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Abstract distinguishing a community from an arbitrary set of com-
municating persons is that certain bonds exist, resulting in a
synergy in thinking and acting.

A community is a professional community if it is goal-
oriented, and its members adhere to certain norms of ratio-

User-driven specification of network information systems
is required in many virtual professional communities, such
as research networks. This paper introduces a method and

an accompanying tool being developed to support the legit- nal discourse. A community is a virtual community if most

imate user-driven specification of ngtwork mfo.rmat.lon sys- participant interactions are mediated by computer technol-
tems. The need for method ontologies, organized in an on-

; . ; : ogy. Like their counterparts in ‘real communities’, mem-
tological framework, is motivated. A key part of this frame- . .
. . .~ bers of a virtual community have shared mental models and
work, the core process ontology, is described. The applica-

. o : social norms2].
tion of the framework is illustrated with some case study ex- 12 . .

. . : To successfully collaborate, virtual professional commu-
amples. It is shown how ontological and normative knowl-

edge can be combined to model the user-driven specifica-nltles have a growing need for integratadiwork infor-

. . . : mation systemswhich can be composed out of standard
tion process. Its formal semantics are described using dy- : . : .

' . : Internet-based information tools. Such tools include mail-
namic deontic logic.

ers, mailing lists and a great variety of Web-applications.

. Still, from an analytical instead of such a design perspec-
1. Introduction tive, a network information system can be regarded as a set
Collaborative work is increasingly being done in a dis- of meaningfully configured and combined information and
tributed fashion. Collaborating professionals from within communication processes necessary to support and coordi-
and across organizations are more and more expected t@ate the activities of the network participants in their vari-
set their own goals and ways of working. As such col- ous roled3]. This implies that theisage contexin which
laboration often entails having people from many different the information system operates, needs to be very clearly
locations working together intensively on complex tasks, defined.

distributed computer technologies, such as Internet-based

groupware, have the potential to considerably increase pro-1.2. User-Driven System Specification

ductivity. This paper focuses on supporting the creation of active participation of members of a virtual professional
information systems for sugfirtual professional communi-  community in the specification process is essential in order
ties which are defined as communities (or networks) of pro- 4 syccessfully develop the desired community partnerships
fessionals whose collaboration on activities that are requiredgnq the required supporting information systddis Such
to re_alize shared goals is mostly or completely computer- ;ser-driven development is based on a paradigm very dif-
mediated. ferent from traditional, waterfall-like development methods
[5]. First, the network information system is generally im-
i ) . plemented as a set of commonly available information tools.
The concept of virtual professional communities deservesThjs entails a socio-technical approach to system design, as
f”.r”"er explanation. One definition of the term ‘commu- ¢ gpecified requirements and the roles that the available
nity’ that well captures its essence is given[iy, who sees 05 play must co-evolvis]. Second, network participants
it as “a group of peopléoundtogether by certain mutual  hemselves take the initiative to system specification. Third,
concerns, interests, activities, and institutions.” Thus, key to o specification and implementation of the, initially small,
%Proceedings of the Thirty-Second Hawaii International Con- system are gf?dua”Y expanded d.urlng systgm use. Foqrth,
ference on System Sciences (H|CSS_32)‘ Maui’ Hawaii, Januarythere IS nOtaS|ng|e view on the universe OdeSCOUi‘SQ, Wh|Ch
5-8, 1999. Copyright IEEE 1999. an external team of analysts normally develops in traditional

1.1. Virtual Professional Communities
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information system development. Instead, each user gener-
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ally is only knowledgeable about and interested in respeci- = |1 &] & =28l 7|
fying the workflows he is actually involved in, although at e e e —
the same time the need for global specification consistency s 1 SR
remains. 1
To foster user participation, a norm-based specification - _
approach is essential. A distinguishing characteristic of B A L s b
many virtual professional communities is that they are egal- B e e L
itarian in nature, because participation is voluntary. Such a e e e et
community can only thrive if all of its members see the par- R
ticular interests they represent sufficiently reflected in the R
communal goals, activities, organizational structures, and § g
supporting information system. Contrary to a hierarchi- = —y
cal organization, claims to power cannot be used to con- i
trol communal specification processes. Instead, permitted, e
obliged, and forbidden specification behaviour is guided by ST
norms. Unlike explicit rules, norms are often left implicit. T

o B
& ey Tl iy b i o e

Furthermore, norms can occur in very complex, interrelated
clusters[7]. Based on these norm groupindsgitimate
specificationswvhich are (1) semantically meaningful and
(2) acceptable to the network participants concerned need to
be produced by participants in a form of rational discourse, Figure 1: Home page of the RENISYS tool
i.e. discussion which is open and allows background as-
sumptions on usage context factors to be examigked

Several specification approaches have been developeoc,an resolve the breakdown.
which aim to increase the acceptability of specifications, 5 1 Breakdowns
such as the REMAP methol8]. However, these ap-
proaches focus on optimizing a faieliberation process
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According to Winograd and Flores, the ‘breakdown’ has a

with given participants, but do not indicate how these pentra_l role in human understanding,and_, more part_iculgry,
participants are to be selected in the first place. In in design. "A breakdown is not [necessarily] a negative sit-

the RENISYS REsearchNetwork Information System  Uation to be avoided, but a situation of non-obviousness, in

Specification) project, a specification method, implemented which th.e recognition that something is missing leads to un-

by a Web-based tool, is being developed that does Supporf:oncealln.g some aspect of the network of tools that we are
such a legitimate user-driven specification process. An ini- €hgaged in using (p.165]11]. Breakdowns play two fun-

tial prototype of the tool has been implemented (Fig. 1, damental role_s in the design process. On the hand hand,
http://infolab.kub.nl/renisys.phtml), which allows for rela- they are the things that the designer will try to avoid, by an-

tively simple specification changes to be formulated and ne-ficiPating on what can go wrong. But when they occur, they
gotiated. also trigger a reconsideration of the functionality of the sys-

We first explain the approach to user-driven specification ©€™M- It is only when a user fails in accomplishing a certain

adopted in RENISYS. goal, that he fgels the need for an instrument, a_nd can ex-
press what the instrument should do. RENISYS aims at sup-

porting user participation in the specification process pre-
2. The RENISYS Method cisely at the point a breakdown occurs (no sooner, no later).
One way to increase the precision of user participation is We hypothesize that such a breakdown-focused user-driven
to let users themselves trigger and define specification pro-specification approach is especially useful for information
cesses. Users in general are not continuously involved,systems that support creative knowledge processes, which
but produce specifications intermittenkB]. Empirical evi- need a lot of subtle fine-tuning before they are acceptable to
dence also shows that users often initially only need to havea user community. This claim we will try to substantiate in
an essential understanding of their (business) processes arftiture empirical research by applying RENISYS in several
information tools in order to achieve concrete res[i@]. case studies.
These natural tendencies can be supported by focusing the L i
support of the specification discourse between users on theé-2:  Specification Knowledge Representation
resolution ofbreakdowns The support provided needs to As an underlying knowledge representation formalism,
aid the user in fostering awareness of a breakdown, and théeRENISYS makes use of conceptual graphg. To orga-
formulation and negotiation of specification changes that nize the various kinds of complex specification knowledge,
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Figure 2: Individualistic User-Driven Specification

three different categories of specification knowledge are dis-lustrate the theory developed in this paper.

tinguished5]. Ontologicaltypedefinitions contain descrip- _ .
tions of the terminology used in the communiyormsde- ~ 2-4-  Case: The Electronic Journal on
scribe the accepted behaviour of the various actors in the Comparative Law

network. Statespecifications describe the actual or poten- v a Dutch organization stimulating new ways of dis-
tial state-of-affairs of network entities. tributing scientific information, funded a project to cre-

2.3. A Model of Legitimate User-Driven ate an Electronic Journal on Comparative Law (EJCL,
Specification http://law.kub.nl/ejcl/). The project group included partic-

In individualistic user-driven approaches, user-involvement ipants from various academic law institutes, university li-
) pp ' . =~ " braries, and computer centres. The goal was to have all pub-
in system development generally takes place in relative iso-

) . . : lishing activities, ranging from paper submission to editing,
lation (Fig. 2). For instance, a user facing a breakdown con- 9 ging pap 9

tacts the system administrator, and asks him to implement eer review, and publication done completely electronically,
. . ' kin f the Web. The proj rted in spring 1997
desired change in a Web server. Subsequently, the updatj%a g use of the Web € project started in spring 199

tool is used and the process is possibly repeated. nd enc.je.d. n summmer 1998. . !

However, this relatively simple and straightforward spec- The initially 'baS|c set of requirements deflned.by the
ification and implementation loop does not work in a vir- users (e.g. gdltors or authors) grgdgglly evqlved In scope
tual professional community, as any change in tool imple- and_comple>_<|ty. Furthermor.e, th_e initial basic set of sim-
mentation may profoundly affect group collaboration. As ple information _too!s over time included more advanced
not only communal work, but also specification behaviour groupware applications. For instance, at first only a rel-

is guided by norms, any specification change to be impIe—ative'y simple Web site and mailing "St. were being used,
mented must be legitimate, that is, meaningful and accept_Whereas: later also the much more sophisticated BSCW tool

able (as described in Sect. 1.2.) {;3], SL':ppoli“'n? adva:pced grtoup ng’k, was m';et%rated |Into
The process goes as follows (Fig. 3). Again, a user faces € hetwork information system. - because ot these clear
user-driven specification aspects, the EJCL-project was an

a breakdown during work. However, instead of directly re- interesting case to test and refine the theory underlying the
uesting an implementor to realize a change, the user for-
g 9 b 9 RENISYS method.

mulates his desired specification in terms meaningful to the

network. Then, this change is proposed telavantgroup

of users (see Sect. 5. for more on how to determine what3. Ontology-Based Support of the

are relevant actors). This group discusses and decides upon  Specification Process

the proposed change, while possibly modifying the proposal

and initiating new specification processes. The approvedThe user-driven specification approach applied by

specifications are then assigned to a particular implementorRENISYS is briefly described.  Next, some advan-

Upon implementation, the user is notified and asked to eval-tages of using ontologies are listed. Then, the reference

uate the updated functionality, and, if necessary, start a newframework used to organize specification knowledge from

loop. different domains is introduced. Finally, the ontological
Before focusing our attention on the structure and use offramework used to model entities to be stored in the

these ontologies, we first introduce the case with which we reference framework is presented.



3.1. User-Driven Specification in RENISYS users and developers with widely varying backgrounds

Key to a successful application of RENISYS is its smooth are involved.

integration with the network information system it helpsto 2. A second important function of ontologies is that such
specify. Two important features facilitate this interaction. a common understanding often entails certimmit-
First, each tool that is part of the information system must mentsfor participants playing network roles. These
include an option for the users to call RENISYS, passing it bind users to the implications of the definitions agreed

on a parameter containing the exact location from where the upon. For instance, if an edit process definition says
call is being made. For instance, in the case of a Web server,  that a set of review guidelines is to be an input into the

alink can be included in each page, viawhich the RENISYS process, all users implicitly accept that these guidelines
server may be contacted. Second, RENISYS includes an need to be available and adhered to. Such commit-
authorization mechanism, which identifies the calling user ments, if made explicit, enable more controlled devel-
and checks which actor roles he is allowed to play. Through opment and maintenance of a knowledge-base system
these roles, RENISYS can simply determine which specifi- [19].

cation authorizations a particular user has.

Furthermore, once the actor roles of a particular user have
been determined, the knowledge from (1) these actor roles,
and (2) the mappings from domain specifications to the call-
ing page can be combined. RENISYS can then generate
a very specific context of entities possibly related to the
breakdown the user experiences. This greatly helps the user

to - with minimum effort - produce a precise specification  |n our view, the ontologies form the language necessary
proposal to present to the relevant group of users. To de-+o describe the community-wide defined and accepted prop-
termine who are the relevant users and what they shoulderties of network actors, objects, and processes, thus pro-
negotiate about, a conceptual graph-based mechanism apsiding a description of required functionality. Normative
plying context lattices that can handle such specificationknowledge, on the other hand, provides a way to precisely
knowledge context evolution has been propddell Alan-  denote the acceptable information system usage and specifi-
guage/action theory-based way for such groups of users tcation behaviour. As functionality of an information system
discuss and decide upon specifications is describétbn  generally changes less than the usage aspects, the explicit
However, what has not been described in detail yet, is thedistinction between ontological and normative knowledge

structure and evolution of the entities to be specified. To allows for more stable system Speciﬁcation and imp|emen_
this purpose, ontologies can play an important role. tation.

3.2. Ontologies in RENISYS We already gave a forma! defmmoq of normg[ 8}, anq .

showed what role they play in user-driven system specifica-
In [5], a formal conceptual graph-based approach for spec+ion. In this paper, we introduce our ontological framework.
ification knowledge, including ontologies, was introduced.

The approach allows for the simple customization of on- 3.3. The Reference Framework
tologies by users, when its graph-based queries are mappe
to semi-natural language statements. Three kinds of ontol-
ogy evolution operations were distinguished, allowing for

the creation, modification, and termination of ontological

definitions. In this paper, the focus is not on these (essential)
mechanisms of ontological change, but rather on the devel-The Domains
opment of a set of ontological primitives that are the starting
point for the required ontology evolution. These primitives

3. The most often cited role is in enablireyiseof knowl-
edge for building new applications. In our user-driven
network system environment, reuse not only can be
fruitful at the very beginning, but each time a new spec-
ification needs to be defined (i.e. when a breakdown
has occurred).

g\ll specification knowledge in RENISYS is organized in

a reference framework, consisting of three interrelated do-
mains. Five ontologies provide the concepts needed to de-
scribe entities from these domains as well as their linkages.

RENISYS specifications belong to, or link entities from,
¢ the basis for th tomized ficati i tthree different domains. A domain is a system of network
orm the basis for the (user-customized) specifications tha entities that can be observed by analyzing the universe of

define a particular network information system. discourse from a particular perspective. Tireblem do-
Th? reasons for our use of an ontology-based approac%am is the UoD seen from the task perspective, the
are s.|m|lar to some proclaimed advantages of domain oN- o network(domain) is the UoD observed from the or-
tologies (cf[16]): ganizational perspective, theformation systenfdomain)
1. Domain ontologies may be used in knowledge acquisi- is the UoD seen from the functionality perspective. The
tion where teams have to work together and an ontol- domain interrelationships are shown in the reference frame-
ogy serves as the agreed upeommon understand-  work (Fig. 4)
ing of the terms in the domaili7]. This argument is The problem domainand thehuman networlform the
of particular relevance for networks where groups of two top domains. The distinction between problem domain



domain, such as those that enable the distribution of docu-

Goals ments to the mailers of users playing the editor roles.
gﬁﬁ? \1/ Space does not permit to describe the domain and frame-
Activities work ontologies in detail. We therefore focus on the fun-
‘ damental ontology of which the domain ontologies are spe-
cializations: the core process ontology.
Human .
Network - Interactions 4. The Core Process Ontology
3 Usage Context The heart of the ontological framework is the core process
T ontology, consisting of elementary network process con-
Y cepts. The concepts in this ontology are derived from lan-
Information  Information + Comm. Processes/ guage action theories (for an overview of current work see
System Information Tools [21]), which are useful for modelling complex goal-oriented
communication processes. The core process ontology con-
tains the common vocabulary for three domain ontologies.
Figure 4: The RENISYS reference framework Such a core process ontology is necessary, because vari-
ous domain ontologies provide different perspectives on the
and human network is based on Habermas’ distinction be-5&M€ reality.

The most generic concepts aatities An entity is an
identifyable phenomenon in the universe of discourse. En-
main of purposive-rational action and a subsuming institu- tities mcludg actors, ,ObJeCtS’ and Processes. Different USers

can have different views on these entities, but each entity

tional context. definition h lobal
Together the problem domain and the human network are?® nition has global scope.

called theusage contextvhich models the determinantsof 4 1 Actors

change in the network information system. In the usageAn actor is a context interpreting entity capable of playin
context, the requirements are formulated that determine the P 9 y cap playing

high-level design specifications that are generated at the in_transil;?rmattlt:r;]co?:lrslr:]oiles.l Thg tt)otalnsetrof rollfs ihat a
formation system level. To understand how the information Spﬁ; r?tacho i als ntﬁi sinpt?e nii//Or © ofr:;?n ]ef S A
system evolves, these system determinants need to be ge=nuent physical entiies € universe of discourse.
scribed. Subject can play the roles of more than one actor.

Finally, in the information systemthe actual network 4.2, Objects

information system is represented.

tween work and interactiof19]. In his theory of commu-
nicative action these concepts designate respectively a do

An objectis defined as an entity that can be acted upon or
produced in a transformation.

3.4. The Ontological Framework

For each of the domains dmmain ontologyas been devel-

oped, which contains a set of predefined ontological domain
axioms or primitives. These primitives can be applied to
users either to modify existing definitions or to define new
terminology. A somewhat similar approach was used by

[8], who extracted primitives from the literature and mod- tion of network information systems. Three main kinds of

'r:'ed thes?haccotrgmg to emp:jnc;l f',nd,'t_ngs' In RENI?ISB processes are distinguished: control processes, delegation
owever, these theory-grounded primiives aré meant 1o b€, ,.asses, and transformations. Transformations are fur-

z}cce?;e.d and r];nt?]qmed tby (au:.horlzed) users% To mcrea(:js her subdivided into workflow, specification, implementa-
Ie € 'g'efr,'c_yo IS cuts orplzat!onlpr%cess,. re erenbce mof 'Ition, and use processes. Delegation, implementation, and
€IS predetining concepts of particular domains can be usetul, qq processes are not described here, as they are not essen-

[20. . : e
. ” . ) tial for the modelling of specification processes.
To link entities from the various domains, tframework 9 P P

ontologycontains a set of mappings. These mappings canControl Processes

be used to represefinctionality determinantswhich are In a control process the status of a controlled process,
entities in the usage context that are connected to entitiescalled a transformation, is changedcaéntrolleris an actor
from the information system domain. For example, the edit playing transformation control roles. Three such roles are
process (represented in the problem domain) is linked to adistinguishedinitiator, executorandevaluator The corre-

set of communication processes in the information systemsponding control processes are: initiations, executions and

4.3. Processes

Central to RENISYS is its process model (Fig. 5).pso-
cessis an abstract entity mediating some kind of change
in other entities. This change can, for example, be one of
space, time, or quality. However, we constrain ourselves
to processes that are relevant for the user-driven specifica-



do so, three kinds of specification processes are possible:
Control Process belsgation creations, modifications, and terminations.c/ationis a
e specification process in which a new definition is created. In
mplemenation _ use amodification the defining set of terms of an existing def-

inition is changed. Aerminationis a specification process

in which an existing definition is removed, and references
(wositcaion) to the terminated definition are reviewed. Examples of such

specification processes for types were givelbin

Specificatio
Process

Execution

Figure 5: The RENISYS process model
Actions and Compositions

evaluations. In amnitiation, a transformation is started. In  Control processes combined with transformations form new
anactor-initiation this happens on the own initiative of the entities. For each transformation at least one initiation, ex-
initiator; in anevent-initiationa transformation is required ~ €cution, and evaluation control process must be given, in
to start because of the successful completion of anotherOrder for the transformation to be sufficiently defined.
transformation, resulting in an explicit inter-transformation A control process plus its controlled workflow process is
dependency. It is also possible that both an actor-initiation called amaction in combination with a specification process
and an event-initiation apply. In that case the initiator can it iS called acomposition
decide whether to start the transformation he controls onthe EVvery transformation can only be realized by an ensem-
condition that the event has taken p|ace. |remcutiomthe ble of initiations, exeCUtionS, and evaluations. Each such
intended result of a transformation is realized. Inegmlu-  action or composition in turn is assigned to actors by means
ation, an assessment of the change realized in the executio®f norms, which, under certain conditions, either permit, re-
is made. If this result is accepted by the evaluator, the eval-quire, or forbid them to do these control processes. Norms
uation completing the transformation may result in an event Will be further discussed in the next section.
that triggers the initiation of other transformations.

Transformations 5. Applying the Ontological Framework

We call a process affected by control processtarsfor- We have used the ontological framework in the EJCL-case
mation In a transformation, a single type @fitput objects to model the specification evolution occurring in the setup
produced from a set afiput objectsunder the control of a  of an electronic journal. This was done by constructing a
set of actors playing the control process roles. This restric-Set of process diagrams, based on the concepts as defined in
tion of allowing only a single output object type is necessary the framework. An example of such a diagram is given in
to simplify transformation change, as it is now clear which Fig. 6. Users playing various key actor roles in the project
(sub)transformation is affected. This would not be the casewere asked to fill in the diagrams as much as they could.
if two or more output object types are generated in a single Using the framework, it was then determined which actors
transformation. should evaluate, and, if necessary, modify or complement
Several kinds of transformations are distinguished, basedthe specifications. In this way, in a very short period of
on the kinds of objects they produce. Two categories of time specifications were generated which were found to be
transformations treated in this paper are workflow and spec-both accurate and complete by the participants and could
ification processes. easily be mapped to the available set of enabling tools. The
In workflow processeshe production of domain objects manual approach used in this particular case is now being
is described: a set of input domain objects is transformedincorporated in an automated version in the RENISYS tool.
into an output domain object. A particular advantage of our approach has proven to be
In specification processgdefinitions are handled. def- that the framework allows for the simple expression of high-
inition is a proposition in which specification knowledge is level specifications in which details need to be filled only
asserted. Definitions consist of a defined term and a defin-when the users themselves deem this necessary. In other
ing set of terms, which include entities from the universe of words, the specification follows the users in their thinking
discourse. Definitions are of either types, norms, or states.rather then forcing them into some (to them) foggy method-
A typeis class of entities sharing certain propertiesigkm  ological direction. A related workflow modelling approach
is the accepted (permitted, mandatory, and forbidden) be-based on the same line of thought is describel@#h.
haviour of an actor. Astateis the actual or potential state- An actual case example of an ontological specification
of-affairs in the universe of discourse. In specification pro- was the definition of the main workflow of producing a jour-
cesses, actors from the universe of discourse (operationahal needed to accomplish the network goal: publishing an
level), in which they are involved in workflow processes, on-line series of electronic journal issues.
play the roles oépecifierswhich can be further subdivided At the start of the project, the users identified the main
into creators modificators andterminators In order to workflow to consist of seven sub-workflows, represented in



Workflow Definition of Complex Workflow

[ ] [REQ_ACT: [CHIEF_EDITOR] <- (agnt) -
Activity v.2/22-10-97 Edit [CONTROL] -> (Obj) _> [EDlT]]_

Workflow

output Object This norm says that the chief editor must start, carry out,
Preliminary_ and assess the the outcome of the editing process, as itis one
ot of his responsibilities. Note that the user is not directly con-
fronted with this abstract representation. Instead, the tool
uses it to generate a pseudo-natural language dialogue with
ke o -~ the user. In order to also require the assistant editor to at
least evaluate the results of the edit process, the additional

Input Objects

N Make_Preliminary_
Submitted_ Selection

Article

Preliminary_
Selection_
Criteria

Component Horkion norm proposed by the participant is the following:
[REQ_ACT: [ASS_EDITOR] <- (agnt) <- [EVAL] -
(ob) > [EDIT]].
Figure 6: A simple workflow process diagram However, although this change is proposed by the partic-

ipant having the breakdown, it is not yet clear if it is also ac-
the following ontological specification (in conceptual graph ceptable to the community as a whole. To determine which

notation): users are to be involved in the change process of the action
[TYPE: [PRODUCE_JOURNAL:*x] -> (def) - norm, the tool needs to project the following query on the
[ACTIVITY:?x] -> (part) - existing base ofomposition normgsee[14)):
FE:SM]P ILE_ISSUE] [REQ_COMP: [ACTOR:?] <- (agnt) <- [CONTROL] -
[MAINTAIN_SITE] (obj) -> [CREATE] -> (rslt) -> [REQ_ACT:
[REVIEW] ~ [ASS_EDITOR] <- (agnt) -> [EVAL] -
[SUBMIT]

In a further simple projection, the set of returned ac-
tors can then be queried to determine the particular subjects
playing those roles. These users are subsequently invited to

, X oS participate, for instance by sending them an e-mail contain-
in norms that are used to guide the actual specification pro-jng the Jogin code for this particular specification process.

CEss. Twc;dmam.gategones 8|f nt?”k?s are d'St'}?g“'sm'l ,In sum, our approach allows for evolving specification
tion normsdescribe acceptable behaviour at the usage level, ,,eqge to be concisely represented, as well as to pre-

(i.e. an editor is permitted to carry out editing.ompo-  qisa|y identify which users should be involved in particu-

sition norms on thg _othgr hand, prescnbe qccgptable-be- lar specification processes. Regarding the implementation
haviour at the specification level (i.e. an editor is required ¢ yose specifications: the specifications at the information
to evaluate the modification of any review process type def- g st domain level are ultimately represented in terms of

inition). A key entity in bOth_ types Of norms 1s thzetor. . those attributes of information tools that can easily modi-
. Qntologlcally, any domam actor is defined as a special- fied, such as the public or private status of a mailing list.
Ization of some, more generic type ‘?f actor. In this case, aN|n this way, a close match between specification and imple-
editor is considered to be an actor in the problem domain. . - \tation processes can be guaranteed, thus ensuring that

IF“’T“ a r:cormatlve p|>0|nt of view, however, an actor is a €ol- yhe eyolution of the technical information system rapidly
ection o acceptgb e actions or comp05|t|on§. follows the changes in requirement definitions.
Actors are defined as context roles both independent of

certain subjects (subjects can play ﬁnlgctor' rolfe), and in,deB_ Formal Semantics of the Specification
pendent of the control role (such as ‘initiator’ or ‘executor’)
that these actors themselves play in transformations. The Process
definition of actors is rather sober, as we have seen aboveThe specification process illustrated in the previous section
However, they become alive by the norms that are definedneeds to be formally represented in a logical language. This
on them. This is illustrated by a brief example adapted from is necessary in order to automate the calculation of which
the case. particular users can legitimately be involved in a particular
A network participant using the ‘Edit Journaleb page  stage of a specification process.
finds that this page does not really capture the needs of In [23], a formal language calledl;; for an integrated
the network, as only the chief editor is currently allowed semantics for information and communication systems was
to access it. The participant thinks that the assistant editordescribed. In this modal logic it is possible to specify ob-
should also be able to do so. Through interaction with the ject types and roles (static part), actions and constraints (dy-
RENISYS tool, he finds out that currently only the follow- namic part) as well as communicative actions (illocution-
ing action normapplies to this particular page: ary part). The constraints can be objective (what is possi-

[USE].

The ontological knowledge becomes useful when applied



ble or necessary) and deontic (what is permitted or oblig- a conversational role to perform a speech act in a specifi-
atory). The illocutionary part adds the special action cate- cation process, which is represented by means o#ité
gory of “speech acts”L;; contains also a special (declar- predicate. A conversational role in RENISYS is authorized
ative) speech act for granting, as well as for retracting, au-to perform a speech act depending on the (initiation, exe-
thorizations. The languagk;; can be used for describing cution, or evaluation) stage of a particular conversation for
the semantics of the specification process in which the onto-specification. To say that some conversational xole au-
logical framework is used. Using the language we formally thorized to perform speech aeton specification process
describe how users are authorized to be involved in the sub-Sa resulting in (intermediate) knowledge definitidh, , we
sequent specification process stages. The details of the lanpropose the following axiom (assuming universal quantifi-
guage are discussed[id], here we will only introduce the  cations):
ideas most relevant to the discussion.

In the RENISYS ontology, a composition was defined as P(DO(,,Sa,Da)) & auth(z, @, Sa, Da)
a combination of a control process and a specification pro-Which expresses formally that some role is authorized to
cess. The ontological definition of @articular specifica-  perform a speech act, if and only if the role is allowed to
tion processSa (e.g. ‘createsomeknowledge definition’) ~ do it. The predicatd)O(z, «) is used to denote the perfor-
includes the knowledge definition being changed (e.g. of mance of a particular speech act by a particular role. Instead
the "edit process type’). To formally represent this, we in- Of []$, we write[DO(z, a)]#, to represent thatis the role
troduce a sef’ of control processes, a s&bf specification ~ carrying out the speech aat The predicate? is formally
processes, and a s& of knowledge definitions, and de- defined in terms of the deontic modalities as expressed in
fine the seComp of compositions inL;; as the Cartesian deontic logic. These modalities can be represented with the

product ofC' x S x D. following abbreviations (cf[24]):

In RENISYS, each particular specification process O(a) == [a]Violation ("« is obligatory”)
consists of three subsequent compositiGhsnp;, which F(a) == [a]Violation ("« is forbidden”)
indicate the initiation, execution, and evaluation process P(a) == —[a]Violation ("« is permitted”)

that make ugsa. To carry outSa, aconversation for spec- This can be interpreted as thats obliged if not doingx
ification needs to be successfully completed, of which the 16545 t a violation state, is forbidden if doing leads to a
result is an accepted knowledge definitiba. In this con- - yig|ation state ank is permitted if it is not forbidden to do
ygr_satlon, three conversational roles are distinguished: thea_ Note that theP predicate in the abovementioned axiom
initiator (I), executor {), and evaluatork). A conversa- g of 5 higher order than thBerm of permission (norms).
tional role can be fulfilled by more than one actor. Compo- |4 other words having somBerm_Comp apply to an ac-
sition norms determine which actors (and thus which sub-y, j5 4 necessary, but not always a sufficient condition to be
Jects) .play the various conversational roIes. in a parucular authorized to perform speech act For example, an actor
specification process, by, for example, stating that an edi-p ¢ he permitted by some composition norm to execute a
tor is permnted to initiate the ‘create edit type definition’ specification process. However, he is only actually autho-
specification process: rized to do so after this process has first been initiated as
Perm_Comp(Editor, I, Create Type_Edit) well.
. : . We now need to define exactly when actors playin
n thls. paper, we do not work O.Ut how this mapping from conversational roles are authorize()j/ to perform thepva>rlioSs
composition norms to conversational roles takes place (see

[14] for a conceptual-graph based approach to accomplishSpeeCh acts constituting a conversation for specification.
Knowing these authorizations is essential in order to give

this). . e
The following stages are distinguished in a successfulpart'cmar users access to the proper specification tool func-
tionality at the right moment in time. As mentioned be-

conversation for specification: :
P fore, we assume that we already know which ac{ors, e}

e I'initiates a specification process pgoposingto startSa. in the network are allowed to play the conversational roles
o X executesSa by discussinga Da. {I, X, E}, as determined by the composition norms that ap-
e E evaluatesSa by decidingon aDa. ply to Sa.

First, any initiatori of a Sa (as determined by the rel-
evant composition norms) is always authorized to propose
thatSa starts.

We start usingL;; by defining a finite sefubj of con-
stants to represent the subjects. We also have a finité set
of actors.® is a first order logic formula and some speech
acte {PROPOSE,DISCUSS, DECIDE}. The intuitive auth(i, PROPOSE,Sa,0)
meaning of{a]® is that after the execution af, ® neces-
sarily holds.

In L;;, different validity claims for speech acts are dis-
tinguished. In this context, we use only one aathorize [PROPOSE(i,SA) Jprop(Sa)

The result of this speech act is a proposed specification
process according to the following rule:



Discussion by the executar resulting in (tentative) Finally, the distinction that is made ib;; between per-
knowledge definitiorD o can start after a proposal has been mitted and possible actions is worth noting. In RENISYS,
made: this distinction is particularly relevant, sinpessiblds use-

P(DISCUSS(z,Sa,Da)) < prop(Sa) ful in the information system domain (“enabling informa-
o . tion tools”), whereapermittedis the modality that prevails
OnceDa has been finalized by the executor, the discus- . . . )
. ] in the usage context. Formally dealing with these issues
sion is closed: o . .
is important to describe the matching process between re-
[DISCUSS(z, Sa, Dal(disc(Sa, Da) A —prop(Sa)) quired and (tool-)enabled functionality. The relationships

Note that the specification process is no |onger in 'pro- between these two domains can be of various kinds, for in-

posed’ state and thatrop(Sa) therefore needs to be re- Stance:

moved. Once this has been done, evaluatisrauthorized e “everything that is permitted is possible” is a completeness
to make a decision: requirement on the implementation functionality. This is a

very basic requirement.
P(DECIDE(e,Sa, Da, Decision)) < disc(Sa,Da) Y _ a _ L .
- ) ] e "everything that is possible is permitted” means that only
The actual decision can be either to accept ¢r reject permissible behaviour is implemented, a kind of correctnes

(©) the discussed . Since we assume that the specifica- requirement (cf. a speed control system that makes it impos-

tion process was successful, we represent the acceptance of ~ Sible for drivers to violate the speed limit). Note that this re-
D in the following way: quirement is seldom met completely, which means that users

can do things wrong, leading to a violation that has to be

[DECIDE(e,Sa, Da,+)](accept(Da) A repaired or sanctioned later. So although many ‘permit’ con-
~disc(Sa,Da)) straints at usage context level are translated into functionality

) . o ) of the implementation, and hence lose their deontic status,
which says that a positive (+) decision results in an also in the information system domain there is a need to ex-

accepted definition, while its discussed status is retracted. press norms.
With a negative decision, the proposal is retracted as well, .
but of course, no accepted status is given. 7. Related Work and Conclusion

o . , An ontological framework was described as part of the
The specification process was only described in a very peN|SYS specification method for research network in-
rudimentary way, as the main objective was to illustrate how ¢4 mation systems. The framework can be used to struc-
the ontological concepts can be used in the authorization ofy e ang support the discussions that users have as part
users involved in the dynamic specification process. Somegs ihe specification process. An important feature of our
possible directions of extension of the formal framework are approach is that it allows users to consider functionality
outlined next. In current research we are addressing thesgre)specification of the network information system in terms
and related issues. _ _ of the particular context in which they use it, thus strongly
It was assumed that all actors playing conversational r°|esconnecting cooperation for work with cooperation for spec-
are assigned by means pérmitted composition norms.  ification.
However, if required and forbidden compositions are also A number of tools have been developed, many of them
known (as in any realistic case), other authorizations will be \yep-pased like the earlier mentioned BSCW ] that
additionally needed. o allow users to relatively easily modify often complex func-
_Another simplification was that compositions were con- yionality characteristics. However, structured support for
sidered to be atomic, in the sense that no generalizane gpecification processes is often not given. This makes it
tion/specialization hierarchy of definitions is supported. p44 tg ensure the legitimacy of the specifications, i.e. that
However, in real-world specification the latter is extremely they are both meaningful and acceptable to a professional
useful. In[14] we propose a context-lattice based concep- community of users. To increase the strong link between
tual graph approach, which we are currently developing fur- ;g4 e and specification, some form of descriptive terminol-
ther. , o ogy is needed. End-user modifiable tools such as ‘radically
Furthermore, in RENISYS, two types of specification iajjorable tools{25] do provide a, basic, language for inte-
process (and workflow) initiations are distinguished: the graing specification and implementation change. However,
‘actor initiation’ and ‘event initiation’ (as described in i tajlorability is typically single-user and single-tool fo-
Sect. 4.3.). The initiation process described here referred. ;,sed. On the other hand, socio-technical desigh methods
to actor initiations only. To also represent event initiations, ¢,cn as Mumford’s ETHIC$26] strongly focus on mak-
the discussion authorization needs to be extended (note tha,g |egitimate specifications, which are acceptable to a com-
the retraction oévent;,;; also needs to be addressed in later plete community. A drawback of this method, however, is
speech acts): that it is typically oriented towards large-scale, waterfall-
P(DISCUSS(z,Sa,Da)) & like information systems development projects, and lacks
prop(Sa) V eventinit(Sa) the advantages of knowledge-based specification support.



A Web-based RENISYS tool is under development that [17] T. Gruber. Towards principles for the design of ontologies

supports the legitimate user-driven specification process. A

first prototype will be tested in a case on group report au-
thoring.
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