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Abstract

The reliability of services is a critical factor in ensuripgsitive customer perception on
overall quality. To perform complex actions, it is necegdarcombine smaller services
to generate a synergy of services. However, a composite feices will not fulfill a
user’s goal, unless the composite services can be recoshoedd there be a failure. It
is inevitable that several Web services may either perisfaibbefore and during the
execution. One of the responsibilities of the mediator,chlstands between providers
and the consumers, is to monitor the execution of the sesvibtecase of a failure, the

composite service needs to be adapted so that the systewesurv

The challenging issues of the recovery of composite ses\ace its probability, the accu-
racy of the resulting composite service, and the Qualitya/Be (Qo0S) deviation from
the original. Traditionally, service-based systems offebstitute a matching service for
the failed service. The accuracy of a matching can be enddmcemploying semantics.
Semantic annotations of Web services describe the serficesionality unambiguously.
However, finding a matching service is not always successhere are some approaches,
which replace a sequence of services, including the fadedce with another set of ser-
vices to comply with the required task. Their experimentsvwslimprovements to the
recovery of the unsuccessful composite services. Neuedhethese methods have not

totally rectified the problem.

In the proposed solution, called SRPFR, an automatic rermovatan is utilized to im-
prove the likelihood of impeding the system from a totalfesl. The method first consid-
ers a subgraph of services (including the failed servic@)diigraph of Web services, i.e.

the Original Subdigraph. The subdigraph may begin not agnfthe failed service but



also preceding the well-executed services. Then, the rdetbarches for a compatible
subdigraph (Replacement Subdigraph) to be placed in lieheofQriginal Subdigraph.
Broadening the beginning point of the search for the Origiwabdigraph increases the
probability of discovering a matched replacement. The iBaigSubdigraph may contain
world-altering services with real-world effects, which saile compensated before the
replacement. The recovery is divided into two phases, effiimd online, to reduce the de-
lay of the replacement at the onset of failure. The time-aorisg calculations are done
in the offline phase, and the replacement is done in the opliase. This prevents any

increment of the response time of the composite service, #inaigh a failure may occur.

The proposed approach is evaluated with synthetic testat@hs of composite semantic
services using the atomic services and their related agisdmf a standard atomic service
test collection called OWLS-TC. The simulation results shome@very probability of

more than 55% for a more realistic collection of servicesaddition, the actual replace-
ment delay is maintained at a minimum constant value regssdbf the size of the test
collection. From the QoS deviation aspect, the method captatie composite service

without a major change in the prioritized QoS properties.



Abstrak

Keyakinan terhadap perkhidmatan-perkhidmatan adalahfaltor yang amat penting

dalam memastikan tanggapan pelanggan-pelanggan yangerambangkan terhadap
kualiti secara keseluruhan. Untuk melaksanakan tindaikaakan yang lebih meluas,
maka ia adalah perlu untuk menggabungkan kesemua perkiaidrngang kecil untuk

menjana perkhidmatan yang lebih berkesan secara kesaturilWalau bagaimanapun,
perkhidmatan web yang terbahagi-bahagi atau terpecatipielak dapat memenuhi mat-
lamat pengguna-pengguna, melainkan jika ada satu peraeyatg dapat meningkatkan
kemampuan perkhidmatan web tersebut daripada masalaheg@gdian tersebut. la
tidak dapat dielakkan kerana beberapa perkhidmatan wedusebni berlaku masalah

atau kegagalan ketika dalam pelaksanaan dan pelancarg®algdn satu tanggungjawab
pengantara, yang berada di antara pembekal-pembekal dggye-pengguna adalah
untuk memantau pelaksanaan perkhidmatan-perkhidmataebtdé. Dalam kes kega-
galan, perkhidmatan web tersebut perlu disesuaikan sugstgan dapat diteruskan den-

gan berkesan.

Isu-isu yang mencabar terhadap pemulihan perkhidmatag tgabahagi-bahagi terse-
but adalah kebarangkalian dan ketepatan perkhidmatantgaoghagi-bahagi yang ter-
hasil, dan Kualiti sisihan Perkhidmatan (QoS) daripad& &acara tradisinya, perkhid-
matan berdasarkan system-sistem selalunya menggangki@mgmatan yang gagal den-
gan perkhidmatan yang sepadan. Ketepatan padanan boéghrdjgatkan dengan meng-
gunakan semantik. Penjelasan-penjelasan dalam Semankikiggmatan-perkhidmatan
sesawang (Web) yang menggambarkan penggunaan perkhndpeatdidmatan yang

begitu jelas. Walau bagaimanapun, pencarian perkhidmatag sepadan tidak senti-

asanya berjaya. Terdapat beberapa pendekatan yang mekaggamutan perkhidmatan,



termasuk perkhidmatan yang gagal dengan set perkhidrpat&hidmatan yang lain un-
tuk melakukan tugas-tugas yang dikehendaki. Melalui pehikan yang dijalankan, ia
menunjukkan peningkatan kepada pelaksanaan perkhidngatanterbahagi-terbahagi
itu adalah berjaya. Walaupun demikian, kaedah ini tidakab&enar memperbetulkan

masalah tersebut.

Dalam penyelesaian yang dicadangkan, yang dipanggil SRP&Rn pengubahsua-
lan automatik digunakan untuk meningkatkan kemungkinamgy@enghalang sistem
daripada jumlah kegagalan. Kaedah pertama menganggapatiiagi perkhidmatan-
perkhidmatan (termasuk perkhidmatan yang gagal) dalarmafdigrkhidmatan Web iaitu
Subdigraph Asal. Subdigraph boleh bermula bukan sahajpeikhidmatan yang gagal
tetapi juga perkhidmatan sebelumnya baik disempurnakamudian, kaedah tersebut
mencari subdigraph yang sesuai (Subdigraph Penggantinlk ditukar ganti dengan
Subdigraph Asal tersebut. Memperluas titik permulaanacadntuk Subdigraph Asal
meningkatkan kebarangkalian tersebut bagi menemukargpatign dipadankan. Subdi-
graph asal mungkin mengandungi perkhidmatan yang duni@ parubah-ubah dengan
kesan-kesan dunia sebenar, yang mesti dimbangi sebeluggaetian. Pemulihan diba-
hagikan kepada dua fasa, luar talian dan dalam talian, unerkgurangkan kelewatan
penggantian pada permulaan kegagalan. Pengiraan yangkaremasa yang dilakukan
dalam fasa offline, dan penggantian dilakukan dalam faserdtlian. Ini menghalang se-
barang kenaikan bagi masa jawaban terhadap perkhidmakehégi-bahagi, walaupun

kegagalan mungkin berlaku.

Pendekatan ini dinilai dengan koleksi ujian sintetik teldyaperkhidmatan-perkhidmatan

semantik yang terbahagi-bahagi menggunakan perkhidnatan dan ontologi yang



berkaitan dengan mereka koleksi ujian perkhidmatan pewaiom dinamakan sebagai
OWLS-TC. Keputusan-keputusan simulasi menunjukkan kel&edian pemulihan lebih
daripada 55% untuk koleksi perkhidmatan yang lebih realgan sebenar. Di samp-
ing itu, kelewatan penggantian yang sebenar dikekalkaa pdai malar yang minimum
tanpa mengira saiz koleksi ujian. Dari aspek kelainan Qa&déah tersebut boleh menye-
suaikan perkhidmatan yang terbahagi-bahagi tanpa peanlisar dalam ciri-ciri utama

bagi QoS.

Vi
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Chapter 1: Introduction

1.1 Overview

Web services are the building blocks of today’s serviceetiag/stems which ease inter-
operability of the participant enterprises. Following mdhan a decade of introducing
“semantic Web services’'Mcllraith et al, 2001), which combine semantic technologies
with Web services, a few description languages are intreduche description languages
unambiguously annotate Web services so the machines weuddblle to process the de-
scriptions; hence, the machines can automatically disc@eempose, and execute the
Web services. In general, “Semantics” for Web services tates their functional and

non-functional properties.

The proposed languages describe the Web services from paside directions. The lan-
guages calle®WL-S (OWL and Services)Nlartin et al, 2004, andWSML (Web Ser-
vice Modeling Language)Roman et al.2005 semantically describe the Web services
from a top-down approach, i.e. an expressive frameworkapgsed. Conversely, other
languages such as Web Service Semanti¢SDL-S) (Akkiraju et al, 2005, adopt a
bottom-up modeling approach to supplement existing sersecifications such as Web
Services Description Languagé&/6DL) (Christensen et 312001 with semantic annota-
tions. Further, the World Wide Web ConsortiulW8C) has created a standard language
called Semantic Annotations fa/SDL (SAWSDL) (SAWSDL Working Group 2007

to describe the Web services unambiguously.

In a Web service-based architecture, a provider publidseservices in a registry. The
consumers, based on their needs, search the registry tddoakmatching service. The

search is done by either the consumer or an agent, which siesradiator and stands



between the provider and the consumBpdth et al, 2004. In a more advanced ar-
chitecture, the mediator handles other tasks as vitell 007 Mcllraith et al, 2001;

W3C Working Group2004), which are as follows:

Publish The mediation commences from the publication of serviceifipations into a
registry.

Discovery The mediator discovers the right service to fulfill the cansus’ goal.

Composition A single service is usually not able to perform all the regditasks of
a business process. The smaller services are integrategresent a synergy of
services, which is capable of managing interoperation antloa services, and per-
forming complex actionsMedjahed 2004. The composite service is executed by
the mediator. The mediator handles the negotiations anfangroviders and their
consumersKuropka et al.2008.

Execution and Monitoring The mediator invokes either a single or a composite service.
The execution of the services are controlled, and monitgké&dulin & Sycara
2008 so that the required service is delivered to the end ugel, Q007
W3C Working Group 2004. The monitoring ensures a smooth execution of the
services such that even if an execution failure happens;ahsumer receives the
desired result. This smooth execution includes fulfillmartoth the required func-
tional properties as well as promising non-functional gmies, i.e. Quality of Ser-
vice (QoS.

Failure Recovery The monitoring catches faults or errors, and the mediatwovers the

failure in order to continue the execution.

An overall view of the architecture of such a system is depidh Figurel.l



Mediator

Concept Atomic Service

Composite Service
Registry Registry

Registry

Consumer > < Provider(s)

A
A

Matchmaker | | Composer Executor Adapter

Figure 1.1.: An Architecture of a Web Service-based System
The Web services have functional and non-functional prtegger Thefunctional proper-
ties include input, output and conditions. The availapitit the required input and condi-
tions means the generation of the stated outputs and résudtsuccessful execution of
the service. Thaon-functional properties are related to the competing properties of dif-
ferent providers, which help the users to choose the pé#atiservice among all available
functionally equivalent services. The non-functionalgedies include execution time,

cost, and reliability of the service.

An execution of a service might be unsuccessful due to seveagons. The reasons
are based on the functional and non-functional causes abghével. The mediator

enhances future executions of the composite service bpmeasabout the causes of the
failure. This enhancement is done by either avoiding thetiin that causes the problem

or being prepared for a solution to complete the perturbeduion.

A straightforward solution to failure recovery of a comgesservice is to substitute the
failed atomic service with another atomic service. These $ervices must have equal

functional properties and similar non-functional propeest

1.2 The Problem

There are more than 28000 public Web services availdldladen & Haselwante007,

Seekda2011 Steinmetz et al.2009. However, according to the literature review, the
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approaches are not always successful in finding an atomics@fefice to replace a failed
service. In order to test unreliability of the atomic re@aent approaches, we conducted
an experiment to find an answer to such a research questiorat‘M/the success rate of
an atomic replacement approach in a registry of atomic Wehbcss?”. The experiment

is elaborated in SectioB.2.1, and the results prove the low percentage of successful

recoveries.

Existing solutions further replace a number of servicesciwhare the components of the
composite services, with other Web services. Generallyelwewthe likelihood of re-
covery is not high, which is proved by the results presented in Sechidéh Furthermore,
approaches with reasonable likelihood of recovery deerdasaccuracy of the resulting

composite. The decrement does not then, allow users tovacthieir goals.

Besides, composition methods consider criteria such asitQaélService QoS apart
from accuracy of the functionality. Therefore, adgviation on theQoSof the adapted

composite service is not desirable

Other than these problems, even though semantic Web semexpdicitly distinguish be-
tween information-providing and world-altering servicescovery approaches do not take
them into account, i.e. they do not take care of the worldray services’ real-world ef-

fects.

1.2.1 The Challenges

There are some challenging issues for the recovery of &slaf composite services:

e Theprobability of recovery of a failed system, which is based on composite Web
services, must be increased. Therefore, from the consypoarsof view the system

responds most of the time.



e Thegoal of the adapted compositei.e. the information transformed and the ef-
fects generated, should be similar to the goal of the intttehposite service. The
similarity ensures that even though a failure may occurrélg@irements of the end
user is fulfilled.

e Although Web services are erroneous, from the consumeist pbview, their fail-
ure should be invisible; hence, thecovery method should be fast enouglko that
the failure and its recovery process is hidden from the user.

e Based on the requirements and the goals of the user, a compgesitice is gener-
ated. However, if the composite service’s execution is éiad by a failure, the
recovery method should consider both the requirements l@ndaals of the user.
The requirements include the desired non-functional pt@s i.e.QoS Therefore,
adaptation of the composite service should ideally ensaréaviation on th&)oS

and practically a minimum deviation §foS

Trade-off

Among the above challenges there are some tricky trade-offs

e The first trade-off is between the number of replacementstlam@ccuracy of the
adapted composite service. Decreasing the thresholdédaithilarity of the result-
ing service to the initial composite allows the method toéhewore candidates for
the replacement; hence, the increment of the probabilitecdvery.

e The second trade-off is that allowing more time for the recg\wof the failed com-
posite, enables the adapter to find a better replacementhvitncreases the final

delay for the execution of the composite service.

1.3 The Objectives

The objectives of this research are as follows:



e To increase the probability of recoveryof the failed composite Web services. The
increase on the recovery probability of service failuresudth not decrease the accu-
racy of the resulting service in accordance with the origtoanposite service.

e To minimize the failure recovery delay time Any failure occurring during the
execution of the composite service must be addressed widmyudelay.

e To ensure that theQoS of the adapted service be close enough to the promised

QoS of the original composite service, i.e. there should be ndadien on theQoS

In order to achieve the objectives, this study proposes aaddb differentiate between
the time-consuming calculations (of finding the best remiaent to adapt the failed com-

posite service) and the actual replacement; which must be dbthe failure time.

In the offline phase i.e. before commencing the execution of the composite Welce,

a search through the structure of the original compositésEneeds to be carried out to
choose a set of services which are the best to be removed.ethehss done for every
component of the composite service separately. Then, ®s#t of services a similar set
is chosen. This similar set of services will be the topmoglagement candidate should
any failure occurs. The outcome of the offline phase is a hgtiple items. The list
indicates: 1) a component of the original composite ser(udgch is prone to failure),
2) a set of services including the service that is assumediltad) a replacement set of

services with a similar goal and a close enough set of noatifumal properties.

In theonline phase during the execution of the composite service, if any failuiappens,
the list is already made available. So, for the failed sexvits related set of services
which must be removed and its replacement, are used to ddapbmposite service. The

execution is monitored by the mediator to discover the fagu
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Figure 1.2.: Correlations between Software Quality and High-severity Failure Rephdispted
from (Lyu, 1996)

Other similar methods, which will be elaborated in Cha@emostly use a one-to-one
replacement to switch the failed service with an altermasigrvice. We will prove that
the so-called atomic replacement method is not reliablet{@e5.2 on pageB0). A more
sophisticated method switches the services using a mamatty replacement. We use
a combination of one-to-one, one-to-many and many-to-nraplacements to achieve
better results. Other than that, we may even remove a welltd®d service to increase
the probability of recovery, which requires compensatiBhil et al, 2006 2011) of

world-altering services if they are in the composite’s stinve.

1.4 Significance of the Study

Reliability is formally defined as “The ability of a system asmaponent to perform its

required functions under stated conditions for a specifextbg of time” (EEE, 1990.

Users usually discard a software which is unreliable and e fulfill their needs. For
example, a study in the telecommunication industry showatithe overall quality score
(customer satisfaction) significantly decreased by higlesty failures as shown in Fig-
urel.2(Lyu, 1996. Hence, itis critical to either prevent a system from aufialor recover

it when a failure occurs.



Reliability is a major issue, particularly when it comes tdical domains. Function-
ally equivalent Web services are created incrementallydyous competing providers,
which enables the software developers to offer more rejafdult tolerant systems
(Zheng & Lyy, 2010. The agent, which intermediates the negotiations betyweariders
and their consumers, need to adapt the services based oevthehanges. Service adap-

tations have also been studied in other fields such as mailess Liotta et al, 2002).

A Web service-based system must recover from a failure tarerthat the user can get
his request fulfilled even though a failure is unavoidabferéasing the failure recovery
probability of such a system decreases the likelihood o$ylséem being discarded by the

users which in turn decreases the organizations’ revenues.

1.5 Thesis Outline

The thesis is structured as follows: This chapter introdube field, showed the problem
and the gap that we discovered, and illuminated the obgstikat we tend to achieve.
Chapter2 elaborates background issues regarding the semantic \iigbexeand their
mediation. It follows by an investigation of existing worksthe area of the adaptation
and failure recovery of composite services. Chaftexplains the proposed model for
the recovery and then describes the components of the frarkeWhapte# justifies a
critical need for today’s semantic services research feelakst collection of composite
semantic services. Further, we propose an adapted modeh&vage a big test collection.
Chapter5 illustrates the results of the research from its recoveopability aspect and
discusses the evaluation of the proposed model upon theajedeest collections. More-
over, Chapte6b shows the minimum delay time of our approach for the reco\arg the
minimum deviation of the adapted services from their ihi@@S Finally, we draw our

conclusions in Chaptét and make recommendations for future work in this area.



Chapter 2: Literature Review

2.1 Background

Nowadays, enterprises tend to outsource their services.colaboration and the inter-
operation made in this way reduce their cost. Furthermdre,réquired time both to
deploy the final application, and to fulfill their users’ go& decreased. Service Oriented
Architecture GOA) is a promising approach to this enliéberstein et al.2008, which
enables the interoperability among the participating fesses. A provider publishes its
services and the consumers who need the service can distawerfurther invoke it to
get the desired servicBM3C Working Group2004). The framework allows the providers
to publish the specifications of their services in a repogiso as to facilitate the discov-
ery and matchmaking of the services. The consumers seantigtihthe specifications to

find the most similar service that fulfills their needsl( 2007).

Web service is an implementation proposed DA The provider describes its ser-
vices using a formal language called Web Services Desgnipitianguage WSDL)
(Christensen et gl2001). The consumer contacts the provider by Simple Object Acces
Protocol GOAP (Gudgin et al.2007). The service descriptions are published in a reposi-
tory titled Universal Description Discovery and IntegoatiUDDI). The consumers look
for the services either in@DDI or on the Web pages of the provideEsl( 2007). There
used to be publi€/DDIs provided by Microsoft and IBM, however the companies discon

tinued their provision in 2008K(ill , 2005

2.1.1 Semantic Service

The syntactic descriptions of the Web services\{i$DL) and their natural language

specifications need humans to interpret. On the other hhadigvelopers need to manu-



ally select, and hard code the systems for a particularszexen though they outsource
their desired functions. However, having thousands ofiplerg and hence many services
available on the Web, the selection is a cumbersome taskfewéme experts. Therefore,
the automation of various mediation tasks on the servicel as discovery, execution,

and monitoring is highly desired.

Semantic annotations of the services, which was proposéttiearly stages of the in-
troduction of “Semantic Web”Berners-Lee et gl2001% Hendler 2001, facilitates the
machines to process the service specificatidislifaith et al, 2001). In order to au-
tomate the mediation of the services, they are augmentddexita information using
formal languages. Having the machine processable infeomatsers can delegate soft-
wares (as agents) to reason on the information. Hence, thiesg are automatically and

autonomously discovered, and further invokbtt(lraith et al, 2001).

Services are categorized into two major groups, infornmagicoviding and world-altering
(Mcllraith et al, 2001, Wu et al, 2003. The criterion for the categorization is that
whether the service causes any change in the world. Frompehspective, the categories

are as follows:

Information-providing services The services in this group may need to get some infor-
mation from the user, as amput The successful execution of the service generates
anoutputfor the user. Moreover, the service may haveoaditionto be true prior
to its execution\(Vu et al, 2003. Examples of the information-providing services
are flight information providers and temperature senddrdli(aith et al, 2007).

World-altering services The world-altering services have all the features of therimf-
tion providing group, i.e. input, output, and condition. diibnally, they cause a

change (which is a physical side-effect or briefly effec) on the real world. A
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flight-booking program and a sensor controller are two exampf world-altering

services Kcllraith et al, 2007).

Semantic specifications ease the division of the servidteswo aforementioned groups.
Prior to the use of semantics for the services, when the fsgaedns were all syntacti-
cal, there was no way to identify the existence of an effedhefservice execution on
the world other than mentioning it using natural languagea @mment. Hence, the
machines were unable to explicitly classify the servicesing semantic specifications,
providers even elaborate the effects using specified foexpaiession languages (such as
SWRL (Horrocks et al.2004). The division is crucial because usually the maniputatio
of world-altering services are not fre€ieenfield et a).2003, and so the agents need to

consider extra effort in the selection and the executiomisf¢ategory of services.

Formal Languages

Semantic services are described using specific languageshisTend, there are some
languages proposed for the semantic description of theécestvThe languages describe
the services from two perspectives which results in two eptual modelsbottom-up

andtop-down

The bottom-up approaches annotate the underlying existing syntactiguiages like
WSDL (Chinnici et al, 2007, Christensen et gl2001) with semantic specifications. The
languages are Web Service Semanti®SpDL-S) (Akkiraju et al, 20095, Semantic An-
notations folWSDL (SAWSDL) (SAWSDL Working Group2007), and Lightweight Se-

mantic Descriptions for Services on the WeEMO-L.ite) (Fensel et a).2010.

On the other hand, thimp-down approaches propose a new semantic based framework,

i.e. high-level ontologies, to express the services. Thpmntap-down languages are
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OWL and Services@QWL-S) (Martin et al, 2004 2006, and Web Service Modeling Lan-

guage WWSML) (Bruijn et al, 2005.

Additionally, to express the conditions and effects of tleenantic services, some ex-
pression languages have been used including Semantic WeblLRobuage SWRL)
(Horrocks et al. 2004, Planning Domain Definition Languag@@DL) (Ghallab et al.

1998, and Web Service Modeling Languag&/SML).

2.1.2 Mediation Techniques

The mediator, a software agent, stands between the semgeelers and the consumers
and mediates their negotiatiorisuropka et al. 200§. The mediation tasks include but

are not restricted to discovery, composition, invocatamg monitoring.

The discovery, together with matchmaking is the finding & slervice and matching it
to the user’s request. If among the provided services tisane single service capable of
complying with the request, the mediator composes a setrefces, which are consid-
ered distributed business processes, to fulfill the usersahd. In a paradigm of service
composition called “service orchestratio?d|tz 2003, the mediator arranges and man-
ages the interaction between services. The mediator issaesvocation command and
monitors the execution of the services. If an executiorsfdile mediator takes several

approaches to complete the executinl,(2007), which are investigated in Secti@2

2.1.3 Failure Reasons

Web processes contain services as their components. Auiiorexecution of a Web
process highly depends on the correct execution of its naetsig services. An execution
of a service might be unsuccessful due to several reasorestigating the reasons of an

unsuccessful execution of a service enables the mediatbes ¢0 avoid the situation
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that causes the problem or at least to prepare a solutiomtizhthe system from a total
unsuccessful completion in future. The failure reasonshased on the functional and

non-functional causes at the top level.

A Web service, as a participant in a structure of a composteice may fail due to
the following causes[i Nitto et al, 2008 Lin et al, 2009 Mahbub & Zisman 2009

Subramanian et al2008 Vaculin et al, 2008 Zhai et al, 2009:

Functional causes

e Malfunctioning of the service: This is usually because efalpplication level errors.

e Unavailability of the service: The unavailability can benfgorary or permanent.

— The service may disappear permanently. The provider mayroside the
service anymore or it may replace the service with a new one.

— The connecting network has a failure, for example infragtme breakdown.

— Host overload. The number of requests are too high that teengpis unable
to serve.

— User mobility. For example the user changes an accessimgpriethich re-

stricts its external access.

The first unavailability cause is usually permanent and therg are temporary. The
temporary causes can be remedied by for example repairngetwork or through
the introduction of an extra host.

e Software compatibility issues

— The mismatches among the composed services. For exampbthdhges re-

lated to the input and output formats.
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— Malformed response or errors related to serializatiom/dakization. For exam-
ple the changes of negotiating messages.
e The emergence of new requirements: Usually because of tbafiguration which
aims to enhance the fulfillment of needs.

e Changes in the context and the environment. Sometimes ewagtitall the condi-
tions at the provider side are constant, the context charsges as, the accessing

device may cause a disorder in getting the desired service.

Non-functional causes

A deviation from a promised Quality of Servic®99 influences the user not to be satis-
fied with the service. The factors are related to time and afote execution which are

as follows:

e Response time-out

Network delay: For example because of network congestion

Host overload: The provider cannot answer all the requestinte because of un-

expectedly:

— large number of requests for a service

— large number of invocation of various services of the previd

Unexpected input

Unexpected data size

2.2 Failure Recovery

Handling the errors that might happen during the executi@\Web process is important.
The error should be handled to provide a smooth executioheofifeb process. A lack

of such a monitoring and handling enforces the applicattorspecify their own error
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handling mechanisms, hence the interoperability mightitmenished.

2.2.1 Recomposition vs. Repair

A naive solution to handle an execution failure of a comm@osérvice is to stop the pro-
cess, and recompose a new set of services that are able tonpéinie same tasks. How-
ever, it has been shown that the recomposition causes a kag @hich is undesired
(Yan et al, 2010. Therefore, it is highly demanded to avoid the prohibiyvexpensive
overheads of recomposition from scratch and repair thetsire, i.e. to adapt the com-

posite service@hafle et al.2006.
The adaptation of a process has different aims as follélazifamiakin et a).2010:

Perfective Adaptation: Improving the current situation of the application in itsadjty
aspects, etc.

Corrective Adaptation: Removing the undesired or faulty behavior of a system

Adaptive Adaptation: Responding to the context, interaction, and requirement
changes of the application

Preventive Adaptation: Preventing future failures

Extending Adaptation: Adding newly required functions

Scope: In this research we emphasize more on therective adaptatiorof the Web

processes, which adapts the system in order to eliminajeettighed or the failed services.

2.2.2 Requirements

In order to propose a solution for the failure recovery of anposite service, the re-
quirements for an approach which is able to rectify such @lpro is investigated
(Di Nitto et al, 2008 Linetal, 2009 Mahbub & Zisman 2009 Subramanian et al.

2008 Vaculin et al, 2008 Zhai et al, 2009. The requirements are as follows:
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Automation

Adaptation Probability

Time Complexity

Accuracy

QoSDeviation

Consideration of World-altering Actions

Experiments on a Standard Test Collection

In the following sections each item is elaborated.

Automation

The first and foremost requirement is that the adaptatioroie chutomatically and au-
tonomously. The method must minimize the human intervenfar the adaptation.
Hence, the applications must be able to discover, rank, anghbose new services. The
semantic descriptions of services are obvious necessitieh help to automate the dis-

covery, matchmaking and composition issues.

Adaptation Probability

The adaptation process tries to amend the structure sdgleacution can be completed.
The probability of the success of such an approach diffelng @robability must be high
enough so that in most cases the mediator can recover tresfistm a failure and the

system works smoothly even with an unavoidable failure.

Time Complexity

The adaptation requires some calculations and interactibime time complexity of such
extra processes must be reasonable so that the adaptatongsn a minimum delay.

Minimizing the delay isolates the awareness of the user &inylikely failure occurrence
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and its recovery process.

Accuracy

The adaptation demands for a replacement and an amendnikatprimary structure of
the services. Some of the smaller services of the compa@sies must be switched with
others. Ideally, the replaced services should have exdnetlgame functionality or at least

be similar practically.

The accuracy is critical since the end-user should get theested goal. That is to say,
the goal of the “Adapted Composite Service” must be simildheogoal of the “Original

Composite Service”.

Semantic Web services ensure an unambiguous descripttbe @¥eb services such that
their discovery and composition occur automatically andstmmportantly accurately.
Furthermore, the clear distinction of two major groups @& $ervices, i.e. information
providing and world-altering services based on the excgeri an effect is a major contri-
bution of using semantic Web services for Web processescéjdime mediator discovers

and composes world-altering services along with the inégrom providing services.

QoSDeviation

The adapted structure of the composite service must beifunadlty equivalent to the
original structure. Additionally, non-functional propies of the composite service must
be the same as the promised service to the end-user. Thuesntlist be no deviation on

the QoS

Consideration of World-altering Actions

The approach must contemplate all kinds of services, i.éornmation providing and

world-altering. Hence, there should be methods to cope thi¢hspecific features of
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world-altering services such as their effects on the realdvo

Experiments on a Standard Test Collection

Ultimately, there is a strong need for a standard test didlieof composite Web services.
Current test collections of Web services and semantic Webcgsrdo not contain any

composite service and they are just sets of single (atoremsjices. The standard test
collection definitely needs a set of world-altering sersitebe used for a test on both the

information-providing and world-altering servicdsi(ster & Konig-Ries2009.

A failure recovery approach for composite Web services s¢ethe tested on a standard

test collection to prove its applicability, accuracy, etc.

2.2.3 Approaches to Failure Recovery

According to the studied requirements as discussed in @e2tR.2 a number of ap-
proaches proposed various methods taking into account ebthe mentioned features.
The following sections overview the approaches to failewery. The categorization is

based on the number of services which are substituted dtivengdaptation.

2.3 Atomic Repair

2.3.1 Re-invocation

Sometimes, a failure, especially the one that is causedéogrihironmental conditions of
the service, might be temporary. In this case, a re-exatwuidhe service may solve
the problem. Usually the approaches try to re-invoke th&iserhoping that the re-
invocations succeed. The retries are performed for a ldmtember or a limited time

to keep the time constraints, i.e. the total execution tifnh@ composite service does

not exceed a pre-defined valugupramanian et al2008 Vaculin et al, 2008.
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However, repairing the execution of a failed service mayl@osuccessful. This happens
when the problem is permanent or at least not solvable fong fime. So, the mediator

takes the next step.

2.3.2 Atomic Replacement (one-to-one)

It is straightforward that an adaptation approach repl#oedailed service with another
service as shown in Figuiz1l The other service can either be a redundant service or a
similar service with a close functionalitgs@nek & Corbj 2003. A provider may repli-
cate its Web service(s) on distributed servers so that ifrepteary problem causes the
unresponsiveness of the Web service, the users can getdingice from the other servers;
hence, the reliability improvesS@yal et al.1998. According tolEEE standardslEEE,

1990, this is called Software diversity”:

“A software development technique in which two or more fumaally iden-
tical variants of a program are developed from the same fgpegtoon by dif-
ferent programmers or programming teams with the intentro¥iging error
detection, increased reliability, additional documentator reduced probabil-

ity that programming or compiler errors will influence thedgesults.”

Salas et al(2006 provided an infrastructuré)/S-Replication, for Wide Area Network
(WAN) replication of web services. The proposed framework altive providers to de-

ploy their Web service in multiple replicas which addregbesWeb services’ low avail-

Figure 2.1.: Atomic Replacement (one-to-one), Adapted frdvid(ler & Schuldt 2010

19



ability problem. Furthermore, ANGEL, a redundant-basedise composition method,
increases the availability of composite services by reptaa failed component service

with an alternative member of the redundant servi€aso(et al, 2007).

Nevertheless, the problem remains unanswered when thegf#sl caused by for example
a permanent unavailability of the Web service because obtiseness changes. So, it is
required that the mediator finds another service to perfoentask. The mediator matches

the similar service (to the failed one) and replaces it ihtodtructure.

Vaculin et al.(2008 andWiesner et al(2008 presented an approach firstly for handling
the exceptions that may occur for invocation of a Web seramzesecondly for their recov-
ery. They explained the conditions that may cause an erum&ate of the execution and
provided their handlers, Constraint Violation handlers (@wdlers). The pre-defined
states of a service execution ang@nitialized started finished andfailed. They provided
recovery actions callecetry, replaceBy andreplaceByEquivalentogether with other
action categories includingeutral fault emitting termination compensatiomndadap-
tation actions. The adaptation is based on a run-time discovetyeofrtatching services.
The work is based on a specific semantic Web service lang@yé;S; however, they
claimed that the advantages are independent of the langliagg extended the language
to support the proposed features. In addition, the workd tise semantic definitions of
effectsin OWL-S for Automatic Compensatioof the so-calledinishedservices preced-
ing the failure by calling another run-time discovered &hli¢ service. For monitoring
purposes, the authors used the event-based executionomogiand error handling ap-
proach, which explained mechanisms of monitoring for séinaveb services based on

OWL-S (Vaculin & Sycara2008.

Merits and Limitations :
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e The recovery action calledeplaceByEquivalenuses the information
about the service capabilities to discover and to match dagiservice
during run-time. The dynamic finding of an alternative seevincreases
the probability of recovery. However, the delay of such aolery at

run-time is very crucial.

e The additional proposed tags of being a ser¥ital/Non-Vitalor replace-
able, which are not supported BYWL-S, are also required for thekd-

vanced Back & Forward Recovery

e The approaches are not purely Atomic Replacement methodsiethey
go backwards through the structure of the composite semgde a point
where they can move forward using an alternative path; hewéwey did

not explicitly identify the details of the backward and famd strategies.

It has been proposed in Web Services Business Process ExecatiguageWS-BPEL)
(Alves et al, 2007 to define a compensation handler to undo the effects of a \&fefcs
and to execute them in reverse ord@rgenfield et a).2003. This is a static solution for
the recovery, and if this static solution, i.e. the servis&ot reachable the system would

go to an inconsistent staté/(esner et al.2008.

There are some other approaches in which the main idea is tmicareplace-
ment with different perspectives and approachesgérita et al. 2012 Liu et al,, 201Q

Subramanian et al2008 Taher et al.2006).

2.3.3 Atomic Replacement: Discussion

Performance of an atomic replacement approach depends amaih bottleneck point,
which is the discovery and matchmaking of the alternativeise. Hence, the perfor-

mance highly depends on the search time of the discoveryauetsed.
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The Atomic Replacemermipproaches are not sufficient for an advance and autométic fa
ure recovery for composite services. The reason is thatnfgndisimilar service to be
replaced in lieu of the failed service is not reliable (cf.can 5.2). There should be

other approaches in case the discovery of such an atomacespknt is unsuccessful.

2.4 Composite Replacement: 1-n (one-to-many)

In composite replacement, either or both the “to be remowsiice(s) or the “to be

placed” service(s) are composite.

The 1-nreplacement, which is also called Atomic-to-ComiedReplacement, is to find or
to compose a composite Web service which fulfills the taskeffailed (atomic) service.
“Process reorganization” is an approach which is able ttaoepthe failed Web service
with a group of Web servicesS(ibramanian et al2008. The composition time can be
either before the execution or at the failure time. FigBu@bin Section3.2.2shows an

overview of this replacement type.

2.5 Composite Replacement: n-m (many-to-many)

The n-m replacement, which is a Composite-to-Composite cepiant, replaces a se-
guence of services including the failed service with anosie¢ of services. The replace-
ment can also be a many-to-one replacement, in which a cataeesvice is substituted
with an atomic service. Figurés9cand3.9din Section3.2.2 depict the overview of

these replacement types.

There are various methods for composite replacement winechesiewed as follows.

2.5.1 Backup Path

Yu & Lin (20058 proposed two algorithms to adapt a distributed businessgss. The
adaptation is based on a creation of a backup path for evewjcean the execution
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path. They adapt an autonomous business process if a faibegs to ensure a non-
interrupting execution. Further, they reconfigure theeyshot to use the failed service

in future executions.

The proposed algorithms are based on abstract servicascésetasses). A business
process is modeled as a Directed Acyclic GrapAG), and the business process and its

service execution paths are constrained not to exceed a&dedird-to-end delay.

An algorithm calledCSPBis triggered when a failure occurs. The algorithm generates
backup path for every service to the end of the compositacgeiv advance as shown in
Figure2.2 Hence, from a service in the structure there would be at teaspaths to the
end. The execution will continue through the secondary paltie first optimal path fails,
i.e. the service preceding the failed service chooses ttiapgath. In order to calculate
the backup path, the reverse graph of the original graphnsidered. Then, from the
source node of the reverse graph (which is the sink node odrigenal graph), at least
two paths are calculated to every graph node. Hence, in thmakgraph every node has

two paths, the optimal and the backup path, to the sink node.

The second algorithmCSPR, is invoked whenever the failure of a service persists. It
reconfigures the structure in an offline mode so that the ¢aecefrains from the invo-
cation of a service with a high probability of failure, i.e.sarvice which is persistently
unresponsive. The paths are re-generated such that thengitjre failed service (of that

specific service class) or they do not use that particulalevbervice class.

In brief, theCSPBalgorithm is used to adapt a running composite and18€Ris used
to reconfigure the new composites having a previously gertigailed service in their

structures.
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Figure 2.2.: CSPBBackup PathsYu & Lin, 20053

Merits and Limitations :

e For arunning process including a failed service, the corgbbaickup path
commences just from the immediate predecessor. In ordectease the
probability of a failure solution, the replacement may tstiaom a service
located not only one service before but also any service fwithe failed
service.

e The approach considers the delay, cost and benefit. Q8properties
should be considered to enhance the tQt@@Edeviation of the composite
service.

e For the purpose of evaluations, the authors simulated tbeution of the
composite Web services. They created E#e5 of services using aan-
dom generation of edges among the service nodes.

e The researchers compared the algorithms’ performanceetophevious
proposed algorithm calle@SP(Yu & Lin, 20058.

e The authors claimed that if there is a node (service) with axkbp path
for its execution, it is called a critical point for the busss process. How-
ever, the problem can be eased if they go further backwardmdoa

backup path.
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2.5.2 Region Reconfiguration

Lin et al. (2010 proposed a dynamic reconfiguration of the service proseg3e objec-
tive is to preserve the primaoSconstraints. The approach replaces faulty services and

their neighboring services.

The reconfiguration is threefold: identifying faulty reg®of services, calculating con-
straints for each region, and recomposing regions. Theyqgsed three service function
replacement models including one-to-one, one-to-manyraand/-to-one as shown in Fig-
ure 3.9. Another motivation for the work is to heal the system if npl# failures happen
in a service execution. The authors implemented the methadsiystem called “Llama

middleware”.
Merits and Limitations :

e The replacement approach gradually expands the regiondimg) the
failed service as depicted in Figu&3 contemplatingQoS constraints.
Hence, the topmost criterion is the number of services iir the be
replaced” services, and the other criteria suclQa$s are of less impor-
tance. It would be better if the approach uses an alternatethod such
as “weighted multiple-criteria measures” which equalliabaes other cri-

teria.

For example, if for a failed service, there are two regionthwi and
m services, andh < m, their approach would definitely choose the first
replacement witm services. However, if the region @ services are
better to be reconfigured, e.g. in terms@dS this set ofm service with

even higher number of services must be selected.
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Figure 2.3.: Reconfiguration Region Examplkig et al,, 2010
Region reconfiguration is also used to ensure the correctrs2sg Services Behavioral

Type (SBT) (Li et al., 2011).

2.5.3 Multiple QoS Constraints

Feng et al(20073 presented a model for the composition of Web services alatigtheir
invocation, and the recovery of its probable failures. Thalgs to satisfy multipleQoS
constraints for the component services. They declaredttisasevere to have a backup
path for every component Web service, e.g. in @&PBalgorithm (fu & Lin, 20053.
The method moves backwards on the failed execution pathfilatsl another path with
the highest utility using their proposed algorithm called&ervice Composition Partial

Re-composition (WSCPRJ}-éng et al.20071.

The above method considers multif}deSproperties. The actual values@QbSproperties
(q) are stored in a matrix withrows for the service candidates and¢olumns for th&QoS
metrics. The properties are grouped to benefit propertiescast properties, which are
to be maximizedd metric values) and minimize@(metric values) respectively. Every
QoSmetric is weightedwy). The utility function is used for the selection of a servasea

QoSevaluation metricdy is the difference value between the maximum and the minimum
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values:

a Y e B o
0= 3w (B 5y (Bl 100

0 =1 0j
. 2.1
ai = Qaimax — Yaimin’ if Qaimax — Yaimin 7& 07 elseqai(k) — Qaimin = 1 ( )
a] = qumax_ qumin’ if qumax_ qumin 7& 07 elsequmax_ qu(k) =1
where:
a B
0<Wi,Wj<1;ZWi+ZWj:1,G+B:m (2.2)
i= =1

The WSCPR algorithm finds a new path with the highest utilitynalBquation2.1 which
maximizes the number of common services between the brakgrh@nd the new one.
The time complexity is reported & N2Im), N as the number of service classes each with
| candidates, anth as the number oQoSrequirements. The WSCPR’s performance is
compared witlCSPB(Yu & Lin, 20053, and itis illustrated that it performs faster during

run-time.
Merits and Limitations

e The WSCPR continues backwards in the structure of the conepssit
vice to find a node with an out-degree of more than one. Theritigo
should not only consider the out-degree of the predecessacss (being

one or more) but also the@oSat the same time.

2.5.4 Multi-stage Adaptation

Chafle et al(2006 proposed a multi-staged approach to the adaptation of \&kelices

called Adaptive Web Service Composition and Executi@ad{ SCEH. They defined the
problem as a composition approach being able to adapt tongignzhanges in terms of
functional and non-functional requirements of the serviteey figured out the problem

by a staged solution in which several workflows are generated

27



The 2-W SCEapproach uses two levels of adaptation. First, replacinglt@nnative in-
stance of a service in a service type (class) such that thatidmality is similar but the
non-functional properties might be different. Second, flecBnt template of services
using other service types are replaced. Each level is doaedifferent stage. The re-
searchers used a ranking function to select the best chinieeery stage. The rankings
are based on several criteria such as the length of the watkieer comprehensibility
of the workflow,QoSvalues of the instantiated workflows. For the purpose of tdem,
they follow an incremental recovery process. If any of tteges is unsuccessful to pro-
vide an alternative, the previous stage is triggered. Mage@ feedback mechanism is

also defined to health check the alternatives.

The 2-W SCEalgorithms are improved in terms of first, the number of ceeto get
new QoS changes from the providers which yields better aggre@i& and second,
stability of the processe<hafle et al.2007. This is done by approximating between
the gains and their costs. The value of the changed infoom&iOC) (Harney & Doshj
2006 determines the reactions of a process in the changed enwinat. The VOC helps
to reduce the substitution of the workflows by selectivelgmying their providers and

switching them when it is reasonable.

Merits and Limitations

e The 2-W SCEalgorithm does not deal with the effects of the previously
executed services.
e The composite structures are only sequential and otheststas are not

addressed.
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2.5.5 Rebinding

A binding and re-binding approach is presented @arffora et aJ. 2005 and later in
(Canfora et al.2008. The approach focuses on@Saware run-time binding of the
abstract services to the concrete services based on GAtiithms (GA) for optimiza-
tions. Their research is motivated by the fact that knowinggfinalQoSwould be changed
due to a measurement of the actQalSattributes of the executed services, the composite
service is required to be altered. The abstract servicesilbfo be executed slicef the
composite service will be rebound immediately after a daeieation of the re-binding

need.

This approach re-estimates the workflo®@sSby receiving new information during exe-
cution. The new information is from either tiEdSmeasurement of the executed services
or the decisions made for the control flow structures sucéwakch If the services are
unavailable or theQoS deviates from an estimated value, and it is off the limits of a
pre-defined threshold, then it re-binds the non-executsttadi services to new concrete

services.
Merits and Limitations

e The approach triggers re-binding by predicting the desratf theQoS
estimated from the actual values.

¢ It merely re-binds the slice of the composite service froenghint of fail-
ure or the node in which th@oSdeviation is discovered. Hence, it just
changes the non-executed services. Looking backwardsghribe struc-
ture of the composite, i.e. even the well-executed seryitésprobable

that the approach finds a better substitution solution im$ssf QoS
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e The re-binding will not change the structure of the compgos#trvice and it
simply replaces the instances. The advantage is that thegsssstructure
is saved; however, the probability of recovery will be iresed by check-
ing for a new structure, i.e. a new workflow for the slice. Ialsgases not
only will the QoSbe changed, but also the quantity of the services may

change.

2.5.6 Dynamic Substitution

Moller & Schuldt (2010 dynamically modify the control flow of a composite servide a
run-time in case of a failure. The approach is motivated bgraahd to handle the failure
of a composite service without the need to be aware of allablaiservices at design time.
They provided a forward-oriented failure recovery strgtegwhich they automatically
substitute a set of services by another semantically elgmivaet. The strategy is called

Control Flow Interventior{CFI).

Firstly, the authors formally defined the service profile #melprocess model of the ser-
vices similar toOWL-S. Then, they used the initiated idea of subgraph replaceofent
composite’s process model to survive the execution of thed@omposite. A subgraph
of the original control flow is substituted by a semanticaltyuivalent set of services. For
the matchmaking purposes of the subgraphs, they use ‘fbgenappings” between Input
and Output, and Precondition and Effe€@PE) pairs of the subgraphs. Actually, Precon-
dition is excluded because they claimed that two serviceg seaantically be similar
having different preconditions. That is to say, the sublgiagrs are said to be matched if
their number of functional properties are equal and eacpayty of a subgraph is mapped

to a property of the other subgraph.

Merits and Limitations
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e The evaluation of the work represents a low time complexay the
replacement which shows a strength of the subdigraph rexplect ap-
proach.

e They claimed the effectiveness of the approach for all {bssnapping
cardinalities of the replacements, i.e. the subgraphsgssizcluding 1:1,
1:n, n:1, and n:m; however, they evaluate the approachqu4t1 replace-
ment.

e The replacement used in the approach does not move backthaodgh
the structure to find a better so-caliadial place. Therefore, even though
they use theffectsproperty of the services for the matchmaking purposes,
the world-altering services are not considered.

e The determination of th&nal point for the “to be replaced” subgraph is
not explicitly stated even though it is crucial (It is not végd in their 1:1
replacement of the practiced evaluation).

e The approach does not support non-functional propertiethoreplace-

ments, hence th@oSdeviation is not investigated.

2.5.7 Performance Prediction

Dai et al. (2009 presented a self-healing solution for composite serviggsg a per-
formance prediction method. They integrated the ideas okdgain selection and re-
selection in execution. The problem they claimed to soltevefold. First, the time com-
plexity of a reselection of a service class and its successdigh. Second, a sub-optimal
replacement composite service backed up in the selectigraisa not be available with
its initial QoS The pivotal idea of the approach is performance predictibhe com-

ponent services’ violation oDoSis predicted so that the reselection is done before the
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failure. Hence, the composite service is repaired befsr@vwocation.

A Semi-Markov Process (SMP), an extension of Markov's iduee the speed of data
transmission. The SMP models time-dependent stochadiavims. The approach pre-
dicts if there is a deviation iQoS particularly in data transmission speed from its esti-
mated speed. The predicted unavailable (or unpromisingjcseeis re-selected and in
case that an alternative does not exist, the backed up sesrwiould be replaced. The
re-selection and replacement is triggered to be perfornatdr® the invocation of the
composite service based on its calculated reliability. réfege, the composite service

will switch to the repaired structure and automaticallyl Wwéal itself.
Merits and Limitations

e Predicting theQoSdeviations helps the composite service to be repaired
even before its execution which decreases the delay.

e The approach is applied to one metric@dS However, the other metrics
should be considered as well.

e There is no solution for the replacement of functionallyetént services.

e Semantics of the services’ functionality is not contengdat

e The approach does not go backwards through the structune abimpos-

ite service, so the effects of the world-altering serviaesret considered.

2.6 Summary: Inferences from Literature Reviewed

In this chapter we reviewed the approaches to the failurevexg of Web services. The
approaches were categorized based on the cardinality o$&tgoof services, the set of

services to be taken from the structure of composites anskhef services to be placed.
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Table2.1 shows a summary of the most related approaches to our resganglem. It

identifies the main idea and the contributions of the reses,ctheir binding methods,
consideration of world-altering services and compengsatiotheir effects, replacement
types, and the use of semantics to enhance the automatiesamfary. The comparison

(other than replacement types) embraces the following fagiors:

e Binding method: The method in which the services are represented in composi
tion structures, i.e.Static (for concrete service) dbynamic(for abstract service)
Binding.

e World-altering services: The method considers existence of the worldxadtser-

vices in the composite services.

e Semantics The method uses semantics in the specification of the ssvtbeir

mediation, and in the replacement strategy.

Table 2.1.: The Most Related Researches’ in Chronological Order
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Furthermore, Tabl2.2shows the failure recovery approaches particularlyxdrL-S ser-
vices. This table also distinguishes the main idea and the&ibations of the researches,
consideration of world-altering services and compengsatiotheir effects, replacement

types, andQoSaspects.

The approaches were investigated from the aspect of ei@yatirposes. We have seen
that none of the methods were evaluated on a single data s¢bdioe unavailability of
such a test data. All the approaches were tested on a smalf senually generated
composite services or a set of randomly generated compositeis generation of syn-
thetic services does not allow for comparisons of the methdthe test collections used

for evaluation purposes of the investigated methods amrsioTable2.3,

Even though there are some test collections of semantic @fgires such a®WL-S Ser-
vice Retrieval Test CollectiorQWLS-TC), SWSTest Collection §WS-TQ, SAWSDL
Service Retrieval Test CollectiorSAWSDL-TC), and WSMO-Lite Test Collection

(WSMO-Lite-TO), there is no data set for the composite (semantic) Weberihe

Table 2.2.: Failure Recovery Approaches fOWL-S
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Table 2.3.: Evaluations of Failure Recovery Approaches

Research Paper Test Collection
(Yu & Lin, 20053 Randomly Generated
(Chafle et al.2006 Randomly Generated
(Feng et al.2007ab) Randomly Generated, usimgm(network emulator)
(Canfora et a].2008 Two manually made composite services (9 and 6 services)
(Dai et al, 2009 Randomly Generated
(Lin etal, 2010 A business process with 49 nodes and 8 parallel structuressnimlation
(Mdller & Schuldt 2010 | - 10+4 OWL-S Ontologies
- Synthetically generated service specifications
(Angarita et al, 2012 Synthetic Data sets comprised by 88(ss with 7 replicas each

use of a randomly generated set of services among all tharadsas proves the lack of a

standard test collection @bmpositeWeb services in the field.

The literature review in this chapter suggests that:

e It is better to use a combination of replacement methods,dree-to-one, one-to-
many, and many-to-many replacements, to enhance the pligbaba feasible re-
covery.

e In order to find the best set of services to be replaced, theoapp should go back-
wards through even the well-executed services.

e The method must minimize the required calculations at aifaitime so that the
repairing delay time is decreased.

e The semantics of the services must be contemplated for amaeaeplacement of
the services in terms of their functionality. Moreover, #ygroach should not be
restricted to a particular formalism.

e The world-altering category of services must be considaretitheir effects on the

knowledge world and the real world must be contemplated.
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2.7 Problem Identification: Problems Identified and Conclusions

The results of the tests on existing methods and infereneeendfrom the literature re-

viewed revealed that four fundamental problems appearisb. ex

e The lack of a test collection stays on top which is a fundaalgomtoblem shared
among all the methods and needs to be dealt with. The tesctiolh needs to sup-
port semantics of the services and to be built using botlgoates of Web services,
information-providing and world-altering, to enable thmpeoaches to examine both.
Additionally, it has to be big enough so that tests such alsahitity checking of the
failure recovery methods can be performed.

e The failure recovery probability of existing methods pautarly the well-known and
often-used replacement, Atomic Replacement (one-to-am&)w. Hence, it needs
to be tackled and increased to enable a more reliable sevaimed system.

e The proposed method must contemplate world-altering oayegf Web services.

¢ In addition to the accuracy of the adapted service in ternfaraftional properties,
its non-functional properties, i.eQ0S must be considered in order not to have a

major change after an adaptation.
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Chapter 3: Subdigraph Renovation Plan for Failure Recovery

In the usual case, a user asks a service mediator in the 8e@nented Architec-
ture (SOA) for a Web service to carry out some tasks. The user can even duwdt-
ware agent which requests a specific service. The servicatoedearches its own ser-
vice registry (local or remote) to discover a service thatames the user’s requedir,
2007 W3C Working Group 2004). According to the first semantic service’s matching
proposal, there are four conceivable levels of match: exatisume, plug-in, and fail

(Paolucci et al.2002. The service with the highest matching requirements iscsedl.

The mediator orchestrates the execution of the discovemeace to ensure the achieve-
ment of the goal for the user. Business processes which @akedtie implementation of
the Web services are typically long-lasting and susceptibfail. In case of a failure the
mediator exchanges the jammed service with a matched serflscovering the alter-
native service is similar to finding the first service, unlgshooses the second topmost

service available.

In more complex cases, if the mediator is unable to discoviraat a plug-in match for
the request, a composer bundles smaller Web services tte @ezlue-added service
(Medjahed 2004. Some of these smaller services can be other compositesgr@s
well. The composer stores the synergy service in a compsaitece registry for future

uses.

The execution of the newly generated service structurerdkpen the correct execution
of all sub-processes. These smaller services have thengenty of a failure as well.
Moreover, due to the dependency of the components on eaeh tith probability of the

failure of the system is higher. Therefore, a mechanismdsired to ensure that the
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running process is not interrupted. This strategy shouidktyuand efficiently exchange

the component service, which has failed or became unal@ilaith a similar service.

If a failure occurs for any of the constituent services ofdbmposite service, the mediator
is responsible to switch to an alternative service like tt@a taken for the atomic service
failure. Moreover, the effects made by the previous exetWteb services of the construct

need to be undone.

3.1 Formal Definitions

The following are some definitions of terms used in this redea The definitions are
mostly adapted from the works byldller & Schuldt (2010, Yu & Bouguettaya(2008,
andVan Riemsdijk & Wirsing(2007).
Definition 1. Functional Properties. The set of functional properties of a services a
four-tuple:

S =(1,0,7,%) (3.1)
In Equation3.], 1 is the set of Inputs is the set of Output®; is the set of Preconditions,
R is the set of Results (Effects). The cardinality of each e$ehsets is greater than or

equal to zerolx| is the cardinality of the set x:

I =0 (3.2)
o > 0 (3.3)
Pl > 0 (3.4)
R > 0 (3.5)

The inputs and the outputs are the information-transforamatione by the service. The
precondition is the condition which must be true before thexation of the service. The
results, which are sometimes called effects, are the chamgete in the world through

the correct execution of the service.
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The only restriction for the cardinalities is that everygiee must have at least one output
or aresult, i.e. the sum of the number of outputs and the tesulist be greater than 1 as
shown in Equatior3.6.

(lo]+l=]) =1 (3.6)

Although, the overall approach of our failure recovery noeltlis not restricted to a spe-
cific formalism, we use definitions that are similar to a Seticaweb Service $W9
description language call€dWL and ServicesQWL-S) (Martin et al, 2007). We use
these definitions due to the similarity of our needed defingito the latest pre-release
(1.2) of the languageMartin et al, 200§. However, any formalism, i.e. modeling lan-
guage, which has the definitions of inputs, outputs, preitiomd and results such as Web
Service Modeling OntologyWSMO) language, is applicable and can be used.
Definition 2. Non-Functional Properties. We define the set of non-functional properties
. of a services as a four-tuple:

N =(ET,EC,UC,R) (3.7)
This set contains the execution timeZ() and cost € ¢) of the service, the undo cost
(u ¢) needed to compensate the service effects the historical reliability of the service

in previous iterated executions.

e Theexecution timeof the service is measured by the mediator which is the mean
interval of the execution of the service during its life time

e The provider of the service denotes teecution cosbf the Web service. The
provider of the service himself or a third-party supportdrtioe service regulates
the cost ndo costused to compensate all the effects made by the service.

e The reliability of the service is usually measured as a raahber|0..1]. The value

is governed by the service executor component of the mediatbit is the average
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value of the ability of the service to respond. It is increh®y every successful
execution of the service, and decreased by failure occae®nThe value can easily

be calculated by a simple formula shown in Equatio@

Number of Successful Executions
Total Executions

(3.8)
Although we use the simple formula; however, the value of thabrigty of the
service can be identified by more complex formulae considesther criteria, e.qg.
time.

Definition 3. Atomic Web Service: An atomic Web service is a Web service w which has

some of the functional properties of a Web service and is reatidable into two or more

smaller services. The web service also has non-functioraggsties. This is the core
functionality of a service-based system, i.e. the atomic $¥evice does the actual work

(or part of it) for the user.

Definition 4. A Graph of a Web Service. The structure of the Web service is shown

as a directed graph (hereafter, digrapBgng-Jensen & Gutirr009). Our approach of

graph representation is motivated and adapted ftdashemian & Mavaddg005, and

Yu & Lin (20053.

Every graph of service(s) contains some finite vertices wéielthe services, and some
edges. Every edge e in the graph is a triple=€éw;,wy,c) where e is a directed edge
from vertex (service) wto w,, (wy dominates w (Bondy & Murty, 2008). According to
Equation3.6, the minimum out-degree of the vertices is one, i.e. evebysékvice must
have at least an output or a result (for graph &, (D) = 1 (Bang-Jensen & Gutir2009).

c is an ontology concept used as the label of e. This conceptidefined in some shared

ontologies among all the graphs of services in the repogitor
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Atomic

Input Output
(Information and Precondition) (Information and Effect)
1

User

1
1
1
1
1
1
1
Figure 3.1.: A Graph of an Atomic Web Service

An example of such a digraph of an atomic Web service is givéigure 3.1 Moreover,

Figures3.2, 3.3 and3.4show other examples of digraphs of (composite) Web services

Neither w nor w, can be null, i.e. there is no orphan edge in our graphs. Moegow

cannot be null, i.e. the concept which is used to label the etdgs be explicitly specified.
We define three functions to access the vertices and labtie graphs:

o tail(e) returns the vertex w
¢ head(e) returns the vertex w
e concept(e) returns the label of the edge, i.e. the ontology concept c.
Definition 5. Composite Web Service: A composite Web servigeis a seven-tuple:
S=(W,E,1,0,7,%,%) (3.9)
S is modeled as a directed, connected, labeled (both edgdddpand vertex-labeled)
graph. A Usejnhpyt vertex (virtual source) and a U sgiitput Vertex (target node) are added

to the graph Yu & Lin, 20059. Figure 3.2 depicts a sample composite graph.

e 9/ is afinite set of verticesw = {wy, W2, w3, ...,Wn}.
w; is a Web service, either an atomic Web service or another ositgoWeb service.
Although, a constituent of a composite service can contairerthan one atomic
service, we consider the smaller composite service as aessegiice. Hence, the
order of the graph of the whole composite sendcee., the cardinality of the set of
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Composite
Input Output

(Information and Precondition) (Information and Effect)

User

Figure 3.2.: A Graph of a Composite Web Service

component services is i | = n). Service names are the labels of the vertices.

|w | > 1. if |{w | = 1then the service is an atomic service (FigGré).

e £ is a union of all of the functional properties of the Web segsgiin/ . The func-
tional properties make the edges of the digraph and somesaddiyes link w ws, ...
together. The other edges that do not link the Web serviestharones which define
the functional properties of the composite Web service.ohit@logy concepts used
for the functional properties are the labels of the edges.

e Functional properties, o0, ®?,® are as follows.

— I is the Inputs set of the composite sernscér C £).
Ve e 1,tail (e) = Uselinput,heade) e W

— 0 is the Outputs set of the composite sendd@® C £).
Ve e o,tail (e) € W,heade) = Useloytput

— 2 is the Preconditions set of the composite servi¢e C £).
Ve e 2, tail (€) = Uselinpu, heade) e W

— R is the Results (Effects) set of the composite sewige C £).

Vee g ,tail(e) € W,heade) = Useloutput
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I, and? cannot be equal t& because the composite service must have at least one
output or a result (Equatio.6).

e 4 is a set of non-functional properties of the composite seryi The following
calculations are adapted from the well-known works presenyeteing et al(2003,
Zeng et al.(2004), Cardoso et al(2004), Jaeger et al(2005, Chafle et al.(20096),

andCanfora et al.(2008.

— The execution timex(7") of the composite servicgeis the sum of the execution
times of the constituent servicesan.
||
i=
— The execution cost(c) of the composite servicgeis the sum of the execution
costs of the constituent servicesnn.

|7 |
‘ECSZ fCWi (311)
2

— The undo costq ¢) of the composite serviceis the sum of the undo costs of
the constituent services in .

||
ﬂC5: ‘llCWi (312)
2

— The reliability (® ) of the composite servicgeis the multiplication of the relia-
bility values of the constituent servicesin.

||

%= [ (3.13)

The direction of the edgess in the graphs is from the services which generate the output
(concepts) to the services that use these outputs (as tipitd). Similarly, the direction
of the edges is from the services generating the effectetsdtvices which use them as
their preconditions. There are edges which do not join two efdérvices together, and
only have one side incident to U sgjut or Useloypu: These edges areuo UP U R

and they make the inputs, the outputs, the preconditiortsilaresults of the composite
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services.

By the term “connected” we mean that the underlying grapls @ a connected graph

(Bondy & Murty; 2008.
We assume that the composite Web service’s grapibis@in which:

1. There is no loop in the graph, i.e., none of the edges joseraice to itself directly.
If a loop in the structure of the composite service is neeldrdhs been proposed to
convert its graph to @AG by unfolding after estimating the number of iterations
(Zeng et al, 2004). Moreover,Canfora et al.(2008 unloop such a graph to BAG
by multiplying the abstract nodes to a weight which is the egghiteration count
of the loop.

2. There is no cycle (including any finite number of the ses)i¢drom a servicay to
itself. In case that a composite Web services needs thetexeof a service more
than once, several instances of the same service (with \anemes) are added to
the graph as different vertices.

Example 1. As an example for the definition of a composite Web servicéniben 5),
we define a sample composB&VS Figure 3.3 represents a composi®WSwith four

constituent services:

e W ={a,8,c,D}

- A4 :{Iﬂaoﬁl?fpﬂag{ﬂl}

3 ={{11,,12,},{01,,02,}.{},{}} : no precondition and result

¢ ={1-,0-,{},{}} :: no precondition and result

D ={I1y5,{},{},Rp} :: nO output and precondition

e £E=4UBUCUD =
{]ﬂlaoﬂvfpﬂ;g{ﬂv119;7[29;50137029;716‘706"I{Dag{,l)}
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A Composite Service

Figure 3.3.: A Composite Semantic Web Service Containing Four Smaller Services

I={Ia,12,}, 1=14,I2=1Ip,

0={0¢}

P ={Py}

R ={Ra,Rp}, R1=Ra, R2=Ryp

In the example,z and © are world-altering services, ands and ¢ are information-
providing services [icllraith et al., 2007).

Assumption 1. The actual digraphs of atomic and composite services arepesented

on the left side of Figur&.4. We intend to symbolize the points of functionality as the
vertices in the graphs. So, sometimes for the sake of bramyclarity we omit the
representation of the user vertex in both sides (as showreinigiht graphs of the figure),
regarded as theource, and thesink of the graph.

Assumption 2. The users in Figur&.4 before and after the execution are the same but
because the situation (the information and conditions lakdéeé before and after the exe-
cution) changed, we separated these two verti¥es®(Lin, 20053.

Definition 6. Induced Subdigraph: An induced subgraph of a digraph (hereafter, sub-

digraph Bang-Jensen & Gutir2009) is a digraph whose vertex set is a subsef oind
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Input Output Input Output
(Information and Precondition) (Information and Effect)
1 1

(Information and Precondition) (Information and Effect)

is shown as

User

®

f

Atomic

Input Output Input Output

(Information and Precondition) (Information and Effect) (Information and Precondition) (Information and Effect)

is shown as

_>

User

Composite

Figure 3.4.: Actual Digraphs of an Atomic and a Composite Service
whose adjacency relations set (edges) is a subset of the gdgasstricted to this subset
(Bondy & Murty, 2008. In our definitions, a subdigraph of the whole composite SWS
is another composite SWS,= (w',£’,1’,0',2',® ', (") with the following additional

properties rather than the usual subdigraph definitions:

e w' C w.s'has atleast one of the servicessof|w’| > 0, so, we do not admit the
“null” graph as a subgraph ofs. If any service we w’ then all of the functional
properties of w are members sf.
e s’ is a connected subdigraph of the digraphi.e., there is at least one path from
every vertex to the others in the underlying graply of
e £/ C £. £’ has some of the edges of the digraph The subdigraphs used are
induced subgraphs, i.e. edges in the subgraph incalidenking edges of the graph
s’, which link servicesy’ and exist ins. So, if any edge exists in linking two of
its services, e.ga and3, and if 2 and3 are both ins’ then this linking edge must

beins’.
YW € W, YW, € W, e= (W, Wh,C), if ee EAw € W Aw,e W =ecE’
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e labels of the edges (ontology conceptsy irare exactly the same labels asinOne
of our future work is to consider sub-concept and super-cpnite the subdigraph

edge labels.
e /'CcE,0' CcE,? CE,R' CE.Thereis no determined relation betweemw, 7,
andg andr1’,0’,?’, and® ' respectively, i.e. they may have similar elements.
e 2’ is calculated separately and the values\gf anda(’ are not equal.
Definition 7. Exact compatibility (><): Two digraphs of the composite semantic Web ser-
vices are exactly compatible if the number of functionapemies and even the concepts
used for their functional properties are equat), We use the symbok] to show the

equality of two sets and#) for their inequality.

5':<W',£’,I',O',T’,'J{',9\['> (3.14)
s = <‘W”,‘ZH,I//,O//,?//,K//,NH> (3.15)
5/|32R5//<:> (I’i I”)/\(O/i O//)A(flifll)A(K/iK//) (3.16)

The sets of services’’ and w” may be different in cardinality, and in functionality. So,

£’ and £” might be different as well.

The exact compatibility';gZR, refers to the Input and Output, and Precondition and Re-
sult (OPR) exact compatibility which considers all functional propes of the services.
However, for some reasons we sometimes need Input and Ol ax@ct compatibility,

II>O<, which is defined as follows:

, 10

s'<s"e (1'=1")A(0"=0") (3.17)

It is worth noting that in simple cases 6DPR matching it is possible thar’ £ 2",
l.e. services (atomic or composite) may have similar fametiity with different precon-
ditions. For example there might be two selling Web servibat dre similar but with

different precondition as follows: The first service reqaithe user to create an account
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before his first purchase. So, its precondition is having er @ecount. The second one
immediately creates an account if the user wants to buy fofitsietime. Hence, there is
no precondition for the second selling Web service. Howeverssume that’ should

be equal tar” to cover all the anticipated cases.

The non-functional properties\(’ and ") are typically different.

3.2 SRPFR An Automatic Subdigraph Renovation Plan

We name our approach &sibdigraptRenovation Plan for Failure RecovelyRPFR for
composite semantic Web services. We divide the plan intodistinctive phases, offline
and online. The mediator of the architecture continuougbcates the offline phase to
prepare the requirements for the online phase. Furthetrtie®nline phase comprises a
forward approach, and if this fails it utilizes a backwargegach. The separation helps

our approach to respond significantly faster at the failune t

In the offline phase, which is executed continuously, we do some preasilmos and
we constantly process the incoming new descriptions oféndces published in a local
repository. The current research trend is to compose theséfelices at run-time, so the
assumption of the availability of the composite structurea registry seems unreason-
able. Nevertheless, the reason that we assume to haveubeisss in a registry is that in
the current industry use of composite services, busingssresxcommonly predefine the
composite structures and store them for next use. In othetsyenterprises prefer to ex-
amine the composite structures before deployment. Heoosjderation of a composite
service registry is not illogical. This is supported by weduch asl(in et al,, 2010 in
which a service repository is contemplated in their fram@uwd he online phase is trig-
gered immediately at the failure time to adapt the servickrastore the normal execution

flow of the services.
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Recovery Method
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Semantic
Web

Services Composite Subdigraphs
Services | |
|:> ;: — |::> Pre-calculations [:>

W Failure
Adaptation

Figure 3.5.: Overview of the Recovery Metho@RPFR

= =

Figure3.5depicts an overview dRPFR It shows the registry of semantic services. They
may be combined to make the composite serviéRPFRcalculates their subdigraphs
and the requirements of our proposed adaptation methodorEhealculations are done in
an ongoing manner and continuously to ensure that if a &acurs it can be recovered

with a minimum delay time.

Figure3.6illustrates an overview of a sample replacement done bylgweithm. In the
figure, Web servic€ is assumed to have failed and the mediator could not find amyiat
replacement, or even a composite service matching it. ThAptadreplaces the subgraph
containing{B,C,D} services (Figure3.6a) to the subgraph witRE,F,G,H} services
(Figure3.6b). We suppose that the replacement is feasible due to tloe exapatibility

of BCD and EFGH according to Definition

\\\\‘(f

I
I |
ll“\\\\\\\\\\

(a) Before Replacement (b) After Regla\cg'aent

Figure 3.6.: A Sample Replacement
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The following two sections elaborate the tasks done in ehelse.

3.2.1 Offline Phase

The mediator has the definitions of the semantic Web serindes related service repos-

itories, namely, the atomic service repository and the cusite service repository.

The atomic service repository contains all the definitiohshe services together with

their functional, and non-functional properties (Defmnts3, 1, and2 in the order given).

The composite service repository contains the compositetstres (generated from the
atomic services) as digraphs (Definitibn The definitions of the atomic services in the

composite structures are referred to the atomic servicesrepy.

Subdigraphs Calculation

The mediator calculates all possible subdigraphs of theposite semantic Web services.
These subdigraphs are also cached as separate compositetisefvieb services in the
repository. The calculation is a time-consuming task ofapproach. Due to its high time
complexity we propose the calculation to be done in an orggoianner in which every
time a new composite semantic Web service is added to theitepothe task is triggered
to be efficiently performed simultaneously. The calculatoethod for subdigraphs is

elaborated in Chapte.

Following the calculation of subdigraphs of composite g®y, there are three sub-tasks

as described below.

Measuring Original Subdigraphs

Having all subdigraphs of each composite semantic Webaerwie build a selection list

to check all subdigraphs to see how many of them can be repl&de categorize and in-
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Composite Web Service

| 2OSORO5
D}

(a) A sample composite Web service

Web Services

Subdigraphs| A | B | C | D

A [l

B il

C O

D O

AB O 0O

BC O 0O

BD O O
ABC O(0|4d
ABD OO O
BCD O(gd|ad
ABCD O(ag|a|o

(b) The connected subdigraphs with theirs
constituent Web services’ check list

Figure 3.7.: Original Subdigraphs Indexing Example

dex the subdigraphs based on the presence of a Web servie@risttucture. Henceforth

“Original Subdigraph” means a subdigraph of the Compositas&@gic Web Service.

We need the selection list because we want to know if any offteb services fails to
respond, among all “Original Subdigraphs” which of them lagéter to be replaced. Fig-
ure 3.7 represents an example of a composite Web service consgjtiatur Web services
with a table that lists the connected subdigraphs of thispmsite service. For every

constituent Web service the subdigraphs containing the 8§ebce is marked.

Henceforth, we call the Web service that we assume may falsasimed Failing Web
Service AFWS). We presume that every component, i.e. constituent Welicegiof the
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composite structure may fail with an equal probability.

In an atomic replacement approach the unique choice hdre mubdigraph with a single
service; however, in our approach there are several patesubdigraphs that may be
possible to be replaced. Therefore, we believe that thegibty of finding a replacement

is increased.

All the available choices are ranked based on six criterige fAnking result is used in the

next steps. The ranking criteria are as follows:

e The order of the subdigraphs, i.e. the number of Web services in theigtdph
(| ]). The fewer the number of Web services to be replaced (inaffséure) the
better is the performance.

e The executiortime and costof the Web services in the subdigraphZ and ¢
respectively) as in DefinitioB. The higher the execution time and cost of the ser-
vices the better the “Original Subdigraph” is to be nomiddtebe removed from the
composite Web service structure. The replacement may nimekeamposite Web
service faster or cheaper respectively because it is pleliadt we may find faster
or cheaper Web services to be substituted.

e Thenumberand thecostof undoing the effects of the world-altering services pre-
ceding theAFWS. The structure of the composite service is available in dpos-
itory, so it is handy to count the number of world-alteringvsees located before
the AFWS. To replace a subdigraph of Web services containing theueeeavorld-
altering Web services, the mediator must pay extra cost mgpensate the effects.
The information-providingservices need not be compensated because they did not
make any change in the world. In order to select a subdigrajie tsubstituted, it

is reasonable enough to choose in terms of paying less taoeo the subdigraph
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should be ranked higher.

e Thereliability (%) value of the subdigraph. For every subdigraph, which ie als
another composite Web service, we store a quality valuedadlliability. The value
shows the historical probability of the service responsexecution requests. If the

reliability of the nominated subdigraph is low we rank it Ingg to be replaced.

Equation 3.18 shows a ranking measure called Original Subdigraph Rankieg-M
sure OSRM) based on the six explained criteria. For the purpose ofrigaai normal
value in the range of0, 1] for the rank, we use the normalized values of the criteria
(Feng et al. 2007g. The normal values are calculated based on Equai@d The
Minimum(X) andMaximuntX) are calculated for every criterion X separately on the list

of available “Original Subdigraphs”.

“Original Subdigraph Ranking Measure-

AL(L—|W |horma) + 92E T normal + O3E Cnormal+

G4(1 —U ndQ;oun'hormal) + 05(1 —-U ndQ:OSEormal) + G6(1 - 'Rnormal) (3 18)

X — Minimum(X)

Xnormal = Maximun{X) — Minimum(X)

(3.19)

The weights in EquatioB.18 (a4, >, ..., 0g) are constrained as in Equati@2Q It is
feasible that the weights are either identified by the adstraior of the mediator or they
could be calculated by a neural network based algorithm adéan done for similarity

measurement indanjisaffar et al.2008.

6
ai=1 0<qg;<1 (3.20)
2

For all the subdigraphs of a composite Web service and allit4/Ss, theOSRMvalue
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is calculated and stored for next use.

Finding Replacement Subdigraphs

Another task which should be done in parallel with the sutagy calculation is to find
the alternative subdigraphs in the repository which caemilly be executed in lieu of
each subdigraph. The search is based on the exact compatibihe subdigraphs, which

is formally defined in Definitiory.

Henceforth, we call the alternative subdigraphs Replacement SubdigraghsSo, we
look for “Replacement Subdigraphs” which are possible toXeeeted rather than “Orig-

inal Subdigraph”, i.e. the primary subdigraph includiigws.

To attain a better search performance the subdigraphsdegdd based on a multi-value
of their functional properties. The discovery method stouleferably be a semantic
approach to ensure the accuracy and correctness of theeapat. The discovery details
are not within the scope of this research. Our discovery atefbr the experiments is

described in Sectioh.1.2

Ranking “Replacement Subdigraphs”

Every composite service contains several atomic Web sesvi€urther, each atomic ser-
vice may participate in the composition structures of uasidigraphs of services. More-
over, every digraph or subdigraph of a composite service naag multiple alternative
similar digraphs, i.e. “Replacement Subdigraphs”. Bothtiehs are a one-to-many re-
lations. Therefore, for every atomic service there exigterént related graphs. In other
words, if a constituent atomic Web service of a composite Watvice fails during an

execution, there may exist several replacement subdigraph
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Figure 3.8.: Relation of an “Atomic Web Service” to the available “Replacement Subgtaphs

Figure 3.8 depicts the relation between an atomic service and thenaliee “Replace-
ment Subdigraphs”. The structure is a tree in which its ramtenis an atomic service.
The nodes at depth two are the composite services whichinaotfiis atomic service
(“Original Subdigraphs”). The leaves are alternative gsapf services (“Replacement
Subdigraphs”), which are similar to their parent nodes.tiAd nodes except the root are
either original composite services or the subdigraphsettmposite services which are

other composite services.

In cases where several “Replacement Subdigraphs” are laleaitar aAFWS, i.e. refer-
ring to Figure3.8, more than one leaf node exists, we have several choicethesaptions
are ranked to make the best decision. The aim of ranking isitbtfie best branch from
the second level of the tree to its third level. Hence, if&iVW S fails, the topmost choice

is at hand.

The ranking is based on four criteria as follows:
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1. The order of the services in the “Replacement Subdigraph’|Y. The fewer ser-

vices in “Replacement Subdigraph” the better.

2. The total execution time and cogt{, and ¢ respectively) of the “Replacement
Subdigraph”. The lowee 7 and ¢ the better choice it is.

3. The reliability & ) of the “Replacement Subdigraph”. The higher quality valtie o

R is preferable for “Replacement Subdigraph”.

Equation3.21 shows Replacement Subdigraph Ranking MeasR&RM) based on the
four mentioned criteria. Similar to the weights@ERM the weights here are constrained
as in Equatior8.22 The values of the weights are defined by the administratdhef
architecture based on the application and the importanteeafumber of the services of

the digraphs, the total execution time and cost, and thaliéty of the services.

“Replacement SubdigrapRanking Measure=
Bl(l - “W ’normal) + BZ(l —ET normal)"’

B3(1— £ Cnormal) + B4Rnormal (3.21)
4
_ZBi =1, 0<Bi<1 (3.22)

Finally, we rank and choose the best “Replacement Subdifyregshan AFWS by
combining two mentioned rank measures, i.©SRM, and RSRM. We combine
them using Equatio.23and the constraint on their weights using Equato®?4 Ac-

cordingly, the weights are either calculated systemayicaldefined by the administrator.

Rank= y;OSRM+ y,RSRM (3.23)

Vi+Yy2=1, Ogylgl, O§y2§1 (3.24)
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Where OSRM and RSRM are the rankings defined in EquatioBd.8 and 3.21 respec-

tively.

At the end of the calculations we are able to find the “Replace¢i8abdigraph” that rep-

resents the best choice to replace the “Original Subdigreqttaining the failed service.

3.2.2 Online Phase

During the execution of a composite Web service, if any o€dsponent services fails,
it jeopardizes the completion of the whole composite servidhe executor has two
choices to survive the whole process, which we cltward approach and “backward
approachi. The terms have been used similarly in other workar{anoglu et aJ.2003

Wiesner et al.2008 Yuan Yi, 2005.

The Forward Approach

The executor retries to execute the perished service hapaighe jammed service re-
sponds in the subsequent attempts. These attempts cantintiea maximum threshold
count or time is reached. This approach is similar torétey exception handling strategy

in (Liu et al, 2010. If this fails the backward approach is chosen.

The Backward Approach

The executor component of the architecture takes thres sbelpinder the system from
failure. In each step if the conditions are not fulfilled theeutor moves on to the next

step.

1. Atomic Replacement The executor searches for possible atomic services to be
used in place of the failed atomic service (Fig®®g. The alternative atomic

service should have similar functionality to the failedvses.
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Figure 3.9.: Replacement Types (Adapted froMdller & Schuldt 2010)
2. Atomic-to-Composite Replacement The executor searches in the composite ser-
vice repository to find out which composite service can beetexl instead of the

perished service and fulfills the functionality of the failgervice (Figure.9b).

3. Subdigraph Replacement The executor exchanges an “Original Subdigraph” con-
taining the failed servicdFWS with a “Replacement Subdigraph” (Figur89c
and3.9d. The best choice is already available from the offline pisasaculations,
so in this step there is no calculation delay. The substituitn this step is not as
straightforward as the previous two steps. This is due tgdssibility of the pres-
ence of theworld-altering services in the chosen “Original Subdigraph” structure

precedingAFWS.

Consequently, if any world-altering Web service is execyierteding the failed service,
and it is marked as a compensatable serntar{ et al, 2011), the undo request is sent
to either the provider or a supporting third-party to unde dffects. The way each Web
service is undone depends on the provider of the servicdeosupporting provider; the

role of the mediator is only to issue the required undo condgnavhich is usually a
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Algorithm 1. UndoUnusedEffects(Failed ServiceOD, RD)

Input: Failed Service is the Web service which has failed during @i

Input: OD (Original Digraph) is the Digraph which the Failed Service is one of its ver-
tices.

Input: RD(Replacement Digraplis going to be posed in place of the Original Digraph.

{We only need to undo the well-executed World-altering Web &}
1: W £S < Executed Servicé#/orld — altering Service@riginal Digraph));
2: Tobeundone- null;
3: for all s in w £s do{s is a member of the set of well-executed Web services}
4. if s € Replacement Digrapthen

5 if (1orR ofs) # (10PR of (s € Replacement Digraphjhen
6 Tobeundone = s;
7: ese
8 Flag s in Replacement Digraph as already executed,;
9 end if
10: €ese
11: Tobeundone = s;
12:  endif
13: end for

14: for all s in Tobe undoneo
15:  Invoke the Undo Procedure of the service
16: end for

common execution of a Web service. The actual way of undamgpt within the scope

of this research.

All the non-requiredeffectsneed to be compensated. Algoritfirshows the way we
undo the effects of the non-required services and the execat the new services. We
optimize the undo process of the well-executed world-@ge¥Web services. We check
the Replacement Subdigragmnd if the effect will be generated again it is not undone in
the first place; hence, it enhances the undo process whigualy not free in terms of

cost and time.

We suppose that all the service effects are positive and egative, i.e., they do not
remove the effects from previously executed Web services.h#e not considered the
inter-relations between the world-altering services, if.@an effect of a services changes

the effects generated by some other services in that plntistnucture of composite. The
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reason for this assumption is that in current specificatodrise effects for world-altering
services, these kinds of relations are not given. Thergefibrie not feasible for such
an approach to identify the relations. Hence, this assumps to isolate our proposed

approach and its results from this aspect.
Algorithm 2 shows a pseudo code of the online phase algorithBRI?FR

e Lines 1-7 show the forward approach, and if the attempt isiceessful the back-
ward approach (Lines 8-20) is taken.
e A matching atomic Web service may replace the failed setadender the system

from failure (Lines 8-10).

¢ If we have an available replacement for the failed serviéeg112), which was cal-
culated in the offline phase, that particular pre-calcddtest ranked subdigraph of
the running composite service is removed from its structame its relevant replace-
ment is implanted into the proper location of the digrapm@s 13-16). In line 14,
the algorithm calls the UndoUnusedEffects algorithm (Aitpon 1) to effectively

undo the non-required services.

e Atlast, the executor of the architecture is informed to peese with the execution of
the composite service with no delay. To steadily declinaugeof the failed service
for the future, a specific non-functional property of theveas, called its reliability
value, is decreased in the registry (Line 21 of AlgoritBn This ensures that new
business processes will gradually stop using the failede®rif the recovery action
succeeds, the execution flow is restored as if the failuredidccur.

¢ If the offline phase could not find an “Original Subdigraphtats replacement for
the failed service, the inability of the approach to adat setover the composite

service is declared, which is specified in Line 18 of the atgor.
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Algorithm 2. FailureRecovery(Composite Structur€ailed Service

Input: Composite Structure is the structure of the original coniedé/eb service.
Input: Failed Service is the Web service which has failed during @i

8:
9:
10:
11:
12:
13:

14:

15:
16:
17:
18:
19:
20:

21:

No gARNR

{Forward Approach}
Start Time« Current Time;
Attempts— O;
repeat
if ExecutéFailed Servicgis successfuhen
return;
end if
until (Current Time> (Start Timet+ Maxrime)) Or
(+ + Attempts> MaXre execution);

{Backward Approach}
AR <« Atomic Replaceme(failed Servicé;
if 2% is not emptythen
EnqueueExecution(r );
else
if Replacement Is Availabl€om posite Structur&ailed Service then
0 G + Get Best Calculated Original Digragh
Composite Structur€ailed Serviceg;
R G + Get BestCalculated Replacement Digrédph
Composite Structur&ailed Service;
UndoUnused E f fectEailed Serviceo g, ® G );
Enqueue Executid® g );
else
Recovery is unsuccessful;
end if
end if

{Reliability values of all graphs containing the “Failed S#ce” is decreased}
DecreaseReliabilityValue(Failed Service);

e In algorithm 2, steps 2, and 3 of the backward approach are not distingliisbe

cause the replacement finding process is similar in botls steg the discrepancy is
their graph size of “Original Subdigraph”. So, by perforgstep 3 if an atomic-to-
composite replacement is available, it is preferably chostence, step 2 is implic-

itly selected.
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Figure 3.10.: A Detailed Depiction of the Proposed Failure Recovery Approach

3.3 Summary

We presented a failure recovery approach for composite rsteen\&/eb services based on

a subdigraph renovation plan. The approach has two phasegsign-time phase and

a run-time phase. The basic idea is that the design-timeepdaiscipates the possible
fragmentations of a graph representing the behavior of gosite Web service, and the

run-time phase, based on some events and gathered informaélects the fragments

that should/could be replaced following a failure.

Figure 3.10 sketches the components 8RPFR its various explained sub-tasks in two

offline-online phases, and their flow in the proposed apgroac
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Chapter 4: A Test Collection of Composite Semantic Web Services

The main obstacle of working on composite Semantic Web 8es\vs the lack of a stan-

dard Test CollectionTC), a data set for experiments on composite Web services.

Currently, there are more than 28600 (atomic) Web servicath@surface Web, which
was collected by a global Web Service Search Engine basefboused crawler” called
Seekdd(ausen & Haselwante2007, Seekda201]) from 2007 to 2011. The Web ser-
vices were offered by thousands of providers. This fairly teist collection of Web ser-

vices include traditional Web serviceStéinmetz et al2009.

However, the numbers for semantically described servicesat satisfactory. Some
research groups created test collections of semantic Weltaee Kiuster & Konig-Ries
2008. The test collections are meant to be used for a specifiares@ener et al.2009

or to be published as a test suite for the research community.

Current available test collections of semantic Web serviaes SWS Test Col-
lection SWS-TQ (Ganjisaffar & Saboohi 2006, OWL-S Service Retrieval Test
Collection OQWLS-TCQ) (OWLS-TC, 2010, SAWSDL Service Retrieval Test Col-
lection SAWSDL-TQ (SAWSDL-TC, 2010, and WSMO-Lite Test Collection
(WSMO-Lite-TC) (Cabraletal. 2012. The first two test collections are cre-
ated usingOWL-S (Martin et al, 2004, SAWSDL-TC is created for theSAWSDL
(SAWSDL Working Group 2007, and the latter is inWSMO-Lite (Fensel et a).
2010. \Various characteristics of public test collections hadween investigated
(Kuster & Konig-Ries 2008. One major reported problem shared among the test col-
lections is that none of them contain composite Web servigbe mediation techniques

need composite services for evaluation purposes.
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In the literature, most of the researches on the Web seraieesisually evaluated on a
small number of serviceChafle et al.200§ Lin et al,, 2010. There is an online portal

for semantic services calledPOSSumOPOSSum2009 which assembles data from
SWS-TG OWLS-TC and some other sources. It creates an assemblage of over 1500
semantic Web services using over 2800 descriptions foergifft description languages
(Kuster & Konig-Ries 2008. Unfortunately, the portal is not updated any more and

newly improved releases of the test collections are not neplanto the portal.

There is an ongoing efforQabral et al.2011) in making a new test collection of semantic
Web services at the Semantic Evaluation At Large ScaleALS) Community SEALS
201]). The test collection is calleVSMO-Lite-TC which is based ot WSMO-Lite
(Fensel et a).2010. WSMO-Lite is the most recent submission YW¥3C as a seman-
tic Web services’ description language. However, accgrdinthe primary report, this

new test collection does not provide composite servicesafifensel et a).2010.

All'in all, to the best of our knowledgthere is no effort in making a test collection of
composite semantic Web services herefore, the noticeable gap in the field is that none

of the investigated test collections include compositeas#in Web services.

4.1 Representing Digraphs of Composite Services

As a means of representing the digraphs of composite sesab services computation-
ally, i.e. representing which vertices are adjacent to wioither vertices, there are some
well-known and often-used ways. In order to represent aagigb = (V,A) for compu-

tational purposes an adjacency matrix, a collection ofcetjay lists, and an incidence

matrix are used.

According toBang-Jensen & Guti{2009:
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“For the adjacency matrix representation of a directed multigraptD =
(V,A), we assume that the vertices Bfare labelledvy, Vo, ..., vy in some ar-
bitrary but fixed manner. The adjacency matXD) = [mjj] of a digraphD
is ann x n matrix such thamj = 1 if vi — vj andm;; = 0 otherwise. [...] The
adjacency matrix representation is a very convenient astddal for checking
whether there is an arc from a vertex to another one. [Page 696
Theadjacency list representationof a directed pseudogragh= (V,A) con-
sists of a pair of arrayé&dj" andAdj~. Each ofAdj"™ andAdj~ consists
of |V| (linked) lists, one for every vertex M. For eachx € V, the linked list
AdjT(x) (Adj(x), respectively) contains all vertices dominatediggiominat-
ing X, respectively) in some fixed order (see Figdr#). Using the adjacency
list Adj*(x) (Adj~(x)) one can obtain all out-neighbours (in-neighbours) of a
vertexx. [Page 697]

The vertex-ardncidence matrix S= [s;] of a digraphD = (V,A) has rows
labelled by the vertices of and columns labelled by the arcs Afand the
entrys, o, equals 1 if the ara; has tailv;, -1 if a; has head; and 0, otherwise.

[Page 145]”

(= —©
O :

Figure 4.1.: A digraph and a representation by adjacency ketg"

\ 4
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User(l)

(a) A Digraph of 7 Services: “User(l)" is th8ourceand “User(0O)” is theSinkof the Digraph

FErEEEEE g 5383885888588
User(l) c1 | c2 User(l)
Wi c3|ca c10 w1 %
w2 cé w2
w3 c5 w3
w4 c7 w4
w5 cs | co w5
we c13 w6
w7 12 w7
User(0) User(0)
(b) Adjacency Matrix (c) Incidence Matrix

Figure 4.2.: A Digraph of Web Services with its Adjacency and Incidence Matrices

We use the adjacency matrix to represent our digraphs of csigpsemantic Web ser-
vices (Figured.2). The coordinates of an adjacency matrix of our digraphdesex(l)
(digraphs’sourcg, the constituent Web services’ names, &hskr(O) (sink). A non-

diagonal entry is the concept used as the label for an edge=bettwo Web services.

We neither use incidence matrix nor adjacency list:

e The incidence matrix (Figuré.20 is not appropriate because for a digraph of com-
posite SWS which typically includes manyO relations, the matrix will be huge
with a high memory space consumption. Moreover, if therenawee than one con-
cepts forlO relation of two adjacent vertices, such@g andCj» in Figure4.2¢

either the matrix would not be a standard one with columnsige®(arcs) or there
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User(I)WSi WS WS WS WS WS User(O)

G | 01
Co | 02
03

777/  Cis 771 0
///////////////////////////////

Figure 4.3.: Adjacency Matrix of a Valid Digraph of a Composite Web Service. Coordate
User Inputs, Constituent Servicédy §. W S), and User Outputs

User(O

would be complications for storing the concept values.

e The adjacency list needs more than constant time to veréyatffjacency of two
vertices Bang-Jensen & Gutjr2009. However, since mediation, which checks for
the existence of an edge between two given vertices, musbie aimost instanta-

neously, we chose to use the adjacency matrix rather thaadjaeency list.

Figure4.3 shows a template of an adjacency matrix for the inputs, aadthputs of a
composite Web service with six constitutive Web servit®#§(. W ). Every cell shows
edge(s) from a vertex shown at the left coordinate to a vesttexvn at the top coordinate.

In the figure the following rules are illustrated:

e The unhatched non-empty cells of the first row are the inpitesedcomposite ser-
vice:
1 ={1,1Iz,...,In}
e The unhatched non-empty cells of the last column are theutaif the composite
service:

0 ={01,02,...,0m}
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e Cells with the same values are mutually exclusive, i.e. only af the two can have
a value. The mutual exclusivity is because the graph is @iceand between every
two distinctive edges we allow edge(s) in one direction. abl@cency matrix is

asymmetric.

The numbers and their order do not convey any meaning andatieeynly given to

clarify the figure.

e Hatched cells are the cells that are not allowed to have amgva

— Diagonal cells are hatched because there is no loop in tiphgra

— First column is hatched because there is no edge from othicegtoU ser(l),
i.e.User(l) vertex is asource

— Similarly, the last row is hatched because there is no edwya fiser(O) to
other vertices, i.eUsernO) vertex is asink

— There is no direct edge frolhser(l ) to User(O) and so the last cell of the first

row is hatched.

Example 2. An example of a composite semantic Web service with five tadt\Web
services is represented in Figuded with its 10 adjacency matrix:

e wW ={AB,C,D,E}

o £ ={C,C,,...,Cq,P,R1 }

o [ = {C17C5}1 0= {C7}

e P = {Pl}, R = {Rl}

In the example, B is aorld-altering service (A Web service which has an effect on the

world (Mcllraith et al., 2001)), and A, C, D, and E arenformation-providing services.
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A Composite
Semantic Web Service

User(I)

(a) A Sample Composite Service with 5 services

User(l) A B C D E User(O)

User(l C Cs
A C | GCs

B Ca

C Ce

D C

E Cs
User(Op)

(b) Adjacency Matrix of Inputs and Outputs

Figure 4.4.: A Sample Composite Semantic Web Service with Five Constituent Web Services
together with its Adjacency Matrix of Inputs and Outputs

4.2 Subdigraph Calculation

We formally defined a subdigraph of a digraph of a compositeicein Definition6 (on
page45). We calculate subdigraphs of a composite semantic Welicedby a sequence
of vertex- and edge-deletion, shown in Algoriti8n The algorithm receives a digraph
as input whose subdigraphs are to be calculated and retuistsod subdigraphs which

represent new semantic Web services.

By deleting a vertex in a digraph of services, there are twateggies to calculate the

subdigraphs, i.e. to generate new composite semantic Weloes
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Algorithm 3. Generate Composite SW)

Input: Digraph g is the digraph whose subdigraphs are to be calculated.
Output: Digraph sequence .

1: ® < (G ); {An ordered list of digraphs to be traversed}
2: forall g'in% do

3:  if |g'| > 1then {g’ is not an atomic service}
4: for all vin g’ do{v is a vertex in Digraphg '}
5: H < G’ —v; {vertex-deletion}
6: {Stage 1}
7 Convert input edges of v utputs of #;
8: Convert output edges of v toputs of # ;
9: R +— RUHA,;
10: {Stage 2}
11: H' <« 7 {1}
12: Traverse forwards from v inf’ and eliminate all vertices;
13: Convert input edges of v tautputs of #/;
14: R +—RUH';
15: H" < 7 ; {2}
16: Traverse backwards from v ir” and eliminate all vertices;
17: Convert output edges of v inputs of #”;
18: R~ RUH";
19: end for
20: endif
21: endfor
22: return R}

First, considering the input(s) of the deleted service atliput(s) of the new composite

service, and the output(s) of the deleted service as the(s)pof the new composite

service, we achieve a new composite semantic Web servicegL4-9 of Algorithm3).

We do not change any other vertices in the digraph.

Second, taking the remaining vertices and following twdpdBtage 2 of Algorithn3):

1. Deleting the succeeding services of the deleted sermideansidering the input(s)

of the deleted service as the output(s) of the new compositece, we achieve a

new semantic service (Lines 11-14).

2. Eliminating the preceding services and considering titpud(s) of the deleted ser-

vice as the input(s) of the new composite service (Lines85-1

70



Input Composite Service Output

(Information and Precondition)

(Information and Effect)

Concept, ‘” 7 Concept, Concept; Concept, Concepts

Figure 4.5.: A Sample Sequential Composite Semantic Web Service

Input

(Information and Precondition)

Output

(Information and Effect)

User(I)

Input

(Information and Precondition)

Output

(Information and Effect)

Concept,

User(I)

Input

(Information and Precondition)

Output
(Information and Effect)

Concept. Concept, Concept.
User(I) { WS, : :

Figure 4.6.: Some of the Generated Semantic Services in Detail

Actually, iterating stages 1, and 2 of the algorithm yieldme similar subdigraphs; how-

ever, taking into account both strategies for every digigpdeds up the calculations.

Figures4.6, and4.7illustrate the subdigraphs of the sequential compositesEwhich is

shown in Figuret.5. Figure4.6elaborates three of the subdigraphs and Figurériefly

depicts all possible subdigraphs based on our definitiohg;hware 15 subdigraphs, i.e.

15 semantic Web services.

Through the stages of the algorithm we make some new seraicsve add them to an

ordered list. Then, we process the newly added digraphsrtergee new subdigraphs of
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Figure 4.7.: All Possible Subdigraphs

services so as to make more digraphs of composite servicesowinue processing the
ordered list until no more digraphs are added. The stoppiteyia is when we reach the

atomic services of the digraphs.

4.2.1 Validation

The connectivity of the resulted subdigraphs is import&#. check the connectivity of
the underlying undirected graphs by checking the link fidser(l) vertex to all other

internal vertices, and from all verticeslttser(O) vertex.

Furthermore, the validity of the digraphs are investigateigrms of the following condi-

tions:

e There should be no direct connection betwBeser(l) andUser(O).
e deg (User(l)) =0, i.e.User(l) is asource

e deg"(UsenO)) =0, i.e.UsernO) is asink
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e Every node should have at least one output (or a result).
e Every node should have at least one input.

e No (zero length) loop in the digraphs.

We deliberately keep the semantic Web services with sirmiaut and output concepts.
For instance, a neighborhood finding Web service, whichrmstthe nearest city to an-

other one, has the same input and output concept.

4.2.2 Implementation of the Test Collection Generation Algorithm

OWLS-TCis a well-known and often-used test collectionatdmic semantic Web ser-
vices OWLS-TC, 2010. The test collection has been used in S3 (Semantic Sereiee-S
tion) contests, an annual international contest on sems@tvice selection with an aim to
evaluate retrieval performance of matchmakers for sema@b servicesOWLS-TCis a
service retrieval test collection in which the atomic seegi are described @WL-S lan-
guage.OWLS-TC Version 4 contains 1083 atomic semantic Web services whielle-
scribed using their Input and Output, and Precondition arsiRe(OPRs). We extracted
the properties of atomic Web services fra@/LS-TC. The extraction was performed us-
ing OWL-S API(cf. AppendixA, SectionA.1). The properties include the service names
(from human-readable information in ServiceProfile) alewith their functional proper-
ties (Martin et al, 2004). Moreover, the concepts used in the services are extrécted

their related ontologies available in the collection.
A detailed description o0DWLS-TCis provided in AppendiA.

Figure 4.8 shows two sample atomic services@WLS-TC. BookFinder service, de-
picted in Figure4.83 receives book'ditle concept as input and generates Baok con-
cept as output, i.e. it finds a book having its title. The ssr\shown in Figurel.8h

BookRecommendedPricereceivesBook concept as input and generafsok’s recom-
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Title Book

BookFinder >
(a) Book Finder
Recommended
Book BookRecommended \ PriceInDollar >

PriceService

(b) Book Recommended Price

Figure 4.8.: Sample Atomic Services

Composite

Figure 4.9.: A Sample Composite Servicerfler = 2)

1 Recommended

BookRecommended
PriceService

mendedprice as output. The aforementioned concepts are predefinedatogigs avail-
able inOWLS-TC. Figure4.9 depicts a composite service which is created by joining

two atomic services in Figur4.8.

For the purpose of evaluations, a number of composite sérraleb services (a sample
is shown in4.9) were created bjOPRmatching, i.e. théO of the (adjacent) services and
their conditions (Precondition and ResuR)) if available. The composite service gen-
eration is motivated by the approach presented for tradititVeb services inRai et al,
2005. The structure of the composites were mostly sequentgabghs together with

other various possible structures such as tree-like digrap

Then, all possible subdigraphs of the available compositéces were calculated (using

Algorithm 3) and non-duplicate composites were stored as other cotesmsiices.

74



The results show that having even a small number of valid csitgservices, we are able
to create several other composites. For example, havindhondred initial composite
services with a maximum order of 8, which we created usingBl&®mic services of
OWLS-TC(TableA.3 provided in Appendipd), we generated over 2300 new composite

digraphs.

The structures can be exported to the needed semantic Wedtessitescription languages

and their adjacency matrices are exported as well.

4.3 Related Work

In the literature we could not find a similar work on creatirdpsa set of composite seman-
tic Web services to compare with. The works such asQiyafle et al.2006 Lin et al,
2010 synthetically made a data set as well for their evaluatiorppses (cf. Tabl@.3).
However, for the purpose of comparison we could not use thia sets because the

details were not reported.

A related work for test case generation of traditional Welvises based oWSDL is
reported in Bai et al, 2009. It generates test cases of Web services based on service
specifications iNVSDL. The approach is capable of generating test cases basee on th
operations defined WSDL 1.1 (Christensen et g12001). The Web services’ operations
are joined if an output message of an operation equals topar of its precedent opera-
tion. Their experiments show its successful creation dfdases. However, the approach

is based on syntactical data types definetM8DL which do not convey any semantics.
Our proposed method of composite Web service (test cadiectieneration is based on
the Input and OutputlQ) specifications of semantic Web services (defined in related

ontologies) as well as the services’ conditions, Precadand Result?PR).
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4.4 Discussion

The number of subdigraphs of the digraphs representing dhgasite semantic Web
services based on our definitions are equal to the cardiradlithe power setr (s) of a
set of services (Equatiofil). This is because we are considering every possible subset

of a set of services.

2(9) =2" (4.1)
In our digraphs of services we do not admit null graphs, i.€omposite service with
no constituent service. Hence, the number of possible guigols of a digraph of
services is one fewer than the usual cardinality of a powe(EBguation4.1). So, for
every digraph of services we generate a list of some otheniatand composite ser-

vices. The length of this list for a digraph with the ordena$ formulated in Equatiod.2

SubdigraphCount=2"—-1, n>1 (4.2)

The actual number of generated composite services from raphgis fewer than the
formula in Equatiord.2 because for every digraph ofservices, there anesubdigraphs
with the order of 1 which represent the atomic Web servicas firm the components
of the composite services. Furthermore, the output listlgbAthm 3 contains its input
digraph and so it is not considered as a newly generated Welcese Therefore, the

actual number of generated subdigraphs are as in Equation

SubdigraphCougbmposite=2"—n—2, n>1 (4.3)

Figure4.10illustrates the total number of subdigraph8 {21), and the number of sub-
digraphs which are other composite servicés{a — 2) for digraphs with the orders of

onetoten (XK |g| < 10).
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Figure 4.10.: The Number of Subdigraphs for a Digragh(1 < |G| < 10)

Literally, by calculating the subdigraphs of services withn constitutive services, we
achievemsx (2" — n — 2) other composite services. However, because some of the sub-
digraphs might be duplications of other existing compaos&eyices, the final number of

generated unique composite services are fewer than that.

As a conclusion, the noticeable lack of a test collectionarhposite semantic Web ser-
vices hinders the researchers to evaluate their methodsaupalid collection of services.
In this research, we proposed an adaptive approach of esyineg the digraphs of com-
posite Web services along with its related subdigraph &atiom algorithm. Utilizing the
proposed algorithm on even a small set of composite semfeficservices generates an

enormous set of composite semantic services.
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Chapter 5: Recovery Probability

It is crucial that the user must get his request fulfilled etheugh failures are unavoid-
able. Therefore, even though a Web service might fail, tbewery method must have a

reasonable probability of success so that it can completexacution.

The objective of this chapter is to prove the applicabilityte proposed metho&RPFR

in order to improve the percentage of successful recovettyeo$ervices in a registry.

For evaluation purposes, we implemented the proposed ohethd additionally in or-
der to compare the results with other similar approacheswptéeimented an atomic re-
placement method as well as some well-known and highly eiteiks (Lin et al, 201Q
Moller & Schuldt 201Q Yu & Lin, 20053. We chose these similar methods because their
algorithms’ description were clear enough to be impleménkéenceforth, the approach
presented byin et al. (2010 is identified as Lin” and “Moller " is used for the approach
presented byModller & Schuldt (2010. Moreover, ‘'CSPB’ is presented byYu & Lin
(20059. We simulated the execution of the Web services and theréslthat might hap-

pen during these executions in Java.

5.1 Experimental Setup

In order to create a test collection of services, we extrhtite properties of atomic Web
services oOWLS-TC TheOWLS-TCcharacteristics and the extraction are described in
AppendixA, SectionA.1 (on pagel4g).

5.1.1 OWLS-TC Matches

In terms oflO match, for 246 of the services (out of 1083) there is at leasatch. This

represents 23% of the services in the collection. Accolgjmg terms oflOPRmatch, a
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[ ]Match Found
[ |No Match
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Figure 5.1.: Existence of an Exact Match @WLS-TC

Table 5.1.:10 (IOR) Matches inOWLS-TC- Some of the Matches

Row || ID 1 Service Name 1 ID 2 Service Name 2
1 1 Kohl Carl1PersonBicyclePrice 2 CarlPersonBicyclePrice
2 12 4WheeledCarBicyclePrice 139 | Bicycle4dWheeledcar_Price_servige
3 32 | Academic Book Number booksearch 36 AcademicBookNumberSearch
4 35 | AcademicBookNumberOrISBNSearc¢h 780 BookFinderService
5 100 Auto Bicycle Price 140 BicycleAuto_Price_service

match is available for 232 of the services which comprisé% 21 the test data. Figure
5.1 depicts the existence of an exact match among the servic@9vinS-TC. Table5.1
lists some of the aforementioned matches among the semic@®/LS-TC. Appendix
A elaborates various characteristics of the services dextmOWLS-TCtogether with
their IO andlIOPR matching features. A complete list of matches among all #neices

in OWLS-TCis provided in AppendiA, TableA.4.

5.1.2 Discovery of Matches

In terms of the implementation of our method as well as othethods we needed a
discovery approach. The discovery method is responsililad@a match for a digraph of

Web services, i.e. an atomic Web service or a composite areexample in our method,
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the discovery is used to find “Replacement Subdigraphs” fer@riginal Subdigraphs”.

The task is explained in Secti@2.1(*Finding Replacement Subdigraglon page54).

We used a search method based on first, the outputs and sdw®mhuts of the digraphs.
For the purpose of making the search time an almost constaatwe used a dedicated
indexing technique based @D, i.e. the digraphs of the test collection are indexed based
on their outputs and inputs. Hence, in order to search for tahmaf a specific digraph,

we looked for its outputs and inputs in a hash map.

The above indexing and discovery method was used for allntipdeimented method in
a similar manner. Therefore, a single search method isotage methods from having
different results of search, which ensures that the faileaocevery probability values are

from the method itself and definitely not from the discovermgthod used.

5.1.3 Experiments

We performed the execution simulation of our method togetyith other similar solu-

tions both for atomic and composite services. The follovgagtions report the results.

5.2 Experiments on Atomic Services

We tested the approaches on the atomic services availalligvinS-TC. We simulated
the execution and failure of all the 1083 atomic Web servidém tests were performed
in two different phases. First, we performed the tests onatieenics alone, i.e. the
registry includes only the atomic services@fVLS-TC (Figure5.29. Second, we added
some composite services, but we tested the failure recof@yVLS-TCatomic services
and not the services in the composites (Fighu&). The difference between these two
phases is the availability of the composites in the registhich increases the chances of

discovering a composite service that might be an exact nadtah atomic service.
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Figure 5.2.: Experiments on Atomic Services

5.2.1 Atomic Services Alone

According to the characteristics of the service©OWLS-TC, there are 246 services for
which at least anO match is available. Therefore, if a failure happens for ainthese
246 services, the approaches should be able to simply eeii@m with another similar
atomic service. So, ili?04—863 = 23% of failures a recovery solution exists. In term$@PR

matching the number is 232 out of 1083, which is 21% of fasuffeigure5.1).

The research questionis: Are all the approaches capable of finding the matches for

atomic services?

The results revealed that our proposed approach, atomacespent approach, and all the
implemented approaches, i.e. CSPB, Lin and Moller are capdlfieding the matches,
i.e. 23%, and 21% folO andIOPR matches respectively, with the same probability (cf.

Table5.2 column “Only Atomics”).

5.2.2 Atomic Services with the Availability of Composites

Next, we created some composite services with the orderst@f52 Figure5.3 shows

some sequential examples. We created more than 6000 camgtsictures for each
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Figure 5.3.: Sequential Composite Services

digraph order of composite services (2 to 5). We chose a higbeun (> 25000) to in-
crease the chances of discovering matches between the awpsyof atomic services and

composite ones. Then, we re-executed our proposed appi®aét-R and the others.

The research questionhere is: Can the availability of composite services beside th

atomic services increase thexovery probabilityof atomic services?

Among all, SRPFRand two other methods, Lin and Moller, were able to increase t

probability of recovering the services.

Examples

Two examples of the improvement are described as follows:

1. The service called “CarCyclePrice” (ID: 316) has no matctméntest collection (cf.
TableA.3, on pag€el57). Therefore, if it fails during execution, there is no (aion
replacement available. However, having some compositacesrin the registry
helps the discovery of such a service. For example, amongadimposite services
that we created, three mentioned approaches were able ta tinthposite service
with the order of 2 including two atomic service called “Caicpt’ (ID: 205), and
“Auto Bicycle TaxedPrice” (ID:106). Figurg.4ashows our atomic example which

is replaced by it$O (andIOPR) matched composite service (shown in Figbréb).
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User (I) CarCycle <
Cycle Price TaxedPrice

(a) CarCyclePrice Atomic Service (fro@WLS-TC)

Composite Service

Price

Cycle

TaxedPrice

Auto
Bicycle
JTaxedPrice

CarCycle Price

(b) CarCyclePrice Composite Service (Composed using two atearvices oOWLS-TC, “Car
price” and “Auto Bicycle TaxedPrice”

Figure 5.4.: First Example of an Atomic-to-Composite (1-n) Replacement (1-2)

ThelO concepts in Figur®é.4, i.e. Car, Cycle, Price, TaxedPrice and Auto, are all
pre-defined in multiple ontologies &WLS-TC.

2. The service called “Beverage Price Quantity” (ID: 138) hasnatch in the test col-
lection (cf. TableA.3, on pagel54) as well. So, its atomic replacement is impossible.
Accordingly, having the composite services in the regisimgbles the approaches
to discover a matched service. For example, three mentiappdoaches found
a composite service with the order of 3 including three atoseirvices “Beverage
TaxFreePrice Quantity” (ID: 138), “TaxFreeCola” (ID: 93aphd “Guddu Cola” (ID:
758). Figures.5shows the atomic service (Figusebg and its matched composite
service (Figures.5b) based orlO (andIOPR) matching. Similarly, all théO con-

cepts in the figure are pre-defined in multiple ontologie®WILS-TC.
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Quantity

BeveragePriceQuantity

(b) BeveragePriceQuantity Composite Service (Composed tising atomic services @WLS-TC, “Bev-
erage TaxFreePrice Quantity”, “TaxFreeCola”, and “GuddiaC

Figure 5.5.: Second Example of an Atomic-to-Compaosite (1-n) Replacement (1-3)

Results

Figure 5.6 shows the changes in the percentage of recovery of the ategmiices in
OWLS-TCby the availability of some composite services. Additity)alable5.2 elabo-

rates the results of various approaches.

Initially, having only atomic services (Digraph Order 1)the collection (Figurés.29,
all the approaches are able to find the existing matches iihlgrobability. However,
adding higher digraph orders (composites) (Figbi2) changes the percentage of the

recovery of three approaches, Lin, Moller, and ours.

The gap widens by including the services with the higheraggrorders because the
greater the number of composite services, the higher thecelseof finding a match for

services without afO match inOWLS-TC(like “CarCyclePrice” service in Figure.4g.
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Figure 5.6.: Recovery Probability of Atomic Services with the Availability of Composites

Table 5.2.: Recovery Probability of Atomic Services with the Availability of Composites

Composites

Approach Only Atomics
PP y 2 3 4 5

Atomic Replacement
CSPB(Yu & Lin, 200539
Lin (Lin et al,, 2010
Moller (Méller & Schuldt 2010
SRPFR 22.71% 23.27%)| 26.76%| 26.94% 26.99%

22.71% 22.71%| 22.71%| 22.71%| 22.71%

22.71% 23.27%| 26.76%| 26.76% | 26.78%

However, increasing the digraph order (for example from4&)tdoes not increase the gap
any longer. The reason that the percentage does not significiiange is that when the
number of components in a composite service increasesuthber of Input and Output
concepts increases as well. So, it is less probable that wenedch an atomic service
(of OWLS-TC) with such a composite one because as shown in Taldlgprovided in
Appendix A on pagel50) the number oflOs for atomic services (IOWLS-TC) are

usually not high.

Discussion

Finally, the difference between the success rat&RPFRand the other methods, for

higher digraph orders is insignificant. Our proposed apgrashows a slightly better
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percentage of successful recoveries, i.e. less than owmergerThe reason behind the

minor difference is as follows:

SRPFRcalculates the subdigraphs of the composite services inestecollection (cf.
Section4.2) and adds them as other available composite services tegtstry. The
calculation increases the size of the internal test cadlecthence, the opportunity of a
successful discovery improves. In the above experimeradding the composite services
of order 4, the subdigraph calculator first extracts the gwbghs of the newly added
composites, and second adds the smaller composite sefdigesph orders between 2
and 3) to its internal registry (if they have not been addddre¢. Therefore, it is more
probable that in case of a failure, an atomic-to-compogacement could be found.
However, even for the higher digraph orders, the differaaagot noticeable (less than
1% according to the last column of Tal8e€?) because in the process of creating the test
collection we have already created a big number of compesitéices with the smaller
orders (2 and 3) and it is less likely to create new compositeices. We claim that the
fundamental difference between our proposed approachrendthers slowly emerges

from this experiment.

The column labeled “Only Atomics” in Tabl®.2 shows the equality of the approaches
in finding atomic replacements (one-to-one) among the ses\istudied in Sectiah 3.2

in OWLS-TC (cf. Section5.2.1). The four right columns with the label “Composites”
and their digraph orders show the successful percentades @ffgproaches in finding an
Atomic-to-Composite replacement (Sectidd). The last row, representing the success-
ful recovery percentage &RPFR shows the emerging improvement contributed by our
proposed method for digraph orders 4 and 5 onwards (up toi@tmrtomposite replace-

ment stage) particularly in comparison with Atomic Replaeatapproaches ar€@iSPB
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5.3 Experiments on Composite Services

In our experiments we generated the composites based ontah@caservices in
OWLS-TC. Further, we included the atomic Web services to the rggesdrwell. The
availability of the atomics in the registry enhances thenclea of finding a match for
discovery purposes, i.e. discovery of a potential atomptagement, and an atomic re-

placement for a composite.

There are a fevassumptionsregarding our experimental setup for composite services

tests as follows:

e For the simulation of the failures that may occur for the cosife services, we
assume that each and every component of a composite seraicéaihwith equal
probability. So, we do not consider any difference betwéenfailure of different
atomic Web services of a composite service.

¢ We deliberately kept only unique composite services in #dgstry, i.e. for every
structure of a composite service including a finite numbextoiic services there is
at most one instance (and no duplicate) in the registry. d$ssimption ensures that
we do not discover identical replacements which falselywshiecovery percentage
improvement. In the next chapter, while we t@stSaspects of replacement we will

remove this assumption.

e Even though we had the precondition and the result of the iateervices of
OWLS-TC, we performedO match rather thalfOPR. In cases that we use both, we
will mention the matching type. We uséd match because some of the approaches
like CSPBare for traditional Web services and there is no semantasded, i.e.
there is no way of differentiating information-providingagworld-altering services.

Therefore, usingOPR match for such methods makes the comparison unfair.
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In order to evaluate the solutions on composite serviceouletivo approaches:

1. We kept the structure of the composites in the test cadle¢such as their digraph
order) constant and we increased their number. Therefadested the probability
of recovery of the approaches for different sizes of teslectibns with a single
order of the graphs.

2. We combined the composites of various digraph orders. ndleded them in the
registry. Hence, for each iteration of the experiments we diierent sizes of test

collections with a combination of different orders of grapgi composites.

For all the tests we repeated the creation of the test cafecaind testing the probability
of successful executions 10 times, and we report the artibmeeanvalue of ten itera-
tions. The repetition ensures that the synthetic creatidhevtest collections does not

affect the results.

5.3.1 Single-order Test Collections
We performed different tests on the composite services thighorders of 2, 3, and 5

separately.

Theresearch questionhere is: How the size of the test collection with a single owfe

digraphs affects the successfetoverypercentage of composite services?

The experiments and their results are described as follows.

Digraph Order 2

We performed the first experiment on composite services @t af fomposites of order
2, i.e. there are twtD related atomic services in a composite structure. FiguBashows
an overall view of such services. Moreover, Figéréb(on pageB3) and Figure4.9 (on

page74) depict two real example composite services. It is clearwmrth mentioning,
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that the composites’ order are 2 before the adaptation. Menvafter the adaptation the
graph order may change because an atomic service might lzeedpby a composite,

which results in having a composite graph of a different orde

We added the set of composite services to the registry (whadhdes atomic services)
and we simulated their execution. For each execution weecAnsatomic of the service
that is being executed (a component of the execution of a ositgpservice) and we
declared it as a failed service. Then, we triggered all therfarecovery approaches and
examined whether the approaches are capable of recovésuddlessful recoveries were

counted. Finally, we iterated the tests for several sizésefest collection.

We repeated the experiments 20 times and each time we iecréias number of com-
posites by 200. Therefore, the first test was done on a registrtaining 1083 atomic
services (Tablé\.3) and 200 composites each with two atomics. Hence, the nuofber
simulated failures were 400. Accordingly, the number ofidated failures for the last
test was 8000 (Equatiorisl, and5.2). Thelterationis 20 times, and th8izeis 200.
Simulated Failures= Iterationx Digraphoger * Size (5.1)

Simulated Failures= 20x 2+ 200= 8000 (5.2)

Equation5.1 shows the number of simulated failures for a set of accuradltst collec-

tions of composite services with a single order.

Results:

Figure5.7 depicts all the simulated failures with their percentagsuaicessful recoveries

for all the approaches.

The approaches’ behaviors for the test collection of digsagf composite services with

order 2 are similar. Increasing the size of the test cobbesti increases the successful
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Figure 5.7.: Recovery Probability for Composite Servicesartler = 2 (a sample is shown in
Figure5.33 and Figures.4b)

recovery percentage of the approaches. It is because wbelath set is larger it is more

probable that the approach is able to find a match.

Figure5.7 shows that for a test collection with single ordeliSRPFR and the approach
presented by.in et al. (2010 perform better and the percentage of successful recovery,
l.e. probability of failure recovery, is higher for all szeMoreover, increasing the size
of the test collections widens the gap between their pedogas. The growth of the gap

shows that the two mentioned approaches perform betteaifpet test collections.

Digraph Order 3 and 5

We repeated the experiment on composite services of ordard 3. The test collections
were made similarly and the services which were composdddad 3 and 30 related

atomic services respectively (Figuresh 5.3¢ and5.5b).

The execution and failure simulations were carried out oagsstry of atomic services
and composites with either 3 or 5 constituents. The teste weglicated separately for

registry sizes of 200 to 4000 composites increasing by 20éncH, there were 600 to
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Figure 5.9.: Recovery Probability for Composite Servicesastler =5 (a sample is shown in
Figure5.30

12000 simulated failures (Equati@nd) for the test collections of the graph order 3.
Simulated Failures= 20x 3% 200= 12000 (5.3)
The number of simulated failures for the test collectionshef graphs of order 5 were
between 1000 and 20000 (Equatiod).
Simulated Failures= 20« 5% 200= 20000 (5.4)
Figures5.8and5.9show the recovery probability results for composite sawiaf orders

3 and 5 respectively.
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As shown in Figure$.8and5.9, similar to the tests carried out for the graph of orders 2,
all the approaches behave in a similar manner. Increasagjzk of the registry, which al-

lows discovery of more matches, the percentage of the ssftt@scoveries is increased.

The gap between the successful recovery rat€SRPFRand other approaches remark-
ably grows from the first towards the end. The consideralfferdnce for large number

of composites is twofold:

1. SRPFRgenerates all possible subgraphs of the composites indistrseand hence
the availability of more composite services increases tiamces of finding a match
for a subgraph of services.

2. SRPFRmay go backwards through the structure of a composite to fmedtah.

These are the major reasons of the higher probability ofessfal recoveries @RPFR

Comparing Different Single-orders

In terms of single order test collections, we compared tloeessful recovery percentage

of our proposed metho&RPFR for different sizes of single order test collections.

Theresearch questionis: How does the digraph order of the test collection withrgks

order of digraphs affect the successkdoverypercentage of composite services?

We designed the experiments, i.e. the number of iteratindglee size of test collections
such that we could have similar number of simulated failurd&e created several test

collections with the following sizes for three digraph oflers 2, 5, and 10:

e Digraph Order 2: Size: 200 to 6600:

Simulated Failures= 2+ 6600= 13200

92



o)
<

|

—£— Order =2
—O—Order=5 |_

—— QOrder = 10

a1
o

401

A D
v \'4

35 X o

Successful Recovery (Percent)
D
<
|

30

25 < 1
0 2000

6000 8000 10000 12000 14000

Simulated Failure

4000
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e Digraph Order 5: Size: 200 to 2800:

Simulated Failures= 5% 2800= 14000

e Digraph Order 10: Size: 10 to 1400:

Simulated Failures= 10x 1400= 14000

Figure5.10shows thaBRPFRs probability of recovery increases by higher orders of tes
collections because the higher sizes of the larger digrappw the method to create a
bigger internal registry, which results in higher succeldiscoveries.

5.3.2 Multiple-order Test Collections

Likewise, we made test collections of composite servicé @itombination of different

graph orders.

Theresearch question How does the size of the test collection with multiple osdef

digraphs affect the successfatoverypercentage of composite services?

For the experiments of the multiple order test collectiomsg&nerated various orders of

composites together with the atomic services.
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The number of simulated failures (on the components on ceitgservices) within a
multiple order test collection is calculated using Equatiob. Digraphorqer Varied be-
tween twominimumandmaximumnvalues. The experiments were repeated feration
times and each time a set of services with a spegifiewas added to the collection. The

added set included an equal number of services from Bagtaphorger, i.€. We added

—Maxfﬁ?n =] composite services for eveBigraphorger-
Simulated Failures= Iterationx < (Digrapho Size ) (5.5)
* )
graplorder ™\ —Min+ 1

Digraphorger=Min

The following sections describe the experiments and tlesults.

Test Collections: 2 < Digraphorger < 6
The first multiple-order test was carried out by assignirgftllowing numbers to Equa-

tion5.5:

e Minimum Digraphyrger = 2
e Maximum Digraply,ger = 6
e Iteration=20

e Size=200

So, the simulated failures were between 800 and 16000:

6
. . . 200
Simulated Failures= 20x % (Digraphorger* ——) = 16000
Digraphorger=2 5

Figure5.11lashows the result for the composite services’ test collactio

Test Collections: 2 < Digraphorger < 11

We assigned the numbers to the formula (Equaiidh for the second multiple order test

as follows:

e Minimum Digraplyrger = 2
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Figure 5.11.: Recovery Probability for Composite Services of Multiple Order
e Maximum Digrapkyrger = 11
e Iteration=20

e Size= 200

As a result, there were between 1300 and 26000 simulateddail

11

. . . 200
Simulated Failures= 20x (Digraphorger * —=) = 26000
Di = 10
graphorger=2

Accordingly, Figure5.11bis for orders between two and eleven inclusive. The success-
ful recovery percentage is significantly higher when thesomaf the digraphs increases.
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The reason is that by having bigger digraphs of servicesintieenal test collection, i.e.
the registry created by adding the subdigraphs of servigiishave higher number of

composites. Hence, the probability of discovering “Reptaest Digraphs” is higher.

Results

The results reveal similar outcome for all the approacheseWithe test collection’s size
grows, the probability is increased and the gap betweenrtiteapility of the approaches

expands.

A Large Multiple-order Test Collection

For a final test, we created a large test collection with a ¢oation of different orders of
composites. The test collection’s size was 5000 (compssiteices) with the orders of

two to eleven. The number of simulated failures were 32500:

. . 1 . 5000
Simulated Failures- % (Digraphorger * ) = 32500
Digraphorger=2 10

Figure5.12illustrates the result. It is a noteworthy achievement imolwlour proposed ap-
proach has almost twice the recovery percentage of everegtebthe other approaches.
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Figure 5.12.: Recovery Probability for a Large Test Collection of Composite Servides, s
5000, (2< order< 11)
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5.4 Discussion and Conclusion

In this chapter we reported the results of multiple expentseThe experiments carried
out to test the successful recovery percentage of the stagliproaches on the Web pro-

cesses including atomic and composite services.

Figure5.13shows a summary of the successful recovery percentage apgreaches for
the large test collection (illustrated in Figusel?). The figure shows the improvement
contributed by each method in terms of successful recovergegmtage. It is obvious
that our method increased the percentage by 27 percentanétieds are discussed as

follows.

The methods are sorted in terms of percentage of successtwery as shown in Figure

5.13in the following:
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1. The lowest probability is for an approach performingasomic replacementon
the constituting components. The reason is that the at@placement relies on the
existence of a matching atomic service, which is constathinen high.

2. The approach presented Wy & Lin (20053, calledCSPBhas the second rank. It
shows better success percentage than an atomic replacapmoich because it
looks for replacement paths containing more than one sfdigraphorger > 1).
So, the probability of discovering a matched service is @ighlowever, the method
uses the abstract services, i.e. it switches the servicesitmmn their membership to
the service classes. Therefore, every service in the patéigraph “to be replaced”
can be replaced by other members of the service class. Inwtires, the order
of the graph of the so-called “backup path” and its initiathpes equal. This con-
straint does not allow the approach to find backup paths @dréifit orders, so, the

probability does not improve significantly.

3. The next rank belongs to the approach representeMdiier & Schuldt (2010.
The success percentage is higher than two previous ap@®aelcause the method
checks for many-to-many (n:m) replacements. So, the sphgrBthe original com-
posite service “to be replaced” and the new subgraph may tidfezent orders,
which allows the discovery of other matching services. Hwmuethe “to be re-
placed” subgraph merely includes the services which habewn executed yet. In
other words, to find a subgraph of service to be removed it doego backwards

to the well-executed services.

4. The runner-up, which is the most related approach aneésiame to ours, is the
method described blin et al. (2010. The method has the highest recovery prob-
ability than the others because it replaces a region of theagh including even

the well-executed services. Moreover, the replacemerdigtdph may include a
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different number of services as compared to the region “teeptaced”.

5. The highest probability of failure recovery belongs to our proposed method,
SRPFR The proposed method has all the advantages of the studprdamhes,
i.e. it looks for an atomic replacement, the “Original Sgvdph” and “Replace-
ment Subdigraph” can have different orders, and it can gé&vwas through the
well-executed services considering information-pravidiand world-altering ser-
vices. Moreover, due to pre-calculations which is desigodae done offline and in
an ongoing manne6RPFRfinds more matching replacements. Therefore, having
higher number of replacements allows the method 1) to beessad in recovery of
the failed service in more cases, hence higher percentagyeoéssful failure recov-
ery, and 2) to be able to choose a better replacement in tdrdigraphs’ order as

well asQoSattributes.

Consequently, the experiment results reveal 8@ FRapproach performs better in terms
of the probability of recovery for failures that may occur fmmmposite Web services.
Further, having larger test collections enabB#8PFRto find more matches and so the

probability is higher.

Yu & Lin (20053 claimed that if for a particular atomic Web service theraasbackup
path, it is acritical point for the business process. Comparing the results of the the
solutions we find that if the mediator goes backwards thrahghstructure even to the
well-executed services and discovers the matches, it ie mabable to find a replace-

ment. Hence, the number of so-callettical pointswill be minimal.
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Chapter 6: Quality of Service (QoS)

A failure recovery method with high probability of successndispensable for a reliable
system. However, there are some other critical factors hwhie essential for the user.
For example the whole system may face a serious dangerddfonse time is high. The
part of the “response time” that is of our concern is the rexgiiime for the service-based
system to recover after a failure. The other factors are ¢élv@aton of the system from its

promising non-functional properties, such as the cost®ftkecution, service execution

time, and the reliability of the chosen components.

Our major objective in this chapter is to show that the defayre proposed recovery ap-
proach at execution time, and specifically at the momentilfr&is minimum, i.e. since
the calculations are done in the offline phase; the delaycaoivery is almost zero. More-
over, we will prove that the deviation of Quality of Servic@qS caused by a successful
failure recovery (usingRPFRapproach) is minimum. That is to say, among the choices

for the replacement, the best one with simifazSvalues is chosen.

In the following experiments we created the test collecisimilar to Chapteb.

6.1 Failure Recovery Delay Time

A failure recovery process requires that a failed compasiteice has a high percentage of
success. Moreover, the time needed to recover the systemeffailure, i.e. the interval
commencing from the failure onset until the moment that W&esn can continue to

respond, must be minimized.

In order to measure the required time of recovery we sehtagedifferent time intervals

of various sub-tasks of a recovery method. The intervalsnatteree major categories:
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1. Initialization Time : This is the time needed for the approach to arrange its regjui
internal structures. The initializer process is calle@fthe system’s registry of the
services is made ready and before commencing any execudosystem’s startup
time. For example, in our implementation we perform the xndg on the inputs
and the outputs of the services at the initialization stage.

2. Preparation Time: Before commencing the execution of every composite Web ser-
vice, the failure recovery method of the system needs togpesfor the service’s
failures. The preparation is triggered before startingetkecution of the service. In
our experiments, we search for the matches at this stage.

3. Recovery Time The recovery time is the interval from the moment of failtwe
the moment that the system can continue the execution. kr etbrds, it is the
adaptation time of the composite service. The recovery tinfierther divided into

the time for its two smaller sub processes:

a) Recovery Search Time The recovery approaches need time to discover a sim-
ilar service. The similar service is a single service in AimrReplacement
approaches and a set of services in others.

b) Recovery Actual Replacement TimeFinally, the recovery approach needs to
replace the failed service with a single or multiple sersid&e name this time

asActual Replacement time

During the execution of a composite Web service if any failaccurs, the recovery ap-
proach needs a particular duration of time, which we call ‘GRecy Time”, to adapt its

primary structure. In our proposed method we transferredithe-consuming calcula-
tions and processes to the initialization, and preparaemions (Offline phase, cf. Sec-

tion 3.2.10n pages0) aiming to minimize the actual delay time of replacementseré-

101



fore, at run-time (Online phase, cf. Secti®r2.2on page57) the approach recovers the

failure without any processing delay.

6.1.1 Experiments on a Big Test Collection

For the purpose of simulating the delay time of 8B)fPFR we created a test collection of
composite services with a combination of different digraptiers, which is similar to a
practical test collection. Next, we simulated the exegutibthe services and a failure of
a component of the executing Web service. We measured tledrtiberval of theSRPFR

to perform the calculations and the replacement.
The experiments were performed on a machine with the foligwpecifications:

e CPU: Intel Core 2 Duo, 3.0 GHz CPU
e Memory: 8GB
e Operating System Windows Vista Business, Service Pack 2, 32-bit

e Java \ersion 7

The Research Questionis: How long doesSRPFRtake to adapt a failed composite

service?

The test collection, which we created for this purpose udetl 3000 composite services,
together with the atomic services of tRBVLS-TC (1083 services). The digraph orders
were between 2 and 11 inclusive. We simulated the execufidheo3000 composite
services and the failures of all their components sepgraléke time intervals of the sub-
tasks ofSRPFRwere measured. Thmeanvalues of repeating the experiment 10 times

are reported as follows:

SRPFRneeded an interval of 3.7 seconds to initialize its intestalctures. Then, we

started the simulation of the execution and their failur€here were 19500 simulated
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failures (for 3000 composite service tests). The averagpaation time of each com-
posite service was 35 millisecondsg. Most importantly, the recovery time for 19500
failures were approximately less than one microsecond. Adteal Replacement time
for recovery was almost zero because the “Original Subgigrand its best “Replace-
ment Subdigraph” were calculated during the preparatioe @nd no time-consuming

calculation was required at the failure moment.

In other words, for the above test collecti@@RPFRapproach adds an average oh85
delay before commencing the execution of each compositeécserand less than a mil-

lisecond at the failure time.

In order to precisely identify the preparation time of thenpwmsite services in this ex-
periment, we measured their preparation time accordingag@omposites’ digraph order.
Figure6.1 shows the average preparation time of the composite serbigsed on their

digraph order.

It is noteworthy that the successful recovery probabilitthe SRPFRfor this test collec-

tion was 55%, which is a significant achievement as discusadcr in Chapteb.
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Figure 6.1.: Preparation Time (milliseconds) of Different Digraph Orders in a Test Cidle of
3000 Services (Digraph Orders between 2 to 11)
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6.1.2 Experiments on the Size Changes of the Test Collections

The Research Questionis: How do the initialization time, the preparation time,dan
the recovery time change by including more composite sesviicto the registry? Is the
preparation time taken ByRPFRfor composite services with different digraph orders the

same? Is the recovery time a constant value for differeletsit the registry?

For evaluation purposes, we synthetically created a setraposite services with digraph
orders of 2 to 11. The composite services were generatedasitai our other experi-
ments, which are based on our proposed method in Chédpt&he initial set included
150 composite services (15 composite services for eachphgsrder). We simulated the
execution of the services and the failure of their constittmponents. We measured
the time needed to complete each step of our proposed meihoithe initialization time,
the preparation time to execute the composite service tanetovery time needed at the
failure onset. Then we generated another set of compositess. The new set included
150 unique composite services, which we added to the rggigie repeated the simu-
lations to measure the various steps’ interval time seplgrafThe composite services’
generation and their inclusion in the registry are iterat@that the registry reached a size

of 3000 composite services.

The experiments were performed on the same machine aslikganiSectiorb.1.1 The
reported values are the arithmetic mean values of repetitengxperiments 10 times to

eliminate the effect of a synthetic creation of the testeailbns.

The initialization time required for every step of this ekpgents were linearly increased.
The first registry (including only 150 composite servicesgaed around 1@dsto be

initialized (so thatSRPFRcould use it). The last registry with 3000 composite sewvice
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Table 6.1.: Initialization Times (milliseconds) for Test Collections of 150 to 3000 Composite Se
vices including Digraph Orders between 2 to 11

Test Collection | 150 | 300 | 450 | 600 | 750 | 900 | 1050 | 1200| 1350 | 1500 | 1650 | 1800 | 1950| 2100 | 2250 | 2400 | 2550 | 2700| 2850 | 3000
Size
Initialization 104 | 225|386 | 514 | 658 | 802 | 951 | 1177| 1318| 1512| 1667 | 1908 | 2091 | 2329 | 2579 | 2777 | 2970 | 3245 | 3526 | 3718
Time (M9

needed around 3.7 seconds to be initialized. The inititdinaime for a registry of 3000
composite services is not too short; however, becausesiEsone time process, that is,
at the system’s startup time, and will not be repeated, ilsydime will not cause the
system to respond slower. Figuse2 shows the increment of the initialization time for a
registry with a test collection size from 150 to 3000. Tabledisplays the initialization

time (milliseconds) values for the experiment.

In order to measure the “preparation time” required for tkecation of the composite
services we performed the preparation for all the compastgices in the registry in
each iteration (adding 150 composite services to the rgyisThe time measurement
has been done separately for the composite services ofatiffgraph orders. Hence,

we could figure out the time interval for the preparation ahposite services with 2 to
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11 atomic services distinctively. Figurés3 and 6.4 depict the preparation time of the

composite services with 2 to 5, and 6 to 11 components rasphct

Additionally, the time measurement has also been donelftreatligraph order in average.
So, the average time of preparing a composite service foiladaecovery has been
figured out. Figuré.5illustrates the average value of preparation time for aldigraphs

of orders 2 to 11 altogether.
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The preparation time increases as the registry’s size groWe SRPFRsearches the
whole registry to find suitable replacements and to rank thEme higher the digraph or-
der of the composite service (being prepared) the highemahger of their subdigraphs,
and apparently the higher their matching replacementde b elaborates the prepara-
tion time of the composite services in this experiment agdiFE6.6illustrates a 3D graph
of these preparation times. The values and the figure shogrtingh of the required time

for higher digraph orders as well as bigger test collections
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Table 6.2.: Preparation Times (milliseconds) for Test Collections of 150 to 3000 Com®site
vices including Digraph Orders between 2 to 11

Digraph Order

2| 3| 4] 5] 6| 7| 8] 9]10|11

150 | 0.2 02]05] 1| 2| 3| 4| 4| 5] 6
300 || 03]/04| 1| 1| 3| 4] 5| 5] 8] 9
450 | 03| 1| 1| 2| 4| 6] 7| 8]11]12
600 || 05| 1| 1| 3| 5| 7| 9]11|13]|16
750 |05 1] 2| 3] 7| 9|12]14|17]20
900 || 1| 2| 2| 4] 8|11]14]16]|20] 24
L1050 1] 2| 3| 4| 9]13|16 192328
Nl1200 1| 2| 3| 5/10|15[ 1922|2732
<1350/ 1| 3| 4| 6|11]17]21|25[31|36
811500 1| 3| 4| 6|12|19|24|27|34]40
S| 1650 1| 3| 4| 7|14|21|26|30) 38|44
%1800 1| 3| 5| 8]15|23]20/33)41]48
Fl1950]| 1| 4| 5| 8|17|25[31|36]44]52
2100/ 2| 4| 6| 9|18|26|33|39]48]56
2250/ 2| 4| 6|10]20|28|36|42|52]|61
2400| 2| 5| 7|11|21]/30|39]|45|55]64
2550|| 2| 5| 7|11|23|33|41|48|59]68
2700|| 2| 6| 8|12|24|35|44|51]63]73
2850|| 2| 6| 8|13|26|36|46/|53]66]77
3000 2| 6| 9|14|27|39|49|57|70]82

The preparation times for the composite services of smditgaph orders are relatively
low. However, this (calculation) time is not so short for g digraph orders. This extra
(calculation) time is required to find the best “Original Sigraph” and its related best
“Replacement Subdigraph”, which significantly increasesrétovery probability of the
failed composite services. In our experiments, this prepar was scheduled to be done
before commencing the (simulated) execution of the conpasrvices. However, we
proposed (inNSRPFR to transfer these time-consuming calculations to an effphase.
These offline processes should be done in an ongoing madeeatlyi when the system
is in idle mode. Hence, there would be no delay even beforecamon of the composite

services.
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Finally, for the purpose of evaluating the method’s respaimee at the failure moment,

which we call Recovery Time, we calculated the average tirgaeired to perform the ac-

tual replacement. The calculations (and their intervaé)iat this stage is minimal due to
the availability of the best choices from the previous clatons. We calculated the aver-
age time of this step for all the simulated failures sepérdte each iteration (increasing

the size of the test collections). The results show thatehewvery time is maintained at a
constant value (of less than one microseconds) even fa tasy collections. Figuré.7

shows the recovery time maintained at a constant value lftesdlcollections.

The percentage of the successful failure recovery of thesstecbllections were graphed
out as well, and illustrated in Figu&8. We do not elaborate the successful percentage

of recovery here because it was discussed earlier in Chapter

6.1.3 Discussion

The execution simulations &RPFRon a big test collection as well as on a growing set of
test collections of various digraph orders reveal that tie¢hwd is applicable for big test

collections of composite services (from the failure recpwdelay time’s point of view).
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Figure 6.8.: Recovery Probability for Test Collection Sizes between 150 to 3000 ®aryiai-
graph Orders between 2 to 11)

However, there are some conditions which need to be satisfied

e Firstly, the method needs to initialize its registry at &tpitime (preceding any com-
posite service’s execution). The initialization takesgidime (i.e. a few seconds)
if the test collection is not small. Hence, for a system inahhihe initialization
must be done more than once, the initialization delay is estreble. An example
is a system which is not always on and runs on demand.

e Secondly, the preparation time for (the execution of) cositgoservices of high
order particularly in large test collections can be moretB@ms The delay is defi-
nitely not desirable for real-time systems. However, if tiienber and the structure
of the composite services in the registry are either statdhange less frequently, it
is possible to store the preparation results, i.e. theft$ddginal Subdigraphs” and
their “Replacement Subdigraph” for each component of thepmsite services sep-
arately and use them at a failure time. If a change occursetoetstry, the list can
be updated. Moreover, in more frequent changing systerntseiié is the ability of
performing concurrent tasks, which ensures the preparafithe lists long before

commencing the execution of the composites, the method eaisdx.
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e Finally, at failure time there is no delay for the time-comsng calculations of find-
ing the best set of services (the ones to be removed and to fdanted). This
excludes the time which is common for all the adaptation epghes. For example
every adaptation process needs to enqueue the new setioesdadapted structure)
for the execution. Furthermore, we explicitly consideried availability of world-
altering category of Web services in the structures of thepusite services. So,
we need to request for a compensation of a well-executeddvattering) service in
case that it is in a chosen “Original Subdigraph”. The conspéinon needs its own
execution time. In cases that this extra delay time is nataels we can eliminate
this feature from the system by resetting its weight in theig@al Subdigraph”

Ranking Measure formulaxg andas in Equation3.180on pageb3).

6.2 Quality of Service QoS) Deviation

Organizations tend to provide a reliable online service gersi through Web services.
Several providers may compete to offer the users a similaicge By the term similar

we mean the services with the same functionality. Howekiernbn-functional properties

of the provided services may differ. The users are usuatljyned to use a service with
better Quality of ServiceoS. Consequently, a composite process is generated with the
aim of not only offering the requested functionality butcaensuring the best available
quality. A failure recovery approach is required to maintdie promised)oSeven after

the adaptation of the composite service’s structure.

For the purpose of evaluating tlgoS aspects of our method we needed various ser-
vices with their identifiedQoSvalues. However, even for the atomic services available
in OWLS-TCthere is noQoSvalue. Hence, for evaluation purposes we had to generate

syntheticQoSvalues.
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6.2.1 QoSDeviation for Atomic Replacement (one-to-one)

An ideal replacement approach is to replace a failed atoemdce with a similar service.
The replacement service must have both functional and noctibnal properties match-
ing with the original failed service. Our methd8RPFR replaces a failed atomic service
with a matched service, if thelOPR specifications match, and th&)oSattributes have
a minimum difference. The matchmakingI@iPR specifications is achieved through the
use of semantic annotations of the Web services. The miatioiz of theQoSchanges is
attained through the alternatives’ ranking which is parfed on the list of available (func-

tionally matched) replacements. The ranking details weseudsed in Sectiod.2.1

The Research Questions: Is SRPFRcapable of choosing the best replacement (for a

failed atomic service) in terms of the minimum changes teoveQoSattributes?

In order to evaluate and to prove that our approach woulctcsaleeplacement atomic
service for a failed atomic service (during an executiorthvei minimum deviation of
the QoS we created several test cases. We chose an atomic senmc©WLS-TC, for
which there is no matching service in the test collectiord #ims selection is because
we purposely did not warBRPFRto find any other alternative service. We have already
shown thatSRPFRis able to find a replacement with a high percentage of su¢Cisgp-
ter5), and our objective here is to show that among the potenteteatives, our method

would choose the best.

Based on the mentioned requirement, the first service, whiohtiin any service class, is
called “3wheeledcar year price service” (Senioe 5 in TableA.3 provided in Appendix
A on pagel53). We replicated the chosen service by duplicating its fianet properties

(10 only because service witlb 5 has only two inputs, one output, and no precondi-
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Table 6.3.: RSRMfor Atomic Replacement (based @oSValues)

g | . Orginal Available Replacement Atomic Services RSRM Weights| @
@ | Atomic Service o £
) *8' Q
7 1 2 3 s 2
F|ET EC| R P2 | B3| Ba | P 2

ET | EC R RSRM| ET | EC R RSRM| ET | EC | R | RSRM

1|5 )10| 08 |60 110 0.70 1.0 7 112 06 0.5 8 | 13 05| 00 |03]03]| 03 1

2| 5(10| 08| 7 |110|0.70 08 (60| 12| 0.6 0.7 8 | 13 05| 00 |03|03]| 03 1

3/ 5 (10|08 | 7 |1100.70 0.7 6 | 12| 06 05 (50|13 |05 03 |03/03]03 1

4| 5|10 08| 7 11 | 0.70 0.4 6 | 12| 06 02 |20(30|05| 07 |03|03]03 3

5/ 5|10| 08| 5 10 | 0.85 03 |30 |80 |0.90 1 4 (11|08 02 |03|03|03 2

ET=Execution Time (millisecondslC=Execution CostRM), R=Reliability

tion and result). Then, we assigned some different set aiegalor theQoSattributes,

Execution Time ET), Execution CostEC), and Reliability R), to the replicated services.

For every test case, we creatitdeereplicas as explained above and assigned different
QoSvalues. The number “3” for the replicas was chosen for the sdiborevity and no
other purpose. Moreover, for illustration purposes, weagies] most of the test cases
such that they would be justifiable: “Why that particular esg@ment has been chosen?”.
However, two last cases (particularly the last one) have loesigned in a way that the
best alternatives are not easily detectable by lookingeattSvalues and some calcula-

tions are required to select the best.

We execute@SRPFRon the created set of services to identify which atomic serwiould

be selected (to be executed) in lieu of the (simulated)daali®omic service. The experi-
ment was repeated with different sets@bdSvalues. The test cases are summarized in
Table6.3. In the table ET values are assumed to be in milliseconas)( EC values in

Ringgit Malaysia RM), and theR values in the range 40, 1].

In Table6.3, for every test case the following items and their valuesdestified:
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“Original Atomic Service” : The atomic service which is assumed to have failed,

and its synthetically assignéoSvalues.

Three separately shown “Available Replacement Atomic Serges™ The alter-
natives with similar functionality and different non-furanal properties, and their

purposely differenQoSvalues.

— The calculatedRSRM” value of every replacement is identified (Equat®al
on pageso).

“RSRM weights”: The3 values forRSRM
“Selected Replacement” The selected replacement for every original service in
a column titled “Selected Replacement”. Further, the rdlatls of the selected
replacement are highlighted and its calculated Replace®entligraph Ranking
Measure RSRM) is emphasized.
Additionally, the besQoSvalue (of the replacements) is ticked for Execution Time

(ET), Execution CostEC), and Reliability R) values separately.

The following sections elaborate the experiments.

Test Case 1

The first test case was made using a triple replication of teatimned atomic service.

The primary atomic service was assigned with the follow@ufsvalues:

e £E7T =5ms
e £ =10RM
e £ =0.8

Then, the service was replicated to three atomic servic#s different QoS values as

follows:
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1. 27 =6ms £¢c =11RM, ® =0.7
2. ET =/msECc =12RM, % =0.6

3. 27 =8ms ¢ =13RM,® =05
Henceforth, we call these three replicated atomic senasdgeplica 1, 2 and 3.

The values are chosen and assigned with a specific purposesangiven three different
set of values for which the execution time and cost were highan the original service,
and the reliability was lower. ThET andEC values increase for the subsequent replicas

andR values decrease.

Prior to the execution of the original atomic service (wd datluring the preparation
time), a topmost ranked replacement would be chosen. Ferisgigcial case, in which
the service to be executed is an atomic service, there isamdy‘Original Subdigraph”.
The only “Original Subdigraph” here is the atomic servieelt. So, there is no need for
measuring and ranking the original subdigraphs (Se@i@ri). Next, for the “Finding
Replacement Subdigraphs” sub-task, we te§BPPFRand it was able to find Replica
1-3 services. Finally, as iRanking “Replacement Subdigraph&f. Section3.2.]) the
RSRMyvalues for Replica 1-3 was calculated. RISRMequation (Equatio3.21), 3; has
been assigned 0, because for this test case we already kaballtthe replicas have one
service. In order to equalize the effectet, EC, andR for the rank result, we assigned
their weights the same number. Equat®22 (on page56) constrains the sum of the

weight values to be one. So, we assigned the Weigh%SﬂQ.éi
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The normal values for execution time of three replicas aleuéated as follows:
Minimum( 7 ) = Minimum ETy, ETo, ET3) = Minimum(6,7,8) = 6

Maximun{z 7 ) = Maximun{E Ty, ET,, ET3) = Maximuni6,7,8) = 8

ET1 — Minimum(£7) 6—6
ET = - — = =0
Lnorma Maximum{z 7 ) — Minimum(£7) 8-—6
ET, —Minimum(z 7 ) 7—6
ET = - — =
2norma Maximum{z 7 ) — Minimum(£7) 8-—6 03
ETo — Minimumz 7) 8—-6
ET: = - — = =1
shorma Maximum{z 7 ) — Minimum(£7) 8-6

The normal values for execution costs:
Minimum(z ¢) = Minimum(ECy, EG, ECG3) = Minimum(11,12,13) = 11

Maximun{z ¢ ) = Maximum{ECy, ECG,, EG3) = Maximunt11,12 13) = 13

ECL —Minimum(z ¢) 11-11
inorma Maximum{z ¢) —Minimum(z¢c) 13-11
EC, — Minimum( ¢) 12—-11
EGnormal = . — = =05
2 Maximum{z ¢) —Minimumzc¢) 13-11
EC, — Mini 13—-11
EGsnormal = C inimur(z ¢) _ 13 =1

Maximum{z ¢) —Minimum(z¢) ~ 13—-11

The normal reliability values:
Minimum(g ) = MinimumRy, Rz, R3) = Minimum(0.7,0.6,0.5) = 0.5

Maximun{® ) = MaximumRy, Rz, R3) = Maximunt0.7,0.6,0.5) = 0.7

R; — Minimum(® ) 0.7—0.5
Rinormal= , — = =1
! Maximun{® ) — Minimum®) 0.7—0.5
Ro — Minimum(®. ) 0.6—-0.5
Ronormal = . — = =05
2 Maximun{® ) —Minimum®) 0.7—0.5
Renormal— Rz — Minimum(g ) _05-05 0

Maximun{® ) — Minimum(® ) 0.7—0.5

116



TheRSRMvalues of all the Replicas has been calculated as follows:
RSRM = 0+ B2(1— ETinormal) 4 B3(1 — ECinormal) + B4Rynormal
=0+03%1+03%14+03x1=1
RSRM = 0+ B2(1— ETznormal) + B3(1 — EGnormal) + B4Rznormal
=0+0.3%0.5+0.3%x0.54+0.3x0.5=0.5
RSRM = 0+ B2(1— ETznormal) + B3(1 — ECznormal) + B4Rsnormal

=0+0.3%x0+0.3%x0+0.3x0=0

Among the threeRSRM values,RSRM has the greatest value. So, the atomic service,
number 1, is chosen as the selected replacement (which Veel CRleplacement Subdi-
graph” in general) to be switched with the original atomiovgee (in case of a failure at
the execution time). The first row (Test Case 1) of Tahl@summarizes the calculated

values for this test case.

For Test Case 1, the reason tB&PFRselected the first replica is that this replica has the
lowest deviation of the thre@oSattributes among the others. So, obviously it is the best

replacement choice.

ETi<ETL<ET,(6<7<8) O
EG <EG<EG,(11<12<13) O
Ri >R, >R;3,(0.7>0.6>05) O
Test Case 2

The second test case has been made similar to the first on@rifteay atomic service’s

QoSattributes are the same as the first test. The three reqlisatgicesQoSvalues are

as follows:
1. 27 =7TmsEc =11RM, g =07
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2. £E7T =6bms £¢c =12RM, R =0.6

3. 27 =8ms ¢ =13RM,® =05

The only difference between Test Cases 1 and 2 is the exedutierof the first and sec-

ond replicas. We switched thd#T values. The changed formulas are shown as follows:

ETi — Minimum(£7) 7—6
ETinormal= . — = =05
! Maximum{z 7 ) —Minimumz7) 8-6
ETonormal— ET, — Minimum(£7) _6-6 0

Maximun{z 7 ) — Minimumz7) 8-6

Other values, including Tsnormal, EC normal values, an& normal values are equal to
the values in Test Case 1. TRSRMvalues are:

RSRM =0+0.3x0.5+0.3%x1+0.3x1=0.8
RSRM =0+0.3x1+0.3x0.5+0.3x0.5=0.7

RSRM =0+0.3x0+0.3x0+0.3x0=0
Therefore, in this test cas®SRM has the greatest value as well. So, similarly it will be
chosen. The second row (Test Case 2) of Té&bBsummarizes the calculated values for

this test case.

For this test case, the reason of selecting the first reditizat this replica has the lowest
deviation of two out of thre@oSattributes. So, it is still the best replacement choice.

ETo<ET1<ET3,(6<7<8) O
EG <EG<EG,(11<12<13) O

Ry >R, >R3,(0.7>06>0.5) O

Test Case 3

The third test case has been made similar to the second oheheitonly change of

decreasing its third servicefST value from 8 to 5. Th&oSvalues are as follows:
1. 7 =7Tms ec =11RM, g =07
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2. £E7T =6bms £¢c =12RM, R =0.6

3. 27 =5ms ¢ =13RM,® =05

The normal values for execution times:
Minimum(£ 7 ) = Minimum(7,6,5) =5

Maximun{z 7 ) = Maximun{7,6,5) =7

7-5
ETinormal==——==1
hormal==—5
6-5
ETnormal= == 0.5
5-5
ETsnormal= =—— =
3normal - &c 0

The other values have no change. RfeRMvalues:

RSRM =0+0.3%x0+0.3x1+0.3x1=0.7
RSRM =0+0.3%¥0.54+0.3x0.5+0.3x05=05

RSRM =0+0.3%x1+0.3x0+0.3x0=0.3
Hence, also in this test caRSRM has the greatest value and its atomic service will be

chosen. The third row (Test Case 3) of Tabl8 summarizes these calculated values.

The reason for selecting the first replica here is that adasreplica has the lowest
deviation of two out of thre@oSattributes. So, it is again the best replacement choice.

ETz<ET<ETh,5<6<7) O
EG <EG <EG,(11<12<13) O

R >R, >R3,(0.7>06>05) O

Test Case 4

The fourth test case has been made similar to the third orretwd changes o&T and
EC of the third replica. Th&€oSvalues are as follows:
1. 7 =TmsEc =11RM, g =0.7
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2. £E7T =6bms £¢c =12RM, R =0.6

3.7 =2ms ¢ =3RM,® =05
The normal values for execution times and costs:
Minimum(£ 7 ) = Minimum(7,6,2) = 2

Maximum{z 7 ) = Maximun{7,6,2) =7

~
N

ETinormal==——=1
hormal=2—
6-2
ETnormal= 5= 0.8
2-2
ETsnormal= =—— =
3normal - > 0

Minimum(£ ¢) = Minimum(11,12,3) = 3

Maximum{z ¢ ) = Maximun{11,12,3) = 12
11-3

ECinormal= 173 0.9
12—-3

ECnormal= 12-3° 1
3-3

ECsnormal= 13- 0

TheR values and their normal values have no change.RBBMvalues:

RSRM =0+0.3x0+0.3%x0.1+0.3x1=0.4
RSRM =0+0.3x0.2+0.3x0+0.3x0.5=0.2

RSRM=0+0.3%1+0.3%14+0.3x0=0.7
Therefore, in this test cas@SRM has the greatest value and its atomic service will be

chosen. The fourth row (Test Case 4) of Tabl@ summarizes these calculated values.

In this case, selecting the third replica is becaus&itand EC values are lowest even

though itsR value is not the highest.
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ETz<ETL<ET,2<6<7) O
EG<EC <EG,(3<11<12) O

R; >R, >Rs,(0.7>0.6>0.5 O

Test Case 5
TheRSRMvalues:
RSRM =0+0.3x0+0.3%x0.34+0.3x0.5=0.3
RSRM =0+03%14+03%x1+03x1=1
RSRM =0+0.3x0.54+0.3x0+0.3x0=0.2
So, in this test casBSRM has the greatest value and its atomic service will be chosen.

The fifth row (Test Case 5) of Tabe3 summarizes these calculated values.

The selection of the second replica is due to its low@sBvalues among the others.

ET,<ET3<ET;,(83<4<5) O
EG <EC <EG;,(8<10<11) O

R>>R; >R3,(0.9>085>0.8) O

Discussion

For the above 5 test cases, we execlBBIPFRand we got the same results as shown in
the last column of Tabl6.3. For all the caseSRPFRcould choose a replacement (atomic
service) such that it9QoSdeviation is the lowest. Test Case 5 is a special case bedause i
selected replacement does not showth@mum QoSchangebut the maximum change.
The reason for this difference is becaus&RPFRwe assume that the original service in
which one of its components failed, has the li@sBvalues, i.e. if we compare and rank

the original service together with its replacements, weldsee that the original service
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stands at the top of the list. However, if there is a case irckvii replacement service
has betteQoSvalues, thidetter service will be chosen even though QeSdeviation

is high (but in a positive direction). Therefore, the replment service has always the
bestQoSamong the available replacements (Test Cases 1-5) and swesdiiest Case 5)

even a betteQoSin comparison with the original service.

In summary, in order to answer the research question forstgsion (provided on page

112): Yes,SRPFRassures the selection of the best replacement in terQ@s &f

6.2.2 QoSDeviation for Composite Replacement (many-to-many)

The actual contribution c8RPFRin terms of minimumQoSdeviation is for composite
services. We examined our approach and the results shoBRRIERis able to adapt the
structure of a composite so that @oSattributes do not have a significant change. This
is only possible if there are multiple alternatives of reglment for a particular failure.
However, the existance of the choices are highly feasibtalee ofSRPFRs specific

features such as:

1. Calculating the subdigraphs of the available compositécas in the registry and
storing them as separate composites.
2. Going backwards through the structure of the compositecgeto find the so-called

“Original Subdigraph” which may even contain some well-@xed services.

SRPFRranks the available choices based on the multiple criterfimtl the best “Original
Subdigraph” to be removed and the best “Replacement Sulptiigta be placed in the

structure for each and everpAFWS".

For evaluation purposes, we chose one of the compositecserin a synthetically gen-

erated test collection. Then, we performed our approacHhisrcomposite service. The
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User(ll WS WS WS WS WS User(O)
User(l) 55,52 9
WS 8
WS 133 393,316,311
WS 334
WS 3
WS 367
User(O

Figure 6.9.: Adjacency Matrix of the Composite Service. Coordinates are User Inpats; C
stituent Services S. W S), and User Outputs

results are shown in Tablés4, 6.5and6.6.

The composite service, which its adjacency matrix is depliah Figure6.9, includes 5
atomic services. The following list shows the atomic segsiwith their inputs and outputs.
The input and output numbers are tiiess that we assigned to the concepts available in

the ontologies 0OWLS-TC.

e Atomic 1 W S): Name="Expensive Car Recommended Price”,
Inputs= [55, 52], Output= [8]Q0S=[ ET=16,EC=5, R=0.810 ]
e Atomic 2 W S): Name="RPCW brand”,
Input= [8], Outputs= [393, 133, 316, 317PoS=[ ET=16,EC=5, R=0.844 ]
e Atomic 3 W S): Name="ColaProvider”,
Inputs= [9, 133], Output= [334Q0S=[ ET=30,EC=7, R=0.849 ]
e Atomic 4 W S): Name="Guddu Cola”,
Input= [334], Output= [3]Q0oS=[ ET=20,EC=0, R=0.964 |
e Atomic 5 W S): Name="CoffeewithWhiskeyPrice”,
Input= [3], Output= [367]Q0S=[ ET=29,EC=7,R=0.909 ]
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Table 6.4.: Ranking for Composite Replacement (basedQmSvalues), Atomic Services 1 and 2

AFWS=W S, Code=115

Original Subdigraph Replacement Subdigraph Changes from Original to Replaceme
Service List Digraph Order| ET | EC| R Service List Digraph Order| ET | EC| R Rank | Digraph Order| ET | EC R
[115.1606] 2 32 | 10 | 0.684 [114.1605] 2 24 | 8 | 0.184| 0.708 0 -8 | -2 -0.500
AFWS=W S, Code=1606
Original Subdigraph Replacement Subdigraph Changes from Original to Replaceme

Service List Digraph Order] ET | EC| R Service List Digraph Order] ET | EC| R Rank | Digraph Order| ET | EC R

[1606.1591.1520] 66 | 12 | 0.691 [1605.1590.1521] 3 20| 8 | 0.299| 0.823 -46 | -4 -0.392

[1606.1591.1520] 66 | 12 | 0.691 [1605.1590.1519] 42 | 9 | 0.166| 0.674 -24 | -3 -0.525

[1606.1591] 46 | 12 | 0.717| [1605.1590.1520.1525] 39| 16 | 0.230| 0.526 -7 4 -0.487

[1606.1591] 46 | 12 | 0.717| [1605.1590.1520.1523] 541 9 | 0.100| 0.510 8 | -3 -0.617

[1606.1591] 46 | 12 | 0.717| [1605.1590.1520.1524] 60 | 12 | 0.074| 0.437 -0.643

[1606.1591] 46 | 12 | 0.717 [1605.1590] 15| 8 | 0.300| 0.868 -31| 4 -0.417

[1606.1591] 46 | 12 | 0.717/ [1605.1590.1521.1523] 39| 9 |0.104| 0.554 7| -3] -0613

[1606.1591] 46 | 12 | 0.717| [1605.1590.1519.1525] 46 | 17 | 0.132| 0.438 0| 5 -0.585

NINININNNDNW®W
NN ®W
OININIOININMN DN OO

=

NN

o

[115.1606] 32| 10 | 0.684 [114.1605] 24| 8 | 0.184| 0.744 8| 2| -0500

14"
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Table 6.5.: Ranking for Composite Replacement (based)m$values), Atomic Service 3

AFWS=W S, Code=1591

Original Subdigraph

Replacement Subdigraph

Changes from Original to Replaceme

Service List Digraph Order] ET | EC| R Service List Digraph Order] ET | EC| R Rank | Digraph Order| ET | EC R
[1606.1591.1520] 3 66 | 12 | 0.691 [1605.1590.1519] 3 42 | 9 | 0.166| 0.653 0 24| -3 -0.525
[1606.1591.1520] 3 66 | 12 | 0.691 [1605.1590.1521] 3 20| 8 | 0.299| 0.774 0 -46 | -4 -0.392

[1591.1520] 2 50| 7 |0.819 [1590.1519] 2 32| 7 |0.210| 0.631 0 -18| O -0.609

[1591.1520] 2 50 | 7 | 0.819] [1590.1521.1523.1519] 4 56 | 8 | 0.073| 0.379 2 6 | 1 -0.746

[1591.1520] 2 50| 7 |0.819 [1590.1521] 2 10| 6 | 0.379] 0.767 0 40| -1 -0.439

[1591.1520] 2 50 | 7 | 0.819] [1590.1519.1522.1521] 4 45| 14 | 0.194| 0.388 2 S5 7 -0.624

[1606.1591] 2 46 | 12 | 0.717| [1605.1590.1520.1524] 4 60 | 12 | 0.074| 0.457 2 14| 0 -0.643

[1606.1591] 2 46 | 12 | 0.717| [1605.1590.1519.1525] 4 46 | 17 | 0.132| 0.459 2 0| 5 -0.585

[1606.1591] 2 46 | 12 | 0.717| [1605.1590.1520.1523] 4 54| 9 |0.100| 0.517 2 8 | -3 -0.617

[1606.1591] 2 46 | 12 | 0.717| [1605.1590.1520.1525] 4 39 | 16 | 0.230| 0.528 2 7| 4 -0.487

[1606.1591] 2 46 | 12 | 0.717| [1605.1590.1521.1523] 4 39| 9 | 0.104| 0.556 2 -7 | -3 -0.613

[1606.1591] 2 46 | 12 | 0.717 [1605.1590] 2 15| 8 | 0.300| 0.832 0 31| 4 -0.417
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Table 6.6.: Ranking for Composite Replacement (based@bvalues), Atomic Services 4, and 5

AFWS=W S, Code=1520

Original Subdigraph Replacement Subdigraph Changes from Original to Replaceme
Service List Digraph Orderl ET | EC| R Service List Digraph Orderl ET | EC| R Rank | Digraph Order| ET | EC R
[1606.1591.1520] 3 66 | 12 | 0.691 [1605.1590.1519] 3 42 | 9 | 0.166| 0.633 0 24| -3 -0.525
[1606.1591.1520] 3 66 | 12 | 0.691 [1605.1590.1521] 3 20| 8 | 0.299| 0.763 0 -46 | -4 -0.392
[1591.1520] 2 50| 7 |0.819 [1590.1519] 2 32| 7 |0.210| 0.606 0 -18| O -0.609
[1591.1520] 2 50| 7 | 0.819][1590.1521.1523.1519] 4 56| 8 | 0.073| 0.344 2 6 1 -0.746
[1591.1520] 2 50| 7 | 0.819 [1590.1521] 2 10| 6 | 0.379] 0.750 0 40| -1 -0.439
[1591.1520] 2 50| 7 | 0.819|[1590.1519.1522.1521] 4 45| 14 |1 0.194| 0.329 2 S5 | 7 -0.624

AFWS=W S, Code=1518

No Replacement Available




Based on Equation3.10 3.11, and3.13provided in Definitions (Chapter3 on page43)

the QoSvalues of the composite service are as follows:
||
ET Composite= Z ETw =111
i=

[w|
E Ccomposite= Z ECw =24
=

||
RComposite= I_lﬂiw. =0.51
i

The weights for the Original Subdigraph Ranking Meas@&RM) (Equation3.18on
page53) have been assigned equally]gas 0.16 in order to equalize their effects.
1 _ 6
0(1:0(2:0(3:0(4:0(5:0(6:6:0.16, _;ai =1

Similarly, to make the effects of variou30S attributes the same, the weights for the
Replacement Subdigraph Ranking MeasiR&RM) (Equation3.21 on pageb6) have

been assigned equally é& 0.25.

4
[312[322[332[34:%:025, ;Bizl

The weights for the final Rank (Equati@i23on pageb6) have been assigned equally as

=0.5.

NI

1
w=w=§=0& Yi+y2=1

For every atomic service of the composite service the rept@nts were ranked as fol-

lows.

For Atomic 1 W §) there was only one “Replacement Subdigraph”. HeB¢&?FRwas
not required to rank the alternatives. The “Original Subalidn” included two atomics

(WS andW S). The only “Replacement Subdigraph” had two atomics as wélé final

127



rank values is calculated:

“Original Subdigraph Ranking Measure-

1 1 1 1 1 1 .
Z(1-0)+ 20+ 2 %0+ Z(1—0)+ =(1-0)+ =(1—-0) = 0.6

“Replacement SubdigrapRanking Measure=

1 1 1 1
Z(1-0)+>(1-0)+>(1-0)+>x0=0.7
21-0+7(1-0+7(1-0)+7+0=075

Rank:% x0.6+ % x0.75=0.708

The Atomic 2 WS) had 9 alternatives with different “Original Subdigraplesid “Re-
placement Subdigraphs”. These subdigraphs have differeletrs and variouQoS at-
tributes. The highest rank belongs to the original subgigrahich hasV$ andW S as
their components, together with its replacement subdiggayth service numbers 1605
and 1590 respectively. Its rank value equals to 0.868 wisidaliculated as follows.

“Original Subdigraph Ranking Measure-

1 1 1 1 1 1
-(1-0)+=%04124 -%x1+-(1-0)+=(1—-0)+ =(—0.031) =0.730
S(1-0)+ 20412+ 251+ 2(1-0)+ 5(1-0) + £(~0081

“Replacement SubdigrapRanking Measure=

1 1 1 1
Z<1_0)+Z(1_0)+4_1(1_0)+Z*1:1

Rank:]é x0.730+ % *1=0.868

The replacements for the oth&FWSs were calculated similarly. The rankings are shown
in Table6.5 (for WS) and Table5.6 (for WS andW S). ForW S there was no replace-
ment to be ranked. Hence, if the Web servideSs, fails during an executiortSRPFR

is not able to recover it, i.e. either by replacing it with #rer similar service or by any

other recovery type.
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6.2.3 Discussion

We have shown th&@RPFRensures the recovery of a failure of a composite service to be
performed such that th@oSvalue is maintained close to tli@oSvalues of the original
service. Additionally, if there is an alternative set of\gees with a betteQoS (lower

execution time for instance) this beneficial replacementld/be chosen.

The weights for the ranking formula significantly changefihal decision. For example
in cases that the execution time of the services has a higiueity its respective weight
should be assigned with a higher value. Therefore, by adg#ite weights, the different
QoSattributes can be prioritized such that the adaptationgg®can choose the best al-
ternative. In order to find an optimized set of values for tlegghts, there should be a test
case with valid judgments which shows the best “Originaldgitaph” and “Replacement
Subdigraph” for every set of alternatives of tAEWSs. Unfortunately, because there is

no such test data available we could not propose the exasval
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Chapter 7: Conclusion

In this chapter, we summarize the work done and concludestdts. Then, we illuminate

future work on failure recovery of composite semantic Walises.

7.1 Summary of Research Work

We started this research with the main objective of increaiie probability of recovery
of composite Web services’ execution from a failure. Herwe,proposed a method,
SRPFR that could adapt the structure of composite Web servicesidBs, the similarity
of the original composite and the adapted one must be highgdnso the user would get
the requested goal. However, we had to keep the adaptatielaly time very low so that

the end user would not feel the interruption.

Along the way, we found that we had to develop an applicatibickvis able to generate
a test collection of composite Web services with particalastomizable features. We

needed the data set to evaluate our work and compare thewabsuthe works of others.
A summary of the study and tle@ntributions are as follows:

e We proposed a two-phase meth@RPFR for the failure recovery of composite
Web services. The phases are divided into design-timeneffind run-time, online.
The preparations and the time-consuming calculationscredsiled to be executed
before commencing the invocation of the composite servibe.actual replacement
is triggered at the time of failure using the available listieh was prepared in the
offline phase.

In order to get the best choices for the replacement, we famicandidates based
on various features to find both the best set to be removedrendst one to be

implanted.
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¢ In the real world, we could not find a data set of composite sgin&\Veb services
to test our approach. Therefore, we developed a methagnerate a big set of
composite semantic Web servicesith customizable features. The method is flexi-
ble enough to generate a desired number of composite Weiocsgrv
The composite services are generated using either a preedefet of atomic ser-
vices and their concepts defined in some ontologies or a egiztbd set of atomic
services with a hypothetical hierarchy of concepts. Foptim@ose of evaluating our
method, we generated the composite services based on astdest collection of
atomic services calle@WLS-TC.

The composites are created usl@grelation (which is for traditional and semantic
Web services) as well as condition-relation (Precondidod Effect PE)-related),
which is specifically for semantic Web services, of the atosarvices.

e We implemented our proposed method, and examined it on a euafliest col-
lections. The results show that we achieedignificant positive change in the
probability of recovery of composite Web services from an execution failure.
We could recover the services from a failure with a probgbdf higher tharb5%
for a big set of composite services (including various d¢rarders). We compared
our method with others from the probability of recovery atpe The comparison
shows a similar probability of recovery for atomic servic@slightly better percent-
age when composite services are available along with timeiaservices, and finally
a higher probability of recovery @RPFRas compared to the others for composite
services (of larger digraph orders).

A major reason that our method has a higher probability afvery is our searching
allows us to go backwards through the structure of the coitgpd&eb services. The

other methods do not allow this backwards movement and thestlynadapt the
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structure of the composite service starting from the faglexvice.

The backwards movement requires the compensation of tHeewextuted Web ser-
vices, hence the explicit consideration of twerld-altering category of semantic
Web services. We explicitly considered the availabilityred world-altering services
and we undo their effects if they are required to be remowvearh the structure.
Another reason for a high percentage of recovery as comgardte other meth-
ods is that we calculate the subdigraphs of the availableposite services in the
registry and we store these smaller composite services lashrence, through our
searching we may find these smaller composites as the reptate for a set of
services.

A critical requirement for a failure recovery method is theday time to adapt the
composite service’s structure at the time of failure. Wengix@d our method to mea-
sure the adaptation delay. The result shows tiatrecovery delay time is almost
zero. This minimum required time is because we transferred the-tonsuming
calculations to a phase prior to the execution of the cont@gsirvice.

Our final contribution is keeping th@oSof the adapted service similar to the orig-
inal composite service which had faced a failure. We chosedplacement set of
services based on the similarity of its non-functional emies other than their func-
tional properties. Therefore, therensnimum deviation on the QoS i.e. the best
set of services has been chosen which have the most si@ulavalues.

The method has a feature to enable the administrator of gtersyto prioritize the
required non-functional properties. This can be done bysutjg the weights of the
ranking formula for both the set of services to be removedthen replacement set.
The ranking is based on the number of services in the strictheir undo needs,

execution time and cost, and reliability values of the congtts.
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Figure 7.1.: Summary and Contributions

Figure 7.1 depicts asummary of the work and its contributions: We developed a two-
phase methodSRPFR, for failure recovery of composite semantic Web services (b
adapting their structure) which is capable of handling dwaltering services. We also
created a method which is alite generate a customizable test collectioaf composite
services, which enabled us to prove the ability of our methadcreasing the percentage
of success of the recovery tohggh degree (as compared to the other well-known meth-
ods). The high probability is because the method adds thdignaiphs of the composites
(as new composite services) to the registry and goes badkwharough the structure of
the failed composite service. The delay of recovery at thenard of failure is maintained
ata minimum constant valuebecause we only perform the actual replacement at the on-
set of failure and its required calculations at the offlin@agdn Finally, through the use
of a ranking function we coulgrioritize the neededoSattributes and we were able to

assert theiminimum deviation from the initial values (even in case of an adaptation).
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7.2 Limitations and Future Work

e The service matchings of our composité3, IOR, andlOPR, have been chosen to
be exact matches. Other levels of matching have been propysethers. A future
work is to consider other levels of matching in order to dissamore alternatives
(for replacement purposes).

For example considering sub-concept, and super-conceptdtching between the
inputs and outputs of to-be-joined services enables tledisy process to match
more services.

e The test collections, which we generated for our evaluapiorposes, are solely
based on concepts defined in shared ontologies. Howeves liéen shown that for
matchmaking purposes, other similarity measures suchxabased similarity are
important as wellBravo & Alvaradq 201Q Ganjisaffar et al.20086.

For example, among the synthetically generated compaasitgces we found some
services which are technically possible to be created mgesf their joining con-
cepts. However, looking at the name of the services (whielcamposed together)
reveals that they are meaningless to be generated. Thedsg&dlsimilarity, for
example, can eliminate such undesired services.

e The failure recovery algorithm proposed in this researath ssme others such as
CSPB(Yu & Lin, 20053 can handle a single point of failure (at most one Web ser-
vice is disabled at a time) efficiently. Actually, if the othmoints of failures are out
of the chosen set of services to be removed (which we calleidiital Subdigraph”),
SRPFRcan find a solution for it.

However, a mechanism is needed to ensure that if there atghagoints of failures

they are recoverable in general.
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e The vertices of our composite services are the atomic Weficesy, i.e. the points of
functionality. However, the control flow gateways such as @RD, and XOR are
not considered. A service composition can contain more ¢éaxgontrol flows such
as choice and concurrent behaviors. A future work is to a@rghem and revise the
representation of the composite structures to cover threentioned structures.

e The full applicability of our proposed method in terms of dislay time would be
best shown when there is a complete implementation of theatwedFigurel.1lon
page3). The mediator has to support the ongoing execution of thimefhase of
SRPFR By this enhancement, the time-consuming calculations dvoelperformed
much earlier than commencing the execution of the compssitgces. So, even the

delay before the execution of the composite services woelleé$sened.
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Appendix A: OWLS-TC Characteristics

OWL-S Service Retrieval Test Collectio®{VLS-TCQ)is anOWL-S service retrieval test
collection OWLS-TC, 2010. The services are all described@WL-S version 1.1 and

some inOWL-Sversion 1.0 as well.

This test collection contains service advertisementspsanequests, and relevance judg-
ments of the advertisements regarding to the requests.ciKlasd Kapahnke et al. de-
veloped it in 2005 to support the evaluation of the perforogaof OWL-S semantic Web
service matchmaking algorithms. The developers activajyrovedOWLS-TC. For ex-
ample, regarding the world-altering category of servitieste was no service, including
precondition and result (effect), in the first three versiohthis test collection. Some in-
formal conditions written in services’ comments could navey practical world-altering

service definitions.

They have released the fourth version of this collectionept&mber 2010. The latest
release has service condition and result (effect) spetidita available both irSWRL

(Horrocks et al. 2004 and PDDL (Ghallab et al.1998. The test collection is bundled
separately based on the mentioned languages which areaispddify the services’ pre-

condition and result.

A.1 OWLS-TC Detalils

OWLS-TC Version 4 contains 1083 atomic semantic Web services. Theyescribed

using their Input and Output, and Precondition and ResIBRS).

We extracted the properties of atomic Web services f@WLS-TC. The properties
include the service names (from human-readable informatioServiceProfile) along

with their functional propertiedMartin et al, 2004). The extraction was performed using
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OWL-S AP, a Java library for programmatic access@uVL-S service descriptions.
Every service has several inputs and outputs which are fgmbes Uniform Resource
Identifiers (JRIS) of the concepts in multiple defined ontologies. Morecseme services

have precondition and result which are identified as dtHels as well.

All the 1083 services iIOWLS-TCare listed in Tablé\.3. The table identifies servid®,

the service name, its Filename (with .owls suffix as thein@ilme extensions), number of
inputs and outputs (iMO) column, number of preconditions and resultsHiR) column,

and service clas). The (service)D is a sequential number that we assigned for the
services. The service claH3 is another value which we assigned for the service classes,

and is described in Sectigh 2.

Among 1083 services iIOWLS-TC, 1022 have at least one input, 1057 have at least one
output, and 996 have both. The average number of inputs apdtsiare 1.42 and 1.49
respectively. The services have different number of inpuis outputs. The frequency
of the services based on their inputs and outputs are showalle A.1. In the table
every cell identifies the number of services with a particuigut and output count. For

example, there are 286 services with one input concept amdtyput concepts.

Among all, 120 of services have either precondition or iedl9 have precondition, 22
have result, and 21 have both precondition and result. Hemdg 1 has a result but no
precondition (ServicéD 945 in TableA.3). Consequently, 22 world-altering services are
described in this test collection. The frequency of the isessbased on their precondi-
tions and results are shown in Tae2. In the table every cell identifies the number

of services with a particular precondition and result coufr example, there are 963

Ihttp://on.cs. uni bas. ch/ ow s- api /i ndex. ht m
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Table A.1.: Frequency of Services i@BWLS-TCwith a Particular Input and Output Count. The
cells show the number of services with that partici@icount.

Output Count
0| 1 2 | 3] 4|5]|6]| Grand Total

0 45| 12| 3| 1 61

1 9136328650 3 2 713

- 2 81161 37| 6| 4|2 218
5 3 9| 26 71 2| 1 45
S 4 11| 5 1)1 18
5 5 3 11 1] 1 2 8
5 6 5/ 2 2 9
7 1 2 3

8 3 1 1 1 6

9 1 1

11 1 1

Grand Total|| 26 | 620 | 351 | 64| 14| 3|5 1083

Table A.2.: Frequency of Services @WLS-TCwith a Particular Precondition and Result Count.
The cells show the number of services with that particBRicount.

Result Count

0 1 Grand Total
Precondition 0 963 1 964
Count 1 98 21 119

| | Grand Total| 1061 22| 1083 |

services with neither precondition nor result.

In total, 465 concepts, which are predefined in multiple mgies, have been used in the
test collection as inputs or outputs. In other words, theligand outputs of the services
in this test collection are defined using 465 ontology cotgejm addition, there are 28
conditions used as precondition and result for the servisesme of the conditions have
been used both for the precondition and for the result of éreices. Therefore, the

atomic services in this test collection cannot be joineccdamPR
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A.2 Service Functionality Matching in OWLS-TC

There are similarities based on the semantics of the sarn€@WLS-TC. These similar-
ities are based on tH® concepts of the services. There isii@similarity because none

of the conditions has been used as both precondition antl.resu

For thelO similarity we used the exact match of the concepts in thisaed. That is
to say, two services are exactly matched if their input antguticoncepts exactly match

(Definition 7 on page47?).

In terms of IO match, for 246 of the services there is at least a matchedcservthe
collection. These 246 services are classified in 99 serfasses. The service classes
are called “abstract services”. The services in each seml&Ess is called a “concrete
service” Canfora et al.200§. The service classes have various number of members
(atomic services) as follows: 1 service class has 7 simdarices, 1 service class has 5
services, 9 service classes have 4 services each, 22 selagses have 3 services each,

and 66 service classes have 2 services each.

1x7+1x54+9x4+22x3+66+x2 =246 Services in Service Classes (A.1)

837 services are not in any class, i.e. there are no avaitadlehes in the test collection.

246+ 837= 1083 Total Services iODWLS-TC (A.2)

Additionally, there are 217 pairs of exa€@ matches among the services. In terms of
Input and Output, and ResuldR) matches which matches the services based on their

resultin addition tolO, number of pairs are 217 as well. In other words, all the mesich
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based orlO have either no result condition or similar result condiiorlowever, going
one step further for matching®OPR, which matches all four functional properties of a
semantic Web services, there are 206 pairs of match amorsgthiees in the collection.
TableA.4 shows all 217 pairs of matches of the collection. In the talidk andIOPR
matches are identified in the last column. Moreover, theiserdlassiD of which the
pair belongs to is distinguished as well. TaBlé separately lists the 11 pairs DR
matches which are ndDPR match, i.e. their preconditions do not match. Finally, &bl

A.6 shows all 99 service classes and their concrete services.

As a conclusion, for the approaches that use late bindingtr@ti services) and atomic
replacement for failure recovery, for 837 out 1083 servibese is no replacement and

for only 246 services there is at leastl@hmatched atomic replacement.
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Table A.3.:

Services iMWLS-TC

ID |[Name Filename (.owls) 10 |PR Clas$
0 |MWheeledCarlPersonBicyclePrice 1personbicycle4wheeledcar_price_service 2,104| O
1 ||Kohl CarlPersonBicyclePrice 1personbicyclecar_price_Kohlservice 2,104| 1
2 ||CarlPersonBicyclePrice 1personbicyclecar_price_service 2,104| 1
3 [|CarlPersonBicyclePrice 1personbicyclecar_price_TheBestservice 2,104| 1
4 |Bicycle4Wheeledcar_Price_service 2personbicycledwheeledcar_price_service 2,104 4
5 [[Bwheeledcar year price Bwheeledcaryear_price_service 2,109

6 |[Bwheeledcar year recommended price Bwheeledcaryear_recommendedprice_service 2,100

7 |BWheeled Car price Bwheeledcar_price_service 1,10,9

8 |AWheeledCar 1PersonBicycle MaxPrice wheeledcarlpersonbicycle_maxprice_service 2,100

9 |[BWheeledCar 1PersonBicycle Price wheeledcarlpersonbicycle_price_service 2,104| 0
10 |[AWheeledCar 2PersonBicycle MaxPrice wheeledcar2personbicycle_maxprice_service 2,100

11 |[AWheeledCar 2PersonBicyclePrice wheeledcar2personbicycle_price_service 2,104 4
12 |[AWheeledCarBicyclePrice wheeledcarbicycle_price_service 2,10,0| 12
13 | Awheeledcar year price report wheeledcaryear_pricereport_service 2,200

14 |Awheeledcar year price wheeledcaryear_price_service 2,100

15 |[4WheeledCar price wheeledcar_price_service 1,109

16 |4wheeledCarTechnology wheeledcar_technology_service 1,10,9

17 |[AWheeledCar Year Price wheeledcar_yearprice_service 1,20,

18 ||GovernmentOrganization Academic Degree Scholarship lacademic-degreegovernmentorganization_funding_ceervi 2,100

19 ||Academic Degree GovernmentOrganization Lending lacademic-degreegovernmentorganization_lending_cservi 2,100

20 | ([GovernmentOrganization Academic Degree Unilateral Gjvin lacademic-degreegovernmentorganization_unilateialiservice 2,100

21 ||Government Academic Degree Scholarship lacademic-degreegovernment_funding_service 2,100

22 ||Academic Degree Government Lending lacademic-degreegovernment_lending_service 2,100

23 | [GovernmentAcademicDegreeScholarshipService lacademic-degreegovernment_scholarship_service 2,100

24 ||Government Academic Degree Unilateral Giving lacademic-degreegovernment_unilateralgiving_service 2,104

25 ||[GermanGovernment Academic-Degree Funding Duration lacademic-degree_fundingduration_GermanGovservice 1,209

26 | [Academic-Degree Funding GermangovService lacademic-degree_funding_GermanGovservice 1,109

27 ||GermanGovernment Academic-Degree Lending Duration lacademic-degree_lendingduration_GermanGovservice 1,209

28 | |[Academic-Degree Lending GermanGovernment lacademic-degree_lending_GermanGovservice 1,109

29 | ([GermanGovernment Academic-Degree Scholarship Duration jfacademic-degree_scholarshipduration_GermanGovservic 1,209

30 | {Academic-Degree Scholarship GermangovService lacademic-degree_scholarship_GermanGovservice 1,109

31 | |Academic-Number Book Author booksearch lacademic-item-number_bookauthor_service 1,20,

32 ||Academic Book Number booksearch lacademic-item-number_book_service 1,1/0,4| 32
33 |JAcademic-Number Publication Author lacademic-item-number_publicationauthor_service 1,209

34 | |Academic-Number Publication lacademic-item-number_publication_service 1,109

35 ||AcademicBookNumberOrISBNSearch l[AcademicBookNumberOrISBNSearch 1,1/0,4| 35
36 ||AcademicBookNumberSearch |[AcademicBookNumberSearch 1,1/0,4| 32
37 ||Academic Address lacademic_address_service 1,10,

38 ||Academic Postal-Address lacademic_postal-address_service 1,109

39 | |AcceptCostAndHealingPlan {AcceptCostAndHealingPlan_service 1,109

40 | |Activity Beach lactivity_beach_service 1,109

41 | Activity City lactivity_city_service 1,109

42 | |Activity Destination lactivity_destination_service 1,109

43 | [Activity FamilyDestination jactivity_familydestination_service 1,109

44 | |Activity Farmland jactivity_farmland_service 1,109

45 | |Activity Nationalpark lactivity_nationalpark_service 1,109

46 | [Activity RuralArea lactivity_ruralarea_service 1,109

47 | |Activity Town lactivity_town_service 1,109

48 | |Activity UrbanArea lactivity_urbanarea_service 1,109

49 | [TranslocationService {AddLinks__service 2,111

50 | [Strikelron Address Distance Calculator between two addgess  faddressDistanceCalculator 6,1(1,9

51 | |Address location Geocoder service. laddressGeocoder 1,30.,9

52 ||Adventure RuralArea ladventure_ruralarea_service 1,109

53 ||JAdventure UrbanArea ladventure_urbanarea_service 1,109

54 | [Move Agent lagent_movement 2,104

55 | [MianMarkt ShoppingService lagent_price_MianMarktservice 1,109

56 ||Car Price lamount-of-money3wheeledcar_price_service 2,104

57 |[Threewheeled Car Recommended Price lamount-of-money3wheeledcar_recommendedprice_service 2,104

58 ||Car Price lamount-of-money4wheeledcar_price_service 2,104

59 | (Car Price lamount-of-money4wheeledcar_recommendedprice_service 2,100

60 | (Car Price lamount-of-moneycar_pricecompany_service 2,200

61 | (Car Price lamount-of-moneycar_price_service 2,100

62 | (Car Price lamount-of-moneycheapcar_price_service 2,100

63 | [Cheap Car Recommended Price lamount-of-moneycheapcar_recommendedprice_service 2,100

64 | (Car Price lamount-of-moneyexpensivecar_price_service 2,100

65 | [Expensive Car Recommended Price lamount-of-moneyexpensivecar_recommendedprice_servic 2,100

66 | (GetDruglnformation {Apothecary_service 1,10,9

67 | |ApplePriceService lapple_price_service 1,10,9

68 | [AuthorizePhysician tAuthorizePhysician_service 3,300

69 | |JAuthor Book MaxPrice lauthor_bookmaxprice_service 1,209

70 | [ziku BookFinderPriceService lauthor_bookprice_service 1,209

71 | |Author Book RecommendedPrice lauthor_bookrecommendedprice_service 1,209

72 | |Author Book TaxedPrice lauthor_booktaxedprice_service 1,209

73 | JAuthor Book TaxFreePrice lauthor_booktaxfreeprice_service 1,209

74 | |Author Monograph MaxPrice lauthor_monographmaxprice_service 1,20,9
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75 | JAuthor Monograph Price lauthor_monographprice_service 1,209

76 | JAuthor Monograph RecommendedPrice lauthor_monographrecommendedprice_service 1,209

77 | JAuthor Monograph TaxedPrice lauthor_monographtaxedprice_service 1,209

78 | JAuthor Monograph TaxFreePrice lauthor_monographtaxfreeprice_service 1,209

79 ||Author Novel MaxPrice lauthor_novelmaxprice_service 1,209

80 | |Author Novel Price lauthor_novelprice_service 1,209

81 | {Author Novel RecommendedPrice lauthor_novelrecommendedprice_service 1,20,

82 | [Author Novel TaxedPrice lauthor_noveltaxedprice_service 1,20,

83 | [Author Novel TaxFreePrice lauthor_noveltaxfreeprice_service 1,20,

84 | |Author Publication MaxPrice lauthor_publicationmaxprice_service 1,20,9

85 | [Author Publication Price lauthor_publicationprice_service 1,20,

86 | {Author Publication RecommendedPrice lauthor_publicationrecommendedprice_service 1,20,

87 | {Author Publication TaxedPrice lauthor_publicationtaxedprice_service 1,20,

88 | |Author Publication TaxFreePrice lauthor_publicationtaxfreeprice_service 1,209

89 | |Author ScienceFictionBook MaxPrice lauthor_sciencefictionbookmaxprice_service 1,209

90 | |Author ScienceFictionBook Price lauthor_sciencefictionbookprice_service 1,209

91 ||Author ScienceFictionBook RecommendedPrice lauthor_sciencefictionbookrecommendedprice_service 1,209

92 | |Author ScienceFictionBook TaxedPrice lauthor_sciencefictionbooktaxedprice_service 1,209

93 | |Author ScienceFictionBook TaxFreePrice lauthor_sciencefictionbooktaxfreeprice_service 1,209

94 | |AutolPersonBicyclePrice lautolpersonbicycle_price_service 2,100

95 | [Auto 2PersonBicycle MaxPrice lauto2personbicycle_maxprice_service 2,100

96 | {Auto 2PersonBicycle Price lauto2personbicycle_price_service 2,100

97 | |Auto 2PersonBicycle RecommendedPrice lauto2personbicycle_recommendedprice_service 2,100

98 | [Auto 2PersonBicycle TaxedPrice lauto2personbicycle_taxedprice_service 2,100

99 | |Auto Bicycle MaxPrice lautobicycle_maxprice_service 2,100

100| |Auto Bicycle Price lautobicycle_price_service 2,1/0,q| 100

101||Auto Bicycle RecommendedPrice lautobicycle_recommendedprice_service 2,100

102| |Auto Bicycle TaxedPrice lautobicycle_taxedprice_service 2,100

103| |Auto Bicycle MaxPrice lautocycle_maxprice_service 2,100

104| |Auto Cycle Price lautocycle_price_service 2,104

105| |Auto Bicycle RecommendedPrice lautocycle_recommendedprice_service 2,104

106| |Auto Bicycle TaxedPrice lautocycle_taxedprice_service 2,100

107| |Auto Price Color lauto_pricecolor_service 1,209

108| |AutoPrice lauto_price_service 1,109

109| |Auto RecommendedPrice Color lauto_recommendedpricecolor_service 1,209

110| AutoTechnology lauto_technology_service 1,109

111||car price lauto_yearprice_service 1,209

112||AvailablePreparedFoodService {Available_preparedfoodquantity_service 1,2/0,d|112

113||Avocado Price lavocado_price_service 1,109

114||Government Academic Degree Scholarship lawardgovernment_funding_service 2,104

115||GermanGovernment Award Funding Duration laward_fundingduration_GermanGovservice 1,209

116| jAward Funding Germangoverment laward_funding_GermanGovservice 1,109

117||GermanGovernment Award Lending Duration laward_lendingduration_GermanGovservice 1,209

118| |Award Lending Germangoverment laward_lending_GermanGovservice 1,109

119| |(GermanGovernmentAwardScholarshipService laward_scholarshipduration_GermanGovservice 1,2/0,(119

120| [GermanGovernmentAwardScholarshipService laward_scholarshipduration_SwissGovservice 1,2/0,| 119

121||GermanGovernmentAwardScholarshipService laward_scholarship_GermanGovservice 1,109

122||GovernmentOrganization BallisticMissile Financing Range ballisticmissilegovernmentorganization_financingmrggervice 2,204

123||GovernmentOrganization BallisticMissile Funding Range ballisticmissilegovernmentorganization_fundingrarggsvice 2,204

124||GovernmentOrganization BallisticMissile Giving Range ballisticmissilegovernmentorganization_givingranggrvice 2,204

125| |(GovernmentOrganization BallisticMissile Lending Range ballisticmissilegovernmentorganization_lendingrarsgevice 2,204

126| |Government BallisticMissile Financing ballisticmissilegovernment_financingrange_service 2,204

127||GovBllisticMissileFundingService ballisticmissilegovernment_fundingrange_service 2,204

128||Government BallisticMissile Giving ballisticmissilegovernment_givingrange_service 2,204

129||Government BallisticMissile Lending ballisticmissilegovernment_lendingrange_service 2,204

130|[Ben Ben_service 1,109

131||Beverage MaxPrice Physical-Quantity beverage_maxpricephysical-quantity_service 1,209

132| |[Beverage MaxPrice Quantity beverage_maxpricequantity_service 1,209

133| [Beverage Price Physical-Quantity beverage_pricephysical-quantity_Aldiservice 1,209

134||Beverage Price Quantity beverage_pricequantity_Aldiservice 1,209

135| [Beverage TaxedPrice Physical-Quantity beverage_taxedpricephysical-quantity_service 1,209

136| [Beverage TaxedPrice Quantity beverage_taxedpricequantity_service 1,209

137| Beverage TaxFreePrice Physical-Quantity beverage_taxfreepricephysical-quantity_service 1,20,

138| Beverage TaxFreePrice Quantity beverage_taxfreepricequantity_service 1,20,

139| Bicycle4Wheeledcar_Price_service bicycle4wheeledcar_price_service 2,100 12

140| BicycleAuto_Price_service bicycleauto_price_service 2,1/0,0| 100

141| (CarlPersonBicyclePrice Year bicyclecar_priceyear_service 2,200

142| BicycleCar_Price_service bicyclecar_price_service 2,10,0| 142

143| [BookFinder BookFinder 1,1/0,q(143

144| BookMedicalFlight BookMedicalFlight_service 2,300

145| BookMedicalTransport BookMedicalTransport_service 3,200

146| BookNonMedicalFlight BookNonMedicalFlight_service 2,300

147| BookNonMedicalTransport BookNonMedicalTransport_service 2,200

148| Bea Book Shopping bookpersoncreditaccount__Beaservice 3,1(1,1|148

149| [Book Shopping bookpersoncreditaccount__service 3,1)1,1| 148

150| |AuthorisedPersonBookPrice bookpersoncreditcardaccount_price_service 3,110
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151||AuthorisedPersonBookRecommendedPrice bookpersoncreditcardaccount_recommendedprice_servic 3,114

152| |AuthorisedPersonBookPrice bookpersoncreditcardaccount_taxedfreeprice_service 3,114

153|[BShop book shopping bookpersoncreditcardaccount__BShopservice 3,1/1,1| 153

154||Book Shopping bookpersoncreditcardaccount__service 3,1/1,1| 153

155| [BookPrice lbookpersonOptional_price_service 2,1/0,q| 155

156| [BookPrice lbookperson_price_service 2,1/1,9| 155

157/ Person Book bookperson__service 2,1(1,1

158| [BookPrice BookPrice 1,1/0,q(158

159| [BookSearch BookSearchService 1,1/0,q(143

160| Book Shopping bookusercreditcardaccount__service 3,1(1,1

161| BAT book_authorbook-type_service 1,20,

162 BookAuthorPriceService lbook_authorprice_Novelservice 1,20, 162

163| BookAuthorPriceService book_authorprice_service 1,21,9|162

164| [BookAuthorService book_authortext_service 1,209

165| [BookAuthorService book_author_EncSSservice 1,10,4| 165

166| [BookAuthorService book_author_service 1,10,4| 165

167| Cheapest Book book_Cheapestprice_service 1,1/0,d| 158

168| [BookPublisherService book_person_Publisherservice 1,109

169| [BookPriceService lbook_pricereviewbook_service 1,30,9

170| BookPriceTypeSizeService lbook_pricesizebook-type_service 1,30,9

171||BookPriceService lbook_price_service 1,1/0,4| 158

172| |BookPublisherService book_publisher_service 1,109

173||BookRRPService book_readerreviewperson_service 1,30,9

174| |BookReaderReviewService book_readerreview_service 1,209

175| BookRecommendedPriceService lbook_recommendedpriceindollar_service 1,10,9(175

176| |[BookRecommendedPriceService book_recommendedprice_RegisteredUserservice 1,11,4(176

177||BookRecommendedPriceService book_recommendedprice_service 1,1/0,4( 176

178| [BookPriceService book_reviewprice_service 1,209

179| [BookPrice TaxedPriceService book_taxedpriceprice_service 1,209

180| [BookTaxedPriceService book_taxedprice_service 1,109

181||BookCartService lbook__ShoppingCartservice 1,111,1

182| |BreadBiscuitPriceService breadorbiscuit_recPricetaxedpriceineuro_service 1,209

183| [Butter MaxPrice butter_maxprice_service 1,109

184| |Butter RecommendedPrice butter_recommendedprice_service 1,109

185| [Butter TaxedPrice butter_taxedprice_service 1,109

186 [CAD ICAD_medical_service 1,20,

187| [Distance calculator between two locations icalculateDistancelnMiles 4,1/1,9|187

188| |Distance calculator between two locations calculateDistanceUsingSphericalGeometry 4,1/1,9|187

189| [Sunrise Time Calcutator Service. calculateSunriseTime 4,119

190| [Distance calculator between two locations calculatorDistanceSphericalLawOfCosines 4,1/1,9|187

191||Car2PersonBicyclePrice car2personbicycle_price_service 2,104

192||CarBicyclePrice carbicycle_price_service 2,1/0,q| 142

193||CarBicycle Recommended Price carbicycle_recommendedprice_service 2,104

194/ |Car Bicycle Taxed Price carbicycle_taxedprice_service 2,104

195||CarCyclePrice carcycle_price_service 2,104

196| |[CareOrganization Biopsy Availability careorganization_biopsy_service 1,109

197||CareOrganization DiagnosticProcess TimeDuration careorganization_diagnosticprocesstimedurationicerv 1,209

198| [CareOrganization DiagnosticProcess Timelnterval careorganization_diagnosticprocesstimeinterval iserv 1,209

199| |CareOrganization DiagnosticProcess TimeMeasure careorganization_diagnosticprocesstimemeasure ceervi 1,209

200( (CareOrganization DiagnosticProcess careorganization_diagnosticprocess_service 1,109

201| (CareCareOrganization Experiment careorganization_experimenting_service 1,109

202| (CareOrganization Investigating careorganization_investigating_service 1,109

203| (CareOrganization Predicting careorganization_predicting_service 1,109

204| [Recommended price of car model caryear_recommendedpriceineuro_service 2,104

205| (Car price car_priceauto_service 1,209

206| [T-car price car_pricecolor_service 1,209

207| (Car Price quality car_pricequality_service 1,209

208| [car price report car_pricereport_service 1,209

209 (car price car_price_service 1,1/0,d | 209

210| [CarRecommendedPrice car_recommendedpriceindollar_service 1,109

211 car Recommended price car_recommendedpriceineuro_service 1,109

212| (CarRecommendedPrice car_recommendedprice_service 1,109

213| car report car_report_service 1,109

214| [car price car_taxedpriceprice_service 1,20,

215| [Car TaxedPrice Report car_taxedpricereport_service 1,20,

216| [CarTechnology car_technology_service 1,10,9

217|[Car Year Price car_yearprice_service 1,20,

218||cCP ICCP_service 1,2/0,9

219| [2for 1 Price cdplayermp3player_price_service 2,100

220| [CDPlayer MaxPrice cdplayer_maxprice_service 1,10,9

221{(CD Player recommended Price cdplayer_recommendedprice_service 1,10,9

222|[CDPlayer TaxedPrice cdplayer_taxedprice_service 1,10,9

223| [CheapCar 1PersonBicycle MaxPrice Icheapcarlpersonbicycle_maxprice_service 2,100

224|CheapCar 1PersonBicycle Price cheapcarlpersonbicycle_price_service 2,100

225| [CheapCar 2PersonBicycle MaxPrice cheapcar2personbicycle_maxprice_service 2,100

226| [CheapCar 2PersonBicyclePrice cheapcar2personbicycle_price_service 2,100
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227|(CheapCar Price Color cheapcar_pricecolor_service 1,209

228| (CheapCar Price Report cheapcar_pricereport_service 1,209

229| (Cheap car price cheapcar_price_service 1,109

230| CheapCar RecommendedPrice Color cheapcar_recommendedpricecolor_service 1,209

231| (CheapCar TaxedPrice Report cheapcar_taxedpricereport_service 1,209

232| (CheapCarTechnology cheapcar_technology_service 1,109

233|[CheapCar Year Price cheapcar_yearprice_service 1,20,

234 Check and Lookup address checkAndLookupAddress 5,6[1,0

235| [CheckCostAndHealingPlan ICheckCostAndHealingPlan_service 2,109

236| [CheckEquipmentAvailability ICheckEquipmentAvailability_service 4,100

237| [CheckHospitalAvailability ICheckHospitalAvailability_service 3,10,0 237

238| [CheckPersonnelAvailability ICheckPersonnelAvailability_service 3,1/0,0 237

239| [CheckRoomAvailability ICheckRoomAvailability_service 3,10,0 237

240| [citycity route finder lcitycity_arrowfigure_service 2,111,

241| [City2CityRouteFinderService lcitycity_map_service 2,111,

242| [HotelReserveService citycountryduration__HotelReserveservice 3,1(1,1

243| |AccomodationinfoService citycountry_accommaodation_service 2,111,

244] (CityCountaryInfoService citycountry_destinationhotel_service 2,214

245| [HotelInfoService citycountry_hotel_service 2,11, 245

246| [SkilledPositionsService citycountry_skilledoccupation_service 2,110

247||CityGovernement Lending citygovernment_lending_service 1,10,

248| [City Accommodation lcity_accommodation_service 1,109

249| (City BedAndBreakfast city_bedandbreakfast_service 1,109

250| [GermanCityHotellnfoService city_hotel_Germanservice 1,11, | 250

251| (CityHotellnfoService city_hotel_Saarlandservice 1,111,

252| (CityHotellnfoService city_hotel_service 1,1/0,d | 250

253| (City LuxuryHotel lcity_luxuryhotel_service 1,109

254| [SkilledPositionsService lcity_skilledoccupation_service 1,109

255| Zip codes finder service. city_state_ZipCodes 3,1/1,9| 255

256| (CityWeatherfrontService city_weatherfront_service 1,109

257| (City WeatherSeason city_weatherseason_service 1,109

258 [City WeatherSystem city_weathersystem_service 1,109

259| [Close door close_door 1,10,4| 259

260( (Coconut Price lcoconut_price_service 1,109

261| BreakFastPriceService coffeesandwich_price_service 2,104

262| (Coffee MaxPrice coffee_maxprice_service 1,109

263| [Coffee RecommendedPrice coffee_recommendedprice_service 1,109

264| (Coffee TaxedPrice coffee_taxedprice_service 1,109

265|[CC icompanycountry_skilledoccupation_service 2,104

266| [Company Profession icompany_profession_service 1,109

267| [SkilledPositionsSearch icompany_skilledoccupation_service 1,109

268||ContactEMA IContactEMA_services 2,10,

269| |AppleProducerService corporation_apple_service 1,109

270| (CapitalCityCountaryHotellnfoService countrycapital-city_hotel_service 2,114

271| HotellnfoService countrycity_hotel_service 2,1/1,9| 245

272| (GelLuxuryHotellnfoService countrycity_luxuryhotel_Gelservice 2,11,9|272

273| [LuxuryHotellnfoService lcountrycity_luxuryhotel_service 2,11,9|272

274| (CityCountryInfoService lcountrycity_sportshotel_service 2,214

275| HotellnfoService countryvillage_hotel_service 2,114

276| (Country Company OccupationalTrade lcountry_companyoccupationaltrade_service 1,209

277| (Country Company Profession lcountry_companyprofession_service 1,209

278| [OccupationFinder country_companyskilledoccupation_service 1,20,4| 278

279| (Country Corporation OccupationalTrade lcountry_corporationoccupationaltrade_service 1,209

280| (Country Corporation Profession lcountry_corporationprofession_service 1,209

281| (OccupationFinder lcountry_corporationskilledoccupation_service 1,20,d| 281

282| CDeaconService country_deacon_service 1,109

283| (Country Drought country_drought_service 1,109

284| (CountryHotelService country_hotel_service 1,109

285| (Country Lightning country_lightning_service 1,109

286| (CountaryMap lcountry_map_service 1,109

287| (Country OccupationalTrade FullTimePosition country_occupationaltradefulltimeposition_service 1,209

288| [Country OccupationalTrade PartTimePosition lcountry_occupationaltradeparttimeposition_service 1,209

289| [Country OccupationalTrade TimeDuration lcountry_occupationaltradetimeduration_Service 1,20,

290| [Country OccupationalTrade TimeMeasure country_occupationaltradetimemeasure_Service 1,20,

291| [Country OccupationalTrade lcountry_occupationaltrade_service 1,10,9

292| [Country Organization OccupationalTrade lcountry_organizationoccupationaltrade_service 1,20,

293| [Country Organization Profession country_organizationprofession_service 1,20,

294] (OccupationFinder lcountry_organizationskilledoccupation_service 1,20, 294

295/ [Country Profession FullTimePosition lcountry_professionfulltimeposition_service 1,20,

296| [ProfessionincomeTax lcountry_professionincometax_service 1,209

297| [Country Profession PartTimePosition country_professionparttimeposition_service 1,20,

298| [Country Profession TimeDuration country_professiontimeduration_Service 1,20,

299| [Country Profession TimeMeasure lcountry_professiontimemeasure_service 1,20,

300| [ProfessionOffer lcountry_profession_service 1,109

301 [Country SkilledOccupation FullTimePosition country_skilledoccupationfulltimeposition_service 1,20,

302| [Country SkilledOccupation PartTimePosition icountry_skilledoccupationparttimeposition_JobSegvic 1,2/0,q(302
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303| (Country skilled and partTimePositionsService country_skilledoccupationparttimeposition_service 1,20, (302

304| countryJobs country_skilledoccupationtimeduration_JobService 1,2/0,d | 304

305| countryJobs country_skilledoccupationtimeduration_service 1,2/0,d| 304

306( (Country SkilledOccupation TimeMeasure lcountry_skilledoccupationtimemeasure_service 1,209

307| (CountrySkilledPositionsService country_skilledoccupation_jobsservice 1,1/0,d (307

308| [CountrySOccupService country_skilledoccupation_service 1,1/0,d (307

309| [SportsPositionsService lcountry_sportsposition_service 1,10,9

310| (Country WarmFront country_warmfront_service 1,109

311 [Country WeatherFront country_weatherfront_service 1,10,9

312| [CountryWeatherProcessService country_weatherprocess_service 1,10,9

313| [Country WeatherSeason country_weatherseason_service 1,10,9

314| [Country WeatherSystem lcountry_weathersystem_service 1,10,9

315 2inlcycleservice cyclelpersonbicycle_price_service 2,100

316| [CarCyclePrice cyclecar_pricetaxedprice_service 2,200

317|[CarCycle Recommended Price cyclecar_recommendedpriceineuro_service 2,100

318| Datefruit Price datefruit_price_service 1,109

319| |[GovernementOrganization ScholarshipService degreegovernmentorganization_scholarship_service 2,100

320| [GovernmentDegreeFundingService degreegovernment_funding_service 2,100

321||GovernmengLendingForDegreeService degreegovernment_lending_service 2,100

322||Government Degree Scholarship degreegovernment_scholarship_service 2,10,d|322

323| |[GovernmentDegreeSpecialOffersService degreegovernment_unilateralgiving_service 2,100

324 NationalGovernmentDegreeScholarshipService degreenationalgovernment_scholarship_service 2,100

325| |[GermanGovernment Degree Funding Duration degree_fundingduration_GermanGovservice 1,20,

326| [Degree Funding GermangovService degree_funding_GermanGovservice 1,10,9

327| (GermanGovernment Degree Lending Duration degree_lendingduration_GermanGovservice 1,209

328| Degree Lending Germangov degree_lending_GermanGovservice 1,109

329| (GermanGovernment Degree Scholarship Duration degree_scholarshipduration_GermanGovservice 1,209

330| Degree Scholarship GermangovService degree_scholarship_GermanGovservice 1,109

331(DeoSFNPrice DeoSFN_price_service 2,1/0,q|331

332||DJob DJob_service 1,2]1,4| 304

333| DrugStoreTeaService drugstore_tea_service 1,109

334| HotellnfoService durationcountrycity_hotel_service 3,114

335| [Duration Geopolitical-Entity City Accommodation InfoSére durationgeopolitical-entitycity_accommodation_seevi 3,114

336| [Duration Geopolitical-Entity City BedAndBreakfast InfoSis durationgeopolitical-entitycity_bedandbreakfastvier 3,114

337| Duration Geopolitical-Entity City Hotel InfoService durationgeopolitical-entitycity _hotel_service 3,114

338| [2for 1 Price dvdplayermp3player_pricemessage_service 2,200

339| [MD 2For 1 Price dvdplayermp3player_price_MDservice 2,1/0,|339

340| 2For 1 Price dvdplayermp3player_price_Rservice 2,1/0,|339

341 2For 1 Price dvdplayermp3player_price_service 2,1/0,|339

342 2For 1 Price dvdplayermp3player_RecpriceEuro_service 2,104

343| 2for 1 Price dvdplayermp3player_Recpricemessage_service 2,200

344(2For 1 Price dvdplayermp3player_Recprice_service 2,1/0,q| 344

345| DVDPlayer MaxPrice dvdplayer_maxprice_service 1,109

346| DVDPlayer TaxedPrice dvdplayer_taxedprice_service 1,109

347| [EBookOrder EBookOrderl 2,11,1|347

348| [EBookOrder2 EBookOrder2 2,11,1|347

349| [EBookOrder3 EBookOrder3 2,11,1|347

350| [Educational-Employee Address leducational-employee_address_service 1,109

351| [Educational-Employee Postal-Address leducational-employee_postal-address_service 1,109

352| [EducationalOrganizationLecturer leducational-organization_lecturer-in-academia_servi 1,109

353| [ElectricDevice Price lelectricdevice_price_service 1,109

354| [SelectOtherHospital EmergencyPhysician_service 1,109

355( Employee Address lemployee_address_service 1,109

356/ Employee postal address lemployee_postal-address_service 1,1/0,4 | 356

357| Employee postal address lemployee_postal-address_XYZService 1,1/0,4 | 356

358| [Encyclopedia Author Book-Type lencyclopedia_authorbook-type_service 1,209

359| [Encyclopedia Author lencyclopedia_author_service 1,109

360| [EncyclopediaPriceService lencyclopedia_price_service 1,109

361/ [Encyclopedia Publisher lencyclopedia_publisher_service 1,109

362| [EntranceFee EntranceFeeindollar_service 1,109

363| [EntranceFee EntranceFee_service 1,109

364/ [ExpensiveCar Price Color lexpensivecar_pricecolor_service 1,209

365| [Expensive car price lexpensivecar_price_service 1,10,9

366| [ExpensiveCar RecommendedPrice Color lexpensivecar_recommendedpricecolor_service 1,20,

367| [ExpensiveCarTechnology lexpensivecar_technology_service 1,10,9

368| [ExpensiveCar Year Price lexpensivecar_yearprice_service 1,20,

369| [Fall Down Pill fall_down_pill 1,6/0,9

370| [FantasyNovelprice fantansynoveluser_price_service 2,111,

371| [FastCar Price Color fastcar_pricecolor_service 1,20,

372|[FastCar Price Report fastcar_pricereport_service 1,20,

373| [FastCar RecommendedPrice Color fastcar_recommendedpricecolor_service 1,20,9

374| [FastCar Recommended price fastcar_recommendedprice_service 1,109

375| [FastCar TaxedPrice Report fastcar_taxedpricereport_service 1,20,

376| [FastCarTechnology fastcar_technology_service 1,10,9

377|[FastCar Year Price fastcar_yearprice_service 1,20,

378|[Fill pills [ill_pills 1,10,9
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379| Nearby Postal Codes Finder Service. findNearbyPostalCodes 5114

380| Nearby Wikipedia Articles Finder Service. findNearbyWikipediaArticles 6,4/1,0

381| [Postal Codes of Places Finder findPlaceNamePostalCode 4,519

382| [Flip Down Slider flip_down_slider 1,6/0,9

383||Flip Slider ’Tlip_slider 2,104

384/ [Flip Up Slider )ﬂip_up_slider 1,309

385| [Food MaxPrice Physical-Quantity food_maxpricephysical-quantity_Aldiservice 1,20,

386/ |AldiFoodQuantityService food_maxpricequantity_Aldiservice 1,2/0,q|386

387| |AldiFoodQuantityService food_maxpricequantity_service 1,2/0,q|386

388| [Food Price Physical-Quantity food_pricephysical-quantity_Aldiservice 1,20,9

389| [Food Price Quantity food_pricequantity_Aldiservice 1,20,

390| [B-co FoodPriceService food_price_AnimalFoodservice 1,10, (390

391| [FoodPriceService food_price_service 1,10,(390

392| FoodRecommendPriceService food_recommendedprice_service 1,109

393| [Food TaxedPrice Physical-Quantity food_taxedpricephysical-quantity_Aldiservice 1,20,

394/ [Food TaxedPrice Quantity food_taxedpricequantity_Aldiservice 1,20,

395| [Food TaxFreePrice Physical-Quantity food_taxfreepricephysical-quantity_Aldiservice 1,20,

396/ [Food TaxFreePrice Quantity food_taxfreepricequantity_Aldiservice 1,20,

397| [Gazetteer location finder service. lgazetteerLookupLocation 3,400

398| [SurfingGenericAgentDestinationService lgeneric-agentsports_destination_service 2,10, 398

399| [SurfingGenericAgentDestination SportsService lgeneric-agentsports_destination_SportsService 2,10, 398

400| [Postal Address geocoder service. lgeocodeUSAddress 4,211,0

401|roadway signs lgeographical-regiongeographical-region_icon_service 2,114

402||Gorge RouteFinder lgeographical-regiongeographical-region_map_Gorgserv 2,1/0,0| 402

403| [RouteFinder lgeographical-regiongeographical-region_map_service 2,1/1,9| 402

404| |Geographical-Region Accomodation lgeographical-region_accomodation_service 1,109

405| |Geographical-Region BedAndBreakfast lgeographical-region_bedandbreakfast_service 1,109

406/ |Geographical-Region Company OccupationalTrade lgeographical-region_companyoccupationaltrade_servic 1,209

407| |Geographical-Region Company Profession lgeographical-region_companyprofession_service 1,209

408| |[OccupationFinder geographical-region_companyskilledoccupation_servic 1,20,4(278

409| |Geographical-Region Corporation OccupationalTrade lgeographical-region_corporationoccupationaltraderice 1,209

410| |[Geographical-Region Corporation Profession lgeographical-region_corporationprofession_service 1,209

411| |OccupationFinder lgeographical-region_corporationskilledoccupationvise 1,20,d (281

412| |Geographical-Region Drought lgeographical-region_drought_service 1,109

413| |GeographicalRegionHotelService lgeographical-region_hotel_service 1,1/0,4 (413

414| |GeographicalRegionHotelService lgeographical-region_hotel_XYZService 1,1/0,4 (413

415| RegionLightiningConditionService lgeographical-region_lightning_service 1,109

416/ |Geographical-Region LuxuryHotel lgeographical-region_luxuryhotel_service 1,109

417| [Route from Frankfurt lgeographical-region_mapFromFrankfurt_service 1,10, (417

418| [Route to Berlin lgeographical-region_mapToBerlin_service 1,10, (417

419| |Geographical-Region Organization OccupationalTrade geographical-region_organizationoccupationaltraelerise 1,209

420| |[Geographical-Region Organization Profession lgeographical-region_organizationprofession_service 1,209

421 |OccupationFinder lgeographical-region_organizationskilledoccupatiabSErvice 1,20,d| 294

422||OccupationFinder lgeographical-region_organizationskilledoccupati@nvise 1,20,d| 294

423| |Geographical-Region WarmFront lgeographical-region_warmfront_service 1,109

424|IGRWF lgeographical-region_weatherfront_service 1,10,4 | 424

425|IGRWF lgeographical-region_weatherfront_WService 1,10,4 | 424

426||GRW lgeographical-region_weatherprocess_GRWservice 1,1/0,4 | 426

427||GRWeatherProcessService lgeographical-region_weatherprocess_service 1,1/0,4| 426

428|IGEWS lgeographical-region_weatherseason_service 1,109

429| I GRWF lgeographical-region_weathersystem_service 1,109

430| [Inside GeopoliticalEntitylnfoService lgeopolitical-entityrecorded-video_activityhotel \see 2,204

431| |Geopolitical-Entity Accommodation lgeopolitical-entity_accommodation_service 1,109

432| |Geopolitical-Entity BedAndBreakfast lgeopolitical-entity_bedandbreakfast_service 1,109

433| |Geopolitical-Entity Company OccupationalTrade lgeopolitical-entity_companyoccupationaltrade_sexvic 1,209

434| |Geopolitical-Entity Company Profession lgeopolitical-entity_companyprofession_service 1,209

435| |[OccupationFinder lgeopolitical-entity_companyskilledoccupation_seevic 1,20,4(278

436/ |Geopolitical-Entity Corporation OccupationalTrade lgeopolitical-entity_corporationoccupationaltradevire 1,209

437| |Geopolitical-Entity Corporation Profession lgeopolitical-entity_corporationprofession_service 1,209

438| |[OccupationFinder geopolitical-entity_corporationskilledoccupationngee 1,20,d (281

439| |Geopolitica-Entity Drought lgeopolitical-entity_drought_service 1,109

440| |GeopoliticalHotelService geopolitical-entity_hotel_service 1,109

441||GIS lgeopolitical-entity_internalchange_service 1,10,9

442||Geopolitica-Entity Lightning lgeopolitical-entity_lightning_service 1,10,9

443||Geopolitical-Entity LuxuryHotel lgeopolitical-entity_luxuryhotel_service 1,10,9

444||Geopolitical-Entity OccupationalTrade FullTimePositio lgeopolitical-entity_occupationaltradefulltimepositi service 1,20,

445||Geopolitical-Entity OccupationalTrade PartTimePositio lgeopolitical-entity_occupationaltradeparttimepasitiservice 1,20,

446||Geopolitical-Entity OccupationalTrade TimeDuration lgeopolitical-entity_occupationaltradetimeduraticervice 1,20,

447||Geopolitical-Entity OccupationalTrade TimeMeasure lgeopolitical-entity_occupationaltradetimemeasurevise 1,20,

448||Geopolitical-Entity OccupationalTrade lgeopolitical-entity_occupationaltrade_service 1,10,9

449||Geopolitical-Entity Organization OccupationalTrade geopolitical-entity_organizationoccupationaltradevice 1,20,

450||Geopolitical-Entity Organization Profession lgeopolitical-entity_organizationprofession_service 1,20,

451||OccupationFinder lgeopolitical-entity_organizationskilledoccupatioansce 1,20, 294

452||Geopolitical-Entity Profession FullTimePosition lgeopolitical-entity_professionfulltimeposition_siee 1,20,

453||Geopolitical-Entity Profession PartTimePosition lgeopolitical-entity_professionparttimeposition_seev 1,20,

454||Geopolitical-Entity Profession TimeDuration lgeopolitical-entity_professiontimeduration_service 1,20,
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455| |Geopolitical-Entity Profession TimeMeasure lgeopolitical-entity_professiontimemeasure_service 1,209

456/ |Geopolitical-Entity Profession geopolitical-entity_profession_service 1,109

457| |OccupationFinder lgeopolitical-entity_skilledoccupationcompany_seevic 1,209

458| |Geopolitical-Entity SkilledOccupation FullTimePositio lgeopolitical-entity_skilledoccupationfulltimepositi_service 1,20, | 458

459| |Geopolitical-Entity SkilledOccupation PartTimePositio geopolitical-entity_skilledoccupationparttimepasiti service 1,20, | 459

460| [Geopolitical-Entity SkilledOccupation TimeDuration lgeopolitical-entity_skilledoccupationtimeduratioensce 1,209

461||Geopolitical-Entity SkilledOccupation TimeMeasure lgeopolitical-entity_skilledoccupationtimemeasurevise 1,20,

462||GeoSkilledPositions lgeopolitical-entity_skilledoccupation_service 1,10,9

463||Geopolitica-Entity WarmFront lgeopolitical-entity_warmfront_service 1,10,9

464||Geopolitica-Entity WeatherFront lgeopolitical-entity_weatherfront_service 1,10,9

465||GeoEntityWeatherProcessService lgeopolitical-entity_weatherprocess_service 1,10,9

466||GEWS lgeopolitical-entity_weatherseasonproposition_servic 1,20,

467||GEIZ weather lgeopolitical-entity_weatherseasontimeposition_servi 1,20,

468||GEWS lgeopolitical-entity_weatherseason_service 1,10,9

469||GEWeatherSystemService geopolitical-entity_weathersystem_service 1,10,9

470||Addrees Finder Service. lgetAddressOfLocation 3,31,

471||Altitude Above Sea Level Calculator Service. getAltitudeAboveSeal evelOfLocation 3,11,0|471

472||Altitude Calculator Service. getAltitudeOfLocation 3,210

473| |ATM Location Finder Service. getATMLocationsInCity 3,210

474|]Address coordinates finder service. getCoordinatesOfAddress 5,310

475|Worldwide Cities Distance Calculator getDistanceBetweenCitiesWorldwide 6,1(1,0

476| |Distance calculator between two locations getDistanceBetweenLocations 4,11,0(187

477||Distance finder between two US places getDistanceBetweenPlaces 4,111,9

478| [Driving directions lgetDrivingDirections 8,41,

479| [Elevation Finder Service. lgetElevationFromLocation 3,111,471

480| [Geographic area of ZipCode finder Service. lgetGeographicAreaOfZipCode 2,314

481||City matcher service. getListOfMatchingCities 2,514

482||Address location finder service. getLocationOfAddress 3,214

483| |Address location finder service. lgetLocationOfAddressWorldwide 4,211,

484||Address location Yahoo Maps service. getLocationOfAddressYahooMaps 1,409

485| [City State Location Geocoder service. lgetLocationOfCityState 2,410

486| IGEO Location finder service. getLocationOfCityWorldwide 3,21,

487| [Zip code location finder service. lgetLocationOfUSCity 2,214

488| [Zip code location finder service. getLocationOfUSZipcode 1,209

489| [Location of ZipCode finder Service. lgetLocationOfZipCodeWorldwide 2,410

490| [Check and Lookup address getMapOfAddress 5,6/11,

491| [Postal Address Map service. getMapOfUSAddress 4,114

492| |GetMedicalFlightAccount IGetMedicalFlightAccount_service 6,1/0,0

493| |GetMedicalTransportAccount iGetMedicalTransportAccount_service 8,104

494 |GetNonMedicalFlightAccount iGetNonMedicalFlightAccount_service 8,100

495| |[GetNonMedicalTransportAccount iGetNonMedicalTransportAccount_service 6,100

496| |Address Place finder service. getPlaceOfAddress 7,319

497| [Population Density Calculator Service. lgetPopulationDensityOfLocation 3,114

498| [Sunrise and Sunset Time Calcutator Service. lgetSunsetAndSunriseTime 5214

499| [Sunrise and Sunset Time Calcutator Service. lgetSunsetSunriseTimeOfLocation 4,214

500( [Sunrise Sunset and Twilight Time Calcutator Service. lgetSunsetSunriseTwilightTime 5,414

501| [Traffic information service. getTrafficinformation 7,314

502( |US Zip code location finder service. lgetUSZipCodeLocation 2,414

503| Zip codes finder service. getZipcodeForUSCity 3,1/1,9| 255

504| Zip code info service. getZipCodelnfo 2,414

505| [Zip Code info Service that works worldwide. getZipCodelnfoWorldwide 2,514

506| [Zip code location finder service. getZipCodeLocation 2,314

507| Zip Codes finder within distance from a city. getZipCodesWithinCityState 4,214

508[[GOOGLE GEOCODING API SERVICE. lgoogleGeocodingAPI| 6,4/0,0

509| [GOOGLE STATIC MAPS API SERVICE. lgoogleStaticMapsAPI| 7,104

510| (Government-Organization Profession lgovernment-organization_profession_service 1,109

511 ([Government-Organization SkilledOccupation lgovernment-organization_skilledoccupation_service 1,109

512 (GovernmentAwardScholarshipService lgovernmentaward_scholarship_service 2,104

513| ([GovernmentDegreeGivingBackService lgovernmentdegree_givingback_service 2,104

514 (GovernmentDegreeScholarshipQuantityService lgovernmentdegree_scholarshipquantity_service 2,200

515| ([GovernmentDegreeScholarShipService lgovernmentdegree_scholarship_service 2,1/0,q| 322

516| ([GovernmentScholarDegreeShipService lgovernmentdegree_scholarship_TheBestservice 2,1/0,9q|322

517| |GovernmentDegreeWelfareService governmentdegree_welfare_service 2,100

518| |[GovMissilesAndWeaponsFundingsService lgovernmentmissileweapon_fundingfunding_service 3,200

519| |[GovMissilesAndWeaponsFundingService lgovernmentmissileweapon_funding_service 3,100

520| [GovMissilesFinancingService lgovernmentmissile_financing_service 2,100

521| |[GovernmentMissileFundingService lgovernmentmissile_funding_Reliableservice 2,1/0,0|521

522| |[GovernmentMissileFundingService lgovernmentmissile_funding_service 2,1/0,0|521

523| |[GovOrgMissilesUniliteralGivingService lgovernmentorganizationmissile_unilateralgiving_szv 2,100

524||GovOrgMissileFundingService lgovernmentorganizationselfpowereddevice_fundinyiser 2,100

525| |[GovernementOrganization ScholarshipService lgovernmentorganization_scholarship_service 1,10,9

526| [GovernmentWeaponFundingService lgovernmentweapon_funding_service 2,100

527| |GovernmentFundingService lgovernment_funding_ABombservice 1,10,9(527

528| [GovernmentFundingService government_funding_BallMissileservice 1,1/0,4 (527

529| [GovernmentFundingService government_funding_ForPhDservice 1,1/0,4 (527

530| [GovernmentFundingService lgovernment_funding_Missileservice 1,10,9(527
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531 (Governement Lending lgovernment_lending_service 1,109

532| (GovernmengOfferingScholarshipService lgovernment_scholarshiporganization_service 1,209

533| [Governement Scholarships lgovernment_scholarship_service 1,109

534/ (GovernmengWelfaresService lgovernment_welfare_service 1,109

535| (Green Light To Off greenLight_to_off 1,2/0,d (535

536( (Green Light To On greenLight_to_on 1,2/0,d (535

537| |GroceryStore BreadOrBiscuit Quantity grocerystore_breadorbiscuitquantity_service 1,20,

538| |GroceryStore Butter Quantity lgrocerystore_butterquantity_service 1,20,

539| [SoldButterService grocerystore_butterselling_service 1,20,

540| [CakeElementsService grocerystore_flourdoughbutter_service 1,30,9

541| [FodderSellerService grocerystore_fodder_AnimalFoodservice 1,10,9

542| (GroceryStore Food Quantity grocerystore_foodquantity_service 1,20,

543| |GroceryStoreFoodService grocerystore_food_service 1,10,9

544/ |GStorePFoodPriceService lgrocerystore_preparedfoodprice_service 1,20,

545/ |GroceryStore PreparedFood Quantity lgrocerystore_preparedfoodquantity_service 1,20,q(112

546/ (GroceryFoodService lgrocerystore_preparedfood_service 1,10,9

547| |GroceryStore Sandwich Quantity lgrocerystore_sandwichquantity_service 1,20,

548| |AvailableTeaService lgrocerystore_teaprice_service 1,20,

549|HDP2 HDP2_service 1,20, | 549

550(HDP HDP_service 1,209

551|[SendEMAPhoneNumber Healthinsurance_service 1,109

552| [HigherEducationalOrganizationLecturers higher-educational-organization_lecturer-in-acageriostUsedservice 1,1/0,q (552

553| [HigherEducationalOrganizationLecturers higher-educational-organization_lecturer-in-acagerservice 1,10,q (552

554| [Pioneer HigherEducationalOrganizationProfessors higher-educational-organization_professor-in-acadeRioneerservice 1,10,q (554

555| HigherEducationalOrganizationProfessors higher-educational-organization_professor-in-acddeservice 1,1/0,d | 554

556( HigherEducationalOrganizationSeniorResearcherFellow higher-educational-organization_senior-researdovein-academia_Firstservige.,, 1/0,q | 556

557| HigherEducationalOrganizationSeniorResearcherFellow higher-educational-organization_senior-researdovein-academia_service |[1,1/0,q|556

558| [HikingSurfingCityService hikingsurfing_city_service 2,1/0,|558

559| Hiking BackpackersDestination hiking_backpackersdestination_service 1,109

560| HikingDestinationService hiking_destination_service 1,109

561 Hiking NationalPark hiking_nationalpark_service 1,109

562 Hiking RuralArea hiking_ruralarea_service 1,109

563| HikingTownService hiking_town_service 1,109

564/ Hiking UrbanArea hiking_urbanarea_service 1,109

565 [Honey Price honey_price_service 1,109

566/ (GetPatientMedicalRecords HospitalPhysician_service 6,2/0,0

567| Biopsy Availability hospital_biopsy_service 1,109

568| DPA hospital_diagnosticprocesscost_service 1,209

569| [Hospital DiagnosticProcess TimeDuration hospital_diagnosticprocesstimeduration_service 1,2/0,d | 549

570| Hospital DiagnosticProcess Timelnterval hospital_diagnosticprocesstimeinterval_service 1,209

571| Hospital DiagnosticProcess TimeMeasure hospital_diagnosticprocesstimemeasure_service 1,209

572|MedDiag hospital_diagnosticprocess_MedDiagservice 1,10,4|572

573| DiagnosticProcessAvailability hospital_diagnosticprocess_service 1,10,4|572

574| Hospital Experiment hospital_experimenting_service 1,109

575| Historical IPP hospital_|IIPsummary_service 1,209

576| HospitallnvestService hospital_investigatingaddress_service 1,209

577| [InvestigatingFinding hospital_investigating_service 1,109

578| [HospitallnvestService hospital_postal-addressinvestigating_service 1,209

579| HistoricalPredicting hospital_predicting_service 1,109

580( RecommendedPriceCoffeeWhiskey Hotel hotelrecommendedprice_coffeewhiskey_service 2,204

581| [InformHospital InformHospital_service 3,104

582| BookProviderService isbn_bookauthor_service 1,209

583| [BookProviderService isbn_book_service 1,109

584/ BookProviderService isbn_publicationauthor_service 1,209

585| BookProviderService isbn_publicationpublisher_service 1,209

586| [PublicationSearchingService isbn_publication_service 1,109

587| |LetterFounderService item-number_letter_service 1,109

588 KLM LoginService KLM-Login_service 2,104

589| [KodakPriceService KodakDigCamera_price_service 1,1/0,d | 589

590| [SurfingLearningCentredOganizationDestinationService learning-centred-organizationsurfing_destinatiorviser 2,104

591| [LearnedCenteredOrganizationLecturer learning-centred-organization_lecturer-in-acadesgavice 1,109

592| [SurfingLegalAgentDestinationService legal-agentsurfing_destination_service 2,104

593| [Lemonfruit Price lemonfruit_price_service 1,10,9

594/ leynthu rent a car lenthu_rentcar_service 1,10, (209

595| |AvailableVideoService linguisticexpression_videomedia_service 1,10,9

596/ [RouteFinderService locationlocation_arrowfigure_service 2,114

597| [LocationLocationlcon locationlocation_icon_service 2,114

598| [RouteFinderService locationlocation_map_service 2,11,0|598

599| ISRI RouteFinderService locationlocation_map_SRIservice 2,11,0|598

600| [LocationTravelinfo location_icon_service 1,109

601| [LocationPhotographs location_photograph_service 1,10,9

602| [Lock door lock_door 1,10, | 259

603 MachinePrice Imachine_price_service 1,109

604| MAK MAK_service 1,10, | 604

605/ MarkoPSservice MarkoPS_service 1,30,9

606| Rin1ColaBeerService maxprice_beercola_service 1,209
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607| [MaxPriceCoffeeWhiskey Imaxprice_coffeewhiskey_service 1,209

608| (ColaBeerService Imaxprice_colabeer_service 1,109

609| BreadProviderService Imaxprice_colabreadorbiscuit_Bothservice 1,2/0,d | 609

610| BreadProviderService Imaxprice_colabreadorbiscuit_service 1,2/0,d | 609

611| BestColaService Imaxprice_cola_Bestservice 1,1/0,4| 611

612| |AvailableColaService Imaxprice_cola_service 1,1/0,4|611

613| [DrinksService maxprice_drinks_Hotservice 1,10,(613

614/ [DrinksService maxprice_drinks_service 1,10,q(613

615| [LiquidService maxprice_liquid_service 1,10,9

616| WhiskeyService maxprice_whiskeycolabeer_service 1,20,9

617| [Meat MaxPrice Physical-Quantity meat_maxpricephysical-quantity_service 1,20,

618| [Meat MaxPrice Quantity meat_maxpricequantity_service 1,20,

619| [Meat Price Physical-Quantity meat_pricephysical-quantity_Aldiservice 1,20,

620| [Meat Price Quantity meat_pricequantity_Aldiservice 1,20,

621| [Meat TaxedPrice Physical-Quantity meat_taxedpricephysical-quantity_service 1,20,

622| [Meat TaxedPrice Quantity meat_taxedpricequantity_service 1,20,

623| [Meat TaxFreePrice Physical-Quantity meat_taxfreepricephysical-quantity_Aldiservice 1,20,

624| Meat TaxFreePrice Quantity meat_taxfreepricequantity_service 1,20,

625| [MediaPlayer MaxPrice mediaplayer_maxprice_service 1,10,9

626| [MediaPlayer Price mediaplayer_price_service 1,10,9

627||German Media Player Price mediaplayer_recommendedpriceineuro_service 1,10,9

628| MediaPlayer TaxedPrice mediaplayer_taxedprice_service 1,10,9

629| MedicalClinic Biopsy Availability medicalclinic_biopsy_service 1,109

630| [MedicalClinic DiagnosticProcess TimeDuration medicalclinic_diagnosticprocesstimeduration_service 1,20,9

631 MedicalClinic DiagnosticProcess Timelnterval medicalclinic_diagnosticprocesstimeinterval_service 1,209

632| MedicalClinic DiagnosticProcess TimeMeasure medicalclinic_diagnosticprocesstimemeasure_service 1,209

633| [MedicalClinic DiagnosticProcess medicalclinic_diagnosticprocess_service 1,109

634 [MedicalClinic Experiment medicalclinic_experimenting_service 1,109

635 [MedService Investigating imedicalclinic_investigating_MedService 1,1/0,d | 635

636/ MedInvestigating imedicalclinic_investigating_service 1,1/0,4 | 635

637| MedicalClinic Predicting imedicalclinic_predicting_service 1,109

638| MercantileOrganization Compact Price Imercantileorganization_compactprice_service 1,209

639| [MOFoodService imercantileorganization_food_service 1,109

640( MercantileOrganization SLR Price Imercantileorganization_slrprice_service 1,209

641| [MerkelD MerkelD_service 1,20,

642| MicrowaveOven Price Imicrowaveoven_price_service 1,109

643| [Mile to Kilometer converter service. imileToKilometerConverter 1,10,

644/ (GovernmentOrganization Missile Financing Range Imissilegovernmentorganization_financingrange_service 2,204

645/ (GovernmentOrganization Missile Funding Range imissilegovernmentorganization_fundingrange_service 2,204

646/ (GovOrgMissileFundingService imissilegovernmentorganization_funding_service 2,104

647/ (GovernmentOrganization Missile Giving Range Imissilegovernmentorganization_givingrange_service 2,200

648| ([GovernmentOrganization Missile Lending Range Imissilegovernmentorganization_lendingrange_service 2,204

649| (Government Missile Financing Range imissilegovernment_financingrange_service 2,204

650( (Government Missile Funding Range imissilegovernment_fundingrange_service 2,204

651 (Government Missile Giving Range Imissilegovernment_givingrange_service 2,204

652| (GovMissilesGivingService imissilegovernment_giving_Borrowservice 2,1/0,q| 652

653| [GovMissilesGivingService Imissilegovernment_giving_service 2,1/0,q| 652

654/ (Government Missile Lending Range imissilegovernment_lendingrange_service 2,204

655| (ChinaMissilesFinancingService imissile_financing_Chinaservice 1,110, | 655

656( RussianMissilesFinancingService imissile_financing_Russianservice 1,110, | 655

657| [USMissilesFinancingService imissile_financing_USservice 1,1/0,d | 655

658| [AsianMissilesFundingService imissile_funding_Asianservice 1,1/0,4 | 658

659| [IndiaMissilesFundingService imissile_funding_Indiaservice 1,1/0,4 | 658

660| [NKoreaMissilesFundingService imissile_funding_NKoreaservice 1,1/0,4 | 658

661/ [PakistanMissilesFundingService imissile_funding_Pakservice 1,1/0,4 | 658

662/ |AuthorisedPersonMonographPriceService imonographpersoncreditcardaccount_recommendedpeicéce 3,114

663 [MonographShopping Imonographperson__service 2,111

664 Monograph Author Imonograph_author_service 1,109

665 [MonographPriceService Imonograph_price_service 1,109

666 Monograph Publisher Imonograph_publisher_service 1,109

667| [RecommendedPriceService Imonograph_recommendedpriceineuro_service 1,109

668| 2For 1 Price imp3playercdplayermicrowaveoven_price_service 3,104

669| [2for 1 Price and Shipping imp3playerdvdplayer_priceshipping_service 2,209

670| [2for 1 RecommendedPrice imp3playerdvdplayer_recommendedprice_service 2,1/0,0(344

671 [2for 1 Price and Shipping imp3playerdvdplayer_Recpriceshipping_service 2,209

672||US-MD mp3playerdvdplayer_Recpriceshipping_USservice 2,200

673| [2For 1 Price mp3playerportabledvdplayer_price_service 2,100

674| [2for 1 Price mp3playerportabledvdplayer_recommendedpricequaliivice 2,209

675| MP3Player MaxPrice mp3player_maxprice_service 1,10,9

676| MP3Player TaxedPrice mp3player_taxedprice_service 1,10,9

677| [Municipal-Unity Drought municipal-unit_drought_service 1,10,9

678| [Municipal-Unity Lightning municipal-unit_lightning_service 1,10,9

679| [Municipal-Unit OccupationalTrade FullTimePosition municipal-unit_occupationaltradefulltimepositionndgee 1,20,

680| [Municipal-Unit OccupationalTrade PartTimePosition municipal-unit_occupationaltradeparttimepositionvie 1,20,

681 [Municipal-Unit OccupationalTrade TimeDuration municipal-unit_occupationaltradetimeduration_segvic 1,2/0,9

682 [Municipal-Unit OccupationalTrade TimeMeasure municipal-unit_occupationaltradetimemeasure_service 1,2/0,9
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683| Municipal-Entity Profession FullTimePosition Imunicipal-unit_professionfulltimeposition_service 1,209

684/ Municipal-Entity Profession PartTimePosition Imunicipal-unit_professionparttimeposition_service 1,209

685| Municipal-Unit Profession TimeDuration Imunicipal-unit_professiontimeduration_service 1,209

686/ Municipal-Unit Profession TimeMeasure Imunicipal-unit_professiontimemeasure_service 1,209

687| (Geopolitical-Entity SkilledOccupation FullTimePositio Imunicipal-unit_skilledoccupationfulltimeposition rsee 1,20, | 458

688| (Geopolitical-Entity SkilledOccupation PartTimePositio imunicipal-unit_skilledoccupationparttimepositionngee 1,20, (459

689| [Municipal-Unit SkilledOcupation TimeDuration Imunicipal-unit_skilledoccupationtimeduration_seevic 1,20,

690/ [Municipal-Unit SkilledOcupation TimeMeasure Imunicipal-unit_skilledoccupationtimemeasure_service 1,20,

691| Municipal-Unit WarmFront Imunicipal-unit_warmfront_service 1,10,9

692| [Municipal-Unit WeatherFront imunicipal-unit_weatherfront_service 1,10,9

693| [Municipal-Unit WeatherProcess Imunicipal-unit_weatherprocess_service 1,10,9

694/ [Municipal-Unit WeatherSeason Imunicipal-unit_weatherseason_service 1,10,9

695| [Municipal-Unit WeatherSystem Imunicipal-unit_weathersystem_service 1,10,9

696 [NationalGovWeaponFundingService inationalgovernmentweapon_funding_service 2,100

697| [NationalGovernement Lending Inationalgovernment_lending_service 1,10,

698| [NationalGovernement offers Inationalgovernment_physical-quantityscholarshipéaed_service 1,30,9

699| [NationalGovernmentScholarship Inationalgovernment_scholarshipquantityduration_iserv 1,30,9

700| [NationalGovernmentScholarship nationalgovernment_scholarshipquantity_service 1,20,

701 NationalGovernmentScholarship nationalgovernment_scholarship_service 1,109

702| [ProvideNonMedicalFlightinformation NonMedicalFlightCompany_service 5,100

703| NovelPrice novelperson_price_service 2,100

704| NovelPrice Reservation novelperson__Reservationservice 2,11,1

705| [Novel Author Book-Type novel_authorbook-type_service 1,20,

706| [NovelAuthorCommittingService novel_authorcommitting_service 1,209

707| NovelAuthorGenreService novel_authorgenre_service 1,209

708| Novel Author MaxPrice novel_authormaxprice_service 1,209

709| Novel Author Price novel_authorprice_service 1,2/09

710| Novel Author RecommendedPrice novel_authorrecommendedprice_service 1,209

711| Novel Author TaxedPrice Inovel_authortaxedprice_service 1,209

712| [NovelAuthorService Inovel_authortime_service 1,20,

713| [NovelAuthorService Inovel_author_BookOntoservice 1,1/0,4| 713

714 NovelAuthorService Inovel_author_MyOntoservice 1,1/0,| 713

715| [NovelAuthorService Inovel_author_service 1,1/0,4| 713

716| NovelPersonService Inovel_person_Reserverservice 1,11,4| 716

717|NovelPersonService Inovel_person_Writerservice 1,1/0,4| 716

718| NovelPrice Inovel_price_service 1,109

719| Novel Publisher Inovel_publisher_service 1,109

720| [NovelAuthorURService Inovel_userreviewauthor_service 1,20,

721| |AuthorisedPersonObjectPriceService lobjectpersoncreditaccount_price_service 3,114

722| [Shopping lobjectperson__service 2,111

723| (Objects Mapping lobjectsMappingService 8,6/0,0

724 Open door lopen_door 1,1/0,d | 259

725| Orangefruit Price lorangefruit_price_service 1,109

726| HikingOrganizationDestinationService lorganizationhiking_destination_service 2,104

727|(ODGCService lorganization_diagnosticprocesscost_service 1,209

728|(ODGService lorganization_diagnosticprocess_service 1,109

729| (OrganizationExp lorganization_experimentingtimeduration_service 1,209

730| [OrganizationExp lorganization_experimenting_service 1,109

731| OrganizationLecturer lorganization_lecturer-in-academia_service 1,109

732| [PatientTransport PatientTransport_service 4,204

733| |Pea Price lpea_price_service 1,109

734/ Book Shopping lpersonbookliabilityaccount__service 3,111

735| [PersonCityCountryInfoService lpersoncountrycity_sportshotel_service 3,214

736 Monograph Shopping lpersonmonographcreditcardaccount__service 3,111

737| [Person address lperson_address_service 1,109

738| [KodakPriceService PhillipDigCamera_price_service 1,109

739| 2for 1 RecommendedPrice lportabledvdplayermp3player_recommendedpricetaxeelpservi 2,2/0,| 739

740| 2for 1 RecommendedPrice lportabledvdplayermp3player_recommendedpricetaxeelpservice 2,2/0,| 739

741| [EuropeCityHotellnfoService lpostal-addresscity_hotel_service 2,114

742| (GroceryStoreRecommendedPrice lpreparedfood_GSprice_service 1,209

743| [PreparedFood MaxPrice lpreparedfood_maxprice_service 1,109

744 PFP lpreparedfood_priceday_service 1,209

745| [PreparedFoodPriceService lpreparedfood_price_service 1,10,9

746| |PreparedFood RecommendedPrice lpreparedfood_recommendedprice_service 1,10,9

747||SpainishTax on PrepardFood lpreparedfood_SpainishTax_service 1,10,9

748|PTP lpreparedfood_taxedpriceindollarprice_service 1,20,

749| |PreparedFood TaxedPrice preparedfood_taxedprice_service 1,10,9

750|PTS lpreparedfood_taxfreeprice_service 1,10,9

751||USTax on PrepardFood preparedfood_USTax_service 1,10,9

752|[TCW price_coffeewhiskeyqualitytimeposition_service 1,40,9

753|POZ price_coffeewhiskeyquality_service 1,30,9

754 CWT price_coffeewhiskeytimemeasure_service 1,30,9

755| DFKI lprice_coffeewhiskey_service 1,20,4| 755

756( [TheBest price_coffeewhiskey_Thebestservice 1,20,d| 755

757||CoffeewithWhiskeyPrice price_coffeewithwhiskey_service 1,109

758| (Guddu ColaService price_cola_Gudduservice 1,109
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759| Hallo2 ColaService lprice_cola_Hallo2service 1,10,4| 759

760| [Hallo ColaService lprice_cola_Halloservice 1,10,4| 759

761|DP lprice_drinks_service 1,109

762| MIR lprice_irishcoffeemixerycola_service 1,209

763| [PriceCoffeeWhiskey price_whiskeycoffee_service 1,20,d| 755

764| [PriceCoffeeWhiskey lprice_whiskeycoffee_Zikoservice 1,20,4| 755

765| |AuthorisedPersonPrintedMaterialPriceService lprintedmaterialpersoncreditcardaccount_price_servic 3,119

766/ [PrintedMaterialShopping lprintedmaterialpersoncreditcardaccount__service 3,1(1,1

767| [PublicationShopping lprintedmaterialperson__service 2,1(1,1

768| [PrintedMaterialPriceService lprintedmaterial_price_service 1,10,9

769| [Professor address lprofessor-in-academia_address_service 1,10,9

770| |Profit-Organization Profession profit-organization_profession_service 1,10,9

771| |Profit-Organization SkilledOccupation profit-organization_skilledoccupation_service 1,10,9

772| |GovernmentProjectileWeaponFundingService lprojectilegovernment_funding_service 2,100

773||PrCJ project_skilledoccupation_service 1,10,9

774 |ProvideMedicalFlightinformation ProvideMedicalFlightinformation_services 8,110,

775| |ProvideMedicalTransportinformation ProvideMedicalTransportinformation_service 6,1/0,0

776| [ProvideNonMedicalTransportinformation ProvideNonMedicalTransportinformation_service 4,110,

777|[PCB public-companycountry_skilledoccupation_service 2,100

778| BookSearchingService lpublication-number_bookauthorpublisher_service 1,30,9

779| BookSearchingService lpublication-number_bookauthor_service 1,209

780| BookFinderService lpublication-number_book_Portalservice 1,10, 35

781||[ABN/ISBN Booksearch publication-number_book_service 1,110, 35

782| |ULiPublicationLocatorService lpublication-number_currencypublication_service 1,20,9

783| [EditedBookFinderService lpublication-number_edited-book_service 1,109

784| [PublicationFinderService lpublication-number_publicationauthor_service 1,209

785| [PublicationSearchingService lpublication-number_publication_service 1,10,q| 785

786| [Publication Shopping lpublicationperson__service 2,111

787| [PublicationAuthorService lpublication_author_service 1,109

788 publication book lpublication_book_service 1,109

789| [PublicationSearchingService lpublication_number_publication_service 1,10,4| 785

790| [Publication Publisher lpublication_publisher_service 1,109

791| (ColaProviderService lqualitymaxprice_cola_service 2,104

792| Query Parser location finder service. lqueryParserLocation 4,40,

793| DiagnosticProcessAvailability lquestionhospital_diagnosticprocess_service 2,104

794| RawFoodPrice rawfood_price_service 1,109

795| [Reader-in-academia address reader-in-academia_address_service 1,10,

796| [Real-time geocoding service. real-time_geocoding 4,104

797| [Real-time geocoding service. real-time_geocodingStreetAddress 6,2/0,0

798| [USWhiskeyCoffee recommendedpriceindollar_whiskeycoffee_service 1,209

799| [EuroPriceWhiskeyCoffee recommendedpriceineuro_coffeewhiskey_service 1,209

800| RPCW brand recommendedprice_coffeewhiskeysymbolicstringquadigyvice 1,409

801| 2forlCW brand recommendedprice_coffeewhiskeysymbolicstring_servic 1,309

802( RecommendedPriceCoffeeWhiskey recommendedprice_coffeewhiskey_Bestservice 1,2/0,d | 802

803| RecommendedPriceCoffeeWhiskey recommendedprice_coffeewhiskey_service 1,2/0,d | 802

804/ (CoffeewithWhiskeyPrice recommendedprice_coffeewithwhiskeycontentbearirgmibgervice 1,209

805| (CoffeeWhiskeyPricelnfo recommendedprice_contentbearingobjectwhiskeycaodtemice 1,309

806( (Ana IrishCoffeeforPrice recommendedprice_irishcoffeetasting_service 1,209

807| [rishCoffeeforPrice recommendedprice_irishcoffee_service 1,109

808| [Red Light To Off redLight_to_off 1,2/0,d | 808

809| [Red Light To On redLight_to_on 1,2/0,d | 808

810| Recommended price of Renault car Renaultyear_recommendedpriceineuro_service 1,109

811|[Render Map Service. renderMapService 5,104

812| [RequiredFoodService Required_preparedfoodquantity_service 1,2/0,|112

813| ResearchAssistant address research-assistant-in-academia_address_service 1,109

814/ ResearchFellowPublicationReferences research-fellow-in-academia_publication-refereneevise 1,109

815| [Researcher abstract information researcher-in-academia_abstract-information_service 1,109

816| [Researcher address researcher-in-academia_address_service 1,10,4| 816

817|[TREE Researcher address researcher-in-academia_address_TREEservice 1,10, | 816

818| [ZOO Researcher address researcher-in-academia_address_ZOOservice 1,10, | 816

819| [Researcher postal address and publication references researcher-in-academia_publication-referencepastiess_ 1,20,d (819

820| [Researcher postal address and publication references researcher-in-academia_publication-referencepasidiess_service 1,20,d (819

821| [Researcher abstract information researcher_abstract-information_service 1,10,9

822| [HOM2 Researcher address researcher_address_HOM2service 1,10,q(822

823| [Researcher address researcher_address_service 1,10,q(822

824| [Researcher postal address researcher_postal-address_service 1,10,9

825| |AppleSellerService retailstore_apple_service 1,10,9

826| [RetailStore BreadOrBiscuit Quantity retailstore_breadorbiscuitquantity_service 1,20,

827| [RetailStore Butter Quantity retailstore_butterquantity_service 1,20,

828| [RetailStore Compact Price retailstore_compactprice_service 1,20,

829| [RetailStoreFoodService retailstore_foodquality_service 1,20,9

830| [RetailStore Food Quantity retailstore_foodquantity_service 1,209

831| [RetailStore PreparedFood Quantity retailstore_preparedfoodquantity_service 1,20,

832| [RetailStoreFoodService retailstore_preparedfood_service 1,10,9

833| [RetailStore Sandwich Quantity retailstore_sandwichquantity_service 1,209

834/ [RetailStore SLR Price retailstore_slrprice_service 1,209
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835| [RetailStore SLR TaxedPrice retailstore_slIrtaxedprice_service 1,209

836| RomanticNovel Author Book-Type romanticnovel_authorbook-type_service 1,209

837| [RomanticNovel Author MaxPrice romanticnovel_authormaxprice_service 1,209

838| [RomanticNovel Author Price romanticnovel_authorprice_service 1,209

839 RomanticNovel Author RecommendedPrice romanticnovel_authorrecommendedprice_service 1,209

840| RomanticNovel Author TaxedPrice romanticnovel_authortaxedprice_service 1,209

841| [Romantic Publisher romanticnovel_publisher_service 1,10,9

842|[Sandwich MaxPrice isandwich_maxprice_service 1,10,9

843| [Sandwich RecommendedPrice isandwich_recommendedprice_service 1,10,9

844||Sandwich TaxedPrice isandwich_taxedprice_service 1,10,9

845| [ScienceFictionNovelUserRecommendedPrice iscience-fiction-noveluser_recommendedpriceindol&wise 2,111,49

846| [Science-Fiction-Novel Author Book-Type iscience-fiction-novel_authorbook-type_service 1,20,

847| [Science-Fiction-Novel Author MaxPrice iscience-fiction-novel_authormaxprice_service 1,20,

848 [Science-Fiction-Novel Author Price iscience-fiction-novel_authorprice_service 1,2/0,d | 848

849 [Science-Fiction-Novel Author RecommendedPrice iscience-fiction-novel_authorrecommendedprice_service 1,209

850| [Science-Fiction-Novel Author TaxedPrice iscience-fiction-novel_authortaxedprice_service 1,209

851 [ScienceFictionNovel priceAuthor iscience-fiction-novel_priceauthor_service 1,2/0,d | 848

852| [Science-Fiction-Novel Publisher iscience-fiction-novel_publisher_service 1,109

853| [ScienceFictionBook Price isciencefictionbookuser_price_service 2,111,

854 [ScienceFictionBook Author Book-Type isciencefictionbook_authorbook-type_service 1,20,

855| [ScienceFictionBook Author MaxPrice isciencefictionbook_authormaxprice_service 1,209

856| [ScienceFictionBook Author Price isciencefictionbook_authorprice_service 1,209

857| [ScienceFictionBook Author RecommendedPrice isciencefictionbook_authorrecommendedprice_service 1,209

858| [ScienceFictionBook Author TaxedPrice isciencefictionbook_authortaxedprice_service 1,209

859| [SFBookAuthorService isciencefictionbook_author_service 1,109

860| [ScienceFictionBook Publisher isciencefictionbook_publisher_service 1,109

861 [SFNovelAuthorService isciencefictionnovel_author_MyOntoservice 1,10,

862| |SFNovelReview IScienceFNovelReview_service 2,219

863| |[Search Formatted Address isearchFormattedAddress 2,3/0,0| 863

864/ [Search Raw address isearchRawAddress 2,3/0,0| 863

865| [SeePatientMedicalRecords ISeePatientMedicalRecords_service 4,10,

866| [SelectFlight ISelectFlight_service 1,109

867| SelectTransport ISelectTransport_service 1,109

868| [SetUpCostAndHealingPlan ISetUpCostAndHealingPlan_service 8,200

869| |ScienceFictionNovelReview ISFNovelReview_service 2,219

870| |Science-Fiction-Novel Author Author isfnovel_authorauthor_BookOntoservice 1,20,

871| [ScienceFictionNovelRecommendedPrice ISFNRecommendedPrice_service 2,119

872 |AnalogCameraService ishoppingmall_analogpricecalendar-date_service 1,309

873| [CameraPriceService ishoppingmall_calendar-datepricecamera_service 1,309

874/ [ShoppingMallCameraPriceService ishoppingmall_cameraprice_service 1,209

875| [ShoppingMall Compact Price ishoppingmall_compactprice_service 1,209

876| [ShoppingMall Compact TaxedPrice ishoppingmall_compacttaxedprice_service 1,209

877| DigitalSLRPriceService ishoppingmall_digital-sirpricecalendar-date_service 1,309

878| [DVCameraPriceService ishoppingmall_maxpricedigital-video_service 1,209

879| HandyCameraPriceService ishoppingmall_pricecellphonewithcamera_service 1,209

880| DigitalAnologCameraPrice ishoppingmall_pricedigitalanalog_service 1,309

881|[SPP ishoppingmall_pricepurchaseableitemrange_service 1,309

882|[SHOPPINGMALLPURCHASEABLEITEMPRICE ishoppingmall_purchaseableitemprice_service 1,209

883| [ShirtRecommendedPrice ishoppingmall_recommendedprice_Shirtservice 1,109

884/ [ShoppingMall SLR Price ishoppingmall_slrprice_service 1,209

885| [Short-Story Author Book-Type ishort-story_authorbook-type_service 1,209

886| [Short-Story Author MaxPrice ishort-story_authormaxprice_service 1,209

887| [Short-Story Author Price ishort-story_authorprice_service 1,209

888| [Short-Story Author RecommendedPrice ishort-story_authorrecommendedprice_service 1,209

889| [Short-Story Author TaxedPrice ishort-story_authortaxedprice_service 1,209

890| [Short-Story Author ishort-story_author_service 1,109

891| [Short-Story Publisher ishort-story_publisher_service 1,109

892| [Sightseeing City isightseeing_city_service 1,109

893 [Sightseeing Nationalpark isightseeing_nationalpark_service 1,109

894 Sightseeing Town isightseeing_town_service 1,109

895| [SPD-Grune ISPD-Grune_service 1,209

896| [SportsLegalAgentDestinationService isportslegal-agent_destination_service 2,104

897| [SportsOrganizationDestination lsportsorganization_destination_service 2,100

898| [SportsBeachService isports_beach_service 1,10,9

899| [SportsDestinationService lsports_destination_service 1,10,9

900| [Sports Farmland isports_farmland_service 1,10,9

901| [SportsNationalParkService lsports_nationalpark_service 1,10,9

902| [SportsRuralAreaService lsports_ruralarea_service 1,10,9

903| [SportsTownService lsports_town_service 1,10,9

904| [SRCameraService ISRcamera_service 1,209

905|[STATIC MAPS DISPLAY SERVICE. istaticMapsDisplay 11,100

906| MerchantService istore_preparedfood_Merchantservice 1,1/0,d | 906

907| [StorePFoodService istore_preparedfood_service 1,1/0,d | 906

908| [SurfingGenericAgentCityService isurfinggeneric-agent_city_service 2,100

909| [SurfingGenericAgentDestinationService isurfinggeneric-agent_destination_service 2,100

910| [SURFINGHIKINGCityService isurfinghiking_city_service 2,1/0,q| 558
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911 [SFCityService isurfinghiking_city_SFservice 2,1/0,q|558

912| DFG HikingSurfingDestination isurfinghiking_destination_DFGservice 2,10,q|912

913| |PDS HikingSurfingDestination isurfinghiking_destination_PDSservice 2,10,q|912

914/ |PF Destination isurfinghiking_destination_PFservice 2,10,q|912

915| HikingSurfingDestination isurfinghiking_destination_service 2,10,q|912

916| [SurfingHikingNationalParkService isurfinghiking_nationalpark_service 2,104

917| [HikingSurfingRuralAreaService isurfinghiking_ruralarea_service 2,100

918| [SurfingHikingTownService isurfinghiking_town_service 2,100

919| [SurfingOrganizationDestinationService isurfingorganizationperson_destination_service 3,119

920| [SurfingOrganizationCityService isurfingorganization_city_service 2,100

921| [SurfingOrganizationDESTINATIONService isurfingorganization_destination_Bestservice 2,1/0,0]921

922|[SAAR isurfingorganization_destination_SAARservice 2,1/0,0]921

923| [SurfingOrganizationDESTINATIONService isurfingorganization_destination_service 2,1/0,0]921

924/ SODService isurfingorganization_destination_SODservice 2,1/0,q| 921

925| [SurfingBeachService isurfing_beach_service 1,109

926/ |Always SurfingDestinationService isurfing_destination_Alwaysservice 1,1/0,4| 926

927||AUS SurfingDestinationService isurfing_destination_AUSservice 1,10,(926

928| [SurfingDestinationService isurfing_destination_service 1,1/0,4| 926

929|[SOH SurfingDestinationService isurfing_destination_SOHservice 1,10,(926

930| [SurfingFarmlandService isurfing_farmland_service 1,10,

931| [SurfingNationalParkService isurfing_nationalpark_service 1,10,

932| [SurfingRuralAreaService isurfing_ruralarea_service 1,109

933| [Switch Off MesseModul iswitch_off_messemodul 1,1/0,d| 933

934/ [Switch On MesseModul iswitch_on_messemodul 1,1/0,d| 933

935| [TaxFreeColaService taxfreeprice_cola_service 1,109

936| [TaxPCW taxfreeprice_whiskeycoffee_service 1,209

937| [Tea MaxPrice ftea_maxprice_service 1,109

938| [Tea RecommendedPrice tea_recommendedprice_service 1,109

939| [Tea TaxedPrice ftea_taxedprice_service 1,109

940| [PublicationFounderService ftext_publication_service 1,109

941| [Time-Measure Country City Hotel InfoService time-measurecountrycity_hotel_service 3,114

942| [Time-Measure Geopolitical-Entity City Accommodation IBfervice time-measuregeopolitical-entitycity_accommodati@nviee 3,114

943| [Time-Measure Geopolitical-Entity City BedAndBreakfast IB&vicgime-measuregeopolitical-entitycity_bedandbreakfsstvice 3,114

944| Time-Measure Geopolitical-Entity City Hotel InfoService time-measuregeopolitical-entitycity_hotel_service 3,114

945 [Title saving [TitleSaving_service 1,10,1

946 [Title ActionFilm MaxPrice Quality itle_actionfilmmaxpricequality_service 1,309

947| [Title ActionFilm Price Quality ﬁitle_actionfilmpricequality_service 1,309

948| [Title ActionFilm RecommendedPrice Quality ﬁitle_actionfilmrecommendedpricequality_service 1,309

949 [Title ActionFilm TaxedPrice Quality ﬁitle_actionfilmtaxedpricequality_service 1,309

950 [Title ActionFilm TaxFreePrice Quality ﬁitle_actionfilmtaxfreepricequality_service 1,309

951||ABC Film finder ﬁille_actionfilm_sewice 1,10,

952| (CD Price Software Title hille_cdpricesoftwareSlreaming_service 1,309

953 [Title Comedy MaxPrice Quality ﬁille_comedyﬁlmmaxpricequality_service 1,309

954 [Title ComedyFilm Price Quality ﬁitle_comedﬁiImpricequality_service 1,309

955 [Title ComedyFilm RecommendedPrice Quality ﬁitle_comedyﬁlmrecommendedpricequality_service 1,309

956 [Title ComedyFilm TaxedPrice Quality ﬁitle_comedyﬁlmtaxedpricequality_service 1,309

957| [Title ComedyFilm TaxFreePrice Quality ﬁitle_comedyﬁlmtaxfreepricequality_service 1,309

958| BF Comedy Film Searcher ﬁitle_comedyﬁlm_BFservice 1,1/0,4| 958

959 Mega Comedy Film finder ﬁitle_comedyﬁlm_Megaservice 1,1/0,d| 958

960| [Comedy Film finder ﬁitle_comedyﬁlm_service 1,1/0,d | 958

961| HighComedy Action Film rtitle_ﬁImActionComedy_service 1,10, | 961

962 [Title Film MaxPrice Quality ﬁitle_ﬁImmaxpricequality_service 1,309

963 [Film locator ﬁitle_fiIszP_service 1,10, | 961

964| [ZAF Film finder ﬁitle_ﬁImpricequality_service 1,309

965| [Title Film RecommendedPrice Quality hitle_ﬁImrecommendedpricequality_service 1,309

966 [Title Film TaxedPrice Quality hitle_ﬁImtaxedpricequality_service 1,309

967| [Title Film TaxFreePrice Quality r[itle_fiImtaxfreepricequality_service 1,309

968| [Film finder r[itle_film_service 1,10, 961

969| HighComedy Film ’Iitle_highcomedyfilmreport_service 1,209

970| [LowComedy Action Film ’Iitle_lowcomedyfiIm_service 1,109

971| [Title Media MaxPrice Quality ’Iitle_mediamaxpricequality_service 1,309

972| [Title Media Price Quality ’title_mediapricequality_service 1,309

973| [Title Media RecommendedPrice Quality ’title_mediarecommendedpricequality_service 1,30,9

974 [Title Media TaxedPrice Quality ’title_mediataxedpricequality_service 1,30,9

975| [Title Media TaxFreePrice Quality ’title_mediataxfreepricequality_service 1,30,9

976| [Media finder ’title_media_service 1,10,9

977| [Obtainalbe Video Media finder ’title_obtainablevideomedia_service 1,10,9

978| [KAHN BookFinderPriceService ’title_pricebook_service 1,20,

979| [Title ScienceFictionFilm MaxPrice Quality ’Iitle_sciencefictionfilmmaxpricequality_service 1,30,9

980| [Title ScienceFictionFilm Price Quality ’Iitlefscienceﬁctionfilmpricequalityfservice 1,30,9

981| [Title ScienceFictionFilm RecommendedPrice Quality ’Iitleﬁscienceﬁctionfilmrecommendedpricequalityﬁse@vi 1,30,9

982| [Title ScienceFictionFilm TaxedPrice Quality ’IitleﬁscienceﬁctionfiImtaxedpricequalityfservice 1,30,9

983| [Title ScienceFiction TaxFreePrice Quality ’IitleﬁscienceﬁctionfiImtaxfreepricequalityﬁservice 1,30,9

984]|DVD and VHS lite_vhsdvd_service 1204

985| VHS finder lite_vhs_service 1,1/0,d

986| [Title VideoMedia MaxPrice Quality ]Iitlefvideomediamaxpricequalityiservice 1,30,9
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987| MMVideoMediaService r[itle_videomediaMM_service 1,1/0,4| 987
988| [Title VideoMedia Price Quality r[itle_videomediapricequality_service 1,309
989 [Title VideoMedia RecommendedPrice Quality ’Iitle_videomediarecommendedpricequality_service 1,309
990| videoMedia finder ’Iitle_videomediarecommendedprice_service 1,209
991| [Title VideoMedia TaxedPrice Quality ’Iitle_videomediataxedpricequality_service 1,309
992| [Title VideoMedia TaxFreePrice Quality ’title_videomediataxfreepricequality_service 1,309
993| |AvailableVideoService title_videomedia_service 1,10,q|987
994/ [Tizon RecommendedPriceService [Tizonbook_recommendedpriceindollar_service 1,10,9(175
995| [HotellnfoService towncountry_hotel_service 2,114
996/ [UniversityAcademicSupportStaffService university_academic-support-staff_service 1,10,9
997| [UniversityLecturerService university_lecturer-in-academiaCurrentSemmestericerv 1,10,(997
998| [UniversityLecturerService university_lecturer-in-academia_Recommendservice 1,10,(997
999| [UniversityLecturerService university_lecturer-in-academia_service 1,10,9(997
1000 {UniversityProfessorService university_professor-in-academia_service 1,10,9
1001 [UniversityResearchFellowService university_research-fellow-in-academia_service 1,109
1002 [UniversityResearcherService university_researcher_service 1,109
1003 [UniversityLecturerService university_senior-lecturer-in-academia_service 1,109
1004 [Unlock door lunlock_door 1,10, | 259
1008 [HistoricalDiagnositc UnsuccessfulDiagnosis_service 1,21,
1006 [UntagibleObjectsService luntangibleobjects_cola_service 1,10,9
1007 [UpdatePatientMedicalRecords UpdatePatientMedicalRecords_service 9,100
1008 |[UserBook Price luserbook_price_service 2,114
1009 [RomanticNovelPrice luserRomanticnovel_price_service 2,111,
1010 |SFNovelPrice userscience-fiction-novel_price_Bestservice 2,1(1,0(331
1011 [SFNovelPrice luserscience-fiction-novel_price_service 2,1/1,9| 331
1012 |SFNovelPrice userscience-fiction-novel_Relprice_service 2,1(1,0(331
1013 |[Shoppingstatus luser_price_ShoppingStatusservice 1,111
1014 |Distance finder between two postal codes lusPostalCode_distance 2,100
1015 |Distance finder between two zipcodes uszipcode_distance 2,100
1016 |Vehicle price ehicle_price_service 1,109
1017 |VillageHotelService illage_hotel_service 1,109
1018 |Visiting Researcher address isiting-researcher_address_service 1,109
1019 [ragMissilesAndMassDestructionWeaponsFundingService eaponmissile_funding_lragservice 2,104
1020 |WStoreFoodService vholesalestore_preparedfood_service 1,109
10212 for 1 Price wirelessplayerwmaplayer_price_service 2,104
1022 ZAD [ZAD_service 1,10, | 604
1023 [Three wheeled Car price | 3WheeledAudiCarprice_service 1,1/0,d | 589
1024 |Another car price [ 3WheeledOpelCarPrice_service 1,1/0,d | 589
1025 MuseumCamera | aps-sirpricereport_Musuemservice 1,309
1026 |CompJ AuthorService |_author_CompJservice 1,1/0,d (102§
1027 [DataMiningAuthorService [ author_DMservice 1,1/0,d (102§
1028 [CityBankBankers | bankeraddress_CityBankservice 1,209
1029 [Computer Networking Training [ book_Oracleservice 1,109
103Q [Camera Price | cameraprice_MyShopservice 1,2/0,d (103Q
1031 |[CameraTDPriceService | camerataxedpricedutytax_service 1,309
1032 [CameraTaxPriceService | camerataxedprice_service 1,209
1033 [TheFinestSeedProviderService | cerealgrain_PlantSeedservice 1,109
1034 [TeaCoffeeDifferencesService | coffeeteareport_service 1,309
1035 |[Comedy Film locator | comedyfilmactionfilm_service 1,209
1036 [CF Films finder | comedyfilmfantacyfilm_service 1,209
1037 DiagP | diagnosticprocessorganization_service 1,209
1038 [MM-DigitalAnologCameraPrice | digitalstandardpriceprice_MediaMarktservice 1,409
1039 [DroughtReport | droughtreport_service 1,209
104Q Discovery Films | filmDiscovery_service 1,1/0,d [104Q
1041 Recommended Films | filmHighlyRated_service 1,1/0,d [104Q
1042 Discovery Channel | filmvideomediaDiscoveryChannel_service 1,209
1043 ImportFodderService | fodder_USimportservice 1,109
1044 [ExportFoodService | food_Exportservice 1,1/0,d (1044
1045 HEBFoodService | food_HEBgroceryCompservice 1,1/0,d (1044
1046 [FranceMapService | Francemap_service 1,1/0,d (1046
1047 [TheBestHoneyProvider [ honey_Providerservice 1,109
1048 WorldwideHotellnfoService [_hotel_Worldwideservice 1,109
1049 |German Icing condition | icing_Germanservice 1,10,9
1050 {InformationBearingProviderService | information-bearing-object_Messageservice 1,10,9
1051 |[EarthSystem [ internalchange_EarthSystemservice 1,10,9
1052 [SaarlandHospitallnvestService | investigating_Saarservice 1,10,9
1053 |Computer Based Training (CBT ) | journal_Tutorialservice 1,10,9
1054 [MunchenUniversityLecturers | lecturer-in-academiaMunchenUniversity_service 1,1/0,q (1054
10558 [SaarlandUniversityLecturers | lecturer-in-academiaSaarlandUniversity_service 1,1/0,q (1054
1056 [ZambiaUniversityLecturers | lecturer-in-academiaZambiaUniversity_service 1,1/0,q (1054
1057 |[FrankfurtBerlinMap | mapFrankfurtBerlin_service 1,10, (1044
1058 |GermanMap [ mapGerman_service 1,1/0,d (1046
1059 [UNOMedical Jobs |_medicaldoctor_UNOservice 1,109
1060 myShop Person | person_MyShopservice 1,10,9
1061 GermanPollingService |_polling_Germanservice 1,10,9
1062 \WallmartCPriceService | pricecamera_Wallmartservice 1,2/0,0{103Q
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1063 [CannonCameraPriceService |_price_CannonCameraservice 1,1/0,d | 589
1064 [CannonCameraPriceService | price_Fishservice 1,1/0,d | 589
1065 [USprofessional career | professiongeographical-region_USservice 1,209
1066 Motion |_propositionmotion_service 1,209
1067 [PPService | publication_PPservice 1,109
1068 [Red Ferrari price | RedFerrariprice_service 1,1/0,d | 589
1069 [BMWSkilledPositions |_skilledoccupation_BMWservice 1,10,9
1070 [ToyotaCar Price | Toyotaprice_service 1,10,9(589
1071 [TranslocationService | translocation_Chemicalservice 1,10,9
1072|USJudge [ USjudge_service 1,10,9
1073 BBC News Video Media | videomediaBBC_service 1,10,9 (1073
1074 [SaturnVideoMediaService | videomediaSaturn_service 1,10,9 (1073
1075 [Smith Lee productions | videomediaSmithLee_service 1,10,9 (1073
1076 |Italy WarmFront | warmfront_ltalyservice 1,10,9
1077 [Bombay WeatherFront | weatherfront_BombayIndiaservice 1,1/0,9 (1077
1078 |BritishWeatherfrontService | weatherfront_Britishservice 1,110, (1077
1079|German WeatherFront | weatherfront_Germanyservice 1,1/0,4 (1077
1080 |GermanWeatherProcessService | weatherprocess_Germanservice 1,10,9
1081|MyDESTINATIONService |_destination_MyOfficeservice 2,1/0,0]921
1082 [HeidelburgLuxuryHotellnfoService |__luxuryhotel_Heidelburgservice 1,10,9

Table A.4.: IOR andlIOPRmatches irODWLS-TC

Row |ID 1 Service Name 1 ID2 Service Name 2 Class IOMatcl
1 0 4WheeledCarlPersonBicyclePrice 9 4WheeledCar 1PersonBicycle Price 0 |IOPR
2 1 Kohl CarlPersonBicyclePrice 2 CarlPersonBicyclePrice 1 |IOPR
3 1 Kohl CarlPersonBicyclePrice 3 CarlPersonBicyclePrice 1 |IOPR
41| 2 CarlPersonBicyclePrice 3 CarlPersonBicyclePrice 1 |IOPR
5| 4 Bicycle4Wheeledcar_Price_service 11 4WheeledCar 2PersonBicyclePrice 4 |IOPR|
6 || 12 4WheeledCarBicyclePrice 139 Bicycle4Wheeledcar_Price_service 12 |IOPR|
71132 Academic Book Number booksearch 36 AcademicBookNumberSearch 32 |IOPR
8 (|35 AcademicBookNumberOrISBNSearch 780 BookFinderService 35 |IOPR
91([35 AcademicBookNumberOrISBNSearch 781 ABN/ISBN Booksearch 35 |IOPR
10((100 Auto Bicycle Price 140 BicycleAuto_Price_service 100 (IOPR
11(112 AvailablePreparedFoodService 545 GroceryStore PreparedFood Quantity 112 (IOPR
12(112 AvailablePreparedFoodService 812 RequiredFoodService 112 (IOPR
13[119 GermanGovernmentAwardScholarshipService | | 120 GermanGovernmentAwardScholarshipService|| 119 [IOPR
141|142 BicycleCar_Price_service 192 CarBicyclePrice 142 |IOPR|
15((143 BookFinder 159 BookSearch 143 (IOPR
16 (148 Bea Book Shopping 149 Book Shopping 148 (IOPR
17((153 BShop book shopping 154 Book Shopping 153 (IOPR

18|155 BookPrice 156 BookPrice 155 | IOR
19((158 BookPrice 167 Cheapest Book 158 (IOPR
201|158 BookPrice 171 BookPriceService 158 (IOPR

21(|162 BookAuthorPriceService 163 BookAuthorPriceService 162 | IOR
22|[165 BookAuthorService 166 BookAuthorService 165 [IOPR|
23||167 Cheapest Book 171 BookPriceService 158 |[IOPR|
241|175 BookRecommendedPriceService 994 Tizon RecommendedPriceService 175 (IOPR

25([176 BookRecommendedPriceService 177 BookRecommendedPriceService 176 |IOR
26||187 Distance calculator between two locations 188 Distance calculator between two locations 187 |IOPR|
27 ||187 Distance calculator between two locations 190 Distance calculator between two locations 187 |IOPR|
281[187 Distance calculator between two locations 476 Distance calculator between two locations 187 (IOPR
29[188 Distance calculator between two locations 190 Distance calculator between two locations 187 (IOPR
301|188 Distance calculator between two locations 476 Distance calculator between two locations 187 (IOPR
311[190 Distance calculator between two locations 476 Distance calculator between two locations 187 (IOPR
32(|209 car price 594 leynthu rent a car 209 |(IOPR
33237 CheckHospitalAvailability 238 CheckPersonnelAvailability 237 |IOPR
34 ||237 CheckHospitalAvailability 239 CheckRoomAvailability 237 |IOPR
35238 CheckPersonnelAvailability 239 CheckRoomAvailability 237 |[IOPR
36 || 245 HotellnfoService 271 HotellnfoService 245 |IOPR|

37| 250 GermanCityHotellnfoService 252 CityHotellnfoService 250 |IOR
38| 255 Zip codes finder service. 503 Zip codes finder service. 255 [IOPR
391|259 Close door 602 Lock door 259 [IOPR|
40 || 259 Close door 724 Open door 259 [IOPR
41]259 Close door 1004 Unlock door 259 |IOPR|
42 (|272 GelLuxuryHotellnfoService 273 LuxuryHotellnfoService 272 [IOPR
43||278 OccupationFinder 408 OccupationFinder 278 |[IOPR
441278 OccupationFinder 435 OccupationFinder 278 |[IOPR
451281 OccupationFinder 411 OccupationFinder 281 |(IOPR
46 (| 281 OccupationFinder 438 OccupationFinder 281 |(IOPR
47 || 294 OccupationFinder 421 OccupationFinder 294 |[IOPR
48 || 294 OccupationFinder 422 OccupationFinder 294 |[IOPR
49 (| 294 OccupationFinder 451 OccupationFinder 294 |[IOPR
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50 (|302 Country SkilledOccupation PartTimePosition ||303 Country skilled and partTimePositionsService 302 [IOPR
51(|304 countryJobs 305 countryJobs 304 [IOPR
521304 countryJobs 332 DJob 304 [IOR

53| 305 countryJobs 332 DJob 304 [IOR

541307 CountrySkilledPositionsService 308 CountrySOccupService 307 [IOPR
551322 Government Degree Scholarship 515 GovernmentDegreeScholarShipService 322 [IOPR
56(|322 Government Degree Scholarship 516 GovernmentScholarDegreeShipService 322 |IOPR
57331 DeoSFNPrice 1014 SFNovelPrice 331 |IOR

58331 DeoSFNPrice 1011 SFNovelPrice 331 | IOR

59331 DeoSFNPrice 1017 SFNovelPrice 331 |IOR

60 (339 MD 2For 1 Price 340 2For 1 Price 339 |IOPR|
61339 MD 2For 1 Price 341 2For 1 Price 339 |IOPR|
62 (]340 2For 1 Price 341 2For 1 Price 339 |IOPR|
63 || 344 2For 1 Price 670 2for 1 RecommendedPrice 344 |IOPR|
64 (|347 EBookOrder 348 EBookOrder2 347 [IOPR
65(347 EBookOrder 349 EBookOrder3 347 |IOPR|
66 (| 348 EBookOrder2 349 EBookOrder3 347 |IOPR|
67||356 Employee postal address 357 Employee postal address 356 |IOPR|
68 || 386 AldiFoodQuantityService 387 AldiFoodQuantityService 386 |[IOPR
69 (/390 B-co FoodPriceService 391 FoodPriceService 390 |[IOPR|
701((398 SurfingGenericAgentDestinationService 399 SurfingGenericAgentDestination SportsService|| 398 [IOPR|
71402 Gorge RouteFinder 403 RouteFinder 402 |IOR

72||408 OccupationFinder 435 OccupationFinder 278 |IOPR|
73||411 OccupationFinder 438 OccupationFinder 281 |IOPR|
741413 GeographicalRegionHotelService 414 GeographicalRegionHotelService 413 |IOPR
75||417 Route from Frankfurt 418 Route to Berlin 417 |IOPR
76 ||421 OccupationFinder 422 OccupationFinder 294 |(IOPR|
77(|421 OccupationFinder 451 OccupationFinder 294 [IOPR
78 ||422 OccupationFinder 451 OccupationFinder 294 |[IOPR
791|424 GRWF 425 GRWF 424 |IOPR
801|426 GRW 427 GRWeatherProcessService 426 |IOPR|
81 || 458|Geopolitical-Entity SkilledOccupation FullTimePositjp687|Geopolitical-Entity SkilledOccupation FullTimePositjp 458 |IOPR
82 || 459|Geopolitical-Entity SkilledOccupation PartTimePosifi688 Geopolitical-Entity SkilledOccupation PartTimePositip 459 |IOPR|
83|[471 Altitude Above Sea Level Calculator Service. |[479 Elevation Finder Service. 471 |IOPR|
84 |515 GovernmentDegreeScholarShipService 516 GovernmentScholarDegreeShipService 322 [IOPR
85(|521 GovernmentMissileFundingService 522 GovernmentMissileFundingService 521 |[IOPR
86 ||527 GovernmentFundingService 528 GovernmentFundingService 527 [IOPR
87 ||527 GovernmentFundingService 529 GovernmentFundingService 527 |[IOPR
88||527 GovernmentFundingService 530 GovernmentFundingService 527 |[IOPR
89528 GovernmentFundingService 529 GovernmentFundingService 527 |IOPR
90 (|528 GovernmentFundingService 530 GovernmentFundingService 527 |[IOPR
91 (/529 GovernmentFundingService 530 GovernmentFundingService 527 |[IOPR
92 |535 Green Light To Off 536 Green Light To On 535 [IOPR
93| 545 GroceryStore PreparedFood Quantity 812 RequiredFoodService 112 |IOPR|
94 (1549 HDP2 569 Hospital DiagnosticProcess TimeDuration 549 [IOPR
95 (|552 HigherEducationalOrganizationLecturers 553 HigherEducationalOrganizationLecturers 552 [IOPR
96 ||554| Pioneer HigherEducationalOrganizationProfessors555 HigherEducationalOrganizationProfessors 554 [IOPR
97 || 556[HigherEducationalOrganizationSeniorResearcherFgllss7 |HigherEducationalOrganizationSeniorResearcherFgllo856 |IOPR
98558 HikingSurfingCityService 910 SURFINGHIKINGCityService 558 |[IOPR
99558 HikingSurfingCityService 911 SFCityService 558 |[IOPR
100||572 MedDiag 573 DiagnosticProcessAvailability 572 [IOPR
101|589 KodakPriceService 1023 Three wheeled Car price 589 [IOPR
102(|589 KodakPriceService 1024 Another car price 589 [IOPR
103 (589 KodakPriceService 1063 CannonCameraPriceService 589 |[IOPR|
104/ (589 KodakPriceService 1064 CannonCameraPriceService 589 |[IOPR|
105(|589 KodakPriceService 1068 Red Ferrari price 589 [IOPR
106|589 KodakPriceService 1070 ToyotaCar Price 589 |[IOPR
107|598 RouteFinderService 599 SRI RouteFinderService 598 |IOPR|
108]| 602 Lock door 724 Open door 259 |[IOPR
109 [ 602 Lock door 1004 Unlock door 259 |IOPR|
110|| 604 MAK 1027 ZAD 604 |IOPR|
111]{609 BreadProviderService 610 BreadProviderService 609 [IOPR|
112|611 BestColaService 612 AvailableColaService 611 |IOPR|
113||613 DrinksService 614 DrinksService 613 |IOPR|
114| (635 MedService Investigating 636 MedInvestigating 635 [IOPR|
115| [ 652 GovMissilesGivingService 653 GovMissilesGivingService 652 [IOPR|
116 | 655 ChinaMissilesFinancingService 656 RussianMissilesFinancingService 655 [IOPR|
117||655 ChinaMissilesFinancingService 657 USMissilesFinancingService 655 [IOPR|
118|656 RussianMissilesFinancingService 657 USMissilesFinancingService 655 [IOPR|
119|658 AsianMissilesFundingService 659 IndiaMissilesFundingService 658 [IOPR|
120| [ 658 AsianMissilesFundingService 660 NKoreaMissilesFundingService 658 [IOPR|
121](658 AsianMissilesFundingService 661 PakistanMissilesFundingService 658 [IOPR|
122|659 IndiaMissilesFundingService 660 NKoreaMissilesFundingService 658 [IOPR|
123|659 IndiaMissilesFundingService 661 PakistanMissilesFundingService 658 |IOPR|
1241|660 NKoreaMissilesFundingService 661 PakistanMissilesFundingService 658 |IOPR|
125[|713 NovelAuthorService 714 NovelAuthorService 713 [IOPR
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126|(713 NovelAuthorService 715 NovelAuthorService 713 |IOPR
127|| 714 NovelAuthorService 715 NovelAuthorService 713 |IOPR|
128|716 NovelPersonService 717 NovelPersonService 716 |IOR

129(| 724 Open door 1004 Unlock door 259 |[IOPR
130| (739 2for 1 RecommendedPrice 740 2for 1 RecommendedPrice 739 |IOPR|
131|755 DFKI 756 TheBest 755 |IOPR|
132|755 DFKI 763 PriceCoffeeWhiskey 755 |IOPR|
133|| 755 DFKI 764 PriceCoffeeWhiskey 755 |IOPR|
134|756 TheBest 763 PriceCoffeeWhiskey 755 |IOPR|
135| [ 756 TheBest 764 PriceCoffeeWhiskey 755 |IOPR|
136(| 759 Hallo2 ColaService 760 Hallo ColaService 759 |IOPR|
137||763 PriceCoffeeWhiskey 764 PriceCoffeeWhiskey 755 |IOPR|
138|780 BookFinderService 781 ABN/ISBN Booksearch 35 |IOPR
139|785 PublicationSearchingService 789 PublicationSearchingService 785 |IOPR|
140| [ 802 RecommendedPriceCoffeeWhiskey 803 RecommendedPriceCoffeeWhiskey 802 |IOPR|
141/|808 Red Light To Off 809 Red Light To On 808 |IOPR|
142|816 Researcher address 817 TREE Researcher address 816 |IOPR|
143/|816 Researcher address 818 ZOO0 Researcher address 816 |IOPR|
144) (817 TREE Researcher address 818 Z0OO0 Researcher address 816 |IOPR|
145|819 Researcher postal address and publication referenc@®0| Researcher postal address and publication reference819 |IOPR|
146| | 822 HOM2 Researcher address 823 Researcher address 822 |IOPR|
147||848 Science-Fiction-Novel Author Price 851 ScienceFictionNovel priceAuthor 848 |IOPR|
148/| 863 Search Formatted Address 864 Search Raw address 863 |IOPR|
149 (906 MerchantService 907 StorePFoodService 906 |IOPR|
150[| 910 SURFINGHIKINGCityService 911 SFCityService 558 |[IOPR
151|912 DFG HikingSurfingDestination 913 PDS HikingSurfingDestination 912 [IOPR
152(|912 DFG HikingSurfingDestination 914 PF Destination 912 [IOPR
153]|912 DFG HikingSurfingDestination 915 HikingSurfingDestination 912 [IOPR
154(|913 PDS HikingSurfingDestination 914 PF Destination 912 (IOPR
155(|913 PDS HikingSurfingDestination 915 HikingSurfingDestination 912 (IOPR
156|914 PF Destination 915 HikingSurfingDestination 912 (IOPR
157/|921 SurfingOrganizationDESTINATIONService 922 SAAR 921 |(IOPR
158(|921 SurfingOrganizationDESTINATIONService 923 SurfingOrganizationDESTINATIONService 921 |(IOPR
159[|921 SurfingOrganizationDESTINATIONService 924 SODService 921 |(IOPR
160[|921 SurfingOrganizationDESTINATIONService 1081 MyDESTINATIONService 921 |[IOPR
161(|922 SAAR 923 SurfingOrganizationDESTINATIONService 921 |(IOPR
162|922 SAAR 924 SODService 921 |(IOPR|
163|922 SAAR 1081 MyDESTINATIONService 921 |(IOPR|
164(|923 SurfingOrganizationDESTINATIONService 924 SODService 921 |(IOPR
165(|923 SurfingOrganizationDESTINATIONService 1081 MyDESTINATIONService 921 |(IOPR
166|| 924 SODService 1081 MyDESTINATIONService 921 |(IOPR|
167(|926 Always SurfingDestinationService 927 AUS SurfingDestinationService 926 |(IOPR
168(|926 Always SurfingDestinationService 928 SurfingDestinationService 926 |[IOPR
169(|926 Always SurfingDestinationService 929 SOH SurfingDestinationService 926 |[IOPR
170[|927 AUS SurfingDestinationService 928 SurfingDestinationService 926 |(IOPR
171|927 AUS SurfingDestinationService 929 SOH SurfingDestinationService 926 |(IOPR
172(|928 SurfingDestinationService 929 SOH SurfingDestinationService 926 |(IOPR
173933 Switch Off MesseModul 934 Switch On MesseModul 933 |IOPR|
174]|958 BF Comedy Film Searcher 959 Mega Comedy Film finder 958 |[IOPR
175[|958 BF Comedy Film Searcher 960 Comedy Film finder 958 |[IOPR
176[|959 Mega Comedy Film finder 960 Comedy Film finder 958 |[IOPR
177/|961 HighComedy Action Film 963 Film locator 961 |[IOPR
178]|961 HighComedy Action Film 968 Film finder 961 |[IOPR
179963 Film locator 968 Film finder 961 |IOPR|
180| (987 MMVideoMediaService 993 AvailableVideoService 987 |IOPR|
181|997 UniversityLecturerService 998 UniversityLecturerService 997 |[IOPR
182[|997 UniversityLecturerService 999 UniversityLecturerService 997 |(IOPR
183]|998 UniversityLecturerService 999 UniversityLecturerService 997 |[IOPR
184 (1014 SFNovelPrice 1011 SFNovelPrice 331 [IOPR
185| (1014 SFNovelPrice 1012 SFNovelPrice 331 |IOPR
186| (1011 SFNovelPrice 1012 SFNovelPrice 331 |IOPR
187/|1023 Three wheeled Car price 1024 Another car price 589 |[IOPR
188| (1023 Three wheeled Car price 1063 CannonCameraPriceService 589 |IOPR|
189| (1023 Three wheeled Car price 1064 CannonCameraPriceService 589 |[IOPR|
190| (1023 Three wheeled Car price 1068 Red Ferrari price 589 |IOPR|
191 (1023 Three wheeled Car price 1070 ToyotaCar Price 589 [IOPR|
192| (1024 Another car price 1063 CannonCameraPriceService 589 |[IOPR|
193] (1024 Another car price 1064 CannonCameraPriceService 589 [IOPR|
194| (1024 Another car price 1068 Red Ferrari price 589 [IOPR|
195| (1024 Another car price 1070 ToyotaCar Price 589 |[IOPR|
196| (1026 CompJ AuthorService 1027 DataMiningAuthorService 1026 |IOPR|
197/(1030 Camera Price 1067 WallmartCPriceService 1030 |IOPR
198 (1040 Discovery Films 1041 Recommended Films 1040 |IOPR|
199| (1044 ExportFoodService 1045 HEBFoodService 1044 |IOPR|
200][1044 FranceMapService 1057 FrankfurtBerlinMap 1046 |IOPR|
201}[1044 FranceMapService 1058 GermanMap 1046 |IOPR|
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202| 1054 MunchenUniversityLecturers 1055 SaarlandUniversityLecturers 1054 |IOPR|
203| (1054 MunchenUniversityLecturers 1056 ZambiaUniversityLecturers 1054 |IOPR|
204 1055 SaarlandUniversityLecturers 1056 ZambiaUniversityLecturers 1054 |IOPR|
205| (1057 FrankfurtBerlinMap 1058 GermanMap 1046 |IOPR|
206|[1063 CannonCameraPriceService 1064 CannonCameraPriceService 589 |IOPR|
207|[1063 CannonCameraPriceService 1068 Red Ferrari price 589 [IOPR
208]|1063 CannonCameraPriceService 1070 ToyotaCar Price 589 |IOPR|
209|(1064 CannonCameraPriceService 1068 Red Ferrari price 589 |[IOPR|
210||1064 CannonCameraPriceService 1070 ToyotaCar Price 589 [IOPR|
211/|1069 Red Ferrari price 1070 ToyotaCar Price 589 [IOPR|
212/ (1073 BBC News Video Media 1074 SaturnVideoMediaService 1073 |IOPR
213](1073 BBC News Video Media 1075 Smith Lee productions 1073 |IOPR|
2141(1074 SaturnVideoMediaService 1075 Smith Lee productions 1073 |IOPR|
215/(1077 Bombay WeatherFront 1078 BritishwWeatherfrontService 1077 |IOPR|
216[1077 Bombay WeatherFront 1079 German WeatherFront 1077 |IOPR|
217|(1079 BritishWeatherfrontService 1079 German WeatherFront 1077 |IOPR)

Table A.5.: IOR matches irODWLS-TCwhich their precondition do not match

Row Row in TableA.4 ID1 Service Name 1 ID2 Service Name 2 Class ID
1 18 155 BookPrice 156 BookPrice 155
2 21 162 BookAuthorPriceService 163 BookAuthorPriceService 162
3 25 176 BookRecommendedPriceService 177 BookRecommendedPriceServicg 176
4 37 250 GermanCityHotellnfoService 252 CityHotellnfoService 250
5 52 304 countryJobs 332 DJob 304
6 53 305 countryJobs 332 DJob 304
7 57 331 DeoSFNPrice 1010 SFNovelPrice 331
8 58 331 DeoSFNPrice 1011 SFNovelPrice 331
9 59 331 DeoSFNPrice 1012 SFNovelPrice 331
10 71 402 Gorge RouteFinder 403 RouteFinder 402
11 128 716 NovelPersonService 717 NovelPersonService 716

Table A.6.: Service classes iIOBWLS-TC

Service Class ID | Service ID Service Name
0 0 4WheeledCarlPersonBicyclePrice
9 4WheeledCar 1PersonBicycle Price
1 Kohl CarlPersonBicyclePrice
1 2 CarlPersonBicyclePrice
3 CarlPersonBicyclePrice
4 4 Bicycle4Wheeledcar_Price_service
11 4WheeledCar 2PersonBicyclePrice
12 12 4WheeledCarBicyclePrice
139 Bicycle4Wheeledcar_Price_service
a2 32 Academic Book Number booksearch
36 AcademicBookNumberSearch
35 AcademicBookNumberOrISBNSearch
35 780 BookFinderService
781 ABN/ISBN Booksearch
100 100 Auto Bicycle Price
140 BicycleAuto_Price_service
112 AvailablePreparedFoodService
112 545 GroceryStore PreparedFood Quantity
812 RequiredFoodService
119 119 GermanGovernmentAwardScholarshipService
120 GermanGovernmentAwardScholarshipService
142 142 BicycleCar_Price_service
192 CarBicyclePrice
143 143 BookFinder
159 BookSearch
148 148 Bea Book Shopping
149 Book Shopping
153 153 BShop book shopping
154 Book Shopping
155 155 BookPr?ce
156 BookPrice
158 BookPrice
158 167 Cheapest Book
171 BookPriceService
162 162 BookAuthorPriceService
163 BookAuthorPriceService
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165 165 BookAuthorService
166 BookAuthorService
175 175 BookRecommendedPriceService
994 Tizon RecommendedPriceService
176 176 BookRecommendedPriceService
177 BookRecommendedPriceService
187 Distance calculator between two locations
187 188 Distance calculator between two locations
190 Distance calculator between two locations
476 Distance calculator between two locations
209 209 car price
594 leynthu rent a car
237 CheckHospitalAvailability
237 238 CheckPersonnelAvailability
239 CheckRoomAvailability
245 245 HotellnfoService
271 HotellnfoService
250 250 GermanCityHotellnfoService
252 CityHotellnfoService
255 255 Zip codes finder service.
503 Zip codes finder service.
259 Close door
259 602 Lock door
724 Open door
1004 Unlock door
272 272 GelLuxuryHotellnfoService
273 LuxuryHotellnfoService
278 OccupationFinder
278 408 OccupationFinder
435 OccupationFinder
281 OccupationFinder
281 411 OccupationFinder
438 OccupationFinder
294 OccupationFinder
294 421 OccupationFinder
422 OccupationFinder
451 OccupationFinder
302 302 Country SkilledOccupation PartTimePosition
303 Country skilled and partTimePositionsService
304 countryJobs
304 305 countryJobs
332 DJob
307 307 CountrySkilledPositionsService
308 CountrySOccupService
322 Government Degree Scholarship
322 515 GovernmentDegreeScholarShipService
516 GovernmentScholarDegreeShipService
331 DeoSFNPrice
331 1010 SFNoveIPr?ce
1011 SFNovelPrice
1012 SFNovelPrice
339 MD 2For 1 Price
339 340 2For 1 Price
341 2For 1 Price
344 344 2For 1 Price )
670 2for 1 RecommendedPrice
347 EBookOrder
347 348 EBookOrder2
349 EBookOrder3
356 356 Employee postal address
357 Employee postal address
386 386 AldiFoodQuantityService
387 AldiFoodQuantityService
390 390 B-co FoodPriceService
391 FoodPriceService
398 398 SurfingGenericAgentDestinationService
399 SurfingGenericAgentDestination SportsService
402 402 Gorge RouteFinder
403 RouteFinder
213 413 GeographicalRegionHotelService
414 GeographicalRegionHotelService
M7 417 Route from Frankfurt
418 Route to Berlin
404 424 GRWF
425 GRWF
426 426 GRW
427 GRWeatherProcessService
458 Geopolitical-Entity SkilledOccupation FullTimePositio
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Service Class ID | Service ID Service Name
687 Geopolitical-Entity SkilledOccupation FullTimePositio
459 459 Geopolitical-Entity SkilledOccupation PartTimePositio|
688 Geopolitical-Entity SkilledOccupation PartTimePositio
a1 471 Altitude Above Sea Level Calculator Service.
479 Elevation Finder Service.
521 521 GovernmentMissileFundingService
522 GovernmentMissileFundingService
527 GovernmentFundingService
507 528 GovernmentFundingService
529 GovernmentFundingService
530 GovernmentFundingService
535 535 Green Light To Off
536 Green Light To On
549 549 HDP2
569 Hospital DiagnosticProcess TimeDuration
552 552 HigherEducationalOrganizationLecturers
553 HigherEducationalOrganizationLecturers
554 554 Pioneer HigherEducationalOrganizationProfessors
555 HigherEducationalOrganizationProfessors
556 556 HigherEducationalOrganizationSeniorResearcherFellpw
557 HigherEducationalOrganizationSeniorResearcherFellpw
558 HikingSurfingCityService
558 910 SURFINGHIKINGCityService
911 SFCityService
572 572 MedDiag
573 DiagnosticProcessAvailability
589 KodakPriceService
1023 Three wheeled Car price
1024 Another car price
589 1063 CannonCameraPriceService
1064 CannonCameraPriceService
1068 Red Ferrari price
1070 ToyotaCar Price
598 598 RouteFinderService
599 SRI RouteFinderService
604 604 MAK
1022 ZAD
609 609 BreadProviderService
610 BreadProviderService
611 611 BestColaService
612 AvailableColaService
613 613 Dr?nksServ?ce
614 DrinksService
635 635 MedService Investigating
636 MedInvestigating
652 652 GovMissilesGivingService
653 GovMissilesGivingService
655 ChinaMissilesFinancingService
655 656 RussianMissilesFinancingService
657 USMissilesFinancingService
658 AsianMissilesFundingService
658 659 IndiaMissilesFundingService
660 NKoreaMissilesFundingService
661 PakistanMissilesFundingService
713 NovelAuthorService
713 714 NovelAuthorService
715 NovelAuthorService
716 716 NovelPersonService
717 NovelPersonService
739 739 2for 1 RecommendedPrice
740 2for 1 RecommendedPrice
755 DFKI
755 756 . TheBest .
763 PriceCoffeeWhiskey
764 PriceCoffeeWhiskey
759 759 Hallo2 ColaService
760 Hallo ColaService
785 785 PublicationSearchingService
789 PublicationSearchingService
802 802 RecommendedPriceCoffeeWhiskey
803 RecommendedPriceCoffeeWhiskey
808 808 Red Light To Off
809 Red Light To On
816 Researcher address
816 817 TREE Researcher address
818 ZOO Researcher address
819 819 Researcher postal address and publication references
820 Researcher postal address and publication references
822 HOM2 Researcher address
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Service Class ID | Service ID Service Name
823 Researcher address
848 848 Science-Fiction-Novel Author Price
851 ScienceFictionNovel priceAuthor
863 863 Search Formatted Address
864 Search Raw address
906 906 MerchantService
907 StorePFoodService
912 DFG HikingSurfingDestination
912 913 PDS HikingSurfingDestination
914 PF Destination
915 HikingSurfingDestination
921 SurfingOrganizationDESTINATIONService
922 SAAR
921 923 SurfingOrganizationDESTINATIONService
924 SODService
1081 MyDESTINATIONService
926 Always SurfingDestinationService
926 927 AUS SurfingDestinationService
928 SurfingDestinationService
929 SOH SurfingDestinationService
033 933 Switch Off MesseModul
934 Switch On MesseModul
958 BF Comedy Film Searcher
958 959 Mega Comedy Film finder
960 Comedy Film finder
961 HighComedy Action Film
961 963 Film locator
968 Film finder
087 987 MMVideoMediaService
993 AvailableVideoService
997 UniversityLecturerService
997 998 UniversityLecturerService
999 UniversityLecturerService
1026 1026 CompJ AuthorService
1027 DataMiningAuthorService
1030 1030 Camera.Price .
1062 WallmartCPriceService
1040 1040 Discovery Film§
1041 Recommended Films
1044 1044 ExportFoodSeryice
1045 HEBFoodService
1046 FranceMapService
1046 1057 FrankfurtBerlinMap
1058 GermanMap
1054 MunchenUniversityLecturers
1054 1055 SaarlandUniversityLecturers
1056 ZambiaUniversityLecturers
1073 BBC News Video Media
1073 1074 SaturnVideoMediaService
1075 Smith Lee productions
1077 Bombay WeatherFront
1077 1078 BritishWeatherfrontService
1079 German WeatherFront
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