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def jacobi_eigensolver (A, tol=1e-10):

Jacobi method for computing eigenvalues and eigenvectors of a real symmetric matrix

A.

5 n = A.shape[0]

Ak = copy.copy(A)

7 while True:

# Find maximum off-diagonal element
B_temp = copy.copy(Ak)
np.fill_diagonal(B_temp, 0)

P, 9 = np.unravel_index(np.abs(B_temp[:n, :n]).argmax(), (n, n))



if np.abs(B_templ[p, ql) < tol:
break

# Compute Jacobi rotation matrix
if np.abs(Ak[q, ql-Ak[p, pl)> 1le-10:
theta = 0.5 * np.arctan(2 * Ak[p, ql/(Ak[q, ql - Ak[p, pl))
else:
theta = math.pi/4
c, s = np.cos(theta), np.sin(theta)
J = np.eye(n)
JIp, pl, Jlq, ql,J[p, ql, Jlq, Pl = c, c, -s, s

# Update Ak
Ak = J @ Ak @ J.T

7 # Extract eigenvalues

evals = np.sort(np.diag(Ak))

return evals, None

P AR, LSRRy, ATBIF QIR A — L, LURBOR K
SERE A BE . 7E BRI KRR A TT, RO AR A BTG R R T R E R A 0,
SRJEIZF np.unravel_index Fl.argmax J7iHk B TH R AT IR, 2RI (H) 950 0
B, BT RUTERE, 4 e — ay| < 10710 B . FRATHEL 6 = 2.

QR B3 19X A Skt 5

def qr_eigensolver (A, tol=1e-10):

QR method for computing eigenvalues and eigenvectors of a real symmetric matrix A.
n = A.shape[0]
Ak = copy.copy(A)
while True:

# Find maximum off-diagonal element

B_temp = copy.copy (Ak)

np.fill_diagonal (B_temp, 0)

P, 9 = np.unravel_index(np.abs(B_temp[:n, :n]).argmax(), (n, n))

if np.abs(B_temp[p, q]) < tol:

break

# Perform QR decomposition on Ak

Q, R = np.linalg.qr (Ak)

# Compute new matrix Ak
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19 Ak = np.dot(R, Q)

N

1 # Extract eigenvalues

evals = np.sort(np.diag(Ak))

N
N

™

3 return evals, None

TERFAEIA Y, RATHA np.linalg.qr JPiENAEREREAT QR 08, R RIAAHRED AT,

2

3 SWER5ITIE

FATESEE n = 10, 35, 50 J LA EL B S (i . 5 G A I, FRATTHAE ) numpy N np.linalg.eigh
SRIFRFLAE, 1EN LA B0 SR B e, ARRS Ik

1 import time

2 for mn in (10, 35, 50):

3 print (("*"*x20 + " n = {} output " + "*"*20).format(n))
# create the tridiagonal matrix

5 A = np.zeros([n,n])+0.0

6 for i in range(n):

7 Afi,i] = 2

8 for j in range(n-1):

9 Alj+1,31 = -1

10 Alj,j+11 = -1

11 for func in [jacobi_eigensolver, qr_eigensolver, np.linalg.eigh]:
12 print("="%20 + " " + func.__name__ + " " + "="x%20)
13 start_time = time.time ()

14

15 evals, evecs = func(A)

1€

17 end_time = time.time()

18 total_time = end_time - start_time

19 print ("Total time: {} seconds".format(total_time))

20 print ("Eigenvalues: {}".format (evals))

FELL BRI T, BATMEH time. time KICFAFIAERMAIIZITII K. G5 RUWT

I okkskokokkokkokokokkokkokokok Rk kI = 10 oUTPUL Rk kK kokokokokokokokok sk ok ok ok ok
) ==================== jacobi_eigensolver ====================

3 Total time: 0.0029714107513427734 seconds

4+ Eigenvalues: [0.08101405 0.31749293 0.69027853 1.16916997 1.71537032 2.28462968
5 2.83083003 3.30972147 3.68250707 3.91898595]

7 Total time: 0.0187685489654541 seconds
¢ Eigenvalues: [0.08101405 0.31749293 0.69027853 1.16916997 1.71537032 2.28462968



9

10

Total time:

2 Eigenvalues:

0.00038433074951171875 seconds

[0.08101405 0.31749293 0.69027853 1.16916997

2.83083003 3.30972147 3.68250707 3.91898595]

kkkkkkkkkkkkkkkkkkkk 1

Total time:
Eigenvalues:
0.36169591
1.15476348
2.17431149
3.14715287
3.81261557

Total time:
Eigenvalues:
.36169591
.15476348
.17431149
.14715287
.81261557

Total time:
Eigenvalues:
0.36169591
1.15476348
2.17431149
3.14715287
3.81261557

0.04143095016479492 seconds

[0.0076106
0.46791111
1.31595971
2.34729636
3.28557522
3.87938524

0.03038449
0.58578644 0.
1.48236191 1.
2.51763809 2.
3.41421356 3.
3.93185165 3.

0.06814835

71442478 0.

65270364 1.

68404029 2.

53208889 3.

96961551 3.

35 outpuUt Hkkkkkkkkkkokkkkkkkk*

0.12061476
85284713

[y

82568851
84523652
63830409
9923894 ]

0.573065996170044 seconds

[0.0076106
0.46791111
1.31595971
2.34729636
3.28557522
3.87938524

0.03038449
0.58578644 0.
1.48236191 1.
2.51763809 2.
3.41421356 3.

3.93185165 3.

0.06814835

71442478 0.

65270364 1.

68404029 2.

53208889 3.

96961551 3

0.0015192031860351562 seconds

[0.0076106
0.46791111
1.31595971
2.34729636
3.28557522
3.87938524

* KKKk ok ok ok koK kR kKRR KKKKK )

Total time:

Eigenvalues:

0.03038449
0.58578644 0.
.48236191 1.
.51763809 2.
.41421356 3.
.93185165 3.

jacobi_eigensolver

0.06814835
71442478
65270364
68404029
53208889
96961551

0.4494516849517822 seconds

[3.7933425

3e-03 1.

51589807e-02 3.

2
3.
3

9
2

6.

.41159991e-02
.99565729e-01
07732108e-01
.00000000e+00
.45267402e+00
.93840988e+00
.42786617e+00
.89147671e+00

1

3.
6

.35055541e-01
67606175e-01
.98763400e-01
.10852329e+00
.57213383e+00
.06159012e+00
.54732598e+00
.00000000e+00

1.
4.

83069456e-01
41838851e-01

.94730727e-01
.22042825e+00
.69321669e+00
.18453672e+00
.66470960e+00
.10472995e+00

0.12061476
85284713 1.
82568851 2.
84523652

63830409 3.

.9923894 1]

0.
1.

4
2

5.

.84523652

0.12061476
85284713 1.
82568851 2.

63830409 3.

.9923894 1]

50 outpUL *kkkkkkkskokokkokok ok ok ok * ok *

0538006e-02 6.04061279e-02

.37975611e-01
21982166e-01
.95270054e-01
.33529040e+00
.81546328e+00
.30678331e+00
.77957175e+00
.20526927e+00

1.71537032 2.28462968

0.18738443 0.26794919

.73205081

0.18738443 0.26794919

73205081

0.18738443 0.26794919

73205081
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80

81

83

84

; Total time:
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3.30123660e+00
3.63239382e+00
3.86494446e+00
3.98484102e+00

Eigenvalues:
9.41159991e-02
2.99565729e-01
6.07732108e-01
1.00000000e+00
1.45267402e+00
1.93840988e+00

.42786617e+00
.89147671e+00
.30123660e+00

2

2

3
3.63239382e+00
3.86494446e+00
3

.98484102e+00

Total time:
Eigenvalues:
9.41159991e-02
2.99565729e-01
6.07732108e-01
1.00000000e+00

[

.45267402e+00
1.93840988e+00
.42786617e+00
.89147671e+00
.30123660e+00
.63239382e+00
.86494446e+00

w w W w NN

.98484102e+00

el 40, R Jacobi. QR HIEM NumPy B KX A TR 4E RAE 1078 462 —
e, Fit, JATECHRESZILL Jacobi M1 QR AR EEHS A LLIR I kS B2 SR AR BURMIE 1

7] L

[3.

3.39226789e+00
3.70043427e+00
3.90588400e+00
3.99620666e+00]

1.35055541e-01
3.67606175e-01
6.98763400e-01
1.10852329e+00
1.57213383e+00

.06159012e+00

.54732598e+00

.00000000e+00

2

2

3
3.39226789e+00
3.70043427e+00
3.90588400e+00
3

.99620666e+00]

79334253e-03 1.
1.35055541e-01
.67606175e-01
.98763400e-01

= OO W

.10852329e+00
1.57213383e+00
.06159012e+00
.54732598e+00
.00000000e+00
.39226789e+00
.70043427e+00
.90588400e+00

W W W w w NN

.99620666e+00]

qr_eigensolver

3.47801783e+00
3.76202439e+00
3.93959387e+00

3.665611743927002 seconds
[3.79334253e-03 1.51589807e-02 3.

1.83069456e-01
4.41838851e-01
7.94730727e-01
1.22042825e+00
1.69321669e+00
.18453672e+00
.66470960e+00
.10472995e+00

2

2

3
3.47801783e+00
3.76202439e+00
3

.93959387e+00

51589807e-02 3
1.83069456e-01
4.41838851e-01
7.94730727e-01
1.22042825e+00
1.69321669e+00
.18453672e+00
.66470960e+00
.10472995e+00
.47801783e+00
.76202439e+00

w W w w NN

.93959387e+00

FEREIN T, FAR LRI T H &R

MEHFEH, Jacobi JHARIFEN AL QR JHAM & E D, AR K =HE W+, Jacobi

JiiE QR TR 6 2 14

3.55816115e+00
3.81693054e+00
3.96594620e+00

40538006e-02 6.04061279e-02

2.37975611e-01
5.21982166e-01
8.95270054e-01
1.33529040e+00
1.81546328e+00
.30678331e+00
.77957175e+00
.20526927e+00
.556816115e+00
.81693054e+00

W w W w NN

.96594620e+00

.40538006e-02 6.04061279e-02

2.37975611e-01
5.21982166e-01
8.95270054e-01
1.33529040e+00
1.81546328e+00
.30678331e+00
.77957175e+00
.20526927e+00
.55816115e+00
.81693054e+00

W w w w NN

.96594620e+00
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Jacobi 775 QR W& NumPy

n =10 0.0029714 s 0.0187685 s 0.0003843 s
n =235 0.0414310 s 0.5730660 s 0.0015192 s
n =50 0.4494517s 3.6656117 s 0.0s

FAMERT UG Y, BA X AN S 1 BAT Dh e H R AEACECR B IR ARE I, 1R 3cAT
X B AT, BB R INE FB. BT, JATRT5ELL Numpy 18 L+ 21
JUB %o BRI AT DAAR S, SRR AT AR B0 At LA R SRR 0 LE SRR 52 o 368 81 ) IS 2 KA
AL R, WTRERCR = ARH 2, HETIERME.
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