ETH Ziirich substantially—from several to many megabytes—whenever
there’s a new software release. When demand surpasses
capacity, it’s time to buy add-on memory. When the system has no more
extensibility, it’s time to buy a new, more powerful workstation. Do
increased performance and functionality keep pace with the increased
demand for resources? Mostly the answer is no.

About 25 years ago, an interactive text editor could be designed with as
little as 8,000 bytes of storage. (Modern program editors request 100 times
that much!) An operating system had to manage with 8,000 bytes, and a
compiler had to fit into 32 Kbytes, whereas their modern descendants
require megabytes. Has all this inflated software become any faster? On
the contrary. Were it not for a thousand times faster hardware, modern
software would be utterly unusable.

Enhanced user convenience and functionality supposedly justify the
increased size of software, but a closer look reveals these justifications to
be shaky. A text editor still performs the reasonably simple task of insert-
ing, deleting, and moving parts of text; a compiler still translates text into
executable code; and an operating system still manages memory, disk
space, and processor cycles. These basic obligations have not changed
with the advent of windows, cut-and-paste strategies, and pop-up menus,
nor with the replacement of meaningful command words by pretty icons.

The apparent software explosion is accepted largely because of the stag-
gering progress made by semiconductor technology, which has improved
the price/performance ratio to a degree unparalleled by any other branches
of technology. For example, from 1978 to 1993 Intel’s 80x86 family of

- processors increased power by a factor of 335, transistor density by a fac-
tor of 107, and price by a factor of about 3. The prospects for continuous
Software’s girth has surpassed performance increase are still solid, and there is no sign that software’s
ravenous appetite will be appeased anytime soon.! This developmenthas

Niklaus Wirth M emory requirements of today’s workstations typically jump

its functionality, largely spawned numerous rules, laws, and corollaries, which are—as is cus-
tomary in such cases—expressed in general terms; thus they are neither
because hardware provable nor refutable. With a touch of humor, the following two laws

reflect the state of the art admirably well:
advances make this possible.
* Software expands to fill the available memory. (Parkinson)

The way to streamline * Software is getting slower more rapidly than hardware becomes faster.
(Reiser)
software lies in disciplined
Uncontrolled software growth has also been accepted because cus-
methodologies and tomers have trouble distinguishing between essential features and those
that are just “nice to have.” Examples of the latter class: those arbitrarily
a return to the essentials. overlapping windows suggested by the uncritically but widely adopted
Computer 0018-9162/95/$4.00 © 1995 IEEE
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wise refinement of products that yields increased perfor-
mance under given constraints and with given resources.
Software’s resource limitations are blithely ignored, how-
ever: Rapid increases in processor speed and memory size
are commonly believed to compensate for sloppy software
design. Meticulous engineering habits do not pay off in
the short run, which is one reason why software plays a
dubious role among established engineering disciplines.

LANGUAGES AND DESIGN
METHODOLOGY

Although software research, which theoretically holds
the key to many future technologies, has been heavily sup-
ported, its results are seemingly irrelevant to industry.
Methodical design, for example, is apparently undesirable
because products so developed take too much “time to
market.” Analytical verification and correctness-proof
techniques fare even worse; in addition, these methods
require a higher intellectual caliber than that required by
the customary “try and fix it” approach. To reduce soft-
ware complexity by concentrating only on the essentials is
a proposal swiftly dismissed as ridiculous in view of cus-
tomers’ love for bells and whistles. When “everything
goes” is the modus operandi, methodolo-
gies and disciplines are the first casualties.

Programming language methodologies
are particularly controversial. In the 1970s,
itwas widely believed that program design
must be based on well-structured methods
and layers of abstraction with clearly
defined specifications. The abstract data
type best exemplified this idea and found
expression in then-new languages such as
Modula-2 and Ada. Today, programmers
are abandoning well-structured languages
and migrating mostly to C. The Clanguage
doesn’t even let compilers perform secure
type checking, yet this compiler task is by far most help-
ful to program development in locating early conceptual
mistakes. Without type checking, the notion of abstrac-
tion in programming languages remains hollow and aca-
demic. Abstraction can work only with languages that
postulate strict, static typing of every variable and func-
tion. In thisrespect, C fails—it resembles assembler code,
where “everything goes.”

Reinventing the wheel?

Remarkably enough, the abstract data type has reap-
peared 25 years after its invention under the heading
object oriented. This modern term’s essence, regarded by
many as a panacea, concerns the construction of class
(type) hierarchies. Although the older concept hasn’t
caught on without the newer description “object oriented,”
programmers recognize the intrinsic strength of the
abstract data type and convert to it. To be worthy of the
description, an object-oriented language must embody
strict, static typing that cannot be breached, whereby pro-
grammers can rely on the compiler to identify inconsis-
tencies. Unfortunately, the most popular object-oriented
language, C++, is no help here because it has been
declared to be upwardly compatible with its ancestor C.
Its wide acceptance confirms the following “laws”:

Computer

* Progress is acceptable only if it’s compatible with the
current state.
 Adhering to a standard is always safer.

Given this situation, programmers struggle with a lan-
guage that discourages structured thinking and disci-
plined program construction (and denies basic compiler
support). They also resort to makeshift tools that chiefly
add to software’s bulk.

What a grim picture; what a pessimist! the reader must
be thinking. No hint of computing’s bright future, hereto-
fore regarded as a given.

This admittedly somber view is realistic; nonetheless,
given the will, there is a way to improve the state of the art.

PROJECT OBERON

Between 1986 and 1989, Jurg Gutknecht and I designed
and implemented a new software system—called
Oberon—for modern workstations, based on nothing but
hardware. Our primary goal was to show that software
can be developed with a fraction of the memory capacity
and processor power usually required, without sacrificing
flexibility, functionality, or user convenience.

The Oberon system has been in use since 1989, serving
purposes that include document preparation, software
development, and computer-aided design of electronic cir-
cuits, among many others. The system includes

* storage management,

* afile system,

* awindow display manager,

* anetwork with servers,

* acompiler, and

* text, graphics, and document editors.

Designed and implemented—from scratch—by two
people within three years, Oberon has since been ported
to several commercially available workstations and has
found many enthusiastic users, particularly since itis freely
available.>

Oursecondary goal was to design a system that could be
studied and explained in detail, a system suitable as a soft-
ware-design case study that could be penetrated top-down
and whose design decisions could be stated explicitly.
(Indeed, there is a lack of published case studies in soft-
ware construction, which becomes all the more evident
when one is faced with the task of teaching courses.) The
result of our efforts is a single book that describes the
entire system and contains the source code of all modules.

How is it possible to build a software system with some
five man-years of effort and present it in a single book??

Three underlying tenets

First, we concentrated on the essentials. We omitted any-
thing that didn’t fundamentally contribute to power and
flexibility. For example, user interaction in the basic system
is confined to textual information—no graphics, pictures,
or icons.

Secondly, we wanted to use a truly object-oriented pro-
gramming language, one that was type-safe. This, coupled
with our belief that the first tenet must apply even more strin-
gently to the tools than to the system being built, forced us




