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Outline
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Servers that implement the protocol
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Distributed Oceanographic Data System 

(DODS)

üConceived in 1993 at a workshop held at URI.

üObjectives were:

ï to facilitate access to PI held data as well as data held in 
national archives and

ï to allow the data user to analyze data using  the 
application package with which he or she is the most 
familiar.

üBasic system designed and  implemented in 1993-1995 by 

Cornillon, Flierl, Gallagher, and Milkowski with NASA funding.

üFrom 1995 to 2003 it was extended with NASA, NOPP, NSF 

and NOAA funding.
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Some Definitions
DAP = Data Access Protocol

ü Model used to describe the data; 

ü Request syntax and semantics; and

ü Response syntax and semantics. 

OPeNDAP

ü The software; 

ü Numerous reference implementations;

ü Core/libraries and services. 

OPeNDAP Inc.

ü OPeNDAP is a 501 c(3) not-for-profit corporation; 

ü Formed to maintain, evolve and promote the discipline 

neutral DAP that was the DODS core infrastructure.
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Some Definitions

Syntax

ü The computer representation of a data object - the 

data types and structures at the computer level; e.g.,

ü T is a floating point array of 20 by 40 elements. 

Semantics

ü The information about the contents of an object; e.g., 

ü T is sea surface temperature in degrees Celsius for a 

certain region of the Earth.
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Considerations with regard to the 

development of OPeNDAP

ü Many data providers

ü Many data formats

ü Many different client types

ü Many different semantic representations of the data

ü Many different security requirements
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OPeNDAP

Fundamental Concept

URL å dataset*   | URL with constraint å subset

Retrieve

Retrieval protocol employed in many packages

flexible data typing

many, diverse clients

arrays (~coverages)

tables (~features)

dataset descriptions (metadata)

dataset content (typed/structured)

ϝŘŀǘŀǎŜǘ Ғ (file/granule| collection)
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OPeNDAP

Datatype Philosophy

Every dataset is a collection of variables

Variable: name, type, value(s) and attributes

Attribute: name, type and value(s)

Internal data model has few data types

For simplicityé

Types are domain-neutral but flexible

Structures & attributes Ỉ rich syntax & semantics

These types support many domain-specific needs
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URL å dataset*
per OpenDapôs Data Access protocol (DAP)

Domain name often is

an organizationõs web 

server.

Servers often have 

hierarchical 
collections.

Each URL 

references a 

distinct DAP 
òdataset.ó

Suffixes 

specify 

return 
types.

Depending on suffix, DAP returns metadata or content, with options for 

human - or 

machine -readable forms (XML, NetCDF4é).  Suffix òdmró Ỉmetadata only.

http://laboratory.edu/device/experiment/granule.dmr

*ŘŀǘŀǎŜǘ Ғ (file/granule | collection)
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URL  + Query  Ễ Subset 
& (future) results from other server functions

Dataset identifier as above, 

except return -type is NetCDF4 

(= HDF)

DAP òconstraint expressionsó 

yield sub -arrays & other 

proper subsets

DAP4 òfunction 

expressionsó 

enable 

extensions

Constraints specify subsets by variable names, by array indices & (for tables) 

by

content. Likely extensions include statistics, UGRID subsetting , feature 

extractioné

http:/é/granule.nc4?dap4.ce=constraints&dap4.func=fu

nctions

The query form ϧŘŀǇпΦŦǳƴŎҐΧenables
DAP extensions ᵼnew server functions

10



October 2018

DAP-based

Subset Selection (from arrays | tables)

Select variables by name

For tabular data, this means selecting columns

Select rows of a table via column-specific 
value constraints

Allows both domain-based & range-based 
subsetting 

Select sub-arrays by constraining their 
indices
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(array-style)

Index-Constrained Subsetting

Input Source Array    Ỉ Output Sub-Array
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caveat ð

Index-Based Subsetting

Excellent if desired subset is a bounding 
box parallel to source array (indices 
coordinates)

Less useful when

Subset selection not based on domain 
coordinates

Source is not organized as coordinate-mapped
arrays

Desired subset is polygonal or is skewed 
(relative to source-array orientation)
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There are several different DAP servers

± Hyrax, developed by OPeNDAP, inc.

± TDS, developed by Unidata

± PyDAP, developed by Roberto De Almeida

± ERDDAP, developed by NOAA

± Others¤
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Architectural Overview of Hyrax
a widely-used DAP server

DAP(2|4), netCDF, 
·a[Σ DŜƻ¢LCCΣ ²a{Σ W{hbΧ

Hyrax Back-End Server with 
Encoding-Specific Handlers

HDF files netCDF files text files SQL database ŜȄǘŜƴǎƛōƭŜΧ

Apache Server Framework

DAP-
Extending
Services

Other 
Web 

Services

Core DAP
Services

(Hyrax Front-End)

Other 
Web 

Services
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OPeNDAP services

Can Function as Middleware

Plugin-like handlers ᶐmultiple ingest 
encodings

Hence a growing set of source-data types

Data output ᶒmultiple response encodings

Native DAPðuseful in Python, Java, C/C++,
Fortrané

netCDF3/4, GeoTIFF Jpeg2000, ASCII/CSV

XML (ᵼHTTP via style sheets)

Recently added: WMS, W10n, WCS, CovJSON
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New(er) features in Hyrax

Authentication (NASA Earthdata login)

User-specified aggregation

Cloud-based data stores
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For more information

www.opendap.org

support@opendap.org

jgallagher@opendap.org
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OpenDAP and THREDDS

A web developers perspective

Duan Beckett

03 96168397

duan.beckett@bom.gov.au



Å The Bureau maintains several THREDDS servers

Å I develop web application on top of THREDDS ïOpenDAP 

and NcWMS

Å Would like to share some views from this experience

Background



Stats for September 2018



Stats for September 2018



Monthly requests from 2012 to present:

Stats



Monthly TB transferred from 2012 to present:

Stats



Web development

ÅTwo very beneficial features of THREDDS for web development are:

ÅEase of deployment

ÅAbility to create aggregated datasets

ÅWhat is a THREDDS aggregation?

ÅA virtual representation of a collection of files as a single file

ÅCreates a single entry point to data



Web development

ocean_fc_ag
g

ocean_fc_2018101512_000_temp.nc

ocean_fc_2018101512_024_temp.nc

ocean_fc_2018101512_048_temp.nc

ocean_fc_2018101512_072_temp.nc

ocean_fc_2018101512_096_temp.nc

Request for i.e. time dimension, can now be simplified to a single request:

http://thredds_url/dodsC/ocean_fc_agg.ascii?time



Web development

Services leveraging THREDDS:

ÅOperational ocean forecasting

ÅBluelink verification site

ÅAtmospheric transport modeling 

ÅTAPPAS/Spread

ÅData compression application



Bluelink verification site part 1

Å Displays multiple ocean 

datasets in map viewer (WMS)

Å A growing number of server 

side processes

Å Benefitted from using 

aggregated datasets in 

development



Bluelink verification site part 2

Å Monitoring of Argo floats in the 

oceans

Å A large number of server side 

statistical features

Å Data not aggregated

Å Aggregation was simulated via 

regular scans and database

Å Increased development time



TAPAS/Spread site

Å Models wind dispersal of 

pathogens using atmospheric 

model data for a run

Å Pointing to several different 

datasets via OpenDAP

Å Benefitted from accessing 

remote datasets



Data compression site

Å Ocean forecast compression 

application

Å Uses instance of THREDDS 

for visualization (WMS) and 

interrogation of data 

(OpenDAP)

Å Benefitted from ease of 

deployment as deployed as a 

Docker image


