HUPHET LSICLTWET. scipy.lad

solve TIHMAZES> TLEIMNEL K DA SBRND T,
ERIFE, RO®ED T,

size Maple[sec] C[sec] python[sec]
1000 0.339 0.0589 0.04101
2000 1.384 0.3826 0.12682
4000 45482 3.01M 0.81373
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e

pythonDERETI 1. HxHEIEH x D ELkH$H D £ A. MacBook Air(13-inch, Early

2015/2.2GHz CorICapitan 10.11.6) T H, softDversionicH & D £T.

2L, EAGrandomZz4ER L TVWEINTHRIBRELEDZDT, 5&o&BLVWTY.
& Z1E, Maple®RandomMatrix Cgenerator& 383 L 2L\ & size=1000TH9.773[sec] & & A
THRVNS S WERELIDD T,

Maple Tld & 5 [CRandomMatrix DA IC 6 REHADMND £9. MapleTIENAGD 1 TZ U %

FE>TWEDT, | .
g0 Brempt CO\Y\M ,%
o= %L ;J““

1. RDITFIA DEEEZpythonTRO L. &Hfe, WALITIP ZRHT, WAHLEL

—_——
4 5 5
A= |-4 -5 -7
4 4 6

import numpy as np
np.set_printoptions(formatter={'float": '{: 0.3f}'.format})

A = np.array([[0,1,-2],[-3,7,-3],[3,-5,51])
I, P=np.linalg.eig( A )

print(l)

print(P)

[ 1.000 9.000 2.000]

[[-0.905 0.229-0.707]
[-0.302 0.688 0.000]
[0.302-0.688 0.7071]

from pprint import pprint

dA = np.dot(np.linalg.inv(P),np.dot(A,P))
np.set_printoptions(precision=3, suppress=True)
print(format(dA))

[[1.-0. 0.]
[-0. 9. 0.]
[0. 0. 2.]]

75 DpprintzZE-r O O

from pprint import pprint
dA = np.dot(np.linalg.inv(P),np.dot(A,P))
pprint(format(dA))

'[[1.-0. 0.\n[-0. 9. 0.\n[ 0. 0. 2.]1'

np.set_printoptions(precision=3)
pprint(dA)

array([[ 1.,-0., 0.],
[-0., 9, 0.],
[0, 0., 2.]])

np.set_printoptions(precision=3, suppress=True)
pprint(dA)

array([[ 1.,-0., 0.1,
[-0., 9., 0.1,
[0, 0., 21D

np.set_printoptions(formatter={'float": '{: 0.3f}'.format})
ﬂpprint(dA)

[-0.000, 9000 0000],
[ 0.000, 0.000, 2.000]])
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