
Undergraduate Topics in Computer Science



Undergraduate Topics in Computer Science (UTiCS) delivers high-quality instructional content for un-
dergraduates studying in all areas of computing and information science. From core foundational and
theoretical material to final-year topics and applications, UTiCS books take a fresh, concise, and mod-
ern approach and are ideal for self-study or for a one- or two-semester course. The texts are all authored
by established experts in their fields, reviewed by an international advisory board, and contain numer-
ous examples and problems. Many include fully worked solutions.

For further volumes:
http://www.springer.com/series/7592

http://www.springer.com/series/7592


Peter Sestoft

Programming
Language Concepts



Peter Sestoft
IT University of Copenhagen
Copenhagen, Denmark

Series editor
Ian Mackie

Advisory board
Samson Abramsky, University of Oxford, Oxford, UK
Karin Breitman, Pontifical Catholic University of Rio de Janeiro, Rio de Janeiro, Brazil
Chris Hankin, Imperial College London, London, UK
Dexter Kozen, Cornell University, Ithaca, USA
Andrew Pitts, University of Cambridge, Cambridge, UK
Hanne Riis Nielson, Technical University of Denmark, Kongens Lyngby, Denmark
Steven Skiena, Stony Brook University, Stony Brook, USA
Iain Stewart, University of Durham, Durham, UK

ISSN 1863-7310 Undergraduate Topics in Computer Science
ISBN 978-1-4471-4155-6 ISBN 978-1-4471-4156-3 (eBook)
DOI 10.1007/978-1-4471-4156-3
Springer London Heidelberg New York Dordrecht

Library of Congress Control Number: 2012941284

© Springer-Verlag London 2012
This work is subject to copyright. All rights are reserved 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. Exempted from this legal reservation are brief excerpts in connection
with reviews or scholarly analysis or material supplied specifically for the purpose of being entered
and executed on a computer system, for exclusive use by the purchaser of the work. Duplication of
this publication or parts thereof is permitted only under the provisions of the Copyright Law of the
Publisher’s location, in its current version, and permission for use must always be obtained from Springer.
Permissions for use may be obtained through RightsLink at the Copyright Clearance Center. Violations
are liable to prosecution under the respective Copyright Law.
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.
While the advice and information in this book are believed to be true and accurate at the date of pub-
lication, neither the authors nor the editors nor the publisher can accept any legal responsibility for any
errors or omissions that may be made. The publisher makes no warranty, express or implied, with respect
to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)

http://www.springer.com
http://www.springer.com/mycopy


Preface

This book takes an operational approach to programming language concepts, study-
ing those concepts in interpreters and compilers for some toy languages, and point-
ing out their relations to real-world programming languages.

What Is Covered Topics covered include abstract and concrete syntax; functional
and imperative programming languages; interpretation, type checking, and compi-
lation; peep-hole optimizations; abstract machines, automatic memory management
and garbage collection; and the Java Virtual Machine and Microsoft’s Common Lan-
guage Infrastructure (also known as .NET Common Language Runtime).

Some effort is made throughout to put programming language concepts into their
historical context, and to show how the concepts surface in languages that the stu-
dents are assumed to know already; primarily Java or C#.

We do not cover regular expressions and parser construction in much detail. For
this purpose, we refer to Torben Mogensen’s textbook; see Chap. 3 and its refer-
ences.

Why Virtual Machines? We do not consider generation of machine code for real
microprocessors, nor classical compiler subjects such as register allocation. Instead
the emphasis is on virtual stack machines and their intermediate languages, often
known as bytecode.

Virtual machines are machine-like enough to make the central purpose and con-
cepts of compilation and code generation clear, yet they are much simpler than
present-day microprocessors such as Intel i7 and similar. Full understanding of per-
formance issues in real microprocessors, with deep pipelines, register renaming,
out-of-order execution, branch prediction, translation lookaside buffers and so on,
requires a very detailed study of their architecture, usually not conveyed by com-
piler textbooks anyway. Certainly, a mere understanding of the instruction set, such
as x86, conveys little information about whether code will be fast or not.

The widely used object-oriented languages Java and C# are rather far removed
from the real hardware, and are most conveniently explained in terms of their vir-
tual machines: the Java Virtual Machine and Microsoft’s Common Language Infras-
tructure. Understanding the workings and implementation of these virtual machines
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sheds light on efficiency issues, design decisions and inherent limitations in Java
and C#. To understand memory organization of classic imperative languages, we
also study a small subset of C with arrays, pointer arithmetics, and recursive func-
tions.

Why F#? We use the functional language F# as presentation language through-
out to illustrate programming language concepts, by implementing interpreters and
compilers for toy languages. The idea behind this is two-fold.

First, F# belongs to the ML family of languages and is ideal for implement-
ing interpreters and compilers because it has datatypes and pattern matching and
is strongly typed. This leads to a brevity and clarity of examples that cannot be
matched by languages without these features.

Secondly, the active use of a functional language is an attempt to add a new di-
mension to students’ world view, to broaden their imagination. The prevalent single-
inheritance class-based object-oriented programming languages (namely, Java and
C#) are very useful and versatile languages. But they have come to dominate com-
puter science education to a degree where students may become unable to imagine
other programming tools, especially such that use a completely different paradigm.
Knowledge of a functional language will make the student a better designer and
programmer, whether in Java, C# or C, and will prepare him or her to adapt to the
programming languages of the future.

For instance, so-called generic types and methods appeared in Java and C# in
2004 but has been part of other languages, most notably ML, since 1978. Similarly,
garbage collection has been used in functional languages since Lisp in 1960, but
entered mainstream use more than 30 years later, with Java.

Appendix A gives a brief introduction to those parts of F# used in this book.
Students who do not know F# should learn those parts during the first third of this
course, using the appendix or a textbook such as Hansen and Rischel or a reference
such as Syme et al.; see Appendix A and its references.

Supporting Material There are practical exercises at the end of each chapter.
Moreover, the book is accompanied by complete implementations in F# of lexer
and parser specifications, abstract syntaxes, interpreters, compilers, and run-time
systems (abstract machines, in Java and C) for a range of toy languages. This mate-
rial, and lecture slides in PDF, are available separately from the book’s homepage:

http://www.itu.dk/people/sestoft/plc/

http://www.itu.dk/people/sestoft/plc/
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