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When at the close of the 20® Century, I am
supposed to talk about Computing Science, I
am immediately faced with the question
"Which Computing Science?" In my personal
case I can narrow it down to "European CS or
American CS", but with 32 years of European
and 26 years of American employment as a
computing scientist, I cannot eliminate the
dilemma. (As an aside, don’t add the two
numbers I gave you, for there was some
overlap.) To summarize my position with
respect to that transatlantic difference: I
cannot ignore it, but am also allowed to
address the issue openly (that is, if not
qualified, at least entitled).

The major differences between European
and American CS are that American CS is
more machine—oriented, less mathematical,
more closely linked to application areas, more
quantitative and more willing to absorb
industrial products in its curriculum. For
most of these differences there are perfect
historical explanations, many of which reflect
the general cultural differences between the
two continents, but for CS we have also to
take into account the special circumstance
that due to the post—war situation, American
CS emerged a decade earlier, for instance at a
time when design, production, maintenance
and reliability of the hardware were still
causes for major concern. The names of the
early professional societies are in this respect
revealing: the "Association for Computing
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Machinery" and the ““British Computer
Society." And so are the names of the
scientific  discipline and the academic
departments: in the US, CS is short for
Computer Science, in Europe it is short for

Computing Science.

The other circumstance responsible for a
transatlantic difference in how CS evolved I
consider a true accident of history, viz. that
for some reason IBM was very slow in getting
interested in Europe as a potential market for
its computers, and by the time it targeted
Europe, this was no longer virgin territory.
Consequently, IBM became in Europe never
as predominant as it has been in Northern
America. Now, several decades later, it is
hard to visualize and to believe how strong
and how pervasive IBM’’s influence has been,
but let me relate to you an incident that took
place in 1975, at a conference that IBM had
organized at Montebello for CS professors
from all-over Canada. At that moment even
IBM knew that OS/360 was a disgraceful
mess and realized that it would become
increasingly  difficult to sell it to
knowledgeable customers. And so, with all
the sticks and carrots the company could
muster, the Canadian Universities were urged
to exclude the topic "Operating Systems"
from their curricula, the reason given being
that "working on the operating system was
not an entry-level job." Having seen IBM in
action, I have mixed feelings about today’s
fashion of strengthening the links, financial
and otherwise, between higher education and
industry.



It 15 o pity that they were called
Programming Languages, but apart [rom that
unfortunate name, FORTREAN and LISP have
been the great contribution of the 5305, That
name was unfortunate because very soon the
analogy with natural languages became more
misleading than illummating. It strengthened
the school of thought that tried to wview
programming primarily as o communication
problem, 1t invited the psvehologists i who
had nothing to contribute, and it seriously
delaved the recognition of the benefits of
viewing programs as formulae to be derived.
[t was the tume of Edmund C. Berkeley's
"Chant Brains or Machimes that Think,” it was
the time of rampant anthropomorphism  that
would lead to the false hope of solving the
programming  problem by the verbosity of
COBOL and would seduce Grace M. Hopper
to write i paper titled "The Education of &
Computer."  Regretlahly and amazangly, the
habit lingers on: 1t is stll guite ecasy o
infuriate computing scientists by pointing out
that anthropomerphizing inanimate objects is
mscience  a symptom ol professional
Tl

Ay osand, FORTREAN and ISP were the
two great achievements of the 30s. Compared
with FORTRAN, LISP embodied -4 much
arealer leap ol mmagination,  Conceptually
FORTEAN remained on familine grounds in
the sense thal ity purpose was to aid the
mechamzalion of computational processes we
used to do with pen and paper  (and
mechanical desk calculators 1f vou could
afford them). This was in strong contrast o
LISP whose purpose was to enshle the
execution of processes that no one would
dream of perfornung with pen and paper.

At the time LISP's radical novelties were
lor instance recognized by s charsetertzalion
as "the most omtelligent way o misusing u
computer.” 1 retrospect we see s radical
novelty because it wias what is now known s
g language for “functional pregramming.”
while  now, 40 wvears  later,  functional
programming is still considered in many C5
departments as something much too fancy,

too  sophisticated 10 be  taught Lo
undergraduates. LISP  had its serious
shortcomings: whal  became  Kknown  as
“shallow hindmg" (and created a hacker's
paradise) was an ordinary  design mistake;
also s promotion  of the idea that a
programming  language should be able to
formulate its own interpreter (which then
could be used as the language's definition)
has caused o lot of confusion because the
meestuous  adea ol sell—=definition  was
fundamentally lawed.  But in spite of these
shortcomings, LISP was a fantastic and m the
long run highly influential achievement that
has enabled some of the most sophisticated
compuler applications.

I must confess that T was very slow in
appreciating  LISP's  ments. My  first
introduciion was via a paper that defined the
semantics of LISP in terms of LISP, 1 did not
see how that could make sense, | rejected the
paper and LISP with it. My second effort was
a study of the LISP 1.5 Manual from MIT
which 1 could not read because it was an
mcomplete language delinition supplemented
by an equally incomplete description of a
possible implementation: that manual was so
poorly writlen that 1 could not tuke 118 authors
seriously, and rejected the manual and LISP
with 1, (1 am afraid that tolerance of
iadequate  texts was not my  leading
characteristic).

It 15 much harder o get lyrical about
FORTRAN, which as a  programming
language was denied the epithet "higher—
level” already an 1962 (in Rome), but 1 should
be grateful for | learned a few things from 1t
During an oral examination I had o student
develop a program which we would now
recognize as implementing pointer
manipulations using o one—dimensional array,
The candidate did very will untl at the very
end he got mysteniously stuck, neither of us
understanding why, It turned out that he
should have written down "aal1]] = ..."" b
that o meptal block prevented him  from
conceiving that hecause FORTRAN (to which
he had been exposed extensively) did not




allow index expressions as complicated as
"a[i]." It was a revealing warning of the
devious influence the tools we use may have
on our thinking habits.

I learned a second lesson in the 60s, when
I taught a course on programming to
sophomores, and discovered to my surprise
that 10% of my audience had the greatest
difficulty in coping with the concept of
recursive procedures. I was surprised because
I knew that the concept of recursion was not
difficult. Walking with my five—year old son
through Eindhoven, he suddenly said "Dad
not every boat has a life—boat, has it?" “"How
come?" I said. "Well, the life—boat could
have a smaller life-boat, but then that would
be without one." It turned out that the
students with problems were those who had
had prior exposure to FORTRAN, and the
source of their difficulties was not that
FORTRAN did not permit recursion, but that
they had not been taught to distinguish
between the definition of a programming
language and its implementation and that their
only handle on the semantics was trying to
visualize what happened during program
execution. Their only way of "understanding"
recursion was to implement it, something of
course they could not do. Their way of
thinking was so thoroughly operational that,
because they did not see how to implement
recursion, they could not understand it. The
inability to think about programs in an
implementation—independent way still afflicts
large sections of the computing community,
and FORTRAN played a major role in
establishing that regrettable tradition.

But despite its shortcomings, FORTRAN
was a great contribution whose significance I
realized during aforementioned programming
course in the 60s. In that course I developed
by way of example the program that
transforms a permutation that is not the
alphabetically last one into its alphabetical
successor. I still vividly remember my
excitement that I could do so at the beginning
of the 5* lecture for an audience of about 250
novices, and that it took no more than 20

minutes. I was so thrilled because, less than
10 years before, I had tackled that problem
and, though by then an experienced
programmer, I had been unable to design that
program and after a few hours had been
forced to give up. For me it was a most vivid
illustration of dramatic progress within a
decade, and I tried to convey some of that
excitement to my audience, but in that effort I
was not entirely successful, for while leaving
the lecture hall afterwards, I overheard one
student remarking to another "If Dijkstra
couldn’t solve that problem in his student
days, he cannot have been a very bright one."
The reason I had been unable to design that
program was that at the time I was
programming in a machine code in which,
due to the absence of index registers,
programs had to modify their own
instructions in store, and, as a consequence,
my poor, uneducated head did not know how
to make the distinction between the program
on the one hand and the variables it operated
upon on the other hand. In imperative
programs, we now take this distinction for
granted, but I would like to report to posterity
that for me it was a revelation when I saw the
distinction made. = And FORTRAN had
everything to do with that.

The concept of the self-modifying
program has been vigorously promoted by
John von Neumann who apparently felt that it
was an essential ingredient of the computer’s
flexibility; in retrospect it was a pun that has
been responsible for a decade of confusion.

And then the 60s started with an absolute
miracle, viz. ALGOL 60. This was a miracle
because on the one hand this programming
language had been designed by a committee,
while on the other hand its qualities were so
outstanding that in retrospect it has been
characterized as "a major improvement on
most of it successors" (C. A. R. Hoare). It
was created by a half-American, half-
European committee of a dozen people. As 1
was not a member, I don’t know who
contributed what, but I know that we owe to
John W. Backus that the syntax of ALGOL



60 got a formal grammar, and to
that — among probably a whole lot
Report was written so  exceedi

Scveral friends of mine, when
suggest a4 date of barth for
Science, came up with Janu
precisely because 1t was ALGC
showed the first ways i which
computing could and should and «
a topic of academic concern.

The introduction  and  use
i=Backus/Naur Form) to formalize
WIS i very courageous novelty, bec
feared that 1t would completely
computing community, but the ore
was that exactly the opposite hay
was loved by programmers and im
alike. It turned out o have all the
of a helpful formalism, viz.
unambiguous and amenable to
manipulation:  before the end of
the construction of parsers
mechanized, an achievement tha
earhier would have baffled the i
In the case of ALGOL 60, the use s
had one regrettable effect. Its po
have been used exclusively to ¢
language definition.  but it
introduction of new synlactic ca
casy  that the final
elaborate  and

syntax  bec
more  complic
desirable.

A formal ool for the definition of the
semantics was not avatlable at the time, and
50 the semantics was not available at the time,
and so the semantics were given verbally.
{This was definitely one of the places where
Peter Naur's scrupulous use of English paid
off.) It was, for lack of an alternative, still an
operational definition. but much more abstract
and further away from the machipe than we
were  used o It was definitely not a
definition - terms of an implementation,
because when the Report was published, its
authors did not know yet how o implement
the language, and i that sense also the design
of the semantics was very couragenus.

To give you some idea of the significance of
this milestone, it was crucial in enabling Tony
Hoare to complete the design of one of
computing’s most famous algorithms, viz.
Quicksort. Prior to knowing ALGOL 60
offering him just what he needed, Quicksort
materialized in all its glory.

But it was not only the invention of
individual algorithms that benefited, also
program composition as a whole became
much clearer. For instance, once the
implementation can cope with nested
activations of the same procedure, the
function supplied as parameter to an
integration routine may itself be defined in
terms of a definite integral, and by abolishing
the combinatorial constraints that otherwise
would be imposed, ALGOL 60 introduced a
new standard of cleanliness. In passing it
clarified the structure of compilers, for, the
syntax being defined recursively, a bunch of
mutually recursive procedures provides the
simplest structure for a parser (so much so
that "syntax—directed compiling" became a
recognized technique). For the subsequent
multi-programming systems, in which nested



