1 Introduction to Services and Operations

In the following sections services and operations consistent with [SOA-RM] are described. For each service operation there is an actor that invokes the service operation and one that provides the service. These roles are indicated by the table headings Service Consumer for the actor or role that consumes or invokes the service operation named in the Operation column and Service Provider for the actor or role that provides or implements the service operation as named in the Operation column.
This terminology is used through all service definitions presented in this specification.

The column labeled Response Operation lists the name of the service operation invoked as a response. Most operations have a response, excepting primarily those operations that broadcast messages. The roles of Service Consumer and Service Provider are reversed for the Response Operation.

All communication between customer devices and energy service providers is through the ESI. 

For transactive services both buyer and seller will receive tenders (priced offers) of service and possibly make tenders (priced offers) of service.

Any party using Transactive Energy services may own generation or distributed generation or reduce or increase energy from previously transacted energy amounts. These activities are not identified in transactive services. The dispatch of these resources and the use of energy by a party are influenced by tenders between Parties that may result in new Transactions and changes in operations. 

The VEN/VTN services provide a characterization of the aggregate resources of a VEN that may be communicated to the VTN; that relationship depends also on the EiMarketContext in which the interactions take place. 

The next section describes the role of Resources, Curtailment and Generation. In a transactive approach tendering and prices are used by parties to discover and negotiate transactions that respect the preferences of each party and energy usage, generation, storage and controllability directly available to each party. There is no formal communication of resource characteristics in the transactive approach.
1.1 Resources, Curtailment, and Generation

If the VEN participates in a demand response program or provides distributed energy resources, its ESI is the interface to at least one dispatchable resource (Resource), that is, to a single logical entity. A Resource may or may not expose any fine structure.
 The Resource terminology and the duality of generation and curtailment are from [EMIX].
Under a demand response program, a Resource is capable of shedding load in response to Demand Response Events, Electricity Price Signals or other system events (e.g. detection of under-frequency). The VTN can query the actual state of a Resource with the EiFeedback service and request ongoing information. The VEN can query the status of the VTN-VEN relationship using the EiStatus service.

Alternatively, a Resource may provide generation in response to similar information. The net effect is the same. 

1.2 Structure of Energy Interoperation Services and Operations
Energy Interoperation defines a web services implementation to formally describe the services and interactions although fully compliant services and operations may be implemented using other technologies.

The services presented in this specification are divided into four broad categories:
· Transactive Services—for implementing energy transactions, registration, and tenders

· Event Services—for implementing events and feedback

· Enrollment Services—for identifying and qualifying service providers, resources, and more

· Support Services—for additional capabilities

The structure of each section is a table with the service name, operations, service provider and consumer, and notes in columns.

The services are grouped so that profiles can be defined for purposes such as price distribution, and Demand Response (with the functionality of [OpenADR]). This specification defines three profiles, the OpenADR Profile, the TeMIX (Transactive EMIX) Profile, and the Price Distribution Profile.

The normative XML schemas are in separate files, accessible through the [namespace] on the cover page.
1.3 Narrative Framework for EI Services (Non-Normative)

The summary that follows provides a narrative guide to aid in understanding key potential uses of the services. It does not define a normative market or application framework. Markets and applications may use some or all of the services defined herein. 

A Party first registers with another party and receives a Party ID. Registration establishes an identity and basic contact information. To act as a VEN, an actor may locate one or more potential VTNs and then poll that potential VTN for the Market Contexts that it offers. 

Parties in a market MAY issue indications of interest to other registered Parties in the market. A Party may request information from potential VTNs about the Market Contexts that each offers. In response to an indication of interest, one or more parties may offer to serve as a VTN or as a VEN. Some markets MAY have only one potential VTN. Some Parties MAY be constrained to acting solely in the VEN role. Any such market rule and set of roles is outside the scope for this specification.

A Party which wishes to act as a VEN enrolls one or more Accounts with a VTN. During enrollment, an Account is associated to a particular market context. An Account may be enrolled as a Resource and exchange detailed capability information, or it may be enrolled solely as a transactive participant. A VEN can choose to enroll a single Account in multiple market contexts, or with multiple VTNs. An Account enrolled in a Market Context accepts the rules of that Market Context, which may include specific Terms including non-performance penalties. Market and Application rules concerning multiple enrollments are out of scope for this specification.

A VEN identifies its Accounts by Party ID (its own) and Account Name. It is possible to enroll an Account and associate it with no Market Context. The meaning of such an enrollment is determined by market rules which are outside the scope of this specification.

During Enrollment, each Account is associated with one or more schedules. A Market Context may have a schedule for when it is active. An Account may have a schedule when it can respond to requests. A market may offer different terms for day-time and night-time performance. A VEN may require different Terms for work-time and after-hours performance. Enrollment makes no statement about how such Terms are agreed to, but only how the agreement is expressed.

A VEN may Opt to change its availability for performance. It can make permanent, i.e., non-expiring changes to its schedule by re-enrollment. It can Opt-In to add a specific availability schedule to the existing schedule for a discrete time. It may Opt-Out, replacing the current schedule with another for a discrete time.

1.4 Naming of Services and Operations

The naming of services and operations follows a pattern.

Services are named starting with the letters Ei. Capitalization follows the Upper Camel Case convention.

Operations in each service use one or more of the following patterns. The first listed is a fragment of the name of the initial service operation; the second is a fragment of the name of the response message which acknowledges receipt, describes errors, and may pass information back to the invoker of the first operation.

Create—Created
An object is created and sent to the other Party 

Cancel—Canceled  
A previously created request is canceled

Request—Reply
A request is made for all objects of the specified type previously created and relevant to this VTN-VEN relationship
Distribute

An object (such as a price quote, a curtailment or generation request) is created and sent without expectation of response.

To construct an operation name for the EiEvent service, "Ei" is concatenated the name fragment (verb) as listed. For example, an operation to cancel an outstanding operation or event is called EiCancelEvent.

The pattern of naming is consistent with current work in the IEC Technical Committee 57 groups responsible for the [TC57CIM].

1.5 Push and Pull Patterns

The Service Operation naming includes application-level acknowledgements, which in nearly every case carry application-level information, and allow for both push and pull of messages. This description applies to both transactive and VTN/VEN interactions as both are performed by Parties taking on various roles. 

Push and Pull are with respect to the invoker of the operation. So if a Party produces information that describes a price quote, it can invoke (in the case of Push) an operation to send it to one or more other Parties. In the alternative, each Party (in the case of Pull) can invoke a request for information by polling, or pulling it, another Party respect to a particular relationship or Market Context. 

The Pull operation is performed by the Party invoking the Request service operation pattern and fulfilled with a Reply service operation pattern invoked by the receiving Party. 

So a series of Push operations from one Party to a counter-Party is analogous to a series of Pull operations from the counter-Party to the Party.

In the VTN-VEN context, a series of Push operations from a VTN to its VENs is analogous to a series of Pull operations from the VEN to its VTN; by examining (e.g.) the absence of an Event that was visible on a previous Pull the VEN can infer that that Event was canceled. The VEN could then send a Canceled service operation as if it had received a Cancel service operation.

One special case is the Distribute pattern, which expects no response to the invoker.

The service quality of the Pull operations (and in particular the load on the VTN from repeated polling) is not in scope for this specification.

1.6 Description of the Services and Operations

Each service is described as follows. In subsections, we will:

· Describe the service

· Show the table of operations

· Show the interaction patterns for the service operations in graphic form

· Describe the information model using [UML] for key artifacts used by the service

· Describe the operation payloads using [UML]  for each operation
1.7 Response Types

In a service interaction responses may need to be track to determine if the transaction is successful or not.  This may be complicated by the fact that any given transaction may involve the transmission of one or more information objects.  

The class diagram below reflects the generic error response.  The errorID will reflect the identifier of the object that caused the error, for example, this would correspond to the EventID if this was EiCreateEvent service operation.  The errorNumber for a successful operation is 0.  A non-zero number indicates that some sort of error has occurred.  errorDescription allows the returning system to provide some additional text that can be used to reveal the nature of the error, and optionally, a timestamp of when the error occurred may be provided to further aid troubleshooting.  
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Figure 5‑1: Example of generic error response for a service operation

An exhaustive list of possible errors would not be practical to enumerate, however Table 5-1 provides some informative examples of the types of errors that may result from an EiCreateEvent service operation.

Table 5‑1: Example response values for EiEvent Errors
	Service Operation
	Response
	Error Specifics
	Response Description
	Response Term Errors
	Notes

	EiCreateEvent
	Success
	
	
	
	

	
	Failure
	createdTime
	Event past current time
	
	

	
	
	createdTime
	Invalid time indication
	
	

	
	
	EiEventType
	Event already exists
	
	Event malformation not addressed here

	All
	Failure
	Any ID type
	No Such ID
	
	

	All
	Failure
	Any MRID
	No such MRID
	
	

	All
	Failure
	ServiceArea
	Not in geographic area
	
	


One challenge may be in determining whether any given service operation is successful.  If only a single object is passed as part of a service call it is easy to determine if the operation was successful; the return will either be 0 or some other number indicating an error.  However, a more complex example is where a number of objects are sent as part of a service operation.  A situation could occur where the operation was only partially successful.  For example, if a call passed six eventIDs and one of the eventIDs returned an error there is an expectation that six EiErrorObjects would be returned, five with an errorNumber of 0 (indicating success), and one with some other errorNumber.  Again, the errorID would be used to correlate the error with the corresponding object that caused the error.
� A finer level of granularity is sometimes called an asset. Assets are not in scope for this specification.





