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Abstract. Collaborative authoring too|'s'generate network effects, where each tool's value
depends not just on the tool itself, but on the number of other people who also have
compatible tools. We hypothesize that the best way to generate network effects and to
add collaborative authoring capability to existing tools is to focus on the network protocol.
This paper explores a protocol-centric approach to collaborative authoring by examining
the requirements and functionality of the WebDAV protocol. Key features of the protocol
are non-connection-oriented concurrency control, providing an upward migration path for
existing non-collaborative applications, support for remote ' manipulation of the
namespace of documents, and simultaneous satistaction of a wude range of functional
requirements.

Introduction

Despite many compelling research examples of collaborative authoring, so far
their impact on actual authoring practice has been limited. While BSCW (Bentley
et al., 1997) and HYPER-G (Maurer, 1996) have developed communities of use,
electronic mail remains the dominant technology used for collaborative authoring,
mainly due to its ubiquity.

In order to perform collaborative authoring, all collaborators need to use
compatible authoring tools—typically all collaborators use the same tools, tailor-
made to support collaboration. To collaborate using PREP (Neuwirth et al., 1994),
all collaborators need to use PREP, likewise for GROVE (Ellis et al., 1989) and
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DupPLEX (Pacull et al., 1994).. ’

The economics of compatibility drive network effects (Rohlfs, 1974), where
the utility of each tool depends not just on the tool itself, but on the number of
other people who also own compatible tools. If there were just one telephone in
the world, its utility would be small; with two or three not much more useful. But
when millions, or hundreds of millions of people own telephones, therr utility is
immense. Like the telephone, one collaborative authoring tool by itself has
limited collaborative value, but when millions have compatible collaboration
technology, the utility of each tool is great. When a common network protocol
ensures interoperability ,between collaborative authoring tools and authoring
servers, as each tool adopts the protocol, the value of servers that support the
collaboration protocol increases, since without any further investment in the
server, they can now support an additional tool. The reverse is true as well. As
more servers become aviilable, the value of the authoring tools increases without
any further investment in the tools, since there are now more individuals and
organizations capable of collaboration. By creating a network protocol with a
focus on interoperability, it is possible to generate network effects among
compatible collaborative authoring technologies.

Users of existing applications have invested significant time in gaining
expertise in the applications they frequently use, hence the cost to users of
switching to another tool is high. Yet users must switch tools to gain the
advantages of existing collaborative authoring systems. Exceptions to this rule are
BSCW and MESSIE (Sasse and Handley, 1993), which leverage standard
network protocols to allow ‘the use of exxstmg non-collaborative tools with the
system; the Hypertext Transfer Protocol, HTTP, (Fielding et al.,, 1997) is
employed this way by BSCW, while MESSIE piggybacks on the Simple Mail
Transfer Protocol (Postel, 1982). CONTACT (Kirby and Rodden, 1995) also
supports collaborative authoring while remaining compatible with the
heterogeneous non-collaborative tools in the user’s environment. Like BSCW,
CONTACT provides a Web forms interface to a collaboration support system, but
does not provide BSCW’s HTTP upload/download support. BSCW, MESSIE,
and CONTACT share our view that collaborative authoring capability is not, by
itself, sufficient to overcome the costs of switching authoring tools. Unlike these
systems, we go further a‘md‘asser‘t that collaborative authoring capability must be
added to existing tools.

Our hypothesis is the best way to generate network effects and to add
collaborative authoring capability to existing tools is to focus on the network
protocol, the mechanism by which collaborative tools communicate. There are
many reasons for focusing attention on the network protocol that underlies a
remote collaborative authoring system. “From a technical viewpoint, focusing on
the network protocol elevates the protocol’s behavior across the Internet to a first-
class concern. This ensures that thorny issues are addressed up-front, such as how
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to ensure efficient behavior under high-latency conditions, the provision of
adequate security and authentication, and giving the protocol good scalability and
extensibility characteristics. If addressed poorly, these factors can cripple the
widespread adoption of aremote authoring technology.

The Web Distributed Authoring and Versioning (WEBDAV) working group of
the Internet Engineering Task Force (IETF) has adopted this protocol-centric
approach, and developed a novel network protocol, the WEBDAV DISTRIBUTED
AUTHORING PROTOCOL (hereafter called the WEBDAV protocol), which supports
interoperable remote, asynchronous, collaborative authoring. The WEBDAV
protocol, a detailed specification of which can be found in Goland et al. (1999), is
a set of extensions to HTTP which provide facilities for concurrency control,
namespace operations, and property management. The protocol allows users to
collaboratively author their content directly to an HTTP server, allowing the Web
to be viewed not just as a read-only way to download information, but as a
writeable, collaborative medium.

IETF protocol specifications foster interoperability by providing a concrete
specification used to develop multiple applications. Indeed, for a specification to
advance along the standards track within the IETF, it must demonstrate two
interoperable implementations of every protocol feature. This reguirement,
combined with the group review process within the IETF, works to ensure that the
semantics of the protocol are precise. Furthermore, the focus on interoperability
across many applications helps limit the likelihood that the concerns of any one
program will bias the protocol's design.

Since |IETF specifications can be retrieved free of charge, and there are no
licensing fees for using IETF technology, IETF network protocols are very
attractive to both corporate and open-source developers. This freedom of the
intellectual property rights aids in the adoption of the protocol by a wide variety
of tools.

One use scenario for the WEBDAV protocol is collaborative authoring of an
academic paper by a geographicaly dispersed authoring team. When the project
begins, one member of the project uses server-specific mechanisms to create
username/password pairs for each collaborator, and then creates the shared
document with a WEBDAV-enabled word processor by saving it to a URL. After
giving each collaborator write access, they communicate the URL of the
document to the rest of the team using email, or perhaps in a teleconference. The
authors take turns working on the document, using email, telephone
conversations, and other out-of-band communications to negotiate editing slots.
During each editing pass, an author loads the document from the URL, causing it
to be locked. They then work within the editor, saving directly back to the URL.
When done, they perform afina save to the URL, then unlock the document. At
all times, other authors can load the document directly from the URL using either
their word processor (it will be read-only if locked) or their Web browser (if it



