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Abstract. The recent interest in historical and cultural patrimony has made a great number of information
systems arise in order to divulge information about patrimony. However, these information retrieval systems
should be powerful enough to recover the concrete and precise information, but, at the same time, they should
offer a simple interface that allows a computer novice to query the information needed. Supporting this idea,
we think the use of knowledge qualitative representation could be very helpful to fulfill thisgoal, asit is shown
in this paper. This article introduces how qualitative programming techniques and models can be used to help a
user to choose a cultural route adequate for his needsin asimple way.

1. Introduction

Qualitative reasoning and its techniques have been frequently used, mainly in engineering. This techniques
managed in conjunction with constraint satisfaction programming are applied in many different research areas. In
this case, we are going to use it for the generation of cultural routes.

One of the main advantages that a user can find when he uses qualitative reasoning is that he can use its
capacity and flexibility. Thus, the user can express complex constraints in a very simple way. These qualitative
constraintswill be considered to obtain the desired results.

Moreover, the technology progress and the use of Internet are leading to new needs, and new questions arise
everyday. Only afew years ago these requirements weren’t taken into account by companies and ingitutions when
they showed the information via Internet. Nowadays, they have provoked that companies must offer simple, but at
the same time, powerful query systemsto retrieve the information the way the users want.

Information obtained using models can be quantitative, qualitative, or a mixture of both of them. This mixture
is going to be referred as semi-qualitative in this paper. All these pieces of information must be considered when
these model s are been studied.

We have taken different levels of numeric abstraction into account, from a completely qualitative point of
view [8], semi-qualitative [ 7], using numeric intervals [ 14] and quantitative.

As we have already mentioned, semi-qualitative knowledge representation can be used for many different
purposes. Thiswork applies this kind of knowledge in areal problem of a public company in Andalusia. However,
it could be extended around other geographical areas. This public company is the “Historical Patrimony
Andalusian Institute” (HPALI). This institute manages information about historical patrimony in Andalusia. Many
different communities are interested in this kind of information. On the one hand, it is very important for
patrimony researchers and cataloguers, as well as for the staff of the HPAI. And, on the other hand, it is very
interesting for those people who are not expert in patrimony, like tourists. So, one of the main aims of HPAI is
spreading the information out via Internet.

In order to bridge the gap between users and the information that the institute is offering, a system have been
developed to allow usersto make queries using asimple, but quite expressive language.

There are many different ways to offer this information, and this paper describes one of them. We want to
give the user the possibility to plan his visit to Andalusia via Internet using a tool that allows him to enter some
constraints about some characteristics of the monuments, such as, geographic location, style, historic period, and
so on. This tool will study this constraints and it will elaborate a possible route. This route not only must satisfy
the constraints that the user entered, but it has to be the most efficient according to time, prices and/or distance.
The route will clarify which monuments should be visited and when they should be visited.

To introduce the problem and our results, in the second section of this work, we outline and describe the
problem, the structure of the information showed to the user and the different constraints that the user can express.



In the third section, we give an introduction to programming with constraint paradigm and knowledge qualitative
representation. To conclude, in the fourth section, we show how the problem is solved and the used methodol ogy
to doit. In the fifth section, we obtain some conclusions and point out some future works.

2. Outline of the problem

HPAI staff catalogue and manage a great amount of data about Andalusian historic patrimony. From its very
beginnings, one of its main tasks has been the diffusion of information about patrimony to researching groups and
people, in general. The procedure to access to the information was the following: the patrimony researcher
requested the information via phone or via email, and later, the answer was given by HPAI when it was possible.
This procedure had many problems: only a few requests could be attended simultaneously, and the researchers
hadn’t immediate answers. These inconveniences became harder when the number of researchers rose. We are
going to outline the problem offering a system that allows users to submit queries via Internet. This real-time
system will be connected to the HPAI database, and will send the answers back immediately. The use of the
Internet makes easier the information query by any given user.

2.1 Information structure

A great amount of data is stored to describe monuments. They use different media, like images, text, sound,
etc. Thisinformation is grouped in different sets, but we are going to focus our attention in a few of them. They
are described below:

s etdentification data set. In this set, the user can find information like the name of the monument, its
code, if it is apublic monument or when it can be visited.
&t ocation data set. Thisis avery interesting set because it contains the information needed to express
constraints. With this data set the user can determine where the monument is, that is, its address, its
province, itstown or its location in a map.
& #Description data set: This set includes data which describes the monument. The most interesting ones
are:

&&ypology: It indicates what kind of monument it is, achurch, a cathedral, etc.

=&tyle: This data describes the artistic style of the monuments, for example, Gothic or Baroque.

eHtistoric Period: This data shows the historic period of each monument.

=#&uthor: Thisfield groups the group of people who produced the monument.

eBescription: It is atext where the monument is described in detail.

eHtistory: It isalso atext where the history of the monument is stored.
esetmage set: This set groups all images where the monuments appear. This information is very
interesting in our problem, because we want to show images of the each selected monument to the user.

Other sets of data are stored, like the bibliographic data set, that is, books or magazines that have been
written about the monuments, or the conservation data set, but they are out of the scope of this paper.

Although this is the information stored in the HPAI database, we have realised that we need to enrich the
geographical datain order to define the cultural routes and to offer all the functionality and semantics that the user
hopes.

2.2 Requirements and query language

When requirements are going to be defined, we should think about which the users’ needs are. The system should
have an interface where the user can enter the basic information for his requests. Basically, the screen will display
the following data:

1-  Initial town: Inthisfield the user will enter the Andalusian town where heis going to start his visit.

2-  Final town: Here the user will indicate the Andalusian town where his visit will finish.

3 Kilometres: The user will establish the length of his route. Usually, this parameter can not be determined
precisely, therefore, we have enriched this field with a few labels that are more expressive. These labels
are shown in table 1. As a consequence of the use of these labels, the user can request that the distance
should be much less than 300 km or approximately 200 km.



4-  Price: It indicates the amount of money that the user wants to spend visiting the monuments. This price
do not include the journey price, because this one will depend on the transport used (rented car, own car,
bus, train, plane, etc). The constraints about price can be defined flexibly, too, that is, the user can express
them by means of the labels shown in Table 1.

5 Visitors who are more demanding about patrimony could be interested in describing the kind of
monuments where they wanted to go. Consequently, the user needs to express constraints about the
following things:

a.  Typology. The user will be ableto enter if heisinterested in cathedrals or paintings.

b. Historic Periods. The user will be able to choose the historic period, for example, Middle Ages.

c. Style. The user will be allowed to express constraints about the style of the monuments.

d. Authors. At last, the user will be able to indicate the monument’ s author or authors.
All these fields are stored in the HPAI database. Thus, when the user wants to choose a typology, the
system will show all the typologies allowed.

6- Those visitors, who are interested in visiting only some towns, are allowed to use another field to specify
the towns they wanted to know.

Although these are the basic requests and the ones which we have thought of, if a tool to generate cultural
routes wants to be done, it will be necessary to include new aspects. We will show future upgrades for the route
production program. Currently, we have only taken into account the ones mentioned above.

Once we have discussed the different possibilities that the user has, we should give him a simple way of
expressing the constrains that he wants. In order to do this, the user will watch a screen similar to the one depicted
in Figure 1.
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Figure 1: Screen to enter queries

In this screen, the user will enter the values of the fields he wanted to constraint, the Andalusian town where
he wants to start the visit, the distance he wanted to travel and the time constraints. As it is shown, these
parameters can be seen from a semi-qualitative point of view, that is, mixing qualitative and quantitative

information [10] by means of the defined labels. The user is allowed to enter qualitative labels with quantitative
information.

In this screen the user can prioritize its preferences according to the parameters: time, space or price (thisis
on the right and on the top of the screen). This selection will be very important because it will imply what the
objective function will be to the constraint satisfaction algorithm.

Concerning to the bottom of the screen, the application have to let the user enter more than one value in every
field, and let him express advanced queries, too. For example, the user could decide that he doesn’'t want to cover



more than 150 km, and visit monuments from the Middle Ages which are urban buildings. Moreover, he could
want to start hisvisit in Carmona, atown in Seville. This query isthe one shown in Figure 1.

We should highlight that the constraints involving towns and provinces are disunctive, because one
monument can not be in two towns or provinces. In addiction to the selection of the province and the town, users
can constraint the typology, the style, the authors and the historic period. These constraints could be declared
disjunctive (using the or button placed on the right of the field) or conjunctive (by means of the and button).
This decision will depend on the search criteriathat the user wants to introduce.

Aswe can seein Figure 1, the basic functional requirements that we have mentioned below are represented in
this screen.

2.3 Showing theresults

Once the user has sent the query, the system will execute the pertinent operations on the specified constraints,
aswe are going to present in the next section, and, then, will return the results that will be displayed using a screen
similar to the one showed in Figure 2.

On this screen, the user can read the information as atext (as we see on the top and on the right) and as agraph,
using a map of Andalusia. Moreover, if the user wants to get more detailed information about his route, he can do
it using the link of the bottom, for example, he can obtain al the details about the times of nonuments, its
characteristics, the distance,

The user can obtain more detailed information about every concrete monument if he navigates using the links
of the cultural route. He can watch the description of the monument, its history, photos and images, its time, etc.

Route
1- Seville Cathedral (Seville)

1- Cadiz Cathedral (Cadiz) - 1
3- Malaga Cathedeal (halaga) §

Proposed Cultural Route

Detadl infermation

Figure 2: Query results screen

2.4Work algorithm

To continue, we are going to describe the algorithm followed by the system to generate the results, as the ones
obtained in the previous section. Once the user has entered his preferences and has requested the route, the system
must follow these steps:

Step 1- The system will generate the constraints by means of the semi-qualitative labels that the user had
selected. Thus, we are representing knowledge using quantitative constraints with intervals.

Step 2- The geographical areais limited by the system. If the user has selected a starting town or province
and he has limited the number of kilometres, the system will obtain the utm x and y and will select from the
database all those monuments whose distanceis that number of kilometres or less. So that, it hasto query the



database and make mathematical calculations to calculate distances, and the total price when they have been
constrained. Y ou should notice that every town will be represented by an utm point (x, y) which is referred to
the city centre. Moreover, the system will treat the monuments and towns as points not as irregular-surface
polygons, as they really are. Although we could have worked with polygons in a more precisely way, the
system would have been more inefficient and the results wouldn’t have been improved so much, as we have
proved in earlier experiences.

Step 3 After this, the system has to query the datatabase. When step 2 is over, the system will join all
constraints and get the query which will be sent to the database system to get all the monuments that fulfil the
constraints.

Step 4- Show the results. The system will expose the concrete route with the monuments resulting from the
query. For this, the system will implement algorithms to put monuments into a map and highlight the
possible routesto follow. (Figure 2).

3 Constraint programming and qualitative knowledge

Constraint programming idea begun in the 70's as a way to solve constraint satisfaction problems that had been
arisen in the processing image research field. The key ideas of the constraint programming can be found in [11]
(3.

The programming with constraints is concerned with the process of solving problems that are specified using
a set of constraints. The most common method for specifying constraints is as a CSP (Constraint Satisfaction
Problem). A CSP is defined as a group of variables. Each of them can have a group of values (its domain) and a
group of constraints (relations) among them. The solution of a CSP is a group of variable-value pairsthat fulfil the
constraints. CSP’s deal with variables with discrete and finite domains. CSP's are solved by means of consistency
techniques in addition to backtracking.

This programming paradigm alows the formulation of knowledge as a group of constraints without
specifying a method to fulfil these constraints. A lot of techniques have been developed in literature in order to
find partial or complete solutions to different kinds of constraint expressions.

This technique has been applied to different tasks, such as, design, diagnosis, truth maintenance, planning,
scheduling, space-time reasoning, logic programming and user interfaces. Many of them are NP-complete
problems and require time of exponential order to solve them. In this paper the reasoning that the program will do
to find the constrained cultural routes will be based on the resolution of a CSP using constraint programming. The
obtained solutionswill be complete, valid and stable.

3.1 Constraint Satisfaction Problems

CSP's, as we have already mentioned, are composed by a group of variables, each of them with a certain
domain (discrete, continuous and united), and a set of constraints that have the same priority (in some problems,
some constraints can be prioritize), but different nature: logic, algebraic, etc.

Constraints represent requirements or conditions that solutions must fulfil. A constraint [11] can be described
asarelation in a space of possibilities. From a mathematical point of view, they are relationships that are specified
precisely among variables, each one getting values in a predefined domain. Constraints limit the possible values
that the variables can have and represent some partial information about some variables.

Constraint networks are used to solve CSP problems and they are defined by:

V ={X1,..Xn}
D ={Dy,..,.Dn}
C={C,..C}

whereV isthe set of variablesin the network, and X; isits possible values which are in a defined domain, Di. C
represents the set of constraints in the network. In each constraint G are some variables defined in V. Thus, each
constraint is relations defined in a subset of V. Tuples in this relation are those ones. Each group of possible
values in this subset is a possible solution. To conclude, a constraint is a relation that must be satisfied by possible
values of variablesinit.



3.2 Qualitative knowledge

In our problem, we can introduce some qualitative labels which have a special meaning in the system, in such a
way that using the knowledge of an expert, these labels can be transformed into constraints. These constraints will
allow usto define a CSP.

In our posed problem, some qualitative labels are shown to the user. These labels are going to determine set
of values, but the user will be unaware of all this process. The interval of values defined for a qualitative label
will be selected by the patrimony expert. In Table 1, labels defined for our problem are shown. Each label defines
aninterval. Thisinterval has parameters, asit isshownin Table 1. Aswe see, each |abel defines an interval. Some
parameters are used to define these intervals. In Section 4, we present the values of these parameters, which have
been defined by the staff of the HPAI.

Defined labels can be classified depending on their associated operators. Thus, these operators can be unary
or binary. Binary operators are divided into operators connected with the subtraction and operators related to the
division. Each operator has alabel and an associated interval, which are defined using some parameters which will
be defined by the expert.

Table 1 depicts these labels and its associated val ues related to each operator.

Unary operators

Qualitative label Operator Domain
very small/ very nearby NG [-vo ,-?]
moderately small/ moderately nearby NM [-22?777]
lightly small/lightly nearby NP [777?]
medium 0 0
lightly big/lightly far PP [0,27?
moderately big/ moderately far PM [7772]
very big /very far PG [?2%5]

Binary operator related with the difference

Qualitative label Operator Domain
bigger or similar > [0, V-]
similar = 0
smaller or similar < [-v2,0]

Binary operator related with the division

Qualitative label Operator Domain
quite smaller than/ very nearby to « [0, Pre]
moderately smaller than/ moderately nearby to -< [Pre, (1+Pre)’ ]
lightly small than/lightly nearby to ~< [(1+Pre)”, 1]
Approximalely similar to ” [(1+Pre)* , 1+Pre]
lightly bigger than/lightly far to >~ [1, 1+Pre]
moderately bigger than/ moderately far to >- [1+Pre, 1/Pre]
quite bigger than /very far to > [1/Pre, v-,]

Table 1: defined labels and operators

Unary operator intervals have been defined according to [12]. ?%? are used to distinguish domains where
qualitative magnitudes can get values. Binary operators are also represented by an interval [9], which is defined
using a special tolerance parameter Pr e. This parameter represents a value “much lower than one”. In both
operators, v, represents the infinity. Obviously, when these parameters are defined, helped by experts, it is
necessary to study relations between unary and binary operatorsto be coherent [13].



4 Generating cultural routes

4.1 Requirement specification of cultural routes

The problem of finding cultural routes is solved by means of a graph, where its nodes represent monuments
that fulfil a set of constraints, and its edges are the paths between monuments. In this section, we are going to
determine normalized constraints defining possible predicates used to generate cultural routes. These predicates
can be concrete or qualitative.

?? Concrete predicates. These represent constraints in fields which only can take values in a concrete
domain. For example, in magnitudes like typology, style, or historic period.

Style(X) = ‘Gothic’,itistruewhen x isa Gothic monument.

?? Qualitative predicates: These express constraints where qualitative labels in table 1 can be used. These
are associated to continuous magnitudes like time, space, etc. For example:

Di stance noderately | ower than 300, itistruewhen the distanceisin theinterval
defined by thelabel roder at el y | ower.

Also, these predicates can be combined with classic logic predicates like and, or, or not.

To conclude, when a user submits a query, the system generates constraints associated to discrete
magnitudes, named rp. But, on the other hand, it also has to generate constraints related to continuous
magnitudes, named rc. Finaly, the system combines both of them using logic operators, getting the syntax of
the problem.

After defining the syntax, semantics must be established. Semantics gives rules to convert predicatesin a
CSP, which will be solved by means of ILOG Solver [5]. Concrete predicates are included in the continuous
model adding a new variable s=CSPDiscrete (rp). This variable is 1 when there is a possible route which
verifies this discrete constraint. That is, the constraint iss?? , which meansthat sis not an empty set.

Continuous constraints are defined using qualitative labels, thus, their semantics is more difficult to get.
Some transformation rules are necessary to get it. These rules are depicted in Figure 3.
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Figure 3: Transformation rules

In order to get the interval, the expert must establish the values of the parameters used in Table 1. The
values defined by patrimony experts for our problem are shown in table 2.



Campos (o0 magnitudes)

Operator Parameter Province Town. Km. Price

Unary 2? 20 10
Py 300 300

Binaries Pre 01 0.1 0.2 0.2

Table 2: operators, fields and parameter values

Shadowed cells indicate that the label does not have sense in that field. For example, if we have the
constraint Space noderately | ower than 300 using rulesin Figure 3 and Tables 1 and 2, we get
the following constraint:

Space noderately | ower than 300 =>space-300*r,r? [0, 0.2]

4.2 Methodology to get routes

When constraints are known, an algorithm to solve them has to be implemented. A generic dgorithm could be
used. However, numeric and discrete constraints appear in our posed problem, so a methodology has to be
proposed. In figure 4, this methodology structure is presented.

e —— T T

T
—_ o e

Database view: / Constraints: A
Monuments which | space & price {“j Monument database
verify constraints

st il TR s
"2 N
Constraint program |—'*x Cultural

route proposed

Figure 4: Methodology structure

The process starts in the monument HPAI database. The system does a previous request to get monuments which
are situated in a suitable geographical area to be included in the cultural route. As the same, they verify
geographical constraints. The monument database is a huge database which has a lot data, so this previous request
alows its reduction. After that, the system gets a view of the initial database which is much lower than the
original. After being selected these monuments, the suitable program, which is written in ILOG Solver, is
developed. This program is applied to the database and allows the obtaining of the most interesting monuments
for the user. Finally, an algorithm to put these monuments into the map and to define the best route is applied
(similar to figure 2)

5. Conclusions and future works

When the problem is known, the methodology is defined and different groups of constraints are detected, it is not
difficult to get a system to elaborate automatic cultural routes using the programming with constraint tools and
programming languages is not difficult. Thus, we can claim that this paradigm is very suitable to this kind of
problems.



However, this problem is more difficult than the version presented in this paper. There are a lot of aspects
which have not being solved. One of them is the interface elaboration. To get a suitable and complete interface,
also easy to be understood by the user and useful to everybody, is an open point in this work. In [1] and [3] this
problem is analysed but their propositions have to be adapted to our problem.

Also, this problem could be enlarged to offer better results. For example, it could be interesting to extend the
interface to allow doing questions about transports or about the different routes or highways which could be used
in the cultural area. Also information about spent days in the cultural routes or total price (including the trip and
lodgings) could be offered.

Nowadays, only the presented tool is being developed. It has a database management system which works
with a view of the complete monument system in HPAI. Using Java Swing and JASP, the user interface is being
designed and the system to solve constraints is made with ILOG Solver. However, as a future work, we want to
enlargeit to get amore suitable and useful result.
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