Reliable Message Cancellation
1. Summary

This proposal provides a way for an RM Source to reliably cancel the transfer of a sequenced message such that the RMS knows for certain that the message has already been transferred or that it will never be transferred.
In this proposal, the mechanism to close a sequence is kept separate from the mechanism to resolve doubt about the transfer of individual messages.

The proposal consists of adding an optional SequenceCancel element sent from the RMS to the RMD. The SequenceCancel element informs the RMD not to accept messages specified in the enclosed message range if it has not already done so. In response to the SequenceCancel request, the RMD responds with a SequenceCancelAcknowledgement element for the set of messages that it is canceling.
An RMD that cancels a message promises never to accept that message for delivery. This promise allows the RMS to know for certain that the message either has already been transferred or will never be transferred.
With this proposal it is possible for “gaps” to appear in the ranges of acknowledged messages. These gaps may accumulate over time as messages are cancelled. To alleviate this, the proposal includes a gap-filling mechanism that allows the RMS to inform the RMD that it is OK to include these gaps in the acknowledgment set, thus compacting the SequenceAcknowledgment elements and reducing the amount of state the RMD must maintain for the sequence.
2. Requesting Cancellation
The intent of cancellation is for the RMS to be able to resolve doubt about the state of a transfer of a message that it has attempted one or more times to transmit to the RMD but has yet to receive an Acknowledgment for. An RMD that sends a SequenceCancelAcknowledgement header block promises never to accept a message in the cancelled ranges.  

Cancellation of one or more messages is requested by the RMS by specifying a SequenceCancel header block containing one or more MessageRange elements. 

A following exemplar defines its syntax:

<wsrm:SequenceCancel ...>

    <wsrm:Identifier ...> xs:anyURI </wsrm:Identifier>

    <wsrm:MessageRange ...

        Upper="xs:unsignedLong"

        Lower="xs:unsignedLong"/>?

    ...

</wsrm:SequenceCancel>

/wsrm:SequenceCancel/wsrm:MessageRange
This optional element, if present, can occur 1 or more times. It contains a range of MessageNumbers that SHOULD be cancelled by the receiving endpoint manager. The ranges SHOULD NOT overlap with any previously received AcknowledgementRange. 

/wsrm:SequenceCancel/wsrm:MessageRange/@Upper

This required attribute contains an unsignedLong representing the <MessageNumber> of the highest contiguous message to cancel in the range.

/wsrm:SequenceCancel/wsrm:MessageRange/@Lower

This required attribute contains an unsignedLong representing the <MessageNumber> of the lowest contiguous message to cancel in the range.

/wsrm:SequenceCancel/wsrm:MessageRange/@{any}

This is an extensibility mechanism to allow additional attributes, based on schemas, to be added to the element.

The following example illustrates a SequenceCancel header block requesting cancel of messages 3, 4, and 5 of the identified sequence.

<wsrm:SequenceCancel>


<wsrm:Identifier>http://fabrikam123.com/abc</wsrm:Identifier>


<wsrm:MessageRange Upper=5 Lower=3 />

</wsrm:SequenceCancel>

3. Acknowledging Cancellation
Upon receiving a SequenceCancel header block, the RMD MUST check each message in each contained MessageRange to determine if it has already received and accepted the sequenced message or not. If it has not already received and accepted the sequenced message, it MUST promise never to accept the message. Additionally, it MUST include that message number in a AcknowledgmentRange element in a SequenceCancelAcknowledgment header block. The AcknowledgementRange elements MUST be cumulative of all cancelled messages in the sequence
If the RMD has already received and accepted the message, it MUST acknowledge the message through an AcknowledgementRange element in a SequenceAcknowledgment header block as usual.
The following exemplar defines its syntax:

<wsrm:SequenceCancelAcknowledgement ...>

    <wsrm:Identifier ...> xs:anyURI </wsrm:Identifier>

    <wsrm:AcknowledgmentRange ...

        Upper="xs:unsignedLong"

        Lower="xs:unsignedLong"/>?
    ...

</wsrm:SequenceCancelAcknowledgement>

/wsrm:SequenceCancelAcknowledgement/wsrm:AcknowledgmentRange
This optional element, if present, can occur 1 or more times. It contains a range of MessageNumbers cancelled by the receiving endpoint manager. The ranges SHOULD NOT overlap. The ranges MUST NOT overlap with any AcknowledgementRange of a SequenceAcknowledgment header block. 

/wsrm:SequenceCancelAcknowledgement/wsrm:AcknowledgmentRange/@Upper

This required attribute contains an unsignedLong representing the <MessageNumber> of the highest contiguous message in a cancelled range.

/wsrm:SequenceCancelAcknowledgement/wsrm:AcknowledgmentRange/@Lower

This required attribute contains an unsignedLong representing the <MessageNumber> of the lowest contiguous message in a cancelled range.

/wsrm:SequenceCancelAcknowledgement/wsrm:AcknowledgmentRange/@{any}

This is an extensibility mechanism to allow additional attributes, based on schemas, to be added to the element.

<wsrm:SequenceCancelAcknowledgement> 


<wsrm:Identifier>http://fabrikam123.com/abc</wsrm:Identifier>


<wsrm:AcknowledgementRange Upper="2" Lower="1"/>

</wsrm:SequenceCancelAcknowledgement>

4. Resolving Doubt at Sequence Termination 
Cancellation can be combined with the sequence closure mechanism in order for the RMS to terminate a sequence and know for certain the disposition of each message that was ever transmitted in the sequence. 
The following example elements close a sequence cancelling messages 8 and 9.

<wsrm:Sequence>


<wsrm:Identifier>http://fabrikam123.com/abc</wsrm:Identifier>


<wsrm:MessageNumber>10</wsrm:MessageNumber>


<wsrm:LastMessage/>

</wsrm:Sequence>

<wsrm:SequenceCancel>


<wsrm:Identifier>http://fabrikam123.com/abc</wsrm:Identifier>

<wsrm:MessageRange Upper=9 Lower=8 />

</wsrm:SequenceCancel>

The following example SequenceAcknowledgment header block acknowledges all the messages that were received and accepted in the sequence. The following SequenceCancelAcknowledgement header block indicates the messages that were cancelled in the sequence.

<wsrm:SequenceAcknowledgement> 


<wsrm:Identifier>http://fabrikam123.com/abc</wsrm:Identifier>


<wsrm:AcknowledgementRange Upper="7" Lower="1"/>

<wsrm:AcknowledgementRange Upper="10" Lower="10"/>

</wsrm:SequenceAcknowledgement>
<wsrm:SequenceCancelAcknowledgement> 


<wsrm:Identifier>http://fabrikam123.com/abc</wsrm:Identifier>


<wsrm:AcknowledgmentRange Upper="9" Lower="8"/>


</wsrm:SequenceCancelAcknowledgement> 

The following TerminateSequence element concludes the sequence, allowing the RMD to reclaim resources.
<wsrm:TerminateSequence>

    <wsrm:Identifier>http://fabrikam123.com/abc</wsrm:Identifier>

</wsrm:TerminateSequence>

5. Filling Gaps in a Sequence

The RMS may have occasion where it knows it will never receive an acknowledgment for a certain sequence number in a sequence. For example, if message N has been cancelled, it knows it will never receive an acknowledgment for message N. Furthermore, the RMD must account for message N as a “gap” in the SequenceAcknowledgment header block by creating two AcknowledgmentRange elements, one for messages 1 through N-1 and another for messages N+1 and greater. Over time, such gaps may accumulate, causing the size of the SequenceAcknowledgement elements and the associated cost of processing them to grow.

Another example is when the RMS chooses never to use a sequence number in a sequence range. For example, if it assigns a sequence number to a message that was submitted to it under an atomic transaction, and the transaction is rolled back, the RMS may chose not to re-use the assigned sequence numbers, thus leaving a gap in the SequenceAcknowledgement range at the RMD. 

The intent of filling gaps in a sequence is to provide a mechanism for the RMS to inform the RMD to simply “fill” the specified gap by adding the specified sequence ranges to the acknowledgement ranges of the sequence.

Filling of one or more messages is requested by the RMS by specifying one or more MessageRange elements in the Sequence element. 

A following exemplar defines its syntax within the Sequence element:

<wsrm:SequenceFill ...>

    <wsrm:Identifier ...> xs:anyURI </wsrm:Identifier>

    <wsrm:MessageNumber> xs:unsignedLong </wsrm:MessageNumber>

    <wsrm:MessageRange ...

        Upper="xs:unsignedLong"

        Lower="xs:unsignedLong"/>?

    ...

</wsrm:SequenceFill>

/wsrm:SequenceFill/wsrm:MessageRange
This optional element, if present, can occur 1 or more times. It contains a range of MessageNumbers that SHOULD be added to the sequence AcknowledgmentRange by the receiving endpoint manager. The ranges MAY overlap with any previously received AcknowledgementRange. 

/wsrm:SequenceFill/wsrm:MessageRange/@Upper

This required attribute contains an unsignedLong representing the <MessageNumber> of the highest contiguous message to fill in the range.

/wsrm:SequenceFill/wsrm:MessageRange/@Lower

This required attribute contains an unsignedLong representing the <MessageNumber> of the lowest contiguous message to fill in the range.

/wsrm:SequenceFill/wsrm:MessageRange/@{any}

This is an extensibility mechanism to allow additional attributes, based on schemas, to be added to the element.

The following example illustrates a Sequence header block with a MessageRange element requesting filling of gaps in the sequence for messages 7, 8, and 9 of the identified sequence.

<wsrm:SequenceFill>


<wsrm:Identifier>http://fabrikam123.com/abc</wsrm:Identifier>


<wsrm:MessageRange Upper=9 Lower=7 />

</wsrm:SequenceFill>

6. Discussion
This proposal provides some advantages over the current “Close” proposal:

There is only one mechanism in the protocol to properly terminate a sequence. It remains unchanged by the addition of this feature.
There is a separate mechanism to resolve doubt about specific messages in a sequence. This mechanism is more general than the “Close” proposal as it can be used at any point during the lifetime of a sequence, not just at sequence termination.

This mechanism can be combined with the standard sequence termination mechanism to achieve the same semantics that the “Close” proposal offered. 
The mechanism avoids the problem of the ever-growing AcknowledgmentRange gaps by providing a mechanism to fill these gaps.

The proposal has the following disadvantage. The request from the RMS must specify the messages it wishes to cancel. The RMD must maintain the cancelled set. 

