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Python parser for Microsoft Windows Event Reports (WER)


	Free software: BSD license




Installation

pip install wer








Documentation

https://wer.readthedocs.io/




Development

To run the all tests run:

tox





Note, to combine the coverage data from all the tox environments run:







	Windows
	set PYTEST_ADDOPTS=--cov-append
tox








	Other
	PYTEST_ADDOPTS=--cov-append tox
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Installation

At the command line:

pip install wer
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Usage

To use wer in a project:

import wer
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wer


	
class wer.Report(node=None, context=None, **kwargs)[source]

	Windows Error Report


	
id

	Computes the signature of the record, a SHA-512 of significant values





	Returns:	SHa-512 Hex string
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wer.helpers


	
class wer.helpers.DateField(xpath)[source]

	Custom date field

Uses the custom date mapper






	
class wer.helpers.DateMapper(format=None, normalize=False)[source]

	Custom mapper for WER date

Converts XML timestamp to python datetime.datetime


	
to_python(node)[source]

	Converts internal Windows timestamp to Python datetime.datetime





	Parameters:	node (basestring) – XML node value


	Returns:	Python datetime


	Return type:	datetime.datetime










	
to_xml(dt)[source]

	Converts Windows timestamp





	Parameters:	dt – date and time to convert


	Returns:	Windows timestamp


	Return type:	int














	
wer.helpers.unix_to_windows_timestamp(unix_timestamp)[source]

	Converts a Windows timestamp to Unix one





	Parameters:	unix_timestamp (int) – Unix timestamp


	Returns:	Windows timestamp


	Return type:	int










	
wer.helpers.windows_to_unix_timestamp(windows_timestamp)[source]

	Converts a Windows timestamp to Unix one





	Parameters:	windows_timestamp (int) – Windows timestamp


	Returns:	Unix timestamp


	Return type:	int
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wer.schema


	
class wer.schema.ApplicationInfo(node=None, context=None, **kwargs)[source]

	ApplicationInfo complex type


	
company = <eulxml.xmlmap.fields.StringField>

	Optional application company :type string






	
name = <eulxml.xmlmap.fields.StringField>

	Application name :type string






	
path = <eulxml.xmlmap.fields.StringField>

	Application executable path :type string










	
class wer.schema.DictMixin[source]

	Mixin class in order to export :class:`eulxml.xmlmap.XmlObject values to a Python dict


	
to_dict()[source]

	Recusively exports object values to a dict





	Returns:	`dict`of values














	
class wer.schema.EventInfo(node=None, context=None, **kwargs)[source]

	EventInfo complex type


	
description = <eulxml.xmlmap.fields.StringField>

	Event description :type string






	
name = <eulxml.xmlmap.fields.StringField>

	Friendly event name :type string






	
report_type = <eulxml.xmlmap.fields.IntegerField>

	Report type :type int






	
time = <wer.helpers.DateField>

	Event date :type datetime.datetime






	
type = <eulxml.xmlmap.fields.StringField>

	Event type :type string










	
class wer.schema.File(node=None, context=None, **kwargs)[source]

	File complex type


	
name = <eulxml.xmlmap.fields.StringField>

	File name :type string






	
type = <eulxml.xmlmap.fields.IntegerField>

	File type :type int










	
class wer.schema.LoaderMixin[source]

	Loading XML into object mixin


	
classmethod from_file(file_path, validate=True)[source]

	Creates a Python object from a XML file





	Parameters:	
	file_path – Path to the XML file

	validate (Boolean) – XML should be validated against the embedded XSD definition






	Returns:	the Python object












	
classmethod from_string(xml_string, validate=True)[source]

	Creates a Python object from a XML string





	Parameters:	
	xml_string – XML string

	validate (Boolean) – XML should be validated against the embedded XSD definition






	Returns:	the Python object
















	
class wer.schema.MachineInfo(node=None, context=None, **kwargs)[source]

	MachineInfo complex type


	
lcid = <eulxml.xmlmap.fields.IntegerField>

	Machine language identifier :type int






	
name = <eulxml.xmlmap.fields.StringField>

	Machine name :type string






	
oem = <eulxml.xmlmap.fields.StringField>

	Optional machine OEM name :type string






	
os = <eulxml.xmlmap.fields.StringField>

	Machine operating system version :type string










	
class wer.schema.Parameter(node=None, context=None, **kwargs)[source]

	Parameter complex type


	
id = <eulxml.xmlmap.fields.IntegerField>

	Parameter ID :type int






	
name = <eulxml.xmlmap.fields.StringField>

	Optional paramneter name :type string






	
value = <eulxml.xmlmap.fields.StringField>

	Paramneter value :type string










	
class wer.schema.Report(node=None, context=None, **kwargs)[source]

	Windows Error Report


	
application = <eulxml.xmlmap.fields.NodeField>

	Application informations :type wer.schema.ApplicationInfo






	
event = <eulxml.xmlmap.fields.NodeField>

	Event informations :type wer.schema.EventInfo






	
files = <eulxml.xmlmap.fields.NodeListField>

	Event attached files :type list of wer.schema.File






	
id

	Computes the signature of the record, a SHA-512 of significant values





	Returns:	SHa-512 Hex string










	
machine = <eulxml.xmlmap.fields.NodeField>

	Machine informations :type wer.schema.MachineInfo






	
parameters = <eulxml.xmlmap.fields.NodeListField>

	Event parameters :type list of wer.schema.Parameter






	
secondary_parameters = <eulxml.xmlmap.fields.NodeListField>

	Event secondary parameters :type list of wer.schema.SecondaryParameter






	
user = <eulxml.xmlmap.fields.StringField>

	User informations :type wer.schema.UserInfo










	
class wer.schema.SecondaryParameter(node=None, context=None, **kwargs)[source]

	Secondary parameter complex type


	
id = <eulxml.xmlmap.fields.IntegerField>

	Parameter ID :type int






	
value = <eulxml.xmlmap.fields.StringField>

	Paramneter value :type string
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Contributing

Contributions are welcome, and they are greatly appreciated! Every
little bit helps, and credit will always be given.


Bug reports

When reporting a bug [https://github.com/gcrahay/python-wer/issues] please include:



	Your operating system name and version.

	Any details about your local setup that might be helpful in troubleshooting.

	Detailed steps to reproduce the bug.









Documentation improvements

wer could always use more documentation, whether as part of the
official wer docs, in docstrings, or even on the web in blog posts,
articles, and such.




Feature requests and feedback

The best way to send feedback is to file an issue at https://github.com/gcrahay/python-wer/issues.

If you are proposing a feature:


	Explain in detail how it would work.

	Keep the scope as narrow as possible, to make it easier to implement.

	Remember that this is a volunteer-driven project, and that code contributions are welcome :)






Development

To set up python-wer for local development:


	Fork python-wer [https://github.com/gcrahay/python-wer]
(look for the “Fork” button).



	Clone your fork locally:

git clone git@github.com:your_name_here/python-wer.git







	Create a branch for local development:

git checkout -b name-of-your-bugfix-or-feature





Now you can make your changes locally.



	When you’re done making changes, run all the checks, doc builder and spell checker with tox [http://tox.readthedocs.io/en/latest/install.html] one command:

tox







	Commit your changes and push your branch to GitHub:

git add .
git commit -m "Your detailed description of your changes."
git push origin name-of-your-bugfix-or-feature







	Submit a pull request through the GitHub website.






Pull Request Guidelines

If you need some code review or feedback while you’re developing the code just make the pull request.

For merging, you should:


	Include passing tests (run tox) [1].

	Update documentation when there’s new API, functionality etc.

	Add a note to CHANGELOG.rst about the changes.

	Add yourself to AUTHORS.rst.






	[1]	If you don’t have all the necessary python versions available locally you can rely on Travis - it will
run the tests [https://travis-ci.org/gcrahay/python-wer/pull_requests] for each change you add in the pull request.

It will be slower though ...









Tips

To run a subset of tests:

tox -e envname -- py.test -k test_myfeature





To run all the test environments in parallel (you need to pip install detox):

detox
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Changelog


0.1.0 (2016-06-05)


	First release on PyPI.
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# -*- coding: utf8 -*-
from __future__ import unicode_literals

import hashlib
from os import path

from eulxml import xmlmap

from wer.helpers import DateField

REPORT_TYPES = (
    (0, 'Non Critical'),
    (1, 'Critical'),
    (2, 'Application Crash'),
    (3, 'Application Hang'),
    (4, 'Kernel Error')
)

FILE_TYPES = (
    (1, 'User Document'),
    (2, 'Other')
)


[docs]class DictMixin(object):
    """ Mixin class in order to export :class:`eulxml.xmlmap.XmlObject values to a Python dict"""

[docs]    def to_dict(self):
        """
        Recusively exports object values to a dict

        :return: `dict`of values
        """
        if not hasattr(self, '_fields'):
            return self.__dict__
        result = dict()
        for field_name, field in self._fields.items():
            if isinstance(field, xmlmap.NodeField):
                obj = getattr(self, field_name)
                if obj is None:
                    result[field_name] = None
                elif not hasattr(obj, 'to_dict'):
                    result[field_name] = obj.__dict__
                else:
                    result[field_name] = obj.to_dict()
            elif isinstance(field, xmlmap.NodeListField):
                objs = getattr(self, field_name)
                result[field_name] = list()
                for obj in objs:
                    if not hasattr(obj, 'to_dict'):
                        result[field_name].append(obj.__dict__)
                    else:
                        result[field_name].append(obj.to_dict())
            else:
                result[field_name] = getattr(self, field_name)
        return result




[docs]class LoaderMixin(object):
    """ Loading XML into object mixin

    """

    @classmethod
[docs]    def from_file(cls, file_path, validate=True):
        """ Creates a Python object from a XML file

        :param file_path: Path to the XML file
        :param validate: XML should be validated against the embedded XSD definition
        :type validate: Boolean
        :returns: the Python object
        """
        return xmlmap.load_xmlobject_from_file(file_path, xmlclass=cls, validate=validate)


    @classmethod
[docs]    def from_string(cls, xml_string, validate=True):
        """ Creates a Python object from a XML string

        :param xml_string: XML string
        :param validate: XML should be validated against the embedded XSD definition
        :type validate: Boolean
        :returns: the Python object
        """
        return xmlmap.load_xmlobject_from_string(xml_string, xmlclass=cls, validate=validate)




class XmlObject(DictMixin, xmlmap.XmlObject):
    pass


[docs]class MachineInfo(XmlObject):
    """ MachineInfo complex type
    """
    ROOT_NAME = 'MACHINEINFO'
    name = xmlmap.StringField('@machinename')
    """ Machine name :type `string` """
    os = xmlmap.StringField('@os')
    """ Machine operating system version :type `string` """
    lcid = xmlmap.IntegerField('@lcid')
    """ Machine language identifier :type `int` """
    oem = xmlmap.StringField('@oem', required=False)
    """ Optional machine OEM name :type `string` """



[docs]class ApplicationInfo(XmlObject):
    """ ApplicationInfo complex type
    """
    ROOT_NAME = 'APPLICATIONINFO'
    name = xmlmap.StringField('@appname')
    """ Application name :type `string` """
    path = xmlmap.StringField('@apppath')
    """ Application executable path :type `string` """
    company = xmlmap.StringField('@appcompany', required=False)
    """ Optional application company :type `string` """



[docs]class EventInfo(XmlObject):
    """ EventInfo complex type
    """
    ROOT_NAME = 'EVENTINFO'
    report_type = xmlmap.IntegerField('@reporttype')
    """ Report type :type `int` """
    type = xmlmap.StringField('@eventtype')
    """ Event type :type `string` """
    time = DateField('@eventtime')
    """ Event date :type :class:`datetime.datetime`"""
    name = xmlmap.StringField('@friendlyeventname', required=False)
    """ Friendly event name :type `string` """
    description = xmlmap.StringField('@eventdescription', required=False)
    """ Event description :type `string` """



[docs]class Parameter(XmlObject):
    """ Parameter complex type
    """
    ROOT_NAME = 'PARAMETER'
    id = xmlmap.IntegerField('@id')
    """ Parameter ID :type `int`"""
    name = xmlmap.StringField('@name', required=False)
    """ Optional paramneter name :type `string`"""
    value = xmlmap.StringField('@value')
    """ Paramneter value :type `string`"""



[docs]class SecondaryParameter(XmlObject):
    """ Secondary parameter complex type
    """
    ROOT_NAME = 'SECONDARYPARAMETER'
    id = xmlmap.IntegerField('@id')
    """ Parameter ID :type `int` """
    value = xmlmap.StringField('@value')
    """ Paramneter value :type `string` """



[docs]class File(XmlObject):
    """ File complex type
    """
    ROOT_NAME = 'FILE'
    name = xmlmap.StringField('@filename')
    """ File name :type `string` """
    type = xmlmap.IntegerField('@filetype')
    """ File type :type `int` """



[docs]class Report(LoaderMixin, XmlObject):
    """ Windows Error Report
    """
    ROOT_NAME = 'WERREPORT'
    XSD_SCHEMA = path.join(path.dirname(__file__), 'ms-cer2.xsd')
    machine = xmlmap.NodeField('MACHINEINFO', MachineInfo)
    """ Machine informations :type :class:`wer.schema.MachineInfo` """
    user = xmlmap.StringField('USERINFO/@username')
    """ User informations :type :class:`wer.schema.UserInfo` """
    application = xmlmap.NodeField('APPLICATIONINFO', ApplicationInfo, required=False)
    """ Application informations :type :class:`wer.schema.ApplicationInfo` """
    event = xmlmap.NodeField('EVENTINFO', EventInfo)
    """ Event informations :type :class:`wer.schema.EventInfo` """
    parameters = xmlmap.NodeListField('SIGNATURE/PARAMETER', Parameter)
    """ Event parameters :type list of :class:`wer.schema.Parameter` """
    secondary_parameters = xmlmap.NodeListField('SIGNATURE/SECONDARYPARAMETER', SecondaryParameter)
    """ Event secondary parameters :type list of :class:`wer.schema.SecondaryParameter` """
    files = xmlmap.NodeListField('FILES/FILE', File)
    """ Event attached files :type list of :class:`wer.schema.File` """

    @property
    def id(self):
        """
        Computes the signature of the record, a SHA-512 of significant values

        :return: SHa-512 Hex string
        """
        h = hashlib.new('sha512')
        for value in (self.machine.name, self.machine.os, self.user, self.application.name,
                      self.application.path, self.event.report_type, self.event.type,
                      self.event.time.isoformat()):
            h.update(str(value).encode('utf-8'))
        for parameter in sorted(self.parameters, key=lambda k: getattr(k, 'id')):
            h.update(parameter.value.encode('utf-8'))
        return h.hexdigest()



class ProcessVmInformation(XmlObject):
    ROOT_NAME = 'ProcessVmInformation'
    peak_virtual_size = xmlmap.IntegerField('PeakVirtualSize')
    virtual_size = xmlmap.IntegerField('VirtualSize')
    pagefault_count = xmlmap.IntegerField('PageFaultCount')
    peak_workingset_size = xmlmap.IntegerField('PeakWorkingSetSize')
    workingset_size = xmlmap.IntegerField('WorkingSetSize')
    quota_peak_paged_pool_usage = xmlmap.IntegerField('QuotaPeakPagedPoolUsage')
    quota_paged_pool_usage = xmlmap.IntegerField('QuotaPagedPoolUsage')
    quota_peak_nonpaged_pool_usage = xmlmap.IntegerField('QuotaPeakNonPagedPoolUsage')
    quota_nonpaged_pool_usage = xmlmap.IntegerField('QuotaPagedNonPoolUsage')
    pagefile_usage = xmlmap.IntegerField('PagefileUsage')
    peak_pagefile_usage = xmlmap.IntegerField('PeakPagefileUsage')
    private_usage = xmlmap.IntegerField('PrivateUsage')


class ProcessInformation(XmlObject):
    ROOT_NAME = 'ProcessInformation'
    pid = xmlmap.IntegerField('Pid')
    image = xmlmap.StringField('ImageName')
    # Must generate more samples : bytes, string or integer ?
    cmd_line_signature = xmlmap.StringField('CmdLineSignature')
    uptime = xmlmap.IntegerField('Uptime')
    vm = xmlmap.NodeField('ProcessVmInformation', ProcessVmInformation)
    parent = xmlmap.NodeField('ParentProcess/ProcessInformation', 'self', required=False)


class OSVersionInformation(XmlObject):
    ROOT_NAME = 'OSVersionInformation'
    version = xmlmap.StringField('WindowsNTVersion')
    build = xmlmap.IntegerField('Build')
    product = xmlmap.StringField('Product')
    edition = xmlmap.StringField('Edition')
    build_info = xmlmap.StringField('BuildString')
    revision = xmlmap.IntegerField('Revision')
    flavor = xmlmap.StringField('Flavor')
    architecture = xmlmap.StringField('Architecture')
    lcid = xmlmap.IntegerField('LCID')


class SystemInformation(XmlObject):
    ROOT_NAME = 'SystemInformation'
    id = xmlmap.StringField('MID')
    manufacturer = xmlmap.StringField('SystemManufacturer')
    product = xmlmap.StringField('SystemProductName')
    bios_version = xmlmap.StringField('BIOSVersion')
    # TODO: Parse to date with timezone bias
    install_date = xmlmap.IntegerField('OSInstallDate')


class SecureBootState(XmlObject):
    # TODO: generate more samples with secure boot enabled machines
    ROOT_NAME = 'SecureBootState'
    uefi_state = xmlmap.StringField('UEFISecureBootEnabled', required=False)


class MetaParameter(XmlObject):
    id = xmlmap.IntegerField('substring(name(), 10)')
    value = xmlmap.StringField('text()')


class ReportMetadata(LoaderMixin, XmlObject):
    ROOT_NAME = 'WERReportMetadata'
    XSD_SCHEMA = path.join(path.dirname(__file__), 'wer-metadata.xsd')
    os = xmlmap.NodeField('OSVersionInformation', OSVersionInformation)
    process = xmlmap.NodeField('ProcessInformation', ProcessInformation)
    system = xmlmap.NodeField('SystemInformation', SystemInformation)
    secure_boot = xmlmap.NodeField('SecureBootState', SecureBootState, required=False)
    parameters = xmlmap.NodeListField('ProblemSignatures/*[starts-with(name(), "Parameter")]', MetaParameter)
    dynamic_parameters = xmlmap.NodeListField('DynamicSignatures/*[starts-with(name(), "Parameter")]', MetaParameter)
    id = xmlmap.StringField('ReportInformation/Guid')
    created_on = xmlmap.StringField('ReportInformation/CreationTime')
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  Source code for wer.helpers

# -*- coding: utf8 -*-
from __future__ import unicode_literals

import time
from datetime import datetime

from eulxml import xmlmap


[docs]def windows_to_unix_timestamp(windows_timestamp):
    """ Converts a Windows timestamp to Unix one

    :param windows_timestamp: Windows timestamp
    :type windows_timestamp: int

    :return: Unix timestamp
    :rtype: int
    """
    magic_number = 11644473600
    return int((windows_timestamp / 10000000) - magic_number)



[docs]def unix_to_windows_timestamp(unix_timestamp):
    """ Converts a Windows timestamp to Unix one

    :param unix_timestamp: Unix timestamp
    :type unix_timestamp: int

    :return: Windows timestamp
    :rtype: int
    """
    magic_number = 116444736000000000
    return (unix_timestamp * 10000000) + magic_number



[docs]class DateMapper(xmlmap.fields.DateTimeMapper):
    """ Custom mapper for WER date

    Converts XML timestamp to python :class:`datetime.datetime`
    """

[docs]    def to_python(self, node):
        """ Converts internal Windows timestamp to Python :class:`datetime.datetime`

        :param node: XML node value
        :type node: basestring
        :return: Python datetime
        :rtype: :class:`datetime.datetime`
        """
        return datetime.utcfromtimestamp(windows_to_unix_timestamp(int(node)))


[docs]    def to_xml(self, dt):
        """ Converts Windows timestamp

        :param dt: date and time to convert
        :return: Windows timestamp
        :rtype: int
        """
        return unix_to_windows_timestamp(time.mktime(dt.timetuple()))




[docs]class DateField(xmlmap.fields.Field):
    """ Custom date field

    Uses the custom date mapper
    """

    def __init__(self, xpath):
        super(DateField, self).__init__(xpath,
                                        manager=xmlmap.fields.SingleNodeManager(),
                                        mapper=DateMapper())
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  Source code for eulxml.xmlmap.fields

# file eulxml/xmlmap/fields.py
#
#   Copyright 2010,2011 Emory University Libraries
#
#   Licensed under the Apache License, Version 2.0 (the "License");
#   you may not use this file except in compliance with the License.
#   You may obtain a copy of the License at
#
#       http://www.apache.org/licenses/LICENSE-2.0
#
#   Unless required by applicable law or agreed to in writing, software
#   distributed under the License is distributed on an "AS IS" BASIS,
#   WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
#   See the License for the specific language governing permissions and
#   limitations under the License.

from __future__ import unicode_literals
from copy import deepcopy
from datetime import datetime, date
import logging

from lxml import etree
from lxml.builder import ElementMaker
import six

from eulxml.utils.compat import u
from eulxml.xpath import ast, parse, serialize

__all__ = [
    'StringField', 'StringListField',
    'IntegerField', 'IntegerListField',
    'NodeField', 'NodeListField',
    'ItemField', 'SimpleBooleanField',
    'DateTimeField', 'DateTimeListField',
    'DateField', 'DateListField',
    'SchemaField','FloatField','FloatListField',
]

logger = logging.getLogger(__name__)

class Field(object):
    """Base class for all xmlmap fields.

    Takes an optional ``required`` value to indicate that the field is required
    or not required in the XML.  By default, required is ``None``, which indicates
    that it is unknown whether the field is required or not.  The required value
    for an xmlmap field should not conflict with the schema or DTD for that xml,
    if there is one.
    """

    # track each time a Field instance is created, to retain order
    creation_counter = 0

    def __init__(self, xpath, manager, mapper, required=None, verbose_name=None,
                    help_text=None):
        # compile xpath in order to catch an invalid xpath at load time
        etree.XPath(xpath)
        # NOTE: not saving compiled xpath because namespaces must be
        # passed in at compile time when evaluating an etree.XPath on a node
        self.xpath = xpath
        self.manager = manager
        self.mapper = mapper
        self.required = required
        self.verbose_name = verbose_name
        self.help_text = help_text

        # pre-parse the xpath for setters, etc
        self.parsed_xpath = parse(xpath)

        # adjust creation counter, save local copy of current count
        self.creation_counter = Field.creation_counter
        Field.creation_counter += 1

    def get_for_node(self, node, context):
        return self.manager.get(self.xpath, node, context, self.mapper, self.parsed_xpath)

    def set_for_node(self, node, context, value):
        return self.manager.set(self.xpath, self.parsed_xpath, node, context, self.mapper, value)

    def delete_for_node(self, node, context):
        return self.manager.delete(self.xpath, self.parsed_xpath, node, context, self.mapper)

    def __repr__(self):
        """
        Displays the module, class and name of the field.
        """
        return '<%s.%s>' % (self.__class__.__module__, self.__class__.__name__)

# data mappers to translate between identified xml nodes and Python values

class Mapper(object):
    # generic mapper to_xml function
    def to_xml(self, value):
        if value is None:
            return value
        else:
            return u(value)


class StringMapper(Mapper):
    XPATH = etree.XPath('string()')
    def __init__(self, normalize=False):
        if normalize:
            self.XPATH = etree.XPath('normalize-space(string())')

    def to_python(self, node):
        if node is None:
            return None
        if isinstance(node, six.string_types):
            return node
        return self.XPATH(node)

class IntegerMapper(Mapper):
    XPATH = etree.XPath('number()')
    def to_python(self, node):
        if node is None:
            return None
        try:
            # xpath functions such as count return a float and must be converted to int
            if isinstance(node, six.string_types) or isinstance(node, float):
                return int(node)

            return int(self.XPATH(node))
        except ValueError:
            # anything that can't be converted to an Integer
            return None

class FloatMapper(Mapper):
    XPATH = etree.XPath('number()')
    def to_python(self, node):
        if node is None:
            return None
        try:
            if isinstance(node, six.string_types):
                return float(node)

            return float(self.XPATH(node))
        except ValueError:
            # anything that can't be converted to an Float
            return None

class SimpleBooleanMapper(Mapper):
    XPATH = etree.XPath('string()')
    def __init__(self, true, false):
        self.true = true
        self.false = false

    def to_python(self, node):
        # handle node not present in xml first
        if node is None:
            # if false is configured as None, then missing node is False
            if self.false is None:
                return False
            # otherwise, return None to signify boolean is unset
            else:
                return None

        if isinstance(node, six.string_types):
            value = node
        else:
            value = self.XPATH(node)
        if value == str(self.true):
            return True
        if self.false is not None and \
                value == str(self.false):
            return False
        # what happens if it is neither of these?
        raise Exception("Boolean field value '%s' is neither '%s' nor '%s'" % (value, self.true, self.false))

    def to_xml(self, value):
        if value:
            return str(self.true)
        elif self.false is not None:
            return str(self.false)
        else:
            return None


class DateTimeMapper(object):
    XPATH = etree.XPath('string()')

    def __init__(self, format=None, normalize=False):
        self.format = format
        if normalize:
            self.XPATH = etree.XPath('normalize-space(string())')

    def to_python(self, node):
        if node is None:
            return None
        if isinstance(node, six.string_types):
            rep = node
        else:
            rep = self.XPATH(node)
        if rep.endswith('Z'): # strip Z
            rep = rep[:-1]
        if rep[-6] in '+-': # strip tz
            rep = rep[:-6]

        if self.format is not None:
            dt = datetime.strptime(rep, self.format)
        else:
            try:
                dt = datetime.strptime(rep, '%Y-%m-%dT%H:%M:%S')
            except ValueError:
                # if initial format fails, attempt to parse with microseconds
                dt = datetime.strptime(rep, '%Y-%m-%dT%H:%M:%S.%f')
        return dt

    def to_xml(self, dt):
        val = None
        if self.format is not None:
            val = u(dt.strftime(self.format))
        else:
            val = u(dt.isoformat())
        return val


class DateMapper(DateTimeMapper):

    def __init__(self, format=None, normalize=False):
        if format is None:
            format = '%Y-%m-%d'
        super(DateMapper, self).__init__(format=format, normalize=normalize)

    def to_python(self, node):
        if node is None:
            return None
        if isinstance(node, six.string_types):
            rep = node
        elif hasattr(node, 'text'):
            rep = node.text

        dt = datetime.strptime(rep, self.format)
        return date(dt.year, dt.month, dt.day)


class NullMapper(object):
    def to_python(self, node):
        return node


class NodeMapper(object):
    def __init__(self, node_class):
        self.node_class = node_class

    def to_python(self, node):
        if node is None:
            return None
        return self.node_class(node)

    def to_xml(self, xmlobject):
        if xmlobject:
            return xmlobject.node


# internal xml utility functions for use by managers

def _find_terminal_step(xast):
    if isinstance(xast, ast.Step):
        return xast
    elif isinstance(xast, ast.BinaryExpression):
        if xast.op in ('/', '//'):
            return _find_terminal_step(xast.right)
    return None


def _find_xml_node(xpath, node, context):
    #In some cases the this will return a value not a node
    matches = node.xpath(xpath, **context)
    if matches and isinstance(matches, list):
        return matches[0]
    elif matches:
        return matches


def _create_xml_node(xast, node, context, insert_index=None):
    if isinstance(xast, ast.Step):
        if isinstance(xast.node_test, ast.NameTest):
            # check the predicates (if any) to verify they're constructable
            for pred in xast.predicates:
                if not _predicate_is_constructible(pred):
                    msg = ("Missing element for '%s', and node creation is " +
                           "supported only for simple child and attribute " +
                           "nodes with simple predicates.") % (serialize(xast),)
                    raise Exception(msg)

            # create the node itself
            if xast.axis in (None, 'child'):
                new_node = _create_child_node(node, context, xast, insert_index)
            elif xast.axis in ('@', 'attribute'):
                new_node = _create_attribute_node(node, context, xast)

            # and create any nodes necessary for the predicates
            for pred in xast.predicates:
                _construct_predicate(pred, new_node, context)

            return new_node

        # if this is a text() node, we don't need to create anything further
        # return the node that will be parent to text()
        elif _is_text_nodetest(xast):
            return node

    elif isinstance(xast, ast.BinaryExpression):
        if xast.op == '/':
            left_xpath = serialize(xast.left)
            left_node = _find_xml_node(left_xpath, node, context)
            if left_node is None:
                left_node = _create_xml_node(xast.left, node, context)
            return _create_xml_node(xast.right, left_node, context)

    # anything else, throw an exception:
    msg = ("Missing element for '%s', and node creation is supported " + \
           "only for simple child and attribute nodes.") % (serialize(xast),)
    raise Exception(msg)


def _create_child_node(node, context, step, insert_index=None):
    opts = {}
    ns_uri = None
    if 'namespaces' in context:
        opts['nsmap'] = context['namespaces']
        if step.node_test.prefix:
            ns_uri = context['namespaces'][step.node_test.prefix]
    E = ElementMaker(namespace=ns_uri, **opts)
    new_node = E(step.node_test.name)
    if insert_index is not None:
        node.insert(insert_index, new_node)
    else:
        node.append(new_node)
    return new_node


def _create_attribute_node(node, context, step):
    node_name, node_xpath, nsmap = _get_attribute_name(step, context)
    # create an empty attribute node
    node.set(node_name, '')
    # find via xpath so a 'smart' string can be returned and set normally
    result = node.xpath(node_xpath, namespaces=nsmap)
    return result[0]


def _predicate_is_constructible(pred):
    if isinstance(pred, ast.Step):
        # only child and attribute for now
        if pred.axis not in (None, 'child', '@', 'attribute'):
            return False
        # no node tests for now: only name tests
        if not isinstance(pred.node_test, ast.NameTest):
            return False
        # only constructible if its own predicates are
        if any((not _predicate_is_constructible(sub_pred)
                for sub_pred in pred.predicates)):
            return False
    elif isinstance(pred, ast.BinaryExpression):
        if pred.op == '/':
            # path expressions are constructible if each side is
            if not _predicate_is_constructible(pred.left):
                return False
            if not _predicate_is_constructible(pred.right):
                return False
        elif pred.op == '=':
            # = expressions are constructible for now only if the left side
            # is constructible and the right side is a literal or variable
            if not _predicate_is_constructible(pred.left):
                return False
            if not isinstance(pred.right,
                    (six.integer_types, six.string_types, ast.VariableReference)):
                return False

    # otherwise, i guess we're ok
    return True


def _construct_predicate(xast, node, context):
    if isinstance(xast, ast.Step):
        return _create_xml_node(xast, node, context)
    elif isinstance(xast, ast.BinaryExpression):
        if xast.op == '/':
            left_leaf = _construct_predicate(xast.left, node, context)
            right_node = _construct_predicate(xast.right, left_leaf, context)
            return right_node
        elif xast.op == '=':
            left_leaf = _construct_predicate(xast.left, node, context)
            step = _find_terminal_step(xast.left)
            if isinstance(xast.right, ast.VariableReference):
                name = xast.right.name
                ctxval = context.get(name, None)
                if ctxval is None:
                    ctxval = context[name[1]]
                xvalue = str(ctxval)
            else:
                xvalue = str(xast.right)
            _set_in_xml(left_leaf, xvalue, context, step)
            return left_leaf


def _set_in_xml(node, val, context, step):

    # node could be either an element or an attribute
    if isinstance(node, etree._Element): # if it's an element
        if isinstance(val, etree._Element):
            # remove node children and graft val children in.
            node.clear()
            node.text = val.text
            for child in val:
                node.append(child)
            for name, val in val.attrib.iteritems():
                node.set(name, val)
        else: # set node contents to string val
            if not list(node):      # no child elements
                node.text = val
            else:
                raise Exception("Cannot set string value - not a text node!")

    # by default, etree returns a "smart" string for attributes and text.
    # if it's not an element (above) then it is either a text node
    # or an attribute
    elif hasattr(node, 'getparent'):
        # if node test is text(), set the text of the parent node
        if _is_text_nodetest(step):
            node.getparent().text = val

        # otherwise, treat it as an attribute
        else:
            attribute, node_xpath, nsmap = _get_attribute_name(step, context)
            node.getparent().set(attribute, val)


def _remove_xml(xast, node, context, if_empty=False):
    '''Remove a node or attribute.  For multipart XPaths that are
    constructible by :mod:`eulxml.xmlmap`, the corresponding nodes
    will be removed if they are empty (other than predicates specified
    in the XPath).

    :param xast: parsed xpath (xpath abstract syntax tree) from
	:mod:`eulxml.xpath`
    :param node: lxml node relative to which xast should be removed
    :param context: any context required for the xpath (e.g.,
    	namespace definitions)
    :param if_empty: optional boolean; only remove a node if it is
	empty (no attributes and no child nodes); defaults to False

    :returns: True if something was deleted
    '''
    if isinstance(xast, ast.Step):
        if isinstance(xast.node_test, ast.NameTest):
            if xast.axis in (None, 'child'):
                return _remove_child_node(node, context, xast, if_empty=if_empty)
            elif xast.axis in ('@', 'attribute'):
                return _remove_attribute_node(node, context, xast)
        # special case for text()
        # since it can't be removed, at least clear out any value in the text node
        elif _is_text_nodetest(xast):
            node.text = ''
            return True

    # If the xpath is a multi-step path (e.g., foo[@id="a"]/bar[@id="b"]/baz),
    # remove the leaf node.  If the remaining portions of that path
    # could have been constructed when setting the node and are empty
    # (other than any predicates defined in the xpath), remove them as well.
    elif isinstance(xast, ast.BinaryExpression):
        if xast.op == '/':
            left_xpath = serialize(xast.left)
            left_node = _find_xml_node(left_xpath, node, context)
            if left_node is not None:
                # remove the last element in the xpath
                removed = _remove_xml(xast.right, left_node, context,
                                      if_empty=if_empty) # honor current if_empty flag

                # If the left portion of the xpath is something we
                # could have constructed, remove it if it is empty.
                if removed and _predicate_is_constructible(left_xpath):
                    _remove_xml(xast.left, node, context, if_empty=True)

                # report on whether the leaf node was removed or not,
                # regardless of what was done with left portion of the path
                return removed

    return False


def _remove_child_node(node, context, xast, if_empty=False):
    '''Remove a child node based on the specified xpath.

    :param node: lxml element relative to which the xpath will be
    	interpreted
    :param context: any context required for the xpath (e.g.,
    	namespace definitions)
    :param xast: parsed xpath (xpath abstract syntax tree) from
	:mod:`eulxml.xpath`
    :param if_empty: optional boolean; only remove a node if it is
	empty (no attributes and no child nodes); defaults to False

    :returns: True if a node was deleted
    '''
    xpath = serialize(xast)
    child = _find_xml_node(xpath, node, context)
    if child is not None:
        # if if_empty was specified and node has children or attributes
        # other than any predicates defined in the xpath, don't remove
        if if_empty is True and \
               not _empty_except_predicates(xast, child, context):
            return False
        node.remove(child)
        return True

def _remove_attribute_node(node, context, xast):
    node_name, node_xpath, nsmap = _get_attribute_name(xast, context)
    del node.attrib[node_name]
    return True

def _remove_predicates(xast, node, context):
    '''Remove any constructible predicates specified in the xpath
    relative to the specified node.

    :param xast: parsed xpath (xpath abstract syntax tree) from
	:mod:`eulxml.xpath`
    :param node: lxml element which predicates will be removed from
    :param context: any context required for the xpath (e.g.,
    	namespace definitions)

    :returns: updated a copy of the xast without the predicates that
	were successfully removed
    '''
    # work from a copy since it may be modified
    xast_c = deepcopy(xast)
    # check if predicates are constructable
    for pred in list(xast_c.predicates):
        # ignore predicates that we can't construct
        if not _predicate_is_constructible(pred):
            continue

        if isinstance(pred, ast.BinaryExpression):
            # TODO: support any other predicate operators?
            # predicate construction supports op /

            # If the xml still matches the constructed value, remove it.
            # e.g., @type='text' or level='leaf'
            if pred.op == '=' and \
                   node.xpath(serialize(pred), **context) is True:
                # predicate xpath returns True if node=value

                if isinstance(pred.left, ast.Step):
                    if pred.left.axis in ('@', 'attribute'):
                        if _remove_attribute_node(node, context, pred.left):
                            # remove from the xast
                            xast_c.predicates.remove(pred)
                    elif pred.left.axis in (None, 'child'):
                        if _remove_child_node(node, context, pred.left, if_empty=True):
                            xast_c.predicates.remove(pred)

                elif isinstance(pred.left, ast.BinaryExpression):
                    # e.g., level/@id='b' or level/deep='deeper'
                    # - value has already been checked by xpath above,
                    # so just remove the multipart path
                    _remove_xml(pred.left, node, context, if_empty=True)

    return xast_c

def _empty_except_predicates(xast, node, context):
    '''Check if a node is empty (no child nodes or attributes) except
    for any predicates defined in the specified xpath.

    :param xast: parsed xpath (xpath abstract syntax tree) from
	:mod:`eulxml.xpath`
    :param node: lxml element to check
    :param context: any context required for the xpath (e.g.,
    	namespace definitions)

    :returns: boolean indicating if the element is empty or not
    '''
    # copy the node, remove predicates, and check for any remaining
    # child nodes or attributes
    node_c = deepcopy(node)
    _remove_predicates(xast, node_c, context)
    return bool(len(node_c) == 0 and len(node_c.attrib) == 0)

def _get_attribute_name(step, context):
    # calculate attribute name, xpath, and nsmap based on node info and context namespaces
    if not step.node_test.prefix:
        nsmap = {}
        ns_uri = None
        node_name = step.node_test.name
        node_xpath = '@%s' % node_name
    else:
        # if node has a prefix, the namespace *should* be defined in context
        if 'namespaces' in context and step.node_test.prefix in context['namespaces']:
            ns_uri = context['namespaces'][step.node_test.prefix]
        else:
            ns_uri = None
            # we could throw an exception here if ns_uri wasn't found, but
            # for now assume the user knows what he's doing...

        node_xpath = '@%s:%s' % (step.node_test.prefix, step.node_test.name)
        node_name = '{%s}%s' % (ns_uri, step.node_test.name)
        nsmap = {step.node_test.prefix: ns_uri}

    return node_name, node_xpath, nsmap

def _is_text_nodetest(step):
    '''Fields selected with an xpath of text() need special handling; Check if
    a xpath step is a text() node test. '''
    try:
        return step.node_test.name == 'text'
    except:
        pass
    return False

# managers to map operations to either a single identified node or a
# list of them

class SingleNodeManager(object):

    def __init__(self, instantiate_on_get=False):
        # DEPRECATED: don't use instantiate_on_get. Use create_for_node() as
        # described in XmlObjectType.__new__ comments and used by NodeField.
        self.instantiate_on_get = instantiate_on_get

    def get(self, xpath, node, context, mapper, xast):
        match = _find_xml_node(xpath, node, context)
        if match is None and self.instantiate_on_get:
            return mapper.to_python(_create_xml_node(xast, node, context))
        # else, non-None match, or not instantiate
        return mapper.to_python(match)

    def set(self, xpath, xast, node, context, mapper, value):
        xvalue = mapper.to_xml(value)
        match = _find_xml_node(xpath, node, context)

        if xvalue is None:
            # match must be None. if it exists, delete it.
            if match is not None:
                removed = _remove_xml(xast, node, context)
                # if a node can't be removed, warn since it could have unexpected results
                if not removed:
                    logger.warn('''Could not remove xml for '%s' from %r''' % \
                                (serialize(xast), node))
        else:
            if match is None:
                match = _create_xml_node(xast, node, context)
            # terminal (rightmost) step informs how we update the xml
            step = _find_terminal_step(xast)
            _set_in_xml(match, xvalue, context, step)

    def create(self, xpath, xast, node, context):
        # most clients will want to use get() or set(), but occasially we
        # just want a basic node to match the xpath.
        match = _find_xml_node(xpath, node, context)
        if match is not None:
            return match
        return _create_xml_node(xast, node, context)

    def delete(self, xpath, xast, node, context, mapper):
        match = _find_xml_node(xpath, node, context)
        # match must be None. if it exists, delete it.
        if match is not None:
            _remove_xml(xast, node, context)


class NodeList(object):
    """Custom List-like object to handle ListFields like :class:`IntegerListField`,
    :class:`StringListField`, and :class:`NodeListField`, which allows for getting,
    setting, and deleting list members.  :class:`NodeList` should **not** be
    initialized directly, but instead should only be accessed as the return type
    from a ListField.

    Supports common list functions and operators, including the following: len();
    **in**; equal and not equal comparison to standard python Lists.  Items can
    be retrieved, set, and deleted by index, but slice indexing is not supported.
    Supports the methods that Python documentation indicates should be provided
    by Mutable sequences, with the exceptions of reverse and sort; in the
    particular case of :class:`NodeListField`, it is unclear how a list of
    :class:`~eulxml.xmlmap.XmlObject` should be sorted, or whether or not such
    a thing would be useful or meaningful for XML content.

    When a new element is appended to a :class:`~eulxml.xmlmap.fields.NodeList`,
    it will be added to the XML immediately after the last element in the list.
    In the case of an empty list, the new content will be appended at the end of
    the appropriate XML parent node.  For XML content where element order is important
    for schema validity, extra care may be required when constructing content.
    """
    def __init__(self, xpath, node, context, mapper, xast):
        self.xpath = xpath
        self.node = node
        self.context = context
        self.mapper = mapper
        self.xast = xast

    @property
    def matches(self):
        # current matches from the xml tree
        # NOTE: retrieving from the xml every time rather than caching
        # because the xml document could change, and we want the latest data
        return self.node.xpath(self.xpath, **self.context)

    def is_empty(self):
        '''Parallel to :meth:`eulxml.xmlmap.XmlObject.is_empty`.  A
        NodeList is considered to be empty if every element in the
        list is empty.'''
        return all(n.is_empty() for n in self)

    @property
    def data(self):
        # data in list form - basis for several other list-y functions
        return [ self.mapper.to_python(match) for match in self.matches ]

    def __str__(self):
        return str(self.data)

    def __repr__(self):
        return str(self.data)

    def __len__(self):
        return len(self.data)

    def __contains__(self, item):
        return item in self.data

    def __iter__(self):
        for item in self.matches:
            yield self.mapper.to_python(item)

    def __eq__(self, other):
        # FIXME: is any other comparison possible ?
        return self.data == other

    def __ne__(self, other):
        return self.data != other

    def _check_key_type(self, key):
        # check argument type for getitem, setitem, delitem
        if not isinstance(key, (slice, six.integer_types)):
            raise TypeError
        assert not isinstance(key, slice), "Slice indexing is not supported"

    def __getitem__(self, key):
        self._check_key_type(key)
        return self.mapper.to_python(self.matches[key])

    def __setitem__(self, key, value):
        self._check_key_type(key)
        if key == len(self.matches):
            # just after the end of the list - create a new node
            if len(self.matches):
                # if there are existing nodes, use last element in list
                # to determine where the new node should be created
                last_item = self.matches[-1]
                position = last_item.getparent().index(last_item)
                insert_index = position + 1
            else:
                insert_index = None
            match = _create_xml_node(self.xast, self.node, self.context, insert_index)
        elif key > len(self.matches):
            raise IndexError("Can't set at index %d - out of range" % key )
        else:
            match = self.matches[key]

        if isinstance(self.mapper, NodeMapper):
            # if this is a NodeListField, the value should be an xmlobject
            # replace the indexed node with the node specified
            # NOTE: lxml does not require dom-style import before append/replace
            match.getparent().replace(match, value.node)
        else:       # not a NodeListField - set single-node value in xml
            # terminal (rightmost) step informs how we update the xml
            step = _find_terminal_step(self.xast)
            _set_in_xml(match, self.mapper.to_xml(value), self.context, step)

    def __delitem__(self, key):
        self._check_key_type(key)
        if key >= len(self.matches):
            raise IndexError("Can't delete at index %d - out of range" % key )

        match = self.matches[key]
        match.getparent().remove(match)


# according to python docs, Mutable sequences should provide the following methods:
# append, count, index, extend, insert, pop, remove, reverse and sort
# NOTE: not implementing sort/reverse at this time; not clear

    def count(self, x):
        "Return the number of times x appears in the list."
        return self.data.count(x)

    def append(self, x):
        "Add an item to the end of the list."
        self[len(self)] = x

    def index(self, x):
        """Return the index in the list of the first item whose value is x,
        or error if there is no such item."""
        return self.data.index(x)

    def remove(self, x):
        """Remove the first item from the list whose value is x,
        or error if there is no such item."""
        del(self[self.index(x)])

    def pop(self, i=None):
        """Remove the item at the given position in the list, and return it.
        If no index is specified, removes and returns the last item in the list."""
        if i is None:
            i = len(self) - 1
        val = self[i]
        del(self[i])
        return val

    def extend(self, list):
        """Extend the list by appending all the items in the given list."""
        for item in list:
            self.append(item)

    def insert(self, i, x):
        """Insert an item (x) at a given position (i)."""
        if i == len(self):  # end of list or empty list: append
            self.append(x)
        elif len(self.matches) > i:
            # create a new xml node at the requested position
            insert_index = self.matches[i].getparent().index(self.matches[i])
            _create_xml_node(self.xast, self.node, self.context, insert_index)
            # then use default set logic
            self[i] = x
        else:
            raise IndexError("Can't insert '%s' at index %d - list length is only %d" \
                            % (x, i, len(self)))


class NodeListManager(object):
    def get(self, xpath, node, context, mapper, xast):
        return NodeList(xpath, node, context, mapper, xast)

    def delete(self, xpath, xast, node, context, mapper):
        current_list = self.get(xpath, node, context, mapper, xast)
        [current_list.remove(x) for x in current_list]

    def set(self, xpath, xast, node, context, mapper, value):
        current_list = self.get(xpath, node, context, mapper, xast)
        # for each value in the new list, set the equivalent value
        # in the NodeList
        for i in range(len(value)):
            current_list[i] = value[i]

        # remove any extra values from end of the current list
        while len(current_list) > len(value):
            current_list.pop()




# finished field classes mixing a manager and a mapper

class StringField(Field):

    """Map an XPath expression to a single Python string. If the XPath
    expression evaluates to an empty NodeList, a StringField evaluates to
    `None`.

    Takes an optional parameter to indicate that the string contents should have
    whitespace normalized.  By default, does not normalize.

    Takes an optional list of choices to restrict possible values.

    Supports setting values for attributes, empty nodes, or text-only nodes.
    """

    def __init__(self, xpath, normalize=False, choices=None, *args, **kwargs):
        self.choices = choices
        # FIXME: handle at a higher level, common to all/more field types?
        #        does choice list need to be checked in the python ?
        super(StringField, self).__init__(xpath,
                manager = SingleNodeManager(),
                mapper = StringMapper(normalize=normalize), *args, **kwargs)


class StringListField(Field):

    """Map an XPath expression to a list of Python strings. If the XPath
    expression evaluates to an empty NodeList, a StringListField evaluates to
    an empty list.


    Takes an optional parameter to indicate that the string contents should have
    whitespace normalized.  By default, does not normalize.

    Takes an optional list of choices to restrict possible values.

    Actual return type is :class:`~eulxml.xmlmap.fields.NodeList`, which can be
    treated like a regular Python list, and includes set and delete functionality.
    """
    def __init__(self, xpath, normalize=False, choices=None, *args, **kwargs):
        self.choices = choices
        super(StringListField, self).__init__(xpath,
                manager = NodeListManager(),
                mapper = StringMapper(normalize=normalize), *args, **kwargs)

class FloatField(Field):

    """Map an XPath expression to a single Python float. If the XPath
    expression evaluates to an empty NodeList, an FloatField evaluates to
    `None`.

    Supports setting values for attributes, empty nodes, or text-only nodes.
    """

    def __init__(self, xpath, *args, **kwargs):
        super(FloatField, self).__init__(xpath,
                manager = SingleNodeManager(),
                mapper = FloatMapper(), *args, **kwargs)

class FloatListField(Field):

    """Map an XPath expression to a list of Python floats. If the XPath
    expression evaluates to an empty NodeList, an IntegerListField evaluates to
    an empty list.

    Actual return type is :class:`~eulxml.xmlmap.fields.NodeList`, which can be
    treated like a regular Python list, and includes set and delete functionality.
    """

    def __init__(self, xpath, *args, **kwargs):
        super(FloatListField, self).__init__(xpath,
                manager = NodeListManager(),
                mapper = FloatMapper(), *args, **kwargs)

class IntegerField(Field):

    """Map an XPath expression to a single Python integer. If the XPath
    expression evaluates to an empty NodeList, an IntegerField evaluates to
    `None`.

    Supports setting values for attributes, empty nodes, or text-only nodes.
    """

    def __init__(self, xpath, *args, **kwargs):
        super(IntegerField, self).__init__(xpath,
                manager = SingleNodeManager(),
                mapper = IntegerMapper(), *args, **kwargs)


class IntegerListField(Field):

    """Map an XPath expression to a list of Python integers. If the XPath
    expression evaluates to an empty NodeList, an IntegerListField evaluates to
    an empty list.

    Actual return type is :class:`~eulxml.xmlmap.fields.NodeList`, which can be
    treated like a regular Python list, and includes set and delete functionality.
    """

    def __init__(self, xpath, *args, **kwargs):
        super(IntegerListField, self).__init__(xpath,
                manager = NodeListManager(),
                mapper = IntegerMapper(), *args, **kwargs)



class SimpleBooleanField(Field):

    """Map an XPath expression to a Python boolean.  Constructor takes additional
    parameter of true, false values for comparison and setting in xml.  This only
    handles simple boolean that can be read and set via string comparison.

    Supports setting values for attributes, empty nodes, or text-only nodes.
    """

    def __init__(self, xpath, true, false, *args, **kwargs):
        super(SimpleBooleanField, self).__init__(xpath,
                manager = SingleNodeManager(),
                mapper = SimpleBooleanMapper(true, false), *args, **kwargs)



class DateTimeField(Field):
    """
    Map an XPath expression to a single Python
    :class:`datetime.datetime`. If the XPath expression evaluates to
    an empty :class:`NodeList`, a :class:`DateTimeField` evaluates to
    `None`.

    :param format: optional date-time format.  Used with
	:meth:`datetime.datetime.strptime` and
	:meth:`datetime.datetime.strftime` to convert between XML text
	and Python :class:`datetime.datetime` objects.  If no format
	is specified, XML dates are converted from full ISO date time
	format, with or without microseconds, and dates are written
	out to XML in ISO format via
	:meth:`datetime.datetime.isoformat`.

    :param normalize: optional parameter to indicate string contents
        should have whitespace normalized before converting to
        :class:`~datetime.datetime`.  By default, no normalization is
        done.

    For example, given the field definition::

      last_update = DateTimeField('last_update', format="%d-%m-%Y %H:%M:%S",
      	  normalize=True)

    and the XML::

      <last_update>
   	  21-04-2012 00:00:00
      </last_update>

    accessing the field would return::

      >>> myobj.last_update
      datetime.datetime(2012, 4, 21, 0, 0)

    """

    def __init__(self, xpath, format=None, normalize=False, *args, **kwargs):
        super(DateTimeField, self).__init__(xpath,
                manager = SingleNodeManager(),
                mapper = DateTimeMapper(format=format, normalize=normalize), *args, **kwargs)


class DateTimeListField(Field):
    """
    Map an XPath expression to a list of Python
    :class:`datetime.datetime` objects. If the XPath expression
    evaluates to an empty :class:`NodeList`, a
    :class:`DateTimeListField` evaluates to an empty list.  Date
    formatting is as described in :class:`DateTimeField`.

    Actual return type is :class:`~eulxml.xmlmap.fields.NodeList`, which can be
    treated like a regular Python list, and includes set and delete functionality.

    :param format: optional date-time format.  See
        :class:`DateTimeField` for more details.

    :param normalize: optional parameter to indicate string contents
        should have whitespace normalized before converting to
        :class:`~datetime.datetime`.  By default, no normalization is
        done.

    """

    def __init__(self, xpath, format=None, normalize=False, *args, **kwargs):
        super(DateTimeListField, self).__init__(xpath,
                manager = NodeListManager(),
                mapper = DateTimeMapper(format=format, normalize=normalize), *args, **kwargs)


class DateField(Field):
    '''
    Map an XPath expression to a single Python :class:`datetime.date`,
    roughly comparable to :class:`DateTimeField`.

    :param format: optional date-time format.  Used to convert between
        XML and Python :class:`datetime.date`; if no format, then
        the ISO format YYYY-MM-DD (%Y-%m-%d) will be used.
    :param normalize: optional parameter to indicate string contents
        should have whitespace normalized before converting to
        :class:`~datetime.date`.  By default, no normalization is
        done.
    '''

    def __init__(self, xpath, format=None, normalize=False, *args, **kwargs):
        super(DateField, self).__init__(xpath,
                manager = SingleNodeManager(),
                mapper = DateMapper(format=format, normalize=normalize), *args, **kwargs)


class DateListField(Field):
    '''
    Map an XPath expression to a list of Python
    :class:`datetime.date` objects. See :class:`DateField` and
    :class:`DateTimeListField` for more details.
    '''

    def __init__(self, xpath, format=None, normalize=False, *args, **kwargs):
        super(DateListField, self).__init__(xpath,
                manager = NodeListManager(),
                mapper = DateMapper(format=format, normalize=normalize), *args, **kwargs)


class NodeField(Field):

    """Map an XPath expression to a single
    :class:`~eulxml.xmlmap.XmlObject` subclass instance. If the XPath
    expression evaluates to an empty NodeList, a NodeField evaluates
    to `None`.

    Normally a ``NodeField``'s ``node_class`` is a class. As a special
    exception, it may be the string ``"self"``, in which case it recursively
    refers to objects of its containing :class:`~eulxml.xmlmap.XmlObject` class.

    If an :class:`~eulxml.xmlmap.XmlObject` contains a NodeField named
    ``foo``, then the object will automatically have a
    ``create_foo()`` method in addition to its ``foo`` property. Code
    can call this ``create_foo()`` method to create the child element
    if it doesn't exist; the method will have no effect if the element
    is already present.

    Deprecated ``instantiate_on_get`` flag: set to True if you need a
    non-existent node to be created when the NodeField is accessed. This
    feature is deprecated: Instead, create your node explicitly with
    ``create_foo()`` as described above.
    """

    def __init__(self, xpath, node_class, instantiate_on_get=False, *args, **kwargs):
        super(NodeField, self).__init__(xpath,
                manager = SingleNodeManager(instantiate_on_get=instantiate_on_get),
                mapper = NodeMapper(node_class), *args, **kwargs)

    def _get_node_class(self):
        return self.mapper.node_class
    def _set_node_class(self, val):
        self.mapper.node_class = val
    node_class = property(_get_node_class, _set_node_class)

    def create_for_node(self, node, context):
        return self.manager.create(self.xpath, self.parsed_xpath, node, context)


class NodeListField(Field):

    """Map an XPath expression to a list of
    :class:`~eulxml.xmlmap.XmlObject` subclass instances. If the XPath
    expression evalues to an empty NodeList, a NodeListField evaluates
    to an empty list.

    Normally a ``NodeListField``'s ``node_class`` is a class. As a special
    exception, it may be the string ``"self"``, in which case it recursively
    refers to objects of its containing :class:`~eulxml.xmlmap.XmlObject` class.

    Actual return type is :class:`~eulxml.xmlmap.fields.NodeList`, which can be
    treated like a regular Python list, and includes set and delete functionality.
    """

    def __init__(self, xpath, node_class, *args, **kwargs):
        super(NodeListField, self).__init__(xpath,
                manager = NodeListManager(),
                mapper = NodeMapper(node_class), *args, **kwargs)

    def _get_node_class(self):
        return self.mapper.node_class
    def _set_node_class(self, val):
        self.mapper.node_class = val
    node_class = property(_get_node_class, _set_node_class)


class ItemField(Field):

    """Access the results of an XPath expression directly. An ItemField does no
    conversion on the result of evaluating the XPath expression."""

    def __init__(self, xpath, *args, **kwargs):
        super(ItemField, self).__init__(xpath,
                manager = SingleNodeManager(),
                mapper = NullMapper(), *args, **kwargs)


class SchemaField(Field):
    """Schema-based field.  At class definition time, a SchemaField will be
    **replaced** with the appropriate :class:`eulxml.xmlmap.fields.Field` type
    based on the schema type definition.

    Takes an xpath (which will be passed on to the real Field init) and a schema
    type definition name.  If the schema type has enumerated restricted values,
    those will be passed as choices to the Field.

    For example, to define a resource type based on the `MODS
    <http://www.loc.gov/standards/mods/>`_ schema,
    ``resourceTypeDefinition`` is a simple type with an enumeration of
    values, so you could add something like this::

        resource_type  = xmlmap.SchemaField("mods:typeOfResource", "resourceTypeDefinition")




    Currently only supports simple string-based schema types.
    """
    def __init__(self, xpath, schema_type, *args, **kwargs):
        self.xpath = xpath
        self.schema_type = schema_type

        super(SchemaField, self).__init__(xpath, manager=None, mapper=None,
                *args, **kwargs)
        # SchemaField does not use common Field init logic; handle creation counter
        #self.creation_counter = Field.creation_counter
        #Field.creation_counter += 1

    def get_field(self, schema):
        """Get the requested type definition from the schema and return the
        appropriate :class:`~eulxml.xmlmap.fields.Field`.

        :param schema: instance of :class:`eulxml.xmlmap.core.XsdSchema`
        :rtype: :class:`eulxml.xmlmap.fields.Field`
        """
        type = schema.get_type(self.schema_type)
        logger.debug('Found schema type %s; base type %s, restricted values %s' % \
                     (self.schema_type, type.base_type(), type.restricted_values))
        kwargs = {}
        if type.restricted_values:
            # field has a restriction with enumerated values - pass as choices to field
            # - empty value at beginning of list for unset value; for required fields,
            #   will force user to select a value, rather than first item being default
            choices = []
            choices.extend(type.restricted_values)
            # restricted values could include a blank
            # if it's there, remove it so we don't get two
            if '' in choices:
                choices.remove('')
            choices.insert(0, '')   # add blank choice at the beginning of the list
            kwargs['choices'] = choices

        # TODO: possibly also useful to look for pattern restrictions

        basetype = type.base_type()
        if basetype == 'string':
            newfield = StringField(self.xpath, required=self.required, **kwargs)
            # copy original creation counter to newly created field
            # to preserve declaration order
            newfield.creation_counter = self.creation_counter
            return newfield
        else:
            raise Exception("basetype %s is not yet supported by SchemaField" % basetype)
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