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ABSTRACT:This paper proposes the use of actor technology as high level tool to design evolutionary systems.
Actory programming allows the achievement of concurrent computing without facing low-level,
hardware/software parallel feature. Actor are provided with fuzzy knowledge base which undergoes
evolutionary process. Fuzziness and Evolutionary characteristics allow a deeper representation of open
information system cvolution also enabling to simplify the design of the knowledge base of actors.

1. INTRODUCTION

Genetic algorithms (GA) mimick an evolution process in order to solve an optimization problem. Each
individual represent a potential solution and is encoded numerically into a set of chromosomes. A fitness
function estabilishes a value of survival of the individual - the closer the corresponding numerical Minction to a
certain criterion, the better fitness that individual is given.

Artificial evolution genetic algorithms (AEGA) are a particular class of genetic algorithms. Generally AEGA
arc useful for three kinds of research: natural evolution, evolution of complex behaviour of artificial organisms,
function optimisazion,

The major issue in designing evolving systems, is the capability to represent efficiently adaptation [Loia and
Scandizzo 1995, 1996]. As pointed out in [Fogel 1996] adaptation consists of three aspects : prediction, control,
feedback. .

Thus work proposes the Actor Modzel as a metaphor of high level evolutionary distributed computations. The
Actor Model. iniually introduced in [Hewitt 1977] has been computationally defined in {Agha 1986].

Each actor embodices passive information via its own acquaintances - slots containing data - and reacts to
external sumuli by triggering its scripts - a tvpe of internal funcuoning. Actors are individual entities which
execute local tasks when external messages are received and stocked in their mail-box. Comumunication is
allowed v1a 3 message passing protocol. which is based on a simple concept: the external knowledee of an
acter corresponds to a set of addresses of its neighbours. The actors work assnchronoushy in a parallel universe
to achieve common goals by means of collaborative plans; each of these actors possesses partial knowledge of
their environment, but potentially, through message passing of tasks, it gets a global perspective of the overall
net. We decentralise control by delegating a designed actor to accomplish specific dutics and by augmenting the
distnbution of control activities, ) _
Actors have a deadline to accomplish their tasks and are decmed to expire once this time has come. Their
results are defined n terms of a function they have to maximise,

When finished actors spread out their knowledge base and resources, which are used to build up new actors.
New actors may be identical to the previous one (if they demostrated optimal behaviour) ; more probably they
would show innovative feature, which eventually enable the survived actor to cope with the new situation.

To treat with simplicity the implementation details of our framework we adopt in this paper the ESAL
formalism [Dattolo and Loia 1996] , briefly introduced in the following section.

2. ACTOR MODEL: SEMANTICS FOR OPEN INFORMATION SYSTEMS

Open Information Systems (OIS) are large-scale information svstems that react to continuos interactions with
the external world. In [Hewitt 1991], a deep reflection about the role of distributed Antificial Intelligence (DAI)
in OIS underlines the necessity to provide a framework in which important issues of Al are integrated.
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In this paper we face the problem of finding appropriate high level software paradigms able to represent the
computational complexity of OIS Due to the deep interaction, and consequently to the impossibility to maintain
a closed world assumption, it is necessary to radically change the usual -algorithmic- approach useful and
efficient whenever a unique output is delivered for every input. The irreducibility of algorithms to interactive
behaviour [Wegner 1995] forces us to adopt more suitable modelling paradigms to represent interaction
machines, 1.e. extensions of Turing machines towards open systems.

The framework is viewed as an environment in which a continual flow of new information is originated from
numerous actors. Actors exploit massive concurrency; they own local data (acquaintances) and perform
concurrently functions (scripts) which can change due to an evolution of the whole environment. The
decentralisation of knowledge and tasks is not an obstacle to global actions, cooperative, collaborative duties
(some of these based on hybrid mechanisms) may be used to coordinate their local objectives. Message-passing
facilities is the only communication strategy allowable for the actors.

The actor model satisfies the double requirement of high-level programming and efficiency. Actors combine
object-oriented and functional programming in order to make easier for the user the management of
concurrency. Briefly, the actor model can be synthesized es follows:

« the universe contains computational agents, called actors;,

« actors perform computation through asynchronous, point-to-point message passing;

« each actor is defined by its state, mail queue and behaviour,

« an actor's state is defined by its internal data, called acquaintances,

« an actor reacts to the external environment by executing its scripfs.

« scripts are activated accordind to fuzzy control rules , which constitute the genotype of an actor.

« a genctic algorithm is used to produce new actors from expiring ones, by processing fuzzy genotypes.
Evolutionary actor programming paradigm represents an interesting approach in treating OIS because it is able
to manage concurrent distributed and interactive computations but also to formalise the adaptive and
evolutionary transformations affecting an open and competitive environment, where parameters characterising
optimal behaviour change from time to time.

In order to make our discussion more abstract, instead of using a specific actor language we prefer to formalise
our model via a pseudo-actor language that facilitates the specification of the different actor entities by
differentiating task definition and distribution.

2.1 ACTOR DEFINITION
The construct Def is used to define an actor, according to this form:

(Def myuactor
with-acquaintances (. . .)
with-communication-list {task args}
with-control rules list (.. )

Essentially, an actor is composed of a data part and a script part; this last section is a sequence of possible
scripts which can be executed by the actor. Seript exccution relies on the status of the actor (data) and the
messages it receives from other actors.

The causality relationship between actor's activity and actor’s status is expressed via fuzzy control rules:
ifacq; is a;, acq: Is ay, ..., acq, is a,
then tasky is (3, tasks is By, .. task, is B, (%)

where oy, &, ..., &, arc fuzzy number representing the cvaluation of the data variables acg; ; and By, P ..., P
are fuzzy numbers representing the causality values of tasks with respect to the given set of data.
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ASK ACTIVATION

. definition of an actor, many fuzzy control rules may appear. The task activated is determined by the

ving procedure.
be the number of fuzzy rules; the ith fuzzy rule will be referred as:

| is oy, acqy is i, -+ . , ACGa 1S O
then task; is fj, task; is B, . .

st
given the status {acq,, acqy, ..., 3cqn}, the task to be activated will be task, if and only if:

n r n

Na,(acq,) B, { = max| Qa,,- (acq,) B,

=1 =1 | j=

 a logical point of view, if {acq,, acqy, ..., acqs} is the status, the ith rule says that the jth task can be

ated with possibility equal to ¥, = @, (acq,) Nay(acg, ). a;,(acq,) N By . By taking the logical

] Iaskm is BIITI

- .
mum 7; = U 7, we have the overall possibility value for the jth task to be executed, with respect to the
i=1

t of fuzzy rules.
task actually activated is the one for which the value = is maximum among the m possible tasks.

A\CTOR EVOLUTION

y rule (*) can be encoded as a string like the following:
CSTS.. Cs-]Ys'l ......... ClTl ("}

re (Y1, Y2 Y} = {00 G200 En ) By Payreccy B}
any c; is the subset of {acqy, ..., acq, jw{task,,..., task, }, whose elements all have the evaluation y;
string (**) is a compact, and value ordered version of the rule (*), where each evaluation appears exactly

.ﬁs new form two fuzzy rules can be aggregated by using the following procedure [Gisolfi&Loia 95]:
n
2, %M a1 g™
bmﬁ”‘bm,1 Dm-l by .B!
€
B=(:lna“ﬂn_1a':“] ..3|u1 ).’J_\(b-n[x’m bm_', E""'I....b] BI) =

_Ln_lym+n-1 ,,,,,,,,,, cpY!
« forn>m
1 'l [
Gr-;-l"‘b; 1gsi<m ;}:}é(a.;-wﬁ) 1sism-1
J=l =l
m<i<n

1 L3
y,:«—Z}é(a‘;-wﬁ) msisn-1
m

. : 1 s
a,_ iy .b-f nsi<m+m - Z}é(a,‘,_,q.ﬁ) nsismn-=1

n+m=i i

ere the ~ and w are the well known operations of set-join and set-meet;
ym rules ’
cq, is @, acq; is [ then task; is 7, tasks is a

1cq, is f, acq: is a then tasky is f, taskzis y

get the representation (supposing vy < p < o).

= [acqy, taska]*(acq:)"[tasky )"

= (acqs]*[acqy, task, ) [task.]’

d aggregating R; and R; we obtain a stnng like

= [acq., acq]* [task, ) [task,]”

1ich represents the rule

acq, is 8y acq; is & then task, Is Sy task; is &;
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iere 8y, 5 and &, are fuzzy numbers vielded by the fuzzy aggregation operators.

is aggregation is the basis for the evolution of the actors” knowledge base. We refer to R; as the offspring of
> mating rules R, and R,. Given a population of acfors Act, Acty, ..., Act,, each actor keeps on with its fuzzy
les for a certain amount of time, During this pericd it would gain credit as the value of the function it has to
Iximize (actor’s target or fitting function). Actors with large credit can continue their life. Actor with small
=dit finish to die and be replaced by new actors, whose fuzzy rules are obtained by mating the knowledge base
the well performing actors. Moreover the resulting new population of actors undergoes a mutation operator.
utation means that actors fuzzy rules can be modified (with small probability) by changing the fuzzy numbers
ached to the tasks and acquaintances.

ONCLUSION

e evolution of knowledge representation models from declarative-based approach,in the 1960s, to agent-
sed approach in the 1990s has increased the interest of research community in how agent-based systems can
present and handle knowledge-based decision making processes.

his work presents an actor-based model to describe fuzzy evolutionary systems. Different features makes this
yproach novel and interesting: the actor model is more suitable to represent systems with high interaction
Vegner95] the actor approach introduces concurrency in fuzzy information management; the uncertainty
formation contained in actors makes more flexible and robust the overall inference methodology of the
stem; the evolutionary target of the architecture increases the reactivity of the system. This last aspect is more
iportant, " Standard” actor-based models may suffer of staticity (i.c. it is not easy the possibility to transform
iirely the actor entities). As future works we intend to investigae about real size case-studies, such as
presentation and simulation of global markets [Merz and Lamersdorf 1996] [Gasser 1994] and distnbuted
agnostic systems [Gisolfi and Loia 1996]. ;
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