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Abstract
Sewice-orientedArchitectue suppots softwae to be composeddim sevices dynamicallyWith the gowing popularity
of web sevices, web seices standals enable the development ofgarscale applications in open ermiments. @
deploy web setices, quality of seice (QoS) becomes a significant concern fowiser consumers and @viders for
sewice discovey. QoS-based web sece discovey mechanisms will play an essentialerin sevice-oriented achitectues,
as e-Business applications want to useiseis that most accurately meet th&iquirements. Howeverepresenting and
storing the values of QoS attributesegroblematic, as the coent Universal Description, Discoweiand Integration
(UDDI) was not designed to accommodate these gingerequirements. @ solve the mblems of storing QoS in UDDI
and aggegating QoS values thugh the tModel appach. The aim is to study these aggrhes and other existing QoS
tModel representation for their efficiency and consistency iviserdiscovey. In this paperwe pesent an oveiew of
web sevice discovey systems, focusing on systems that sugpo$. The dicle also elaborates on open issuekating
to such discovery systems.

Keywods: UDDI, Web Services Discover®)oS,Web Service BroketModel

1. Introduction
Web service technology enables e-business and e-commerce to become.dtrbabtypecome a
competitive tool of companies by reducing cost through fdettefe, and reliable services to customers,
suppliers, and partners over the Internet. It enables nfaneef business operations via Web and
enhances business opportunities to compaiiiles. Service Orientedrchitecture (SOA) is “an

*M.Tech in C.S., Singhania University (Rajasthan) India.
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architecture that represents software functionality as discoverable services on the Aehs@R”
implementation of SOA, web services are defined as a set of staid&@SP(Simple ObjecAccess
Protocol), UDDI,WSDL (Web Services Description Language), which enable a flexible way for
applications to interact with each other over networks. SOAP is the protocol for applications to
communicate with each oth&/DDI defines a registry for service providers to publish their services.
WSDL is used to describe a web serviceapabilities and the interface to invoke it.

A WSDL document is self-describing so that a service consumer can examine the functionality of
the web service at runtime and generate corresponding code to automatically invoke theAdlervice.
these standards are XML-based, which allows applications to interact with each other over networks,
no matter what languages and platforms they are udegwo features, self-description and language-
independence or platform-independence, distinguish web services from other distributed computing
technologies, like CORBAnd DCOMWeb services have won an increasing popularity

Fundamentally standards likaVSDL can support service providers describe their services’
functionality through standard interfaces and advertise them in some UDDI regitiesa service
request is issued, availabléeb service descriptions and the service request description is matched
together in order to find the services that can provide expected functionality (the matching step).,However
Web service functional descriptions are nofisignt for service discovery proce3diere are several
reasons for this fadkirstly, a key advantage Web service technology is to enaldVeb services to be
dynamically and automatically discovered and selected at runtime. In this case, an automatic mechanism
is needed to support a system determine the best services to be Segsenllyas more and more
Web services are created by many providers and vendors, there is often the case where a\Welmber of
services can satisfy functional requirements of a service redieste reasons lead to the issue of
ranking and selecting of the b&¥eb services for a request among a list of candiéte services
which can provide similar functionality for the request. Prima@lyS information is used for computing
the quality degree of candidatéeb services. Such QoS information can be performance (in terms of
response time, latency...), availabilityccessibility security etc.* These QoS information have
substantial impacts on usgexpectation and experience of usiMjeb serviceTherefore they can be
used as a main factor to distinguish quality\ab servicesA Web service with highest ranking value
will be selectedThis ranking step is often performed after the above matching step. Becéremdif
service providers and requesters may uskemifit languages®’® and modelg1°11213 for QoS
advertisements and requirements, it is necessary to find a way for a system understéadingQ@dS
concepts in QoS descriptions. Besides thateriht domains and applications may requiréedsint
QoS properties; therefore we need a mdiieieht and flexible method to express QoS informatfon.
survey ofWeb service discovery system is needed to explore existing techniques and to highlight the
advantages and disadvantages of each system.

The rest of the article is as followkhe section 2 introduces the backgrounieb service model.

The section 3 introduces UDDI registry with Qd®e section 4 presents the issues relataifab
services discoveryollowed by the conclusion in the section.5.

2.\\eb Sevice Model
In aWeb service model, sewice povideroffersWeb services which provide functions or business
operations which can be deployed over the Internet, in the hope that they will be invoked by partners or
customers; aVeb sewice requesterdescribes requirements in order to locagevice pioviders
Publishing, binding, and discoverilgeb services are three major tasks in the maistovery is the
process of findingVeb services provider locations which satisfy specific requireméfatis.services

78



WEB SER/ICE DISCOVERY SYSTEMS FOCUSING ON SYSTEMBHAT SUPPOR QOS

are useless if they cannot be discovered. So, discovery is the most important ta¥eh Hezvice
model.

Q&b 6’6,.
X
Web Service Web Service
Consumer N Request/Response Provider

Figure 1.web Service Model

TheWeb service model in figure 1 shows the interaction between a service regeegiss providers,
and a service discovery system.

[0 The service providers f&r Web services which provide functions or business operafitiey. are
created by companies omanizations. In order to be invoked, iWeb services must be described.
This will facilitate discovery and compositio.SDL or service profile of semantitleb service is
used to carry out this function.

[0 The Web service requester describes requirements in order to locate service providers. Service
requesters usually contain a description ofitled service, though it is not/deb service which can
run on the Internefhe requirements are usually described\yDL, service template or service
profile.

[0 TheWeb service discovery or service registry is a broker that provides registry and search functions.
The service providers advertise their service information in the discovery systisrimformation
will be stored in the registry and will be searched when there is a request from service requester
UDDI is used as a registry standard\féeb service.

3. The Uddi Registry
A UDDI registry is a directory for storing information abteb servicesA service provider makes its
services available to public users by publishing information about the service in a UDDI registry
Individuals and businesses can then locate the services by searching public and private registries. Fol
example, airlines can publish their fare services to a UDDI regisatyel agencies then use the UDDI
registry to locat&Veb services provided by tifent airlines, and to communicate with the service that
best meets their requirementhe information aboutVeb services in a UDDI registry includes a
description of the business andyanizations that provide the services, a description of a service’
business function, and a description of the technical interfaces to access and manage thosA services.
UDDI registry consists of instances of four core data structures includingutieessEntitythe
businessSeice, thebinding®emplateand thetModel This information comprises everything a user
needs to know to use a particuléieb serviceThe businessSeice is a description of a service’
business functiousinessEntitgescribes the information about thgamization that published the
service pindingemplatedescribes the servicetechnical details, including a reference to the sesvice’
programmatic interface &I, andtModeldefines various other attributes or metadata such as taxonomy
and digital signatures.
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3.1 Sorage of QoS Information in the UDDI Registr
As a current feature in the UDDI registthietModelis used to describe the technical information for
servicesA tModelconsists of a keya name, an optional description and a Uniform Resource Locator
(URL) which points to a place where details about the actual concept representetModtiean be
found.tModek play two roles in the current UDDI registri€be primary role of é8Modelis to represent
a technical specification that is used to describethb servicesThe other role of @aModelis to
register categorizations, which provides an extensible mechanism for adding property information to a
UDDI registry Blum 21° proposes that the categorizatidodelsin UDDI registries can be used to
provide QoS information doindingemplatesin the proposal, &viodelfor quality of service information
for the binding template that represenWeb service deployment is generated to represent quality of
service information. Each QoS metric, such as average response time or average throughput, is
represented by keyedRef@nce that is a general- purpose structure for a namevaluggoaihe
generatedModel Blum gives an example of thandingemplatereference to thiModelwith the QoS
attribute categories, and an example of the QoS Inform&odel which contains aategoryBag
which is a list of name-value pairs specifying QoS metrics. Figure 2 showdadelwith the QoS
Information. This tModel contains acategolyBag that specifies three QoS metrics Aferage
Responseime, AverageThroughput andverage ReliabilityThetModelKeyin eachkeyedRef@nce
is used as a namespace which provides a uniform naming scheme.

<tModel tModelKey="mycompangom:3ockQuoteService:
PrimaryBinding:QoSInformation™ >

<name>QoS Information fort&k Quote Service</name>
<overviewDoc>

<overviewURL>

http://<URL describing schema of QoS attributes>
<overviewURL>

<overviewDoc>

<categoryBag>

<keyedReference
tModelKey="uddi:uddi.og:QoS:ResponséTie”
keyName="Arerage Responsefie”

keyValue="fast” />

<keyedReference
tModelKey="uddi:uddi.og:QoS:Throughput”
keyName="Areragelrhroughput”
keyValue=">10Mbps” />

<keyedReference
tModelKey="uddi:uddi.og:QoS:Reliability”
keyName="Arerage Reliability”

keyValue="99.9%" />

</categoryBag>

</tModel>

Figure 2. ThetModelwith the QoS Informatiof

80



WEB SER/ICE DISCOVERY SYSTEMS FOCUSING ON SYSTEMBHAT SUPPOR QOS

4. Wb Sevices Discover
Web services discovery is “the act of locating a machine-processable descriptidalosarvice that
may have been previously unknown and that meets certain functional critéréagjoal is to find
appropriateNeb services that match a set of user requirem&rdscovery service, which could be
performed by either a consumer agent or a provider agent, is needed to facilitate the discovery process.
There are three leading approaabrefow a discovery service should be designed: a re@stigdex,
or a peetto-peer (P2P) systerheir differences are discussed in the following section.

4.1 Discovey: Registy, Index and P2RApproaches
A registry is an authoritative, centrally controlled repository of services information. Service providers
must publish the information of their services before they are available to constiheerggistry
owner decides who has the authority to publish and update services infordabompany is not able
to publish or update the information of services provided by another coniganyegistry owner
decides what information can be published in the registBDI is an example of this approach.
Centralized registries are appropriate in static or a controlled environment where information does not
change frequenthAn index is a collection of published information by the service providers. It is not
authoritative and the information is not centrally controlfedyone or any company can create their
own index, which collects information of services exposed on the web usually using web $pielers.
information in an index could be out of date but can be verified before use. Google is an example of the
index approach. PaZidmputing provides a de-centralized alternative that alggsservices to discover
each other dynamicallfeachWeb service is a node in a network of peatsliscovery time, &Veb
service queries its neighbors in search of a suitdlgle service. If any one of its neighboring peers
matches its requirements, it replies and the query is ended. Otherwise, the query is propagated througr
the network until a suitablé/eb service is found or certain termination criteria are reached. P2P
architecture is more reliable than registry approach since it does not need a centralizedlregistry
introduces more performance costs since most of time a node acts as a re-layer of information.

4.2 Manual versugutonomous Discover
Depending on who is actually performing the discoyesrvice discovery could be manual or
autonomous. Manual discovery is typically done at design time and involves a human service consumer
that uses a discovery service to find services that match its requirekueoitsmous discovery involves
a discovery agent to perform this task at design time or run time. One situation in which autonomous
discovery is needed is when a service consumer needs to switch to another service because the currer
service is either no longer available or cannot satisfy its requirements anymore.

4.3 Researh on Véb Sevices Discover with QoS
QoS is “a combination of several qualities or properties of a service”. It is a set of non-functional
attributes that may influence the quality of the service providedWglaservice. Some examples of
the QoS attributes are given below:

O Availability is the probability that system is up and can respond to consumer requests. Generally it is slightly parallel to
reliability and slightly opposite to capability
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0 Capacityis the limit of concurrent requests a service can hakiéten the number of concurrent requests exceeds the
capacity of a service, its availability and reliability decrease.

0 Reliabilityis the ability of a service to perform its required functions under stated conditions for a specific period of
time.

0 Performances the measure of the speed to complete a service request. It is measured by latency (the delay between the
arrival and completion of a service request), throughput (the number of requests completed over a period of time) and
response time (the delay from the request to getting a response from the service).

0 Costis the measure of the cost of requesting a service. It may tggedhaer the number of service requests, or could
be a flat rate chged for a period of time.

The QoS requirements fdfeb services are more important for both service providers and consumers
since the number aleb services providing similar functionalities is increasing. Cukiéii service
technologies such &SDL and UDDI, which are for publishing and discovehtgb services, consider
only customer functionality requirements and support design time, or static service discovery
Nonfunctional requirements, such as QoS, are not supported by current UDDI regibeiageb
service selection and ranking mechanism uses the QoS broker based archit@tten@oS broker is
responsible for selection and ranking of functionally similar web servitesweb service selection
mechanisnmt® ranks the web services based on prospective levels of satisfaction of régu@ster
constraints and preferences. QoS can be used to select and ¥eb tervices by extending standard
service oriented architecture (SOA). In this architecturé\eteservice is selected by matching requested
QoS property values against the potenfi@b service QoS property values. In literature, Web
service is selected by taking the requestaeverage preference for QoS properties. In Maximilien
propose an agent ontology supported framework for dynamic Seméttiservices selection. Service
consumers and providers are represented as agents, QoS data &reut di¢érvices are collected
from agents, and then shared by other agents (knowledge shdtisyagent-based framework is
implemented in th&Veb Service®\gent Framework (WSAF)'he WS-QoSMan applies an external
resource approach in which it uses a tModel called QoSMetrics that contains information to an external
referenceThis is very similar to the tModel used for pointing¥&DL files. QoSMetrics uses overview
URL to point to an XML-based file generated W5-QoSMan and that contains QoSMetrics for a
specific web service.

In , authors present a description and an implementation of Hvaked architecture for controlling
QoS of web serviceShe broker acts as an intermediary third party to make web services selection and
QoS negotiation on behalf of the client. Delegation of selection and negotiation raises trustworthiness
issues mainly for clients. Performance of the broker is not considered in this approach. Moreover
performance of the broker can be a key to the success of any proposed architecture; if the user does not
get a response to his/her request with an acceptable response time, he/she will switch to another provider
Some similar broker based architectures were presented in and that focus more on the QoS specification
using XML schema, and dynamic QoS mapping between server and network performance. Maximilien
and Singh propose an agent framework and ontology for dynaebcservices selection.

Service quality can be determined collaboratively by participating service consumers and agents via
the agent framework. Service consumers and providers are represented and service-based software
applications are dynamically configured by agents. QoS data abfenédifservices are collected from
agents, aggregated, and then shared by agémtsagent-based framework is implemented inle®
ServicesAgent Framework (WSAFA QoS ontologywhich captures and defines the most generic
guality concepts, is proposed in their paper

Adam Blum and Fred Cartéf present four dferent QoS storing methods in UDDI by utilizing
tModels.The first method employs a QoSInformation tModel referring to a QoS file which is not a
part of UDDI.The location of the QoS file is stored in the overviewURthe QoSIinformation tModel
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which is represented in XML, so the detailed QoS information, including QoS values and QoS
description, is stored in an XMile. Each binding&@mplate contains one QoSinformation tModel and
adds the QoSlInformation tModel to the tModellnstanceDé&tad.method provides a setAfPIs, such

as save_business, save_service and save_tModel, to store QoSleadbean the desired QoS values
requires the built-iAPIs (i.e. find_tModel, find_service) to acquire the QoS values in the KielL

The second methddreates many dérent QoS tModels for various QoS informatidhese categories

are added to the bindingiplates. Each categoryBag has multiple keyedReferences, which represent
different types of QoS. Each QoS value is stored in thedtag\bf the keyedReferend@gart from the
aforementione@PI supported by this approach to store the QoS values, two functions are provided
(i.e. save_binding and save_tModel) to increase the system flexibiigythird method is similar to

the first one by utilizing the QoSInformation tModel, but it contains a binéimgplate The categoryBag

of QoSInformation tModel has many keyReferences, which represent various types oheaBls
supported by this method is similar to the second apprdaetfourth methoé stores the QoS values

in the categoryBag of businessService in UDDIe method needs save_business, save_tModel and
save_service to store QoS valudse method requires find_service to searciWhb service according

the QoS valuelhese studies have provided the researchers with better understanding and the usage of
UDDI to managéNeb Service QoS.

Many researchers work on how to take QoS informatiowWrds services into account in the service
discovery process to find services that best meet a custoraguirements. Rarproposes a model in
which the traditional service discovery model is extended with a new role called a Cert#adtition
to the existing three roles of Service Providaervice Consumer and UDDI Regisffne Certifier
verifies the advertised QoS oféeb service before its registratiofrhe consumer can also verify the
advertised QoS with the Certifier before binding td/@b serviceThis system can prevent service
providers from publishing invalid QoS claims during the registration phase, and help consumers to
verify the QoS claims to assure satisfactory transactions with the service prévitiersyh this model
incorporates QoS into the UDDI, it does not provide a matching and ranking algorithm, nor does it
integrate consumer feedback into service discovery process. Gousdépetmise a simple approach
to dynamicWeb services discovery that modélsb service management attributes such as QoS and
price.They discuss how this simple model can be accommodated and exploited within basic specification
standards such ##SDL. The keyWeb service quality and price attributes are identified and categorized
into two groups, static and dynamic.

The Price, Promised Service Responsee (SR') and Promised Probability of Failure (PoF) are
considered as static in nature and could be accommodated in the UDDI régestagtual QoS values
that are the actual SRand PoF are subject to dynamic updates and could be stored either in the UDDI
registry or in theVSDL document, or could be inferred at run time through a proposed information
broker The advantage of this model is its low complexity and potential for straightforward
implementation over existing standards suciWW&t. A andWS-Policy specifications.

In, DAML-QoS ontology is proposed as a complement for the DAMLS ontology to provide a better
QoS metrics model. QoS requirements and various constraints can be specified explicitly and precisely
using this novel ontologylthough these works address some form of service discovery with QoS,
none considers feedback from consuméng result of service discovery and selection is based solely
on advertised QoS, which may be invalid (in the one case though, advertised QoS is verified by the
Certifier in the model proposed by Rann , web service architecture employs an extended UDDI
registry to support service selection based on QoS, but only the certification approach is used to verify
QoS and no information is provided about the QoS specification.
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5. Conclusions
QoS plays an important role Web service selection in order to evaluate and rank candidieservices that are able to
provide expected functionalitgimilarly to the problem diVeb service description; there may be various QoS models
which are adopted by diérent service providers and service requestors for describing QoS information. It is necessary to
match diferent QoS concepts such as QoS properties, metrics, and units which are specified in a QoS advertisement and a
QoS requirementA number of models for web service discovery with QoS have been developed rédestpaper
reviews those approaches, analyze their advantages and shortcomings as well as indicate open issues that need further
investigation in ongoing works aiming at developing models and related algorithms for matching andvablsegvices
based on QoS.
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