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< Key issues:
p DFT i). Cheap computational cost
ii). Accurately describe bond breaking/formation
fs > length
nm um scale
10 100 1000 10000 atoms

»DFTB (density-functional tight-binding) is a well established approximate
DFT method but there are no available Be-X parameters. Therefore, we
started to develop Be-Be and Be-H parameters.

Introduction DFTB Method
Fast QM Method: Approximate DFT
Density-Functional Tight-Binding (DFTB)

Tight Binding (extended-Huckel-like) method with parameters from DFT

Eschrig, Seifert (1980’s):
« 2-center approximation
*  Minimum basis set !
@ L

valence Helmut Gotthard  Thomas
orbitals atoms Eschrig  Seifert Frauenheim
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25 & Foulke. Havdock (1989):
1 dons 3= p(F)=p,(F)+dp (F)
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Marcus Elstner

Christof Kéhler

No integrals, DFTB is roughly 1000 times faster than DFT!
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DFTB Method

DFTB Parameterization of
Be-H/D/T chemical interactions

Accelarating DFTB calculations

»Little is known about the plasma wall processes on Be surface
»Performing accurate molecular dynamics (MD) simulations is important
to extend our knowledge at the atomistic level

Chemical Sputtering on Be

Temperature ~600°C () =Be

° Plasma @ @ =H/DIT, He, H,0, CH,, Ny, W,

Gefting insights into plasma wall interactions;

«Incident energy dependence

(adsorption, reflection, penetration)

*Temperature dependence

«Conditions of surface structures

(how erosion, retention processes proceed)
*Comparison with experimental data and

8 previous theoretical works (classical MD
simulations™ and static DFT calculations**)

(pure/mixed) Be surfaces

*Bjorkas, C. et al., New. J. Phys., 11, 123017, (2009).; Ueda, S. et al., J. Nucl. Mater., 258-263,
713, (1998).; Ueda, S. et al., J. Nucl. Mater., 283-287, 1100, (2000).
**Allouche, A. et al., J. Phys. Chem. C, 114, 3588, (2010). 4
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DFTB DFTB Method

Self-consistent-charge density-functional
tight-binding (SCC-DFTB)

M. Elstner et al., Phys. Rev. B 58 7260 (1998)

Second order Taylor-expansion of DFT energy in terms of reference density
o and charge fluctuation dp (o = p, + op) yields: Foulkes + Haydock Ansatz
Phys. Rev. B, 39, 12520 (1989)
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Density-functional tight-binding (DF TB) method is derived from terms 1-6
SCC-DFTB method is derived from terms 1-8 ?

DFTB method

“ Repulsive diatomic potentials replace usual nuclear repulsion
energy

* Reference density 0, is constructed from atomic densities
Po= 2P}
A
+» Kohn-Sham eigenstates ¢, are expanded in Slater basis of valence
pseudoatomic orbitals ; o

= 2o

< The DFTB energy is obtained by solving a generalized DFTB
eigenvalue problem with HO computed by atomic and diatomic DFT

H'C=8Cz  with S, =(x,

%)
= (x| ) Jx)

DFTB DFTB Method

Approximations in the DFTB Hamiltonian

Traditional DFTB concept: Hamiltonian matrix elements are approximated to
two-center terms. The same types of approximations are done to E,,.

Eneunl free atom

. if u=v

Hy,=A (eal T+V5+V5let) if a#B  From Elstner et al., PRB 1998

0 otherwise.

Vg [ Lo ] =V, [ P+ Py ] (Density superposition)
Valed=Voylpi)+Vylps]

Both approximations are justified by the screening argument: Far away, neutral atoms
have no Coulomb contribution.

(Potential superposition)

Situation | Situation Il
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DFTB DFTB Method

LCAO ansatz of wave function ygriational secular equations

i _—
v, = Ecmv(r;Ral principle EC &S, ) 0
" pseudoatomic orbital AN

Hamlltonlan Overlap

Atom 1 — 4 are the same atom & have only s shell

Diagonal term

Orbital energy of
neutral free atom
(DFT calculation)

H,=¢, +%Zlns 7 A}
=1

Charge-charge Induced
interaction function charge

DFTB
DFTB and SCC-DFTB methods

valence
orbitals atoms

DFTB E ne, +— 2 EAB
AsE
term | terms 2-6
valence
orbitals atoms
SCC—DFTB AB
E E neE +— EyABAqAAqB+ EE
AsE
%,_,
term | terms 7-8 terms 2-6
«* where
> n;and ¢ — occupation and orbital energy ot the " Kohn-Sham
eigenstate

> E., — distance-dependent diatomic repulsive potentials
» Ag, — induced charge on atom A

> 71,5 — distance-dependent charge-charge interaction functional;
obtained from chemical hardness (IP — EA) 10

DFTB DFTB Method

SCC-DFTB method

< Additional induced-charges term allows for a proper description
of charge-transfer phenomena

* Induced charge Ag, on atom A is determined from Mulliken
population analysis

MO
=) Ecu,cw o

i UEA v
< Kohn-Sham eigenenergies are obtained from a generalized,
self-consistent SCC-DFTB eigenvalue problem

HC=SC¢ with S, = <X,‘ Xv> and
atoms

2 Yk + Vg )Aqk

H,, = (Aol o) ) + =5 > S

DFTB DFTB Method

LCAOQ ansatz of wave function ygriational secular equations

—_—
‘I’,=2c;¢v(r;Ru) principle Ec uv -& ,,‘V\) 0

v : .
pseudoatomic orbital
Hamlltonlan Overlap

pre-computed parameter  v'two-center approximation
*Reference Hamiltonian H°  v'nearest neighbor off-diagonal
+Overlap integral S, elements only

v/(minimum basis set)

Example: X,: Atom 1 — 4 are the same atom & have only s shell

How to construct?

DFTB DFTB Method

LCAO ansatz of wave function ygriational secular equations
i ——
W, = 2cv¢v(r_Ra) principle EC &S, ) 0
Y pseudoatomic orbital AN

Atom 1 — 4 are the same atom & have only s shell Ham'lmman SEL

Two-center integral
Hy
Hp,
Hyy
d. =

0
Lookup tabulated H° H,, =H,, +1 > ’”2 Ve ¥V pe )AqE
and S at distance r

Charge-charge Induced

interaction function charge



DFTB DFTB Method

LCAO ansatz of wave function \ariational secular equations
i _— i
W, = Ecv¢v(r_Ra) principle Ecv(Hfuv _EIS/;V\)=0

pseudoatomic orbital

Hamiltonian Overl
Atom 1 — 4 are the same atom & have only s shell SLLCURS L

Two-center integral

H11

! Ho | Ha

1
Lookup tabulated H® H,, = H,, + ES“VE (7, + 7, J0q
and S at distance r >

; Charge-charge Induced
>Repeat for all off-diagonal terms interaction function  charge

DFTB gradients DFTB Method

Gradient for the DFTB methods

The DFTB force formula

MO JH" s JE
F=-YnYcc |——g |
eSS | M B ] 2

The SCC-DFTB force formula

MO A0
Fo==3m 3 e,
T

GH, [ toms as,,
(9:; _(51 Y ;(YMK + yNK)AqK) ﬁ; :|_

atoms
. 9E.,

- AqA AX AqK - =

; da

da

computational effort: energy calculation 90%
gradient calculation 10%
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DFTB Method

Band structure for Se (FCC)

— DFT
— DFTB

ALK

15

10

R :

77T

New Electronic Parameters

N

\{

©bilbao crystallographic server
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r X WK L

Brillouin zone

Particle Swarm Optimization

1) 2)
S >particle
° ° [—,\ S e,
. L Z . : .
. . . ° o —
a) 3) S -7
/‘— o ¢
® (D

1) Particles (=candidate of a solution) are randomly placed initially in a target

space.

2) — 3) Position and velocity of particles are updated based on the exchange of
information between particles and particles try to find the best solution.

4) Particles converges to the place which gives the best solution after a number of
iterations. 3

DFTB Method

DFTB repulsive potentials

DFTB repulsive potential E

occ ({gp
H / H
1= s Uap = TR (R
i af i
0.4
0.3
_ oz Development of
301 (semi-)automatic
< fitting:
§ 0 *Knaup, J. et al.,
2 o JPCA, 111, 5637,
s (2007)
-0.2 *Gaus, M. et al.,
JPCA, 113, 11866,
-0.3 (2009)

*Bodrog Z. et al.,

—0.4
1.1 1\2 1.3 1% 15 16 1A 1.8 1.9/C7C 7 2654, (201)
distance [A]

HC-CH H,C-CH, H,C-CH,
Which molecular systems to include? 18

DFTB Method

H, difference densit

New Electronic Parameters

New Confining Potentials 1s 1s
»Typically, electron @ * il

density contracts under H l H
-I O1s
H,

covalent bond
formation.

>In standard ab initio

s x, Angs =
methods, this problem B Mp=p-Z,p,

T T T

can be remedied by ) i
including more basis 5+ Woods-Saxon potential \ - 1
functions. sk V() = v / ]
1+exp{-a(r-r)}
»>DFTB uses minimal ‘[ r,=3.0,a=3.0, W=3.0 )
: ! , , ) w
valence basis set: the 15 f
confining potential is Conventional potential
adopted to mimic o f o\ 1
contraction LV =|— |
R, S
Ry=27.k=2 .
Henryk Witek ° ! : fzﬂ ! .

DFTB Method

Particle swarm optimization (PSO)

New Electronic Parameters

Particle Swarm Optimization

ach particle has “onecent”

randomly generated
parameter sets (ry, a, W)
within some region

Generating one-center
quantities (atomic
orbitals, densities, etc.

535] a[25,
W[0.1,05 W[0.5,20]
135,65 r,[6.0,10.0]

“twocent”

Computing two-center
overlap and Hamiltonian
integrals for wide range
of interatomic distances

Evaluating “fithess value”
(Difference DFTB — DFT band
structure using specified fitness
points)

Memorizing the best fitness
- value and parameter sets
Update the parameter
sets of each particle




DFTB Method

Example: Be, HCP crystal structure

Electronic Parameters

Total density of states (left) and band structure (right) of
Be (hcp) crystral structure

25

*Experimental
lattice constants
*Fermi energy is
shifted to 0 eV

2.286,
>

R
J 3.584
_ “J—"r“

Energy [eV]

o
RN FRETE FUE TS FEETE PET RS PET T FETT PR

Electronic Parameters

DFTB Method

Correlation of r(orb) vs. atomic diameter

e,

@ Empirically measured radii
(Slater, J. C., J. Chem. Phys.,
41, 3199-3204, (1964).)

M Calculated radii with minimal-
basis set SCF functions
(Clementi, E. et al., J. Chem.
Phys., 47, 1300-1307, (1967).)

A Expected value using relativistic
Dirac-Fock calculations
(Desclaux, J. P., Atomic Data
and Nuclear Data Tables, 12,
311-406, (1973).)

@ This work r(orb)

Atomic diameter [a.u.]
O -~ NWHAOOONOWOOO

0 10 20 30 40
Atomic Number Z

»In particular for main group elements, there seems to be a
correlation between r(orb) and atomic diameter.

Binary Systems DFTB Method
NaCl (rocksalt) TeAl (b2) o 7

25 2
o — DFTB (d's)
15
10 &

_—"]

) «d’s'is used in

y [eV]

g
P T POTCAR (DFT)
g0 2 o
E
104
15
r X WK L ! K
GaAs (zincblende)
25 =
204 DFTB (previous work)
154
= 104 = Reference of
2 53 = previous work :
] g
E \= & element name
= ] Ga,As  hyb-0-2
20 B,N matsci-0-2
r X WK r L w

»Further improvement can be performed for specific purpose
but this preliminary sets will work as good starting points

Erepfit 8 & DFTB Method

O Yoshifumi Chien-Pin  Prof Henryk
Nishimura  Chou

Workfiow of PSO Optimization for DFTB
Repulsive Potential

Searchlng ( )
Space

Rep. Potentlal/SK flles Testing using Function value
B SK Files (fitness value)

‘ ETEDﬁti etc. Testlauf ‘ TestSuite ‘
Training Set /c=‘ Testing Set /

Gaus, M. et al., JPCA, 113, 11866, (2009) =

Transferability of optimum parametei

DFTB Method

for different structures —
i
e.g. : Si, parameters were optimized with bcc only 3523p23d°

bee . e . Lattice constants:

» Expt

* I 3.081
N fee 3.868
7 s sl 2532

-

Vi |l

A
" /\ ) /2 ™ . diamond 5.431
! N " Parameter sets:
scl diamond (o)  3.33938

a(orb) 452314
Florb) 422512
= " W(dens) 168162
a(dens) 2.55174

) | ! N, r(dens) 996376
. ™~ F & 039735
—— T g, 0.14998
> Avrtificial crystal structures can be reproduced well
& 021210 2

Binary Systems

DFTB Method

Rocksalt (space group No. 225) 2 (space group No. 221)

*NaCl *CsCl
*MgO *FeAl
*MoC
*AgCl

Zincblende (space group No. 216) Others
«SiC *Wurtzite (BeO, AlO, ZnO, GaN, ...)
«CuCl *Hexagonal (BN, WC)
«ZnS *Rhombohedral (ABCABC stacking
*GaAs sequence, BN)

» more than 100 pairs tested

BCC elements

’/o[ «space group No. 229
a

«1 lattice constant (a)

Or. Yoshifumi Chien-Pin  Prof Henryk
Nishimura  Chou

Growp | 1 [ 2 3 a5 e 7] s[ 9] t0f11]12[13][14 | 15] 16 [17 *le
Period . . . .
Transferability checked (single point calculation)
1 —— Reference system in PSO @
—— Experimental lattice constants @
2 available S

8
O,
16\ /

S
@ D)
52
U: .
‘ 84 85 | 86
/\P/\Bi/ Po At Rn
114 | 115 | 116 117 | 118
Uug Uup|Uuh Uus Uuo

AnAAVAC)

N7 ﬁ‘ﬂ
(N 104.!3
'@

J

‘ m
RO

DD

Overview

DFTB Parameterization of
Be-H/D/T chemical interactions



Description of small neutral beryllium clusters

*Distance in [A] * - -8 B3LYPlcc pVTZ
. it Be, (D.y) BE/atom = n*EBe)- E(Be,) A—A\ SCC-DFTB
Closed shell singlet 2483 . o
B3LYP/cc-pVTZ 2.492
SCC-DFTB 2.205 -
PM3 =7
S ]
Be; (D3n) Be, (7o) £ 551
2.162 2.030 8 ]
2159 o =2 1
2.196 2203 € 20
y §71
D 2.
J B
=12
(<2
5 1
Bes (D) 25096 (Ca) S 107
: 2.450 ]
s 2.796 2803 2 ]
2.244 3.872 7% T 57
5 ]
0 T T T T T
2 3 4 & 6
1.985 n (Be,)
2.130
2.184 33

Binding energy of beryllium hydride oligomers

G~ MP2/cc-pVTZ
BeH, o9 n*E(BeH,)-E(Be H,,) |z-m83Lyprecpvrz
BE = "~ | 4—¢ PBE/cCpVTZ
Be,H, *—4(\/-‘ n-1 A-A SCC-DFTB
- < PM3
Be;Hs :—.(}x;,—, ] _o—0—0—0—2
Be,Hg )—.(\/x;.(\/—a E 40_:
BesH,, »—(}x}(};}a—; g 35_:
-]
BegH,, ‘O‘* r\(}‘*’(}_, g A/A_,A—_A——-A—A—A—H
By —Q(Q 57
BegH1e ,-,(}x;(\/x;\,\('\/x;(\/,-a g i 4/4/4_4__4__4_4—4—4
BegHiy —Cpoa(p(sn(ocss ]

20
g O 0= 0=~ ¢ " A N A B S S A R
n (BeﬂH_,n)
»Discrepancy of DFTB binding energy from DFT or MP2 is reduced compared
with other semi-empirical methods (PM3) 35

Difficulty of generating Be-Be E,,, from Be, only

*Distance in [A] Be, (D..;) Potential energy curve of Be,

+Closed shell singlet T o] TP
B3LYP/cc-pVTZ 2.492 5 0] — SCC-DFTB
SCC-DFTB 2.205 3 r r
PM3 o\ —/r—
>
5
Be; (D) Be, (T,) 2.
2.030
2.162 .
2,892 3.051
2.203 5
£
D <
=
B
2
£
Beg (Cz) -
2.970 2.450 =
3.160 5.000 £
3872 @ 2146 3
g
2 B
1<J
e
by 2325
2.191 2.368
’ 2.244 37

Scaling factor f vs. optimized bond length
Be, (Dy,)

DFTB optimized
geometry was
converged to C,,,
symmetry

T— T T T T T T T T— T T T T T T T
0.3 04 0506 07 08 09 1 0.3 04 05 06 0.7 08 09 1

Be, (T,)

*Blue dashed line is the reference DFT
(B3LYP) bond length

*The best f value depends on the size
of cluster

*Next, we need to find the correlation
with respect to some properties, (e.g.
bond order, coordination number, etc.)

T T T T T T T T
03 04 0506 070809 1 39

Geometries of beryllium hydride molecules

*Distance in [A] BeH, (D..,,) BeH*(C.,)  BeH (C.,
*Angle in [degree] 1.326 1316 1438
Closed shell singlet 1.326 1.308 1.451
B3LYP/cc-pVTZ 1.295 1.273 1.359
SCC-DFTB J—J—J )—J )—J
PM3
1.993€2H4 (D2r) Be;Hg (D)
: 1.465 1.967 1.444
1.990 1,980 ey 1Mea
1.325 2.132 1525 1178

119.2

133.3
134.2

133.2 1.471
88.4 134.4 1.454 86.0
1.522 1,527 88.6

1.389
1.401 BesHg (Cy,) 11287

»DFTB has a potential to predict
good geometries for small beryllium
hydride molecules

34

Scaling factor approach

Difficulty of generating Be-Be E,, from Be, only

*When Be-Be E,,, is generated from Be, only, it is difficult
to describe (even small) neutral beryllium clusters
Potential curve of Be, with different angle indicates that
the many body interaction cannot be negligible to form
energetically stable clusters

To overcome this issue, two strategies were tested

Strategy1: Taking Be; and Be, as the reference molecule
to yield E ,, (results correspond to slide 6-8)

Strategy2: Multiplying scaling factor fto Be, E,,,

The first question of strategy 2 is;

“What is the best value to be multiplied to reproduce DFT
geometries and energetics?”

38

Scaling factor f vs. atomization energy E;

Be, Be,

N
&
)
S

= _E = 50—5
S 20 5 3
= 15 £ 405
K S 304
~ 104 i~ E
] .20
s 1 57 3
w5 w104
LS A — v
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Be, E, = > E(atom)—{E(M)+ ZPE(M)}
1204 *Blue dashed line is the reference DFT
= 1003 (B3LYP) energy
e 3 *The best f value again depends on the
= BO_E size of cluster, and that is different from
L so the value reproducing the DFT bond
= 404 length
w 20_5 *The additional task is to adjust f to
04 minimize the errors in both geometry

T T T T T T T T :
03 04 0506 07 08 09 1  andenergetics 20



DFTB Application

Benchmark
Initial geometry HCP
‘4“3;%/;/ ,;,:’1,"» a f b =2.2858
: ,,/////n . c=35858
I
‘A—imizm
parameterl parameter2
o PP WP P o
HCP ° ////’;:‘:///{:)x o
=b= ° PP L ]
a=b 2.066J),// PP o

c=3.558 ° P PP IR P o

Keep wall and shape like HCP crystal structure

MD simulations

(a) Pristine wall

Like hexagonal tubes

DFTB Application

(b) Defective wall

Side view l R=5.0A Number of beryllium
J astadadadangens o ol . atoms: 74 or 75
ke . LR s Initial energy of injection
° 2% s e su ™Yo hydrogen: 2 eV and 6 eV
0209924942 Yellow atoms : beryllium on layer 1
Top view 940 Red atoms : beryllium on layer 2

Blue atoms : beryllium on layer 3
White atom : hydrogen

Computational Details

Timestep =0.1fs
k-points = 3x3x1

Thermostat = None (NVE) Initial Temperature of Be wall = 600 K
Simulation length = 10000 steps (1.0ps)
Number of calculations = 500 times

MD simulations

Pristine wall Defective wall
1 1
0.9 0.9
0.8 08
0.7 0.7
Bos B os
= 04 04

03
0.2
0.1
2V 6ev \ 2e 7/

Wall evaporates
Even only 2 eV, wall can evaporate in the
case of defective wall.

L

Defective wall is more reactive!

|
1
1
1
|
1
|
1
06 ! 08
o0 oo
1
1
1
1
1
|
1
|
1

Overview
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DETB Application

Reflection Intact

S

e % Evaporation
AR i
el |
RS
Intact
Binding on surface .
e
008 Aag Evaporation
SRR s
s s .
RS
Intact
Trapped inside
g [
==
. . Evaporation

5

Accelerating DFTB calculations

DFTB Application

Beryllium wall/Hydrogen system w/ parameter 1
...Checking the potential energy surface of Be wall/H system

1R
DIVLDPIPP500 Yellow atom: beryllium on layer 1
DIRADID PP Red atom: beryllium on layer 2

Blue atom: beryllium on layer 3

VDPRAIAIIDIIN0 White atom: hydrogen

Number of beryllium atoms : 75 Total Engrgy Be wall and H

(5x5x3) inside the wall ! outside the wall
Geometry : hcp a=b=2.066A o H
c=3.558A 50 '
K points = 3x3x1 i H
5 3 1
Differences between 5 - I e —
13 ]
DFTB and DFT are up to Ejg 1 —emore
h 1
2 eV, small compared to # 60 C
. 50
plasma energies(100 eV). 100 1 1
-4 2 b 2 4 6
distance / angstrom 42

DFETB Application

Three different events concerning H atom occurred:

Ny Y T
R/

MD simulations

Reflection Trapped inside Binding on surface
/ 2 20227 330090 o ° % ‘b".ag ﬁ?‘”‘ S
v ireerAIRRRY 00
23330888 ° ° XYY °
RALIR A

Two different wall behaviors for each of these three H events:

Wall remains intact 3-layer wall “evaporates”

° % %2, Y2y @ o 2 2024025307 5
° QY *\‘. A or o0 o CX)
ceatRtee condpdseree o

Thus, there are 6 categories of results.

a4

DETB Application

Summary

1. In the case of surface vacancy defects, the wall
becomes more reactive and even at2 eV, the wall can evaporate.

Future Plan

1. To use this simulation for Be/D or T system.

2. Compare results of SCC-DFTB method with that of
non-SCC-DFTB method.

a6

Faster O(N) DFTB
What is Fragment Molecular Orbital (FMO)?

FMO is a fragment-based MO method for large molecules.

Several fragment-based methods have been proposed. A brief review is given in
Fedorov & Kitaura, Chapter 1 in “Modern Methods for Theoretical Physical Chemistry
of Biopolymers”, E. Starikov J. Lewis S. Tanaka, Eds, Elsevier (2006).

* Amolecule is divided into N fragments

B;,g?‘:”"v and ab initio MO calculations on the
fragments (monomers) and fragment
pairs (dimers) are performed under
electrostatic potential from other
monomers.

* The total energy of a molecule (E) is
4 calculated using the energies of the
. monomer (E;) and dimer (E,,);
K. Kitaura ! 1
(AICS) E=XE+x(E-ErE))

Advantage of the method:
 reproduces ab initio properties with good accuracy,
« is efficient on massively parallel computers.



Faster O(N) DFTB

TB Developments

Implementation of FMO-DFTB

D. Fedorov Y. Nishimoto

\

Adgy Agy A

Z=3 Z=

-}%\!%4

Full SCC-DFTB (reference) : -18.9190503342 H

(AIST) FMO-DFTB with SCI 18.9190404398 H (+0.006 kcal/mol error)
FMO-DFTB without SCI - 189169093952 H (+1.34 _kcal/mol error)
Fragment 3 SCI: Superposed charge interaction

3-hexanol

40 x 40

A
Face centered cubic (FCC)
a=14.04A

Unit cell : (Cgp), 4 = 840 atoms

Comparison of Wall Time
20000.0

15000.0
10000.0
5000.0 I
0.0 . -
1 2 3

Wall Time / Second

8
Number of Nodes

Excnte! States AB! I !
Vot

Fragment 2

Fragment 1

1B Developments

2 dimensional 40x40 fullerite
(Cop)osa = 590,520 atoms

8
7

Speed Up
crNwa GO

38

[ 2 4 6 8
Number of Nodes
8 node calculation is 7.5 times faster
than 1 node calculation o

TB Developments

Prelude to ADFTB: review of the ASCF concept

Solve the SCF equations — Hartree-Fock or Kohn-Sham — but always

kowalezyk  Occupy the orbitals according to a pre-specified non-Aufbau pattern:

Tim
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Performance of ADFTB: S, states of small dyes

Method Mean Error Mean Abs Error RMSD
ROKS -0.23 0.40 0.50
TD-DFT -0.02 0.25 0.37
TD-DFTB -0.47 0.52 0.70
ADFTB -0.33 0.67 0.87
ASCF -0.15 0.75 0.95

... ASCF worse than ADFTB? We are probably landing on some wrong states!
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CPU: £5-2650 (2.00GHz)
MEMORY: DDR3-1600MHz

Faster O(N) DFTB

Not only for molecular clusters

Number of Cores: 1
Diagonalizer: EVVRSP (KDIAG = 0)

a-helix 212 atoms

2500

O(N*11)

2000

1500

1000

Wall Time / second

O(N*2) for # of atoms greater than 10,000

500

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Number of Atoms

One core calculations worked (scaled) reasonably linear.

Faster O(N) DFTB

¢

o
Face centered cubic (FCC)
a=14.04A

Unit cell : (Cgp),, = 840 atoms

2 dimensional 53x53 fullerite
(Ceo)17174 = 1,030,440 atoms

-1772909.858261038 Hartree
Single point with 8 nodes :: 4,993 seconds
Single point + gradient with 8 nodes :: 14,301 seconds
Geometry optimization possible.
One million atom calculation is manageable.

Summary
* Inter-node parallel calculations were done

* Achieved 7.5 times speed-up with 8 nodes
* One million atom calculation is manageable.
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Performance of ADFTB: S, states of small dyes
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« Worst performance is for polyenes

* Major improvement over TD-DFTB
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