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Abstract

The emergence and widespread adoption d the World Wide Wéb dffers a grea ded of potential
in suppating crossplatform cooperative work within widely-dispersed working goups. The
Basic Suppat for Cooperative Work (BSCW) projed at GMD is attempting to redise this
potential through aevelopment of Web-based tods which provide aossplatform collaboration
services to groups using existing Web techndogies. This paper describes one of these tods, the
BSCW Shared Workspace system—a centralised cooperative gplicaion integrated with an
unmodified Web server and accessble from standard Web browsers. The BSCW system suppats
cooperation through ‘shared workspaces; small repositories in which users can udoad
documents, hdd threaded dscussons, and olfain information onthe previous adivities of other
users to coordinate their own work. The arrent version d the system is described in detalil
including design choices resulting from use of the Web as a woperation gatform and feedbadk
from users following the release of a previous version of BSCW to the public domain.
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1. Introduction

The eplosive growth o the World Wide Web and its penetration into acalemic, commercial and
domestic environments is well documented. The combination d a global addressng system,
network protocol, document mark-up language and client-server architedure provides for a
simple method for users to seach, lrowse and retrieve information as well as share information
of their own with athers. However, while dealy powerful and wseful, this approach dces not
diredly suppat more wllaborative forms of information sharing, where widely-dispersed
working goups work together to jointly author, comment and anndate documents, and engage in
other forms of collaboration such as group discussions.

There ae anumber of reasons to suggest that suppat for such collaborative working
based oninformation sharing is becoming more necessary. Trends in the airrent businessworld
towards decentralisation, joint ventures, ousourcing d business functions and so on are
highlighting a need for effedive methods of sharing information and coordinating adivities.
Althoughapplications guch as video conferencing may address ®me of the problems, empiricd
evidence suggests that systems which provide accesto (shared) information, at any time and
place ad wing minima tecnicd infrastructure, are the main requirement of groups



collaborating in a decentrali sed working environment (Rao 1995,Gorton, Hawryszkiewycz and
Fung 1996).

Although existing goupwvare tedindogies auch as Lotus Notes often provide such
services within organisations, problems arise when organisational boundaries must be aossd,
and isaues of integration and interoperability with different computing datforms, databases and
other applicaion software must be addressed. In this context the Web has a number of distinct
advantages as the basis for tools to support collaborative information sharing:

« Web client programs (browsers) are available for al popuar computing datforms and
operating systems, providing access to information in a platform independent manner,

» browsers offer a simple user interface ad consistent information presentation aaoss these
platforms,

» data formats which can na be presented dredly by the browser can easlly be delegated to
external helpet applications for further processing,

* Web browsers are dready part of the computing environment in an increasing nunber of
organisations, requiring no additional installation a maintenance of software for users to
cooperate using the Web,

* many organisations have dso installed their own Web servers as part of an Internet presence
or a @rporate Intranet and have familiarity with server maintenance and, in many cases,
server extension through programming the server API.

Given these dharaderistics, the extension d the Web to provide richer forms of cooperation
suppat for working goupsis both appropriate and desirable. Thisisale is the focus of the Basic
Suppat for Cooperative Work projed (BSCW) at GMD, which as its main ga seeks to
transform the Web from a primarily passve information repository to an adive coperation todl.
The basis for this work is the BSCW Shared Workspace system, an application which extends
the browsing and information davnload fedures of the Web with more sophisticated fedures for
document upload, version management, member and goup administration and more, to provide
a set of feaures for more wllaborative information sharing accessble using ummodified Web
browsers, and therefore acossdifferent platform and retwork infrastructures. This paper focuses
on the design and implementation d the airrent version d the BSCW system, BSCW2, which
has been extensively re-designed based on wser feedbadk from the release of a previous version
of the system (Bentley, Horstmann, Sikkel and Trevor 1995) to the public domain

2. TheWorld Wide Web asthe basisfor cooperation tools

From its inception the Web was intended as a tod to suppat a richer, more adive form of
information sharing than is currently the cae. For example, from its ealiest drafts the HTTP
protocol spedfication included feaures allowing wsers to udoad dacuments to a Web server as
well asthe arrrent model of downloading information and completing HTML forms. Additional
feaures were dso described spedficdly to addressthe problems of coll aborative working, such
asthe‘ched-in" and ‘chedk-out’ methods of locking dacuments for editing to ensure mnsistency
in a multi-user environment. To date these aspeds of the Web have, perhaps temporarily, been

. All BSCW software described in this paper is freely available for downloading; to obtain the software,

use our public BSCW server at GMD, or for more information on the projetttpe#bscw.gmd.de
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sidelined whil e development of Web browsers, servers and standards has focused largely on the
more passive aspects of information sharing such as browsing and publication.

Despite the lack of dired suppat for collaboration, the arrent Web protocols and
standards do hde much o the complexity of deploying applicaions in a distributed,
heterogeneous environment. The most common method d doing thisis to extend a standard Web
server via the Common Gateway Interface (CGl)—the standard server API—with new
applicaionfunctionality or ‘glue’ code to an existing application, pesenting the ‘interface to the
applicaion as a series of HTML pages which can be displayed by a standard Web browser. With
this method, developers can take alvantage of the existing bese of browsers as client programs
for their applicaions, and the other advantages li sted above, but must also accept the @nstraints
of the basic Web client-server architedure, protocol and the aurrent limitations of the browsers
themselves. These nstraints inhibit the deployment of some kinds of applications, particularly
those requiring:

e continuows media: HTTP does nat diredly suppat the spedficaion d a guaranteal
transmisson rate between server and client. In general, data transfer results in bursty
transmissions which are unsuitable for (real-time) continuous media like audio and video,

« information replication. The achitedure provides no dred suppat for information
replication, which may be required for disconnected working, rapid feedback or reliability,

* pea-pea communication: Thereisno suppat for server-server, (server initi ated) server-client
or client-client communicaion, groblematic for appli caions where the server neaelsto pay an
adiverole (e.g.to naify users of changes to information a maintain information consistency
over several servers),

 rich user interfaces. AlthoughHTML suppats fedures sich as smple form-filli ng widgets, it
is not a user interface todkit and the interadion styles which can be suppated are very
limited.

In its current form the Web is more suited to centralised cooperation toals which have no strong
requirements for highly-interadive user interfaces, rapid feadbadk and ‘feedthrough (user
interface updates in resporse to ahers interadions) or a high degree of synchronows
natification. It is therefore unsurprising that much of the work in this areahas focused on more
‘asynchronows’ (i.e. distributed in time) forms of cooperation suppat; to do dherwise requires
more extensive innovation and development of proprietary medianisms which often do na run
aaoss al platforms and require more mmplex instalation d addtional client and server
software. Examples in this latter category include the Contad system for collaborative aithoring
(Kirby and Rodden 1995 and the work described by (Frivold, Lang and Fong 1994, which
extend the Web with additional client and server mechanisms for synchronous notification.
For systems which provide asynchronous cooperation suppat diredly within the frame
of the Web architedure, the aeaof text-based conferencing is the most adive. Systems such as
HyperNews’ extend Web servers with feaures for managing threaded group dscussons, similar
to Usenet newsgroups. Articles and replies are aeaed using HTML forms, and the system
handes article storage and generation d HTML pages which dsplay the structure of the
discusson threads and the aticles themselves. Such systems often dffer more functionality than

% http://union.ncsa.uiuc.edu/HyperNews/get/hypernews.html
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Usenet newsgroups, such as archiving and passwvord-protedion, bu these feaures are dso part of
equivaent, non Web-based commercia tods which tend to offer richer user interfaces than is
possble using standard Web browsers and HTML. The main advantage of Web-based
conferencing todls is their deployment using standard browsers and the aility to embed
hypertext linksin articles to ather information, held on dfferent servers, in FTP archives and so
on. As integrated news-readers and krowsers mature (such as the Netscape Navigator Usenet
client) this advantage may disappear.

To take alvantage of the huge growth of the Web a number of companies are trying to
re-pakage eisting client-server groupwvare products as ‘Web-enabled’ applicaions. These
include workflow systems sich as ActionWorkflow Metro from Action Tecdhndogies’ and shared
database and messaging appli cations like IBM Lotus's Domino extension to their Notes product’.
Only a subset of the functionality can be accesed from standard Web kbrowsers, however, and
these tods require @nsiderable investment to install and customise to the neals of the
organisation. For many collaboration tasks, a more lightweight solution is desirable.

Anather recent trend in this areahas been a move towards Web-based remote fil esharing
appli cations. Systems like Apple’s NetFinder® for the Madntosh and Microsoft’s WebPost SDK®
for the PC offer the document uploading and davnloading functiondliti es of FTP, bu integrate
this with the Web architedure to suppat filesharing via a Wé server. A consequence is the
ability to manage documents on a remote Web server withou having access to the server
madhine, easing the problems of Web site administration. However such tools use proprietary
protocols and as a result do nd suppat crossplatform filesharing. They also dfer little extra
functionality over that suppated by more alvanced FTP clients, and provide no dred suppat
for collaborative sharing such as consistency control mechanisms. Studies from the field of
Computer Suppated Cooperative Work (CSCW) aso highlight the importance of ‘ awareness of
the adivities of other users as being fundamental to the dfedive coordination d groupwork, and
a caitra comporent of any system to suppat collaboration (e.g. Dourish and Bellotti 1992,
Fuchs, Pankoke-Babatz and Prinz 1995. Currently, Web-based remote fil esharing appli caions
provide no support for such group awareness.

An area of Web development which is beginning to look at this issue of group
awareness is the Virtua Redity Modeling Language (VRML). VRML (Ames, Nadeau and
Moreland 199§ is alanguage for describing 3D worlds, rather like HTML describes 2-D pages.
Like HTML, however, VRML has grown to include extra feaures sich as gedficaion o
behaviour of VRML objeds to animate the virtual world. Currently reseachers are working to
extend VRML even further to allow multiple users to explore the same world, and to embody
users pasitionsin the world with representations such as‘avatars (seefor example the work of
Leg Honda and Matsuda 1996, Broll 1996). It is clea that this approach hdds a potential for
future ollaborative work on the Web bu few browsers are aurrently availlable which suppat

* http://www.actiontech.com/metrotour/

http://www.internet.ibm.com/domino.htm

5-

http://cybertech.apple.com/AppleNetFinder.html

® http://www.microsoft.com
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multi-user VRML worlds, and maor difficulties must be overcome before these systems offer
real support for collaboration.

Eadc o the gplicaions discussed above has sme potential to transform the Web from
a passve information repository to a more adive @operation too. The BSCW Shared
Workspace system combines aspeds of eaty dof these gproaches to dfer an integrated
cooperation service, accesshle within the cnstraints of the aurrent Web architedure from
standard Web browsers. The system provides a set of basic medanisms for information sharing,
and integrates the remote file sharing aspeds of todls like NetFinder with a model of shared
workspaces from groupware systems like Notes. A shared workspace accessble to members of a
groupfor coordinating and aganising their work, provides fadliti es such as threaded discussons
like those suppated by HyperNews as well as tods for document management, versioning and
the like. To provide users with a degreeof group awareness all the are fadliti es are integrated
with a smple event service which provides detail s on what has been dore within a workspace
when, and by whom.

The nowelty of the BSCW system lies in the provision d basic feaures for cooperation
in an integrated service, accessble from different computing datforms and making no eéémands
on wsers to adopt new word processng, sprealshed or other appli caion software. It is our belief
that this combination d a broad bu lightweight set of closely-integrated medhanisms, based
aroundthe nation d sharing information, is very important for widely-dispersed working goups
which may crossorganisational and retional boundiries, operate in heterogeneous environments,
and engage in tasks with very different requirements for support.

3. Sharing information with the BSCW Shared Wor kspace system

The BSCW Shared Workspace system is an extension d a standard Web server through the
server CGIl Applicaion Programming Interface A ‘BSCW server’ (Web server with the BSCW
extension) manages a number of shared workspaces;, repositories for shared information,
accessble to members of a group wing a simple user name and passvord scheme. In genera a
BSCW server will manage workspaces for different groups, and wsers may be members of
several workspaces (e.g. one workspace corresponding to each project a user is involved with).

A shared workspace ca contain dfferent kinds of information such as documents,
pictures, URL links to ather Web pages or FTP sites, threaded discussons, member contad
information and more. The @ntents of eat workspace ae represented as information oheds
arranged in afolder hierarchy. Members can transfer (upload) information from their madines to
the workspace ad set accessrights to control the visibility of this information a the operations
which can be performed for others. In addition, members can download, modify and request
more details on the information oheds by clicking on bitons—HTML links that request
workspaceoperations from the BSCW server, which then returns a modified HTML page to the
browser showing the new state of the workspace.

Figure 1 shows a sample workspaceview. The workspace ontains a number of diff erent
kinds of documents, a URL link to another Web page (“BSCW projed page”), an ‘article’ ojed
representing an item for discusson (‘ Feaures of 2.0), a sub folder containing further workspace
information and a document under version control (‘ Projed pulicaions). The last ‘significant’
operation performed on ead oljed is presented, and a list of clickable ‘event icons give
information on dher recent changes (Sedion 3.2. A set of operations which can be performed

page 5



onead ojed is given below the oed icon and reme, and a descriptionis also presented if one
has been supplied (as with the GIF imag@8CW icon).

Fle Edit View Go Bookmarks Options Directory Window Help

L

A

ADD FOLDER| ADD DOC | ADD URL | ADD ARTICLE | EDITBANNER | = |

EI % hentley f B3 CW project

| carcawe | cur | pewere |CSfiifmll <X o]

i [ @ » Features of 2.0 crested by atte, toazy 13441 & M
Catch up] [Reply] [Celete

~1 ] [ » pscWe design documents creafed b appal, foday 7343 & b
Catch up] [Bename] [Edit desc.] [Cuf] [Delete

RER| @ B3 CW project page aropoes fir fenliay, foday 1428 £
Catch up] [Bename] [Edit desc.] [Edit UBL] [Cut] [Delete

RRER| @ BSCW icon renamed &y sppel, today 1400 A

Catch up] [Bename] [Edit desc.] [Replace] [Wersion] [Cuf] [Delete
Thiz is the old icon from BSCW

| 2 Project plan serames by Sankial, foday 1359 A

[Catch up] [Rename] [Edit desc.] [Replace] [Yersion] [Cuf] [Delete]

- ] ® Publications [V2] {versions) a ke chatged B bushach, foday 1744 NES B
Catch up] [Rename] [Edit desc.] [Beplace] [Add Version] [Cut] [Delete]

caicnup | cor | orere JOlulmEEE X o)

ﬁ Bag @ ‘Waste u’?g- hembers

You are: [l @' hentley [Edit Prefs] [Edit details] [Change pwd] [bdail

Zri=a| I et

Figure 1. HTML user interface to the BSCW Shared Workspace system

Accessto workspacefunctions is provided by the buttons at the very top d the page a well as
the text HTML anchors below eat oljed. The former operate on the aurrent folder being
shown, so that ‘add URL’ will return aHTML form for spedfying the name and URL of a URL
link ojed to be alded to the arrent folder, whil e the latter perform operations on the individual
objeds, such as ‘rename’, ‘edit description’ and so on.As a short cut, the chedkboxes to the left
of ead ojed in combination with the buttons abowve or below the list of objeds all ow operations
on multiple object selections.

Clicking onan oljed name will perform different operations depending onthe type of
the objed; clicking ona document will download it, passbly for display by the browser (for
HTML files or GIF images for example), display by an external application (as with a Microsoft
Word dacument) or saving to dsk, while dicking onafolder ‘opens’ the folder and replaces the
current view with adisplay of the folder contents. This last method d navigating ‘down’ through
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a folder hierarchy is supdemented by a navigation ber at the top d the page presenting the
current locaion and peth; clicking onthe first element of the path (“:bentley” in Figure 1) returns
to the aurrent user’s ‘*home folder’, which lists al the workspaces of which the user is a member,
and therefore has access to.

3.1. Storing documentsin a shared workspace

An important asped of the BSCW system with resped to current Web techndogy is the aility
to udoad dacuments to the central server where they can then be accesed by dhers. As
mentioned in Sedion 2, dred suppat for document uploading was originally part of the HTTP
protocol (the HTTP ‘PUT’ method) but is generally nat implemented by current Web browsers
or servers. At the time of writing orly the more recent versions of the Netscgpe Navigator
browser suppat any form of document uploading. Netscagpe's method is based on a draft
propasal for uploading files using the method for sending HTML form data (the HTTP * POST’
method)’. This methodis not yet suppated by most servers, bu the BSCW system implements it
directly.

For a Netscape browser, clicking onthe ‘add daument’ buton shown in Figure 1
returns a HTML form allowing users to seled a document on the locd madine to udoad and
spedfy the document type and the name to gve the document in the workspace However, na
everyone uses the Netscgpe browser, and those that do may use older versions that do nd provide
the uploading feaure. In addition the Netscagpe method has a number of deficiencies including a
ladk of progressreporting; there is noway to dstingush a server crash from a partiall y-complete
upload.

To addressthese problems, and suppat document uploading for users of browsers other
than the latest versions of Netscgpe, we have developed asmall “helper’ applicaion to augment a
standard Web browser. This helper, versions of which have been developed for Maantosh, PC
and Unix platforms, uses the same protocol as Netscgpe to transmit documents to the BSCW
system, but provides a much richer user interface as shown in Figure 2.

The helper suppats sledion d multi ple documents for upload, automatic detedion o
document type, and full feedbadk on the progress of the document transmisson to the BSCW
server. (The Windows 95/NT version also suppats drag and dop d multi ple documents from
the desktop to an open Web browser.) Users can tailor their preferences profile (Sedion 3.9 to
use this method d uploading rather than the Netscape method, so that clicking on the ‘add
document button automatically launches the helper application.

A further innowation d the BSCW system concerns the handing o document ‘type’
information. Current Web krowsers can be @nfigured to automaticdly launch spedfic
applicaions when dacuments of the rred type ae downloaded from a Web server, and most
servers ‘guess this type from the name of the document; documents ending in ‘.gif’ might be
treded as GIF format image data, for example. This method is clealy problematic when
documents must be shared between users and datforms with dfferent conventions for document
naming.

The BSCW system does not use the document name to derive its type. Rather, the
system stores the type (and aher information abou the document, such asits sze, creaor and so
on) in an oljed database managed by the BSCW server. This type information is then sent to the

7.

ftp://ds.internic.net/rfc/rfc1867.txt
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browser when the document is requested, and is also used to seled an appropriate icon for the
document in the workspacelisting (Figure 1). The helpers automaticaly seled document types
based onalocd configuration file, which can be tailored by the user to reflead personal naming
conventions and extend the range of types automaticdly recmgrised. The user can also set the
type explicitly, and even change the type dter the document has been ugoaded to the server
(though this should rarely be required).

2 w Features of 2.0 created by elke, fodzy 7544087 &
[Catch up] [Reply] [Delete]
(3 » Bscwa [ BSCW Transmitter V2.0 BE
EUR . o] jtecture overview | MS Word document, 65K Remove |
‘3’ BSCW pr | D5.1 { MS Word document, 381K) -System
Catch (f ui ( Plain text, 6K) A
) Gscw icd | Tviews.ps ( Postscript, 6Mb) Custom
[Catch IJTHCS ( MS Word document, 105K) Browse I
This is t Upload
== Project pi
— I
[Catch y i = Upload status BE
» Project | local file: | 1tlew/BSCW/design/overview/ay Status
Catch . .
document name: | architecture overview (11, architecture overview { MS Word document, 65K) done
T type :  MS Word document —i | applicatio||2- D51 { MS Word document, 381K} done
|| encoting: None [ rong || (Plain text, 6K) done
| Bag @ W * ||4. Tviews.ps ( Postscript, 6Mh) 0%
; 5. ITHCS { MS Word document, 105K) waiting
63 bentley [Edit Prefs] [Edit details] [Change pwd] [Mail cancel upload |
T=nsmitting docunsnt I
- =2 ||

Figure 2. Uploading multiple documents to a shared workspace with the helper application

3.2. Events and activity awareness

The suppat provided by the BSCW system for document uploading refleds the emphasis on
information sharing within heterogeneous environments, bu on its own dces not transform the
Web from a passve information repository to an adive tod for cooperation. As described abowve,
a moperative system shoud provide avareness information to alow users to coordinate their
work. The event service of the BSCW system is an attempt to provide users with information on
the activities of other users, with respect to the objects within a shared workspace.
Events are triggered whenever a user performs an adion in a workspace such as
uploading a new document, downloading (‘reading) an existing daument, renaming a
document and so on. The system records the events, and presents the recent events to eat user
as event icons in the workspacelisting (Figure 1). ‘Recent’ in this context means events which
have occurred for an olged since the user last ‘caught up'; an operation by which users can tell
the system they are avare of the events that have occurred so far and nolonger wish to seethem
in the workspace(rather like caching uparticles in a Usenet newsgroup). Events can be caught
up at different levels, from individual objects to complete workspace folder hierarchies.
The system distinguishes five types of events in the workspace listing:
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* new events show an object has been created since the user last caught up,

» read events (shown by a spyglass) show an object has been downloaded/read by someone,

» change events (shown by a pen) show an oljed has been modified; this caegory includes
several event types, such‘adited, ‘renamed ‘changed descriptiorand so on,

* move events iow an oljed has changed locaion, and includes ‘deleted” and ‘undeleted’
events (showing the objed has been moved to/from a wastebasket) and ‘cut’ and ‘dropped’
events (showing the object has been cut to/dropped from’a psesonal bag-Section 3.3),

» touch events, represented by a hand icon, are displayed for a mntainer such as a folder to
show that something hes happened to an oljed contained inside (either diredly or lower down
in the folder hierarchy).

—'i Metscape: Touch event listing B i T

Fle Edit View Go Bookmarks Options Directory Window Help

ﬁm{.m.ﬂr
Changes inside BSCW2 design documents

A

ek

All unconfirmed changes below 2500 design gocumends are listed. To catch up these
changes click the button below.

Catch up everything below BSCWE design documents

h Changes inside BSCW?2 desiy? docinnenis:
NEWJ registrationdoc created by busbach, today 14:04

A wpipaging goc changed attributes by bentley, today 14:08
@ wpigaaing.ooc dropped by bentley, today 1406
gocess.aoc renamed by sikkel, taday 14:11

A access aoe changed aftributes by sikkel, today 14:10
0EF qrcess.aoe created by sikkel, today 14:10
NEY i progeess . created by sikkel, today 14:11

M Changes inside fz progress ...
A cvents aoe edited by sikkel, today 14:15

WEF cverts give created by sikkel, today 14:12

gy T T

Figure 3. Displaying th&oucH events for a workspace folder

Clicking onan event icon dsplays alist of al events within that category which have occurred
for an oljed since the user’s last cach up. Figure 3 shows this for the touch events of the
‘BSCW?2 design dacuments’ folder, which dsplays the events that have occurred within this and
lower folders in the hierarchy. Each event entry describes what was done, when and by whom.
Althoughthis approad for providing goup awarenessis very simple, feedbadk from users of the
BSCW system indicaes that information such as ‘A uploaded a new version d document X', or
‘B hasread dacument Y’ is often very useful for group members in coordinating their work and
gaining an overview of what has happened sincethey last logged in. However, this feedbadk has
also reveded the occasiona need for more adive natificaion d events, and we ae arrently
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extending this event mechanism for email natificaion o workspace tanges based onregistered
‘user interests

3.3. The degree of sharing

The shared workspacemetapha suppated by the BSCW system all ows members of aworkspace
to store information to make it available to aher workspace members. Withou any further
medchanisms, this implies that everyone who is a member of the workspace has the same
cgpabiliti es for manipulating this information, including editing and deleting dacuments. Where
workspaces and member groups are relatively small this approach may be suitable, bu
experience from user feaedbadk from the previous version d the system reveded that for some
tasks there is a neal to bah incresse and deaease the degree of sharing for workspace
information.

The nedl to restrict the level of sharingis smewhat obvious; rather than creae multiple
workspaces with dfferent memberships, users of the previous version d BSCW would dften
crede asingle, large workspace ad want to structure this using sub-folders with dfferent access
restrictions. However, the need to open upaccesto aworkspaceto nonmembers is perhaps less
obvious, and results from the desire of many users who wish to use BSCW as a tod for
managing a standard Web server. It has become dea that in many organisations, Web server
management is often a group rather than an individua resporsibility; the user interface ad
document management feaures of BSCW, the event service for group awareness and the aility
to manage the documents remotely all led users to see BSCW as a suitable tod for Web site
administration.

Thisand aher scenarios of use have driven the development of the accescontrol model
for BSCW2. It is clea that for many users and goups the nation d a shared spacewhere dl
information is accessble and can be modified by all members is suitable for their collaboration,
andthisistherefore the default when adding dauments or other information to aworkspace The
‘owner’ of an ojed can howvever override this, clicking onthe objed’s ‘info buton' in the
workspacelisting (Figure 1) returns a page of detail ed information about the objed, including its
current access configuration, and accessto further operations which allow this configuration to
be tailored (Figure 4).

The accesmodd is currently smplistic, bu does alow fine-grained control over the
visibility of objeds and the caabiliti es of different groups of users. Severa groups are pre-
defined and system maintained, such as ‘workspace members, while others are user-tail orable
such as the ‘owners group.Accessto oljeds for nonregistered users of the server is provided
by alowing the ‘anonymous’ group to perform operations. To publish a document a user neal
only alow the anonymous group to ‘get’ the document, and anyore can then download the
document given the document URL without being asked for a user name and passvord. We ae
currently extending this s that users can define their own groups of registered users of the server
for access control.

The per-objed access control model alows taloring d the degree of information
sharing within the group d workspacemembers. Each user aso has a private space cdled the
personal ‘bag’, in which to store and manipulate information. The bag is accessed by clicking on
the bag icon at the bottom of a workspacelisting (Figure 1), andis‘caried’ between workspaces
so the objects it contains are always accessible.
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Edded at . today 13:54

Contained in : :bhentley

Mime-type . application/x-excel

Encoding method  © none

Last modification : renawed by bentley, today 13:59

Access details

Dwners . bentley
Members . bemtley kerr woetzel elke appelt sikkel bushach trevo

Access rights
Mners  Memders  Otfwers  Anonymous

Change type yes yes no no
cut ¥es Yes no o
Edit ves ves no jils]
Edfit desc. yes EES no o
Get yes YES nn no £

Figure 4. Obtaining extra information on a shared document

The bag is a useful construct for structuring information ona BSCW server. Users can udoad
documents diredly to their persona bags, and then ‘drop (subsets of) these documents to
diff erent workspaces or workspacefolders. Objeds can aso be‘cut’ to the bag from aworkspace
folder, and the bag records the targets of the last ‘cut’ operation so that users can navigate to a
different location and ‘drop  these objeds withou opening the bag itself, rather like the at and
paste medchanism of a dipboard. This use of the bag as a temporary locaion is necessary, as the
more familiar drag and drop style of moving oljeds between locaions is not passble within the
capabilities of current Web browsers.

3.4. Member administration

Accessto information stored in a shared workspace ca be provided for any user with a Web
browser throughthe anonymous group mechanism. By default however, accessis restricted to
userswho pessessavalid login consisting d aregistered user name and password. In additionto
providing a simple level of seaurity, this identificaion medhanism is required by the event and
accesscontrol services which use the identity of the aurrent user to record event information and
verify access cgpabiliti es respedively. The system uses the ‘basic authenticaion’ method
suppated by standard Web kbrowsers and servers to oltain the identity of the requestor. This
requires ead user to type their passwvord at the start of their sesson with BSCW, bu theredter
request authentication is handled automatically by the Web browser, transparently to the user.
New members are alded to a workspace through an ‘invitation’ from an existing
workspacemember. Invited users may already be members of other workspaces, and therefore
have alogin for the server. Alternatively, users might not have alogin and therefore must register
a user name and passvord with the system. In the latter situation, an invitation to join the
workspaceis ®nt to the user via amail, and included in this email is a unique URL (containing
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an encrypted ‘token’) which the invited user can send to the BSCW system to access a
registration page and gve themselves a user name and an initial passvord. Thus only the
recipient of this email can register with the system and become a member of the workspace.

For some servers it may also be gpropriate to alow users to register themselves and
crede alogin, withou being invited by an existing member. The system therefore suppats * self-
registration’, where users can access a page and gve their email address to which the
registration URL is then sent. Onceregistered, the user will be ale to creae workspaces of their
own and invite other members, bu will not be a member of any existing workspaces. This
mechanism can be eaily disabled if self-registration shoud be prohibited for a particular BSCW
server.

T I

ceess T B o e
[i] @Memhers of "BSCW project”

ST T T T v Y1 O () © ©

2 H @' trevori@gmd.de fovided by endiey, fodz)y 1328
[Catch up] [Re-invite] [hail] [Delste]

o appelt (Wolfyang Appelt, GMD-FIT) fruided by pentiey, today 1327 0L A
[Catch up] [Mail] [Delete]

| @' bentley {Richard Bentley, GMD-FIT)

Catch up) [Edit Prefs] [Edit details] [Change pwd] [Mail] [Delate
ClU-SeeMe: 1292616115

o 5] @' bushach swded sy penfrey, foday 13.28
Catch up] [kail] [Delete

o El @' elke javfed By pentiey, foday 13:27
Catch up] [kail] [Delete

e @ by periey, togay 1527 1B
Catch up] [kail] [Delete

o 5] @' sikkel drvifed by beakiay, fogay 7358
Catch up] [kail] [Delete

2 & 3 woetzel rmviter by bentiey, toaay 13.57 WEL
Catch up] [kail] [Delete

| carchup | remove | mail [Cliilm Nzl X

5 o @ Waste %:bentlewBSCW project

You are: El @ bentley [Edit Prefs] [Edit details] [Change pwd] [Bdail

Figure 5. Members of the workspad&SCW project

Figure 5 shows the members of the ‘BSCW projed’ workspace Here auser has been invited to
join the workspace(‘trevor@gmd.de), bu has not yet registered a user name and password. The
system credes a ‘pending registration, which must be cnwverted to a ‘full’ registration by the
user before they can accessthe workspace Using this medianism, the system ensures that a valid
email addressis provided for eadt registered user, as withou this the user will not receve the
URL for upgading the pending to a full registration. Having a valid email addressis important
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for dired emaili ng from the workspaceusing the ‘mail’ operation d ead user objea (Figure 5),
and also for the active email notification of event information, discussed in Section 3.2.

For ead registered user of the server the system maintains a personal ‘address booK
containing the user names and email addresses of other users. Users can invite new members to
the workspaceby seleding their entries in the aldressbook and can add, remove and edit these
entries as required. The aldressbookis also used to define ‘ personal groups’, which can be used
in spedfying access properties of workspace objeds (Sedion 3.9. The group dfinitions are
stored in the address book, and can be selected here for other operations such as group mailing.

Like the document objed shown in Figure 4, clicking the info buton for a workspace
member will aso return a page of user information such as organisational detail's, phore number
and so on.This page is also dredly accessble from entries in the workspace ad event listings.
As a shortcut, users can edit these persona detail s they provide to ather users via the quick
access bar at the bottom of the workspace listing (Figure 1 and Figure 5).

3.5. Further collaboration services

The primary gaoal of the BSCW projed is to construct a platform which provides basic feaures
for suppating cooperative work for widely-dispersed working goups, independent of their
computing, retwork and application infrastructures. Designing a useful and stable system has
focused much of our attention to date on the feaures for simple document management, however
BSCW was never intended as just a Web-based fil esystem like NetFinder; the system provides a
number of services intended to support different collaboration activities.

For many applicaions collaboration within a group will invove some form of joint
document production. The system therefore provides basic suppat for version management.
Clicking a document’s ‘version’ button gaces the document under version control, so that new
versions of the document can be alded to a linea version hstory withou destroying previous
versions. The document ‘Projed puldicaions in Figure 1 has been placed under version control,
but the airrent version, version 2, is accessble by clicking the document name. Access to
previous versions is provided by clicking on tfsersions) link in the document entry.

The system aso provides fadliti es to assst with collaborative eliting. It is possble to
add a‘note’ to aversion-controlled dacument which will be displayed whenever a user attempts
to dowvnload o perform an operation onthe document, or when the user clicks on the note icon
in the document’ s entry in the workspacelisting. In Figure 1 the document ‘ Projed publicaions
has an attached nde. The note can be used (amongst other things) to indicae that the document
is currently being edited, andis aform of ‘soft-lock’ (Béadker and Busbach 1996 which provides
awareness of the aurrent situation bu does nat enforce astricter model of locking. It is our
experience that where users are trying to coordinate their work in a @operative setting, this
medanism is usualy adequate to ensure anflicts do nd occur. For other domains such as
software development consistency-control based on soft locking may be much less appropriate.

A further service offered by the BSCW system is suppat for threaded text-based
conferencing. ‘Article objeds are smple messages which can be alded to a workspacefolder,
appeaing in the folder listing in the same way as a document, folder or URL link. The goal here
is not to provide dl the fedures common to sophisticated text-conferencing systems like
HyperNews, bu to dfer basic functionality integrated with the shared workspace Figure 6
shows a threaded discussion in the workspace listing and the user interface to an article object.
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S tewcweissoWproect [ | ||

File Edit view Go Bookmarks Options Directory Window Help

DD DOC DD URL ADD ARTICLE | EDIT BANHER

[i] % thentley ; BSCW project

CATCH P m File Edit View Go Bookmarks Options Directory Window Help
o ] @TFeatures : . : : - : R
Catch up -
1 ] ¥ RE: Fe CATCH UP | PREVIOUS _ REPLY _—
(=
NET Y| N EY @:uanuwmscw project
- G RE: Feat| 1, repry to:
[C

# Features of 2.0 (elke, today 13:44)

rsm|  hitpalevante gmd

RE: Features of 2.0

Date . today 13:52
From ;. bentley (Richard Bentley, GMD-FIT)
Reply 2 o0f 2

From elke:

= Discussion objects - can everyone look at the
= initial implementation and let me know what is
= missing?

| think this is fine - we should wait for user feedback
hefore adding more features.

Dik

Replies to this article: Hone

Ol rervicis | T et

=l =a I =

BN

Figure 6. Articles in the workspace listing and display of an article object

The BSCW system therefore off ers arange of coll aboration services, integrated in a single shared
workspace framework and accessble using a lightweight technicd infrastructure. Sedion 5
shows how we ae epanding this range of services beyond asynchronous, text-based
medchanisms while keeuing to ou goal of suppating cooperation independent of platform,
network and application infrastructure.

3.6. User interface considerations

None of the user interface medhanisms for the shared workspace & described above rely on
spedal feaures of spedfic Web browsers (such as Netscgpe frames), bu conform strictly to the
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HTML 2.0 speaficaion. As many newer Web browsers now suppat more advanced fedures as
defined in more recent drafts of the HTML spedficaion, we have set our baseline relatively low.
Our experiences from user feaedbad following release of the previous version d the BSCW
system however (Bentley and Appelt 1997 suggest that many users are still using dder versions
of Web browsers that do nd suppat the more advanced HTML fedures. Analysis of the acces
logs for our puldic BSCW server, which record detail s of ead accessor’'s browser version and
type, confirms this to be the cae. As described in Sedion 5, we ae looking at methods of
improving the user interfaceusing more alvanced feaures sippated by the more popuar Web
browsers, bu a strict requirement is that all functionality shoud be accesble using the baseline
Web browser.

This design dedsion is intended to make the system accessble for a broad user
popuation, bu this alone is insufficient; a rich user interface designed for a large screen
workstation ona locd network is not so useful for the mgority of the on-line community who
currently use small screen PCs over a modem link (Berghel 1996. A view which transfers in
seoonds and is completely displayed in the former case may take much longer and require agrea
ded of scrollingin the latter. We have therefore provided methods for users to customise the user
interfaceto refled their individual environments, requirements of their tasks and their individual
preferences.

Using the (A)ctions and (D)escriptions buttons (Figure 1) users can ‘fold in’ the adions
and/or descriptions underneah ead oljed in the workspacelisting so they are not displayed.
This considerably reduces the screen arearequired to list a folder and reduces the time for a
listing to transfer. The fold ‘level’ can be set on a per-folder basis, and the settings are recorded
in the user’s preferences profil e, which can be alited diredly using the *edit prefs option (Figure
5).

We have extended this suppat for per-user preferences to ather aspeds of the interface
presentation. For example, it is common when using the Web at times of high loading a over a
slow conredion to suppressimage transfer, grealy reducing the anount of information returned
by the server for ead page. With pages containing many icons, however, the resulting
presentation is often confusing, and as different Web browsers represent the omitted graphicsin
different ways it is hard to design an effedive interface With the BSCW system the user can
download and save dl the icons locdly, onalocd disk or (better if more than ore user at a site
uses the BSCW server) onalocd Web server, and thus only the text of the HTML page needs to
be transferred with ead request. Similarly, users can also seled their preferred language for the
user interface so that diff erent users can receve dialogues and listings from the same workspace
in dfferent languages. English, German and French are aurrently suppated, bu extension to
other languages is straightforwérd

In the Wéb community some emphasis is being dacel onextending krowsers, servers
and protocols to better suppat aternative presentations. It is now common, for example, for
browsers to send as part of ead request a string identifying their type, version, enhancements
etc., and some servers and applications use this information to customise the resporse based on

® All user interface messages are stored as plain HTML files in a language directory. Adding support

for a different language requires creating a new language directory with translated versions of these
HTML files. This arrangement also allows interface customisation for other purposes, e.g. to support
organisational style guides or different user interfaces for expert and novice users.
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records of the caabiliti es of ead browser. These apeds (and more advanced modificaions as
propased for the HTTP protocol such as ‘ content-negatiation’) may address ®me aspeds of the
need to customise presentations to the user environment, bu are unlikely to addressrequirements
of users current tasks. We believe this is best suppated by alowing wers to tailor ther
interfaces to present information in an appropriate manner, and look to extend the suppat for
per-user preferences in future versions of BSCW.

4. Implementation of the BSCW Shared Workspace system

The BSCW system provides a moduar extension o the World Wide Wdy's client-server
architecure withou requiring modification to Web clients, servers or protocols. The wre is a
standard Web server extended with the BSCW software through the standard server API, or
Common Gateway Interface (CGI). The system is written entirely in the interpreted
programming language Pythort?, and the only additional software required to use the system
besides a Wéb server is the Python interpreter. It currently runs on most Unix platforms,
including the pulic domain version Linux, and we ae in the processof portingto Windows NT.
This section gives a brief overview of the systemplementation.

Standard Web servers can be onfigured to delegate cetain requests to external,
developer-supfied code ammporents throughthe CGI API rather than hande them diredly. The
extension code must parse the request and compute aresporse, which is then returned by the
Web server to the requesting lrowser. The BSCW system uses this medianism to route BSCW
requests to the appropriate components externally to and independently of the Web server itself.

At the highest level of abstradion the system can be decomposed into threelayers which
ded with request handing, ogeration handing and persistent objed storage (Figure 7). In the
request handling layer the detail s of the request are formatted as an internal representation cdled
a request objed, which is an abstradion ower the method and protocol used to transmit the
request. Thus, dthoughBSCW2 currently suppats only Web-based access this approac al ows
consideration d other forms of access We have for example prototyped an email i nterfaceto the
system.

request handing operation handing # persistent data

World Wide Web-—4—m= BSCW Shared Workspace systems

Figure 7. Structure of the BSCW system

g.

http://www.python.org/
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The request objed is dispatched to the operation handler which implements the BSCW
functionality requested, such as listing the mntents of a workspace adding a new member and so
on. The operation handers interad with the persistent objed store to process the request,
creaing, deleting and modifying oheds as necessary, before generating a resporse objed to
return to the requestor. The resporse objed is returned to the request handing layer for
trandation into a cncrete format suitable for the acces method employed. (So for BSCW?2 the
response format will be a HTML page which can be displayed by a standard Web browser).

This layered architedure therefore dlows extension d BSCW in a number of different
ways. Besides new request handers for different methods of access new operation henders can
be alded to provide new functionality or as ‘wrappers aroundan existing applicaion. It is aso
straightforward to accessthe persistent store to store new kinds of objeds withou modifying the
storage routines themselves. This extensibility allows new services to be integrated with BSCW
in a straightforward manner, and the doice of the interpreted, dyremicdly-typed language
Python as the implementation language diredly suppats rapid prototyping. Some of the
extensions we have prototyped a are planning to implement are discussed in the following
section.

5. Current status and future developments

Version 2 d the BSCW system was released to the puldic domain in June 1996.All the mde for
the server and the helper applicaionsis available and dfered freeof charge for non-commercial
use. In addition, we have install ed a pullic server at GMD with which users can register to creae
alogn and to add their own shared workspaces. We ae thus continuing the process begun with
the release of BSCW version 1in October 1995, which attraded over 1500registered users on
our puldic server and ovwer 200 davnloads of the server software for locd instalation. The
development processfor BSCW is therefore iterative; experiences from user feedbadk following
the release of BSCW1 informed much of the development of BSCW2, particularly the user
interface aspects, and this process will continue over the coming months.

The primary goal now is to ‘bound the BSCW system and povide aa open
implementation d the basic cooperation mechanisms suitable for extension, bdh for reseach
purposes and for customisation to the needs of particular organisations and applicaion danains.
We then intend to use the BSCW ‘kernel’ implementation ouselves as a platform for further
reseach in the aeaof CSCW, alowing ou reseach prototypes to be deployed and evaluated in
redistic domains due to the suppat for existing datforms and applicaions which BSCW
provides.

One aea we ae airrently investigating is the suppat for server-side document
compresson and conversion. Currently information poviders must dedde the format in which
their information is made available on their Web servers, and if users do nd have gplicaions
which suppat these formats or canna convert them locdly this information is inaccessble. We
are looking at ways of providing a suite of trandation tools at the server which can be
dynamicdly chained together, in a manner rather like aUnix pipe, to transform documents to a
user-spedfied format. As an example of applicaion, wsers with aslow connedion would be &le
to request pre-compresson d documents before downloading, and seled a wmpresson format
which they can decompress locally.

Ancther enhancement concerns the usability of the system. The aurrent architedure of
the Web separates the presentation d a Web-based applicaion at the browser from the ‘ degoer’
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levels of interadion which are managed by the server. This allows smple operations sich as
scrolling and text editing to be handed autonamously by the browser, but other operations must
be sent as arequest to the server, and are thus subjed to network delays, even if these operations
only change the state of the user interface In BSCW2 we have tried to reduce the need to goto
the server with the multiple seledion togdes, allowing the same operation to be gplied to
multi ple objeds with orly one request. Despite this, there ae still occasions where the browser
must send a request simply to upcite the state of the user interface for example, the ‘seled
al’/'seled nore’ togdes (Figure 1) where the HTML workspacelisting must be re-generated to
modify the selection checkboxes associated with each entry in the workspace listing.

For this and similar situations such as folding/unfolding adions, descriptions and
folders, we have developed a method for enhancing the HTML sent bad to the browser with
small pieces of code written in JavaScript, which are exeauted by the browser to updite the
presentation d a HTML page. JavaScript is a smple but powerful scripting language which,
among dher things, can be used to add flexibility to HTML pages. JavaScript is currently only
suppated by recent versions of the Netscgoe Navigator and Microsoft Internet Explorer
browsers, thus we will useit for feadures sich asthe‘seled all/none’ case whereits applicationis
only to enhance the interadivity—all system functionality will remain accessble using non
JavaScript browsers.

This approadh, o providing enhancements to BSCW for certain Web browsers and end-
users is certain to increase in the future & we look to deploy more spedalised services for
particular applicaion danains. An example of thisis the work we ae airrently daingto provide
an environment for managing Web sites with the BSCW system (Sedion 3.3. Here we have
used the Netscgpe Navigator Gold Web browser, which provides a WY SIWYG interface for
editing as well as displaying HTML pages, to develop a prototype of an integrated environment
for coll aborative management of the pages on a Web server. As the richness of Web pages and
the complexity of Web sites grows, it is clea that integrated tools to assst with Web site
management will become increasingly necessary.

Findly, in January 1996 a projed cdled CoopNWW™, funded by the Telematics
Applicaions Programme of the European Union, was darted to extend the aurrent BSCW system
to provide aset of advanced cooperation services. These services include suppat for cooperative
dedasion making, interfadng to dredory services suich as X.500 and synchronows video
conferencing, integrated with the shared workspacemetapha suppated by BSCW. For example,
with ore of our CoopNWW projed partners we have developed the mncept of a ‘meding
objed, which alows users to set a date for the meding, invite participants (from their address
books), set the agenda and so on. At the gpanted time this objed is instantiated as a CU-
SeeMe" video conferencing sesson, which alows participants with the CU-SeeMe software,
available for Madntosh and PC platforms, to participate in the mnference Users can join the
meding through the BSCW system by clicking onthe ‘join’ operation which launches CU-
SedMle on their computer and conneds to the mnference management system (the CU-SeeMe
‘refledor’) with the rred parameters. This kind d integration demonstrates the nowelty of
BSCW as providing a platform for cooperation services; in this case, the meding ohed need na

% http://orgwis.gmd.de/COOPWWW/

11,

http://goliath.wpine.com/cu-seeme.html
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only be a method to join the video conference, bu might also be a point of coordination
beforehand to formulate the agenda or afterwards an access point to the meeting minutes.

6. Conclusions

The BSCW Shared Workspacesystem is a Web-based CSCW tod offering haesic fadliti es for
coll aborative work. This paper has described the aurrent version d the system, BSCW2, which
shows how the Web can be transformed from a primarily passve information repository to an
adive tod for cooperation, withou compromising the benefits of the Web as a aossplatform
tod for information sharing. The design d this g/stem has been informed by the release of a
previous version to the pubdic domain and, as BSCW?2 is now pubicly available, we exped to
repeat this process in the coming months.

The World Wide Wéb is developing at a furious pace with new innowations appeaing
with every release of Web browser and server software. As such, designing any application for
the Web isin many ways designing for amoving target, and it is nat clea which innovations will
be discarded and which will becme acceted standards in the future. Our approach isto keep the
requirements for using the basic cooperation services of BSCW to a minimum, based on
acceted standards like HTML and HTTP, to make the system avail able for alarge popuation o
users with a minima tedhnicd infrastructure. At the same time, we ae investigating the
posshiliti es offered by innowetions like JavaScript and WY SIWYG HTML editing to provide
more spedalised services. In dang so, we hope to ensure BSCW continues to provide basic but
useful mecdhanisms to suppat cooperation for widely-dispersed working goups, aqoss
computing platforms.
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