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Machine generated contents note: Part I. Introduction: 1. Basic
concepts; 2. Overview; Part Il. A First Course: 3. Classical phase
transitions; 4. The renormalization group; 5. The quantum Ising model,
6. The quantum rotor model; 7. Correlations, susceptibilities, and the
quantum critical point; 8. Broken symmetries; 9. Boson Hubbard model;
Part lll. Non-zero Temperatures: 10. The Ising chain in a transverse
field; 11. Quantum rotor models: large-N limit; 12. The d = 1, O(N > 3)
rotor models; 13. The d = 2, O(N > 3) rotor models; 14. Physics close
to and above the upper-critical dimension; 15. Transport in d = 2; Part
IV. Other Models: 16. Dilute Fermi and Bose gases; 17. Phase
transitions of Dirac fermions; 18. Fermi liquids, and their phase
transitions; 19. Heisenberg spins: ferromagnets and antiferromagnets;
20. Spin chains: bosonization; 21. Magnetic ordering transitions of
disordered systems; 22. Quantum spin glasses; References; Index.
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Describing the physical properties of qguantum materials near critical
points with long-range many-body quantum entanglement, this book
introduces readers to the basic theory of quantum phases, their phase
transitions and their observable properties. This second edition begins
with a new section suitable for an introductory course on quantum
phase transitions, assuming no prior knowledge of quantum field
theory. It also contains several new chapters to cover important recent
advances, such as the Fermi gas near unitarity, Dirac fermions, Fermi
liquids and their phase transitions, qguantum magnetism, and solvable
models obtained from string theory. After introducing the basic theory,
it moves on to a detailed description of the canonical quantum-critical
phase diagram at non-zero temperatures. Finally, a variety of more
complex models are explored. This book is ideal for graduate students
and researchers in condensed matter physics and particle and string
theory.
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Part 1. Introduction, motivation, and direction for Advanced
Mathematical Science for Mobility Society, together with the project
between Toyota Motor Corporation and Kyoto University -- Chapter 1.
Advanced Mathematical Science for Mobility Society -- Part 2.
Mathematical models of flow Chapter. 2. Analysis of many-body
particle systems by geometry and box-ball-system theory -- Chapter
3. Discrete Integrable Systems, LR transformations and Box-Ball
Systems -- Part 3. Mathematical methods for huge data and network
analysis -- Chapter 4. Eigenvalue Analysis in Mobility Data -- Chapter
5. Application of tensor network formalism for processing tensor data
-- Chapter 6. Machine Learning Approach to Mobility Analysis --
Chapter 7. Graph optimization problems and algorithms for DAG-type
blockchains -- Part 4. Algorithm for mobility society -- Chapter 8.
Control and optimization of one-way car-sharing systems -- Chapter
9. Algorithms for future mobility society Chapter 10. Mechanism
Design for Mobility.

This open access book presents the mathematical methods for huge
data and network analysis. The automotive industry has made steady
progress in technological innovations under the names of Connected
Autonomous-Shared-Electric (CASE) and Mobility as a Service (MaaS).
Needless to say, mathematics and informatics are important to support
such innovations. As the concept of cars and movement itself is
diversifying, they are indispensable for grasping the essence of the
future mobility society and building the foundation for the next
generation. Based on this idea, Research unit named "Advanced
Mathematical Science for Mobility Society" was established at Kyoto
University as a base for envisioning a future mobility society in
collaboration with researchers led by Toyota Motor Corporation and
Kyoto University. This book contains three main contents. 1.
Mathematical models of flow 2. Mathematical methods for huge data
and network analysis 3. Algorithm for mobility society The first one
discusses mathematical models of pedestrian and traffic flow, as they
are important for preventing accidents and achieving efficient
transportation. The authors mainly focus on global dynamics caused by
the interaction of particles. The authors discuss many-body particle
systems in terms of geometry and box-ball systems. The second one
consists of four chapters and deals with mathematical technologies for
handling huge data related to mobility from the viewpoints of machine
learning, numerical analysis, and statistical physics, which also includes
blockchain techniques. Finally, the authors discuss algorithmic issues
on mobility society. By making use of car-sharing service as an
example of mobility systems, the authors consider how to construct
and analyze algorithms for mobility system from viewpoints of control,
optimization, and Al.
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A Review of the Finite Cell Method for Nonlinear Structural Analysis of
Complex CAD and Image-based Geometric Models: Dominik

Schillinger, Quaniji Cai, Ralf-Peter Mundani, and Ernst Rank --

Immersed Boundary Methods for Fluid-Structure Interaction and Shape
Optimization within an FEM-based PDE Toolbox: Janos Benk, Hans-
Joachim Bungartz, Miriam Mehl, and Michael Ulbrich -- Numerical
simulation of transport in porous media: some problems from micro to
macro scale: Quaniji Cai Sheema Kooshapur Michael Manhart, Ralf-Peter
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Mundani, Ernst Rank, Andreas Springer, Boris Vexler -- Optimal Control
of Partially Miscible Two-Phase Flow with Applications to Subsurface
CO2 Sequestration: Moritz Simon and Michael Ulbrich -- A Newton-CG
Method for Full-Waveform Inversion in a Coupled Solid-Fluid System:
Christian Boehm and Michael Ulbrich -- Advances in the Parallelisation
of Software for Quantum Chemistry Applications: Martin Roderus,
Alexei Matveev, Hans-Joachim Bungartz and Notker Résch -- Designing
Spacecraft High Performance Computing Architectures: Fisnik Kraja,
Georg Acher, Arndt Bode -- Requirements Engineering for
Computational Seismology Software: Yang Li, Bernd Bruegge, Simon
Stahler, Nitesh Narayan, and Heiner Igel -- A High-Performance
Interactive Computing Framework for Engineering Applications: Jovana
Knezevi ¢, Ralf-Peter Mundani, Ernst Rank -- A Framework for the
Interactive Handling of High-Dimensional Simulation Data in Complex
Geometries: A. Benzina, G. Buse, D. Butnaru, A. Murarasu, M. Treib, V.
Varduhn, R.-P. Mundani -- Experiences with a Flexibly Reconfigurable
Visualization System on Software Development and Workplace
Ergonomics: Marcus Toénnis, Amal Benzina, Gudrun Klinker.

This proceedings volume collects review articles that summarize
research conducted at the Munich Centre of Advanced Computing
(MAC) from 2008 to 2012. The articles address the increasing gap
between what should be possible in Computational Science and
Engineering due to recent advances in algorithms, hardware, and
networks, and what can actually be achieved in practice; they also
examine novel computing architectures, where computation itself is a
multifaceted process, with hardware awareness or ubiquitous
parallelism due to many-core systems being just two of the challenges
faced. Topics cover both the methodological aspects of advanced
computing (algorithms, parallel computing, data exploration, software
engineering) and cutting-edge applications from the fields of
chemistry, the geosciences, civil and mechanical engineering, etc.,
reflecting the highly interdisciplinary nature of the Munich Centre of
Advanced Computing.



