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• B. Parlett, The Symmetric Eigenvalue Problem, 1998, SIAM Pub..

• Z. Bai, et al., Templates for the Solution of Algebraic Eigenvalue Problems-A
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O�zÆ§�5 ���Ý�¼nØ£linear-scaling density functional theory¤Ú��

|��p�^£full configuration interaction¤¯K¥I�O�Ä�Ú$-u�(the

ground-state and low-lying excited states)�A�eZ��A��9A��þ2¶£du
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ÚOÆ!ã�¡E�+�¥�9�£DÕ¤Ì¤©©Û£PCA¤I�O�eZ��A�

�9�A�A��þ3¶

ü�¶Ìàa£spectral clustering¤;· · · · · ·Ñ¬�9�O�àÜA��¯K¶
1
�7{§uÛ�²L�`znØ�#?Ð§A^VÇÚO§2022

2
Gao, Li, Lu, Triangularized orthogonalization-free method for solving extreme eigenvalue

problems, JSC, 2022.
3

V. Kuleshov, Fast algorithms for sparse PCA based on Rayleigh quotient iteration, JMLR, 2013
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• M. Chen, Z. Jia, H. Pang, Computing top eigenpairs of Hermitizable matrix,

Front. Math. China, 2021.

Hermitizable matrix −→ Hermitian matrix Householder transform
O(n3)

→Tridiagonal

matrix −→ Fast solver.

2022c�k)uLØ©µ

M. Chen, R. Chen, Top eigenpairs of large scale matrices, CSIAM, 20224.
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Äuü�ÛÜ�OEâ£localized estimation techniques¤§ò�{Ú £��{�`:(Ü3
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�½�{�Ð©ÊÅOKε > 0§^�{O�λ̂1Úλ̂2"½Â

δ =

∣∣∣∣∣ λ̂1 − λ̂2

2λ̂1

∣∣∣∣∣ .
XJδ < ε§K �ε := 10−1 ∗ ε§EþãL§§��δ > ε��",��{
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Table 1: Computing top 6 eigenvalues by the adaptive technique. (R)
n=5000

λ Z-PI iter-PI tol-PI tol-PI-final
1st 5021.9182380 18545/28417 0.5 0.005
2nd 4999.0399259 49527/24079 0.5 0.00005
3rd 4998.1382745 25/25 0.5 0.00005
4th 4997.0779147 25/21771 0.5 0.00005
5th 4996.1576651 25/20445 0.5 0.00005
6th 4995.1030324 25/10797 0.5 0.00005
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λ Z-IPIv iter-IPIv tol-IPIv
1st 5000.000000000000 10 1e-6
2nd 4999.000002171369 2 1e-6
3rd 4998.000217675986 2 1e-6
4th 4997.000026643257 2 1e-6
5th 4996.000343122708 2 1e-6
6th 4995.000076092531 2 1e-6
λ Z-IPIf iter-IPIf tol-IPIf

1st 5000.000000000000 1 1e-12
2nd 4999.000000001161 2 1e-12
3rd 4998.000000007544 3 1e-12
4th 4997.000000008056 2 1e-12
5th 4996.000000001573 3 1e-12
6th 4995.000000004986 3 1e-12
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• Gao, Li, Lu, Triangularized orthogonalization-free method for solving extreme

eigenvalue problems, JSC, 2022¶

• Gao, Li, Lu, Global convergence of triangularized orthogonalization-free

method, CMS, 2023.

¦)eZ��£��¤A��¯K�=z�Xe�`z¯K§þã©zÄuF
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p���A��¯K min
X∈Rn×p

‖A + XX ᵀ‖2
F , Ù¥A = Aᵀ, Akq�KA��, p < q.

p���A��¯K min
X∈Rn×p

tr ((2I − X ᵀX )X ᵀAX ), Ù¥A�é¡K½Ý
.

£ùpI�(X ᵀX )−1 ≈ 2I − X ᵀX .¤
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