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Abstract: Systems coordinating distributed collaborative work must manage user data
distributed over a network. The strong consistency algorithms which designers have
typically borrowed from the distributed systems community are often unsuited to the
particular needs of CSCW. Here, | outline an alternative approach based on divergence
and synchronisation between parallel streams of activity. From a CSCW perspective, this
strategy offers three primary advantages. First, it is scalable, allowing smooth transitions
from highly interactive collaboration to.more extended, “asynchronous” styles of work.
Second, it supports “multi-synchronous” work, in which parties work independently in
parallel. Third, 1t directly supports observed patterns of opportunistic activities in
collaborative working. '

Introduction: Distributed Data Management

Collaborative applications coordinate activities which may be distributed in time
and/or space. Distributed in time, aCtivities may take place at different tumes but
are coordinated to achieve a unified effect (such as the production of a document).
Distributed in space, activities may take place on different computers perhaps
linked by a data network. So, collaborative applications, are heir to a set of design
problems which have arisen in the development of distributed computing systems
(or just “distributed systems”), concerning distributed data mahagement.,

This paper considers strategies to meet the conflicting demands placed on
collaborative applications, in presenting users with a single, uniform data “space”.
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Managing Divergence- ..
TN .

The variety of data management strategies is testament to the fact that no single
approach is appllcable in all cases. In part, this is simply due to the considerable
variation in the needs of CSCW systems. In addition, 1t is because the choice of
management strategies has strong 1mpllcatlons for the interface and for the nature
of collaborative 'interaction in'a CSCW system (e.g. Greenberg and Marwood
(1994)). Collaborative systerr‘l‘s.diffe:;r crucially from other distributed systems in
that not only the application, biit also the interface, 1s distributed. The trade-offs
between availability, transparency, ‘con51stency and responsiveness must be made
with this in mind, and so design'must be constantly mindful of the way i which
application distribution and interface distribution are mutually influential.

These issues are partrcularly 1mportant when building a CSCW toolkit, which
will be used to create a wrde range of applications. The toolkit designer is even
more distant from end-users than is the developer of individual applications; and
s0 it becomes critical to understand the implications of distributed data strategies
for particular usage situations, Here; we need to find a general characterisation of
distributed data management in CSCW.

)
?n. Co |:‘u§ !

Inconsistency Avordance and Streams of Activity
oot

We begin with a srmple but crucral observation; that most approaches to data
management in CSCW deal w1th, inconsistency avoidance rather than consistency
management. Rather than working to achieve data consistency, they erect barriers
to prevent inconsistency arising.in the first place. This is a distributed systems
approach; the system manages: the, actlon of the separate components to avoid
inconsistency. Applying this, strategy to collaborative work is problematic. Our
distributed entities are users, not programs; and they're less prepared to accept the
imposition of global mechanisms:to ;:onstraln their activity!

Since inconsistency arises thr(')‘ugh the simultaneous execution of conflicting
operations, the simplest approach to avoiding inconsistency is to avoid
simultaneous action over individual data items. This approach attempts to define
single, global stream of activity over the data space. Asynchronous access
achieves this, by sharing one stream between multiple participants, one at a time.
Floor control policies and lock1ng|mechamsms do likewise, at a finer granularity.

The alternative approachexplored here abandons this attempt to construct a
single stream of activity out of multi-user activity. Instead, it begins with a picture
of multiple, simultaneous streams. of activity, and then looks to manage
divergence between these streams. Divergence occurs when two streams have
different views of the data state. This could arise through simultaneous execution
of conflicting operations; or through a lag in propagating compatible operations.

Since this general view does not imply any particular number of parallel
streams of actlvity,l it encompasses the traditional views outlined earlier; they
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correspond to the special case of just one stream. Divergence between multiple
streams of activity is the more general case; it subsumes attempts to maintain a
single thread of control. This generality is critical to the design of atoolkit.

This paper explores divergence in pursuit of a generic, specialisable model of
distributed data management. By generic, | mean that this model describes, in
general terms, a range of distribution strategies which can be used in CSCW
systems. By specialisable, | mean that any particular example can be
operationally described as a refinement of the general model. The model is not
simply a tool for the analytic description of CSCW architectures and
implementations; it can also be used to generate and implement new ones. It has
been developed as part of Prospero, atoolkit for CSCW application design using
explicit specialisable models as a basis for highly flexible, open-ended design
(Dourish, 19953); and its framework is the basis for creating data management
strategies in CSCW applications.

Divergence

So, first, we regard collaborative activity as the progress of multiple, simultaneous
streams of activity. Second, we view inconsistency as divergence between these
streams' views of data. Hence, we see distributed data management in terms of
the re-synchronisation of divergent streams of activity. As collaboration
progresses, the streams continually split and merge, diverge and synchronise. At
synchronisation, they re-establish acommon view of the data; further activity will
cause them to diverge again, necessitating further synchronisation later.

Divergence and Versioning

This view of continual divergence and synchronisation is similar to that of
versioning systems, which maintain a historical record of the versions of some
object which have existed over time. They typically allow multiple versions of an
object to exist at once, and in some, multiple versions can be simultaneously
active. GMD's CoVer (Haake and Haake, 1993) uses aversion system to manage
the cooperative work. ; however, it emphasises the creation and management of
parallel versions rather than the subsequent integration of different versions
(divergent streams). Munson and Dewan (1994) provide a framework organised
around version merging, but, again, they primarily emphasise versioning and
merging within a context of "asynchronous' work, rather than as a more general
approach to distributed data management. | want to consider the wider use of
divergence as a general strategy (discussed in more detail below).

Divergence and Operational Transformation

An alternative technique which has been employed effectively in a number of
collaborative systems is operational transformation (Ellis and Gibbs, 1989;
Beaudoiun-Lafon and Karsenty, 1992). Operational transformation employs a



