Monte Carlo Methods for Partial Differential
Equations With Applications to Electronic Design
Automation



Wenjian Yu - Michael Mascagni

Monte Carlo Methods

for Partial Differential
Equations With Applications
to Electronic Design
Automation

@ Springer



Wenjian Yu Michael Mascagni

Department of Computer Science Department of Computer Science
and Technology Florida State University
Tsinghua University Tallahassee, FL, USA

Beijing, China

ISBN 978-981-19-3249-6 ISBN 978-981-19-3250-2 (eBook)

https://doi.org/10.1007/978-981-19-3250-2

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature
Singapore Pte Ltd. 2023

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721,
Singapore


https://doi.org/10.1007/978-981-19-3250-2

Preface

The main purpose of this book is to present a systematic and algorithmic perspec-
tive on the Monte Carlo method for solving partial differential equations (PDEs),
especially their fast algorithms and practical applications. We will focus mainly on
elliptic PDEs, i.e., the Laplace and Poisson equations describing equilibrium states.
Moreover, the applications that motivate us will mainly come from microelectronic
integrated circuit.

The Monte Carlo method in the Russian literature is often referred to (in transla-
tion) as “the method of statistical sampling.” This phrase has much more meaning
than “the Monte Carlo method,” which was chosen due to the famous casino in Monte
Carlo. Monte Carlo can be used to solve a variety of problems, and is the basis of the
areas of stochastic ordinary differential equations (ODEs) and PDEs, and uncertainty
quantification. In this book, we focus on the Monte Carlo method for solving partial
differential and integral equations based on random walks. The random walk method
essentially involves the Markov process.

Historically it is most interesting to realize that there are certain application areas
where Monte Carlo has become the dominant numerical method. One such area is
in financial computations. Another is a topic in this book, the title of which is Monte
Carlo Methods for Partial Differential Equations With Applications to Electronic
Design Automation. Electronic Design Automation (EDA) is the process of designing
microelectronic circuits. It is a key technology in an enormously important compo-
nent of modern information technology. When one has a putative circuit design,
before it can be processed for fabrication various validation computations are done
to make sure that the design is not flawed. One such computation is based on elec-
trostatics and insures that electronic crosstalk or even more catastrophically, electric
arching does not make the device malfunction. The various physical components of
the circuit, especially interconnect wires, have their mutual (coupling) capacitances
which must be computed. This process is known as capacitance extraction or capaci-
tance calculation, and is a common computation in electrostatics. Since the equations
of electrostatics are the Laplace or Poisson equations, methods for the solution of
elliptic PDEs are employed. For many years, deterministic techniques were employed
in capacitance extraction. However, it was noticed that computing capacitance via
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Monte Carlo methods was a very rapid technique. Eventually, the commercial codes
for capacitance extraction began replacing deterministic with Monte Carlo methods.
This book is meant to give the reader the background and state-of-the-art compu-
tational knowledge to understand and use Monte Carlo methods for capacitance
calculation problems in particular, and more generally for the solution of elliptic
PDEs in EDA.

The work presented in this book are mostly from research projects undertaken
by the Numbda group led by Wenjian Yu at the Department of Computer Science
and Technology, Tsinghua University, China. All chapters except Chap. 3 are
composed/edited by Wenjian Yu. Chapter 3 is from the collaborative work with
Michael Mascagni of Florida State University and the National Institute of Stan-
dards and Technology (NIST). It is interesting to note that this chapter deals with a
Monte Carlo methods for the telegrapher’s equation, which is a hyperbolic PDE and
definitely not describing an equilibrium problem. Most content of this book is based
on the original publications shared at https://numbda.cs.tsinghua.edu.cn/paper.html.

‘We want to emphasize that the book is by no means intended to be comprehensive.
The absence of coverage of related work should by no means diminish their value and
contribution. Many academic or industrial experts have made significant contribu-
tions in the field, and the reader is encouraged to investigate their work. Publications
that publish results in the area of Monte Carlo methods for PDEs include interna-
tional journals on applied mathematics such as Journal of Computational Physics,
SIAM Journal on Scientific Computing, and Monte Carlo Methods and Applications.

Beijing, China Wenjian Yu
Tallahassee, FL, USA Michael Mascagni
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