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Abstract— The SOA (Service Oriented Architecture)
paradigm provides important advantages like interogrability,
reusability and flexibility required in the area of business
applications. In our research works, we focus onme use of SOA
to implement inter-organizational workflows (IOWF). Our goal
is to obtain IOWF models flexible enough in order ¢ ease their
adaptation at build-time and at runtime, because swices are
loosely coupled components, easily invoked and imtgerable.
This paper focuses on specific and well common IOWF-
architectures defined in the literature; it deals vith adaptation of
IOWF process models obeying to these architecturegirst, we
define the concept of Service-Based Cooperation Ratn (SBCP)
that supports service-based IOWF models meeting onef the
specific architectures considered. Then, we state &et of
recurrent operations of adaptation (attached to preess and
interaction aspects) that can be applied on servideased IOWF
models, and we illustrate their implementation forlOWF models
specified with BPEL.

Keywords—IOWF, SOA, Service-Based Cooperation pattern,
Orchestration Function, Adaptation Pattern.

. INTRODUCTION

The concept of B2B (Business to Business) has be
promoted with the use of business oriented techydosuch
as workflow [1] and web services [2] supported leyvice
oriented architectures (SOA) [3]. Since the yea@@®@0many
works deal with the combination of WF and web smesito
build collaborative business applications suitatdead-hoc
cooperation orstructured cooperation. Ad-hoc cooperation
means that the schema of the business procesdinedi®n
the fly at runtime and process instances don't seardy
follow the same process model. In structured caatjsT, the
steps of the business process and interactiofeinytstem are
well defined resulting in an IOWF model clearly ided; so
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together. However in their initial form, these atebtures
were subject to criticisms because of their rigidiind the
difficulty to adapt business processes to supgmnhges [6].

Due to internal and external events and new market
constraints, businesses should continually or dcoaly
adapt their business processes. So, the final ibsgeof our
research works is to propose mechanisms provifiiénxgpility
of IOWF process models suitable to structured cradjm.
We define flexibility around three main axes whicine
adaptability, evolutivityandreusability.

But before we get to deal with flexibility, we shdihave
process models which are flexible enough to support
adaptation, evolution and reusEor that, we use a SOA-based
approach to define Service-Based Cooperation mRatter
(SBCP) corresponding to the basic architecturemel@fin [4]

[5].

The main issue of the current work is to deal wiith first
aspect of flexibility which is the adaptability @®WF process
models. Then, we describe our framework of adaptati
composed by a set of adaptation patterns that we ha
plemented for IOWF models specified with BPEL. We
us on process (functional and behavioral) ameractional
perspectives.

However, in order to ease the comprehension opéper
and to make it self-containing, we introduce in engyic
manner, the concept of SBCP. So, we propose aiganeta-
model for SBCP in order to exhibit the main coneefur
IOWF definition using SOA-based approach. We dtadié the
basic IOWF-architectures considered can be impléaden
throughglobal orchestratiorof services in case of centralized
or hierarchized control aodistributed local orchestrationsf
services in case of decentralized control, accgrdio

all process instances should follow the IOWF modekonstraints relative to each architecture. The nupiestions

implemented.

In our research works, we are interested in stredtu
cooperation supported by the concept of inter-degdional
workflow (IOWF). In [4] [5], generic architecturesf IOWF
have been defined to support structured cooperafibese
architectures are theapacity sharingthe chained executign
the subcontracting the case transfer the extended case
transfer and theloosely coupled WFwe consider them as
basis of cooperation models between businessesid®they
cover a wide range of existing business processes shey
express the different ways in which businessesccaperate

that we had to answer are: how to structure wowdlamplied
in cooperation into services in order to meet aipd OWF-
architecture? What is the appropriate type of atdtHow to
define interactions between services provided bijemint
partners?

The rest of the paper is structured as follows:tiSed|
explains the motivations of our research. Sectibmpresents
some related works attached on one hand, to IOVigFoaphes
and on the other hand, to patterns-based appraoaSketon
IV synthesizes the necessary background to understae
paper such IOWF process definition concepts anécsyof



flexibility of IOWF models. Section V lays the bef our
approach for WF interconnection using services;eheve
explain the concepts of SBCP and orchestration tiiumc
Section VI describes the basic adaptation pattproposed.
Section VIl gives some implementation details amction VI
summarizes the paper and talks about future works.

The need of flexibility in IOWF processes comesniro
business constraints like new market demands, egitat
changes of organizations, the need of additiorsdueces and
competencies and from technical constraints due
technological evolutions. These constraints ancersttiorce
businesses to review their processes in order tkenthe

MOTIVATIONS

. RELATED WORKS

With the emergence of SOA and web services stasdard
many research works deal with orchestration and
choreography of web services [8], [9], especialfsdd on
BPEL4WS [10] in order to build business processesdivice
composition.

Other research works such as [11], [12] show therést of
combining BPM (business process management), veavkfl
and SOA for the re-use of services to constructadyin
business processes. This had a great impact ingtiregrB2B

téelationships since several approaches and plasfonave

been developed to support the B2B cooperation UalRgand
SOA. Instructuredcooperation for example, we can cite some

necessary adjustments using the adaptation meahmnisapproaches like CoopFlow [6], CrossFlow [13], Ciyssk

offered.

Globally in our research works, we set two mairectyes:
the first one is to propose a set of generic caatf®er patterns
supporting flexible inter-organizational processd®is. These
models correspond to fairly common |IOWF-architegsur
defined in the literature [4], [5] covering a largember of
existing processes. The cooperation patterns tieapnopose

[14], Pyros [15] and e-Flow [16].

Also, flexibility is an important property to betisdied by
business processes and their systems allowing thesumpport
changes. Even if some approaches like CoopFlowgsPgnd
e-Flow provide internal adaptationof workflows without
compromising the coherence of the global proceswrge
number of the proposed solutions are not flexibh®ugh

are based on SOA paradigm and called Service-Basdtfcause they are closely coupled with the platfori8s for

Cooperation Patterns (SBCP); a service which iscwral
concept of SOA correspond to a loosely coupled@atiorm

independent component. The second objective ofesgarch
works is to implement frameworks of adaptation, letion

and composition (for reuse) patterns that can Ipiexpon the
IOWF obeying to the SBCP proposed.

The idea of using services to build collaborativesibess
applications is not new. The motivations behind thome
from three main points: (1) the relevance of sevic
orientation, (2) the benefits of service orientatifor the
information system and (3) the benefits of servidentation
for the cooperation. For the first point, the cqstcef service
(particularly web services) provides credible answeo
constraints and problems attached to the informasigstem
like the luck of flexibility, the reluctance to opeess and
those attached to the cooperation like the nequdserve the
autonomy and the confidentiality [7]. For the set@oint, the
service-based approach provides a certain degriexidility
to the information system by easing the particgratin new
business opportunities and meeting new market désadfor
the third point, the cooperation between businessnprs is
realized by service composition [7]. Then, busieessrovide
their services with a certain degree of abstraction
publishing them through their interfaces; this Mo
preservation of autonomy and confidentiality.

Also, for adaptation, we use a pattern-based appraa
order to enumerate the adaptations that can oepgatedly in
IOWF processes. This allows modular and
implementation of the proposed patterns startingh wi
elementary patterns and going to more complex bpeguse
of the first ones.

any changes, they impose to re-adapt the interfacesto
newly build the structure of interaction. MoreoveWF
flexibility is perceived at two complementary lese(1) at the
system levelhe flexibility defines the ability of a WFMS (WF
management system) to face unexpected and erroneous
situations [17], [18]. (2) at théevel of process modethat
defines the ability of a process model to be addpta
evolvable and reusablanany research works have been
proposed describing different techniques such aptation
patterns [19], [20], [21], rule-based adaptatiottgras [22],
[23] and constraint-based modeling [24] to supfilertibility

of process models. For example, in [21], the asthdentify
the most important process change patterns andgehan
features for PAIS (process aware information sysjerm
[25], a framework was described using adaptatidtepss and
aspect—programming in order to support processtatiap for
BPEL engines.

The concept of pattern was initially used in sofeva
engineering as the abstraction from a concrete famch
keeps recurring in specific non-arbitrary contekt. the
workflow area, this concept has been usually usethdisiness
process modeling [26], business process improvenoent
changes [21], [25] or exception handling [27].

In this paper, we describe our framework of adamtat
composed by a set of adaptation patterns that eampplied
on IOWF process models specified with BPEL. Thatakits
modularity, our framework of adaptation is easily

reusabl@aintainable and extensible. The process modelsidemed

obey to specific IOWF-architectures which are inntu
implemented according to a set of service-basegeamabion
patterns (SBCP). A SBCP is a concept that we dadiising
three main dimensions: service, orchestration fancend
interaction.



V.
A. IOWF Definition

BAsIc DEFINITIONS AND CONCEPTS

An IOWF can be defined as a manager of activities

involving two or more workflowsautonomous possibly
heterogeneouandinteroperablein order to achieve a common
business goal [4].

B. IOWF Architectures

In [4][5], generic architectures of IOWF have beksfined
in order to support structured cooperation whichstmabey,
depending on the needs of partners, to a schenslycle
defined. These architectures are thepacity sharing the
chained executignthe subcontracting the case transferthe
extended case transfemd theloosely coupled WFThese
architectures have been characterized accordingigomain
dimensions: theartitioning of the procesand thecontrol of
execution Regarding to the first dimensiotwo types of
partitioning are distinguishedprocess schema partitioning

Fig. 1. Meta-model of IOWF Process Definition
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D. Flexibility of IOWF Models

As already evoked in the introduction, the enviremiof
businesses and the business processes describ&ig th
behavior are naturally dynamic, because they angiramlly

andinstancepartitioning. Process schema partitioning meanssubmitted to new market constraints and unexpeetets.

that the IOWF process model is implemented as feagsnat
the partner's sites. Instance partitionimgeans that the
execution of a process instance is distributed amtre
different sites in a disjoint manner (at each momem
instance is located at one site).

Since IOWF are distributed systems, the contréhstance
execution can beentralized decentralizedor hierarchized

Indeed, a business process is perpetually subjechanges
calling into question its structure and its valditSo, a
business process should be flexible enough in dodsupport
these changes.

Through the concepts exhibited on the meta-mosket (
Fig. 1.), we can see that an IOWF model covers foain
axes:procesgconcepts of IOWF, WF, conditioapoperation

The control iscentralizedif the execution of process instancespattern, partitioning type and control mod@xganization

is delegated to one system that also managestathations
between the systems of partners; this is suitable tlie
capacity sharingThe control isdecentralizedf the execution
of instances is distributed among the systems lopatners
and each system manages itself its interactioris thié other
systems, this is appropriate for tlohained executionthe
loosely coupled and for the (extended)case transfer
architectures. We say that a controlhigrarchizedif each
system manages its own WF and there is one prinsystem
that controls interactions with one or more secondgstems,
this is suitable for theubcontractingarchitecture

In the following, we exhibit the main concepts @WF
process definition and we introduce the concemboiperation

(concept of partner), data and interaction (concepts of
interaction structure and interaction pginEonsequently, we
can affirm that the constraints of flexibility i ©®WF models
are not limited to one axis, but cover the foursaxe

Also, we perceive the flexibility of process mod#isough
three main perspectives: adaptability, evolutivitgnd
reusability that we define as follows:

The adaptability of an IOWF process modelefines its
capacity to easily support changes while maintginthe
coherence of the process after changes, the overall
functionality and the cooperation (the set of partih Hence,
an IOWF model isadaptableif one or more of the entities

pattern that we define using three main dimensionstWF, condition, data, interaction points) composingan be

partitioning, control andinteraction.
C. IOWF Meta-model

modified without affecting the global functionalitgf the
process and the cooperation.

The evolutivity €alledevolutive adaptabilitypf an IOWF

Fig. 1 bellow shows a meta-model of IOWF process, ocess model is its capacity to acceppansiorof its global

definition, we can see that an IOWF process madkefined

by a set ofWFs (fragments of the global IOWF) and a

cooperation pattern Each WF is attached to partner,
manipulatedata and is submitted teondition of invocation.
A given cooperation pattern
architecture of IOWF; it links two or more workflewand is
defined around three main dimensions: the partitipmof the
process, the control of execution and the structofe
interaction. This last is defined by a set of iatgion points
between WF fragments. Intuitively a cooperation tqrat
defines the manner in which WF fragments are thisted
among the partner’s sites, how the execution ofaimses is
managed and how WF fragments interact together.

is attached to a specif

functionality and/or expansion ofcooperation inducing
additional business partners and so additional Ydgnfients
where maintaining the coherence of the processsayethat
the IOWF model igvolvable.

The reusability of a model defines its capacity to be easily
integrated with another model in order to build enand more
complex models. Then, an IOWF modelrésableif it can
be manipulated as a separate entitQWF) and to be
integrated to other models in order to build mooenplex
IOWF processes which cover more functionalities and
services.



Let's notice that in our work, we focus on flexibjl
reflected at process and interaction axes (althaugtvolves
and also draws on other levels — data and orgammat

In order to make the paper self-containing, weoittice
the following section to explain the basis of oppaach of
WEF interconnection using the SOA concepts.

V. BASIS OF OURAPPROACH
In our previous works [28] [29] [30], we have catesied

Technically, a service has an interface and a gxinr
allowing its invocation in accordance with syntacgsemantic
and QoS constraints. Similarly, a WF has a desoripnd an
interface (set of API) for its invocation from ahet WF
through the interface 4 of the reference model psed by the
WFMC coalition. Thus a WF process (or sub-process) be
considered as a business service performing a defihed
functionality and that should be invoked throughimterface,
under some constraints. Hence the idea of encapsuaWF
process in a service which is a loosely couplegraperable

each basic IOWF-architecture and we have defined and platform independent component.

corresponding SBCP in order to deal with IOWF medel
flexible enough to ease their adaptatibhe main idea of our

approach is to encapsulate each WF fragment insingle
(composite) service or a set of services dependingthe
IOWF-architecture to meet.
A. Encapsulation of a WF Process into Services

The encapsulation of a WF process (or a sub-prpoass

B. Service Based Cooperation Pattern (SBCP)

With our vision, interactions between WF fragmetis
to invocation of services provided by several parn For
that, our approach focuses on three main questjthsiow to
structurethe WF process into services? (2) Hovetdmtrol the
execution of instances? (3) How tdefine interactions
between services provided by different partners@s&hhree

a service is possible due to conceptual and teahnicquestions exhibit three main dimensions that wetostefine

similarities between the concept of WF and the ephof
service.Fig. 2 exhibits these conceptual similarities.

e Conceptual Aspects

A WF process is attached to a business partnera as

business service. A service is eventually compdsedther
services (components), in the same manner a WFegsois

eventually composed by sub-processes having thee sam
of Fig. 3. Meta-model of SBCP Definition

structure as the global WF. At the lower level

decomposition, a WF process is hierachized intivities; an
activity uses/produces data, it is submitted toransition
condition and can invoke external applications.oAks service
is hierarchized into operations (activities); easperation
uses/produces data, it is submitted to a pre-dond{analog
to transition condition) and can invoke externalviems
(applications).

Fig. 2. Correspondence of Concepts — WF vs Service
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In addition, a WF process covers a global
functionality that can be decomposed into sub-fionetities
performed by sub-processes. Service in turn, hagohal
business functionality that can be decomposed &uib-

the concept of SBCP. Here, we define a SBCP inreenme
manner (covering all the IOWF-architectures congdg in
order to exhibit the main concepts for service-daK@WF
definition.

A SBCP is defined by three main dimensions: the

distribution of services on the partner’'s siteg tontrol of
execution and the set of interactions like showrrign 3.

Links

Control Flow SBCP
Operator
1. ’
Jses
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Regarding to the first dimension which is tiiistribution

of serviceswe consider that each service encapsulates part o

all of the WF process and is implemented at thénpgs site
that provides it. This dimension corresponds todimension
Process partitioningwhich is defined for the initial IOWF-
architectures. From the perspective of a givenngarta
service can be implemented locally (local servimeprovided

businesBy an external partner (external service).

The second dimension which is tkentrol of execution
(centralized, decentralized or hierarchized) is resped
through the concept of orchestration function Hizdtracts the

functionalities performed by the service componentssiructure of the process in terms of control flowmda
Therefore, we can say that a WF process is conalyptu interactions between services composing the 10Wiegss.

similar to a business oriented service.

» Technical Aspects

Hence, in case of centralized control, there is gtabal
orchestration function implemented at the site 10é @artner
that controls the execution of the whole IOWF. Byirast, in
case of decentralized control, there is a set dafallo



orchestration functions. Each orchestration fumctids Fig. 4 bellow illustrates the concept of orchesbrat
implemented at one partner site and allows therobof the  function using our notation; we give an examplel@WF
fragment implemented at the same partner site.alse ®of obeying to the ¢hained execution” pattetnThe process
hierarchized control, there is one global orchéistnafunction  schema describes an IOWF implying two partnerstnparl
that controls the invocation of internal and ex#érservices and partner 2 implementing their WFs as servisgéand S2
and a set of local orchestration functions thattmdnthe respectively. Partner 1 provides his WF composethigynal
execution of secondary workflows implied in the servicesS11, S12, S13, S14, Sahd partner 2 provides his
“subcontractingj cooperation. The concept of orchestrationWF composed by internal servic&21, S22and S23 For
function is defined and illustrated in section Qldoe. more readability and less complexity of the orctaiin
function, we can structure the process fragmertts litocks
Bij of sequential, parallel or alternative services. a
hierarchical manner, a block can be expressed usthgr
locks. The orchestration function can be represktty a
inary tree with two types of nodes: operators semdices.

The third dimension defines the interactions betwee
services of several partners implied in the IOWé&cpss. This
dimension is expressed via interactional activitie
(invoke/receive for asynchronous communication an
invoke/reply for synchronous communication).

. . Fig. 4. Example of orchestration functions
C. Orchestration Function and Control Flow

Like shown on the meta-model of Fig. 3, the conazpt
orchestration functiondescribes the control flow between
services composing the IOWF using basic controlwflo
operators.

Service 81 - Partuer 1 Service 82 - Partner 2
TABLE I. BAsIC CONTROL FLOW OPERATORS $1= Seq (Seq(Seq(Seq ( Seq (Sal, S11), Par (512, S13)), 814}, 815), Sout) §0= Seq{Seq(Seq (Seq (Sin2, $21). 822), 823) Sow3)

Bil=Seq(Sinl S11)  BI2=Per(S12813)  B3=Sey(Bi1312) Bll=Seq(Sin2,S2)  B22=Sey(BL,82)
Bi4=Seq(BI3,S14)  BIS=Seq(B14S15) 1= Seq (BLS, Sowt]) B3=Seq(B,823)  82= Seq(B23,Sout)

Operator Sehema

Orechestrarion fimerion

S-l'_l‘ culion 3
Seq 52 ' Seg (51,52)

VI. ADAPTATION PATTERNS
Simulraneous eicuIbn

f5l and 82 Par (52,53) According to the meta-model of Fig. 3, adaptatiofian
IOWF process model obeying to a SBCP turn to medlifbns
of the entities composing it that mea®vicesprchestration
functionsand/orinteractions Then, we classify our adaptation
Alr (82,83) patterns into three main categorieService adaptation
patterns,Control Flow adaptation patterns anihteraction
adaptation patterns.

Exf (52.83) A. Service Adaptation Patterns

These patterns concern the modifications that can b
applied on the services composing the IOWF prociese
modifications are typically adding, removing, repfe,
oy For (51,52, 53) merging of two services (sequential, parallel deralative)
and decomposing a service into a block of two sewi
expressing sequential, parallel or alternative eties. An
adaptation of a service usually induces modificatam the
orchestration functionusing it or a modification of closely
attached attributes likeonditionor data(see Fig. 3).

Exl

Seg (Alr (51,52), 53)

=iy "!E’Igéi.l?s'. and
e | Seg(Bd (51,52),83) « Adding, Removing and Substituting Services
xpredied using Bxf and
&g

o
i

il
(]

Ly

Adding a service is done in order to insert an tholokl
step in the process. The reverse operation of gddirthe
removingof services. Foaddingor removingof services, it is
to distinguish adding or removing of a service @re edge
language or platform._ . . . . composed by sequential services or in a block ceegwdy

Remark.To describe multi-choice — respectively multi- 1o edgesxpressing parallel or alternative execution. &bl
parallel - (more than two edges), we can decomposseveral  gescribes the basic patternsaufding services illustrated by
simple choices — respectively several simple pelrallocks.  generic process schemas and the correspomdifwgstration

In Table I, we introduce these basic operators aed
express them using a general notation independé&otly any

For exampleAlt (S1, S2, S3) is expressedAls (Alt (S1, S2),  functions We can see that there are elementary patterns

S3) orAlt (S1,Alt (S2, S3)). named AP1.1, AP1.2, respectively for adding a newise
before or after a service in the process, and thegemore



elaborated patterns like AP1.3, AP1.4 and AP1.5ciwvtare
implemented using elementary patterns AP1.1 or AP1.
depending on the location of the service to adddifg a
service in an alternative or a parallel block regsithe
generation of the appropriate condition using aavdzwhich

is provided to the user of our application.

TABLE II. DESCRIPTION OF SERVICEADDING” PATTERNS
AP1: “Adding Service” Patterns
Pattern Pattern Before adaptation After adaptation Patterns used
Reference| Description
APLI Addinte o = . o = .
e | EaEE e
& servies Seg(81,52) Seg (S2q(5%,81), 52) pattem)
AP12 Addinto u n Nome
sequence sftera SealS1,580) . e S (Elementary
servics Seq(S1, 82 Seq (Seq(S1,57,52) patiem)
AP13 AP11
Add o one sdes AP12
of inclusive
chaics
APL4 1
2
Add on onesde=s -
of exclusive
chaics
APLS APL
2
Add om one sdes AP12
of parallsl
exscution
Seg (Seg(S1, Par(52, 83)), 54) Seg (5sg(S1, Par(Seq(82,5"), 83)), 84)

Table Il shows typical operations of removing ef\dces
(serviceS2for example). Let's notice that two configurations
are possible when removing a serv&#&om a block with two
edges: (1) servic& is in sequence with other services, (2)
serviceS is alone on the edge; this results on two differen
scenarios for adaptation. These two configuraticare
represented only for inclusive choice, but they ailso
considered for exclusive choice and parallel exenoutWe
can see on Table Ill that AP2.1 is an elementattepaand
AP2.2, AP2.3, AP2.4, AP2.5,
AP2.1.

Another basic operation of adaptation concerns the

substitution (replacing) of services. This is tylg a
removing of the service to replace followed by adiag of
the new service. Then, the pattern AP3 (called viger
Substitution” Pattern) is implemented using pateAP1.x
and PA2.x for respectively adding and removing, eshefing
on the location in the process schema (in sequgrcallel or
alternative) of the service to be replaced. Updgatime data
flow dependencies between services is done afteh ea
operation of adding/removing of services.

Fusion and Decomposition of Services

The operation ofusioncan concern two services linked by
a sequence, an inclusive choice, an exclusive ehoit a
parallel execution, in order to simplify the prosesodel and
to abstract several services into one. Table [Viohel
describes these basic operations and the correisigon
orchestration functions modified after each operatifor
mergingS2, S3n a single servic&'. We can state that since
services to merge are in the same block, they be@asier to

d

are implemented using

TABLE Ill. DESCRIPTION OF SERVICEREMOVING” PATTERNS
AP2: “Service Removing” Patterns
Pattern | Pattern Before adaptation After adaptation Patterns
Reference | Description used
ap21  |Removefiom (=) None
e Seg (Seq(51.52),53) Seq(s1.53) (Blementary
R - R pattem)
AP21
AP22
of inclusive
AP23 AP21
B of
inclusivs choice
APZA | ddonons - AP21
dgs of paralle
exscution
Seg (Seq(S1, Par(Seq(81,57), §3)), 84) Seg (Seq(S1, Par (82, 53)), 84)

remove and to replace, because the blddk (S2,S3),Par
(S2,S3)or Ex| (S2, S3)is considered as a sing®mposite
serviceto be replaced. More elaborated operations of fusio
concern configurations such as services to memgaatrin the
same block. For example in a model described by the
orchestration functionSeq(Se®l, Par(S2S3)), S4) the
operation of merging1andS2cannot be done directly since
we must know if we maintain the parallelism or wend
maintain it; this information should be providedadditional
parameter. In both cases, this must be decompasied i
elementary operations of removing and adding ofglein
services or blocks.

TABLE IV. DESCRIPTION OFFUSION PATTERNS
AP4: Fusion Patterns
Pattern Pattern Description Before adaptation After adaptation Patterns used
Reference
AP41 | Fusionofseguence = (=] APLI
Sag (Seg (Seq(S1, 82),53). 34) Sag (Seg(31, §7), 54) g%f
Fusion of inchus e {s] AP1.1
choice 2
AP42 Sog (Seg(S1, §7), 54) g%;
Fusion of sxclustve [s1)}-{5] AP
choice 5
AP4.3 Seq (Seg(S1,5%), 54) giﬁ
AP4A Fusion of paralle! [+] 1
- execution 12
Seg (Seg(81, 57, 54) 35
Sag (Seq(S1, Par (32,53)), 54)

Then, the fusion patterns are implemented usingdaéng
and the removing patterns AP2.5 and AP2.6 which rene
represented on Table Ill, correspond to removingeevice
from one edge with a single service of paralleloexien and
of exclusive choice respectively.

The reverse operation of fusion is ttiecompositiorof a
service to obtain a block of two services that dam



sequential, parallel or alternative block. The deposition of
services can be done to improve the parallelisthénprocess
(parallel decomposition) or to add condition (aitgive
decomposition) due to new constraints or to haveerontrol
on process execution (sequential decomposition)cére see
on Table V that the decomposition of a service =®g0
removea single serviceS2 for example) and tadd a block
composed by two serviceS’(and S) linked by a sequence,
an alternative or a parallel operator. This exdime use of
adding patterns AP1.x and removing Patterns AP2.x.

TABLE V. DESCRIPTION OFDECOMPOSITIONPATTERNS
APS: Decomposition Patterns
Pattern Pattern Description Before adaptation After adaptation Patterns used
Reference
R — - i
sequence A
Saq(SeS1,52),59) | Seq (Seg (SegS1, 87,57, 59) A
Decomposition into “ AP2.
inclusive choice
AP52 Seq (Seq(S1. 52, 53) APL3
Decomposition into AP21
APS3 exclisive choice APLA
AP54 Decomposition into 71
parallel execution 15
Seq (Se4(51,87), 83) b
Seg (Seg(81, Par(8", 8")), 83)

B. Control Flow Adaptation Patterns

This category of patterns concerns modification tiod
control flow between services composing the IOW6&cpss,
without affecting the services themselves. Thigycally a
replacing of an operator of control flow by anothee can
replace for example a sequence operataeq)by parallel
operator fpar) (parallelization of servicesjo improve the
execution time of process instances, or
(sequentialization of services) if an execution aofservice
becomes dependant from another service, or altemaf
services if an execution of a service depends feomgiven
condition.

Even if there is no modification on services imglia the
IOWF, the implementation of the control flow patieruses
other patterns of adding and removing services Tsdxe VI)
because we have to update input and output daserefces
and also the conditions of invocation.

C. Interaction Adaptation Patterns

This category of patterns concerns modification thod
interactions between services composing the 10Wegss
and provided by different partners. Specificallpdating the
structure of interaction is done by adding, remgviar
updatinginteractionalpoints(see table VII).

TABLE VI. DESCRIPTION OF'CONTROL FLOW” ADAPTATION PATTERNS

AP6: “Control Flow” Adaptation Patterns
Pattern | Pattern Description Before adaptation After adaptation Patterns used
Reference
AP6.1 Sequentialization of AP11
servicss AP12
AP13
Pasallelization of AP21
AP62 services APLS
Inclusive Altemation AP21
APE3 of servicss AP13
AP6A Exclusiva AP21
Alternation of
serviees APL4
Seg(Seq (5eg(S1. 57,57, §3)
Seq (Ssq(S1, Ex(S", 7)), 53)

TABLE VII. DESCRIPTION OF I NTERACTION" ADAPTATION PATTERNS
AP7: “Interaction” Adaptation Patterns
Pattern Pattern Description Scenarios Patterns used
Reference
AP7.1 Add Interaction Point - Add an external service AP1x
- Substitute alocal service by an AP3
external one
Remove Interaction Point - Remove an external service AP2x
AP72 - Substitutc an cxternal service by a AP3
: - local one
Update Interaction Point - Update input/output data AP3
AP73 cxchanged
AP - Update the interaction mode
(synchronous/asynchronous)

On Table VII, we describe simple scenarios of aidgpt
interaction points. Then, for example, adding aterarction
point can be realized by adding an external serfpcevided
by an external partner) or by substituting a la=alice by an
external one in case of a new subcontracting fampte. This
can be realized using AP1.x patterns (dependingtten

vice versatructure of the process) for adding services erAR3 pattern

for substituting services. The update of interacipmint can
concern the modification of the data flow or thedification
of the interaction mode which can be done by stlisty
external services containing “receive” and “repBgtivities
for respectively asynchronous and synchronousantems.

VII.

A. Implementation Tools

We have implemented a framework containing theo$et
adaptation patterns previously described (and sthatterns).
For the development of our application, we havesaered
process models specified with BPEL and interprdigdthe
WF engine OPEN ESB 2.2, we also used a plug-in SOA
Netbeans. We have developed our framework usingldia
language and the IDE Netbeans, the applicatioresersed is
GlassFish server version 2. To implement the adapta
patterns, we have used the API jdom2 that eases the
modification on the code BPEL specifying the WF qasses

SOME IMPLEMENTATION DETAILS



since it is based on the XML language. For example
simply use the classlementimplemented in the API jdom 1
create a new XML tag.

Our framework of adaptation is as modular as ptes
since we imlement a separate class for each adapt
pattern. Then, we create a class for adding a ceafter
another service in a sequential branch, anothss éta addinc
a servicebeforeanother service in a sequential branch, anc
class for adding a sdce in an alternative blk, etc. This
eases themaintenance of the application and treuse of
existing patterndo implement other ones; for example
operations of substitution, fusion and decompasitiare
implemented using elementary operationf adding and
removing of services (see Tabl®s V and VI).

B. lllustration of the AP1.2 Pattern

Fig. 5bellow shows the interface related to implemente
of AP1.1 or AP1.2 patterns (add a service in secglerThe
designer of the WF process has to idtroe some paramete
like the name of the service (for example “NewSest) to
add, the inputs and outputs, the location (beforafer wha
service). Fig. 6 showshe code java corresponding to
implementation of the pattern APT'ald in sequencatfter...”

Fig. 5. Interface corresponding‘tAdding a service”

— — |

i L Ajouter

Propriétés de INnwocation

Interface: |r‘|x-'|:|k.eine'.n-5ervice

Mom du service: MewService -
Partenaire: newservice -
AJouber un serwvice: Ajouber

Operaton: newsService Operation -

Variable dentrée: newService_inpl_it

Variable de sorte: newSerwvice  output

Mode d'ajout: Sovant -

Quel service: Invoke S21 -

Suiwant I

| Annuler ”

" 1

Fig. 6. Part of the java code corresponding Adding a service’

+ and open the template in the editor.
*

package OperationPack;
Use of the APT jdom2
import org.jdom2.Element: €

“ @author user

public class Insererhvant implements Inserer{
private void insererAvant (Element eltcourant, Element eltnouveau) {
if ((eltcourant != null) && (eltnouveau != null}} {
Element e = (Element] eltcourant_getParent(}.clone();
eltnouveau. setNamespace(eltcourant .getNamespace() ) 7
if (e getMame() equals("sequence”]) {

eltcourant getParent () _addContent [ (eltcourant_getParent(] . indexOf (eltcourant] ),
eltnouveau); }
else {

Element n = new Element ["sequence”);

String s = "";

s = "Sequence_" + eltcourant.getAttribureValue ("name"] + "_" +
eltnouveau.getAttributeValue ("name”) ;

n.sethttribute ("name”, =);

n.setNamespace (eltcourant.getNamespace());

n_addContent (eltnouvean) ;

n.zddContent (eltcourant.clone ()} 7
eltcourant getParent () _addContent [ (eltcourant getParent(] . indexOf (eltcourant)), n);

Supprimer.remove (eltcourant];

b

Fig. 7bellow shows the specification BPEL of the proc
adapted after adding “NewService” after Service.

Fig. 7.The specification BPEL adapted after adding “Newief

<variable xmilns:tns="

srisblesy

<fron v:

<to>§311_Tnput parareters/inputS11</to
<feepy>
<fassiqn>

<from$811 Quipus.paraneters /return¢/frons
<todineiService input.paraneters/input</to>
</copy>
</aseign>
ice" doputl

<ta variables"Se] Inpus* part="Input2"/>
<eepy>
</aszigny

| Output” part="0uzgut2" />
13 Input.parameters/inpucS1a¢/to>
<feupy>

C. lllustration of the AP4.#atterr

Here we illstrate the implementation the AP4.4 pattern
corresponding to a fusiasf two parallel services (secable
IV). Fig. 8 shows a schema of a BPEL process containing
services in a parallel block.

Fig. 8. Schema ampecification BPEL of a procecontaining a parallel
block

</flow>

On Fig. 9, we shouhe interface of fusion and part of the c«
java corresponding to the implementation of thegoatAP4.4
“Parallel Fusion of services”. Fig. 10 shows thhesna of the
BPEL process aftemerging services Servicel and Servi
into one service “NewService

D. Update Variales and Conditio

In order to maintain the coherence of the procdter
adaptation, our application provides an interfald@néng the
update of the data flow (that meedata flow dependencies) in
the process. It is to select a service and all inpapiot
variables are displayedo the designer who selects |
appropriate input/output variab.

Also, when the adaptation concerns alternative Kspave
have to generate ¢hcorrect conditions of choice, then «



application provides a simple graphical wizard &y the
generation of simple or composite conditic

Fig. 9.Interface and part of the java code correspondiegrhplementatiol
of the AP4.4 pattern

Interfaces a fusionner

Interface n=1: service 1 -

Interface n=2: service2 -

Invocation fusion

MNom de linvocation: | newService

Mom du service: Traducteur -
Partenaire: TraducteurPartner -
Ajouter un service: Ajouter ‘
Operation: traduire -
Variable d'entrée: newServiceln
Variable de sortie: newServiceOut

Annuler ” Suivant

* @author user
*f
public class Fusion |

public static void fusion(BpelFile bpel, Element firstService,
Element secondService, Element newService) |
Element parentElement = firstService.getParentElement ();
int size = parentElement.getChildren().size();
Inserer insert = new Inserer@vant();
if (size > 2) {
insert.inserer (firstService, newService, null);
Supprimer.supprimer (bpel, "inveke",
firstService.getAttributeValue ("name")};
Supprimer.supprimer (bpel, "invoke",
secondService.gethttributeValue ("name"});
} else if (size = 2) {
insert.inserer (parentElement, newService, null);
Supprimer. supprimer (bpel, parentElement.getName (),
parentElement.getAttributeValue ("name"));

}

Fig. 10. Schema argpecification BPEL of a process after the the fust
“Servicel” and “Service2” into “NewService”.

E. Dynamic Adaptation

The scenarios described in the previous sectiosuitable
to staticadaptation that means the adaptation at -time that
requires the intervention of the designer to setdperation o
adaptation.

Let's notice that the adaptation patterns implemeérdar
also be applied at runtime combined with a techmiof
dynamic adaptatigrthis requires an automatic settiof the
needed parameters (service name/ inputiput condition,
etc.) to the operations of adaptatiéwithe current stage of o

work, we have onlysimulated dynamic adaptation
suspending process instes,then applying adaptation and
finally resuming the execution of the instances susperide
perform this simulation, we have used the API BPBinibr
containing the methods thatovide the manipulation of tt
process instances in execution; thesehods are:

» getBPELInstancesreturns the query of all instanc
in course of the specified process in parame

» suspendlnstancesuspends the instance specifiec
parameters.

» terminateAllinstance: resumes all the instances
suspended for a specifiprocess specified in
parameters.

To simulate dynamic adaptation, the user shouldifp
the composite application in which the BPEL procés
running in order taet the proce=-id. Then, using the process-
id, a specific process instance is stof to do the required
adaptation After that, the user should deploy the compc
application agairto take into account the adaptation me
Finally, the sugended instance is resumin order to observe
that the instance ru®nformably to the adaptemodel.

VIIl. CONCLUSION AND FUTURE WORKS

This paper deal with adaptability of IOWF modelsthe
contextof structured cooperatiolln our research works, we
consider process models obeying tcgeneric IOWF-
architectures defined in [4b]. Our contribution consists in
two main issues: firsto make the paper s-containing, we
introduced the concept of Serv-Based Cooperation Pattern
(SBCP)in order obtainOWF process models flexible enou
to ease their adaptation. #BCP is defined around three m
dimensionsthe structuring of the IOWF process into servij
the control of executiowhich isexpressed through global or
local orchestration functions and the structurendéraction
with external services provided by other partrinvolved in
the cooperation. The secofwhich is the main) issue of this
paper is to describeur framework ofadaptation patterns that
can be applied on IOWF models obeyinga given SBCP.
We focused on functional, behavioral and iactional aspects
of the process. & we have defined three categories
adaptation patterns: “Serviceadaptation patterns, “Control
Flow” adaptation patterns anc‘Interaction” adaptation
patterns. We have illustratesbme implementations of our
patterns on BPEbrocess mode.

The proposed patterns are applied on process modéie
design time As already evoked, e have only simulated the
processingof dynamic adaptation (at runtime) awe intend
to implement a tooto supportit, using the patterns already
implemented byetting automatically all parameters neede
apply a specific adaptation according to a spedfioation
detected by the WF engiiflike a failure, an unavailability for
a service or a servideterface change according to a gi
situation). Thigrequires the definition of a dynamic adaptal
technique such as a rub&sed techniqu

Another issue that we arecurrently developing is the
definition and the implementation of a set of eviol
patterns. We define operations of evolution (cakew utive
adaptation)basis on two perspectiv. the expansion of the



IOWF functionalityand the expansion of tle@operation The
expansion of the IOWF functionality is performedings
adaptation patterns already described that meaesvit®
adding” patterns and “Service Substituting” patserthe only

difference

is that the services newly injected [ev

additional functionalities. Also, we state that thgerations of
evolution, particularly the expansion of the coaien,

depend on the IOWF-architecture, we have implentkesbene
evolution patterns suitable to tlehained executiormand the
subcontractingarchitectures.

with reusability (well supported by SOA) of IOWFaguess
models which is another aspect of flexibility. Raliity
allows the combination of several IOWF obeyinghe same

or different IOWF-architectures,

in order to builthore

complex business processes based on existing Boeghis
issue, we are working to define a set of compasipatterns
for BPEL process models.
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