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The AISB’08 Convention: Communication, Interaction and Social Intelligence

As the field of Artificial Intelligence matures, Al systems begin to take their place in human society as our helpers. Thus it
becomes essential for Al systems to have sophisticated social abilities, to communicate and interact. Some systems support
us in our activities, while others take on tasks on our behalf. For those systems directly supporting human activities,
advances in human-computer interaction become crucial. The bottleneck in such systems is often not the ability to find
and process information; the bottleneck is often the inability to have natural (human) communication between computer
and user. Clearly such Al research can benefit greatly from interaction with other disciplines such as linguistics and
psychology. For those systems to which we delegate tasks: they become our electronic counterparts, or agents, and they
need to communicate with the delegates of other humans (or organisations) to complete their tasks. Thus research on
the social abilities of agents becomes central, and to this end multi-agent systems have had to borrow concepts from
human societies. This interdisciplinary work borrows results from areas such as sociology and legal systems. An exciting
recent development is the use of Al techniques to support and shed new light on interactions in human social networks,
thus supporting effective collaboration in human societies. The research then has come full circle: techniques which
were inspired by human abilities, with the original aim of enhancing Al, are now being applied to enhance those human
abilities themselves. All of this underscores the importance of communication, interaction and social intelligence in current
Artificial Intelligence and Cognitive Science research.

In addition to providing a home for state-of-the-art research in specialist areas, the convention also aimed to provide
a fertile ground for new collaborations to be forged between complementary areas. Furthermore the 2008 Convention
encouraged contributions that were not directly related to the theme, notable examples being the symposia on “Swarm
Intelligence” and “Computing and Philosophy™.

The invited speakers were chosen to fit with the major themes being represented in the symposia, and also to give a
cross-disciplinary flavour to the event; thus speakers with Cognitive Science interests were chosen, rather than those with
purely Computer Science interests. Prof. Jon Oberlander represented the themes of affective language, and multimodal
communication; Prof. Rosaria Conte represented the themes of social interaction in agent systems, including behaviour
regulation and emergence; Prof. Justine Cassell represented the themes of multimodal communication and embodied
agents; Prof. Luciano Floridi represented the philosophical themes, in particular the impact on society. In addition there
were many renowned international speakers invited to the individual symposia and workshops. Finally the public lecture
was chosen to fit the broad theme of the convention — addressing the challenges of developing Al systems that could take
their place in human society (Prof. Aaron Sloman) and the possible implications for humanity (Prof. Luciano Floridi).

The organisers would like to thank the University of Aberdeen for supporting the event. Special thanks are also due to
the volunteers from Aberdeen University who did substantial additional local organising: Graeme Ritchie, Judith Masthoff,
Joey Lam, and the student volunteers. Our sincerest thanks also go out to the symposium chairs and committees, without
whose hard work and careful cooperation there could have been no Convention. Finally, and by no means least, we would
like to thank the authors of the contributed papers — we sincerely hope they get value from the event.

Frank Guerin & Wamberto Vasconcelos
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Logic and the Simulation of Interaction and
Reasoning: Introductory Remarks.

Benedikt Lowe !

Abstract. This introductory note provides the background
for the symposium “Logic and the Simulation of Interaction
and Reasoning”, its motivations and the 15 papers presented
at the symposium.

1 INTRODUCTION

In the past years, logicians have become more and more in-
terested in the phenomenon of interaction. The area “Logic
and Games” deals with the transition from the static logi-
cal paradigm of formal proof and derivation to the dynamic
world of intelligent interaction and its logical models. A num-
ber of conferences and workshops such as the LOFT (“Logic
and the Foundations of Game and Decision Theory”) series,
the 7th Augustus de Morgan Workshop in London [November
2005; [1]], the Royal Academy Colloquium ‘New perspectives
on Games and Interaction’ in Amsterdam [February 2007])
have been dealing with logic in game and decision theory
and dynamic logics with announcement and action opera-
tions. Fruitful technical advances have led to deep insights
into the nature of communicative interaction by logicians.

This new direction of logic has quickly gained momentum
and support. In 2006, a Marie Curie Research Training Site
GLoRiClass (“Games in Logic Reaching Out for Classical
Game Theory”) was opened in Amsterdam, providing gradu-
ate student training for a large number of PhD students. In
2007, the European Science Foundation has recognized this
direction as one of the foremost research developments for
the European science community and created a collaborative
research platform called “LogICCC — Modelling intelligent in-
teraction”. Later in 2007, a new book series entitled “Texts
in Logic and Games” was launched by Amsterdam University
Press.

While these interactive aspects are relatively new to logi-
cians, on a rather different level, modelling intelligent inter-
action has been an aspect of the practical work of computer
game designers for a long time. Pragmatic questions such as
‘What makes a game/storyline interesting’, ‘What makes an
reaction natural’, and ‘What role do emotions play in game
decisions’ have been tackled by practicing game programmers.
The practical aspects of computer gaming reach out to a wide

! Institute for Logic, Language and Computation, Universiteit van
Amsterdam, Plantage Muidergracht 24, 1018 TV Amsterdam,
The Netherlands; bloewe@science.uva.nl; Department Math-
ematik, Universitdt Hamburg, Bundesstrasse 55, 20146 Ham-
burg, Germany; Mathematisches Institut, Rheinische Friedrich-
Wilhelms-Universitdt Bonn, Beringstrale 1, 53115 Bonn, Ger-
many.

iii

interdisciplinary field including psychology and cognitive sci-
ence.

So far, there are only a few cross-links between these
two communities. A number of logicians have applied logical
methods for concrete games, such as van Ditmarsch’s analy-
sis of Cluedo [2], Sevenster’s analysis of Scotland Yard [6, 7],
and the new TACTICS project of van Benthem and van den
Herik (represented at this symposium by the joint paper by
Schadd, Winands, van den Herik, and Aldewereld).

Our symposium will explore the possibilities of joining the
theoretical approach to interaction and communication with
the practical approach to simulating behaviour. We would like
to include purely logical aspects, cognitive and psychological
aspects (including empirical testing of formal models), and
pragmatic aspects.

2 A CASE FOR LOGIC

In §1, we mentioned that questions such as ‘What makes a
game/storyline interesting’, ‘What makes an reaction natu-
ral’, and ‘What role do emotions play in game decisions’ are
relevant for game programmers and designers.

For more combinatorial games, such as strategic board
games, the first question can be phrased as ‘What techni-
cal properties of a game make it fun to play?’. In order to be
enjoyable, a board game should neither be too complicated
(as it would become frustrating) nor to simple (as it would
become boring). A number of games that are played in prac-
tice have been found to be NP-complete?. Could it be that
this technical notion from theoretical computer science is a
good indicator for when a game is interesting?®

A different type of modelling can be found in interactive
games, for instance the computer role playing games, in which
the human player plays the role of some fictitious personal-
ity interacting with artificial agents, the so-called “non-player
characters” (NPCs).

In these games, modelling interaction and behaviour be-
comes central and it is here that modern logic techniques such
as dynamic logic, epistemic logic and variuous approaches to
multi-agents systems could become useful.

2 For instance, Minesweeper [3], Sudoku [8], Battleships [5], and
Scotland Yard [6, 7]

3 Personally, I think that this is rather unlikely, as NP-
completeness is a property of a family of games parametrized
by some number, typically the size of the game board, whereas
the games that are actually played are always of one fixed pa-
rameter and thus oblivious to the fact that the family itself is
NP-complete.



Logicians have developed logics in which we can formally
reason about states of knowledge, states of belief, intentions,
actions, consequences of our actions and combinations of all
these. As an example consider the paper [4] by Eric Pacuit and
the present author in which backwards induction techniques
are used to analyse a typical TV soap opera storyline of a love
triangle, deceit, false assumptions about other people, and
disappointment in terms of a “game of changing and mistaken
beliefs”.

Typical applications of a logic of knowledge, belief, inten-
tion and action could be as follows, and we would very much
like to see models for this being developed as a consequence
of this symposium:

Scenario 1.

In a strategic computer game, the human player plays a de-
veloping population. Certain skills (including battle skills) are
developed according to a skill tree (for instance, building a
cannon can only be done after one of the artificial agents be-
came a smith).

Modelling the intentions and actions of the opposing
(computer-played) populations could be done by reasoning
in some modal system that assesses the battle strength of the
human-played population based on knowledge of their devel-
opment stage. News of the sighting of a smith brought to the
leader of the opposing population could be read as an increase
in the likelihood that the human-played population has devel-
oped a cannon (and thus figure prominently in the reasoning
of whether the computer-played population should attack or
not).

Scenario 2.

In a computer role playing game, one could implement situ-
ations in which NPCs try to outmaneuver the human player.
For instance, an NPC X might intend to kill NPC Y and gain
some valuable object currently in the possession of Y.

Meeting the human-played agent, X wishes to find out how
much the human-played agent knows about Y and what their
relationship is. Based on this information, X would now try
to trick the human-played agent into going and killing Y.
This would require subtle communication skills of X, keeping
in mind his own preferences and goals without giving them
away. Such a communication could be modelled in a logic of
knowledge, belief, agency and intention.

The scope of our symposium is wider than the two classes
of games presented in this section (strategic board games and
interactive computer games). Logic can play a role in all sit-
uations where interaction and behaviour are simulated, such
as artificial pets (as in the paper Theory and Practice of So-
cial Reasoning: Experiences with the iCat by Frank Dignum),
analysis of human behaviour in game situations (as in the pre-
sentation An experimental study of information mechanisms
in the trust game: effects of observation and cheap talk by
Jirgen Bracht or the paper Private Information and Inference
about Inference by Sobei Hidenori Oda, Gen Masumoto, and
Hiroyasu Yoneda), automatised reasoning about diagrams (as
in the paper How can machines reason with diagrams? by
Mateja Jamnik) and others. The most accurate description

iv

of the scope of the symposium is the collection of presented
papers that the reader can find in this volume.

3 THE SYMPOSIUM AND ITS
STRUCTURE

Our symposium has a largely exploratory character: re-
searchers from many different areas should get together to
share the fundamental ideas and approaches of their respec-
tive fields. In order to get a proper representation of the fields
involved, we decided to invite a number of speakers, gener-
ously funded by the Marie Curie Research Training Site GLo-
RiClass. Our invited speakers are Thomas Agotnes (Bergen,
Norway), Rafael Bordini (Durham, England), Frank Dignum
(Utrecht, The Netherlands), Mateja Jamnik (Cambridge, Eng-
land), and David Ethan Kennerly (Los Angeles CA, United
States of America). We had invited two more speakers (Stef-
fen Huck and Eric Pacuit) who had to cancel their trip for per-
sonal reasons. The registration fees, travel and accommoda-
tion expenses of the invited speakers were generously funded
by the Marie Curie Research Training Site GLoRiClass.

GLoRiClass

(04

rk
MEST.CT:2005.020841  Programme

Figure 1. Marie Curie Research Training Site GLoRiClass
“Games in Logic Reaching Out To Classical Game Theory”

In addition to the invited speakers, the symposium at-
tracted a large number of submissions from various commu-
nities (multi-agent systems, applied logic, experimental game
theory, and others). All submissions (including the submis-
sions of the invited speakers) were lightly refereed by the
members of the programme committee and some external ref-
erees, keeping in mind the exploratory character of the sym-
posium. We did not expect new research contributions, but
interesting ideas for collaboration, and this is how the papers
of the symposium have to be understood.

Programme Committee.
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Wiebe van der Hoek, Liverpool

Benedikt Lowe, Amsterdam

Yoav Shoham, Stanford CA

Keith Stenning, Edinburgh

Rineke Verbrugge, Groningen



List of all presentations in alphabetic order.

e Thomas Agotnes: Logics of Interaction, Coalitions and So-
ctal Choice.

e Rafael Bordini: Simulating Rational Goal-Directed Be-
haviour Using a Logic-Based Programming Language for
Multi-Agent Systems

e Jiirgen Bracht: An experimental study of information mech-
anisms in the trust game: effects of observation and cheap
talk

e Jan Broersen: Interpreting Product Update as Reasoning
about Observations and Meta-Observations.

e Flavio S Correa da Silva, Giuseppe Vizzari, Alessan-
dro Mosca: Coupled MMASS: A Formal Model for Non-
deterministic Multi-agent Simulations

e Louise Dennis, Bernd Farwer: Gwendolen: A BDI Language
for Verifiable Agents

e Frank Dignum: Theory and Practice of Social Reasoning:
Ezxperiences with the iCat

e Mateja Jamnik. How can machines reason with diagrams?

e Ethan Kennerly: Open Problems in Simulation and Story
Analysis

e Alessandro Mosca, Giuseppe Vizzari, Matteo Palmonari,
Stefania Bandini: A Perception Oriented MAS Model with
Hybrid Commonsense Spatial Reasoning

e Anton Nijholt: Don’t Give Yourself Away: Cooperative Be-
haviour Revisited.

e Sobei Hidenori Oda, Gen Masumoto, Hiroyasu Yoneda:
Private Information and Inference about Inference

e Maarten Schadd, Mark Winands, Jaap van den Herik, Huib
Aldewereld: Addressing NP-Complete Puzzles with Monte-
Carlo Methods

e Vincent Wiegel, Jan van den Berg: Fxperimental Computa-
tional Philosophy: shedding new lights on (old) philosophi-
cal debates

e Andreas Witzel, Jonathan A. Zvesper: Higher-Order
Knowledge in Computer Games

ACKNOWLEDGEMENTS

The author would like to thank the organizers of the AISB
2008 Convention, Frank Guerin and Wamberto Vasconcelos
for their support of this symposium by flexible and unbureau-
cratic decisions. The symposium is funded by the Marie Curie
Research Training Site GLoRiClass (MEST-CT-2005-020841).

REFERENCES

[1] J.F.A.K. van Benthem, D. Gabbay, B. Lowe (eds.), Inter-
active Logic Selected Papers from the 7th Augustus de Morgan
Workshop, London, Amsterdam University Press 2007 [Texts
in Logic and Games 1]

[2] H. P. van Ditmarsch, The description of game actions in
Cluedo, Game theory and Applications 8 (2002), pp. 1-28

[3] R. Kaye, Minesweeper is NP-complete, Mathematical In-
telligencer 22 (2000), pp. 9-15

[4] B.LoOwe, E. Pacuit, An abstract approach to reasoning about
games with mistaken and changing beliefs, ILLC Publication
Series PP-2006-33

[5] M. Sevenster, Battleships as decision problem, ICGA Jour-
nal 27 (2004), pp. 142-149

[6] M. Sevenster, Branches of imperfect information: logic,
games, and computation, PhD Thesis, Universiteit van Am-
sterdam 2006 (ILLC Publications DS-2006-06)

[7]

(8]

M. Sevenster, The Complexity of Scotland Yard, in: [1, pp.
209-246]

T. Yato, Complexity and completeness of finding another solu-
tion and its application to puzzles, Master’s Thesis, University
of Tokyo, 2003



INVITED TALK
Logics of Interaction, Coalitions and Social Choice
(extended abstract)

Thomas f&gotnesl 2 and Wiebe van der Hoek® and Michael Wooldridge*

Abstract. While different forms of social interaction have been ex-
tensively studied in several fields, the development of formal logics
makes precise knowledge representation and mechanical reasoning
about situations involving social interaction possible. In particular,
such logics make it possible to formally specify and verify software
implementing social mechanisms. In my talk I will give an overview
of some of our recent work on logics for social interaction, in par-
ticular applied to reasoning about social choice mechanisms such as
voting and preference aggregation as well as reasoning about coali-
tion formation and coalitional stability. We use benchmark examples
from game theory and social choice theory to illustrate the expres-
siveness of the logics.

1 Introduction

Logics for reasoning about social interaction take into account the
facts that individual agents are autonomous, self interested, and act
strategically in order to obtain their goals. Such logics often try to
give an account of what happens when agents choose to cooperate or
otherwise act together [7, 17]. Of course, concepts such as strategic
interaction, preferences, and cooperation have been extensively stud-
ied in fields such as game theory and social choice theory. However,
the study of their logical and computational properties is relatively
new.

Logics for social interaction are useful for, e.g., knowledge repre-
sentation and reasoning in multi-agent systems [21] and for the for-
mal specification and automated verification of computational mech-
anisms [19, 20, 13]. Given a specification of a mechanism in the form
of a logical formula, we can use logical tools to verify (model check-
ing) and/or synthesise (constructive proof of satisfiability) mecha-
nisms [18, 23].

In this note we briefly discuss some new logics for social interac-
tion. Many such logics have been suggested, and they differ, first and
foremost, in their expressiveness. In order for a logic to be useful it
must be sufficiently expressive, and we take concepts, properties and
results from fields such as game theory and social choice theory as
benchmark tests of expressiveness.

In this note we shall be particularly concerned with two aspects
of interaction. The first is social choice mechanisms; a very general
class of economic mechanisms [9] concerned with selecting some

! In my talk T will present joint work with Wiebe van der Hoek and Michael
Wooldridge. In this extended abstract we give a brief outline.

2 Bergen University College, Norway, email: tag@hib.no

3 University of Liverpool, UK, email: wiebe @csc.liv.ac.uk

4 University of Liverpool, UK, email: mjw@csc.liv.ac.uk

particular outcome from a range of alternatives on behalf of a collec-
tion of agents, such as voting, preference aggregation and judgment
aggregation. The second is coalition formation in general and coali-
tional stability in particular. While it is clear that these are two dis-
tinct notions and problems, they are closely connected at least on one
level of abstraction: they are both intimately related to the concept of
coalitional power — what coalitions of agents can make come about.
In the remainder of this note we very briefly and informally introduce
some new logics for reasoning about these concepts, illustrated with
example formulae (see the references for details). As a starting point
we first mention Marc Pauly’s seminal logic of coalitional power:
Coalition Logic.

2 Coalition Logic

Two popular logics for social interaction are Alur, Henzinger and
Kupferman’s Alternating-time Temporal Logic (atL) [7] and Pauly’s
Coalition Logic (cL) [17]. These logics let us express properties about
the abilities, or powers, of single agents and of groups of agents act-
ing together. The main syntactic construct of Coalition Logic is of
the form®

(Ce,

where C is a set of agents, or a coalition, and ¢ is a formula. The
intended meaning of (C)¢ is that the agents C can choose to make ¢
come about, by performing some joint action. If (C)¢ is true, then ¢
will not necessarily come about (C might choose to not make ¢ come
about), but if (C)¢ is true then C can guarantee that, no matter what
the other agents do, ¢ will come about. ATL adds temporal operators
such as “sometime in the future” to the language as well (cL can be
seen as the next-time fragment of ArL).

Formally, formulae of Coalition Logic are interpreted on state-
based structures where the agents play a strategic game, in the sense
of non-cooperative game theory®, in each state.

Pauly also observed [16] that the Coalition Logic construct can be
used to express properties of social choice mechanisms. Consider the
following example of a simple social choice mechanism [16]:

Two individuals, A and B, must choose between two outcomes,
p and q. We want a mechanism that will allow them to choose
which will satisfy the following requirements: We want an out-
come to be possible — that is, we want the two agents to choose,
collectively, either p or q. We do not want them to be able to

5 Pauly [17] uses [C] where we use (C).
6 Strictly speaking, the structures of Coalition Logic associates a strategic
game form to each state; a strategic game without preferences.



bring about both outcomes simultaneously. Finally, we do not
want either agent to be able to unilaterally dictate an outcome
— we want them both to have “equal power”.

These requirements may be formally and naturally represented using
cL, as follows:

(A.B)p ey
(A.B)q (@)
~A,B)p A q) (3)
~(A)p @
~(B)p (&)
~(A)q (6)
~(B)q (O]

Property (1) states that A and B can collectively choose p, while (2)
states that they can choose g; (3) states that they cannot choose p and
g simultaneously; and properties (4)—(7) state that neither agent can
dictate an outcome.

3 Quantification
3.1 Quantified Coalition Logic

Expressing many interaction properties requires quantification over
agents andfor coalitions. For example, consider the following weak
veto player property [22]: “no coalition which does not have agent i
as a member can make ¢ come about”. This property can indeed be
expressed in Coalition Logic as follows:

A\ Oy

Cc(Ag\tih)

where Ag is the set of all agents in the system (the grand coalition).
We thus use conjunction as a universal quantifier. The problem with
this formulation is that it results in a formula that is exponentially
long in the number of agents in the system. An obvious solution
would be to extend cL with a first-order-style apparatus for quanti-
fying over coalitions. In such a quantified cL, one might express the
above by the following formula:

YC: ((C CAg\{i}) = ~(C)p)

However, adding quantification in such a naive way leads to undecid-
ability over infinite domains (using basic quantificational set theory
we can define arithmetic), and very high computational complexity
even over finite domains. The question therefore arises whether we
can add quantification to cooperation logics in such a way that we
can express useful properties of cooperation in games without mak-
ing the resulting logic too computationally complex to be of practical
interest. In [2], we answered this question in the affirmative. We in-
troduced Quantified Coalition Logic (QcL), which allows a useful but
restricted form of quantification over coalitions. In qQcL, we replace
cooperation modalities (C) with expressions (P)¢ and [P]¢; here,
P is a predicate over coalitions, and the two sentences express the
facts that there exists a coalition C satisfying property P such that
C can achieve ¢ and all coalitions satisfying property P can achieve
¢, respectively. Examples of coalition predicates are, when C’ is a
coalition and 7 is a natural number:

o supseteq(C’): satisfied by a coalition C iff C is a superset of C’
e geq(n): satisfied by a coalition C iff C contains more than or equal
to n agents

o gt(n): satisfied by a coalition C iff C contains more than n agents
e maj(n): satisfied by a coalition C iff C contains more than n/2
agents

For example, the property that agent i is a weak veto player for ¢
can be expressed as ~(—supseteq{i})p. Here the expression does not
depend on the number of agents in the system. Thus we add a limited
form of quantification without the apparatus of quantificational set
theory. The resulting logic, QcL, is exponentially more succinct than
the corresponding fragment of cL, while being computationally no
worse with respect to the key problem of model checking.

To see how qcL makes it easier to express properties related to
voting, consider the specification of majority voting:

An electorate of n voters wishes to select one of two outcomes
w; and w,. They want to use a simple majority voting protocol,
so that outcome w; will be selected iff a majority of the n voters
state a preference for it. No coalition of less than majority size
should be able to select an outcome, and any majority should
be able to choose the outcome (i.e., the selection procedure is
not influenced by the “names” of the agents in a coalition).

Let maj(n) be a predicate over coalitions that is satisfied if the coali-
tion against which it is evaluated contains a majority of n agents. For
example, if n = 3, then coalition {1, 3} would satisfy the predicate,
as would coalitions {2, 3} and {1, 2}, but coalitions {1}, {2}, and {3}
would not. We can express the majority voting requirements above
as follows. First: every majority should be able to select an outcome.

(Imaj(m)]w) A ([maj(m)]w,)

Second: no coalition that is not a majority can select an outcome.

(=(=maj(n))w) A (=(=maj(n))w,)

Simple though this example is, it is worth bearing in mind that its
expression in cL is exponentially long in n.

3.2 Quantified Epistemic Logic

Epistemic logics [11, 14] give an account of agents’ knowledge or
beliefs. Operators K;, Cg, Eg and Dg where i is an agent and G is a
coalition are often used; K;¢p, Cs¢p, Eg¢ and Dg¢ mean that i knows
¢, that ¢ is common knowledge in the group G, that every member
of G knows ¢, and that ¢ is distributed knowledge in G, respectively.
The Cg, Eg and D¢ operators let us express properties about group
knowledge, but certain properties require quantification over agents
and/or coalitions. Consider, for example, the following property:

At least two agents know that at most three agents know ¢, from
an overall set of agents {1, 2, 3, 4}.

A way to express this fact in conventional epistemic logic is as fol-
lows:
Eqa vV Enayy vV Enayy v
Epsp V Egayp V Ez gy v
Ena3y V Enaay V Ensa v
Epsapy vV Ennsay
where  is:
(=K1 V =K2p V K30 V =Ky9)
The problem with this expression is similar to the problem with quan-

tifying over coalitions in (standard) coalition logic discussed above:
it is not very succinct, exponentially long in the number of agents in



the system, and unrealistic for practical purposes. Again, we could
add first-order style quantifiers, making it possible to express the
property above as

3G : (IGl 2 2) AEgy,

but this approach has the same disadvantages as discussed in the
coalition logic case above.

But now we have a tool for limited quantification: coalition predi-
cates. In [1] we introduce an epistemic logic with quantification over
coalitions (eLqc), where the Cg, Eg and D¢ operators are replaced by
operators (P)¢ and [P]c¢, (P)g and [Plg, and (P)p and [P]p, respec-
tively, where P is a coalition predicate. Now, (P)c¢ means that there
exists a coalition G satisfying property P such that G have common
knowledge of ¢, [P]lc¢ means that all coalitions G satisfying prop-
erty P have common knowledge of ¢, and similarly for the two other
kinds of group knowledge. The property discussed above can now be
expressed as:

(8eq(2))s~(g1(3))xd.

Possibly interesting properties of voting protocols include their
knowledge dynamics. For example, when the winner of a voting pro-
tocol is announced, what does that tell an agent or a group of agents
about the votes of other agents? ELQc can be used to reason about
such properties. As an example, consider the following situation.

A committee consisting of Ann, Bill, Cath and Dave, vote for
who should be the leader of the committee (it is possible to vote
for oneself). The winner is decided by majority voting (majority
means at least three votes, if there is no majority there is no
winner).

Consider first the situation before the winner is announced. Let
proposition a mean that Ann wins, and una, that Ann wins unani-
mously, and similarly for the other three agents. The following ELQc
formula holds (no matter what the actual votes are):

—a — (geq(2))p—{geq(3))e(~una, A ~una, A —unay).

The formula says that if Ann does not win, there is a group of at least
two agents who distributively know that at most two agents know
that neither Bill nor Cath nor Dave wins unanimously.

Consider next the situation when, after the secret voting, the win-
ner is announced to be Ann. Let Vote be a set of atomic formulae,
each denoting a complete vote (e.g., “Ann, Bill and Cath voted for
Ann, Dave voted for himself”). The ELqc formula

/\ (vote — [supseteq(®)](gt(1))pvote)

vote€Votes

denotes the fact that no matter what the actual vote is, in any coalition
it is common knowledge that at most one agent knows the actual
(complete) vote. This formula is true after the winner is announced
to be Ann.

4 Logics for Coalitional Games

As mentioned in Section 2, there is a strong connection between
Coalition Logic and non-cooperative games. As a result of the in-
herent differences between the class of non-cooperative on the one
hand and the class of coalitional, or cooperative, games (as studied
in coalitional game theory [15, Part IV]), on the other, the useful-
ness of standard Coalition Logic in reasoning about the latter type
of games is limited. One of the main questions related to coalitional
games is: “Which coalitions will form?”, or “Which coalitions are

stable?”. Solution concepts such as the core have been proposed in
coalitional game theory in order to capture the idea of rational par-
ticipation in a coalition. In [4, 3], we develop two logics, Coalitional
Game Logic and Modal Coalitional Game Logic, for reasoning about
such games. Both logics keep the main syntactic construct of Coali-
tion Logic, but the formulae are now interpreted in the context of a
(single) coalitional game.

A coalitional game (without transferable payoff) is an (m + 3)-
tuple [15, p.268]: ' = (Ag,Q,3i,..., 3, V) where, J,C QX Qisa
complete, reflexive, and transitive preference relation, for each agent
i€Ag.

In [4, 3] we discuss these logics in detail, including axiomatisa-
tion, expressiveness and computational complexity.

4.1 Coalitional Game Logic

The main construct of Coalitional Game Logic (cer) [4] is the cL
construct (C)¢p, again with the intended meaning that C can make ¢
come about. In addition, ccL has symbols for referring to particular
outcomes, as well as formulae of the form w >; «’, where w and w’
are outcomes, meaning that agent i weakly prefers w over w’.

As an example of a coalitional game property expressed in cGL,
take the following: “outcome w is in the core”. The core of a coali-
tional game is the set of outcomes which can be chosen by the grand
coalition such that no coalition can choose a different outcome which
is strictly better for all the agents in the coalition:

M) = Agwr-|\/ \/ (0w A N\ > w)

CCAg w'eQ ieC

expresses the fact that w is a member of the core. The formula CNE =
V wea CM(w) will then mean that the core is non-empty.

4.2 Modal Coalitional Game Logic

While the main construct of Modal Coalitional Game Logic (McGL)
[3] still is the familiar (C)¢; its interpretation is here radically dif-
ferent: the intended meaning is that coalition C prefers ¢. The for-
mulae are now interpreted in the context of an outcome in a coali-
tional game, and (C)g is true if there is some other outcome which
is (weakly) preferred by every agent in C where ¢ is true. Simi-
lar modalities were used by Harrenstein [12] in the context of non-
cooperative games. The operator (C*) is used to denote strict pref-
erence in the same way, and the duals [C] and [C*] denote that the
formula is true in all outcomes preferred over the current outcome
by all agents in C. In addition, the language has an atomic symbol pc
for each coalition C, meaning that the current outcome can be chosen
by C.

The fact that the current outcome is in the core can now be ex-
pressed as:

MCM = pyg A /\ [Cl=pc
CCcAg

Comparing cGL and McGL, interpreted over games with a finite set
of outcomes the former is more expressive than the latter. However,
observe that the expression CM(w) quantifies by taking a disjunction
over all outcomes. When the set of outcomes are infinite, this prop-
erty cannot be expressed in cGL. In contrast, McGL can express solu-
tion concepts such as core membership (expressed by the property
MCM) and non-emptiness of the core also for games with infinitely
many outcomes. Furthermore, McGL can express many properties
more succinctly than cGL: observe the difference between CM(w) and
MCM.



5 Logics for Aggregation of Preferences and
Judgments

Preference aggregation — the combination of individuals’ preference
relations over some set of alternatives into a single social preference
relation — has been studied in social choice theory for quite a while.
The following is an example of three individuals’ preferences over
three alternatives a, b, c:

1 a>b b>c a>c
2 a>b ¢c>b c>a
3 b>a b>c c>a
PaMV a>b b>c c>a

The example also shows the result of pair-wise majority voting
(PaMV), and serves as an illustration of Condorcet’s voting para-
dox: the result of PaMV is not always a proper preference relation
(in the example it is cyclic). Arguably the most well known result
in social choice theory is Arrow’s theorem [8], saying that if there
are more then two alternatives then no aggregation function can have
all of a certain collection of reasonable properties (non-dictatorship,
independence of irrelevant alternatives, Pareto optimality).

We argued above that cL can be used to express properties of so-
cial choice mechanisms. However, neither cL nor any of the other
logics we have mentioned so far are expressive enough to be used for
reasoning about certain important properties related to aggregation.
A logic which can express such properties would be useful for, e.g.,
specifying and verifying electronic voting mechanisms.

Another link between aggregation and logic is the emerging field
of judgment aggregation within social choice. Judgment aggregation
is concerned with combining individuals’ judgments on a set of log-
ically interconnected propositions into a set of collective judgments
on the same propositions. An example, illustrating voting in a com-
mittee on propositions “the candidate is qualified” (p), “if the candi-
date is qualified he will get an offer” (p — ¢) and “the candidate will
get an offer” (g) (Y[es]/N[o]):

P P—~q ¢q

1 Y Y Y

2 Y N N

3 N Y N
PtMV Y Y N

The example also shows the result of proposition-wise majority vot-
ing (PrMV), and serves as an illustration of the so-called discursive
dilemma: although positions of the individual voters all are logically
consistent, the result of PrMV is not. The similarity between Con-
dorcet’s paradox and the discursive dilemma suggests a relationship
between classical Arrowian preference aggregation and judgment ag-
gregation — and, indeed, recent research [10] shows that the former
is a special case of the latter.

Judgment Aggregation Logic (1aL) [5, 6] was developed specifi-
cally for expressing properties about judgment aggregation mecha-
nisms. In consequence, it can also be used for classical preference
aggregation. We use the logic to study the relationship between pref-
erence aggregation and judgment aggregation. Being tailor made for
the purpose, it is much more expressive than cL when it comes to
aggregation. The logic can express, e.g.:

e aggregation rules such as pair-wise and proposition-wise majority
voting;

e properties of aggregation mechanisms such as non-dictatorship,
independence of irrelevant alternatives and Pareto optimality; and

e important results such as the discursive paradox, Arrow’s theorem
and Condorcet’s paradox.

A sound and complete axiomatisation is provided. This effectively
gives us a proof theory for social choice and judgment aggregation.
For example, that we can express Arrow’s theorem in the logic on
the one hand, and that we have a sound and complete proof system
on the other, mean that we have a formal way to prove Arrow’s the-
orem. Thus, the logic might be useful not only as a tool for specify-
ing and verifying computational mechanisms, but also as a computa-
tional tool for social choice.

We give a taste of JAL in the context of preference aggregation. The
language has to pairs of dual modalities. & (O) quantifies over prefer-
ence profiles (one preference relation for each agent), and ¢ (m) over
pairs of alternatives; the diamonds denoting existential and the boxes
universal quantification. In addition, there is an atomic formula i for
each agent i, which is interpreted in the context of a preference pro-
file and a pair (a, b) of alternatives, meaning that agent i prefers the
first alternative (a) over the second (b). Finally, there is an atomic
formula o, interpreted in the context of an aggregation function, a
preference profile and a pair of alternatives (a, b), meaning that in
the result of aggregating the preferences the element a is preferred
over b. Formulae can be seen as properties of aggregation functions.
For example, the formula

ND = /\ o#=(c o i) ®)

i€x
is the non-dictatorship property: for every agent i there is a preference
profile and a pair of alternatives (a, b) such that it is not the case

that both i and the aggregation prefers a over b. Another example is
Pareto-optimality:

UNA =om((1 A+ An) = o) )
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Simulating Rational Goal-Directed Behaviour Using a
Logic-Based Programming Language for
Multi-Agent Systems

Rafael H. Bordini!

Extended Abstract

An essential aspect of autonomous agents is that they must display
proactive behaviour. Designing such software then requires explicit
consideration of the goals the agent ought to achieve, and similarly
its implementation also needs to be based on explicit representations
of such goals. This is part of the reason why the BDI (Belief-Desire-
Intention) agent architecture [16, 17] has since the early 90’s been
the best known architecture for developing software agents. As the
BDI notions are also used in “folk psychology” (i.e., how people
ordinarily refer to other people’s behaviour) it also makes it useful
for modelling goal-directed human behaviour [12].

As well as work on an agent architecture based on the BDI no-
tions, much work was done to formalise these notions using modal
logic [18]. Based on that work and also on practical implementa-
tion (as reactive planning systems) of the BDI architecture such as
PRS [8], Rao created a simple, abstract agent programming language
called AgentSpeak(L) [15]. Building on the basic constructs of logic
programming, it provides an elegant language for the essential fea-
tures of a BDI-based reactive planning system.

Starting from the initial definition of AgentSpeak, we have worked
on various extensions of the language, for example to allow agents
programmed in that language to communication using a speech-act
based agent communication language [21]. We also did work to re-
late back the programming language constructs and the interpreter
data structures to the modalities of BDI logic using the operational
semantics of the language [5]. This is important for ongoing work on
formal verification (more on this below).

While that work was mainly theoretical, it served as a basis for
the development of a very elaborate, highly customisable platform
for developing multi-agent systems called Jasor, which was done
in joint work with Jomi Hiibner, and made available open source
at http://jason.sf.net. That work culminated in the recent
publication of a textbook to make the ideas of agent programming
using Jason accessible to wider audiences [4].

Various features of the Jason platform make it useful for mod-
elling and simulation of social phenomena. Since the initial ideas
of using agent-based techniques for modelling and simulating hu-
man societies [9] in the early 90’s, this area has grown at incredible
pace, with social scientists all over the world increasingly having
interest in using computer simulation as a research method. How-
ever, most of the available tools for social simulation allow only very
simple agents (with no cognition) to be used. Prominent researchers
in that area have advocated the need for cognitive agents in certain

1 University of Durham, UK, email: r.bordini @durham.ac.uk

advanced types of social simulation [6]. We are, therefore, in ongo-
ing work [3, 1], incorporating features in Jason which will make it
an even more powerful platform for developing software based on
multi-agent systems techniques, but also facilitate its use as a tool
for social simulation, in particular for modelling human goal-directed
behaviour. Two examples are as follows:

Environments: In Jasonr, environment models have to be pro-
grammed in Java. Needless to say, a more declarative, high-level
language would be very useful for social simulation, where mod-
els of the environment are typically very important. This was the
motivation that led to the development of the ELMS language,
described in [13]. That work has recently been extended [14] to
allow environment descriptions to have objects containing social
norms that are to be observed only within the confines of an en-
vironment location, possible where an institution or organisation
is situated (similarly to ‘please refrain from smoking’ or ‘keep si-
lence’ signs). Another recent development [19] is the integration
of Jason with a well-known approach for developing multi-agent
environment based on the “artifact” abstraction [20], which could
help in the development of very elaborate (distributed) environ-
ments.

Organisations: An important part of agent-oriented software en-
gineering is related to agent organisations, which has received
much research attention in the last few years. We are currently
working on allowing specifications of agent organisations (with
the related notions of roles, groups, relationships between groups,
social norms, etc.) to be used in combination with Jason for
the programming of individual agents. The particular organisa-
tional model we use is called MOISE™ [10]; an initial integra-
tion with Jason is discussed in [11], and available from http:
//moise.sf.net. One of the advantages of the approach is
that the organisation specification is available for the agents to ac-
cess and possibly change at run time.

An important use of logic-based techniques in the context of soft-
ware development in multi-agent systems (in particular, with many
of its application being “dependable systems”) is for formal verifi-
cation. In previous work, we devised model checking techniques for
multi-agent systems programmed in AgentSpeak [2]. While in that
work we were specifically interested in model checking multi-agent
systems programmed in AgentSpeak, in a recent ongoing project,
joint with Michael Fisher (see acknowledgements below) we are in-
terested in developing techniques that would allow model checking
for a variety of agent-oriented programming langauges [7].
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Interpreting Product Update as Reasoning about
Observations and Meta-Observations

Jan Broersen

Abstract. In this brief note, I would like to suggest that it makes
sense to reinterpret product update, as introduced by Baltag, Moss
and Solecki, as a system to account for observations and meta-
observations, where a meta-observation is an observation of an ob-
servation. Under this interpretation we also take products of action
models with meta-action models. I deliberate on some possible con-
sequences of this extension to the interpretation of product update.

1 Introduction

Product update, as defined by Baltag, Moss and Solecki [1, 2], is
about updating multi-agent epistemic models by modeling the as-
similation of new information as a (restricted) modal product with
a multi-agent epistemic action model. This paper reports two obser-
vations? concerning this framework. The first observation is that the
mechanism defined by taking products only fits with an interpreta-
tion of the actions in action models as observations. The second, re-
lated observation is that action models themselves might be viewed
as resulting from products of meta-action models representing meta-
observations. These (admittedly preliminary) ideas may give rise to
new action languages for talking about epistemic action models.

2 Product updates model observations

That the possible worlds resulting from a product update are a Carte-
sian product of the original worlds and the actions, is intuitively ex-
plained by the observation that in principle any of the epistemic ac-
tions in the action model can be performed from any state in the
static epistemic model. We get a restricted product by considering
the preconditions of the actions that prevent some actions to be per-
formed from certain states. For the uncertainty relation in the product
models the intersection of the uncertainty relations of the epistemic
model and the action model is taken.

Surprisingly, in the literature not much effort is spend on explain-
ing why it is that we have to take the intersection of the uncertainty
relations originating from the static epistemic model and the epis-
temic action model. Baltag and Moss [2], in their most recent account
of product update, say the following:

”We model the update of a state by an action as a partial update
operation, given by a restricted product of the two structures:
the uncertainties present in the given state and the given ac-
tion are multiplied, while the impossible combinations of states
and actions are eliminated (by testing the actions preconditions
on the state). The underlying intuition is that, since the agents

1

uncertainties concerning the state and the ones concerning the
simple action are mutually independent, the two uncertainties
must be multiplied, except that we insist on applying an action
only to those states which satisfy its precondition.”

The quote explains that the intersection reflects multiplication of
independent uncertainties. But the quote does not explain why we
can assume this independency, nor does it explain what kind of ac-
tions actually ensure independency under the constraints imposed by
the preconditions.

I will approach the question concerning the reason for taking an
intersection from a slightly different angle. Prima facie, one might
consider taking an intersection surprising: if an agent performs the
same action from states he cannot distinguish, it will also not be able
to distinguish the result states. And if an agent does not distinguish
two actions from a state it does distinguish, again two or more indis-
tinguishable effect states will result. This would then rather suggest
that we should take the union instead of the intersection. So why is it
that the intersection is the right choice? The rough answer is: because
the actions of action models are ‘testing’ or ‘observation’ actions.
Such actions always aim at reducing uncertainty. Furthermore, what
these actions observe, must be true in the state where their precondi-
tion holds. So there is just exactly only one way in which observation
actions can result in uncertainty: from an uncertain state it must be
uncertain whether the observation has taken place. That explains the
intersection.

This also sheds light on the question above, concerning the rea-
son for the independence of the uncertainties involved. The indepen-
dence is explained by the reasonable assumption that observations
themselves do not interact with the conditions observed®.

The term ‘observation’ should not be taken too literally here. Ac-
tually, from the level of abstraction we are looking at information
transfer, ‘observation’, ‘testing’, ‘learning’ and ‘announcing’ are all
alike. The difference between these concepts can only become more
clear if we can differentiate between sending and receiving agents,
their motivations for transferring information, and their strategies for
dealing with new information. The present setting, without notions
like ‘agency’ or ‘intention’ is simply too abstract for that.

3 Product update and meta-observation

Many standard examples are explicitly about observations. A well-
known one is the following [3, p.130]:

Example 1 [n a situation with three colored cards and three agents

1 University of Utrecht, The Netherlands, email: broersen@cs.uu.nl
2 As far as I know, these observations have not been reported before.

3 Note that this assumption conflicts with the uncertainty principle from quan-
tum physics.



knowing their own card, agent 1 publicly observes a card of agent 3
(for instance, because 3 shows it to him).

The action model distinguishes three different observations: ‘1 ob-
serves 3 has red’” (1:r@3), ‘1 observes 3 has white’ (1 : w@3) and
‘1 observes 3 has blue’ (1 : b@3). Agent 1 and 3 distinguish these
actions, agent 2 does not. Below are the pictures for the static initial
epistemic model, the action model, and the product model.
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1 3 1:b@3
/ \ / \
by ———N—2 — whr Q) 2 2
\ / / / \
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3
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\3 3
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brw — 2 — wrb
Figure 1. Agent | publicly observes agent 3’s card

Now note that the description of example 1 also says that the ob-
servation itself is publicly observed. This is the first sign that some-
thing like ‘meta’-observations are relevant for the example. In the
following we will suggest that these meta-observations can be mod-
eled as action models themselves. We will refer to these models as
‘meta-action models’.

But now let us first extend the above example in order to make
more clear what we mean.

Example 2 Agent 3 has left the table, leaving his card on the table.
After coming back he suspects that 1 has taken a look at his card,
which, in fact is indeed what happened, and it happened publicly.
Agent 3 publicly announces his suspicion.

Figure 2 gives the right product model resulting from taking the
product with the appropriate action model for this example. The
model contains both the epistemic model of the initial situation and
the epistemic model resulting from the previous example, and agent
3 hesitates between these two models. But what is the action model
that produces this product model? Of course, it is not too difficult to
find the right action model. However, below we show we can decom-
pose this problem into two problems: finding the appropriate action
model and finding the appropriate meta-action model.

It is rather clear that in this example there are at least two levels
of observation. First there is the level where individual agents get
to know the results of the card showing action. This level is exactly

\ rwb—2—bwr

\
rbw \ —wbr\ 3
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Figure 2. Agent 3 suspects agent 1 has seen his card

the same as in the first example. Therefore, in figure 3, that gives
the action models for the observation and the meta-observation lev-
els, the observation level action model is the same as the one in fig-
ure 1 for the first example (with the exception of the non-connected
‘skip” world, which we discuss later). Indeed, we might say that the
only difference between the two examples is on the level of meta-
observations: in the first the meta-observation is like a public an-
nouncement, and in the second the meta-observation action model
contains at least two meta-observation actions ‘3 observes that 1
takes a look at 3’s cards’ and ‘3 observes that 1 observes nothing’.
Agent 3 does not distinguish between these actions (because he does
not know whether the looking action actually took place). But agents
1 and 2 can distinguish between the two. Note that this meta-level
action model models the suspicion of agent 3 as the hesitation about
whether or not some observation has taken place on the observation
level. Maybe the hesitation and suspicion originates from agent 3
not being sure whether or not he saw that agent 1 was taking a look
at his card. Also note that the meta-level contains a third action: the
meta-action of agent 3 not meta-observing anything at all (‘skip”). To
make the view using meta-levels of observation work, for all agents
in the system we have to add such ‘non-observation/skip’ actions at
any level and meta-level. Note that in the meta-level action model
of figure 3, I only give the non-action for agent 3. Actually, to pre-
vent the picture from being flooded by states that are inessential for
explaining the idea I do not give any of the meta-level observation
actions of agents other than agent 3. This is why the figure says ‘etc.’
in the meta-level action model. In particular, as long as at the di-
rect meta-level there is no uncertainty about inaction, the non-actions
can be neglected. For instance, note that using the observation action
model of figure 3 in stead of the one in figure 1 to solve the first ex-
ample, does not make a difference. In particular, if we stick to the
original set-up, with only one level of action models, adding a non-
observation action to the action model does not make a difference as
long as there are no uncertainty relations linking it to other actions.
Finally, note that the product model resulting from the product of the
observation model and the meta-observation model, when multiplied
with the static epistemic model, yields the product model of figure 2,
as required.

Now, what are the preconditions for the actions in this meta-
observation action model? And how exactly do we define the prod-
uct of the meta-observation model and the observation model? The
preconditions for the meta-observations are straightforward. Just like
for the observation action models they just say that we can only ob-
serve what is actually true. For the action ‘observing nothing’ this
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Figure 3. The meta-observation as a meta-product

means we get T as a precondition, because it is an action that can
always be done. And as expected, since this is all about observa-
tion, for the product of an action model and a meta-action model we
also take the intersection of uncertainty relations. Finally, we get the
‘restricted’ product by checking the preconditions of the meta-action
model on the action model. In the specific example we deal with here,
we have three meta-observations. The meta-observations 3 : (1—obs),
3:(1-skip) and 3—skip. The first meta-action has a precondition that
is true on all actions of the observation model where agent 1 observes
something. The second has a precondition that is true only on the ac-
tion in the action model where agent 1 observes nothing. Finally, the
precondition of 3—skip is true on all actions in the actions model. But
this part of the meta-product only yields an unconnected copy of the
action model.

In example 2 above, there is also a third meta-level of observa-
tion. Because of the involvement of this level, we say that agent 3
announces its suspicion. This ensures that the third meta-level is a
public announcement. Actually, for any example we come up with,
in principle infinitely many layers of observation play a role. Any
observation is itself an action for which we can ask whether it is ob-
served. So, for any observation potentially infinitely many actions
are performed at the same time: every observation possibly has a
meta-observation. In the examples above, this infinite hierarchy is
broken down by the first meta-level of observation that is a public
announcement. Actually, for any well-specified example, the highest
relevant meta-level of observation is always a public announcement.
If not, the example is under-specified, and leaves room for a non-
deterministic interpretation of the update. Actually, in most examples
in the literature, implicitly a closure assumption is applied: if nothing
is said about the meta-levels of observation, it is assumed that they

are public observations closed under meta-observations.

4 Future Research

The setting raises several questions. I briefly mention a few of them.
The first is that products and meta-products are not associative. This
is quite easy to see from the example above. The meta-products
should always be taken first. In particular, if we first take the prod-
uct of the static model and the observation level action model, it is
not clear how to take the product of the resulting product model with
the meta-level action model. Performing products in this order is not
even well-defined. But also it is clear that we throw away informa-
tion by first taking the product with the action model instead of the
product with the meta-action model. We cannot recover this infor-
mation. A possible problem is that associativity might be important
for certain examples. For instance, what if only at a later moment an
agent learns that his looking at the cards was observed or suspected
by another agent. Since we do note have associativity, this can only
be modeled by keeping track of all action and meta-action models
over time.

Another interesting question is how we can add agency to the pic-
ture. Actually, viewing the actions as observations of specific agents,
as we did in the above examples, is a first step in this direction. For
every observation action it is important to describe whose observa-
tion it is, since on the meta-observation level this information is used.
And for each observation action it is important to describe whose ac-
tion is observed. Above we used an ad-hoc notation to describe ac-
tions. An obvious route for investigation is to try to turn this notation
into an action language for observations and meta-observations.

One of the principles that suggest themselves is that agents always
observe their own observations. Note that the setting we sketched
actually does enable us to model situations where this is not the case.
However, methodologically it would be strange to allow this. We do
not want to get into the territory where agents make ‘sub-conscious’
observations.

The current set-up also enables us to speculate about a view where
all knowledge is viewed as observation®, even at the ‘lowest’ level.
It is not too difficult to translate a standard static epistemic model
into an action model containing the same information. This is ac-
complished by also seeing the knowledge of each agent at the lowest
level as an observation. For instance, in the cards example, the static
model is equivalent to the action mod