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Abstract. SDIs offer access to a wealth of distributed data sources through
standardised service interfaces. Recently, also geoprocessing capabilities are of-
fered as services in SDIs. Combining data sources and processing services in
service chains enable the generation of information that is tailored to the users
needs. In this paper, we present a rule-based description framework and an as-
sociated discovery and composition method that helps service developers to
create such service chains from existing services. The goal of the description
framework is to describe services at a conceptual level rather than closely mir-
roring specific implementation details. It consists of a simple top-level ontology
as well as a domain ontology, which provide the basic vocabulary for creating
descriptions of both services and the information the service chain is to produce
as a result. The composition method uses these descriptions to discover appro-
priate services and compose them into a service chain that can produce the re-
quired information. The method is illustrated using an example from the do-
main of risk management.

1 Introduction

The main goal of spatial data infrastructures (SDIs) is to offer access to distributed
data sources based on the service-oriented architecture (SOA) principle. SDIs provide
a framework for optimizing the creation, maintenance and distribution of Geographic
Information (GI) services at different organization levels [1] over a distributed com-
puting platform, typically the Web. In such a scenario, where resources are distributed
and controlled by different organizations, catalogue services provide a means for
describing the services’ locations and capabilities. They store meta-information and
support users in discovering and using these resources. Consequently SDI-based ap-
plications enable an efficient sharing and reuse of geographic data among heterogene-
ous user groups [1, 2].

Recently, SDIs are also providing capabilities that have traditionally been offered
by monolithic GIS [3], including the capture, modelling, manipulation and analysis of
geospatial data. In this paper, we are particularly concerned with two kinds of Gl
services: (1) services that provide geographic data (data access services) and (2) ser-



vices that analyse (and manipulate) geospatial data (geoprocessing services). While
standardised interfaces for data access services [4, 5] already exist for several years
and have been widely adopted, geoprocessing capabilities have only recently been
made available as services in SDIs. A service interface for such services has recently
been adopted as a standard by the Open Geospatial Consortium (OGC): The Web
Processing Service (WPS) Specification [6].

Since in SDIs data is created by a variety of domain-specific applications, in many
cases this data cannot be directly re-used within other domains without further proc-
essing. This can be achieved by combining different existing data and geoprocessing
services into a value-added service chain [7, 8]. Service chains can be described using
some orchestration language (e.g. WS-BPEL [9]), which can then be deployed on a
corresponding orchestration engine. Creating such service chain descriptions, a task
which we term service composition in this paper, involves discovering appropriate
services for data access and geoprocessing and combining them in a way such that
they are capable of generating the required results. Both of these (sub)tasks are cur-
rently executed manually by application developers. In this paper we present a
method that supports application developers in creating such service chains.

The method is based on a rule-based framework for describing services and the in-
formation required by the application developer that stays at the conceptual level and
thus abstracts away from specific implementation details. The composition method
uses the conceptual service descriptions to discover and (semi)automatically compose
a service chain that can provide the information required by the application developer.

In order to illustrate and exemplify the presented methodology throughout the pa-
per, we use the scenario of an application developer, who is requested to deliver a
service application that provides information on forest fire density.

The remainder of the paper is structured as follows. In Section 2, we describe pre-
vious work in the area of (automatic) service composition and rule-based Gl discov-
ery. In Section 3, we present the methodology proposed for supporting the composi-
tion of service chains for the given scenario. In Section 4, we conclude the paper and
point out topics for future research.

2 Related Work

In this section, we discuss existing approaches for automating the process of service
composition and present an approach for discovery of geographic data based on rules,
which we extend in this paper to allow also the discovery and composition of ser-
vices.

Automatic Service Composition. Discovery of services and service functionality is
a new task within SDIs. Well-tested specifications of what metadata is required in
order to perform this task are lacking. Thus, it can be difficult to understand the func-
tionality of services from their metadata and hence to understand how to combine
several services to obtain a certain result [10]. A service composition task can be
oriented towards solving different kinds of problems: i) fulfilling preconditions, ii)
generating multiple effects and iii) overcoming a lack of knowledge [11]. We are



addressing the latter problem in this paper, i.e. we are concerned with cases where a
service providing the required information exists but some of the necessary input
parameters are not directly available and, therefore, they must be obtained by using
additional services. One possible technique to address this kind of problem is back-
ward chaining [11]. The basic idea of this method is to start by selecting a service
which meets the user requirements and place it at the end of the chain (so that it is the
last one to be executed). Then, for each input this service requires, services providing
such information are added in the chain before the service. The method is iterated
until all the necessary input information is available in the chain. In such an approach,
what is characterizing the solution is the way user requirements are expressed as well
as how the corresponding service selection is done.

In the automatic service composition research line there are a number of related
approaches; in the following we mention the ones closely related to the proposal we
present. A method for automatic service composition based on backward chaining is
presented in [12] where services functionalities are described using ontologies, based
on OWL [13] and DAML-S (now OWL-S [14]). Such functionalities are used to
express user requirements and, by means of inference engines, to discover and com-
pose services. The semantic descriptions mainly focus on the functionality supplied
by the service without expressing in detail the input and output information types as
well as the interdependencies between the two. This aspect penalises the approach in
scenarios where these details are necessary, for instance in the case where a services
will provide different outputs depending on the input provided. E.g., a simple division
service can return a density when its inputs represent a mass and a volume, or a veloc-
ity when provided with a distance and a time period. Furthermore, the types used to
describe inputs and outputs are very close to the implementation. Often they are sim-
ply modelled as strings or simple enumeration types (e.g. language). More complex
concepts, such as are required to describe spatial data (e.g. feature collections or cov-
erages of a certain type) are not modelled in the examples provided in the application
described.

Rule-based GI Discovery. In recent years, ontologies, i.e. formal explicit representa-
tions of conceptualizations [15], have been used extensively to model domain-specific
knowledge. There are also a number of proposed approaches to use ontologies for the
discovery of geographic data [16-19] and GI services in SDIs [10]. Many of these
approaches are based on Description Logics (DL) [20] and subsumption reasoning
between DL concepts.

In contrast to these approaches, in [21] a rule-based approach to discovering data
sources within an SDI is presented. It distinguishes two types of rules: Schema map-
ping rules describe a mapping between a local schema and the (global) domain ontol-
ogy, i.e. they represent the local data using a shared domain vocabulary. Domain rules
describe domain knowledge, thus complementing the DL concept definitions in the
domain ontology. They can then be used to derive implicit knowledge based on exist-
ing facts in a knowledge base [22]. Based on these rules, the presented methodology
enables the discovery of those data sources within an SDI that contain facts relevant
for deriving an answer to the user’s question. The rules are traversed backwards, from
the goal specified by the user, through domain and schema mapping rules to the data
sources. Two alternative approaches for this backward chaining are presented. The



first one only considers class atoms (i.e. atoms representing feature types), while the
second one also considers relations.

We base the methodology for service discovery and composition, which is pre-
sented in detail in the next section, on the approach presented in [21]. Similarly to this
approach, rules are used to describe the resources to be discovered (in this paper,
these resources are services rather than data sources). A further similarity is the inclu-
sion of domain rules representing background domain knowledge in the composition
approach. Furthermore, both approaches use similar backward chaining approaches,
in which the starting point is a goal specified by the user and rules matching (parts of)
this goal are used to consecutively discover (and in our case compose) appropriate
resources. The approach presented in this paper additionally takes into account how
the discovered services have to be combined (while in [21], the order in which data
sources are discovered is of no concern). Finally, our approach focuses on (service)
descriptions at the conceptual level (while in [21], data sources were described by
rules connecting the logical and conceptual levels), and rules are used only for gener-
ating a service chain matching the goal specified by the user (rather than also infer-
ring new knowledge as in [21]).

3 An Approach to Semi-Automatic Service Composition

In this chapter, we present a framework for describing services and the information
required by the user, together with an associated method for supporting Gl service
composition.

While existing approaches were strongly focussed on implementation details like
the input/output types [12] or very detailed functionality descriptions [10], the goal
for the presented description framework and composition method is to stay at the
conceptual level. Thus, we want to abstract away from application details at the logi-
cal level, which can be very diverse and thus lead to incompatible descriptions if the
description follows the logical structure too closely.

In this Section, after giving a general overview (Section 3.1), we present the con-
ceptual description framework (Section 3.2). This consists of a top level ontology of
the basic concepts and relations as well as a domain ontology. These are the basic
building blocks for creating the description of services and the composition goal.
Finally, we describe the composition method based on the presented service and goal
descriptions (Section 3.3).

3.1 Overview

In this section, we present an approach that supports service developers in service
composition. The goal of the presented approach is to support generating information
of a particular kind. Hence, we do not consider services that have (real-world) side
effects, e.g. reserving a hotel room or charging a credit card, but only services that
consume and produce information. In the geospatial domain, these services are either



data access services (e.g. WFS [4], WCS [5]) or geoprocessing services' (WPS [6]),
which therefore are the focus of our research. For these information generating ser-
vices, we make the assumption that the output (in relation to the provided input) of
such a service can be considered to be the same as its functionality. For example, a
service which provides a (Euclidian) distance between two points has the functional-
ity “compute Euclidian distance”. In contrast, a hotel booking service could have the
functionality of booking a hotel room (and charging your credit card) while returning
a booking confirmation document as an output. We therefore propose a method for
supporting service compaosition that focuses on service outputs.

We adopt a backward chaining approach (cf. Section 2) for supporting the user in
composing a service chain. In the following, we give a more detailed overview of this
approach (Fig. 1).
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Fig. 1: UML activity diagram illustrating the steps of the proposed approach

The basis for the method is a conceptual description framework. The framework
will be used to describe both the services available in the infrastructure and the infor-
mation required by the user, i.e. the output of the application to be created. The latter
is goal and starting point for the service composition method. The description frame-
work is presented in Section 3.2.

L While the WPS specification allows arbitrary (i.e. also non-spatial) processing to be provided
by a WPS, we restrict our focus to those WPS that provide spatial data as output.



The first step in the composition process is to search for services that can generate
information as specified by the user. In some cases, data access services providing
such data might be directly available (direct match in Fig. 1). In most cases, however,
only geoprocessing services will be available that can potentially generate the re-
quired data, provided that they are given appropriate input data (conditional match in
Fig. 1). In this case, further searches have to be performed to discover services that
can provide appropriate input data.

In each discovery step, the user has to select one of the discovered services (step 2
in Fig. 1). In order to help the user in selecting the most appropriate service, the dis-
covered services could be ranked. The ranking could be based on specific service
properties that are specified by the user during the request formulation, e.g. service
security or trust in a certain service or service provider. In addition, some heuristics
for the quality of the match can be used, e.g. some measure of how similar the output
of a discovered is to the goal. Developing such methods for ranking the discovered
services will be part of our future research.

The selected service is then added to the service chain description (step 3). The
service is connected to the service already present in the chain for whose input the
search was performed. Thus, the service chain is built back-to-front.

If the discovered service requires additional input data, these become the search
goal for these further searches (step 4). The discovery (steps 1-3) has to be repeated,
until data access services have been discovered for all required input data.

3.2 A Conceptual Description Framework for Services and Composition Goal

Discovery in the presented composition approach is based on a conceptual description
framework for both the composition goal and the services available in the infrastruc-
ture. For this description framework, we extend the rule-based approach for Gl dis-
covery presented in Section 2. In the following sections, we define a simple top level
ontology for service descriptions and illustrate how a domain ontology can be derived
for a certain domain of interest. Finally, we show how concepts and relations from
these ontologies can be used to create service descriptions.

In this chapter and the remainder of the paper, we use the following basic termi-
nology. A term is a constant or variable symbol. In this papers, constants are written
starting in upper case (e.g. Event), while variables start in lowercase (e.g. ec). If Ris a
predicate symbol of arity n and ti;...; t, are terms, R(ty;...; t,) and =R(ty;...; t,) are
called literals. A rule is a disjunction of literals with exactly one positive literal and at
least one negative literal, i.e. it has the form h v —b; v ... v —b, which is equivalent
toby A ... Aby— h. by A ... Abyis called the body of the rule, and h is called the
head. Note that in this paper, we also use rules with more than one head literal. As
these head literals do not include existential quantification, a rule of the form b; A ...
A bm — hy A ... A h, can be trivially reduced, without loss of meaning, to n rules of
the form: by A ... Abn > hy;biA oAby hy ol b A L A Dy = hp. A rule with
one positive literal and no negative literals, i.e. one that only contains a head and no
body, is called a fact. [23]



Top level ontology. For the limited domain considered for our method (only data
access and geoprocessing services), we have developed a simple top level ontology,
which provides a basis for the domain ontology (described in the next section) as well
as the service description rules and the specification of a composition goal by the
user. The main concepts in this ontology mirror the duality between the field and
object views of geographic information [3]. Thus, we distinguish the following main
concepts (unary predicates) and relationships (n-ary predicates):

e entity. Unary predicate denoting an entity (or object)

o entityCollection. Unary predicate denoting a collection of entities.

o field. Binary predicate denoting a field (or spatio-temporal function). The first
argument is the (value) range of the field; the second argument is its (spatio-
temporal) domain.

e hasMember. Binary predicate stating that an entity collection contains an en-
tity.

The top level ontology is deliberately kept simple. It will be extended and aligned

with geographic top level ontologies such as presented in [24] and [25] as part of our
future work.

Domain ontology. Further rules describing relationships in a domain of interest can
be considered in the methodology (called domain rules in [21]). These describe types
of entities and fields used in the domain and the relationships between them. They can
also include implicit domain knowledge that can be used for inferences during dis-
covery and composition. Domain rules can thus be used as a shared vocabulary [26]
by users and service providers. Note that while currently domain rules are not la-
belled, labels could be used to mark different sets of domain rules (e.g. from different
user communities). These labels could then be used to identify the sets of rules used
for deriving the service chain.

In Fig. 2, some examples for domain rules are given. Lines 1 and 2 state that a den-
sity d (respective a frequency f) of an entity collection ec with respect to a spatio-
temporal domain std is a field with f as its range and std as its domain. Line 3 asserts
that a forestFire is an entity. Lines 4 and 5 state that entity collections whose mem-
bers are adminUnits (respective postCodes) can be considered as tessellations.

density(d, std, ec) — field(d, std)

frequency(f, std, ec) — field(f, std)

forestFire(e) — entity(e)

entityCollection(ec), (Ve : hasMember(ec,e) — adminUnit(e)) — tessellation(ec)
entityCollection(ec), (Ve : hasMember(ec,e) — postCode(e)) — tessellation(ec)

ga b~ W N P

Fig. 2: Examples for domain rules: density and frequency are fields (1-2); forestFires are enti-
ties (3); all feature collections that contain adminUnit or postCode features are tessellations (4-
5).

Service descriptions. In the approach presented in [21], the focus was on describing
feature types provided by data access services and general domain knowledge. In
contrast, in this paper, the goal is to describe operations provided by data access or



geoprocessing services. An operation is described by a rule specifying the relationship
between the operation’s inputs and its outputs. Such a rule can be interpreted as fol-
lows: “If input of a certain type is available, then (using the operation associated with
this rule) output of a certain type can be provided”. To enable the association of a rule
with an operation, the rules are labelled. These labels will later also be used to link the
operation description to (other) service metadata stored in a catalogue service (cf.
Section 4).

One basic assumption for our approach is that at the logical level we only consider
services that provide features, feature collections or coverages as outputs (cf. Section
3.1). The services naturally also need to be able to consume these types of parameters,
as well as simple datatypes like strings or integers. In this paper, we consider opera-
tion signatures at the logical level only for illustration purposes. We have therefore
chosen a simplified representation that is not based on a formal model like the top
level ontology used for the descriptions at the conceptual level. Such a formal model
allowing to refer to the actual XML datatypes used in the implementations (e.g. GML
types like gml:AbstractFeatureCollectionType or simple XML schema
datatypes like xs:string) will be developed as part of our future work. This model
will then be used for expressing mappings from the logical to the conceptual level.

Some examples for operation signatures that are useful in the context of our exam-
ple scenario are given in Fig. 3. The getFeature operation (of a WFS) returns a feature
collection of a certain feature type for a given query. Similarly, the getCoverage op-
eration (of a WCS) returns the requested coverage based on the given query. The
other three operations shown in Fig. 3 are geoprocessing operations. The count opera-
tion counts for each feature f in fc2 the number of features of fcl that are spatially
contained within f. The count value is added as an attribute to f and the new feature
collection is returned as a result. The normalizeByArea operation normalizes (for each
feature f in the feature collection fc?) the value of the attribute identified by the pa-
rameter attToNorm by the area of the geometry of f. The normalized value is added as
an additional attribute to the feature collection, which is returned as a result.

getFeature(featureType:string, q:query):FeatureCollection
getCoverage(coverage:string, g:query):Coverage
count(fcl:FeatureCollection, fc2:FeatureCollection):FeatureCollection
normalizeByArea(fc:FeatureCollection, attToNorm:string):FeatureCollection

A WN P

Fig. 3: Examples for operations at the logical level.

Example descriptions for each of these operations at the conceptual level are
shown in Fig. 4 and Fig. 5. Note that, based on the assumption described above, only
relationships between those parameters of an operation that can be considered as
entities, entity collections or fields are described at the conceptual level. The inputs
and outputs are described using concepts from a domain ontology, e.g. density or
frequency.

Data access services and geoprocessing services are described slightly differently.
While every instance of a processing service will exhibit the same functionality, i.e.

2 fc is assumed to consist of polygon features forming a tessellation.



provide the same output given the same input, different instances of a data access
service will provide different outputs, depending on the feature types or coverages
stored in its underlying data store. Therefore, data access services have to be de-
scribed at the instance level, while geoprocessing services can be described at the type
level.

For data access services, different rules describe the different feature types and
coverages that can be provided by a specific instance of a WFS or WCS. As these
services do not have any inputs (that are included in the description at the conceptual
level) they can be described as facts, i.e. as rules without a body. For example, the
rules in Fig. 4, lines 1-2 state that the described WFS getFeature operation can pro-
vide entityCollection all of whose members are forestFires and adminUnits. The rule
in line 3 describes a WCS whose getCoverage operation can provide an elevation
field (with domain d and range €). Feature types and field types should already be
defined in the domain ontology as rules such as those shown in Fig. 2, lines 1-3.

1 getFeature: — entityCollection(ec), (Ve : hasMember(ec,e) — forestFire(e))
2 getFeature: — entityCollection(ec), (Ve : hasMember(ec,e) — adminUnit(e))
3 getCoverage: — elevation(e,d)

Fig. 4: Examples for service description rules for data access services

Also, for geoprocessing services, there can be several rules describing the same
operation. Each of these rules expresses a different conceptualization. Thus, two rules
could e.g. express that the normalizeByArea operation can be used to derive a density
from a frequency (line 2 in Fig. 5) as well as a fraction from an area (line 3).

1 count: entityCollection(ecl), tessellation(ec2) — frequency(f, ec2, ecl)
2 normalizeByArea: frequency(f, std, ec) — density(d, std, ec)
3 normalizeByArea: area(a, std) — fraction(f, std)

Fig. 5: Examples for service description rules for geoprocessing services

The most intuitive mapping of types at the logical to types at the conceptual level
would be from feature collections to entity collections and from coverages to fields.
However, there might also be cases where a parameter, while represented as a feature
collection at the logical level, can also be conceptualized as a field, or, more rarely,
where a coverage can be represented conceptually as an entity collection. We will
illustrate this using the normalizeByArea operation listed in Fig. 3, line 4. Conceptu-
ally, the input of the operation could also be seen as a coverage, whose domain con-
sists of the set of geometries of all features in fc, and whose range is the set of the
corresponding attribute values of attToNorm.

We believe that feature collections are best mapped to fields in this way if only one
attribute of its features is of interest for the processing (in the case of the collection
being an input parameter) or for the result of the processing (if the collection is the
output). Conversely, a feature collection should be mapped to a (subconcepts of)
entityCollection if its features are used as a whole in the processing, e.g. the features
in fcl in the count operation (Fig. 3, line 3). If new features (entities with a different



identity) are created in the processing, e.g. a buffer zone around a feature, this output
feature collection should also be mapped to an entityCollection.

The representation of an operation’s parameters as a field or entity collection will
of course affect its discovery. To alleviate this decision, rules could be included that
map between both views (e.g. “if ec is an entityCollection, and every entity e that is a
member of ec has a temp property t and a geometry property g, then the collection of
all pairs (t,g) is a temp field”). Such statements will also need to be part of the map-
ping rules between the logical and conceptual level that we will develop as part of our
future work.

3.3 Rule-based Service Discovery and Composition

Based on the description framework described in the previous section, services can be
discovered and composed into a service chain that is able to produce the information
defined as the composition goal by the user. To illustrate the presented method, we
show how a service chain can be composed for the scenario introduced in Section 1.
For this walk-through, we assume the service description rules listed as examples in
Fig. 4 and Fig. 5 and the domain rules given in Fig. 2.

Goal description. It is the aim of the proposed composition method to create a ser-
vice chain that can provide the information required by the user without requiring any
further input. This means that the chain behaves like a data access service, and there-
fore the composition goal is specified in the same way, i.e. as a fact. The application
developer’s goal (“forest fire density”) can be represented as a density d of an entity
collection ec (all of whose members are forestFires) with respect to a spatio-temporal
domain std:

density(d, std, ec), (Ve : hasMember(ec,e) — forestFire(e))

Discovery and composition. During each discovery step, the current goal is com-
pared with the rules describing the services. A rule is considered to be a match for a
goal if it contains (part of) the goal in its head. Rules that have no body (i.e. describe
data access services) represent direct matches and are endpoints in the composition
process (cf. Section 3.1). Rules that have a body represent conditional matches and
require additional searches. The head literal is replaced by the body literals, and the
thus generated rule becomes the new goal. When there is a match (and the rule is not
a domain rule), the corresponding operation (which can be derived from the label) is
added to the service chain.

Fig. 6 shows each of the discovery steps, in which both (labeled) service descrip-
tion rules and a domain rule are used.

The first query for this goal to the does not return any direct matches. However, a
conditional match would be discovered: The normalizeByArea operation — under the
condition that forest fire frequency data can be provided as input. This operation is
added to the service chain, and the new goal for the next query is defined as a fre-



quency f of an entity collection ec (all of whose members are forestFires) with respect
to a spatio-temporal domain std:

frequency(f, std, ec), (Ve : hasMember(ec,e) — forestFire(e))

This search only returns one (conditional) match, the count operation — under the
condition that a collection of forest fires and a feature collection that represents a
tessellation of space can be provided as inputs:

tessellation(std), entityCollection(ec), (Ve : hasMember(ec,e) — forestFire(e))

When searching for these two data sets, two direct matches are discovered: The
getFeature operations providing forestFire and adminUnit entity collections. Note that
for discovering the adminUnit entityCollection, a domain rule (stating that adminUnit
entity collections represent tessellations) has to be used as an intermediate step.

’

[ density(d, std, ec)

Ve : hasMember(ec,e) — forestFire(e) \
T
|

normalizeByArea: frequency(f, std, ec) — density(d, std, ec)
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Ve : hasMember(ec,e) — forestFire(e) |
T
|
|
I
|
|
|
|
|

| frequency(f, std, ec)

count: entityCollection(ecl), tessellation(ec2) — frequency(f, ec2, ec1)

Ve : hasMember(ec,e) — forestFire(e) |

| tessellation(std) |, | entityCollection(ec) |,

entityCollection(ec), (e : hasMember(ec,e) — adminUnit(e)) getFeature: — entityCollection(ec), (Ve : hasMember(ec,e)
— tessellation(ec) — forestFire(e))

(e : hasMember(std,e) - adminUnit(e)) \

| entityCollection(std)

getFeature: — entityCollection(ec), (Ve : hasMember(ec,e) — adminUnit(e))

Fig. 6: Example composition of a service chain providing forest fire density information.

The data flow in the resulting service chain is depicted in Fig. 7. Note that as our
composition methodology only uses the service descriptions at the conceptual level, it
does not create a service chain description that is directly executable using some
workflow engine. Deriving such an executable description, which might include fur-
ther (e.g. coordinate or schema) transformation steps between each of the component
services, will be part of future work.



| getFeature (forestFire)

m normalizeByArea

| getFeature (adminUnit)

Fig. 7: Data flow in the composed service chain.

4 Conclusion & Future Work

In this paper, we have presented a method for supporting users in creating service
chain descriptions on a conceptual level. The method builds on a rule-based descrip-
tion framework for data access and geoprocessing services. We have illustrated how
this framework can be used to describe service functionalities on a conceptual level
by linking their inputs and outputs. The presented method uses these descriptions to
semi-automatically derive a service chain description. The presented approach will be
extended in several directions in our future research:

¢ Creating executable service chain descriptions. In this paper, we only con-
sider composition at the conceptual level, at which services are described. This
service chain description cannot directly be executed by a workflow engine. To
achieve this, a formal model for mapping the operations at the logical level to
the descriptions at the conceptual level has to be developed. An important re-
quirement for the mapping language to be developed is to (intuitively) support
mapping between the field and entity views on GI. The presented composition
method will be extended to take these mappings into account in order to create
an executable service chain description.

e SDI architecture. Based on this extended composition method, an SDI archi-
tecture and prototype will be developed. Most importantly, these will combine
the service discovery steps at the conceptual level with service discovery using
catalogue services. To realize this, a suitable reference between conventional
metadata and the rule-based descriptions. E.g., when using 1SO 19119 metadata
[8], this reference could be included in the operationDescription attribute of the
SV_OperationMetadata item [27].

e Enhancing ontologies. In this paper, we have presented a simple top level on-
tology as a basis for the description framework. This ontology should be com-
pared and, if possible, aligned with other geographic top level ontologies (e.g.
[24, 25]). Also, we have not yet developed a full-fledged domain ontology,
which is the main basis for service providers to describe their services’ func-
tionalities (and therefore a crucial factor during discovery). The presented con-
cepts will be extended with further examples from the domain of disaster man-
agement (e.g. flood damage assessment).

e Enhancing the discovery and composition method. Finally, the presented
composition method can be enhanced in several ways. In order to avoid intro-
ducing loops in the service chain, services that are already part of the service



chain (in the same branch) should not be presented as results during discovery®.
Also, heuristics could be introduced for ranking the discovered services and thus
helping the user in selecting the most appropriate service. For example, several
further discovery steps could be automatically executed (in the background) to
find out how many more services would have to be added to the discovered ser-
vice before a direct match is found. Other ranking criteria could be some meas-
ure of how similar the output of a discovered is to the goal. For such a ranking, a
similarity metric would have to be developed.
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