
Preface 

This book is an interdisciplinary book: it tries to  teach physicists the basic knowledge 
of combinatorial and stochastic optimization and describes to  the computer scientists 
physical problems and theoretical models in which their optimization algorithms are 
needed. It is a unique book since it describes theoretical models and practical situation 
in physics in which optimization problems occur, and it explains from a physicists point 
of view the sophisticated and highly efficient algorithmic techniques that otherwise can 
only be found specialized computer science textbooks or even just in research journals. 
Traditionally, there has always been a strong scientific interaction between physicists 
and mathematicians in developing physics theories. However, even though numerical 
computations are now commonplace in physics, no comparable interaction between 
physicists and computer scientists has been developed. Over the last three decades 
the design and the analysis of algorithms for decision and optimization problems have 
evolved rapidly. Most of the active transfer of the results was to  economics and 
engineering and many algorithmic developments were motivated by applications in 
these areas. 
The few interactions between physicists and computer scientists were often successful 
and provided new insights in both fields. For example, in one direction, the algorith- 
mic community has profited from the introduction of general purpose optimization 
tools like the simulated annealing technique that originated in the physics community. 
In the opposite direction, algorithms in linear, nonlinear, and discrete optimization 
sometimes have the potential to  be useful tools in physics, in particular in the study of 
strongly disordered, amorphous and glassy materials. These systems have in common 
a highly non-trivial minimal energy configuration, whose characteristic features dom- 
inate the physics a t  low temperatures. For a theoretical understanding the knowledge 
of the so called "ground states" of model Hamiltonians, or optimal solutions of appro- 
priate cost functions, is mandatory. To this end an efficient algorithm, applicable to 
reasonably sized instances, is a necessary condition. 
The list of interesting physical problems in this context is long, it ranges from disor- 
dered magnets, structural glasses and superconductors through polymers, membranes, 
and proteins to  neural networks. The predominant method used by physicists to study 
these questions numerically are Monte Carlo simulations and/or simulated annealing. 
These methods are doomed to fail in the most interesting situations. But, as pointed 
out above, many useful results in optimization algorithms research never reach the 
physics community, and interesting computational problems in physics do not come to 
the attention of algorithm designers. We therefore think that there is a definite need 
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to intensify the interaction between the computer science and physics communities. 
We hope that this book will help to extend the bridge between these two groups. Since 
one end is on the physics side, we will try to  guide a number of physicists to a journey 
to the other side such that they can profit from the enormous wealth in algorithmic 
techniques they will find there and that could help them in solving their computational 
problems. 
In preparing this book we benefited greatly from many collaborations and discussions 
with many of our colleagues. We would like to  thank Timo Aspelmeier, Wolfgang 
Bartel, Ian Campbell, Martin Feix, Martin Garcia, Ilia Grigorenko, Martin Weigt, 
and Annette Zippelius for critical reading of the manuscript, many helpful discus- 
sions and other manifold types of support. Furthermore, we have profited very much 
from fruitful collaborations and/or interesting discussions with Mikko Alava, Jurgen 
Bendisch, Ulrich Blasum, Eytan Domany, Phil Duxbury, Dieter Heermann, Guy Hed, 
Heinz Horner, Jermoe Houdayer, Michael Junger, Naoki Kawashima, Jens Kisker, 
Reimer Kuhn, Andreas Linke, Olivier Martin, Alan Middleton, Cristian Moukarzel, 
Jae-Dong Noh, Uli Nowak, Matthias Otto, Raja Paul, Frank Pfeiffer, Gerhard Reinelt, 
Federico Ricci-Tersenghi, Giovanni Rinaldi, Roland Schorr, Eira Seppalaa, Klaus Us- 
adel, and Peter Young. We are particularly indebted to Michael Baer, Vera Dederichs 
and Cornelia Reinemuth from Wiley-VCH for the excellent cooperation and Judith 
Egan-Shuttler for the copy editing. 
Work on this book was carried out at the University of thc Saarland, University of 
Gottingen, Forschungszentrum Julich and the University of California at Santa Cruz 
and we would like to  acknowledge financial support from the Deutsche Forschungs- 
geimeinschaft (DFG) and the European Science Foundation (ESF). 

Santa Cruz and Saarbriicken May 2001 Alexander K. Hartmann and Heiko Rieger 




