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Warning

This document is not an OGC Standard. This document presents a discussion of technology issues considered in an initiative of the OGC Interoperability Program. This document does not represent an official position of the OGC. It is subject to change without notice and may not be referred to as an OGC Standard. However, the discussions in this document could very well lead to the definition of an OGC Standard. Recipients of this document are invited to submit, with their comments, notification of any relevant patent rights of which they are aware and to provide supporting documentation.

Preface

The Preface is a required preliminary clause, included to give OGC specific information or commentary as to the function of this document. OGC specific information should not be included in the either the Foreword or the Introduction.

The Ocean Science Interoperability Experiment was created to investigate the use of Web Services for interoperably representing and exchanging marine observations from stationary platforms (such as buoys). The focus was on observations with relatively simple syntax, but with associated sophisticated metadata.

This document captures recommended best practices that resulted from the Interoperability Experiment (IE). In particular, the team quickly focused on solutions involving Sensor Web Enablement standards, including Observations & Measurements (O&M), SensorML, and Sensor Observation Service (SOS), for reasons that are described in the text. Our practices for these approaches are described in detail.

A review of the original plan, at http://www.opengeospatial.org/projects/initiatives/oceansie, covers somewhat more ground. And I do not know if we are sufficiently far along to convincingly describe best practices for SOS.

Suggested additions, changes, and comments on this draft report are welcome and encouraged. Such suggestions may be submitted by email message or by making suggested changes in an edited copy of this document.

The changes made in this document version, relative to the previous version, are tracked by Microsoft Word, and can be viewed if desired. If you choose to submit suggested changes by editing this document, please first accept all the current changes, and then make your suggested changes with change tracking on.
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OGC® Oceans IE Best Practices for Exchange of Metadata-Rich Observation Data
1 Introduction

1.1 Scope

The Scope clause shall appear at the beginning of each document and shall define without ambiguity the subject of this document and the aspect(s) covered, thereby indicating the limits of applicability the topic being discussed. It shall not contain requirements.

The scope shall be succinct so that it can be used as a summary for bibliographic purposes.

It shall be worded as a series of statements of fact. Forms of expression such as «This OGC™ document [specifies] [establishes] [gives guidelines for] [defines terms] …» shall be used.

Statements of applicability of this document shall be introduced by the wording «This OGC™ document is applicable to …».

This OGC™ document provides best practices and comparative information regarding standard OGC™ technologies for the representation and exchange of simple marine station observation data. The document compares key approaches, and describes selected strategies for using the implemented approach.

This OGC™ document is applicable to marine observations described by 3-dimensional location and time parameters.
Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights. The OGC shall not be held responsible for identifying any or all such patent rights.

1.2 Document contributor contact points

All questions regarding this document should be directed to the editor or the contributors:

	Name
	Organization

	Luis Bermudez
	Southeastern Universities Research Association

	Gerry Creager
	Texas A&M University

	Tony Cook
	

	David Forrest
	

	John Graybeal
	Monterey Bay Aquarium Rersearch Institute

	Charlton Purvis
	

	
	

	more? add your name above
	


1.3 Revision history

	Date
	Release
	Editor
	Primary clauses modified
	Description

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


1.4 Future work

Improvements in this document are desirable to amplify details of the specifications and resources used within the OGC standards (for example, vocabulary term resources).

2 References

The following documents are referenced in this document. For dated references, subsequent amendments to, or revisions of, any of these publications do not apply. For undated references, the latest edition of the normative document referred to applies.

To be completed.

OGC 06-121r3, OpenGIS® Web Services Common Specification
NOTE 
This OWS Common Specification contains a list of normative references that are also applicable to this Implementation Specification.
ISO xyz (all parts), General title of the series of parts.
The reference(s) clause gives a list of the documents to which reference is made in the document in such a way as to make them indispensable for the application of the document.

The list shall not include the following:

a) documents that are not publicly available;

b) documents which have merely served as references in the preparation of this document.

Such documents may be listed in a bibliography.

For dated references, each shall be given with its year of publication, or, in the case of enquiry or final drafts, with a dash together with a footnote «To be published.», and full title. Subsequent amendments to, or revisions of, dated references will need to be incorporated by amendment of the document referring to them. References to specific divisions or subdivisions, tables and figures of another document shall always be dated.

Undated references may be made only to a complete document or a part thereof, and only if it is accepted that it will be possible to use all future changes of the document referred to for the purposes of the referring standard. Undated references shall be understood to include all amendments to and revisions of the quoted publication. The year of publication or dash shall not be given for undated references. When an undated reference is to all parts of a document, the publication number shall be followed by the indication «(all parts)» and the general title of the series of parts (i.e. the introductory and main elements).

In addition to this document, this report includes several XML Schema Document files as specified in Annex A.

3 Terms and definitions

To be completed.

For the purposes of this report, the definitions specified in Clause 4 of the OWS Common Implementation Specification [OGC 06-121r3] and in OpenGIS® Abstract Specification Topic TBD: TBD shall apply. In addition, the following terms and definitions apply.

term name

text of the definition

term name
synonym

text of the definition

NOTE 
Note text.

The Terms and definitions clause is an optional element giving definitions necessary for the understanding of certain terms used in this document. 

Rules for the drafting and presentation of terms and definitions are given in the ISO 19104 Terminology. For example, term names are not capitalized in this list, unless that term is normally capitalized. The definition text shall not be a complete sentence, but should be substitutable (in theory) for the term name. This definition text shall thus not be capitalized or be followed by a punctuation mark. Any notes should be complete sentences, with NOTE capitalized as shown.

4 Conventions

To be completed.

4.1 Abbreviated terms

The abbreviated terms clause gives a list of the abbreviated terms and the symbols necessary for understanding this document. Unless there is a need to list symbols in a specific order to reflect technical criteria, all symbols should be listed in alphabetical order in the following sequence:

—
upper case Latin letter followed by lower case Latin letter (A, a, B, b, etc.);

—
letters without indices preceding letters with indices, and with letter indices preceding numerical ones (B, b, C, Cm, C2, c, d, dext, dint, d1, etc.);

—
Greek letters following Latin letters (Z, z, (, (, (, ( ( (, (, etc.);

—
any other special symbols.

Some more frequently used abbreviated terms:

API
Application Program Interface

COM
Component Object Model

CORBA
Common Object Request Broker Architecture

COTS
Commercial Off The Shelf

DCE
Distributed Computing Environment

DCOM
Distributed Component Object Model

IDL
Interface Definition Language

4.2 UML notation

When UML is used in an OGC document, that document should indicate the UML notation that is used. Inclusion of the following paragraph is suggested.

Most diagrams that appear in this standard are presented using the Unified Modeling Language (UML) static structure diagram, as described in Subclause 5.2 of [OGC 06-121r3].

4.3 Used parts of other documents

If significant parts of other documents are copied into this document, those parts can be highlighted with a grey background, and this subclause can be included to indicate that this marking is used.  Delete this paragraph if the approach it describes is not used.

This document uses significant parts of document [OGC 06-121r3]. To reduce the need to refer to that document, this document copies some of those parts with small modifications. To indicate those parts to readers of this document, the largely copied parts are shown with a light grey background (15%).

4.4 Platform-neutral and platform-specific standards

Delete this paragraph if the approach it describes is not applicable to the topic of the ER.

As specified in Clause 10 of OGC Abstract Specification Topic 12 “OpenGIS Service Architecture” (which contains ISO 19119), this document includes both Distributed Computing Platform-neutral and platform-specific standards. This document first specifies each operation request and response in platform-neutral fashion. This is done using a table for each data structure, which lists and defines the parameters and other data structures contained. These tables serve as data dictionaries for the UML model in Annex C, and thus specify the UML model data type and multiplicity of each listed item.

EXAMPLES 1
Platform-neutral standards are contained in Subclauses TBD, and TBD.

The specified platform-neutral data could be encoded in many alternative ways, each appropriate to one or more specific DCPs. This document now specifies encoding appropriate for use of HTTP GET transfer of operations requests (using KVP encoding), and for use of HTTP POST transfer of operations requests (using XML or KVP encoding). However, the same operation requests and responses (and other data) could be encoded for other specific computing platforms, including SOAP/WSDL.

EXAMPLES 2
Platform-specific standards for KVP encoding are contained in Subclauses TBD, and TBD.

EXAMPLES 3
Platform-specific standards for XML encoding are contained in Subclauses TBD, and TBD.

4.5 Data dictionary tables

Delete this paragraph if the approach it describes is not applicable to the topic of the ER.

The UML model data dictionary is specified herein in a series of tables. The contents of the columns in these tables are described in Table 1.

Table 1 — Contents of data dictionary tables

	Column title
	Column contents

	Names 
(left column)
	Two names for each included parameter or association (or data structure). 

The first name is the UML model attribute or association role name. 

The second name uses the XML encoding capitalization specified in Subclause 11.6.2 of [OGC 06-121r3]. 

The name capitalization rules used are specified in Subclause 11.6.2 of [OGC 06-121r3]. Some names in the tables may appear to contain spaces, but no names contain spaces.

	Definition 
(second column)
	Specifies the definition of this parameter (omitting un-necessary words such as “a”, “the”, and “is”). If the parameter value is the identifier of something, not a description or definition, the definition of this parameter should read something like “Identifier of TBD”.

	Data type and value (third column)

or

Data type 
(if are no second items are included in rows of table)
	Normally contains two items:

The mandatory first item is often the data type used for this parameter, using data types appropriate in a UML model, in which this parameter is a named attribute of a UML class. Alternately, the first item can identify the data structure (or class) referenced by this association, and references a separate table used to specify the contents of that class (or data structure).

The optional second item in the third column of each table should indicate the source of values for this parameter, the alternative values, or other value information, unless the values are quite clear from other listed information.

	Multiplicity and use (right or fourth column)

or

Multiplicity 
(if are no second items are included in rows of table)
	Normally contains two items:

The mandatory first item specifies the multiplicity and optionality of this parameter in this data structure, either “One (mandatory)”, “One or more (mandatory)”, “Zero or one (optional)”, or “Zero or more (optional)”.

The second item in the right column of each table should specify how any multiplicity other than “One (mandatory)” shall be used. If that parameter is optional, under what condition(s) shall that parameter be included or not included?  If that parameter can be repeated, for what is that parameter repeated? 


When the data type used for this parameter, in the third column of such a table, is an enumeration or code list, all the values specified shall be listed, together with the meaning of each value. When this information is extensive, these values and meanings should be specified in a separate table that is referenced in the third column of this table row.

The data type of many parameters, in the third table column, is specified as “Character String type, not empty”. In the XML Schema Documents specified herein, these parameters are encoded with the xsd:string type, which does NOT require that these strings not be empty.

(These conditions may seem obvious to you, but they are rarely obvious to most readers.)

The contents of these data dictionary tables are normative, including any table footnotes.

(This means that these table footnotes should use the normative verbs "shall", "should", "may", and "can", as defined in Subclause 5.3 "Document terms and definitions" of OWS Common [OGC 06-121r3].)

5 Overview of the Exchange of Marine Station Observations
Clauses 5-7 and Annexes A-D of this template are general recommendations for Engineering Reports.  As ERs can be of many different types and purposes, these clauses should be tailored to meet the needs of the report.  However in most cases, Clause 5 should be an overview of the report. 

The specified topic, the exchange of marine station observations, has been addressed by many technologies and projects.

To be completed.

A feature is an application object, which in this case is a physical marine entity. As said before it could depict the exact location of the observation or a greater spatial extent. O&M part 2 (OGC 07-002r3) defines a new artifact related to an observation: a Sampling Feature, which describes the strategy suitable for estimating the observed property via the observation procedure. Sampling features are categorized based on their shape: sampling point, sampling curve, sampling surface and sampling solid. OGC Ocean Science Experiment 1 focused on the differences in representation of common marine sampling points, within OGC Sensor Observation Service (SOS) and the OGC Web Feature Service (WFS).

5.1 A Common Ocean Observation

An Observation is an event whose result is an estimate of the value of some property of a feature-of-interest, obtained using a specified procedure. (Definition taken from the OGC Observations and Measurements standard [OGC 07-022r1].)

An example of an ocean observation is as follows: Buoy M, in the Monterey Bay, has connected a SeaBird device that at  2007-01-01 12:02 PM  recorded a Sea Surface Temperature (SST) of 10 degrees Celsius. In this example the property is sea surface temperature, and the 'estimate of the value' of that property is 10 deg C. The feature of Interest can be defined either as the point represented by the location of the buoy M, or the larger region 'Monterey Bay'. The procedure is the SeaBird device attached to the buoy. (More precisely, the procedure is in-situ thermal measurement by the temperature sensor of the Seabird device, but for the purposes of this Experiment, we are describing the procedure as simply the measurement device used to make the measurement.)

5.2 Use Cases for Exchanging Ocean Observations

There are several class scenarios requiring the exchange of ocean observations. They reflect the needs of users who are performing characteristic functions like a) reporting or aggregation, b) data evaluation and data assimilation into models. The corresponding use cases are:

d) find the most recent observation matching the given criteria, and

e) find the nearest (in time) observation that matches the given criteria.

The most typical criteria, and those that we considered, involve the position of the observation (in 2 or 3 dimensions), and the substance and properties of the measurement. We also wanted to consider some key aspect of the masurement process; for this experiment, we chose to consider sensor type, since these are often important metadata to capture and work with.

Each of these queries can be further modified by the ability to ask for some number of responses, where the number is greater than 1, or for all relevant responses that meet the criteria.

More details of the specifics of our selected use cases are presented in 

5.3 Existing Non-OGC Technologies for These Use Cases

(add technologies like netCDF/OPeNDAP, web browsers, ftp)

Figure 1 — TBD 

5.4 OGC Technologies for These Use Cases

5.4.1 Web Mapping Service and Web Content Service

Web Mapping Service (WMS) and Web Coverage Service (WCS) are OGC standards that are geared more toward maps, or coverage areas. WMS maps represent spatially referenced data (typically produced dynamically from geographic information), but do not include the data itself. This international standard defines a "map" to be a portrayal of geographic information as a digital image file suitable for display on a computer screen. The University of Minnesota's open source MapServer product has catalyzed extensive use of the WMS standard in the open source and environmental communities, who have used it to serve a wide variety of maps and 'mashups' (blending of map and other data).

This focus on map images is in contrast to the Web Coverage Service (WCS), which returns actual raster data, and the Web Feature Service (see next section), which returns actual vector data. The Web Coverage Service Interface Standard (WCS) provides an interface allowing requests for geographical coverages across the web using platform-independent calls. The coverages are objects (or images) in a geographical area, whereas the WMS interface or online mapping portals like Google Maps return only an image, which end-users cannot edit or spatially analyze. The response to a WCS query is expected to be on a uniform grid (a 'coverage' or 'raster') of values geolocated in two dimensions. 

5.4.2 Web Feature Service

The OGC Web Feature Service allows a client to retrieve geospatial data (features) encoded in Geography Markup Language (GML) from multiple Web Feature Service providers.  WFS services allow clients to perform data manipulation operations which include:  retrieval of features based on spatial and non-spatial constraints; the creation of new features; the deletion of features; and the update of features. The nature of the features may be simple, like single measurements at individual points, or more complex.

As opposed to the Web Mapping Service (WMS) which is a mapping engine that returns images to a client for a given query, the WFS returns the data itself.  The use of WFS-available datasets is not restricted to visualization but, instead, a client may choose, for example, to use a WFS-available dataset as an extension of his or her local dataset for validation or calibration purposes.  Generally speaking, WFS gives a user control over accessing and manipulating remote data.

5.4.2.1 Interface Capabilities

The WFS is defined by its key interfaces:  GetCapabilities, which describes the supported feature types and available Filter operations; DescribeFeatureType, which lists all properties and their value types; GetFeature, which returns the requested features; Transaction, which requests a transaction to be executed; and Lock, which locks the specified feature.

WFS Filters provide powerful client-based querying flexibility.  A WFS Filter is similar to a relational database management system WHERE clause, in that it returns data matching a specific set of criteria.  It may, for example, allow only measurements within a certain temperature range to be returned on a given sensor.  An example of a WFS Filter that requests a subset of data based on population is:  <PropertyIsGreaterThan>

<PropertyName>POP_RANGE</PropertyName>

<Literal>4</Literal>
</PropertyIsGreaterThan>.

5.4.2.2 Community

There are many terrestrial and atmospheric data users that leverage the WFS protocol to exchange information, and some marine users as well.  For example, NOAA's  National Digital Forecast Database (NDFD) Experimental WFS (http://www.weather.gov/xml/OGC_services/). This terrestrial service provides a more computer-friendly interface to the wealth of National Weather Service data which had been historically only available in text format; National Weather Service customers and partners can then use the data in their GIS. Typically the users of this standard focus on moving blocks of relatively homegenous operational data; rich metadata is not typically a key part of the transaction.
5.4.3 Sensor Web Enablement: Sensor Observation Service and Related Standards

SOS is one piece of the larger OGC Sensor Web Enablement (SWE) initiative. The goal of SWE is to enable all types of Web-accessible sensors to be accessible and, where applicable, controllable via the Web. Additonal SWE protocols include the Sensor Planning Service (SPS), which defines an API for tasking Sensor Systems. The Sensor Alert Service (SAS) is an API for publishing and subscribing to alerts from sensors. The ultimate vision of SWE is to define and approve the standards foundation for "plug-and-play" Web-based sensor networks. Used in conjunction with these other OGC specifications, the SOS provides a broad range of interoperable capability for discovering, binding to and interrogating individual sensors, sensor platforms, or networked constellations of sensors in real-time, archived or simulated environments.

Sensor Observation Service (SOS) is a recently approved OGC standard which enables retrieval of data and metadata from sensors and sensor systems. Whether from in-situ sensors (e.g., water monitoring) or dynamic sensors (e.g., satellite imaging), measurements made from sensor systems contribute most of the geospatial data by volume used in geospatial systems today. The SOS is the intermediary between a client and an observation repository or near real-time sensor channel. Clients can also access SOS to obtain metadata information that describes the associated sensors, platforms, procedures and other metadata associated with observations.

5.4.3.1 Interface Capabilities

SOS has three mandatory “core” operations: GetObservation, DescribeSensor, and GetCapabilities. The GetObservation operation provides access to sensor observations and measurement data via a spatio-temporal query that can be filtered by phenomena. The DescribeSensor operation retrieves detailed information about the sensors and processes generating those measurements. The GetCapabilities operation provides the means to access SOS service metadata.

5.4.3.2 Community

Because SOS is a relatively recent standard, its community is not so large as that of WFS, but is growing rapidly. SOS users tend to be developers of automated observation and data management systems, creating a variety of services and data access products that can not be provided with the existing standards. A list of projects leveraging some of the SOS components can be found at (where is that page, anyway??).

SWE is being considered or adopted by most of the major marine observing system initiatives, including NSF's Ocean Observing Initiative, the U.S. government Integrated Ocean Observing System project, and Europe's ESONet program.

5.5 OGC Interoperability Experiment Use Case

Is '1' our designation, or OGC's?  We need to explain it above (Scope, and Preface), and remove it if it is not something OGC formally understands. 

OGC Ocean Sciences Interoperability Experiment 1 was primary concerned about retrieving observations. A general query could be represented as follows:

Retrieve N number of records, which estimate a property P at a geographical location L, in a given time frame T, collected with procedure S. 

A query of this type could be seen as a set of subqueries. Table X presents the detail of the different subqueries that we were interested in testing:

add table caption, number (update above), reformat to match next table

	SOS
	Description

	Geographic Location
	

	lat long
	latitude and longitude of measurement

	lat long z
	same, plus Z (depth or altitude)

	
	

	Time
	

	time instance
	moment at which measurement is still valid

	time interval 
	window of time bounding measurement (s)

	
	

	Observation Procedure
	

	[1] (e.g., 'Seabird CTD')
	first procedure instance

	[N]
	last procedure instance

	all available
	all procedures

	
	

	Observed Property
	what about observed medium (ocean)?

	[1] (e.g., 'salinity')
	first property observed

	[N]
	last property observed 

	all available
	

	
	

	Number of Records
	

	latest (1)
	ask for most recent measurement

	latest (n)
	ask for most recent n measurements


Note that the indices under Observation Procedure and Observed Property are not typically specified as indices, but are replaced by 1 to N text terms describing those instances.

(add example to last paragraph)

5.6 Comparable Characteristics

We compared the query capabilities of a getFeature request of WFS 1.1 with the getObservation method of SOS 1.0. The comparable characteristics are categorized in query capabilities, response capabilities and others.

5.6.1 Query Capabilities

The query capabilities of a web service are defined as the capabilities of an application installed in a web server, to understand query requests and respond appropriately.  The abilities tested were:

a) Inclusiveness (ability to support all the queries)

b) Ability to express the query semantics (ability to request ocean observation queries)

c) Extensibility for inclusiveness (ability to extend the request capabilities to fit an ad hoc information model)

5.6.2 Response Capabilities

d) Ability to express an ocean observation (use case, others)

e) Ability of clients to understand responses from multiple web services (interoperability)

5.6.3 Other Issues

f) Effort required to maintain a schema (versioning, adding, testing, compatibilities)

g) Effort required to express more functionality

h) Relationship with other technologies

6 Comparison Results

6.1 Query Capabilities

We selected as a common data source the Meteorological Assimilation Data Ingest System (MADIS: http://madis.noaa.gov), which makes value-added data available from the National Oceanic and Atmospheric Administration's (NOAA) Earth System Research Laboratory for the purpose of improving weather forecasting, by providing support for data assimilation, numerical weather prediction, and other hydrometeorological applications. 

Two services were developed on top of MADIS: a WFS and an SOS. WFS was implemented using Map Server, while SOS was build using the UAH toolkit (Reference from Tony). We enabled the WFS Map Server to serve the information that the SOS was able to deliver, and created queries to get similar results.

The WFS query encoding allows two formats for operations:

· XML (amenable to HTTP POST/SOAP)

· Keyword-Value pairs (amenable to HTTP GET/Remote procedure call)
Each server must implement services called getCapabilities (describes available options), describeFeatureType (retrieves XML schema describing the data return), and getFeature (obtain the actual data of interest).

The SOS query encoding... add more here...

Inclusiveness.  After studying the specifications, exchanging email with experts, and creating our own services, we completed the table presented in figure X. It shows that the default WFS getFeature request does not support many of the capabilities that help define an observation. On the other hand, the SOS getObservation method natively provides queries for most of the desired capabilities in our use case.

add table caption, number (update above), reformat text to match last
	
	getFeature WFS 1.1
	getObservation SOS 1.0

	Geographic Location
	
	

	lat long
	X
	X

	lat long z
	X
	X

	Time
	
	X

	time instance
	
	X

	time interval 
	
	

	Observation Procedure
	
	

	1
	
	X

	N
	
	X

	all available
	
	

	Observed Property
	
	

	1
	
	X

	N
	
	X

	all available
	
	

	Number of Records
	
	

	latest (1)
	
	

	latest (n)
	
	


There are capabilities within WFS to specify additional filters on data, and these could be used to incorporate the additional query features that are not provided by default. However, the server must be built to understand those filters; most WFS servers and clients would not understand the added capabilities of these filters.

Semantic Expression. The expression of WFS queries is flexible, and an information model of a server can be easily expressed. In SOS, the implementer must follow best practices for using the standard under given conditions, and these do not necessarily allow full expression of a native information model. Although to date there is limited need in the oceanographic domain for this level of semantic flexibility (especially in the context of assuring interoperable systems), more robust semantic expression of queries represents an important future need.

Extensibility. WFS queries can be easily extended (by agreement with the server) to include arbitrary filters of interest. 

6.2 Response Capabilities

The responses of the two specifications are compared in this section.

Expressing Observations. WFS responses are presented as Geographic Markup Language (GML), a markup language used to specify observation data. The 1.0.0 version of the WFS specification requires the use of GML version 2.1.2, while the 1.1.0 version of the WFS specification requires the use of GML version 3.1.1. (The latter additionally supports multiple dimensions like time and depth/elevation, and more complex geometric features.) For both versions of the WFS specification, other arbitrary encodings can be defined. A schema must be defined for the GML returned by WFS, so that the returned information can be parsed by the client.

The SOS getObservation method responds with data formatted using O&M (the Sensor Web Enablement Observation and Measurement standard), which is a specialization of GML. The O&M schema is richly expressive, yet sufficiently decomposed that clients can parse the response for information of interest to them, while ignoring information they can not understand. The use of soft-typing in the O&M schema enables significant flexibility to express observation responses. 
Interoperability. For a single server running WFS or SOS, the interoperability of clients is roughly the same. The provision of the schema by the WFS server will typically provide sufficient information for the clients to automatically acquire and process information of interest, at least to roughly the same degree such computability is possible with an SOS server.

However, a case with multiple disparate data servers is somewhat different. Because the O&M schema is a widely used and flexible specification, it is more straightforward for disparate, uncoordinated collections of systems using SOS to interact, than it is for comparable systems of systems using WFS. The additional step of agreeing on a schema must be completed across the whole operational community to achieve ad hoc operational interoperability with WFS. 

Note that in either case, interoperability may be fundamentally constrained by the need for a common semantic framework, so that clients and disparate servers use the same terms for the same concepts. As with the WFS schema, such a semantic framework must be agreed across the entire community.
6.3 Other Issues

The standards were compared with respect to several other typical issues.

Schema Maintenance. WFS requires the creation of an agreed schema (a 'Feature Profile') defining the server's data response, before a server can be instantiated. Such schema should be sent to the OGC standards body for approval. In SOS, the O&M schema is embedded in the standards, so an initial level of schema interoperability is a given. The development and maintenance of such a schema is a non-trivial activity, and this constrains interoperability as noted previously. On the other hand, custom development of this schema in the WFS case may provide more flexibility to precisely represent a given information model.

Ease of implementation 


Refer to NOAA CSC results


Refer to supported tools
Functional Maintenance. The key aspect considered in this question is the difficulty of adding more capabilities, for example, additional properties, procedures, or even observation types. In WFS, any such change implies changes to the schema. As previously noted, this is a time-consuming and community-constrained activity. It may also be sensitive to the introduction of bugs and versioning issues. 

SOS, on the other hand, uses a rich sensor and observation model, and is able to handle most marine observations without any schema changes or additions. The use of soft-typing in the O&M schema enables significant flexibility to update observation responses, for example by adding new property types, without modification of the schema itself.

Technology Relationship. WFS was developed as a single coherent specification, with limited dependencies on, or leveraging of, other specifications. It depends on the XML, GML, and HTTP specifications, and incorporates a set of communication model options. WFS has numerous commercial and open source implementations, including a reference implementation called GeoServer.

SOS is developed as part of a suite of standards in the OGC Sensor Web Enablement framework. These standards are meant to work with each other, and to allow modularization (using xlinking) of instances using the standard. This raises the complexity of the entire system, but provides more coherent interoperability. SOS can be communicated over multiple protocols (right?); for this evaluation, we used a REST XML format. SOS is a relatively newer framework than WFS, but its adoption is growing extremely quickly, in part due to some of the WFS weaknesses identified in this Experiment. The OOSTethys framework is one of a number of prototype and implementation frameworks using SOS.
7 SOS Best Practices

this piece clearly needs work

8 Clause

8.1 Subclause (level 1)

A subclause is a numbered subdivision of a clause. A primary subclause (e.g. 6.1, 6.2, etc.) may be subdivided into secondary subclauses (e.g. 6.1.1, 6.1.2, etc.), and this process of subdivision may be continued as far as the fifth level (e.g. 6.1.1.1.1.1, 6.1.1.1.1.2, etc.).

Subclauses shall be numbered with Arabic numerals. Numbers given to the subclauses of an annex shall be preceded by the letter designating that annex followed by a full-stop.

A subclause shall not be created unless there is at least one further subclause at the same level. For example, a piece of text in clause 10 shall not be designated subclause «10.1» unless there is also a subclause «10.2».

Each primary subclause should preferably be given a title, which shall be placed immediately after its number, on a line separate from the text that follows it. Secondary subclauses may be treated in the same way. Within a clause or subclause, the use of titles shall be uniform for subclauses at the same level, e.g. if 10.1 has a title, 10.2 shall also have a title. In the absence of titles, key terms or phrases (composed in distinctive type) appearing at the beginning of the text of the subclause may be used to call attention to the subject matter dealt with. Such terms or phrases will not be listed in the table of contents.

8.1.1 Subclause (level 2)

8.1.1.1 Subclause (level 3)

8.1.1.1.1 Subclause (level 4)

8.1.1.1.1.1 Subclause (level 5)

A paragraph.

8.1.1.1.1.2 Subclause (level 5)

A paragraph.

8.1.1.1.2 Subclause (level 4)

A paragraph.

8.1.1.2 Subclause (level 3)

A paragraph.

8.1.2 Subclause (level 2)

A paragraph.

8.2 Subclause (level 1)

A paragraph.

9 Specially formatted text

This clause discusses and provides samples of specially formatted text, including footnotes, ordered lists, unordered lists, figures, tables, equations, notes, examples, code listings, indented code listings, and special.

9.1 Footnotes

Footnotes to the text give additional information; but their use shall be kept to a minimum. They shall not contain requirements.

Footnotes to the text shall be placed at the foot of the relevant page and be separated from the text by a short thin horizontal line on the left of the page.

Footnotes to the text shall normally be distinguished by Arabic numerals, beginning with 1, followed by one parenthesis and forming a continuous numerical sequence throughout the document: 1), 2), 3), etc. The footnotes shall be referred to in the text by inserting the same numerals, as superscripts, after the word or sentence in question: 1) 2) 3) etc.

In certain cases, for example in order to avoid confusion with superscript numbers, one or more asterisks or other appropriate symbols may be used instead: *, **, ***, etc.; *, †, ‡, etc.

A paragraph with a footnote
(:

9.2 Ordered Lists

An ordered list is a sequentially lettered and numbered list of text elements, for example:

i) Reduce the work needed to edit and read each such Implementation Standard

j) first list item at level 1 xxxxxxxxxxxx xxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxx xxxxxx xxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxx;

k) second list item at level 1;

1) first list item at level 2;

2) second list item at level 2:

Lists may be introduced by a sentence, a complete grammatical proposition followed by a colon, or by the first part of a proposition (without a colon), completed by the items in the list.

Two different types of lists can be used: ordered and unordered. In an ordered list, each list item is preceded by an item letter or number for easy reference. In an unordered list, each list item is preceded by a dash. The ordered list is most often used, and shall be used when it may be useful to refer to a specific item in the list.

Key terms or phrases may be composed in distinctive type to call attention to the subject matter dealt with in the various list items. Such terms or phrases will not be listed in the table of contents; if it is a requirement that they are listed, they shall not be presented as list items but as subclause titles.

9.3 Unordered Lists

An unordered list is an unlettered and unnumbered list of text elements, for example:

· first unordered list item at level 1 xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxx xxxxxxxxxx

· first unordered list item at level 2 xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxx xxxxxxxxxx

· second unordered list item at level 2 xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxx xxxxxxxxxx

· second unordered list item at level 1

9.4 Figures

A sample figure is shown in Figure 1.

Dimensions in millimetres

PLACE FIGURE ART HERE

NOTE 1
Figure note.

NOTE 2
Figure note.

a
Figure footnote.

Figure 1 — Figure title

Figures should be used wherever appropriate to present information in an easily comprehensible form. Each figure shall be referred to explicitly within the text.

One level of subdivision only is permitted [e.g. Figure 1 may be subdivided as a), b), c), etc.].

Figures shall be numbered with Arabic numerals, beginning with 1. This numbering shall be independent of the numbering of the clauses and of any tables. A single figure shall be designated «Figure 1». The numbering shall be continuous up to but excluding any annexes. Numbers given to the figures of an annex shall be preceded by the letter designating that annex followed by a full-stop. The numbering shall start afresh with each annex.

The title shall be centred horizontally below the figure and laid out as shown in the preceding example.

Notes to figures shall be treated independently from notes integrated in the text. They shall be located above the title of the relevant figure and shall precede figure footnotes. A single note in a figure shall be preceded by «NOTE», placed at the beginning of the first line of the text of the note. When several notes occur in the same figure, they shall be designated «NOTE 1», «NOTE 2», «NOTE 3», etc. A separate numbering sequence shall be used for each figure.

Notes to figures shall not contain requirements. Any requirements relating to the content of a figure shall be given in the text, in a footnote to the figure or as a paragraph between the figure and its title. It is not necessary that notes to figures are referred to.

Footnotes to figures shall be treated independently from footnotes to the text. They shall be located immediately above the title of the relevant figure, and shall follow figure notes.

Footnotes to figures shall be distinguished by superscript lower-case letters, beginning with «a». The footnotes shall be referred to in the figure by inserting the same superscript lower-case letter.

Footnotes to figures may contain requirements. As a consequence, it is particularly important when drafting the text of the figure footnote to distinguish clearly between different types of provision by using the appropriate verbal forms.

9.5 Tables

A sample table is shown in Table 1.

Table 1 — Table title

Dimensions in millimetres
	xxxxxxxxxxx
	xxxxxxxxxx

	xxxxxxxxxx
	xxxxxxxxxx

	xxxxxxxxxx
	xxxxxxxxxx

	A paragraph containing a requirement.

NOTE 1
Table note.

NOTE 2
Table note.

	a
Table footnote.


Tables should be used wherever appropriate to present information in an easily comprehensible form. It shall be possible to refer to each table explicitly within the text.

The text in the table cells shall be in the style ‘‘Body Text”, “Body Text 2”, or “Body Text 3”. The style Body Text uses a larger font and larger spacings, and is thus suitable for small tables. The styles Body Text 2 and Body Text 3 use progressively smaller fonts and spacings, and are thus suitable for larger tables.

A table within a table is not permitted. Subdivision of a table into subsidiary tables is not permitted.

Tables shall be numbered with Arabic numerals, beginning with 1. This numbering shall be independent of the numbering of the clauses and of any figures. A single table shall be designated «Table 1». The numbering shall be continuous up to but excluding any annexes. Numbers given to the tables of an annex shall be preceded by the letter designating that annex followed by a full-stop. The numbering shall start afresh with each annex.

The title shall be centred horizontally above the table and laid out as shown in the preceding example.

The first word in the heading of each column shall begin with a capital letter. The units used in a given column shall generally be indicated under the column heading. As an exception to this rule, when all units are the same, a suitable statement shall instead be placed above the right-hand corner of the table, as shown in the preceding example.

The column headings together with any statement concerning units shall be repeated on all pages after the first.

Notes to tables shall be treated independently from notes integrated in the text. They shall be located within the frame of the relevant table and shall precede table footnotes. A single note in a table shall be preceded by «NOTE», placed at the beginning of the first line of the text of the note. When several notes occur in the same table, they shall be designated «NOTE 1», «NOTE 2», «NOTE 3», etc. A separate numbering sequence shall be used for each table.

Notes to tables shall not contain requirements. Any requirements relating to the content of a table shall be given in the text, in a footnote to the table or as a paragraph within the table. It is not necessary that notes to tables are referred to.

Footnotes to tables shall be treated independently from footnotes to the text. They shall be located within the frame of the relevant table, and shall follow table notes.

Footnotes to tables shall be distinguished by superscript lower-case letters, beginning with «a». The footnotes shall be referred to in the table by inserting the same superscript lower-case letter.

Footnotes to tables may contain requirements. As a consequence, it is particularly important when drafting the text of the table footnote to distinguish clearly between different types of provision by using the appropriate verbal forms. 

9.6 Equations

A sample equation is:


[image: image1.wmf]a

b

c

=


(1)

where

a
is the numerator;

b
is the denominator;

c
is the result of the division.

Equations between quantities are preferred to equations between numerical values. Equations shall be expressed in mathematically correct form, the variables being represented by letter symbols the meanings of which are explained in connection with the equations, unless they appear in a «Symbols and abbreviated terms» clause. Descriptive terms or names of quantities shall not be arranged in the form of an equation.

If it is necessary to number some or all of the formulae in a document in order to facilitate cross-reference, Arabic numbers in parentheses shall be used, beginning with 1. The numbering shall be consecutive and independent of the numbering of clauses, tables and figures.

Numbers given to the formulae of an annex shall be preceded by the letter designating that annex followed by a full-stop. The numbering shall start afresh with each annex.

The International System of units (SI) as set out in ISO 31[1] shall be used. Symbols for quantities shall be chosen, wherever possible, from the various parts of ISO 31 and IEC 60027[2]. For further guidance on application, see ISO 1000[3].

The units in which any values are expressed shall be specified.

The decimal sign shall be a comma on the line in all language versions of International Standards.

For clarity, the symbol ( rather than a point shall be used to indicate multiplication of numbers and numerical values.

If a value less than 1 is written in decimal form, the decimal sign shall be preceded by a zero.

9.7 Notes

Notes can be integrated in the text of a document to give additional information intended to assist the understanding or use of the document. Notes should preferably be placed at the end of the clause or subclause, or after the paragraph to which they refer.

A single note in a clause or subclause shall be preceded by “NOTE”, placed at the beginning of the first line of the text of the note. When several notes occur within the same clause or subclause, they shall be designated “NOTE 1”, “NOTE 2”, “NOTE 3”, etc. A sample note follows this paragraph.

NOTE
Note integrated in the text. xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx

9.8 Examples

Examples integrated in the text of a document shall only be used for giving additional information intended to assist the understanding or use of the document. Examples should preferably be placed at the end of the clause or subclause, or after the paragraph to which they refer.

A single example in a clause or subclause shall be preceded by «EXAMPLE», placed at the beginning of the first line of the text of the example. When several examples occur within the same clause or subclause, they shall be designated «EXAMPLE 1», «EXAMPLE 2», «EXAMPLE 3», etc. A sample example follows this paragraph.

EXAMPLE
Example integrated in the text. xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx

9.9 Code listings

A sample code listing is:

Code text xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx

Code text xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx 

Code text xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx

9.10 Indented code listings
A sample indented code listing is:

Code text level 1 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx

Code text level 2 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx

Code text level 2 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx

Code text level 3 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx

Code text level 3 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx

Code text level 2 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx

Code text level 1 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx

9.11 Special

A paragraph with an element of text styled as special (in this case a designation):

Throwaway insert OGC xyz-TPGN160308-EN-P20

Use the style Special for any element of text for which you are unsure as to the correct style to use, or for which you feel that none of the styles contained in the template is appropriate. Note that if you create your own style(s), they will be mapped to Special on exportation/importation.

Annex A

Abstract Test Suite

An Abstract Test Suite may be relevant to an Engineering Report.

An Abstract Test Suite is specified in Clause 9 and Annex A of ISO 19105. That Clause and Annex specify the ISO/TC 211 requirements for Abstract Test Suites. Examples of Abstract Test Suites are available in an annex of most ISO 191XX documents, one of the more useful is in ISO 19136. Note that this guidance may be more abstract than needed in an OpenGIS® Implementation Standard.

A.1
Test module for conformance level 1 
A.1.1
Conformance level 1

l) Test purpose: Confirm that the IUT satisfies all applicable requirements for conformance level 1.

m) Test method: Functional testing performed in an automated and/or manual manner. Verify the behaviour of the IUT for the following operations:

· GetCapabilities (mandatory)

· DescribeRecord (mandatory)

· GetRecords (mandatory)

· GetRecordById (mandatory)

· GetRepositoryItem (mandatory)

· GetDomain (optional)

n) Reference: OGC 07-110: cl. 2.2

o) Test type: Capability

A.1.2
Test case for validity of XML response entity

p) Test case identifier: WRS.General-ValidResponse

q) Test purpose: The XML response entity is valid.

r) Test method: Validate content of response entity against corresponding element declaration.

s) Reference: OGC 07-006r1: cl. 10.2.5.1, p. 118

t) Test type: Capability

A.2
Test module for conformance level 2

A.2.1
Conformance level 2

u) Test purpose: Confirm that the IUT meets all applicable requirements for conformance level 1 (A.1) plus those for conformance level 2.

v) Test method: Functional testing performed in an automated and/or manual manner. Verify the behaviour of the IUT for the following operations (at least one of which must be implemented):

· Harvest (conditional: mandatory if Transaction is not implemented)

· Transaction (conditional: mandatory if Harvest is not implemented)

w) Reference: OGC 07-110, cl. 2.3

x) Test type: Capability

A.2.2
Test case for SOME CONDITION OR BEHAVIOUR

y) Test case identifier: ID
z) Test purpose: Assertion(s) to check.
aa) Test method: Falsification testing of message content and/or server state.

ab) Reference: OGC xy-ijk, cl. *.*, p. nnn; RFC NNNN, sec. *.*, p. nnn 

ac) Test type: Capability | Basic
Annex B

XML Schema Documents

XML Schema Documents may be relevant to an Engineering Report.

The term “XML schema“ means all the XML schema parts having the same XML namespace, usually separated into multiple XML Schema Document files (with the file type “.xsd“. The XML schema parts in one XML namespace are usually separated into multiple XML Schema Documents to ease human understanding.

In addition to this document, this report includes several XML Schema Documents. These XML Schema Documents are bundled in a zip file with the present document. 

The TBD abilities now specified in this document use TBD specified XML Schema Documents included in the zip file with this document. These XML Schema Documents combine the XML schema fragments listed in various subclauses of this document, eliminating duplications. These XML Schema Documents roughly match the TBD UML packages described in Annex B, and are named:

TBD.xsd

TBD.xsd

These XML Schema Documents use and build on the OWS common XML Schema Documents specified [OGC 06-121r3], named:

ows19115subset.xsd

owsCommon.xsd

owsDataIdentification.xsd

owsExceptionReport.xsd

owsGetCapabilities.xsd

owsOperationsMetadata.xsd

owsServiceIdentification.xsd

owsServiceProvider.xsd

All these XML Schema Documents contain documentation of the meaning of each element and attribute, and this documentation shall be considered normative as specified in Subclause 11.6.3 of [OGC 06-121r3].

Annex C

UML model

A UML model may be relevant to an Engineering Report. This template thus includes this annex as the place for recording this UML model.

As indicated below in the template for this UML model, all the tables in the body of this standard that list parameters included in various operation requests and responses are considered part of this UML model. More specifically, those tables comprise the data dictionary that must accompany the UML class diagrams included in this annex. On the other hand, these class diagrams provide often-useful graphical views of the various operation requests and responses, as indicated by notes in the body of this document.

C.1
Introduction

This annex provides a UML model of the TBD interface, using the OGC/ISO profile of UML summarized in Subclause 5.3 of [06-121r3].

Figure C.1 is a simple UML diagram summarizing the TBD interface. This class diagram shows that the TBD class inherits the getCapabilities operation from the OGCWebService interface class, and adds the TBD operations. (The capitalization of names uses the OGC/ISO profile of UML.)

Replace following with correct diagram for specific topic [image: image2.emf]OGCWebService {Abstract}

+ getCapabilities(request : GetCapabilities) : Capabilities

(from OGC Web Service)

<<Interface>>

WCTService

+ transform(request : Transform) : TransformedFeatures

+ isTransformable(request : IsTransformable) : IsTransformableResponse

+ describeTransformation(request : DescribeTransformation) : TransformDescription

Each server instance instantiates only one object of this class, and 

this object always exists while server is available.


Figure C.1 — WCTS interface UML diagram

Each of the TBD operations uses a request and a response data type, each of which is defined by one or more additional UML classes. The following subclauses provide a more complete UML model of the TBD interface, adding UML classes defining the operation request and response data types.

C.2
UML packages

The TBD interface UML model is organized in TBD packages, as shown in the package diagram in Figure B.2. These TBD TBD-specific packages make use of six non-TBD-specific packages, named OWS Web Service, OWS Operations Metadata, OWS Service Identification, OWS Service Provider, ISO 19115 Subset, and GML Subset. This package diagram shows the dependencies among the various packages shown.

Replace following with correct diagram for specific topic [image: image3.emf]OWS Service 

Identification

(from OWS Packages)

+ ServiceIdentification

+ ServiceProvider

ISO 19115 Subset

(from Logical View)

+ Address

+ Contact

+ Keywords

+ OnlineResource

+ ResponsibleParty

+ Telephone

GML Subset

(from Logical View)

+ CC_CoordinateOperation {Abstract}

+ CC_OperationMethod

+ Code

+ Feature {Abstract}

+ SC_CRS {Abstract}

WCTS Service

+ WCTSRequestBase {Abstract}

+ WCTService

OWS Operations Metadata

(from OWS Packages)

+ DCP

+ Domain

+ ExtendedCapabilities {Abstract}

+ HTTP

+ Metadata

+ Operation

+ OperationsMetadata

+ Post

WCTS Get Capabilities

+ WCTSserviceMetadata

+ WCTSGetCapabilities

Transform

+ InputData

+ Transform

+ TransformedFeatures

Is Transformable

+ IsTransformable

+ IsTransformableResponse

+ Problem

Describe Transformation

+ DescribeTransformation

+ TransformDescription

WCTS Contents

+ CoverageType

+ GeometryType

+ InterpolationMethod

+ WCTScontents

OWS Web Service

(from OWS Packages)

+ GetCapabilities {Abstract}

+ OWService {Abstract}

+ RequestBase {Abstract}

+ Section

+ ServiceMetadata {Abstract}

OWS Service Provider

(from OWS Packages)

+ ServiceProvider


Figure C.2 — TBD interface package diagram

Each of the six TBD-specific packages shown in Figure C.2 is described in the following subclauses. The OWS Web Service, OWS Operations Metadata, OWS Service Identification, OWS Service Provider, and ISO 19115 Subset packages are described in Annex B of [OGC 06-121r3].

C.3
TBD Service package

The TBD Service package is shown in the class diagram in Figure C.3. This diagram does not show the classes used by the TBD operation requests and responses, which are shown (with part of this package) in the TBD packages. This diagram also shows TBD used classes from the OWS Web Service package, which is common to all OGC Web Services, plus one used class from the TBD package. 

Replace following with correct diagram for specific topic [image: image4.emf]OWService {Abstract}

+ getCapabilities(request : GetCapabilities) : ServiceMetadata

(from OWS Web Service)

<<Interface>>

WCTService

+ transform(request : Transform) : TransformedFeatures

+ isTransformable(request : IsTransformable) : IsTransformableResponse

+ describeTransformation(request : DescribeTransformation) : TransformDescription

RequestBase {Abstract}

+ service : CharacterString

+ request : CharacterString

+ version : CharacterString

(from OWS Web Service)

Each server instance instantiates only one object of this class, and 

this object always exists while server is available.

SC_CRS {Abstract}

(from GML Subset)

WCTSRequestBase {Abstract}

+ service : CharacterString = "WCTS" {frozen}

<<DataType>>

1

0..*

+targetCRS 1

0..*

1

0..*

+sourceCRS

1

0..*


Figure C.3 — TBD Service package class diagram

C.4
TBD package

The TBD package is shown in the class diagram in Figure C.4. This diagram also shows TBD class from the TBD package. The TBD class introduced by this package is further defined by Table TBD in this document.

Replace following with correct diagram for specific topic [image: image5.emf]OWService {Abstract}

+ getCapabilities(request : GetCapabilities) : ServiceMetadata
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Figure C.4 — TBD package class diagram

Annex D

Annex title

D.1
General

Annexes shall appear in the order in which they are cited in the text. Each annex shall be designated by a heading comprising the word «Annex» followed by a capital letter designating its serial order, beginning with «A», e.g. «Annex A». The annex heading shall be followed by the indication «(normative)» or «(informative)», and by the title, each on a separate line. Numbers given to the clauses, subclauses, tables, figures and mathematical formulae of an annex shall be preceded by the letter designating that annex followed by a full-stop. The numbering shall start afresh with each annex. A single annex shall be designated «Annex A».

D.2
Subclause

A clause is the basic component in the subdivision of the content of an annex.

Numbers given to the clauses of an annex shall be preceded by the letter designating that annex followed by a full-stop. The numbering shall start afresh with each annex.

Each clause shall have a title, placed immediately after its number, on a line separate from the text that follows it.

D.2.1
Subclause (level 1)

D.2.1.1
Subclause (level 2)

D.2.1.1.1
Subclause (level 3)

D.2.1.1.1.1
Subclause (level 4)

A paragraph.

D.2.1.1.1.2
Subclause (level 4)

A paragraph.

D.2.1.1.2
Subclause (level 3)

A paragraph.

D.2.1.2
Subclause (level 2)

A paragraph.

D.2.2
Subclause (level 1)

A paragraph.

D.3
Subclause

D.3.1
A level 1 subclause without a title.

D.3.1.1
A level 2 subclause without a title.

D.3.1.1.1
A level 3 subclause without a title.

D.3.1.1.1.1
A level 4 subclause without a title.

D.3.1.1.1.2
A level 4 subclause without a title.

D.3.1.1.2
A level 3 subclause without a title.

D.3.1.2
A level 2 subclause without a title.

D.3.2
A level 1 subclause without a title.
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