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Why GoWo computationally expensive?

2=I1GW
i Nc : number of conduction states
W=e¢ev wo~N,
_ N e
e=1—vP G =
n=1 W — gn
P=—-1GG

e Nc ~ 10 Ny to 100 N, for g; at £0.05 eV

e inversion of € = N3 operation (N = basis size)
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Why GoWo computationally expensive?

Nc¢ : number of conduction states

* Nc ~ 10 Ny to 100 Ny for € at £0.05 eV
e inversion of € = N3 operation (N = basis size)
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The case of antracene

QQQ N, = 33

® Nc ~ 300 tO 3000 and Nbasis ~ 200 OOO
= 1 to 10 Gb of RAM usage to store {
= 100’s hours of CPU time to obtain {

e ¢ matrix ~ 7000 x 7000 planewaves
= 1 Gb of RAM usage to store ¢
= 10’s hours of CPU time to €
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Why GoWo computationally expensive?

3) T =iGW

Nc : number of conduction states
2) W =& G=n><n|

=]1—-vP
€ V — a)_gn

1) P=—iGO
e Nc ~ 10 Ny to 100 N, for ¢ at £0.05 eV

e inversion of € = N3 operation (N = basis size)
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Sternheimer equation

|
+ rly)= S| Te)——! Lol )

T w—(g,—¢€) w+(E.—E) y

e \We define :

67)=3 Ny -—L 7

~W—(E.—€)) w—-H+E€, W
R=1-7,

V>‘l//> Sternheimer equation

6, )=-F.
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Sternheimer equation
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Sternheimer equation

( 1 1 A

o P p—

V) zv"‘ \%‘C>w—(sc—8v) w+(8c—sv)<c‘<v‘/‘w>
* We define :

: Plv)w)
a) (€ — a)—H+£v C\A
P=1-P

(H — &, —a)) qbv_> = — >‘l//> Sternheimer equation
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Sternheimer equation

|
+ rly)= S| Fe)——! Lol )

NG, w—(E.—€) W+(E.—E)) y

e \We define :

>2£) v)=——P

6, )=-F.

(H-¢,-)

V>‘l//> Sternheimer equation
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Sternheimer equation

|
+ rly)= S| Fe)——! Lol )

NG, w—(E.—€) W+(E.—E)) y

e \We define :

12y e> w@+e

6;)=—P

7>_1 P

(H — &, — a)) V>‘l//> Sternheimer equation
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Sternheimer equation

\

+ Flu)=3)| 2\ —

a) (8 —-£) w+(e —¢€) y

e \We define :

0.)= 2> 8) ) = w@‘gv@f\w

> P=1-P
0.)=-"

C 1%

(H-¢,-)

V>‘l//> Sternheimer equation
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Sternheimer equation

\

+ ply)= 3| e Lol )

NG, w—(E.—€) W+(E.—E)) y

e \We define :

Jvlv)

R=1-7
736. V>‘l//> Sternheimer equation
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Sternheimer equation

\

+ ply)= 3| e Lol )

NG, w—(E.—€) W+(E.—E)) y

e \We define :

X —)  Solving A‘ > ‘ >
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Lanczos algorithm

o ¢ |y)=A-vP)"|y)=> (vP)|y)

k=0

e Lanczos algorithm...

- builds a basis spanning the same subspace as {(vP)k\t//>}
- where (vP) is tridiagonal
- at the same cost as using the power serie expansion

oo o0
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Lanczos algorithm

Calculation of screened exchange for HOMO of silane

Lonvergence : Lanczos basis vs power serie expansion
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Sternheimer’s equation

e Same idea as for P:

X — Solving A‘ x> = ‘ b>

* But requires {|q, )}

o)=Ly

gk> = —1‘ qki> Sternheimer equation
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Sternheimer’s equation

e Same idea as for P:

X — Solving A‘ x> = ‘ b>

* But requires {|¢,)}

)= D)

(H — €& — a)’) gk> = —1‘ qki> Sternheimer equation
<i ; i>:2L dw'Z(l_T):k' <(qu’)i‘gk>
Y/ kK
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Sternheimer’s equation

e Same idea as for P:

X — Solving A‘ x> = ‘ b>

* But requires {|q, )}

( — &, — a)’) > = —1‘ q, > Sternheimer equation
(i[2e)li)= - [ dor 3,(1-T) (g0 )il g,)
oo k .k
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Sternheimer’s equation

e Same idea as for P:

X — Solving A‘ x> = ‘ b>

* But requires {|q, )}

)= D)

( —€ -0 ) gk = —@qki Sternheimer equation

(1| Z(e))l7
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Conclusion

e Bottleneck assessed :
- no knowledge of conduction states required
- no inversion of € in cumbersome basis

* Implementation under way
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