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Abstract. Nowadays, geographical resources (both data and applications) are increasingly being accessible via search engines or web services. As a consequence, users must choose among a set of available resources the ones that best ﬁt their needs. However, users neophytes are currently unable to determine a priori (i.e., before acquisition and use), whether a resource is adequate for its intended usage. Although metadata, if available, allow users to obtain information about internal data quality, this metadata is speciﬁed in terms of the data producer, who does not know all the intended uses for the resource. This information is not suﬃcient for users to evaluate the quality of resources in relation to their needs, i.e., the external quality. In this paper, we propose a method that takes into account the user proﬁle, the application domain, the requirements, and intended use to assess, a priori, the quality of the resources.



1



Introduction



Nowadays, the uses of geographic information diversify and multiply. One reason for this is that geographical resources (both data and applications) abound and are available, mostly through the Web. However, this accessibility has compounded a signiﬁcant problem, the assessment of the quality of the resources and their adequacy for the intended usage. In particular, usages within the public domain (e.g., land use planning, environmental monitoring, risk mapping, etc.) require additional vigilance in this respect. Therefore, users are faced with the necessity to evaluate the external quality of the resources, i.e., their adequacy to the particular usage they are intended for. However, this is a problematic situation since this evaluation is based on an objective component, i.e., the internal quality declared by the producer, which is not always available. Furthermore, the evaluation is also strongly correlated to the context of use, which includes objective aspects (e.g., hardware, software) but also cognitive aspects associated with users’ knowledge and the expression of their requirements. The ﬁndings reported in this paper result from a survey realized among a set of users of geographical information [3]. The survey shows that the majority of users do not know the quality of a spatial resource before using it, mostly because of C. Claramunt, S. Levashkin, and M. Bertolotto (Eds.): GeoS 2011, LNCS 6631, pp. 151–165, 2011. c Springer-Verlag Berlin Heidelberg 2011 
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the ignorance of the corresponding metadata, or because an evaluation procedure is not available. This results in general user dissatisfaction. Our proposal is therefore to provide users with a “quality assurance” approach. This paper is structured as follows. Sect. 2, devoted to the state of the art, gives the deﬁnitions and principles around the concepts of internal and external quality, and reports about standardization work and related research around the evaluation of external quality. Sect. 3 is devoted to the heart of the proposal. It ﬁrst presents the metamodel for quality, and then details the proposed evaluation process illustrated by a use scenario. Sect. 4 concludes the paper and deﬁnes further areas of research.



2



Related Work in Quality



Traditionally, the producer of a data set is the only responsible for deﬁning and assessing its quality [11]. However, several works (e.g., [4,7,20]) has shown the necessity of considering the users’ viewpoint to determine whether some data is ﬁt for its use. This clearly implies a change of perspective where users may take their responsibilities to ﬁnd the appropriate resources. In the context of geographic information, [4] further speciﬁes the deﬁnition of quality depending on the producer or the user point of view as follows: – Internal quality is the set of properties and characteristics of a product or service which confers on it the ability to satisfy the speciﬁcations of its content. It is measured by the diﬀerence between the resource which should have been produced and the resource which has actually been produced. It is linked to speciﬁcations (e.g., to errors that can be generated during data production) and is evaluated in terms of the producer. – External quality is the suitability of the speciﬁcations to the user’s requirements. It is measured by the diﬀerence between the resource wished for by the user and the resource actually produced. It is linked to the users’ requirements and thus varies from one user to the next. Several criteria have been deﬁned for assessing the internal quality of a spatial dataset. These include lineage, geometric, semantic and temporal accuracy, completeness and logical consistency [9]. All these criteria have been widely analyzed and are nowadays deﬁned in several standards described next1 . The ISO 19113 standard establishes the principles for describing the quality of geographic data thanks to two types of information. Data quality elements provide quantitative information such as positional accuracy or completeness. Data quality overview elements provide general, non quantitative information such as lineage. The ISO 19138 standard deﬁnes basic data quality measures (e.g., error indicator, correct item count, etc.) that can be used to specify a set of data quality 1



Notice however, that these standards are currently being reviewed as part of a new project that aims to unify and harmonize all of them in an unique document: the ISO 19157 standard.
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measures for each element described in the ISO 19113 standard (e.g., number of duplicate feature instances for completeness, number of invalid self-intersect errors for topological consistency, etc.) The ISO 19114 standard provides a framework for evaluating the quality information of geographic data in accordance with the principles deﬁned in ISO 19113. A quality evaluation process is deﬁned to determine the quality result between a dataset and the product speciﬁcation or the user requirements. ISO 19115 is the metadata standard for geographic information. Fig. 1 describes how the elements of the ISO 19113 and ISO 19114 standards are represented in ISO 19115. DQ_DataQuality Scope : DQ_Scope



*



+lineage 0..1



+report



DQ_Element nameOfMeasure[0..*] : CharacterString mesureIdentification[0..1] : MD_identifier measureDescription[0..1] : CharacterString evaluationMethodType[0..1] : DQ_EvaluationMethodTypeCode evaluationMethodDescription[0..1] : CharacterString evaluationProcedure[0..1] : CI_Citation dataTime[0..*] : DataTime result[1..2] : DQ_Result



DQ_TemporalAccuracy DQ_ThematicAccuracy



+source *



DQ_EvaluationMethodTypeCode directInternal directExternal indirect



+processStep



+sourceStep *



LI_Source description[0..1] : CharacterString scaleDenominator[0..1] : MD_RepresentativeFraction sourceReferenceSystem[0..1] : MD_ReferenceSystem sourceCitation[0..1] : CI_Citation sourceExtent[0..*] : EX_Extent



DQ_Completeness DQ_Scope level : MD_ScopeCode extent[0..1] : Ex_Extent levelDescription[0..*] : MD_ScopeDescription



*



LI_ProcessStep description : CharacterString rationale[0..1] : CharacterString dataTime[0..1] : DataTime processor[0..*] : undef



*



DQ_LogicalConsistency DQ_PositionalAccuracy



LI_Lineage statement[0..1] : CharacterString



DQ_ConformanceResult specification : CI_Citation explanation : CharacterString pass : Boolean DQ_Result DQ_QuantitativeResult valueType[0..1] : RecordType valueUnit : UnitOfMeasure errorStaticstic[0..1] : CharacterString value[1..*] : record



Fig. 1. Quality Information in the ISO 19115 standard



Quality metadata are accessible via the DQ DataQuality section. Each instance of the class DQ DataQuality is characterized by a scope that speciﬁes the nature of the target data, in particular the application level and the geographical area . The class DQ DataQuality is an aggregation of two classes that provide genealogy information (LI Lineage), and quantitative information such as the precision of the data (DQ Element). The results of quality measures are available by DQ QuantitativeResult and DQ ConformanceResult elements.



154



C. Pierkot et al.



However, quality information available in the ISO 191xx series, is typically used to describe the quality of resources from the producer’s viewpoint and does not take into account the user’s viewpoint. External quality, and particularly data relevance, is a concept that can be linked to the concept of ﬁtness for use. In the last few years, much research has been done for taking into account external quality [2,7,12,17,20]. [7] points out that properly deﬁning data quality requires information about data usage but also about user requirements. Recently, [10] deﬁnes quality as the proximity between data characteristics and needs of a user for a given application at a given time. Two broad approaches have been proposed in the litterature for determining external quality. One of them is based on the assessment of the risk inherent to the use of inadequate data [2,12]. The other is based on the use of metadata to analyze the similarity between the data produced and the users’ needs [7,17,20]. The proposal for assessing external quality that we present in this paper relies on the metadata approach.



3



Assessing External Quality



Fig. 2 is the starting point of our approach for external quality assessment.
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Fig. 2. Specifying usage for selecting geographical resources



When selecting geographical resources, users typically start from a spatial search engine, which relies on metadata to select a set of resources that address the following questions: 1) Where, for deﬁning the spatial extent, 2) When, for deﬁning the temporal extent, 3) Who, for deﬁning the resource provider, and 4) What, for deﬁning the layers the user is interested in. What is currently missing is an additional dimension: 5) What for, for deﬁning the usage that it is expected for the resources.
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Providers of geographical resources are begining to take this last dimension into account. For example, the French Maping Agency IGN allows users to select among all its products by specifying a set of intended usages, e.g., by foot, by bicycle, by car, outdoor activities, touristic information, historical information, etc. However, without the notion of user requirements, the results obtained are too general and it is not possible to evaluate the external quality of the resources. Therefore, in this paper we propose a metamodel for quality that take into account both the user’s and the producer’s viewpoint (Sect. 3.1) and describe a process for evaluating external quality (Sect. 3.2). 3.1



A Metamodel for Quality



Fig. 3 gives a general overview of our metamodel for quality. It is composed of two related parts, which allow to deﬁne and evaluate the quality of a resource. The left part describes the information about the intended use, such as the domain, the user, and the requirements (user’s viewpoint). The right part describes the information about the resource, such as speciﬁcation and metadata (producer’s viewpoint). The class Resource describes either a geographical Data set or Application. A Ressource is generated by a Producer, that can be either institutional such as National Mapping Agencies, (e.g., IGN in France and Ordnance Survey in Ontology
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Fig. 3. A metamodel for quality
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England) or private such as research team or a user. Geographical data sets are composed of raster data (e.g., France Raster from IGN, OS Landplan Data from Ordnance Survey) or vector data (e.g. BD Topo for France, OS MasterMap Topography for England). An example of a geographical Application is a catalog, which allows users to ﬁnd the resources they need, either for general a usage (e.g., IGN G´eoportail2, OS OpenData3 , OpenStreet Map4 ), or for a particular application domain (e.g., MAGIC5 or MDweb6 for the environmental domain). Other examples of geographical applications are web services that provide users with information that can be added as indicators to map layers that will established beforehand (e.g., Info traﬁc7 , which shows road traﬁc, pollution, public works, etc. in Paris). A Resource is linked to one or more Usages and inversely a usage may require one or more resources. A resource may have a Specification, which explain how it was generated (e.g., speciﬁcations for BD Topo8 or for OS MasterMap Topography9). Resources are described by Metadata, which are typically established from a proﬁle. A proﬁle is an aggregation of standardized metadata (e.g., Dublin Core, ISO 19115, Darwin Core) and additional metadata speciﬁcally deﬁned for a particular usage, domain, or application. From the above elements of the metamodel we can assess the Internal Quality of a resource. As deﬁned in Section 2, the Internal Quality measures the adequacy of a resource with its speciﬁcation. The Internal Quality is an aggregation of several Criterion, which must be deﬁned in accordance with the ISO 19113 principles. The results of the evaluation of the internal quality of a resource is reported as metadata, as recommanded by the ISO 19114 standard. In the other part of the metamodel, the class Usage describes the general intended use for a particular User in a speciﬁc Domain. Examples of usages are biodiversity monitoring, avalanche prediction, or cycling tourism. A User may require one or more Usages. A User belongs to diﬀerent proﬁles, depending on their profession and their expertise on a Domain. For example, in avalanche prediction the same information must be available to the general public, to avalanche experts, and to decision makers [16]. As a User is related to a particular Domain, we can derive associations between an Usage and a Domain. For example, biodiversity monitoring belongs to the environmental domain, avalanche prediction belongs to ﬁeld of risk management, and cycling tour can be related to tourism. Such domains may be standardized; an example is the 2 3 4 5 6 7 8 9



http://www.geoportail.fr/ http://www.ordnancesurvey.co.uk/oswebsite/opendata/ http://www.openstreetmap.org/ http://www.magic.gov.uk/ http://www.mdweb-project.org http://www.infotrafic.com/home.php http://professionnels.ign.fr/DISPLAY/000/506/447/5064472/DC_BDTOPO_2. pdf http://www.ordnancesurvey.co.uk/oswebsite/products/osmastermap/ userguides/docs/OSMMTopoLayerUserGuide.pdf
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Biodiversity Information Standards10 , which include Darwin Core11 . Similarly, the ISO 31000 is a family of standards related to risk management. A Usage may be formalized by a set of Requirements, which are composed by a set of Criterion. Requirements for our previous examples of usages are as follows: – For biodiversity monitoring, we need phenology information12 , weather information, calendric information, time series of species observations. – For avalanche prediction, requirements are weather information, snowfall information, altitude gradient, – For cycling tourism, we need to combine cartographic information with air quality and traﬃc information services. As we deﬁned in Sect. 2, External Quality measures the adequacy of a resource with respect to its usage requirements. Currently, assessing external quality depends on quality criterion deﬁned by the producer such as positional accuracy or completeness. This is necessary but not suﬃcient to accurately evaluate the resources with respect to user requirements. We propose to add to this measure, an independant evaluation by computing some values between the requirements criterion and the metadata elements (see Sect. 3.2 for details). Further, it is necessary to report the external quality of a resource in the metadata, so that users of the same domain with similar requirements and usages can obtain this information without having to evaluate it. This involves the deﬁnition of new metadata ﬁelds that do not exist in the standards (e.g., ﬁability of the producer of the resource) to store this information. Finally, the main concepts in our metamodel are described by ontologies. There are several reasons for this. First, ontologies in the left part of the schema help the user to better deﬁne her objectives, and are used in a search engine such as MDweb [5]. This implies that these ontologies are related so that the links between the diﬀerent concepts (e.g., domain, proﬁle, usage, requirements, etc.) may be determined. Further, ontology matching is needed for assessing the quality of resources, as described in next section. To achieve these goals, we rely on existing ontologies such as tourism ontologies [18], environment ontology13 , requirements ontologies [13], metadata ontologies14 [19], and speciﬁcations ontologies [1]. 3.2



Process for Evaluating the External Quality



In this section we present the process of external quality assessment.We illustrate this by using the scenario of a user who wants to generate a cycling touristic maps for Paris. Notice that the user acts as a prosumer (i.e., a producer-consumer) of 10 11 12 13 14



http://www.tdwg.org/ http://rs.tdwg.org/dwc/ Phenology is the study of how periodic plant and animal life cycle events are inﬂuenced by seasonal variations in climate. http://www.environmentontology.org/ Translations (e.g. in OWL) of standard metadata typically used for semantic interoperability.
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geographical information, since it aggregates information from multiple sources in order to produce the resource. Finding available resources corresponds to answering the questions where, when, who, what, and what for depicted in Fig. 2. It is assumed that users are able to select the spatial extent (e.g. Paris) via a search engine like MDweb [5] which returns a set of resources 15 answering the where question. However, it is more diﬃcult to specify the requirements for the when (e.g., today, maximum 1 hour, etc.), who (e.g., IGN, AirParif, etc.), what (e.g., roads, points of interest, etc.) and what for (e.g., cycling tour) questions. Thus, the set of resources found by the search engine must be evaluated and reﬁned to give a better result which satisfy all or most of the user needs. This is done with the help of a three-step process as follows: 1. Formalize user requirements and specify the main objectives, 2. Find correspondances between user’s requirements and metadata of available resources, 3. Assess the external quality and select the resources that best satisfy user requirements. We detail next each of these steps. Step 1. In this step, we must help the user to formalize requirements and to valuate them in order to establish the objectives. First, the user chooses an application domain among those proposed by the system (e.g. tourism, environment, etc.). This is done thanks to a domain ontology. From this, the system proposes diﬀerent user proﬁles within this domain. These user proﬁles are deﬁned from two elements: the profession and the expertise level. For example, one profession in the touristic domain is that of tour organizer, and the expertise levels in this profession may range from novice to professional. Following this, the system determines a set of typical usages, based on the domain ontology and the user proﬁle, as well as by interacting with the user when she wants to supply additional information. When the user speciﬁes new usages, the system automatically update the corresponding ontologies with the new information. For example, in the case of setting up a touristic map, the usages belong to the following categories: – Proposed by the system: • Transportation means, i.e., walking, cycling, public transportation, or car tour. • Type of interest, e.g., cultural, natural, gastronomic, or sport. Each of them can be further speciﬁed, e.g., cultural can be specialized into museums, momuments, historical, etc. • Speciﬁc constraints, e.g., handicapped needs, children, family, etc. 15



The result is composed of several type of resources whose metadata corresponds with the spatial extent requested.
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– New ones speciﬁed by the user, e.g., avoid polluted places and congested traﬃc roads, overall cost, and ﬁability. From the combination of these predeﬁned usages, the system determines a set of formalized requirements with the help of the requirements ontology. For the usages speciﬁed by the user, the ontology does not contain predeﬁned criteria to formalize them; therefore the system asks the user to propose new criteria for enriching the ontologies. For exemple, the usages “avoid polluted places and congested traﬃc roads” brings the user to deﬁne new criteria such as pollution index et traﬃc index. For our example of cycling touristic map for Paris, the requirements criteria are thus: positional accuracy (Acc), road network (Roads), orography (Orog), points of interest (PoI), pollution index (PolIx), traﬃc index (TrafIx), ﬁability (Fiab), and overall cost (Cost). These criteria will be then displayed to the user so she can valuate them. In our example, the user wants data with a positional accuracy of at least 10 meters, pollution index with freshness of at most one day in the ATMO scale (deﬁned by French regulations), traﬃc index with freshness of at most one hour, ﬁability of 80%, and all of that with a maximal cost of 20 e. Finally, the user must determine the weight of each criteria, which is a value in [0, 1]. In our example this would result in Table 1, which shows the requirements criteria and the corresponding user objectives, the latter represented by the desired value and its weight. In the ﬁgure the weights are represented graphically, where red corresponds to 0 and green to 1. Table 1. User objectives Acc Roads Orog Objective ≤10 m Y Y



PoI Y



PolIx TrafIx Fiab Cost ≤1 day ≤1 h ≥ 80% ≤ 20 e



Weight



Step 2. In this step, we must ﬁnd the correspondences between the user requirements speciﬁed in the previous step and the metadata of each individual resource found by the search engine. Since the requirements criteria and the metadata are expressed using formal ontologies, ﬁnding the correspondences amounts to an ontology matching problem [8]. To enable interoperability, we suppose that the available metadata of the resources comply with those deﬁned by the ISO 19115 standard. If for a particular application domain, the metadata contained in the standard are not enough, then a community proﬁle16 should be established to add the missing metadata, in conformance with ISO recommandations. The heterogeneities between two ontologies may be of several types [8]: syntaxical, terminological, conceptual, and semiotical. We cope here with terminological heterogeneities (i.e., those concerning entity names, such as synonyms 16



An ISO proﬁle corresponds to an extension and/or a restriction of the ISO 19115 standard by a particular user community.
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or when using several natural languages) and conceptual heterogenities (i.e., those concerning diﬀerences in modelling of the same domain)17 . An example of the latter concerns the pollution index. The French ATMO pollution index is composed by the following pollutants: sulphur dioxide, dust particles, nitrogen dioxide, and ozone, while the European one (CiteAIR) includes many more such as carbon monoxide and hydrocarbons. We cope with terminological and conceptual heterogeneities using string-based techniques, which allow to ﬁnd the entity names that correspond to each other (exactly or similarly). This is the case for criteria already existing in the ontologies and whose terms have been deﬁned according to those deﬁned in the ISO 19115 standard. For example, the criterion positional accuracy corresponds to the class DQ PositionalAccuracy in ISO 19115. Other techniques such as those based on linguistic resources (synonyms, hyponyms, etc), the taxonomy-based techniques (using subsumption links) or those based on upper level and domainspecific ontologies (commonsense knowledge or domain knowledge) are used for ﬁnding the correspondances between the criteria added by the user and the metadata. The techniques above must be sometimes associated to a global strategy. This is the case, e.g. when ﬁnding a correspondance between the cost criterion introduced by the user and a metadata element of the ISO 19115 standard. We use then two matching techniques, i.e. a linguistical one to ﬁnd the synonyms (price, fee, charge, expense, etc.) and a terminological one to compute the similarity between the names. Matcher composition methods (sequential or parallel composition) allows several matching algorithms to be combined. For our exemple, the ﬁnal result of the composition of both algorithms gives the element MD Ditributor.MD StandardOrderProcess.fees as corresponding to the cost criterion. Notice that there may be a many-to-many correspondance between the criteria and the metadata, since several criteria could correspond to a metadata element and conversely, several metadata elements may be aggregated into a single criterion. For example, the road criterion relative to the thematic layer can be found in several metadata elements such as MD Identification.abstract or MD Keywords.keyword. Notice that it may be the case that there is no correspondence between the criteria and the metadata. This is taken care progressively by the systems through the update of ontologies and metadata proﬁles taking into account users’ input. Following this, we must determine the correspondences at the instance level, i.e. between the criteria values and the metadata values. However, the values may be deﬁned in diﬀerent units. A typical example concerns costs which can have diﬀerent type (e.g. expressed in euros or in dollars). As another example, the ATMO index has a value domain from 0 to 10, while that of CiteAir has values from 0 to 100. We cope with this problem using matching methodes of 17



Syntaxical heterogeneities are supposed to to be solved previously to the evaluation process. Semiotical heterogeneities are diﬃcult to cope in an automatic way, since they depend on the user interpretation of an application domain.
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type language based (use of a dictionnary) or constraint based (use of the internal structure of the entities, i.e. type, value domain, cardinality, etc.). Finally, we obtain a set of correspondances resulting from several matching strategies. From this set, we build a correspondance matrix between the available resources and the user requirements. For our example, this results in Table 2, which establishes how the resources Res1–Res7 satisfy the requirements. For example, Res1 has a positional accuracy of 1 m, provides information about roads, about traﬃc index with freshness of less than one day, has ﬁability of 80%, and is free, while information about points of interest can be found in resources Res6 and Res7. Notice the values in the columns of the matrix must be translated into the same units (e.g., hours for traﬃc information); this is necessary for determining the utility functions in the next step. Table 2. Correspondance matrix MR relating resources with requirements



Res1 Res2 Res3 Res4 Res5 Res6 Res7



Acc Roads Orog PoI PolIx TrafIx Fiab Cost (m) (hours) (hours) (%) (e) 1 Y 24 0.80 0 1 Y 1 0.90 10 1 Y 1 0.25 0.95 100 5 24 0.75 0 1 Y Y 0.60 100 10 Y Y Y 0.70 0 5 Y Y 0.90 0



Step 3. Starting from the correspondance matrix established in the previous step, a multicriteria decision-aid method must be applied to choose a set of resources that optimizes the user objectives. In our case, given the resources R = {R1 , . . . , Rm }, the alternatives A = 2R are the subsets of R and the criteria C = {C1 , . . . , Cn } correspond to the user requirements. As stated by [15], several multicriteria decision analysis methods are available and selecting the one to be used depends on the decision problem at hand. Further, such methods must be customized to our particular setting. Among the numerous methods that have been proposed, we will focus on the family of Multi-Attribute Utility Theory (MAUT) methods [14]. First, we need to compute a correspondance matrix MA for the alternatives. For an alternative A composed of resources {R1 , . . . , Rk }, this amounts to aggregate the values of the correspondance matrix MR for the resources Ri . How this is done depends on the kind of criterion to be considered. In our example, for accuracy we take the maximum value (the least accurate), since when combining resources of varying accuracy, the accuracy of the result is given by the least accurate resource. The reason for this is that, e.g., a data set with 1 m accuracy can be converted to an accuracy of 5 m, but it is not always possible to do the reverse conversion. Similarly, for binary functions (e.g., roads) the maximum is also be chosen. However, for cost the sum must be used, since the cost of an alternative A is the sum of the cost of its components resources. Finally,
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for ﬁability the average can be used. Thus, for an alternative A composed of resources {R1 , . . . , Rk }, its correspondance to criterion Ci is given by Ci (A) = Θi (aji ), for j = 1, . . . , k where Θi is an aggregation function (e.g., min, max, sum, average) deﬁned by the user and aji is the cell of the correspondance matrix MR relating resource Rj and criterion Ci . Table 3 shows the correspondance matrix for three alternatives. Table 3. Correspondance matrix MA for alternatives (only three of them are shown) Acc Roads Orog (m) {Res2, Res4, Res7} 5 Y Y {Res3, Res7} 5 Y Y {Res1, Res4, Res6} 10 Y Y ... ... ... ...



PoI PolIx TrafIx Fiab Cost (hours) (hours) (%) (e) Y 24 1 0.85 10 Y 1 0.25 0.93 100 Y 24 24 0.75 0 ... ... ... ... ...



Then, we must deﬁne a utility function gi : A → Y ∈ R for each criterion Ci . Such function expresses how well an alternative A satisﬁes the user objectives for criterion Ci . A utility function has typically a range in [0, 1] and must take into account whether the value of the criterion must be minimized (e.g., cost) or maximized (e.g., ﬁability). In our case, considering Table 3, the utility functions for binary criteria (e.g., roads) take value 0 or 1, while the utility functions for the other criteria are given by  2 exp( −xσ2ρ1 ) for criteria to be minimized gi (x) = 2 1 − exp( −xσ2ρ2 ) for criteria to be maximized. In the above formulas, σ is the threshold value of the objective stated by the user (e.g., 20 e for cost), ρ1 , ρ2 are functions of μ given by ρ1 = − ln(μ) and ρ2 = − ln(1 − μ), and μ is the utility value at σ (e.g., 0.8). The parameter μ, which can be customized by the user, determines the distinguishability between a resource that satisﬁes an objective at the threshold value (e.g., with cost of exactly 20 e) and the resource that best satisﬁes the objective (e.g., with cost of 0 e). Fig. 4 shows the utility functions when the user wants to minimize (left) or maximize (right) a criterion with σ = 20 and μ = 0.8. For example, the left function states that a resource with cost 20 e has a utility value of 0.8 but another resource with cost 0 e is 20% better since it has a value of 1.0. Table 4 shows the values of the utility functions gi for several alternatives. Finally, the global multi-attribute utility function must be determined by taking into account the utility functions gi and the weight wi of the criteria as expressed by the user in Table 1. First, we normalize the weights wi by n deﬁning λi = Σ nwi wj in order to ensure that Σi=1 λi = 1. Then, the utility of an j=1 alternative A is given by n U (A) = Σi=1 λi gi (A).
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Fig. 4. Utility functions for minimizing (left) and maximizing (right) an attribute with σ = 20 and μ = 0.8 Table 4. Utility values for the alternatives (results are rounded to two decimal places) {Res2, Res4, Res7} {Res3, Res7} {Res1, Res4, Res6} ...



Acc 0,95 0,95 0,80 ...



Roads 0,80 0,80 0,80 ...



Orog 0,80 0,80 0,80 ...



PoI 0,80 0,80 0,80 ...



PolIx 0,80 1,00 0,80 ...



TrafIx 0,80 0,99 0,00 ...



Fiab 0,84 0,88 0,00 ...



Cost 0,95 0,00 1,00 ...



U(A) 0,84 0,76 0,74 ...



The rightmost column in Table 4 shows the utility value for some alternatives. By applying the function U above to all alternatives A ∈ A we can rank them in decreasing order, so if two alternatives A1 and A2 are such that U (A1 ) > U (A2 ), this means that A1 satisﬁes better than A2 the user objectives. The result of this step is then a ranked list of alternatives, each alternative being a collection of resources. In our case (cf. Table 4), the best alternative is the one composed by resources Res2, Res4, and Res7, where road and traﬃc information are taken from Res2, pollution from Res4, and orography and points of interest from Res7, at a total cost of 10 e. This alternative has as utility value of 0.84 and it satisﬁes all user objectives. A less optimal alternative is the one composed by resources Res3 and Res7, which has a utility value of 0.76. Although this alternative is better than the previous one concerning the objectives for pollution index, traﬃc index, and ﬁability, it does not satisfy the objective for cost. Finally, the third alternative composed by resources Res1, Res4, and Res6, although being the best possible for price (0 e), it does not satisfy the objectives for accuracy and ﬁability and thus, it has an utility value of 0.74. Notice that in the case that no alternative meets all requirements criteria, the ranked list of choices constitutes the best compromise for optimizing the user objectives.



4



Conclusions



We argued in this paper that it is necessary to provide users who access geographical resources with a quality assurance method. We emphasized the fact that both internal and external quality must be taken into account. Internal quality concerns the producer’s viewpoint and establishes the correspondence of
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a resource with respect to the speciﬁcations. On the other hand, external quality concerns the user’s viewpoint and establishes the adequacy of a resource with respect to the usage it is intended for. We adopted a general framework based on a metamodel for quality. In our view, the interest of this metamodel is to emphasize the importance of some knowledge that remains mostly implicit. Making this knowledge explicit is the foundation on which the evaluation process of external quality is built. Starting from a set of formalized user requirements, the evaluation process uses a multicriteria decision-aid method for establishing a ranked set of resources that best satisﬁes the requirements. The research work presented in this paper can be pursued in several directions. First, we need to build ontologies and metadata proﬁles for other application domains we are interested in, especially environmental and risk management. These ontologies and proﬁles can be progressively reﬁned in an automatic way by taking into account the criteria added by users. Another issue concerns the automatization of the computation of external quality for resources that are obtained on the ﬂy. Yet another direction consists in storing the result of external quality assessment so that this information can be used by the system for the ﬁltering process, when a user of the same domain, proﬁle, and usage looks for resources. More generally, we intend to study the role of the evaluation of the quality of resources on the quality of the overall project or organization in which its use is carried out. Further, in our metamodel, a usage is deﬁned with respect to the proﬁles of users or the project in which they are involved, and therefore, the context is ﬁxed. This reduces the problems related to hardware, software, etc. However, it is necessary to generalize the metamodel to be able to describe usages that span across users and projects. Finally, we wish to achieve the operational implementation of our proposal within the existing platform MDweb [5].
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