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The Schrodinger equation
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The electronic Hamilton operator
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The electronic wave function Is a function of
3N variables



The Hartr ee—Fock approximation

We assume an independent particle
approximation
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lterative procedure involving matrix
diagonalizations

F' built from one- and two-electron integrals



Mor e sophisticatedmethods

The HF approximation ignores electron
correlation

The HF approximation scales as
More sophisticated approaches scale worse

Electron correlation important for chemical
reactions

Only ab initio methods can describe bond
breaking and bond formation

NOTUR2004 — p.5/1



Why is Comp. Chem. important?

Represents a third independent way of doing
chemistry: Theory, experiment and modelling



Why is Comp. Chem. important?

Represents a third independent way of doing
chemistry: Theory, experiment and modelling

Allows for 'fast' screening of molecules
(non-linear optics, drug design)



Why is Comp. Chem. important?

Represents a third independent way of doing
chemistry: Theory, experiment and modelling

Allows for 'fast' screening of molecules
(non-linear optics, drug design)

Allows for an unambiguous interpretation of
experimental observations



Why is Comp. Chem. important?

Represents a third independent way of doing
chemistry: Theory, experiment and modelling

Allows for 'fast' screening of molecules
(non-linear optics, drug design)

Allows for an unambiguous interpretation of
experimental observations

Enables understanding of chemical reactions
at a molecular level



Why is Comp. Chem. important?

Represents a third independent way of doing
chemistry: Theory, experiment and modelling

Allows for 'fast' screening of molecules
(non-linear optics, drug design)

Allows for an unambiguous interpretation of
experimental observations

Enables understanding of chemical reactions
at a molecular level

|Isolates individual contributions to a
molecular property
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Challengel: Molecular size

By chemical standards, ab initio methods still
work on small molecules

The reason. Unfavorable scaling (at least N )



What we would lik e to do:

The hydrogen atoms
have been omitted
Picture by courtesy of Magne Olufsen

(NORSTRUCT)
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Linear scalingtechnology

Using methods from astrophysics, the
long-range interactions can be made to scale
linearly with system size

The approach parallelizes very well

New (parallel) bottleneck: matrix
diagonalization

Convergence problems a challenge
Better functionals
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HPC challenges/needs

A lot of computer power
More work on linear scaling technology

Ef cient, parallel matrix multiplication and
matrix diagonalization routines

Routines for operations on sparse matrices
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Challenge2: Molecular motion

Chemistry has two parts:
Properties of molecules
Reaction of molecules

Currently no computationally ef cient method
that can correctly break bonds

This remains a quantum-chemical challenge

NOTUR2004 — p.11/1.



How do moleculesreactand interact?

3M-6 vibrational
coordinates



How do moleculesreactand interact?

3M-6 vibrational
coordinates

Easily parallelizable



How do moleculesreactand interact?

3M-6 vibrational
coordinates

Easily parallelizable

Analytic approaches
possible
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How do moleculesreactand interact?

3M-6 vibrational
coordinates

How do the
molecules interact?

Time has direction

Parallelization
dif cult

Long time scales
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Challenge3: Molecular stability

Is this the most
stable structure?

Which other
structures are
accessible?

Global minimization

Decoupled search
(parallelizable)
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Multiscale challenges

We have technology for the different scales:
molecule, bulk, and in nite systems

How do we ef ciently combine these
approaches?

One possible solution: Multiscale theory
(wavelets)

New project with close connections to
mathematics and computer science
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Concluding remarks

AD initio theory Is today a third way of
chemical research

NOTUR2004 — p.17/1.



Concluding remarks

AD initio theory Is today a third way of
chemical research

However, many molecules of chemical
Interest is still too large for simulations

0000000000



Concluding remarks

AD initio theory Is today a third way of
chemical research

However, many molecules of chemical
Interest is still too large for simulations

Chemical reactions remain a problem

NOTUR2004 — p.17/1.



Concluding remarks

AD initio theory Is today a third way of
chemical research

However, many molecules of chemical
Interest is still too large for simulations

Chemical reactions remain a problem
Multiscale problems need to be addressed
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From the computational chemists
to the HPC community:
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From the computational chemists
to the HPC community:

Give us computer time and we will
use It!
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