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Abstract— A key problem that challenges the designers ofc®rv
oriented systems is ensuring the consistency ofposite Web
service contracts based on their parameters. Thigep utilizes
constraint satisfaction approach to examine thebfem at design
time and by focusing on quality of service (QoShtawt
parameters. It proposes a generic framework to &ize service
contract composition as a constraint satisfactioalpem (CSP). It
also introduces an initial tool design for autonmafi composite
contract consistency checking and adaptation based QoS
parameters. The tool aims at supporting Web semvichestrators
to specify appropriate contract parameter valuesl adapt them
so that consistency of composite contracts is ased to some
extent. Further, it enables them to analyze anasoe about
violation percentages during contract negotiatiomape. The
benefits of the proposed CSP framework and thedesign have
been illustrated through a Stock Manager Web sereamposition
scenario.

Keywords- composite contracts; Web service commosit
consistency checking; quality of service parametecsnstraint
satisfaction:;.

l. INTRODUCTION
Due to its proved benefits, service-oriented cormgut

(SOC) has become the most dominating engineeringalues for QoS contract parameters that ensure
softwaredevelopment of consistent composite services.

paradigm for software systems. In SOC,
components provide services to other applicatibmsugh
published and discoverable interfaces [1], and &d¢hey are
called Web services. The process of orchestratifigrent
Web services into a new service is a key conce@@QcC
which is called service composition. Service conitms
may depend on different criteria including serviteperties
(e.g., functional and quality of service propeitieSuch
properties are usually specified in the servicetremh as
guarantees and conditions of service behavior.ilbiley in
service composition depends on the extent to whéhice
providers allow for changes in their contracts,, iservice
properties.
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service consumers. Web service level agreementA)NS
[2] and The Web Service policy Framework (WS-PJli8}

are among the most adopted industry standardsofuract
specifications. WSLA is an IBM standard languaget th
allows specifying agreed-upon guarantees for IBEllev
service parameters such as availability and regptinge.
WS-Policy is another standard for specifying Webvise
capabilities and constraints. Composing serviceguire
precise selection and specification of contractapesters’
values that ensure minimum violation of the comigosi
contracts. Unfortunately, WSLA and WS-Policy canhelp

in deciding the most appropriate parameters valoks
composed contracts- they focus on providing stahdar
language constructs to facilitate contract speatifn.
Furthermore, it is almost impossible for serviceviders to
provide 100% guarantees for their contract paramete
Therefore, the specification of parameters valuds o
composed contracts at design time and their mangaat
run-time are crucial tasks for the service orcla¢sts. They
need techniques to aid them predicting possibletraon
violation and consistency when composing Web sesvand
during its execution. This research focuses onftnmer
issue, i.e., helping service designers to speqifyr@priate
the

In contract composition, QoS parameters and traires
are usually specified based on QoS parameters svaitie
composed services. Service providers normally need
provide QoS parameter values that waive their nesipdity
of any violation or failure. On the other hand, qmsite
services seek specifying QoS parameters valuestisatre
best and competitive guarantees for its consunigiese
needs often lead to an on-going negotiation betvgeevice
providers and the orchestrator of the compositeviceer
During this process, continuous changes to the QoS
parameters values take place and require consystenc
checking of the composite contract parameters salker

Contract engineering and management in Web servicexample, the service orchestrator needs to know the

orchestration are among the most essential aesvitihich
challenge Web service designers because they ptantaal
role in constructing consistent and reliable contpos
services. Web service contracts define commitmemid
guarantees that each service provider should respeall

percentage of violation that could result from djiag one
or more of its QoS parameters values. They alsot wan
ensure minimum violation or failure that could dédtom
changing one or more QoS parameter values of onsooe
of the provided services.



Most of the composite contract studies define QoSontract formalization using CSP to analyze anduemns
contract parameters as hard limits. For instanespanse consistency of QoS contract parameters values.hm t
time need to be less than an exact value and nuwiber following Sections, we discuss how these objectiaes

allowed inquiries must not exceed a certain number
second. Although this approach helps service pessido
provide more reliable guarantees, it challengesvicer
orchestrators with specifying impractical QoS pagters
values in the composite contract. For example,aresp time
needs to be less than the summation of all respamss of
all provided services (while in this research wasider such
simple formula, but in real situations the respotisee

achieved and demonstrate how the stock trading $&elice
composition to some extend validate the feasibibtyd
usefulness of our proposed approach.

Stock Manager is a composite service that provétiesk
information for its consumers to help them decidivigether
and when to buy and/or sell financial stocks. Aevah in
Fig. 1, it is composed from several specialized \&fetvices
namely, Stock Quotes, Market Financial Trends, BExpe

would be calculated through a complex formula thatAdvice and Currency Exchange. The properties ofdhe

considers different variables.) While such sumnmat&sults
in a high response time, the service orchestratpractice is
required to provide a competitive response timeantae to
its consumers, i.e.,, as minimum as possible.
requirements usually challenge the service orcatess with

services are documented in the form of service raots.
Fig. 1 shows only essential services’ parameterghin
context of this research (other contract infornmatis not

Suckhown in the example.) Examples of such guarareasie

Stock Quotes promises response time to be less7thans,

the need to specify, vary and analyze several Iplessi Market Financial Trends allows throughput (i.e.,ximaum
contract parameters values (both provided and ceitgpo number of allowed queries per hour) to be 160 gsetihe
parameters values) so that the possibilities tlmatldviead to  validity of the information provided by Expert Aaé is up
inconsistent composite contract can be reduced.s Thio 15 minutes, the call cost of Currency Exchargggise is
research aims at supporting the service orchemtrato between $0-$10 depending on the request time aner ot
achieving such tasks during composite contracttoaoctfon  contextual variables. The complete details of amitr
and negotiation by: parameters are shown in Fig.1. The number of contra
1) Providing a generic formalization framework of parameters of the provided services and their tymesd
contract composition problem as a constraint satfifn ~ vary from one case to another. They also may dejpend
problem (CSP) during design-time. many other contextual aspects such as measurement
2) Designing a support tool that enable design-timé“ethOdS' software and hardware infrastructure gpatons

consistency checking of composite contracts based and internal control structure of a Web servicename a

ided S " | duri i 0iew. As we narrow down the scope of our research to
proviae Qo parameters  values urnng - contraCtonerete services, such aspects are not dealt iwitihis

development and negotiation process. It aims alitling  gyqy.

flexible negotiation and re-design of composite tcarts Specifying optimal and competitive values of Stock
based on QoS contract parameters to ensure redustio Manager's contract parameters is a challenging fasskhe
possible contract violations. The objectives aterided to  service orchestrator. Usually there are severatmidgncies
aid Web service designers in negotiating with smrvi between contract parameters of the provided servicel
providers about contract parameters values andromting ~ Stock Manager. For instance, the relationship betw&tock
consistent composite contracts through exploringl an™Manager's response time and provided services’oresp

analysing appropriate combinations of QoS parammeteliMes could be represented as follows:

values of all ||jvolved service 'c.ontr'acts. By cotegis we SM.RT<0 + SQ.RT + MFT.RT + EART + CE.RT
mean appropriate values specification to the patenmef

the composite contract that reduce possible cantraCc \yhereg is the Stock Manager overhead. In practice, the
violation during service execution. o formula would be more complex than this one, but fo
Section Il motivates to our research ObJeCtlveSlIgh a S|mp||c|ty’ we assume that response times (andrm
framework for modeling composite contract problemaa aspects and the provided values are the ultimags.dthe
CSP. Section IV applies the proposed frameworkh® t proplem becomes more challenging when the number of
scenario and its use as tool for consistency chgcls also  jnvolved services in the composition becomes laagel
discussed. Solving techniques for the CSPs areisisd in  various changes occur in one or more different QoS
Section V. The discussion of the proposed appraach parameters such as response time and informatikditya
introduced in Section VI. Finally, related work and Contract violation could result from any QoS partenéype
respectively. point of time during composite service execution.
To specify a competitive response time value farckt

Il. MOTIVATINGSCENARIO Manager, the service orchestrator needs to ensucemage

To illustrate the objectives of our research, wespnt
how a Web service composition example for finanstack
trading could benefit from our approach for compmsi

of inconsistent and consistent cases that wouldltré&®m
various value combinations of provided servicespmnse
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Figure 1.Stock Manager composite service and contract paease

times (or any other QoS parameters.) Similarlyprie or
more response time of the provided services chartges
service orchestrator wants to find out the impaat tbe
number of consistent/inconsistent cases and therefeir
percentages. Such activities are crucial for servic
orchestrators as they need to figure. out percestagf
possible consistent/inconsistent cases of their posite
contract so they can adapt them or describe theanmore
precise way. Even service orchestrators would nee
providing different versions of composite servigentract
based on consumer type. This requires varying &heeg of
QoS contract parameters values and checking tloemtage
of violation accordingly. For example, they coultbyide
QoS parameter values that have low violence ratehfeir
crucial service consumers.

These challenges are among the motivating drivers f
our adoption of a constrained-based approach fezldging
consistent contracts in service composition. The Section
introduces our proposed generic framework for fdizimey
the composite contract problem as a CSP.

I1l.  FORMALIZATION OF COMPOSITE CONTRACT AS

CONSTRAINT SATISFACTION PROBLEM

The constraint satisfaction (CS) approach has been
recently used as framework for modeling and solving

complex problems, specifically for combinatorialesn[4].

It has been successfully applied to real-world [@oils in

various areas such as planning and scheduling.léfnsb
that are modeled using constraint satisfaction eggr are
called constraint satisfaction problems (CSPs). GSR

problem that consists of different variables wheskations
between these variables are stated as constraints.

CSP is formally defined as triple (V, D, C) whereasva
finite set of variables, D is a finite set of pddsivalues that
each variable in V can take (i.e., its domain) &nis a set
of constraints that restrict the values that eaatiable can
take at the same time. A solution to a CSP is aeval
assignment to each variable from its domain so #iat
constraints are satisfied simultaneously. Based this
definition, there could be:

a) One solution any variable-value ordering that satisfies

all constraints without any preference or selection

b)

criteria (e.g., the first solution that the algbnit could
found.)

A number of solutionsall possible variable-value
orderings that each of which satisfies all constsaiat
the same time. In this case, solutions can bedbdsed
on an objective function which is not in the scapeur
study.

Our formalization of composite contract proble@CP)
is based on the above CSP definitionC&P can be defined

as(SP, CV, CVD, CCwhere:

SP ={spl, sp2 ... ghis a set of Web service providers
from which composite contract is develop@ée assume
that these service providers are atomic, i.e., #reynot
composed of other services.

CVv = {CV1, CV2... CV}, is the set of contract
parameters (i.e., variables) of Web service pradde
where:

CV; ={ sp..Cx, SP.CV% ... SR.CVi}

CV, ={ sp,.cv, Sp.CV% ... Sp.CV}

CV, = { spn.C, SP.C\ ... SR.C\¢}

Similarly, these contract parameters are atomic not
8omposite ones. Each service provider may havereifit
number of contract parameters. Web service costnaety
contain different kinds of parameters or variabdesh as
quality of service (QoS) parameters, utility partene and
resource parameters. The focus of this study isosethe
QoS variables such as response time, throughput and
availability. To the best of our knowledge, most
composition studies in the literature focus on s@bS
attributes due to their direct influence on theralleservice
quality. Some other contract parameters which seento
have clear classification such as information Vglicire
within the scope of our study. Nevertheless, oamiwork
can be used for modeling any kind of contract patans,
but further aspects need to be considered.

CVvD {{CvD1}, {CvD2}... {CVDn}},is the set of
domain sets over which each contract variable,.¢sp
ranges, where each domain Cybonsists of a set of
ranges depending on the number of QoS parameters.
This can be represented as follows:

CVDy = { sp1.cwith, sp.C\w%d, ... sp.cvd},
CVD;, = { sp.cvidy, sSp.Ccwd; ... sp.cvd},

C':‘\./Dn = {sp,.cwdy, sp.Cwd, ... SR.CUO}

The domains can be of integer, real or Booleansype
Domains could vary from contract variable to anothe

CC ={cq, cG ... Gy}, a set of constraints that represent
relationships between contract parameters and iestr
the values that each attribute can take at the stme.
The relationships could be between contract vaegabF
the same or different types

Solving composite contract problem is achieved by

finding all possible contract parameters value dowtinns,
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Figure 2.Application of Stock Manager scenario and basidgiesf the

from their domains, such that all constraints atésfed. In
fact, the solution could be represented as a sulifsdie
Cartesian product of all variable domains, i€CPS €
CVD; x CVD, x ... x CVD.. In this research, the focus set
on deriving combination of parameters values thetuee
consistency of a composite contract to a certaingrgage.
Finding the optimized solution is out of this resbascope.

IV.  DEVELOPING CONSISTENT COMPOSITE CONTRACTS \/.

In this Section we introduce an approach thatzetdiour
CSP framework (presented in the previous Sectiorelp VI.
the service orchestrator to analyze, check andgehaalues
of contract parameters when developing composite
contracts. The approach is implicitly depicted iig.F2
which is explained later. It is summarized in tlodldwing
steps: VII.

I. ldentify the selected service providers that aneoived
in the service compositiorSP,) and get their service
contracts.

Il. For each service providerSE,), identify all contract

QoS parameteréSP,.CV,) and define them as variables. A.
lll. For each defined QoS variablSP,.CV), identify its
domain(SRk,.CV,D,) through which it may range. we

tool support for consistency composittomtract checking

service orchestrators. It requires finding possible
relationships among contract variables. Relatiopshi
could exist between similar and/or different contra
variables of different service providers. Past
experiences, guidelines and best practices can be
utilized to build such constraints. In sub-sectiBnwe
discuss the interface design to aid the designers i
constructing such constraints.

Specify initial values for the composite contr§S
parameters based on historical information.

Run the CSP solver algorithm(s) to test violation
percentage, and/or consistent/inconsistent casés;hw
would result from the value combinations of the
identified QoS parameters. Section V discussesngolv
CSP algorithms.

Analyze the generated cases and violation percestag
and adapt the composite contract parameter values
accordingly. Negotiate with service providers about
their contract parameter values until an agreedtests
reached.

Stock Manager Contract Development

Based on the above steps and the proposed framework
now apply the approach to the motivating scendre

IV. Derive the constraint§CC,) of the composite contract Stock Manager composition can be defined as fotlows
using the identified variables and domains. At gtmge = SMC = (SP, CV, CVD, CC)where the involved services in
this derivation needs to be developed manually byhe composition are:



SP ={SQ, MFT, EA, CE, SM}
The contract QoS parameter variabl€¥) of each service
provider are:

CV ={SQ_CV, MFT_CV, CE_CV, SM_CV, SM_CV}

SQ_CV
SQ.CallCost}

MFT_CV = {MFT.RespTime, MFT.Throput, MFT.InfoVald,
MFT.CallCost}

EA CV {EA.RespTime,
EA.CallCost}

CE_CV = {CE.RespTime, CE.InfoVald, CE.CallCost}
SM_CV = {SM.RespTime, SM.Throput, SM.InfoVald,
SM.CallCost}

{SQ.RespTime, SQ.Throput,

EA.Throput,

The Stock Manager has considered as a servicedamovi
because it will provide its services to other petii.e.,
service consumers as shown in Fig. 1). Howevestilit
consumes services provided by the other four sesvand
thus it has relationships with them. Further, wechdo
distinguish its contract parameters from other ises/
parameters. The domai@/D of the defined variables are:

CVD = {SQ_CVD, MFT_CVD, EA_CVD, CE_CVD,
SM_CVD}

SQ_CVD={1...70, 190, 8, 0...10}
MFT_CVD= {1...90, 160, 30, 0...25}
EA_CVD= {1...100, 95, 15, 0...30}
CE_CVD={1...40, 10, 0...8}
SM_CVD = {??,2?,22,27}

Note that the domains of Stock Manag&W(_CVD)
need to be derived and changed fr8@_CVD - CE_CVD
and based on the constraints defined below. Inratioeds,
we need to find the values of all Stock Manager'SQo
parameters that satisfy all
simultaneously. Furthermore, the service orchestratay
need to know the percentage of violation of Stocknkiger
contract when one or more of its or service progd®oS
parameters are changed during the negotiation pHdme
constraints on this contract composition are:

CC ={cq, c6, CG, CG, CG}

cc: SM.RespTime o + SQ.RespTime + MFT.RespTime +
EA.RespTime + CE.RespTimehere ¢ is the internal
overhead of Stock Manager service.

ce: SQ.Throput< 190 && MFT.Throput < 160 &&
EA.Throput<95

cc: SM.InfoVald < SQ.Infovald && SM.InfoVald <
MFT.Infovald && SM.InfovVald < EA.Infovald &&
SM.InfoVald< CE.InfoVald

cC: SM.CallCost> o + SQ.CallCost + MFT.CallCost +
EA.CallCost + CE.CallCost,where o is the sales
commission

EA.InfoVald,

the below constraint

cG: SQ.CallCost< 10 && MFT.CallCost < 25 &&
EA.CallCost< 30 && CE.CallCost< 8

Fig. 2 (the upper half including the constraintgpidts
the formalization of the Stock Manager compositatkart
scenario and shows the relationship between cdntrac

SQ.InfoValdgarameters of the provided services and the conepose.

The second part of the Figure (the lower part) esponds
to the tool design which is discussed in detailshie next
sub-section.

Suppose that the Stock Manager orchestrator detides
allocate the following initial values (domains) fille Stock
Manager contract parameters:

SM_CV= {SM.RespTime,
SM.CallCost}
SM_CVD ={1...160, 1...150, 1...180...73

SM.Throput, SM.InfoVald,

Now s/he needs to analyze the percentage of contrac
violation that would occur as a result of value bimations
of QoS contract parameter values. By entering bd t
scenario contracts’ parameter variables, their asland
constraints to a solver algorithm that checks viofa of
constraints (discussed in Section V) we can getbdoation
of QoS contract parameter values that that leadbsistent
or inconsistent composite contract (based on tH:ete
constraints.) Fig. 3 and 4 show samples of suclsistanmt
and inconsistent cases respectively. The algorithith
iterate through all possible value assignmentbégoroblem
variables and check satisfaction of all constraints
simultaneously.

As shown in Fig. 3 (first set of ranges), although
response times of service providers are respebtgdtheir
total violates the ccl constraint. In case 2, thfermation
validity values of SQ, EA and CE contracts are ldsm
what SM promises. There are many other value

ombinations that lead to such contract violatismilarly,
ig. 4 shows some contract parameter value combimgat
that ensure satisfaction of all composite contcactstraints

at all times. The designers need not to worry alfioding
such cases as the tool supposes to do so. Inskeadcan
analyze and reason about most critical cases ansidsy
them for negotiation with service providers anddesign
the composite contract based on assigning new sgloe
the composite contract parameters) which lead ghéhri
consistent states. Based on these consistent/istemts
cases they can also find percentage of contratatioa of
particular ~ composite  contract parameter  values.
Furthermore, they can keep tuning these valuesoand/
negotiating with the service providers about predd
contract parameter values until they reach cepgancentage
of consistency or violation which can be acceptgd b
consumers of the composite service.



orchestrator can then adapt QoS contract parammatees
until particular violation percentage is reachedy.(ethe
average). Further, this can help them in generatifigrent
contract versions according to the service consugper or
needs. For example, if the service consumer is @ ve
important client to the composite service, then gbevice
orchestrator needs to find better contract
values/ranges that minimize the violation perceatiwgn for
a normal service consumer.

In addition to these functionalities, the toallvalso
provide ‘Change QoS parameter vallids adapt contract
parameter values according to certain conditionsh sas
reducing the violation percentage to a certain e/althese
functionalities are aimed at support the orchestiatasks
during contract construction and negotiation presgesign.
Their output can help the orchestrators to analyaous

Stock Manager contract violation- value combinasion
{{ 4052,18,5},{67,15,23,13},55,10,18, 18},£0,20,2}}
{{31,52,10,5},{24,15,27,13},{41,101 5, 18} {18,10,2}}
{{ 53,1909,5},{ 72,160,26,13},£$3,95,12,18},{32,11,2}}

Figure 3.Samples of SM contract violation cases

Stock Manager consistent contract- value combimatio
{121,92,18,5},{24,86,23,13}.{49,10,18, 18}.{14,20}
{{35,87,16,5},{15,87,25,13} {42,87,17, 15},{14,15}3

productive manner. Furthermore, it helps the ofches to
think about witting exceptional handling for crilccontract
violation cases that cannot be handled with thecifipd

Figure 4.Samples of SM contract consistent cases

As a result, different composite contract versicas be

paramete

contract cases and reason about them in a timety an

generated and agreed upon with different
consumers.

B. Tool Support for Ccomposite Ccontract Cconsistency
Checking

In this Section we discuss the tool design to stpihe
automation of composite contract consistency cimeckis
shown in Fig. 2 (the upper part), the designers us the
provided contract parameters and their domainotsteuct
appropriate constraints between them and compositiact
parameters (this has been discussed in sub-séc)iétart of
our plans for a prototype implementation is theigtesf an
interface that helps the designers to easily anckiyubuild
composite constraints from several service corgract
parameters. The interface aims at facilitating designer’s
task by enabling them to select contract paramdters a
predefined library and to specify their domain eslult also
provides essential mathematical and logical opesatioat
are required to constructing constraints. Suchfite would
be more useful when it is integrated with WSLA feamork.

As shown in Fig. 2 (the lower part), the input e tool
is a set of contract parameters, their domains toed
relationship between them, i.e., the constrainte dutput
depends on the selected functionality. We show som
examples of consistent/inconsistent cases gendoatstl on
the Stock Manager scenario (see Fig. 3 and 4.) Th
“Generate combinational QoS rangédanctionality enables
automatic generation of the domains of the comeosit
contract parameters using the involved service raots.
This would consider different factors such as batan
different parameter values so that some parameisgs
increased and others are reduced. For instancdingdin
contract domains that minimize the composite cahtra
response time and maximize the information validityl at
the same time have the minimum contract violatio
percentage. TheCheck violation percentafjdeature will
allow the service orchestrator to know the peragmntaf
contract violation that would result during servieeecution
and due to combination of contract parameters sallibe

servicglomains.

V. SOLVER ALGORITHMS FOR THE COMPOSITE

CONTRACT CONSISTENCY PROBLEM

There are several solver algorithms for solving G$P
different domains (see [5] for a list of some caoaist
solvers). Such solvers are based on systematicchsear
algorithms and Atrtificial intelligence techniqueSenerate-
and-test [4] is one of the well-known algorithms igth
generates all possible value combinations and tiesh
whether or not they satisfy all constraints. Sulgothms
can be utlized for generating all possible
consistent/inconsistent contract value combinatidnsour
tool investigation, we conduct some experimentsgiZDC-
Rostering tool [6], an application that enable niiodeand
solving CSPs with a focus on Scheduling and plannin
problems. It provides different solving techniqueeh as
generalized Forward Checking solver, Linear Prognarg
solver and local search solvers and Genetic Algmist We
experienced efficiency and performance problemhb thiese
algorithms. For example, it took the applicationddime to
find all possible value combinations that lead tmsistent
combinations of contract parameters (based on ithded
Eonstraints). Such problems make the approachnewhat
impractical. Therefore, we research for ways on how
ﬁnprove efficiency of CSP solving algorithms.

Backtracking [4] tries to gradually extend tizr
consistent value combinations toward a complete lope
recurrently selecting a variable value. Obviousthjs
technique is useful for finding consistent casesweéver,
late detection of inconsistent cases is a disadgenof this
approach. To explore inconsistent states earlidr reduce
search space, different techniques such as nodgstamcy,
arc-consistency and path consistency which aredbase

Mconstraint graphs [4] could be also used. Forwaetking,

look-ahead and look-back techniques were resulteth f
integrating consistency techniques and search itigus.
Full details of all these algorithms and techniqaes be
found at [4].



To this end, we believe the feasibility of implertieg
efficient tool (as discussed in the previous Segtits
possible. Having said this, the utilization of d&ahie
algorithms (discussed at [4]) (with some custonnagtwill
help achieving the goals of our proposed tool. Herd are
different functionalities (discussed in sub-sect®)) there
will be a need for implementing different solversda
algorithms to achieve these functionalities. Thégjuires
more empirical studies that include, but not limitéo,
complexity analysis and performance evaluationxiteg
algorithms, solution’s optimization, Implementaticend
technical details of the proposed model and algarst In
fact, the prototype implementations of such algong and
their performance analysis and evaluation requivether
individual research studies that are focused owirgpland
optimizing consistency checking of QoS contracepaaters
in composite services. These are main parts offuture
work.

VI. DISCUSSION

The model presented in Section Il aims at progdin
generic framework for
parameters and their relationships as a CSP. \lesiaind

constraints need not to be represented in any apeci
notations which make them easy to be constructatl a

understood by service designers. Further, theyespand
directly to the real problem entities making theloser to
the original problem. Constraints can be solvedeuit the
need to be translated into other simplified forrsulén
addition, their construction would not be a comgigd task
as constraints need to be derived from existingtraoh
parameters’ values and by using basic mathematiodl
logical operators. The existence of wide range@drihmic
search and optimization techniques for solving G&&ke
automated tools development for consistency chegckiore
feasible.

Those variables and constraints are key inputhfertool
design (presented in sub-section B.) The explaratd
consistent/inconsistent cases requires exhaustaeclhsing
techniques that generate and test various statesn E
changing or tuning contract attributes’ values negue-
checking of contract consistency in a timely manrieis

almost impossible for designers to achieve suclkstas

without the tool support. In addition, the tool ckatilitate
analysis and reasoning tasks. For instance, itgeserate
percentages of contract possible violation casatsabuld be

modeling composite contrac

TABLE I. CONSISTENCY PATTERNS OF VALUE COMBINATIONS
Attribute values/contract satisfaction Composite
contract
Consistency Patterns
All contract parameter values satisfy their Not violated
own contract guarante
One or more attribute value violate their Not violated
contract agreement
Inconsistency Patterns
One or more attribute value violate their Violated
contract agreement
All attribute values satisfy their own contragct Violated
guarantees

To achieve this, the designers need to specifyntbet
appropriate values for their contract parameterd toeir
violation percentages Thus, they need to generat®us
consistent value combinations that meet expectwtbitheir
consumers and based on which they precisely cveaigus
contract versions.

We assumed that service providers are concrete to

narrow down the scope of our study. In reality, vited

tservices may be composed from other Web services.

Furthermore, there are more complicated compositiother
than sequence of services, which involve contnalcstires
uch as conditions and loops. Currently, such ttres can
e taken into consideration when service desigoanstruct
constraints that determine weight of each conracameter.
For example, they can specify high weight on patarse
that denote QoS of providers which are invoked mangs
in a loop execution. While these issues add a lafer
complexity that challenges our proposed model, elete
that some existing researches in the literature.g.,([7])
proposed approaches on how to compute valuatiohgetf
service compositions. Such approaches would suppart
assumption and help on focusing on other issues.

We found out from the precise analysis of some wutp
samples that although all contract parameter vahmsld
satisfy their own contract guarantees, but theee some
cases where the composite contract could be bréaches,
satisfaction of service providers contract attrésutvould not
always lead to consistent composite one. Tableolstall
possible pattern categories that would result freatue
combinations.

VII. RELATED WORK
Through examining the literature, we classify teted

caused by each contract parameters or group of .therftudies into two main streams namely, formal mogetnd

Accordingly, the designers can then decide on pyiaf
adapting or changing contract parameter values with
highest influence on the composite contract (egsponse
times). Generating inconsistent case of contrakitegaalso
has its benefits. They can be used as a basisf@laping
proactive strategies during service orchestratiwi handle
most critical ones through exceptions.

Another benefit of the contract consistency chegkool
is to support contract versioning. For compositeise it is
sometimes essential to develop different contrastances
with different parameter values to meet variousesymf
consumer requirements or importance.

specification of consistent contract composition 9§ and
constrained-based approaches for Web service catiopos
orchestration and their monitoring [10, 11, 12]. iWh
Ishikawa et al. used event calculus to specify taimgs on
composite contracts and reason about their consigte
Lamparter et al. built their formal modeling of ¢t@tts on
DOLCE (Descriptive Ontology for Linguistics and Crtiyve
Engineering). Our goal is not another formal maugli
technique for contract composition, but simple espntation
of contract parameters and their relationshipsrdento be
used as input for exploring consistent and incoesiscases
in service composition. The designers need noédaonl how



to write event calculus predicates or ontology msoto
represent and
contract parameters. Variables in CSP correspardttyi to

The implementation of the proposed framework amdl to

reason about the dependencies betweme among the most important items for our futurkw

Considering other contract parameters such asyutdrid

the real contract parameters (e.g., QoS) making CS&nd context parameters is also another essentiakefwork

representation closer to the original problem. tenmhore,
constraints can be solved without the need to &eskated
into other simplified formulas. This makes the peob

formulation and the problem and the solution easy t

understand by both humans and solvers.
Although the constraint-based approaches [10, 2]ifot

dynamic service selection and composition used la&imi

approach (i.e., CSP), but our research objectiifésr drom
these researches. Specifically, our research dimoading
support to service orchestrators during design-timnesason
about contract consistency and make decisions éterb
service orchestration. In contrast, Channa et aiud on

dynamic composition CSP optimization approach based

various aspects such as cost, QoS and procesgaiotsst
The agent-based technique [11] utilizes fuzzy ithisted

CSP to model and solve QoS —-based composite contrac

constraints. Our approach does not consider siatisfsll
providers’ local constraints as it is central te tomposite
service only, i.e., the orchestrator. The const@ibased

service composition in [12] is basically based dre t

functional requirements of the composite service.other
words, the optimal service selection and execuéibmun-

time depends on user selections and preferences. O

approach focuses on the most common criteria @gtract
parameters including QoS) during service desigh whuaild
cause contract violation and lead to losses.

While Rosario et al.
probabilistic approach [13] to soften QoS paransetier
service composition, our research deals with Qo8mpeters
in the form of hard bounds. Their tool TOrQuE (Tdot
Orchestration simulation and Quality of service IH&ton)
enables  constructing  probabilistic  contracts,
composition and monitoring for Web service orcledsin.
According to our best knowledge, hard constraimts the
most commonly used technique for contract agreesremd
service composition in research and practice.

VIIl. CONCLUSION

This study has introduced a generic framework for

modeling composite contracts as a CSP and basé&goén
parameters. It has illustrated solving contract position
problem, i.e., specification and adaptation of Qm&tract
parameters’ values of the composite service. Tlopgqaed
CSP framework and solving approach provide a thieate
foundation for
composite contract so that they facilitate compgosantract
development. Based on this foundation, we alsaudsed an

initial design for tool support to automate contrac [12]

consistency checking and analysis. Furthermore,siaav
how the tool could allow varying QoS contract pagten
values and check possible percentage violation ¢batd
result during composite service execution. Timeirgavs
one of the obvious benefits for service orchestratn
addition, our approach will enable developing maiable
and consistent composite contracts once it is imptded.

proposed a comprehensive

their

modeling and solving constraints on

item. In addition, modeling and solving more coroaled
compositions that involve conditions and loops naede
investigated.
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