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Abstract— In this paper we consider the composition problemfo
Web services. Our framework is based on the existea of an
abstract composition, i.e, the way some services different types
can be combined together in order to achieve a gimetask. Our
approach consists in instantiating this abstract rpresentation of a
composite Web service by selecting the most apprdpte concrete
Web services. This instantiation is based on consint
programming techniques which allow us to match theWeb
services according to a given query. The compositids built in an
incremental way propagating some constraints attagd to Web
services. Then, the instantiation can be dynamicall updated
during execution via a monitoring phase. Our approah is
illustrated on a Web composition describing the bedwior of a
photolab portal. On this example, we use constrairtechniques to
dynamically manage and compute the estimated exedom times
(announced by services) to fulfill and achieve oninhe the
requested tasks.

Keywords— Web services, composition problem, constraint
reasoning .

Resumen— En este paper abordamos el problema de
composicion de los servicios Web. Nuestra estructurse basa en
la existencia de una composicién abstracta, es decia forma
como algunos servicios de diferentes tipos se puedeombinar
entre si con el fin de realizar una tarea determinda. Nuestro
enfogue consiste en instanciar esta representaciébstracta de un
servicio Web compuesto, seleccionando los servicioseb
concretos mas apropiados. Esta instanciacion se basn técnicas
de programacion de restricciones, las cuales nos rpgten
comparar los servicios Web de acuerdo a la consultdada. La
composicién es realizada de manera incremental praganda
algunas restricciones asociadas a los servicios Weintonces, la
instanciacion puede actualizarse dinamicamente durde la
ejecucién via una fase de monitoreo. Nuestro enfoguesta

ilustrado en una composicion Web, describiendo el
comportamiento de un portal photolab. En este ejemp, nosotros
usamos técnicas basadas en restricciones para dinéemente
gestionar y calcular los tiempos de ejecucion estados
(anunciados por los servicios) para cumplir a cabalad o ejecutar
a tiempo la tareas requeridas.

Palabras Clave— Servicios Web, Problema de la Composicién,
Razonamiento de Restricciones.

. INTRODUCTION

Composition can be seen from various points of vidany
different techniques have been developed, inclugiagning
in Al [1], situation calculus [2,3,4], conversatantransition
systems [5], or symbolic model-checking applied
planning [6]. In this paper, we present an apprdacthich an
abstract representation of a composition is alregidgn and
has to be instantiated by concrete Web servicesilgps
interacting via complex protocols. In this contewte are
looking for the orchestration implementing the adost

composition. We present a framework where condtrain

solving allows us to instantiate the compositiothwespect to
input queries and properties of Web services. Qjgative is
to generate a concrete and executable service itiopo
from a schematic (abstract) one.

Controling a composition can be very complex: oegson
is the non-deterministic behavior of services; hapteason is
the possible failure of services involved in thenposition.
Therefore, exchanged messages are difficult to gesace
they include complex data related to different aspsuch as
security, reliability, or presentation. The combioa of all
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these aspects can generate a very complex designthe
resulting code can be difficult to write, to maintaand to
adapt. Implementing a composition requires takimgo i
account different aspects (such as control flowa déow,

security, reliability, ...) and constraints (such@mpatibility,
time for achieving tasks, costs, ...). Languages WS-BPEL
could allow us to implement a composition coveraigthe
same time all those aspects. However, these aspedts the
task very time consuming and error prone.

In this paper, we present an approach that is aspiented,
in the sense that it decouples the different aspéat instance
the temporal aspect, i.e., times required for adhietasks or
scheduling of these tasks with respect to requintsnef the
query or to some costs) of the component servened,in the
sense that the composition is expressed sepafabefythese
aspects. We provide a constraint-based approaeh €sg,
[7,8] for constraint programming and constraint saang
references) that allows the automated generationthef
composition with appropriate services. The
composition is compatible with the constraints wedi in the
respective aspect (temporal, reliability, securily,and is
dynamic in the sense that the composition can benatically
adapted (it can be re-instantiated) if one or nwastraints
are no more satisfied. It is easier to deal with tieeded
adaptations as the protocol is already defined, #mal
selection of services is independent from the &uions
(messages exchange, message structure, ...). lappuoach,
the logic of the composition already exists, asdbetrol flow
is already defined. Therefore, the role of a solseio find a
set of services of the right types and right chiristics in
order to generate an instantiation of the compmsitihat
fulfills all the requirements. Constraints are tlremsidered to
model additional properties of services.

The rest of the paper is organized as follows: éati®n 2,
we detail a possible scenario. Section 3 presenis
constraint-based framework. In Section 4, we disaedated
work, and Section 5 concludes.

We illustrate our approach by a significant exangséailed
below. Let us consider a Web portal for printinggitil
pictures. The actors of the scenario are the dlighe portal,
the labs in charge of printing the pictures, thdivdey
services,
properties, but in our example, we only retainfiilwing: its
size, its quality, its price.

We consider given the composition that allows artlito
send a query to a portal in order to print soméupés. This
means that the workflow is already given, and thatprocess
specifying the schedule of the different activitissknown.
However, we do not know which concrete service$ midke
the work. To select these services, we use a @nisBolver
that will try to find the assignments (i.e., ingiation of the
Web services). The starting point is the queryhef ¢lient. In
fact, the client is able to express some consgaieeen as

MOTIVATING EXAMPLE

and the bank. A printed picture has séver

preferences) to be satisfied by the composition.igiance, a
client may want to get a set of printed picturesirmost 18
hours (delivery included). The type of queries tbah be
expressed by the client are:

e Print and send me these 100 pictures (no temporal o

quality constraints),

»  Print and send me these 100 pictures at minimumn cos

(no temporal constraints),

e Print and send me these 100 pictures at the average

guality and minimum cost (no temporal constraints),

e Print and send me these 100 pictures at the average

quality and minimum cost within 24 hours,

e Print and send me these 100 pictures at the 6x7

format and the 8,5x11 format as soon as possible.

resgltin Each actor also has a set of properties. For iostathe

client can have some fidelity points that will gikiem (her) a
discount. A photo lab can print different formatajt not
necessarily all of them. It can grant some discounith
respect to the volume of work. The delivery serdea have
different levels of service (gold service for dely in 24
hours, silver service in 36 hours, ...) and différgualities of
printings.

Roughly, the different steps of the process arergias
follows: the client will send a query to the portarvice in
order to get a quote. Then, if he accepts the mitipp, he
will send the files to be printed. The portal cegat the query,
ask to photo lab services their prices given thefguences of
the client, select the photo lab services that eetch the
query, send the result (estimates, propositionshéoclient,
and then send the files to the photo lab servitks.photo lab
gervices receives the query from the portal, chiethere are
delivery services compatible with this query, comesuthe
time needed to print the pictures and to send tioetime client,
sends some requests to the bank service, prinfidgbesends
them to the delivery, ...The bank service receites query
from the photo lab service, checks the accounnsfeas the
amount, and notifies the photo lab service. Thea,delivery
service receives the query from the photo lab servi
computes an estimate, receives the order, delilierpictures.
In this process, the scheduling of tasks as weltlypss of
each service (portal, photo lab, delivery, bank) karown. The
objective is to instantiate this process with ceterservices
such that the constraints specified in the clienery are
satisfied. Suppose that, for each service, we &soemporal
constraints: estimated execution times (min, maxgilability
periods, a combination of estimated execution tifoegiven
periods.

If the client queries a given task in a specifieddline, then
the objective of the constraint solver is to fimdenumeration
of services whose types are compatible with thafened in
the abstract composition, such that constraintssatisfiable.
For instance, if the query is "I want my photoghe next 12
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hours", and if we suppose we have 4 photo lab cesywith 2
of them that take at least 36 hours to print thetupés, then
these two services will be out of the instantiaimce they do
not satisfy the temporal constraint of the query.
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Figure 1: The process

This aspect is also interesting for the monitoradivity.
For instance, let us suppose a constraint is ngelogatisfied
during the execution. We can adapt the flow by ciizlg
another set of services satisfying the query. Fmtance,
suppose a photo lab is out of its expected sche@ilen the
horizontal constraints (constraints for buildingiastantiation
as opposed to vertical constraints that model thstract
composition), we are able to monitor this statel tmselect a
delivery service that is able to deliver the photosthe
expected time (e.g., using a "gold" service). lis ttase, we
reschedule the flow defined during the instantrageep.

To summarize, our objectives are twofold. Firstegi all
the constraints of services and the client query, aim at
finding one (or more) topology that satisfies theery, the
requirements of the query, and the constraintsdediby the
chosen set of services.

Second, once a topology has been selected, and
corresponding services are currently executed, evéfyvthat
the execution is consistent with the previously irckf
constraints. If this monitoring phase reveals thaervice does
not satisfy a constraint anymore, a new instaotiatf the
abstract process is computed in order to maintisfability
of constraints. In case this is not possible, apr@agmate
solution (i.e., violating some constraints) couddomputed.

lll. A CONSTRAINT-BASED APPROACH

several ones) having the type photo lab, and theereice
having the type delivery in order to send the pbdim the
consignees. In this context, we are able to build a
instantiation, i.e., a concrete representatiornefdomposition,
and to build and manage both the control and tha flaw
with respect to the constraints defined by the ntliand
services from the community.

A. Constraintsfor the Composition Problem

We distinguish two kinds of constraints to exprdbke
composition problem. The first kind are constraictdled
vertical constraints. These constraints are ne¢nlsdt up the
abstract composition, i.e., the process (see FidyreFor
instance, constraints of this type are constraguish as "a
delivery service can be called only if the callerai photo lab
service", "a portal can be connected to at mosplafto lab
services", "the photo lab service X can return mgaposal
from at most Y services", or "the photo lab senriugst return
a message to the portal service".

The second kind of constraints are called horizonta
constraints. These constraints are needed to baitd
instantiation of the composite service, in termsnahagement
of the data flow and the messages between thecssrin this
paper we focus on horizontal constraints.

We will use the horizontal constraints to seleet toncrete
services and to instantiate the abstract compasitieor
instance, we will only select the photo lab sersitlat are
able to print in 8,5x11 format. This means thatmay only
select 4 services on the 10 photo lab servicesetkiat in the
community. If the query contains different formads print,
constraints may also be used to select differemtghab
services, for instance one to print 4x6 format tredother one
to print 8,5x11 format.

Horizontal constraints are used to manage the fitata In
fact, since the topology is already known, thegestraints will
be used by the solver to select the appropriatécssr of each
type. Then, we can imagine different types of hmmial
tomstraints in order to manage the different aspedt a
composition, specifying temporal constraints asun case or
reliability/security constraints in a different ¢enrt.

Horizontal constraints are used to instantiatepttoeess but
also to monitor it. Clearly, these constraints hamémpact on
the composition as illustrated by the following exde:
assume that we want 1000 photos in 4x6 format, 20
photos in 8,5x11. Suppose that the lab which ig ablprint
photos in the 4x6 format is unable to print 8,5X¥bimat.
Then, the composition will choose two labs, and hailinch in

In our constraint-based framework, we suppose that Parallel the two activities. Here, the horizontahstraints have

composition is already defined in an abstract Wwae. know
the different types of involved services, and alieractions
between them. We consider this as a vertical coitiposi.e.,
the abstract workflow specifies the different stépsachieve
the objective. This abstract representation pravide the
topology of the composition (the protocol and thesgible
connections) and the types of services we needstaritiate.
In our example, this means that we need to findraice (or

an impact on the composition itself, and on the dlatv.

B. Constraints modeling

In our model, we consider a community of servicewlnich
each service is of a given type. Types of servaresdefined
by using unary predicates such as lab, delivergkpportal.
For each service, we also distinguish several typés
constraints, namely property constraints and Qofstcaints.
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Property constraints correspond to the static ptigse Client
attached to a service. A service is defined withirgut port,
an output port, and a set of aspect constraintsirstance, a Sequence

service of type photo lab can declare that it ie &b deliver |
photos of size 4x6. This means that another seitat will i
send to this service a set of JPEG images willivecghotos v

of size 4x6. The size of the photos is a statigery of the Q Portal service
service. rd
QoS constraints depend on the operational behafia Farallel
service, and is by nature, expressed with a sedyofimic [
constraints. These properties may vary given therainal A R TN
context of the service. For instance, a photo &abise L1 will ¥y ¥ X %
take 12 hours if the query arrives before 8PM, 2sdhours if Q Q Q Q Lab services
the query arrives between 8PM and 6AM or if it @8 on w TN TN T
Parallel ~.\ A !N /00
saturday or sunday. NS O o
Constraints occur in input messages (as querieg) ian i ,/' ‘;,\",‘%3:'\\)(' ‘\\ i
output ones (as answers). For instance, when igwat cjueries WS RANRY
RN\ | |

the 4x6 format, the data 4x6 belongs to the qusimilarly, ] )
when a photo lab service says it needs 24 houdelteer the Q Q Q Delivery services

printed photos, the data 24 hours becomes a datgected to
the message. The properties of a service X arenabkfby
predicates of the form: propertyName(X, value [yed). We The portal knows that it will have a conversatioithwone
can consider many predicates. In our exampler possibly several lab services (i.e. it has tmdsen
maxDuration(X, t) is a predicate meaning that teevise X appropriate message to at least one lab service)),aalab
will take at most t units of time to be executetieTpredicate service knows that it has to send a message tolizemye
format(X, 4x6) is another predicate to define thatservice X service, and that before a lab finishes its wdrkas to contact
supports the 4x6 format. a bank in order to be paid. Thus, in the coordamapattern,
Given the community of services, and their assediat we have all the conversations that have to beritiatad later.
properties, we can define this community using sebaf facts Our main idea is that we can associate to eachfosed)

Figure 2: Abstract Composition

expressed as follows: service S a constraint (program) specifying howh&d, the
portal) makes use of its sub-services, and howadimpite
portal(p). answers to queries sent to S. This constraint pmogexecuted
lab(11), lab(12), lab(13). via a constraint solver, defines the compositioradaervice
delivery(d1), delivery(d2). with its direct sub-services (here, the photolalvises).
bank(b1). Therefore, the composition is defined in an incretakeway,
format(l1,4x6), format(12,4x6), format(12,8x12). since at each node of the composition, we define th
maxDuration(11,24h), maxDuration(12,48h). connection with the successor nodes of the conippsilt is
customer (I1,individual), customer(12,individual). important to note that solutions computed by subises are
customer (13, professional) obtained dynamically by sending queries to thesoakmted

constraint programs, and by collecting solutionsesiBes

Note that this base of facts does not contain amamhic dynamic facts obtained via message passing, weusische
property. We consider that these dynamic propert@s previous base of facts in which one can find déffer
evolve during time and cannot be coded. The sewaceonly properties establishing the type of each concreteice and
raise the corresponding constraints when queried. constraints connecting data and services.

In our model, we consider a binary predicate cot{ie¥)
to specify that services X,Y can be connected. kdege we
use a set of composition operators, like a secaleofierator
and a parallel operator parallel(X | C) meaning #teservices
X satisfying C are executed in parallel. For ins@nthe
constraint cp=parallel(X | lab(X) /A connect(p,&ljows us to
execute in parallel all labs that can be connetbed. Note
that it is possible to use other classical compmsibperators,
e.g., choice, repeat, or if (guarded executior(p,

Here, we can notice that the composition is stisteact
since services are not yet instantiated (for iranthe

C. Abstract composition

The abstract composition defines only the way iifferént
types of services are coordinated, i.e., the messtwgat will
be exchanged between the different services, armr th
ordering. It can be considered as a skeleton, axoadination
pattern of a set of services. In our model, thevfican be
defined using all the classical operators, i.e.qusece,
parallel, choice, etc. ([9,10]).

Concerning our example, the abstract compositiorass
follows:
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variable X is not instantiated). To obtain an insittion, we
have to use a base of facts, stating a set of dgroanstraints.
Back to our example, a possible base of facts coeid

portal(p).

lab(11), lab(12), lab(13).

delivery(d1), delivery(d2).

bank(b1).

format(l1,4x6), format(12,4x6), format(12,8x12).
maxDuration(11,24h), maxDuration(12,48h).
customer(l1,individual), customer(12,individual).
customers(13, professional).

connect(p,11), connect(p,12).

connect(l1,b1), connect(I1,d1), connect(11,d2).
connect(12,b1), connect(12,d2).

Given these facts, the solution of constraint cpcetes in
parallel I1 and 12.

The general principles of our approach can be suineth
as follows: assume a query is sent to a composwitses. If
it is an estimate query, then S asks direct subesss for
estimate queries in order to compute solutionsttier client.
Together with an estimate for the client, S retuangrace
information describing the way concrete serviceseatecuted.
This information is a constraint that can be preedsby an
execution query sent by the client to S. This camst is used
to model the workflow. The execution of servicarienitored
to check whether the constraint is satisfiable @ KVhen a
problem occurs during execution, at least one caimtis
violated. In that case, the monitor tries to chathgeexecution
process for the remaining tasks. A part of the whwalnstraint
can be considered as "rigid" since it correspotodsasks
which cannot be undone. Given this rigid constrahe idea is
then to ask for a new estimate (an updated constiai order

to get a new execution plan for the remaining tasks

Instantiation of abstract compositions and mondarecution
of concrete compositions are discussed below.

D. Instantiating compositions

We present how an abstract composition can benitigtad
to obtain a concrete one. Roughly speaking, thistratt
composition is instantiated by analyzing a quest thsks for
an estimate. To illustrate the instantiation stepus consider
our example. Assume the portal gets the followingrg from
the client: "Give me the price for printing 10000pds in the
4x6 format, and | can get the printed result witBh hours.”
Here, we have two constraints: the format condiraind the
temporal constraint. In order to fulfill the quetkie portal will
initiate a conversation with the instances of #ie dervices, in
order to get the information necessary to retupriee to the
client. Following its constraint solver, the portaill only
contact the services that are able to print the fér®at, in at
least 1000 batches, and in less than 24 hours. Sonay
obtain for instance the following instantiation:

Portal service

y S
DEO®EEE e

Figure 3: Instantiated and executable coordingtiatterns.

Figure 3 (left) says that only the labs L2, L5, dridare
able to satisfied the constraints specified in ¢hient query.
The portal will then choose one of the availablesises. In
Figure 3 (right), the portal chooses the lab senii&. The
services L2 and L7 are no longer needed by thepsetvice.
The flow of the composition has been set and tlee@ion is
now launched. As previously mentioned, the envireniris
naturally dynamic, and we also use the constrdamtsnsure
the monitoring and the correct execution of theainsation of
the composite service. Let us explain how we deti the
monitoring and the real-time adaptation of the ansation.
Suppose the abstract composition given in Figuee Zhis
composition, determined by the vertical constraistg/s that
once the service L1 is finished, either the senidde or the
service D2 is started.

a: @ b:

// OR \\\ // OR
/I \\\ //
c 1) | » The services can have
a conversation
OR ° i
N\ —, Theservices have a
3 conversation
— ._» The services had a
conversation

Figure 4: Dynamic selection of services.

The initial flow, computed with the horizontal cor@nts
that are specified in the query, defines a contersdetween
the photo lab L1 and the delivery service D2 (Fégdib).

The instantiation step can be more generally desdrias
follows. When a client initiates a query, the coaisit solver
associated to the service will first instantiatee thbstract
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composition by solving constraints of the abst@mhposition
together with the client query. The process io#lews:

is calculated using the horizontal constraints latée on
services (shown in Figure 4.c) without any impaat the

1. the solver instantiates the constraint defining thgl'em'

composition, i.e., it finds some concrete servited
fulfill the constraint,

2. the solver forwards the client query to selecte

concrete sub-services of the composition,

3. each sub-service computes solutions to

constraints,

4. finally, solutions are processed by the service, the
result is forwarded to the client.

In  our example, a client sends a
estimate(number=1000, format=4x6,
means that the client wants to print 1000 photosh& 4x6
format in less than 24 hours. The portal p recethesquery,
and it tries to solve this query in conjunctiontwitp, where cp
defines the abstract composition constraint (usiegparallel
combinator of Section 3.3). At this stage of thasening
process, we know that some photolabs satisfy tleeyqWe
proceed similarly for the instantiation of the geliy services.

To find services satisfying a given constraint, preceed
using a standard principle in constraint prograngniBince a
service comes with its properties, we check them
conjunction with the current constraint store. Ifist
conjunction is satisfiable, the service can be cetk
otherwise another service is tried. One can remk
constraints are first propagated to sub-services iop-down
manner; then solved constraints are propagated back
bottom-up manner.

E. Executing and monitoring instantiated compositions

Once the abstract composition had been instanfidked
client is able to choose one of the possible igamccording
to its preferences. The composition is executeshgushe
selected services. The composition is controlled ligonitor
which checks the satisfiability of constraints dgri the
execution process.

Using constraints is very powerful for monitoringet
composition, and modifying it when something goesng.
To illustrate the interest of monitoring, considagain our
example. Assume that the client query is to hawelitotos in
24 hours. The instantiation process has selectegliotolab
that claims it will take 8 hours to print the phetand to send
them to the delivery. The selected delivery seryia2) takes
16 hours to deliver the photos. Now, assume theiopkab
service (L1) is late, and it will send the photoslP hours. In
order to be sure that the horizontal constraints still
satisfied, the instantiation is adapted and the i modified
and redirected to the delivery service D1 sinde faster than
D2. Our model is flexible enough to handle thesedgi of
problems. In fact, the constraint store is updatatth new
constraints. Due to its estimate delivery of 12 repuD1
becomes the new delivery service. Dynamically, e flow

F. Handling cost constraints

In our framework, the idea is to use time-dependerst
Bunctions to express different kinds of costs. siowplicity, we
restrict ourselves to functions which are constavisr some
time intervals. Costs could be for instance thegodf items or

thethe (estimated) execution time of Web services. €bxh

service S, we associate a cost function fS, widatonstructed
according to cost functions of sub-services S&n,.and how
S composes its sub-services S1,...,Sn. For instéreceservice
S calls two sub-services S1 and S2 sequentiakly tosts are

quengdditive, and fS(t)=fS1(t) + fS2(t). When the chsictions are
maxtime=24) whiciterpreted as execution time, the execution tifre service S

calling S1 and then S2 is fS(t) = fS1(t) + fS2(t&fS), which
means that S2 is called at time t+fS1(t) to deteemihe
execution time. Note that if S1 and S2 are composada
parallel construct, then the cost function of Sné longer
additive.

To illustrate the computation of time cost funcgpn
consider the following scenario. A photo lab sesvieceives a
query for 1000 printed pictures in 6x7 format. Téervice
must give an answer to the query that includes mowh time
ity will need to fulfill the work. This time will deend on its
current workload, and on planned workload. The pHhab
service will also query how much time a deliveryveze will
need to deliver the photos to the client. It wiklude this time
within its estimation. The time cost functions ophoto lab
service and a delivery service can be expressddnations
which are constant over some intervals. By commpsire
photo lab service and the delivery, the executime tfunction
is also given as a function which is constant ogeme
intervals.

G. Optimization Problem

The selection of Web services, at each layer ofvidrécal
composition, can be expressed as a constraint ization
problem. Given our example, several optimizatiateda are
possible:

» The portal sends all solutions to the client, whani
charge of choosing his preferred solution.

* The portal can automatically optimize one criterion
like the price or the estimated duration, in ortier
give an answer to a query such as “'| want an Xem
in less than 24 hours, with the cheapest price".

e The portal is capable of performing multi-criteria
optimizations. In that case, one could introduck (1
priorities on costs or (2) a balance on costs. (Epr
we first optimize according to the criterion withet
highest priority, it vyields solutions which are
optimized according to the remaining criteria. B2,
the portal has to optimize an objective function
defined as a balanced sum of the different costs.
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In all these cases, the constraint reasoning eragiseciated
to a Web service is capable of computing optimigelditions
when the query sent by the client involves an ojgtition
problem.

IV. RELATED WORK

Web service composition is nowadays a very actigearch
direction. Many approaches have been investigateldiding
techniques based on planning in Al [1],
calculus [2,3,4], conversational transition syst¢b$l], or
symbolic model-checking applied to planning [6].n&oother
works are more related to the use of constrainvirsgl
techniques [12,13,14]. As in [12], we do not cossidll the
dimensions of the problem, since we assume thaatterp
composition is already known, and we restrict oueseto the
problem of instantiating the variables of the pattd.e. the
different kinds of Web services.

V. CONCLUSION

In this paper, we promote the use of constrairgoriag to
implement a form of pattern instantiation. With pest to
classical configuration problems, our approach twasope
with the dynamic aspect of Web services. We havpgsed a
framework where Web services interact via queriesl a
answers, which are respectively the input and dutmssages
exchanged by Web services. Hence, our approaas refi the
analogy between the computation performed by a ¥éetice
and the execution of a constraint (logic) progrémorder to
take into account the dynamic behavior of Web sesji the
facts needed to execute the constraint reasonigigenf each
Web service are not static, but are obtained dycaliyi by
calling sub-services. Moreover, the process is toosd, to
possibly change on-the-fly the current selection Web
services. This monitoring phase is also supportgdthe
constraint engine associated to the Web service.
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