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Introduction

This book is about writing compilers and interpreters.
The emphasis is on writing because this book writes a
very large amount of code.

This is your book if you want to learn how to write
an interpreter, a compiler, an interactive source-level
debugger, and an integrated development
environment (IDE) with a graphical user interface
(GUI). All the code is in Java, which | explain in detail.

This book is not about the theory behind compiler
writing. | leave that to the textbooks. If you want to
learn the theory right now, then this is not your book.
However, | hope that after working your way through
this book’s programs, you’ll be inspired to learn about
their theoretical underpinnings.

The first edition of this book used C as the
implementation language, the second edition used
C++, and this third edition uses Java. While | kept the
basic organization, philosophy, and approach of the
earlier editions, this edition is a complete rewrite.

What You’ll Learn in this Book

The interpreter and the compiler that you learn to
write in this book processes programs written in a
high-level language. You'll write an interpreter that
can execute programs. After you add the debugger,
you'll be able to interact with the interpreter as it
executes a program by setting breakpoints,



displaying the call stack, viewing and modifying
values of variables, and single-stepping the
program’s execution statement-by-statement. Add
the IDE and you'll do all that with mouse clicks as you
watch a program’s execution animated on the screen.
You’ll learn to write a compiler that generates object
code for the Java Virtual Machine (JVM). You’ll be able
to run compiled programs on multiple platforms. Of
course, since the interpreter, compiler, debugger,
and IDE are all written in Java, you'll be able to run
them on multiple platforms, too.

The programming language of the source programs
— the programs that your interpreter and compiler
will process — is Pascal. | chose Pascal for several
reasons. It's a real language, not a made-up one for
this book. Pascal is a high-level procedure-oriented
programming language that was very popular from
the mid 1970s through the 1980s. The language has
a relatively straightforward syntax, but it includes
many of the language features that make compiler
writing interesting, such as structured, user-definable
data types, nested scopes, passing parameters by
value and by reference, a full set of control
statements, etc. Pascal continues to live today. You
can download free Pascal interpreters and compilers
from the Web to compare against the ones you’ll
write.!

! For example: http://www.freepascal.org/.
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A Software Engineering
Approach

Compilers and interpreters are complex programs,
and writing them successfully is hard work. To tackle
the complexity, | take a strong software engineering
approach in this book. Design patterns, Unified
Modeling Language (UML) diagrams, and other
modern object-oriented design practices make the
code understandable and manageable.

Throughout the chapters, especially in the early
ones, DESIGN NOTE sidebars point out design issues
such as the use of a design pattern, or explain why |
chose to architect the code a particular way.

The approach that | strongly believe in is: Develop
software incrementally. At each step, get something
to work. Build every step on working code from the
previous step. Nearly every chapter of this book
contains a major working program and often other
shorter ones. Each chapter’s programs build upon the
ones from the previous chapters.

How the Book Is Organized

Chapter 1 is an introduction. Chapter 2 describes the
framework for the compiler and the interpreter. It
designs and tests this architectural foundation up
front so that all the code in the remaining chapters
can successfully build upon it. The next two chapters
take care of some basic translation tasks, scanning
(Chapter 3) and building a symbol table (Chapter 4).



The next several chapters build a working Pascal
interpreter. To take the incremental development
approach, these chapters iterate parsing and
interpretation several times, with more of the Pascal
language included in each iteration. Chapter 5 parses
expressions and assignment statements and Chapter
6 interprets them. Chapter 7 parses the control
statements and Chapter 8 interprets them. Chapter 9
parses declarations, Chapter 10 does type checking,
and Chapter 11 parses procedures, functions, and
entire Pascal programs. Chapter 12 completes the
interpreter and executes entire Pascal programs.

The next two chapters build upon the working
interpreter. Chapter 13 adds an interactive source-
level debugger with which you communicate by
typing commands on the command line. Chapter 14
wraps a GUI around this command-line debugger to
create an IDE. You can skip these two chapters during
your first time through the book without loss of
continuity. But be sure to come back to them because
they describe some really powerful software
development tools.

The last part of the book develops the compiler by
reusing much of the code from the earlier parts.
Chapter 15 introduces the architecture of the Java
Virtual Machine and Jasmin, the assembly language
that the compiler will emit for the JVM.

Again, the incremental approach: Chapter 16
compiles programs, assignment statements, and
expressions. Chapter 17 compiles procedures and
function calls and string operations. Chapter 18



completes the compiler by compiling control
statements and arrays and records.

The final Chapter 19 is a brief introduction to
various compiler-writing topics that are not covered
in the other chapters, such as code optimization and
table-driven scanners and parsers.

Where to Get the Program Code

You can download all of the Java code developed in
this book from the Web page at http://www.apropos-
logic.com/wci/. There, you’ll find instructions for how
to download, install, compile, and run the programs.
There are also some more Pascal test programs.
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Chapter 1

Introduction

This first chapter describes the goals of this book and
its approach and presents an overview of compilers
and interpreters.

Goals and Approach

This book teaches the basics of writing compilers and
interpreters. Its goals are to show you how to design
and develop
e A compiler written in Java for a major subset of
Pascal, a high-level procedure-oriented
programming language.! The compiler will
generate code for the Java Virtual Machine (JVM).

1 See the preface for an explanation of how and
why this book uses both Java and Pascal.

e An interpreter written in Java for the same Pascal
subset that will include an interactive symbolic
debugger.

« An integrated development environment (IDE)
with a graphical user interface. The IDE will be a
simplified version of full-featured IDEs such as
what you would find with the open-source Eclipse
or Borland’s JBuilder. Nevertheless, it will include
a source program editor and an interactive



interface to set breakpoints, do single stepping,
view and set variables values, and more.

These are very ambitious goals and successfully
achieving them will be a major challenge! The right
technical skills will provide what you need to do to
compile a program into machine language or to
interpret a program. Modern software engineering
principles and good object-oriented design will show
how to implement the code for the compiler or
interpreter so that everything will work together
correctly at the end. Compilers and interpreters are
large complex programs. While you may be able to
develop a small program successfully with only
technical skills, anything as ambitious as a compiler
or an interpreter will also require software
engineering principles and object-oriented design.
Therefore, this book emphasizes the necessary
technical skills, modern software engineering
principles, and good object-oriented design.

What Are Compilers and

Interpreters?

The main purpose of a compiler or an interpreter is to
translate a source program written in a high-level
source language. Exactly what the source program is
translated into is the subject of the next few
paragraphs.

In this book, the source language will be a large
subset of Pascal. In other words, you will compile and
interpret Pascal programs. Since you will write the



compiler and interpreter in Java, the implementation
language is Java.

A Pascal compiler translates the source containing a
Pascal program into the low-level machine language
of a particular computer (or, more precisely, the
machine language of the CPU). Usually, the source is
in the form of a text file. If the compiler does its job
correctly, the machine language version of the
program will “say” the same thing as the original
Pascal program.? The machine language is the object
language, and the compiler generates object code
(also called the target code) written in the machine
language. A compiler’s job is done after it generates
the object code. Object code is often written to a file.?

2 We'll rely on an intuitive notion of what it means
for two programs to “say” the same thing. During
execution, the two programs have the same
behavior - they read the same input and produce
the same output in the same sequence.

3 Do not confuse the use of the word object in the
terms object program and object code with its use
in the term object oriented. These are entirely
separate concepts - a program written in object-
oriented language like Java or C++4+ or in a
procedure-oriented language like Pascal would be
compiled into an object program.

A program can consist of several source files, and
the compiler generates a separate object file for each
one. A utility program called a /inker combines the
contents of the one or more object files along with



any needed runtime library routines into a single
object program that the computer can load and
execute. The library routines are often kept in
precompiled object files.

Because machine language is not easily human-
readable, a compiler can instead generate assembly
language as the object language. Assembly language
is one step up from machine language; there is
usually a one-to-one mapping between each
assembly instruction and machine language
instruction. Assembly language is human-readable if
you know the short mnemonics (such as ADD or LOAD)
and understand the machine architecture. An
assembler (itself a type of compiler) translates the
assembly language to machine language.

Figure 1-1 summarizes the process of compiling one
or more Pascal sources into an object program.

Figure 1-1: The diagram on the left shows a
compiler translating a Pascal program consisting of
three source files sortl.pas, sort2.pas, and sort3.pas
into three corresponding machine-language object
files sortl.obj, sort2.0bj, and sort3.obj. The linker then
combines the object files (along with any required
runtime library routines) into the executable object
program sort.exe. The diagram on the right shows a
compiler translating the Pascal source files into
assembly-language object files sortl.asm, sort2.asm
and sort3.asm, which an assembler translates into the
machine-language object files. The linker then
produces the object program.




