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OPeNDAP Origins
	Scientists studying ocean fluxes & temps (1993) envisaged using 
http for remote data access
	This led to the Distributed Ocean Data System (DODS)
	DODS later was renamed the Open-source Project for a Data Access Protocol (OPeNDAP)

From Pixar, circa 1994
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OPeNDAP Now Is: 
	An acronym representing 
	“Open-source Project for a Network Data Access Protocol”
	A not-for-profit corp. that develops & supports
	“DAPx” — a web-services protocol for data access
	DAP2 deployed by hundreds of data providers internationally
	DAP2 employed in many analysis packages (MATLAB, e.g.)
	NASA has designated DAP2 “Community Standard”
	Server & client software implementing the DAP




*
DAP2 in the OGC Architecture (Sec 4-6 of ISO/DIS 19119)
Terms, Definitions & Purpose
	DAP2 defines open distributed processing (ODP) services consistent with the OGC architecture: 
	Functionalities are invoked via interfaces (which are aggregations of abstractly specified operations)
	These specs are contextualized by the DAP2 data model (a largely computational viewpoint, supporting an information viewpoint)
	DAP2 is mature, exhibiting
	Separation of data & service instances, including use of one provider’s service on another provider’s data as well as (opaque) chaining
	Multiple implementations (servers and clients) by several organizations
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OPeNDAP Data-Type Philosophy
	The data model has few data types
	For simplified programming & lowered risk of errors
	Types are deliberately domain-neutral
	For better trans-domain utility & programmer uptake
	But they allow for both syntactic & semantic metadata
	The Types do in fact support domain needs
	NetCDF-like (can represent functions on 4- or 5-D domains, e.g.)
	Sequences & selections match DBMS sensibilities




*
DAP2 Data Model1 (simplified)
Our use of Data Model seems roughly equivalent to Abstract Specification in OGC parlance.
Depending on its type (i.e., syntax) the value of a variable may comprise (vast) quantities of numbers...
Attributes are much like variables, but their purpose is semantic, i.e., to make a variable more meaningful. For example variables often have a “units” attribute of type string. Variables of type 2-D grid often have “Lat” and “Lon” attributes whose types are real arrays.
	(unadorned) URL = dataset = a collection of variables
	each variable comprises
	a name	a type
(incl. shape)	a value2	optional attributes3













*
DAP2 in the OGC Architecture (Sec 6.4-6.5 of ISO/DIS 19119)
Interoperability & Coupling
	DAP2 specs focus mainly on syntactic interoperability
	Semantic interoperability is gained via “conventions”
	Conventions are reasonably well supported by DAP2 specs for attributes
	A degree of geographic interoperability—though not DAP2’s main focus—has been demonstrated via conventions (esp. cf-netcdf, an OGC-standard candidate)
	DAP2 implementations are “loosely coupled”
	They are routinely employed on multiple & varied datasets, and the DAP2 data 
model allows these to have a wide range of datatypes
	Implementations for specific datatypes (and formats) occur via plug-ins that map source data to the DAP2 data model (often adhering to cf-netcdf conventions)
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DAP2 Data Types
	the type of a DAP variable falls into one of few categories
	(indivisible)	(compound, often recursively)
	atoms, as in C or Java	constructors, as in C or Java	constructors with more complex semantics
	integer
float
string
...	structure
array (n-dim)
(incl. arrays of structures, etc)	grid (has coordinate maps → coverages)
sequence (w relation-like traits, i.e., tabular)
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DAP2 Operations (invoked as query strings)
	3 kinds of constraint expressions (i.e. query strings) yield subsets or invoke (server-side) processing
	projection
(define a subset)	selection
(define a subset)	function
(optional)
	spec the included variables (by name) & spec the indices of included array elements	limit the elements of a sequence to those whose values satisfy a relational-style predicate	invoke a (server-specific) function to calculate a return (e.g., a subset by lat-lon limits)
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Some of the OPeNDAP Community’s
Distinguishing Traits 
	Data often depict (scientific) phenomena where
	Geospatial maps are one of several useful view types
	Coordinates are 3-, 4- & 5-dimensional
	These may include (time-dependent) coordinate-proxies
	Servers (publishing files or DBs via DAP2) often
	Aggregate datasets, correct or enrich metadata...
	Perform data translations (more on this later)




*
Like netCDF, but as a Web service, users may
	Skip indices
	Limit index ranges
	Reduce dimensionality

OPeNDAP Projection Operators
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DAP2 in the OGC Architecture (Sec 6.6 of ISO/DIS 19119)
An “Architecture Pattern”
Mapping DAP2 into “Table 2 - Elements of a Pattern”
	Element	Element Description
	Name	OPeNDAP access to geoscience data
	Problem	Source-data volumes & complexities exceed end-users’s capacities to handle them in the available tools & computers
	Context	Multiple views of data (including map views) are essential and often require dimension-reducing operations
	Forces	Variations in source datatypes & semantics, combined with real bandwidth constraints, demand generality and efficiency
	Structure	Community participation in open-source realizations of a simple but powerful protocol have yielded demonstrable success














*
Concept: 
Clients Get Just the Data They Need, as They Need them
	Accessing data via URLs (i.e., URL = dataset)
	Appending query strings to invoke server functions
	Getting responses of 2 (general) types:
	Metadata - dataset descriptions & catalogs (textual)
	Content - values and metadata (binary or textual)
	Using responses in diverse ways, e.g.
	MATLAB maps responses to its internal math types
	netCDF library allows apps to work as though reading a local file
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DAP2 in the OGC Architecture (Sec 7.3 of ISO/DIS 19119)
Permits Opaque Chaining
Some DAP2 servers call on one another to aggregate data
(though this is not part of DAP2 per se)
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DAP2 in the OGC Architecture (Sec 7.3 of ISO/DIS 19119)
Chain-Enabling Services
DAP2* checklist built on “Table 4 - Services to Enable Chaining”
* Some of these services are performed by DAP-compliant servers but are not part of DAP2 per se
	OSE Category	Generic IT Service	Geographic Service
	H. Interaction	view metadata about spatial data
	Workflow/Task
	Processing	(limited) geospatial subsetting
	Info Mgmt	limited format/(type?) brokering	instantiate geographic datasets
	System Mgmt	record dataset usage
	Communication	remote dataset instantiation, with rich subsetting; limited format translation	limited geographic format translation
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DAP2 in the OGC Architecture (Sec 7.6 of ISO/DIS 19119)
Simple Service Architecture
	Service-Simplifying Design Characteristics of DAP2
	Message-operations. All operations are request/response messages
	Separation of control and data. Clients often use metadata-only responses to inform parameter choices for subsequent operations
	Stateful vs. stateless service. Services are stateless, i.e., invocation comprises a request-response pair with no dependence on past interactions
	Known service types. All DAP2 service instances are of specific types about which clients know prior to runtime
	Adequate hardware. Hardware issues that pertain to hosting DAP2 services (file-size constraints, e.g.) are hidden from clients
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DAP2 in the OGC Architecture (Sec 8.1 of ISO/DIS 19119)
Information Model Interoperability
	8.1 paraphrased: “information-viewpoint interoperation (at the information-model level) requires interoperability both
	“Syntactically (representing info via the same structures) and
	“Semantically (a shared understanding of what this info means)”
	The DAP2 protocol
	Specifies syntactic interoperability
	Enables semantic interoperability (via conventions/attributes)
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DAP2 in the OGC Architecture (Sec 9.2 of ISO/DIS 19119)
Multi-Tier Architecture
As implemented, DAP2 maps reasonably well onto the Open Systems Environment (OSE) Model
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I thank 
you
OPeNDAP, Inc
http://opendap.org
increasing data’s visibility



