
























Show Islands ( KnowledgeBase ) ,
thIs operator searches for incoherent specifications in the KnowledgeBase -- it returns
isolated nodes/subgraphs, Le. those which have no linkage to other nodes of the ideal
topic/text net; using conceptual or commentary operators establishes the required total
graph connectivity.

After identifying debatable objects through these maintenance operators, negotiations start
among the various conflict parties, e.g., pro agents vs. contra agents in the case of conflicting
ideas. These negotiations may be conducted informally through conferencing commJ,lnication
channels, but may also use the formal level of commentary operators. As an alternative to a,
model of strongly typed argument exchange (cf. BARN [1989]), a voting procedure may elicit
an impression of the group's estimate of the issue under debate. It is based upon importance
ratings given by the inembers of the authoring team using a special alignment operator:

Score( Agent, KnowledgeBase, ObjectLabel, ScoringFactor )
each Agent in the authoring group assigns an significance weight (indicated by the
Sc6ringFactor) to the currently considered issue (objectLabel).

-ISSUE: CML#ED-LiQ~.1

Status: IN
Score: .45
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Figure 9 . Scoring of an Object Node

Depending on the degree of deviance among the individual ratings the Status informa­
tion in the issue node will be updated: If there is a strong positive/negative aggregate value
without much scattering of individual opinions the Status of the issue will change from UN~
SCORED to either IN or OUT, Le. the issue will (not) be elaborated in the document. In the
example above (Figure 9) scoring on CML#ED-Line. i- exhibits the group~srejectioi1 Of the

_contra argument (which considers the description .as being irrelevant) and lends sU'pport to the
supporting argument (completeness of descriptions in the manual). The strength ofthe scoring
factors may be considered as ail additional indicator for choosing among both alternatives.
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In case there is a lot of scattering among the individual ratings the issue under considera­
tion is open for further manipulation by commentary operators (indicated by the Status infor­
mation PENDING) and repeated scoring rounds. If, however, the controversy still persists
after several negotiation cycles some appropriate termination policy must be applied. One of
them is to provide a dogmatic solution, e.g., the chairman t8.kes full responsibility of a deci­
sionthat cannot be questioned any further by the members of the authoring team. Another one
applies the majority rule based on the scoring procedure.

After a series of group discussions on open issues the authoring group must ensure that
the combination phase can be terminated properly. This can be tested by calling up

Show Open Issues ( KnowledgeBase )
anoperettor which returns all those ideas, topic chunks, text portions in Knowledge­

Base whose Status is PENDING.

Finally, each idea/topic is either UNSCORED (confrrmed without negotiations), IN (con­
firmed on the basis of negotiations), or OUT (canceled on the basis of negotiations or the un­
challenged attachment of contra arguments to some issue object). Confirmed ideas/topics form
part of the hypermedia document, while those which are OUT need no longer be considered.

.. To keep trackwith the assignment of confirmed ideas/topics with their textual realization,
additional maintenance operators are available. One of them checks whether all ideas in IdeaKB
which have been confrrmed (Status= UNSCORED or Status =IN) are outline linked to ob­
jects in HyperDocB. Similarily, another operator tests whether contracted topics are already as­
signed text portions in HyperObjB.

. Summing up, from the perspective of group work support, the development of CoAU­
THOR is focused on procedures through which individual contributions are combined to form
a comp?site group docume!1ton t.he lev~ls of idei:l., outline, an~ te~ct synthes~s. B~sedon vari­
ous malntenCLice operators inconsistent, incomplete, or altematrve issues are ~defitl~ed and :ne­
gotiated by the exchange of supporting and counter arguments, while definite selection deci­
sions among competing alternatives are based on the quantitative scores of alignment opera­
tions. Thus, we emphasize in this paper the idea of.MEDIATOR [JARKE/JELASSI/SHAK­
UN 1987] that views a group problem as a design object, rather than following a purely con-
versational approach. . .

As an alternative, the author group may also engage in qualitative modes of typed argu­
ment exchange (cf. HAHN [1989]). In this model, following the terminology of language ac­
tion theory [WINOGRAD/FLORES 1986], there will then be frequent switching between open
conversations for possibilities, more structured negotiations for agreement on ideas and out­
lines, and strictly monitored conversations for action to have these commitments realized by
subcontracting agreements with individuals or subgroups. Conversations for action are also
used to org1:mize t.he authoring group. .

It is worthwhile comparing this style of opinion ela1x>ration and exchange by information
system implementations with the SYNVIEW system [LOWE 1985]. Similar to our approach,
its focus is on the representation and support of the course and results of group debates. It is
not biased towards consensus enforcement (like Co-oP [BUI/JARKE 1986]), but provides a
support environment for gathering, developing, evaluating different viewpoints related to a
group problem. However, it lacks explicit mechanisms for formal control of group ·acitivies by
a knowledge base management system covering document development as well as group­
related activities for co-authoring.

j.

4 Group Communication and Collaboration Tools

Our implementation concept for CoAUrnOR follows a three-way strategy. In a preliminary
empirical study, several real-world applications are "rapidly prototyped" in the sense that .user
interfaces for supporting these applications (inventory control, design tasks, co-authoring,
etc.) are built in a mock-up fashion to obtain some feedback from potential users. In a parallel
effort:, we build a full-scale prototype for more serious Lrnplementation from tools developed
in earlier projects; this prototype is being constructed in a UNIX environment. Based on actual
experience with one or more variants of this prototype, a second project phase will then con- .
struct a final, industrially oriented system on the MULTIWORKS multimedia workstation.

In this section, we outline the first prototype. This prototype will.offer a client-server type
architecture with a specialized client and the following three servers (figure 10):
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• a knowledge base management server called' ConceptBase [JARKE et al. 1988] for ac­
quiring and maintaining the knowledge about ideas, designs, documents, and inter­
relationship~ among thew (knowledge kept in the IdeaKB and HyperDocB),

• ,a multiq1edia database server called MULTOS [THANOS 1989] for organizing, stor-
.ing, and':r~trieving typed multimedia chunks (managing the HyperObjB) ,

• a r~al-time ce>:nferencing facility, the Conference Desk [BONFIGLIO et al. 1989], for,
short-tenn communication management of group authoring.

Two kinds of clients of the CoAUJHOR system deserve further explanation: The In;ter­
action Toolbox supports hypermedia editors and browsers for the 'graphical manipulation of
multimedia objects and knowledge representation structures. The Group Toolbox contains
methodologies for voting, structured ?fgumentation, management of authoring roles, access to
external programs, etc. . .

In the following subsections, we sketch how these components can support the function­
alityd~scussed above l and how they can be integrated with each other.

CONFERENCE DESK

" CoAUTHOR CLIENTS

i n t e r lJ C t I 0 Ir t D 0' I b o. H

/j ,r D up T 0 D I b o. H

'>....

~If-_---,-_......- --,--_CO_A_UT_HO,-R_KE_R_N_E_L__--,-~ -,--......-~I

r

( HyperKBMS '\

Figure 10 CoAUTHOR Software Architecture

4.1 Formalizing the Model in a Knowledge Representation System

Current efforts aiming at the specification of appropriate data models for collaborative hyper­
text applications [AKSCYN et al. 1988,'SCHLICHTER/MILLER 1988]) support the foimal'
structure of hypermedia documents only by simplification of node types 'or constraints on:pub­
lication layout; but do'neither cover the relations among the different document levels (see table
1), nor the particularities of group processes involved iri collaborative authoring.
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In our model, a knowledge representation scheme serves a~ the conceptual backbone on
which the individual operators of the authoring and group collaboration models interact. More­

.over, such a knowledge representation system must also eryable the connection of these models
. to other models needed for a good collaborative environment, but notdiscussed in this paper;
.for instance, a: general coordination and negotiation mechanism which addresses issues such
as group formation, workorganizatibn, group decision support, etc.

These application demands place rather stringent constraints on the struCture of suitable
knowledge representation languages and systems. Specifically, from the models discussed in
sections 2 and 3, we,can derive the following requirements:

• The language must naturally accomodate a hypermedia surface structure, that is, offer
a semantic network with typed nodes and links; with aCCess to external references.
Moreover, nodes and links must have internal structure; A semantic network schema
that relates frames or similar complex objects appears suitable from this perspective. "

• Links as well as nodes of the network have types (belong to classes), are subject to
arguments, can be the starting point for further elaboration, can be" specialized or
attributed. Thus, nodes and links should befirst-class objects of the language.

• Since we wish to experiment with different variants of co-authoring models, the set of
node and link types must be extensible,"using a metaclassing mechanism. For a formal
understanding of what these new link types mean, the simple procedural method at­
tachment offered in many object-oriented languages is not enough; additionally; a fa­
cility for declarative defmition of integrity constraints on new classes is required.

• Searching in complex semantic networks requires recursion; deduction rules in the
style of deductive databases are useful to declarative1y represent such relationships.
Moreover, they represent knowledge implicitly rather than by explicit storage of all
facts, and therefore offer a more compact and maintainable representation. "

• Since the knowledge base changes over time, temporal information and/or versioiling
information about all its objects and their interrelationships may be usefuL .

• Once such a knowledge base is available, the idea quickly emerges to reuse recorded
experience for future tasks. As one consequence, the knowledge base now has to"
manage knowledge about more than one authoring task; an appropriate modularization
facility should make available to each user only those chunlcs of knowledge relevant
and permitted to him. Also, a group of users may wish to configure their personalized
initial knowledge base of previously developed idea, structure, or document modules,
as a starting point for a new project. Version and configuration management facilities
as well as coordination and security mechanisms may then become important. .

Initially designed for requirements modeling, the knowledge representation language
CMLfTelos [KOUBARAKIS et al. 1989] covers all but the last two requirements. CML inte­
grates a predicative assertion language and an inter-val-based tilllecalculus into a structurally
object-oriented kernel that can be viewed as a tightly constrained semantic network. The Con­
ceptBase server [JARKE et al. 1988] used for the CoAUTIIOR prototype additionally in­
cludes a specialized metamodel of software processes which also covers the integration of ex­
ternal tools via triggers [JARKE et al. 1989]. Further metamodels for version and configura- .
tion management [ROSE/JARKE 1989] and for group communication and coordination
[HAHN/JARKE 1989] are currently being added to the system kernel. A module concept
which integrates these extensions with the r~st is underdesign.

4.2 Managing Multimedia Structures in a Database

The ConceptBase client has a hypertext-like user interface where the text portions show th"e
frame view of a piece of the knowledge base, and the links visualize a portion of the semantic
network view. A nice property of the system is that the decision what is shown as a network
and what is shown as frames (or not at all) can be dynamically changed, using a deductive
query language.

However, ConceptBase has no facilities to deal with multimedia chunks, neither at the
storage level nor at the i.."1terface level. In the CoAUTIfOR prototype, the CML kernel will
therefore be couple4 with the server of the multimedia database system, MULTOS [TIIANOS
1989], and a new client will be built specifically for the co-authoring scenario,

MULTOS manages multimedia documents under a system of types which describe the
layout, formal structure, and contents of documents. The MULTOS query language [BER­
TINO/RABITTI/GIBBS 1988] offers access by type structure and by content for text and im­
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age chunks. A MULTOS client facilitates the fonnlllation of queries and lhe presentation of re,
sults,using CMU's ANDREW 11..x>lkiL Moreover, there is a prototype auwmatic classification
mechanism for new documents [EIRUND/KREPLIN 1988].

At the'server level, the integration aims at making multimedia chunks available as Con­
ceptBase nodes. This will simply be achieved by representing portions of theMULTOS type
system in CML and then attaching the multimedia chunks to ConceptBase nodes as external
references (similar to the triggers alluded to above)'; The CoAUTHOR client is then respon­
sible for constructing the hypermedia representation on the screen; for the final system, a, more,
integrated genuine hypermedia system will probably be preferred to avoid the expected per~

formance problems of the prototype. '

4.3 Interacting with CoAUTHOR Through a Real-Time Conferencing System

Some parts of the co-authoring process occur in an asynchronous mode of adding contribu­
tions tothevarious models, as sketched out in section 3. At other times; a more intense mode
of interaction in real-time is needed, where people can contribute quasi-synchronously to the
group modeUn a real.,.time setting. A Conference Desk prototype [BONFiGLIO et aL 1989] is
CllITentlybeing adapted so that it can multiplex the CoAU1HOR client to mllltiplepanicipants
in an on-line settirig.,. ,. .

Each: user sits in front of a workstation in which one window constitutes the shared group
workspace (aview of the knowledge base state under discussion) while other read-only group
windows can be used to look at supporting infornlation which is currently not the subject of
design. Under control of a pre-agreed protocol which is enforced by the Conference Desk, the
users can then contribute to the objects in the group workspace. In principle, any CoAUTHOR
tool could be multiplexed in this way but we expect that real-time discussion occurs only at
certain negotiation-intensive .phases of a co-authoring process, e.g.; when arguments are ex~

changed, when a document structure must be agreed upon, when subtasksare contracted, or
when individual contributions to a document must be integrated into a coherent structure:

5 Discussion and Outlook

Collaborative authoring has been a subject of hypermedia research from its inception. The
mainstream of work, however, has been devoted to such issues as shared document files,
interface design as well as group communication technology, and hypertext editing/browsing
tools (cf~ systems such as AUGMENT [ENGELBART1984]; CES [GREIF etaI.1986], or
Shared Books [LEWIS/HODGES 1988]). Only limited and often ad-hoc facilities address the
collaboration of multiple authors as a social activity, e.g., by modeling different roles authors
can play inco-authoring environments such as expert; editor~ et~. (as in,the QUILT system
[FISH et al. 1988]) Or the support of substantive, annotative, and procedural activities and
discussions for mutual intelligibility of collaborative work as exemplified in an extension of the
NoteCards system [TRIGG et 41. 1986]. '

These are approaches to co-authoring similar to ours in perspective. But they tend to keep
the information: about the hypermedia objects quite informal and thus inaccessible to all but the
most simple reasoning mechanisms. In contradistinction, CoAUTHOR views all objects cre­
ated during the document development and group interaction processes as parts of a carefully
structured knowledge base. As a consequence, formal relationships between such objects can'
be analyzed and maintained in a much more flexible manner. In fact, the set of operators pro~

posed in this paper just represents one of several possible views of such a knowledge base,
and we have put some emphasis on making this set as easily extensible as possible. One
reason for this adaptability is that there is little experience with what users of co-authoring
systems'really need, and that extensibility gives us the option of experimenting with several
methods and tools. Besides technical progress with the system, the study of these require-
ments is a major motivating factor for our future work. '.
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