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To effectively collaborate in Internet environments, it is critical to efficiently manage the
shared state of collaboration. However, the management of shared state is highly situa-
tional; different collaboration semantics require different measures tailored to their specific
needs. Hence, providing a general set of services that meet the management requirements
of varying collaboration situations is challenging. In this paper, we discuss our approach to
providing such services. The services are made flexible by allowing collaborators to choose
appropriate services based on the needs of their collaboration tools and specific character-
istics of their shared state. We present the shared state management services provided by
our Corona server that embodies our approach and report experience with its use.

Introduction

Computer-supported collaboration often requires sharing of certain application con-
text by geographically dispersed participants. The collaborators are able to work to-
gether over distance by making changes to a shared state and observing the changes
made by others.

The semantics of shared state is application-dependent. For example, in a group-
drawing tool, the shared state may be defined as the contents of the canvas. In a
window-sharing environment, such as the one supported by DistView, the shared
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state includes the attributes of a shared window, e.g., the size of the window, and the
internal states of application-specific objects associated with the window (Prakash
and Shim, 1994).

On the other hand, CSCW system developers need application-independent ser-
vices for managing shared state and providing awareness information about 1ts use.
Critical issues concerning the management of shared state by application-independent
services include:

e Awareness: In a computer-supported collaboration, a user may be unaware of the

presence of other participants or their current status without explicit support from the
underlying system. Collaboration awareness information such as when users join/leave
a collaboration session, whether or not they are paying attention when connected (e.g.
gone out of the office for coffee), or when they are disconnected from a session due to
network or client failures plays an important role in managing shared state as it may
dictate the interactions of collaborators. Such awareness information should be avail-
able for ready access.

Synchronization: A shared state should be consistently synchronized for the entire
duration of a collaboration. Furthermore, collaborators should be allowed to access
and modify the shared state concurrently without disrupting each other’s work.

Predictable Performance for Late-comers: In synchronous collaboratton, partici-
pants may join an ongom}; collaboration activity. A late-comer should be able to re-
ceive a consistent state of collaboration in a “predictable” amount of time — indepen-
dent of failures of or speed of other clients in the system. Our experience with CSCW
systems indicates that users get impatient with a system if 1t takes them longer than
“normal” to join a collaborative session, say, because of failures of other clients or
slow bandwidth to a client that might have been selected by the system to transfer
shared state. Users expect a “predictable” response time (i.e., limited largely by their
bandwidth to the network and the size of the state) for state transfer when they join
the system. Conversely, existing users do not want the jomning of late-comers to be
intrusive or disruptive to their on-going work.

Persistence: A group activity may involve both synchronous and asynchronous col-
laboration. It is often the case that collaborators may not accomplish all their goals in
a single session; they may have to adjourn a session and reconvene at a later time. In
such cases, it may be necessary to save part or all of a shared state persistently to be
retrieved for a later session. Persistence is beneficial to both synchronous and asyn-
chronous collaboration.

Time-stamping: Users may often want to know when an update to a shared state
took place. In a chat application, for instance, users prefer that all messages be time-
stamped by a reliable service. Time-stamping can also be useful if users want to know
what has changed since the last time they participated in a long-term collaborative ses-
sion. Hence, mechanisms should be provided to reliably time-stamp updates on the
shared state. '

Interactive Responsiveness: Users expect collaborative applications to have simi-
lar response times as single-user applications. The ability to collaborate should not
disrupt the fluidity of users’ interactions with their applications.
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* Client-Based Semantics: Theinterpretation of the semantics of ashared state should
be the responsbility of collaborating application processes. Thisallows shared states
to be scalableto alarge number of collaborating processes, and processes of different
applications may work over the same shared state (Patterson et d., 1996).

* Robust Collaboration: A collaboration sesson should be robust It should tolerate
various falures of collaborators host machines and network connections and con-
tinue to support the work of non-faulty collaborators.

In addressing the above issues, different collaborative applications require dif-
ferent approaches to managing shared state based on their needs. For example, per-
sistence may not be required in al collaborative applications. Also, different users
in the same collaborative application may have different awareness needs. Never-
theless, it is highly desirable for the efficient development and widespread use of
computer-supported collaboration technology to have a general set of shared state
management services that adequately address all the aforementioned issues. Such
services should be flexible in that the subscribers to the services are able to select
only the services they need, with corresponding overheads.

In this paper, we present our approach to managing shared state. Our approach is
realized in aset of shared state management services provided by our Corona server
that we have implemented as part of the UARC project's Collaboratory Builder's
Environment (Lee et al., 1996). The server supports both synchronous and asyn-
chronous collaboration over the World Wide Web, where collaborating clients may
be dynamically downloaded over the Internet. In an earlier paper, we discussed com-
munication requirements supported by the Corona server and the scalability aspects
of communication for different kinds of groups (Hall et al.,1996). In this paper, we
focus on the management of shared state by the Corona server to address the above
issues.

The remainder of the paper is organized as follows. We first discuss the motiva-
tion for our work. We then provide a detailed discussion of our approach. This dis-
cussion defines basic concepts fundamental to our shared state management services
and describes each service in detail. We then report on the implementation status as
well as some usage examples of Corona. We conclude the paper by comparing our
work with existing systems and by outlining our future plans.

Motivation

Our work on the management of shared state in computer-supported collaboration
has its origin in an NSF-sponsored project, called the Upper Atmospheric Research
Collaboratory or UARC (Clauer et a., 1993). The UARC project focuses on the cre-
ation of an experimental testbed for wide-area scientific collaboratory work. This
testbed is implemented as a large object-oriented distributed system on the Inter-
net and provides a collaboratory environment in which a geographically dispersed
community of space scientists perform real-time experiments at a remote facility in
Greenland without having to leavetheir homeinstitutions. This community of space



