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ABSTRACT

In last years both industry and academia have shown a gteat in
est on issues concerning consistent cooperation for bessicrtical
services. Service Level Agreement (SLA) specifications el as
techniques for their treatment are nowadays irremissisde. The
availability of many computer processable information make
Web Services framework a valid candidate to experiment néth
ideas. This paper proposes Puppet (Pick UP Performance-Eval
ation Test-bed), an approach for the automatic generafidast-
beds to empirically evaluate different QoS features of a \Web
vice under development. Specifically, the generation étgptbe
information about the coordinating scenario (be it chorepgy or
orchestration), the service description (WSDL) and thecHioa-
tion of the agreements (WS-Agreements) thatrtiies will abide.
The approach is supported by a proof-of-concept tool todedd
the feasibility of the idea.

1. INTRODUCTION

The attractive promise of the Service Oriented Architez(BOA)

paradigm is to make real the integration between applinatze-

longing to different enterprises. Web Services relatetnetogies
are today the most concrete example enabling such paradigm.

The evolution of Web Services technology has undergonereiit
stages. Initially, the focus was in providing mechanismstfe
interaction of service implementations deployed on défgrma-
chines. Key concepts were service descriptions, servieetoiry
definition for storing and retrieving such descriptionsd @ynamic
services discovering and binding. Then, the need aroseftotteer
level of abstraction to be introduced in the framework, idesrto
describe possible complex interaction scenarios. In thiecit is
assumed that services can either belong to the same orjaniaa
to different ones. At last, the openness of the environmbataz-
terizing the SOA paradigm naturally led to the pursuit of heec
nisms for defining Quality of Service (QoS) level agreemegics
ifications. This is today a quite active research topic (egro-
vides more details on such technologies). In line with thdelyi
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accepted idea nowadays that an effective software desipress
cannot only focus on functional aspects, and ignore Qo&edl
properties. For Service Oriented systems, as well as foyratdrer
kind of complex enterprise applications [7] [29], commuation
networks and embedded systems [5], it is certainly no lopgsr
sible to propose solutions without adequate consideratfaheir
non functional aspects [22].

In recent years, great efforts have been spent in derivindhode
ologies for the elicitation of non functional requiremeritsdefin-
ing expressive annotation methods, and in the developnfiemett-
odologies for early performance analysis of software systeSuch
studies can be grouped in two broad and orthogonal classestof
niques that combine software design, software developraedt
performance engineering, and are generally referrepredictive
techniques oempirical techniques [16]. The basic ideas of the
predictive techniques is that performance cannot be ratdfi it
must be designed into software since the beginning [29]sTiau-
formance prediction guides the design, providing hints dretlver
the proposed software solution is likely to meet the degiredor-
mance goals.

On the contrary, empirical techniques are applied to rumpsioft-
ware. Such evaluation can be conducted on the final implemen-
tation or on a prototype. The objective is carrying on sonsgste
and comparing the observed QoS characteristics with theoteg
ones. In case the system shows diverging QoS propertiespfte
ware needs to be modified.

Predictive approaches play a very important role duringdisign
and the development of a generic software system. In fael; th

use can have a drastic impact and produce great benefits on the

quality of the final product. Nevertheless, modern appiicet are
deployed over complex platform (i.e. middleware) introihgcex-
ternal factors not always easy to model. In such contextpjrizal
approaches could be a more reliable approach providing mesre
alistic estimates. However, the testing of non-functigrralperties
needs to address issues quite different from those cordtevhen
doing functional validation. In the general case, such aggines
require the development of expensive and time consumingppro
types [19], on which representative benchmarks of the sysie
operation can be run.

Fortunately, much progress has been done in this direc8pacif-
ically, computer-processable specifications can be useddier to
describe in detail both the software under evaluation aedettx
pected environment. Today mechanisms actingae-factories
are often available. Such tools can automatically genexate-



ning prototype from a given specification. In our view wheagé
technologies can be assumed to be applied there is a large roo
for the development of empirical approaches for the evalnaaf

a system within the context where it will be used.

In particular, in the domain of Web Services, and relatetineto-
gies [2, 32, 24, 13, 25, 33, 31, 17], Service Level Agreements
(SLAs) are used to explicitly define the services and theocust
relations in term of the evaluation criteria, the promisealSCand

the penalties assigned if the agreed SLA is not met. Thexethis
domain certainly yields very promising opportunities fbetappli-
cation of empirical approaches for QoS evaluation.

According to this intuition, in this paper we propose an aggh,
called Puppet, for the automatic derivation of test-bedmjiéing
to evaluate different QoS characteristics for a servicecumigvel-
opment and before its final deployment. In particular we atert
ested in assessing that a specific service implementatioaftard
the required level of QoS (e.g., latency and availabilitglimed in
a corresponding QoS specification for a composition of ses/i
(choreography/orchestration) in which the Service Undealia-
tion will play one of the role.

The problem of software performance testing has already bee
knowledged as an important and tough one in the past [12]- Nev
ertheless, the pervasiveness of software-intensive ragstelying

2.1 WS-related Types of Specification

A first group of specifications include technologies such hes t
Web Service Description Language (WSDL) [31], the Simple Ob
ject Access Protocol (SOAP) [32] and the Universal Diregtaond
Discovery Services (UDDI) [24]. Taken altogether the abthwvee
technologies permit the interaction among services deglay dif-
ferent machines, the storing and successive retrievingrofee de-
scription and reference, and the dynamic discovery anditjnof
services.

Of particular relevance to our approach is the Web Servicecbye-

tion Language (WDSL). WSDL is a XML-based language permit-
ting to describe both services and their provided operatids.
WSDL refers to a service as a set of endpoints interoperatitty
others by means of message exchanging. In particular, gwige
tion of a service consists of an abstract definition of therajiens

and the messages that will be referred. Thus, the operatienis-
stantiated as concrete endpoints setting some implen@niat-
ented information such as the specific protocol used (e@ARS
HTTP GET, MIME), the addresses at which the operations are
made accessible to the clients and so on. However, the WSDL
description does not provide any information on how the iserv
has been implemented: it provides only the syntacticalrmés

tion necessary to correctly invoke the system, no assumptiche
expected behavior is provided.

on Web Services, and the great emphasis put today on QoS by theFurther levels of specification are necessary to descrilbeptex

competition between different providers make these topicthe
top of the developer’s concerns. Moreover, with the advarine
the SLA specification technology, means to evaluate the @eS p
rameters that a service can publish before it is deployedrhean
indispensable tool for a service developer. Certainlyeddmes vi-
tal to be able to agree on levels of performance which arésteal
and feasible.

Our approach provides a first step in this direction , becé&useo-
matically generates a test-bed which mimics the intendedcss
choreography or orchestration, in which the empirical eatibn
can be carried on. Such evaluation can provide crucial inédion
to the developer of the service in order to improve it if somESQ
lacks are identified. In the long term the evaluation could$soci-
ated to the registration of the service within a directorwie. In
this perspective the test-bed will be automatically getegrand the
service tested before its registration. If the required @8l are
not respected, the directory service could refuse thetregjisn, as
already foreseen for the case of behavioral evaluation]in [8

The paper is organized as follows. In the next section weigeov
the necessary background on the Web Services specificatibn t
nologies, with particular focus on the proposed SLA langsag
Then, in Sec. 3 we illustrate the scenarios in which the Puppe
tool could be usefully employed. In Sec. 4, we describe the ap
proach and its logical architecture. An example is briefggented

in Sec. 5 while related work are summed up in Sec. 6. At last, in
Sec. 7 we draw conclusions and hint at future work.

2. SUPPORTING STANDARDS OVERVIEW
The WS domain is characterized by a strong boost toward atdnd
ization. As stated in the Introduction, WS-related speatfans
belong to different types. For the purpose of illustratioa have
identified three different groups, which are going to be dbsd in
the following subsection.

scenarios among interacting services [1]. A second grolgpet-
ifications is relative to the composition and interactiorsefvices.
The identification of adequate mechanisms for doing so i®-pro
ably the most relevant and interesting ongoing activityhwitthe
WS community. In the last years, mainly two approaches seem t
lead the scene within two different, but related, contekte Tirst is
aiming at providing an instrument for defining orchestratid ser-
vices, the second instead is intended to describe chongogaf
web services [1]. Both interpretations provide a means stiilee
interacting scenarios. Orchestration approaches fortgeavail-
ability of an execution engine that, by executing the ortlatien
code, will reproduce the specified interactions. Clearly tieces-
sity of introducing an execution engine brings some linias to
applicability of the approach, in particular to the case efvices
belonging to foreign organizations. Such engine will int faansti-
tute a centralization point that requires a highly trustdblcation
in general not easy to identify.

On the other hand, the choreography approach foresees dile av
ability of a specification of the interactions to which théfetient
services must conform. However it does not introduce anyhaec
nisms for forcing such interactions. As a result, the comftgeon
correct executions of the described scenarios can only sedoan
extensive test and verification activities, performed befine de-
ployment of a service. At the same time choreography appesc
foster the insertion of monitoring mechanisms within the Wi8-
dleware. Such mechanisms can warn the services partiogpsdi
the choreography if some exceptional conditions arise.

Currently, the most significant proposals concerning treciiza-
tion of Web Services orchestrations and/or choreograpniesep-
resented by the Business Process Execution Language (WSBPE
[25] and Web Services Choreography Description Languags-(W
CDL) [33].

Finally another important ingredient to the success of tAS



paradigm is the emergence of languages for defining QoS level
agreement specifications among interacting services. Evthis
context the situation is rapidly moving and different buhrexclu-

sive proposals are emerging such as WS-Agreement (WS-4) [13
Web Service Level Agreement (WSLA) [17] and SLANg (Service
Level Agreement Language) [28]. Given the centrality oftstype

of specification in our work, a more extensive discussionri p
vided below in Sec.2.2.

It is worth noting that the very basic ingredient of the WShiealo-
gies is the adoption of the eXtensible Mark-up Language (X
the “lingua franca”. All the specification languages citdzbee
are in fact based on a XML syntax. Therefore, the description
of service composition using such languages permits toritbesc
software engineering concepts in an easily computer psatés
format. In this sense a choreography or an orchestratiamgty
recall concepts emerged within the Software Architectesearch
domain [27]. In this context, the interactions of differexmpo-
nents have been described through the definition of roleghared
Itis certainly not a coincidence that the terote is used with a sim-
ilar meaning in the WS-CDL specification. Similar considinas
hold for the QoS specification and the contract-based eagimge
approach [23].

2.2 Service Level Agreement Languages
Traditionally, agreements have been not machine-readhbmft-
ware engineering only basic notion of agreements have bgmr-e
imented by means of Interface Description Languages [Z]] [&
recent years both industry and academia have shown a gre@gsh
on this topic. Concerning the Web Services technologies;i&e
Level Agreements (SLAs) represent one of the most intergstind
active issues. SLAs aim at ensuring a consistent cooparétio
business-critical services.

To make the paper self-contained, we report below the backgt
notions behind the currently prevailing proposals for agnent
specification in SOA. In the remainder of the paper, we witife
on the experiments carried on using one of them (WS-Agre®men

WS-AgreementWS-Agreement is a specification defined by the
Global Grid Forum (GGF) aiming at providing a standard latger
build agreement-driven SOAs [13]. The main assets of the lan
guage concern the specification for domain-independenteies

of a simple contracting process. Such generic definitiomshm
extended by domain-specific concepts. In an agreement rof ev
type of content is directly defined. Specifically, the syntatines
statements in order to describe concepts and terms of aigener
agreement as top level entities [21]. The use of specialtngts
wraps and integrates the definition related to a specificengeat
term.

The top-level structure of a WS-Agreements offer is exprddsy
means of a XML document which comprises the agreement de-
scriptive information, the context it refers to and the digfoim of

the agreement items (see Fig. 1).

The Context element is used to describe the involved parties and
other content of an agreement not representing obligatbpsar-
ties, such as expiration date. An agreement can be defineshéor
or more contexts.

The defined consensus or obligations of a party core in a WS-
Agreement specification are expressed by meansrafs. Special

[Agreement
<wsag: Agr eement
Agr eenent | d=xsd: string>
<wsag: Name>
xs: NCNane
</ wsag: Name>
<wsag: Agr eement Cont ext > |
wsag: Agr eenent Cont ext Type | -
</ wsag: Agr eenent Cont ext > Terms
<wsag: Ter ns>
wsag: Ter nConposi t or Type
</ wsag: Ter ms>
</ wsag: Agr eenent >

1T
Name

Context
Involved Parties,
Lifetime,
Related Agreements

Service Description Terms

| Guarantee Terms

Figure 1: WS—Agreement Structure

compositor elements (e.g., AND/OR/XOR operators) can el us
to combine terms enabling the specification of alternatiembhes
and nesting within the terms of agreement.

The obligations of parties are organized in two logical paithe

first specifies the involved services by means of $levice De-
scription Terms. Such part primarily describes the functional as-
pects of a service that will be delivered under an agreenfetdgrm

for the service description is defined by means of its name tlaa
name of the service which it refers to. In some case, a domain-
specific description of the service may be conditional tocHjme
runtime constraints. A special kind 8&rvice Description Terms is

the Service Referencavhich defines a pointer to a description of a
service, rather than describing it explicitly into the agreent.

The latter part of the terms definition defines measurableagiee
associated with the other terms in the agreement and thabean
fulfilled or violated. A Guarantee Term definition consists of the
obliged party (i.eService ConsumeBervice Providey, the list of
services this guarantee applies 8eifvice Scope), a boolean ex-
pression that defines under which condition the guarantpkeap
(Qualifying Condition), the actual assertion that have to be guaran-
teed over the service&érvice Level Objective) and a set of business-
related valuesHusiness Value List) of the described agreement
(i.e., importance, penalties, preferences). In genenaljriforma-
tion contained into the fields of Guarantee Term are expressed by
means of domain-specific languages.

WSLA The Web Service Level Agreement (WSLA) is an XML
specification of performance constraints associated \uitptovi-
sion of a Web Service [17]. In particular, the language afidw
specify agreements between a service provider and a custbyne
defining the obligations of the parties involved.

A WSLA document comprises three main parts: Hueties, the
Service Definitions and theObligations (see Tab. 1). Thearties
section defines the actors involved in the agreement. Sgaityfi
this section may contain both the service providers andwopss
as well as third-part entities involved in the service moriitg.

The second part of a WSLA document encompasses references to
the service operations, the definitions of the observahieices’
parameters and the definition of metrics. The parametersean
used in assertions in order to guarantee service agreemehes
metrics specify how to measure or compute the parameteesalu

A metric description also includes which party is in charfenea-
suring. The WSLA language supports constructions for rogtri



<xsd: conpl exType nanme="WSLAType" >
<xsd: sequence>
<xsd: el enent name="Parties"
type="wsl a: Parti esType"/>
<xsd: el ement nane="Servi ceDefinition"
type="wsl a: Servi ceDefini ti onType"
maxQccur s="unbounded"/ >
<xsd: el ement nane="0bl i gations"
type="wsl a: Obl i gati onsType"/>
</ xsd: sequence>
</ xsd: conpl exType>

<xsd: el enent name="SLA" type="wsl a: WSLAType"/ >

Table 1: WSLA Types Definition

composition. In this manner metrics at different level oétaaction
can be expressed in an agreement (e.g., resource metritsess
metrics).

The Obligations part represents the core of the WSLA specifica-

tion. Here, the arrangement between parties regardingdhese
of the services is specified: both the constraint and theagiee

terms. WSLA defines a service level objective as a commitment

to maintain a particular state of the service in a given mkribhe

state of a service is intended as a value assignment to thieeser

parameters. An action guarantee in an obligation expressem-
mitment to perform a particular activity if a given precotiain is

met. In both cases the service provider as well as the secvise
tomer could play as obliged party. In particular, the ex@cubf an

action guarantee can also be delegated to a third-party.

SLANng The last language for service level agreement presented
in this section is SLAng [18]. SLANng defines a set of SLAs cor-

responding to the different kinds of interaction with a seev In
particular, the main classification splits the agreememtgertical

andhorizontalones. The former subset refers to a service provid-

ing infrastructure support for a client, while the latterttee case
in which the client subcontracts part of its functionalitya ser-

vice of the same type [28]. Examples of vertical SLA are theson
between service provider and host or between a host andystora

service provider. On the other hand, a horizontal agreeimsan-
tracted between a service and an Application Service Howvis

The SLAng syntax was formerly defined using XML Schema [18].
However, in [28] the authors propose a UML-based specifioati

of the semantics of the language. Since the OMG had meanwhile
specified the UML QoS Profile [26] to represent services anlisSL

the authors have reused such specification by defining a QaS ca

logue for SLANg.

In our approach we carried on experiments referring to the WS
Agreement, so in the following of this paper we only show exam
ples using such kind of descriptions. We chose WS-Agreement
since it can be considered as an evolution of WSLA. In particu
lar, IBM that is the owner of the WSLA project is now heavily
involved into theGrid Resource Allocation Agreement Protocol

working group for the WS-Agreement specification [21] [18bn-
cerning SLANg, it represents a valid alternative to the @ldbrid
Forum’s proposal especially because of its UML-based fipaci
tion. Furthermore, it incorporates in a more natural wagtiehs

among the entities involved in the SOA paradigm. However; cu

rently its use is still mainly limited within academia.

3. AWS DEVELOPMENT SCENARIO

In this section we illustrate the application of our prombsep-
proach, called Puppet (Pick-UP Performance Evaluatiot-Ged)

to automatize the derivation of test-beds. We also distusss-
sumptions on the development process that are at the bake of t
approach. Details on the different steps and how they haga be
implemented into a prototype tool will then be provided icSé

As explained in Sec.2, initially Web Services technologiese
intended to merely provide support for the binding and commu
nications between services, but soon the need of mechafsms
describing the integration of services emerged. The basiarap-
tion of our approach is that such a description indeed existsur
view this is not an unrealistic assumption, as the definitibimte-
grated services will be one of the most relevant factors ¢difate
the take-off of the Service Oriented paradigm based ort. WS

Even though the flexible assembly at run-time of servicesaipr
unknown to each other and without a predefined plan might be an
interesting possibility for some applications, our viewthst the
development of services offers major guarantees, and wifols-
tered, by the existence of predefined choreographies oestch
tions. Such specifications can be released by relevant iazagams
within a particular domain, or even standard bodies, in #eeof

a choreography, or more simply by a company in the case of-an or
chestration. So what we imagine is, for instance, that fertbok-

ing of a flight and for all the related business process, aarelé of
airline companies will define a set of choreographies. Speltis
fications have then to be used by the developers implemetiteng
different services involved, if they want to claim complian and

in any case for ensuring interoperability.

The first step of our process, referred to as “WS Compositiefs D
inition” in Fig. 2, assumes the availability of a specificatide-
scribing the integration of different services, in terms/¢8-CDL

or WSBPEL, and of a set of WSDL descriptions defining the in-
terfaces of the services involved in the interaction. QGlegr the
case of WSBPEL the organization will be actually the ownehef
environment in which the services execute.

The second step in the process is the annotation of the cdtiopos
with QoS attributes for each service involved in the intéigra In
Fig. 2 this step is referred to as “QoS instrumentation”. \Ale dis-
tinguish between a choreography or an orchestration. |fotimeer
case, the organization that released the composition fijzizin
is in charge of augmenting the specification with QoS attabu
for instance adding information concerning costs for eaatfrice
in a prefigured composition. Developers of services wilketakich
a specification as a reference for their implementationgetipg
the same for required services. Therefore the bindingicstady-
namic, to services foreseen in the choreography, will beedmrly
considering the available services that can provide a Q&S fe-
specting the agreement specification. As consequence eseh d
oper of a service is interested in evaluating that its seraictually
can provide the required service at the given cost. If thisnet be
true we can expect that no other service, acting one of tleeinol
the given choreography, will agree on binding to such servidth
clear consequences on the relevance of the service thatatibe
used.

In the case of an orchestration, the company defining it ved i
to retrieve external services that fulfill the required nondtional

1This is for instance the current direction within the EU FRE&B
n.26955 - PLASTIC, see at http://www.ist-plastic.org
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Figure 2: The Puppet approach and supporting tool

properties. In this case the developer of a service willmgéll a
service implementation has to assess that, when inserted ohe-
fined orchestration, itis actually able to process a recuEsirding
to the requirements specified by the company.

Summarizing, we assume the availability of a WSDL specificat
for each service, a definition of a composition in terms of WS-
CDL or WSBPEL, and a WS-A description for the services in the
composition. At this point, goal of the tool we developedas t
automatically generate a test-bed to validate the impléatien of

a service before its deployment in the target environment.

As illustrated in Fig. 2, the generation of the test-bed peuts
through two different phases. The first one is the generation
the stubs simulating the non functional behavior of theisesvin
the composition; the second one, instead, foresees theasitiop
of the implementation of a service, called “S1i” in Fig. 2 thvthe
services with which it will interact. Both phases will be hedcally
described in detail in Sec. 4 and will be also shortly desttibere
to give a complete overview of the approach.

The generation of the stubs consists in turn of two successib-

steps. In the first one a skeleton of the stubs is generatethgta
from the WSDL description. The thus generated skeletonsagon
no behavior. Hence, in the second substep the implementistio

“filled” with some behavior that will fulfill the required nofunc-
tional properties for the service corresponding to the .stilibis
step is carried on retrieving the information from the WS-#da
applying automatic code transformation according to rttes we
have defined and that are described in Sec.4. At the end ofrsie fi
phase, a set of stubs providing the services specified inciimpo-
sition according to the desired properties are available.

The second phase implemented in Puppet is the setting oéshe t
bed. Goal of this step is to derive a complete environmenthithv
to test the service. To this purpose, Puppet composes thieeser
under test, “S1i” in Fig. 2, with the required service andading

to the composition specified in the choreography or in théese
tration. Currently this phase requires the assistance afraan
agent, as illustrated by the presence of a stick man in Figeer-
theless we are now working on implementing a complete auioma
process on the base of the forthcoming final WS-CDL speciéicat

The final result presented by the Puppet tool is an envirohfioen
the evaluation of “S1i". The evaluation, to be carried onl] thien
require the availability of a tester. In Fig. 2 also such d tewe-
ported. Nevertheless this component is not within the sobpair
work and we refer to the literature on the argument [10] fasgible
approaches. Such a tool will have to verify that the propersipec-
ified in the QoS document, such as a WS-A document, are fdlfille



in addition to traditional functional testing.

4. DESCRIPTION OF THE APPROACH

The main idea behind the Puppet is that the set of technalogie
introduced within the Web Service infrastructure make isgble

to automatically generate a test-bed environment for dsrifhe
generated environment can then be used to test if the speQHs
properties (e.g. performance) will be respected by theésennder
development after its deployment in the final environment.

Specifically, the generation exploits the information atiwe co-
ordinating scenario (be it choreography or orchestratitmg ser-
vice description (WSDL) and the specification of the agrease
that theroles will abide (see Sec. 3). Tools and techniques for
the automatic generation of service skeletons, taking pstithe
WSDL descriptions, are already available and well knownhi@ t
Web Services communities [2]. Nevertheless such tools geiy
erate an empty implementation of a service and do not add any
logic to the service operations. Puppet exploits and impthose
solutions by processing the empty implementation of a sergp-
eration and adding to it the lines of code resulting from tlams-
formation of the service agreements specification. The agmbr
can handle those QoS constraints that can be simulated bysmea
of a parameterizable portion of code. The mapping betwee. XM
definitions and Java code is defined once in a parametric f@anth
instantiated each time in the occurrences of the patteraappin
particular, the examples reported in this paper show thesfoa-
mations we have defined and that are encapsulated in Puppet.

<wsag: Servi ceLevel Obj ective>
<puppet : Puppet Root >
<puppet : TagDel ay>
1000

tryf
Thr ead. sl eep(1000) ;
}

catch
</ puppet : TagDel ay> A
</ puppet : Puppet Root > (I nteruptedExcepiton e)

{}

</ wsag: Servi ceLevel Obj ective>

Table 2: Service Level Objective Mappaing for Latency

Conditions on latency can be simulated introducitegay instruc-
tions into the operation bodies of the services skeletons.ekch
Guarantee Term in a WS-Agreement document, information con-
cerning the service latency are defined &evice Level Objective
according to a prescribed syntax. The example in Tab. 2 tegor
latency declaration of 108@Sec in XML code and the correspon-
dent Java code that Puppet will automatically generate.

Even though in the examples we refer to constant delaysnergé
it is possible to handle and generate transformation rdembre
complex constraints. Indeed, by declaring the paramdtatshar-
acterize a distribution in 8ervice Level Objective, it is possible to
implement a transformation function that collects sucladatd in-
stantiates the delays according to the desired distributio

On the other hand, constraints on services availability loanle-
clared by means of a percentage index into $khevice Level Ob-
jective of a Guarantee Term. Such kind of QoS can be reproduced
introducing code that simulates a service container faillihus the
generated stub service will raise remote exceptions acaptd the
specified rate. Specifically, the XML code in Tab. 3 expresbat

a service should be available for the 98% of the invocati@dih-
erwise, an excepiton would be thrown. Assuming that the Apac
Tomcat/Axis [3] [2] platform is used, the correspondent grated
Java code simulates a service invocation fault.

<wsag: Servi ceLevel Obj ective>
<puppet : Puppet Root >
<puppet : TagAvai | >
98. 00
</ puppet : TagAvai | >
</ puppet : Puppet Root >
</ wsag: Servi ceLevel Obj ective>

Random rnd = new Randon{();
float val = rnd.nextFl oat()*100;
if ( val >98.00f){
String faultCode "Server. NoService";
String faultString = "No target service to invoke!"
org. apache. axi s. Axi sFaul t
fault = new Axi sFaul t (faul t Code, faultString, """, null);
throw faul t;

Table 3: Service Level Objective Mappaing for Availability

According to what described in Sec. 2.2, a guarantee in a WS-
Agreement document can be enforced under an optional ¢omdit
Such additional constraints are usually defined in termsobm-
plishments that a service consumer must meet: for example th
latency of a service can depend on the time or on the day inhwhic
the request is delivered. In these cases, the transformfatiction
wraps the simulating behavior code-lines obtained fromsbe

vice Level Objective part with a conditional statement (see Tab. 4).
Note that in the current implementation the external factorthe
condition are explicitly denoted by means of a variable name

<wsag: Qual i fyi ngCondi ti on>
<puppet : Puppet Root >
<puppet : Condi ti on
oper at or =" Equal ">
<puppet : Vari abl e>
X
</ puppet: Vari abl e>
<puppet : Val ue>
10
</ puppet : Val ue>
</ puppet : Condi ti on>
<puppet: Condi ti on
oper at or =" Lower " >
<puppet : Vari abl e>

if ((x==10)8&(y<100)){
try{

}

y
</ puppet: Vari abl e>
<puppet : Val ue>
100
</ puppet : Val ue>
</ puppet : Condi ti on>
</ puppet : Puppet Root >
</wsag: Qual i fyi ngCondi ti on>

Table 4: Qualifying Condition Mapping

As mentioned, the scope for a guarantee term describessthef i
services to which it applies. In particular, Tab. 5 points baw

to apply the term to a sub-set of the service operations. ik th
case, for each listed service, the transformation funchidds the
behavior previously obtained from tigervice Level Objective and
Qualifying Condition parts only to those operations declared in the
scope.

A WS-Agreement consists of zero or more guarantee termsgpgabu
using the logical grouping compositors. We consider suchigias

a boolean expression where each guarantee term represenis a
able. Hence, a test bed for a selected testing scenario cah-be



tained providing a variable assignment that satisfies thedta.
Correspondingly, for the derived stub Puppet will geneeasele-
ton that contains lines of code only for those terms corradpwm
to variables with assigned value equal to true.

<wsag: Servi ceScope wsag: Servi ceName="Addr essBook" >
<puppet : Puppet Root >
<puppet : Oper ati on>addEnt r y</ puppet : Oper ati on>
</ puppet : Puppet Root >
</ wsag: Servi ceScope>

Table 5: Service Scope Mapping

The UML Component Diagram [11] in Fig. 3 outlines the archi-
tecture we propose in order to automatically generate cestubs
whose behaviors are derived from the terms defined in a W &ekgent
document. In the picture we directly refer Apache-Tomcaig4as
the technology used for the derivation of the various inexliate
artifacts needed for the derivation and deployment of theegated
services stub. Nevertheless, the approach is not bound adtia-p
ular technology and other solutions are possible. In susk tae
only requirement is to identify the corresponding tool ie thosen
platform with respect to Apache-Tomcat/Axis. Any Web Sees
platform provides in fact some WSDL compiler permitting tda
matically derive the different harness needed both for tyelay/-
ment of the service and for enabling service clients to ievtie
published service operations [1].

More specifically, the generation of a QoS stub service sitoul
for the servicesl in Fig. 3 undergoes three main phases:

1. service skeleton structure definition
2. QoS behavior generation

3. service stub deployment

The first step in the process is directly performed explgitihe
Apache-AxisWSDL2Javautility [2]. Such tool, taking as input
a WSDL description of a service, generates a collection v Ja
classes and interfaces according to the abstract part cfpbefi-
cation. Thus, for each binding a service skeleton struattlieoe
automatically defined and released. At the same time thegerol
erates both a deployment and an undeployment descriptach S
descriptors, that are based on a XML syntax and can be idshtifi
by the extension WSDD (Web Service Deployment Descrip&jr) [
The deployment specification represents the contact peimtden
the abstract definition of the service, expressed into th©Wand
the corresponding concrete implementation of the endpaiotied
into the Java skeletons.

Thus far, into the skeletons no behaviors are coded. Onlyphe
eration they exports are derived. According to the abovesfa-
mation rules from WS-Agreement to Java and the relationfén t
deployment WSDD file, thessCodeBuildethen generates the sim-
ulation code and insert it into the proper operations.Attthee of
writing a running implementation of therssCodeBuildewunit has
been developed.

The last step of the process, concerns the deployment ofethe s
vices simulating the selected QoS. The deployment descipm-
ing from the first phase and the new version of the skeletodsiesn
then used as input for thixis Deployment Engine

For the sake of completeness, is important to remark thage¢ine
eration of meaningful stubs would require to consider ateore-
turning value. Such values could be part of a parametric @e8-s
ification or influence the behavior of the tested service. dureent
implementation of Puppet does not treat this problem andgmnst
values arbitrarily chosen among a set previously built frtepos-
sible data type. If no behavioral contract has been definethé&
service this should be considered correct by the serviceregt.
Nevertheless, within the WS community there is a great btwest
ward the definition of functional contract for a service [15] [4].
To correctly manage such situation Puppet will have to iratey
mechanisms that enable the instrumentation of stub sarviith
code that can return correct value with respect to the aataati
functional contract [30]. Obviously the selection of théueato re-
turn must be lowly intensive in order to not invalidate po#siQoS
parameter such as expected performance.

As above mentioned, the current version of the tool needtiheim
support for the setting of the choreography. This meansttiet
binding among services under development and stubs areaityanu
derived from the WS-CDL.

5. WORKING EXAMPLE

This section illustrates an application of the proposed@ggh. In
particular, the example used in [1] will be considered, mdified
version to make illustration clearer. We populate the examyth
sample QoS data.

The referred business process is composed by three kindsitiée
(see 4): the customers, the suppliers and the warehousesif-Sp
ically, we consider the interactions among a custona),(two
suppliers £1,52) and acloud of warehouses. All the entities are
referred to as Web Services.

The interface exported by the suppliers defines two oparstie-
questQuote and orderGoods The warehouses export shipment
management operations (i.eheckShipmentlefineShipmenetc.),
while the customer defines tlsancelOrderone.

The coordination scenario describing the example definasah
customer can engage a supplier in order to check some product
availability. If the selected supplier can provide the riegg quan-
tity, the customer can proceed with the order. A suppliegriatts
with both the customer and the warehouses. In particulartet-
acts with a customer canceling a previously confirmed oraled,
with a warehouse to start or check the status of a shipment.

We assume that1l andS2 provide the same functionality, but the
QoS agreements betweenand each of them are supposed to be
different. In particularS1 is a higher performance supplier able
to accomplish both the search request and the order commtitme
within 30 seconds. The availability rate defines the load areup-
plier will serve.S1 guarantees to attend to the 94% of the requests.
On the other handequestQuot®n S2 takes 60 seconds, and the
orderGoodsoperation takes 45 seconds. The availability rate2of

is equal to 96% on the Sundays and to 99% the other days of the
week. App. A reports an extract of the WS-Agreement desugibi
examplé?

In our application example, we suppose that the Web Sermee i

2Note that in the current version the weekdays are coded as int
gers, with string “Sunday” corresponding to the value of “7”
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Figure 3: Puppet Test-bed Generator Logical Architecture

plementing the customer is under development. Accordintpeo
given choreography, a testing environment for the custopaet
requires to build skeletons for both the suppliers. The wawse
skeletons are not required since there are no interactiom tive

customers.
=y

)~

Figure 4: Example Scenario

requestQuote

orderGoods

cancelOrder

cancelOrder

orderGoods
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According to steps described in Sec. 4, the WSDL descriptfon
the suppliers1 ands2 and the WS-Agreement document are used
in order to automatically generate both the services shelstruc-
ture and their QoS behaviors. Specifically, in this case tmbge
scenarios that satisfy the guarantee formulas are invdtvgéner-
ate portions of source code for any guarantee term. Tab.d&tep
for instance what is generated for the's requestQuot®peration.

The generated source codes for both the sen@&ieand S2 can
be compiled as normal stand-alone applications. Thenpgm
the information in the WSDD descriptasl andS2 are deployed
by means of the Axis Engine. At this point, a simulated enviro
ment for the customer part of the coordination scenario &lav
able. RunningC or a derived prototype it is possible to test if the
current implementation meets the agreements expressiee W $-
Agreement document instrumented within the choreography.

6. RELATED WORK

Some years ago the authors of [12] recognized that the canbin
tion of testing and QoS evaluation, performance in pardicuas

a seldom explored path. Today the situation is changing antes

if (currentDay==7){
Random rnd = new Randon{();
float val rnd. next Fl oat () *100;
if ( val >96.00f){
String faul t Code = "Server. NoService";
String faultString = "No target service to invoke!"
or g. apache. axi s. Axi sFaul t
faul t new Axi sFaul t (faul t Code, faultString,"", null);
throw faul t;
}
}
if (currentDay!=7){
Random r nd new Randon();
float val rnd. next Fl oat () *100;
if ( val >99.00f){
String faultCode "Server. NoService";
String faultString = "No target service to invoke!"
org. apache. axi s. Axi sFaul t
fault = new Axi sFaul t (faultCode, faultString,"", null);
throw fault;
}
}
try{
Thr ead. sl eep(60000) ;

}
catch
(I nterupt edExcepi ton e)

{}

Table 6: S2:requestQuote Generated Code

interesting work has been recently published on the topie dp-
plication of testing to QoS evaluation requires to solve twain

problems. The first one is the derivation and simulation ofavi-

ronment faithfully reproducing the final execution conalits. The
second problem to be solved is the derivation of a testintg sap-
resentative of the real usage scenario, with particularesfce to
the specific property to be assessed.

Our original work is mainly related to the first point, suchtae
generation of a testing environment. Nevertheless theicgijn
of empirical approach to QoS evaluation asks to solve bovh-pr
lems cited above. For works on how to automatically deriwt te



cases, to be used for the successive evaluation of a sys&sirn
ulated environment, we referred to the works presentedan20,
9].

With reference to the generation of test-bed for the earyuation

of Web Services QoS indeed we did not find many works. With
reference to the area of Component-based software the werk p
sented in [9] shows some similarities with what we propose he
Nevertheless the two approaches are quite different invatioin
and hypothesis. In [9] starting from the hypothesis that glem
middlewares strongly influences the performance behaviarde-
ployed CBS, the authors generate an environment for theatrah

of the architecture of the system under development. Thergen
ated environment then is not intended to be used for the atiaiu
of a single real component implementation. Instead ouetdrgre

is to develop a test-bed for the evaluation of a real implemien
tion of a service. Moreover in [9] the stubs are directly ded
starting from the architectural definition, no descriptafQoS are
considered (such work was mainly interested in early peréorce
evaluation). Our work instead, thanks to the availabilifyQnS
specification (such as WS-A document), generates stubyingha
in accordance to what is defined in the corresponding WS-Aidoc
ment.

Indeed the work that has much in common with what we propose
here is certainly [14]. In that work a performance test-bedaga-
tor, in the domain of SOA, is presented. The approach prapisse
structured in several steps. At first, the service underldpweent
is described as a composition of services. Then, from thispm
sitional models a collection of service stubs are generatedhis
point for each service a description of the load that will le@ey-
ated by possible clients is defined. From such descriptidients
simulating the defined load are automatically developedhalBi
in the last step, clients are executed in order to stressehece
composition.

The main differences with our proposal are twofold: on the on
hand, the system in [14] makes no use of any kind of contract
or agreement specification. Differently, the approach wappse

is heavily based on the use SLA. In particular, we refers to-WS
Agreement specification [13]. On the other hand, in [14] tee s
vice under development reacts to external stimuli gendrayethe
clients according to the given load model. In our approaehstr-
vice under development is considered plugged in a well §ipeci
choreography. Here, it is the service under developmerititha
vokes the otheroles Since no one of the choreography members
implementation is supposed to be available, our approaicimeai-
ically build an environment according to the specificatidrthe
coordination scenario.

7. CONCLUSIONS AND FUTURE WORK

The paper proposes an approach for the automatic genettion
test-beds intended to be used to verify QoS properties ofseeb
vices implementation before their deployment. To be applie
the approach requires the availability of precise spedcifinade-
scribing the composition of services in which the developedtice
should be inserted. We assume that such composition is atso a
mented with QoS properties, in particular the current impe-
tation of the developed tool assumes the availability of a-AWS
specification for the whole composition.

The approach we propose requires to define a precise mapping o
terms in the language used for specifying QoS propertiesand

ple parametrized Java code. This step gives a sort of serrtanti
each kind of terms. Furthermore, in some sense, it implicid-
fines the most simple instance of a service providing theipdc
QoS. Complex definition of QoS properties are obtained canpo
ing terms of the QoS specification language. Thus, the @#osl
function will compose simple transformations accordinguie for
the composition. In such manner Puppet is able to generate se
vice stubs according to different QoS properties. Henedysstan
be used to validate possible real implementations of anruele
velopment service participating to the same coordinatz@mario.
Currently, we have implemented a first proof-of-concepheftool.

The approach we are working on seems promising, nevertheles
we still need to investigate some issues. Particularlyrésting
seems the generation of stubs that permit to return meariiagk

ues without introducing complex code that could bias theiobt
ment of stub behaving in accordance to a specified QoS pyopert

Finally the current implementation of the Puppet tool is abte

to automatically handle all the phases described in thigpaim
particular the setting of the environment currently regsisome
human intervention. We are working to make also this step-com
pletely automatic.
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APPENDIX
A. WS-AGREEMENT CODE

In the following an extract of the WS-Agreement describihg t
working example in Sec. 5 is reported.

<wsag: Agreenment Of fer ... wsag: Agreenent | d="exanpl eWSAG' >
<wsag: Ter ms>
<wsag: Al | >
<wsag: Servi ceDescriptionTerm. ..
<wsag: Servi ceDescriptionTerm. ..
<wsag: Servi ceDescriptionTerm...

wsag: Servi ceNanme="C"/ >
wsag: Servi ceNane="S1"/>
wsag: Servi ceName="S2"/ >

<wsag: Al | >
<wsag: Guar ant eeTer m wsag: Obl i gat ed="Ser vi ceProvi der" >
<wsag: Servi ceScope wsag: Servi ceNane="S1">
<puppet : Puppet Root >
<puppet : Oper at i on>r equest Quot e</ puppet : Oper ati on>
<puppet : Oper ati on>or der Goods</ puppet : Oper ati on>



</ puppet : Puppet Root >
</ wsag: Servi ceScope>
<wsag: Servi ceLevel Obj ective>
<puppet : Puppet Root >
<puppet : TagDel ay>30000</ puppet : TagDel ay>
</ puppet : Puppet Root >
</ wsag: Servi ceLevel Obj ective>
</ wsag: Guar ant eeTer m>
<wsag: Guar ant eeTer m wsag: Obl i gat ed="Ser vi ceProvi der" >
<wsag: Servi ceScope wsag: Servi ceName="S1"/>
<wsag: Servi ceLevel Obj ective>
<puppet : Puppet Root >
<puppet : TagAvai | >94. 00</ puppet : TagAvai | >
</ puppet : Puppet Root >
</ wsag: Servi ceLevel Obj ecti ve>

</ wsag: Guar ant eeTer m>
<wsag: Guar ant eeTer m wsag: Obl i gat ed="Ser vi ceProvi der" >
<wsag: Servi ceScope wsag: Servi ceName="S2">
<puppet : Puppet Root >
<puppet : Oper ati on>r equest Quot e</ puppet : Oper ati on>
</ puppet : Puppet Root >
</ wsag: Servi ceScope>
<wsag: Servi ceLevel Obj ective>
<puppet : Puppet Root >
<puppet : TagDel ay>60000</ puppet : TagDel ay>
</ puppet : Puppet Root >
</ wsag: Servi ceLevel Obj ecti ve>

</ wsag: Guar ant eeTer n»
<wsag: Guar ant eeTer m wsag: Obl i gat ed="Ser vi ceProvi der" >
<wsag: Servi ceScope wsag: Servi ceNane="S2">
<puppet : Puppet Root >
<puppet : Oper at i on>or der Goods</ puppet : Oper ati on>
</ puppet : Puppet Root >
</ wsag: Servi ceScope>
<wsag: Servi ceLevel Obj ective>
<puppet : Puppet Root >
<puppet : TagDel ay>45000</ puppet : TagDel ay>
</ puppet : Puppet Root >
</ wsag: Servi ceLevel Obj ective>

</ wsag: Guar ant eeTer n»
<wsag: Guar ant eeTer m wsag: Obl i gat ed="Ser vi ceProvi der" >
<wsag: Servi ceScope wsag: Servi ceNane="S2"/>
<wsag: Qual i fyi ngCondi ti on>
<puppet : Puppet Root >
<puppet : Condi ti on oper at or =" Equal " >
<puppet : Vari abl e>current Day</ puppet : Vari abl e>
<puppet : Val ue>7</ puppet : Val ue>
</ puppet : Condi ti on>
</ puppet : Puppet Root >
</wsag: Qual i fyi ngCondi ti on>
<wsag: Servi ceLevel Obj ective>
<puppet : Puppet Root >
<puppet : TagAvai | >96. 00</ puppet : TagAvai | >
</ puppet : Puppet Root >
</ wsag: Servi ceLevel Obj ecti ve>

</ wsag: Guar ant eeTer m>
<wsag: Guar ant eeTer m wsag: Obl i gat ed="Ser vi ceProvi der" >
<wsag: Servi ceScope wsag: Servi ceName="S2"/ >
<wsag: Qual i fyi ngCondi ti on>
<puppet : Puppet Root >
<puppet: Condi ti on operator="Different">
<puppet : Vari abl e>curr ent Day</ puppet : Vari abl e>
<puppet : Val ue>7</ puppet : Val ue>
</ puppet : Condi ti on>
</ puppet : Puppet Root >
</wsag: Qual i fyi ngCondi ti on>
<wsag: Servi ceLevel Obj ective>
<puppet : Puppet Root >
<puppet : TagAvai | >99. 00</ puppet : TagAvai | >
</ puppet : Puppet Root >
</ wsag: Servi ceLevel Obj ective>

</ wsag: Guar ant eeTer n»
</wsag: Al | >
</wsag: Al | >
</ wsag: Ter ms>
</ wsag: Agreement Of f er >



