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Abstract: Environmental problems are complex and multi-
disciplinary in nature. While the necessity of EDSSs -
dedicated to support decision-making in environmental
planning and management, is largely argued, it is also
recognized that EDSSs, in general, are complex applications
possible integrating different advanced technologies and
requiring high research and development efforts. In the
paper a framework for developing EDSS applications based
on the results of the TRACE project (a research and
development project funded by European Union) is briefly
described. The framework represents a  cost-effective
alternative in developing EDSS applications also providing
tools and guidelines for user-centred design. The TRACE
approach in developing a specific EDSS supporting the user
in post-windthrow management in Romanian forests is
illustrated in the second part of the paper.
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1. Introduction

All  managerial activities revolve around
decision-making. The manager is first and
foremost a decision -maker. Organizations,
different in nature as they might be, abound
with decision -makets at various levels.

The time frame of decision-making is shrinking
while its global nature is expanding,
necessitating the use of computerised support.
One of the major technologies that provides
computerised support for decision-makers is
represented by decision support systems (DSS).

A DSS should support decision -making
processes for unstructured or semi-structured
tasks. i.c. in those contexts in which support that
can be provided by traditional techniques and
information  technologies in  use in
organizational contexts like management
information systems (MIS). electronic data
processing (EDP) or operations research and
management science 1s rather weak, The terms
“unstructured” and “semi-structured” are used
to characterize decision -making in case of
complex or unspecified problems, for instance
when the problem spans on long time periods,
or the problem is related with uncertain factors
or is characterized by a lack of knowledge or
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quantitative data. Several excellent books
dealing with the DSS paradigm [Turban and
Aronson. 1998], (Sprague and Watson, 1996],
[Dhar and Stein, 1997] should be reminded.

A set of 1deal characteristics of DSS is given in
Turban and Aronson (1998): (1) deal with semi-
structured decisions; (i) arc intended for
various management levels of an organization;
(iii) are adapted to both group and individual
needs; (iv) support both interdependent and
sequential decisions; (v) support all three phases
of the Simon (1977) problem -solving process:
intelligence, design and choice; (vi) support a
variely of decision styles and processes which
could occur among a group of managers; (vii)
are adaptable and flexible to changes in both the
organization and its environment; (viii) are easy
1o use and modify, (ix) improve the
effectiveness of decision -making and probiem
solving. not only the efficiency: (x) allow
humans to control the computer support and do
not try to control the human problem -solving
and  decision-making;  (xi) support  an
evolutionary usage and are casily adaptable to
changing requirements; (xii) are easy o
construct if the logic of the context can be
formulated; (xiii) support modelling and allow
the use of knowledge.

A particular class of such systems is represented
by environmental decision support systems
(EDSSs) [Guarisso et al, 1989] which refer to
decision -making in environmental planning and
management. Environmental problems are
complex and multi-disciplinary in nature
requiring integration of the quantitative science
and engineering components with  socio-
political. legislative and economic aspects. As
the protection of the environment and the
principle of sustainable development are high
priority issues in most countries in our days,
EDSSs are gaining an ever higher consideration
by the public administrations and the scientific
community. In this context, finding possible
solutions to develop efficient and effective
EDSS at a low cost it is an appealing and at the
same time challenging area of research.
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One frequently asked question in the software
development ficld is how to build interactive
systems that are useful for, easily validated and
appreciated by the people using them. The best
guarantee for success scems 1o be an approach
to design, called user-centred design. User-
centred design is an iterative process of
developing a system step-by-step, by multi-
disciplinary teams, and with the involvement of
potential end-users,

One possible way of developing EDSS
applications at a low cost in a user-centred
approach is by fitting into the framework
provided as a result of TRACE research project
(an INCO-COPERNICUS project funded by the
European Union  within  the ESPRIT
Programme).

In the paper, the TRACE methodological
framework for developing EDSS applications is
briefly described. also illustrating the TRACE
approach in developing a specific EDSS
application.

2, Environmental Decision

Support Systems

The objectives and characteristics of an EDSS
follow from the more general ones of DSS and
take into account some basic features, common
to environmental problems. There are features
related to natural phenomena (spatial and
temporal features, periodicity, €ic.) and also
features related to the decisional process (multi-
disciplinary information, distributed problem-
solving responsibilities. multiple criteria).

Environment-related activities may be grouped
into five general functional arcas [Paggio et al,
19991:

e prediction (risk analysis, forecasts);
¢  mediunylong-term planning;

» monitoring and surveillance:

e crisis/emergency management,

o post-incident damage evaluation and
reclamation.

While the necessity of EDSSs is largely argued,
it is also recognized that EDSSs, in general, are
complex applications possibly  integrating
different advanced technologies and requiring
intense research and development efforts. The
key to useful computer- based decision support
is integration. As a basic concept integration
recognizes , in any given software system for
real-world applications, several sources of
information or databases, more than one
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problem representation or model, and finally a
multi-facetted and problem-oriented  user
interface ought to be combined in a common
framework.

At the level of data and background
information, numerous and often incompatible,
non-commensurate information from disparate
sources have to be brought together.
Institutional, conceptual, and seemingly simple
technical problems such as different units of
measurement, different map projections, hard -
to -trace paper files and missing documentation
are some of the obstacles frequently
encountered.

At the level of tools, there are several levels of
integration, ranging from simple file transfer
between different methods and programs to
fully  integrated  systems. ~ Geographical
information  systems, databases, complex
simulation and optimisation models or artificial
intelligence technologies are all typically
potential candidates to the integration.

EDSSs are characterized by a complex approach
involving several technologies, tools and
devices. and dealing with different aspects of
environment-related  activities. A general
perception is that to support the decision -
making needs in  solving complex
environmental problems is to afford the
development and usc of appropriate EDSSs.
This is a major obstacle in a wider development
and usage of such systems in practice.

One of the objectives of the TRACE project was
to provide a framework for designing and
developing at a low cost of a wide range of
effective EDSSs, enabling at the same time an
casy integration of  several complex
technologies.

Wwithin the same application segment
(emergency management), the CHARADE
project (CEC, 1995) can be scen as the
predecessor of TRACE. While CHARADE was
an experimental system focused on wildfire
emergency management, TRACE is designed as
a generic, cost-effective platform for the rapid
development of  applications in  any
environmental domain.

3. A
Framework

Decision  Support

An important idea behind the TRACE project
was to exploit research results in previous
projects and to establish within a new research
framework a convenient alternative to
developing effective EDSS applications at a
reduced cost.
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As the name of the project suggests
(TRAnsferring CHARADE  technology in
Central and Eastern Europe) the main objective
of TRACE was to transfer to Central and
Eastem Europe the technology developed
within CHARADE, a project enacted inside the
III Framework Program and evaluated as one of
the 100 successful experiences of the ESPRIT
Programme. In such a project, a generic
platform for handling  environmental
emergencies had been developed.

In this respect, TRACE was intended to
demonstrate the viability of transferring this
technology both in new operational contexts and
in other application domains.

The TRACE work-plan was organised in two
main phases:

A) transferring two leading technologies of
CHARADE. namely:

e task-centred design methodology: a
user-centred design technique
supported by a software tool for task
analysis. Both the methodology and the
tool provide a sound basis for the
design and evaluation of human-
computer interfaces;

e a generic platform for EDSS: a
tailoring of the CHARADE platform
including porting and down-sizing of
basic modules.

B) development of two pilot applications
demonstrating the viability of the transfer in
new contexts and new application domains.

As a result of TRACE project a support for
EDSSs development at two different levels was
finally provided. On the one hand the support
consists of a methodological framework
including guidelines and tools for designing
applications through task modelling methods.
On the other hand a software library is provided
consisting of a set of programmable objects,
which implement basic functions for the
management of environmental emergencies.

3.1 User-centred Design Through
Task Analysis

It is broadly recognized today that a close
connection between designers and users is an
important premise for successful design. The
designers should understand users as well as the
technology for a successful design. Successful
user-centred design happens when designers
understand what users are trying to accomplish
— the users” goals and tasks — and the users think
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about their tasks - the users’ conceptual model
of the work and tools.

Researchers in the field of user-centred design
call the processes of interaction between
designers and users as task analysis (TA) and
task modelling (TM).

Task analysis and task modelling is a general
methodology for modelling activities which can
be observed in a large variety of domains from
human factors (ergonomics and cognitive
psychology) to artificial intelligence or software
system design.

Task analysis contributes the software
engineering process in providing an user-
oriented view of the system, both at the
conceptual and the detailed interaction levels.

The result of the TA is a task model, in which
tasks to be system supported are fully described,
including specification of each task (goal,
description, objects involved, context of
execution, task frequency and duration), and
relationships among tasks (hierarchy, logical
and temporal relationships).

TA includes two phases: pre-design and design.
During pre-design, data on current practice are
collected, by interrogating a certain number of
potential system users. The pre-design task
model thus contains only a description of user
tasks. During design phase, the model is re-
worked so that it describes the future activity
the system under design is going to support. At
this phase, tasks must be further analysed in
order to distribute activities between the user
and the system; to identify which user tasks are
executed with the help of the system; to re-
organize the activity in light of the novelties
introduced by the system.

The design task model can thus contribute
system design in several ways [Paggio, 1997):

® it provides a structured view of user
requirements;

* it supports the delimitation of system
functionality;

e it provides contextual information for
task execution, thus enabling effective
design of the dialogue between the user
and the system;

e it provides guidelines for task-based
user validation of the system.

Many of DSS experts consider the user interface
as the most important component of a DSS
because much of the power, flexibility, and
easy-to-use characteristics of DSS are derived
from this component [Sprague et al, 1996] and
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because the user sees only this part of the DSS.
to him, the user interface /s the system [Whitten
et al, 1997].

In user-centred design. task analysis is a
practical way of making sure that the user’s
perspective is adopted, and that the user ‘
interface is designed to support the user’s actual

work activities.

To be usable, an interface must also be perceived as o
usable by those who must use it or choose to use it
Usable interfices have certain characteristics in common

familiar or comfortable
They support the users” learning styles

They are compatible in the users’
working environment

They encompass a design concept (a
metaphor or idiom) that is familiar to
the users.

They have a consistency of
presentation {lay-out, icons,
interactions) that makes them appear
reliable and easy -to -learn

Define Users
and Usability
User RequIcIICHts Usability
classes requirements
Task
Model models Define Style
User v Guide
Tasks Model U
Uter ] 006 User
modet
Styie
Task User guide
models object
model
Design GUI
g
Usability
problems
Usability Prototype GU1
requirements
Evaluate GUI
l GUI
design
Figure 1. Overview of the Graphical User
Interface Design and Evaluation Process
[Hackos & Redish, 1998]:

e They reflect the workflows that are

They use language and illustrations
that are familiar to the users or easy-
to- learn
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Figure 1 presents a high-level overview diagram
of the graphical user -interface (GUI) design
and evaluation [Redmond-Pvle and Moore,
1995] in the context of using task analysis as
methodological framework. It is an idealized
representation of the processes and of how they
are related to cach other. Boxes represent
processes, and lines represent how products are
produced by one process and input to another.

Various issues are considered before
prototyping;

e user objects
e style guide

The processes of Design GUI. Prototype GUI,
Evaluate GUI overlap and in practice merge
into each other. The GUI design evolves
through an on-going process of feedback from
prototyping and evaluation. In fact all the
processes are profoundly iterative. In the
schematic overview diagram in Figure 1 the
extent of this feedback and iteration is under-

A
- Task A has two sub-tasks, B and C. B is
/ B obhgatory (full lne), task C 1s optional
(dashed line).
B o
" This diagrarm implies that B is a sub-task

that wall be described m another part of
the specification, while C is an elementary

task which cannot be further decomposed.

Figure 2, Representation of the Hierarchical Sub-task Structure

A
B and C are sub-tasks of A They are
/ \ alternative strategies for the achieverment
of A& (XOR).
B g
A
B and C are sub-tasks of A They bath
M have to be performed (AND).
B c

Figure 3. Representation of Logical Relations Between Tasks

e cnd-users
e usability requirements

e user tasks

Studies in Informatics and Control, Vol. 8, No. 4, December 1999

evaluated. All the earlier products — style guide,
user objects, tasks, ¢tc. — are liable to be revised
as a result of the feedback from prototyping and
evaluation.
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3.2 Task-modelling Notation in
TRACE

The task-modelling notation used in TRACE
includes a graphical notation for representing
tasks (which is the main kind of notation used in
the task model) and a notation for representing
objects. The graphical notation is partially
derived from TKS notation [Johnson and
Johnson, 1990]. The examples in Figures 2. 3
and 4 illustrate some of the means for
representing hierarchical task-sub-task structure,
as well as logical and temporal relations [Marti
and Normand. 1995] [Paggio et al, 1997].

step of the process of creation of the
task model and by maintaining strict
correspondence between its textual and
graphical counterparts.

o Develop special means capable to
make it easier for the user to localise
the incomplete fragments of the
constructed model.

o System driven inferaction with the user
preventing the user from possible
errors and allowing him to concentrate
on the relevant part of the knowledge
to be acquired.

e Direct manipulation of the graphical
structure supporting graphical, palette-

Strict precedence: sub-task B precedes sub-
task C: B must be performed before C.

Strict interleaving: sub-tasks B and C are
mterleaved.

Indicative interleaving: sub-tasks B anc C
may be performed one after the other (no

strict constraint), but they are usually
mnterleaved.

Figure 4. Representation of Temporal Relations

3.3 Tool for Supporting Task
Modelling

Within the TRACE project was developed a
graphical  knowledge  acquisition  and
documentation tool to support designers in
creating and maintaining task models (Task
Editor). The target environment of Task Editor
(TE) is MS Windows 95/NT. The basic
principles of TE design were the following
[Paggio et al, 1999]:

o Support conceptual level operation by
the user orientation on the concept of
the task model besides its graphical
representation. The interaction
between the user and the editor is
carried out mainly in terms of task
analysis language, thus avoiding details
which are irrelevant to the knowledge
acquisition process.

e Build syntactically consistent and
complete models by applying context-
sensitive syntactical checks at each
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based cditing capabilities for direct
manipulation of task structures. This is
an exploitation of the graphical tree
melaphor, and a prerequisite for future
extensions of the tool towards
generality (configurable palette of task
svmbols and task connectors).

e  Unified processing of pre-design and
design  task  models  facilitating
operation with the editor.

With TE a domain model is represented as a
document containing one pre-design and several
design task models. Each design model is
generated from the same pre-design model and
reflects different aspects related to concrete
software implementation. Each model contains
three main parts - a set of task pages showing
the task diagrams, the set of task model objects
the tasks are referred to and the set of task pages
currently marked for deletion. The latter denotes
those tasks that are not currently included in the
domain model but may be used in the future. All
task pages are organized into hierarchical tree-
like structures via hyperlinks used for splitting
descriptions of complex tasks into several
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manageable and completed chunks aimed at
documentation. Each task page contains a task
diagram representing a tree the nodes of which
are tasks connected via temporal, logical, task-
subtask or pre-/postrequisite task relations. Each
fask is in turn a complex object containing a
number of attributes used for coding various
types of declarative task knowledge.

of which must be computed or updated by the
system (or even provided by the user) during
task execution. Thus a bridge between the
functionality of the system and the user task
model is established.

By implementing a propagation mechanism
which automatically updates the realization
status of each task - according to the status of
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Figure 5. TE Screen Layout

The main TE screen is shown in Figure 5. The
workspace is composed of a menubar, a
message (status) bar, a graphical palette
containing some graphical symbols used in the
model and two scrollable panels: the Structure
Panel and the Task Diagram Panel. The
Structure Panel provides a synthetic view on the
different task pages included in a task model,
and typical tree control facilities for browsing
and selecting task pages. On the diagram panel
the active task page is presented. Task diagrams
may be edited with direct manipulation from
within such panel. The textual task attributes are
created/edited by specialized dialogue boxes.

3.4 Representing Emergency
Situations Through Task Models

Task models provide a convenient way of
representing the decision-making process of
emergency management. Information captured
in task models may be exploited in a TRACE-
based EDSS to guide the user in the actual
decision-making process of each emergency
management session. For each task in the task
model the abstract notion of task goal is
replaced by a set of concrete objects the value
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computation of each object in the task’s goal -
we obtain a way of controlling the flow of
activity for each EDSS session, and thus
supporting the user in performing the right
action at the right moment. This mechanism is
exported at the level of TRACE-based
application by one of the modules in the EDSS
library developed within TRACE project and
may also be applied to handle dependencics
among computable objects.

An emergency situation may be represented as a
network of tasks and situation indexes (see
dependency management in the next Section)
organized in a network of dependencies, which
is ruled bv a Subject-Observer mechanism
[Paggio et al, 1999]. In few words said, the
mechanism ensures that the status of each item
— either a task or a situation index - is
automatically updated during each phase of a
session execution, preserving the global
network consistency and enabling the user to
monitor the current status of operations.

285



3.5 TRACE-based EDSS
Architecture

Apart from Task Editor dedicated to
support the knowledge acquisition and task
modelling activity, within the project was also
developed an EDSS library implementing basic
and powerful functions for the management of
environmental emergencies easy to integrate
into EDSS applications. The library is
implemented in C++. A general architecture of

context.

The Situation Assessment module provides
support for a quick analysis of an emergency
situation, including basic spatial analysis and
computational models based on geographically
referenced data. It exploits a general mechanism
for handling dependencies and propagating
events among objects (see dependency
management module), thus enabling automatic
re-calculation of relevant information.

Application Layer

Basic Layer (EDSS Library)

Cartographic HCI Situation Assesment Intervention Planning &
Resource management
Session Control Dependency Constraint Engine
Management
Application DB GIS Standard Library
(MapObijects)

Figure 6. Main TRACE Based EDSS Components

a TRACE-based application is presented in
Figure 6. The target environment for the
application built by using the EDSS library is
Windows N'T/95 environment.

The Cartographic Interface is in charge of
driving the overall dialogue between the user
and the system. It displays map elements and
(georeferenced) application-dependent objects
according to graphical conventions fixed by the
user. From the implementation point of view the
cartographic interface is linked to the
Dependency management and Session Control
modules. It exploits a run-time task model, i.¢. a
structured model of the activities of the user,
and a session controller, which enables
concurrent handling of multiple emergency
situations. The task model is effective in driving
user action throughout a session, by providing
continuous feedback about the situation being
monitored. showing the realization status of
each task, enabling or disabling commands
according to the current progress, displaying
information which is relevant to the current task
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The Intervention Planning &  Resource
management module enables the user to define
missions and automatically retrieve an
appropriate set of resources to accomplish
missions goals. This module has a very
important role in a TRACE-based application
dedicated to support the user in emergency
management. The target user for such an
application could be an operator of an
emergency co-ordination centre, in charge of
managing the available operational resources
(means, equipment, personnel, and natural
resources). The user is supported in assessing a
crisis  situation and building effective
intervention plan. Requests for resources may
be stated either in specific terms (e.g. a fixed
number of resources belonging to a certain
type), or as general criteria (¢.g. minimization of
intervention costs). User requests for resources
can be expressed with a simple language by the
user, and are then translated into constraint
satisfaction problem, which is handled by the
constraint engine module.
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An intervention plan is a set of activities
(missions) with the goal of facing an emergency
situation. Plans are defined by the user on the
basis of plan and mission stereotvpes, i.e.
predefined skeletons which must be filled with
actual data referring to the situation at hand
[Hayes-Roth and Hayes-Roth, 1979]. At
mission level, different kinds of requirements
for resources may be specified, namely:

legal variables must exist. For each actual
mission, situation data must be provided,
namely:

o the target area;

e the time schedule;

¢ the quantification of each requirement.

Resource data include for each unit both static

ChangeManager

¢Subject

¢

Suhject
Sbiects
Sattach(Observer) (&
*Detach(Observer)
*Notify)

SRegister(Subject Observer)
SUnregister(Subject Obsenver)
SNotify()

h,

Cibsaniars

Ohserver

*Update(Subject)
®ComputationLock()

Figure 7. The UML Class Diagram of the Subject-Observer Pattern

o general requirement (latest start time
for operations, selection of operational
bases, accessibility of operations area);

e type requirement (request for specific
tvpes of resources);

e job/capability requirement (request for
resources able to perform a certain
job);

o personnel requirement {request for

personnel, which is represented as a
volumetric resource).

At plan level, global allocation criteria may be
specified, which define the allocation strategy.
An allocation criterion is a pair:

(<optimisation mode>, <variable to be

optimised>)

whereas the optimisation mode expresses a
preference on the values which can be assigned
to the variable. The resource manager must
associate each variable with an expression that
computes its value; thercfore a predefined set of
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information (type, owner base, setl of quantified
capabilities, average speed on different road
types, amount of personnel that can be
transported, availability status, usage cost) and
dynamic information on the accessibility of the
area. This dynamic information is supplied by
algorithms that compute the shortest/fastest path
on a road map from a resource base to the node
which is the closest to the target point of
intervention and it is stored in an appropriate
data structure denoted mobilization table (see
also the Application Scenario).

The user-defined intervention plan translated
into a constraint satisfaction problem is handled
by the constraint engine module. When a
solution is found by the constraint engine, it is
fed back to the user in an appropriate form.

The main task of the Constraint Engine (CE)
module is to handle user-defined requests,
translated into constraint satisfaction problems
by the Resource Management module. Beside
being a component of the TRACE Library, the
CR module can be considered as a general-
purpose constraint solver, accessible as a C++
library.
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Figure 8. Windthrow Management Pre-design Task Model (Partial View)

The CE module is a finite domain constraint
solver, using an object-oriented approach. In
this sense it shows many similarities with the
[LOG Solver [Puget, 1994], but also takes the
special needs of the TRACE Library into
consideration.

Dependency Management and its clementary
dependency items (also denoted indexes in the
context of TRACE) are exploited to model a
number of heterogeneous entities and to make
explicit their functional relationship through a
network of dependencies. There are two main
different classes of indexes in the TRACE
context: task objects and situation assessment
variables. In order to describe and assess a
situation and its evolution, a lot of
heterogeneous information, static or dynamic in
nature, may need to be manipulated through
different quantitative or non-quantitative
models. Heuristics, rules or fuzzy sets could
also be used to provide to the decision-maker
with a synthetic picture of the situation. All
these provide various variables that can be
modelled as indexes. Examples of situation
assessment variables would be: the global
severity of the event to be controlled or its
consequences, the entities at risk (people or
values), the weather and time of the day. the
suggested intervention  strategy,  Suitable
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resources for intervention and so forth. Each
index has a value the computation of which may
depend on the values of other indexes. Thus an
environmental specific emergency situation may
be represented as a network of dependencies of
tasks and situation indexes. A Subject-Observer
Pattern [Paggio et al, 1999] to model one-to-
many dependencies with automatic
notification/update is exploited to maintain the
consistency of the network. The main principles
that were considered at the implementation of
this mechanism were the following:

e abstract and minimal coupling between
Subject and Observer,

e automatic broadcast notification to all
interested objects that subscribed to it,

e exploitaion of a single generic
Observer update protocol.

In order to avoid necedless and intermediate re-
computations an appropriate mechanism was
implemented in which related responsibilities
have been distributed to both Subject and
Observers. The notification can be selectively
fired according with the status change and the
update can be inhibited on the Observer side.

The pattern was finally exploited to maintain
the system representation (task model) of the
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flow of user activity up-to-date, since the status
of a particular task depends on the status of
related sub-tasks and also preceding tasks.

4. Application Scenario

In order to demonstrate the TRACE approach in
developing EDSSs, two pilot applications were
considered. The first EDSS application, denoted
Demonstrator 1 within the project (also called
RO-TRACE), is intended to support the
decision making in the case of windthrow
management in Romanian forests. The second
one, denoted Demonstrator 2 is intended to
support the decision making in the case of fire
prevention and fighting in Bulgarian hard-to-
reach massifs. The applications address two
types of emergencies, frequently encountered in
the European forest sector. The windthrow is a
typical event mainly in the Norway spruce. The
forest fires are quite frequent in the

Open

effort is done during the fire, in the case of a
windthrow the main logistic problems occur
after the catastrophic event has been finished.
The differences concerning the type of decisions
to be supported in the two cases and the
intervention plans defined in both situations
were taken into account in elaborating the
specifications for the two EDSS applications.

The development of Demonstrator 1 is based on
the guidelines of the methodological framework
proposed in the TRACE project. The process of
knowledge acquisition and documentation has
been following the task analysis methodology
and has been implemented by the TRACE Task
Editor. This was the first real application of that
tool in practice.

Starting from the pre-design task model (Figure
8) that reflects the user view concerning the
flow of activities in post windthrow
management, we created the design task model
(see Figure 9). It was obtained by evolving the

Close
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Figure 9. Windthrow Management Design Task Model (Partial View)

Mediterranean countries. The approaches in the
two cases are different in many respects and
only few features are common. While a fire
should be controlled in real time and the most
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pre-design task model taking into account what
the TRACE system can do (the basic functions
of the components of the generic software
platform developed within the project) and
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iterating cither of the following:

e add new tasks or sub-tasks;

e modify existing task (by replacing
simple tasks by more complex sub-
trees) in order to separate system and
user pieces of activity;

After allocating the tasks between the user and

the system, the work was concentrated on the
system tasks in order to identify the objects
involved in the task execution. In addition to the
domain task analysis mentioned above, the user
data files available for running the application,
the available cartographic data and in general all
the data the users usually manipulate in case of
a windthrow event were taken into account.

Apart from defining the application specific
data, the types of the resources and their typical
capabilities used in post windthrow emergency
actions have been identified. In order to exploit
the framework of defining actual missions in the
TRACE system, a set of specific mission
stereotypes to be integrated in the mission types
library has been defined.

We identified also geo-referenced data specific
to the application (data describing forest stands,
forest roads, electric networks crossing the
forestland, etc.). These geo-referenced data are
manipulated using the GIS tool integrated in the
TRACE system (MapObijects).

Demonstrator 1 mainly aims at supporting the
decision-making in:

o post -windthrow emergency actions like
estimate windthrow consequences, rescuing
people in danger, opening locked roads,
opening locked  railways,  repairing
damaged electric networks. repairing
damaged bridges, clc.

e post -windthrow medium/long run actions
like estimating the timber volume in the
affected area. designing reforestation plans
for the affected area, modifving the cutting
plans at the level of subordinated
production units, etc.

Facing with an emergency situation is a current
activity in  post-windthrow  management.
Developing applications for supporting the
decision-maker in this kind of activity was a
primary objective of the TRACE technology.
The RO-TRACE application exploits the
dependency management mechanism by
representing an  emergency situation as a
network of tasks and situation indexes
organized in a network of dependencics. From
the implementation point of view. the interface
of the application is linked to the dependency
management module. This conneclion means
that the interface provides support for mapping
user commands onto tasks requests. The overall
dialogue between the user and the system is
guided through underlying task structure, in
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roads E plan ‘
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l
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Figure 10, Manage_ locked_ roads Design Task Model (Partial View)
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terms of tasks realization status, filtering of
commands which are not enabled at a given
stage of a situation handling, suggestions on the
following steps to be performed.

The user is supported in rapidly assessing the
emergency situation and creating effective
intervention plans that exploits at best the
available resources. Intervention plans are
defined by the user on the basis of plan and
mission stereotypes identified in the domain
analysis stage. A simple example of mission
stereotype with the goal of facing the
emergency situation of locked road by fallen
trees is presented below:

mission type name: open_road

a) resource types which might be involved in
this kind of mission: dozer, trailer,
tractor, loading_tractor,
sawing_machine, jeep, fuel tank,
sleeping_wagon.

b) capability list includes: volume to_remove,
dozer_transport, trailer_transport,
load/unload_logs, cuttings logs,
persons_carried, fuel tank transport,
fuel_volume, workers accommodation,

(dozer - volume to remove)
(trailer - dozer transporr)

(tractor- trailer transport,

Jitel tank transporr)
(loading_tractor - load/unload logs)
(jeep - persons carried)

(fuel_tank - fue/ volume)
(sleeping_wagon - workers
accommodation)

(sawing_machine - cutting logs)

In Figure 10 is presented the example of design
task model for the management of this kind of
emergency. The creating of the intervention
plan is not detailed in the Figure, but when
creating actual missions for the plan the user
may start from the exemplified above mission
stereotype.

The library of available mission stereotypes can
be casily extended with new ones if the user
considers necessary.

In the windthrow managemeni session the
overall allocation process starts from building
mobilization table (MT), and is activated by the
uscr by creating at least one mission, defining
some requirements for it and launching the
automatic allocation. [n more detail, it may be
decomposed into the following steps:

a. Build the mobilization table:

b. Define a user request for resources;
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C. Apply the constraint reasoning techniques
for selecting a suitable set of resources to
be allocated;

d. Commit the solution (afier the user
confirmation).

The first step, automatically performed by the
system after the access points in the emergency
areca have been identified, ensures the
computation of dynamic data for each available
vehicle in the resource bases. These dynamic
data contain for cach vehicle the shortest paths
(or fastest paths, computed taking into account
the average speed of every vehicle on different
road types) from the owner base to the
intervention points and the estimated travelling
times (specific preparation time for each vehicle
may be added).

In the second siep the user defines his request
following several stages:

1. Define a plan as a set of missions. The
missions are defined from scratch or
starting from mission stereotypes.

2. AL the level of mission an appropriate
conirol panel enables the user to declare the
appropriaic number of requested persons.
the appropriate number of requested
resources for each type and the amount
required for cach capability. This kind of
declarations at the level of interface,
represents a simple way for formulating
requirement statements which in natural
language could be expressed like:

“I want X amount of personnel™

“I want X resources of type Y™

e “l want enough resources able to
perform the X amount of the Y
capability”

The user must specifv also at the level of actual
mission the deadline and the operational point
(it must be onec of the intervention points
processed in the mobilization table).

Optionally the user has the possibilitv to specify
general conditions for selecting the resources
that may be used in mission. The conditions are
specified using interface clements that enable
the user to build and apply atomic filters or
more complex logical AND-OR  filters
exploiting the filter generic classes provided at
the level of Resource Management module.
Examples of statements which can be managed
by this simple formal language are:

e I want resources being on emergency
area before given deadline™;
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o “l want resources belonging to
certain bases”;

e “I want terrestrial resources from
certain bases being on emergency
area before given deadline”, etc.

Applying the filters has the effect of removing
from MT all those values which do not meet the
user- defined statements.

3. At the level of plan the user may specify
the global allocation criteria defining the
allocation strategy. All the missions in a
plan share the same global constraints.
Appropriate interface elements enable the
user to formulate in a simple way user
preferences that in natural language could
be expressed in statements like:

. “l want to minimize intervention
costs”

e I want to minimize the number of
resources employed”, etc.

Step ¢, performed by the system, ensures the
translation of allocation probiem into constraint
satisfaction problem terms thus making it
possible to exploit the capabilities of the
constraint management module in solving it. If
no solution is found the user may repeat the
process from Step b, specifying a new, relaxed
request.

Usually, for a given set of requirements, many
possible solutions can be found. The user has
the possibility to browse the solutions list and to
select the preferred one. The commitment of the
selected solution at Step d must not be done
until the resource dispatching task is
accomplished because resources that are marked
“available” in the system repository might
actually be not available, or not ready to be
employed.

The decision-makers are interested in being
supported not only in the emergency activities
but also in the medium and long-term activities.
The main medium/long-term activities are those
concerning the regeneration of the affected area
and timber supply adjustment.

Reforestation plans must be designed in the
carly stages of post windthrow management.
The application provides useful data related to
the species in the affected area and the genetic
resources demand for each affected forest
district. At the same time the application
provides data concerning the seed and seedlings
suppliers and their offer for the species in the
affected area. Based on the information
provided by the system, the users can decide on
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the appropriate policy for the regeneration of
the affected area.

Adjustment of the timber supply is necessary in
order to modify the current cutting plans at the
level of production units so that they take the
timber volume in the affected area into account.
This modification is necessary in accordance
with the sustained vield principle [Jobstl, 1997]
which states that annual or decennial yields
should be as even as possible. Cutting plans are
modified depending on the volume of timber in
the affected area and the implemented policy at
the forest county level of decision. The EDSS
application provides support for an appropriate
analysis of the possibilities of propagating the
economic consequences of the windthrow in
time or/and in space. Propagating the economic
consequences in ftime means adjusting only the
cutting budget of the production units belonging
to the affected forest districts for one year or
more, depending on the size of the windthrow.
The cutting budgets of the neighboring forest
districts not affected by the windthrow, are not
adjusted in this case. /n space propagation
means adjusting the cutting budget of both the
affected forest districts and the neighbouring
ones,

5. Conclusions

The framework for developing EDSS
applications proposed in the paper is based on
the research and development results obtained
in the TRACE project in which 8 partners from
5 different countries were involved. The support
in developing application is provided at two
different levels. At the conceptual level the
framework includes guidelines and tools for
designing applications through a user-centred
approach. At the level of application
development an object-oriented software library
is provided. The library consists of a set of
programmable objects implementing basic
functions for the management of environmental
emergencies.

The main benefits to be expected from an
application, developed following the TRACE
approach arc [Paggio ct al. 1999]:

e 1o decrease the human error rate (time
and risk pressure are keyv factors in
emergency management, which result
in error-prone decisions),

e to diminish the time required for
performing a full assessment of the
situation, by exploiting the
Geographical Information  System
(GIS) visual capabilities and providing
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the ability to filter and display context-
driven information;

e 1o enable concurrent management of

multiple situations;

*  to support optimized and safe usage of
intervention resources (means,
personnel, equipment, natural

resources), which are usually limited in
number and capabilities, and therefore
must be exploited at best;

o to facilitate the training of operators,

These features can be found also in other
EDSSs but following the TRACE framework in
developing applications they are provided in a
cost-effective  approach. The innovative
character of TRACE approach is also related to
the user-centred design it supports. The two
applications developed within the same project
following the framework proposed in the paper
demonstrate the advantages of  TRACE
approach in developing EDSS applications.
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