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Emergent Language Design

1. Human computes, machine helps

2. Machine computes, program dictates steps

3. Machine computes, program prescribes tasks

4. Machine runs tasks, program instructs

5. Machine runs tasks, 

instructions grouped into functions, 
program calls functions


6. … functions form a machine, which computes…
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instruction set

virtual machine

runtime library
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Black Boxes

MOVE ACTION-COMMAND-0326 TO STRING-0081FP

MOVE SPACES TO ERROR-ENCOUNTERED-SW OF GLOBDATA

CALL 'TIRFUPPR' USING IEF-RUNTIME-PARM1 
          IEF-RUNTIME-PARM2 
          GLOBDATA 
          STRING-0081AT 
          OUTPUT-STRING-0001AT

IF STATUS-FLAG OF GLOBDATA NOT = SPACES GOBACK END-IF

10

https://www.utwente.nl/
http://grammarware.net
https://www.utwente.nl/en/eemcs/fmt/


Black Boxes

MOVE ACTION-COMMAND-0326 TO STRING-0081FP

MOVE SPACES TO ERROR-ENCOUNTERED-SW OF GLOBDATA

CALL 'TIRFUPPR' USING IEF-RUNTIME-PARM1 
          IEF-RUNTIME-PARM2 
          GLOBDATA 
          STRING-0081AT 
          OUTPUT-STRING-0001AT

IF STATUS-FLAG OF GLOBDATA NOT = SPACES GOBACK END-IF

11

MOVE FUNCTION UPPER-CASE(ACTION-COMMAND-0326)

  TO OUTPUT-STRING-0001FP

COMPUTE OUTPUT-STRING-0001FL = FUNCTION LENGTH

        (ACTION-COMMAND-0326)
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From Lines to Statements

• How to separate statements without punchcards?

• ALGOL, Pascal, …

• separators: ; or '


• C, Java, C#, …

• terminators: ;


• C++: a b((c)d);

• JS: invisible semicolons

• A mix of philology and disambiguation
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Dislexic Impact

begin procedure p(k) ;  integer k ; k := 1 ; end


begin procedure p(k) ;; integer k ; k := 1 ; end


10101 DO 101 I = 1, 101


10101 DO 101 I = 1. 101
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cf. https://dl.acm.org/doi/pdf/10.5555/1061500.1061508 
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19 77  A C M  T u r i n g  A w a r d  L e c t u r e  

The 1977 ACM Turing Award was presented to John Backus 
at the ACM Annual  Conference in Seattle, October 17. In intro- 
ducing the recipient, Jean E. Sammet, Chairman of the Awards 
Committee, made the following comments and read a portion of 
the final citation. The full announcement  is in the September 
1977 issue of Communications, page 681. 

"Probably there is nobody in the room who has not heard of 
For t ran and most of you have probably used it at least once, or at 
least looked over the shoulder of someone who was writing a For- 
t ran program. There are probably almost as many people who 
have heard the letters BNF but don' t  necessarily know what they 
stand for. Well, the B is for Backus, and the other letters are 
explained in the formal  citation. These two contributions, in my 
opinion, are among the half dozen most important  technical 
contributions to the computer field and both were made by John 
Backus (which in the For t ran case also involved some col- 
leagues). It is for these contributions that he is receiving this 
year's Turing award. 

The short form of his citation is for 'profound, influential, 
and lasting contributions to the design of practical high-level 
programming systems, notably through his work on Fortran,  and 
for seminal publication of formal  procedures for the specifica- 
tions of programming languages.' 

The most significant part  of the full citation is as follows: 
' . . .  Backus headed a small IBM group in New York City 

during the early 1950s. The earliest product of this group's 
efforts was a high-level language for scientific and technical corn- 

putations called Fortran.  This same group designed the first 
system to translate For t ran  programs into machine language. 
They employed novel optimizing techniques to generate fast 
machine-language programs. Many other compilers for the lan- 
guage were developed, first on IBM machines, and later on virtu- 
ally every make of computer. For t ran  was adopted as a U.S. 
national standard in 1966. 

During the latter part  of the 1950s, Backus served on the 
international committees which developed Algol 58 and a later 
version, Algol 60. The language Algol, and its derivative com- 
pilers, received broad acceptance in Europe as a means for de- 
veloping programs and as a formal  means of publishing the 
algorithms on which the programs are based. 

In 1959, Backus presented a paper at the UNESCO confer- 
ence in Paris on the syntax and semantics of a proposed inter- 
national algebraic language. In this paper, he was the first to 
employ a formal  technique for specifying the syntax of program- 
ming languages. The formal  notation became known as B N F -  
standing for "Backus Normal  Form,"  or "Backus Naur  Form"  to 
recognize the further  contributions by Peter Naur  of Denmark.  

Thus, Backus has contributed strongly both to the pragmatic 
world of problem-solving on computers and to the theoretical 
world existing at the interface between artificial languages and 
computational linguistics. For t ran  remains one of the most 
widely used programming languages in the world. Almost all 
programming languages are now described with some type of 
formal  syntactic definition.' " 

Can Programming Be Liberated from the von 
Neumann Style? A Functional Style and Its 
Algebra of Programs 
John Backus 
IBM Research Laboratory, San Jose 

General permission to make fair use in teaching or research of all 
or part of this material is granted to individual readers and to nonprofit 
libraries acting for them provided that ACM's copyright notice is given 
and that reference is made to the publication, to its date of issue, and 
to the fact that reprinting privileges were granted by permission of the 
Association for Computing Machinery. To otherwise reprint a figure, 
table, other substantial excerpt, or the entire work requires specific 
permission as does republication, or systematic or multiple reproduc- 
tion. 

Author's address: 91 Saint Germain Ave., San Francisco, CA 
94114. 
© 1978 ACM 0001-0782/78/0800-0613 $00.75 
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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- 
ruing 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 
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nondeterminism?
Observable

Yes

More declarative Less declarative

No

Named stateUnnamed state (seq. or conc.)

Stateful
functional

programming

programming
Imperative

Lazy
declarative
concurrent

programming

programming
dataflow

Concurrent
constraint

programming

constraint
programming

Constraint (logic)
programming

Relational & logic
programming

Deterministic
logic programming

synchron.
+ by−need + thread

+ single assign.

Haskell

Lazy
functional

programming
dataflow

programming

Declarative
concurrent

programming

ADT
functional

programming

ADT
imperative

programming

Imperative
search

programming

Event−loop
programming

Multi−agent
programming

Message−passing
concurrent

programming

Dataflow and

Oz, Alice, Curry Oz, Alice, Curry

CLU, OCaml, Oz

E in one vat

Continuation
programming

Logic and
constraints message passing Message passing Shared state

+ nondeterministic
(channel)

Oz, Alice, Curry, Excel,
AKL, FGHC, FCP

+ synch. on partial termination

FrTime, SL

Strong synchronous
programming

Esterel, Lustre, Signal

Functional reactive
programming (FRP)

Weak synchronous
programming

Pipes, MapReduce

Nondet. state

Erlang, AKL

choice

dataflow
programming

Concurrent logic
programming

Nondeterministic
Functional

Lazy functional

programming
object−oriented

The principal programming paradigms

+ closure
+ cell (state)

Imperative

+ unification

"More is not better (or worse) than less, just different."

Explanations

object−oriented
programming

Conc. imperative

Scheme, ML, Scala

Oz, Alice, Scala
Smalltalk, Java,

E, Oz, Alice,
CSP, Occam,

publish/subscribe,
tuple space (Linda)

Functional

Functional
programming

See "Concepts, Techniques, and Models of Computer Programming".

First−order
functional

programming

+ procedure

Data structures only

Turing equivalent v2.00 © 2023 by Peter Van Roy

record

Descriptive
declarative

programming

XML,
S−expression

+ logical time instants

CLP, Gecode

Oz, Alice, AKL

+ port

Multi−agent
dataflow

programming

+ local cell

Active object
programming

Object−capability
programming

The chart classifies programming paradigms according to their kernel

abstractions can be defined).  Kernel languages are ordered according to
the creative extension principle: a new concept is added when it cannot be
encoded with only local transformations.  Two languages that implement

programmer, because they make different choices about what
the same paradigm can nevertheless have very different "flavors" for the

languages (the small core language in which all the paradigm’s

programming techniques and styles to facilitate.  All paradigms that support
functional programming can also support object−oriented programming.

without interference from other paradigms.  It does not mean that there
is a perfect fit between the language and the paradigm.  It is not enough
that libraries have been written in the language to support the paradigm.
The language’s kernel language should support the paradigm.  When
there is a family of related languages, usually only one member of the 
family is mentioned to avoid clutter.  The absence of a language does
not imply any kind of value judgment.

When a language is mentioned under a paradigm, it means that part of
the language is intended (by its designers) to support the paradigm

sequence of values in time.  Its expressive power is strongly influenced by
the paradigm that contains it.  We distinguish four levels of expressiveness,

State is the ability to remember information, or more precisely, to store a

which differ in whether the state is unnamed or named, deterministic or
nondeterministic, and sequential or concurrent.  The least expressive is
functional programming (threaded state, e.g., DCGs and monads:
unnamed, deterministic, and sequential).  Adding concurrency gives
declarative concurrent programming (e.g., synchrocells: unnamed,
deterministic, and concurrent).  Adding nondeterministic choice gives
concurrent logic programming (which uses stream mergers: unnamed,

(e.g., client/server).  Named state is important for modularity.

nondeterministic, and concurrent).  Adding ports or cells, respectively,
gives message passing or shared state (both are named, nondeterministic,
and concurrent).  Nondeterminism is important for real−world interaction

Typing is not completely orthogonal: it has some effect on expressiveness. 
Axes orthogonal to this chart are typing, aspects, and domain−specificity. 

program’s specification.  A domain−specific language should be definable
in any paradigm (except when the domain needs a particular concept). 

Aspects should be completely orthogonal, since they are part of a

native fashion.  This flexibility is not shown in the chart. 
as Scheme, are flexible enough to implement many paradigms in almost
tinkering in particular are orthogonal to this chart.  Some languages, such
(introspection and reflection).  Syntactic extensibility and kernel language
protocols and generics), to full−fledged tinkering with the kernel language 
programming combined with syntactic support (e.g., meta−object 
programming, syntactic extensibility (e.g., macros), to higher−order 
language.  The term covers many different approaches, from higher−order 
Metaprogramming is another way to increase the expressiveness of a

Java, OCaml

+ closure

embeddings

+ solver

LIFE, AKL

+ thread
+ single assignment

+ thread

+ thread

+ log

+ cell
(state)

Functional

SQL embeddings

Prolog, SQL

+ search
Haskell, ML, E

(unforgeable constant)

+ cell

Pascal, C

SNOBOL, Icon, Prolog

+ search

(channel)
+ port

Scheme, ML

(equality)
+ name

+ by−need synchronization

+ by−need
synchronization

+ thread

+ continuation

Lazy concurrent

Shared−state
concurrent

programming

Software
transactional

memory (STM)

object−oriented
programming
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Takeaways

• Your language will outlive your project

• match promises with consequences


• Do not be too smart

• embrace simplicity


• All legacy has its reasons

• (used to be) perfectly valid


• Explore and clean up

• Questions?
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