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ABSTRACT

The paper presents the results of a preliminary study related w0
the conceptual design of an Intelligent Decision Support System
(IDSS) for cooperating emergency managers. Authors postulate
to shift the designer efforts from passive DSSs, based on so
called menu-driven paradigm, to the active DSSs based on the
goat dnveupnmdl,gm IDSS kernel should be the user-friendly

1 classical DSS and g 5. The
general conceplualization methodology anpluyod in this work is
TOGA (Top-down Object-based Goal-oriented approach). The
suggested archilecture of IDSS is based on the model of
Abstract Intelligent Agent, complemented with the results of the
CEC funded Projects [SEM' and MUSTER?.

INTRODUCTION AND MOTIVATIONS

In the stormy developi lustrial society,
environmental, minnlngr.‘almdsms] dr.c:sms involve ever
mmmkmdthmromseqmsmoﬁmhardhpmd:mbh
Tlus smunun re.mlls from r.he i

ia.eneait

20_3@

p-DSS involves so much technical decisions that these
systems either require continuous effort of  computer
specialisis or they are not used in practice.

Passive DSS is based on available "wnvmti.oml"
elements, methods and data-base ag hnol
these systems large part of the user decisions relies on the
choice of the concrete button from a menubars or menutools
being parts of a visualized hierarchical menu structures.
In this way we can say that their input/output interfaces are
funded on the menu-driven paradigm.

Let us mention that many decisions which are intuitively
casy ,,' d by the igers as not “"key decisions” or “less
important " require mly formal well structured knowledge ( for
example, searching in data bases, optimization), and should be
recognize and allocated 10 DSSs. As the consequence, ever
more [requently, classical passive DSSs  based on the menu-
driven paradigm do not satisfy the requirements of their users.

The contrary to menu-driven paradigm can be goal-driven
paradigm of decision support. In this case, a computer system
should be some kind of an active cooperator of its user, what we
see, for example in (Hawgood et al. 1992) and (Muhanna
1993). Application of goal-driven paradigm climinates
redundancy of not actual in this moment aliernatives and
suggem choices determined by criteria defined on higher

their compl andmnnynﬂm‘fncnxot’

levels, for elmpin rclued 1o importance, risk, duty
of pr In order o0 make

or o a
R l.heT‘"

post-mndem sacbel.y Very mphnshmed fast and p

pport System needs a

gy requires qualitatively new tools fm its  certain model of decisional processes (Yager 1992), (Watabe et
control. Numerous di d by 1 events and al, 19?2.). {Michalski 1992) adaptable 1o particular choices
human-errors require an emergency and y g T &imagﬂmwmusmcysommo,mdwhchm
which need large volumes of data. For singul y of the ion of emergency. In such
managers, as well as, for the cooperating staffs, ever more mml.lDSSsﬂutelI:gmtT‘ isi "“ 1 Sy ) can be
frequently, these data are hardly evaluable and applicable. On  viewed as computerized interfaces fur l'ir.lmg" passive DSS
ﬂleoﬂterhﬂ'ld humanmtl.lcaplblllhesmmyﬂm functions to the requi and p of man.
way supporied by new logies which In general, IDSS mespecully important when:
could significatively diminish probability of seri gerial  (a) the of i y for the
errors. 1s so large, or its time density is so high, Lhallhc]xnblhhlyd
So called passive Decision Support Sy ( p-DSS) have  human errors during emergency decision-making is not
been the first pt to the £ aid for emergency  negligible,
managers. Unfortunately, their application requires from their (b} the coping with unexpected situations requires from the
users continuous leaming and training 1 which typical agers the beri mwl.ulelalxnuinnmdi:nmediam
2 gers are not gh motivated. The use of large pplication of pl fessional knowledge, which if not

lmadcmanmhnhgySmmf«Enum Management)
SSPRtT Project no. 2322.
MUS'TEK (Mu.l.r.l User System for Training and Evaluating
gency Response ) CEC ENVIRONMENT Project.

properly used causes fwlty decisions,
Thcbummblemsfwdes;snmddevelcpmmtofﬂ)SSs
are the T and i of the user
knowledge. Recent rescarch results (Kay 1991), (Beaumont
1994} lead 1o the conclusion, that modeling of the user roles is
required for identification and specification of this knowledge.
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Fig. 1 General idea of an Intelligent Decision Support System for gency g

We assume (Gadomski et al. 1993), (Balducelli et al.
1993) that user models should be based on a more general
model of an intelligent agent which is able w realize
autonomously goal-driven interventions in its envi

pwmalsnppmfurmgmmmmwkingin&mdn

Therefore the goal-driven paradigm must be based on a
generic Ideal model of decision-maker and on its
decomposability on h and puter decisi I
For such task a gemeral model of abstract intelligent agent
as a role-dependent decision-maker is y.

We say abstract, because such model of intelligent agent

large-scale Y 8 y Here, large-scale
CMErgency 8 big industrial centers,
or chemical plants, ports, railways networks, airporis

y organizati A

as well as regional or B 8
general view of the idea of IDSS is illustrated in Fig. 1.

CONCEPTUAL FRAMEWORK : ELEMENTS OF TOGA

lnu?cmccntymmermddsofinwﬂigemngmm

should be independent on its application-domain and

indep dent on its soft impl ion envi igly i &
The design of IDSS for EM (Emergency Management)
i i d applicati of the models and

e an et
methodologies related to :

- large-scale emergency management

- abstract intelligent agent architecture

- decision-making under multilevel risk conditions and based

d (see the subject matter literature, for
example (Michalski 1992), (Hanks et al. 1993), (Gadomski
1994a), (Gadomski 1994b). Different new approaches to the
software agents, like a general idea of agents-oriented
programming  (Shoham 1993), interactions of softbots
(taskbots, userbots - the suffix "bot” is used for “software robot”
(Com. ACM 1994) and others, have been analyzed. In this

on uncompleted and uncertain infi or kr g
- cooperation between intelligent agents
- computer aided training.
Formal specification frames of the behavior and knowledge of
an ideal emergency manager (¢-m) are the indispensable twols
for IDSS design. This meta-knowledge is necessary for:
- acquisition of the d lep knowledge (about EM)
- elaboration of the scenario of e-m activity
- allocation of the ¢-m activities and knowledge 1o IDSS
- definition of the new man-machine interface functions,
- standardization of the design documentation.
The aim of this paper is to indicate some crileria for the
development and design of IDSS for EM. It should be a

we argue a d P P of
agent architecture which is based on Top-down Object-based
Goal-oriented Approach (TOGA). The TOGA methodological
part was inspired by Michalski, Stepp, Dontes, and
Collins papers (Michalski 1983), (Stepp 1986), (Dontas 1988)
and (Collins 1989), . They have proposed a main idea of the
connection of an object-based conceptualization with goal
oriented approach. In the plausibl ing ¥ they
ntrody wo a ing generalization hierarchy. The
conceptualization of anificial physical systems is an integralion
of Linds (Lind 1982) MFM (Mulii-level Flow Modeling)
framework with, generally known in physics and engineering,
processual representation of the physical phenomena. The top-




down approach is a generalization of the basic concepts of the
structural design .

The TOGA approach bemng developed by Gadomski, was
initially investigated in ENEA in the frame of the ISEM Project
(Gadomski 1989) and, theoretically and practically analyzed in
the fields of robotics and op support sy (Gadomski
1993), (Gadomski 1994a.) R ly, the experiences acquired
with the use of AIA w0 the modeling of emergency actors
during collaborative training (Balducelli 1994) was also

- relations; linking the objects attributes, and enabling the
creation of isolated networks of objects
- world-of-objects (w-o-0); relational isolated networks of
objects, and can be:
* arbitrarily divided into sy and their envirc
* aggregated in universes of objects.
TAO includes the definition of the class of singular objects
called agents, and the formalization of the concept of the point-
of-view referred to an object, The agents are particular objects

presented on the First and S 11 | Round-tables on  which are able to create or o modify other objects inside their
ALA (1993, 1994). world-of-objects, i.e. this activity is not uniquely determined by
According to the TOGA assumptions we are able to define the state of these w-o-0. hzcycmbetmuudas ‘normal”
general arckuec:m af AM md basic fwnamf h of bjects in another word of ob From desig pmp«:uw:,
the domai) d ki TAOcmhe id ‘asa ptual interface cen

TOGA is a]so a meta-tool for krmwledge—bnnd system
development and can be partially confronted with the KADS
methodology (Schreiber et al. 1993).,
Here only some selected information about TOGA are
prcserued The TOGA theory is composed of three el
1. Theory of Abstract Objects (TAO), which is a domain
uxbpmdﬂu conceptualization system;
2, anlndge Conceptualization  System (KNOCS), which
i ions and definitions related 1o0;
of the real wudd physical realization of an
abstract intelligent agent and the domains of its goal-oriented
activity;

3. Methodol

1 Rules Sy
complex problems,

Fig. 2 presents the structure of the TOGA conceptualization
layers.

(MRUS) for specification of

TAO: Theory of Abstract Objects

Any theory can be considered as a frames sysiem which
enables and operation over a certain class of sets. In
the case of the Theory of Abstract Objects (TAQ) its domain
may be any le set Z, its el are called primitives
(or vocabnlary) TAO is a frames system which enables
structuring the primitives into the forms of:

- objects; specified by object names, attributes” names, values,
and value domains..

Fig.2 Three layers of the TOGA conceplualization
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KNOCS and programming languages.
KNOCS: Knowledge Conceptualization System

The Knowledge Conceptualization System (KNOCS) is a
system of axioms and definiti for the description and
conceptualization of the real world from the perspective of a
real AIA.

KNOCS assumes that every product of human reasoming
activity can be conceptualized in the framework of TAQ. After
TAO, KNOCS is a second conceptualization layer. [t contains
three fundamental frameworks of :

- goal-oriented activity of AIA , - domain of activity (d-o-a)
of AIA, - AIA model.

All of them consist one terminological system. In this way,
KNOCS cnables concepualization of different real-world
systems such as industrial plants, robots, human operators or
organizalions. [llhnhasmemkufamepmalumrfm

b the designers and d cxperts.
MRUS: Methodological Rules System
In the perspective of d the Methodological RUles

System (MRUS) isa mnt.bndologmnl approach 1o ﬁle top-down
knowledge ordering for the specification of complex problems.
It assumes that, at the beginning of a pmblcm specification, the
lmuwlzdge o( the problem solving agent is incomplete and not
goal The problem specification activity is based on
two fundamental mechanisms:

- top-down mechanism: it indicates the specification direction:
from very general statements on the top abstraction levels o
the details which are the elements of the particular problem
solution;

- goal-driven mechanism; it always controls the links between
the specified/identified nbpcl. and the problem goal.

This mechanism up rules (synthesis rules).
The rules of the MRUS system concern  the meta-preferences
criteria of AIA, independent on abstraction levels of problem
specifications, they also enable "navigation” into the KNOCS
frameworks.

Framework of Abstract Intelligent Agent

In frame of KNOCS, a general architecture and basic
reasoning mechanism of simple and intelligent absiract agenis,
are defined. The construction of these agents if funded on the
following basic concepts:



: how si looks (before, now, in the future)?
how situation may be classified, and what is
possible 1o do ?

preferences: what is more important 7

goal: what should be achieved ?

More preciscly, these relative concepts always refer o a

predefined d-o-a which is a source of information (inf). They

are defined together by the following two generic ressoning
processes exccuted by the preferences sysiem (PR} and
knowledge systems (KN):
goal = PR ( infl)
inf3 = KN{goal] { inf2)

where inf-i may be any element of the curment abstract

domain of activity, Abstract d-o-a can be a representation of

the real d-o-a of a physical agent. In this way, PR produces a

goal, the goal activates an adequate KN which produces a new

information. The carrier of these p is called ab
simple agm (as.\) Its architecture is defined as a triangle

d-o-a, pref system, and

.Ewwkdge:

kmwbdge synr.m

D - Domain of activity
K - Knowledge
P

Fig.3 TOGA fr

architecture.

Let us now introduce a definition of Abstract Intelligent Agent:
AlA is an abstract agent which is able to reason about, and
madify its own knowledge and preferences.

In TOGA, AIA ists of the hierarchical idal
smmo[:\SMleh:mod:ﬁcanwadKdeFRofuw
basic ASA, these two systems must became abstract domains
of activity for two ASAs located on the higher meta-level.
Every next meta-level includes more ASAs, This structure is
illustrated in Fig. 3.

architecture, According to TOGA this process is defined as

follows:

Decision-making (d-m) is @ mental activity implied by the

possibility of choice, ,mmed when either choice criteria are
known, or alter are unk and finished when the

choice is perfamaad.

Decision is a result of this choice and refers to the state of

currently analyzed domain-of-activity: This domain can be a

knowledge or preferences on the AIA different meta-levels.

We should mention that choice criteria are elements of the
preferences system - PR, ; . and the aliernatives are included
in the knowledge system - KN, ;. As consequence, DME
must work on the (n+2} mcl.a-level.

For the reason of universal, i.e. level-independent , role of
DME, n has lo have an ability to the activation of various
prot hing, lummg or  optimization
pmucdums Methods applied used into these procedures
depend on the particular properties of decisional problems.

Fig. 4 Large-scale Emergency-Management System, LEMS

FOUNDATIONS OF IDSS FOR EMERGENCY
MANAGEMENT

The IDSS for EM should be an intelligent software agent
with the functional architecture of AIA.
Formal abstraction from the physical carrier of AIA cnables the
dcvelcrpnr 1o an explicit division of AIA functions among human

In this way , for example, the basic P ation of a maker and puter support sy

learning process is represented as: The following str d knowledg
mf.?fxl\'p_ KN; [goal 5 | inf2{ KN ) uslbeummdmmudummmitrmeso[MA

where KN, is an-th meta-knowledge, gency situation models (Balducelli et al. 1994)

inf-i (Da,,) lsu-lhmfulmumfrmnlhcabsuuldoabn“ g (Balducelli and

goal 5 isa goal created on the 2nd meta-level of AIA.

Decislon-Making Engine, DME

Every deci king relating to a selected Da,, requi
k:mvledgnnﬂpmfmmah:gha meta- ].evr.lol'them

Gadomskil994)

m i.e. individual and
ccmdma.{ed gmup decision-making  (d-m) under high risk,
stress and time constrains (Muhanna 1993), (Watabe et al.
1992).
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The above knowledge has been partially elaborated in frames

of the ISEM, MUSTER and CAMS (Fantoni et al. 1994)

projects.

As it is shown in Fig, 4, the main design assumplion is 1o

separale passive componenis of LEMS from the active

personal DSS | i.e. Data Bases from Knowledge Bases.

According to TOGA, the problem of IDSS develop should

be divided on the following conceptual tasks:

1. Choice of a real application domain.

2. Definitions of the basic terminology and criteria for a

description of the generic EM in frame of an Emergency

Management Conceptualization System.

3. Top-down identification of the Generic Scenario of

Emergency Management (GSEM); in terms of previously

defined terminology, such as agents, actions, decisions, and

domains of activity.

4. Decomposition of GSEM on model-based functions of
and dels building (every agent

u:nv:ty :smacuvlu.mof its functions).

5. Definition of general architecture of LEMS reusing the

elements of the available p-DSSs.

6. Specification of IDSS kernel architecture and its plual

design by the choice and application of adequate sofiware

tools and methods

7. Validation of the received conceptual producis.

8. Impl ion of the

9. Verification and lesting ut’ ﬂ:e kemnel with an external

emergency domain simulator.

Inﬁuswny.ﬂmScmhetﬂhmdm&mnpen—sym

architecture using flexible i

Hypohﬂxdﬁmtmﬂammoflhemwﬂlmuuedm

Fig.5.

Emergency Management Conceptualization System

The experiences from the ISEM and MUSTER projects
indicates that one of the basic probl of the plual

dnﬂglnfdmsmslwmsymﬁmhrgam 8

activities such as: cooperation, coordination and , in general,
multi-agent decision-making.

Fig. 5 Main functional modules of LEMS system.

Fourbnsicdumainsnf activity of  emergency-agents are

management is the lack of uniform mdcmnplcl:mcqxual
web, especially on the level of generic emergency-management
SCenario.

Rﬂmcpma]:mm and lmfml.m and of the multi-
disciplinary gy and ination of terminological
chund; in the domain of EM is indispensable task in the
IDSS develog Itis v:

- for reusing of the elements of p-DSSs ,

farsl.mda:dmlmn{ the methodology for the user-tailored

L Lt

D1 - mtervemmua‘mmn uumlbsu'lctemcrgmcydmmn
and the end-d of the

D2 - data-bases domain; it is a domain of periodically updated
information, knowledge and duties. It includes logistic data,
such as DBs on emergency organizations, on intervention
resources, and on emergency plan and emergency procedures.
D3 - event simulation domain; it is a source of "what if”
data sbout possible fi & of the state
of emergency and abomplumedmmnms

D4 - cooperation domain; it is a dynamic domain consists of

ge acquisition,
-Ewmuvmﬁcmdﬂwmﬂmmd BT y
of the used models.
Theref the elab of an E y Management

COnceptualization System  (EMCOS) wuh a Language
(EMCOL) are here urgent tasks for knowledge engineers .

Generic Scenario of Emergency Management (GSEM)

GSEM is a ork of the domain-ind dent activitics of
the manager. These activitics should be modeled and linked
with the implemented modules of LEMS and with specified
activities of the user. GSEM must be abstracted from specific
emergency domains but under constrains of human organization

perating agents. Itis a of y for
the 3 g mdhm‘ 181 king
activity. In g 1, a cc on the i b

between cooperation agents must be achieved,
Real and Abstract Domains of Activity

The physical emergency domain is a domain of the goal of
emergency management activities. A mental image of this
domain is the direct domain of activity of the manager, there he
expects to achieve particular intervention-goals. The suggested
LRS conceptualization framework is described in the paper
(Balducelli 1994). It is composed of three layers :
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Layout layer (LL), Resources Layer (RL), Scenario Layer (SL).
The SL and RL layers are mapped into LL. All of them are
represenicd by abstract  objects-relations networks. This
conceptualization has been successfully used in the MUSTER
Project.

Knowledge systems

Emergency-management knowledge systems in order o have
the capability of the information and knowledge acquisition,
and the capability of learning from the user, should include not
less than three meta-levels. We can notice that multi-users
domain-knowledge in form of procedures and emergency plans
can be allocated outside of the IDSS kernel in LEMS.

The previously mentioned four ds-o-a require an adequate
decomposition of the managerial hmledge

Here, the key res L,. bl fi i on the design of :
- a generic decisi king expen ystem with  d
mnkmge'ngme

- sirategy generator, driven by the evaluation of risk,
preferences, and constraints
- agenis cooperation, in the context of EM.
- integration of the above clemenis in frames of the intelligent
agent architecture with their

- formal mapping imio GSEM.

Preferences system and risk evaluation

The hicrarchy of agent fi
muslbemodehdmfrmcd‘thegmrmuchuccm of AlA.
They should include structured domain dependent (variable)
and domain independent (invariant) decisional criteria in frame
of the hierarchical agent preferences. For such task a generic
model of risk assessment and strategies of risk minimization
are necessary. Thmfummmluedwnskavﬂmmphy
fundamental role in AIA a
generic model of hazard and risk :smdcrr.l,;bnnnonmfmn:
of the TOGA frameworks,

The prefi of a particular emergency manager are role
dependent but, in g 1, can be rep i as duties,
situation-dependent  instructions, and moral rules/constrains.
They are decomposed relatively 1o the basic D1-D4 activity
domains, and depend on the range of managers responsibility,

and assigned tasks.

Smnu‘im the decision-making processes require risks
and benefils evaluation in two hmc contexts:  direct
intervention d domain) and
domain. The last one concems the same and higher level
managers. For example, one of the wp preferences is the

quest of intervention in situation of the loosing of

ication link b cooperaling managers.

A time-scale preferences should handle the real agent actions

according 1o the time- of the user possibilities and
the dynamics of emergency domain .
The Fig. 6. ill a localization of main el of the

EM functional modules into the AIA structural framework.
CONCLUSIONS

This paper, according 1o the goal-driven paradigm, indicates
only some main problems and criteria of the development of
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IDSS for emergency managers. Today, [DSS seems o be
realistic and amractive lask for interdisciplinary teams of
specialists.

Prelerences
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ﬂ Auxiology (hocal)
\ f
*bm]
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i P
Sy || g B [(Weta Fnowiedge |
“Sconio | | | or RS r DperatvgDescript
First Leval D-0-A L
Second Lavel D-0-A inkormgion
—
Fig. B An of basic arch of abstract

We can notice that the application of the TOGA
methodology and the suggested IDSS architecture are not only
mdepmdem of speclﬁc emergency domains but they also are

P sm of the implemented data-
bases,  knowl i, and p This property should
fu:uhm: I.he level of 1 IDSSs in  the

P

. The personal IDSS can be
cxpanded mﬂmg 1o the local specnﬁc possibilities and needs.
11 can quahmwly support different Large-scale Emergency-
pecially where  computerized
information syswms are just in use.
1DSS should have the capability of an explanation of its own
support decisions, suggested intervention decisions, as well as a
capability of evaluation of its user decisions.

From the technical point of view, the IDSS kernel should
be interfaced with :

- data bases and knowledge bases ining object-based
representation of the emergency physical domain (models of
resources, risk objects and events), plans and procedures,
all of them may be a part of conventional passive
information system.

A GIS sysiems for the  presentation of pictorial
ions of dy ic emergency scenarios (using

maps).

- man-computer interface equipped with a set of multimedia
nols :llnwing \risu]i:mi:m of the real events and resources,
using j and vid

external simulators to s:mulﬂe propagation of emergency
events, such as: plume, fire, heat, elc.

Ingmcrni D)SScmbzdmmuasetofexpcnsysm
I y str 1g o the TOGA frameworks.
Partial models of the reality, evcrytme representing a ceriain
single-user role-dependent viewpoint should be included.

As a final remark, we can notice that the decomposition of
the role of ideal emergency manager on the roles of human
user and [DSS, and continuous development of ever more
detailed models of emergency management will shift human




decisions on higher preferences levels, which include
evaluation of the credibility of data, the application of moral
and cultural criteria, as well as new consensus criteria for
cooperative work.
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