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Abstract: This paper reports a new approach to decentralized orchestration of service compositions. Our contribution is
motivated by the recent advances of service orchestration standardizations that enable the exchange of modeled
processes among different tools and organizations. Precisely, we provide an efficient process transformation
technique that converts a process conceived for centralized orchestration to a set qgfeespedcesse€ach
peer process is conceived to be executed by a dynamically orchestrated service. Assuming that services are
invokable with peer processes, we provide a decentralized orchestration setting where services can establish
direct interconnections via the peer processes that they execute. Our proposition considers conversation-based
services and dynamic service binding.

1 INTRODUCTION tions following the principles of peer-to-peer comput-
ing. The key question of this approach is how com-

Web services are emerging as a new standardized?©Sed services that work following simple "request-
response” and "one-way” communication modalities

way to design and implement business processes

within and across enterprise boundaries. Basic XML- €a" be able to establish direct interconnections with
based service technologies provide simple but pow- services other than the orchestrator that invokes them

erful means to model, discover and access softwaref©" the purpose of the same process that they are in-

applications over the Web. The tewrnchestrationis volved in.

used to describe the design and implementationissues In addition to basic service technologies, ser-
of the combination of distinct services into a coherent vice orchestration is the subject of various spec-
whole in order to fulfill sophisticated tasks that can- ification and standardization efforts. Among
not be fulfilled by a single service. Service orches- others WS-BPEL(IBM et al., 2005) (BPEL for
tration and workflow management have many simi- short) has emerged as the de-facto standard for
larities for both design and execution aspects. A ser- implementing service orchestration by means of
vice orchestration environment implicitly assumes a processes(Weerawarana et al., 2005). A major out-
centralized execution setting where orchestrated ser-come of process standardization is the common com-
vices interact with a centralized orchestrator service prehension and execution semantics that they pro-
as analogous to traditional workflow management. vide. With respect to commonly agreed process spec-
As the relevant workflow literature (Chen and Hsu, ifications, processes can be moved between distinct
2001)(Alonso et al., 1995) confirms, this approach tools and organizations and then it is very reason-
falls short of supporting a wide range of ubiquitous, able to assume that orchestrated services can execute
mobile , large-scale and secure process managemenfprocesses. Consequently, a service that can behave as
In view of these challenges, it is desirable to imple- an orchestrator can manage sophisticated interactions
ment decentralized orchestration settings where or-with other services following the application logic of
chestrated services can establish direct interconnecthe process that it executes. Following the motiva-
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DYNAMIC DECENTRALIZED SERVICE ORCHESTRATIONS

tion that services can be able to execute processes
this paper takes on the challenge of designing a tech-
nigue that enables decentralized orchestration. Our
proposition introduces the concept péer process
Peer processes are partitions of centralized orchestra
tion specification. Each peer process is executed by
a dynamically orchestrated service. Peer processes
behave as cooperating workflows during the execu-
tion and enable truly peer-to-peer interactions of or-
chestrated services. Thus, our precise contribution
is to provide such peer processes using initial peer
process specification. As we mentioned above, our Figure 1: Process Example for Insurance Case.
approach assumes that services can execute processes

which can be also considered as they are invokable

with processes rather than their regular input. The formation relevant tédospital(H) andPolice(P) ser-
proposed approach is not an attempt to solve all of vices that hold accident reports. After the invocation
the problems of decentralized process executions, ourof ES, P andH are invoked with the outcome pro-
aim is to provide a level of automation for the distri- Vvided fromES and aDelivery Service (DS) is pro-
bution of relevant peer processes on autonomous servisioned. It should be noted thBS provisioning ac-
vices. In the remainder of this paper, we present our tivity (a3) does not require any data providedB$.
model that enables decentralized orchestration with However,DS requires the outcome dfl when it is
peer processes. The proposed technique that provide§voked a second time by activity;. After the invo-
peer processes deals with many different aspects ofcations ofP andH, ConCUrrentIy received reportS are
decentralized orchestrations. First, it supports dy- used to invoke an independelntpection(ins) ser-
namic bmdmg of services and introduces a new syn- vice to decide whether the claim must be reimbursed.
chronization technique for services that are likely to The outcome ofns andH are sent to the policyholder
be concurrently bound. We consider the orchestration USINGDS (as). In this exampleDS is a conversation-

of conversation-based services where service inter-based service as it is invoked twice during the same
faces externalize the business protocol supported byProCess.

the latter. Moreover, with the modeled processes, we Centralized Orchestration. In a centralized orches-
are taking sophisticated control and data dependen-tration, all of the exchanged messages flow back and
cies of process activities into account. Next subsec- forth throughIC that is the centralized orchestrator
tion presents a motivating example and overviews our Service. For example, whe@ invokesES, the for-
approach. Section 2 describes a language independeriner receives the outcome &fS and then uses it to
process model that we use to reason with processesinvokeH andP. Similarly, the outcomes dfi andP
Section 4 presents the core of our contribution. Sec- are received bjC and senttdns fromIC. Inthe same
tion 5 discusses the current status of our architecturaltime, the outcome received frohhis also sent tdS
consideration while the last section reviews very re- fromIC in a successive stage of the process.

lated works and concludes. Decentralized Orchestration. If a decentralized or-
chestration setting is requireld; can invokeES and

ES that terminates its execution can send its outcome
to H andP. In the same time, as the first activity that
interacts withDS(a3) has a incoming control depen-
As example scenario, we consider the manner in dence withES, ES can invokeDS. Similarly, H and
which the claim of a policyholder is handled by an P can send their outcomes directly liws. It should
Insurance Company (IC) service. Figure 1 outlines  be noted that in order to executgof Ins, as must be
the process executed b®. It depicts different activi-  terminated. Consequent®S must informins about
ties that consist of service interactions with their con- the termination of:5. WhenH sends its outcome to
trol/data dependencies and interacting service identi- Ins as the input of:5, it can send the same outcome
ties. A control dependency expresses a precedenceo DS as it is used byig too.

relationship of two activities while a data edge means Dynamic Service Binding. One important point that
that the data provided by an activity is used as the must be considered is the dynamic binding of services
input of another. In the process, firé€ contacts rather than their binding at design time. Following the
Emergency Service(ES) that the policyholder con-  same decentralized approa&$ must be able to dy-
tacted at the time of accident in order to receive the in- namically bindH, P andDS before it sends its out-

- ~-m Data dependency =~ —— Control dependency

1.1 Motivating Example and Overview
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Figure 2: Decentralized Orchestration of Insurance Case.

come to them. In their turrd, P andDS can bind

commonly anins that they can invoke. It should be

noted thains must not bind the servid®eS to which

it can send its outcome, becau38 has been bound

in its previous step b¥S. However,Ins must know

the serviceDS to which it must route its outcome.
Decentralized orchestration can be enabled if the

service interfaces support sophisticated P2P interac-

tions. For example, in the centralized orchestration
H must have some operations that receive the identity
of the servicdns to which it must route its outcome
instead of responding tiC that invokes it. Thus, in
centralized execution, with its regular ing@can in-
form Ins about where to send its relevant outcome.
However, if all of the service interfaces do not in-
clude the relevant operations to support decentralized
orchestration, it is not possible to have the above set-
ting.

With our approach, we aim to enable sophisticated
P2P interactions via the peer processes that are exe

peer processes. As readers will notice immediately,
peer processes are not direct partitions of the origi-
nal process specification. They include additional ac-
tivities that enable interactions with other processes.
If the dynamic binding is supported, peer processes
must include activities that accomplish service bind-
ing operations. For example, S, H andP are re-
quired to be dynamically bound, the first peer process
that must interact with them, which 1&g, must bind
them. Moreover, their corresponding peer processes
that arePps, P, P- must be deployed b¥ks in or-

der to involve them in the overall decentralzied or-
chestration. Consequentlizs must include the peer
processes that it must deploy.

2 PROCESS MODEL

This section describes the formal underpinnings of
our approach that requires rigorous semantics on

cuted by orchestrated services. A peer process that gnggeled processes. It is important to clarify what we

serviceS executed is noteds. Let's take the service
H. With respect to its simple interface, we aim to al-
low it to route its outcome tins. We make it execute

a peer processy that receives the data sent B,
invokes the core operations Hfcharacterized by,

and routes the outcome @f to Ins which executes in
fact Ps. In the same wayiy4 send the same outcome
to Pps. It should be noted thd&&S is supposed to ex-
ecute its peer process denoted Bys that receives
the invocation message &f, executes; and routes
the outcome ofi; to Py and P». The same setting is
considered for other services that have to route their
outcome to other services directly. Figure 2 depicts a
decentralized setting of the motivating example with
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do not intent to propose a new process language or

extends an existing one. The presented concepts are
applicable to a variety of process modeling languages

and execution engines. A process can be represented
as a message passing program modeled by a directed
acyclic graph (Leymann and Roller, 2000)

Definition 1 (Process)A processP is a tuple (4, C,
E., E4, D) whereA is the set of activities] is the set
of control connectorsg, C A x C x A is the set of
control edgesg, C (A x A) x D is the set of data
edges and is the set of data elements.

A processP has a unique start activity, denoted with
as, that has no predecessors, and has a unique final ac-
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tivity, denoted witha 7, with no successors. A control
edge from an activity;; to another activity:; means
thata; can not be executed unti} has reached a cer-

Activities of a process are structured using control
connectors (or control flow patterns) (van der Aalst
et al., 2003). A control flow connector can be seen as

tain execution state (termination by default). A data an abstract description of a recurrent class of interac-
edge exists between two activities if a data is defined tions based on partial ordering of activities. For ex-
by an activity and referenced by another without inter- ample, theAND-split connector describes a choreog-
leaving the definition of the same data. For example, raphy by activation dependencies as followiag:ac-
a data received from a servieg with the execution tivity is activated after the completion of several other
of an activitya,; can be used as the input value of an activities. Following the works presented in (van der
activity a; that consists of an interaction with a ser- Aalst et al., 2003) that discusses the concrete imple-
vice s;. In this case, there is a data edge between mentation of patterns, we can consider a set of seven
anda;. It should be noted that our process model- relevant control connectors to use to express differ-
ing does not consider control edges between controlent activation dependencies of activities. We gather
connectors. We associateurce, target: E. U Eg — them into three categories as followSequence,
A functions return the target and source activities of Split = {AND-split, OR-split, XOR-split} andJoin
control and data edges. With respect to control flow = {AND-join, OR-join, XOR-join}. For each activ-
we can also define a partial order, denoted-hypver ity, with respect to its incoming and outgoing control
A, with - C A x A such that; > a; meansthereis  and data edges, we can identify two sets that include
a control path from; to a;. corresponding source and target activities pointed by
A service oriented process consists of synchro- these edges. The preset of an activitig ea = {a; €
nous/asynchronous interactions with services and lo- A|3d € &; V3c € &, (source(d) = a; A target(d) =
cally executed activities such as variable assignments.a) A (source(c) = a; A target(c) = a)}. The postset
We can define a functioser. A — S that returns a  of an activitya is ae = {a; € A|3d € &; VIc € &,
service interacted with an activity. As the dynamic (source(d) = a; A target(d) = a) A (source(c) = a;
service binding is supported, the return value of func- A target(c) = a)}.
tion ser can be a real service instance if there is al-
ready a bound service and if not it can be another
value that identifies the service that is supposed t03 PEER PROCESSES
interacted with that activity. Thus, we can define a
process activity as below.
Definition 2 (Activity) An activitya is a tuple {n,
out, s, type) wherein, out € D that are input and
output values ofi, s € S is the interacting service
with S is the set of services, angpe € > 4 is the
type of activity with: 4 is the set of activity types.

The set of activity types can be defined as follows
¥4 = {read, write, write/read, locgl where read
activities receive data from servicesrite activities
send data to serviceswyite/readactivities consists of
synchronous interactions that sends a data and wait
the reply and finallylocal refers to activities that do
not consist of service interactions. During the exe-
cution of sophisticated processes, some services ca
be used with conversations. This means that dif-
ferent operations of the same service can be inter-
acted several times with distinct activities. The ac-
tivities that characterize these conversation-based in-
teractions with the same service a@related activ-
itiest. In our example, activities that refer to interac-
tions with the sam@®S service are correlated. The
set of correlated activities belonging to a servicés
denoted byA,, .

INote that the term of correlation is literally different
from the usual correlation term used in BPEL

In this section, we describe the core of our decentral-
ization approach. First, we focus on issues related to
the dynamic service binding. Next, we present our

process transformation technique that produces rele-
vant peer processes.

3.1 Service Binding

Service binding is the identification of a concrete ser-
vice for the fulfillment of a single or set of correlated
Sactivities. Both in centralized and decentralized ex-
ecution settings, service binding operations can be
done at different stages of process life cycle. Basi-
rI:ally, a service instance (or endpoint) can be identi-
fied prior to execution or it can be dynamically bound
during the process execution when it must be inter-
acted. The difference of decentralized orchestration
is that there is no centralized entity that does this op-
eration. So, if dynamic service binding is supported,
orchestrated services are also responsible for service
binding operation. It is intuitive that if a peer process
must send a coordination message or a process data
to another peer process, executed by another service,
it must know that process. If the corresponding ser-
vice end-point is not bound yet, the peer process that
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wants to interact with it, can bind it and deploy its cation of a binding dependency that targets an activity
peer process. Consequently, the outcome can be senis governed by the control and data dependencies that
to the bound service. It should be noted that the target it.

bound service identity must be propagated to other  Below, we make a classification of the situations
peer processes that must interact with the same peethat define binding dependencies among activities.
process. At this point, we assume that control and With respect to the different dependencies of activi-
data messages exchanged among peer processes ities in the centralized specification and to the under-
clude also bound service identities. lying services, we identify two cases.

Example 1 (Service Binding) In the insurance or- o o
chestration exampleP:s must send the outcome of Case 1. In the preset activities of an activity for

ES to H and P. In the same timeDS must be in-  Which its fulfillment a service is supposed to be dy-
voked following the termination of activity,. If at ~ namically bound, there can be one or several activi-
the moment’zs must send its outcome, if there are ties. The respective peer processes that execute these
no boundH, P and DS services,Pes can bindH, preset activities will have to send messages to the peer
P, DS and deploy their peer processes (this can be Process ofu. In the first case that identify binding
explained also bound services can be invoked with dependencies, if there is a unique preset activity
their respective peer processes that &g Pps, Py). that precedes all qf the rest, there is a binding depen-
Thus,H andP can receive data sent s by exe- dency between this activity and This means that
cuting the first activities of their peer processes and the peer process that executgsmust bind the ser-
accomplish the rest of their role following their de- Vvice for the fulfillment of the activity: and deploy its
ployed peer processes. In this cafes mustinclude ~ Peer process. It should be noted that a service can be
relevant activities that bind services and also deploy dynamically bound to an activity if there is no corre-

corresponding peer processes. In their tuffy, Pp lated activity that precedes the former. More formally
and Pps must interact withP,. If Ins is expected to  this binding dependency can be explained as follows:
be dynamically boundBy, P, Pps can bind a ser- |ea|>1, 3layEea such thava; cea, ay>-a; = ay > a.

viceIns and send their outcome. However, the con- e . s
current binding can cause a synchronization problem  The relation— characterizes the binding depen-

as the former may bind differelits service instances. ~ dency of two activities. Activitya, is executed by
the first peer process that must interact with the peer

As explained in the above example, when peer , ., osq0f, Naturally, the service invoked hymust
processes are produced, service binding operationys ond by the peer process @f However,a;

must be taken into account such that only one peer, st he unique and it must precede all preset activ-
process binds a precise service and other dependenties necause the bound service identity is expected

peer processes learn the bound service. In order to;, pe propagated to other peer processes that execute

dp sg,. vc\j/_e uzeservu(:je bmqlmg dependenciea S€r-  other peer processes that include preset activities. For
vice binding dependency Interconnects two activities. oy ample, if we consider the activity that interacts
It characterizes service binding and peer process de-

A with H, in its preset, there is only; that interacts
ployment activities that must be execgtgd by the PEeT with ES. As H is expected to be dynamically bound
Process that EXegutes the source activity of the b"_]d'and there is no other preceding activity that interacts
ing dependency. With service binding dependencies, i, H, there is a binding dependency betwegmnd
we aim to prevent concurrent service binding problem as that invoke respectivelgS andH.
by privileging a single peer process such that other
dependent peer processes can learn bound services.
should be noted that during run-time binding opera-
tion is done if there is no service yet bound. More-
over, if an activity that belongs to a set of correlated
activities is considered, the binding operation is done
for the very first activity and correlated activities are
initiated with the identity of bound service. In the ex-

I&:ase 2: The preset of the activity include several
activities. In contrast to Case 1, there is notan

in the preset that precedes all of the preset activi-
ties. Thus, an activity outsite of preset activity is
considered as the source of the binding dependency
that targets:. Intuitively speaking, an activity that
precedes all of the preset activities is chosen as the

ample DS is bound only once for the first activity that o SO
it is interacted with. The binding policy that we adopt source of binding dependency. Formally this situation
.can be described as follows:

postpones service binding operation as late as possi-
ble such that a service is bound in a stage that every

peer process that must interact with bound service’s |eal > 1, 3a; € ea, Ilar, € A such thata; € ea, ay -
process can learn its identity correctly. The identifi- ai, anday, = a; = aw 2 a.
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For example, in contrast to caseds, has three 4 PEER PROCESS

preset activities. Consequently,lifs is expected to

be dynamically bound, three peer processes of theserhe definition of binding dependencies is the very
activities can not concurrently bind a services as  first step of our decentralized orchestration approach.
they might not bind the same service. The privilege The essential part of decentralization is the character-
can not be given to one of them as they have no inter- jzation of peer processes. We call this step the pro-
actions before the invocation ofs. In this Situation, duction of peer processes as they are produced using
we identify an activity that precedes all preset activi- 3 transformation that operates on centralized specifi-
ties as the source of blndlng dependency. Inthe exam-cation. Natura”y, this step uses b|nd|ng dependen_
ple, this activity isa; that interacts witheS. Withthis  cjes. Peer process production is accomplished in sev-
dependency, after; is executedPks binds a service  eral steps. First, let us resume the content of peer
Ins. Furthermore, ad:s has interactions with, processes. A peer process that is to be executed by
Pps and P, it can inform them about the relevant 3 services; is denoted byP,,. As essential elements,
identity of Ins service that allows them to send their p,_ includes the elements of,,. Each element; of
outcome to the commoims. A,, is preceded and succeeded by activities that ex-
By definition, there can be more that one activity change coordination and data messages with relevant
apy that precedes all of the preset activities. If this peer processes. Activities Otsi can have outgoing
is the case, one of them must be privileged for pinding dependencies towards other activities which
the binding dependency, thus the peer process thaimeans that the execution of source activities must be
includes it can bind a service toand peer processes  followed by corresponding binding operations and the
that execute preset activities can learn bound servicedeployment of corresponding peer processes. Con-
CorreCtly. As we mentioned above, we aim to bind Sequenﬂy,Psi must include the peer processes that
a service as late as possible. Consequently, amongnust be deployed to the services that it has bound.
othersay, must be an activity that precedes preset However, the peer processes included within others
activities but succeeds other activities that can be are |ike regular data elements to the latter that include
the source of binding dependency. The sketch of them. Another point that must be considered is the
the algorithm that defines the activity,, that is  propagation of service identities that are bound fol-
the source of the binding dependency is informally |owing binding dependencies. When peer processes

described above: exchange coordination and data messages, they are
expected to exchange the relevant information about
Var: the bound service identities that they received from
apy: the set of allay, thatVa; € ea, ai<ap. others and bound themselves. Instead of propos-
begin ing an additional coordination information that carry
if Jlapsmin € aw that succeeds all activitieshen bound service identities, we prefer to integrate these
apb_min 1S the source of binding dependencyato information to exchanged coordination and data mes-

if apbmin is NOt uniquethen one of them is chosen as  sages. For bound service identities propagation, the
the source of binding dependency (e.g. the activity with the peer processes must be able to update messages with
smallest identification) the service identities that they must send to other peer
end processes. Consequently, peer processes mustinclude

locally executed activities for update operations. In

It should be noted the above algorithm is one of thjs way, when a peer process learns the identity of a
the possible solutions for privileging an activity as pound service, it can update messages that it sends to
the source of binding dependency. The important gther processes.
point that governs the operation is the precedence e identify two main steps to examine the pro-
of the source activity comparing to preset activities. guction of peer processes. The first step operates on
With service binding dependencies, each activity single activity level and consists of adding relevant
can have at most one incoming binding dependency. activities that enable the interaction with other peer
However, it can have several outgoing binding processes concerning that activity. The second step
dependencies. In order to characterize the activities qegls with two issues: the first is the structuring of
for which an activitya is the source of theirincoming  correlated activities in peer processes. The second is

binding dependencies, we usg). For each element e nesting of peer processes within each other.
a; in a(b), a is the source of the binding dependency

that targets:;.
' Step 1: Adding relevant activities for coordination

purposes. Each peer proceds,, includes activities
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of As,. Naturally, in order to be able to execute each Algorithm 1 Adding relevant activities for coordination

elementa; of A,,, P, must collect all of the input

purposes

data ofa,. Moreover, all of the control dependentpre- Input: a; € A
set activities ofa; must be terminated. This implies Output: a;

that P,, must collect also control messages of the pre- 1
set activities ofa;. Thus, inPs,, each activitya; is g
preceded by a number of activities that collect coor-
dination and data messages coming from other peer

processes that include preset activities ofWhen all 4
of the activities that collect messages related;tare 5:
executedg, can be executed b¥,,. Peer processes  6:
that send messages relatedatoto P, can be exe- _
cuted concurrently, however the synchronized recep- 8.

tion of sent messages is required to exeayt@®ue to
exclusive choice and merging situation§QR-split
and XOR-join) all of the preset activities might not

collected. The execution af; by P, can produce an

outcome to be sent to other activities to be executed in
their proper peer processes. Moreover, control mes- 1,
sages corresponding to the terminatiompMmust be

peer processes that execute preset activities, the send-

AND-split

forall a; € ea; do
read(ser(a;), ai.coor) /lconcurrent reception of
coordination messages from peer processes that ex-
ecute preset activities

end for

AND-join

local(extract) //extraction of the input values @f and

service identities from received coordination messages

a; llexecution of regular activity

AND-split

9: forall a; € a(b) do
10:
11:
be executed. Consequently, the exclusivity of preset 12:
activities must be taken into account when they are 13:

local(bind) // binding operations are executed
end for
AND-join
local(update) // coordination messages and peer
processes are updated with service identities collected
from other processes and bound by the current peer
process

: AND-split
. ! 15:
sent accordingly. As the reception of messages from 16:

for all ser(a;) of a; € a(b) do
write(ser(a;), Pser(ay)) Ilpeer process deployment
for bound services

ing of coordination and data messages can be accom—}gi 2r"\ldeQg.n

i . -Jo1
plished concurrently. 18 AND-JspIit
Example 2 (Step 1) Step 1 is applied separately for  20: for all a; € a;e do
each activity of the centralized specification. Let's 21: write(ser(a;), a;.coor) /l concurrent sending of co-
takeas interacting withDS. The execution ofs re- ordination messages to peer processes that execute
quires the termination af; interacting withES. Con- postset activities
sequentlyPos must receive a control message about 22 €nd for

23: AND-join

the termination ofi; from Pes. The same activity has
an outgoing control dependency witlj interacting
with Ins. Thus, its execution must be followed by an
activity that sends a control message fps. If we
take the second activitys that interacts withDS, it
has two preset activities:f, as) interacting respec-
tively withIns andH. Consequentlys must collect
the outcome ofi; and as from their corresponding
peer processes that are respectivelyand Pis.

In addition to control and data edges that interconnect

Furthermore, Pns must interact withPps. In order
to let A5 to interact with Pps (it must send a data
message for the execution @f in Pps), Pes must
include the identity oDS in the P that it deploys.
This operation is accomplished as follows: Whgsg

is deployed tcES, it includesPy, Pps, Pr, Pns @S
data elements. WhdPp:s executes the service binding

activities, there can be also binding edges that charac-OPerating, it must update peer processes with bound

terize binding dependencies and relevant binding ac-
tivities. As we mentioned earlier, collected coordina-
tion and data messages @f contain also identities
of previously bound services. These information and

service identities. This means thgt, P and Pps
must be updated with the identity wfs while Py
must be updated witDS'’s identity. Consequently,
Pes must include relevant local activities that imple-

services identities bound following the execution of Ment update operations after the binding operations.

a; must be propagated to interacted peer processesa|gorithm 1 describes the pseudo-code of the mech-
ConsequentlyP;; updates the messages that it must gnism that consists of the first step of transformation.

send to other peer processes respectively.

Example 3 (Step 1 bis)In our example, the activi-
ties a; and a5 have a binding dependency which
means thatPes must bind a servicéns and deploy
Pns. In the same timé:s must bindH, P and DS.

42

We note the output of the algorithm that takes an ac-
tivity a; as input witha;. Besides the iterations, each
instruction of the algorithm characterizes an activity
or a control connector that must be added toStep

1 operates on each activity of the initial process speci-
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fication. It adds the relevant activities that ensures the s
coordination of peer process that includes this activ-
ity with other peer processes that include control and
data dependent activities of the same activity. Coordi-
nation messages related to an activityare denoted
by a;.coor. They can include either process data or
light-weight coordination messages with bound ser-
vices identities. Moreover, following the outgoing
binding dependencies, they include also the identi-
ties of bound services. LocaIIy executed activities let Figure 3: Structuring correlated activities in peer preess
peer processes manage the content of the coordination

messages exchanged with other peer processes.

DS Sequential

structuring

dummy activities and control connectors are added to

Step 2: Structuring Correlated Activities and Iter- peer processes.

ative Nesting. The operation of step 2 is to gather Algorithm 2 depicts the mechanism that operates
correlated activities manipulated by step 1 within On the outcome of step 1. The operation starts with
their corresponding peer processes and to nest peeP€er processes that have no activities with outgoing
processes within each other to support dynamic ser-binding dependencies and iterates with ones that bind
vice binding and peer process deployment. Both op- the latter. We can identify a sét = (P, ) with P =
erations are conducted together because when a peet .. .5, } being the set of peer processes. If there

process is produced, the peer processes that it in-are two processeB;, and P, with P, - P, this
cludes, must have been produced in previous itera-means that; is bound byP,; andP;; is deployed by
tions. Consequently, the production of peer processesls; - Consequently’; must be produced beforg .

is started from the ones that do not include activities

In order to describe peer processes that have no out-

that have outgoing binding dependencies. This oper-90ing binding dependencies, we use thersgt(P).

ation is followed by the processes that include pro-
duced peer processes.
The operation that gathers correlated activities is

Similarly, the partial order of centralized specifica-
tion is the same for the correlated activities of a ser-
vice s; included inA,,. For both sets, the function

expected to preserve the partial order between themPrec() returns the preceding element with respect to

within their peer processes. Basically, two correlated
activitiesa;>-a; of the centralized specification must
preserve the same ordgr-a; in their peer processes
after being transformed in step 1. If their partial or-
der is total,a; must precede:;. If a; anda; are

on concurrent paths, the concurrencyafand a;

the partial order. As correlated activities cannot be
always ordered, it is possible to have some subset of
activities that are incomparable. We note activities
that are incomparable by a set denotethas. All of

the activities of an incomparable dat; are included

in a common split and a join point in the centralized

must be preserved in the peer process that includeProcess specification. In the peer processes, after be-

them. At this point, their exclusivity must be con-
sidered. This means thatdf; anda; are exclusive
activities and only one of them is executed then their

ing transformed with step 1, these activities must be
structured within common split and join connectors.
The common split and join points of the activities of

peer process must structure them on exclusive paths@aninc; are defined as below:

Similarly, if they are expected to be concurrently exe-

cuted and synchronized before executing another cor-

related activity, they must be concurrently structured
within their peer processes.

Example 4 (Step 2) Figure 3 depicts the structuring
of the correlated activitieas andag that refer toDS.

As we mentioned in the previous example, step 1 pro-

ducesaz andag. When they are gathered iRys, a3
and ag must preserve the same order@f and ag.
Consequently, step 2 puig after as with a sequen-
tial dependency.

Definition 3 (Split-point) Let Inc; be a set of un-
ordered concurrent activities. A split-point ofic;
is the first backward control connectersuch that its
preceding activity:,,;;; precedes all elements bifc;.
More formally,Va; € INC;, a;>aspist.

Definition 4 (Join-point) The joint point oflnc; is
the first forward control connectarsuch that its suc-
cessive activitya;,i, follows all elements ofnc;.
More formally,Va; € InC;, a;oin>8;.

The type of split or join connectors is defined accord-

It should be noted that peer processes must be exeing to activation conditions of the elementslat;.
cutable processes that satisfy properties such as dead~or example, if there are two activitie$ anda; that

lock freeness, soundness etc.

In order to do so,

are not activated because of their exclusivity, they are
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Algorithm 2 Structuring and nesting peer processes

Input: As, C A/lThe algorithm is executed for correlated
activities modified with the step 1
Output: P, //The peer process to be executed by the ini-
tial service
1: P, — min(P) /linitialization of peer processes with a
process that does not include any activity with outgoing
binding dependencies
2: a; < ay llinitialization of the current activity with the
final activity of the produced process
: forall P;, € Pdo
for all a3, a; € A, do
if 3Inc; C A, a; € Inc; I*if a; is a set of concur-
rent activities, split and join point detection pro-
cedures are started thien
callspie(Inc;)
calljoin(InCs)
a; < prec(a;) /lthe structuring is repeated
with preceding activities that are notlimc;
9: else

Execution Engine
INS

Service
Implementation

Service
Interface

Peer
Process

Container service

aRw

Figure 4: Implementation overview.

QN

process specification. In contrast to centralized exe-
cution settings, decentralized executions require ad-
ditional assumptions on composed services. As we

10: Sequence //If there is nolnc; thata; belongs assume services to execute relevant peer processes,
to, sequential structuring is considered the core services must be implemented inside ser-
11: ai < prec(a;) /lthe structuring is repeated vices that have process execution engines such as
_ with preceding activities BPWS4J(cf. Figure 4). The container services must
1:23 eng?‘grlf be invoka_ble with peer processes. When thgy are
14:  P,, — prec(P,,) /lthe operation is repeated for peer INVOked with peer processes, they must also imple-
précesses that include produced processes ment corresponding WSDL interfaces with corre-
15: end for spondingport Types andpart ner Li nkTypes.

The basic method to support the dynamic service
binding can be supported with the reassignments of
partnerl i nks. At this point, we assume a local

split by anXOR-split. Similarly, if activities are pre- , > SSU
method that interacts with core service implementa-

cisely executed, they are structured after AMD-

split. Due to lack of space, we don't give the full de-
tails of mechanism that identifies control connectors
of aninc;. In the algorithm, we call the operation that
identifies the split and join points of concurrent corre-

tion reassigns required partnerlinks for dynamic ser-
vice binding purposes.

The essential operation of decentralization that
provides the nested peer processes is accomplished

lated activities withcall,;;:(Inc;)andcall o, (INC;). on a single site which can be the first service where
The structuring algorithm begins with peer processes the overall process starts. BPEL allows specifying a
that do not deploy other peer processas(?)) and process in different ways. Typically, there are two
continues with those that include them. When a essential ways, additionally a third style that com-
peer process is structured, the structuring operationbines both can be considered. The first is the block-
is started with the final activity and continues toward oriented approach whereby there process is modeled
the beginning. through nested use of structured activities (sequence,
flow, while, switch). The second is the explicit use
of link constructs that allow the expression of arbi-
trary precedences and related join/transition condi-
tions. We use block-oriented modeling that makes
the data and control dependence analysis of processes
easier. The core module that produces peer processes
The abstract concepts described in this paper are apis a Java application that uses XPath to analyze BPEL
plicable to a variety of process modeling languages specification. Xpath expressions query BPEL process
and execution engines. However, it is important to for control and data dependencies of basic activities
clarify some of the implementation details. In this that consist of service interactions. Analyzed depen-
section, we present the current state of ourimplemen-dencies are stored to define binding dependencies. We
tation. prefer to not manipulate BPEL process that is ana-

We use BPEL that characterizes the current statelyzed as the concurrent analyze and manipulation of
of art in process modeling standardization efforts, as tree structures have an important complexity.

5 ARCHITECTURAL
CONSIDERATIONS
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6 RELATED WORK AND scription can be effective with a decentralized execu-
CONCLUDING REMARKS tion as analogous to choreography that requires much

more sophisticated design and run-time reasoning.

The idea of decentralized execution setting is not new.

Issues related to decentralized execution of workflows
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