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The UBU RoboCup team is described. The UBU team participates in the
simulation league, and is under constant development. The key ideaisto use, in
certain situations, the advice provided by a normative rea-time decision
support agorithm for letting players choose what to do next. The agorithm acts
on input from each individua player, the basis of which is stored in a local
information base. This idea is only implemented in part, and the version of
UBU competing in Singapore is to be seen as a first step towards a team of
artificial decision making soccer players.

1. Team Description For mat

This document is a sequel to (A98). We begin by describing the methodology and
members of the UBU project, in Section 2. The pivotal concept of pronouncer, see
(BH98), is briefly presented in Section3. Principles of artificial decison making are
discussed in Section 4. We then present a very coarse program architecture, together
with some implementation details, in Section 5. The final section presents plans for
future research.

2. Project Methodology

The DECIDE research group has since its inception focussed on normative decision
analysis, and on tools for evaluation in particular (EDB96, EDB97, DE98).: In recent
years, some of the attention has been given to artificial decision making (BE9S5, B97,
B98, BH98). As the term indicates, not only the decision makers, but the entire
procedure of reaching a decision is artificial. The concept of autonomous artificial
agents decision what to do without human intervention is currently studied in severa

1 More information on the DECIDE project is available on www. dsv. su. se/ DECI DE.
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on-going projects with participants from DECIDE. These include agent assistance in
securing energy contracts on a de-regulated market, agent-based intelligent building
control, machine learning driven pollution control, and decision making agents in
telecommunications. The projects are academic, but al have industria participants.
Some of the projects use customised simulation testbeds. The RoboCup domain is a
good complement to these testbeds, since it offers a relatively smple dynamic real-
time environment. Hence, we have chosen to test some of our hypotheses formulated
within the mentioned projects on a RoboCup team.

The UBU research team is basically a group of students and their supervisors.
Magnus Boman (team captain), Mats Danielson, Carl-Gustaf Jansson, and Harko
Verhagen congtitute the latter category. The student group currently numbers six, but
the co-authors of this report are those that have directly affected the current version of
the UBU team. Jens Andreasen has implemented a full team with basic functionality
in C. Johan Kummenegje, a graduate student concentrating on RoboCup, who also
completed his master’s thesis about agent control (EK97), has contributed to, among
other things, the goalkeeper. This has resulted in a team with a goalkeeper
implemented in Java, and the rest of the players implemented in C; in itself a neat
example of coping with heterogeneity. Johan Sikstrém is currently working on details
in the basic features of the team, and also preparing for a second abstraction layer in
the code. This level will alow for calls to algorithms for decision support. Finaly,
Hakan Younes is currently surveying the usefulness of commercial as well as
academic tools for artificial decision making. His aim is to provide a clear view of
what is available for use by UBU, and also to do some actual test runs with various
pronouncers.

3. Pronouncers

Let us first name the entity giving advice pronouncer. This is a new and invented
term, suggesting an extrinsic entity, and also that the advice given is formal and
authoritative, giving the entity a normative status. Thus, it should be used with care,
but fits UBU perfectly.

There are two possibilities for situating the entity. One is to define a decision
module, local to the agent. Just as each agent might have its own list of goals, such a
decision module is treated as a customised tool for decision support. Hence, the entity
is not merely copied into each agent, but is adapted to the agent to which it belongs
from the outset, and increasingly so during its lifespan. The aternative is to have a
pronouncer that querying agents call upon repeatedly. The entity is then a resource to
be shared among the agents. It will amount to a function, the input of which will have
to carry all information about the decision situation, and the output of which will be a
recommended action. This pronouncer would be centralised in much the same way as
afacilitator in the federated architecture (GK94).

We choose this latter option, in spite of the complexity of the input to the
pronouncer. If our sole concern was individualy rational agents, and we also relied
only on a basic choice rule generator like the principle of maximising the expected
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utility (PMEU), the input could be a decision tree, weighted with probabilities and
utilities. The pronouncer would then amount to a calculator recommending (one of)
the action(s) with the highest expected value. However, we are ultimately dealing
with socially intelligent agents in UBU, and must therefore add group constraints, or
use similar means to qualifying individualy rational behaviour to achieve socia
intelligence (B98). This cannot be achieved by merely modifying the weights in the
decision tree (EBL98). Instead, such constraints are part of a local information base,
with respect to which each evaluation is carried out by the pronouncer. The necessity
of such local bases was previously realised in the context of risk constraints (EBL97):
Not all risk attitudes can be modelled using decision trees.

If we were to vary the evaluation rules in the pronouncer itself, e.g., to experiment
with using different extensions of PMEU, it would make sense to have customised
entities for normative advice, i.e. to use decision modules instead. Such pluralism
with respect to decision support is easy to give arguments for in the case of
individually rational agents, but it is perhaps less natural to think that individual
utility maximisers are to adhere to the same norms even though their rules for
evaluation differ. In any given domain, it is easier to fix a pronouncer and then vary
the individual beliefs, preferences, and relevant norms, represented in local
information bases.

Naturally, one can imagine simple MASs in which each agent has the same
responsibility towards a group. Even in such systems non-trivial problems arise, and
there it would suffice to store norms globally, as part of the pronouncer. The realistic
and most general case, however, is where each agent has unique obligations towards
each and every one of the other agents. For instance, a MAS might consist of 200
agents that congtitute coalitions. These coalitions might be dynamically construed,
something which will affect the nature of obligations heavily over time. Interestingly
enough, procedures for updating the local information base can be viewed as learning
procedures. In particular, the adaptation to particular coalitions, i.e. to group
constraints, can be viewed as learning how to function socially.

4. Artificial Decison Making

We make the following two provisos, more concise motivations for which are
availablein (B97) and (E96), respectively.

Proviso 1: Agents act in accordance with advice obtained from their individual
decision module, with which they can communicate.

Proviso 2: The decision module contains algorithms for efficiently evauating
supersoft decision data concerning probability, utility, credibility, and reliability.

The first proviso makes our presentation clearer, because every change of preference
(or belief revision, or assessment adjustment) of the agent is thought of as adequately
represented in the local information base. This gives us freedom from analysing the
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entire spectrum of reasoning capabilities that an agent might have, and its importance
to the use of the decision module. The communication requirement presents only a
lower bound on the level of sophistication of agent reasoning, by stating that the agent
must be able to present its decision situation to the decision module, and that the
agent can represent this information in the form of an ordinary decision tree, extended
by general risk constraints (EBL 98).

The second proviso also requires some explanations. Supersoft decision theory is a
variant of classical decision theory in which assessments are represented by vague
and imprecise statements, such as “The outcome o is quite probable’ and “The
outcome o0 is most undesirable” (M95). Supersoft agents need not know the true state
of affairs, but can describe their uncertainty by a set of probability distributions. In
such decisions with risk, the agent typically wants a formal evaluation to result in a
presentation of the action (in some sense) optimal with respect to its assessments,
together with measures indicating whether the optimal action is much better than any
other action, using a distance measure. The basic requirement for normative use of
such measures is that (at least) probability and utility assessments have been made,
and that these can be evaluated.

In the local information base are non-linear systems of equations representing
supersoft data about
* probabilities of the occurrence of different consequences of actions
« utilities of outcomes of different consequences of actions
» credibilities of the reports of other actions on different assessments
« reliabilities of other agents on different agent ability assessments

The preferences of the agents can be stated as intervals of quantitative measures or by
partia orderings. Credibility values are used for weighting the importance of relevant
assessments made by other agentsin the MAS. Reliability values mirror the reliability
of another agent as it in turn assesses the credibility of a third agent (E96). All bases
except the utility base are normalised. Note that a MAS without norms is treated in
this paper as a social structure where group utility isirrelevant to the individual agent.
The presence of norms can manifest itself in various ways (B98), but unfortunately
we cannot discuss this matter further here.

5. Noteson the I mplementation

As mentioned at the end of Section 2, the goalkeeper of the UBU team is
implemented in Java. The code was written in accordance with several key concepts
of Java, eg., threads, encapsulation, and communication. We have designed the
goakeeper agent to consist of three subsystems for communication, memory, and
deliberation (or reasoning). The latter is the only role-specific code module of the
goakeeper agent. The goalkeeper is a mixed-behaviour agent in that it is reactive,
e.g., in its use of the cat ch command (applied whenever the ball is within the
cat chabl e_ar ea), while more deliberative in its positioning.
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The field players are written in C with a separate module for basic interaction with
the server including navigation, and a communications module letting each of the
agents provide hints about the positions of other players and the ball. On top of these
two modules, local information bases are being implemented as a ‘magnets that
attract agents to areas of strategic importance. ‘ Negative magnetism’ is used to regject
agents from danger-zones (such as other players). The positions of the magnets are
dynamically re-calculated, using the estimated positions of all players.

The decision module used is basically DELTA (D97), with certain modifications
madeto it. DELTA was written in C.

6. FutureResearch

The UBU team competed in Paris this summer, where it won one game and |ost three.
The basic functionalities in that version of UBU were not satisfactory. Team play was
too defensive, and UBU could not handle off-side very well. However, the basic
communication platform was validated, and much was learned about necessary
refinements of the basic skills. No pronouncer calls were made in the Paris version of
UBU. We intend to implement at least some pronouncer calls in the Singapore
version, aiming ultimately at a serious use of pronouncers at the Stockholm
competition in July, 1999.

Hypotheses to be validated through more programming and testing before the
Singapore contest include that the pronouncer is indeed efficient enough for rea-time
use, and that the updating of the local information bases is possible in the ways
anticipated.
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