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Transaction Demarcation

Business Transaction Management

Contribution to the W3C WS-Choreography group on
adding Transaction demarcation to the Choreography Language

From:  Tony Fletcher assisted by Peter Furniss, Choreology Ltd

Introduction

This contribution makes the assumption that WS-Choreography language will be, at least partially, declarative in its nature.  Thus it is assumed that it will work for the choreography language to have ‘flags’ that make statements about the creation, propagation and termination of transactions and that the underlying infrastructure will ‘make it so’.  This contribution suggests additions and some modifications to the Web Services Choreography Description Language Version 1.0 Editor's Draft 3 April 2004 and hence assumes that language as a basis.  However, the intent and ideas in this contribution should be readily adaptable to an evolution of that proposed language, so long as the language progressed by the group retains some resemblance to it.

This contribution should be viewed as a ‘work in progress’, as is the current W3C WS-Choreography language, and Tony accepts responsibility for any errors and omissions.  Some areas need further thought and consideration.  For instance, the language elements and example uses below handle termination of transactions as far as initiating termination at top and intermediate nodes (or roles in the parlance of the Oracle submission), and reaction at the leaf (or participant) nodes (/roles), but does not show how to make use of the actual results of the transaction.  (The initiator of a transaction may request confirmation of that transaction but the actual result may be cancellation or that some specific nodes (/roles) cancelled or ended in some intermediate or mixed state.  Similar, it is possible for some nodes (/roles) of a transaction where the initiator’s decision is to cancel to end up confirming or in a mixed state.)  Clearly the actual result should be capable of influencing the next step of the choreography, and I am not yet sure how to achieve this.  It could be, for instance, that the transaction result is automatically stored in a variable of the same name as that of the transaction which can then be tested in guard conditions.
Business transaction Requirements

An instance of use of the Choreography language describes some kind of application protocol that can be played out between two, or more, roles in different systems.  These application protocols can have a wide range of purposes.  However, independent of the nature and purpose of the protocol, in all cases, there is common requirement that at the end of an application protocol exchange, or a set phase thereof, each of the roles has a common understanding of the outcome.  More specifically each role needs to be in an application protocol state that is complimentary to the application protocol state(s) of the other role(s), there needs to be a common understanding of the state changes of any resources affected, and most importantly this shared ‘understanding’ needs to be assured at each role.  This assurance of the outcome with respect to protocol state and resource state can be achieved by an ‘agreement’ protocol that is used in conjunction with the application protocol, but is independent of it.  Current examples of such agreement or transaction protocols include the OASIS Business Transaction Protocol (BTP), WS-C/AT & BA and its successors, and WS-TXM.

The actually protocol used will only appear in the binding of an instance of a choreography description to the underlying protocols, not in the choreography description itself.  However, the choreography description does need to be able to control the use of the underlying transaction protocol.  Thus the choreography language requires features that allow choreography descriptions to indicate precisely

1)  the point at which a transaction is started (and whether it is the initiator or receiver),

2)  the point at which an existing transaction is propagated to another role (if at all), and

3)  the point at which a transaction is terminated and how the outcome affects the choreography.

4)  As part of transaction termination it should be possible for some roles to be included in positive confirmation and others in negative cancellation, according to the logic of the application.

Note 1:  These features are required of the Choreography language, but their use shall be optional in any particular choreography description.

Note 2:  The outcome of a transaction at a role can be one of confirmation, cancellation, or mixed (which means that the role neither confirmed nor cancelled properly, or that the role can not tell at the present time what has happened).

Note 3:  The use of the compensation technique within a ‘role’ is but one of several techniques that can be used to achieve confirmation / cancellation of a transaction.  Others include checking the work initially but only really performing it on confirmation (often suitable when there are real, irreversible effects of the application work), and to have an explicitly provisional state of the work.  As the Choreography description language is only concerned with externally observable behaviour it does not need to be concerned with precisely how confirmation and cancellation are achieved.

Business transaction demarcation

Overall Choreography description

The outline of a Choreography description (an XML instance document) is as follows:

Characters are appended to elements and attributes as follows:

 "?" (0 or 1),

 "*" (0 or more),

 "+" (1 or more)

<package  
        name="ncname" 
        author=”xsd:string”?
        version=”xsd:string”
        targetNamespace="uri"
       xmlns="http://www.w3.org/ws/choreography/2004/02/WSCDL/">

 
           importDefinitions*
 
           informationType*
 
           token*
 
           tokenLocator*
 
           role*
 
           relationship*
           participant*

 
           channelType*
 
           transactionMappings*
 
        Choreography-Notation*
 
    </package>
Transaction demarcation only affects the Choreography-Notation section (element) and the other sections (elements) are not considered further with one important exception of the proposed new transactionMappings section (element) as noted below.

Issue:  By definition a complete choreography description will describe the complete lifecycle of complete transaction trees.  However, choreography descriptions that are not ‘complete’, but designed to be composable may describe the complete lifecycle of one, or more, complete transaction trees, but may also describe only part of a tree and / or only part of the lifecycle of a transaction.  Are these latter possibilities supportable?  Should they be permitted or banned?

Transaction mappings section

Sometimes all of the composable units of a choreography description will either have no transactions or will fully contain transactions.  Sometimes, however, a composable unit will contain only part of a distributed transaction.  The transactionMappings element provides the mappings between the transaction identification labels in the different units showing that a transaction designated with one label in one composable unit is part of the same distributed transaction as transactions denoted with different labels in the other units.

An example of the syntax:

 
<transactionMappings>+

  <transactionMap>*

    <transactionLabel choreographyName="NCName"?>transaction label1</transactionLabel> <-- 2 or more -->

    <transactionLabel>transaction label2</transactionLabel>

  </transactionMap>

</transactionMappings>

The choreographyName attribute on the transactionLabel element is optional.  The idea is that it can be used to make sure that it is unambiguous as to which choreography the transactionLabel is used in.
Choreography Notation

The Choreography-Notation section provides a composable unit of the overall Choreography description.  As such it may be complete in itself or need to be used with other such units.

<choreography  name="ncname"

      complete="xsd:boolean XPath-expression"?

      isolation="dirty-write"|"dirty-read"|"serializable"?

      root="true"|"false"? >

  <relationship  type="qname" />+

        variableDefinitions?

        Choreography-Notation*

        Activity-Notation

  <exception  name="ncname">

            WorkUnit-Notation+

  </exception>?

  <finalizer  name="ncname">

          WorkUnit-Notation

  </finalizer>?

</choreography>

Initiating transactions

It would be possible to show transactions as being explicitly initiated by using a notation such as:
<transaction action="Begin" label="LabelOne">

before the notation appeared for the exchange of a message.  However, it maybe preferable to signal the start of a transaction implicitly by just starting to use a new label associated with a message exchange as follows:
<interaction  name="ncname"

              channelVariable="qname"

              operation="ncname"

              time-to-complete="xsd:duration"?

              align="true"|"false"?

              transactionLabel="ncname"?
              initiateChoreography="true"|"false"? >

For example:

<interaction  name="createOrderAckInteract"

              channelVariable="tns:buyer-channel"

              operation="createOrderAck"

              time-to-complete="30M"

              transactionLabel="TxLabelOne"?
              initiateChoreography="false" >

Different transactions are designated by their label name and maybe interleaved freely within a choreography.  However, the overall structure of each individual transaction must be that of a tree and it maybe that a suitable tool could check that this is true, and/or enforce it to be true.
Propagating transactions

As for the initiation of transactions, the propagation of a transaction incoming to one partner to one, or more, other partners via outgoing ports could be described explicitly by an element but is probably better handled implicitly by just using the identical label name to that used on the incoming leg of the transaction.  The idea is that the identity is established either by using the same lexical designation for the label or by using the transactionsMap element, which equates different label names.
Terminating transactions

When a transaction is terminated it is necessary not only to show the nature of the termination but also the actions that have to be taken as a result of that particular type of termination.  Essentially a transaction either terminates in the confirmation of a transaction or in its cancellation.  However there are some other possibilities such as the transaction ending in an in-between state where one, or more, of the partners is neither cleanly confirmed nor cancelled.  This is often known as the mixed (or hazard) condition.  There are also some other possibilities such as a partner confirming or cancelling on its own accord independently of the command for the transaction co-ordinator.
The workunit element is used to signal the termination type and actions to be taken, as it has this capability already, and each workunit can have a guard condition, which can be used to choose a particular workunit amongst a number of such.  Thus a choreography section should have several workunit elements for terminating the same transaction each with a different guard and each either with an indication of a different type of termination or a different set of actions to be taken.  In particular these actions may determine the next steps to be taken, which may be different according to whether the current transaction actually comments or cancels, and if it cancels, for instance, the appropriate next step may differ dependent on other information such as ‘have all alternate suppliers been tried already?’.
The basic syntax suggested is as follows:
<workunit  name="ncname"

      guard="xsd:boolean XPath-expression"?                 

      repeat="xsd:boolean XPath-expression"? 

      block="true|false" >

 <transactionAction action="Confirm"|"Cancel"|"Hazard"|"Resign" transactionLabel="TxLabelOne"/> 
      Activity-Notation

</workunit>

Usage patterns
Transaction trees

A distributed transaction can be represented as a tree structure.  In a choreography a node of such a tree equates to a role in the Choreography language terminology, and one end of the link to another node or ‘role’ is termed a behaviour.  (Alternate terminology would equate node to a party or a partner, and one end of the link to another node to a role.).  Using the Choreography language terminology, the transaction initiator role has one, or more, outgoing channels to one, or more, other roles, but no incoming ones.  An intermediate (transaction) role has exactly one incoming channel (carrying messages for that transaction), and one, or more, outgoing channels to one, or more, other roles.  A leaf (or ‘participant’) role has exactly one incoming channel (carrying messages for that transaction), and no outgoing channels (carrying messages for that transaction).
Initiator node (or role)

The (transaction) initiator role has workunit elements for confirmation and cancellation (i.e. a react element that contains a transactionAction element with action=“Confirm” and transactionLabel set to this transaction, and a second workunit element that contains a transactionAction element with action=“Cancel” and transactionLabel set to this transaction).
Transaction Intermediate node (or role)

A (transaction) intermediate role has workunit elements for confirmation and cancellation, similarly to an initiator role, though which one is used in any particularly situation may have a dependency on the incoming channel for that transaction.
Leaf or participant node (or role)

A (transaction) leaf or participant role has workunit elements for confirmation, cancellation, resignation, and mixed situations, where which one is used in any particularly situation may have a dependency on the incoming channel for that transaction.  The logic of the application may dictate that actions on resources at this role should never be made contingent on the confirm or cancel decision (that is resignation is always appropriate), in which case the node can be safely excluded from the transaction altogether.  In other cases the logic of the application may dictate that actions on resources at this role should always be made contingent on the confirm or cancel decision and resignation is never appropriate, in which case the resignation option can be omitted altogether only leaving the three options of confirmation, cancellation, and mixed to be catered for.
Proposed additions to the schema
The proposed additions to the schema corresponding to the above suggestions and example instances are shown marked up in italics in the copy of the schema proved below:
XSD Schemas

<?xml version="1.0" encoding="UTF-8"?>

<schema 

     targetNamespace=http://www.w3.org/ws/choreography/2004/02/WSCDL/

     xmlns=http://www.w3.org/2001/XMLSchema

     xmlns:cdl=http://www.w3.org/ws/choreography/2004/02/WSCDL/

     elementFormDefault="qualified">

  <complexType name="tExtensibleElements">

    <annotation>

      <documentation>

        This type is extended by other CDL component types to allow 

          elements and attributes from other namespaces to be added. 

        This type also contains the optional description element that 

        is applied to all CDL constructs.

      </documentation>

    </annotation>

    <sequence>

      <element name="description" minOccurs="0">

        <complexType mixed="true">

          <sequence minOccurs="0" maxOccurs="unbounded">

            <any processContents="lax"/>

          </sequence>

        </complexType>

      </element>

      <any namespace="##other" processContents="lax" 

          minOccurs="0" maxOccurs="unbounded"/>

    </sequence>

    <anyAttribute namespace="##other" processContents="lax"/>

  </complexType>

  <element name="package" type="cdl:tPackage"/>

  <complexType name="tPackage">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="importDefinitions" 

                  type="cdl:tImportDefinitions" minOccurs="0" 

                  maxOccurs="unbounded"/>

          <element name="informationType" type="cdl:tInformationType" 

                  minOccurs="0" maxOccurs="unbounded"/>

          <element name="token" type="cdl:tToken" minOccurs="0"

                  maxOccurs="unbounded"/>

          <element name="tokenLocator" type="cdl:tTokenLocator" 

                  minOccurs="0" maxOccurs="unbounded"/>

          <element name="role" type="cdl:tRole" minOccurs="0"

                  maxOccurs="unbounded"/>

          <element name="relationship" type="cdl:tRelationship" 

                  minOccurs="0" maxOccurs="unbounded"/>

          <element name="participant" type="cdl:tParticipant" 

                  minOccurs="0" maxOccurs="unbounded"/>

          <element name="channelType" type="cdl:tChannelType"

                  minOccurs="0" maxOccurs="unbounded"/>

        <element name="transactionMappings" type="cdl:TransactionMappingsType" 
                minOccurs="0" maxOccurs="unbounded"/>
          <element name="choreography" type="cdl:tChoreography" 

                  minOccurs="0" maxOccurs="unbounded"/>

        </sequence>

        <attribute name="name" type="NCName" use="required"/>

        <attribute name="author" type="string" use="optional"/>

        <attribute name="version" type="string" use="required"/>

        <attribute name="targetNamespace" type="anyURI" 

                 use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tImportDefinitions">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="import" type="cdl:tImport" 

                  maxOccurs="unbounded"/>

        </sequence>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tImport">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <attribute name="namespace" type="anyURI" use="required"/>

        <attribute name="location" type="anyURI" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tInformationType">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <attribute name="name" type="NCName" use="required"/>

        <attribute name="type" type="QName" use="optional"/>

        <attribute name="element" type="QName" use="optional"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tToken">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <attribute name="name" type="NCName" use="required"/>

        <attribute name="informationType" type="QName"

                 use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tTokenLocator">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <attribute name="tokenName" type="QName" use="required"/>

        <attribute name="informationType" type="QName"

                 use="required"/>

        <attribute name="query" type="cdl:tXPath-expr" 

                 use="optional"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tRole">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="behavior" type="cdl:tBehavior"

                  maxOccurs="unbounded"/>

        </sequence>

        <attribute name="name" type="NCName" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tBehavior">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <attribute name="name" type="NCName" use="required"/>

        <attribute name="interface" type="QName" use="optional"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tRelationship">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="role" type="cdl:tRoleRef" minOccurs="2"

                  maxOccurs="2"/>

        </sequence>

        <attribute name="name" type="NCName" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tRoleRef">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <attribute name="type" type="QName" use="required"/>

        <attribute name="behavior" type="NCName" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tParticipant">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="role" type="cdl:tRoleRef2" 

                  maxOccurs="unbounded"/>

        </sequence>

        <attribute name="name" type="NCName" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tRoleRef2">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <attribute name="type" type="QName" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tChannelType">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="passing" type="cdl:tPassing" minOccurs="0"

                  maxOccurs="unbounded"/>

          <element name="role" type="cdl:tRoleRef3"/>

          <element name="reference" type="cdl:tReference"/>

          <element name="identity" type="cdl:tIdentity" minOccurs="0" 

                  maxOccurs="unbounded"/>

        </sequence>

        <attribute name="name" type="NCName" use="required"/>

        <attribute name="usage" type="cdl:tUsage" use="optional" 

                     default="unlimited"/>

        <attribute name="action" type="cdl:tAction" use="optional"

                     default="request-respond"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tRoleRef3">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <attribute name="type" type="QName" use="required"/>

        <attribute name="behavior" type="NCName" use="optional"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tPassing">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <attribute name="channel" type="QName" use="required"/>

        <attribute name="action" type="cdl:tAction" use="optional" 

                 default="request-respond"/>

        <attribute name="new" type="boolean" use="optional"

                 default="true"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tReference">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="token" type="cdl:tTokenReference"

                      maxOccurs="unbounded"/>

        </sequence>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tTokenReference">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <attribute name="name" type="QName" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tIdentity">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="token" type="cdl:tTokenReference" 

                  maxOccurs="unbounded"/>

        </sequence>

      </extension>

    </complexContent>

  </complexType>

   <complexType name="TransactionMappingsType">
     <sequence>
        <element name="transactionMap" type="cdl:TransactionMapType" maxOccurs="unbounded"/>
     </sequence>
   </complexType>
   <complexType name="TransactionMapType">
     <sequence>
        <element name="transactionLabel" minOccurs="2" maxOccurs="unbounded">

         <complexType>

          <simpleContent>

           <extension base="NCName">

           <attribute name="choreographyName" type="NCName" use="optional"/>

          </extension>

         </simpleContent>

      </complexType>

     </element>

     </sequence>
   </complexType>
<!-- The transactionLabel type could be QName, but NCName together with the choreographyName attribute would seem to be preferable as this copes with ‘Included’ choreographies as well as ‘Imported’ ones ? -->
  <complexType name="tChoreography">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="relationship" type="cdl:tRelationshipRef" 

                  maxOccurs="unbounded"/>

          <element name="variableDefinitions"

                  type="cdl:tVariableDefinitions" minOccurs="0"/>

          <element name="choreography" type="cdl:tChoreography"

                   minOccurs="0" maxOccurs="unbounded"/>

          <group ref="cdl:activity"/>

          <element name="exception" type="cdl:tException"

                  minOccurs="0"/>

          <element name="finalizer" type="cdl:tFinalizer"

                      minOccurs="0"/>

        </sequence>

        <attribute name="name" type="NCName" use="required"/>

        <attribute name="complete" type="cdl:tBoolean-expr" 

                     use="optional"/>

        <attribute name="isolation" type="cdl:tIsolation" 

                     use="optional" default="dirty-write"/>

        <attribute name="root" type="boolean" use="optional" 

                     default="false"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tRelationshipRef">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <attribute name="type" type="QName" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tVariableDefinitions">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="variable" type="cdl:tVariable"

                  maxOccurs="unbounded"/>

        </sequence>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tVariable">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <attribute name="name" type="NCName" use="required"/>

        <attribute name="informationType" type="QName" 

                 use="optional"/>

        <attribute name="channelType" type="QName" use="optional"/>

        <attribute name="mutable" type="boolean" use="optional"

                 default="true"/>

        <attribute name="free" type="boolean" use="optional" 

                 default="false"/>

        <attribute name="silent-action" type="boolean" use="optional"

                 default="false"/>

        <attribute name="role" type="QName" use="optional"/>

      </extension>

    </complexContent>

  </complexType>

  <group name="activity">

    <choice>

      <element name="sequence" type="cdl:tSequence"/>

      <element name="parallel" type="cdl:tParallel"/>

      <element name="choice" type="cdl:tChoice"/>

      <element name="workunit" type="cdl:tWorkunit"/>

      <element name="interaction" type="cdl:tInteraction"/>

      <element name="perform" type="cdl:tPerform"/>

      <element name="assign" type="cdl:tAssign"/>

      <element name="noaction" type="cdl:tNoaction"/>

    </choice>

  </group>

  <complexType name="tSequence">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <group ref="cdl:activity" maxOccurs="unbounded"/>

        </sequence>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tParallel">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <group ref="cdl:activity" maxOccurs="unbounded"/>

        </sequence>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tChoice">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <group ref="cdl:activity" maxOccurs="unbounded"/>

        </sequence>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tWorkunit">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

        <element name="transactionAction" type="cdl:TransactionActionType" />
          <group ref="cdl:activity"/>

        </sequence>

        <attribute name="name" type="NCName" use="required"/>

        <attribute name="guard" type="cdl:tBoolean-expr" 

                 use="optional"/>

        <attribute name="repeat" type="cdl:tBoolean-expr" 

                 use="optional"/>

        <attribute name="block" type="boolean" use="required"/>

      </extension>

    </complexContent>

  </complexType>

    <complexType name="TransactionActionType">

     <attribute name="action" use="required">
       <simpleType>

        <restriction base="string">

            <enumeration value="Confirm"/>
 <!--  Ensure that the effect of a set of procedures is completed.  There are a number of different ways that this may be achieved in practice.  -->

            <enumeration value="Cancel"/>

<!--  Process a counter effect for the current effect of a set of procedures.  There are a number of different ways that this may be achieved in practice.  -->

            <enumeration value="Hazard"/>

<!--  A node in a transaction tree has either discovered a “mixed” condition (that is it is unable to correctly and consistently Cancel or Confirm the operations in accord with the decision), or the Node is unable to determine that a “mixed” condition has not occurred at itself or in the transaction tree below it.

.  -->

            <enumeration value="Resign"/>

<!--  The application work has no real effect on the transaction – more exactly, that the Counter-effect, if cancelled, and the Final Effect, if confirmed, will be identical.  -->

        </restriction>

       </simpleType>
       </attribute>
     <attribute name="transactionLabel" type="NCName" use="required"/>
    </complexType>
  <complexType name="tPerform">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="alias" type="cdl:tAlias" 

                  maxOccurs="unbounded"/>

        </sequence>

        <attribute name="choreographyName" type="QName"

                 use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tAlias">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="this" type="cdl:tAliasVariable"/>

          <element name="free" type="cdl:tAliasVariable"/>

        </sequence>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tAliasVariable">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <attribute name="variable" type="cdl:tXPath-expr" 

                 use="required"/>

        <attribute name="role" type="QName" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tInteraction">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="participate" type="cdl:tParticipate"/>

          <element name="exchange" type="cdl:tExchange" minOccurs="0"

                  maxOccurs="unbounded"/>

          <element name="record" type="cdl:tRecord" minOccurs="0" 

                  maxOccurs="unbounded"/>

        </sequence>

        <attribute name="name" type="NCName" use="required"/>

        <attribute name="channelVariable" type="QName" 

                 use="required"/>

        <attribute name="operation" type="NCName" use="required"/>

        <attribute name="time-to-complete" type="duration"

                 use="optional"/>

        <attribute name="align" type="boolean" use="optional" 

                 default="false"/>

     <attribute name="transactionLabel" type="NCName" 
                 use="optional" />
        <attribute name="initiateChoreography" type="boolean" 

                 use="optional" default="false"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tParticipate">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <attribute name="relationship" type="QName" use="required"/>

        <attribute name="fromRole" type="QName" use="required"/>

        <attribute name="toRole" type="QName" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tExchange">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="use" type="cdl:tVariableRef"/>

          <element name="populate" type="cdl:tVariableRef"/>

        </sequence>

        <attribute name="messageContentType" type="QName" 

                 use="required"/>

        <attribute name="action" type="cdl:tAction2" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tVariableRef">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <attribute name="variable" type="cdl:tXPath-expr" 

                use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tRecord">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="source" type="cdl:tVariableRef"/>

          <element name="target" type="cdl:tVariableRef"/>

        </sequence>

        <attribute name="name" type="string" use="required"/>

        <attribute name="role" type="QName" use="required"/>

        <attribute name="action" type="cdl:tAction2" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tAssign">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

      <element name="copy" type="cdl:tCopy"

               maxOccurs="unbounded"/>

        </sequence>

        <attribute name="role" type="QName" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tCopy">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="source" type="cdl:tVariableRef"/>

          <element name="target" type="cdl:tVariableRef"/>

        </sequence>

        <attribute name="name" type="NCName" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tNoaction">

    <complexContent>

      <extension base="cdl:tExtensibleElements"/>

    </complexContent>

  </complexType>

  <complexType name="tException">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="workunit" type="cdl:tWorkunit" 

                  maxOccurs="unbounded"/>

        </sequence>

        <attribute name="name" type="NCName" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <complexType name="tFinalizer">

    <complexContent>

      <extension base="cdl:tExtensibleElements">

        <sequence>

          <element name="workunit" type="cdl:tWorkunit"/>

        </sequence>

        <attribute name="name" type="NCName" use="required"/>

      </extension>

    </complexContent>

  </complexType>

  <simpleType name="tAction">

    <restriction base="string">

      <enumeration value="request-respond"/>

      <enumeration value="request"/>

      <enumeration value="respond"/>

    </restriction>

  </simpleType>

  <simpleType name="tAction2">

    <restriction base="string">

      <enumeration value="request"/>

      <enumeration value="respond"/>

    </restriction>

  </simpleType>

  <simpleType name="tUsage">

    <restriction base="string">

      <enumeration value="once"/>

      <enumeration value="unlimited"/>

    </restriction>

  </simpleType>

  <simpleType name="tBoolean-expr">

    <restriction base="string"/>

  </simpleType>

  <simpleType name="tXPath-expr">

    <restriction base="string"/>

  </simpleType>

  <simpleType name="tIsolation">

    <restriction base="string">

      <enumeration value="dirty-write"/>

      <enumeration value="dirty-read"/>

      <enumeration value="serializable"/>

    </restriction>

  </simpleType>

</schema>

Example

This example is included to demonstrate the general intent.  It is now out of date as far as the syntax used is concerned.  I hope to update this section when a full example is added to the working draft of the specification or the primer.

This example is the one given in the Oracle submission and uses propsed syntax in the Oracle submission rather than the syntax of the current working draft.  There are a number of ways it could be cast into a transactional form.  In this version we have made the complete choreography into a single transaction.  It would be equally possible to divide it into a number of transactions.
It should be noted that this is only an example, and neither the version in the Oracle submission nor in this contribution are complete in the sense that they do not show all possible alternate paths.  A complete example should show that applying transactions and hence transaction boundaries does actually make things simpler by eliminating some unwanted (i.e. ‘error’) paths and their extension.
<choreography name="purchaseOrderChoreograpy" root="true">

     <relationship type="BuyerSellerBinding"/>

     <relationship type="SellerCreditBinding"/>

     <relationship type="SellerInventoryBinding"/>

    

     <stateDefinitions  name="purchaseOrderChoreographyState">

<!-- these state definitions define states which are used across buyer/seller, seller/credit and seller/inventory choreographies 

-->

          <stateType  name="purchaseOrderDocAtSeller"

                       documentType="purchaseOrderDocType"

                       roleType="Seller"/>

          <stateType  name="creditCheckResponseDocAtSeller"

                       documentType="creditCheckResponseDocType"

                       roleType="Seller"/>

          <stateType  name="inventoryCheckResponseDocAtSeller"

                       documentType="inventoryCheckResponseDocType"

                       roleType="Seller"/>

          <stateType  name="seller-channel-for-buyer"

                       channelType="purchaseOrderCHT"/>

     </stateDefinitions>

 
<transactionMappings>

  <transactionMap>

   <transactionLabel 
   choreographyName="buyerSellerChoreography">TxCreateOrder</transactionLabel>

   <transactionLabel>TxOrderResponse</transactionLabel>

   <transactionLabel 
   choreographyName="creditCheckChoreography">TxcheckCredit</transactionLabel>

   <transactionLabel 
   choreographyName="inventoryCheckChoreography">TxcheckInventory
                                                          </transactionLabel>

  </transactionMap>

</transactionMappings>

     <react name="programPurchaseOrder"

            relationshipType=”BuyerSellerBinding”>

     

<!-- A sub choreography for buyer/seller interactions -->

        <choreography 

               name="buyerSellerChoreography”>

          <relationship=”BuyerSellerBinding"/>

 

          <stateDefinitions  name="purchaseOrderChoreographyState">

     

             <stateType  name="purchaseOrderAckDoc"

                       documentType="purchaseOrderAckDocType"/>

             <stateType  name="purchaseOrderDocAtBuyer"

                       documentType="purchaseOrderDocType"

                       roleType="Buyer"/>

             <stateType  name="purchaseOrderResponseDoc"

                       documentType="purchaseOrderResponseDocType"/>  

             <stateType  name="purchaseOrderRejectDoc"

                       documentType="purchaseOrderRejectDocType"/>

             <stateType  name="buyer-channel"

                       channelType="purchaseOrderResponseCHT"/>

          </stateDefinitions>

          <react name="purchaseOrder"

                 relationshipType=”BuyerSellerBinding”>

<!-- This is the first interact, hence we assume that the buyer and seller       have negotiated and know the seller-channel-for-buyer -->

 

             <interact name="createOrderInteract"

                onChannel="seller-channel-for-buyer"

                operation="createOrder"

                initiateChoreography="true" transactionLabel="TxCreateOrder">
                 <participate relationship="BuyerSellerBinding"

                   fromRole="Buyer"

                   toRole="Seller"/>
                <align state="purchaseOrderDocAtBuyer" 

                       with-state="purchaseOrderDocAtSeller"/>

                <align state="buyer-channel" 

                       with-state="buyer-channel"/>

            </interact>

 

 <!-- This is not a response, but just an acknowledgement  -->

             <interact name="createOrderAckInteract"

                 onChannel="buyer-channel"

                 operation="createOrderAck" transactionLabel="TxCreateOrder">

                <participate relationship="BuyerSellerBinding"

                  fromRole="Seller"

                  toRole="Buyer"/>

                <align state="purchaseOrderAckDoc" 

                       with-state="purchaseOrderAckDoc"/>

             </interact>

 

<!-- this is a sub choreography of buyerSellerChoreography because we want to
     share the scope of buyer-channel between the two -->

             <choreography 

               name="sellerResponseChoreography">

               <relationship=”BuyerSellerBinding"/>

 

<!-- The group name ApproveOrReject indicates that all the reacts that belong
     to this group are mutually exclusive.  When one is fired, the others are
     disabled. -->

               <react name="creditApprovalInventoryApproval" 

                      group="ApproveOrReject"

                      relationshipType=”BuyerSellerBinding”

                      guard= "cdl:getState(CreditCheckResponseDocAtSeller, \“/Customer/Credit\”) [text() = 'success'] && cdl:getState(InventoryResponseDocAtSeller, \“/Order/Inventory\”) [text()='available']">

 <transactionAction action="Confirm" transactionLabel="TxOrderResponse"/>
                  <interact name="createOrderResponse"

                     onChannel="buyer-channel"

                     operation="createOrderResponse"
                     transactionLabel="TxOrderResponse">

                     <participate relationship="BuyerSellerBinding"

                        fromRole="Seller"

                         toRole="Buyer"/>

                     <align state="purchaseOrderResponseDoc" 

                            with-state="purchaseOrderResponseDoc"/>

                  </interact>
               </react>

             </choreography>

     

 

 <!-- this is a sub choreography of buyerSellerChoreography because we want to
      share the scope of buyer-channel between the two. -->
             <choreography 

                    name="sellerRejectChoreography">

               <relationship=”BuyerSellerBinding"/>

 

               <!--react belongs to group ApproveOrReject.-->

               <react name="creditInventoryRejection" 

                      group="ApproveOrReject"

                      relationshipType=”BuyerSellerBinding”

                      guard= "cdl:getState(CreditCheckResponseDocAtSeller, \“/Customer/Credit\”)[text='failedToApprove'] || cdl:getState(InventoryResponseDocAtSeller, \“/Order/Inventory\”)[text= 'notAvailable']">

  <transactionAction action="Cancel" transactionLabel="TxOrderResponse"/>
                  <interact name="createOrderReject"

                      onChannel="buyer-channel"

                      operation="createOrderReject"
                      transactionLabel="TxOrderResponse">

                      <participate relationship="BuyerSellerBinding"

                         fromRole="Seller"

                         toRole="Buyer"/>

                      <align state="purchaseOrderRejectDoc" 

                             with-state="purchaseOrderRejectDoc"/>

                  </interact>

               </react>

             </choreography>
<!-- this is a sub choreography of buyerSellerChoreography because we want to

      share the scope of buyer-channel between the two. -->

             <choreography 

                    name="sellerProblemChoreography">

               <relationship=”BuyerSellerBinding"/>

 

               <!--react belongs to group ApproveOrReject.-->

               <react name="creditInventoryProblem" 

                      group="ApproveOrReject"

                      relationshipType=”BuyerSellerBinding”

                      guard= "cdl:getState(CreditCheckResponseDocAtSeller, \“/Customer/Credit\”)[text='Problem'] || cdl:getState(InventoryResponseDocAtSeller, \“/Order/Inventory\”)[text= 'notAvailable']">

  <transactionAction action="Mixed" transactionLabel="TxOrderResponse"/>
                  <interact name="createOrderReject"

                      onChannel="buyer-channel"

                      operation="createOrderReject"

                      transactionLabel="TxOrderResponse">

                      <participate relationship="BuyerSellerBinding"

                         fromRole="Seller"

                         toRole="Buyer"/>

                      <align state="purchaseOrderRejectDoc" 

                             with-state="purchaseOrderRejectDoc"/>

                  </interact>

               </react>

             </choreography>

          </react>

        </choreography>

 

 <!--  The credit check could be included in the transaction, but it would always resign as, although the information it sends back is significant for the business application, the credit checker itself does not have any resources that need to be subject to the confirm or cancel decision.  It can therefore be omitted from the transaction safely.  (It may record information internally and change state internally as a result of the interaction but not in a manner dependent on the confirm or cancel decision.)  Thus the credit checker illustrates that not all parts of a business interaction need to be included in a transaction to be effective. -->

<!-- Choreography to check credit of the buyer -->

        <choreography name="creditCheckChoreography">

          <relationship type="SellerCreditBinding"/>

          <stateDefinitions  name=”creditCheckChoreographyState”>

             <stateType  name="creditCheckRequestDoc"

                       documentType="creditCheckRequestDocType"/>

             <stateType  name="creditCheckResponseDocAtCredit"

                       documentType="creditCheckResponseDocType"

                       roleType="Credit"/>

             <stateType  name="seller-channel-for-credit"

                       channelType="tns:creditCheckResponseCHT"/> 

          </stateDefinitions>                 

                          

<!-- When purchaseOrderDocAtSeller is available at seller, this react is
     enabled -->

          <react name="purcaseDocAvailibility"

                 relationshipType=”SellerCreditBinding”

                    guard="purchaseOrderDocAtSeller">

 

             <interact name="creditCheck"

                   onChannel="credit-channel"

                   operation="checkCredit"

                   initiateChoreography="true">

                   <participate relationship="SellerCreditBinding"

                       fromRole="Seller"

                      toRole="Credit"/>

                   <align state="creditCheckRequestDoc" 

                          with-state="creditCheckRequestDoc"/>

                   <align state="seller-channel-for-credit" 

                         with-state="seller-channel-for-credit"/>

            </interact>

 

             <interact name="creditCheckResponse"

                  onChannel="seller-channel-for-credit"

                  operation="creditResponse">

                  <participate relationship="SellerCreditBinding"

                         fromRole="Credit"

                         toRole="Seller"/>

                  <align state="creditCheckResponseDocAtCredit" 

                         with-state=" creditCheckResponseDocAtSeller"/>

            </interact>

          </react>
        </choreography>

 

<!-- Choreography to check inventory of the products ordered by the buyer -->

        <choreography name="inventoryCheckChoreography">

          <relationship type="SellerInventoryBinding"/>

          <stateDefinitions  name=”inventoryCheckChoreographyState”>

             <stateType  name="inventoryCheckRequestDoc"

               documentType="inventoryCheckRequestDocType"/>

             <stateType  name="inventoryCheckResponseDocAtInventory"

               documentType="inventoryCheckResponseDocType"

               roleType="Inventory"/>

              <stateType  name="seller-channel-for-inventory"

               channelType="inventoryCheckResponseCHT"/>

          </stateDefinitions>

 

<!-- When purchaseOrderDocAtSeller is available at seller, this react is
     enabled. -->

          <react name="purcaseDocAvailibility"

                  relationshipType=”SellerInventoryBinding”

                  guard="purchaseOrderDocAtSeller">    

             <interact name="inventoryCheck"

                onChannel="inventory-channel"

                operation="inventoryCredit"

                initiateChoreography="true"
                transactionLabel="TxcheckInventory">

                <participate relationship="SellerInventoryBinding"

                         fromRole="Seller"

                         toRole="Inventory"/>

                <align state="inventoryRequestDoc" 

                       with-state="inventoryRequestDoc"/>

             </interact>

 

             <interact name="inventoryResponse"

                onChannel="seller-channel-for-inventory"

                operation="inventoryResponse"
               transactionLabel="TxcheckInventory">

                <participate relationship="SellerInventoryBinding"

                            fromRole="Inventory"

                            toRole="Seller"/>

                <align state="inventoryResponseDocAtInventory" 

                       with-state="inventoryResponseDocAtSeller"/>

            </interact>

          </react>

        </choreography>

     </react>

   </choreography>

</package> 

In the above version of this example the intent is that the whole transaction is confirmed if the business action of placing the order is successful and is cancelled if it is not successful.  It is equally possible to apply different philosophies.  In particular one might wish to always confirm the transaction, if technically possible, independent of the nature of the business result, and to only cancel if there is a technical failure (unable to complete an operation for instance).  In this case the relevant section of the above example choreography description might look something like this:

<!-- this is a sub choreography of buyerSellerChoreography because we want to
     share the scope of buyer-channel between the two -->

             <choreography 

               name="sellerResponseChoreography">

               <relationship=”BuyerSellerBinding"/>

 

<!-- The group name ApproveOrReject indicates that all the reacts that belong
     to this group are mutually exclusive.  When one is fired, the others are
     disabled. -->

               <react name="creditApprovalInventoryApproval" 

                      group="ApproveOrReject"

                      relationshipType=”BuyerSellerBinding”

                      guard= "cdl:getState(CreditCheckResponseDocAtSeller, \“/Customer/Credit\”) [text() = 'success'] && cdl:getState(InventoryResponseDocAtSeller, \“/Order/Inventory\”) [text()='available'] && [NoTechnicalFailure]">

 <transactionAction action="Confirm" transactionLabel="TxOrderResponse"/>
                  <interact name="createOrderResponse"

                     onChannel="buyer-channel"

                     operation="createOrderResponse"
                     transactionLabel="TxOrderResponse">

                     <participate relationship="BuyerSellerBinding"

                        fromRole="Seller"

                         toRole="Buyer"/>

                     <align state="purchaseOrderResponseDoc" 

                            with-state="purchaseOrderResponseDoc"/>

                  </interact>
               </react>

             </choreography>

     

 

 <!-- this is a sub choreography of buyerSellerChoreography because we want to
      share the scope of buyer-channel between the two. -->
             <choreography 

                    name="sellerRejectChoreography">

               <relationship=”BuyerSellerBinding"/>

 

               <!--react belongs to group ApproveOrReject.-->

               <react name="creditInventoryRejection" 

                      group="ApproveOrReject"

                      relationshipType=”BuyerSellerBinding”

                      guard= "(cdl:getState(CreditCheckResponseDocAtSeller, \“/Customer/Credit\”)[text='failedToApprove'] || cdl:getState(InventoryResponseDocAtSeller, \“/Order/Inventory\”)[text= 'notAvailable']) && [NoTechnicalFailure]">

  <transactionAction action="Confirm" transactionLabel="TxOrderResponse"/>
                  <interact name="createOrderReject"

                      onChannel="buyer-channel"

                      operation="createOrderReject"
                      transactionLabel="TxOrderResponse">

                      <participate relationship="BuyerSellerBinding"

                         fromRole="Seller"

                         toRole="Buyer"/>

                      <align state="purchaseOrderRejectDoc" 

                             with-state="purchaseOrderRejectDoc"/>

                  </interact>

               </react>

             </choreography>
<!-- this is a sub choreography of buyerSellerChoreography because we want to
      share the scope of buyer-channel between the two. -->
             <choreography 

                    name="sellerFailureChoreography">

               <relationship=”BuyerSellerBinding"/>

 

               <!--react belongs to group ApproveOrReject.-->

               <react name="creditInventoryRejection_Failure" 

                      group="ApproveOrReject"

                      relationshipType=”BuyerSellerBinding”

                      guard= "[TechnicalFailure]">

  <transactionAction action="Cancel" transactionLabel="TxOrderResponse"/>
                  <interact name="createOrderReject"

                      onChannel="buyer-channel"

                      operation="createOrderReject"
                      transactionLabel="TxOrderResponse">

                      <participate relationship="BuyerSellerBinding"

                         fromRole="Seller"

                         toRole="Buyer"/>

                      <align state="purchaseOrderRejectDoc" 

                             with-state="purchaseOrderRejectDoc"/>

                  </interact>

               </react>

             </choreography>
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