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Preface

Modern information systems rely increasingly on combining concurrent, dis-
tributed, mobile, reconfigurable and heterogenous components. New models,
architectures, languages, and verification techniques are therefore necessary to
cope with the complexity induced by the demands of today’s software develop-
ment. Coordination languages have emerged as a successful approach, providing
abstractions that cleanly separate behavior from communication and therefore
increasing modularity, simplifying reasoning, and ultimately enhancing software
development.

This volume contains the proceedings of the 7th International Conference
on Coordination Models and Languages (Coordination 2005), held at the Insti-
tute of Informatics of the University of Namur, Belgium, on April 20-23, 2005.
The previous conferences in this series took place in Cesena (Italy), Berlin (Ger-
many), Amsterdam (The Netherlands), Limassol (Cyprus), York (UK), and Pisa
(Italy). Building upon the success of these events, Coordination 2005 provided
a forum for the community of researchers interested in models, languages, and
implementation techniques for coordination and component-based software, as
well as applications that exploit them.

The conference attracted 88 submissions from authors all over the world.
The Program Committee, consisting of 20 of the most distinguished researchers
in the coordination research area, selected 19 papers for presentation on the
basis of originality, quality, and relevance to the topics of the conference. Each
submission was refereed by three reviewers — four in the case of papers written
by a member of the Program Committee. As with previous editions, the paper
submission and selection processes were managed entirely electronically. This was
accomplished using ConfMan (www.ifi.uni.no/confman/ABOUT-ConfMan/), a
free Web-based conference management system, and with the invaluable help
of Paolo Costa, who installed and customized the system, ensuring its smooth
operation.

We are grateful to all the Program Committee members who devoted much
effort and time to read and discuss the papers. Moreover, we gratefully ac-
knowledge the help of additional external reviewers, listed later, who reviewed
submissions in their areas of expertise.

Finally, we would like to thank the authors of all the submitted papers and the
conference attendees, for keeping this research community lively and interactive,
and ultimately ensuring the success of this conference series.

February 2005 Jean-Marie Jacquet
Gian Pietro Picco
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A Case Study of Web Services Orchestration

Manuel Mazzara! and Sergio Govoni?

! Department of Computer Science, University of Bologna, Italy
mazzara@Qcs.unibo.it
2 Imaging Science and Information Systems Center, Georgetown University,
Washington, DC, USA

govoni@isis.imac.georgetown.edu

Abstract. Recently the term Web Services Orchestration has been in-
troduced to address composition and coordination of Web Services. Sev-
eral languages to describe orchestration for business processes have been
presented and many of them use concepts such as long-running trans-
actions and compensations to cope with error handling. WS-BPEL is
currently the best suited in this field. However, its complexity hinders
rigorous treatment. In this paper we address the notion of orchestration
from a formal point of view, with particular attention to transactions
and compensations. In particular, we discuss webms,, an untimed sub-
calculus of webm [15] which is a simple and conservative extension of
the m-calculus. We introduce it as a theoretical and foundational model
for Web Services coordination. We simplify some semantical and prag-
matical aspects, in particular regarding temporization, gaining a better
understanding of the fundamental issues. To discuss the usefulness of the
language we consider a case study: we formalize an e-commerce transac-
tional scenario drawing on a case presented in our previous work [12].

1 Introduction

The aim of Web Services is to ease and to automate business process collabora-
tions across enterprise boundaries. The core Web Services standards, WSDL [11]
and UDDI [26], cover calling services over the Internet and finding them, but
they are not enough. Creating collaborative processes requires an additional
layer on top of the Web Services protocol stack: this way we can achieve Web
Services composition and orchestration. In particular, orchestration is the de-
scription of interactions and messages flow between services in the context of a
business process [23]. Orchestration is not a new concept; in the past it has been
called workflow [28].

1.1 The State of the Art in Orchestration

Three specifications have been introduced to cover orchestration: Web Services
Business Process Execution Language (WS-BPEL or BPEL for short) [1] which
is the successor of Microsoft XLANG [25,5] and IBM WSFL [16], together

J.-M. Jacquet and G.P. Picco (Eds.): COORDINATION 2005, LNCS 3454, pp. 1-16, 2005.
© Springer-Verlag Berlin Heidelberg 2005



2 M. Mazzara and S. Govoni

with WS-Coordination (WS-C) [29] and WS-Transaction (WS-T) [30]. BPEL
is a workflow-like definition language that allows to describe sophisticated busi-
ness processes; WS-Coordination and WS-Transaction complement it to pro-
vide mechanisms for defining specific standard protocols to be used by trans-
action processing systems, workflow systems, or other applications that wish
to coordinate multiple services. Together, these specifications address connec-
tivity issues that arise when Web Services run on several platforms across
organizations.

1.2 Transactions in Web Services

A common business scenario involves multiple parties and different organizations
over a time frame. Negotiations, commitments, shipments and errors happen. A
business transaction between a manufacturer and its suppliers ends successfully
only when parts are delivered to their final destination, and this could be days
or weeks after the initial placement of the order.

A transaction completes successfully (commits) or it fails (aborts) undoing
(roll-backing) all its past actions. Web services transactions [17] are long-running
transactions. As such, they pose several problems. It is not feasible to turn an
entire long-running transaction into an ACID transaction, since maintaining
isolation for a long time poses performance issues [31]. Roll-backing is also an
issue. Undoing many actions after a long time from the start of a transaction
entails trashing what could be a vast amount of work.

Since in our scenario a traditional roll-back is not feasible, Web Services
orchestration environments provide a compensation mechanism which can be
executed when the effects of a transaction must be cancelled. What a compen-
sation policy does depends on the application. For example, a customer orders
a book from an on-line retailer. The following day, that customer gets a copy of
the book elsewhere, then requests the store to withdraw the order. As a com-
pensation, the store can cancel the order, or charge a fee. In any case, in the end
the application has reached a state that it considers equivalent to what it was
before the transaction started.

The notions of orchestration and compensation require a formal definition.
In this paper, we address orchestration with particular attention to web transac-
tions. We introduce web7,, a subcalculus of web [15] that does not model time,
as a simple extension of the m-calculus. As a case study, we discuss and formal-
ize an e-commerce transactional scenario building on a previous one, which we
presented in an earlier work [12] using a different algebra, the Event Calculus,
which we introduced in {18]. The Event Calculus needed some improvement to
make it more readable and easier to use for modelling real-world scenarios. This
paper is a step in that direction.

1.3 Related Work

In this paper we mainly refer to BPEL, the most likely candidate to become a
standard among workflow-based composition languages. Other languages have
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been introduced, among them WS-CDL [14], which claims to be in some relation
with the fusion calculus [22].

Other papers discuss formal semantics of compensable activities in this con-
text. [13] is mainly inspired by XLANG; the calculus in [9] is inspired by BP-
Beans [10}; the mt-calculus [8] focuses on BizTalk; [6] deals with short-lived
transactions in BizTalk; [7] also presents the formal semantics for a hierarchy of
transactional calculi with increasing expressiveness.

Some authors believe that time should be introduced both at the model level
and at the protocols and implementation levels [15, 3, 2, 4]. XLANG, for instance,
provides a notion of timed transaction as a special case of long running activity.
BPEL uses timers to achieve a similar behavior. This is a very appropriate
feature when programming business services which cannot wait forever for the
other parties reply.

1.4 Outline

This work is organized as follows. In Section 2 we explain our formal approach
to orchestration: extending the m-calculus to include transactions. In Section
3 we discuss this extension with its syntax and semantics, while in Section 4
we discuss an e-commerce transactional scenario to show the strength of the
language. Section 5 draws a conclusion.

2 A Formal Approach to Web Services Orchestration

Business process orchestration has to meet several requirements, including pro-
viding a way to manage exceptions and transactional integrity [23]. Orchestration
languages for Web Services should have the following interesting operations: se-
quence, parallel, conditional, send to/receive from other Web Services on typed
WSDL ports, invocation of Web Services, error handling.

BPEL covers all these aspects. Its current specification, however, is rather
involved. A major issue is error handling. BPEL provides three different mecha-
nisms for coping with abnormal situations: fault handling, compensation handling
and event handling. ! Documentation shows ambiguities, in particular when in-
teractions between these mechanisms are required. Therefore it is difficult to use
the language, and we want to address this issue.

Our goal is to define a clear model with the smallest set of operators which
implement the operations discussed above, and simple to use for application de-
signers. We build on the m-calculus [21, 20, 24], a well known process algebra. It
is simple and appropriate for orchestration purposes. It includes: a parallel oper-
ator allowing explicit concurrency; a restriction operator allowing composition-
ality and explicit resource creation; a recursion or a process definition operator
allowing Turing completeness; a sequence operator allowing causal relationship

! The BPEL event handling mechanism was not designed for error handling only.
However, here we use it for this purpose.
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between activities; an inaction operator which is just a ground term for induc-
tive definition on sequencing; message passing and in particular name passing
operators allowing communication and link mobility.

There is an open debate on the use of m-calculus versus Petri nets in the
context of Web Services composition [27]. The main reason here for using the
m-calculus for formalization is that the so called Web Services composition lan-
guages, like XLANG, BPEL and WS-CDL claim to be based on it, and they
should therefore allow rigorous mathematical treatment. However, no interest-
ing relation with process algebras has really been proved for any of them, nor an
effective tool for analysis and reasoning, either theoretical or software based, has
been released. Therefore, we see a gap that needs to be filled, and we want to
address the problem of composing services starting directly from the m-calculus.

By itself the m-calculus does not support any transactional mechanism. Pro-
gramming complex business processes with failure handling in term of message
passing only is not reasonable; also, the Web Services environment requires that
several operations have transactional properties and be treated as a single logi-
cal unit of work when performed within a single business transaction. Below we
consider a simple extension of the m-calculus that covers transactions.

3 The Orchestration Calculus webmo

The syntax of webm,, processes relies on countable sets of names, ranged over

by z,vy, z,u, - - -. Tuples of names are written .
P =
0 (nil)
| Z () (output)
| z(w).P (input)
| ()P (restriction)
| P| P (parallel composition)
| A(@) (process invocation)
| {P; P), (transaction)

We are assuming a set of process constants, ranged over by A, in order to
support process definition. A defining equation for a process identifier A is of
the form "
A@) P
where each occurrence of A in P has to be guarded, i.e. it is underneath an input
prefix. It holds fn(P) C {4} and 4 is composed by pairwise distinct names.

A process can be the inert process 0, an output Z (%) sent on a name z that
carries a tuple of names %, an input z(%).P that consumes a message T (W) and
behaves like P{%/3}, a restriction (z)P that behaves as P except that inputs
and messages on z are prohibited, a parallel composition of processes, a process
invocation A(#) or a transaction (P ; R), that behaves as the body P until a
transaction abort message T () is received, then it behaves as the compensation Q.
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Names z in outputs and inputs are called subjects of outputs and inputs
respectively. It is worth noticing that the syntax of webm,, processes simply
extends the asynchronous m-calculus with the transaction process.

The input z(@).P and restriction (z)P are binders of names @ and z re-
spectively. The scope of these binders is the processes P. We use the standard
notions of a-equivalence, free and bound names of processes, noted fn(P), bn(P)
respectively. In particular

fa({P ; R),) = fn(P) U fn(R) U {z} and a-equivalence equates (x)((]P ; Qby)
with (2)((P{#/z} ; Q{*/z}),);

In the following we let 7.P be the process (z)(z()|z().P) where z ¢ fn(P).
webm, processes considered in this paper are always well-formed according to
the following:

Definition 1 (Well-formedness). Received names cannot be used as subjects
of inputs. Formally, in z(w).P free subjects of inputs in P do not belong to
names u.

This property avoids a situation where different services receive information on
the same channel, which is a nonsense in the service oriented paradigm.

3.1 Semantics of the Language

We give the semantics for the language in two steps, following the approach of
Milner [19], separating the laws which govern the static relations between pro-
cesses from the laws which rule their interactions. The first step is defining a
static structural congruence relation over syntactic processes. A structural con-
gruence relation for processes equates all agents we do not want to distinguish.
It is introduced as a small collection of axioms that allow minor manipulation
on the processes’ structure. This relation is intended to express some intrinsic
meanings of the operators, for example the fact that parallel is commutative. The
second step is defining the way in which processes evolve dynamically by means
of an operational semantics. This way we simplify the statement of the seman-
tics just closing with respect to =, i.e. closing under process order manipulation
induced by structural congruence.

Definition 2. The structural congruence = is the least congruence closed with
respect to a-renaming, satisfying the abelian monoid laws for parallel (associa-
tivity, commutativity and 0 as identity), and the following azioms:

1. The scope laws:

(w)0=0,  (u)(v)P = (v)(w)P,
Pl(w)Q= (u)(P|Q), #u¢in(P)
(2P Qb = ()P; Qb if 2 & {2} UIn(Q)
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2. The invocation law:
A() =P{ojay  ifA@) Y P
3. The transaction laws:

(0;Q),=0
{P; Q) IR; R'),=(P; Q),I{R; R'),

4. The floating law:
(Z@) | P; Q), =2 |[(P; Q),

The scope and invocation laws are standard. Let us discuss transaction and
floating laws, which are unusual. The law (0 ; Q). = O defines committed
transactions, namely transactions with 0 as body. These transactions, being
committed, are equivalent to 0 and, therefore, cannot fail anymore. The law
P; Qb IR; R), =(P; Q),|(R; R'), moves transactions outside parent
transactions, thus flattening the nesting of transactions. Notwithstanding this
flattening, parent transactions may still affect children transactions by means of
transaction names. The law (Z (u) | P ; R), = Z(u) | (P ; R), floats messages
outside transactions; it models that messages are particles that independently
move towards their inputs. The intended semantics is the following: if a process
emits a message, this message traverses the surrounding transaction boundaries,
until it reaches the corresponding input. In case an outer transaction fails, recov-
ery actions for this message may be detailed inside the compensation processes.
The dynamic behavior of processes is defined by the reduction relation.

Definition 3. The reduction relation — is the least relation satisfying the fol-
lowing azioms and closed with respect to =, (z)-, _ |- and ( _; Q),:

(com)
z (@) |=(@).P — P{¥/gz}
(FAIL)

T ([Lieszi(@).Pi; Q) —» Q@ (I#0)

Rule (com) is standard in process calculi and models input-output interaction.
Rule (fail) models transaction failures: when a transaction abort (a message on
a transaction name) is emitted, the corresponding transaction is terminated by
garbage collecting the threads (the input processes) in its body and activating
the compensation. On the contrary, aborts are not possible if the transaction is
already terminated, namely every thread in the body has completed its job.

4 A Case Study

In this section, we discuss an implementation in webm, of a classical e-business
scenario: a customer attempts to buy a set of items from some providers, using a
coordination service exposed by a web portal. Actors involved in this e-business
scenario are a customer, a web portal and a set of item providers.



