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Part |

Introduction and
Research Perspective

In this part an introduction is given to the research presented in this thesis and its
context. In Chapter 1 the processes of design and re-design are introduced and
compositionality as a structuring principle is explained. In Chapter 2 an outline

of the research context is presented: the central research theme is identified and
demarcated. More specific desiderata are formulated. Relevant literature for this
thesis is outlined in Chapter 3. This includes a discussion on design, and, in
particular, software design processes, structuring principles of software, and an
introduction to two domains of application.
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1 Introduction

Re-design of compositional systems involves design processes, compositional systems, anc
combination of design and compositional systddesignis an activity common to humans; a
fact testified by the presence of the artefacts surrounding us. Often new artefacts are designt
on the basis of existing artefacts, an activity named re-design. The activity of design is a
complex activity and approaches are sought to structure this complex activity; one approach i
distinguishcomponentsvithin an artefact.

Many artefacts in the real world are designed by distinguishing components; the
components themselves may, in turn, be constructed from (smaller) components. A table, fo
example, may have four legs and a top: that makes five less complex components, as illustre
in Figure 1.1. Each leg of this table consists of a long thin piece of material (e.g., wood) with
bracket on one end (e.g., metal): that makes two simpler components, for each of the four le
The connections between the components are of importance, for example, the legs of the tak
can be connected to the top in several ways (e.g., screws or woodwork), each method has |
own strengths and weaknesses. The approach of identifying entities called components and
defining a way to combine components together to make a new component, is termed

compositional design
+
HJ - +| ||+ ||+

Figure 1.1 An example of compositionality: a table can be viewed as composed of a top and its legs.

A
Ay
A<
Ay

The notion of components can easily be found in products manufactured by modern industry
more and more component-based artefacts are currently being manufactured, ranging from ¢
to aircraft, from abacuses to computers. Assembly lines in factories are based on the principl
of compositionality: components are combined to form an end product.

Within the software industry, compositionality is also employed; at the very least to divic
software into manageable portions, but also to create libraries of software components that ¢
be used during design. The design of software has not been fully automated. Modelling rele\
information and identifying relevant processes is one of the most difficult activities in software
design: it involves an understanding of complex structures in real world domains. As in the
design of physical objects, compositional structures of software can provide additional struct
for processes of design of software.

Within the design of software a distinction can be made between processes and
knowledge. The notion of compositionality can be applied to both. Compositionality of
processes provides a means for Oprocess hidingO and compositionality of knowledge provit
means for Oknowledge hidingO. Compositionality of both processes and knowledge can be
combined within one compositional system.

Re-design is closely related to design: a process of re-design can be regarded as a prc
of design, starting with an initial design. In Figure 1.2 a simplified view on re-design is
depicted.
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initial process requirements resulting process achievements

re-design

initial required properties process resulting achieved properties

initial compositional system resulting compositional system

Figure 1.2 Simplified view on input and output information of a re-design process

The input and output information in this simplified view on a process of re-design can be
described as follows:
The input of a re-design process consists of:

- requirements on a re-design process (e.g., a new word processor must be produced
within one week),

- required properties of a compositional structure (e.g., new behaviour is required: faster
production of correct English text), and

- an initial description of a compositional system (e.g., a word processor).

The output of a re-design process consists of:

- resulting process achievements (e.g., four days were needed for this re-design process),
- resulting achieved properties (e.g., modification of an initially required property:
automatic correction of spelling errors), and
- a resulting description of a compositional system (e.g., a new word processor with
automatic spelling correction).

The initial requirements on tle®mpositional systelne., required properties of the

compositional system) are often modified during the re-design process. Requirements on the re-
designprocessanfluence strategies applied within the re-design process: clearly a different result
can be obtained if, for example, much more time or financing is available.

The structure of the thesis

In the next chapter, Chapter 2, the research context is outlined: the overall research theme is
identified and demarcated.

Relevant literature on design processes (of software) and structuring principles (of
software) is briefly discussed in Chapter 3. Chapter 3 also includes an introduction to two
domains of application: diagnostic reasoning systems and multi-agent systems. Each domain of
application is used in a later chapter to illustrate the re-design of a compositional system.

In Chapter 4 a representation for a compositional system for knowledge-intensive systems
is presented. Two examples illustrate the use of this compositional system: an example
diagnostic reasoning system and an example multi-agent system.

In Chapter 5 properties of compositional systems for knowledge-intensive systems are
described. These properties provide a means to describe the functionality of a compositional
system. Relevant research is outlined, as well as different approaches to obtaining such
properties. Properties and knowledge on properties are identified for the two example
compositional systems: diagnostic reasoning and multi-agent systems.

As processes of re-design are an inherent part of processes of design, first a generic
model for processes of design is described in Chapter 6.

In Chapters 7, 8, and 9 a refinement of the generic design model is described. This model
contains additional detail for the re-design of compositional systems.

In Chapter 10 a model for a design agent is described, based on a model for re-design
(Chapters 7, 8, and 9) and an agent model (Chapter 4). This design agent is capable of re-
design of compositional systems, in this case re-design of a multi-agent system, as described in
Chapter 12.
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In Chapters 11 and 12 two illustrations of the applicability of the re-design model of
Chapter 8 are given. The re-design of a diagnostic reasoning system is described in Chapte
and the re-design of a multi-agent system is described in Chapter 12.

A discussion of the results of the research described in this thesis, in addition to ideas 1
future researchs presented in Chapter 13.

In Appendix A additional details of the generic model of design (see Chapter 6) are
described.

In Appendix B additional details of the model for re-design of compositional systems (se
Chapters 7, 8, and 9) are described.
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2 Research Context

The central research theme of this thesis combines the compositional structures of artefacts
processes of re-designhis research theme is demarcated by a focus on a specific range of
systems: knowledge-intensive compositional systems.

How can a compositional structure be used to re-design knowledge-intensive system:

A compositional structure can be used in two ways: to structuprdbessof re-design (a
knowledge-intensive process), and to structureléssggn objecfa knowledge-intensive
system).

In the next two sections the overall research theme is demarcated in more detailed
desiderata on processes of re-design and knowledge-intensive compositional systems.

2.1 Research themes concerning a process of design

Re-design is an inherent part of almost every process of design. Within each design process
intermediate descriptions of design objects are analysed and modified on the basis of a set o
qualified requirements and design process objectives. Processes of re-design are often
characterised as design processes that start with an initial description of a design object that
needs to be modified. Several models and theories exist for processes of design, as discuss
Chapter 3 and Chapter 6.

Design is a knowledge-intensive task: a designer reasons about descriptions of artefac
reasons about requirements, and employs strategies to structure the design process. Model
how human designers approach design are often based on analyses of design tasks, and
designers' approaches (e.g., Akin, 1978; Schsn, 1983; Pahl and Beitz, 1984; Brown and
Chandrasekaran, 1989; Chandrasekaran, 1990; Smithers, Corne and Ross, 1994). To
understand, describe and model a process of design, knowledge level (Newell, 1982) theori
of design are needed (Smithers, 1996), one of which is proposed in (Brazier, Langen and
Treur, 1996).

Design can be viewed as a process of the creation of a set of requirements and a desig
object description that satisfies these requirements, on the basis of initial requirements and
preferences specified by agents, and libraries of existing designs, while adhering to design
process objectives, see Figure 2.1. A generic model of design described on the basis of the:
concepts and sub-processes is proposed in (Brazier, Langen, Ruttkay and Treur, 1994) anc
described in more detail in Chapter 6. An application of this generic model of design is
described in (Brazier, Langen, Treur, Wijngaards and Willems, 1996).

initial process requirements resulting process achievements

design

initial required properties process resulting achieved properties

initial compositional system resulting compositional system

Figure 2.1 Simplified view on input and output information of a design process.

Modelling design entails modelling the domain (i.e., the world of interest), the requirements fi
each of the parties involved, the design objects, and the design process. A description of a
design object is needed (e.g., a blueprint of an artefact and assembly instructions).
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Requirements (and preferences over requirements) state which properties and structures should
guide the design process. Objectives can be given for the design process; e.g., resource
limitations such as limited time and funding. An overview of possible input and output of a

process of design, in retrospect, is given in Table 2.1.

Concepts within a
process of design

Input
of design process

Output
of design process:
scenario 1

Output
of design process:
scenario 2

Design object description

Possibly inconsistent,
possibly incomplete,
design object
description.

Resulting design object
description satisfying
resulting set of qualified
requirements.

No resulting design
object description.

Qualified requirements

Possibly conflicting,
possibly unrealisable, set
of qualified requirements.

Non-conflicting,
realisable, resulting set
of qualified requirements.

Conflicting, non-
realisable set of qualified
requirements with
indications of problems.

Design process
objectives

Possibly conflicting,
possibly unrealisable, set
of design process

Non-conflicting, realised
set of design process
objectives.

Non-conflicting, non-
realised set of design
process objectives.

objectives.

Table 2.10verview of input and possible outputs of a design process.

A design process is capable of producing intermediate results, e.g., for negotiation of
(qualifications of) requirements. Two possible outcomes, given an initial situation, are
described in Table 2.1. In the initial situation an initial design object description is provided,
which may be inconsistent (i.e., conflicting with domain theories) or incomplete (i.e., partial).
An initial set of qualified requirements is provided, which may contain conflicting requirements
or unrealisable requirements. Initial design process objectives are provided which may also by
conflicting, or unrealisable.

In the first scenario the design process terminates with: a set of agreed qualified
requirements, a design object description which satisfies this set of qualified

requirements, and achievements of the design process objectives.

In the second scenario, the design process terminates with: no design object description, a
set of qualified requirements with conflicts and unrealisable requirements and indications

of where problems reside, and achievements of the design process objectives.

A process of design may be entirely automated, or it may be an interactive process. An
interactive design process supports collaboration between systems (automated or human):
decisions regarding the selection of appropriate strategies, modifications to sets of qualified
requirements, and modifications to design object descriptions can be made in a co-operative
manner. In such situations it is very important that not only shared concepts are used to describe
design object descriptions, but also a shared language exists with which requirements can be
communicated (Fischer and Lemke, 1988). Users may have the role of manipulating the
requirements while interacting with a design process, which can be modelled by means of
structured dialogue (Murray and Sheppard, 1988; Forbus, 1988). A shared model (Brazier,
Treur and Wijngaards, 19Bg6and for an extended version: Brazier, Jonker, Treur and
Wijngaards, 1999) of a process of design can be employed to structure the interaction and
communication between a design support system and its expert user, allowing the user to exert
greater control of, and influence on, the design process.

A process of design as described in this chapter is comprehensive; in some cases the
domain of application of the design process can be more restricted. For example, in a given
situation the manipulation of sets of qualified requirements and co-ordination of the design
process may be considered superfluous, and only the manipulation of the design object
description may be modelled and specified. Usually a specific strategy is then “built into' the
manipulation of the design object description.

The processes of design and manufacturing are closely related. Results of a design
process, e.g., a design object description, are input to a manufacturing process. Results and
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experiences obtained from a manufacturing process may, in turn, influence a design proces:
for example, to re-design the design object description to meet additional requirements.

The list of desired properties of a design model, to be used as a basis for the research
presented in this thesis, includes:

- Explicit distinction between the manipulation of design object descriptions, manipulation
of sets of qualified requirements, and co-ordination of the design process.

- Explicit representation and manipulation of design process objectives. Directives for the
design process on resource allocation (e.g., time, money) and other strategical aspects
explicitly represented and manipulated.

- Explicit representation and manipulation of (sets of) qualified requirements. Requiremer
and their qualifications are explicitly represented and manipulated.

- Explicit representation and manipulation of design object descriptions. Descriptions of
design objects are explicitly represented and manipulated.

The model for design processes, described in (Brazier, Langen, Ruttkay and Treur, 1994) a
described in more detail in (Brazier, Langen and Treur, 1999), is adopted as the model for
design processes in this thesis. It fulfills the desired properties listed above, as can be dedur
from the description in Chapter 6. The model provides a structure that indicates which types
knowledge structures and processes need to be specialised and thus acquired (model-base(
knowledge-acquisition). Acquisition is not limited to alter existing structures but requires
further investigation.

In this thesis these principles, together with the adopted model of design, are employec
construct a model for re-design of compositional systems. To be more precise, the model for
design of compositional systems ieefinemenbf the model of design. The term “design' is
used to denote both design and re-design. Desiderata (i.e., desired properties) on the re-de:
of compositional systems are formulated below.

dr1  Representation of a knowledge-intensive system as a design object desdifigion.
representation format has been inherited from the generic design model; an ontology
to express the structure and characteristics of knowledge-intensive systems is
required.

dr2  Representation of qualified requirements on compositional sysiéms.
representation format has been inherited from the generic design model; an ontology
to express the structure and characteristics of requirements is required.

dr3  Model of the manipulation of compositional system structufesmwledge on the
relationship between requirements on a compositional structure for knowledge-
intensive systems and possible modifications to a compositional structure is explicitly
specified, e.g., deductive refinement knowledge (to establish properties), and
knowledge which relates (required) properties to possible structures.

dr4  Model of the manipulation of requirements on compositional syskamosvledge of
relationships between qualified requirements (i.e., properties of compositional
structures for knowledge-intensive systems) is explicitly specified, e.g., knowledge
on refinements of requirements, and knowledge on properties of requirements for
assessment.

dr5  Knowledge on the co-ordination of the re-design prodesswledge on design
strategies for the design of knowledge-intensive systems has to be included.

dr6  Model of integration of design and realisatidrhe processes of design and
realisation (e.g., manufacturing or implementation) can be integrated to the extent tha
design object descriptions resulting from a design process can be implemented by a
realisation process, from which feedback can be used to guide the design process.

dr7  Model of self-modificatiorA system modifying itself, e.g., adapting itself to a new
environment or learning new skills, can be realised by a specific integration of a
design process and a realisation process.
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2.2 Research themes concerning the objects of design:
structures of knowledge-intensive systems

Designing knowledge-intensive systems is a process in which support plays an important role.
Appropriate computer support in designing requires that a formal, unambiguous, representation
language is used to describe a knowledge-intensive system, and formal semantics are attributed
to such a description. Computer support in realisation requires that dynamic aspects of a
knowledge-intensive system are specified such that fully automated operationalisation of a
knowledge-intensive system becomes possible.

Another requirement for automated design of knowledge-intensive systems is an
appropriate (internal) structure of the knowledge-intensive system. A compositional structure
provides a means by which a design process can be guided. By distinguishing compositionality
of processes and compositionality of knowledge, structures are available to guide the process of
design.

The above considerations have been formulated as the following desiderata on
descriptions of knowledge-intensive systems.

ds1 Unambiguous, formal, representation langua§gdanguage is needed with which a
compositional structure is described in an unambiguous and formal manner.

ds2 Formal semanticsA formal semantics can be attributed to the compositional
structure.

ds3  Explicit representation of both static and dynamic properfielenguage and
ontology is needed in which an ontology of properties (both static and dynamic) of
(part of) a compositional structure can be expressed.

ds4 OperationalisationA system represented in a formal language can be (automatically)
operationalised (e.g., into prototype systems), thereby facilitating the testing of
systems (compared to testing a system by first manually implementing the system in
another language).

ds5 Compositionality as a structuring principl€ompositionality of both processes and
knowledge provides structure in a knowledge-intensive system, together with an
explicit relation between a process composition and a knowledge composition.

10



3 Relevant Literature

In this chapter relevant literature is discussed. In Section 3.1 literature on structuring principle
for design processes is addressed; in Section 3.2 literature on structuring principles for
knowledge-intensive software systems is described. Example domains of application taken
from the literature and used to illustrate the re-design of compositional systems are describec
Section 3.3. In Section 3.4 the results are discussed in relation to the research theme of this
thesis.

3.1 Structuring principles for design processes

Design is most often an activity which involves extensive human expertise. The process of
design is generic: design occurs in many areas, including engineering design and software
design. In engineering design the focus is on finding a configuration of certain physical
elements that, combined in one artefact, perform the required functions (Pahl and Beitz, 198
Koller, 1985; Alberts, 1993). Similarly, in software design, a configuration of program-
components has to be found that, combined into one program (i.e., the artefact), performs tt
required functions. In both areas (required) function is related to the structure of an artefact.
Also, in both areas structured artefacts are employed and properties can be formulated to ref
the functionality or behaviour of an artefact.

This thesis focuses on the design of compositional knowledge-intensive systems. The
literature discussed in this section ranges from design in general (of any artefact) to design o
software. First models for design processes in general are discussed, after which generic
methods and techniques for design are addressed, and finally software design is discussed
relation to Requirements Engineering, Software Engineering and Knowledge Engineering.

3.1.1 Models for design processes

A substantial amount of research has focused on defining models of design as a basis for
knowledge-based design systems; e.g., (French and Mostow, 1985; Tomiyama and
Yoshikawa, 1987; Treur, 1989; Brown and Chandrasekaran, 1989; Chandrasekaran, 1990;
Coyne, Rosenman, Radford, Balachandran and Gero, 1990; Gero, 1990; Takeda, Veerkan
Tomiyama and Yoshikawa, 1990; Alberts, Wognum and Mars, 1992; Tham and Gero, 1992;
Vescovi and Iwasaki, 1993; Ohsuga, 1997, Brown and Birmingham, 1997). While modelling
of the functionality (or properties) of the design object description is addressed as an importa
aspect of a process of design (for an overview see Winsor, McCallum, 1994) not many
approaches have included actual reasoning about these properties in the context of requirem
manipulation. Some of these models recognise manipulation of requirements or strategies as
important part of (re-) design. Relevant literature on models for (re-)design is addressed belc

In (Koller, 1985) the process of design consists of synthesis and selection (or analysis
processes, where the selection (or analysis) process validates results of the synthesis proce
In (Pahl and Beitz, 1984) the process of design consists of explanation of the problem
description, conceptual design, detailed design, and manufacturing. The need for design
theories is recognised (e.g., Dixon, 1989), and resulted in conferences on design theories
(Gero, 1996).

Models of processes of design provide a structured description of a process of design.
Models of design differ in their underlying formalisations. Models are represented in structure
such as blackboard architectures (e.g., Ball and Bauert, 1992); algorithms (e.g., Alberts,
Bakker, Deekman and Wognum, 1993)a8(Steier, 1991), task models or problem solving
methods (Brown and Chandrasekaran, 1989; Brazier, Langen, Ruttkay and Treur, 1994;

11
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Wielinga and Schreiber, 1997), or agent architectures (Dunskus, Grecu, Brown and Berker,
1995; Berker and Brown, 1996; Lander, 1997).

One approach employed to model desrgn tasks, is to design as the application of the
problem solving method OPropose & ReviseO (Marcus and McDermott, 1989) in which a
tentative solution is generated and modified. Propose-and-Revise is based on the problem-
solving methods OPropose-Critique-ModifyO and OPropose-Verify-RedesignO (Chandrasekaran,
1986; Chandrasekaran, 1990; Goel and Chandrasekaran, 1989). Within the context of
parametric design several experiments with Propose-and-Revise have been performed by
Zdrahal and Motta (1995).

A perspective on engineering design as a synthesis process is described by (Alberts,
1993). Original requirements and basic generic elements are input of the design process, and
final requirements and product descriptions are output of the design process. This perspective
on engineering design includes the manipulation of requirements (and the manipulation of a
product description) but does not explicitly include objectives on the design process itself.

A model of design proposed by (Ohsuga, 1997) features both the manipulation of a
design object description as well as strategic knowledge on the management of this process, as
depicted in Figure 3.1 (Ohsuga, 1997, pp. 5). Two kinds of knowledge are identified in this
model: knowledge applied directly to the model being designed, and knowledge to guide and
control the exploration or search process.
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and Control
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Figure 3.1 Exploratory problem solving (Ohsuga, 1997, pp. 5)
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An extension of this model investigates the manipulation of sets of requirements in interaction
with users (Sumi, 1997). An experience-based approach is taken, allowing users to explore the
space of requirements. The approach of Ohsuga and Sumi offers a realisation of the high-level
desiderata on design described in Chapter 2.

Another model in which both the manipulation of requirements and the manipulation of
design object descriptions are discerned is proposed by Smithers (1992). From his viewpoint of
design as exploration, both the exploration of possible sets of requirements as well the
exploration of possible design object descriptions are explicitly modelled (Smithers and Troxell,
1990).

Models for design processes incorporate ontologies: ontologies for design objects and
ontologies for requirements. Ontologies can be briefly characterised as descriptions of concepts
in the world. Ontologies for design objects can be shared across domains and incorporated in
design processes (Alberts, 1993; Gruber and Olsen, 1994; Borst, Akkermans and Top, 1997).
Within the Ontolingua project (Gruber, 1993) an ontology for a process of design has been
proposed which is geared towards the representation of design object descriptions.

Likewise, ontologies can be employed to represent requirements. Examples of ontologies
that represent requirements (e.g., required properties of compositional systems) are: properties
of diagnostic systems (Benjamins, 1993; Cornelissen, Jonker and Treur, 1997), properties of
propose-and-revise problem-solving methods (Fensel and Motta, 1998).

12
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3.1.2 Generic methods and techniques for design

Within a process of design, methods and techniques are employed for the use of design
strategies, design object manipulation, requirement manipulation, and the use of design
rationale. These methods and techniques are briefly discussed below.

Strategies.Explicit representation of knowledge on strategies within a process of design
provides additional structure to the process of design (Rist, 1995). Acquiring, representing a
applying strategic knowledge within design processes is a focus of research on its own, e.g
(Gruber, 1990; Strelnikov and Dmitrevich, 1991; Rist, 1995; Ohsuga, 1997; Hori, 1997).
Strategic interaction becomes feasible when strategies are explicitly represented, thereby
allowing the user of a system greater flexibility and control over the system (Brazier, Treur ar
Wijngaards, 1996, Brazier, Jonker, Treur and Wijngaards, 1999

One perspective on a process of design is that of “exploration of design space’, where
design space consists of two subspaces: one for the possible sets of qualified requirements
one subspace for possible design object descriptions. The overall design strategy of the des
process determines the exploration strategies (Brazier, Langen, Ruttkay and Treur, 1994;
Brazier, Langen and Treur, 1998; Logan and Smithers, 1992; LSckenhof and Messer, 1994

Design object manipulation.The following approaches are briefly discussed: case-based
reasoning, machine learning, model based design, and atomic modifications.

- Case-based reasonin@ne approach used in design processes is case-based reasoning
(cBRr). For an overview of theories, formalisations, techniques and applications, see
(Kolodner, 1993; Hunt and Miles, 1994; Watson and Marir, 1994; Marir and Watson,
1994); for an overview of design applications that employ case-based reasoning, see
(Maher and de Silva Garza, 1997) and for an overview of reusRisee (Vo§, 1997).
Case-based reasoning is viewed as a re-design process for the "adaptation' ofsa case.
is an integral part of the process of (re-)design (e.g., Daube and Hayes-Roth, 1989):
previous design object descriptions are inspected and a promising design object
description is modified to achieve requirements. A survey of design applications (Maher
and de Silva Garza, 1997) basedcer shows that a partonomic hierarchy is often
employed to structure cases; a fact also noted in surveys on case retrieval (Altmeyer an
SchYrmann, 1996; Gebhardt, 1997).

Case-based reasoning offers strategies for searching through histories of past cases (
Dearden and Harrison, 1993; Gebhardt, 1997) such as similarity assessment and
classification algorithms, and strategies for the adaptation of cases (e.g., Mostow, 198!
Carbonell, 1983; Vo8 and Oxman, 1996). Case-based reasoning has been applied to t
domain of component-based systems (e.g., Rist, 1995; Takahashi, Oono, Saitoh and
Matsumoto, 1995; Maher and de Silva Garza, 1997), which is, however, mostly
concerned with the manipulation of design object descriptions.

- Machine learningMachine learning is another technique applied in design; it provides a
means to use previous design solutions. These solutions contain explicit and implicit
knowledge that designers can interpret in new situations according to their own needs
(Duffy, 1997). Some approaches learn control knowledge for systems (e.g., Minton,
1990; Straatman 1997). Other approaches attempt to learn strategic knowledge from
previous decisions (e.g., Reich, 1993; Reich and Fenves, 1995). In yet another appro:
problem solving concepts are learned by reflecting on problem solving (Stroulia and
Goel, 1994).

- Model-based desigimhe compositional modelling approach described by Falkenhainer
and Forbus (1991, 1992) is an approach to construct a model of an artefact on the basi
a description of the artefact and a query on the artefact. Queries are not further
manipulated, but strategies are employed for re-construction of models. Extensions hay
been proposed, e.g., (Nayak, Joskowicz, 1996) within the manipulation of design part:
of models. Although it is not considered to be a design or re-design task, compositiona
modelling can be viewed from that perspective. Strategies advocated by Falkenhainer &
Forbus can be found e.g., in the construction of qualitative and quantitative simulation
models (Sloof, 1998; Pos and Akkermans, 1996). A related approach is to transform a
model into another model, e.g. by Generalised Directive Modele\JHeijst,
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Terpstra, Wielinga and Shadbolt, 1992pMS are represented as a context sensitive
rewrite grammar with which a model for problem solving can be refined.

- Atomic modificationsAnother approach for design is proposed in (Gil and Tallis, 1995).
It involves transaction-based manipulation of a design object description, with the notions
of atomic transaction and composed transaction, and knowledge on the applicability of
these transactions.

Requirement manipulation. Knowledge on the manipulation of requirements, expressed in
terms of properties of artefacts, is part of the manipulation of sets of qualified requirements.
Within some approaches this is termed “functional reasoning': the function of an artefact can be
described and reasoned about; for an overview of functional reasoning in design, see (Umeda
and Tomiyama, 1997), for examples of knowledge on requirement manipulation employed in
this thesis see, for example, Chapter 5 and (Brazier, Langen, Treur and Wijngaards, 1996;
Brazier, Jonker, Treur and Wijngaards, 1§9&nowledge of techniques with which the
consistency of requirements can be checked are also of importance for detecting conflicting,
imprecise, qualifications and/or requirements, see e.g., (Heitmeyer, Jeffords and Labaw,
1996); as well as knowledge of techniques with which predictions on future behaviour can be
made, this can be done on the basis of simulation, e.g., (Rasmussen and Barrett, 1995).

Design rationale and history navigation.Representing and reasoning about design
rationale can be part of the design process. As put by Lee (1997), a design rationale is an
important tool because it can include not only the reasons behind a design decision but also the
justification, the other alternatives considered, the trade-offs evaluated, and the argumentation
that led to the decision. A brief overview of approaches to design rationale is given in (Moran
and Carroll, 1996). Explicit representation of design rationale in a design process requires
design decisions with respect to questions such as: how to construct a design rationale, how to
reason about it, how to use design rationale to explain design decisions, etc. (e.g., Kumar,
1994, Stutt and Motta, 1995; Garlan, Allen and Ockerbloom, 1995; Vanwelkenhuysen, 1995;
Vanwelkenhuysen and Mizoguchi, 1995; Brazier, Langen and Treurg)1@86&ign rationale
can support re-use of previous sets of qualified requirements, design object descriptions, and
re-use or previous design process strategies; see (Pe—a-Mora and Vadhavkar, 1996) for the
employment of design rationale within the re-use of software (i.e., design object descriptions).
Design rationale can aid in structuring design histories, and provides a guide for history
navigation.

Within design processes one or more records can be kept, for example, to keep track of,
e.g., when which modification was made, or to store partial designs (i.e., case libraries). One
approach to navigation is to use explicit knowledge on the models stored in a history component
to support query formulation (Galsey, Schwabacher and Smith, 1996). The retrieval of
information from case libraries is an important aspect addressed within case-based reasoning.
The ability of query reformulation (Fischer, Henninger and Redmiles, 1991; Fischer and
Stevens, 1991) can be employed in the design process, e.g., when previous queries do not
yield any results, or too many results have been returned. This activity is part of navigation
within the design process (Logan and Smithers, 1992).

3.1.3 Software design

Within the field of Software Design, three related disciplines and domains of application are of
interest: the disciplines of Requirements Engineering and Software Engineering, design of
simulation models of physical systems, design of algorithmic software, and design of
knowledge-based systems.

Requirements Engineering & Software Engineering.The discipline of Requirements
Engineering (e.g., Davis, 1993; Sommerville and Sawyer, 1997; Wieringa, 1996) focuses on
(the acquisition and specification of) requirements on software systems. It is very much a social
process; requirements are elicited often by interviewing and observing humans (Zaff, McNeese,
and Snyder, 1993; Sommerville and Rodden, 1994; Sumi, 1997). The acquisition, structuring
and negotiation of requirements is common practice: the engineering of requirements is in fact
requirements manipulation (Shaw and Gaines, 1995).
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Various handbooks have been written on the design and re-design of software (e.g.,
Jackson, 1975; Sage and Palmer, 1990; Booch, 1991; Biggerstaff, 1992; Vliet, 1993; Gamn
Helm, Johnson and Vlissides, 1994; Mazza, Fairclough, Melton, de Pablo, Scheffer and
Stevens, 1994; Riel, 1996; Pressman, 1997) within which many models are distinguished tc
structure the design process (Wieringa, 1996; Pressman, 1997); to name but a few: flow ch:
entity-relationship models, object-oriented models. Some of these models involve an alternat
between manipulating requirements and manipulating the software.

The process of software design is termed “software development process' within
Software Engineering and the term “design' is reserved for the manipulation of the design
object, i.e., a representation of software (which is later translated into code).

Design of simulation models of physical system#n the domain of automated
modelling, physical phenomena and their processes are described by simulation models of
varying granularity, e.g., mathematical models, qualitative models, component models, etc.
(Murray and Sheppard, 1988; HSuslein and Page, 1991; Akkermans, Borst, Pos and Top,
1995; Pos and Akkermans, 1996; Sloof, 1998). The simulation model formulation task can b
viewed as a design task (Gruber, 1993): some with user interaction (e.g., Murray and
Sheppard, 1988) and some fully automated (Pos and Akkermans, 1996; Sloof, 1998). Most
these approaches only model the manipulation of design object descriptions, a few also mod
the manipulation of requirements (e.g., Pos and Akkermans, 1996) to a very limited extent.

Design of algorithmic software.Tools have been developed for the (semi-)automatic
design of software. While some tools have been developed to automatically design software
(e.g., genetic algorithms are designed (Beck and Parmee, 1997), as well as an image-
processing system composed of small image processing parts (Elst, Harmelen, Schreiber ai
Thonnat, 1995; Steier, 1991)), other tools have been developed to support system develope
design software (e.g., programmer's assistants (Teitelmarg; 11888; Rich and Shrobe,

1986; Waters, 1986)).

In the above domains of application of (re-)design, the notion of compositionality is employec
to structure the design object description (e.g., programmer's assistants often structure a de
on the basis of the components distinguished by the intended user). Specific knowledge in tt
approaches may not be applicable to the subject of this thesis, but their methods and technic
are, to some extent, relevant.

Design of knowledge-based systemb the domain of design of knowledge-based
systems, most approaches only model the manipulation of design object descriptions (e.g.,
Korf, 1980; Baalen, 1992; Pirlein and Studer, 1995). Only a few approaches explicitly model
strategies and requirement manipulation in their design process, e.g., (Wang, Rao and Zhot
1995). In many approaches libraries are used during design; e.g., a library of models for
diagnosis can be found in (Benjamins, 1993).

Within the discipline of knowledge engineering a number of design methodologies for
knowledge-intensive systems have been developed (Comxnen¥iTtaL, MIkg, PROTfGF-I,
TAsK, RDR, Kibs, KNACK, and [EsIRE). Each of these approaches describes phases and mode
to be used when (re-)designing knowledge-intensive systems. The methodology of the first
eight modelling approaches is briefly outlined. ThesiBeapproach is described in (Brazier,
Jonker and Treur, 1998).

The CommonKbs (Common Knowledge Acquisition Development System) approach is
a methodology for knowledge-based system development (Wielinga, Schreiber, Breuker, 19
Hoog, Martil, Wielinga, Taylor, Bright, Velde, 1994; Schreiber, Wielinga, Akkermans, Velde
and Hoog, 1994). Knowledge-based development within Commmsis based on the
construction of a number of separate models (organisation model, task model, agent model,
expertise model, communication model, design model) that capture the desired features of th
system and its environment. The CommanKlife cycle approach distinguishes phases,
activities and products relevant for a knowledge-based system project.

TheViTaL (Shadbolt, Motta, Rouge, 1993) approach to structured knowledge-based
system development includes a knowledge engineering and a project management methodo
Within the project management the life cycle of an application project is modelled, by specific
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process products. The life cycle configuration provides a mapping between management phases
and the components of the knowledge engineering methodology.

TheMike (Model-based and Incremental Knowledge Engineering) approach for the
development of knowledge-based systems integrates semi-formal specification techniques,
formal specification techniques (Fensel, 1995; Angele, Decker, Perkuhn and Studer, 1996),
and prototyping into a coherent framework (Angele, Fensel and Studer, 1996). A life cycle
approach is taken with the following phases: knowledge acquisition, design, implementation,
and evaluation. The phase of design has the sub-phases requirement analysis, model
construction and model evaluation. The phase knowledge acquisition has the sub-phases
knowledge elicitation, interpretation and structuring, and formalisation. Two formal
specification languages, PAKL and L-KarL, are used to specify the reasoning process in
detail.

The Taskmodelling approach is designed to support the development of knowledge-
based systems from conceptual specification to operationalisation (Pierret-Golbreich, 1993,
1994; Talon and Pierret-Golbreich, 199@ierret-Golbreich and Talon, 1997). Thesk
methodology includes task model oriented modelling, task centered representation
(computational architecture), and a knowledge oriented acquisition method.

TheProTfGfIl environment is a knowledge-acquisition shell that supports the
construction of problem-solving methods using mechanisms as building blocks, modelling
application tasks in terms of the constructed methods, generation of knowledge editors based on
those task models, and the acquisition of knowledge from such knowledge editors (Musen,
1990; Puerta, Egar, Tu and Musen, 1992; Gennari, Altman, Musen, 1994, Eriksson, Puerta,
Gennari, Rothenfluh, Tu and Musen, 1995). WitmmoR -1l approaches exist on how to
build domain ontologies, domain independent methods and mapping relations. Generic building
blocks exist for all three categories and reuse is an integral part of their methodology.

Ripple-down rule$0R is an approach to building and maintaining knowledge-based
systems. The approach is based on test-analysis eliminating the need for knowledge engineering
expertise during knowledge acquisitiornAhas been applied in domains of single- and
multiple-classification tasks (Kang, Compton and Preston, 1998) and configuration / parametric
design (Compton, Ramadan, Preston, Le-Gia, Chellen, Mulholland, Hibbert, Haddad and
Kang, 1998). An underlying, fixed, problem solving method is the heammfhich is
applied in situations where test-cases are available.

The Kibs modelling approach includes a knowledge based software development system
(Smith, 1990; 1991) in which a problem is defined by means of functional constraints on the
input and output behaviour. A specification is created, which is refined by means of high-level
transformations (selected by the user) which results in a more detailed (or optimised)
specification. The focus lies on algorithms, and manipulation of a design object description; not
the manipulation of requirements. Strategies are employed ("design tactics') which are used to
optimise a specification.

The Knack modelling approach (Klinker, Genetet and McDermott, 1990) includes a tool
to create knowledge-based systems. This tool includes some manipulation of requirements:
different perspectives of experts on a particular KBS can be manipulated according to some
strategies.

3.2 Structuring principles for knowledge-intensive software
systems

Structuring principles are not only employed to structure the design process, but also to
structure the description (or actual configuration) of an artefact. The principle of "hiding' parts
of the structure at a lower abstraction level facilitates the manipulation of an artefact description:
each level of the artefact description abstracts from lower level structurese3iredpproach
to structuring principles is presented in Chapter 4.

One approach to artefact structures encountered in engineering disciplines, is system
theory (proposed in the 1940's by the biologist Von Bertalanffy (1968) and its derivatives
often used to describe the structure of physical systems. Within this approach (hierarchical)
components are distinguished, as well as interfaces with which components can be connected.
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Ontologies employed to describe physical systems use this approach extensively, see, for
example, (Alberts, 1993; Borst, Akkermans and Top, 1997).

Components are also used to describe the structure of more abstract artefacts, e.g.,
software systems. One approach to describing software is to describe the processss (e.g.,
Jackson, 1975). Algorithmic decomposition can be employed for this means. In this approac
the task a process performs (i.e., its “functionality") is composed of smaller tasks. Another
approach often employed to describe software is object-oriented design. The components (tt
objects) model thdata and the interfaces of components (the methods of the objects)
correspond t@rocessesvhich modify the data. Algorithmic decomposition provides an
ordering of the events within a system, object-oriented modelling emphasises relationships o
the data without an explicit ordering of the events within a system; the two alternatives are
orthogonal (Booch, 1991; Wieringa, 1996; Pressman, 1997).

Applications in knowledge-intensive domains are, for example, knowledge-based
systems and multi-agent systems. The processes (e.g., tasks) performed, descriptions of
sequencing of processes, descriptions of the information within the system, and knowledge
employed to perform a task are often explicitly modelled within these systems.

Within the CommonkKbsmodelling framework (Wielinga, Schreiber, Breuker, 1992;
Hoog, Martil, Wielinga, Taylor, Bright, Velde, 1994; Schreiber, Wielinga, Akkermans, Velde
and Hoog, 1994) processes are explicitly represented, as is knowledge on the control of
processes. Control knowledge resides at a distinct level: control knowledge over sub-proces
is not private to a process. Knowledge and information descriptions are composed and
explicitly related to processes. A (non-executable) formal representation language is available
with formal semantics based on dynamic logic. Partial operationalisation can be realised sem
automatically. An example of a Commaost§ description can be found in (Schreiber and
Terpstra, 1996) in which an elevator configuration task is modelled. Other modelling
frameworks based on theaigs-1 “philosophy' are th&iTaL modelling framework (Shadbolt,
Motta, Rouge, 1993) and thvike modelling framework (Fensel, 1995; Angele, Decker,
Perkuhn and Studer, 1996; Angele, Fensel and Studer, 1996). An example of an elevator
design task model modelled in™L can be found in Motta, Stutt, Zdrahal, O'Hara, and
Shadbolt (1996). An example of an elevator design task model modellexEcéh be found
in Poeck, Fensel, Landes and Angele (1996).

Within the Task modelling framework (Pierret-Golbreich, 1993, 1994; Talon and Pierret-
Golbreich, 1998, Pierret-Golbreich and Talon, 1997), control knowledge is hidden at each
level of process abstraction. The formal language with formal semantiesdrcdnnot
automatically generate prototype systems. An example of partial specifications of the VT task
can be found in Talon and Pierret-Golbreich ()96

A modelling framework to describe software architectures (which is not a knowledge
engineering modelling framework) is tiiériGHT specification language (Allen and Garlan,
1996). The specification language is developed for the formal specification of architectural
styles in software (Garlan and Shaw, 1994) with which abstract behaviour of architectures c:
be described. Components, connectors and configurations are distinguished. Process hidin
achieved within the WGHT specification language; knowledge-hiding is not. If an architecture
is sufficiently constrained an executable system may be generated (semi-)automatically.

For a more elaborate comparison of, among others, structuring principles for modelling
frameworks for knowledge-intensive systems with explicit representation of knowledge, see
Brazier and Wijngaards (1997, an extended version in (Brazier and Wijngaards, 1998)).

3.3 Example application domains

Two application domains are used in this thesis to illustrate the re-design of compositional
systems (see Chapters 11 and 12): a knowledge-based system for diagnostic reasoning, an
multi-agent system. In this chapter a brief characterisation is given of each of these domains
application.
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3.3.1 Knowledge-based system for diagnostic reasoning

Most systems for diagnostic tasks described in the literature adhere to the following static
definition of diagnosis:

Suppose one is to give a description of a systegether with an observation of the systemOs behaviour

which conflicts with the way the system is meant to behave. The diagnostic problem is to determine those
components of the system which, when assumed to be functioning abnormally, will explain the discrepancy
between the observed and correct system behaviour. (Reiter, 1987). (italics added when including the quote in
this section)

Or, in short, the expected behaviour of an artefact differs from the actual (‘real’) behaviour of
the artefact and the diagnosis is the explanation of the difference in behaviour. Many
formalisations of diagnosis have been proposed, e.g., (Reiter, 1987; Console and Torasso,
1990, Teije and Harmelen, 1994; Lucas, 1996) and many diagnostic systems have been
designed, see (Benjamins, 1993) for a categorisation. All of these approaches take the
observations of faulty and correct behaviour for granted and do not cover the decision making
process to acquire observations during the diagnostic process nor is the relevant strategic
reasoning explicitly incorporated in a process of diagnostic reasoning.

The example in this thesis focuses on a diagnostic process model, including explicit
decision making on observations during the diagnostic reasoning: a diagnostic process is
initiated on the basis of a complaint (i.e., observed abnormal behaviour); if additional
information is needed to determine a diagnosis, specific observations are made by the system
(e.g., by questioning the user of the system, or by directing and reading sensors).

One way to model a diagnostic process is by hypothetical reasoning. A possible diagnosis
is assumed, and consequences are determined. These consequences are verified by observation
on the actual behaviour of the artefact and the possible diagnosis is evaluated. A (partial) view
of processes involved in a diagnostic reasoning system (Brazier, Langen, Treur and
Wijngaards, 1996) is shown in Figure 3.2, based on a model of diagnostic reasoning as
described in (Brazier, Treur and Wijngaards, ¥9%6r an extended version see: Brazier,

Jonker, Treur and Wijngaards, 199@nd a logical description in (Treur, 1993).

[ Diagno:?tic ] [ External World ]
Reasoning
Hypothesis Hypothesis
Determination Validation

Observation Hypothesis
Determination Evaluation

Figure 3.2 Partial view of processes in a diagnostic system.

The processes shown in Figure 3.2 are briefly characterised below:

- Diagnostic Reasoning andExternal World are part of the diagnostic process: bhegnostic
Reasoning process generates focussed observations and (finally) determines diagnoses.
TheExternal World process performs observations and provides results of the observations
requested.

- TheDiagnostic Reasoning process is composed of two processggothesis Determination
generates possible hypotheses (the hypotheses on which to focus)panskis
Validation validates these hypotheses, by initiating further observations.

- TheHypothesis Validation process is composed of two process®servation
Determination determines which observations related to the current hypotheses in focus are
to be initiated, anéiypothesis Evaluation assesses these hypotheses on the basis of
observation results.
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An advantage of diagnostic reasoning as an application domain is that diagnostic reasoning |
a relatively long research tradition in Artificial Intelligence and is therefore relatively well-
analysed.

3.3.2 Self-modifying multi-agent system

Distributed processes are manifold in the real world. The (multi-) agent paradigm provides a
means to characterise autonomous distributed processes. The systems (either human or
automated) responsible for these processes asgémtsin the multi-agent system. Each agent
has its own environment, consisting of other agents and a material world. Agents are able to
communicate with each other, can co-operate to jointly perform tasks, interact with the world
(observe and/or act), and perform specific tasks. Some agents interact directly with humans,
other agents interact with automated agents only (Kautz, Selman and Coen, 1994). In the ne
future the co-operation among agents and humans is expected to have impact on social
conventions in society (Norman, 1994).

During the past years extensive research has been conducted in the field of multi-agent
systems. Different notions of agency have been proposed (e.g., Nwana, 1996; Wooldridge
Jennings, 1995; Shoham, 1993). One notion of agents in which weak agency is distinguishe
from strong agency has been proposed by Wooldridge and Jennings (1995): weak agency i
characterised by autonomy, social ability, reactiveness, and pro-activeness. In contrast the
notion of strong agency is based on the characteristics of mentalistic and intentional notions
(related to the notion of intentional stance by Dennett, 1987).

The characteristics of weak agency defined by Wooldridge and Jennings (1995) provide
means to reflect on the tasks an agent needs to be able to perform. Pro-activeness and auto
are related to an agent's ability to reason about its own processes, goals and plans. Reactivi
and social ability are related to the ability to interact with the material world and to communicat
with other agents. The ability to communicate and co-operate with other agents and to interac
with the material world often relies on an agent's ability to acquire and maintain its own
knowledge of the world and other agents.

Agents, and multi-agent systems, are currently widely studied. Recent publications on
agents include literature on software agents, e.g., see (Bradshaw, 1997), and literature on &
technology, e.g., see (Jennings and Wooldridge, 1998). Information brokering and informati
gathering agents (Levy, Sagiv and Srivastava, 1994; Sycara and Zeng, 1996; Knoblock and
Ambite, 1997; Jonker and Treur, 1998a), a special kind of agent, play an important role in
exploiting agent technology in the context of the Internet. Information gathering agents are
sometimes developed "ad hoc', or can be developed in a structured manner.

The agent metaphor offers a means to model situations with distributive activity on a
conceptual level. Multi-agent systems have been proposed to model collaborative tasks such
design (Edmonds, Candy, Jones and Soufi, 1994; Vanwelkenhuysen and Mizoguchi, 1995;
Dunskus, Grecu, Brown and Berker, 1995; Berker and Brown, 1996), and computer-based
training systems (Boy, 1995).

The agent metaphor can also be used to develop agents that are able to dynamically de
and create new agents, or to dynamically modify existing agents. For example, Internet ager
that are capable of dynamically creating new agents to assist them in information gathering, ¢
agents that are capable of creating interface agents tuned to specific users, are agents of this
type. Also agents (including users) may be given the ability to influence the agent which re-
designs the multi-agent system: requirements, partial design object descriptions and process
objectives can be communicated and negotiated. As an example, consider humans explainin
their personal assistant which strategies to employ when processing e-mail on their behalf
(Terveen and Murray, 1996).

Literature which partially addresses the topics ‘re-design of compositional systems' and
“self-modification’ includes approaches based on genetic programming and parametric desig
approaches based on meta-level architectures, and approaches based on mind-matter
interactions. These approaches are described below.

Approaches based genetic programming & parametric desigviost of the research in
the area of dynamic agent creation is based on a genetic programming approach; e.g.,
(Cetnarowicz, Kisiel-Dorohinicki, and Nawarecki, 1996; Numaoka, 1996): design descriptior
of agents are combined to evolve to a most suitable design description of an agent, accordin
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some criteria. Modifying problem solving methods by means of parametric design is an
approach taken by (Teije, Harmelen, Schreiber and Wielinga, 1996) in which parameters of an
otherwise fixed problem solving method are given appropriate values. In the genetic
programming & parametric design approach a modified system is acquired by changing
parameters of the system according to the modifications in the design description.

Approaches based oneta-level architecture#\ reflective approach, in which an agent
reasons about its own representation and re-designs this representation, is taken by e.g.,
(Schubert, 1997; Stroulia and Goal, 1891994). A model-based approach to self-
configuration of autonomous (spacecraft) systems is taken by (Williams and Nayak, 1996).
Adapting a fixed task structure for different situations has been described by (Stroulia and Goel,
1994). Reflecting on a problem solving method has been described by (Harmelen, Wielinga,
Bredeweg, Schreiber, Karbach, Reinders, Vo8, Akkermans, Bartsch-Spsrl, and Vinkhuyzen,
1992; Teije and Harmelen, 1996). Modification of control knowledge in a problem solving
method on the basis of inspection of the performance of the control knowledge is described by
(Straatman, 1997).

Approaches based onind-matter interactionsSelf-modification entails the re-design of
an agent's own description on the basis of a relationship between the actual "physical’
description of oneself and the dynamic flow of information within one's thought processes
(Jonker and Treur, 1997). The emphasis is that to create new agents, an existing agent must be
capable of designing a new agent on the basis of a model for design and then be capable of
bringing this agent to life by performing actions modifying the material world. The integration
of re-design on a conceptual and logical level (the mind aspect), and run-time modification of
the system at the implementation level by performing material actions (the matter aspect) is of
importance.

The domain of self-modifying multi-agent systems is a rich domain of application for re-
design. It provides a natural setting for a process of re-design: an existing multi-agent system is
re-designed by one (or more) of its agents. In Chapter 12 a description is given of a process of
self-modification of a multi-agent system, based on a design agent which is part of that multi-
agent system.

3.4 Discussion

The literature described in this chapter is divided into literature on structuring principles for
design processes and literature on structuring principles for (knowledge-intensive) software
systems. In addition two example domains of application are described.

On the basis of the literature on structuring principles for design processes the following
essential elements of design processes can be distinguished: representation of design objects,
representation of (qualified) requirements, manipulation of descriptions of design objects,
manipulation of sets of (qualified) requirements, co-ordination of design processes, and
representation of strategies. Combining these essential elements into a single model for design
has been realised by the generic design model adopted for this thesis (see (Brazier, Langen,
Ruttkay and Treur, 1994) and Chapter 6). Other design models, discussed in this chapter, do
not necessarily include all these essential elements.

Additional conclusions regarding literature on design are the following:

- Models for design processes mostly focus on the manipulation of design object
descriptions. Some involve the manipulation of sets of (qualified) requirements, and only
a few also address the co-ordination of a process of design. In Requirements Engineering
and Software Engineering, however, the manipulation of both requirements and design
object descriptions is often addressed.

- Several methods and techniques are described which are applied in design processes:
design strategies, design object manipulation (case-based reasoning, machine learning,
model-based design, atomic modifications), requirement manipulation, and design
rationale. Approaches for these methods and techniques provide insight in concepts and
knowledge that play a role in a design process. Unfortunately, these methods and
techniques have not yet been integrated into one framework within which strategical
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knowledge can be employed to use a type of knowledge currently most suitable to the
problem at hand.

- In the design of simulation models for physical systems, design of knowledge-based
systems, and design of software (algorithms) a structured description of the design obj
is employed. Specific knowledge in these approaches may not be applicable to the subj
of this thesis, but their methods and techniques are relevant to some extent. Explicit
manipulation of requirements and their qualifications is often not present in these mode
and, if present, severely limited.

- Most Knowledge Engineering methodologies distinguish activities which involve re-use,
generic components, and libraries of components.

The desiderata identified in Section 2.2, provide a means to compare several approaches to
structuring principles for knowledge intensive systems. The modelling frameworks
Commonkabs, VITAL, MIKE, TAask, and WRIGHT have been discussed and briefly compared.
Only parts of the desiderata (formulated in Section 2.2) have been achieved by these modelli
frameworks, as shown in Table 3.1.

Modelling frameworks described in Section 3.2 incorporate some of the types of
knowledge and representation (distinguished in Section 2.2 and shown in Table 3.1) needec
describe a compositional structure. Table 3.1 contains an overview of those desiderata. The
notations and their interpretations aepiicit' indicates explicit realisation of the desideratum,
“partial’ indicates a partial realisation of the desideratum, @' indicates no realisation at alll
of the desideratum.

No. | Desideratum ComMONKADS VITAL MIKE TAsk WRIGHT
dsl Unambiguous, formal, explicit partial explicit partial partial
representation language.
ds2 | Formal semantics. explicit partial explicit partial partial
ds3 Explicit representation of partial none partial none partial
both static and dynamic
properties.
ds4 | Automated partial partial partial partial partial

operationalisation.

ds5 Compositionality as partial partial partial partial partial

structuring principle

Table 3.10verview of realisations of desiderata per modelling framework.

A conclusion from Table 3.1 is that not one of the described modelling frameworks realises
these desiderata. A modelling framework which does explicitly realise these desiderata is the
Desiremodelling framework. This framework is described in Chapter 4. The compositional
development methodd3ireis used in this thesis for both a description of compositional
systems and as design objects within a process of design (Chapters 8, 9, 10, 11 and 12), a
the description of the model of this process of re-design as a compositional system (Chapter
8 and 9).

Two example application domains have been described: diagnostic reasoning and self-
modifying multi-agent systems. These application domains can be briefly characterised as
follows. Diagnostic reasoning includes explicit decision making on the observations to be
performed during the diagnostic reasoning. The self-modifying multi-agent system includes r
design of a multi-agent system. The two example application domains are used to illustrate tf
re-design process described in this thesis.

In sum, the structuring principles for design processes and structuring principles for
design objects as discussed in this chapter do not address all the desiderata involving these
notions (see Section 2.1 and Section 2.2). Compositional structuring principles including
compositionality of processes and compositionality of knowledge are described in Chapter 4.
Properties of such compositional structures are addressed in Chapter 5. A (compositional)
generic model of design (Chapter 6), including the manipulation of sets of requirements and
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co-ordination of a process of design, is specialised into a (compositional) model of re-design
(Chapters 7, 8, and 9) which is employed for the re-design of compositional systems: a
diagnostic reasoning system (Chapter 11) and an example multi-agent system (Chapters 10 and
12). In the next chapter the application domains used as examples in this thesis are described in
more detail.
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Compositional Systems:
Structure & Properties

In this part compositional systems are described: their structure and their
properties. In Chapter 4 a representation formalism for the structure of a
compositional system for knowledge-intensive systems is presented. In Chapter
5 properties of compositional systems for knowledge-intensive domains are
proposed. Both chapters include examples of structure and properties for the
two domains of application: diagnostic reasoning systems and multi-agent

systems.

23



COMPOSITIONAL SYSTEMS STRUCTURE AND PROPERTIES PART Il

24



4 Compositional Systems: Structure

A structure for compositional systems is described in this chapter which effectuates the
desiderata identified in Section 2d81, ds2, ds3, ds4, andds5. The realisation of desideratum
drl (®representation of a knowledge-intensive system as a design object description®)
specifically depends on the realisation of these desiderata.

First the distinction between compositionality of processes and compositionality of
knowledge is addressed in Section 4.1. Then process compositionality is addressed in Secti
4.2, and knowledge compositionality in Section 4.3. In Section 4.4 the relation between
process composition and knowledge composition is discussed. Generic models expressed ii
compositional structure described in this chapter are addressed in Section 4.5. The formal
semantics underlying the structure of compositional systems is briefly described in Section 4
and in Section 4.7 this chapter is concluded.

The two domains of application described in Section 3.3 are used to illustrate
compositional systems in this chapter. The first example compositional system is a knowledc
based diagnostic reasoning system with which novice users of a washing machine can detec
flaw in their use of the washing machine. The second example compositional system is a mu
agent system in which a personal assistant plays an important role. A personal assistant is a
agent which communicates with one or more users, and communicates with other agents or
interacts in the world, on behalf of its user(s).

Some of the material in this chapter has been previously published in:

- Formal Specification of Hierarchically (De)Composed Tg&kazier, Treur, Wijngaards
and Willems, 1995); a declarative description of hierarchically (de)composed tasks
including both processes and knowledge.

- Temporal Semantics of Compositional Task Models and Problem Solving Methods
(Brazier, Treur, Wijngaards and Willems, 1999); a description of a compositional
system's behaviour; a temporal approach provides a means to describe the dynamics
involved.

- Principles of Compositional Multi-Agent System Developrfignaizier, Jonker and
Treur, 1998); principles of a development method for compositional multi-agent system

4.1 Compositionality of processes and knowledge

As discussed in Chapter 2, the distinction between compositionality of processes and
compositionality of knowledge is important. Both processes and knowledge can be describe«
by compositional structures.

A processs viewed as an activity (for example, with which a task is brought to an end).
As each process can, in turn, be composed of other prodesséspf process abstractiaan
be distinguished. A process can be considered on its own, or as a combination of a number
internal processes. If a process is composed of a number of internal processes, then these
internal processes reside at a lower level of abstraction. The internal (lower-level) processes
responsible for the realisation of the (outer, higher-level) processmfosition relation
defines how the processes are combined. Compositionality of processes is discussed at mo
length in Section 4.2.

Similarly, levels of knowledge abstractican be distinguished. @omposition relation
determines how (lower-level composition of) knowledge structures can be combined to acqui
(higher-level) composition of knowledge structures. Ontologies, used to express knowledge,
can be structured as composed of other ontologies. Compositionality of knowledge is discus
in Section 4.3.
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4.2 Process composition

A process composition describes the relationships: the processes, the levels of (process)
abstraction, and the compositionality of each process.

4.2.1 Identification of processes at different abstraction levels

Two perspectives can be employed for the identification of processes at different levels of
abstraction: a task perspective and a multi-agent perspective.

In thetask perspectiva task is described in terms of processes needed to perform the
task.

In themulti-agent perspectiverocesses within and between agents, within the external
world, and between agents and the external world, are distinguished.

The processes identified in the task perspective are delegated to agents and the external world
(identified in the multi-agent perspective). Process composition describes a one-to-many

relation between processes. It can be described by means of a table (hot shown) or depicted as a
tree structure (see Figure 4.3 and Figure 4.4) or a box-in-box structure (see Figure 4.7).
Processes are representeccbgnponents

Specification of abstraction levelsThe identification of levels of abstraction of

processes results in two kinds of components: compooemsosef other components and
primitive components. A primitive component can be a reasoning component (e.g., based on a
knowledge base) or an alternative specification (e.g., based on a calculation, an optimisation,
E).

Below two examples are given of processes at different levels of abstraction.

Example diagnostic system: processes and process abstraction levels

For the diagnostic process model the following processes may be distinguished at different levels of process
abstraction, as shown in Figure 4.1, base(Boazier, Jonker, Treur and Wijngaards, 1998nd (Treur,

1993). In the latter, diagnostic reasoning has two sub-procégpethesis selection andtest selection.

Test evaluation is a separate process at the same level of abstractitayasstic reasoning. In the current
modelhypothesis selection is replaced byypothesis determination, test selection is replaced by

observation determination, andtest evaluation is replaced by botbxternal world andhypothesis evaluation.

[ Diagnos_tic ] [ External World ]
Reasoning
Hypothesis Hypothesis
Determination Validation

Observation Hypothesis
Determination Evaluation

Figure 4.1 Partial view of levels of process abstraction for diagnosis.

A diagnostic process includes not only the diagnostic reasoning process, but also the process of the
acquisition of observation results within the external world.

The process of diagnosis involves the determination of one or more hypotheses on which to focus and the
validation (i.e., confirming or rejecting) of these focus hypotheses on the basis of observations. The
validation of hypotheses involves the determination of relevant (for the focus hypotheses) observations to be
performed, and the evaluation of the results of the observations to validate the hypotheses in focus.
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Example multi-agent system: processes and process abstraction levels

Within the multi-agent scenario three agents and an external world are distinguished, as shown in Figure ¢
Within the personal assistant the same processes are distinguished as in the generic agent model in (Braz

Jonker and Treur, 1996).
Multi-Agent
System
User Personal Information External
Assistant Provider World

Own Agent Interaction Maintenance of Maintenance of
Process Control Management Agent Information World Information

Figure 4.2 Processes at different levels of abstraction in the example multi-agent system.

Determine
Proposals

Three classes of agents are distinguished: users, personal assistants and information providers. In this
example, one user is assumed to communicate with one personal assistant that can consult one informati
provider, or interact with the external world.

Identification of a process.Conceptually, for each process, tgpes of information
required asnput or generated asutputof a process are specified in thput and output
interfacesof a component. Names are defined for information types, and relations express
which information is related to a component's output and/or input. In a pictorial representatior
each component is annotated with the types of information in its input and output interfaces, -
example, with input to the left and output to the right as shown in Figure 4.5 or in a table as
shown in Figure 4.1.

Below examples of input and output information types for the processes distinguished f
the diagnostic reasoning system (see Section 4.1) and the multi-agent system (see Section -
examples are depicted in Figure 4.1 and Figure 4.2, respectively.

Example diagnostic system: interface information types
Input and output information types are distinguished within the pr@iegsosis as shown in Table 4.1.

output information type
- assessed hypotheses
- required observations
- observation results

process
Diagnostic Reasoning

input information type
- observation results

External World - required observations

Sub-processes of
Diagnostic Reasoning
Hypothesis
Determination

- assessed hypotheses - selected hypotheses
- previously selected hypotheses
-_interpreted observation results
- focussed hypotheses

- observation results

Hypothesis Validation - assessed hypotheses
- interpretations of observation
results

- selected observations

Sub-processes of
Hypothesis Validation

Observation
Determination

- focussed hypotheses
- _interpreted observation results

- selected observations
- predicted observation results

Hypothesis Evaluation

- focussed hypotheses
- observation results
- predicted observation results

- assessed hypotheses
- interpreted observation results

Table 4.1Input and output information types of processes within the example diagnostic system.
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The taskDiagnostic Reasoning requires information on results of observatiosissérvation results). The
results of this task are assessments of hypothessss¢ed hypotheses) and observations to be performed

(required observations).

The procesg&xternal World accepts information on which observations are requigggifed observations)
and provides information on results of observati@hsdrvation results).

The taskHypothesis Determination requires information on evaluations of hypothesssessed
hypotheses), which hypotheses have been selected befoeei¢usly selected hypotheses) and
interpretations of observationistérpretations of observation results). Information on selected hypotheses

(selected hypotheses) is produced as a result of this task.

The taskHypothesis Validation requires information on which hypotheses to fodosuésed hypotheses)
and results of observations that have been perforobedrgation results). During validation a need for
specific information is identifiedsélected observations) depending, e.g., on the given focus hypothesis.

When the validation process has terminated, the results of the process (hypotheses and observations that have

been assessed) are available as outputgssessed hypotheses andinterpreted observation results).

The taskObservation Determination needs information on which hypotheses to foéasugsed hypotheses)
and the available information on observatiang(preted observation results). The results of this task are
one or more observations to be performetetted observations) and expected symptoms related to the

hypotheses on which the task focusggddicted observation results).

The taskHypothesis Evaluation needs information on observations performegérvation results), the
hypotheses in focusocussed hypotheses), and expected symptoms related to these hypothese&{ed
observation results). The results include an evaluation of the hypothessg{sed hypotheses) and
information on the observations performédefpreted observation results).

Example multi-agent system: interface information types

In Table 4.2 input and output information types are distinguished for the agents and external world, and the

internal processes within the personal assistant agent. The personal assistant dgekeiisfanformation,

as depicted in Figure 4.8: information is collected from selected sources and distributed to interested patrties,

according to requests for and availability of information (Jonker and Treurg)1998

process

input information type

output information type

user

- communication to user

- communication by user

personal assistant

- communication to PA
- observation results

- communication by PA
- selected observations

information provider

- communication to IP

- communication by IP

external world

- required observations

- observation results

Within personal
assistant:

own process control - belief info - focus info
agent interaction - communication to PA - communication by PA
management - belief info - maintenance info
- focus info
maintenance of agent - agent info - agent info
information
world interaction - observation results - selected observations
management - belief info - maintenance info
- focus info
maintenance of world - world info - world info

information

determine proposal:
agent specific task

- user interests
- product information

- proposal info

Table 4.2Input and output information types of processes within the example multi-agent system.

The agents in this example are modelled on the basis of a generic model of an agent. Although it is not
necessary to assume that all agents share the same ontology in their communication, for simplicity this
assumption is made in this example.
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The agentser accepts, as input, incoming communication from other agemtsnunication to user) and
provides, as output, outgoing communication to other agemtsr{unication by user).

The agenPersonal Assistant accepts, as input, results of observatiamsdrvation results) and provides, as
its output, selected observations to be perforreelddted observations), all geared towards thexternal
World. Furthermore, incoming communication from other agents is accepted asumputfication to PA)
and outgoing communication to other agents is provided as outpuh(nication by PA).

The agentnformation Provider accepts, as input, incoming communication from other agents
(communication to IP) and provides, as output, outgoing communication to other agentsi(nication by
IP).

TheExternal World receives, as input, observations to be perfornmegited observations) and produces
results of these observatiorubgervation results).

The componendwn Process Control has, as input, information on beliefel{ef info) and generates a focus
on, e.g., a user or scope of interegisus info).

The componenAgent Interaction Management has the same input as the agent itselinthunication to PA)

as well as information on beliefs and foeel{ef info andfocus info). The output produced includes the output
of the agent as a wholeofnmunication by PA) and information on other agents and the world that needs to be
maintained within the agenhéintenance info).

The componentaintenance of Agent Information accepts, as input, information on other agesgsn( info)
and provides, as output, information on other ageien( info).

The componerniiVorld Interaction Management has, as input, results from observatiosissérvation results)

and information on beliefs and fodig(ief info andfocus info). As output, it produces observations which

need to be performeddlected observations) as well as information on other agents and the world that needs
to be maintained within the agemntgintenance info).

The componentiaintenance of World Information accepts, as input, information on the wowl@r(d info) and
provides, as output, information on the workdid info).

The componenbetermine Proposal: Agent Specific Task uses information on interests of userse(
interests) and information on productprbduct information), and produces information on proposals to the
users proposal information).

In the input or output interface of a component, information types can be defined at different
meta-levels. A separate part of the interface is reserved for each meta-level.

4.2.2 Process composition relation

The term “process composition' refers to the relationship between a component and its sub-
components. This relationship is functional in the sense that the behaviour of a composed
component is specified by the composition relation and the behaviour of the sub-components
(Brazier, Jonker, and Treur, 1998). The composition relation itself is discussed in this sectio
All components have the same, uniform, structure, as shown in Figure 4.3. A distinction is
made between kernel information and task control information.

public private public
input contents output
interface interface

task control task control task control
input output

task control informatio

kernel informatio
kernel input [ kernel } kernel output

Figure 4.3 Uniform structure of a component.

The input and output information types of a process are defined in the kernel input and outpu
a component. The kernel input and output interfaces are public. The internal contents of the
component (other components or reasoning knowledge) is private. The distinction between
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public and private is essential to information hiding. The kernel information of a primitive
component can be specified by a knowledge base or an alternative specification. The kernel of a
composed component is specified by components, information links and the task control of a
composed component consists of knowledge about task control.

The task control information of a component specifies control within the component. The
task control public input and output interface provide control inform#bi¢e.g., how to
activate a component) afrdm a component (e.g., state is idle and the success of activation,
I.e., if a given evaluation criterion has been reached). The private contents of the task control
specify knowledge about activation of sub-components and information links in relation to
success or failure of evaluation criteria.

Two views can be distinguished on composition of processgatia view(i.e.,
information links), and dynamic view(i.e., task control knowledge). The composition of
processes is described by these two views

- information links between the component and its sub-components, and between the sub-
components, and
- task control knowledge (of sub-components and information links).

Information links. Information links between components define the types of information
transferred between components. More specifically, the relations expressing information links
between components are explicitly specified and named. This abstracts from actual activation of
information links: the control (dynamics) over the information links is defined in the task
control of the encompassing component.

An information link is a directed channel for flow of information, possibly with a
translation oource information typdsato destination information type3wo kinds of
information links are distinguished, as shown in Figure 4.4.

parent component

mediating link ©)]
E = | component | g = | component [ E
. PETTTTE LETYTE, s
mediating link private link mediating link

Figure 4.4 Examples of private and mediating information links.

A private linkdefines an information link between two components linking the output interface
of one component with the input interface of another componanediating linkdefines an
information link between a parent component and a sub-component. In Figure 4.4, link (1) is a
mediating link from the input interface of the parent component to the input interface of a sub-
component, link (2) is a mediating link from the output interface of a sub-component to the
output interface of the parent component, and link (3) is a mediating link within the parent
component from its input interface to its output interface.

An example is given of information links within a process for each of the two example
domains, as depicted in Figure 4.5, Figure 4.6 and Figure 4.7.

Example diagnostic system: information links

The information links in three levels of process abstraction are shown below for the example diagnostic
system. First the information links in the compon@iaynosis are depicted in Figure 4.5.

Within this component two private links are defined. Mediating links are not defined at this level of
abstraction: the information in the componBidgnosis is self-contained: the componditernal World
represents the external (observable) world for the compretostic Reasoning.

The private linkobservations to be performed transfers required observations from the output
interface ofDiagnostic Reasoning to the input interface dExternal World.

The private linkresults from observations transfersobservation results from the output interface of
External World to the input interface dbiagnostic Reasoning.
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Figure 4.5 Information links within the componeittiagnosis.

The information links in the componebiagnostic Reasoning, a sub-component d@fiagnosis, are shown in

Figure 4.6.

C Diagnostic Reasoning task control

focussed hypotheses

required
Hypothesis observations
Determination hypotheses .
in focus Hypothesis
Validation ) )
diagnosis

results from observations

assessments

observation result interpretations

Figure 4.6 Information links within the componemtiagnostic Reasoning.

Within this component four private links and three mediating links are defined:

The mediating linkesults from observations transfersobservation results from the input interface
of Diagnostic Reasoning to the input interface dflypothesis Validation.

The private linkhypotheses in focus transfersselected hypotheses from the output interface of
Hypothesis Determination to the input interface dfiypothesis Validation.

The private linkobservation result interpretations transferdnterpreted observation results from the
output interface oflypothesis Validation to the input interface dfiypothesis Determination.

The private linkassessments transfersassessed hypotheses from the output interface of
Hypothesis Validation to the input interface dfiypothesis Determination.

The private linkfocussed hypotheses transfersselected hypotheses from the output interface of
Hypothesis Determination to previously selected hypotheses in the input interface dfiypothesis
Determination on the basis of an explicit mapping between these information types.

The mediating linldiagnosis transfersassessed hypotheses from the output interface of
Hypothesis Validation to the output interface @fiagnostic Reasoning.

The mediating linkequired observations transferselected observations from the output interface
of Hypothesis Validation to required observations in the output interface diagnostic Reasoning
on the basis of an explicit mapping between these information types.

The information links in the componenypothesis Validation, a sub-component @fiagnostic Reasoning,

are shown in Figure 4.7.

Within this component two private links and six mediating links are defined:

The mediating linKocus hyp to OD transferdocussed hypotheses from the input interface of

Hypothesis Validation to the input interface dbbservation Determination.
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Figure 4.7 Information links within the componeftypothesis Validation.

The mediating linkocus hyp to HE transferdocussed hypotheses from the input interface of
Hypothesis Validation to the input interface dflypothesis Evaluation.

The mediating linlobs info transfersobservation results from the input interface dflypothesis
Validation to observation information in the input interface dfiypothesis Evaluation on the basis of
an explicit mapping between these two information types.

The mediating linko be observed transfersselected observations from the output interface of
Observation Determination to the output interface ¢fypothesis Validation.

The private linkobservation result predictions transferspredicted observation results from the
output interface oDbservation Determination to the input interface dflypothesis Evaluation.

The private linkobservation result interpretations transfersnterpreted observation results from the
output interface ofypothesis Evaluation to the input interface dbbservation Determination.

The mediating linkeval info transfersassessed hypotheses from the output interface a¢fypothesis
Evaluation to the output interface afypothesis Validation.

The mediating linlobs result interpr to output transferdnterpreted observation results from the
output interface oHypothesis Evaluation to the output interface ¢fypothesis Validation.

Similarly, information links within the different levels of process abstraction can be shown for
the example multi-agent system.

Example multi-agent system: top-level composition
The information links within the top-level of the multi-agent system are shown in Figure 4.8.

multi-agent system info from ip

info request to ip Information

Provider
user info Personal
’E User ] E Assistant ] ) _
required observations
info provision to user External
'E World ]

observation results

Figure 4.8 Information links at the top-level of the multi-agent system.

Within this multi agent system six private links are defined, as shown in Figure 4.8. Mediating links are not
defined at this level of abstraction: the processes distinguished in the multi-agent system do not need
interaction with processes outside of the multi-agent system. The agent “personal assistant' plays a central
role in this multi-agent system; all communication is via this agent:
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The private linkuser info transferscommunication by user from the output interface afser to
communication to PA in the input interface dfersonal Assistant, on the basis of an explicit
mapping between these two information types.

The private linkinfo provision to user transfersccommunication by PA from the output interface of
Personal Assistant to communication to user in the input interface dfiser, on the basis of an
explicit mapping between these two information types.

The private linkinfo request to IP transfers communication by PA from the output interface of
Personal Assistant to communication to IP in the input interface dhformation Provider, on the
basis of an explicit mapping between these two information types.

The private linkinfo from IP transfersommunication by IP from the output interface afiformation
Provider to communication to PA in the input interface dfersonal Assistant, on the basis of an
explicit mapping between these two information types.

The private linkrequired observations transfergequired observations from the output interface of
Personal Assistant to the input interface dExternal World.

The private linkobservation results transfersobservation results from the output interface of
External World to the input interface dersonal Assistant.

Information links within the Personal Assistant are based on the information links specified in
the generic agent model in Section 4.5.2, Figure 4.17.

Task control knowledge.Information links within a composed component describe the
static part of the composition relation; task control knowledge describes the dynamic part of tl
composition relation. Components and information links can be activated either sequentially ¢
in parallel:

sequentially specific activation of components and information links, depending on
temporal relations between components and information links;
continuouslyawake): whenever new input information is available, a component or
information link becomes active.

Task control knowledge defines temporal relations between components and information link
which components must (directly) precede other components and which information link
activation is required. Both components and information links have names, which are used t
specify task control knowledge. Task control knowledge specifies under which conditions,
which tasks and information links are activated. These conditions, preconditions for task
activation, may, for example, includgaluation criteriaexpressed in terms of the evaluation of
the results (success or failure) of one or more of the preceding tasks. General knowledge of
task control is specified: knowledge of which tasks may be performed in parallel and which
tasks must precede which other tasks (not necessarily directly nor conditionally). Task contrc
knowledge is expressed in a temporal knowledge base, as shown in the examples below.

Example diagnostic system: task control knowledge

Two task control knowledge elements are shown below for the example diagnostic system. One example ¢
task control knowledge resides within compor®iatnostic Reasoning, the other example of task control
knowledge resides within an internal compornéyydothesis Validation.
A part of the task control knowledge of the compor@agnostic Reasoning:
if previous_component_state( hypothesis_determination, active )
and component_state( hypothesis_determination, idle )
and evaluation( hypothesis_determination, hypos_determined, any, succeeded )
then next_component_state( hypothesis_validation, active )
and next_link_state( hypotheses_in_focus, uptodate )
and next_link_state( focussed_hypotheses, uptodate );
This task control knowledge element describes a pre-condition for the activation of the component
Hypothesis Validation: if componentHypothesis Determination has just become idle (i.e., previously it was
active and currently it has become idle) and the compatygothesis Determination has produced the
specified results (i.e., a hypothesis is determined), then the comptypetitesis Validation is to be made
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active in the next state, plus that two links are made up to date (i.e., have been abifatett)e
componenHypothesis Validation becomes active.

At a lower process abstraction level a task control knowledge element(part of the task control knowledge of
the componentitlypothesis Validation) is:
if start
then next_component_state( hypothesis_evaluation, awake )
and next_component_state( observation_determination, active )
and next_link_state( focus_hyp_to_OD, awake )
and next_link_state( obs_info, awake )
and next_link_state( focus_hyp_to_HE, awake );
The above example task control knowledge is activated the first time the comggpethesis Validation
becomesctive (or awake), i.e., the “start' of the component. This knowledge specifies that if the component
is started, then in the next state the compoHgpbthesis Evaluation is to be made continually active (i.e.,
awake), and the componedibservation Determination is to be made temporarily active (i.e., just active),
plus three links have to be made awake. The result is that each information link transfers information
whenever new information is available at the source of the information link.

Example multi-agent system: task control knowledge

In the example multi-agent system top-level task control knowledge is minimal. At the top-level of the
multi-agent system one task control knowledge element can “give life' to the processes within the multi-
agent system:
if start
then next_component_state( user, awake )
and next_component_state( personal_assistant, awake )
and next_component_state( information_provider, awake )
and next_component_state( external_world, awake )
and next_link_state( user_info, awake )
and next_link_state( info_provision_to_user, awake )
and next_link_state( info_request_to_ip, awake )
and next_link_state( info_from_ip, awake )
and next_link_state( required_observations, awake )
and next_link_state( observation_results, awake );
In the above example task control knowledge all agents, the external world, and all information links are
made continuously active (i.e., awake). The result is that each component is made awake and processes new
information when it becomes available in its input interface. Each information link transfers information
whenever new information is available at the source of the information link.

4.3 Knowledge composition

Knowledge compositios defined by knowledge structures at different levels of abstraction,
and the composition relation between these knowledge structures. Note that process abstraction
levels and knowledge abstraction levels are not tightly coupled: knowledge abstraction levels do
not need to correspond to process abstraction levels.

In this section, first the identification of knowledge structures at different levels of
abstraction is addressed, then the composition of knowledge structures.

4.3.1 Identification of knowledge structures at different abstraction levels

Two kinds of knowledge structures are distinguishh&@rmation typesandknowledge bases
Both information types and knowledge bases can be identified for each level of abstraction
level.

Information types. An information type defines (part of) an ontology (i.e., a lexicon, or
vocabulary): objects, their sorts, and relations and functions on these sorts. The representation
format can be graphical, e.g., based on conceptual graph-like structures (Jonker, Kremer,
Leeuwen, Pan and Treur, 1998) or textual (concise). Both the graphical notation and the
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concise, textual notation are used to depict a number of information types in the example
domains.

Example diagnostic system: information types

Below parts of two information types are shown. Definitions of two relations for the information type
domain hypotheses, and definitions of three relations for the information typain observables are
depicted.

domain hypotheses

\ FLAMMABLE OBJECTS \ \ PORTAL OBJECTS \
[ Qo o S
Z & g8
g g &
c = =
8 @
£

Figure 4.9 Two relations defined in the information typemain hypotheses.

Two relations are defined in the information type in Figure 4.9. The relaiianout has one argument of
the sort~LAMMABLE OBJECTS. Two objects are defined in this sarntral fuse andlamp. The relation
opened has one argument of the SBARTAL OBJECTS. Two objects are defined for this savtiter tap and
washing machine door.

The following statements can be formulated with these relations:
burnt_out( central_fuse);
opened( water_tap );
In Figure 4.10 three relations are defined in the informationdypmin observables.

domain observables

in OFF position

‘ SOUND OCCURRENCE ‘ ‘ LIGHTS ‘

<

(o))
£ £
3 =)
= 3
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=

machine switch
wall switch light
machine light

Figure 4.10Three relations defined in the information tyfiemain observables.

The following statements can be formulated with these three relations:
in_OFF_position( wall_switch );
sound_heard( gurgling );
light_is_ ON( wall_switch_light );
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The information types depicted in Figure 4.9 and Figure 4.10 can also be represented in the
textual notation.

Example diagnostic system: information types in textual notation
The information typelomain hypotheses is specified as follows:

information type domain_hypotheses

sorts
FLAMMABLE_OBJECTS,
PORTAL_OBJECTS;

objects
central_fuse,
lamp: FLAMMABLE_OBJECTS;
water_tap,
machine_door: PORTAL_OBJECTS;

relations
burnt_out: FLAMMABLE_OBJECTS;
opened: PORTAL_OBJECTS;

end information type
The information typelomain observables is specified as follows:

information type domain_observables
sorts
SWITCHES,
SOUND_OCCURRENCE,
LIGHTS;
objects
wall_switch,
machine_switch: SWITCHES;
gurgling: SOUND_OCCURRENCE;
wall_switch_light,
machine_light: LIGHTS;
relations
in_OFF_position: SWITCHES;
sound_heard: SOUND_OCCURRENCE;
light_is_ON: LIGHTS;

end information type

Meta-levels of information can be distinguished. A single meta-level relationship can be
specified by means ofraeta-descriptionA meta-description, which extends the contents of a
sort, offers a means to name a different information type, so that relations (and all their
arguments) can be used as objects in this sort, thereby providing an explicit naming
relationship.

Example diagnostic system: meta-description

In Figure 4.11 a meta-description is shown in the informationmge domain hypotheses information. In
this information type, the contents of the information typeain hypotheses information become objects of
the sortHYPOTHESES. The textual notation for this meta-description is shown below.

information type meta_domain_hypotheses_information
sorts
HYPOTHESES;
meta-descriptions
domain_hypotheses_information: HYPOTHESES,;
end information type
Given these definitions relations can be defined using thel$®®@THESES, so that expressions can be
formulatedaboutdomain hypotheses.
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meta domain hypotheses information

\ HYPOTHESES \

domain
hypotheses
information

Figure 4.11Meta-description in the information typeeta domain hypotheses information.

Knowledge basesRelations between information types and knowledge bases are specifiec
to indicate the ontology used within a knowledge base. A knowledge base defines the
knowledge used in one or more processes.

Examples of knowledge bases are given for each of the examples used in this chapter.

Example diagnostic system: knowledge bases

The componentHypothesis Evaluation andObservation Determination both contain knowledge with which a
relation is described between hypotheses and observations. In this example, the knowledge base of the
componentypothesis Evaluation containsgenericknowledge, i.e., knowledge applicable in many situations
(different domains). The componedibservation Determination contains domaispecificknowledge, i.e.,
knowledge geared towards a specific domain. Example instances of knowledge are shown below for both
knowledge bases.

An example from the generic knowledge bagaothesis evaluation kb of the componerttlypothesis
Evaluation is the following:
knowledge base hypothesis_evaluation_kb

if focus_hypothesis( H: HYPOTHESIS )
and hypothesis_is_related_to_observation( H: HYPOTHESIS, X: OBSERVATION )
and predicted( X: OBSERVATION, S: Sign)
and observation_has_been_performed( X: OBSERVATION, S: SIGN )
and observed( X: OBSERVATION, Sobs: SIGN )
and S: SIGN ! Sobs: SIGN

then rejected( H: HYPOTHESIS );
end knowledge base
This knowledge element expresses the knowledge that if, given a focus hypothesis, the predicted observat

has been contradicted by observation, then the hypothesis is rejected, i.e., it is concluded that the hypothe
will not provide an answer to the given diagnostic problem.

Below two instances are given from the domain specific knowledgeobses@ation determination washing
machine kb of the componemnDbservation Determination. The knowledge elements describe a causal
relationship between hypotheses and symptoms.

knowledge base observation_determination_washing_machine_kb
if burnt_out( central_fuse )
then in_ON_position( wall_switch )
and not light_is_ ON( wall_switch_light );
if not opened( water_tap )
then not sound_heard( gurgling );
end knowledge base
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The first knowledge element represents the knowledge that if the hypothesis is that the central fuse is burnt
out then two symptoms must be present: the switch on the wall, connected to the washing machine, should
be in the “on' position, and the light in that switch on the wall should not be shining.

The second knowledge element represents the knowledge that if the hypothesis is that the water tap is not
opened, then the symptom must be that there is no gurgling sound, of water rushing through the water-tube
from the tap to the washing machine.

4.3.2 Composition relation for knowledge structures

Similar to the way components can be composed in a process composition, information types
can be composed of other information types, and knowledge bases can be composed of other
knowledge bases.

The composition of knowledge is shown in the example below for the composition of
information types and for the composition of a knowledge base and information types.

Example diagnostic system: composition of knowledge structures

First an example is given of the composition of information types. Figure 4.12 shows relations between
several information types: an information type on thertftirs toan information type on the right when a
connecting line is present. An information type can contain a meta-description of another information type,
residing at a lower meta-level, as indicated by a dashed line.

observation focus
- results hypotheses
observation focus P
results hypotheses
information information
required assessed
- observations hypotheses
required assessed yp
observation hypotheses
information meta domain information meta domain
observation hypotheses
information information
‘ meta-level
1
! object-level
domain domain

observation
information

hypotheses
information

Figure 4.12Graphical representation of some of the information types in the example diagnostic system.

The information typedomain observations anddomain hypotheses both reside at the object-level. The
information typegneta domain observations andmeta domain hypotheses contain meta-descriptions of these
object level information types in the SOBBBSERVATIONS andHYPOTHESES, respectively. At the meta-
level it is possible to formulate statemeat®utinformation in thedomain observations anddomain

hypotheses, e.g.,:

required_observation( in_OFF_position( wall_switch ), pos)

or

focus_hypothesis( burnt_out( central_fuse ), neg ).

The information typeequired observations contains definitions of generic relationships, in this particular
case, the relatiorequired_observation is defined orOBSERVATIONS. The information typeequired
observation Information refers to two information typesquired observations andmeta domain observation
Information, with as a result the extension of the SEBSERVATIONS within the information typeequired
observation information, so that the so®BSERVATIONS used to define the relatioaquired_observation
contains the meta-description of the object level informationdgpein observation information. This

definition of extending sorts gives a means to define a generic information type, and merge its contents with

the contents of another, specific, information type providing a clear separation of generic vs. specific
information while making explicit where the merged information resides.
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The information typesbservation results, focus hypotheses, andassessed hypotheses all contain generic
information. The information typesbservation results information, focus hypotheses information, and

assessed hypotheses information extend generic information by defining a merger of generic sorts with sorts
with (domain) specific content, available in the information typets domain observation information and

meta domain hypotheses information.

In Figure 4.13 an example is given of the composition of knowledge bases and information types.

assessed
hypotheses

observation
results

generic hypothesis
assessment knowledg

predicted
observation
results

focussed
hypotheses

assessed
hypotheses

. ; observation
information

results
information

specific hypothesis
assessment knowledg

predicted
observation results

focussed
hypotheses
information

information

Figure 4.13Graphical representation of two instances of knowledge for hypothesis assessment:
a knowledge basgeneric hypothesis assessment knowledge and a knowledge base
specific hypothesis assessment knowledge, both referring to four information types
(to be read from the left to the right).

Both the knowledge bageneric hypothesis assessment knowledge and the knowledge-basgecific

hypothesis assessment knowledge make use of four information types, as shown in Figure 4.13. Note that
there is no notion of input, output or internal information types; such indications are only valid when a
knowledge base is viewed apracess

hypothesis assessment
knowledge

generic hypothesis specific hypothesis
assessment knowledge assessment knowledge

Figure 4.14 Composition relation of three knowledge bases: the knowledge base
hypothesis assessment knowledge refers to the knowledge bases
generic hypothesis assessment knowledge and
specific hypothesis assessment knowledge.

The relation between levels of knowledge abstraction is shown in Figure 4.14, in which the composition
relation between three knowledge-bases is depicted (to be read from top to bottom). The knowledge base
hypothesis assessment knowledge contains the combined knowledge of the knowledge hpsesic

hypothesis assessment knowledge andspecific hypothesis assessment knowledge.
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4.4 Relation between process composition and knowledge
composition

Processes employ knowledge (information types in input and output interfaces, knowledge
bases). Which particular knowledge structure is employed in which particular component is
defined by the relation between process composition and knowledge composition (i.e., the cells
in the matrix of Figure 4.15). Figure 4.15 shows a view on compositionality of processes and
compositionality of knowledge as separate dimensions.

—» compositionality of knowledge

compositionality
of processes

Figure 4.15Compositionality of processes and compositionality of knowledge

In the example below a process within the process composition is related to knowledge
structures in the knowledge composition.

Knowledge-based diagnostic reasoning system scenario
In Figure 4.16 the process Hypothesis Evaluation makes use of several knowledge structures.

focussed
_hypotheges assessed
information
hypotheses
observation information
Hypothesis Evaluation
inf:)iiinjgtsion [ P J interpreted
observations
predicted information

observation results
information hypothesis assessmen
knowledge

Figure 4.16 The proces$lypothesis Evaluation refers to input information types
(on its left) and output information types (on its right) as well as a knowledge base (below the process).

The information type$ocussed hypotheses information, observation results information, andpredicted
observation results information are input information types for the processigdothesis evaluation. The
information typesassessed hypotheses information andobservation results information are output
information types of that process, and the knowledge tyasehesis assessment knowledge is the
knowledge base of that process.

4.5 Generic models

Reuse plays an important role during design and re-design of systems. Some parts of the
structure of an object may be reused across applications. These generic parts may be defined by
generic models.
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Many approaches to the design of systems (and in particular software systems)
distinguish generic architectures or models (Chandrasekaran, 1986; Kowalczyk and Treur,
1990; Breuker, 1994), architectural styles (Garlan, Allen and Ockerbloom, 1994; Garlan and
Shaw, 1994), or design patterns (Gamma, Helm, Johnson and Vlissides, 1994; Riel, 1996)
Most approaches define methodologies with which generic models are defined and/or (re-)us
to build a domain dependent model for a specific domain of application.

The methodology incorporated ireBRg, often relies on extensive interaction between
knowledge engineers and experts. If the purpose of such interaction is to model a multi-agen
system, generic models of agents can be used to structure the process of knowledge acquis
If the purpose of such interaction is to model a specific task, generic models of tasks can be
used. During such a processhared(agreed)nodelof agents or tasks can be acquired, a
model on which both the knowledge engineers and the experts agree (Brazier, Jonker, Treu
and Wijngaards, 19%). A shared task model is, in fact, a mediating model (Ford, Bradshaw,
Adams-Webber, and Agnew, 1993). It mediates between a knowledge engineer and an expt

Existing models, usually generic models, are most often used to initially structure
knowledge acquisition. Which models are used, depends on the initial description of a task o
domain: in interaction with one or more experts existing models are examined, discussed,
rejected, modified, combined, refined and/or instantiated.

Compositional generic task models provide a means to speolf{fem solving methods
(independent of domain ontologies and domain knowledge). Such compositional task model
aregenericin two senses: they are a description of the problem solving method used in the ta
both at an abstract level and application domain independent. Initial abstract descriptions of
tasks can be used to generate a variety of more specific task descriptions through refinemen
composition (for which existing descriptions can be employed) in interaction with experts.
During knowledge acquisition, knowledge of the application domain itself is also acquired: su
application specific knowledge is modelled independently in knowledge structures, and is
included in task models by reference to such structures. Knowledge structures are also shar
models: models of the domain. Which techniques are used for knowledge elicitation is not
predefined. Techniques vary in their applicability, depending, for example, on the situation, tl
resources, the task, the processes, the type of knowledge on which the knowledge enginee!
wishes to focus.

Two kinds of refinement of generic models are distinguisBpdcialisatioris a
refinement of a generic model in which the compositional process structure is refined.
Instantiationis a refinement of a generic model in which the compositional knowledge structur:
is refined.

In this section two generic models are briefly described: a generic model for diagnostic
reasoning (on which the first scenario is based) and a generic model for an agent (on which-
second scenario is based).

4.5.1 Generic model for diagnostic reasoning

Diagnostic reasoning (as described in this thesis) is based on the generic model of diagnosti
reasoning (Jonker and Treur, 1999). Domain independent task-related terms can be
distinguished within the generic task model for diagnosis: hypotheses and observations (alsc
referred in literature to as symptoms). Both strategic reasoning and object-level reasoning ar:
importance in this generic model of diagnosis.

Strategic reasoning is involved in the choice of which hypothesis is to be considered fir:
and which observations should be performed.

The generic model of diagnosis described in (Jonker and Treur, 1999) integrates both
diagnoses based on causal and anti-causal knowledge. Earlier models for diagnostic reason
based on anti-causal knowledge can be found in (Treur, 1993), and its use in knowledge
acquisition is described in (Brazier, Jonker, Treur and WijngaardsbjL99#nodel for
diagnostic reasoning based on causal knowledge can also be found in (Brazier, Jonker, Tre!
and Wijngaards, 19%9). Causal knowledges used for derivations which follow the direction
of causality: the predicted observable consequences are derived from hypotheses (possible
causes), after which (some of) the predicted observations are vekiftedausal knowledges
used to derive hypotheses from information on observables. This derivation is against the
direction of causality: it proceeds from observable findings (in particular, those that actually
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were observed) to the causes. The diagnostic strategy employed is left open in the most generic
model of diagnostic decision making: this is added in the specialisation of the model.

The generic model for diagnostic reasoning has been employed as an example throughout
this chapter and is described in full detail in (Jonker and Treur).IB®8 generic model of
diagnostic reasoning has been applied to several domains, e.g., the domain of infant
cardiological diagnosis and soil sanitation (Brazier, Jonker, Treur and Wijngaards, 1999
Boelens, 1991). A specialised and instantiated model of diagnosis for the example domain
employed in this thesis is later subject of re-design, see Chapter 11.

4.5.2 Generic agent model

Agents are often designed to perform their own specific tasks, for example the design of an
artefact. In addition, a number of generic agent tasks can be identified. This section describes a
generic agent model in which such generic agent tasks are modelled (Brazier, Jonker and Treur,
1996). This model abstracts from the specific task of the agent and domain of application and
can be (re)used for a large variety of agents. Instead of designing each and every new agent
individually from scratch, a generic agent model can be used to structure the design process: the
acquisition of a specific agent model is guided by the generic structures in the model.

C Agenttask control )

world info to opc
agent info to opc

Process

own
own process

i . Eprocess info to
own process info to wim info toE mai

Control

own process info to aiml MWIE . .
p info to be communicated

communicated .
Agent agent Maintenance
Interaction info f of Agent

Management Information

agent info to aim communicated world info

world info to aimE

communicated info observations and actions :
. observed
observation

it agent
results info
to

World Maintenance
wim Interaction of World
Management Information
observed

world info

world info to wim

agent info to wim
observed communicated

info to ast info to ast Age_n_t
Specific
Task

action and observation info from ast

communication info from ast

Figure 4.17 A generic agent model for weak agency.

The composition within an agent capable of reasoning, acting and communicating is shown in
Figure 4.17. This agent model supports the notion of weak agent, for auaiomypro-
activenesgreactivenesandsocial abilitiesare distinguished as characteristics (Wooldridge and
Jennings, 1995). The type of agent model depicted in Figure 4.17:

reasons about its own processes (suppodtingnomyandpro-activenesg
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- communicates with and maintains information about other agents (supjsoxtiab
abilities, andreactivenessandpro-activenessvith respect to other agents), and

- interacts with and maintains information about the external world (suppmntveness
andpro-activenessvith respect to the external world).

The exchange of information within the generic agent model can be described as follows.
Observation results are transferred through the informationtdsgkvation results to wim from

the agent's input interface to the componeinti interaction management. In addition, the
componentvorld interaction management receives belief information from the component
maintenance of world information through the information linkgorld info to wim, and the agent's
characteristics from the componeni process control through the lintown process info to wim.

The selected actions and observations (if any) are transferred to the output interface of the ag
through the information linkbservations and actions.

The componentaintenance of world information receives meta-information on observed
world information from the componenbrid interaction management, through the information
link observed world info and meta-information on communicated world information (through the
link communicated world info) from the componentigent interaction management. Epistemic
information frommaintenance of world information, epistemic world info, iS transferred to input
belief info on world of the componentsorld interaction management, agent interaction management
andown process control, through the information link&orld info to wim, world info to aim andworld
info to opc.

Comparably the componemtintenance of agent information receives meta-information on
communicated information from the componagint interaction management, through the
information linkcommunicated agent info and meta-information on observed agent information
(through the linkobserved agent info) from the componentorld interaction management.

Epistemic informationepistemic agent info, is output of the componemikintenance of agent
information, becomes inpuielief info on agents of the componentsorld interaction management,
agent interaction management andown process control, through the information linksgent info to
wim, agent info to aim andagent info to opc.

In Chapter 10 the generic agent model described above is specialised for a design agel
In Chapter 12 this design agent is instantiated to re-design a multi-agent system.

4.6 Informal and formal semantics

Often textual and graphical notations are used during design of a compositional system. This
has a practical use for the (human) designer®.@s graphical representations can be used to
convey information. However, these notations need a well-defined semantics shared by its
users, otherwise misunderstandings can occur among designers. A formalisation of the
semantics is a means to unambiguously record the semantics. An advantage of a formalisati
for compositional systems is that supporting tools (e.g., for modelling and verification and
validation) can be developed. Generic models of tasks and agents can also be (partially) veri
and validated in advance.

Requirements on properties of compositional systems are not only expressed in terms
desired final output of the systems, but also in terms of the behaviour of the systems, e.g.,
requirements concerning interactions among agents. Complex processes, such as design te
or multi-agent systems, are often extremely dynamic. The behaviour exhibited by systems
modelling such processes is often the result of interaction between processes. A temporal
approach is taken to formalise the semantics of a system, so that the changes of information
states over time can be modelled. The description of the compositional structure specifies wt
changes of information states are possible and anticipated, and which behaviour is intended

The semantical formalisation of a compositional system adopted in this thesis adheres t
its compositional structure. A state-based semantics is chosen where each component has &
information state. Partial models (Blamey, 1986; Langholm, 1988) are used to formalise
information states, representing (incomplete) world descriptions (e.g., Langen and Treur,
1989). To define formal semantics of behaviour in (hierarchical) compositional architectures,
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previously developed approach based on (partial) temporal models is adopted (Engelfriet and
Treur, 1994; Gavrila and Treur, 1994; Treur, 1994). Within this approach a trace is formalised
by a partial temporal model, i.e., a sequence of partial models. The semantics of a complex
process is formalised by a set of (alternative) partial temporal models. The temporal semantics
of compositional reasoning systems is defined in detail for the sequential case in (Brazier,
Treur, Wijngaards and Willems, 1999) and briefly described in (Brazier, Jonker and Treur,
1998) as included below.

Information types form the language with which ground atoms can be defined. Each
component refers to information types (e.g., in its input and output interfacefofmation
state M of a componer is an assignment of truth valuesd false, unknown} to the set of
ground atoms that play a role witlinThe compositional structure ofis reflected in the
structure of the information state: an information state is a combination of information states for
each of the process abstraction levels. The set of all possible information statede&fioted
by I1S(D).

A trace M of a componenD is a sequence of information stagegi N in 1S(D). The
set of all traces is denoted tyices(D). Given a trac®! of componenb, the information state
of the input interface at time poindf component within the component is denoted by
statep(M , t, input(C)), wherec is eithem or a sub-component of Analogously statep(M, t,
output(C)), denotes the information state of the output interface of comporaéime point of
the componend, andstatep(M, t, interface(C)) for both input and output. Given a tradeof
componenb, the task control information state of comporeat time point of the component
D is denoted bytate,(M | t, tc(C)), Wherec is eithem or a sub-component of A specific
behaviour patterrat the process abstraction level defineddbys described by a trace of the
form statep(M, t, interface(C)) over time Behaviourat the same process abstraction level is
described by a set of such traces. Note that behaviour defined in this manner is in principle
nondeterministic. The set of traces defining a behaviour are alternatives for the patterns the
system can generate.

The temporal semantics of the task control is used as an illustration of the formalisation.
The behaviour of a system (i.e., the processes in the kernel of a component) results in a trace of
information states. The predicates (defined in a generic manner) in the task control of the
encompassing component refer to two of such information statesirtieatinformation state
and thepreviousinformation state. All conclusions drawn by the task control refer toekie
information state, i.e., what is to happen. Figure 4.18 depicts this for an example task control
knowledge element. As time passes, different information states are producediréhe
information states always the latest information state that was produced. This then
automatically defines what the previous information state is.

if ( previous_component_state( hypothesis_determination, active ) )

and [ component_state( hypothesis_determination, idle )
and | evaluation( hypothesis_determination, hypos_determined, any, succeeded )
then [ next_component_state( hypothesis_validation, awake )
and next_link_state( hypotheses, uptodate )
and | next_link_state( focus_info, uptodate )
and | next_link_state( hyp_target_info, uptodate );
previous current next time

Figure 4.18 Temporal semantics of a task control knowledge element of the example diagnostic system
(see the end of Section 4.2.2).

The statements derived about the next information state restrict which component and

information link will become active with particular control settings. Note that no 2predictions®
are made about the success or failure of a task made active in the next information state.
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The above description of semantics defines the meaning of task control for the
operationalisation of systems. Notions that can also be found in executable temporal logic
Barringer, Fisher, Gabbay, Owens and Reynolds, 1996) are employed in the operationalisai
of a compositional structure, thus enabling automatic generation of prototype implementation

4.7 Discussion

In this chapter a structure has been described which can be used to specify compositional
systems. This structure has been show to explicitly

represent processes and process composition, realising ‘compositionality of processes
represent knowledge structures and knowledge composition, realising "compositionality
of knowledge',

represent the relationships between processes and knowledge structures, and

provide a formal semantics for the specification language.

The structure of a compositional system described in this chapter is a substantial extension ¢
the structure as described in (Langevelde, Philipsen and Treur, 1992). Four fundamentally n
properties have been added compared to #sBversion of 1992. This new version of
Desirehas been developed partly in the context of the research presented in this thesis. Thes
four fundamental new properties are:

- Compositionality Compared to earlier versions, the notion of compositionality of both
processes (components) and knowledge has been incorporated. The explicit nesting of
components makes it possible to model each task in a task hierarchy (instead of only th
primitive tasks). Also task control knowledge is included in this nesting relationship:
composed components include task control knowledge: they encapsulate both informat
and behaviour.

- Graphical representatiarBoth processes and knowledge can be graphically represented
in addition to the textual, concise, notation.

- ConcurrencyIn the new BsIrREg the notion of concurrency is explicitly modelled and
specified. That is, components can be activated either sequentially or in parallel (as
specified by task control knowledge), whereas the previous versiorse{EWas purely
sequential.

- Agents With limited task control knowledge within a component, internal components
can be given life’ after which these components operate autonomously as agents. The
IS no restriction on the specification of the task control knowledge within these agents.

no. Desideratum Explanation

ds1 | Unambiguous, formal, The textual, concise, representation and graphical representation
representation language. have an underlying formal definition.

ds2 | Formal semantics. A formal (temporal) semantics is defined for both static and

dynamic aspects.

ds3 | Explicit representation of both See Chapter 5.
static and dynamic properties.

ds4 | Operationalisation. Within the DESIRE software environment tools are available to
automatically generate prototype systems.
ds5 | Compositionality as a A compositional approach has been taken both for processes and
structuring principle. knowledge, including an explicit relation between process

composition and knowledge composition.

Table 4.3 Desiderata on a description of a compositional system and their realisation
in the DEsIREmodelling framework

The desiderata on a description of a compositional system (identified in Section 2.3) are
explicitly fulfilled by (the current) BsirRg, as shown in Table 4.3. The realisation of these
desiderata influences the realisation of desideraturfirepresentation of a knowledge-
intensive system as a design object description®).
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For a comparison of the current®Rrewith other modelling frameworks for knowledge-
intensive systems, see

- (Brazier and Wijngaards, 1997, and 1998 for an extended version) for a comparison on
the basis of purposes underlying some modelling frameworks,

- (Schreiber and Birmingham, 1996) for a comparison of applications of modelling
frameworks in the domain of elevator configuration.

Briefly compared to approaches in knowledge engineering, the formal specification language of
DesIRe has been shown in comparison to other specification languages to be more flexible in
modelling reasoning patterns (Harmelen and Fensel, 1995). In terms of expressive power,
declarativeness, adequacy to specify dynamic aspects of reasoning patterns, possibility to
specify multi-level architectures, adequacy to specify non-classical reasoning, executability and
availability of formal semantics, the formal specification framewazkiREis to some extent
comparable (Brazier, Wijngaards, 1997) to other formal specification frameworks such as

Commomkabs/(mL)2 (Harmelen and Balder, 1992) adae/KARL (Fensel, 1995). It differs in

that specifications are executable and agents and integrated systems can be specified. The formal
specification languages differ in expressiveness of control knowledge (see also Treur and

Wetter, 1993; Harmelen and Fensel, 1995y18¢, 1996).

Within the agent community formal agent modelling languages are rare. Two of such
languages, viz. ConcurrentedvaTeM (Fisher, 1993; 1994) andeSIRE, have been compared in
(Mulder, Treur and Fisher, 1997). The dynamic behaviour of simpler agents is less concisely
expressed in EsiRethan agents described in a temporal specification in ConcureemntrisiM.

In contrast to Concurrent®aTeM, the compositional approach ire@Reprovides structure
for modelling larger and more complex agents.

The structure of a compositional system described in this chapter is used in the remainder
of this thesis. In the next chapter properties of compositional systems are discussed.
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5 Compositional Systems: Properties

Requirements play an important role in a process of design: they guide the direction in which
solutions are sought and determine on which properties the results of the design process wil
evaluated. Requirements on compositional systems may be formulated in terms of required
properties. Such properties may refer to static aspects of a compositional system (i.e., the
structure), or dynamic aspects of a compositional system (i.e., the behaviour), or both.

In Chapter 2, a number of desiderata have been formulated. One of these degsderata,
(®explicit representation of both static and dynamic properties®), is directly related to propertie
of compositional systems. An ontology is a means to explicitly represent such properties. Th
chapter describes how properties, relations between properties, and relations between prope
and structures may be represented. A number of properties and relations for two kinds of
compositional systems: a diagnostic reasoning system and a multi-agent system, are used tc
illustrate the approach taken.

Section 5.1 describes properties of compositional systems in general. Some properties
and relations between these properties of compositional systems in the two application dome
are illustrated in Section 5.2 (properties of compositional diagnostic reasoning systems) and
Section 5.3 (properties of compositional multi-agent systems). In Section 5.4 a relation betw:
properties of compositional systems and verification of these systems is addressed. Section
concludes this chapter with a brief discussion.

5.1 Properties of compositional systems

In this thesis, the ternabilities andpropertiesare both employed (Brazier, Jonker, Treur and
Wijngaards, 1998). A distinction is made between agents and the external world: the external
world is not considered to be an agent. As a result for the external world only the term prope
is used. The same holds for the multi-agent system as a whole.

In the knowledge engineering community in general, one of the areas of research is the
characterisation of tasks and problem solving methods: the identificatapatbilitiesof
problem solving methods, e.g., see (Benjamins, 1993; Fensel, 1995; 1997, Fensel, Motta,
Decker and Zdrahal, 1997; Harmelen and Teije, 1998; OrsvSrn, 1996; Wielinga, Schreiber a
Breuker, 1992; Breuker, 1997). Another related characterisation of problem solving methods
based on so-callemssumptionse.g., see (Benjamins, Fensel and Straatman, 1996; Fensel ar
Straatman, 1998). These assumptions make the dependencies between various parts of a
problem solving method explicit.

Another area of research pursued by the knowledge engineering community is the
identification of the correspondence between system structures and properties (or generic
descriptions) (Beys, Benjamins, and van Heijst, 1996). Generic descriptions are employed f
various reasons, including building, maintaining and indexing libraries of e.g., reusable
problem solving methods (Benjamins, 1993; Aben, 1995; Benjamins and Aben, 1997).

Generic properties may state characteristics such as “output correctness', while task-
related more specific properties may state characteristics such as “capable of performing
diagnostic reasoning'. Task-specific vocabularies provide a means to formulate properties in
terms of a task, thereby providing a richer vocabulary (but less applicable in general (e.qg.,
Motta and Zdrahal, 1998).

The termpropertyis more general than the teaility; when characterising (parts of)
processes in this thesis, the tgyrapertyis employed. The term property subsumes abilities,
capabilities, and assumptions of (parts of) knowledge-intensive systems.

A graphical notation for refinement relationships between properties is shown in Figure
5.1. A distinction between “combining' and “or' refinements is shown. A “combining’
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refinement indicates, when read from left to right, that property "X’ is refined into properties
'y1', “y2'andthe property “is capable of combining y1 and y2'. An “or' refinement indicates,
when read from left to right, that property X' is refined by property "y1', or by property "y2',
or by the combination of properties 'y1' and "y2'.

combining or
OxO refined into both
yl  Oylénd 6y20, YL oxO refined into Oy10, 0
X ; 2 including X 2 or both (see on the Iefti
Y Ois capable ofcombining y :
y1 and y20.

Figure 5.1 Refinement graph legend.

When read from right to left, a ‘combining' refinement indicates that when properties "y1',
'y2', and ‘is capable of combining y1 and y2' are present, then property X' is also present. An
“or' refinement indicates, when read from right to left, that if property "y1'is present, property
X' is also present, and that if property "y2' is present, property X' is also present.

In the next two sections properties for the example diagnostic reasoning system and the
example multi-agent system are discussed in some detail.

5.2 Properties for the example diagnostic system

This section describes an ontology for properties of the example diagnostic system, described in
Section 3.3 Refinement-relations are defined for the properties discussed in this section. The
top-level property for the diagnostic reasoning system is the pragpedpable of diagnostic

reasoning.

An ontology for properties of a diagnostic system provides a means to express properties
with respect to overall behaviour of a system. Two examples of such properties are the system
proposes fewer hypotheses (in comparison to random proposal), and the system is capable of
explicit strategic reasoning for determination of hypotheses.

The following properties are distinguished for the example diagnostic reasoning system:

- properties related to the propeityapable of diagnostic reasoning (see Section 5.2.1), and

- refined properties related to the propestyapable of strategy determination (See Section
5.2.2).

An example of the deduction of a property on the basis of a specific diagnostic system is given
in Section 5.4.

5.2.1 Properties of diagnostic reasoning

A number of refined properties related to the propertgpable of diagnostic reasoning, can be
distinguished. The property capable of diagnostic reasonirgga property of the entire
process, to which other properties can be related; the prapexpyble of diagnostic reasoning
can be refined as shown in Figure 5.2.

Three more specific properties related to the propertycapable of diagnostic reasoning, are

- is capable of determination of hypotheses,
- is capable of validation of hypotheses, and
- is capable of combining determination of hypotheses and validation of hypotheses.

Five more specific properties related to the propeiypable of determination of hypotheses, are

- is capable of generation of hypotheses,
- is capable of comparison of hypotheses,
- is capable of selection of hypotheses, and

- is capable of combining generation of hypotheses, comparison of hypotheses, and selection of
hypotheses.
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more refined properties ’

] ai\oﬂc" is capable of generation of hypotheses

i A
is capable of  e® _ .
< determination is capable of comparison of hypotheses

of hypotheses is capable of selection of hypotheses

is capable of
diagnostic reasoning
%
A\ V4

- AN
. LA N
is capable of eé\a\\sa is capable of determination
validation = ; of observations

of hypotheses is capable of evaluation

of hypotheses

Figure 5.2 Refinement of the properfyg capable of diagnostic reasoning.

The propertys capable of validation of hypotheses can be refined into

is capable of determination of observations,
is capable of evaluation of hypotheses, and
is capable of combining determination of observations and evaluation of hypotheses.

The generic model of diagnostic reasoning, introduced in Section 3.3 and shown in more det
in Chapter 4, was designed with these a number of these properties as requirements. The
process composition in the generic model is based on the refinements of the progeie

of diagnostic reasoning. These properties are a means to formulate requirements on a diagnosti
reasoning system, as shown in Chapter 11.

5.2.2 Properties related to strategy determination for hypothesis
determination

The determination of strategies for hypothesis determination needs to be integrated with othe
processes involved in the determination of hypotheses. Therefore, the piogekyie of

integrating a strategy in hypothesis determination is a necessary refinement. Whether strategies are
determined autonomously or in interaction with a user, is a choice. The refinements in Figure
5.3 reflect this notion of refining strategy determination with other properties.

more refined properties >
is capable of autonomous
c o determination of strategies
2 &
i) g \q‘}@q’ is capable of integrating a
oE %QQ? 3 strategy in hypothesis is capable of proposing
-‘:{ % determination e$\°(\6 strategies
IS . . . W2 . I
3 3 %_r' is capable of interactive 6\)@0@ is capable of acquisition
= % “’% determination of strategies of user feedback
5 % . : . ) )
a 9’40- is capable of integrating a is capable of selection
%  strategy in hypothesis of strategies
determination

Figure 5.3 Refinement of the properiy capable of strategy determination.

Two sets of specific properties related to the propgtiypable of strategy determination, are

is capable of integrating a strategy in hypothesis determination,
is capable of interactive determination of strategies, and

is capable of combining interactive determination of strategies and integrating a strategy in
hypothesis determination;
and

is capable of integrating a strategy in hypothesis determination of strategies,
is capable of autonomous determination of strategies, and
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- is capable of combining autonomous determination of strategies and integrating a strategy in
hypothesis determination.

Four more specific properties related to the property of interactive determination of strategies,
are

- is capable of proposing strategies,
- is capable of acquisition of user feedback,
- is capable of selection of strategies, and

- is capable of combining proposing strategies, acquisition of user feedback, and selection of
strategies.

5.3 Properties for the example multi-agent system

A multi-agent systemvas) is composed of interacting agents and the external world. Properties
can be assigned to

- a multi-agent system as a whole,

- individual agents,

- the external world,

- an individual agent in relation to the agents and the world with which it interacts,
- the world in relation to the agents with which it interacts.

>[1
Dy B()
] :[] t - t -

) ()
| D T

single entity embedding of entity multi agent system

Figure 5.4 Aggregation levels within a multi-agent system consisting of
agentsA, B, andC, and external worlgv.

Three different levels of aggregation can be distinguished, as shown in Figwiadiet:
entity, embedded entitgndmulti-agent systenThe properties assigned to each level are
characterised as follows:

single entity An "agent' or “external world' pur sang: what it can do, can't do,
abilities or properties. Formulated in terms of an agent or external
world.

embedded entity Abilities and properties of a single agent in relation to other agents
and/or the external world with which it interacts. Abilities and
properties of the external world in relation to the agents with which it
interacts. This includes abilities relating to communication between
agents and/or interaction of agents with the external world. Examples
of the embedding relationship for Figure 5.4 include:
embedding_of( A) = { A, C, W}, embedding_of(B)={B, C}, and
embedding_of(W)={W, A}.

multi-agent system  Properties in terms of the entwvas, formulated in terms of theas,
or ‘sets of agents', or “sets of agents and the external world'.

Note that the aggregation levels do not have an “inclusion' relationship, i.e., abilities or

properties are not automatically “inherited'. However, abilities and properties at one level, may
be related to abilities and properties at another level.
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In this section an ontology of properties for multi-agent systems is described. The
properties of a multi-agent system are outlined in Section 5.3.1, after which the abilities and
properties of single entities are described: the generic abilities of a single agent are discusse(
Section 5.3.2, and the properties of the external world are addressed in Section 5.3.3. An
example of how a property for a specific agent can be shown to hold is given in Section 5.4

5.3.1 Properties of a multi agent system

The properties of a multi-agent system, although related to the abilities of individual agents at
the properties of an external world, are properties described at the level of the multi-agent
system itself. A property of a multi-agent system is, for example, the praperyible of

distributed information gathering by two agents (possibly in interaction with the external world).
Properties of a multi-agent system relate to the roles agents fulfil in relation to each other.

As a more detailed example, consider the multi-agent system in Figure 5.4. This multi-
agent systemouldbe capable of following a specific distributed problem-solving method in
which an agent is required which gathers information upon request for another agent. For
example agem gathers information in the world for agentagentd provides answers to
queries from agemt by making observations in the external worldAgentD can be
considered to be an information gatherer for ageifihe initial multi-agent system, however,
does not include agentand therefore does not satisfy the properéypable of distributed
information gathering. In Chapter 12 this example is extended by illustrating how the multi-agen
system can be re-designed to obtain another multi-agent system which does have this prope

The propertyis capable of distributed information gathering can be refined into four more
specific properties as shown in Figure 5.5: an agent has the priegaphble of request
initiation, an agent has the propeityapable of information gathering, an external world has the
propertyis capable of information provision, and the multi-agent system has the properapable
of combining request initiation, information gathering and information provision. In Figure 5.5
properties residing at all levels of aggregation are depicted, from left to right: multi-agent
system, embedded entity, and single entity.

more refined properties b

c 3 is capable of specialisations 1S capable of o

2 S ~ request bi-directional communication
5 E ° é\é& initiation
Low & afionS is capable of

= % i ialisall® A ! L
BEE R ; is capable of  gpect bi-directional communication
%8 o information ;
- E £ ° gathering is capable of active observation
TEE .

2 g is capable of

© information  specialisations g capable of

provision processing active observations

Figure 5.5 Refinement of propertis capable of distributed information gathering.

For entities in the multi-agent system with the refinements of request initiation, information
gathering, and information provision additional, more specific properties can be identified (as
shown in Figure 5.5). The specific ability related to the propechpable of request initiation, iS
the abilityis capable of bi-directional communication. The three specific abilities related to the
propertyis capable of information gathering role areis capable of bi-directional communication, is
capable of active observation, andis capable of combining bi-directional communication and active
observation. Related to the propertycapable of information provision, a property of the external
world, is the propertis capable of processing active observations.

The properties of agents and the external world are described in more detail in the next
two sub-sections.
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5.3.2 Properties of an agent

Individual agents often have different abilities and properties. Properties of agents, which are
not naturally called abilities, are, for example, properties concerning safety (e.g., an agent will
never E). As an example of a safety property, consider the first of the Three Laws of Robotics,
proposed by Asimov (1963, reprint: 1991): 2A robot may not injure a human being or, through
Inaction, allow a human being to come to harm®. Such properties are not addressed in this
thesis. A number of abilities of an agent are the following

is capable of bi-directional communication,

is capable of co-operation,

is capable of agent own process control, and
is capable of world interaction.

Abilities can be refined, both with respect to tispiecialisatior(refinement of the ability into

more specific abilities) and with respect to thealisation(refinement of the ability into more
fine-grained abilities related to reasoning about the domain referred to by the first ability, and
more fine-grained abilities related to the effectuation of the ability).

The specialisation relationship and realisation relationship each define an ©implication©
relationship. If the more specific abilities exist within an agent, then the ability for which these
specific abilities are a specialisation also exists. This relationship is depicted by "combining' and
“or' notations in the refinement relationships for abilities and properties (see Figure 5.1 for a
description of the legend of the notations used).

Bi-directional communication. Figure 5.6 shows the refinement relationships for the
ability is capable of bi-directional communication. The more specific abilities relatedi¢@apable of
bi-directional communication are the ability to communicate to othegscépable of unidirectional
communication to others), to receive communication from othekschpable of unidirectional
communication from others), and the ability to combine unidirectional communication to and from
others is capable of combining unidirectional communication to and from others). The abilities

related to the realisation of the ability of bi-directional communication are the &hitipable of
reasoning about bi-directional communication, the abilityis capable of executing bi-directional
communication, and the abilitys capable of combining reasoning about bi-directional communication

and executing bi-directional communication.

more refined abilities
c . le of unidirectional o is capable of reasoning about
2 is capable of unidirectiona realisations unidirectional communication
IS communication from others from others
= o
c &
= 3 > . - . . .
8 £ @9@ is capable of unidirectional | jisations is capable of reasoning about
% g Qé_'\l communication to others ,—P unidirectional communication
o h
8 to others
T m
oS¢ A S
~O™ . .
29 % . . 1 & is capable of executing
% 5 T . A .
2 % is capable of reasoning about & unidirectional communication
= /o,%\ bi-directional communication € O from others
L R
2 . . S . .
is capable of executing %\’%5 is capable of executing
bi-directional communication unidirectional communication
to others

Figure 5.6 Refinement of the abilits capable of bi-directional communication.

These more specific abilities are further refined, and related to the &ladipyble of reasoning

about unidirectional communication from others, the abilityis capable of reasoning about

unidirectional communication to others, the abilityis capable of executing unidirectional

communication from others, and the abilitys capable of executing unidirectional communication to

others, and four properties which combine the previous four abilities (as shown in Figure 5.6):

is capable of combining reasoning about unidirectional communication from others and
executing unidirectional communication from others,
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is capable of combining reasoning about unidirectional communication to others and executing
unidirectional communication to others,

is capable of combining reasoning about unidirectional communication from others and
reasoning about unidirectional communication to others, and

is capable of combining executing unidirectional communication from others and executing
unidirectional communication to others.

Co-operation. Figure 5.7 shows the refinement relationships for the aBilépable of co-
operation. The more specific abilities relatedi¢@apable of co-operation are, for this example
multi-agent system, the abilitycapable of planning co-operation, the abilityis capable of

monitoring co-operation, the abilityis capable of own process control, the abilityis capable of bi-
directional communication, and the abilityis capable of combining planning co-operation, monitoring
co-operation, own process control, and bi-directional communication. The abilities related to the
realisation of the abilitys capable of co-operation are the abilitys capable of reasoning about co-
operation, the abilityis capable of executing co-operation, the abilityis capable of own process

control, the abilityis capable of bi-directional communication, and the abilityis capable of combining
reasoning about co-operation, executing co-operation, own process control, and bi-directional
communication. The refinements of the co-operation ability defines a strong notion of co-
operation by specifying the integration of co-operation with agent own process control and bi
directional communication. Weaker notions of co-operation are also possible. These notions
not investigated in this thesis.
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Figure 5.7 Refinements of the abilitis capable of co-operation.

The abilities related to the realisation of the abi$isapable of planning co-operation are the
ability is capable of reasoning about planning co-operation, the abilityis capable of executing
planning co-operation, and the abilitys capable of combining reasoning about planning co-operation
and executing planning co-operation. The abilities related to the realisation of the abidibapable
of monitoring co-operation are, likewise, the abiliti capable of reasoning about monitoring co-
operation, the abilityis capable of executing monitoring co-operation, and the abilitys capable of
combining reasoning about monitoring co-operation and executing monitoring co-operation. These
realisation related abilities are, in fact, specialisations of the abilities related to the realisation «
the abilityis capable of co-operation. The abilityis capable of reasoning about planning co-
operation, the abilityis capable of reasoning about monitoring co-operation, and the abilitys
capable of combining reasoning about planning co-operation and reasoning about monitoring co-
operation are refinements of the abilikycapable of reasoning about co-operation. The abilityis
capable of executing planning co-operation, the abilityis capable of executing monitoring co-
operation, and the abilitys capable of combining executing planning co-operation and executing
monitoring co-operation are refinements of the abilitycapable of executing co-operation.
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Agent own process control.The ability of an agent to be able to control its own processes
can be refined as shown in Figure 5.8.

more refined abilities >
— . . realizations . .
<] is capable of monitoring s is capable of reasoning about
‘g & of own processes monitoring of own processes
o S . . P H i . .
sa L is capable of planning ea_l\lzauons is capable of reasoning about
& :
© § 'é‘}—\‘ of future processes 3 planning of future processes
go8
=
o S s is capable of reasoning L o®
23 %, = . )
= %:3“ about own process Qec;\a\‘c" is capable of executing
g control ° monitoring of own processes
& ¢ is capable of executing ) is capable of executing
i xecuti
own process control specialisations planning of future processes

Figure 5.8 Refinement of the abilitis capable of agent own process control.

Three more specific abilities related to the abititsapable of own process control, are

is capable of monitoring of own processes,
is capable of planning of future processes, and
is capable of combining monitoring of own processes and planning of future processes.

These abilities are each further refined to abilities in which realisation (reasoning and execution)
is explicitly defined for each of these abilities.

The abilities related to the realisation of the ability of an agent to control its own processes
are the ability of an agent teasonabout its own process control, the ability of an agent to
executdats own process control, and the ability of an agenbtobinereasoning about own
process control and executing own process control. For a number of these abilities two more
specific abilities are depicted. Reasoning about an agent's own process control is related to the
abilities to reason about current and future process control, and to combine reasoning about
current and future process control. Executing an agent's own process control is related to an
agent's abilities to execute current processes monitoring, to execute future processes planning,
and to combine executing current process monitoring and executing future process planning.
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Figure 5.9 Refinement of the abilitis capable of world interaction.

World interaction. The ability to interact with the external world can be refined to more
specific abilities: the abilitys capable of observation in the world, the abilitys capable of initiation
of actions in the world, and the abilitig capable of combining observation and initiation of actions,
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as shown in Figure 5.9. The abiligtapable of observation is further refined into the ability

capable of passive observation, the abilityis capable of active observation, and the abilitys capable

of combining passive observation and active observation. The abilityis capable of active observation

is refined into three abilities: the abilitycapable of observation initiation, the abilityis capable of
processing observation results, and the abilitys capable of combining observation initiation and

processing observation results. The ability of passive capable observation is refined into the

ability is capable of processing observation results. These abilities are each further refined to
abilities in which realisation (reasoning and execution) is explicitly defined for each of these
abilities. A strong notion of world interaction is defined by these refinements. Weaker notions
are possible, but are not employed in this thesis.

The abilities related to the realisation of the ability of an agent to interact with the world are the
ability of an agent toeasonabout its interaction with the world, the ability of an agent to
executanteraction with the world, and the ability of an agertdmbinereasoning about world
interaction and executing world interaction. For each of these abilities four more specific
abilities are depicted. Reasoning about world interaction is related to the abilities to reason ak
observation initiation, to reason about processing observation results, to reason about actior
initiation, and to combine reasoning about observation initiation and reasoning about process
observation results and reasoning about action initiation. Executing interaction with the exterr
world is related to an agent's abilities to execute observation initiation, to execute processing
observation results, to execute action initiation, and to combine executing observation initiatic
and executing processing observation results and executing action initiation.

5.3.3 Properties of an external world

The external world, part of a multi-agent system, has properties (not called abilities). These

properties are related to how 2equipped® the world is to handle interaction with agents.
Propertiesof external world are depicted in Figure 5.10. The propechpable of world

interaction (from the point of view of the external world) can be realised by three properties: the

propertyis capable of processing observations, the propertys capable of processing actions, and

the propertys capable of combining processing observations and processing actions. These

properties are the counterpart of the agdility of world interaction: thability is capable of

active observation and theability is capable of passive observation.
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Figure 5.10Refinement of the properiy capable of world interaction.

The property of processing observations can be refined into the more specific properties:

is capable of processing active observations (i.e., counterpart for the ability capable of
active observation),

is capable of processing passive observations (i.e., counterpart for the ability capable of
passive observation), and

is capable of combining processing active observations and processing passive observations.
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The property of processing actions can be refined into the properties:

is capable of receiving initiated actions,
is capable of performing actions, and
is capable of combining receiving initiated actions and performing actions.

The propertys capable of processing active observations can be refined into the property
capable of receiving initiated observations, the propertys capable of performing observations, the
property ofis capable of providing observation results, and the propertlg capable of combining
receiving initiated observations, performing observations, and providing observation results. The
propertyis capable of processing passive observations can be refined in to the properiyapable
of performing observations, the propertys capable of providing observation results, and the
propertyis capable of combining receiving initiated actions and performing actions.

As all of these refinements are aboutgspecialisatiorof a property, there is no
refinement for reasoning and execution as these refinements are only applicable to agents. This
property of the external world can be weakened by, e.g., modifying ‘combining'-relationships
into “or'-relationships. Weaker notions of world interaction are not the subject of this thesis.

5.4 Verification of properties of a compositional system

The manner in which the properties described in the previous sections can be given formal
semantics is not addressed in this thesis. The way in which formalisation of the semantics of
properties of compositional systems is possible in terms of temporal semantics, can be found in
work on compositional verification of knowledge-intensive systems, for diagnostic systems see
(Cornelissen, Jonker and Treur, 1997), for co-operative information gathering (i.e. co-

operation of multiple information gathering agents) see (Jonker and Treuc),1&88for

negotiating agents see (Brazier, Cornelissen, Gustavsson, Jonker, Lindeberg, Polak and Treur,
1998). The compositional verification method is based on the process composition of the

system being verified, providing a structure for “proof hiding' and proof composition.

The properties described in (Jonker and Treur, @988 co-operative information
gatherers concern, among others, the success of co-operation: which combinations of
reactiveness and pro-activeness are needed for successful co-operative information gathering. In
this thesis the example multi-agent system entails co-operation between an initiator of requests
for information andneinformation gatherer, not co-operative information gatherers.

The precise semantic formalisation of the properties introduced in this chapter is beyond
the scope of this thesis. In contrast to the literature mentioned above, in this thesis an important
issue is how properties of a given compositional system can be derived automatically from its
(formal) specification. This is achieved by explicit knowledge.

Two instances of knowledge are given below with which the presence of a property can
be determined for a given compositional system. In these examples the prepeifistte of
executing observation initiation andis capable of determination of hypotheses are deduced from the
structure of the compositional system. These examples depict how primitive properties can be
deduced for a given compositional system, and how properties can be deduced from previously
deduced (possibly primitive) properties.

An instance of knowledge to ascertain the presence of the ability of executing observation
initiation is given below.

Example Deducing the ability of executing observation initiation

The knowledge elements below have been written in semi-formal notation, as the representation of a
compositional systerwithin another compositional system has not yet been discussed.

The first knowledge element specifies the deduction of the prapetigable of executing observation
initiation. In Figure 5.11 the relevant structure of the compositional system is sketched. The second
knowledge element specifies the deduction of the projzettpable of active observation.

if acomponent X in the multi-agent system is characterised as an agent,
and the multi-agent system has task control knowledge which makes component X awake,
and component X has an information type Xin in its input interface,
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information type Xin is characterised to contain Oobservation results® information,
component X has an information type Xout in its output interface,

information type Xout is characterised to contain Qobservations to be performed®
information,

component X has a sub-component Y,

component Y is characterised as a world interaction management component,
component Y has an information type Yin in its input interface,

information type Yin is characterised to contain Oobservation results® information,
component Y has an information type Yout in its output interface,

information type Yout is characterised to contain Qobservations to be performed®
information,

component Y uses a knowledge base K,

knowledge base K is characterised to contain Oobservation initiation® knowledge,
knowledge base K refers to the information types Yin and Yout,

component X has an information link L1 from its input to the input of component Y,
information link L1 transfers information from information type Xin at the input interface
of component X to the information type Yin at the input interface of component Y,
component Y has an information link L2 from its output to the output of component X,
information link L2 transfers information from information type Yout at the output
interface of component Y to the information type Xout at the output interface of
component X,

component X has task control knowledge which makes component Y awake and the
information links L1 and L2 awake as well,

a component W in the multi-agent system is characterised as an external world,

the multi-agent system has task control knowledge which makes component W awake,
component W has an information type Win in its input interface,

information type Win is characterised to contain Oobservations to be performed®
information,

component W has an information type Wout in its output interface,

information type Wout is characterised to contain Qobservation results® information,
the multi-agent system has an information link L3 from the output of component X to the
input of component W,

information link L3 transfers information type Xout at the output interface of component
X to information type Win at the input interface of component W,

the multi-agent system has an information link L4 from the output of component W to the
input of component X,

information link L4 transfers information type Wout at the output interface of component
W to information type Xin at the input interface of component X,

the multi-agent system has task control knowledge which makes the information links L3
and L4 awake,

component X Ois capable of executing observation initiationd.

Byl win)  w L4

X ( X task control )

L1 L2

p-( Xin pYin) Y p-{ Xout)

nd

Figure 5.11Relevant part of a multi-agent system to deduce
the propertyexecuting observation initiation.
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The knowledge element below illustrates the use of the “specialisation’ refinement relation for theiproperty

capable of active observation as defined in Figure 5.9.

if acomponent X has sub-components Y1, Y2, and Y2,

and
and
and

then

An instance of knowledge to ascertain the presence of the property of determining hypotheses is
given below.

Example

component Y1 Ois capable of observation initiationO,

component Y2 Ois capable of processing observation resultsO,
component X Ois capable of combining initiation of observations and
processing of observation resultsO,

component X Ois capable of active observationO.

Deducing the property of is capable of determination of hypotheses
These knowledge elements have also been written in semi-formal notation, as the representation of a

compositional systerwithin another compositional system has not yet been discussed.

The first knowledge element specifies the deduction of the prapesigable of generation of hypotheses,

the second knowledge element specifies the deduction of the prispeaiigble of determination of

hypotheses. The second knowledge element illustrates the use of the “specialisation' refinement relation, read
from right to left in Figure 5.2: on the basis of established properties, additional properties can be deduced.

if component X is a sub-component of component S,

and
and
and

and
and
and
and
and
and

then

component X has information types Xinl and Xin2 in its input interface,

information type Xin1 is characterised to contain Oassessed hypotheses® information,
information type Xin2 is characterised to contain Qinterpreted observation resultsO
information,

component X has an information type Xout in its output interface,

information type Xout is characterised to contain Ogenerated hypotheses® information,
component X is characterised as a Ogeneration of hypotheses® component,
component X uses a knowledge base K,

knowledge base K refers to the information types Xinl, Xin2, and Xout,

knowledge base K is characterised to contain Ogeneration of hypotheses® knowledge,

component X Ois capable of generation of hypothesesO.

if acomponent X has sub-components Y1, Y2, and Y3,

and component Y1 Ois capable of generation of hypothesesO,
and component Y2 Ois capable of comparison of hypothesesO,
and component Y3 Qis capable of selection of hypothesesO,
and component X Ois capable of combining generation of hypotheses, comparison of
hypotheses, and selection of hypothesesO,
then component X Qis capable of executing observation initiationd.
5.5 Discussion

In this chapter properties of compositional systems and knowledge relating to properties are
introduced. Ontologies of properties for the example diagnostic reasoning system and the
example multi-agent system have been introduced. Knowledge on these properties has been
provided: refinements (specialisations and realisations) of abilities and properties have been

outlined.

For the example diagnostic reasoning system the following properties have been shown to

be related to the properycapable of diagnostic reasoning:

is capable of determination of hypotheses,
is capable of generation of hypotheses,

is capable of selection of hypotheses,

is capable of comparison of hypotheses,

is capable of combining generation of hypotheses, comparison of hypotheses, and selection of

hypotheses,
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- is capable of validation of hypotheses,

- is capable of combining determination of hypotheses and validation of hypotheses,

- is capable of determination of observations,

- is capable of evaluation of hypotheses, and

- is capable of combining determination of observations and evaluation of hypotheses.

The abilities of agents described in this chapter support the notion of weak agency (e.g.,
Wooldridge and Jennings, 1995).

For the example multi agent system the following abilities and properties have been
introduced:

- is capable of co-operation,

- is capable of bi-directional communication,

- is capable of agent own process control,

- is capable of world interaction,

- is capable of world interaction with agents (a property of the external world), and

- s capabl)e of distributed information gathering by several agents (a property of a multi-agent
system).

The properties distinguished in this chapter are specific in the sense that they apply to a
(example) diagnostic reasoning system and a (example) multi-agent system; more general
properties (e.g., correctness of output) have not been included in this chapter. However, the
properties and knowledge on relations between properties addressed in this chapter are of
importance for the manipulation of requirements (which require these properties) and
verification and validation of systems.

Desideratair1, dr2, dr3, dr4, ds3 are concerned with properties of compositional
systems. According to desideratdss an ontology is needed to represent properties. This
desideratum has been realised as is extensively shown in this chapter (the properties and the
refinement relations). The desiderata drl and dr2 (3representation of a knowledge intensive
system as a design object description® and @representation of qualified requirements on
compositional systems®) require the identification of properties of compositional systems and
means to represent properties and knowledge on properties. The basis for this has been shi
in this chapter; the precise formulation of knowledge on properties in the context of the re-
design model is shown in Chapters 7 and 9. Desideratum dr4 ((model of the manipulation of
requirements on compositional systems®) requires the representation of refinement knowledc
on properties, examples of which have been given in Section 5.4. The desidesgfimodel
of the manipulation of compositional system structures®) requires that properties need to be
determined on the basis of the structure of a compositional system, examples of which have
been given in Section 5.4.

The work in this chapter is related to the properties distinguished with respect to probler
solving methods (Benjamins, Fensel and Straatman, 1996; Breuker, 1997; Cornelissen, Jor
and Treur, 1997; Fensel, Motta, Decker and Zdrahal, 1997; Teije and Harmelen, 1994). Witt
the field of Knowledge Engineering properties of problem solving methods are used to suppc
knowledge engineers during the design process: providing a means to describe existing gen
components that may be used, modified or refined during a design process, depending on tt
applicability in a given situation. The Knowledge Engineering community has not focussed or
abilities and properties of agents and their interaction, as addressed in this chapter.

An approach to describe the correspondence between part of a compositional structure
a property in gradual terms is presented in (Harmelen and Teije, 1998): gradual satisfaction ¢
requirements. Using refinements of requirements, and assuming that fulfillment of refinemen
implies fulfillment of the requirement, provides another form of gradual satisfaction of a
requirement (which has refinements). If one or more of the refinements of a requirement are
satisfied, the requirement can be said to be “partially’ satisfied, and it is also precisely known
which refinements are not satisfied, an aspect which confounds the interpretation and
comparison of gradual satisfaction of requirements.

Within the Knowledge Engineering community work has been done on verification and
validation of models, based on properties (not task-specific properties, yet) of problem-solvir
methods without taking into account the compositional nature of their models. An approach ir

59



COMPOSITIONAL SYSTEMS. PROPERTIES CHAPTERS

which verification and validation of compositional models results in a compositional proof (of
diagnostic systems: Cornelissen, Jonker and Treur, 1997; of co-operative agents: Jonker and
Treur, 1998; of negotiating agents: Brazier, Cornelissen, Gustavsson, Jonker, Lindeberg,
Polak, Treur, 1998), offers an advantage: properties over composed components are assumed
to hold, and proven within that composed component by reference to its internal components.
This approach prevents the occurrence of very large proofs at the top level of the system in
which all processes at all levels of abstraction are incorporated.

Properties of software systems also play a role in re-use and maintenance of software
systems. In a survey on software reuse, Krueger (1992) notes that to successfully generate
applications, meta-programming is used: knowledge and definitions are employed to, for
example, recognise an appropriate domain, define boundaries of the domain and defining
underlying abstractions. Such definitions and knowledge can be expressed in terms of
properties of software systems.

To illustrate the role these properties can play in re-design, two re-design processes are
described in Chapters 11 and 12. A diagnostic reasoning system lacking a particular property is
re-designed to acquire a new diagnostic reasoning system with that particular property, and an
existing multi-agent system lacking a particular property is re-designed to acquire a new multi-
agent system with that particular property.
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Part 11

Re-design Models for
Compositional Systems

In this part models for re-design of compositional systems are described. A
generic model for design is used to construct a model for re-design in the
specific domain of compositional systems. A generic design model is described
in Chapter 6. Chapter 7 describes a part of the model for re-design of
compositional systems that is obtained as a refinement of the generic design
model described in Chapter 6. Chapters 8 and 9 extend the presentation of this
refinement resulting in a model for re-design of compositional systems. The re-
design model is employed in the next Part to constrdes@gn agentan agent
capable of re-designing compositional systems.
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6 A Generic Design Model

A generic model for design is presented in this chapter. This generic model is taken from
(Brazier, Langen, Ruttkay and Treur, 1994; for more details refer to Brazier, Langen and Treur
1999), based on a logical theory of design (Brazier, Langen and Treur, 1996), applied design
research (e.g., see (Geelen, Ruttkay and Treur, 1991; Brumsen, Pannekeet and Treur, 1992;
Geelen and Kowalczyk, 1992)), and additional applied design research.

This generic model of design has been developed and specified witbsike D
development method. Both process composition and knowledge composition are specified
within the generic design model at an abstract level, thereby leaving room for refinements both
of process composition and of knowledge composition. The generic model can be specialised
accommodate various approaches to design, and the generic model can be instantiated for
design in a specific domain.

For a more detailed description of this generic model of design, see (Brazier, Langen and
Treur, 1999). Applications of the generic design model include an analysis of conflict
management in design (Brazier, Langen and Treur,&)98%design of knowledge-based
systems (Brazier, Langen, Treur and Wijngaards, 1996), elevator configuration design
(Brazier, Langen, Treur, Wijngaards and Willems, 1996), design rationale (Brazier, Langen
and Treur, 1999), and strategic design knowledge (Brazier, Langen and Treura)l998

The description of the generic model of design presented in this chapter does not cover al
details, i.e., an abstraction is made of the information types in the generic model to enhance
readability. Processes, information exchange and task control are described in detail. In Figure
6.1 the notations are explained which are used to describe information types: abstract “referrin
to' and “meta-description' relationships, and an indication of which information type is intended
to be refined with specific domain knowledge. In Table 6.1 the acronyms used throughout this
chapter are depicted.

- information type "X’ refers to information type "y":
y via one or more intermediate information types
(excluding meta-description references).

information type “X' refers to the meta-description of information type y":

m e e via one or more intermediate information types
(including one meta-description reference).
information type “X' is intended to be refined for a specific application.

Figure 6.1 Legend of notations used for abstract description of information types.

Information types described may contain relations, that are generic to design processes. Their
actual use (and meaning) can, and will, change depending on the domain of application.
Attaching meanings to the pre-defined relations in a specific domain of application aids in
investigating and understanding design processes in that particular domain of application.

The compositions of two of the three sub-processe&sgn Object Description Manipulation and
Requirement Qualification Set Manipulation, are described in this chapter. The composition of the
sub-procespesign Process Co-ordination is left open. This chapter is structured as follows. In
Section 6.1 the composition of thesign process is described, after which the composition of
two of the three sub-processe®esign are describedesign Object Description Manipulation
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(Section 6.2), angequirement Qualification Set Manipulation (Section 6.3). A discussion is
given in Section 6.4.

Acronym Explanation

DOD Design Object Description
RQS Requirement Qualification Set
DPC Design Process Co-ordination
DODM DOD Manipulation

RQSM RQS Manipulation

Table 6.1 Acronyms in use in this chapter.

6.1 Composition of design

The process of design is described in three phases: first its process composition, then
composition of knowledge structures related to this process, and finally the relations between
process composition and knowledge composition.

The description of processes within, and knowledge structures rela@ied,trQs

Manipulation, andDOD Manipulation are deferred to respectively Section 6.3, Section 6.2, and
Section 6.4.

6.1.1 Process composition of design

The process composition of design is described by levels of process abstraction, identification
of processes, and composition relation between processes.

The first two levels of process abstraction for Design are shown in Figure 6.2. The
processedesign Process Co-ordination, RQS Manipulation, andDOD Manipulation are

distinguished within the procebssign.

Design Process RQS DOD
Co-ordination Manipulation Manipulation

Figure 6.2 First level of process abstraction witHiresign.

The proces®esign Process Co-ordination co-ordinates the design process by issuing
information related to overall design strategies on the basis of given design process objectives.
The procesgQs Manipulation manipulates sets of qualified requirements, on the basis of an
overall design strategy, information fram»D Manipulation, and given requirement qualification
sets. The procegsOD Manipulation manipulates design object descriptions, on the basis of an
overall design strategy, information frak®S Manipulation, and given design object
descriptions.

Each of the processes depicted in Figure 6.2 can be characterised in terms of their input
and output information types, as shown in Table 6.2.

The input and output information types in the interface of the processes described in Table
6.2 is elaborated below:

- The proces®esign requires, as input, information objectives for the overall design
processdesign process objectives), a givenRQs(RQS) and a givemob (DOD). The
proces®esign produces an evaluation of the overall design procestgr process
evaluation), an evaluation of resulting requirement qualification J8gs @ssessment), an
evaluation of resulting design object descriptians{ assessment), sets of qualified
requirementsKQS) and design object descriptiomsop).
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The proces®esign Process Co-ordination requires information on objectives for the
overall design processesign process objective), and evaluations of the manipulation
processestanipulation process evaluation). The procesBesign Process Co-ordination
produces an evaluation of the overall design procesgf process evaluation), and
strategies fORQS Manipulation andDOD Manipulation (overall design strategy).

The procesfQs Manipulation requires a strategywerall design strategy), an evaluation of
resulting design object descriptiomsop assessment), and a givemQs (RQS). The
procesRQS Manipulation produces an evaluation of the status of its own proeessv(
process evaluation), an evaluation of resulting qualified requirement segss(
assessment), and contents of sets of requirement qualificatieqsy.

The proces®0OD Manipulation requires an overall design strategye(all design strategy),
information on the requirement qualification set for which a design object description is to
be constructedrkQs), and possibly an existing design object descripttmb]. The
procesOD Manipulation produces an evaluation of the status of its own prooessv
process evaluation), an evaluation of resulting design object descriptions, including
information on the satisfaction of design requirements for specific design object
descriptionsOD assessment), and design object descriptiomsop).

process

input information type

output information type

Design

- design process objectives
- RQS
- DOD

- design process evaluation
- RQS assessment

- DOD assessment

- RQS

- DOD

Design Process
Co-ordination

- design process objective
- manipulation process evaluation

- design process evaluation
- overall design strategy

RQS Manipulation

- overall design strategy
- RQS
- DOD assessment

- RQSM process evaluation
- RQS assessment
- RQS

DOD Manipulation

- overall design strategy
- RQS
- DOD

- DODM process evaluation
- DOD assessment
- DOD

Table 6.2Input and output information types of the processign and its direct sub-processes.

Design task control

overall design

initial

RQS
>
initial DOD

design process objectives

RQS

Manipulation

Design
Process

Co-ordination

3

strategy to RQSM

RQSM
process
evaluation

intermediate RQS

RQS

RQS assessment

intermediate DOD assessment

>
>

design process evaluation

overall design
strategy to DODM
DOD M process >
luati
evaluation DOD
assessment
DOD
Manipulation
DOD

Figure 6.3 Composition relation between the proces®edign and its direct sub-processes.
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The static perspective on the composition relation between the ppesgssand its direct sub-
processes is shown in Figure 6.3.

Within the componemnbesign six private links and eight mediating links are defined:

- The mediating linkiesign process objectives transferslesign process objectives from the

input interface obesign to the input interface design Process Co-ordination.

- The mediating linknitial RQS transferRQs from the input interface aesign to the input

interface ofRQS Manipulation.

- The mediating linknitial DOD transfer®oD from the input interface @esign to the input

interface ofDOD Manipulation.

- The private linkoverall design strategy to RQSM transfersverall design strategy from the

output interface obesign Process Co-ordination to the input interface ;QS Manipulation.

- The private linkoverall design strategy to DODM transfersverall design strategy from the

output interface obesign Process Co-ordination to the input interface afOD Manipulation.

- The private linkRQSM process evaluation transfersRQSM process evaluation from the

output interface oRQS Manipulation to the input interface @fesign Process Co-ordination.

- The private linkDODM process evaluation transfersDODM process evaluation from the

output interface obOD Manipulation to the input interface @fesign Process Co-ordination.

- The private linkntermediate RQS transferRQs from the output interface &Qs

Manipulation to the input interface @OD Manipulation.

- The private linkintermediate DOD assessment transfersDOD assessment from the output

interface ofDOD Manipulation to the input interface ¢tQS Manipulation.

- The mediating linldesign process evaluation transfersiesign process evaluation from the

output interface obesign Process Co-ordination to the output interface afesign.

- The mediating linkkRQS assessment transferRQs assessment from the output interface

of RQS Manipulation to the output interface @fesign.

- The mediating linkkQs transferRQs from the output interface &QS Manipulation to

the output interface afesign.

- The mediating linkDOD assessment transfer<DOD assessment from the output interface of

DOD Manipulation to the output interface @fesign.

- The mediating linkooD transferDoOD from the output interface oD Manipulation to

the output interface afesign.

The dynamic perspective on the composition relation specifies control over the sub-components
of the componeresign. Task control withirbesign specifies: activation of the component

Design, possible terminations ofPC, possible terminations &QS Manipulation and possible
terminations 0DOD Manipulation.
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Upon activation of the componemésign the componeribPC is activated and the

ijnformation linksdesign process objectives, initial RQS, andinitial DOD are made up-to-
ate.

Upon termination of the componewrC, andsuccessfutletermination of an overall

design strategy, both the componexs Manipulation andDOD manipulation are

activated. The information linksverall design strategy to RQSM andoverall design strategy

to DODM are made up-to-date.

- The componentBQS Manipulation andDOD Manipulation are both active and react to the

given overall design strategy. If a component has become idle, it has finished its own task
(if any) in accordance with the given strategy. Wheth components are idle, then the
componenDPC is activated, and the information liNnRQSM process evaluation,

intermediate RQS, DODM process evaluation, andintermediate DOD assessment are made
up-to-date.

Upon termination of componebPcC, andfailure to determine an overall design strategy,

the design process is terminated, and the information disdig process evaluation, RQS
assessment, RQS, DOD assessment, andDOD are made up-to-date.
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The task control described above leaves open whetfgManipulation andDOD Manipulation
operate in parallel or sequentially: the overall design strategy may indicate which sub-process i
to be activated. This is one of the issues which a strategy needs to address.

6.1.2 Knowledge composition of design

The information types used in the interfaces of the component Design and its direct sub-
components are briefly described in this section. The contents of the main information types art
relations, which are described in the concise, textual notation.

DOD. The information typ®0D is based on meta-descriptions of two other information types:
basic design object information (€.g., facts representing a design object),dafidable design

object information (e.g., properties of a design object). Eacbh has a name, and associated
basic and derivable design object information. In Figure 6.4 this view on the information type
DOD is depicted. The information typessic design object information andderivable design

object information are intended to be instantiated for a specific domain.

%, &, meta-level

object-level

bsic
design object
information

¥ derivable
design object
information A

&

Figure 6.4 Partial view on information typ®OD.

The generic relation defined in the information typeesc design object information andderivable
design object information IS:

relations
has_value: domain_object =
attribute *
value;

All three sorts in the above relation are intended to be instantiated. In addition, domain specific
relations can be added. Specific relationsésic design object information can be added, and
the same holds for the information tygeeivable design object information.

The generic relation defined in the information tpa® is:

relations
includes_design_object_information: DOD_name *
design_object_info_element =
sign;

In the relatiorincludes_design_object_information the name of aop is related to a specific

domain dependent contents, with a sign (which denotes explicit presence, or explicit absence).
The sortdesign object info element contains the meta-descriptions of the information typsis

design object information andderivable design object information and is used to describe the

contents of @ob.

RQS. The term “design requirement' is used for both unqualified requirements and qualified
requirements. The information types is based on meta-descriptions of two other information
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types:basic design requirement information (e.g., facts representing design requirements), and
derivable design requirement information (€.g., properties of design requirements, refined design
requirements). Eaakgshas a name, and associated basic and derivable design requirement
information. In Figure 6.5 this view on the information tyyegs is depicted. The information
typesbasic design requirement information andderivable design requirement information are both
intended to be instantiated.

RQS
e meta-meta-level
3% -
basic design meta-level
% requirement
) - L
3 information $
. ?;8*
derivable design L
requirement i k)
information %., 5
2
i
=)

J% " basic object-level
design object
% information
i
derivable
design object
information

Figure 6.5 Partial view on information typRQS.

Generic relations available in the information typesc design requirement information and
derivable design requirement information are:

relations
is_requirement: requirement_name *
design_object_info_element_expression;
is_qualified_requirement: qualified_requirement_name *

qualification =
requirement_name_tuple;

The sortdesign object info element expression contains the meta-descriptions of basic and
derivable design object information, on which logical operators are defined (to be able to
formulate expressions).
The generic relations defined in the information tRRs are:
relations
includes_qualified_requirement_information: RQS_name *
design_requirement_info_element;

The sortdesign requirement info element contains meta-descriptions of the information types
basic design requirement information andderivable design requirement information.

DOD assessmenfThe information typ®OD assessment is based on five information types:
DOD properties, DOD evaluation, DOD relations, RQS evaluation, andDOD appreciation, as shown

in Figure 6.6. The information tyymeD evaluation consists of the information typeeD basis
evaluation andDOD fulfillment. The information typ&Qs evaluation consists of the information
typesRQS basis evaluation andRQS realisation evaluation. The information typ®OD properties
contains relations on properties of individual design object descriptions. The information type
DOD basis evaluation contains relations betweemab and satisfaction of design requirements.
The information typ®OoD fulfillment evaluation contains relations on the fulfillment of sets of
qualified requirements by design object descriptions. The informatiomtypeclations
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contains relations on comparisons between design object descriptions. The information type
RQS basis evaluation contains relations on evaluations between design requirements. The
information typerQs realisation evaluation contains relations on the feasibility of sets of

qualified requirements. The information typeD appreciation contains relations on appreciation

of parts of design object descriptions.
DOD
properties
DOD
evaluation
/' DOD
‘ relations
RQS
evaluation
DOD
appreciation

Figure 6.6 Partial view on information typBPOD assessment.
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Generic relations defined in the information tyy®D properties are:

relations
is_consistent,
is_deductively_consistent,
is_deductively_maximum,
is_deductively_minimum: DOD_name;

These relations express consistency of design object descriptions and additional information
acquired by deduction, and information on the extent to which deduction has been performed.
Generic relations defined in the information tyymD basis evaluation are:

relations
satisfies,
violates: DOD_name *
requirement_name;
supports,
undermines: DOD_name *

qualified_requirement_name;

These relations express for a given design object description whether a requirement is satisfiec
or violated (but not both), and whether a qualified requirement is supported or undermined (but
not both).
Generic relations defined in the information typ&D fulfilment evaluation are:
relations
fulfills,
falls_short_of: DOD_name * RQS_name;

These relations indicate whether a design object description fulfills a set of qualified
requirements, or falls short of fulfilling threpsin its entirety (but not both).
Generic relations defined in the information tyj®D relations are:
relations
is_deductive_refinement_of,
is_deductive_closure_of,
is_deductive_core_of,
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is_consistent_with,

is_deductively_consistent_with,

differs_essentially_from,

extends: DOD_name » DOD_name;

These relations express relations between two design object descriptions. Whethisr a
consistent with, in conflict with, a refinement of, or an extension of anotizeis information
that expresses how specific design object descriptions are related. Additional relations can be
added to this information type.
Generic relations defined in the information tyjed appreciation are:
relations
has_appreciation: DOD_name *
design_object_info_element =
appreciation_value;

This relation describes which parts of a design object description are criticised to a certain
extent: e.g., alternative solutions, or a solution which does not conform to current design
requirements.

Generic relations defined in the information typess basis evaluation andRQS realisation
evaluation are described in description of the information tgRS assessment.

RQS assessmeniThe information typ&RQs assessment is based on four information types:
RQS properties, RQS relations, RQS appreciation, andRQS evaluation, as shown in Figure 6.7.
The information typ&Qs evaluation consists of the information typegs basis evaluation and
RQS fulfillment evaluation. The information typ&Qs basis evaluation consists of the information
typerequirement evaluation andqualified requirement evaluation. The information typ®&Qs
properties contains relations on properties of individual sets of qualified requirements. The
information typerQs basis evaluation contains relations on evaluations between design
requirements. The information types fulfilment evaluation contains relations on the feasibility
of sets of qualified requirements. The information tgRS relations contains relations on
comparisons between sets of qualified requirements. The informatioRQ@xpreciation
contains relations criticising parts of sets of qualified requirements.

requirement
RQS evaluation
properties
qualified
RQS requirement
evaluation evaluation
RQS
relations
RQS
appreciation

Figure 6.7 Partial view on information typRQS assessment.
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Generic relations defined in the information tygigs properties are:

relations
is_consistent,
is_deductively_consistent,
is_deductively _maximum,
is_deductively_minimum: RQS_name;

These relations express consistency of sets of qualified requirements and additional information
acquired by deduction, and information on the extent to which deduction has been performed.
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Generic relations in the information tygguirement evaluation are:

relations

is_missing: requirement_expression;

is_satisfiable,

is_unsatisfiable,

is_precise,

is_imprecise: requirement_name;

is_compatible_with,

is_incompatible_with: requirement_name »*
requirement_name;

The relationis missing expresses that a particular expression is missing from the current set of
requirements. The relatioissatisfiable andis unsatisfiable express whether or not it is possible
to satisfy a requirement on the basis of available knowledge. The relapanr&e andis
imprecise express whether or not a requirement is too imprecise to be handled. The relations
compatible with andis incompatible with express whether or not a requirement is in a conflict with
another requirement.

Generic relations in the information tygalified requirement evaluation are:

relations

is_supportable,

is_unsupportable,
iS_unambiguous,

is_ambiguous: qualified_requirement_name;
agrees_with,
disagrees_with: qualified_requirement_name =

qualified_requirement_name;

The relationss supportable and isunsupportable express whether or not it is possible to support
a qualified requirement on the basis of available knowledge. The relatipasibiguous andis
ambiguous express whether or not a qualified requirement can be refined into more specific
qualified requirements. The relatioagees with anddisagrees with express conflicts between
qualified requirements.

Generic relations defined in the information tygs fulfillment evaluation are:

relations
is_realisable,
is_unrealisable,
is_harmonious,
is_unharmonious,
is_precise,
is_imprecise,
is_complete,
is_incomplete,
is_unambiguous,
is_ambiguous: RQS_name;

The relationss realisable andis unrealisable express whether or not a set of qualified
requirements can be realised by constructing a design object description fulfillrgstiiéie
relationsis harmonious andis unharmonious express whether or norasis internally consistent.
The relationss precise andis imprecise express whether or not a set of qualified requirements is
precise enough, or contains design requirements which are too ‘vague' to be handled. The
relationsis complete andis incomplete express whether or not a set of qualified requirements is
considered to be complete. The relatisnsambiguous andis ambiguous express whether or
not a set of qualified requirements is internally unambiguous.
Generic relations defined in the information tyRugs relations are:
relations
is_deductive_refinement_of,
is_deductive_closure_of,
is_deductive_core_of,
is_consistent_with,
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is_deductively_consistent_with,
differs_essentially_from,
extends: RQS_name * RQS_name;

These relations express relations between two sets of qualified requirements. Wkether a
consistent with, in conflict with, a refinement of, or an extension of anegfgs information

that expresses how specific sets of qualified requirements are related. Additional relations can
be added to this information type.

Generic relations defined in the information tyR®ES appreciation are:
relations
has_appreciation: RQS _name *
design_requirement_info_element *
appreciation_value;

This relation describes which parts of a set of qualified requirements are criticised to a certain
extent: e.g., alternative solutions.

The information typesanipulation process evaluation (includingRQSM process evaluation
andDODM process evaluation), design process objectives, design process evaluation, andoverall
design strategy are described in Appendix A.1.

6.1.3 Relation between process composition and knowledge composition of
design

The information types previously identified in the process identification of the processes

Design, Design Process Co-ordination, RQS Manipulation, andDOD Manipulation have been

described in the knowledge composition and are related to these processes. Knowledge bases
have not been specified.

6.2 Composition of design object description manipulation

The composition oboD Manipulation is described in three phases: first the process composition
is described, then the knowledge compositionesfgn (Section 6.1.2), and finally the relation
between process composition and knowledge composition is described.

6.2.1 Process composition of DODM

The process composition bOD Manipulation is described by levels of process abstraction,
identification of processes, and composition relation between processes.

The first level of process abstraction f@D Manipulation is shown in Figure 6.8. The
processe®0OD Madification, DODM History Maintenance, deductive DOD refinement, andcurrent
DOD maintenance are distinguished within the procas3D Manipulation.

[ DOD Manipulation ]

|
DOD Modification DODM H'SIOW deductlve DOD current DOD
Maintenance refinement maintenance

Figure 6.8 Processes at different abstraction levelB@D Manipulation.

The proces®0D Modification plays an important role withinOD Manipulation: on the basis of

the overall design strategy, a giverp, given design requirements, and information from

DODM history maintenance, design object descriptions are considered and modified. The process
DODM History Maintenance stores and retrieves information related the ovea process.

The processeductive DOD refinement deduces properties of design object descriptions, and the
componenturrent DOD maintenance contains the contents of the curreab. The procespoD
Modification determines which actions are taken withinbke® Manipulation process, e.g., when
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to replace the currenbb, when to start deductively refining the curreab, etc. The co-
ordination of the sub-processesoaiD Manipulation is plannedvithin DOD Modification.

Each of the processes depicted in Figure 6.8 can be characterised in terms of their input

and output information types, as shown in Table 6.3.

process

input information type

output information type

DOD Modification

- DOD modification state history
search results

- overall design strategy

- DOD assessment history search
results

- RQS history search results

- DOD history search results

- current DOD replacement results

- current DOD contents

- DOD modification progress

- current manipulation action

- DOD modification state history
queries

- DOD assessment

- DOD assessment history queries

- RQS history queries

- DOD refinement focus

- current DOD focus

- current DOD modification

- DOD history queries

- current DOD replacement request

DODM History
Maintenance

- DOD modification progress

- DOD modification state history
queries

- overall design strategy

- DOD assessment

- DOD assessment history queries

- RQS

- RQS history queries

- DOD

- DOD history queries

- current DOD replacement request

- current DOD contents

- DOD modification state history
search results

- DOD assessment history search
results

- RQS history search results

- DOD history search results

- current DOD replacement results

- new current DOD contents

deductive DOD
refinement

- basic design object information

- design object information

current DOD
maintenance

- design object information

- design object information

Table 6.3Input and output information types of tb©D Manipulation process and its direct sub-processes.

The processes described in Table 6.3 require, as input, the input information types, and

produce, as output, the output information types. A more extended description of the interfaces

of these processes can be found in Appendix A.2.

The static perspective on the composition relation between the pba@m®ssnipulation and its

sub-processes, is shown in Figure 6.9. The information links shown in Figure 6.9 have name:

which reflect the information types transferred from the origin of the information link to the

destination of the information link. These information links are described in Appendix A.2.2.
The dynamic perspective on the composition relation includes specification of the control

over the sub-components of the compomey Manipulation. The task control withipob

Manipulation distinguishes a number of phases. Upon activati@oofManipulation, DOD

Modification iS activatedDOD Modification can choose between continuation of the previous

manipulation process, or initiation of a new manipulation process Modification may

produce queries on history information and requirement qualification sets, and obtain results

from these queries, ambD Modification can indicate that @ob has to become the currembp

(i.e., placed in the componetirent DOD maintenance). When a current (possibly emptyop

is available, refinements can be deduced, foci on the cowerdan be made, modifications

can be applied, and information (progress of the modification process and oamecén be

stored in the history. WheyoD Modification establishes that the manipulation of design object

descriptions has finished, specific information can be made available as owipot of

Manipulation (€.g., via retrieval of information in the histories) @@b Manipulation then

terminates itself.
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DODM
C DODM task control )
DOD history queries
current DOD replacement request
DOD assessment to history
RQS history queries
DOD assessment history queries
DOD modification state history queries
DOD modification progress
- overall design strategy
DODM e DOD -
history DOD modification state modification DODM
maintenance history search results process
overall evalua\tlon>
design | | DOD assessment history 7
strategy search results
to history .
RQS history search results >
DOD
ment
L RQS | DOD history search results | assessment |
current DOD
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initial DOD L ]
DOD
>
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B— current DOD focus —
DOD modifications
current DOD to DOD refinement focus
t be stored deducti
currren current DOD to eductive
_DOD be analysed DOD
maintenance refinement
J basic design J
object information
design object information

Figure 6.9 Information exchange iDOD Manipulation.

6.2.2 Knowledge composition of DODM

Information types and knowledge bases related to the sub-components of the compbnent
Manipulation are briefly described in this section and in Appendix A.2. In this section the
information types related tsign object information and manipulation of the currembp are
described. The contents of the main information types are relations which are described in the
concise, textual notation.

basic design
object information

derivable design
object information

design object
information

current DOD deductive DOD
maintenance knowledg refinement knowledge

Figure 6.10Information types related tdesign object information
and two knowledge bases.

74



CHAPTERG A GENERIC DESIGN MODEL

Design object information & knowledge basesThe information typelesign object
information consists of two information typesasic design object information andderivable design
object information as shown in Figure 6.10. In addition, two knowledge bases are depicted
which correspond to knowledge needed for the processest DOD maintenance and
deductive DOD refinement.

The information typesbasic design requirement information andderivable design
requirement information are explained in Section 6.1. The knowledge basesit DOD
maintenance anddeductive DOD refinement contain knowledge on how to focus on parts of the
contents of @ob, and knowledge on deductive refinement of the contentsob,a
respectively.

Information types related to manipulation of the current DOD. The information
types shown in Figure 6.11 are all related to the manipulation of a coorfhe information
typescurrent DOD focus, current DOD modification, DOD refinement focus, current DOD
replacement request, current DOD replacement results, current DOD contents, andnew current
DOD contents are directly related to manipulation: focussing on part of the cuvoent
modifying the currenbop, directing the deductive refinement of the curmem, replacing the
currentpob, results on the success of replacing the cuoentthe contents of the currembp,
and the contents of the n@wp. The information typeurrent DOD modification consists of the
three information typegossible DOD modification, rejected DOD modification, andselected DOD

modification.
current DOD current DOD
replacement request replacement results
current DOD focus possple D_OD
modification

DOD refinement focus current DOD rejected DOD
modification modification

new selected DOD
<current DOD content% <current DOD contenti modification >

Figure 6.11Information types related to manipulating a curreab.

The generic relation defined in the information typeent DOD focus iS:
relations
is_part_of_current_DOD_focus: design_object_information_atom =
sign;
This relation describes which design requirements are part of the mwrefioicus, and which
design requirements anet part of that focus.
The generic relation defined in the information tgpeent DOD replacement request IS:
relations
is_new_current_DOD: DOD_name;
This relation describes whidwob in thepopwm history, is to be used as the curreob.
The generic relations defined in the information tyyesnt DOD replacement results IS:
relations

is_current_DOD,
is_not_current_DOD: DOD_name;
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The relations current DOD expresses that the contents of a design object description is used as
the currenbob. The relatiornis not current DOD expresses that the design object description is

not used as the currembp, e.g. because this design object description is unknown to the
history maintenance process.

The generic relation defined in the information tygpeent DOD contents iS:
relations
holds: design_object_information_atom =
sign;
This relation describes the contents of the cument
The generic relation defined in the information tyip@ current DOD contents IS:
relations
is_part_of _new_current_DOD: design_object_information_atom =
sign;
This relation describes the new contents of the cupemt
The generic relation defined in the information t@® refinement focus is:
relations
is_part_of _DOD_refinement_focus: design_object_information_atom x
sign;
This relation describes whether a (derivable) design object element is in focus, or not, for
deductive refinement.
Generic relations defined in the information typessible DOD modification, rejected DOD
modification, andselected DOD maodification are:
relations
is_possible_design_object_element_for_addition,
is_possible_design_object_element_for_deletion,
is_rejected_design_object_element_for_addition,
is_rejected_design_object_element_for_deletion,
is_selected_design_object_element_for_addition,
is_selected_design_object_element_for_deletion: design_object_information_atom =
sign;
These relations describe whether a design object element: may be added or deletethenay
added or deleted, and is selected to be added or deleted.

6.2.3 Relation between process composition and knowledge composition of
DODM

The information types in the interfaces of the sub-componemntsmManipulation, as

described in section 6.2.1, are defined in section 6.2.2. These information types are related to
the sub-components DDD Manipulation according to the description of the interfaces of these
sub-components. The two knowledge-bases are related to the sub-pragessesOD

maintenance anddeductive DOD refinement.

6.3 Composition of requirement qualification set
manipulation

The composition o0RQS Manipulation is described in three phases: first the process composition
is described, then the knowledge composition, and finally the relation between process
composition and knowledge composition is described.

6.3.1 Process composition of RQSM

The process composition RQS Manipulation is described by levels of process abstraction,
identification of processes, and composition relation between processes.
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The first level of process abstraction R{pS Manipulation is shown in Figure 6.12. The
processefQs Modification, RQSM History Maintenance, deductive RQS refinement, andcurrent

RQS maintenance are distinguished within the proce®3s Manipulation.

[ RQS Manipulation ]

[ RQS Modification j [

Maintenance

refinement

maintenance

RQSM History j [ deductive RQS j [ current RQS j

Figure 6.12Processes at different abstraction levelR@8 Manipulation.

The proces&Qs Modification plays an important role withiRQS Manipulation: on the basis of
the overall design strategy, give@sand information fronmopwm, sets of qualified
requirements are considered and modified. The pr&xgsd History Maintenance stores and

retrieves information related the overism process. The processductive RQS refinement

deduces properties of design requirements, and the componemtRQS maintenance
contains the contents of the curreps The procesBQS Modification determines which actions
are to be taken within tiRQS Manipulation process, e.g., when to replace the cumest

when to start deductively refining the current etc. The co-ordination of the sub-processes

of RQS Manipulation is plannedvithin RQS Modification.

Each of the processes depicted in Figure 6.12 can be characterised in terms of their input

and output information types, as shown in Table 6.4.

process

input information type

output information type

RQS Maodification

- RQS modification state history
search results

- overall design strategy

- RQS assessment history search
results

- DOD assessment history search
results

- RQS history search results

- current RQS replacement results

- current RQS contents

- RQS modification progress

- current manipulation action

- RQS modification state history
queries

- RQS assessment

- RQS assessment history queries

- DOD assessment history queries

- RQS refinement focus

- current RQS focus

- current RQS modification

- RQS history queries

- current RQS replacement request

RQSM History
Maintenance

- RQS modification progress

- RQS modification state history
queries

- overall design strategy

- RQS assessment

- RQS assessment history queries

- DOD assessment

- DOD assessment history queries

- RQS

- RQS history queries

- current RQS replacement request

- current RQS contents

- RQS modification state history
search results

- RQS assessment history search
results

- DOD assessment history search
results

- RQS history search results

- current RQS replacement results

- new current RQS contents

deductive RQS
refinement

- basic design requirement
information

- design requirement information

current RQS
maintenance

- design requirement information

- design requirement information

Table 6.4Input and output information types of tR@S Manipulation process and its direct sub-processes.

The processes described in Table 6.4 require, as input, the input information types, and
produce, as output, the output information types. A more extended description of the interfaces
of these processes can be found in Appendix A.3.
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The static perspective on the composition relation between the praz®smnipulation
and its sub-processes, is shown in Figure 6.13.

RQSM ( RQSM task control )

RQS history query

current RQS replacement request
RQS assessment to history

DOD assessment history queries
RQS assessment history queries
RQS modification state history queries
RQS modification progress

- overall design strategy
RQSM

) | RQS modification state RQS R
hlstory history search results modification
maintenance RQSM
overall RQS assessment rocess
design history search results P )
strategy evaluation
to hist DOD assessment
0 history history search results >
RQS history search results,
initial current RQS
RQS replacement results
DOD — - RQS
assessment — RQS — assessment
new current RQS
current RQS focus
RQS modifications
current RQS RQOS refinement focus

to be stored

current RQS to deductive

current

RQS be analysed RQS

maintenance refinement

basic design
requirement information

design requirement information

Figure 6.13Information exchange iRQS Manipulation.

The information links shown in Figure 6.13 have names which reflect the information types
transferred from the origin of the information link to the destination of the information link.
These information links are described in Appendix A.3.2.

The dynamic perspective on the composition relation includes specification of the control
over the sub-components of the compomays Manipulation. The task control withirQs
Manipulation distinguishes a number of phases. Upon activati®@afManipulation, RQS
Modification is activated. TheRQS Modification can choose between continuation of the previous
manipulation process, or initiation of a new manipulation proe&ssModification may
produce queries on history information, and obtain results from these queriegsand
Modification can indicate that eRoshas to become the curresgs(i.e., placed in the component
current RQS maintenance). When a current (possibly emptsis available, refinements can be
deduced, foci on the currempscan be made, modifications can be applied, and information
(progress of the modification process and cumkesst can be stored in the history. Whe@s
Modification establishes that the manipulation of requirement qualification sets has finished,
specific information can be made available as outpRQsfManipulation (e.g., via retrieval of
information in the histories) arris Manipulation then terminates itself.

6.3.2 Knowledge composition of RQSM

Information types and knowledge bases related to the sub-components of the compsnent
Manipulation are briefly described in this section and in Appendix A.3. In this section the
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information types related tesign requirement information and manipulation of the currergs
are described. The contents of the main information types are relations which are described in
the concise, textual notation.

Design requirement information & knowledge basesThe information typedesign
requirement information consists of two information typesasic design requirement information
andderivable design requirement information as shown in Figure 6.14. In addition, two
knowledge bases are depicted which correspond to knowledge needed for the pracasses
RQS maintenance anddeductive RQS refinement.

basic design
requirement informatio

information

< design requirement

derivable design
requirement information

current RQS deductive RQS
maintenance knowledg refinement knowledge

Figure 6.14Information types related tdesign requirement information
and two knowledge bases.

The information typesasic design requirement information andderivable design requirement
information are explained in Section 6.1. The knowledge basesit RQS maintenance and
deductive RQS refinement contain knowledge on how to focus on parts of the contentead a
and knowledge on deductive refinement of the content®Q§aespectively.

Information types related to manipulation of the current RQS. The information
types shown in Figure 6.15 are all related to the manipulation of a ceg®Athe information
typescurrent RQS focus, current RQS modification, RQS refinement focus, current RQS
replacement request, current RQS replacement results, current DOD contents, andnew current

RQS contents are directly related to manipulation: focussing on part of the curgant
modifying the currenkqQs directing the deductive refinement of the curreyg replacing the
currentrQs results on the success of replacing the curegtcontents of the currertys and
the contents of the nemps The information typeurrent RQS modification consists of the three
information typesossible RQS modification, rejected RQS modification, andselected RQS

modification.
current RQS current RQS
replacement request replacement results

current RQS focus pOSSib!e RQS
modification

RQS refinement focus current RQS rejected RQS
modification modification

new selected RQS
<current RQS content; <current RQS contenti modification >

Figure 6.15Information types related to manipulating a curreqs.
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The generic relation defined in the information typeent RQS focus is:
relations
is_part_of_current_RQS_focus: design_requirement_information_atom =
sign;
This relation describes which design requirements are part of the gsdatus, and which
design requirements anet part of that focus.
The generic relation defined in the information tgpeent RQS replacement request iS:
relations
is_new_current_RQS: RQS_name;
This relation describes whidpsin therQsm history, is to be used as the curreos
The generic relations defined in the information tyyeent RQS replacement results Is:
relations
is_current_RQS,
is_not_current_RQS: RQS_name;
The relations current RQS expresses that the contents of a set of qualified requirements is used
as the currertQs The relatioris not current RQS expresses that the set of qualified '
requirements is not used as the currerg e.g. because this set of qualified requirements is
unknown to the history maintenance process.
The generic relation defined in the information tgpeent RQS contents iS:
relations
holds: design_requirement_information_atom =
sign;
This relation describes the contents of the curent
The generic relation defined in the information tyip@ current RQS contents IS:
relations
is_part_of_new_current_RQS: design_requirement_information_atom =
sign;
This relation describes the new contents of the cure@nt
The generic relation defined in the information tRMES refinement focus is:
relations
is_part_of RQS_refinement_focus: design_requirement_information_atom
sign;
This relation describes whether a (derivable) design requirement is in focus, or not, for
deductive refinement.
Generic relations defined in the information typessible RQS modification, rejected RQS
modification, andselected RQS modification are:
relations
is_possible_design_requirement_for_addition,
is_possible_design_requirement_for_deletion,
is_rejected_design_requirement_for_addition,
is_rejected_design_requirement_for_deletion,
is_selected_design_requirement_for_addition,
is_selected_design_requirement_for_deletion: design_requirement_information_atom *
sign;
These relations describe whether a design requirement: may be added or deletedbenay
added or deleted, and is selected to be added or deleted.

6.3.3 Relation between process composition and knowledge composition of
RQSM

The information types in the interfaces of the sub-componemQ®#anipulation, as
described in section 6.3.1, are defined in section 6.3.2. These information types are related to
the sub-components BRS Manipulation according to the description of the interfaces of these
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sub-components. The two knowledge-bases are related to the sub-progess&ns
maintenance anddeductive RQS refinement.

6.4 Discussion

In this chapter a generic model of design has been described. The pesigadsas been

shown to consist of the processesign process co-ordination, requirement qualification set (RQ9
manipulation, anddesign object description (DOD) manipulation. The process composition and
knowledge composition have been described for the proagssgs RQS manipulation and

DOD manipulation. More detailed descriptions of the process and knowledge composition are
provided in Appendix A.

This description of the generic design model abstracts from a number of details. For a
more detailed description of this generic model, see (Brazier, Langen and Treur, 1999).

The generic design model contains separate processes for reasoning about design
strategies, sets of qualified requirements, and design object descriptions. Each of these
processes can be specialised (and related knowledge structures can be instantiated) for a desi
process in a specific domain. It is not necessary to make use of all of the processes and
knowledge structures, e.g., consider the prodgesgn process co-ordination: if DPC IS not
necessary in a specific design process, it can be given a trivial content or be left out of that
specific design model entirely. In another situation, the praa@Ssnanipulation may not be
necessary and may be given trivial content.

This generic model can be employed for ‘'model-driven knowledge engineering': each of
the generic processes and knowledge structanglsl play a role in a specific design process.

A number of desired properties of a design model, to be used as a basis for the research
presented in this thesis, have been identified in Section 2.1. These desired properties concern

- the explicit distinction between manipulation of design object descriptions, manipulation
of sets of qualified requirements, and co-ordination of the design process;

- explicit representation and manipulation of design process objectives;

- explicit representation and manipulation of (sets of) qualified requirements;

- explicit representation and manipulation of design object descriptions.

These desired properties are satisfied by the generic design model described in this chapter: th
processeBPC, RQS Manipulation, andDOD Manipulation are distinguished as separate processes
which manipulate specific information, which is defined by specific information types which
contain representations of design process objectives, (sets of) qualified requirements, and
design object descriptions.

This generic design model is the basis for a moded-diesign as described in the next
chapter.
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7 A Re-design Model for Compositional Systems

The generic model for design described in the previous chapter can be refined by specialisati
and instantiation. This chapter and the next two chapters describe a refinement of the generic
model of design for the domain of re-design of compositional systems. Five desiderata are
directly related to a model for re-design of compositional systems:

- drl, representation of a knowledge-intensive system,

- dr2, representation of qualified requirements on compositional systems,

- dr3, model of the manipulation of the structure of compositional systems,

- dr4, model of the manipulation of requirements on compositional systems, and
- dr5, knowledge on the co-ordination of the re-design process.

The realisation of these desiderata results in a refinement step as depicted in Figure 7.1: the
generic design model is refined into a model for re-design of compositional systems.

refinement of knowledge

more generic more specific

knowledge > knowledge

more generic
processes

model for re-design of

more specific compositional systems
processes

generic design model

refinement of processes

Figure 7.1Intended target of refinement of generic design model.

The refinement step depicted in Figure 7.1 is split up into three smaller refinement steps, as
illustrated in Figure 7.2. The first step is the refinement of the information types related to the
interface of the design process and the refinement of the presggprocess co-ordination (in
this chapter). The second refinement step is the refinement of the prQsasanipulation
(Chapter 8). The third refinement step is the refinement of the pmoessanipulation
(Chapter 9).

During each refinement step depicted in Figure 7.2, refinement is realised by:

- specialisation of the process composition: more specific processes are identified within
these three processes, with their interface information types and composition;

- instantiation of the knowledge composition: specific knowledge structures are identified
as are their composition;

- refinement of the relation between the more specialised process composition and
instantiated knowledge composition.

The description of the model of re-design presented in this chapter (and the next two chapter
does not cover all detalils, i.e., an abstraction is made of the information types in this model t
enhance readability while constraining the number of information types explained. Similarly,
not all processes of re-design are explained in detail: information exchange and task control ¢
described for a given level of abstraction.
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refinement of knowledge

more generic more specific

knowledge > knowledge

more generic
processes

generic design model

refinement of processes
—
N
N

model for re-design of

more specific .
compositional systems

processes

Figure 7.2 Stepwise approach to refine the generic design model into
a model for re-design of compositional systems.

In Figure 6.1 the notations used to describe information types are explained: abstract ‘referring
to' and “meta-description’ relationships, and an indication that a given information type is
defined in the generic model of design (see Chapter 6). Acronyms as listed in Table 6.1 are also
employed in this chapter.

In this chapter the realisation of desideratadr2 anddrs is described. In Section 7.1
some of the information types related to the interface of the design process are instantiated. The
processiesign process co-ordination is refined in Section 7.2. Section 7.3 briefly discusses the
results of the refinement of the generic design model.

7.1 Instantiation of top-level interface information types

The generic information types related to the interface of the prbesigs have been described
in Section 6.1. A number of these information types are intended to be instantiated by
information related to the application domain for the design model.

Information types defining sorts which represent names g@gnamespob names,
name of a qualified requirement) are not shown in detail in Chapter 6, but need to be
instantiated. The sostrings is a sub-sort of all sorts which represent names, allowing for the
formulation of names as character strings.

The information typ@omain object information is used to define the structure of a design
object. It is available within botbasic design object information andderivable design object
information. Several sorts and objects of sorts have been added to construct the following
relations:

subsorts

component_name,

information_link_name,

knowledge_base name,

information_type_name,

sort_name,

object_name,

function_name,

relation_name: specific_name;
relations

is_toplevel,

is_component: component_name;
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has_subcomponent: component_name *
component_name;
has_interface_information_type: component_name *

input_output *
information_type_name;
is_information_link: information_link_name;
has_information_link: component_name *
information_link_name;
has_source_component,
has_destination_component: information_link_name *
component_name;
has_source_information_type,

has_destination_information_type: information_link_name *
information_type_name;

corresponds_with: specific_name *
user_given_name;

has_knowledge_base: component_name *
knowledge_base_name;

refers_to_information_type: information_type_name *
information_type_name;

refers_to_information_type: knowledge_base_name *
information_type_name;

refers_to_metadescription_of: information_type_name *
sort_name *

information_type_name;

A compositional system can be described using the relations described above.

The information typeerivable domain object information is extended with relations with
which properties of compositional systems can be described. The ratatiproperty is
defined as follows:

functions
is_capable_of_bidirectional_communication_with: component_name ->
property_of_an_agent;
subsorts

property_of_a_diagnostic_system,

property_of_an_agent,

property_of_the_material_world,

property_of_the_multi_agent_system:  property;
diagnostic_reasoning_properties,

strategy_determination_properties: property_of a_diagnostic_system;
communication_properties,

cooperation_properties,

interaction_properties,

own_process_control_properties: property_of_an_agent;
relations
has_property: specific_name *
property;

The specification above defines the properties of a diagnostic reasoning system; the properti
of agents distinguished in Chapter 5 are represented as shown above.
The information typesbasic design requirement information andderivable design
requirement information defined in the generic design model are also intended to be instantiated
The definition ofdesign requirement information already includes meta-descriptions of basic and
derivable design object information which is thus availablesit design requirement
information andderivable design requirement information. In this specialisation the information
type basic design requirement information is extended with relations with which refinement
relationship among qualified requirements can be described:
relations
has_been_refined_by: qualified_requirement_name *
qualified_requirement_name;
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The information type derivable design requirement information is extended with relations with
which properties of design requirements can be described:

sorts
conflict_type;

objects
Ya,
multi_agent_system_principles: conflict_type;
relations
have_conflict_on: list_of_qualified_requirement_name *

conflict_type;
has_refinement,
is_a_refinement: qualified_requirement_name;
gr_structural_influence: qualified_requirement_name *
structural_influence;

The relatiomave conflict on denotes the type of conflict detected between a number of qualified
requirements (e.g., violating multi-agent system principles: a component cannot be an agent and
an external world). The relatiomas refinement andis a refinement are statements on individual
qualified requirements which express whether a qualified requirement has one or more
refinements, and whether a qualified requirement is a refinement of another qualified
requirement. The relatiap structural influence specifies the structural influence of a particular
qualified requirement. The structural influence is restricted to knowledge composition, i.e.
whether a qualified requirement is only concerned with knowledge composition, and not

process composition (of the system to be re-designed).

7.2 Refinement of design process co-ordination

The co-ordination of the overall design process(is briefly described in the generic model
of design in Section 6.1.1. Section 7.2.1 addresses a specialisation of the process composition
of bpc and Section 7.2.2 focuses on a specialisation of the knowledge compositian of

7.2.1 Process refinement of DPC

Specialisation of the process compositiobr includes identification of more specific _
processes at lower levels of (process) abstraction, and the relation between processes in terms
of lower level processes.

Identification of processes at different levels of abstractionThe process obprc

determines design strategies, on the basis of design process objectives and previous results of
the design process. To this purpose a number of sub-processes may be required such as shown
in Figure 7.3. The procesgc determines overatlesign strategies and resource restrictions for

RQSM andbpoDM.

( Design Process Co-ordination@
I

design overall design
process status strategy
determination determination

and
design process
evaluation

Figure 7.3 Processes at different abstraction levels withwa.

The processgrocess status determination is responsible for gathering information on
achievements of the design process, with respect to previous design strategies. The process
design process status determination determines, on the basis of the information gathered and
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design process objectives, the current status of the design process. Theopeatiessign
strategy determination and design process evaluation iS responsible for the formulation of design
strategies to be provided and evaluates the design process objectives, on the basis of result
from design process status determination.

Each of the sub-processessiC depicted in Figure 7.3 can be characterised in terms of
their input and output information types, as shown in Table 7.1.

DPC input information type output information type
design process status - manipulation process evaluation - design process status
determination - previous overall design strategy

- design process objectives
overall design strategy - design process status - overall design strategy
determination and design | - design process objectives - design process evaluation
process evaluation

Table 7.1Input and output information types of processes witleisign process co-ordination.

Table 7.1 depicts the following input and output information in the interface of the processes
DPC.

- The componendesign process status determination requires evaluations of the
manipulation processesdnipulation process evaluation), the overall design strategy on
which the reports are basegle{ious overall design strategy), and the given objectives on
the design processesign process objectives). This component produces an analysis of
the current state of the design proceissign process status).

- The componemverall design strategy determination and design process evaluation needs an
analysis of the current state of the design proeesi{ process status) and the given
objectives on the design processs(gn process objectives). This component produces an
design strategy for both manipulation processesdl design strategy) and an evaluation
of the design processesign process evaluation).

The next section describes the composition relation between these processes.

Composition of processesBoth static and dynamic perspectives on process composition
are of importance. In this section information exchange is first addressed (static perspective)
and then task control (dynamic perspective).

The static perspective on the composition relation definasftirenation linksin the
processiesign process co-ordination as shown in Figure 7.4. The following information links
are shown in Figure 7.4:

- The mediating linknanipulation process evaluation transfers information orgsmand
pobM evaluations of previous design strategiesn(pulation process evaluation) from the
input interface obpPC to the input interface afesign process status determination.

- The private linkprevious overall design strategy transfers the overall design strategye(all
design strategy) from the output interface oferall design strategy determination and design
process evaluation to previous overall design strategy in the input interface of théesign
process status determination on the basis of an explicit mapping between these information

types.
- The mediating linkiesign process objectives to status determination transfers the design

process objectivesiésign process objectives) from the output interface afPC to the
input interface oflesign process status determination.

- The mediating linkdesign process evaluation transfers an evaluation of the design process
objectives design process evaluation) from the output interface oferall design strategy
determination and design process evaluation to the output interface afPcC.

- The private linkdesign process status transfersiesign process status from the output
interface ofdesign process status determination to the input interface aiverall design
strategy determination and design process evaluation.
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The mediating linkiesign process objectives transfers the design process objectives

(design process objectives) from the input interface @Pc to the input interface averall
design strategy determination and design process evaluation.

The mediating linloverall design strategy transfers information on the current overall

design strategyoterall design strategy) from the output interface oferall design strategy
determination and design process evaluation to the output interface afPcC.

design process co-ordination

C design process co-ordination task control )

design process
design process objectives status
to status determination determination

manipulation

design
process
status

process evaluation overall design previoulf
overal
Strat‘egy. design design
determination strate process
v evaluation
design process objectives and design process

evaluation

overall design strategy

Figure 7.4 Information links within the process désign process co-ordination.

The dynamic perspective on the composition relation defines control over the sub-components
of the componentesign process co-ordination. The task control withibPC defines two phases:
establishing the status of the design process, and issuing overall design strategies or termination
of the design process.

Upon activation of the componemiC, the componeniesign process status determination
is activated and the information linksnipulation process evaluation, design process objectives
to status determination, angrevious overall design strategy are made up-to-date. Upon
termination of the componeuésign process status determination, the componeniverall design
strategy determination and design process evaluation is activated. The information linkiesign
process status anddesign process objectives are made up-to-date. Upon termination of the
componenbverall design strategy determination and design process evaluation, the component
DPC is terminated and the information linégerall design strategy, anddesign process evaluation
are made up-to-date.

7.2.2 Knowledge refinement related to DPC

Specialisation of the knowledge méc identifies specific knowledge structures at different
levels of (knowledge ) abstraction, and describes how a knowledge structure is defined in terms
of lower level knowledge structures.

ovsrall de;lgn strat((ajgy previous overall
determination and design strategy
design process evaluation

‘ design process status ‘ /design process statu;

determination

Figure 7.5 Two information types employed in interfaces of sub-processes©f

Identification of knowledge structures at different levels of abstraction.The
information typeslesign process objectives, manipulation process evaluation, design process
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evaluation, andoverall design strategy are described in Chapter 6 and Appendix A.1. The
information typesrevious overall design strategy, anddesign process status are shown in Figure
7.5.
The relation defined in the information typevious overall design strategy iS:
relations
is_old_design_strategy: design_strategy_name *
manipulation_process_property_expression;

The relatioris old design strategy denotes a previous instance of the relati@asign strategy
(see Section A.1.5): each strategy has a name, and expressions on properties of the
manipulation processes.
Relations defined in the information tygesign process status are:
relations
RQSM_progress_status,
DODM_progress_status: progress_status;
information_available_for_DODM,
information_available_for_RQSM,;

The relation®RQSM progress status andDODM progress status have the sofirogress status,

which contains objects such @gnplete success, complete failure, no action required, partial

success, andpartial failure, as their arguments. The spidgress status is part of the generic

model of design, and has not been specialised. The relat@mation available for DODM and
information available for RQSM denote whether information is available which can be used by the
processesobmM andrQSM.

A knowledge basdefines the knowledge used in one or more processes. Relations
between information types and knowledge bases specify the ontology used within a knowled
base.

The knowledge baseesign process status determination knowledge, andoverall design
strategy determination and design process evaluation knowledge are distinguished, as shown in
Figure 7.6.

determination and

design process status
design process evaluation

overall design strategy
determination ‘

design process status overall design strategy determination and
determination knowledge design process evaluation knowledge

Figure 7.6 Knowledge bases corresponding to sub-processeB®f

Exampleoverall design strategy determination and design process evaluation knowledge iS given
below:

if is_qualified_process_objective( QN: qualified_process_objective_name,
obligatory,
NO: process_objective_name )
and is_process_objective(  NO: process_objective_name,
start_process )
then is_design_strategy( initiate_new_re_design_process );

if is_qualified_process_objective( QN: qualified_process_objective_name,
obligatory,
NO: process_objective_name )
and is_process_objective(  NO: objective_name,
is_RQS_to_be_used( This: RQS_name))
then is_design_strategy( focus_manipulation_on( This: RQS_name ) );

Composition of knowledge structures.The composition of knowledge related to the
componenbdPC is described in this section. The information types described in this section ar

89



A RE-DESIGN MODEL FOR COMPOSITIONAL SYSTEMS CHAPTER7

not shown to refer to other information types. One of the knowledge bases described in this
section overall design strategy determination and design process evaluation knowledge, is related
to a number of information types, as shown in Figure 7.7.

Y design process
objectives <
overall design strategy determination and
design process evaluation knowledge

design process status

! design process
. evaluation

1

Gverall design strateg) """ -

Figure 7.7 Relation between the knowledge baserall design strategy determination
and design process evaluation knowledge and a number of information types.

7.3 Discussion

In this chapter a refinement of the generic model for design (Chapter 6; Brazier, Langen,
Ruttkay and Treur, 1994) has been described. The process composition and knowledge
composition of the generic model of design has been partially refined for the domain of ‘re-
design of compositional systems': the information types related to the interface of the design
process are instantiated and the prodesign process co-ordination is refined. The
representation of the structure of a compositional system and properties of a compositional
system within a design system has been described and illustrated with examples of knowledge.
The refinement steps described in this chapter are depicted in Figure 7.8. The first
refinement step is described in Section 7.1: information types related to the interface of the
design process are instantiated. The second refinement step is described in Section 7.2: the
processiesign process co-ordination is refined.

refinement of knowledge

more generic more specific

knowledge _ knowledge

more generic

» processes

§ generic design model

Q

S Q

o

5 D \@

T generic design model with

E refined information types and

= refinement of design process

" more specific co-ordination
processes

Figure 7.8 Refinement steps described in this chapter:
the numbered arrows correspond to sections 7.1 to 7.2.

Table 7.2 describes which part of the current refinement of the generic design model provides
the realisation for which desideratum.
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desideratum is realised by

drl instantiation of information types domain object information, basic domain object
information, and derivable domain object information (see Section 7.1).

dr2 instantiation of information types design requirement information, basic design requirement
information, and derivable design requirement information (see Section 7.1).

dr5 refinement of component design process co-ordination (see Section 7.2).

Table 7.2Desiderata realised by specific parts of the refinement of the design model.

The process composition and knowledge composition described in this chapter are generic ir
the sense that more elaborate, knowledge-intensive specialisations can be added. For exam
in the refinement of design process co-ordination, a more elaborate specialisation could emp
for example, a history (e.g. for searching for previously successful design strategies).

In the next two chapters additional refinements of the generic design model are describ
First refinements of the proceR9S manipulation are presented, then refinements of the process
DOD manipulation.
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8 Requirement Qualification Set Manipulation in the
Re-design Model for Compositional Systems

In this chapter additional refinements of the generic design model are described on the basis
the results of Chapter 7. The realisation of the following desideratum is addressed in this
chapter:

- dr4, model of the manipulation of requirements on compositional systems.

The procesgQs manipulation (RQsM) determines which modifications to a set of design
requirements are most appropriate on the basis of information on overall design strategies, a
information frompopm. The process afgsmis composed of four sub-processes (see Figure
6.13):RQSM history maintenance, RQS modification, current RQS Maintenance, anddeductive

RQS refinement. The first two sub-processes are composed, the last two are not. Section 8.1
describes a refinement afrrent RQS maintenance, Section 8.2 describes a refinement of
deductive RQS refinement, Section 8.3 describes a refinemenRQE modification, and Section

8.4 describes a refinementrdsMm history maintenance. In each of these sections both process
composition and knowledge composition are addressed. In Section 8.5 the refinement of the
procesRQs manipulation is briefly discussed.

8.1 Refinement of current RQS maintenance

The processurrent RQS maintenance IS not composed. The information types in the interface of
current RQS maintenance, discussed in Section 6.1.2, are specialised as described in Section
7.1. Knowledge employed in this process can also be instantiated for the domain of re-desig
of compositional systems. The procesgent RQS maintenance can employ knowledge to,

e.g., distinguish viewpoints: a focus can be made, highlighting all design requirements
corresponding to a particular viewpoint. An instance of knowledge used to focus on design
requirements is given below.

Example from knowledge basecurrent RQS maintenance knowledge

The knowledge element below has the current focus as its first condition. Design requirements correspondi
to this focus need to be identified. The second condition identifies a qualified requirement and its related
requirement. The third condition ascertains that the requirement is related to a property which is in focus. T
conclusion states that this qualified requirements is in the current focus.
if current_focus( multi_agent_system_properties )
and is_qualified_requirement( QRN: qualified_requirement_name,
Q: qualification,
RN: requirement_name )

and is_requirement( RN: requirement_name,
has_property( C: component_name,
P: multi_agent_system_property ) )
then in_current_focus( QRN: qualified_requirement_name );
8.2 Refinement of deductive RQS refinement

The processeductive RQS refinement is not composed. The information types in the interface
of deductive RQS refinement, discussed in Section 6.1.2, are specialised as described in Sectic
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7.1. Knowledge employed in this process can also be instantiated for the domain of re-design
of compositional systems. The processuctive RQS refinement can employ knowledge to,

e.g., derive properties of design requirements: conflicting design requirements can be detected.
An example of knowledge to detect a conflict between design requirements is given below.

Example from knowledge basedeductive RQS refinement knowledge

The knowledge element below has two qualified requirements and two unqualified requirements as its
conditions. The first qualified requirement is a requirement which refers to the expression that a component
has the property is capable of bi-directional communication with a compdn&hée second qualified
requirement is a requirement which refers to the expression that a compdrasna material world property.
This leads to the conclusion that these qualified requirements are in conflict with each other: one of the multi-
agent system principles is violated: a material worltbisan agent, therefore a material world cannot have
agent related properties (see Section 5.3 for a description of properties of a multi-agent system).
if is_qualified_requirement( QRN: qualified_requirement_name,
Q1: qualification,
N: requirement_name )
and is_requirement(  N: requirement_name,
has_property( C: component_name,
is_capable_of_bidirectional_communication_with(
D: component_name)))
and is_qualified_requirement( QRM: qualified_requirement_name,
Q2: qualification,
M: requirement_name )
and is_requirement(  M: requirement_name,

has_property( D: component_name,
W: property_of_the_material_world ) )
then have_conflict_on( [ QRN: qualified_requirement_name,

QRM: qualified_requirement_name ],
multi_agent_system_principles );

RQS modification
| | |

|
RQS modification RQS RQS maodification RQS modification
validation focus identification determination

process
|
|

co-ordination
| I |
validation M possible focus RQS focus
focus RQS focus selection selection
identification

determination extent

determination

method default default modification
determination| | restriction extension| | determination
method method result
preparation

Figure 8.1 Partial process refinement f&QS modification.

8.3 Refinement of RQS Maodification

For the procesRQs modification first the process composition is described, then the knowledge
composition is described.
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8.3.1 Process composition within RQS modification: identification of
processes and abstraction levels

The procesgQs modification determines modifications to a requirement qualificationrsgd) (

To this purpose a number of sub-processes are distinguished as shown in Figure 8.1. The
procesRQS modification process co-ordination iS responsible for the co-ordination of the entire
process withirrgsm: this process determines whether, when, and by which means, a particul:
RQsis to be modified.

The global phases withiRQs modification resemble a process control model (e.g.,
controlling a chemical process). In a process control task a cycle occurs over the sub-tasks:
analysis, planning, execution. Similarly, witlRiQS modification analysis is performed IBQS
validation, planning is performed b®QS modification focus identification andRQS modification
determination, and execution is performed by effectuating modificationsRgsaresulting in a
NEeWRQS N current RQS maintenance.

The proces&Qs modification process co-ordination co-ordinates the modification process
on the basis of the overall design strategy and information availablerQdkdiistory. A
modification strategy is issued, which influences the other three sub-procergss of
modification. On the basis of results obtained from these three sub-processes, additional
modification strategies can be issued, histories can be inspected, information can be stored i
the history, or th&Qs modification process can be terminated. This process is described in
more detail in Appendix B.1.1.

The proces&Qs validation validates the curremQs Its sub-procesalidation focus
determination determines which properties of (qualified) requirements need to be validated (e.(
apparent conflicts, aggregation level per (qualified) requirement, etc.). The prefiesge
RQS refinement (see Figure 6.13) is given these results as goals to pursue. The sub-process
assessment assesses the achievement of the validation focus on the basis of the results of the
deductive refinement.

The proces&Qs modification focus identification determines which (qualified)
requirements need to be modified, on the basis of a given internal strategy. To identify a foct
three processes are distinguishedsible RQS focus identification identifies one or more
candidate foci. On the basis of the curmeps modification strategy the processus selection
extent determination decides whether one or all of the candidate foci are to be selected as the
current focus or foci. The proceRSS focus selection then selects one (or more) foci from the
candidate foci.

The procesQS modification determination determines the actual modifications to the
currentrQson the basis of given strategies fre®s modification process co-ordination, and
information on the modification focus froRQS modification focus identification. This process
entails four sub-processes. The procestod determination chooses the best method
corresponding to the given strategy, given the current information. The pdetess
restriction method determines possible modifications which remove certain design requirement:
on the basis of the current modification focus. The progesst extension method determines
possible modifications which add an appropriate refined design requirement on the basis of t
current modification focus. The processdification determination result preparation analyses the
proposed modifications, e.g., to ascertain non-duplicate design requirements, before
formulating the final modifications to the currexgis The procesaefault extension method IS
described in more detail in Appendix B.1.2.

The interface information types for sub-processesysf modification are listed in Table
8.1 and described below.

- The proces&Qs modification process co-ordination needs overall design strategyefall
design strategy), results of searching tlsmodification state historyRQS modification
state history search results), results of searching tir®s assessment historR@s
assessment history search results), results of searching tlm®b assessment historp@bD
assessment history search results), results of searching thes history RQS history search
results), results on the success of a replacement requesh{ RQS replacement
request), modification foci RQS modification focus), evaluations of individual design
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requirementscdirrent RQS basis evaluation), and modificationsRQS modification
information). This process generates information on the progress of the modification
processRQS modification progress), actions for the manipulation processrient
manipulation action), queries orRQs modification state historyKQS modification state
history queries), an evaluation of resulting requirement qualification g&s(
assessment), queries oMkQs assessment historR@s assessment history queries), queries
onDoD assessment historp@D assessment history queries), queries omRQs history RQS
history queries), modification strategyRQS modification strategy), and request for
replacement of the currerRgs (current RQS replacement request).

The proces&Qs validation requires the contents of the curreqs (current RQS contents),
and produces goals to achieve for deductive refinememn@d @RQS refinement goals)
and the assessment of individual design requiremeantenf RQS basis evaluation).

The proces&Qs modification focus identification requires a modification strategyds
modification strategy), assessment of individual design requirememnige(it RQS basis
evaluation), and the contents of the curreats (current RQS contents). The procesrQs
modification focus identification generates modification fodRQS modification focus).

The proces&Qs modification determination requires the modification strategyqs
modification strategy), assessment of individual design requiremenige(t RQS basis
evaluation), modification foci RQS modification focus), and the contents of the currexfts
(current RQS contents). The results of this process are an indication of the status of the
modification process (modification status), and modifications to be performed on the

currentrRQs (RQS modifications).

process

input information type

output information type

RQS maodification
process co-ordination

- overall design strategy

- RQS modification state history
search results

- RQS assessment history search
results

- DOD assessment history search
results

- RQS history search results

- current RQS replacement results

- RQS maodification focus

- RQS assessment

- RQS maodification information

- RQS modification progress

- current manipulation action

- RQS modification state history
queries

- RQS assessment

- RQS assessment history queries

- DOD assessment history queries

- RQS history queries

- RQS modification strategy

- current RQS replacement request

RQS Validation

- current RQS contents

- RQS refinement goals
- current RQS basis evaluation

RQS Modification Focus
Identification

- RQS modification strategy
. current RQS basis evaluation
- current RQS contents

- RQS modification focus

RQS Moadification
Determination

- RQS modification strategy

- current RQS basis evaluation
- RQS modification focus

- current RQS contents

- modification status
- RQS modifications

Table 8.1Interface information types for sub-processe®@8E modification.

process

input information type

output information type

validation focus
determination

- current RQS contents

- RQS refinement goals

assessment

- current RQS contents
- RQS refinement goals

- current RQS basis evaluation

Table 8.2Interface information types for sub-processeRQS validation.

The interface information types of the sub-processe®sivalidation are listed in Table 8.2
and described below.
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The processalidation focus determination requires information on the contents of the
currentrQs (current RQS contents) and produces information on goals to achieve for
deductive refinement of RQs (RQS refinement goals).

The processassessment requires information on the contents of the currest(current

RQS contents) and goals to achieve for deductive refinementys(RQS refinement

goals), and produces information on the assessment of individual design requirements
(current RQS basis evaluation).

process input information type output information type
possible RQS focus - RQS modification strategy - possible RQS modification focus
identification - current RQS contents
- current RQS basis evaluation
focus selection extent - RQS modification strategy - focus selection extent
determination
RQS focus selection - RQS modification strategy - selected RQS modification focus
- possible RQS modification focus

Table 8.3Interface information types for sub-processe&QB focus identification.

The interface information types of the sub-processe®8fmodification focus identification are
listed in Table 8.3 and described below.

The procesgossible RQS focus identification requires a modification strategy@s
modification strategy), assessment of individual design requirememnige(it RQS basis
evaluation), and the contents of the curreats (current RQS contents). As its results, it
generates possibis modification foci possible RQS modification focus).

The processcus selection extent determination needs a modification strategyds
modification strategy), and produces an indication of the extent of selections of
modification foci (ocus selection extent).

The proces&Qs focus selection needs a modification strategydS modification strategy),
and possibl&gs modification foci possible RQS modification focus). This process
produces selectaghs modification foci gelected RQS modification focus).

process input information type output information type

method determination - RQS modification strategy - maodification method
- modification status

default restriction method | - modification method - restriction results

- RQS modification focus

- current RQS contents

- rejected RQS modifications
default extension method | - modification method - extension results
- RQS modification strategy
- RQS modification focus

- current RQS contents

- rejected RQS modifications

modification - current RQS contents - selected RQS modifications
determination result - restriction results
preparation - extension results

Table 8.4Interface information types for sub-processe®@Q8E modification determination.

The interface information types of the sub-processe®sfmodification determination are listed
in Table 8.4 and described below.

The processethod determination requires a modification strategyQds modification
strategy). This process generates a method for modificati@dification method), and a
status of this modification processofification status).

The processefault restriction method nheeds a method for modificationddification
method), a focus for modificationRQS modification focus), the contents of the curremps
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(current RQS contents), and rejected modifications on the curmeqs (rejected RQS
modifications). Its results are restrictions on the curraps (restriction results).

The processefault extension method requires a method for modificatiomddification
method), @ modification strategyrQS modification strategy), a focus for modification and
modification limitations RQS modification focus), the contents of the curreRps (current
RQS contents), and rejecte@éqs modifications fejected RQS modifications). This process
produces extensions on the curmeos (extension results).

The processodification determination result preparation needs the contents of the current
RQS (current RQS contents), restrictions on the currergs (restriction results), and
extensions on the curremds (extension results). Its results are selected modifications on
the currenRQs (selected RQS modifications).

8.3.2

Process composition relation within RQS modification

Theinformation links i.e., the static perspective on the process composition, is described for
the processes identified above. The information links in the comprQ&ntodification are

shown in Figure 8.2.

RQS modification (

RQS maodification task control

)

RQS modification state
history search results

overall design strategy

history search results

validation
results to
co-ordination

RQS
validation

current RQS contents
to validation

current

RQS basis
evaluation

to modification

current RQS
contents to focus

current RQS contents
to modification

RQS refinement goals

modification
results to
co-ordination

RQS
modification

process
coordination

current

evaluation
to focus

RQS

modification

determination

_RQS
modification
strategy to
modification

RQS maodification process co-ordination results
RQS modification state history queries
history queries

RUS assessment

RQS modification
strategy to focus

focus results to co-ordination

RQS
modification

focus
identification

RQS modification focus
to modification

selectea RQS moaimncauon

Figure 8.2 Information links within the process &QS maodification.

Within this component twelve mediating links and eight private links are defined:

The mediating linkkQS modification state history search results transfers the information
expressed IRQS modification state history search results from the input interface Qs
modification t0 the input interface QS modification process co-ordination.
The mediating linkoverall design strategy transfers the overall design strategye(all
design strategy) from the input interface QS modification to the input interface atQs

modification process co-ordination.

The mediating linkistory search results transfers the information expresse®@s
assessment history search results, DOD assessment history search results, RQS history search
results andcurrent RQS replacement results the input interface akQS modification to the
input interface oRQS modification process co-ordination.
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- The mediating linlkcurrent RQS contents to focus transfers the contents of the curreqs
(current RQS contents) from the input interface QS modification to the input interface of
RQS modification focus identification.

- The mediating linlcurrent RQS contents to validation transfers the contents of the current
RQS (current RQS contents) from the input interface ®#QS modification to the input
interface ofRQS validation.

- The mediating linlkcurrent RQS contents to modification transfers the contents of the current
RQs (current RQS contents) from the input interface QS modification to the input
interface ofRQS modification determination.

- The private linkcurrent RQS basis evaluation to focus transfers assessments of individual
design requirementsyrent RQS basis evaluation) from the output interface &Qs
validation to the input interface ¢tQS modification focus identification.

- The private linkcurrent RQS basis evaluation to modification transfers assessments of
individual design requirementsurent RQS basis evaluation) from the output interface of
RQS validation to the input interface tfQS modification determination.

- The private linkRQS modification focus transfers foci for modificatiorRQS modification
focus) from the output interface &QS modification focus identification to the input
interface ofRQS modification determination.

- The private linkvalidation results to co-ordination transfers individual design requirement
assessmentsufrent RQS basis evaluation) from the output interface ®Qs validation to
the input interface aRQS modification process co-ordination.

- The private linkfocus results to co-ordination transfers modification focRQS modification
focus) from the output interface &QS modification focus identification to the input
interface ofRQS modification process co-ordination.

- The private linkmodification results to co-ordination transfers modifications to the current
RQS (RQS modification information) and modification method statusdgification status)
from the output interface &QS modification determination to the input interface atQs
modification process co-ordination.

- The private linkRQS modification strategy to focus transfers modification strategr@s
modification strategy) from the output interface ®QS modification process co-ordination t0
the input interface adkRQS modification focus identification.

- The private linkRQS modification strategy to modification transfers modification strategy
(RQS modification strategy) from the output interface &fQS modification process co-
ordination to the input interface ¢#QS modification determination.

- The mediating linkelected RQS modification transfers modifications to be performed
(selected RQS modification) from the output interface QS modification determination to
the output interface ¢fQS modification.

- The mediating linkrRQS refinement goals transfers goals for deductive refinement of the
contents of &Qs (RQS refinement goals) from the output interface &Qs validation to the
output interface o0RQS modification.

- The mediating linkkRQS modification process co-ordination results transfers information on
the progress of the modification proceB9$ modification progress), and the current
manipulation actionc(irrent manipulation action) from the output interface &Qs
modification process co-ordination to the output interface QS modification.

- The mediating linkkQS modification state history queries transfers queries on tres
modification state historicalKQS modification state history queries) from the output
interface 0fRQS modification process co-ordination t0 the output interface ®Qs
modification.

- The mediating linkistory queries transfers queries on tikresassessment historg@s
assessment history queries), queries on theop assessment historp@bD assessment
history queries), queries omRQs history RQS history queries), and requests for replacement
of the currenkqs (current RQS replacement request) from the output interface &Qs
modification process co-ordination to the output interface QS modification.
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- The mediating linkRQS assessment transfers results of the modification proces3g
assessment) from the output interface &fQS modification process co-ordination to the
output interface oRQS modification.

The task control within the componex@s modification distinguishes a number of phases,

which correspond to manipulation actions determineBd¥ modification process co-ordination.

Upon activation oRQS modification, RQS modification process co-ordination is activated. A

distinction can be made between continuation of the previous manipulation process, or initiation
of a new manipulation process. Queries on history, requests for replacement of thexQarrent
and information on the modification process can be produced$ynodification process co-

ordination. RQS validation can be activated to determine refinement goals, and to evaluate design
requirements on the basis of refinement results. The modification strategy, also produced by
RQS modification process co-ordination can be made available to b&Qs modification focus

identification andRQS modification determination, which are activated in that order. Selected
modifications to the curremipscan be made available as outpuRQB modification. A

manipulation action determined B®S modification process co-ordination indicates thaRQs

modification can terminate itself.

8.3.3 Process composition relation within RQS validation
The information links in the componeR®s validation are shown in Figure 8.3.

RQS validation ( RQS validation task control )

validation

focus
— current RQS contents to focus determination RQS refinement goals —

pessimistc assumption on goais

assessment
current RQS basis evaiuation
current RQS contents to assessment

Figure 8.3 Information links within the process &QS validation.

Within this component four mediating links and one private link are defined:

- The mediating linkcurrent RQS contents to focus transfers the contents of the curreqs
(current RQS contents) from the input interface {Qs validation to the input interface of
validation focus determination.

- The mediating linlcurrent RQS contents to assessment transfers the contents of the current
RQS (current RQS contents) from the input interface ¢{Qs validation to the input interface
of assessment.

- The private linkpessimistic assumption on goals transfers the occurrence of goals for
deductive refinement of RQs (epistemic of RQS refinement goals) from the output interface
of validation focus determination to assumptions on not having achieved these goals
(assumption on current RQS contents) in the input interface afssessment on the basis of
an explicit mapping between these information types.

- The mediating linkRQS refinement goals transfers goals for deductive refinement of the
contents of ®Qs (RQS refinement goals) from the output interface @hlidation focus
determination to the output interface &Qs validation.

- The mediating linkcurrent RQS basis evaluation transfers assessments of individual design
requirementscirrent RQS basis evaluation) from the output interface aksessment to the
output interface oRQS validation.
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The task control within the compone®s validation is as follows. Upon activation &Qs

validation @ number of possible situations are possible, which correspond to task control foci f
this component. The task control foci giepare for validation, andassess validation results. For

each of these task control foci specific links need to be made up-to-date:

On activation with the task control focpiepare for validation the information linkcurrent
RQS contents to focus iS made up-to-date andlidation focus determination is activated.
Upon termination ofalidation focus determination, the information linkRQS refinement

goals is made up-to-date am®)s validation terminates itself.

On activation with the task control focassess validation results the information links
current RQS contents to assessment andpessimistic assumption on goals are made up-to-
date andssessment is activated. Upon termination adsessment, the information link
current RQS basis evaluation IS made up-to-date am®S validation terminates itself.

8.3.4
identification

Process composition relation within RQS modification focus

The information links in the componeR®S modification focus identification are shown in Figure

8.4.

RQS modification (

RQS modification focus identification task control )

focus identification

RQS modification strategy

to extent determination

focus
selection

extent
determination

possible

current
RQS basis

to
evaluation selection

3

RQS modification
strategy to possible
determination

— RQS modification strategy to selection

E RQS ile RQS modicat
possible RQS moadification focus
current RQS contents focus
i i ossible
determination 08 foeus

RQS
focus

selection

selected

RQS
modification
focus

[ 3

i

Figure 8.4 Information links within the process &QS maodification focus identification.

Within this component seven mediating links and one private link are defined:

The mediating linkkRQS modification strategy to extent determination transfers the
modification strategyRQS modification strategy) from the input interface ®{Qs
modification focus identification to the input interface abcus selection extent determination.
The mediating linkcurrent RQS contents transfers the contents of the curre@s (current
RQS contents) from the input interface QS modification focus identification to the input

interface ofpossible RQS focus determination.

The mediating linkcurrent RQS basis evaluation transfers assessments of individual design
requirementscirrent RQS basis evaluation) from the input interface t#QS modification

focus identification to the input interface qfossible RQS focus determination.

The mediating linkRQS modification strategy to possible determination transfers the
modification strategyRQS modification strategy) from the input interface t{Qs

modification focus identification to the input interface gfossible RQS focus determination.

The mediating linkkQS modification strategy to selection transfers the modification strategy
(RQS modification strategy) from the input interface atQS modification focus identification

to the input interface aQs focus selection.

The private linkpossible RQS focus to selection transfers possible foci for modification
(possible modification focus) from the output interface @bssible RQS focus determination

to the input interface a#Qs focus selection.
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The mediating linkpossible RQS modification focus transfers possible foci for modification
(possible modification focus) from the output interface @bssible RQS focus determination

to the output interface ®fQS modification focus identification.

The mediating linkselected RQS modification focus transfers selected foci for modification
(selected modification focus) from the output interface ®QSs focus selection to the output
interface ofRQS modification focus identification.

The task control within the componex®s modification focus identification is as follows. Upon
activation ofRQS modification focus identification, the information linkgurrent RQS contents,
current RQS basis evaluation, andRQS modification strategy to possible determination are made up-
to-date angbossible RQS focus determination is activated. Upon termination pdssible RQS

focus determination the information linkRQS modification strategy to extent determination iS made
up-to-date antbcus selection extent determination iS activated. Upon termination fakus
selection extent determination, one of several evaluation criteria becomes successful, which
indicates with which extemQs focus selection needs to be activated. The information links
possible RQS focus to selection, andRQS modification strategy to selection are made up-to-date
andRQsS focus selection is activated with a particular extent (any new, or all possible). Upon
termination ofRQS focus selection the information linkgossible RQS modification focus and
selected RQS modification focus are made up-to-date arR®S modification focus identification
terminates itself.

8.3.5 Process composition relation within RQS modification determination
The information links in the componeR®S modification determination are shown in Figure 8.5.

RQS modification ( RQS modification determination task control )
determination

method i
RQS modification strategy determination modification status

modification method control to restriction modification
method control
to extension

default
modification focus L.
to restriction restriction

method
current RQS
forestict default
to restriction restriction !
jected RQS results extension
rejecte
MOAICAIONS method
to restriction
rejected RQS  modification modification
modifications focus : :
to extension  to extension determination selected RQS ..
result modification
current RQS contents to extension preparation .»

current RQS contents to result preparation

Figure 8.5Information links within the process &QS modification determination.

Within this component ten mediating links and four private links are defined:

The mediating linkkQS modification strategy transfers the modification strate@®QS
modification strategy) from the input interface ¢tQS modification determination to the input
interface ofmethod determination.

The mediating linkcurrent RQS contents to restriction transfers the contents of the current
RQS (current RQS contents) from the input interface ¢tQS modification determination to

the input interface adefault restriction method.
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- The mediating linknodification focus to restriction transfers the focus for modification
(RQS modification focus) from the input interface ¢fQS modification determination to the
input interface otiefault restriction method.

- The mediating linkejected RQS modifications to restriction transfers rejected foci for
modification (ejected RQS modification focus) from the input interface ;#QS modification
determination to the input interface afefault restriction method.

- The mediating linknodification focus to extension transfers the focus for modification
(RQS modification focus) from the input interface ¢fQS modification determination to the
input interface oflefault extension method.

- The mediating linkejected modifications to extension transfers rejected foci for
modification (ejected RQS modification focus) from the input interface ;#QS modification
determination to the input interface afefault extension method.

- The mediating linkcurrent RQS contents to extension transfers the contents of the current
RQS (current RQS contents) from the input interface aQS modification determination to
the input interface afefault extension method.

- The mediating linlcurrent RQS contents to result preparation transfers the contents of the
currentrQs (current RQS contents) from the input interface atQS modification
determination to the input interface ofiodification determination result preparation.

- The private linkmodification method control to restriction transfers control information for
modification methodsn{odification method) from the output interface afethod
determination to the input interface afefault restriction method.

- The private linkmodification method control to extension transfers control information for
modification methods (modificatianethod) from the output interface afethod
determination to the input interface afefault extension method.

- The private linkestriction results transfers results from the restriction methestrction
results) from the output interface @kfault restriction method to the input interface of
modification determination result preparation.

- The private linkextension results transfers results from the extension metheeision
results) from the output interface akfault extension method to the input interface of
modification determination result preparation.

- The mediating linknodification status transfers status information on modification
methods rfodification status) from the output interface afethod determination to the
output interface oRQS modification determination.

- The mediating linkselected RQS modification transfers selected modifications ct@s
(selected RQS modification) from the output interface @fodification determination result
preparation t0 the output interface ®QS modification determination.

The task control within the componars modification determination is as follows. Upon
activation ofRQS modification determination the information linkRQS modification strategy iS

made up-to-date angethod determination is activated. Upon termination mkthod

determination one of two evaluation criteria is successiestriction sub-task is to be performed

next, Or extension sub-task is to be performed next. In each case, a different sub-task is activated.

On activation with task control focusstriction sub-task is to be performed next the
information linksmodification method control to restriction, modification focus to restriction,
current RQS contents to restriction, andrejected RQS modifications to restriction are made up-
to-date andiefault restriction method is activated. Upon termination @dfault restriction
method, the information linksestriction results andcurrent RQS contents to result

preparation are made up-to-date anddification determination result preparation iS activated
On activation with task control focestension sub-task is to be performed next, the
information linksmodification method control to extension, modification focus to extension,
rejected RQS modifications to extension, andcurrent RQS contents to extension are made
up-to-date andefault extension method is activated. Upon termination aééfault extension

103



REQUIREMENT QUALIFICATION SET MANIPULATION IN RE-DESIGN MODEL CHAPTERS8

method the information linksxtension results andcurrent RQS contents to result
preparation are made up-to-date amddification method result preparation is activated.

Upon termination ofmodification determination result preparation the information links
modification status andselected RQS modification are made up-to-date arR®S modification
determination terminates itself.

8.3.6 Knowledge composition for RQS modification

A number of information types and knowledge bases related to sub-proce’gss of
modification are described below. The information tyjpeent RQS basis evaluation is depicted
in Figure 8.6. This information type contains relations which describe assessments of
individual and collections of design requirements.

RQS modification
process co-ordination

RQS validation

current RQS
basis evaluation
RQS modification
focus identification

RQS modification
determination

Figure 8.6 Information typecurrent RQS basis evaluation and sub-processes RS modification which use
this information type.

The relations defined in the information tyq@rent RQS basis evaluation include:

relations
conflict_in_current_RQS;

The relatiorconflict in current RQS denotes that one or more conflicts have been found in the
currentrQs

The information typ&QS modification focus is depicted in Figure 8.7. This information
types refers to three information typgsssible RQS modification focus, selected RQS
modification focus, andrejected RQS modification focus. The modification focus (on o9
consists of possible foci for modification, one or more selected foci for modification, and
rejected foci for modification.

possible >
RQS
modification focus

RQS selected
modification focus RQS

modification focus

rejected
RQS
modification focus

Figure 8.7 Information typeRQS maodification focus.

The relations defined in the information types relateRld® modification focus are:

relations
gr_possible_as_focus,
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gr_selected_as_focus,
gr_rejected_as_focus: qualified_requirement_name;

A focus on a qualified requirement implies that (unqualified) requirements (related to the
qualified requirements in focus) are also focussed on.

The information typ&QS modification strategy iS depicted in Figure 8.8. This information
types consists of three information typR&S modification strategy specification, rejected RQS
modification focus, andrejected RQS modification. The modification strategy is definedr@s

modification strategy specification, and rejected modification foci and rejected modifications to a
rRQsare described in Appendix B.

RQS
modification strategy
specification

RQS rejected
modification strategy RQS

modification focus

rejected
RQS
modification

Figure 8.8 Information typeRQS modification strategy.

The relation defined in the information tyR@S modification strategy specification iS:
relations
modification_strategy: modification_method_identification *
modification_method_characterisation;

A modification strategy consists of a modification method identification and characterisation.
The modification methods which can be identified include extension, restriction, and validatiol
of design requirements. Modification method characterisation includes, for example, an
indication of what needs to be restricted to (e.g., non knowledge composition design
requirements).

Information types related ®QS modification determination are shown in Figure 8.9. The
information typemodification status contains information on the results of applying a
modification method. The information typedification method contains information on the
modification method to apply. The information typesriction results andextension results
contain results of the restriction and extension methods.

modification status >

restriction results >
RQS modification }

determination
extension results

modification method>

Figure 8.9 Information types used in interfaces of sub-components of
RQS modification determination.
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Relations defined in the information typedification status are:
relations
modification_finished;
modification_consequences_needed;
These two relations indicate whether a modification step has been finished, or that information
on consequences of the partial modification is needed in order to continue this particular
modification step.
The relation defined in the information typedification method is:

relations
selected_RQS_maodification_method: RQS_maodification_method;

This relation is employed to identify the specific modification method to apply to the current
RQS.
The relations defined in the information typstriction results are:
relations
remaining_qr,
gr_to_be_removed,
req_to_be_removed: design_requirement_property_atom ;

The sortdesign requirement property atom contains the meta-description of the information type
design requirement information. The relationmemaining gr denotes which qualified requirements
are to remain in the currerps The relationgr to be removed andreq to be removed denote
which design requirements are to be removed from the cewpant

The relations defined in the information tyg@ension results are:

relations
new_qr_name: qualified_requirement_name ;
new_qr_qualification: qualified_requirement_name *
qualification ;
new_qr_associated_wff: qualified_requirement_name *
design_object_property_expression;
new_refinement: qualified_requirement_name *

qualified_requirement_name ;

The relations describe a new qualified requirement without mentioning a requirement. A
qualified requirement can be related to a requirement expression without introducing new
requirements: this is done to guarantee a minimal set of unique requirements and unique
requirement expressions. The relatietw qr name describes the name of a new qualified
requirement. The relatiarew gr qualification associates a qualification to the new qualified
requirement name. The relatiogw gr associated wif associates a requirement expression to the
new qualified requirement name. The relatew refinement describes which qualified
requirement is refined by which other qualified requirement.

A number of knowledge bases relate®@s modification are shown in Figure 8.10. They
are described in some detail in the remainder of this section.

The knowledge basailidation focus determination knowledge is employed to relate the
contents of &Qsto foci for deductive refinement. Examples are shown below.

Example from knowledge basevalidation focus determination knowledge

The knowledge elements shown below all have the same format: the condition describes the presence of a
qualified requirements in the curres The conclusion describes which derivable design requirement
relation is part of the focus for deductive refinement. The first knowledge element specifies that for each
qualified requirement in the currerds it has to be determined whether the qualified requirement is part of a
(i.e., one or more) conflict with other qualified requirements.
if holds( is_qualified_requirement( QR: qualified_requirement_name,
Q: qualification,
R: requirement_name ),
pos )
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then is_part_of _RQS_refinement_focus( qualified_requirement_in_a_conflict(
QR: qualified_requirement_name),
pos );
The second knowledge element specifies that for each qualified requirement in therqsgrititas to be
determined whether the qualified requirement has one or more other qualified requirements as refinements.
if holds( is_qualified_requirement( QR: qualified_requirement_name,
Q: qualification,
R: requirement_name ),
pos )
then is_part_of RQS_refinement_focus( has_refinement(
QR: qualified_requirement_name ),
pos );
The third knowledge element specifies that for each qualified requirement in the r@igdathas to be
determined whether its structural influence is restricted to only the knowledge composition (of the system t
be re-designed).
if holds( is_qualified_requirement( QR: qualified_requirement_name,
Q: qualification,
R: requirement_name ),

pos)
then is_part_of RQS_refinement_focus( gr_structural_influence(
QR: qualified_requirement_name,
restricted_to_knowledge_composition ),
pos );
validation focus possible RQS focus modification method
determination identification determination

validation focus possible RQS focus method determination
determination knowledge identification knowledge knowledge

RQS assessment ‘

method

focus selection extent
determination

‘ default restriction

RQS assessment focus selection extent default restriction method
knowledge determination knowledge knowledge
RQS focus
selection

RQS focus selection
knowledge

Figure 8.10Knowledge bases related to sub-componen®Qs modification.

The knowledge bageqQs assessment knowledge is employed to assess individual design
requirements in the currers An example is shown below.

Example from knowledge baseRQS assessment knowledge

The knowledge element below specifies that if a qualified requirement is in a conflict, then ther@srent
contains a conflict (which needs to be resolved later).
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if holds( qualified_requirement_in_a_conflict( QR: qualified_requirement_name ), pos )
then conflict_in_current_RQS;

The knowledge bagmssible RQS focus identification knowledge iS employed to identify possible
foci for modification. An example is shown below.

Example from knowledge basepossible RQS focus identification knowledge

The first condition in this knowledge element specifies that the modification strategy is to restrict the current
RQscontents to those qualified requirements whicmaiohave structural influence on the knowledge
composition. The second condition specifies that a qualified requirement may not be rejected as a focus. The
third condition specifies that the structural influence of this qualified requirement is not restricted to
knowledge composition. The conclusion is that such a qualified requirement is a possible focus for
modification.

if modification_strategy( restrict_to,
non_knowledge_composition_design_requirements )
and not qr_rejected_as_focus( QuRe: qualified_requirement_name )
and holds( gr_structural_influence( QuRe: qualified_requirement_name,
restricted_to_knowledge_composition ),
neg)
then gr_possible_as_focus(  QuRe: qualified_requirement_name );

The knowledge@ase focus selection extent determination knowledge is employed to determine the
number of foci which have to be selected from the possible foci. The knowledge base is
described below.

Contents of knowledge basefocus selection extent determination knowledge
The knowledge elements below specify a relation between which modification method is to be employed, and
the number of modification foci which need to be selected: as many as possible, or one.

if modification_strategy( restrict_to, S: modification_method_characterisation )

then as_many_as_possible;

if RQS_modification_strategy( extend, S: modification_method_characterisation )
then one_at_a_time;

The knowledge baseQs focus selection knowledge is employed to select qualified requirements
as modification foci, based on qualified requirements which are possible modification foci. The
number of selected foci depends on task control settings for the extent of reasoning of the
componenRQs focus selection. An example from this knowledge base is shown below.

Example from knowledge baseRQS focus selection knowledge

The knowledge element below species that for the modification method extend a qualified requirement which
is a possible focus, and not rejected as a focus, can be selected as a modification focus.

if modification_strategy( extend,
S: modification_method_characterisation )
and gr_possible_as_focus( QR: qualified_requirement_name )
and not qr_rejected_as_focus( QR: qualified_requirement_name )
then gr_selected_as_focus( QR: qualified_requirement_name );

The knowledge baseodification method knowledge is employed to select a specific modification
method (a sub-componentR®S modification determination) to modify the currerkQs The
component corresponding to the selected modification method is activated by means of

evaluation criteria and task control in the compoReyg modification determination. An example
from this knowledge base is shown below.
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Example from knowledge basemodification method knowledge

The knowledge element below specifies that if the modification strategy specifies that thernsted to
be restricted, then the restriction method is selected as the modification method.

if modification_strategy( restrict_to, C: modification_method_characterisation )

then selected_RQS_maodification_method( restriction_method );

The knowledge bagestriction method knowledge is employed to specify which design
requirements are to be removed from the cureston the basis of a focus on those design
requirements which have temainin the currenkQs Examples from this knowledge base are
described below.

Example from knowledge baserestriction method knowledge

The knowledge element below specifies that the qualified requirement thadthegn selected as a
modification focus is to be removed from the curreps
if not gr_selected_as_focus( QR: qualified_requirement_name )
and holds( is_qualified_requirement( QR: qualified_requirement_name,
Q: qualification,
R: requirement_name ),
pos)
then gr_to_be_removed( is_qualified_requirement( QR: qualified_requirement_name,
Q: qualification,
R: requirement_name ) );

8.4 Refinement of RQSM history maintenance

Both the process composition and the knowledge composition for the pras8$istory
maintenance are described below.

8.4.1 Process composition for RQSM history maintenance: identification of
processes and abstraction levels

The process akQSM History Maintenance is responsible for maintaining and retrieving
information on the RQSM process for future use. In particular, information on the sets of
qualified requirements considered (accepted and/or rejected) and information on states withir
the RQS modification process are stored. A number of sub-processes are performed to this
purpose, as shown in Figure 8.11. The proeess\ history maintenance is composed of the
procesRQs history maintenance and the proces®Qs modification state history maintenance.

C RQSM History Maintenance)

RQS history RQS maodification
maintenance state history

maintenance

Figure 8.11Processes at different abstraction levels for
RQSM History Maintenance.

The proces&Qs history maintenance is responsible for storing, retrieving and managing sets of

design requirements over time. The pro¢&3s modification state history maintenance iS

responsible for storing, retrieving and managing modification states (i.e. information regardin

the modification process) over time. These processes are further described in Appendix B.1
Theinterface information typef®r the two sub-processesrpSM History Maintenance

are listed in Table 8.5 and described below.
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process

input information type

CHAPTERS8

output information type

RQS history maintenance

- RQS assessment

- RQS assessment history queries
- DOD assessment

- DOD assessment history queries
- current RQS contents

- RQS history queries

- current RQS replacement request
- RQS

- RQS assessment history search
results

- DOD assessment history search
results

- RQS history search results

- new current RQS contents

- current RQS name

- _current RQS replacement results

RQS modification state
history maintenance

- given current RQS name

- RQS modification progress

- RQS modification state history
queries

- overall design strategy

- RQS modification state history
search results

Table 8.5Interface information types for sub-processeRQEM History Maintenance.

The procesf&Qs history maintenance requires information on the assessment of sets of
gualified requirementRQS assessment), queries on thegsassessment historg@s
assessment history queries), assessment of design object descriptiomD(assessment),
gueries on theop assessment historp@D assessment history queries), contents of the
currentrQs (current RQS contents), queries on theqs history RQS history queries), and
requests for replacement of the curmns (current RQS replacement request). This
process produces results of searchingrtpgassessment historR@s assessment history
search results), results of searching tlbp assessment historp@D assessment history
search results), results of searching tires history RQS history search results), the
contents of the new, currems (new current RQS contents), the name of the currergs
stored inrQs history gurrent RQS name), and results on the success of replacing the
currentrQs (current RQS replacement results).
The proces&Qs modification state history maintenance nheeds information on the given
name of the curremqs stored inrrQs history @iven current RQS name), progress of the
modification processRQS modification progress), overall design strateggverall design
strategy), and queries on theps modification state historyRQS modification state history
queries). This process generates results of searchinggbmodification state history
(RQS modification state history search results).

8.4.2

Process composition relation within RQSM history maintenance

The information links in the componeRQSM History Maintenance are shown in Figure 8.12.

RQSM history
maintenance

RQS modification state history
| maintenance input information

RQS history maintenance input information

( RQSM history maintenance task control

maintenance

current RQS name

RQS history

maintenance

RQS mOd.Iﬂcatlon RQS modification state history
state history maintenance output information

RQS history maintenance output information

>

Figure 8.12Information links within the process 8&QSM history maintenance.

Within this component four mediating links and one private link are defined:
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- The mediating liNkRQS modification state history maintenance input information transfers
information expressed RQS modification progress, RQS information state history queries,
andoverall design strategy from the input interface (#QSM history maintenance to the
input interface 0RQS modification state history maintenance.

- The mediating liNkkRQS history maintenance input information transfers information
expressed iRQS assessment, RQS assessment history queries, DOD assessment, DOD
assessment history queries, current RQS contents, RQS history queries, andcurrent RQS
replacement request from the input interface G#QSM history maintenance to the input
interface 0fRQS history maintenance.

- The private linkcurrent RQS name transfers the name of thescurrently being stored
(current RQS name) from the output interface &QS history maintenance to the given
name of th&qQscurrently being storedjigen current RQS name) in the input interface of

RQS modification state history maintenance on the basis of an explicit mapping between
these information types.

- The mediating linkkRQS modification state history maintenance output information transfers
information expressed RQS modification state history search results from the output
interface ofRQS modification state history maintenance to the output interface ®QsMm
history maintenance.

- The mediating liINkRQS history maintenance output information transfers information
expressed IRQS assessment history search results, DOD assessment history search results,
RQS history search results, new current RQS contents, current RQS replacement results and
current RQS name from the output interface ®&QS history maintenance to the output
interface 0fRQSM history maintenance.

The task control within the componex@SsM history maintenance is as follows. Upon activation
of RQSM history maintenance a number of situations are possible, which correspond to task
control foci for this component. The task control foci atieal storage of information, continued
storage of information, update of the history, execute queries, andreplacement of current RQS
preparation. The first four task control foci result in the activation of all components and
information links, the task control focuslacement of current RQs preparation results in a
slightly different activation of components and information links:

On activation with one of the task control fodiial storage of information, continued
storage of information, update of the history, andexecute queries the information linkRQs
modification state history maintenance input information andRQS history maintenance input
information are made up-to-date, arR@S history maintenance is activated with the same
task control focus a&QSM history maintenance. Upon termination oRQS history
maintenance, RQS modification state history maintenance IS activated with the same task
control focus ag®QSM history maintenance and the information linkurrent RQS name is
made up-to-date. Upon terminationRe§S modification state history maintenance, the
information linkSRQS modification state history maintenance output information andrQS

history maintenance output information are made up-to-date aR@®SM history maintenance
terminates itself.

On activation with the task control foculacement of current RQs preparation, the
information linkcurrent RQS history maintenance input information is made update, and
RQS history maintenance is activated with task control focus “replacement of curest
preparation’. Upon termination RS history maintenance the information linkRQs

history maintenance output information is made up-to-date amfSM history maintenance
terminates itself.

8.4.3 Knowledge composition for RQSM history maintenance

Most of the information types and knowledge bases related to the pro®8$istory
maintenance are not instantiated, one exception is the informationg®emodification state
information, as shown in Figure 8.13.
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RQS modification
state information ;

%%

meta-meta-meta-level

meta-meta-level

%%
5%
_ RQS
3% modification focus
S
[ RQS
5 modification strategy

4

current RQS
basis evaluation

Figure 8.13 Specialisation of the information typ®QS maodification state information.

The meta-descriptions of the information typexs modification focus, RQS modification
strategy, andcurrent RQS basis evaluation are related to the saRQS modification state attribute
value (see Section A.3.3), thereby specialising the relakemQs modification state value.

8.5 Summary

In this chapter the results of the previous chapter are extended: the generic model for design is
further refined. The refinement of the procRgS manipulation is addressed in this chapter.
Four refinement steps have been described, as is depicted in Figure 8.14.

refinement of knowledge

more generic more specific

knowledge > knowledge

more generic

processes
generic design model with
refined information types and
refinement of design process
§ co-ordination
(%]
Q
g -0 —-0
5 ®» @ \2
S
5 O
5 (4)
generic design model with refined
information types and refinement of
design process co-ordination and
more specific RQS manipulation
processes

Figure 8.14Refinement steps described in this chapter:
the numbered arrows correspond to Sections 8.1 to 8.4.

In the first refinement step the information types and knowledge-base related to the process
current RQS maintenance are instantiated. In the second refinement step the information types
and knowledge base related to the prodessctive RQS refinement are instantiated. In the third
refinement step the proce®Qs modification is partially refined; additional refinements of sub-
processes RQS modification are described in Appendix B.1.1 and B.1.2. In the fourth
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refinement step the proce®9SM history maintenance is partially refined; additional refinements
of sub-processes &QSM history maintenance are described in Appendix B.1.3.

The description of the refinement of the prog&3s manipulation is the realisation of the
desideratunar4.

The refinement of the proceB®S manipulation is more detailed than the initial description
of the structure oRQS modification (andDOD modification), described in (Brazier, Langen, Treur
and Wijngaards, 1996), see Figure 8.15, an earlier refinement of part of the generic model o

design.

analysis of modification modification modification
current focus method according to
description determination determination method

Figure 8.15Composition of modification sub-componentsRS modification
(andDOD modification) from (Brazier, Langen, Treur, Wijngaards, 1996).

The processes depicted in Figure 8.15 are refinements of the compQBemddification of the
generic task model of design:

- analysis of current description, that investigates which conflicts, unsatisfied design
requirements, etc., are in the curreqQs

- modification focus determination, that determines which parts of the currepg must be
modified to be able to resolve the identified problems,

- modification method determination, that determines the method for modifying the parts of
the currenkqsin focus,

- modification according to method, that modifies the parts of the currextsin focus,
according to the method determined.

The processes distinguished in Figure 8.15 can be found in the composikqs of
modification (Sections 8.3). Thanalysis of current description is located irRQS validation;
modification focus determination IS located withirRQS modification focus identification; modification
method determination iS located withirRQS modification determination; andmodification according
to method is realised by task control knowledge and several processes corresponding to
methods IrRQS modification determination.

The process composition and knowledge composition described in this chapter are gen
in the sense that more elaborate, knowledge-intensive specialisations can be added. For
example, in the refinement faQS modification determination additional modification methods
can be included.
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9 Design Object Description Manipulation in the
Re-design Model for Compositional Systems

The generic model for design has been (partially) refined, in the two previous chapters. In thi
chapter additional refinements are described fobtheManipulation process. The realisation of
the following desideratum is addressed in this chapter:

- dr3, model of the manipulation of compositional system structures,

The processesign object description manipulation (DobM) modifies design object descriptions on
the basis of design strategies froat and design requirements frargsm. The process of

DODM is composed of four sub-processes (see Figure B8M history maintenance, DOD
modification, current DOD Maintenance, anddeductive DOD refinement. The first two sub-
processes are composed, the last two are not. Section 9.1 describes a refinememntoaiD
maintenance, Section 9.2 describes a refinemendafuctive DOD refinement, Section 9.3
describes a refinement bbD modification, and Section 9.4 describes a refinememaiim

history maintenance. In each of these sections both process composition and knowledge
composition is addressed. In Section 9.5 the refinement of the pomm@ssanipulation IS

briefly discussed.

9.1 Refinement of current DOD maintenance

The processurrent DOD maintenance iS hot composed. The information types in the interface of
current DOD maintenance, discussed in Section 6.1.2, are used as described in Section 7.1.
Knowledge employed in this process is instantiated for the domain of re-design of
compositional systems. The processent DOD maintenance employs knowledge to, e.g.,
distinguish viewpoints: a focus can be made, highlighting part of a compositional system
corresponding to a particular viewpoint. An example of an instance of knowledge used to foc
on part of a compositional system is given below.

Example from knowledge basecurrent DOD maintenance knowledge

The knowledge element below has, as its first condition, the current component in focus. The second
condition identifies sub-components of compor@nthe conclusion states that sub-components of
component are in the current focus.

if current_focus( subcomponents_of,
C: component_name )
and has_subcomponent( C: component_name,
D: component_name )
then in_current_focus( D: component_name );
9.2 Refinement of deductive DOD refinement

The processeductive DOD refinement is not composed. The information types in the interface
of deductive DOD refinement, discussed in Section 6.1.2, are used as described in Section 7.1
Knowledge employed in this process is instantiated for the domain of re-design of
compositional systems. The procéssuctive DOD refinement can employ knowledge to, e.g.,
derive properties of compositional systems: properties which may be required. The deductive
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knowledge relating the structure of a compositional system to properties of a compositional
system (described in Chapter 5) is used in this process. Example knowledge to deduce the
property ofis capable of bi-directional communication is given below (for other instances, see
Section 5.4).

Example from knowledge basedeductive DOD refinement knowledge

The knowledge shown specifies the deduction of the properties related to the psaeeile of bi-
directional communication. The first knowledge element specifies that if a compo@édrds the properties is
capable of reasoning about unidirectional communication from a comnisntapable of executing
unidirectional communication from compon@&ntand combines reasoning about and executing unidirectional
communication component, then componer@ has the property is capable of unidirectional communication
from componenD.
if has_property( C: Component_name,
is_capable_of_reasoning_about_unidirectional_
communication_from( D: Component_name ) )
and has_property( C: Component_name,
is_capable_of_executing_unidirectional_
communication_from( D: Component_name ) )
and has_property( C: Component_name,
combines_reasoning_about_and_executing_unidirectional _
communication_from( D: Component_name ) )
then has_property( C: Component_name,
is_capable_of_unidirectional_communication_from(
D: Component_name) );

The second knowledge element specifies that if a companiertharacterised as an agent, and compahent

has an input interface information typm which is characterised as used for unidirectional communication
from an agent, and componé&hhas a sub-componebtwhich is characterised as an agent interaction
management component, and compomlenas an input interface tyfmen which is characterised as used for
unidirectional communication from an agent, and this compdnhéias a knowledge bagewhich is

characterised as knowledge on unidirectional communication from an agent, and the informatioin pes

Din, and the knowledge bakeare specialised for unidirectional communication from compa@emthich is

also an agent, then componénhas the property is capable of reasoning about unidirectional communication
from componenc2.

if is_component( C: component_name )
and has_characterisation( C: component_name,
agent)

and has_interface_information_type( C: component_name,
input_interface,
Cin: information_type_name)
and has_characterisation( Cin: information_type_name,
unidirectional_communication_from )
and has_subcomponent( C: component_name,
D: component_name )
and has_characterisation( D: component_name,
agent_interaction_management_component )
and has_interface_information_type( D: component_name,
input_interface,
Din: information_type_name )
and has_characterisation( Din: information_type_name,
unidirectional_communication_from )
and has_knowledge_base(  D: component_name,
K: knowledge_base_name )
and has_characterisation( K: knowledge_base_name,
unidirectional_communication_from_knowledge )
and is_information_link( I: information_link_name )
and has_information_link( C: component_name,

I: information_link_name )
and has_source_component( I: information_link_name,
C: component_name )
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and has_destination_component( I: information_link_name,
D: component_name )
and has_source_information_type( I: information_link_name,
Cin: information_type_name )
and has_destination_information_type( I: information_link_name,
Din: information_type_name )
and is_component( C2: component_name )
and has_characterisation( C2: component_name,
agent)

and has_characterisation( K: knowledge_base_name,
specialised_for( C2: component_name ) )

and has_characterisation( Cin: information_type_name,
specialised_for( C2: component_name ) )

and has_characterisation( Din: information_type_name,
specialised_for( C2: component_name ) )

then has_property( C: component_name,
is_capable_of_reasoning_about_unidirectional _
communication_from( C2: component_name ) );

9.3 Refinement of DOD Modification

For the processOD modification first the process composition is described, then the knowledge
composition.

9.3.1 Process composition of DOD modification: identification of
processes and abstraction levels

The proces®0OD modification determines modifications to a design object description)(to
construct aobp which adheres to the design requirements givexb®. To this purpose a
number of sub-processes are distinguished as shown in Figure 9.1. The poaress
modification process co-ordination iS responsible for the co-ordination of the entire process within
DODdI\{IfZ_ tf(]jis process determines whether, when, and by which means, a pavtcuksto be
modified.

The global phases withmoD modification resemble a process control model (e.g.,
controlling a chemical process). In a process control task a cycle occurs over the sub-tasks:
analysis, planning, execution. Similarly, witlD@D modification analysis is performed lyobD
validation, planning is performed OyoD modification focus identification andDOD modification
determination, and execution is performed by effectuating modificationssoaresulting in a
NewDoD in current DOD maintenance.

DOD modification

| |
DOD modification DOD DOD modification DOD modification
process validation focus identification determination

co-ordination
| |

DOD [ DOD ] design object design
validation assessment blueprint requirement
focus focus focus
determination determination determination

method assessment default modification
determination point extension| | determination
determination method result

preparation

Figure 9.1 Partial process refinement foIOD modification.
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The proces®0OD modification process co-ordination co-ordinates the modification process on the
basis of the overall design strategy and information available othe history. A

modification strategy is issued, which influences the other three sub-processes of

modification. On the basis of results obtained from these three sub-processes, revised
modification strategies can be issued, histories can be inspected, information can be stored in
the history, or th®0D modification process can be terminated. This process is described in
more detail in Appendix B.2.1.

The proces®0OD validation validates the curremob. Its sub-procesalidation focus
determination determines which properties of design object descriptions need to be validated on
the basis of the current design requirement® refinement (see Figure 6.9) is given these
results as goals to pursue. The sub-probessassessment assesses the achievement of the
validation focus on the basis of the results of the refinement.

The proces®0OD modification focus identification determines which part of the design
object description needs to be modified, to satisfy which particular design requirement,
according to the given internal strategy. Two sub-processes are distinguésiyad:
requirement focus determination identifies a design requirements which needs to be satisfied, and
design object blueprint focus determination identifies part of the design object description related
to the possible satisfaction of the design requirements in focus.

The proces®0OD modification determination determines the actual modifications to the
currentpop on the basis of given strategies fromD modification process co-ordination, and
information on the modification focus frobOD modification focus identification. This process
entails four sub-processes. The proeesod determination chooses the best method
corresponding to the given strategy, given the current information. The paesgssent
point determination determines points of interest related to the modification focus and the current
DOD on the basis of assessments of design requirements. On the basis of these assessment
points the processfault extension method determines modifications to the current DOD. The
processnodification determination result preparation analyses these suggested modification, e.g.,
to ascertain non-ambiguous names of parts of design object descriptions, before formulating the
final modifications to the currembop. The processassessment point determination is described
in more detail in Appendix B.2.2.

Theinterface information typesf the sub-processes DOD modification are listed in
Table 9.1 and described below.

process input information type output information type
DOD modification - DOD maodification state history - DOD modification progress
process co-ordination search results - current manipulation action

- overall design strategy - DOD maodification state history

- DOD assessment history search queries

results - DOD assessment

- RQS history search results - DOD assessment history queries

- DOD history search results - RQS history queries

- current DOD replacement results | - DOD history queries

- DOD modification focus - current DOD replacement request

- current DOD modification - DOD maodification strategy

- current DOD basis evaluation
DOD Validation - current DOD contents - DOD refinement goals

- _current design requirements - _current DOD basis evaluation
DOD Madification Focus - DOD maodification strategy - DOD modification focus
Identification - current DOD basis evaluation

- current DOD contents

- _current design requirements
DOD Modification - DOD modification strategy - modification status
Determination - current DOD basis evaluation - current DOD modification

- current design requirements

- DOD madification focus

- current DOD contents

Table 9.1Interface information types for sub-processe®©D modification.
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The proces®0OD modification process co-ordination needs results of searching theo
modification state historylfOD modification state history search results), an overall design
strategy §verall design strategy), results of searching tlm®bp assessment historp@bD
assessment history search results), results of searching the sets of qualified requirements
history RQS history search results), results of searching time®p history ©OD history

search results), results on the success of replacing the cuoren{current DOD

replacement results), assessment of the curread on the basis of design requirements
(current DOD basis evaluation), modification foci OD modification focus), and
modifications to the curremiob (current DOD modifications). This process generates
information on the progress of the modification proces®(modification progress),
actions for the manipulation processr{ent manipulation action), queries omoD
modification state history@OD modification state history queries), assessment of design
object descriptionsDOD assessment), queries on theob assessment historp@bD
assessment history queries), queries omQs history RQS history queries), queries omobD
history ©OD history queries), requests for replacement of the curimot (current DOD
replacement request), and a modification strategp@D modification strategy).

The proces®O0D validation requires the contents of the curreab (current RQS contents)
and design requiremenisufrent design requirements), and produces goals to achieve for
deductive refinement of @op (DOD refinement goals) and the assessment of the current
DOD on the basis of design requirementsrént DOD basis evaluation).

The proces®0OD modification focus identification requires a modification strategydD
modification strategy), assessment of the currexb on the basis of design requirements
(current DOD basis evaluation), the contents of the currembp (current DOD contents), and
design requirementsyrent design requirements). The procesBOD modification focus
identification generates modification foad@D modification focus).

The proces®0OD modification determination requires the modification strategydD
modification strategy), assessment of the currexb on the basis of design requirements
(current DOD basis evaluation), design requirementsufrent design requirements),
modification foci OOD modification focus), and the contents of the curreab (current

DOD contents). The results of this process are an indication of the status of the
modification process (modification status), and modifications to be performed on the
currentpop (current DOD modifications).

process input information type output information type
validation focus - current DOD contents - DOD refinement goals
determination - _current design requirements

DOD assessment - current DOD contents - current DOD basis evaluation

- DOD refinement goals
- current design requirements

Table 9.2Interface information types for sub-processe®@b validation.

The interface information types of the sub-processe®Dbfvalidation are listed in Table 9.2
and described below.

The processalidation focus determination requires information on the contents of the
currentpob (current DOD contents) and design requirementsifrent design requirements),
and produces information on goals to achieve for deductive refinemenbof(BOD
refinement goals).

The processassessment requires information on the contents of the curpemt (current
DOD contents), design requirementsufrent design requirements), and goals to achieve
for deductive refinement of@op (DOD refinement goals). This process produces
information on the assessment of the cumemnton the basis of design requirements
(current DOD basis evaluation).
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process

input information type

CHAPTER9

output information type

design requirement focus
determination

- DOD maodification strategy

- current DOD contents

- current design requirements
- current DOD basis evaluation

- design requirement focus
- intermediate blueprint focus

design object blueprint
focus determination

- DOD modification strategy
- current DOD contents
- intermediate blueprint focus

- design object blueprint focus

Table 9.3Interface information types for sub-processe®0D modification focus identification.

The interface information types of the sub-processe®bfmodification focus identification are
listed in Table 9.3 and described below.

The processesign requirement focus determination requires a modification strategy@D
modification strategy), the contents of the currembD (current DOD contents), design
requirementscdirrent design requirements), and an assessment of the curcemion the

basis of design requirementsrtent DOD basis evaluation). It produces a focus on design
requirements (design requirement focus) and an intermediate focus on the structure of a
DOD (intermediate blueprint focus).
The processesign object blueprint focus determination needs a modification strategydb
modification strategy), the contents of the currembb (current DOD contents) and an
intermediate focus on the structure afa (intermediate blueprint focus). It produces a
focus on the structure oftepp (design object blueprint focus).

process

input information type

output information type

method determination

- DOD maodification strategy

- current DOD basis evaluation

- DOD modification focus

- modification method evaluation

- modification method
- modification status

assessment point
determination

- modification method

. current DOD basis evaluation
- DOD modification focus

- current DOD contents

- _current design requirements

- modification method evaluation
- assessment point to be realised

default extension method

- modification method

- current DOD contents

- assessment point to be realised
- DOD modification focus

- rejected modifications

- extension results

modification
determination result
preparation

- extension results
- current DOD contents

- selected DOD modification

Table 9.4Interface information types for sub-processe®©D modification determination.

The interface information types of the sub-processe®bfmodification determination are listed
in Table 9.4 and described below.

The processethod determination requires a modification strategyQ@S modification
strategy), assessment of the curreaD on the basis of design requiremerstsrént DOD
basis evaluation), and modification focifOD modification focus). This process generates a
method for modificationnfodification method) and a status of this modification process

(modification status).

The procesassessment point determination needs requires a method for modification
(modification method), an assessment of the curreab on the basis of design
requirementsclirrent DOD basis evaluation), a focus for modificationb{OD modification

focus), the contents of the currembb (current DOD contents), and design requirements
(current design requirements). Its results are an evaluation of the method for modification
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(modification method evaluation), and assessment points which need to be realised
(assessment point to be realised).

The processefault extension method requires a method for modificatiomddification
method), the contents of the currembd (current DOD contents), assessment points which
need to be realisedssessment point to be realised), a focus for modificationd(OD
modification focus), and rejected modificationgjected modifications). This process
produces extensions to the curreab (extension results).

The processodification determination result preparation needs the contents of the current
DOD (current DOD contents), and extensions to the curreab (extension results). Its

results are selected modifications on the cument(selected DOD modification).

9.3.2 Process composition relation within DOD Modification

The information links in the componamdD modification are shown in Figure 9.2.

DOD modification ( DOD modification task control )

DOD madification process

DOD modification state history search result co-ordination results

overall design strategy DOD DOD modification statehistory queries
DOD assessment and RQS modification DOD assessment and RQS
history search results history queries
process
DUD nistory resuits coordination DUD assessment
DOD history
related
oD queries
valigaton Tocus moarmcation modification UL moamcation
results to results to results to stratégy 0 gyrategy to focus

co-ordination  co-ordination co-ordination modification

i ) current ]
design
requ?rements bDaf\)slljs
o DOD ; DOD
validation . evaluation .
validation to focus modification

current ~ focus
DOD contents identification
to validation

current  design requirements DOD refinement goals

DOl to focus
contents current
to focus %255 DOD  modification focus
evaluation DOD to modification
to modification o .
modification
determination selected DOD modification
current DOD contents to modification

design requirements to modification

Figure 9.2 Information links within the process BIOD modification.

Within this component seventeen mediating links and eight private links are defined:

The mediating linksurrent DOD contents to validation, current DOD contents to focus, and
current DOD contents to modification transfer the contents of the curreonb (current DOD
contents) from the input interface @OD modification to the input interfaces oD
validation, DOD modification focus identification, andDOD modification determination,
respectively.

The mediating linkslesign requirements to validation, design requirements to focus, and
design requirements to modification transfer the current design requirementsrént design
requirements) from the input interface @fOD modification to the input interfaces ofob
validation, DOD modification focus identification, andDOD madification determination,
respectively.

The mediating link®OD history results, DOD assessment and RQS history results, overall
design strategy, andDOD modification state history search results transfer information
expressed imOD history search results andcurrent DOD history search results, DOD
assessment history search results andRQS history search results, overall design strategy, and
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DOD modification state history search results from the input interface @OD modification to
the input interface abOD modification process co-ordination, respectively.

- The private linkgurrent DOD basis evaluation to focus andcurrent DOD basis evaluation to
modification transfer an assessment of the curpemton the basis of design requirements
(current DOD basis evaluation) from the output interface @foD validation to the input
interfaces 0DOD modification focus identification andDOD modification determination,
respectively.

- The private linkbOD modification focus to modification transfers foci for modificatiordObD
modification focus) from the output interface @foD modification focus identification to the
input interface oRQS modification determination.

- The private linksalidation results to co-operation, focus results to co-operation, and
modification results to co-operation transfer results from the output interfaceoob
validation, DOD maodification focus identification, andDOD modification determination to the
input interface 0DOD modification process co-ordination.

- The private link®DOD modification strategy to focus andDOD modification strategy to
modification transfer the modification strategy@dD modification strategy) from the output
interface ofDOD modification process co-ordination to the input interface afob
modification focus identification andDOD modification determination, respectively.

- The mediating linkselected DOD modification transfers modifications to be performed
(selected DOD modification) from the output interface @oOD modification determination to
the output interface @OD modification.

- The mediating linkoOD refinement goals transfers goals for deductive refinement of the
contents of @op (DOD refinement goals) from the output interface @oOD validation to the
output interface obOD modification.

- The mediating link®OD history related queries, DOD assessment and RQS history queries,
DOD assessment, DOD modification state history queries, andDOD modification process co-
ordination results transfer information expressedDD history queries andcurrent DOD
replacement request, DOD assessment history queries and RQS history queries, DOD
assessment, DOD modification state history queries, andDOD modification progress and
current manipulation action from the output interface @OD modification process co-
ordination to the output interface @oD modification, respectively.

The task control within the compon@®D modification distinguishes a number of phases,
which correspond to manipulation actions determineddiy modification process co-ordination.
Upon activation obOD modification, DOD modification process co-ordination IS activated. A
distinction can be made between continuation of the previous manipulation process, or initiation
of a new manipulation process. Queries on history, requests for replacement of theouorrent
and information on the modification process can be producedbynodification process co-
ordination. DOD validation can be activated to determine refinement goals, and to assess the
satisfaction of design requirements in relation to the cub@mtThe modification strategy, also
produced bypOD modification process co-ordination can be made available to batbD

modification focus identification andDOD modification determination, activated in that order.
Selected modifications to the curreaib can be made available as outpubob modification. A
manipulation action determined bpD modification process co-ordination indicates thabobD
modification can terminate itself.

9.3.3 Process composition relation within DOD validation

The information links in the componamdD validation are shown in Figure 9.3. Within this
component six mediating links and one private link are defined:

- The mediating linkcurrent DOD contents to focus transfers the contents of the curreob
(current DOD contents) from the input interface @oD validation to the input interface of
validation focus determination.
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The mediating linkcurrent design requirements to focus transfers the current design
requirementsclrrent design requirements) from the input interface @oD validation to the
input interface ofalidation focus determination.

The mediating linkcurrent DOD contents to assessment transfers the contents of the current
DOD (current DOD contents) from the input interface @oD validation to the input interface
of assessment.

The mediating linkcurrent design requirements to assessment transfers the current design
requirementsdlrrent design requirements) from the input interface @oD validation to the
input interface ofissessment.

The private linkpessimistic assumption on goals transfers the occurrence of goals for
deductive refinement of oD (epistemic of DOD refinement goals) from the output interface
of validation focus determination to assumptions on not having achieved these goals
(assumption on current DOD contents) in the input interface afssessment on the basis of
an explicit mapping between these information types.

The mediating linkoDOD refinement goals transfers goals for deductive refinement of the
contents of @obD (DOD refinement goals) from the output interface ohlidation focus
determination to the output interface @fOD validation.

The mediating linkcurrent DOD basis evaluation transfers the assessment of the cumwent
on the basis of design requirementsrént DOD basis evaluation) from the output
interface ofassessment to the output interface @foD validation.

DOD validation ( DOD validation task control )

validation focus
current DOD contents to focus d . .
etermination DOD refinement goals

current design requirements to focus

pessimistic assumption on goais

DoD assessment
current contents to assessment current DOD  basis evaluation

current design requirements to nent

Figure 9.3 Information links within the process OfOD validation.

The task control within the compon@wD validation is as follows. Upon activation oioD

validation @ number of possible situations are possible, which correspond to task control foci f
this component. The task control foci giepare for validation, andassess validation results. For

each of these task control foci specific links need to be made up-to-date:

On activation with the task control focpiepare for validation the information linkgurrent
DOD contents to focus, andcurrent design requirements to focus are made up-to-date and
validation focus determination is activated. Upon termination alidation focus
determination, the information linkbOD refinement goals is made up-to-date amdD
validation terminates itself.

On activation with the task control focatsess validation results the information links
current design requirement to assessment, current DOD contents to assessment, and
pessimistic assumption on goals are made up-to-date aaskessment is activated. Upon
termination ofassessment, the information linkcurrent DOD basis evaluation iS made up-
to-date andoOD validation terminates itself.

9.3.4 Process composition relation within DOD modification focus
identification

The information links in the componamdD modification focus identification are shown in Figure
9.4.
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DOD modification ( DOD modification focus identification task control )
focus identification

design object
current DOD contents to blueprint focus blueprint focus
design object blueprint focus

DOD modification determination

strateqy to
blueprint focus

intermediate design object blueprint focus

current design requirements .

current DOD basis evaluation

design
DOD  modification strategy to requirement focus E requirement focu ] design requirement focus

determination

Figure 9.4 Information links within the process BiOD modification focus identification.

Within this component seven mediating links and one private link are defined:

The mediating linkoOD modification strategy to requirement focus transfers the modification
strategy POD modification strategy) from the input interface @iOD modification focus
identification to the input interface afesign requirement focus determination.

The mediating linlcurrent design requirements transfers design requirementsrfent

design requirements) from the input interface afOD modification focus identification to the
input interface oflesign requirement focus determination.

- The mediating linkcurrent DOD basis evaluation transfers an assessment of the cuwment
on the basis of design requirementsrént DOD basis evaluation) from the input interface
of DOD modification focus identification to the input interface afesign requirement focus
determination.

The mediating linkDOD modification strategy to blueprint focus transfers the modification
strategy IPOD modification strategy) from the input interface @OD modification focus
identification to the input interface afesign object blueprint focus determination.

The mediating linkcurrent DOD contents to blueprint focus transfers the contents of the
currentoop (current DOD contents) from the input interface afOD modification focus
identification to the input interface afesign object blueprint focus determination.

The private linkintermediate design object blueprint focus transfers an intermediate focus
on the structure of the design objeste(mediate blueprint focus) from the output interface
of design requirement focus determination to the input interface afesign object blueprint
focus determination.

The mediating linldesign object blueprint focus transfers selected foci for modification
(design object blueprint focus) from the output interface a@ksign object blueprint focus
determination to the output interface @fOD modification focus identification.

The mediating linkdesign requirement focus transfers selected foci on design requirements
(design requirement focus) from the output interface a@ksign requirement focus
determination to the output interface @fOD modification focus identification.

The task control within the componaD modification focus identification is as follows. Upon
activation ofbOD maodification focus identification, the information linkgurrent design

requirements, current DOD basis evaluation, andDOD modification strategy to requirement focus are
made up-to-date antdsign requirement focus determination is activated. Upon termination of
design requirement focus determination the information linksntermediate design object blueprint
focus, DOD modification strategy to blueprint focus, andcurrent DOD contents to blueprint focus are
made up-to-date antsign object blueprint focus determination is activated. Upon termination of
design object blueprint focus determination, the information linkslesign object blueprint focus and

design requirement focus are made up-to-date andD modification focus identification terminates
itself.
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9.3.5 Process composition relation within DOD modification determination
The information links in the componembD modification determination are shown in Figure 9.5.

DOD modification ( DOD modification determination task control )
determination

DOD modification strategy

modification focus to method methOd. modification method status
determination
current DOD basis evaluation modification

to method method control
to extension

modification method control to assessment point

modification focus to

assessment point modification
ob assessment n?eth_od
current i evaluation
contents to po!nt X
assessment determination
point
current LUD to be realized
basis evaluation to assessment points dEfau.It —
assessment point ' extension
current design rejected method
requirements modifications
to assessment point to extension  current DOD
. contents to extension -
rejected extension results

modifications
to assessment point

modification focus modification .,

o extension determination
result preparation, selected DOD modification >

current DOD contents to result preparation

Figure 9.5 Information links within the process BiOD modification determination.

Within this component fourteen mediating links and four private links are defined:

The mediating linkoOD modification strategy transfers the modification strategyoD
modification strategy) from input interface obOD modification determination to the input
interface ofmethod determination.

The mediating linknodification focus to method transfers modification focDOD
modification focus) from the input interface @iOD modification determination to the input
interface ofmethod determination.

The mediating linlcurrent DOD basis evaluation to method transfers assessments aiap
on the basis of design requirementsrént DOD basis evaluation) from the input interface
of DOD modification determination to the input interface ofiethod determination.

The mediating linknodification focus to assessment point transfers modification focDOD
modification focus) from the input interface @iOD modification determination to the input
interface ofassessment point determination.

The mediating linkcurrent DOD contents to assessment point transfers the contents of the
currentpob (current DOD contents) from the input interface @OD modification
determination to the input interface afssessment point determination.

The mediating linkcurrent DOD basis evaluation to assessment point transfers assessments
of apoD on the basis of design requiremems® assessment) from the input interface of
DOD modification determination to the input interface afssessment point determination.

The mediating linkcurrent design requirements to assessment point transfers design
requirementscdrrent design requirements) from the input interface @fOD modification
determination to the input interface afssessment point determination.

The mediating linkejected modifications to assessment point transfers rejected foci for
modification (ejected DOD modification focus) from the input interface @OD modification
determination to the input interface afssessment point determination.

The mediating linkejected modifications to extension transfers rejected foci for
modification (ejected DOD modification focus) from the input interface @OD modification
determination to the input interface afefault extension method.
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The mediating linknodification focus to extension transfers modification focDOD
modification focus) from the input interface @iOD modification determination to the input
interface ofdefault extension method.

The mediating linkcurrent DOD contents to extension transfers the contents of the current
DOD (current DOD contents) from the input interface afOD modification determination to
the input interface ofefault extension method.

The mediating linkcurrent DOD contents to result preparation transfers the contents of the
currentoob (current DOD contents) from the input interface @OD modification
determination to the input interface afodification determination result preparation.

The private linkmodification method control to assessment point transfers control
information for modification methodsédification method) from the output interface of
method determination to the input interface Gfssessment point determination.

The private linkmodification method control to extension transfers control information for
modification methodsnfodification method) from the output interface afethod
determination to the input interface afefault extension method.

The private linkmodification method evaluation transfers expected modification impacts
(expected modification impact) from the output interface @bsessment point determination
to the input interface ofiethod determination.

The private linko be realised assessment points transfers assessment points which need to
be realisedassessment points to be realised) from the output interface aksessment point
determination to the input interface afefault extension method.

The private linkextension results transfers results from the extension methadifon
results) from the output interface okfault extension method to the input interface of
modification determination result preparation.

The mediating linknodification status transfers status information on modification
methods rfodification status) from the output interface @fethod determination to the
output interface obOD modification determination.

The mediating linkelected DOD modification transfers selected modifications af@p
(selected DOD modification) from the output interface afodification determination result
preparation t0 the output interface @OD modification determination.

The task control within the componeD modification determination is as follows. Upon
activation ofDOD modification determination the information link$OD modification strategy,
modification focus to method, andcurrent DOD basis evaluation to method are made up-to-date and
method determination iS activated with task control focdstermine modification approach. Upon
termination ofmethod determination the information linksnodification method control to
assessment point, modification focus to assessment point, current DOD contents to assessment
point, current DOD basis evaluation to assessment point, andcurrent design requirements to
assessment point, andrejected modifications to assessment point are made up-to-date and
assessment point determination IS activated with task control focdstermine expected
modification impact. Upon termination ofissessment point determination, the information link
modification method evaluation iS made up-to-date amekthod determination is activated with task
control focusdetermine modification method.

Upon termination ofethod determination (with task control focusetermine modification
method) the information linkmodification method control to assessment point iS made up-to-date
andassessment point determination is activated with task control focdstermine assessment
points to realise. Upon termination odissessment point determination (with task control focus
determine assessment points to realise) the information linksnodification method control to
extension, to be realised assessment points, modification focus and limitation to extension, rejected
modifications to extension, andcurrent DOD contents to extension are made up-to-date anefault
extension method is activated. Upon termination aéfault extension method, modification
method result preparation is activated and the information linkedition results, andcurrent
contents to result preparation are made up-to-date.
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Upon termination ofodification determination result preparation the information links
modification status andselected DOD modification are made up-to-date andD modification
determination terminates itself.

9.3.6 Knowledge composition for DOD modification

A number of information types and knowledge bases related to sub-processes of

modification are described below. The information typeent DOD basis evaluation iS depicted

in Figure 9.6. This information type contains relations which describe assessments of desigr
requirements on the basis of the curpsot.

o / current DOD
DOD validation basis evaluation

Figure 9.6 Information typecurrent DOD basis evaluation,
among other related to the compone@D validation.

The relations defined in the information tyqerent DOD basis evaluation include:
relations

is_requirement_name_in_use: requirement_name;
is_qualified_requirement_name_in_use: qualified_requirement_name;
violated_requirement,
satisfied_requirement: requirement_name;
supported_qualified_requirement,
undermined_qualified_requirement,
has_refinement,
is_a_refinement: qualified_requirement_name;

The relationss requirement name in use andis qualified requirement name in use represent the
names of the current design requirements. The relati@aed requirement andsatisfied
requirement denote whether a requirement is violated or satisfied by the coaenthe
relationssupported qualified requirement andundermined qualified requirement denote whether a
qualified requirements is supported or undermined by the ciweni he relationsas
refinement andis a refinement indicate whether a qualified requirement has refinements or is a
refinement of a qualified requirement.

The information typ@®O0D modification focus is depicted in Figure 9.7. This information
types refers to two information typessign requirement focus anddesign object blueprint focus.
The information typelesign requirement focus refers to three information typasissible design
requirement focus, selected design requirement focus, rejected design requirement focus. The
information typedesign object blueprint focus refers to three information typesissible design
object blueprint focus, selected design object blueprint focus, andrejected design object blueprint
focus. Related to these information types is the information itytpenediate design object
blueprint focus, which contains information on where to put the design object blueprint focus.

The relations defined in the information types relatenidd modification focus are:

relations

gr_possible_as_focus,

gr_selected_as_focus,

gr_rejected_as_focus: qualified_requirement_name;
req_possible_as_focus,

req_selected_as_focus,

req_rejected_as_focus: requirement_name;
blueprint_possible_as_focus,

blueprint_selected_as_focus,
blueprint_rejected_as_focus: name;

The relationgyr possible as focus, gr selected as focus, andgr rejected as focus are used to focus
on a qualified requirement. The relatioag possible as focus, req selected as focus, andreq
rejected as focus are used to focus on a requirement. The relatimagrint possible as focus,
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blueprint selected as focus, andblueprint rejected as focus are used to focus on part of the basic
design object information.

relations
too_detailed_blueprint_focus: name;
precise_blueprint_focus: name;

The relationsoo detailed blueprint focus andprecise blueprint focus provide information useful
for focussing the design object blueprint focus.

possible
design requirement
focus

) ) selected
design requirement design requirement

focus focus >

rejected
design requirement

DOD focus
modification

focus -
possible
design object blueprint

focus

) ) ) selected
design object blueprint design object blueprint
focus focus

intermediate design rejected
object blueprint focus design object blueprint
focus

Figure 9.7 Information typeDOD modification focus.

The information typ@®O0OD modification strategy iS depicted in Figure 9.8. This information type
consists of four information typeBOD modification strategy specification, rejected design
requirement focus, rejected design object blueprint focus, andrejected DOD modification. The
modification strategy is defined BOD modification strategy specification, and rejected
modification foci (both design requirement and design object blueprint) and rejected
modifications to aop are described in Appendix B.

strategy

DOD maodification
specification

rejected
design requirement

focus
DOD modification
< strategy rejected
design object blueprirB
focus

rejected
DOD modification

Figure 9.8 Information typeDOD modification strategy.
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The relation defined in the information typeD modification strategy specification iS:
relations
modification_strategy: modification_method_identification *
modification_method_characterisation;

A modification strategy consists of a modification method identification and a modification
method characterisation. Extension af® is an example of modification method

identification. Modification method characterisation includes for example an indication of what
needs to be focussed on (e.g., undermined qualified requirements, or unresolved (i.e., neitr
undermined nor supported) qualified requirements).

Information types related to the compon@®a@D modification determination are shown in
Figure 9.9. The information typeodification status contains information on the results of
applying a modification method. The information typaiification method contains information
on the modification method to apply. The information tyjpeification method evaluation
contains an analysis of potential results of a modification method. The informatiaa ligpe
realised assessment points contains information on assessment points which need to become
realised (to ultimately realise the satisfaction of a design requirement in focus). The informatic
typeextension results contains results of the extension method.

modification method>

modification status >

DOD modification
determination

./

/ to be realised >

\ assessment points

extension results >

Figure 9.9 Information types related tDOD modification determination.

evaluation

modification method>

Relations defined in the information typedification status are:
relations
modification_finished;
modification_consequences_needed;
These two relations express whether a modification step has been finished, or that
consequences of the partial modification are needed in order to continue this particular
modification step.
The relation defined in the information tyjedification method is:

relations
selected_DOD_modification_method: DOD_modification_method,;

This relation indicates which particular modification method is to be applied to the aopent
The relations defined in the information typedification method evaluation are:
relations
has_expected_modification_impact: design_object_property_atom =
modification_impact ;

The soridesign object property atom contains the meta-description of the information tygs@gn
object information. The relatiorhas expected modification impact denotes what the effect is of
realising a design object property (i.e., an assessment point). A modification impact specifies
that, e.g., a component is to be defined, an information link is to be created, the mapping of
information types within an information link is to be modified.
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The relation defined in the information typebe realised assessment points iS:

relations
to_be_realised: design_object_property_atom;

The relationo be realised denotes which design object property (i.e., assessment point) is to be
effectuated in the currenbpb.

The relations defined in the information tyg@snsion results are:

relations
extension: design_object_blueprint_atom;

The relatiorextension specifies which information is to be added to the cuwent The sort
design object blueprint atom contains the meta-description of the information tygg design
object blueprint information.

A number of knowledge bases related@D modification are shown in Figure 9.10. They
are described in more detail in the remainder of this section.

DOD validation focus
determination

design requirement
focus determination

‘ method determination

validation focus determination design requirement focus method determination
knowledge determination knowledge knowledge

method

DOD assessment S
focus determination

‘ design object blueprint

‘ default extension

DOD assessment design object blueprint focus default extension method
knowledge knowledge knowledge

Figure 9.10Knowledge bases related to sub-component3aif modification.

The knowledge baseilidation focus determination knowledge is employed to relate the contents
of apob to foci for deductive refinement on the basis of the current design requirements.
Instances of knowledge are shown below.

Example from knowledge basevalidation focus determination knowledge
The knowledge element shown specifies that the property to which a requirement refers, related to a qualified
requirement, is part of the focus for deductive refinement of the cuoent

if is_qualified_requirement( QR: qualified_requirement_name,
Q: qualification,
R: requirement_name )
and is_requirement(  R: requirement_name,
A: design_object_derivable_atom )

then is_part_of_DOD_refinement_focus( A: design_object_derivable_atom, pos );

The knowledge bagBoD assessment knowledge is employed to assess the current design
requirements on the basis of the curmot. Example knowledge is shown below.

Example from knowledge baseDOD assessment knowledge
The knowledge below specifies that if the design object property to which a requirement refers is explicitly
false in the (deductively refined) currarb, then this requirement is violated (and therefore not satisfied).

if is_requirement( R: requirement_name, A: design_object_property_atom )
and holds( A: design_object_property_atom, neg )

then violated_requirement( R: requirement_name )
and not satisfied_requirement( R: requirement_name );
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The knowledge bastsign requirement focus determination knowledge iS employed to identify
possible foci for modification. An example knowledge element is shown below.

Example from knowledge basedesign requirement focus determination knowledge

The knowledge element below specifies that if the modification strategy involves undermined qualified
requirements, and a qualified requirement can be found which is undermined, and this qualified requirement
does not have refinements (i.e., it is at the "bottom' of a qualified requirement refinement tree), then this
qualified requirement is a possible focus.

if modification_strategy( I: modification_method_identification, undermined_qr )
and undermined_qualified_requirement( QR: qualified_requirement_name )
and not has_refinement( QR: qualified_requirement_name )

then gr_possible_as_focus( QR: qualified_requirement_name );

The knowledge bas#esign object blueprint focus determination knowledge is employed to
identify possible foci for modification. Example knowledge is shown below.

Example from knowledge basedesign object blueprint focus determination knowledge

The knowledge element below specifies that if a too detailed focus on part of the design object has been g
as an intermediate design object blueprint focus, and it can be concluded (by another part of the knowledge
base) which components encompass this part of the design object, then this component is a possible foci
part of the design object.

if too_detailed_blueprint_focus( N: name )
and has_encompassing_component( N: name, C: component_name )

then blueprint_possible_as_focus( C: component_name );

The knowledge baseodification method knowledge is employed to select a specific modification
method (a sub-component@d®D modification determination) to modify the currerbop. The
component that corresponds to the selected modification method is activated by means of

evaluation criteria and task control in the compom&tt modification determination. Example
instances of knowledge are shown below.

Parts from knowledge basemodification method knowledge

The first part specifies that if there is more than one modification impact of non-realised assessment point
then this modification step is not finished yet: consequences of the current modification are needed before
continuing the realisation of non-realised assessment points.

if more_than_one_non_realized_impact

then modification_consequences_needed
and not modification_finished;

The second part specifies that if the modification strategy states that the modification process is to continu
modification by means of the already chosen method, then assessment points need to be derived.

if modification_strategy( continue_already_chosen_method, no_criterion )
then selected_DOD_maodification_subtask( derive_assessment_points );

The knowledge basstension method knowledge is employed to specify which basic design
object information has to be removed from the cument Example parts from this knowledge
base are described below.

Parts from knowledge baseextension method knowledge

The parts below specify the relation between a non-realised assessment point (i.e., a property of the desig
object) related to basic design object information. The first part specifies that if it needs to be realised that
component exists, then the fa@&_component( C: component_name ) needs to be added to the curreab.

if to_be_realised(is_component( C: component_name ))
then extension( is_component( C: component_name ) );
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The second part specifies that if a component is to be an agent, then a particular characterisation has to be
added to the currepD.

if to_be_realised(is_an_agent( C: component_name ) )

then extension( has_characterisation( C: component_name, agent ) );
The third part specifies that if an information link is to be created which exists within a comparaht
connects componebtl to componenb2, then three additions need to be made to the curcant

if to_be_realised( link_connects( I: information_link_name,
C: component_name,
D1: component_name,
D2: component_name))

then extension( has_information_link( C: component_name,
I: information_link_name ) )
and extension( has_source_component( I: information_link_name,

D1: component_name))
and extension( has_destination_component( I: information_link_name,
D2: component_name ) );

9.4 Refinement of DODM History Maintenance

Both the process composition and the knowledge composition for the praxs8$istory
maintenance are described below.

9.4.1 Process composition for DODM history maintenance: identification of
processes and abstraction levels

The refinement of the processmdDM history maintenance presented in this section is similar to
the refinement of the processRI)SM history maintenance: similar processes and input & output
information types are identified (witbop' in the name instead afQs) with similar content

(i.e. in this case descriptions of design objects).

The process adODM History Maintenance is responsible for maintaining and retrieving
information of thepobm process for future use. In particular information on the design object
descriptions considered (accepted and/or rejected) and information on states withib the
modification process are stored. A number of sub-processes are performed to this purpose, as
shown in Figure 9.11. The procas3DM history maintenance iS composed of the processD
history maintenance, DOD assessment & RQS history maintenance, andDOD modification state
history maintenance.

CDOD M History Maintenance)

DOD DOD assessment DOD maodification
history & RQS
maintenance history

state
maintenance

history
maintenance

Figure 9.11 Process composition f@ODM History Maintenance.

The proces®OD history maintenance IS responsible for storing, retrieving and managing
descriptions of design objects over time. The probessassessment & RQS history
maintenance IS responsible for storing, retrieving, and managiogassessments and sets of
qualified requirements. The proc&s3D modification state history maintenance is responsible for
storing, retrieving and managing modification states (i.e., information regarding the
modification processes). This process is similar to the prossistory maintenance. These
three processes are further described in Section B.2.3.

Theinterface information typesf the processes distinguished within the probessv
History Maintenance are listed in Table 9.5 and described below.
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process input information type output information type
DOD history maintenance | - DOD - DOD history search results
- current DOD contents - current DOD replacement results
- DOD history queries - new current DOD contents
- current DOD replacement request | - current DOD name
DOD assessment & RQS | - RQS - RQS history search results
history maintenance - RQS history queries - DOD assessment history search
- DOD assessment results
- DOD assessment history queries
DOD maodification state - given current DOD name - DOD modification state history
history maintenance - overall design strategy search results
- DOD modification state history
queries
- DOD modification progress

Table 9.5Interface information types for sub-processe®©bM History Maintenance.

The proces®O0D history maintenance needs information on (given) design object
descriptionsoD), the contents of the currembb (current DOD contents), queries on
DOD history OOD history queries), and requests for replacement of the curment (current
DOD replacement request). This process generates results of searchingdbdiistory
(DOD history search results), results on the success of replacing the cuent(current
DOD replacement results), new contents for the curremdp (new current DOD contents),
and the name of the newesiD (current DOD name).

The proces®0OD assessment & RQS history maintenance requires sets of qualified
requirementsKQs), queries omQs history RQS history queries), assessments of design
object descriptionsDOD assessment), and queries onob assessmenbOD assessment
history queries). This process generates results of searchinggbhistory RQS history
search results), and results of searching thep assessment historp@D assessment
history search results).

The proces®0OD modification state history maintenance requires information on the name
of the newesbop (given current DOD name), overall design strategyverall design
strategy), queries omob modification state information historp@D modification state
history queries), and progress of the modification processr modification progress). The
procesOD modification state history maintenance produces results of searching tioo
modification state historydOD modification state history search results).

DODM history ( DODM history maintenance task control )
maintenance S ——
DOD modification
State
f DOD modification state histor
hlStOfy maintenance output informatign
——|  DOD modification state history maintenance —
maintenance input information - @@
DOD assessment
&RQS — DOD assessment & RQS
DOD assessment & RQS history history maintenance output
history maintenance input information . information
maintenance »
current
DOD
DOD I name
history
maintenance
DOD history maintenance input information "~ DOD history maintenance output information |

Figure 9.12Information links within the process BIODM history maintenance.
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9.4.2 Process composition relation within DODM history maintenance

The information links in the componemdDM history maintenance are shown in Figure 9.12.
Within this component six mediating links and one private link are defined:

The mediating linkoOD modification state history maintenance input information transfers
information expressed iverall design strategy, DOD modification state history queries, and
DOD modification progress from the input interface @fODM history maintenance to the
input interface 0bOD modification state history maintenance.

The mediating linkDOD assessment & RQS history maintenance input information transfers
information expressed RQS, RQS history queries, DOD assessment, DOD assessment
history queries from the input interface @fODM history maintenance to the input interface
of DOD assessment & RQS history maintenance.

The mediating linkDOD history maintenance input information transfers information
expressed imOD, current DOD contents, DOD history queries, andcurrent DOD
replacement request from the input interface @fODM history maintenance to the input
interface ofdbOD history maintenance.

The private linkcurrent DOD name transfers the name of tbep currently being stored
(current DOD name) from the output interface @oD history maintenance to the given
name of theob currently being storedigen current DOD name) at the input interface of
DOD modification state history maintenance on the basis of an explicit mapping between
these information types.

The mediating linkDOD modification state history maintenance output information transfers
information expressed MOD modification state history search results from the output
interface oDOD modification state history maintenance to the output interface afobm
history maintenance.

The mediating linkDOD assessment & RQS history maintenance output information transfers
information expressed RQS history search results, andDOD assessment history search
results from the output interface @OD assessment & RQS history maintenance to the
output interface obODM history maintenance.

The mediating linkoOD history maintenance output information transfers information
expressed iDOD history query results, current DOD replacement results, andnew current
DOD contents from the output interface @foD history maintenance to the output interface
of DODM history maintenance.

The task control within the compon@®DM history maintenance is as followsDODM history
maintenance can be activated with one of the following task control fiekl storage of

information, continued storage of information, update of the history, execute queries, Or

replacement of current bob preparation. For four of these task control foci the same components
and information links are activated, the task control feguscement of current bob preparation
results in a slightly different activation of components and information links:
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On activation with one of the task control fodiial storage of information, continued
storage of information, update of the history, andexecute queries the information link©oD
modification state history maintenance input information, DOD assessment & RQS history
maintenance input information, andDOD history maintenance input information are made up-
to-date, anaOD history maintenance is activated with the same task control focus as
DODM history maintenance. Upon termination obOD history maintenance, DOD
assessment & RQS history maintenance IS activated with the same task control focus as
DODM history maintenance. Upon termination obOD assessment & RQS history
maintenance, DOD modification state history maintenance iS activated with the same task
control focus a®0ODM history maintenance and the information linkurrent DOD name is
made up-to-date. Upon terminationb@D modification state history maintenance, the
information linksDOD modification state history maintenance output information, DOD
assessment & RQS history maintenance output information, andDOD history maintenance
output information are made up-to-date abdDM history maintenance terminates itself.
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- On activation with the task control focuglacement of current bop preparation, the
information linkcurrent DOD history maintenance input information is made update, and
DOD history maintenance IS activated with task control focusplacement of current bob
preparation. Upon termination oboD history maintenance the information linkoOD history
maintenance output information iS made up-to-date amDDM history maintenance
terminates itself.

9.4.3 Knowledge composition for DODM history maintenance

Most of the information types and knowledge bases related to the ppomgsistory
maintenance are not refined, one exception is the information tyPe modification state
information, as shown in Figure 9.13.

DOD maodification
state information

%k meta-meta-meta-level
% % meta-meta-level
§ ??‘Q meta -level
=" DOD
xg%é modification focus
i4
3 DOD
modification strategy
§
¥

current
DOD basis evaluation

Figure 9.13Refinement of the information tyg@OD modification state information.

The meta-descriptions of the information type® modification focus, DOD modification
strategy, andcurrent DOD basis evaluation are related to the sapbD modification state attribute
value (see Section A.2.3), thereby instantiating the relatsrbOD modification state value.

9.5 Discussion

In this chapter the results of the previous chapters are extended: the generic model for desig
further refined resulting in the model for re-design of compositional systems. The refinement
the proces®0D manipulation is addressed in this chapter. Four refinement steps have been
described, as depicted in Figure 9.14.

In the first refinement step the information types and knowledge-base related to the
processurrent DOD maintenance are instantiated. In the second refinement step the information
types and knowledge base related to the pratesstive DOD refinement are instantiated. In
the third refinement step the proces® modification is partially refined; additional refinements
of sub-processes 00D modification are described in Appendix B. In the fourth refinement step
the proces®ODM history maintenance is partially refined; additional refinements of sub-
processes adODM history maintenance are described in Appendix B.

The description of the refinement@mdD manipulation is the realisation of the desideratum
dr3 (dmodel of the manipulation of compositional system structures®).

The refinement of the proceB®D manipulation described in this chapter is more detailed
than the initial description of the structurebafD modification (which was also the basis for
RQS modification), described in (Brazier, Langen, Treur and Wijngaards, 1996); the refinemen
of a modification process is depicted in Figure 8.15. In (Brazier, Langen, Treur and
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Wijngaards, 1996) four processes are distinguished as refinements of the pamess
modification:

analysis of current description, that investigates which conflicts, unsatisfied design
requirements, et cetera, are present in the curcent

modification focus determination, that determines which parts of the curmobh must be
modified to be able to resolve the identified problems,

modification method determination, that determines the method for modifying the parts of
the currenbop that are in focus,

modification according to method, that modifies the parts of the currexb that are in

focus, according to the method determined.

The processes distinguished above can be found in the compositimis bdification

(Section 9.3). Thenalysis of current description IS located irDOD validation; modification focus
determination IS located withirbOD modification focus identification; modification method

determination is located withirbOD modification determination; andmodification according to

method is realised by task control knowledge and several processes corresponding to methods
in DOD modification determination.

refinement of knowledge

more generic more specific

knowledge > knowledge

more generic
processes

generic design model with refined
information types and refinement of
design process co-ordination and

Q,

\2

§ RQS manipulation
(%]

]

g —O0—-0,

5 ® @ \(i

T

£

g

=

generic design model with refined
information types and refinement of
design process co-ordination, RQS

more specific . . . 3
manipulation, and DOD manipulation

processes

Figure 9.14Refinement steps described in this chapter:
the numbered arrows correspond to sections 9.1 to 9.4.

The process composition and knowledge composition described in this chapter are generic in
the sense that more elaborate, knowledge-intensive specialisations can be added. For example,

in the process specialisation f@®D modification determination additional modification methods
can be added.
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Part AV

Examples of Re-design of
Compositional Systems

In this part examples are given of the application of the model for re-design of
compositional systems. In Chapter 10 a model for a design agent is described,
based on the model for re-design of compositional systems and the agent model
(described in Chapter 4). In Chapter 11 the re-design model is applied to the
domain of diagnostic reasoning systems, resulting in the re-design of a specific
diagnostic reasoning system. In Chapter 12 the design agent is applied to the
domain of self-modifying multi-agent systems, resulting in the re-design of the
multi-agent system by one of its agents.
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10 An Agent Model for Dynamic Re-design

Within multi-agent systems, design is a task often performed by one or more specialised agent
Other agents interact with such “design agents' by, for example, providing qualified
requirements, initial (partial) design object descriptions, and design process objectives.
Specialised agents are often encountered in human society: e.g., architects are specialised
agents: their area of expertise is the design of buildings. A design agent designs on the basis ¢
the information received from other agents, and makes results of the design process available
other agents.

A generic agent model is described in Section 4.5.2. A generic model for design is
described in Chapter 6, and a refinement of this model in Chapters 7, 8, and 9. The resulting
models are used in this chapter to construct a generic model for a design agent. This generic
design agent is applied to the re-design of a multi-agent system. That is, the generic design
agent is refined for the domain of re-design of compositional systems.

Two approaches can be used to construct a design agent for the re-design of
compositional systems. The first approach is to combine the re-design model of compositional
systems with the generic agent model, resulting in a model for a design agent for re-design of
compositional systems. The second approach is to combine the generic design model with the
generic agent model, resulting in a generic model for a design agent, which is then refined to a
model for a design agent for re-design of compositional systems by applying the refinement of
the design model as described in Chapters 7, 8, and 9. The second approach, in which an
intermediate generic design agent is constructed, is taken in this chapter.

The process of constructing a design agent is a design process on its own: design proce
objectives are distinguished, as are qualified requirements. This chapter is organised according
to the three main processes within the process of design. In Section 10.1 design process
objectives are described for the design of a design agent. In Section 10.2 requirements for the
design of a design agent are formulated. These requirements guide the construction process. |
Section 10.3, the generic model for design (see Chapter 6) is combined with the generic agent
model (see Section 4.5.2), resulting in a generic model for a design agent. In Section 10.4, the
generic model for a design agent, described in Section 10.3, is specialised for re-design of
compositional systems (using the model described in Chapters 7, 8, and 9). In Section 10.5 th
models described in this chapter are discussed.

10.1 Design process objectives on a design agent

Objectives may be defined for the design process with which a design agent is designed. Thes
design process objectives may influence choices with respect to specific design strategies.
The following design process objectives are distinguished:

- A generic agent model is to be the basis of the design of the agent archifdwture.
generic agent model from (Brazier, Jonker and Treur, 1996) and described in Section
4.5.2, is used to model the "agent' process of the design agent.

- A generic design model is to be the basis for the design of the design task of the design
agent The generic model for design, described in Chapter 6, is used to model the
“design' process performed by the design agent.

- Minimal modifications to the agent mod€he agent model should be modified as little as
possible.

- Minimal modifications to the design mod€&he design model should be modified as little
as possible.
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- Minimal modifications to the agent model are preferred over minimal changes to the
design modellf modifications are necessary, these should preferably be made to the
design model instead of the agent model.

- An intermediate, generic design-agent is designed before a specialised desigmagent.
agent models have to be produced: first a model of a generic design agent, and then a
model of a specialised design agent.

10.2 Requirements on a design agent

A generic model for an agent usually supports communication and/or world interaction about
topics related to its specific tasks. A generic model filwsagn agenteeds to integrate the

design process and the internal processes of an agent, providing support for communication and
world interaction on issues related to a design process.

In this thesis a generic agent model and a generic design model are combined to form a
new, generic model, for a design agent. A distinction can be made between design agents in
general (see Section 10.3), and design agents specialised in a specific task, i.e., re-design of
compositional structures (see section 10.4). For both types of design agents requirements can
be formulated which need to be fulfilled by models of these types of design agents.

10.2.1 Requirements on a generic model for a design agent

Requirements on a generic model for a design agent can be split into two categories:
requirements on the "agent' properties of the design agent, and requirements on the integration
of the “design properties' in the design agent.

A generic design agent should have the agent abilities:

- is capable of bi-directional communicatiogh design agent has to be able to bi-
directionally communicate about information needed by, or resulting from, a design
activity.

- is capable of world interactiorA design agent has to be able to interact in the material
world to observe (or provide) information needed by (or resulting from) a design activity.

- is capable of co-operatio\ design agent has to be able to co-operate (and, e.g., to
negotiate) on a design activity.

- is capable of agent own process contfotesign agent has to be able to monitor and plan
its own processes, including the design process at a global level.

The agent own process control doescover control of the processesidethe design process
except by providing design process objectives.
The desired properties on the design model are:

- Explicit distinction between the manipulation of design object descriptions, manipulation
of sets of qualified requirements, and co-ordination of the design process.

- Explicit representation and manipulation of design process objectives.

- Explicit representation and manipulation of (sets of) qualified requirements.

- Explicit representation and manipulation of design object descriptions.

Requirements on a generic model for a design agent also address the integration of a process of
design within an agent model. The following requirements can be formulated:

- The design process is to be modelled within the agent as one of its (possible) capabilities.
The ability to perform a design process is to be modelled as (one of) the agent's specific
tasks.

- Information needed for the design process can be acquired via communication or world
interaction.Information on which a specific design process is based (design process
objectives, sets of qualified requirements, design object descriptions) can be acquired by
two means: by communication, or by observation in the material world.

- Information resulting from the design process can be made available via communication
or world interaction All types of information resulting from a design process (design
object description information, requirement qualification set information, process results,
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design process evaluation status) can be made available by two means: by
communication, or by actions in the material world.

10.2.2 Requirements on a model for a specialised design agent

Requirements on a model for a design agent specialised for re-design of compositional
structures address the refinement of the design task: both the refinement of processes and the
refinement of knowledge structures. The refinement of the generic design model, described in
Chapters 7, 8, and 9, is employed in the design agent. The following requirements can be
formulated which supplement the requirements formulated in the previous sub-section:

- The design process is to be refined to design compositional syStesrdesign process
needs to focus on the design of compositional systems.

- A knowledge-intensive system is to be represented as a design object description in the
design process he design object descriptions are to be descriptions of knowledge-
intensive systems.

- Qualified requirements on compositional systems are to be represented in the design
process.The qualified requirements within the design process are to be qualified
requirements on compositional systems.

- The manipulation of compositional systems descriptions is to be modelled in the design
processThe design process is to include the manipulation of compositional systems, on
the basis of qualified requirements on compositional systems.

- The manipulation of qualified requirements on compositional system is to be modelled in
the design proces$he design process is to include the manipulation of qualified
requirements.

- The design process is to include knowledge on the co-ordination of the design process.
The design process is to include knowledge on the co-ordination of the design process
specialised for re-redesign of compositional systems.

The purpose of these requirements is to guide the construction of a generic model for a design
agent, specialised in re-design of compositional structures. This generic model can be applied
different situations (for example, dynamic design of agents (i.e. self-modifying multi-agent
system) and distributed design of a knowledge-intensive system), in which the design agent h
different roles and/or abilities.

10.3 Constructing a generic model for a design agent

A generic model for a design agent is constructed by combining two existing generic models:
the generic design model (Chapter 6) and the generic agent model (Section 4.5.2). The resultit
model is described in three phases: first the process composition is described, then the
knowledge composition, and finally the relation between process composition and knowledge
composition. Only modified parts of the generic agent model are described in this section.

10.3.1 Process composition
The process composition of the design agent is described by the identification of processes at
different abstraction levels, after which the composition relation of these processes is specified

Identification of processes at different abstraction levelsThe design process is
placed within the agent specific task. This results in the process composition shown in Figure
10.1.

[ Agent Specific Task]

e

Figure 10.1 Partial view on the process composition witligent Specific Task.
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The sub-processes within the process of design are not depicted in Figure 10.1, but are the
same as the processes described in Section 6.1. Process composition includes descriptions of
interfaces of processes. The interface of the design component has three different meta-levels in
its interface. The interface of the agent specific task component, however, has one meta-level.

Two modelling options are possible to facilitate information exchange between processes
within the agent and the design component within the agent specific task.

- Modifying the design componehttranslation is made between information needed for,
or provided by, the design process, by mapping several meta-levels into one level of
information, which can then be used in the interface of the agent specific task.

- Modifying the agenfThe agent specific task has three meta-levels in its interface,
corresponding to the meta-levels in the interface of the design task, and other processes
within the agent process and the agent process itself also have three meta-levels in its
interfaces.

A (preferred) minimal change to the "agent' part of the design agent is achieved by adopting the
first solution: by using information links to transfer information between meta-levels. Some
modifications may, however, be needed to information types in levels distinguished in the
interface of the design process.

The information types in the interfacesagknt Specific Task andDesign are described in
Table 10.1. Note that the input and output interfaaeeeiin have been slightly modified: two
information types have been added; the existing information types did not provide the extra
meta-level needed to map the information type to a higher level.

In Table 10.1 information types in the interface of the compoxunt Specific Task and
its sub-componerttesign are described.

process input information type output information type
Agent Specific Task - design input information - design output information
Within Agent Specific
Task
Design - design process objectives - design process evaluation
- RQS - RQS assessment
- initial DOD* - DOD assessment
- DOD - RQS
- resulting DOD*
- DOD

Table 10.1Interface information types of componexgent Specific Task and its
sub-componerbesign. New information types are denoted with.a

The interfaces of the components described in Table 10.1 are discussed below.
The Agent Specific Task requires information needed for a design proogssy( input
information) and provides results of that design processign output information).
The taskDesign needs information on:

- design process objectivase§ign process objectives),

- sets of qualified requiremen8@s) and a meta-level description of design object
descriptionsifitial DOD), and

- design object descriptione@D).

The taskbesign produces information on:

- information on evaluations of the design procéssidn process evaluation),

- assessments of sets of qualified requireme&®s assessment) and assessments of
design object descriptione@D assessment), resulting sets of qualified requirements
(RQS) and a meta-level description of resulting design object descriptésnlsirig DOD),
and

- resulting design object descriptiomsd).
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Note that the two (new) information types in the interface of the compbagi are meta-
descriptions of other information types; enabling transfer of information from three different
meta-levels to information at one meta-level.

Composition relation. In this section the composed processes identified above are
described from a static point of view, i.e., information exchange in a composed process, and
from a dynamic point of view, i.e., task control of a composed process.

Static perspective on process compositidre information exchange within the process Agent
Specific Task is shown in Figure 10.2.

Agent Agent Specific Task task control
Specific ( 9 P )
Task

design process objectives Design design process evaluation report

vy

RQS and initial DOD RQS assessment and
DOD assessment and

R?S and
resulting DOD

Figure 10.2Information exchange within the componewent Specific Task.

Within the componemgent Specific Task (Figure 10.2) four mediating links are defined:

- The mediating linldesign process objectives transfersiesign process objectives from the
input interface oRgent Specific Task to the input interface afesign.

- The mediating linkkRQS and initial DOD transfersneta-information on RQS and initial DOD
from the input interface afgent Specific Task to the standard meta-level description of
information of the second meta-level in the input interfaaeesifin on the basis of an
explicit mapping between these information types.

- The mediating linkiesign process evaluation transferslesign process evaluation from the
output interface obesign to the output interface @fgent Specific Task.

- The mediating linkRQS assessment and DOD assessment and RQS and resulting DOD
transfers from the standard meta-level description of information at the second meta-level
from the output interface @fesign to resulting level 2 design output at the output interface
of Agent Specific Task on the basis of an explicit mapping between these information

types.

Figure 10.3 depicts the information links in the compobesitin and the modified information
links. The modified information links are described below.

- The mediating linknitial DOD transfersnitial DOD from the input interface dfesign to the
standard meta-level description of information of the first meta-level in the input interface
of DOD Manipulation on the basis of an explicit mapping between these information types.

- The mediating linkooD transfers the standard meta-level description of information at the
first meta-level from the output interfacemsdD Manipulation to resulting DOD in the
output interface abesign on the basis of an explicit mapping between these information

types.

Dynamic perspective on process composifi@sk control knowledge within the component
Agent Specific Task is straightforward: whenever the componegint Specific Task becomes
active, input information is transferred to the compobesiyn via the information linkslesign
process objectives, andinitial RQS and initial DOD, after which componemtesign is activated.
Upon termination of the componemsign, the information linkslesign process evaluation,

RQS assessment, DOD assessment, RQS, andDOD are made "up-to-date' and the component
Agent Specific Task terminates itself.
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Design
9 C Design task control )

Design

Process design process evaluation

Co-ordination
overall design
strategy to DODM

design process objectives

overall design DOD M process >
strategy to RQSM luati
gy to RQ evaluation oD
initial RQSM assessment
RQS process
RQS evaluation DOD
P> | Manipulation ) . - .
t intermediate RQS Manipulation DOD
RQS
RQS assessment
intermediate DOD assessment
initial DOD

Figure 10.3Modified information exchange within the compon@eisign.

10.3.2 Knowledge composition

The knowledge composition of the design agent includes information types, knowledge bases,
and levels of knowledge abstraction.

Information types. The information types in the generic model for the agent and the generic
model for design are also in the model for the design agent. In addition, information types are
Pee((jjed_ to "connect' the information from the generic model for the agent and the generic model
or design.

Table 10.1 depicts the information types in the interface of the sub-comperigntof
the componenigent Specific Task. The information typeBesign Input Information andDesign
Output Information contain information of the design input and output information at three meta-
levels. Several smaller information types are needed to construct these two information types.

Knowledge basesThe knowledge bases in the generic model for the agent and the generic
model for design are also in the model for the design agent.

Levels of knowledge abstractionFirst compositionality of information types is
described, then compositionality of knowledge bases.

In Figure 10.4 a partial view is shown on levels of knowledge abstraction for the
information typeDesign Input Information. Both composition by reference and composition by
meta-description are shown in this figure.

The mapping of two meta-levels into one other meta-level (the third meta-level) is shown
in Figure 10.4. The information tyjmeD is mapped into the information typeta level
information of DOD (which resides at the next meta-level). The information ity DOD refers
to this information type. Both the information types inibalb andrRQSs are mapped into the
information typeameta level information of RQS and initial DOD (at the third meta-level). The
information typerQs and initial DOD information refers to this information type. The information
typedesign input information refers to both this latter information type and the information type
design process objectives.

Figure 10.5 shows a partial view of the levels of knowledge abstraction for the
information typedesign output information. Both composition by reference and composition by
meta-description are shown in this figure.
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dgsigtn design process
~ Input objectives

information
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initial DOD
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< initial DOD >
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Figure 10.4 Partial view on levels of knowledge abstraction
for information types related tiesign input information.

design :
design process
< ) outpu_t > < evaluation >
information
design
process
results
meta-level 3
< RQS assessment> o < RQS >
< DOD assessment > ' < resulting DOD > <

meta level information
of de3|gn results
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of DOD

meta-level 2

\ meta-level 1

-

Figure 10.5Partial view on levels of knowledge abstraction
for information types related tesign output information.

The mapping of two meta-levels into one other meta-level (the third meta-level) is shown in
Figure 10.5. The information tymeoD is mapped into the information typeta level

information of DOD (Which resides at the next meta-level). The information tgagting DOD

refers to this information type. The information typ&silting DOD information, RQS

assessment, DOD assessment, andRQS are mapped into the information typeta level

information of design results (at the third meta-level). The information tygsign process results
refers to this information type. The information tyjesign output information refers to both this
latter information type and the information tygign process evaluation.
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10.3.3 Relations between process composition and knowledge composition

The information types related to the Agent Specific Task and Design are depicted in Figure 10.6
and Figure 10.7. The relation between other processes (in both the agent and design) and
knowledge structures is not modified.

In Figure 10.6 the procesgent Specific Task is shown in relation to information types. It
is a composed process, and therefore does not have a knowledge base of its own.

design input Agent Specific Task design output
information information

Figure 10.6Relation between the procesgent Specific Task and information types in its interface.

In Figure 10.7 the procesasign is shown in relation to information types. The extra added
information types are indicated. The processign is a composed process, therefore no
knowledge base is indicated.
design
process
evaluation

design
process RQS assessment
objectives
< RQS > < DOD assessment >
( initial DOD ) < RQS >
< DOD > ( resulting DOD )
< DOD >

Figure 10.7Relation between the proceBssign and information types in its interface,
the new information types are indicated by a thicker outline.

10.4 A model for an agent for the re-design of compositional
systems

The generic model for a design agent, described in the previous section, has to be refined for
the re-design of compositional systems. The design process within the design agent is refined in
the same manner as a generic model for design is refined for the re-design of compositional
structures; see Chapters 7, 8, and 9 for more details.

The refinement of the knowledge structures, described in Chapters 7, 8, and 9, is also in
effect, causing an indirect refinement of all information types which refer (indirectly) to an
information type which is specialised. This is a useful feature, e.g., the information which can
be communicated to and from agents now includes information on the re-design of
compositional structures.

The idea of self-modification is illustrated in Figure 10.8. The box on the left contains the
multi-agent system (consisting of three agents and the external world) before modification. The
box on the right depicts the multi-agent system after modification (with new agents C and D,
and agent B removed). The agent Design Agent causes the modification of the multi-agent
system: it reasons about the description of the current multi-agent system, draws a plan to
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modify this description, and effectuates the modifications resulting in a modified multi-agent
system. The cloud depicts this reasoning process.

(™ ) 1ED)
i) s/ OFO

A O A
e e

Design Design ] c ]
{ Agent £ Agent {
(DA) (DA)

External External ] D ]
World World
(EW) (EW) a |

multi-agent system multi-agent system

Figure 10.8Self modifying multi-agent system: the design agent modifies the structure
of the multi-agent system by creating two new ag€rasdD and removing ageis.

A modelling approach in which a description of a system is manipulated by the system itself (at
run-time) is thamind-matterapproach, introduced in (Jonker and Treur, 1997). This involves
two representation relations between a description of a system and the system itself: the
description (symbolically) represents the system, and the description is (materially) representec
within the system. Modifications to the material representation of the system influence the
system (for example, adding a new ability to an agent, makes it possible for that agent to, e.g.
reason about new concepts). The design agent plans modifications to the description of a multi
agent system with the possible effect depending on the type of modification: when the changes
are effectuated new agents are created, existing agents modified, existing agents removed
entirely, and the external world modified.

The combination of a design agent and the mind-matter modelling approach makes it
possible to have a conceptually and semantically transparent model of a self-modifying multi-
agent system. Tools exist to effectuate this dynamic mind-matter approach by performing
material actions in the external world: changes to descriptions of a system entail changes to the
system itself.

10.5 Discussion

Two generic models, a generic agent model and a generic design model, have been combined
form a generic model for@esign agentBased on this model for a design agent, a model for an
agent specialised in re-design of compositional systems has been constructed (based on a
refinement of the generic model of design).

Requirements have been formulated for a design agent in general, and in addition for a
design agent for re-design of compositional structures. These requirements guide the model
construction process. The construction process and models developed (a model for a design
agent and a model for a design agent for re-design of compositional structures) fulfil all of the
formulated design process objectives and requirements.

The model for a design agent is generic with respect to its domain of application, yet is
specific with respect to the processes distinguished within the agent (as compared to the genet
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agent model). The model for a design agent for re-design of compositional systems is specific
with respect to the domain désign processeand specific with respect to the distinguished
knowledge structures. These transitions in genericity in two dimensions (process vs.
knowledge) are depicted in Figure 10.9.

refinement of knowledge
more generic more specific
knowledge knowledge

more generic
processes

generic agent model

#1) model for design agent

(2)

model for design agent
for re-design of
compositional systems

refinement of processes

more specific
processes

Figure 10.9 Overview of refinement relations between the generic agent model,
the model for the design agent, and the model for the design agent for re-design of compositional systems.
The numbered arrows correspond to the two phases during the refinement of the generic agent model.

All three models placed in the matrix in figure 10.9geaericmodels, yet their "degree of
genericity' differs, as can be inferred from the position of these three models in the matrix.

The construction process for the model of the design agent was straightforward. The
position of the design process within the agent was relatively simple: minimal changes to the
agent model implies that additional components are plaitboh existing components of the
agent. The only serious work was encountered in the mappings between information at one
meta-level for agent processes and information at three meta-levels for the process of design.

Adding the specialisation of the design process to the generic model of the design agent
was straightforward as well. The specialisation of the process of design, described in Chapters
7, 8, and 9, could be re-applied to the design process in the design agent.

The design agent model described in this chapter is similar, yet more generic and oriented
towards multi-agent systems, than the Single Function Agents approach (Dunskus, Grecu,
Brown and Berker, 1995; Berker and Brown, 1996) in which specialised design agents, with a
particular view on a design object, negotiate with each other to achieve a design object which
satisfies requirements imposed by all design agents.

An application of the design agent described in this chapter is discussed in Chapter 12: re-
design of a multi-agent system. In the next chapter an application of the re-design model is
described.

148



11 Re-design of a Diagnostic Reasoning System

In this chapter the applicability of the re-design model for compositional systems, presented i
Chapters 7, 8, and 9, is illustrated for the re-design of a compositional knowledge-based
system for diagnostic reasoning. The trace presented in this chapter is based on the trace
presented in (Brazier, Langen, Treur and Wijngaards, 1996). Re-design is performed by a re
design support system in close interaction with a knowledge engineer. The re-design proces
explained by reference to a trace, showing the sequence in which components of the model
re-design of compositional systems are activated and the results of these components.

The design object to be re-designed is a simple system for diagnostic reasoning, as sh
in Figure 11.1, based on the generic model of diagnosis described in Section 3.3.1 and in
Chapter 4. In Figure 11.1 (a), (b) and (c), the different levels of process abstraction describe
in Chapter 4 are shown.

The requirement qualification set on which the design of the original diagnostic reasonir
system was based is shown in Table 11.1: eight requirements and their qualifications. See
Section 5.2 for a description of properties and the refinement knowledge with which the refin:
requirements can be produced.

Requirement Qualification
Identifier Property
RQa OThe system is capable of diagnostic reasoning.O hard
RQb OThe system is capable of initial observations.O hard
RQal OThe system is capable of determination of hypotheses.O hard
RQa2 OThe system is capable of validation of hypotheses.O hard
RQa3 OThe system is capable of combining hypothesis determination | hard
and hypothesis validation.O
RQa2.1 OThe system is capable of determination of observations.O hard
RQa2.2 OThe system is capable of evaluation of hypotheses.O hard
RQa2.3 OThe system is capable of gombining observation determination | hard
and hypothesis evaluation.O

Table 11.1Requirement qualifications for the original diagnostic reasoning system.

One new, additional requirement imposed by the knowledge engineer on the diagnostic
reasoning system is shown in Table 11.2.

Identifier ‘ Property ‘ Qualification
RQ1 OThe system proposes fewer hypotheses, in comparison | hard
to random proposal.O

Table 11.2Additional qualified requirement for the diagnostic reasoning system.

First an overview is given of the re-design of this diagnostic reasoning system in Section 11.
Second, a trace is given of how, in particular, the compafyenthesis Determination iS re-
designed in Section 11.2. The trace continues in Section 11.3 in which the component
Hypothesis Determination iS modified according to new requirements. The addition of strategic
user interaction is shown in Section 11.4. The approach presented in this chapter is discuss
Section 11.5.
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Figure 11.1Three levels of process abstraction within the original example diagnostic system

11.1 Overview of the re-design process

The re-design of the given diagnostic reasoning system involves several cycles through the re-
design model. A brief description of the entire re-design process facilitates the understanding of
the traces in the following sections.

The new requirement (added to the original requirements) is shown in Table 11.2, and
may or may not affect the design of the diagnostic reasoning system. In this section, first the
current design object description is analysed to see if it satisfies the (old and new) requirements.
The result of this analysis is that the new requirement is not satisfied. Then the new requirement
qualification set is analysed and the new, and rather abstract, qualified requremEnto be
refined. As a result, new requirements plus qualifications (both "hard' and "soft') emerge, after
which the set of qualified requirements is restricted to only the requirements qualified as "hard'.
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Then the current design object description is analysed to see if it satisfies these requirement:
This is not the case: the requirements that resulted from the refinenrent afe not satisfied.

To resolve this problem, a number of modifications to the design object description are made
resulting in a new design of the componigyothesis Determination.

Having succeeded in satisfying the hard requirements, requirements with other
gualifications are considered: the soft requirements imposed on the design object description
To satisfy these requirements the design object description is modified: a sub-component
Strategy Determination is added to the design of the compongbthesis Determination together
with the appropriate information links and task control.

The knowledge engineer notices that all requirements are satisfied (because s/he was r
sure beforehand that they were consistent) and accepts the changes made to the design obje
description. The knowledge engineer continues the re-design process and adds a requireme
gualified as "hard": the strategy for determination of hypotheses is to be established by the
diagnostic reasoning system in interaction with the user. This makes a third round of design
object description manipulation necessary, resulting in the decomposition of the sub-compon
Strategy Determination. After this, the knowledge engineer accepts the new diagnostic reasonin
system and imposes no further requirements.

This re-design process is presented in traces in this chapter, showing the activation of
(sub-)components chronologically, together with the results of activation. The abbreviations
used are listed in Table 11.3.

Abbreviation | Explanation

KE knowledge engineer

Rn requirement n

RQnN qualified requirement n

RQSn requirement qualification set n

DODn design object description n

D Diagnosis (component)

EW External World (component)

DR Diagnostic Reasoning (component)

HD Hypothesis Determination (component)
HV Hypothesis Validation (component)

HE Hypotheses Evaluation (component)
oD Observation Determination (component)

Table 11.3Abbreviations used in the trace.

A compositional system can be described by using the notational convention to -hdeaae

a composition relationship, i.@;EW is an abbreviation of ‘compone®w is a sub-component

of componenb'. As no haming conflicts occur in this trace, it suffices to use the abbreviated
names of components in the composition relation, resulting in the following description of the
initial diagnostic reasoning system:

Characterisation of components in initial diagnostic reasoning system
The initial diagnostic reasoning system is the first design object description, as defined below:
DODq={ is_top_level( D), is_component( D ), is_component( EW ), is_component( DR ), is_component(

HD ), is_component( HV ), is_component( HE ), is_component( OD ),
D:EW, D:DR, DR:HD, DR:HV, HV:HE, HV:OD }

During modification of a requirement qualification set (or a design object description), first the
current requirement qualification set (or design object description) is analysed, after which an
explicit focus is made to guide the modification process. A modification is then determined an
applied to the current requirement qualification set (or design object description). The result o
modification is taken to be the union of (1) the part thabtsn focus and (2) the result of the
modified focus. After each modification a rationale is constructed. In this rationale, informatiol
is stored which keeps track of the specific transition (was a requirement qualification set
modified or was a design object description modified?) as well as annotations desmbing

the transition was achieved (which modification method was applied?).
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11.2 Reducing the number of focussed hypotheses

The knowledge engineer has started the design process co-ordination and indicated that s/he
wants to manipulate requirements and their qualifications.

RQS update of current description
By adding RQ1 (by the KE) the current description is updated to
{RQa, RQb, RQa.1, RQa.2, RQa.3, RQa.2.1, RQa.2.2, RQa.2.3, RQ1}.

RQS update of modification history

The history is updated to
RQSp = { RQa, RQb, RQa.1, RQa.2, RQa.3, RQa.2.1, RQa.2.2, Rqa.2.3 }
RQS1 ={RQa, RQb, RQa.1, RQa.2, RQa.3, RQa.2.1, RQa.2.2, RQa.2.3, RQ1 }
has_rationale( &RQSp, DODgii &RQS1, DODgi method(KE)).

As it is currently unknown whether the newly added requirement is satisfied by the pament
design process co-ordination decides to analyse the coaent

Design process co-ordination
The currenbob is to be analysed (not modified) on the basis of all requirements in the @geent

Overview of current requirements
The current requirements taken into account by DODM are:
Ra: OThe system is capable of diagnostic reasoning.O
Rb: OThe system is capable of initial observations.O
Ra.1: OThe system is capable of determination of hypotheses.O
Ra.2: OThe system is capable of validation of hypotheses.O
Ra.3: OThe system is capable of combining hypothesis determination and hypothesis validation.O
Ra.2.1: OThe system is capable of determination of observations.O
Ra.2.2: OThe system is capable of evaluation of hypotheses.O
Ra.2.3: OThe system is capable of combining observation determination and hypothesis evaluation.O
R1: OThe system proposes fewer hypotheses, in comparison to random proposal.O

The currenbop is analysed and is showaot to satisfy all requirements. To be more precise,
the requiremerk1 is not satisfied, the other requirements are satisfied.

DOD modification

1. analysis of current description
The currenbobd does not fulfil all current requirements.

The analysis of the currenbp, given current requirements bgp manipulation, has finished.
Design process co-ordination comes into action, and decides that the rostiertb be
modified.

Design process co-ordination
The currenRQsis to be modified.

RQS; is analysed andQ1 is found to be too abstract: more specific requirement qualifications
are needed. This problem is resolved by adding more specific requirement qualifk@tiens
andRQ1.b on the basis of default reasoning.
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RQS modification

1. analysis of current description
RQL1 is too abstract an@Q1 is stronger thaRQa.1.

2. modification focus determination
The local focus of modification is set§&®Q1 }.

3. modification method determination
The method chosen iisodification by default reasoning

4. modification according to method

The default requirements and their qualifications are:
RQ1.a: OThe system is capable of determination of hypotheses in a structured manner.O (hard)
RQ1.b: OThe system is capable of determination of strategies for hypothesis determination.O (soft)

RQS update of current description

The current description is updated to

{RQa, RQb, RQa.1, RQa.2, RQa.3, RQa.2.1, RQa.2.2, RQa.2.3, RQ1, RQl.a, RQ1l.b}
by addingRrQ1.a andrRQ1.b.

RQS update of modification history

The history is updated by adding
RQS2 = { RQa, RQb, RQa.1, RQa.2, RQa.3, RQa.2.1, RQa.2.2, RQa.2.3, RQ1, RQl.a, RQ1l.b }
has_rationale(RQS1, DODgfi &RQS2, DODpi method( default_reasoning ) )
has_rationale(dRQS1, DODqi &QS2, DODgf has_interpretation( RQ1, { RQl.a, RQ1.b }))
has_rationale(dRQS1, DODgfi &RQS2, DODqi strengthens( RQ1, RQa.1))

An example of knowledge used for default reasoning is given below.

Example of default reasoning knowledge

The format of the knowledge element is as follows: the first condition specifies which requirement has beel
selected to be refined by default reasoning. The second condition specifies that the required property has tc
present in the current set of qualified requirements, and the conclusion provides possible additions to the
currentRQs Note that the conclusions of the second qualified requirement has a specific qualification: “soft'.
Regardless of the qualification of the requirement in focus, the qualification “soft' is given to the requiremer
on determining strategies.
if is_qualified_requirement_selected_as_focus( QR: qualified_requirement_name )
and holds( is_qualified_requirement( QR: qualified_requirement_name,
Q: qualification,
R: requirement_name ),

pos)
and holds( is_requirement( R: requirement_name,
has_property( S: system_name,
proposing_fewer_hypotheses_compared_to_
random_proposal ) ),
pos)
then addition_to_current_RQS(

is_qualified_requirement( new_name( QR: qualified_requirement_name, a ),
Q: qualification,
new_name( R: requirement_name, a ) )
and addition_to_current_RQS(
is_requirement( new_name( R: requirement_name, a ),
has_property( S: system_name,
structured_determination_of_hypotheses ) )
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and addition_to_current_RQS(
is_qualified_requirement( new_name( QR : qualified_requirement_name, b)),
soft,
new_name( R: requirement_name, b))
and addition_to_current_RQS(
is_requirement( new_name( R: requirement_name, b)),
has_property( S: system_name,
is_capable_of_determination_of_strategies_
for_hypothesis_determination ) );

RQS is analysed and further refined in a unique manner: domain specific knowledge on
requirements is available to infer (in a deductive manner) more specific, requirement
qualifications fronRQ1.a.

RQS modification

1. analysis of current description

RQ1l.a is too abstract and is qualified as “haRd)1.b is too abstract and is qualified as “soft'. The
qualification “hard' is given precedence over the qualification “soft'.

2. modification focus determination

The focus of modification is set {oRQ1.a }.

3. modification method determination
The method chosen isodification by deductive refinement

RQS deductive refinement

The newly proposed requirements and their qualifications are:
RQ1.a.1: OThe system is capable of generation of hypotheses.O (hard)
RQ1.a.2: OThe system is capable of comparison of hypotheses.O (hard)
RQ1.a.3: OThe system is capable of selection of hypotheses.O (hard).

RQ1.a.4: OThe system is capable of combining generation of hypotheses, comparison of hypotheses, and
selection of hypotheses.O (hard).

RQS update of current description

The current description is updated to
{ RQa, RQb, RQa.1, RQa.2, RQa.3, RQa.2.1, RQa.2.2, RQa.2.3, RQ1, RQ1l.a, RQ1l.b, RQ1l.a.1, RQ1l.a.2,
RQl.a.3, RQl.a.4}.

RQS update of modification history
The history is updated by adding
RQS3 = { RQa, RQb, RQa.1, RQa.2, RQa.3, RQa.2.1, RQa.2.2, RQa.2.3, RQ1, RQ1l.a, RQ1.b, RQl.a.1,
RQl.a.2, RQl.a.3,RQl.a.4}
has_rationale(RQS2, DODgii &RQS3, DODpii method( deductive_refinement ) )
has_rationale(dRQS2, DODqii 8QS3, DODqii has_deductive_refinement( RQ1.a,
{RQ1l.a.1, RQl.a.2, RQl.a.3, RQl.a.4}).

The deductive refinement afy1.a into four more specific requirements is shown in the
knowledge below. The inverse, the conjunction of the specific requirements implies the
requiremenRQ1.a, also holds, and this relation on these properties is employeduitiive
DOD refinement.

Example knowledge for deductive refinement of a requirement

The sample knowledge element below illustrates specific deductive refinement knowledge on requirements.
The first condition of the knowledge element specifies a qualified requirement, which refers to a specific
unqualified requirement. The second condition specifies that a specific expression is related to that
requirement. The conclusions specify four (refined) qualified requirements and requirements that are
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refinements of the requirement specified in the conditions. All of the refined qualified requirements have the
same qualification as the qualified requirement in the condition part.

if is_qualified_requirement( QR: qualified_requirement_name,
Q: qualification,
R: requirement_name )
and is_requirement( R: requirement_name,
has_property( S: system_name,
is_capable_of_structured_
determination_of_hypotheses ) )

then is_qualified_requirement( new_name( QR: qualified_requirement_name,.1),
Q: qualification,
new_name( R: requirement_name,.1))
and is_qualified_requirement( new_name( QR: qualified_requirement_name,.2 ),
Q: qualification,
new_name( R: requirement_name,.2))
and is_qualified_requirement( new_name( QR: qualified_requirement_name,.3),
Q: qualification,
new_name( R: requirement_name,.3))
and is_qualified_requirement( new_name( QR: qualified_requirement_name,.4 ),
Q: qualification,
new_name( R: requirement_name,.4))
and is_requirement( new_name( R: requirement_name,.1),
has_property( S: system_name,
is_capable_of_generation_of_hypotheses ) )
and is_requirement( new_name( R: requirement_name,.2 ),
has_property( S: system_name,
is_capable_of_comparison_of_hypotheses ) )
and is_requirement( new_name( R: requirement_name,.3 ),
has_property( S: system_name,
is_capable_of_selection_of_hypotheses ) )
and is_requirement( new_name( R: requirement_name, .4 ),
has_property( S: system_name,
is_capable_of_combining_generation_and_
comparison_and_selection_of _hypotheses ) );

RQS3 is analysed and there seem to be no more problems. However, whether thmmitial
satisfies the new requirements is unknown: no modification has been made to the design obj
description since the introduction of the new requirement qualifications; the aoreimas not
even been checked (as concluded from inspection of the histopoitiaas the onlybop that is
known). The strategy chosen is to initially disregard all requirements with lower qualifications
than "hard'.

RQS maodification

1. analysis of current description

There seem to be no more problems with the curegtbut, since no attempt has been made to make a
newDOD since the introduction of new requirement qualifications, all requirements with non-hard
qualifications are disregarded for the moment.

2. modification focus determination
The focus of modification is set {iRQ1.b }.

3. modification method determination
The method chosen isodification by deletion

4. modification according to method
All requirement qualifications in focus are deleted.

155



RE-DESIGN OF A DIAGNOSTIC REASONING SYSTEM CHAPTER11

RQS update of current description

The current description is updated to
{RQa, RQb, RQa.1, RQa.2, RQa.3, RQa.2.1, RQa.2.2, RQa.2.3, RQ1, RQ1l.a, RQl.a.1, RQl.a.2, RQ1l.a.3,
RQl.a.4}.

RQS update of modification history
The history is updated by adding
RQS4 ={RQa, RQb, RQa.1, RQa.2, RQa.3, RQa.2.1, RQa.2.2, RQa.2.3, RQ1, RQ1l.a, RQl.a.1, RQ1l.a.2,
RQl.a.3, RQl.a.4}
has_rationale(dRQS3, DODqii RQS4, DODpii method( deletion ) )
has_rationale(RQS3, DODqii &RQS4, DODii has_lower_qualification_than( { RQ1.b }, hard ).

After analysis that no furtheégsmanipulation is needed, design process co-ordination comes
into action and decides, on the basis of information of the histories of the aqsamd the
currentoop, that the currertop is to be analysed and possibly modified.

Design process co-ordination
The currenbob is to be analysed and possibly modified, on the basis of all requirements in thergrent

Overview of current requirements
The current requirements taken into account by DODM are:
Ra: OThe system is capable of diagnostic reasoning.O
Rb: OThe system is capable of initial observations.O
Ra.1: OThe system is capable of determination of hypotheses.O
Ra.2: OThe system is capable of validation of hypotheses.O
Ra.3: OThe system is capable of composition of hypothesis determination and hypothesis validation.O
Ra.2.1: OThe system is capable of determination of observations.O
Ra.2.2: OThe system is capable of evaluation of hypotheses.O
Ra.2.3: OThe system is capable of composition of observation determination and hypothesis evaluation.O
R1: OThe system proposes fewer hypotheses, in comparison to random proposal.O
R1.a: OThe system is capable of determining hypotheses in a structured manner.O
R1.a.1: OThe system is capable of generation of hypotheses.O
R1.a.2: OThe system is capable of comparison of hypotheses.O
R1.a.3: OThe system is capable of selection of hypotheses.O

R1.a.4: OThe system is capable of combing generation of hypotheses, comparison of hypotheses, and
selection of hypothesesO.

DODy, the description of the original diagnostic reasoning system with compan&ws DR,

HD, HV, HE, andoD, and sub-component relation€w, D:DR, DR:HD, DR:HV, HV:HE, and
HV:0D, is analysed and is shown not to satisfy all current requirements. In particular, the
specification of the componerb (meant originally to fulfiRa.1) does not fulfil the
requirement®1, Rl.a, R1l.a.1, R1.a.2, R1.a.3, andR1.a.4 (notice thaR1.a.1, R1.a.2, R1.a.3,
andR1.a.4 are meant to refinel.a, which is a default interpretation Ri, which is stronger
thanRa.1, according to the history). A possible solution to resolve this problem is to rejlace
by a component taken from the library.

DOD modification

1. analysis of current description
The currenbob does not fulfil all current requirements.

2. modification focus determination
The focus of modification is set {a1D }.
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3. modification method determination
The method chosen isodification based on library consultation

4. modification according to method

HD is replaced by a composed component capable of structured determination of hypliitBeset®f, with
generic sub-components for generatids), comparisonlipC) and selectionlibS), which are all renamed to
refer to the context of the hypothesis determination task.

DOD update of current description

The current description is updated to
{is_top_level( D), is_component( D), is_component( EW ), is_component( DR ),
is_component( HV ), is_component( HE ), is_component( OD ), D:EW, D:DR, DR:HV, HV:HE, HV:OD,
is_component( HD* ), is_component( HG ), is_component( HC ), is_component( HS ), DR:HD*, HD*:HG,
HD*HC, HD*:HS }.
DOD update of modification history
The history is updated to
DODg={ is_top_level( D), is_component( D ), is_component( EW ), is_component( DR ),
is_component( HD ), is_component( HV ), is_component( HE ), is_component( OD ),
D:EW, D:DR, DR:HD, DR:HV, HV:HE, HV:OD }
DOD1 ={is_top_level( D), is_component( D ), is_component( EW ), is_component( DR ),
is_component( HV ), is_component( HE ), is_component( OD ),
D:EW, D:DR, DR:HV, HV:HE, HV:OD,
is_component( HD* ), is_component( HG ), is_component( HC ), is_component( HS ),
DR:HD*, HD*:HG, HD*:HC, HD*:HS }
has_rationale(dRQS4, DODqii RQSy4, DOD1 i replaced_by( HD, HD*) )
has_rationale(RQS4, DODgfi &RQS4, DOD1/i meant_to_satisfy( HD*, { R1.a }))
has_rationale(RQS4, DODgf &RQS4, DOD1/i meant_to_satisfy( HG, { R1.a.1}))
has_rationale(dRQS4, DODgii &RQS4, DOD1/i meant_to_satisfy( HC, { R1.a.2}))
has_rationale(RQS4, DODgf &RQS4, DOD1/i meant_to_satisfy( HS, { R1.a.3}))
has_rationale(dRQS4, DODgii RQSy4, DOD1/4 meant_to_satisfy( { HD*, HG, HC, HS }, { R1.a.4 }))
has_rationale(dRQS4, DODgii RQS4, DOD1/i method( library_consultation ) )
has_rationale(RQS4, DODgfi &RQS4, DOD1ii is_based_on( HD*, libStructD ) )
has_rationale(dRQS4, DODqii &RQS4, DOD1# is_based_on( HG, IibG ) )
has_rationale(dRQS4, DODgf &RQS4, DOD11 is_based_on( HC, libC))
has_rationale(RQS4, DODpii 8RQSy4, DOD1fi is_based_on( HS, libS ) ).

DOD; is analysed andoD; still contains components that are generic and need domain
knowledge to perform their task in the domain of application. It is the knowledge engineer's
to provide this domain knowledge.

DOD modification

1. analysis of current description

The componentdD*, HG, HC, HS are not instantiated; thus, the curreab is not complete.
2. modification focus determination

The focus of modification is set {¢1D*, HG, HC, HS }.

3. modification method determination

The method chosen isodification by the KE

4. modification according to method

The refinements added to the description by the KE are:
HGinst. which is the instantiation of HG with domain-specific knowledge,
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HCinst, Which is the instantiation of HC with domain-specific knowledge,

HSijnst, Which is the instantiation of HS with domain-specific knowledge.

DOD update of current description

The current description is updated to

{is_top_level( D), is_component( D ), is_component( EW ), is_component( DR ),

is_component( HV ), is_component( HE ), is_component( OD ), D:EW, D:DR, DR:HV, HV:HE, HV:0OD,
is_component( HD* ), is_component( HGinst ), is_component( HCinst),

is_component( HSinst ), DR:HD*, HD*:HGinst, HD*:HCinst, HD*:HSinst }.

DOD update of modification history
The history is updated by adding
DOD2 ={is_top_level( D), is_component( D ), is_component( EW ), is_component( DR ),
is_component( HV ), is_component( HE ), is_component( OD ),
D:EW, D:DR, DR:HV, HV:HE, HV:OD,
is_component( HD* ), is_component( HGjnst ), is_component( HCjnst ),
is_component( HSjnst ), DR:HD*, HD*:HGjnst, HD*:HCjnst, HD*:HSjnst }
has_rationale(dRQS4, DOD1f &RQS4, DOD2f method( KE ) )
has_rationale(8RQS4, DOD1ii KRQS4, DOD2f is_instantiation_of( HGjnst, HG ) )
has_rationale(dRQS4, DOD1/ &RQS4, DOD2ij is_instantiation_of( HCjnst, HC ) )
has_rationale(dRQS4, DOD1/4 &RQSy4, DOD2ii is_instantiation_of( HSjnst, HS ) ).

DOD is analysed. The conclusion is that manipulation of the curcenihas been successfully
accomplished. Therefore, design process co-ordination becomes active and decides, on the
basis of information of the histories of the curmep$ and the currergob, that the currertQs

may be further analysed and modified if necessary.

DOD modification

1. analysis of current description
The current description fulfils all requirements and all components are instantiated.

Below an example is given of how a specific property can be identified in the example
diagnostic system.

Example knowledge for deductive refinement of a design object description

The conditions of the knowledge below specify that if a compabécitaracterised as being designed for
structured determination of some information congelpas a sub-component(characterised as being

designed for the generation of information condgnd the componet has an information type in its

output interface which contains instantiated information designed for the representation of the generation of
information concept, and the componemt has a knowledge base which contains instantiated knowledge
designed for the generation of information coneeptd information concepits “hypotheses'. Then the
component can be said to have the property is capable of generation of hypotheses.

if is_component( C: component_name)

and has_characterisation( C: component_name,
structured_determination_of( I: information_concept ) )

and is_component ( D: component_name )

and has_subcomponent( C: component_name,

D: component_name )

and has_characterisation( D: component_name,

generation_of( I: information_concept ) )
and has_interface_information_type( D: component_name,
output_interface,
Dout: information_type_name )
and has_characterisation( Dout: information_type_name,
generation_of( I: information_concept ) )
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has_knowledge_base(  D: component_name,
K: knowledge_base_name )
has_characterisation( K: knowledge_base_name,
generation_of( I: information_concept ) )
has_characterisation( K: knowledge base_name,
contains_instantiated_knowledge )
I: information_concept = hypotheses

has_property( C: component_name,
is_capable_of _generation_of hypotheses );

The re-design process continues with an analysis of what its next actions are going to be.

design process co-ordination
The currenRQsis to be modified.

The first results of re-designing the diagnostic reasoning system are shown in Figure 11.2.

Hypothesis
Determination

Hypothesis Determination

C Hypothesis Determination task control )

Hypothesis
Comparison
possible
hypotheses " compared hypotheses

Hypothesis
Selection
>

possible selected
hypotheses — hypothesis

focussed
hypotheses

Hypothesis
assessments, Generation

observation interpretations

Figure 11.2 Results of the first change to the diagnostic reasoning system:
from descriptiorDODq to descriptiorDOD»>.

11.3 Integration of hypotheses determination strategies

RQS4 is analysed and there seem to be no problems. However, the requirements with non h.
gualifications have not yet been considered; this is concluded from inspecting the history. As
result, the decision to analyse the curmem with respect to the non hard requirements is

made. (Note that from this point on, the trace is continued in an abbreviated form. The global
results of only the components for modification, deductive refinement, update of modification
history, overview of current requirements, and design process co-ordination are presented.)
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RQS modification

1. analysis of current description

There seem to be no problems with the curreyg but requirements with non hard qualifications have not
yet been considered.

2. modification focus determination

The focus of modification is set {g.

3. modification method determination
The method chosen isodification by retrieval from history

4. modification according to method

All requirements with lower qualifications than hard, that have been deleted from the requirement qualification
set in the past according to history, are identified: in this €a3ep.

RQS update of current description

The current description is updated to
{RQa, RQb, RQa.1, RQa.2, RQa.3, RQa.2.1, RQa.2.2, RQa.2.3, RQ1, RQ1l.a, RQl.a.1, RQl.a.2, RQ1.a.3,
RQ1l.a.4, RQl.b}.

RQS update of modification history
The history is updated by adding
RQSs = { RQa, RQb, RQa.1, RQa.2, RQa.3, RQa.2.1, RQa.2.2, RQa.2.3, RQ1, RQl.a, RQl.a.1, RQl.a.2,
RQ1l.a.3, RQl.a.4, RQ1l.b}
has_rationale(dRQS4, DOD2f &RQSs, DOD2ii method( retrieval_from_history ) )

has_rationale(dRQS4, DOD2fi &QSs, DOD2ii has_lower_qualification_than({ RQ1.b }, hard ).

After rRgsmanipulation has been completed, design process co-ordination comes into action and
decides that the currendbd has to be analysed and possibly modified.

Design process co-ordination
The currenbob has to be analysed and possibly modified, on the basis of the cupeent

Overview of current requirements
The set of current requirements taken into account by DODM is extended with:
R1.b: OThe system is capable of determination of strategies for hypothesis determination.O

DOD modification
DOD3 is analysed. It does not satisfy all requirements. In particular, the compitetives not fulfil

requiremenR1.b. ThereforeHD* is modified by means of library consultatj@o as to include a new generic
sub-component for strategy determinatismatD, which is based on the library componisstratD.

DOD update of modification history
The history is updated by adding
DOD3 ={is_top_level( D), is_component( D ), is_component( EW ), is_component( DR ),

is_component( HV ), is_component( HE ), is_component( OD ),
D:EW, D:DR, DR:HV, HV:HE, HV:OD,
is_component( HD* ), is_component( HGjnst ), is_component( HCjnst ),
is_component( HSjnst ), DR:HD*, HD*:HGjnst, HD*:HCjnst, HD*:HSjnst »
is_component( StratD ), HD*:StratD }.

DOD modification
DODg3 is analysed. The componesttatD needs domain knowledge to perform its task in the domain of
application. This generic component is instantiated by meamodification by the KE
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DOD update of modification history
The history is updated by adding
DODy4 ={is_top_level( D), is_component( D ), is_component( EW ), is_component( DR ),

is_component( HV ), is_component( HE ), is_component( OD ),
D:EW, D:DR, DR:HV, HV:HE, HV:OD,
is_component( HD* ), is_component( HGjnst ), is_component( HCjnst ),
is_component( HSjnst ), DR:HD*, HD*:HGjnst, HD*:HCjnst, HD*:HSjnst ,
is_component( StratDjnst ), HD*:StratDinst }-

DOD modification
DODy is analysed: it fulfils all current requirements and all components are instantiated.

design process co-ordination

Manipulation of the curremiob has been successfully accomplished: the cupentsatisfies all current
requirements. The currersis to be modified.

The results of the second change to the diagnostic reasoning system are shown in Figure 1.
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Figure 11.3Results of the second change to the diagnostic reasoning system:
from descriptiorDOD> to descriptiorDOD4.
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11.4 Realisation of strategic user interaction for
determination of hypotheses

The next steps analyse and possibly modify the cur@nion the grounds that the changes to
the diagnostic reasoning system satisfy the current requirements.

RQS modification

Now all requirements, hard and soft, have been satisfied, the KE is asked whether any further modifications to
the currenRQsare needed. The resultmbdification by the KEs the addition of the following single
requirement plus qualification:

RQ2: OThe system determines strategies on the basis of interaction with the user.O (hard).
Furthermore, the qualified requirem&®2 strengthens the qualified requiremaqil.b.

RQS update of modification history
The history is updated by adding
RQSg ={ RQa, RQb, RQa.1, RQa.2, RQa.3, RQa.2.1, RQa.2.2, RQa.2.3, RQ1, RQ1l.a, RQl.a.1, RQ1l.a.2,
RQ1.a.3, RQl.a.4, RQ1l.b, RQ2 }.

RQS modification
The qualified requirememQ2 can be refined by employing domain specific knowledge on requirements. The
method chosen isodification by deductive refinememnthich results in the following four more specific
qualified requirements:

RQ2.a: OThe system is capable of proposing strategies.O (hard).

RQ2.b: OThe system is capable of acquisition of user feedback.O (hard).

RQ2.c: OThe system is capable of selection of strategies.O (hard).

RQ2.d: OThe system is capable of combining proposing strategies, acquisition of user feedback, and
selection of strategies.O (hard).

RQS update of modification history
The history is updated by adding
RQS7 = { RQa, RQb, RQa.1, RQa.2, RQa.3, RQa.2.1, RQa.2.2, RQa.2.3, RQ1, RQl.a, RQl.a.1, RQl.a.2,
RQ1l.a.3, RQl.a.4, RQ1l.b, RQ2, RQ2.a, RQ2.b, RQ2.c, RQ2.d }.

RQS modification
There seem to be no more problemg@sy.

design process co-ordination

Manipulation of the currertQshas been successfully accomplished, so therefore the coo®ig to be
manipulated, on the basis of all requirements in the cur@st

Overview of current requirements
The set of current requirements is extended with:
R2: OThe system determines strategies on the basis of interaction with the user.O
R2.a: OThe system is capable of proposing strategies.O
R2.b: OThe system is capable of acquisition of user feedback.O
R2.c: OThe system is capable of selection of strategies.O

R2.d: OThe system is capable of combining proposing strategies, acquisition of user feedback, and
selection of strategies.O

DOD modification
The componerstratDinst specified inDOD4 (meant to satisfir1.b) does not fulfil requiremerr2 (which

strengthen®1.b). ThereforeStratDinst is replaced, based onodification by library consultatigrby a
composed component capable of interactive strategy determisatiddr (which is based on the library
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componentibinterStratD). This composed component contains three sub-components, one for the system t
propose strategies, one for the user (to give feedback on proposed strategies) and one for selecting a strat
to use:StratProp, StratFeedback, andStratSelect (which are based on the library componéib&tratProp,
libStratFeedback, andlibStratSelect). The co-operative aspect of the system and the user lies in the user
giving feedback on proposed strategies, which results in either a strategy being selected, or again a new rc
of proposing strategies and the user giving feedback on the proposed strategies.

DOD update of modification history
The history is updated by adding
DODS5 ={is_top_level( D), is_component( D ), is_component( EW ), is_component( DR ),

is_component( HV ), is_component( HE ), is_component( OD ),
D:EW, D:DR, DR:HV, HV:HE, HV:OD,
is_component( HD* ), is_component( HGjnst ), is_component( HCjnst ),
is_component( HSjnst ), DR:HD*, HD*:HGjnst, HD*:HCjnst, HD*:HSjnst ,
is_component( StratD* ), is_component( StratProp ), is_component( StratFeedback ),
is_component( StratSelect ), HD*:StratD*, StratD*:StratProp, StratD*:StratFeedback,
StratD*:StratSelect }.

DOD modification
DODs is analysed. The sub-componentswétD* need domain knowledge to perform their task in the
domain of application: these generic components are instantiated by meaodifafation by the KE

DOD update of modification history
The history is updated by adding
DODg ={is_top_level( D), is_component( D ), is_component( EW ), is_component( DR ), is_component(

HV ), is_component( HE ), is_component( OD ),
D:EW, D:DR, DR:HV, HV:HE, HV:OD,
is_component( HD* ), is_component( HGjnst ), is_component( HCjnst ),
is_component( HSjnst ), DR:HD*, HD*:HGjnst, HD*:HCjnst, HD*:HSjnst ,
is_component( StratD* ), is_component( StratPropijnst ), is_component( StratFeedbackinst ),
is_component( StratSelectinst ), HD*:StratD*, StratD*:StratPropjnst, StratD*:StratFeedbackinst,
StratD*:StratSelectjnst }-

DOD modification
DODg is analysed: it fulfils all current requirements and all components are instantiated.

design process co-ordination

Manipulation of the curremiob has been successfully accomplished: the cubentsatisfies all
requirements in the curreRts Therefore, the currerRsis to be modified.

The third change to the diagnostic reasoning system is shown in Figure 11.4.

Even though all requirements stated by the KE are satisfied, s’/he may again change
his/her mind about, or have new ideas regarding, the structure and the behaviour of the
compositional architecture for diagnostic reasoning.

RQS modification
The KE makes no changesRQSy7.

design process co-ordination

Manipulation of the currer®rQs has been successfully accomplished, no alterations were made to the curren
RQS and the curremoD satisfies all requirements of the currenis The design process comes to an end.
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Figure 11.4Third change to the diagnostic reasoning system: from descrip0on to descriptiorDODg.

11.5 Discussion

In this chapter an application of the model for re-design of compositional systems has been
shown: an example diagnostic reasoning system has been re-designed. Within the trace
presented in this chapter all three main processes within design have been shown to be
important: the manipulation of qualified requirements, manipulation of design object

descriptions and explicit control over the re-design process. For the re-design of this diagnostic
reasoning system the realisations of all desiderata (see Section 2.1 and Section 2.2) have been

employed.

In the trace, examples have been given of the application of

deductive refinement knowledge on design requirements,

a rationale for transitions between sets of qualified requirements,
modification of a design object description by means of re-using a model from a library,
deduction of properties of a design object description to assess requirements,

a rationale for transitions between design object descriptions,

explicit control over the process of re-design, and
alternating between the manipulation of sets of qualified requirements and the
manipulation of design object descriptions.

A number of requirements inducing refinement of requirements and replacement of components
by compositions of other components are described.
Another example of the re-design of a compositional structure is presented in Chapter 12.
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12 Re-design of a Multi-Agent System

Two desiderata on re-design of a compositional system have not yet been addressed: deside
dr6 (®dmodel of integration of design and realisation®) ad (®model of self-modification®).
Desideratumiré states that the results of a design process (including a design object
description) need to be integrated with the realisation of an artefact, according to the descript
of the design object. Desideratur describes that the object of design is a description of the
system in which the re-design process is specified as well.

In this chapter aelf-modifying multi-agent systasdescribed which contains an agent
capable of modifying the multi-agent system in which the agent itself plays a role. To be more
specific, a design agent (described in Chapter 10) creates and dynamically adds a new agen
the existing multi-agent system. The trace presented is an adapted version of the trace prese
in (Brazier, Jonker, Treur and Wijngaards, 1898

In Section 12.1 an overview of the modification process is given. Section 12.2 describe
self-modification by the multi-agent system: the re-design process within the Personal
Assistant, including the creation action. Section 12.3 contains the discussion of this chapter.

multi-agent system

.E Client ]
Personal
Assistant
(PA)
External External
World World
(EW) (EW)

Figure 12.1Redesign of a multi-agent system: ageatmodifies the structure of
the multi-agent system by creating a new agent

multi-agent system

Client ]

Personal D
Assistant
(PA)

C

12.1 Overview of the modification process

The redesign process is illustrated in Figure 12.1. The left box contains the multi-agent syste
(consisting of the two agentersonal Assistant andcClient, and the componegikternal World)
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before modification, the right box depicts the multi-agent system after modification (with an
additional agenb). ThePersonal Assistant (PA) is the design agent (See Chapter 10). It first
reasons to obtain a plan for the desired modification (the cloud depicts the reasoning process),
and executes this plan by performing (material) actions iBxtaeal World.

TheExternal World represents all material aspects, including the material aspects of the
agents. An operational system (i.e., a ‘running' system) has a material representation, which
describes the structure of the system. On the basis of the material aspects of the current multi-
agent system, the design agent designs a new agent. After a new agent has been designed by th
design agent, this design is effectuated by execution of a (material) creation action initiated by
the design agent in the external world. After this creation action, the multi-agent system
functions with the additional agent.

For self-modification of a system, two elements are of importance: a re-design process
which generates modification descriptions of the system, and a mechanism which links
descriptions of a system to itself.

The design agent described in Chapter 10 forms the basis for the Personal Assistant agent
in the example multi-agent system. This implies that the Personal Assistant agent has the ability
to re-design compositional systems. In this example the Personal Assistant agent has to re-
design a multi-agent system: a new agent has to be added to the multi-agent system. The
Personal Assistant agent is part of the multi-agent system to be re-designed: the Personal
Assistant agent could re-design itself as well.

12.2 Trace of re-design

A trace of the re-design of the multi-agent system described in the previous section involves an
explanation of the following issues:

- the initial situation (Section 12.2.1),

- representation of requirements (Section 12.2.2),

- manipulation of requirements (Section 12.2.3),

- representation of an agent design within a design agent (Section 12.2.4)
- manipulation of design object descriptions (Section 12.2.5), and

- creation action: realisation of a designed agent (Section 12.2.6).

12.2.1 |Initial Situation

The initial situation, i.e., the structure of the multi-agent system before it is modified, and the
requirements on the new multi-agent system are outlined below.

Situation description

Figure 12.1 depicts the initial multi-agent system. Agen¢épresents the (human) client; ageat

represents Rersonal Assistant. TheClient can ask certain questions and Hegsonal Assistant provides

answers to these questions. For the sake of the example, consider the situation in vt thquests

specific information. Th®ersonal Assistant receives this request, and realizes that it does not have the
information requested. However, thersonal Assistant is able to create other agents to solve specific types

of problems. To this end a number of requirements need to be formulated, and information on the structure of
the multi-agent system needs to be acquired, on the basis of which a new agent can be created to search for
information to answer the client's requests.

12.2.2 Representation of requirements

Requirements are formulated in terms of abilities and properties of agents and the external
world. As described in Chapter 5 abilities and properties can be assigned to

- individual agents,

- the external world,

- an individual agent in relation to the agents and the world with which it interacts,
- the world in relation to the agents with which it interacts, and

- a multi-agent system as a whole.
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Prerequisites for re-design
The design agent (i.eagent_A) formulates the following initial requirements for the new agent:
is_qualified_requirement( gr_m1, hard, r_m1);

is_requirement( r_m1, has_property( mas_S,
is_capable_of_distributed_information_gathering(
agent_A, agent_D, world_W)));

is_qualified_requirement( gr_m2, hard, r_m2);
is_requirement( r_m2, has_property( agent_D,
is_capable_of_information_gatherering_for(
agent_A, scientific_publications ) ) );
These requirements state that the new agent should solve sub-problems for the existigagetitering
information (which takes place in the external world). The new agent's specific subject of expertise is that,
should be capable of gathering information on scientific publications (e.g. on the Internet). To design a ne\
agent, also knowledge of the structure of the existing multi-agent system is needed. To this end the desigr
agentA makes an explicit observation in the external wakkdand observes the structure of the existing
multi-agent system. The agent's design task commences on the basis of these requirements and the struc
of the multi-agent system.

12.2.3 Manipulation of requirements

Abilities of agents such as co-operation, bi-directional communication, and world interaction ¢
often needed for agents to jointly be able to perform a certain task. Knowledge on refinement
of the ability of bi-directional communication can be formally represented (see Chapter 5:
acompositional architectures: properties® and see the example below). Meta-reasoning is
employed to decide which refinement alternative should be employed for which ability.

Representation of requirements refinement knowledge

Below two knowledge elements are presented that correspond to two refinements shown in Figure 12.2 an
refinement relations defined in Figure 5.6. The format of each knowledge element is as follows: the first
condition specifies which qualified requirement has been selected to be refined. The second and third condit
specify the required property, and the fourth condition indicates which refinement alternative should be
considered (concluded elsewhere). The conclusions provide possible refinements for the qualified requireme
in focus.
if is_qualified_requirement_selected_as_focus( QR: qualified_requirement_name )
and holds( is_qualified_requirement( QR: qualified_requirement_name,
Q: qualification,
R: requirement_name ),

pos)
and holds( is_requirement( R: requirement_name,
has_property( A: component_name,
is_capable_of_bidirectional_communication_
with( A2: component_name)) ),
pos)
and refinement_alternative( specialisations )
then addition_to_current_ RQS(

is_qualified_requirement( new_name( QR: qualified_requirement_name, a ),
Q: qualification,
new_name( R: requirement_name, a)))
and addition_to_current_RQS(
is_requirement( new_name( R: requirement_name, a ),
has_property( A: component_name,
is_capable_of_unidirectional_communication_
from( A2: component_name))))
and addition_to_current_RQS(
is_qualified_requirement( new_name( QR : qualified_requirement_name, b ),
Q: qualification,
new_name( R: requirement_name, b)))
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and addition_to_current_RQS(
is_requirement( new_name( R: requirement_name, b ),
has_property( A: component_name,
is_capable_of_unidirectional_communication_
to( A2: component_name ) )))
and addition_to_current_RQS(
is_qualified_requirement( new_name( QR: qualified_requirement_name, c),
Q: qualification,
new_name( R: requirement_name, c)))
and addition_to_current_RQS(
is_requirement( new_name( R: requirement_name, c ),
has_property( A: component_name,
is_capable_of_combining_unidirectional_
communication_from_and_to(
A2: component_name ) )));

if is_qualified_requirement_selected_as_focus( QR: qualified_requirement_name )
and holds( is_qualified_requirement( QR: qualified_requirement_name,
Q: qualification,
R: requirement_name ),

pos )
and holds( is_requirement( R: requirement_name,
has_property( A: component_name,
is_capable_of_unidirectional_communication_
from( A2: component_name)) ),
pos)
and refinement_alternative( realisations )
then addition_to_current_RQS(

is_qualified_requirement( new_name( QR: qualified_requirement_name, a ),
Q: qualification,
new_name( R: requirement_name, a)))
and addition_to_current_RQS(
is_requirement( new_name( R: requirement_name, a ),
has_property( A: component_name,
is_capable_of_reasoning_about_
unidirectional_communication_
from( A2: component_name))))
and addition_to_current_RQS(
is_qualified_requirement( new_name( QR : qualified_requirement_name, b)),
Q: qualification,
new_name( R: requirement_name, b)) )
and addition_to_current_RQS(
is_requirement( new_name( R: requirement_name, b),
has_property( A: component_name,
is_capable_of_executing_unidirectional_
communication_to( A2: component_name ))))
and addition_to_current_RQS(
is_qualified_requirement( new_name( QR: qualified_requirement_name, c),
Q: qualification,
new_name( R: requirement_name, c)))
and addition_to_current_RQS(
is_requirement( new_name( R: requirement_name, ¢ ),
has_property( A: component_name,
is_capable_of_combining_reasoning_and_
executing_unidirectional_communication_
from( A2: component_name ) )));

On the basis of the requirements given to the design process, additional, more refined,
requirements can be determined. The assumption underlying the refinement of requirements into
more specific requirements is that more specific requirements can be used to focus the design
process.
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Manipulation of requirements

On the basis of the given requirements, more refined requirements can be formulated. For the first qualified
requirementyr_m1, refinement knowledge is applied which results in the property refinement graphs depictec
in Figures 11.2, 11.3, 11.4, 11.5, and 11.6. Requirements on these refined properties are used to constru

design object description.
Figure 12.2 shows the top-level of the property refinement graph for the property related to the qualified
requirementyr_m1.
has_property( mas_S, is_capable_of_distributed_information_gathering( agent_A, agent_D, world_W ) )
has_property( agent_A, is_capable_of_request_initiation )
has_property( agent_A, is_capable_of_bidirectional_communication_with( agent_D ) )
E
has_property( agent_D, is_capable_of_information_gathering ) )
has_property( agent_D, is_capable_of_bidirectional_communication_with( agent_A ) )

E

has_property( agent_D, is_capable_of_active_observation_in( world_W ) )

has_property( world_W, is_capable_of_information_provision ) )

has_property( world_W, is_capable_of_processing_active_observation_by( agent_D))

Figure 12.2 Partial property refinement graph for the property related to qualified requirgmerit

Figure 12.3 shows the refined properties related to the prdgertgroperty( agent_A,
is_capable_of_bidirectional_communication_with( agent_D ) ).
has_property( agent_A, is_capable_of_bidirectional_communication_with( agent_D ) )
has_property( agent_A, is_capable_of_unidirectional_communication_from( agent_D ) )
has_property( agent_A, is_capable_of_executing_unidirectional_communication_from( agent D))
has_property( agent_A, is_capable_of reasoning_about_unidirectional_communication_from( agent_D ) )

has_property( agent_A, is_capable_of _combining_reasoning_about_and_executing_unidirectional _
communication_from( agent_D))

has_property( agent_A, is_capable_of_unidirectional_communication_to( agent_D ) )
has_property( agent_A, is_capable_of_executing_unidirectional_communication_to( agent_D ) )
has_property( agent_A, is_capable_of_reasoning_about_unidirectional_communication_to( agent D))

has_property( agent_A, is_capable_of _combining_reasoning_about_and_executing_unidirectional _
communication_to(agent_D))

has_property( agent_A, is_capable_of_combining_unidirectional_communication_from_and_to( agent_D ) )

Figure 12.3Property refinement graph fors_property( agent_A,
is_capable_of_bidirectional_communication_with( agent_D ) ).

Figure 12.4 shows the refined properties related to the prageartgroperty( agent_D,
is_capable_of_bidirectional_communication_with( agent_A) ).

169



RE-DESIGN OF A MULTFAGENT SYSTEM CHAPTER12

has_property( agent_D, is_capable_of_bidirectional_communication_with( agent_A))
has_property( agent_D, is_capable_of_unidirectional_communication_from( agent_A))
has_property( agent_D, is_capable_of_executing_unidirectional_communication_from( agent_A))
has_property( agent_D, is_capable_of_reasoning_about_unidirectional_communication_from( agent_A) )

has_property( agent_D, is_capable_of combining_reasoning_about_and_executing_unidirectional _
communication_from( agent_A))

has_property( agent_D, is_capable_of_unidirectional_communication_to( agent_A))
has_property( agent_D, is_capable_of executing_unidirectional_communication_to( agent_A))
has_property( agent_D, is_capable_of_reasoning_about_unidirectional_communication_to( agent_A))

has_property( agent_D, is_capable_of_combining_reasoning_about_and_executing_unidirectional_
communication_to( agent_A) )

has_property( agent_D, is_capable_of_combining_unidirectional_communication_from_and_to( agent_A ) )

Figure 12.4Property refinement graph foms_property( agent_D,
is_capable_of_bidirectional_communication_with( agent_A ) ).

Figure 12.5 shows the refined properties related to the prageartgroperty( agent_D,
is_capable_of_active_observation_in( world_W ) ).
has_property( agent_D, is_capable_of_active_observation_in( world_W ) )
has_property( agent_D, is_capable_of_processing_observation_results_from( world_W ) )
has_property( agent_D, is_capable_of_reasoning_about_processing_observation_results_from( world_W ) )
has_property( agent_D, is_capable_of_executing_processing_observation_results_from( world_W ) )

has_property( agent_D, is_capable_of combining_reasoning_about_and_executing_processing_
observation_results( world_W ) )

has_property( agent_D, observation_initiation_in( world_W ) )
has_property( agent_D, is_capable_of_reasoning_about_observation_initiation_in( world_W ) )
has_property( agent_D, is_capable_of_executing_observation_initiation_in( world_W ) )

has_property( agent_D, is_capable_of combining_reasoning_about_and_executing_observation_
initiation_in( world_W ) )
has_property( agent_D, is_capable_of _combining_processing_observation_results_and_observation_
initiation_in( world_W ) )

Figure 12.5Property refinement graph fbes_property( agent_D, is_capable_of_active_observation_in(
world_W)).

Figure 12.6 shows the refined properties related to the prdgertgroperty( world_W,
is_capable_of_processing_active_observation_by( agent_D ) ).
has_property( world_W, is_capable_of_processing_active_observation_by( agent_ D))
has_property( world_W, is_capable_of_receiving_initiated_observations_from( agent_ D))
has_property( world_W, is_capable_of performing_observations_for( agent_D ) )
has_property( world_W, is_capable_of_providing_observation_results_to( agent_D ) )

has_property( world_W, is_capable_of_combining_receiving_initiated_observations_and_performing_observation_
and_providing_observation_results_for( agent_D ) )

Figure 12.6 Property refinement graph foes_property( world_W,
is_capable_of_processing_active_observation_by( agent_D ) ).

Within the above example the property is capable of active observation in the world is
introduced. This property is refined into three specialised properties: the property is capable of
observation initiation, the property is capable of processing observation results, and the
property is capable of combining process observation results and observation initiation.
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Refinement with respect to realisation results in the following refined properties: the property
capable of reasoning about observation initiation in the world, the property is capable of
executing observation initiation in the world, the property is capable combining reasoning abc
and executing observation initiation in the world, the property is capable of reasoning about
processing observations results from the world, the property is capable of executing process
observation results from the world, and the property is capable of combining reasoning abou
and executing processing observation results from the world.

12.2.4 Representation of an agent design

The representation of requirements on multi-agent systems has been shown in Section 12.2
In this section formal representations of design object descriptions for multi-agent systems ai
presented. Moreover, knowledge that can be used to derive properties of the design, for
example the required properties, is presented.

The implication of designing (parts of) a multi-agent system, is that the multi-agent
system itself is the object of design, and as such should be represented in a design object
description. In this paper the design object description is assumed to be a compositional obje
description. The assumption underlying this decision is that a compositional structure facilitat
the process of (re-)design.

The description of the compositional system is augmented with a description relating
existing structures to generic models. This provides valuable information for the identification
of abilities and properties.

Representation of an agent design

The design agent needs a representation of a multi-agent system including agents and the external world.
this purpose, a representation based on objects, attributes, and relations is used. Part of the top level of tl
multi-agent system can be represented as follows:

is_top_level(c_00 );

corresponds_with(c_00, mas_S );
corresponds_with(c_01, agent_A );
corresponds_with(c_04, world_W );
has_characterisation( ¢c_00, generic, multi_agent_system );
has_characterisation( c_01, generic, agent );
has_characterisation( c_04, generic, external_world );
corresponds_with( Im_01, active_observations );
has_subcomponent( c_00, c_01);
has_subcomponent( c_00, c_04);
has_information_link( ¢c_00, Im_01);
has_source_component(Im_01, c_01 );
has_destination_component( Im_01, c_04);

Unique identifiers are assigned to components and links so that names of links and components can be rel
in several parts of the composition.

12.2.5 Manipulation of design object descriptions

The compositional structure of the design object guides the re-design process. Implications ¢
modifications to the compositional structure of a multi-agent system are first explored at the tc
level, then one level lower, et cetera.

Modification of the top-level of the multi-agent system

The result of modifying the top-level of the multi-agent system is shown in Figure 12.7: on the basis of th
initial description of the multi-agent system and refined requirements, a new multi-agent system is propose
which contains ager.

Note that although agebthas been added and information links are present betiyé&an andew, the

agentD is an empty component at this point in the design process.
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initial multi-agent system S re-design new top-level for multi-agent system S
process
for top-level

.[ Client ] J; Client ]
Personal Personal
Assistant Assistant

(PA) (PA)

External
World

(EW)

External
World

(EW)

Figure 12.7 Results of modification to top-level of multi-agent system.

When modifying the description of the agenseveral possible intermediate descriptions are
explored during the re-design process. The description of an agent is constructed by modifying
previous design object descriptions.

Modifications within the agent D

During the re-design process several descriptions of agents are proposed. For exampleDgpatent
design object description no. 14 in Figure 12.8) may be proposed. Structural analysis shows that this
particular agend does have the ability of “observation initiation', yet lacks the ability of “bi-directional
communication'.

Assessment points, see Section B.2.2, are more specific properties of a design object description, which are
related to the current design requirement in focus, yet are simpler to realise (‘satisfy’) than the design
requirement in focus. The design requirement referring to the pragpeagyable of bi-directional

communication is related to a number of assessment points, among vehiohiponent is present for bi-

directional communication, andprivate information links are present for bi-directional communication. Non-

realised assessment points are not realised at the same time, a strict order on realisations is imposed, so that
consequences of realising one assessment point can aid the realisation of another assessment point. Below
two knowledge elements are presented which relate assessment points which need to be realised to
modifications of the current design object description.

To realise the assessment pairbmponent is present for bi-directional communication for C:

component_name, a hew component is introduced, which is to be a sub-component@f the
component_name, this component is characterised as being a component for bi-directional communication,
and this component is made “awake' by task conti© demponent_name.

if assessment_point_to_be_realised( has_property(
A: component_name,
a_component_is_present_for_bidirectional_communication_
with( A2: component_name ) ) )
and current_DOD_contents( has_task_control(
A: component_name,
T: task_control_kb_name ), pos)

then addition_to_current_DOD( is_component(
new_name( A: component_name, AIM ) ) )
and addition_to_current_DOD( has_subcomponent(
A: component_name,
new_name( A: component_name, AIM ) ) )
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and addition_to_current_DOD( has_characterisation(

new_name( A: component_name, AlM ),

generic,

bidirectional_communication ) )
and addition_to_current_DOD( has_characterisation(

new_name( A: component_name, AIM ),

specific,

bidirectional_communication_with( A2: component_name ) ))
and addition_to_current_DOD( has_part(

T: task_control_kb_name,

makes_awake( new_name( A: component_name, AIM ) )));

The second knowledge element requires that the sub-component which is to realise bi-directional
communication is already present to formulate information links. To realise the assessmemivp@int
information links are present for bi-directional communication with for C: component_name, two information

links are introduced, which are private information link€ofomponent_name. These information links
connectA: component_name with the sub-component which is to realise bi-directional communication, and
these information links are made “awake' by task conti®! temponent_name.

if assessment_point_to_be_realised( has_property(
C: component_name,
private_information_links_are_present_for_bidirectional_
communication_with( C2: component_name )))
and current_DOD_contents( is_component(
C: component_name ),
pos )
and current_DOD_contents( has_interface_information_type(
C: component_name,
input_interface,
Cin: information_type_name ),
pos )
and current_DOD_contents( has_interface_information_type(
C: component_name,
output_interface,
Cout: information_type_name ),
pos)
and current_DOD_contents( has_subcomponent(
C: component_name,
D: component_name ),
pos )
and current_DOD_contents( has_characterisation(
D: component_name,
bidirectional_communication ),
pos )
and current_DOD_contents( has_characterisation(
D: component_name,
bidirectional_communication_with(
C2: component_name) ),
pos )
and current_DOD_contents( has_interface_information_type(
D: component_name,
input_interface,
Din: information_type_name ),
pos)
and current_DOD_contents( has_interface_information_type(
D: component_name,
output_interface,
Dout: information_type_name ),
pos)
and current_DOD_contents( has_task_control(
C: component_name,
T: task_control_kb_name ),

pos)
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then addition_to_current_DOD( is_information_link(
new_name( C: component_name, incoming_comm ) ) )
and addition_to_current_DOD( has_information_link(
C: component_name,
new_name( C: component_name, incoming_comm ) ))
and addition_to_current_DOD( has_source_component(
new_name( C: component_name, incoming_comm ),
C: component_name ) )
and addition_to_current_DOD( has_source_information_type (
new_name( C: component_name, incoming_comm ),
Cin: information_type_name ) )
and addition_to_current_DOD( has_destination_component(
new_name( C: component_name, incoming_comm ),
D: component_name ) )
and addition_to_current_DOD( has_destination_information_type (
new_name( C: component_name, incoming_comm ),
Din: information_type_name))
and addition_to_current_DOD( has_part(
T: task_control_kb_name,
makes_awake( new_name( C: component_name,
incoming_comm ) ) ))
and addition_to_current_DOD( is_information_link(
new_name( C: component_name, outgoing_comm)))
and addition_to_current_DOD( has_information_link(
C: component_name,
new_name( C: component_name, outgoing_comm)))
and addition_to_current_DOD( has_source_component(
new_name( C: component_name, outgoing_comm ),
D: component_name ) )
and addition_to_current_DOD( has_source_information_type (
new_name( C: component_name, incoming_comm ),
Dout: information_type_name ) )
and addition_to_current_DOD( has_destination_component(
new_name( C: component_name, outgoing_comm ),
C: component_name ) )
and addition_to_current_DOD( has_destination_information_type (
new_name( C: component_name, incoming_comm ),
Cout: information_type_name ) )
and addition_to_current_DOD( has_part(
T: task_control_kb_name,
makes_awake( new_name( C: component_name,
outgoing_comm ) )));

A “new' agenD (part of design object description no. 23 in Figure 12.8) is shown in which both abilities are
incorporated, as required.

part of DOD_14 part of DOD_23

el w] [sim) B

Figure 12.8 Possible design object descriptions (focussed on compositiageof D).

Knowledge is employed to analyse any given design object description, to establish whether
particular abilities or properties hold. Particular goals, corresponding to the abilities and
properties in the current requirements are used to focus this reasoning process.
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Identification of an ability
As an example of knowledge with which an ability can be identified, consider the follow knowledge elemen

The first knowledge element states that if, in addition to having the necessary task control knowledge to
activate the world interaction process and links, the component with ide@ttii@s the generic structure of
an agent, includes a componenfior world interaction management that is linked to the output interface of
the agent via information linkout, and the agent is linked to the external world via informationUafds,

then the agernt has the ability of executing observation initiation.

if is_component( C: component_name)
and has_characterisation( C: component_name,
agent)

and has_interface_information_type( C: component_name,
output_interface,
Cout: information_type_name )

and is_component( D: component_name )
and has_subcomponent( C: component_name,

D: component_name )
and has_characterisation( D: component_name,

world_interaction_management )
and has_interface_information_type( D: component_name,

output_interface,

Dout: information_type_name )

and is_information_link( Lout: information_link_name )
and has_information_link( C: component_name,

Lout: information_link_name )
and has_source_component( Lout: information_link_name,

D: component_name )
and has_source_information_type( Lout: information_link_name,
Dout: information_type_name )
and has_destination_component( Lout: component_name,
C: component_name)
and has_destination_information_type( Lout: information_link_name,
Cout: information_type_name )

and has_task_control( C: component_name,
TC: task_control_kb_name )
and makes_awake( TC: task_control_kb_name,
[ D: component_name, Lout: information_link_name ])
and is_component( W: component_name )
and has_characterisation( W: component_name,

external_world )
and has_interface_information_type( W: component_name,

input_interface,

Win: information_type_name )
and is_information_link( Lobs: information_link_name )
and has_source_component( Lobs: information_link_name,

C: component_name )
and has_source_information_type( Lobs: information_link_name,

Cout: information_type_name )
and has_destination_component( Lobs: information_link_name,

W: component_name )
and has_destination_information_type( Lobs: information_link_name,

Wout: information_type_name )

then has_ability( C: component_name,
is_capable_of_executing_observation_initiation_in(
W: component_name ) );
The knowledge element below shows how the knowledge on refinement of abilities can also be used to
conclude that a more generic ability holds.

175



RE-DESIGN OF A MULTFAGENT SYSTEM CHAPTER12

if has_ability( C: component_name,
is_capable_of_reasoning_about_unidirectional_communication_from(
C2: component_name ) )
and has_ability( C: component_name,
is_capable_of_executing_unidirectional_communication_from(
C2: component_name ) )
and has_ability( C: component_name,
is_capable_of combining_reasoning_about_and_executing_
unidirectional_communication_from( C2: component_name ) )
then has_ability( C: component_name,
is_capable_of_unidirectional_communication_from(
C2: component_name) );

When the re-design process has finished, the results include a set of requirements (based on the
initial requirements) and a design object description, for example withd@beb, which
fulfils the set of requirements.

The “size' of the resulting design object description can be “tuned'. In this situation only
the differences between the initial and new multi-agent system are of importance. This includes
adding agenb, communication from agentto agent and vice versa, interaction from agent
tow and vice versa, plus modifications within agem@tndw (to be able to handle agemt

12.2.6 Creation action: realisation of a designed agent

After the design process within the comporgaiit specific task Of agent_A has been completed,
the agent decides to effectuate the modifications.

As discussed in (Jonker and Treur, 1997) effectuation of the modification of the design
can be modelled by changing the material representation of the multi-agent system by
performing (material) actions within the external world.

Changing the material representation of the multi-agent system.

The resulting design object descriptidnd 55, contains the difference between the initial multi-agent
system and the new multi-agent system (which includes a description of a new agent). The design object
properties that together fordod_55, are represented by statements such as:

has_DOD_contents( dod_55, is_component( agent_D ), pos );

has_DOD_contents( dod_55, has_subcomponent( agent_C, agent_D ), pos );
These statements reside at a meta-level with respect to design object description statements. The second
argument of each statement expresses relationships within the design object description.

The design object description of the new multi-agent system is transferred fragarthe
specific task Of agent A to theworld interaction management task and to thexternal world. The
modification action itself is selected by the componeiiti interaction management. Together
this information specifies the action to be performed.

Effectuation action for modifying the multi-agent system.
Within theworld interaction management of agent_A, an action is formulated to effectuate the modification of
the current multi-agent system:

to_be_performed( effectuate_according_to( dod_55) );

To be able to execute the creation action in the external world, the external world needs to have
certain properties. These properties are related to how 2equipped® the world is to handle
interaction with agents. There are two generic properties needed for the interaction of agents
with the external world: the processing of observations and the processing of actions.
Observation of the external world was needed to infaynmt A of the current material
representation of the multi-agent system, see Section 12.2.2.
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The property of processing actions can be refined into the properties:

- the external world can receive initiated actions, and the related information, and
- the external world can perform actions (effectuation of the material effects of actions).

To change the number of agents and their characteristics, the external world has to adapt the
executable specification of that system while the system is running. This implies that the part:
of the system that are affected by the modifications need to be interrupted, their information
states stored, after which the executable specification of those parts need to be modified, an
modified system need to be reactivated with the correct information states.

Result of the effectuation action.

The external worldvorld_W effectuates the creation action and modifies the multi-agent system according to
the given modifications.

As an agent in the multi-agent system, agergceives a request from agantwhich handles questions from
its client agenc): agentA would like to find out more about a particular subject. The ageyathers
information on that subject by initiating observations in the warlénd interpreting the observation
results. Once the answer is found, agen¢ports its findings to ageat AgentA can then finally answer the
question of the client.

12.3 Discussion

Research within multi-agent systems research has focussed on the behaviour of individual
agents and their interaction. The dynamic creation of new agents within an existing multi-age|
system, on the basis of the identification of newly required functionality and behaviour, is an
area on which little research has focussed. Most of the research in the area of dynamic agen
creation is based on a genetic programming approach; e.g., (Cetnarowicz, Kisiel-Dorohinicki
and Nawarecki, 1996; Numaoka, 1996). The approach taken in this thesis is that to create n
agents, an existing agent must be capable of designing a new agent on the basis of a model
design and then be capable of bringing this agent to life.

To design an agent capable of designing another agent, insight is required in the type ¢
agent to be designed. In this thesis a compositional approach to agent design has been follo
An agent©s abilities are related to the tasks an agent is able to perform. These abilities are tt
means with which both the existing agents© abilities and the required abilities of non-existing
agents are expressed. In addition, the properties of the multi-agent system and the external
world are of importance for the design process.

The architecture of the design agent is based on an existing generic agent model, and
includes a refinement of model for re-design of compositional systems, as described in Chag
10. It combines results from the area of Multi-Agent Systems and the area of Al and Design.
The approach described has been formalised: the initial multi-agent system described in this
system has been specified and implemented, using the automated implementation generator
within the Desiresoftware environment, as have the design agent, the new agent and its
creation within the new multi-agent system. The formal agent model presented in this chaptel
includes formalisations of agent design descriptions and requirements on agents representel
within an agent, and formalisations of agent design knowledge.

One aspect of the approach described in this chapter is that a design agent not only
designs another agent and the implications for the integration of the agent in an existing syste
at a conceptual level, the design agent also actually creates the new agent dynamically. In fa
design agent could re-design (parts of) itself in the same manner. The integration of re-desig
on a conceptual and logical level and run-time modification of the system at the implementatic
level is an important distinguishing aspect of the approach presented in this paper. This is in
contrast to, on the one hand, conceptual and logical approaches for which no direct connecti
to executable code exists, and, on the other hand, to approaches that address agent creatiol
implementation level.

The desideratar6 anddr7 have been realised as described by the trace presented in this
chapter. The trace illustrates the integration of the result of a re-design process: a design obj
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(artefact) is realised according to its description. The realisation action modifies the system
itself, thereby realising self-modification of the system.
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Part V

Discussion & References

In this part the fulfillment of the desiderata distinguished within the overall
research theme are discussed with respect to the results presented in this thesis.
In Chapter 13 a final discussion is held, suggestions for further research are
presented, and conclusions are drawn. The literature referred to in this thesis is
listed in the References.
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13 Discussion, Further Research, and Conclusions

In this chapter the research described in the previous chapters is summarised and the result:
obtained are related to the central research theme and the more specific research themes.

Section 13.1 summarizes the research presented in this thesis and the results obtained
related to the research themes. In Section 13.2 suggestions for further research are made. |
Section 13.3 conclusions are presented, placing the research presented in this thesis in a br
Al perspective.

13.1 Discussion

The central research theme, identified in Chapter 2, is:
How can a compositional structure be used to re-design knowledge-intensive systems

The central research theme is demarcated in more detailed desiderata on a process of re-de¢
and knowledge-intensive compositional systems. In addition, a number of desired properties
a design model have been identified, on the basis of which a generic design model has been
adopted as the model for design processes in this thesis. This generic design model has bet
used to construct a model for re-design of compositional systems. In Table 13.1 the desider:

are listed related to chapters of this thesis in which specific desiderata are realised.

no. desideratum realised in Chapter

dsi unambiguous, formal, representation language Chapter 4 2Compositional systems: structure®

ds2 formal semantics Chapter 4 2Compositional systems: structure®

ds3 explicit representation of both static and Chapter 5 2Compositional systems: properties®
dynamic properties

ds4 operationalisation Chapter 4 @Compositional systems: structure®

ds5 compositionality as a structuring principle Chapter 4 @Compositional systems: structure®

drl representation of a knowledge-intensive system | Chapter 7 2A re-design model for compositional
as a design object description. systems®

dr2 representation of qualified requirements on Chapter 7 2A re-design model for compositional
compositional systems systems®

dr3 model of the manipulation of compositional Chapter 9 @2Design object description
system structures manipulation in the re-design model for

compositional systems®

dr4 model of the manipulation of requirements on Chapter 8 2Requirement qualification set

compositional systems manipulation in the re-design model for
compositional systems®

dr5 knowledge on the co-ordination of the re-design | Chapter 7 2A re-design model for compositional
process systems®

dr6 model of integration of design and realisation Chapter 12 2Re-design of a multi-agent system®

dr7 model of self-modification Chapter 12 2Re-design of a multi-agent system®

Table 13.1Relation between desiderata and chapters of this thesis.

In Chapter 3 relevant literature is divided into literature on structuring principles for design

processes, and literature on structuring principles for (knowledge-intensive) software systen
A number of essential elements of design processes are distinguished: representation of des
objects, representation of qualified requirements, manipulation of design object descriptions,
manipulation of sets of (qualified) requirements, and co-ordination of the design process. No
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generic design model was found that integrated all of these essential elements of design
processes, that was formally described, and that was automatically operationalisable.

Relevant literature on (knowledge-intensive) software systems resulted in a comparison of
approaches to structuring principles for knowledge-intensive systems: the modelling
frameworks Commonkbs, VITAL, MIkg, and Task. None of these approaches contain the
desired properties expressed in the desiderata.

On the basis of results of the investigation of relevant literature, two important decisions
were made:

- the generic model of design introduced in (Brazier, Langen, Ruttkay and Treur, 1994)
and described in detail in (Brazier, Langen and Treur, 1999) has been adopted as the
model for design processes in this thesis, and

- the DesIRedevelopment method for (knowledge-intensive) compositional systems, of
which structuring principles are described in (Brazier, Treur, Wijngaards and Willems,
1995) and temporal semantics are described in (Brazier, Treur, Wijngaards and Willems,
1999) has been adopted as the approach to structuring principles for knowledge-intensive
systems in this thesis. In (Brazier, Dunin-Keplicz, Jennings and Treur, 1997) the
extension of BsIReto multi-agent systems is described.

The structure of compositional systems is described in Chapter 4: the structure of compositional
systems in the EsIRedevelopment method. Within these compositional systems three design
principles are used: process composition, knowledge composition, and the relation between
process composition and knowledge composition. In this thesis an unambiguous, formal,
representation language is used, with associated formal semantics, which can be operationalised
automatically, and has compositionality as a structuring principle. This fulfills desiderata

dr2, dr4, anddrs.

Properties of a compositional system are described in Chapter 5. Properties (and abilities)
and relations between properties are described for diagnostic reasoning systems and (parts of)
multi-agent systems. These properties are described without refereresridpecific
elements; these properties are reusable across development methods. An explicit representation
of these properties, both static and dynamic properties, is described, fulfilling desiagsatum

A number of desired properties of a design model are identified in Chapter 2:

- explicit distinction between the manipulation of design object descriptions, manipulation
of sets of qualified requirements, and co-ordination of the design process;

- explicit representation and manipulation of design process objectives;

- explicit representation and manipulation of (sets of) qualified requirements; and

- explicit representation and manipulation of design object description.

The generic model of design, described in Chapter 6, realises all of the desired properties. The
description of the generic design model in Chapter 6 focusses on the major elements of the
generic design model.

The refinement of the generic design model into a model of re-design of compositional
systems is described in Chapters 7, 8, and 9. A knowledge-intensive system is represented as a
design object description, qualified requirements on compositional systems are explicitly
represented, the manipulation of compositional systems and the manipulation of requirements
on compositional systems are modelled, and knowledge is identified for the co-ordination of the
re-design process: fulfilling desiderata, dr2, dr3, dr4, anddrs.

The progressive refinement steps described in Chapters 7, 8, and 9 are depicted in Figure
13.1. Each of the refinement steps shown in Figure 13.1 is described by a section in Chapter 7,
8, or 9.
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Figure 13.1Refinement steps described in Chapters 7, 8, and 9. An arrow indicates a refinement step, its le
refers to the section in which the refinement step is described.

Applications of the model of re-design of compositional systems are described in Chapters 9
10 and 11. The re-design of a diagnostic reasoning system is described in Chapter 11: an
existing diagnostic reasoning system is modified on the basis of additional requirements. In
Chapter 10, the model for re-design of compositional systems is combined with the generic
agent model (described in Section 4.5.2) which yields a design agent specialised in re-desig
compositional systems. Chapter 12 describes the application of such a design agent: a self-
modifying multi-agent system is the result. The latter application includes a model of integratic
of design and realisation, and a model of self-modification, which realises the desiderata
anddr7.

The research presented in this thesis is one of three research areas addressed within tl
Revise project (Treur, Akkermans, Mars and Wielinga, 1992), a research project on
evolutionary design in knowledge-based systems. The three areas of research studied in the
REvISE project are: automated re-design of engineering models (see, for example, Pos and
Akkermans, 1997), re-design of control structures (see, for example, Straatman, 1997), anc
design of compositional systems. Some other publications on the project are an article on a
model including elements of all three re-design models used in the project (Pos, Akkermans
Straatman, 1997) and a comparison of the formal specification langwagfeand DESIREON
the basis of their underlying purposes (REVISE, 1996). The model proposed in (Pos,
Akkermans and Straatman, 1997), however, does not realise all of the desired properties of
design model nor does it realise all of the desiderata on a model for re-design of composition
systems.

13.2 Further Research
The research presented in this thesis initiated a number of new research questions. Three ar
of further research are distinguished: further research in the area of compositional systems, |

design and design processes, and re-design of compositional systems.
Within the area of compositional systems, additional research should address:
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- Further identification of generic models and (parts of) specific models which can be
employed for the design of compositional systems.

- Further identification of properties and knowledge on properties (e.g., of generic
models), which can be employed for the design of compositional systems.

- Integration of different modelling approaches to compositional systems. Within the field
of Knowledge Engineering, a number of modelling approaches exist each with their own
underlying purposes and realisations of these purposes. Having a means to integrate, (re-
Juse and exchange models among these modelling approaches would be an important step
forward.

Within the area of (re-)design processes additional research should address:

- Distributed design on the basis of a design agent, for example the one described in
Chapter 10The model of the design agent includes explicit reasoning about co-operation
(with other agents). This could be employed for distributed design: several design agents
co-operate to design a particular object; each design agent has their own speciality (or
view). Such an approach could be similar, yet more generic and oriented towards multi-
agent systems, than the Single Function Agents approach (Dunskus, Grecu, Brown and
Berker, 1995; Berker and Brown, 1996) in which specialised design agents, with a
particular view on a design object, negotiate with each other to achieve a design object
which satisfies requirements imposed by all design agents.

- Combining research within the field of Requirements Engineering with research on design
processes and further extend knowledge on and models for manipulation of requirements.

- The application of the re-design process to other areas, for example, simulation model re-
design, re-design of object-oriented software, or areas outside of software processes:
machines (e.g., manufacturing), organisations, and buildings to explore differences in
design strategies, methods and techniques for manipulation of requirements and design
object descriptions, and compositions of the re-design process.

Within the area of the re-design of compositional systems additional research should address:

- Combining research on self-modifying agent systems with machine learning approaches
to construct adaptive systems which tune themselves to, e.g., human users,

- Broker agents (e.g., on the Internet) that provide “expertise' to other agents, which
modify themselves accordingly,

- Maintenance agents: agents capable of re-designing a specific agent to adapt to new needs,

- Incorporating re-design systems in software development tools (for compositional
systems),

- Investigating when and how to co-operate with the user during a process of (re-) design
of a compositional system,

- Extending the approach taken in this thesis with a number of other methods and
techniques, and investigating the application of these methods and techniques for the
manipulation of sets of qualified requirements and the manipulation of design object
descriptions.

13.3 Conclusions

The research presented in this thesis has provided an answer to the central research theme: how
can a compositional structure be used to re-design knowledge-intensive systems? The
applications of the model for re-design of compositional systems have illustrated how a
compositional structure can be used: compositionality as a structuring principle for describing
design processes, and compositionality as a structuring principle for describing design object
descriptions.

A prototype implementation of the model for re-design of compositional systems has
shown the practical side of the answer to the overall research question. The re-design of a
diagnostic reasoning system and a the self-modification of a multi-agent system have been
shown to be feasible.

The re-design of compositional systems has been shown to be possible, yet the examples
used in this thesis are restricted in the sense that "only' two special cases have been re-designed.
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Research within the areas of Atrtificial Intelligence and Multi-Agent Systems focusses on the
identification of properties of compositional systems and results of this research can be used
further augment the applicability of the re-design process as described.

The application of the model of re-design of compositional systems to self-modifying
(multi-agent) systems is a step towards flexible, adaptive, systems.
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Part VI

Appendices

In this part additional details of the generic design model and the re-design
model for compositional systems are described. The generic design model is
described in Chapter 6 at an abstract level; in Appendix A a number of elements
are described in more detail. The re-design model for compositional systems is
described in Chapters 7, 8 and 9, in which a number of sub-processes are not
described in further detail. In Appendix B, these sub-processes are described in

more detail.
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A Additional Descriptions of a Generic Model
for Design

The generic model of design is described in Chapter 6. A number of aspects of the process
composition and knowledge composition related to the generic design model are not discussec
in Chapter 6; these aspects are discussed in this appendix.

In Section A.1 additional information types related to the praess are described. In
Section A.2 additional aspects of the pro@ss manipulation are described, and in Section
A.3 additional aspects of the proc&sss manipulation are described.

A.l Information types related to the process Design

In this section information types are described which are related to the informatiotetyges
process objectives, design process evaluation, overall design strategy , andmanipulation process
evaluation.

A.l.1 Design process objectives

The information typelesign process objectives consists of two information typegrocess

objectives andqualified process objectives, as shown in Figure A.1. This distinction is similar to
the distinction within design requirements between requirements, and qualified requirements.
The information typegrocess objectives andqualified process objectives can be extended.

process objectives >

design
process objectives

qualified
process objectives

Figure A.1 Partial view on information typeesign process objectives.

The generic relation defined in the information tppeess objectives IS:

relations
is_process_objective: process_objective_name *

process_info_element_expression;

The sortprocess info element expression contains the meta-descriptions of design process
statements (e.g., which manipulation process is supposed to do what), on which logical
operators are defined to be able to formulate expressions. Generic design process statements
given below:

functions
is_RQS_to_be_used,
is_ RQS_to_be_refined: RQS _name ®
process_info_element_expression;
is_DOD_to_be_used,
is_DOD_to_be_refined: DOD_name ®
process_info_element_expression;

201



ADDITIONAL DESCRIPTIONS OF THE GENERIC MODEL FOR DESIGN APPENDIXA

The termss RQS to be used andis DOD to be used express that a specifk@sandpob have to be
used during the design process. The tasrRS to be refined andis DOD to be refined express
that a specifiegsandpob have to be refined during the design process (and also used).
The generic relation defined in the information typalified process objectives iS:
relations
is_qualified_process_objective: qualified_process_objective_name »
process_objective_qualification *
process_objective_name_tuple;

The relatioris qualified process objective denotes which objectives with specific qualifications
are to be realised by the design process.

A.1.2 Design process evaluation

The information typelesign process evaluation consists of two information typesrocess
evaluation andqualified process evaluation, as shown in Figure A.2. The information type
process evaluation contains an evaluation of process objectives, and the information type
qualified process evaluation contains an evaluation of qualified process objectives. These two
information types can be extended.

process evaluation >

design
process evaluation

qualified
process evaluation

Figure A.2 Partial view on information typédesign process evaluation.

Generic relations defined in the information tyesign process evaluation results are:

relations
is_satisfied_process_objective,
is_violated_process_objective,
is_evaluated_process_objective: process_objective_name;
is_reached_qualified_process_objective,
is_unreached_qualified_process_obijective,
is_evaluated_qualified_process_objective: qualified_process_objective_name;

These relations express whether a process objective has been satisfied or violated (but not
both), whether a process objective has been evaluated, whether a qualified process objective has
been reached or not (but not both), and whether a qualified process objective has been

evaluated.
design strategies >

design resource
use restrictions

Figure A.3 Partial view on information typeverall design strategy.

()verall design strategy

A.1.3 Overall design strategy

The information typeverall design strategy consists of two information typessign strategies
anddesign resource use restrictions, as shown in Figure A.3. The information tyfegign
strategies contains information on strategies for manipulation processes, the information type
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design resource use restrictions contains information on restrictions on design resources such as
time and funding. Both information types can be extended.
The generic relation defined in the information tgpsign strategies is:
relations
is_design_strategy: design_strategy_name *
manipulation_process_property_expression;

The sortmanipulation process property expression denotes logical expressions on properties of
manipulation processes. Generic manipulation process properties are:
functions
is_DOD_to_be_revised_to_satisfy,
is_DOD_to_be_refined_to_satisfy: DOD_name =
RQS_name
® manipulation_process_property;
is_RQS_to_be_revised,
is_RQS_to_be_refined: RQS_name
® manipulation_process_property;
The termss DOD to be revised to satisfy andis DOD to be refined to satisfy express that a specific
poDis to be manipulated so thabap will result which satisfies a specifi@s these terms are
used by the processD Manipulation. The termss RQS to be revised andis RQS to be refined
express that a specifk@sis to be manipulated; these terms are used by the prgsss
Manipulation.
The generic relation defined in the information tgpsign resource use restrictions iS:
relations
imposes_design_resource_use_restriction: design_strategy_name
restriction
design_resource;

The sortestriction denotes restrictive expressions, the generic expressimnst, exactly, and
at least are available from the generic design model. Thedssigh resource denotes a design
resource, for example funding and time.

A.1.4 Manipulation process evaluation

The information typenanipulation process evaluation consists of two information typeRQSm

process evaluation andDODM process evaluation as shown in Figure A.4. Both information

types contain information on the relation between a manipulation process and the given overall
design strategy and both can be extended.

RQSM
process evaluation

manipulation
process evaluation

DODM
process evaluation

Figure A.4 Partial view on information typmanipulation process evaluation.

The generic relations defined in the information tyR@SM process evaluation andDODM
process evaluation can be explained together:
relations

has_strategic_ DODM_result,
has_strategic_ RQSM_result: design_strategy_name =

manipulation_process_property_expression =
strategic_manipulation_result;
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(continued)
has_DODM_resource_use_result,
has_RQSM_resource_use_result: design_strategy_name =

restriction *
design resource
strategic_manipulation_result;

The relationsas strategic DODM result andhas strategic RQSM result express which results have
been achieved for parts of a specific overall design strategy. Th&egtc manipulation result
containsppartial success, complete success, partial failure, complete failure, andno action required

as generic objects.

A.2 Additional description of DOD manipulation

Additional aspects of the process composition and knowledge composibom afanipulation
are described in this section. In Section A.2.1. the interfaces of the sub-processes of
manipulation are described. Section A.2.2 describes the information links vazithin
manipulation in some detail. Section A.2.3 describes additional information types relaied to
manipulation.

A.2.1 Description of the interfaces of sub-processes of DODM

The input and output information types in the interfaces of the processes described in Table 6.3

are elaborated below:

- The proces®0D Modification has, as input, results of searchingdbe modification state
history (DOD modification state history search results), overall design strategyverall
design strategy), results of searching tim®p assessment historp@D assessment history
search results), results of searching tlep history ©OD history search results), results of
searching thegs history RQS history search results), results on the success of replacing
the currenbob (current DOD replacement results), and the contents of the currexb
(current DOD contents). DOD modification generates information on the progress of the
modification processDOD modification progress), actions for the manipulation process
(current manipulation action), queries omob modification state historyffOD modification
state history queries), assessments of design object descriptiDo® (assessment),
gueries omoD assessment historp@D assessment history queries), queries on
requirement qualification setR@S history queries), foci for deductive refinement of
design object descriptionB@D refinement focus), a focus within the curremob (current
DOD focus), modifications for the curremiod (current DOD modification), queries omoD
history information POD history query specification), and request for replacement of the
currentpob (current DOD replacement request).

- The proces®ODM History Maintenance has, as input, information on the progress of the
modification procesDOD modification progress), overall design strateggverall design
strategy) assessments of design object descriptiDo® (assessment), queries OmoD
assessment historp@D assessment history queries), design object descriptionsdD),
requirement qualification setB@S), queries omrQs history RQS history queries), queries
on thebob history QOD history queries), and queries onob modification state history
(DOD modification state history queries), requests for the replacement of tia® currently in
focus gurrent DOD replacement request), and the contents ofteob which needs to be
stored €urrent DOD contents). DODM History Maintenance produces results of searching
thepob modification state history@OD modification state history search results), results of
searching theobp assessment historp@D assessment history search results), results of
searching thegshistory RQS history search results), results of searching tlp history
(DOD history search results), results on the success of replacing the cuoent(current
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DOD replacement results), and the contents of the new, curret (new current DOD
contents).

- The processeductive DOD refinement has, as input, information on basic design object
(basic design object information) and, as output, information on design objects: both basic
and derived design objecisesign object information).

- The processurrent DOD maintenance has, as input and as output, information on design
objects {esign object information).

A.2.2 Information exchange within DODM

Within the componermoD Manipulation seven mediating links and twenty private links are
defined, as shown in Figure 6.9:

- The mediating linloverall design strategy to history transfersverall design strategy from the
input interface 0DOD Manipulation to the input interface @ODM History Maintenance.

- The mediating linloverall design strategy transfersverall design strategy from the input
interface oDOD Manipulation to the input interface afOD Modification.

- The mediating linknitial DOD transfer®oD from the input interface afOD Manipulation
to the input interface afODM History Maintenance.

- The mediating linkrQs transferRQs from the input interface @OD Manipulation to the
input interface 0bODM History Maintenance.

- The private linkbOD modification progress transferDOD modification progress from the
output interface obOD Modification to the input interface @ODM History Maintenance.

- The private linkbOD modification state history queries transfersDOD modification state
history queries from the output interface @foD Modification to the input interface afobm
History Maintenance.

- The private linkcurrent DOD replacement request transfersurrent DOD replacement
request from the output interface @oOD Modification to the input interface afODM History
Maintenance.

- The private linkoOD assessment to history transferDOD assessment from the output
interface oDOD Modification to the input interface afODM History Maintenance.

- The private linkboOD assessment history queries transferdDOD assessment history queries
from the output interface afoD Modification to the input interface afODM History
Maintenance.

- The private linkRQS history queries transferRQs history queries from the output interface
of DOD Modification to the input interface afODM History Maintenance.

- The private linkboD history queries transferDOD history queries from the output interface
of DOD Modification to the input interface afODM History Maintenance.

- The private linkbOD refinement focus transfer®DOD refinement focus from the output
interface ofDbOD Modification to targets omesign requirement information in the input
interface ofdeductive DOD refinement on the basis of an explicit mapping between these
information types.

- The private linkcurrent DOD focus transfersurrent DOD focus from the output interface of
DOD Modification to assumptions otfesign object information in the input interface of
current DOD maintenance on the basis of an explicit mapping between these information

types.
- The private linkbOD modifications transfersurrent DOD modification from the output

interface ofbOD Modification to assumptions odesign object information in the input
interface ofcurrent DOD maintenance on the basis of an explicit mapping between these
information types.

- The private linkbOD modification state history search results transfersDOD modification state
history search results from the output interface @fODM History Maintenance to the input
interface ofbOD Modification.
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- The private linkoOD assessment history search results transfersDOD assessment history
search results from the output interface @fobM History Maintenance to the input interface
of DOD Modification.

- The private link RS history search results transfers RS history search results from the
output interface obODM History Maintenance to the input interface @OD Modification.

- The private linkDOD history search results transferDOD history search results from the
output interface obODM History Maintenance to the input interface @OD Modification.

- The private linkcurrent DOD replacement results transfersurrent DOD replacement results
from the output interface @fODM History Maintenance to the input interface afobD
Modification.

- The private linknew current DOD transfersiew current DOD contents from the output
interface ofDODM History Maintenance t0 assumptions odiesign object information in the
input interface oturrent DOD maintenance on the basis of an explicit mapping between
these information types.

- The private linkcurrent DOD to be stored transfers epistemic information design object
information from the output interface @firrent DOD maintenance t0 current DOD contents in
the input interface ddODM History Maintenance on the basis of an explicit mapping
between these information types.

- The private linkcurrent DOD to be analysed transfers epistemic information @esign
object information from the output interface efirrent DOD maintenance to current DOD
contents in the input interface aboD Modification.

- The private linkbasic design object information transfersasic design object information
from the output interface efirrent DOD maintenance to the input interface afeductive
DOD refinement.

- The private linkdesign object information transferslesign object information from the
output interface ofleductive DOD refinement to the input interface afurrent DOD
maintenance.

- The mediating linkoob transferob from the output interface @foDM History
Maintenance to the output interface @foD Manipulation.

- The mediating linkDOD assessment transferOOD assessment from the output interface
of DOD Modification to the output interface @fOD Manipulation.

- The mediating linkDODM process evaluation transfersDODM process evaluation from the
output interface obOD Modification to the output interface @fOD Manipulation.

A.2.3 Knowledge composition related to DOD Manipulation

Additional information types are described, which are related to the informatiorotypes
modification progress, DOD modification state history, DOD assessment history, andDOD history.
The information types related RmS history, although used in interfaces witliobD
Manipulation, are described in Section A.3.3.

DODM
process evaluation

progress

current
manipulation action

Figure A.5 Information types related tbOD modification progress.

< DOD modification

current
DOD maodification state

DOD maodification progress. The information typ@®OD modification progress, see Figure
A.5, describes the current state of the modification process, and the information available on
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success and/or failure of the modification process. This information type consistsrof
DOD modification state andDODM process evaluation. The information typ®ODM process
evaluation is described in Section A.1. The information tgpeent manipulation action is related
to the information typ®0OD modification progress: manipulation actions influence the sub-
processes within the proce3SD manipulation.
The generic relation defined in the information typeent DOD modification state IS:
relations

is_current_DOD_modification_state_value:
DOD_modification_state_attribute *

DOD_modification_state_attribute_value;

This relation describes the contents of the current modification state, without attaching an
identifier (i.e., the somOD modification state). Within theDODM History Maintenance an
identifier is attached, as well as additional temporal and persistent information (e.g., the final
DOD).

The generic relation defined in the information tgpe@ent manipulation action is:

relations
is_current_manipulation_action: manipulation_action;

This relation describes which manipulation action (or actions) is (or are) to be performed next.
This influences activation of information links and sub-processes within the pomess
Manipulation.

DOD modification state history. The information typ@®OD modification state history iS
employed to describe information related to modification “steps'. It is related to a number of
information types, as shown in Figure A.6. The information type modification state history
consists of two information typegmporal DOD modification state information, andpersistent

DOD modification state information. The latter information type consists of two information types:
DOD modification state information, andDOD modification state sequence information. Three other
information types are conceptually relate@@D modification state history: DOD modification state
history queries, DOD modification state history search results, andDOD modification state history

query results. The information typ®O0D modification state history search results refers tobobD
modification state history andDOD modification state history query results.

temporal DOD
maodification state
information

DOD
modification state
history

DOD modification
state information

persistent DOD
modification state
information

DOD
modification state
history search results

DOD
modification state
history query results

DOD maodification state
sequence information

DOD
modification state
history queries

Figure A.6 Information types related tOOD modification state history.

Generic relations defined in the information tygeporal DOD modification state information are:
relations
is_newest_DOD_modification_state,
is_initial_DOD_modification_state: DOD_modification_state;
These relations denote whiobb modification state is the latest, newest (which is relative to
modification state steps taken b®D Modification), and which modification state is the initial
modification state (which is relative to each “design problem setting’).
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The generic relation defined in the information ty@® modification state information iS:
relations
has_DOD_modification_state value: DOD_maodification_state =
DOD_modification_state_attribute *
DOD_maodification_state_attribute_value;

This relation can be used to describe which overall design strategy is related to a modification
state, which modifications are related to a modification state, on whicthe modifications
are based, whichop is the result of this modification step, etc.
Generic relations defined in the information tyjeD modification state sequence
information are:

relations
has_preceding_DOD_modification_state,
has_succeeding_DOD_modification_state: DOD_modification_state =
DOD_modification_state;
is_first._ DOD_modification_state: DOD_modification_state;

These relations chain together modification states, and define which modification state was the
very first modification state in thmopwm history.

The information type®0OD modification state history queries andDOD modification state
history query results contain relations with which queries can be formulated on the modification
state history, and relations with which the results of the queries can be expressed.

DOD assessment historyThe information typ@®OD assessment history is employed to
retain information on assessments of design object descriptions (comparisons among design
object descriptions, and evaluations of design object descriptions on the basis of sets of
qualified requirements). It is related to a number of information types, as shown in Figure A.7.
The information typ®OD assessment history consists only of the information typ®D
assessment, as it is not necessary to retain temporal information. Three other information types
are conceptually related BDD assessment history: DOD assessment history queries, DOD
assessment history search results, andDOD assessment history query results. The information type
DOD assessment history search results refers toDOD assessment history andDOD assessment

< DOD assessment

history query results.
DOD assessment
history DOD assessment
history

search results DOD assessment >

history
DOD assessment
history
queries

query results
Figure A.7 Information types related ©OD assessment history.

The information typ@®O0OD assessment is described in Section 6.1.2. The information types
DOD assessment history queries andDOD assessment history query results contain relations with
which queries can be formulated on tlu® assessment history, and relations with which the
results of the queries can be expressed.

DOD history. The information typ@®OD history is employed to retain information on design
object descriptions. It is related to a number of information types, as shown in Figure A.8. The
information typedOD history, consists of two information typesmporal DOD information and

persistent DOD information. The latter information type consists of two information typemn

andDOD sequence information. Three other information types are conceptually relatedmm

208



APPENDIXA ADDITIONAL DESCRIPTIONS OF THE GENERIC MODEL FOR DESIGN

history: DOD history queries, DOD history search results, andDOD history query results. The
information typeDOD history search results refers tabOD history andDOD history query results.

temporal DOD
information
DOD history
persistentDOD
search results information
DOD history DOD sequence
query results information
DOD history
queries

Figure A.8 Information types related tbOD history information.

DOD history

The information typ®oD is described in Section 6.1. The generic relations defined in the
information typeemporal DOD information are:
relations
is_newest_DOD,
is_initial_DOD: DOD_name;
These relations denote whiohp is the latest, newest (i.e., last stored wargnt DOD
contents, Or as an initiaboo), and whictbob is the initialpop (which is relative to each “design
problem setting’).
The generic relations define in the information tp@® sequence information are:

relations
has_previous_DOD,
has_next_DOD: DOD_name *
DOD_name;
is_first_ DOD: DOD_name;

These relations chain together design object descriptions, and define which design object
description was the very first design object description imdm# history.

The information type®0OD history queries, andDOD history query results contain relations
with which queries can be formulated on tla® history, and relations with which the results of
the queries can be expressed.

A.3 Additional description of RQS manipulation

Additional aspects of the process composition and knowledge composiRQ$ afanipulation
are described in this section. In Section A.3.1. the interfaces of the sub-proceszes of
manipulation are described. Section A.3.2 describes the information links vt
manipulation in some detail. Section A.3.3 describes additional information types relaed to
manipulation.

A.3.1 Description of the interfaces of sub-processes of RQSM

The input and output information types in the interfaces of the processes described in Table 6.
are elaborated below:

- The proces&Qs Modification has, as input, results of searchingrhe modification state
history (RQS modification state history search results), overall design strategyverall
design strategy), results of searching tlm®bp assessment historp@D assessment history
search results), results of searching tr®s assessment historR@S assessment history
search results), results of searching tmes history RQS history search results), results on
the success of replacing the curmes (current RQS replacement results), and the contents
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of the currenkqs (current RQS contents). RQS modification generates information on the
progress of the modification proceg®E modification progress), actions for the
manipulation processrent manipulation action), queries omrrQs modification state
history (RQS modification state history queries), assessments of sets of qualified
requirements (RQS assessment), queriesygiassessment historR@s assessment
history queries), queries omoD assessment historp@D assessment history queries), fOCi
for deductive refinement of requirement qualification sRgs(refinement focus), a focus
within the currenkqs (current RQS focus), modifications for the curremqs (current RQS
modification), queries omRQs history information RQS history query specification), and
request for replacement of the curre@s (current RQS replacement request).

- The proces&QSsM History Maintenance has, as input, information on the progress of the

modification processRQS modification progress), assessments of requirement
gualification setsKQS assessment), given requirement qualification sef)S), queries
on therqgshistory,rRQs assessment histonypp assessment history, and historras
modification statesRQS history queries, RQS assessment history queries, DOD assessment
history queries, andRQS modification state history queries), requests for the replacement of
therqQscurrently in focusdurrent RQS replacement request), and the contents ofr&s
which needs to be storeclifrent RQS contents). RQSM History Maintenance produces
results of searching thes modification state history§QS modification state history

search results), results of searching tm®s assessment historR@s assessment history
search results), results of searching thlb assessment historp@D assessment history
search results), results of searching tim@s history RQS history search results), results on
the success of replacing the curms (current RQS replacement results), and the contents
of the new, currengqs (new current RQS contents).

- The processeductive RQS refinement has, as input, information on basic design

requirementshisic design requirement information) and, as output, information on design
requirements: both basic and derived design requirenestgn(requirement
information).

- The processurrent RQS maintenance has, as input and as output, information on design

requirementsdesign requirement information).

A.3.2 Information exchange within RQSM

Within the componerkQs Manipulation eight mediating links and twenty private links are
defined, as shown in Figure 6.13:
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- The mediating linloverall design strategy to history transfersverall design strategy from the

input interface oRQS Manipulation to the input interface G{QSM History Maintenance.

- The mediating linloverall design strategy transfersverall design strategy from the input

interface ofRQS Manipulation to the input interface QS Modification.

- The mediating linknitial RQS transferRQs from the input interface ¢{QS Manipulation

to the input interface GtQSM History Maintenance.

- The mediating linkDOD assessment transferOOD assessment from the input interface of

RQS Manipulation to the input interface (QSM History Maintenance.

- The private linkRQS modification progress transfersRQS modification progress from the

output interface oRQS Modification to the input interface ({QSM History Maintenance.

- The private linkRQS modification state history queries transfersRQS modification state

history queries from the output interface &Qs Modification to the input interface atQsm
History Maintenance.

- The private linkcurrent RQS replacement request transfersurrent RQS replacement

request from the output interface ®QS Modification to the input interface dtQSM History
Maintenance.

- The private linkRQS history queries transferRQs history queries from the output interface

of RQS Modification to the input interface atQSM History Maintenance.
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- The private linkRQS assessment to history transferRQs assessment from the output
interface ofRQS Modification to the input interface dtQSM History Maintenance.

- The private linkRQS assessment history queries transferRQS assessment history queries
from the output interface &fQS Modification to the input interface GtQSM History
Maintenance.

- The private linkbOD assessment history queries transfersDOD assessment history queries
from the output interface &QS Modification to the input interface ¢#fQSM History
Maintenance.

- The private linkRQS refinement focus transferRQs refinement focus from the output
interface 0fRQS Modification to targets omlesign requirement information in the input
interface ofdeductive RQS refinement on the basis of an explicit mapping between these
information types.

- The private linkcurrent RQS focus transfersurrent RQS focus from the output interface of
RQS Modification t0 assumptions otfesign requirement information in the input interface of
current RQS maintenance on the basis of an explicit mapping between these information

types.
- The private linkRQS modifications transfersurrent RQS modification from the output

interface 0fRQS Modification to assumptions odesign requirement information in the input
interface ofcurrent RQS maintenance on the basis of an explicit mapping between these
information types.

- The private linkRQS modification state history search results transfersRQS modification state
history search results from the output interface ®QSM History Maintenance to the input
interface ofRQS Moadification.

- The private linkRQS history search results transferskQs history search results from the
output interface o0RQSM History Maintenance to the input interface ¢{QS Modification.

- The private linkRQS assessment history search results transferfRQs assessment history
search results from the output interface ®QSM History Maintenance to the input interface
of RQS Modification.

- The private linkbOD assessment history search results transfersDOD assessment history
search results from the output interface ®QSM History Maintenance to the input interface
of RQS Modification.

- The private linkcurrent RQS replacement results transfersurrent RQS replacement results
from the output interface &QS Modification to the input interface G#QSM History
Maintenance.

- The private linknew current RQS transfersiew current RQS contents from the output
interface 0fRQSM History Maintenance t0 assumptions odesign requirement information in
the input interface afurrent RQS maintenance on the basis of an explicit mapping between
these information types.

- The private linkcurrent RQS to be stored transfers epistemic information design
requirement information from the output interface afirrent RQS maintenance to current
RQS contents in the input interface adkQSM History Maintenance on the basis of an explicit
mapping between these information types.

- The private linkcurrent RQS to be analysed transfers epistemic information design
requirement information from the output interface efirrent RQS maintenance to current
RQS contents in the input interface dRQS Modification.

- The private linkbasic design requirement information transfersasic design requirement
information from the output interface ofirrent RQS maintenance to the input interface of
deductive RQS refinement.

- The private linkdesign requirement information transfersiesign requirement information
from the output interface akductive RQS refinement to the input interface afurrent RQS
maintenance.

- The mediating linkkQs transferkQs from the output interface GQSM History
Maintenance to the output interface &QS Manipulation.
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The mediating linkRQS assessment transferRQSs assessment from the output interface
of RQS Modification to the output interface &QS Manipulation.

The mediating linkRQSM process evaluation transfersRQSM process evaluation from the
output interface oRQS Modification to the output interface &fQS Manipulation.

A.3.3 Knowledge composition related to RQS manipulation

Additional information types are described, which are related to the informatiorriypes
modification progress, RQS modification state history, andRQS history.

RQS modification progress.The information typ&rQsS modification progress, see Figure

A.9, describes the current state of the modification process, and the information available on
success and/or failure of the modification process. This information type consistsrof

RQS modification state, andRQSM process evaluation. The information typ&QSM process

evaluation is described in Section A.1. The information tgpeent manipulation action is related

to the information typ&QSs modification progress: manipulation actions influence the sub-
processes withiRQS manipulation.

RQSM
process evaluation

progress

current
manipulation action

Figure A.9 Information types related tRQS modification progress.

< RQS modification

current
RQS modification state

The information typeurrent manipulation action was described in the previous section. The
generic relation defined in the information tyjpeent RQS modification state iS:
relations
is_current_RQS_maodification_state_value:
RQS_modification_state_attribute *
RQS_modification_state_attribute_value;

This relation describes the contents of the current modification state, without attaching an
identifier (i.e., the SORQS modification state). Within theRQSM History Maintenance an

identifier is attached, as well as additional temporal and persistent information (e.g., the final
RQS).

temporal RQS
modification state
information

RQS
modification state
history

RQS modification
state information

persistent RQS
modification state
information

RQS
modification state
history search results

RQS
modification state
history query results

RQS modification state
sequence information

RQS
modification state
history queries

Figure A.10 Information types related tRQS modification state history.

RQS modification state history.The information typ&kQS modification state history IS
employed to describe information related to modification “steps'. It is related to a number of
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information types, as shown in Figure A.10. The information R@® modification state history
consists of two information type@mporal RQS modification state information, andpersistent
RQS modification state information. The latter information type consists of two information types:
RQS modification state information, andRQS modification state sequence information. Three other
information types are conceptually relatedR@s modification state history: RQS modification state
history queries, RQS maodification state history search results, andRQS modification state history
query results.
Generic relations defined in the information tygeporal RQS modification state
information are:
relations
is_newest_RQS_modification_state,
is_initial_RQS_maodification_state: RQS_modification_state;
These relations denote whirhs modification state is the latest, newest (which is relative to
modification state steps taken RS Modification), and which modification state is the initial
modification state (which is relative to each "design problem setting’).
The generic relation defined in the information tR@S modification state information IS:
relations
has_RQS_modification_state_value: RQS_maodification_state
RQS_modification_state_attribute *
RQS_modification_state attribute_value;

This relation can be used to describe which overall design strategy is related to a modification
state, which modifications are related to a modification state, on whathe modifications are
based, whiclrqsis the result of this modification step, etc.

Generic relations defined in the information tyy#gs modification state sequence
information are:

relations
has_preceding_RQS_modification_state,
has_succeeding_RQS_modification_state: RQS_modification_state
RQS_modification_state;
is_first_RQS_modification_state: RQS_modification_state;

These relations chain together modification states, and define which modification state was the
very first modification state in thrsm history.
The information typeRQS modification state history queries andRQS modification state
history query results contain relations with which queries can be formulated on the modification
state history, and relations with which the results of the queries can be expressed.
RQS assessment

RQS assessment
history RQS assessment
history

search results RQS assessment >

history
RQS assessment
history
queries

query results
Figure A.11 Information types related RQS assessment history.

RQS assessment historyThe information typ&RQs assessment history iS employed to

retain information on assessments of sets of qualified requirements (comparisons among sets
gualified requirements, etc.). It is related to a number of information types, as shown in Figure
A.11. The information typ&Qs assessment history consists only of the information typ®s
assessment. Three other information types are conceptually relat@dBassessment history:

RQS assessment history queries, RQS assessment history search results, andRQS assessment
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history query results. The information typ@&Qs assessment history search results refers torRQS
assessment history andRQS assessment history query results.

The information typ®&Qs assessment is described in Section 6.1.2. The information
typesRQS assessment history queries andRQS assessment history query results contain relations
with which queries can be formulated on #gs assessment history, and relations with which
the results of the queries can be expressed.

RQS history. The information typ®&Qs history is employed to retain information on
requirement qualification sets. This information type is related to a number of information type,
as shown in Figure A.12. The information typ@s history consists of two information types:
temporal RQS information, andpersistent RQS information The latter information type consists of

two information typeskRQs andRQs sequence information. Three information types related to

the information type&Qs history areRQSs history queries, RQS history search results, andrRQS

history query results. The information typ®&Qs history search results refers toRQS history and

RQS history query results.
RQS history
RQS history
query results

Figure A.12 Information types related tRQS history.

temporal RQS
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persistentRQS
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search results
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The information typ&Qs is described in Section 6.1. The generic relation defined in the
information typeeemporal RQS information is:
relations
is_newest_RQS,
is_initial_RQS: RQS_name;
These relations denote whighsis the latest, newest (i.e., last stored wargnt RQS

contents, Or as an initiakQs), and whiclrgsis the initialrQs (which is relative to each "design
problem setting’).

The generic relations define in the information tREES sequence information are:

RQS sequence
information

relations
has_previous_RQS,
has_next_RQS: DOD_name *
DOD_name;
is_first_ RQS: DOD_name;

These relations chain together sets of qualified requirements, and define which set of qualified
requirements was the very first set in g™ history.

The information type&Qs history queries, andRQS history query results contain relations
with which queries can be formulated on #ges history, and relations with which the results of
the queries can be expressed.
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B Additional Descriptions of the Re-design Model
for Compositional Systems

The refinement of the generic model of design is described in Chapters 7, 8 and 9. A numbe
refinements of the process composition and knowledge composition related to the refinemen
the generic model of design are not described in Chapters 7, 8 and 9; these refinements are
described in this appendix.

Section B.1 describes additional refinementsiQs manipulation. Section B.2 describes
additional refinements fayoOD manipulation.

B.1 Additional refinements for RQSM

The refinement of several sub-component8@$ manipulation has not been described in
Chapter 8. The componeRQS modification process co-ordination was introduced in Section
8.3.2 as a sub-componentrRijS modification and its composition is described in Section
B.1.1. The componenifault extension method was introduced in Section 8.3.5 as a sub-
component oRQS modification determination and its composition is described in Section B.1.2.
The sub-components BR)SM history maintenance have been introduced in Section 8.4.2; their
compositions are described in Section B.1.3. Additional knowledge structures refaseh to
are described at the end of each of these three sections.

B.1.1 Refinement of RQS modification process co-ordination

The composition oRQS modification process co-ordination iS described by process composition
and knowledge composition.

Process composition forRQS modification process co-ordination : identification
of processes and abstraction level3he process composition 8QS modification
process co-ordination is described by levels of process abstraction, identification of processes,
and composition relation between processes.
The procesg&QS modification process co-ordination IS @& sub-process &QSs modification,
as described in Section 8.3.2. The first level of process abstractirQdornodification process
co-ordination is shown in Figure B.1. The proces&ess modification progress co-ordination,
RQSM history navigation, RQS modification state analysis, andRQS modification strategy
determination are distinguished with the proce®3s modification process co-ordination.

( RQS modification process co-ordination )
1

RQS RQSM RQS RQS
modification history modification modification
progress navigation state analysis strategy
co-ordination determination

Figure B.1. Partial process refinement fRIQS modification process co-ordination.
The proces&QS modification progress co-ordination IS responsible for strategic control within

the entirerQsmprocess on the basis of current information on the four sub-processgs/of
This includes deciding e.g. when to navigate the history, when to validate a spesiétc.
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The sub-proces8QSM history navigation is responsible for querying the history component (on

rQsmodification states, and sets of qualified requirements) to find the bestrssted

continue the modification process, on the basis of available information on global design

strategies and manipulation actions. The proressmodification state analysis analyses a state

of the modification process. The process modification strategy determination determines, on

the basis of analyses of modification states, which modification strategy is to be employed.
Each of the processes depicted in Figure B.1 can be characterised in terms of their input

and output information types, these information types are listed in Table B.1 and described

below.

process input information type output information type
RQS modification - overall design strategy - current manipulation action
progress co-ordination - history navigation results - RQS modification progress
- RQS modification strategy - history navigation directives
- current modification state - RQS assessment
contents - RQS modification strategy
preferences
RQSM history navigation | - history navigation directives - history navigation results
- RQS modification state history - RQS modification state history
search results queries
- RQS assessment history search - RQS assessment history queries
results - DOD assessment history queries
- DOD assessment history search - RQS history queries
results - current RQS replacement request
- RQS history search results - historical modification state
- current RQS replacement results content

- temporal modification state
contents analysis

RQS modification state - modification state content - modification state contents
analysis analysis
RQS modification - RQS modification strategy - RQS modification strategy
strategy determination preferences
- current modification state
analysis
- historical modification state
analysis

Table B.1Interface information types for sub-processe®@8E modification process co-ordination.

The proces&Qs modification progress co-ordination requires the overall design strategy
(overall design strategy), navigation resultshistory navigation results), RQs modification
strategy RQS modification strategy), and the contents of the current modification state
(current modification state contents). This process generates manipulation actions for the
overallrQsm process (currembanipulation action), information on the progress of the
modification processRQS modification progress), directives for history navigatiomigtory
navigation directives), assessments of sets of qualified requirem&ds &ssessment),
and preferences on modification strategr3g modification strategy preferences).

The proces&QSM history navigation needs directives for navigatiotisfory navigation
directives), results of searching ti@smodification state historyKQS modification state
history search results), results of searching tik®s assessment historR@s assessment
history search results), results of searching tl®b assessment historp@b assessment
history search results), results of searching ths history RQS history search results),
results on success of replacing the currerst(current RQS replacement results), and
analysis of the contents of a number of modification states (temyatiéitation state
contents analysis). This process produces navigation resuitsofy navigation results),
gueries orrQs modification state historyKQS modification state history queries, queries
onRrQsassessment historR@s assessment history queries), queries omobp assessment
history @OD assessment history queries), queries omRQs history RQS history queries),
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requests for replacement of the curmeps (current RQS replacement request), and

contents of a (historical) modification staléstprical modification state contents).

The procesfQS modification state analysis needs the contents of a modification state
(modification state content, i.e., modification foci, current modifications, and assessment
of the currenkQ9). This process generates an analysis of the given modification state
contents rfodification state contents analysis).

The proces&Qs modification strategy determination requires preferences ens

modification strategieRQS modification strategy preferences), analysis of the current
modification statenfodification state analysis), and analysis of a previoegs modification
state {nodification state analysis). This process produces a strategy for the modification of
the currenkqQs (RQS modification strategy).

Process composition relations withinRQS modification process co-ordination. The
information links in the componeRRS modification process co-ordination are shown in Figure

RQS modification ( RQS modification process co-ordination task control )
process co-ordination
overall design strategy RQS RQS modification progress
modification ) o
history navigation directives
current RQS prog'ress' RQS modification
modification state contents -
to progress co-ordination co-ordination strategy preferences

history navigation
results

RQS modification state
R_QSM history queries
history
navigation RQS history

. related queries
RQS modinication

state hi5[°’|¥ search modification historical
results state content modification RQS modification
analysis state contents strategy to progress
RQS history related results co-ordination

RQS RQS »
modification previous modification
contents
state analysis strategy
analysis

current RQS modification

d analysis strategy
state contents to analysis

current contents determination RQS modification

Figure B.2 Information links within the process &QS modification process co-ordination.

Within this component nine mediating links and seven private links are defined:

The mediating linksurrent RQS modification state contents to analysis andcurrent RQS
modification state contents to progress co-ordination transfer information expressed in
modification state contents from the input interface QS modification process co-
ordination to the input interfaces &QS modification state analysis andRQS modification
progress co-ordination, respectively.

The mediating linloverall design strategy transfers information expressecirrall design
strategy from the input interface QS modification process co-ordination to the input
interface ofRQS modification progress co-ordination.

The mediating linkRQS modification state history search results, andRQS history related
results transfer information expressedR@S modification state history search results, RQS
assessment history search results, DOD assessment history search results, current RQS
replacement results, andRQS history search results from the input interface ®#Qs
modification process co-ordination to the input interface ¢tQSM history navigation.

The private linkshistory navigation directives andhistory navigation results transfer
information expressed fitistory navigation directives andhistory navigation results,
respectively, betweeRQS modification progress co-ordination andRQSM history navigation.
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- The private linkshistorical modification state contents andmodification state contents analysis
transfer information expressedritorical modification state contents andmodification state
contents analysis, respectively, betweeRQSM history navigation andRQS modification state
analysis.

- The private linkRQS modification strategy preferences andRQS modification strategy to
progress co-ordination transfer information expressedR@S modification strategy
preferences andRQS modification strategy, respectively, betweeRQs modification progress
co-ordination andRQS modification strategy determination.

- The private linksgrevious contents analysis andcurrent contents analysis transfer
information expressed inodification state content analysis t0 historical modification state
analysis andcurrent modification state analysis, respectively, from the output interface of
RQS modification state analysis to the input interface ¢fQS modification strategy
determination, on the basis of an explicit mapping between these information types.

- The mediating linkkRQS modification strategy transfers information expressedrRQs
modification strategy from the output interface ®QS modification strategy determination t0
the output interface tfQS modification process co-ordination.

- The mediating lINkRQS modification state history queries andRQS history related
information transfer information related to thesmhistory from the output interface of
RQSM history navigation to the output interface ®QS modification process co-ordination.

- The mediating linkkRQS modification progress transfers information expressedrRQs
modification progress from the output interface &QS modification progress co-ordination t0
the output interface tfQS modification process co-ordination.

The task control within the componex®S modification process co-ordination iS as follows.
Upon activation oRQS modification process co-ordination, RQS modification progress co-
ordination is activated which co-ordinates the sub-processes vRtpdmodification process co-
ordination. A distinction can be made between continuation of the previous manipulation
process, or initiation of a new manipulation process. The global phasesr@thinodification
process co-ordination resemble a process control model. In a process control task a cycle occurs
over the sub-tasks: analysis, planning, and execution. Similarly v@8modification process
co-ordination analysis is performed B3QS modification state analysis andRQSM history
navigation, planning is performed byQS modification strategy determination andRQS
modification progress co-ordination, and execution is performed by effectuating modification
strategies, resulting in modifications to the curreyg

RQSM history navigation is able to formulate queries on histories, requests for replacement
of the currenkQs and isolate contents of a historical modification SRS modification state
analysis can be used to analyse the contents of the current modification state, or the contents of a
previous modification state (by means of the liakgent RQS modification state contents and
historical modification state contents). RQS modification strategy determination can be activated to
determine a modification strategy.

history navigation
directives

RQSM history
navigation

history navigation
results

Figure B.3 Information types related tRQSM history navigation.

Knowledge composition for RQS modification process co-ordination.  The
information typeshistory navigation directives, history navigation results, modification strategy
preferences, RQS modification state contents, historical RQS modification state contents,
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modification state contents analysis, previous modification state contents analysis, andcurrent

modification state contents analysis are described here. Two knowledge bases are described at tt
end if this section.

Two of the information types related to the proc&3sM history navigation are shown in
Figure B.3. The information typestory navigation directives contains directives (‘goals’) for the
RQSM havigation process. The information tyjory navigation results contains information on
the achievement of the given navigation directives.

Relations in the information typestory navigation directives are:

relations
RQS_to_become_current: RQS_name;
RQS_contents_to_be_retrieved: RQS_name;
comparable_RQS_to_be_retrieved_for: comparison_type *

RQS _name;

The relatiorRQS to become current specifies that the namedsis to become the currers
the contents of the namedsare to be placed iturrent RQS maintenance. The relatiorRQs
contents to be retrieved describes which specifil@s has to be retrieved from tleswmhistory.
The relatiorcomparable RQS to be retrieved for specifies that agshas to be retrieved which is
comparable with the nameds e.g., a refinement of the nanwos

Relations in the information typestory navigation results are:

relations
RQS_contents_retrieved_for: RQS_name;
comparable_RQS_for: RQS_name *
comparison_type *
RQS_name;

The relatiorRQSs contents retrieved for specifies that the contents of the namredhave been
retrieved. The relatiocomparable RQS for specifies that a comparal®eshas been found.

The information typ&QSs modification strategy preferences iS shown in Figure B.4. It
contains information on which direction of modification is to be preferred, including, e.g.,
previously failed modification strategies. B&QS modification process co-ordination andRQS
modification strategy determination make use of this information type.

RQS modification
progress co-ordination

RQS modification
strategy preferences

RQS modification
strategy determination

Figure B.4 The information typeRQS modification strategy preferences.

A relation in the information typRQS modification strategy preferences iS:

relations
rejected_modification_strategy: modification_method_identification *
modification_method_characterisation;

The relationejected modification strategy specifies which modification strategy is not to be used.
Two information types related to the contents of a modification state are shown in Figur

B.5. The information typeQS modification state contents describes curremQs basis

evaluation, modification foci, and modifications. The information tygerical RQS

modification state contents describes the same information. Both information types refer to the

same information types, yet their usage in components requires the distinction between cont

of a modification state, and the contents diigtorical modification state.

219



ADDITIONAL DESCRIPTIONS OF THE REDESIGN MODEL APPENDIXB

evaluation

current RQS basis >

state contents

< RQS modification

focus

RQS modification >

historical
RQS modification

state contents
curent

RQS modification

Figure B.5 Information types related to the contents of a modification state.

The information types related to the analysis of the contents of a modification state are shown in
Figure B.6. The information typeodification state contents analysis describes the analysis @f
modification state. The information typenporal modification state contents analysis contains
descriptions of an analysis of the contents of a previous and a current modification state. The
information typeprevious modification state contents analysis describes the analysis opeevious
modification state contents, and the information tpent modification state contents analysis

describes the analysis of tberrentmodification state contents. The procRS modification

state analysis makes use of the information typedification state contents analysis, and the
procesRQSM history navigation makes use of the information tygenporal modification state

contents analysis.

RQS modification modification state
state analysis contents analysis
previous

modification state
contents analysis
) temporal
‘ RQSM history ‘ modification state
navigation contents analysis

Figure B.6 Information types related to analysis of the contents of a modification state.

current
modification state

contents analysis

The relation in the information typeodification state contents analysis IS:

relations
content_analysis: RQS_modification_state_content_analysis;

The relation content analysis specifies whether the contents of a modification state contains,
e.g., conflicts among requirements, requirements which have been assessed in relation to a
poD, and requirements which are not refinements and are not refined at all.

The relations in the information typg@vious modification state contents analysis and
current modification state contents analysis are:

relations
previous_content_analysis: RQS_modification_state content_analysis;
current_content_analysis: RQS_modification_state_content_analysis;

These two relations specify the analysis of either the contents of a previous modification state,
or the current modification state.

Two knowledge bases, related to sub-processre®inodification process co-ordination,
are shown in Figure B.7.
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RQS modification

RQS modification
strategy determination

state analysis

RQS modification state RQS modification strategy
analysis knowledge determination knowledge

Figure B.7 Two knowledge bases related to sub-process@8)6fmodification process co-ordination.

The knowledge bageQs modification state analysis knowledge iS employed to analyse the
contents of a modification state. An example from this knowledge base is shown below.

Example from knowledge baseRQS modification state analysis knowledge
The knowledge element below illustrates that a qualified requirement which does not have a refinement, nc
a refinement of another qualified requirement leads to the conclusion that a non-refined, non-is-a-refinemen
qualified requirement exists in the currexs
if validation_result( has_refinement( QuRe: qualified_requirement_name ), neg)
and validation_result( is_a_refinement( QuRe: qualified_requirement_name ), neg )

then content_analysis( contains_non_refined_non_is_a_refinement_qr );

The knowledge baseQs modification strategy determination knowledge is employed to determine
strategies for the modification process. It is important to note that whereysisanade the
currentrQs it is always validated, and after validation a modification strategy is determined (o
the basis of the validation results). An example is shown below.

Example from knowledge baseRQS modification strategy determination knowledge
The knowledge element below illustrates that if it is known that this is the first stage of design, and it is
known that conflicting design requirements are present, then the modification strategy is to resolve these
conflicts.
if initial_stage_of RQSM
and content_analysis( contains_apparent_conflicts )
then RQS_modification_strategy( resolve, apparent_conflicts );

B.1.2 Refinement of default extension method

The composition ofiefault extension method is described by process composition and
knowledge composition.

Process composition fordefault extension method : identification of processes
and abstraction levels.The process composition @éfault extension method is described by
levels of process abstraction, identification of processes, and composition relation between
processes.

The processefault extension method iS a sub-process &QS modification determination,
as described in Section 8.3.5. The first level of process abstractigsiaior extension method
is shown in Figure B.8. The processefault extension alternative determination anddefault
extension determination are distinguished within the procegsault extension method.

( default extension method )

——

extension RQS

alternative extension
determination determination

Figure B.8 Process composition afefault extension method.
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The default extension method for sets of qualified requirements entails two progefasies:
extension alternative determination, which determines which extension alternative is to be
chosen, and the processault extension determination, in which design requirements in focus
are extended. Currently the extension knowledge is based on refinements of properties on
compositional systems, as described in Chapter 5.

process

input information type

output information type

default extension
alternative determination

- modification method
- RQS modification focus

. selected extension alternative

default extension

- RQS modification focus

- extension results

determination - current RQS contents
- rejected RQS modification

- selected extension alternative

Table B.2Interface information types for sub-processesdadfult extension method.

The interface information types of the sub-processesfafit extension method are listed in
Table B.2 and described below.

The processefault extension alternative determination requires a modification method
(modification method), and a focus for modificatioRQS modification focus). This process
produces a selected extension alternatizledied extension alternative).

The processefault extension determination needs a focus for modificatioR@S
modification focus), the contents of the curremds (current RQS contents), rejected
modifications (ejected RQS modification), and a selected extension alternatieseted
extension alternative). AS its results it generates extensions on the cur@n(extension
results).

Process composition relations withindefault extension method. The information
links in the componentefault extension method are shown in Figure B.9.

default extension methodtask control

3

default extension
method

C )

default extension
alternative

modification method
determination

E

Figure B.9 Information links within the process défault extension method.

selected
extension
alternative

modificationfocus
to alternative determination

rejected RQS modifications

current RQS contents

default extension
determination ] extension results »

modification focus to extension determination

Within this component six mediating links and one private link are defined:

The mediating linknodification method transfers information on the modification method
(modification method) from the input interface afefault extension method to the input
interface ofdefault extension alternative determination.

The mediating linknodification focus to alternative determination transfers foci for
modification gelected modification focus) from the input interface afefault extension
method to the input interface afefault extension alternative determination.

The mediating linkejected RQS modifications transfers rejected modificationsjécted

RQS modification) from the input interface afefault extension method to the input interface
of default extension determination.
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The mediating linkcurrent RQS contents transfers the contents of the curre@s (current
RQS contents) from the input interface afefault extension method to the input interface of
default extension determination.

The mediating linknodification focus to extension determination transfers foci for
modification gelected modification focus) from the input interface afefault extension
method to the input interface afefault extension determination.

The private linkselected extension alternative transfers the extension alternative to
consider §elected extension alternative) from the output interface @kfault extension
alternative determination to the input interface afefault extension determination.

The mediating linkextension results transfers extensions foras (extension results) from
the output interface afefault extension determination to the output interface agfault
extension method.

The task control within the componeiletault extension method is as follows. Upon activation
of default extension method the information linksnodification method, andmaodification focus to
alternative determination are made up-to-date anefault extension alternative determination IS
activated. Upon termination défault extension alternative determination, default extension
determination is activated and the information linkslected extension alternative, rejected
modifications, current RQS contents, andmaodification focus to extension determination are made
up-to-date. Upon termination aéfault extension determination the information linkextension
results iS made up-to-date anmdfault extension method terminates itself.

Knowledge refinement for default extension method. One information type related to
default extension method has not been described in Section 8.3.6 and is shown in Figure B.10
The information typeelected extension alternative contains information on which extension
alternative is to be employed when extending the design requirement currently in focus. This
information type refers to the information tyggected refinement alternative: the processefault
extension method employs knowledge on possible refinements for design requirements.

selected extension selected refinement
alternative alternative

Figure B.10 Information typeselected extension alternative.

The relation defined in the information tygeected refinement alternative is:

relations
selected_refinement_alternative: refinement_alternative;

The relatiorselected refinement alternative specifies which refinement alternative (i.e.,
specialisation or realisation) is relevant (with respect to the current modification focus).

The knowledge base related to the procegsilt extension determination consists of the
knowledge basextension by refinement knowledge, as shown in Figure B.11.

default extension extension by
determination knowledge refinement knowledge

Figure B.11 Knowledge baseefault extension determination knowledge.

The knowledge bas&tension by refinement knowledge contains instances of knowledge such
as the following two knowledge elements. These two knowledge elements illustrate the
refinement of a qualified requirements in focus: both refinement alternatives are shown.
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if is_qualified_requirement_selected_as_focus( QR: qualified_requirement_name )
and holds( is_qualified_requirement( QR: qualified_requirement_name,
Q: qualification,
R: requirement_name ),

pos)
and holds( is_requirement( R: requirement_name,
has_property( A: agent_name,
is_capable_of_bidirectional_communication_with(
A2: agent_name)) ),
pos)
and selected_refinement_alternative( specialisations )
then addition_to_current_RQS(

is_qualified_requirement( new_name( QR: qualified_requirement_name, a ),
Q: qualification,
new_name( R: requirement_name, a)))
and addition_to_current_RQS(
is_requirement( new_name( R: requirement_name, a ),
has_property( A: agent_name,
is_capable_of_unidirectional_communication_from(
A2: agent_name)))
and addition_to_current_RQS(
is_qualified_requirement( new_name( QR : qualified_requirement_name, b)),
Q: qualification,
new_name( R: requirement_name, b)))
and addition_to_current_RQS(
is_requirement( new_name( R: requirement_name, b ),
has_property( A: agent_name,
is_capable_of_unidirectional_communication_to(
A2:agent_name)))
and addition_to_current_RQS(
is_qualified_requirement( new_name( QR: qualified_requirement_name, c ),
Q: qualification,
new_name( R: requirement_name, c)))
and addition_to_current_RQS(
is_requirement( new_name( R: requirement_name, ¢ ),
has_property( A: agent_name,
is_capable_of_combining_unidirectional_communication_
from_and_to( A2: agent_name) ) );

if is_qualified_requirement_selected_as_focus( QR: qualified_requirement_name )
and holds( is_qualified_requirement( QR: qualified_requirement_name,
Q: qualification,
R: requirement_name ),

pos)
and holds( is_requirement( R: requirement_name,
has_property( A: agent_name,
is_capable_of_unidirectional_communication_from(
A2: agent_name))),
pos)
and selected_refinement_alternative(realisations )
then addition_to_current_RQS(

is_qualified_requirement( new_name( QR: qualified_requirement_name, a ),
Q: qualification,
new_name( R: requirement_name, a)))
and addition_to_current_RQS(
is_requirement( new_name( R: requirement_name, a ),
has_property( A: agent_name,
is_capable_of_reasoning_about_unidirectional _
communication_from( A2: agent_name) ) )
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and addition_to_current_RQS(
is_qualified_requirement( new_name( QR : qualified_requirement_name, b ),
Q: qualification,
new_name( R: requirement_name, b)) )
and addition_to_current_ RQS(
is_requirement( new_name( R: requirement_name, b ),
has_property( A: agent_name,
is_capable_of_executing_unidirectional_
communication_to( A2: agent_name ) ))
and addition_to_current_ RQS(
is_qualified_requirement( new_name( QR: qualified_requirement_name, c),
Q: qualification,
new_name( R: requirement_name, ¢)))
and addition_to_current_RQS(
is_requirement( new_name( R: requirement_name, ¢ ),
has_property( A: agent_name,
is_capable_of combining_reasoning_and_executing_
unidirectional_communication_from( A2: agent_name ) ) );

B.1.3  Additional refinement of RQSM history maintenance

The composition oRQS history maintenance andRQS modification state history maintenance,
sub-processes &QSM history maintenance is described by process composition and
knowledge composition.

Process composition for sub-processes ®QSM history maintenance

identification of processes and abstraction levelsThe process compositions for the
three sub-processesrdSM history maintenance is described by levels of process abstraction,
identification of processes, and composition relation between processes.

The proces&QsM history maintenance is described in Section 8.4.2. The first level of
process abstraction for sub-processes@sM history maintenance is shown in Figure B.12.
The processeRQs storage preparation, RQS permanent storage, andRQS retrieval are
distinguished with the proceB®s history maintenance. The processe®sQs modification state
storage preparation, RQS modification state permanent storage, andRQS modification state retrieval
are distinguished with the proces3s modification state history maintenance.

[ RQS modification state J

C RQS history maintenance) history maintenance

I |
1 | | |
RQS

| 1
RQS RQS RQS RQS RQS
storage permanent retrieval modification modification modification
preparation storage state storage state state retrieval
preparation permanent

storage
Figure B.12 Processes at different abstraction levelsRIQEM history maintenance.

The procesf&Qs history maintenance IS responsible for storing, retrieving and managing sets of
design requirements. This process is composed of three sub-processes: thkQrsiesg)e
preparation assigns names to sets of design requirements and relates the name of a set to spe
contents of the set. The proc&s3s permanent storage stores the result of the previous process
permanently, available for later retrieval. The procesS retrieval retrieves (parts of) sets of
design requirements on the basis of retrieval queries.

The procesfQs modification state history maintenance is responsible for storing,
retrieving and managing modification states (i.e. information regarding the modification
process). This process is similar to the proeesshistory maintenance. The procesrQs
modification state history maintenance iS composed of three sub-processes. The precess
modification state storage preparation IS responsible for preparing information to be stored, this
entails determining a unique name for the new modification state and relating information on t
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modification state with that unique name. The proeessmodification state permanent storage
is responsible for storing the resultirgs modification state and making it available for the
retrieval of (parts of) modification states by the pro&&ss modification state retrieval, which
guides its retrieval on the basis of specific requests for specific information.

The interface information types of the sub-processe®sfhistory maintenance andrRQS
modification state history maintenance are listed in Table B.3 and described below.
‘ output information type

process ‘ input information type

Sub-processes of RQS
history maintenance

RQS storage preparation

- RQS
- current RQS contents

- persistent RQS information to be

stored

- temporal RQS information
- current RQS name

RQS permanent storage

- persistent RQS information to be

stored

- DOD assessment
- RQS assessment

- persistent RQS information
- DOD assessment
- RQS assessment

RQS retrieval

- persistent RQS information

- RQS history queries

- current RQS replacement request
- DOD assessment

- DOD assessment history queries
- RQS assessment

- RQS assessment history queries

- RQS history query results

- new current RQS contents

- persistent RQS information

- current RQS replacement results
- DOD assessment search results
- RQS assessment search results

Sub-processes of RQS
modification state history
maintenance

RQS modification state
storage preparation

- given current RQS name
- current RQS modification state

contents

- persistent RQS modification state

information to be stored

- temporal RQS modification state

information

RQS modification state
permanent storage

- persistent RQS modification state

to be stored

- persistent RQS modification state

information

RQS modification state
retrieval

- RQS modification history queries
- persistent RQS modification state

information

- RQS modification history query

results

- persistent RQS modification state

information

Table B.3Interface information types for sub-processe®@QS history maintenance.

The input and output information in the interface of the sub-procesBes distory
maintenance iS described below:

The proces&Qs storage preparation requires information on descriptions of design
objects RQS) and the contents of the curreats (current RQS contents). This process
produces a name for the curress (current RQS name), temporal information on sets of
gualified requirementsdgmporal RQS information), and persistent information on sets of
qualified requirements to be storg@réistent RQS information to be stored).

The proces&Qs permanent storage needs information on persistent information on sets
of qualified requirements to be storedristent RQS information to be stored),
assessments of design object descriptiDo® (assessment), and assessments of sets of
gualified requirementRQs assessment). This process generates persistent information
on sets of qualified requirements to be stopeesictent RQS information), assessments of
design object descriptionB@D assessment), and assessments of sets of qualified
requirementsKQs assessment).

The procesgQs retrieval requires information on persistent information on sets of
qualified requirementgérsistent RQS information), queries oRQs history RQS history
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queries), and requests for replacement of the cumrest(current RQS replacement
request), assessments of design object descriptibo® (assessment), queries omoD
assessment historp@D assessment history queries), assessments of sets of qualified
requirementsKQS assessment), and queries orQs assessment historR@s assessment
history queries). This process produces results of searchingdideassessment history
(DOD assessment history search results), results of searching tim®s assessment history
(RQS assessment history search results), results of queries argshistory RQS history
query results), persistent information on sets of qualified requiremetisi§tent RQS
information), new contents for currerRQs maintenancengw current RQS contents), and
results on the success of replacing the curea{current RQS replacement results).

The input and output information in the interface of the sub-procesBesaiiodification state
history maintenance is described below:

The proces&QSs modification state storage preparation requires information on the name
given to the currerrQs (given current RQS name), contents of the current modification
state ¢urrent RQS modification state contents). This process produces temporal information
onRrQs modification statesgmporal RQS modification state information), and persistent
information onrQs modification states to be storgersistent RQS modification state
information to be stored).

The proces&Qs modification state permanent storage needs information on persistent
information onrQs modification states to be storgersistent RQS modification state
information to be stored). This process generates persistent informatiorgsn
modification statespérsistent RQS modification state information).

The procesgQs modification state retrieval requires information on persistent information
onRrQs modification statespérsistent RQS modification state information), and queries on
rRQsmodification state historyrRQS modification state history queries). This process
produces results of queries mps modification state history\rQS modification state history
query results), and persistent information &os modification statepérsistent RQS
modification state information).

Process composition relations withinRQS history maintenance. The information
links in the componerrQs history maintenance are shown in Figure B.13.

RQS history ( RQS history maintenance task control )
maintenance
) . RQS new current RQS contents
RQS history related queries retrieval RQzuI;Skr)eZurﬁlsaled
current RQS replacement request
retrieved pers_istent R_QS ]
stored RQS information nformation
current RQS name

persistent

cggesm RQS info}rqn?astion RQS
contents Storag? to be stored permanent
o5 preparation storage

RQS and DOD
Q nent nent temporal RQS information

Figure B.13 Information links within the process &QS history maintenance.

Within this component ten mediating links and two private links are defined:

- The mediating linkRQS andcurrent RQS contents transfer sets of qualified requirements
(RQS) and the contents of the currexats(current RQS contents), respectively, from the
input interface oRQS history maintenance to the input interface ¢fQs storage
preparation.
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The mediating link RQS assessment and DOD assessment transfers assessments of desigr
object descriptionsDOD assessment) and assessments of sets of qualified requirements
(RQsS assessment) from the input interface @fQS history maintenance to the input
interface ofRQS permanent storage.

The information linkRQS history related queries andcurrent RQS replacement request
transfer queries orQshistory RQS history query specification), queries omoD
assessment historp@D assessment history queries), and queries ORQsassessment
history RQS assessment history queries); and requests for replacement of the currest
(current RQS replacement request), respectively, from the input interfacerRxds history
maintenance to the input interface ¢fQs retrieval.

The private linkpersistent RQS information to be stored transfers information expressed in
the information types with the same name from the output interfag@adtorage
preparation t0 the input interface @tQS permanent storage.

The private linkstored RQS information transfers information expressecptisistent RQS
information, DOD assessment, andRQS assessment from the output interface &Qs
permanent storage to the input interface QS retrieval.

The mediating linksurrent RQS name andtemporal RQS information transfer the name for
the currenkqs (current RQS name) and temporal information on sets of qualified
requirementstémporal RQS information), respectively, from the output interfacerafs
storage preparation to the output interface &QS history maintenance.

The mediating linksew current RQS contents, RQS history related query results, and
retrieved persistent RQS information transfer the new contents of the curmens (new

current RQS contents), results of queries on historigsysS history query results, DOD
assessment history search results, andRQS assessment history search results), and
persistent information on design object descriptipasiftent RQS information),
respectively, from the output interfacerwds retrieval to the output interfaceQs history
maintenance.

The task control within the compone®s history maintenance is as follows. Upon activation

of RQS history maintenance a number of situations are possible, which correspond to task
control foci for this component. The task control foci afieal storage of information, continued
storage of information, update of the history, execute queries, andreplacement of current RQS
preparation. Depending on the specific task control focus, specific links and sub-components
are activated, e.g., fegplacement of current RQS preparation, the componerrQs retrieval is
activated and the information lirkirrent RQS replacement request is made up-to-date. Upon
termination ofRQS retrieval, the information linksiew current RQS contents andrRQS history

related query results are made up-to-date aR@S history maintenance is terminated.

Process composition relations withinRQS modification state history
maintenance. The information links in the componeRQS modification state history
maintenance are shown in Figure B.14.

RQS modification ( RQS modification state history maintenance task control )
state history

maintenance RQS
RQS modification state history queries modification RUS moqﬂu":iilr'ggu?::‘e nistory
state ]
m%%ri?ii:;?i?)tnRstQa?e retrieval retrieved persistent RQS
information modification state informatio
given
current
RQS name RQS modification persistent | RQS modification
eratogy state e iomaton|
storage to be stored permanent
preparation storage

RQS modification progress

temporal RQS modification state information

Figure B.14 Information links within the process &QS modification state history maintenance.
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Within this component seven mediating links and two private links are defined:

The mediating linkgiven current RQS name, overall design strategy, andRQS modification
progress transfer the name of the curr&ats(given current RQS name), the overall design
strategy §verall design strategy), and progress of the modification processg
modification progress), respectively, from the input interfacerRipS modification state
history maintenance to modification state contentsurent RQS modification state contents)
the input interface dRQS modification state storage preparation.

The information linkRQS modification state history queries transfers queries ars
modification statesRQS modification state history queries) from the input interface t{Qs
modification state history maintenance to the input interface ®#QS modification state

retrieval.

The private linkgersistent RQS modification state information to be stored andpersistent
RQS modification state information transfer information expressed in information types with
the same name from the output interfacB@$ modification state storage preparation to the
input interface 0RQS modification state permanent storage, and from the output interface
of RQS modification state permanent storage to the input interface ®#QS modification state
retrieval, respectively.

The mediating linkemporal RQS modification state information transfers temporal
information onrQsmodification statest€mporal RQS modification state information) from
the output interface QS modification state storage preparation to the output interface of
RQS modification state history maintenance.

The mediating link®RQS modification state history query results, andretrieved persistent

RQS modification state information transfer results of queries apsmodification states
(RQS modification state history query results), and persistent information &wos
modification statespérsistent RQS modification state information), respectively, from the
output interface oRQS modification state retrieval to the output interfacRQSs modification
state history maintenance.

The task control within the compone@®s modification state history maintenance is as follows.
Upon activation oRQS modification state history maintenance a number of situations are

possible, which correspond to task control foci for this component. The task control foci are:
initial storage of information, continued storage of information, update of the history, andexecute

queries. Depending on the specific task control focus, specific links and sub-components are
activated, e.g., fanpdate of the history, the componerRQs modification state storage preparation

is activated and the information lingsen current RQS name, overall design strategy, andRQS
modification progress are made up-to-date. Upon terminatioRQE modification state storage
preparation, the componerrQs modification state permanent storage is activated, and the
information linkspersistent RQS modification state information to be stored andtemporal RQS
modification state information are made up-to-date. Upon terminatioRQE modification state
permanent storage, the componerrQs modification state history maintenance is terminated.

persistent RQS modification persistent RQS
state information modification state
to be stored information

meta-meta-meta-level

meta-meta-level

pe_r?istentt RQS persistent RQS
tm grm? Iond information
0 be store

Figure B.15Information types related to refinements of sub-processBR®8M history maintenance.
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Knowledge composition for sub-processes oRQSM history maintenance.
Information types related to refinements of sub-processRQSM history maintenance are
shown in Figure B.15. The information typssistent RQS information to be stored and
persistent RQS modification state information to be stored are different names f@ersistent RQS
information andpersistent RQS modification state information, respectively. The persistent
information fulfills a different role which is reflected in the name of the information type.

B.2 Additional refinements of sub-components of DODM

The refinement of several sub-componentBaib manipulation has not been described in
Chapter 9. The componeb®D modification process co-ordination was introduced in Section

9.3.2 as a sub-componento®D modification and its composition is described in Section

B.2.1. The componenksessment point determination was introduced in Section 9.3.5 as a sub-
component oboD modification determination and its composition is described in Section B.2.2.
The sub-components DDDM history maintenance have been introduced in Section 9.4.2; their
compositions are described in Section B.2.3. Additional knowledge structures relzed to
are described at the end of each of these three sections.

B.2.1 Refinement of DOD modification process co-ordination

The composition obOD modification process co-ordination iS described by process composition
and knowledge composition.

Process composition forbOD modification process co-ordination : identification
of processes and abstraction level§he process composition DDD modification
process co-ordination is described by levels of process abstraction, identification of processes,
and composition relation between processes.
The proces®0OD modification process co-ordination IS a sub-process 0OD modification,
as described in Section 9.3.2. The first level of process abstractibadonodification process
co-ordination iS shown in Figure B.16. The processe® modification progress co-ordination,
DODM history navigation, DOD modification state analysis, andDOD modification strategy
determination are distinguished with the processD modification process co-ordination.

C DODE modification process co-ordination )
]
| | | |

DOD DODM DOD DOD
modification history modification modification
progress navigation state analysis strategy
co-ordination determination

Figure B.16 Process refinement f@OD modification process co-ordination.

The proces®0OD modification progress co-ordination is responsible for strategic control within
the entirebobm process on the basis of current information on the four sub-processes/of
This includes deciding e.g. when to navigate the history, when to validate a Spmgi®dic.
The sub-proced30DM history navigation is responsible for querying the history component (on
pob modification statesyop assessmemntQs and design object descriptions) to find the best
suitedbob to continue the modification process, on the basis of available information on global
design strategies and manipulation actions. The procassodification state analysis analyses
a state of the modification process. The prooess modification strategy determination
determines, on the basis of analyses of modification states, which modification strategy is to be
employed.

Each of the processes depicted in Figure B.16 can be characterised in terms of their input
and output information types, these information types are listed in Table B.4 and described
below.
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input information type

output information type

DOD modification
progress co-ordination

- overall design strategy
description

- history navigation results

- DOD modification strategy

- current modification state
contents

- current manipulation action

- DOD madification progress

- history navigation directives

- DOD assessment

- DOD modification strategy
preferences

DODM history navigation

- history navigation directives

- DOD modification state history
search results

- DOD assessment history search
results

- RQS history search results

- DOD history search results

- current DOD replacement results

- temporal modification state
contents analysis

- history navigation results

- DOD modification state history
queries

- DOD assessment history queries

- RQS history queries

- DOD history queries

- current DOD replacement request

- historical modification state
content

DOD maodification state
analysis

- modification state content

- modification state contents
analysis

DOD modification
strategy determination

- DOD modification strategy
preferences

- current modification state
analysis

- historical modification state
analysis

- DOD modification strategy

Table B.4Interface information types for sub-processe®©b modification process co-ordination.

The proces®0OD modification progress co-ordination requires the overall design strategy
(overall design strategy description), havigation resultshistory navigation results), DOD
modification strategy{OD modification strategy), and the contents of the current
modification statedurrent modification state contents). This process generates
manipulation actions for the overalbom processdurrent manipulation action), directives
for history navigationt{story navigation directives), assessments of design object
descriptionsOD assessment), and preferences on modification strategbesn(
modification strategy preferences).
The proces®ODM history navigation needs directives for navigatiotisory navigation
directives), results of searchingobp modification state history@OD modification state
history search results), results of searchingobp assessment historp@D assessment
history search results), results of searchimgRs history RQS history search results), results
of searchingpop history ©OD history search results), results on the success of replacing

the currenbop (current DOD replacement results), and analysis of a number of contents of

modification statest€mporal modification state contents analysis). This process produces
navigation resultsh(story navigation results), queries omob modification state history (
DOD modification state history queries), queries omobp assessment historp@b
assessment history queries), queries omQs history RQS history queries), queries omoD
history ©OD history queries), requests for replacement of the curmot (current DOD
replacement request), and contents of a (historical) modification statstdrical
modification state contents).
The proces®0D modification state analysis needs the contents of a modification state

(modification state content, i.e., modification foci, current modifications, and assessment

of the currenbob). This process generates an analysis of the given modification state
contents rfodification state contents analysis).
The proces®0OD modification strategy determination requires preferences owbp
modification strategieDOD modification strategy preferences), analysis of the current
modification statenfodification state analysis), and analysis of a previoosb modification
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state fnodification state analysis). This process produces a strategy for the modification of

the currenbop (DOD modification strategy).

APPENDIXB

Process composition relations withinDOD modification process co-ordination.  The
information links in the componebdD modification process co-ordination are shown in Figure

B.17.

(DOD modification (

DOD modification process co-ordination task control )

process
co-ordination

overall design strategy

DOD modification progress
co-ordination results

DOD
» current DOD modification DOD assessment
modification state contents
to progress co-ordination progress_ history navigation directives
co-ordination
history DOD modification
navigation strategy preferences
results
DOD modification state
DOD modification history queries
state history search DODM

— results RQS history queries —

history
navigation

DOD assessment
history queries

DOD assessment
history search results

DOD history
related queries

RQS history search
results I .
modification historical
state content modification
DOD history related analysis state contents
search results

DOD modification
strategy to progress

co-ordination

DOD DOD
modification previous modification
contents
state analysis strategy
- ana|y5|s current contents determination DOD —
current DOD modification analysis modification strategy

state contents to analysis

Figure B.17 Information links within the process DIOD modification process co-ordination.

Within this component fourteen mediating links and eight private links are defined:

The mediating linksurrent DOD modification state contents to analysis andcurrent DOD
modification state contents to progress co-ordination transfer information expressed in
modification state contents from the input interface @OD modification process co-
ordination to the input interfaces @foD modification state analysis andDOD modification
progress co-ordination, respectively.

The mediating link overall design strategy transfers information expressegiain
design strategy from the input interface afOD modification process co-ordination to the
input interface 0DOD modification progress co-ordination.

The mediating link®OD modification state history search results, DOD assessment history
search results, RQS history search results, andDOD history related results transfer
information expressed IDOD modification state history search results, DOD assessment
history search results, RQS history search results, DOD history search results andcurrent DOD
replacement results from the input interface @OD modification process co-ordination to the
input interface 0bODM history navigation.

The private linkshistory navigation directives andhistory navigation results transfer
information expressed itistory navigation directives andhistory navigation results,
respectively, betweeDOD modification progress co-ordination andDODM history navigation.
The private linkshistorical modification state contents andmodification state contents analysis
transfer information expressedhitorical modification state contents andmodification state
contents analysis, respectively, betwedanODM history navigation andDOD modification state
analysis.

The private linkDOD modification strategy preferences andDOD modification strategy to
progress co-ordination transfer information expressedbwD modification strategy
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preferences andDOD modification strategy, respectively, betwednOD modification progress
co-ordination andDOD maodification strategy determination.

The private linksrevious contents analysis andcurrent contents analysis transfer
information expressed inodification state content analysis t0 historical modification state
analysis andcurrent modification state analysis, respectively, from the output interface of
DOD modification state analysis t0 the input interface @fOD modification strategy
determination, on the basis of an explicit mapping between these information types.
The mediating linkDOD modification strategy transfers information expressediab
modification strategy from the output interface @fOD modification strategy determination t0
the output interface afOD modification process co-ordination.

The mediating link®0D modification state history queries, RQS history queries, DOD
assessment history queries, andDOD history related queries transfer queries and requests to
thepobw history from the output interface bODM history navigation to the output
interface ofbOD modification process co-ordination.

The mediating link®OD modification progress co-ordination results, andDOD assessment
transfer information expressedd®D modification progress information andcurrent
manipulation action, andDOD assessment, respectively, from the output interfacebaiD
modification progress co-ordination to the output interface @OD modification process co-
ordination.

The task control within the componeD modification process co-ordination is as follows.
Upon activation 0bOD modification process co-ordination, DOD modification progress co-
ordination is activated which co-ordinates the sub-processes vithinmodification process co-
ordination. A distinction can be made between continuation of the previous manipulation
process, or initiation of a new manipulation process. The global phasesdathinodification
process co-ordination resemble a process control model. In a process control task a cycle occu
over the sub-tasks: analysis, planning, and execution. Similarly ithbrmodification process
co-ordination analysis is performed yOD modification state analysis andDODM history
navigation, planning is performed yOD modification strategy determination andDOD
modification progress co-ordination, and execution is performed by effectuating modification
strategies, resulting in modifications to the cures.

DODM history navigation is able to formulate queries on histories, requests for replacement
of the currenbob, and isolate contents of a historical modification stat® modification state
analysis can be used to analyse the contents of the current modification state, or the contents
previous modification state (by means of the liakgent DOD modification state contents and
historical modification state contents). DOD modification strategy determination can be activated to
determine a modification strategy.

Knowledge composition for DOD modification process co-ordination. The
information typeshistory navigation directives, history navigation results, modification strategy
preferences, DOD modification state contents, historical DOD modification state contents,
modification state contents analysis, previous modification state contents analysis, andcurrent

modification state contents analysis are described here. Two knowledge bases are described at tt
end of this section.

history navigation
directives

DODM history
navigation

history navigation
results

Figure B.18 Information types related tOODM history navigation.
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Two of the information types related to the pro@sBM history navigation are shown in Figure
B.18. The information typkistory navigation directives contains directives ("goals') for thepm
navigation process. The information tyystory navigation results contains information on the
achievement of the given navigation directives.

Relations in the information typestory navigation directives are:

relations
DOD_to_become_current: DOD_name;
DOD_contents_to_be_retrieved: DOD_name;
comparable_DOD_to_be_retrieved_for: comparison_type *

DOD_name;

The relatiorboD to become current specifies that the namedp is to become the currenbp:
the contents of the namedp are to be placed iturrent DOD maintenance. The relatiorboD
contents to be retrieved describes which specifiwob has to be retrieved from tbhebwm history.
The relatiorcomparable DOD to be retrieved for specifies that aob has to be retrieved which is
comparable with the namedp, e.g., a refinement of the nanmob.

Relations in the information typestory navigation results are:

relations
DOD_contents_retrieved_for: DOD_name;
comparable_DOD _for: DOD_name *
comparison_type *
DOD_name;

The relatiorbOD contents retrieved for specifies that the contents of the named have been
retrieved. The relatiocomparable DOD for specifies that a comparatlep has been found.

The information typenodification strategy preferences is shown in Figure B.19. It
contains information on which direction of modification is to be preferred, including, e.g.,
previously failed modification strategies. Ba@bD modification progress co-ordination andDOD
modification strategy determination make use of this information type.

DOD modification
progress co-ordination

modification strategy
preferences

DOD maodification
strategy determination

Figure B.19 The information typenodification strategy preferences.

Relations in the information typeodification strategy preferences are:

relations
requirement_qualification_preference:  qualification;
rejected_modification_strategy: modification_method_identification *

modification_method_characterisation;

The relation requirement qualification preference specifies which requirement qualification is,
e.g., to be focussed on. The relatigiacted modification strategy specifies which modification
strategy is not to be used.

Two information types related to the contents of a modification state are shown in Figure
B.20. The information typBOD modification state contents describes curremob basis
evaluation, modification foci, and modifications. The information tygerical DOD
modification state contents describes the same information. Both information types refer to the
same information types, yet their usage in components requires the distinction between contents
of a modification state, and the contents diistorical modification state.
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current DOD
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state contents
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DOD modification focu}

historical
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state contents
current >
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Figure B.20Information types related to the contents of a modification state.

The information types related to the analysis of the contents of a modification state are showt
Figure B.21. The information typeodification state contents analysis describes the analysis @f
modification state. The information typenporal modification state contents analysis contains
information on the analysis of the contents of a previous and the current modification state. T
information typeprevious modification state contents analysis describes the analysis opeevious
modification state contents, and the information typent modification state contents analysis
describes the analysis of tberrentmodification state contents. The proceS® modification

state analysis makes use of the information tygpedification state contents analysis, and the
procesOODM history navigation makes use of the information tyfeenporal modification state

contents analysis.

DOD modification modification state
state analysis contents analysis
previous

modification state
contents analysis

) temporal
‘ DODM history ‘ modification state
navigation contents analysis
current
modification state
contents analysis

Figure B.21Information types related to analysis of the contents of a modification state.

The relation in the information typeodification state contents analysis iS:

relations
content_analysis: DOD_maodification_state_content_analysis;

The relation content analysis specifies whether the contents of a modification state contains,

e.g., any violated requirements, non-supported qualified requirements with qualification “har

and non-supported qualified requirements related to an embedded-agent aggregation level.
The relations in the information typg®vious modification state contents analysis and

current modification state contents analysis are:

relations
previous_content_analysis: DOD_maodification_state_content_analysis;
current_content_analysis: DOD_maodification_state_content_analysis;

These two relations specify the analysis of either the contents of a previous modification stat:
or the current modification state.

Two knowledge bases, related to sub-processeeDinodification process co-ordination,
are shown in Figure B.22. The knowledge lasp modification state analysis knowledge iS
employed to analyse the contents of a modification state. An example from this knowledge bz
is shown below.
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DOD maodification

strategy determination

DOD modification
state analysis

DOD modification state DOD maodification strategy
analysis knowledge determination knowledge

Figure B.22 Two knowledge bases related to sub-processe@®©0f modification process co-ordination.

Example from knowledge baseDOD modification state analysis knowledge
The knowledge element below illustrates that a non-supported qualified requirement, related to a requirement
which has a multi-agent system perspective (i.e., refers to properties related to sets of agents and possibly the
external world) leads to the conclusion that the current modification state contains a non-supported qualified
requirement with a multi-agent system perspective.
if is_qualified_requirement( QR: qualified_requirement_name,
Q: qualification,
R: requirement_name )
and requirement_has_perspective( R: requirement_name,
mas_perspective )
and not supported_qualified_requirement( QuRe: qualified_requirement_name )

then content_analysis( contains_non_supported_mas_perspective_qr );

The knowledge baseOD modification strategy determination knowledge iS employed to determine
strategies for the modification process. It is important to note that wheneeetisamade the
currentoop, it is always validated, and after validation a modification strategy is determined (on
the basis of the validation results). Examples from this knowledge base are shown below.

Examples from knowledge baseDOD modification strategy determination knowledge
The knowledge element below illustrates the use of strategy preferences: the preferred requirement
qualification is incorporated in the current modification strategy.
if requirement_qualification_preference(  Q: qualification )
then DOD_modification_strategy( qualification_focus,
Q: qualification );
The knowledge element below illustrates the use of perspectives on the contemteofhese perspective
correspond with aggregation levels for a multi-agent system (Section 5.3). If the analysis of the current
modification state shows that qualified requirements are present which are not supported and require properties
on the multi-agent system aggregation level, then modification focus identification needs to focus on the
mas-perspective.
if current_content_analysis( contains_non_supported_mas_perspective_qr )

then DOD_modification_strategy( perspective_focus,
mas_perspective );

B.2.2 Refinement of assessment point determination

The composition odssessment point determination is described by process composition and
knowledge composition.

Process composition forassessment point determination : identification of
processes and abstraction levelS.he process composition a§sessment point
determination is described by levels of process abstraction, identification of processes, and
composition relation between processes.

The processassessment point determination iS a sub-process @OD modification
determination, as described in Section 9.3.5. The first level of process abstraction for
assessment point determination iS shown in Figure B.23. The procesags:ssment point
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derivation, assessment point realisation determination, assessment point expected modification
impact determination, andassessment point to realise determination are distinguished within the
processassessment point determination.

( assessment point determination )

assessment assessment point assessment point assessment point
point realisation expected modification to realize
derivation determination impact determination determination

Figure B.23 Process refinement absessment point determination.

Identification of assessment points which need to be realised entails four processes. The
processssessment point derivation determines which assessment points are of interest, given
the current DOD, modification focus, assessments of design requirements, and previously
resolved assessment points. The proassssment point realisation determination ascertains
which assessment points are already realised. The prasessnent point expected
modification impact determination categorises assessment points according to their expected
impact on the design object description if they were to be realized. On the basis of these
expected impacts, an assessment point to be realised is identified by the gsseesasnt
point to realise determination.

The interface information types of the sub-processasse$sment point determination are
listed in Table B.5 and described below.

process input information type output information type
assessment point - current DOD contents - relevant assessment points
derivation - current design requirements

- rejected modifications
- current DOD basis evaluation
- DOD modification focus

assessment point - relevant assessment points - realised assessment points
realisation determination | - current DOD contents

assessment point - realised assessment points - expected modification impact
expected modification - current DOD basis evaluation

impact determination - relevant assessment points

assessment point to - selected modification impact - assessment point to be realised
realize determination - realised assessment points

- expected modification impact

Table B.5Interface information types for sub-processeasabssment point determination

The procesassessment point derivation requires the contents of the curreab (current

DOD contents), design requirementsufrent design requirements), rejected modifications
(rejected modifications), assessment ofteob on the basis of individual design
requirementscirrent DOD basis evaluation), and a focus for modificatiomOD

modification focus). This process produces assessment points relevant to the modificatior
foci and assessments of design requiremestesgnt assessment points).

The processassessment point realisation determination requires relevant assessment points
(relevant assessment points), and the contents of the currexap (current DOD contents).

This process produces information on the realisation of assessmentpaiists (
assessment points).

The procesassessment point expected modification impact determination needs information
on the realisation of assessment poirdsi¢ed assessment points), assessment ofted

on the basis of individual design requiremenigént DOD basis evaluation), and relevant
assessment pointelevant assessment points). This process has as its results an
indication of the expected impact when modifications are made to realise non-realised
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assessment pointaxpected modification impact, which is part of the information type
modification method evaluation).

The processassessment point to realise determination needs an indication of the impact of
modifications gelected modification impact, which is part of the information type
modification method), information on the realisation of assessment poigisiséd
assessment points), and the expected impact of modificatioagécted modification

impact). As its results it generates assessments points which need to be realised
(assessment point to be realised).

Process composition relations withinassessment point determination. The
information links in the componeassessment point determination are shown in Figure B.24.

Eassessment pomt ( assessment point determinationtask control )
Edetermination
assessment point
i to b lized
selected modification impact to realise aossgsrserae%? points
determination
expected modification impact tc
to-realise determination e —
assessment
current DOD basis evaluation H -
to impact determination point ?_Xpe_CtEd m%)g?fsi}gat\?ign
qu| ication mpact
impact
realised assessment points _determination /
to impact determination
i realised
current DOD contents assessr_ner_]t point—, assessment
to realisation determination realisation points to
. ) to-realise
determination determination
relevant assessment points —
to realisation determination
rejected modifications to derivation relevant
assessment assessment
current DOD basis evaluation to derivation po|nt oints ) .>
- - L 0 impaci
modification focus to derivation derivation determination .>
current DOD contents to derivation

current design requirements to derivation

Figure B.24 Information links within the process afsessment point determination.

Within this component ten mediating links and five private links are defined:

238

The mediating linknodification focus to derivation transfers modification focDOD
modification focus) from the input interface afssessment point determination to the input
interface ofassessment point derivation.

The mediating linkcurrent DOD contents to derivation transfers the contents of the current
DOD (current DOD contents) from the input interface aissessment point determination to

the input interface adssessment point derivation.

The mediating linkcurrent design requirements to derivation transfers design requirements
(current design requirements) from the input interface afssessment point determination to
the input interface adssessment point derivation.

The mediating linkcurrent DOD basis evaluation to derivation transfers assessments afap
on the basis of individual design requiremenig€nt DOD basis evaluation) from the

input interface okssessment point determination to the input interface Gfssessment point
derivation.

The mediating linkejected modifications to derivation transfers rejected foci for
modification (ejected modification focus) from the input interface cfssessment point
determination to the input interface afssessment point derivation.
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The mediating linkcurrent DOD contents to realisation determination transfers the contents
of the currenbob (current DOD contents) from the input interface afssessment point
determination to the input interface Gfssessment point realisation determination.

The mediating linlkcurrent DOD assessment to impact determination transfers assessments
of abop on the basis of individual design requiremenigént DOD basis evaluation) from
the input interface adssessment point determination to the input interface aissessment
point expect modification impact determination.

The mediating linkelected modification impact transfers information on the modification
method (odification method) from the input interface afssessment point determination to
selected impact of modificationselected modification impact) in the input interface of
assessment point to realise determination.

The private linkelevant assessment points to realisation determination transfers assessment
points considered to be relevaridvant assessment points) from the output interface of
assessment point derivation to the input interface aissessment point realisation
determination.

The private linkrelevant assessment points to impact determination transfers assessment
points considered to be relevaridvant assessment points) from the output interface of
assessment point derivation to the input interface aissessment point realisation
determination.

The private linkealised assessment points to impact determination transfers realised
assessment pointe4lised assessment points) from the output interface aksessment
point realisation determination to the input interface afssessment point expected
modification impact determination.

The private linkrealised assessment points to to-realise determination transfers realised
assessment pointe4lised assessment points) from the output interface absessment
point realisation determination to the input interface aissessment point expected
modification impact determination.

The private linkexpected modification impact to to-realise determination transfers the
expected impact of modificationexpected modification impact) from the output interface
of assessment point expected modification impact determination to the input interface of
assessment point to realise determination.

The mediating linko be realised assessment points transfers assessment points to be
realised §ssessment point to be realised) from the output interface aksessment point to
realise determination to the output interface aksessment point determination.

The mediating linkexpected modification impact transfers the expected impact of
modifications éxpected modification impact) from the output interface aksessment point
expected modification impact determination t0 modification method evaluation in the output
interface ofassessment point determination.

The task control within the componestessment point determination is as follows. Upon
activation ofassessment point determination @ number of possible situations are possible, which
correspond to task control foci for this component. The task control fociean@ination of
expected modification impact, anddetermination of assessment points to realise. For both of these
task control foci specific task control is needed:

On activation of task control focdstermine expected modification impact, the information
links modification focus to derivation, rejected modifications to derivation, current DOD basis
evaluation to derivation, current DOD contents to derivation, andcurrent design requirements
to derivation are made up-to-date aasbessment point derivation IS activated. Upon
termination ofassessment point derivation, assessment point realisation determination IS
activated, and the information linksrrent DOD contents to realisation determination, and
relevant assessment points to realisation determination are made up-to-date. Upon
termination ofassessment point realisation determination, assessment point expected
modification impact determination iS activated, and the information liné&srent DOD basis
evaluation to impact determination, realised assessment points to impact determination, and
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relevant assessment points to impact determination are made up-to-date. Upon termination
of assessment point expected modification impact determination, the information link
expected modification impact iS made up-to-date aradsessment point determination
terminates itself.

On activation of task control focdstermine assessment points to realise, the information
links selected modification impact, expected modification impact to to-realise determination,
andrealised assessment points to to-realise determination are made up-to-date and
assessment point to realise determination is activated. Upon termination afsessment point
to realise determination, the information linko be realised assessment points iS made up-to-
date andssessment point determination terminates itself.

Knowledge refinement for assessment point determination. Two information types
related taassessment point determination have not been described in Section 9.3.6 and are
shown in Figure B.25. The information tyggevant assessment points contains information on
which assessment points are relevant to the current modification foci. The information type
realised assessment points contains information on which assessment point is realised in the
currentpop. The information typeelevant assessment points is used by the processes
assessment point derivation, assessment point realisation determination, andassessment point
expected modification impact determination. The information typeealised assessment points IS

used by the processassessment point realisation determination, assessment point expected
modification impact determination, andassessment point to realise determination.

relevant
assessment points

assessment point |
derivation ‘

realisation

assessment point
determination

expected modification

assessment point
impact determination

assessment point to |
realise determination ‘

realised
assessment points

Figure B.25Information types related to sub-processeassessment point determination.

The relation in the information typelevant assessment points iS:

relations
relevant: design_object_property_atom;

The relationelevant specifies which design object property (i.e., assessment point) is relevant
(with respect to the current modification focus).
The relation in the information typealised assessment points iS:

relations
realised: design_object_property_atom;

The relationealised specifies which design object property atom (i.e., assessment point) is
realised (in the curremoD).

Four knowledge bases, related to sub-processeseastment point determination, are
shown in Figure B.26.
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assessment point
realisation
determination

assessment point
derivation

assessment point derivation assessment point realisation
knowledge determination knowledge

assessment point
expected modification
impact determination

assessment point to be
realised determination

assessment point ) .
expected modification impact assessment point to be realised
determination knowledge determination knowledge

Figure B.26 Knowledge bases related to sub-processessaissment point determination.

The knowledge basessessment point derivation knowledge is employed for deriving assessment
points for qualified requirements in focus. Example knowledge is shown below.

Example from knowledge baseassessment point derivation knowledge

The knowledge element below specifies that a qualified requirement in focus, which refers to a requirement
with a specific property, is related to a number of assessment points: specific properties which, when
fulfilled, realise the required property.

if qr_selected_as_focus( QR: qualified_requirement_name )

and is_qualified_requirement( QR: qualified_requirement_name,
Q: qualification,
R: requirement_name )

and is_requirement( R: requirement_name,
has_property( N_D: agent_name,

is_capable_of_reasoning_about_communication_
from( N_A: agent_name)))

then assessment_point(
has_subcomponent_specialised_for(
N_D: Name,
agent_interaction_management,
directed_to( N_A: Name ) ))
and assessment_point(
has_input_it_specialised_for (
N_D: Name,
communication_from,
agent( N_A: Name)))
and assessment_point(
has_input_it_specialised_for(
sub_component_of( agent_interaction_management, N_D: Name ),
communication_from,
agent( N_A: Name)))
and assessment_point(
has_link_with_contents(
N_D: Name,
N_D: Name,
sub_component_of( agent_interaction_management, N_D: Name ),
identity_mapping,
communication_from_agent( N_A: Name ),
communication_from_agent( N_A: Name ) ))
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and assessment_point(
has_knowledge_base(
sub_component_of( agent_interaction_management, N_D: Name ) ) )
and assessment_point(
has_knowledge_base_specialised_for(
sub_component_of( agent_interaction_management, N_D: Name ),
communication_from,
agent( N_A: Name)));

The knowledge basesessment point realisation determination knowledge is employed to _
determine which assessment point is already realised by the aoredn example from this
knowledge base is shown below.

Example from knowledge baseassessment point realisation determination knowledge

The knowledge element below specifies that an assessment point which holds in theoorient
considered to be already realised.
if assessment_point( P: design_object_property_atom )
and holds_in_current_DOD( P: design_object_property _atom, pos )

then already_realized( P: design_object_property_atom );

The knowledge basgssessment point expected modification impact determination knowledge iS _
employed to assign an expected modification impact to each non-realised assessment point. An
example is shown below.

Example from knowledge baseassessment point expected modification impact
determination knowledge
The knowledge element below specifies that an assessment point, which is not yet realised, has a specific
modification impact.
if assessment_point(
has_input_it_specialised_for(
sub_component_of( agent_interaction_management, N_D: Name ),
communication_from,
agent( N_A: Name)))
then has_expected_modification_impact(
has_input_it_specialised_for(
sub_component_of( agent_interaction_management, N_D: Name ),
communication_from,
agent( N_A: Name) ),
component_interface_definition );

The knowledge basssessment point to be realised determination knowledge iS employed to
select assessment points which are to be realised, on the basis of a selected modification impact,
and expected modification impacts of assessment points.

Example from knowledge baseassessment point to be realised determination knowledge

The knowledge element below specifies that a non-realised assessment point, with an expected modification
impact which is also the selected modification impact is selected to be realised.
if selected_modification_impact( I: modification_impact )
and not already_realized( P: design_object_property_atom )
and has_expected_modification_impact( P: design_object_property_atom,
I: modification_impact )

then to_be_realized( P: design_object_property_atom );
B.2.3  Additional refinement of DODM history maintenance

The composition obOD history maintenance, DOD modification results & RQS information history
maintenance andDOD modification state history maintenance, Sub-processes OfODM history
maintenance IS described by process composition and knowledge composition.
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Process composition for sub-processes @ODM history maintenance

identification of processes and abstraction levelsThe process compositions for the
three sub-processesmdDM history maintenance is described by levels of process abstraction,
identification of processes, and composition relation between processes.

The proces®0ODM history maintenance is described in Section 9.4.2. The first level of
process abstraction for the sub-process&oiv history maintenance is shown in Figure
B.27. The process&sD storage preparation, DOD permanent storage, andDOD retrieval are
distinguished within the proceB®D history maintenance. The processasoD assessment &

RQS storage preparation, DOD assessment & RQS permanent storage, andDOD assessment &
RQS retrieval are distinguished with the processD assessment & RQS history maintenance. The
processe®0OD modification state storage preparation, DOD modification state permanent storage,
andDOD modification state retrieval are distinguished with the proce®3D modification state
history maintenance.

C DOD history maintenance )

DOD DOD DOD
storage permanent retrieval
preparation storage
DOD assessment &
RQS DOD maodification state
history maintenance [ history maintenance }
] ]
| 1 1 | 1 1
DOD DOD DOD DOD DOD DOD

assessment assessment assessment modification modification modification

& RQS & RQS & RQS state state state

storage permanent retrieval storage permanent retrieval
preparation storage preparation storage

Figure B.27 Processes at different abstraction levelsDiobM History Maintenance.

The proces®OD history maintenance is responsible for storing, retrieving and managing
descriptions of design objects. Within this process three sub-processes can be distinguishec
The proces®OD storage preparation assigns names to descriptions of design objects and relate
the name of a description to specific description content. The pmoOP3grmanent storage
stores the result of the previous sub-process permanently, available for later retrieval. The st
procesoOD retrieval retrieves (parts of) descriptions of design objects according retrieval
gueries.

The proces®OD assessment & RQS history maintenance is responsible for storing,
retrieving, and managirgpb assessment and sets of qualified requirements This process is
similar toDOD history maintenance. The procespOD assessment & RQS history maintenance
consists of three sub-processes. The pranebsassessment & RQS storage preparation iS
responsible for preparing information to be stored. The prac&sassessment & RQS
permanent storage IS responsible for storing the prepared information and making it available fc
the retrieval of parts afop assessment or sets of qualified requirements by the pmoess
assessment & RQS retrieval, which guides its retrieval on the basis of specific requests for
specific information.

The proces®0D modification state history maintenance is responsible for storing,
retrieving and managing modification states (i.e., information regarding the modification
processes). This process is similar to the pranesshistory maintenance. The proceseoD
modification state history maintenance consists of three sub-processes. The praness
modification state storage preparation iS responsible for preparing information to be stored, this
entails determining a unique name for the new modification state and relating information on t
modification state with that unique name. The proCess modification state permanent storage
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is responsible for storing the resultibgd modification state and making it available for the
retrieval of (parts of) modification states by the pro@s3 modification state retrieval, which
guides its retrieval on the basis of specific requests for specific information.

The interface information types of the sub-processe®Dbfhistory maintenance, DOD

assessment & RQS history maintenance andDOD modification state history maintenance are listed in
Table B.6 and described below.

process ‘ input information type ‘ output information type

Sub-processes of DOD
history maintenance

DOD storage preparation

- DOD
- current DOD contents

- persistent DOD information to be

stored

- temporal DOD information
- new DOD name

DOD permanent storage

- persistent DOD information to be

stored

- persistent DOD information

DOD retrieval

- persistent DOD information
- DOD history queries
- current DOD replacement request

- DOD history query results

- new current DOD contents

- current DOD replacement results
-_persistent DOD information

Sub-processes of DOD
assessment & RQS
history maintenance

DOD assessment & RQS
storage preparation

- RQS
- DOD assessment

- DOD assessment & RQS

information to be stored

DOD assessment & RQS
permanent storage

- DOD assessment & RQS

information to be stored

- DOD assessment & RQS

information

DOD assessment & RQS
retrieval

- DOD assessment & RQS

information

- RQS history queries
- DOD assessment history queries

- RQS history search results
- DOD assessment history search

results

Sub-processes of DOD
modification state history
maintenance

DOD modification state
storage preparation

- given current DOD name
- current DOD modification state

contents

- persistent DOD modification state

information to be stored

- temporal DOD modification state

information

DOD modification state
permanent storage

- persistent DOD modification state

information to be stored

- persistent DOD modification state

information

DOD modification state
retrieval

- DOD maodification state history

queries

- persistent DOD modification state

information

- DOD maodification state history

query results

- persistent DOD modification state

information

Table B.6Interface information types for sub-processes of sub-proces®&3Df history maintenance.

The input and output information in the interface of the sub-procespe®diistory
maintenance iS described below:

The proces®0OD storage preparation requires information on descriptions of design
objects poD) and the contents of the curread (current DOD contents). This process
produces a name for the currenb (new DOD name), temporal information on design
object descriptiongdmporal DOD information), and persistent information on design object
descriptions to be storegefsistent DOD information to be stored).

The proces®0OD permanent storage needs information on persistent information on
design object descriptions to be storgsigstent DOD information to be stored). This

process generates persistent information on design object descriptions to be stored
(persistent DOD information).
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- The processOD retrieval requires information on persistent information on design object
descriptionsdersistent DOD information), queries omob history ©OD history queries),
and requests for replacement of the curpemt (current DOD replacement request). This
process produces results of querie®onhistory OOD history query results), persistent
information on design object descriptiopsr§istent DOD information), results on the
success of replacing the currexb (current DOD replacement results), and new contents
for currentbob maintenancenéw current DOD contents).

The input and output information in the interface of the sub-procespe®aksessment &
RQS history maintenance IS described below:

- The proces®OD assessment & RQS storage preparation requires information on sets of
qualified requirementRQs) and assessments of design object descriptimis (
assessment). This process produces information on sets of qualified requirements and
assessments of design object descriptions to be steredi¢nt DOD assessment & RQS
information to be stored).

- The proces®OD assessment & RQS permanent storage needs information on sets of
gualified requirements and assessments of design object descriptions to be stored
(persistent DOD assessment & RQS information to be stored). This process generates
information on sets of qualified requirements and assessments of design object
descriptionsdersistent DOD assessment & RQS information).

- The proces®0OD assessment & RQS retrieval requires information on sets of qualified
requirements and assessments of design object descriptiaiisefit DOD assessment &
RQS information), queries omQs history RQS history queries), and queries onob
assessment historp@D assessment history queries). This process produces results of
searchingr@s history RQS information search results), and results of searchimgp
assessment historp@D assessment history search results).

The input and output information in the interface of the sub-procesee®afiodification state
history maintenance is described below:

- The proces®0OD modification state storage preparation requires information on the name
given to the currertiob (given current DOD name), contents of the current modification
state ¢urrent DOD modification state contents). This process produces temporal information
on pob modification statesdmporal DOD modification state information), and persistent
information onbob modification states to be storgersistent DOD modification state
information to be stored).

- The proces®0OD modification state permanent storage needs information on persistent
information onbob modification states to be storg@rkistent DOD modification state
information to be stored). This process generates persistent informatiomoon
modification statespérsistent DOD modification state information).

- The proces®0D modification state retrieval requires information on persistent information
on pob modification statespérsistent DOD modification state information), and queries on
pob modification state historypOD modification state history queries). This process
produces results of queries mob modification state historypOD modification state
history query results), and persistent information @op modification stateérsistent
DOD modification state information).

Process composition relations withinDOD history maintenance. The information
links in the componeroD history maintenance are shown in Figure B.28.
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DOD history ( DOD history maintenance task control )
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Figure B.28 Information links within the process BIOD history maintenance.

Within this component nine mediating links and two private links are defined:

The mediating link®0D andcurrent DOD contents transfer descriptions of design objects
(DoD) and the contents of the curreald (current DOD contents), respectively, from the
input interface obOD history maintenance to the input interface @oD storage

preparation.

The information linkDOD history queries andcurrent DOD replacement request transfer
gueries omob history ©OD history queries) and requests for replacement of the current
DOD (current DOD replacement request), respectively, from the input interfacembD

history maintenance to the input interface @oD retrieval.

The private linkersistent DOD information to be stored andpersistent DOD information
transfer information expressed in information types with the same name from the output
interface ofDOD storage preparation to the input interface @fOD permanent storage, and
from the output interface @foD permanent storage to the input interface @oD retrieval,
respectively.

The mediating linkcurrent DOD name transfers the name for the currenb (new DOD
name) from the output interface @fOD storage preparation to information on the current
DOD name urrent DOD name) the output interface @OD history maintenance on the basis
of an explicit mapping between these information types.

The mediating linkemporal DOD information transfers temporal information on design
object descriptiongdmporal DOD information) from the output interface @foD storage
preparation t0 the output interface @foD history maintenance.

The mediating linksew current DOD contents, DOD history related query results, and
retrieved persistent DOD information transfer the new contents of the curmeob (new

current DOD contents), results of queries amob history ©OD history query results), results
on the success of replacing the curma (current DOD replacement results), and
persistent information on design object descriptipasiétent DOD information),
respectively, from the output interfacenadD retrieval to the output interfaceoD history
maintenance.

The task control within the compone@D history maintenance is as follows. Upon activation

of DOD history maintenance a number of situations are possible, which correspond to task
control foci for this component. The task control foci afieal storage of information, continued
storage of information, update of the history, execute queries, andreplacement of current DOD
preparation. Depending on the specific task control focus, specific links and sub-components
are activated, e.g., fegplacement of current DOD preparation, the componeriboD retrieval iS
activated and the information lirtkirrent DOD replacement request iS made up-to-date. Upon
termination ofDOD retrieval, the information linksiew current DOD contents andDOD history

related query results are made up-to-date abpdD history maintenance is terminated.
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Process composition relations withinDOD assessment & RQS history
maintenance. The information links in the componeboD assessment & RQS history
maintenance are shown in Figure B.29.

DOD assessment & RQS

history maintenance task control )

E DODassessment & RQS
Ehistory maintenance C

RQS history search results
DOD assessment Q Y

DOD assessment histol —
and . RQS search results v
retrieval

— DOD assessment history queries
RQS history queries
DUD assessment and

RQS information

DOD assessment DOD assessment | DOD assessment

and RQS informesian and RQS t
RQS storage to be stored permanent
preparation storage ]

DOD assessment

Figure B.29 Information links within the proced30D assessment & RQS history maintenance.

Within this component six mediating links and two private links are defined:

The mediating linkRQS andDOD assessment transfer sets of qualified requirements
(RQS) and assessments of design object descriptmnis §ssessment), respectively,
from the input interface afOD assessment & RQS history maintenance to the input
interface ofDOD assessment & RQS storage preparation.

The information linkOD assessment history queries andRQS history queries transfer
gueries orpob assessment historp@D assessment history queries) and queries ORQS
history RQs history queries), respectively, from the input interfacem®D assessment &
RQS history maintenance to the input interface @OD assessment & RQS retrieval.

The private linkDOD assessment & RQS information to be stored andDOD assessment &
RQS information transfer information expressed in information types with the same name
from the output interface @fOD assessment & RQS storage preparation to the input
interface ofDOD assessment & RQS permanent storage, and from the output interface of
DOD assessment & RQS permanent storage to the input interface @iOD assessment & RQS
retrieval, respectively.

The mediating linkKRQS history search results, andDOD assessment history search results
transfer results on searching thgs history RQS history search results), and results of
searchingpob assessment historp@D assessment history search results), respectively,
from the output interface @fOD assessment & RQS retrieval to the output interfaceob
assessment & RQS history maintenance.

The task control within the compon@D assessment & RQS history maintenance iS as

follows. Upon activation obOD assessment & RQS history maintenance @ number of situations
are possible, which correspond to task control foci for this component. The task control foci
are:initial storage of information, continued storage of information, update of the history, and

execute queries. Depending on the specific task control focus, specific links and sub-
components are activated, e.g., for executing of queries, the compamesisessment and

RQS history retrieval is activated and the information linR®D assessment history queries, RQS
history queries, andDOD assessment and RQS information are made up-to-date. Upon termination
of DOD assessment & RQS retrieval, the information linkRQS history search results, andDOD
assessment history search results are made up-to-date andD assessment & RQS history
maintenance IS terminated.

Process composition relations withinDOD modification state history

maintenance. The information links in the componed®D modification state history
maintenance are shown in Figure B.30.
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Figure B.30 Information links within the process DIOD modification state history maintenance.

Within this component six mediating links and two private links are defined:

The mediating linkgiven current DOD name, overall design strategy, andDOD modification
progress transfer the name of the curreab (given current DOD name), the overall design
strategy §verall design strategy), and progress of the modification processrf
modification progress), respectively, from the input interfacem®D modification state

history maintenance to the input interface @fOD modification state storage preparation.

The information linkbOD modification state history queries transfers queries @ob
modification states)(OD modification state history queries) from the input interface @iob
modification state history maintenance to the input interface @OD modification state

retrieval.

The private linkgersistent DOD modification state information to be stored andpersistent
DOD modification state information transfer information expressed in information types with
the same name from the output interface@bd modification state storage preparation to the
input interface 0bOD modification state permanent storage, and from the output interface
of DOD maodification state permanent storage to the input interface afOD modification state
retrieval, respectively.

- The mediating linkemporal DOD modification state information transfers temporal
information onbob modification statesgmporal DOD modification state information) from
the output interface @OD modification state storage preparation to the output interface of
DOD maodification state history maintenance.

The mediating linkbOD modification state history query results transfers results of searching
pob modification state historypOD modification state history search results) from the output
interface ofDOD modification state retrieval to the output interfaceOD modification state

history maintenance.

The task control within the compone@®D modification state history maintenance is as follows.
Upon activation obOD modification state history maintenance a number of situations are

possible, which correspond to task control foci for this component. The task control foci are:
initial storage of information, continued storage of information, update of the history, andexecute

queries. Depending on the specific task control focus, specific links and sub-components are
activated, e.g., fanipdate of the history, the componermOoD modification state storage preparation

is activated and the information lingisen current DOD name, overall design strategy, andDOD
modification progress are made up-to-date. Upon terminatiordob modification state storage
preparation, the componeribOD modification state permanent storage is activated, and the
information linkspersistent DOD modification state information to be stored andtemporal DOD
modification state information are made up-to-date. Upon terminatiomob modification state
permanent storage, the componerb oD modification state history maintenance iS terminated.

Knowledge composition for sub-processes obODM history maintenance.
Information types related to refinements of sub-processesmi history maintenance are
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shown in Figure B.31. The information typ&ssistent DOD information to be stored, and

persistent DOD modification state information to be stored are different names f@ersistent DOD
information, andpersistent DOD modification state information, respectively. The persistent
information fulfills a different role which is reflected in the name of the information type. The
information type®OD assessment & RQS information to be stored andDOD assessment & RQS
information refer to the same information typ@®D assessment history andpersistent RQS
information. Their names differ, reflecting the difference in usage of the information types.

persistent persistent DOD
DOD maodification state modification state
information to be stored information

meta-meta-meta-level

meta-meta-level
DOD assessment >

information

to be stored

DOD assessment & RQS
history

DOD assessment persistent RQS
~ &RQS information
information

meta-meta-level

persistent DOD persistent DOD
Inf(lljrmatIOI’ld information
to be store

Figure B.31Information types related to refinements of sub-processe®DM history maintenance.

meta-level
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Summary

Re-design of compositional systems

The central research theme of this thesislisy can a compositional structure be used to re-
design knowledge-intensive systems?

Designis an activity common to humans; a fact testified by the presence of the many
artefacts in our surroundings. Often new artefacts are designed on the basis of existing
artefacts, an activity named re-design. Des@mbe viewed as a process of the creation of a se
of requirements and a design object description that satisfies these requirements, on the bas
initial requirements and preferences specified by agents, and libraries of existing designs, wt
adhering to design process objectives.

Requirements guide the direction in which solutions are sought and determine which
properties will be used to evaluate the results of the process. In this thesis requirements on
compositional systems are formulated in terms of required properties. Such properties refer 1
static aspects of a compositional system (i.e., the structure), or dynamic aspects of a
compositional system (i.e., the behaviour), or both.

The approach of identifying entities called components and defining a way to combine
components together to make a new component, is teromeplositional design
Compositionality can be applied to bqitocessesindknowledgewithin one compositional
system. A compositional structure can be used not only to structure the (software) design ob
but also to structure the process of re-design (a knowledge-intensive process by itself).

The compositional approach to design may be applied in many different domains of
application. The two domains of application addressed in this thesis are diagnostic reasoning
systems and self-modifying multi-agent systems.

Diagnostic reasoning systerage systems in which a faulty component of an artefact is
detected on the basis of observations on the behaviour of the artefact. These observations c
given beforehand, or can be made "when necessary'.

The (multi-) agent paradigm provides a means to characterise autonomous distributed
processes. The systems (either human or automated) responsible for these processes are tl
agents in the multi-agent system. Each agent has its own environment, consisting of other
agents and a world. Agents are able to communicate with each other, can co-operate to joint|
perform tasks, interact with the world (observe and/or act), and perform specific tasks. The
agent metaphor can also be used to develop agents that are able to dynamically design and «
new agents, or to dynamically modify existing agents. The domaielfefinodifying multi-
agent systemis a rich domain of application for re-design. It provides a natural setting for a
process of re-design: an existing multi-agent system is re-designed by one (or more) of its
agents.

This thesis uses an existing generic design maael)(as the basis for design: a model
in which manipulation of design object descriptions, manipulation of sets of qualified
requirements, and co-ordination of the design process are the three main processes
distinguished. The modebw is refined into anodel for re-desigof compositional systems.

This model for re-design of compositional systems has been applied to the re-design of
compositional knowledge-based diagnostic reasoning system. The model for re-design of
compositional systems has also been combined with the generic agentmadelacquire a
model for adesign agentThe design agent plays an important role in a self-modifying multi-
agent system which has been modelled, specified and implemented usiregitee D
environment. The design agent designs and dynamically adds, at runtime, a new agent to th
existing multi-agent system. The trace of the re-design process illustrates the integration of tt
result of a re-design process: a design object (artefact) is implemented according to the resul
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description. A realisation action based on the generated design modifies the multi-agent system
itself, thereby effectuating self-modification of the system.

The research presented in this thesis answers the central research theme, namely 2How
can a compositional structure be used to re-design knowledge-intensive systems?°. The
applications of the model for re-design of compositional systems have illustrated how a
compositional structure can be used: compositionality as a structuring principle for describing
design processes, and compositionality as a structuring principle for describing design object
descriptions. The application of the model of re-design of compositional systems to self-
modifying (multi-agent) systems is a step towards flexible, adaptive systems.
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Samenvatting

Herontwerp van compositionele systemen

De onderzoeksvraag van dit proefschrift luidie kan een compositionele structuur gebruikt
worden voor het herontwepren van kennis-intensieve systemen?

Ontwerperis een activiteit die mensen eigen is, zoals de aanwezigheid van vele artefact
in onze omgeving laat zien. Er is sprake van herontwerpen wanneer nieuwe artefacten
ontworpen worden aan de hand van een bestaand artefact. Ontwerpen kan gezien worden &
een proces waarbij een verzameling eisen wordt geformuleerd en een beschrijving van een
ontwerpobject wordt geproduceerd dat hieraan voldoet. Leidraad daarbij zijn initi‘le eisen en
voorkeuren zoals aangegeven door agenten en bibliotheken van bestaande ontwerpen, terw
het proces beantwoordt aan de doelen die gesteld zijn aan het ontwerpproces.

In een ontwerpprocespelen eiseren belangrijke rol: ze sturen de richting waarin
oplossingen worden gezocht en bepalen op grond van welke eigenschappen het resultaat ve
proces wordt ge‘valueerd. Eisen aan compositionele systemen worden in dit proefschrift
uitgedrukt in termen van vereiste eigenschappen. Eigenschappen refereren aan statische
(bijvoorbeeld de structuur), of dynamische aspecten (bijvoorbeeld het gedrag) van een
compositioneel systeem, of aan beide.

De aanpak waarbij componenten worden onderscheiden en waarbij een manier gezoch
wordt om componenten te combineren tot nieuwe componenten,seongbsitioneel
ontwerpergenoemd. Binnen een compositioneel systeem kunnen zowel processen als kenni
compositioneel beschreven worden. Zo'n compositionele structuur kan niet alleen gebruikt
worden om het (software) ontwerpobject te structureren, maar ook om het proces van
herontwerp (dat zelf een kennis-intensief proces is) te structureren.

De compositionele aanpak bij het ontwerpen van compositionele systemen is taagepast
een aantal verschillende toepassingsgebieden. In dit proefschrift worden de
toepassingsgebieden diagnostische redeneersystemen en multi-agent systemen gebruikt.

Diagnostische redeneersystenzgn systemen waarin een foutieve component van een
artefact wordt gevonden aan de hand van observaties van het gedrag van het artefact.
Observaties kunnen van te voren gegeven zijn, of ze kunnen gedaan worden "wanneer nodi

Het (multi-)agent paradigma maakt het mogelijk om autonome, gedistribueerde process
te karakteriseren. De (menselijke of geautomatiseerde) systemen die verantwoordelijk zijn vo
deze processen, zijn de agenten in het multi-agent systeem. Elke agent heetft zijn eigen
omgeving, bestaande uit andere agenten en een wereld. Agenten kunnen met elkaar
communiceren, samenwerken om gezamenlijk een taak uit te voeren, interactie vertonen met
wereld (observeren en/of handelen) en specifieke taken uitvoeren. De agent-metafoor kan oc
worden gebruikt om agenten te bouwen die zelf dynamisch nieuwe agenten kunnen ontwerp
en cre‘ren, danwel dynamisch bestaande agenten aanpassen. Deze zogeelkamde
modificerende multi-agent systeni@eden veel toepassingen. Ze vormen een natuurlijke
inbedding voor een herontwerpproces: een bestaand multi-agent systeem wordt herontworp
door een (of meerdere) van de agenten in het systeem zelf.

In dit proefschrift wordt een bestaand, generiek model van ontaexp generic design
model) gebruikt waarin drie deelprocessen worden onderscheiden: het manipuleren van het
ontwerpobject, het manipuleren van verzamelingen van gekwalificeerde eisen en het
co rdineren van het ontwerpproces. Het mosel is verfijnd in eemmodel voor herontwerpen
van compositionele systemen.

Het herontwerpmodel voor compositionele systemen is toegepast op een compositione
kennis-gebaseerd diagnostisch redeneersysteem. Het herontwerpmodel voor compositionele
systemen is gecombineerd met het generieke agent srodedit heeft eemodel voor een

253



SAMENVATTING

ontwerpagenbpgeleverd. De ontwerpagent speelt een belangrijke rol in een zelf-modificerend
multi-agent systeem, en is gemodelleerd, gespecificeerd en gesmplementeerd op basis van de
DesIReomgeving. De ontwerpagent voegt op dynamische wijze een zelfontworpen agent toe
aan het bestaande in werking zijnde multi-agent systeem. De stappen die in dit proces zijn
doorlopen laten zien hoe een ontwerpobject wordt gesmplementeerd aan de hand van de
zelfontworpen beschrijving van een agent. Een ‘realiaatie' op grond van een ontwerp
verandert het eigenlijke multi-agent systeem, waarmee zelf-modificatie van een systeem
werkelijkheid wordt.

Met het onderzoek zoals beschreven in dit proefschrift, is de onderzoeksvraag 2hoe kan
een compositionele structuur gebruikt worden voor het herontwerpen van kennis-intensieve
systemen?° beantwoord. De toepassingen van het herontwerpmodel voor compositionele
systemen geven aan hoe een compositionele structuur benut kan worden: als
structureringsprincipe voor het beschrijven van ontwerpprocessen en als structureringsprincipe
voor het beschrijven van het ontwerpobject. De toepassing van het herontwerpmodel voor
compositionele systemen in zelf-modificerende (multi-agent) systemen is een stap op weg naar
flexibele, zichzelf aanpassende, systemen.
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