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First P rinciples Methods for Lar ge Systems
¥! N3 problem

" ! Solution of LDA Schršdinger equation requires : diagonalization / inversion of a 
matrix whose size is proportional to the number, N, of atoms under consideration

¥! Computational effort -> N 3    :   Memory -> N2

" ! Standard k-space parallelization strategies scale poorly

¥! k-points : number needed decreases with system size 

¥! energy integration(MST-GF) : only a few needed

¥! Order-N methods
" ! Pseudo-potential methods

" ! Tight-binding molecular dynamics (Density matrix)

" ! Locally Self-consistent Multiple Scattering (LSMS) Method

Poisson Equ.

    Solid

Schršdinger Equ.

        Solid

!  Local self-consistency
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Linear Sc aling F irst P rinciples Methods
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¥! First Principles LDA methods

" ! Scale as N3

¥! Locally Selfconsistent Multiple Scattering (LSMS) 
method             

" ! Approximate charge density 

" !              - on central site of a M cluster

" ! M : size of the local interaction zone (LIZ)
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 Real Space Multiple Scattering Theory   

 Algorithm maps onto Massively Parallel Computers

Atom(s) node equivalence

Message passing: PVM & MPI

Linear scaling 

Matrix inversion BLAS3 (CGEMM, ZGEMM)
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Parallelizat ion St rateg y

¥! Atom(s) node equivalence

" ! Message passing

" ! PVM & MPI

¥! Fortran 90 Module

" ! Platform Independent

¥! Workstation Cluster - 
Cray T3E - IBM SP3 - 
IBM SP4 - Cray X1 - IBM 
Blue Gene

¥! Parallel by 
construction 

" ! Linear scaling 

¥! Thousands of Atoms
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LSMS Performance Results
IBM SP, NERSC

# IBM SP RS600
# Power 3 375 Mhz

# 136 16-Processor nodes.

# Runs
# FeMn systems of different sizes

# 2176 processor(atom) run

# 2.46 Tflops                                

Compaq, PSC

# Compaq AlphaServer
# Alpha EV68 1GHz

# 750 4-Processor nodes

# Runs
# Fe DLM states of different sizes

# 3000 processor(atom) run

# 4.58 Tflops                                

x
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LSMS Performance Results

#Cray X1

#2048-atoms

#3.75 Tflops                               
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Const rained LSD A Non-C ollinear Ma gnet ism
#Constrained LSDA 

#Local constraining Þelds force local moment required direction

Ñ Internal Þeld in addition to exchange correlation Þeld 

#Constraining Þeld - normal to exchange correlation Þeld

#Constrained LSDA is properly variational 

# In ground state constraining Þeld is zero

#Constraining Þeld determined as part of standard self-consistency algorithm

#Easily implemented in multiple scattering theory

#Self-consistency is enforced by the conditions
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Const rained DFT for Spin-Dynamics
#Constraint 

#Local magnetization along local orientation

#Constraining Þeld

#Transverse to internal exchange/correlation Þeld 

#Effective potential

#Iterative algorithm for constraining Þeld

Non-collinear
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Relaxing the Moment Direc t ions

¥! Constrained LSMS

¥! Relaxation of constrained states

¥! Classical Landau-Lifshitz equation to move spins 
between SCF calculations:

" ! The system relaxes through a series of quasi-stationary 
(constrained) states

Damping only
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L-SIC in LSMS

LSMS provides a natural environment for implementing local 
self interaction correction:
The calculation of the non corrected t and     matrices can 
proceed in the usual manner.
At this stage the diagonalisation of the scattering matrix can be 
performed to obtain the symmetry adapted scattering channels.
(What is the correct approach for diagonalisation? Diagonalise 
the whole matrix and take the l-hybridisation into account or 
diagonalise the diagonal l-blocks individually and retain the 
customary interpretation of l-quantum number?)

!



OAK  RIDGE NATIONAL  LABORATORY
U. S. DEPARTMENT  OF ENERGY

11

Full P otent ial R elat ivist ic Single Site 
Scattering

 c
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Dirac 
eq:

Generalized
:
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Full P otent ial R el.  Single Site Sc attering

Wave function in terms of spin-angular functions

 
! (

!
r ) =

g" (r )#" (ör )

if" (r )#" (ör )
$

%&
'

()"
*

 

d
dr

f! (r ) =
" #1

r
f! (r ) +

mc2 # E
c!

g! (r ) +
1
c!

U! $!
I g $! (r ) + iU! $!

II f $! (r )
$!

%&
'(

)
*+

 

d
dr

g! (r ) = "
# +1

r
g! (r ) +

mc2 + E
c!

f! (r ) "
1
c!

U! $!
I f $! (r ) " iU! $!

II g $! (r )
$!

%&
'(

)
*+

 U! "!
i (r ) = ! Ui (!r ) "!



OAK  RIDGE NATIONAL  LABORATORY
U. S. DEPARTMENT  OF ENERGY

13

Relat ivist ic Wronskian R elat ions

 
W ψ †(!r ,ε),ϕ(!r ,ε)⎡⎣ ⎤⎦S := c ε ψ †(!r ,ε) !α
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For the free electron solutions:
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Consider potential continued beyond atomic zone
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Regular solut ion and t mat rix

For the regular solution we Þnd

 
!ϕΛ ∂Ω

= ϕΛ

This also allows us to calculate the t matrix by matching 
the solution inside the atomic region to the scattered 
wave solution outside 
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Irregular Solut ion

To Þnd the irregular solution
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We Þrst consider the solution with the boundary condition deÞned on 
the circumscribing sphere R
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Irregular Solut ion

Applying the Wronskian on the region surface:
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Out look

¥ Implement local-SIC within LSMS. This will 
allow us to perform calculations for systems, 
which were previously inaccessible due to self 
interaction errors in LSDA (e.g. transition metal 
oxides)

¥ Complete implementation of full potential 
LSMS

¥ Formulate L-SIC for relativistic & full potential 
MST


