Coordinator state tables 

Coordinator behaviour is defined in three tables:

· Coordinator – Multi-branch node: defines the states, events and transitions of the multi-branch entity corresponding to a coordination context with coordination type WS-AtomicTransaction. 

· Coordinator - 2pc endpoint: defines the states, events and transitions of the entity concerned with the coordinator side of a single coordinator:participant relationship where the coordination protocol is volatile 2pc or durable 2pc

· Ccoordinator – completion endpoint: defines the states, events and transitions entity concerned with the coordinator side of a coordinator:initiator relationship

During the lifetime of a transaction, there will be exactly one entity following the multi-branch node table, zero to many entities following the 2pc-coordinator table (some for volatile participants, some for durable) and, if the coordinator is a root coordinator, at most one following the completion table. For a subordinate coordinator, there is no completion endpoint, but the equivalent events are mapped to participant events. (A root coordinator could use a non-standard mapping for the completion endpoint table, such as local API calls.)

Set operations
Some of the node-level events are triggered when appropriate messages have been received from all registered participants. This is modelled in the coordinator tables with three sets of 2pc-endpoint entities: 

Unprepared, volatile 


Unprepared, durable 


Prepared (regardless of protocol type)



[issue: this is assuming that the spec does NOT intend to mandate an order for delivering Commit (or Rollback) to durable versus volatile participants (unlike OTS)]

An endpoint involved in the transaction is always in precisely one of these sets. An endpoint is added to the appropriate unprepared set when it is created (as a result of a received Register message which identifies which protocol the endpoint is using). The endpoint is moved to the prepared set on receipt of a Prepared message. The endpoint is removed from which ever set it is in by the Forget action.
There are three events in the multi-branch node table that concern these sets. These are all tests that one or all of the sets are empty. The test should be evaluated when the node table changes state and when an endpoint is removed from the set(s) in question.

Sequence of events

The tables for the coordinator interact when the actions in one table are input events in another. 

Where an action in the node table is an input event in an endpoint table, the actions and state transition of the endpoint table are considered to be atomic. Thus, where there are multiple actions in the node table, the effects of an action in an endpoint table (sending messages, set operations and the endpoint state transition) is considered to occur before the next action in the node table. Equally, where an action in an endpoint table is an input event in the node table, this is taken as an input to the node table after the actions and state transition of the endpoint table has occurred.

Notation conventions

In each cell, any actions are shown in italics, and the new state in normal text. Where the state is unchanged, this is shown as “*”.

Empty cells represent transitions that cannot occur within or (in the case of received messages) between conformant implementations. If such an event/state occurs and the input event is the receipt of an inbound message, a WS-C Invalid State fault should be returned. The subsequent behaviour of the implementation is undefined. For any other event, the implementation should view this as a serious internal consistency problem.
Events – node table

The state entity is created (from state None) by the receipt of CreateCoordinationContext at the Coordination Service.

The Register(xxxx) events are the receipt at the Registration Service endpoint identified by the CoordinationContext of a Register message for protocol “xxxx”.

The set events “No unprepared volatiles” and “No unprepared durables” fire when the appropriate set has no members when the test is evaluated, which must be done when a member is removed from the set and when the node table state changes. The set event “All forgotten” fires when there are no members in any of the three sets. 
The events User Commit, User Rollback, Initiate rollback are all triggered by actions in the endpoint tables. (In the case of User Commit and User Rollback, a non-standard equivalent of the completion endpoint may trigger the event.)

Write done and Write failed are the successful and unsuccessful completions of the attempt to create the commit log record, initiated by the action Record commit.

Expires times out is triggered by the completion of the expiry time on CoordinationContext. 
Actions - node table

Send CreateCoordinationContextResponse : reply to a  CreateCoordinationContext message with a CreateCoordinationContextResponse. 
Accept
create an endpoint of the appropriate type and deliver the Accept event to it
Request prepare(registrant)
: deliver the Request prepare event to the endpoint that has just been created (and accepted)
Request prepare(volatiles)
: deliver the Request prepare event to all 2pc endpoints in the unprepared volatiles set.
Request prepare(durables) 
: deliver the Request prepare event to all 2pc endpoints in the unprepared durables set.

Record commit: attempt to record the commit log, identifying at least all the prepared, durable participants. If this succeeds, trigger event Write done; if it fails, trigger Write failed
Order rollback : deliver Order rollback event to all endpoints in any of the three sets, and to the completion endpoint
Order commit : deliver Order commit to all prepared endpoints and to the completion endpoint
Actions – endpoint table

Where an action is or implies an event on the node table, this is always performed after all the actions in the event/state cell have occurred and the endpoint entity has changed state.

Send UnknownTransaction : reply with UnknownTransaction [message or Fault, as decided by another issue] to the sender of the inbound message.
Send RegisterResponse : reply to the Register with RegisterResponse  

Forget : remove the endpoint from whichever set it is in. Check the set events for the node table.
Initiate rollback : trigger Initiate rollback on the node table
User Commit : trigger User Commit on the node table

User Rollback : trigger User Rollback on the node table

Move to prepared set : remove the endpoint from the relevant unprepared set and add it to the prepared set. Check the set events for the node table
Add to appropriate unprepared set : add the endpoint to the volatile or durable unprepared set, depending on which protocol was requested in the Register message that triggered the Accept event
Send Prepare : send (or resend) Prepare to the participant
Send Rollback: send (or resend) Rollback to the participant

Send Commit: send (or resend) Commit to the participant

Send Committed: send (or resend) Committed to the initiator

Send Aborted: send (or resend) Aborted to the initiator

