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Observing an asynchronous distributed system which consists of processes
that communicate solely by messages, is non-trivial — not only from a techni-
cal point of view (instrumentation, intrusiveness), but also because of inherent
conceptual problems: Since event notification messages sent to an observer are
subject to unknown delays, it is generally not possible to observe all processes
stmultaneously. However, if we simply deny the existence of global time, does it
then still make sense to consider global predicates (i.e., predicates of the global
state) of a distributed system? This is a serious question since such predicates
may reflect important properties of a distributed computation. Examples include
deadlock, objects being garbage, and whether the number of mobile agents of a
certain type circulating in a system is greater than a given threshold k.

Fortunately, there exist several algorithmic means to guarantee that an ob-
server gets at least a causally consistent view (i.e., a linearly ordered sequence
of events with respect to the causality relation) of a distributed computation.
These solutions can easily be generalized in such a way that not only a single
observer, but each process within the system gets a causally consistent view of
all events it learns about. A simple, although not very efficient solution consists
in preventing direct or indirect message overtakings — either by generalizing the
sequence number approach known from FIFO channel implementations, or by
using a handshake communication scheme as in synchronous communications
[4].

Such a realization of the so-called causal order message delivery property,
however, does not solve all conceptual problems with global predicates: If two
or more causally consistent observers monitor a single computation, they may
or may not agree on the value of such a predicate — which, for example, makes
the notion of global (or “distributed”) breakpoints rather doubtful! Fortunately,
there exist observer independent predicates (i.e., “objective facts”), forming a
non-trivial class [1]. The well-known stable predicates (i.e., the “monotone facts”)
are a subset of these predicates.

Many (perhaps too many?) distributed algorithms to detect such stable pred-
icates (i.e., to decide whether the predicate already holds) have been reported
in the literature. A prominent example is termination detection [3], for which
a surprising variety of algorithms with various characteristics have been pub-
lished in recent years. A distributed computation is said to be terminated when
all processes are passive and no message is in transit. However, since a passive
process may be reactivated when a message is received, and since in general it is



impossible to inspect all processes at the same time, the detection of termination
of a distributed computation is non-trivial. Distributed termination detection is
a “prototype problem”; research on it has contributed much to the entire field of
distributed algorithms. It is closely connected to other important problems such
as determining a causally consistent global state (the so-called distributed snap-
shot problem [2]) and distributed garbage collection (i.e., identification of objects
which can no longer be reached) without freezing the underlying computation.

Termination detection and garbage collection are important from a practical
as well as from a theoretical point of view. For example, distributed garbage
collection algorithms are gaining much interest because of current efforts to ef-
ficiently implement object-oriented languages on parallel distributed memory
machines and because distributed hypertext schemes (such as Wold Wide Web)
become ubiquitous. Surprisingly, any garbage collection algorithm can be sys-
tematically transformed into a termination detection algorithm [5]. The trans-
formation is rather straightforward and yields a deeper understanding on the
relationship of these two prominent stable property detection problems and their
underlying structure.
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