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Abstract. While several techniques have been introduced for specifying and ac-
quiring context and quality information associated with Web services, they c
sider such information representing the whole Web services. Howaase@gssing
to context and quality of resources provided by Web services is crugia.is
particularly relevant for data-intensive Web services of which the zbrated
quality of resources will strongly impact on the service developmentcana
position. In this paper we contribute an analysis of relationships amorigxtpn
quality, and relevance, as well as their impact on the design and compagitio
Web services, in particular at the resource level. Then, we propeseaséech-
nigues to incorporate context and quality descriptions into REST APIs B&IR
ful services publishing. By implementing these features, RESTful Welices
could allow the consumer to specify and query context and quality infioma
associated with services and resources, thus fostering the providighafele-
vant results.

1 Introduction

Web services (WS) have fostered the access of resourcedlitiehget scale. When dis-
covering, composing and executing Web services, we contiden and their provided
resources. However, currently non-functional descripgtiof Web services mainly rep-
resent the service as a whole and they provide only margif@aation at the resource
level. Several models and techniques [1, 2] have been pedposextend standard de-
scriptions of a Web service with information regarding ext(e.g., conditions for
the service usage) and quality of service (e.g., respons® fvailability). Vice versa,
there is not the same support for the specification of comstedtquality of data of the
resources that can be accessed through the Web servickgs(iy under which situ-
ation the data can be used and (ii) the accuracy of the dafartitular, this problem
is relevant for data-intensive RESTful Web services whédi on simple principle and
operation patterns and present several advantages ovdP-Ba@ged Web services [3].
RESTful Web services represent a practical way to accessinmess on the Web but
currently lack techniques for acquiring quality and cohteformation associated with
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resources and services, thus it is difficult to improve tHevance of the outcome of
RESTful Web services.

The outcome of a service is considered relevant when thadadwesults match
the consumer’s purpose. Naturally, the conceptetdvance is dependent on the con-
sumer’s need. To provide relevant results to the consumsenace must be able to
handle (i) context and quality information associated wlin consumer’s need and (ii)
context and quality information associated with the predidesources. Based on that,
any service composition should utilize context and qualégcriptions from both sides
- the provider and the consumer - in order to support the qurafeelevance. This prin-
ciple is not new, as researchers have investigated sevayalte improve the relevance
of output of different systems, such as information retiiesystems [4, 5]. However,
there is a lack in understanding the dependency among dpqgteity and relevance
in resource-oriented Web services. Furthermore, oftedélsegn of Web services lacks
guidelines for supporting context and quality aspectseataisource level. This problem
strongly hinders the development of algorithms and teakesdo improve the relevance
of results provided by resource-oriented services.

To tackle the above-mentioned issue, in this paper we fonutata-intensive ser-
vices with which the relevance of the service output is jutigeinly, besides the func-
tionality of the data, on the context and quality in which tfega can be utilized. We
contribute an analysis of relationships among contextlityyand relevance, as well
as their impact on the design and composition of Web servidesn, since the REST
model is increasingly used for data-intensive servicespmpose several techniques
to incorporate context and quality descriptions into REFAIsfand RESTful services
publishing to allow the consumer to specify and query caraex quality information
associated with services and resources, thus fosteringvtidaation of the relevance
degrees of RESTful services and resources.

The rest of this paper is organized as follows. Section 2gmtssour motivating
scenario. We present the role of context, quality, and egleg in Section 3. Current
supports of RESTful services with respect to the contexality) and relevance are
discussed in Section 4. Techniques to enhance the suppquatify and context in
RESTful designs are presented in Section 5. Related worlkstaussed in Section 6,
followed by a conclusion and future work in Section 7.

2 Motivating Scenario

To examine the importance of context and quality informatielated to Web services
and resources during service design, composition and Baaclet us consider a sim-
ple composite service that supports the search of news aagkisn The composite ser-
vice includes three RESTful Web services nanYathoo! Boss News Sear ch?,

Googl e News Sear ch#, andFl i ckr®. Our composition is written using Yahoo!

3http://devel oper.yahoo. coni sear ch/ boss/ boss_gui de/

“http://code. googl e. con api s/ aj axsear ch/ docunent ati on/
ref erence. ht m #_f onj e_news

Shttp://ww. flickr.conlservices/apil/



Pipe$ which invokes these Web services using their REST APIs.1Givguery of key
words from the user, while the composition invokes servigbgh return many re-
sources (e.g., figures and web news), many of them might nati&eant to the current
user’s context and expected quality.

Let us imagine that the user of the composite service is abdaaid she would like
to perform a health research in Haiti due to the recent eaatkein January 2010In
her research, she would like to find recent news and highifspcalmages, but free-of
charge. By enterinHai ti " into the composite service, the composite service is able
to find news and images. Let us consider the first case in whiglcamposite service
does not understand the context of the search or does natsawe how to specify con-
text and quality parameters in service APIs. The corresipgncbmposition is shown
in Figure 1. In the second case, let us assume that the compesvice understands
context of the user or the composite service is able to oltiainser’s context and qual-
ity requirements (this can be achieved based on specific afdysw the composition
execution platform interacts with the user). Furthermtire,composite service knows
how to specify context- and quality-related parametersE$R APIs of its composed
services. Using the context and quality description exgebly the user, the composite
service can utilize these descriptions in the invocatioweb services and the process-
ing of results to the user. Table 1 presents possible mapfing the user’s require-
ments to parameters of REST APIs of corresponding servicései composition and
Figures 2 shows the composition that utilizes appropriatdext and quality parame-
ters. We have observed that, in the first case, several seselinot relevant to the user.
Between two invocations, the results frofahoo! Boss are similar as the quality pa-
rameter used does not affect the results of the five mostaela@ews. However, in the
second invocation, results fro@oogl e News Sear ch have a higheirrelevance
as news are not related to Haiti and images fifelnn ckr are morerelevant based on
understanding theontext of the user and on the utilization gfiality description of
resources provided by services.

Type Yahoo!Boss News Search  [Google News Search [Flickr |
Context age=2w (the news in the lagtont act s=al | (search inlicenses=1,2,3 (types of licenses
two weeks) user's contacts),opi c=mjare Attribution-NonCommercial-NoDerivs,
(search on health news) Attribution-NonCommercial, and Attribution-
NonCommercial-ShareAlike Licenseg);

tag=heat h, medi cal (for medical topic)
m n_t aken_dat e=2010- 01- 10 (for recen

images)
Quality age=2w (the timeliness of thescori ng (the higher theaccuracy=3 (images with the country level),
news) score is, the more relevant tfaptionb for selecting high resolution images

news is)

Table 1. Possible mappings of context and quality requirements to REST APlanapeing is
not necessary suited to the provider’s definition but it is based on theofiavgervice composi-
tion developer.

The scenario shows the importance of understanding atringilcontext and qual-
ity information in order to provide relevant results to ttemsumer. However, this also

Shttp://pipes. yahoo. com
"http://en.wkipedia.org/wki/2010 Haiti _earthquake
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Fig. 1. A composite service for searching news and images
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Fig. 2. Adding context and quality parameters (marked®yluring the service composition

presents many existing issues in current RESTful servisggdeFirst, how can the
composition developer recognize context and quality dieson associated with ser-
vices? For example, do&d i ckr service support data quality metrics or not? If not,
maybePi casa servicé€ should be used. Second, how context and quality parameters
can be mapped and passed to a service via REST APIs (e.g.,askig services to
provide high accuracy images)? Third, how to obtain condext quality description
associated with services and resources so that furtheitesican be made in the ser-
vice composition (e.g., filtering relevant images and nexesrds based on their quality
description)? When solutions for such questions are prayithe service composer can
adapt and improve the quality of compositions substagtielbwever, this cannot be
achieved without understanding the impact of having gualitd context information
at the resource level on that of services and compositecsstvi

8http://pi casaweb. googl e. com



The two examples show that missing context and quality médion leads to ir-
relevant results. Context and quality are not only assediatith consumers but also
with services and resources. Being able to obtain contektjaality information at the
resource level will help to provide highly relevant resutisconsumers. However, so
far, little attention has been spent to support this issue.

3 Context, Quality, and Relevance Dependencies

In principle, a composite service utilizes Web serviced firavide mechanisms to
retrieve and manipulate resources. A consumer utilizesngposite service in order
to retrieve the (most expected relevant) resources. To leetakprovide relevant re-
sources to the consumer, the composite service, Web semiwkresources may im-
plement interfaces to support the processing, publishinigdéscovery of possible con-
text and quality information. In the execution model of trmmposite services, Web
services and resources, two flows of context and qualityrinédion exist. First, con-
text and quality information can be required and defined dasetheconsumer —
composite service — Web service — resource flow. Second, such information can
be aggregated and changed based ondheurce — Web service — composite service —
consumer flow. Along these flows, several operations can be applieditext and
quality information in order to support context- and qualivare services and to pro-
vide high relevant results. We will concentrate on the sddtw in this paper.

Device Context
Person Context Usage Context

_|_{> {7
Context

acquires defines/evaluates

Consumer

- ’
\ Quality // Provider/Integrator

QoS A QoD

Fig. 3. Context and quality associated with composite services, Web servickesources

Figure 3 shows that context and quality are associated waithposite services,
Web services and resources but they are originated from tffereht sources: the
provider/integrator and the consumer. The consumer'ssgband quality descriptions
define what an individual consumer need. The context andtgaascriptions from the
provider describe how services and resources fit to genegiginrements. As shown in
Figure 3 many types of context and quality can be specified. cldmtext can be spe-
cialized inperson context (i.e., the context associated with consumer/providisice



context (i.e., the context of the device used to access the compmsitece, Web service
or resource) andsage context (i.e., the context in which the composite service, Web
service or resource is supposed to be used). The quality eapdrialized imquality

of data (QoD) (e.g., the accuracy of the resources) andlity of service (QoS) (e.g.,
response time of the Web service).

Type Context ~ [Quality — [Impact on Refevance
Resource |not specifiedinot specifiediit is difficult to select relevant resources and to provide general description of
context and quality for the service managing the resource. The service hasi{o buil
its own quality and context description. This could be very difficulhé service
developer is not the resource provider (e.g., the developer aggregates resgurces in
the Web).
Resource |specified [not specifiediit is not clear if the resource will meet the consumer quality description| The
service has to use its own knowledge to determine the quality of the resourge.
Resource |not specifiedspecified |t will not be clear whether the resource can be used. The service can only rely on
its own knowledge in order to determine if a resource is suitable for a pantjcul
context.
Web Servicenot specifiedinot specifiediit is not sure if the Web service can be used. Even if the Web service can b¢ used,
it is not sure if the resource provided can be used. The composite service has to
implement its own service selection mechanisms.
Web Servicespecified  [not specifiedthe Web service can be used but the composite service is not sure about itye qual
of the service and the resource. The composite service has to determine thg qualit
of the resources at its side using its own knowledge.
Web Servicenot specifiedispecified it is not clear if the Web service is suitable for the context. The compssitvice
T has to determine the context of the service by its own knowledge.

Table 2. The impact of the lack of context and quality information on the relevahtieeq/com-
posite) service’s output

Although several techniques have been introduced for ffi)egiand acquiring con-
text and quality information for services, they focus onghevice level. We believe that
context and quality associated with resources are alsdéatincorder to provide high
relevant results. Table 2 describes how the lack of quatity@ntext information at the
resource level (and relevant to service level) impacts erirttplementation of compos-
ite services able to provide high relevant results. Ovgttall lack of information forces
the service or the composite service to develop several amésins to compensate the
missing information and these mechanisms might rely on tmyknowledge of the
service composition developer. This requires us to ina@agcand develop models and
APIs for handling context and quality information. The dgstion, specification, and
evaluation of context and quality information and the métion of such information for
improving the relevance of the service output require sdvesearch activities.

4 Quality and Context Support in Current RESTful WS Design

Having a detailed analysis of the depen-

dencies among context, quality, and reI{ T esouree ) »| resource

evance, we examine how such informa-

tion is coupled and supported in the cur- 1
rent RESTful service design. The RES aualitylcontext
architectural model assumes that a re

source can be created, updated, mod- )
ified, and deleted by using four operfig-4. Separate handling for resources and

ations hamedsET, POST, PUT, and their context/quality information



DELETE. Such operations are not designed to handle quality anéxodéscriptions
associated with resources. Of course, in principle, onausarthese operations to han-
dle context and quality associated with a resource. Howeeefar we are not aware
of this in the design of RESTful services. One approach iotsider the quality and
context information as a new resource and access them sefara the resource they
characterize (see Figure 4). However, in this case, theuooeswill have difficulties to
understand and manage the relationship between the resamaldts quality/context de-
scription via separate resource paths in REST APIs. Thexgio support the consumer
to specify and obtain context and quality description obteses, similar operations on
a resource should be used for handling the resource (sudBTathe resource) and for
handling context/quality information (such @&T the data quality).

Currently, at the service level the context and quality infation associated with
RESTful services and parameters for specifying contextoaradity requirements can-
not easily be distinguished from the REST APIs, if not imgilalss In fact, many REST-
ful services do not provide such information. In RESTfuh$eg descriptions, such as
based on WADE or ATOM??, there is no context and quality information. At the REST
APIs level, there is no convention for specifying and okitagrcontext and quality in-
formation. Therefore, the RESTful service design shoultvile context and quality
description exchange protocols among the interactiongfice compositions, Web
services and resources. In the following section, we ptesgrapproach in detail.

5 Enhancing Context and Quality Support in RESTful WS Design

In this section, we propose some extensions to the desigimatementation of REST-
ful services in order to support quality and context asp&bts present our guidelines
for this purpose by means of an experimental service which RESTful Web ser-
vice to provide data from the Google Flu Tréhdn our experimental service, named
googl eFl uTr end, the list of countries is considered as a resource and eastirgo
is also considered as a resodfce

5.1 Representationsfor Context and Quality

Several works have proposed context and quality descniptiefined using, for exam-
ple, XML, RDF and OWL [6-8]. Therefore, they can be reused fondeepresentations
for RESTful service. Since XML and JSON are the most popubay of describing the
requests, responses and descriptions of RESTful servieegse them to represent the
context and quality information.

Our quality and context representations are based on ols waontext and con-
cerns for data as a service [9]. Listings 1.1 presents arrgixoéquality description
in JSON (readers could refer to our supporting materialekamples of quality and

“https://wadl . dev.java. net/

WOhttp://ww.ietf.org/rfc/rfc5023.txt

Yhttp://ww. googl e. org/flutrends/

2Due to the space limit, we provide detailed supporting materialshtatp: / / www.
i nfosys. tuwi en. ac. at/ prot ot yp/ SOD1/ quacor e



context model). Given the representations of context amdityfor RESTful services,
we propose the following techniques for coupling context gnality information with
RESTful Web services.

"crg.qod": {
"crg. uptodateness" : "up to dateness",
"crq.objectivity":"objectivity",
"crqg.freeoferror”:"free of error",
"crg. consi stency" :"consi stency" ,
"crq. dat ael ement conpl et eness" :"data el ement conpl et eness" ,
"crq. dat aset conpl et eness" :"data set conpl et eness"” ,
"crq. donmi nspeci fi cqod" :"URl specifying domain specific info"

}

Yrq.qos'

"crq.responsetinme" :"response tinme",
“crq.latency": "latency",
"crqg.capability" :"capability",
"crg.reliability":"reliability",
"crq.availability":"availability"

Listing 1.1. Simplified JISON-based quality representation

5.2 Coupling Context and Quality with RESTful Services

Given their representations, context and quality inforamaheed to be associated with
resources and services and to be published so that theeexigposition can utilize
the information. This association is performed by the sergrovider and the context
and quality information reflect the conformity of the semrs@and resources provided by
the services. Obviously, such information can be publigisdg existing approaches
in Web service information management, e.g., using Wehiceregistries. However,
these approaches have not been designed for publishingniafion characterizing
RESTful resources and services. To follow the principle rd ghe widely-accepted
resource description for RESTful Web services, we illusttachniques to publish con-
text and quality information based on WADL.

WADL allows us to specify the following main elemengppl i cat i on,r esour ce,
met hod, r equest ,response, andr epr esent at i on. Context and quality infor-
mation can be associated with all these elements with thepgion ofr epr esent at i on.
From the service provider view, WADL elements can be assediwith context and
quality description for the following purposes: (i) pulbisg information for service
discovery: this is related tappl i cati on andr esour ce, (ii) allowing service
consumers to specifying inputs of context and quality in RE®Is: this applies to
request andnet hod, and (iii) allowing service consumers to obtain context and
quality information associated with resources by using RE®Is: this applies to the
r esponse andnet hod.

Publishing quality and context information for service discovery: In order to
publish the context and quality description associatetl witervice, we need to pro-
vide two types of information (i.e., the schemas and therimfdion according to the
schemas) and to associate them with RESTful Web servicesauBe the context and



quality descriptions are considered as extra documentst &BSTful Web services,
we should map these schemas and descriptions by using apglements in WADL.

To utilize existing constructs of WADL, we propose the faliag guidelines. The map-
ping of schemas of context and quality can be performed mgusiegr amar s ele-
ment of WADL. This element allows to include external schemsing a sub-element

i ncl ude. Ther epr esent at i on element can be used to describe published, static
quality and context descriptions. Furthermore, to distisly different schemas and
types of information, we can use thec element. Table 3 describes how to associate
quality and context information with the WADL of the service

Element Usage Example

grammar s/ i ncl ude specify context and quality schemas <include href="crq-quality.xsd">
grammar s/ i ncl ude/ dospecify the type of schema. We proposestdoc title="Quality">

use the title to describe the name of schema

representation specify the published, static quality ard epresentation i d="QoD"

context information in service descriptipgl enent =" crqQual i ty: crd. god"

and specify the representation of con{extdi aType="appl i cati on/json">
and quality information associated wjth

REST APIs (e.g., GET and POST)
represent at i on/ doc |specify the content of static, published quadoc titl e="QoDDescription">. ..
ity or context information. </ doc>

Table 3. Describing context and quality information in WADL

Based on the above-mentioned descriptions, several teegivdian be performed.
For example, if a service consumer wants to search serviaesdbon quality and
context descriptions, the consumer can utilize the infoionaspecified in the ele-
mentr epr esent ati on/ doc by filtering relevantr epr esent ati on elements
based on the it | e element. Consumer-side code generation tools can utiiee t
representation, request andr esponse elements to generate codes for han-
dling quality and context information.

Example: A WADL description is available dtt t p: / / ww. i nf osys. t uwi en.
ac. at/ prot ot yp/ SOD1/ quacor e/ exanpl es/ Googl eFl uTr end- v0. 2. wadl
for our experimental service. Thed| 2j ava tool* can be used to generate functions
get AsQoD(String crqQod, String crqgContext),andget As
Servi ceContext (String crqQod, String crgContext) to obtain con-
text and quality information.

Specifying Context and Quality Parameters in REST APIs. The specification
of context and quality descriptions in REST APIs can be dopeiging query pa-
rameters, which can be built based on the name describeckinguest of the
WADL. By utilizing query parameters the form of q. et r i cNane=val ue, where
crqg. netri cNane is the name of context and quality metrics specified in cdntex
and quality representations, one can indicate context aalitgjaspects in REST APIs.
For example, to select resources with the minimum accu@atyn Europe, we can
use the requesBET/ r esour ce?cr g. accuracy="0.5"&crq. | ocati on=""

Eur ope’ ’ . Given the input request of context and quality informatibie service can
utilize these information to select the right resourcegid@ally, the response can also
include quality and context related information togethéhwhe requested resource.

Bhttps://wadl .dev.java. net/



Example: while the resource containing all countries can be obtdiyagsingcur |
http://.../resources/ googl eFl uTr ends, to obtain the quality of this re-
source the parameter . qod without any value can be used as follows:

$curl http://localhost:8080/restfuldesign/resourcgobgleFluTrends?crqg.qod
{"crg.qod”: {

"crq.datasetcompleteness”: 0.10256410256410256,

"crg.consistency”: 1,

"crq.uptodateness”:5

1

If the request includes the value for the query parameter. qod, then the ser-
vice will perform the request based on the specified quabigcdption. Similarly, this
method can be applied to a single resource, e.g., the resuhd resourcdustri a
is:

curl http://localhost:8080/restfuldesign/resourceobgleFluTrends/Austria?crqg.qod

{"crg.qod”: {
"crq.dataelementcompleteness”: 1,
"crq.consistency”: 1,
"crqg.uptodateness”: 5

i3

Obtaining Context and Data Quality in REST APIs: Context and data quality
descriptions should also be obtained for services and resswithout obtaining the
services and resources. To this end, we propose to use qaemeters. For this pur-
pose, context and quality parameters are specified but withty values. By following
this convention, we can assume that the consumer requifgscontext and quality
information. For example, a request liK&ET/ r esour ce?cr q. god would return
only the quality of data of the requested resource. Usirghaiy, the service consumer
can query only the context and quality information beforeidiag which resources it
should access. An advantage is that resources will not bessed if their quality is
not guaranteed. However, in cases of context- and qualigyanteed resources, two
invocations are needed to retrieve the resources.

Example: the following example shows how to get quality of data assted with
the resourc@ust ri a:

curl http://localhost:8080/restfuldesign/resourceobgleFluTrends/Austria?crqg.qod

{"crg.qod”: {
"crg.dataelementcompleteness”: 0.9,
"crq.consistency”: 1,
"crq.uptodateness”: 5

H}

Arequest ofGET/ googl eFl uTr ends?cr q. dat ael enent conpl et eness=0.
9 will return only resources that have the minimum complessri®9.

6 Redated Work

The majority of related work with respect to the role of comitguality, and relevance is
in the focus of the information retrieval. Knight and Burrvbaroposed the relevance
as a data/information quality metric and a contextual ra¢10]. Batini and colleagues
have also presented the fact that the relevance is also wsaddata quality metric



for data provided by databases [7]. However, these dismussire limited to database
aspects. The relevance term defined in [7, 10] can be useditate on the relevance of
the resource from the provider view. Lachica and colleagpags proposed a framework
that uses quality and relevance to rank information in imf@tion retrieval systems
[11]. In their work, relevance is context dependent and &ratterized by four types of
context information. Thus, in some senses, they also ptesgé¢ne relationship among
context, relevance and quality. However, their work is mocused on Web services and
their relevance term is independent on quality information

In Web services, user context and quality of service have bmey considered as
valuable source of information for supporting Web serviesign, discovery and com-
position [12, 13]. Most related works using quality and estinformation in service-
oriented computing can be divided into three classes: fif@gxhes to enhanced Web
service design, such as different ways to add non-fundtjmarameters to Web services
in [14]; (ii) techniques to increase the relevance of theltesf Web service discovery
and selection, such as the discovery of resources based dPAlit§-specifications us-
ing an external middleware in [15] and the NFP-based hylpt@ach to Web service
ranking in [16]; (iii) approaches to improve the relevant@éormation offered by the
services using context information, such as users and itteiraction with a service
[12], user experiences [17], and context models for pelsmthWeb services [13].

However, existing works in the above-mentioned classeslyndeal with QoS and
context information at the whole service level and they db caver the quality of
the information of resources offered by the services. feuntore, these works mainly
support the service/resource discovery. Different froenthwe focus on mechanisms
to inquire combined context and quality metrics associatigll resources. In [18], the
quality of mashups and how to evaluate it are discussed. Wevb¢hat our approach is
a complement work as we provide mechanisms for specifyidgaacessing quality of
data associated with resources. Such mechanisms woultifgithp retrieval of quality
metrics of resources in order to evaluate data quality egefar mashups.

7 Conclusion and Future Work

In this paper, we have analyzed the importance of contextaatity support in service
design, discovery, composition and execution, with a famushe resource level. We
have discussed the impact of the lack of context and qualiorination on the guaran-
tee of highly relevant response to the consumer. Althouglstudly is generic, to prove
our concepts, we have examined limitations of current RBEEWMeb service design
w.r.t. context and quality information management. To owete these limitations, we
propose several steps in RESTful service design to alloauress, Web services and
composite services to specify and obtain context and guafiormation.

Our guidelines focus only on mechanisms for inquiring cenéamd quality metrics
associated with resources and for requesting and retgédkigse resources using these
associated metrics. Thus, semantic mapping of context aalityjparameters within
an individual (composite) service or consumer, is not eskird. The way to specify
context and quality descriptions in REST APIs is just onehodtthat will be compared
with other ways, such as using HTTP headers.



References

=

10.

11.

12.

13.

14.

15.

16.

17.

18.

Kopecky, J., Vitvar, T., Bournez, C., Farrell, J.: Sawsdl: Sseticannotations for wsdl and
xml schema. Internet Computing, IEBE(6) (2007) 60-67

. Patil, A.A., Oundhakar, S.A., Sheth, A.P., Verma, K.: Meteaoveb service annotation

framework. In: WWW '04: Proceedings of the 13th international coerfee on World Wide
Web, New York, NY, USA, ACM (2004) 553-562

. Pautasso, C., Zimmermann, O., Leymann, F.: Restful web ssrvi: "big” web services:

making the right architectural decision. In: WWW '08: Proceeding oflti#h international
conference on World Wide Web, New York, NY, USA, ACM (2008) 8834

. Maglaughlin, K., Sonnenwald, D.: User perspectives on relevanteria: a comparison

among relevant, partially relevant , and not-relevant judgements. JSAm Inf. Sci. Tech-
nol. 53(5) (2002) 327-342

. Greisdorf, H.: Relevance: An interdisciplinary and information smeperspective. Inform-

ing Science3 (2000) 67-71

. Bolchini, C., Curino, C., Quintarelli, E., Schreiber, F.A., Tanca, A data-oriented survey

of context models. SIGMOD Recof#(4) (2007) 19-26

. Batini, C., Cappiello, C., Francalanci, C., Maurino, A.: Methodolsd@ data quality as-

sessment and improvement. ACM Comput. Sdiy3) (2009)

. Bettini, C., Brdiczka, O., Henricksen, K., Indulska, J., Nicklas, Ranganathan, A., , Ri-

boni, D.: A survey of context modelling and reasoning techniquesvaBize and Mobile
Computing (2009) Article in Press.

. Truong, H.L., Dustdar, S.: On Analyzing and Specifying ConséonData as a Service. In:

Proceedings of The 4nd IEEE Asia-Pacific Services Computing Gamder APSCC 2009,
December 7-11, 2009, Singapore, IEEE (2009)

Knight, S.A., Burn, J.: Developing a framework for assessifigrimation quality on the
world wide web. Informing Sciencg(2005) 159-172

Lachica, R., Karabeg, D., Rudan, S.: Quality, relevance andrianpce in information re-
trieval with fuzzy semantic networks. In: Proc. of the fourth internatimwmference on
Topic Maps Research and Applications (TMRA). (2008)

Pernici, B., ed.: Mobile Information Systems: Infrastructure Redign for Adaptivity and
Flexibility. Springer-Verlag New York, Inc., Secaucus, NJ, USA @00

Maamar, Z., Mostefaoui, S.K., Mahmoud, Q.H.: Context fasperalized web services. In:
Proc. of the 38th Annual Hawaii International Conference on Systerenges (HICSS),
Washington, DC, USA, IEEE Computer Society (2005)

Ortiz, G., Nifiez, J.H., Clemente, P.J.: How to deal with non-functional propertiesb
service development. In: Proc. of 5th International ConferenceemBvigineering (ICWE).
(2005) 98-103

Mietzner, R., van Lessen, T., Wiese, A., Wieland, M., Karastoya, D., Leymann, F.: Vir-
tualizing services and resources with probus: The ws-policy-awariEsand resource bus.
In: Web Services, 2009. ICWS 2009. IEEE International Confexamc (2009) 617 —624
Comerio, M., De Paoli, F., Palmonari, M.: Effective and flexiblp-b&sed ranking of web
services. In: Proc. of ICSOC/ServiceWave '09, Stockholm, Sw¢2ed9) 546—-560
Kokash, N., Birukou, A., D’Andrea, V.: Web service discovieased on past user experience.
In: Proc. of 10th International Conference on Business Informaigstem (BIS). (2007)
95-107

Cappiello, C., Daniel, F., Matera, M.: A quality model for mashumponents. In Gaedke,
M., Grossniklaus, M., az, O., eds.: ICWE. Volume 5648 of Lecture Notes in Computer
Science., Springer (2009) 236-250



