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Abstract. This paper describes an algorithm optimizing tieealery process
for composed semantic web services. The algoritam lze used to improve
discovery of appropriate component services atdation time. It performs
semantic matchmaking of goals of a composed serviceappropriate
component services at publishing time. The semadicovery problem at
invocation time is therefore reduced to a selectiwablem from a list of
available (already discovered) component servicegchmng a goal of the
composed service.

1. Introduction

In the last few years a new approach to desigednate) software applications, called
Service-oriented Architecture (SOA), arose and becaery popular. The main idea
of that approach is to build applications througimposition of loosely coupled

components called services. This approach pronis@screase interoperability and
to reduce integration costs.

Today, a standardized technological realizatiofsOfA, called Web Services, is
available and becomes more and more widespread.S&fetices consist of three core
technologies: SOAP (Simple Object Access Protoct)SDL (Web Service
Description Language) and UDDI (Universal DescdptiDiscovery and Integration).
SOAP describes an interoperable XML-based messat®ege protocol that allows
communication with a Web Service over the Interf@t WSDL describes the
operations (interface) of a Web Service [5]. UDDIbws the service providers to
publish and service requesters to discover Webi&=r\[7]. There are numerous
emerging additional technologies on top of Web Bers dealing with workflows,
transactions, security and so on (W3Chttp://www.w3c.org OASIS:
http://www.oasis-open.ojg However, the above technologies support only uain
integration of the Web Services into composite @pfibns. This is because their
semantics are not explicitly described in a forzedi way and therefore can be
understood only by humans but not by machines.




In order to enable automated usage of Web Serseesral competing initiatives are
developing infrastructures, so-called Semantic W®érvices, which combine
Semantic Web and Web Services technologies (e.g3C Wsemantic Web:
http://www.w3.0rg/2001/sw/ SWWS: http://www.swsi.org/ SDK:
http://www.sdkcluster.org.)

Web Service usage comprises many aspects of Welic&gr e.g. publication,
discovery, selection, composition, mediation, nign, invocation, monitoring,
compensation and recovery. Within this big pictutbe paper describes an
optimization of semantic discovery in the contefiktomposed web services.

2. Atomicvs. Composed Web Services

Services published to a registry can be divided tato classes: atomic services and
composed services. An atomic service does not mgéusther services to perform its

functionality. Opposed to that, a composed servadies on a set of composed or
atomic services. We call this set ,component ses/iof the composed service.

However, a composed service making an ultimate sa®tiabout the set of its
component services at design time will probablyodmee non-optimized or even
unable to perform its task for the following reason

 New, more optimal component services may have bhdded to the registry
in the meantime.

» The properties of the existing services may chafiggcome more/less
optimal or usable/unusable for the composed sétvice

» Existing services may be removed from the registry.

In order to protect itself from becoming less ogirar unable to perform its tasks a
composed service has to:

» Discover component services in order to detect rehanged or removed
services

» Select from the discovered set of available sesvibe services used for the
current execution of the service according to soptémization algorithm

A composed service discovers a component servidegusome goal. Since a

composed service also has to be published to a&trggits goals used to find

appropriate component services are known to iubtighing time and do not change
as long as the service does not change or hasrbemved. However, at the time
being the goals of a composite service used toodéscits component services are
hidden in its internal business logic (also knovsnoachestration) and can therefore
only be used by the service itself.



The above considerations show that a compositeicegrin order to keep its
functionality optimized, has to discover its compohservices again and again either
at each invocation or at some other time interspécified by its internal logic.

3. Semantic Discovery

Semantic discovery of Web Services means semasdisoning over a knowledge
base where a goal describes the required web secaipability as input. Semantic
discovery adds accuracy to the search results mpadson to traditional Web
Service discovery techniques, which are based otastical searches over keywords
contained in the web service descriptions [8], T¥e additional accuracy of a match
is expensive in terms of required computational @owlhe expensiveness of
semantic matchmaking has several aspects influgritia design of the Semantic
Web Services infrastructure in different ways. Besi the quality of the semantic
match, we consider the following two aspects ofrmsgt importance:

* Response time

»  Scalability

Response time specifies how long semantic discotegkgs to find a set of web
services matching a goal. This criterion can restir even prohibit service usage in
certain scenarios, where a Web Service has todmevired and directly invoked and
the total time for discovery and invocation haséoshort. For instance, a composed
service may semantically discover required compbrearvices at runtime. If
potential service requesters of the composed sewspect short response times this
service becomes unusable to them even if the fumality offered by the service
meets their needs.

Scalability specifies how many semantic discovexyuests can be processed within a
given unit of time. If a composed service idensifitss component services using time-
consuming semantic discovery techniques each ttme invoked, discovery may
become a bottleneck.

A practical approach to the above problems is &cate semantic discovery only if
necessary, e.g. by buffering results from formerrdees. An even better approach
would be to do semantic matchmaking or some sytssiéthis process ahead of the
current discovery request. Since goals and sergaggabilities rely on the same
ontological concepts, it is possible to match aviser capability to the ontological
concepts even if the goal is not known at that pwirtime. In [1] an OWL-S/UDDI
matchmaker is proposed that performs reasoningilalishing time in order to find
matches of different quality (exact, subsumptioluggn, fail) between capabilities
and the ontological concepts they rely on. The tgrmatchmaking“ is often used as a
synonym for semantic discovery. The matches fouedstored as lists (identifying
the different qualities of the match) attached he tntological concepts. The
matching of goals and capabilities is thereforeuced to computing intersections
between capabilities lists of the concepts usaliérgoal. A goal is described, e.g., in:



e OWL-S through inputs and outputs [2]
«  WSMO through postconditions and effects [3]

4. Optimization Approach

We propose to make the goals of the composed senged to discover component
services part of its public description (publicatoegistry, but not necessarily to other
clients of the registry). This would allow the apption of a new discovery
algorithm, which reduces the efforts to discovemponent services at invocation
time significantly. In fact, using the algorithmseibed below, the discovery process
during the service invocation will take a constiémee in order to find a set of services
matching the goal, so the overall process idemifycomponent services takes a
constant time for semantic discovery plus the thmethe selection from a list of
services matching the goal. (The selection timeaiesndependent on an internal
algorithm of the composed service.)

Before introducing the algorithm let’s consider wisathe additional value of having
goals explicitly published in the web service dggwn (e.g., as a list). If the goals
are known, the discovery process can be executedrbgistry at publishing time and
the list of the available services matching thel gaa be stored (linked in some way
to the goal) in the registry. This means thathé service sends a discovery query
with the goal to a registry, the registry firsesito find the goal and returns in case of
success the list of services linked to it. Onlythié goal could not be found, the
registry starts the semantic discovery in the ‘itradal way”. This does not yet solve
the problem of detecting new, changed and remoeedces possibly impacting the
functionality of the composed service, since thevise could make the discovery
once and store it for the further use internallytéade of the registry). So what is
needed is a way to update the list of availableices linked to the goal if something
changes (e.g., a new service is added to the negistan existing service is changed
or removed).

The following observation shows how the requireticdhéor can be achieved. A goal
presents in fact a partial description of the sEndgapability, e.g. in WSMO a goal is
described through postconditions and effects waservice capability is described by
preconditions, assumptions, postconditions ancceffélhis means, that if a registry
can find matching service capabilities using a gbaln it can also find matching
goals using service capabilities.

5. Optimization Algorithm

The optimization algorithm requires some changete(sions) on the Web Services
registry structure, which are introduced in thetrsbsection.



5.1 Foundations

The key abstractions of a registry used for sernatisicovery can be described by the
following key abstractions illustrated in Figure 1:

» Discovery Service

» Publishing Service

» Knowledge Base

e Goal-Capability Association Storage (GCA-Storage)

Discovery Service provides an interface allowinge@axion of semantic search
gueries against the Knowledge Base.

Discovery Knowledge
Service Base
Goal-
Publishing capability
Service association
storage

Figure 1 Key abstractionsof aregistry

Publishing Service provides an interface to add esewices or to update or remove
existing services from the knowledge base of tiyéstey.

The published services are stored in the Knowld&lge used for semantic reasoning.

The Web Service Description (WSD) of a composeduiselis modified (extended) in
a way that the goals a composed service uses tb domponent services are
described explicitly in its Web Service description

We introduce a GCA-Storage able to store assoomt{tinks) between explicitly

described goals in the WSD of a composed serviak tha WSDs of potential

component services (containing matching servicals#ifies). The GCA-Storage is
illustrated in Figure 2.
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Figure 2 Structure of goal-capability association storage

The Publishing Service is modified in a way allogvithe operations described in the
algorithm below.

The Discovery Service is modified in a way sucht that only a goal can be used to
find service capabilities but also a service cdfighian be used as a search criterion
in order to find goals explicitly stored in the efitory.

5.2 Matching Goals and Service Capabilitiesat Publishing Time

The following algorithm performs semantic discovetypublishing time and keeps
the goal-service association storage consistenaffigr changes of goals or service
capabilities published to the registry.

publ i shServi ce(wsd) {
choose (wsd){
newAt omi c: perform | nsert NewAt omi c;
updat eAt omi c: perform Updat eAt omi c;
del et eAtom c: perform Del et eAt omi c;
newConposed: perform I nsert NewConposed,
I nsert NewAt omi c;
updat eConposed: perform Updat eConposed, Updat eAt omi c;
del et eConposed: perform Del et eConposed, Del et eAt oni c;

}
}



InsertNewComposed: Extract goal descriptions from the service cajigbil
description of the composed service and use thepdisy service to find matching
service capabilities. Store the lists of found servcapabilities (together with the
goals) to the GCA-Storage, i.e. associate them thighmatching goals.

UpdateComposed: Remove old associations (between goals and secajgabilities)
from the GCA-Storage, find and store new assoaiatio the GCA-Storage (Further
optimization possible, e.g. compare the new and/d&D version to find differences
between old and new goals. If a goal has not cldumgeaction is required, i.e. no
reasoning is required and the already existingcaton remains valid.)

DeleteComposed: Remove associations for the goals contained intB® from the
GCA-Storage

InsertNewAtomic: Use discovery service with service capability earsh criterion
in order to find matching goals and store foundaines to the GCA-Storage.

UpdateAtomic: Delete old associations from GCA-Storage. Useadisty service to
find new matches and store them in the GCA-Storage.

DeleteAtomic: Remove associations for the service capabilitytaioad in the WSD
from the GSA-Storage.

Note that a composed service can act as an at@nics (component service) for
other composed services. Therefore, after an dpar&r a composed service has
been performed, an associated operation for theniateservice must follow
(associating herewith its service capability wittaly of some other services).

6. A Business Scenario

In this scenario the “Vehicle- & Insurance-selliMigrket Place DE” provides a user-
friendly interface to vehicle buyers (allowing sgieation of the type and the
preferred location of a vehicle seller as well as appropriate insurance) and
aggregates the resources of the vehicle sellegggnal vehicle-selling market places
and insurances to reach a broad variety of offeeddcle types, quantity of offered
vehicles, broad location coverage and appropriaseirances (making its service
attractive to the vehicle buyers). The example hélp us to demonstrate:

« the difference between semantic discovery and tioawdil keyword-based
discovery approaches concerning the quality of matc

» the reduction of semantic discovery requests ofctiraposed web services
because of the introduced optimization algorithm



The vehicle sellers (in the example “Munich Luxu@ars” and “Dresden
Motorcycles”) are bound to a location, provide attieted number of vehicle types
and have a restricted number of vehicles on offer.

The regional vehicle selling market places (in ¢heample “Bavarian Car Market
Place” and “Cars and Motorcycles Saxony”) aggregaifers of vehicle sellers
providing a broad variety and quantity of offerezhicles for a distinct region.

The vehicle sellers are interested to reach as mpatgntial vehicle buyers as possible
and therefore to be associated with as many vehsglting market places as possible.
Hence, a vehicle seller has to specify its ser@seprecise as possible in order to
achieve high rankings (as exact match as possibl¢he discovery and selection
processes of the vehicle-selling market places.

Also the vehicle insurances are interested to b@ected to as many market places as
possible. Also for the insurances applies, to dgh tpriority they have to exactly
specify the vehicle types, conditions, regionaltriesons concerning vehicle
registration, etc.

“Vehicle & Insurance Market Place.de” has the faflog goal: “Buy vehicle in
Germany. Buy vehicle insurance for a vehicle reget in Germany”

“Bavarian Car Market Place” has the gd@uy car in Bavaria, Germany. Buy car
insurance for a car registered in Bavaria, Germararid provides service capability:
“Sell Car in Bavaria, Germany. Sell insurance forcar registered in Bavaria
Germany”.

“Cars & Motorcycles Saxony™Buy car or motorcycle in Saxony, Germanghd
provides service capabilitySell car or motorcycle in Saxony, Germany”

“Bavarian Car Insurance” has the service capabili§ell insurance for a car
registered in Bavaria, Germany”

“Direct Vehicle Insurances.de” has the service bdjpg “Sell insurance for a
vehicle registered in Germany”.

“Munich Luxury Cars” has the service capabilitySell luxury car in Munich,
Bavaria, Germany’

“Dresden Motorcycles” has the service capabilitgell motorcycle in Dresden,
Saxony, Germany”

Let's assume, that none of the above services lidighed (Figure 3 illustrates the
business scenario example after the steps descihibede following have been
executed.). Vehicle types are described by theclelintology (vo) and locations by
the location ontology (lo) (Figure 4 adumbrates#&vo ontologies).
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Figure 3 Composed vehicle market places

Step 1: The insurance services are published. Shee are atomic the publishing
algorithm performs InsertNewAtomic. However, sino® services with goals
requiring vehicle insurance are found in the regiat this point of time the insurance
services are not associated with any goals in thA-Storage.

Step 2: The “Vehicle and Insurance Market Place.gefvice is published. This
service is composite so the algorithm performs risavComposed and stores the
associations to the both insurance services inGb&-Storage (see Figure 2 for
details how the associations are stored). SubsédusgrtNewAtomic finds no goals
which can be associated with its service capabslityno new associations are stored
to the GCA-Storage.

Step 3: The Saxony and Bavarian Market Places @sbsped. InsertNewComposed
finds no vehicle sellers. Bavarian Market Placeassociated with Bavarian Car
Insurance (“exact match”) and with Direct Vehiclaslirances.de (“subsume”).
InsertNewAtomic stores associations of “plug-in“atjty to “Vehicle and Insurance
Market Place.de” for both regional market places.

Step 4: Finaly, the Munich and Dresden dealers patdished. InsertNewAtomic
provides associations to their regional marketgdaespectively.

The “Vehicle and Insurance Market Place.de” is renabled to sell Luxury Cars in
Bavaria and Motorcycles in Saxony and can sell giaite insurances.



Let's assume “Dresden Motorcycles” extends its roffed changes its capability to
“Sell car and motorcycle in Dresden, Saxony, GeyhadpdateAtomic updates the
association with the Saxony Market Place enabling tVehicle and Insurance
Market Place.de” to sell not only motorcycles bigoadifferent types of cars in
Sachsen.

Location

Motorcycle | | Car | |Truck | | Bus |
ocal in
Located in
Luxury | | Economy |

Figure 4 Vehicle and location ontologies

Let's assume “Direct Vehicle Insurances.de” remowssservice. DeleteAtomic

removes associations to “Bavarian Market Place” ‘&#hicle and Insurance Market
Place.de” from GCA-Storage. This implies that ndwese market places can sell
insurances only for cars registered in Bavaria.

Usually, a goal is used to match service capadslitin the introduced algorithm also
goals extracted from service capabilities of “atbservices” are used to match goals
of composed services. In this case the quality afchnis different. Let's assume a
vehicle buyer has a goal to buy a car in BavdBay a car in Bavaria, Germany”

From the viewpoint of the car buyer the serviceatdlty of “Munich Luxury Cars”

has the matching quality “plug-in” since it sellsly luxury cars and not all types of
cars as required by the goal.
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Let's assume the goal is already published. Thedealer publishes its “Munich
Luxury Cars” service with the above described sergapability. The publishing
service extracts, let us say in WSMO, the postdadiand effect from the service
capability description and builds a goal. (It i ddficult to extract the goal from the
service capability, e.g., in WSMO the postcondisi@md effects describing a goal are
also a part of a service capability description.)

With the extracted goal the publishing service exgsi the discovery service to match
it against the goals published with descriptionsarhposed services. In this example
the quality of match will be “subsumption”. Howeysince in this case the direction
of the match was “service capability -> goal” anot figoal -> service capability”.
This means, that the found goal subsumes the secépability and therefore from
the viewpoint of that goal the service capabilityhe luxury car dealer is a “plug-in”.

7. Conclusion

The introduced approach demonstrates that at l&astcomposed services in
applicable business scenarios the semantic matéhgnaletween goals and service
capabilities can be executed at the publishing finséead of invocation time. This
approach reduces also the total number of semaptizies due to buffering of
existing matches in the goal-service associationage. The introduced algorithm
ensures that the goal-service association storagebe kept consistent for any
changes of goals or service capabilities, if theypublished to the registry.
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