
4 Human Tasks

(…)
4.7 Completion Behavior
The completion behavior of a routing pattern or composite task can be influenced by a specification of completion criteria for subtasks and the result construction for the parent task. For this purpose, the routing pattern or composite contains a htd:completionBehavior element.
Multiple completions may be specified as nested htd:completion elements. They are evaluated in lexical order. When one of the specified completion criteria is met then all remaining running subtasks are skipped (i.e., set to the "Obsolete" state) and the associated result construction is applied. 
At most one completion may be specified without completion criteria in order to specify the result construction after regular completion of all subtasks. 
If no result construction is applied, e.g. because no “default” result construction is specified and none of the specified completion criteria is met, then the parent task’s output is not created, i.e., it remains uninitialized. 
Moreover, note that a completion criterion can be specified without referencing subtask output data, which allows the parent task to be considered completed even without creating any subtasks. 

<htd:completionBehavior>?
  <htd:completion name="NCName">+
    <htd:criterion ... >?
      ...

    </htd:criterion>

    <htd:result>?
      ...

    <htd:result>

  <htd:completion>

</htd:completionBehavior>

When output data from subtasks is referenced by completion criteria or result constructions, only output data of already finished subtasks is considered. 
4.7.1 Completion Criteria

A completion criterion defines when a set of subtasks associated with the parent task is considered completed – they are specified as a logical conjunction or disjunction (the default) of 

· Boolean expressions which may refer to input data of the parent task or its subtasks, output data produced by already finished subtasks, or other data obtained from WS-HumanTask API calls (e.g. the number of subtasks)

· Timeout specifications
The completion criterion is defined as htd:criterion element, which contains one or more htd:condition or htd:for / htd:until timeout elements. 

<htd:criterion connector="and|or">?
  ( 
    <htd:condition expressionLanguage="anyURI"?>

      boolean expression

    </htd:condition>
  | 
    <htd:for expressionLanguage="anyURI"?>

      duration-expression

    </htd:for>
  | 

    <htd:until expressionLanguage="anyURI"?>

      deadline-expression

    </htd:until>
  )+
</htd:criterion>
Within the Boolean expression of a completion condition, aggregation functions may be used to evaluate output data produced by the already finished subtasks. 
If an error (e.g. division by zero) occurs during the condition evaluation then the condition is considered to evaluate to “false”. 
Example:

The first completion criterion may be met even without starting subtasks. When both parts of the second criterion are met, that is, 7 days have expired and more than half of the finished subtasks have an outcome of “Rejected”, then the parallel routing pattern is considered completed.  
<htd:parallel>

  ...

  <htd:completionBehavior>

    <htd:completion>

      <htd:criterion>

        <htd:condition>

          htd:getInput("ClaimApprovalRequest")/amount < 1000

        </htd:condition>

      </htd:criterion>

      <htd:result> ... </htd:result>
    </htd:completion>

    <htd:completion>

      <htd:criterion connector="and">

        <htd:condition>

          htd:countOfSubtasksWithOutcome("Rejected") /

          htd:countOfSubtasks() > 0.5

        </htd:condition>

        <htd:for>"P7D"</htd:for>
      </htd:criterion>

      <htd:result> ... </htd:result>
    </htd:completion>

  </htd:completionBehavior>

  ...

</htd:parallel>

4.7.2 Result Construction from Parallel Subtasks

When multiple subtasks are created in order let several people work on their own subtask in parallel then the outputs of these subtasks sometimes need to be combined for the creation of the parent task’s output.
If all subtasks have the same interface definition (as in routing patterns) then the result construction can be defined in a declarative way using aggregation functions. Alternatively, the result may be created using explicit assignments. 
The result construction is defined as htd:result element, containing one or more htd:aggregate or htd:copy elements, executed in the order in which they appear in the task definition. 
<htd:result>
  ( 

    <htd:aggregate ... />

  |

    <htd:copy> ... </htd:copy>

  )+

</htd:result>
4.7.2.1 Declarative Result Aggregation

An htd:aggregate element describes the result aggregation for a leaf element of the parent task’s output document. In most cases, this approach is only meaningful for routing patterns with identical subtask interfaces. Note that the construction of (complex-typed) non-leaf elements is out of scope of the declarative result aggregation. 
<htd:aggregate location="query" 

               condition="bool-expr"?
               function="function-call"/>+
The htd:aggregate element is defined as follows:

· The mandatory location attribute contains a query pointing to the location of a leaf element of the tasks’ output documents:

· For each parallel subtask, this is the location of exactly one element of the subtask’s output document that is processed by the aggregation function. Each subtasks’ output element is (conditionally) added to a node-set passed as parameter to the aggregation function. 

· For the parent task, this is the element created in the task’s output document that is the computed return value of the aggregation function.

· The optional condition attribute contains a Boolean expression evaluated on each subtask’s output document. If the expression evaluates to true then the subtask’s output element identified by location is added to the node-set passed to the aggregation function. 

· The mandatory function attribute contains the name of the aggregation function (QName; see a list of supported aggregation functions below) and optional arguments, in the following form:
      FunctionName '(' ( Argument ( ',' Argument )* )? ')'
Important:

· The first parameter of each aggregation function is the node-set of subtask’s output elements to be aggregated. This parameter is inserted implicitly and MUST NOT be specified within the function attribute. 

· Within the function attribute, function arguments MUST be specified only for additional parameters defined for an aggregation function. 

Example: 

Consider the following output document used in a parallel routing pattern:

<element name="Award" type="tns:tAward" />
<complexType name="tAward">
  <sequence>
    <element name="AwardRecommended" type="xsd:string" />
    <element name="AwardDetails" type="tns:tAwardDetails" />
  </sequence>
</complexType>
<complexType name="tAwardDetails">
  <sequence>
    <element name="Amount" type="xsd:integer" />
    <element name="Appraisal" type="xsd:string" />
  </sequence>
</complexType>
A possible result aggregation could then look like this. The first aggregation determines the most frequent occurrence of an award recommendation. The second aggregation calculates the average award amount for subtasks with an award recommendation of ‘yes’. The third aggregation creates a comma-separated concatenation of all subtask’s appraisals. 
<htd:parallel ...>
  ...
  <htd:completionBehavior>

    <htd:completion>

      <htd:criterion> ... </htd:criterion>

      <htd:result>
        <htd:aggregate location="/Award/AwardRecommended"
                       function="htd:mostFrequentOccurence()"/>
        <htd:aggregate location="/Award/AwardDetails/Amount"
                       condition="/Award/AwardRecommended='yes'"
                       function="htd:avg()"/>
        <htd:aggregate location="/Award/AwardDetails/Appraisal"
                       function="htd:concatWithDelimiter(',')"/>
      </htd:result>
    </htd:completion>

  </htd:completionBehavior>

</htd:parallel>
4.7.2.2 Explicit Result Assignment

An htd:copy element describes the explicit assignment to an element of the parent task’s output document. 

<htd:copy>+
  <htd:from expressionLanguage="anyURI"?>
    expression

  </htd:from>
  <htd:to queryLanguage="anyURI"?>

    query
  </htd:to>
</htd:copy>

The htd:copy element is defined as follows:

· The mandatory htd:from element contains the an expression used to calculate the result value. The expression can make use of WS-HumanTask aggregation functions. 

· The mandatory htd:to element contains a query pointing to the location of an element of the tasks’ output documents. This is the element created in the task’s output document.

Example 1: 

Consider the following output document used in a parallel routing pattern:

<element name="Order" type="tns:tOrder" />
<complexType name="tOrder">
  <sequence>
    <element name="Item" type="tns:tItem" maxOccurs="unbounded"/>
    <element name="TotalPrice" type="xsd:integer" />
  </sequence>
</complexType>
<complexType name="tItem">
  <sequence>

    ...
  </sequence>
</complexType>
A possible result aggregation could then look like this. All subtask order item lists are concatenated to one parent task order item list. The total price is calculated using an aggregation function. 
<htd:parallel>
  ...

  <htd:completionBehavior>

    <htd:completion>

      <htd:criterion> ... </htd:criterion>

      <htd:result>

        <htd:copy>
          <htd:from>

            htd:getOutputs("/Order/Item")

         </htd:from>
          <htd:to>/Order/Item</htd:to>
        </htd:copy>
        <htd:copy>
          <htd:from>

            htd:sum(htd:getOutputs("/Order/TotalPrice"))
          </htd:from>
          <htd:to>/Order/TotalPrice</htd:to>
        </htd:copy>
      </htd:result>
    </htd:completion>

  </htd:completionBehavior>

</htd:parallel>

Example 2: 

Output data from heterogeneous subtasks is assigned into the parent task’s output. The complete complex-typed subtask output documents are copied into child elements of the parent task output document. 
<htd:task name="bookTrip">

  ... produces itinerary ...

  <htd:composition type="parallel" ...>

    <htd:subtask name="bookHotel">

      <htd:task>

        ... produces hotelReservation ...

      </htd:task>

    </htd:subtask>

    <htd:subtask name="bookFlight">

      <htd:task>

        ... produces flightReservation ...

      </htd:task>

    </htd:subtask>

  </htd:composition>

  ...
  <htd:completionBehavior>

    <htd:completion>

      <htd:criterion> ... </htd:criterion>

      <htd:result>
        <htd:copy>
          <htd:from>

            htd:getOutput("bookHotel", "/hotelReservation")

          </htd:from>
          <htd:to>/itinerary/hotelReservation</htd:to>
        </htd:copy>
        <htd:copy>
          <htd:from>

            htd:getOutput("bookFlight", "/flightReservation")

          </htd:from>
          <htd:to>/itinerary/flightReservation</htd:to>
        </htd:copy>

      </htd:result>

    </htd:completion>

  </htd:completionBehavior>

</htd:task>
5 Programming Interfaces

(…)
5.7 XPath Functions

(…)
5.7.1 Result Aggregation Functions
The following XPath aggregation functions are predefined by WS-HumanTask:

· String functions

· string htd:concat( node-set ) – concatenation of all string nodes.

· string htd:concatWithDelimiter( node-set, string ) – concatenation of all string nodes, separated by the specified delimiter string.

· string htd:leastFrequentOccurence( node-set ) – least frequently occurring string value within all string nodes, or an empty string in case of a tie.

· string htd:mostFrequentOccurence( node-set ) – most frequently occurring string value within all string nodes, or an empty string in case of a tie.

· string htd:voteOnString( node-set, number ) – most frequently occurring string value if its occurrence is above the specified percentage, or an empty string otherwise.

· Boolean functions

· boolean htd:and( node-set ) – conjunction of all boolean nodes.

· boolean htd:or( node-set ) – disjunction of all boolean nodes.
· boolean htd:vote( node-set, number ) – most frequently occurring boolean value if its occurrence is above the specified percentage, or false otherwise.

· Number functions

· number htd:avg( node-set ) – average value of all number nodes.

· number htd:max( node-set ) – maximum value of all number nodes.
· number htd:min( node-set ) – minimum value of all number nodes.
· number htd:sum( node-set ) – sum value of all number nodes.

5.7.2 Additional Result Construction Functions
In addition to the aggregation functions, the following XPath functions can be used in completion conditions and result assignments: 

· Node-set functions for accessing a set of subtasks’ output data
· node-set htd:getOutputs( string ) – node-set of simple-typed or complex-typed elements, constructed from the subtasks’ output documents in a routing pattern. The string parameter contains a location path evaluated on each subtask’s output document. The individual node-sets are combined into the returned node-set.

· node-set htd:getOutput( string, string ) – node-set of simple-typed or complex-typed elements, constructed from a named subtasks’ output document in a composite task. The first string parameter contains the name of the subtask, and the second string parameter contains a location path evaluated on the subtask’s output document. 
· Miscellaneous helper functions 
· number htd:countOfSubtasks() – the number of subtasks created for the routing pattern or composition element.
· number htd:countOfFinishedSubtasks() – the number of finished subtasks for the routing pattern or composition element.
· number htd:countOfSubtasksWithOutcome( string ) – the number of finished subtasks for the routing pattern or composition element with the specified outcome.





































































