The Past, Present
and Future of
Programming
Languages

Kevlin Henney |




CONCEPTS OF | S — @KevlinHenney

Programming Languages o @kevlin.bsky.social
inciples of Programr anguases s[AE ; : : |
sign, Evaluation, and lmplementatlon «Second EdntnonE1 SAE I In ke d IN.CO m/ I n/ keVI N

c @kevlin@mastodon.social

- SMALLTALK—B e 4 Bl threads.net/@kevlin.henney

S mm—

THE LANGUAGE SR T

T e &M Tho Dosign and Evolution of G#+ 4 £ : @l instagram.com/kevlin.henney
kevlinhenney.medium.com

g#,ﬁ,\'}'g',SJSTED , kevlin@curbralan.com

o o about.me/kevlin

JAGGER
PERRY
SESTOFT

Jensen/Wirth

AL AND RPORT THiion




The past, present and
future walked into a bar.
It was a tense situation.
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Conventional programming languages are growing
ever more enormous, but not stronger. Inherent defects
at the most basic level cause them to be both fat and
weak: their primitive word-at-a-time style of program-
ming inherited from their common ancestor—the von
Neumann computer, their close coupling of semantics to
state transitions, their division of programming into a
world of expressions and a world of statements, their
inability to effectively use powerful combining forms for
building new programs from existing ones, and their lack
of useful mathematical properties for reasoning about
programs.

An alternative functional style of programming is
founded on the use of combining forms for creating
programs. Functional programs deal with structured
data, are often nonrepetitive and nonrecursive, are hier-
archically constructed, do not name their arguments, and
do not require the complex machinery of procedure
declarations to become generally applicable. Combining
forms can use high level programs to build still higher
level ones in a style not possible in conventional lan-
guages.

Communications August 1978
of Volume 21
the ACM Number 8



The Paradigms of Programming

Robert W. Floyd
Stanford University

Paradigm(pze-radim, —doim)...{a. F. paradigme, ad.
L. paredigma, a. Gr. mapaderypa pattern, example, f.
mapadewry-var to exhibit beside, show side by side. . ]
1. A pattern, exemplar, example.
1752 J. Gill Trinity v. 91
The archetype, paradigm, exemplar, and idea,
according to which all things were made.
From the Oxford English Dictionary.

Today I want to talk about the paradigms of pro-
gramming, how they affect our success as designers of
computer programs, how they should be taught, and how
they should be embodied in our programming languages.

A familiar example of a paradigm of programming
is the technique of structured programming, which ap-
pears to be the dominant paradigm in most current
treatments of programming methodology. Structured
programming, as formulated by Dijkstra [6], Wirth [27,
29}, and Parnas [21], among others, consists of two
phases.

In the first phase, that of top-down design, or stepwise
refinement, the problem is decomposed into a very small
number of simpler subproblems. In programming the
solution of simultaneous linear equations, say, the first
level of decomposition would be into a stage of triangu-
larizing the equations and a following stage of back-
substitution in the triangularized system. This gradual
decomposition is continued until the subproblems that
arise are simple enough to cope with directly. In the
simultaneous equation example, the back substitution
process would be further decomposed as a backwards
iteration of a process which finds and stores the value of
the ith variable from the ith equation. Yet further decom-
position would yield a fully detailed algorithm,



Programming languages
appear to be in trouble.
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TIOBE Index for September 2024

September Headline: Programming language C at lowest position ever

One of the mothers of all programming languages, C, has dropped one position in the TIOBE index this month. C is currently at position
#4, which is its lowest position ever since the start of the TIOBE index in 2001. Is C losing its mojo? C is a relatively small programming
language, which generates very performant code. As a consequence, it has been the favorite of embedded systems for a very long time.
The only serious drawback of C so far was that it is not designed to scale. Large C programs are hard to maintain because of the lack of
object oriented features. Now that embedded systems tend to grow in functionality and thus in code size, and since more and more
embedded compilers have good C++ support, there is tendency to switch from C to C++. Recently another threat for C raised its head.
The US government wants to put a ban on memory unsafe languages such as C in favor of memory safe languages such as Rust. This is
the other tendency | observe. Companies are checking out Rust as an alternative for C. C might lose its mojo, but it will stay in the TIOBE

index top 10 for a very long time. Its installed base is incredible and it is part of a zillion of safety-critical systems around the world.
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top_5 = {"Python",
"C++",
"Java',
"cr
"C#"}

for ranking in permutations(top_5):
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Change always comes later
than we think it should.

Jean-Luc Picard



Popularity Rank on Stack Overflow (by # of Tags)
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IEEE Spectrum

NEWS COMPUTING

The Top Programming Languages 2024 >
Typescript and Rust are among the rising stars

BY STEPHEN CASS | 22 AUG 2024 | 3 MIN READ | []

Stephen Cass is the special projects editor at IEEE Spectrum.
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There are only two kinds
of languages: The ones
people complain about and
the ones nobody uses.

Bjarne Stroustrup
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elif

INt long _ .
void fi
boOo| .
char union
short

struct









proc fibonacci = (int n) int:
ifn<?
then n
else fibonacci(n - 1) + fibonacci(n - 2)
fi



Are you going to this year’s
Fibonnaci conference?

It’s going to be as big as the
last two put together.
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A Case against the GO TO Statement.

by Edsger W.Dijkstra
Technological University

Eindhoven, The Netherlands

Since a number of years I am familisr with the observation that the
quality of programmers is a decreasing function aof the density of go to
statements in the programs they produce. Later 1 discovered why the use of
the go to statement has such disastrous effects and did I become convinced
that the go to statement should be abolished from all "higher level"
prugramﬁing languages (i.e. everything except -perhaps- plain machine code).
At that time I did not attach too much importance to this discovery; 1 now
submit my considerations for publication because in very recent discussions

in which the subject turmed up, I have been urged to do so.



A Case Against the
Go To Statement
by Edsger W Dijkstra



Go To Statement Considered Harmful

Key Wm:h and Plu-asea g0 to alm-mnent ,ump instruction,
branch di I clause, al clause, repet-
itive clause, pmgnm intelligibility, program sequencing

CR Oabequm 432, 523, 5.1

EmiroRr:

For anumber of years I have heen familiar with the observation
that the quality of programmers i 8 deeressing function of the
density of go to statements in the programs they produce. More
recently T discovered why the uge of the go to statement has such
disastroug effeets, and 1 bocame convinced that the go te state-
mént should be abolished from all “higher level" programming
langusges (i.e. averything except, perhaps, plain machine code).
At'that time I did not attach too much importance to this dis-
covery; | now submit my considerations for publication beoause
in very recent diseussions in which the aubjeet turned up, I have
been urged to do so.

My first remark is that, although the 's aetivity

dynamie progress is only characterized when we also give to which
call of the procedure we refer. With the inclusion of procedures
we ean charaeterize the progress of the process via a sequence of
textunl indices, the length of this sequence being equal to the
dynamic depth of procedure calling.

us now consider repetition elauses (like, while B repeat 4
or repeal 4 until B). Logieally speaking, such clauses are now
superfluous, because we can express repetition with the aid of
recursive procedures. For reasons of realism I don't wish to ex-
clude them: on the one hand, repetition clauses can be imple-

mented quits comfortably with present day finite on

judge by whom my thinking bas been influenced? It is fairly
obvious that 1 am not uninfinenced by Peter Landin and Chris-
topher Strachey. Finally 1 should like to record (ns [ remember it
quite distinctly) how Heinz Zemanek at the pre-AvLaoL meeting
in early 1958 in Copenhagen quite sxplicitly expressed his doubts
whether the go to statement should be treated on equal syntactic
footing with the assignment statement, To & modest extent I
blame mygelf for not having then drawn the consequences of his
remark.

The remark about the undesirability of the go te statement is
far from new. I remember having read the explicit resommenda-
tion o restrict the wse of the go to statement to alarm exits, but
1 have not been able te trace it; presumably, it has been made by
C. A, I, Hoare. In |1, Sec. 5.2.1.] Wirth and Hoare together
make a remark in the same direction in motivating the case
eonstruction: “Like the conditional, it mirrors the dynamic
strueture of a program more clearly than go to statements and
switches, and it eliminates the need for intraducing a large number
of labels in the program.”

In .g\ Guiseppe Jacopini seems 1o have proved the (logical)
of the go te statement. The exercise to translaie

the ather hand, the ressoning patiern kuvown ss “induction’”
makes us well equipped 10 rotain our intellectual grasp on the
Processes generated by repetition clauses. With the inclusion of
the repetition clanses textusl indices are no longer sufficient to
deseribe the dynamie progress of the process. With each entry into
& repetition clause, however, we can associate s so-called “dy-
namic index,” inexorably counting the ordinal number of the
. Az

ends when be has constructed a correet program, the process
tuking place under contral of his program is the true subject
matter of his activity, for it is this process that has to secomplish
the desired effect; it is this provess that in its dynamie behavier
bae to gatisly the desired specifications. Yet, onee the program has
been made, the “making™ of the corresponding process is dele-
gated to the machine.

My seeond remurk is that our intellectus] powers are rather
geared to master static relations and that our powera to visualize
processes evolving in time are relatively poorly developed. For
that resson we should do (s wise programmers aware of our
limitations) our utmost to shorten the conceptual gap beiween
the static program and the dynamic proeess, to make the vor-
respondence between the program (spread out in text spaee) and
the process (spread out in time) as triviel as possible.

Let us now consider how we can characterize the progress of o
process. (You may think about this question in & very concrete
manner: suppose that & proceas, considered 88 o time succession
of nctions, is stopped after an arbitrary action, what data do we
have to fix in order that we can redo the process until the very
same point?) If the program vext ie o pure eoncatanation of, ssy,
assignment statements (For the purpose of this discussion regarded
88 the deseriptions of single actions) it is sufficient 1o point in the
Program text to & point between two successive action deserip-
tlona, (In the absence of go to statements I can permit myself the
ayntactic ambiguity in the last three words of the previous sen-
tence: if we parse them s “successive {netion deseriptions)” we
mean snceessive in text space; if we parse as “(successive action)
descriptions” we mesn successive in time.) Let us call such a
pointer to & suitable place in the text s *“textual index.'

When we include conditional elauses (if 5 then A}, alternative
clsusea (if £ then A1 else 42), choice clauses a8 introduced by
. A. R Hoare (caseli] of (41, AZ, -+ , An}}, or conditional expres-
sions ue introduced by J. MeCarthy (B1 — E1, B2 — E2, .-,
Br — Bn), the fact remping that the progreas of the process re-
mains characterized by a single textual index,

Az soon as we inolude in our language procedures we must admit
that & single textual index is no longer sufficient. Ln the caee that
u textusl index points to the interior of a procedure body the

Volume 11 / Number 3 / Mareh, 1965

current rep clauses (just as
procedure ealls) may be applied nestedly, we find that now the
progrees of the provess can always be uniquely characterized by &
(mixed) sequence of textual and/or dynamic indiees.

The main point is that the values of these indices are outside
programmer’s control; they are generated (either by the write-up
of his program or by the dynamie evolution of the process) whether
e wishes or not. They provide independent coordinates in which
to describe the progress of the process.

Why do we need such independent cosrdinates? The reason
is—and this seems to be inherent to sequential processes—that
wea can interpret the value of a variable ouly with respect to the
progress of the proeess. If we wish to count the number, » ssy, of
people in an initially empty room, we ean achieve this by increas-
ing n by one whenever we see someone entering the room. Tn the
in-between moment that we have observed someone entering the
room but have not yet performed the subssquent increase of u,
ita value equals the number of people in the room minus onel

The unbridled use of the go to statement has an immediate
consequence that it becames terribly hard to find » meaningful set
of ceordinates in which to describe the process progress. Usvally,
people take into acecunt us well the values of soma well ehosan
variables, but this is out of the queation bessuse it is relative to
the progress that the meaning of these values is to be understood !
With the go to statement one can, of course, still deseribe the
progross uniquely by a counter counting the number of actions
performed since program start. {viz. a kind of normalised closk).
The difficulty is that such a coordinate, althaugh unique, is utterly
unhelpful, In sueh & eoordinate system it beeomes sn extremely
complicated affair to define all those points of progress where,
say, n equals the number of persons in the room minus one!

The go to statement s it stands is just too primitive; it Is too
much an invitation to make a mess of one's program. One esn
regard and appreciate the clauses considered ss bridling its use. I
do not cluim that the clauses mentioned are exhaustive in the sense
that they will satisfy all needs, but whatever clauses are suggested
(.5 nburuon ohuua) they ahuuld satisfy the requirement thnt a

dem can be maintained to
dacribe the process in a helpful and manageable way.
lhmhsrdmmdthh'ithlfﬁraﬂwﬁsdgmt Am I to

Communications of the ACM 147

an nhumry flow diagram more of less mechanieally into a jump-
less one, hawever, is not 1o he recommendad, Then the resulting
flow disgram cannei be expecied 1o be more trausparent than the
original one.
REFERENCES
1. Wirrn, Nrkvavs, asp Hoaxe, €. A R, A contribution to the
development of ALGOL. Comm. ACM 2 (June 1065), 113-432.
2 Bimw, Commano, axn Jacorrst, Griseess, Flow disgrams
Turing machines and langouages with only two formation
rules. Comm. ACH § (May 1060, 366-37L.
Epscer W. Disgstra
Technological Unizversity
Eindhoven, The Netherlands
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Ordnung: order, i.e., sort
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m X o
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0 0
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m X o
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Conditional, i.e., if (...) ...

Else, i.e., if (I...) ...

Fin: end, i.e., break
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I’'m here to talk about what
seems like an absurd idea:
that if-then-else had to be
invented.

github.com/e-n-f/if-then-else /blob/master/if-then-else.md



PROPOSAL FOR A UNIVERSAL LANGUAGE FOR
THE DESCRIPTION OF COMPUTING PROCESSES

. by

¥F. L. Bauer
H. Bottenbruch
H. Rutishauser

K. Samelson

INTRODUCTION

In the following, the first stage of an algorithmic language
representing the basis of the formula translation project Zurich-Munchen-
Mainz-Darmstadt is developed. The language is intended to permit com-
plete description of any computing process in a compact and easlly
legible and controllable form, with the important restriction that for
the time being only calculations with real numbers are permitted. Hyper-
complex quantities of all kinds (such as complex and double precision
numbers, vectors, matrices,etc.) are not included at the moment; calcula-
tions with such quantities must be written down componentwise.

The symbols necessary for representation of the elements of
the language are chosen as far as possible in conformity with usages of

“nrintirno T11r+hermoare +the Tanmigoe hae heern oadamnytbed ga Far go myrmecedihle



a) The Definition of a case has the general form:
Designation of the case (letter ), followed by one or
more figures and closing bracket)
and a criterion (same as in IF-formulae, see Section 12)
terminated by semicolon.

example: al) x<0
a2) x =0 (20)
a3) ELSE

Here three cases are defined: case al) corresponds to x < 0, case a2) to
x = 0 and case a3) to the complement of the sum of the two others, i.e.,
x > 0. :
What is done with case a3) is called a remainder - case definition
and is preferably used to avoid that in complicated situations for some
values of the variables no case at all is defined.




PRELIMINARY REPORT—INTERNATIONAL ALGEBRAIC LANGUAGE

Note:

In the interest of immediate circulation of the results of the ACM-GAMM committee work on an
algebraic programming language, this preliminary report is presented. The language described naturally
enough represents a compromise, but one based more upon differences of taste than on content or funda-
mental ideas. Even so, it provides a natural and simple medium for the expression of a large class of
algorithms. This report has not been thoroughly examined for errors and inconsistencies. It is antici-
pated that the committee will prepare a more complete description of the language for publication.

For all scientific purposes, reproduction of this report is explicitly permitted without any charge.

Acknowledgements: _
The members of the conference wish to express their appreciation to the Association for Computing

Machinery, the “Deutsche Forschungsgemeinshaft” and the Swiss Federal Institute of Technology for
substantial help in making this conference and resultant report possible.

A. J. PERLIS
K. SAMELSON
for the ACM-GAMM Committee

PART I—INTRODUCTION

In 1955, as a result of the Darmstadt meeting on electronic computers, the GAMM (association for
applied mathematies and mechanics), Germany, set up a committee on programming (Programmierungs-
ausschus). Later a subcommittee began to work on formula translation and on the construction of a
translator, and a considerable amount of work was done in this direction.



B. BASIC SYMBOLS

The reference language is built up from the basic symbols listed in Part I1Ia. These are:
1. Letters » (the standard alphabet of small and capital letters)
2. Figures ¢ (arabic numerals 0,....9)

3. Delimaters ¢ consisting of
a. operators w:

arithmetic A+ - X/

relational < < = > > #

logical - V A =

sequential go to do return stop for o or of ether oraf

b. separators o: =: — 9 begin end

T
c. brackets 8: (y [1 T 1
d. declarators ¢: procedure array switch type comment



B. BASIC SYMBOLS

The reference language is built up from the basic symbols listed in Part I1Ia. These are:
1. Letters » (the standard alphabet of small and capital letters)
2. Figures ¢ (arabic numerals 0,....9)
3. Delimaters ¢ consisting of
a. operators w:

arithmetic A+ - X/

relational < < = > > #

logical - V A =

sequential go to do return stop for o or |if ewher|| or of

b. separators o: =: — 1 begin end

T
c. brackets 8: (y [1 T 1
d. declarators ¢: procedure array switch type comment
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INTRODUCTION

Background

After the publication of a preliminary report on the
algorithmic language AvrgoL,! % as prepared at a conference
in Zirich in 1958, much interest in the ALcoL language
developed.

As a result of an informal meeting held at Mainz in
November 1958, about forty interested persons from
several European countries held an Arcown implementation
conference in Copenhagen in February 1959. A “hardware
group” was formed for working cooperatively right down
to the level of the paper tape code. This conference also
led to the publication by Regnecentralen, Copenhagen, of
an ALGOL Bulletin, edited by Peter Naur, which served
a8 a forum for further discussion. During the June 1959
TCIP Conference in Paris several meetines. both formal

Meanwhile, in the United States, anyone who wished to
suggest changes or corrections to ALGOL wag requested to
send his comments to the ACM Communications where
they were published. These comments then became the
basis of consideration for changes in the Avcown language.
Both the Suare and USE organizations established
Avcon working groups, and both organizations were
represented on the ACM Committee on Programming
Languages. The ACM Committee met in Washington in
November 1959 and considered all comments on ALGOL
that had been sent to the ACM Communications. Also,
seven representatives were selected to attend the January
1960 international conference. These seven representa-
tives held a final preparatory meeting in Boston in Decem-
ber 1959,






Functions



Procedures



Subroutines



Subroutines are special cases of more
general program components, called
coroutines. In contrast to the unsymmetric
relationship between a main routine and a
subroutine, there is complete symmetry
between coroutines, which call on each other.

Donald Knuth

The Art of Computer Programming,Volume |



Design of a Separable

Transition-Diagram Compiler*

MEeLviN E. ConwaY

Directorate of Computers, USAF
L. G. Hanscom Field, Bedford, Mass.

A COBOL compiler design is presented which is compact
enough to permit rapid, one-pass compilation of a large sub-
set of COBOL on a moderately large computer. Versions of
the same compiler for smaller machines require only two work-
ing tapes plus a compiler tape. The methods given are largely
applicable to the construction of ALGOL compilers.

Introduction

This paper is written in rebuttal of three propositions
widely held among compiler writers, to wit: (1) syntax-
directed compilers [1] suffer practical disadvantages over
other types of compilers, chiefly in speed; (2) compilers
should be written with compilers; (3) CosoL [2] compilers
must be complicated. The form of the rebuttal is to de-
scribe a high-speed, one-pass, syntax-directed CoBoL com-
piler which can be built bv two peonle with an ascembler

to make this design (in which all tables are accessed while
stored in memory) practical on contemporary computers.
None of these techniques is limited in application to CoBoL
compilers. The following specific techniques are discussed:
the coroutine method of separating programs, transition
diagrams in syntactical analysis, data name qualification
analysis, and instruction generation for conditional state-
ments.

The algorithms described were verified on the 5000-word
Burroughs 220 at the Case Institute of Technology Com-
puting Center. A two-pass configuration was planned for
that machine, and first-pass code was checked out through
the syntactical analysis. At the time the project was dis-
continued a complete CoBoL syntax checker was operating
at 140 fully-punched source cards per minute. (The Case
220 had a typical single-address instruction time of 100
microseconds.) Remarks presented later suggest that a
complete one-pass version of the compiler, which would
be feasible on a 10,000-word machine, would run at well
over 100 source cards per minute.

Coroutines and Separable Programs

That property of the design which makes it amenable to
many segment configurations is its separability. A program
organization is separable if it is broken up into processing
modules which communicate with each other according to



Coroutines are subroutines all at the
same level, each acting as if it were
the master program when in fact there
1S no master program.

The coroutine notion can greatly
simplify the conception of a program
when its modules do not communicate
with each other synchronously.
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Abstraction
Mechanisms in CLU

Barbara Liskov, Alan Snyder,
Russell Atkinson, and Craig Schaffert
Massachusetts Institute of Technology

CLU is a new programming language designed to
support the use of abstractions in program
construction. Work in programming methodology has
led to the realization that three kinds of abstractions —
procedural, control, and especially data abstractions —
are useful in the programming process. Of these, only
the procedm'al abstraction is supported well by
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[terators are a form of coroutine;
however, their use i1s sufficiently
constrained that they are
implemented using just the
program stack.



for n: int in fibonacci() do
print(n)
end



fibonacci = iter () yields (int)
Fn 2: int := 0
yield (Fn 2)
Fn 1: int := 1
yield (Fn 1)

while true do
Fn: int := Fn_ 1 + Fn 2
yield (Fn)
Fn 2, Fn_ 1 := Fn_1, Fn
end
end fibonacci



def fibonacci():

Fn 2 = 0

yield Fn 2

Fn 1 =1

yield Fn 1

while True:
Fn = Fn_ 1 + Fn 2
yield Fn
Fn 2, Fn_.1 = Fn_1, Fn



IEnumerable<int> fibonacci() {
int Fn 2 = 0;
yield return Fn 2;
int Fn 1 = 1;
yield return Fn 1;

while (true) {
int Fn = Fn_ 1 + Fn 2;
yield return Fn;
(Fn 2, Fn 1) = (Fn_1, Fn);
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The first real code to be written
in C with Classes was the task
library, which provides Simula-
like concurrency for simulation.



CORUTIN




In Simula [...] a process was a bundle of
data attributes associated with a single
action known as the process’ operating rule.

Each process’ operating rule could be
suspended or resumed at any time—the
operating rules were a kind of coroutine.

OOP Before OOP with Simula

twobithistory.org/2019/01/3 | Isimula.html
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One of the most powerful
mechanisms for program
structuring [...] is the block
and procedure concept.

Ole-Johan Dahl and C A R Hoare
“Hierarchical Program.Structures™






begin
ref (Pancakes) array pancakes(1:capacity);
integer count;

procedure Push(top);
procedure Pop;

boolean procedure IsEmpty;
boolean procedure IsFull;
integer procedure Depth;
ref (Pancake) procedure Top;

count := 0
end;



A procedure which is capable of
giving rise to block instances which
survive its call will be known as a
class; and the instances will be
known as objects of that class.

Ole-Johan Dahl and C A R Hoare
“Hierarchical Program.Structures™



class Stack(capacity);
integer capacity;

begin
ref (Pancakes) array pancakes(1:capacity);
integer count;

procedure Push(top);
procedure Pop;

boolean procedure IsEmpty;
boolean procedure IsFull;
integer procedure Depth;
ref (Pancake) procedure Top;

count := 0
end;



PROGRAMMING WITH ABSTRACT DATA TYPES

Barbara Liskov
Massachusetts Institute of Technology
Project MAC
Cambridge, Massachusetts

Stephen Zilles
Cambridge Systems Group
IBM Systems Development Division
Cambridge, Massachugetts

Abstract

The motivation behind the work in very-high-level languages is to ease the programming task by pro-
viding the programmer with a language containing primitives or abstractions suitable to his problem area.
The programmer is then able to spend his effort in the right place; he concentrates on solving his problem,
and the resulting program will be more reliable as a result. <Clearly, this is a worthwhile goal.

Unfortunately, it is very difficult for a designer to select in advance all the abstractions which the
users of his language might need. If a language is to be used at all, it is likely to be used to solve
problems which its designer did not envision, and for which the abstractions embedded in the language are
not sufficient.

This paper presents an approach which allows the set of built-in abstractions to be augmented when the
need for a new data abstraction is discovered. This approach to the handling of abstraction is an outgrowth
of work on designing a language for structured programming. Relevant aspects of this language are described,
and examples of the use and definitions of abstractions are given.



An abstract data type defines a
class of abstract objects which is
completely characterized by the
operations available on those
objects.



A programmer [...] is concerned
only with the behavior which
that object exhibits but not with
any details of how that behavior
is achieved by means of an
implementation.



could easily have been abstract types instead. In
that case, the built-in predicate alphanumeric, for
example, would have been expressed as
char$alphanumeric., Only the syntax would change;
the meaning and use of the types would be the same
in either case,

To sum up, Polish_gen makes use of five data
abstractions, infile, outfile, grammar, token and
stack, plus one functional abstraction, scan, The
power of the data abstractions is illustrated by
the types infile and outfile, which are used to
shield Polish_gen from any physical facts concerning
its input and output, respectively. Polish_gen does
not know what input and output devices are being
used, when the I/0 actually takes place, nor does it
know how characters are represented on the devices.
What it does know is just enough for its needs: For
parameter output it knows how to add a string of
characters (outfile$Sout_str) and how to signify that
the output is complete (outfileSclose). For param-
eter input, it knows how to obtain the next char-
acter {(infileSget), how to look at the next char-
acter without removing it from input (infile$peek),
and how to recognize the end of input (infile$eof).
(Note that for scan to operate correctly, infile
must provide a non-blank, non-alphanumeric character
on any call on infileSget or infile$peek after the
end of file has been reached.) 1In every case its
knowledge consists of the names of the operations
which provide these services.

Defining Abstract Data Types -

In this section, we describe the programming
object -- the operation cluster -- whose translatiom
provides an implementation of a type. The cluster

stack: cluster {(element_type: type)
is push, pop, top, erasetop, empty;

rep{type_param: type) = (tp: integer;
e_type: type;
stk: array[l..]
of type_param;

create
s: rep{element_type);
s.tp = 0;
s.e_type = element_type;
return s;
end
push: operation(s: rep, v:s.e_type);
s.tp := s.tp+l;
s.stk(s.tp] := v;
return;

end

pop: operation(s: rep) returns s.e_type;

if s.tp =0 then error;
s.tp := s.tp-1;
return s.stk[s.tp+l];
end

top: operation(s: rep) returns s.e_type;

if s.tp = 0 then error;
return s.stk{s.tp];
end



stack: cluster(element type: type) is push, pop, top, ...;
rep(type param: type) = (tp: integer; e type: type; stk: array[l..] of type param);

Ccreate
s: rep(element type);
s.tp := 0;
s.e type := element type;
return s;
end

push: operation(s: rep, v: s.e type);
s.tp := tp + 1;
s.stk[s.tp] := v;
return;
end

pop: operation(s: rep) returns s.e type;
if s.tp = 0 then error;
s.tp := s.tp - 1;
return s.stk[s.tp + 1];
end

top: operation(s: rep) returns s.e type;
if s.tp = 0 then error;
return s.stk[s.tp];
end

end stack



On the Criteria To Be
Used 1n Decomposing

Systems into Modules

D.L. Parnas
Carnegie-Mellon University

This paper discusses modularization as a mechanism
for improving the flexibility and comprehensibility of a
system while allowing the shortening of its development
time. The effectiveness of a ““modularization’’ is
dependent upon the criteria used in dividing the system
into modules. A system design problem is presented and
both a conventional and unconventional decomposition
are described. It is shown that the unconventional
decompositions have distinct advantages for the goals
outlined. The criteria used in arriving at the decom-

positions are discussed. The unconventional decomposi-
tion if imnlemented with the conventinnal aconmntcnn

Introduction

A lucid statement of the philosophy of modular
programming can be found in a 1970 textbook on the
design of system programs by Gouthier and Pont [1,
910.23}, which we quote below:*

A well-defined segmentation of the project effort ensures
system modularity. Each task forms a separate, distinct program
module. At implementation time each module and its inputs and
outputs are well-defined, there is no confusion in the intended
interface with other system modules. At checkout time the in-
tegrity of the module is tested independently; there are few sche-
duling problems in synchronizing the completion of several tasks



A data structure, its
internal linkings, accessing
procedures and moditying
procedures are part of a
single module.



Programming
Techniques

S. L. Graham, R. L. Rivest
Editors

Communicating
Sequential Processes
C.A.R. Hoare

The Queen’s University
Belfast, Northern Ireland

This paper suggests that input and output are basic
primitives of programming and that parallel
composition of communicating sequential processes is a
fundamental program structuring method. When
combined with a development of Dijkstra’s guarded
command, these concepts are surprisingly versatile.
Their use is illustrated by sample solutions of a variety
of familiar programming exercises,

Key Words and Phrases: programming,
programming languages, programming primitives,
program structures, parallel programming, concurrency,
input, output, guarded commands, nondeterminacy,
coroutines, procedures, multiple entries, multiple exits,
classes, data representations, recursion, conditional
critical regions, monitors, iterative arrays

CR Categories: 4.20, 4.22, 4.32

grams, three basic constructs have received widespread
recognition and use: A repetitive construct (e.g. the while
loop), an alternative construct (e.g. the conditional
if..then..else), and normal sequential program composi-
tion (often denoted by a semicolon). Less agreement has
been reached about the design of other important pro-
gram structures, and many suggestions have been made:
Subroutines (Fortran), procedures (Algol 60 [15]), entries
(PL/I), coroutines (unix [17]), classes (sIMULA 67 [5]),
processes and monitors (Concurrent Pascal [2]), clusters
(CLU [13]), forms (ALPHARD [19]), actors (Hewitt [1]).

The traditional stored program digital computer has
been designed primarily for deterministic execution of a
single sequential program. Where the desire for greater
speed has led to the introduction of parallelism, every
attempt has been made to disguise this fact from the
programmer, either by hardware itself (as in the multiple
function units of the CDC 6600) or by the software (as
in an I/O control package, or a multiprogrammed op-
erating system). However, developments of processor
technology suggest that a multiprocessor machine, con-
structed from a number of similar self-contained proc-
essors (each with its own store), may become more
powerful, capacious, reliable, and economical than a
machine which is disguised as a monoprocessor.

In order to use such a machine effectively on a single
task, the component processors must be able to com-
municate and to synchronize with each other. Many
methods of achieving this have been proposed. A widely
adopted method of communication is by inspection and
updating of a common store (as in Algol 68 [18], PL/I,
and many machine codes). However, this can create
severe problems in the construction of correct programs
and it mav lead to expense (e ¢ crossbar switches) and
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channels
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PROC fibonacci(CHAN OF INT out)
INT Fn_2, Fn_1
SEQ
Fn_2 := 0
out ! Fn_2

Fn_1 := 1
out ! Fn_1

WHILE TRUE
INT Fn :
SEQ
Fn := Fn_1 + Fn_2
out ! Fn;
Fn_2, Fn_1 := Fn_1, Fn



func Fibonacci(out chan<- int) {
Fn_2 := 0
out <- Fn_2

Fn_1 := 1
out <- Fn_1

for {
Fn := Fn_1 + Fn_2
out <- Fn
Fn_2, Fn_1 = Fn_1, Fn



We still need a
revolution in software.

Sophie Wilson



Conventional programming
languages are basically high
level, complex versions of

the von Neumann computer.



Von Neumann programming languages
use variables to imitate the computer’s
storage cells; control statements
elaborate its jump and test instructions;
and assignment statements imitate its
fetching, storing, and arithmetic.
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SELECT number
FROM numbers
WHERE number % 2 = 0



[ number

for number 1n numbers
1f number % 2 == 0]



[number |
number <- numbers
number ‘'mod’ 2 == 0]



{number |
number € numbers,

number mod 2 = 0}



from number 1n numbers
where number % 2 == 0
select number



numbers
.Where(number => number % 2 == 0)



numbers.stream()
.filter(number -> number % 2 == 0)



pipelines
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We should have some ways of
coupling programs like garden
hose--screw in another segment
when it becomes necessary to
massage data in another way.
This 1s the way of 10 also.



Excel is the world's
most popular
functional language

Simon Peyton-Jones



Don't put lambdas
in there — it's not
going to help

Kevlin Henney w20z



In December 2020, we
announced LAMBDA, which
allows users to define new
functions written in Excel's
own formula language.

microsoft.com/en-us/research/blog/lambda - the - ultimatae - excel-worksheet-function



AN UNSOLVABLE PROBLEM OF ELEMENTARY NUMBER
THEORY .!

By Aroxzo CHURCH.

1. Introduction. There is a class of problems of elementary number
theory which can be stated in the form that it is required to find an effectively

calculable function f of n positive integers, such that f(zy, @s, - - -, z,) =2 2
1s a necessary and sufficient condition for the truth of a certain proposition of
elementary number theory involving z;, s, * -, 2, as free variables.

An example of such a problem is the problem to find a means of de-
termining of any given positive integer n whether or not there exist positive
integers z, y, #, such that » | y» = 2. For this may be interpreted, required
to find an effectively calculable function f, such that f(n) is equal to 2 if and
only if there exist positive integers z. 4. z. such that 2" 4+ y*» = 2z7. (Clearly



A SET OF POSTULATES FOR THE FOUNDATION
OF LOGIC!

By AronNzo CHURCH.’

1. Introduction. In this paper we present a set of postulates for the
foundation of formal logic, in which we avoid use of the free, or real,
variable, and in which we introduce a certain restriction on the law of
excluded middle as a means of avoiding the paradoxes connected with the
mathematics of the transfinite.

Our reason for avoiding use of the free variable is that we require that
every combination of symbols belonging to our system, if it represents
a proposition at all, shall represent a particular proposition, unambigou-
ously, and without the addition of verbal explanations. That the use of
the free variable involves violation of this requirement, we believe is
readily seen. For example, the identity



On Understanding Data Abstraction, Revisited

William R. Cook

University of Texas at Austin

wcook@cs.utexas.edu

Abstract

In 1985 Luca Cardelli and Peter Wegner, my advisor, pub-
lished an ACM Computing Surveys paper called “On un-
derstanding types, data abstraction, and polymorphism”.
Their work kicked off a flood of research on semantics and
type theory for object-oriented programming, which contin-
ues to this day. Despite 25 years of research, there is still
widespread confusion about the two forms of data abstrac-
tion, abstract data types and objects. This essay attempts to
explain the differences and also why the differences matter.

Categories and Subject Descriptors D.3.3 [Programming
Languages]: Language Constructs and Features—Abstract
data types; D.3.3 [Programming Languages]: Language

So what 1s the point of asking this question? Everyone
knows the answer. It’s in the textbooks. The answer may be
a little fuzzy, but nobody feels that it’s a big issue. If I didn’t
press the issue, everyone would nod and the conversation
would move on to more important topics. But I do press the
issue. I don’t say it, but they can tell I have an agenda.

My point is that the textbooks mentioned above are
wrong! Objects and abstract data types are not the same
thing, and neither one is a variation of the other. They are
fundamentally different and in many ways complementary,
in that the strengths of one are the weaknesses of the other.
The issues are obscured by the fact that most modern pro-
gramming languages support both objects and abstract data
types, often blending them together into one syntactic form.



A-calculus was the
first object-oriented
language.
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LANGUAGES ARRANGED BY WHEN THEY INCLUDED LAMBDAS
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LISP 1.5 Programmer's Manual

The Computation Center
and Research Laboratory of Electronics

Massachusetts Institute of Technology




(defun fibonacci (n)
(cond ((< n 2) n)
(t (+ (fibonacci (- n 1))
(fibonacci (- n 2))))))



(defun fibonacci (n)
(if (< n 2)
n
(+ (fibonacci (- n 1))
(fibonacci (- n 2)))))



Machine learning



Machine learning algorithm walks
into a bar.

Bartender asks, “What'll you have?”

Algorithm says, “What’s everyone
else having?”



Each successive language
incorporates, with a little
cleaning up, all the
features of its predecessors
plus a few more.



Each successive version
incorporates, with a little
cleaning up, all the
features of its peers

plus a few more.



Java, as a language,
1S Interesting.

Daniel Terhorst-North



No, 1t’s not.

Kevlin Henney



That’s the point.

Martin Fowler



Can Programming Be Liberated from the von
Neumann Style? A Functional Style and Its

Algebra of Programs

John Backus
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613

Conventional programming languages are growing
ever more enormous, but not stronger. Inherent defects
at the most basic level cause them to be both fat and
weak: their primitive word-at-a-time style of program-
ming inherited from their common ancestor—the von
Neumann computer, their close coupling of semantics to
state transitions, their division of programming into a
world of expressions and a world of statements, their
inability to effectively use powerful combining forms for
building new programs from existing ones, and their lack
of useful mathematical properties for reasoning about
programs.

An alternative functional style of programming is
founded on the use of combining forms for creating
programs. Functional programs deal with structured
data, are often nonrepetitive and nonrecursive, are hier-
archically constructed, do not name their arguments, and
do not require the complex machinery of procedure
declarations to become generally applicable. Combining
forms can use high level programs to build still higher
level ones in a style not possible in conventional lan-
guages.

Communications August 1978
of Volume 21
the ACM Number 8



Betteridge’s law, noun

* The maxim that any headline that ends in
a question mark can be answered “No”



The past is never dead.
It's not even past.

William Faulkner
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