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Hoare, C.A.R., "Communications of the A.C.Mgl¥dme 21, Number 8, August 1978, pp. 666-677. It is
Hoares gpinion that input and output are basic priwes of programming and that parallel composition of
communicating sequential processes is a fundamental program structuring Aedath, CSP (Commu-
nicating Sequential Processes) is a programming notation based on synchronous message passing and
selectve commmunications. faditional approaches to introducing parallelism on single machines ha
included ideas such as multiprocessing in the operating system or hardware specifications. Rament de
ments in processor technology thavdalowed multiprocessor machines to be made up fromynaah-

vidual processors suggest greater economy and performd@inde ale to malk maximum use of such
configurations, h@ever, requires processors which are able to communicate and synchronize with each
other Although mawg approaches he been suggested for these (i.e., utilization of common store, sema-
phores, monitors etc.), there is no basic criteria for choosing an approach for a particular application.
Hoare, in this papegpecifies a single, simple solution to these problems based on: Dgkgteatded com-

mands (sequential control structures), a parallel command (specifying concueaittos of particular
sequential processes), simple 1/0 constru@ise commands specified by Hoare are simple yaegal,

with the most important being the parallel and alteveatbmmands. Asmentioned abee, the parallel
command specifies concurrenteeution of its constituent componentéll components start simultane-

ously and the parallel command terminates only when all components terminate (either successfully or
unsuccessfully). Eagbrocess of a parallel command must be disjoint freenyeother process in the com-

mand in the sense that it does not mention \@ariable which occurs as a target variable iy ather
process. Thismplies that ap transfer of information must be accomplished via communication between
the processes. The altermaticommand is particularly useful for concurrent proces§gecifying a list of
component processes, it will allanly one to be xecuted and will terminate when the chosen process ter
minates. Thelecision as to which process to choose is made on the basis of which is the first to be ready
(input guards are used for this: the first process which outputs to one of the listed processes in the alterna-
tive mnstruct will cause that process to be ready f@cwion). If none of the processes is ready (all
guards fail), the alternat construct will fil. Communicatiorbetween processes becomesea/Nimpor

tant issue when the context is mmaommunicating processorsdoare has chosen to implemenbteon-

cise operators for input and output (? and ! respadgli Theinput operation normally reosss informa-

tion from some other process and stores it in a structure, while output doeswesecoifhel/lO com-

mands specify communication betweerotsoncurrently operating sequential processes; processes which
typically are the constituent components of a parallel commaAhadommunication between processes has
been stipulated to occur simultaneously (i.e., affebing). Therequirement of synchronization of input

and output commands means that an implementation will badelay which&er of the two commands is

ready first. The delay will end when the mate command in the other process is Itecaty be stated,
without reservation, that CSP has had an enormous impact on the design of programs and programming
languages. Bylefining the concurregaconstructs simply and conciselyoncurrent programs can be eas-

ily decomposed into small communicating processesecent years, a number of programming languages
have been implemented based on CSBtcam, for instance, has followed the ideas of CSP quite closely
and has been used in thevelepment of a VLSI chip, the Transputer (the transputer allows efficient net-
working of mary concurrent processors). Hence, CSP was also influential in telopieent of the appro-

priate hardware Hoare indicated would be required for efficient implementation of his langWigethe

ideas of Hoare nw being put into practice, all that remains to be seen is whethenilide utilized sufi-

ciently to take full advantage of communicating sequential processes.
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