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Preface

This volume on spin glasses, structural glasses and biological macromolecules
collects pedagogically written lecture notes of internationally renowned ex-
perts from eight countries, who work on different physical problems but em-
ploy similar theoretical concepts and computational methods. The research
into at first sight quite different physical phenomena, therefore, faces related
problems, whose origin can be traced back to the difficulties of numerical
simulations of systems with rugged free-energy landscapes. Many of the orig-
inal publications presuppose quite specialized “common” knowledge, usually
readily accessible only to the experts in each of these fields. Moreover, they
are typically published in quite different sets of scientific journals. The main
objective of these Lecture Notes is, therefore, to provide the necessary back-
ground material in a coherent fashion and thereby to initialize knowledge
transfer of advanced methodologies across the boundaries of the disciplines.
It can be anticipated that future successful computer simulation studies of
static and dynamic properties of the three systems considered here as well as
the further development of improved numerical algorithms will greatly profit
from an interaction among researchers in these different fields.

More specifically, the merits and drawbacks of the various variants of gen-
eralized ensemble methods as employed in computational studies of glassy
systems and biomolecules as well as the complicated interplay of different al-
gorithms in combined methods are discussed from rather different viewpoints
in this volume. For investigations of spin and structural glasses, the Lecture
Notes should have an impact on a better understanding of their similarities
in dynamical and non-equilibrium properties, which in turn are intimately
related to the rugged free-energy landscape mapped out by means of equilib-
rium methods. And it can be hoped that the already existing expertise in the
physics of glassy systems will give conceptual guidance to similar studies of
biological macromolecules, such as peptides and proteins.

The contents of this volume are organized into four parts. The first three
parts cover introductory material and reviews of recent research results for
spin glasses, structural glasses and biological macromolecules with emphasis



VI Preface

on the protein folding problem. The joint theme of these chapters is rugged
free-energy landscapes and computational methods to deal with this multiple-
minima problem efficiently. The fourth part, finally, focuses on a detailed
exposition of recent, quite general algorithmic developments that alleviate the
computational problems and can be put to good use in specific applications
in each of the fields considered in the first three parts.

The idea for such a volume came to us about 2 years ago at the occasion
of a CECAM workshop in Lyon, France, where about 30 talks on the above
topics were presented. The interdisciplinary character of the workshop was
indeed very stimulating, and it became clear that an up-to-date volume like
this emphasizing the close interrelations between the three fields and at the
same time bridging the gap between introductory material and ongoing state-
of-the-art research would be highly desirable.

Leipzig, Wolfhard Janke
May 2007



Contents

3 The Potts Glass Model: A Scenario for the Freezing

Transition of Structural Glasses?

|Kurt Binder, Claudio Brangian and Walter Kolf ..................... 47

5.1 Introduction: A Brief Survey of Experimental Facts

and Theoretical Ideas on Glass Transitions ... ovvonon.. .. 47
3.2 'The p-State Potts Glass and [ts Properties in the Thermodynamic

Limit for Infinite-Range Interactions . 51
3.3 Monte Carlo Results for the 10-State Mean-Field Potts Glass:

Static Properties ... b4
3.4  Finite-Size Scaling for the “Dynamic Transition’

of the Potts Glass oo vvveieeieiiieei il .. 57
3.5 Monte Carlo Study of the Short-Range 10-State Potts Glass: Do

all Transitions Disappear? .. 60




VIII  Contents

3.6 Concluding Discussion: What have we Learned about Glass
Transitions? 0000000000000 ... 62

4 Domain Walls, Droplets and Barriers in Two-Dimensionall
Ising Spin Glasses

51 | Scalo-1 T o Di i 1S |
(Malte Henkel and Michel PLeimling . - .. .« vovoreoeeee oo 107

5.1 Introduction . . ..o ovv o 107

Desmond A. Johnston, Adam Lipowsk:

' P K C Maming .o l.oooo e 173
71 (Pre-)History of the Model . ......ooooe e 173
7.2 Equilibrium Behaviour, by Various Meand . .............. ... .... 178

7.3 Non-equilibrium Behaviour, Mostly by Monte Carlo Simulationd. . . 184




Contents IX

Dart I Protein Folding

8 Thermodynamics of Protein Folding from Coarse-Grained
Models’ Perspectives

(Michael Bachmann and Wolfhard Jankd . ........oooeeeenn. .. 203
8.1 INtrOduCtiOn « « o o't e e e e e 203
8.2 Why Coarse-Graining? .. ............ooouueieieaiaeanan.. 206

8.3 The Hydrophobic-Polar Lattice Protein Model . ... .............. 207
8.4 Going Off-Lattice: Folding Behavior of Heteropolymers in the AB
Caontinumium Model ... 234

9 Exact Energy Landscapes ol Proteins Using
a Coarse-Grained Model

Frank Dressel and Sigismund Kobd . ... .ccoooueee 247
901 Tntroductiol ..............cc.ooiiii i 247

10 Proteimn Folding, Untolding and Aggregation Studied Using;
n All-Atom Model with a Simplified Interaction Potential

N 269

11 AlLA Si lati fp ind
[Wlrich H. B Hansmanil. . . . ..o voeeeeee oo 293
(1.1 Introductio .. ....... ..o 293

nergy Landscape Paving . .......... . . 295
Parallel Tempering . .. .c.vvv et 297

4 Multicanonical Sampling .. ........uutiit 301
Other Generalized-Ensemble Techniqued........................ 303
[11.6 Helix Versus Sheef Formaion . . . . ...oooennnnnnneeeee.., 304
11.7 Structure Predictions of Small Proteind . ....................... 307
[11.8 CONCIISIONT -« + oot e e e 312
e 312



X Contents

Pt IV Aleoriiiinic Dovel l

12 Markov Chain Monte Carlo Methods for Simulations

of Biomaolecules

Bernd A Berd. . ..o

13 A Different Approach to Monte Carlo Simulations
in Systems with Complex Free-Energy Landscapes

David P. Landadl. . ... ...

14 Generalized-Ensemble Algorithms for Protein Folding
Simulations
(Yusi Sugita, Ayori Mitsutake and Yuko Okamotd . .. ..................
141 Introduction .« . ..o oot




	1 Rugged Free-Energy Landscapes -- An Introduction
	Wolfhard Janke
	References


	Part I Spin Glasses
	2 Some Aspects of Infinite-Range Models of Spin Glasses: Theory and Numerical Simulations
	Alain Billoire
	Introduction
	The Sherrington--Kirkpatrick Model
	Simulations Techniques
	Finite-Size Effects for the Free Energyand the Internal Energy
	Conclusions
	References


	3 The Potts Glass Model: A Scenario for the Freezing Transition of Structural Glasses?
	Kurt Binder , Claudio Brangian  and Walter Kob 
	Introduction: A Brief Survey of Experimental Facts and Theoretical Ideas on Glass Transitions
	The p-State Potts Glass and Its Properties in the Thermodynamic Limit for Infinite-Range Interactions
	Monte Carlo Results for the 10-State Mean-Field Potts Glass: Static Properties
	Finite-Size Scaling for the ``Dynamic Transition''of the Potts Glass
	Monte Carlo Study of the Short-Range 10-State Potts Glass: Do all Transitions Disappear?
	Concluding Discussion: What have we Learned about Glass Transitions?
	References


	4 Domain Walls, Droplets and Barriers in Two-Dimensional Ising Spin Glasses
	Alexander K. Hartmann
	Experimental Realizations
	Models
	Ground States of Two-Dimensional Spin Glasses
	Droplets and Domain Walls
	Energy Barriers
	References


	5 Local Scale-Invariance in Disordered Systems
	Malte Henkel and Michel Pleimling
	Introduction
	Local Scale-Invariance Without Disorder
	Disordered Ferromagnets
	Critical Ising Spin Glasses
	Discussion
	Note Added in Proof
	References


	Part II Structural Glasses
	6 Transport of Mobile Particles in an Immobile Environment: Computer Simulations of Sodium Silicates
	Jrgen Horbach
	Introduction
	Model and Details of the Simulation
	The Structure of Sodium Silicates
	Channel Diffusion
	Mode-Coupling Theory
	Conclusions
	References


	7 The Gonihedric Ising Model and Glassiness
	Desmond A. Johnston, Adam Lipowski
eserved @d = *@let@token and Ranasinghe P. K. C. Malmini
	(Pre-)History of the Model
	Equilibrium Behaviour, by Various Means
	Non-equilibrium Behaviour, Mostly by Monte Carlo Simulations
	Variations on the Glassy and Gonihedric Themes
	Endpiece
	References


	Part III Protein Folding
	8 Thermodynamics of Protein Folding from Coarse-Grained Models' Perspectives
	Michael Bachmann and Wolfhard Janke
	Introduction
	Why Coarse-Graining?
	The Hydrophobic--Polar Lattice Protein Model
	Going Off-Lattice: Folding Behavior of Heteropolymers in the AB Continuum Model
	Peptide Aggregation
	Summary
	References


	9 Exact Energy Landscapes of Proteins Usinga Coarse-Grained Model
	Frank Dressel and Sigismund Kobe
	Introduction
	Structural Discretization
	Fragmentation of Protein Structures
	Energy Function
	Branch and Bound
	Results
	Summary
	References


	10 Protein Folding, Unfolding and Aggregation Studied Using an All-Atom Model with a Simplified Interaction Potential
	Anders Irbäck
	Introduction
	Model and Methods
	Results
	Summary
	References


	11 All-Atom Simulations of Proteins
	Ulrich H. E. Hansmann
	Introduction
	Energy Landscape Paving
	Parallel Tempering
	Multicanonical Sampling
	Other Generalized-Ensemble Techniques
	Helix Versus Sheet Formation
	Structure Predictions of Small Proteins
	Conclusions
	References


	Part IV Algorithmic Developments
	12 Markov Chain Monte Carlo Methods for Simulations of Biomolecules
	Bernd A. Berg
	Introduction
	Markov Chain Monte Carlo
	Statistical Errors of MCMC Data
	Generalized Ensembles for MCMC Simulations
	Biased Markov Chain Monte Carlo
	Conclusions and Outlook
	References


	13 A Different Approach to Monte Carlo Simulations in Systems with Complex Free-Energy Landscapes
	David P. Landau
	Introduction
	Method
	Applications
	Conclusions
	References


	14 Generalized-Ensemble Algorithms for Protein Folding Simulations
	Yuji Sugita, Ayori Mitsutake and Yuko Okamoto
	Introduction
	Generalized-Ensemble Algorithms
	Simulation Results
	Conclusions
	References

	Index

	Index


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




