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Monitors hae been conceied by Brinch Hansen and are furthene®ped

in this paper by C.A.R. Hoare as modules for managing mutually exelasiess
to shared resource# monitor consists of a collection of local variables,

used to store the resoursdate, and some procedures, which implement
operations on the resource. Whesreone of these procedures isaked,
exclusive acess to the local data is pided. Morewer, monitor’s

procedures should not access nonlocal variables in ordenvenpre
time-dependent coding errors.

Two synchronizing operations are introduced: a "wait" operation and a
"signal" operation. These twoperations are defined on condition

variables. Conditiorvariables are represented as queues of processes curregitiggaon the condition A "wait" operation calt
to be suspended and queued on the "wait-"ed condition, whereas a "signal"
operation causes temporarily suspension of thaken and reactiation

of the process blocked on the condition. The signalling process is
reactvated where there is no other processcating in the monitor.

Moreover, Sgnalers are gen priority over processes trying to start

execution of a monitor procedure.

In this paper a simple example is shown of a scheduling algorithm for
managing single resources using monitors. The algorithm is based on

two procedures: acquire and release. The éatries of the monitor

behae like P and V operations on binary semaphores. Monitors too can be
implemented by binary semaphores, thus showing perfectande of the

two concepts.

A monitor invariant can be associated to the local (critical) data of the
monitor. The invariant must be true whewer no process isxecuting the

monitor. Thus a process must reassert tiveriant before exiting the

monitor or before performing a "wait" or "signal" operations.

Sometimes in the design of operating systems a simple scheduling algorithm
based on first-come-first-served may not be adequate. Thus, priority
conditions are introduced and yhare just like ardinary conditions, except that a wait on priority conditions must specify a «
A signal on a priority condition wakes up the waiting process with the lowest
parameter value.

Typical problems in concurrent software are then presented in this paper.
They are solved and coded by using monitors. yhelude: the "Bounded
Buffer" problem (based on a producer/ consumer type of relation), the design
of a "Buffer Allocator" (similar in design to the solution for

the Bounded Buffer problem, but with the added ability of transferring long
messages), the design of a "Disk Scheduler" (based on the idea of trying

to minimize the frequeryoof change of direction of m@ment of the heads)

and finally the handling of concurrent reading and writing using a "fair"
scheduling algorithm.

This paper represents an important milestone in theajament of

concurrent programming. It is in this article that the concept of monitors
has been fully desloped and the ideas expressed in this paper been

applied most notably in the extended version of Pascal, called Concurrent
Pascal, in the CE language and in SIMULA.

Monitors allav the user to design a separate isolated monitor for each kind of resource and, as a consequence, to sepa
appropriate tool for the structuring of an operating system.



