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Main topics
FastAlgorithmsfor electronicstructurecalculationsandelectrostatigroblems

— Developmentof wavelet basedversion of the ABINIT electronicstructure
software

— Fastcalculationof long rangeelectrostatienteractions
Global Optimization:Globalminimumof Born Oppenheimesurface

— Structureof clusters

— Structureof AFM tips

— Interfacesof ionic crystals
— Proteinfolding



A wavelet basedelectronic structur e program

Propertieof waveletbasissets:

localizedbothin realandin Fourierspace

allow for adaptvity
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areasystematidasissetwith high orderconvergencerates
Linearscalingfor applicationof the Hamiltonianwith respecto basissetsize

Linearscalingwith respecto numberof electronausinglinearscalingalgorithms



Basicchoicesin the BIGDFT code

Only 2 resolutionevelsareused:simpleadaptvity, sufcient becaus®f pseudopotentials




High orderDaubechiesvaveletsareusedto representvavefunctions

orthogonalityis very helpful (orthogonalizationnonlocalpseudopotential)
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Performance Tests: Cinconidine
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Performance Comparisonwith plane waves
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A new setof methodsfor the electrostatic potential that

directly solve theintegral equation
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with the correctboundaryconditions

have O( N log(N) ) scaling
for

continuouschage densitiesandfree boundaryconditions
continuouschage densitiesandsurfaceboundaryconditions
point particles(discretechage densitiesandfree boundaryconditions

point particles(discretechage densitieslandsurfaceboundaryconditions

Thesemethodscanbeusedfor

electronicstructurecalculations

classicaforce elds (MD simulationsetc)



Signi cance of global minimum of the potential energy
surface

Potentialenegy surface:E(R1;R2; :::RN)
Theglobalminimumof the potentialenegy surfacedetermineshe groundstatecon gu-
rationof any condensednattersystem

the crystallinestructureof a periodicsystem
the geometriogroundstatestructureof amolecule

the native stateof a protein

Otherlocal minimadeterminemetastabletructures



Dif culty

Thenumberof local minimaincrease&xponentiallywith systensize

Firstexample:alkanefamily, ChHon+ 2: O(3") local minima




Visualizing higher-dimensionalfunnels

S.ChanandK. Dill, Proteins:Structure Function,andGenetics30, 2 (1998)



Minima hopping algorithm

Allowsto nd theglobalminimumfasterthanotheralgorithms

— Optimalmovesbasemnthe BEP principle
— Feed-backnechanisnavoidstrappingin con gurationspace

Oncetheglobalminimumis foundit exploresotherenegeticallylow lying con g-
urations.

A modi ed version(Dual Minima hopping)canbe usedto explore the Born Op-
penheimesurfacecalculatedvithin densityfunctionaltheory



Application of minima hopping to the formation of Cgg

Globalminimumis foundaftervisiting several 10* minima
Startingcon gurationcaneitherbeagraphitesheetor a chunkof diamond

Visualizationat: http://www.unibas.ch/compfs/complys/a.qgif



Application of minima hopping to silicon clusters

Foundnumerousew low enegy con gurationsfor severalmidsizeclusters
Theenegy differencebetweerdifferentstructuress of theorderof kgT
Entropy effectscanchangeheenepgeticorderingof thecon gurations

Calculatingthe enegy differencess challenging:QuantumMonte Carlo




Structur e of tips

Tip structuresisedpreviously aretoo simplistic

Our realistictips give for the rst time the experimentallyobsered dissipationin
AFM experiments




lonic Interfaces

Accuratedescriptionof islandformationandAFM experiments



Application of minima hopping to protein folding

Quality of force elds is questionable
TheproteinAce-(Ala)_.10-Nmewithin GBSA:



