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Abstract:

This document defines alanguage for specifying business process behavior based on
Web Services. Thislanguage is called Web Services Business Process Execution
Language (abbreviated to WS-BPEL in the rest of this document). Processesin WS-
BPEL export and import functionality by using Web Service interfaces exclusively.

Business processes can be described in two ways. Executable business processes model
actual behavior of a participant in a business interaction. Abstract business processes are
partially specified processes that are not intended to be executed. An Abstract Process
may hide some of the required concrete operational details. Abstract Processes serve a
descriptive role, with more than one possible use case, including observable behavior and
process template. WS-BPEL is meant to be used to model the behavior of both
Executable and Abstract Processes.

WS-BPEL provides alanguage for the specification of Executable and Abstract business
processes. By doing so, it extends the Web Services interaction model and enables it to
support business transactions. WS-BPEL defines an interoperable integration model that
should facilitate the expansion of automated process integration in both the intra-
corporate and the busi ness-to-business spaces.

Status:

This document was last revised or approved by the WS-BPEL TC on the above date. The
level of approval isalso listed above. Check the current location noted above for possible
later revisions of this document. This document is updated periodically on no particular
schedule.

Technical Committee members should send comments on this specification to the
Technical Committee’s email list. Others should send comments to the Technical
Committee by using the “Send A Comment” button on the Technical Committee’s web

For information on whether any patents have been disclosed that may be essential to
implementing this specification, and any offers of patent licensing terms, please refer to
the Intellectual Property Rights section of the Technical Committee web page

(www.0asis-open.org/committees/wsbpe/ipr.php!)

The non-normative errata page for this specification is located at www.oasi s:

iopen.org/committees/wsbpd!.
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Notices

OASI S takes no position regarding the validity or scope of any intellectual property or other
rights that might be claimed to pertain to the implementation or use of the technology described
in this document or the extent to which any license under such rights might or might not be
available; neither does it represent that it has made any effort to identify any such rights.
Information on OASIS's procedures with respect to rights in OASIS specifications can be found
at the OASIS website. Copies of claims of rights made available for publication and any
assurances of licenses to be made available, or the result of an attempt made to obtain a general
license or permission for the use of such proprietary rights by implementors or users of this
specification, can be obtained from the OASIS Executive Director.

OASISinvites any interested party to bring to its attention any copyrights, patents or patent
applications, or other proprietary rights which may cover technology that may be required to
implement this specification. Please address the information to the OASIS Executive Director.

Copyright © OASIS Open 2003, 2006. All Rights Reserved.

This document and trandlations of it may be copied and furnished to others, and derivative works
that comment on or otherwise explain it or assist in its implementation may be prepared, copied,
published and distributed, in whole or in part, without restriction of any kind, provided that the
above copyright notice and this paragraph are included on all such copies and derivative works.
However, this document itself may not be modified in any way, such as by removing the
copyright notice or references to OASIS, except as needed for the purpose of developing OASIS
specifications, in which case the procedures for copyrights defined in the OASIS Intellectua
Property Rights document must be followed, or as required to trandlate it into languages other
than English.

The limited permissions granted above are perpetual and will not be revoked by OASIS or its
SUCCESSOrs or assigns.

This document and the information contained herein is provided on an "ASIS" basisand OASIS
DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT
LIMITED TO ANY WARRANTY THAT THE USE OF THE INFORMATION HEREIN
WILL NOT INFRINGE ANY RIGHTS OR ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

wsbpel-specification-draft-01 23 August 2006
Copyright © OASIS Open 2003, 2006. All Rights Reserved. Page 3 of 276



Table of Contents

Web Services Business Process Execution Language Version 2.0.........cceevveieeieneeieseeseeseesnens 1
Committee Draft, 4th AUQUSE, 2006..........cooieirrierieeieseeseeee e seesee e e eee e e seeseesseesseeneesseenes 1
NN 0 1SS 3
IR 0] L= o) B 0] | = 1SS 3
I [ gL 0o (1 1o o RPN 3
22 N\ [o ] 1o =!I @] 017 011 o g SR 3
3. Relationship with Other SpeCifiCations............ccccviieiieie e 3
4. Static ANalySiS Of @ BUSINESS PrOCESS.........ciiiiirieieiesie sttt ss s 3
5. DEfiNING @ BUSINESS PIrOCESS .......eoiuiciiciie sttt cee sttt s sae e teete e e saeeneeneesreenesnnens 3

5.1 INITIAl EXBMPIE.. .ottt b e e 3
5.2. The Structure of @ BUSINESS PrOCESS .........coiiiiirieiisienisieee et ee e seesse e 3
5.3. Language EXIENSIDITITY ........coiiiiieeeee e 3
5.4. DOCUMENE LINKING ...uveitieiieie ettt st st ae e e sre e s e eneesneeseeneesreenneannens 3
5.5. The Lifecycle of an Executable BUSINESS PrOCESS...........ccoereiirieiieresiesiesie s, 3
5.6. Revisiting the Initial EXamPIE.......cc.ooieiioiiie ettt 3

6. Partner Link Types, Partner Links, and Endpoint REFEreNnCes..........cocevvvevenenenenesceeens 3
6.1, PartNer LiNK TYPES.....ccueieeieeieeiesteesteeeesteestesaesteeste s e sseesseeseesseessesnsesseesseensessesssesnsessenns 3
6.2, PaITNEN LINKS ... oiiuieiieeieeiesiesie ettt ee e ste e te e steeeesse e aeeneesseesseensesseesseensesseessennsessenns 3
6.3. ENAPOINt REFEIENCES .....c.eeeciececee ettt st esreereeneens 3
7.V ATADIE PrOPEITIES. ...ttt sttt e e e 3
4% 1Y Lo Y 7= (o SRR 3
7.2. DEfINING PrOPEITIES ...ttt et b ettt nn e e e 3
7.3 DEfiNING Property AlIBSES......cuoceeiieieee sttt st reesae e ae e sreenneennens 3

8. DAA HANAIING ...ttt e 3
8L ValADIES ... b et nrenre e 3
8.2 Usage of Query and EXPression LanQUAJES...........coeeeeeerierierieriesesiesseseseeseesseseeseesseseens 3
8.3, EXPIESSIONS......ecueetieueeeteesteeteeteesteeseeeseesseseesseesseeseesseesesseeaseenseaseesseensesnseaseensesneenseeseaneens 3
B4, ASSIGNIMENT.....c.eitiiteetieie ettt e bbb et se et e e et bbb R e e e e 3

S R OCa 1 1= - (o] o 1SS 3
9.1. MESSATE COITEIBLION......c.eeueeeiieieieteeie ettt st sb e bt e e e e e e e nre e 3
9.2. Declaring and Using Correlation SELS.........ccvciiieiieie et 3
O =S oy N o £ =SSR 3
10.1. Standard AttributesS for All ACHVITIES ......cceeieiierece s 3
10.2. Standard ElementSfor All ACHVITIES .......cccviieieeecee e 3
10.3. Invoking Web Service Operations — INVOKE. .........c.cceeiveieieese e 3
10.4. Providing Web Service Operations — Receive and Reply .........ccooevevininenenieniceeee 3
10.5. Updating Variables and Partner LinkS — ASSIGN .......ccccvvieieiie s 3
10.6. Signaling Internal FaultS — THIOW........ccooioiiiiereeee e 3
10.7. Delayed EXECULION — Waa.........ciieiieee ettt 3
10.8. DOING NOthING — EMPLY ....eoiiiieieeiisee e st 3
10.9. Adding new Activity Types— EXteNSIONACHVILY ......ccoveveeieceeseecie e 3
10.10. Immediately Ending @aProCess — EXIt .......cccoieeiiriiiieniereeree e 3
10.11. Propagating Faults — REINIOW .........c.cooveiececeee e 3
11, SErUCLUIEA ACHIVITIES. ... ettt sttt st re e b e et eeneenre s 3
11.1. Sequential ProCesSiNg — SEQUENCE .......ccueeeeiueerieeiesieereseesreessesseesseeseesseesseessesseessesnsesnes 3
wsbpel-specification-draft-01 23 August 2006

Copyright © OASIS Open 2003, 2006. All Rights Reserved. Page 4 of 276



11.2. CoNAitiONal BENAVIOF — [ ... et eenmnnnmnnnns 3

11.3. Repetitive EXECUtiON — WHIlE ......ooeiiee ettt s 3
11.4. Repetitive Execution — REPEatUNLIL .........cceiiiiieiiie e 3
11.5. Selective Event ProCcessing — PiCK .......ccvcieiiieiiec et 3
11.6. Paralel and Control Dependencies Processing — FIOW..........occooeirienienenceceeeee 3
11.7. Processing Multiple Branches — FOrEaCh .........ccccvceieeviece e 3
L2, SCOPIES ...ttt ettt ettt ettt sttt et e e he e e e e Re e e R e e e Re e e Re e e eRe e eReeeReeeReeebeeeaneenneeanneenneennreans 3
2 IS oo o L= g 11 (174 1 o | 3
12.2. Message Exchange Handling .......coouveeeieeienieeee et s 3
12.3. Error Handling in BUSINESS PrOCESSES.........ccueiierieeiesieerieseesieesseseesseessessessseessesnessseenes 3
12.4. Compensation HaNAIEr'S ...........ooiiiiiie e 3
12.5. FAUIT HBNAIENS ...ttt e 3
12.6 Termination HaNAIErS.........cooue i et 3
12.7. EVENT HANAIEIS ...ttt e 3
12.7. 1S0l@EEA SCOPES. ... veeueeereeitieiesee st e rte sttt ettt st s beetesaeesaeebeeaeesbeebesaeesseenbesneenreenes 3
13. WS-BPEL ADSITACt PrOCESSES. ... .cuiiiiiiiiiieieie ettt sttt e 3
13.1. The COMIMON BASE.........coiiiiiiieeieeie sttt sttt st be et sa e e st e e sns 3
13.2. Abstract Process Profiles and the Semantics of Abstract Processes..........ccccevevereenine. 3
13.3. Abstract Process Profile for Observable Behavior...........ccooveeiineeninieneeee e 3
13.4. Abstract Process Profile for TEMPIates..........c.cooveiveeeieee e 3
14. EXENSION DECIAIAIONS......c..eiiiieieiieeiesiee et sttt st sreesbe et e b b e e e nns 3
I 1] 0= S 3
15.2. SNIPPING SEIVICE ....eeiieieeitieite ettt sttt sttt be et e s e e sbe e beeaeesbeenbesneesneebesneenreenes 3
A @ 0 (< 1 a0 T A o 3
15.3. LOAN APPIOVA SEIVICE......ciiieiuiiitieieeie st siesee sttt sttt ste e e sbeebesneesseebesneesaeenes 3
15.4. AUCKION SEIVICE...c.uiiuiiiieieie ettt sttt bbb bbbttt ne et nae e 3
16. SecUrity CONSIAEIALIONS.........ccueiieirieieeeesteeeie st s e rte e teeee s e re e e e sseeste e e e sseesseensesneeseenneenes 3
Appendix A. SEANAAIT FAUITS .........oooiiiiieeeeee e 3
Appendix B. Static Analysis requirement summary (Non-Normative) ..........ccccecceeveveeceenneennen. 3
Appendix C. Attributes and DEfaUITS...........cooiiieie e 3
Appendix D. Examples of Replacement LOGQIC........cvcvuviiiiicii et 3
APPENIX E. XIML SCREMES.......coiiiiieieieiese sttt sttt 3
AppendiX F. REVISION HISLONY ........cccoiiieieiee ettt st re et e sneenneennas 3
APPENAIX G. REFEIEINCES ...ttt e e b bt e ettt neenne b e 3
1. NOrMELiVE REFEIENCES.......eiuieieeieie ettt sttt b b nes 3

2. NON-NOrmMative REFEIENCES.........oceeiieieeesiese ettt s esreeseaneens 3
Appendix H. Committee Members (NON-NOIMELIVE) ..........ccceeeeereeiecie e 3
wsbpel-specification-draft-01 23 August 2006

Copyright © OASIS Open 2003, 2006. All Rights Reserved. Page 5 of 276



1. Introduction

The goal of the Web Services effort is to achieve interoperability between applications by using
Web standards. Web Services use aloosely coupled integration model to alow flexible
integration of heterogeneous systemsin avariety of domains including business-to-consumer,
business-to-business and enterprise application integration. The following basic specifications
originally defined the Web Services space: SOAP [SOAP 1.1], Web Services Description
Language (WSDL) [WSDL 1.1], and Universal Description, Discovery, and Integration (UDDI)
[UDDI]. SOAP defines an XML messaging protocol for basic service interoperability. WSDL
introduces a common grammar for describing services. UDDI provides the infrastructure
required to publish and discover servicesin a systematic way. Together, these specifications
allow applications to find each other and interact following aloosely coupled, platform
independent model.

Systems integration requires more than the ability to conduct simple interactions by using
standard protocols. The full potential of Web Services as an integration platform will be
achieved only when applications and business processes are able to integrate their complex
interactions by using a standard process integration model. The interaction model that is directly
supported by WSDL is essentially a stateless model of request-response or uncorrelated one-way
interactions.

Models for business interactions typically assume sequences of peer-to-peer message exchanges,
both request-response and one-way, within stateful, long-running interactions involving two or
more parties. To define such businessinteractions, aformal description of the message exchange
protocols used by business processes in their interactions is needed. An Abstract Process may be
used to describe observable message exchange behavior of each of the parties involved, without
revealing their internal implementation. There are two good reasons to separate the public
aspects of business process behavior from internal or private aspects. One is that businesses
obviously do not want to reveal al their internal decision making and data management to their
business partners. The other isthat, even where thisis not the case, separating public from
private process provides the freedom to change private aspects of the process implementation
without affecting the observable behavior. Observable behavior must clearly be described in a
platform independent manner and captures behavioral aspects that may have cross enterprise
business significance.

The following concepts for describing business processes should be considered:

e Business processes include data-dependent behavior. For example, a supply-chain
process depends on data such as the number of lineitemsin an order, the total value of an
order, or adeliver-by deadline. Defining business intent in these cases requires the use of
conditional and time-out constructs.

e The ability to specify exceptiona conditions and their consequences, including recovery
sequences, is at least as important for business processes as the ability to define the
behavior in the "all goes well" case.
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e Long-running interactions include multiple, often nested units of work, each with its own
data requirements. Business processes frequently require cross partner coordination of the
outcome (success or failure) of units of work at various levels of granularity.

The basic concepts of WS-BPEL can be applied in one of two ways, Abstract or Executable.

A WS-BPEL Abstract Processis a partially specified process that is not intended to be executed
and that must be explicitly declared as “abstract’. Whereas Executable Processes are fully
specified and thus can be executed, an Abstract Process may hide some of the required concrete
operational details expressed by an Executable artifact.

All the constructs of Executables Processes are made available to Abstract Processes;
consequently, Executable and Abstract WS-BPEL Processes share the same expressive power. In
addition to the features available in Executable Processes, Abstract Processes provide two
mechanisms for hiding operational details: (1) the use of explicit opaque tokens and (2) omission.
Although a particular Abstract Process definition might contain complete information that would
render it Executable, its Abstract status states that any concrete realizations of it are permitted to
perform additional processing steps that are not relevant to the audience to which it has been
given.

Abstract Processes serve a descriptive role, with more than one use case. One such use case
might be to describe the observable behavior of some or al of the services offered by an
Executable Process. Another use case would be to define a process template that embodies
domain-specific best practices. Such a process template would capture essential processlogicin
amanner compatible with a design-time representation, while excluding execution details to be
completed when mapping to an Executable Process.

Regardless of the specific use case and purpose, all Abstract Processes share a common syntactic
base. They have different requirements for the level of opacity and restrictions on which parts of
a process definition may be omitted or hidden. Tailored uses of Abstract Processes have different
effects on the consistency constraints and on the semantics of that process. Some of these
required constraints are not enforceable by the XML Schema.

A common base specifies the features that define the syntactic universe of Abstract Processes.
Given this common base, a usage profile provides the necessary specializations and semantics
based on Executable WS-BPEL for a particular use of an Abstract Process.

As mentioned above it is possible to use WS-BPEL to define an Executable Business Process.
While aWS-BPEL Abstract Process definition is not required to be fully specified, the language
effectively defines a portable execution format for business processes that rely exclusively on
Web Service resources and XML data. Moreover, such processes execute and interact with their
partnersin a consistent way regardless of the supporting platform or programming model used
by the implementation of the hosting environment.

The continuity of the basic conceptual model between Abstract and Executable Processes in WS-
BPEL makesit possible to export and import the public aspects embodied in Abstract Processes
as process or role templates while maintaining the intent and structure of the observable behavior.

This applies even where private implementation aspects use platform dependent functionality.

wsbpel-specification-draft-01 23 August 2006
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Thisis akey feature for the use of WS-BPEL from the viewpoint of unlocking the potential of
Web Services because it allows the development of tools and other technologies that greatly
increase the level of automation and thereby lower the cost in establishing cross enterprise
automated business processes.

In this specification, the description of Abstract Business Processes is presented after Executable.
We clearly differentiate concepts required for Abstract Business Process description from the
concepts for Executable in the section 13. WS-BPEL Abstract Processes.

WS-BPEL defines amodel and a grammar for describing the behavior of a business process
based on interactions between the process and its partners. The interaction with each partner
occurs through Web Service interfaces, and the structure of the relationship at the interface level
isencapsulated in what is called a partnerLink. The WS-BPEL process defines how multiple
service interactions with these partners are coordinated to achieve a business goal, as well asthe
state and the logic necessary for this coordination. WS-BPEL also introduces systematic
mechanisms for dealing with business exceptions and processing faults. Moreover, WS-BPEL
introduces a mechanism to define how individual or composite activities within a unit of work
are to be compensated in cases where exceptions occur or a partner requests reversal.

WS-BPEL utilizes several XML specifications: WSDL 1.1, XML Schema 1.0, XPath 1.0 and
XSLT 1.0. WSDL messages and XML Schema type definitions provide the data model used by
WS-BPEL processes. XPath and XSLT provide support for data manipulation. All external
resources and partners are represented as WSDL services. WS-BPEL provides extensibility to
accommodate future versions of these standards, specifically the XPath and related standards
used in XML computation.

A WS-BPEL processis areusable definition that can be deployed in different ways and in
different scenarios, while maintaining a uniform application-level behavior across all of them.
The description of the deployment of a WS-BPEL processis out of scope for this specification.
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2. Notational Conventions

The upper case keywords "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT",
"SHOULD", "SHOULD NOT", "RECOMMENDED", "MAY", and "OPTIONAL" in this
document are to be interpreted as described in [REC 2119].

Namespace URIs of the general form "some-URI" represent some application dependent or
context dependent URI as defined in [REC 2396].

This specification uses an informal syntax to describe the XML grammar of the XML fragments
that follow:

e The syntax appears as an XML instance, but the values indicate the data types instead of
values.

e Grammar in bold has not been introduced earlier in the document, or is of particular
interest in an example.

e <-- description --> is a placeholder for elements from some "other" namespace (like
#other in XSD).

o Characters are appended to elements, attributes, and asfollows. "?' (0O or 1), "*" (0 or
more), "+" (1 or more). The characters"[" and "]" are used to indicate that contained
items are to be treated as a group with respect to the "?", "*", or "+" characters.

o Elements and attributes separated by "[* and grouped by "(" and ")" are meant to be
syntactic alternatives.

e The XML namespace prefixes (defined below) are used to indicate the namespace of the
element being defined.

e Thename of user defined extension activity isindicated by anyElementQName.

Syntax specifications are highlighted as follows:

<vari abl es>
<vari abl e nane="BPELVari abl eNane"
nmessageType="Q\ane" ?
type="QNane" ?
el ement =" QNane" ?>+
from spec?
</vari abl e>
</vari abl es>

Examples starting with <?xml contain enough information to conform to this specification; other
examples are fragments and require additional information to be specified in order to conform.

The examples and other explanatory material in this document are not fully specified unless
otherwise noted. For instance, some examplesimport WSDL definitions that are not specified in
this document.

Examples are highlighted as follows:

nane="order Det ai | s" nessageType="ORD: orderDetails" />

wsbpel-specification-draft-01 23 August 2006
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XSD Schemas are provided as a definition of grammars [ XML Schema Part 1]. Where there is
disagreement between the separate XML schema files, the XML schemas in the appendices, any
pseudo-schema in the descriptive text, and the normative descriptive text, the normative
descriptive text will take precedence over the separate XML Schemafiles. The separate XML
Schema files take precedence over any pseudo-schema and over any XML schemaincluded in
the appendices. The WS-BPEL XML Schemas offer supplementary normative XML syntax
details, such as details regarding extensibility of aWS-BPEL process definition, aslong as those
XML syntax details do not violate explicit normative descriptive text.

XML Schemas only enforce a subset of constraints described in the normative descriptive text.
Hence, aWS-BPEL artifact, such as a process definition, can be valid according to the XML
Schemas only but not valid according to the normative descriptive text.

This specification uses a number of namespace prefixes throughout; their associated URIs are
listed below. Note that the choice of any namespace prefix is arbitrary, non-normative and not
semantically significant.

........................

____________________________________
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3. Relationship with Other Specifications

WS-BPEL refers to the following XM L-based specifications: WSDL 1.1, XML Schema 1.0,
XPath 1.0, XSLT 1.0 and Infoset. All WS-BPEL implementations SHOULD be configurable
such that they can participate in Basic Profile 1.1 [WS-I Basic Profile] conforming interactions.
A WS-BPEL implementation MAY alow the Basic Profile 1.1 configuration to be disabled,
even for scenarios encompassed by the Basic Profile 1.1.

WSDL has the most influence on the WS-BPEL language. The WS-BPEL process model is
layered on top of the service model defined by WSDL 1.1. At the core of the WS-BPEL process
model is the notion of peer-to-peer interaction between services described in WSDL ; both the
process and its partners are exposed as WSDL services. A business process defines how to
coordinate the interactions between a process instance and its partners. In this sense, aWS-BPEL
process definition provides and/or uses one or more WSDL services, and provides the
description of the behavior and interactions of a process instance relative to its partners and
resources through Web Service interfaces. That is, WS-BPEL is used to describe the message
exchanges followed by the business process of a specific role in the interaction.

The definition of aWS-BPEL business process follows the WSDL model of separation between
the abstract message contents used by the business process and deployment information
(messages and port type versus binding and address information). In particular, aWS-BPEL
process represents all partners and interactions with these partners in terms of abstract WSDL
interfaces (port types and operations); no references are made to the actual services used by a
process instance. WS-BPEL does not make any assumptions about the WSDL binding.
Constraints, ambiguities, provided or missing capabilities of WSDL bindings are out of scope of
this specification.

However, the abstract part of WSDL does not define the constraints imposed on the
communication patterns supported by the concrete bindings. Therefore a WS-BPEL process may
define behavior relative to a partner service that is not supported by all possible bindings, and it
may happen that some bindings areinvalid for aWS-BPEL process definition.

While WS-BPEL attempts to provide as much compatibility with WSDL 1.1 as possible there
are three areas where such compatibility is not feasible.

e Fault naming with itsrestriction, as discussed later in this document (see section
12.5. Fault Handlers)

e [SA00002] Overloaded operation namesin WSDL port types. Regardless of whether the
WS-I Basic Profile configuration is enabled, aWS-BPEL processor MUST regject any
WSDL port type definition that includes overloaded operation names. This restriction
was deemed appropriate as overloaded operations are rare, they are actually banned in the
WS-| Basic Profile and supporting them was felt to introduce more complexity than
benefit.

e [SAQ0001] Port types that contain solicit-response or notification operations as defined in
the WSDL 1.1 specification. Regardless of whether the WS- Basic Profile configuration
isenabled, aWS-BPEL processor MUST reject aWS-BPEL that refers to such port types.
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At the time this specification was completed, various Web Service standards work, such as
WSDL 2.0 and WS-Addressing, were ongoing and not ready for consideration for WS-BPEL
2.0. Future versions of WS-BPEL may provide support for these standards.

It should be noted that the examples provided in this specification adopt the Schema at location

http://schemas.xmlsoap.org/wsdlf [WSDL 1.1]. This XML Schemaincorporates fixes for known
errors, and isthe XML Schema selected by the [WS-1 Basic Profile 1.1 Errata] (October 25,
2005).
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4. Static Analysis of a Business Process

WS-BPEL takesit as agenera principle that conformant implementations MUST perform basic
static analysis listed in Appendix B to detect and reject process definitions that fail any of those
static analysis checks. Please note that such analysis might in some cases prevent the use of
processes that would not, in fact, create situations with errors, either in specific uses or in any use.
For example, aWS-BPEL implementation will reject a process with <i nvoke> activity referring
to an undefined variable, where the <i nvoke> activity may not be actually reached during
execution of the process.

A WS-BPEL implementation MAY perform extra static analysis checking beyond the basic
static analysis required by this specification to signal warnings or even reject process definitions.
Such an implementation SHOULD be configurable to disable these non-specified static analysis
checks.
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5. Defining a Business Process

5.1. Initial Example

Before describing the structure of business processes in detail, this section presentsasimple
example of aWS-BPEL process for handling a purchase order. The aim is to introduce the most
basic structures and some of the fundamental concepts of the language.

The operation of the processisvery simple, and is represented in Figure 1. Purchase Order
Process Online. Dotted lines represent sequencing. Free grouping of sequences represents
concurrent sequences. Solid arrows represent control links used for synchronization across
concurrent activities. Note that thisis not meant to be a definitive graphical notation for WS-
BPEL processes. It is used here informally as an aid to understanding.

On receiving the purchase order from a customer, the process initiates three paths concurrently:
calculating the final price for the order, selecting a shipper, and scheduling the production and
shipment for the order. While some of the processing can proceed concurrently, there are control
and data dependencies between the three paths. In particular, the shipping price isrequired to
finalize the price calculation, and the shipping date is required for the complete fulfillment
schedule. When the three concurrent paths are compl eted, invoice processing can proceed and
the invoice is sent to the customer.
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Figure 1: Purchase Order Process - Outline

The WSDL port type offered by the service to its customers (pur chaseOr der PT) isshown in the
following WSDL document. Other WSDL definitions required by the business process are
included in the same WSDL document for simplicity; in particular, the port types for the Web
Services providing price calculation, shipping selection and scheduling, and production
scheduling functions are also defined there. Observe that there are no bindings or service
elementsin the WSDL document. A WS-BPEL process is defined by referencing only the port
types of the services involved in the process, and not their possible deployments. Defining
business processes in this way allows the reuse of business process definitions over multiple
deployments of compatible services.

The <par t ner Li nkType>sincluded at the bottom of the WSDL document represent the
interaction between the purchase order service and each of the parties with which it interacts (see
section 6. Partner Link Types, Partner Links, and Endpoint References). <Par t ner Li nkType>S
can be used to represent dependencies between services, regardless of whether a WS-BPEL
business process is defined for one or more of those services. Each <par t ner Li nkType> defines
up to two "role" names, and lists the port types that each role must support for the interaction to
be carried out successfully. In this example, two <par t ner Li nkType>s, "purchasingLT" and
"schedulingLT", list asingle role because, in the corresponding service interactions, one of the
parties provides all the invoked operations: The "purchasingLT" <par t ner Li nkType> represents
the connection between the process and the requesting customer, where only the purchase order
service needs to offers a service operation ("sendPurchaseOrder"); the "schedulingL T"

<par t ner Li nkType> represents the interaction between the purchase order service and the
scheduling service, in which only operations of the latter are invoked. The two other
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<par t ner Li nkType>s, "i nvoi ci ngLT" and "shi ppi ngLT", define two roles because both the
user of the invoice calculation and the user of the shipping service (the invoice or the shipping
schedule) must provide callback operations to enable notifications to be sent

("i nvoi ceCal | backPT" and "shi ppi ngCal | backPT" port types).

Process
purchaseOrderProcess

=—Pp| purchaseOrder PT

PartnerLink
purchasing

. computePricePT
PartnerLink

invoicing

invoiceCallbackPT

. shippingPT
PartnerLink

shipping

shippingCallbackPT

INRER

schedulingPT

PartnerLink
scheduling

<wsdl : definitions

xm ns: sns="http.7/ manufacturing. org/Xsd/ purchase",

xm ns: pos="http:// manuf act uring. org/ wsdl/purchase’,

xm ns: wsdl ="http: 7/ schenas. Xm soap. or g/ wsdl /™

_______________________________________ -

xm ns: pl nk="http:7/docs. oasis-open. org/ wsbpel /2. 0/ pl nkt'ype",

xm ns: xsd="http: 7/ Wi W3. org/ 2001/ XN Schena” 5
<wsdl : types>
<xsd: schenma>

</ xsd: schema>
</ wsdl : t ypes>

<wsdl : ressage name="POvessage" >
<wsdl : part name="custonerl|nfo" type="sns:custonerlnfoType" />
<wsdl : part name="purchaseOrder" type="sns: purchaseOr der Type" />
</ wsdl : mressage>
<wsdl : nessage nane="I|nvMessage" >
<wsdl : part name="1VC' type="sns:|nvoi ceType" />
</ wsdl : nressage>
<wsdl : nessage name="or der Faul t Type" >
<wsdl : part nanme="probl enl nfo" el enent="sns: OrderFault " />
</ wsdl : nressage>
<wsdl : nessage name="shi ppi ngRequest Message" >
<wsdl : part nanme="custonerl nfo" el enent="sns: custonerlnfo" />
</ wsdl : nressage>
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http://manufacturing.org/wsdl/purchase"
http://manufacturing.org/xsd/purchase"
http://manufacturing.org/wsdl/purchase"
http://schemas.xmlsoap.org/wsdl/"
http://docs.oasis-open.org/wsbpel/2.0/plnktype"
http://www.w3.org/2001/XMLSchema">
http://manufacturing.org/xsd/purchase"
http://manufacturing.org/xsd/purchase.xsd"

<wsdl : nessage nanme="shi ppi ngl nf oMessage" >
<wsdl : part name="shi ppi ngl nfo" el enent ="sns: shi ppi ngl nfo" />
</ wsdl : nessage>
<wsdl| : nessage nanme="schedul eMessage" >
<wsdl : part name="schedul e" el enent ="sns: schedul el nfo" />
</ wsdl : nessage>

<I-- portTypes supported by the purchase order process -->
<wsdl : port Type name="pur chaseOr der PT" >
<wsdl : operati on name="sendPur chaseOr der" >
<wsdl : i nput nessage="pos: POvessage" />
<wsdl : out put nmessage="pos: | nvMessage" />
<wsdl : faul t nanme="cannot Conpl et eOr der"
nessage="pos: or der Faul t Type" />
</ wsdl : operati on>
</ wsdl : port Type>
<wsdl : port Type nane="i nvoi ceCal | backPT" >
<wsdl| : operati on nane="sendl nvoi ce">
<wsdl| : i nput nmessage="pos: | nvMessage" />
</ wsdl : oper ati on>
</ wsdl : port Type>
<wsdl : port Type nanme="shi ppi ngCal | backPT" >
<wsdl| : operati on nane="sendSchedul e">
<wsdl : i nput nessage="pos: schedul eMessage" />
</ wsdl : operati on>
</ wsdl : port Type>

<I-- portType supported by the invoice services -->
<wsdl : port Type name="conput ePri cePT">
<wsdl : operation nane="initiatePriceCal cul ati on">
<wsdl : i nput nessage="pos: POvessage" />
</ wsdl : operati on>
<wsdl : oper ati on name="sendShi ppi ngPri ce">
<wsdl : i nput nessage="pos: shi ppi ngl nf oMessage" />
</ wsdl : oper ati on>
</ wsdl : port Type>

<I-- portType supported by the shipping service -->
<wsdl : port Type name="shi ppi ngPT" >
<wsdl| : operati on nanme="request Shi ppi ng" >
<wsdl : i nput nessage="pos: shi ppi ngRequest Message" />
<wsdl : out put nmessage="pos: shi ppi ngl nf oMessage" />
<wsdl : faul t nanme="cannot Conpl et eOr der"
nessage="pos: or der Faul t Type" />
</ wsdl : operati on>
</ wsdl : port Type>

<I-- portType supported by the production scheduling process -->
<wsdl : port Type nanme="schedul i ngPT" >
<wsdl : operati on name="request Producti onSchedul i ng" >
<wsdl : i nput nessage="pos: POvessage" />
</ wsdl : oper ati on>
<wsdl : operati on name="sendShi pi ngSchedul e" >
<wsdl : i nput nessage="pos: schedul eMessage" />
</ wsdl : oper ati on>
</ wsdl : port Type>

<pl nk: part ner Li nkType name="pur chasi ngLT">
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<pl nk: rol e name="pur chaseServi ce"
port Type="pos: pur chaseOr der PT" />
</ pl nk: part ner Li nkType>

<pl nk: part ner Li nkType nanme="i nvoi ci ngLT" >
<pl nk: rol e name="i nvoi ceServi ce"
port Type="pos: conput ePri cePT" />
<pl nk: rol e name="i nvoi ceRequest er"”
port Type="pos: i nvoi ceCal | backPT" />
</ pl nk: part ner Li nkType>

<pl nk: part ner Li nkType name="shi ppi ngLT" >
<pl nk: rol e name="shi ppi ngServi ce"
port Type="pos: shi ppi ngPT" />
<pl nk: rol e name="shi ppi ngRequest er"
port Type="pos: shi ppi ngCal | backPT" />
</ pl nk: part ner Li nkType>

<pl nk: par t ner Li nkType name="schedul i ngLT" >
<pl nk: rol e name="schedul i ngServi ce"
port Type="pos: schedul i ngPT" />
</ pl nk: part ner Li nkType>

</ wsdl : definitions>

The business process for the order serviceis defined next. There are four major sectionsin this
process definition. Note that the example provides a simple case. In order to completeit,
additional elements may be needed such as<correl ati onSet s>.

e The<part ner Li nks> section defines the different parties that interact with the business
process in the course of processing the order. The four <par t ner Li nk> definitions
shown here correspond to the sender of the order (customer), as well as the providers of
price (invoicing provider), shipment (shipping provider), and manufacturing scheduling
services (scheduling provider). Each <par t ner Li nk> is characterized by a
part ner Li nkType and either one or two role names. Thisinformation identifies the
functionality that must be provided by the business process and by the partner service for
the relationship to succeed, that is, the port types that the purchase order process and the
partner need to implement.

e The<vari abl es> section defines the data variables used by the process, providing their
definitionsin terms of WSDL message types, XML Schematypes (ssmple or complex),
or XML Schema elements. Variables allow processes to maintain state between message
exchanges.

e The<faul t Handl er s> section contains fault handlers defining the activities that must be
performed in response to faults resulting from the invocation of the assessment and
approval services. In WS-BPEL, al faults, whether internal or resulting from a service
invocation, are identified by a qualified name. In particular, each WSDL fault is
identified in WS-BPEL by a qualified name formed by the target namespace of the
WSDL document in which the relevant port type and fault are defined, and the NCName
of the fault.

e Therest of the <pr ocess> definition contains the description of the normal behavior for
handling a purchase request. The major elements of this description are explained in the
section following the process definition.
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<process nanme="pur chaseO der Process"

<docunent ati on xm : | ang="EN'>
A sinple exanpl e of a W5-BPEL process for handling a purchase
or der.

</ docunent at i on>

<part ner Li nks>
<part ner Li nk name="pur chasi ng"
part ner Li nkType="1 ns: pur chasi ngLT" nmyRol e="pur chaseServi ce" />
<part ner Li nk name="i nvoi ci ng" partnerLinkType="1ns:invoi ci ngLT"
nyRol e="i nvoi ceRequest er" partner Rol e="i nvoi ceServi ce" />
<partner Li nk nanme="shi ppi ng" partnerLi nkType="I ns: shi ppi ngLT"
myRol e="shi ppi ngRequest er" partner Rol e="shi ppi ngService" />
<part ner Li nk name="schedul i ng"
part ner Li nkType="1I ns: schedul i ngLT"
part ner Rol e="schedul i ngServi ce" />
</ par t ner Li nks>

<vari abl es>
<vari abl e nane="PO' nessageType="I| ns: POvessage" />
<vari abl e nane="1I nvoi ce" nessageType="Ins:|nvMessage" />
<vari abl e nane="shi ppi ngRequest "
nmessageType="I ns: shi ppi ngRequest Message" />
<vari abl e nane="shi ppi ngl nf 0"
nmessageType="I ns: shi ppi ngl nf oMessage” />
<vari abl e name="shi ppi ngSchedul e"
messageType="I ns: schedul eMessage" />
</vari abl es>

<f aul t Handl er s>
<catch faul t Nane="1ns: cannot Conpl et eOr der "
faul t Vari abl e="POFaul t "
faul t MessageType="1 ns: or der Faul t Type" >
<reply partnerLink="purchasi ng"
port Type="I ns: pur chaseCOr der PT"
oper ati on="sendPur chaseOrder" vari abl e="POFaul t"
faul t Nanme="cannot Conpl et eOrder" />
</ catch>
</ faul t Handl er s>

<sequence>
<recei ve partnerLink="purchasi ng" portType="I|ns: purchaseOr der PT"
oper ati on="sendPur chaseOrder" vari abl e=" PO’
creat el nst ance="yes" >
<docunent at i on>Recei ve Purchase Order</docunentati on>
</receive>

<f | ow>
<docunent ati on>
A parallel flow to handl e shipping, invoicing and
schedul i ng
</ docunent ati on>
<l i nks>
<l i nk name="shi p-to-invoice" />
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http://example.com/ws-bp/purchase"
http://docs.oasis-open.org/wsbpel/2.0/process/executable"
http://manufacturing.org/wsdl/purchase">

<l i nk nanme="shi p-to-schedul i ng" />
</links>
<sequence>
<assi gn>
<copy>
<f r on>$PO. cust oner | nf o</ f r o>
<t 0>$shi ppi ngRequest . cust oner | nf o</ t 0>
</ copy>
</ assi gn>

<i nvoke partnerLi nk="shi ppi ng" port Type="I ns: shi ppi ngPT"

oper ati on="r equest Shi ppi ng"
i nput Var i abl e="shi ppi ngRequest "
out put Vari abl e="shi ppi ngl nf 0" >

<docunent at i on>Deci de On Shi pper </ docunent at i on>

<sour ces>
<source |inkNane="shi p-to-invoice" />
</ sour ces>
</i nvoke>
<recei ve partnerLi nk="shi ppi ng"
port Type="1 ns: shi ppi ngCal | backPT"

oper ati on="sendSchedul e" vari abl e="shi ppi ngSchedul e" >
<docunent at i on>Arrange Logi sti cs</docunentati on>

<sour ces>
<source |inkNanme="shi p-to-scheduling" />
</ sour ces>
</receive>
</ sequence>
<sequence>
<i nvoke partnerLi nk="invoi ci ng"
port Type="I ns: conput ePri cePT"
operation="initiatePriceCal cul ati on"
i nput Vari abl e="PQ'>
<docunent ati on>
Initial Price Calculation
</ docunent at i on>
</ i nvoke>
<i nvoke partnerLi nk="invoi ci ng"
port Type="I ns: conput ePri cePT"
oper at i on="sendShi ppi ngPri ce"
i nput Vari abl e="shi ppi ngl nf 0" >
<docunent at i on>
Conpl ete Price Cal cul ation
</ docunent at i on>
<t ar get s>
<target |inkNane="ship-to-invoice" />
</targets>
</i nvoke>
<recei ve partnerLink="invoi cing"
port Type="I ns: i nvoi ceCal | backPT"
oper ati on="sendl nvoi ce" vari abl e="Invoi ce" />
</ sequence>
<sequence>
<i nvoke partnerLi nk="schedul i ng"
port Type="I ns: schedul i ngPT"
oper ati on="request Producti onSchedul i ng"
i nput Vari abl e="PQ'>
<docunent ati on>
Initiate Production Scheduling
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</ docunent at i on>
</i nvoke>
<i nvoke partnerLi nk="schedul i ng"
port Type="I ns: schedul i ngPT"
oper ati on="sendShi ppi ngSchedul e"
i nput Var i abl e="shi ppi ngSchedul e" >
<docunent ati on>
Conpl ete Producti on Schedul i ng
</ docunent at i on>
<t ar get s>
<target |inkNanme="shi p-to-scheduling" />
</target s>
</i nvoke>
</ sequence>
</fl ow>
<reply partnerLink="purchasi ng" portType="Ins: purchaseOr derP
oper ati on="sendPur chaseOrder" vari abl e="Invoi ce">
<docunent at i on>l nvoi ce Processi ng</ docunent ati on>
</reply>
</ sequence>

</ process>

5.2. The Structure of a Business Process

This section provides a quick summary of the WS-BPEL syntax. It provides only a brief
overview; the details of each language construct are described in the rest of this document.

The basic structure of the languageis:

<process name="NCNanme" target Nanespace="anyURl "
quer yLanguage="anyURI " ?
expr essi onLanguage="anyURl " ?
suppr essJoi nFai | ure="yes| no" ?
exi t OnSt andar dFaul t ="yes| no" ?

I o L e e e e e e e T T T T T Tl e e T M e e el el

<ext ensi ons>?
<ext ensi on nanmespace="anyURl " nust Under st and="yes| no" />+
</ ext ensi ons>

<i nport namespace="anyURIl " ?
| ocati on="anyURl " ?
i mport Type="anyURI " />*

<part ner Li nks>?
<I-- Note: At |east one role nust be specified. -->
<part ner Li nk nane="NCNane"
part ner Li nkType="QNane"
myRol e=" NCNane" ?
part ner Rol e=" NCNane" ?
initializePartnerRol e="yes| no" ?>+
</ par t ner Li nk>
</ part ner Li nks>

<messageExchanges>?
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<nessageExchange name="NCNane" />+
</ messageExchanges>

<vari abl es>
<vari abl e name="BPELVari abl eNanme"
nmessageType="Q\ane" ?
type="QNane" ?
el ement =" QNane" ?>+
from spec?
</vari abl e>
</vari abl es>

<correl ati onSet s>?
<correl ati onSet nanme="NCNane" properties="QName-|ist" />+
</correl ati onSet s>

<f aul t Hand| er s>?
<I-- Note: There nmust be at |east one faul tHandler -->
<cat ch faul t Nane="Q\anme" ?
faul t Vari abl e="BPELVari abl eNanme" ?
( fault MessageType="QNane" | faultEl ement="QNanme" )? >*
activity
</ cat ch>
<cat chAl | >?
activity
</ cat chAl | >
</ f aul t Handl| er s>

<event Handl er s>?
<I-- Note: There nust be at |east one onEvent or onAlarm -->
<onEvent part nerLi nk="NCNange"
port Type="(QNane" ?
oper ati on="NCNane"
( nmessageType="QNane" | el enent="QNane" )?
vari abl e="BPELVar i abl eNane" ?
nmessageExchange="NCNange" ?>*
<correl ati ons>?
<correlation set="NCNane" initiate="yes|join|no"? />+
</correl ati ons>
<fronmPart s>?
<fronPart part="NCNane" toVari abl e="BPELVari abl eNane" />+
</fronmParts>

<scope ...>...</scope>
</ onEvent >
<onAl ar np*
<I-- Note: There nust be at |east one expression. -->

(

<f or expressi onLanguage="anyURl " ?>dur at i on- expr </ f or >
|
<unti| expressionLanguage="anyURl " ?>deadl i ne- expr</until >
)?
<repeat Every expressi onLanguage="anyURI " ?>
dur at i on- expr
</repeat Every>?
<scope ...>...</scope>
</ onAl ar >
</ event Handl er s>
activity
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</ process>

The top-level attributes are as follows:

quer yLanguage. This attribute specifies the query language used in the process for
selection of nodes in assignment, property definition, etc. The default value for this
atributeis: "ur n: oasi s: names: t c: wsbpel : 2. 0: subl ang: xpat h1. 0", which represents
the usage of [XPath 1.0] within WS-BPEL 2.0.

expr essi onLanguage. This attribute specifies the expression language used in the

<pr ocess>. The default value for this attribute is:

"urn: oasi s: names: t ¢c: wsbpel : 2. 0: subl ang: xpat h1. 0", which represents the usage
of [XPath 1.0] within WS-BPEL 2.0.

suppr essJoi nFai | ur e. This attribute determines whether the joinFailure fault will be
suppressed for all activitiesin the process. The effect of the attribute at the process level
can be overridden by an activity using a different value for the attribute. The default for
this attribute is "no" at the process level. When this attribute is not specified for an
activity, it inheritsits value from its closest enclosing activity or from the <pr ocess> if
no enclosing activity specifies this attribute.

exi t OnSt andar dFaul t . If the value of this attribute is set to “yes”, then the process
MUST exit immediately asif an <exi t > activity has been reached, when a WS-BPEL
standard fault other than bpel : j oi nFai | ur e is encountered™. If the value of this attribute
is set to “no”, then the process can handle a standard fault using a fault handler. The
default value for this attribute is “no”. When this attribute is not specified on a<scope> it
inheritsits value from its enclosing <scope> or <pr ocess>.

[SA00003] If the value of exi t OnSt andar dFaul t Of a<scope> Or <pr ocess> IS Set tO
“yes”, then afault handler that explicitly targets the WS-BPEL standard faults MUST

NOT be used in that scope. A process definition that violates this condition MUST be

detected by static analysis and MUST be rejected by a conformant implementation.

The syntax of Abstract Process has its own distinct target namespace. Additional top-
level attributes are defined for Abstract Processes.

The value of the quer yLanguage and expr essi onLanguage attributes on the <pr ocess>
element are global defaults and can be overridden on specific constructs, such as <condi ti on>
of a<whi | e> activity, as defined later in this specification. In addition, the quer yLanguage
attribute is also available for use in defining WS-BPEL <vpr op: propert yAl i as>esin WSDL.
WS-BPEL processors MUST:

statically determine which languages are referenced by quer yLanguage or

expr essi onLanguage attributes either in the WS-BPEL process definition itself or in any
WS-BPEL property definitions in associated WSDLs and

[SA00004] if any referenced language is unsupported by the WS-BPEL processor then
the processor MUST reject the submitted WS-BPEL process definition.

! bpel:joinFailure does not represent amodeling error and hence it is excluded from other standard faultsiin this case.
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Note that: <document at i on> construct may be added to virtually all WS-BPEL constructs as the
formal way to annotate processes definition with human documentation. Examples of

<docunent at i on> construct can be found in the previous sections. Detailed description of
<docunent i on> is provided in the next section 5.3. Language Extensibility.

Each business process has one main activity.

A WS-BPEL activity can be any of the following:
e <receive>
e <reply>

e <jnvoke>
e <assign>

e <throw

o <exit>

e <wait>

° <erT'pt y>

e <sequence>
e <if>

o <while>

e <repeatUntil >

o <forEach>

e <pick>

o <flow

e <scope>

e <conpensate>

e <conpensat eScope>
e <rethrow

e <validate>

e <extensionActivity>

The syntax of each of these elements is described in the following paragraphs.

The <r ecei ve> activity allows the business process to wait for a matching message to arrive.
The <r ecei ve> activity completes when the message arrives. The por t Type attribute on the

<r ecei ve> activity is optional. [SA00005] If the por t Type attribute isincluded for readability,
the value of the por t Type attribute MUST match the por t Type value implied by the
combination of the specified par t ner Li nk and ther ol e implicitly specified by the activity (see
also par t ner Li nk description in the next section). The optional messageExchange attributeis
used to associate a <r epl y> activity with a<r ecei ve> activity.

<recei ve partnerLi nk="NCNang"
port Type=" QNane" ?
oper ati on="NCNane"
var i abl e="BPELVari abl eNanme" ?
creat el nst ance="yes| no"?
nmessageExchange="NCNane" ?
standard-attri butes>
st andar d- el ement s
<correl ati ons>?
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<correl ation set="NCNane" initiate="yes|join|no"? />+
</correl ati ons>
<fronmPart s>?
<fronPart part="NCNane" toVari abl e="BPELVari abl eNanme" />+
</fronParts>
</receive>

The <r epl y> activity allows the business process to send a message in reply to a message that
was received by an inbound message activity (IMA), that is, <receive>, <onMessage>, Or
<onEvent >. The combination of an IMA and a <r epl y> forms a request-response operation on a
WSDL portType for the process. The por t Type attribute on the <r epl y> activity is optional. If
the por t Type attribute isincluded for readability, the value of the por t Type attribute MUST
match the por t Type value implied by the combination of the specified par t ner Li nk and the

rol e implicitly specified by the activity (see also par t ner Li nk description in the next section).
The optional nessageExchange attribute is used to associate a <r epl y> activity with an IMA.

<reply partnerLi nk="NCNane"
port Type=" QNane" ?
oper ati on="NCNane"
var i abl e="BPELVari abl eNanme" ?
faul t Nane=" QNane" ?
messageExchange="NCNane" ?
standard-attri but es>
st andar d- el ement s
<correl ati ons>?
<correlation set="NCNane" initiate="yes|join|no"? />+
</correl ati ons>
<t oPart s>?
<toPart part="NCNane" fromvari abl e="BPELVari abl eNane" />+
</toPart s>
</reply>

The <i nvoke> activity allows the business process to invoke a one-way or request-response
operation on apor t Type offered by a partner. In the request-response case, the invoke activity
completes when the response is received. The por t Type attribute on the <i nvoke> activity is
optional. If the por t Type attribute isincluded for readability, the value of the por t Type attribute
MUST match the por t Type value implied by the combination of the specified par t ner Li nk and
ther ol e implicitly specified by the activity (see aso par t ner Li nk description in the next
section).

<i nvoke part nerLi nk=" NCNane"
port Type="QNane" ?
oper at i on="NCNane"
i nput Var i abl e="BPELVar i abl eNane" ?
out put Vari abl e="BPELVar i abl eNane" ?
standard-attri butes>
st andar d- el ement s
<correl ati ons>?
<correlation set="NCNane" initiate="yes|join|no"?
pattern="request|response|request-response"? />+
</correl ati ons>
<cat ch faul t Nanme="QNane" ?
faul t Vari abl e="BPELVari abl eNange" ?
faul t MessageType="QNane" ?
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faul t El enent =" QNang" ?>*
activity
</ cat ch>
<cat chAl | >?
activity
</ cat chAl | >
<conpensat i onHandl er >?
activity
</ conpensat i onHandl er >
<t oPart s>?
<toPart part="NCNane" fronVari abl e="BPELVari abl eNange" />+
</toParts>
<fronmPart s>?
<fronPart part="NCNane" toVari abl e="BPELVari abl eNanme" />+
</fronPart s>
</i nvoke>

The <assi gn> activity is used to update the values of variables with new data. An <assi gn>
construct can contain any number of elementary assignments, including <copy> assign elements
or data update operations defined as extension under other namespaces.

<assign validate="yes| no"? standard-attributes>
st andar d- el ement s
(
<copy keepSrcEl ement Nane="yes| no" ?>
from spec
t 0- spec
</ copy>
|
<ext ensi onAssi gnOper at i on>
assi gn- el ement - of - ot her - nanmespace
</ ext ensi onAssi gnOper at i on>
) +
</ assi gn>

The <val i dat e> activity is used to validate the values of variables against their associated XML
and WSDL data definition. The construct has avari abl es attribute, which pointsto the
variables being validated.

<val i dat e vari abl es="BPELVari abl eNanes" standard-attri butes>
st andar d- el enent s
</val i dat e>

The <t hr ow> activity is used to generate a fault from inside the business process.

<t hrow f aul t Nanme=" QNang"
faul t Vari abl e="BPELVari abl eName" ?
standard-attri butes>
st andar d- el enent s

</t hr ow>

The <wai t > activity isused to wait for agiven time period or until a certain point in time has
been reached. Exactly one of the expiration criteriaMUST be specified.
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<wai t standard-attributes>
st andar d- el enent s
(
<f or expressi onLanguage="anyURl " ?>dur at i on- expr </ f or >
|

<until expressi onLanguage="anyURl " ?>deadl i ne- expr </ unti | >

)

</ wai t >

The <enpt y> activity isa"no-op" in abusiness process. Thisis useful for synchronization of
concurrent activities, for instance.

<enpty standard-attri butes>
st andar d- el enent s

</ enpt y>

The <sequence> activity is used to define a collection of activities to be performed sequentially
in lexical order.

<sequence standard-attri butes>
st andar d- el ement s
activity+

</ sequence>

The<i f > activity isused to select exactly one activity for execution from a set of choices.

<if standard-attributes>
st andar d- el ement s
<condi ti on expressi onLanguage="anyURI " ?>bool - expr </ condi ti on>
activity
<el sei f>*
<condi ti on expressi onLanguage="anyURl " ?>bool - expr </ condi ti on>
activity
</ el seif>
<el se>?
activity
</ el se>
</if>

The <whi | e> activity is used to define that the child activity is to be repeated as long as the
specified <condi ti on> istrue.

<whi | e standard-attributes>
st andar d- el enent s
<condi ti on expressi onLanguage="anyURI " ?>bool - expr </ condi ti on>
activity

</ whi | e>

The <r epeat Unt i | > activity is used to define that the child activity is to be repeated until the
specified <condi t i on> becomes true. The <condi t i on> istested after the child activity
completes. The <r epeat Unt i | > activity is used to execute the child activity at least once.

<repeatUnti| standard-attributes>
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st andar d- el ement s

activity

<condi ti on expressi onLanguage="anyURI " ?>bool - expr </ condi ti on>
</repeat Until >

The <f or Each> activity iteratesits child scope activity exactly N+1 times where N equals the
<fi nal Count er Val ue> minusthe <st art Count er Val ue>. If paral | el ="yes" thenthisisa
parallel <f or Each> where the N+1 instances of the enclosed <scope> activity SHOULD occur in
parallel. In essence an implicit flow is dynamically created with N+1 copies of the <f or Each>'s
<scope> activity as children. A <conpl et i onCondi t i on> may be used within the <f or Each> to
allow the <f or Each> activity to complete without executing or finishing all the branches
specified.

<f or Each count er Nane="BPELVar i abl eNane" paral |l el ="yes| no"
standard-attri but es>
st andar d- el enent s
<start Count er Val ue expressi onLanguage="anyURI " ?>
unsi gned- i nt eger - expr essi on
</ st art Count er Val ue>
<fi nal Count er Val ue expr essi onLanguage="anyURI " ?>
unsi gned- i nt eger - expr essi on
</ fi nal Count er Val ue>
<conpl eti onCondi ti on>?
<branches expressi onLanguage="anyURl " ?
successf ul BranchesOnl y="yes| no" ?>
unsi gned-i nt eger - expr essi on
</ branches>
</ conpl eti onCondi ti on>
<scope ...>...</scope>
</ f or Each>

The <pi ck> activity isused to wait for one of several possible messagesto arrive or for atime-
out to occur. When one of these triggers occurs, the associated child activity is performed. When
the child activity completes then the <pi ck> activity completes.

The por t Type attribute on the <onMessage> activity isoptional. If the por t Type attributeis
included for readability, the value of the por t Type attribute MUST match the portType value
implied by the combination of the specified par t ner Li nk and ther ol e implicitly specified by
the activity. The optional nessageExchange attribute is used to associate a <r epl y> activity with
a<onMessage> activity.

<pi ck createlnstance="yes|no"? standard-attributes>
st andar d- el enent s
<onMessage partnerLi nk="NCNane"
port Type="QNane" ?
oper at i on="NCNane"
var i abl e="BPELVari abl eNanme" ?
messageExchange="NCNane" ?>+
<correl ati ons>?
<correl ation set="NCNane" initiate="yes|join|no"? />+
</correl ati ons>
<fronParts>?
<fronPart part="NCNane" toVari abl e="BPELVari abl eNane" />+
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</fronParts>
activity
</ onMessage>
<onAl ar np*
(

<f or expressi onLanguage="anyURl " ?>dur ati on- expr </ f or >

<unti| expressionLanguage="anyURl " ?>deadl| i ne- expr</until >

)
activity
</ onAl ar n>

</ pi ck>

The <f | ows> activity isused to specify one or more activities to be performed concurrently.
<l i nks> can be used within a<f | ow> to define explicit control dependencies between nested
child activities.

<f| ow standard-attributes>
st andar d- el enent s
<li nks>?
<l i nk nanme="NCNane" />+
</links>
activity+
</ fl ow>

The <scope> activity is used to define a nested activity with its own associated <par t ner Li nks>,
<nessageExchanges>, <vari abl es>, <correl ati onSet s>, <f aul t Handl er s>,
<conpensat i onHandl er >, <t er mi nat i onHandl er >, and <event Handl er s>

<scope isol at ed="yes| no"? exitOnSt andar dFaul t ="yes| no" ?

standard-attri butes>
st andar d- el ement s
<part ner Li nks>?

see above under <process> for syntax ..
</ part ner Li nks>
<nessageExchanges>?

see above under <process> for syntax ..
</ messageExchanges>
<vari abl es>?

see above under <process> for syntax ..
</vari abl es>
<correl ati onSet s>?

see above under <process> for syntax ..
</correl ati onSet s>
<f aul t Handl er s>?

. see above under <process> for syntax ..

</ faul t Handl er s>
<conpensat i onHandl er >?

</ conpensat i onHandl er >
<t erm nati onHandl er >?

</term nati onHandl er >
<event Hand| er s>?

see above under <process> for syntax ..
</ event Handl er s>
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activity
</ scope>

The <conpensat eScope> activity isused to start compensation on a specified inner scope that
has already completed successfully. [SA00007] This activity MUST only be used from within a
fault handler, another compensation handler, or atermination handler.

<conpensat eScope target="NCNane" standard-attri butes>
st andar d- el enent s
</ conpensat eScope>

The <conpensat e> activity is used to start compensation on all inner scopes that have already
completed successfully, in default order. [SA00008] This activity MUST only be used from
within afault handler, another compensation handler, or atermination handler.

<conpensat e standard-attributes>
st andar d- el ement s
</ conpensat e>

The <exi t > activity isused to immediately end a business process instance within which the
<exi t > activity is contained.

<exit standard-attributes>
st andar d- el enent s
</exit>

The <r et hr ow> activity is used to rethrow the fault that was originally caught by the
immediately enclosing fault handler. [SA00006] The <r et hr ow> activity MUST only be used
within afault handler (i.e. <cat ch> and <cat chAl | > elements). This syntactic constraint MUST
be statically enforced.

<ret hrow standard-attri butes>
st andar d- el enent s
</rethrow>

The <ext ensi onAct i vi t y> element is used to extend WS-BPEL by introducing a new activity
type. The contents of an <ext ensi onActi vi t y> element MUST be a single element that MUST
make available WS-BPEL 's standard-attributes and standard-elements.

<ext ensi onActi vi ty>
<anyEl enent QNane standard-attri but es>
st andar d- el ement s
</ anyEl enent QNanme>
</ ext ensi onActi vi ty>

The "standar d-attributes' referenced above are:

nane="NCNane" ? suppressJoi nFai | ure="yes| no"?

where the default values are as follows:
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e nane: No default value (that is, the default is unnamed)

e suppressJoi nFai | ure: When this attribute is not specified for an activity, it inheritsits
value from its closest enclosing activity or from the process if no enclosing activity
specifies this attribute.

The "standard-elements" referenced above are:

<t ar get s>?
<j ol nCondi ti on expressi onLanguage="anyURI " ?>?
bool - expr
</j oi nCondi ti on>
<target |inkName="NCNane" />+
</target s>
<sour ces>?
<source |inkNanme="NCNane" >+
<transitionCondition expressi onLanguage="anyURI " ?>?
bool - expr
</transitionCondition>
</ sour ce>
</ sour ces>

5.3. Language Extensibility

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. Thisis allowed in the XML Schema specifications for WS-BPEL.

Extensions are either mandatory or optional (see section 14. Extension Declarations). [ SA00009]
In the case of mandatory extensions not supported by a WS-BPEL implementation, the process
definition MUST be rejected. Optional extensions not supported by a WS-BPEL implementation
MUST be ignored.

In addition, WS-BPEL provides two explicit extension constructs:

<ext ensi onAssi gnQper at i on> and <ext ensi onAct i vi t y>. Specific rules for these constructs
are described in sections 8.4. Assignment and 10.9. Adding new Activity Types—
ExtensionActivity.

Extensions MUST NOT contradict the semantics of any element or attribute defined by the WS-
BPEL specification.

Extensions are allowed in WS-BPEL constructs used in WSDL definitions, such as

<part ner Li nkType>, <r ol e>, <vpr op: property> and <vpr op: propert yAl i as>. The same
syntax pattern and semantic rules for extensions of WS-BPEL constructs are applied to these
extensions as well. For the WSDL definitions transitively referenced by a WS-BPEL process,
extension declaration directives of this WS-BPEL process are applied to all extensions used in
WS-BPEL constructsin these WSDL definitions (see section 14. Extension Declarations).

The optional <docunent at i on> construct is applicable to any WS-BPEL extensible construct.
Typically, the contents of <docunent at i on> are for human targeted annotation. Example types
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for those content are: plain text, HTML and XHTML. Tool-implementation specific information
(e.g. the graphical layout details) should be added through elements and attributes of other
namespaces, using the general WS-BPEL extensibility mechanisms.

5.4. Document Linking

A WS-BPEL process definition relies on XML Schemaand WSDL 1.1 for the definition of
datatypes and service interfaces. Process definitions also rely on other constructs such as partner
link types, variable properties and property aliases (defined later in this specification) which are
defined within WSDL 1.1 documents using the WSDL 1.1 language extensibility feature.

<i nport namespace="anyURIl " ?
| ocati on="anyURI " ?
i mport Type="anyURI " />*

The <i npor t > element is used within aWS-BPEL process to declare a dependency on external
XML Schemaor WSDL definitions. Any number of <i npor t > elements may appear as children
of the <pr ocess> element, before any other child element. Each <i npor t > element contains one
mandatory and two optional attributes.

e nanespace. The nanespace attribute specifies an absolute URI that identifies the
imported definitions. This attribute is optional. An import element without a namespace
attribute indicates that external definitions are in use which are not namespace qualified.
[SA00011] If anamespace is specified then the imported definitions MUST be in that
namespace. [SA00012] If no namespace is specified then the imported definitions MUST
NOT contain atargetNamespace specification. If either of these rules are not met then the
process definition MUST be rejected by a conforming WS-BPEL implementation. The

e |ocation. Thel ocati on attribute contains a URI indicating the location of a document
that contains relevant definitions. Thel ocat i on URI may be arelative URI, following
the usual rulesfor resolution of the URI base (XML Base and RFC 2396). Thel ocat i on
attribute is optional. An <i nport > element without al ocat i on attribute indicates that
external definitions are used by the process but makes no statement about where those
definitions may be found. Thel ocat i on attribute isa hint and aWS-BPEL processor is
not required to retrieve the document being imported from the specified location.

e inport Type. The mandatory i nport Type attribute identifies the type of document being
imported by providing an absolute URI that identifies the encoding language used in the
document. [SA00013] The value of thei mpor t Type attribute MUST be set to

- L T L L T L L S T T L O L T -

i nport Type URI values MAY be used here.

Observe that according to these rules, it is permissible to have an <i npor t > element without
namespace and | ocat i on attributes, and only containing an i npor t Type attribute. Such an
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<i mpor t > element indicates that external definitions of the indicated type arein use which are
not namespace qualified, and makes no statement about where those definitions may be found.

[SA00010] A WS-BPEL process definition MUST import all XML Schema and WSDL
definitionsit uses. Thisincludes al XML Schematype and element definitions, all WSDL port
types and message types as well as <vpr op: property> and <vpr op: propert yAl i as>
definitions used by the process. [SA00053], [SA00054] A WS-BPEL processor MUST verify
that all message parts referenced by a <vpr op: propertyAl i as>, <f ron®, <t 0>, <f ronPart >,
and <t oPar t > are found in their respective WSDL message definitions. In order to support the
use of definitions from namespaces spanning multiple documents, a WS-BPEL process MAY
include more than one import declaration for the same namespace and i nport Type, provided
that those declarations include different location values. <i npor t > elements are conceptually
unordered. [SA00014] A WS-BPEL process definition MUST be rejected if the imported
documents contain conflicting definitions of a component used by the importing process
definition (as could be caused, for example, when the XSD redefinition mechanism is used).

Schema definitions defined in the types section of a WSDL document which isimported by a
WS-BPEL process definition are considered to be effectively imported themselves and are
available to the process for the purpose of defining XML Schema variables. However,
documents (or namespaces) imported by an imported document (or namespace) MUST NOT be
transitively imported by the WS-BPEL processor. In particular, this meansthat if an external
item isused by aWS-BPEL process, then adocument (or namespace) that defines that item
MUST be directly imported by the process; observe however that this requirement does not limit
the ability of the imported document itself to import other documents or namespaces. The
following example clarifies some of the issues related to the lack of transitivity of imports.

Assume a document D1 defines atype called d1: Type. However, d1: Type's definition could
depend on another type called d2: Type which is defined in document D2. D1 could include an
import for D2 thus making d2: Type's definition available for use within the definition of

d1: Type. If aWS-BPEL process refersto di1: Type it must import document D1. By importing
D1 the WS-BPEL process can legally refer to d1: Type. But the WS-BPEL process could not
refer to d2: Type even though D1 imports D2. Thisis because transitivity of import is not
supported by WS-BPEL . Note, however, that D1 can still import D2 and d1: Type can still use
d2: Type initsdefinition. In order to allow the WS-BPEL process to refer to d2: Type it would be
necessary for the WS-BPEL process to directly import document D2.

5.5. The Lifecycle of an Executable Business Process

As noted in the introduction, the interaction model that is directly supported by WSDL is
essentially a stateless client-server model of request-response or uncorrelated one-way
interactions. WS-BPEL, builds on WSDL by assuming that all external interactions of the
business process occur through Web Service operations. However, WS-BPEL business processes
represent stateful long-running interactions in which each interaction has a beginning, defined
behavior during its lifetime, and an end. For example, in a supply chain, aseller's business
process might offer a service that begins an interaction by accepting a purchase order through an
input message, and then returns an acknowledgement to the buyer if the order can be fulfilled. It
might later send further messages to the buyer, such as shipping notices and invoices. The seller's
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business process remembers the state of each such purchase order interaction separately from
other similar interactions. Thisis necessary because a buyer might be carrying on many
simultaneous purchase processes with the same seller. In short, a WS-BPEL business process
definition can be thought of as atemplate for creating business process instances.

The creation of a processinstance in WS-BPEL is aways implicit; activities that receive
messages (that is, <r ecei ve> activities and <pi ck> activities) can be annotated to indicate that
the occurrence of that activity causes a new instance of the business process to be created. Thisis
done by setting the createl nstance attribute of such an activity to "yes'. When amessageis
received by such an activity, an instance of the business processis created if it does not already
exist (see sections 10.4. Providing Web Service Operations — Receive and Reply and

11.5. Selective Event Processing — Pick).

A start activity isa<r ecei ve> or a<pi ck> activity annotated with acr eat el nst ance="yes"
attribute. [SA00015] Each executable business process MUST contain at least one start activity
(see section 10.4. Providing Web Service Operations— Receive and Reply for more details on
start activities).

If more than one start activity existsin a process and these start activities contain
<correl ati ons> then al such activities MUST share at |east one common <cor r el ati on> (See
the example in section 9.2. Declaring and Using Correlation Sets).

If a process contains exactly one start activity then the use of <correl ati onSet s> is
unconstrained. Thisincludes a pick with multiple <onMessage> branches; each such branch can
use different <correl ati onSet s> Or N0 <corr el at i onSet s>.

A business process instance ends either normally or abnormally. The process ends normally
when the main activity of the process completes. The process ends abnormally if either:

e afault reaches the process scope, regardless of whether it is handled or not (see section
10.10. Immediately Ending a Process — Exit), or

e theprocessinstanceisexplicitly ended by an exit activity (see section 10.10.
Immediately Ending a Process).

5.6. Revisiting the Initial Example

In the pur chaseOr der Process examplein section 5.1. Initial Example, the structure of the main
activity of the processis defined by the outer <sequence> element, which states that the three
activities contained inside are performed in order. The customer request is received (<r ecei ve>
element), then processed (inside a <f | ow> section that enables concurrent behavior), and areply
message with the final approval status of the request is sent back to the customer (<r epl y>).
Note that the <r ecei ve> and <r epl y> elements are matched respectively to the <i nput > and
<out put > messages of the "sendPur chaseOr der " operation invoked by the customer, while the
activities performed by the process between these elements represent the actions taken in
response to the customer request, from the time the request is received to the time the response is
sent back (reply).
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The processing taking place inside the <f | ow> element consists of three concurrent <sequence>
activities. The synchronization dependencies between activitiesin the three concurrent sequences
are expressed by using <l i nks> to connect them. The <I i nks> are defined inside the <f | ow>
and are used to connect a source activity to atarget activity. Note that each activity declares itself
asthe source or target of a<l i nk> by using the nested <sour ce> and <t ar get > elements. In the
absence of <l i nks>, the activities nested directly inside a <f | ow> proceed concurrently. In the
example, however, the presence of two <1 i nk>s introduces control dependencies between the
activities performed inside each sequence. For example, while the price calculation can be
started immediately after the request is received, shipping price can only be added to the invoice
after the shipper information has been obtained; this dependency is represented by the <1 i nk>
(named "shi p-t o-i nvoi ce") that connects the first call on the shipping provider

("request Shi ppi ng") with sending shipping information to the price calculation service
("sendshi ppi ngPri ce"). Likewise, shipping scheduling information can only be sent to the
manufacturing scheduling service after it has been received from the shipper service; thus the
need for the second <l i nk> ("shi p-t o- schedul i ng").

Datais shared between different activities through shared variables, for example, the two
<vari abl e>S"shi ppi ngl nf 0" and "shi ppi ngSchedul e".

Certain operations can return faults, as defined in their WSDL definitions. For simplicity, itis
assumed here that the two operations return the same fault ("cannot Conpl et eOr der ). When a
fault occurs, normal processing isterminated and control is transferred to the corresponding fault
handler, as defined in the <f aul t Handl er s> section. In this example the fault handler uses a

<r epl y> element to return a fault to the customer (note the f aul t Nane attribute in the <r epl y>
element).

Finally, it isimportant to observe how an assignment activity is used to transfer information
between data variables. The simple assignments shown in this example transfer a message part
from a source variable to a message part in atarget variable, but more complex forms of
assignments are al'so possible.
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6. Partner Link Types, Partner Links, and
Endpoint References

An important use case for WS-BPEL is describing cross enterprise business interactions in which
the business processes of each enterprise interact through Web Service interfaces. Therefore,
WS-BPEL provides the ability to model the required relationships between partner processes.
WSDL already describes the functionality of a service provided by a partner, at both the abstract
and concrete levels. The relationship of a business process to a partner istypically peer-to-peer,
requiring atwo-way dependency at the service level. In other words, a partner represents both a
consumer of a service provided by the business process and a provider of a serviceto the
business process. Thisis especially the case when the interactions are based on one-way
operations rather than on request-response operations. The notion of <par t ner Li nks> is used to
directly model peer-to-peer conversational partner relationships. <par t ner Li nks> define the
shape of arelationship with a partner by defining the por t Types used in the interactions in both
directions. However, the actual partner service may be dynamically determined within the
process. WS-BPEL uses a notion of endpoint reference, manifested as a service reference
container <sr ef : servi ce-r ef >, to represent the data required to describe a partner service
endpoint.

Introduction of service reference container <sr ef : ser vi ce- r ef > avoids inventing a private WS-
BPEL mechanism for web service endpoint references. It also provides pluggability of different
versions of service referencing or endpoint addressing schemes being used within WS-BPEL .

6.1. Partner Link Types

A <par t ner Li nkType> characterizes the conversational relationship between two services by
defining the roles played by each of the services in the conversation and specifying the por t Type
provided by each service to receive messages within the context of the conversation. Each

<r ol e> specifies exactly one WSDL por t Type. The following example illustrates the basic
syntax of a<part ner Li nkType> declaration:

<pl nk: par t ner Li nkType name="Buyer Sel | er Li nk" >
<pl nk: rol e name="Buyer" port Type="buy: Buyer Port Type" />
<pl nk:role nanme="Sel |l er" port Type="sell: Sell erPort Type" />
</ pl nk: par t ner Li nkType>

The extensibility mechanism of WSDL 1.1 is used to define <par t ner Li nkType> asanew
definition type to be placed as an immediate child element of a<wsdl : def i ni ti ons> element.
This allows reuse of the WSDL target namespace specification and its import mechanism to
import por t Type definitions. The <par t ner Li nkType> definition can be a separate artifact
independent of either service's WSDL document. Alternatively, the <par t ner Li nkType>
definition can be placed within the WSDL document defining the por t Types from which the
different roles are defined.

The syntax for defining a<par t ner Li nkType> is:
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<wsdl : definitions nane="NCNane" target Nanmespace="anyURl " ...>

<pl nk: part ner Li nkType nane="NCNanme" >
<pl nk: rol e name="NCNane" port Type="QNane" />
<pl nk: rol e name="NCNane" port Type="QNane" />?
</ pl nk: par t ner Li nkType>

</vvsd| :definitions>

This defines a<par t ner Li nkType> in the namespace indicated by the value of the
t ar get Namespace attribute of the WSDL document element. The por t Types identified within
<r ol e>s are referenced by using QNames according to the rulesin WSDL specifications.

Note that in some cases it can be meaningful to define a<par t ner Li nkType> containing exactly
one <r ol e> instead of two. That defines a partner linking scenario where one partner expresses a
capability to link with any other partner, without placing any requirements on the other partner.

Examples of <par t ner Li nkType> declarations are found in various business process examples
in this specification.

6.2. Partner Links

The services with which a business process interacts are modeled as partner linksin WS-BPEL.
Each <par t ner Li nk> is characterized by apart ner Li nkType. More than one <par t ner Li nk>
can be characterized by the same par t ner Li nkType. For example, a certain procurement process
might use more than one vendor for its transactions, but might use the same par t ner Li nkType
for all vendors.

<part ner Li nks>
<part ner Li nk nanme="NCNane"
part ner Li nkType="QNane"
nyRol e=" NCNane" ?
part ner Rol e=" NCNane" ?
initializePartnerRol e="yes|no"? />+
</ part ner Li nks>

Each <par t ner Li nk> isnamed, and this nare isused for all service interactions via that

<par t ner Li nk>. Thisiscritical, for example, in correlating responses to different

<par t ner Li nk>s for simultaneous requests of the same kind (see section 10.3. Invoking Web
Service Operations — Invoke and 10.4. Providing Web Service Operations — Receive and Reply ).

Within a<par t ner Li nk>, the role of the business processitself isindicated by the attribute
nmyRol e and the role of the partner isindicated by the attribute par t ner Rol e. When a

part ner Li nkType has only one role, one of these attributes is omitted as appropriate. [ SA00016]
Note that a<part ner Li nk> MUST specify the nyRol e, or the par t ner Rol e, or both. This
syntactic constraint MUST be statically enforced

The <par t ner Li nk> declarations specify the relationships that a WS-BPEL process will employ
in its behavior. In order to utilize operations viaa <par t ner Li nk>, the binding and

communication data, including endpoint references (EPR), for the <par t ner Li nk> must be
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available (see also section 10.3. Invoking Web Service Operations— Invoke). The relevant
information about a<par t ner Li nk> can be set as part of business process deployment. Thisis
outside the scope of the WS-BPEL specification. Partner link types establish arelationship
between WSDL port types of two Web services. The purpose of partner link typesisto keep this
relationship clear within the process, and make processes with more than one partner easier to
understand. No other syntactic or semantic relationships are implied by partner link typesin this
specification. It is aso possible to bind partner links dynamically. WS-BPEL provides the
mechanisms to do so via assignment of endpoint references (see section 8.4. Assignment). Since
the partners are likely to be stateful, the service endpoint information may need to be extended
with instance-specific information.

Theinitial i zePart ner Rol e attribute specifies whether the WS-BPEL processor is required to
initialize a<par t ner Li nk>'Spart ner Rol e value. The attribute has no affect on the

part ner Rol e'svalue after itsinitialization. [SA00017] Thei ni ti al i zePart ner Rol e attribute
MUST NOT be used on a partner link that does not have a partner role; this restriction MUST be
statically enforced. If thei ni ti al i zePart ner Rol e attributeis set to "yes" then the WS-BPEL
processor MUST initialize the EPR of the par t ner Rol e before that EPR isfirst utilized by the
WS-BPEL process. An example would be when an EPR is used in an <i nvoke> activity. If the

i nitializePartnerRol e attributeisset to "no" then the WS-BPEL processor MUST NOT
initialize the EPR of the par t ner Rol e before that EPR isfirst utilized by the WS-BPEL process.
If theinitializePartnerRol e attribute is omitted then its value MUST be treated as "no".

References to aWS-BPEL processor initializing the EPR of a partnerRole relate to the
infrastructure logic specific to that processor. A typical example is process deployment logic.
Thisisin contrast to EPR initialization mechanisms outside a WS-BPEL processor, such as:

e Businesslogic expressed in the process definition
e Auto-assignment of EPR logic in an underlying EPR scheme, such as the reply-to feature
in WS-Addressing

WheninitializePartnerRol e iSset to “yes”, the EPR value used in par t ner Rol e
initialization is typically specified as a part of WS-BPEL process deployment or execution
environment configuration. Hence, thei ni ti al i zePar t ner Rol e attribute may be used as a part
of process deployment contract.

A <par t ner Li nk> can be declared within a<pr ocess> or <scope> element. [SA00018] The
name Of a<part ner Li nk> MUST be unique among the names of all partner links defined within
the same immediately enclosing scope. This requirement MUST be statically enforced. Accessto
a<par t ner Li nk> follows common lexical scoping rules. Thelifecycle of a<part ner Li nk> is
the same as the lifecycle of the scope declaring the <par t ner Li nk>. Theinitial binding
information of a <par t ner Li nk> can be set as a part of business process deployment, regardless
of whether it is declared on the <pr ocess> or <scope> element level.

6.3. Endpoint References

WSDL makes an important distinction between port types and ports. Port types define abstract
functionality by using abstract messages. Ports provide actual access information, including
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communication service endpoints and (by using extension elements) other deployment related
information such as public keys for encryption. Bindings provide the glue between the two.
While the user of a service must be statically dependent on the abstract interface defined by port
types, some of the information contained in port definitions can typically be discovered and used
dynamically.

The fundamental use of endpoint referencesisto serve as the mechanism for dynamic
communication of port-specific data for services. An endpoint reference makesit possiblein
WS-BPEL to dynamically select a provider for a particular type of service and to invoke their
operations. WS-BPEL provides a general mechanism for correlating messages to stateful
instances of a service, and therefore endpoint references that carry instance-neutral port
information are often sufficient. However, in general it is necessary to carry additional instance-
identification tokens in the endpoint reference itself.

Endpoint references associated with part ner Rol e and nyRol e of <par t ner Li nk>Sare
manifested as service reference containers (<sr ef : ser vi ce-r ef >). This container is used as an
envelope to wrap the actual endpoint reference value. The design pattern hereis similar to those
of expression language, a so known as open-content models, for example:

</sref:service-ref>

The<sref : servi ce-ref > hasan optional attribute called r ef er ence- schenme to denote the
URI of the reference interpretation scheme of service endpoint, which is the child element of
<sref:service-ref>.

The URI of r ef er ence- schene and the namespace URI of the child element of

<sref : servi ce-r ef > will not necessarily be the same. The optional r ef er ence- schenme
attribute SHOULD be used when the child element of the <sr ef : ser vi ce- r ef > isambiguous
by itself. Thisoptional attribute supplies further information to disambiguate the usage of the
content. For example, if wsdl : servi ce isused as the endpoint reference, different treatments of
thewsdl : servi ce element may occur.

If that attribute is not specified, the namespace URI of the content element within the wrapper
MUST be used to determine the reference scheme of service endpoint.

If the attribute is specified, the URI SHOULD be used as the reference scheme of service
endpoint and the content element within the wrapper is treated accordingly.

When a WS-BPEL implementation fails to interpret the combination of ther ef er ence- schene
attribute and the content element or just the content element alone, a standard fault
"unsupportedReference” MUST be thrown.

The<sref: servi ce-ref > element is not always exposed to WS-BPEL process definitions. For
example, it is not exposed in an assignment from the endpoint reference of nyRol e of
partnerLink-A to that of par t ner Rol e of partnerLink-B. On the contrary, it is exposed in an
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assignment from a messageType or element based variable through expression or from aliteral
<sref:service-ref>.
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7. Variable Properties

7.1. Motivation
7.1.1 Motivation for Message Properties

The datain a message consists conceptually of two parts: application data and protocol relevant
data, where the protocols can be business protocols or infrastructure protocols providing higher
quality of service. An example of business protocol datais the correlation tokens that are used in
<correl ati onSet s> (see section 9.2. Declaring and Using Correlation Sets). Examples of
infrastructure protocols are security, transaction, and reliable messaging protocols. The business
protocol datais usually found embedded in the application-visible message parts, whereas the
infrastructure protocols amost always add implicit extra parts to the message types to represent
protocol headers that are separate from application data. Such implicit parts are often called
message context because they relate to security context, transaction context, and other similar
middleware context of the interaction. Business processes might need to gain access to and
manipul ate both kinds of protocol-relevant data. The notion of message propertiesis defined asa
general way of naming and representing distinguished data elements within a message, whether
in application-visible data or in message context. For afull accounting of the service description
aspects of infrastructure protocols, it is necessary to define notions of service policies, endpoint
properties, and message context. This work is outside the scope of WS-BPEL. Message
properties are defined here in a sufficiently general way to cover message context consisting of
implicit parts, but the use in this specification focuses on properties embedded in application-
visible data that is used in the definition of Abstract and Executable Business Processes.

7.1.2 Motivation for Variable Properties

Message properties are an instance of a more generic mechanism, <vari abl e> properties. All
variablesin WS-BPEL can have properties defined on them. Properties are useful on non-
message variables as away to isolate the WS-BPEL process’s logic from the details of a
particular variable’s definition. Using properties a WS-BPEL process can isolate its variable
initialization logic in one place and then set and get properties on that <var i abl e> in order to
manipulate it. If the <vari abl e>’s definition is later changed the rest of the WS-BPEL process
definition that manipulates that variable can remain unchanged.

7.2. Defining Properties

A <vpr op: proper t y> definition creates a unique name for aWS-BPEL process definition and
associates it with an XML Schematype. Theintent isto create anane that has semantic
significance beyond the type itself. For example, a sequence number can be an integer, but the
integer type does not convey this significance, whereas a named sequence-number property does.
Properties can refer to any parts of avariable.

A typical usefor a<vpr op: property>in WS-BPEL isto hame atoken for correlation of service

instances with messages. For example, asocial security number might be used to identify an
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individual taxpayer in along-running multiparty business process regarding a tax matter. A
social security number can appear in many different message types, but in the context of atax-
related process it has a specific significance as ataxpayer 1D. Therefore anameisgiven to this
use of the type by defining a <vpr op: pr opert y>, asin the following example:

<wsdl : definitions name="properties"

<l-- inport schema taxTypes.xsd -->

<l-- define a correlation property -->
<vprop: property nane="taxpayer Nunber" type="txtyp: SSN' />

</ wsdl : definitions>

In correlation, the property name must have process-wide significance to be of any use.
Properties such as price, risk, response latency, and so on, which are used in conditional behavior
in a business process, have similar significance. It islikely that they will be mapped to multiple
messages, and therefore they need to be named asin the case of correlation properties.

Even in the general case of properties on XML typed WS-BPEL variables the property name
should maintain its generic nature. The name is intended to identify a certain kind of value, often
with an implied semantic. Any variable on which the property is available is therefore expected
to provide a value that meets not just the syntax of the property definition but also its semantics.

The WSDL extensibility mechanism is used to define properties. The target namespace and other
useful aspects of WSDL are available to them.

The syntax for a property definition is anew kind of WSDL definition as follows:

<wsdl : definitions nane="NCNane" >
<vprop: property nanme="NCNane" type="QNane"? el enent="QNane"? />

</ wsdl : defini tions>

[SA00019] Either the type or element attributes MUST be present but not both. Properties used
in business protocols are typically embedded in application-visible message data.

7.3 Defining Property Aliases

The notion of aliasing isintroduced to map a property to afield in a specific message part or
variable value. The property name becomes an alias for the message part and/or location, and can
be used as such in expressions and assignments. As an example, consider the following WSDL
message definition:

<wsdl : defi ni ti ons nane="nessages"”
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http://example.com/properties.wsdl"
http://example.com/properties.wsdl"
http://example.com/taxTypes.xsd"
http://schemas.xmlsoap.org/wsdl/">
http://example.com/taxMessages.wsdl"

<l-- define a WBDL application nessage -->
<wsdl : nessage name="t axpayer | nf oMsg" >
<wsdl : part nanme="identification"
el ement ="t xt yp: t axPayer | nf oEl enf’ />
</ wsdl : nressage>

</ wsdl ;: definitions>

The definition of a property and its location in a particular field of the message are shown in the
next WSDL fragment:

<wsdl : definitions name="properties"

- = e

T T g i i i N

<I-- define a correlation property -->
<vprop: property nanme="t axpayer Nunber" type="txtyp: SSN' />

<vprop: propertyAlias propertyNanme="tns:taxpayer Nunber"
nmessageType="t xnsg: t axpayer | nf oMsg" part="identification">
<vprop: quer y>t xt yp: soci al secnunber </ vprop: quer y>

</ vprop: propertyAlias>

<vprop: propertyAlias propertyNanme="tns:taxpayer Nunber"
el enent ="t xt yp: t axPayer | nf oEl enf >
<vprop: quer y>t xt yp: soci al secnunber </ vpr op: quer y>

</ vprop: propertyAlias>

</ wsdl : definitions>

Thefirst <vpr op: propert yAl i as> defines anamed property t ns: t axpayer Nunber asan aias
for alocation in the identification part of the message typet xmsg: t axpayer | nf oMsg.

The second <vpr op: propert yAl i as> provides a second definition for the same named property
t ns: t axpayer Nunber but thistime as an alias for alocation inside of the element
t xt yp: t axPayer | nf oEl em

The presence of both aliases means that it is possible to retrieve the social security number from
both a variable holding a message of nessageType t xnmsg: t axpayer | nf o aswell as an element
defined using t xt yp: t axPayer | nf oEl em

The syntax for a<vpr op: propert yAl i as> definition is:
<wsdl : definiti ons nanme="NCNanme" ...>

<vprop: propertyAlias propertyNane="QNane"
nmessageType="Q\anme" ?
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http://example.com/taxTypes.xsd"
http://schemas.xmlsoap.org/wsdl/">
http://example.com/properties.wsdl"
http://example.com/properties.wsdl"
http://example.com/taxTypes.xsd"
http://example.com/taxMessages.wsdl"

par t =" NCNane" ?
type="QNane" ?
el enent =" QNane" ?>
<vprop: query querylLanguage="anyURl " ?>?
quer yCont ent
</ vprop: query>
</ vprop: propertyAlias>

</ wsdl : definitions>

The interpretation of the nessageType and part attributes, aswell asthe <quer y> element isthe
same as in the corresponding from-spec in copy assignments (see section 8.4. Assignment). The
one exception is that the default value of the quer yLanguage attribute for the <quer y> element
within a<vprop: propertyAl i as>iSurn: oasi s: names: t ¢: wsbpel : 2. 0: subl ang: xpat h1. 0.

[SA00020] A <vpr op: propertyAl i as> element MUST use one of the three following
combinations of attributes:

e nessageType and part,
e typeor
e elenent.

If a<vprop: propertyAl i as> isdefined with the nessageType/ part combination then the
property MUST be available on all WS-BPEL variables where the messageType QName of the
vari abl e declaration isidentical to that of the <vpr op: propertyAl i as>. Thepart attribute and
<quer y> element are applied against the WS-BPEL nessageType variable to either set or get the
property variable in the same way that the par t attribute and <quer y> element are used in the
first from and to specsin <copy> assignments.

If a<vprop: propertyAlias>isdefined with at ype attribute then the property MUST be
available on all WS-BPEL variables where the type QName of the variable declaration is
identical to that of the <vpr op: propert yAl i as>. The query is applied against the WS-BPEL
variable to either set or get the property variable in the same way that the query isused in the
first from and to specsin copy assignments when applied against WS-BPEL variables defined
using atype.

If a<vprop: propertyAl i as>isdefined with anel enent attribute then the property MUST be
available on all WS-BPEL variables where the element QName of the variable declaration is
identical to that of the <vpr op: propert yAl i as>. The query is applied against the WS-BPEL
variable to either set or get the property variable in the same way that the query isused in the
first from and to specsin copy assignments when applied against WS-BPEL variables defined
using an element definition.

Using the same “t ns: t axpayer Nunber ”” example from above, for a message variable
“myTaxPayer | nf oMsg” Of messageTypet xnsg: t axpayer | nf oMsg:

<from vari abl e="nmyTaxPayer | nfoMsg" property="tns:taxpayer Nunber" />
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and

<fronm$nyTaxPayer | nfoMsg. i denti fication/txtyp: soci al secnunber </ frone
have the same output (see section 8.4. Assignment for details).

[SA00022] A WS-BPEL process definition MUST NOT be accepted for processing if it defines
two or more property aliases for the same property name and WS-BPEL variable type. For
example, it is not legal to define two property aliases for the property t ns: t axpayer Nunber and
the nessageType t xmsg: t axpayer | nf oMsg. The same logic would prohibit having two property
aliases on the same el ement QName and property hame value or two property aliases on the
samet ype QName and property name value.

[SA00021] Static analysis MUST detect property usages where property aliases for the
associated variable's type are not found in any WSDL definitions directly imported by the WS-
BPEL process. Asdescribed in 8. Data Handling and 9. Correlation, property usagesin WS-
BPEL include <correl ati onSet s>, get Vari abl ePr oper t y functions aswell as assign activity
copy <f r o and <t o> property formats.
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8. Data Handling

Business processes specify stateful interactions involving the exchange of messages between
partners. The state of a business process includes the messages that are exchanged as well as
intermediate data used in business logic and in composing messages sent to partners. The
maintenance of the state of a business process requires the use of variables. Furthermore, the data
from the state needs to be extracted and combined in interesting ways to control the behavior of
the process, which requires data expressions. Finally, state update requires a notion of
assignment. WS-BPEL provides these features for XML data types and WSDL message types.
The XML family of standardsin these areasis till evolving, and using the process-level
attributes for query and expression languages alows for the incorporation of future standards.

Both Executable and Abstract Processes are permitted to use the full power of data selection and
assignment. Executable Processes are not permitted to use opagque expressions, while Abstract
Processes are permitted to use them to hide behavior. Detailed differences are specified in the
following sections.

8.1. Variables

Variables provide the means for holding messages that constitute a part of the state of a business
process. The messages held are often those that have been received from partners or are to be
sent to partners. Variables can also hold data that are needed for holding state related to the
process and never exchanged with partners.

WS-BPEL uses three kinds of variable declarations: WSDL message type, XML Schematype
(ssmple or complex), and XML Schema element. The syntax of the <vari abl es> declaration is:

<vari abl es>
<vari abl e name="BPELVari abl eName"
nmessageType="Q\ane" ?
type="QNane" ?
el ement =" QNane" ?>+
from spec?
</vari abl e>
</vari abl es>

An example of a<vari abl e> declaration using a message type declared in aWSDL document

with the targetNamespace "http://example.com/orders':

name="or der Det ai | s"
nmessageType="ORD: order Det ai | s" />

Each <vari abl e> is declared within a<scope> and is said to belong to that scope. Variables that
belong to the global process scope are called global variables. Variables may also belong to other,
non-global scopes, and such variables are called local variables. Each variableisvisible only in
the scope in which it is defined and in all scopes nested within the scope to which it belongs.
Thus, global variables are visible throughout the process. It is possible to hide a variable declared
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http://example.com/orders":
http://example.com/orders"

in an outer scope by declaring a variable with an identical name in an inner scope. These rules
are exactly analogous to those in programming languages with lexical scoping of variables.

[SA00023] The nane of a<vari abl e> MUST be unique among the names of all variables
defined within the same immediately enclosing scope. This requirement MUST be statically
enforced. [SA00024] Variable names are NCNames (as defined in XML Schema specification)
but in addition they MUST NOT contain the ““.” character. Thisrestriction is necessary because
the “.” character is used as adelimiter in WS-BPEL's default binding to XPath 1.0 (i.e. the
binding identified by "urn:oasis.names:tc:wsbpel:2.0:sublang:xpath1.0"). The delimiter separates
the WS-BPEL message type variable name and the name of one of its WSDL message parts. The
concatenation of the WSDL message variable name, the delimiter and the WSDL part nameis
used as an XPath variable reference which manifests the XML Infoset of the corresponding
WSDL message part.

In this specification, the type BPELVar i abl eNane is used to describe the nane of a<vari abl e>.
It is derived from the XML Schema NCNane as described below. The type BPELVar i abl eNames
isused to describe alist of variable names.

<xsd: si npl eType nane="BPELVari abl eNane" >
<xsd: restriction base="xsd: NCNane" >
<xsd: pattern value="["\.]+" />
</xsd:restriction>
</ xsd: si npl eType>

<xsd: si npl eType nane="BPELVari abl eNanmes" >
<xsd:restriction>
<xsd: si npl eType>
<xsd:list itemlype="tns: BPELVari abl eNane" />
</ xsd: si npl eType>
<xsd: mi nLength val ue="1" />
</ xsd:restriction>
</ xsd: si npl eType>

Variable access follows common lexical scoping rules. A variable resolves to the nearest
enclosing scope, regardless of the type of the variable, except as described in 12.7. Event
Handlers. If alocal variable has the same name as a variable defined in an enclosing scope, the
local variable will be used in local assignments and/or the bpel : get Vari abl ePr oper t y function
(as defined below).

[SA00025] The nessageType, t ype Or el enent attributes are used to specify the type of a
variable. Exactly one of these attributes MUST be used. Attribute messageType refersto a
WSDL message type definition. Attributet ype refersto an XML Schematype (simple or
complex). Attribute el ement refersto an XML Schema element.

Using [Infoset] terminology, the infoset for aWS-BPEL element variable consists of a
Document Information Item (DI1) that contains exactly one child, an Element Information Item
(EN) which is referenced by the document element property. The Ell is the value of the element
variable.
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If aWS-BPEL implementation chooses to manifest a simple type variable as an XML infoset,
the infoset SHOULD consist of a DIl that contains exactly one child, which isan Ell referenced
by the document element property. The properties of the document element, specifically the
namespace name and local name properties, are undefined by this specification. An
implementation MUST specify a namespace name/local name value. However the children of the
document element MUST exclusively consist of a series of Character Information Items (Cl1s)
that represent the simple type value. A WS-BPEL implementation MAY choose to map simple
type variables to non-XML-infoset data-models defined in the expression/query language being
used (e.g. Boolean in XPath 1.0).

The infoset for a complex type variable consists of a DIl that contains exactly one child, which is
an Ell referenced by the document element property. The properties of the document element,
specifically the namespace name and local name properties, are undefined by this specification.
An implementation MUST specify a namespace name/local name value. However the children of
the document element MUST exclusively consist of the complex type values assigned to the
variable.

In order to simplify data access, WSDL parts of WSDL message variables are manifested in WS-
BPEL asinfosets, one infoset per WSDL message part. WS-BPEL engines MUST use the
following algorithm when manifesting a WSDL message part as an infoset:

for each part in the WSDL message definition,

Step 1- Create asynthetic DIl which has no children other than those specified in step
2.

Step 2a— If the WSDL message part is defined using the type attribute then create an
Ell asachild of the document element. The local name and namespace name
of the newly created Ell are determined by the WS-BPEL processor and are
not specified by this document. The handling of thisEll is similar to how WS-
BPEL handles the containers for complex and simple type XML variables.
The contents of the new EIl are required to conform to the contents defined by
the referenced type definition.

Step 2b - If the WSDL message part is defined using the element attribute then create
an Ell asachild of the document element which manifests the element
defined by the referenced type definition.

The previous models are conceptual ; they define how WS-BPEL submits and retrieves XML
variable values using infoset definitions. WS-BPEL processors are not required to implement an
infoset model. Regardless of how the variable binding is handled, the end result SHOULD
duplicate the behavior defined using the infoset model above. For example, aWS-BPEL
implementation may choose to bind a simple type WS-BPEL variable of type xsd:string directly
to astring object in XPath 1.0. The choice of mapping MUST be consistently applied to
variables and WSDL message part values of the same XML Schematype. For example, if a

xsd: st ri ng variable is manifested as a string object, axsd: st ri ng message part MUST be
manifested as a string object also. For detailed definition of manifestation of WS-BPEL variables
in XPath 1.0, see section 8.2.2 Binding WS-BPEL Variables In XPath 1.0.

In summary, aWS-BPEL variable is manifested as XML Infoset itemsin one of the following
ways:
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(1) asingle XML infoset item: e.g. an element or complex type variable or aWSDL message
part

(2) asequence of Clisfor simpletype data: e.g. used to manifest a string (these items may be
manifested as anon XML infoset item when needed, e.g. Boolean)

A variable can optionally beinitialized by using an in-line from-spec. From-spec isdefined in
section 8.4. Conceptually the in-line variable initializations are modeled as a virtual <sequence>
activity that contains a series of virtual <assi gn> activities, one for each variable being
initialized, in the order they are listed in the variable declarations. The virtual <assi gn>
activities each contain asingle virtual <copy> whose from-spec is as given in the variable
initialization and the to-spec points to the variable being created.

[SA00026] Variable initialization logic contained in scopes that contain or whose children
contain a start activity MUST only use idempotent functions in the from-spec. The use of
idempotent functions allows for al the values for such variables to be pre-computed and re-used
on each process instance.

A global variableisin an uninitialized state at the beginning of a process. A local variableisin
an uninitialized state at the start of the scope it belongs to. Note that non-global scopesin general
start and complete their behavior more than once in the lifetime of the process instance they
belong to. Variables can be initialized by a variety of means including assignment and receipt of
amessage. Variables can be partialy initialized with property assignment or when some but not
al partsin the message type of the variable are assigned values.

An attempt during process execution to read a variable or, in the case of a message type variable,
apart of avariable beforeit isinitialized MUST result in the standard

bpel : uni ni tial i zedVari abl e fault. Thisincludes the <i nvoke> and <r epl y> activity, where
the presence of an uninitialized part also resultsin the standard fault

bpel :uninitializedVari abl e.

VariableValidation

Values stored in variables can be mutated during the course of process execution. The

<val i dat e> activity can be used to ensure that values of variables are valid against their
associated XML data definition, including XML Schema simple type, complex type, element
definition and XML definitions of WSDL parts. The <val i dat e> activity hasavari abl es
attribute, listing the variables to validate. The attribute accepts one or more variable names
(BPELVariableName), separated by whitespaces. The syntax of theval i dat e activity is:

<val i date vari abl es="BPELVari abl eNanes" standard-attri butes>
st andar d- el enent s
</val i dat e>

When one or more variables are invalid against their corresponding XML definition, a standard
fault of bpel : i nval i dvari abl es fault MUST be thrown.

A WS-BPEL implementation MAY provide a mechanism to turn on/off any explicit validation,
for example, the <val i dat e> activity. A WS-BPEL implementation MAY validate incoming
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and outgoing messages during the execution of message related activities, e.g., <r ecei ve>,
<repl y>, <pi ck>, <onEvent > and <i nvoke> activities. If Schemavalidation is enabled and
messages are invalid, "bpel : i nval i dvari abl es" fault SHOULD be thrown during those
message activities.

8.2 Usage of Query and Expression Languages

This section describes the relationship between Query/Expression languages and WS-BPEL from
two different perspectives. The first perspective is WS-BPEL's view of the query/expression
languages. That view isrestricted to what information WS-BPEL will make available for use by
the Query/Expression language. The second perspective is the Query/Expression language's view
of WS-BPEL, specifically how XPath 1.0's execution context isinitialized by WS-BPEL.

WS-BPEL provides an extensible mechanism for the language used in queries and expressions.
The languages are specified by the quer yLanguage and expr essi onLanguage attributes of the
process element. WS-BPEL constructs that require or allow queries or expressions provide the
ability to override the default query/expression language for individual queries/expressions. WS-
BPEL implementations MUST support the use of [ XPath 1.0] as the query and expression
language. XPath 1.0 isindicated by the default value of the quer yLanguage and

expr essi onLanguage attribute, whichiis:

urn: oasi s: names: tc: wsbpel : 2. 0: subl ang: xpat hl1. 0

which represents the usage of XPath 1.0 within WS-BPEL 2.0.

If the execution of aquery or an expression yields an unhandled language fault, the WS-BPEL
standard fault bpel : subLanguageExecut i onFaul t MUST be thrown.

8.2.1 Enclosing Elements

In order to describe the view that WS-BPEL provides to Query/Expression languagesit is
necessary to introduce a new term - Enclosing Element.

Definition (Enclosing Element). An Enclosing Element is defined as the parent element in the
WS-BPEL process definition that contains the Query or Expression. In the following example,
the <f r om> element is the Enclosing Element.

<pr ocess>
<fron>$nyVar / abc/ def </ f r on»
</ process>

The in-scope namespaces of the enclosing element are the namespaces visible to the
Query/Expression language. (Note: X Path 1.0 does not have default namespace concept.)

Thelinks, variables, partnerLinks, etc. that are visible to a Query/Expression language are
defined based on the entities’ visibility to the activity that the Enclosing Element is contained
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within. Query/Expression languages need not manifest all the different objects. Only the objects
in scope to the Enclosing Element’s enclosing activity SHOULD be visible from within the
Query/Expression language.

Evaluation of a WS-BPEL expression or query will yield one of the following (here we use
XPath 1.0 expressions as examples):

e asingle XML infoset item: e.g. $nmyFooVar /| i nes/ | i ne[ 2]

e acollection of XML infoset itemse.g. $myFooVar /| i nes/ *

e asequence of Cllsfor simple type data
€.g. $nyFooVar/lines/line[2]/text()
(Please note this sequence of items may be manifested as a non XML infoset item when
needed. e.g. as a Boolean)

e avariablereference: e.g. <f r on»$nyFooVar </ f r one

8.2.2 Binding WS-BPEL Variables In XPath 1.0

With the exception of link expressions whose variable access syntax and semantics are described
in section 8.2.4 Default use of XPath 1.0 for Expression Languages, WS-BPEL variables are
accessible in XPath expressions via X Path variable bindings. Specificaly, all WS-BPEL
variables visible from the Enclosing Element of an XPath expression MUST be made available
to the XPath processor by manifesting the WS-BPEL variable as an XPath variable binding
whose name is the same as the WS-BPEL variable's name, except in the case of variables
declared with a WSDL messageType, which requires some special handling (discussed below).

WS-BPEL variables declared using an element MUST be manifested as a node-set XPath
variable with a single member node. That node is a synthetic DIl that contains a single child, the
document element, which is the value of the WS-BPEL variable. The XPath variable binding
will bind to the document element. For example, given the following Schema definition:

<xsd: el ement nane="St at usCont ai ner" >
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement nanme="st atusDescri ption" type="xsd:string"
form="qualified" />
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el enent >

And given the following variable declaration:

<vari abl e name="ASt at us" el enent ="e: St at usCont ai ner" />

Then aWS-BPEL XPath expression to access the value of the st at usDescri pti on element,
assuming the Ast at us variableisin scope, would look like:

$ASt at us/ e: st at usDescri ption
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$ASt at us points at the variable's document element, St at usCont ai ner . SO to access
St at usCont ai ner 'schild st at usDescri pti on it isonly necessary to specify the child's element
name.

WS-BPEL variables declared using a complex type MUST be manifested as a node-set XPath
variable with one member node containing the anonymous document element that contains the
actual value of the WS-BPEL complex type variable. The X Path variable binds to the document
element. For example, given the following Schema definition:

<xsd: conpl exType name="Aucti onResults">
<xsd: sequence>
<xsd: el ement nanme="AuctionResult" nmaxCccurs="unbounded"
forme"qual ified" >
<xsd: conpl exType>
<xsd:attribute nane="Auctionl D' type="xsd:int" />
<xsd:attribute name="Result" type="xsd:string" />
</ xsd: conpl exType>
</ xsd: el enent >
</ xsd: sequence>
</ xsd: conpl exType>

And given the following variable declaration:

<vari abl e nane="Resul ts" type="e: Aucti onResults" />

Then aWS-BPEL XPath expression to access the value of the second AuctionlD attribute would
look like:

$Resul t s/ e: Auct i onResul t[ 2]/ @wucti onl D

$Resul t s points at the variable’s document element, Auct i onResul t [ 2] points to the second
Auct i onResul t child of the document element, and @uct i onl D pointsto the Aucti onl D
attribute on the selected Auct i onResul t element.

WS-BPEL nessageType variables MUST be manifested in X Path as a series of variables, one
variable per part in the messageType. Each variable is named by concatenating the message
variable's name, the "." character and the name of the part. The datain aWS-BPEL
messageType variable is not made available as one single XPath variable to general XPath
processing under the default query and expression language binding. For example, if a
messageType variable was named "nyMessageTypeVar " and it contained two parts, "nmsgPart 1"
and "nsgPar t 2" then the XPath binding that had "nyMessageTypeVar " in scope would manifest
two XPath variables, $nyMessageTypeVar . msgPart 1 and $nyMessageTypeVar . msgPart 2.

WSDL message parts are always defined using either an XSD element, an XSD complex type or
a XSD simple type. As such the manifestation of these message partsin XPath can be handled in
the same manner as specified herein for element, complex type and simple type WS-BPEL
variables.

Below isafull example of how a WSDL message type is manifested in WS-BPEL XPath.
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<nessage nane="St at usMessage" >
<part nanme="StatusPartl1" el enent="e: StatusContai ner" />
<part nanme="StatusPart?2" el enent="e: StatusContainer" />
</ message>

And given the following variable declaration:

<vari abl e nane="St atusVari abl e" nessageType="e: St at usMessage" />

Then aWS-BPEL XPath expression to access the second part’s statusDescription el ement would
look like:

$St at usVari abl e. St at usPart 2/ e: st at usDescri pti on

It is possible to write X Path queries that can simultaneously query across multiple parts of a
WSDL message variable by applying a union operator to create one single nodeset. For example:

( $StatusVariabl e. StatusPart1
| $StatusVariable.StatusPart2 )//e:statusDescription

WS-BPEL simple type variables MUST be manifested directly as either an XPath string,
Boolean or float object. If the XML Schematype of the WS-BPEL simple type variableis
xsd: bool ean or any types that are restrictions of xsd: bool ean then the WS-BPEL variable
MUST be manifested as an X Path Boolean object. If the XML Schematype of the WS-BPEL
simpletypevariableisxsd: f1 oat, xsd:int, xsd:unsignedl nt orany restrictions of those
types then the WS-BPEL variable MUST be manifested as an XPath float object. Any other
XML Schematypes MUST be manifested as an XPath string object.

The precision of the float object in XPath 1.0 is not sufficient to capture the full value of some
XML Schema data types, such as xsd:decimal. XSD numeric values that cannot be expressed
without loss of accuracy as XPath float objects MUST be trandated into X Path string objects by
aWS-BPEL processor.

8.2.3 XPath 1.0 Perspective and WS-BPEL

The XPath 1.0 specification [ XPATH 1.0] defines five points that define the context in which an
XPath expression is evaluated. Those points are reproduced below:

anode (the context node)

apair of non-zero positive integers (the context position and the context size)
aset of variable bindings

afunction library

the set of namespace declarations in scope for the expression

The following sections define how these contexts are initialized in WS-BPEL for different types
of WS-BPEL Expression and Query Language contexts.

8.2.4 Default use of XPath 1.0 for Expression Languages
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When XPath 1.0 is used for an Expression Language, except as specified in the sections 8.2.5
Use of XPath 1.0 for Expression Languages in Join Conditions, the X Path context isinitialized
asfollows:

| Context node | None
| Context position | None
| Context size | None

A set of variable bindings Variables visible to the Enclosing Element as defined by
the WS-BPEL scope rules

A function library WS-BPEL and core XPath 1.0 functions MUST be
available and processor-specific functions MAY be
available

| Namespace declaration | In-scope namespace declarations from Enclosing Element

It is worth emphasizing that as defined by the XPath 1.0 standard when resolving an X Path the
namespace prefixes used inside of the variable (e.g. WS-BPEL variables) areirrelevant. The only
prefixes that matter are the in-scope namespaces.

For example, imagine aWS-BPEL variable named “FooVar ” of “f oo™ element type with value:

<a: bar >23</ a: bar >
</ a: f oo>

The following XPath would return the value 23:

Notice that in the previous example the bar element isreferred to use the 'b’ namespace prefix
rather than the 'a" namespace prefix that is used inside the actual value.

It is also worth emphasizing that X Path 1.0 explicitly requires that any element or attribute used
in an XPath expression that does not have a namespace prefix must be treated as being
namespace ungualified. That is, even if there is a default namespace defined on the enclosing
element, the default namespace will not be applied.

Using the same value for Foo as provided previoudy the following would return a
bpel:selectionFailure fault (in Executable WS-BPEL ), because it fails to select any node in the
context of <copy> operation:

The valuesinside of the XPath do not inherit the default namespace of the enclosing element. So
the 'bar ' element referenced in the X Path does not have any namespace value what so ever and
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http://example.com">
http://example.com">$FooVar/b:bar/text
http://example.com">$FooVar/bar/text

therefore does not match with the bar element in the Foovar variable which has a namespace

Allowing WS-BPEL variables to manifest as X Path variable bindings enables WS-BPEL
programmers to create powerful XPath expressions involving multiple WS-BPEL variables. For
example:

<assi gn>
<copy>
<fronm>$po/ | i nel t en] @r odCode=$nyProd] /ant * $exchangeRat e</fronr
<t o>$convert edPQ | i nel t en]f @r odCode=$nyProd] / ant </ t 0>
</ copy>
</ assi gn>

[SA00027] When XPath 1.0 is used as an expression language in WS-BPEL there is no context

used when XPath is used as an expression language. The previous restrictions on the X Path Expr
production for the use of XPath as an expression language MUST be statically enforced.

Theresult of thisrestriction isthat the "PathExpr” will always start with a"PrimaryExpr"”

XPaths. It isworth remembering that PrimaryExprs are either variable references, expressions,
literals, numbers or function calls, none of which can access the context node.

Extrarestrictions are applied to X Path usage as an expression language within to-spec (see
section 8.4. Assignment).

8.2.5 Use of XPath 1.0 for Expression Languages in Join Conditions

When XPath 1.0 is used as an Expression Language in a join condition, the X Path context is
initialized as follows:

| Context node | None
| Context position | None
| Context size | None
A set of variable bindings Links that target the activity that the
Enclosing Element is contained within
A function library Core XPath functions MUST be available,

[SA00028] WS-BPEL functions MUST
NOT be available, and processor-specific
functions MAY be available.

Namespace declaration I n-scope namespace declarations from
Enclosing Element
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http://example.com
http://www.w3.org/TR/xpath#NT-
http://www.w3.org/TR/xpath#NT-LocationPath
http://www.w3.org/TR/xpath#NT-PathExpr
http://www.w3.org/TR/xpath#NT-PrimaryExpr

Asexplained in section 11.5.1 expressions in join conditions may only access the status of links
that target the join condition's enclosing activity. No other data may be made available. To this
end the only variable bindings made available to join conditions are ones that access link status.

<l i nk> statusis obtained via X Path variable bindings, manifesting <I i nk>s that target the
activity containing the Enclosing Element as X Path variable bindings of identical name. That is,
if thereisa<l i nk> called "ABC" that targets the activity then there must be an XPath variable
binding called "ABC". Link variables are manifested as X Path Boolean objects whose value will
be set to the link's value.

Below isan example of a<j oi nCondi ti on>inside of a<t ar get s> element:

<t ar get s>

<target |inkNanme="I|ink1l" />

<target |inkNane="Ilink2" />

<j oi nCondi ti on>%$l i nk1 and $link2</j oi nConditi on>
</target s>

8.2.6 Use of XPath 1.0 for Query Languages in Copy Operations and Property
Aliases

When XPath 1.0 is used as Query Language in the first variant of from-spec and to-spec in
<copy> assignments (also known as variable variant) or a<vpr op: propert yAl i as>, the XPath
context isinitialized as follows:

Variable variant from- || <vprop: propertyAl i as>

Spec or to-spec

| Context node | See below | See below
| Context position 1 1
| Context size 1 1

A set of variable bindings Variablesvisibleto the | There MUST NOT be any

Enclosing Element as
defined by the WS-
BPEL scoperules

variable bindings available
when XPath is used as the
query languagein a
<vprop: propertyAlias>

A function library

WS-BPEL and core
XPath 1.0 functions
MUST be available
and processor-specific
functions MAY be
available

Core XPath functions MUST
be available, [SA00029] WS-
BPEL functions MUST NOT
be available, and processor-
specific functions MAY be
available.

Namespace declaration

I n-scope namespace
declarations from
Enclosing Element

I n-scope namespace
declarations from Enclosing
Element (note that the
Enclosing Element isin a
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<vprop: propertyAlias>
defined inaWSDL definition)

The context node is determined as follows:
e When the from-spec or to-spec references a messageType variable or the
<vprop: propertyAl i as>’SnessageType/part attributes are used:
o If the message part is based on a complex type or an element, the context node MUST
point to a node-list containing a single node which isthe Ell for the referenced part
specified in section 8.2.2 Binding WS-BPEL Variables In XPath 1.0.
o If the message part is based on a simple type, the context node MUST point to the
XPath object specified in section 8.2.2 Binding WS-BPEL Variables In XPath 1.0.
e When the from-spec or to-spec references an XML Schematype variable or the
<vprop: propertyAl i as>’St ype attribute is used:
o If thetypeisacomplex type, the context node MUST point to a node-list containing a
single node which isthe Ell for the referenced part specified in section 8.2.2 Binding
WS-BPEL Variables In XPath 1.0.
o If thetypeisasimpletype, the context node MUST point to the X Path object
specified in section 8.2.2 Binding WS-BPEL Variables In XPath 1.0.
e When the from-spec or to-spec references an XML Schema element variable or the
<vprop: propertyAl i as>’Sel enent attribute is used, the context node MUST point to a
node-list containing a single node which isthe Ell for the referenced part specified in section
8.2.2 Binding WS-BPEL Variables In XPath 1.0.

None of the previoudly listed restrictions on the syntax of the XPath expression apply to a
<quer y> in from-spec/to-spec and <vpr op: propert yAl i as> because it has a defined context
node. Any legal XPath expression may be used. An absolute or relative path can beused in a
<vprop: propertyAl i as> as both resolve to the context node which is the root node.

This example shows a<vpr op: propert yAl i as> using arelative XPath query. It returns an
lvalue:

<vprop: propertyAlias propertyNanme="p: price"
messageType="ny: POVsg"
part="poPart">
<vprop: query>price</vprop: query>

</ vprop: propertyAl i as>

In contrast, this example shows a<vpr op: propert yAl i as> using an absolute X Path query. It
does not return an Ivalue:

<vprop: propertyAlias propertyNanme="p: gol dCust oner Pri ce"
nmessageType="ny: POVsg"
part="poPart">
<vprop: query>(/p: po/price * 0.9)</bpel : query>

</ vprop: propertyAlias>

There is no requirement that <quer y> return lvalues. When the <quer y> used in avariable
variant to-spec or the <quer y> of <vpr op: propert yAl i as> used in a property variant to-spec
does not return an lvalue, an attempt to assign to such ato-spec MUST fail with a
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bpel : sel ecti onFai | ur e (as defined in section 8.4. Assignment). Multiple nodes may be
selected with this <vpr op: propert yAl i as> feature. However, those selections may be then
filtered in the rest of expression and result in one node returned.

8.3. Expressions

WS-BPEL uses several types of expressions, as follows (relevant usage contexts are listed in
parentheses):

« Boolean expressions (transition, join, while, and if conditions)

o Deadline expressions (until expression of <onAl ar n» and <wai t >)

e Duration expressions (for expression of <onAl ar m> and <wai t >, <r epeat Every>
expression of <onAl ar n»)

e Unsigned Integer expressions (<st ar t Count er Val ue>, <f i nal Count er Val ue>, and
<br anches> in <f or Each>)

e General expressions (<assi gn>)

When the above first four types of expressions are being used, the corresponding expressions
SHOULD return values which are valid according to the corresponding XML Schematypes:

« Boolean expressions should return valid values of xsd: bool ean

o Deadline expressions should return valid values of xsd: dat e and xsd: dat eTi e
e Duration expressions should return valid values of xsd: dur at i on

e Unsigned Integer expressions should return valid values of xsd: unsi gnedl nt

Otherwise, abpel : i nval i dExpr essi onVal ue fault SHOULD be thrown. Implicit data
conversion or casting MAY be applied when computing returned values from expressions, based
on the data model or type conversion semantics established in the underlying expression
language.

The following values conversion and validity checking semantics MUST be applied when WS-
BPEL's default binding to XPath 1.0 is used as the expression language:

e For WS-BPEL Boolean expressions, XPath's bool ean( obj ect) functionisused to
convert the expression result into a Boolean value if needed.

o For WS-BPEL Deadline expressions, XPath's st ri ng( obj ect) function is used to
convert the expression result into a string value if needed. The string value MUST be
valid values of xsd: dat e and xsd: dat eTi me. Otherwise, a
bpel : i nval i dExpr essi onVal ue fault MUST be thrown.

e For WS-BPEL Duration expressions, XPath's st ri ng( obj ect) functionisused to
convert the expression result into a string value if needed. The string value MUST be
valid values of xsd: dur at i on. Otherwise, abpel : i nval i dExpr essi onVal ue fault
MUST be thrown.

e For WS-BPEL Unsigned Integer expressions, X Path's nunber (obj ect) function is used
to convert the expression result into a numeric value if needed. The numeric value MUST
be valid values of xsd: unsi gnedl nt (i.e. neither negative or NaN and it must be an
integer value). Otherwise, abpel : i nval i dExpr essi onVal ue fault MUST be thrown.
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The following XPath extension functions are defined by WS-BPEL and MUST be supported by
aWS-BPEL implementation:

e get Vari abl eProperty, described below
e doXsl Transf or m described in section 8.4. Assignment

These extensions are defined in the standard WS-BPEL namespace (see section 5.3. Language
Extensibility for an overall discussion of WS-BPEL Language Extensibility) .

Any qualified names used within XPath expressions MUST be resolved by using namespace
declarations currently in scope in the WS-BPEL document at the location of the expression. Null
prefixes MUST be handled as specified in [XSLT 1.0] section 2.4 (i.e., anull prefix means that
the empty namespace is used).

The function signature of bpel : get Vari abl eProperty is.

obj ect bpel : get Vari abl eProperty(string, string)

This function extracts property values from variables. The first argument names the source
variable for the data and the second is the QName of the property to select from that variable (see
section 7. Variable Properties). [SA00031] The second argument MUST be a string literal
conforming to the definition of QName in section 3. Relationship with Other Specifications, and
these constraints MUST be enforced by static analysis.

The return value of thisfunction is calculated by applying the appropriate
<vpr op: propert yAl i as> for the requested property to the current value of the submitted
variable.

[SA00030] The argumentsto bpel : get Vari abl eProperty MUST be given as quoted strings.
The previous requirement MUST be statically enforced. It isthereforeillegal to passinto aWS-
BPEL XPath function any XPath variables, the output of XPath functions, a XPath location path
or any other value that is not a quoted string. This means, for example, that

bpel : get Vari abl eProperty("varA","b: propB") meetsthe previous requirement while
bpel : get Vari abl eProperty( $varA, string(bpel:getVariabl eProperty("varB",

"b: propB") ) doesnot. Note that the previous requirement institutes a restriction which does
not exist in the XPath standard.
8.3.1. Boolean Expressions

These are expressions that conform to the XPath 1.0 Expr production where the evaluation
results in Boolean values.

8.3.2. Deadline Expressions

These are expressions that conform to the XPath 1.0 Expr production where the evaluation
resultsin values that are of the XML Schema types dateTime or date.
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Note that XPath 1.0 isnot XML Schema aware. As such, none of the built-in functions of XPath
1.0 are capable of producing or manipulating dateTime or date values. However, it is possible to
write a constant (literal) that conformsto XML Schema definitions and use that as a deadline
value or to extract afield from avariable (part) of one of these types and use that as a deadline
value. XPath 1.0 will treat that literal as astring literal, but the result can be interpreted as a
lexical representation of a dateTime or date value.

8.3.3. Duration Expressions

These are expressions that conform to the XPath 1.0 Expr production where the evaluation
resultsin values that are of the XML Schema type duration. The preceding discussion about
XPath 1.0'slack of XML Schema awareness applies here as well.

8.3.4. Unsigned Integer Expressions

These are expressions that conform to the X Path 1.0 Expr production where the evaluation
results in number object values that are of the XML Schematype unsignedint.

8.3.5. General Expressions

These are expressions that conform to the XPath 1.0 Expr production where the evaluation
resultsin any X Path value type (string, number, or Boolean).

8.4. Assignment

The <assi gn> activity can be used to copy data from one variable to another, aswell asto
construct and insert new data using expressions. The use of expressionsis primarily motivated
by the need to perform simple computation (such as incrementing sequence numbers).
Expressions operate on variables, properties, and literal constants to produce a new value. The
<assi gn> activity can also be used to copy endpoint references to and from partnerLinks. It is
also possible to include extensible data manipul ation operations defined as extension elements
under namespaces different from the WS-BPEL namespace. If the element contained within the
extensionAssignOperation element is not recognized 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. (See section 14 Extension Declarations).

Finally, it is possible to include extensible data manipulation operations defined as extension
elements under namespaces different from the WS-BPEL namespace (see section 5.3. Language
Extensibility).

The <assi gn> activity contains one or more elementary operations.

<assign validate="yes|no"? standard-attri butes>
st andar d- el ement s

(

<copy keepSrcEl ement Nane="yes| no" ?>f rom spec t o-spec</copy>
|
<ext ensi onAssi gnCper ati on>

assi gn- el enent - of - ot her - nanespace
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</ ext ensi onAssi gnQper at i on>
)+
</ assi gn>

The <assi gn> activity copies atype-compatible value from the source ("from-spec”) to the
destination ("to-spec"), using the <copy> element. [SA00032] Except in Abstract Processes, the
from-spec MUST be one of the following variants:

<from vari abl e="BPELVari abl eNane" part="NCNang" ?>

<query querylLanguage="anyURI " ?>?

quer yCont ent

</ query>
</fronm>
<from part ner Li nk="NCNane" endpoi nt Ref erence="nyRol e| partnerRol e" />
<from vari abl e="BPELVar i abl eNane" property="Q\Nane" />
<from expr essi onLanguage="anyURI " ?>expr essi on</ f r on»
<fronp<literal >literal value</literal ></frone

In Abstract Processes, the from-spec MUST be either one of the above or the opague variant
described in section 13.1.3. Hiding Syntactic Elements

The to-spec MUST be one of the following variants:

<to vari abl e="BPELVar i abl eNane" part="NCNanme" ?>
<query querylLanguage="anyURI " ?>?
quer yCont ent
</ query>
</to>
<t o part nerLi nk="NCNanme" />
<to vari abl e="BPELVari abl eNane" property="CQNane" />
<t 0 expressi onLanguage="anyURl " ?>expr essi on</t 0>

A to-spec MUST return an Ivalue. If ato-spec does not return an Ivalue then a

bpel : sel ecti onFai | ure MUST bethrown. An Ivalue, in the context of XPath, isanode-list
containing asingle node from avari abl e or apart ner Li nk identified by the to-spec. The
restrictions listed in 8.2.4 Default use of XPath 1.0 for Expression Languages MUST apply to
XPath used as a query language. [SA00033] In addition, the X Path query MUST begin with an
XPath VariableReference. Thisrestriction MUST be statically enforced.

Variablevariant: in the first from-spec and to-spec variantsthe var i abl e attribute provides the
name of avariable. If the type of the variable isa WSDL messageType the optional par t
attribute may be used to provide the name of a part within that variable. [SA00034] When the
variable is defined using XML Schema types (ssmple or complex) or element, the par t attribute
MUST NOT be used. An optional <quer y> element may be used to select a value from the
source or target variable or message part. The computed value of the query MUST be one of the
following:

e asingle XML information item other than a Cll, for example, Ell and All

e asequence of zero or more Clls: thisis mapped to a Text Node or a string in the XPath

1.0 data model
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PartnerLink variant: the second from-spec and to-spec variants allow manipulation of the
endpoint references associated with partnerLinks. The value of the par t ner Li nk attributeisthe
name of apart ner Li nk that isin scope. In the case of from-specs, the role MUST be specified.
The value “nyRol e” means that the endpoint reference of the process with respect to that

part ner Li nk isthe source, while the value “par t ner Rol e” means that the partner’s endpoint
reference for the partnerLink is the source. [SA00035] [SA00036] If the value “nyRol e” or
“part ner Rol e” is used, the corresponding <par t ner Li nk> declaration MUST specify the
corresponding myRol e Or par t ner Rol e attribute. Thisrestriction MUST be statically enforced.
For the to-spec, the assignment is only possible to the par t ner Rol e, hence there is no need to
specify the role. [SA00037] Therefore, the to-spec can only refer to a<par t ner Li nk> of which
the declaration specifies the par t ner Rol e attribute. Thisrestriction MUST be statically enforced.
The type of the value referenced by partnerLink-style from/to-specsis always a

<sref: servi ce-ref > element (see section 6. Partner Link Types, Partner Links, and Endpoint
References).

An attempt during process execution to read a partner link beforeitspart ner Rol e EPR is
initialized MUST result inthe bpel : uni niti al i zedPart ner Rol e standard fault. Partner roles
of partner links are read when they are referenced in an <i nvoke> or the <f r om> part of a<copy>
in an <assi gn> activity.

Property variant: the third from-spec and to-spec variants allow data manipulation using
properties (see section 7. Variable Properties). The pr oper t y value generated by the from-spec
is generated in the same manner as the value returned by the bpel : get Vari abl eProperty()
function. The property variants provide away to clearly define how distinguished data elements
in messages are being used.

Expression variant: in the fourth from-spec variant, an expression language, identified by the
optional expr essi onLanguage attribute, is used to return avalue. In the fourth to-spec variant,
an expression language, identified by the optional expr essi onLanguage attribute, is used to
select avalue. This computed value of the expression MUST be one of the followings:
e asingle XML information item other than a Cll, for example, Ell and All
e asequence of zero or more Clls: thisis mapped to a Text Node or a string in the X Path
1.0 data model

It is possible to use either the first form of from-spec/to-spec or the fourth form of from-spec/to-
spec to perform copy on non-message variables and parts of message variables, asthis
specification defines how to manifest non-message variables and parts of message variables as
XML Infoset information items. However, only the first form of from-spec/to-spec is able to
copy an entire message variable including al of its parts. Other from-spec and to-spec variants
areonly ableto refer to asingle part in aWSDL message type variable and so cannot copy all of
the parts at once.

Literal variant: the fifth from-spec variant allows a literal value to be given as the source value
to assign to adestination. The literal value to be assigned isincluded withina<l i teral >
element in order to prevent conflicts with standard extensibility elements under <f r on». The
<literal >element itself does not allow standard extensibility. The type of the literal value
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MAY be optionally indicated inline with the value by using XML Schema's instance type
mechanism (xsi : t ype).

The fifth from-spec variant returns values as if it were afrom-spec that selects the children of the
<li teral > element in the WS-BPEL source code. [SA00038] The return value MUST be a
single Ell or Text Information Item (TII) only. This constraint MUST be enforced during static
analysis.(see section 8.4.1. Selection Result of Copy Operations for the definition of TlIs). The
XML parsing context of the<l i t er al > element in the source code, such as XML Namespace, is
carried into the parsing of the children withinthe<l i t er al > element. An empty <l i teral / >
element returns an empty TII. Here are some examples for illustration:

<assi gn>
<copy>
<fronp
<literal xnins:foo="Ht1p: /7 €xanpl e, com™
<f oo: bar />
</literal >
</fronp
<to vari abl e="nyFooBar El enVar" />
</ copy>
<copy>
<fronp
<literal >
<! [ CDATA[ <f 0o: bar/>]] >
</literal >
</fronp
<to variabl e="nyStringvar" />
</ copy>
<C0py>
<fronp
<literal />
</fronp
<to variabl e="nyStringvar" />
</ copy>
</ assi gn>

Thefirst <copy> above copies a<f oo: bar/ > element with a“f oo prefix associated to

string whose value is “<f oo: bar/ >” into “nySt ri ngVar . Thelast <copy> copies an empty
string into “ny St ri ngVar .

The literal from-spec variant also allows aliteral <sr ef : servi ce-ref > value to be assigned to a
partnerLink, when used with the partnerLink variant of the to-spec.

In addition to <copy> specifications, other extensibility data manipulation elements MAY be
included in an assign activity, inside an <ext ensi onAssi gnQper at i on> element. The
extensibility data manipulation elements MUST belong to a namespace different from the WS-
BPEL namespace.

Attributes of Assign and Copy
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The optional keepSr cEl ement Nane 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 (see section 8.4.2.
Replacement Logic of Copy Operations).

The optional val i dat e attribute can be used with the <assi gn> activity. Its default valueis "no".
When val i dat e isset to "yes", the <assi gn> activity validates all the variables being modified
by the activity. A WS-BPEL implementation MAY provide a mechanism to turn on/off any
explicit validation. E.g. val i dat e attribute at assi gn.

If the"val i dat e" part of the <assi gn> activity fails, that is, one of the variablesisinvalid
against its corresponding XML definition, a standard fault bpel : i nval i dvari abl es MUST be
thrown.

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

The copy mechanism as described thus far, when combined with the default XPath 1.0
expression language, cannot perform complex XML transformations. To address this restriction
in a portable fashion, aWS-BPEL processor MUST support the bpel : doXs! Tr ansf or () XPath
1.0 extension function. The function signature of bpel : doXsl Tr ansf or mis:

obj ect bpel : doXsl Transforn{string, node-set, (string, object)?*)

where:

e Thefirst parameter is an XPath string providing a URI naming the style sheet to be used
by the WS-BPEL processor. [SA00039] This MUST take the form of a string literal. The
purpose of this constraint isto allow implementations to statically analyze the process
(and named style sheets) for variable dependencies; it MUST be enforced by static
anaysis.

e The second parameter is an X Path node set providing the source document for the
transformation to be performed by the WS-BPEL processor. This set MUST contain a
single Ell (i.e. an element node in XPath 1.0 data model). If it does not, the WS-BPEL
processor MUST throw abpel : xsl t I nval i dSour ce fault. The single Ell as specified by
this parameter MUST be treated as the single child of the root node of the source tree for
XSLT processing.

e Theoptional parametersthat follow MUST appear in pairs. Each pair is defined as:

0 an XPath string parameter providing the qualified name of an XSLT parameter
0 an XPath object parameter providing the value for the named XSLT parameter. It
can be an XPath Expr.
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[SA00040] The WS-BPEL processor MUST enforce the pairing of these parameters by
static analysis (i.e., an odd number of parameters must cause a static analysis error).

The function MUST return the result of the transformation. The result is one of the
following infoset items, depending on the XSLT output method employed by the selected
style sheet:
o0 A singleTIl (an XPath 1.0 text node), created by the XSLT "text" or "html"
output methods, or
o0 A singleEll (an XPath element node that is the single child of the root of the
result tree), which is created by the XSLT "xml" output method.

The WS-BPEL processor MUST execute the bpel : doXsl Tr ansf or mfunction such that al of the
following apply:

The first parameter, naming the style sheet to be used, MUST be used to find the style
sheet corresponding to the given URI. Thisis accomplished in an implementation-
dependent fashion. If the style sheet corresponding to the given URI cannot be found, the
WS-BPEL processor MUST throw abpel : xsl t St yl esheet Not Found fault.

The processor MUST perform an XSLT 1.0 transformation, as described in section 5.1
(Processing Model) of the XSLT 1.0 specification, using the named style sheet as
primary sheet, the provided source Ell as the source document, and the result tree as the
result of the transformation.

XSLT global parameters ([XSLT 1.0], section 11.4 of the XSLT 1.0 specification) are
used to pass additional values from the WS-BPEL process to the XSLT processor. The
optional parametersfor doXsl Tr ansf or mfunction come in the form of name-value pair
in the argument list, as described above. They are used to identify the XSLT global
parameters by QName, and to supply values for the named global parameters. [ SA00041]
The global parameter names MUST be string literals conforming to the definition of
QName in section 3 of [Namespaces in XML], and these constraints MUST be enforced
by static analysis. The WS-BPEL processor MUST pass the given global parameter
names and values to the XSLT processor.

If any XSLT processing faults occur during the transformation, then a

bpel : subLanguageExecut i onFaul t MUST be thrown.

Since XSLT isaside effect-free language, execution of the transformation cannot by definition
cause any changes to WS-BPEL variables referred to in the style sheet.

The first XPath function parameter, which names the style sheet, has similar semantics as the
location attribute of an <i npor t > element. Style sheets associated with a process (through its
doXs! Tr ansf or minvocations) SHOULD be considered part of the process definition, like
WSDL definitions and XML Schemas referenced by an <i npor t > element.

bpel:doXdTransform Examples

The following examples show complex document transformation and iterative document
construction.
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Complex document transfor mation. A common pattern in WS-BPEL processes involves
receiving an XML document from one service, converting it to a different Schemato form a new
request message, and sending the new request to another service. Such documentation
conversion can be accomplished using XSLT viathe bpel : doXsl Tr ansf or mfunction.

<vari abl es>
<vari abl e name="A" el enent ="f oo: AEl enent" />
<vari abl e name="B" el enent ="bar: BEl enent" />
</vari abl es>

<sequence>
<i nvoke ... inputVariable="..
<assi gn>
<frone
<expr essi on>
bpel : doXsl Transf or m( " ur n: st yl esheet s: A2B. xsl ", $A)
</ expr essi on>

out put Vari abl e="A" />

</fronp
<to variable="B" />
</ assi gn>
<invoke ... inputVariable="B" ... />

</ sequence>

In the sequence, a service isinvoked, and the result (f oo: AEI ement ) copied to variable A. The
<assi gn> activity is used to transform the contents of variable A to bar : BEI enent , and copy the
result of that transformation to variable B. Variable B is used to invoke another service.

The style sheet A2B. xsI  would contain the XSL rules for converting documents of Schema
f oo: AEl ement to Schemabar : BEl enent .

| terative document construction. Suppose that a document is constructed by repeatedly calling
aservice, and accumulating the result in an XML variable. The loop might look something like
this:

<vari abl es>

<vari abl e name="PO' el enent ="foo: PCEl enent" />

<vari abl e name="Qut Var" el enent="foo:|tenEl ement" />
</vari abl es>

<l-- ... POis initialized ... -->
<I-- lteratively add nore itenms to PO until conplete -->
<whi | e>
<condi tion>...</condition>
<sequence>
<I-- Fetch next chunk into CQutVar -->
<i nvoke ... inputVariable="..." outputVariable="CQutVar" />
<assi gn>
<COpy>
<frone

<expr essi on>
bpel : doXsl Transforn{ "urn: styl esheets: AddToPO. xsl "
$PO, "Newl tent, $QutVar)

</ expr essi on>
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</fronp
<to vari abl e="PO' />
</ copy>
</ assi gn>
</ sequence>
</ whi | e>

The optional parameters given in the doxsl Tr ansf or mcall specify that the XSLT parameter
named "New t emi' is set with the value of the WS-BPEL variable aut Var . To allow the XSLT
style sheet access to this value, it contains a global (top-level) parameter with a name matching
that given in the third parameter of the function call shown above.

<xsl :transform versi on="1. 0"

<I-- Newltem variabl e set by W5-BPEL process;
defaults to enpty item-->
<xsl : par am name="Newl t eni' >
<foo:itenkEl enent />
</ xsl : par anp

</ xsl : transf or n>

The style sheet contains a template that appends the value of global parameter Newt t em(the
value of cut Var from the process instance) to the existing list of itemsin the PO variable.

<xsl:tenplate match="foo:itenEl emrent"> <l-- line 1 -->
<xsl : copy-of select="." /> <l-- line 2 -->
<xsl:if test="position()=last()"> <l-- line 3 -->
<xsl : copy-of select="$Newitem /> <!-- line 4 -->
</xsl:if> <l-- line 5 -->

</ xsl:tenpl at e> <l-- line 6 -->

Thistemplate copies all existing itemsin the source document (lines 1 & 2) and appends the
contents of the XSLT parameter Newi t emto the list of items (lines 3 & 4). It teststo see if the
current node is at the end of the item list (line 3) and copies the result-tree fragment from the
XSLT parameter Newi t emto follow the last item (line 4).

If PO has avalue of:

<f 00: poEl enent >
<f 0o:itenEl enent > tem 1</ f oo: it enEl enent >
</ f oo: poEl enent >

at the beginning of an iteration of the <whi | e> loop and the <i nvoke> activity returns a value of
<f 0o: i t enEl enent >i t em 2</ f 0o: i t enEl enent >, evaluation of the <f r om> expression will
result in avalue of:

<f 00: poEl enent >
<foo:itenkEl ement > tem 1</ f oo: it enEl enent >
<foo:itenkl emrent > tem 2</f oo: it enEl enent >
</ f oo: poEl enent >
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which, when the <copy> operation completes, becomes the new value of the PO variable.
8.4.1. Selection Result of Copy Operations

The selection result of the from-spec or to-spec used within a <copy> operation MUST be one of
the following three Information Items: Element Information Item (EII), Attribute Information
Item (All), or Text Information Item (T11). Ell and All are defined in [Infoset], while Tl is
defined in this specification to bridge the gap between the XML Infoset Model and other
common XML data models, such as XPath 1.0.

A Text Information Item (TII) is a sequence of zero or more Character Information Items,
according to document order; as such, aTIl is not manifested in and of itself directly in XML
serialization. When mapped to the XPath 1.0 model, it generalizes a string object (which has zero
or more characters) and text node (which has one or more characters). A Tl lvalue MUST NOT
be empty. A TIl rvalue MAY be mapped to atext node, a string/Boolean/Number object in
XPath 1.0, whilea Tl lvalue MUST be mapped to a text node.

If the selection result of afrom-spec or ato-spec belongs to Information Items other than EII, All
or Tll, abpel:selectionFailure fault MUST be thrown. If any of the unsupported Information
Items are contained within the selection result, they MUST be preserved; the only restriction is
that they MUST NOT be directly selected by the from-spec or the to-spec as the top-level item.

The <copy> operation is a one-to-one replacement operation. This requires that both the from-
spec and to-spec MUST select exactly one of the three information items described above. If the
from-spec or to-spec do not select exactly one information item during execution, then the
standard fault bpel:selectionFailure MUST be thrown. Literal values (the literal variant of from-
spec) MUST contain either asingle Tl or asingle Ell asitstop-level value. When the rvalue of
afrom-specisan All, the to-spec is set to a Tl constructed from the normalized value property
of the All as specified in section 8.4.2. Replacement Logic of Copy Operations.

When using the partnerLink variants of from-spec and to-spec with a non-partnerLink variant of
the respective from-spec and to-spec in a <copy> operation, the par t ner Li nk variants should be
treated asif they produce an rvalue and Ivalue of an EIl whose [local name] is “service-ref” and

____________________________________

8.4.2. Replacement Logic of Copy Operations

This section provides rules for replacing data referenced by the to-spec in a<copy> operation.
Detailed examples are provided in Appendix Appendix D. Examples of Replacement Logic.

Replacement Logic for WSDL Message Variables

When the from-spec and to-spec of a<copy> operation both select WSDL message variables, the
value of the from-spec message variable MUST be copied, becoming the value of the to-spec
message variable. If the from-spec message variable is completely uninitialized then the standard
bpel : uni ni ti al i zedVari abl e fault isthrown. If the from-spec message variable is partially
initialized then any uninitialized parts of the from-spec variable result in the same parts of the to-
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spec variable becoming uninitialized. The original message parts of the to-spec message variable

will not be available after the <copy> operation.

Replacement Tablefor XML Data Item

When the from-spec (Source) and to-spec (Destination) select one of three Information Items
types, aWS-BPEL processor MUST use the following replacement rulesidentified in the table

below:
Source\Destination |Ell (Al |TII
Ell RE |RC |RC
All RC |RC |RC
ul RC |RC |RC
Replacement Logic Table

¢ RE (Replace-Element-properties):

0 Replace the element at the destination with a copy of the entire element at the source,

including [children] and [attribute] properties.

An optional keepSr cEl ement Nane 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. A WS-BPEL processor MAY
enforce this checking through static analysis of the expression/query language. If a
violation is detected during runtime, a bpel:selectionFailure fault MUST be thrown.
=  WhenthekeepSr cEl enent Nare attributeis set to “no”, the name (i.e.
[namespace name] and [local name] properties) of the original destination
element is used as the name of the resulting element. Thisisthe default value.
=  WhenthekeepSr cEl emrent Narre attribute is set to “yes”, the source element

nameis used as the name of the resulting destination element.

When the keepSr cEl enent Nane attribute is set to “yes” and the destination element
isthe Document EIll of an element-based variable or an element-based part of a
WSDL message-type-based variable, a WS-BPEL processor MUST make sure the
name of the source element belongs to the substitutionGroup of the destination
element used in the element variable declaration or WSDL part definition. The
substitutionGroup relation is determined by XML Schemas known to the WS-BPEL
processor. [SA00094] A WS-BPEL processor MAY enforce this checking through
static analysis of the expression/query language. If aviolation is detected during
runtime, abpel : mi smat chedAssi gnnent Fai | ure fault MUST be thrown.

¢ RC (Replace-Content):

o To obtain the source content:

= Oncetheinformation item is returned from the source, a Tl will be computed
based upon it. This source content Tl is based on a series of Clls, generally
based on the document order (unless a sorting specification is present in the
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underlying expression or query), taken from the returned information item.
The CllIs are copied, concatenated together, and the resulting value is assigned
tothe Tll. Thisis analogousto the XPath 1.0 st ri ng() function.

= |f thesourceisan Ell withanxsi:nil="true", asel ecti onFai | ur e fault
MUST be thrown. This check is performed during Ell-to-All or Ell-to-TlI
copy.

0 To replace the destination content:

= |f thedestination isan Ell, all [children] properties (if any) are removed and
the source content Tl is added as the child of the EIl.

= |f thedestination isan All, the value of All is replaced with the TIl from the
source. The value MUST be normalized, in accordance with the XML 1.0
Recommendation (section 3.3.3 Attribute VValue Normalization:

= |If thedestinationisaTll, the Tll in the destination is replaced with the Tl
from the source.
e In addition, the following rules apply:

e Information items referenced by the to-spec MUST be an Ivalue. In the XPath 1.0
datamodel, aTIl lvalue MUST be atext node.

e A bpel : ni smat chedAssi gnment Fai | ur e fault MUST be thrown when the to-
spec selectsa Tl as an lvalue, which does NOT belong to a WS-BPEL variable of
an XSD string type (or atype derived from XSD string), and one of the following
is computed as an rvalue from the from-spec:

o aTIll which haszero Clis

o an All which has an empty string as its [normalized value]

o an Ell which has zero Clls asits descendants, that is, its [children] and
nested [children]. Note that applying XPath 1.0 string() function to this
kind of Ell would yield an empty string.

e Attribute values are not text nodes in XPath 1.0. Attribute nodes have a string
value that corresponds to the XML normalized attribute value, whichisaTII.

Using <copy> to initialize variables

When the destination selected by the to-spec in a<copy> operation is un-initialized, which is
either an entire WS-BPEL variable or a message part, that destination MUST first be initialized
before executing the replacement rules defined above, asif the following has been applied:

e For complex type and simple type variables or message parts, initialize to a skeleton
structure composed of a DIl and an anonymous Document Element EII.

e For element based variables or message parts, initialize to a skeleton structure composed
of aDII and an Document Element EIl with the name matching the element name used in
variable declaration.

Thisinitialization behavior isan integral part of an atomic <assi gn> activity.
Handling Non-XML Infoset Data Objectsin <copy>
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Simple type variables and values MAY be allowed to manifest as non-XML infoset data objects,
such asbool ean, string, or f1 oat , asdefined in XPath 1.0. Also expressions may return non-
XML infoset data objects, for example:

<fronenunber ($order/ant) * 0.8</fron>

To consistently apply the above replacement rules, such non-XML infoset data are handled as
Tlls. Thisis achieved through converting data to strings, as Tll resembles a string object. More
specifically, when the X Peth 1.0 detamodel is used in WS-BPEL , "string(object)”
(http://mww.w3.org/TR/1999/REC-xpath-19991116#f unction-string) coercion MUST be used to
convert boolean or number objects to strings. A WS-BPEL processor MAY skip the actual

conversion if the result of <copy> remains the same.

XML Namespace Preservation

In the <copy> operation, the [in-scope namespaces| properties from the source (similar to other
XML infoset item properties) MUST be preserved in the result at the destination. A WS-BPEL
processor may use a namespace-aware XML infrastructure to maintain the XML namespace
consistency.

In some XML Schema designs, QName may be used for attribute or element values. When a TlI
or an All containing a QName value is selected via a Schema-unaware expression/query
language, its data model will fail to capture the namespace property of the QName value.
Therefore, the XML namespace may be lost. Note that XPath 1.0 is Schema unaware.

For example, where the value of at t r Xisa QName (" nyPr ef i x: somenane" ) and the value of

"f o0o: bar 3" isanother QName (" nyPr ef i x: sonenane2"). When "f oo: bar 2/ @t t r X" is copied
as the source with XPath 1.0 data model, the namespace declaration for " myPr ef i x* might be
missing in the destination.

<foo: bar2 attrX="nyPrefix: sonenane" />
<f oo: bar 3>myPr ef i x: somenane2</ f oo: bar 3>
</ f oo: bar 1>

8.4.3. Type Compatibility in Copy Operations

[SA00043] For acopy operation to be valid, the data referred to by the from-spec and the to-spec
MUST be of compatible types.

The following situations are considered type incompatible:
o the selection results of bot h the from-spec and the to-spec are variables of aWSDL

message type, and the two variables are not of the same WSDL message type (two
WSDL message types are the same if their QNames are equal).
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the selection result of the from-spec is avariable of a WSDL message type and that of the
to-spec is not, or vice versa (parts of variables, selections of variable parts, or endpoint
references cannot be assigned to/from variables of WSDL message types directly).

the selection result of the from-spec is an Ell, that of the to-spec isa Document EIl of an
element-based variable or an element-based part of a WSDL message-type-based variable,
the keepSr cEl ement Nane attribute is set to “yes” and the name of the source element

does not belong to the substitutionGroup of the destination (see section 8.4.2.
Replacement L ogic of Copy Operations).

If any incompatible types are detected during assignment, the standard fault
bpel : mi smat chedAssi gnment Fai | ur e MUST be thrown.

8.4.4. Assignment Example

Assume the following complex type definition in the namespace

<conpl exType name="t Addr ess" >
<sequence>
<el enent name="nunber" type="xsd:int" />
<el ement nanme="street" type="xsd:string" />
<el enent nanme="city" type="xsd:string" />
<el enent nanme="phone" >
<conpl exType>
<sequence>
<el enent nanme="areacode" type="xsd:int" />
<el enent nane="exchange" type="xsd:int" />
<el enent nanme="nunber" type="xsd:int" />
</ sequence>
</ conpl exType>
</ el ement >
</ sequence>
</ conpl exType>

<el enent nanme="address" type="t Address" />

Assume that the following WSDL message definition exists for the same target namespace:

<part nanme="full-nane" type="xsd:string" />
<part nane="address" el enent="x: address" />
</ message>

Also assume the following WS-BPEL variable declarations:

<vari abl e nane="cl1l" nessageType="X: person" />
<vari abl e nane="c2" nessageType="X: person" />
<vari abl e name="c3" el enent ="x: address" />

The example illustrates copying one variable to another as well as copying avariable part to a

variable of compatible element type:
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<assi gn>
<C0py>
<from vari abl e="c1" />
<to variabl e="c2" />
</ copy>
<C0py>
<fronkp$cl. addr ess</fronp
<to variable="c3" />
</ copy>
</ assi gn>
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9. Correlation

The information provided so far suggests that the target for messages that are delivered to a
business process service isthe WSDL port of the recipient service. Thisisan illusion because, by
their very nature, stateful business processes are instantiated to act in accordance with the history
of an extended interaction. Therefore, messages sent to such processes need to be delivered not
only to the correct destination port, but also to the correct instance of the business process that
provides the port. Messages which create a new business process instance, are a special case, as
described in 5.5. The Lifecycle of an Executable Business Process.

In the object-oriented world, such stateful interactions are mediated by object references, which
intrinsically provide the ability to reach a specific object (instance) with the right state and
history for the interaction. This works reasonably well in tightly coupled implementations where
a dependency on the structure of the implementation is normal. In the loosely coupled world of
Web Services, the use of such references would create a fragile set of implementation
dependencies that would not survive the independent evolution of business process
implementation details at each business partner. In thisworld, the answer isto rely on the
business data and communication protocol headers that define the wire-level contract between
partners; and to avoid the use of implementation-specific tokens for instance routing whenever
possible.

Consider a supply-chain situation where a buyer sends a purchase order to a seller. Suppose the
buyer and seller have a stable business relationship and are statically configured to send
documents related to purchasing interactions to the URL s associated with the relevant WSDL
service ports. The seller needs to return an acknowledgement for the order, and the
acknowledgement must be routed to the correct business process instance at the buyer. The
obvious and standard mechanism to do thisisto carry a business token in the purchase order
message (such as a purchase order number) that is copied into the acknowledgement message for
correlation. The token can be in the message envelope, in a header, or in the business document
(purchase order) itself. In either case, the exact location and type of the token in the relevant
messages is fixed and instance independent. Only the value of the token is instance dependent.
Therefore, the structure and position of the correlation tokens in each message can be expressed
declaratively in the business process description. The WS-BPEL notion of a correlation set,
described below, provides this feature. The declarative information allows infrastructure which
conforms to WS-BPEL to use correlation tokens to provide instance routing automatically.

The declaration of correlation relies on declarative properties of messages. A property issimply
a"field" within amessage identified by aquery. Thisis only possible when the message

structure is well-defined (for example, described using an XML Schema). The use of correlation
tokensisrestricted to message parts described in this way. The actual wire format of such
messages can be non-XML, for example, EDI flat files, based on different bindings for port types.

9.1. Message Correlation

During its lifetime, a business process instance typically holds one or more conversations with

partnersinvolved in its work. Conversations may be based on sophisticated transport
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infrastructure that correlates the messages involved in a conversation by using some form of
conversation identity and routes them automatically to the correct process instance without the
need to specify any correlation information within the business process. However, in many cases
conversations involve more than two parties or use lightweight transport infrastructure with
correlation tokens embedded directly in the application data being exchanged. In such cases, itis
often necessary to provide additional application-level mechanisms to match messages and
conversations with the business process instances for which they are intended.

Correlation patterns can become quite complex. The use of a particular set of correlation tokens
does not, in general, span the entire interaction between a process instance and a partner, but
spans a part of the interaction. Correlated exchanges may nest and overlap, and messages may
carry several setsof correlation tokens. For example, a buyer might start a correlated exchange
with aseller by sending a purchase order (PO) message and using a PO number embedded in the
message as the correlation token. The PO number is used in the acknowledgement message by
the seller. The seller might later send an invoice message that carries the PO number, to correlate
it with the original PO, and also carries an invoice number so that future payment-related
messages heed to carry only the invoice number as the correlation token. The invoice message
thus carries two separate correlation tokens and participates in two overlapping correl ated
message exchanges.

WS-BPEL addresses correlation scenarios by providing a declarative mechanism to specify
correlated groups of operations within a process instance. A set of correlation tokensis defined
as aset of properties shared by all messages in the correlated group. Such a set of propertiesis
called a correlation set.

<correl ati onSet s>?
<correl ati onSet nanme="NCNane" properties="QNane-list" />+
</correl ati onSet s>

A <correl at i onSet > can be declared within a process or scope element in a manner that is
analogous to a variable declaration. [SA00044] The name of a<correl ati onSet > MUST be
unique among the names of all <corr el at i onSet > defined within the same immediately
enclosing scope. This requirement MUST be statically enforced. Accessto a<correl ati onSet >
follows common lexical scoping rules.

A process <correl ati onSet > isin an uninitiated state at the beginning of a process. A scope's
<correl ati onSet > isin an uninitiated state at the start of the scope to which it belongs. Note
that scopes may start and complete their behavior more than once in the lifetime of the process
instance if they are contained in repeatable constructs or event handlers. In this case, the
<correl ati onSet > initiation semantics applies to each instance of the scope.

A <correl ati onSet > resembles a late-bound constant rather than a variable. The binding of
valuesto a<correl ati onSet > istriggered by a specially marked send or receive message
operation. A <corr el at i onSet > can be initiated only once during the lifetime of the scope to
which it belongs. Once initiated, the <cor r el ati onSet > MUST retain its values, regardless of
any variable updates. Thus, aprocess <corr el at i onSet > can be initiated at most once during
the lifetime of the process instance. Its values, once initiated, can be thought of as an identity of
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the business process instance. A scope’s<corr el at i onSet > instance is available for binding
each time the corresponding scope starts.

In multiparty business conversations, each participant process in a correlated message exchange
acts either as the originator or as afollower of the exchange. The originator process sends the
first message (as part of an operation invocation) that starts the conversation, and therefore
defines the values of the propertiesin the <cor r el at i onSet > that tag the conversation. All other
participants are followers that bind their <cor r el at i onSet >’sin the conversation by receiving
an incoming message that provides the values of the propertiesin the <corr el at i onSet >. Both
originator and followers mark the first activity in their respective groups as the activity that
initiatesthe <correl at i onSet >.

9.2. Declaring and Using Correlation Sets

Correlation can be used on every messaging activity (<r ecei ve>, <r epl y>, <onMessage>,
<onEvent >, and <i nvoke>). WS-BPEL does not assume the use of any sophisticated
conversational transport protocols for messaging. In cases where such protocols are used, the
explicit use of correlation in WS-BPEL can be reduced to those activities that establish the
conversational connections. These protocol mechanisms MAY be used implicitly with or without
any explicit use of correlation.

[SA00045] Propertiesused ina<corr el ati onSet > MUST be defined using XML Schema
simple types. Thisrestriction MUST be statically enforced. Each <corr el at i onSet > isanamed
group of properties that, taken together, serve to identify a conversation. A given message can
carry information that matches or initiates one or more correlation sets.

The correlation set specifications are used in <i nvoke>, <r ecei ve>, and <r epl y> activities (see
sections 10.3. Invoking Web Service Operations and 10.4. Providing Web Service Operations —
Receive and Reply); in the <onMessage> branches of <pi ck> activities, and in the <onEvent >
variant of <event Handl er s> (see sections 11.5. Pick and 12.5.1. Message Events). These
<correl ati on> specifications identify the correlation sets by name and are used to indicate
which correlation sets (i.e., the corresponding property sets) occur in the messages being sent
and received. The initiate attribute on a<corr el at i on> specification is used to indicate whether
the correlation set is being initiated.

After acorrelation set isinitiated, the values of the properties for a correlation set must be
identical for al the messagesin all the operations that carry the correlation set and occur within
the corresponding scope until its completion. This correlation consistency constraint MUST be
observed in all casesof i ni ti at e values. Thelegal values of thei ni ti at e attribute are:
"yes","join","no". Thedefault value of thei ni ti at e attributeis"no".

e Whentheinitiate atributeissetto"yes", therelated activity MUST attempt to
initiate the correlation set.
o If the correlation set is aready initiated, the standard fault
bpel : correl ati onVi ol ati on MUST be thrown.
e Whentheinitiate atributeissetto"j oi n", the related activity MUST attempt to
initiate the correlation set, if the correlation set is not yet initiated.
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o If thecorrelation set is already initiated and the correlation consistency constraint

isviolated, the standard fault bpel : correl ati onVi ol ati on MUST be thrown.
e Whentheinitiate atributeisset to"no" orisnot explicitly set, the related activity
MUST NOT attempt to initiate the correlation set.

o If the correlation set has not been previoudly initiated, the standard fault
bpel : correl ationVi ol ati on MUST be thrown.

o If thecorrelation set is already initiated and the correlation consistency constraint
isviolated, the standard fault bpel : correl ati onVi ol ati on MUST be thrown.

The bullets above describe the correlation set Initiation Constraint. If multiple correlation sets
are used in an outbound message activity (e.g., <i nvoke>), both initiation constraint and
consistency constraints MUST be observed for all correlation sets used. If multiple correlation
sets are used in an inbound message activity (IMA) (e.g. <r ecei ve>), then the initiation
constraint MUST be observed for al correlation sets used. If any one of the correlation sets does
not follow the constraints above, the standard fault bpel : correl ati onVi ol ati on MUST be
thrown.

When multiple correlation sets are used in an IMA withi ni ti at e="no", amessage MUST
match all such correlation sets for that message to be delivered to the activity in the given
process instance. When correlation set in a message does not match an already initiated
correlation set in the process instance or if the correlation set is not initiated, the message MUST
not be delivered to an IMA. Therefore, the correlation set consistency constraint checking is not
applicable for IMA.

If an inbound Web service request message arrives and both (1) no running process instance can
be identified by a message correlation set mechanism and (2) all inbound message activities
referencing the Web service operation have the cr eat el nst ance attribute set to "no" are true
then this scenario is out of scope of this specification because there is no process instance that
would be able to handleit.

When abpel : correl ationVi ol ati on isthrown by an <i nvoke> activity because of aviolation
on the response of a request/response operation, the response MUST be received before the

bpel : correl ationVi ol ati on isthrown. Inal other cases of bpel : correl ati onVi ol ati on,
the message that causes the fault MUST NOT be sent or received.

Observe that in order to retrieve correlation values from a message, a processor MUST find a
matching <vpr op: propert yAl i as> and apply it to the message. A <vpr op: propertyAl i as>is
considered matching with a message if:

1. the messageType attribute value used in <vpr op: pr oper t yAl i as> definition matches
the QName of the WSDL message type associated with the message;

or
2. the message is associated with aWSDL message type where the message contains a
single part defined by an element and the element attribute value used in
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<vpr op: propert yAl i as> definition matches the QName of the element used to
define the WSDL part.

This matching <vpr op: propert yAl i as> constraint MUST be statically enforced. If both a
messageType and element based <vpr op: propert yAl i as> match the message, then the
messageType based <vpr op: propert yAl i as> MUST take priority. A type based

<vpr op: propertyAl i as>isnever considered for retrieving correlation values. These matching
rules apply only to retrieving correlation values and have no effect on selecting a

<vpr op: propert yAl i as> for use in afrom-spec, to-spec, or bpel : get Vari abl eProperty.

In the case in which the application of the <vpr op: propert yAl i as> resultsin aresponse that
contains anything other than exactly one information item and/or a collection of Character
Information Items then abpel : sel ecti onFai | ur e fault MUST be thrown.

In the case of <i nvoke>, when the operation invoked is a request/response operation, a pattern
attribute on the <cor r el at i on> specification is used to indicate whether the correlation applies
to the outbound message (“r equest ), the inbound message (“r esponse™), or both (“r equest -
response”). [SA00046] The pat t er n attribute used in <i nvoke> isrequired for request-
response operations, and disallowed when a one-way operation isinvoked. Any violation of this
rule MUST be detected during static analysis. In the case of <i nvoke>, when the operation
invoked is an one-way operation, or in the case of <r epl y>, the usage of correlation sets with

i nitiate="no" isfor message validation purposes only. With this, a business process can
ensure that the message to be sent carries the expected correlation tokens.

<correl ati ons>
<correl ati on set="NCNane"
initiate="yes|join|no"?
pattern="request | response| request - response"? / >+
</correl ati ons>

Following is an extended example of correlation. It begins by defining four message properties:
customer | D, order Number, vendorlDandi nvoi ceNunber . All of these properties are

document:

<wsdl : definitions name="properties"

- e = e e e e e e g e e e

<l-- define correlation properties -->

<vprop: property nane="custoner| D' type="xsd:string" />
<vprop: property nanme="order Nunber" type="xsd:int" />
<vprop: property name="vendor| D' type="xsd:string" />
<vprop: property name="i nvoi ceNunber" type="xsd:int" />

</ wsdl : definitions>

These properties are names with XML Schema simple types. They are abstract in the sense that
their occurrence in variables needs to be separately specified (see section 7. Variable Properties).
The example continues by defining purchase order and invoice messages and by using the
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concept of aliasing to map the abstract properties to fields within the message data identified by
selection.

<wsdl : definitions nane="correl at edMessages"
"""""""""""""" il

| ocation="..." />

<l-- define schema types for PO and invoice information -->
<wsdl : types>

<xsd: conpl exType nanme="PurchaseOr der" >
<xsd: el enent name="Cl D' type="xsd:string" />
<xsd: el enent name="order" type="xsd:int" />

</ xsd: conpl exType>

<xsd: conpl exType nanme="Pur chaseO der Response" >
<xsd: el enent name="Cl D' type="xsd:string" />
<xsd: el enent name="order" type="xsd:int" />
<xsd: el enent name="VID"' type="xsd:string" />
<xsd: el enrent name="i nvNum' type="xsd:int" />

</ xsd: conpl exType>

<xsd: conpl exType name="Pur chaseO der Rej ect Type" >
<xsd: el enent name="Cl D' type="xsd:string" />
<xsd: el ement name="order" type="xsd:int" />
<xsd: el ement nanme="reason" type="xsd:string" />

</ xsd: conpl exType>

<xsd: conpl exType nane="Invoi ceType" >
<xsd: el enrent name="VID' type="xsd:string" />
<xsd: el ement nanme="i nvNunl' type="xsd:int" />

</ xsd: conpl exType>

<xsd: el enent nane="Pur chaseO der Rej ect "
t ype="po: Pur chaseOr der Rej ect Type" />

<xsd: el ement nanme="Invoi ce" type="po:invoiceType" />

</ xsd: schema>
</ wsdl : t ypes>

<wsdl : nessage nane="POwvessage” >
<wsdl : part name="PO' type="po: PurchaseOrder" />
</ wsdl : mressage>
<wsdl : nessage nanme="POResponse" >
<wsdl : part nanme="RSP" type="po: PurchaseO der Response" />
</ wsdl : nressage>
<wsdl : nessage name="PCRej ect " >
<wsdl : part name="RICT" el ement ="po: PurchaseOr der Rej ect" />
</ wsdl : mressage>
<wsdl : nessage nane="I|nvMessage" >
<wsdl : part nane="IVC"' el enent =“po: | nvoice " />
</ wsdl : nressage>

<vprop: propertyAlias propertyName="cor:custoner|D’
nessageType="t ns: POVessage" part="PO'>
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<bpel : quer y>Cl D</ bpel : query>

</ vprop: propertyAlias>

<vprop: propertyAlias propertyNanme="cor: order Nunber"
nmessageType="t ns: POVessage" part="PO">
<quer y>Or der </ query>

</ vprop: propertyAlias>

<vprop: propertyAl ias propertyNane="cor: custonerl| D"
nmessageType="t ns: POResponse" part ="RSP">
<bpel : quer y>Cl D</ bpel : query>

</ vprop: propertyAlias>

<vprop: propertyAlias propertyNanme="cor: order Nunber"
nessageType="t ns: POResponse" part="RSP">
<quer y>Or der </ quer y>

</ vprop: propertyAl i as>

<vprop: propertyAlias propertyName="cor: vendor| D'
nmessageType="t ns: POResponse" part="RSP">
<quer y>VI D</ quer y>

</ vprop: propertyAl i as>

<vprop: propertyAlias propertyName="cor:invoi ceNunmber"
messageType="t ns: POResponse" part="RSP">
<quer y>l nvNunx/ quer y>

</ vprop: propertyAlias>

<vprop: propertyAlias propertyNanme="cor:vendor| D'
messageType="tns: | nvMessage" part="1VC'>
<quer y>VI D</ quer y>

</ vprop: propertyAlias>

<vprop: propertyAlias propertyNanme="cor:invoi ceNunber"
messageType="tns: | nvMessage" part="1VC'>
<query=>l nvNum</ quer y>

</ vprop: propertyAlias>

</wsdl : definitions>
Finally, the por t Type used is defined, in a separate WSDL document.

<wsdl : definitions namq{jyg}jyggrgﬁ?y}:54¥{‘__ -

t ar get Nanespace="http: /7 exanpl €. conl pur chasi ng',

___________________________ =i

|l ocation="..." />

<wsdl : port Type nane="Pur chasi ngPT" >
<wsdl : operati on nane="Pur chase">
<wsdl : i nput nmessage="snsg: POVessage" />
<wsdl : out put message="snsg: POResponse" />
<wsdl : fault nane="tns: Rej ect PO' nessage="snmsg: PORej ect "
</ wsdl : oper ati on>
<wsdl : oper ati on name="PurchaseRequest" >
<wsdl : i nput nmessage="snsg: POVessage" />
</ wsdl : oper ati on>
</ wsdl : port Type>
<wsdl : port Type nane="Buyer PT" >
<wsdl : operati on name="PurchaseResponse" >
<wsdl : i nput nessage="snsQ: POResponse" />
</ wsdl : oper ati on>
<wsdl : operati on nane="PurchaseRej ect" >
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<wsdl : i nput nessage="snsg: PORej ect" />
</ wsdl : operati on>
</ wsdl : port Type>

</ wsdl : definitions>

Both the properties and their mapping to purchase order and invoice messages will be used in the
following correlation examples.

- - -

<l-- Order nunbers are particular to a custoner,
this set is carried in application data -->
<correl ati onSet name="PurchaseOrder"
properties="cor:customnmer| D cor: orderNumber" />

<l-- Ilnvoice nunbers are particular to a vendor
this set is carried in application data -->

<correl ati onSet name="Invoi ce"
properties="cor:vendorl|D cor:invoi ceNumber" />

</correl ati onSet s>

A message can carry the tokens of one or more correlation sets. The first example shows an
interaction in which a purchase order isreceived in a one-way inbound request and a
confirmation including an invoice is sent in the one-way response. The Pur chaseOr der

<correl ati onSet > isused in both activities so that the one-way response is validated against
the correlation set to correlate with the request at the buyer. The <r ecei ve> activity initiates the
Pur chaseOr der <corr el ati onSet >. The buyer is therefore the leader and the receiving
business processis afollower for this<correl ati onSet >. The <i nvoke> activity sending the
one-way response also initiatesanew <corr el at i onSet > called | nvoi ce. The business process
isthe leader of this correlated exchange and the buyer is afollower. The response message is
thus a part of two separate conversations, and forms the bridge between them.

In the following, the prefix SP: represents the namespace "ht 1 p: 77 €xanpl €. coni pur chasi ng":.

<recei ve partnerLink="Buyer" portType="SP: Purchasi ngPT"
oper ati on="Pur chaseRequest" vari abl e="PQO'>

<correl ati ons>
<correl ation set="PurchaseOrder" initiate="yes" />
</correl ati ons>
</receive>

<i nvoke partnerLi nk="Buyer" port Type="SP: Buyer PT"
oper ati on="Pur chaseResponse” i nput Vari abl e=" POResponse" >

<correl ati ons>
<correl ation set="PurchaseOrder" initiate="no" />
<correl ation set="lnvoice" initiate="yes" />
</correl ati ons>
</ i nvoke>
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Alternatively, the response might have been arejection (such as an "out-of-stock” message),
which in this case the conversation correlated by the <cor r el at i onSet > Pur chaseOr der does
not trigger a new conversation correlated with | nvoi ce. The pat t er n attribute is not used, since
the operation is one-way.

<i nvoke partnerLi nk="Buyer" port Type="SP: Buyer PT"
oper ati on="PurchaseRej ect" i nputVari abl e="PORej ect" >

<correl ati ons>
<correl ation set="PurchaseOder" initiate="no" />
</correl ati ons>
</ i nvoke>

From the perspective of the buyer's business process, the correlation sets are defined in an one-
way invoke activity used for sending the purchase order and in a pick activity used for receiving
the purchase order response or rejection message, respectively.

<i nvoke partnerLink="Seller" portType="SP: Purchasi ngPT"
oper ati on="Pur chaseRequest" vari abl e="PO'>

<correl ati ons>
<correl ation set="PurchaseOrder" initiate="yes" />
</correl ati ons>
</ i nvoke>
<pi ck>
<onMessage partnerLink="Seller" portType="SP: Buyer PT"
oper ati on="Pur chaseResponse" vari abl e=" POResponse" >
<correl ati ons>
<correl ation set="PurchaseOrder" initiate="no" />
<correlation set="lnvoice" initiate="yes" />
</correl ati ons>

<l-- handl e the response nessage -->
</ onMessage>

<onMessage partnerLink="Seller" portType="SP: Buyer PT"
oper ati on="Pur chaseRej ect" vari abl e="PORej ect ">
<correl ati ons>
<correl ation set="PurchaseOrder" initiate="no" />
</correl ati ons>

<lI-- handle the reject nessage -->
</ onMessage>
</ pi ck>

Alternatively, if the request-response purchasing operation is used in the buyer's business process,
the correlation sets are specified for the request and response messages of the invoke activity,
respectively. The PO rejection from the seller is sent via a fault message.

<i nvoke partnerLink="Seller" portType="SP: Purchasi ngPT"
oper ati on="Pur chase" i nputVari abl e="sendPO'
out put Vari abl e="get Response" >

<correl ati ons>
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<correl ation set="PurchaseOrder" initiate="yes"
pattern="request" />
<correlation set="lnvoice" initiate="yes" pattern="response" />
</correl ati ons>

<catch faul t Nane="SP: Rej ect PO' faul tVari abl e="PCORej ect "
faul t MessageType="snsg: PORej ect " >

<!-- handle the fault -->
</ cat ch>
</i nvoke>

An <i nvoke> can consist of two messages. an outgoing request message and an incoming reply
message. The <cor r el at i onSet >S applicable to each message must be separately considered,
because they can be different. In this case the Pur chaseOr der correlation applies to the outgoing
request that initiatesit, whilethe 1 nvoi ce correlation applies to the incoming reply and is
initiated by the reply. Because the Pur chaseOr der correlation isinitiated by an outgoing
message, the buyer isthe leader of that correlation. However, the buyer is afollower of the

I nvoi ce correlation because the values of the correlation propertiesfor | nvoi ce areinitiated by
the reply message of the seller received by the buyer.
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10. Basic Activities

WS-BPEL activities perform the process logic. Activities are divided into 2 classes: basic and
structured. Basic activities are those which describe elemental steps of the process behavior.
Structured activities encode control-flow logic, and therefore can contain other basic and/or
structured activities recursively. Structured activities are described in section 11. Structured
Activities.

10.1. Standard Attributes for All Activities

Each activity has two optional standard attributes: the nane of the activity and

suppr essJoi nFai | ur e (see section 5.2. The Structure of a Business Process for the definition)
indicating whether ajoin fault should be suppressed if it occurs. WS-BPEL language
extensibility allows for other namespace-qualified attributes to be added. The nane attributeis
used to provide machine-processable names for activities. WS-BPEL only makes programmatic
use of the names of scope activities. See section 12.4.3. Invoking a Compensation Handler for
unigueness constraints of the name attribute. For a full discussion of the suppr essJoi nFai | ure
attribute, see section 11.6. Parallel and Control Dependencies Processing — Flow.

name=" NCNane" ?
suppr essJoi nFai | ure="yes| no"?

10.2. Standard Elements for All Activities

Each activity has optional containers <sour ces> and <t ar get s>, which contain standard
elements <sour ce> and <t ar get > respectively. WS-BPEL language extensibility allows these to
be extended by adding namespace-qualified elements. These, source and target, elements are
used to establish synchronization relationships through links (see section 11.6. Parallel and
Control Dependencies Processing — Flow).

<t ar get s>?
<j ol nCondi ti on expressi onLanguage="anyURI " ?>?
bool - expr
</j oi nCondi ti on>
<target |inkNanme="NCNane" />+
</target s>

<sour ces>?
<source | i nkName=" NCNane" >+
<transitionCondition expressi onLanguage="anyURI " ?>?
bool - expr
</transitionCondition>
</ sour ce>
</ sour ces>

10.3. Invoking Web Service Operations — Invoke

The <i nvoke> activity is used to call Web Services offered by service providers (see section
6. Partner Link Types, Partner Links, and Endpoint References). The typical use isinvoking an
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operation on a service, which is considered a basic activity. The <i nvoke> activity can enclose
other activities, inlined in compensation handler and fault handlers, as detailed below.
Operations can be request-response or one-way operations, corresponding to WSDL 1.1
operation definitions. WS-BPEL uses the same basic syntax for both, with some additional
options for the request-response case.

The syntax of the <i nvoke> activity is summarized below.

<i nvoke partnerLi nk="NCNane"
port Type="(QNane" ?
oper at i on="NCNane"
i nput Vari abl e="BPELVar i abl eNane" ?
out put Vari abl e="BPELVar i abl eNange" ?
standard-attri but es>
st andar d- el ement s
<correl ati ons>?
<correl ation set="NCNane" initiate="yes|join|no"?
pattern="request|response|request-response"? />+
</correl ati ons>
<catch faul t Name=" Q\ane" ?
faul t Vari abl e="BPELVar i abl eNane" ?
faul t MessageType="QNane" ?
faul t El enent =" QNane" ?2>*
activity
</ cat ch>
<cat chAl | >?
activity
</ cat chAl | >
<conpensat i onHandl er >?
activity
</ conpensat i onHandl er >
<t oPart s>?
<toPart part="NCNane" fromvari abl e="BPELVari abl eNane" />+
</toPart s>
<fronParts>?
<fronPart part="NCNane" toVari abl e="BPELVari abl eNane" />+
</fronParts>
</ i nvoke>

One-way invocation requires only thei nput Vari abl e (or its equivalent <t oPar t > elements)
since aresponse is not expected as part of the operation (see section 10.4. Providing Web Service
Operations— Receive and Reply ). Request-response invocation requires both ani nput Vari abl e
(or its equivalent <t oPar t > elements) and an out put Vari abl e (or its equivalent <f r onrPar t >
elements). If aWSDL message definition does not contain any parts, then the associated
attributes, i nput Vari abl e or out put Vari abl e, MAY be omitted, [SA00047] and the

<f ronPar t s> Or <t oPar t s> construct MUST be omitted. Zero or morecorrel ati onSet s can
be specified to correlate the business process instance with a stateful service at the partner’s side
(see section 9. Correlation).

If an <i nvoke> activity isused on apart ner Li nk whose par t ner Rol e EPR is not initialized

then abpel : uni nitial i zedPart ner Rol e fault MUST be thrown.
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In the case of arequest-response invocation, the operation might return aWSDL fault message.
Thisresultsin afault identified in WS-BPEL by a QName formed by the target namespace of the
corresponding port type and the fault name. To ensure consistent fault identification, this
uniform naming mechanism MUST be followed even though it does not match the WSDL’s
fault-naming model. WSDL 1.1 does not require fault names to be unique within the namespace
where the service operation is defined. Therefore, in WSDL 1.1 it is necessary to specify a port
type name, an operation name, and the fault name to uniquely identify afault. Using WSDL 1.1's
scheme would limit the ability to use fault-identification and handling mechanisms to deal with
invocation faults.

Faultsin WS-BPEL are defined only in terms of a fault name and optional fault data. This means,
for example, that if afault is generated from a messaging activity (as opposed to the <t hr ows>
activity (see section 10.6. Signaling Internal Faults) or a system fault), there is no need to keep
track of the port type or operation the message activity was using when the fault was received. In
consequence, al faults sharing acommon name, defined in the same namespace and sharing the
same data type (or lack thereof) are indistinguishable in WS-BPEL . Faults of a particular name
may be associated with multiple variable types. The <cat ch> construct in WS-BPEL facilitates
differentiation of faults with the same name, but with different message or variable types. For
details regarding fault handling and <cat ch>, see section 12.5. Fault Handlers.

An <i nvoke> activity can be associated with another activity that acts as its compensation action.
Thus, a<conpensat i onHandl er > can be invoked either explicitly, or by the default

<conpensat i onHandl er > of the enclosing scope (see sections 12. Scopes and 12.3. Error
Handling in Business Processes).

Semantically, the specification of local fault handlers and/or alocal compensation handler is
equivalent to the presence of an implicit <scope> activity immediately enclosing the <i nvoke>
providing these handlers. The implicit <scope> activity assumes the name of the <i nvoke>
activity it encloses, itssuppr essJoi nFai | ur e attribute, aswell asits <sour ces> and

<t ar get s>. For example, the following:

<i nvoke name="purchase"
suppr essJoi nFai | ure="yes"
part nerLi nk="Sel | er"
port Type="SP: Pur chasi ng"
oper ati on="Pur chase"
i nput Var i abl e="sendPCO"'
out put Vari abl e="get Response" >
<t arget s>
<target |inkName="IinkA" />
</target s>
<sour ces>
<sour ce |inkNane="IlinkB" />
</ sour ces>
<catch faul t Nane="SP: rej ect PO'>...</catch>
<conpensat i onHandl er >
<i nvoke partnerLink="Seller"
port Type="SP: Pur chasi ng"
oper ati on="Cancel Pur chase"
i nput Var i abl e="get Response”
out put Vari abl e="get Confi rmati on" />
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</ conpensat i onHandl er >
</ i nvoke>

isequivalent to:

<scope nane="pur chase" suppressJoi nFail ure="yes">
<t ar get s>
<target |inkName="IinkA" />
</target s>
<sour ces>
<source |inkName="IinkB" />
</ sour ces>
<faul t Handl er s>
<catch faul t Nane="SP: rej ect PO'>...</catch>
</ faul t Handl er s>
<conpensat i onHandl er >
<i nvoke partnerLink="Seller"
port Type="SP: Pur chasi ng"
oper ati on="Cancel Pur chase"
i nput Var i abl e="get Response”
out put Vari abl e="get Confi rmati on" />
</ conpensat i onHandl er >

<i nvoke name="purchase"
partnerLi nk="Sel | er"
port Type="SP: Pur chasi ng"
oper at i on="Pur chase"
i nput Var i abl e="sendPCO"'
out put Vari abl e="get Response" />
</ scope>

In this example, the call to the Pur chase operation can be compensated, if necessary, by acall to
the Cancel Pur chase operation (see section 12.4. Compensation Handlers for details).

[SA00048] When the optional i nput Vari abl e and out put Var i abl e attributes are being used in
an <i nvoke> activity, the variables referenced by i nput Vari abl e and out put Vari abl e MUST
be messageType variables whose QName matches the QName of the input and output message
type used in the operation, respectively, except as follows: if the WSDL operation used in an

<i nvoke> activity uses a message containing exactly one part which itself is defined using an
element, then avariable of the same element type as used to define the part MAY be referenced
by thei nput Vari abl e and out put Vari abl e attributes respectively. 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 message type. In
the case of ani nput Vari abl e, the value of the variable referenced by the attribute will be used
to set the value of the part in the anonymous temporary WSDL message variable. In the case of
an out put Vari abl e, the value of the received part in the temporary WSDL message variable
will be used to set the value of the variable referenced by the attribute.

10.3.1. Mapping WSDL Message Parts

The <t oPar t s> element provides an alternative to explicitly creating multi-part WSDL messages
from the contents of WS-BPEL variables. By using the <t oPar t s> element, an anonymous
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temporary WSDL variable is declared based on the type specified by the relevant WSDL
operation's input message. The <t oPar t > elements, as agroup, act asthe single virtual <assi gn>,
with each <t oPar t > acting as a <copy>. Each <copy> operation copies data from the variable
indicated inthef r omvar i abl e attribute into the part of the anonymous temporary WSDL
variable referenced in thepart attribute of the <t oPar t > element (see section 8.4. Assignment).
The virtual <assi gn> MUST follow the same semantics and use the same faults as a real

<assi gn>. [SA00050] When <t oPar t s> iSpresent in an <i nvoke>, it isnot required to have a
<t oPar t > for every part in the WSDL message definition, nor isthe order in which parts are
specified relevant. Parts not explicitly represented by <t oPar t > elements would result in
uninitialized parts in the target anonymous WSDL variable used by the <i nvoke> or <r epl y>
activity. Such processes with missing <t oPar t > elements MUST be rejected during static
analysis. [SA00051] Thei nput Vari abl e attribute MUST NOT be used on an <i nvoke> activity
that contains <t oPar t > elements.

The <fronPart > element is similar to the <t oPar t > element. The <f r onPar t > element is used
to retrieve data from an incoming multi-part WSDL message and placeit into individual WS-
BPEL variables. When aWSDL message is received on an <i nvoke> activity that uses

<f r onPar t > elements, the message is placed in an anonymous temporary WSDL variable of the
type specified by the relevant WSDL operation’s output message. The <f r onPar t > elements, as
agroup, act asasingle virtual <assi gn>, with each <fronPart > acting asa <copy>. Each
<copy> operation copies the data at the part of the anonymous temporary WSDL variable
referenced in the part attribute of the <f r onPar t > into the variable indicated in thet ovari abl e
attribute. The virtual <assi gn> MUST follow the same semantics and generate the same faults
asareal <assi gn> (seesection 8.4. Assignment). When a<fronrPar t > ispresent in an

<i nvoke>, it isnot required to have a<f r onPar t > for every part in the WSDL message
definition, nor isthe order in which parts are specified relevant. Parts not explicitly represented
by <f r onPar t > elements are not copied from the anonymous WSDL variable to the variable.
[SA00052] The out put Vari abl e attribute MUST NOT be used on an <i nvoke> activity that
contains a<f r onPar t s> element.

The choiceto usethei nput Vari abl e form instead of the <t oPar t s> form, or vice versa, creates
no restriction on which out put Vari abl e or <f r onrPar t s> form isused. Similarly, the choice to
use the out put Vari abl e form instead of the <f r onPar t s> form, or vice versa, creates no
restriction on which i nput Vari abl e or <t oPart s> form is used.

The virtual <assi gn> created as a consequence of the <f r onPar t > oOr <t oPar t > elements occurs
as part of the scope of the <i nvoke> activity and therefore any fault that is thrown are caught by
an <i nvoke>’sinline fault handler when defined. The <t oPar t > or <f r onPar t > elements MAY
be used with WSDL messages that only have a single part.

See section 9. Correlation for an explanation of the correlation semantics.

10.4. Providing Web Service Operations — Receive and Reply

A business process provides services to its partners through inbound message activities (IMA -
<r ecei ve>, <pi ck> and <onEvent >) and corresponding <r epl y> activities. This section
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describes the details of <r ecei ve> and <r epl y> activities (see sections 11.5. Selective Event
Processing — Pick and 12.7.1. Message Events for <onEvent >).

A <recei ve> activity specifiesthe par t ner Li nk that contains the myRol e used to receive
messages, the por t Type (optional) and oper at i on that it expects the partner to invoke. The
value of the part ner Rol e inthe par t ner Li nk isnot used when processing a <r ecei ve> activity.
In addition, <r ecei ve> specifiesavariable, using thevari abl e attribute, that isto be used to
receive the message data. An alternative to thevari abl e attribute is the use of <f r onPar t >
elements. The syntax and semantics of the <f r onPar t > elements as used on the <r ecei ve>
activity are the same as specified for the <i nvoke> activity in section 10.3.1. Mapping WSDL
Message Parts. [SA00055] Including the restriction that if <f r onPar t > elements are used on a
<recei ve> activity thenthevari abl e attribute MUST NOT be used on the same activity. If a
WSDL message definition does not contain any parts, then the associated var i abl e attribute
MAY be omitted, [SA00047] and the <f r onPar t s> construct MUST be omitted. The syntax of
the <r ecei ve> activity is summarized below:

<recei ve partnerLi nk="NCNang"
port Type=" QNane" ?
oper at i on="NCNane"
var i abl e="BPELVari abl eNanme" ?
creat el nst ance="yes| no"?
nmessageExchange="NCNane" ?
standard-attri but es>
st andar d- el ement s
<correl ati ons>?
<correlation set="NCNane" initiate="yes|join|no"? />+
</correl ati ons>
<fronmPart s>?
<fronPart part="NCNanme" toVariabl e="BPELVari abl eNane" />+
</fronPart s>
</receive>

The <r ecei ve> activity playsarole in the lifecycle of a business process. The only way to
instantiate a business process in WS-BPEL is to annotate a <r ecei ve> activity (or a<pi ck>
activity) with the cr eat el nst ance attribute set to "yes" (see section 11.5. Selective Event
Processing — Pick for avariant). The default value of this attribute is "no". A start activity isa

<r ecei ve> Or <pi ck> activity that is annotated with acr eat el nst ance="yes" atribute, or an
<ext ensi onAct i vi t y> child element. In order for the <ext ensi onAct i vi t y> child element to
qualify as a start activity, it MUST exhibit the behavior of receiving an inbound message.
[SA00056] Non-start activities except <scope>, <f | ow>, <sequence> Of <ext ensi onAct i vi ty>
activities MUST have a control dependency on a start activity (see section 12.5.2. Default
Compensation Order for the definition of a control dependency). If an <ext ensi onActi vity>
does not have a control dependency on a start activity then the <ext ensi onAct i vi t y> child
element MUST be a structured activity containing the start activity. This structured activity
MUST be consistent with the WS-BPEL process instantiation model, that is, it MUST not be a
repeatable activity. If an <ext ensi onAct i vi t y> child element isitself a start activity or contains
astart activity then the namespace of the <ext ensi onAct i vi t y> child element MUST be
declared with nust Under st and="yes" . For other semantic constraints, see section

5.3. Language Extensibility. The logical order of performing activitiesis determined by static
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analysis. For an explanation of the messageExchange attribute, see the <r epl y> activity
description in section 10.4.1. Message Exchanges.

It is permissible to have multiple start activities. Aninitial start activity is the start activity that
caused a particular process instance to be instantiated. As specified in section 12. Scopes, the
initial start activity MUST compl ete execution before any other start activities are allowed to
execute. This allows any inbound message used in start activities to create the process instance
since the order in which these messages arrive is unpredictable. [SA00057] If a process has
multiple start activities with correlation sets then all such activities MUST share at |east one
common correlation set and all common correlation sets defined on all the activities MUST have
the value of thei ni ti at e attribute be set to "j oi n" (see section 9. Correlation). Conforming
implementations MUST ensure that only one of the inbound messages that match a single
process instance actually instantiate the business process. (It will usually be the first one to
arrive, but this is implementation dependent) Other incoming messages in the concurrent initial
set MUST be delivered to the corresponding <r ecei ve> activitiesin the already created instance.

The following exampleis not allowed, since the <assi gn> activity is not a start activity:

<f | ow>
<l-- this exanple is illegal -->
<receive ... createlnstance="yes" />
<assign ... />

</fl ow>

The following exampleis allowed, since the <assi gn> activity will not be performed prior to or
simultaneously with the <r ecei ve> activity:

<f | ow>
<l i nks>
<l i nk name="RecvToAssi gn" />
</links>
<receive ... createlnstance="yes">

<sour ces>
<source |inkName="RecvToAssign" />
</ sour ces>
</receive>
<assi gn>
<t arget s>
<target |inkName="RecvToAssign" />
</targets>

</ assi gn>
</fl ow>

[SA00058] Ina<recei ve> or <r epl y> activity, the variable referenced by thevari abl e
attribute MUST be a messageType variable whose QName matches the QName of the input (for
<r ecei ve>) or output (for <r epl y>) message type used in the operation, except as follows: if the
WSDL operation uses a message containing exactly one part which itself is defined using an
element, then aWS-BPEL variable of the same element type as used to define the part MAY be
referenced by thevari abl e attribute of the <r ecei ve> or <r epl y> activity. The result of using a
WS-BPEL variable in the previously defined circumstance MUST be equivalent to declaring an
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anonymous temporary WSDL message variable based on the associated WSDL message type. In
the case of a<r ecei ve> activity, the incoming part’s value will be used to set the value of the
variable referenced by thevari abl e attribute. In the case of a <r epl y> activity the value of the
variable referenced by thevar i abl e attribute will be used to set the value of the part in the
anonymous temporary WSDL message variable that is sent out. In the case of a<r epl y> sending
afault, the same logic applies.

The <f ronPar t s> element in a<r ecei ve> activity is used as an aternative to indicate that the
data from areceived message isto be directly copied to WS-BPEL variables from a
corresponding anonymous WSDL message variable. Similarly, the <t oPar t s> element is used as
an alternative to have data from WS-BPEL variables directly copied into an anonymous WSDL
message used by the <r epl y> activity (see section 10.3.1. Mapping WSDL Message Parts for
rules on the use of these two elements).

A <recei ve> isablocking activity in that it will not complete until a matching message is
received by the processinstance. A business process instance MUST NOT simultaneously
enable two or more <r ecei ve> activities for the same par t ner Li nk, port Type, oper ati on and
correl ati onSet () (including WS-BPEL processor-specific correlation). If during the
execution of a business process instance, two or more receive activities for the same

part ner Li nk, oper ati on and correl ati onSet (S) are simultaneously enabled, then the standard
fault bpel : conflicti ngRecei ve MUST be thrown (note bpel : confl i cti ngRecei ve differs
from bpel : confl i cti ngRequest , see section 10.4.1. Message Exchanges). If a business process
instance simultaneously enables two or more IMAs for the same par t ner Li nk, port Type,

oper at i on but different corr el at i onSet (S), and the correlations of multiple of these activities
match an incoming request message, then the bpel : anbi guousRecei ve standard fault MUST be
thrown by all IMAswhose correlation set(s) match the incoming message. For the purpose of
these constraints, an <onMessage> clause in a <pi ck> and an <onEvent > event handler are
equivalent to a<r ecei ve> (see sections 11.5. Selective Event Processing — Pick and 12.7.1.
Message Events).

Race conditions may occur in a business process execution. Messages that target a particular
process instance may arrive before the corresponding <r ecei ve> activity is started. For
example, consider a process that receives a series of messagesin aloop where al the messages
use the same correlation. At runtime, the messages will arrive independent of the iterations of the
loop. The fact that the correlation is already initiated, however, should enable the runtime engine
and messaging platform to recognize that these messages are correl ated to the process instance,
and handle those messages appropriately. Another example is a process that may invoke a
remote service then initiate a correlation set for an expected callback message. For avariety of
reasons, the callback message may arrive before the corresponding <r ecei ve> activity is started.
The correlation data in the arriving message should enable the engine to recognize that the
message is targeted for this process instance. Process engines MAY employ different
mechanisms to handle such race conditions. This specification does not mandate any specific
mechanism. Details of message delivery mechanisms are outside of the scope of this
specification. However, aWS-BPEL processor should deliver messages to the process instance
according to the quality of service of the underlying message delivery and transport mechanisms.
For the purposes of handling race conditions, an <onMessage> clause in a<pi ck> and an
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<onEvent > event handler are equivalent to areceive (see sections 11.5. Selective Event
Processing — Pick and 12.7.1. Message Events).

The <r epl y> activity is used to send a response to a request previously accepted through an
inbound message activity such asthe <r ecei ve> activity. These responses are only meaningful
for request-response interactions. A one-way “response” can be sent by invoking the
corresponding one-way operation on the partnerLink. A <r epl y> activity may specify a

vari abl e attribute that references the variable that contains the message data to be sent. If a
WSDL message definition does not contain any parts, then the associated var i abl e attribute
MAY be omitted, [SA00047] and the <t oPar t s> construct MUST be omitted. The syntax and
semantics of the <t oPar t > elements as used on the <r epl y> activity are the same as specified in
section 10.3.1. Mapping WSDL Message Parts for the <i nvoke> activity, [SA00059] including
the restriction that if <t oPar t > elements are used on a <r epl y> activity then thevari abl e
attribute MUST NOT be used on the same activity.

<reply partnerLi nk="NCNang"

port Type="QNane" ? oper ati on="NCNane"

vari abl e="BPELVar i abl eNane" ?

f aul t Name=" QNane" ?

nmessageExchange="NCNane" ?

standard-attri but es>

st andar d- el ement s

<correl ati ons>?

<correlation set="NCNane" initiate="yes|join|no"? />+
</correl ations>
<t oPart s>?
<toPart part="NCNane" fronVari abl e="BPELVari abl eNane" />+

</toPart s>
</reply>
The <r epl y> activity has two potential forms. First, in anormal response, the f aul t Nane
attribute is not used and the var i abl e attribute (or its equivalent <t oPar t > elements), when
present, will indicate a variable with the response message. Second, when the response indicates
afault, thef aul t Name attribute is used and the vari abl e attribute (or its equivalent <t oPart >
elements), when present, will indicate a variable for the corresponding fault. The f aul t Nane
attribute SHOULD refer to afault defined in the operation used in the <r epl y> activity and the
variable SHOUL D match the message type associated with the referenced fault as well (note: the
matching semantics here refer to points #1 and #2 in <cat ch> related matching rules in section
12.5. Fault Handlers). WS-BPEL treats faults based on abstract WSDL 1.1 operation definitions,
without reference to binding details. Thislimits the ability of a WS-BPEL process to determine
the information transmitted when faults are returned over a SOAP binding.

10.4.1. Message Exchanges

The optional nessageExchange attribute is used to disambiguate the relationship between
inbound message activities (IMA) and <r epl y> activities. The explicit use of nessageExchange
is needed only where the execution can result in multiple IMA-<r epl y> pairs (e.g. <r ecei ve>-
<r epl y> pair) on the same par t ner Li nk and oper at i on being executed simultaneously.
[SA00060] In these cases, the process definition MUST explicitly mark the pairing-up
relationship.
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A <repl y> activity is associated with an IMA, such as, <r ecei ve>, <onMessage> and
<onEvent > based on the tuple par t ner Li nk, oper at i on, and messageExchange. [SA00061]
The name used in the optional nessageExchange attribute MUST resolveto a
messageExchange declared in a scope (where the process is considered the root scope) which
encloses the <r epl y> activity and its corresponding IMA. This resolution follows the same
scoping rules as correlation set resolution.

An open IMA describes the state of a Web Service operation from the point that a request-
response IMA starts execution until an associated <r epl y> activity completes successfully. If a
<r epl y> activity faults, the IMA is still open and another <r epl y> activity MAY be attempted,
for example from afault handler. It isillegal to have multiple simultaneous open IMAS, with the
same par t ner Li nk, oper at i on and messageExchange tuple. A WS-BPEL processor MUST
throw abpel : conflicti ngRequest fault when aconflicting IMA begins execution. Itislegal
to use the same nessageExchange in multiple simultaneously open IMAs as long as the
combination of part ner Li nk and oper at i on on the IMAs are adl different from each other.
Note that bpel : confl i cti ngRequest issemanticaly different from

bpel : conflictingRecei ve, becauseit is possible to create the conf | i ct i ngRequest by
consecutively receiving the same request on a specific par t ner Li nk, oper ati on and
messageExchange tuple, whileconf i cti ngRecei ve fault is not triggered (see section

10.4. Providing Web Service Operations — Receive and Reply abovefor conflicti ngRecei ve
semantics).

If a<repl y> activity cannot be associated with an open IMA by matching the tuple

part ner Li nk, oper at i on, and nessageExchange then aWS-BPEL processor MUST throw a
bpel : m ssi ngRequest fault on the <r epl y> activity. Since conflicting requests are rejected at
the time the IMA begins execution there cannot be more than one corresponding IMA at the time
a<repl y> activity is executed. Further if an open IMA goes out of scope prior to being closed
by a<r epl y> activity then the scope MUST throw the standard fault bpel : mi ssi ngRepl y. A
scope which declares apar t ner Li nk or messageExchange used by an IMA will not complete
normally if that IMA is open when the scope tries to complete. Accordingly if a process instance
completes, with one or more open IMAS, then abpel : ni ssi ngRepl y fault MUST be thrown
(see section 12. Scopes for other details of bpel : ni ssi ngRepl y).

If the nessageExchange attribute is not specified on an IMA or <r epl y> then the activity's
messageExchange is automatically associated with a default messageExchange with no name.
Default messageExchange's are implicitly declared by the <pr ocess> and the immediate child
scopes of <onEvent > and the parallel form of <f or Each>. Other occurrences of <scope>
activities do not provide a default messageExchange. Default messageExchange instances, just
like non-default messageExchange elements, are created each time the scope declaring the
default messageExchange is executed. For example each time an <onEvent > is executed (i.e.
when a new message arrives for processing) it creates a new default messageExchange instance
associated with each <onEvent > instance. This allows a request-response <onEvent > event
handler to receive messages in parallel without faulting or explicitly specifying a
messageExchange. Similarly it allows the use of <r ecei ve>-<r epl y> Or <onMessage>-<r epl y>

pairsin the parallel form of <f or Each> without the need to explicitly specify a
nessageExchange.
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10.5. Updating Variables and Partner Links — Assign

Variable update occurs through the <assi gn> activity, which is described in section
8.4. Assignment.

10.6. Signaling Internal Faults — Throw

The <t hr ow> activity is used when a business process needs to signal an internal fault explicitly.
A fault MUST be identified with a QName (see section 10.3. Invoking Web Service Operations).
The <t hr ow> activity provides the name for the fault, and can optionally provide data with
further information about the fault. A fault handler can use such data to handle the fault and to
populate any fault messages that need to be sent to other services.

WS-BPEL does not require fault names to be defined prior to their usein a<t hr ows> activity.
This provides a lightweight mechanism to introduce business-process faults. A fault name
defined in a business process, a WSDL definition or aWS-BPEL standard fault can be directly
used, by using an appropriate QName, as the value of the f aul t Nane attribute and providing a
vari abl e with the fault dataif required.

<t hrow faul t Nane="QNane" faultVari abl e="BPELVari abl eNane" ?
standard-attri but es>
st andar d- el enent s

</t hr ow>

A simple example of athrow activity that does not provide fault datais:

faul t Name="FLT: Qut O St ock" />

10.7. Delayed Execution — Wait

The <wai t > activity specifiesadelay for a certain period of time or until a certain deadlineis
reached (see section 8.3. Expressions for the grammar of duration expressions and deadline
expressions).

<wai t standard-attributes>
st andar d- el enent s

(

<f or expressi onLanguage="anyURl " ?>dur ati on- expr</for >

<unti| expressionLanguage="anyURl " ?>deadl i ne- expr</until >

)

</ wai t >

A typical use of thisactivity isto invoke an operation at a certain time (in this example a
constant, but more typically an expression dependent on process state):

<sequence>
<wai t >
<until >'2002-12-24T18: 00+01: 00" </ unti | >
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http://example.com/faults"

</ wai t >
<i nvoke partnerLink="Call Server" port T Type="Autonmati cPhoneCal | "
oper ati on="Text ToSpeech" i nput Vari abl e="seasonal G eeti ng" />
</ sequence>

10.8. Doing Nothing — Empty

Thereis often aneed to use an activity that does nothing, for example when afault needs to be
caught and suppressed. The <enpt y> activity is used for this purpose. Another use of <enpt y> is
to provide a synchronization point in a<f | ows.

<enpty standard-attri butes>
st andar d- el enent s

</ enpt y>
10.9. Adding new Activity Types — ExtensionActivity

A WS-BPEL process definition can include new activities, which are not defined by this
specification, by placing them inside the <ext ensi onAct i vi t y> element. These activities are
known as extension activities. The contents of an <ext ensi onActi vi t y> element MUST be a
single element qualified with a namespace different from WS-BPEL namespace. That single
element MUST make available WS-BPEL 'sst andar d- at t ri but es and st andar d- el errent s. If
the element contained within the <ext ensi onAct i vi t y> element is not recognized by the WS-
BPEL processor and is not subject to anust Under st and="yes" requirement from an extension
declaration then the unknown activity MUST be treated asiif it were an <enpt y> activity that has
the st andar d- at t ri but es and st andar d- el enent s of the unrecognized element; all its other
attributes and child elements are ignored. The st andar d- at t ri but es and st andar d- el enent s
MUST be treated as defined by this specification, whether the extension is understood or not.

Static analysisis performed by a WS-BPEL processor after it ignores the non-standard-attributes
and non-standard-elements of an unrecognized extension activity not subject to

must Under st and="yes" . It may detect violations of some WS-BPEL required semantics. For
example:

e Atleast one start activity MUST be present — if an <ext ensi onAct i vi t y> has a nested
start activity, then arequirement could be broken if non-standard child constructs of the
<ext ensi onAct i vi t y> areignored.

e Links MUST have exactly one source and target — if an <ext ensi onActi vi ty> hasa
nested activity that is the source or target of alink that crosses the
<ext ensi onActi vi t y> boundary, then arequirement would be broken if non-standard
child constructs of the <ext ensi onAct i vi t y> are ignored.

An <ext ensi onAct i vi t y> MAY be also a structured activity, that means it contains other
activities. If an <ext ensi onAct i vi t y> allows a nested activity, its corresponding extension
declaration SHOULD be subject to nust Under st and="yes" .

<ext ensi onActi vi ty>
<anyEl enent QNane standard-attri butes>
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st andar d- el ement s
</ anyEl enment QNanme>
</ ext ensi onActi vity>

10.10. Immediately Ending a Process — Exit

The <exi t > activity isused to immediately end the business process instance. All currently
running activities MUST be ended immediately without involving any termination handling,
fault handling, or compensation behavior.

<exit standard-attributes>
st andar d- el enent s
</exit>

10.11. Propagating Faults — Rethrow

The <r et hr ow> activity is used in fault handlers to rethrow the fault they caught. It can be used
only within afault handler (<cat ch> and <cat chAl | >). Modifications to the fault data MUST be
ignored by <r et hr ow>. For example, if the logic in afault handler modifies the fault data and
then call <r et hr ow>, the original fault data would be rethrown and not the modified fault data.
Similarly if afault is caught using the shortcut that allows message type faults with one part
defined using an element to be caught by fault handlers looking for the same element type, then a
<r et hr ow> would rethrow the original message type data (see section 12.5. Fault Handlers).

<ret hrow standard-attributes>
st andar d- el enent s
</rethrow>
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11. Structured Activities

Structured activities prescribe the order in which acollection of activitiesis executed. They
describe how a business process is created; by composing the basic activities (see section

10. Basic Activities) it performsinto structures that express the control patterns, handling of
faults and external events, and coordination of message exchanges between process instances
involved in a business protocol.

WS-BPEL defines structured activities for various control-flow patterns:

e Sequentia control between activitiesis provided by <sequence>, <if>, <whil e>,
<r epeat Unt i | >, and the seria variant of <f or Each>.

e Concurrency and synchronization between activities is provided by <f | ow> and the
parallel variant of <f or Each>.

« Deferred choice controlled by external and internal eventsis provided by <pi ck>.

The set of structured activitiesin 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 <f | ow> with properly
defined links.

Structured activities can be nested and combined in arbitrary ways. This provides a blending of
graph-structured and block-structured modeling styles that have traditionally been seen as
aternatives rather than orthogonal composable features. A simple example of such blended
usageisfound in section 5.1. Initial Example.

The word activity is used throughout the following to include both basic and structured activities.

11.1. Sequential Processing — Sequence

A <sequence> activity contains one or more activities that are performed sequentially, in the
lexical order in which they appear within the <sequence> element. The <sequence> activity
completes when the last activity in the sequence has compl eted.

<sequence standard-attri butes>
st andar d- el enent s
activity+

</ sequence>

Example:

<sequence>
<flow>...</fl ow>
<scope>... </ scope>
<pi ck>. .. </ pi ck>
</ sequence>
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11.2. Conditional Behavior = If

The <i f > activity provides conditional behavior. The activity consists of an ordered list of one or
more conditional branches defined by the <i f > and optional <el sei f > elements, followed by an
optional <el se> element. The<i f > and <el sei f > branches are considered in the order in which
they appear. The first branch whose <condi t i on> holds true is taken, and its contained activity
is performed. If no branch with a condition is taken, then the <el se> branch istaken if present.
The <i f > activity is complete when the contained activity of the selected branch completes, or
immediately when no <condi t i on> evaluates to true and no <el se> branch is specified.

<if standard-attributes>
st andar d- el ement s
<condi ti on expressi onLanguage="anyURI " ?>bool - expr </ condi ti on>
activity
<el sei f>*
<condi ti on expressi onLanguage="anyURl " ?>bool - expr </ condi ti on>
activity
</ el seif>
<el se>?
activity
</ el se>
</if>

Example:

I e e e e e e i e e e e e e

<condi ti on>

bpel : get Vari abl eProperty(' stockResult','inventory:level') > 100
</ condi tion>
<fl ow>

<I-- performfulfillnment work -->
</fl ow>
<el sei f>

<condi ti on>

bpel : get Vari abl eProperty(' stockResult','inventory:level') >= 0

</ condi ti on>
<t hrow faul t Nane="FLT: Qut Of St ock" vari abl e="Rest ockEsti mate" />
</ el seif>
<el se>
<t hrow faul t Nane="FLT: I tenDi sconti nued" />
</ el se>
<[if>

11.3. Repetitive Execution — While

The <whi | e> activity provides for repeated execution of a contained activity. The contained
activity is executed as long as the Boolean <condi t i on> evaluatesto true at the beginning of
each iteration.

<whi | e standard-attri butes>
st andar d- el enent s
<condi ti on expressi onLanguage="anyURI " ?>bool - expr </ condi ti on>
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http://supply-chain.org/inventory"
http://example.com/faults">

activity
</ whi | e>

Example:

<whi | e>
<condi ti on>$orderDetails > 100</conditi on>
<scope>. .. </ scope>

</ whi | e>

11.4. Repetitive Execution — RepeatUntil

The <r epeat Unt i | > activity provides for repeated execution of a contained activity. The
contained activity is executed until the given Boolean <condi t i on> becomestrue. The
condition is tested after each execution of the body of the loop. In contrast to the <whi | e>
activity, the <r epeat Unt i | > loop executes the contained activity at |east once.

<repeatUnti| standard-attributes>

st andar d- el ement s

activity

<condi ti on expressi onLanguage="anyURI " ?>bool - expr </ condi ti on>
</repeat Until >

11.5. Selective Event Processing — Pick

The <pi ck> activity waits for the occurrence of exactly one event from a set of events, then
executes the activity associated with that event. After an event has been selected, the other events
are no longer accepted by that <pi ck>. If arace condition occurs between multiple events, the
choice of the event isimplementation dependent (see the race condition description in section
10.4. Providing Web Service Operations — Receive and Reply ).

The <pi ck> activity iscomprised of a set of branches, each containing an event-activity pair.
The <pi ck> activity completes when the selected activity completes. The <pi ck> activity's
events come in two forms:

e The<onMessage> issimilar to a<recei ve> activity, in that it waits for the receipt of an
inbound message.
e The<onAl ar m> corresponds to atimer-based alarm.

Each pick activity MUST include at |east one <onMessage>.

A specia form of <pi ck> is used when a new instance of a business processisto be created
upon the receipt of an <onMessage> event. Thisform of <pi ck> hasacr eat el nst ance
attribute with avalue of yes (the default value of the attribute isno). [SA00062] In such a case,
the eventsin the <pi ck> MUST all be <onMessage> events. This requirement MUST be
statically enforced.
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[SA00063] The semantics of the <onMessage> event are identical to a <r ecei ve> activity
regarding the optional nature of thevari abl e attribute or <f r onPar t > 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 morer ecei ve actions for the same par t ner Li nk,
port Type, oper at i on and correl ati onSet () are simultaneously enabled during execution,
then the standard fault bpel : conf i cti ngRecei ve MUST be thrown (see section

10.4. Providing Web Service Operations — Receive and Reply ). Enablement of an <onMessage>
event is equivalent to enablement of the corresponding <r ecei ve> activity for the purposes of
this constraint.

The optional nessageExchange attribute is used to associate an <onMessage> construct with a
<r epl y> activity (for details, see section 10.4.1. Message Exchanges).

<pi ck createl nstance="yes| no"? standard-attri butes>
st andar d- el ement s

<onMessage partnerLi nk="NCNane"
port Type=" QNane" ?
oper at i on="NCNane"
vari abl e="BPELVar i abl eNanme" ?
messageExchange="NCNane" ?>+
<correl ati ons>?

<correlation set="NCNane" initiate="yes|join|no"? />+
</correl ati ons>
<fronPart s>?
<fronPart part="NCNane" toVari abl e="BPELVari abl eNane" />+

</fronPart s>
activity

</ onMessage>

<onAl ar np*
(
<f or expressi onLanguage="anyURl " ?>dur ati on- expr </ f or >
|
<until expressi onLanguage="anyURl " ?>deadl| i ne- expr </ until >
)
activity

</ onAl ar n»

</ pi ck>

The following example shows atypical usage of <pi ck>. The <pi ck> activity occursin aloop
that is accepting line items for alarge order An order completion timeout is enabled by the
<onAl ar n» event.

<pi ck>
<onMessage partnerLi nk="buyer"
port Type="order Entry"
operati on="i nput Li nel t ent'
vari abl e="Iinelteni>
<l-- activity to add line itemto order -->
</ onMessage>
<onMessage partnerLi nk="buyer"
port Type="or der Entry"
oper ati on="or der Conpl et e"

wsbpel-specification-draft-01 23 August 2006
Copyright © OASIS Open 2003, 2006. All Rights Reserved. Page 100 of 276



vari abl e="conpl eti onDetai | ">

<l-- activity to perform order conpletion -->
</ onMessage>
<l-- set an alarmto go off

3 days and 10 hours after the last order line -->

<onAl ar n»

<f or>' P3DT10H </ f or >

<l-- handle tineout for order conpletion -->
</ onAl ar n»

</ pi ck>

11.6. Parallel and Control Dependencies Processing — Flow

The <f | ow> activity provides concurrency and synchronization. The syntax for <f | ow> is:

<fl ow standard-attributes>
st andar d- el enent s
<l i nks>?
<l i nk nanme=" NCNane" >+
</links>
activity+
</ fl ow>

A fundamental semantic effect of grouping a set of activitiesin a<f 1 ow> isto enable
concurrency. A <f | ow> completes when all of the activities enclosed by the <f | ow> have
completed. If its enabling condition evaluates to false then an activity is skipped and also
considered completed (see section 11.6.3. Dead-Path-Elimination).

In the following example, the two <i nvoke> activities are enabled to start concurrently when the
<f | ow> starts. Assuming the <i nvoke> operations are request-response operations, the
completion of the <f | ow> occurs after both the seller and the shipper respond. The
“transferMoney” activity is executed after the <f | ow> completes.

<sequence>
<f | ow>
<i nvoke partnerLink="Seller" ... [>
<i nvoke partnerLi nk="Shi pper" ... />
</fl ow>
<i nvoke partnerLi nk="Bank" nane="transfer Money" ... />

</ sequence>

A <f | ow> activity creates a set of concurrent activities directly nested withinit. It enables
synchronization dependencies between activities that are nested within it to any depth. The

<l i nk> construct is used to express these synchronization dependencies. Declaration of <I i nk>'s
are enclosed by a<f 1 ow> activity. [SA00064] A <I i nk> has amandatory name attribute, which
MUST be unique among al <l i nk> nane's defined within the same immediately enclosing

<f | ow>. Thisrequirement MUST be statically enforced.

11.6.1. Flow-related Standard Attributes and Elements
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The st andar d-at t ri but es and st andar d-el enent s for activities nested within a<f | ow> are
significant because the standard attributes and elements exist to provide link semantics to the
activities. Each WS-BPEL activity has the optional containers <sour ces> and <t ar get s>, which
contain collections of <sour ce> and <t ar get > elements respectively. These elements are used
to establish synchronization relationships through a <l i nk>.

<t ar get s>?
<j oi nCondi ti on expressi onLanguage="anyURl " ?>?
bool - expr
</joi nCondi ti on>
<t arget |inkNane="NCNane" />+
</target s>

<sour ces>?
<sour ce | i nkNanme="NCNane" >+
<transitionCondition expressi onLanguage="anyURI " ?>?
bool - expr
</transitionCondition>
</ sour ce>
</ sour ces>

[SA00065] The value of thel i nkNane attribute of the <sour ce> or <t ar get > MUST be the
name Of a<l i nk> declared in an enclosing <f | ow> activity. [SA00068] An activity can declare
itself to be the source of one or more links by including one or more <sour ce> elements. Each
<sour ce> element associated with a given activity MUST use al i nkNane distinct from all other
<sour ce> elements of that activity. Similarly, [SA00069] an activity can declare itself to be the
target of one or more links by including one or more <t ar get > elements. Each <t ar get >
element associated with an activity MUST use al i nkName distinct from all other <t ar get >
elements of that activity. [SA00067] Two different links MUST NOT share the same source and
target activities; that is, at most one link may be used to connect two activities. [SA00066]
Every link declared within a<f | ows activity MUST have exactly one activity within the <f | ows>
asits source and exactly one activity within the <f | ow> asitstarget. The source and target of a
link can be nested arbitrarily deeply within structured activities nested in the <f | ow>, except for
the boundary-crossing restrictions described below. All of the requirements specified in this
paragraph MUST be statically enforced.

The <t ar get s>, asawhole, can specify an optional <j oi nCondi ti on>. The value of the

<j oi nCondi t i on> element is a Boolean expression in the expression language indicated by the
expr essi onLanguage attribute, or in the default expression language for this process (see
section 8.3. Expressions). If no <j oi nCondi ti on> is specified, the <j oi nCondi ti on> isthe
digunction (i.e. alogical OR operation) of the link status of all incoming links of this activity.

Each <sour ce> element can specify an optional <t r ansi ti onCondi ti on> asaguard for
following the specified link. If the <t r ansi ti onCondi ti on> isomitted, it is assumed to evaluate
to true.

One of the optional st andar d- att ri but es on every activity, suppr essJoi nFai | ur e, isrelated
to links. This attribute indicates whether ajoin fault (bpel : j oi nFai | ur e) should be suppressed
if it occurs (see section 11.6.3. Dead-Path-Elimination). When the suppr essJoi nFai | ure
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attribute is not specified for an activity, it inherits its value from its closest enclosing construct
(i.e. activity or the process itself).

The semantics of <j oi nCondi ti on>, <t ransi ti onCondi ti on>, and suppr essJoi nFai | ure are
discussed below in section 11.6.2. Link Semantics.

Consider alink whose source is nested inside a syntactic construct, at any level, and thelink is
not declared inside that construct at any level. We say such alink isleaving that construct. Also
consider alink whose target is nested inside a syntactic construct at any level, but the link is not
declared inside that construct at any level. We say that such alink is entering that construct. A
link which either enters or leaves a construct is said to cross the boundary of the construct. When
both the source and target activities for the link are nested within the construct X, while the link
is declared outside the construct X, the link is said to both enter and |eave the construct.

The following example shows links crossing the boundaries of structured activities. The <l i nk>
named Ct oD starts at activity Cin <sequence> Y and ends at activity D, which is directly enclosed
by the <f I ow> activity. The example further illustrates that <sequence> X must be performed
prior to <sequence> Y because X is the source of the <I i nk> named Xt oY that is targeted at
<sequence> Y. Thelink Xt oY crosses the boundaries of both <sequence> X and <sequence> Y.

<fl ow>
<l i nks>
<l i nk name="XtoY" />
<l'i nk nane="CtoD"' />
</links>
<sequence nanme="X">
<sour ces>
<source |inkNane="XtoY" />
</ sour ces>
<i nvoke nane="A" ... [>
<i nvoke nane="B" ... />
</ sequence>
<sequence nane="Y">
<t ar get s>
<target |inkNanme="XtoY" />
</target s>
<receive name="C' ...>
<sour ces>
<source |inkName="CtoD" />
</ sour ces>
</receive>

<i nvoke nanme="E"' ... />
</ sequence>
<i nvoke nane="D' ...>

<t ar get s>

<target |inkNanme="CtoD' />
</targets>
</i nvoke>
</fl ow>

A link used within arepeatable construct (<whi | e>, <r epeat Unt i | >, <f or Each>,
<event Handl er s>) Or a<conpensat i onHandl er > MUST be declared in a<f | ow> that isitself

nested inside the repeatable construct or <conpensat i onHandl er >. [SA00070] A link MUST
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NOT cross the boundary of arepeatable construct or the <conpensat i onHandl er > element.
[SA00071] A link that crosses a<cat ch>, <cat chAl | > Or <t er mi nat i onHandl er > €element
boundary MUST be outbound only, that is, it MUST have its source activity within the

<f aul t Handl er s> Or <t er ni nat i onHandl er >, and its target activity outside of the scope
associated with the handler (see section 12. Scopes for the specification of the <event Handl er s>,
<f aul t Handl er s>, <t ermi nati onHandl er >, and <conpensat i onHandl er >) .

[SA00072] A <l i nk> declared ina<f | ow> MUST NOT create a control cycle, that is, the source
activity must not have the target activity asalogically preceding activity. Thisimplies that such
directed graphs are always acyclic. Activity A issaid to logically precede activity B if the
initiation of B semantically requires the completion of A. In particular, alink MUST NOT have
an activity as atarget if the source activity encloses the target activity or vice versa. These
requirements MUST be statically enforced.

To illustrate the above, the following example shows an invalid use of links, because it violates
the restriction that alink must not have atarget activity enclosed in the source activity:

<sequence>
<sour ces>
<source |inkName="L1">
</ sour ces>

<i nvoke ...>
<t ar get s>
<target |inkNane="L1" />
</targets>
</i nvoke>

</sédﬁence>
11.6.2. Link Semantics

In the rest of this section, the links for which activity A is the source will be referred to as A's
outgoing links, and the links for which activity A isthe target will be referred to as A'sincoming
links. If activity X isthe target of alink that has activity Y as the source, we say that X has a
synchronization dependency on Y.

Every activity that is the target of alink has an implicit or explicit join condition associated with
it. This applies even when an activity hasjust one incoming link. Explicit join conditions are
provided by the <j oi nCondi ti on> element under the <t ar get s> element. If the explicit join
condition ismissing, the implicit condition requires the status of at least one incoming link to be
t rue (see below for an explanation of link status). A join condition is a Boolean expression (see
section 8.3.1. Boolean Expressions). [SA00073] The expression for ajoin condition MUST be
constructed using only Boolean operators and the activity's incoming links' status values.

Ignoring links, the semantics of the business processes, <scopes>, and structured activities
determine when a given activity isready to start. For example, the second activity in a
<sequence> iSready to start as soon as the first activity completes. The activity contained in a
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branch of an <i f > isready to start when that branch is selected. Similarly, an activity nested
directly within a<f | ow> isready to start when the <f | ow> itself starts.

If an activity that isready to start in this sense has incoming links, then it MUST NOT start until
the status of al itsincoming links has been determined and the, implicit or explicit, join
condition has been evaluated. In order to avoid violating control dependencies, evaluation of the
join condition is performed only after the status of all incoming links has been determined.

Thelink status is atri-state flag associated with each declared link. Thisflag may bein the
following three states: t r ue, f al se, or unset . The lifetime of the status of a <l i nk> is exactly
the lifetime of the <f | ow> activity within which it is declared. Eachtimea<fl ow> activity is
activated, the status of all the links declared in that activity isunset .

The semantics of link status evaluation are described in the following paragraphs.

When activity A completes, the following steps MUST be performed to determine the effect of
the links on other activities:

o Determine the status of all outgoing links for A. The status will be either t r ue or f al se.
To determine the status for each link its <t r ansi t i onCondi ti on> isevaluated. If some
of the variables referenced by the <t r ansi ti onCondi t i on> are modified in a concurrent
path, the result of the transition condition evaluation may depend non-deterministically
on the timing of behavior among concurrent activities.

« For each activity B that has a synchronization dependency on A, check whether:

o Bisready to start (except for its dependency on incoming links) in the sense
described above.

o Thestatusof all incoming links for B has been determined. Note that if the
incoming link isleaving an isolated scope, then the final status of the link cannot
be known until the isolated scope has completed (see section 12.7. Isolated
Scopes).

If both of the above conditions are true, then evaluate the <j oi nCondi t i on> for B, if it
evaluatestot r ue, activity Bis started. Otherwise a standard bpel : j oi nFai | ur e fault
MUST be thrown, unless the value of suppr essJoi nFai | ur e iSyes in which case
bpel : j oi nFai | ur e isnot thrown (see section 11.6.3. Dead-Path-Elimination).

When an activity has multiple outgoing links, the order in which the status of the links and the
associated transition conditions are evaluated is defined to be sequential, according to the order
the links are declared in the <sour ce> element.

The associated source activity MUST compl ete before the <t ransi ti onCondi ti on> of alink is
evaluated. In the case of source activities that are themselves <scope>'s, successful completion is
not required. That is, a<scope> may suffer an internal fault and yet complete (unsuccessfully) if
thereis a corresponding fault handler associated with the <scope> and that fault handler
completes without throwing a fault. If an error occurs while evaluating the

<transi tionCondi ti on>, that error does not affect the completion status of the activity and is
handled by the source activity's enclosing scope. If the target of the link is outside the source
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activity's enclosing scope then the status of thelink isf al se. Thereis no difference in the status
of the link that faults on transition condition evaluation and one whose transition condition has
not been evaluated. If the target is within the enclosing scope the statusiis irrelevant since the
scope has faulted (see section 11.6.3. Dead-Path-Elimination below). In the case of alink L with
a<scope> X asits source activity, afault resulting from an error in evaluating the transition
condition for L would be propagated to the enclosing <scope> for <scope> X.

If an error occurs while evaluating the transition condition of one of an activity's outgoing links,
then all remaining outgoing links with targets within the source activity's enclosing scope MUST
NOT have their transition conditions evaluated and remain in the unset state. However, if the
target of aremaining outgoing link is outside the source activity's enclosing scope then the status
of thelink MUST be set to false.

If, during the performance of structured activity A, the semantics of A dictate that activity B
nested within A will not be performed as part of the execution of A, then the status of all outgoing
links from B MUST be set to f al se. However, in order to avoid violating control dependencies,
thisrule MUST only be applied after the status of al of B'sincoming links, aswell as all
incoming links of any activity, upon which B has a control dependency, has been determined. An
example of where thisrule appliesisthat of an activity within an <i f > activity's branch whose
<condi ti on> isf al se. Another exampleis seen in activities that were not completed because of
afaulted <scope> (see sections 12. Scopes and 12.4. Compensation Handlers). Therule on
control dependencies also holds for links which are outgoing from <f aul t Handl er s> and

<t er ni nat i onHandl er >'s; If it is determined that one of these handlers will not run, then the
status of all outgoing linksare set tof al se.

In the following example, the t oSki pped link creates a control dependency from the <r ecei ve>
activity to the <enpt y> activity inthe <i f>. Thefronski pped link creates a dependency from
the <enpt y> activity to the <r epl y> activity. These two links create a transitive dependency
from the <r ecei ve> activity to the <r epl y> activity. Even though the <i f > condition evaluates
tof al se, thus skipping the <enpt y> activity, the transitive dependency is retained, and therefore
the status of f r onSki pped iSnot set to f al se until after the status of t oSki pped is known.

<f | ow>
<l i nks>
<l i nk nane="t oSki pped" />
<l i nk name="fr onBki pped" />
</links>

<receive ...>

<sour ces>
<source |inkNane="t oSki pped" />

</ sour ces>

</recei ve>

<if>
<condi ti on>
<l-- evaluates to false -->
</ condi ti on>
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<enpty nane="ski pped" >
<t ar get s>
<target |inkNane="toSki pped">
</target s>
<sour ces>
<source |inkNane="fronski pped">
</ sour ces>

</ enpt y>
</[if>

<reply ...>
<t ar get s>
<target |inkNanme="frontki pped" />
</target s>
</reply>
</fl ow>

The <onEvent > and <onAl ar m» handlers, aswell as parallel <f or Each> activities can have
simultaneously active instances. Data and resources declared within the child scopes of these
constructs, including links, MUST be processed independently in each instance.

When a<f | ow> activity is nested within another <f | ow> activity, the inner <f | ow> activity may
define a<l i nk> with the same nane asin the enclosing <f | ow> activity. A source or target
reference to such a<l i nk> from an activity matches the innermost <1 i nk> visible to the activity.

11.6.3. Dead-Path-Elimination

When the control flow is defined by links and the value of the suppr essJoi nFai | ur e atribute
isyes, theinterpretation of ajoin condition for activity A that evaluatesto f al se isthat AMUST
NOT be executed. In this case, the fault bpel : j oi nFai | ure MUST NOT be generated. The
value of this attribute isinherited by all nested activities, except where overridden by another
suppr essJoi nFai | ur e attribute setting.

When atarget activity is not performed due to the value of the <j oi nCondi ti on> (implicit or
explicit) being f al se, itsoutgoing links MUST be assigned af al se status according to the rules
of section 11.6.2. Link Semantics. This has the effect of propagating f al se link status
transitively along entire paths formed by successive links until ajoin condition is reached that
evaluatesto t r ue. This approach is called Dead-Path Elimination (DPE).

The default value of the suppr essJoi nFai | ur e attribute of the <pr ocess> element isno. This
avoids suppressing a well-defined fault by a default setting. Consider the interpretation of the
examplein section 5.1. Initial Example with the suppr essJoi nFai | ur e attribute set toyes.
Suppose further that the invocations of the shipping provider are enclosed in a scope that
provides afault handler (see sections 12. Scopes and 12.5. Fault Handlers). If one of these
invocations were to fault, the status of the outgoing link from the invocation would bef al se,
and the (implicit) <j oi nCondi t i on> at the target of the link would bef al se, but the resulting
bpel : j oi nFai | ur e would be implicitly suppressed and the target activity would be silently
skipped within the sequence instead of causing the expected fault.
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If universal suppression of the bpel : j oi nFai | ur e fault isdesired, it can be achieved by setting
the suppr essJoi nFai | ur e attribute to yes in the <pr ocess> element.

11.6.4. Flow Graph Example
In the following example, the activities with the namesr ecei veBuyer | nf or nat i on,

recei veSel | er | nformati on, settl eTrade, confirnBuyer, and confirnsel | er are nodes of
agraph defined within a<f | ows activity.

The
receiveBuyerinformation receiveSellerInformation | follo
wing
<lin
k>'s
are
defin
ed as.

buyToSettle sellToSettle

settleTrade

toBuyConfirm toSellConfirm

confirmBuyer confirmSeller

Figure2: Flow Graph

starts at r ecei veBuyer | nf or mat i on (Specified in the corresponding <sour ce> element
nested inrecei veBuyer I nformati on) and ends at set t | eTr ade (Specified in the
corresponding <t ar get > element nested inset t | eTr ade).

e sellToSettle startsatrecei veSel | erlnformationandendsat settl eTrade.

e toBuyConfirmstartsat settl eTrade and ends at confi r nBuyer .

e toSell Confirmstartsat settl eTrade and endsat confi rnsel | er.

Based on the graph structure defined by the <f | ow>, the activitiesr ecei veBuyer | nf or mat i on
andr ecei veSel | er I nformati on can run concurrently. Theset t | eTr ade activity is performed
only after both of these activities are completed. After sett | eTr ade completes the two activities,
confirnmBuyer and confirnsel | er are performed concurrently again.

<f| ow suppressJoi nFai | ure="yes">

<l i nks>
<l i nk nanme="buyToSettle" />
<l ink name="sel | ToSettle" />
<l i nk name="t oBuyConfirni />
<link name="toSel |l Confirm />

</links>

<recei ve nanme="recei veBuyer | nformtion" ...>
<sour ces>
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<source |inkNanme="buyToSettle" />
</ sour ces>
</receive>
<recei ve name="recei veSel |l erlnformation" ...>
<sour ces>
<source |inkNanme="sel |l ToSettle" />
</ sour ces>
</receive>
<i nvoke name="settl eTrade" ...>
<t arget s>
<j oi nCondi ti on>$buyToSettl e and $sel | ToSettl| e</j oi nConditi on>
<target |inkNanme="buyToSettle" />
<target |inkNane="sell ToSettle" />
</target s>
<sour ces>
<source |inkNanme="t oBuyConfirnm />
<source |inkNane="toSell Confirni />
</ sour ces>
</ i nvoke>
<reply name="confirnBuyer" ...>
<t arget s>
<target |inkNanme="toBuyConfirn />
</target s>
</reply>
<reply name="confirntel ler" ...>
<t arget s>
<target |inkNanme="toSell Confirni />
</target s>
</reply>
</fl ow>

11.6.5. Links and Structured Activities

Links can cross the boundaries of structured activities (see section 11.6.1. Flow-related Standard
Attributes and Elements). The following example illustrates the behavior when links target
activities within structured constructs.

The <f | ows> isintended to perform the sequence of activities A, B, and C. Activity B hasa
synchronization dependency on the two activities X and Y outside of the sequence. That is, Bisa
target of links from X and Y. The <j oi nCondi ti on> at B is not specified, and so the digunction
(i.e. alogical OR) of the linkstargeted to B will be used. The conditionist r ue if at least one of
theincoming linkshasat rue status. In this case, that condition reduces to the Boolean
condition (P: funcXB() or P:funcYB()).

In the <f | ow>, the <sequence> named S and the two <r ecei ve> activitiesX and Y are all
concurrently enabled to start when the <f | ows> starts. Within S, after activity A is completed, B
cannot start until the status of itsincoming links from X and Y is determined and the implicit join
condition is evaluated. When activities X and Y complete, the join condition for B is eval uated.

Suppose that both transition conditions P: f uncXB() and P: f uncYB() evaluatetof al se, then the
standard fault bpel : j oi nFai | ur e will be thrown, because the attribute suppr essJoi nFai | ure
of the enclosing <f | ow> activity is set to no. Thus the behavior of the <f | ows> isinterrupted and

neither B nor C will be performed.
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If the attribute suppr essJoi nFai | ur e of the enclosing <f | ow> activity is set to yes, then B will
be skipped but c will be executed because the bpel : j oi nFai | ur e will be suppressed.

<f | ow suppressJoi nFai | ure="no">
<| i nks>
<l'i nk nane="XtoB" />
<l i nk nanme="YtoB" />
</links>
<recei ve name="X" ...>
<sour ces>
<source | i nkNanme="Xt oB">
<transitionCondition>P: funcXB()</transitionCondition>
</ sour ce>
</ sour ces>

</recei ve>
<receive name="Y" ...>
<sour ces>
<sour ce |inkNane="YtoB">
<transitionCondition>P: funcYB()</transitionCondition>
</ sour ce>
</ sour ces>

</receive>
<sequence nane="S">

<receive name="A" ...>. ..</receive>
<receive name="B" ...>
<t ar get s>

<target |inkNane="XtoB" />
<target |inkNanme="YtoB" />
</target s>
</receive>
<receive name="C' ... />
</ sequence>
</fl ow>

Finally, assume that the preceding <f | ow> is slightly rewritten by linking A, B, and C through
links (with default <t r ansi t i onCondi t i on> elements with constant value of t r ue), instead of
putting them into a <sequence>. Since the default join condition is adisunction and the
<transi ti onCondi ti on> Of link At oB isthe constant t r ue, the join condition will always
evaluatetot r ue, independent from the values of P: f uncXxB() and P: f uncYB() . Now, B and
subsequently c will always be executed.

<f | ow suppressJoi nFai |l ur e="no" >
<li nks>
<l i nk name="XtoB" />
<l i nk name="YtoB" />
<l'i nk nane="At oB" />
<l'i nk nane="Bt oC' />
</links>
<recei ve nane="X">
<sour ces>
<sour ce |inkNane="Xt oB">
<transitionCondition>P: funcXB()</transitionCondition>
</ sour ce>
</ sour ces>
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</recei ve>
<recei ve nane="Y">
<sour ces>
<sour ce |inkNane="YtoB">
<transitionCondition>P: funcYB()</transitionCondition>
</ sour ce>
</ sour ces>
</receive>
<recei ve name="A">
<sour ces>
<source |inkNanme="AtoB" />
</ sour ces>
</receive>
<recei ve nanme="B">
<t ar get s>
<target |inkNanme="AtoB" />
<target |inkNanme="XtoB" />
<target |inkNane="YtoB" />
</target s>
<sour ces>
<source |inkName="BtoC"' />
</ sour ces>
</receive>
<recei ve name="C'>
<t ar get s>
<target |inkNanme="BtoC"' />
</target s>
</receive>
</fl ow>

11.7. Processing Multiple Branches — ForEach

The <f or Each> activity will execute its contained <scope> activity exactly N+1 times where N
equalsthe <f i nal Count er Val ue> minusthe <st ar t Count er Val ue>.

<f or Each count er Name="BPELVar i abl eNane" parall el ="yes| no"
standard-attri butes>
st andar d- el ement s
<st art Count er Val ue expr essi onLanguage="anyURI " ?>
unsi gned-i nt eger - expr essi on
</ st art Count er Val ue>
<fi nal Count er Val ue expressi onLanguage="anyURI " ?>
unsi gned- i nt eger - expr essi on
</ fi nal Count er Val ue>
<conpl et i onCondi ti on>?
<branches expressi onLanguage="anyURI " ?
successful BranchesOnl y="yes| no" ?>
unsi gned- i nt eger - expr essi on
</ branches>
</ conpl eti onCondi ti on>
<scope ...>...</scope>
</ f or Each>

When the <f or Each> activity is started, the expressionsin <st ar t Count er Val ue> and
<fi nal Count er Val ue> are evaluated. Once the two values are returned they remain constant for
the lifespan of the activity. [SA00074] Both expressions MUST return a Tll (meaning they
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contain at least one character) that can be validated as axsd: unsi gnedl nt . If these expressions
do not return valid values, abpel : i nval i dExpr essi onVal ue fault will be thrown (see section
8.3. Expressions). If the <st ar t Count er Val ue> is greater than the <f i nal Count er Val ue>, then
the child <scope> activity MUST NOT be performed and the <f or Each> activity is complete.

The child activity of a<f or Each> MUST be a<scope> activity. The <f or Each> construct
introduces an implicit counter variable, and also introduces dynamic parallelism (i.e. having
parallel branches of which number isnot known ahead of time). The <scope> activity provides a
well-defined scope snapshot semantic and away to name the dynamic parallel work for
compensation purposes (see scope snapshot description in section 12.4.2. Process State Usage in
Compensation Handlers).

If the value of the par al | el attributeisno then the activity isaserial <f or Each>. The enclosed
<scope> activity MUST be executed N+1 times, each instance starting only after the previous
repetition is complete. If premature termination occurs such as due to afault, or the completion
condition evaluatesto t r ue, then this N+1 requirement does not apply. During each repetition, a
variable of type xsd: unsi gned! nt isimplicitly declared in the <f or Each> activity's child
<scope>. Thisimplicit variable has the name specified in the count er Nane attribute. The first
iteration of the scope will see the counter variable initialized to the <st ar t Count er Val ue>. The
next iteration will cause the counter variable to beinitialized to the <st ar t Count er Val ue> plus
one. Each subsequent iteration will increment the previously initialized counter variable value by
one until the final iteration where the counter will be set to the <f i nal Count er Val ue>. The
counter variable islocal to the enclosed <scope> and athough its value can be changed during
an iteration, that value will be lost at the end of each iteration. Therefore, the counter variable
value will not affect the value of the next iteration's counter.

If the value of the par al | el attributeisyes then the activity isaparallel <f or Each>. The
enclosed <scope> activity MUST be concurrently executed N+1 times. In essence an implicit

<f | ow> isdynamically created with N+1 copies of the <f or Each>'s enclosed <scope> activity as
children. Each copy of the <scope> activity will have the same counter variable declared in the
same manner as specified for serial <f or Each>. Each instance's counter variable MUST be
uniquely initialized in parallel to one of the integer values starting with <st ar t Count er Val ue>
up to and including <f i nal Count er Val ue>, as apart of <scope> instantiation.

[SA00076] If avariable of the same name as the value of the count er Nane attribute is declared
explicitly in the enclosed scope, it would be considered a case of duplicate variable declaration
and MUST be reported as an error during static analysis.

The <f or Each> activity without a<conpl et i onCondi t i on> completes when all of its child
<scope>'s have completed. The <conpl et i onCondi ti on> element is optionally specified to
prevent some of the children from executing (in the serial case), or to force early termination of
some of the children (in the parallel case).

The <br anches> element represents an unsigned-integer expression (see section 8.3.4. Unsigned
Integer Expressions) used to define a completion condition of the “at least N out of M” form.
The actual value B of the expression is calculated once, at the beginning of the <f or Each>
activity. It will not change as the result of the <f or Each> activity's execution. At the end of
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execution of each directly enclosed <scope> activity, the number of completed children is
compared to B, the value of the <br anches> expression. If at least B children have completed, the
<conpl et i onCondi ti on> istriggered: No further children will be started, and currently running
children will be terminated (see section Error! Reference sour ce not found.). Note that
enforcing the semantic of “exactly N out of M” in parallel <f or Each> would involve arace
condition, and is therefore not specified.

When the completion condition B is calculated, if its valueis larger than the number of directly
enclosed activities N+1, then the standard bpel : i nval i dBr anchCondi ti on fault MUST be
thrown. [SA00075] Both B and N+1 may be constant expressions, and in such cases, static
analysis SHOULD reject processes where it can be detected that B is greater than N+1.

The <br anches> element has an optional successf ul BranchesOnl y attribute with the default
value of no. If the value of successf ul BranchesOnl y isno, al <scope>'swhich have
completed (successfully or unsuccessfully) MUST be counted. If successf ul BranchesOnly is
yes, only <scope>'s which have completed successfully MUST be counted.

The <conpl et i onCondi ti on> isevauated each time adirectly enclosed <scope> activity
completes. If the <conpl et i onCondi ti on> evaluatesto t r ue, the <f or Each> activity compl etes:

e When the <conpl et i onCondi ti on> isfulfilled for aparallel <f or Each> activity, all
still running directly enclosed <scope> activities MUST be terminated (See section
Error! Reference source not found.).

e When the <conpl et i onCondi ti on> isfulfilled for aserial <f or Each> activity,
further child <scope>'s MUST NOT be instantiated, and the <f or Each> activity
compl etes.

If upon completion of adirectly enclosed <scope> activity, it can be determined that the
<conpl et i onCondi ti on> can never bet r ue, the standard
bpel : conpl eti onCondi ti onFai | ur e fault MUST be thrown.
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12. Scopes

A <scope> provides the context which influences the execution behavior of its enclosed
activities. This behavioral context includes variables, partner links, message exchanges,
correlation sets, event handlers, fault handlers, a compensation handler, and a termination
handler. Contexts provided by <scope> activities can be nested hierarchically, while the “root”

context is provided by the <pr ocess> construct (see also sections 8.1. Variables,
12.4. Compensation Handlers and 12.5. Fault Handlers).

The <pr ocess> and <scope> elements share syntax constructs, which have the same semantics.

However, they do have the following differences:

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

not applicable to the <pr ocess> construct

e A compensation handler and a termination handler can not be attached to the <pr ocess>

construct

e Theisol at ed attribute is not applicable to the <pr ocess> construct (see section

12.7. Isolated Scopes)

Each <scope> hasarequired primary activity that definesits normal behavior. The primary
activity can be a complex structured activity, with many nested activities to arbitrary depth. All
other syntactic constructs of a<scope> activity are optional, and some of them have default

semantics. The context provided by a<scope> is shared by al its nested activities.

The syntax for scopeis:

<scope isol at ed="yes| no"? exit OnSt andar dFaul t ="yes| no" ?
standard-attri butes>

st andar d- el enent s
<vari abl es>?

</vari abl es>
<part ner Li nks>?

</ part ner Li nks>

<nessageExchanges>?

</ messageExchanges>
<correl ati onSet s>?

</correl ati onSet s>
<event Hand| er s>?

</ event Handl| er s>
<f aul t Handl er s>?

</ faul t Handl er s>

<conpensat i onHandl er >?

</ conpensat i onHandl er >
<t erm nati onHandl er >?
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</term nati onHandl| er >
activity
</ scope>

All handlers on a<scope> are lexically subordinate to the <scope> and can access all variables,
partner links, message exchanges and correlation sets defined on the <scope> and itslinear
ancestors. Thisis subject to any restrictions, unique to the handler type, specified elsewhere in
this document.

A <scope> can declare variables, partner links, message exchanges and correlation sets that are
visible only within the <scope>. For further information, see sections 6.2. Partner Links,

8.1. Variables, 9. Correlation and 10.4. Providing Web Service Operations — Receive and Reply ,
respectively.

12.1. Scope Initialization

Scope initialization occurs when a <pr ocess> or <scope> is entered. Scope initialization
consists of instantiating and initializing the scope's variables and partner links; instantiating the
correlation sets; and installing fault handlers, termination handler and event handlers. Any
partner links defined in the <scope> MUST be set before variables defined in the same <scope>
whose initialization logic refers to those partner links. Scope initialization is an al-or-nothing
behavior: either it all occurs successfully or abpel : scopel niti al i zati onFai | ur e fault MUST
be thrown to the parent scope of the failed <scope>. In the case of afailure at the process level
the entire process is treated as faulted. Once scope initialization completes, the primary activity
of the <scope> is executed and the event handlers are installed in parallel with each other. An
exception to the previous rule applies to <scope>'s that contain a process initial start activity. An
initial start activity isthe start activity that caused a particular process instance to be instantiated.
If ascope contains aninitial start activity then the start activity MUST compl ete before the event
handlers are installed.

In the following example, the <scope> has a primary <f | ow> activity, which contains two
concurrent <i nvoke> activities. Either of the <i nvoke> activities can receive fault responses.
The <f aul t Handl er s> for the <scope> are shared by both <i nvoke> activities and can be used
to catch the faults caused by the possible fault responses.

<scope>
<faul t Handl er s>. .. </f aul t Handl er s>
<f | ow>
<i nvoke partnerlLi nk="Sel | er"
port Type="Sel | : Pur chasi ng"
oper at i on="Pur chase"
i nput Vari abl e="sendPCO"'
out put Vari abl e="get Response" />
<i nvoke part nerLi nk="Shi pper"
port Type="Shi p: Tr ansport Or der s"
oper ati on="Or der Shi pnent "
i nput Vari abl e="sendShi pOr der "
out put Vari abl e="shi pAck" />
</fl ow>
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</ scope>
12.2. Message Exchange Handling

When the primary activity and the event handlers of a<scope> complete then all Web service
interactions dependent on partner links or message exchanges declared inside of the <scope>
need to be completed. An orphaned IMA occurs when an IMA using a partner link or message
exchange, declared in the completing <scope> or its descendants, remains open. In this case, the
standard fault bpel : nmi ssi ngRepl y MUST be thrown. The definition of orphaned IMA
situations and how they can be detected are:

e |f the contained primary activity and the event handlers of the scope have completed
without any unhandled fault then a check for orphaned IMA’s MUST be made. If one
or more orphaned IMA’s are detected then abpel : nmi ssi ngRepl y fault isthrown to
the completing <scope> itself. When the bpel : ni ssi ngRepl y fault isthrown, all the
orphaned IMA's are encompassed by the fault and are no longer considered orphaned.

e |f afault handler has completed without any unhandled fault then a check for
orphaned IMA’s MUST be made. If any orphaned IMA is detected then anew
bpel : mi ssi ngRepl y isthrown to the parent scope (similar to throwing or rethrowing
other faults from a fault handler). However, if the fault handler is handling a
bpel : mi ssi ngRepl y fault and no new IMA's were created and |eft open by the fault
handler, the new fault MUST NOT be generated and thrown. The newly thrown
bpel : mi ssi ngRepl y fault MUST encompass al orphaned IMA's. When the
bpel : mi ssi ngRepl y fault isthrown, all the orphaned IMA's are encompassed by the
fault and are no longer considered orphaned.

o If afault handler itself throws or rethrows afault different from bpel : ni ssi ngRepl y
to the parent scope then no check for orphaned IMA's is made, and the checking is
deferred to the parent <scope>. The orphaned IMA's remain as such.

e Thesame behavior asin the previous bullet applies when atermination handler is
executed.

e The same checking of orphaned IMA'sis performed, after the activity of a
compensation handler has completed without any unhandled fault. If any orphaned
IMA's are detected, abpel : ni ssi ngRepl y fault MUST be propagated to the
invoking FCT-handler and those IMA's are no longer considered orphaned.

If an unhandled fault different from bpel : ni ssi ngRepl y occurs during the execution
of the compensation handler, that fault is propagated to the invoking FCT-handler.
The checking for orphaned IMA's is deferred to the invoking FCT-handler. If any
orphaned IMA's resulted from the execution of the compensation handler, they
remain orphaned.

12.3. Error Handling in Business Processes

Business processes are often of long duration. They can manipulate business data in back-end
databases and line-of-business applications. Error handling in this environment is both difficult
and business critical. The use of ACID transactions is usually limited to local updates because of
trust issues and because locks and isolation cannot be maintained for the long periods during
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which fault conditions and technical and business errors can occur in a business process instance.
As aresult, the overall business transaction can fail or be cancelled after many ACID
transactions have been committed. The partial work done must be undone as best as possible.
Error handling in WS-BPEL processes therefore leverages the concept of compensation, that is,
application-specific activities that attempt to reverse the effects of a previous activity that was
carried out as part of alarger unit of work that is being abandoned. There is a history of work in
this arearegarding the use of Sagas [Sagas] and open nested transactions [Trends]. WS-BPEL
provides a variant of such a compensation mechanism by providing the ability for flexible
control of the reversal. WS-BPEL achieves this by providing the ability to define fault handling
and compensation in an application-specific manner, in support of Long-Running Transactions
(LRT’s).

The notion of LRT described hereis purely local and occurs within a single business process
instance. There is no distributed coordination necessary regarding an agreed-upon outcome
among multiple-participant services. The achievement of distributed agreement is an orthogonal
problem outside the scope of this specification.

As an example, consider the planning and fulfillment of atravel itinerary. This can be viewed as
an LRT inwhich individual service reservations can use nested transactions within the scope of
the overal LRT. If theitinerary is cancelled, the reservation transactions must be compensated
for by cancellation transactions, and the corresponding payment transactions must be
compensated accordingly. For ACID transactions in databases the transaction coordinator(s) and
the resources that they control know all of the uncommitted updates and the order in which they
must be reversed, and they arein full control of such reversal. In business transactions, the
compensation behavior isitself apart of the business logic and protocol, and must be explicitly
specified. In this example, there might be penalties or fees applied for cancellation of an airline
reservation depending on the class of ticket and the timing of the cancellation. If a payroll
advance has been given to pay for the travel, the reservation must be successfully cancelled
before the payroll advance for it can be reversed in the form of apayroll deduction. This means
the compensation actions might need to run in the same order as the original transactions, which
is not the standard or default in most ACID transaction systems. Using <scope> activities as the
definition of logical units of work, WS-BPEL addresses these requirements of LRT.

12.4. Compensation Handlers

The ability to declare compensation logic alongside forward-working logic is the underpinning
of the application-controlled error-handling framework of WS-BPEL . WS-BPEL allows scopes
to delineate that part of the behavior that is meant to be reversible in an application-defined way
by specifying a compensation handler. Scopes with compensation and fault handlers can be
nested without constraint to arbitrary depth.

12.4.1. Defining a Compensation Handler

Syntactically, a<conpensat i onHandl er > issimply awrapper for an activity that performs
compensation as shown below.

<conpensat i onHandl er >

activity
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</ conpensat i onHandl er >

As explained in section 10.3. Invoking Web Service Operations — Invoke, there is a special
shortcut for the <i nvoke> activity to inline a<conpensat i onHandl er > rather than explicitly
using an immediately enclosing <scope>. For example:

<i nvoke partnerLink="Seller"
port Type="SP: Pur chasi ng"
oper ati on="Pur chase"
i nput Vari abl e="sendPCO"'
out put Vari abl e="get Response" >
<correl ati ons>
<correl ation set="PurchaseOrder" initiate="yes
pattern="request" />
</correl ati ons>
<conpensat i onHandl er >
<i nvoke partnerLink="Seller"
port Type="SP: Pur chasi ng"
oper ati on="Cancel Pur chase"
i nput Var i abl e=" get Response"
out put Vari abl e="get Confi rmati on" >
<correl ati ons>
<correl ation set="PurchaseOrder" pattern="request" />
</correl ati ons>
</i nvoke>
</ conpensat i onHandl er >
</i nvoke>

In this example, the original <i nvoke> activity makes a purchase and in case that purchase needs
to be compensated, the <conpensat i onHandl er > invokes a cancellation operation on the same

port of the same partner link, using the response to the purchase request as the input.

Without the <i nvoke> shortcut this example would be expressed as follows:

<scope>
<conpensat i onHandl er >
<i nvoke partnerLink="Seller"
port Type="SP: Pur chasi ng"
oper ati on="Cancel Pur chase"
i nput Var i abl e="get Response"
out put Vari abl e="get Confi rmati on" >
<correl ati ons>
<correl ati on set="PurchaseO der
</correl ati ons>
</i nvoke>
</ conpensat i onHandl| er >
<i nvoke partnerLink="Seller"
port Type="SP: Pur chasi ng"
oper at i on="Pur chase"
i nput Vari abl e="sendPCO"'
out put Vari abl e=" get Response" >
<correl ati ons>
<correl ati on set="PurchaseO der
pattern="request" />
</correl ati ons>

pattern="request" />

initiate="yes"
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</i nvoke>
</ scope>

Note that the variable get Response isnot local to the <scope> to which the

<conpensat i onHandl er > is attached and can be reused later for other purposes before
compensation for this <scope> isinvoked. The current state of non-local variablesis available
in compensation handlers as explained more fully below. Assuming the compensation handler
needs the specific response to the <i nvoke> operation that is being reversed, that response would
most conveniently be stored in avariable that islocal to the <scope>, i.e., by making

get Response local to the <scope>. In this case, an explicit <scope> is heeded for the variable
declaration.

If the <conpensat i onHandl er > for a scope is not specified, default compensation handling for
the scope is provided (see section 12.5.2. Default Compensation Order for more details).

12.4.2. Process State Usage in Compensation Handlers

A compensation handler always uses the current state of the process at the time the compensation
handler is executed. This state comes from its associated scope and all enclosing scopes, and
includes the state of variables, partner links and correlation sets. Compensation handlers are able
to both read and write the values of all such data. Other parts of the process will see the changes
made to shared data by compensation handlers, and conversely, compensation handlers will see
changes made to shared data by other parts of the process. In cases where a compensation
handler runs concurrently with other parts of the process, compensation handlers may need to
use isolated scopes when they touch state in enclosing <scope>'sto avoid interference (see
section 12.7. Isolated Scopes).

The process state consists of the current state of all scopes that have been started. Thisincludes
scopes that have completed successfully but for which the associated compensation handler has
not been invoked. For successfully completed (but uncompensated) scopes, their state is kept at
the time of completion. Such scopes are not running, yet they are still reachable. Thisis because
their compensation handlers are still available, and therefore the execution of such scopes may
continue during the execution of their compensation handlers, which can be thought of as an
optional continuation of the behavior of the associated scope. A scope may have been executed
several times (e.g. in a<whi | e> or in a<f or Each>), so the state of the process includes the state
of all successfully completed (and uncompensated) iteration instances of the scope. We refer to
the preserved state of a successfully completed uncompensated scope as a scope snapshot.

The behavior of acompensation handler can use the state of the associated scope as it has been
left. Thisincludes variables, partner links, message exchanges, and correlation setsin both the
associated scope and all scopes that enclose it. For the variables in the associated scope, the
compensation handler starts executing with the scope snapshot. The compensation handler also
has access to the current state of each enclosing scope. This state is shared with any concurrent
units of logic. The compensation handler may itself have been called from the compensation
handler of the parent scope. It will then share the continuation of the state of the enclosing scope
that its caller is using.
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The picture below shows three nested scopes P, S2 and S3, afault handler FH(P) of the process

and compensation handlers CH(S2) and CH(S3).

The picture is based on the XML below. When executing the process, the first scope P (the
process itself) declaresavariable V1 and initializes it to the value of 0. Scopes S2 and S3 are
executed. At successful completion of S2 and S3, all variable values are set to 1 and are frozen
into snapshots (in the timeline shown by dotted lines). Subsequently, a fault occurs within the
process P (indicated by event “1” in the picture), which gets caught by the fault handler FH(P) of
the process P. When the fault handler of the process calls the compensation handler CH(S2) of
scope S2 (indicated by event “2” in the picture), the snapshot of S2’s state is retrieved and used
while compensating. The same applies when compensating scope S3 (indicated by event “3” in

the picture).

P |
Fault

@)

<

52 |

Snapshot(S2) @

s3]

Snapshot(S3)

V1=0 V1=1 (Vlz‘;)/®
I

Process P
V2=0 v2=1 (v2=1
Scope S2 f e | |
V3=0 V3=1 V3=1
Scope S3 MF__________________S_%&{
Time >
2] S2 S3 S2 CH S3CH

Figure 3: Variable Accessin Compensation Handlers

<process nane="P">
<vari abl es>
<vari abl e nane="V1" type="xsd:int">
<fron»0</frone
</vari abl e>
</vari abl es>
<f aul t Handl er s>
<catch faul t Nane="prefix: soneFaul t">
<conpensate />
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</ cat ch>
</ faul t Handl er s>
<scope nane="3S2">
<vari abl es>
<vari abl e nanme="V2" type="xsd:int">
<fron»0</frone
</vari abl e>
</vari abl es>
<conpensat i onHandl er >. . . </ conpensat i onHandl er >
<sequence>
<scope name="S3">
<vari abl es>
<vari abl e nane="V3" type="xsd:int">
<fronmp0</ frone
</vari abl e>
</vari abl es>
<conpensat i onHandl er >

<l-- V1, V2, and V3 ALL have the value 1
when this logic is reached -->

</ conpensat i onHandl| er >
<assi gn>
<C0py>
<fronpl</frone
<to variabl e="V3" />
</ copy>
</ assi gn>
</scope> <!-- end of scope S3 -->
<assi gn>
<copy>
<fronpl</frone
<to variabl e="V1" />
</ copy>
<copy>
<fronel</frone
<to variabl e="V2" />
</ copy>
</ assi gn>
<t hrow faul t Nane="prefi x: soneFaul t" />
</ sequence>
</scope> <!-- end of scope S2 -->
</ process>

12.4.3. Invoking a Compensation Handler

A compensation handler can be invoked by using the <conpensat eScope> or <conpensat e>
(together referred to as the "compensation activities'). A compensation handler for a scope
MUST be made available for invocation only when the scope completes successfully. Any
attempt to compensate a scope, for which the compensation handler either has not been installed
or has been installed and executed, MUST be treated as executing an <enpt y> activity. Therefore,
handlers do not rely on state to determine which nested scopes have completed successfully.

<conpensat eScope target="NCNane" standard-attributes>
st andar d- el enent s
</ conpensat eScope>
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<conpensat e standard-attri butes>
st andar d- el ement s
</ conpensat e>

The <conpensat eScope> and <conpensat e> activities MUST only be used within <cat ch>,
<cat chAl | >, <conpensat i onHandl er >, and <t er m nat i onHandl er >.

Fault handlers, compensation handlers, and termination handlers are referred to as FCT-handlers.
For the purpose of specifying the semantics of <conpensat e> and <conpensat eScope>, a sSCope
A isconsidered to immediately enclose another scope B, if B isenclosed in A and B is not
enclosed in any other scope or FCT-handler that is itself enclosed in the outer scope A. Other
structured activities (e.g. <sequence> or <f or Each>) and event handlers enclosed in A do not
affect the concept of immediate enclosure. This definition includes scopes that result from the

<i nvoke> shorthand notation for fault handlers and compensation handlers.

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

A <conpensat eScope> Of <conpensat e> activity in an FCT-handler is used to compensate the
behavior of a successfully completed scope immediately enclosed inside the scope associated
with the FCT-handler. [SA00077] The value of thet ar get attribute on a<conpensat eScope>
activity MUST refer to the name of an immediately enclosed scope. This includes immediately
enclosed scopes of an event handler (<onEvent > or <onAl ar n») associated with the same scope
(see section 12.7. Event Handlers). Thisrule MUST be statically enforced.

FCT-handlers may themselves contain scopes. The invocation of a compensation activity is
interpreted based on the immediately enclosing FCT-handler and is used to compensate the
behavior of a successfully completed scope immediately enclosed inside the scope associated
with that FCT-handler. Thereis therefore no way to use a compensation activity to compensate
the scopes immediately enclosed inside an FCT-handler.

12.4.3.1. Compensation of a Specific Scope

The <conpensat eScope> activity causes one specified child scope to be compensated. For
example:

<conpensat eScope target ="Recor dPaynent "/ >

The names of all named activitiesimmediately enclosed in a scope must be unique (see section
10.1. Standard Attributes for All Activities). [SA00078] Thet ar get attribute of a

<conpensat eScope> activity MUST refer to a scope or an invoke activity with afault handler or
compensation handler. The referenced activity MUST be immediately enclosed by the scope
containing the FCT-handler with the <conpensat eScope> activity. If these requirements are not
met then the WS-BPEL process MUST be rejected. These requirements MUST be statically
enforced.

12.4.3.2. Invoking Default Compensation Behavior
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The <conpensat e> activity causes all immediately enclosed scopes to be compensated in default
order (see section 12.5.2. Default Compensation Order).

This activity is used when an FCT-handler needs to perform additional work, such as updating
variables, in addition to performing default compensation for the targeted immediately enclosed
SCopes.

User-defined FCT-handlers may use <conpensat eScope> activities to compensate specific
immediately enclosed scopes and/or <conpensat e> to compensate al immediately enclosed
scopes in default order. Any repeated attempt to compensate immediately enclosed scopesis
treated as executing an <enpt y> activity (see section 12.4.3. Invoking a Compensation Handler).

When user-defined FCT-handlers are executed, a WS-BPEL processor MUST NOT compensate
immediately enclosed scopes unless the <conpensat e> or <conpensat eScope> activities are
used.

12.4.4. Compensation within Repeatable Constructs or Handlers

12.4.4.1. Compensation Handler Instance Groups

Placing a scope inside a repeatabl e construct, such as loop or an event handler usually resultsin
multiple instances of that scope. One scope instance is created for each repetition or event
handler instantiation, respectively.

When a <conpensat e> Or <conpensat eScope> activity is used to invoke the compensation
handler of a scope contained in a repeatable construct, the compensation activity runs a set of
installed compensation handler instances and causes the corresponding set of child scope
instances to be compensated. The set of al such installed compensation handler instantiations is
called a Compensation Handler Instance Group.

In the case of scope specific compensation (<conpensat eScope>), the Compensation Handler
Instance Group contains the installed compensation handler instances of a particular target scope
that is executed within a repeatable construct. For the case of default compensation

(<conpensat e>), the Compensation Handler I nstance Group contains the compensation handler
instances of all immediately enclosed scopes that completed successfully. The compensation
handler instances of immediately enclosed scopes, are treated as a single group.

If an uncaught fault occurs while executing any compensation handler instance of the group, or if
compensation activities are terminated, then al running instances MUST be terminated
following standard WS-BPEL activity termination semantics. All compensation handler
instances of the group and compensation handler instance groups of immediately enclosed
scopes are uninstalled. Completed compensation handler instances within a Compensation
Handler Instance Group are not subject to further compensation.

12.4.4.2. Compensation within Repeatable Constructs
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If a scope being compensated by name is nested in a <whi | e>, <r epeat Unt i | >, or non-parallel
<f or Each> loop, the invocation of the installed instances of the compensation handlersin the
successive iterations MUST bein reverse order.

In the case of paralel <f or Each> and event handlers, no ordering requirement isimposed on the
compensation of the associated scope.

12.4.4.3. Compensation within FCT-Handlers

If ascopeis enclosed inside an FCT-handler, then the enclosed scope’s compensation handler is
available only for the lifetime of the enclosing handler. Once the handler completes, any installed
compensation handlers within it are uninstalled. [SA00079] A root scope enclosed inside a
handler of the above three kinds cannot have a compensation handler associated because it is not
reachable at all from anywhere within the process. Therefore, the root scope inside a handler of
the above three kinds MUST NOT have a compensation handler. Thisrule MUST be statically
enforced. Note that the root scope of an event handler (<onEvent > or <onAl ar ) can have a
compensation handler.

Figure 4: Compensation within Fault Handlers shows afault handler FH(S1) that contains a
scope S2. Scope S2 cannot have a compensation handler CH(S2) as this compensation handler
would be unreachable, but it may have afault handler FH(S2) that is allowed to compensate an
inner scope S3.
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S1

Figure 4. Compensation within Fault Handlers

Compensation within Fault Handlers

A fault in afault handler MUST cause al running contained activities to be terminated (see
section Error! Reference sour ce not found.). All compensation handlers contained in the fault
handler MUST be uninstalled. The fault is propagated to the enclosing scope.

Compensation within Compensation Handlers

A root scope enclosed by a compensation handler can be used to ensure “all or nothing”
semantics, but not for reversing the work of a successfully completed compensation handler. If
the compensation handler completes successfully then any installed compensation handlers for
scopes nested within it are uninstalled. The successfully completed compensation cannot be
reversed, because the root scope inside a compensation handler cannot have aits own
compensation handler associated becauseit is not reachable at all from anywhere within the
process.

A compensation handler that faults (“internal fault”) will undo its partial work by compensating
all scopesimmediately enclosed by the root scope according to the fault handler of the root scope.
If such afault handler is not specified explicitly, partial work will be compensated in the default
order (see section 12.5.2. Default Compensation Order). This approach can be used to provide all
or nothing semantics for compensation handlers. After the partial work is undone, the
compensation handler MUST be uninstalled. The fault MUST be propagated to the caller of the
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compensation handler. This caller isadefault FCT-handler of the enclosing scope or a
compensation activity contained within a user-defined handler.

Figure 5: Compensation within Compensation Handlers shows a compensation handler CH(S1)
that contains a scope S2. Asin the preceding figure, S2 cannot have a compensation handler
CH(S2) itself but may have afault handler FH(S2) that is allowed to compensate an inner scope
S3.

S1

CH(S1)

Figure5: Compensation within Compensation Handlers

Compensation within Termination Handlers

A fault inside atermination handler MUST NOT be not propagated to the enclosing scope (see
section Error! Reference sour ce not found.). Other than that, all of the statements about fault
handlers apply to termination handlers as well.

12.5. Fault Handlers

Fault handling in a business process can be thought of as a mode switch from the normal
processing in a scope. Fault handling in WS-BPEL is designed to be treated as "reverse work," in
that itsaim isto undo the partial and unsuccessful work of a scope in which afault has occurred.
The completion of the activity of afault handler, even when it does not rethrow the handled fault,
is not considered successful completion of the attached scope. Compensation is not enabled for a
scope that has had an associated fault handler invoked.
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Explicit fault handlers, if used, attached to a scope provide a way to define a set of custom fault-
handling activities, defined by <cat ch> and <cat chAl | > constructs. Each <cat ch> construct is
defined to intercept a specific kind of fault, defined by a fault QName. An optional variable can
be provided to hold the data associated with the fault. If the fault name is missing, then the catch
will intercept all faults with the same type of fault data. The fault variable is specified using the
faul t Vari abl e attribute in a<cat ch> fault handler. The variable is deemed to be implicitly
declared by virtue of being used as the value of this attribute and islocal to the fault handler. It is
not visible or usable outside the fault handler in which it is declared. A <cat chAl | > clause can
be added to catch any fault not caught by a more specific fault handler.

There are various sources of faultsin WS-BPEL. A fault response to an <i nvoke> activity isone
source of faults, where the fault name and data are based on the definition of the fault in the
WSDL operation. A <t hr ow> 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.

A fault name may be used in aWS-BPEL process without being defined el sewhere, for example
inaWSDL operation; or the fault name may be missing.

<f aul t Handl| er s>
<cat ch faul t Name="QNane" ?
faul t Vari abl e=" BPELVar i abl eNane" ?
( faul t MessageType="QNane" | faultEl ement="QNanme" )? >*
activity
</ cat ch>
<cat chAl | >?
activity
</ cat chAl | >
</ faul t Handl er s>

[SA00080] There MUST be at least one <cat ch> or <cat chAl | > element within a
<f aul t Handl er s> element. This requirement MUST be statically enforced.

Data thrown with afault can be aWSDL message type or a XML Schema element. Each

<cat ch>, which specifiesa QName asitsf aul t Nane attribute value, can only catch afault with
amatching QName (see section 10.3. Invoking Web Service Operations— Invoke for the
description of how to construct this QName from afault defined in WSDL). Faults with the same
name defined in multiple WSDL operations within the same WSDL namespace can be caught by
the same <cat ch> fault handler. If the data to be caught isa WSDL message then the

f aul t MessageType attribute is used to specify the message type’s QName. If the data to be
caught isa XML element then thef aul t El enent attribute is used to specify the element
definition’s QName.

[SA00081] To have a defined type associated with the fault variable, thef aul t Vari abl e
attribute MUST only be used if either the f aul t MessageType Or f aul t El enent attributes, but
not both, accompany it. Thef aul t MessageType and f aul t El ement attributes MUST NOT be
used unless accompanied by f aul t Var i abl e attribute.
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Because of the flexibility allowed in expressing the faults that a <cat ch> construct can handle, it
is possible for afault to match more than one fault handler. [SA00093] While multiple fault
handlers may match afault, the <f aul t Handl er s> element MUST NOT contain identical

<cat ch> constructs. The <cat ch> constructs are considered identical in this context, when they
have identical valuesin their f aul t Nane, f aul t El enent and f aul t MessageType attributes. If
an attribute is not present in a<cat ch>, itsvalue is considered absent and isidentical only to an
absent attribute of another <cat ch>. A process definition that violates this condition MUST be
detected by static analysis and MUST be regjected by a conformant implementation.

When faults are thrown without associated data the fault MUST be caught as follows:

1.

2.

3.

If thereisa<cat ch> construct with a matching f aul t Name value that does not specify a
faul t Vari abl e attribute then the fault is passed to the identified catch activity.
Otherwiseif thereisa<cat chAl | > fault handler then the fault is passed to the

<cat chAl | > fault handler.

Otherwise, the fault will be handled by the default fault handler (see section

12.5.1. Default Fault, Compensation, and Termination Handlers).

In the case of faults thrown with associated data the fault MUST be caught as follows:

1.

If thereisa<cat ch> construct with a matching f aul t Name value that has a

faul t Vari abl e whose type matches the type of the runtime fault data then the fault is
passed to the identified <cat ch> construct (see the matching criteria definition below).
Otherwise if the fault datais a WSDL message type where the message contains asingle
part defined by an element and there exists a<cat ch> construct with a matching

f aul t Namre value that hasaf aul t Var i abl e whose associated f aul t El ement s QName
matches the QName of the runtime element data of the single WSDL message part, then
the fault is passed to the identified <cat ch> construct with thef aul t Vari abl e initialized
to the value in the single part’s element (see the matching criteria definition below).
Otherwiseif thereisa<cat ch> construct with a matching f aul t Name value that does not
specify af aul t Vari abl e attribute then the fault is passed to the identified <cat ch>
construct. Note that in this case the fault value will not be available from within the fault
handler but will be available to the <r et hr ow> activity.

Otherwiseif thereisa<cat ch> construct without af aul t Nane attribute that has a

faul t Vari abl e whose type matches the type of the runtime fault data then the fault is
passed to the identified <cat ch> construct (see the matching criteria definition below).
Otherwise if the fault datais a WSDL message type where the message contains asingle
part defined by an element and there exists a <cat ch> construct without af aul t Namre
attribute that hasaf aul t Var i abl e whose associated f aul t El enent ’s QName matches
the QName of the runtime element data of the single WSDL message part, then the fault
is passed to the identified <cat ch> construct with the f aul t Vari abl e initialized to the
value in the single part’s element (see the matching criteria definition below).

Otherwise if thereisa<cat chAl | > fault handler then the fault is passed to the

<cat chAl | > fault handler.

Otherwise, the fault will be handled by the default fault handler (see section

12.5.1. Default Fault, Compensation, and Termination Handlers).
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Matching the type of af aul t Vari abl e to the runtime fault data as mentioned in points #1 and
#4 above is more restrictive than in points #2 and #5. In the case of #1 and #4, aWSDL message
type variable can only match a WSDL message type fault data, while an element variable can
only match element-based fault data. For the case of WSDL message-based fault, they match
only when their QNames are identical. For points #1 and #4, wheref aul t El ement is used, and
point #2 and #5, matching is done by comparing the runtime element-based data and the

faul t El ement ’s QName.

The runtime element-based data, which originates from throwing a fault with an XSD element-
based variable, an XSD type-based variable or a single-part WSDL message based on an XSD
element, is considered to be compatible with the globally declared element referenced by
faultElement, when:

o the QName of the element-based data exactly matches the QName of the referenced
element, or

e the element-based data is a member of the substitutionGroup headed by the referenced
element (note: this membership relation is transitive but not symmetric).

If multiplef aul t El enent -based <cat ch> constructs are compatible with element-based fault
data then their matching priority is asfollows:

e A <cat ch> construct with an exact QName match takes precedence.

e |f no exact match exists then the matching precedence is given to a<cat ch> with a
faul t El ement which hasthe fewest level of substitutionGroup relation in XML element
declaration (see example below).

For example, f oo: El ent, f oo: El en®, f 0o: El enB, f oo: El em%, f oo: El en areall globally
declared elements. El en? is declared with its substitutionGroup attribute referring to El ent.. The
same relationship is declared between El en8 and El en2, and between El emt and El ens, and
between El ent and El em#. Consider a scope with the following fault handlers:

<scope>
<f aul t Hand| er s>
<catch faul t Nane="f oo: Bar Faul t Nane" fault El enent ="f oo: El en" >
catch-logic-A ..
</ cat ch>
<cat ch faul t Nane="f oo: Bar Faul t Nane" faul t El enment ="f oo: El emd" >
catch-logic-B ..
</ cat ch>
<catch fault Nane="f oo: Bar Faul t Nane" >
catch-logic-C ..
</ cat ch>
</ faul t Handl er s>
</ scope>

If the fault data element is “f oo: El enb”, the <cat ch>-logic-A based on “f oo: El em” will be
matched. If fault data element is“f oo: El enB8”, the <cat ch>-logic-B based on “f oo: El en2” will
be matched. If fault data element is “f oo: El en”, the <cat ch>-logic-C will be matched.
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Consider the following example:

<f aul t Handl er s>
<catch faul t Nane="x:fo0">

<enpty />
</ cat ch>
<catch faultVariabl e="bar" faultMssageType="tns: bar Type" >

<enpty />
</ cat ch>
<cat ch faul t Nane="x: f 00"
faul t Vari abl e="bar"
faul t MessageType="t ns: bar Type" >

<enpty />
</ cat ch>
<cat chAl | >

<enpty />
</ cat chAl | >
</ faul t Handl er s>

Assume that a fault named ”x:foo” is thrown from within the scope to which this

<f aul t Handl er s> construct is attached. The first <cat ch> will be selected if the fault carries no
fault data. If thereisfault data associated with the fault, the third <cat ch> will be selected if and
only if the type of the fault’s data matches the type of variable “bar”, otherwise the <cat chAl | >
fault handler will be selected. Finally, afault with afault variable whose type matches the type
of “bar” and whose name is not “x:foo” will be processed by the second catch. All other faults
will be processed by the <cat chAl | > fault handler.

A WS-BPEL processis allowed to rethrow the original fault caught by the nearest enclosing
fault handler with a<r et hr ow> activity. A <r et hr ow> activity is allowed to be used within any
fault handler and only within afault handler. Regardless of how afault is caught and whether a
fault handler modifies the fault data, a<r et hr ow> activity always throws the original fault data
and preservesitstype.

Although the use of compensation can be a key aspect of the behavior of fault handlers, the
activity within afault handler is arbitrary, and can even be the <enpt y> activity. When afault
handler is present, it isin charge of handling the fault. It might rethrow the same fault or a
different one, or it might handle the fault by performing cleanup and allowing normal processing
to continue in the enclosing scope.

A process or scope in which afault occurred is considered to have ended abnormally (i.e.
completed unsuccessfully), whether or not the fault was caught and handled without rethrowing
the original fault or throwing a new fault. A compensation handler is never installed for a scope
which is reached by a fault.

When afault handler for a scope completes handling a fault that occurred in that scope without
throwing afault itself, links that have that scope as the source MUST be subject to evaluation of
their status.
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As explained in section 10.3. Invoking Web Service Operations — Invoke, there is a specia
shortcut for the invoke activity to inline fault handlers rather than explicitly using an
immediately enclosing scope.

The compensation handler for scope C becomes available for invocation by the FCT-handlers for
itsimmediately enclosing scope exactly when scope C completes normally. A fault handler for
scope C is available for invocation exactly when C has commenced but has not been compl eted.
If the scope faults before completion, then the appropriate fault handler gets control and all other
fault handlers and termination handlers are uninstalled. A WS-BPEL processor MUST NOT run
more than one explicit or default FCT-handler for the same scope under any circumstances.

The behavior of fault handling for scope C MUST begin by terminating all activitiesthat are
currently active and directly enclosed within C (see section Error! Reference source not found.).
The termination of these activities MUST occur before the specific behavior of afault handler is
started. This also appliesto the default fault handlers described below. The activity of afault
handler is deemed to occur in the scope to which the fault handler is attached.

12.5.1. Default Fault, Compensation, and Termination Handlers

The visibility of scope names and therefore of compensation handlersis limited to the
immediately enclosing scope. Therefore, the ability to compensate a scope would be lost if the
immediately enclosing scope did not have an FCT-handler. Also many faults are not
programmatic or the result of operation invocation, so it is not reasonable to expect an explicit
fault handler for every fault in every scope. WS-BPEL therefore provides default fault handlers,
when they are missing. Similar convenience features are applied to compensation handlers and
termination handlers.

Whenever a<cat chAl | > fault handler (for any fault), <conpensat i onHandl er >, or
<t er m nat i onHandl er > ismissing for any given <scope>, they MUST be implicitly created as
follows.

Default fault handler:

<cat chAl' | >
<sequence>
<conpensate />
<rethrow />
</ sequence>
</ cat chAl | >

Default compensation handler:

<conpensat i onHandl er >
<conpensate />
</ conpensat i onHandl er >

Default termination handler:

<t er m nat i onHandl| er >
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<conpensate />
</term nati onHandl er >

12.5.2. Default Compensation Order

There are two rules for default compensation order that address different aspects of the order
relation. Note that they are cumulative, i.e., they MUST both be obeyed in every case in
performing default compensation.

Informally, Rule 1 states that default compensation must respect the forward order of execution
for the scopes being compensated, but only in so far as that order is mandated by the process
definition. In cases where concurrency is permitted as aresult of the use of <f | ow>, parallel

<f or each>, Or <event Handl er s>, and not otherwise constrained by links, any actual logical
temporal order during execution is not a part of the constraint defined by the first rule. More
formally, we state the rule based on a precise notion of control dependency.

Definition (Control Dependency). If an activity A must complete before activity B begins, asa
result of the existence of a control path from A to B in the process definition, then we say that B
has a control dependency on A. Note that control dependencies may occur due to control linksin
a<f1 ow> aswell as dueto constructs like <sequence>. Control flow due to explicit <t hr ow> iS
not considered a control dependency.

Rule 1: Consider scopes A and B such that B has a control dependency on A. Assuming both A
and B completed successfully and both must be compensated as part of default compensation
behavior, the compensation handler of B MUST run to completion before the compensation
handler of A is started.

This rule permits scopes that executed concurrently on the forward path to aso be compensated
concurrently in the reverse path. The rule imposes a constraint on the order in which
compensation handlers run during compensation in any default handlers of the enclosing scope,
and is not meant to be fully prescriptive about the exact order and concurrency.

Of course, if one follows the strict reverse order of completion, then that necessarily respects
control dependencies and is also consistent with thisrule.

Informally, the second rule is needed as aresult of the fact that all scopes are not isolated (see
section 12.7. Isolated Scopes). It is syntactically possible for two scopes to have links crossing
from activities within one to activities within the other, and moreover such links may crossin
both directions (see section 11.6.2. Link Semantics). Thiswould beillegal if both such scopes
were isolated. The semantics of links crossing isolated scope boundaries imply that such
bidirectional links constitute acycle. Theintent of Rule 2 isto treat all scopes asif they were
isolated, only for purposes of cycle detection regarding links crossing scope boundaries. This
allows usto apply Rule 1 to any pair of scopes to decide unambiguoudly if there is a control
dependency between them, and if so, in which direction. Formally, we need three definitions to
state the rule precisely.

Definition (Peer-Scopes). Two scopes S1 and S2 are said to be peer scopes if they are both
immediately enclosed within the same scope (including process scope).

wsbpel-specification-draft-01 23 August 2006
Copyright © OASIS Open 2003, 2006. All Rights Reserved. Page 132 of 276



Definition (Scope-Controlled Set). An activity A iswithin the scope-controlled set of activities
of scope Sif either A isSitself, or A isenclosed within S, at any depth.

Definition (Peer-Scope Dependency). If S1 and S2 are peer scopes then S2 issaid to have a
direct peer-scope dependency on Sl if thereis an activity B within the scope-controlled set of S2,
and an activity A within the scope-controlled set of S1, such that B has a control dependency on
A. The peer-scope dependency relation is the transitive closure of the direct peer-scope
dependency relation.

Rule 2: [SA00082] The peer-scope dependency relation MUST NOT include cycles. In other
words, WS-BPEL forbids a process in which there are peer scopes S1 and S2 such that S1 has a
peer-scope dependency on S2 and S2 has a peer-scope dependency on S1. A process definition
containing a cyclic peer-scope dependency relation MUST be rejected. This MUST be enforced
by static analysis.

In the following example, scope “SC1” and “SC2” are peer-scopes with respect to the process
scope “P1” astheir enclosing scope. Activities “InvA” and “RcvB” are within the scope-
controlled set of activities of scope “SC1”, while “InvB” and “RcvA” are within the scope-
controlled set of activities of scope “SC2”. Scope “SC1” is said to have a peer-scope dependency
on scope “SC2” because of control link “LinkA”. Because of control link “LinkB”, thereisa
peer-scope dependency in the opposite direction. Hence, this process definition is not accepted
by aWS-BPEL processor because of this cyclic dependency.

<process name="P1">
<f| ow name="F1">

<scope nane="SC1">
<f| ow name="F2">

<i nvoke nanme="I|nvA" ...>
<t ar get s>
<target |inkNanme="LinkA" />
</targets>
</ i nvoke>

<recel ve nane="RcvB"' ...>
<sour ces>
<sour ce |inkNane="LinkB" />
</ sour ces>
</receive>
</ fl ow>
</ scope>
<scope nanme="SC2" >
<f| ow nane="F3">

<i nvoke nanme="I|nvB" ...>
<t ar get s>
<target |inkNanme="LinkB" />
</target s>
</ i nvoke>
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<recel ve nane="RcvA"' ...>
<sour ces>
<sour ce |inkNanme="Li nkA" />
</ sour ces>
</receive>

</ 1 ows
</ scope>
</fl ow>

</ process>

An effect of Rule 2 isto permit adepth-first traversal of the lexical scope tree for default
compensation, respecting the control dependency relation among peer scopes as dictated by Rule
1. Default compensation order of a scope resulting from these rules is dependent only on the
compensation of its nested scopes. The default compensation order mandated by the rules hereis
consistent with strict reverse order of completion. Strict reverse order of completion applied to
compensation of all scopes might not be in depth-first order, and could require interleaving of
nested compensations across peer scopes. Processes that require interleaving of nested
compensations across peer scopes are disallowed by the rules above.

12.5.3. Relation between Compensation Handlers and Isolated Scopes

Compensation handlers may run concurrently with other activities including other compensation
handlers, therefore it is necessary to allow compensation handlers to use isolation scope
semantics (see section 12.7. Isolated Scopes). Compensation handlers do not run within the
isolation domain of their associated scopes, but fault handlers do. This creates difficultiesin the
isolation semantics of compensation handlers for scopes nested inside an isolated scope. Such
compensation handlers MUST NOT use isolated scopes themselves because isolated scopes
cannot be nested. However, their isolation environment would be uncertain because they may be
invoked from either afault handler within the isolation domain of their enclosing scope or within
the compensation handler of the same enclosing scope which is not in that isolation domain.

In order to ensure consistency of behavior, WS-BPEL mandates that the compensation handler of
an isolated scope will itself have isolated behavior implicitly, although it will create a separate
isolation domain from that of its associated scope.

12.5.4. Handling WS-BPEL Standard Faults

If the value of theexi t OnSt andar dFaul t attribute on ascopeisset to"yes", then the process
MUST exit immediately, asif an <exi t > activity has been reached, when any WS-BPEL
standard fault other than bpel : j oi nFai | ur e reaches the scope. If the value of this attribute is set
to " no", then the process can handle a WS-BPEL standard fault using afault handler. The default
value for this attribute is" no" . When this attribute is not specified on a<scope> it inheritsits
value from its enclosing <scope> or <pr ocess>.

12.6 Termination Handlers
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The behavior of afault handler for a scope C begins by implicitly terminating all activities
enclosed within C that are currently active. Note that the completion condition in <f or Each>
may also trigger termination of enclosed scopes. The following paragraphs define the rules that
MUST be followed for all WS-BPEL activity types.

The <assi gn> activities are sufficiently short-lived that they MAY be allowed to compl ete rather
than being interrupted when termination is forced. The evaluation of expressions when already
started is also allowed to complete. An enforced termination MAY also be allowed as WS-BPEL
does not mandate a particular behavior for assignments and expression evaluations.

Each <wai t >, <r ecei ve>, <r epl y> and <i nvoke> activity MUST be interrupted and terminated
prematurely. When a request-response <i nvoke> isinterrupted and terminated prematurely, the
response (if received) for such aterminated activity MUST beignored.

The <enpt y>, <t hr ow> and <r et hr ow> activitiesMAY be allowed to complete. The <exi t >
activity, once started, MUST NOT be terminated.

All structured activity behavior isinterrupted. Theiteration of <whi | e>, <r epeat Unti | >, and
seria <f or Each> MUST be interrupted and termination MUST be applied to the loop body
activity. For aparallel <f or Each>, termination MUST be applied to all parallel executing
branches. If an <i f > or <pi ck> activity has already selected a branch, then the termination
MUST be applied to the activity of the selected branch. If either of these activities has not yet
selected a branch, then the <i f > or <pi ck> activity itself MUST be terminated immediately. The
<sequence> and <f | ow> constructs MUST be terminated by terminating their behavior and
applying termination to all nested activities currently active within them.

The <conpensat eScope> and <conpensat e> activity MUST be terminated by propagating the
termination to the invoked compensation handler instances and applying termination to the
activities of the compensation handlers.

Termination handlers provide the ability for scopes to control the semantics of forced
termination to some degree. The syntax is as follows:

<t er m nat i onHandl| er >
activity
</term nati onHandl er >

The forced termination of a scope begins by terminating its primary activity and all running
event handler instances. Following this, the custom <t er ni nat i onHandl er > for the scope, if
present, is run. Otherwise, the default termination handler isrun.

Forced termination for a scope appliesonly if the scopeisin normal processing mode. If the
scope has already invoked fault handling behavior, then the termination handler is uninstalled,
and the forced termination has no effect. The already active fault handling is allowed to
complete. If the fault handler itself throws afault, thisfault is propagated to the next enclosing
scope.
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The termination handler for a scope is permitted to use the same range of activities as a fault
handler, including the <conpensat eScope> oOr <conpensat e> activity. However, atermination
handler cannot throw any fault. Even if an uncaught fault occurs during its behavior, it is not
rethrown to the next enclosing scope. Thisis because: (@) the enclosing scope has already either
faulted or isin the process of being terminated, which iswhat is causing the forced termination
of the nested scope or (b) the scope being terminated is a branch of a parallel <f or Each> and the
early completion mechanism has triggered the termination, as the <conpl et i onCondi t i on> of
<f or Each> was fulfilled.

Forced termination of nested scopes occurs in innermost-first order as aresult of the rule (stated
above) that the termination handler is run after terminating its primary activity.

12.7. Event Handlers

Each scope, including the process scope, can have a set of event handlers. These event handlers
can run concurrently and are invoked when the corresponding event occurs. The child activity
within an event handler MUST be a<scope> activity. There are two types of events. First,
events can be inbound messages that correspond to a WSDL operation. Second, events can be
aarms, that go off after user-set times. The grammar for the set of event handlers associated with
a SCope Or Processis.

<event Hand| er s>?
<onEvent part nerLi nk="NCNane"
port Type=" QNane" ?
oper ati on="NCNane"
( messageType="QNane" | el enent="QNane" )?
vari abl e="BPELVar i abl eNane" ?
messageExchange=" NCNane" ?2>*
<correl ati ons>?
<correlation set="NCNane" initiate="yes|join|no"? />+
</correl ati ons>
<fronParts>?
<fronPart part="NCNane" toVari abl e="BPELVari abl eNane" />+
</fronPart s>
<scope ...>...</scope>
</ onEvent >
<onAl ar np*
(
<f or expressi onLanguage="anyURl " ?>dur ati on- expr </ f or >
|
<until expressi onLanguage="anyURl " ?>deadl| i ne- expr </ until >
)?
<repeat Every expressi onLanguage="anyURI " ?>?
dur ati on- expr
</repeat Every>
<scope ...>...</scope>
</ onAl ar n»
</ event Handl| er s>

[SA00083] An event handler MUST contain at least one <onEvent > or <onAl ar m» element. This
MUST be statically enforced.
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The por t Type attribute on <onEvent > isoptional. If the por t Type attribute isincluded, the
value of the por t Type attribute MUST match the por t Type value implied by the value of the
partnerLink’'s myRole attribute. All instances of <onEvent > MUST use exactly one of
nessageType, el enent , Or <f r onPart s>.

Event handlers are considered a part of the normal behavior of the scope, unlike FCT-handlers.
The activity enclosed within <onEvent > and <onAl ar m» MUST be a<scope>.
When discussing event handlers, the following two terms are used to explain semantics:

e associated scope: the scope directly defined within <onEvent > or <onAl ar
e ancestor scopes: the chain of enclosing <scope> or <pr ocess> elements of the event
handler

12.7.1. Message Events

The <onEvent > element indicates that the specified event waits for a message to arrive. The
interpretation of this element and its attributesis very similar to a<r ecei ve> activity. The

part ner Li nk attribute references the partner link that contains the myRole endpoint reference on
which the message is expected to arrive. [SA00084] The par t ner Li nk reference MUST resolve
to a partner link declared in the process in the following order: the associated scope first and then
the ancestor scopes. This requirement MUST be enforced during static analysis. Aswith

<r ecei ve> the par t ner Rol e endpoint reference isignored for purposes of executing the receive
semantics of an event handler. The port Type and oper at i on attributes define the port type and
operation that isinvoked by the partner in order to cause the event.

Thevari abl e attribute, if it exists, identifies a variable local to the event handler that will
contain the message received from the partner. [SA00087] The nessageType attribute specifies
the type of the variable by referencing a message type definition using its QName. The type of
the variable (as specified by the nessageType attribute) MUST be the same as the type of the
input message defined by operation referenced by the oper at i on attribute. Optionally the
messageType attribute may be omitted and instead the el enent attribute substituted if the
message to be received has a single part and that part is defined with an element type. That
element type MUST be an exact match of the element type referenced by the element attribute.
Thevari abl e and nessageType/el ement attributes constitute the implicit declaration of a
variable of that name and type within the associated scope associated of the event handler. If an
el enent 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 in section

10.4. Providing Web Service Operations — Receive and Reply .

An aternative to the use of thevari abl e attribute is the use of a collection of <f r onPar t >
elements. The syntax and semantics of the <f r onPar t > elements as used on the <onEvent >
element are the same as specified in section 10.4. Providing Web Service Operations — Receive
and Reply for ther ecei ve activity. [SA00085] Thisincludes the restriction that if <f r onPart >
elements are used on an <onEvent > element then thevari abl e, el enent and messageType
attributes MUST NOT be used on the same element, and [ SA00047] the rules regarding the
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optional nature of thevari abl e attribute or <f r onPar t > elements. When using the <f r onPar t >
elements, each <f r onPar t > element constitutes an implicit declaration of avariable of that name
within the associated scope of the event handler. The variable type is derived from the type of the
corresponding message part. The message type of the WSDL operation can be deduced without
any ambiguity, as WS-BPEL does not support WSDL with overloaded operations (see section

3. Relationship with Other Specifications).

Variables referenced by the vari abl e attribute of <f r onPar t > elements or thevari abl e
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
associated scope. This requirement MUST be enforced by static analysis.

[SA00090] If thevari abl e attribute is used in the <onEvent > element, either the messageType
or theel enent attribute MUST be provided in the <onEvent > element. This requirement MUST
be enforced during static analysis.

Upon receipt of the inbound message the event handler assigns the inbound message to the
variable(s) before proceeding to perform the the <scope> activity enclosed by the event handler.
Since the variable(s) are declared within a scope associated with the event handler, each instance
of the event handler (whether executed serially or concurrently relative to other instances)
contains a private copy of the variable(s), which is not shared with other instances. The variable
references are resolved to the associated scope only and MUST NOT be resolved to the ancestor
SCopes.

The operation specified in the <onEvent > event handler may be either a one-way or arequest-
response operation. In the latter case, the event handler is expected to use a <r epl y> activity to
send the response.

The usage of <corr el at i on> isexactly the same asfor <r ecei ve> activities, with the following
addition: it is possible, from an event handler's inbound message operation, to use correlation
sets that are declared within the associated scope. [ SA00088] The resolution order of the
correlation set(s) referenced by <correl ati on> MUST be first the associated scope and then the
ancestor scopes.

<scope nane="S1">
<conpensat i onHandl er >
<sequence>
<conpensat eScope target="82" />
</ sequence>
</ conpensat i onHandl er >
<event Handl er s>
<onEvent partnerLink="travel Agency"
port Type="ns: agent "
operati on="travel Updat e"
messageType="ns:travel St at sUpdat e"
vari abl e="travel Updat e" >
<correl ati ons>
<correlation set="travel Code" initialize="no" />
<correl ation set="updat eCode" initialize="yes" />
</correl ati ons>
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<scope name="S2">

<correl ati onSet s>
<correl ati onSet name="updat eCode"
properties="ns: updat eCode" />

</correl ati onSet s>

</ scope>
</ onEvent >
</ event Handl er s>

</ scope>

In this example a process is managing travel reservations for a customer and needs to handle
reservation updates from the travel booking system. The <onEvent > construct is used to receive
the update messages which are correlated using thet r avel Code correlation set, which is defined
and initialized elsewhere in the process. However, sometimes the event handler needs to contact
the travel booking system to follow up on an update message. To do that the outgoing message
needs not only the valuein thet r avel Code correlation set, but also the value in an update code
included in the travel update message. Thisiswhere the updat eCode correlation set, declared
locally to the <onEvent > construct comes in. When the update message is received the

updat eCode correlation set isinitialized and its value made available only to the <onEvent >
event handler instance.

Scope S2 is an immediately enclosed scope of S1. The compensation handler on scope S1
invokes the compensation handler on scope S2, which is associated with the <onEvent > event
handler. If S2's compensation handler were invoked, the variable used to receive the message for
the <onEvent > event handler as well as any correlation sets declared in the associated scope
would be visible to the compensation handler, and as parts of the scope snapshot.

The semantics of <onEvent > are identical to those of areceive activity regarding the optional
nature of thevari abl e attribute or <f r onPar t > elements, the handling of race conditions, and
the constraint regarding simultaneous enablement of conflicting receive actions. For the last case,
seethebpel : conflictingRecei ve fault and its related semantics in section 10.4. Providing
Web Service Operations — Receive and Reply .

When the operation specified in the <onEvent > element is a request-response operation, a
message exchange is used to associate the response from a <r epl y> activity with the inbound
message operation specified in the <onEvent > element. A message exchange is always used to
pair up request and response messages. Thisis true even when the messageExchange attributeis
not specified explicitly on the <onEvent > element, since omission of the attribute signifies use of
a default message exchange (see section 10.4.1. Message Exchanges). [SA00089] When the
messageExchange attribute is explicitly specified, the resolution order of the message exchange
referenced by messageExchange attribute MUST be first the associated scope and then the
ancestor scopes.

Event handlers do not carry the cr eat el nst ance attribute, since the event handler cannot be
enabled until the instance is created.
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Whenthe message constituting an event arrivessdtwpe> activity specified in the

corresponding event handler is executed. Business processes are enabled to receive such
messages concurrently with the normal activity of the scope to which the event ndler
attached, as well as concurrently with other event handler instances. This allows such events to
occur at arbitrary times and an arbitrary number of times while the corresponding scope (which
may be the entire business process instance) is active.

Thefollowing example shows the usage of an event handler to halt a process instance
immediately through an external message. This event handler is attachegptocd®e> scope
and is therefore available during the lifetime of the entire business pros&sxe.

<process name="orderCar" >

<eventHandlers >

<onEvent partnerLink  ="buyer"
portType ="ns:car"
operation ="haltOrder"
messageType ="ns:haltOrderMsgType"
variable ="haltDetails" >
<scope >

<exit />

</ scope >

</ onEvent >
</ eventHandlers >

</ process >

In this example, if the buyer invokes thatOrder  operation, theexit> activity is executed,

which results in immediate termination of the process instaitbeut the ongoing work being
compensated. Alternatively, the event handler could throw a fault to cause the ongoing work to
be undone and compensated.

12.7.2. Alarm events

The<onAlarm> element marks a tiradriven eventln an<onAlarm> elementthe<fo r> and
<until> expressiongre mutually exclusivelhere MUST be at least orér> , <until> , or
<repeatEvery> expressionThe<for> expression specifies the duration after which the event
will be signaled. The clock for the duration starts at the poititria when the parent scope (the
scope which directly encloses the event handler) starts. The alternative expression
specifies the specific point in time when the alarm will be fired. Only one of these two
expressions may occur in arynAlarm> event. The optionakrepeatEvery>  expression also
specifies a duration. When theepeatEvery>  expression is specified, the alarm will be fired
repeatedly each time the duration period expires, while the parent scope is active. The
<repeatEvery> expression mabe specified on its own or with either &fer> or the<until>
expression. If therepeatEvery> expression is specified alone, the clock for the very first
duration startat the point in time when thgarentscope starts. If therepeatEvery>  expressia

is specified with either thefor> or the<until>  expression, the first alarm is not fired until the
time specified in thefor> or<until> expression expires; thereafter it is fired repeatedly at the
interval specified by therepeatEvery> expression.
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