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X. Zhang et al., Nature Material, 5, 452 (2006)
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laser pulse

. pseudopotential
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1
rather brute force approach but ...

straightforward manner
no basis set dependence

easy to discuss time-dependent phenomena
a 4 X nonlinear effects are tractable
p suitable for massive parallelization

y/ Simple Algorithm for TD-KS equation

“A
Won + Viaser] 101 (I‘, t)

ee Potential (Poisson Eq.):
njugate gradient method




Finite Difference in Real Space

2 2 /
ih%¢l(r,t) = [— R + = (T, 8

d ' VXC ‘/ion Vaser 7t
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finite difference approximation

5 J. R. Chelikowsky et al., Phys. Rev. B 50, 11355 (1994)

tho (i, ys 2k, 1) 9-pt FD
e— diagonal & off-diagonal

- T 5 [anl(ajz =+ HALE‘, Yjs %k t) + Cn¢l(xi7 Y + ’I?,Ay, 2k t) =+ anl(xia Yj, %k + nAZ? t)

n=—4
+ Vi (@4, ¥, 2, t) + Ve (T4, Y5, 25 ) + Vion (i, Y55 2k, t) + Viaser (T4, Y5, 2k, ©) | 01(24, Y55 21, T)
diagonal

sparse matrix ZT
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Hartree Potential

e? ne(r',t) almost impossible to

Vi = Amey | |r— 1] dr’ carry out direct integration
— V2V = —GQZ—O Poisson Eq.
formally equivalent
Ax — b very sparse matrix

(Ny X Ny x N,) x (N X Ny x N,) ~8M x 8M

eConjugate gradient method might be better, i.e., iterative method
ealternative method, FFT (?)

algorithm of CG

initial vectors TR+ — 2 p(k)
70 = _, g2y A+ _ (709 709 /(7). U1y
pO) _ Zé(; VD =y | g041) pk) Sl
Z(1) _ (k) _ (et 1)p(k+1)
residual vecto2r Ok+1) (Z(k;-|-1) . Z(k+1))/(Z(k:) . Z(k))
7(k) _ Son . vzv(k) << 1 plt1) — 7(k+1) 4 o(k+1) p(k)

H. Flocard et al., Phys. Rev. C 17, 1682 (1978)



Time Propagation in Real-Time:Taylor Expansion

zh%%(r ) (I‘, t)
= Y(r,t + At) = ( Ht+ At/2) At) Y (t)
~Y (—z’ HhAt/ 2>At) )

alternative propagation methods:
ex.

1) Crank-Nicholson operator method
2) Split operator method with FFT

unconditionally stable even for large step size,
but higher cost per one step and not suitable for massively parallel computation



Grid vs. Orbital Parallelization

node1 node2 node3
space1 space?2 space3
all orb all orb all orb
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Bottleneck in solving poisson equation

grid parallelization only
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Bottleneck in Laplacian operation

i (1) = Hu(r, 1)

= i (r,t + At) = exp (—ZH(
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Bench mark (TDDFT)
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K(X)-Computer and its High Performance Architecture
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