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Abstract: This paper presents a new model lor semi-synchronous collaborative editing. It 
fills the gap between asynchronous and synchronous editing styles. The model is based on 
hierarchically partitioned documents, fine-grained version control, and a mechanism called 
active cliffs for supplying collaboration awareness. The aim of the model is to provide an 
editing style that better suits the way people actually are working when editing a document 
or program together, using different writing strategies during different activities. 

1. Introduction 
During the last couple of years, a number of collaborative editors have been devel­
oped. The aim of the different systems vary, some are specifically supporting col­
laborative authoring, some are general purpose text editors, some support 
collaborative sketching or drawing, and some provide a framework for integrating 
existing editors into a collaborative environment. Furthermore, different systems 
are based on different architectures, provide sharing at different levels, and use dif­
ferent strategies for distribution. Despite the different goals and architectures the 
systems support two main editing styles: synchronous and asynchronous editing. 

1.1 Synchronous editors 

Up till now, work on synchronous editing has been dominating within the area of 
collaborative editing. A synchronous editor allows multiple users to access and edit 
a document (a text, picture, drawing, etc.) simultaneously. Since simultaneous edit­
ing operations performed on shared material by different users may conflict, most 
editors have a protocol to ensure consistency. This may either be done by some 
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locking mechanism where a user explicitly locks an object before editing it to avoid 
conflicts, implicit locking where the system locks an object edited by a user, or by 
ordering editing events ensuring consistent updating at the different sites. Some 
synchronous editors support shared views and telepointers. A shared view allows 
different users to see a part of a document in exactly the same manner using the 
WYSIWIS (What You See Is What I See) metaphor. The user interfaces are here 
tightly coupled and if one user scrolls a window, for instance, the same window 
will be scrolled at the other sites. Telepointers allow multiple cursors, one for each 
user, which are shown at all sites and are updated in real time. Furthermore, some 
systems provide support for "meta work", i.e. communication about the work the 
system primarily supports, e.g. in the form of shared workspaces for text and draw­
ings and support for speech and image communication. Examples of different kinds 
of collaborative editors supporting synchronous editing are: GroupSketch (Green-
berg and Bonnet, 1991), a shared workspace for sketching, GROVE (Ellis, Gibbs, 
and Rein, 1991), a textual multi-user outlining tool, ShrEdit (McGuffin and Olson, 
1992), a multi-user text editor, and DistEdit (Knister and Prakash, 1990), a toolkit 
for implementing distributed group editors. . 

1.2 Asynchronous editors 

Conventional text editors and drawing tools are typically asynchronous. Even 
though they may run in a distributed environment with a shared file system they do 
not support collaboration by multiple users. Prep (Neuwirth, Kaufer, Chandhok, 
and Morris, 1990) is an example of an asynchronous editor supporting collabora­
tion. It allows only one user to edit a document at a time, but has specialized sup­
port for commenting a document. A document is organized as a number of 
columns. The author may create the document contents in one column and a 
reviewer, for instance, may create a new column for his/her comments and bind the 
different comments to places in the author's column. The Prep editor thus mainly 
supports asynchronous collaboration for authoring in form of reviewing and com­
menting. .. • 

1.3 Synchronous or asynchronous editing? 

An interesting question is if the separation into synchronous and asynchronous 
editing is for good. Does an editor of one of these categories really meet the users' 
needs in different tasks and different situations? We believe not. 

Asynchronous editors may be useful for some tasks, e.g. when one person is 
commenting the work of another. This is intrinsically an asynchronous task where 
the reviewer typically finishes the work and returns it to the author. However, asyn­
chronous editors do not allow people to work simultaneously on the same docu­
ment. If this shall be achieved the document has to be partitioned and later joined 
manually by the users. While working on their own fragment, the users are not 
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aware of what other users are doing meanwhile. Another option is to serialize the 
work, which, of course, is not desirable. 

Synchronous editors support sharing of a document and awareness about other 
users' work, but they do not support the asynchronous working style. Synchronous 
editing may be very useful in the brainstorming phase of authoring a paper or in ini­
tial design of a program. It may also be useful when discussing the contents of the 
document with other users. However, it assumes the collaborating users to be 
present. If, for instance, two persons are co-authoring a paper, they do not work 
simultaneously all the time. One person may be away for some time (an hour, a day, 
a week). When the work is continued by that person he/she is not primarily inter­
ested in what the other person is doing right now, but rather what has happened in 
the document since the last time. 

The fact that different situations demand different editing styles has been 
acknowledged before. Dourish and Belotti (1992) calls for an editing model which 
supports both synchronous and asynchronous work and a smooth transition 
between them. The SEPIA hypertext authoring system (Haake and Wilson, 1992) 
allows work in modes called: individual, loosely coupled, and tightly coupled 
respectively and switching between them. The individual mode works like tradi­
tional asynchronous editing. In loosely coupled mode a node may be edited by one 
user at a time while other users may see the changes, i.e. synchronous editing based 
on locking. Finally, tightly coupled mode adds shared views, telepointers, and audio 
communication. 

An empirical study of how people actually are collaborating in writing is pre­
sented by Posner and Baecker (1992). A number of different writing strategies used 
in different phases of the authoring of a document are identified. They conclude 
that both synchronous and asynchronous strategies are used in different phases of a 
collaborative writing project and that a system must support both styles and a 
smooth transition between them. An interesting result of the study is that most col­
laborative writing projects used the "separate writers strategy", i.e. an asynchro­
nous style of authoring, extensively. 

In our own experience from software development, several of the observations 
by Posner and Baecker are valid also for explorative software development. A syn­
chronous style of work is often used in the initial phases of development, e.g. brain­
storming and initial design. For more detailed design and implementation the work 
is often split up and the work is mostly done asynchronously on a separate fragment 
of the design. When it comes to integration, testing, and debugging the work style 
turns to be more synchronous again. The situation seems to be similar to authoring. 
Collaborative software environments thus have to support both synchronous and 
asynchronous working strategies and smooth transitions between them. 

In the next section we present a model which supports semi-synchronous edit­
ing. It is a general editing model which may be used as a basis both for authoring 
and software development. In section 3 the properties of the model is discussed. In 
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