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1 Introduction

Computer and communication infrastructures are becoming more complex. The amount of infor-
mation available within computer systems is becoming increasingly difficult to manage. Agents,
capable of performing specific tasks with reasonable autonomy, can be of assistance by taking
some of the work out of human hands. These agents, however, are complex, knowledge intensive,
software entities. Designing agents for specific tasks is a difficult process. The task an agent
performs be examined, and the processes and knowledge used when performing the task have to
be identified. To facilitate the job of designing an agent, generic agent models such as those in
[Brazier et al., 2000d] and [Brazier et al., 2000b] have been developed which can be refined for
specific agents within specific tasks in specific domains.

As the demand for agents with various abilities grows, a system is neede capable of providing
support for making the task of developing agents easier. Agents only then have to be constructed
when they are needed, and may be destroyed when their job is done. Agents could be tailored
specifically for their tasks and domains, and when demands change or new tasks emerge, the
existing agents are replaced by more capable agents, or the existing agents are remodeled to fit
the new situations.

The Multi-Agent Factory (MAF) presents a means to (re)design and (re)construct agents for
specific tasks and domains. The agents are designed using a configuration-based re-design process.
Agent-templates, the building blocks which are to be combined, are made available by an intelligent
retrieval system. This retrieval system, called TEMPLATE RETRIEVAL, and templates are the main
subject of this thesis. The goal is to give a model for templates and a retrieval mechanism that
can be used in a (re)configuration model for design as described in [Mobach, 2000].

The structure of this thesis is as follows: section 2 discusses literature relevant to the main
subjects discussed in this thesis: multi-agent systems and the reuse of design knowledge. Section 3
presents an overview of the multi-agent factory. The two modeling paradigms used in this thesis,
declarative modeling of processes (DESIRE) and object oriented modeling (JAvA) are described
in section 4. The conceptual models of generic design and template retrieval are discussed in
section 5. Section 6 describes properties used in templates. Section 7 describes the templates,
their structure and their usage. In section 8 matching used to retrieve templates is discussed. A
discussion of the implementation made to assess the feasibility of combining templates is given in 9.
Section 10 discusses the possible use of templates and template retrieval and the final conclusions
are given in section 11.

1.1 The Multi Agent Factory and Template Retrieval
Template Retrieval

retrieval retrieval
objectives evaluation
—_——| >
Query (QPS) template QPS
> retrieval template set
—>

assessments

—>

The re-design process of the MAF [Mobach, 2000] is modeled as a configuration task, employing
a collection of well-defined elements. These elements need to be modeled, collected, stored and
retrieved. To support the re-design process the notion of templates is introduced in this thesis. A
template in configuration based re-design is a partial solution to a design problem. Partial solutions
can be combined by the configuration process eventually yielding a complete (i.e. not partial)
description of a specific agent. The partial solution in a template is described at a conceptual
level as well as at an operational level. The conceptual description is used for retrieval and may be
used to reason about partial solutions. The operational description supports assembly of a working
program on completion of design. Templates are stored in a database. To retrieve templates from
the database a retrieval mechanism is used which allows queries based on conceptual descriptions



within the templates. The retrieval mechanism together with the database is called Template
Retrieval (TR).

Templates A template is a partial solution for a design problem. A template describes those
parts of the solution that are relevant at a certain level in the design process without making
commitments to details. These details can be choices of algorithm or detailed knowledge needed
on a specific domain. This allows the re-design process to use gradual refinement and to explore
new combinations of components. A template has a dual description. A conceptual descrip-
tion and an operational description. Combinations made by configuration based re-design allow
straightforward implementation of a completed design because a mapping can be made between
the configuration of templates at a conceptual level and object oriented implementation at the
operational level. Aside from template modules exist. Modules are complete solution without
open slots and responsible for providing specific functionality.

Template Retrieval The template retrieval mechanism collects, stores and retrieves templates.
Template retrieval entails matching queries with templates. Queries may specify certain function-
ality, certain knowledge or certain compositional structure. The retrieval mechanism is domain
independent and can be used within different design environments (e.g. MAF, architectural de-
sign). Template retrieval may involve reformulating the query into sub-queries either by applying
knowledge about the current design or general design knowledge.

1.2 Assumptions and Requirements on Template Retrieval

In this thesis some assumptions and requirements are made on template retrieval and the re-design
process using template retrieval. This section discusses these assumptions and requirements.

Task Domain Although the task domain is left open, the modeled object has to have a com-
positional structure.

Communication Some assumptions are made about communication between the re-design pro-
cess and template retrieval. Queries must be formulated correctly and the terms used should be
known if an retrieval operation is to be successful.

Known properties Properties used to query a template database exist either in the template
descriptions or in the semantic property networks belonging to the retrieval mechanism addressed
(i.e. the properties are known to the retrieval mechanism used to query that database).

Open Slot Fulfillment It is assumed that each re-design process is capable of analyzing the
open slots and filling them with suitable templates or code.

Open Slot Properties Unless the re-design process is able to derive on its own what is to be
placed in the open slots, properties have to be defined describing the templates or modules needed
to fill these open slots.

Contradicting Properties A template should not contain contradicting properties and com-
bining templates should not generate contradicting properties within the design.

Reflection When an object is designed at a conceptual level a mapping can be made to the
design at operational level.



2 Relevant Literature

2.1 Design Patterns
This part is the same as in [Mobach, 2000]

This section discusses design patterns in the domain of software development. In the 1960s, the
architect Christopher Alexander introduced the term ’patterns’ to indicate recurring themes in
architecture [Alexander, 1964]. Over time, patterns have been recognized to be useful by the
software engineering community. The role of patterns in software development is to provide
reusable documentation on solutions to recurring problems encountered in software design. The
term ’software pattern’ can refer to both the solution itself or a description of how to apply the
solution. [Gabriel, 1996] presents the following definition for a pattern, which can also be found
on [pat, 2000]:

Each pattern is a three-part rule, which expresses a relation between a certain context, a
certain system of forces which occurs repeatedly in that context, and a certain software
configuration which allows these forces to resolve themselves.

The design patterns introduced by the 'Gang of Four’ in [Gamma et al., 1995] are most popular,
although patterns have been used to describe problems occuring in all aspects of the software
design process, such as development organization, project planning and software processes. The
design patterns described in [Gamma et al., 1995] are often further decomposed into architectural
patterns, design patterns and implementation patterns:

e Architectural patterns: Contain descriptions of characterictics of software systems as a
whole, such as system properties and overall configuration.

e Design patterns: Contain descriptions of the components within the software system and
their relationships.

e Implementation patterns: Contain descriptions of system components at the programming-Jj
level.

Within the pattern community it is generally agreed upon that a pattern should contain at least
the following elements:

e Name: Needed to be able to refer to the pattern.

e Problem: The problem to which the pattern applies, in terms of goals and objectives of a
pattern.

e Context: A description of the situation in which a problem occurs.

e Forces, or tradeoffs: The details of a problem are carefully examined revealing the possible
interactions and/or conflicts between the elements of the solution and also with the goals of
the pattern.

e Solution: An elaborate description of the structure and behaviour of the solution. The
elements of the solution and interactions between these elements are examined, as well as
possible problems that could be encountered when implementing the solution.

e Examples: Sample problems to which a pattern is applied. Using these examples it can be
shown how a pattern can be used in specific contexts.

e Resulting Context: A description of the consequences of applying the pattern. An analysis
is made of the way the context is altered by the pattern, and what problems may appear in
the context after pattern application.



e Rationale: A description of the motivations behind the pattern itself. The choices and the
reasons behind the choices made when constructing the pattern are examined.

e Related Patterns: Other patterns which are related to the pattern or the context the pat-
tern is applicable to, are described, such as patterns which could be useful after application
of this pattern, or possible alternative patterns.

e Known Uses: Real world applications of the pattern, to be able to verify the usefulness of
the pattern in specific contexts.

The elements described here make up the canonical form [Buschmann et al., 1996] of patterns.
Other, but similar pattern formats, such as the GoF format, contain the same or similar elements.

Related patterns are grouped into so called pattern languages. A pattern language reveals the
connections between the described patterns to present a vocabulary to better understand large
problems and the patterns that can be used to solve those problem.

While design patterns contain mostly informal descriptions on how to construct software so-
lutions, frameworks are actual partial solutions built by using patterns. From this point of view,
design patterns can be said to be more generic than frameworks, as frameworks are defined for
a particular application domain, while design patterns describe, at a higher-level, ways to solve
recurring design problems. Frameworks are partial solutions, they contain plug-points enabling
the framework to be extended and reused in different circumstances, and to be composed with
other frameworks. The templates used in the multi-agent factory can be compared to frameworks,
in the sense that templates are also partial solutions. Templates however, contain both conceptual
descriptions and specific implementations of solutions.

2.2 Case-Based Reasoning

This sections discusses Case-Based Reasoning (CBR) as described in [Kolodner, 1993] and in
[Watson and Marir, 1994]. CBR is believed to have made its entry in 1977 in the work of Schank
and Abelson [Schank and Abelson, 1977] about the notion of scripts. Scripts allow the recording
of general knowledge about expected/required behaviour in specific situations. Kolodner defines
a case as:

’A contextualized piece of knowledge representing an experience that teaches a lesson
fundamental to achieving the goals of the reasoner.’

A case consists of a problem description, a problem solution and an outcome. The problem de-
scription describes the context of the experience. The problem solution describe the experience
and the outcome describes the result of the experience (the lesson).

To allow use of the cases they must be indexed and stored in order to allow retrieval. Indexing
is important because retrieval uses the index to asses similarity between a given situation and
stored cases. An index should be predictive, it should address the purposes for which the case will
be used, it should be abstract enough in order to be useful, and concrete enough to be recognizable.

Because two situations are never the same (unless it is the same situation) cases often have to
be adapted in order to apply them to the current situation. The more specific the case the less
adaption is needed to apply the case. Case based reasoning thus not relies on generic knowledge
but on a combination between (generic) norms and (specific) deviations from these norms.

Newly taught lessons can be made into cases by adding context information. Adding new cases
to the case based reasoner extends the strength of the reasoner because more specific knowledge
becomes available. The strength of a specific case based reasoner depends on:

1. the experiences it has had,
2. its ability to understand new situations in terms of those old experiences,

3. its ability to adapt,



4.
5.

its adeptness at evaluation and repair,

its ability to integrate new experiences into its memory appropriately.

The following similarities exist between CBR and the MAF:

Both CBR and the MAF use proven methods in solving problems.
Both CBR and the MAF rely on the assumption that situations recur.

When new information becomes available during reasoning both CBR and the MAF can use
this information to retrieve new (and hopefully better) cases / templates.

Learning can in both CBR and the MAF be implemented by adding new cases / templates.

Both CBR and the MAF can only function properly if they have a representative set of cases
/ templates for a specific domain.

Both CBR and the MAF rely strongly on their retrieval capabilities.

3 MAF in general

3.1

Introduction to the MAF

This part is the same as in [Mobach, 2000]

The multi-agent factory is a facility that provides functionality by which agents can be designed
and built according to given specifications. The agents are designed using a template based con-
figuration approach. In this approach previously designed parts of agents are used and connected
together, to create an agent design. The created design is subsequently used to build the opera-
tional description of the agent, using the code-objects located in the used templates. The template
information employed in the agent creation process consists of conceptual descriptions which are
used during the design process and code objects related to the templates which are used during
the construction process.

A useful multi-agent factory capable of automatically generating agents should adhere to the
following desiderata:

The multi-agent factory is able to create an agent according to the specifications of its desired
functionality, even if the specifications are vague or incomplete. The design process should
use a minimalistic approach when designing agents, meaning that the functionality of the
final agent design should have as little unrequested, additional functionality as possible.

The multi-agent factory should be able to give an evaluation of the degree of success of the
agent creation process.

The multi-agent factory should be able to interact with other multi-agent factories and
template repositories, possibly to exchange design knowledge and template information.

Succesful agent designs should be stored in some way, to prevent unnecessary ’re-inventing’
of agent designs.

The conceptual design descriptions of agents produced by the design-centre should be usable
for the assembly process within the multi-agent factory to assemble an operational agent
description corresponding to the conceptual description.



3.2 Components of the MAF

This part is the same as in [Mobach, 2000]

Five processes can be distinguished within the multi-agent factory:

e Factory Management:
Analogous with a ’real-world’ factory, the factory management is responsible for guiding the
overall factory process. For example, decisions have to be made concerning the way in which
available resources are spent to satisfy clients. Also, to make sure the factory continues to be
useful in the future, decisions have to be made concerning the acquisition of new knowledge.

e Account Management:
This process is responsible for managing factory-client interaction. This process has to ensure
that the information given by the client is translated to information which can be used to
design and construct the agents. The account management process is also responsible for
making sure that the clients are really who they say they are, and that the transaction
between the factory and the client cannot be falsely interpreted.

e (Multi-)Agent Design-Centre:
The design process is responsible for creating the conceptual design description of the agents
that need to be constructed. Within the multi-agent factory, agents are designed using
templates. These templates contain (partial) conceptual descriptions of agents.

e Assembly:
Agent design descriptions are used to create the actual operational agents by the assembly
process. This process also uses the design description delivered by the design process to
retrieve the (Java) code from the templates used within the design.

e Template Retrieval:
The template retrieval process is responsible for searching template repositories for suitable
templates. Other processes can issue queries to the template retrieval process, indicating
the type/functionality they require from templates.

4 Modelling Paradigms

This part is the same as in [Mobach, 2000]

The modeling paradigm used to create the models used in this thesis is the compositional de-
velopment method DESIRE (DEsign and Specification of Interacting REasoning components)
[Brazier et al., 1997a]. DESIRE allows for the independent modeling of processes within a task
and knowledge used by the task. Using a component/subcomponent representation, tasks and
subtasks can be identified and placed within a task hierarchy. The different levels within this
structure define the different abstraction levels in the design.

The modeling of the task structure also includes modeling of task control. In DESIRE, each
component contains some form of task control knowledge. Primitive (non-composed) components
contain task control knowledge in the form of goals to achieve and the extent in which to pursue
these goals. In addition to goals and extents, composed components also contain task control
knowledge concerning activation of their subcomponents, and about the information flow between
subcomponents and between subcomponents and the component itself

Figure 2 displays an example of process composition for a diagnostic reasoning task. Within the
diagnostic reasoning task two subtasks can be recognized: Determining hypotheses about the state
of the object being diagnozed and validating these hypotheses to see if they are correct. The task
DIAGNOSTIC REASONING is modeled as a composed component containing two subcomponents:
HYPOTHESIS DETERMINATION and HYPOTHESIS VALIDATION. The subcomponents could in turn
be composed components, containing subcomponents that represent subprocessess of HYPOTHESIS

10



DETERMINATION and HYPOTHESIS VALIDATION. The figure also shows an examples of information
links: the information link hypotheses is used to transfer information on generated hypotheses
from HYPOTHESIS DETERMINATION to HYPOTHESIS VALIDATION. The information link validation
results is used to transfer information on validations of the generated hypotheses from HYPOTHESIS
VALIDATION to HYPOTHESIS DETERMINATION.

Information exchange is explicitly modeled using information links. Components explicitly
state which information is present on their input and output interfaces, and information links can
be specifically defined to transfer specific information.

diagnostic reasoning

hypothesis hypotheses hypothesis
determination validation

validation results
- J

Figure 2. An example of process composition.

The modeling of the knowledge used within a task is achieved using knowledge structures:
information types and knowledge bases. The language used to specify these structures is order-
sorted predicate logic.

Information types allow for structured specification of the information used by different pro-
cesses within the task. Information types can contain more specific information types. Within
these information types objects or terms and relations or functions on these objects or terms can
be described. Information types can also contain meta-descriptions of other information types,
allowing for the specification of knowledge at different abstraction levels. Knowledge bases define
the knowledge used by processes. Knowledge bases can contain knowledge elements: facts and
rules. Information types define the ontologies that can be used by knowledge bases.

4.1 java
This part is the same as in [Mobach, 2000]

The Java object-oriented programming language [Flanagan, 1999], introduced in 1995, has
become a widely used programming language. This section describes the most important features
that are responsible for its popularity and usefulness.

First, a distinction has to be made between three elements that make up Java: the programming
language itself, the Java Virtual Machine and the Java Platform.

The Java language is an object-oriented language with a C-like syntax. One of the goals the
designers had in mind was to make the language powerful, but usable. Compared to for instance
C++, the Java language is more accessible and easier to use.

The Java Virtual Machine gives the Java language some of its power. The JVM is responsible
for interpreting the compiled java code and executing it. JVMs allow for portability (usable on
various system architectures) of the java code, as holds for any platform for which a JVMs is
written can execute Java programs. Although the first JVMs were very slow, the performance
since then has improved much and new techniques such as just-in-time-compilation also contribute
to the increase in speed and efficiency of code execution.

The Java Platform is the set of pre-defined class packages that provide implementations for
much used functions such as networking, security, data structures, graphics and input/output.
These packages also attribute to the portability of the language, as developers no longer have to
rely on platform specific implementations of Application Program Interfaces (APIs).

Java is an object-oriented language, therefore the most important concept within the Java
language is the class. A class consists of fields and methods, named members of the class. In-
stantiated classes are named objects, and objects are used in Java programs. When an object is
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created using a class, in general, the methods and fields of the class become available in the object,
and can be used to manipulate/retrieve the state of the object in the program.
The major advantages of using Java when writing applications include:

e Portability: a program written on a specific platform is not limited to that platform.
Keeping in mind the number of different platforms that are currently used and the increasing
amount of connectivity between them, writing a program once, and being able to run it on
all other platforms can be very useful indeed.

e Security: Java was developed with security as a major requirement. The ability to execute
a program securely (’sandboxing’), is higly desirable in todays networked society.

e Network oriented: the importance of computer networks was also recognized by the Java
designers, and consequently the use of network resources has been made very easy.

The advantages Java has to offer over other languages make it very suitable when program-
ming Internet applications. The notion of portability gives applications the potential of moving
across networks and performing functions at various locations. The example agent prototype
implementation described in this thesis was written in Java for these reasons.

5 Design model

This section discusses the generic design model and how this model can be adopted for template
retrieval. Section 5.1 discusses the GENERIC DESIGN MODEL and section 5.2 discusses the adoption
of this model for TEMPLATE RETREVAL.

5.1 Generic Design Model
This part (5.1) is the same as in [Mobach, 2000]

but should summarized

The generic model for design described in this section is a model created using the DESIRE
framework briefly introduced in Section 4.1. A detailed description of the model can be found in
[Brazier et al., 1998b]. A number of generic models have been designed using this framework. Two
examples of generic agent models can be found in [Brazier et al., 2000b] and [Brazier et al., 2000a].
In short, a generic model is realized by determining the desired functionality, abstracting the
generic elements from the more domain-specific elements and translating the generic elements to
a task model [Brazier et al., 2000c]. These models can be used as starting points when designing
agents. A generic model helps in identifying the types of knowledge and processes involved and
presents a basis for further instatiation of the model for specific tasks. Once a generic model is
defined, the model can be made suitable for a specific task in a specific domain by refinement.
Refining the generic model with respect to adding domain knowledge is called instantiation. Mod-
ifying it with respect to defining additional task structures is called specialisation.

5.1.1 Subprocesses of design

This section describes those parts of the generic design model which are of importance when
describing the multi-agent factory design-centre model.

The generic model for design distinguishes three direct subprocesses of the design process:
DESIGN PROCESS CO-ORDINATION (DPC), DESIGN OBJECT DESCRIPTION MANIPULATION (DODM)
and REQUIREMENT QUALIFICATION SET MANIPULATION (RQSM). These subprocesses and their
information exchange are described in this section.

The contribution of each of the three subprocesses to the design process can be made clear by
looking at figure 5. The figure distinguishes the three parts of the design process when viewed
as a design process: One process which is responsible for searching the RQS solution space,
another process which is responsible for searching the DOD search space, and a separate process
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responsible for deciding what the next search step should be. In the generic model for design,
RQSM is responsible for searching the RQS space, DobM for searching the DOD space and DPC is
responsible for determining the next step in the overall design process.

requirement
qualification set

Design Process
search space

Requirement
Qualification Set -
Manipulation
Process

Design Process )
Co-ordination '
Process ! [ ! 1A ! design object
P . ' \ description

search space
Design Object
Description -

Manipulation
Process

The design object description and requirement qualification set have
been examined together.

Figure 5. The role of the processes in the design process.

Each of the three processes reason about the design process on a different level of abstraction.
DODM reasons on the lowest level of abstraction about the artefact to be designed, RQSM reasons
at a higher abstraction level about the requirements which the artefact must satisfy and DPC
reasons at the highest level of abstraction about the design process itself. Figure 6 displays the
top-level of the design process using the DESIRE compositional view. Processes are displayed
as components with input and output interfaces. Information transferred between components is
represented by information links. The names of the information links correspond with the names

of the transferred information.

( design R
design
DPC process
— design process objectives evaluation -
overall design overall design strategy
strategy
L ! L
DODM process
initial I RQSM [1—J evaluation
RQS RQS nent
a ] RQS
intermediate : DODM [1—!/ DOD
RQS assessment
! initial DOD ] —
— . . DoD | |
intermediate DOD nent
~ J

Figure 6. Top-level view of the design task process decomposition.

DESIGN PROCESS CO-ORDINATION
DPC represents the task that determines the overall design strategy. DPC receives three different

types of information on its input:

e design process objectives: contains information regarding the design as a whole, such as
time constraints. This information is provided by the agent using the design process.

e rgsm process evaluation: contains evaluations of the RQSM process, such as if the current
overall design strategy has been fulfilled or not.

e dodm process evaluation: contains information similar to rqgsm process evaluation.
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DPC uses this information to determine the next step in the design process. DPC monitors the
information coming from RQSM and DODM to determine if the overall design strategy is still suc-
cesful. Tt also monitors if the design process is still satisfying the overall design objectives. When
DPC has determined what the next course of action should be, it communicates this information
to RQSM and DODM by providing them the current overall design strategy it has determined. The
following types of information are on the output interface of the DPC process:

e design process evaluation: Contains evaluations of the design process as a whole, such
as whether the design process has failed or if it is still running, and evaluations of the initial
design process objectives.

e overall design strategy to DODM: Contains the information on the overall design strat-
egy, such as a strategy indicating that the next modification step should be performed by
RQSM.

e overall design strategy to RQSM: Contains information similar to overall design strat-
egy to DODM

REQUIREMENT QUALIFICATION SET MANIPULATION

RQSM represents the task that is responsible for searching the space of requirement qualification
sets to find the most suitable, acceptable set. RQSM bases its decisions on the overall design
strategy received from DPC and the eveluation information it receives from DODM. RQSM has the
following types of information on its input interface:

e overall design strategy to rgsm: contains overall design process strategy information.
e initial RQS: contains the initial requirement qualification set.

e intermediate dod assessment: contains evaluations of the current design object descrip-
tion with regard to the current qualified requirements set.

The initial RQS is the qualified requirement set that the design process as a whole must try to
satisfy as well as possible. Within the limits indicated by the vurrent overall design strategy, the
initial RQS may be modified in order to find a set for which a design object description can be
found. The following types of information are available on the output interface of RQSM:

e RQSM process evaluation: contains evaluations on the progress of the RQSM process,
such as information indicating if RQSM was able to find a new RQS modification.

e intermediate RQS: contains the RQS currently being examined in the design process.
e RQS assessment: contains evaluations of the requirement qualification sets.
e RQS: contains the requirement qualification set itself.

DESIGN OBJECT DESCRIPTION MANIPULATION

DODM represents the task that is responsible for modifying the DOD. the main goal of bopM
is to find a DOD that is valid with respect to the requirement qualification set currently under
examination. The following information types can be distinguished on the input interface of the
process:

e overall design strategy to DODM: contains overall design process strategy information.

e intermediate RQS: contains the requirement qualification set for which a valid DOD has
to be constructed.

e inital DOD: contains an initial design object description, for example when re-designing
an agent.

DODM produces four types of information on its output interface :
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e DODM process evaluation: contains evaluations on the progress of the DODM process,
such as information about the success of the modification process.

e DOD assessment: contains information on the satisfaction of qualified requirements by a
DOD.

e intermediate DOD assessment: contains information similar to DOD ASSESSMENT, only
this information is used as feedback for RQSM

e DOD: contains a design object description itself.

An activation cycle within the design process has the following form: Once the design task is
activated, DPC is activated, determines the best course of action and communicates this to RQSM
and DODM by means of an overall design strategy. According to the strategy either DODM or RQSM
is activated, after which the other manipulation task is activated or control is returned to DPC.
DPC then has determine what the next course of action should be.

Within RQSM and DODM, additional subprocesses are distinguished. The following subections
describe these processes and their role in the design process.

5.1.2 Subprocesses of RQSM

The generic model for design defines four subprocesses of the REQUIREMENT QUALIFICATION SET
MANIPULATION process: RQS MODIFICATION, RQSM HISTORY MAINTENANCE, DEDUCTIVE RQSS
REFINEMENT and CURRENT RQS MAINTENANCE. The four subprocesses are shown in figure 7.

RQS Manipulation

[ [ [ 1
- RQSM History deductive RQS current RQS
[ RQS Modification ] [ Maintenance J [ refinement maintenance

Figure 7. Subprocesses distinguished in RQSM according to the generic design model.

RQS Modification is responsible for the modification of requirement qualification sets. The
modifications are based on the qualified requirements currently under examination, the overall
design strategy received from DPC, history information and evaluation information from DODM.
RQSM History Maintenance is responsible for storing and retrieving information about the
rgsm process and the requirement qualification sets considered during design.

deductive RQS refinement is responsible for deducing properties of the requirements, such as
properties indicating that conflicting requirements are present.

current RQS maintenance is responsible for storing the contents of the requirement qualifica-
tion set currently under examination by the RQSM process.

5.1.3 Subprocesses of DODM

Within boDM, four subprocesses have been distinguished (see figure 8). These processes are similar

to the four processes in RQSM:

DOD Modification DODM History deductive DOD current DOD
refinement maintenance

Figure 8. Subprocesses distinguished in DODM according to the generic design model.

DOD Modification is responsible for the modification of design object descriptions. The modifi-
cations are based on the overall design strategy, history information, the design object description
currently under examination, and the current qualified requirement set under examination.
DODM History Maintenance is responsible for storing and retrieving information about the
DODM process and the design object description considered during design.

deductive DOD refinement is responsible for deducing properties of design object descriptions.
current DOD maintenance is responsible for storing the contents of the design object descrip-
tion currently under examination by the DODM process.
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5.2 Design Model for Template Retrieval

The process model of TEMPLATE RETRIEVAL is based on the model for re-design of compositional
systems [Wijngaards, 1999]. The model for re-design of compositional systems describes a system
that is capable of designing an (composed) object based on desired function(s) of that object. This
model is adopted because retrieval of templates closely resembles a compositional re-design process.
A compositional re-design process attempts to find a possible description of a design object that
fulfills a set of requirements. Similarly a template retrieval process attempts to find a possible
combination of templates that fulfills a set of new requested properties. Both processes produce a
composed object based on requested functionality. When a design object description is designed
by a re-design process requirements are refined, dropped and reinstated using strategic knowledge
until a design object description that fulfills the resulting set of requirements. Analogue to this
a combination of templates can be constructed by refining, dropping and reinstating requested
properties using strategic knowledge.

Given that the generic model for re-design of compositional systems is used for a specific do-
main (i.e. the design of templates) and the generic model can be refined, it may form the basis
for a model for TEMPLATE RETRIEVAL. This involves specializing the processes and instantiation
of the knowledge structures. The information used in a re-design process is mapped to informa-
tion used for the retrieval of templates. The DESIGN PROCESS OBJECTIVES used in the re-design
model is mapped to RETRIEVAL PROCESS OBJECTIVES in the template retrieval model. REQUIRE-
MENT QUALIFICATIONS SETS are mapped to QUALIFIED PROPERTY SETS. And DESIGN OBJECT
DESCRIPTIONS are mapped to TEMPLATE SETS.

A mapping between the top-level processes of the generic design model [Brazier et al., 1998a]
and processes of a model for TEMPLATE RETRIEVAL is made. The process DESIGN PROCESS CON-
TROL is mapped to RETRIEVAL PROCESS CONTROL. The process REQUIREMENT QUALIFICATION
SET MANIPULATION is mapped to QUALIFIED PROPERTY SET MANIPULATION. And the process
DESIGN OBJECT DESCRIPTION MANIPULATION is mapped to TEMPLATE SET MANIPULATION.

This section describes input/output information of a model for template retrieval (section 5.2.1.
A refinement of the top-level processes of the model for re-design is presented in ?7?.

5.2.1 Template Retrieval I/O

retrieval retrieval
objectives evaluation
—_——| >
Query (QPS) template QPS
> retrieval templ ate set
—>

assessments

—>

Figure 7?7. Template retrieval information flow

TEMPLATE RETRIEVAL (TR) has a slightly different input and output interfaces than the model
for re-design of compositional systems [Wijngaards, 1999]. In its input interface TR has retrieval
objectives and a query. In its output interface retrieval evaluations, a qualified property set, as-
sessments and a template set. In comparision to the re-design model an initial design object
description is missing in the input interface of TR. Although the templates, used by configuration
based re-design [Mobach, 2000] in an earlier stage of the design process, may play an important
role in finding appropriate templates it is thought to be sufficient to refer to those templates within
a Qualified Property Set (QPS). This thought is based on the assumption that the templates used
in earlier stages of design are available to TR by retrieving them from its own database. This
might, however, not be the case when an agent who originally was designed by another MAF is
being re-designed. In that case TR would have to retrieve the originally used templates from the
other TR!. The assessments are included in the output of TR because this information is needed
by the re-design process to reason about the result of a query (e.g. choose between alternatives
returned).

1This co-operation between multiple template retrievals is not part of this thesis.
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Retrieval objectives are used by the re-design process to steer the retrieval process by for-
mulating additional requirements that are not directly related to the templates or the objects
described within the templates. Such additonal requirements may be about the number of tem-
plates retrieved, the desirability of alternatives, the available time for the retrieval or about the
level of interpretation. Especially the level of interpretation is important because this states if
TEMPLATE RETRIEVAL is allowed to deviate from the query if no straight match is found (see
section 8.4). The retrieval objectives together with the qualification of the requested properties
help the retrieval process to decide when it has found an answer to the query. It also allows the
retrieval process to assess the quality of possible answers in order to choose between them and to
construct an evaulation.

Retrieval evaluation is used to provide feedback to the re-design process about the retrieval
process. This can be a simple succeeded or failed but futher information can be given about this
succes or failure to explain or shade the success or failure (e.g. succeeded but without fulfilling
any of the desired properties which where qualified as being soft). The information in the retrieval
evaluation can be used by the re-design process to decide if additional information or reformulation
of the query is needed. This might be useful even in the case that TEMPLATE RETRIEVAL succeeded
in retrieving one or more templates. Either because success was marginal or because a beter
succes can be achieved when certain information is available. The re-design process then can
decide to make the needed information available or remember to perform the query again when
this information becomes available.

Qualified property set are used to communicate a request to TEMPLATE RETRIEVAL. The QPS
contains a set of requested qualified properties. These qualified properties are used to retrieve a
template. A qualification is used to associate a level of desirability with the requested properties.
Based on this qualification TEMPLATE RETRIEVAL can decide which properties have to be fulfilled
in order to succeed and which properties may be dropped. Using qualifications, comparisons can
be made between different solutions when different numbers of requested properties are fulfilled.

The template set is a set of one or more templates. When more templates are returned these
are alternatives for each other. This means that each of the templates in a template set fulfills the
minimal set of requested properties posed by the re-design process in the query. The templates in
the set may however differ from each other with respect to the properties that where requested
as being soft (see section 8). In combination with the assessments made about the templates the
template sets allow the re-design process to choose between alternatives.

A template within a template set can be a composed template. When TR cannot find a single
template to fulfill the requested properties, and if it is allowed to interpret the query it tries to
find combinations of templates. These combinations are combined in a single template so that
properties can be defined over the combination.

Assessments consist of two subparts. One part stating assessments about the qualified prop-
erty set (QPS) returned (see section 8) and one part stating assessments about the template set
returned. Assessments about the QPS relate the initial QPS posed by the re-design process with
the resulting QPS returned by TEMPLATE RETRIEVAL. If, for example, the re-design process asked
for able to (perform(search)) and TEMPLATE RETRIEVAL returned able to (interact with world) and
able to (analyse (result)) these returned properties could be related to the requested properties
using QPS assessments. Assessments about the TS relate the returned set of templates to the
returned QPS. Each of the alternatives within the template set is scored against the QPS by this
relation which allows for easy comparison of the found alternatives.
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5.2.2 Subprocesses of Template Retrieval

The generic model for re-design of compositional systems distinguishes three processes wihtin
design process: Design Process Co-ordination (DPC), Design Object Description Manipulation
(DODM) and Requirement Qualification Set Manipulation (RQSM). DPC is responsible for deter-
mining the steps taken in a design process. DODM is responsible for manipulating a description of
a design object in order to find a design object description fulfilling a set of requirements. RQSM
is responsible for manipulating a set of requirements provided by RQSM in order to find a set of
requirements for which DODM can find a design object description. The design process is refined
for the retrieval of templates. Design process co-ordination is therefore renamed to Retrieval Pro-
cess Control. A design object description is a set of templates and therefore DODM is renamed to
Template Set Manipulation. A set of qualified requirements is a set of qualified properties in this
instantiation and therefore RQSM is renamed to Qualified Property Set Manipulation. Figure 77
shows an instantiated version of the top-level view of the re-esign task process decomposition.

Ve

Retrieval
Process

retrieval evaluation [

L
evaluation

Yyvy

retrieval objectives Co-ordination

evaluation retrieval stratagie
initial oPS eiate template
QPS »=|| Manipulation - Szt t mient 5
> Manipulation
e 1 assessments
initial Template Set QPS + assessments
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Figure 7?. Template retrieval process decomposition

In the following paragraphs the three top-level processes of TEMPLATE RETRIEVAL are discussed:

Retrieval Process Control is responsible for directing the process of retrieving templates. The
main goal of RPC is to control the overall retrieval strategy. Based on the retrieval objectives in the
input interface of TEMPLATE RETRIEVAL in combination with process evaluations received from
QPSM and TSM, RETRIEVAL PROCESS CONTROL (RPC) determines a next step for the retrieval
process. RPC monitors the overall retrieval strategie and determines if the retrieval process is
satisfying the overall retrieval objectives. RPC produces retrieval evaluations describing the success
of the retrieval process and send overall retrieval strategies to the manipulation processes QPSM
and TSM.

Qualified Property Set Manipulation is responsible for analyzing, interpreting and manip-
ulating qualified property sets. The main goal of QPSM is manipulating the initial QPS into a QPS
for which a TEMPLATE COMBINATION can be found. In its input interface QPSM has an overall
retrieval strategy received from RPC, a initial qualified property set and assessments from TSM.
Based on the information on its input QPSM tries to manipulate the initial QPS into a set of
qualified properties for which TSM can design a combination of templates that fulfills this set of
qualified properties. In its output interface it has process evaluations, an intermediate QPS, QPS
assessments and a final QPS.
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Template Set Manipulation is responsible for retrieving and combining of templates. The
main goal of TSM is to retieve an combine templates into TEMPLATE COMBINATIONS. In its input
interface TSM has an overall retrieval strategy received from RPC and an intermediate QPS received
from QpPsM. Based on this information TSM matches the requested properties from the intermedi-
ate QPS and tries to retrieve and combine one or more templates into a TEMPLATE COMBINATION
that fulfills the request. In its output interface TSM has process evaluations, intermediate TEM-
PLATE COMBINATION assessments, a TEMPLATE COMBINATION and final TEMPLATE COMBINATION
assessments.

6 Properties of design objects

Property: 'a quality or trait belonging and
especially peculiar to an individual or thing’
- Merriam-Webster -

This section discusses the properties used in templates. In the template model properties are used
to state qualities or traits that are distinctive for the object described in the template, and for
the context in which the template can be used. The properties of a template object are called
template object properties. The properties of a context are called pre-conditions. Both template
object properties and pre-conditions are described in the following paragraphs.

The structure of properties is described in the following sections. First the simple structure
of property refinements is discussed in section 6.1. After that the structure of semantic property
networks is discussed in section 6.2.

Template object properties describe a partial design object in a template. There are two
types of template object properties. The first type describes a template at a conceptual level (con-
ceptual object properties) and the other describes a template at an operational level (operational
object properties). Both types of template object description have two parts. One part describes
the actual partial object and the other part describes the open slots within the object.

The object properties are descriptive properties that describe what the object described in the
template can do. For instance that it is able to sort an array of Strings alphabetically. These
properties do not all have to be actual capabilities of the template object. Some properties may
state abilities of the template object. These abilities are things that the template object will be
able to do if the open slots are filled accordingly to their properties. The object properties allow
template retrieval to find templates which fulfill the query (i.e. requested properties) posed by
the re-design process by matching the properties from the query with the object properties (see
section 8). They allow reasoning about the (partial) design object and about the functionality of
combinations of templates.

The open slot properties are prescriptive properties and describe what the parts placed in the
open slots should be able to do in order to make the combination work. For instance completing
a sort with domain information needed to reason about the domain. The open slot properties
provide the re-design process with knowledge about what it has to complete.

Pre-conditions describe the context in which a template can be used. These properties are
prescriptive and therefore describe what the context should be and/or what it should be able to
do in order to make the template work. For instance the type of information that it needs to
deduct its conclusions.

6.1 Property Structures

Properties can be structured by linking a property with its refinements (see fig. ??). These refine-
ment structures are similar to the structures used in [Brazier et al., 2000d] and [Wijngaards, 1999].
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The association between a property and its refinements is either an AND or an OR. If a refinement
is an AND this means that:

e if the more generic property is present the refined properties are also present
e if all the refined properties are present the more generic property is also present
If a refinement is an OR this means that:
o if the more generic property is present at least one of the refined properties is also present
o if at least one of the refined properties is present the more generic property is also present

Refinement of properties can either be specializations or realizations.
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Figure 7?7. A sample of a property structure

Specialization When a property is refined through specialization the property is associated with
one or more properties that are more specific. An example of refinement through specialization
is the refinement of being weak agent into being pro-active, being autonomous, being reactive and
being socially able (see fig. 77).

Realization When a property is refined through realization the property is associated with one
or more properties that effectuate the more generic property. These effectuating properties are
the properties that actually have to be present in order to allow the more generic properties to
be present. An example of combining refinement through realization is the refinement of active
observation in (Internet world) into generating requests in (HTTP) and parsing (HTML).

6.2 Semantic property networks

There are multiple dimensions in which properties can be refined. One dimension is refinement
of a generic property into more specific with respect to the abilities and capabilities. An example
would be the refinement of being weak agent into being pro-active, being autonomous, being reactive
and being socially able. Another example would be the refinement of able to search into able to
direct search, albe to focus search and able to perform search. There is, however another dimension
in which properties can be refined into more specific properties with respect to the task domain.
Knowledge about a task domain is used to acquire a set of property structures for a search task
domain. An example of this would be the refinement of being weak agent into being search agent
or being diagnostic agent. Another example is the refinement of able to search into able to search
the web or able to search dbs.

The idea behind the multiple refinement dimensions is that different sets of property structures
may be applicable depending on the knowledge that is available about an object that is being
designed or the stage in which a design process is situated. With these different sets of property
structures different sets of templates can be associated appropriate for that stage of a design
process or consistent with the available knowledge (e.g. about the task domain).
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Figure 7?7. A example of a semantic property network

The semantic property networks are useful for the process of retrieving templates when there
is no template that has exactly the same properties as required by the query. Alternatives or
possible combinations for the required property can be found by traveling in an upwards (more
generic) or in a downward (more specific) direction through the semantic property network (see
section 8.4 for an detailed description of matching with interpretation).

7 The Templates

A template is a description of a (partial) design object. A design object description can be partial
in the sense that the description can be incomplete, leaving ’holes’ in the description. These
holes are called open slots. The open slots can be completed in different ways allowing the design
process to choose. This choice could allow the design process to choose implementations which
are optimised for a certain task. Another possibility would be that the filling chosen by the design
process implements a specific behaviour which completes the generic behaviour implemented by
the template. An example could be a template describing a partial agent capable of the basics
needed to search, like directing the search process and reasoning about its success. The actual
search algorithm could be an open slot allowing the design process to choose from different methods
to search (e.g. breadth first versus depth first).

Apart from templates there are also modules. Modules are similar to templates but do not
contain open slots. Modules play an important role in the configurational re-design because they
are responsible for the specific functionality of the designed object. The templates also contain
functionality but this functionality is generic in some sense. Examples of modules are databases
with domain knowledge or basic algorithms (e.g. sorting). Modules are not further described in
this thesis because of their similarity to templates. Another possible view is that templates are
modules with open slots.

First the parts and structure of a template is discussed in section 7.1. Different types of
templates are discussed in section 7.2 and different types of template objects in section 7.3. Pos-
sibilities and problems of combining templates is discussed in section 7.4 and using templates is
discussed in section 7.5.
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7.1 Template Structure
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Figure 77. The structure of a template

A template has four major parts (see Fig. ?7). The first part describes the template characteristics.
The second part describes the requirements imposed on and assumptions made about the context
in which the template to be incorporated. This assumptions and requirements are called pre-
conditions and can be made about the conceptual object as well as the operational object. The
third part of the template describes what the objects can achieve (conceptual object properties
and operational object properties). The fourth part of the template describes the structure of the
template objects. This part also has two subparts. One for the description of the conceptual object
(conceptual object description) and one for the description of the operational object (operational
object description).

In the following paragraphs the four parts of a template are further described. The template
characteristics are described in 7.1.1, the pre-conditions in section 7.1.2, the template object
properties in section 7.1.3 and the template object description is described in section 7.1.4.

7.1.1 Characteristics

The characteristics part of the template states information not related to the partial design object
described in the template. This contains information such as the name of the template, the creation
dates, the creators of the template and version information. Other information concerning only
the template and not the partial design object can be added when needed. This part is used
for administrational purposes and can be used to refer to the template. Therefore the name in
combination with the version should be a unique identifier.

7.1.2 Pre-conditions

Pre-conditions are used to state requirements about objects within the rest of the system (i.e.
the context of the object described in the template) or to make assumptions about these objects.
These pre-conditions may be used when the partial design object of the template is dependent
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on functionality of others or when specific input information is needed for correct operation. The
pre-conditions limit the usability of the template and should therefore only be used when the
required information types are really necessary and cannot be defined within the template.

Conceptual pre-conditions can be used by both the re-design process and template retrieval.
For the re-design process conceptual pre-conditions are important to check if the template fits
within the current design or to determine what else is needed apart from filling the open slots to
use the template.

Operational pre-conditions can be used to reason about the suitability of the operational
object in terms of implementation (e.g. which compiler or VM is needed) or it can be used to
determine how the object is to be activated (e.g. parameters or available methods).

7.1.3 Template Object Properties (TOP)

The property part of a template consists of two subparts. One part containing the conceptual
properties of the object and one part containing the operational properties of the object. Within
both parts a distinction can be made between properties describing the object and properties
describing the objects that should be placed in the open slots within the object (see section 6).

Template conceptual object properties describe a template object at a conceptual level.
This description can be used to find a template for a query posed by the re-design process (see
section 8), to compare different templates in order to find out which template fits the query better
or to formulate new queries.

Conceptual design object properties describe a partial design object in terms of the functionality
it provides. This description also contains the functionality delegated to the open slots. The
conceptual design object properties allow the retrieval of templates through matching and they
contain the information needed to reason about the usability and position within a design.

Conceptual open slot properties describe requirements on the open slots and the required
functionality of the open slots. These properties can be used to formulate queries in order to
retrieve templates for the open slot or to reason about returned templates and their suitability.

Template operational object properties describe a template object at an operational level.
This description can be used when specific implementations are needed (e.g. language, speed) or
to assemble the parts when a conceptual design is completed.

The operational design object properties describe the operational design object in terms of its
name, version, date, implementation language, interfaces, specialities and optimisation.

The operational open slot properties describe the internal interface of the open slots. This
allows reasoning about the compatibility with other operational objects.

7.1.4 Template Object Description (TOD)

The template object description part of a template consists of two subparts. The first part
contains a description of a conceptual template object. The second part contains a description of
a operational template object. Both parts are described in the following paragraphs.

A template conceptual object description always starts with a template definition. This
template definition may be used to recognize different templates within a design. If a template is
a composed template other templates can be included within the template definition. When the
template is a primitive template the template definition is followed by a primary object definition.
These definitions are discussed below:
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e The template definition subpart defines the name of the template. This name must be a
unique identifier so that the name can be used to identify subparts of the conceptual object
when it is incorporated in a design description. The template definition subpart can also be
used to include other templates if the template is a composed template.

o The component definition subpart is used to define and describe the components contained
by the template. The descriptive part of the subpart is used to define the structural hierarchy
of sub components, if a component is a composed component and the knowledge bases if the
component is a primitive component. Input and output information types of the component
are also defined in the component definition subpart.

o The knowledgebase definition subpart is used to define and describe knowledgebases. Within
a knowledgebase description rules can be defined.

e The information link definition subpart defines information links. It specifies the name,
the type, the source component and level, and the destination component and level of the
link. Furthermore an information type can be specified to control the type of information
transported by the link. Possible link types are object-object, epistemic-object and object-
assumption. If the link is an epistemic-object link a relation, an information type and a sort
must also be specified in order to allow the link to create the object representation of the
epistemic information.

e The information type definition subpart can be used to specify information types. An in-
formation type has a name and can have other information types, relations and sorts. A
relations has a name and can have sorts. A sort also has a name and may have objects.

Within these primary object descriptions other objects (e.g. sub-components of a composed com-
ponent) and open slots may be defined. The structure of the primary object does not have to be
the same as the structure of the operational object as long as the functionality provided by the
objects is the same. This allows optimisation of the operational object.

A template operational object description is operational code associated with the object
described in a conceptual object description. Having an operational object description for a
primary object only suffices because the need for operational object descriptions for sub-objects
within the object can be fulfilled by the use of templates. Using templates to make operational
object descriptions for sub-objects makes it possible re-use to objects within other templates.

The operational object description as used in the implementation described in section 9 has
to be the source code because of the way the assembly line implemented for this example work