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The concept of coroutine or process is useful in a large class of applications, usually involving incre-
mental generation or transformation of data. We present a language based on a clear semantics of process
interaction, which facilitates well-structured programming of dynamically evolving networks of processes.
These networks exhibit the same input/output behavior whether they are executed sequentially or in
parallel. Sample program proofs are used to illustrate the benefits of the language's simple denotational
semantics. The language serves also to clarify the relationships between coroutines, call-by-need,

dynamic data structures and parallel computation.

1. INTRODUCTION

Many algorithms are naturally organized as systems
of independent processes which coexist and interact
with one another. In this paper, we present a struc-—
tured approach to the programming of such systems.
This approach is embodied in a programming language
which subordinates control to structure, relieving
the programmer of the burden of control management
and permitting process systems to be executed either
sequentially or concurrently with the same result.
The language was designed to reflect the clear
semantic conception of process interaction presented
in (13, with the result that programs are relatively
easy to verify.

1.1 Coroutines, multipass algorithms, and pipelines

Our notion of a process is derived from Conway's
original concept of coroutines, [2] which he intro-
duced as an improved way of executing multipass
algorithms. In his words, "... a coroutine is an
autonomous program which communicates with adjacent
modules as if they were input and output subroutines."
The coroutines represent successive passes each of
which inerementally transforms a stream of data, so
that their execution can be interleaved in time
according to a "demand-driven" scheduling strategy.
This mode of execution was described succinctly :
“When coroutines A and B are conmnected so that A
sends items to B, B runs for a while until it en—
counters a read command, which means it needs some-
thing from A. The control is then transferred to A
wnitil it wants to write, whereupon control is retur-
ned to B at the point where it left off."

Conway went on to note that coroutines can be execu-
ted simultaneously if parallel hardware is available.
This is possible without time-dependent side effects
because the coroutines communicate with each other
only via input/output instructions, and this in turn
follows from the fact that the coroutines are model-
ling separate passes of a multipass algorithm. When
executed in parallel, such a system is called is a
"pipeline." Many studies of parallel program schemata
have been concerned with generalizing this simple
linear organization.[3-5]

The classic illustration of coroutines is the coope-
ration between the lexical analyzer and the parser
in a compiler. However, algorithms structured as a
set of interacting coroutines occur in many appli-
cations besides compiling, such as input/output
handling, [6] text manipulation, [7] algebraic
manipulations, [8] sorting, [9] numerical computation,
[10] and artificial intelligence. [11] The UNIX
operating system [12] provides a "pipelining coubi-
nator" in its command language which is used to
connect programs together in linear pipelines for
quasi-parallel execution.

1.2 Alternative approaches to coroutines

A different approach to coroutines, typified by the
SIMULA control primitives call, detach and resume,

is fairly widespread. [13-14] The SIMULA primitives
can be used to implement Conway's style of coroutines,
where control transfers are hidden in the input/
output commands, but they also allow many other types
of interaction which often result in intricate
control relationships. Use of the resume command in
particular leads to obscure control structures,
because it resembles a go to command with a moving
target. For the sake of program reliability and
verification one needs to impose discipline on the
use of these primitives, and when this is done
716-181 it leads to the structuring of process in-
teraction along the lines of Conway's original
proposal.

1.3 Related ideas

The evaluation mechanism used in our system has its
origins in theoretical work [19-20] on "call-by-
need" parameter passing. The same work has inspired
"lazy evaluators" for LISP 21,22] which in some
respects behave like our process networks and can
execute slightly modified versions of some of our
examples. These systems, however, do not have any
analogue of our cyclic network structures.

Communication channels are related to the streams
of Landin, 23] who foresaw their connection with
coroutines. In fact, our language can be viewed as

a powerful strear processing language. A simplified
version of streams already exists in POP-2 [24] in
the form of dynamic lists, but their usefulness is
limited because the lack of processes in POP-2 makes
it awkward to define stream transformations.

2. THE PROGRAMMING LANGUAGE

2.1 Introduction

The language presented here provides concise and
flexible means for creating complex networks of
processes which may evolve during execution. The key
concepts are processes and structures called channels
which interconnect processes and buffer their commu-
nications. Channels carry information in one direc-
tion only from a producer process to one or more
consumer processes, and they behave like unbounded
FIFO queues.

In this section we explain how processes are decla-
red, how they communicate via channels, and how
networks of processes are created and transformed.
Then we introduce a more powerful functional notation
and discuss iterative versus recursive reconfigura-
tion of processes.



behavior. Lertain sectlions OI an operating system
demand a primitive of this kind, but the absence of
time-dependencies gives a distinct flavour to pipe-
lining as opposed to other kinds of parallel proces-
sing and permits the simulation of a pipeline by a
set of coroutines. Note also that including such a
primitive changes drastically the mathematical
semantics of the language. [27]

Fig.2. Reconfiguration.

* As the reader realizes by now, the program of fig.l
does not achieve very much. It just serves to illus-
trate the first features of the language.















