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Abstract. In this work, we present current results of our research which
goal is to develop a decision support system using Answer Set Program-
ming as an extension of a Geographic Information System to model vehic-
ular evacuation plans. We also present why an Answer Set Programming
approach seems to be appropriate to explore in order to create this exten-
sion. In order to achieve our objective, we first model the disaster scenario
where we are taking advantage of different features of Answer Set Pro-
gramming. Once we have modeled the disaster scenario, we will definc an
action language to model and give solution to vehicular evacuation plans,
named ALEP. We present our current results about the main features of
the language ALEP. Finally, we plan to incorporate a Case Based Rea-
soning component to deal with real time situations, and to test ALEP
language defining a DSS, as an extension of a GIS, in order to give support
in developing evacuation plans in volcano Popocatepetl. We think that this

DSS will be advantageous to the “Plan Operativo Popocatepet!” office in
Mexico.

1 Introduction

Our work aims at adding planning capabilities by using Answer Set programming
(ASP) [12] to Geographical Information Systems (GIS). The goal is to give deci-
sion support for planning in case of disaster situations such as volcanic eruptions.
Indeed, GIS contain data —such as maps, demographic data, traffic volumes—
that are useful for supporting evacuation planning in case of disaster situations.
However, planning in GIS usually supposes that data describing the environment
is completely known and static [7], and more generally, GIS are not able to reason
with incomplete or dynamic information, neither can they handle normative rules.
Hence, we propose to extend GIS with such reasoning capabilities. Our system
should represent actions and states of the world, in relation with real information
contained in GIS databases, and it should be able to deal with incomplete and dy-
namic information and normative rules. It should be able to take the specification
of a real emergency scenario, describing the hazard or set of hazards occurring in

97



Mauricio Osorio, et al.
lan consistency and propose alternative plans j

a real situation, to check {) def n ¢
of exogenous actions. It should also give support for dchug evacuatioy p]a?lsse

finding the set of all possible evacuation plans, or finding the best plan wig, Fa
spect to a given criterion of preference (e.g. the safest route, the shortest l‘oute:
the fastest route). In order to complete the decision support system we pla, t;
incorporate a Case Based Reasoning (CBR) approach to use or adapt solytjg,

at were used to solve old problems. &
GIS, we propose to use ASP (12, Indeeq
ASP is a logic programming language with strong theoretical work and well syjteq
for declarative knowledge representation [21,22]. ASP is well suited for represen.
ing action and change, and it allows reasoning with both incomplete and dynamic
knowledge. Dillerent inference engines for ASP have been implemented (18,10).
However, nowadays there are only a few real applications using ASP, hence, a goal
is to merge ASP and GIS in order to make ASP more applicable. We plan to apply
and validate our decision support system for modeling vehicular evacuation plapg
in volcano Popocatepet! area, in Puebla state in Mexico. The “Plan Operativo
Popocatepetl” office in Mexico (POP office) has the responsibility of coordinating
actions to evacuate safely people into towns located next to the risk zone of vol-
cano Popocatepetl in case of an eruption. Currently, this task is not supported by
a computer decision system, and in case of danger, the actual evacuation plan is
designed using printed maps and printed reports. In this case, decisions can hardly

be justified because of a lack of information [25].
We need to remark that evacuation time, time evacuees need to complete an

evacuation process, consists of three main components [13]: Time needed to recog-
nize a dangerous situation, time needed to decide which course of action take and
time needed to move towards the safety area (egress time). The first and second
times are influenced by behavioral and organizational factors hence are difficult
to predict these times. Behavior estimation of the residents under panic situa-
tion: if each person in the zone knows where to go when evacuation starts, if they
know where is the nearest easily accessible point outside the zone to which they
should go as quickly as possible. The egress time is influcnced by the availability
of emergency exit signs, well planned evacuation procedures, constructional fac-
tors(effective width of walkway, slope of stairs), the place where people are located
with respect to the time (night or day, week-end or working days) and human be-
havior during panic situation. Despite its strenghts, ASP may not always be able
to generate solutions in real time. For this reason we are also exploring the use
of other technologies to complement our system. One such technology is CBR,
which adapts solutions to known problems in order to quickly generate reasor
ably good solutions to new problems. We have already applied CBR successfully
in other domains, such as chess position analysis [14,15], and image comparison
in the context of the Popocatepetl volcano’s fumaroles [2]. Furthermore, we have
already developed some preliminary CBR work for the generation of emergency
evacuation plans in the context of the Popocatepetl volcano [23]. In the futuré, #¢
plan to incorporate some of the ideas developed in the works just mentione fo
strengthen our system. We also plan to study other systems which have applie
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CBR to similar problems, such as CHARADE [4], and CARICA (26], which work
in the context of forest fire emergencies.

The paper is structured as follows. We show the objective and methodology.
Next we present the work and current results for each step of the methodology.
Finally, we present our conclusions and further work.

2 Theoretical Background
2.1 Geografic Information

In order to define evacuation plans is necessary to have real information about (13,
27.17]: Hazards zones, destructive phenomena, roads, towns, refuges and means
of transport and traffic control. Most of this information should be information
from a GIS database. As usually in GIS databases, the original basic data is
composed of two parts®. The first part contains spatial data (maps obtained either
from field surveys or by the interpretation of Remotely Sensed data). The second
component contains non spatial data, and is complementary to the spatial data,
describing what is at a point, along a line or in a polygon, and containing socio-
economic characteristics (demographic data. occupation data for a village, or traffic
volume for roads). Currently, we have a GIS Databese with real information about
Popocatepetl problem [24).

2.2 Answer Set Programming

Indeed, ASP is a logic programming language with strong theoretical work. It is
well suited for declarative knowledge representation, allowing a simple user —that
is not expert programmer— to describe a scenario in a declarative way, with a
pseudo-natural language [21,22]. It is worth to mention that using a declarative
logic programming language all results of a program are automatically obtained
when this program is an input for some ASP inference engine like DLV [18] or
Smodels [10]. ASP is also well suited for representing action and change, and it
allows reasoning with both incomplete and dynamic knowledge. For example if we
know nothing about the availability of a segment of road we can assume, using ASP
normative rules, that this segment of road can be used in an evacuation unless we
have the specific information that it is blocked. The features of ASP that ALEP
can exploit are the following:

—Declarative knowledge representation: This feature allows us to describe the
scenario in a declarative way, using natural language. Hence, if a final user needs
to describe some particular scenario then he/she does not have to be an expert
programmer.

—Reasoning with both incomplete and dynamic knowledge: Normally, planning

e

* Geographic information has special formats to be stored and it follows some standards.
There are two standards for geographic information: one defined by the Oper.x GIS Con-
sortium, Inc (OGC) (http://wwv.opengis.oxrg) and the other by the Environmental
Systems Research Institute, Inc. (ESRI) (http://wwv.esri.com)
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in GIS is made with geometric operations supposing that data descrily
environment are completely known and static [7). Using two kinds of Negatig
ASP approach we can model exceptions and reasoning with incomplete knowlenl
about the environment. For example. if we know nothing about a segmen; of r o
we can assume that this scgment of road can be used in an evacuation unles: ad_
have the specific information that this segment is blocked. )
—Constraints: We can model constrains about the scenario. For example, if
know that a segment of road is blocked then this segment should not be part
an evacuation route.

There are some applications using ASP, one of the is related to NASA (6], which
is in the process of developing complex systems needed to improve NASA's ability
to deploy humans on long distance exploration missions. Under normal cireyy,
stances. such a systemn will be autonomous. It should be able to react to changes
in the environment. plan to performs certain goals. and detect the system's m:l.
functioning. In more difficult situations the system shall be able to alert humayg
about the problem, and to cooperate with them in finding a solution. However
nowadays there are only a few real applications using ASP, hence, a goal is .
merge ASP and GIS in order to make ASP more applicable.

ing

2.3 Case-Based Reasoning

Unlike classical planning systems which relv on a knowledge base of rules, CBR
relies on a memory of specific past experiences (e.g. cases) which are used in
der to develop solutions for new problems. The CBR process of solving a new
problem involves two main steps: Finding similar cases in mermory, and adapting
previous solutions to current problems. CBR reasoning is primarily a process
remembering solutions to old problems, and then either adapting or comparing
them. rather than composing rules to generate solutions from scratch. This prop-
erty makes CBR very suitable for quickly obtaining solutions that are sufficiently
good to solve new complex problems, as long as we have an appropriate case base.
Even though some of the CBR-generated solutions may not be optimal, as long
as they are feasible they will be useful in in the generation of evacuation plans
in case of a Popocatepetl volcano emergency situation. A detailed description
CBR techniques and applications can be found in [16]. There are two styles
CBR systems: Problem Solving, where a final solution to the new problem must
be produced, and Interpretive. where it is only necessary to present a justifics-
tion, presenting an argument of why this solution may be appropriate and \\'ha“
may have to be changed for the solution to work for the new problem. Our pr
mary target is to develop a Problem Solving CBR to complement the ASP system-
However, even an Interpretive CBR, may provide enough information to develop
a feasible solution with the interaction with a human expert. The remainder
this subsection describes two of our previous experiences with CBR in d.itfer.ﬂ"
domains from which we plan to incorporate some ideas to our current apPth‘“o“'
ICONCHESS [14] uses a case based approach to generate high-level advice .
chess middle game positions. To generate this advice, ICONCHESS relies on 8 ct:
base of middle game chess positions. Each case is a particular position index
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by its relevant features, a list of recommended actions for each player, and the
preconditions that were present in the position that suggested the récommended
actions. The indexing scherme is the basis for a similarity metric used to compare
new positions with those available in the case base. A comprehensive description
of these metrics, as used in ICONCHESS, can be found in {14]. Here we focus on
the concept of Influence, which is the one whose transfer to our current target
domain is most interesting. Influence is a metric introduced in ICONCHESS as an
atterpt to determine the impact of the fast pieces (e-g. queens. rooks, bishops,
and knights) on different parts of the board.

In ICONCHESS, the Influence Regions were fixed in the way they are tra-
ditionally defined in chess. However, it is also conceivable to think in terms of
Dynamic Influence Regions. which are Influence Regions that can take any shape
or size. This concept will allow us to identify similar influence patterns across the
board, which may also be indicative of similarities between different positions. Im-
plementation of Dynamic Influence Regions is currently under way. It turns out
that the concept of Dynamic Influcnce Regions may be applied to determine those
areas in the vicinity of the Popocatepetl that may be in danger given a set of
climatological conditions. Section 8 explains how this can be done.

Another interesting application of CBR is an Image Based Reasoner which
uses a similarity metric based on 5-dimensional (5D) graphics concepts in order to
compare images. A description of this application may be found in (2]. Briefly. the
idea is to map each pixel in an image into a 5D space using the two-dimensional
position and color (RGB) information corresponding to each pixel. Then the 5D
hypervolume of the generated image is computed and used as an initial similarity
metric. Later, additional graphical transformations, such as intersections, unions,
and filters are used to refine the similarity calculation. A thorough description
of the mathematics used to develop the similarity metric and the algorithm to
compute it can be found in [2]. Preliminary testing has been done with moderate
success using some of the available images of the Popocatepetl volcano.

In section 8 shows how we plan to combine this graphical similarity metric with
the concept of Influence explained previously in this section.

3 Objective and Methodology

The objective of our work is to investigate and evaluate thepplicability of ASP
to represent geographic information and disaster situationsn order to give sup-
port in definition of emergency plans. This paper introducesan action language,
named ALEP, which can be used to specify evacuation planningproblems. An
action language allows us to specify planning problems, i.e.find a sequence of
actions that has as particular result a given goal state fronn given initial state.
ALEP take advantage of ASP features and uses a macroscopiapproach [13] to
capture the evacuees’ movement. In a macroscopic approaclis not considered any
individual behavior during the emergency situation. It is wortlo stress that ASP
is a declarative logic programming language then this featurés inherited to ALI?P.
Hence, ALEP allows us to describe the disaster scenario andpecify evacuation
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planning problems in a declarative way. using natural language. If a final ygse,

to describe some particular scenario then he/she does not have to be ap e::
programmer. While this paper concentrates on volcanic eruption disasterg ALE
is applicable also to other kind of disasters (for instance, building evacuat; P
We suppose adding ALEP to a GIS would offer a better approach to Speciﬁm?.")'
and possible solutions of evacuation plans problems to experts. Hence, we pro o
developing a decision support system (DSS) as an extension of a GIS to ml;ZSe
evacuation plans. We also propose to enhance our DSS by incorporating 5 CB;l
component to deal with real time situations that may not be solved quickly
by ASP. In order to achieve our objective, we are obeying the following

tasks:

enough
series of

— Modeling the disaster zone using a GIS database.

— Define an action language to model the disaster scenario and to specify evac.
uation planning problems, named ALEP.

— Develop a basic CBR tool to use or adapt previous evacuation plans.

— Testing the expressiveness of ALEP: dcfining a DSS for volcanic eruptions,

In the following sections we are going to describe each task. For each task
we present the relevant results that currently we have, the contribution to the
technical area, conclusions and recommendations for future work.

4 Modeling the Disaster Zone Using a GIS Database

In order to achieve a correct representation of the disaster zone, we represent the
network of roads as a directed graph, where the directed graph edges and the non
spatial data about roads are in one-to-one correspondence. In this graph, towns
are connected with other towns by roads and each road is made up by segments.
Some vertices of the set of directed graph edges have a relationship with identifiers
of towns. An evacuation route is a path on this directed graph. For instance, the
network of roads in figure 1. Hence, we use non-spatial data about segments

roads and towns in order to define the background knowledge for the ASP approach
that we are developing. The construction of this representation can be done in

semi-automatic way. Using a GIS tool, it is possible to save non-spatial data

a text file, each line of this file corresponding among other information to the
identificrs of initial and final nodes of road segments used to define the directed
graph. However, the GIS data is not always consistent about non spatial dat.a
(for instance, duplication of identifiers of nodes) and it is necessary to correct this
information in order to use it. :

5 Overview of Language ALEP

In an evacuation is necessary to remove all residents from a danger zone to safety
quick as possible and with utmost reliability. Normally, danger zones aré Connection
to other zones by roads and roads are formed by a set of segments. Evacu?
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experts should select some of the.se roads in order to define evacuation routes. Each
evacuation route can start at different locations. pass by several zones in risk or
pass by locations where another evacuation route passes (some segments belong
to more than one evacuation route). In order to model the disaster scenario and
to obtain the evacuation plans we are defining an action language. named ALEP.
ALEP is an extension of language K [11]. In the following subsections we present
bricfly language K and the features of language ALEP as an extension af language

K.

5.1 Language K

K is a logic-based planning language, well suited for planning under incomplete
knowledge where transitions between states of knowledge can be described. The
states of knowledge are described as a set of fluents. K is close in spirit to ASP
semantics and exploits the power of ASP to deal with incomplete knowledge. Cur-
rently there is a planning system supporting K, named DLV-K (3], that is imple-
mented on top of DLV [10]. The main features of language K are the following: Def-
inition of actions and fluents: causations rules (caused £ if B after A) to spec-
ify the cifect of actions and allow transitions between states of knowledge; default
negation (not) that allows for natural modeling of inertial properties. default prop-
erties and dealing with incomplete knowledge: ezecutability of actions (executable
action if fluent 1,..., fluent n ); definition of initial state constraints to
specify the initial state (it is preceded by the keyword initially): parallel erecu-
tion of actions (this can be prohibited by the statement noConcurrency); handling
of complete and incomplete knowledge because the language allows one to represent
transitions between possible states of the world (total fluent); dcfinition of goals
and plans where the plan for a goal is a sequence of actions whose execution leads
from an initial state to a state where the goal is true. For a through description of
the language K we refer to [11].

5.2 Features of Language ALEP

The main features of language ALEP are briefly summarized as follows.

Road set specify the list of directed edges used to represent the network of roads
as a directed graph. Some of these segments belong to an evacuation route. In case
of evacuation routes have some repeated vertices, these vertices belong to the
first evacuation route where they are defined. The final vertex of each evacuation
route corresponds to a refuge where people are out of risk. The statements used
in definition of the network of roads are:

route r formed by V[n] connected_to V.

Intuitively. the above statement says: evacuation route r is the path on the
directed graph defined by the sequence of n vertices V[n]. where the final vertex
of this path is V; that is part of a defined evacuation route: connected_to part is
allowed to be empty which means that the last vertex of the sequence of vertices
Vn] is not connected to any other evacuation route.

no.route V{n| connected_to V,.
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Intuitively, the above statement says: the path on the directed graph g
by the sequence of n vertices V [n] where the final vertex of this path is /. ¢fin
part or not of a defined evacuation route: connected_to part is allowed to bJe
which means that the last vertex of the sequence of vertices V[n] is not oy,
to any route.

that j

€mpty,
!l(‘c(ed

o Pom3
codp Pomd

Fig. 1. A short example of a network of roads as a directed graph

For instance, the network of roads in figure 1 is represented as:
route 1 formed by 1,2,3,5,6.
route 1 formed by 4 connected to 3.
route 2 formed by 11,10 connected to 3.
route 2 formed by 10,12 connected to 6.
route 3 formed by 13,14,15.
no_route 2,8,9 connected_to 5.
no_route 2 connected_to 5.

Location rules Location rules specify the relationship between danger locations
and the directed graph vertices. The statements used in defining this relationship
is:t at Vj.

For instance. if Calpan town is located in vertex 1 in figure 1 this can be
represented as calpan at 1.

Unblocked segments of an evacuation route Evacuation is defined as to take all
residents away from a given location that has been considered as a danger zone to
safety as quick as possible and with utmost reliability [13]. In order to get reliability
it is expected that evacuees follow the evacuation routes defined by experts in case
of an eruption. However, a disaster can have a cffect on evacuation route segments:
blockage. Hence, is useful to know the segments of road that are free in order
to define an alternative route. The queries used to obtain the set of unblocked
segments is the following: partial route(S,T) For instance, if in figure ] the
vertex 3 of evacuation route 1 is blocked then the result of partial xoute 1,6)
is {1.2.5.6} thaf correspond to the set of unblocked vertices or route 1.
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Alternative evacuation routes When part of an evacuation route is blocked. it is
necessary to define alternative routes where evacuees travel toward their assiened
refuge. These alternative routes should use alternative segments. An a]tern;tive
segment is a segment of road that does not belong to an evacuation route. More-
over. these alternative routes should arrive to some point belonging to an evacu-
ation route, to some refuge or to some place out of risk. The more an alternative
route uses evacuation route segments, the better an alternative route become. We
need to model the alternative evacuation route problem in a disaster situation.
This model should consider the use of alternative segiuents as main parameter,
where the set of segments of road (alternative and evacuation route segments) is
part of the input and the minimal number of alternative segments used in the over-

all evacuation is the output. The queries used to obtain the alternative evacuation
routes are the following:

all_alternatives.routes(S,T)
informally states that it is necessary to find all alternative evacuation routes from
vertex S to vertex T such that each of them has the minimal number of alternative
segments and the sets of alternative segments for each alternative evacuation route
are disjoint.

minimal_alternative.route(S,T)
informally states that it is necessary to find the alternative evacuation route with
the minimal number of alternative segments from vertex S to vertex T.

6 Language ALEP

As we mentioned above ALEP is an extension of language K [11]. Therefore, in
this subsection we only introduce syntax and semantics of ALEP which are based
on syntax and semantics of K.

6.1 Syntax

Road set declaration The network of roads corresponds to a directed graph
G = (V. A). Evacuation routes has to be declared using route declaration of the
form

route r formed by V[n] connected to Vi

where r is a constant as defined in language K, V[n] corresponds to a sequence of
n > 1 vertices Vy,....V, G Vand VeV such_,ég'(}; a}p(zrgnii)g s%%lﬁlpath from
vertex V) to vertex V;. If j = n, the connected
A road out af an evacuation route has to be declared using no_route declaration
of the form

no_route V|[n] connected._to V,

where V[n] corresponds to a sequence of n > 1 vertices V..... Vs € V and
V, € V such that there is a simple path from vertex V) to vertex V,. If j = n. the

105



Mauricio Osorio, et al.

connected_
to part can be skipped.
Location rules Location rules are used to define locations and t}
form:
t at V; where t is a town identificr and V; € V.

1€y are of the

Partial route queries Partial route queries are used to obtain the
unblocked segments of an evacuation route and they are of the form et of

partial route(S,T) where S, T € V.

Alternative route queries When part of an evacuation route is blockeq it
is necessary to define alternative routes. The alternative route queries are of tyh
form: ¢

all alternatives routes(S,T)

minimal alternative route(S,T)
where S, T € V.

6.2 Semantics

Because of lack of space, in this paper partial route queries and alternative route
queries are introduced as library functions. However, it is straightforward to define
a formal semantic for them. In this section we present a mathematical structure
useful to express from it in a uniform way different semantics: Semantic Contents.
Among the possible semantics that can be defined with Semantic Contents are the
semantics for alternative route queries and partial route queries. In order to model
alternative evacuation routes is possible to use the semantics of CR-Programs
(5] as in [28,30] is presented. The semantics of CR-Programs is defined in terms
of minimal generalized answer sets. In [5] the authors give a translation of CR-
programs into abductive logic programs, which they call hard reduct, and the
semantics are defined as the minimal generalized answer sets of the hard reduct
of the program. In order to model partial evacuation routes is possible to use
k-minimal stable models from [1].

Once we have constructed the Semantic Contents of a program we show how
to find from it —in a uniform way - the variants of answer sets such as minimal
generalized answer sets (the semantics for partial route queries), the standard
definition of answer sets, W, stable models, and a notion which is very similar to
k-minimal stable models (the semantics for partial route queries). It is important
to remark that k-minimal stable models are defined only for disjunctive programs,
but the similar notion introduced in this paper is defined generically for any theory.

In [29] we defined the Semantic Contents of a program as a set of pairs obtaine.d
from the union of the program and a set of formulas, all of them satisfying certail
properties. In this paper we introduce compositionality in answer sets via its se
mantic contents. Compositionality is inspired on the the interest 8,9] of havi :
general principle on which both, the language and the meta-language for con'lb"“'
ing software components, have a formal mathematical semantics, thus P"OV'dmg
firm foundations for reasoning about programs and program compositions
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It is important to emphasize that we can obtain the Semantic Contents of a
program for every logic that satisfies few basic properties. Hence. our approach can
be applied in other nonmonotonic languages such as Partial Order Programming.
Semantic Contents is based in intuitionistic logic. for readers not familiar with this
logic, we recommend (22,21, 20] for further reading.

Now, we are going to present the definition of Semantic Contents as in [29] and
the compositionality in answer sets via its semantic contents defined in this paper.
Definition 1. Let P be a program (with a finite set of formulas), we define the
semantic contents, denoted by SC(P), as a set of pairs < S, T > satisfying the
following properties:

1. T is a deductively closed consistent extension of P(abbreviated as dcc extension

of P)wr.t L,

2. S is a set of formulas that SUPV T and
3.v8'cS, S'UuPYT.

The set S is called an abductive and the set T is called a scenario. If SC is a
semantic contents, then SCs := {X :< X.Y >€ SC} and SCr := (Y:<X.Y >¢
SC}. Note that if P is inconsistent then SC is the empty contents. We write SC¢
to denote the set of atoms that occur in SC. We have the following trivial lemmas.

Lemma 1. Let P be a program over a signature L. Then th(P) = K(SCr(P)).

Lemma 2. Let P, and P, two programs over a signature L. Then th(PLUPR) =
K(SCI,. n SCzT).

From the lemma 2 mentioned above and by the abuse of notation, we write
K(8Cy,8C) := K(SCy, NSC,,.), where SC; and SC;, are two semantic contents.
We also write SCT(SC}, SC?) to denote SCy, N SC,, .

Now we define an operator + between semantic contents.

Definition 2. Let SC) and SC, two semantic contents. Then SCy +SC; is a set
of pairs of the form < A\ K(SCy,SC;), T > such that T € SCr(SCy,SCs) and
< A, T >e SC,.

It is easy to prove that if we choose < A.T >€ SC; in dcfinition 2 then the
defined SCy + SC; does not change. The following theorem affirms that we can
have compositionality in answer sets via its semantic contents. It is important to
remark that this theorem holds for every logic that satisfies few basic properties.
The proof of Theorem 1 is presented in the appendix.

Theorem 1. For every pair of programs P, and P;, SC(P, U P,) = SC(P,) +
SC(R,).

The following lemma can be used to justify reductions of programs.
Lemma 3. Let P and P’ be two programs such that P is equivalent to P'. Then

P and P’ have the same semantic contents.
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Finding variants of answer sets from semantic contents We
to obtain different semantics based on Answer sets such as: minimal
answer sets, the standard definition of answer sets, W, stable models a
similar to k-minimal stable models. All this is done by using only
contents of a program.

We start by defining a model and the semantics of a program P over 4 s
ture £ in terms of ASCgr(P), where ASCr(P) is a selected set of pairs fro
semantic contents of P w.r.t. R a subset of L.

show how
genera]iz(, d
nd a notjq,
the semaytj,

iglla.
m the

Definition 3. Let SC(P) be the semantic contents of a program P, R be q subset
of L and ASCgr(P) := {< X.Y >€ §C: X C (RU~LU~~L)}. We define the
following:
1. M is a partial model of ASCr(P) if exists < X.Y >€ ASCR(P) such the
M = literals(Y).
2. M is a model of ASCr(P) if M is a partial model of ASCr(P) andl-iterals(;\[)
is complete.
3. A semantics of a program P, denoted as SEM(P), as a set of partial models
of ASCgr(P).

Hence, we have the following corollary of lemma 3.

Corollary 1. Let P and P’ be two programs such that P is equivalent to P'. Then
P and P' have the same semantics.

The following trivial lemma is about how to obtain the answer sets of a program
using its semantic contents.

Lemma 4. Let P be a program and M a model of ASCy(P). Then pos(M) is
an answer set of P iff there is a pair of the form < Z,Y >€ ASCy(P) such that
M = literals(Y).

Now, let EA C L be a set of atoms that we call ezplicit abductibles. We define an
ordering among entries of semantic contents as follows:Given a semantic contents
SC, e € SC,e' € SC, we definc e <g4 € if one of following cases occur:

1. e Cer
2. er is complete, ¢/ is complete, pos(es) C EA, pos(es) € EA, pos(es) C
pos(ef).

Note that <f4 is a strict order over SC and it is straightforward to definc
this order in terms of the cardinality of the sets. Now, we use the ordering among
entries of the semantic contents of a program to obtain the minimal generalized
answer sets of a program. The proof of this lemma is in the appendix.

Lemma 5. Let P be a program, EA C L and M be a model of ASCea(P)- Then
pos(M) is a minimal generalized answer set of P w.r.t. EA iff ezists X such that

< X, th(M) > is a mininal entry in ASCga(P) w.r.t. the ordering <gA and M
is complete.
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Now, we have' t‘he following corollary of lemma 5. It shows the relationship
between our de.ﬁmllon of minimal generalized answer set and the definition of W,
stable model given in [19]. In W, stable model is used a set inclusion order and a
cardinality order.

Corollary 2. Let P be a program, EA C L and M be a model of ASCga(P).
Then pos(M) is a minimal generalized answer set of P w.r.t. EA iff pos(M)
corresponds to a W, stable model of P.

We have shown how to obtain two of the semantics based on Answer sets: the
minimal generulized answer sets and W, stable models. This was possible thanks
to the definition of an ordering among entries of the semantic contents.

Now, we use the definition 3 of a partial model in order to construct the defi-
nition of a partial answer set in terms of its semantic contents. Partial answer sets
is a semantics similar to k-minimal stable models [1].

Definition 4. Let P be a program and A a partial model of ASCy(P). Then M
is a partial answer set of P iff is false that exists M', a partial model of ASCy(P),
such that |M'| > |M].

The following lemma shows that our definition of partial answer sets naturally
reflects its relationship with the definition of answer sets.

Lemma 6. Let P be a program and M C L. If P is stable consistent (P has at
least one answer set) then M is an answer set of P iff M is a partial answer set
of P.

7 Testing the Expressiveness of ALEP

In this section, we present a short example of an ALEP program in order to illus-
trate the use of language ALEP. It is worth to mention that ALEP is a declarative
logic programming language. Hence, in an implementation of ALEP language all
results of an ALEP program are automatically obtained when the input for this
implementation is an ALEP program. As future work we plan to develop a DSS
as an extension of a GIS in order to give support in developing evacuation plans
in volcano Popocatepetl. The following example uses the directed graph presented
in 1 that was represented as the road set of subsection 5.2.

fluents:
position(X) requires mode(X). %to indicate current position
blocked(X) requires node(X), blocked(X). %to indicate that vertex X is blocked

actions:
%action travel by the same evacuation route
travel(P,Q) requires road(P,Q,X), route(X).

alvays:
% final node of segment is the new position after traveling

109



Mauricio Osorio, et al.

caused position(Q) if travel(P,Q)),node(P),node(Q).

% initial node of segment is not the new position after traveling
caused -position(P) if travel(P,Q)),node(P),node(Q).

% it is not possible travel from P to Q if currently it is not ip positi
nonexecutable travel(P,Q) if not position(P). ion p

% it is not possible travel from P to Q if Q is blocked
nonexecutable travel(P,Q) if blocked(Q).

% initial conditions: start evacuation from vertices 1, 11 and 13
% when vertex 3 (belonging to evacuation route 1) is blocked.
initially: position(1), position(11),position(13), blocked(3).

% the goal has three subgoals:

% (1) find all alternative evacuation routes from 1 to 6

% (2) find all alternative evacuation routes from 11 to 6

% (3) find all partial evacuation routes from 13 to 15

goal: all_alternative_route(1,6), all_alternmative_route(11,6),
partial_route(13,15) ? (5).

By default, in language K actions are executed concurrently. As it was described
before, language ALEP is an extension of language K hence ALEP allows action
concurrence. The result of the ALEP program are the following plans:

Plan 1: travel((1,2),1), travel((11,10),1), travel((13,14),1).
travel((2,5),2), travel((10,12),2), travel((14,15),2).
travel((5,6),3), travel((12,6),3).

Plan 2: travel((1,2),1), travel((11,10),1), travel((13,14),1).
travel((2,8),2), travel((10,12),2), travel((14,15),2).
travel((8,9),3), travel((12,6),1).

travel((9,5),4).
travel((5,6),5).

In both plans, action travel is executed concurrently. It is indicated that at
the same time i (for i from 1 to 5) action travel should be executed three, two
or one times. Moreover, as a result of vertex 3 is blocked and part of the goal is
to find all alternative routes from 1 to 6 then there are obtained two plans. These
two plans represent all alternative evacuation routes from vertex 1 to vertex 6
such that each of them has the minimal number of alternative segments and the
sets of alternative segments for each alternative evacuation route are disjoint. The
solution to the last subgoal, partial route(13,15), that indicates to find the set of
unblocked segments from 13 to 15 in both plans is the same: travel from 13to 14 at
time 1 and travel from 14 to 15 at time 2. This solution corresponds to all segments
of evcuation route 3 because there is not blocked segments in this route. We want
to stress thdt the semantics of all_alternative_route sentence is given in terms o
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minimal generalized answer sets using a set inclusion order and the semantics of
partial route is given in terms of k-minimal stable models,

If we replace the goal for

goal: minimal_alternative_route(1,6) ? (5).

then there is only one plan. This plan corresponds to the alternative evacuation
route with the minimal number of alternative segments from vertex 1 to vertex 6.
Plan 1: travel((1,2),1). travel((2,5),2). travel((5,6),3).

The semantics of this program is also given in terms of minimal generalized answer
sets but using an cardinality order. Since 3 is blocked, both options of finding al-
ternative evacuation routes include roads that do not belong to the pre-established
evacuation route. Now. if we replace the goal for goal: partial_route(1,6) ? (5).
then the set of unblocked segments of the evacuation route is: Unblocked segments:
road(1,2), road(5,6).

The semantics of this program is given in terms of k-minimal stable models.

8 Conclusions and Future Work

We have intruduced ALEP, an action language, which can be used to specify evac-
uation planning problems that can successfully generate evacuation plans for some
situations in the context of a disaster sitaution like a Popocatepet! volcano erup-
tion. However, there are still several ways to improve our work. At this point we
are interested in pursuing two particular objectives: to generate a CBR component
to complement the ASP planner. and to do further testing of ALEP, by defining
a DSS.

As mentioned in Section 1, we plan to enhance our ASP based DSS with a CBR
component. While the results obtained from the ASP planner have been satisfac-
tory so far, the process may be very time consuming for particular situations. For
this reason it may not always be possible to compute a new solution from scratch
given a new real time situation that needs to be addressed almost immediately.
As a result, it is necessary to combine ASP with some other technique that will
allow our system to generate solutions quickly. CBR seems to be a natural choice
since it is well suited to quickly generate "ball-park” solutions for new problems
based on previously solved problems.

However, there are not too many real cases for our particular problem that we
can use in order to create the initial case base for the CBR component. Therefore,
our approach will be to initially populate our case base with artificially generated
situations along with the solutions computed by the ASP planner for each of these
situations. Several interesting problems arise at this point. First, it is necessary
to identify all the attributes that are relevant for each situation, and then select
those attributes that will compose our indices. Second, it is necessary to select the
particular cases we want to solve in advance, so that they can cover the widest
selection of possible cases, making it easy to adapt the solutions to solved cases
to be applied to new ones. We have done some preliminary work in order to solve
these problems [23]). We plan to incorporate some of the ideas developed in our
previous CBR work, such as the critical regions used in the chess domain (14,
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15]. or the similarity metric used in [2] to our current problem. Furth
will analyze other systems such as those described in [26,4] to searc
ideas that may be helpful. Eventually. we envision a CBR system, suc}
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h for other
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Fig. 2. CBR for planning evacuation

described in Figure 2. The initial cases will be provided by the ASP planner results.
Later, when facing new situations in real time, the description of the emergency
scenery will be used to retrieve evacuation plans for similar cases. The selected
plan(s) will be used or adapted, and finally stored after an appropriate evaluation.
We are exploring the possibility of combining the ideas presented in section 2.3 in
order to generate a powerful and accurate similarity metric for disaster situations
in the context of the Popocatepetl volcano. This can be accomplished following
these steps: 1) Compute the degree of danger to which each region in the area
comprising the volcano and its vicinity is exposed according to the current volcano
and climatological conditions. This is analogous to the computation of influence
in the context of chess, with the particularity that the shapes of the regions may
have a much wider variation, and the computation of the Influence/Danger may
be more complex than in chess. Particular attention must be placed on those areas
which are densely populated or contain otherwise precious resources, which would
be analogous to the computation of Influence regions around the kings in the chess
dormain, 2) Map these danger computatiouns into different colors to be overlapped
in the appropriate positions of the geographical area’s images, 3) Use an Image
Based Reasoner similar to the one presented in the previous section in order t
compare different situations, 4) Incorporate this image based approach into a0
overall similarity metric that also includes other factors that may be relevant (e
availability of vehicles to carry out the evacuation).
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A Appendix

Theorem 1

Proof. Let K(SCy,5C2) = K(SC(P,),SC(Py)), SC, = SC(P,) and SC; =
SC(P,). Let < X,Y >€ SC(P,UP,). Then XU(PLUPR) F Y and VX' C
X.X'U(PLUP) Y. Hence (XUP,)UP FY and XN P, =0.

Thus, 3P’ C P, such that < X U P',Y >€ SC; (The reader can verify that: if
P'C Pythen XUP'UP, FY. Now if 3X’ C X such that X'UP'UP, Y then
X'UP,UP, Y but this contradicts the hypothesis). Since Y € S Cr(P,)NSCr(P. 2)
then Y € SCr(SCy, SCs). Hence < (XUP')\ K (SCy,SCs),Y >€ SC1+SCs. But
K(SC1,5C3) F Py, s0 < X\ K(SC},SC;),Y >€ SC; + SC,. But K(SC1,5C2)N
X =0.50 < X,Y >€ SC; + SCo.

Now, suppose < X,Y >€ SC; + SC;. Also suppose that < X,Y >¢ SC(P uF)
(to prove by contradiction).

Hence 3X’ such that X = X'\ K(SC;,SC,) and < X',Y >€ SCi (and %0
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X'U Py FY). Thus by set properties X’ C X u K(SCy,SC;) and by monotonic-

;yu(gl BE’?’Z)}_?U K(SCI-SCZ) UP Y, but PUP K(SChSCZ)~ Hence
Now, by < X.Y >¢ SC(Py U P;) we have 3 cases:

(1) Y is not a dcc extension of PLUP,. So, Y ¢ SCr(SC1,S8Cy) andso < X.Y >¢
SC, + SC,, a contradiction.

(2) Y is a dcc extension of Py U P, but X UP, UP, i/ Y. However we have already
shown X UP,UP, Y, a contradiction.

(3) Suppose X U P, UPFY,Y isa dec extension of P, U P, and X does not
satisfies third property of definition 1. Now we have two subcases:

(a) XNK(SC,,SCz) = 0. But by construction of SC1+SC;. all paits < X'. Y’ >¢e
SCy + SCy, satisfy that X' N K(SC\.5C;) = 0. Hence < X.Y >¢ SC, + SC,,
contradiction.

(b) XNK(SCy, SC2) = B. So, we assume that 3X’ ¢ X such that X'UPLUP Y.
Then (X'UP,)U P F Y. Hence 3X”, X" C X' U P, such that < X".Y >e SC;.
So < X" \ K(SC],SCQ), Y >e SC, + SC,.

We know X” C X U P, and so by set properties X" \ K(SC,.8C;) € (XU
P2) \ K(SCy,8Cz). That is, X" \ K(SC,,5C;) C X \ K(SC,.SC,). To prove
that the contention is strict, take e € X and e ¢ X'. Then by hypothesis (case
b), we conclude that e ¢ X". We also know that e ¢ K(SC,.SC,). Hence e 4
X"\ K(SC\,8Cy) but e € X \ K(SC,.SC,). So, X" \ K(SC,,8C,) ¢ X\
K(SC,,SC3). Since XNK(SCy,SC2) = 0 then X"\ K(8C,,SC3) C X. Implying
that < X,Y >¢ SC, + SC,. contradiction. '
So, in all cases we arrived to a contradiction. ¢

Lemma 5

Proof. Let M be a model of ASCE4(P). Suppose that pos(M) is a minimal gen-
eralized answer set of P w.r.t. EA that implies that 3A C EA such that pos(A/)
is an answer set of AU P and 34’ C A such that A’ U P has an answer set of P.

Hence P U A U -pos(M) U ~—pos(M) +; pos(M) then P U A U neg(M) U
-=-pos(M) F; pos(M) U neg(M). Let N be the minimal subset of neg(Af) U
—-pos(M) such that PU AU N Fj pos(M) U neg(M).

Llearly < AU N, th(M) > is an entry of ASCga(P) (Proof by contradiction
of 34’ € AU N such that A’ U P th(M) : Suppose that 34’ C AU N such
that A’UP ; th(M). Suppose A’ := ApU Ay, where Ap :={r € A:z € L} and
Ay :={z € A:x € -L} then we have A U Ay U P b th(M). Hence PU A)p
has an answer set, contradiction).

Now we prove (by contradiction) that the entry is minimal. Let e :=< AU
N,th(M) >. Suppose that exists e’ such that e’ <g4 e then we have two cases:
1) er C €/ then €} is inconsistent, contradiction.

2) er is complete, e} is complete, pos(es) C EA. pos(e’s) C EA, pos(es) C
pos(es). Then PUpos(es) Uneg(es) Fr e7. Hence PU pos(e) has an answer set,
contradiction. ) )

Now, suppose that exists X such that < X,th(M) > is a minimal entry in
ASC(P) w.r.t. the ordering <ga such that M is complete and pos(X) C FA.
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Then X c LU~
Hence PU X +; M.

Then P U pos(X)u neg(X) k1 pos(M) Uneg(M).

Then P U pos(X) Uneg(M) F; pos(M) Uneg(Al).

Then P U pos(X) Uneg(M) U ~—pos(M) F; pos(M) U neg(M).
Let A = pos(X). Then PU AU neg(M) U ~—pos(X) I, pos(M). r
Hence pos(M) is an answer set of PU A Such' that A C EA. We Prove (by
contradiction) that pos(M) is a minimal generalized answer set C_'f Pwrt E A
Suppose that 3A’ ¢ A such that PU A’ has an answer set (then exists an )/ such
that pos(M’) is an answer set of PU A’). Hence PU A

Uneg(M')u ﬁﬂpos(l\,ll) -
pos(M'). Then exists < A'UX, th(M') >€ ASCg4(P) where A’ ¢ Aan

dAcEy
then A’ C EA. Contradiction. ¢

U--Land PUX }; th(A1).
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