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Preface

He who does not plow,
must write.
— Martin A. Hansen

The ACM HOPL-2 conference on the History of Programming Languages asked me
to write a paper on the history of C++. This seemed a reasonable idea and a bit of an
honor, so I started writing. To get a more comprehensive and balanced view of Ct++’s
growth, I asked a few friends from the early days of C++ for their recollections. That
caused news of this project to travel through the grapevine. There, the story mutated,
and one day I received a message from a friend asking where he could buy my new
book on the design of C++. That email message is the real origin of this book.

Traditional books about programming and programming languages explain what a
language is and how to use it. However, many people are also curious about why a
language is the way it is and how it came to be that way. This book answers these last
two questions for C++. It explains how C++ evolved from its first design to the lan-
guage in use today. It describes the key problems, design aims, language ideas, and
constraints that shaped C++, and how they changed over time.

Naturally, C++ and the ideas about design and programming that shaped it didn’t
just mutate by themselves. What really evolved was the C++ users’ understanding of
their practical problems and of the tools needed to help solve them. Consequently,
this book also traces the key problems tackled using C++ and the views of the people
who tackled them in ways that influenced C++.

C++ is still a young language. Some of the issues discussed here are yet unknown
to many users. Many implications of decisions described here will not become obvi-
ous for years to come. This book presents my view of how C++ came about, what it
is, and what it ought to be. I hope this will be of help to people trying to understand
how best to use C++ and in the continuing evolution of C++.
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The emphasis is on the overall design goals, practical constraints, and people that
shaped C++. The key design decisions relating to language features are discussed and
put into their historical context. The evolution of Ct++ is traced from C with Classes
through Release 1.0 and 2.0 to the current ANSI/ISO standards work and the explo-
sion of use, interest, commercial activity, compilers, tools, environments, and
libraries. C++’s relationship to C and Simula is discussed in detail. C++’s relation-
ship to other languages is discussed briefly. The design of major language facilities
such as classes, inheritance, abstract classes, overloading, memory management, tem-
plates, exception handling, run-time type information, and namespaces are discussed
in some detail.

The primary aim of this book is to give C++ programmers a better idea of the
background and fundamental concepts of their language and hopefully to inspire them
to experiment with ways of using C++ that are new to them. This book can also be
read by experienced programmers and students of programming languages and might
help them decide whether using C++ might be worth their while.
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book. Steve Buroff, Martin Carroll, Sean Corfield, Tom Hagelskj®r, Rick Hollin-
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ing it.

Naturally, I owe thanks to the many people who helped make C++. In a sense, this
book is a tribute to them and some of their names can be found throughout the chap-
ters and in the index. Should I single out individuals, it must be Brian Kernighan,
Andrew Koenig, Doug Mcllroy, and Jonathan Shopiro, each of whom has been a
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Notes to the Reader

Writing is the only art
that must be learned by wrote.
— anon

Main themes of this book — how to read this book — a timeline for C++
— C++ and other programming languages — references.

Introduction

Ct++ was designed to provide Simula’s facilities for program organization together
with C’s efficiency and flexibility for systems programming. It was intended to
deliver that to real projects within half a year of the idea. It succeeded.

At the time, mid-1979, neither the modesty nor the preposterousness of that goal
was realized. The goal was modest in that it did not involve innovation, and prepos-
terous in both its time scale and its Draconian demands on efficiency and flexibility.
While a modest amount of innovation did emerge over the years, efficiency and flexi-
bility have been maintained without compromise. While the goals for C++ have been
refined, elaborated, and made more explicit over the years, C++ as used today directly
reflects its original aims.

The purpose of this book is to document those aims, track their evolution, and pre-
sent C++ as it emerged from the efforts of many people to create a language that
served its users according to those aims. In doing so, I try to balance historical facts
(such as names, places, and events) against technical issues of language design,
implementation, and use. If is not my aim to document every little event, but to focus
on the key events, ideas, and trends that actually influenced the definition of C++ or
might influence its further evolution and use.

Wherever events are presented, I try to describe them as they happened rather than
how I or others might have liked them to have happened. Where reasonable, I use
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quotes from papers to illustrate the aims, principles, and features as they appeared at
the time. I try not to project hindsight into events; rather, retrospective comments and
comments about the implications of a decision are presented separately and are
explicitly marked as retrospective. Basically, I abhor revisionist history and try to
avoid it. For example, I mention that *‘T had found Pascal’s type system worse than
useless — a straitjacket that caused more problems than it solved by forcing me to
warp my designs to suit an implementation-oriented artifact.”” That I thought that at
the time is a fact, and it is a fact that had important implications for the evolution of
C++. Whether that harsh judgement on Pascal was fair and whether I would make the
same judgement today (more than a decade later) is irrelevant. I could not delete the
fact (say, to spare the feelings of Pascal fans or to spare myself embarrassment or con-
troversy) or modify it (by providing a more complete and balanced view) without
warping the history of C++.

I try to mention people who contributed to the design and evolution of C++, and I
try to be specific about their contribution and about when it occurred. This is some-
what hazardous. Since I don’t have a perfect memory, I will overlook some contribu-
tions. I offer my apologies. I name the people who caused a decision to be made for
C++. Inevitably, these will not always be the people who first encountered a particu-
lar problem or who first thought of a solution. This can be unfortunate, but to be
vague or to refrain from mentioning names would be worse. Feel free to send me
information that might help clarity such points.

Where I describe historical events, there is a question of how objective my
descriptions are. I have tried to compensate for unavoidable bias by obtaining infor-
mation about events I wasn’t part of, by talking to other people involved in events,
and by having several of the people involved in the evolution of C++ read this book.
Their names can be found at the end of the preface. In addition, the History of Pro-
gramming Languages (HOPL-2) paper [Stroustrup,1993] that contains the central his-
torical facts from this book was extensively reviewed and deemed free of unsuitable
bias.

How to Read this Book

Part T goes through the design, evolution, use, and standardization of C++ in roughly
chronological order. I chose this organization because during the early years, major
design decisions map onto the timeline as a neat, logical sequence. Chapters 1, 2, and
3 describe the origins of C++ and its evolution through C with Classes to Release 1.0.
Chapter 4 describes the rules that guided C++’s growth during that period and beyond.
Chapter 5 provides a chronology of post-1.0 developments, and Chapter 6 describes
the ANSI/ISO C++ standards effort. To provide perspective, Chapters 7 and 8 discuss
applications, tools, and libraries. Finally, Chapter 9 presents a retrospective and some
thoughts on the future.

Part IT presents the post-Release-1.0 development of C++. The language grew
within a framework laid down around the time of Release 1.0. This framework
included a set of desired features, such as templates and exception handling, and rules
guiding their design. After Release 1.0, chronology didn’t matter much to the
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development of C++. The current definition of C++ would have been substantially the
same had the chronological sequence of post-1.0 extensions been different. The
actual sequence in which the problems were solved and features provided is therefore
of historical interest only. A strictly chronological presentation would interfere with
the logical flow of ideas, so Part II is organized around major language features
instead. Part II chapters are independent, so they can be read in any order: Chapter
10, memory management; Chapter 11, overloading; Chapter 12, multiple inheritance;
Chapter 13, class concept refinements; Chapter 14, casting; Chapter 15, templates;
Chapter 16, exception handling; Chapter 17, namespaces; Chapter 18, the C prepro-
Cessor.

Different people expect radically different things from a book on the design and
evolution of a programming language. In particular, no two people seem to agree on
what level of detail is appropriate for a discussion of this topic. Every review I
received on the various versions of the HOPL-2 paper (well over a dozen reviews)
was of the form, ‘‘This paper is too long ... please add information on topics X, Y,
and Z.”” Worse, about a third of the reviews had comments of the form, ‘‘Cut the
philosophical/religious nonsense and give us proper technical details instead.”
Another third commented, ‘‘Spare me the boring details and add information on your
design philosophy.”’

To wiggle out of this dilemma, I have written a book within a book. If you are not
interested in details, then at first skip all subsections (numbered §x.y.z, where x is the
chapter number and y is the section number). Later, read whatever else looks interest-
ing. You can also read this book sequentially starting at page one and carry on until
the end. Doing that, you might get bogged down in details. This is not meant to
imply that details are unimportant. On the contrary, no programming language can be
understood by considering principles and generalizations only; concrete examples are
essential. However, looking at the details without an overall picture to fit them into is
a way of getting seriously lost.

As an additional help, I have concentrated most of the discussion of new features
and features generally considered advanced in Part II. This allows Part I to concen-
trate on basics. Almost all of the information on nontechnical aspects of C++’s evolu-
tion is found in Part I. People with little patience for ‘‘philosophy’’ can break up the
discussion in Chapters 4 through 9 by looking ahead to the technical details of lan-
guage features in Part II.

I assume that some will use this book as a reference and that many will read indi-
vidual chapters without bothering with all preceding chapters. To make such use fea-
sible, I have made the individual chapters relatively self-contained for the experienced
C++ programmer and been liberal with cross references and index terms.

Please note that I don’t try to define the features of C++ here, I present only as
much detail as is necessary to provide a self-contained description of how the features
came about. I don’t try to teach C++ programming or design either; for a tutorial, see
[2nd].
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C++ Timeline
This C++ timeline might help you keep track of where the story is taking you:

1979 May  Work on C with Classes starts
Oct 1st C with Classes implementation in use
1980  Apr 1st internal Bell Labs paper on C with Classes [Stroustrup,1980]
1982  Jan 1st external paper on C with Classes [Stroustrup,1982]
1983 Aug  Ist C++implementation in use
Dec  C++named
1984  Jan 1st C++ manual
1985  Feb 1st external C++ release (Release E)
Oct Cfront Release 1.0 (first commercial release)
Oct The C++ Programming Language [Stroustrup,1986]
1986  Aug  The ‘‘whatis paper’’ [Stroustrup,1986b]
Sep 1st OOPSLA conference (start of OO hype centered on Smalitalk)
Nov  1st commercial Cfront PC port (Cfront 1.1, Glockenspiel)
1987  Feb Cfront Release 1.2
Nov  1st USENIX C++ conference (Santa Fe, NM)
Dec 1st GNU G+ release (1.13)
1988  Jan 1st Oregon Software C++ release
June  1st Zortech C++ release
Oct Ist USENIX C++ implementers workshop (Estes Park, CO)
1989  June  Cfront Release 2.0
Dec  ANSI X3J16 organizational meeting (Washington, DC)
1990 May  Ist Borland C++ release
Mar Ist ANSI X3J16 technical meeting (Somerset, NJ)
May  The Annotated C++ Reference Manual [ARM]
July  Templates accepted (Seattle, WA)
Nov  Exceptions accepted (Palo Alto, CA)
1991  June  The C++ Programming Language (second edition) [2nd]
June  1st ISO WG21 meeting (Lund, Sweden)
Oct Cfront Release 3.0 (including templates)
1992 Feb 1st DEC C++ release (including templates and exceptions)
Mar  1st Microsoft C++ release
May  1st IBM Ct+ release (including templates and exceptions)
1993 Mar  Run-time type identification accepted (Portland, OR)
July  Namespaces accepted (Munich, Germany)
1994  Aug  ANSVISO Committee Draft registered

Focus on Use and Users

This book is written for C++ users, that is, for programmers and designers. I have
tried (believe it or not) to avoid truly obscure and esoteric topics to give a user’s view
of the C++ language, its facilities, and its evolution. Purely language-technical
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discussions are presented only if they shed light on issues that directly impact users.
The discussions of name lookup in templates (§15.10) and of lifetime of temporaries
(§6.3.2) are examples.

Programming language specialists, language lawyers, and implementers will find
many tidbits in this book, but the aim is to present the large picture rather than to be
precise and comprehensive about every little detail. If precise language-technical
details is what you want the definition of C++ can be found in The Annotated C++
Reference Manual (the ARM) [ARM], in The C++ Programming Language (second
edition) [2nd], and in the ANSI/ISO standards committee’s working paper. However,
the details of a language definition are incomprehensible without an understanding of
the purpose of the language. The language, details and all, exists to help build pro-
grams. My intent with this book is to provide insights that can help in this endeavor.

Programming Languages

Several reviewers asked me to compare C++ to other languages. This I have decided
against doing. Thereby, I have reaffirmed a long-standing and strongly held view:
Language comparisons are rarely meaningful and even less often fair. A good com-
parison of major programming languages requires more effort than most people are
willing to spend, experience in a wide range of application areas, a rigid maintenance
of a detached and impartial point of view, and a sense of fairness. I do not have the
time, and as the designer of C++, my impartiality would never be fully credible.

I also worry about a phenomenon I have repeatedly observed in honest attempts at
language comparisons. The authors try hard to be impartial, but are hopelessly biased
by focusing on a single application, a single style of programming, or a single culture
among programmers. Worse, when one language is significantly better known than
others, a subtle shift in perspective occurs: Flaws in the well-known language are
deemed minor and simple workarounds are presented, whereas similar flaws in other
languages are deemed fundamental. Often, the workarounds commonly used in the
less-well-known languages are simply unknown to the people doing the comparison
or deemed unsatisfactory because they would be unworkable in the more familiar lan-
guage.

Similarly, information about the well-known language tends to be completely up-
to-date, whereas for the less-known language, the authors rely on several-year-old
information. For languages that are worth comparing, a comparison of language X as
defined three years ago vs. language Y as it appears in the latest experimental imple-
mentation is neither fair nor informative. Thus, I restrict my comments about lan-
guages other than C++ to generalities and to very specific comments. This is a book
about C++, its design, and the factors that shaped its evolution. It is not an attempt to
contrast C++ language features with those found in other languages.

To fit C++ into a historical context, here is a chart of the first appearances of lan-
guages that often crop up in discussions about C++:
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- Fortran —— _
- —— Lisp -
60 ——— Algol 60 60
- CPL -
- PL/I -
- BCPL -
- — Simula 67 -
70 Pascal : 70
, C ,
_ ML -
- Algol 68 .
- : Clu -
30 Modula-2 | C with Cl'gisses |— Smalltalk-80 —| 8o
- Ada Beta o 1/ -
- e CH Objective C -
: T ANSIC 2 Eiffel -
- CLOS -
- N & V -
90 CHarm 90
- Modula-3 -
- Ada9X Cstd -

The chart is not intended to be anywhere near complete except for significant influ-
ences on C++. In particular, the chart understates the influence of the Simula class
concept; Ada [Ichbiah,1979] and Clu [Liskov,1979] are weakly influenced by Simula
[Birtwistle,1979]; Ada9X [Taft,1992], Beta [Madsen,1993], Eiffel [Meyer,1988], and
Modula-3 [Nelson,1991] are strongly influenced. C++’s influence on other languages
is left unrepresented. Solid lines indicate an influence on the structure of the
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language; dotted lines indicate an influence on specific features. Adding lines to
show this for every language would make the diagram too messy to be useful. The
dates for the languages are generally those of the first usable implementation. For
example, Algol68 [Woodward,1974] can be found by the year 1977 rather than 1968.

One conclusion I drew from the wildly divergent comments on the HOPL-2 paper
— and from many other sources — is that there is no agreement on what a programming
language really is and what its main purpose is supposed to be. Is a programming lan-
guage a tool for instructing machines? A means of communicating between program-
mers? A vehicle for expressing high-level designs? A notation for algorithms? A
way of expressing relationships between concepts? A tool for experimentation? A
means of controlling computerized devices? My view is that a general-purpose pro-
gramming language must be all of those to serve its diverse set of users. The only
thing a language cannot be — and survive — is a mere collection of ‘‘neat’’ features.

The difference in opinions reflects differing views of what computer science is
and how languages ought to be designed. Ought computer science be a branch of
mathematics? Of engineering? Of architecture? Of art? Of biology? Of sociology?
Of philosophy? Alternatively, does it borrow techniques and approaches from all of
these disciplines? I think so.

This implies that language design parts ways from the “‘purer’” and more abstract
disciplines such as mathematics and philosophy. To serve its users, a general-purpose
programming language must be eclectic and take many practical and sociological fac-
tors into account. In particular, every language is designed to solve a particular set of
problems at a particular time according to the understanding of a particular group of
people. From this initial design, it grows to meet new demands and reflects new
understandings of problems and of tools and techniques for solving them. This view
is pragmatic, yet not unprincipled. It is my firm belief that all successful languages
are grown and not merely designed from first principles. Principles underlie the first
design and guide the further evolution of the language. However, even principles
evolve.
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Part 1

Part I describes the origins of C++ and its evolution through C with
Classes to Release 1.0. It also describes the rules that guided C++’s
growth during that period and beyond. A chronology of post-1.0 devel-
opments is provided, and the C++ standardization effort is described. To
provide perspective, the use of C++ is discussed. Finally, a retrospective
and some thoughts on the future is presented.
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The Prehistory of C++

In olden days,
when EVIL ruled!
— Kristen Nvgaard

Simula and distributed systems — C and systems programming — the
influence of mathematics, history, philosophy, and literature.

1.1 Simula and Distributed Systems

The prehistory of C++ — the couple of years before the idea of adding Simula-like fea-
tures to C occurred to me — is important because during this time, the criteria and ide-
als that later shaped C++ emerged. I was working on my Ph.D. Thesis in the Comput-
ing Laboratory of Cambridge University in England. My aim was to study alterna-
tives for the organization of system software for distributed systems. The conceptual
framework was provided by the capability-based Cambridge CAP computer and its
experimental and continuously evolving operating system [Wilkes,1979]. The details
of this work and its outcome [Stroustrup,1979] are of little relevance to C++ What is
relevant, though, was the focus on composing software out of well-delimited modules
and that the main experimental tool was a relatively large and detailed simulator I
wrote for simulating software running on a distributed system.

The initial version of this simulator was written in Simula [Birtwistle,1979] and
ran on the Cambridge University computer center’s IBM 360/165 mainframe. It was
a pleasure to write that simulator. The features of Simula were almost ideal for the
purpose, and I was particularly impressed by the way the concepts of the language
helped me think about the problems in my application. The class concept allowed me
to map my application concepts into the language constructs in a direct way that made
my code more readable than I had seen in any other language. The way Simula
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classes can act as co-routines made the inherent concurrency of my application easy to
express. For example, an object of class computer could trivially be made to work
in pseudo-parallel with other objects of class computer. Class hierarchies were
used to express variants of application-level concepts. For example, different types of
computers could be expressed as classes derived from class computer and different
types of inter-module communication mechanisms could be expressed as classes
derived from class IPC. The use of class hierarchies was not heavy, though; the use
of classes to express concurrency was much more important in the organization of my
simulator.

During writing and initial debugging, I acquired a great respect {or the expressive-
ness of Simula’s type system and its compiler’s ability to catch type errors. I
observed that type errors almost invariably reflected either a silly programming error
or a conceptual flaw in the design. The latter was by far the most significant and a
help that I had not experienced in the use of more primitive ‘‘strong’’ type systems.
In contrast, I had found Pascal’s type system to be worse than useless — a straitjacket
that caused more problems than it solved by forcing me to warp my designs to suit an
implementation-oriented artifact. The contrast 1 perceived between the rigidity of
Pascal and the flexibility of Simula was essential for the development of Ct++.
Simula’s class concept was seen as the key difference, and ever since I have seen
classes as the proper primary focus of program design.

I had used Simula before (during my studies at the University of Aarhus, Den-
mark), but was very pleasantly surprised by the way the mechanisms of the Simula
language became increasingly helpful as the size of the program increased. The class
and co-routine mechanisms and the comprehensive type checking ensured that prob-
lems and errors did not (as [ — and I guess most people — would have expected) grow
more than linearly with the size of the program. Instead, the total program acted more
like a collection of very small programs than a single large program and was therefore
easier to write, comprehend, and debug.

The implementation of Simula, however, did not scale in the same way. As a
result, the whole project came close to disaster. My conclusion at the time was that
the Simula implementation (as opposed to the Simula language) was geared to small
programs and was inherently unsuitable for larger programs [Stroustrup,1979]. Link
times for separately compiled classes were abysmal: It took longer to compile 1/30th
of the program and link it to a precompiled version of the rest than it took to compile
and link the program as a monolith. This 1 believe, was more a problem with the
mainframe linker than with Simula, but it was still a burden. On top of that, the run-
time performance was such that there was no hope of obtaining useful data from the
simulator. The poor run-time characteristics were a function of the language and its
implementation rather than a function of the application. The overhead problems
were fundamental to Simula and could not be remedied. The cost arose from several
language features and their interactions: run-time type checking, guaranteed initial-
ization of variables, concurrency support, and garbage collection of both user-
allocated objects and procedure activation records. For example, measurements
showed that more than 80% of the time was spent in the garbage collector despite the
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fact that resource management was part of the simulated system so that no garbage
was ever produced. Simula implementations are better these days (15 years later), but
the order-of-magnitude improvement in run-time performance still has not (to the best
of my knowledge) materialized.

To avoid terminating the project — and thus having to leave Cambridge without a
Ph.D. — T rewrote the simulator in BCPL and ran it on the experimental CAP com-
puter. The experience of coding and debugging the simulator in BCPL
[Richards,1980] was horrible. BCPL makes C look like a very high-level language
and provides absolutely no type checking or run-time support. The resulting simula-
tor did, however, run suitably fast and gave a whole range of useful results that clari-
fied many issues for me and provided the basis for several papers on operating system
issues [Stroustrup,1978,1979b,1981].

Upon leaving Cambridge, I swore never again to attack a problem with tools as
unsuitable as those I had suffered while designing and implementing the simulator.
The significance of this to C++ was the notion I had evolved of what constituted a
‘‘suitable tool’’ for projects such as writing a significant simulator, an operating sys-
tem, and similar systems programming tasks:

[1] A good tool would have Simula’s support for program organization — that is,

classes, some form of class hierarchies, some form of support for concurrency,
and strong (that is, static) checking of a type system based on classes. This I
saw (as I still see it today) as support for the process of inventing programs, as
support for design rather than just for implementation.

[2] A good tool would produce programs that run as fast as BCPL programs and
share BCPL’s ability to easily combine separately compiled units into a pro-
gram. A simple linkage convention is essential for combining units written in
languages such as C, Algol68, Fortran, BCPL, assembler, etc., into a single
program so that programmers can avoid getting caught by inherent limitations
in a single language.

[3]1 A good tool should also allow for highly portable implementations. My expe-
rience was that the ‘‘good’’ implementation I needed would typically not be
available until ‘‘next year’” and then only on a machine I couldn’t afford. This
implied that a tool must have multiple sources of implementations (no mono-
poly would be sufficiently responsive to users of ‘‘unusual’’ machines or to
poor graduate students), that there should be no complicated run-time support
system to port, and that there should be only very limited integration between
the tool and its host operating system.

These criteria were not fully formed when I left Cambridge. Some matured only
on further reflection on my experience with the simulator, on programs written over
the next couple of years, and on the experiences of others that I learned of through
discussions and reading of code. Ct++ as defined at the time of Release 2.0 strictly ful-
fills these criteria; the fundamental tensions in the effort to design templates and
exception handling mechanisms for C++ arise from the need to depart from some
aspects of these criteria. I think the most important aspect of these criteria is that they
are only loosely connected with specific programming language features. Instead,
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they specify constraints on a solution.

At the time 1 was there, the Cambridge Computing Laboratory was headed by
Maurice Wilkes. I received my main technical guidance from my supervisor, David
Wheeler, and from Roger Needham. My background in operating systems and my
interest in modularization and communication had permanent effects on C++. The
C++ model of protection, for example, is based on the notion of granting and transfer-
ring access rights; the distinction between initialization and assignment has its root in
thoughts about transferring capabilities; C++’s notion of const is derived from hard-
ware read/write access protection mechanisms; and the design of C++’s exception
handling mechanism was influenced by work on fault-tolerant systems done by Brian
Randell’s group in Newcastle during the seventies.

1.2 C and Systems Programming

I had briefly encountered C in London in 1975 and acquired some respect for it com-
pared to other languages of the kind referred to as systems programming languages,
machine-oriented languages, or low-level languages. Of those, I knew PL360, Coral,
Mary, and others, but my main experience with languages of this class was BCPL. In
addition to being a BCPL user, I had once implemented BCPL by microcoding its
intermediate form, O-code, so I had a detailed understanding of the low-level effi-
ciency implications of this class of languages.

After finishing my Ph.D. Thesis in Cambridge and getting a job at Bell Labs, 1
(re)learned C from [Kernighan,1978]. Thus, at the time, I was not a C expert and saw
C primarily as the most modern and prominent example of the systems programming
languages. Only later did I achieve a fuller understanding of C based on personal
experience and discussion with people such as Stu Feldman, Steve Johnson, Brian
Kernighan, and Dennis Ritchie. The general idea of a systems programming language
thus determined the growth of C++ to at least the same extent as did the specific
language-technical details of C.

I knew Algol68 [Woodward,1974] pretty well from using it for minor projects in
Cambridge. I appreciated the relationship between its constructs and those of C, and
sometimes find it useful to consider C constructs as specialized versions of Algol68’s
more general concepts. Curiously enough, I did not see Algol68 as a systems pro-
gramming language (despite having used an operating system written in Algol68). 1
suspect the reason was the emphasis I placed on portability, ease of linkage to code
written in other languages, and run-time efficiency. I have on occasion described my
dream language as Algol68 with Simula-like classes. However, for building a practi-
cal tool, C seemed a much better choice than Algol68.
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1.3 General Background

It is often claimed that the structure of a system reflects the structure of the organiza-
tion that created it. Within reason, I subscribe to that idea. It follows that when a sys-
tem is primarily the work of an individual, the system reflects the fundamental out-
look of that individual. In retrospect, I think the overall structure of C++ was shaped
as much by my general “‘world view’’ as it was shaped by the detailed computer sci-
ence concepts used to form its individual parts.

I studied pure and applied mathematics so that my Danish ‘‘masters degree’” (a
Cand.Scient. degree) is in mathematics and computer science. This left me with an
appreciation of the beauty of mathematics, but also with a bias towards mathematics
as a practical tool for problem solving as opposed to an apparently purposeless monu-
ment to abstract truth and beauty. I have a lot of sympathy for the student Euclid
reputedly had evicted for asking, ‘‘But what is mathematics for?”’ Similarly, my
interest in computers and programming languages is fundamentally pragmatic. Com-
puters and programming languages can be appreciated as works of art, but aesthetic
factors should complement and enhance utility, not substitute for or compromise util-
ity.

My long-term (continuous for at least 25 years) hobby is history, and I spent sig-
nificant time in university and later studying philosophy. This has given me a rather
conscious view of where my intellectval sympathies lie and why. Among the long-
standing schools of thought, T feel most at home with the empiricists rather than with
the idealists — the mysticists I just can’t appreciate. That is, I tend to prefer Aristotle
to Plato, Hume to Descartes, and shake my head sadly over Pascal. I find comprehen-
sive ‘‘systems’’ like those of Plato and Kant fascinating, yet fundamentally unsatisfy-
ing in that they appear to me dangerously remote from everyday experiences and the
essential peculiarities of individuals.

I find Kierkegaard’s almost fanatical concern for the individual and keen psycho-
logical insights much more appealing than the grandiose schemes and concern for
humanity in the abstract of Hegel or Marx. Respect for groups that doesn’t include
respect for individuals of those groups isn’t respect at all. Many C++ design decisions
have their roots in my dislike for forcing people to do things in some particular way.
In history, some of the worst disasters have been caused by idealists trying to force
people into ‘‘doing what is good for them.”” Such idealism not only leads to suffering
among its innocent victims, but also to delusion and corruption of the idealists apply-
ing the force. I also find idealists prone to ignore experience and experiment that
inconveniently clashes with dogma or theory. Where ideals clash and sometimes
even when pundits seem to agree, I prefer to provide support that gives the program-
mer a choice.

My preferences in literature have reinforced this unwillingness to make a decision
based on theory and logic alone. In this sense, C++ owes as much to novelists and
essayists such as Martin A. Hansen, Albert Camus, and George Orwell, who never
saw a computer, as it does to computer scientists such as David Gries, Don Knuth,
and Roger Needham. Often, when I was tempted to outlaw a feature I personally
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disliked, I refrained from doing so because I did not think I had the right to force my
views on others. I know that much can be achieved in a relatively short time by the
energetic pursuit of logic and by ruthless condemnation of ‘‘bad, outdated, and con-
fused habits of thought.”” However, the human cost is often high. A high degree of
tolerance and acceptance that different people do think in different ways and strongly
prefer to do things differently is to me far preferable.

My preference is to slowly — often painfully slowly — persuade people to try new
techniques and adapt the ones that suit their needs and tastes. There are effective
techniques for achieving ‘‘religious conversions’” and ‘‘revolutions,”” but I have fun-
damental qualms about those techniques and grave doubts about their effects in the
long term and on a large scale. Often, if someone can be easily converted to *‘reli-
gion’’ X, a further conversion to ‘‘religion”” Y is likely, and the gain ephemeral. I
prefer skeptics to ‘‘true believers.”” I value a small piece of solid evidence over most
theories, and a solid experimental result over most logical arguments.

These views could easily lead to fatalistic acceptance of status quo. After all, one
cannot make an omelet without cracking a few eggs and most people do not actually
want to change — at least ‘‘not just now’” or in ways that will disrupt their everyday
lives. This is where respect for facts comes in — and a modicum of idealism. Things
in programming and in the world in general really aren’t in a very good state, and
much can be done to improve them. I designed C++ to solve a problem, not to prove
a point, and it grew to serve its users. The underlying view is that it is possible to
achieve improvements through gradual change. The ideal situation is to maintain the
greatest rate of change that improves the welfare of the individuals involved. The
main difficulties are to determine what constitutes progress, to develop techniques to
smooth transitions, and to avoid excesses caused by over-enthusiasm.

I’m willing to work hard for the adoption of ideas that I have become convinced
will be of help to people. In fact, I consider it the obligation of scientists and intellec-
tuals to ensure that their ideas are made accessible and thus useful to society instead
of being mere playthings for specialists. However, I’'m not willing to sacrifice people
to ideas. In particular, I do not try to enforce a single style of design through a nar-
rowly defined programming language. People’s ways of thinking and working are so
diverse that an attempt to force a single style would do more harm than good. Thus,
C++ is deliberately designed to support a variety of styles rather than a would-be “‘one
true way.”’

Chapter 4 presents the more detailed and practical rules that guided the design of
C++. In those rules, you can find the echoes of the general ideas and ideals mentioned
here.

A programming language can be the most important factor in a programmer’s day.
However, a programming language is really a very tiny part of the world, and as such,
it ought not be taken too seriously. Keep a sense of proportion and — most impor-
tantly — keep a sense of humor. Among major programming languages, C++ is the
richest source of puns and jokes. That is no accident.

Philosophy, like discussion of language features, does tend to get overly serious
and preachy. For this, I apologize, but I felt like acknowledging my intellectual roots
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and I guess this is harmless — well, mostly harmless. And no, my preferences in liter-
ature are not limited to writers emphasizing philosophical and political themes; those
are just the ones who left the most obvious traces in the fabric of C++.
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