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Abstract—Service oriented applications are composed by or-  In our previous works [6], [7], [8] we have developed a
chestratlng sets of cooperating s_,erv_lces and are furthe_r offed as novel fuzzy |ogic approach for the Speciﬁcation’ selechon
services themselves. Many applications have a dynamic character, ranking of services according to individual QoS preference

needing to chose at runtime which service implementations to o thod handl tainity at all | Is: f
compose. When multiple possibilities exist, the choice is made @YU’ MetNod can handie uncertainity at all levels. user pret-

according to the user preferences for certain Quality of Service €rences and service descriptions. In [8] we have proven the
(QoS) parameters. feasability of our fuzzy selection and ranking approactthbo

In this work we propose an approach for QoS-aware selection from the point of view of the integration with current standa
and composition of services, in the presence of both vaguetnat govern the domain of web services and the performance of

user preferences and vague service descriptions. The central : . . . .
elements of our approach are an extensible QoS ontology and the implementation of fuzzy selection and ranking in sexvic

a compositional model for vague QoS properties in workflow regist'ries. Many otherlworks proposed solutions for irybjgd
service composition. QoS in service selection, some of them also recognizing the

advantages of fuzzy approaches in this domain [9], [10],
|. INTRODUCTION [11] for handling vague preferences. However, none of these
works deal with fuzzy service descriptions, and existirajest
Service Oriented Computing is an emerging computingf-the-art compositional models for QoS properties are not
paradigm promoting construction of distributed complex apmplemented to cope with vague service descriptions.
plications out of loosely-coupled reusable services [hisTs In this paper, we extend our previous work with the ca-
the essence of the service oriented paradigm, and is a ednsgability of handling service composition in the context of
property of it independent from the evolving standards argrvice selection and ranking with QoS properties. Theajlob
technologies in the domain. FQ (Fuzzy-QoS) architecture of our approach is presented
The early scenario in service oriented computing was thiat Section 1ll. Section IV introduces our FQ ontology, while
Service Providers design and implement services, hosti8gction V details an important part of the FQ ontology, the
them as network-accessible modules, and advertise themdoaynpositional model for vague QoS properties in workflow
defining service descriptions that are published in Servigervice composition. Conclusions are outlined in section V
Registries. Clients or Service Requesters use the publishe
service descriptions in order to find the needed services.
A major research effort in this field was directed towards Service providers and service consumers are the main actors
enhancing the automatic web service discovery and setectia the broad landscape of service oriented computing. Inde-
with semantic and quality of service aspects [2]. Achievingendent from the technologies used for services, the fatigw
this requires adding semantic annotations to web serviseenario describes the fundamental use case involvingcesrv
descriptions and including user preferences related tlitgua Service providers implement and publish services of dif-
of service characteristics in the selection process. ferent service types. Each service type offers a functitynal
Contemporary Service Oriented Architectures have evolvdidom a certain functionality domain. Several implemerasi
being much more complex. New Service Oriented Applirom different providers and with different QoS attributeay
cations are composed by orchestrating sets of cooperath®y available for each service type. Further, a service imple
services and have a dynamic character, needing to chosenattation may be either a monolithical implementation or it
runtime which service implementations to use. The problemay point to the description of an abstract compositionegiv
of QoS-aware service composition [3], [4], [5] consists i form of a workflow description or as an abstract business
searching candidates such that the overall compositionsnegrocess. An abstract process describes a service congpositi
the user preferences for QoS or globally optimizes the Qad8.terms of service types of partener services involved rttep
It is NP-hard and is one of the main research topics to get a service implementation as an executable procdss, al
the field of service oriented computing [2]. This problenpartners have to be linked to service implementations.
also needs support in form of compositional models for QS A service consumer searches for a service implementation
properties and needs QoS specification solutions develmpedthat offers a needed functionality and also has a set of pesfe
the selection problem to be be adapted in this context. QoS properties.

Il. BACKGROUND AND MOTIVATION



Mechanisms for service selection and composition have aocount specifications of QoS properties that are descabed
solve such consumer requests: they have to discover senfitezy terms. It is the goal of this work to extend our FQ
types that provide the required functionality and sele& tharchitecture and ontology with capabilities for the auttma
implementations that match best to the user QoS preferenagemneration of QoS annotations for service composition deor
In case of service types that point to abstract processest@&xtend the service selection to selection of composites.
implementations, there is also a composition step, in o@er In summary, our approach starts with the following assump-
produce the executable process. This will be precededr-redions:
sively, by selection of implementations for all its partheT o+ Consumer requests may have imprecise (vague) prefer-
QoS attributes of the resulting executable compositiorehav  ences with personalized weighting of QoS attributes
to be matched against the QoS preferences of the consumer Service registries know about service implementations

request. . . o _ and abstract composite services
Several research questions are included in this scenario: o Service descriptions are attached to service implementa-
« How are QoS properties specified ? tions and may be imprecise (vague) with regard to their

« Which degrees of uncertainity are allowed and where ? QoS properties
(in the specification of QoS attributes of service imple- «+ QoS properties may be either general ones or specific to

mentations and/or user preferences ?) certain domains
« How are QoS attributes of a composition computed Starting from these assumptions and requirements, we de-
starting from QoS attributes of their parts ? fine a solution for service matching and QoS aware service

Regarding the first of the research questions, the specifiganking and selection, including by composition. This ok
tion of QoS properties, most approaches rely on the concggimprises:

of domain ontologies [12] [13], [14]. This enables automati , A global FQ Euzzy-QoS) architecture of implementing
matching while keeping a low degree of formalism in the oy approach over web services technologies

description of services. ~« An ontology for working with vague QoS properties at
However, the state-of-the-art approaches allow only a lim- 4| jevels

ited degree of uncertainity, mostly reduced to the useresqu , A Compositional model defining aggregation functions
and the partial matching [9], [10]. We consider that the &pec for vague QoS properties
cation of services may also be subject to imprecise degmmipt
This use case, of services with imprecise descriptionseansp !!l- THE GLOBAL FQ ARCHITECTURE FOR SELECTION AND
both in the situation when service providers can not or wafOMPOSITION OF SERVICES WITH FUZZYQOS PROPERTIES
not to give exact values for all the QoS properties, but evenThe core of our QoS aware services approach is represented
more in the situation when service descriptions are anedtaby a customized service registry. In the FQ architecturis, th
with values for QoS properties as a consequence of servizestomized service reqgistry is formed by wrapping a non-QoS
monitoring. In this case, different monitoring componentaware service registry with a set of additional components.
could not establish or measure precise values of some QaSthis way, backwards compatibility can be assured and
properties but they may give estimations in fuzzy terms.sThuhe wrapper can be adapted to several different techn@ogie
we have proposed an approach where uncertainity is contaifier registriers. The wrapper is composed by following main
in both consumer request and service descriptions, as wellcamponents: thé&unctionalityFindingService, which is using
the ranking and selection algorithm that has to provide tlam AnnotationComposer and FuzzyRanker, and aDomainOn-
best matching in these conditions [8], [6]. tologyService, as depicted in Figure 1.

Another issues is raised by the abstract composite servicesThe Functionality Finding Service (FFS) is responsible for
before they can be used, adequate candidates have to be boatrieving all functionally equivalent services from thegistry
to all abstract services. Many works have developed seainhresponse to requests coming from consumers. It interacts
algorithms as optimization problems, but have put a reducedth the Domain Ontology Service in order to complete its
interest in using cost functions based on detailed andsteali information about the semantics of QoS parameters found in
models of the QoS properties. The QoS values of a compodite description of service candidates. In the case of catelid
service should be determined not only by the QoS values of it are abstract composites, it recursively searchesaated
composed services, but these have to be aggregated tatong for all the needed bindings. The resulting composed seisice
account both the types of QoS properties and the compositemnotated with QoS properties by thanotation Composer,
structure used. Works such as [15] do not take into accoent dipplying the specific aggregation functions to the values of
particular ways the services in a composition can intedact. QoS properties of the composed services.
[16], an approach to annotate the syntactical BPEL construc The Domain Ontology Service (DOS) is responsible for
with semantic information is shown, but it relies on manuahanaging all the ontology data and it is the enabling element
annotation of the composition. Different approaches ddfinéor our entire QoS-aware approach. QoS ontologies define
models for automatically composing a few types of QoS profhe semantics of QoS parameters for different service types
erties in the case of services interacting in certain workfloOntology data are found in th@oS Properties Directory and
patterns [17], [18], [19], [20]. However, none of these tamo the Domain Ontologies. They will be detailed in section IV.
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Fig. 1. Arhitecture of our approach

The Annotation Composer analyzes the workflow structureor standardization agencies.
of composite services and computes the values of QoS properin this work we define a FQ - a fuzzy QoS ontology which
ties of the composite, starting from the values of these progas the power not only to help describing consumer requests
erties in the composed services. The Annotation Composgrd service descriptions but which is also able to support
applies the specific aggregation functions defined in@e& composition of services by calculating the QoS annotations
Properties Directory. The ontology concepts will be detailedof the composite. FQ has been defined in order to respond to
in section V. following needs: consumer requests and service desargptio
Finally, the functionally equivalent web service candétat may be done in vague terms, QoS properties may be universal
are ranked according to their QoS properties matching tie inor may apply only to certain application domains, or may have
vidual client request. The ranking is done by thezyRanking  different meanings inside different application domaiasd
subsystem (FR), which implement the approach based w&w QoS properties or application domains may be added at
automatically generated fuzzy rules starting from indidd any time.
user preferences and using them in a fuzzy inference proces$he solution comprises a two level ontology: a Global QoS
ranking the web service candidate, as described in ourqusvi Properties Directory and specialized Domain Ontologies.
work [6]. Every possible property is defined inside the Properties
The current prototype of the FQ-architecture is built adurbirectory. A Property Directory Entry corresponds to a QoS
web services technologies, uses UDDI for traditional rtegls property and has the fo||owing attributes: a name, a mea-
technology, SAWSDL for semantically annotating WSDL desurement unit, an optimization direction, a globality flag,
scriptions, and BPEL for defining the abstract compositas, tand aggregation functions that describe how their values ar
the FQ wrapper can be easily adapted to work over othg@mposed in different workflow sequences.
technologies as well. The Domain Ontologies allow the domain experts to es-
tablish and describe the valid non-functional properties f
each functionality domain. A Domain Ontology contains the
Many approaches use ontologies to define QoS relatallbwed properties for a specific functionality. Each prpés
aspects in service computing [12] [13], [14]. The conceptpecified by its range of values and set of linguistic vadabl
defined by an QoS ontology are used in the description ©he fuzzy terms which can be used to describe this property
QoS related aspects by all the actors of service computirigive to be enumerated, for each term providing its name and
providers, consumers, and third-parties such as domaeresxpthe shape of its membership function as defined by a domain

IV. FQ DoOMAIN ONTOLOGIES



<ont ol ogy xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance" xsi : noNanespaceSchemalLocat i on="ont ol ogy. xsd" >
<functionality nanme="Transl ator">

<property nane="ExecutionTine" start="Infinity" end="0">
<term name="Fast" a="0" b="0" c¢="15" d="20" />
<t er m nane="Medi unt’ a="10" b="15" c¢="30" d="35" />
<term nanme="Sl ow' a="30" b="40" c="Infinity" d="Infinity" />

</ property>

<property nanme="Availability" ...

Fig. 2. Example: fragment of the Translator domain ontology

<servi ce name="MFrench2Romlransl ati on" functionality="Transl ator">
<property nane="EecutionTi ne" fuzzy="Mediunt />
<property nane="Availability" fuzzy="0.75 0.8 0.9 0.95" />
<property nane="G anmar Qual ity" fuzzy="0.8 0.85 0.9 0.95" />
</ servi ce>

Fig. 3. Example: annotation of a Translator service implentemta

expert. In the current implementation, we assume that thge will be annotated with QoS specifications accordindnéo t
terms have to be defined of trapezoidal shape. The trapézoicianstraints imposed by the domain ontology. A Web Service
fuzzy numbers are represented as quadruplets(a, b, c,d), already has a syntactical description which is providedHsy t
where(0 < a < b < ¢ < d are the x-coordinates of the trapezé&Veb Services WSDL. It describes, syntactically, what the Web
points. Service supports in terms of: what operations it offers, the
Characteristic to our approach is that we need domdimrmat of the messages that are exchanged, the communmicatio
ontologies for defining value categories for different norprotocol, etc. The annotation that we are discussing cdegple
functional or QoS properties through linguistic variablEsr the description of the Web Service by providing QoS informa-
example, the response time of a service could be descriliimh. An example of a Translator service annotation is shown
with the termsvery fast, fast, slow, very slow. But values in Figure 3.
of QoS attributes can be categorized only in a well defined
context of a certain functionality. The same measured valyé COMPOSITIONAL MODEL FOR VAGUEQOS PROPERTIES
of 50 sec as a response time, for example, has differentsalueThe Annotation Composer approaches the QoS aware com-
for different service types: while it corresponds very fast position in a bottom-up manner. The structure of the contposi
for a text translation service, it meastow for a currency is determined first and the problem is now how to derive the
converter service. The membership functions of these ter@®sS properties of the composite starting from the propertie
can be established by domain experts, separately for epeh tgf the composed services.
of service - as the expectations are different for diffetgpes This problem is a complex one because composition rules
of services. depend heavily on the QoS property being considered and on
Also, different functionalities may have different sets othe workflow pattern of the composition. To support this kind
QoS attributes. There can be attributes which can be defirfdQoS aware service composition, there are needed models fo
only in the context of a certain functionality. For exampde, workflow QoS computation, defining aggregation functiorrs fo
text translation service can be described by an attributé stevery type of QoS property in every type of workflow pattern.
as grammar quality, but this attribute does not apply to the Workflow patterns that appear in service compositions,
currency converter service type. including BPEL description of composed business processes
For example, a Translator service can be described bgn be reduced to simplified models based on only three
following non-functional propertiesExecution Time, Avail- fundamental structures: sequential, parallel and altema
ability, Grammar Quality. The Trandator Ontology defines From our survey on different types of QoS properties, it
these properties as valid for implementations of the Tedosl resulted that the following set of aggregation functions ca
functionality. It also defines value categories of thesgero handle all properties in all types of workflow structuresnu
ties in the context of translation services. The properdies Multiplicative, Average, Maximum, and Minimum.
described according to the corresponding Translator domai Since our approach allows service descriptions to be vague,
ontology. A fragment of it is presented in Figure 2. The Globduzzy numbers are used to represent the values of QoS
Properties Directory establishes an increasing optinoizati- properties. We use trapezoidal fuzzy numbers, represested
rection forAvailability, Grammar Quality and a decreasing onen = (a, b, ¢,d) wherea, b, ¢,d > 0. Taking into account that
for Execution Time. It also defines the aggregation functionshese numbers represent values of QoS properties, th&vestr
for every property, for sequence, parallel and choice 8iras, tion ona,b, c,d being positive real numbers is a natural one.
like they will be defined in Table | in the next section. Thus, for two trapezoidal fuzzy numbers = (a1, b1,c¢1,dq)
A service implementation corresponding to the Translatiand no = (a2, be, c2,d2) representing two values of a QoS



Time=(25, 41, 68, 84)
- Availability=(0.53, 0.62, 0.74, 0.84)
Grammar=0.6, 0.68, 0.81, 0.9

Find_ Movie Showtime ‘ Find Movie Summary
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Availability=(0.89, 0.91, 0.92, 0.94

L[~

L[~
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Time=(10, 20, 30, 40)
............ Availability=(0.85, 0.9, 0.9, 0.95)
Grammar=(0.8, 0.85, 0.9, 0.¢

/

Fig. 4. Example: Composite Service Movielnfo

L[~

property, we define the aggregation functions Sum, Muétgli It is a function which is much used to take the worst case as
tive, Average, Maximum, and Minimum as in the followingthe result of the composition. In sequential compositiahs,
paragraphs. The result of the aggregation function is alscapplies to properties such ashroughput, Request Limit Per
fuzzy value of the composite QoS property, represented aPay. It is also used for many other properties in choice XOR
trapezoidal fuzzy number as well. scenariosAvailability, Reputation, Frequency.

: . MIN(ni,n2) = (min(ay,as), min(by,bs), min(cy,c2),
A. The SUM aggregation function min(dy, dy))

This aggregation function computes the value of a property
in the composite as the sum of the values of the same propekty. The Maximum Composition Function

Fundamental properties such B&sgecution Time and Cost are The MAX aggregation function computes the maximum

additive when the services are composed in sequence.  y5jye of the properties and the result represents the cdmpos
SUM (n1,nz) = (a1 + az,b1 + by, c1 + c2,dy + da) tion result that will be part of the new composite annotation
B. The AVG aggregation function It is a function which is also used to take the worst case as the

This function computes the arithmetic mean of the IorOIoerrcgsult of the composition, for these properties where thallsm

. . . . . values mean optimal values. It is used for some properties in
ties. It is applied to properties such Beputation, Frequency, choice XOR scenario€xecution time. Cost

UserRating. o

AVG(m,na) = (@a-ra2)/2 (botbo) /2, (erre) /2 oy 2K ame) = (masten, 2),maz(hn, bo), maz(er, c2)
dg)/2) 1,42
C. The Multiplicative aggregation function F. Examples of using the aggregation functions

The MUL aggregation function is mainly used for properties Table I presents examples of using the aggregation furgtion
with values representing percentages, suctaslability or for different QoS properties and workflow patterns.

Reliability. The table comprises universal properties as well as domain
MUL(ny,ns) = (a1 - ag, by - ba, ¢y - ¢o,dy - dy) specific properties. Universal properties are, for examigie
o - ) ecution Time, Cost, Throughput, Availability, ReliabjlitRep-

D. The Minimum Composition Function utation, Frequency, Time between requests, Request allowe

The MIN aggregation function computes the minimunper day. The table contains two domain specific properties,
value of the properties and the result represents the campdrammar quality in the domain of natural language processing
tion result that will be part of the new composite annotatioservices such as translators or summarizers,Sorége Limit



TABLE |

EXAMPLES OF AGGREGATION FUNCTIONS FOR SOMK)OS PROPERTIES IN

WORKFLOW PATTERNS

sequence| parallel | choice
Execution Time SUM MAX MAX
Cost SUM SUM MAX
Throughput MIN MIN MIN
Availability PROD PROD MIN
Reliability PROD PROD MIN
Successful Exec Ratg PROD PROD MIN
Reputation AVG AVG MIN
Frequency AVG AVG MIN
Time between requests MAX MAX MAX
Requests allowed MIN MIN MIN
Grammar Quality PROD PROD MIN
Storage Limit SUM SUM MIN

(5]

6]

(7]

(8]

El

(10]

in the domain of file sharing services. Additional domain

specific properties with their aggregation functions can be
defined with the help of the FQ ontology, as described !
Section V.

G. Example Scenario

(12]

Figure 4 presents an example scenario of a compo§§§1
service, Movielnfo, defined as a workflow involving four othe
services. In this example workflow, S1 is executed in pdralle
with the sequence formed by S2, S3 and S4. Execution
Time, the SUM function is applied in sequence and MAX in
parallel; for Availability, the PROD function is applied both
in sequence and in parallel; f@rammar Quality, the PROD [15]
function is applied for the two services in sequence, wiole f
the other it is not applicable, being a domain specific prigper
only. Applying the aggregation functions, the QoS annotati [16]
of the composite results as depicted in the figure.

In this work we propose an approach for QoS—awaII

VI. CONCLUSION

. [14]

17
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selection and composition of services, in the presence of

both vague user preferences and vague service descriptiops
The central elements of our approach are an extensible do%

ontology, containing also a compositional model for vague
QoS properties in workflow service composition.
Specification of QoS properties, service selection, compo-
sition and ranking are fundamental problems of the servigm)
oriented paradigm, invariant to technological aspectshef t

different service technologies, and remain valid also ie th,,

context of cloud services [21], [22], [23]. Our solution; al
though prototyped over Web Service technologies, can be
easily transposed in these new technologies as well.
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