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ABSTRACT

As the Web service domain is a fast growing and equally fast changing environment, this paper
tries to provide a critical snapshot of currently available standards, particularly focusing on
Web service orchestration and choreography. The trend over the last few years in the Web
services area firmly points towards seamless business logic integration and inter-enterprise
collaboration. In order to reach these business goals, both technological and conceptual
advances are required; some already have proven their viability, others still have to be made.
Among them, Web service orchestration and choreography are of crucial importance, but still
lack awidely agreed on devel opment framework comprising both technol ogical and conceptual
aspects. Besides discussing problems and solutions regarding orchestration and choreography
of Web services, especially from a conceptual point of view, this paper further triesto highlight
mutual dependencies existing among orchestration and choreography.

Keywords: business process management; choreography; orchestration; service
composition; service coordination; survey; \Web services

single component services, and expose them
ashigher-level composite servicesby combin-

INTRODUCTION

When analyzing the current literature on

Web services and the main problems the au-
thors focus on, it is possible to identify one
main trend towards the adoption of novel and
emerging Web service technologies as basis
for the next generation of (Web) applications
and composite Web services. Flexibly compos-
ing different servicesinto composite ones that
benefit fromthefunctionalitiesprovided by their

ing them in a value adding manner, becomes
thus of crucial importance.

Web servicesaredriven by the paradigm
of the so-called Service-Oriented Architecture
(SOA), which describes the relationships that
exist among service providers, consumers, and
service brokers, and thereby provides an ab-
stract execution environment for Web services.
Accordingly, the overal current research ad-
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dressing service composition is based on tech-
nologies and solutions from the area of Ser-
vice-Oriented Computing (SOC). From their
first appearance, SOA and SOC have emerged
askey conceptual frameworksfor theworld of
Web services. Interestingly, only few authors
(mainly from theindustrial sector) mentioned
the concept of Service Oriented Programming
(SOP) (Bieber & Carpenter, 2001). Web ser-
vice choreography and particularly orchestra-
tion actually facethe problem of programming,
rather than the one of computing, which is a
somewhat abstract concept not easily map-
pable to the concept of service. Within the
academic area, maybe Wiederhold, Wegner,
and Ceri (1992) already envisioned a SOP-like
paradigm when speaking about
Megaprogramming of large software modules
encapsulating business logic at a granularity
level comparable to that of today’s Web ser-
vices, but this was in the early 1990s! Obvi-
ously, cutting down the whol e research on ser-
vice composition and related i ssuesto the mere
concept of programming would be to simplis-
tic, and we definitely do not intend to narrow it
downto suchalow level of abstraction. Never-
theless, we think a rough comparison of the
two concepts represents a challenging intel-
lectual exerciseand allowsdrawinginteresting
conclusions.

Just as the advent of Object-Oriented
Programming (OOP) was based on the notion
of objectsas meansfor modularizing program-
ming functionality, SOP could be defined asa
paradigm that looks at services as basic func-
tional modulesthat can be composed or newly
defined, just as it happens with objects in ob-
ject-oriented programming languages. OOP per
sedid not suddenly provide revolutionary new
programming capabilities with respect to con-
ventional procedural techniques, it rather
proved to be a good means for isolation and
thusfostered reuse, robustness, and scal ability.
These factors encouraged the emergence of
higher-level conceptslike object brokers, Java
Beans, object containers, which — and actu-
aly itisthiswhat weareinterested in— finally
enhanced interoperability.

Analogously, current proposals can be
interpreted asatransition towardsarobust SOP
framework. Several Web service standardiza
tion bodiesare currently addressing issuesthat
can berelated to the definition of aproper new
programming framework. For example, even if
we are already speaking about service compo-
sition and seamlessinter-enterpriseintegration,
thereisstill discussion over standardization of
other system aspects (e.g., reliable messaging,
transaction support...) that have already been
solved or are under study in other research ar-
eas. And as long as there are no robust and
commonly agreed upon standards, real
interoperation and composition problems can-
not be addressed adequately.

HANDLING THE
COMPOSITION TOOLKIT

The Messwith the

Right Ter minology

As standards and technologies still have
to reach stable definitions, a so authorswriting
about service composition arefar fromusing a
commonly agreed on terminology. Peltz (2003)
defines orchestration as executable business
process that interacts with both internal and
external Web services, and choreography
“...tracks the message sequences among mul-
tiple partiesand sources— typically the public
message exchanges that occur between Web
services— rather than aspecific business pro-
cess that a single party executes...”

Alonso, Casati, Kuno, and Machirgju (2004)
prefer theterms coordination (protocol) and com-
position rather than choreography and orches-
tration. Literdly, they clarify “...wewill usethe
term conversation to refer to the sequences of
operations (i.e., message exchanges) that could
occur between aclient and aservice aspart of the
invocation of aWeb service. Wewill usetheterm
coordination protocol to refer to the specifica
tion of the set of correct and accepted conversa
tions...” And"“...werefer toasarviceimplemented
by combining thefunctionality provided by other
Web services as a composite service, and the
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Figure 1. A contextualized view on currently used terminology; the two main nomenclatures
concerning (respectively) public and private perspective on Web services can further be

specialized by actor and execution time

Composition
Designer
(design time)

Actor

Execution Engine
(runtime)

process of developing a composite Web service
as service composition...”

The W3C'sWeb Services Choreography
Working Group defines choreography as the
definition of the sequences and conditions un-
der which multiple cooperating independent
agents exchange messagesin order to perform
a task to achieve a goa state. Web services
choreography concernstheinteractions of ser-
vices with their users. Any user of a\Web ser-
vice, automated or otherwise, isaclient of that
service. These usersmay, inturn, be other Web
Services, applications or human beings. An or-
chestration defines the sequence and condi-
tions in which one Web service invokes other
Web services in order to realize some useful
function, that is, an orchestration isthe pattern
of interactions that a Web service agent must
follow in order to achieveitsgoa (W3C, n.d.).

As this terminological comparison out-
lines, different authors prefer different namesand
thusemphasize different aspectseven withinthe
same Web service domain. Figure 1 attemptsto
characterize and aggregate the currently used
terminology through contextualizing the most
commonly used terms. For this purpose, it dis-
tinguishes two main dimensions: the perspec-
tive of the observer and the kind of observer
along with its observation time. According to a
common approach, the perspective is divided
into public and private, with respect to the
observer’s view, whereas the novel aspect of
Figure 1 isrepresented by the dimension actor,
which allows di stingui shing between composi-

Coordination

public private

Composition

Choreography Orchestration

tion designers and execution engines. An ex-
ecution engine executes a composite service
(runtime orchestration: theengineisalready pro-
vided with the set of component services, the
orchestra) that has previously been defined by
acomposite service designer (design time com-
position: the orchestrais composed by selecting
theright services). A servicedesigner thuscom-
poses a new service driven by a final goal and
by taking into account the restrictions imposed
by the coordination protocols of the component
services, and by specifying the composition
rulesfor the selected services and the coordina-
tion rules, which constrain possibleinteractions
with the services. At runtime, externaly visible
coordination effects can be interpreted as cho-
reography with respect to the orchestra of com-
pound services.

Thetaxonomy of Figure 1 should provide
thereader with acoarse contextuaization of the
most used terms and serves merely orientation
purposes. Therefore, it should not be consid-
ered awidely acknowledged categorization.

TheMesswith theRight Standards
After thisinterpretation of the most com-
monly used nomenclature conventions, another
similar concern arises: Why are there so many
different standards and specifications that
want to become such?

A Possible Protocol Stack
Figure 2 shows a possible Web service
protocol stack that concentrates on service
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Figure 2. Web service composition-oriented protocol stack of vendor-specific and standardized
protocols and languages. Within the composition layer, we propose BPML in on top of WSCI as
they share a common process model. However, other executable BPM languages could be

adopted as well.
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coordination and composition. Interaction
among services is based on traditional trans-
port protocols such asHTTP, SMTR, or [10R,
and the widely acknowledged basic message
protocol is SOAP (nevertheless, other proto-
colscould be used). Web service descriptionis
primarily achieved by means of WSDL, but
when it comesto service coordination and com-
position, a wide range of different protocols
and languages are proposed by different ven-
dors or organizations:

* ebXML (Electronic Business using
eXtensible Markup Language); UN/
CEFACT, OASIS(Eisenberg & Nickull, 2001).
ebXML isa(vertical) suite of specifications
of how electronic commerce exchanges
should be specified, documented, and con-

ducted, and can be subdivided into three
different protocols:

* CPP (Collaboration Protocol Profile).
A CPPissimilar toaUDDI registry entry
and includes interface and message de-
scriptions as well as business data and
data exchange capabilities of a particu-
lar trading partner.

* BPSS (Business Process Specification
Schema). The BPSS protocol can define
both the choreography and communica-
tions between services. The definition of
aproper business process execution lan-
guage is explicitly outside the scope of
ebXML.

* CPA (Collaboration Protocol Agree-
ment). A CPA containsthebusinessagree-
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ment among cooperating partners. It is
derived from theintersection of the CPPs
of the cooperating trading partners.

e WSCI (Web Services Choreography Inter-
face); initially Sun, SAP, BEA and Intalio;
now W3C Note (Arkin, Askary, Fordin,
Jekeli, Kawaguchi, Orchard, eta., 2002). Itis
an XML-based interface description lan-
guage that describes the flow of messages
exchanged by a Web service participating
in choreographed interactions with other
services. WSCI is a coordination protocol,
inthat it does not address the definition and
theimplementation of theinternal processes
that actually drive the message exchange.

¢ WS-CDL (Web Services Choreography Defi-
nition Language); W3C Working Draft
(Kavantzas, Burdett, Ritzinger, Fletcher, &
Lafon, 2004). WS-CDL isan XML -based lan-
guage that describes peer-to-peer collabo-
rations of partiesby defining, from aglobal
viewpoint, their common and complemen-
tary observable behavior, where ordered
message exchanges aim at accomplishing a
common businessgoal. It isneither an “ex-
ecutable business process description lan-
guage” nor an implementation language.

¢ BPML (BusinessProcess Management Lan-
guage); Business Process Management I ni-
tiative(BPMI.org, 2002). BPML isalanguage
for the modeling of business processes and
was designed to support processes that a
business process management system could
execute. BPML and WSCI share the same
underlying process execution model ; there-
fore developers can use WSCI to describe
public interactions among business pro-
cesses and reserve, for example, BPML for
developing private implementations. How-
ever, other coordination protocols than
WSCI can be adopted.

e BPEL (also BPEL4WS, Business Process
Execution Language for Web Services or
WS-BPEL); initialy Microsoft, IBM, Siebel
Systems, BEA, and SAP; now OASIS (Web
Services Business Process Execution Lan-
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guage) (Weerawarana& Francisco, 2002). It
provides an XML-based grammar for de-
scribing the control logic required to coor-
dinate Web services participating in a pro-
cess flow. BPEL can act both as coordina-
tion protocol and proper composition lan-
guage. BPEL orchestration engines can ex-
ecutethisgrammar, coordinate activities, and
compensate activities when errors occur.
OWL-S (Ontology Web Language for Web
services); DAML.org (Martin, 2003). OWL-
Sisan ontol ogy-based description language
that supplies Web service providers with a
set of markup language constructs for de-
scribing the properties and capabilities of
their Web servicesat asemanticlevel andin
an unambiguous, computer-interpretable
form. It allows defining semantic descrip-
tionsaswell as coordination rules. Previous
releases of this language were built upon
DAML+OIL andknownasDAML-S. Theo-
retically, OWL-Sis not limited to one spe-
cific grounding, but its current version pro-
videsapredefined grounding for WSDL that
maps OWL-SelementstoaWSDL interface
(Polleres& Lara, 2005). Ontop of OWL-S, a
reasoner will allow automatic service com-
position and execution.

WSMO (Web Service Modeling Ontol ogy);
DERI (Roman, Lausen, & Keller, 2004). Based
on the conceptual basis provided by the
WSMF (Web Service Modeling Framewor k)
(Fensel & Busdler, 2002), WSMO servesthe
purpose of describing various aspects of
semantic Web services, ranging from coor-
dination constraints over semanticsto com-
positionissues, and aimsat solving existing
integration problems. Thevision of WSMO
isthat of an automated, goal-driven service
composition that builds on pre- and post-
conditions associated to component ser-
vices. In its current version, WSMO does
not define any grounding of services, but
DERI isplanning to allow multiple ground-
ings for their service descriptions.
IRS(Internet Reasoning Service) (Confalonieri,
Domingue, & Motta, 2004); IRS is KMi's
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Semantic Web services framework, for se-
mantically describing and executing Web
services. The IRS supports the provision of
semanti ¢ reasoning serviceswithin the con-
text of the Semantic Web. The primary goal
isto support the discovery and retrieval of
knowledge components (i.e., services) from
librariesover the Internet and to semi-auto-
matically compose them according to speci-
fied goals. It is based over problem solving
methods, using task descriptions in terms
of input roles, output roles, pre-conditions,
assumptions, and goals and ontologies.

¢ MAIS(Multichannel Adaptive Information
Systems) (Bianchini, De Antonellis, Pernici,
& Plebani, in press; Cappiello, Missier,
Pernici, Plebani, & Batini, 2004; Maurino,
Modafferi, Mussi, & Pernici, 2004); theltal-
ian MAISresearch project proposesaqual-
ity-based approach to service description,
selection, and composition. Web services,
described with a MAIS-SDL (Service De-
scription Language) based on WSDL and
annotated with quality propertiesdefined in
WSOL (Tosic, Pagurek, Patel, Esfandiari, &
Ma, 2003), are dynamically composed in con-
text variable process executions. Web ser-
vicesareselected from URBE, aUDDI-com-
patible registry with aservice ontology and
servicequality information. Flexibly process
descriptions are specified in MAIS-PL
(MAIS Process Language) and formulated
associating to BPEL local and global quality
congtraintson the basi s of information avail-
ablein the current context of execution.

As the previous list and Figure 2 show,
composite service designersare currently con-
fronted with a huge amount of partly mutually
exclusive, partly dependent specificationsthat
all serve similar purposes. They are supposed
to know and master all the previous specifica-
tions together with their peculiarities in order
to be able to choose the right combination for
their particular compaosition problem.

Evolution of Today's Sandards

The high number of candidate standards
is mainly due to two reasons: firstly, vendor-
related political and strategic aspects (each one
wants his own specification to become acom-
mon standard); secondly, the relatively young
age of the overall Web service technologies
themselves. Unavoidably, thisresultsin alack
of stahility when it comes to choose reference
specifications.

Figure 3 graphically depicts the emer-
gence of the previously-listed standards and/
or specifications. Along the diagram'’s diago-
nal, a trend towards high-level and semanti-
cally enriched specifications can be derived,
which enablesdesignersto comfortably specify
or to automatically derive executable service
compositions.

THE NEED FOR
COORDINATION
PROTOCOLS

Asaready introduced earlier, coordina-
tion and choreography describe the external
message exchange that occur between a Web
serviceand itsclient or among several collabo-
rating Web services. The main concerns that
have to be addressed within the coordination
layer are: Can messages be sent and received
in any order? Which rules govern message se-
guences? | sthere arelationship among incom-
ing and outgoing messages? Is it possible to
undo (parts of) aready executed sequences?
The following sections will try to provide an-
swers and details by discussing the concep-
tual backgrounds and core ideas of the most
representative coordination approaches.

Conver sation between

Serviceand Client
WSDL asinterface description language
aready providesalimited set of constructsthat
aim at specifying how to correctly interact with
a particular Web service. Several extensions
have been investigated that tried to extend the
basic WSDL description with conceptsfor bet-
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Figure 3. Emergence and evolution of today’s principal standards and languages concerning
WS composition. The figure tries to reflect the official release or publication dates of the
specifications (at the best of the authors’ knowledge), first appearance of or discussions about
them could differ fromthe proposed dates. XLANG and WSFL are not treated in this paper; they
heavily contributed to BPEL and are reported for the sake of completeness.
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ter describing conversation-related aspects.
Figure 4, for example, graphically depicts the
problem of ordering of exchanged messages.

WSDL extensions such as WSCL
(Hewlett-Packard Company, 2002) only had
limited success, probably since the underly-
ing client-server conversation model does not
really fit into the service-oriented architecture
of Web services. Graphically, the functional -
ity of WSCL could best be described by astate
machine model, whose expressive power al-
lows describing conditions and ordered mes-
sages, but does not distinguish between in-
volved actors.

2002

2003 2004 2005

WSMO
OWL-S
IRS-1II
MAIS
BPEL
WS-
WSCI CDL

M ulti-service Conver sations

Figure 5, for example, depicts a conver-
sation scenario that cannot be adequately de-
scribed by means of client-server protocols. The
main novelty with respect to Figure 4 here is
that now support for an arbitrary number of
interacting services is required. Each of them
playsadifferent rolewithin the overall conver-
sation. Roles are usually labeled with names
like supplier, purchaser, or broker.

As first representative, WSCI goes one
step further inits support for long lasting, cho-
reographed and stateful message exchanges
with respect to WSCL. In particular, it supports
order, rules, and boundaries of messages, cor-
relation, transactions, and compensation as
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Figure 4. Ordered message exchange between a Web service and its client
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well as exception handling. Through its con-
cept of interface, it goes beyond simple client-
server interface descriptions and supports in-
teraction contexts with different external ser-
vices, despitelacking an overall global view of
the conversations a service is involved in. A
WSCI interface only describes one partner’s
participation in amessage exchange and, there-
fore, aWSCI choreography must include a set
of WSCI interfaces, one for each partner con-
gtituting aninteraction. The sample scenarioin
Figure 5 would thus require three different
WSCI interface descriptions.

WS-CDL, the latest choreography pro-
tocol proposal, finally provides a global view
over multiparty coordination through explicitly
modeling all the involved roles (Kavantzas et
al., 2004). Its purpose can be considered astwo-
fold: on the one hand it provides syntactical
primitivesfor describing involved rolesand the
messages exchanged during interaction, on the
other hand it can beinterpreted aswell asbind-
ing interaction agreement between business
partners that intend cooperating and require a
language for formalizing their cooperation.

Other Protocolsand Specifications

Therealso existsaset of proprietary ver-
tical protocols, such as RosettaNet, or xCBL
(XML Common Business Library), which pro-
vide conversation description mechanisms for
specific domains. RosettaNet, for example, aims
at facilitating dynamic and flexibletrading rela-
tionships between business partners in the
context of I'T supply chains. xCBL, in the con-
text of order management, combines an XML
version of EDI (Electronic Data Interchange)
with predefined business protocols.

Along asomewhat orthogonal dimension
of the composition problem, there further exist
specifications such as WS-Coordination or
WS Transactions that can be considered as
meta-specifications providing aframework for
the definition of proper coordination protocols
with particular characterigtics. For example, WS-
Coordination proposes some solutions for the
problem of message correlation within conver-
sationsinvolving several different partners. For
this purpose, it defines a reference data-struc-
ture called coordination context, to be added
to the exchanged SOAP headers, that serves
the purpose of passing a unique identifier be-
tween interacting Web services.
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Vinoski (2004) — in aquitecritical way
and without the claim for compl eteness— fur-
ther providesan impressivelist of WS-* speci-
fications, each concerned with the support for
particular functionalities:

* WS-Addressing

* WS-Agreement

¢ WS-Attachments

* WS-BusinessActivity
¢ WS-Coordination

* WS-Discovery

¢ WS-Enumeration

e WS-Eventing

* WS-Federation

* WS-Inspection

* WS-Manageability

* WS-MetadataExchange
¢ WS-Natification

¢ WS-PalicyFramework
* WS-Provisioning

* WS-ReliableMessaging
* WS-Resource

* WS- Security

* WS-Topics

¢ WS-Transactions

e WS-Transfer

As can be derived from the names of the
single specifications, together all WS-* efforts
are re-inventing a distributed computing plat-
form on top of standard Web technologies.
Comparableto the number of APIsavailableto
.Net or Java/lJ2EE developers, the amount of
WS-* specifications is continuously growing
in order to provide suitable APIsand wire pro-
tocols for satisfying emerging novel
interoperability requirements. The first steps
towards commonly agreed on, proper program-
ming librariesfor the envisioned SOPinfrastruc-
ture are being made.

Coordination Middleware

The coordination protocol specifica-
tions described in the last subsections are all
so-called description languages. They are not
executable languagesthat actively coordinate
conversations among different Web services.
Therefore, the necessary runtime logic must
be implemented either by the services them-
selvesor by higher-level process management
languages.

Alonso et a. (2004), in order to actively
support service coordination, suggest an addi-
tional middlewarelayer on top of the coordina
tion layer, containing so-called conversation
controllerswith message routing and protocol
compliance verification capabilities. Such con-
versation controllers could address the mes-
sage dispatching problem arising when it comes
to one Web service being engaged in several
concurrent conversations. For this purpose, the
coordination context as described by WS-Co-
ordination could be exploited for messages cor-
relation purposes.

FROM COORDINATION
TO COMPOSITION

Despitetheintrinsic passive behavior of
description languages or protocols, they have
proven to have enough expressive power in
the context of service coordination, which in-
deed does not require any executable logic.
However, when it comes to orchestration,
things change and active support for the ex-
ecution of process or flow definitions is re-
quired. Furthermore, process executionimplies
the need for dedicated execution environments,
so-called execution or process engines able to
interpret process definitions and to carry out
the specified activities.

Therearesevera different interpretations
of what orchestration actually should be. Some
authors refer to it as to proper programming
languages, otherstend to prefer amore general
and evolutionary interpretation: “...these sys-
tems are often labeled the second generation
Workflow Management Systems (WfM Ss) be-
causethey provide much richer integration ca-
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pabilities than traditional WfMSs...”
(BPMI.org, n.d.). Thissecond interpretationis
probably too simplistic and putstoo much em-
phasis on the business perspective of the prob-
lem. Nevertheless, current orchestration ap-
proaches definitely inherit their core modeling
concepts from research in thefield of WfM Ss.
To orchestrate services, their composition rules
have to be specified at design time. Various
structured process model s have been proposed
using traditional workflow constructs as a ba-
sis. A classification of typical workflow con-
structs, originating from astructured program-
ming language approach to workflow defini-
tion, has been proposed by Van der Aalst, ter
Hofstede, Kiepuszewski, and Barros (2003). The
following subsections provide insight into
composition approaches and issuesin the con-
text of Web services.

M odel-Based Composition

Model-based service composition ap-
proaches concentrate on the explicit definition
of the possible process flow that governs a
composite Web service. Such process defini-
tionsarefedinto aprocess or execution engine
that managesthe overall execution of the com-
pound activities and thus actively orchestrates
the composite service. Commercial composition
toolsusually provideintuitive high-level visual
modeling tools that aid designers in the pre-
dominantly explicit definition of processes, such
asMicrosoft’sBizTalk Orchestration Designer
(Microsoft Corporation, n.d.) or Oracle’'s BPEL
Process Manager (Kennedy, 2005). Internally,
these modelsare then trandated into low-level
process models for execution purposes. Sev-
eral approachesfor internal process structures
have been proposed; in the following we pro-
vide a brief overview, without going too deep
into detail.

State Charts and Petri Nets

State chartsand Petri nets (or extensions
of them) are classical and well known formal-
isms within computer science. They have al-
ready proven their viability in the context of

workflow modeling and are mentioned here
merely for the sake of completeness; further
details can be found in (Alonso et al., 2004).
Within the Web servicedomain, IBM'sWSFL,
for example, internally uses Petri net modelsfor
expressing the process logic; Benatallah,
Sheng, and Dumas (2003) ground their declara-
tive service composition approach Self-Servon
state charts.

Pi-Calculus

Lessintuitive and without graphical rep-
resentation are process specifications based
on Pi-Calculus (Alonso et al., 2004). Pi-Cal cu-
lusis a process algebra and an attempt at de-
veloping a formal theory for process models.
As happens with Petri nets, the main advan-
tage is represented by the fact that a precise
and well-studied formalism can provide the ba-
sis for the verification of its properties.
Microsoft’'s X LANG specification, for example,
isinspired by Pi-Calculustheory.

Rule-Based Orchestration

Another textual technique for specify-
ing orchestration schemasis provided by rule-
based orchestration languages that provide
constructs for specifying processes by means
of setsof rules (Alonso et al., 2004). Usually,
such rules are based on the so-called event-
condition-action (ECA) paradigm known from
active database systems. This technique is
less structured with respect to the previous
modelsand is mainly suited to model orches-
trationsthat have only few constraints among
activities.

Two Representatives of
Structured Process Models:

BPEL (4WS) vs. BPML

BPEL isan XM L-based Web servicecom-
position language that is rooted in both
Microsoft sSXLANG and IBM'sWSFL. InBPEL,
a composite service is named a process; pro-
cesses export and import functionality by us-
ing Web service interfaces exclusively. Two
main kinds of processes are distinguished: ab-
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stract processes describe business protocols,
specifying the mutually exchanged messages
and their invocation order by each of the par-
ties involved, executable processes bind the
specified behavior to concrete services. Ac-
cording to thistwofold applicability, BPEL oc-
cupies both the Coordination and Composi-
tion layers within the protocol stack depicted
in Figure 2. Besides processes, participating
services are called partners, and message ex-
changes or intermediate result transformations
are called activities. BPEL distinguishes be-
tween basic and structured activities. Basic
activitiesrepresent synchronous and asynchro-
nous calls (<invoke>, <invoke>...<receive>),
structured activities manage the overal pro-
cess flow (<flow> to denote parallelism,
<switch> for alternatives...).

BPEL isdesigned primarily asacomposi-
tion language, but devel opers can use the same
formalism for both service composition and
conversation definition. Assuch, it lacks many
of the necessary and, from a discovery and
binding perspective, particularly useful prop-
erties needed for defining conversations (for
activation, for example). Furthermore, the struc-
ture of BPEL isflat, that is, sub-processes can-
not be defined.

BPML, with respect to BPEL, provides
similar modeling capabilities, but also supports
someadditional constructs, making it moreflex-
ible in general, such as sub-processes, and so
on. In particular, the BPML specification pro-
videsan abstract model and an XML syntax for
expressing executable business processes. But,
BPML itself does not define any application
semantics, it rather defines an abstract model
and grammar for expressing generic processes.
This allows BPML to be used for a variety of
purposes that include, but are not limited to,
the definition of enterprise business processes,
the definition of complex Web services, and
the definition of multi-party collaborations.
BPML is conceived as block-structured pro-
gramming language. Recursive block structures
play a significant role in scoping issues that
are relevant for declarations, definitions and
process execution.

Both BPEL and BPML provide support
for long-running business transactions and
robust exception handling facilities. BPML does
not provide constructs for the definition of
message coordination protocolsas BPEL does,
but developers easily can use WSCI for this
purpose, which shares the same underlying
process execution model. This apparent short-
coming of BPML, on the other hand, allowsfor
amoreflexibleuse of BPML and WSCI when it
comes to defining conversations, due to the
good separation of concerns. Currently, there
is, however, lessindustry support for BPML in
comparisonto BPEL.

Ontology-Driven Composition

Besides explicit process modeling ap-
proaches, the Semantic Web and service on-
tologies offer alternative ways for the compo-
sition and execution of compound services.
Thiskind of approach, rather than concentrat-
ing on an explicit definition of the flow logic,
aims at providing suitable frameworks for the
automatic derivation and execution of compos-
ite services, defined in an implicit manner by
means of goals aswell as pre- and post-condi-
tions over service inputs and outputs.

For example, Arpinar, Aleman-Meza,
Zhang, and Maduko (2004) propose an ontol-
ogy-driven Web services composition platform
where the requirements of the composite ser-
vices are specified by users as inputs and ex-
pected outputs. The described approach allows
automatically generating and executing acom-
posite service that produces the expected out-
puts by combining existing individual services
using their semantic descriptions. A human-
assisted and an automati c composition mecha-
nism are outlined.

Two Emerging Standards:
OWL-Svs. WSMO
OWL-Sallowsprovidersof Web services
to describe properties, capabilities, and behav-
iors of their services by means of ontologies,
and provides proper language primitives for
their semantic description. Final goal of OWL-
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Sisto provide amachine-interpretabl e descrip-
tion of services, in addition to the human-un-
derstandabl e descriptions already provided by
WSDL, and thus to support automatic discov-
ery, execution and composition. The core of
OWL-S, the ontology-driven description ap-
proach, builds on the Ontology Web Language
(OWL) (Martin, 2003), which providesthe nec-
essary constructsfor explicitly representing the
meaning of termsand the relationshipsexisting
among them within aspecific domain. OWL and
OWL-S are evolutions of DAML+OIL, a se-
mantic markup language for Web resources.

OWL-S ontologies are structured into
three main parts. A service profile serves the
purpose of advertising and discovering services
published by service providers and contains a
semantically enriched and machine-interpretable
service description. A process model describes
how aservice operates (by meansof proper con-
trol constructs and conversation descriptions)
and comprises inputs, outputs, preconditions,
results and effects of the service. According to
their complexity atomic, simple and composite
processes are distinguished, being the latter the
most complex one. The third part, the service
grounding provides the necessary details for
accessing a specific service, that is, protocols
and messageformats. Whereas profileand model
provide rather abstract representations, the
grounding refers to the concrete specification.
The semantics- and ontology-based approach
adopted by OWL-Sisparticularly suited for ad-
vanced service and conversation description.

WSMO amsaswell at describing relevant
aspects of semantic Web services. Within the
Web Service Modeling Framework (WSMF),
WSMO provides an (open source) executable
solution for goal-driven service composition
through extensive use of ontologies, semantic
service descriptions and pre- and post-condi-
tions for service description. Besides ontolo-
gies, goals and service descriptions, so-called
mediators should bypassinteroperability prob-
lems. Interoperability is one of the main issues
WSMO triesto solve, and this aspect differen-
tiatesit from OWL-S.

Just as for OWL-S, ontologies provide

theformal semanticsthat allows for automatic
information processing and for human- and
computer-understandable goal definitions. A
goal specification expressesthefinal objective
aclient may have when interacting with a ser-
vice and consists primarily of constrains over
post-conditions after service execution. Media-
tors provide the necessary support for inte-
grating heterogeneous el ementswhen combin-
ing several component services. They define
mappings and transformations between con-
nected elements. Four types of mediatorsexist,
according to the elements they link: goal-goal
mediators, ontol ogy-ontol ogy mediators, Web-
service-goal mediators, and service-service
mediators. Finally, \Web services are described
by means of their non-functional properties,
the mediatorsthey use, their capabilities, inter-
faces and groundings.

DERI isfurther working on an execution
environment for WSMO-based Web services,
the so-called Web Services Execution Environ-
ment (WSMX) (Haller, 2005). The goal of
WSMX isthat of providing an environment for
the dynamic inter-operation of Web services,
including automatic discovery, selection, me-
diation and invocation mechanisms.

Other Composition Approaches

Besides proper language or protocol
standardization efforts, several academic re-
search works go one step further in service
composition and also investigate the value of
additional aspects of the composition problem,
such as QoS, personalization, or context.

In Meteor-S, process composition is an-
notated with information for selecting services
according to quality of service characteristics
(Sivashanmugam, Miller, Sheth, & Verma, 2004).
Optimization of service selection hasbeen con-
sidered and evaluation functions discussed.
Theapproachismainly oriented to design, giv-
ing the possihility of transforming the process
representation into BPML or BPEL process
specifications.

Maamar, Mostefaoui, and Yahyaoui
(2005) extend their state-chart-based service
composition model with an agent-based and
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context-oriented approach to composite service
execution. The term context reflects the point
of view of services rather than to the one of
users. At runtime, agents are engaged in con-
versationswith their peers on behalf of the user
to agree on the actual Web services to partici-
pate in the process, according to the runtime
context conditions and the global composition
moddl.

Baina, Bendi, and Godart (2003), findly,
provide a valuable approach to Web service
composition within the initially mentioned
workflow domain and with special focus on
enterprise workflow interconnection. The pro-
cess interconnection model presented by the
authorsbuilds on Web service-based workflow
integration and allows for heterogeneous
workflow systems coexisting in a so-called
“workflow of workflows’. Themain contribu-
tion of the work consistsin the introduction of
acertain level of dynamism, proper of the Web
services area, into workflow definitions; more
precisely, the authors postpone the selection
of nested sub-processes from build-time to
runtime, by introducing proper discovery, ne-
gotiation and wrapping mechanisms for so-
called process services.

INMAIS, servicesare selected at runtime
according to constraints on functionalities and
quality of service expressed at design time and
the current context for process execution (De
Antonellis, Melchiori, De Santis, Mecella,
Mussi, Pernici, et d., 2005; Maurino et d., 2004).

In al these approaches, traditional com-
position patterns are enriched with additional
featuresthat allow flexible process specification
and execution. The principal trends are toward
providing a precise definition of context and of
local and global constraints and dynamic ser-
vice selection and invocation. No new composi-
tion constructs are defined; however, new com-
position mechanisms and optimization of com-
posed services are discussed in the literature.

In choreography specifications, there is
less attention toward such quality related as-
pects, except from temporal constraints on the
conversations. However, in this paper we do
not discuss in depth these issues since they

areonly marginally relevant in the comparison
of coordination and composition approaches.

Service Selection

As the reader will have noticed, one of
the main noveltiesintroduced by these two re-
search efforts, as well as by the ontology- or
semantics-driven composition approaches,
consists in the dynamic selection of the ser-
vices to be composed, besides the dynamic
service composition itself.

Service selection is probably the point
where current orchestration approaches defi-
nitely could add flexibility with respect to tradi-
tional WfMSs, which usually include a (cen-
tralized) resource manager that at runtime de-
cides to which resource instance, respecting a
precise role definition, a specific task should
beassigned (WfMC, n.d.). The question, hence,
is whether component services should be se-
lected at process definition time or at runtime
during process execution. Some authors even
distinguish between service selection at design
time and deploy time. The overall purpose of
dynamic service selectionismostly that of guar-
anteeing the availability of acomposite service,
being the Web ahighly variable and fast chang-
ing environment.

Currently, static (hard-coded within the
process definition) selection approaches pre-
vail over dynamic ones (Alonso et a., 2004).
The URIs for locating the necessary services
are uniquely defined at design time and each
process instance refers to the same set of ser-
vices. Instead of hard-coding the URIswithin
the process definition, they can also be as-
signed to process variables and thus deter-
mined as aresult of apreviously executed op-
eration. These approaches are known as dy-
namic by reference. A further degree of flexibil-
ity isprovided by so-called dynamic by lookup
binding mechanisms that support, for each ac-
tivity, the definition of a query to be executed
on some service directory and thus require a
certainlevel of middleware support.

Selection decisions not only are influ-
enced by the selection time, but — and even at
a higher degree — by the selection algorithm
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itself. Asthe ontol ogy-driven approach shows,
semantic and goal-driven considerations could
drive the selection algorithm (Arpinar et al.,
2004), aswell as context-based or QoS-driven
ones. Also, syntactical similarities or abstract
services as representatives for a specific class
of equivalent services could constitute the de-
cisiondomain.

UDDI provides basic functionalities to
retrieve services according to their classifica-
tion, providersand/or tM odel s. Recent propos-
alshave emerged to support WSMO and OWL -
S service selection using IRS (Confalonieri et
al., 2004), using the IRS discovery and retrieval
mechanisms, mapping semantic service descrip-
tions provided by those two approaches to the
knowledge representation language OCML
(Hakimpour, Domingue, Motta, Cabral, & Lei,
2004).

In the URBE registry developed for
MAIS, services are selected from the registry
according to their functional characteristics,
organized according to a service model), their
quality characteristics, theinvocation context,
and application or user requirements (Bianchini
et a., in press). Similarity functions are pro-
vided to assess the functional suitability of a
service, according to given functional and non-
functional requirements, in conjunction with a
lightweight ontology model.

Message Correlation

Oncethe servicesthat congtitute the com-
posite service have been selected, another
(runtime) problem must be addressed: message
correlation. As there may be several concur-
rent instances of the same composite service
running within one and the same execution en-
vironment, these process instances and the
conversations they areinvolved in with exter-
nal Web services must be uniquely identified
for guaranteeing a correct overall process ex-
ecution.

WS-Coordination proposes identifiers
(the coordination context) carried by SOAP
headers for uniquely associating messages to
conversations. When using WSCI, designers
canidentify certain dataitemswithin exchanged

messages that act as unique identifiers of the
conversation. A possible process specification
on top of these protocols must explicitly pro-
vide the necessary logic implementing the de-
scribed mechanisms.

Ontheother hand, BPEL aready proposes
asolution at processlevel, namely so-called cor-
relation setsthat — similar as within WSCI —
allow defining setsof dataitemsas uniqueiden-
tifiers. By assigning the same correlation set to
multiple messages, the designer can specify that
messages— Whenever therespective dataitems
have the same values — belong to the same
process instance or conversation.

Transactionsand
Exception Handling

As Web services aim at supporting col-
|aborations between business partners, robust
transaction support is required. The classical
ACID properties of relational databases have
proven being too strict in a service-oriented
environment involving several autonomous
business partners, and thus, in this context,
they haveto be dightly relaxed. Also, compen-
sating mechanisms must be taken into consid-
eration, as already happened for WfMSs
(Grefen, Pernici, & Sanchez, 1999).

InAugust 2002, IBM, Microsoft, and BEA
proposed WS-Transaction, a standard proto-
col for long-running business transactions that
builds on the framework provided by WS-Co-
ordination. Transactionsare oneway to handle
exceptions, but dueto its compensation mecha-
nism not in every exceptional situation trans-
actions providetheright functionality. Several
exception handling approaches are known, the
most important ones are try-catch-throw
mechanismsas provided, for example, by Java
and currently implemented in BPEL, or flow-
based mechanisms that consist in explicitly
modeling the error testing logic within the
proper process description. Also, rule-based
approaches exist, which are particularly suited
for handling temporal exceptions.

A more detailed discussion of transac-
tions and exception handling mechanisms
would exceed the scope of this paper. Aswell,
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other issues like data conversion between dif-
ferent component services or execution moni-
toring are not addressed here.

HOW ORCHESTRATION
DEPENDS ON
CHOREOGRAPHY

After this overview over Web service
choreography and orchestration and the main
concerns they address, in this section we will
try to briefly highlight to what extent the one
depends on the other. For this purpose, we dis-
tinguish three main dimensions: structural, func-
tional, and resource dependencies.

Structural Dependencies

Structural dependencies are those driv-
ing the overall structure or organization of a
process definition, and thus concern involved
activities, conditions, ramifications within the
process flow, and so on.

Alonso et al. (2004) well explain the de-
pendencies between coordination protocols
and composition schemas by stepwiserefining
the portion of a process definition relative to
only one of the participating services. Starting
from an overal activity diagram, theauthorsfirst
extract therole-specific view of the processand
thenrefineitin order to reach agranularity level
wherethe single activities of theremaining dia-
gram reflects the single service invocations re-
quired for achieving the specific functionality.
Thisso-called process skel eton on the one hand
describes the role-specific view of the process,
on the other hand provides a proper protocol
description of that participant’s public interac-
tions. In this way, the authors show how the
definition of the executable processintrinsically
must match the constraints imposed by the
underlying coordination protocol.

Functional Dependencies
Functionalitiesor capabilitiesliketrans-
action support, security, reliability, correlation,
and so on may yield to functional dependen-
cies among orchestration languages and coor-

dination protocals, like those provided by the
wealth of WS-* specifications. Dependencies
arise, whenever the functionalities they pro-
vide are used within a process specification
and the composition language “delegates’ the
relative competencies to the underlying coor-
dination protocols.

Asdready exemplified earlier, for example,
coordination can be achieved either explicitly
at process level or implicitly at coordination
level. For example, oncethe choice of adopting
the WS-Coordination framework has been
made, the process definition does not anymore
require explicit coordination constructs. The
same considerations also hold in case of trans-
action support, reliable messaging, or thelike.

Resour ce Dependencies

Most of the process definition languages
haveinherited their modeling approachesfrom
thefield of workflow management. At process
or composition design time, however, service
composition presents some methodological
differences that are rooted in the dependen-
ciesthat exist between coordination and com-
position.

WfMSs allow for a straightforward top-
down structure of the process model, describ-
ing, for example, an administrative workflow.
Resources executing a specific work item are
provided with the exact amount of datathat is
required for the correct execution of that task.
For executing one task, there is no need to
know about possible other tasks before or af -
ter that specific task within the same process
flow. Possible task constellations are subject
only to the constraints imposed by the final
goal of the underlying business process. In-
volved resources do not have atask-surviving
behavior with constraints affecting the overall
process definition. Rearranging tasks (i.e., put-
ting somein parallel), when specifying process
definitions, is common practice for improving
process efficiency.

When defining the logic that constitutes
a composite Web service, a strict top-down
approach does not guarantee anymore that the
resulting process definition is always execut-
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able. Asalready outlined earlier when speaking
about the need for coordination protocols, a\Web
service may by subject to certain conversation
rules in order to be executed correctly. For ex-
ample, beforeaccepting auser’scredit card num-
ber for payment, the service must be provided
with an appropriate list of goods the user wants
to buy. Thisexternally visible behavior of Web
services distinguishes the resource Web ser-
vicefromthosewehavein WfM Ss. Singletasks
cannot anymore berearranged arbitrarily with-
out loosing functionality.

Composite service designers must know
about the coordination requirements of the ser-
vicesthey use and take them into account when
defining composite services. Thus, starting
fromaninitial processidea (top-down), design-
ersselect the services providing theright func-
tionality, and then refine their initial idea (by
rearranging initially presumed invocations or
adding new ones) in order to conform with the
coordination requirementsthe selected services
impose (bottom-up). Therefore, the resulting
process definition combines the advantages of
both a coarse-grained top-down approach and
afine-grained bottom-up method.

FUTURE TRENDS

The previous considerations outlined the
main characteristics of Web service choreogra-
phy and orchestration and al so presented some
mutual dependencies between thetwo, by pay-
ing particular attention to the various ongoing
standardization efforts that finally should lead
to commonly agreed upon protocols and lan-
guages. In particular, we argued that coordina-
tion protocols are public documents focusing
on external interactions, and composition
schemas are private documents that describe
theinternal implementation of composite Web
services.

Coordination or Composition?
First, we will focus on the trends con-
cerning coordination and composition ap-
proaches and their relationships. In our view,
both perspectives will be needed also in the

future and more research work should focuson
formally relating the two approaches, also in
order to be able to prove formal properties
which are published against formal properties
of private process descriptions.

Trendsin Private

Process Descriptions

In order to close the circle started in the
i ntroduction when speaking about Service-Ori-
ented Programming, it isinteresting to remark
that the solutions found so far do not provide
radically novel programming capabilities. In
fact, one could even imagine specifying acom-
posite service that makes use of several third-
party servicesby using conventional program-
ming languages; for example, Java provides
all the necessary primitives for coping with
coordination and composition. But the emerg-
ing languageswill provide higher-level reason-
ing capabilities and better, service-centered ab-
stractions.

As further aluded within the introduc-
tion when comparing SOP with OOP, wherere-
ally valuable and novel concepts primarily
emerged as result of the object-oriented para-
digm and less because of the availability of
object-oriented languages, also in the context
of Web services the real potentia resides in
what will be build on top of SOP languages
rather than in such languages themselves. Just
as today’s enterprise application servers run
so-called object containers as execution envi-
ronment for business logic and offering vari-
ous services to its components, similar con-
cepts are being investigated also for Web ser-
vices and probably will substantially enhance
current composition capabilities.

Benatallah et a. (2003), intheir Self-Serv
research project, are concentrating on a
middlewareinfrastructurefor the composition
of Web servicesthat allowsfor multi-attribute
dynamic service selection within acomposite
service and peer-to-peer orchestration. Fur-
thermore, they build on the concept of service
container aggregating severa substitutable
services.

A similar approach is followed by the
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MAISproject (MAIS, n.d.) that — among oth-
ers — aims at the definition of a platform for
dynamic service selection and provisioning on
the basisof context and QoSinformation. Com-
patible services are grouped into so-called ab-
stract servicesand allow dynamically selecting
and when necessary substituting (concrete)
services at runtime according to the current
context and theresult of anegotiation over QoS
parameters.

In general thetrendistowards providing
a middleware (environments supporting WS-
*) to support dynamic process execution and
more integration with programming environ-
ments, both in the Semantic Web service line,
whichisstrictly related to logic programming,
and inthe composition line, such asfor instance
in BPEL extensions allowing Java code to be
included in the process specification.

Trendsin Public Process Description

In this area the trend is to define con-
straints on messages being exchanged among
several partners, without enforcing coordina-
tion through execution engines. Some support
can be provided to verify, at runtime, whether a
given coordination specification has been vio-
lated (such as, for instance, in Maamar et al.,

2005).

Open or Closed Worlds?

Slightly different approaches are emerg-
ing from the recent trend towards Semantic Web
services and still have to be profoundly inves-
tigated. Most of the effortsin this context, like
OWL-S and WSMO, are covered by research
and academic communities and still have to
provetheir commercial viability. Nevertheless,
especially for dynamic service selection the
potential seemsto be promising.

However, in this research area much ef-
fort is devoted to the capability of handling
multiple ontologies, such asin OWL-S, or in
providing mediators between them, such asin
WSMO. The ability of combining logics and
providing general reasoning mechanismsislim-
ited, so the trend could be a greater focus on

closed world or communities of service provid-
ers and users such as defined in (Marchetti,
Pernici, & Plebani, 2004).

CONCLUDING REMARKS

The time being seems of crucial impor-
tance for the success of Web services. Deci-
sions have to be made about future standards,
which will heavily influence the potential for
success. In hiscritical article onthe practice of
standardization, WS-Nonexistent Standards,
Vinoski (2004) not only complains about the
numerous proposed standards, but also about
the way they are proposed. As a charter mem-
ber of the World Wide Web Consortium’s Web
Services Architecture working group, he asks
for more consensusin the standardization pro-
cesses. Today, he says, traditional standard-
ization procedures are often bypassed by pow-
erful vendors, which devel op their own specifi-
cations and only afterwards submit them to an
officia standards body with the hope of fast
acceptance and minimal changes. In thisshort-
circuited standardization effort he identifies
both a disadvantage for users and a threat for
the overall success of the technologies to be
standardized.

Therefore, let us hope in shared and
agreed on standards as basis for the next gen-
eration applicationsand services, because“...a
standard that is not generally agreed on is a
standard on paper only” (Vinoski, 2004).
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