{ }

I I , ,

, , ,

Abstract

Institution ⟨D F P S B R⟩

D F

P S

B R

D F ⟨ C L L ⟩

Definition 1

Agents Roles So cialStructure Time

A formal framew ork for accoun table agen t

in teractions

Carles Sierra, Pablo Noriega

I I IA–CSIC

Campus UAB–Bellaterra, 08193 Barcelona, Spain.

sierra,pablo @iiia.csic.es

inter action pr oto c ol

rules of b ehaviour

An , , is a 3-tuple , wher e,

1. is a

2. is a ,

3. ar e the to which p articip ating agents ar e subje ct to.

Dialo gic al F r amework

c ontext

Agent based technologies may constitute a crucial technology for electronic commerce,

but only as long as they can inspire adequate confidence to their p otential users. W e

prop ose to contribute in this direction by developing a notion of ”accountability” of

agent interactions, which we base on two main constitutive elements: agent-mediated

institutions, and shielded agents. In this pap er we motiv ate the need for this typ e of

accountability

, and discuss examples of typical features that such accountable interactions

should exhibit. W e intro duce a formal framework to define agent-mediated institutions

and develop means for shielding agents in order to characterize accountable interactions

and then show how relev ant features can b e identified and tested. W e illustrate the

applicability of these ideas in an agent-mediated electronic market place based on the

traditional fish market.

Intuitively

, an agent-mediated institution is the computational realisation of a set of

explici t enforceable restrictions imp osed on a collection of dialogical agent typ es that concur

in space and time to p erform a finite rep ertoire of satisfiable actions.

F or that characterisation, we will assume that agent interactions are systematically linked

to illo cutions that are comprehensibl e to participants and refer to a basic shared ontology . W e

furthermore assume that all agent interactions are p erformed according to a pre-established

, and that other explici t constraints on illo c utions and their intended

usage and signification can b e co ded into the to which participating agents

are to sumbit. Consequently ,

=

dialogical framework

p erformative structure

rules of b ehaviour

The , = , , cap-

tures the intuition of . It makes explicit, on one hand, the participants and their basic

roles, as well as their relev ant so cial interrelationships. On the other, it also makes explicit

1

1

a

a

∪

∪

□

◇

S SDG

IF THEN

Definition 2 n

n

a

a

a a

a c

a c r ules

a a

a

a

a

a

C L L

P S ⟨ ⟩

B R

∧ ∧

∈ C L ∈ L ∪ C L

B R

B R B R

B R ⊢ ⇒ ⊢

⊢ ⇒ ̸⊢ ¬

,

ψ . . . ψ ξ

ξ ψ , . . . ψ

c

a

a Rol e a Rol e a c

ι a, b, ϕ, t

ι a, b, ϕ, t

a Rol e a

Rol e a c a c Rol e a

a ι a, b, ϕ, t

Rol e a ι a, b, ϕ, t T ι a, b, ϕ, t

T ι a, b, ϕ, t B Rol e a ι a, b, ϕ, t

a c c

c a

a

c

c a

a

c p erformative structur e

r ole

inter action pr oto c ol

Sc ene Dep endenc e Gr aph

intende d b ehaviour

governor c o-agent

r e quir e d

Given an agent of typ e and subje ct to a a set of rules of b ehaviour

, for , is the minimal agent such that upholds

for . I.e., if for every il lo cution

1. , and

2.

i.e,

e.g.

r e quir e d answer the communication and ob ject languages, , that will b e neded for illo cutions to b e

shared b etween particpating agents, as well as a common notion of time to which sequencing

of interactions may need to refer. Note, however, that nothing is said ab out the internal

comp onents of participating agents in this framework, only general rules of b ehaviour are

later on prescrib ed.

A , = , is a set of interdep endent scenes. Each scene

is defined as a set of agents who are each to assume a given , all of the agents are sub ject

to a common . Proto cols are finite state machines where state transitions

are lab elled by illo cutions and states have asso ciated memory stacks (of “commitments”).

W e use a to establish causal and temp oral co-dep endenci es among

initial and terminal state commitments of different scenes.

captures the notion of by assigning to each participating agent a

collection of schemata of the form:

( )

where , and . These schemata should ideall y b e part of the agent’s

internal theory

, in order to guarantee that the agent upholds the institutional conventions.

T o get a handle on this issue, we intro duce the notion of —or — to denote

an agent-like entity that enforces the rules of b ehaviour for an agent-typ e role onto a

sp ecific agent .

Given an agent of role ( ), whose rules of b ehaviour are ( ( ))

, actual

b ehaviour should b e consitent with those rules in the sense that for whatever illo cu tion

( ), if it is by the b ehaviour rules, it will b e uttered by the agent–co-agent

pair, and if ( ) is uttered by the agent–co-agent pair, it is not forbidden by the rules

of b ehaviour. These consistency conventions may b e stated as follows:

( )

( ( )) a co-agent ( ( ))

( )

( ( )) ( ) = ( )

( ) = ( ( )) ( )

And then prop erly implemented. Intuitivell y

, we will have a pair of agents —an agent

and its co-agent — acting as one. The co-agent filters all incoming and outgoing

illo cuti ons, and in general guarantees that all rules of b ehaviour asso ciated with the agent’s

typ e are actually met. Thus, receives all incoming illo cu tions and re-sends them to who

may delib erate on them. In the meanwhile, the co-agent delib erates and prepares whatever

illo cuti onary actions may b e required by the rules of b ehaviour, and also identifies those that

may b e consistent with it. When, after its delib eration, utters an illo cution, it is filtered by

– if the illo cution is appropriate it is re-uttered by the co-agent, and if the illo cution is

inappropriate the co-agent inhibi ts it, and gives the agent an indication of failure– and the

pair – pro ceeds to a new state. Hhowever, if a triggering condition is met — , if there

is a time constraint for a resp onse— and has not b een able to pro duce a ,

then should provide a default answer to guarantee compliance with the existing proto col

and rules of b ehaviour and informs the agent of its execution.