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0. Context
A service provides access to a logically related set of operations that are accessible through one or more interfaces [3]. Mechanisms for describing and accessing network-enabled services are at a very early stage of development, but there are some specifications and emerging technologies we can draw upon. One essential service is described here: a Trading service that facilitates the publication and discovery of relevant services. The Trading service uses the Service Registry as shown below; the Service Registry is described in another document.
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1. Identification

1.1 Service Name:
CGDI Trading service

1.2 Purpose: 

The RM-ODP reference model defines a trading function that mediates the advertise​ment and discovery of interfaces [4]. The trading function was subsequently elaborated in another document [5] and refined somewhat in the OMG Trading specification [6], which is technically aligned with the computational view of the ODP trading function. A Service Broker (i.e. Trader) thus provides a means to offer a service and the means to discover offered services; most importantly it supports dynamic (i.e. run-time) binding between service providers and requesters, since sites and applications are frequently changing in large distributed systems. In effect, a Broker plays the role of “matchmaker” in a service-based architecture.

1.3 Scope:

In this document the term ‘Broker’ is used interchangeably with ‘Trader’. A Broker will access a registry of service descriptions (via the Service Registry), facilitate the discovery of service instances, perform service chaining, and perhaps maintain service taxonomies (e.g. brokers specialized according to service domain; brokers that catalogue other brokers within a federation of traders). The guiding vision is one of dynamic, automated service discovery in which we assume that little a priori knowledge  exists between a service requester and a service provider.

An implementation of a CGDI Trading service consists of several interfaces used to query and manipulate service offers; these are summarized in section 2.1.3.

1.3.1 Service taxonomies

There are many possible service taxonomies.  In order to comply with ISO 19119, services must be categorized according to the semantic type of computation they provide (as laid out in ISO 19101). There are six major service domains as illustrated in Figure 1. 

Figure 1: Major service domains according to ISO 19119
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The major service domains are distinguished as follows:

· Human Interaction services to manage user interfaces, graphics, and multimedia 

· Information Management services to manage the development, manipulation, and storage of metadata, conceptual schemas, and datasets

· Workflow services to support specific tasks or work-related activities

· Processing services to perform large-scale computations

· Communication services to encode and transfer data

· System Management services to manage components, applications, and networks (including access control)

A finer-grained classification could reflect what a services does in order to better support service discovery. That is, services could be sorted according to the semantics of the functionality they provide (e.g. visualization, transformation, analysis). Services may be registered in multiple categories. A service hierarchy also provides a basis for determining if a service of one type can be substituted for a service of another type.

TODO: a canonical categorization of the “bottom-up” list of candidate CGDI services 

1.3.2 Service descriptions

In order to provide a catalogue for discovering services, a schema for describing a service is needed; metadata records can be managed and searched using a

registry service as is done for dataset metadata. The metadata elements for a service should provide sufficient information to allow a client to invoke the service based on the metadata record. Service metadata contains three main components (from [3]):

1. basic description common to all services

2. (available operations) +

3. (associated geospatial datasets) *


(NOTE: the last components would be present if a service instance were tightly coupled to specific datasets)

Each service needs to define its syntactical interfaces through operation signatures and its semantics through a description of the meaning of the operations and their legal sequencing [3]. Service descriptions must be implemented in XML—they need to be human-readable, machine-parseable, and extensible. The Web Services Description Language (WSDL) offers a possible means of describing operational service information in an XML-based format [7]. Non-operational information can also be encoded using a suitable schema that defines the necessary components.

TODO: construct a suitable XML Schema (CGDI-service.xsd)  for CGDI services
1.4 Service Version:

Not currently implemented (use format for OGC services, i.e. “i” or “i.j” or “i.j.k”).

1.4.1 Service type

Services are presumably categorized within one or more taxonomies (see section 1.3.1), so it becomes important to identify its type. The service identifier reflects the service type using URN (Uniform Resource Name) syntax—URNs are intended to serve as persistent, location-independent, resource identifiers. To assert that the Trading service is in the Workflow service category within the core ‘cgdi’ namespace:

urn:cgdi:Trading:Workflow

(NOTE: should a service belong to only a single category within a particular registry?)

2. Description

2.1 Functional Description:
2.1.1 Fundamental interactions

The basic functionality of the trading service may be generally characterized in terms of importing or exporting service offers; to ‘export’ an offer is to advertise a capability, and to ‘import’ an offer is to discover appropriate services:

To export, an object gives the trader a description of a service and the location of an interface where that service is available. To import, an object asks the trader for a service having certain characteristics. The trader checks against the service descriptions it holds and responds to the importer with the location of the selected service’s interface. The importer is then able to interact with the service. ([6], 1-1)

Emerging XML technologies (e.g. SOAP, UDDI, WSDL) have been applied in industry efforts to implement the trading functionality within service-oriented architectures: “We reserve the term service-oriented for architectures that focus on how services are described and organized to support their dynamic, automated discovery and use” [2]. The fundamental roles and interactions depicted in Figure 2 map directly onto ODP/OMG trader terminology (which appears in parentheses):

Figure 2: Fundamental roles and interactions in service-based architectures (modified from [2], Fig.1)


Service providers publish their available services with one or more brokers. Service requestors ask the broker for a list of services in some category of interest or that satisfy some criteria. Service descriptions play a central role in publishing, finding, and binding; in most cases these are XML documents that include human-readable and machine-parsable metadata (e.g. message API). A service offer contains:

· a service type that identifies the kind of service;

· one or more interfaces to which a binding can be established;

· zero or more property values for the service.

In order to match service requests with offers, a trader interacts with the Service Registry (i.e. the ODP Type Repository Function).

2.1.2 Service chaining

Traders can form federated groups to propagate service requests; in effect the service ‘offer space’ is enlarged to include those of other traders, thus enabling offers to be advertised remotely. Such service chaining may be constrained by policies for interworking (e.g. search policy, link-follow policy). Service chains can be treated as directed graphs in that the output of one service is the input of another; the vertices of such a trading graph are traders, and the edges are links denoting paths for the propagation of queries between traders; these may be subject to link follow constraints (e.g. search time, number of ‘hops’—see [6]). A link basically describes the knowledge a trader has of another trading service that it uses; it is unidirectional—only the source trader is directly aware of a link. 

Figure 3 is an example of a trading graph. The name for a remote trader reflects the traversal path from the source trader to the remote trader. In Figure 3, T5 knows T4 as (C,A).

Figure 3: A trading graph (modified from [1], fig. 2)


A Services Organizer Folder (SOF) is a data structure that contains references to a set of services applicable to a given situation [3]; these may be constructed and made available to other users performing similar tasks. A SOF may be created and maintained through a Service Interaction Manager [1] which provides users with information about—and access to—services that are available. A SOF identifies service chains, thereby grouping together the services needed to support a particular application (e.g. image exploitation, data fusion).

Three principal patterns of service chaining can be distinguished [3]: 

· a user knows of a service registry (which supports queries on service metadata) and how services can be combined

· a user employs a workflow service to execute a predefined chain of services (through a SOF?)

· a trading service handles the coordination of all subsidiary services

2.1.3 Trader attributes

The policies and characteristics of a trader are stipulated by the trader attributes; for convenience these can be grouped into several categories:

· support attributes (e.g. the type repository interface the trader uses to obtain service information)

· import attributes—used to determine the scope of a search for a service request

· link attributes—used to determine the link follow behavior

· identification attribute—read-only attribute used to produce identifiers if needed

2.1.4 Interfaces 
In the computational viewpoint, several interfaces are defined to support the trading functions (see [5], [6]); these interfaces encompass two categories: functional interfaces and abstract interfaces that define read-only attributes required for the functional interfaces. The functional interfaces are briefly described below.

· Lookup interface – provides the import functionality
	Operation name
	Description

	query
	Obtains references to service endpoints that meet specific requirements expressed in some standard constraint language; returns a (possibly empty) set of qualifying offers which may be ordered using preferences.


· Register interface – provides the export functionality
	Operation name
	Description

	export
	Advertises a type of service to a community of potential importers via a trader; the exported service is assigned an offer identifier unique to the trader.

	withdraw
	Removes a service offer from the trader using the identifier

	withdrawUsingConstraint
	Removes a set of offers from within a single trader

	describe
	Returns information about an offered service held by the trader

	modify
	Changes the description of a service held within an offer

	resolve
	Resolves a context-relative name for another trader (used when exporting to another trader); the exporter can then bind to the remote Register interface.


· Link interface – provides operations for managing a trader’s link space

	Operation name
	Description

	addLink
	Allows a (source) trader to use the services of another (target) trader by adding it to the link space of the source trader

	removeLink
	Removes all knowledge of the target trader

	describeLink
	Returns information about a link held by the trader (i.e. the Lookup and Register interfaces of the target trader)

	listLinks
	Returns a list of the names of all trading links within the trader 

	modifyLink
	Changes the link-follow behaviours of an identified link


· Admin – enables the administrator to perform various housekeeping functions
	Operation name
	Description

	listOffers
	Allows administrator of a trader to do perform housekeeping; returns the identifiers of ordinary offers

	listProxies
	Returns the set of identifiers for proxy offers held by a trader

	set<attribute_name>
	Gives a new value to the named attribute


· Proxy – supports the proxy offer capability

	Operation name
	Description

	exportProxy
	Enables the export of proxy offers

	withdrawProxy
	Removes the specified proxy offer from the trader

	describeProxy
	Returns information contained in the specified proxy offer


NOTE: See Appendix A of [6] for an IDL-based specification of these interfaces.
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3. Data Requirements

3.1 Input data (if any)

This section identifies in general terms the data that are included as part of a request to this service.

3.2 Reference data (if any)

This section names or describes in general terms the datasets that must be accessible by the service in order for it to operate.  

4. User Interface Requirements

User Interface (if any): 

This section describes the end-user interface if one is required.

5. Organizational Requirements/Recommendations

This section describes what capabilities an organization requires in order to implement the service, and make recommendations about how the conditions under which the service should operate.

6. Access Requirements and Constraints

6.1 Access Requirements (if any):

This section identifies any access conditions that are required in order to use the service.

6.2 Access Constraints (if any):

This section identifies any constraints to access that are inherent in the service.

7. Standardization

7.1 Reference Standards (if any)

This section identifies applicable standards, profiles and functional standards that constrain the design and implementation of the service in terms of its functionality and external interfaces.

7.1.1 Conformance classes

Based on the interface descriptions in section 2.1.3, several conformance classes of traders have been defined in terms of: (1) which interfaces must be supported (ellipses), and (2) the capability of acting as a client to other traders via named interfaces (arrows). See Figure 3 for a subset of these classes.

Figure 3: Some Trader conformance classes (from [6])


7.2 Reference Implementation (if any)

This section identifies an existing implementation of the service that can be used as a testing environment, or examined to assist in the development of another implementation.

7.3 Other Related Implementations (if any) 

This section identifies other known implementations of the service.

8. Implementation Specification

This section explicitly describes each of the service’s interfaces (word descriptions in pseudo IDL).  

8.1 Statefull (Yes/No): 

8.2 Interfaces:

8.2.1 Interface 1:

8.2.1.1 Interface Name

8.2.1.2 Interface Purpose

8.2.1.3
Logical Input 

8.2.1.4
Logical Output 

8.2.2 Interface 2:

8.2.2.1 Interface Name

8.2.2.2 Interface Purpose

8.2.2.3
Logical Input 

8.2.2.4
Logical Output 

…

8.3 Distributed Computing Model:

8.3.1 HTTP/XML

8.3.1.1 Input syntax

8.3.1.2
Output Syntax
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� A proxy offer is a specialized service offer that can be used to support an encapsulated legacy system or ‘service factory’ that creates a service when required.
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