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Preface

This volume contains the final proceedings for the Metainformatics Symposium
2002 (MIS 2002). This event was held during 7-10 August on the campus of
Aalborg University Esbjerg, located in Esbjerg, Denmark. MIS is at once both
an extension of the previous Structural Computing (SC) Workshop series (see
LNCS vols. 1903 and 2266 — available from Springer-Verlag — for the proceedings
of SC2 and SC3), and a broadening of the themes of that workshop series in
several new and exciting directions. I hope you find the work presented in these
proceedings as interesting and exciting as I have.

I would like to thank Dr. Siegfried Reich and Mrs. Britta Jensen for their help
in compiling these proceedings. Also, this volume would not have been possible
without the support of Springer-Verlag, Heidelberg. In particular, I would like
to thank the executive editor of the LNCS series, Mr. Alfred Hofmann.

October 2002 Peter J. Niirnberg
MIS 2002 Program Chair
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Introduction to MIS02

Peter J. Niirnberg

Department of Computer Science
Aalborg University Esbjerg
Niels Bohrs Vej 8
DK-6700 Esbjerg, Denmark
pnuern@cs.aue.auc.dk
http://cs.aue.auc.dk/ pnuern/

1 Background

The International Symposium on Metainformatics (MIS '02) was held from 7.-
10. August 2002, in Esbjerg, Denmark. There were 27 registered attendees from
11 different countries. A total of 15 papers (11 full papers, 2 short papers, 2
position statements) were presented. Authors of papers were allowed to revise
their submissions based on the feedback they received at the sympsoium and
submit them for a second review cycle. This volume is the result of that rigorous
two-stage review process.

Metainformatics concerns work about computer science — about developers,
computer users, or those influenced by computer technology. Metainformatics
is about finding the common ground shared by researchers and practitioners in
many different computer science areas, who may use similar methods to achieve
different ends.

As pointed out by Douglas Engelbart [1], there are different levels of computer
science work. Consider the software engineering and programming languages ar-
eas. Front-line (or A-level) programmers may use “off the shelf” applications,
such as compilers or IDE’s, to do their work. These applications are in turn
constructed by B-level developers — literally, developers of tools for other devel-
opers. The methodologies and frameworks used by these B-level developers are
developed by C-level developers.

The metainformatics symposium brought together researchers from a variety
of fields including computer science, social sciences and the humanities that
practice or are interested in B- and C-level work to share and discuss ideas,
to find common themes in these “meta”-level pursuits, and to learn from one
another’s experiences.

The call for participation for MIS 02 included a wide list of topics, with
special consideration given to submissions that demonstrated interdisciplinar-
ity. Some of the topics in the call included: novel user interfaces; information
visualization; social aspects of computing; legal issues in computing; structural
computing; open hypermedia systems; software engineering; philosophy of com-
putation; collaborative work; workflow processes; object-oriented programming;
design patterns; component-based systems; middleware; programming environ-
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2 Peter J. Niirnberg

ments; programming languages; operating systems; development environments;
agent-based systems; and, information retrieval.

The symposium was structured somewhat differently than many traditional
conferences by scheduling sessions intended to foster dialog within small groups
of researchers in addition to plenary sessions to stress unifying themes. There
was ample opportunity for in-depth discussions to follow up on ideas presented
at larger sessions, as well as several informal gatherings to help foster a sense of
community in this new area.

During the sessions, much of the discussions revolved around the notions of
abstraction, contextualization, and formalism, and the interplay among these
concepts. Most speakers used Engelbart’s notion of A, B, and C level work as a
touchstone for their presentations, tying together diverse topics into a coherent
whole.

2 Sessions

There were nine sessions during which papers were presented. Each of these
sessions was 75 minutes long.

2.1 Foundations

The “Foundations” session concentrated on laying some basic groundwork for the
discussions in the remainder of the symposium. Niirnberg began by describing
a vision for metainformatics, and provided several metaphors to which several
speakers over the next sessions were able to refer. This provided the symposium
attendees an initial (even if constantly revised) common vocabulary. Wiil de-
scibed experiences with the Construct strutcural computing environment, with
a special focus towards integration of development (“C-level”) tools into the
environment itself. The bootstrapping approach described by Wiil, in which de-
velopment tools are client of the system under development, is very reminiscent
of Engelbart’s bootstrapping approach.

2.2 Knowledge Management

The “Knowledge management” session dealt with various aspects of the knowl-
edge management problem, an area with clearly B- and C-level aspects. Rubart
and Wang discussed meta-modeling in the context of knowledge management.
They presented a thoughtful analysis of knowledge management from the per-
spective of Engelbart’s levels of work, and identified several specific B- and C-
level tasks in the knowledge management context. Tochtermann stressed the
organizational and social aspects of knowledge management, especially at the
B- and C-levels of work. He argued that personalization is a key concept for
B-level knowledge management work, especially with respect to developers of
knowledge management software.
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2.3 Structural Computing

The “Structural computing” session featured two papers based on work car-
ried out at the University of Patras, Greece. Both papers share the belief that
structural computing is inherently “metainformatical” since it explicitly focuses
on building tools for tool builders (B- and C-level work). Karousos described
how taxonomic reasoning, implemented within a structural comuting environ-
ment, could be used to support the A-level task of Web page bookmarking. Tza-
garakis described efforts to integrate the BalkaNet project — concerning trans-
lation through the use of WordNets, into a structural computing environment.
He claimed that the explicit focus on low-level, reusable structure consititutes a
ready-made C-level environment.

2.4 Software Engineering 1

The “Software engineering 1”7 session focused on software engineering as an in-
herently B-level undertaking, since it constitutes an improvement process of
A-level (front-line) work in organizations — namely, generation of systems. Im-
provements in the software engineering process, in this light, are easily seen to be
C-level undertakings. Dalcher argued for a dynamic feedback model of software
engineering processes, since static models lead to mismatches between modelled
and experienced reality. Whitehead claimed that improvements in modelling no-
tation — specifically, containment modelling notation for content management
systems — constitute a C-level improvement.

2.5 Software Engineering 2

The “Software engineering 2”7 session picked up where the previous session left
off. Chen described work to implement (and implicitly model) multithreaded ob-
jects more cleanly and correctly, with expected efficiency gains for those software
designers engaged in the modelling task. Ekdahl provided a highly theoretical
look at programs themselves as reality modelling constructs, and discussed some
of the inherent characteristics of this undertaking and our views towards it. His
claim is that viewing programs as semantically laden linguistic objects provides
leverage.

2.6 Infrastructure

The “Infrastructure” session concentrated on open hypermedia systems, which
have long been considered as B-level technology useful for front-line users to
engage in various knowledge work. Hicks asks where the expected user commu-
nity for open hypermedia systems is, since to date, such systems have failed
to garner much widespread support among users, despite their apparent advan-
tages over comparable systems. Griffiths and Millard described initial thinking
aimed at tackling the difficult problem of versioning in open hypermedia sys-
tems. Additions like versioning to such systems might make their adoption more
widespread, and thus increase the value of this B-level technology.
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2.7 Databases and Data Mining

In the “Databases and data mining” session, the speakers considered problems
of data management, capabilities and technologies central to a variety of other,
“higher-level” applications discussed at the workshop, such as knowledge man-
agement or software engineering. Roantree described a metamodel for federated
multimedia databases, arguing that such a metamodel provides users and ad-
ministrators of such federated systems with a clearer picture of the data owned
and how it is structured. Arotaritei described approaches to data mining on the
web using the new XLink standard for external structure, claiming that the min-
ing process can be greatly improved in the light of the additional information
encoded in this new standard.

2.8 Agents and Multimedia

The “Agents and multimedia” session, as with the previous session, provided
a look into the core technologies that enable applications such as knowledge
management and software engineering. Reich proposed “EMMOQ’s,” or enhanced
multimedia meta objects, with the intent on dissociating such multimedia objects
from their usage context, enabling repurposing of these objects as appropriate.
Zeid, in his paper, considers extensions to well-known modelling methodologies
and formalisms to account for agents.

2.9 Position Statements

The “Position statements” session provided a forum for a wide variety of work.
Bendix explored additional applications of configuration management principles
and technologies, especially social and group applications. Kezmah considered
the very topical Web services field, concentrating especially on how these are best
viewed from a business perspective. Wagner considered some of the implications
of the traditional naming and location problem, with a special emphasis on the
human usability of any proposed solution. All of these presentations placed the
human in the center of the problem, viewing technologies as tools used for some
“higher,” front-line purpose, giving us a slightly different view of what B-level
work might mean.

3 Wrap-up

A major focus of the symposium was to gather together researchers from dis-
parate areas to share experiences, insights, and best practices through abstrac-
tion and generalization of their work. Most attendees agreed that this goal was
met. In particular, there were many thought-provoking and extended exchanges
among researchers representing the structural computing, software engineering,
and knowledge management areas of research.



Introduction to MIS02 5

Preparations for MIS ’03 (Santa Cruz, CA, USA) were already underway by
the end of MIS ’02, with conference venues and chairs for MIS ’04 (Salzburg, Aus-
tria) and MIS 05 (College Station, TX, USA) selected as well. Information on up-
coming events in the Metainformation Symposium Series, as well as information
about previous meetings, can always be found at http://cs.aue.auc.dk/mis/.

References

1. Engelbart, D. C. 1992. Toward high-performance organizations: a strategic role
for groupware. Proceedings of the Group Ware ‘92 Conference, Morgan Kaufmann.
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1 Introduction

In this paper, we first consider Engelbart’s notion of “A”, “B” and “C” level
work, and a broadening of the orginal intent of these terms. We use this new
broader definition to characterize the types of improvement processes that com-
puter scientists and informaticists pursue. This allows us to abstract much of
informatics work into broad categories, which can lead us to a way of sharing
“best practices” among several different fields — even between fields that may
appear unrelated.

2 Level of Work

Douglas Engelbart has spoken of “A”, “B” and “C” level work — that is, work
serving the primary function of an organization, support for this primary work,
and support for this support, respectively. For example, imagine a widget fac-
tory. The manufacturing of widgets might be the factory’s A level work. Work
toward widget production process improvements (e.g., better widget assembly
equipment) might be an example of the factory’s B level work. Finally, effective
knowledge management tools for workers concentraring on production improve-
ments (e.g., more effective tools to share production improvement information)
might be an example of the factory’s C level work. A central tenet of Engel-
bart’s work is that improvements at the C level in an organization contribute
more heavily to the overall effectivness of an organization than improvements at
the B level, which, likewise, are more “important” than improvements at the A
level.

Informatics (and computer science) rarely deal with A level work of organi-
zations. The computer is a “swiss-army knife” tool, applicable in a wide variety
of situations, but it remains a tool to accomplish some other, primary task. Few
organizations work with computers solely for the sake of doing so (excepting
certain computer-oriented organizations, of course). Rather, most people use
computers to support their organization’s primary task.

As such, a computer is, for most people, a B level tool. When we design and
implement tools for the computer as B level tool, we are doing B level work.

P.J. Niirnberg (Ed.): MIS 2002, LNCS 2641, pp. 618, 2003.
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Designing and implementing productivity tools such as spreadsheets or word
processors, installing and maintaining network services such as email and web
tools, and supporting common tasks through information retrieval services are
all examples of B level work in many organizations.

Many other informatics fields deal with C level work, in that they seek to
improve the B level work described above. Software engineering and knowledge
management are two quite clear examples. Work in these fields is aimed directly
at supporting and improving B level work.

Of course, one organization’s B level work may be another’s A level work.
Though originally formulated to describe work within a given organization, we
see value in broadening the A-B-C work descriptions. We view the A, B, and
C level designations as concerning roles played by a work process. Thus, nearly
any process has A, B, and C level aspects. For example, instead of thinking of
information retrieval work as B level or C level, we can consider it from a “B
angle” or a “C angle”, as fits our needs.

3 Bridging the Gaps between Fields

Informatics is often viewed in a very “task-driven” way — fields are related to
one another if the products of one field are used by another. Computability the-
ory may influence algorithmic analysis, which may in turn influence the way in
which certain information retrieval processes are coded, which in turn may influ-
ence the functionality presented in an interface of a word processor, etc. In this
way, fields such as computability or algorithm analysis may be seen as “more
fundamental” than information retrieval or interface and interaction design. Im-
provements in algorithm design are likely to have greater impact on a wider
variety of computer applications than (non-algorithmic) improvements in infor-
mation retrieval, since algorithm design underlies more work. In the Engelbart
parlance, algorithm design might be seen as C level work, whereas information
retrieval might be seen as B level work. (Perhaps in this example, document
preparation using word processors might be the relevant A level work.)

However, in our conception of A-B-C labels, in which these labels reflect the
roles of the work performed, and not any fundamental aspect of the work itself,
these distinctions disappear. Both algorithm design and information retrival may
rightly be seen as fitting at any level, since in practice, improvements in either
field may (directly or indirectly) facilitate improvements in the other.

This view suggests another grouping of fields. Instead of finding “data-flow
chains” of fields (in which products of field X feed proceeses in field Y), we
might concentrate on what similarities exist among a set of fields when viewed
at the same level. For example, what similarities between algorithm design and
information retrival can we find when viewing both as A level work? Or as B
level work? Or as C level work?

We contend that focusing on the A level of the hierarchy will be less fruitful
than at the B or C levels. The differences between algorithm design and infor-
mation retrieval as front line tasks may be too large to overcome. But, viewed
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as improvement processes for some other type of work, we may be able to see
patterns emerge. For example, whether one’s area of speciality is algorithm de-
sign or information retrieval, if one is tasked to improve document preparation,
one may work toward this goal in similar ways: collecting information about the
current state of the document preparation process; determining which parts of
the current process are least efficient; or, testing various proposed improvements.

This way of looking at fields and finding similiarities requires us to think in
a very abstract way about informatics work. It also urges us to break through
“traditional” alignments of fields and find new connections based on these ab-
stractions. We suggest the term “metainformatics” to describe this way of “rising
above” traditional field descriptions to find best practices in building and exe-
cuting improvement processes.
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with the Construct Development Environment

Uffe Kock Wiil
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Abstract. Construct is a state-of-the-art component-based structural
computing environment. The purpose of this paper is to present the
most prominent lessons learned with the Construct development envi-
ronment. In doing so, the paper first sets the context for the work by
describing the historical background and rationale behind the work. The
next step is to provide an overview of Construct and the development
tools that make up the Construct development environment. The paper
also enumerates the development experiments from which the empiri-
cal data used in this paper are gathered. Then, the paper describes the
lessons learned and outlines current and future work targeted at improv-
ing the development environment. We believe that many of the lessons
learned with the Construct development environment are relevant and
applicable to development of other similar component-based distributed
software systems.

Keywords: open hypermedia systems, component-based open hyperme-
dia systems, structural computing, software development environments,
distributed software systems.

1 Introduction

Open hypermedia systems have been around for more than a decade (e.g.,
[LI6[79121]). The key characteristics of open hypermedia systems are the pro-
vision of external links, or more generally external structures (structures that
are managed and stored separately from the documents) and the ability to inte-
grate an open set of desktop applications to make use of the provided structure
support.

A recent trend in open hypermedia work is to develop systems as sets of ser-
vices wrapped in separate service components. These component-based open hy-
permedia systems are more flexible, in particular with respect to developing and
adding new services to the open hypermedia environment. Another recent trend
is to provide different types of structure services (in addition to the standard
navigational structure service providing links) within the same environment.
The term structural computing was coined to describe such environments [g].

P.J. Niirnberg (Ed.): MIS 2002, LNCS 2641, pp. 913, 2003.
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In 1999 a workshop series was initiated to discuss important issues and advance
the thinking about structural computing [10J13l[14].

Construct [4J16/17] is a state-of-the-art component-based structural comput-
ing environment developed as the common code base successor of the DHM
[6], HOSS [9], and HyperDisco [21] open hypermedia systems. Development of
new functionality in such complex distributed software systems requires expert
knowledge of the target system. The goals with the Construct development en-
vironment is to lower the entry-barrier for developers by basing the environment
on components that use well-defined design patterns and templates. The devel-
opment tools take care of many of the complex design decisions and coding tasks.
The developer does not need to know details of synchronization, multi-threaded
programming, or remote method invocation. New service interfaces are defined
in high-level specifications with the help of dedicated development tools. Only
a moderate level of programming expertise is required to develop new service
components in Construct.

The purpose of this paper is to present the most prominent lessons learned
with the Construct development environment. We believe that many of these
lessons are relevant and applicable to the development of other similar
component-based distributed software systems.

Section Pl presents the background for the present work on development en-
vironments. Section [B] provides an overview of Construct and the development
tools that make up the Construct development environment, and enumerates
the development experiments from which the empirical data used in this paper
are gathered. Then, in Sect. @ we describe the lessons learned and, in Sect. [5]
we outline current and future work targeted at improving the development en-
vironment. Section [6] concludes the paper.

2 Why Development Tools?

Many of the ideas behind the present work on development environments were
conceived in the Hyperform [20] and HOSS [9] projects as well as the work in
the Open Hypermedia System Working Group (OHSWG) [1I].

Hyperform (from the early 1990’s) is both a hypermedia system development
environment and a hypermedia system execution environment. The focus was
on rapid prototyping of hypermedia services such as system architectures, data
models, and entire hyperbase configurations. These hypermedia services were
kept in libraries to enable reuse. Hyperform provides a set of editors (develop-
ment tools) that allow hypermedia services to be specified and installed in the
environment at runtime.

HOSS (from the mid 1990’s) focused on providing development tools that
ease the task of generating new hypermedia services. Examples of development
tools in HOSS are the Protocol Definition Compiler and the Generalized Process
Template. Experiences from HOSS indicate that about 90% of the code base of
a typical hypermedia system can be auto-generated based on high-level service
specifications.
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The OHSWG started its work on open hypermedia interoperability and stan-
dards in March 1996 [22]. The first few years of OHSWG effort focused on
defining standards that allowed for interoperability between existing open hy-
permedia systems. The first standard that was defined covered the navigational
hypermedia domain (called OHP-Nav) [5/15].

It is a major goal of the Construct project to be fully OHSWG standards
compliant. For example, Construct provides a complete implementation of the
OHSWG navigational interface standard (OHP-Nav). One important lesson from
this work is that a standard goes through several iterations before it is ready to
use. In every single one of these iterations, parts of the interface are updated.
The result is that all systems that wish to comply with the standard must be
updated several times as the standard evolves.

Our background with the Hyperform and HOSS systems led us to believe
that a development environment with a set of basic development tools can help
reduce the effort to develop new standards and the effort for system developers
to comply with these standards when developing service components.

3 Construct Structural Computing Environment

Figure [ provides a conceptual overview of Construct — for additional details
see [I6] and [I7]. The environment consists of three categories of Construct ser-
vices that interoperate with existing desktop applications (e.g., Web browsers
and Microsoft Office applications). These desktop applications manipulate data
located in different data stores (e.g., file systems or Web servers). Construct
development tools assist developers in creating new Construct services. Editor
and compiler tools allow developers to specify and generate new Construct ser-
vice components. Infrastructure services allow these components to coexist in
the component-based environment. Different structure services serve hyperme-
dia domains (e.g., links, classification structures, metadata, annotations, etc.) to
existing desktop applications. Structure services rely on structure stores.

infrastructure
services

structure services

development
tools

bed

editor
. hypermedia | |hypermedia hypermedia
location ‘ domain domain domain
editor
structure structure structure
world store store

Fig. 1. A conceptual overview of the Construct structural computing environment
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Section [3.1] describes the development tools and how they are used. Sec-
tion B.2 enumerates the tools and services that have been developed using the
Construct development environment.

3.1 Construct Development Environment

This section provides a brief overview of the Construct development tools. Ad-
ditional details can be found in [3JIRIT9].

Figure 2l provides an overview of the development tools available in the Con-
struct environment and the first few steps in the process in which they are
deployed. The circle at the top represents the service developer using the devel-
opment tools (represented by screen shots). The ovals at the bottom represent
products at different stages in the development process.

Step 1 Step 2 Step 3

v v
. .

Fig. 2. The first few steps in the development process with the Construct development
tools. The remaining steps in the development process are the classical tasks of coding
and compilation. Emacs can also be used for those steps (from [18])

The overall steps in the development of new services in the Construct struc-
tural computing environment are:

1. UML Tool [3] is used to create a UML diagram specifying the interface of
the required service. When the diagram is ready, UML Tool can generate
an IDL specification from the UML diagram. UML Tool is a client of the
Construct navigational structure service. Both class names and field names
can serve as endpoints of links. This allows the developer to create links
(associations) between (parts of) service specifications and other documents
(i.e., design rationale). See [I8] for a detailed description of UML Tool and a
detailed development scenario of its use in service component specification.
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2. Emacs is used to display and edit IDL specifications. If the developer prefers
to write an IDL specification of the service interface directly (instead of
starting with a UML diagram), then this step is the first step in the devel-
opment process. Emacs is a client of the Construct navigational structure
service as well as the Construct metadata service. Arbitrary text strings can
serve as endpoints of links. Each file in Emacs can have a metadata record
attached. A metadata record consists of arbitrary key/value pairs such as
author name, date created, comment, etc.

3. The Construct Service Compiler (CSC) transforms the service interface spec-
ification in IDL into a Java skeleton service component. The CSC runs inside
a shell tool (e.g., Emacs). See [19] for a detailed description of how the CSC
works and what specific types of output it generates.

4. Emacs is used to edit the Java source code in the skeleton service. The de-
veloper creates the semantic parts (method bodies) of the operations defined
in the service interface. When the semantic parts are added to the skeleton
service, the service is fully developed.

5. The Java source code for the skeleton service is compiled into a Construct
service component that automatically is operational in the Construct struc-
tural computing environment. The Java compiler (Javac) runs inside Emacs
in its own shell.

As illustrated, the developer can decide to work at different levels of abstrac-
tion when specifying the service interface. Services interfaces can be specified
graphically as UML diagrams in UML Tool or textually as IDL specifications in
a text editor (e.g., Emacs). The use of the development tools makes the coding
step (Step 4 above) easier. The tools handle many difficult design decisions and
generate much of the complex code based on the interface specifications.

3.2 Use Experiences with the Construct Development Environment

The Construct development tools have been used to develop more than 15 ser-
vices. The fully developed services include a structure storage service, a nav-
igational service and wrapper serviced] for integrating applications (Netscape,
Emacs, and UML Tool), a metadata service and wrapper services for integrating
applications (Netscape and Emacs), and a set of cooperation services. Several
structure services are currently under refinement including a spatial, a taxo-
nomic, and a data mining service. See [16] and [I7] for details about these ser-
vices.

4 Lessons Learned

This section presents the most prominent lessons learned from using the Con-
struct development tools. Some of these experiences have been reported earlier
in [I8] and [19]. The lessons are grouped into four overall categories:

L' A wrapper service is a service that helps integrate a particular desktop application,
such as Netscape or Microsoft Word. A wrapper service mediates the communication
between a structure service (e.g., a link service) and the application.
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1. Reduced development effort and complexity lowers the entry bar-
rier. The development environment reduces the effort involved in developing
and maintaining Construct service components — both with respect to com-
plexity and time. All developed services automatically become part of the
Construct environment, which can operate in a massively distributed envi-
ronment. The “automation” of complex parts of the development of service
components (through the use of templates and design patterns) is an impor-
tant factor in lowering the entry barrier for service developers. The level of
expertise needed to develop service components for the Construct environ-
ment is considerably lower than the level of expertise needed to build similar
service components from scratch without the development tools [19].

2. Service development adds to the library of service components.
The library of service components grows each time a new service is added
to the Construct environment. This library is extremely helpful for services
developers. Software reuse at the component level can save considerable time
when developing new services. This applies to both high-level specifications
of components in UML or IDL and to implementations of service specifi-
cations in Java. Component specifications can be reused when developing
services that are some kind of a variation (e.g., a specialization or a general-
ization) of an existing service. Implemented service components that provide
a useful (general) functionality can be deployed directly in a new setting and
need not be developed again.

3. Flexible and structured working styles. The development environment
enforces a structured way of working. It is very simple: the services must be
specified in UML or IDL before the implementation in Java can be initiated.
The development can be done all at once (in one development cycle) or in a
number of iterations. The latter supports a (rapid) prototyping approach to
service development, where the service specification (and implementation) is
refined in a number of steps. Also, debugging can now partially take place
at the service specification level rather than at the source code level. Many
errors can now be caught either when the UML diagram is constructed or
when the IDL specification is parsed in the Construct Service Compiler.

4. Coping with new standards and technologies. The Construct Service
Compiler is created in a modular way, which allows new technologies to be
incorporated and new outputs to be generated in a straightforward manner.
If a new communication standard needs to be adopted in the environment
(i.e., to make the components CORBA compliant), only the modules han-
dling the communication in the component framework needs to be modified.
If a new form of output is requested, say software agents, new output mod-
ules generating software agents based on UML or IDL specifications can be
added to the compiler.

5 Ongoing and Future Work

A new service generator, the Construct Service Generator (CSG), is currently
under development. Based on the experiences with the Construct Service Com-
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piler (CSC), the CSG constitutes a significant improvement over the CSC. A
number of improvements are made and new features are added including:

1. The use of Java RMI as communication standard between components is
added. The CSC provides TCP/IP and shared memory as means to commu-
nicate between components.

2. The CSG generates build files for “Ant” (http://jakarta.apache.org/ant).
“Ant” is a Java based build-tool similar to “Make”.

3. The Java code generated by the CSG has a much simpler class structure
than the Java code generated by the CSC. This makes it easier for service
developers to comprehend and use the generated source code.

4. The CSG generates two sets of API’s for the service components — a new
CORBA compliant API and an API that is backward compatible with the
CSC.

So far our effort has resulted in a set of stand-alone tools that can be deployed
in different phases of service development. In our future work we also plan to
examine ways to achieve a smoother integration of the development tools by
deploying control integration techniques. A simple example of control integration
is to have UML Tool initiate the CSC with the generated IDL specification. This
will allow developers to generate the service component skeleton from the UML
diagram in one step. Having the CSG generate Ant build files is also a step in
this direction.

6 Conclusions

The paper has presented the most prominent lessons learned from the devel-
opment and use of the Construct development environment. From a general
software development point of view it is probably not surprising that software
development tools actually work. This is in fact also our primary experience with
the Construct development environment, which is targeted at developing struc-
tural computing services. However, we believe that many of the lessons that we
have learned can be generalized and the tools that we have developed could be
useful in the development of other types of component-based distributed software
systems.

The Construct development environments share common features and goals
with commercial development environments such as Rational Rose [12] and the
ArgoUML [2] open source project. We have found two noticeable differences
between our approach and approaches like Rational Rose. First of all, the Con-
struct software is publicly available free of charge. Secondly, we have taken an
open systems approach to the development environment, which aims at re-using
and integrating with existing applications, tools, and services in the computing
environment. Only the second difference applies to approaches like ArgoUML —
since it is also publicly available free of charge.
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Abstract. Knowledge management (KM) systems usually focus on spe-
cific tasks. In this paper, we identify B- and C-level improvement activ-
ities for cooperative KM based on Engelbart’s ABC model of organiza-
tional improvement. We present a cooperative meta-modeling environ-
ment, which is based on cooperative hypermedia. It supports the configu-
ration of domain-specific knowledge schemas and their ad-hoc adaptation
with special consideration of behaviors.

1 Introduction

Knowledge management (KM) is very important for enterprises in order to deal
with huge amounts of information produced and manipulated by e.g. projects.
Efficient KM can for example reduce costs, shorten project execution time, in-
crease product quality and support learning. Techniques to organize and capture
knowledge are crucial. KM deals with the creation, dissemination, and utilization
of knowledge. According to Engelbart [4] groupware plays an important role in
supporting knowledge capabilities. More and more work needs to be done con-
currently in teams and across organizational boundaries. Such work can be seen
as knowledge processes, which are cooperative, dynamic and continuous, and
manipulate an evolving knowledge base. In [14] cooperation is even presented as
one face of KM. We use the term cooperative knowledge management in order
to include cooperation explicitly.

KM systems usually focus on specific tasks, such as searching with search
engines, organizing knowledge bases on the web [12] or capturing and exploit-
ing tacit knowledge from speech [3]. However, there is no support for knowl-
edge processes and evolving knowledge schemas that can improve KM activities.
Referring to Engelbart’s ABC model of organizational improvement the work
presented in this paper focuses on B-level activities for improving KM, such as
providing support for cooperative process modeling and execution. In addition,
it focuses on C-level activities for improving B-level activities and in turn A-level
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activities. Examples of such C-level activities include tailorability, extensibility
and support for the execution of structure.

The next section presents a problem analysis and identifies requirements
for an environment, which supports B- and C-level activities for cooperative
KM. Then, our approach addressing these requirements including tools and an
example scenario related to software engineering are described. Afterwards we
compare our approach to related work. The paper ends with conclusions and
plans for future work.

2 Problem Analysis

According to Engelbart’s ABC model of organizational improvement [4] A-level
activities represent core business activities. What are core activities of KM?
Ricardo points out four major faces of KM [14]. These are the search engine view,
the document-management view, the data-mining-tool view, and the social nexus
view. The latter focuses on cooperation. Thus, in the KM area A-level activities
include searching for documents or special information, organizing documents
with version and security control, extracting useful knowledge from document
bodies, and creating online virtual meeting spaces for cooperation. In addition,
Ricardo points out that work in hypertext research can enrich KM systems, such
as intelligent linking of documents to support epistemic exploration of search
results.

For improving such A-level activities we think that supporting knowledge
processes is crucial. Thus, activities related to process support are important B-
level activities. Process support improves the organization’s ability to perform
A-level work. The different activities can get harmonized in a process description,
which serves as shared information. This explicitly answers questions, such as
when to hold a meeting or work on a document, whether existing processes can
be reused, or how to resolve a resource conflict. This requires support for:

R1. the definition of work processes and the assignment of resources to
processes, such as assigning documents and users to tasks;
R2. cooperative access to and manipulation of shared work processes;

R3. execution of shared work processes, e.g. providing users with to-do lists,
providing access to required resources and services, changing the states
of tasks; and,

RA4. learning of process knowledge, e.g. capturing best practice examples.

For improving these B-level activities it is important to improve cooperative
modeling and execution capabilities. Domain-specific modeling schemas support
the different languages of different groups of end-users, e.g. a “task” might need
to be called an “exercise” in a learning setting. These semantic types need to
be applicable on processes as well as on all related information objects, such
as documents or user representations/objects. In addition, the process structure
can be enriched with new document types, such as a brainstorming for special
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cooperation support. For this, extensibility mechanisms are required. Finally,
an open set of execution services working on the whole process and document
structure can improve B-level activities since execution then exceeds work pro-
cess support. Extensibility and tailorability support for modeling and execution
capabilities implies the provision of a clear model for expressing extensions and
a set of tools [10] for implementing them. It needs to be “easy” to extend and
tailor systems compared to just modifiability and openness. Thus, the C-level
activities need tool support for:

R5. cooperative definition of semantic types, i.e. end-users as well as appli-
cation developers need to be able to tailor the modeling language to
specific domains;

R6. cooperative assignment of semantic types to object types, i.e. end-users
and application developers identify required object types (related to
knowledge units as well as relationships between these) and label them
according to the domain language;

R7. extensibility of object types, i.e. support for registering new object types
so that these can be integrated in the system:;

R8. cooperative tailoring of the domain-specific schema, i.e. end-users and
application developers can specify, which semantic types of relationships
are allowed between which semantic types of knowledge units; and,

R9. registering execution services working on domain-specific schemas in
order to provide an extensible set of these.

Figure [Il shows the identified capabilities based on Engelbart’s ABC model.
The next section describes our approach for addressing the identified require-
ments.

Figure [ shows levels A, B, and C presented as in [ and including the
identified capabilities. The B- and C-level capabilities we have identified are
probably not the only capabilities one can identify on these levels, but important
needs from our experiences. The arrows in the figure indicate improvement.
According to Engelbart there are also B- and C-level activities that can improve
activities of the same level (illustrated by the loops). The lower circle in the figure
represents Engelbart’s “point of greatest leverage” and thus refers to output of
activities that increases C, B, and A capabilities. Our identified capabilities fit
nicely into this model, e.g. registering a new object type (C-level) results in
improved tailorability capabilities, which are on the C-level, too. This improves
assignment possibilities of objects (documents) to processes, which is on the B-
level. This, in turn, improves A activities, such as working on a document of the
new type.

3 Interactive Configuration
of a Cooperative Hypermedia System

Our approach is based on experiences from our earlier work on CHIPS [I8/T9]
and designed as an extension of XCHIPS [I5l20]. This extension XCHIPS4KM
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Fig. 1. A-, B-, and C-levels for Cooperative Knowledge Management

includes several tools for supporting C-level work. Firstly, we describe how
XCHIPS supports knowledge processes as B-level work. Then, we present the
extensions to XCHIPS for supporting C-level work.

3.1 Supporting Knowledge Processes

We model knowledge processes using cooperative hypermedia with process sup-
port [18]. This supports users in creating both the knowledge structure and
the process description (as required by R)). Hypermedia-based structure is well
suited to represent knowledge by using typed links and typed nodes [§]. Our
model uses special node and links types for representing process structures ex-
plicitly. In addition, every hypermedia object is also a shared object with a
unique identifier, shared attributes and the possibility to make it persistent [15].
Concurrency control and change propagation mechanisms are applied on shared
hypermedia objects. This supports users in accessing shared and persistent hy-
permedia objects, either synchronously or asynchronously, and interact with
them through tools (as required by RZ). Our approach provides cooperation-
aware visual modeling capabilities to create explicit process models embedded
in hypermedia-based knowledge structures.



22 Jessica Rubart, Weigang Wang, and Jorg M. Haake

Our explicit support for process structures enables execution of the modeled
processes (as required by R3), e.g. setting a task’s state to completed sets the
state of following tasks to enabled. By using queries work process support, such
as to-do lists, is provided.

Learning of process knowledge means to learn what to do and to learn how
to do it [20]. In our approach, both the learning process and the process to
be learned can be modeled and executed cooperatively. Learning (as required
by RH)) is supported by executing processes for simulation purposes, by experts
giving guided tours through process descriptions and best practice examples,
and by cooperative role-play for practicing the tasks.

Best practice examples can be seen as special process patterns. A pattern
names a design structure as a solution to a problem in a particular context and
thus increases our vocabulary [1IJ7]. It’s like a template that one can apply in dif-
ferent situations. In our approach, there are reusable process-centered knowledge
structures. In general, our approach provides the possibility to use any node, link
or composite instance as a pattern. It can be cloned and adapted.

The process-centered knowledge structures can guide A-level work. Docu-
ments and tools can be integrated into the structure and used when appropri-
ate. In addition to the cooperative modeling and execution capabilities explicit
communication channels can be used.

3.2 Tailorability and Extensibility
of Modeling and Execution Capabilities

In order to support visual modeling based on domain-specific modeling schemas
it is important to configure the “language” of the end-users. For this our meta-
modeling environment provides the possibility to specify semantic types. Basi-
cally, a semantic type includes a name and an icon. It is comparable to a UML
stereotype [I1] as it represents a usage distinction of an existing model element.
Semantic types capture application domain concepts and relationships and con-
straints can be defined on them. In the following subsections, we firstly present
our hypermedia-based meta-modeling technology, and then describe tools and
examples of the meta-modeling environment.

The Hypermedia-Based Meta-modeling Technology. Graphical hyper-
media representation is a kind of graph-based visual modeling language. How-
ever, our hypermedia visual language differs from many other visual languages in
that it has pre-defined, tailorable and extensible computational semantics (i.e.,
behaviors).

Graphical Representation of Semantic Types. In a graphical hypermedia repre-
sentation, nodes and links are represented by graphic elements. Normally, nodes
are represented using shapes containing an image and/or a text label indicating
their type. Lines in different styles are used as representations of explicit links
between nodes. A name label attached to the line can also indicate a semantic
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type of a link. For one node there can be multiple graphical representations or
views. The node view in a directed graph structure can be seen as an iconified
(or closed) view of the node. The visual presentation of the content of a node
can be seen as an opened view (or content view) of the node. Such a content
view can be shown in the area of the closed view, or in another window.

The Behaviors of Semantic Types. The behavior of a node or a link is encapsu-
lated in its type definition and implemented in its object class. The operations
available on a node view can be an aggregation of the menu operations defined
in the node view object class and the node data object class. The interaction
behavior of a node content is reflected in a content view class and the classes for
the individual objects contained in the node. When a node contains other nodes
and links, the behaviors of its content is the behavior of a hypermedia structure.
Similarly, the behavior of a link can be defined in the link view object class and
the link data class.

The Behavior Extensibility and Tailorability. In our system, registering and load-
ing new object classes for node views, node data models, and node contents can
be used to implement extensible behavior. However, using such a class-based
approach, the difficult problem is how to add or change behaviors of existing
objects (instances). Our approach to this problem is to use attribute-value pairs
to represent properties of an object type. In such an attribute list, the key is the
name (string) of an attribute while the value part is a placeholder for an object.
In addition to a reference to an object instance, this placeholder also has an
attribute for the object type it can hold. An object at client side (i.e., on each
cooperative user’s machine) is the replica (remote representation) of “the same”
object at the server side. The server maintains the persistency of objects. When-
ever an object is transferred from the server side to the client side (as serialized
data), a replica is created by using its class byte code and the serialized data.
The class byte code initially comes from the server, and could be updated when
it is changed at the server side. In this way, behaviors can be added or modified
by adding or changing methods of the class, recompiling, and registering the
class (byte code file) with the server. A translator that converts an old attribute
list to a new attribute list handles the property changes.

Tools and Examples. Figure[2shows our semantic type editor, which supports
cooperative definition of semantic types (as required by RE).

Three users are working on the semantic types for a software development
project. They have specified types for development processes, such as Task and
Milestone as well as types specifying the artifacts of a software system, such as
Class Diagram. Carol is representing the application developers who are respon-
sible for C-level support while Alice and Bob are representing the end-users —
Alice is a project manager and Bob is a software developer.

Next they assign the semantic types to object types. Figure [ shows them
assigning knowledge unit classes to semantic types by using the menu bar editor.
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Fig. 2. Semantic Type Editor

It provides cooperation-aware assignment possibilities (as required by RE). The
tool provides awareness of who is currently editing assignments. It is used to
configure the visual knowledge editor since each assignment specifies a menu
item. By using these menu items in the visual knowledge editor end-users can
create objects of the specified object types and the knowledge editor visualizes
them by using the assigned semantic type. Similarly, XCHIPS4KM offers tool
support in order to assign relationship classes to semantic types. When creating
a relationship between two knowledge units with the knowledge editor users can
select between available semantic relationship types.

If a needed object type is not available, the application developers need to
provide it since they are responsible for supporting C-level work. Thus, it makes
sense that at least one representative of them joins the cooperative assignment
session. This person knows the available object types, can discuss the needs
of the end-users with them, and can write down identified requirements. New
object types can be registered and integrated into the system as soon as they
become available (as required by R[f). They can be loaded at run-time without
forcing the users to shut down their system similar to groupware components
that allow users to access and manipulate shared data objects cooperatively or
individually [TH17].

A special schema editor supports the cooperative tailoring of the domain-
specific schema (as required by RR)). This is based on the semantic types. Figure £
shows the schema editor and the knowledge editor using the defined schema. The
schema editor uses a table-based user interface — similar to the other editors. This
is due to the fact that tables are easy to understand for doing assignments. The
knowledge editor shows on the left the defined menu bar. Alice, Bob and Carol
are currently modeling a structure based on the defined schema. We can see
Carol’s session window and Alice’s telecursor. The schema can be changed at
any time.
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The classes that are assigned to semantic types of nodes (knowledge units)
specify the menu items in the popup menus of the nodes and thus the func-
tionality available. Dependent on the type of the underlying object, registered
groupware components or external applications can be invoked on these objects,
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such as a cooperative use case editor on the use case diagram. Similarly, the
classes that are assigned to semantic types of relationships specify the function-
ality available on these links.

Once a structure has been modeled it can be executed — either partly or
as a whole. There is already work process support provided by the B-level ca-
pabilities based on a predefined process-centered schema. A different execution
service can for example provide a next generation workflow engine that sup-
ports the initialization and activation of synchronous cooperation. In order to
provide extensibility regarding the execution of structure we are working on an
extensible set of execution services (as required by RP). Such services work on
special predefined schemata. An open set of execution services is crucial from
the structural computing point of view [9]. In order to provide extensibility we
are working on registration services for these and an open protocol based on
web standards, such as XML. We think that those services can be integrated
into component-based open hypermedia systems by using the concept of open
service provision [21I] and by adding a separate layer for execution services on
top of the structure services layer as discussed in [16].

Implementation. The implementation of our meta-modeling environment is
based on DyCE [I7]. DyCE is a Java-based framework that supports the de-
velopment of groupware components. Groupware components allow groups of
users to collaboratively view and modify shared data objects. Java’s classloader
abilities are utilized in order to load components and shared data types at run-
time. DyCE uses a replicated architecture for shared data objects and provides
transactional support for access to and modification of these. Each of our editors
is designed as a separate groupware component working on specific shared data.
Both — XCHIPS’s hypermedia data model as well as XCHIPS4KM’s configura-
tion model — are implemented as shared data. We are using an extended DyCE
server that includes a special-purpose web server, which provides services for
invoking the different components on specified structure.

4 Comparison to Related Work

We have extended our previous work on CHIPS [18/19] and XCHIPS [1520] by
providing several cooperative editors that allow the configuration of a coopera-
tive hypermedia system so that it can be used for different domains and thus as
a general cooperative KM system. The example-based schema editor of CHIPS
does support schema definition based on semantic types, but does not consider
new classes in order to enrich the functionality of the cooperative hypermedia
system.

Workflow management systems (WEFMS), such as [2], provide work execution
support as it is needed for our identified B-level capabilities. However, WFMS
usually don’t support teams in negotiating joint work processes, in facilitating
synchronous access to shared information resources, and in providing immediate
interactive feedback and awareness.
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Knowledge-centered systems usually provide A-level capabilities, such as sup-
port for searching, document management, data mining or cooperation, such as
Eidetica [5], Tempus Fugit [6] or FOCI [12]. However, our identified B- and
C-level capabilities are not supported.

Component-based open hypermedia systems, such as CAOS [13] or Con-
struct [21], support an open set of structures and thus are very useful for ex-
pressing any kind of knowledge. However, they don’t provide a cooperative meta-
modeling environment for configuring domain-specific knowledge schemas and
their ad-hoc adaptation.

5 Conclusions and Future Work

We have identified B- and C-level improvement capabilities for cooperative KM
based on Engelbart’s ABC model of organizational improvement. Then we have
presented how our approach, which is based on cooperative hypermedia and
focuses on cooperative meta-modeling, supports the identified requirements. The
main technical contributions of our approach are extensibility and tailorability
of behaviors of a cooperative hypermedia system, which are used to support B-
and C-level activities for improving cooperative KM.

At this time, the first version of our cooperative meta-modeling environment
is finished. We are using it in the context of the EU project EXTERNAL, which
ailms at supporting Extended Enterprises in working on joint projects. Initial
experiences suggest that the approach helps our users to adapt the cooperative
hypermedia system to special knowledge schemas, such as for progress reports,
and make use of the work process support.

In our future work, we will carry out further evaluations of the approach. In
addition, we intend to integrate our concepts in component-based open hyperme-
dia systems and try to define some standards for meta-modeling and execution
of structure.
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Abstract. Recently, Knowledge Management has attracted a lot of at-
tention in computer science. However, knowledge management is not just
about software tools but also — and maybe even more — about people and
organizational cultures. Unlike in software engineering, developers at all
three levels (A, B, C) do not only need technical know-how but also
organizational and solution know-how to develop successful knowledge
management software. This paper argues that personalization concepts
closely linked to our notion of knowledge are a promising approach to
overcome today’s barriers in knowledge management. Instead of focusing
on system features, our notion of personalization focuses on the adapta-
tion of metadata, content and structure in knowledge management, thus
opening up solution-oriented ways of thinking to A- and B-developers of
knowledge management software.

1 Introduction

It is widely recognized that the transitions to an information society and a global
knowledge economy will be the most important social and economic changes of
the next decade. The global knowledge economy with its high innovation speed
and an increasing demand of knowledge intensive products and services calls for
new management tools and methods. Therefore, efficient knowledge management
has become imperative for almost all types of organizations.

Knowledge management can be addressed from two different perspectives.
The first perspective places the emphasis on information technologies as enabling
technologies. The second perspective is more people-oriented as it focuses on
people and organizations. The difference between these two perspectives is the
level at which knowledge management is applied.

The objective of technology-oriented knowledge management is to support
knowledge workers at an operational level. That is, information technologies are
used to provide the knowledge somebody needs to perform a specific task as
well and as efficiently as possible. Often, this requires a careful and smooth
integration of knowledge management tools with business process management
tools.

In people-oriented knowledge management, the focus is on the people and the
organization rather than on the technology. People-oriented knowledge manage-
ment tries to find answers to questions such as “How can we improve our commu-
nication culture?”, “How can we manage our human capital more efficiently?”,
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“What methods and incentives exist to foster knowledge sharing and transfer
in our organization?” In addition, impact assessment studies are part of people-
oriented knowledge management. Typical questions in this context are “How
do information technologies change an organization’s communication culture?”,
“How do the employees of an organization get along with the new tools and the
possibilities they offer?”.

This paper addresses technology-oriented knowledge management from two
different perspectives. The industry perspective analyses the role of computer
scientists in the knowledge management software industry and how vendors of
knowledge management software address the topic of knowledge management. A
more scientific perspective identifies weaknesses of current knowledge manage-
ment software (and their developers). In this context it is argued that possibilities
for personalization have a great potential for improving knowledge management
software. We also show that the “B” level of Engelbart’s notion “A”, “B” and
“C” level work holds great potential to develop effective and efficient knowledge
management software. According to Engelbart, A-level work is directly related
to the primary function of an organization. For example, in a software com-
pany which designs web interfaces A-level work deals with the development of
new web designs. B-level work supports this primary work at the A-level. In
the above software company example, B-level work includes the development of
WYSIWYG-editors or other tools that directly support the A-level work. The
third level, the C-level, provides support for the support at level B. In the above
example, this would include development tools and infrastructure frameworks
which for example support the development of WYSIWY G-editors.

The paper is structured as follows: The next section briefly introduces our no-
tion of knowledge management and knowledge and stresses weaknesses of today’s
objectives of technology-oriented knowledge management. Section Blanalyses the
role of A- and B-level workers in knowledge management software companies.
Section [4] introduces the notion of personalization. Section [5] takes a more sci-
entific view and shows how concepts to personalize content and structure can
significantly improve the value of knowledge management software. The paper
is concluded in Sect. [6]

2 Knowledge and Knowledge Management

Knowledge and Knowledge Management are two terms for which many different
definitions exist depending on the scientific community. In philosophy knowledge
is identified, classified and valid information [4]. In information science knowl-
edge is often defined as information in contextualized action [3]. In organization
science a separation between explicit and implicit knowledge is commonly ac-
cepted [12]. Explicit knowledge includes content which can be formalized and
which is based on conscious distinction and selection processes. In contrast, im-
plicit (or tacit) knowledge is based on a person’s capabilities to take intuitively
decisions and to make intuitively selections and distinctions. Due to its very
nature, implicit knowledge can not be codified [9].
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For the field of computer science our notion of knowledge is based on a
definition provided by Rehauser [11]:

Knowledge is the mapping from reality, states and activities onto the
internal model of the “real” world, which an individual or an organization
has. With this internal model an individual or an organization can make
statements about reality.

In other terms knowledge provides a context (i.e., the personal world of an
individual; that is how this individual perceives the real world) which helps
individuals and organizations to “understand” the real world.

As to knowledge management we do not believe that the term “knowledge
management” expresses well what most people mean when they use it. Like love
or patriotism, knowledge can not be managed, but one can create environments
in which knowledge can develop and flourish. To become more precisely we define
knowledge management as follows:

Knowledge management deals with:
1. knowledge-friendly environments in which knowledge can develop
and flourish to provide individuals or organizations
2. context-sensitive knowledge and
3. the ability of knowledge workers to apply the knowledge for action.

The knowledge provision includes the four basic knowledge processes as they
are known from literature [7]. This includes developing new knowledge, secur-
ing and maintaining new and existing knowledge, distributing knowledge and
combining available knowledge. With the provision of knowledge in a given con-
text we ensure that only that knowledge is made available which is necessary to
support a knowledge worker to perform a specific task. Finally, knowledge man-
agement must ensure that knowledge workers can use and apply the knowledge
to perform actions. While the first two items of our definition are closely related
to technology-oriented knowledge management, the third item requires methods
and concepts from human-oriented knowledge management. The third item also
makes the difference to information management which does not deal with build-
ing up the capabilities for individuals or organizations to use the information or
knowledge provided.

As mentioned above, the provision of knowledge comprises securing and
maintaining new and existing knowledge. In this context often the term organi-
zational memory is used. The notion of organizational memory has been around
many decades and a common understanding is that not only the explicit and for-
malized knowledge is part of the organizational memory but also the knowledge
in the minds of the individuals working in an organization.

The ultimate goal in today’s knowledge management research is to investi-
gate how computer systems can be used to realize organizational memories. The
idea is to derive as much organizational knowledge (i.e. the knowledge stored
in an organizational memory) as possible from the knowledge in the minds of
the individuals. However, one drawback of this approach is that much of the
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individual and personal knowledge gets lost as an organizational memory gen-
eralizes the individual knowledge. Examples for this generalization include the
mandatory use of pre-defined metadata to describe the knowledge or pre-defined
repository structures in which each individual’s knowledge must be integrated.
The result is that the organizational memory only represents one internal and
generalized model of the real world. If employees in an organization do not get
along with this internal model of the real world the organizational memory is
often of very limited value to them. The following figure illustrates this.

Varied knowledge of Generalized knowledge stored
individuals in organizational memory

Loss of variety of knowledge

Emphasis Today:
Derive organizational knowledge
from individual knowledge

Fig. 1. Illustration of loss of a variety of knowledge due to today’s emphasis

For the future the emphasis should also be placed on the second step in the
process that is how can individual knowledge be derived best from organizational
knowledge. The idea is that organizational memories do not reflect generalized
knowledge but different personalized knowledge. This would allow different in-
dividuals to use that knowledge which fits best to the internal model they have
from the real world. The Fig. B depicts this idea.

Section B presents how these limitations can be overcome with personalization
concepts for knowledge management.

3 A- and B-Level Workers
in Knowledge Management Software Companies

In the late 90’s industry became aware that the knowledge of their employees
is an important asset which significantly contributes to the a company’s market
value. Rapidly, intellectual assets developed as third value in addition to the
traditional organization values capital and labor. At this time also the function
of a “Chief Knowledge Officer” (CKO) was introduced in many companies. The
CKO was responsible for a company’s knowledge strategy, which serves the pur-
pose to increase the intellectual asset and, thus, the market value of a company.
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Varied knowledge of Personalized knowledge stored  Provision of variety of
individuals in organizational memory knowledge

Emphasis Tomorrow:
Offer persomalized knowledge

Fig. 2. Offer of personalized knowledge as a challenge for knowledge management

In parallel to these developments vendors of knowledge management software
appeared on the market. Thanks to the existence of the CKOs of their cus-
tomers these companies were in the lucky situation that they could concentrate
all their resources at all three work levels (A, B, and C) on technical aspects of
their products only. All “soft skills” about “knowledge” and “knowledge man-
agement” was provided for free by the CKO. The CKO served as a mediator
between the technical oriented people of the knowledge management software
vendors and the customers who wanted to introduce and use the software.

This situation coined very much today’s knowledge management software.
The business model of knowledge management software vendors was (and of-
ten still is) to develop generic software which can be adapted according to a
customer’s need in cooperation with the CKO of this customer.

Today the situation is very different from the situation we had a couple of
years ago. Due to the crises in the new economy the CKOs disappeared, they
were strategic staff and, thus, often considered as non-productive or overhead.
This has a very negative impact on the knowledge management software vendors:
In the “good times” they did not build up soft skills in knowledge management,
particularly not at the A-level. As a consequence, today technical oriented A-
level workers of knowledge management software companies sell the software
to potential customers or at least support the sales staff. And they try to sell
the software with their language which is very feature-based and not driven by
user needs or usage scenarios. The lack of soft skills in knowledge management
also explains why vendors sell the software but do not support the introduc-
tion process. This is a big problem for organizations which buy such software,
simply because they believe that they introduce knowledge management with
the purchase of knowledge management software. All too often they must recog-
nize that this is not the case, all what they have is an installation of knowledge
management software but no knowledge management.

What is required for the next future is that knowledge management software
companies offer better consultancy and more services to their customers. This
need has already been recognized by IBM which strengthened their soft skills
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with a $3.5 billion take-over of PriceWaterhouseCoopers’ consultancy. In addi-
tion, a shift from the provision of system features to the provision of knowledge
management solutions is required. This shift is more difficult to achieve as those
who know the software best, i.e., the staff at A- and B-level, must be involved
in this process.

4 Personalization Concepts

Personalization has recently attracted a lot of attention in industry. One rea-
son for this is that several industry studies have revealed the business value of
personalization. A Jupiter study of 25 research sites found that web site person-
alization increased the number of new customers by 47% and revenues by 52%
in the year following its introduction [2]. McKinsey’s results confirm the value of
personalization for an eCompany [2]. For example, thanks to higher transparency
in order status, pricing and order fulfillment costs for customer servicing could
be reduced by up to 58%, the repeat-purchase rates increased by 25% to 45%,
and explicit and implicit customer communications could significantly improved.
In industry the following definitions for personalization are common. The
Personalization Consortium [8] defines personalization as follows:

Personalization is the use of technology and customer information to
tailor electronic commerce interactions between a business and each in-
dividual customer.

This definition relates personalization to the system features and the content
provided by the respective systems.

Bea Systems [I] is a vendor of a server software supporting personalization.
Bea defines personalization as follows:

BEA WebLogic Personalization Server helps businesses enrich the vis-
itor experience using rules-based implicit and explicit personalization.
Implicit personalization adapts the site by measuring visitor interactions
and improving the online experience while visitor identity is unknown.
Explicit personalization further adapts the site for known visitors using
online profile and offline visitor databases.

Similar to the definition of the Personalization Consortium the main focus
is laid on the functional system components (adapts the site by ...measuring
visitor interactions and improving the online experience) and the content (per-
sonalization . ..adapts the site).

Also in scientific definitions of the term personalization the emphasis is placed
on system features and content. For example, Mobasher et al. define personal-
ization as follows [6]:

Web personalization can be defined as any action that tailors the Web
experience to a particular user or set of users. The experience can be
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something as casual as a Web site or as (economically) significant as
trading stocks .... The actions can range from simply making the pre-
sentation more pleasing to anticipating the needs of a user and providing
customized information.

Taking the above definitions of personalization into account, we propose the
following definition which puts the term personalization context with the above
introduced notion of the term “knowledge” in computer science:

Personalization of a system is the adaptation of:

— its system features,

— the content managed by the system and

— its structural components for organizing content
according to the internal model of reality, states and activities system
users have.

In other terms this definition says that the better the personalization is the
better is the fit between a user’s mental model of the real world and the real
world. Or even more simplified: personalization helps users to “understand”
reality.

5 Personalization in Knowledge Management

As outlined in Sect. 3, the staff — particularly at the A-level — of today’s knowl-
edge management system vendors still think too feature-based. This bears the
risk that the application of personalization concepts in knowledge management
focuses on the feature level only. Instead, we suggest to place the emphasis for
personalization concepts in knowledge management on the metadata, the con-
tent and the structure. This focus is beneficial for two reasons: Firstly, knowl-
edge management is more about content and structure rather than on features.
Secondly, it is easier to avoid that A-level workers think feature-based if the un-
derlying basis — which is the conceptual design carried out by B-level workers —
is not feature-based.

The subsequent sections briefly describe the personalization concepts for
metadata, content and structure.

5.1 Personalization of Metadata

Metadata is commonly understood as data about data. A metadata item con-
sists of a metadata name (e.g., “topic”) and a metadata value (e.g., “computer
science”). Metadata is a set of such name value pairs.

With this notion of metadata, three different possibilities exist to personalize
metadata: (1) the metadata name can be personalized, (2) the metadata value
can be personalized, (3) both, the metadata name and the metadata value can
be personalized. The following figure (B shows an examples for each possibility.

For the sake of completeness it should be mentioned that also multiple per-
sonalizations for one metadata item are possible [I3].
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Original Metadata
Name and Value

Location:
,Graz"
I |
Georeference: Location: Georeference:
,Graz" ,Styria" ,Styria"
Personalized Personalized Personalized
Metadata Name Metadata Value Metadata Name and Value

Fig. 3. Options for personalization of metadata

5.2 Personalization of Structure

The personalization of the structure of a knowledge space allows users to organize
the content along many different dimension (e.g., an organizational dimension,
a thematic dimension etc.).

Thematical Organisational
Structure Structure
PSO
— Wate
———— Thresholds —— Thresholds (Water)
L——  Quality L—— Thresholds (Air)
Marketing
— Air
Emission —— Quality (Water)
Imission —— Imission (Air)
L— Thresholds —— Emission (Air)
—rForest ——— Quality (Forest)
—— Quality L Areas (Forest)
L——— Areas

p Hizati
Fig. 4. Example for personalized structures
The above figure depicts this idea: While the original structure on the left is

organized along thematic fields, the personalized structure on the right reflects
the different departments of an organization.
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5.3 Personalization of Content

We differentiate between the personalization of content and personal content.
The personalization of content is always related to the content which is available
for all users of a knowledge management system. In contrast, personal content
is content which is only accessible to an individual and to which other users do
not have access to.

The personalization of content allows to hide parts of the content or to change
its layout according to different user’s needs. The following figure shows an
example for the first case. While the original content consists of some text and
a graphic, the personalized content contains the text only.

Original Content Personalized
Content

Text text text text text text Text text text text text text

text text Text text text text text text Text text text text

text text text text Text text text text text text Text text

text text text text text text text text text text text text

Text text text text text text Text text text text text text

Fig. 5. Example for personalized content

With personal content users are offered with the possibility to extend a knowl-
edge space with content they need to perform their tasks. The personal content
is inserted in the structure of the knowledge space according to the user’s needs.
Figure [0l shows an example of personal content in knowledge spaces.

For more details the interested reader is referred to [13].

5.4 Modeling Personalization and Generic Software Architecture

This section briefly presents how the above concepts can be modeled in UML.
The following figure shows the UML diagram for personalized metadata.
Figure[d shows that a knowledge space can contain an arbitrary number of

knowledge objects (a knowledge objects represents content and can be a text,

a graphic, a video, an audio etc.). For each knowledge object one set of origi-

nal metadata exists. In addition, the metadata for a knowledge object can be

personalized, the optional character of the existence of personalized metadata
is expressed by the 1-to-0..1 relationship. Personalized metadata is stored sep-
arately form the original metadata. The reason is that often original metadata
catalogs can not be modified by arbitrary users.

To model personalization of structure, a clear understanding of the relation-
ship between knowledge objects, knowledge spaces and structure is required.
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Structure of a knowledge space

Structural
object_1
Structural Structural Structural
object_2 object_3 object_4
O : original content : personal content

Fig. 6. Example for personal content

(Catalog with original Metadata Catalog with personalized Metadata
Original Personalized
Metadata Metadata
0 9
R
Knowledge space Knowledge Object
o————
1 «

Fig. 7. UML-diagram for personalized metadata

In our notion, a knowledge space is made up of many different structures. The
actual structure (e.g., hierarchy, directed graph etc.) is defined by structural
objects and the relationships between them (e.g., is-contained). Each knowledge
objects can belong to arbitrary many structures. The following UML diagram
shows this idea. It is worth mentioning that the UML diagram does not define
the type of the structure.

With this in background, personalization of structure can be modeled in
UML as follows: A knowledge object can either belong to a (original) structural
object or to a personalized structural object. A personalized structural object
can be part of a personalized structure (e.g. if a user defines his own hierarchy of
folders) or it can be part of the original structure (e.g., if a user has just added
a personal folder in the existing folder structure).

Finally, we address personal content and personalized content by adding the
concepts of personal knowledge object and personalized knowledge object to the
above diagram. As Fig. [[0] shows, a personal knowledge object can only exist
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*

Structure Structural Objectl

Knowledge Space Knowledge Object

Fig. 8. UML-diagram for structures in knowledge spaces

[Knowledge Spacel~, [ Structure k. [structural Objectg

1 1

1 : ? Object|

[Pers. Structure| Pers. Structural Object|
d

Fig. 9. UML-diagram for personalized structures in knowledge spaces

*

*

<g ‘ Personalized Knowledge Obj. *
Knowledge Space kK> Structure K> Structural Object|

o

<> e T

Knowledge Object|

*

S

Pers. Structure K> Pers. Structural Object Personal Knowledge Obj.

Fig.10. UML-diagram for personalized knowledge objects and personal knowledge
objects
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Frontend Middleware Backend

Personalization Know-
ledge Object Store

Personalization
Metadata Store

}

Other Persona-
lization Stores

KS1
-
Customization Manager > Ks2

ECT el
L

Fig. 11. Generic Software Architecture for Personalization

in a personal structural object and not in original structural object. With this
restriction we avoid that users extend the original knowledge space with personal
content which is not relevant to others. A personalized knowledge object inherits
its behavior from “its” original knowledge object. As a personalized knowledge
object always exists in the context of an original knowledge object it can exist
in both, the original structure and the personal structure.

With these diagrams in mind we now want to discuss a possible software
architecture for systems which support personalization. The development of the
PADDLE system, a personal adaptable digital library environment [3], revealed
that personalization concepts are best provided in a middleware component of
a system. The front-end of such a system covers all user-interface aspects while
the back-end manages all original systems.

As depicted in Fig. [Tl the Customization Manager is positioned in the mid-
dleware component between the clients and back-end systems. The Customiza-
tion Manager offers all algorithms which are needed for personalization. For
example, it offers the users the algorithms to define personalized metadata and
to search for knowledge objects in the back-end knowledge spaces KS1 and KS2
using personalized metadata.

Based on this generic architecture we developed a specific architecture serving
all needs and requirements in the context of the PADDLE system. Also, the
PADDLE system has implemented all personalization concepts introduced in
this paper. Several applications of PADDLE in industry environments proof
the usefulness of personalization concepts. For more information, use cases and
further application scenarios, the interested reader is referred to [13] and [3].

6 Conclusion

In the future only those knowledge management software vendors will remain
successful who can offer knowledge management solutions (and not only sys-
tems) to their customers. This, however, requires a new mind set for A- and



Personalization in Knowledge Management 41

B-developers who still think too much in terms of system features. With this
in background, this paper introduced a definition of personalization which is
closely related to our notion of knowledge. This link opens up new perspectives
of thinking: instead of focusing on mere technical features, the emphasis can now
be placed on personalization concepts for metadata, content and structure — the
most important ingredients of knowledge management.
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Abstract. Taxonomic reasoning can be a useful organization paradigm
to address issues dealing with the management of WWW bookmarks.
Management of WWW bookmarks comprise one of the most frequent
activities of WWW users. In this paper, “Babylon Bookmarks” are pre-
sented allowing users to apply taxonomic reasoning on WWW book-
marks. “Babylon Bookmarks” is based on the “Babylon System,” an in-
frastructure to support general taxonomic reasoning tasks. The “Babylon
System” allows the development of arbitrary taxonomic services based
on Open Hypermedia Specifications.

1 Introduction

Taxonomic reasoning is a specific kind of reasoning which deals with categoriza-
tion and comparison of similar piece of information. In such cases, the analyst
is trying to “see” the information in terms of grouping them in a set of simi-
lar notions (by a way of an “is-a” relationship), rather than associating them
exactly [7]. Issues associated with this way of managing information, define the
hypertext categorization area as well as the hypertext categorization systems
(systems incorporating taxonomic reasoning). Taxonomic reasoning leads to a
hierarchical, tree-structure organization for sets of information. We often en-
counter hypertext systems supporting taxonomic reasoning in botanical work,
linguistics’ and other relevant sciences’ activities [AI7J6]. The taxonomic reason-
ing approach can be beneficial to various problem domains.

On the other hand, Bookmark Management is one of the most important
problems that WWW users have to deal with. The implementation of several
Bookmark management systems did not clearly provided efficiency since users
heterogeneous requirements could not be met in a single system. Advanced cat-
egorization methods need to be applied in order to provide satisfactory capa-
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bilities. Hypermedia systems use taxonomies aiming to give answers to relevant
information organization tasks [4].

This paper presents the design of “Babylon System” which provides a suit-
able set of tools for the management of taxonomies, based in Open Hypermedia
System (OHS) [3] principles. Next, “Babylon Bookmarks,” a real-world service
for WWW Bookmark management is created, using the Babylon System. Baby-
lon Bookmarks was designed to provide improved solutions for some of the most
important bookmark management problems noted in literature like the resource
discovery, the bookmark recall and the bookmark maintenance problem [2].

The idea is that the bookmark management and sharing problem could be
reduced to a taxonomy management problem. In this way, Open Hypermedia
features can be applied to the bookmark management problem providing sev-
eral advantages both for developers and users. According to this idea Babylon
grants developers with the following capabilities: a) to utilize taxonomic reason-
ing advantages approaching with a better way relevant problems, b) to develop
a shared bookmark management system easy and fast and, ¢) to be able to
construct other specific categorization services.

2 Approaching Bookmark Management
as a Specific Taxonomic Reasoning Issue on OHSs

Bookmarks are used as “Personal Web Information Spaces” helping people re-
member and retrieve interesting web pages. Despite the fact that several book-
mark management systems have been proposed, none of them can fully corre-
spond to the requirements so as to provide efficiency to the users. Particularly,
the main bookmark management problems as defined in [2] are:

1. The discovery problem: the problem of the automatic discovery of new in-
teresting web sites for specific-interest group of users.

2. The bookmark recall problem: the fast access to stored bookmarks.

3. The bookmark maintenance problem: the bookmark revision that matches
the evolution of the user information needs as well as to ensure that stored
bookmarks are still valid.

Many alternative methods for bookmark organization have been presented lately,
but two are the main ways that users think of bookmarks: as sets of information
and as hierarchies [I]. The hierarchical bookmark data model could be applied
in Open Hypermedia System supporting taxonomies and the reason is that a
bookmark could easily be considered as an item with specific characteristics
(e.g. URL, title, comments etc.) belonging to a single taxonomy.

Items of any data type (document, video, sound), described by a number of
characteristics, are fundamental concepts in terms of categorization. Each item
can be placed only in a certain category. Any item can be inserted or removed
from a category. Categories are not referenced by their content but they can
be described by an unlimited number of characteristics. The set of items and
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categories define a categorization (or taxonomy) representing a hierarchy (or
tree-structure).

Thus, constructing Babylon as a system that supports taxonomies and apply-
ing it to “build” a specific bookmark management service (Babylon Bookmarks)
enriches the system with OHSs taxonomic advantages. Additionally, Babylon
allows developers to reuse the framework in order to create other categorization
services easy and fast.

3 The Babylon Project

The Babylon project (the name was inspired by the hanging gardens of Babylon)
is based on the idea to create an integrated framework aiming to provide multiple
categorization services using abstractions met in taxonomies. The main goal is
to provide developers with an easy and fast way to construct Internet services
for item categorization.

The model has the following characteristics: The main entity of the data
model is the object (item) in which several characteristics are assigned. Each
item can be inserted in a single category. Each category is identified by a group
of characteristics and may contain a set of items or other categories, formulating
a tree-structure. The system supports the creation of category shortcuts in other
categories of a tree, giving the notion of relevance. Finally, the meaning of as-
sociation is also defined; a specific relationship between different tree categories
that are being used for automatic tree-to-tree item transferring and sharing.

During the design and implementation of Babylon, we focused on two in-
novating points: a) user management and category sharing capabilities and, b)
association capabilities between similar categories of different taxonomies, tar-
geting on automatic update of all the common interest categories. This feature
allows end users to get notified when associated categories of other taxonomies
change (e.g. when items are added or deleted).

The targeted task is to redefine Babylon System should as an integrated com-
ponent supporting taxonomic services in Component Based Open Hypermedia
Systems (CB-OHS) [3] such as Callimachus [g].

3.1 Architecture

Babylon’s architecture consists of four layers: the storage layer that is respon-
sible for storing and managing the structural and non-structural information
imported into the system, the taxonomic management layer that provides taxo-
nomic creation and manipulation services, the Internet Service layer consisting
of several network tree-structure administration tools for the organization and
management of specific information and, the user layer that supports the final
services for end-users.

The storage layer and the taxonomic management layer comprise the basic
infrastructure that provides specific taxonomic services for developers.
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3.2 Storage Layer

The storage layer is the system’s repository, and it is composed by the struc-
tural storage system and the data storage system. The structural storage system
stores and organizes the structural information while the data storage system is
responsible for the user-imported data. The system’s storage layer can incorpo-
rate any relational DBMS to provide stronger query capabilities, performance
and reusability. Both the data and the structure storage systems can either co-
exist at the same RDBMS or be distributed at different RDBMS’s.
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Fig. 1. Babylon’s architecture. The level division and the services naming was made
according to the CB-OHS architecture in order to emphasize the easily transformation
of the system to be able to work as a CB-OHS service

3.3 Taxonomic Layer

The taxonomic layer provides basic taxonomic management capabilities to the
system, by serving structure and content management as well as sharing and
comparison requests. The layer kernel is a taxonomic structural server, which
is responsible for the taxonomic structure creation, management and storing as
well as the data categorization requests. The structural server is also cooperating
with a set of specific-task components like search engines, user-policy engines,
etc. The communication with the Internet Service layer, which is the next layer
in our proposed architecture, is achieved using the HTTP protocol, sending the
data in a very simple XML form.

The taxonomic layer’s infrastructure is flexible and open. Its openness is due
to the ability to cooperate easily with any external specific-task component.
Its flexibility stems from the fact that the kernel is constructed in such a way
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to allow modifications and additional operations. This layer is also enriched
with additional tools, helping developers to create services quickly and easily.
For instance, assistants (wizards) for the creation of an integrated taxonomic-
management interface as well as the automatic web-page creation of a taxonomy-
navigation tool (e.g. generating automatically PHP code) have been enhanced.
Finally, our main future goal is to develop an integrated service based on
CB-OHS architecture. The system should be able to add and manipulate other
hypertext scenarios (e.g. navigational, spatial etc.) over taxonomies [5]9].

3.4 Internet-Service Layer

This layer is constructed by a set of tree-management visual tools. These tools are
offered either directly to the users as client applications or as web-based services.
Also, a number of association-mapping tools between different categories as well
as sharing tools for the administration of user permission policies (e.g. which
categories to be shared with particular users, etc.) are introduced. Thus, the
Internet Service Layer can interact with users as specific-task web sites (like
Web directory service providers and on-line bookmark management services) or
as services for intranet document-management services, and as other services
derived from users’ needs.

3.5 User Layer

The User Layer enables the users to benefit from the services provided, either
by using their own web browser or a stand-alone client application. These ap-
plications include visual representations of the taxonomic structures and a set
of tools that provide capabilities for the management, searching and viewing of
the data sets.

4 Babylon Bookmarks: Using Babylon for Real-World
Services — Creating an On-line Shared Bookmark
Management System

The creation of a bookmark management system based on Babylon’s infrastruc-
ture is an easy task. It is required the first two layers to be installed in a network
supporting TCP/IP. First, the developer must define a bookmark pattern that
is a set of characteristics describing a bookmark (e.g. URL, Title, Comments
etc.) In addition, the developer must create the user interface (Internet Service
Layer), giving to users the ability to manipulate their data within hierarchies
and to share their bookmarks and associate categories. This could also be done
using Babylon’s specific-task assistants (wizards). Furthermore, the developer
can create add-on tools for the users as well as user account management tools
for administrators.

With respect to visualization and user interaction issues in Bookmark Man-
agement Systems, Babylon Bookmarks architecture provides effective solutions
to the issues presented in Tables [[land
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Table 1. Open problems [2] and Babylon’s approach

Bookmark System Problems that
need to be handled

Babylon Bookmarks Approach

The resource discovery problem

Association capabilities among categories that
provide direct notification when a new URL is
inserted in other users associated common inter-
est categories.

The bookmark recall problem

Providing the user either with web-based tools
or with stand-alone client applications that help
him create personal tree structures and shortcuts
on categories, seek and search time are drasti-
cally reduced.

The bookmarks maintenance prob-
lem

The adjustment of a dead-link trace engine at
Babylon’s taxonomic layer contributes to the
elimination of the problem.

Table 2. Shared Bookmark S

ystem Drawbacks and Babylon’s approach

Shared Bookmark System Draw-
backs

Babylon Bookmarks Approach

The weak customization of shared
spaces

The lack of using privacy protection
policies

Sharing and privacy issues comprise an integral
part of Babylon’s functionality, providing cate-
gory sharing and association capabilities as well
as user groups with certain permissions per group
and user.

The bad adoption of centralized ar-
chitectures

Despite the fact that Babylon’s architecture de-
scribes a single structural server’s existence, it
is possible to enhance full distribution at the
current layer, providing a fully distributed book-

mark management system.

5 Conclusions

In this paper, we presented “Babylon,” a framework that provides a set of tools

for management of taxonomies and “Babylon Bookmarks,

»

a real-world service

for WWW Bookmark management. The proposed Babylon architecture offers
important advantages like: a) system distribution, openness and scalability, b)
easy creation and management of categorization services like bookmark manage-
ment services by developers c) advanced sharing and associating features and d)
automatic resource discovery (using associated categories).

Based on the Component-Based Open Hypermedia Systems’ requirements,
the taxonomic approach for categorization services provides additional capabil-
ities both for developers and users and gives answers to many open problems in
a wide range of information organization areas.
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Abstract. The analogy of a semantic network to hypertext has long
been recognized, and semantic networks have been considered as a logi-
cal model of hypertext — especially for those hypertexts with typed nodes
and links. Moreover, wordnets form the most representative type of se-
mantic networks in the field of Natural Language Processing and seman-
tics in particular. It is obvious that hypertext and wordnets share many
common points regarding their fundamental principles and the objectives
towards which they both aim. This paper expresses our initial thoughts
towards incorporating the Balkan WordNet in Callimachus CB-OHS, as
such systems can conveniently support structure. We strongly believe
that such task can be fulfilled by using already implemented domain
abstractions along with a new set of behaviors.

1 Introduction

Hypertext has always been closely related to the idea of freedom to associate,
making it to be considered as an alternative means of structuring information.
This new promising field provides its users (namely, authors and readers) with
effective ways of presenting and exploring information. For authors, hypertext
systems offer a high degree of flexibility for connecting pieces of information and
presenting it as an assembled collection in an information network. For readers,
hypertext provides tools for navigating in these information networks and for
exploring them freely. Therefore, hypertext can be a precious dialogic means,
facilitating the organization of information according to the user needs.

On the other hand semantic networks form a highly structured linguistic re-
source enabling a flexible navigation through the lexical items of a language.
Wordnet forms a kind of conventional dictionary where semantic information of
the terms it contains is represented. The main structural entities of wordnets
are language internal relations through which words are linked based on their
semantic properties. The main contribution of wordnets in lexicography is the
systematic patterns and relations that exist among the meanings that words
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can be used to express. In this respect wordnets as a particular type of seman-
tic networks resemble much hypertext as far as the structural organization of
information is concerned.

This paper is a first attempt to model wordnets using Callimachus CB-OHS
[25]. Moreover, the application of CB-OHSs in the linguistic domain, would be
a very good and tough exercise for these systems. The degree to which CB-
OHSs can solve problems, in such a structure oriented domain as linguistics, in
a convenient and efficient way can give us important insights about CB-OHSs in
particular, and structural computing in general. The challenge is even greater if
one considers that structural computing has been inoculated with philosophical
ideas from structuralism, a descendant of linguistics.

Our motivation was BalkaNet!] (Balkan WordNet), an IST project under-
taken by our laboratory, that aims at combining effectively Balkan lexicography
and modern computation. The most ambitious feature of the BalkaNet is its
attempt to represent semantic relations and organize lexical information from
Balkan languages in terms of word meanings. One envisaged application of the
BalkaNet concerns its incorporation in Information Retrieval (IR) systems in
order to support conceptual text retrieval as opposed to exact keyword match-
ing. Trying to realize conceptual indexing, computations over wordnet structure
must be applied, a task that can be better facilitated by CB-OHSs.

2 Structure in Semantic Networks

Wordnets form the most representative type of semantic networks in the field of
Natural Language Processing and semantics in particular. Motivated by theo-
ries of human knowledge organization, wordnet emerged as a highly structured
language repository, where words are defined relatively to each other. Unlike
machine-readable dictionaries and lexica in book format, wordnet makes the
commonly accepted distinction between conceptual-semantic relations, which
link concepts and lexical relations, which link words [5]. Thus, despite their
resemblance to typical thesauri, wordnets in general clearly separate the con-
ceptual and the lexical levels of language, and such a distinction is reflected via
semantic-conceptual and lexical relations that hold among synsets and words re-
spectively. Wordnets form semantic dictionaries that are designed as networks,
partly because representing words and concepts as an interrelated system seems
to be consistent with evidence for the way speakers organize their mental lexicons
[18/10].

Wordnets’ hierarchical structure—as shown in Fig. [ll-allows a searcher to ac-
cess information stored in lexical chains along more than one path, semantics
being among them. Conceptual structures are modeled as a hierarchical network
enabling a graphical representation of the lexicalized concepts when the latter
are denominated by words [24]. The theoretical analysis shows dependencies
among semantic relations, such as inheritance of relations from sub-concepts to

! For more information please visit http://www.ceid.upatras.gr/Balkanet].
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super-concepts. Therefore, related senses grouped together under the same lex-
ical chain form preliminary conceptual clusters. Words belonging to the same
lexical chain are connected via language internal relations, each one denoting
the type of relation that holds among the underlying word meanings. Some of
the language relations are bi-directional in the sense that if a link holds between
term A and B then a link also holds between term B and term A. However, bi-
directionality of the relations strongly depends on the language particularities
and semantic properties of the underlying word meanings.

v v
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Fig. 1. This is an example of a WordNet depicting only the basic relations of hyponymy
and hyperonymy, each one forming a tree. However, there are many other typed rela-
tions, such as antonymy, meronymy, etc., that have been recognized [6]

In order to account for particularities in lexicalized concepts, tags are assigned
to each lexical relation denoting specialized semantic characteristics of a word’s
meaning. Tags can be viewed as a means of semantic constraints posed upon
semantic relations that link word meanings rather than word forms. Moreover,
tags provide information about which of the semantic properties represented in a
lexical chain are inherited to its components. In this respect, words represent an
atomic and unbiased level of individuality that becomes meaningful via anchoring
of semantic relations. As Hasan [§] pointed out, any word in a chain can be
related to multiple other words in that chain. All lexical relations form a graph
where cycles are disallowed since after all they contribute very little of any new
information.
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Summarizing, the structure of lexical data within wordnets is what differen-
tiates the latter from traditional lexicographic aids (both dictionaries and the-
sauri). The motivation behind construction semantic networks in the form of a
graph relies on the fact that lexical data becomes meaningful only via predefined
linguistics structures. Navigation through the content of wordnets becomes fea-
sible via language internal relations, which form the main notion around which
structure is defined.

3 Approaching Wordnet via Hypertext

Adopting the “primacy of structure over data” [2I], hypertext can be seen as
a technology well suited to exploring different kinds of representational struc-
tures [16]. Viewing different parts of information as objects, users, often referred
to as readers, can navigate through it in a more effective and convenient fash-
ion. Additionally, authors can manipulate information according to their needs
[11]. Therefore, hypertext can be regarded as an informal mechanism, which de-
scribes the attributes of these objects and captures relationships that possibly
exist between them. Such a characteristic made hypertext become known as an
alternative way of structuring information.

The analogy of a semantic network to hypertext has long been recognized [4],
and a semantic network has been considered as a logical model of hypertext —
especially for those hypertexts with typed nodes and links. As it is widely known,
a semantic network is a knowledge representation scheme consisting of a directed
graph in which conceptual units are represented as nodes, and relations between
the units are represented as links. The graph becomes semantic when each node
and link is assigned a particular type, making it meaningful. The essential idea
of semantic networks is that the graph-theoretic structure of relations can be
used for inference as well as understanding [14]. In this paper we claim that
wordnets, the most representative type of semantic networks, may be supported
by a CB-OHS.

3.1 Hypertext and Wordnet: Similarities

Hypertext and wordnets share many common points regarding their fundamen-
tal principles and the objectives towards which they both aim. In particular, they
are both targeted towards capturing relations that possibly exist between ob-
jects and thus providing information of the underlying objects via various types
of links used for describing the relations. Therefore, the main characteristic of
wordnets and hypertext systems is the ability to create associations between se-
mantically related information items. On the one hand, these associations imply
purposeful and important relationships between associated materials, whereas
on the other hand the emphasis upon creating associations stimulates and en-
courages habits of relational thinking of the user [12].

Relations form the notion around which both semantic networks and hy-
pertext are organized. In the case of semantic networks, relations are denoted
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explicitly between the lexical units they contain via predefined lexical links, and
capture information on the semantic properties of words. In the case of hyper-
text, although the notion of association can be met in all hypertext domains, the
navigational domain with the use of links is more closely related to it. Conse-
quently, lexical relations form the fundamental entity of semantic networks the
same way as associations in hypertext form the basic structural element around
which domains are modeled.

In both cases, information objects (either lexical or not) are heavily struc-
tured in order to enable users of wordnets or hypertext navigate through the
information they contain successfully. Structure is achieved via internal links,
which form the basis on which information is stored and expressed. However,
links in semantic networks and hypertext are until recently viewed as two dis-
tinct elements and no attempt has been made towards comparing the two. We
report on the similarities that exist between hypertext relations and semantic
links in an attempt to model the latter in hypertext systems.

In order to support this linking activity in an effective way, hypertext re-
searchers have created a flexible link structure incorporating different levels
of functionality. More specifically, in hypertext one can create single or bi-
directional links, binary or n-ary links, links to links, automatically activated
links, etc. Similarly, links in wordnet are bi-directional and there is generally no
restriction on the number and types of links they could be included in it as long
as the relatedness between the information items is properly and adequately
expressed. Bi-directionality of links indicates that if an object A is somehow
related to an object B then object B is again related via the same or another
relation to the object A.

However, since bi-directionality might not always be the case in wordnets,
special tags need to be attached to the relations to denote their single direc-
tion. Namely, tags are being used on semantic network relations to indicate that
a lexical item is related to another via a particular type of link but not vice
versa. Tags are attached to each link separately and act like constraints on the
information provided by the link. However, in the case of hypertext, due to the
existence of many specialized domains, the notion of tags is used implicitly.

Furthermore, besides creating associations among semantically related in-
formation items, another characteristic shared between hypertext and semantic
networks is inheritance. This feature implies that properties of the father are
inherited to the children. More specifically, the notion of generalization and
specialization forms the principle on which relations are expressed. Specializa-
tion and generalization define a containment relationship between a higher-level
entity set and one or more lower-level entity sets. Specialization is the result
of taking a subset of a higher-level entity set to form a lower-level entity set,
whereas generalization is the result of taking the union of two or more disjoint
(lower-level) entity sets to produce a higher-level entity set.

Inheritance in wordnets is described via the H/H tree (Fig.[) that is the com-
plementary hypernymy/hyponymy relations. This type of relationship between
objects result in viewing wordnets like tree-structured sources of information,
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and thus not allowing circular loops. As far as hypertext is concerned, these
organizational structures exist in the taxonomic domain under the respective
terminology of supertaron and subtazon. The subtaxon is associated with the
supertaxon via an “is-a” relationship, inheriting all the characteristics that the
latter might have. In particular, the user can classify objects (known as speci-
mens) into sets according to their features, search within the members of a set
to find relationships or discreet subsets, and create new sets from the already
existing ones.

3.2 Using Callimachus to Model Wordnet

The Callimachus CB-OHS attempts to provide the framework in which different
hypertext domains co-exist and structure servers — providing new abstractions
and services — for new domains can be developed. Special attention has been
given in the provision of suitable tools, which are part of the methodology,
to facilitate structure servers’ development. One such tool are the structure
templates that aim at maintaining the specifications of the structure model of a
particular hypertext domain. Structure servers operate guided by these structure
templates to provide domain specific abstractions and constraints. In particular,
they operate on structural objects transforming them to useful abstractions and
allowing clients to use them according to the domain specific restrictions.

Trying to model the Balkan wordnet using Callimachus, its structure must
be explicitly defined. Based on the common points that hypertext and wordnets
share, we realized that the latter ones borrow many characteristics from different
hypertext domains, thus raising issues that have been met in cross domain inter-
operability topics [IJ17]. Taking this observation into account, strong evidence
exists in building the BalkaNet structure server on top of already existing struc-
ture servers (e.g. navigational, taxonomic) requesting the appropriate services
(see Fig. ).

A specification of an adequate set of behaviors would result in better ex-
ploitation of the wordnet structure. In this way, applications built on top of
Callimachus, such as conceptual indexing, can perform structural computations
increasing the possibility for better results in information retrieval. For exam-
ple, speaking of query expansiont in search engines, given a query by the user,
the structure server could traverse the synonymy relation for each appearing
query term and replace it with its synonym. Similarly, in case the user wishes
to broaden the search conceptually, the hyperonymy relation could be traversed
adding the hyperonyms to the query, whereas for narrowing the query, the hy-
ponymy relation should be traversed. Supporting this task within the CB-OHS
framework provides the ground for delivering the computational tools to exploit
wordnet structures.

2 Query expansion is a method for performing sense-based retrieval by linking words
based on their semantics [9].
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Fig. 2. The BalkaNet structure server and its incorporation in Callimachus system

4 Discussion

As it has been already mentioned, hypertext is not mainly used for the organi-
zation of information but can be considered as a significant means of structuring
information. Viewing wordnets under the notion of hypertext, the power of the
latter is enforced even more, making us infer that any kind of information can be
structured under its fundamental characteristics. Taking advantage of the struc-
tural characteristics of hypertext, while developing wordnets, can prove quite
beneficial for both the lexicographic and linguistic communities.

OHSs in their move from domain-specific frameworks to cross-domain CB-
OHSs, provide the framework for supporting combinations among different do-
mains. Based on the similarities that wordnets and already existing hypertext
domains share, we came to the conclusion that even if wordnet is a new ap-
plication domain cannot be seen as a new domain. In particular, the wordnet
structure server relies on the basic structural abstractions of the navigational and
the taxonomic domain, however, it supports a new set of behaviors providing
the wordnet functionality.

The motivation of this work was the BalkaNet project whose application
focuses on information retrieval issues. However, we strongly believe that by
adopting structures implied by the hypertext community in other applications
too, such as lexicography, the potential and performance of the latter can be
greatly improved. When it comes to the storage of lexicographic data the need for
efficient structures becomes apparent due to the large amount of information that
has to be handled and especially due to the dynamic nature of the underlying
information.
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Abstract. The dynamic nature of knowledge and software evolution
and usage present a pervasive challenge to system developers. Discrete
attempts to create such systems often lead to a mismatch between sys-
tem, expectation and a changing reality. The rationale for a Dynamic
Feedback Model stems from the need to focus on a continuous and long-
term perspective of development and growth in change-intensive environ-
ments. This paper makes the case for a reflective learning and knowledge-
driven view of software development and presents such a model in a
way that accounts for the long-term survival, growth and evolution of
software-intensive systems.

1 Introduction

The starting point for exploring software engineering often revolves around the
process view of software development and the implications and limitations that
come with it. Software development is life cycle driven: the traditional linear life
cycle, where progress is represented by a discrete series of transformations (state
changes) has had a defining influence over the discipline. In fact, many software
development processes are either predicated directly on various forms of a ra-
tional model concept or are designed to overcome perceived problems with this
process through increments, timeboxes, user participation and experimentation
(i.e. without “stepping away” from the problem).

Many of the life cycle variations appear to share a concern with software
development as a one-off activity. The process is thus viewed as discrete projects
or incremental sets of micro-projects that lead to a final integrated artefact.
Indeed, the life cycle notion represents a path from origin to completion of a
venture where divisions into phases and increments enable engineers to monitor,
control and direct the activities in a disciplined, orderly and methodical way.
The control perspective however retains a short-term perspective. The result is
a limited emphasis on growth and improvement, and on the purchase of tools
and investment in resource libraries. In practice, little attention is given: to
global long-term considerations, to activities such as project management and
configuration management that are continuous and on going, to the justification
of the acquisition of tools and improvement strategies, to the need to maintain
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the value of the product and, more crucially, to the accumulation of knowledge,
reflection, experience or wisdom.

2 Developing a Continuous Perspective

A life cycle identifies activities and events required to provide an idealised so-
lution in the most cost-effective manner. No doubt many enacted life cycles are
attempting an optimisation of determining a solution in “one pass”, typically
stretching from conception through to implementation, but others explicitly ac-
cept the unlikelihood of such a solution and are therefore iterative optimised
over a single pass. The singular perspective can be represented as a black-box
that takes in a given problem and resources as input and completes a transfor-
mation resulting in a delivered system that addresses the problem (see Fig. [I).
The fundamental implications are: that the input consists of essentially perfect
knowledge pertaining to the goal and starting state; that the transformation
is the straightforward act of management and control within the established
constraints; and, that the quality and correctness of the derived product is the
direct output of that process. In this singular mode, knowledge is assumed to be
fully available in a complete, well-understood, absolute and specifiable format.
In order for the initial (static) abstractions to maintain their validity throughout
the development effort, to ensure consistency and relevance, such projects need
to be short enough (and possibly simple enough) so as not to trigger the need
to update or discard the initial abstractions and thereby invalidate the starting
baseline.

User-perceived Software
problem gap Software System
>  Development
Resources Process Entropy

Fig. 1. The Singular Software Development Process

However, most real projects are not about well-understood problems that can
be analysed and optimised, but are to do with knowledge that is elusive, tacit,
incomplete, ephemeral and ambiguous. Working in ill-structured environments
calls for continuous and adaptive design rather than complete and optimal anal-
ysis. The act of design is assumed to be a creative, experimental, argumentative
and negotiation-based, discovery effort. Rather than being complete before in-
ception, such situations require on-going elicitation of knowledge (requirements)
and also require adaptability so as to respond to change. The primary output of
requirements therefore is understanding, discovery, design, and learning, so that
the effort is concept-driven [TTUISJTY].
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Modern problem situations are characterised by high levels of uncertainty,
ambiguity and ignorance requiring dynamic resolution approaches. Rather than
expend a large proportion of work on the initial analysis of needs and ex-
pectations, such situations require openness to different domains and percep-
tions (rather than a search for optimality) and a recognition of the effect of
time. As modern development focus moves from conventional commodities to
a knowledge-based economy, intellectual capital becomes a primary resource.
The main output of software development can be viewed as the accumulation of
knowledge and skills embedded in the new emergent social understanding (see
Fig. B). Rather than act as input (cf. Fig. [[), knowledge emerges continuously
from the process of development and learning. Continuous discovery and experi-
mentation persist through the development, utilisation and maintenance phases.
In addition to this primary output, the process may also create an artefact,
which will represent a simplified, negotiated and constrained model of that un-
derstanding. Change combines with inputs of varying perspectives, and personal
biases, attitudes, values and perceptions to offer the raw materials requiring con-
stant compromise. The resolution process will thus result in a continuous output
of understanding and insight that can replenish organisational skill and asset
values. In change-rich environments, this output plays a far more crucial role to
the future of the organism than the partial artefact whose construction fuelled
the enquiry process. In the long run, the intellectual asset defines the range of
skills, resilience, competencies and options that will become available.

Participant Understanding
Perspectives Development & Insight
; > & Learning
Biases Process Artefact

Fig. 2. The Development and Learning Process

The process of Problem Solving leads to improved understanding of a sit-
uation through discovery, experimentation and interaction with the problem
domain. As the act of software design is increasingly concerned with the gener-
ation of understanding and knowledge, the main transformation needs to reflect
the need for on-going exploration. A focus shift from delivering to discovering al-
lows continuous exploration rather than temporal targets. Changing perceptions,
needs, new learning and continuous experimentation will thus involve designers
beyond discrete products and fixed specifications. Continuously evolving cus-
tomer perspective and satisfaction provide the on-going success measures for
determining achievement and utility. In a changing environment, quality is a
moving target. Change and the lack of a permanent and static specification per-
mit the view of customer satisfaction as an evolving level that is allowed to grow
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and to improve alongside other assets. This stems from the recognition that
satisfaction is neither a fixed nor a negotiated construct. The customer focus
therefore extends beyond the product development view to incorporate usage
and adaptation (of the product to the user rather than the other way round).
Maintaining the evolving focus, value, relevance and satisfaction levels, requires
a dynamic mechanism for conducting trade-offs as part of the sensemaking pro-
cess. The process driver of knowledge-intensive development is the need to adjust
to new discoveries and make trade-offs as part of the attempt to make sense.

3 Towards Continuous Software Engineering

Figure B] emphasises some of the differences between the assumptions and the
operating modes of different domains. Software engineering, as traditionally per-
ceived, appears to relate to the resolution of Domain I problems. The domain of
application for this type of approach is characterised by well-defined, predictable,
repeatable and stable situations, reasonably devoid of change that can be spec-
ified in full due to a low level of inherent uncertainty. Progression is carried out
sequentially from the fixed initial definition of the start-state to the envisaged
final outcome. The main emphasis revolves around the transformation and fixed
initial parameters to ensure that the end product is directly derivable from the
initial state. Traditional approaches to quality assurance likewise depend on the
belief that a sequence of structured transformations would lead to a high qual-
ity result. Repeatable and well-understood problems will thus benefit from this
approach, assuming little scope for risks and surprises.

The middle ground (Domain II) is occupied by situations characterised by
higher levels of uncertainty that cannot be fully specified. Despite a reasonable
knowledge of the domain, there is still a degree of uncertainty as to the so-
lution mode, making them more amenable to incremental resolution. Quality
is also created and maintained incrementally but requires on-going effort (and
organisation).

Far from being a structured, algorithmic approach, as is often advocated,
software engineering in Domain III, is a continuous act of social discovery, exper-
imentation and negotiation performed in a dynamic, change-ridden and evolving
environment. Domain III systems are closely entwined with their environment
as they tend to co-evolve with other systems, and the environment itself. Such
systems affect the humans that operate within them (see for example, [21]) and
the overall environment within which they survive, thereby, affecting themselves.
This continuity acknowledges the evolving nature of reality (in terms of mean-
ings and perceptions) and the fact that absolute and final closure in Domain III
is not attainable. However, discovery and the concern with knowledge, enable a
new focus on the long-term implications of development in terms of assets, im-
provement and growth. This view underpins the new emphasis on the growth of
organisational resources, including knowledge, experience, skills and competen-
cies, and on the improvement that it promises. (The shift therefore is not only
from product to process, but also from discrete to continuous-and-adaptive.)
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Fig. 3. Selecting a Life Cycle Approach

Generally, the temporal and discrete focus of software engineering for Domain
I does not justify a long-term view. Rather than create assets for the long-run,
software engineering is concerned with optimising new undertakings that are
viewed as single and discrete projects and ignoring the long-term perspective.
As a result, investment in quality and improvement is difficult to justify on
a single project basis. Furthermore, no specific mechanisms are introduced to
capture and record knowledge. Software engineering for Domain III should be
concerned with the longer-term, where justification of resources extends beyond
single projects. Investment in tools, improvement and new skills are therefore
viewed against corporate targets of improvement and future performance levels
which span multiple projects. Significant assets can thus be created in the form of
knowledge, skills and competencies thereby serving the business and providing
a competitive edge. Indeed, fostering a strategic view enables one to view all
projects as strategic (as part of an asset portfolio). Maintenance becomes a part
of normal protection, improvement and growth of assets, which also incorporates
initial development.

A long-term perspective views design as on-going balance between concerns,
constraints, challenges and opportunities. Problem solving in Domain III, in-
volves continuous trade-offs in search of constraint satisfaction and opportunity
maximisation. A unique feature of this perspective is the focus on the problem
in terms of bi-directional adjustment of the starting position and expectations
(rather than a uni-directional optimised process towards a static target). The
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main implication is that users need to be involved throughout as their needs are
likely to evolve as a result of the interaction between plan, action and reality.
Customer interaction becomes on-going throughout the evolution of the system
and the growth of the resource. Indeed, participation itself can be viewed as a
growing asset which offers competitive advantages.

As highlighted above, the type of thinking required for Domain III situations
relies on embracing a continuity dimension which enables long-term strategic
thinking. The general conceptual shift therefore is from discrete software devel-
opment (in Domain I) to problem solving in the continuous sense (in Domain
III). A long-term perspective can account for knowledge through the required
infrastructure supported by the adoption of the growing-asset perspective, thus
underpinning normal development and evolution of values, assets, and satisfac-
tion levels (assets in themselves). This allows for the fostering and improvement
of expertise, skills and competencies offering a competitive edge through value-
driven and experience-based improvement.

The proposed interpretation of growth and improvement is thus concerned
with:

Intellectual Assets: Focused primarily on generating a strategic view of de-
velopment that accounts for long term investment in, and growth of, intellectual
assets.

Continuous Learning: Grounded in a systematic and multi-disciplinary per-
spective that is responsive to the results of continuous learning to enable such
improvement.

Satisfaction and Utility Trade-offs: Concerned with the trade-offs and their
implication on the resulting outputs and the emerging satisfaction and utility.

Monitoring Feedback: Based on constant monitoring and feedback which play
a part in driving the process and directing the shifting of perceptions and values.

4 Models to Depict Development

Models are used as tools to aid in simplifying and reducing the complexity of real-
ity by abstracting and focusing on certain essential portions of it. They are thus
utilised in explanation, demonstration, description or prediction. One impor-
tant distinction in modelling is that between static and dynamic models. Static
models typically focus on the representation of states, while dynamic models
concentrate on the representation of processes. Dynamic models have the power
to depict processes as a continuous description of relationships, interactions and
feedback. Feedback systems are critical to understanding relationships, interac-
tions and impacts. They link causes and effects in dense and often circular causal
patterns [7J24]. Feedbacks contribute to the ability to learn and improve and are
therefore essential to understanding the growth of knowledge within structures
and relationships. Information feedback plays a key part in connecting the dif-
ferent entities and in contributing to the growth and accumulation of knowledge
resources. Utilising a model that uses feedback and is dynamic thus leads to a
number of advantages:
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Cross Discipline Perspective. First, an essential difficulty is in integrating knowl-
edge from across disciplines in a way that supports growth and improvement. The
traditional depiction of the process focuses on technical actions largely ignoring
management processes and supporting activities. Indeed, while it is recognised
that there are many interactions and interdependencies [12l[13], little attention
has been paid to how the different functions and domains are integrated [4]5].
Rather than being mutually exclusive, the different sets of activities support and
impact across disciplines. An integrated model of the process would guide man-
agers and developers towards a systems thinking approach to process modelling
and away from the current focus on addressing a single aspect, or perspective
of the process [7]. This type of shift would be difficult to adjust to, but the
benefit of seeing a more complete picture and addressing the long-term concerns
in a more informed way appears worth the additional investment in time and
effort. An integrated view of processes serves to reaffirm the importance of major
stakeholders involved in the enterprise of designing software, however indirectly
associated with the act of software production. Indeed, such a model would be ex-
plicitly directed at the identified need for communication between disciplines [25]
by attempting to create explicit links between the diverse domains.

Ezxploring Complexity. Second, the creation of extended systems takes in addi-
tional perspectives inherent in the composite of people, skills, and organisational
infrastructure [20]. This enables the use of feedback to highlight and explore the
complex interactions and loops that are formed within the software environ-
ment [1]24].

Viewing the Long-Term Horizon. Third, such a model enables reasoning about
the long-term perspective. This facilitates the consideration of the long-term
corporate objectives of enhancing quality, reducing maintenance, improving pro-
ductivity, enhancing organisational assets and supporting growth which extend
beyond the remit of single or discrete efforts. By looking beyond the delivered
outputs it thus becomes possible to support the meeting of current and future
objectives including the acquisition and maintenance of tools, skills, knowledge,
co-operation, communication, double-loop feedback procedures and the compe-
tencies enabled by these combinations.

Wiser Trade-offs. Fourth, since, decisions are typically based on a single dimen-
sion or a single perspective view of the process prescribed by product-oriented or
management activity models focusing on certain activities, a multi-perspective
dynamic model can encourage intelligent trade-offs encompassing change and
various concerns from the constituent disciplines. Furthermore, decision making
and risk management assist in balancing long-term objectives and improvement
with short-term pressures and deadlines. The model thus becomes essential to
organisational decision making.

Dealing with Knowledge. Fifth, the model provides the mechanism for reasoning
about knowledge and a framework for the long-term growth of knowledge and
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assets. This enables reasoning about different perceptions and perspectives as
well as encouraging a long-term approach to growth, improvement and support
of organisational ability, knowledge, skills and competencies. The corporate per-
spective thus enabled, supports the growth and justification of resources that
underpin an improving and evolving organisational asset.

FEvolution and Continuous Learning. In addition, a dynamic model acknowledges
the evolution of the system over time, thereby recognising the role of change
and the need for continuous learning and adjustment (particularly prevalent in
Domain IIT development). This goes to the core of the act of design, which
involves learning and interaction with the various elements of the system in a
constant effort to improve the fit in a rapidly changing (and often ill-structured)
environment. It thus underpins the notions of a long-term perspective, evolution
and growth.

5 The Dynamic Feedback Model

This section offers an example of a Dynamic Feedback Model (DFM) depicting
the on-going inter-discplinary links and trade-offs embedded in development.
Domain IIT software development projects embrace a complex set of interact-
ing organisational entities that can normally be divided into three or four ba-
sic groups (encompassing functional domains). The relationships between the
different groups can be understood by studying the feedback cycles operating
between them. Modelling the relationships in a non-linear fashion allows a con-
tinuous view of the development effort to emerge, which in turn facilitates a
long-term view of the management and dynamics involved in such an effort.
The discussion that follows focuses on four different functional domains that are
intertwined throughout the act of designing systems. Each perspective offers a
valid representation of the attempt to develop a system. While they are often de-
picted as mutually exclusive, they tend to interact and influence other domains
as they essentially refer to the same development undertaking [[7]. This recognises
the fact that design requires a more dynamic perspective that is responsive to
changes, adaptations and complications, as the more traditional perspective is ill-
equipped to handle dynamic complexity. Design thus entails trade-offs between
perspectives and disciplines including management and quality of the required
artefact.

The technical domain extends beyond the traditional notion of development
to encompass the design and evolution of artefacts, which continues through-
out their useful life span. Maintenance, from an asset perspective, is therefore
part of this continuous cycle of improved value and utility. By extending the
horizon of interest beyond the production stage, one becomes concerned with
the useful life and persistence of artefacts, and in the continuous match between
functionality, needs and environment. Knowledge is subject to growth and decay
and enhances its value thorough sharing [I7/26]. It features heavily within most
disciplines and holds the key to success and prosperity through growth and the
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reduction of entropy that have the potential to maintain it as the key resource
in both ecologies and economies of scale and value. The continuous production
of knowledge (viewed as development or design) thus facilitates the prospects of
a long-term horizon [2/9]21]. The corresponding shift in perspective for software
is from a product-centred focus to an asset-based perspective emphasising con-
tinuous usage, enhanced client emphasis and recognition of changing needs and
perceptions.

The management domain is charged with the planning, control and man-
agement of the action that constitutes overall effort. It is therefore concerned
with identifying mismatches, planning for action and assessing the degree of
progress achieved, as well as with allocating resources to facilitate such progress.
Trade-offs between levels of resources, attention and constraints will shape the
resulting technical activity as the two are tightly bound. In the singular mode,
management was perceived as a discrete and optimising activity guiding the
transformation between the fixed input and the single output. Once the position
of knowledge as an on-going commodity attained through on-going probing and
discovery is acknowledged, and technical development is perceived as a long-term
activity, management also takes on continuous dimensions [3]24]. Guiding explo-
ration, adaptation and negotiation in search of a good fit, suggests a reduced role
for absolute planning and a higher degree of responsiveness [§]. Discrete func-
tional structure can therefore be dismantled in favour of knowledge or expertise
driven enterprise (see for example, [27]). Furthermore, delivery is not limited to
a single incident that only occurs once. The focus on delivering a product is thus
replaced with the continuous need for generating and maintaining an on-going
flow of knowledge requisite for the asset-based view of continuous development.

The quality domain is no longer optimised around the delivery of a product.
The quality perspective in the singular “one-pass” perspective was assumed to
be a derived attribute of the product emerging from the process. This notion also
entailed correctness and implied acceptance by users. In ill-understood domains,
quality is more difficult to capture and “fix”. As discovery, learning and experi-
mentation continue, and as adaptation rather than optimisation leads to a good
fit, quality becomes an on-going concern. Experimentation and evolution lead
to changes in expected functionality; and participation in experiments changes
perceptions and expectations. Quality is thus perceived as a dynamic dimension,
which continuously responds to perceived mismatches and opportunities reflected
in the environment. It thus becomes more of a dynamic equilibrium [23], which
requires constant adjustments and trade-offs. As development extends beyond
the delivery stage, quality must also encompass the useful life beyond the release
of an artefact. Satisfaction must cater to expectations and functional correct-
ness leading to notions such as Total Customer Satisfaction [10] as the primary
measurement of acceptability. In common with other domains, this perspective
continues to evolve and grow, but can benefit from being viewed as an organi-
sational resource or strength that needs to be maintained and enhanced.

The move from a target-based system towards an evolving fit entails a greater
degree of uncertainty coupled with essential decision making and sensemaking.
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Change, discovery and evolution also suggest a more open-ended environment
seeking to balance and trade-off opportunities and risks. Risk management of-
fers a domain for conducting argumentation, negotiation and trade-offs, while
keeping the growth of the capital asset as a major objective. This enables skills
and knowledge to benefit from the continuous search for fit, adaptation and
evolution. User perceptions change partly due to discovery, but a discipline con-
cerned with trade-offs can introduce a practical balance on the overall process,
and in effect, focus not on the single transform box at the centre but act on
all domains in a continuous fashion which was not possible in the more singular
mode of problem solving. Not only does risk oversee all other domains includ-
ing knowledge, it also directs the evolution by continuously balancing potential
with constraints while enabling re-adjustment as a result of the accumulation
of new knowledge. Risk management is therefore approached from a continu-
ous perspective which attempts to allow for the distinction between reality and
possibility by acknowledging the role of opportunity. Risk management thus of-
fers “the glue” that unites the disciplines and concerns, thereby providing the
capability for intelligent and “enlightened” trade-offs.

The discussion so far has established four general domains of interest (man-
agement, technical, quality and risk management). Generally, models fail to
acknowledge the relationship between different domains such as management,
engineering and product assurance primarily because they seem to emerge from
one of the disciplines. The interactions between the different functions add to
the overall complexity of the development effort and lead to emergent, yet un-
predictable, behaviour dynamics [14]. This directly contributes to the need to
focus on the ecology and interrelationships between the different components
that make up the software environment. Figure ] links the four domains of in-
terest in a dynamic feedback loop.
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6 Feedback Loops

The dynamic model is in essence, a set of interactions and feedback loops govern-
ing and controlling the production of software from a continuous and dynamic
perspective. It is also possible to analyse the model in terms of causal-loop di-
agrams. Space considerations prevent a detailed description of the loops which
will only be briefly highlighted.

The basic loop in the dynamic system is the planning-control-visibility loop
which enables the project manager to plan and control the production, evolution
and growth of software by technical developers through the use of trade-offs and
risk management (decision making). The loop enables the continuous generation
of new information as well as feedback knowledge. The use of this knowledge is
crucial in changing plans to adapt to reality and opportunities, modifying the
decisions and re-examining the assumptions and the risk assessment completed
previously. It also offers the framework for meeting scope, cost and interval tar-
gets. The recognition and establishment of visibility completes the basic feedback
loop by providing a continuous process to ensure the system remains relevant
with regard to its objectives.

Some form of product (or service) assurance is required in order to store,
assess, and evaluate completed baselines at milestones and analyse the effective-
ness of the processes producing them. In addition, the planning and controlling
activities operate in concert with the risk management function. This is provided
by the configuration control loop, linking control, baselines and monitoring that
enables the (closed-loop) link between monitoring and controlling. Monitoring
provides feedback on the strategies implemented, thus enabling more effective
control. Monitoring relies on quality assurance techniques and feedback mecha-
nisms to evaluate progress and quality. Monitoring is the missing link between
risk management and quality as it makes the feedback system a closed-loop sys-
tem. In this way, monitoring enables learning from past mistakes, improvement,
the gradual accumulation of knowledge and the growth of competencies.

Reporting and evaluation are not represented in typical life cycle models or in
decision making processes. Their role is to provide the feedback (and long-term
knowledge) that allows plans and decisions to be revised. Such revisions pertain
to integrated technical plans as well as to objectives and strategic targets, in
which case they can play a part in adjusting management plans. This is depicted
by the reporting-planning loop.

7 Evaluation

The DFM depicts relationships between the different organisational entities and
can be used as a framework for understanding the dynamic nature of the inter-
actions between entities in Domain III development. This model breaks away
from linear thinking and the temporal project perspective to offer a continu-
ous perspective for understanding and implementing the relationships and their
long-term effects. This is done through the depiction of on-going feedbacks and



Software Development for Dynamic Systems 69

interactions. The model therefore offers an alternative method of reasoning about
development. A single project perspective ignores the dynamics (see for exam-
ple, [14]) that are established between the functions as it assumes that the es-
poused linear perspective and the organisational forms that accompany it can
adequately capture the nature of the “ideal” environment. Such “short-termism”
obstructs the nature and critical importance of any interactions other than the
prescribed linear ones. A long-term perspective enables developers to view the
process and the organised structure as a framework for capturing knowledge and
regarding it as an asset. This can lead to gradual continuous improvement.

The DFM highlights the fact that some consideration must be given to non-
technical aspects of the development effort. Indeed, the purpose of the central
subsystem is to integrate different perspectives and considerations and make
sense of the emergent knowledge, thereby enabling intelligent decision making
and balanced trade-offs. The establishment of four major domains suggests that
effort must go into recognising and organising all four systems. Many organisa-
tions are characterised by defective management strategies, ineffective quality
assurance and an immature process (at the initial level as defined by the SEI).
Intelligent deployment depends on improvement to these areas, which will thrive
in the context of holistic (if somewhat contention-inducing) decision making. In
fact, creative contention exercised on a continuous basis, may result in richer un-
derstanding, wider choice options and greater utilisation of possibilities leading
to increased prosperity.

The driving process is essentially, a simple feedback web that offers great
diversity through complex interactions. The recognition of the process as a dy-
namic and on-going activity seems to lead to improved management perception
which in turn, may result in more adequate planning and resource allocation.
Better understanding of the process and the available knowledge deals with the
essence of the problem, offering the long-term potential for reduction of asso-
ciated problems such as maintenance (which can be viewed as an integral part
of on-going value enhancing of corporate assets). The inherent simplicity of the
model (which is an inherent characteristic of complex dynamics — see for exam-
ple, [I5l22]) makes it an attractive and workable formalism for process improve-
ment. Moreover, the long-term perspective shifts attention from supporting the
product to supporting the process, thereby enabling a longer-term improvement
through investment in tools (and at a higher level in infra-structure, and in tools
for meta-development).

8 The General Model

Software development, like any other form of design or engineering is described as
a decision making process (see for example, [9]). The objective of such a process
is to make a rational choice from among a set of alternatives in an attempt
to maximise the expected value of the consequences on the basis of available
knowledge, preferences, desires, expectations and opportunities [8].
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We can relabel the DFM diagram to highlight the generic essence and the
role of the model in addressing issues of decision making and focusing on the dy-
namic discovery and generation of knowledge. The framework for organisational
decision making requires a decision making engine at the root, with systematic
procedures enforcing the effective operation of the engine. The engine interacts
with other functional organs via a well-established set of control mechanisms,
carefully balanced by the engine itself. Knowledge generated through the techni-
cal domain is used by the engine during the decision making process. Knowledge
acquired from implementing earlier decisions can then be fed-back into the pro-
cess either as background knowledge available to support future decisions, or as
a formalised part of an integral body of knowledge which can be used to opti-
mise the decision making process. Such a framework needs to be dynamic and
feedback-oriented in order to maximise and improve its ability to make optimal
decisions. A representation of such a process is depicted in Fig.
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Fig. 5. The Generic Dynamic Knowledge Feedback Model

The decision making subsystem is the engine running the entire system. Pro-
cedures operating inside this sub-system result in the establishment of good
decisions (with respect to available knowledge). Arriving at rational decisions
may be vital to survival but the ultimate goal must be the implementation of
these decisions and the monitoring of their execution on a continuous basis.
A complex mechanism is used by the engine to control this process and guide
its interactions with the other major sub-systems. Effective decision making re-
quires educated utilisation of existing information. This information is provided
by the planning activity which is the organisational framework for activities and
decision making. The information is fed into the decision making engine to ulti-
mately deliver decisions. Decisions affect the entire system in general, but relate
to the knowledge generating activity in particular. The technical activity that
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produced the information is supported by all other mechanisms but essentially
it is the design function that represents the purpose of the entire production
effort. Similarly, at a more fundamental level, this activity is concerned with
generating knowledge (taking the economic perspective of knowledge as both a
growing organisational asset and the essence of production).

The combination of planning, controlling and monitoring, bridges the gap
between the current state and the desired state and enables the act of design
(i.e. it represents the management of change which underpins long-term evolu-
tion). The executing activity directs and controls the operation of knowledge
generation by implementing the decisions that trigger on (and offer limits and
constraints on) knowledge production. Continuous assessments of decisions (in-
cluding assumptions and rationale) and their consequences provides the on-going
monitoring baseline. The purpose of monitoring is to establish the effectiveness
of the decision, to suggest corrective measures, and to utilise this information to
improve the dynamic decision making process itself, and the overall knowledge
resource.

Controlling the execution of decisions, which generate new knowledge, results
in released artefacts as well as the generation of new knowledge. The process of
generating artefacts and achieving targets is visible to the management subsys-
tem in its capacity for information collection. The quality assessment function
continuously measures and assesses the products against pre-defined standards
and transmits the results to management to generate an additional knowledge-
flow source. Some of the information is also used to initiate the monitoring and
improvement activity with respect to the decision making process and forthcom-
ing continuing execution tasks. Reports and visible information are collated by
the information collection sub-system and used to initiate systematic re-planning
of tasks. Essentially, the general model is therefore concerned with the continuous
generation and utilisation of knowledge as part of the discovery and adaptation
that typify evolving designs.

Decision making is an attempt to balance knowledge, uncertainty, ambiguity
and ignorance with a view to maximising the expected returns on an on-going
basis. The creation of artefacts is led by decisions and is responsible for gener-
ating more information and insights (as a result of failures) into the process. In
fact, sensemaking and decision making offer the ability to deal with ambiguity,
risk and ignorance to enable the design. For an ideal operation, this informa-
tion needs to be assessed, collated and reused to result in more efficient decision
making processes and enhanced skills.

The generic model is predicated on this objective and shows that the creation
of artefacts relies on the continuous generation and handling of knowledge. The
four major entities deal with some form of acquired knowledge which ranges
from products (an abstract form of knowledge) to specific reports, and from
skills to organisational competencies and resources. The activities which con-
nect decision making to other major subsystems are also intrinsically knowledge
intensive. They depict the relationships and interactions between the different
functions and decision making, as well as revealing their continuity and system-
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wide relevance in terms of feedbacks and the knowledge they convey. Indeed,
Niwa [16] pointed out that risk management acts as a knowledge transfer sys-
tem which is concerned with collecting experience, providing adaptability and
ensuring improved ability.

The central sub-system offers the rationale for the existence of the entire
system and therefore co-ordinates and holds together the other elements. Most
decision making mechanisms include some implicit consideration of risk but soft-
ware development efforts with their inherent problems (and troublesome history
and track record) must incorporate explicit risk assessment, mitigation and con-
tainment functions. In fact, most of the traditional process models rely on a
simplified, and overly simplistic form of cost/benefit analysis which neglects all
consideration of risks.

The execution of agreed strategies results in the generation of knowledge
which can be viewed, assessed and altered to improve future performance. The
quality assessment entity generates additional information about past decisions,
products and current processes, while the information collection function at-
tempts to centralise all available knowledge and rearrange it in a form which
will be useful for decision making. Overall therefore, efficient knowledge work
leads to more achievements and to better chances of utilising opportunities.

9 Summary and Discussion

This paper focused on the on-going aspects of Domain III software development
by introducing the DFM that encompasses the main functions concerned with
design. Dynamic models rely on feedback which enables focus on the continuous
nature of processes and their long-term survival, growth and evolution. The
model highlights the need for continuous discovery of knowledge which essentially
drives the feedback interactions leading to growth. The focus on knowledge as
a key asset can be transported to software development to support the view of
continuous growth and improvement as an essential corporate asset.

The DFM encourages thinking about software development in terms of the
constituent parts and their interactions. The model addresses another funda-
mental deficiency in contemporary processes by offering a decision making per-
spective. This view of the process in terms of problem solving offers visibility
into the mechanisms required to deal with the inherent uncertainties embed-
ded in the environment. Most contemporary models miss this aspect of decision
making [5] and subsequently cannot adequately address the hidden aspects of
uncertainty, ambiguity, risk and conflicting objectives. The DFM uses risk man-
agement and the control framework driving it to direct the entire process. By
taking a long-term perspective, it becomes possible to reason beyond the time
horizon or resources of a single project to obtain an enlightened insight and struc-
ture that can improve performance and become a valued and growing corporate
resource in the long-term.

The DFM is receptive to changes in the environment (characteristic of Do-
main IIT) and tackles them by feeding acquired knowledge back into the decision
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making subsystem. Thus, if, for example, a prototyping strategy is employed
to reduce the inherent risk by buying information, the information can be used
to improve the overall process and the knowledge resource. This approach to
risk-containment and adjustment to new knowledge, can be adapted to any situ-
ation. The interest in risk enables integration with any risk-driven approach and
supports management in appreciating the organisational relationships, dynamic
interactions and dependencies which affect and direct such risk assessments.

Activities such as configuration management are phase-independent and can-
not be fitted into an individual stage in more traditional life cycles. Many such
activities are not integrated into conventional models, as they represent a longer-
term perspective and outlive the traditional process and are consequently con-
sidered to reside outside the remit of development. The DFM on the other hand,
justifies the long-term investment in supporting facilities.

The model provides a unique possibility for accounting for and reasoning
about long-term decisions such as creating a reusable software library, investing
in tools or information, or accepting new and innovative processes. Moreover,
the DFM seems to account for evolution, growth, change and maintenance (i.e.
there is no need to re-organise the structure, change the functions, or create a
new model). The software process can thus be perceived as a continuous growth
of software assets over time. A corresponding improvement in shared skills and
competencies across projects is also supported.

As multiple views of the process are integrated, a more complete picture of
the effort can be constructed. However, as the business of software development
becomes more integrated in management practices and ever-growing organisa-
tional contexts, and as software becomes more integrated in other areas, the
importance of continuous learning, knowledge, and skill acquisition as under-
pinned by this model will remain central to improved control, visibility and
management. Therein lies the value of models such as the DFM: the availability
of the model coupled with risk management and control principles, and adaptive
frameworks for growth and knowledge could serve as a stepping-stone on the way
to establishing an overall holistic and strategic project management framework,
thereby supporting development as a continuous activity subject to long-term
improvement.

Moreover, as software development becomes embedded in larger and more
comprehensive processes, it becomes a more global concern that extends beyond
the remit of software engineering and impacts the organisation at a number of
levels. A Domain I short-term perspective appears incapable of supporting and
addressing these aspects. A Domain III long-term perspective can account for
knowledge through the required infra-structure supported by the adoption of the
growing asset perspective, thus underpinning normal development and evolution
of values, assets, and satisfaction levels (assets in themselves). This allows for
the fostering and improvement of expertise, skills and competencies offering a
competitive edge through value-driven and experience-based improvement.

Rather than bring into focus the accepted facets of software engineering pro-
cess, this paper reflects a different direction — one that considers a longer-term
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focus, while bringing interactions, feedbacks and accumulation of competencies
into play. An important aspect is its focus on continuity and growth from a long-
term perspective, beyond the normal remit of development, where the accumu-
lation of intellectual assets represents continuous improvement in organisational
capability and potential.

This notion appears to represent a distinct departure from the traditional
Domain I focus on discrete and limited efforts viewed in isolation. It also re-
emphasises human issues and attention to social and political constraints, issues
and processes. Furthermore, a long-term view justifies the adoption of multiple
perspectives, the reuse of knowledge and the utilisation of a dynamic perspective
which underpin feedback and improvement. Taken together, this points to a
move from a structured engineering to a growing design perspective; a move
from discrete and project-based Domain I software engineering to a strategic,
continuous and evolving Domain III discipline of software design.

This interpretation is not proposed as a final answer, but as an interme-
diary step — an opening of a new perspective on long-term development and
improvement.
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Abstract. Containment models are a specialized form of entity-relation-
ship model in which the only allowed form of relationship is a ‘contains’
relationship. This paper builds on the authors’ previous work on con-
tainment modeling by clarifying the graphical notation and increasing
the expressiveness of the model in a way that expands the technique to
systems outside the hypertext domain. Examples from the hypertext,
hypertext versioning, and configuration management domains illustrate
the cross-domain applicability of this technique.

1 Introduction

The past 35 years have witnessed the emergence of a broad class of systems
to manage digital content. Under the banners of Hypertext, Software Config-
uration Management (SCM), Document Management, VLSI Computer Aided
Design (CAD), and Media Asset Management, theses systems have been devel-
oped to address the distinctive requirements of each community. Despite the
many differences among the systems in these domains, a current of commonality
runs through them all: each of these systems provide a repository that contains
all content, and within this repository content can have associated metadata,
and can be aggregated together into collections. These systems commonly offer
change control functionality: facilities for versioning content, collections, and sets
of these. The systems provide multi-person write access and hence have capabili-
ties for group work, ranging from per-object concurrency control to multi-object
collaborative workspaces.

To date, it has been difficult to explore the commonality among these dis-
parate systems since there is no easy way to compare their data models. In
our previous work, we introduced a novel modeling technique that focuses on
expressing the containment relationships between entities in hypertext systems
[TOJTT]. This containment modeling technique has been used to describe the data
models of a broad range of hypertext systems, including monolithic (open) hy-
perbase, linkbase, and hypertext versioning [14], as well as the Dexter reference
model [6] and the Web with WebDAV extensions [12]. When applied to hypertext
systems, containment modeling provides several benefits, including the ability
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to concisely represent complex data models, and easily cross-compare the data
models of multiple systems. It provided a data modeling language that could be
used to describe and reason about sets of hypertext systems, rather than single
systems.

In this paper, we expand the descriptive scope of containment data modeling
to encompass both Software Configuration Management systems, and Aquanet,
the first spatial hypertext system. Aquanet represents a class of hypertext sys-
tems not previously modeled. In the process of modeling these systems, we make
multiple refinements to containment data modeling to adequately capture the nu-
ances of each system. Together, these refinements form the primary contribution
of this work: extending the scope of containment modeling to handle systems
outside the hypertext domain. In so doing, we demonstrate that containment
data modeling is cross-domain, capable of modeling content management sys-
tems in general, not just hypertext systems. Furthermore, by modeling multiple
SCM, hypertext, and hypertext versioning systems in one place, in a consistent
notation, we are able to perform a cross-domain comparison of the data models
of these systems.

In the remainder of the paper, we provide a description of the enhanced con-
tainment data modeling technique, including the semantics of containment, and
a graphical notation for their visual representation. We validate containment
data modeling by using it to model five hypertext systems representative of the
monolithic, spatial, and hyperbase systems, along with three SCM systems, and
one hypertext versioning system. Together, these models highlight the contain-
ment model’s ability to represent complex data models of a range of content
management systems. After each set of models, the paper discusses observed
similarities and differences among the systems. We conclude with a brief look at
future directions for this research.

2 Containment Modeling

Containment modeling is a specialized form of entity-relationship modeling
wherein the model is composed of two primitives: entities and relationships.
Each primitive has a number of properties associated with it. A complete con-
tainment model identifies a value for each property of each primitive. Unlike
general entity-relationship models, the type of relationships is not open-ended,
but is instead restricted only to varying types of referential and inclusive con-
tainment.

2.1 Entity Properties

Entities represent significant abstractions in the data models of content man-
agement systems. For example, when modeling hypertext systems, entities rep-
resent abstractions such as works, anchors, and links, while in configuration
management systems, they represent abstractions such as versioned objects and
workspaces. The properties of entities are:
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Entity Type. Entities may be either containers or atomic objects. Any entity
which can contain other entities is a container. Any entity which cannot container
other entities is an atomic object. Any entity which is contained in a container
may be referred to as a containee of that container.

Container Type. There are two sub-types of container: ‘and’ and ‘xor’. Unless
otherwise specified, a container is generic (i.e. neither ‘and’ nor ‘xor’). ‘And’
containers must contain two or more possible containee types and must contain at
least one representative of each; ‘xor’ containers must have two or more possible
containee types and may contain representatives of no more than one of them.

Total Containees. A range describing the total number of containees that
may belong to a container. A lower bound of zero indicates that the container
may be empty.

Total Containers. A range describing the total number of containers to which
this entity may belong. A lower bound of zero indicates that the entity is not
required to belong to any of the containers defined in the model. Note that for
models in this paper, it is assumed that all elements reside in some type of file
system, database, or other structure external to the system being modeled.

Cycles. Many systems allow containers to contain other containers of the
same type. For example, in a standard UNIX filesystem, directories can contain
other directories. This property indicates whether a container can contain itself
(either directly or by a sequence of relationships). Unless otherwise specified this
paper assumes that cycles are allowed (where existing containment relationships
make them possible).

Ordering. The ordering property indicates whether there is an order between
different containee types (ordering of multiple containees of the same type is
captured as a relationship property). For example, a full name contains a first
name, zero or more middle names, and a last name. The ordering property on the
full name container indicates that the first name goes before the middle names
which go before the last name. The importance of the ordering of the middle
names with respect to one another is captured by the ordering property on the
relationship connecting full name to middle name.

Constraints. The constraints property allows us to express other restrictions
on the containment properties of an entity. Two kinds of constraints currently
identified are mutual exclusion and mutual inclusion.

A mutual exclusion constraint on a container indicates that it may contain
one or the other, but not both, of a pair of possible containees. This occurs in
configuration management systems where a special entity (the versioned object)
exists to hold versions of an object. In this case, an instance of a versioned object
holds versions of only one object type, although there may be several objects
which are versioned in this way.

A mutual inclusion constraint on a container indicates that it must contain
both (or neither) of a pair of possible containees. For example, in a system which
maintains metadata about its contents, it might be possible to create an empty
repository, but it would be impossible to create an item in the repository with-



Containment Modeling of Content Management Systems 79

out creating metadata and it would be impossible to create metadata without
creating an item.

These constraints have been described as they apply to containers. They may
also apply to entities with respect to their containers. That is, there may be a
mutual exclusion constraint on an entity which indicates that if it belongs to
one container, it may not belong to another.

The mutual inclusion constraint can also be broken down so that it is uni-
directional. For example, a graph can contain nodes without containing edges,
but it cannot contain edges without containing nodes.

2.2 Relationship Properties

Containment Type. Containment may be either inclusive or referential. Where in-
clusive containment exists, the containee is physically stored within the spaced
allocated for the container. This occurs, for example, when an abstraction is
used to represent actual content (as opposed to structure) in the system. Ref-
erential containment indicates that the containee is stored independently of the
container.

Reference Location. The references which connect containers and their con-
tainees are usually stored on the container; but on some occasions they are
stored on the containee, or even on both container and containee. This property
indicates where the references are stored.

Membership. The membership property indicates how many instances of a
particular container type an entity may belong to. If the lower bound on the
value is zero, then the entity is permitted, but not required, to belong to the
container indicated by the relationship.

Cardinality. The cardinality property indicates how many instances of a par-
ticular containee a container may contain. If the lower bound on the value is
zero, then the container is permitted, but not, required, to contain instances of
the containee indicated by the relationship.

Ordering. The ordering property indicates whether there is an ordering be-
tween instances of a particular entity type within the container indicated by the
relationship. FOR example, full names contain zero or more middle names. Mid-
dle names are ordered in the full name container. Mary Jane Elizabeth Smith is
not equivalent to Mary Elizabeth Jane Smith. We could imagine entering every-
one’s middle names into a drawing for a prize. The collection of entries (assuming
no one’s cheating) would be unordered.

Containee Type. This property is unique to versioning systems. It distin-
guishes between relationships where the container contains multiple versions of
a single containee, single versions of multiple containees, or multiple versions
of multiple containees. This only becomes important when the cardinality of
the relationship is greater than one. It is important because many configuration
management systems have examples of two or more of these cases.

As an example of the first case, some configuration management systems use
an abstraction of an object to contain all the version of that object. There might
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be many objects in the system, but each abstraction contains version of only one
object.

As an example of the second case, configuration management systems all
have some mechanism for selecting the specific version of a number of objects to
include in a release.

As an example of the third case, some configuration management systems al-
low users to construct spaces with any contents they desire (potentially including
multiple objects and multiple versions of those objects).

2.3 Graphical Notation

Entities and Their Properties. Entities are represented as nodes of the con-
tainment model graph. The following legend shows the representation of entity
properties on the graph.
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See above. Also note that the notation
may appear anywhere around the
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The cycles, ordering and constraints
properties are described in annotations
to the diagram. See below for further
details.

Other Properties:

Fig. 1. Entity Legend

Unless otherwise specified, it is assumed that, where possible, cycles are per-
mitted. If cycles are not permitted, the statement no_cycles appears in a con-
tainer’s annotations.

If there is an ordering among different containee types in a container, the
ordering is described by an ordering statement. Ordering statements have the
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following syntax: order(containee 1, containee 2, ..., containee n). The con-
tainees are listed in order. Only those containees involved in a partial ordering
are listed. If there are multiple partial orderings, the annotation contains one
ordering statement per partial ordering.

Constraints are defined using predicate logic. The most common predicate is
contains(container, containee). A mutual exclusion constraint would appear as
follows: contains(container, containee 1) <> —contains(container, containee 2).

Relationships and Their Properties. Relationships are indicated by di-
rected edges between pairs of entity nodes in the containment model graph. In
the following legend, visual elements that represent the source end of an edge
are shown on the left ends of lines. Visual elements that represent the sink end
of an edge appear at the right ends of lines.

inclusive

Containment Type: ]
7777777777777 referential

Ordering: —} unordered
P ordered
_— on container
Reference Location: o— on containee
®H— on both
Membership: X..y
Cardinality: X..y

Fig. 2. Relationship Legend

In models of versioning systems the containee type is just in front of the
cardinality, followed by a colon. A ‘V’ is used for version, an ‘O’ for object, and
a ‘VO’ for both. For example, if the container may contain one or more versions
of a containee, the containee type and cardinality would be noted on the diagram
as, “V:1..n.”

Why Not UML? It is possible to draw a containment model using the standard
Unified Modeling Language (UML) notation, so why have we chosen to develop a
different notation? There are two reasons: readability and utility. Figure Blshows
two different versions of the same simple containment model: one drawn using
UML, the other drawn with the notation presented in this paper. The UML di-
agram has considerably more elements than the diagram that uses our notation,
because relationship properties beyond cardinality and membership must be de-
scribed using UML’s annotation mechanism. Applied to a more complex model,
UML notation produces a cluttered, overly complex diagram that is difficult to
read, and which may be too large to print or display conveniently.

The UML representation is also less useful than a representation using the
notation we have developed. By describing as many properties as possible graph-
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Fig. 3. UML and non-UML representation of the HyperCard [I] containment model

ically, we enable the user to quickly and easily compare models of different
systems. The visual representation allows users to quickly and easily spot the
similarities and differences between systems. In the UML notation, a user would
need to laboriously compare the annotations on each relationship to determine
whether patterns existed.

Although we do not believe the standard UML notation is sufficient for con-
tainment modeling, it would be possible to frame the notation described here as
a UML extension. The stereotyping mechanism in UML allows the creation of
new types of objects and allows the assignment of unique visual representations
for those types.

2.4 Changes to Containment Modeling

In this paper, we have improved upon the containment modeling technique pre-
viously described in [I1], in two ways. First, the graphical representation now
shows each axis of variability in the model as a single axis of variability in the
diagram. For example, ordering is shown by having either one arrowhead (un-
ordered) or two (ordered); previously, a circle at the tail of a containment rela-
tionship showed ordering. This frees the circle to be used exclusively to represent
the location of the reference identifier in the referential containment.

Second, we chose to eliminate inheritance and storage relationships from the
modeling system in [I1]. Inheritance was only used occasionally, and then only
to reduce clutter on diagrams. When appropriate, it can be represented by a
separate inheritance hierarchy, such as a UML structure diagram. Storage rela-
tionships were mainly used to relate the system to the external structure (such
as a file system) where it resided. A gain, this may be valuable information, but
is not truly a part of the containment structure of the system. We have simplified
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the containment modeling technique so that it is limited to relationships that
are entirely within the system.

2.5 A Brief Note about Cycles

Upon initial examination, it may seem that simply identifying any container
as allowing or disallowing cycles would be sufficient. In some circumstances,
however, it is not. For example with ClearCase [[7], as in many file systems,
directories may contain other directories. This relationship may be cyclic; that
is, a directory may, by reference contain another directory. There is nothing
to prevent the second directory from also containing the first. On the other
hand, some SCM systems express versioning by creating a linear ordering of
objects, where each object points to (contains by reference) its successor (or
predecessor). This requires the self-referential containment relationship to by
acyclic. For SCM systems which version directories this produces a contradiction.
The self-containment relationship which indicates that one directory can contain
another may be cyclic. The self-containment relationship which represents the
linear ordering of versions must be acyclic. Our current cycle property will not
accommodate this situation. We leave to future work the development of a richer
cycle property (or set of properties) to allow us to correctly model this case.

3 Containment Model Examples

3.1 Hypertext and Hyperbase Systems

Containment modeling allows us to see at a glance the similarities and differences
between various systems in a domain. An examination of Fig. @l shows that all
hypertext systems center around three main constructs: collections or groups of
objects, objects, and connections between objects. We have all used the Web
and recognize these general characteristics of hypertext systems. Containment
modeling illustrated them clearly.

It also enables us to recognize differences. A key difference between hypertext
systems lies in their treatment of links. The Web and HyperCard both embed
a set of links in the content of each object as with the “<A href=" construct
of HTML. many hypertext systems, however, do not use embedded links: Note-
Cards, Aquanet, and HyperDisco, for example. Among these systems, though,
there is a variation in what the links contain. Links in NoteCards and Aquanet
referentially point to a content object, while in HyperDisco, links contain lists
of “to” and “from” endpoints. An endpoint is an abstraction that contains an
anchor and either a node or a composite. While not a complete survey of data
models for linking, it seems reasonable that, having modeled the containment
structures of multiple hypertext systems, we could analyze these structures to
develop a design space of anchoring and linking.

In addition to comparing analogous features of a system, containment mod-
eling can show us overall system characteristics. For example, the containment
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models in Fig. H] show that both HyperDisco and WWW /WebDAV maintain
some metadata. The HyperDisco metadata system is quite extensive. An entity in
the system may have attributes associated with it. In addition, links have a par-
ticular piece of metadata, a trigger, associated with them. The WWW /WebDAV
metadata is less extensive. It is limited to properties on resources. None of the
other systems show evidence of metadata collection in their containment models.

As with any model, we must recognize that the information drawn from con-
tainment models has its limitations. For example the containment models for
Aquanet, HyperCard, and NoteCards show no evidence of metadata. That does
not mean that these systems cannot support metadata collection. Any of them
could, at a policy level, be used to maintain metadata simply by requiring any-
one who adds a new resource to the system to link it to a metadata resource.
Similarly, while the containment models for WWW /WebDAV and HyperDisco
both illustrate explicit metadata systems, neither system can force users to apply
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metadata appropriately. For example, keyword searches on the Web often pro-
duce totally irrelevant information — because website owners frequently pack
their site’s keywords with irrelevant words to generate more hits from search
engines.

3.2 Configuration Management Systems

As we saw with hypertext systems, containment modeling allows us to look for
similarities and differences among systems within a domain.

By examining the models of SCM systems, we can see a fundamental struc-
tural difference between PIE and the others. Both ClearCase and Adele depend
on collecting all versions of a given item into a single container that represents
the abstract notion of each item, independent of a specific revision or variant. In
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4 [43

ClearCase this container is the “versioned object,” while in Adele it is the “in-
terface,” which contains a set of branches representing versions and variants of
that interface. The versioned object abstraction is a key enabler for automated
assistance in constructing configurations. It allows the system to recognize when
two different items in the system represent the same abstraction at different
points in time (versions) or space (variants). Versions are recognized because
they belong to the same versioned objects. Management of varian and Adele.
In ClearCase, variants are explicitly tagged with metadata and are contained
within a versioned object. In Adele variants belong to different branches, but to
the same interface.

PIE has no analogous structure. This key difference gives PIE users extraor-
dinary flexibility in how they can manipulate and organize their environments,
but at the expense of automated support for establishing and maintaining con-
figurations. The more rigorous structure in the other SCM systems provides
them with the information necessary to automatically select items to include in
a configuration based on higher-level parameters set by the users.

3.3 Cross-Domain Comparisons

In addition to intra-domain analysis, containment modeling can be used to com-
pare systems across domains. We can examine SCM systems and hypertext sys-
tems to identify patterns that are common to both. We can also readily identify
elements that distinguish the two kinds of systems.

The containment model of CoVer is interesting because it combines aspects
of both hypertext systems and SCM systems. Across the center of the model we
see a core structure that is common to hypertext systems: a collection of objects
and the links that connect them.

At the top and bottom of the model we see structures that are similar to
those found in SCM systems. The mob container holds all the versions of a
particular object, analogous to the versioned object container in ClearCase. The
task container may hold any combination of versions and objects. It fills the
workspace niche (called a ‘view’ in ClearCase).

The SCM containment models show us that designers of SCM systems have
also drawn from the hypertext world. All three systems modeled here have link
structures. The links even exhibit a similar range of traits to the links we saw
in hypertext systems. Some are embedded within specific kinds of entities (as in
ClearCase and PIE), and others are independent (as in Adele). In none of the
systems are links treated as independently versionable objects.

CoVer is unusual in its treatment of links. We saw examples of independent
links in both hypertext and configuration management systems. The independent
link entity in CoVer is unusual because it is versioned independently. None of
the SCM systems treat links as explicitly versionable. They are versionable in
ClearCase and PIE only because they are embedded in other entities that are
versioned. Adele does no allow versioning of links at all.

We have seen how containment modeling can highlight similarities between
systems in different domains. It can also help determine what makes the domains
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different. We saw that both hypertext and SCM systems have collections of nodes
and the links between them. Hypertext systems stop there. They have three main
elements: collections, nodes, and links. While some hypertext systems have more
than three entities in their models, the additional entities are either parts of the
link implementation, or are entities that represent actual data or metadata. SCM
systems, on the other hand, all have at least on more layer. Each SCM system
has at least one entity that collects collections. In fact, these meta-collections are
roughly parallel to the hypertext collections. The lower level collections (those
that collect nodes) are the versioning mechanisms. In ClearCase and Adele the
role of these collections is clear: they contain the individual versions of a single,
conceptual entity. In PIE and CoVer their role is less explicit since these low-level
collections can actually contain any nodes, irrespective of the nodes’ relationships
to one another. In all four systems, however, these low-level collections are,
themselves, collected to construct a complete picture of the system’s content.

4 Conclusion

Each system within the SCM and hypertext domains can be viewed as an explo-
ration of a specific point within a multi-faceted space of design choices. Many
SCM and hypertext systems have been developed over the past 30 years, pro-
viding the raw data that can be analyzed to develop a description of the key
decision points in the common design space of content management systems.

The containment modeling technique presented in this paper permits the
data models of content management systems to be graphically represented and
compared to reveal their commonalities and differences. Containment modeling
was applied to a set of nine hypertext, SCM, and hypertext versioning systems,
the first time such a broad set of these systems has been compared. Containment
modeling can thus be viewed as a meta-modeling technique, in that it provides
a mechanism capable of representing the data models of systems in multiple
domains.

We intend to use this work as the basis for a thorough domain analysis of
content management systems. Containment modeling will allow us to investi-
gate systems in the Hypertext, SCM, Document Management, and VLSI CAD
domains, and to identify the key structural components of each. It will help
us to distinguish between truly different structures and those that differ only
marginally, or only due to terminological differences.

Beyond modeling, we intend to develop a system that can automatically gen-
erate content management systems. Given a precise, machine-readable descrip-
tion of a containment model the generator will automatically create a reposi-
tory consistent with that specification. Automatic generation will provide future
researchers and systems builders with a powerful tool for the rapid creation
of content management repositories, and the exploration of more complex and
powerful data models.
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Furthermore, by using the same tool to automatically generate a broad range
of content management systems, it will reinforce the commonalities among con-
tent management systems.
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Abstract. Multithreaded programming has been widely used nowadays,
but developing mutlithreaded applications is still a tough task. To alle-
viate such kind of work we propose a new concept, Smart Active Object,
an extension to the normal object in object-oriented technology. Smart
Active Object runs concurrently with the main execution logic of the pro-
gram, leveraging multithreading mechanisms and meanwhile leaves only
sequential interfaces for programmers to insert application-specific parts,
masking details of multithreading, which eventually enhances program-
ming productivity. To support our claims, we design and implement a
framework comprising a collection of cooperative Smart Active Objects
for stateful applications, a typical problem in telecom world. Using this
framework, we easily solve a toy problem, derived from the behavior of
SIP stateful proxy servers within much shorter time than a conventional
C version counterpart.

1 Introduction

In the past few years multithreaded programming [5] has been widely used in a
wide variety of application domains including Graphical User Interface(GUI), sci-
entific computing, and network services [1J9J2[4]. People prefer it to conventional
programming styles because: it is easy to share data among different threads of
control, it increases application throughput and responsiveness, it is less time
and resource consuming than maintaining processes, and it can take advantage
of parallel hardware architectures, such as SMP.

Attractive as the above features are, multithreaded programming is still a
tough task for programmers to take. It is difficult to choose the right program-
ming paradigm: whether to use request per thread, thread pool, or thread group
whose size expands and shrinks over the time. It is difficult to synchronize: which
data shall be protected, and where to put the mutex. It is difficult to track mem-
ory leak when memory are newed and deleted frequently, passing control among
different threads. It is difficult to debug as current debuggers are still not mature
enough for thread management. It is difficult to estimate performance before the
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application is developed and put to field testing. All these make multithreaded
programming a burdensome, time-consuming but still error-prone approach to
developing real applications.

Current available multithreaded programming interfaces are not that sat-
isfying. POSIX thread, Win32 threads and Solaris threads [5] are all general
solutions, exhibiting all the previously discussed shortages. OpenMP [6/7], a
proposed standard for scientific computing, seems useless when an application
is not filled up with intensive computing loops.

In this paper, we propose a new concept, Smart Active Object(SAQO), to alle-
viate this programming complexity. SAO is object, which exhibits all the features
of normal objects, such as encapsulation, inheritance, and etc. It is also active,
which means it may run concurrently during the program execution through
multithreading mechanism. Further, it is smart, which means programmers can
use it without caring about multithreading details, and only have to specify
application-dependent parts in a sequential way.

This paper is organized as follows. In Sect. 2] we describe the origin for SAO.
In Sect. Bl we show the background for stateful applications and demonstrate
a commonly used mutlithreaded programming paradigm. In Sect. d] we discuss
in detail about our framework comprising of a collection of SAOs for stateful
applications. In Sect. Bl we present a toy problem solved by this framework to
support our claims. Section Bl concludes the paper.

2 Smart Active Object

With the introduction of multithreaded programming we can add one more fea-
ture to Object-Oriented(OO) technologies: changing passive objects into active
ones. Consider a toy string class, which only has two public member functions,
“add”, attaching a string to the object and “show”, printing the string of that
object. After defining such an object in a program, programmers can use it by
calling the above two functions. And programmers are sure that until the next
call of “add”, all the calls of “show” will give the same result. That is to say:
such kind of objects are passive because they refuse to work unless you call their
member functions explicitly in your program. Here, our modification is: making
the object active by leaving them run in another thread of control, i.e., a dis-
tinguished thread other than the main thread. With this, programmers can get
various results by calling “show” even between two adjacent calls of “add”.

Though the new concept is interesting and fun, it alone is not enough to
alleviate programmers’s work. Because to make it of practical use, all the thread
management details have to be considered by programmers themselves, such
as inserting mutex to protect shared variables. Java standards [3] has included
thread as one of its classes. It shares some idea of active objects as ours’, but
still leaving all the work about thread management, to programmers. In this re-
spect, such kind of solution shows nothing advanced from normal multithreading
interfaces.
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So we need a kind of Smart Active Objects, which can:

— present the same programming experience as normal objects.
— mask all the details of multithreaded programming.

Still take the toy string class as example. Suppose the toy string class has a
fancy character: it deletes the first character of the string it maintains every
second. We say such kind of objects are SAQ, if programmers can still use the
member function calls, “add” and “show” as usual, and the results output by
the object are logically correct sticking to the specified functionality, and there
is no additional thread management calls in the application codes.

We argue that SAO is a possible solution because problems of a type often
share some general multithreading paradigm. For example, a common paradigm
for network services is On-Demand Invocation [10[12], i.e., spawning a new
thread for each arrival of requests; a usual mechanism for a thread to pass mes-
sages to another existing thread is through use of condition variables, a notion
described in POSIX Thread.

If a complex problem involves a collection of cooperative SAOs, a framework
can be designed, assembling these objects together and masking more details
such as how these SAOs contact with each other, which further alleviates pro-
grammers’ work.

In the following sections we describe a type of common problems in telecom
world, stateful applications and elaborate our object-oriented framework for it,
leveraging the concept of SAO together with other C++ features.

3 Stateful Applications
and Their Common Multithreaded Solution

Stateful applications are a common phenomena in telecom systems, such as
switches and call control servers. In the scenario of plain telephone services, a
state machine will be assigned to each call attempt for establishing, monitoring
and terminating the call session. As many people may have talks simultaneously,
a switch must be ready to maintain a large amount of such state machines.

Multithreaded programming maps well with such kind of problems. Each
message received by the switch must be directed to the corresponding state ma-
chine. Such kind of message passing can be quite easy if the message receiver and
state machine maintainers are threads within the same address space. The con-
currency properties of threads can keep each state machine run simultaneously,
which eventually presents a high throughput image to customers.

A general multithreaded solution for this sort of stateful applications com-
prises three types of threads. One thread, say A, is responsible for getting mes-
sages from the outside world. After receiving a message, it creates a new type of
thread, say B, to process the message while it itself again rolls back waiting for
other messages. B, after getting the message, makes a decision on which existing
state machine shall receive the message. If B cannot find one, it creates another
kind of thread, say C, to set up a new state machine to process the message,
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or just do some otherwise functions specified by the switch if for example the
message does not happen to be a valid one; if somehow B finds one, it just for-
wards the message. After that B is terminated. C maintains a state machine,
which is triggered by both incoming messages and internal timers. When the
state machine comes to an end at last, C terminates but before that it must
clear all the information about its existence so that later messages would not be
routed to this non-existing thread.

To make the system operate correctly, mutex and condition variables must
be applied for synchronization among threads. One mutex must be used to pro-
tect the consistency of all the existing call state machines. Each state machine
must have a mutex for the consistency of its pending messages, and a condition
variable, providing a mechanism for B notifying C of an incoming message.

4 Framework

4.1 Abstract Model

According to the previous discussion, we identify three fundamental parts to con-
struct a stateful system. They are, Reception, accepting incoming messages and
forwarding to other modules, Dispatcher, distributing inbounding messages to
the right state machine, and State_Keeper, shepherding state machines. Figure []
illustrates this abstract system model.
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W |
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jﬂ] %D... %D]
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State Machine
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Message

Fig. 1. Abstract model for stateful systems

Our solution in this paper is to map each instance of a module to an SAO,
hiding multithreading details and presenting application-specific interfaces in a
sequential manner. As these SAOs cooperate with each other we combine them
into a framework.
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For the current implementation, we design three base classes, class Reception,
class Dispatcher, and class State_Keeper corresponding to the three modules we
describe previously. All these classes are defined as templates, a feature provided
in C++4 as we want the framework to mask how these modules contact with
each other. For example, Reception is parameterized by a derived class from
Dispatcher so that it can pass incoming messages to Dispatcher transparently.
Another reason for using templates is because we want to mask management
details of internal messages, which is often error-prone if controlled by program-
mers themselves. As the format of the internal message cannot be known before-
hand, all these three base classes have it as a parameterized type. In addition
another C++ feature, virtual functions are used to present unified interfaces for
programmers to insert application-specific parts.

A common interface function throughout these classes is member function
“activate” which makes the object run. Essentially it just creates a thread, run-
ning another member function which contains the actual service logic for that
object. Through this interface, for example, Reception can create and activate
a new Dispatcher without knowing how it runs.

We then in the remaining sections discuss our implementation details for
each module in turn.

4.2 Reception

Functionality. This module is the entrance point for the whole system. It
fetches raw data from the outside world and parses it into a well-formed message
for Dispatchers.

Things that can be masked:

1. Thread management details.
2. The mechanism for contacting Dispatcher module.
3. The iterative behavior of accepting incoming messages.

Application-specific parts in this module:

1. The details about fetching data from the outside world and parsing it into
application specific message format.

Class Description. Public member function, “fill_out_msg” is the interface for
programmers to specify how to fetch and parse incoming data into a well-formed
internal message. It is declared as virtual function for the derived class’s more
precise definition.

Private member function, “event_loop” is the main servic logic for Reception.
First it news an empty internal message for programmers to fill in. After a
message is filled out, the message is forwarded to a new Dispatcher for further
delivering while the main thread itself just rolls back for more messages. Two
nice features in this function are: 1) It invokes a new Dispatcher module by
just passing a message’s pointer without knowing how that module runs in the
background. 2) It offloads work of newing space for each incoming message,
which if handled by programmers may lead to some memory leak.
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4.3 Dispatcher

Functionality. Dispatcher module is in charge of distributing an incoming mes-
sage to the right State_Keeper and if failing to find one, it creates a new state
machine or does some otherwise operations. It is also Dispatcher’s responsibility
to keep track of all active State_Keepers.

Things that can be masked:

1. Thread management details.
2. The mechanism for contacting with State_Keeper Module.
3. The details of keeping track of active State_Keeper modules.

Application-specific parts include:

1. The details about getting the state machine id from the message content.

2. The rule for deciding whether to create a new state machine or do otherwise
operations based on the message content if failing to find any matching state
machine.

3. The actions to take if failing to find any matching state machine but not
necessary to create a new state machine.

4. The method to free the memory occupied by the message content.

The reason for adding 4) as one of the interface function because we wish the
Dispatcher can automatically destroy the message after processing if necessary.

Class Description. Four virtual functions, “get_mach_id”, “is_nece_create”,
“do_otherwise” and “free_msg_content” are the interface functions corresponding
to the four application-specific parts mentioned previously respectively.

Private function, “dispatch_process” is the main service logic for this module.
It uses the same algorithm as we describe in Sect. Bl for thread B. If a new state
machine needs to be created, Dispatcher just news and activates a State_Keeper
and calls State_Keeper’s member function, “add_msg” for further process. If
a matching State_Keeper is found, a call of “add_msg” can also forward the
message to the State_Keeper. With this interface function call to State_Keeper
module, Dispatcher is not at all necessary to know the underlying mechanisms for
message passing between Dispatcher and State_Keeper. That is SAO’s attribute.

Private variable, “store” is a structure used to manage all the active State
_Keepers, with “state_record_queue” storing records for active State_Keeper, and
“state_record_queue_mutex” protecting its consistency.

Another important interface function is “delete_state_record”. This interface
function is used for a State_Keeper instance to delete its record in the dispatcher
before killing itself so that further messages would not be routed to the non-
existing SAO. It gets the mutex, “state_record_queue_mutex” in “store” before
deleting the corresponding record for consistency.
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4.4 State_Keeper

Functionality. State_Keeper’s main function is to monitor the behavior of the
state machine. It accepts incoming messages and timers and then takes up ap-
propriate actions. In addition, it must notify Dispatcher about its termination
before ending.

Things that can be masked:

1. Thread management details.

2. The strategy for managing pending messages.

3. The mechanism for handling incoming messages and timers simultaneously.
4. The mechanism for notifying Dispatcher module about its ending.

In this module, application-specific parts include:

1. Actions to take upon receipt of timers and messages.
2. Strategy for freeing the memory occupied by the message content.

Class Description. Virtual functions, “timer_callback” and “msg_callback”
are interface functions for programmers to insert application specific actions on
timers and messages.

Private function, “event_loop” is the main service logic for this object. In
this implementation, all the incoming messages are arranged in a FILO queue,
“msg_queue”, which is protected by a mutex, “msg_queue_mutex”. The condition
variable, “msg_queue_cond” makes it possible for the thread to wait for incoming
messages and pending timers. After going out of event loop in case of an ending,
it calls Dispatcher’s static function “delete_state_record” to inform Dispatcher
about its ending. Two nice features exists in this module: 1) State_Keeper mod-
ule does not at all need to know how Dispatcher module keeps track of active
State_Keepers. 2) Programmers do not have to care about freeing the internal
messages, as all these tiresome work are taken by our framework.

Some assistance functions are provided for use in “timer_callback” and
“msg_callback” functions. They are: “get_state”, getting the current state of the
state machine, “set_state”, setting new state for the state machine, “set_timer”,
set new timer, and “end”, indicating the end of a state machine.

The public member function, “add_msg” is the interface function for Dis-
patcher module for directing messages. It essentially use the condition variable’s
mechanism for signalling State_Keeper of this information.

4.5 A Simple Program Paradigm

To develop stateful applications on top of our framework, programmers only have
to define three derived classes from Reception, Dispatcher, and State_Keeper
respectively. In the simplest situation, only four member functions have to be
redefined. They are: 1) Reception::fill_out_msg, 2) Dispatcher::get_mach_id,
3) State_Keeper::timer_callback, 4) State_Keeper::msg_callback.

A simple program paradigm is show in Fig. . It can be noticed that no
multithreading codes exist and every function is realized in a sequential way.



/finclude base classes
#include "reception.h”
#include "dispatcher.h"
#include "statekeeper.h"

/finternal message format
typedef struct _Message {

} Message;

/ldeclaration of derived classes
class Toy_Dispatcher;
class Toy_State_Keeper;

[ R R
/IToy Reception module
class Toy_Reception : public
Reception<Message, Toy_Dispatcher> {
public:
Toy_Reception() {
/Iprepare passive socket
sock = socket(...);

i)‘i.nd(sock. O
}

int fill_out_msg(Message &msg) {
/Ireceive data from outside world
n = recvfrom(sock, buf, ...);

parse(buf, msg);

}

Smart Active Objects

private:
void parse(char *buf, Message &msg) {...}
int sock;

}: /lend of class Toy_Reception

J[ sk ksl R o o s

/IToy Dispatcher Module

[ S RS

class Toy_Dispatcher : public
Dispatcher<Message, Toy_State_Keeper> {
public:
Toy_Dispatcher(Message *msg) :
Dispatcher<Message, Toy_State_Keeper>(msg) {}:
void get_mach_id(const Message &msg, char *id) {...
}: /lend of class Toy_Dispatcher

[ R R R

/IToy State Keeper Module

[ SRR

class Toy_State_Keeper :
public State_Keeper<Message, Toy_Dispatcher> {
public:
enum {STATEIL, STATE2, ...};

void timer_callback(void) {
Iltake propriate actions according to current state
state = get_state():
switch(state) {
case STATEI:
case STATE2:

}
}

}
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void msg_callback(Message &msg) {

/ltake propriate actions according
Ilto current state

state = get_state();

switch(state) ~ {

case STATEI:

case STATE2:

}
}

}i/lend of class Toy_State_Keeper

/Imain
int main()

{

Toy_Reception *recep;

recep = new Toy_Reception;
recep->activate();
pause();

}

Fig. 2. A simple program paradigm developed on our framework for stateful applica-

tions

5 Example

5.1 Owur Toy Problem

SIP [§] stateful proxy servers are typical stateful systems in telecom domains. A
famous multithreaded implementation for SIP stateful proxy server is SIPD [11],
which has been the template for our toy problem. We simplify the operation of
the proxy server in both running mechanism and message format.

Our system comprises two kinds of components: client and server. The client
side issues calls to the server. The call establishment between the two sides is
a simplified version of SIP “invite” transaction. Both sides keep state machines
throughout the call transaction. But only two kinds of responses are imple-
mented, the temporal response, 180 and the final response, 200.

5.2 Programming Experience

Some programming experience we gain during the development is:

— We spent only a man-day finishing the whole application, comparing to a
seven man-day work for a C version one.
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— We hardly used GDB for debugging but some printing functions helping us
find faults in service logic rather than thread management logic. But in the
development of the C version one, we spent most of the time in debugging,
tracking bugs in both service logic and thread management logic.

— Our C++ version has about 550 lines of code, including some comments.
And the C version one reaches 800 lines of code.

5.3 Measurements

Our testbed includes two parts: four client nodes and a server node. In each client
node, we set up a group of client state machines, which simultaneously issued
calls to the server. We varied the number of client state machines in each node
from 100 to 250. Throughout our test, we recorded the time span for each call
establishment attempt. Figure Blshows the distribution of the call establishment
time span under different workload. The call ratio is calculated in the unit of
five seconds, starting from the 15th second.

; X: Call Time Span (s) Y: Call Ratio
(20-24) [ K¢ (20-24) K¢
[ sAO [ SAO
0.5 0.5 (25-29)
(25-29) (35-39)
0 0 Lz
1520 30 40 50 60 1520 30 40 50 60
] (1) 400 clients 1 (2) 600 clients
N C HlC
(20-24) (1 SAO (20-24) 1 SAO
0.51 N(25-29) 051 f|(25-29)
35-39 35-39
( ) (50-54) ( ) (50-54)
0 I -0 0 ] [
1520 30 50 60(S) 1520 30 60

40 40 50
(8) 800 clients (4)1000 clients

Fig. 3. Performance comparison under different workload

It can be seen that most calls can be finished between the 20th and the
24th second as we set up a minimal timer up to 21 seconds within the call
establishment protocol. With the growth of workload, all the calls can still be
delivered but with an increase of delayed call ratio. Our framework solution
has only minor performance degradation compared to its C version counterpart
under all these workloads, proving its working efficiency.



Smart Active Objects 99

6 Conclusions

In this paper, we introduce a new concept, Smart Active Object to alleviate
multithreaded programming complexity. Equipped with this new concept, we
design an object-oriented framework for stateful applications and conduct a toy
problem to show its practicality. Our conclusion is that: when programmers
develop multithreaded applications on top of a framework comprising a collection
of cooperative SAQOs, it can greatly improve their programming productivity with
performance assured.

Acknowledgements

We would like to thank anonymous reviewers for their valuable comments. Spe-
cial thanks are also given to Mr. Hans Brolin from Ericsson for discussing telecom
type applications with us.

References

1. Apache HTTP server project. http://httpd.apache.org/|

2. Fox, A., Gribble, S. D., Chawathe, Y., Brewer, E. A., and Gauthier, P. 1997.
Cluster-based scalable network services. Proc. of the 16th ACM Symposium on
Operating Systems Principles (Oct).

3. Gosling, J., Joy, B., Steele, G., and Bracha, G. The Java Language Specification
(Second Edition), http://java.sun.com/}

4. Holmedahl, V., Smith, B., and Yang, T. 1998. Cooperative caching of dynamic con-
tent on a distributed web server. Proc. of the 7th IEEFE International Symposium
on High Performance Distributed Computing (Jul).

5. Lewis, B. and Berg, D. J. 1996. Pthread Primer- A Guide to Multithread Program-
ming, Sunsoft Press, ISBN 0-13-443698-9.

6. OpenMP Architecture Review Board. OpenMP: a proposed industry standard
API for shared memory programming. White paper. http://www.openmp.org,

7. OpenMP Architecture Review Board. OpenMP C and C++ Application Program
Interface(version 1.0), http://www.openmp.org,.

8. RF(C2543. SIP: Session Initiation Protocol.

9. Saito, Y., Bershad, B. N., and Levy, H. M. 1999. Manageability, availability, and
performance in Porcupine: a highly scalable, cluster-based mail service. Proc. of
the 17th ACM Symposium on Operating Systems Principles (Dec).

10. Schmidt, D. C. 1994. A domain analysis of network daemon design dimensions.
C++ Report 6 (Mar).

11. SIPD. SIP proxy, redirect and registrar server,
http://wuw.cs.columbia.edu/IRT/cinema/.

12. Stevens, W. R. 1998. UNIX Network Programming(Vol.1, 2nd Edition): Network-
ing APIs: Sockets and XTI, Prentice Hall, ISBN 7-302-02942-3.



Implications of the View
of Programs as Formal Systems

Bertil Ekdahl

Lund University, Campus Helsingborg
P.O. Box 882
SE-251 08 Helsingborg
bertil.ekdahl@cs.1lth.se

Abstract. The prevailing view of software development as the produc-
tion of program systems is abandoned in favor of software development
as theory building. This suggests that software development properly
should be regarded as a deductive activity following the same method-
ology as is used in all deductive sciences. Programming is merely the
description process in the activity of building theories about things in
reality. Being the vehicle of theory building, programming may further
be considered from a linguistic view. Programs are written in a language
and have a proposed meaning; semantics. The main idea is that descrip-
tion and interpretation are complementary in a language; they cannot
be fragmented within a language. Seeing programs as linguistic objects
in this way has a profound influence on most aspects of software devel-
opment.

1 Introduction

In [3, p.86] Floyd expresses doubt about “the validity of the established model of
thought in software engineering as the sole foundation for our work as computer
scientists”. Her doubt is, among other things, due to the basic assumption of
“software development as the production of program systems on the basis of fixed
requirements” [ibid]. Floyd thinks that a richer view is needed and the soundest
available conceptual model in her opinion is Peter Naur’s view of programming
as theory building. However, as Floyd points out, “Naur says little about what
theory building consists in. And he does not account for the interpersonal nature
of communal theory building” [3] p.87].

Naur’s paper takes up an interesting aspect of programming which is still not
known to many programmers and is certainly not the view that is propagated
in software education. Software engineering is still in its infancy and is mainly
directed towards methods for program production and little effort is spent on
foundational questions. I share Naur’s “conviction that it is important to have
an appropriate understanding of what programming is” [9), p.253].

In this paper I will give answers to Floyd’s questions, both what theory build-
ing consists in and the nature of it. Particularly I will spell out the implications
of the idea of programming as theory building.

P.J. Niirnberg (Ed.): MIS 2002, LNCS 2641, pp. 100-[I11, 2003.
© Springer-Verlag Berlin Heidelberg 2003
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2 Naur’s View of Programming as Theory Building

In his paper [9] Naur states that he has come to the conclusion of programming as
theory building from his observations of “what actually happens to programs and
the teams of programmers dealing with them, particularly in situations arising
from unexpected and perhaps erroneous program executions or reactions, and
on the occasion of modifications of programs” [p.253]. It is not a consideration
based on theoretical issues that has led Naur to his conviction but a conclusion
that is reached from purely empirical evidence.

Naur is concerned with the “activity of matching some significant part and
aspect of an activity in the real world to the formal symbol manipulation that
can be done by a program running on a computer” [ibid]. As a support for his
view, Naur refers to two examples of which he has experience, examples which are
intended to reflect the fact that the program text and its documentation cannot
alone explain the underlying ideas. As I will show, this is an observation that in
fact is related to the underlying language in which this process of programming
is going on. However, Naur does not connect the observation to language. The
conclusion drawn by Naur is instead “that at least with certain kinds of large
programs, the continued adaptation, modification, and correction of errors in
them, is essentially dependent on a certain kind of knowledge possessed by a
group of programmers who are closely and continuously connected with them” [9]
p-254]. As will be explained, also this observation is a consequence of special
properties of language.

Naur suggests that the knowledge built up by the programmer should prop-
erly be regarded as a theory in the sense of Ryle’s [10]. In this sense “theory is
understood as the knowledge a person must have in order not only to do certain
things intelligently but also to explain them, to answer queries about them, to
argue about them, and so forth” [9, p.255]. The notion of theory employed by
Naur is most comprehensive because it also includes “an understanding of the
manner in which the central laws apply to certain aspects of the reality, so as to
be able to recognize and apply the theory to other similar aspects” [ibid]. Naur
uses Newtonian mechanics as an example. A person having this theory “must
thus understand how it applies to the motions of pendula and the planets, and
must be able to recognize similar phenomena in the world, so as to be able to
employ the mathematically expressed rules of the theory properly” [ibid]. Naur
argues that in terms of Ryle’s notion of theory, “what has to be built by the
programmer is a theory of how certain affairs of the world will be handled by,
or supported by, a computer program” [ibid]. Naur here touches upon the dif-
ference between semantics (certain affairs of the world) and description (theory)
but neither he nor Ryle makes a clear distinction between the two concepts. This
distinction, that turns the perspective of computers from a mechanical (compu-
tational) view to a linguistic view, is decisive for a broader understanding of the
idea of programs as theories. This is the perspective I will adopt in the following.
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3 What Is a Theory?

As Floyd points out, Naur’s view of theory is unclear. In order to unfold the con-
cept of theory I will start to give an explanation of the concept underlying theory,
viz. formal system. The connection between formal systems and computers has
been well known since the 1930s.

According to Shoenfield [11], a formal system consists of three parts:

1. a language,
2. axioms (formulas in the language),
3. rules of inference.

The purpose of a formal system is to explicate the notion of definability by
induction [I3l p.2]. This implies that the generated set is at least recursively
enumerable.

An inductive definition is a complete mechanical way of generating the ele-
ments in a set in the sense that when we know the basic elements in the set we
can mechanically generate new members and from these we can, by repeating
the same method, generate further members and so on.

There is a correspondence between computability and formal system that
was observed by Kurt Godel already in the 1930s and which he communicated
in a letter to Wang [17, p.204] in the following way:

Formal systems coincide with many-valued Turing machines. The one
who works the Turing machine can set a level at each time by his choice.
This is exactly what one does in applying a formal system.

Later on Godel wrote up his observation clearer to Wang [ibid]:

[A] formal system is nothing but a mechanical procedure for produc-
ing theorems. The concept of formal system requires that reasoning be
completely replaced by “mechanical operations” on formulas in just the
sense made clear by Turing’s machines. [...] Single-valued Turing ma-
chines yield an exactly equivalent concept of formal system.

From the characterization of formal system follows that the mechanical idea
behind it is basic and the equivalence between it and computers (Turing ma-
chines) is intelligibly explained by Smullyan [13], p.1]:

The notions of formal system and mechanical operation are intimately
connected; either can be defined in terms of the other. If we should
first define a mechanical operation (e.g., in terms of Turing machines),
we would then define a “formal” system as one whose set of theorems
could be generated by such a machine (that is to say, the machine grinds
out all the theorems, one after another, but never grinds out a non-
theorem). Alternatively (following the lines of Post), we can first define
a formal system directly and define an operation to be “mechanical” or
“recursive” if it is computable in some formal system.
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A theoryis a formal system that includes at least first-order logic [5]. Theories
are the formal systems that are usually used in mathematics and all other deduc-
tive sciences. A particular (first-order) theory is then determined by specifying
a set of formulas to serve as its non-logical axioms. For example, arithmetic is
a first-order system (theory) with special axioms for the successor function and
the functions plus and times. Kleene [6, p.57] has characterized the formal aspect
of a theory in the following way:

A theory in classical mathematics can be regarded as a simple and ele-
gant systematizing scheme, by which a variety of (presumably) true real
statements, previously appearing as heterogeneous and unrelated, and
often previously unknown, are comprised as consequences of the ideal
theorems in the theory.

This idea of formalizing a theory is due to the famous German mathematician
David Hilbert and involves the total abstraction from the meaning, the result
being called a formal system. The purpose of a formal system is to make the
reasoning completely independent of the underlying meaning. The idea is that
derivations of theorems should be completely mechanical and not dependent on
any meaning of the symbols that become part of the language in which the
reasoning is made.

In a lecture, referred to in the book “Conversation with a Mathematician”,
Gregory Chaitin asks the question what a theory is and gives the following
answer: “It’s a computer program for predicting observations.” [1, p.30].

All computations are theorems in some theory. Since all computations halt
it is a basic fact that all computations are computations of recursive functions
(computable functions). All such computations can be described, for example,
in a system usually called R , the arithmetic system of RobinsonEI, which is a
much weaker system than the more common Peano arithmetic. If we have a
computable function f we may use R to compute f(n) for every natural number
n. Now, suppose that f is a function in physics that describes a ballistic curve,
then computing f will predict what will happen for certain input data. The
computation is now considered a theorem in physics, albeit still a theorem in
arithmetic.

Theories in deductive sciences, possibly with mathematics as an exception,
rely on hypotheses that have to agree with observations and should not con-
tradict already known phenomena. The whole purpose of a theory is to, from a
small set of premises, be able to make predictions about occurrences that have
not yet happened.

4 Theory Building

In all deductive sciences, the way of constructing theories is the same [I5]. Since
a program is a theory in the deductive sense, programming is no exception. The

! See [12] p.338].
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most prominent representatives of deductive sciences are without doubt physics
and mathematics. They have become the prototype for theory building in other
sciences and I will use them as examples to show that theory building in computer
science in general and software development in particular does not differ from
that of physics and mathematics. It can be argued that mathematics differs from
physics in the sense that mathematics does not describe realities. Against this
can be asserted that mathematics often takes its impressions from reality but
also that mathematics has continued to develop in a “physical” direction once it
had found a physical application. It is a remarkable fact that mathematics fits
natural sciences in an almost unlikely manner [I§]. Furthermore, Platonism is
the idea that mathematical concepts are as real as physical entities and as such
are waiting for discovery.

Since computer science relies on the mathematical background of recursion
theory, it is argued that computer science is applied mathematics. This is of
course true but of interest only when we regard the computation as primary.
Differently regarded it is applied logic in the sense that programming languages
are first order languages that are used to create first order theories about things
in reality; the mathematics is secondary. Compare for example with Newton’s
mechanics. Here mathematics is used only as a means to describe how Newton
comprehended the physical world. It is true that without mathematical tools,
Newton would have come off badly but yet his intellectual achievement was to
give a description of the universe that fitted with observations and could predict
physical phenomena in advance.

In physics, theory building usually starts with observations that cannot be
satisfactorily explained by old ideas. For example Einstein’s observations about
general relativity did not fit with Euclid’s geometry. In Einstein’s case the ob-
servations were not based on real experimenting but on theoretical reasoning.
Observations put constraints to the physical world that lead to certain hypothe-
ses that give better explanations and exclude other possibilities, at least for the
moment. Physicists accept, sooner or later, whatever makes the most sense since
nobody knows the blueprint of the universe.

Now, programming also concerns reality. In this case we may say that we
know the blueprint even if the opinions may differ among those involved. In
order to agree on the reality, requirements play the same role in software engi-
neering as observations do in physics. Requirements put constraints on reality
and define the part of reality that is of concern. Like observations in physics, the
requirements and their implications are the objects of description. Thus, obser-
vations and requirements specification serve the same purpose, viz. to make clear
the putative model. The difference lies mainly in the way the model is decided
but, as we will see, even here are great similarities.

While software development has much in common with physics, it lacks the
experimental part. In physics we have to create the model by observations and
guesses and confirm it by experiments while in software development we create
the model by requirements and agreements. No experiments are needed in order
to establish the future model, it is more a question of delimitation. In software
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development we have the ability to completely observe the reality; nothing is
hidden and based on hypotheses.

To know the model to be is in both physics and software development a
learning process [7]: in physics we get to know the reality by observations, in
programming we get to know the reality by requirements. The second difference is
that in physics we may start with a description (set of equations) with aesthetic
properties, for example elegant symmetry, and then ask for an interpretation
(model). By way of example, in string theory in physics it is to a large extent
the beauty of the theory that has driven it forth. The advocates of string theor
believe that it has revealed a hidden order. Yet, there is still no reality that fits
as a model; no experiments have yet been able to give any confirmation from
reality.

In software development there is no hidden order in the sense of physics
that can be revealed by mathematics but an evolving complexity that is not re-
vealed by mathematical equations but by complete specification of requirements.
While the understanding of reality in physics relies on observations and guesses
(hypotheses) the understanding of what will serve as a model for the intended
theory in software devolvement is more of a social activity. These differences are
practical and not fundamental. The way of building theories is in both cases the
same.

To illustrate how theory building proceeds I will take the theory of arithmetic
as an example. Before being able to characterize arithmetic, that is, to develop
the theory of arithmetic, we have to understand the mathematical concepts
that will become our model. At this stage we are interested in the structure
of (natural) numbers, that is, the mathematical concepts that are part of our
intuitive picture of them. For example, our intuition says that there is a first
number but not a last number, that we can imagine the numbers as beads on a
string where we can come to every bead from the first element by iteration of a
generative process. This characterization is a (mathematical) structurdd

A= <wa < +7 '7S70>
such that

1. w is the natural numbers which are countable,

2. < is a well-ordering on w with first element 0, successor
given by S and such that every element different from
0 has a predecessor,

3. + and - are the ordinary operations sum and product.

In order to make this structure a model, we have to postulate the properties
of the natural numbers, that is, describe how they behave. For example the
following axioms (postulates) are taken for granted from our intuitive picture of
the numbers.

2 Or today M-theory which is a development of string theory.
3 It could be defined more broadly without reference to the natural numbers.
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Al S(x)=5@y) »x=y
A2. 0 # S(x)
A3. x#0— Jy(x = S(y))

These axioms say that the successor induces an isomorphism between w and
w —{0}. They prevent unwanted properties of the numbers like one with cycles,
or with two infinite sequences of elements like

S1. ap ay az ...boblbg...

which is prevented by A3.
However, they leave space for structures like

S2. ap ay as ...b_gb_l boblbg...

(which is not prohibited by A3).

So, in order to properly characterize what we have in mind with our structure
we have to thoroughly think over how the concepts in it are to behave. If we
compare the axiomatization with programming, we can explain the error that
S2 is not prohibited as a “bug” in our description (program) of the numbers.
If we do not discover it, it may cause unexpected problems. Patching it when
discovered after the delivery to the customer may also cause problems. Again
we may compare with physics. Patching the old theory of Newton with the idea
of relativity created a lot of problems and ended with a complete “rewriting” by
Einstein.

When the description satisfactorily describes our intuition of the numbers,
the structure A becomes a (standard) model of arithmetic. As is clear, theory
building is certainly a description process but the process starts with making a
clear structure, that is, a clear conceptual idea of the reality which will become
the objective of the description. If the reality is not clear or not well understood
it is easy to envisage that the program (description) has no distinguishing model,
or differently expressed, what the program expresses is not true in the reality
that the program is intended to map; its semantics is incorrect. Tarski [14], p.401]
expresses the necessity of having a clear conception of reality in the following
way:

We shall understand by semantics the totality of considerations concern-
ing those concepts which, roughly speaking, express certain connexions
between the expressions of a language and the objects and states of af-
fairs referred to by these expressions. [...] The concept of ¢ruth also —
and this is not commonly recognized — is to be included here, at least in
its classical interpretation, according to which ’true’ signifies the same
as ’corresponding with reality’.

To summarize: theory building starts with a conceptualization of reality,
giving a structure, and ends with a description, the theory (program). If all
computations in the program are true in the structure, the structure is a model
of that program.
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5 Complementarity in Language

Naur makes the observation that “the program text and its documentation has
proved insufficient as a carrier of some of the most important design ideas” [0l
p-254]. This is supposed to be due to the fact that programming involves building
up the programmer’s knowledge which is argued to go beyond what can be
described in programs and text documents. The dependency of a theory is stated
by Naur in the following way [0 p.255]:

The dependence of a theory on a grasp of certain kinds of similarity
between situations and events of the real world gives the reason why the
knowledge held by someone who has the theory could not, in principle,
be expressed in terms of rules.

Naur does not further explain why just similarity between situations and
events of the real world is inexplicable; he just states it. However, if we observe
that Naur in fact talks about incompleteness concerning language, then the
tension between what can be described and what remains as the programmer’s
knowledge can be explained as a consequence of a holistic view of language
which Lofgren [8] calls the linguistic complementarity. It is the thesis that the
semantics of a language cannot properly be described in the language itself.
It is a whole of complementary description and interpretation processes; both
are needed to form a language. This thesis of Lofgren is supported by results
concerning formal languages. For example, Tarski [I5] has shown that truth in
formal systems cannot be expressed in the language itself, meaning that the
semantics of a program is not part of the program. The semantics is in the
mind of the programmer and can only be expressed in a metalanguage which
must possess a higher order than the programming language and according to
Tarski [15] cannot be expressed in the programming language.

What Lofgren and Tarski refer to is that between description and semantics
there is a process, an interpretation process, that transforms descriptions to
meanings and that this process is not describable in the language itself. This
interpretation process must not be taken as a function that transforms words, or
sentences, in the description to a definite meaning. For a formal language it has a
definite meaning in a specific model but there are several “realities” (structures)
that each can serve as a model of a given description.

In the complementarity view of language, a language consists of four parts:
description (theory), interpretation (semantics), interpretation process and de-
scription process. The interpretation process (Ip) and description process (Dp)
act as is illustrated in Fig.[Il The linguistic complementarity can now be stated
as referring to holistic situations where fragmentation into parts does not suc-
ceed. Language is a whole of description and interpretation, parts that are not
expressible within the language itself.

Now, the question becomes more intricate when we ask why not all people,
having the same language, have the same interpretation. Swedish, for example
is a language and all Swedes have Swedish as their native language. But even
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Description Interpretation

Dp

Fig. 1. Components in a language

within a language, one and the same description can be differently interpreted.
If we stick to the holistic view above of language we may express it as everyone
having his or her “own” (Swedish) language where most features are in common.
Thus, the interpretation is a process that belongs to the individual’s language,
that is, to the interpreter. It is true that in order to be social beings we have to
have almost the same interpretation of the language. The differences are most
noticeable in the outskirts of the common social area. Misunderstandings are due
to different interpretation processes. However, a characteristic trait of the human
brain is that it is easy to adapt one’s interpretation to another individual’s and
also merge the processes from several individual’s to a common interpretation.
This is, for example, the aim of political speeches@.

The understanding of complementarity in language gives a quite different
understanding of programming but also gives a different explanation of many
of the problems involved in software development. The main reason for faulty
programs and programs that do not fulfill the customers’ requirements and in
many cases are so defective that the whole project will never be completed is the
lack of a common model, that is, a well specified mode[d (structure) that can be
shared by everyone. About 80-90% of the software development does not meet
its performance goal and as much as around 40% of the development fails or is
abandonedﬁ.

In the development stage it is the model (structure) that should be in focus
and should be given such a description that everybody understands it. If not
everyone in the project has the same conceptualization of the reality (structure)
it is impossible to produce a (formal) description that unambiguously points to a
certain structure, that is, has a distinct model; a standard model. If many people

* The social aspects of language are treated in detail in [2] and [].

5 Strictly speaking it is the structure, not the model, which is of concern. Since we are
talking about the structure that will become the model of the future program, I do
not always distinguish between the two entities.

® OASIG, 1996.
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in a project have different opinions of reality, those different structures cannot
be models of the final programs. Not even the programmer has always a clear
conception of the program and accordingly has no model that is in agreement
with reality.

Despite the striking resemblance to theory building in physics, there is in a
certain respect a decisive difference. All physicists share the prevalent models of
nature, except in a paradigm shift. The physicists are from their early education
trained to understand the different models used in physics. Those who cannot
understand how nature is supposed to be, are sorted out at an early stage.
The models are understood by thoroughly working out the ideas until one can
grasp it as a whole and see it as a single idea. This process is not abandoned
until it has yielded a full comprehension of the ideas. So, there is no problem
when physicists from different places or countries come together. They already
share the models. This is in sharp contrast to programmers. Here the analysts
normally have different background knowledge compared with the customers and
even between themselves. Despite that, they are supposed to grasp an idea of an
information flow that is in agreement with the customer’s reality. Notice, it is not
enough to have a common theoretical knowledge, for example of logistics. This
does not give a sufficient understanding of its application in a certain industry.

As already mentioned, from his observations Naur draws the conclusion “that
at least with certain kinds of large programs, the continued adaptation, modi-
fication, and correction of errors in them, is essentially dependent on a certain
kind of knowledge possessed by a group of programmers who are closely and
continuously connected with them” [0l p.254]. What Naur describes here is a
maintenance problem which easily can be given an explanation in terms of the
linguistic complementarity. When a new programmer enters an existing project
he or she has not the same background knowledge as those that already are in
the project or those who have left it. He or she has not the common model but
has to learn it and this cannot be done from descriptions only. It takes time to
comprehend the model and there is no short cut; it is a cognitive process that
has to mature individually.

With the help of the linguistic complementarity, we can identify important
reasons for faultiness. First, the programmer does not sufficiently well appreciate
the model, second, if the model is changed this is not always properly commu-
nicated to the project members. In both cases the result is that the project
members do not have the same model but believe they have. This may end
in different theories possibly correct in their respective models but inconsistent
between themselves.

6 Conclusion

In formal logic and computer science, the term language has a very narrow
meaning. A language is considered completely specified when its symbols and
formulas are specified. This makes a language a purely syntactic object [IT}
p-4]. However, a program, as well as a formal system, is constructed in order to
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have a meaning. The whole point with a language is to be able to communicate
ideas or facts about a real or conceptual world. In computer science, program
language is normally not thought of in those terms. It is merely a tool to produce
computations. The semantics is put in the background.

If we change the view of programming to have theories as its outcome, it
will influence our conception of programs. This view is a shift from a production
perspective to a linguistic perspective in which the communicative aspect of lan-
guage is put forth, that is, the semantics will be a central part in programming.
Syntax and meaning together completely specify a language making it a holistic
entity that cannot be fragmented into parts in the language itself; description
and interpretation are complementary within the language.

This holistic view of language, called the linguistic complementarity, will
change our view of programming in a profound way since it will change the
focus from programs (description) to semantics (model). The whole point with a
program (theory) is to formalize something (reality) so precisely that arguments
about it can be followed mechanically. Only in that way can we be really sure
of their validity.

The idea of programming as theory building will also influence the methods
used in the development and maintenance of programs as well as our view of
software architecture. The big challenge is to find good methods to describe the
structure that will become the model of the program.
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Abstract. Research in the open hypermedia systems area has been on-
going for the past several years. In spite of the research progress that
has been made in the field, however, open hypermedia systems in gen-
eral have yet to develop a large and substantial user base. This situation
is particularly conspicuous when considering the increasing popularity of
similar “B-level” technologies such as object management frameworks.
The range of factors contributing to the missing user base of open hy-
permedia systems includes potential problems with standards, publicity,
and the WWW. In spite of these limiting factors, however, new research
trends in the open hypermedia systems area such as structural computing
offer capabilities that might be exploited in order to more clearly and ef-
fectively communicate the advantages of the open hypermedia approach
to potential users of the technology.

1 Introduction

For the past several years, researchers have been actively investigating open hy-
permedia systems [9[11/12]. The original motivation for research into the open
hypermedia area was to address the problems that were identified with early hy-
permedia architectures. In particular, researchers focused on strategies to pro-
vide hypermedia functionality in a way that would enable it to be used by a
wide variety (or open) set of applications. A primary goal was to enable existing
applications to readily incorporate basic hypermedia functionality in order to
augment the services they provide [7]. Much progress has been made in the open
hypermedia research area. A number of open hypermedia systems have been
successfully developed. Examples include DHM [4], Microcosm [5], Chimera [1],
and many others. In addition to basic hypermedia functionality, many open hy-
permedia systems provide the infrastructure to support additional important
capabilities such as distribution and collaboration. Progress has even been made
on creating standards for open hypermedia systems to allow them to interoperate
[2].

In spite of the research success of open hypermedia systems, in general they
have yet to find a large and substantial user base. It is true that almost all open
hypermedia systems have client applications that have been developed or inte-
grated to test their functionality. These applications demonstrate the usefulness
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of the services the systems provide. However, the number of client applications
for any particular open hypermedia system is usually small, and is often lim-
ited to the set of “proof of concept” applications needed for research purposes.
Though commercial versions of some open hypermedia systems have been de-
veloped, application developers have yet to line up in large numbers, eagerly
awaiting the opportunity to integrate the services that open hypermedia sys-
tems provide.

This paper examines the limited user base of open hypermedia systems. The
following section provides a brief look at the different types or levels of work in
order to characterize open hypermedia system users. Section ] provides an initial
look at some of the factors that may have limited the use of open hypermedia
systems. Section Ml examines one of the most recent trends in open hypermedia
systems research, structural computing, and the role it might play in helping to
enlarge the user base of this technology. Section Bl concludes the paper.

2 Levels of Work

Work in computer science (as well as other areas) is sometimes described as
occurring at different levels, according to the primary beneficiary of the efforts
represented by the work. For example, Douglas Engelbart has suggested that the
work which occurs within organizations can be classified according to a three
level classification scheme [3]. Work occurring at the first level (called the “A-
level”) represents those efforts that are directly related to the primary function
of a company or organization. For example, in an automobile design firm, A-level
work would correspond to the efforts made by designer personnel to produce new
car designs. The second category of work, called “B-level” work, represents the
efforts of those people whose job it is to build tools for and support the A-level
workers. In the automobile design firm example, B-level workers would include
those who build CAD packages and other tools that directly support the design-
ers who design cars. The third category of work, “C-level” work, corresponds
to the people who build tools to facilitate B-level work. This category would
include those who build infrastructure frameworks for object management, col-
laboration, distribution, etc., tools that can facilitate the development of B-level
tools such as a CAD package.

When considered within the context of the three level work classification
scheme, much of the research in the open hypermedia systems area can be consid-
ered to be C-level work. Consider the functionality provided by open hypermedia
systems. The services they provide are not intended to be directly used by end
users (A-level work). Indeed, by design, services in an OHS environment usually
have no specific user interface. Instead, the services provided are intended to be
incorporated into applications by application developers in order to augment the
functionality they provide to end users. In this way, open hypermedia systems
are tools designed to be used by B-level workers. That is, they are “tools for the
people who build tools for other people”.
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The observation concerning the missing user base for open hypermedia sys-
tems and structural computing environments identified in the previous section
can now be expressed as “where are the B’s”? Where are the users who develop
applications and other tools for A-level work that could potentially benefit from
the services provided by open hypermedia systems? This question is the topic of
the next section.

3 Where Are the B’s?

Some C-level tools have been quite successful and managed to accumulate a sub-
stantial B-level user base. For example, consider object management frameworks
such as Java RMI or those based on the CORBA standard. They are often used
in application development, and their popularity and usage continue to increase.
Indeed utilization of a specific object management framework is sometimes even
used as a selling point for applications. For example, vendors sometimes advertise
their products as being compliant with some specific standard.

The success of some C-level technologies makes the absent user base for open
hypermedia systems even more conspicuous. What could it be that has hindered
the wider spread usage and adoption of the open hypermedia approach? Could it
be some fundamental flaw with the open hypermedia way of providing hyperme-
dia services? Possibly, but the open hypermedia systems approach to providing
hypermedia functionality is not an immature or untested idea. It is based upon
over a decade of research into hypermedia architectures. These research results
have been reviewed by and acknowledged within the general hypermedia research
community. For the past several years, open hypermedia research results have
been well documented in the literature. Though it is difficult to know exactly
what the problem might be, from a research perspective it is appealing to believe
it does not lie in the basic open hypermedia approach. Is there instead some set
of other (external) factors that have prevented the development of a larger user
base for open hypermedia? The remainder of this section will examine an initial
set of factors that could be contributors.

Standards. Could it be a lack of standards that has discouraged potential ap-
plication developers from integrating open hypermedia functionality? It is easy
to see how this would be an important question for developers, causing them
to stop and consider whether integrating open hypermedia services was worth-
while. Would the system or set of systems they plan to integrate with provide
the ability to interact with other systems? Of course, there have been standard-
ization efforts within the open hypermedia community, most notably the Open
Hypermedia Protocol (OHP) developed by the Open Hypermedia Systems Work-
ing Group (OHSWG) [2]. Even though demonstrations have successfully shown
open hypermedia system interoperation based on the OHP, is it still somehow
not enough? Was it not sufficiently formalized or sanctioned by the appropriate
standards bodies to generate confidence within the minds of application devel-
opers?
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Publicity. Certainly open hypermedia research results have been well publi-
cized in the research world. But has this publicity somehow failed to reach and
influence the application developer community? Most open hypermedia research
efforts have been conducted at the basic research level, and the results are most
often published in corresponding venues. It would be reasonable to expect a
certain time lag before the research begins to influence application developers.
However, considering the number and maturity of some open hypermedia sys-
tem projects, it would seem reasonable to expect more of an influence to have
occurred by now.

The WWW. Are there web influences at play that have served to stifle the
impact of open hypermedia research? Despite its limitations, the web is certainly
the mostly widely used form of hypermedia, and can have a significant influence.
Before the advent of the web, for most people the word hypermedia was a cu-
rious research term. Now almost everyone has a notion of what hypermedia is.
Unfortunately, many people today equate the term with the navigational hyper-
media capabilities of the web. Has the term been co-opted and redefined to the
point that people can no longer see past the limited capabilities of the web to the
advantages of more advanced forms of the technology such as open hypermedia
systems?

4 Trends in Open Hypermedia Research

One of the latest trends in the open hypermedia systems research area is struc-
tural computing. Structural computing seeks to expand the types of services
offered within open hypermedia environments to include more than just the tra-
ditional or “navigational” form of hypermedia. In the past few years, researchers
have identified new types of hypermedia that have important roles in support-
ing users. These new forms of hypermedia move beyond the traditional node-link
model. Examples include spatial hypermedia [6] and taxonomic hypermedia [10].
The goal of structural computing systems is to provide support for several types
(or domains) of hypermedia within the same environment. The intent is to pro-
vide a rich platform for application developers, enabling them to choose from
among many different types of hypermedia when augmenting their applications,
and to even incorporate functionality from multiple hypermedia domains within
the same application when appropriate. Though a relatively new branch of open
hypermedia systems research, the first structural computing environments have
already begun to emerge. Examples include Callimachus [13], FOHM []], and
Construct [14].

As one of the newest trends in open hypermedia research, can structural
computing play a role in helping expand the user base of open hypermedia tech-
nology? The emphasis in structural computing on multiple hypermedia domains
would seem to help. Firstly, an environment offering support for multiple hy-
permedia domains is functionally richer and a more attractive one in which to
integrate applications than one supporting only a single domain. Secondly, and
importantly, the support for multiple domains can help address one of the most
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significant limiting factors identified in the previous section, the influence of
the web. Support for multiple domains is clearly something different from the
navigational hypermedia capabilities of the web. This distinction might make it
easier for researchers to communicate to B-level developers the advantages that
the open hypermedia/structural computing approach has to offer beyond what
the web can provide.

5 Conclusion

Despite significant research attention, open hypermedia technology has yet to
develop a large-scale user base. Considering the success that some other C-level
technologies have experienced, it is important to examine what the limiting in-
fluences on open hypermedia systems might be. Identification of limiting factors
will enable the most effective exploitation of new open hypermedia research di-
rections, such as structural computing, in the search for a B-level user base for
open hypermedia technology.
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Abstract. Contextual structure servers and versioning servers share a
similar goal in allowing different views on a stored structure according
to the viewer’s perspective. In this paper we argue that a generic con-
textual model can be used to facilitate versioning. In order to prove our
hypothesis we have drawn on our experiences with OHP-Version to ex-
tend FOHM’s contextual model.

1 Introduction

There is a long standing tradition of versioning structure within hypermedia
systems [29J30J35]. Versioning provides a failsafe baseline for experimentation.
Hypertext authors can rollback the hypertext network to its previous state after
changes have been made to it. It is also useful for supporting hypermedia col-
laborative work when needing to freeze versions where many users are working
on a shared resource. Versioning is particularly useful in application areas where
inter-document relationships cannot afford to be lost, such as in legal and audit
documents.

More recently there has been work focusing on contextual structure
servers [17]2]. These dynamically generate different views of complex structure
(such as a hypermedia linkbase) according to the context of the viewer.

A contextual server allows for many different views on a given structure,
depending on the viewer’s position in n dimensional context space (examples
of contextual dimensions include: age, expertise, goals, interaction history, etc.)
Since time can be viewed as just one of these contextual dimensions it seems
intuitive that any complete contextual model should be powerful enough to drive
the selection mechanism of a versioning server.

This is not just functional re-use. It recognises that versioning is a specific
kind of contextualisation and that there is an equivalence between different ver-
sions of an object and different contextual views of an object.

Figure[dl(a) shows the current view of how contextual structure servers and
versioning systems interact. The selection engine of the versioning system is con-
ceptually a separate process. Figure[I(b) shows what the reconciled architecture
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Fig. 1. Architectures for placement of contextual structure servers with versioning
systems.

would look like when the generic services of a contextual structure server replace
those of a specific selection engine.

It is our opinion that reconciling versioning and contextualisation mecha-
nisms would result in a more natural and consistent approach to both problems.

1.1 Objectives

At Southampton we have been experimenting with a contextual structure server
known as Auld Linky [I6]. It is a simple stand-alone server that stores hy-
permedia structure expressed in the Fundamental Open Hypermedia Model
(FOHM) [19], a generic contextual hypermedia format that evolved from the
OHP suite of interoperability protocols.

Separate to this we have also been developing a proposal for OHP-Version, a
versioning framework and protocol to control the versioning of OHP-Nav links.

In this paper we use FOHM and Auld Linky to ground a discussion of how
a contextual structure server could be used to provide the kind of versioning
supported by OHP-Version.

During this process we answer several questions:

1. Can a contextual model be powerful enough to provide versioning support
(i.e. can a contextual structure server act as the selection engine behind a
versioning service)?

2. We will answer this by looking at whether FOHM’s contextual model is
powerful enough to support versioning, and if not, how can it be extended
so that it is?

3. What are the consequences of such a contextual model for the non-versioning
applications of context?



120 Jon Griffiths et al.

2 Background

Frank Halasz discussed the issues of hypermedia versioning at the Hypertext
’87 conference [TT]. He highlighted the need to provide version support for both
hypermedia documents and structure.

One of the earliest systems to consider versioning was Xanadu [20]. Version-
ing is used as a device to prevent unnecessary duplication of content between
document versions. For example if a document contains the same content as a
predecessor version then instead of containing a duplicate copy of that content
it will contain content links that point to the same content within the older
document.

Notable systems that directly tackle the problem of versioning hypermedia
structure include CoVer [8], VerSE [7] and HB3 [12]. CoVer and VerSE implement
policies that employ versioning as a tool for aiding users when performing a task
(such as writing a research paper). These systems are also known as contextual
versioning systems, but they have a very different notion of context compared to
that described within this paper. Their meaning of context is a description of the
task being performed when the objects (involved in carrying out that task) are
versioned. Such context information is stored in order to assist with the version
identification process.

The HB3 system, on the other hand, focuses on versioning support at the hy-
perbase level. It enables versioning of navigational hypermedia structure: nodes,
links, composites and whole hypertext networks. HB3 can support a wide vari-
ety of versioning paradigms as versioning applications can build on this low-level
versioning capability to construct more complex versioning styles.

The success of the World Wide Web has also led to an interest in web-
based versioning. But the embedded nature of the Web means that hypermedia
structure can only be versioned implicitly by versioning those web documents
that contain the embedded structure. The most well known system is WebDAV
(Web Distributed, Authoring and Versioning) [31]. It extends HT'TP to provide
complete version control over Web documents, including the ability to retrieve,
delete, copy, move and lock both document revisions and their associated revision
properties.

2.1 OHP-Version

The Open Hypermedia Systems Working Group (OHSWG) has spent much ef-
fort on addressing the problem of interoperability between Open Hypermedia
Systems (OHS). Their work culminated in the creation of OHP-Nav, a standard-
ised linking protocol that allows components of an OHS to discuss navigational
hypermedia [HITR[22].

The IAM group at Southampton has been investigating how to supplement
OHP-Nav with versioning functionality, leading to the creation of the OHP-
Version protocol. This protocol has four goals:

1. To store and select different revisions of OHP hypermedia objects (nodes,
anchors, endpoints and link objects).
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2. To preserve the state of composite structures (such as the collection of OHP-
Nav objects, and connections between them, that together form a link struc-
ture).

3. To capture the state of the entire hypertext network at a given moment in
time by versioning a collection of hypertext structures.

4. To maintain the version history of OHP hypermedia objects, composite
structures and the hypertext network.

The approach taken when developing OHP-Version was to store all versioning
data in a separate version server rather than in the OHP-Nav linkserver itself.
This was to ensure that minimal disruption was caused to non-versioning clients
when introducing versioning to the OHP environment. However some minor
changes still had to be made. For example to ensure that OHP-Nav clients
can still retrieve the latest revisions of hypermedia objects it was necessary to
append a new property, called the ‘default status’ attribute, to all OHP objects.
In addition, the OHP-Nav linkserver had to be re-programmed so that it permits
non-versioning clients to manipulate latest revisions only.

3 Alternative Versioning Strategies

Auld Linky [16] is a stand-alone structure server that serves FOHM structures
expressed in XML. Queries are sent to Linky in the form of a FOHM XML
pattern which is matched against Linky’s loaded structures. Those that match
are returned.

Linky also supports FOHM’s context model. Queries can be sent with an
associated context description, in this case Linky matches the pattern, but then
culls away any parts of the structure whose context objects do not match that
of the query. It then checks that the culled structure still matches the original
pattern before returning it.

Link Association

SRC DEST DEST Binding

@ Context
. Reference

Data

Fig. 2. A Contextual Link in FOHM

Figure Plshows how parts of a Navigational Link are culled away. In this case
the query has requested all link structures given a context with keyword age
and the value Child. The first link destination has a context where age is set to
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Adult and thus the context match fails (represented in black) this results in that
entire branch of the link (represented in grey) being removed before the link is
returned.

Our purpose is to reconcile this kind of contextual model with versioning. In
this section we compare several strategies for versioning given the facilities of a
contextual structure server.

3.1 Naming Schemes

Perhaps the most pragmatic versioning approach would be to employ a naming
scheme to capture the version history of individual hypermedia objects, sim-
ilar to that of the Concurrent Version System (CVS). The nature of a nam-
ing scheme is to make the id of each object a meaningful name that imparts
information about the version history of the objects in terms of how it is re-
lated to other versions. Thus the format for a naming scheme for FOHM could
be: {object_id:revision_id}. The object id is a unique name that is shared
amongst objects that belong to the same versioned object. It indicates which
objects are related to one another. The revision id is a name that is unique
amongst the objects. It describes the object’s location within the version tree.

Because complex FOHM structures involve so many named objects (for ex-
ample, there are six named objects in a basic two-sided navigational link), Auld
Linky allows linkbase authors to create anonymous objects. These have no first
class status of their own and instead are considered as part of their parents. This
is a problem because to correctly version all the objects in a linkbase (without
massive duplication) they must all be named.

The easiest way to achieve this would be for a structure server to automati-
cally name all anonymous objects at the time of their creation within the server
(for example, when a static linkbase was loaded). This would solve the naming
problem within the server while still allowing linkbase authors the luxury of
anonymous objects.

From the revision id the identity of an object’s parent, children and siblings
can be deduced. The revision id would also enable the order of the objects, in
terms of eldest to youngest, to be calculated. Such a naming scheme could easily
be implemented to capture the version history of hypermedia objects. However,
this versioning solution does not help to reconcile the role of context in versioning
structure.

3.2 Concepts

One strategy that we have used successfully in the past to model different views
of an object is to explicitly model the relationship between them using a concept
object [2]. These are Associations of type ‘concept’ that relate several objects
that represent the same conceptual entity.

Context objects attached to the bindings of the Association implement condi-
tional membership of the concept. Thus the same concept can be seen differently
according to the context of the viewer. This could even transform the object into
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totally different structures, for example a biographic description might be a short
piece of text in one context (a single Data object) but become a larger composite
document (made up of a tree of Associations) in another.

The concept structure that we have previously used does not contain enough
information to capture the evolution of its members (i.e. it contains no ordering
information). This is necessary with versioning as it is important to record the
order in which versions were created. In addition, version structures may branch
(i.e. any given version of a structure might spawn many new versions). To model
this requires a tree structure rather than an ordered set.

Revision

Revision
‘ Revision ‘ Revision ‘

Fig. 3. A Revision Tree in FOHM

Figure [3 shows a tree of revision structures that manages to capture the
version history of an object (in this case a Navigational Anchor, represented in
FOHM by a Reference object). Each revision structure stores an ordered list of
revisions, where position 1 represents the original.

Unfortunately a tree structure is cumbersome to manipulate and difficult
to query, especially one that is n levels deep. This makes concept structures an
awkward strategy for versioning. Ideally the tree would be transparent to a query,
which indicates that concept structures should be treated as more fundamental,
perhaps as part of the contextual model itself.

3.3 Multiple Connections

Amending the FOHM data model to permit many-to-many relationships between
all its objects presents an opportunity for another approach to versioning. In this
scenario each FOHM object operates as its own concept structure with context
determining which objects are connected at run-time.
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(a) Query in Context 1 (b) Query in Context 2

Fig. 4. Contextual Queries with Multiple Connections. The black contexts are the ones
that have failed, this results in the grey structure being trimmed away

Figure dl(a) shows two Link structures where the context objects describe in
which time slice the object is valid. The number within the context object refers
to the time slice that the object was created in, a plus sign denotes that the
object is visible in all subsequent time slices.

Link A has been created in time slice 1, a second version of Node v1 has
then been created in time slice 2 (Node v2). When the structures are queried in
the Context of time slice 1, Node v2 is removed and the viewer sees the older
version of the link structure.

Link B has also been authored in time slice 2. The author explicitly wants to
refer to the older version of the Node (perhaps they are discussing a particular
draft of a document) and so creates a reference to Node vl. When the query is
sent in the context of time slice 1, Link B is totally invisible.

Figure[d(b) shows the same structure queried in the context of time slice 2.
In this instance the latest version of the Link A structure is returned (including
Node v2) and the Link B object is visible. The problem is that since Node v1 is
invisible in this context it does not appear as part of the Link B structure, even
though this was the author’s intention.

The inability to refer to older versions of objects is a fundamental problem
with this strategy. The source of the problem is that FOHM’s contextual model
only allows objects to be contextual, whereas we require the connections between
objects to be contextual. In the next section we explore what a contextual model
that includes contextual connections would look like.

4 Contextual Connections and Pattern Propagation

Having explored the various strategies we have discovered that FOHM’s contex-
tual model is not powerful enough. To support versioning a contextual model
requires contextual connections as well as objects that describe in which context
they are visible. In this section we look at how connections are formed within
FOHM and how we might make them contextual.
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4.1 Patterns

FOHM Objects may be referenced by a unique id, i.e. pattern match for a given
type of object with a particular id. Because the ids are guaranteed to be unique,
Linky can circumvent the matching process and use more efficient lookup algo-
rithms (such as a hash table).

If we want this look-up to become contextual we need to allow non-unique
ids and full patterns to be used (rather than just a direct id lookup). This would
force the structure server to use the same pattern matching process internally as
clients of its external services. We have called this approach pattern propagation.
It allows a pattern to be attached to a static structure to be resolved at run-time
during the query process.

We can generalise this internal pattern match further by allowing query con-
texts to be attached to the stored patterns. This extension allows structures to
be connected together in context. For example, a link could be authored to a
node in the context of a particular time slice. When the link is retrieved it will
include the revision of the node from that time slice, even if the original query
was made in the context of the current time slice.

4.2 Storing the Patterns

In the contextual structure server that we are using, Auld Linky, the id lookup
objects are currently stored with a simple flag to show that they are to be used
as an id lookup as opposed to being first class objects themselves.

Replacing this with a pattern to be further matched is not as simple as
adding additional elements, as the context for the pattern propagation must
also be stored. Furthermore we need to allow queries to be made independently
of type (i.e. a reference should be able to store a pattern that resolves into either
a Data object or an Association).

This would require two extensions to the current Linky FOHM definition.
Firstly, it must become possible for authors to create a ReferencableObject as
well as an Association or Data object. This would match with either of the
other two. Secondly all FOHM’s first class objects need to be able to contain
QueryRules when written in their pattern state. This would include the context
in which to make the query.

Once these patterns have been stored in the linkbase we are then faced with
the problem of getting them out again (since a query would cause them to be
automatically resolved). One solution would be to place a flag in the query rules
that specified the depth to which patterns should be resolved. A depth of n
would return all patterns, while adjusting the depth to other numbers would
allow an application to retrieve the uppermost parts of large structures without
invoking potentially expensive pattern matching processes on the lower parts
(for example, to return a tour structure without processing the members of that
tour).
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4.3 Merging Contexts

When a contextual query is sent to the structure server it already has a Context
object attached to it. With the current context model this single context is used
throughout the matching process, but with pattern propagation it may change
as the matching process works its way down different branches of the structure.

This means that there is an issue of how the query contexts and the pattern
contexts should be merged. There are four choices:

1. Replace the Query Context. The pattern context could entirely replace the
query one.

2. Merge Contexts (replace Pattern Keys). The query and the pattern context
could be merged; the query context’s keys’ values taking precedence over the
pattern context’s keys’ values.

3. Merge Contexts (replace Query Keys). The two contexts could be merged,;
the pattern context’s keys’ values taking precedence over the query context’s
keys’ values.

4. Merge Contexts (conjoin keys). The two contexts could be merged with the
values of like keys being AND’ed together.

Without merging the original context information would be discarded even if
it has no bearing on the new context information. Conjoining contexts may
prove to be very difficult, particularly as Linky allows values to be constrained
(matched via included code) and AND’ing arbitrary code is non-trivial. However,
one might imagine situations where both the remaining merging scenarios are
required.

For example, when using context to control children’s access to adult material
it seems sensible to maintain the existing keys (i.e. the age is always set to child,
thus a child cannot ‘move’ into an adult context). However, when going the other
way it makes sense to allow the context to be overridden (allowing adults to view
material in the context of a child).

To allow this fine control a flag would be needed that specifies how each con-
text value should be merged with a matching one on a stored pattern’s context.
This provides a fine grained way for query behaviour to be specified.

4.4 Multiple Connections and First Class Bindings

The current implementation of Auld Linky permits an Association object to
contain multiple members (represented by Binding objects), but in all other
cases it only allows for single connections between objects.

returns, therefore FOHM would need to be extended to allow multiple con-
nections at all points. Section [33 discussed a similar situation, where n ids could
be attached at every point of the structure. Here we can only attach one id, or
pattern, but it may resolve into many objects.

Multiple connections would have a negative impact on the pattern matching
process as the server needs to attempt to match all possible permutations at any
point where there is a collection of objects.
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A further requirement is that structure servers should explicitly name all ob-
jects that undergo frequent revision. This would allow them to be versioned sep-
arately. FOHM currently defines Bindings as implicit objects wholly contained
within Association objects. This presents some difficulties for FOHM versioning.
Firstly, Bindings cannot be versioned directly. If clients want to version a specific
Binding, then they have to version the whole Association object within which
the Binding is contained. Secondly, the act of versioning an Association causes
the creation of new revisions of all of the Bindings contained within it.

4.5 Maintaining the Version History

The problem with using pattern propagation to support versioning is that it
does not record the version history of individual objects.

One solution is to store the version history implicitly within Context objects
attached to each object. They will record the object’s parent, children and its
immediate siblings. This is a far from ideal solution. It is difficult to maintain
and the role of Context objects is not to store meta-data about a structure, but
to store meta-data that describes in which contexts that structure is visible.

A second option is to record the version history as an additional structure.
This could even be stored in the same structure server as the evolving structure
it is being used to record (this could take a similar form to the revision tree
structure described in Sect. B2).

5 How Would Versioning Work in Practice?

In this section we describe how a contextual structure server implementing pat-
tern propagation would be used to support the two core versioning operations
of revision retrieval and revision creation.

5.1 Retrieving the Latest Version

One of the fundamental capabilities of a versioning system is to allow users to
easily retrieve the latest version of a structure. It is also important to support
naive (non-versioning aware) clients by giving access to the latest version of a
structure by default.

When using a contextual structure server to support versioning there is a
problem in that naive clients will query the server with a blank context object
and thus match all versions (when what they really require is the latest version).

In Linky this is caused by the model of context matching. If a key is present
in both contexts then it must have the same value to match but if it is only
present in one context then it is assumed to match by default.

The way that Linky avoids this problem is to allows context values to be
flagged as required, this reverses the normal matching behaviour and ensures
that if only one of the context objects specifies a key then those context objects
fail to match.
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We could use this required flag within the linkbase on all object revisions
save the latest one, this means that a user must specify a version key explicitly
to retrieve anything other than the latest version.

It is also possible that with branching version structures there is more than
one version available in a particular time slice and therefore more than one
‘latest’ version. It is up to the authors of such branches whether or not they use
a similar mechanism to hide their versions from the view of naive clients.

5.2 Retrieving an Earlier Version

Several approaches can be adopted for retrieving an earlier version of an object.

The first is to send a contextualised query that will match against the pat-
terns stored in the Auld Linky structure server. This query will contain a context
object that has a key that describes the versioning dimension that we are in-
terested in, for example time. The Merge value will specify that we only want
to match against stored patterns that are equal to the context value, such as
FOHM objects that were created between 10:00am and 11:00am.

The second approach is to search for a specific object version by traversing
the version history structure (such as the one shown in Fig. Rl). This is only
possible if the version histories of FOHM objects have been explicitly recorded
as described in Sect.

Both of these empower the user to select a particular revision. With pattern
propagation it becomes possible for the author of the structure to choose a
revision by connecting an object to their structure in the context of an earlier
version.

5.3 Creating a New Version

To create a new revision a new object must be created in the structure server
with the same id as the old revision. It is not necessary to change any existing
connections. However, the structure server will have a way of denoting the latest
revisions of an object and this must be updated to the new revision (for example,
in Auld Linky the old revision must have its required flag set to true).

If a version history of the structure is being explicitly recorded it would also
need to be updated.

6 Conclusion

In this paper our aim was to find out if a contextual model could be powerful
enough to replace the selection engine of a versioning server. We approached this
question by examining FOHM’s contextual model as implemented within Auld
Linky.

We found that FOHM does not have a powerful enough context model in
its present form. This is because FOHM allows objects to be contextual but
not the connections between them. By extending FOHM to include multiple
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connections and context on those connections (via pattern propagation) FOHM
could support versioning with context.

More generally this means that it is possible to reconcile context and ver-
sioning. General contextual models can be devised that are powerful enough to
cope with the requirements of a versioning selection engine.

The extended contextual model is also more expressive when considering
the non-versioning applications of context. It allows structures to be connected
together in context. For example a link could be authored to a tour in the context
of a child. When the link is retrieved it will include the children’s version of that
tour, even if the original query was made in the context of an adult.

By reconciling context and versioning we view a contextual structure server
as a component that may slot into a versioning framework to take over the role
of the selection engine. This results in an integrated approach to context and
versioning where object revisions are manipulated in the same manner as other
contextual views.

Other aspects of a versioning service (such as policy management and en-
forcement, object locking, run-time consistency etc.) can be provided by other
components in the system framework, an architecture advocated by Component
Based Open Hypermedia Systems (CB-OHSs) such as Construct [33|32]. If a
version history is required then it could be explicitly maintained by a separate
knowledgeable component (that could still use the structure server for storage).

In summary, we have shown that versioning is a specific kind of contextu-
alisation and that it can be supported by a generic contextual model. We have
presented an extension to FOHM that describes how this might be done in prac-
tice. It is our opinion that versioning is better seen as a specific use of context
and that reconciling the two results in a more natural and consistent approach
to both.
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Abstract. There has been a large and varied amount of research into
federated database systems, and more recently, this has advanced in
the direction of federations of multimedia databases. However, in each
project studied so far, none have placed special emphasis on the role
of metadata in such systems. In this paper, a detailed specification of a
multimedia metamodel suitable for a federation of databases, is provided.
By illustrating the metamodel, it is clear to users, administrators and
programmers exactly how data is structured, and the types of operations
that are possible.

1 Introduction

Many applications require access to databases of unknown structure where the
initial objective is to determine the database entities and their relationships
prior to access or modification of data. In the area of federated databases, this
requirement is stronger as a global administrator or engineer must take multi-
ple heterogeneous software systems, determine similarities and differences across
systems, and combine them to form one or more global schemas. A key support
feature in this task is the presence of a schema repository where the database
structure is described, and a metamodel which provides a set of legal relation-
ships and actions for entities in the database.

In the EGTV project[16], the goal is to integrate a medium to large number of
multimedia database systems which share a common metamodel interface. The
contribution of this paper is in the specification of a metamodel for multimedia
federations, of which an implementation has been mapped to both the object-
oriented database standard (ODMG) and Object Relational (O-R) data models.
Furthermore, there is an emphasis on the metadata aspects of integrating large
multimedia systems. We argue that by specifying full details of the metamodel
(or schema of the database repository), this enhances the integration process as
it is clear how to interrogate the schema. The paper is structured as follows: in
the remainder of this section we provide a brief overview of federated databases
and the importance of metadata in the construction of federated schema; in
Sect. [ some related research is provided; in Sect.[3 a description of the system
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architecture is provided; in Sect. [ the multimedia metamodel is presented; in
Sect. [§, an implementation is discussed; and finally in Sect. [l we offer some
conclusions.

1.1 Background and Motivation

The concept of a federation of databases [20] is one where heterogeneous data-
bases (or information systems) can communicate with each other through an
interface provided by a common data model. In our case, the common data model
is the ODMG model [6], reengineered to remove redundancies, and extended to
provide support for multimedia types.

The most common architecture for these systems is as follows: data resides in
many (generally heterogeneous) information systems or databases; the schema
of each Information System (IS) is translated to the format of the common
model, and this new schema is called the component schema; view schemata are
defined (subsets of the component schema) that are shared with other systems;
these view schemata are exported to a global or federated server where they are
integrated to form many global or federated schemata. Please refer to [15] for a
more complete description of object-based federated database systems.

The key tasks which are simplified by the presence of a metamodel are in the
manipulation of view schemas, the transportation of view schemas (between local
and global servers), and the integration of local view schemas to form one or more
federated (or global) schemas. In earlier work [I8], we demonstrated how the
metamodel could be used to describe and manipulate virtual entities which were
defined in local ODMG databases. By using the metamodel to describe a sub-
schema of virtual complex types, it was possible to transfer views (sub-schemas)
between participating systems. Finally, the complexity of integrating object-
oriented subschemas was shown to be reduced by having an ODMG metamodel
to describe and alter virtual types.

2 Related Research

In this section we present an overview of research in the area of distributed mul-
timedia systems. Issues addressed in these projects include multimedia data and
metadata representation, query languages for multimedia and federated multi-
media architectures.

2.1 SQL/MM Still Image Standard

The SQL/MM Still Tmage Standard [2I] provides SQL multimedia extensions
for manipulation of still images stored in the database. The standard defines
a SI_StillImage data type for representation of still images. SI_StillImage
stores image data as BLOBs (Binary Large Object), while image parameters
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(height, width, etc.) are stored as text values. Each SI_Stilllmage object type de-
fines constructors and methods for basic image manipulation. Additional meth-
ods for context querying based on average colour, colour histogram, positional
colour, and texture are also defined in standard.

The main advantage of SQL/MM as a query language for multimedia is that
it provides multimedia extensions for the existing database query language SQL,
and as such, users need not learn a new language for multimedia transactions.
The disadvantage of this approach is that SQL/MM is limited only to relational
and object-relational databases that support SQL. Furthermore, the SQL/MM
standard does not support any other multimedia type except still images. Data
distribution features and a multimedia repository schema are not included in
the standard.

2.2 The Garlic Project

Garlic [5] is a distributed database system for storage and manipulation of het-
erogeneous multimedia data developed at the IBM Almaden Research Centre.
It provides a global schema for multimedia data originating from different data
stores, where a data store can be any database or specialized multimedia stor-
age system. A global schema is a union of local schemas transformed to the
Garlic data model. Data stores are connected to the Garlic system by wrappers
[7] that transform the proprietary data model to the data model of the Gar-
lic global schema. The Garlic data model is based on the ODMG model but
is extended for multimedia support. The main extension to the ODMG model
is the concept of views. The views are defined on top of multimedia classes in
the Garlic global schema. Views can extend, simplify or reshape class properties
and methods. The limitation of the view system is that each view is formed
from a single base class. Objects originated from different data stores can be
combined using “complex objects”. Complex objects are stored in the special
Complex Object Repository and they model relationships that exist between
multiple multimedia objects. The query language for Garlic is based on SQL
and extended with object-oriented features like references, collections and oper-
ations. These extensions include predicates and operations for context querying
of multimedia objects. A global query is decomposed to set of smaller queries
that are executed on the wrapper databases. No description of metamodel is
described in the published work on Garlic.

2.3 Multimedia News-on-Demand System

The news-on-demand system [I4] is as a multimedia project developed at the
University of Alberta in Canada. Each news document consists of textual and
multimedia elements with spatial and temporal relationships. The spatial re-
lationships between multimedia elements are represented in SGML, while the
Hy/Time standard was used for temporal relationships. From the database as-
pect, the system provides an object-oriented representation for multimedia el-
ements. Non-continuous media (text and still images) are stored in the object
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database, while continuous media (audio and video) are stored in a special media
file server. The architecture does not provide support for data distribution, since
all objects must be stored in these two data stores.

Data types for multimedia are defined as a class hierarchy. The base multi-
media type is abstract class Atomic and all other types in the class hierarchy
are descendants of Atomic. Classes that represents single multimedia (like jpg,
avi, mpeg) derive from leaf classes in the class hierarchy. Complex multimedia
objects consist of interrelated single multimedia objects. Complex (data) objects
are represented as SGML and HyTime documents, where SGML describes spa-
tial relationships between component single multimedia objects, and HyTime
models temporal relationships. For each SGML DTD definition, a single class
is created in the object database. A query language for multimedia was also
developed as a part of the project. The language is based on ODMG OQL, and
extended with multimedia features (MOQL). These feature include functions
and predicates for spatial and temporal querying of multimedia data. However,
the language does not have transaction or multimedia manipulation capabilities.
A detailed specification of the MOQL language can be found in [12].

2.4 Multimedia Federations

The Federated Multimedia Database System [3] comprises textual and multime-
dia data into a federation which maintains a single global schema. Local data
stores connect to the system through wrappers that provide standardized inter-
faces to local data. A global federated schema is constructed in two steps. First,
two intermediary schemas are constructed containing media and structured (non
multimedia) data schema. A structured data schema is a union of all schemas
exported from the databases that store regular non multimedia data, while the
media schema represents a union of the all schemas exported from the local me-
dia stores. The media schema does not physically store multimedia objects, but
contains proxies that map to real multimedia data. Classes defined in each local
media schema are organized in the multimedia class hierarchy. At the top of the
class hierarchy are TObject and TSingleMedia classes. TObject is base class for
all classes in the schema while TSingleMedia is the base class for all proxy media
objects. Audio, video and image classes must derive from this class hierarchy. In
the second step of global schema construction, multimedia and structured data
schemas are integrated in the global schema and stored in a special repository
called internal database. The integration is accomplished by establishing rela-
tionships between multimedia and structured classes. New complex multimedia
classes can be constructed in the global schema. These classes integrate one or
more singe multimedia classes and include spatial and temporal relationships
between them. All complex classes that require spatial and temporal features
must derive from the TVisualElement base class.
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2.5 The Fischlar System

Fischldr [13] is a multimedia system for digital video indexing and browsing.
The system enables clients to record TV programs or watch previously recorded
videos through the web interface. Selected TV programs are recorded in an
MPEG-1 encoding format and stored in a regular file system. Recorded videos
are then processed by video indexing software that performs shot and scene
boundary detection. This information is used for the generation of web pages
with thumbnail images representing the beginning of each scene within the video.
Clients can select any of these images to begin video playback starting from that
particular scene. Real-time video streams are then broadcasted over the TCP /IP
network from the video-streaming server to clients. A streaming server (Oracle
Video Server) stores MPEG-1 video files in a specialized file system optimized
for fast retrieval, while scene and shot indexing information are fully contained
in the web interface.

2.6 Summary

While this section demonstrates the wide range of research projects in both
multimedia, and in some cases, federated multimedia systems, there is little or no
emphasis on the subject of metadata. By specifying (and publishing) a detailed
metamodel, it provides clarity as to the structural and possibly behavioural
capabilities of the system. When integrating heterogeneous systems, this extra
power is crucial.

3 Operational Architecture

In this section, a brief overview of the operational architecture illustrated in
Fig. [[lis provided. There are three broad levels in the EGTV architecture, al-
though the structural architecture has five levels (similar to [20]), but this paper
does not address issues of schema export and integration. Instead, this section
will focus on the role of the new metamodel interface for database creation and
manipulation.

In the federation, all data is stored in either ODMG compatible or object-
relational databases at the Database Layer. The Database Layer is used for phys-
ical storage of data and multimedia objects. However, the creation of database
schemas, and the manipulation of data is not performed at this local level, but
at the Metamodel Layer. This removes problems of heterogeneity when dealing
with different database types.

A common interface to each storage device is supplied by the EGTV meta-
model as the Metamodel Layer in the architecture. This provides the illusion that
all local storage devices are identical, and this is later exploited when construct-
ing global schemas. The metamodel is extended to include multimedia types
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Fig. 1. Operational Architecture

and is mapped to both ODMG and Object—Relationa]E models. All applications
interact with data through this layer.

At the Application Layer, there are three processors which provide function-
ality for building and manipulating both single database server and federated
database applications. Databases can be defined using either an extended OQL
or an XML interface; queries can also use either ODL or XML and be local
or distributed; and a final processor facilitates the construction of federated or
global schemas. For a more complete description of these processors, please refer
to [4].

4 Metamodel Specification

This section describes the object-oriented metamodel designed for multimedia
databases, and with a special emphasis on the integration process where mul-
tiple heterogeneous multimedia databases are combined. In this context, the
metamodel defines an object-oriented meta-schema for representing textual and
multimedia metadata for databases at both the component and federated layers.
For space reasons, we limit the discussion of each subset of the metamodel to
a brief overview: please refer to [I] for a more detailed description, including a
breakdown of the ODMG metaclasses which have been eliminated or amended,
and those which are new.

Databases at the component layer of the architecture use either an object-
oriented or object-relational data model. The metamodel is based on the generic
metadata definition for ODMG compliant databases as described [6] and the

! We treat the Oracle 9i model as a standard as it has the most advanced object-
relational model.
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C++ implementation defined in [10]. Our metamodel eliminates ambiguities
and redundancies present in both specifications by flattening the metamodel
structure, and significantly reducing the overall complexity. Some modifications
required for the representation of multimedia data types and behaviour were
also introduced. Our metamodel does not incorporate metadata access interface
(as the ODMG metamodel does) because this limits generic query capabilities
[9]. The structure of our metamodel is described in the following subsections,
and a detailed description is provided for all metaclasses that differ from the
ODMG metamodel specification. Each metaclass is classified to one of three
groups: new metaclasses, modified metaclasses and reused metaclasses. Modified
metaclasses exist in the ODMG metamodel, but their structure is redefined in
our metamodel. All metaclasses in our metamodel are prefixed with the sys
prefix.

4.1 Defining Name Scopes

Each database entity has a name that must be unique within the scope to which it
belongs. For example, attribute names are uniquely defined within the containing
class, while class names are unique in the database schema. Name scopes and con-
tainment relationships in the metamodel are closely related because each meta-
class provides a scope for all its contained elements. The ODMG metamodel sep-
arates name scopes and containment definitions into two different relationships,
introducing redundancy to the metamodel. For example, the ODMG d_Class
metaclass has two separately defined relationships to the d_Attribute metaclass:
scope relationship and containment relationship. Our metamodel eliminates that
design ambiguity by defining a single containment/scope relationship between
metaclasses as illustrated in Fig. 2l

The sys_MetaObject is an abstraction for all elements in the metamodel
and defines common attributes such as name, metaclass type (metaType) and
comment. These three attributes provide name, type and user defined com-
ment properties for all elements stored in the metamodel. Metaclasses that
are not capable of containing other metamodel elements, like sys_Property,
sys_Parameter and, sys_Inheritance derive directly from the sys_MetaObject,
while all container metaclasses derive from sys_ScopedObject. The sys_Scoped-
Object defines the containment relationship (contains) to sys_MetaObject, so
that each instance of sys_ScopedObject can contain and define name scope
for many sys_MetaObject instances. For example, a class which is an instance
of the metaclass sys_ScopedObject, can contain attributes, relationships and
operations which are uniquely identified within the scope of that class.

Since the sys_ScopedObject metaclass also derives from the sys_MetaObject
metaclass, each container metaclass can recursively contain another container
class. Metaclasses sys_Class, sys_Schema and sys_Operation derive from the
sys_ScopedObject, as they provide naming scope for elements contained within
them. The top level scope is the database schema itself (sys_Schema), and it
contains the classes (sys_Class) defined by users.
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Fig. 2. Metadata Definition of Name Scopes

4.2 Defining Types

Type metaclasses provide a description for types defined in the database. All
data types are represented in a metadata class hierarchy as illustrated in Fig. Bl
The sys_Type metaclass is an abstraction for all types in the database, and the
more specific metaclasses which derive from it. Our metamodel is enhanced by
permitting operations for the sys_Type metaclass, whereas the ODMG meta-
model permits only user defined classes to have operations. Moving operation
support to the level of the sys_Type base class enables the definition of oper-
ations not only for classes, but also for other data types (e.g. multimedia and
collection types). The importance of this feature arises from the fact that the
internal structure of complex data types is fully encapsulated and the only in-
terface is provided through operations. For example, a jpegImage multimedia
data type can have operations for query by pattern, resizing and rotating of an
image it contains. These operations are registered in the metamodel and publicly
available, while the implementation and storage details of the jpegImage data
type are hidden from the user.

The system and user defined types are represented as a specialisation of the
sys_Type metaclass. System types are used as attributes of classes, or parame-
ters of operations, and they cannot be instantiated to persistent self contained
database objects. System types can achieve persistence only as attributes of user
defined classes. All system types can be classified as primitive and collection

types.
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Fig. 3. Metadata Definition of Data Types

Primitive types: Represented in the sys_PrimitiveType metaclass. The
full set of allowable types are Integer, Float, String, Date, Boolean and
Octet. Special data types for multimedia storage are incorporated into this
metamodel and they are represented as instances of the sys_MediaType
metaclass. The metamodel defines the sys_MediaType metaclass as a spe-
cialisation of the sys_PrimitiveType. The mediaKind property identifies
multimedia type (audio, video, text or image), while encodingFormat,
formatVersion and compression provide information on media encoding
characteristics.

Collection types: Collections store multiple objects of one system type and
are represented by the sys_CollectionType metaclass. Supported collection
types include Set, List and Array as specified in the ODMG standard.

4.3 Defining Properties

The sys_Property metaclass is an abstraction for all property types that can
be specialised as attributes or relationships. Members of a class are specified in
the sys_Attribute metaclass, where each attribute can be optionally defined
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Fig. 4. Metadata Definition of Properties

as static or constant using isStatic and isConstant properties. Attributes
can be of a system or a class type, where each attribute has only one type,
while one type can be used by many attributes. This is represented with the
attribute_type relationship between sys_Attribute and sys_Type metaclasses
where the sys_Type is a superclass for all types in the metamodel.

The sys_Relationship metaclass defines bidirectional relationships between
two classes where a cardinality of one or many is specified for each side of the
relationship. The traversal property of the sys_Relationship returns the other
side of the bidirectional relationship. Each relationship with cardinality greater
than one can have ordered values (isOrdered property) or it can be defined as
unique (isUnique property).

4.4 Defining Inheritance

Inheritance relationships are defined for classes only. Inheritance in the meta-
model is represented by the sys_Inheritance metaclass. The instance of the
sys_Inheritance metaclass has an inherits_to and a derives_from relation-

inherits_to

1 J/ 0.n

sys_Class derives from sys_Inheritance
isAbstract 1 = isVirtual
operatorType 0.n positionNumber

Fig. 5. Metadata Definition of Inheritance
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Fig. 6. Metadata Definition of Operations

ship with two instances of sys_Class. Each class has a list of inherited classes
and a list of derived classes. The positionNumber parameter indicates the order
of base classes in multiple inheritance definitions.

4.5 Defining Operations

Operations can be defined for both system types and classes. Operations specified
for system types are part of the type definition and cannot be modified by the
user, while operations on classes are user defined. The sys_Operation metaclass
is an abstraction for all operations defined in the database. There are many
issues concerning representation and invocation of database behaviour, but they
are not be addressed here as they form part of a separate ongoing project [11].

4.6 Defining Schemas

A schema represents the top level container for classes and object views. The
ODMG implements a schema as an instance of the d_Module metaclass, while
in our metamodel sys_Schema is an abstraction for database schema and view
subschema metaclasses. An instance of sys_DatabaseSchema represents one
database schema, defining a global scope for the database objects it contains.
Objects that can be registered within a database schema are base classes and
views.

4.7 Defining Views

The sys_SubSchema is a special “schema” for representing object views. It con-
tains base and virtual classes and each subschema belongs to one database
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Fig. 7. Metadata Definition of Schema

schema. This representation is necessary as a view is always based on a sub-
schema, and not on a single virtual class. Object views provide schema re-
structuring functionality for object-oriented database models. This feature is
commonly used in federated database systems for the construction of different
component and federated schemas. Object view support is not provided in the
ODMG standard, but the EGTV metamodel defines extensions for representing
view metadata. View support is designed to represent the view mechanism spec-
ified in [1§]. Each object view, represented as an instance of the sys_SubSchema
metaclass, contains one or more virtual classes. A virtual class is recursively con-
structed from base classes or other virtual classes using restructuring operators
specified in [1§].

4.8 A Meta-metadata Level

Each metadata model describes the structure of the database schema at some
level of abstraction. Our metadata model is specifically constructed to support
multimedia metadata by recognising multimedia types as a special form of data

virtual_connector

1
sys MetaObject
name
metaType

virtualLevel
coment

0.2

Fig. 8. Metadata Definition of Views
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type. The model in which the metamodel is specified and constructed is called the
meta-metadata model. Metadata models for representation of specific database
models (e.g. multimedia) can be easily defined in the meta-metadata model.
Migration from the one metamodel structure to the another is accomplished by
changing metamodel representation in the meta-metadata model. Our specifi-
cation of meta-metadata model is illustrated in Fig. [0l We recognise the meta-
metadata model as beneficial to our system, because it will allow us to specify
new metamodels and to add new metaclasses to the existing ones.

m_Abstract

name
comment \
m_Schema

version

contains—€lements

1.n

m_Association

m_Attribute
e 1| m_Element |1 0..* | cardinality
isUni isAbstract isOrdered
isUnique 0.% 1 isUnique
+inherits_to ociable_ele ts

assodjates_to

+derives/ from

0..n. n m_UniAssociation ‘ ‘ m_BiAssociation ‘1
m_Generalization o ‘ ‘ ‘
— : 1

traversal

Fig. 9. The Meta-Metamodel

The m_Abstract metaclass is an abstraction for any type of metamodel el-
ement. It defines name and comment attributes common for all entities in the
meta-metadata model. The m_Abstract can be realised as element, attribute,
association, generalisation or schema. The m_Element metaclass represents a gen-
eral container element, and instances of the m_Element correspond to sys_Class
metaclasses in the metamodel definition. Each m_Element can contain attributes
and associations represented by the m_Attribute and m_Association. The type
defines attribute type, while isUnique property specifies if attribute instances
must be unique. Associations in the meta-metadata model can be unidirectional
(m_UniAssociation) or bidirectional (m-BiAssociation). The cardinality,
isUnique and isOrdered properties are defined for both association types, but
only bidirectional associations have a traversal link to the inverse associa-
tion element. Inheritance relationships between metadata elements are repre-
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sented by the m_Generalisation metaclass, while the m_Schema is the root con-
tainer for all elements in the meta-metadata model. Each m_Schema instance
corresponds to one metamodel schema defined in the meta-metadata model.
The associable_elements relationship between m_Association and m_Element
metaclasses defines association rules for metamodel instances of the meta-
metadata model. The relationship specifies all subclasses to which an associa-
tion defined between their superclasses, can be propagated. This feature enables
definition of strict association rules that specify which subclasses are allowed to
create an association link defined for their superclasses.

5 Implementation

A working prototype has been implemented for Versant 6.0 (ODMG) and Or-
acle 9i (object-relational) databases. It was developed and tested on Windows
platforms (Windows 2000 and Windows XP), but a Linux version is due to com-
plete shortly. The metamodel implementation for Versant is specified using C++
header files, built and stored (as metaclasses) in the database using the Versant
schema import utility. This process creates an extended schema repository which
is an implementation of the multimedia metamodel. The Oracle implementation
of the metamodel is developed as a SQL-99 script file containing SQL DDL state-
ments for creating object types and object tables. This SQL script is executed
to create a schema repository, implemented as a set of object-relational tables
constructed from object type definitions.

A user-defined multimedia schema can be specified using a new object defi-
nition language, ODLx[2], which is an XML-based schema definition language.
This was developed for representing object-oriented multimedia database
schemas in a database and platform independent format. The XML Schema
is used as a specification language in which the ODLx is defined. The specifica-
tion language was created and validated for correctness using XML Spy 4.3, a
development tool for XML. The Schema Generator program, developed as a part
of the project, parses ODLx file, and creates metadata and schema definitions
in the target database. The program is written in C++ using Microsoft Visual
Studio 7.0 and Apache XERCES libraries for XML. The XERCES DOM parser
validates the ODLy file against the XML Schema specification and constructs
object representation of the ODLx file. The Schema Generator uses Versant
C++ libraries as a query and update interface for Versant database, while Ora-
cle OCCI interface is used for Oracle database access.

By implementing a prototype, we are now in a position to test both the
power of the metamodel (in terms of building multimedia databases and appli-
cations), and the possibility of extending personal metamodels to introduce new
types and operations (using the meta-metamodel layer). Presently, users can de-
fine and query multimedia databases, while current research is focused on the
development of federated multimedia views.
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Conclusions

In this paper we illustrated our approach to designing and implementing a meta-
model for multimedia databases. The goal of this research is to provide a stan-
dard metamodel interface to object-based multimedia systems, while the contri-
bution is in the fact that no federated database research project (covered by this
group) has published their metamodel. By publishing the metamodel details,
it is possible to create an architecture which is both open and extensible. We
feel that this will prove to be beneficial when creating federations of multimedia
databases, which forms part of our current research focus.
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Abstract. We present a survey of data mining using web links. The
XLink standard provides new possibilities to mine the web but also
poses complex new problems. In this paper, we analyze the new chal-
lenges posed by the Xlink standard and propose a model to mine XLink
information on the web. Our model combines local and global informa-
tion in a distributed web environment along with a dynamic approach
for XLink paths in separated documents.

1 Introduction

The World Wide Web has become a huge source of data and information, and
continues to grow very quickly. Information retrieval and new knowledge discov-
ery under these conditions becomes increasingly difficult.

Many applications deal with various aspects of data mining problems [12]
on the Web. A common taxonomy of data mining (DM) tasks describes three
basic types of mining: web content mining; web usage mining; and, web struc-
ture mining. Some of mining applications share common aspects that belong to
several of these categories.

Among the useful sources of valuable information used to discover knowledge
from the Web, link analysis especially has received an increasing amount of
interest in the last several years. Links in or to a document represent a valuable
source of pre-processed knowledge or association that are created by the author
of the Web document containing these links.

The rest of the paper is organized as follows. In the Sect. 2] we present a
survey of the work in the area of link analysis and DM using links. In Sect. 3, we
analyze and identify the problems in the new context of the XLink standard. A
model to deal with DM tasks is proposed in Sect. 4. The conclusions and direction
of future research are present in the Sect. 5, including some preliminary work
involving Bayesian Networks.

2 Survey of Related Work

Many papers represent the Web as a graph [I4]. Different aspects can be mined
if we refer to HTML and XML pages. Note that all the papers mentioned in our

P.J. Niirnberg (Ed.): MIS 2002, LNCS 2641, pp. 148-[154, 2003.
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survey refer to embedded links. (See below for a complete definition of embedded
versusexternal links.)

The structure of HTML is mined using templates in [13]. The DTD schema
is discovered from a collection of XML documents using a systematic approach
improved by six heuristic rules described in[L6]. A graph description language
XGMML and a web-log report description language LOGML (both XML ap-
plications) are used in[21] and [22] for a mining algorithm on the Web, using
frequent pattern mining frequent sets, frequent sequences,and frequent trees.

Web surfed paths are subject of user mining taxonomy. Nodes model the
visited pages and the clickstreams of web surfers are modeled by a mixture of
hidden Markov models in [26]. The model is a mixture of hidden Markov models
and additional data trained using EM algorithm. Static user data and prior in-
formation (prior knowledge of the dynamics) are incorporated in algorithm [26].
The probabilistic link prediction along with path analysis is presented in [23].
Information extracted from log files from a web server; adaptive navigation and
the sequence of states (URLs) followed by a user in the browsing process (a
“tour”); and, personalization of hub/authority are described in [23].

Extensive research about the capabilities of categorization of hypertexts using
different classifiers (Naive Bayes, Nearest Neighbor, and Foil) is made in the pa-
per [9]. Some regularity properties generated from metadata and co-referencing
are investigated [9].

Both the problems of data mining and information retrieval by using a multi-
agent system are subject of [15]. The users send queries in Prolog-style and
the evaluation of the queries is made in an intelligent co-operative mode in a
distributed environment [15].

A different approach using the queries is proposed in [§]. A query is composed
of a URL of a page — a search engine produces as output a set of related web
pages. Authors define the related page as a page that has the same topic [8]. Two
algorithms are described in [§]: the Companion algorithms derived from HITS
algorithm proposed by Kleinberg, and the Cocitation algorithm (frequently pages
co—cited with the input URL are identified).

The classification problem for indexing purposes for unstructured hypertext
databases is discussed in [5]. A robust statistical model that works with the meta-
data extracted from the neighborhood of the link information from documents
is proposed. Experiments with text in different combinations among local neigh-
bors and tags are described along with an iterative relaxation label technique
using conditional probabilities [5].

The graph of linkage between sites is studied in [2]. A weighted graph is
used to model the hyperlinks among pages of the hosts and the linkage between
hosts. Two techniques to mine the related web hosts are used: link frequency
and co—citation analysis [2]. The related hosts are discovered using a proposed
score formula that has been applied for a experimental number of 100 random
hosts[2].

A distributed approach from web surfing logs collected from a distributed
heterogeneous host is shown in [7]. The authors used two types of Bayesian
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Networks (BN) — local and central — in order to combine them and to form a
collective BN modeling all the data. The authors used three datasets to test the
collective Bayesian learning: ASTA model; real web log data; and, simulated web
data [7].

The techniques based by the HITS algorithm (Hyperlink-Induced Topic Re-
search) are used in [I0] to analyze the web communities using a notion of hy-
perlinked commu-nities on the web. Communities are seen as a container of
“authoritative pages” meanwhile “hub pages” link the pages. Briefly, the HITS
algorithm is based on iterative process that assigns two weights for a page (au-
thoritative and hub) according to numbers of hyperlinks from the current page
to a another page.

Different problems of DM using basically the technologies based on HITS
are depicted in [6]. Communities are discovered using a subgraph-enumeration
technique, named trawling. The link information can be combined by content
using heuristic rules, and the taxonomies can be constructed in a semi-automatic
manner. The classification of the web pages are tested using Markov Random
fields in am embedded system called HyperClas [6].

The performance of the HITS and Google PageRank algorithm under small
perturbations is analyzed in [I7]. As result of stability analysis, two new al-
gorithms were proposed in [I7]. Randomized HITS use a random-walk based
algorithm in the basic idea of HITS and the stationary distribution on some
steps as authoritative and hub weights. The subspace HITS stabilize the sub-
space spanned by eigenvector instead of individual eigenvector of the matrix that
can unstable [17].

A probabilistic relational model is extended to be used in a unified proba-
bilistic system that comprises both textual content and links structures from a
collection of documents is proposed in [24]. The Probabilistic relational model is
extended from relational schema and a probabilistic model for attributes to the
Web in order to be used for prediction by belief propagation method [24].

3 Analysis of DM Using XLinks

Hypermedia (HM) concerns the representation of manipulation of explicit struc-
ture [18]. HM is often used in applications in which users want to mark rela-
tionships among arbitrary data as semantically meaningful. Many HM systems
present users with associative structures, such as navigational links (e.g.,[25], but
the general principles underlying HM structure management are quite general,
having been used to support applications as diverse as software engineering [1],
botanical taxonomic classification [19], and workflow management [IT].

Recently, there has been a great deal of interest in DM applications on the
World Wide Web (WWW). The WWW is the most widely known example of an
HM system. Many approaches focus on augmenting traditional DM algorithms
with the extra semantic information represented in the HM links found in or to
many WWW documents. However, to date, these augmentations have focused
on only one type of WWW link — namely, the embedded link.
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Embedded links, as the name implies, are a physical part of the document
from which the link originates. (One particularly common example of an embed-
ded link on the WWW is the <A HREF="some-url">text</A> tag inserted
into an HTML document.) The current DM focus on embedded links is under-
standable, as they constitute the vast majority of links in use today.

However, there has been increasing interest in supporting external links on
the WWW. The notion of external links has been an important research issue
in the open HM community since the late 1980’s (see, e.g., [20]). Currently,
the WWW Consortium (or W3C, the main standards body for the WWW)
has endorsed a standard representation for external links on the WWW, called
XLink [27]. Already, Netscape 6, a popular WWW browser, supports the XLink
standard, as do several other systems.

DM in open HM (i.e., in the presence of external links) presents a variety of
complications to the traditional WWW /DM approaches.

The links from documents can be stored in a separate document. Even this
seems at first sight only a slight complication. Practically, this means that that
local documents can have corresponding sets of links in one or more remote
locations, requiring DM algorithms to be applied in an distributed environment.

An associative “link” can in fact be a sequence of links, one pointing to
another to another, etc., forming a possibly very long chain. We may be able to
confer upon these link chains some dynamic properties (like mining sequential
paths).

Metadata can be associated and embedded with links, so we can exploit also
this level of information or order to mine the links.

4 A Mixed Model for DM in Open Hypermedia

The links that are included in a document can be located in a separate document.
Practically, a central server can collect all the documents containing links and
analyze, rearrange and mine useful information.

However, from the links used in documents and citation that surround the
close neighborhood of a document, it is often difficult to determine the impor-
tance of individual links in a path structure. One reasonable assumption is that
the links are evaluated with the same importance link, somewhat similar to the
attributes in a basket market used by DM algorithms for the association rule.
So, this part is susceptible to be modeled by Markov models if we consider the
graphical modes as basis for our representation.

However, the entire set of the links can be considered as a set of multi-valued
attributes in a directed graph, suitable to be modeled by a Bayesian Network.
On the other hand, because of the inherent distribution present in this problem,
it is easier to use local models of Bayesian Networks for the links above in order
to combine and to obtain a global model.

An important point is the message passing between local networks and central
authority that models the global probabilistic network. Because of our implemen-
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tation is primary focused on Java, we use RMI in order to obtain probabilistic
information from each node to calculate the dependent probability on each node.

Some additional problems must be taken into account. The basic problems
that must be able to solved by our proposed architecture are:

— incomplete information (e.g., server down, temporarily unavailable, etc.);

— incorrect information (bad or obsolete links); and,

— progressively outdated info (the info referred to by links are updated during
the mining process.)

Associated possible solutions are:

— simply ignore the link or predict by combinatory expansion;
— ignore or use the cache; and,
— incrementally update (i.e., use “snapshots”).

Site central

A reorganized

Site 2

A, B - undirected graph
structures

Fig. 1. The mixed model by directed and undirected graph

In the figure above we represented the main components of our proposed
architecture. The conditional probability calculation for directed and undirected
probabilistic graph models is based on those described in [4].

The service for client is implemented as a service that may be added to the
Netscape browser.

Two categories of problems are taken into account at this stage of develop-
ment: mining the community of interest (that is communities of related topics);
and, scholarly recommendation system for scientific literature.

We remark that in the last case, some topics are not included in our approach
because of major difficulties in preprocessing stage (consuming time). A relevant
topic in this category is mathematical papers that present difficulties to extract
information without many heuristic rules.
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5 Conclusions

We presented a survey of the research in the area of data mining using links. The
main techniques and associations with other technologies in order to improve link
mining are analyzed.

The problematic of the new standard Xlink is analyzed in the data mining
framework. A hybrid complex model based on distributed belief networks [3/4]
and dynamic analysis of the external links is proposed.

Because of potential complexity of the external links in open hypermedia,
that is a composed link can have many individual links, an approximate solution
of solving the local inference to integrate in global inference is taken into account.

Metadata associated to links, can play a role in estimation of a priori proba-
bilities using classic a priori data mining algorithms similar to the basket market
model [12].

Because external links may be stored in a remote document of links, the
co-citation analysis is more difficult in the XLink and OHS context.
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Abstract. There exist a broad variety of concepts and tools for support-
ing knowledge workers during the various phases of their work. However,
structures created with one tool — e.g. a mindmap editor capturing a
discussion process — usually cannot be re-used by other tools or in other
contexts. The reasons are manifold, ranging from variations in syntactic
expressions to semantic heterogeneity. In this paper we argue that there
is a need for capturing and representing explicitly the structures not only
between multimedia objects but also between the various stages in a de-
velopment process. We outline a document model which we envisage to
store these relationships and we name that model “EMMO — Enhanced
Multimedia Meta Object”. EMMOs are enhanced by explicit knowledge
structures, and they are first-class, i.e., they can be exchanged, traded
and re-used in different contexts.

1 Introduction

Knowledge workers require support for re-purposing of knowledge assets com-
posed of multimedia documents. This paper addresses the domain of interactive
electronic publishing. Our rationale is that the “document of the future” will be
generated on the fly, based on knowledge assets, will contain any type of media,
and will be available in appropriate form, for interactive use, to humans as well
as machines, anywhere, when needed.

These visions date back to the early ideas of the hypertext pioneers, including
Bush [2] or Engelbart [4]. Today, there exist a large number of tools for the differ-
ent application domains [R]: browsers for the various breeds of navigational hy-
pertext, spatial browsers for the domain of spatial hypertext [6], and editors and
viewers for issue based information systems [3], for example QuestMap’™ [9].
Exchange between these and re-purposing of existing relationships in different
contexts, however, is still an open issue. We argue that there is a need for an
inclusive model that manages the relationships between the different models.

Let us consider the following example.

Two years ago, Mr. Smith, CEO of Sporty-Cars, Inc. had put forward his
vision — a Next Generation Sports Car — using MS PowerPoint”™ slides for his
upcoming board meeting. The market research done earlier had shown impressive
demand. Everyone at the board meeting cheered. The product design teams
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went through a rigorous argumentation process and captured it using tools like
QuestMap” . They discussed every single issue, prepared manuals, built CAD
simulations and 3D models. Everything looked impressive and the project was
given a green light for prototype development. It was a great day for the company.
Mr. Smith along with his colleagues came to see the prototype. Mr. Smith got
into the new car and was suddenly plunged into darkness. The car seat had sunk
down! Was he too heavy for the seat?

Mr. Smith wants to know where exactly did things go wrong? Which events
led to what? But where should he look and analyze? In the MS PowerPoint™™
slides, QuestMap”™™ | manuals, CAD simulations or 3D models?

Current tools often lack explicit semantics, they pose interoperability prob-
lems due to semantic heterogeneity and they are therefore unable to solve the
above problem.

2 EMMOs — Enhanced Multimedia Meta Objects

EMMOs provide a concept of portable, stand-alone and living meta objects
which assist users in traversing associations between artefacts. EMMOs are ob-
jects that describe complex relationships between artefacts, can be loaded into
browsers and modified by users. They also keep the history of interactions be-
tween the resources and their users and set individualised viewpoints over the
information space. Therefore, EMMOs cover the development process and allow
for knowledge assets to be re-used in different contexts. Figure[] gives a graph-
ical representation of an EMMO. In particular, the figure shows the different
interfaces for accessing and manipulating the internal structures.
An EMMO is composed of the following structure:

— A knowledge template holds domain intelligence pertaining to the universe
of discourse.

— A set of transformation descriptions to allow the EMMO knowledge to be

represented in various output formats.

A links repository holds instantations of relationships between artefacts in

digital libraries. The available types of relationships are specified by the

knowledge template (see above).

— A contents repository represents a persistent store which holds additional
information — e.g. annotations pertaining to the instance.

— A trails repository keeps history of the usage of the EMMOs link repository.

A set of standard interfaces for authoring, an inspection environment, trad-

ing interface, resource (self) description interface, module management and

import/export interfaces.

The EMMO concept came originally from the domain of intertextual studies
in literature and arts where scientists want to make explicit the different relation-
ships between texts in a way that approximates the process of cultural contex-
tualization characteristic of interpretative processes (see also the project CUL-
TOS — Cultural Units of Learning, Tools and Services/http://www.cultos.org/).
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Fig. 1. EMMO structure

Within our work we produce an authoring environment for intertextual threads
(which are based on EMMOs).

An emmo representing cultural concepts and associations between various
cultural artefacts can be re-purposed and reused by cultural scientists, students
or teachers in different perspectives. A cultural scientist can be interested in cer-
tain relationships which might not hold significance for a novice user. Knowledge
template, links repository help to define and capture the complex relationships
that exist within the cultural domain. Annotations and trail interfaces assist a
particular user in holding rich discussions amongst his peers. A set of transfor-
mation descriptions assist the user to view the content in different formats - a
rich multimedia presentation in SMIL or a handy ebook in PDF or view it online
in HTML via World Wide Web. Standard interfaces like Import/Export help in
easier exchange of Emmos a mongst peers. All these above interfaces form an
integral part of the Emmo there by enabling Emmos to be able to capture not
only rich semantics but also providing the ability to re-purpose and reuse these
captured semantics in different contexts.

Figure [2 shows an example of an intertextual thread, “The Fall”, a poem
by Tuvia Rivner. In particular, it shows the relationships that exist between
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various cultural texts within this thread. The numbers in the Figure can be
interpreted as follows: the title “The Fall” is associated with several cultural
concepts, e.g., the “snake”, “forbidden fruit” or even “accusation of the woman”.
Secondly, a reference from a text to an image is referred to as an “ekphrasis”.
In the particular poems there are two of these references, one to a painting of
Chagall, another to a painting of Breughel. Thirdly, descriptive configurations
allow other works (in this case Milton’s “Paradise Lost”) to be referred to. The
set of possible relationships is being controlled by an underlying ontology. The
ontology is domain specific, it assists for different perspectives and it is developed

with general consensus within a community.
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Fig. 2. An Intertextual Thread: “The Fall”

One of the major aims of the CULTOS is to deliver and deploy these portable
meta-data objects, implemented as EMMOs, in different publishing scenarios.
We believe that the complex relationships that exist within knowledge assets
can be captured using EMMOs so that they can be reused in a different context
and can be applied to a variety of different domains:

— Cultural Heritage: “soft” semantics (different viewpoints, fuzzy separations,

etc.)

— News Publishing: generating types of news on the fly from archives.

— Fducation: support in the form of trail based systems, argumentation sup-
port, community building tools etc.

— FEngineering discipline: vast amount of technical documentation combined
with questions such as “why did we design that?”.

— Executive Knowledge Management: support of knowledge management and

decision support systems.
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The idea of autonomous knowledge objects has been proposed in several vari-
ations. Tsichritzis [11] envisioned mobile knowledge objects (KNOs) to be used
in software engineering and office automation. Memes [1] followed the approach
that behaviours and ideas are copied from person to person by imitation and
Tanaka [10] proposed a framework for building, managing and trading Memes.
However, we argue that these approaches are not based on an underlying ontol-
ogy, they are often domain specific and they do not address issues of semantic
heterogeneity; therefore, they are unable to capture and support the whole de-
velopment process.

3 Summary and Discussion

We have outlined the idea of multimedia meta objects which are enhanced by
knowledge and which capture the relationships between knowledge assets so
that they can be re-used in different contexts such as news publishing, technical
documentation, automotive engineering or software development etc.

Hence, we believe the EMMOs concept to be general and applicable to mul-
tiple domains (which is what would make it a “C-level” concept following En-
gelbart’s categorisation, see http://www.bootstrap.org/).

Discourse, trails, perspectives, knowledge extraction, and others, are key con-
cepts along with knowledge assets which provide assistance to knowledge work-
ers during various phases of their work. We believe that there is a need for an
infrastructure (C-level) to support the above needs of knowledge workers and
applications can leverage this infrastructure and re-purpose it according to their
own needs. More specifically, we believe that the following components are part
of that infrastructure:

a structure server supporting multiple interaction styles or hypermedia ap-

plication domains [7]);

— an ontology system that manages relationships based on ontologies (which
in turn capture a domain’s or community’s concepts);

— a process support system that allows users to keep track of the status of
their work [A]. This could well be an adapted workflow management system;

— a file system which supports users’ so that they can manipulate EMMOs
with their existing tools;

— viewers and transformers allowing for different representations of knowledge

assets.
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Abstract. In recent years, agent-based systems have received consid-
erable attention in both academia and industry. The agent oriented
paradigm can be considered a natural extension to the object oriented
(OO0) paradigm. In spite of the fact that there are many OO analysis and
design methods, there is very little work reported on design and analysis
of agent-based systems. Agents differ from objects in many issues which
requires special modeling elements. In this paper, we propose a software
engineering process for agent-based systems based on existing object-
oriented software engineering concepts. We extend the Unified Modeling
Language (UML) to model agents (static and mobile).

1 Introduction

Agent-Oriented (AO) technology builds upon and extends the now widely ac-
cepted Object-oriented (OO) approach to system design. The OO paradigm
views an application as being composed of entities called objects that interact
with each other by sending and receiving messages. Objects are grouped into
classes. Then, class relationships can be captured in separate hierarchies. Ob-
jects are reactive entities as they receive messages and react to specific external
events. The AO paradigm goes one step further by viewing an application as
being made up of one or more autonomous agents. Each agent continuously re-
ceives input. Agents respond to the environment where they reside by taking
actions that affect the environment. Agents are pro-active entities, evaluating
situations and then acting accordingly. Agents do not require specific instruc-
tion messages. Current applications being developed based on AO technology
include Spacecraft Fault Diagnosis, Management and Business Process Manage-
ment, Air Traffic Management, Air Mission Simulation and Telecommunication
Network Management. Objects in Object-Oriented Programming (OOP) repre-
sent real-world counterparts such as inventory items, documents, financial trans-
actions and business processes. Objects are an intuitive mapping of the problem
space to a computational model. They are characterized by state and defined
behavior. They interact by passing messages since object internals are obscure.
Agent-oriented programming deals with both object and agent primitives. In
some ways, agents may be thought of as objects, because they are also charac-
terized by state and behavior. Unlike objects, agents have goals and proactively
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work to achieve them. On one hand, object methods are simply procedures coded
by a programmer to deal with different messages. For example, a dog object can
bark when pinched. On the other hand, an agent can synthesize plans to deal
with contingencies not foreseen by the programmer and can learn from experi-
ence. For example, a dog agent can discover that insistent barking gets him fed
a lot quicker. The rest of this paper is organized as follows:

— Section B gives a background about agent-based software engineering and
the UML (Unified Modeling Language).

— Section Bldescribes our proposed process and extensions to the UML.

— Section Bl concludes our paper and suggests research directions.

2 Background

In this section, we will discuss the differences between agents and objects. A
brief description of the UML and one of its supporting tools (Rational) will also
be introduced.

2.1 Agents vs. Objects

After a thorough investigation of OO analysis and design techniques it was found
that they are not directly applicable to the development of multi-agent systems.
This is basically due to the conceptual differences between objects and agents:

— Agents have a more complex behavior and structure than objects, and in this
respect they are more comparable to subsystems in some OO methodologies,
(e.g., [11])). Their internal structure differs from objects since agents have a
more complex underlying functional architecture such as the belief-desire-
intention (BDI) architecture [10]. In this respect they are on a higher level
of abstraction than objects.

— In contrast to objects that are rather passive entities, agents are active.
On one hand, objects immediately become active through messages and in
this respect they are benevolent. On the other hand, agents act on their own
behalf by following their goals, and can decide whether they act and respond
to the events and messages received from other agents.

— Another difference between objects and agents is that objects usually do not
have any autonomy as opposed to agents, which are characterized by their
aims. Each agent follows its aims autonomously and independently, without
being given instructions from outside.

— Mobility modeling is not handled by existing OO methods.

2.2 Unified Modeling Language (UML)

The Unified Modeling Language (UML) is a language for specifying, visualizing,
constructing, and documenting the artifacts of software systems, as well as for
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business modeling and other non-software systems. The UML represents a col-
lection of engineering practices that have proven successful in the modeling of
large and complex systems. The UML is a language, it is not just a notation for
drawing diagrams. The UML is not a process, it provides a modeling language
without enforcing a lifecycle. The UML can be extended to model new elements
using the concepts of stereotyping and tagged values. Stereotypes are a mech-
anism for introducing new types of modeling elements. Stereotypes are strings
enclosed in <<>>, preceding the name of an element. They may have an asso-
ciated graphic icon or graphic marker. The new modeling elements that can be
introduced using stereotypes must be subclasses of existing modeling elements

.

2.3 Rational Suite

The Rational Suite package is an integrated, full-lifecycle solution for software
architects, designers, analysts, and developers. Available in Windows, UNIX,
and RealTime editions, Rational Suite gives the power to create more resilient,
component-based architectures; automatically generate test harnesses for thor-
ough model- and scenario-based testing; and utilize run-time tools that auto-
matically pinpoint hard-to-find bugs, highlight performance bottlenecks, and
find untested code [9].

2.4 Related Work

Agent-based analysis and design methods can be categorized into two main
groups:

— Methodologies based on object-oriented methodologies: [3J2/J7].
— Methodologies that adapt knowledge engineering: [5IS].

Our proposed profile belongs to the first category since it is based on UML
concepts.

3 Proposed UML Profile

As mentioned before, we propose a process based on UML to model agents (static
and mobile). The process covers both analysis and design phases.

3.1 Analysis

Analysis aims to clarify what a system is supposed to do, it mainly aims at
answering “what” the system does rather than “how” to do it. The proposed
analysis process is illustrated in Fig. [l The first step is to define the expected
tasks of the system. The second step is to identify “places”, agents and classes.
Then, a static model of the identified agents, classes and places is constructed.
The analysis process is concluded by filling a data dictionary.
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Fig. 1. The Analysis Process

Identify Tasks. Agent-oriented paradigm is goal-oriented. Consequently, the
first step should be defining expected tasks because agents will be identified
based on these tasks. Figure B gives the syntax of the task template. A task
template will be filled for each task. The template includes the task name, its
super-task (if it has any), sub-tasks (if it can be sub-divided), alternatives to
achieve the task and exceptions.

w. Agent-Based SWE =[] x]

1~ Task Template

Hame iEDuk a plane ficket, Pupase E

Super Tasks [Eunkmg Sub-Tasks [Find vavel agencies |

No available tickets

- Failure Reasons
Unauthorized agent Oceurs if the requesting agent is not authorized

Altematives to achieve the task
Iﬁea the best available price.

Fig. 2. The Task Template
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Identify Places. The second step is to define “places”. The concept of places
is associated with mobile agents. When a mobile agent transfers itself, it travels
between execution environments called places. A place is a context within an
agent system in which an agent can execute. This context can provide functions
such as access control. The source place and the destination place can reside
on the same agent system, or on different agent systems that support the same
agent profile. A place is associated with a location, which consists of the place
name and the address of the agent system within which the place resides. When
a client requests the location of an agent, it receives the address of the place
where the agent is executing. A place template will be filled for each identified
place. The template contains place name, purpose and super-place (if it has any).
Figure Bl shows the syntax of a place template. The following level describes the
communications among places, which places are safe to accept agents from, which
places are authorized to send agents to. The last level of the template contains
the attributes and methods of the place.

. Agent-Based SWE (O] x]

PlaceTemplate

Name i) Purpose Vitual mall that offers goods for mob
SuperPlaces [Place

~Behavior
Neighbourhood ’Maﬂs— Authorised places fmwmmlftusmmers
Authorized places (outgaing] i a1
~Detais
Attributes Operati
lShnps :J addShop LI

Fig. 3. The Place Template

Identify Agents. Agents can be considered similar to active objects in UML.
In order to be able to have secure environments for mobile agents, the concept
of agent’s owner is utilized. The owner of an agent can be defined as the place
where it was created or originated from. The owner can later be used as a security
identifier for the mobile agent. As for mobile agents there are three main actions
that they can do. Mobile agents can go to a place, meet another agent who resides
in the same place and connect to another agent on another place. A good starting
point to identify candidate agents is to assign an agent for each task identified
earlier in the first step. Moreover, agents can be identified for other purposes
such as representing users, devices and databases. Figure @ shows an example of
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agent template. The next step is to classify the identified agents. First, classify
them in terms of mobility, whether they are static or mobile. Then agents will
be classified according to their functionality:

— Interface agents are agents that interact with the user receiving user speci-
fications and delivering results. They acquire, model and utilize user prefer-
ences to guide system coordination in support of the user’s tasks. The main
functions of an interface agent include: collecting relevant information from
the user to initiate a task, and asking the user for additional information
during problem solving.

— Task agents are agents that support decision making by formulating problem
solving plans and carrying out these plans through querying and exchanging
information with other software agents. A task agent receives user delegated
task specifications from an interface agent and forms plans to satisfy these
goals. Task agents are then classified into three categories:

e Watcher agents are agents that continuously monitor a stream of infor-
mation and notifies its customer when it finds out;

e Searcher agents are agents that actively search;

e Analyst agents are agents that make conclusions out of given data.

— Information agents are agents that answer a one-shot query about associated
information sources.

. Agent-based SWE 1 [=] B3
| Agert Templat
Name [pCa Pupose  [Personal Communication Agent g
SuperAgents [agcnt
Characteristics
¥ Static I~ Motile
¥ Interface I Task I~ Information I~ Others
I~ Watcher
I~ Searcher
I~ Analyst
[~ Behavior
Owner [ Places athorzedtovist [~
Takssssocstedwith [
 Details
Altibutes Operations
[Name - = ntialize =]

Fig. 4. Agents Template

Identify Classes and Objects. This step can be done using any of the existing
OO methods. We chose Unified Modeling Language (UML) notations since UML
is the most commonly used set of notations.
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Model Relationships between Agents, Classes and Places. In this step,
a static view of the whole system is constructed. The aim is to describe the
relationships between agents, classes and places in one global view. Figure [l
illustrates the notations that will be used. It includes the notations for static
and mobile agents, classes and places.

4 [ 3
Agent Narme /HI I Agent Marne _\%f Place Matne

Attributes Attritutes Attributes

Operations Operations Operations

Fig. 5. Static and Mobile Agents Icons

Create Data Dictionary. The concept of a data dictionary has been used
in traditional software engineering and database tools for many years. A data
dictionary is a central repository of definitions of terms and concepts. Without it,
the process has little semantic content. A data dictionary is a vital tool by virtue
of its role as a single place to look up definitions. It provides clarity of thought
and transition from phase to phase. A further important reason for having a
data dictionary is that it helps someone unfamiliar with the development to
understand it. Without a data dictionary the unfamiliar reader is often forced to
rely on decoding meaningful identifiers. A set of shared vocabulary and meaning
for concepts (often called an ontology) is then defined to conclude the analysis
process.

3.2 Design

Design deals mainly with how to implement the system to produce the expected
outcomes as stated in the analysis phase. The proposed design process is illus-
trated in Fig. [fl Design starts by defining authorization rights for places. After
that, state machines for agents, places and classes are constructed. Then, a life-
cycle model (Sect32) is constructed for each major task. Related places are then
grouped in neighborhoods. The next step is to describe the dynamic behavior
of the system by defining mobile agents itineraries and modified interaction dia-
grams (based on Jacobson’s software engineering process [6] ). The design phase is
concluded by detailed design for methods (operations) and attributes of classes,
agents, and places. Finally, the data dictionary is updated.

Define Authorization Rights. The concept of authorization rights for each
defined place is introduced because security issues have to be taken into con-
sideration when dealing with mobile agents. Authorization rights indicate which
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agents are allowed to visit a certain place (their owner must be trustworthy).
Places templates will be updated accordingly.

Define State Charts for Agents, Classes and Places. State diagrams
render the states and responses of a component. These diagrams describe the
behavior of a class in response to external actors. These diagrams contain states
and transitions. We use the UML notations for state diagrams.

Life-Cycle Model. The life-cycle model describes the behavior of agents and
how they communicate with the environment from creation to death. A life-
cycle expression defines the allowable sequences of interactions that an agent
may participate in, over its lifetime. The Rules of life-cycle model are as follows:

Alphabet: Any input or output event maybe used in an expression.
Operators: Let x and y be life-cycle expressions, then:

x.y denotes x is followed by y.

— x|y denotes either x or y occurs.

— X* denotes zero or more occurrences of x.

— X+ denotes one or more occurrences of x.

X||y means arbitrarily interleaving the elements of x and y.

[x] denotes that x is optional.

The idea is applied in the Fusion method [4]. Life-cycle expressions define pat-
terns of communication. As an example consider a simple banking system. A
very simple pattern occurs in response to balance inquiries. A check-balance
event or task is always followed by the output of a current balance event. An
example would be Inquiry= check-balance. current-balance.
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Define Subsystems and Neighborhoods. The next step is to start defining
subsystems and neighborhoods. Subsystems are groups of agents, classes and
places that collaborate together to perform a set of related tasks. First, we
have to introduce the concept of a “Neighborhood”. Two places are in the same
“neighborhood” if they are physically on the same host; i.e. agents do not have
to travel from one place to another to perform a task if the two places are in the
same neighborhood. Neighborhoods are useful to keep track of mobile agents.
The main goal is to minimize agents roaming over the network.

Describe the Dynamic Behavior of the System. An itinerary graph is
constructed for each scenario a mobile agent participates in. The itinerary graph
shows places where the mobile agent passes by to achieve a certain task. Fig-
ure [0 shows an example of the itinerary graph of a personal travel agent. The
example shows a mobile agent (Personal Travel Agent) that travels between 3
places (Personal PC, Flight Status Place and Paging Place) in order to book a
ticket for a customer. The character indicates where the mobile agent started
its itinerary. The number on each place indicates the number of the detailed in-
teraction diagram that describes the interactions between the mobile agent and
agents/classes in that place. For each identified task, an interaction diagram will
be constructed.

Travel Agncy € 2

1.1 Find a ticket

[ 3

= @
'\%/ 3 Airling Database
Personal J
Travel Agent
User's PC

Paging place

4

o) L)

Fig. 7. Itinerary Graph

3.3 Stereotypes (Extensions to UML)

In this section, we include a list of the stereotypes we added to the UML. Stereo-
typing is the formal method to extend UML as mentioned before in Sect. 2Z2.

1. <<Agent>> Class

2. <<Mobile Agent>> Agent

3. <<Place>> Class

4. <<Neighborhood>> Package
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<<Agent Template>> Package
< <Itinerary graphs>> Package
<<Place Template>> Package
<<Life Cycle>> Package
<<Task Template>> Package
<<Interface Agent>> Agent

. <<Task agent>> Agent
. <<Info. Agent>> Agent
. <<go>> Operation

. <<meet>> Operation

. <<dispose>> Operation
. <<connect>> Operation

Conclusion

In this paper we presented a new UML profile to model agents (static and mo-
bile). The new profile includes notations for some new elements like agents, places
and neighborhoods. The profile includes some new diagrams like the itinerary
graph, authorization graph. The profile also includes some modifications to ex-
isting diagrams like the interaction diagram. Future work will include code gen-
eration for agent-based languages.
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Abstract. A metainformatics symposium provides an excellent oppor-
tunity to explore, discuss and investigate how configuration management
techniques and principles can be expanded into new fields and how it it-
self can incorporate techniques from other fields.

1 Software Configuration Management

For a long time Software Configuration Management (SCM) has been considered
an important part of software engineering and something that is indispensable to
carry out on software development projects. SCM is the discipline of organising,
controlling and managing the development and evolution of software systems. In
particular, emphasis is put on: configuration identification to uniquely identify
a product and its parts; configuration control to apply changes to a product in a
disciplined and orderly way; configuration status accounting to collect and report
data about the status of the development of the product; and configuration audit
to verify and validate that the right product has been built and built the right
way. Thus in general SCM is seen as a vehicle to ensure consistency and quality
of the product being produced.

This is, however, just one face of SCM, as something that satisfies the needs
of a company that has to deliver products to customers. Another face of SCM
is that presented by Babich [2] in 1986, where he considers SCM as a means
for obtaining team productivity by way of co-ordinating the efforts of a group
of people. In his opinion the facilitation of collaboration and synchronisation of
work should be a main focus of SCM. Thus focus is shifted — or widened — from
consistency and quality of the product itself to consistency and quality in the
workflow processes of the people that have to create the product. Unfortunately
the traditional SCM world has not been very responsive to these needs so far.

At Lund University we have looked for some time at how developers can
use SCM in their process of creating a common product. We have analysed
how SCM is used in some Open Source Software projects [I]. It turned out
that the traditional concepts of SCM were not used — at least explicitly — and
that what was actually used were techniques for co-ordination of work, simple
version control, build management, selection of configurations and handling of

P.J. Niirnberg (Ed.): MIS 2002, LNCS 2641, pp. 1714176, 2003.
© Springer-Verlag Berlin Heidelberg 2003
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workspaces. Currently we are analysing how 12 groups of students — 8-10 people
in each group — used SCM in projects where they developed an application
following the Extreme Programming methodology. They used CVS as the tool
for SCM and asked whether it had been useful, most of them said that it would
not have been possible to carry out the project without it. Preliminary results,
however, show that in most cases CVS was used only for simple synchronisation
and integration of individual work.

In general, it is not just developers that collaborate to create a common
product and as such can benefit from SCM techniques. In CSCW, people have
been looking at how to facilitate collaborative writing and their results have
many things in common with traditional SCM mechanisms for version control.
The hypertext community has also dealt with aspects of versioning and especially
problems regarding referential integrity, which is also a concern in SCM. In most
software development environments, SCM is an important tool, which means
that aspects such as information retrieval and visualisation have to be dealt
with. Furthermore, aspects of programming languages also has impact on the
build management part of SCM.

SCM can be considered the foundation for any kind of collaborative — or
individual for that sake — effort and as such, it has relations to many other
fields. This means that SCM needs input from these fields to typecast its general
solutions so they can be tailored for each specific context.

2 Conquering New Territory

The above mentioned aspects of collaboration and co-ordination is one important
face of SCM. It has been sadly neglected by researchers and industry and because
of that practitioners are struggling. Another face of SCM, that has had the
interest of researchers and industry for years, is Product Data Management
(PDM). It deals with the management and control of data about a product and
recording changes to these. PDM is a mature discipline with well established
techniques and principles and as such has the potential to be applied to other
domains to conquer new territory.

The motive for collecting these data is to keep a trace of what has happened
to a product, in case we need to investigate the cause for a certain problem. In
that respect it is quite similar to the flight recorders used on board aircrafts. In
the case of a software disaster we just go and look for the black box — which
in real life is orange — and pull out all information necessary to analyse and
establish the cause of the disaster. In its simplest case, it is plain version control
and just records one parameter: what changed (and implicitly that something
was changed). In a full-fledged SCM solution, it would record a whole range of
parameters such as: when, why and by whom a change was made, the associated
change request and/or bug report, related changes, and more.

Knowledge management is one domain of potential expansion for SCM sys-
tems. Rubart et al. [9] points out that knowledge management is co-operative.
So are SCM systems and they can be used to create, disseminate and utilise
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any kind of knowledge. Most SCM systems also have built in processes for the
creation, dissemination and utilisation of knowledge and in many cases these
processes are tailorable. The actual implementation of the SCM system might
have to be changed to adapt to the needs of new domains like knowledge man-
agement, but the techniques and principles are ready and mature.

Tochtermann [10] states that knowledge management software is primarily
used to mediate between people and to provide team work spaces — that is ex-
actly what SCM tools can do as explained in Sect. [[] Tochtermann claims that as
a consequence knowledge management tool developers should know what knowl-
edge is. In their particular domain, SCM tool developers is a striking example
of that, as in most cases they use the SCM tool to develop the SCM tool. This
means that SCM is actually — as Tochtermann states knowledge management
should be — driven by use needs and not technology, and therefore “generate the
highest benefit for the users with the slightest effort”.

According to Dalcher [4], modern software development should be seen as a
very change-intensive activity. Emphasis should be shifted from the product to
the processes used to produce the product, and a life-time perspective should be
applied to include also maintenance and further evolution. Even such dynamic
scenarios can be supported by modern SCM systems. They provide for the con-
tinuity dimension that spans from early development people to the later arrival
of maintenance people. Acting as a common repository for all parties with inter-
est in the development phases, an SCM system allows a continuous, as opposed
to discrete, view of the development effort. Such a shared, common repository
can conserve the intellectual capital that Dalcher says will become a primary
resource for software development companies.

3 Adopting New Techniques and Tricks

SCM is an expanding field and moving into other domains, it needs to incorporate
new ideas from these domains. And even when it is not expanding, SCM needs to
consolidate its own practices and thus can use inspiration from other fields. SCM
as a discipline has been around for only about three decades. However, CM —
without the software — has existed for ages and when it moved into SCM also had
to adapt to the characteristics of the new domain. One of the earliest applications
of CM principles were probably when God put together man, discovered that He
was not quite satisfied with that and went on to make some changes to create
Woman. Using CM He would be able to roll back the product if the new version
turned out to be worse. Fortunately He still has not undone his latest creation
and reverted to the previous version. So SCM — and in particular CM — is a
mature discipline. Despite that there are still some problems around in SCM
that could do with better solutions. Two such problems are: conceptual models
for versions of configurations and selection of configurations.

It is possible to provide the user — whether a software developer or some-
one else — with a conceptual model for versioning of an object that is simple.
The same is true for the conceptual model for a configuration, but when we
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start to put versions and configurations together things start to get complex. A
conceptual model for the fact that there may exist several versions of a partic-
ular configuration is not simple at all — and even worse when we want to model
the possible configurations that can be created from the versions of a given set
of objects. It is possible to model these cases by the use of and/or-graphs [L1],
but they become very complex. Another, more serious, problem with the and/or-
graphs is that they do not have any abstraction capabilities, such that we always
get the full picture. The containment models of Gordon and Whitehead [5], on
the other hand, are able to abstract away details that we may consider irrele-
vant at any time. Furthermore, containment models seem to convey important
SCM information in a very intuitive way. So they might be used to give better
conceptual models for some fundamental SCM concepts. However, it seem that
they too suffer from some of the same limitations that the and/or-graphs have:
the inability to model dynamic dependencies between objects and to model the
fact that a versioned object might be split into two at some point. This could be
caused by the restrictions that are placed on the specialised entity-relationship
model and might be solved by relaxing the restrictions to obtain a richer, though
still simple, model. It would be interesting future work to incorporate relations
between atomic objects and containers to model dynamic dependencies, and to
introduce a new “split-from” semantics for relations to model versioning of split
objects.

During the co-operative work of a group, new versions of objects are endlessly
added to the repository. At points in time, a developer may want to limit his view
of the repository and create a context in which he can work or a configuration he
can compile. In traditional SCM, this is done by using a generic configuration as
description and perform a selection from the repository based on the description
and a number of attribute values. What is obtained is a fully- or partial-bound
configuration. This model is simple and has the advantage that it allows selec-
tions to be performed in parallel. However, it hardly reflects the needs of modern
evolutionary software development methods. When the software evolves, the ar-
chitecture (the structure) will also change and generic configurations are not
able to model dynamic structures being static by nature. To support such devel-
opment methods, SCM must provide for versioning and selection on structures.
Griffiths et al [6] provide a solution for that in a hypermedia setting. Each object
and relation comes with attached to it a context that can then be used during
the query process to decide the visibility of data. More importantly, they change
the selection process such that it is no longer performed statically and globally,
but locally step-by-step and varying dynamically based on the results from the
previous steps. It should be possible to adapt such a process of pattern propa-
gation to the software development domain to obtain a richer and more flexible
selection mechanism than current SCM systems offer.
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4 Reflections

A metainformatics symposium has shown to be an exciting and fertile breeding
ground for interdisciplinary exchange of ideas. In this paper, we have pointed
out some domains where it should be possible to use SCM techniques and prin-
ciples in the modest hope that people in those domains will find inspiration.
Furthermore, we have seen some interesting and promising ideas that it should
be possible to adopt and incorporate into SCM to make it stronger.

Hicks [7] describes the A, B and C levels of work and ask the question:
where are the B-users to use the C-level open hypermedia systems? They are
probably home working on implementing the A-level tools directly! To cast the
levels in a different domain, then at the A-level you use compilers, at the B-level
you construct compilers using the compiler generators provided by the C-level
people. Now the question can be rephrased: why do I hand-build a compiler
instead of using a compiler generator? There could be many reasons, I might
need the compiler to be optimised for speed and storage or it might simply be
that it is easier and faster for me to handcraft a one-off compiler to convert
from one format to another than it is to work out how the compiler-generator
gets started. Probably these C-level products will always either have all the
bells and whistles — and be unusable bloatware — or be slim and to the point —
forcing me to implement or tailor all the things that I really do need. Maybe
we would be better off if we considered it a success when we were able to build
metainformatical bridges by sharing best practices and reusing processes and
principles between domains [g], instead of trying to sell our C-level tools. Maybe
they just serve to play around with to get hold of the right principles.
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Abstract. The latest promising technology called web services carries a
potential to expand cooperation and collaboration in business networks.
There are at least three common deployment types of web services and
they are all very similar to current business practices. The economics of
web services is heavily dependent on fixed costs thus forcing providers to
increase the number of users to reach a point of profitability. This may
be a decisive factor in using them with ERP solutions where vendors will
have to increase their investments to make web services user-friendlier.

1 Introduction

E-business technology gives birth to new ways of cooperation and collaboration
for individuals and companies alike. It enables new models of operation, creating
numerous new business models and employment opportunities. Entrepreneurs
are looking for a business model of the information age that will allow them to
identify real options and to assess the consequences of their decisions.

Since the late 1990s, companies have increasingly turned to the Internet and
web based technologies to accomplish this goal. The Internet represents in this
context an enabling tool for businesses and a new business environment [3]. But
what they are finding is that without enterprise resource planning (ERP) soft-
ware, sharing accurate information with their trading partners is impossible [6].
Further development of ERP solutions even included a lot of different standard-
ized integration technologies, like EDI (Electronic Data Interchange) for example
that made information exchange easier.

After different models of e-business emerged, connections between trading
partners that were mostly based on 1:1 connections became obsolete. Compa-
nies started turning from dedicated connections to the one giving them more
flexibility in changing their business partners, the n:n connection.

This change into a new era of cooperation has become a must in a recent
year, when a set of new technologies called web services has been introduced. In
the year 2002 almost every ERP vendor introduced it’s own implementation of
web services. Now businesses are again facing a question of whether, how and
when they should embrace this technology.
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2 The Business Value of Web Services

Web Services are a set of technologies including SOAH] (Simple Object Ac-
cess Protocol), UDDH (Universal Description, Discovery and Integration) and
WSDL (Web Services Description Language). Listed standards form a technical
infrastructure and another set of standards (ebXMIE7 RosettaNetH etc.) that
are mostly in their infancy form a business-oriented framework of web services.

Currently there are at least three common deployment types. The most ob-
vious is to add a web service interface onto an existing product. Of course there
is also the complementary use when customers deploy vendor products to solve
current integration needs. There is also a third type of almost forgotten ap-
plication service providers (ASPs), when ASP offers a web service interface so
customers can access and use it. There is an interesting difference between these
deployment types in the different economic models they imply. Vendors gain
revenue generated from sales of their product, customers gain a return on their
investment (ROI) from increased efficiency and expanded customer revenue and
ASPs make money from recurring or rental revenue of web service itself.

All in all we could say that web services are not especially new. Of course
we have seen all this economic models before but were they as successful as we
would have hoped for? If they were so successful vendors would have been en-
gaged in other areas of development right now and different standardising bodies
would not have been created. The problem lies in the middleware. Almost every
business and individual in the developed world has access to the Internet. That
in it’s essence makes it very easy and cost effective to send some kind of data
between collaborating partners whether being businesses or individuals. Coop-
eration is not limited to a shopping relationship but becomes true collaboration,
i.e. the processes work together [B].

Machine to machine interaction is even more complex. A human can quickly
adapt to another format of a web page but a computer cannot extract infor-
mation from different data formats automatically. That is why some vendors
decided to make new software tools that would simplify this process. Those
tools are known as integration servers and are quite costly. They are mostly
used in big companies because smaller ones cannot afford them. Expressed in
numbers estimates place the costs of building just one point-to-point connection
at $75,000 [2]. The primary business value that we can expect from web services
is therefore lowering the cost of integration. In the short term we should see that
the businesses will start to get much more value out of their integration and in
a long-term very interesting new business models may arise [1].

Before a business can decide to embrace a new technology some positive
business indicators have to exist. In the case of web services a business may use
or provide some number (Q) of web service based RPC (Remote Procedure Call)

L http://www.w3.org/2000/xp/Group
2 http://www.uddi.org/

3 http://www.ebxml.org/

4 http://www.rosettanet.org/
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calls in a given period. For a web service provider this will generate a certain
amount of total costs (TC) that can be separated in fixed costs (FC) and variable
costs (VC). Division of total costs with quantity gives average total costs (ATC)
(equation 1).

ATC = AFC + AVC (1)

With increasing quantity average fixed costs (AFC) quickly decrease. Because
material costs and connection costs per RPC are negligible, variable costs can
be ignored meaning average total costs equal average fixed costs [4]. In the case
of web services average total costs will decrease with increased number of RPC
calls meaning every business will strive to increase this number. Therefore web
services will become profitable when cumulative number of RPC calls per web
service attains a certain number of calls in a given period. We can conclude that
they will need to reach a certain critical mass before turning into a profitable
product.

3 Conclusions

After testing web services with SAP R/3 as one of the ERP implementations
we identified some problems in existing intra- and inter-application integra-
tion framework relying on business objects and their methods, BAPIs (Business
APIs). Even if SAP AG ensures these can be exposed as web services they are
still very complicated to use and too inconsistent. Therefore business partners
trying to use web services exposed in such a way would find them very difficult
and complex to implement. That would increase ATC costs and require higher
output quantity (higher number of RPC calls) to achieve profitability.

ERP vendors will have to show originality in providing support for web ser-
vices based on different business framework standards. Only then will they be
open enough to participate in business networks based on different business
busses.

Further study of different ERP implementations should focus on compatibil-
ity between different products and platforms.
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Abstract. One of the more diffuse problems with information technol-
ogy (IT) is that both users and their IT-supporters and IT-administrators
have the feeling that IT leads to more work to be done. Since the boom
of the WWW this got even worse. On one hand we have an easy way of
making information available, on the other hand we have all the mainte-
nance work with it. The problem is that much of the information to be
published on the web actually already exists somewhere else, just not in
the right format. This leads to additional work, inconsistency and other
well known problems.

During 1999 I built a prototype to try out some ideas that should help
me to manage these problems. The background for my work and this
paper is practical. But through the last years my interest in a general
understanding of this problem has increased. This position statement is
meant both as a status and as a starting point.

1 Introduction

In Sect. @ I describe the problem and give a little background for my work. In
Sect. B T try to sketch some perspectives that appeared while working on an
improved implementation of the original prototype and especially while writing
this paper. In Sect. [T describe the concept of the infrastructure and some ideas
for an implementation.

2 Background

2.1 What Is the Problem?

The problem seems to be a combination of several irritations. It is difficult to
reuse information already in the computer [3]. Some routine work should be
done by the computer. There is too much work required to set up the computer.
There is much work unrelated to what I actually want to do. These irritations
are not bound to specific tasks.

For any user this is irritating, but he often gets used to it. For a supporter it
is frustrating to see different users having the same kind of problems. The system
administrator can make more tools or systems available, but with such a diffuse
problem it is hard to find a point to start (if you don’t want to standardize too
much).
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2.2 A Simple Test System

When this really started to irritate me some 4 years ago, we didn’t have resources
for fundamental changes and these would not have been considered really necces-
sary by most users. As a consequence I started to work on a small prototype that
should test and demonstrate the following ideas: I grab information as early as
possible and save it as xml-documents. I choose a few kinds of information and
define document types for them. The documents of a certain type are manipu-
lated by xslt-stylesheets specific for this type. I call the combination of document
type and related stylesheets for infotype. Information or pieces of it are iden-
tified by an id that relates it to its infotype. A few scripts handle the requests
to show, update, index and query information. These scripts are independent of
the infotypes. They choose the right stylesheets based on the requested id.

The actual case is the lecture catalogue for our department. We collect in-
formation about the coming activities (courses, lectures, ...). The information
consists basically of a title, a description, related persons, dates and locations
and subordinate activities (meetings, seminars, ...). This information is saved
and indexed. The index can be shown and information about activities can be
accessed by requesting IDs. A special script queries the index for activities and
builds a new index by date which is used for a calendar view. If the locations
are referenced by an id, they can be accessed from both the information about
an activity and the calendar view.

2.3 Did It Work?

Well, part of it (the online lecture catalogue and calendar) has been used since
summer 1999. A map over the building works, but never looked good enough to
be used. The biggest problem was that the actual implementation of the proto-
type uses Microsoft’s active-server-pages and an early xslt-processor (msxml, pre
xslt 1.0), so instead of extending the prototype with more infotypes, I started
working on a new implementation. More about it in Sect. [

3 Perspectives

About the same time as I got my prototype up and running I started to at-
tend some conferences and workshops (WebNet’99, OHS 5 and HT99, ... I-
KNOW’02 and now MIS’02). In this section I focus on some for me important
terms and concepts. They come from different fields, so to make them work to-
gether I use them in a rather naive, common sense way, still using inspiration
from the different fields.

3.1 Tool or Assistant?

In Sect.[T 1 state that the problem actually is a combination of several irritations
or problems not bound to specific tasks. Maybe I can find a perspective that
makes it easier to see.
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Usually we look at computers as tools. We are the users. We know the tasks
and we have the intentions, the computer helps us do it. If we have a well defined
combination of tasks, we can describe this combination as a process and build
a tool to handle it. This takes responsibility from us as the user and takes care
of some problems, but the prize is less flexibility. It only works if we have a well
defined process and if it is not too complex.

What if we look at the computer as an assistant? An assistant is supposed to
help us actively to do some work. We communicate with an assistant about some
work to be done. We establish a common understanding of what we work with.
The assistant might use tools, but they are not my problem anymore. I can tell
my assistant to collect all dates, no matter whether they belong to a meeting,
an incoming e-mail, an event. Then I can ask him what happened at a certain
date. Without an assistant, I would have to remember to start my calendar tool
everytime, I would have to find logfiles, . ...

3.2 Resources and Representations

The term “resource” is borrowed from RFC 2396 which defines Uniform Resource
Identifiers (URIs). Sect. 1.1: “A resource can be anything that has identity.
Familiar examples include an electronic document, an image, a service (e.g.,
“today’s weather report for Los Angeles”), and a collection of other resources.
...”7. Roy Fielding’s keynote [2] at the WebNet’99 triggered this choice. He used
a simple communication model to illustrate the idea behind URIs and the http-
protocol. In my informal words: I know something, I want to share it with you,
I represent it in a way (words, pictures, ...) which is relevant for you. I make
these representations accessible to you and hopefully you can use them.

I use Resource for anything I focus on. I choose a Representation of this re-
source that is appropriate to work with. More about representations in Sects. B3]

and 341

3.3 Knowledge, Behavior and Representations

The -KNOW’02 was another key event for me. The final keynote from Robert
Trappl [5] triggered some interesting associations. Knowledge and Behavior are
two views of the same thing. Behavior is active, a way to experience and influence.
Knowledge is passive, it is the accumulation of experiences. Behavior builds and
manipulates knowledge, knowledge is what behavior itself is build on. When the
relation is obvious we call it rational behavior. Otherwise we call it emotional
behavior. When we focus on something, think about it, work with it, we use and
extend our knowledge about it.

3.4 Structure, Data and Representation

So representations are very important for me. What are the characteristics and
qualities of a representation? Which structure and which data do I use for a
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representation? These questions are very general, so I only pick a few points.
Traditionally the focus was on the data. Computers were used for data process-
ing. This has changed. We now talk about information technology and in the
field of structural computing structure is considered to be most important [4].

There seem to be different strategies for choosing representations. One is to
go for representations that are related to universal models and therefore have a
rather complex structure. I prefer representations that are adapted to specific
purposes, having simple structures. I expect that I am going to use the represen-
tations in a local context. So it will be easier to use a representation optimized
for local use. If I need it in a global context I can transform it. A similar approach
is discussed in [1I.

4 Resource Manager

The basic idea is that I want to see the computer as an assistant or playing the
role of an assistant. The strength of this assistant comes from the qualities of
the computer. The following description is not even pseudocode. It is meant to
illustrate how I want to use what I wrote about in Sect. 2 and [3

4.1 My Assistant and Me

The first job for my assistant should be to help me manage the resources I
work with and the representations of these resources. If I want the computer
to be an assistant for me, I have to give it the concept of a resource and the
ability to exchange representations. How does a concept for a resource look like
for a computer? Well, the concept of a resource is a resource itself, so I need
some representations of it. What makes a resource a resource is that it has an
identity, it is identified by a URI. Another point is that it is represented by
representations. A resource is related to other resources in certain ways. So far I
have given the computer only passive knowledge. It needs to know a behavior to
become active. We do this by giving it specialized representations the processor
can execute. What is the basic behavior? It should be at least the ability to
initialize itself. A resource should be able to give access to its representations.
Building on this resource defining the basic resource type, new resource types
can be defined. Other resource types i need to get started are a resource manager
(-resource type) with the ability to manage other resources and a representation
(-resource type) with the ability do manipulate representations. This is like an
object oriented approach extended to different kinds of representations.

4.2 We and the Rest

Until now I have talked about this basic resource manager and some resources
and their representations as I need them, so my and the computer’s needs have
been decisive with regard to the choice of the representations (structure and
data). This is supposed to be my assistant (the computer running the resource
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manager) and my own shared base. This might keep me busy for a while, but it
won’t be enough, so how do I continue? I will need more kinds of representations.

Let’s say that I want to use a certain tool. This tool might use its own
document format. I consider this document format to be a certain type of repre-
sentation. If I am lucky, I can extract some information from such a document, if
not I at least know where it belongs. In the most extreme case with only opaque
documents (or someone who does not want to cooperate with the assistant at
all), my resource manager would behave like a kind of file system. It was ac-
tually one of intentions that I should be able to use all existing documents by
importing documents from a file system.

If I want to present a resource to someone, I might want to use a html-, pdf-
or rdf-representation. If the information already exists in other representations,
I might be able to generate the new representations from the existing ones by a
kind of transformation. Once I have defined this transformation, it should work
for all resources that build on the resource type I have defined the representation
for.

T have used "I’ most of the time. It could be any entity, for example a group (a
Knowledge Node [1]?). It should be easy to work with a shared resource manager
as it is designed for communication. Different members of the group could work
with different types of representations (text, graphic, code), always having access
to related material.

5 Conclusion

I believe there is a chance that a change of perspective can make work with
computer more effective. There is much work to be done to make the statements
in this paper more reasonable, but I hope to be able to use it as a starting
point and comments are welcome. I will try to implement a minimal resource
manager as described in Sect. ll I expect to need only a few Java-classes, xslt-
stylesheets and xml-schemas to get started. I hope this can be an example for an
infrastructure that gives transparent access to all kinds of tools by considering
tools to be implementations of behaviors.
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