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Kohn-Sham DFT

W. Kohn and L. J. Sham, Phys. Rev. 140, A1133 (1965)
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Accelerating SCF Convergence
Direct Inversion in the Iterative Subspace (DIIS)

Accordingly, the corresponding error vector:

Minimize the Lagrangian with constraint

Construct a new vector from previous ones

P. Pulay, Chem. Phys. Lett. 73, 393 (1980)
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Matrix Equation of DIIS

P. Pulay, J. Comput. Chem. 3, 556 (1982)
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Performance of DIIS
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Accelerating SCF: EDIIS
(energy-DIIS)

K. N. Kudin, G. E. Scuseria and E. Cancès, J. Chem. Phys. 116, 8255 (2002)

E. Cancès and C. Le Bris, Int. J. Quant. Chem. 79, 82 (2000)

measure of error

convex constraint
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Accelerating SCF: ADIIS

X. Hu and W. Yang, J. Chem. Phys. 132, 054109 (2010)

Augmented Roothaan-Hall energy function:

S. Høst et al., J. Chem. Phys. 129, 124106 (2008)

convex constraint

measure of error
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X. Hu and W. Yang, J. Chem. Phys. 132, 054109 (2010)

DIIS/EDIIS/ADIIS Performance
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X. Hu and W. Yang, J. Chem. Phys. 132, 054109 (2010)

DIIS/EDIIS/ADIIS Performance
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Accelerating Energy Convergence
by Perturbative Expansion
without Altering SCF Path

B. Zhou and Y. A. Wang, J. Chem. Phys. 124, 081107 (2006)

B. Zhou and Y. A. Wang, Int. J. Quantum Chem. 107, 2995 (2007)
B. Zhou and Y. A. Wang, J. Chem. Phys. 127, 064101 (2007)
B. Zhou and Y. A. Wang, J. Chem. Phys. 128, 084101 (2008)

Y. A. Zhang and Y. A. Wang, J. Chem. Phys. 130, 144116 (2009)
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Energy Evaluation for Any Interation

J. Harris, Phys. Rev. B 31, 1770 (1985)
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Energy Perturbative Expansions 
(exact to 2nd order)

M. W. Finnis, J. Phys: Condens. Matter 2, 331 (1990)

Exact to 2nd order:

linear response kernel, hard to evaluate, difficult to implement

B. Zhou and Y. A. Wang, J. Chem. Phys. 128, 084101 (2008)
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Corrected Energy Functionals
(exact to 2nd order)

B. Zhou and Y. A. Wang, J. Chem. Phys. 128, 084101 (2008)

Finite difference 
approximation:

Y. A. Zhang and Y. A. Wang, J. Chem. Phys. 130, 144116 (2009)

B. Zhou and Y. A. Wang, J. Chem. Phys. 127, 064101 (2007)
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Performance of Energy Functionals

Y. A. Zhang and Y. A. Wang, J. Chem. Phys. 130, 144116 (2009)

variational path unaltered!
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Accelerating SCF Convergence
via Linear-expansion Shooting 

Technique (LIST)

for both energy and wave function 
(density and/or density matrix)
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Shooting Method
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Essence of LIST

Finite difference:

Linear expansion:

B. Zhou and Y. A. Wang, J. Chem. Phys. 128, 084101 (2008)
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Direct LIST: LISTd
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Matrix Equation of LISTd
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Simplest LIST: LISTs

the latest interation as the simplest choice



22

Indirect LIST: LISTi
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Matrix Equation of LISTi
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SCF Convergence: HF Molecule
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SCF Convergence: Water
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SCF Convergence: Ethylene
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Density Convergence: Ethylene
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SCF Convergence: Benzene
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Density Convergence: Benzene
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SCF Convergence: Silane
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A Chanllenging System

X. Hu and W. Yang, J. Chem. Phys. 132, 054109 (2010)



32

SCF Convergence: Cd Compound
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Summary of LIST Methods

 LISTi ourperforms other LIST methods and 

DIIS/EDIIS/ADIIS in almost all cases.

 The computational cost of LISTi is less than 

DIIS/EDIIS/ADIIS.

 LISTs and LISTd are better in the early stage 

of SCF procedure.

 LISTi is a stand-alone method.
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Test on HF and H2O (with damping)

Zhang & Wang, J. Chem. Phys. 130, 144116 (2009).
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