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________________________________________________________________

Summary and Purpose of Document
The document contains introductory information on a BUFR library currently undergoing development and implementation at the Meteorological Service of Canada 


________________________________________________________________

ACTION PROPOSED
The meeting is invited to take the content of this document into consideration.

Background
Environment Canada, in 2007, determined that its existing BUFR applications for domestic observation-processing needed to be updated from the ground up to meet emerging domestic and international requirements, such as implementing the Migration to Table-Driven Code Forms.
Following a national requirements gathering exercise and a software survey in early 2008, it was decided to base most future BUFR software development at Environment Canada on a single national library.  The selection process for this national library gave consideration to a field of free and commercial solutions, and eventually settled on accelerating development of an existing library, written in-house by the National Prediction Development Division of the Meteorological Service of Canada (MSC).  Work on this library had resumed about 6 months earlier as part of modernization work on the MSC’s SCRIBE weather prediction product preparation system.
The library was accepted as national software by the MSC’s Software Management Board in the spring of 2008 and named “libecbufr”.  Since then, it has been under testing and implementation in various groups in Environment Canada.  The project was reorganized in a way that is strongly analogous to a free-software project, using the tools and management approach of free software to foster the pooling of BUFR expertise and to ease collaboration across administrative entities and geographical distances.
Design Goals

At an idealized level, the main design goal behind libecbufr is to separate, to the extent possible, BUFR data product design from software-writing activities related to data acquisition and processing.

Libecbufr aims to provide a general purpose BUFR API that facilitates the writing of flexible BUFR applications. A complementary goal is to facilitate the writing of BUFR applications that are resilient to requirement changes involving modifications to templates. 

However, the writing of BUFR applications (except for a small toolkit) is not within the scope of the libecbufr project.
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Libecbufr Features

· General purpose BUFR encoding and decoding API
· Template-oriented
· Run-Time Meta Data (RTMD) deals explicitly with replication counts and time/location/height incrementation
· Coded in C using GNU tools and using only standard system libraries
· Binding of the library to popular interpreted languages can be accomplished using widely available free tools

· The API includes approximately 50 high-level user functions. The total number of functions is around 365 when low-level functions are included in the count.

· Supports BUFR Editions 2, 3, 4 – including:

· Compression
· Local tables

· Table C operators
· Associated Fields

· Data Present Bitmap (raw support at the moment – no high-level functions yet)
· IEEE Floating Point (for future BUFR Edition 5)
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Typical Usage

Work with the library may be approached in two ways:

1. Text Dump

· BUFR dump (decode) to ASCII text template and values,  load into DB

· DB  to ASCII text template and values,  encode to BUFR

Under this approach, a text template may also be created manually. This contains ASCII descriptors and associated values, and is then fed to a small encoding application to generate BUFR.  This may involve the inconvenience of manipulating and parsing large text files.

This approach is not necessarily well suited for large-scale production, but can be very useful for prototyping work.  A web-based interface is available to work with ASCII templates and encode/decode simple BUFR messages.

2. C language API  (Linked within applications) 
· Currently used for development and production tests within Environment Canada

· No intermediate medium between BUFR data and DB

Bindings with other languages are possible.
Development Status

As of August 2008 we are at pre-release 0.7.3.  Testing and implementation are ongoing.  The development source code undergoes nightly automated regression testing and Debian package generation.
The API (or standardized set of functions) is becoming stable, but is not yet considered final.  Most of the changes are in the form of added functions to support new high-level features.
Manual documentation is in draft stage but should improve by the end of 2008.  Automated documentation is generated using Doxygen.  Pending better documentation, a feel for the API may be obtained by examining the code examples in Annex I.

The library is developed on, and for, Debian Linux. The C code should need little work to be useable under other operating systems (including MS-Windows) for which C compilers and standard libraries exist. The MSC has no plans to port the library to other operating systems at the moment.  However, if the library were open-sourced, as planned, an interested party may choose to contribute the necessary code.  See “Distribution Status” below.
Bindings to interpreted languages are possible, using freely available tools.  For instance, a unit of the MSC has produced TCL/TK bindings, which are being tested toward implementation in a production environment. There are no current plans to work on bindings for other programming languages.

Table B and D distribution and update procedures, as currently implemented for the libecbufr package, are still very much centered on historical Canadian Meteorological Centre practices.  CMC is reviewing its Table maintenance procedures for better integration with such a general purpose BUFR library as libecbufr, while preserving compatibility with existing operational applications.
Distribution status

As of August 2008, the library is not licensed for distribution outside Environment Canada.  However, plans are under way to release the code as an open-source project under the GNU General Public License.  Under current planning, this is expected around the end of 2008.  More information will be forthcoming as it becomes available. 
Annex I

Code examples
Basic structure

A simple program using libecbufr will typically implement the following sequence:

· Open and load Tables B and D  (WMO and local as required)
· Open file or socket for reading, then:

· read BUFR message and decode dataset into memory 

OR
· read data from DB and encode into memory as BUFR dataset, in accordance with available template

· Perform data processing operations as required

· Dump dataset or template to ASCII if so desired

· Save processed data to BUFR or database or other format

· Discard the message from memory

· Clean up and close files
Example 1: Reading a BUFR message containing a single dataset and dumping the message into a text file

/**

@example decode_simple.c

*/

#include <stdio.h>

#include <stdlib.h>

#include "bufr_api.h"

/*

* Define the strings below if local

* TABLE B and TABLE D files should be used
 */

static char *str_ltableb=NULL;

static char *str_ltabled=NULL;

int main(int argc, char *argv[])

   {

   BUFR_Dataset  *dts;

   FILE          *fp;

   BUFR_Tables   *tables=NULL;

   char           buf[256];

   BUFR_Message  *msg;

   int            rtrn;

   int            count;

/*

 * load CMC Tables B and D

 * (includes local descriptors)
 */

   tables = bufr_create_tables();

   bufr_load_cmc_tables( tables );  

/*

 * load local tables if any 

 */

   if (str_ltableb)

      bufr_load_l_tableB( tables, str_ltableb );

   if (str_ltabled)

      bufr_load_l_tableD( tables, str_ltabled );
/*

 * open a file for reading

 */

   fp = fopen( argv[1], "r" );

   if (fp == NULL)

      {

      bufr_free_tables( tables );

      fprintf( stderr, "Error: can't open file \"%s\"\n", argv[1] );

      exit(-1);

      }

/*

 * read a message from the input file

 */

   rtrn = bufr_read_message( fp, &msg );

   if (rtrn <= 0)

      {

      fprintf( stderr, "Warning: there is no message\n" );

      exit(0);

      }

/* 

 * BUFR_Message ==> BUFR_Dataset 

 * decode the message using the BUFR Tables

 */

   dts = bufr_decode_message( msg, tables ); 

   if (dts == NULL) 

      {

      fprintf( stderr, "Error: can't decode message\n" );

      exit(-1);

      }

/*

 * dump the content of the Message into a file

 */

   bufr_dump_dataset( dts, "./OUTPUT.TXT" );

/*

 * discard the message

 */

   bufr_free_message( msg );

   bufr_free_dataset( dts );

/*

 * close all file and cleanup

 */

   fclose( fp );

   bufr_free_tables( tables );

   }
Example 2: Dumping a template from Section 3 into a text file (code fragment)
Beginning of program is identical to example 1:

· open Table B & D files

· open BUFR file and decode it to memory
· then:
/*

 * create a template file that can be used for encoding

 * BUFR Messages by extracting it from the Dataset's
 * section 3 and save it in a text file

 */

   if (bufr_save_template( "./OUTPUT.template", bufr_get_dataset_template(dts) ) < 0)

      fprintf( stderr, "Error saving template file\n" );

Clear memory, close files, and we are done.
Example 3: BUFR encoder
/* Standard C header files ; 

*/

(…)
/* Libecbufr header files ;

*/

(…)
/* Variables defined and given default values;

*/

(…)

/* Usage parameters
 * nom: abort_usage

 *

 * auteur:  Vanh Souvanlasy

 *

 * fonction: informer de la facon d'utiliser le programme

 * 
       Inform user of program usage
 * parametres:  

 *        pgrmname  : nom du programme

 */

static void abort_usage(char *pgrmname)

{

   fprintf( stderr, "BUFR Encoder Version %s\n", BUFR_API_VERSION );

   fprintf( stderr, "Usage: %s\n", pgrmname );

   fprintf( stderr, "          [-outbufr  <filename>] (default=OUT.bufr)\n" );

   fprintf( stderr, "          [-template <filename>]\n" );

   fprintf( stderr, "          [-ltableb  <filename>]\n" );

   fprintf( stderr, "          [-ltabled  <filename>]\n" );

   fprintf( stderr, "          [-nolocal]  do not save local tables to file (default=save)\n" );

   fprintf( stderr, "          [-compress] compress datasubsets if possible\n" );

   fprintf( stderr, "          [-debug]\n" );

   fprintf( stderr, "  env. Variables:\n" );

   fprintf( stderr, "     BUFR_TEMPLATE : specify template file\n" );

   exit(1);

}
/* read_command_line code

*/

(…)

/* Encoding from an ASCII template with embedded data values
*/
 static void encode(void)

   {

   BUFR_Dataset  *dts;

   BUFR_Template *tmplt=NULL;

   FILE  *fpBufr;

   int           verbose;

   char          errmsg[256];

   BUFR_Message *msg;

   verbose = bufr_is_verbose();

   if (verbose)

      {

      bufr_print_debug( "*\n" );

      sprintf( errmsg, "* BUFR encoder : API version %s\n", BUFR_API_VERSION );

      bufr_print_debug( errmsg );

      bufr_print_debug( "*\n" );

      }

/*

 * load CMC Table B

 */

   tables = bufr_create_tables();

   bufr_load_cmc_tables( tables );

/*

 * load local tables if any 

 */

   if (str_ltableb)

      bufr_load_l_tableB( tables, str_ltableb );

   if (str_ltabled)

      bufr_load_l_tableD( tables, str_ltabled );

/*

 * create a template

 */

   if (str_template)

      {

      tmplt = bufr_load_template( str_template, tables );

      }

   else if (tableD_code > 0)

      {

      BufrDescValue           codes[2];

      codes[0].descriptor = tableD_code;

      codes[0].values = NULL;

      codes[0].nbval = 0;

      tmplt = bufr_create_template( codes, 1, tables, edition );

      }

   if (tmplt == NULL)

      {

      fprintf( stderr, "Template not defined properly\n" );

      exit(1);

      }

/*

 * create a dataset

 */

   dts = bufr_create_dataset( tmplt );

   if (dts == NULL)

      {

      fprintf( stderr, "Error: unable to create dataset, abort\n" );

      exit(1);

      }

   if (str_datafile)

      {

      bufr_genmsgs_from_dump( tmplt, str_datafile, str_obufr, use_compress );

      }

   else

      {

      make_dataset( dts );

/*

 * open a file for writing

 */

   fpBufr = fopen( str_obufr, "w" );

/*

 * save local table to output BUFR file if requested

 */

   if (save_local_table_B)

      bufr_store_tables( fpBufr, dts );

/*

 * save the dataset to output file

 */

   msg = bufr_encode_message ( dts, use_compress );

   if (msg != NULL)

      {

      bufr_write_message( fpBufr, msg );

      bufr_free_message ( msg );

      }

/*

 * close all file and cleanup

 */

   fclose( fpBufr );

      }

   bufr_free_dataset( dts );

   bufr_free_template( tmplt );

   bufr_print_debug( NULL );

   }

/* Put data values in subset

*/

static void make_dataset( BUFR_Dataset *dts )

   {

   DataSubset    *subset;

   int           sscount, cvcount;

   int           i, j;

   BufrDescriptor  *bcv;

   int           pos;

   double        flmin, flmax;

   int           verbose;

   char          errmsg[256];

   verbose = bufr_is_verbose();

   for (i = 0; i < nb_subset ; i++ )

      pos = bufr_create_datasubset( dts );

/*

 * fill datasubsets unset values with generated values =(min+max)/2

 */

   flmin = flmax = 0.0;

   sscount = bufr_count_datasubset( dts );

   for (i = 0; i < sscount ; i++)

      {

      subset = bufr_get_datasubset( dts, i );

      cvcount = bufr_datasubset_count_descriptor( subset );

      if (verbose)

         {

         sprintf( errmsg, "Subset #%d : %d codes\n", i+1, cvcount );

         bufr_print_debug( errmsg );

         }

      for (j = 0; j < cvcount ; j++)

         {

         bcv = bufr_datasubset_get_descriptor( subset, j );

         if (verbose)

            {

            if (bcv->flags & FLAG_SKIPPED)

               sprintf( errmsg, "  #%.6d ", bcv->descriptor );

            else

               sprintf( errmsg, "   %.6d ", bcv->descriptor );

            bufr_print_debug( errmsg );

            }

         if (verbose && bcv->meta)

            {

            bufr_print_rtmd_data( errmsg, bcv->meta );

            bufr_print_debug( errmsg );

            }

         if (bufr_descriptor_get_range( bcv, &flmin, &flmax ) > 0)

            {

            if (bcv->value->type == VALTYPE_INT32)

               {

               if (def_values)

                  {

                  int value = bufr_descriptor_get_ivalue( bcv );

                  if (value == -1)

                     {

                     if (bcv->flags & FLAG_CLASS31)

                        {

                        value = 1;

                        }

                     else

                        {

                        value = flmin + (flmax-flmin)/(sscount+2) * (i+1);

                        }

                     bufr_descriptor_set_ivalue( bcv, value );

                     }

                  }

               if (verbose)

                  {

                  if (bufr_print_dscptr_value( errmsg, bcv ))

                     bufr_print_debug( errmsg );

                  }

               if (verbose)

                  {

                  sprintf( errmsg, "[%d,%d] ", (int)flmin, (int)flmax );

                  bufr_print_debug( errmsg );

                  }

               }

            else if (bcv->value->type == VALTYPE_FLT32)

               {

               if (def_values)

                  {

                  float value = bufr_descriptor_get_fvalue( bcv );

                  if (bufr_is_missing_float(value))

                     {

                     value = flmin + (flmax-flmin)/(sscount+2) * (i+1);

                     bufr_descriptor_set_fvalue ( bcv, value );

                     }

                  }

               if (verbose)

                  {

                  if (bufr_print_dscptr_value( errmsg, bcv ))

                     bufr_print_debug( errmsg );

                  }

               if (verbose)

                  {

                  sprintf( errmsg, "[%E,%E] ", flmin, flmax );

                  bufr_print_debug( errmsg );

                  }

               }

            else

               {

               if (verbose)

                  {

                  if (bufr_print_dscptr_value( errmsg, bcv ))

                     bufr_print_debug( errmsg );

                  }

               }

            }

         else

            {

            if (verbose)

               {

               if (bufr_print_dscptr_value( errmsg, bcv ))

                  bufr_print_debug( errmsg );

               }

            }

         if (bcv->flags & FLAG_CLASS31)

            {

            bufr_expand_datasubset( dts, i );

            cvcount = bufr_datasubset_count_descriptor( subset );

            }

         if (verbose)

            bufr_print_debug( "\n" );

         }

      if (verbose)

         bufr_print_debug( "\n" );

      }

   }
*##############################################################################

 * Main program

 *

 */

int main(int argc,char *argv[])

{

   if (argc == 1)

      {

      abort_usage( argv[0] );

      }

   read_cmdline( argc, argv );

/*

 * redirect stderr to an error file

 */

/*   freopen ( str_error_logs, "w", stderr ) ; */

   bufr_set_debug_file( str_debug );

   if ( str_output )

      bufr_set_output_file( str_output );

   bufr_begin_api();

   encode();

   bufr_end_api();

   cleanup();

   exit(0);

}

