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bufrpy

Bufrpy is a pure-Python BUFR message decoder. BUFR messages are
typically used to transmit meteorological observations. Bufrpy was
developed to work with NWCSAF [http://www.nwcsaf.org/] RDT and HRW data, but there should not
be any reason why it could not be used with any BUFR messages, with
the following limitations:


	Messages with multiple data subsets are not supported

	Compressed messages are not supported

	Operator descriptors are not supported

	Sequence descriptors are not supported



Adding support for any of the above should be feasible, but we have
not encountered such data in our use of the library.
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Examples


RDT Contour Extraction

import bufrpy
from bufrpy.template import safnwc
import re
import itertools
import sys

def to_rings(bufrmsg):
    """ Return a list of cloud contours as closed rings, in lat/lon ordinate order"""
    out = []
    subsets = bufrmsg.section4.subsets
    for subset in subsets:
        for cloudsystem in subset.values[19]: # cloud systems are at index 19
            contour = cloudsystem[0] # contour is at index 0 of cloud system
            point_vals = list(itertools.chain(contour, itertools.islice(contour,1))) # close contour
            points = []
            for (lat, lon) in point_vals:
                points.append((lat.value, lon.value)) # extract values
            out.append(points)
    return out

def to_wkt(rings):
    out = []
    for ring in rings:
        # Change ordinate order, convert to strings, join and stick in a POLYGON
        points = [" ".join(map(str, reversed(latlon))) for latlon in ring]
        edge = ",".join(points)
        out.append("POLYGON((" + edge + "))")
    return "\n".join(out)

if __name__ == '__main__':

    template = safnwc.read_template(open(sys.argv[1], 'rb'))
    msg = bufrpy.decode_file(open(sys.argv[2], 'rb'), template)

    rings = to_rings(msg)
    wkt = to_wkt(rings)

    print wkt
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Data Model

Bufrpy data model matches that of the BUFR messages fairly closely,
though not as closely as libbufr or the Python libbufr
wrappers. Typically BUFR messages are stored in a file so that the
file contains a single BUFR message. Some applications (e.g. SAFNWC
HWR) store multiple messages in a single file, requiring some tricks
to read them.

The top-level data structure in bufrpy is
Message that corresponds to one BUFR message. A BUFR
message contains 6 sections, some of which contain metadata and some
the actual data. The most important sections are numbers 3 and 4.
They contain data descriptors and the data itself
respectively. Logically BUFR files contain at least one subset of
data. Each subset follows the same structure, defined by the data
descriptors in section 3. In bufrpy, sections are attributes
of Message. Section 4 contains the data subsets as a list
of BufrSubset objects.

Logically each subset is a linear sequence of data values. All
metadata about the data is stored in the descriptors. However, there
are certain looping constructs (replication descriptors) that allow
repetition of a sequence of data items. This leads to hierarchical
logical structure. Physically the data is still stored in a linear
sequence (or in interleaved fashion if a message has multiple data
subsets). In bufrpy the data of each dataset is represented
by a list of BufrValue objects. A replicated sequence in
the data is represented by a list of lists of BufrValue
objects so that the outer list contains one list for each repetition,
and the inner lists are equivalent to values
of a BufrSubset. Hierarchical data is thus naturally
represented as nested lists.
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API








Reading BUFR messages


	
bufrpy.decode_file(f, b_table)

	Decode BUFR message from a file into a Message object.





	Parameters:	
	f (file [http://docs.python.org/2.7/library/functions.html#file]) – File that contains the bufr message

	b_table (Mapping|Template) – Either a mapping from BUFR descriptor codes to descriptors or a Template describing the message














	
bufrpy.decode(stream, b_table, skip_data=False)

	Decode BUFR message from stream into a Message object.

See WMO306_vl2_BUFR3_Spec_en.pdf for BUFR format specification.





	Parameters:	
	stream (ByteStream) – Stream that contains the bufr message

	b_table (Mapping|Template) – Either a mapping from BUFR descriptor codes to descriptors or a Template describing the message

	skip_data (bool [http://docs.python.org/2.7/library/functions.html#bool]) – Skip decoding data? Can be used to get only extract metadata of a file to e.g. analysis of decoding errors.














	
bufrpy.decode_all(stream, b_table)

	Decode all BUFR messages from stream into a list of Message objects and a list of decoding errors.

Reads through the stream, decoding well-formed BUFR messages. BUFR
messages must start with BUFR and end with 7777. Data between
messages is skipped.





	Parameters:	
	stream (ByteStream) – Stream that contains the bufr message

	b_table (Mapping|Template) – Either a mapping from BUFR descriptor codes to descriptors or a Template describing the message
















BUFR message representation


BUFR Message

BUFR Message is represented as a Message.


	
class bufrpy.Message

	Represents a complete BUFR message, of either edition 3 or edition 4.





	Variables:	
	section0 (Section0) – Section 0, start token and length

	section1 (Section1v3|Section1v4) – Section 1, time and source metadata

	section2 (Section2) – Section 2, optional metadata, not processed

	section3 (Section3) – Section 3, message structure

	section4 (Section4) – Section 4, message contents

	section5 (Section5) – Section 5, end token













The Message contains several sections. Of these, sections
1, 3 and 4 are the most interesting. Section 1 contains message-level
metadata, section 3 describes message structure and section 4 contains
the actual data. Note that section 1 comes in multiple variants. The
variant used depends on which edition of the BUFR specification was
used to code the message.


	
class bufrpy.Section1v3

	Section 1 of a BUFR edition 3 message.





	Variables:	
	length (int [http://docs.python.org/2.7/library/functions.html#int]) – Length of Section 1

	master_table_id (int [http://docs.python.org/2.7/library/functions.html#int]) – Master table identifier

	originating_centre (int [http://docs.python.org/2.7/library/functions.html#int]) – Originating/generating centre

	originating_subcentre (int [http://docs.python.org/2.7/library/functions.html#int]) – Originating/generating subcentre

	update_sequence_number (int [http://docs.python.org/2.7/library/functions.html#int]) – Update sequence number

	optional_section (int [http://docs.python.org/2.7/library/functions.html#int]) – 0 if optional section not present, 1 if present

	data_category (int [http://docs.python.org/2.7/library/functions.html#int]) – Data category (identifies Table A to be used)

	data_subcategory (int [http://docs.python.org/2.7/library/functions.html#int]) – Data subcategory

	master_table_version (int [http://docs.python.org/2.7/library/functions.html#int]) – Master table version

	local_table_version (int [http://docs.python.org/2.7/library/functions.html#int]) – Local table version

	year (int [http://docs.python.org/2.7/library/functions.html#int]) – Year (originally of century, converted to AD by adding 1900)

	month (int [http://docs.python.org/2.7/library/functions.html#int]) – Month

	day (int [http://docs.python.org/2.7/library/functions.html#int]) – Day

	hour (int [http://docs.python.org/2.7/library/functions.html#int]) – Hour

	minute (int [http://docs.python.org/2.7/library/functions.html#int]) – Minute














	
class bufrpy.Section1v4

	Section 1 of a BUFR edition 4 message.





	Variables:	
	length (int [http://docs.python.org/2.7/library/functions.html#int]) – Length of Section 1

	master_table_id (int [http://docs.python.org/2.7/library/functions.html#int]) – Master table identifier

	originating_centre (int [http://docs.python.org/2.7/library/functions.html#int]) – Originating/generating centre

	originating_subcentre (int [http://docs.python.org/2.7/library/functions.html#int]) – Originating/generating subcentre

	update_sequence_number (int [http://docs.python.org/2.7/library/functions.html#int]) – Update sequence number

	optional_section (int [http://docs.python.org/2.7/library/functions.html#int]) – 0 if optional section not present, 1 if present

	data_category (int [http://docs.python.org/2.7/library/functions.html#int]) – Data category (identifies Table A to be used)

	data_subcategory (int [http://docs.python.org/2.7/library/functions.html#int]) – Data subcategory

	local_subcategory (int [http://docs.python.org/2.7/library/functions.html#int]) – Local subcategory

	master_table_version (int [http://docs.python.org/2.7/library/functions.html#int]) – Master table version

	local_table_version (int [http://docs.python.org/2.7/library/functions.html#int]) – Local table version

	year (int [http://docs.python.org/2.7/library/functions.html#int]) – Year (four digits)

	month (int [http://docs.python.org/2.7/library/functions.html#int]) – Month

	day (int [http://docs.python.org/2.7/library/functions.html#int]) – Day

	hour (int [http://docs.python.org/2.7/library/functions.html#int]) – Hour

	minute (int [http://docs.python.org/2.7/library/functions.html#int]) – Minute

	second (int [http://docs.python.org/2.7/library/functions.html#int]) – Second














	
class bufrpy.Section3

	Section 3 of a BUFR message.

Section 3 contains descriptors that describe the actual data
format. Descriptors are instances of one of the descriptor
classes: descriptors.ElementDescriptor,
descriptors.ReplicationDescriptor,
descriptors.OperatorDescriptor,
descriptors.SequenceDescriptor.





	Variables:	
	length (int [http://docs.python.org/2.7/library/functions.html#int]) – Length of Section 3

	n_subsets (int [http://docs.python.org/2.7/library/functions.html#int]) – Number of data subsets in the data section

	flags (int [http://docs.python.org/2.7/library/functions.html#int]) – Flags describing the data set. See BUFR specification for details.

	descriptors – List of descriptors that describe the contents of each data subset.














	
class bufrpy.Section4

	Section 4 of a BUFR message.

Section 4 contains the actual message data.





	Variables:	
	length (int [http://docs.python.org/2.7/library/functions.html#int]) – Length of Section 4

	subsets – Message data as a list of BufrSubsets.
















BUFR Template

BUFR Template is represented as a Template.


	
class bufrpy.template.Template[source]

	BUFR message template

Describes a BUFR message by listing the descriptors that are
present in the message. The same descriptors must be present in
the same order in Section 3 of the actual message. The template
includes descriptions, length, units and other information
required to interpret the descriptor references in the message.

Possible descriptor types are ElementDescriptor,
ReplicationDescriptor, SequenceDescriptor and
OperatorDescriptor.





	Variables:	
	name – Name of the template

	descriptors – List of descriptors
















BUFR Descriptors

BUFR descriptors describe the data of the message. Atomic data
elements are described by ElementDescriptor, multiple
repetitions of a set of descriptors by
ReplicationDescriptor, fixed sequences of elements by
SequenceDescriptor and more complex structures by
OperatorDescriptor.


	
class bufrpy.descriptors.ElementDescriptor[source]

	Describes single value

Data element described with an ElementDescriptor is decoded into a
BufrValue, with either textual or numeric value.





	Variables:	
	code [http://docs.python.org/2.7/library/code.html#module-code] (int [http://docs.python.org/2.7/library/functions.html#int]) – Descriptor code

	length (int [http://docs.python.org/2.7/library/functions.html#int]) – Length of data, in bits

	scale (int [http://docs.python.org/2.7/library/functions.html#int]) – Scaling factor applied to value to get scaled value for encoding

	ref (float [http://docs.python.org/2.7/library/functions.html#float]) – Reference value, subtracted from scaled value to get encoded value

	significance (str [http://docs.python.org/2.7/library/functions.html#str]) – Semantics of the element

	unit (str [http://docs.python.org/2.7/library/functions.html#str]) – Unit of the element, affects interpretation of the encoded data in case of e.g. textual vs. numeric values














	
class bufrpy.descriptors.ReplicationDescriptor[source]

	Describes a repeating collection of values

Data described with a ReplicationDescriptor is decoded
into a list of lists of values. The outer list has one element per
replication and the inner lists one element per replicated field.





	Variables:	
	code [http://docs.python.org/2.7/library/code.html#module-code] (int [http://docs.python.org/2.7/library/functions.html#int]) – Descriptor code

	length (int [http://docs.python.org/2.7/library/functions.html#int]) – Length of data, always 0

	fields (int [http://docs.python.org/2.7/library/functions.html#int]) – Number of following descriptors to replicate

	count (int [http://docs.python.org/2.7/library/functions.html#int]) – Number of replications

	significance (str [http://docs.python.org/2.7/library/functions.html#str]) – Meaning of the replicated list














	
class bufrpy.descriptors.OperatorDescriptor[source]

	Operators 201-208 are supported.





	Variables:	
	code [http://docs.python.org/2.7/library/code.html#module-code] (int [http://docs.python.org/2.7/library/functions.html#int]) – Descriptor code, the whole FXY as int

	length (int [http://docs.python.org/2.7/library/functions.html#int]) – Length of data. Always 0.

	operation (int [http://docs.python.org/2.7/library/functions.html#int]) – Opcode, X of FXY

	operand (int [http://docs.python.org/2.7/library/functions.html#int]) – Operand, Y of FXY.

	operator [http://docs.python.org/2.7/library/operator.html#module-operator] (Operator) – Operator object for checking conflicts and parsing operand.

	significance (str [http://docs.python.org/2.7/library/functions.html#str]) – Operator definition.














	
class bufrpy.descriptors.SequenceDescriptor[source]

	Describes a fixed sequence of elements in compact form

Similar to a replication with count 1, but the encoded form is
more compact, since the sequence of fields is implicit. Except
that at least in NWCSAF Templates the constituent elements of the
sequence are also present in the template.





	Variables:	
	code [http://docs.python.org/2.7/library/code.html#module-code] (int [http://docs.python.org/2.7/library/functions.html#int]) – Descriptor code

	length (int [http://docs.python.org/2.7/library/functions.html#int]) – Length of data, sum of lengths of constituent descriptors

	descriptor_codes (int [http://docs.python.org/2.7/library/functions.html#int]) – Sequence containing constituent descriptor codes

	significance (str [http://docs.python.org/2.7/library/functions.html#str]) – Meaning of the sequence, always empty string

	descriptors – Sequence containing constituent descriptors.
















BUFR Values

BUFR values are represented a instances of BufrValue. The
values of one BUFR message subset are contained in a
BufrSubset.


	
class bufrpy.value.BufrValue[source]

	Contains single value

Contains single value, both in raw and decoded form, plus a link
to its descriptor.





	Variables:	
	raw_value (str|int) – Raw value. Either as hex-encoded string for textual values or an unsigned integer for numeric values

	value (str|int|float|None) – Decoded value. Value decoded according to its descriptor. Textual values are strings and numeric values floats or ints. Missing value is indicated by None [http://docs.python.org/2.7/library/constants.html#None].

	descriptor (ElementDescriptor) – The descriptor of this value














	
class bufrpy.value.BufrSubset[source]

	Single BUFR message data subset





	Variables:	values – Subset data as a list of BufrValues.














Reading BUFR tables


	
bufrpy.table.libbufr.read_tables(b_line_stream, d_line_stream=None)[source]

	Read BUFR table(s) in from libbufr text file(s).

The return value is a dict that combines the tables read.





	Parameters:	
	b_line_stream – Iterable of lines, contents of the B-table file

	d_line_stream – Iterable of lines, contents of the D-table file






	Returns:	Mapping from FXY integers to descriptors




	Return type:	dict




	Raises:	
	NotImplementedError – if the table contains sequence descriptors

	ValueError – if the table contains descriptors with illegal class (outside range [0,3])
















Reading BUFR templates


	
bufrpy.template.safnwc.read_template(line_stream)[source]

	Read SAFNWC message template into a Template

SAFNWC template lines look as follows:

1 001033 0 0 8 Code table Identification of originating/generating centre





	Parameters:	line_stream – Lines of SAFNWC template file


	Returns:	the template as Template


	Return type:	Template


	Raises ValueError:

		if the template contains a desccriptor outside range [0,3]












JSON encoding/decoding


	
bufrpy.to_json(msg)

	Convert a BUFR message into JSON-encodable form.

The conversion preserves descriptors in Sections 3 and data in
Section 4 but not the other metadata.

The resulting JSON is considerably larger than BUFR messages
themselves, but compresses to smaller size with e.g. gzip. The
JSON is also faster to read and self-descriptive, i.e. a separate
descriptor table is no longer necessary.





	Parameters:	msg (Message) – Message to convert


	Returns:	Dict that can be converted to JSON using the standard json module


	Return type:	dict










	
bufrpy.from_json(json_obj)

	Convert an object decoded from JSON into a BUFR message

The conversion reads partial contents of BUFR sections 3 and 4 from a dict
generated by to_json().

The resulting bufrpy.Message contains only section 3 and 4, and the
sections only contain descriptors and data, respectively.





	Parameters:	json_obj (dict [http://docs.python.org/2.7/library/stdtypes.html#dict]) – JSON object to decode


	Returns:	BUFR message with original descriptors and data


	Return type:	Message
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  Source code for bufrpy.table.libbufr

from bufrpy.util import slices, fxy2int, fxy, int2fxy
from bufrpy.descriptors import ElementDescriptor, ReplicationDescriptor, OperatorDescriptor, LazySequenceDescriptor, DescriptorTable

[docs]def read_tables(b_line_stream, d_line_stream=None):
    """
    Read BUFR table(s) in from libbufr text file(s).

    The return value is a dict that combines the tables read.

    :param b_line_stream: Iterable of lines, contents of the B-table file
    :param d_line_stream: Iterable of lines, contents of the D-table file
    :return: Mapping from FXY integers to descriptors
    :rtype: dict
    :raises NotImplementedError: if the table contains sequence descriptors
    :raises ValueError: if the table contains descriptors with illegal class (outside range [0,3])
    """
    descriptors = {}
    for line in b_line_stream:
        # Format from btable.F:146 in libbufr version 000400
        parts = slices(line, [1,6,1,64,1,24,1,3,1,12,1,3])
        if not parts[11]:
            # Geo::BUFR skips lines without bit width definition,
            # libbufr defaults bit width to 0
            # choosing to skip here
            continue
        raw_descriptor = parts[1]
        descriptor_code = fxy2int(raw_descriptor)
        significance = parts[3].strip()
        unit = parts[5].strip()
        scale = int(parts[7])
        reference = int(parts[9])
        bits = int(parts[11])

        descr_class = raw_descriptor[0]
        if descr_class == '0':
            descriptors[descriptor_code] = ElementDescriptor(descriptor_code, bits, scale, reference, significance, unit)
        elif descr_class == '1':
            f,x,y = fxy(raw_descriptor)
            descriptors[descriptor_code] = ReplicationDescriptor(descriptor_code, 0, x, y, significance)
        elif descr_class == '2':
            f,x,y = fxy(raw_descriptor)
            descriptors[descriptor_code] = OperatorDescriptor(descriptor_code, 0, x, y, significance)
        elif descr_class == '3':
            raise ValueError("B-table file should not contain descriptors of class 3: %s" %descr_class)
        else:
            raise ValueError("Encountered unknown descriptor class: %s" %descr_class)

    def group_d_lines(ls):
        buf = None
        for line in ls:
            if line.startswith(' 3'):
                if buf:
                    yield buf
                buf = [line]
            else:
                buf.append(line)
        yield buf

    table = DescriptorTable(descriptors) # descriptors is not copied, just referenced 

    if d_line_stream:
        for lines in group_d_lines(d_line_stream):
            # Format inferred
            parts = slices(lines[0], [1,6,1,2,1,6])
            raw_d_descriptor = parts[1]
            d_descriptor_code = fxy2int(raw_d_descriptor)
            n_elements = int(parts[3])
            actual_elements = len(lines)
            if n_elements != actual_elements:
                raise ValueError("Expected %d elements, found %d" %(n_elements, actual_elements))
            constituent_codes = []
            for line in lines:
                l_parts = slices(line, [1,6,1,2,1,6])
                constituent_codes.append(fxy2int(l_parts[5]))

            descriptors[d_descriptor_code] = LazySequenceDescriptor(d_descriptor_code, constituent_codes, '', table)
    return table
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  Source code for bufrpy.value

from collections import namedtuple
from bufrpy.descriptors import OpCode
import codecs

[docs]class BufrValue(namedtuple('BufrValue', ['raw_value', 'value', 'descriptor'])):
    """Contains single value

    Contains single value, both in raw and decoded form, plus a link
    to its descriptor.

    :ivar str|int raw_value: Raw value. Either as hex-encoded string for textual values or an unsigned integer for numeric values
    :ivar str|int|float|None value: Decoded value. Value decoded according to its descriptor. Textual values are strings and numeric values floats or ints. Missing value is indicated by :py:data:`None`.
    :ivar ElementDescriptor descriptor: The descriptor of this value
    """
    __slots__ = ()


def _decode_raw_value(raw_value, descriptor, operators={}):
    if descriptor.unit == 'CCITTIA5': # Textual
        value = codecs.decode(raw_value.encode('iso-8859-1'),'hex_codec').decode('iso-8859-1') # CCITT IA5 is pretty close to ASCII, which is a subset of ISO-8859-1
    else:
        bits = _calculate_read_length(descriptor, operators)
        scale = _calculate_scale(descriptor, operators)
        ref = _calculate_ref(descriptor, operators)
        if raw_value ^ ((1 << bits)-1) == 0: # Missing value, all-ones
            value = None
        else:
            value = 10**-scale * (raw_value + ref)
            
    return BufrValue(raw_value, value, descriptor)

def get_op(operators, opcodes):
    """
    Get first operator that is present or None
    """
    for opcode in opcodes:
        if opcode in operators:
            return operators[opcode]
    return None
    
def _calculate_ref(descriptor, operators):
    # change of reference value by Change reference values is built into the descriptor
    if descriptor.code_descriptor():
        return descriptor.ref
    else:
        op = operators.get(OpCode.INCREASE_SRW, None)
        return descriptor.ref * (op.ref() if op else 1)

def _calculate_scale(descriptor, operators):
    if descriptor.code_descriptor():
        return descriptor.scale
    else:
        op = get_op(operators, (OpCode.CHANGE_SCALE, OpCode.INCREASE_SRW))
        return descriptor.scale + (op.scale() if op else 0)

def _calculate_read_length(descriptor, operators):
    if descriptor.unit == 'CCITTIA5':
        op = operators.get(OpCode.CHANGE_CCITTIA5_WIDTH, None)
        if op:
            return op.bits()
        else:
            return descriptor.length
    elif descriptor.code_descriptor():
        return descriptor.length
    else:
        op = get_op(operators, (OpCode.CHANGE_DATA_WIDTH, OpCode.INCREASE_SRW))
        return descriptor.length + (op.bits() if op else 0)

[docs]class BufrSubset(namedtuple("_BufrSubset", ["values"])):
    """
    Single BUFR message data subset

    :ivar values: Subset data as a list of BufrValues.
    """
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  Source code for bufrpy.template.safnwc

from bufrpy.util import fxy2int, fxy
from bufrpy.descriptors import ElementDescriptor, ReplicationDescriptor, OperatorDescriptor
from bufrpy.template import Template

[docs]def read_template(line_stream):
    """
    Read SAFNWC message template into a :class:`.Template`

    SAFNWC template lines look as follows:

    ``1       001033  0       0        8             Code table        Identification of originating/generating centre``

    :param line_stream: Lines of SAFNWC template file
    :return: the template as Template
    :rtype: Template
    :raises ValueError: if the template contains a desccriptor outside range [0,3]
    """
    descriptors = []
    metadata = {}
    for l in line_stream:
        if l.startswith("#") or l.startswith("/*"):
            # Ignore comments, does not support multiline comments properly
            continue
        elif l.startswith("NUM"):
            name, num = l.split(" ")
            metadata[name] = int(num)
        else:
            # Input lines look like this:
            # 1       001033  0       0        8             Code table        Identification of originating/generating centre
            num = int(l[:8])
            raw_descriptor = l[8:14]
            descriptor_code = fxy2int(raw_descriptor)
            scale = int(l[14:23])
            reference = int(l[23:33])
            bits = int(l[33:47])
            unit = l[47:65].strip()[:24]
            significance = l[65:].strip()[:64]

            descr_class = raw_descriptor[0]
            if descr_class == '0':
                descriptors.append(ElementDescriptor(descriptor_code, bits, scale, reference, significance, unit))
            elif descr_class == '1':
                f,x,y = fxy(raw_descriptor)
                descriptors.append(ReplicationDescriptor(descriptor_code, 0, x, y, significance))
            elif descr_class == '2':
                f,x,y = fxy(raw_descriptor)
                descriptors.append(OperatorDescriptor(descriptor_code, 0, x, y, significance))
            elif descr_class == '3':
                # Ignore sequence descriptors, they are followed by constituent elements in the SAFNWC template format
                continue
            else:
                raise ValueError("Encountered unknown descriptor class: %s" %descr_class)
    name = "B0000000000%(NUM_ORIGINATING_CENTRE)03d%(NUM_BUFR_MAIN_TABLE)03d%(NUM_BUFR_LOCAL_TABLES)03d.TXT" %metadata
    return Template(name, descriptors)
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  Source code for bufrpy.template

from collections import namedtuple

[docs]class Template(namedtuple("_Template", ["name", "descriptors"])):
    """BUFR message template

    Describes a BUFR message by listing the descriptors that are
    present in the message. The same descriptors must be present in
    the same order in Section 3 of the actual message. The template
    includes descriptions, length, units and other information
    required to interpret the descriptor references in the message.

    Possible descriptor types are :class:`.ElementDescriptor`,
    :class:`.ReplicationDescriptor`, :class:`.SequenceDescriptor` and
    :class:`.OperatorDescriptor`.

    :ivar name: Name of the template
    :ivar descriptors: List of descriptors

    """
    __slots__ = ()
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  Source code for bufrpy

"""
Decoder for RDT BUFR files

Based on FM 94 BUFR edition 3 as found in WMO306_vl2_BUFR3_Spec_en.pdf

"""

from bufrpy.bufrdec import decode, decode_file, decode_all, Section0, Section1v3, Section1v4, Section2, Section3, Section4, Section5, Message

from bufrpy.json import from_json, to_json

__title__ = 'bufrpy'
__author__ = 'Tuure Laurinolli / FMI'
__version__ = "0.2.1"
__copyright__ = 'Copyright 2013 Finnish Meteorological Institute'

__all__ = ["from_json", "to_json", "decode", "decode_file", "decode_all", "Section0", "Section1v3", "Section1v4", "Section2", "Section3", "Section4", "Section5", "Message"]
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  Source code for bufrpy.descriptors

from bufrpy.util import int2fxy
from collections import namedtuple
from abc import ABCMeta, abstractproperty
try:
    from collections.abc import Mapping
except ImportError:
    from collections import Mapping

class OperatorConflict(Exception):
    pass

# opcodes for operators
class OpCode:
    # long-term, in effect until cancelled
    CHANGE_DATA_WIDTH = 1
    CHANGE_SCALE = 2
    CHANGE_REFERENCE_VALUES = 3
    ADD_ASSOCIATED_FIELD = 4
    INCREASE_SRW = 7
    CHANGE_CCITTIA5_WIDTH = 8

    # immediate
    SIGNIFY_CHARACTER = 5
    SIGNIFY_DATA_WIDTH = 6


operators = {}

class OperatorMeta(type):
    def __init__(cls, name, bases, dict):
        type.__init__(cls, name, bases, dict)
        if hasattr(cls, 'opcode'):
            operators[cls.opcode] = cls

_Operator = OperatorMeta('_Operator', (object, ), {})

class Operator(_Operator):
    def neutral(self):
        """
        Tell if this operator is "neutral", i.e. one that returns resets stateful operator
        """
        raise NotImplementedError("Implement")

    def check_conflict(self, operators):
        """
        Check if this operator conflicts with given operator map
        :param dict operators: Operator objects indexed by opcode
        """
        raise NotImplementedError("Implement")

    def _check_conflict(self, operators, conflicting_opcodes):
        for opcode in conflicting_opcodes:
            if opcode in operators:
                raise OperatorConflict("Conflict with existing operator %d" %opcode)

    def __eq__(self, other):
        return self.opcode == other.opcode and self.operand == other.operand

    def __ne__(self, other):
        return not self.__eq__(other)

class ChangeDataWidth(Operator):
    opcode = OpCode.CHANGE_DATA_WIDTH
    description = "Change data width"
    immediate = False

    def __init__(self, operand):
        self.operand = operand

    def neutral(self):
        return self.operand == 0

    def bits(self):
        return self.operand-128

    def check_conflict(self, operators):
        self._check_conflict(operators, (self.opcode, OpCode.INCREASE_SRW))

class ChangeScale(Operator):
    opcode = 2
    description = "Change scale"
    immediate = False

    def __init__(self, operand):
        self.operand = operand

    def neutral(self):
        return self.operand == 0

    def scale(self):
        return self.operand-128

    def check_conflict(self, operators):
        self._check_conflict(operators, (self.opcode, OpCode.INCREASE_SRW))

class ChangeReferenceValues(Operator):
    opcode = 3
    description = "Change reference values"
    immediate = False

    def __init__(self, operand):
        self.operand = operand

    def neutral(self):
        return self.operand == 255

    def bits(self):
        return self.operand

    def check_conflict(self, operators):
        self._check_conflict(operators, (OpCode.INCREASE_SRW,))

class AddAssociatedField(Operator):
    opcode = 4
    description = "Add associated field"
    immediate = False

    def __init__(self, operand):
        self.operand = operand

    def neutral(self):
        return self.operand == 0

    def bits(self):
        return self.operand

    def check_conflict(self, operators):
        self._check_conflict(operators, (self.opcode,))

class SignifyCharacter(Operator):
    opcode = 5
    description = "Signify width of CCITT IA5 field"
    immediate = True
        
    def __init__(self, operand):
        self.operand = operand

    def neutral(self):
        # Immediate operator, won't be saved
        return True

    def bits(self):
        return self.operand*8

    def check_conflict(self, operators):
        # Immediate operator, no conflicts
        pass

class SignifyLocalDescriptor(Operator):
    opcode = 6
    description = "Signify data width for the immediately following local descriptor"
    immediate = True

    def __init__(self, operand):
        self.operand = operand

    def netural(self):
        # Immediate operator, won't be saved
        return True

    def check_conflict(self, operators):
        # Immediate operator, no conflicts
        pass

class IncreaseSrw(Operator):
    opcode = 7
    description = "Increase scale, reference value and data width"
    immediate = False

    def __init__(self, operand):
        self.operand = operand

    def neutral(self):
        return self.operand == 0

    def bits(self):
        return int(((self.operand*10)+2)/3)

    def scale(self):
        return self.operand

    def ref(self):
        return self.operand

    def check_conflict(self, operators):
        self._check_conflict(operators, (self.opcode, OpCode.CHANGE_DATA_WIDTH, OpCode.CHANGE_SCALE, OpCode.CHANGE_REFERENCE_VALUES))

class ChangeTextWidth(Operator):
    opcode = 8
    description = "Change width of CCITT IA5 field"
    immediate = False

    def __init__(self, operand):
        self.operand = operand

    def bits(self):
        return self.operand*8

    def neutral(self):
        return self.operand == 0

    def check_conflict(self, operators):
        self._check_conflict(operators, (self.opcode,))

class DescriptorTable(Mapping):
    """
    Descriptor table that provides lookups for replication descriptors.

    Passes non-replication descrtiptor lookups on to a mapping supplied at creation time.
    """

    def __init__(self, table):
        self.table = table

    def __getitem__(self, code):
        f = (code >> 14) & 0x3
        x = (code >> 8) & 0x3f
        y = code & 0xff
        if f == 1:
            # Replication descriptor
            return ReplicationDescriptor(code, 0, x, y, "")
        elif f == 2:
            op = operators[x](y)
            return OperatorDescriptor(code, 0, x, y, op, op.description)
        else:
            return self.table[code]

    def __iter__(self, code):
        return iter(self.table)

    def __len__(self, code):
        return len(self.table)

[docs]class ElementDescriptor(namedtuple('_ElementDescriptor', ['code', 'length', 'scale', 'ref', 'significance', 'unit'])):
    """Describes single value

    Data element described with an :class:`ElementDescriptor` is decoded into a
    :class:`.BufrValue`, with either textual or numeric value.

    :ivar int code: Descriptor code
    :ivar int length: Length of data, in bits
    :ivar int scale: Scaling factor applied to value to get scaled value for encoding
    :ivar float ref: Reference value, subtracted from scaled value to get encoded value
    :ivar str significance: Semantics of the element
    :ivar str unit: Unit of the element, affects interpretation of the encoded data in case of e.g. textual vs. numeric values

    """
    __slots__ = ()

    def strong(self):
        return self

    def code_descriptor(self):
        return 'FLAG' in self.unit or 'TABLE' in self.unit


[docs]class ReplicationDescriptor(namedtuple('ReplicationDescriptor', ['code', 'length', 'fields', 'count', 'significance'])):
    """Describes a repeating collection of values
    
    Data described with a :class:`ReplicationDescriptor` is decoded
    into a list of lists of values. The outer list has one element per
    replication and the inner lists one element per replicated field.

    :ivar int code: Descriptor code
    :ivar int length: Length of data, always 0
    :ivar int fields: Number of following descriptors to replicate
    :ivar int count: Number of replications
    :ivar str significance: Meaning of the replicated list
    """
    __slots__ = ()

    def strong(self):
        return self


[docs]class OperatorDescriptor(namedtuple('OperatorDescriptor', ['code', 'length', 'operation', 'operand', 'operator', 'significance'])):
    """Operators 201-208 are supported.
    
    :ivar int code: Descriptor code, the whole FXY as int
    :ivar int length: Length of data. Always 0.
    :ivar int operation: Opcode, X of FXY
    :ivar int operand: Operand, Y of FXY.
    :ivar Operator operator: Operator object for checking conflicts and parsing operand.
    :ivar str significance: Operator definition.
    """
    __slots__ = ()

    def strong(self):
        return self


[docs]class SequenceDescriptor(object):
    """Describes a fixed sequence of elements in compact form

    Similar to a replication with count 1, but the encoded form is
    more compact, since the sequence of fields is implicit. Except
    that at least in NWCSAF Templates the constituent elements of the
    sequence are also present in the template.

    :ivar int code: Descriptor code
    :ivar int length: Length of data, sum of lengths of constituent descriptors
    :ivar int descriptor_codes: Sequence containing constituent descriptor codes
    :ivar str significance: Meaning of the sequence, always empty string
    :ivar descriptors: Sequence containing constituent descriptors.
    """
    __metaclass__ = ABCMeta

    @abstractproperty
    def code(self):
        pass

    @abstractproperty
    def length(self):
        pass

    @abstractproperty
    def descriptor_codes(self):
        pass

    @abstractproperty
    def significance(self):
        pass

    @abstractproperty
    def descriptors(self):
        pass


class StrongSequenceDescriptor(namedtuple('_SequenceDescriptor', ['code', 'length', 'descriptor_codes', 'significance', 'descriptors']), SequenceDescriptor):
    """
    SequenceDescriptor with direct references to child descriptors
    """
    __slots__ = ()

    def strong(self):
        return self

class LazySequenceDescriptor(namedtuple('_LazySequenceDescriptor', ['code', 'descriptor_codes', 'significance', 'descriptor_table']), SequenceDescriptor):
    """
    SequenceDescriptor with lazy references to child descriptors though the descriptor table
    """

    @property
    def length(self):
        return sum(x.length for x in self.descriptors)

    @property
    def descriptors(self):
        try:
            return [self.descriptor_table[code] for code in self.descriptor_codes]
        except KeyError as e:
            raise KeyError("No descriptor for code " + int2fxy(e.args[0]))

    def strong(self):
        return StrongSequenceDescriptor(self.code, self.length, self.descriptor_codes, self.significance, tuple(d.strong() for d in self.descriptors))
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