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PREFACE

For a brief period, personal computers have offered programmers a
chance to build small software systems of outstanding quality using the
best available programming languages and design methods.

Personal computers attract a new generation of programmers for whom
the ability to use software written for previous computers is of little or no
interest. Consequently, computer manufacturers have the freedom to choose
new programming languages and develop innovative computer architectures
for personal computing.

The simple operating procedures and small stores of personal computers
make it both possible and essential to limit the complexity of software.

For these reasons, personal computers provide a unique opportunity
to improve software quality. This goal has indeed been achieved by the UCSD
Pascal system [Bowles, 1980]. But it does not appear to be an industry-
wide trend yet. Most operating systems for microcomputers are still written
in assembly language.

The recent development of the complicated programming language Ada
combined with new microprocessors with large stores will soon make the
development of incomprehensible, unreliable software inevitable even for
personal computers.

Before that happens, I would like to present an obvious alternative to
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software designers: a software system that is powerful enough to support
the development of nontrivial programs on a personal computer and yet is
simple enough to be studied in detail at all levels of programming.

This book describes the Edison system which supports the development
of programs written in the programming language Edison, a Pascal-like
language designed for microprocessors. The Edison system was developed
on a PDP 11/23 microcomputer with floppy disks. It can, however, be
moved to other microprocessors.*

The main difficulty of software design is the human difficulty of under-
standing a massive amount of detail. A textbook ignores the trivia and con-
centrates on oversimplified (but effective) principles of design. In this book,
however, I cannot suppress the programming details, since my aim is to
demonstrate how you can build software that is understandable in all details.

The book explains how the programming language and the software
system were designed and implemented. It includes the program text of the
operating system and the compiler, both of which are written in Edison.
It also includes the text of the system kernel for the PDP 11 computers.

The book is not intended to be read from cover to cover unless you
wish to move the software system to another computer. As a new user of
the Edison system, you may wish to start with the system report (Chapter
5), which explains how the system is operated. Before you can write pro-
grams for the system, it is also necessary to read Chapters 2 and 3 on the
programming language Edison.

The text provides realistic case studies for nearly every undergraduate
course on computer programming:

Systematic programming
Data structures
Programming languages
Computer architectures
Compilers

Operating systems

The book is written for professional programmers and undergraduates
with a background in programming languages, compilers, and operating sys-
tems. The necessary background is described in the textbooks by Wirth
[1973, 1976a] and myself [Brinch Hansen, 1973]. If you know some of
this material, but not all of it, you may wish to skip those sections of the
text that are marked with an asterisk.

I have used the text in an undergraduate course at USC to give students
a feeling for how the principles studied in core courses on computer science
can be used in the design of a complete software system.

*Including the IBM Personal Computer (see p. 381).
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My earlier book, The Architecture of Concurrent Programs [Prentice-
Hall, 1977], describes a single-user operating system, called Solo, written in
the programming languages Pascal and Concurrent Pascal. The Solo system
was an experimental research effort to evaluate the usefulness of the mon-
itor concept.

The Edison system is an engineering project aimed at further simplify-
ing well-known ideas. It is written in a single programming language that is
smaller than Pascal but more powerful than the combination of Pascal and
Concurrent Pascal. The system runs on a microcomputer with only % of
the store and Yo of the disk capacity used by the Solo system.

John Wiley and Sons kindly granted permission to reprint large parts
of the papers: :

Edison—a multiprocessor language.

The design of Edison.

Edison programs.

Software—Practice and Experience, April 1981.

I am grateful to Steve Goings, Nick Matelan, Vincent Prothro, and
L. J. Sevin of Mostek Corporation for the opportunity to develop the
programming language Edison. The language report was improved con-
siderably by the constructive comments of Peter Naur. Helpful comments
on the text were also provided by Dines Bjgrner, Jon Fellows, David Gries,
Tony Hoare, Peter Lyngbaek, Habib Maghami, and Harlan Mills,

The book is dedicated to the memory of Niels Ivar Bech, the originator
of computer development in Denmark. Under Bech’s inspired leadership,
a generation of young Danes made unique contributions to computer pro-
gramming, such as the Algol 60 Report, the Gier Algol compiler, and the RC
4000 multiprogramming system,

PER BRINCH HANSEN



SOFTWARE QUALITY

This book describes the Edison system, a personal software system for
professional programmers. The system consists of a compiler, an operating
system, a screen editor, a text formatter, and a few other programs, all of
which are written in the programming language Edison.

We begin by examining the crucial role of simplicity in software design.
The historian William McNeill [1967] puts it this way: “What cannot be
understood becomes meaningless, and reasonable people quite properly re-
fuse to pay attention to meaningless matters.”

A professional programmer will inevitably push a small computer to its
limit. I did that during the design of the Edison system. On a PDP 11 micro-
computer, the system can compile the largest pass of the Edison compiler
in a store of 28 K words, leaving only 200 words unused! This was not due
to luck. I deliberately extended the operating system with useful functions
until the store limit was reached.

During the design of nontrivial user programs, a programmer must also
be acutely aware of the system limits. Otherwise, such programs may not be
able to run on a small computer. In some applications, it may even be neces-
sary to adapt the system to a different kind of backing store.

None of these things are possible unless the software system can be
fully understood by a programmer.
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The details of software can be mastered only if the designer strives for
the utmost simplicity.

Although the practical demands of software design make simplicity
essential, a more profound reason is to be found in the nature of creative
work. The joy of discovery and the pleasure of making something work are
the most powerful drives in science and engineering. To sustain this motiva-
tion, a software engineer must look for astonishing simplicities and beautiful
patterns of design.

Simplicity is a measure of the human effort needed to build, under-
stand, and use a system. This will be our measure of simplicity: A personal
software system is simple if it takes no more than a day to learn to use it,
a month to understand it in detail, and a year to build it. The attraction of
personal computing is that one person can master it all!

In the following, I suggest some guidelines of design that will help make
a software system simple.

1.1 SIMPLICITY OF USE

Three design rules are essential to help even the most casual user of a
software system:

(1) Define the system purpose clearly.

The Edison system supports the development and documentation of
Edison programs on a personal computer with an alphanumeric display
terminal, a dual floppy disk drive, and a printer. The system enables a single
user to invoke the following operations from the terminal:

Text input

Text storage

Text editing

Text formatting
Text printing
Program compilation
Program storage
Program execution

(2) Describe the operating conventions precisely.
Although a professional programmer should be able to understand a

personal software system in complete detail, he or she should, of course, also
be able to ignore the programming details and depend solely on an accurate



Sec. 1.2 SIMPLICITY OF PROGRAMMING 3

description of the system commands and their effect. The Edison system re-
port is such a description (Chapter 5).

(3) Make the system easy to use.

All operations performed by the Edison system are invoked by similar
commands. The user need only remember the name of an operation and type
it on the terminal. The system will then remind the user of the parameters
required to define the operation completely.

Minor typing mistakes are corrected by means of a uniform set of line
editing conventions used throughout the system. A text editor enables the
user to go back and forth across a text file and make corrections, insertions,
and deletions on the screen using a small set of editing commands with con-
ventions that are very similar to ordinary typing.

1.2 SIMPLICITY OF PROGRAMMING

The following design rules make it much easier for a user to add new
programs to a system and understand the existing programs. These rules also
simplify the task of building the system itself.

(1) Keep the system small.

If software is developed for a small machine by a single person in one
year, it is bound to be small. It is therefore advisable to do just that and no
more for a personal computer. Needless to say, a small system can do only a
small number of things. But that cannot be helped.

(2) Use the same language throughout.

This book describes a software system of about 10,000 lines of program
text. If you wish to understand it in one month, you must study 500 lines
every day (excluding weekends). The least the designer can do to reduce
this burden is to use the same programming language throughout the whole
system.

The Edison system consists of an operating system, a compiler, a screen
editor, a text formatter, a print program, and a PDP 11 assembler. All these
programs are written in the programming language Edison.

The only program that is written in assembler language is a system
kernel (of 1800 words) which interprets the code generated by the compiler.
The kernel was first written and tested in Edison and was then translated
manually into assembler language using the Edison statements as comments.
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(3) Hide machine details.

Most computers differ only in irrelevant details, and few of them are
well suited for systematic implementation of programming languages. It is
therefore quite reasonable to ignore machine details wherever possible. This
can be done only by using an abstract programming language in which store
addresses, registers, and bit patterns are replaced by the concepts of variables,
expressions, and values.

In addition, one can make the compiler produce abstract code for an
ideal machine tailored to the programming language and then interpret that
code with reasonable efficiency by means of a small machine-dependent
program (the system kernel).

(4) Use uniform interfaces.

One of the most challenging programming tasks is to design a file sys-
tem that enables all programs to use the floppy disks efficiently while hiding
the details of space allocation and data access. A floppy disk drive is several
orders of magnitude slower than a microprocessor. Since the properties of
such a device severely limit the performance of the whole system, they
cannot be ignored. The best one can hope for is to find a uniform set of pro-
cedures for handling the disk which can be implemented once and for all by
the operating system and invoked by all other programs.

However, a uniform interface between the operating system and all
other programs contributes to simplicity only if it is small. The Edison
operating system implements a set of 33 procedures which enable other pro-
grams to use the terminal, the disks, and the printer.

1.3 SIMPLICITY OF PROGRAMMING LANGUAGE

In most cases, a wise software designer will choose an existing pro-
gramming language and will not attempt to design a new one. In either case,
I offer the following advice:

(1) Keep the language small.

To determine whether or not a programming language is small, you
need only look at the language report and the compiler. The reports de-
fining the programming languages Pascal and Edison, are less than 50 pages
long. The Edison compiler written in Edison consists of 4200 lines of pro-
gram text. .

You can make a new programming language small by starting with a
good existing language, such as Pascal, and omitting all language features that
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are not absolutely essential. You may have to refine the remaining features
of the language to be able to express some of the eliminated concepts con-
cisely. But any extensions of the language should be minimal.

(2) Define the language precisely.

The main value of an abstract programming language is its ability to
hide hardware and software details. However, a programmer can safely
ignore the properties of the computer, the operating system, and the com-
piler only if the language report describes the effect of each language feature
precisely in system-independent terms. The difficulties of writing such a
report are discussed in Chapter 2.

1.4 OTHER SOFTWARE PROPERTIES

The previous discussion of simplicity may seem very unbalanced. Other
properties of software are obviously important also:

(1) Reliability

Experience has shown that small software systems can be made more
reliable than the hardware they run on. But if any errors remain, it is obvi-
ously much easier to find them if the system is simple and well documented.
So simplicity and reliability go hand in hand.

(2) Efficiency

Efficient execution is obtained by choosing language constructs that
can be implemented in a straightforward way on existing computers and by
performing simple optimizations of the code during compilation. However,
the main contribution to efficiency is a well-designed file system that mini-
mizes the movements of disk heads.

(38) Extensibility

The ability to extend a software system with new programs is sup-
ported by the design of a uniform program interface.

(4) Portability
A system that executes machine-independent code can be moved to

other computers by rewriting the kernel. To make the kernel as small as
possible, one must choose a small programming language.
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So, in many cases, simplicity contributes directly to other desirable
software properties. Software properties that are in serious conflict with
simplicity must, however, be sacrificed.

Other discussions of software quality are to be found in Hoare [1972a]
and Brinch Hansen [1977].



PROGRAMMING LANGUAGE
DESIGN

2.1 BACKGROUND

The development of the programming language Pascal was a landmark
in software technology [Wirth, 1971]. A programmer could now for the
first time use an abstract notation to describe both data types and opera-
tions. This machine-independent notation made it possible for a single
programmer in one year to write a portable compiler that was both under-
standable and correct.

Faced with a dramatic decrease in hardware costs and a steady rise of
software costs, it was inevitable that the computer industry eventually would
adopt this superior programming tool to support the new microprocessor
technology.

Since Pascal was first developed, two significant breakthroughs have
been made in software technology:

(1) It is now widely recognized that the ability to group data structures
and operations into program modules greatly clarifies the meaning of large
programs.



types.

2.2.1 The Type Concept

The type concept can best be illustrated by looking at the standard
types of Edison: the integers, booleans, and characters.

(1) A type consists of a finite set of values.
The type integer consists of a finite set of successive whole numbers

L.y, -2,-1, 0,1, 2, ...























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































