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An architecture for automatic version control in collaborative writing is described which enables authors 
to operate independently using normal word processing facilities to edit the ‘same’ document, and 
supports them in understanding and managing what has happened when the document files are brought 
together. The paragraph and document level versioning mechanisms are described and illustrated 
through screen dumps and an application scenario. 

Introduction 

The increasing use of word processors directly by authors, together with the ease of 
interchange of documents electronically on disks or through networks, is supporting and 
promoting collaborative writing in which joint authors work simultaneously on an article. 
Conventional software version control techniques which rely on network control of 
access are inappropriate to a situation in which authors wish to work on personal 
computers not connected to the same network. Even the assumption that versions are 
checked in and out of central archives would be a major restriction. What is required is a 
version management system that is effective in an anarchic environment in which 
different authors edit different versions of the same document at the same time, and are 
then supported in understanding and managing what has happened when the document 
files are brought together on their word processors. Additionally, the interface to 
versioning features of the document production environment should be simple and 
minimal so that authors are not distracted from their primary task of writing. 

This paper described the architecture of Groupwrite, a document processor with simple 
and effective version control at the document and paragraph level (Gaines and Malcolm 
1993; Malcolm and Gaines 199 1 ) . 

Paragraph-level versioning 

Group Write supports the tracking of two distinct levels of versioning: document 
versioning and paragraph versioning. Document versions are based on document files and 
a new version is created when a user opens an old version, edits it, and re-commits it to 
the filing system as a new version; paragraph changes are automatically tracked during 
editing, and the new version status of a changed paragraph is recorded when the 
document is re-committed. 

The paragraph was chosen as the unit of granularity because it is both a natural 
conceptual unit for document producers (Halliday and Hasan 1976) and a basic data 
structure in word processors. Each paragraph in the archive file has a unique 
identification (ID) number, and a link to the paragraph from which it derived. This results 
in a paragraph derivation tree as shown in Figure 1. 
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Figure 1 Paragraph derivation tree 

A document version is identified by a user given name, and its structure is stored as a 
linked list of paragraphs together with a link to the document version from which it 
derived as shown in Figure 2. At the beginning of an editing or merging session a user 
selects a document version, designated the primary version. Additionally, other versions 
of a document may be designated secondary versions. Secondary version paragraphs that 
are alternatives of paragraphs in the primary version are available during editing as 
shown in Figure 3. They may be modified and incorporated into the primary document 
version. During editing each paragraph has an associated flag to indicate whether or not it 
has been modified. 
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Figure 2 Document structures and derivation tree 
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Figure 3 Alternative paragraphs 

User interface design 

A graphic browser showing relationships between document versions is provided as 
shown in Figure 4. This display is created dynamically by examination of the document 
version information in the files within the working directory when the browser is 
selected. Double-clicking on a document version opens it for editing as the primary 
document version, with any other selected versions being opened as secondary versions. 

Sc i ence 
ALJ+PTU Sc i ence 

Sc i ence 

Figure 4 Document version browser 
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The primary document version appears in a normal edit window as shown in Figure 5 
with lines in the left margin indicating the existence of alternative paragraphs or of 
annotations. The appearance of the line varies depending on what types of annotation are 
present, and whether alternative paragraphs are present. The mouse pointer changes shape 
when moved over the line, to indicate that a popup menu is available. This menu may 
also be accessed by holding down the option key while clicking the mouse in the marked 
paragraph. The popup menu provides a number of operations that may be performed on 
annotations and alternative paragraphs. They may be displayed in a separate window by 
the Show operation; inserted into the document text by the Place Before, Place Afrer, or 
the Replace operations; removed by the Remove operation. Sound annotations may be 
heard by selecting the Play operation. Annotations and alternative paragraphs are selected 
from the sub menu, with annotations appearing below the dotted line. 

There is much excitement about ~XWIUM .**~xe and many books a~ appearing 
recounting the hislory of the rise of cognitive science (Baam, 1986; Hirst, 1988; 
Meyering, 1989) and the demise of behaviorism (Msckenzie, 1977; ZUriif, 1985; Smith, 
1986; Monwki,  1988; Buckley, 1989). What is this cognitive science about whose 
triumph we m all so proud? The quo@ above from SimDn and Knphn’s opening lo 
Posner’s massive Introduction ID Cognitive Science caplures the common saereotype of 
cognitive science-intellgent sysems within a computational ethos. The dictionary 
definitions bebw it remind us that mmns of cognition, inellgence and mind are pan of 
colloquial culture and that vc should be a m  of gaps b e m e n  OUI technical u e s  of these 
aem and our everyday pnconceptions of what they repnsent. lko features of these 
definitions may be noted: the ambiguity over mind as ‘element, pan, substance or 
process’-paralleling philosophical difficulties in explicaang the phenomena of mind; and 
the lack of notions of information processing: or computation in OUT colloquial 
definitions-these an part of OUT technical infrastructure, of ‘scientific explanation. ’ 

Then m some who see the empbasis on behavior as computation IU a seven disloortion of 

Searle sees the distinction that B m r  makes IU absoluae-meaning cannot arise out of 

“programs a~ purely formally specifiable--that is, they have no semantic conknt.y 
mechanism. His argument can be summarized in one quotation: 

(Sesrle, 1984, p.33) 
This captures one significant dimension of the ploblems of cognition, reasonina and 

Figure 5 Alternative paragraph markers and the popup menu 
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Conclusions-a scenario of use 

The versioning architecture described above provides a simple and natural environment 
for collaborative writing based on existing common practice in the use of personal 
computers. A scenario of use is: 

1 Co-author A outlines a paper in draft form (Vl) and sends a copy on disk through the 
mail to co-author B. 

2 Co-author B edits and extends the paper (VI. I )  and sends a copy through email to co- 
author C. 

3 Co-author C edits and extends the paper (V1.l.l) and sends a copy back through email 
to co-author B. 

4 Co-author A continues to work on the original paper (VI .2) and sends a copy on disk 
through the mail to co-author B. 

5 Co-author B opens C’s version (V1.l.l) in the context of his original (V1.1) and A’s 
amended version (VI .2), and creates a merged version (VI . 1  . I .  1) which he sends to 
both A and C with annotation asking them to make final changes. 

6 Co-author B receives back A’s final version (V 1.1. I .  1.1) and B’s final version 
(V1.1.1.1.2), both annotated with requests for final checks and amendments, opens one 
in the context of the other, creates a merged version, checks all the annotations, opens 
the merged version in the context of all the previous versions and checks all variants 
for possible improvements, and then prints out the paper to be sent to a joumal. 

In this scenario, co-author B has acted as overall coordinator using the versioning and 
merging facilities, and both A and C have used Groupwrite as an ordinary word 
processor with annotation capabilities. Compared with current practice using ordinary 
word processors, B’s task has been made very much easier because the changes being 
made by all three co-authors in parallel are being tracked automatically and made visible 
through Group Write. 
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