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ABSTRACT

Web Services are prayed to become the new building blocks of tomorrow's internet.
Web Service (re)use, which is based on the register-find-bind paradigm, is the basc
technique here. Unfortunately, developing complex applications by orchestrating Web
Services requires more meta-information than provided by WSDL and UDDI today.
This paper introduces a Web Service Orchestration Engine (WSOE) that supports the
developer by building applications from orchestrating Geo Web Services. Different to
other gpproaches, the WSOE does not rely on classfying/describing the service
functiondity. The foundation of the WSOE is a knowledge base that contains
concepts, rules and facts for the geogrgphic problem doman. They are used by
sarvice developers to describe the meaning of input and output messages and by the
goplication developers, trying to build an application from orchedrating the exising
Geo Web Services. The agpplication developer has to specify the problem that
describes the functiondity of the application usng the congructs from the knowledge
base. The WSOE tekes this problem description and solves it by cregting an
orchedration of sub-problems until been solved by a sngle Web Service. If that
orchedtration of services is a solution to the specified problem, it can be used for
developing the application.

This paper introduces research in progress.

INTRODUCTION

One gstatement about Web Services is that "Web services are sdf-contained, modular
busness gpplications that have open, Internet-oriented, Standards-based interfaces.
Web sarvices communicate directly with other Web sarvices via standards-based
technologies." (OASIS, 2001). A Geo Web Service can be characterized as a Web
Service for processng or accessng of geogpatia data. “"Geospatid datd’ means
information that identifies the geographic location and characteristics of naturd or
condructed festures and boundaries on the earth. This information may be derived
from, among other things, remote sendng, mapping, and surveying technologies..”
(FGDC, 1994). Geo Web Services support, as regular Web Services do, the register-
find-bind paradigm. When it comes to build more complex services on the base of the
regitered Geo Web Services, the user is facing the chdlenge to understand the



functiondity of the service (what it does) and how to use it (how to invoke it). For a
human user, this can be achieved by any description, regisered with the service as
supported by the Universd Discovery, Description and Integration (UDDI). For
additiona information, the potential consumer of the service can contact the producer
of the sarvice But, the potentid consumer can only understand the service, if the
producer and the consumer share a common (domain specific) knowledge and spesk
(undergtand) the same language. The problem of sharing the same meaning is known
as the rhetoricd theory “triangle of meaning”, as introduced by C.K. Ogden and I.A.
Richards (Richards, 1979). Therefore, the development of more complex services
require not only an explicit description of the registered services and the resources
been processed but dso a common, domain specific knowledge that can be shared and
understood between humans.

STANDARDSFOR (RE)USING WEB SERVICES

For the approach to have a machine, assst a human user with orchestrating services to
more complex applications, the description and the shared knowledge must not only
be machine readable but dso machine understandable. In the fidd of service
discovery, description and integration the most important sandards are the Universa
Description, Discovery and Integration (UDDI) (OASIS, 2001) and the Web Services
Description  Language (WSDL) (W3C, 2001). "WSDL is an XML format for
describing network services as a st of endpoints operating on messages containing
a@ther document-oriented or procedure-oriented information” (W3C, 2001). This
message based view of a Web Service focuses on 'how' a Web Service can be
executed and which messages are exchanged with the service. "A common andogy
used for UDDI is a “phone book for Web services” It has business names, business
mailing addresses, contact names, contact phone numbers, Web services offered by
businesses, addresses of Web services, metadata describing the “interfaces’ of Web
sarvices, etc" (OASIS, 2001). However, none of these standards address to define the
meaning of the sevicgs functiondity, the input parameters and the output.
Furthermore, the standards do not alow to define the coordination of sequencing of
sarvices to build a complex solution. Two maor standards, addressing this issue are
the Web Services Flow Language (WSFL) (IBM, 2001) and XLANG. But, both
dandards focus on the sequencing of services according to a known process flow,
where the service bindings and functiondities are known a priori. Generdly, this is
not the case if it comes to build a solution to a user specific problem by orchestrating
services, even they belong to one problem domain.

Recent activities in the fiedd of defining meaning to resources, are known under the
term Semantic Web. "The Semantic Web is an extenson of the current web in which
information is given wdl-defined meaning, better enabling computers and people to
work in cooperation.” (Lee, 2001). The formdization of meaning can be expressed
usng an ontology, which is a pat of the Semantic Web. Within the Artificid
Intelligence (Al) context one can describe "the ontology of a program by defining a
st of representational terms. In such an ontology, definitions associate the names of
entities in the universe of discourse (eg., classes rddions, functions, or other
objects) with humanreadable text describing wha the names mean, and formd
axioms that condrain the interpretation and well-formed use of these terms™ (Gruber,
1993).



The semantic markup for internet resources, especialy for Web Services is important
for the approach of semi-automatic orchedration. The use of an ontology dlows to
explicitly express the meaning of Web Services and the data been processed.
Technicdly, an ontology can be described by using the Resource Description
Framework (RDF) and the Defense Advanced Research Projects Agency (DARPA)
Markup Language (DAML). Extenson to DAML which uses expressons from the
Ontology Interference Language (OIL) result in DAML+OIL. "The World Wide Web
was origindly built for human consumption, and dthough everything on it is
mechine-readable, this data is not machine-understandable. It is very hard to atomate
anything on the Web, and because of the volume of information the Web contains, it
is not possble to manage it manudly. The solution proposed here is to use meta-data
to describe the data contained on the Web." (W3C, 1999). The metadata it's
underlying data mode is dructured in triples (subject, predicate and object) dtating
facts and rdationships by defining objects and properties of the objects and
relationships between the objects. "The RDF data model, however, provides no
mechanisms for declaring these properties, nor does it provide any mechanisms for
defining the reationships between these properties and other resources. That is the
role of RDF Schema' (W3C, 1999). The data modd is represented using the
Extensble Makup Language (XML), which makes the gpecification of data
semantics avallable in a standardized, interoperable manner. The DARPA Markup
Language (DAML) is an extenson to XML and RDF, providing "a rich st of
condructs with which to create ontologies and to markup information so that it is
machine readable and understandable” (DARPA). "The Ontology Inference Layer
OIL is a proposal for a web-based representation and inference layer for ontologies,
which combines the widdy used modding primitives from frame-based languages
with the forma semantics and reasoning services provided by description logic. It is
compatible with RDF Schema (RDFS), and includes a preciss semantics for
describing term meanings (and thus dso for describing implied information).” (On-
To-Knowledge). “DAML-S supplies Web service providers with a core set of markup
language condructs for describing the properties and capabilities of ther Web
services in unambiguous, computer-interpretable form. DAML-S markup of Web
sarvices will fadlitate the automation of Web sarvice tasks including automated Web
service discovery, execution, interoperation, compostion and execution monitoring.”
(DAML-S).

The agpproach of semi-automatic orchestrating of Web Services requires the
formdization of the semantics of Web Services functiondity and the data been
processed in a machine-interpretable way. It is important to "describe what is being
sent across the wires and why, not just how it is being sent.” (Anupriya et d., 2002).
Therefore, semantic service descriptions and domain-specific knowledge are the basis
for a decison support system, asintroduced in this paper.

SEMI-AUTOMATIC ORCHESTRATION OF GEO WEB
SERVICES

Software developing activities often focus on implementing a solution to a given
problem, udng existing modules. The functiondity and interfaces of these modules
are typicaly described by manuas, which are avalable to the programmer. These



modules usudly provide fine graned functiondity, which can be used to solve amost
any problem. Web Sevices usudly provide a higher functiondity, which is more
suiteble for solving busness logic problems. Therefore, the orchedtration of Web
Services will not be able to solve any problem a hand. The orchedtration of registered
Geo Web Services focuses on the solving of high level (busness) problems such as
image map requests or geocoding of spatia objects. For this fidd of use, the finding
of a sarvice workflow is domain specific and problem depended. Because the finding
of an appropriate service for a particular pogtion in the workspace may depend on the
result of the execution of the previous sarvice, the workflow can not be modeed
daionary. The finding of a solution to a given problem can only be found by usng
domain knowledge and semantic information for the service and the processed data.

A motivating example

The user of the system likes to know the current temperature for the City of Munich.
Even this seems to be a smple problem, the solution can probably not be found by
software developing using a common programming language. The reason for this is
that the temperature sensor for the location Munich must be accessble. Therefore, the
use of Web Services (and the Internet) is a prime example how to solve the problem.
There might exig different registered services that provide different temperature kinds
(eg. current temperature, average temperature, etc.) or return the temperature in
different units of measure (eg. Celsus or Fahrenheit) for just one location, an area or
for multiple locations.

In order to find a solution to the problem, the user can define his input knowledge:
Location is Munich; and define the expected meaning of the output: Current
temperature in Celdus. Based on this smple description, a solution would be al
savices and sarvice orchedrations, which input means location is Munich and the
output is temperature in Celsus.

High-leve description of the sysem

For the approach of semi-automatic orchestration of Geo Web Services, each service
is described by the semantics of the input and output data and the regtrictions on the
input and output data using concepts of the domain knowledge base. The user
specifies the problem by usng concepts from the knowledge base, identifying the
input and output of the problem. Also, the user may place redrictions on the input
and/or output, usng avallable redrictions for the used concepts. The Web Service
Orchedration Engine (WSOE) supports the user in the process of finding a solution to
the specified problem by recommending services, which may be used in the solution
workflow. Each recommendation comprises of a matching factor that describes the
fitness of a suggested service and a link to the service and 1/0-data description. From
this information, the user can obtan information, if more than one savice is
recommended and the user is asked to sdect the most agppropriate service. The
problems that can be solved with this gpproach ae limited to the concepts,
relationships and rules within the knowledge base for the geospatia problem domain.



The knowledge-base

The knowledge base contains of concepts that describe the domain of discourse, facts
that express redrictions on concepts and rules that regulate which condraints must
apply when matching two concepts in the process of solution finding.

The concepts of the knowledge base represent semantics of things that belong into the
doman of discourse. In the geospatid problem domain, this can be features, which
may have geospatia characteristics that represent entities of the real world. Each
concept comprises of a machine-reedable seridization, and a human-readable
decription. The concepts can have reationships to other concepts. These
relationships can be of different kind. In the geospatid problem domain, concepts and
relaionships can be of spatid kind. This dlows two potentiad perspectives. Concepts
and relationships that describe a feature or the relationships between them are based
on a nonspatid modd and concepts, which represent different spatid models.
However, dl these modds must use dandard relaionships to express generdization
and gpecidization, usng the isA rdationship. In order to represent gpatid
reaionships, doman specific spatid reaionships must be defined. Egenhofer et 4dl.
(Egenhofer, 1998) introduces different spatid operators that must be used in order to
alow appropriate expression of spatia problems.

Fects dlow to express redtrictions to formdize the problem a hand and the service
cgpabilities. An example for usng facts is hat the problem exigts to find a service that
returns the current temperature for a particular city, eg. Munich. Because no solution
is acceptable that finds the temperature for dl cities but for Munich, the solution
requirement and the service cgpability is evauaed in order to find a match. Usng a
problem solving dgorithm, the fact of the solution requirement must be provable
using the facts that express the capabilities of services.

The requirements for matching-rules enable the expressng of condraints that must be
taken under condderation when matching two concepts. For example, the chaining of
two services is based on the concept Location. Location specifies a 0-dimensond
postion relative to the earth. But, the chaining does only make sense, if both service
use the same encoding. This requirement can be expressed using a matching rule.

FINDING SERVICE RECOMMENDATIONS

Each sarvice is described by it's input/output data semantics, describing concepts and
facts from the existing knowledgebase. The use of the concepts support the sharing of
common knowledge. The facts dlow the formalization of redtrictions on the concepts.
E.g., the semantics of ‘the current temperature of the city of Munich’ can be described
by the concepts CurrentTemperature and City with the redriction Munich on the
concept City. In the knowledge base, different concepts can and facts can represent
the city of Munich. Therefore, inference logic exids that can resolve different
representations of the city of Munich. In the geospatia problem domain, a different
representation can exist usng the geospatid decompostion of space. In one modd,
Munich can be presented as a point feature, in other models it can be represented by
2-, 3- or even 4-dimensond features. However, dl concepts have reationships



among each other which can be followed in order to examine the fithess of a
meatching.

Before the system darts the match-making, which results in service recommendations,

the following preconditions must be true:

1. The sysem can access the problem gpecific knowledge base that contains
concepts, relaionships between the concepts, rules and facts about the problem
domain and registered services.

2. Each registered service uses a set of concepts and facts from the knowledge base
to specify the meaning of the input and output of the service.

3. The input that the system requires is the formdization of the problem, done by the
user. The formdization specifies the concepts and redtrictions for the initid and
god date of the problem. For the motivating example, the user likes to receive the
current temperature of the city of Munich. The initid dtate can be described using
a concept City and place the redtriction Munich on it. This results in the fact
City(Munich). The godl state is represented by the concept CurrentTemperature.

As the fird dep, the sysgem takes the problem initid State and tries to proof it.
Therefore, the knowledge base is queried for dl services, which input concept build a
path to the initid problem concept. For each matching service, the facts for tha
sarvice are evauated, which describe the capabilities of the service. For the example,
al services are marked that have a path to the concept City. But, only these services
are recommended to the user, which cagpabilities meet the condition City(Munich).

Next, the system tries to prove the problem god Sate. In order to do so, al services
are marked, which output description builds a path to the concept Temperature.

A solution to the given problem exids, if one service is found that dlows to prove the
problem initid and goa Sete.

If only services exig that dlow to prove ether the problem initid or god dSeate, the
gystem darts a second iteration. In order to do 0, a set of new initid and goad datesis
build. The st of new initid states depend on the found services that alow to prove
the initid problem date and the set of god Saes depend on the found services that
dlow to prove the problem god doate. For each possible combination of a new
intermediate initid and god date, the system repedats the first sep; trying to prove the
intermediate dates. Because the variation of state combinations gets very big, the user
must sdlect the sarvices from the first matching that are to be processed first. Because
the number of intermediate states depend on these services, the variaion can be kept
smdl.

Solution kind one: Parfect solution using one service

For this solution, let's assume that one service exigts that alows to prove the problem
initid and goad date. For the example, this would be the case if the service input
provides the fact City(Munich) and the output is linked to the concept
CurrentTemperature. This solution would be recommended to the user with a
100/100% match.



Solution kind two: No perfect solution

For this solution, let's assume a service exigts that dlows to prove the problem initiad
date, but the output is linked to the concept Temperature. Now, it depends on the
relationship between the concept Temperature and the concept CurrentTemperature.
If the knowledge base contains an iSA relationship between the concepts Temperature
and CurrentTemperature (CurrentTemperature iSA Temperature), the match on the
conceptua level is 50% because the distance between the concepts is one. This
solution is recommended to the user with a 100/50% meatch.

Solution kind three: Service chaining and matching rules

For this solution, let's assume a sarvice exidts that dlows to prove the problem initid
date, but the output is linked to the concept Location which has no reaionship to the
concept Temperature. Also, another service exigts that alows to prove the problem
god date and the input meaning is linked to the same Location concept that the other
savice is linked to. The knowledge base contains a matching rule for the concept
Location. It requires that both services use the same encoding and provide service
capabilities in respect to the service area. In order to determine the fitness of both
savices, the sysem must prove that (i) the location for the city of Munich, provided
by the fird sarvice uses the same encoding and (ii) that the location of Munich is
within the service area of the second service. For the encoding rule, this can be proven
by checking the facts for both services, describing each possble encoding. The
system uses the spatia operator within, in order to prove that the location of Munich,
encoded by thefirst service is accepted by the second service.

MODELLING THE KNOWLEDGEBASE

One requirement of the system is to match concepts. For this matching process, only
concepts from the knowledgebase exist, which specify the domain of discourse. Each
concept may have relationships with other concepts.

Matching rules

The system supports four different types of matches.

1. Two concepts areidentical. In this case a 100% match exist.

2. A path between the two concepts exist that follows the iSA hierarcchy in the
generdization direction. In this case, the distance between the concepts can be
taken to determine the appropriateness of the match. E.g. the concepts
CurrentTemperature and  AverageTemperature Specidize the  concept
Temperature. If a sarvice output's semantic is described by the Temperature
concept but the problem output concept is the CurrentTemperature concept, the
matching correctness is 50%.

3. A pah that exists between the concepts that follows the isA hierarchy in the
Specidization direction is not dlowed and results in a 0% match. This can be
explaned by the hierarchy of the concepts. The topmost concept is Thing.
Eveything is a thing and therefore fits everywhere. But, dl things that make



things more specid may assume (implicit or explicit) redrictions. In the above
example, thee is no semanticadly mach between the  concepts
AverageTemperature and CurrentTemperature because the pah follows
generdization and pecidization.

4. A path between two concepts exist that do not follow the isA rdationship. In this
case, the matching depends on the role of the reationship. E.g., the role synonym
istrested as an identical match.

Spatia relationships and spatid concepts

From these thoughts, the following guiddines for modeing a geospatid knowledge

base can be derived:

1. The knowledge base mugt differentiate between spatid and non spatia concepts.
The spatial concepts can be categorized into O-, 1-, 2-, or 3-dimensiona concepts.

2. Based on these concepts, more detailed concepts can be derived that describe the
domain of discourse.

3. A gpaid operator can goply to ingtances (individuas) of spatid concepts, stating
a reationship between two indances or a redriction on the instance. As an
example, two ingtances of the concept LandParcel (landparcelA and landparcel B)
can be adjacent to each other. If AdjacentTo is a trangtive spatid relationship, this
rdaionship can be defined by the rdationship AdjacentTo (landparcelA,
landparcelB).

4. The knowledge base must contain matching rules for concepts. These matching
rules define redrictions that must be met when match-making is done with the
associated concepts.

CONCLUSION AND OUTLOOK

This paper introduced a smple Web Service Orchedtration Engine that may find a
solution to a given problem by orchestrating Web Services. The introduced system is
not limited to solve problems of the geospetia problem domain; the solving power
depends on the exising knowledge base and the registered services. The approach
uses the input and output state description for services and the initid and god date
description for the problem. In the process of finding a solution, the system tries to
proof the initid and goad date of the problem. The functiondity of the sytem was
explained by asmple example.

Because the current gpproach finds a solution -if exiging- based on the semantic
description of the processed data only; the syntactica issues of interoperability of the
services (data structures, protocol binding, etc.) are not taken into account. However,
these issues become relevant when invoking the solution services. Therefore,
induding these issues in the solution finding process is a rdevant topic for future
work.

Another topic of research includes the comparison of the current problem description
with existing, saved problem solutions, found by other users. The system can propose
a solution to the current user, before darting the process of trying to create a new
solution.
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