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Abstract. Is it possible to design for creativity? This is one of the most
important research questions in AI and Design. This paper raises the
question whether automated software agent design can be creative. Not
only is the artefact dynamic in the sense that it adapts to its
environment, it is also autonomous: an agent decides on its own when
to be modified and by whom. An agent’s functionality may evolve
beyond the expectations of its designers and/or users resulting in very
new, unique artefacts. Is this type of design creative? Is the process
creative? The result?

1. Introduction

Creativity is almost a holy grail for the AI and Design research community.
Researchers, in pursuit of the essence of creativity, have formulated
different definitions of creativity and have built automated systems to
explore the elements involved in creativity. The main question, whether it is
possible to design (or engineer for) creativity, remains unanswered.

This paper raises the discussion whether automated software design can
be creative. Adaptive agents are dynamic artefacts; they are designed to be
re-designed. As agents are autonomous, agents can autonomously decide to
be modified to adapt to their environment. In this sense software agents can
be designed to be autonomous dynamic artefacts. Their functionality
evolves during their lifetime, and can not be defined in advance: it may
evolve beyond the expectations of their designers and/or users resulting in
very new, unique artefacts.
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In section 2, agents and adaptation are briefly discussed. Section 3 goes
into a number of aspects of creativity. Section 4 discusses the feasibility of
automated creative design.

2. Agents and Adaptation

The (multi-) agent paradigm provides a means to characterise interactions
between autonomous pro-active agents and their environment. Pro-
activeness and autonomy are related to an agent’s ability to reason about its
own processes, goals and plans. Agents (either human or automated) are
responsible for these processes, where 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.

The agent metaphor provides a means to model situations with
distributive activity (e.g., Jennings, 2000). Multi-agent systems have been
proposed to model collaborative tasks such as design (Edmonds, Candy,
Jones and Soufi, 1994; Vanwelkenhuysen and Mizoguchi, 1995; Dunskus,
Grecu, Brown and Berker, 1995; Berker and Brown, 1996).

A distinction can be made between adaptive agents and the process of
adapting agents.  Research on adaptive agents is described in Section 2.1.
Research on adapting agents is described in Section 2.2.

2.1 RESEARCH ON ADAPTIVE AGENTS

Agents can be designed to adapt to their environment. One application of
adaptive agents entails personification, for example an information
gathering agent may maintain a profile of another agent or human user (e.g.,
see Wells and Wolfers, 2000; Soltysiak and Crabtree, 1998). Learning
techniques are often used for adaptive agents, e.g. as described by (Reffat
and Gero, 2000; Grefenstette, 1992). Another perspective on adaptive agents
is changes in the population of agents over time; an adaptive agent
architecture (Maturana, Shen and Norrie, 1999). Examples include genetic
programming and parametric design approaches in which individuals are
modified (e.g., see Spector and Robinson, 2002).

An adaptive agent is a dynamic artefact, i.e. it exhibits changes in its
behaviour, based on changes in its environment. Examples of other dynamic
artefacts include houses that adjust lighting and temperature on the basis of
occupation of rooms (Mozer, 1999); elevators which try to second-guess the
behaviour of their clientèle; autopilots of aeroplanes, that take and give
control to human pilots; and self-configuration of autonomous (spacecraft)
systems (Williams and Nayak, 1996).
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A more extreme form of adaptation is for an agent to modify its internal
data and processes: a self-modifying agent (Brazier and Wijngaards, 2001b).
This enables an agent to change the way it reasons and solves problems. It
reflects on the manner in which it solves a specific problem, and adjusts its
approach; an ability subscribed to reflective practitioners, as discussed by
Schön (1983). The re-design process may be part of a self-modifying agent,
or may be an agent factory. A self-modifying agent may, for example,
employ an agent factory to modify its self-modification capabilities.

2.2 AUTOMATED REVISION OF AGENTS

The agent factory (Brazier and Wijngaards, 2001a; 2002) is a continuation
of almost a decade of research in AI and Design, applied to multi-agent
systems. The generic model of design (Brazier, Langen, Ruttkay and Treur,
1994) has been extended for the re-design of agents (Brazier, Jonker, Treur
and Wijngaards, 2000). This work included the specification and
implementation of a design agent, capable of re-designing agents (Brazier,
Jonker, Treur and Wijngaards, 2001).

In this context agents are designed to be re-designed. Everything inside
an agent may be replaced, deleted or modified, including its internal process
structure, knowledge structure, data, ontologies, etc. To this end, a
compositional structure is assumed, and re-usable agent components are
identified in advance. A language (i.e. ontology) is needed to describe
agents’ functionality and behaviour. The design of an agent within the agent
factory is based on specifications of building block configurations:
blueprints. Building blocks include cases and partial (agent) designs (cf.
generic models / design patterns), knowledge bases, and instantiated models.
Building blocks are either components with open slots, fully specified
components, or a combination of both.

In addition to the design centre an agent factory includes components for
account management (which client requires which quality of service), agent
packaging and handling (how to prepare an agent for transfer to an agent
platform), etc. The design centre is based on a model for (re-)design of
compositional systems (Brazier, Jonker, Treur and Wijngaards, 2001).

3. Creative Agents

Automated design of adaptive, self-modifying, software agents may be
creative in two ways: the self-modification process itself may be creative
(self modification is namely a re-design task), or self-modification may
result in a more creative agent with respect to an agent’s specific task.
Creativity within the process of self-modification is directly related to
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creativity in design processes (e.g., Schön, 1983; Finke, Ward and Smith,
1992; Edmonds and Candy, 1997; Gero, 1996; Lawson, 1997; Gero, 2000).
The application of the self-modification process to influence creativity
within other processes within an agent, e.g. an agent's specific task, may
yield creative results.

 The self-modification process described in this paper includes four of
the five stages distinguished in the five-stage model introduced by Kneller
and described by Lawson (1997), shown in Figure 3: stage 3 is the
exception. Unconscious effort is not easily defined for an automated agent.

first insight 

preparation 

incubation 

illumination 

verification 

formulation of problem 

conscious attempt at solution 

no conscious effort 

sudden emergence of idea 

conscious development 

Figure 3. Five-stage model of the creative process (taken from Lawson, 1997).

Gero’ s model for creative design (1996) is based on the view that
creativity results from a discrepancy between expectations and unexpected
results. If the unexpected results can be understood, then they are considered
to be a creative solution. When, however, the unexpected results cannot be
understood, these results are rejected as faulty. A self-modification process
may have side effects that had not been anticipated. Influences on the
creativity of an agent with respect to its own specific task may be
purposefully sought by re-design, without knowing the results. In both
cases, how well the results are understood will depend on the situation, e.g.,
who is responsible for monitoring an agent’ s behaviour – a human being or
another automated agent.

The environment of the designers plays an important role in determining
creativity. Different kinds of creativity are described by Gero (2000):
historical creativity, personal (or psychological) creativity and situated
creativity. The agent factory can yield situated creativity for agents: the
owner (or initial developer) of an agent cannot predict changes of its agent.

4. Discussion

The main question raised in this paper is whether automated design of
dynamic self-modifying autonomous artefacts can be creative. This depends
to a large extend on the definition of creatvity used. The design of dynamic
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artefacts, artefacts designed to be redesigned, is relatively new. The design
of dynamic autonomous artefacts pushes current theory even further. Is the
process with which an agent evolves creative? If not, are there aspects which
can be considered to be creative? Who determines in this case whether a
design is creative: the designer, the owner, the outside world? Other agents
(Saunders and Gero, 2002) may be involved in ascertaining creativity, and a
question that rises is whether creativity is required to recognise creativity.

The answers to above discussion issues are not simple; more research is
clearly required to further explore the  nature of the phenomena involved.
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