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Abstract

In the work, an andyds of gpplicability of inteligent autonomous software units as
dructurd dements of complex highly autonomous sysems such as intdligent computer
advisors and robot “minds’, is presented. Suggested web architecture of such units is based
on theoreticd frameworks of cognitive perspective and human organizations. Autonomous
intdligent units can be seen as specific intdligent agents. They ae defined according to
the TOGA theory paradigms and conceptudizations, and are cdled personoids. A
gpecificity of the personoid introduced relies on its, so-cdled, dructurd intelligence.
Structurd intelligence results from the assumption of functiond architecture of every
intdligent unit and it does not depend on personoid current knowledge which may be
modified from outsde by the user, and from indde by learning processes. Personoids do
not need to be emotiona, therefore smplified, and not redigtic for people, and modes of
human organization, such as the bureaucracy modd of Max Weber, can serve as a useful
example of a personoids organization oriented on the system design god. At present, a
personoid organization is conddered as a possble architecture for the reasoning kernd of
Intdligent Decison Support Sysems employed in the indudrid emergency management,
a wdl as a MAS sysem of autonomous task-bots supporting management of large,
complex and didributed infrastructure networks (energy, gas, services, public
adminigration).

Keywords: agent, intelligent agent modeling, intelligent software, software architecture,
decison-making, Artificial, Intelligence, Intelligent Agent Technology, personoid, TOGA
theory, preferences, knowledge, learning, Decision Support System, MAS



personoid: humanlike intelligent software-being living only in
computer systems and forming social structures, observable and
manipulable from the exterior but without any contact with
computer output/input devices.
[invented by Stanislaw Lem (a famous science-fiction writer):
“NON SERVIAM” frombook “ Insomnia” , Cracow, 1971]

1. Introduction

The actud trend in the emerging software technology is to produce systems that are dways more
active in the interactions with their users. Many approaches and drategies are currently used and
tested in this ressarch fidd, but probably the most fruitful technology worldwide experimented is
Intelligent Agent Technology to be based on a multi-agent approach (MAS, multi agent sysems).
Its man issue is to didribute heterogeneous problem knowledge and its management drategies
among certain number of more or less “inteligent” oftware agents assigned to the tasks in
different activity domains, knowledge contexts, and defined on various abgiraction levels.

The presented gpproach is based on the application of a uniform modd of highly-autonomous
functiond units cdled personoids, and on the framework of an abstract human organization for the
deveoping intelligent software systems.

The theoretical background adopted in this work is the TOGA (Top-down Object-based Goal-
oriented Approach) knowledge ordering framework [Gadomski, 1990,1993,1995]. It includes
ontologicd and epigemologica requirements to abstract intelligent agents (AlIA). Personoids are
AlAs with properties and intelligent architectures specified in TOGA. TOGA dso includes some
generd vision of the real world represented from the perspective of AlA.

In this paper we discuss some practicd aspects of personoids which can be consdered as
dructural elements of modern software systems. Personoids  Organization Framework (POF)
should enable modding of human managerid activities in frame of one conceptudization
framework. The roles of a human and computer advisor are obtained by functiona decompostion
of an ided manager, for example, an emergency-manager what is discussed in [ Gadomski at 4.,
1995].

The key dements of the POF approach is an uniform architecture of the cooperating, role-
dependent, autonomous personoids in frame of a functiond centrdized or digributed schema of
organization.

This paper is an extention of the articleaccepted on the 11th International Conference on
Mathematical and Computer Modeling and Scientific Computing [ Gadomski,1997].

Someinitial intuitive definitions

personoid: personlike; being that is person in formonly, having the formof person; isformed as
person. [extrapolated from The Concise Oxford Dictionary]

person: human being recognized as an individual in social and psychological contexts
[ from The Concise Oxford Dictionary] .



form: a structured meta-property of a thing, being, individual, behavior, change, which includesits
essential features.

society: an enduring set of beings which cooperate for common interests.

softwar e architecture: a structure of functional software units, defined aswholefor the achieving
the system design-goals.

autonomy (inthiscontext): a capability of a functional software unit to execute tasks accordingto
its own information, preferences and knowledge/ beliefs not limited by any external requests how
these tasks have to be executed.

high autonomy: a faculty of autonomous task execution according to its own modification strategies
of the proper information, preferences and knowledge/beliefs, and adequate only to available
means/r esour ces

.2. The concepts of Agent and Intelligent Agent

There is 4ill big confuson in underganding, redization and gpplication of agents They ae
locdized in various contexts, from cognitivisic modeling of human behavior, though robots and
software functional components to autonomous software agents employed to sdected class of
tasks, for ingance, information agents or mobile internet agents. The concept agent is used in the
subject matter literature in two basic contexts.

The fird is a software engineering where an agent is the softagent which interacts with only
software entities in the computer software world  which can be digtributed over different types of
computer networks. The software agents execute, in more or less autonomous, or in more or less
intelligent manner, the tasks of humans and of other softagents according to the more or less
humantlike role-functions designed by software specidigts. In this way the softagents “live’ in the
abstract symbolic worlds composed of programs, files, directories, drivers, dl being caried by
computers. They require from the human users the communication protocols expressed in terms of
this world representation. In the above context, human computer interactions usudly are formaized
in cdasscd <oftware manner. Information agents, various INTERNET agents, data-base
management agents are example of such understood concept of agent.

The key element of softagents or botsis their reciprocal communication capability in aforma ACL

(Agent Communication Language) proposed by FIPA [FIPA,97] or KQML [see Internet] developed
iINnUSA .

The second context of the term agent is a cognitive and enginesring attempt & the explanation,
modding and smulation of human menta functions. The agent or intdligent agent is andyzed as
some abdraction from a human person, for the Specification of various professond, socia and
psychologica roles. Usudly these agents environment is a vison composed with  presdected
agoects of the rea world. The cognitive agents need to act autonomoudy or to support human
interventions, for ingdance in humans decisonmaking processes . They “live’ in vaious
amulations or act indirectly in the physica, never completely describable domains.

Apart of their different environments, in both cases, they must model domain of activities and plan
actions.

In my opinion, the personoid concept seems to be intuitively congruent and complementary to the
vaious agent definitions being invedigated in “agentology” (soft agents, inteligent agents,
cognitive agents, softbot, human agent, etc., see for ingance [ S.Franklin, A.Graeser,1995/6]).

In the agpproach assumed here, we initidly accept the following generd functiond definitions of
software agent and intelligent agent:



software agent isa functional software module which uses a formal language to communicate
with other software agents, is able to execute some class of external tasks, and has autonomy in
its environment, during these tasks realization. It also reacts on the predefined states of its
environment according to its own build-in preferences and available knowledge/beliefs.

intelligent software agent is a software agent with a capability to change and to evaluate its
own preferences and knowledge, i.e. it has ability to learn and to change goals if the initial
goalsare not reachable.

We should notice that the last definitions of intelligent agent and agent are referred to structural
properties of “intdligent systems’, i.e such inteligent agent is intdligent independently on the
quantity and qudity its doman-knowledge/bdliefs and behavior [Gadomski, Zytkow,1994]. Such
classof intelligent agents are called personoids.

If we use term agent, its meaning refers to any software or rea-word agent/inteligent-agent. For
the above reason the term  personoid has been introduced as a certain kind of abgract intelligent
agents

The TOGA concept of intelligence is founded on a sructura pattern of an abgract smple agent
[Gadomski, 1994], this assumption is contrary to the behavior based definition of intelligence, more
frequent in the subject maiter literature. but it should be more efficient for the inteligent systems
design. The behaviora intelligence is dways vishle, the structural one, if knowledge or preferences
arewrong or not sufficient for task executions, can be not observable by the users.

The important advantage of this approach is that dl role-agents can be constructed using the same
personoid shdll. Therefore the structura definition of inteligence seems to be more efficient for the
design and reusing intelligent software architectures.

We should notice that TOGA is an intelligent-agent-based rather then an agent-oriented approach.

The discussed gpproach has evolved from the early (1989) formed the TOGA theory. It includes a
generd functiond architecture of an abstract intelligent agent (AlA). A clear digtinction between a
abstract simple agent and abstract intelligent agent is there performed. AIA architecture is an
“essence” of apersonoid, it does not depend from its physical redlization.

Intelligent agents have to have an ability to introspection, i.e. to the observation and reasoning
about their own physical and menta activities.

The TOGA software smple agents are called monads.

3. Highly autonomous software architecture

The man idea of this pgper is to devdop an intdligent software architecture [Gadomski &
Gadomska,90], [Gadomska,90], [Holt and Rood, 94], [Kirn, O'Hare,96] according to the personoid
and human organizations structures.

An approach based on Personoids Society should enable  modeding and smulation of  various
complex god-oriented activities in the frame of one uniform conceptudization framework where
the roles of the human and computer agents are results of dlocations of functions of the predefined
idedl intelligent aggregeate.

The autonomy of such architecture means that its dements redize their predefined functions in the
manner adequate to cagpabilities of their intelligent executors.

Commonly  known digtributed  architectures of MAS [Sng,1994], [Wooldridge1994],
[Wooldridge, 1995], [Internet] being developed in frame of the “naive phasg” of the DAI
investigations [Bond, Gasser,90] are not well suited to the design of the centrdized dructure of
highly autonomous indudrid software. They ae dther emphasizes the autonomy of distributed
agents governed by beliefs wishes, desires, intentions [Georgeff, Rao,1993] and emotions, or are
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srongly focused on agent's communications aspects leading to the development of agent-oriented
languages [Finin, Weber,95], [Gaspari,Motta,1993], [FIPA,98 - Internet]. For the well defined
indugrid ~ pecific  agpplications we rather require some functionaly centrdized architectures
conceptudly more smilar to human centralized organizations then to human associations. Here,
the emphasis must be putted on the roles and subordination of intelligent agents.

The intdligent software agents employed in the emergency-management support rather should
know then believe. Such gpproach requires a redefinition of the terms as intentions and freedomin a
new abdract and forma conceptudization sysem. More, many terms commonly used in
cognitive sciences, not only are not useful in software engineering, but they should not be used by
the reason of their mideading psychologica feding.

In this context we need to disinguish the meaning of the terms: distributed and centralized, what
will be discussed in the next paragraph..

For example, the main functions of ADSSs (Active Decison Support Systems) [Gadomski at
a. 1995 are: domain-information management, diagnostics, foreseen, decision-making,
planning, and communication with human usars. In the conceptudization of the POF
architectures, they are transformed in monad and personoid roles.

Therefore usng this framework, we ae adle to define two levds multi-agent where every
personoid is the firg leved MAS system and a Personoids Centrdized Organization describes the
second level MAS architecture.

Personoids may use common, passve or active software toolsmeans/resources, which can be
located insde and outside of the reasoning kerndl.

4. Personoids

4.1 PARADIGMSAND ARCHITECTURE

Cog is a humanoid robot. The moativation behind cregting Cog a the MIT Artificid Inteligence
Lab[Cog, INTERNET] has been the hypothess that "Humanoid intdligence requires humanoid
interactions with the world'".

Personoid does rot need a human-like physicad body it is rather an aogtraction of some functions of
the human mind which can be conddered as a basc entity for anyone, aways god-oriented,
intdlligent sysem.

The personoid shdl is a carier of "reasoning” frames. Of course, various reasoning “mechanisms’
IS possible to insart into the personoid architecture.

The TOGA personoid architecture is not intended as an exclusve unique representation of
personoids as an abstract “species’ but it is a concrete indication of they redization. In course of
the paper, if we use the term personoids then we rather think about the TOGA personoids.

The condruction of personoids is founded on edementary reaions between following basc
concepts:

information, i, inf : how Stuation looks (before, now, in the future)

knowledge, k : how Stuation may be classified and modeed, and what is possible to do

preferences, p : wha ismore important

goal, g : what should be achieved.
All mentioned concepts are relative and dways refer to a predefined domain of activity (d-o-a)
which isred or abstract. The state of d-0-a is represented by information.
Let us clear the meaning of sometermswhich are used in the subject matter literature.
domain-of-activity of the agent isthe reference domain of its’his knowledge and, from

the point of view of an externa observer it can be cdled knowledge reference domain.
information - aconceptudization either of the dates of thed-o-a itsdf, or of the Sate of
another world of objects which are symbolically represented in this d-o-a.



knowledge - anabstract carrier of reasoning processes, verified in adequate knowledge-domain
or acceptable after arationd meta:-reasoning.
Knowledge has two components.
descriptive  knowledge (phydcdly passve) which  describes  possble
interrlations, states, and Stuations in the d-o-a, and
operational knowledge (physcaly active) which conceptuaizes/describes
possible actions/ operations on the d-o-a.
belief - not verified/ fasfied reasoning carier, it isfrequently used as aknowledge.
More rigorous, belief may relate to dl components of a personoid, i.e. to its
preferences, information and knowledge.
intentions - hypotheticd states of the domain-of-activity which are candidates to be intervention-

god.

All above basic concepts have object-property, can be aggregated and decomposed according to

an abstract objects framework.

One of the fundamenta TOGA assumptionsisthat i, p, g, k are defined only dl together by

three generic reasoning processes executed by:
- the Domain representation System, DS; it condss of a representation of d-o-a and
conceptudization mechanism. ADS trandorms dgnds from d-o-a in information. The
information is memorized and is sent to the Preferences System
- the Preferences System, PS; it is activated by informaion coming from the Domain
representation System. PS mnssts of preferences rule bases, PRB, and an intervention-goal
generating mechaniam.
- the Knowledge System, KS; it is activated by god coming from the Preferences Sysem. KS
congstsof knowledge bases and amechanism of intervention-procedure generating.

Monad" is an abstract smple agent, it isatrial system composed from the above complex
objects.
The interreations between monad components areillustrated on the fig. 1.

Preferences system

information

intervergtion goal

Abstract d-o-a

information

Knowledge system

Fig. 1 Monad asa basic functional module of areasoning process (an abstract Smple agent).

They can be represented asfollows:

inf11 := AD infgo; goalpo = PR infy1; infpo = KN [goalgo] infq2;

! monad: The number one, unit; ultimate unit of being in philosophy of Leibniz; simple organism assumed as first term
in genealogy of living being;...[ from The Concise Oxford Dictionary]



whare = means’ becomes,

AD, PR and KN - denote mathematical operators which, subsequently, are the propertiesof ADS,
PS, KS systems.

goal - denotesintervention-goal of the agent in j-th domain, and it is a control complex parameter
of KN .

infij , forj=0,1,2,3,.. - denotes information about currently modified eement of the domain of
activity, Dj , fromi-th processing leve ( fig.1).

Dj is a symbalic representation of the red domain of activity (d-0-a) of physicd agents, this
representation is an dement of every ADS . In this way, PR produces agoal and this specified god
activates KN which produces new information.

Monad may modify ADS but it is not able to change its own knowledge and preferences,
therefore every choice of the intervention-goa depends on the current information.

More flexible are personoids. In the above context, a personoid is an abstract software entity
which is able to reason about, and to modify its own knowledge and preferences (i.e. to learn and to
change gods).

Personoids conssts of the hierarchica pyramidal sructure of monads. For the modifications of
KN and PR of the basc monad, these two sysems must became domains of activity for two ASAs
located on the higher meta-level. Every next meta-leved may include more monads. This Structure
Isillusrated on fig. 2. up to threeleves.
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Preferences
System goalgy
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Second meta-level

Fig. 2 Main elements of three-levels monads architecture of personoid

In thisway, for example, the generic representation of learning process is the following:
infg4 (KN1) := KN2[goal 12] inf34( KN1);

where
KNp, isthe operator of an-th meta-knowledge system,

infijj (ADp) isai-thinformation which modifies the abstrect d-0-a, ADpy ,

goal 1o isagod created on the 1st meta-leve of AIA, and KN1 can bemodified by infgy :
KN1:= KN1 A infg4 (KN1),

where X A Y denotes the meta-operation of astructural sumof Y and X systems.

The presented smplified personoid model is a one-domain modd.

In practice, personoids should act in two and more domans. Usudly, the second domain of
personoid ectivity is the doman of communication maneged, for example, by communication
monad. In this case, multi-domain personoids has three dimensona architecture. Such architecture
IS now under our investigation.

A smpler solution of the communication management, in the case of a one-domain personoid, is an
implementation of its communication protocols into the doman Knowledge System, and
communication srategies into the meta- knowledge system..

4.2 DECISION-MAKING



We need to distinguish between an inference and its various more or less forma descriptions.

Inference is an dgorithmic process. Unique cariers of  personoids inference are ther current
knowledge and preferences. They are activated by information.

Let Re(a1,a); Rei(aas); ... R(@n, aw1); ... Will be arepresentation of an inference string,

where Ry (& , g ) denotes a mth ordered relationa dependency between g and g, and a and g
represent statesor changesind-o-a.

Then, for example, a decisonrmaking is necessary if after R(a, a+1 ) the personoid has an
avalablemenu: {R(an+1, X )}.

Referring to the personoid architecture, a generic D-M ( Decison-Making) process is defined as
follows

Decision-making isa personoid reasoning activity implied by the request/necessity of a choice
caused by received information or task, started when either choice criteria are unknown ( a

type) or alternatives are unknown ( b type), and finished when the choiceis performed.
[ Gadomski, 1995].

A decision is the result of a choice and refers to the state of currently andyzed domain-of-activity:
This domain can be a personoid knowledge or preferenceson different meta-levels.
The choice criteria are eements of the preferences sysem - PRh+1 , and the alternatives are

included in the knowledge sysem - KNp+1. As the consequence, D-M is performed on the (n+2)
meta-levd. A forma modd of the personoids D-M isandyzed in the paper [Gadomski, 1995].

5. Personoids’ Society and Organization

The personoid society is a sysem composed of individua personoids and personoids
organizations.

In classcd sociologica perspective there are many models of a society and organizations. In the
present work, we omit the state of the art in thisfield. We only illugtrate its main pragmetic aspects.
Information Technology (IT) and the organization research can be together seen from two basic
perspectives [ Leinard.1977], [Flores, at a.,1988]:

IT toolsfor society, i.e. computerization of various socid and office activities, for instance:
communication and information exchange by e-mail, speciadized data banks, internet,
managerid decisons by information systems, data processng , optimizing, Smulation.
Society models for I T, i.e. designof IT toolsby an anaogy to the sdected functions of
human organizations.

New Al posshilities, and, especidly, agent technologies enable to extend those applications. For
example, an aoplication of abdract intdligent agents to the modeing of emergency management
and environment management has been proposed in the paper [Gadomski and Gadomska, 1990].
From the autonomy and cooperation perspective, Cagtelfranchi deeply andyzes various socid
behaviors, building the models of complex interactions between various abstract-socid-intdligent-
agents [ Cagtelfranchi, 1995 ].

Inverting the problem, for the design of an architecture for didributed intdligent artifacts, different
but not dl, modes of an organization may be used. This context is discussed in details in the JRC
Ispra report [Gadomska,1990] and the ENEA's report [Gadomska,1993]. In these works, we can
notice many agpects of human organizations which could be employed in the personoids
organization modding, for example, in robotics, and in decison support sysems for operators and
human managers of high risk systems.



According to Max Weber (1947) an ided type of rationa organization is bureaucracy, i.e. an
hierarchica system based on gspecidization and expertness. In bureaucracy, humans are seen as
purely rationd indruments to achieve organization gods ( foundation-gods, and tempord
intervention-gods). There is no conflict between individua motivations, the members roles and
bureaucratic procedures. This smplified mode is not very usgful for red modern human
organizations, but from the perspective of personoids society it may be practicadly applied to the
distributed cooperative decison-making. Also, the concept of actors, as an idea representation of
human roles is involved in the identification of various visons of organizations [Freeman, 1979,
[Masuch, LaPotin,1989]. Application of the personoid with build-in sructurd intdligence and with
learning capabiility gives aconcrete carrier for the formaization of the above mentioned models.

From the perspective of DAI (Didributed Artifica Inteligence) dl human organizations are
adways digributed. but in the theory of organization the concepts of distributed and centralized are
used in the different meaning;, centrdized or didributed ae here power, responsbility and
subordination.

From such point of view, a personoids organizaetion can be a centraized-hierarchicd, or
digtributed-highly autonomous, for example, militasy and emergency management organizations are
drictly centrdized in many countries But the modern commercia, business companies and
environment-management organizations tend today or have distributed open dtructures.  In the both
cases, they are god-oriented systems where roles of the organization nodes are dependent on
common system's fundation-goals.

In contrarily to the weekly connected menu-driven systems, such as CADs and text editors, where
the digtributed architecture is drongly suggested, in the ADSSs (active DSS) for emergency-
management, the system hierarchica functions are subordinated to the systlem design-goals.

We ague on mixed centrdized-distributed architecture based on “cooperating” personoids. It
means that we can organize personoids in humanorganizationlike system architecture. The
solutions based on various, only agent-based system-architectures have been suggested and
discussed by many authors, see for example [Gadomska90], [Holt and Rood,94], [Gadomski and
DiCostanzo, 96].

A kend of intdligent DSSs is nather digributed nor fully autonomous in the sense of the
organization theory but. the metgphore of the human organization is possble to use for the
separation its interna  functions.  Therefore, from the software system perspective, personoids
perform system functions according to tasks received from their manager. Redization of the tasks
depends on their autonomy range specified in personoids roles.

Therole is defined by:

duties,

responsibility,

competence, and
availability/access to information.

R/ X/ X/
L X IIR XN X4

X/
£ %4

At a consequence, behavior of personoids depends on externa tasks and their own motivation (by
inserted preferences) and competences (knowledge).

The formd reations between personoid roles, controlled by a supervisor/manager personoid, and
the personoids architectureisillustrated on the Fig. 3.
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Fig.3 A sructurd cluster of the subjective roles of personoids in the POF approach.

Role can dso be defined by aset R of relations between domain-state and available actions.

R = {s ac},
where. s - denotesapercelved information, ac - denotes available activities.

R isdivided on 3 subsets:
- first represents responsibility and duties, and islocdized in the Preferences Systems
- second represents competence, and islocdized in the Knowledge System
- third represents access to information, it includes access to the domain of activity and
depends on the availability of the communication channds.

Roles of inteligent agents in organization are closely connected with concept of its functions. both
are god-oriented. Every role requires from intelligent agents a capability for the activation of some
st of functions planed by the system designer.

In such perspective, we may formdize role in the context of the interreation between an
organizetion foundation-goal and its structure. This interrdation is vaid for every atificid god-
oriented system. An approach which formalizes this Goal-System Interrelation is cdled System
Process-Goa Approach (SPG) and may be used for the specification of the POF architecture for
integrated plant-operator supervisory sysems [ Gadomski, 1988], as wdl as, for human
organization modeling [Gadomski, Gadomska, 1990], [ Gadomski, Nanni, 1993 ].
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In the current paper we only illustrate a subjective cluster of the personoids roles in the POF
goproach. Role dependent reciprocd interrelations are domain- and  system-god- independent.
They represent a point of view of every hidden DM personoid node in the personoidal software
architecture. The personoids roles are rdative in frame of IDSS kernd, they could be caled
according to its top task and can indicate their subordination in the organization Structure. We can
distinguish the following relative roles of personoids:

task manager,

cooper ation-manager

advisor,

supervisor,

informer, and

executor.
Their complete interactive structure is presented on the Fg. 3.
Of course, in the personoids organization network, every node can redize more then one subjective
role.

6. Applications of Software Personoids Organization

A domain where we currently andyze applicability of the software Personoids Organization, is a
class of Intelligent Decison Support Systems for emergency managers.

We hypothesized that an intdligent kernd for IDSS systems may be condructed employing an
analogy to human centrdized organizations.

The badc functions of the kernd can been divided on the personoid roles. Taking under
condderation subjective reciprocad roles of the nodes, the following domain-independent (reative)
roles of software modules are digtinguished:

Supervisor,

Data Manager,

Consequence Evaluator,
Diagnoser,

Decision-Maker,
Communication Manager,
Common-Knowledge Manager.

Here, the cooperating personoids may be called:

+ Consequence Evauator,
+ Diagnoser,
s Decison-Maker.

A common-knowledge manager has arole of an advisor for al before mentioned managers.

Data manager hasthe role of an informer, communication manager is an executor, and serves

for cooperating managers.

Fig. 4. illudrates an example of such agent organization in the kerne of a hypotheticd IDSS
(Intelligent Decison Support System).

We argue that amilar gpplications of POF can be feasble in the case of highly autonomous robots
design, for instance, for various types of intelligent mobile robots.



Emergency Domain |

Real-time Real-time
i <I> Image Bases Data Bases
Simulators —
m i Emergency
main [ ! L_ organization
events \/- Bl

( Intelligent kernel \
PI ;
—[ Data Manager ] [ Supervisor ]—
Fire Consequence
propagation Evaluator

External

Manual
Simulator DATA BASES SY§

Support

GIS

Passive DS

H.
Joe o] 3

§

8

USER

Knowledge
Computer

Explosion . )
coﬁse uence .. Communication
q Decision-Maker Manager Notwork
\ l l ) Interface

Communication platform

]

Fig. 4. An example of the genera architecture and man data flow in a IDSS for emergency
managers, based on a personoids organization kernel.

7. Conclusion

Let usto summarize shortly the presented approach and its context.

1. Agentsrepresent avery large class of autonomous systems.

2. Software Agents are programs or their modules, which can be, consder autonomous with

cgpability of acommunication with other agents.

3. Intelligent Agents are agents with high autonomy.

4. Software Intdligent Agents are specific Software Agents with high autonomy.

5. Absract Intdligent Agents (AIA) are essence of intdligence, abdract sysems that can be

redized udng different “materids’ and techniques, for example, various software, biologica

materid's, nanotechnologies and some others.

6. Intdligence of AIA may be defined in different mannes. We diginguish two types of

intelligence.

- The fird is behavioral intelligence, i.e if it is vigble/observable then it exids - it can be

redized as a aufficiently numerous set of sysem functions for  “every occason’.
Intelligent, in this sense, agent can learn but such capability is not dways necessary.
The second is a structural intelligence, i.e. it does not depend on particular domain-
knowledge and can only be vigble if the agent knowledge and preferences are adequate to
the recelved tasks. It needs the posshility of metareasoning and a reason on meta
knowledge levels. Learning and a capability to the modification of its own preferences are
key for thistype of intdligence.

7. The TOGA abgract inteligent agents have structura intelligence.

8. Personoids are specific software intdligent agents with structurd intelligence.
9. Every personoid is composed of monads.
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10. Monads ae dmple agents with a particular architecture of objects. These objects have
databases, knowledge-bases, associative networks, procedures and inference engines.

11. Last level (most abstract) of personoid architecture is modifiable by designer and by personoid
itAf.

12. Personoids can be organized in humantlike organizations and societies. The sructure of such
macro-architecture depends on the particular objectives of the desgned software systems.

13. Personoids have roles and redize the functions of the whole sysem autonomoudy. From the
desgner perspective, in this context, we diginguish four fundamental design phases in the
softwarelifecyce

Soecification functional architecture of the whole system,
Specification of the roles of personoids,

Building external tools for personoids,

Instruction and teaching of personoidsin a various manner.

14. Fina remarks about personoid:
Firg of dl, after the Object-Oriented paradigm and after intuitive bottom-up approaches to agent
architectures, a dructural repetitive-incrementaly generic intdligence is a new paradigm for the
development of complex modifiable, “cooperating” intelligent software systems.
It is based on the exchange of messages among highly autonomous, distributed or not, software
unitsobjects. These units should dso copy with incomplete, uncertain, fuzzy data for the achieving
build-in desgn-gods, or for the performing currently received tasks. The capability and qudity of
personoids actions depends on the particular congruction of one monad. Its perfectionning or a
modification does not change other properties of the whole sysem. In generd, various Al
technologies can be employed in the building of specific personoids roles. Multi-domain personoids
architecture is currently under formd investigation.

15. About expected vantages of the Personoids Organization Framework:

a personoids architecture enables flexibility in agent inteligence which can be role dependent
and can increase during the project development;

a the competencies of personoids may be perfectionned locdly - the architecture may be easy
andyzed;

a in the case of sysem mdfunctioning, a proper responsible personoid may be identified by a
supervisory personoid;

a agpplication a centralized architecture of personoids organization (in sense of their roles, not
in the sense of ther physica didribution), enables more sophidicated, long-term planning,
and coordination of whole organization, what is important, for instance, for speciaized
persond computer advisors of high-risk decisons.

References

A.H. Bond and L. Grasser. Readings in Distributed Artificial Intelligence, Morgan Kaufmann,1990.

A. Rodney, Lynn, A. Stein, Building Brains for Bodies, MIT Al Lab Memo #1439, August,1993.

C. Cagdfranchi. “Guarantees for Autonomy in Cognitive Agent Architecture’, In M.J. Wooldridge
and N.R. Jennings.(editors) Intelligent Agents Springer, 1995.

Cog: <http://www.al.mit.edu/projects/cog/Text/cog-robot.html> Cog ia a "humanoid robot” being
built a <http:/Mmww.a.mit.edu/projects/cog, inthe MIT Artificid Intligence Lab.

T. Fnin, JWeber a 4d.”Specificaion of the KQML Agemt-Communication Language’,
finin@cs.umbc.edu. , 1993,

F. Hores, M. Graves,, B.Hatfidd, B.Winograd. “Computer Systems and the design of Organization
Interction”. ATM Transactions on Office Information Systems V.6,N.2, 1988.

14



S. Franklin , A.Graesser . “It is an Agent, or jus a Program? A Taxonomy for Autonomous
Agents’, http:/AMww.msci.memphis.e...Prog.html#classficator, 1995/6.

M. Gadomska. Sociological Theory Perspective on Computer System Design and Applications.
Commission of the European Communities, JR.C. Ispra, ISEI, T.N.1.90.112, 1990.

M. Gadomska. Technology and Society: Impact and Adjustment Perspective Quaderni Studi,N.17,
Rome, Printed by ENEA, 1993.

AM. Gadomski. “Application of System-Process-Goa Approach for description of TRIGA RC1
System”. Proceedings of 9th. European TRIGA Users Conference , Oct., 1986, Roma.
Printed by GA,Technologies, TOC-19, USA. 1987, aso the ENEA Report RT T1B/88/2, 1988.

AM. Gadomski, M.Gadomska. “ Environmental and  emergency communication and decision:
confrontation of shdlow modes from the point of view of computer-support designing’.
Materids of The Second Europe Conference of the Society for Risk Assessment , [IASA,
Laxemburg, Austria (1990).

A.M. Gadomski, V.Nanni. “ Inteligent computer ad for operators TOGA based conceptua
framework”. In: HAAdei  (Editor), The Proceedings of ICARCV'92 "Second International
Conference On Automation, Robotics, and Computer Vision", Singapore ,1992a.

AM.Gadomski,V.Nanni. La Representazione Integrata di Sigemi Artificidi Compless:
L'Approccio System-Process-Goa (SPG), The ENEA Internal Report N.  RTI/INN(92)10.
1992c.

A.M.Gadomski, V.Nanni, STaglienti. “Some Theoreticd and Practicd Aspects of Modding of
Abdract Intdligent Agent: ENEA 's Experiences’, In the Proceedings of the Second
Symposium on Intelligent Information SystemsAugustow, Poland, June ,1993.

AM. Gadomski: “TOGA: A Methodologicd and Conceptud Peattern for Modeling Abstract
Intelligent Agent” . In the Proceedings of the First International Round-Table on Abstract
Intelligent Agent (AIA'93), Jan.1993, Rome. A.M. Gadomski (editor): Printed by ENEA,
Feb.1994.

AM. Gadomski, JM. Zytkow. "Abgract Intdligent Agent: Basc Concepts and Problems’. In the
Proceedings of the Second International Round-Table on Abstract Intelligent Agent: Stuation
Assessment (AIA’94), Rome. A.M. Gadomski , C.Baducdlli (editors).Printed by ENEA.,1995a.

AM. Gadomski S. Bologna, G. Di Coganzo. “Intdligent Decison Support for Cooperating
Emergency Managers. the TOGA based Conceptudization Framework.” In Proceedings of
"TIEMEC 1995 The International Emergency Management and Engineering Conference .
Nice, Fr, May 9-12, 1995b.

AM. Gadomski, “Decison Making in Emergency Management: A Mode for Inteligent Decison
Support System”. The document of the ENEA's research contract, ERG-ING-TISHI,
Casaccia, March, 1995c,

A.M. Gadomski, “Personoids Organizations: An Approach to Highly Autonomous Software
Architectures’, The paper accepted on 11th International Conference on Mathematical and
Computer Modeling and Scientific Computing,: Concurrent Engineering Based on Agent-
Oriented and Knowledge-Oriented Approaches, March 31 - April 3, 1997, Georgetown
Univerdty, Washington (unpublished).

M. Gaspari , E. Motta” Al Cooperation Strategies. An Operationd View”. In the Proceedings of the
First International Round-Table on Abstract Intelligent Agent (AIA’93), Jan.1993, Rome. A.M.
Gadomski (editor): Printed by ENEA, Feb.1994.

M.P. Georgeff, A.S. Ran. “An Absract Architecture for Rationd Agents’, Inthe Proceedings of the
First International Round-Table on Abstract Intelligent Agent (AIA’93), Jan.1993, Rome. A.M.
Gadomski (editor): Printed by ENEA, Feb.1994.

C., E .Guilfoyle. Warner.“Inteligent Agents. the New Revolution in Software” The Ovum Report,
May, 1994.

P.Harmon (editor). “Intdligent Agents. In Intelligent Software Strategies” The Monthly Newsletter.
Cutter Information Corporation. January, 1995.

15



JHolt and M.G. Good. “An Architecture for Red-Time Didributed Artificd Inteligent Systems’.
In Real-Times Systems Journ. 6, 263-288 (1994), Kluwer Pub.

S. Kirn, O’ Hare, Towards the Intelligent Organization, 1996, Springer.

S. Lenhart. Social Networks: A developing Paradigm. JWiley, N.Y ., 1977.

M. Masuch, P. LaPotin. “Beyond Garbage Cans An Al Mode of Organizationd Choice’.
Adminigtrative Science Quarterly, 34, 1989.

R.S. Michdski., L. Kerschberg, K.A. Kaufman. Mining for Knowledge in Databases. The INLEN
Architecture, Initid Implementation and Firg Results. Journal of Intelligent Information
Systems, Vol.1, pp. 85-113, 1992 .

V. Lesser (editor). Proceedings of the Firgt Internationa Conference on Multi Agent Systems, San
Francisco, AAAI Press'The MIT Press,1995.

Y. Shoham. Agent-oriented programming. In Artificial Intelligence, 60, 51-92,1993.

M.P. Singh . Multiagernt Systems, Lecture Notesin Al 799, Springer-Verlag, 1994.

M.J. Wooldridge and N.R. Jennings. Intelligent Agents, Springer, 1995.

16



