;:‘ Higher-Order and Symbolic Computation, 11, 117-123 (1998)
‘ © 1998 Kluwer Academic Publishers, Boston. Manufactured in The Netherlands.

An Introduction to Landin’s
“A Generalization of Jumps and Labels”

HAYO THIELECKE ht@dcs.gmw.ac.uk
QMw, University of London

Abstract. This note introduces Peter Landin’s 1965 technical report “A Generalization of Jumps and Labels”,
which is reprinted in this volume. Its aim is to make that historic paper more accessible to the reader and to help
reading it in context. To this end, we explain Landin’s control operatior more contemporary terms, and we
recall Burge’s solution to a technical problem in Landin’s original account.
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1. Introduction

In the mid-60Q's, Peter Landin was investigating functional programming with “Applicative
Expressions”, which he used to provide an accoumtpfor. 60 [10]. To explicategoto,

he introduced the operatdr(for jump), in effect extending functional programming with
control. This general control operator was powerful enough to have independent interest
quite beyond the application tor.cor: Landin documented the new paradigm in a series of
technical reports [11, 12, 13]. The most significant of these reports is “A Generalization of
Jumps and Labels” (reprinted in this volume on pages 9-27), as it presents and investigates
the J-operator in its own right.

The generalization is a radical one: it introdudiest-class controlinto programming
languages for the first time. Control is first-class in that the generalized labels given by the
J-operator can be passed as arguments to and returned from procedures. In thafregard,
is recognized as a precursora#ll/ccin Scheme [3, 4, 16, 22].

To the contemporary reader, th@perator could be understood as giving the programmer
access to continuations — despite the fact that the general concept of continuation was not
yet discovered in 1965. (For a history of continuations, see Reynolds’s historical survey
[19].) Continuations appear, albeit implicitly, within the states of¢hep-machine. The
J-operator makes the implicit control information contained in the dump component of
the secp-machine available to the programmer as a procedure. Several special cases of
continuations are discussed, in particular the result continuation (return address, as it were)
of a procedure, which Landin even callatural continuationas well as (downward) failure
continuations, callethilure actions in an application ofl to backtracking.

Because of the underlyingecp states, the word “state” is frequently used by Landin
as synonymous to the modern “continuation”. In this usage, it is close to the systems
programmer’s concept of state (as in: “the state of a suspended process is saved for later
resumption”); it should not be confused with the current usage of “state” in semantics, in the
sense of something to be changed by assignment. As emphasised in Landin’s introduction,
control is independent of assignment.
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In the remainder of this note, we discuss the relationshig tf call/cc andreturn,
comment on its semantics in terms ©fcp machine, and conclude with some general
remarks of a historical nature. This is intended to help read the paper in context, especially
subsequent developments in the area of control operators.

2. The J operator

The J-operator is typically used in an idiom like this:

f=Ax.
let g, = Ay. Ny
and go = J (Az.N)
M

Here a procedurgcontains some local procedukgsandgs. Thelet-expressionis Landin’s
unsugared way of writing procedures declared within some other procedure. (In Landin’s
notation, scope in expressed by indentation. Here the scope afd g, is M.) For
comparison, first consider what happens when the local procedusecalled: after the

call to ¢, is completed, control returns to the point wherevas called, so that evaluation
proceeds somewhere M. Now considelys: the A-abstraction\z. N, is modified by an
application of thel-operator to give, a non-standard control behaviour. More precisely,
whengs, is called, it does not return to where it was called, but to wifeweas called. In
particular, callingg, affords a means for a fast exit from the body fofi.e., M. When
reading Landin’s paper, the reader may like to consult the parser on page 15 for an example
of the use ofl.

2.1. Jas ageneralizedeturn

One may motivatd by considering its common idiod/ , wherel = \z.x is the identity
combinator, as a generalized return function [1]. Although not usually described in terms
of continuations, theeturn function is perhaps the most widely known example of a jump
with arguments, i.e., continuation invocation. It is common practice to jump out of some
nested structure with the overall result of the current function, even in quite trivial programs,

e.g.:

int fact(int n)

{
if (n ==0) return 1,
else retum n * fact(n-1);

Note that when functions may be nested, as in the Gnu dialect diereturn refers to

the nearest enclosing function. Idealising this, we may regstain as syntactic sugar for

JI. But the crucial difference between a return function defined in terrdgotl the return
statement o€ is that the former is a first-class function. One may pass it as an argument to
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a different procedure, as i{J ), giving g a means for an exit from its caller. Consider for
examplef = (A\z....g(return)...) whereg = (Ar....r(a)...). f hands off the ability
to return fromf to g. Wheng then calls its argument, the call gfthat calledg returns
with a. It is perhaps worth emphasising that the binding is static: whealls areturn
function defined inf, this causeg’, and notg, to return. Conversely, one may retrieve
from first-clasgeturn by postcomposition [14]:

J f=returno f

2.2. J compared taall/cc

J andcall/cc differ in their view as to where continuations are introduced. The latter, in
keeping with the overall style of Scheme, is expression-oriented; the former slightly more
procedure-oriented in that a special significance is attachedlbmstractions among expres-
sions. Withcall/cc, every expression has a continuation, which one can seize by wrapping
the expression intoeall/cci.e., by writingcall /cc(Ak.M). With J, the only places where
continuations are introduced akeabstractions.J gives access to a continuation, but it is
not the current one. Rather it is the result continuation of the statically encldsifitence
one may have to introduce additionahbstractions in order to seize the right continuation.)
SoJ subordinates continuationsto procedures, in that continuations can only be introduced
as the result continuation of some procedure, and continuations can only be used (invoked)
indirectly by being attached to some procedure. (This subordination of some more general
programming language construct to procedures is perhaps not without parallel. Forinstance,
whereas irC, blocks with local variable declarations can appear anywhere, in Pascal, blocks
have to be procedure bodies.)
A comparison between thleoperator and the by now more familieall/ccwas first made
by Reynolds. Reynolds’s paper on definitional interpreters [18] introducessitepe
construct, which is the binder variant cdll/cc, i.e.,

escapekin M = call/cc(Ak.M) and call/cc = Am.escapek inmk
Reynolds showd andescapégo be interdefinable:
let g =J(A\z.Ry1)in Ry
= escapehinlet g = Az.h(R;)in Ry
Notice howJ postcomposes a continuatiarto its argument. Conversely,
escapegin R
= letg=J(A\z.z)in R
Strictly speaking, these equivalences do not hold generally, but only immediately inside a
A-abstraction. The second can be adapted to a general equivalence by inserting a dummy
A-abstraction to maké& grab thecurrentcontinuation:
escapegin R
= (A().escapeginR) ()
= (A)detg =J(A\z.z)inR) ()
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For call/cc, such al is (fortuitously) already there to bind the argument:
call/cc = \f.f(J(\z.x))

The reverse direction, i.e., definidgn terms of Schemeall/cc, was studied by Felleisen
[3]: he defines a syntactic embeddingJahto Scheme, essentially as follows:

¥ =z

(MN)* = M*N*
Ax.M)* = Ax.call/cc(Ak.M*[J — Af.ko f])

A crucial point is that this embedding does not magirectly to \.

Less formally, and in terms of Scheme-inspired nomenclature, it is worth emphasising
that J is not of the form tall-with-foo”; rather it could be phrased a®mpose-with-
current-dump. In particular, in an idiom likeJ (\z.M ), thex does not receive the current
dump; instead, the functioke. M is postcomposed with the (continuation represented by
the) current dump. In the same spirgturn could be dubbedall-current-dump-with .
(call-with-current-dump would also be possible, but somewhat artificial.)

3. The Transition-Rule of the extendedsEcD-machine

J is given an operational semantics by extendingstiiep machine from “The mechanical
evaluation of expressions” [9]. (Introductions to the basicp-machine withoutl can

also be found in many functional programming textbooks [5, 7, 17].) Landin’s original
definition (on page 16), however, is somewhat incomplete, as pointed out by Felleisen [3].
These omissions were tacitly corrected by Burge in his textbook [1], which ussesdine
machine, includingl, as a foundation. For historical accuracy, the editors of this special
issue chose to reprint the paper as it was. Hence we recall Burge’s corrected definition
in this note: see Figure 1 for a definition of Landin’s functi®ransform with Burge’s
corrections.

The notation for thélransform function of thesecp machine follows that of Landin’s
other papers, e.g., [9]. Itis largely self-explanatory or standard (like the McCarthy condi-
tional —). Colon “” stands for list constructioncong, u is the unit list function;h andt
are the head and tail functions for lists, respectively.

Compared to the originalEcp-machine, there are three new transitions. There is one
new command,J, that may appear in the control string; and there are two new kinds of
values, stateappenders and program closures, that can be applied to an argument much lik
an ordinary function closure. (The stateappenders are Burge’s addition. Landin only used
program closures.) Thus the new arms of the conditional are

X=J — ...
stateappender f — ...

progclosure f — ...

A reader looking for an small example could consider evaluating an instance of the
“unnatural exit” idiomJ (\z.z).

(v:S,E,J(A\z.x) :ap: C, D)
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Transform [S, E,C, D] =
nullC — [ S:S",E',C", D']
where [S",E',C", D' =D
else—
letX =hC
identifier X — [(location E X)E : S, E,tC, D]
dexp X — [consclosure((E, bv X), u(body X)) : S, E,tC, D]
X = J — [consstateappender D : S, E,C, D]
X =ap—
let f:x:S" =S
closure f —
let consclosure((E', J),C") = f
[(), consenv(assoc(J,x), E'),C",[S", E,t C, D]
stateappender f —
let consstateappender D' = f
[consprogclosure(z, D') : S, E,C, D]
progclosure f —
let consprogclosure(f', D’) = f
[f/:SUZS”, E", ap:C”,D”]
where[S",E"",C",D"] = D'
else— [fx: S, E,tC,D]
else— let combine(F, Z) = X
[S,E, Z:F:ap:t C, D]

Figure 1. Thesecp transition function after Landin and Burge

is transformed into
(v:S E',C' D,

where(S’, E',C', D') = D, just as ifv had been returned by natural exit from a procedure
call, that is, starting fronfv : S, E, (), D).

For more details on the semanticslpgee Burge [1], and Felleisen [3], also Felleisen and
Friedman [4]. Reynolds [18] explains harcD states can be regarded as “defunctional-
ized” continuations; see the textbook [6] for more details on defunctionalising continuation-
passing interpreters.

4. Conclusions

The J-operator was ahead of its time in that it not only predatafcc by a decade, but
even the dynamic non-local exits of MacLisp [20]. Moreover, unlikelynamic exits do

not give an answer to Landin’s question what it means for a function to return a label as its
result. Consider a Lisp function returning a “label” (corresponding to a catch tag in Lisp):
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(defun label-as-result ()
(catch 'tag 'tag))

When called, this literally returrtag. One could argue that returning a catch tag is begging
the question what is denoted by it. In thkecp formalism, an analogous function could
be written as\().J(Az.z). This function returns a program closure. So, within $keD
framework, Landin could give an answer to what is the “thing denoted by a label”. This
answer was earlier, albeit much less abstract, than that by denotational semantics, i.e.,
continuations [21].

Apart from the historical significance df we could also point to some conceptual issues.
J differs in two independent ways frooall/cc:

1. call/ccseizes the current continuation, whilseizes (the continuation represented by)
the current dump;

2. call/ccgives direct access to the continuation, wiileequires a function to which the
continuation is to be postcomposed.

Of these two differences, it is the first that makes the comparison betivaad call/cc
difficult. More significantly, it is also the cause for a certain pitfall in equational reasoning
with terms that may contaih Landin refers to this as an “undesirable technical feature” of

J (page 26). The second point is whether postcompaosition of a continuation to a function
should be a special operation. Burge claims as an advantabthaf a “program closure

has a function and a state”, i.e., continuation, rather than “only a state” [1, pp. 86-87].
Similarly, Landin [14] argues for this feature &fin terms of implementation.

In the modern typed setting [2, 15] one could make this second point quite abstractly.
Suppose we have both functiofis A — B and continuations : = A, and that all we know
about continuations is that they can be fed arguments of the appropriate type. Arguably
the most fundamental fact to note is that for each funcfionA — B one has another
function, call it—f, that takes a continuation as its argument and postcomposeg it to
hence-f : =B — —A. This makes-~ an operation with the following type:

-:(A— B) — (-B — —A)

Hofmann [8] notes that such an operation (which is definable in terralld€c) may be
useful to reason with equational axioms, such as the “naturalityélbicc. Thus one could
argue that, quite apart from the “undesirable featured,dfandin and Burge’s emphasis
on postcomposition has been corroborated.
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