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Core BPEL
Semantic Clarification of WS-BPEL 2.0

through Syntactic Simplification using XSL Transformations

Tim Hallwyl* Espen Hojsgaard!

Abstract

The Web Services Business Process Execution Language (WS-BPEL) is a language for expressing busi-
ness process behaviour based on web services. The language is intentionally not minimal but provides a
rich set of constructs, allows omission of constructs by relying on defaults, and supports language exten-
sions. Combined with the fact that the language definition does not provide a formal semantics, it is an
arduous task to work formally with the language (e.g. to give an implementation).

In this paper we identify a core subset of the language, called Core BPEL, which has fewer and simpler
constructs, does not allow omissions, and does not contain ignorable elements. We do so by identifying
syntactic sugar, including default values, and ignorable elements in WS-BPEL. The analysis results in a
translation from the full language to the core subset. Thus, we reduce the effort needed for working
formally with WS-BPEL, as one, without loss of generality, need only consider the much simpler Core
BPEL. This report may also be viewed as an addendum to the WS-BPEL standard specification, which
clarifies the WS-BPEL syntax and presents the essential elements of the language in a more concise way.

To make the results of this work directly usable for practical purposes, we provide an XML Schema for
Core BPEL and a set of XSLT 1.0 transformations that will transform any standard compliant WS-BPEL
process into a Core BPEL process. We also provide an online service where one can apply the transforma-
tion.

This work is part of the initial considerations on the implementation of a WS-BPEL engine within the
Computer Supported Mobile Adaptive Business Processes (CosmoBiz) research project at the IT University
of Copenhagen.

*tiha@itu.dk
WLespen@itu.dk
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1 Introduction

The Web Services Business Process Execution Language (WS-BPEL) is a language for expressing business
process behaviour based on web services. Based on the Extensible Markup Language (XML), the definition
of WS-BPEL consists of two parts: A set of XML Schema documentsﬂ formally defining the syntax of the
language, and a document [17], which we shall call the standard specification, defining the semantics and
some further constraints on the syntax. The standard specification is written in prose and does not give
any formal semantics for the language, which makes it harder than necessary to execute and reason about
WS-BPEL processes as it is unclear what a WS-BPEL process means.

To remedy this, the academic community has proposed a number of formal semantics for WS-BPEL
using a variety of formalisms (see related work below). These works have given a better understanding of
WS-BPEL and have enabled formal analysis of WS-BPEL processes such as model checking. But the pro-
posed formalizations are quite complex and comprehensive, which we believe stems from two sources: (a)
WS-BPEL has some non-trivial features such as compensation and dead path elimination which are difficult
to formalize concisely, and (b) WS-BPEL is (intentionally) not minimal, as for example the <sequence>-
activity can be encoded as a <f1ow>-activity, and this redundancy carries over to the formalizations.

In this technical report, we investigate how we can remove some of the redundancy of WS-BPEL by
showing how some constructs can be seen as syntactic sugar on a language core, which we term Core BPEL.
By identifying a core language and a way to desugar the full language into the core subset, we can ease the
tasks of implementing, analyzing, and formalizing the language, as one, without loss of generality, only
needs to consider the core language. It should be noted that from a WS-BPEL programmer’s perspective,
features such as syntactic sugar are convenient and we do not suggest that WS-BPEL should be limited to
a language core — we only aim to ease formal treatment of the language, and it is from this perspective
that we in this report claim to simplify the WS-BPEL language. But we believe that the WS-BPEL user may
also gain from this report, as it clarifies the WS-BPEL syntax and provides a more concise presentation of
the essential elements of the language. From a more general perspective, this work also demonstrates that
it is feasible to present a business process language as a set of primitive constructs from which a larger
set of constructs may be built, and that this in fact promotes readability as well as clarifies and simplifies
semantics. In particular, we expect a similar approach to be feasible and beneficial for the recent BPMN 2.0
standard [2].

The standard specification mentions many similarities between constructs and even defines some con-
structs by referring to the definition of other constructs. By analyzing these relations, we come up with
desugaring transformations which preserve our understanding of the semantics, substantiated with quotes
from the standard specification. Note that, in our analysis, we only consider executable processes, not the
so-called abstract processes as these are not intended to be executed and may lack required operational
details [17] Abstract]. Also, we disregard memory usage and execution speed, as these are implementation
dependent and not treated by the standard.

Due to the lack of formal semantics in the standard specification we cannot prove our desugaring trans-
formation to be semantics preserving in a formal sense; it might very well be the case, that our desugaring
transformations do not preserve semantics with respect to formalizations given by the academic commu-
nity or implementations of WS-BPEL. For instance, the memory usage of a syntactic sugar construct might
be different from that of its desugared counterpart, which might lead to differences in exception behaviour.
The only formal guarantee we give is that the WSDL types remain the same.

Core BPEL is thus a subset of WS-BPEL which has fewer and simpler constructs, and any valid exe-
cutable WS-BPEL process can be transformed into an equivalent Core BPEL process by using the transfor-
mations presented in this report. We do not claim that the Core BPEL is minimal: there might be further or
alternative transformations which yield a smaller language; nevertheless, our experience is that Core BPEL
makes implementing and formalizing WS-BPEL significantly simpler.

In addition to syntactic sugar, WS-BPEL supports extensions that are implementation dependent and
can be either optional or mandatory. Processes with mandatory extensions must be rejected if the imple-

IThe XML Schema documents are published in appendix E of the WS-BPEL standard specification [17].



mentation does not support them [17, SA00009], whereas unsupported optional extensions must be ignored
by an implementation. Ignoring an extension can be done by removing it from the process before execu-
tion, and by providing a generic set of transformations for this, we again ease the implementation task. We
therefore examine how optional extensions can be removed from a process by transforming it.

We have implemented the presented transformations as XSLT 1.0 templates. Some of the XSLT templates
require access to the Web Service Definition Language (WSDL) files imported by the process.

In the appendix, we list syntax summaries (in the style of the WS-BPEL standard specification) for the
WS-BPEL and Core BPEL elements side-by-side for easy comparison (App.[A). We also provide an XML
Schema which defines the Core BPEL syntax (App.|B) and a set of XSLT 1.0 templates which implement the
translation from WS-BPEL to Core BPEL (App.[D). The schema and transformations are also available at the
CosmoBiz project website http://www.cosmobiz.org/where we also provide a simple web-interface for
experimenting with the transformations.

Motivation This investigation is part of the Computer Supported Mobile Adaptive Business Processes
(CosmoBiz) project [11]], which aims to provide a fully formalized runtime engine for a WS-BPEL-like busi-
ness process language extended to allow for mobile and adaptive processes. As an initial step towards this
goal, we are formalizing and implementing a WS-BPEL engine. By identifying a simpler core language of
WS-BPEL, we ease the formalization and implementation. As a by-product, this investigation exposes some
of the more subtle aspects of WS-BPEL, thereby making the semantics of the many constructs in WS-BPEL
clearer and giving an overview of the many default behaviours specified in the standard specification.

Core BPEL allows WS-BPEL researchers and implementers to work with a simpler and more structured
language that is both easier to understand and to reason about — without loss of generality. By providing
the necessary transformations and a convenient web-interface, we hope to make our results easily accessible
and usable for anyone working with WS-BPEL.

Related work The work presented in this paper is the continuation of Simplified BPEL as proposed by
Hallwyl in his master’s thesis [10]. The transformation into Simplified BPEL focused on adding implicit
activities and default values, to support a so-called “standard-driven” implementation, a conceptual imple-
mentation closely mapping the prose descriptions found in the standard specification to code constructs.
That aim did not allow us to remove or replace activities from the language. Core BPEL takes this further,
by removing, transforming, and replacing constructs, aiming for a core subset of the language.

We are unaware of any other work on identifying a language core for WS-BPEL, but WS-BPEL has
received considerable attention from the academic community, resulting in a number of formalizations
using different formalisms the most notable being Petri Nets [12) [13, [14], process calculi such as the 7-
calculus [15] and bigraphs [3], and Abstract State Machines [9] 7, 6, 8].

Structure of the paper We begin with some considerations in Section [2]about how to design and express
the transformations from WS-BPEL to Core BPEL. In Section 3| we discuss how to make default attribute
values and elements explicit. In Section 4| we discuss the standard attributes and elements of WS-BPEL
which are allowed on all activities, and describe how these are only necessary on a few select activities. In
Section[5|we identify syntactic sugar in WS-BPEL's activities and the <process> construct, and investigate
how to desugar them one by one. In Section[e|we discuss the extensibility of WS-BPEL and investigate how
to remove optional extensions. Finally, in Section [7} we discuss how to combine the individual transfor-
mations into an overall transformation of WS-BPEL processes into Core BPEL and Section 8 concludes the
paper with future perspectives.

The appendix contains the syntax summaries for the Core BPEL elements side-by-side with the cor-
responding WS-BPEL syntax summaries for easy comparison (App.[A), the XML Schema for Core BPEL
(App. [B), an example WS-BPEL process and its Core BPEL equivalent, and the XSLT transformations we
have constructed (App. D).

We assume that the reader is familiar with WS-BPEL and XSLT.


http://www.cosmobiz.org

2 Transformation Considerations

Before we start discussing how WS-BPEL can be simplified by transformations, we will discuss how we
express such transformations and the design goals for our transformations. Also, we will discuss how
concurrency must be taken into account when transforming activities, and how to handle the fact that WS-
BPEL allows for very general and unconstrained language extensions, since it poses a challenge when we
want to perform syntactic manipulations of WS-BPEL processes in general, without knowledge of specific
extensions.

2.1 Language

XSLT has been chosen due to its widespread adoption and availability in many programming languages,
making it easy to adopt our transformations in implementations. For historical reasons, we use XSLT ver-
sion 1.0: when Hallwyl commenced his precursory work, XSLT 2.0 had not yet been widely adopted; also,
WS-BPEL requires implementations to support XSLT 1.0 transformations [17, Sec. 8.3], and thus by using
that version, the effort required by implementers to adopt our transformations is minimal. We are certain,
though, that updating the transformations to XSLT 2.0 would make them more readable, but we leave this
as an exercise for the reader.

XSLT has the drawback of being somewhat informally specified and untyped leading to inconsisten-
cies between implementations as well as poor help for catching type errors in our transformations. For
those reasons, we considered languages like XDuce [18] and CDuce [4], but ended up deciding that the
advantages of XSLT outweighs its disadvantages.

2.2 Design Goals
When designing our transformations, we have had three goals in mind:

idempotency: each transformation should only affect elements that are not already valid Core BPEL. In
other words, applying the same transformation a second time should not alter the result.

This ensures that the transformations are as specific as possible.

independence: each transformation should be valid for any WS-BPEL process, and should not rely on any
of the other transformations being applied before or after itself.

This will allow users to employ a subset of the transformations instead of the whole suite, if they find
them useful on their own, though this will of course not yield a Core BPEL process.

simplicity: the transformations should be as readable as possible. Most importantly, this means that we
do not require that transformations use Core BPEL elements in their results; for example, several
transformations produce <sequence>s, which in Core BPEL are encoded as <f1low>s.

One could worry, that the price for this would be that each transformation might have to be applied
several times, and in the worst case that the transformation suite would not terminate. Fortunately, it
turns out that there is a simple way to avoid this, which we shall discuss in Section[7]

Also, we have put no effort into optimizing the execution of the transformations in order to keep them
as simple as possible.

We believe that we have achieved these goals, except in one case: we have chosen to let the transformations
that make default attribute values explicit (cf. Section be more general than necessary: they make all
WS-BPEL default attribute values explicit, though some of these are unnecessary and indeed not a part of
Core BPEL, and therefore has to be removed in a separate step. We have made this choice, as we believe
those transformations are of general interest and value in their general form, independently of Core BPEL.



2.3 Concurrency Considerations

Since WS-BPEL allows concurrency, e.g. using <flow>, we must ensure that our transformations do not
alter the concurrency semantics as specified by the standard specification. In particular, since we are con-
cerned with the elimination of syntactic sugar by transforming sugared activities into a composition of
more primitive activities, one could fear that we might break atomicity.

The standard specification only puts a few requirements on the concurrent execution of activities: <assign>
and initialization of correlation sets are required to be atomic:

“If there is any fault during the execution of an assignment activity the destination variables
MUST be left unchanged, as they were at the start of the activity (as if the assign activity were
atomic). This applies regardless of the number of assignment elements within the overall as-
signment activity.

The assign activity MUST be executed as if, for the duration of its execution, it was the only
activity in the process being executed.” 17, Sec. 8.4]

“However, the initiation of a correlation set is performed in an atomic fashion — in the same
sense as that of an <assign> operation — ensuring that the correlation set will not be partially
initiated.” 17| Sec. 12.8]

The execution of other activities is not required to be atomic. Thus, as long as our transformations do
not split assignments or correlation set initializations into several activities, we do not break any atomicity
requirements.

2.4 WS-BPEL Extensibility

WS-BPEL allows extensions in the form of namespace qualified attributes and elements, respectively on
and in WS-BPEL elements. When transforming a WS-BPEL element, we cannot in general anticipate which
of the resulting WS-BPEL elements each of the extensions relate to, nor whether a given extension still
makes sense on the transformed element. For example, when we transform a <receive> into a <pick>
with a single <onMessage> (cf. Section , some extensions might relate to the activity (<pick>) whereas
others might relate to the messaging element (<onMessage>).

Thus, we cannot ensure that the transformations we construct will preserve semantics for extensions
nor that the extension instances will be properly placed. And such considerations are out of scope for this
report, as our interests are the WS-BPEL language constructs defined by the standard. Note though, that
no matter where we place the extension instances, the result will still be valid WS-BPEL. In keeping with
our design goal of simplicity, we therefore place the extension instances wherever it is simplest in the XSLT
code to put them. If this has unfortunate consequences for specific extensions, the transformations will
have to be modified to handle those extensions explicitly.



3 Default Values and Elements

Having optional declarations and defaults means that something is stated when saying nothing. This is a
special case of syntactic sugar, where the absence of some syntactic element should be interpreted the same
as the presence of a particular instance of that syntactic element. As in the general case of syntactic sugar,
making these implicit values explicit makes the language simpler without loosing expressivity.

In this section we briefly discuss the default values in WS-BPEL. For easy reference, they are listed in
Table[I]and Table 2l

3.1 Default Attribute Values
We have divided the default attribute values into three groups as follows:
simple defaults: the default value is independent of the context of the construct

global defaults: there is a default value at the <process> level, and other constructs default to the value
at that level

inherited defaults: there is a default value at the <process> level, and other constructs default to the
value from the nearest enclosing element with the same attribute

Note that [17, Appendix C] contains a table of default values for attributes. But that table is missing the
ignoreMissingFromData attribute on the <copy> element; it includes the attributes keepSrcElementName
on <copy>and initializePartnerRole on <partnerLink> which, as argued in Sec. cannot al-
ways be made explicit; and it for some reason also lists some attributes that do not have default values:
location and namespace on <import> and reference—scheme on
<sfref:service-ref>.

3.1.1 Simple Defaults XSLT template: Appendix[D.5]

There are six optional attributes with default value "no" that are specific to the construct that they are part
of. These are:

e createlInstance on <pick> and <receive> [17, Sec. 11.5, 10.4].

e ignoreMissingFromData on <copy> [17, Sec. 8.4].

e initiateon <correlation> [17, Sec.9.2].

e isolatedon <scope> [17, Sec. 12.8].

e succesfulBranchesOnly on <branches> [17, Sec. 11.7].

e validate on <assign> [17, Sec. 8.4].
The keepSrcElementName and initializePartnerRole attributes The keepSrcElementName attribute
on <copy> and initializePartnerRole on <partnerLink> both have default value "no" in [17,

Appendix C] and in the case of keepSrcElementName the default value is even specified in the XML
Schema for WS-BPEL. The default values do not always apply though:

“An optional keepSrcElementName attribute is provided to further refine the behavior. [SA00042]
It is only applicable when the results of both from-spec and to-spec are Ells, and MUST NOT be
explicitly set in other cases.” [17, Sec. 8.4.2]

“[SA00017] The initializePartnerRole attribute MUST NOT be used on a partner link
that does not have a partner role; this restriction MUST be statically enforced.” [17] Sec. 6.2]



Attributes Default Value Where
createlInstance no <pick> <receive>
exitOnStandardFault no <process>
inherited from immediately enclos- <scope>
ing scope or process
expressionLanguage xpath <process>
inherited from <process> <branches>
<condition>
<finalCounterValue>
<for>
<from>
<joinCondition>
<repeatEvery>

<startCounterValue>
<to>
<transitionCondition>
<until>

ignoreMissingFromData

no

<Copy>

initiate

no

<correlation>

isolated

no

<scope>

messageExchange

the default <messageExchange>
of the closest relevant parallel
<onEvent>,

<forEach>,
<process>

<onEvent>
<onMessage>
<receive>
<reply>

name

a fresh name

<assign>,
<compensate>,
<compensateScope>,
<empty>,
<exit>,
<flow>,
<forEach>,
<if>,
<invoke>,
<pick>,
<receive>,
<repeatUntil>,
<reply>,
<rethrow>,
<scope>,
<sequence>,
<throw>,
<validate>,
<wait>,
<while>

queryLanguage

xpath

<process>

inherited from <process>

<query>

successfulBranchesOnly

no

<branches>

suppressJoinFailure

no

<process>

inherited from immediately enclos-
ing activity or process

all activities

validate

Table 1: Default attribute values. Note that xpath is an abbreviation for
urn:oasis:names:tc:wsbpel:2.0:sublang:xpathl.O.

no

<assign>



Elements Default Value Where
<compensationHandler> <compensationHandler> <scope>
<compensate />
</compensationHandler>
<completionCondition> <completionCondition /> <forEach>
<faultHandlers> <faultHandlers> <scope>
<catchAll>
<sequence>
<compensate />
<rethrow />
</sequence>
</catchAll>
</faultHandlers>
<joinCondition> <joinCondition <target>
expressionLanguage="xpath">
disjunction of links
</JjoinCondition>
<messageExchange> <messageExchange name="fresh name" />  <process>,
child <scope> of <onEvent>,
parallel <forEach>
<terminationHandler> <terminationHandler> <scope>
<compensate />
</terminationHandler>
<transitionCondition> <transitionCondition <source>

expressionLanguage="xpath">
true ()
</transitionCondition>

Table 2:  Default elements. Note that xpath is an abbreviation for
urn:oasis:names:tc:wsbpel:2.0:sublang:xpathl.O.
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Thus, the two are attributes are explicitly forbidden from being made explicit in certain cases. We guess that
the authors of the WS-BPEL standard specification only intend the default values to apply if the attributes
may be legally specified; but in that case, specifying a default value for the attribute in the XML Schema is
not in keeping with the XML Schema standard specification:

“default specifies that the attribute is to appear unconditionally in the post-schema-validation in-
foset, with the supplied value used whenever the attribute is not actually present” [19} Sec. 3.2.1]

We therefore choose not to have the default values in the Core BPEL schema, as they are not true defaults
in the XML Schema sense.

One could make the default values explicit in the cases where they apply, but this would require more
complex analyses than we wish to provide with our transformations, and we believe the value of doing so
would be limited, as the constructs would not in general become simpler.

3.1.2 Global Defaults XSLT template: Appendix

The languages for expressions and queries can be specified using the optional expressionLanguage and
queryLanguage attributes on relevant elements. The default for both attributes on <process> is
urn:oasis:names:tc:wsbpel:2.0:sublang:xpathl.0, while on other activities, the attributes by
default inherit their values from <process> [17, Sec. 5.2, 8.2].

“The value of the queryLanguage and expressionLanguage attributes on the <process>
element are global defaults and can be overridden on specific constructs, such as <condition>
of a <while> activity, as defined later in this specification.” [17, Sec. 5.2]

3.1.3 Inherited Defaults XSLT template: Appendix[D.4]

The optional attribute suppressJoinFailure is allowed on <process> and all activities. Its default
value on <process> is "no", while if it is unspecified on activities, it inherits its value from the nearest
enclosing activity/<process> [17, Sec. 5.2]. Similarly, the optional attribute exitOnStandardFault is
allowed on <process> and <scope>, with a default value of "no" on <process> while on <scope> it
by default inherits the value from its nearest enclosing <scope>/<process> [17, Sec. 5.2].

3.2 Message Exchanges XSLT template: Appendix
When there is no ambiguity, WS-BPEL allows messageExchange’s to be omitted from IMASEI and <reply>s:

“If the messageExchange attribute is not specified on an IMA or <reply> then the activ-
ity’s messageExchange is automatically associated with a default messageExchange with
no name. Default messageExchange’s are implicitly declared by the <process> and the im-
mediate child scopes of <onEvent> and the parallel form of <forEach>. Other occurrences of
<scope> activities do not provide a default messageExchange.” [17) Sec. 10.4.1]

But the standard specification does not specify in which scope the default messageExchange associated
with a given IMA or <reply> should be found! We see two possibilities for the choice of scope, but there
may be more:

1. the nearest enclosing scope, with a default messageExchange, of the IMA or <reply>.

2. the nearest common enclosing scope, with a default messageExchange, of all the IMA'sand <reply>s
that may be part of the same message exchange at runtime.

2inbound message activities

11



The second possibility requires advanced analysis, and is probably undecidable in general. The first
possibility seems more plausible to us, as it is in line with the common lexical scoping rules as well as the
reasoning for having default messageExchange’s declared in the immediate child scopes of <onEvent>
and the parallel form of <forEach>

“For example each time an <onEvent> is executed (i.e. when a new message arrives for pro-
cessing) it creates a new default messageExchange instance associated with each <onEvent>
instance. This allows a request-response <onEvent > event handler to receive messages in par-
allel without faulting or explicitly specifying a messageExchange. Similarly it allows the use
of <receive>-<reply> or <onMessage>-<reply> pairs in the parallel form of <forEach>
without the need to explicitly specify a messageExchange.” [17] Sec. 10.4.1]

Thus it seems that it should be the nearest enclosing scope which has a default messageExchange. Note
that it is not truly the nearest enclosing scope in the case of <onEvent > (which is an IMA), since it is allowed
to refer to its associated scope:

“When the messageExchange attribute is explicitly specified, the resolution order of the mes-
sage exchange referenced by messageExchange attribute MUST be first the associated scope
and then the ancestor scopes.” [17] Sec. 10.7.1]

Assuming this interpretation of default messageExchange resolution, we can make the default mes-
sage exchanges explicit in the following way:

1. Add a new <messageExchange> to the <process> and to each of the immediate child scopes of
<onEvent> and the parallel forms of <forEach>, each with a unique fresh name (see Sec.[t.1.1]for a
discussion of fresh names).

2. For all IMA’s or <reply>s where the messageExchange attribute is unspecified, set the attribute’s
value to the name of the default <messageExchange> of the nearest enclosing scope of the kind
listed in 1.

This is the interpretation that we implement, but we acknowledge that other interpretations are possible,
as the standard specification is severely lacking on the subject. Note though, that the Core BPEL syntax
remains the same regardless of which interpretation one chooses, as long as it can be decided statically.

3.3 Default Handlers XSLT template: Appendix
When either no fault, compensation, or termination handlers are specified in a <scope> activity, default
handlers apply [17, Sec. 12.5.1]. These default handlers are shown in Table 2}

3.4 Default Join, Transition, and Completion Conditions XSLT template: Appendix|D.6]
The constructs <targets>, <source>, and <forEach> all have optional condition elements:
<joinCondition>

“If no <joinCondition> is specified, the <joinCondition> is the disjunction (ie. a
logical OR operation) of the link status of all incoming links of this activity.” [17, Sec. 11.6.1]

As links are statically declared — their source and target activities do not change during execution
— we can explicitly declare the default join condition as the disjunction of the link statuses using an
XPath expression.

<transitionCondition>

“If the <transitionCondition> is omitted, it is assumed to evaluate to true.” [17, Sec. 11.6.1]

12



"

This allows us to declare the default <transitionCondition> as the XPath expression "true ()"
<completionCondition>

“When a <completionCondition> does not have any sub-elements or attributes under-
stood by the WS-BPEL processor, it MUST be treated as if the <completionCondition>
does not exist.” [17, Sec. 11.7]

Thus the absence of a <completionCondition> is equivalent to <completionCondition />.

13



4 Standard Attributes and Elements XSLT template: Appendix|D.23]

All WS-BPEL activities have two optional attributes and two optional elements, which in the standard
specification are referred to as standard-attributes and standard-elements respectively, cf. the
syntax summaries in Listing [f] and Listing [5] respectively. Making the default values explicit, as discussed
in the previous section, simplifies the standard attributes and elements somewhat, but there is no reason to
have these attributes and elements on all activities: we might as well move them to a wrapping <flow>,
thereby restricting the syntax of Core BPEL further. In the following two sections, we discuss how this may
be achieved.

4.1 Activity Names

First, we will discuss the standard attribute name. It is only in the case of <scope> that the value of name

has any operational semantics specified by the standard (named scopes can be referenced by <compensateScope>),
but it is also possible that in some cases, the name of an <extensionActivity> might be significant; this

is not discussed in the standard. For all other activities, we can safely either remove the name or move it to

a wrapping <flow>; the wrapper cannot be a <scope>, since that could break the following requirement

in some cases:

“[SA00092]Within a scope, the name of all named immediately enclosed scopes MUST be unique.
This requirement MUST be statically enforced.” [17, Sec. 12.4.3]

For example, the WS-BPEL fragment in Listing 1| can be transformed into the equivalent fragment in List-
ing 2l where the names are moved to a wrapping <flow>, but using <scope>s as wrappers, as in Listing[3]
violates [SA00092], whereas a wrapping <f1low> does not alter the semantics of any activity.

For Core BPEL, we remove the redundant cases of the name attribute, i.e. we remove it from all activities
but <scope> and <extensionActivity>.

Now, there is no default value for the name attribute, but there is nothing preventing us from assigning
an unused (fresh) name to unnamed <scope>s (but not <extensionActivity>). Doing so makes the
name attribute on <scope> mandatory in Core BPEL.

4.1.1 A Note on Fresh Names

Several of our transformations create named entities, e.g. variables or links, and it is important that we
choose names that do not conflict with other named entities (e.g. variable shadowing). Though one could
for each transformation analyse exactly how the created named entities might conflict with other entities,
we do not believe that such an analysis will bring any significant insight. Instead, we simply generate
globally fresh names in the following way:

e before we apply the transformations, we generate a string that is not the prefix of any attribute value
in the WS-BPEL process to be transformed; we call this the fresh prefix.

e when a fresh name is needed in a transformation, we construct it as the concatenation of the following
three parts
Fresh prefix: the fresh prefix generated above.

Element id: using the XSLT XPath function generate-id() on an element that is being transformed, we
obtain an id for that instance of the transformation. If a transformation needs more than one
fresh name, it uses a separate element for each fresh name.

Transformation postfix: a postfix that is unique for that transformation.
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Listing 1: Two activities with

the same name. Listing 2: Named wrapper. Listing 3: Scope name clash.
<sequence> 1| <sequence> 1| <sequence>
<empty name="foo" /> 2 <flow name="foo"> 2 <scope name="foo">
<empty name="foo" /> 3 <empty /> 3 <empty />
</sequence> 4 </flow> 4 </scope>
5 <flow name="foo"> 5 <scope name="foo">
6 <empty /> 6 <empty />
7 </flow> 7 </scope>
8| </sequence> 8| </sequence>

Listing 4: WS-BPEL standard-attributes.

name="NCName"?
suppressJoinFailure="yes/no"?

4.2 Link endpoints

The remaining standard attributes and elements (suppressJoinFailure, <targets>,and <sources>)
all relate to link endpoints. As with the name attribute, these may simply be moved to a wrapping <flow>
activity, even in the case of <scope> and <extensionActivity>.

There is one detail to be aware of though: some <scope>s occur in contexts (<onEvent > and <onAlarm>
in <eventHandlers>, and <forEach>) where other activities are not allowed, and it would therefore
seem that we cannot in general move <targets> and <sources> to a wrapping <flow>. But a conse-
quence of the following statement in the standard specification is that those <scope>s may not be target
nor source of any links:

A link used within a repeatable construct (<while>, <repeatUntil>, <forEach>, <eventHandlers>)
or a <compensationHandler> MUST be declared in a <f1ow> that is itself nested inside the
repeatable construct or <compensationHandler>. [17| Sec. 11.6.1]

Thus, we can move <targets> and <sources> to a wrapping <flow> everywhere they occur, and we
do this for Core BPEL.

The <scope>s just discussed may still have the suppressJoinFailure attribute, though. But since
the <scope> is not the target of any links, this attribute only serves to set the default value for the child ac-
tivities of the <scope>: cf. Sec. suppressJoinFailure by default inherits its value from the closest
enclosing activity. We can therefore remove this attribute from the <scope>s in question by propagating
the value of the suppressJoinFailure attribute to the immediate child activities.

Now, since our transformation will have to propagate the value of suppressJoinFailure for the
<scope>s just discussed, we might as well do the same for activities that have no <targets> as they do
not need the suppressJoinFailure attribute; the transformation does not become more complex due to
this and it will lead to fewer wrapping <f1low>s. This is purely an optimization, which does not affect the
syntax of Core BPEL.

15
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Listing 5: WS-BPEL standard-elements.

<targets>?
<joinCondition expressionlLanguage="anyURI"?>?
bool-expr
</JjoinCondition>
<target linkName="NCName" />+
</targets>
<sources>?
<source linkName="NCName ">+
<transitionCondition
expressionlLanguage="anyURI"?>?
bool-expr
</transitionCondition>
</source>
</sources>

5 Desugaring Constructs

WS-BPEL provides programmers with a set of shorthands for frequent code patterns, i.e. syntactic sugar.
For instance, when receiving a message, one often wants to separate the message into its constituent parts
to ease further processing; WS-BPEL allows the programmer to specify this data processing concisely as
part of the <receive> activity, thereby avoiding a sequence of explicit assignments.

The WS-BPEL standard specification does only in a few cases clearly describe shorthands as derived
constructs, but it hints at many such relations. We have gone through the standard specification looking for
such hints, as well as classical cases of syntactic sugar, and in this section we discuss the cases of syntactic
sugar we have identified and we analyse how to desugar them.

The analysis is organized around the elements that we have constructed desugaring transformations
for: <process>, <invoke>, <pick>, <receive>, <reply>, <scope>, <if>, <repeatUntil>, and
<sequence>. There is a section for each of these constructs, and each section is accompanied by (a) an
XSLT template in the appendix which formalizes and implements the described desugaring transforma-
tion, and (b) the syntax summary for the element, in the style of the standard specification, as well as the
corresponding Core BPEL syntax summary. These are placed in Appendix [A]and Appendix D} and the
header for each section contains references to the appropriate parts of the appendices. Table 3| gives an
overview of the desugaring transformations we have constructed.

The elements for which we have not constructed separate desugaring transformations, are listed in
Section these are also accompanied by their WS-BPEL and Core BPEL syntax summaries, which are
not identical, since many optional attributes and elements are made mandatory.

51 <process> WS-BPEL syntax summary:  Listing
Core BPEL syntax summary: Listing
XSLT template: Appendix

The <process> element serves as the root <scope> in the scoped environment hierarchy, and is allowed
to contain almost all of the attributes and elements that are also allowed in a <scope> element as evident
from their syntax summaries (cf. Listing[34|and Listing [p4), and according to the standard specification the
semantics of those attributes and elements are the same:

“The <process> and <scope> elements share syntax constructs, which have the same seman-
tics. However, they do have the following differences:

e The <process> construct is not an activity; hence, standard attributes and elements are
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Element

Syntactic sugar description

Desugaring transformation

<if>

<invoke>

<onEvent>

<pick>

<process>

<receive>

<repeatUntil>

<reply>

<scope>

<sequence>

Allows omitting the <else> element and
allows <elseif> elements.

Allows local fault and compensation han-
dlers and manipulation of input/output
using implicit local variables and implicit
assignments.

Allows manipulation of input using im-
plicit local variables and implicit assign-
ments.

Allows manipulation of input using im-
plicit local variables and implicit assign-
ments.

Is an implicit scope.

Corresponds to a <pick> activity which
contains only one <onMessage> element.

Provides conditional iteration, just as
<while>, though <repeatUntil> al-
ways performs at least one iteration.

Allows manipulation of output using im-
plicit local variables and implicit assign-
ments.

Allows in-line variable initialization cor-
responding to implicit <assign> activi-
ties.

Provides sequential processing, which can
also be achieved with the <f1ow> activity.

If the <else> element is omitted, in-
sert <else><empty/></else>. Trans-
form the list of <elseif> elements into
a nested sequence of <else><if> ele-
ments.

Make an immediately enclosing <scope>
and move handlers to that. Declare
the implicit variables explicitly in that
<scope> and make the implicit assign-
ments explicit.

The standard forbids declaring the vari-
ables explicitly, but we make the implicit
assignments of each <onEvent> explicit.

Make an immediately enclosing <scope>
and declare the implicit variables explic-
itly in that <scope> and make the im-
plicit assignments of each <onMessage>
explicit.

Make the <scope> explicit.

Replace by a <pick> activity.

Replace by a <while> where the condi-
tion is the negation of a temporary vari-
able initialized to false and the body is a
sequence of the <repeatUntil>’s body
followed by an assignment of the value of
its condition to the temporary variable.

Make an immediately enclosing <scope>
and declare the implicit variables explic-
itly in that <scope> and make the im-
plicit assignments explicit.

Convert the in-line variable initializa-
tions to explicit <assign> activities. To
preserve the all-or-nothing behaviour of
scope-initialization, this requires some ad-
ditional <scope>s (see Section [5.6|for de-
tails).

Replace by a <flow> activity with prop-
erly defined links between the child activ-
ities.

Table 3: Overview of syntactic sugar and transformations.
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Listing 6: Process with scope related content. Listing 7: Process with a scope as main activity.

<process> 1| <process>
<variables> 2 <scope>
<variable name="size" type="xsd:int"> 3 <variables>
<from><literal>42</literal></from> 4 <variable name="size" type="xsd:int">
</variable> 5 <from><literal>42</literal></from>
</variables> 6 </variable>
<catch ...> 7 </variables>
activity 8 <catch ...>
</catch> 9 activity
<catchAll> 10 </catch>
activity 11 <catchAll>
</catchAll> 12 activity
13 </catchAll>
activity 14
15 activity
</process> 16
17 </scope>
18| </process>

not applicable to the <process> construct

e A compensation handler and a termination handler can not be attached to the <process>
construct

o The isolated attribute is not applicable to the <process> construct (see section 12.8. Iso-
lated Scopes)”

[17] Sec. 12]

Thus there is nothing preventing us from moving all <scope> related content from a <process> el-
ement into an explicitly defined <scope>. This includes the attributes suppressJoinFailure and
exitOnStandardFault, which are made redundant for the <process> element by this transformation,
since

suppressJoinFailure just serves to set an inherited default value, which is immediately overridden
by the new <scope>, and

exitOnStandardFault thesituation is the same, as any standard fault that may be trown, will be thrown
inside of the new <scope>.

Listing [6] shows an example of <scope> related content in a <process> and Listing [7] shows how the
scope is made explicit.

Also, note that two attributes expressionLanguage and queryLanguage serve only to specify de-
fault values for the activities of the process, so these can be safely removed after the defaults have been
made explicit (i.e. after the transformation discussed in Section[3.1.2). As we shall discuss in Section [/} this
is done as a separate transformation, in order to avoid problems when combining this transformation with
the transformations of Section3.]

5.2 <invoke> WS-BPEL syntax summary:  Listing
Core BPEL syntax summary: Listing

XSLT template:

Appendix

The principal purpose of the <invoke> activity is to invoke an operation offered by a partner. But the
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standard specification allows the programmer to do more using this activity, e.g. to specify fault handling
which is specific for this invocation.
We have identified three main cases of syntactic sugar for the <invoke> activity:

1. The local declaration of fault or compensation handlers implicitly declares an enclosing <scope>
with these handlers.

2. The usage of <toParts> or <fromParts> to map variables to and from message parts implicitly
declares an enclosing <scope> with temporary variables and assignments.

3. Referring to an element variable in either <inputVariable> or <outputVariable> also implicitly
declares an enclosing <scope> with temporary variables and assignments.

A single <invoke> activity can match all three of these cases, but we examine each of them separately and
then, at the end of the section, we examine how they interact.

But before we get to this, we will briefly digress to discuss a redundant attribute, port Type, which can
be used on the messaging activities (<invoke>, <receive>, <reply>, <onEvent>, and <onMessage>):

“The portType attribute on the <receive> activity is optional...If the port Type attribute is
included for readability, the value of the port Type attribute MUST match the port Type value
implied by the combination of the specified partnerLink and the role implicitly specified by
the activity” [17) Sec. 5.1]

As both partnerLink and the role are required for those activities, the portType attribute can only
carry redundant information. Thus, there is no reason to keep the port Type attribute and consequently it
has been removed from the messaging activities.

Case|[l; Fault and Compensation Handlers

Fault and compensation handlers are elements of the <scope> activity and when used in an <invoke>
they implicitly declare a surrounding <scope> activity as follows:

“Semantically, the specification of local fault handlers and/or a local compensation handler is
equivalent to the presence of an implicit <scope> activity immediately enclosing the <invoke>
providing these handlers. The implicit <scope> activity assumes the name of the <invoke> ac-

tivity it encloses, its suppressJoinFailure attribute, as well as its <sources>and <targets>.”
[17| Sec. 10.3]

This means that whenever either fault or compensation handlers, or both, are declared within an <invoke>
activity, it is to be executed as if there was an enclosing <scope> activity. Thus, writing an <invoke>
activity along the lines of Listing[§ would be the same as writing out the scope explicitly, as in Listing 9]

Case |2 Mapping Message Parts

The <invoke> activity also allows implicit assignment operations using <toParts> and <fromParts>.
<toParts> is used to copy the contents of variables into specified parts of the message to be sent. Sym-
metrically, <fromParts> is used to copy parts of a received message into specified variables.

The standard specification says the following about the use of <toParts>:

“By using the <toPart s> element, an anonymous temporary WSDL variable is declared based
on the type specified by the relevant WSDL operation’s input message. The <toPart> ele-
ments, as a group, act as the single virtual <assign>, with each <toPart> actingasa <copy>.”

17| Sec. 10.3.1]
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Listing 8: An <invoke> with an implicit <scope>.

Listing 9: Making the <scope> explicit.

<invoke

name="bookFlight"
suppressJoinFailure="yes">
<targets>

</targets>
<sources>
</sources>
<catch
activity
</catch>
<catchAll>
activity

</catchAll>
<compensationHandler>

o>

activity
</compensationHandler>

</invoke>

10

11

13

14

16

17

19

20

21

22

<scope
name="bookFlight"
suppressJoinFailure="yes">
<targets>

</targets>
<sources>

</sources>
<faultHandlers>
<catch >
activity
</catch>
<catchAll>
activity
</catchAll>
</faultHandlers>
<compensationHandler>
activity
</compensationHandler>
<invoke name="bookFlight">

</invoke>
</scope>

Declaring a temporary variable — one that is only visible during the execution of the <invoke> activity —
is equivalent to having an immediately enclosing <scope> declaring the variable explicitly. Note that we
have to use a fresh name for the variable so that it does not clash with any other variables referenced by the
<invoke> activity (cf. Sec.[.1.T)for a discussion of fresh names).

The virtual <assign> activity can then be declared explicitly in a <sequence> prior to the <invoke>
activity. The following quote supports this idea:

“The virtual <assign> MUST follow the same semantics and use the same faults as a real
[17 Sec. 10.3.1]

<assign>.”

Listing[11]illustrates how the implicit <scope> and <assign> activities of Listing[10|are made explicit.

Case[3t Element Variables

The inputVariable and outputVariable attributes, when used, must refer to a WSDL message type
variable matching the message to be sent or received respectively [17, SA00048], with one exception:

“if the WSDL operation used in an <invoke> activity uses a message containing exactly one
part which itself is defined using an element, then a variable of the same element type as used
to define the part MAY be referenced by the inputVariable and outputVariable attributes
respectively.” [17) Sec. 10.3]

The standard specification prescribes that referring to an element variable is equivalent to declaring a tem-
porary message variable and a virtual <assign> activity:

“The result of using a variable in the previously defined circumstance MUST be the equivalent
of declaring an anonymous temporary WSDL message variable based on the associated WSDL
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Listing 10: <invoke> with implicit assignments.

Listing 11: Making the assignments explicit.

I

18

19

20

21

22

23

24

25

26

<invoke
name="orderItems"
partnerLink="Seller"”
operation="Purchase"
outputVariable="confirmation">
<toParts>
<toPart
part="address"
fromVariable="customerAddress"/>
<toPart
part="items"
fromVariable="selectedItems"/>
</toParts>
</invoke>

—

19

20

21

22

23

24

<scope
name="orderItems"
<variables>
<variable
name="in"
messageType="msg:PurchaseMessage"/>
</variables>
<sequence>
<assign>
<copy keepSrcElementName="yes">
<from variable="customerAddress"/>
<to variable="in" part="address"/>
</copy>
<copy keepSrcElementName="yes'">
<from variable="selectedItems"/>
<to variable="in" part="items"/>
</copy>
</assign>
<invoke
name="orderItems"
partnerLink="Seller"
operation="Purchase"”
inputVariable="in"
outputVariable="confirmation"/>
</sequence>
</scope>
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message type. The copying of the element data between the anonymous temporary WSDL
message variable and the element variable acts as a single virtual <assign> with one <copy>
operation whose keepSrcElementName attribute is set to "yes".” [17) Sec. 10.3]

This is similar to the usage of <toParts> and <fromParts>. However, in this case we are copying
element variables, so the keepSrcElementName attribute on the <copy> operation is set to ‘yes”:

“The optional keepSrcElementName attribute of the <copy> construct is used to specify
whether the element name of the destination (as selected by the to-spec) will be replaced by
the element name of the source (as selected by the from-spec) during the copy operation”

[17, Sec. 8.4]

5.2.1 Interplay between the cases

We have explored three cases of syntactic sugar for the <invoke> activity. In all three cases, desugaring
makes an implicit <scope> explicit and in the last two cases, both implicit variables and virtual <assign>
activities are made explicit. As mentioned previously, a single <invoke> could match all three cases, and
thus we need to consider how they interact and how to desugar <invoke> as a whole. This is the topic of
this section.

Scope Any fault caused by the virtual assignments of message parts (case[2) must be handled by the same
local <scope> as the one which is implicitly declared by specifying local fault and compensation handlers

(case[):

“The virtual <assign> created as a consequence of the <fromPart> or <toPart> elements
occurs as part of the scope of the <invoke> activity and therefore any fault that is thrown are
caught by an <invoke>’s inline fault handler when defined.” 17, Sec. 10.3.1]

The standard specification does not describe how to handle errors from virtual assignments caused by a
reference to an element variable (case[3). We suspect that this is because errors are not expected, as both the
source and target variables are certain to exist and to be of the exact same type. However, implementation
specific faults, e.g. ‘out of memory’, may still occur. As the standard specification does not describe how
to handle such faults, it would be consistent to follow the pattern from assignments of parts, i.e. to let the
<invoke>’s own <scope> handle any unexpected fault that might occur.

Implicit activities As <toParts> and inputVariable are mutually exclusive, there can be no conflict
between their implicit activities; the same goes for <fromParts> and outputVariable. Thus, there will
be at most one virtual <assign> activity prior to and following the <invoke> activity respectively, so
virtual assignments do not conflict and may be part of the same <sequence> within the same <scope>.
The body of the <scope> thus becomes a <sequence> of zero or one prior assignment followed by the
core <invoke> activity and zero or one assignments at the end.

5.2.2 Transforming Invoke

The shared <scope> and <sequence> makes it difficult to consider the three cases separately when con-
structing the XSLT template and as a result, the template becomes somewhat large and complex. To give
an overview, we outline the structure of the main template in pseudo code in Listing In the pseudo
code, inputElement and outputElement are booleans, indicating whether the input or output variable
attributes are referring to element (true) or message variables (false). Element names, as in XSLT, evaluate
to true when present, and false otherwise.
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Listing 12: Transforming <invoke>.

1 if (toParts V fromParts V inputElement V outputElement V catch V catchAll vV compensationHandler){
2

3 <scope ...>

4

5 if (toParts V fromParts V inputElement V outputElement)

6 Implicit temporary variables in invoke made explicit:
7 <variables> ... </variables>

8

9 if (catch VvV catchAll)

10 Move invokes local fault handlers to enclosing scopes
11 <catch ...> ... </catch>x

12 <catchAll ...> ... </catchAll>

13

14 if (compensationHandler)

15 Move invokes local compensation handler to enclosing scope
16 <compensationHandler> ... </compensationHandler>

17

18 if (toParts VvV fromParts V inputElement V outputElement) {
19

20 <sequence>

21

22 if (toParts)

23 <assign>

24 <copy> ... </copy>*

25 </assign>

26

27 if (inputElement)

28 <assign>

29 <copy> ... </copy>*

30 </assign>

31

32 <invoke ...>

33

34 if (fromParts)

35 <assign>

36 <copy> ... </copy>%

37 </assign>

38

39 if (outputElement)

40 <assign>

41 <copy> ... </copy>%

42 </assign>

3

44 </sequence>

45

46 } else {

47

48 Invoke without implict assignment, but with implict scope.
49 <invoke ...>

50

51 }

52

53 </scope>

54

55 } else {

56

57 A core invoke

58 <invoke ...>

59

60 }
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Listing 13: A synchronous <invoke>.

Listing 14: Encoding synchronous <invoke>.

<invoke
partnerLink="pl"
operation="op"
inputVariable="in"

<sequence>
<invoke
partnerLink="pl"
operation="op"

inputVariable="in" />
<receive
partnerLink="pl"
operation="op"
variable="out" />
10| </sequence>

1
2
3
4
outputVariable="out" /> 5
6
7
8
9

5.2.3 A note on synchronous <invoke>

It is well known that one can often encode a synchronous communation operation as a pair of asynchronous
communication operations. In the case of WS-BPEL, one could for example imagine transforming the syn-
chronous <invoke> in Listing [L3|to the asynchronous <invoke>/<receive>-pair in Listing

While these code fragments abstractly accomplish the same request/response operation, they are not in-
terchangeable because WSDL models request/response (and solicit/response) as primitive operation types:

“WSDL has four transmission primitives that an endpoint can support:

e One-way. The endpoint receives a message.

e Request-response. The endpoint receives a message, and sends a correlated message.
e Solicit-response. The endpoint sends a message, and receives a correlated message.

¢ Notification. The endpoint sends a message.

WSDL refers to these primitives as operations. Although request/response or solicit/response
can be modeled abstractly using two one-way messages, it is useful to model these as primitive
operation types because:

e They are very common.

o The sequence can be correlated without having to introduce more complex flow informa-
tion.

e Some endpoints can only receive messages if they are the result of a synchronous request
response.

o A simple flow can algorithmically be derived from these primitives at the point when flow
definition is desired.”

[5], Sec. 2.4]

Concretely, this means that the two fragments cannot both use the same WSDL definitions for the partner
link p1, as the definition of op in the case of Listing[I3| would have to be on the following form:

<wsdl:operation name="op" ...>
<wsdl:input .../>
<wsdl:output .../>

</wsdl:operation>

whereas Listing [14] would require a separate callback operation, and such a transformation would thus
change the WSDL interface of the process. For the same reasons, one cannot change a <reply> into an
asynchronous <invoke>, though they both send a message without expecting a reply.
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Listing 15: <receive> example. Listing 16: <receive> example desugared.

<receive partnerLink="purchasing" 1| <pick createInstance="yes">
portType="Ins:purchaseOrderPT" 2 <onMessage partnerLink="purchasing"
operation="sendPurchaseOrder" 3 portType="Ins:purchaseOrderPT"
variable="PO" 4 operation="sendPurchaseOrder"
5 variable="PO">
6

</pick>

createlInstance="yes">

5.3 <receive> WS-BPEL syntax summary: Listing
XSLT template: Appendix

The <receive> activity is similar to the <onMessage> event of the <pick> activity, as evident from their
syntax summaries (cf. Listing[58|and Listing[56) and the following quotes from the standard specification:

“The <onMessage> is similar to a <receive> activity, in that it waits for the receipt of an
inbound message.” [17, Sec. 11.5]

“[SA00063] The semantics of the <onMessage> event are identical to a <receive> activity re-
garding the optional nature of the variable attribute or <fromPart> elements (see also [SA00047]),
the handling of race conditions, the handling of correlation sets, the single element- based part
message short cut and the constraint regarding simultaneous enablement of conflicting receive
actions. For the last case, if two or more receive actions for the same partnerLink, portType,
operation and correlationSet(s) are simultaneously enabled during execution, then the standard
fault bpel:conflictingReceive MUST be thrown (see section 10.4. Providing Web Service Opera-
tions - Receive and Reply). Enablement of an <onMessage> event is equivalent to enablement
of the corresponding <receive> activity for the purposes of this constraint.”  [17, Sec. 11.5]

In fact, we have found nothing in the standard specification which indicates any differences between a
<receive> activity and a <pick> activity with a single <onMessage> event. Thus, given the above
quotes, it seems reasonable to assume that they should be equivalent, and thus we can replace the former
with the latter. Listing [L6| shows how the <receive> activity example in Listing [15is desugared into a
<pick>.

54 <pick> WS-BPEL syntax summary:  Listing
Core BPEL syntax summary: Listing
XSLT template: Appendix

An <onMessage> element of a <pick> activity makes use of implicit assighments when <fromParts> is
used or when its variable attribute refers to an element variable, just as it was the case with <invoke>
(though for <invoke> the attribute name is outputVariable). The standard specification defines the
syntax and semantics of <fromParts> in <receive> to be the same as in the context of <invoke>:

“The syntax and semantics of the <fromPart > elements as used on the <receive> activity are
the same as specified for the <invoke> activity in section 10.3.1.” [17) Sec. 10.4]

And as argued in the previous section, <receive> is a special case of <pick>, so the same semantics
should apply to <fromParts> in <onMessage>. With respect to the semantics of the variable at-
tribute when it refers to an element variable, the relation to <invoke> is a little less clear. But the re-
quirements on static analysis [17, SA00058] for <receive> are phrased similarly to that of the <invoke>
activity [17, SA00048], and thus the discussion from case[3]in Section[5.2applies to <receive>, and thereby
<onMessage>, as well.

Thus, we can reuse the transformation we constructed to handle <fromParts> and element variables
in the <invoke> activity, with two minor differences:
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e we will have to place the temporary variables for all of the <onMessage>s in a shared <scope>
enclosing the <pick>

e the explicit assighments must be placed inside the <onMessage>s

Listing [17]shows an example <pick> with two <onMessage>s using <fromParts> and an element vari-
able, and the example is desugared in Listing[I8|

5.5 <reply> WS-BPEL syntax summary: Listing @
Core BPEL syntax summary:  Listing
XSLT template: Appendix

The <reply> activity makes use of implicit assignments when <toParts> is used or when its variable
attribute refers to an element variable, just as it was the case with <invoke> (though for <invoke> the
attribute name is inputVvariable). Indeed, the standard specification defines the syntax and semantics of
<toParts> to be the same as in the context of <invoke>:

“The syntax and semantics of the <toPart> elements as used on the <reply> activity are the
same as specified in section 10.3.1. Mapping WSDL Message Parts for the <invoke> activity”
17, Sec. 10.4]

With respect to the semantics of the variable attribute when it refers to an element variable, the re-
lation to <invoke> is a little less clear. But the requirements on static analysis [17, SA00058] are phrased
similarly to that of the <invoke> activity [17, SA00048], and thus the discussion from case [3]in Section 5.2]
applies to <reply> as well.

Thus, we can reuse the transformation we constructed to handle <toParts> and element variables in
the <invoke> activity.

5.6 <scope> WS-BPEL syntax summary:  Listing
Core BPEL syntax summary: Listing
XSLT template: Appendix

The concept of virtual <assign> activities arises again in the descriptions of in-line variable initializations.
Variables are declared as part of a <scope> activity. Within the <variable> declaration, a from-spec,
as known from assignments [17, Sec. 8.4], may be used to initialize the variable. Listing[I9shows a simple
example, initializing an integer variable to the value 42.

The standard specification makes this feature sound entirely trivial:

“Conceptually the in-line variable initializations are modeled as a virtual <sequence> activity
that contains a series of virtual <assign> activities, one for each variable being initialized, in
the order they are listed in the variable declarations.” [17, Sec. 8.1]

I.e. when one or more variables are initialized within the variables declaration, we can make the virtual
assignments explicit in a <sequence>, putting the scope main activity at the end of the sequence and
letting the sequence become the scope main activity instead. Listing [20|illustrates this approach. While
this will initialize the variables before they are used, it does not provide semantic equivalence wrt. fault
handling, cf. the requirements for scope initialization:

“Scope initialization is an all-or-nothing behavior: either it all occurs successfully or a
bpel:scopelnitializationFailure fault MUST be thrown to the parent scope of the
failed <scope>.” [17, Sec. 12.1]

This means that we cannot declare the virtual assignments as part of the scope main activity: Any faults
from these assignments would be caught by the scope’s own fault handler, instead of resulting in
bpel:scopelnitializationFailure fault being thrown to the parent scope as required.

Our solution involves three <scope>s:
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Listing 17: <pick> with implicit assignments.

Listing 18: Making the assignments explicit.
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<pick>
<onMessage
partnerLink="partnerLink"
operation="opl">
<fromParts>
<fromPart
part="1id"
toVariable="idVar" />
<fromPart
part="description"
toVariable="descVar" />
</fromParts>
<empty />
</onMessage>
<onMessage
partnerLink="partnerLink"
operation="op2"
variable="addressVariable">
<empty />
</onMessage>
</pick>
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36
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45

<scope>
<variables>
<variable
name="freshl"
messageType="..." />
<variable
name="fresh2"
messageType=".
</variables>
<pick>
<onMessage
partnerLink="partnerLink"
operation="opl"
variable="freshl">
<sequence>
<assign>
<copy>
<from part="id"
variable="freshl"/>
<to variable="idVar"/>
</copy>
<Copy>
<from part="description"
variable="freshl"/>
<to variable="descVar"/>
</copy>
</assign>
<empty/>
</sequence>
</onMessage>
<onMessage
operation="op2"
partnerLink="partnerLink"
variable="fresh2">

/>

<sequence>
<assign>
<copy keepSrcElementName="yes">
<from part="addressIn"
variable="fresh2"/>

<to variable="addressVariable"/>

</copy>
</assign>
<empty/>
</sequence>
</onMessage>
</pick>
</scope>
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Listing 20: Naive proposal for transformation of the

Listing 19: Example of a variable initialization. variable initialization example.
<scope ...> 1| <scope ...>
<variables> 2 <variables>
<variable name="size" type="xsd:int"> 3 <variable name="size" type="xsd:int"/>
<from><literal>42</literal></from> 4 </variables>
</variable> 5 <sequence>
</variables> 6 <assign>
<flow> 7 <copy>
<invoke .../> 8 <from><literal>42</literal></from>
<invoke .../> 9 <to variable="size"/>
</flow> 10 </copy>
</scope> 11 </assign>
12 <flow>
13 <invoke .../>
14 <invoke .../>
15 </flow>
16 </sequence>
17| </scope>

Variable scope: Declares the variables, so they are reachable from both of the other two <scope>s, which
are put in a <sequence> within this scope. It will rethrow any faults, thus making it transparent
regarding fault handling, and the default compensation handling will ensure that it is transparent in
this regard as well.

Initialization scope: Assigns the initial values to the variables. It has a fault handler that catches all faults
and rethrows them as scopeInitializationFaults. This ensures that faults from variable ini-
tializations will cause a scopeInitializationFault, as required.

Main scope: Executes the original main activity. It will also have the fault handlers from the original
<scope> activity.

Listing 21|shows how the <scope> from Listing[19|is desugared.

5.6.1 <onEvent>

A <scope> may have a set of event handlers associated with it, which are invoked in parallel when their
corresponding event occurs. One type of event handler is <onEvent> which receives messages much in
the same way as <receive>:

“The <onEvent> element indicates that the specified event waits for a message to arrive. The
interpretation of this element and its attributes is very similar to a <receive> activity.” [17, Sec. 12.7.1]

The differences between <onEvent> and <receive> stem from the fact that the former is to be exe-
cuted every time the specified message is received, thus starting several instances of its enclosed <scope>
and it may therefore use partner links, message exchanges, and correlation sets from within the enclosed
<scope> activity:

“The partnerLink reference MUST resolve to a partner link declared in the process in the
following order: the associated scope first and then the ancestor scopes.” 17| Sec. 12.7.1]

“When the messageExchange attribute is explicitly specified, the resolution order of the mes-
sage exchange referenced by messageExchange attribute MUST be first the associated scope
and then the ancestor scopes.” [17| Sec. 12.7.1]
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Listing 21: Unfolding variable initialization.
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]

<scope>
<variables>
<variable name="size" type="xsd:int">
</variables>
<faultHandlers>
<catchAll>
<rethrow/>
</catchAll>
</faultHandlers>
<sequence>
<scope>
<faultHandlers>
<catchAll>
<throw faultName="scopelInitializationFault"/>
</catchAll>
</faultHandlers>
<assign>
<Copy>
<from>
<literal>42</literal>
</from>
<to variable="size"/>
</copy>
</assign>
</scope>
<scope>
<flow>
<invoke ... />
<invoke ... />
</flow>
</scope>
</sequence>
</scope>
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“The usage of <correlation> is exactly the same as for <receive> activities, with the fol-
lowing addition: it is possible, from an event handler’s inbound message operation, to use
correlation sets that are declared within the associated scope.” [17] Sec. 12.7.1]

For the same reason, the variable(s) used for the incoming message is/are placed in the associated
<scope>, but they are implicitly declared and the standard specification specifically forbids making them
expliciﬂ

“Variables referenced by the variable attribute of <fromPart> elements or the variable
attribute of an <onEvent> element are implicitly declared in the associated scope of the event
handler. [SA00086] Variables of the same names MUST NOT be explicitly declared in the asso-
ciated scope. This requirement MUST be enforced by static analysis.” [17, Sec. 12.7.1]

But even so, it is still possible to make the implicit assignments, due to the use of the element attribute
or <fromParts>, explicit, in a similar fashion to the transformations of <invoke> and <pick>/<receive>

(cf. Sec.p.2):

“The syntax and semantics of the <fromPart> elements as used on the <onEvent> element
are the same as specified in section 10.4. Providing Web Service Operations — Receive and Reply
for the receive activity.” [17] Sec. 12.7.1]

“If an element attribute is used then the binding of the incoming message to the variable
declared in the <onEvent> event handler occurs as specified for the receive activity (...).”
[17) Sec. 12.7.1]

The difference is simply that the temporary message variable will be implicitly declared by the <onEvent>
and the element variable or message part variables will be placed in its associated <scope>; other than
that, the transformation is the same. Listing shows an <onEvent> which uses an element variable, and
Listing 23| shows how the implicit variable and assignment is made explicit.

5.7 <if> WS-BPEL syntax summary:  Listing
Core BPEL syntax summary: Listing
XSLT template: Appendix

The <if> activity allows two classic variants of syntactic sugar: leaving out the <else>-branch, and con-
tracting a nested sequence of <else><if>s to a list of <elseif>s. Listing[24]gives an example and List-
ing 25|shows the desugared version.

5.8 <repeatUntil> WS-BPEL syntax summary:  Listing
XSLT template: Appendix

WS-BPEL includes another classic example of redundancy: it includes two repetition constructs, <while>
and <repeatUntil>, with only minor differences in their semantics:

“The <while> activity provides for repeated execution of a contained activity. The contained
activity is executed as long as the Boolean <condition> evaluates to true at the beginning of
each iteration.” [17, Sec. 11.3]

“The <repeatUntil> activity provides for repeated execution of a contained activity. The con-
tained activity is executed until the given Boolean <condition> becomes true. The condition
is tested after each execution of the body of the loop. In contrast to the <while> activity, the
<repeatUntil> loop executes the contained activity at least once.” 17, Sec. 11.4]

3<fromPart> does not have a variable attribute but a toVariable attribute; we assume that what was intended.
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Listing 22: An <onEvent > declaration.

Listing 23: <onEvent> desugared.

18
19
20
21
22
23
24
25
26
27

<onEvent
partnerLink="consumer"
operation="getStatus"
element="xsd:string"
variable="statusRequest ">
<scope name="event'">
<partnerLinks>
<partnerLink name="consumer"
partnerLinkType="..."
myRole="provider" />
</partnerLinks>
<empty name="activity" />
</scope>
</onEvent>

18

19

20
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22
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24

25

<onEvent
partnerLink="consumer"
operation="getStatus"
messageType="msg:StatusMessage"
variable="fresh">
<scope name="event'">
<partnerLinks>
<partnerLink name="consumer"
partnerLinkType="..."
myRole="provider" />
</partnerLinks>
<variables>

<variable name="statusRequest"
element="xsd:string" />

</variables>
<sequence>
<assign>

<copy keepSrcElementName="yes">

<from variable="fresh"
part="foo" />

<to variable="statusRequest" />

</copy>
</assign>
<empty name="activity" />
</sequence>
</scope>
</onEvent>

10

11

13

14

Listing 24: An <if> activity using <elseif>.

Listing 25: <if> desugared.

<if>
<condition>S$foo</condition>
activityl

<elseif>
<condition>$bar</condition>
activity2
</elseif>
</if>

<if>
<condition>$foo</condition>
activityl

<else>
<if>
<condition>$bar</condition>
activity2

<else>
<empty/>
</else>
</1if>
</else>
</if>
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As stated in the quote above, the main difference between <while> and <repeatUntil> is that the latter
always executes its body at least once before checking the condition, whereas <while> checks the condi-
tion first. The second difference is that <repeatUntil> stops looping when its condition becomes true,
whereas <while> loops as long as its condition is true.

Either can be seen as a sugared version of the other:

<repeatUntil> — <while>:
The text-book transformation of repeat-until to while is (using pseudo-code for brevity):
sequence
body

while (not condition) do
body

repeat body until condition —

This will not immediately work for WS-BPEL, as copying the body might involve making copies of
named <scope>s which is problematic: scope names within the same immediately enclosing scope
must be unique:

“[SA00092]Within a scope, the name of all named immediately enclosed scopes MUST be
unique. This requirement MUST be statically enforced.” [17, Sec. 12.4.3]

so one would have to rename all scopes in the body and somehow make sure that compensation
works as intended.

Instead, one could imagine doing a less standard transformation which avoids copying the body:

scope
variable first := true
repeat body until condition — while first or (not condition) do
sequence
body
first := false

Note though, that this transformation negates the condition, but WS-BPEL allows any expression
language to be used, and there is no requirement that expression languages must have a negation
operator! Also, using this approach, one would have to extend our transformations with expression
language specific behaviour.

To avoid these issues, we can use the following slightly more complicated transformation:

scope
variable cond_var := false
while (not cond_var) do
sequence
body

cond_var := condition

repeat body until condition —

In this transformation, we evaluate the condition expression unchanged, storing the result in the fresh
variable cond_var, and then use XPath to negate the stored result. The transformation is thus inde-
pendent of the expression language. Note that, since it is only recommended that boolean expressions
return a value of xsd:boolean, we must, in the general case, evaluate the condition in the following
way to ensure that we store a value of type xsd:boolean:

i1f condition then

cond_var := true
else
cond_var := false
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In this case we can optimize the negation of the condition variable and the else-case away, finally
arriving at the following transformation:

scope
variable cond_var := true
while cond_var do

repeat body until condition — sequence

body
if condition then
cond_var := false
<while> — <repeatUntil>:
The reverse transformation can be achieved as follows:

if condition then

hil diti bod ..
while condition do body - repeat body until (not condition)

The body is not copied, whereas the condition is but we have found no indications in the WS-BPEL
standard that this could raise any problems — but this could depend on the expression language used.

As was the case in the second transformation above, this transformation negates the expression di-
rectly, which might not be desirable, and we can use a similar trick to avoid this:

if condition then

scope
variable cond_var
while condition do body — repeat
sequence
body
cond_var := condition

until (not S$cond_var)

Thus, we can transform either construct into the other. We choose to use the transformation of <repeatUntil>
as this transformation results in slightly shorter code and it also avoids making more than one copy of the
condition.

Listing [26| shows an example of a <repeatUntil> activity which is desugared into the code in List-

ing

5.9 <sequence> WS-BPEL syntax summary: Listing
XSLT template: Appendix

The authors of the standard specification are aware that the language is not ‘minimal” and even suggest
that the <sequence> activity could be modeled using a <f1low> activity:

“The set of structured activities in WS-BPEL is not intended to be minimal. There are cases
where the semantics of one activity can be represented using another activity. For example,
sequential processing may be modeled using either the <sequence> activity, or by a <flow>
with properly defined links.” 17, Sec. 11]

Essentially, the <sequence> activity is syntactic sugar for a <f1low> construction with sequentially linked
child activities. We could manipulate the <targets> and <sources> elements of the child elements
directly to include additional sequencing links. But this would involve adding the sequencing links to the
<joinCondition>s, i.e. manipulating expressions in arbitrary languages.

A more straightforward alternative is to wrap each of the child activities in a <f1ow> activity and place
the sequencing links there; the default <joinCondition>s will suffice in this case. For example, we can
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Listing 26: Example of a <repeatUntil>.

Listing 27: A <repeatUntil> rewritten.
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<repeatUntil>

</repeatUntil>

<targets>
<target linkName="11" />
</targets>

<empty name="body" />
<condition expressionLanguage="expr-lang">

cond-expression
</condition>
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<scope>
<targets>
<target linkName="11" />
</targets>
<variables>
<variable
name="cond_var"
type="xsd:boolean">
<from expressionlLanguage="xpath">
false ()
</from>
</variable>
</variables>

<while>
<condition expressionlLanguage="xpath">
not ($cond_var)
</condition>
<sequence>
<empty name="body" />
<if>
<condition
expressionlanguage="expr-lang">
cond-expression
</condition>
<assign>
<copy>
<from
expressionLanguage="xpath">
true ()
</from>
<to variable="cond var" />
</copy>
</assign>
</if>
</sequence>
</while>
</scope>
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Listing 28: Example of a <sequence>. Listing 29: A <sequence> rewritten.

<sequence> 1| <flow>
<empty name="A" /> 2 <links>
<empty name="B" /> 3 <link name="freshl" />
<empty name="C" /> 4 <link name="fresh2" />
</sequence> 5 </links>
6 <flow>
7 <sources>
8 <source linkName="freshl" />
9 </sources>
10 <empty name="A" />

11 </flow>
12 <flow>

13 <targets>

14 <target linkName="freshl" />
15 </targets>

16 <sources>

17 <source linkName="fresh2" />
18 </sources>

19 <empty name="B" />

20 </flow>

21 <flow>

2 <targets>

23 <target linkName="fresh2" />
2 </targets>

2 <empty name="C" />

2 </flow>
7| </flow>

rewrite the <sequence> in Listing 28| into the <f1ow> of Listing[29} Note that we need fresh names for the
links we add, cf. Sec. that the default <transitionCondition> is sufficient, and that the value of
the suppressJoinFailure attribute is irrelevant for sequence flows, since the join condition will always
be true, if the preceding activity finishes without propagating a fault; if the preceding activity propagates a
fault, the transition condition will not be evaluated and no joinFailure will occur.

5.10 Non-sugared activities

Besides default values, we have not identified any cases of syntactic sugar in the activities listed in Table
We will therefore not discuss them further, only summarize the effect of the default value transformations
in Section 3] by listing their WS-BPEL and Core BPEL syntax summaries.

5.10.1 A note about <rethrow>

Asnoted in a draft of the standard specification, <rethrow> is essentially a <t hrow> with implicit faultName
and faultvariable attributes:

“A fault caught by a <catchAll> handler or by a custom fault handler that does not specify a
faultName, may need to be rethrown. However the <throw> activity that requires a faultName
can not be used here as the faultName is not available. Hence all fault handlers are allowed to
rethrow the original fault with a <rethrow> activity that is defined to be an empty element. In
essence <rethrow> can be considered a macro for a <throw> that throws the fault caught by the
corresponding fault handler.” [16) Sec. 13.4]
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Activity WS-BPEL syntax summary Core BPEL syntax summary

<assign> Listing Listing
<compensate> Listing Listing
<compensateScope> Listing Listing
<empty> Listing Listing
<exit> Listing Listing
<extensionActivity> Listing Listing
<flow> Listing Listing
<forEach> Listing Listing
<rethrow> Listing Listing
<throw> Listing Listing
<validate> Listing Listing
<wait> Listing Listing
<while> Listing Listing

Table 4: Non-sugared activities.

One might therefore wonder, if not <rethrow> could somehow be transformed into <throw>? As pointed
out in loc. cit., the faultName is (statically) unavailable inside the <catchAl11> handler, since this han-
dler may handle different faults at runtime, and therefore we cannot simply replace a <retrow> with a
<throw> in this situation. One might however attempt to transform a <catchAll> into a number of
<catch> handlers, by statically determining which faults could be caught by the <catchA11> in question,
thereby making the faultName explicit. But alas, we cannot know all the possible faults a <catchAll>
might handle, since the standard specification allows arbitrary platform specific faults:

“There are various sources of faults in WS-BPEL. A fault response to an <invoke> activity is
one source of faults, where the fault name and data are based on the definition of the fault
in the WSDL operation. A <throw> activity is another source, with explicitly given name
and/or data. WS-BPEL defines several standard faults with their names, and there may be
other platform-specific faults such as communication failures.” [17) Sec. 12.5]

Thus we cannot in general eliminate the <catchA11> construct nor the <rethrow> activity.
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6 Extensions XSLT template: Appendix

WS-BPEL supports extensions that are implementation dependent and they can be either optional or manda-
tory. In this section we look at how one may syntactically remove the use of unsupported optional exten-
sions.

6.1 Extension Declarations

Extensions are declared in an <extensions> element as part of the <process> element. Each <extension>
declaration must specify whether the extension is mandatory by using the mustUnderstand attribute. If
an <extension> has mustUnderstand="yes" we cannot remove the extension declaration or the uses
of the extension. But if the <extension> has mustUnderstand="no", we may safely remove all uses of
the extension, as discussed in the following sections, and thereafter remove the extension declaration itself.
Note that WS-BPEL identifies extensions by their namespace URI, and that the same extension URI may
be declared more than once; if just one such declaration is has mustUnderstand="yes", the extension is
mandatory:

“The same extension URI MAY be declared multiple times in the <extensions> element. If an
extension URI is identified as mandatory in one <extension> element and optional in another,
then the mandatory semantics have precedence and MUST be enforced.” 17| Sec. 14]

6.2 Unsupported Extension Activities

Extension activities, such as vendor-specific activities, can be used by wrapping them in <extensionActivity>
elements. The standard specification says the following on how to ignore an optional extension activity:

“If the element contained within the <extensionActivity> element is not recognized by
the WS-BPEL processor and is not subject to a mustUnderstand="yes" requirement from an
extension declaration then the unknown activity MUST be treated as if it were an <empty>
activity that has the standard-attributes and standard-elements of the unrecognized element; all
its other attributes and child elements are ignored.” [17) Sec. 10.9]

In short, the way to ignore an extension activity is to replace it with an <empty> activity, with the same stan-
dard attributes and elements as the element enclosed in the extension activity. The <extensionActivity>
element itself cannot have any attributes or elements besides the single enclosed one.

6.3 Unsupported Extension Assign Operations

The <assign> activity is used to copy values between variables. Besides the ordinary <copy> element,
the standard specification allows the usage of implementation specific assignment operations, wrapped in
an <extensionAssignOperation> element [17, Sec. 8.4].

“If the element contained within the <extensionAssignOperation> element is not recog-
nized by the WS-BPEL processor and is not subject to a mustUnderstand="yes" requirement
from an extension declaration then the <extensionAssignOperation> operation MUST be
ignored.” 17, Sec. 8.4]

This mean we can safely remove optional <extensionAssignOperation>s from a process description.
If an <assign> consists only of optional <extensionAssignOperation>s, as in Listing simply
removing them will leave an empty, and thus invalid, <assign> activity. In that case, we replace the
<assign> with an <empty> activity in the same way as for extension activities.

Besides the standard attributes, an <assign> element may have a validate attribute, as follows:
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Listing 30: An <assign> activity with both an ordi-

nary <copy> and an Listing 31: An <assign> activity consisting only of
<extensionAssignOperation>. an <extensionAssignOperation>.
<assign> 1| <assign>
<copy> 2 <extensionAssignOperation>
.« .. 3 .« e
</copy> 4 </extensionAssignOperation>
<extensionAssignOperation> 5| </assign>
PR 6
</extensionAssignOperation> 7
</assign> 8
Listing 32: Activity with ignorable extensions. Listing 33: After removing extensions.
<wait ext:position=’'2,5"> 1| <wait>
<until>’2006-11-19T19:50-07:00’</until> 2 <until>’2006-11-19T19:50-07:00’</until>
<ext:icon>clock.png</ext:icon> 3| </wait>
</wait> 4

“The optional validate attribute can be used with the <assign> activity. Its default value is
"no". When validate issetto "yes", the <assign> activity validates all the variables being
modified by the activity.” [17, Sec. 8.4]

In the case where we replace the <assign> activity with an <empty> activity, the content of the origi-
nal <assign> activity solely consists of ignorable assignment operations — thus, no variable would be
modified. Therefore it is safe to disregard the validate attribute.

6.4 Attribute and Element Extensions

Besides the two explicitly extendable elements discussed in the previous sections, WS-BPEL supports ex-
tension attributes and elements almost everywhere in a WS-BPEL process:

“WS-BPEL supports extensibility by allowing namespace-qualified attributes to appear on any
WS-BPEL element and by allowing elements from other namespaces to appear within WS-BPEL
defined elements.” [17, Sec. 5.3]

As all extensions must be declared in a namespace other than the WS-BPEL namespace it is easy to iden-
tify and remove optional extension attributes and elements: simply leave out all attributes and elements
declared in the extension namespace.

Listings [32|and [33|illustrate this, showing a <wait> activity with and without its ignorable extensions,
respectively.

6.5 Documentation XSLT template: Appendix

In a sense, documentation is an ignorable extension: <documentation> elements are used to place human
readable notes in the process description [17, Sec. 5.3] and they are not assigned any semantics by the
standard specification and can thus be left out of the description.
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7 Combining the Transformations

We now have a collection of stand-alone transformations, each of which transforms WS-BPEL processes
into equivalent WS-BPEL processes with some class of syntactic sugar eliminated. The question is then,
how do we combine these transformations, such that we eliminate all syntactic sugar, i.e. we obtain a Core
BPEL process? Can we apply the individual transformations sequentially (in some order) or will we have
to integrate them into one big transformation?

The challenge comes from the fact that the transformations interfere with each other in the following
ways:

use of syntactic sugar: some transformations produce constructs that use syntactic sugar, in order to keep
them simple and easily readable; for example, several transformations produce <sequence>s or rely
on default attributes/elements.

too general: the transformations that make default attribute values explicit are too general: once the de-
faults have been made explicit, the attributes are only necessary on the specific elements they relate
to. For example, suppressJoinFailure only affects activities which have a <targets> element
(which in Core BPEL, can only be <flow>), but the transformation in Section will make the
attribute explicit on all activities and <process>.

In the case of the first type of interference, we are in the fortunate situation that there are no cyclic
dependencies between the transformations: Figure[T|shows that the dependencies between transformations
form a DAG. Thus, applying the transformations sequentially according to any topological ordering of that
DAG, will result in a WS-BPEL process with no syntactic sugar.

Due to the second type of interference though, we will not obtain a Core BPEL process this way: there
will be a number of redundant attributes on various constructs. We see two solutions to this problem:

e we revise the transformations that make defaults explicit, such that they only make defaults explicit
on the elements where the attribute value is actually necessary, or

e we simply make a transformation which removes the redundant attributes, which is to be applied
after the others. This is sound since the default values for these attributes have been made explicit on
the elements where they matter.

We choose the latter option, as it is simple and keeps the other transformations simple and general. The at-
tributes that should be removed are suppressJoinFailure, exitOnStandardFault, expressionLanguage,
and queryLanguage on <process>, and suppressJoinFailure on all activities but <flow>. The

XSLT implementation of this transformation is listed in Appendix
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Figure 1: Graph showing which transformations must be applied after other transformations: the graph

has an edge a — b if transformation a creates syntactically sugared elements of a type that is eliminated by

transformation b.
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8 Conclusions

We have identified a core subset of the WS-BPEL language, named Core BPEL, and have presented a trans-
formation from WS-BPEL to this core language which preserves semantics according to the informal de-
scription in the standard specification, and the WSDL interfaces of processes. Core BPEL has fewer con-
structs and most constructs have fewer syntactical variations, making it more tractable for formal purposes,
such as implementation of execution engines or static analysis, but also easier to understand the features
of the language. We have not proved that Core BPEL is minimal, but we are not aware of any further
possibilities of reducing or restricting the language syntax.

As part of our analysis, we clarify certain aspects of the syntax of WS-BPEL and provide a more concise
presentation of the essential constructs of the language. We therefore hope that this technical report will
also prove useful as a cheat sheet for those who are studying the WS-BPEL standard specification.

The transformation from WS-BPEL to Core BPEL consists of a set of independent sub-transformations,
each responsible for simplifying a specific part of the language. The subtransformations are given in the
form of a set of XSLT 1.0 templates, making them easily adoptable by other researchers and WS-BPEL imple-
menters. The XSLT templates are available at the CosmoBiz website http: //www.cosmobiz.com where
we also provide an online tool for transforming WS-BPEL processes into Core BPEL. As each template
performs an independent transformation, users are free to use just a subset of the transformations.

8.1 Future work

There are numerous possible lines of future work. Most importantly, we believe that Core BPEL could serve
as a simpler basis for the work the academic community is doing with WS-BPEL; e.g. the numerous WS-
BPEL formalizations could probably be simplified, though still remain complete, if they only covered Core
BPEL. In the context of the CosmoBiz project, it would be interesting to extend our bigraph formalization
of a subset of WS-BPEL [3] to the entire Core BPEL fragment.

Similarly, one might probably simplify implementations of WS-BPEL by only considering Core BPEL;
for instance, we expect that Hallwyl’s WS-BPEL engine (beepell) [1] can be simplified using this approach.
As part of such work, it would also be interesting to investigate if and how this approach would affect
performance of implementations.

It would also be interesting to investigate, whether the transformations presented here are semantic pre-
serving with respect to the existing formalizations of WS-BPEL. Similarly, it would be interesting to perform
a case study of existing WS-BPEL implementations: do they execute WS-BPEL processes in the same way
as their Core BPEL equivalents? In both cases, discrepancies could help pin-point differences in interpre-
tations of the standard as well as errors in our transformations or the formalizations and implementations.
This is the natural continuation of Hallwyl’s work in his master’s thesis [10], where he investigated existing
implementations to see if they are consistent in their interpretation of the WS-BPEL standard specification.

We also believe that our approach could be applied to the recent BPMN 2.0 standard [2], with the same
benfits as discussed above.
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-

18

19

20

21

22

23

24

26

27

28

29

30

31

A  WS-BPEL vs. Core BPEL Syntax Summaries

This section contains syntax summaries for the WS-BPEL process and activity elements side-by-side with
the corresponding Core BPEL syntax summaries for easy comparison.

Listing 34: WS-BPEL <process>.

Listing 35: Core BPEL <process>.

<process name="NCName"

targetNamespace="anyURI"
queryLanguage="anyURI"?
expressionLanguage="anyURI"?
suppressJoinFailure="yes/no"?
exitOnStandardFault="yes/no"?
xmlns="http://docs.oasis-open.org/wshpel

/2.0/process/executable">
<extensions>?

</extensions>

<import namespace="anyURI"?
location="anyURI"?
importType="anyURI" />x*

<partnerLinks>?

</partnerLinks>
<messageExchanges>?

</messageExchanges>
<variables>?
</variables>
<correlationSets>?

</correlationSets>
<faultHandlers>?

</faultHandlers>
<eventHandlers>?

</eventHandlers>
activity

</process>

-

[N}

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

<process name="NCName"

targetNamespace="anyURI"
xmlns="http://docs.oasis—open.org/wsbpel

/2.0/process/executable">
<extensions>?

</extensions>

<import namespace="anyURI"?
location="anyURI"?
importType="anyURI" />x*

activity

</process>

Scope-related content of a <process> is moved into a new <scope> inside the <process> and the de-
fault attribute values defined on the <process> are made explicit on the relevant elements inside the
<process> after which the attributes are removed from the <process> element.
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Listing 36: WS-BPEL <assign>.

Listing 37: Core BPEL <assign>.

10

11

12

13

14

<assign validate="yes/no"?
standard-attributes>
standard-elements
(
<copy keepSrcElementName="yes[/no"?
ignoreMissingFromData="yes/no"?>
from-spec
to-spec
</copy>
|
<extensionAssignOperation>
assign-element-of-other-namespace
</extensionAssignOperation>
) +
</assign>

10

11

12

-
5

14

15

<assign validate="yes/no">
(
<copy keepSrcElementName="yes/no"?
ignoreMissingFromData="yes/no">
from-spec
to—-spec
</copy>
|
<extensionAssignOperation>
assign-element-of-other-namespace
</extensionAssignOperation>
)+
</assign>

Standard attributes and elements are moved to a wrapping <f1low> and default attribute values are made

explicit.

Listing 38: WS-BPEL <compensate>.

Listing 39: Core BPEL <compensate>

)

<compensate standard-attributes>
standard-elements
</compensate>

-

<compensate />

—

'S

-

)

Standard attributes and elements are moved to a wrapping <flow>.

Listing 40: WS-BPEL <compensateScope>.

Listing 41: Core BPEL <compensateScope>.

<compensateScope target="NCName"
standard-attributes>
standard-elements

</compensateScope>

-

<compensateScope target="NCName" />

Standard attributes and elements are moved to a wrapping <flow>.

Listing 42: WS-BPEL <empty>.

Listing 43: Core BPEL <empty>.

<empty standard-attributes>
standard-elements
</empty>

-

<empty />

Standard attributes and elements are moved to a wrapping <flow>.

Listing 44: WS-BPEL <exit>.

Listing 45: Core BPEL <exit>.

<exit standard-attributes>
standard-elements
</exit>

<exit />

Standard attributes and elements are moved to a wrapping <flow>.
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Listing 46: WS-BPEL <extensionActivity>.

Listing 47: Core BPEL <extensionActivity>.

<extensionActivity>
<anyElementQName
standard-attributes>
standard-elements
</anyElementQName>
</extensionActivity>

<extensionActivity>
<anyElementQName name="NCName" />
</extensionActivity>

Standard attributes and elements are moved to a wrapping <flow>, except for the name attribute.

Listing 48: WS-BPEL <flow>.

11

12

14

15

17

18

20

21

22

<flow standard-attributes>
standard-elements
<links>?
<link name="NCName" />+
</links>
activity+
</flow>

Listing 49: Core BPEL <flow>.

<flow suppressJoinFailure="yes/no">
<targets>?
<joinCondition
expressionLanguage="anyURI">
bool-expr
</joinCondition>
<target linkName="NCName" />+
</targets>
<sources>?
<source linkName="NCName">+
<transitionCondition
expressionLanguage="anyURI">
bool-expr
</transitionCondition>
</source>
</sources>
<links>?
<link name="NCName" />+
</links>
activity+
</flow>

Core BPEL only allows the WS-BPEL standard attributes and elements on <flow> and they are therefore
inlined in the Core BPEL syntax summary for <flow>. Default attribute values and elements are made

explicit.
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Listing 50: WS-BPEL <forEach>.

Listing 51: Core BPEL <forEach>.

-

10

11

12

13

14

15

16

<forEach counterName="BPELVariableName"
parallel="yes/no"
standard-attributes>
standard-elements
<startCounterValue
expressionLanguage="anyURI"?>
unsigned-integer—-expression
</startCounterValue>
<finalCounterValue
expressionLanguage="anyURI"?>
unsigned-integer-expression
</finalCountervValue>
<completionCondition>?
<branches
expressionLanguage="anyURI"?
successfulBranchesOnly="yes/no"?>?
unsigned-integer-expression
</branches>
</completionCondition>
<scope .>...</scope>
</forEach>

-

[N}

10

11

12

13

14

15

16

20

21

<forEach counterName="BPELVariableName"
parallel="yes//no">
<startCounterValue
expressionLanguage="anyURI">
unsigned-integer-expression
</startCounterValue>
<finalCounterValue
expressionLanguage="anyURI">
unsigned-integer-expression
</finalCounterValue>
<completionCondition>
<branches
expressionlLanguage="anyURI"
successfulBranchesOnly="yes/no">?
unsigned-integer-expression
</branches>
</completionCondition>
<scope .>...</scope>
</forEach>

Standard attributes and elements are moved to a wrapping <f1low> and default attribute values are made

explicit.

Listing 52: WS-BPEL <if>.

Listing 53: Core BPEL <if>.

<if standard-attributes>
standard-elements
<condition expressionLanguage="anyURI"?>
bool-expr
</condition>
activity
<elseif>«
<condition
expressionLanguage="anyURI"?>
bool-expr
</condition>
activity
</elseif>
<else>?
activity
</else>
</if>

10

11

13

14

16

17

<if>
<condition expressionLanguage="anyURI">
bool-expr
</condition>
activity
<else>
activity
</else>
</if>

<elseif>s are unfolded to <else><if>s, an explicit empty <else> branch is added if lacking, standard
attributes and elements are moved to a wrapping <flow>, and default attribute values are made explicit.
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10

11

12

13

14

15

17

18

20

21

22

23

24

25

26

27

28

29

Listing 54: WS-BPEL <invoke>.

Listing 55: Core BPEL <invoke>.

<invoke partnerLink="NCName"
portType="QName"?
operation="NCName"
inputVariable="BPELVariableName"?
outputVariable="BPELVariableName"?
standard-attributes>
standard-elements
<correlations>?
<correlation set="NCName"
initiate="yes/join|/no"?
pattern="request |response|request—
response"? />+
</correlations>
<catch faultName="QName"?
faultVariable="BPELVariableName"?
faultMessageType="QOName"?
faultElement="QOName"?>x*
activity
</catch>
<catchAll>?
activity
</catchAll>
<compensationHandler>?
activity
</compensationHandler>
<toParts>?
<toPart part="NCName"
fromVariable="BPELVariableName"/>+
</toParts>
<fromParts>?
<fromPart part="NCName"
toVariable="BPELVariableName"/>+
</fromParts>
</invoke>

11

12

13

14

15

17

18

20

21

22

23

24

25

26

27

28

29

30

31

32

33

<invoke partnerLink="NCName"
operation="NCName"
inputVariable="BPELVariableName"?
outputVariable="BPELVariableName"?>
<correlations>?
<correlation set="NCName"
initiate="yes/join/no"
pattern="request |response|request—
response"? />+
</correlations>
</invoke>

The superfluous port Type attribute is removed, scope-related content as well as implicit temporary vari-
ables are moved to a wrapping <scope>, implicit assignments are made explicit, standard attributes and

elements are moved to a wrapping <flow>, and default attribute values are made explicit.
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Listing 56: WS-BPEL <pick>.

Listing 57: Core BPEL <pick>.

-

10

11

12

13

14

15

16

20

21

22

23

24

25

26

27

28

<pick createlInstance="yes/no"?
standard-attributes>
standard-elements
<onMessage partnerLink="NCName"
portType="QOName"?
operation="NCName"
variable="BPELVariableName"?
messageExchange="NCName"?>+
<correlations>?
<correlation set="NCName"
initiate="yes/join[no"? />+
</correlations>
<fromParts>?
<fromPart part="NCName"
toVariable="BPELVariableName" />+
</fromParts>
activity
</onMessage>
<onAlarm>x*
(
<for expressionlLanguage="anyURI"?>
duration—expr
</for>
|
<until expressionLanguage="anyURI"?>
deadline-expr
</until>
)
activity
</onAlarm>
</pick>

-

18
19
20
21

22

25

26

27

28

29

30

31

<pick createlInstance="yes/no">
<onMessage partnerLink="NCName"
operation="NCName"
variable="BPELVariableName"?
messageExchange="NCName"?>+
<correlations>?
<correlation set="NCName"
initiate="yes/join/|/no" />+
</correlations>
activity
</onMessage>
<onAlarm>*
(
<for expressionlLanguage="anyURI">
duration—-expr
</for>
|
<until expressionLanguage="anyURI">
deadline-expr
</until>
)
activity
</onAlarm>
</pick>

The superfluous port Type attribute is removed, implicit temporary variables are made explicit in a wrap-
ping <scope>, implicit assignments are made explicit, standard attributes and elements are moved to a
wrapping <flow>, and default attribute values are made explicit.
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-

Listing 58: WS-BPEL <receive>.

<receive partnerLink="NCName" portType="
OName"? operation="NCName"
variable="BPELVariableName"?
createInstance="yes/no"?
messageExchange="NCName"? standard-
attributes>
standard-elements
<correlations>?
<correlation set="NCName" initiate="yes
[join[no"? />+
</correlations>
<fromParts>?
<fromPart part="NCName" toVariable="
BPELVariableName" />+
</fromParts>
</receive>

<receive> is transformed into a <pick> with a single <onMessage>.

Listing 59: WS-BPEL <repeatUntil>.

<repeatUntil standard-attributes>
standard-elements
activity
<condition expressionLanguage="anyURI"?>
bool-expr
</condition>
</repeatUntil>

<repeatUntil> is transformed into a <while>.
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Listing 60: WS-BPEL <reply>.

Listing 61: Core BPEL <reply>.

-

10

11

12

13

14

<reply partnerLink="NCName"
portType="QName"?
operation="NCName"
variable="BPELVariableName"?
faultName="QName"?
messageExchange="NCName"?
standard-attributes>
standard-elements
<correlations>?
<correlation
set="NCName"
initiate="yes/join[/no"? />+
</correlations>
<toParts>?
<toPart
part="NCName"

fromVariable="BPELVariableName" />+

</toParts>
</reply>

-

12

13

14

15

16

18

19

<reply partnerLink="NCName"

operation="NCName"
variable="BPELVariableName"?
faultName="QName"?
messageExchange="NCName ">
<correlations>?
<correlation

set="NCName"

initiate="yes/join|/no" />+
</correlations>

11| </reply>

The superfluous port Type attribute is removed, implicit temporary variables are made explicit in a wrap-
ping <scope>, implicit assignments are made explicit, standard attributes and elements are moved to a
wrapping <flow>, and default attribute values are made explicit.

Listing 62: WS-BPEL <rethrow>. Listing 63: Core BPEL <rethrow>.

w

<rethrow standard-attributes> 1| <rethrow />

standard-elements
</rethrow>

Standard attributes and elements are moved to a wrapping <flow>.
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Listing 64: WS-BPEL <scope>.

Listing 65: Core BPEL <scope>.

—

10

11

12

13

14

15

16

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

<scope isolated="yes/no"?
exitOnStandardFault="yes/no"?
standard-attributes>
standard-elements
<partnerLinks>?

</partnerLinks>
<messageExchanges>?

</messageExchanges>
<variables>?
<variable name="BPELVariableName"
messageType="0QOName"?
type="QOName"?
element="QName"?>+
from-spec?
</variable>
</variables>
<correlationSets>?

</correlationSets>
<faultHandlers>?

</faultHandlers>
<compensationHandler>?

</compensationHandler>
<terminationHandler>?

</terminationHandler>
<eventHandlers>?
<onEvent partnerLink="NCName"
portType="QOName"?
operation="NCName"
( messageType="QOName" |
OName" )?
variable="BPELVariableName"?
messageExchange="NCName"?>x*
<correlations>?
<correlation set="NCName"
initiate="yes/join/no"? />+
</correlations>
<fromParts>?
<fromPart part="NCName"

toVariable="BPELVariableName" />+

</fromParts>
<scope .>...</scope>
</onEvent>
</eventHandlers>
activity
</scope>

element="

-

10

11

12

13

14

15

16

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

46

47

48

49

50

51

52

<scope isolated="yes/no"
exitOnStandardFault="yes/no"
name="NCName ">
<partnerLinks>?

</partnerLinks>
<messageExchanges>?

</messageExchanges>
<variables>?
<variable name="BPELVariableName"
messageType="QOName"?
type="0QName"?
element="QName"? />+
</variables>
<correlationSets>?

</correlationSets>
<faultHandlers>

</faultHandlers>
<compensationHandler>

</compensationHandler>
<terminationHandler>

</terminationHandler>
<eventHandlers>?
<onEvent partnerLink="NCName"
operation="NCName"
messageType="0QOName"?
variable="BPELVariableName"?
messageExchange="NCName ">x*
<correlations>?
<correlation set="NCName"
initiate="yes/join/no"? />+

</correlations>
<scope .>...</scope>
</onEvent>
</eventHandlers>
activity
</scope>

Variable initializations are made explicit, standard attributes and elements are moved to a wrapping <fLow>
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(except name), and default attribute values and elements are made explicit.
Additionally, for <onEvent>, the superfluous portType attribute is removed and implicit temporary

variables and assignments are made explicit.

Listing 66: WS-BPEL <sequence>.

-

'S

<sequence standard-attributes>
standard-elements
activity+

</sequence>

<sequence> is transformed into a <flow>.

Listing 67: WS-BPEL <throw>.

Listing 68: Core BPEL <throw>.

<throw faultName="QName"
faultVariable="BPELVariableName"?
standard-attributes>
standard-elements

</throw>

<throw faultName="QName"
faultVariable="BPELVariableName"? />

Standard attributes and elements are moved to a wrapping <flow>.

Listing 69: WS-BPEL <validate>.

Listing 70: Core BPEL <validate>.

<validate variables="BPELVariableNames"
standard-attributes>
standard-elements

</validate>

<validate variables="BPELVariableNames" />

Standard attributes and elements are moved to a wrapping <flow>.

Listing 71: WS-BPEL <wait>.

Listing 72: Core BPEL <wait>.

<wait standard-attributes>

standard-elements

(

<for expressionlanguage="anyURI"?>
duration—expr

</for>

|

<until expressionLanguage="anyURI"?>
deadline-expr

</until>

)

</wait>

<wait>
(
<for expressionlLanguage="anyURI">
duration—expr
</for>
|
<until expressionLanguage="anyURI">
deadline-expr
</until>
)
</wait>

Standard attributes and elements are moved to a wrapping <flow> and default attribute values are made

explicit.
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Listing 73: WS-BPEL <while>.

Listing 74: Core BPEL <while>.

<while standard-attributes>
standard-elements
<condition expressionLanguage="anyURI"?>
bool-expr
</condition>
activity
</while>

<while>
<condition expressionLanguage="anyURI">
bool-expr
</condition>
activity
</while>

Standard attributes and elements are moved to a wrapping <flow> and default attribute values are made

explicit.
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<, sjuamalgolq

UajXq],=9Seq UOISUIIXI:PSX>
<juajuo)xa1dwod:psx>
<, sa8uvyoxga8vssapyy, =owreu adL xardwos:psx>
</ ,saSuvyoxga8vssapyy,=odLy ,saSuvyoxgaSvssam ,=oureu juawala:psx>
<adApxardwod:psx />
<juajuodxardwod:psx />
<UOTSUd}Xd:PSX />
</ ,uvajoogy,=adAy ,aj04oujivdazi|vijIul,=doWeU d}NQII}JLIPSX>
</ ,auwNDON:psx,=adKy ,ajoysaujivd =doweu d3nqrijjeipsx>
</ ,auvNON:psx,=adKy 210y Am , =dureu d3nqrijje:psx>
</ ,paisinbai, =asn
LAWUNG:psx,,=adKy  adApyurTioujivd =suwreu aj3nqrijje:psx>
</ ,paiinbai, =asn  awwNON:psx,=adAy ,awwu,=sweu a3nqrijje:psx>
<, S]uWa|g2]qISUIJXT],=ISEq UOISUI}IXI:PSX>
<juajuo)xardwod:psx>
<, yurqioujivgy,=sureu adAxardwod:psx>
</ yurgioujivgy,=adLy , yurgioujivd ,=oureu juawala:psx>
<adfxardwod:psx />
<judjuo)xadwod:psx />
<UOISUIIXI:PSX />
<aduanbas:psx />
</ ,popunoqun,=sInddQXew , yurqioujivd , =jo1 JUIWII:PSX>
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D XSLT Transformations

D.1 Overview

File name Description

constants.xsl
This is a template library with various constants.

N

]

default—-attribute-values—-global.xsl

Make the global default attribute values explicit.
Attributes: expressionlLanguage, queryLanguage.

default-attribute-values—inherited.xsl
Make the inherited default attribute values explicit.
Attributes: suppressJoinFailure, exitOnStandardFault

N

H

default-attribute-values—-simple.xsl
Make the simple default attribute values explicit.
Attributes: createlnstance, ignoreMissingFromData, initiate,
isolated, succesfulBranchesOnly,validate

default-conditions.xsl
Make the default join, transition, and completion conditions explicit.

default-handlers.xsl
Make the default fault, compensation, and termination handlers explicit.

H

default-message—exchanges.xsl
Add default <messageExchange> to <process>, the immediate <scope> of
<onEvent>, and parallel <forEach>. Also, make the use of these default message
exchanges explicit.

fresh—-names.xsl

Utility templates for generating fresh names.

if.xsl

Tranform <elseif>sinto <else><if>sand add empty branches to the <if>s that
lack them.

invoke.xsl
Move the <scope>-parts of an <invoke> into an explicit enclosing <scope>.
Also, make temporary variables and assignments, due to the use of <toParts>,
<fromParts>, and/or references to element variables, explicit.

onEvent .xsl

Make temporary variables and assignments, due to the use of <fromParts>,
and/or references to element variables in <onEvent>s, explicit.
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pick.xsl

Make temporary variables and assignments, due to the use of <fromParts>,
and/or references to element variables in <onMessage>s, explicit.

process.xsl
Move the scope-parts of a <process> into an explicit <scope>.

receive.xsl
Transform <receive> into <pick>.

remove—-documentation.xsl
Remove all documentation elements.

remove-optional-extensions.xsl
Remove all optional extensions and their declarations.

remove-redundant-attributes.xsl
Remove the redundant attributes (only sound when default attribute values have
been made explicit).

repeatUntil.xsl
Transform <repeatUntil> into <while>.

reply.xsl
Make temporary variables and assignments, due to the use of <toParts>, and/or
references to an element variable, explicit.

scope.xsl
Make variable initialization explicit in all scopes (including <process>) and make
implicit variables and assignments in <onEvent>s explicit.

sequence.xsl
Transform <sequence>s into <flow>s.

standard-attributes-elements.xsl
Move <targets>, <sources>, and suppressJoinFailure from activities to
a new wrapping <flow>, except for activities that have no <targets> or
<sources>, where we push the value of that attribute to all the child activi-
ties. Names are also moved from activities (except <scope>s) to a new wrapping
<flow> and fresh names are added to unnamed <flow>s and <scope>s.

to-from-parts-element-variables.xsl

Utility templates to make temporary variables and assignments, due to the use of
<toParts>, <fromParts>, and/or references to element variables, explicit.
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