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Abstract—Non-functional properties evaluation in Service Ori-  Firstly, it simplifies the choice between different solutsowvith
ented Architecture (SOA) is still mostly an open challenge. Al- different costs and secondly it allows the implementatién o
though this is a problem that has been already partially explored QoS policies. Moreover, the transformations that can desiy
with some success, there is lack of consolidated results for .. ! . . .
more complex SOA applications based on services composition.the exploitation of Cl_OUd technologies require the {inaly&
This paper presents a contribution to performance evaluation Pe performed on a timescale that must be proportional to the
of SOA-based applications integrated by BPEL. The evaluation rapidity of the changes. The evaluation should be performed
technique is based on a performance-oriented reinterpretation automatically on demand, by exploiting the descriptionhef t

of the BPEL specification as a performance modeling language \yqriflow, freeing the developer from the burden of manually
within a multiformalism framework. The approach is based on L
generating the models.

automatic translation of PerfBPEL into Markov chains and it is i ) .
implemented by means of SIMTHESys modeling and analysis ~ This paper presents an automatic performance oriented
framework to enable the interaction with other performance modeling approach aiming to minimize the paradigm shift

oriented formalisms. from designing and modeling SOA applications, by directly
using BPEL workflows to generate performance models. The
approach is based on the development of a modeling for-

Performance evaluation of complex systems is a key issomalism, namely PerfBPEL, that mimics BPEL constructs and
for the development of QoS aware applications and systeregecution semantics, enriching it with performance ogdnt
The field of business oriented services requires a high degegtributes.
of flexibility and the ability to react timely to changes:ghho- The main contributions of this approach are: minimal syn-
tivation has led to methodological and technological sohg tactical difference from BPEL workflows to lower the cultlra
based on the Service Oriented Architecture (SOA) paradiggep between modelers and designers; automatic generdtion o
SOA provides the means to encapsulate and publish worldwiderfBPEL models from BPEL workflows; possibility of use
atomic functionalities as services. The given abstracltows of different formalisms to model the execution architeetur
automatic integration of services in wider applications; d according to modelers’ needs; faithful representationhaf t
scribed as business processes and automatically implethentffects of BPEL semantic details.
by means of languages like BPEL. This approach enablesAfter this introduction, Section 2 gives the reader refessn
designers: i) to rapidly compose the applications needdtidy about SOA and related modeling approaches relevant for this
customers, ii) to easily reconfigure them by changing thefetwork; Section 3 motivates the work by presenting PerfBPEL
involved services and iii) to add the required integratiogi¢. methodological perspective; Section 4 presents PerfBREL d
The availability of complex distributed architecturescisias tails and the related model solution process, applied toudel
the ones exploiting cloud computing technologies, conapdis based case study in Section 5. Finally, conclusions anaefutu
scenarios but amplifies the benefits of the approach, maximizorks close the paper.
ing reuse possibility, scalability, competition on the ketrand
cost optimization.

The involvement of third-party, geographically distriedt =~ SOA is an architectural model for the support of widely dis-
services in an application complicates the design. Whitabuted software application based on the concept of servi
standard tools have been implemented to support the aut@cording to the Service Oriented Computing paradigm, a
matic inclusion of services and significant research resareé service is an autonomous, platform-independent compuiziti
available for the verification of correctness of the resglti entity that can be used independently by the platform. SOA
application, a little has been done for the prediction of tHeverages the potential of Internet to allow software ajapli
performances of such applications. The possibility of @valtions (in turn, usable as complex services) that use seyvice
ating overall performances of a SOA based application sinaeailable in a network, thus representing the widest aeckpt
the early phases of the design cycle covers an important raieodel to design geographical distributed systems. It ptemo
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loose coupling between software components, improving thapproaches. This approach allows more efficient and cemsist
reusability [11] in dynamic business processes. One of thesults although it requires a higher complexity in the giesi
most promising research trend in this field is the evaluation and more implementation efforts.

non functional features of Composed Web Services as statedhe flexibility of SOA is comparable to the richness of ca-
in [26]. pabilities offered by the cloud computing paradigm thabwa#

A crucial aspect for the design of SOA applications isomputing resources i) to be used from the Internet on a on-
service composition, both for what is related to corrednedemand basis and ii) to be seamlessly ran on heterogeneous,
and performance (QoS) aspects. Besides the technical supfgeographically) distributed architectures.
offered by standards, verification of the correctness of-com The typical scenarios involve frequent reconfigurations of
positions is a widely and successfully explored problem iigh-level) software and hardware architectures and @emp
literature. Correctness verification has been studied bgnsie sition of applications by using alternative third-partyistiag
of different kinds of formal methods (pi calculus, logic, d& services, differently from typical distributed systemswihich
checking) but the most relevant technique for the purposesgpftware and hardware are usually designed as quasi-stable
this Section is given by Petri Nets, since Petri Nets have algiterdependent entities. Moreover, the professional gramknd
been used in some performance evaluation work in literatufgquired in this field is usually different from the typical
A detailed description of the problem of correctness in ®rmbackground of modeling experts.
of workflows can be found in [29], that surveys this argument, The change of scenarios, the little time spent on develop-
and many other works of the same author. A model checkipgent and the short life cycles of these systems make per-
oriented transformational approach is presented in [Bted formance evaluation a difficult and crucial factor for siexe
to the development of automatic transformation betweenlBPEpe availability of an automated modeling technique, diyec
(that is a standard de facto for the implementation of SOfpresenting (BPEL) workflows and fit to the first steps of
applications) and Petri Nets. the development cycle would lower the cultural gap between

On the other hand, the evaluation of QoS in Composggbrkflow and model design. As a consequence, designers
Web Services is still an important open issue. It involves thould exploit their experience on the base of performanaé ev
study of functional and non-functional attributes of a &8as yations without the need for a radical change of perspective
performa_nce, avgilgbility, security, reconjfigurabilinydaso on.  since the most spread approach for the development of
The vastity of this issue, cumulated with the need to satis§op applications exploits BPEL, this paper considers a BPEL
related design specifications in a non-controllable, cemplyepresentation as a starting point for the software levei@h.
environment such as the Internet, represents a grand egalleTne typical scenario is thus given by a distributed software
for researchers. Web Services performances are studied|R)er, composed of intercommunicating BPEL workflows, and
means of direct measuring and statistical techniques ($ee § istributed architecture layer. The latter is composed by
[27] that introduces time management extensions). different application servers (hardware and applicatierver

The focus of this paper concerns formal methods based tengtware) and the computer network to which they are con-
niques. Following this direction, literature presentfed#nt pacted.

studies using Performance Evaluation Process Algebra [15]
timedCCS Process Algebra [24], Timed Automata in [10], an,
of course Petri Nets [20], [9], [31], [17] (the latter preten ,Q Why PerfBPEL
a clear introduction to the problem, describing a method to BPEL is a complex language. Modeling BPEL, as seen, has
evaluate BPEL workflows - in its BPEL4People extensionbeen the goal of several works. Given the modeling power
by analyzing them with GSPN models). of Petri Nets and the fact that they have been used for both
Performance and performability measures have been soofrectness and performance analysis of BPEL, two main Petr
cessfully performed taking advantage of multiformalismdmo Nets based references have been considered while devglopin
eling technigues. Many experiences in supporting and diis paper: [23] and [17]. The first presents a comparison
veloping multiformalism modeling techniques and framesf two automatic verification approaches, that give coneplet
works are reported in literature (Sharpe [28], SMART [4]and detailed descriptions of all aspects of the language, by
[5], Mobius [8], [6], [7], OsMoSys [30], [13], [25], articulated modular nets. The second presents a method to
[14], SIMTHESys [19], [2], [1], [3], [18]). In this paper describe by a GSPN a given workflow, for performances
SIMTHESYys is used to support the development of our apvaluation, taking in account the main aspects of the laggua
proach. Although such approaches are very sound and well designed,
using the first as a basis for a performance oriented extensio
. M OTIVATION would produce very complex nets for common workflows,
SOA is advocated to enable business agility [21], due to thieus complicating the analysis and affecting its compiexit
principles on which it is inspired: reuse, coarse grantyari the second seems not sufficiently detailed to capture all the
modularity, composability, componentization and intenep execution semantics of BPEL (e. g. the execution of fault
ability. Coarse grain atomic software composition is used &andling, quite frequent in BPEL) and allow an automatic
an agile alternative to traditional software developmemies translation. Moreover, detailed Petri Nets representatiof



workflows appear as syntactically distant from BPEL descrigxecution of the workflow to a finite and generally small

tions, and are difficult to handle and understand for theageer number of states.

BPEL designer. Note that stochastic characterization of the states of vari
In this paper a dedicated modeling formalism, namebbles is required when a deterministic value is not availabl

PerfBPEL, is introduced. PerfBPEL is designed to represemtis not generated during the execution of the workflow. This

all performance related aspects of BPEL while keeping tlian be derived by profiling analogous workflows, analyzirgy th

structure of models as similar as possible to BPEL workflowspecifications or setting proper hypotheses. Both the &spec

BPEL constructs are rendered with one to one PerfBPHI variables characterization should be taken into acgount

equivalents, that capture the same semantics and enrichoitenhance the quality of the performance model by letting

with performance related annotations. This allows thedtlirecorrelations emerge from the model itself.

translation of BPEL workflows into PerfBPEL models, easy

to be handled by designers and ready to be completed wigth PerfBPEL models evaluation

performance parameters (not allowed by pure BPEL standarqDe

work'flovys)..Such gtool allows a quel—ba}sed aqa]ysis of aW—|ESys modeling framework, that supplies the SIMTHE-
ap_pllcanon in the first phases of design, with a m|n_|malralt_es sE'R solvers generation toél. This choice lets PerfBPEL
a_tlon (.)f the Qeyelopment cycle that supports design Choml%%erage all characteristics available in it. SIMTHESysais

since its beginning. gwltiformalism modeling approach that allows the develop-

In the approach proposed in this paper, PerfBPEL is us . ; s :
to describe the SOA software layer and is implemented asmaent of modeling formalisms by specifying the static and

(graph-based) formalism for the SIMTHESys framework [19 yna.mlc aspects .Of its modelmg elements. SIMTHESy; al-
. . ) bws: the automatic generation of solvers for models wmitte

[2], [1], [3], and the architecture layer is described by ade; "t iicm compositions, by using solving engines based

icated formalism, that describes the deployment of sesvice b e 9 g eng

. . n elementar neral solution algorithms; and model m-
Using SIMTHESys enables the use of other formalisms to% elementary general solution aigo s; and models co

such as Generalized Stochastic Petri Nets (GSPN), Queum%ilrtflggeznd formalisms extension by means of the behaviora

Networks (QN) or Fault Trees (FT), to represent serwces_l_he proposed approach supports message-based communi-

or other architectural components for the convenience of.. ) -
designers P cation and fault handling by exploiting the features of the

The main focus of this paper is on PerfBPEL. The rest éqamework. Since the use of the framework natively enables

this Section is dedicated to more detailed consideratibosita multiformalism modelmg, the qrphﬁectural layer of thessy
. . . . : tems to be analyzed is specified by means of a separate
its concept, its main aspects and its solution method.

ancillary formalism, designed to describe how system com-
B. Main issues ponents are deployed and connected. Moreover, by exmoitin
p_]ultiformalism the modeler can represent the behavior of

BPEL offers different paradigms and features like Concu:some components by using submodels written in other well
rency, synchronization, message-based communicaticapex . L
Y. SY 9 b own formalisms (such as GSPN, QN and FT), to consider

tion handling and the use of variables. Concurrency and syn-_" . : :
chronization paradigms suggest (as seen in the reIatedszor‘%PfcuIIar effect; of the dynamics of the architecture or of
that formalisms like GSPN or PEPA could be used as gﬂlrd-party services, or to let mod_e_lers evaluate_ more dexnp
intermediate modeling step. Even if the BPEL synchronirati phenomeng (S.UCh as perforr_nabﬂﬁy chargctenstms orcteffe
mechanism has a complex semariti¢eepresented by Petri of the application of user-defined mechanisms).
Nets [22]), in the general framework of the approach preskn
here this would require a completely automatic generati
of complex nets, that would be then analyzed to generateFor the purposes of this paper, besides the development
an equivalent solution model (e.g. a Markov chain). Thef a dedicated tool to transform BPEL workflows in Perf-
generation of a Markov chain from BPEL minimizes the statBPEL models, SIMTHESYSR has been used to generate a
space and simplifies the modeling of BPEL paradigms, saultiformalism solver. This is based on GSPN, QN, FT and
PerfBPEL models are solved by generation and analysis @ MC solving engines, capable of analyzing SOA system
equivalent Markov chains. models relying on PerfBPEL and the ancillary formalism. &lot

The virtually unlimited set of possible values of variabiges that the case study presented in the paper does not explicitl
collapsed in relevant subsets, each one determined angordihow the use of exception handling BPEL constructs due to
to the combination of conditions present in a given workflovepace restrictions (the use of exception handling priestiv
In a case-by-case basis, this approach allows reducing fBgin the case study would have complicated the description
original number of possible values of a variable during thef the structure). Variables are specified as for the previou

subsections with reference to state reduction and stdchast

1}The‘ Link clauses within Flow constructs are subject to a_ct_amp_habling characterization, with the exclusion of correlation maxag

logic with mutual consequences, namely the Dead Path Elimim§ti2], that o L .
ment. Currently, synchronization inside Flow construstaot

involves variable and logic clauses evaluation and inflaertbe result of the ) _ h
execution of the whole Flow construct. covered by the implementation. Finally, message-based com

rfBPEL models evaluation is implemented by the SIM-

E?i Current implementation and limitations



munication is enabled by the use of the ancillary formalism
to integrate the submodels forming the architecture.

TABLE Il

BPEL STRUCTURED ACTIVITIES

IV. THE PERFBPEL APPROACH

NAME DESCRIPTION
Scope Defines inner activities as an atomic group
Process Defines the main BPEL workflow

The PerfBPEL formalism is based on the reference im
plementation WS-BPEL 2.0 [12]. BPEL is a XML-based

Fault handler

Defines a group of actions launched in case
fault in the execution of an activity

language designed to represent orchestration of services a
workflow. BPEL constructs are divided in Basic Activitiesdan

Compensation
handler

Defines a group of actions launched in case
activity cannot be completed

Structured Activities. Basic activities are atomic opinag of

Termination han-
dler

Defines a group of actions launched in case
termination of the workflow

the language, while Structured Activities describe itstoan
flow.

Event handler

Defines a group of actions launched in case

event happens. Used for asynchronous execution

of parts of the workflow

Flow Executes activities in parallel and waits for their
A. BPEL constructs completion. Internal synchronization betwegn
A brief description of BPEL Basic activities is given in E?flf"el execution branches is possible by using
in
Table . ,WS_BPEL supportg both Onefway and Fwo—way° [F-Else Executes alternative actions depending on the
communications by a correlation mechanism used with Invoke value of a logic condition
Receive and Reply: correlation allows the use of the commur Pick Exemftefs alte[)native actions ?epending on f;]e
PR P : arrival of one between a set of messages or the
nlcayon.prlmltl\./es to obt.am sync_hr_onous and asynphrsnpu expiration of a timer between a set of fimers
service II’]VOCBIIOI’]S A br|ef deSCI’IptIOI’l Of BPEL BaS|C &Ctl Sequence Executes a sequence of activities one after the
ities is given in Table II. other in the specified order
While Executes repeatedly an activity until a condition
TABLE | keeps true (the activity is not executed if the
BPEL BASIC ACTIVITIES condition is false) _
Foreach Executes repeatedly in a sequence or in pardllel
NAME DESCRIPTION an activity N times, and terminates successfully
Invoke Synchronous or asynchronous invocation of a ser- if M execution are successful
vice offered by a partner
Receive Waits for a message from a partner (used |to
complete the protocol in case of asynchronqus reysability and allow early application in the SOA develop-
Invocation of & service) ment cycle. Secondly, the details of real service invoeati
Reply Sends a message to a caller (used to complete| the ent cycle. ?CO Y’ e ; elalls O eal service 0 0
protocol in case of asynchronous invocation off a (N0t necessarily available in the first phases of the cycle)
- SAer\{ice) : - have been ignored in favor of a simplified and generalized
ssign ssigns a value to a variable : ] : :
Validate Validates the values of process variables against approach. Thirdly, Value_t,)a_sed .ch0|ces and ,messag,mg have
their associated XML and WSDL data definiions  been modeled as probabilistic, since the effective dedditait
Wait Waits for a timer to expire variables, types, values and called services are not knawn a
Em\tz E:I'J'ni‘:g”an o design time. Finally, a static analysis-like quantificatican
Rethrow Propagales an exception 1o the outer Scope give information about how the application will behave ie th
Exit Immediately terminates a BPEL process with ho average case.
:ermglfﬁlor] handling, fault handling or compensa- Each BPEL construct corresponds to a PerfBPEL element,
ion behavior . . . - .
Compensate || Handles the actions needed in case an actiyity mcIung the behaviors thajt mImIC_t_he proper execution se-
cannot be completed mantic and a set of properties. Additional elements have bee
Compensate Handles the actions needed in case a scope cahnot gdded to connect the BPEL-equivalent elements in a graph
scope be completed : : structure and implement the interactions that represdrs t
Extension ac-|{| Hooks for the extension of the available set pf . .
tivity activities with a personalized activity possible paths of the BPEL execution flow. The aspect related

B. Designing PerfBPEL
The SIMTHESys modeling framework offers a sound agduration).

to performances have been implemented as additional prop-
erties describing the parameters needed to evaluate @cut
time (in terms of deterministic and exponentially disttixul

proach to formalism development. It prescribes each forma

ism to be defined in terms of language elements, each aqf Nodes Edges
which is characterized in terms of properties (that defing®)sat [ ] seavence (s ] Receive |(] Asign > Nex(hen
their structure), and behaviors (that define their exeoutio|(@] e Invoke Reply  |(@] e > Bs
semantics). As a result, BPEL has been analyzed according to

the SIMTHESYys approach by bearing in mind that PerfBPEL Fig. 1. The elements of PerfBPEL

should be as much as possible similar to BPEL.
The analysis has been guided by some considerationsFig. 1 presents the BPEL primitives currently considered in

Firstly, the goal is to isolate the business logic from chor&erfBPEL. Future work will incorporate other BPEL actiggi

ography details as much as possible, in order to incredsallowing the SIMTHESys approach, a model is defined by



a graph structure. The BPEL model has been transformBdth have the static properservicethat includes the name
into a graph by adding an arc (théextarc in Fig. 1) that of the service that is due to be perform&é&cei ve has the
connects each primitive to the following one. Since sonwynamic property calledvaiting with a behavior similar to
the structured activities can have more than one followirthe receiving part of thé nvoke element. In the same way,
action, we have introduced another type of arc @& arc). Repl y has arate property that specify the mean waiting time
Following the SIMTHESys methodology, the properties thdtefore sending the event.

define an element can be classified into three ssitic If-Else. It has two mutually exclusive static propertiesindi-
properties, that define the parameters of the modighamic tion andprobability. If conditionis present, it corresponds to a
properties, that are used to identify the state of the modebolean expression involving some variablepibbability can
and measureghat specify the performance metrics that cabe specified as a real value in the rari@gl] that determines
be computed for an element. Moreover, the entire model ctie probability that the condition will be true. Anf - El se
have its own properties. The following introduces the sngklement must have exactly two outgoing arcdNextarc that
nodes composing the formalism and their properties: represents the direction of the flow of action to be followed
BPEL. It represents the entire model, and contains all the othghen the condition is true, and dflse arc that has to be
primitives. Its static properties areariables an array of labels chosen when the condition false The choice of the next
that represents all the variables used in the ma@dlieSethat action is either deterministic (fonditionhas been specified),
defines a set of ranges of values that the variables can asswmprobabilistic (wherprobability is present).

(i.e. the variable types), andariableTypethat associates to While. It behaves exactly as tHef - El se element, with the
each variable one of the available types. Its dynamic pt&ser only extra feature that the component flow is required torretu
are:currentActivity that points to the activity that is currentlythe Wi | e element to perform a loop.

being performed by the model, andhitingForEventused to  For-each It has two static propertiesariable that represents
wait for external events. This property is empty if the systethe variable used to identify the iterations, asetthat rep-

is performing an internal action. Otherwise, if the system fesents the different values that the variable will asslime.
waiting for an external event, it specifies a label for it. Th@aue of the considered variable will be used to determine
last dynamic property isariableValueshat stores the currentwhich service has to be called during each iteration. The
value of all the variables. element also has a dynamic propectyrrentValuethat stores
Start andEnd. They define the beginning and the end of thehe current value of the iteration. For - each element has
model. They have no properties and they must be uniquetifo outgoing arcs: one olexttype and one ofElse type.

the entire model. The former cannot have any incoming argghen there is a new value in the set that the variable can
while the latter cannot have any outgoing arcs. assume, the execution flow continues alongNlestdirection.
Sequence This element has no properties and represents 8§ soon as all the values of the set have been considered,
start of a sequence of actions. Since a PerfBPEL model igr execution follows th&lsearc. Note that this is currently
graph of actions, it is not strictly necessary (the sequesicejyst an approximation of the actual BPEL Foreach structured

already implemented by thiextarcs). However, it has beenactivity, where actions can be performed either in serieis or
included to support the future extension of the formalism tgarajlel.

support management of concurrent execution flow inhibition

Assign It is characteri;ed by two static prppertie&riable C. The bridge formalism

that represents the variable set by the activity, aaldie that

contains the value that it is going to be assigned. When thisIn the SIMTHESys methodology, submodels written in
activity is executed, the given variable is set to the spextifidifferent formalisms are logically connected by arcs in an
value. external formalism (thebridge formalism that defines the
Invoke. It is used to model the invocation of an externahteractions among the various primitives. The ancillaoy- f
service. It has a static property callsérvicethat includes malism for PerfBPEL is a bridge formalism.

the name of the service that it is going to be called. It also To model the intercommunication among BPEL processes,
has a boolean dynamic property callgditing that defines the a new arc calledConnectionis added to the formalism. This
state of the element. As soon as the element is consideredrit has a static property callsgrvicethat contains the label
sends the service request corresponding to a label codtainéa service request. THeéonnectionarcs joins the requesting

in the static properties and it goes to a wait state (by gettiprocess with the replying one. Specifically, service retpues
waiting to true). The name of the service is also inserted in theroduced by the element from which the edge starts, and
waitingForEventproperty of the model (th&PEL element) that match the label of the arc, are sent to the process at the
to block the execution until the required event is receivedther end. If that process is blocked waiting for that pattc
The | nvoke element has also a static property callate event, it allows the process to continue to its next state Th
that specify a (possibly 0) mean exponential waiting time ameConnectionarc can also start from elements that defines
represent the time required to issue the request. the push behavior and end at elements implementing the
Reply and Receive are similar to thel nvoke, as they set Cccupancy behavior; moreover, arcs that implement the
generate respectively an event or wait for an event to occusAct i ve behavior can also terminate on a BPEL submodel:



these features are useful to create multi-formalism maoaleds the event specified in theervice property of the arc. If it
will be covered in more detail in the following section. matches, the transition to the next state in the BPEL submode
. is scheduled as an immediate event to release the process and

D. The solution process continue to the next activity. Since tipaish behavior is very

The solution process is based on the automatic generatiorgeferal (it is used for example by arcs exiting from GSPN
a Markov chain for the model. The generation is obtained lisansitions and FCQN queues to move tokens and customers
applying the activation rules of a PerfBPEL model, emutatinamong their elements), it could be used to create complex
the behavior of a BPEL workflow engine. The state of thimter-formalism interactions, by allowing for example the
engine is obtained from the composition of the distributefiting of a GSPN transition to define the completion of a
state described by the properties of the PerfBPEL elemantsservice. A Repl y activity schedules either an immediate
the model. or a timed (exponentially distributed) event, depending on

All the exponential and immediate events basedhether therate property is present or not. When this event
SIMTHESys formalisms operate by defining a behavias executed, it looks for all the arcs that start from the BPEL
called i ni t Events. The purpose of this behavior is tosubmodel in which the element is contained. For all the arcs
find which events (either characterized by an exponentiallyhose service property matches the one contained in the
distributed firing time, or zero time and event probabiliayg corresponding property of thRepl y element, it executes a
enabled and can occur in a given state. With respect of thash behavior to send this event to other sub-models. It also
BPEL elementsj ni t Event s first checks if the process ischanges the&urrentActivity property of the BPEL sub-model
enabled by looking for all the arcs that end on the consideramthe next activity connected to thRepl y node. Thepush
sub-model and which implement thesActi ve behavior. behavior of theConnectionarc checks (assuming that it is not
If at least one of this arcs returrialsg then the component connected to a BPEL sub-model) that its destination element
is considered to be inactive. This is used for example smpports theset Occupancy behavior. If this is the case, it
stop an activity using a place of a GSPN and an inhibitarses this behavior to increase of one unity the occupancy of
arc. If the BPEL sub-model is active, then the propertthe destination element. This can be used in multi-formalis
waitingForEventis checked to see if the process is blockethodels, for example to increase the number of tokens in a
waiting for a reply. If the property is not empty, then thaSPN place, or the jobs in a FCQN queue, when a specific
execution terminates since the component is waiting for &went occurs. Finally, thé nvoke activity is executed by
external event to continue. WaitingForEventis empty, the calling first aRepl y and then aRecei ve activity on the
execution continues by reading the current activity frora ttreame service Fig. 2 shows the events that are scheduled,
property currentActivity Depending on the specific activity,and the time in which the process is stopped waiting for
i ni t Event s decides which events can occur and schedulegnchronization, obtained for the PerfBPEL model of Fig. 7
them.St art and Sequence schedule an immediate evenflthat is the equivalent of the BPEL process given in Fig. 4).
that changes the current action to the one found along its
exiting arc (that must be present and must be unique for o
the model to be valid)End resets all the variables of the”: Description
component, and returns the current action to fteart The application proposed as case study is related to the topi
element.l f - El se andWhi | e schedule, if theiprobability of resource management and service deployment in a cloud
property is set, two immediate events corresponding to themputing context. In particular, the need to have a suesidén
system choosing théhen or the else path. If the condition computing implies the necessity to improve corporate IT
property is set, the condition is evaluated and only onefrastructures efficiency even by means of outsourcing and
immediate event is generated, along the path correspond@xgernalization of such facilities. In other words a usen ca
to the value of the tesissi gn sets the variable to the valuebe invited to use external service from the Cloud rather then
defined in the corresponding two properties, and scheduf¢anding owned data center. This choice can be mediated
an immediate transition to the next activit{for - each by means of SOA paradigm where BPEL-based services can
assigns the current value to the variable, and then setshige the real location of services implementation (if theg a
currentValueproperty to the next element of the set (definedeployed on “real” data centers or on the Cloud).
in the corresponding property). It schedules an immediateAs it is depicted in Fig. 3, this system is composed of five
transition along theNext arc if there are other elements indifferent web applications:
the set, or along thé&lse arc if there are no new values to « Broker. it is an application deployed on the user access
be assigned. As outlined earlier, tRecei ve element sets portal used to determine where the service invoked by the
the waitingForEvent property of the BPEL submodel, and user would be executed. This application will be better
schedules no action. When the event is received, it also sets described later since it is at the core of this study;
its dynamic propertywaiting to resume the operation along « Negotiator it runs on the cloud providers front-ends,
the path that starts from this element. Whe@@nnectionarc catching requests from the Service Client. If the provider
of the bridge formalism executespash behavior, it checks cannot satisfy user’s requests, it propagates the request t
if the sub-model at the destination of the arc is waiting for  other cloud providers;

V. CASE STUDY



swers positively, the phase of economic viability starts by

i’i'reoe've'"puf means on the invocation of the remote senilling. If, on

- the other hand, service can be executed by owned data center
f Oas"F"fRe““'ceMa"age' (meaning thatResource Manageihas provided a positive
: ﬁ:k%rResourceManager{S)3 resppnse),Broker ac_tivates theSetupp.rocedure. If a cloud

* ‘ provider cannot satisfy the request, it propagates it teeroth

171\“" S Ip, cloud providers.

seue O‘,sRequestSu,tab,e """" ,iietotround->cp1 We make the hypothesis that the decision to accept or not
cotop(S) ¢ L ) L toptisequencet otimay- a user request is taken by a Cloud Provider Administrator
; : ' O;‘;gjj‘;g"j * Someone- (CPA). In this context, the last two services are regarded as
Xep1:maySomeone- i Execute- . .
L EreouMeliue) | *cm asor | Meliaise) an external black-box while the formers are considered two
: W éasriamsr" ------- X proper BPEL applications. They are depicted respectively i
{WhieNot -+, Fig. 4 and Fig. 5.
; .Found >cp2 i'
E gcp2:sequenc‘§j:' ®
: -’\‘ Jopt: bllllngSerwce{s} :
i = main
E cpl found trué’"ém isEcoViable E 5
b @] receivelnput

o | ient v & Resource Manager
H i Ag ;
RIEREEEEREERS @ is the request sutainable?

O Tengiblestate {3 Syncstate M Wit for sync ; Syncevent

Notations is the request sutainable? Else
77\ Vanishing state mmmm Send ! Immediateev.] Timed t
.4 venisning ° nasyne: l fmedeven & setup % ForEachCloudProvider
Fig. 2. Equivalent Markov chain for Broker BPEL program .
= Sequence
& ask For Negotiator
ResourceBroker LocalDataCenter
@ may someone execute me?
) T Broker Resource i
Service ) Manager may someone execute me?
T\
Cllent = 5€q_U9ﬂ(E
& Billing
 —— ]
CloudProviderl CloudProlider2 @ isitviable?
: Negotiator 2 Negotiator QllingServer is it viable?
]
= found =true
+
CloudProviderN //
Co Negotiator [T =
] =

Fig. 3. Service negotiation in Cloud context

& callbackclient

o Resource Managerthis is a “in-house” service that ®
confirms if the owned data center can take the Service
User request; Fig. 4. Broker BPEL workflow

« Setup it allows the data center to prepare the execution
of requested service; .
« Billing: this is a service hosted on a Tolling Server tha8. Modeling

is responsible to determine to economical viability of The model of the system is in Fig. 6. To simplify the presen-
the operation when cloud user/provider check agreestgion, a single edge with arrows on both ends corresponds to
externalize/accept the requested service. two edges connecting the same elements in opposite dinsctio
The interaction starts with the request of a user that aeiva The evaluated configuration has two cloud providers (1
the Broker service. This service asks fétesource Manager and 2) that are directly known by thBroker and a third
on its data center first. If it is not possible to execute serviprovider (N) that is known by the second provider. These
“in-house”, it asks for service execution from cloud prayisl two CWS are represented by PerfBPEL and are detailed in
invoking the Negotiator services. If one cloud provider an-Fig. 7 and in Fig. 8. Being connected by a network, the



=

= main
% receivelnput
@ is it a new request?
is it a new request?
& maylsatifpp | Setup ¥ 2 Lrl--""7"°7-°
may | satify? Else g P &quenoe1 \|\\
: sequence i roreac IsRequestSmtaPl,e/ VVFI'gtar!\éot a AskFor.- ’;:
e | L7 —) Negotiator '!
&) gilling ) , Sequence, '
@| Negotiator from linked providers z -
@ is it viable? 4 @|----
___L MaySomeOneExectlieMe
is it viable? ,
= return true Bi”ingserVice - 7
CallBackClient -
¥ call-ackient Fig. 7. Broker PerfBPEL description
@

Fig. 5. Negotiator BPEL workflow

ResourceManager
’ CloudProvider1 ____CP1-on-off
- L DJ - - > Sequence
O I:I @ / IsltAnew- 7
1 /7
reqSuitable %quest & illi i
J—f i CPN-on-off ‘ ! AskForOther- BillingService
reqSuitable { ‘ - Negotiator Found=true
econViable \ -
\
N

econViable ¢

= oe; ™,

BllllngSerwce

Broker '%A 3 I:I

"Setup

Fig. 8. Negotiator PerfBPEL description

| I:I C I:I C | » " ClotdProviderN
éloudProvideré C. Results
CP2-on-off
Table Il shows the parameters used in the model, their
Fig. 6. The multiformalism model of the system meaning and nominal values chosen for the quantitative- anal
ysis.

The model has been analyzed in order to obtain two
three providers can be available or not: this is obtained loljfferent metrics: the probability to get request acceptith
modeling this condition by means of a GSPN model, thatspect of the variation of thprobBLOK parameter (Fig. 9)
enables/disables the related providers model with anitoib and the probability to not have a (even negative) response
arc of the ancillary formalism (that extends GSPN inhibitawith respect to the time the CPA spends away from terminal
arcs). Third party serviceResource Manageand Setupare (Fig. 10). The probability of a positive response from the
modeled by simple GSPNs, as the only relevant aspect Rifling is an upper bound to the probability of getting a request
their presence in the model is related to the delays that thagcepted: this ensures that the system is working corrently
may introduce in the system, whiRilling is modeled by a that there is not the possibility of accept not economically
QN, as the queuing effect impacts on all the PerfBPEL CW8able requests. The response probability in Fig. 10 adsoun
submodels, resulting in a mutual influence on their responfee the cases in which all the providers are not available. As
time. expected, the probability of not receiving an answer ingesa




TABLE Il

PARAMETERS OF THE APPLICATION Response probabilty
0.35
[ Name [ Meaning [ Value | 0s
checkTime time interval at the end of which CPA 1800 sec ’
periodically checks external requests 0,25
busyRatio fraction of time the CPA spends in back- 1
office practice (and so is far from termi- 0.2
nals) 0,15
decisionTime | time in which the CPA takes a decision 30 sec
about satisfying external requests 0.1
billTime time in which theBilling service com-| 10 sec 0.05
putes a request ’
rmTime time in which the Resource Managert 10 sec 0
service computes a request 1 10 60 120 240
stTime time in which the Setupservice com-| 10 sec Elapsed time (sec)
putes a request
netTime generic transmission time of a message3 sec . )
probRMOK probability theResource Manageserver | 0.1 Fig. 10. Acceptance vs checkTime
gives a good response
probBLOK probability the Billing service gives a| 0.7
good response ; At ; ; P
STObSAT probability according fo Which the CPA 0.7 mclgdes the application .of different s:olutlon .technlquas
decides to accept user request addition of a Markov chain based solving engine.
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