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During my stay at IITA-CSIC in Barcelona I had an intense collabora-
tion with Pablo Noriega, Carles Sierra, Pilar Dellunde, Marc Esteva and Jordi
Sabater-Mir. We have discussed on many different topics related with the theory
of institutions, speech act theory and game theory.

In the first part of my stay I have presented my general approach to insti-
tutions based on the notion of acceptance [4, 5]. T have discussed with Pablo
Noriega, Carles Sierra, Pilar Dellunde, Marc Esteva about the integration of
this model with a BDI architecture of an autonomous agent, in such a way that
the extended model could explain not only how norms are established through
agreement by the agents in a population, but also how norms are internalized
by an agent and how they affect his decisions. We have also investigated the
relationship between speech acts (orders, promises, delegation, etc.) and insti-
tutions:

e how speech acts are responsible for norm change (e.g. how order and
delegation create obligations, how promises create commitments, etc.)

e how certain rules of institutions specify the sequences of speech acts that
are executable, and the conditions under which a given speech act is ex-
ecutable (e.g. during an auction, a person can make a bid only if she is
registered in the auction).

In the second part of my stay at ITIA-CSIC, I gave a seminar on game theory
and on the logical representation of individual preferences and group preferences
with title “A Logical Account of Social Rationality in Strategic Games”.

Moreover, together with Pablo Noriega and Carles Sierra, I have put the
basis for a joint the work on the logical representation of institutions. The idea
of this work is to provide a simple logical formalism which allows to formalize
institutions and their dynamic aspects, and which directly maps into the model
of institutions proposed by the IITA-CSIC group [1].

The following are the main features of the notion of institution that we have
discussed and that the logical formalism should be able to represent:

1. An institution can be seen as a set of scenes (or contexts) plus a set of
variables that are instantiated with certain values. Variables are used to
specify the current state of institution. For example, in the case of an
auction, a variable is used to specify the current bid of an agent playing
in the auction.



2. A scene is a set of rules that specifies the actions that can be performed
(i.e. are allowed) in a given situation, and the effects that an action will
produce when it is performed in a given situation. For example, in the
case of an auction, there might be a rule saying that one can make a bid
only if he is registered in the auction. There might be another rule saying
that if a person bids a certain amount of euros for a given product and
nobody else makes a higher bid, then the person will be the buyer of the
product.

3. An action is nothing else than the process of changing the value of a
given variable. Therefore, a first kind of institutional dynamics consists
in changing the values of the variables specifying the current state of
institution. For example, in the case of an auction, a person might bid
300 euros for a given product (i.e. set to 300 the value of the variable Bid).

4. Another kind of institutional dynamics consists in changing the rules of a
scene in a given institution. For example, in the case of an auction, one
might cancel the rule saying that a person can make a bid only if she is
registered in the auction. After this rule has been cancel, it will possible
to make a bid without being registered in the auction.

In the following section I am going to sketch the main ingredients of the
logical formalism that we have elaborated during my stay at IITA-CSIC and
that we intend to use as a specification language for institutions.

1 DLI: towards a dynamic logic of institutions

This section introduces the main features of the syntax and the semantics of
the logic DLI: a dynamic logic of institutions.

1.1 Language

Let V = {x,y,...} be a non-empty finite set of variables. We suppose that
each variable x € V takes values from a non-empty finite set of variable assign-
ments Valy. For each set Valy, Instyx is the corresponding set of all possible
instantiations of variable x. For example, suppose that Valy = {v1,..., v} then
Insty={x=uv1,...,x=v,}. We denote by Inst the set of all possible instantia-
tions of all variables, that is: Inst = |J, oy Inst.

At = {x—uv|x € Vand v € Valy} is the set of variable assignments. For
instance x«—wv is the event of setting to v the value of the variable x. Variable
assignment is a generalization of the concept of assignment in the sense of [3, 2]
where variables are propositional, i.e. they can have only two values (1 for true
or 0 for false).

The language of DLI is made up of events o and formulas ¢ and is defined
by the following BNF:



a = a|laalaUa
o = x=u|a~b|Pre(ax=v) | T|L|~¢|eVe|lae

where a, b ranges over At, x=v ranges over Inst. The set of all formulas ¢ is
noted Fml, and the set of all events « is noted Fut.

The set of events Eut includes variable assignments, sequences of events (;)
and undetermistic choice between events (U). The set of formulas Fml includes
atomic formulas x=v that has to be read “the value of variable z is v”, and also
special constructions a ~ b and Pre(a,x=v). a ~ b means that “the variable
assigment a triggers the variable assignment b”, that is, “if the variable assign-
ment a occurs then the variable assignment b will also occur”. For instance,
(x—v) ~ (y+<u) means that if the value of variable x is set to v then the value
of variable y will be set to u. Pre(a,x=v) means that “x=wv is a necessary pre-
condition for the occurrence of the variable assignment a”, that is, “a can occur
(is allowed) only if the the value of variable x is v”. For instance, Pre(x+—v,y=u)
means that the value of x can be set to v only if the value of y is w.

Here a couple of examples that better illustrate the meaning of these formal
construnctions.

Example 1 The formula (UrbanCenterSpeed«—80) ~» (SpeedLimit— exceded)
means that if a car runs at 80 km/h in a urban center then the driver will
excede the speed limit and will make a traffic violation.

Example 2 The formula Pre(Speed<— 130, Zone=highway) means that a driver
can run at 130 km/h only if he is driving in a highway.

Finally, [a]¢ are dynamic operators describing the effect of a given event .
[a]¢ means “after the occurrence of the event «, ¢ holds”.

1.2 Scences and DLI models

The following are the formal definitions of a scene and of a DLI model that are
used to interpret the formulas given in Section 1.

Definition 1 A scene is a tuple S = (D, P) where:

e D C At x At is a dependence relation between variable assignments such
that:

— if (x—v,y—u) € D and (x—v,y—t) € D then u =1,
- (x—v,x—v) € D;

o P: At — 21"t s a precondition function for variable assignments.

The relation D specifies the dependence between assignments. (x«—uv,y«u) € D
means that the variable assignment y<u depends on the variable assignment
x«wv, that is, if the value of variable x is set to v then the value of variable y
will be set to u. The function P specifies the preconditions of a given variable
assignment. x=v € P(a) means that the variable assignment a can occur (is
allowed) only if x=v holds.



Definition 2 A model of an institution (DLl model) is a tuple M = (S, (7x|x €
V)) where:

e S is a scene;
o for everyx € V, mx € Valx.

1.3 Truth conditions

Given a DLI model, the events x«wv are going to be interpreted as valuation
modifiers: they change the value of a given variable. In particular, x<v sets
the value of the variable x to v.

The truth conditions are the usual ones for T, L, negation and disjunction,
plus:

M |=x=v iff m=vw

MEa~Db iff (a,b) €D

M |= Pre(a,x=v) iff x=ve P(a)

M = [x—vlp it MV =
MEffly it (M) o
ME[aUflp ifft M*gor MP =g

where the model M*~? = (D*~%, P*V (7~ "|x € V)) is defined as follows.

D=V = D
p—v = P

e my  if there is no u € Valy such that (x—uv,y«—u) € D
"y  lu if (xe—v,y—u) €D

Validity and satisfiability are defined as usual.
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