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Abstract

@WIt was a simple choice, really, on an | BM 3

PL/ 1, COBOL, and Simul ad67. SiNoma tomdrgtiorcobstrong ¢
typing, garbage collection, and proper string processing. Separate compilation (prefix

classes) and coroutines wer e ni ce bonuses. And then ther
well, nothing is perfect. Hot topics in those days were the freshly invented denotational
semantics (which Simuladi dndot have), formal type syste

and abstract data types (which seemed to have confusingly little to do with classes).
Still, Simula was the obvious choice to get something done comfortably because, after
all, it was an improved Algol. It even supported the functional programming feature of
call-by-name. So, it became my first favorite language, for every reason other than it
being object -oriented.

The story | am going to tell is the very, very slow realization that Simula was the
embodiment of a radically different philosophy of programming, and the gradual and
difficult efforts to reconcile that philosophy with the formal methods that were being
developed for procedural and functional programming. Along the way, domain theory
helped rather unexpectedly, at least for a while. Type theory had to be recast for the

task at hand. L a n d lambdasreductionism had to be partially abandoned. Always, there
seemed to be a deep fundamental mismatch between objects and procedures, well
described by Reynolds, that made any unification impossibly complicated. But in the end,
both object -oriented and procedural programming have benefited from the clash of
cultures. And the story is far from over yet, as witnessed by the still blooming area of
program verification for both procedural and object -oriented languages.



Outline

GO | am under no pressure to present new results
0 (I understand.)

) Hence, a personal perspective:
0 How did I get here?
0 How did Ole-Johan Dahl and Kristen Nygaard influence my work?

) Only two things really marked me as an undergraduate:

0 A-calculus
0 Simula 67
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Things | Learned in Pisa

(G Functional Programming

AT Niudies in Dhata Prisoes ny
Na. ¥

d A-calculus, Scheme, abstract machines, program transformations

STRUCTURED
’ PROGRAMMING
denotation semantics, etc. etc.

WoStructured Pr ogr a mikstra gHoard] 97R) mz—-..:
0 Dijkstra : 0OStructured Programmingo ( "R
0 Hoare: oData structuringo (data @

0 Dahl& Hoar e: 0 Hi '

OHi erarchi calSmBla6d)yr a

CQOA procedure which is capable of gi
survive its call will be known as a c/ass, and the instances will be known
asobfects of t hat classo ... OAny vari al

to the class body are called attributes of t hat «c¢l| asso.

G Co n c at esobelassimm]is ah operation defined between two
classes A and B, or a class A and a block C, and results in the formation
of a new class or block. Concatenation consists ina merging of the

attributes of both components, and the composition or their actions 0
Not ghis6oi s used in examples but nevi



Things | Used Iin Pisa

Revised Report
on the Algorithmic Language

Algol 68

Wl wanted to use Al gol 668!
0 State of the art (way overdesigned) algorithmic language.
0 But luckily, as it turned out, it was not available on IBM machines.

WBut Simulad67 was available (on e, 7
o0 Other languages | tried: Fortran, APL, Lisp 1.5, PL/1.  Yucc! gross! 2
0 So, | did most of my programming in  Simula 67,

mostly because of garbage collection and strong typing and strings !

0 But I did not buy the 0 -0 propaganda; | just exploited it:
() to obtain heap -allocated, garbage collected, data structures ._ _
QI for separate compilation (via a rather weird mode of class prefixing) ' "B '
8 NO (reasonable) CHOICE BUT SIMULA (et and Kriston Nygaard, 1082,

Courtesy of Rune Myhre, Dagbladet.

G Conversely, John Reynolds:

0 Wanted to use Simula but it was too expensive,
and had to use Algol!

In the late sixties and the early seventies there were four main implementations of Simula:
UNIVAC 1100 by NCC

System/360 and System/370 by Swedish Research Institute for National Defence (FOA)
CDC 3000 by University of Oslo's Joint Computer Installation at Kjeller

TOPS-10 by ENEA AB

[Wikipedia]
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The Goals of the Times

(O To categorize all program constructions
0 And translate them to 2A-calculus [Landin]
0 or give them denotational semantics [Scott  -Strachey]
d or something (which turned out later to be Operational Semantics [Plotkin]).

() My Master Thesis
d On denotational semantics of programming languages
OTried to capture o0all é program concepts i

o0 Mildly influenced by Simula:
() Had a section on classes and subtyping by explicit injections.
G But | realized there was a lot more to it.



Things | Learned in Edinburgh

Lecture Notes in

@ POlymorphism Computer Science
00A function that belongs to ma

G ML
d Finally, a nice programming language!
0 No objects, and not even records (just binary products).
0 /nteractive (i n a way moriceemtodgd @ ctt han

G Pascal
o0 Finally, a nice implementation language! (To implement ML!)
0 No objects, but nice records and enumeration types.
0 So began a slippery slope away from functional languages.

(O From Gordon Plotkin:
0 Contravariance from Category Theory
0 Product/sum duality (records/variants) from Category Theory
0 Operational semantics (on a slippery slope away from denotational)

G From Robin Milner (and David Park):
0 Calculus of Communicating Systems (how not to be a slave of A-calculus)
o0 Bisimulation (later, unlikely, useful for recursive types)



But Still Bugged by Simula

() ML extensions Recozd
0 Added records and variants to ML. Cecnacd : g, 1AgD) @ @A,
0 Tried to add record subtyping by type b i Qe ;D > A
inference, but gave up. R
. . . S Bl bk D
(This later became a little industry.) S e L

Vﬁtlnnf‘
@) Galileo, with Albano and Orsini

_ ) ) ﬂt=q.]| 8 Hl‘i & A‘.B <= a:A Adx. A=A,
(and Ghelli as a student) back in Pisa.

8 A DataBase programming language ot
(with records and variants) [T

d With ML -inspired typing and aggregation/bulk Wil wilfors b0 . F
constructs (mapf/filter).

d With Simula -inspired subtyping (for OODB).

0 Ghelli later made important contributions to
the theory of subtyping, providing the first
example of undecidability of F<:.

B Contemporary

slides



A Gaping Gap Iin the Literature

(O Where was the Theory of Object -Oriented Languages ?!?
Logic languages: -- > Predicate logic

Database languages: -- > Relational calculus

Functional languages: -- >\-calculus

Imperative languages: --> Hoare Logic / Weakest Preconditions
Modular languages: -- > Algebraic semantics

o Ox Ox Ox Ox

0 Object -oriented languages: --> ???

@ Instead, a clash of cultures:
0 OEverythingisanobject 6 ( Smal |l t al k)
d CEverything is a function 6 A-¢alculus)
0 The latter had plenty of mathematical justification.



What Simula did not Have (or Need?)

) No denotational semantics

0 Not necessarily useful in itself
but, e.g. useful to check that the type rules are correct.

G No formal type system

d Simula was believed to be a safe language, like ML (and unlike
Pascal), but (a subset of) ML had a formal type system and a
proof of type safety via denotational semantics.

() No abstract data types, or modules
0 Are classes the same as abstract data types [ Liskov]?
0 Are classes the same as modules [ Parnas|?

0 The Norwegian Computing Center approach to software
architecture was widely misunderstood.

@ ... not to mention Smalltalk
d Which did not even have a syrnifax, let alone a semantics!!

0 Buthad Superi nheri tance i nslonergiddicating S
the need of a whole framework in which to study inheritance.

Algust 1981



ButO-O t oo 1| s -@rHd e

() Closer to functional programming than to imperative programming:
0 Need first -class function spaces (to model methods)
0 Need recursive types (to model self)
0 Need higher -order logics (to model class invariants)

G My Simula vs ML experience: O -0 i s a |heavywhaightée 0

0 Lots of work to set up simple inductive data types
@ A dummy virtual superclass with lots of subclasses that never inherit.

0 Lots of work to set up simple first  -class functions
WoAnonymous del egatesd in C#.

() But is any of that essential or incidental?
d Can we do functional programming in 0 -0?
d Can we do oo in functional programming?

() So many guaskconnections
d Are polymorphism for objects and for functions related?

0 The Reynolds duality: extending code by adding functions or by adding objects.

rhée r



What 6s ol mpor t aQ?Pt o

(O To build a theory you have to start simple Wt

S teackoids st ¥ Tof (O
8 What are the simplest features that are unique to 0 “-_o? ﬁ A A
e Wi TR
(G Simula had lots of interesting features. My plck was:
d #1 subtyping (as a foundation for class hierarchies)
& #2 this/self (as a foundation for inheritance) = %
G Hence, question #1 (at the time): What is subtyplng’> . |
0 Mathematicians, oddly believe that: o) Sl odecsbor | Malc[«[ui\ ; 1 S é
@ A function space is a subset of a cartesian product _ % “g E‘*;
(Uh? functions subtypes of receyg-dsy we; doho
8 Conversely mathematicians, oddly, believe that: =+ 4 _g- s REW ¢
(W The set of 3 -tuples is not a subset of the set of 2 -tuples.
(Uh? but we want that!) A slide from a much later time
& Dahl & Hoare clearly stated that (apparently edited by Kim Bruce)

WoAny object of a subclass also belongs to t
d So, what is subtyping?
@ <silence>

@ In the mist of that confusion, | moved to Bell Labs...

(— 7

h



ll: Records



Things | Learned at Bell Labs

G Systems programming (Unix group)
O ML not good oO0as sucho6 for systems program
WPointer arithmetic? Whatos that??
d Using C (yucc! gross! but at least you can see the metal)
() Had a pretty careful definition
0 But never C++ (mostly out of induced disgust with C)

G N.B.: Bjorne just down the corridor. Systems Programming in C
G The rumor was that he was trying to turn C into Simula.

(0 The MacQueen-Sethi -Plotkin Ideal Model

dln early denotational model s, types wer e
universal value set, which did not support subtyping.

0 The Ideal Model was designed as a semantics for polymorphism,
whi ch was modeled as a oObig intersectiono

0 So, it accidentally provided a subset -based denotational semantics
of subtyping (via non -empty intersections between domains)
0 Therefore enabling:
Qrecords as functions (well -known lisp hack)
Qrecord types as domains (label -dependent function types)
G record subtyping as set inclusion of function spaces



