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Kohn-Sham DFT
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Accelerating SCF Convergence
Direct Inversion in the lterative Subspace (DIIS)

Construct a new vector from previous ones
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Accordingly, the corresponding error vector:
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Matrix Equation of DIIS
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Performance of DIIS
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Accelerating SCF: = DIIS
(energy-DIIS)
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Accelerating SCF: ~DIIS

Augmented Roothaan-Hall energy function:
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DIIS/EDIIS/ADIIS Performance
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DIIS/EDIIS/ADIIS Performance
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Accelerating Convergence
by Perturbative Expansion
without Altering SCF Path
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Energy Evaluation for Any Interation
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Energy Perturbative Expansions
(exact to 2" order)

Exact to 2™ order:
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linear response kernel, hard to evaluate, difficult to implement
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Corrected Energy Functionals
(exact to 2" order)
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Performance of Energy Functionals
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Accelerating SCF Convergence

via Linear-expansion
Technique (LIST)

for both energy and wave function
(density and/or density matrix)



Shooting Method

Shooting Method on y”=-g

py(0)=32.01
p Y/ (0)=30

Wisdom from any “Shooting” act:

$Pick the target, aim, and shoot!
#Estimate the error, adjust the aim, shoot again!
$Reassess the result, shoot till hitting the goal.

The shooting method is a method in numerical
analysis for solving a boundary value problem
by reducing it to the solution of an initial value
problem.

Using iterative process to achieve
self-consistent field (5CF) in solving
the Schrodinger equation is a
shooting method. Hereafter, the
will be strictly
observed as religiously as possible.

A boundary value problem is a differential
equation together with a set of additional
restraints (boundary conditions).

An initial value problem is a differential
equation together with specified value (the
initial condition) of the unknown function at
a given point in the domain of the solution.




Essence of LIST

Finite difference:

Linear expansion:

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



irect LIST: LIST

Shooting at the same energy:
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Linear expansion of p; with the constraint:
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Matrix Equation of LISTd

-1 Ay A
—1 Asy Ao

—1 Aml Am?

where A;; = Eg}{s + (pjAv) — (p Av;), and Av; = %(’U(i) —

o




implest LIST: LIST
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ndirect LIST: LIST

Input-p expansion: pg"’ =D 5?:;0@(:3 = E[p%;”
Output-p expansion: pﬁ“’t = Z@ C’ip(()it = B [Pgut]
Near convergence
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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

ethene
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Density Convergence: Ethylene
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SCF Convergence: Benzene

benzene
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Density Convergence: Benzene
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SCF Convergence: Silane

silane
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A Chanllenging System
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SCF Convergence: Cd Compound
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Summary of LIST Methods

¢ LIST ourperforms other LIST methods and
DIIS/EDIIS/ADIIS in almost all cases.

¢ The computational cost of LIST! is than
DIIS/EDIIS/ADIIS.

¢ LIST:= and LISTc are better in the early stage
of SCF procedure.

¢ LIST isa method.
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Test on HF and H,O (with damping)

HF LDA calculation (damping) H,0 LDA calculation (damping)
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