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Summary and Purpose of Document
A new decoding software (ecCodes) has been developed at ECMWF and made available to WMO and wider scientific community. ecCodes is a general purpose decoding software able to decode/encode GRIB and BUFR with a key/value approach and using the same function calls for both formats. It is designed to satisfy the users’ requirement of accessing the information in a simple and consistent way for different binary codes without mastering the specific coding rules. At the moment ecCodes exposes Fortran 90, Python and C interfaces and can be easily extended to cover more languages. 
ECMWF has setup the infrastructure to make ecCodes available as community project and is willing to manage contributions to the code base.

The library is extremely flexible and suitable for prototyping the new BUFR and GRIB editions. ECMWF is willing to support the development of the new editions with this community software.
_______________________________________________________________________

ACTION PROPOSED
The team is invited to acknowledge and advertise ecCodes as community software and promote its use as development tool for new BUFR and GRIB editions.
DISCUSSIONS

ECMWF has developed a new decoding software (ecCodes) for BUFR and GRIB with the aim to provide a unique user friendly library to access data from both formats. ecCodes is an evolution of GRIB-API decoding engine and is able to decode and encode GRIB and to decode BUFR. BUFR encoding is under development and will be available soon. A beta version of the library is freely available for download from ECMWF software web site
 and is released under Apache 2.0 license. 
ecCodes is a general purpose decoder for binary and text messages based on a key/value approach. The library provides get and set functions to access values from the message using a key name. This approach has been successfully used in GRIB-API for GRIB decoding/encoding and is being appreciated by the early users of ecCodes also for BUFR decoding. 

To provide key/value access to BUFR it has been necessary to establish a vocabulary of key names associated with the BUFR table B elements and a semantics for context dependent meaning of the information items. Vocabulary and semantics are explained in the following sections.
Vocabulary of key names for BUFR
BUFR is a binary data format based on a well-established governance model providing a strong support for operational processing and long term archiving of data. From the user point of view the strong governance and the coding rules are an inhibiting factor for an effective use of the data. 

BUFR is providing a good governance, but there is a semantics gap that has to be covered to allow the user to make sense of the data without having to know too much of a complex coding system.

The natural semantics of BUFR is based on code figures composed of six digits having meanings that are accessible through the consultation of tables which are made public by WMO in its web site
. 

The aim of the new ecCodes library developed at ECMWF is to provide a vocabulary based on plain text strings linked to the BUFR codes and expressing their meaning in a way that is understandable by the user without need of consulting external documents.

A vocabulary has been developed at ECMWF for the BUFR tables and has been made public with the documentation of ecCodes
. Table 1 shows some examples taken from BUFR table B, class 12 (temperature).
	Code
	Meaning
	Key (vocabulary)
	Units

	012062
	EQUIVALENT BLACK BODY TEMPERATURE
	equivalentBlackBodyTemperature
	K

	012063
	BRIGHTNESS TEMPERATURE
	brightnessTemperature
	K

	012064
	INSTRUMENT TEMPERATURE
	instrumentTemperature
	K

	012065
	STANDARD DEVIATION BRIGHTNESS TEMPERATURE
	standardDeviationBrightnessTemperature
	K

	012066
	ANTENNA TEMPERATURE
	antennaTemperature
	K

	012070
	WARM LOAD TEMPERATURE
	warmLoadTemperature
	K

	012071
	COLDEST CLUSTER TEMPERATURE
	coldestClusterTemperature
	K

	012072
	RADIANCE
	radiance
	W m-2 sr-1


Table 1

In most of the decoding software, including the current operational ECMWF decoder BUFRDC
 , the user has to access the item of information through the code figure.  As an example from Table 1, to retrieve the brightness temperature the user has to search for the array element associated with the code figure 012063 and should check the version of the table as in some cases the meaning can change from one version to another or the element can belong to a local table with a weaker governance. This last check is rarely performed and the element is used with the risk of misinterpretation. Moreover the user software is rather obscure because it contains code figures which can be interpreted only by consultation of the BUFR tables. 
ecCodes provides a codes_get function which is returning the array of values of brightness temperature making a request through the key name with a syntax like


x=codes_get(message,”brightnessTemperature”)

where x will be an array containing the values of the brightness temperature retrieved from the message. This provides a high abstraction layer for the user who can access the BUFR message without any need of knowing the BUFR codes. The user code will not be bind to code figures of difficult interpretation and will be more readable and maintainable. 

The maintenance of the vocabulary is of fundamental importance in this context and ECMWF has developed a database of BUFR tables with key names for all the table versions including some local EMCWF tables. The database is complemented by tools to ingest the new tables from WMO web site automatically and build the required configuration files for ecCodes. A web application is being developed to expose the database content to the users and at the present a dump of the database is exposed in ECMWF software wiki as part of ecCodes documentation
.
Keys semantics and message structure

BUFR is a complex coding standard with context dependent meaning and a bitmap mechanism to associate one information item to another. The user is forced to master these rules to retrieve information that is extremely important for the scientific and operational activity. In particular quality information and replacement or substitution are always difficult to access by the users and in most cases this results in user code that is difficult to understand and maintain. 

The library provides a further help in accessing data and their meaning in the message by introducing keys semantics to help the user to obtain the information without spending effort in understanding low level coding mechanisms that should be the domain of BUFR experts not scientists. 

At this purpose ecCodes is providing access through attribute for all the information elements that can be considered attributes of another element.

As an example the units are easily retrieved as an attribute of the key name with the syntax

u=codes_get(message,”brightnessTemperature->units”)

where u will be a string variable having the value “K” for Kelvin. 
Using the same syntax the “percentConfidence” can be retrieved with

u=codes_get(message,”brightnessTemperature->percentConfidence”)

and the units of “percentConfidence” can be obtained by

u=codes_get(message,”brightnessTemperature->percentConfidence->units”)

It is worth to highlight that the percent confidence is coded using a bitmap and ecCodes is providing the service to the user of resolving it and linking the appropriate elements.

BUFR messages are not made by flat data vectors they can be associated to tree data structures were the meaning of one element is to be considered in its context or in its tree branch. There is therefore the need to provide a conditional access to the data elements. For this purpose ecCodes provides two different mechanisms: access by rank and by condition.

Access by rank. The array retrieved is the nth occurrence of the named variable in the tree. An example is the second “backscatter” for scatterometer data. In the ecCodes keys syntax getting the second instance of backscatter in the BUFR data structure can be achieved with

x=codes_get(message,”backscatter#2”)

The rank is expressed after a hash sign “#” in the key name.

Access by condition. A condition on the tree branch to be selected is given for the retrieval of the data array. This would allow to select the “backscatter” with beam identifier equal 2 for scatterometer data. In the ecCodes keys syntax:

x=codes_get(message,”/beamIdentifier=2/backscatter”)

The condition is expressed in a directory like syntax very natural to remember.

Conversion to json and xml

Web based technologies are relying on two data formats for which a wide set of tools is available: JSON
 and XML. At ECMWF JSON has been chosen for the web development and ecCodes is providing a command line conversion tool (bufr_dump) producing json from a BUFR file. The JSON format is quite easy to learn and provides a readable layout. Here follows a small part of a JSON dump for scatterometer data:  


            [   {"key" : "beamIdentifier",
                                          "value" : 1,
                                          "units" : "CODE TABLE" },
                                        [ {"key" : "radarIncidenceAngle",
                                            "value" : […],
                                            "units" : "deg"},
                                          [ { "key" : "antennaBeamAzimuth",
                                              "value" : […],
                                              "units" : "deg"},
                                            {"key" : "backscatter",
                                              "value" : […],
                                              "units" : "dB"},
                                              … 
                                       ],
                                      [  {"key" : "beamIdentifier",
                                               "value" : 2,
                                               "units" : "CODE TABLE" },
                                              …
In JSON an object is delimited by curly braces and can have several attributes. In the example the object with key=”backscatter” has an attribute units=”dB”. The arrays are represented with square brackets and a message is made by nested arrays. 

A similar conversion to XML will be developed to provide the user the opportunity to use the many XML tools available.

The conversion to these two popular data formats is a key characteristics of the library and opens the data to the use of tools which are already used in several other data processing contexts.

Languages and tools

ecCodes is designed to provide most of the data access features through the simple key name syntax described in the previous paragraphs. The same approach is valid for all the languages for which at the moment ecCodes provides interfaces which are: C, Fortran and python. 

A set of command line tools
 is also provided and is similar to the GRIB-API tools. 

Collaborative development

ecCodes has been released under Apache 2.0 license which allows a large freedom of use and modification of the code base. ECMWF has also developed guidelines and implemented infrastructure for a collaborative development of the library and is willing to accept contributions to be integrated in the main branch. The picture below represents the collaborative process that is based on git
 repositories and the ATLASSIAN
 suite hosted at ECMWF.
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Contributions and tests will be pushed into a branch to be merged into the main branch after evaluation of the contributions. The process will be supported by Confluence
 used as a wiki for exchange of ideas, Jira
 used for issues reports and tasks management and Bamboo
 used as automatic test tool to perform tests on the software.
Conclusions

ecCodes has been developed to provide a user friendly interface to BUFR data and with the intention to make it available to the WMO community for collaborative development. 

The key value approach is very convenient for users and makes ecCodes very useful for the development of the new BUFR and GRIB editions, given the requirements of harmonisation with the ISO standards which are well applied in the XML context.
The vocabulary used by ecCodes is currently maintained by ECMWF. In its first draft version was proposed as addition to the current version of the BUFR tables and considered appropriate for future BUFR editions. It is suggested that the IPET-DRMM team re-consider the adoption of the vocabulary in the current version.
� � HYPERLINK "https://software.ecmwf.int/wiki/display/ECC/ecCodes+Home" �https://software.ecmwf.int/wiki/display/ECC/ecCodes+Home�


� � HYPERLINK "http://www.wmo.int/pages/prog/www/WMOCodes/WMO306_vI2/LatestVERSION/LatestVERSION.html" ��http://www.wmo.int/pages/prog/www/WMOCodes/WMO306_vI2/LatestVERSION/LatestVERSION.html�


� � HYPERLINK "https://software.ecmwf.int/wiki/display/ECC/BUFR+tables" ��https://software.ecmwf.int/wiki/display/ECC/BUFR+tables�


� � HYPERLINK "https://software.ecmwf.int/wiki/display/BUFR/BUFRDC+Home" �https://software.ecmwf.int/wiki/display/BUFR/BUFRDC+Home�


� � HYPERLINK "https://software.ecmwf.int/wiki/display/ECC/" �https://software.ecmwf.int/wiki/display/ECC/�Documentation


� � HYPERLINK "http://json.org/" ��http://json.org/�


� https://software.ecmwf.int/wiki/display/ECC/Command+line+tools


� https://git-scm.com/


� https://www.atlassian.com


� https://www.atlassian.com/software/confluence


� https://www.atlassian.com/software/jira


� https://www.atlassian.com/software/bamboo





