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covid19-data-analyzer

Especially in times of crisis and panic, with many different opinions on the topic, people should try to derive their own conclusion.
Luckily we live in a time, where the skills and tools to analyse data are open to everyone.
Thus this little project tries to provide you with the data and a small toolset
to understand, what the current state of the covid19 pandemic is right now.

The code of this repository is the basis for istcoronaexponentiell.de [https://vm-1.istcoronaexponentiell.de/],
where this projects interactive dashboard is hosted.




Usage


	Clone or download this repository


	Install the dependencies

pip install -r requirements.txt
pip install -e .







	Analyse the data yourself using the jupyter notebook and play with the dashboard


	Open the jupyter notebook

jupyter lab







	Start the dashboard server

covid19_dashboard

















          

      

      

    

  

    
      
          
            
  
Installation


From sources

The sources for covid19-data-analyser can be downloaded from the Github repo [https://github.com/s-weigand/covid19-data-analyzer].

You can either clone the public repository:

$ git clone git://github.com/s-weigand/covid19-data-analyzer





Or download the tarball [https://github.com/s-weigand/covid19-data-analyzer/tarball/master]:

$ curl -OJL https://github.com/s-weigand/covid19-data-analyzer/tarball/master





Once you have a copy of the source, you can install it with:

$ python setup.py install











          

      

      

    

  

    
      
          
            
  
Used Data Sources

The data used by this project, is scraped from other sources and transformed in a uniform pattern,
which than can be used by the analysis code.
To be transparent about where the data originates from and also give props to the sources we list them here.


funkeinteraktiv (Funke Media Gruppe)

The funkeinteraktiv datasets originate from the funkeinteraktiv API [https://funkeinteraktiv.b-cdn.net/history.v4.csv], which is used by
morgenpost Corona Monitor [https://funkeinteraktiv.b-cdn.net/history.v4.csv] and very detailed for germany (county resolution).
Since it provides labels in german as well as english, we thought it would be best to split
it two different datasets for the german and international audience.




JHU (Johns Hopkins University)

The JHU dataset comes directly from the JHU github repository [https://github.com/CSSEGISandData/COVID-19],
which provides the data for the JHU dashboard [https://www.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6].







          

      

      

    

  

    
      
          
            
  
Used Fit Models

The currently implemented fit models are builtin models from lmfit [https://lmfit.github.io/lmfit-py/].
To understand what the parameters stand for in the actual equations,
you can have a look at the documentation given for the models themselves.


Exponential curve


	
class ExponentialModel(independent_vars=['x'], prefix='', nan_policy='raise', **kwargs)[source]

	A model based on an exponential decay function
(see https://en.wikipedia.org/wiki/Exponential_decay) with two Parameters:
amplitude ([image: A]), and decay ([image: \tau]), in:


[image: f(x; A, \tau) = A e^{-x/\tau}]



	Parameters

	
	independent_vars (['x']) – Arguments to func that are independent variables.


	prefix (str, optional) – String to prepend to parameter names, needed to add two Models that
have parameter names in common.


	nan_policy (str, optional) – How to handle NaN and missing values in data. Must be one of:
‘raise’ (default), ‘propagate’, or ‘omit’. See Notes below.


	**kwargs (optional) – Keyword arguments to pass to Model.








Notes

1. nan_policy sets what to do when a NaN or missing value is seen in the
data. Should be one of:



	‘raise’ : Raise a ValueError (default)


	‘propagate’ : do nothing


	‘omit’ : drop missing data














Logistic curve


	
class StepModel(independent_vars=['x'], prefix='', nan_policy='raise', form='linear', **kwargs)[source]

	A model based on a Step function, with three Parameters:
amplitude ([image: A]), center ([image: \mu]) and sigma ([image: \sigma]).

There are four choices for form:


	linear (the default)


	atan or arctan for an arc-tangent function


	erf for an error function


	logistic for a logistic function (see https://en.wikipedia.org/wiki/Logistic_function)




The step function starts with a value 0, and ends with a value of
[image: A] rising to [image: A/2] at [image: \mu], with [image: \sigma]
setting the characteristic width. The functional forms are defined as:


[image: \begin{eqnarray*} & f(x; A, \mu, \sigma, {\mathrm{form={}'linear{}'}})  & = A \min{[1, \max{(0,  \alpha)}]} \\ & f(x; A, \mu, \sigma, {\mathrm{form={}'arctan{}'}})  & = A [1/2 + \arctan{(\alpha)}/{\pi}] \\ & f(x; A, \mu, \sigma, {\mathrm{form={}'erf{}'}})     & = A [1 + {\operatorname{erf}}(\alpha)]/2 \\ & f(x; A, \mu, \sigma, {\mathrm{form={}'logistic{}'}})& = A [1 - \frac{1}{1 +  e^{\alpha}} ] \end{eqnarray*}]


where [image: \alpha  = (x - \mu)/{\sigma}].


	Parameters

	
	independent_vars (['x']) – Arguments to func that are independent variables.


	prefix (str, optional) – String to prepend to parameter names, needed to add two Models that
have parameter names in common.


	nan_policy (str, optional) – How to handle NaN and missing values in data. Must be one of:
‘raise’ (default), ‘propagate’, or ‘omit’. See Notes below.


	**kwargs (optional) – Keyword arguments to pass to Model.








Notes

1. nan_policy sets what to do when a NaN or missing value is seen in the
data. Should be one of:



	‘raise’ : Raise a ValueError (default)


	‘propagate’ : do nothing


	‘omit’ : drop missing data

















          

      

      

    

  

    
      
          
            
  
Python Source Documentation

Documentation of the Python source code.
The auto generated Documentation mainly contains methods and attributes
which are inherited from the corresponding classes of django-cms,
but since the actual source code is very short you can just click the
[source] link on top of each class.







	covid19_data_analyzer.dashboard

	



	covid19_data_analyzer.data_functions

	










          

      

      

    

  

    
      
          
            
  
dashboard


Submodules








	covid19_data_analyzer.dashboard.app

	



	covid19_data_analyzer.dashboard.components

	



	covid19_data_analyzer.dashboard.index

	



	covid19_data_analyzer.dashboard.utils

	















          

      

      

    

  

    
      
          
            
  
app


Submodules




















          

      

      

    

  

    
      
          
            
  
components


Submodules








	covid19_data_analyzer.dashboard.components.data_plots

	



	covid19_data_analyzer.dashboard.components.data_selection

	



	covid19_data_analyzer.dashboard.components.download_area

	



	covid19_data_analyzer.dashboard.components.footer

	















          

      

      

    

  

    
      
          
            
  
data_plots


Submodules

















Functions


Summary







	update_data_plot

	



	update_fit_param_table

	



	update_growth_plot

	



	update_growth_rate_plot

	















          

      

      

    

  

    
      
          
            
  
update_data_plot


	
update_data_plot(data_source, parent_regions, regions, subsets, plot_settings, fit_model)[source]

	







          

      

      

    

  

    
      
          
            
  
update_fit_param_table


	
update_fit_param_table(data_source, parent_regions, regions, subsets, plot_settings, fit_model)[source]

	







          

      

      

    

  

    
      
          
            
  
update_growth_plot


	
update_growth_plot(data_source, parent_regions, regions, subsets, plot_settings, fit_model)[source]

	







          

      

      

    

  

    
      
          
            
  
update_growth_rate_plot


	
update_growth_rate_plot(data_source, parent_regions, regions, subsets, plot_settings, fit_model)[source]

	







          

      

      

    

  

    
      
          
            
  
data_selection


Submodules

















Functions


Summary







	update_parent_regions

	



	update_regions

	



	update_subsets

	















          

      

      

    

  

    
      
          
            
  
update_parent_regions


	
update_parent_regions(data_source)[source]

	







          

      

      

    

  

    
      
          
            
  
update_regions


	
update_regions(data_source, values)[source]

	







          

      

      

    

  

    
      
          
            
  
update_subsets


	
update_subsets(data_source)[source]

	







          

      

      

    

  

    
      
          
            
  
download_area


Submodules

















Functions


Summary







	download_data

	



	update_download_link

	















          

      

      

    

  

    
      
          
            
  
download_data


	
download_data()[source]

	







          

      

      

    

  

    
      
          
            
  
update_download_link


	
update_download_link(data_source, dl_format)[source]

	







          

      

      

    

  

    
      
          
            
  
footer


Submodules




















          

      

      

    

  

    
      
          
            
  
index


Submodules

















Functions


Summary







	run_dashboard_server

	















          

      

      

    

  

    
      
          
            
  
run_dashboard_server


	
run_dashboard_server()[source]

	







          

      

      

    

  

    
      
          
            
  
utils


Submodules








	covid19_data_analyzer.dashboard.utils.controls

	



	covid19_data_analyzer.dashboard.utils.data_loader

	



	covid19_data_analyzer.dashboard.utils.download

	



	covid19_data_analyzer.dashboard.utils.plot

	















          

      

      

    

  

    
      
          
            
  
controls


Submodules

















Functions


Summary







	generate_dropdown_options

	Generates Dropdown options from a list



	generate_selector

	Generates a selector based on values are in df_columns



	get_available_subsets

	Returns a list of subsets which are available on the dataset















          

      

      

    

  

    
      
          
            
  
generate_dropdown_options


	
generate_dropdown_options(values: Iterable[str])[source]

	Generates Dropdown options from a list


	Parameters

	values (Iterable[str]) – Iterable with the option values



	Returns

	Options for the Dropdown



	Return type

	Dict













          

      

      

    

  

    
      
          
            
  
generate_selector


	
generate_selector(df_column: pandas.core.series.Series, values: Iterable[str])[source]

	Generates a selector based on values are in df_columns


	Parameters

	
	df_column (pd.Series) – DataFrame colum which values should be compared to the values of values


	values (Iterable[str]) – Iterable of column values






	Returns

	Boolean pd.Series which can be used as selector for the dataframe



	Return type

	pd.Series













          

      

      

    

  

    
      
          
            
  
get_available_subsets


	
get_available_subsets(covid19_data: pandas.core.frame.DataFrame) → list[source]

	Returns a list of subsets which are available on the dataset


	Parameters

	covid19_data (pd.DataFrame) – [description]



	Returns

	List of available subsets



	Return type

	list













          

      

      

    

  

    
      
          
            
  
data_loader


Submodules

















Functions


Summary







	get_fit_data_dict

	















          

      

      

    

  

    
      
          
            
  
get_fit_data_dict


	
get_fit_data_dict(kind: str) → Dict[str, Dict[str, pandas.core.frame.DataFrame]][source]

	







          

      

      

    

  

    
      
          
            
  
download


Submodules

















Functions


Summary







	generate_download_buffer

	Transdorms a dataframe to a given fileformat as buffer, which can be used for flask.send_file















          

      

      

    

  

    
      
          
            
  
generate_download_buffer


	
generate_download_buffer(data_source: str, file_format: str) → Dict[source]

	Transdorms a dataframe to a given fileformat as buffer,
which can be used for flask.send_file


	Parameters

	
	data_source (str) – Name of the data source


	file_format ("csv" | "xls) – Format the file should be downloaded in






	Returns

	dict containing the buffer, mimetype and filename



	Return type

	Dict













          

      

      

    

  

    
      
          
            
  
plot


Submodules

















Functions


Summary







	create_trace

	Function to generate the Plot trace of a single dataset, with the appropriate style (raw data -> marker, fit -> line)



	generate_figure

	Creates the Figure data for a plot



	generate_plot_sub_data

	Function to generate the data used to plot raw data and/or its fit



	plotly_color_cycler

	Colorcycler on base of the plotly default colors, to ensure that raw data and fits have the same color















          

      

      

    

  

    
      
          
            
  
create_trace


	
create_trace(data: pandas.core.frame.DataFrame, region: str, subset: str, color: str, is_fit: bool = False) → Dict[source]

	Function to generate the Plot trace of a single dataset,
with the appropriate style (raw data -> marker, fit -> line)


	Parameters

	
	data (pd.DataFrame) – Data which should be plotted


	region (str) – region name of the data, needed to generate the legend


	subset (str) – subset name of the data, needed to generate the legend


	color (str) – color of the trace, needed so raw data and fits have the same color


	is_fit (bool, optional) – Whether or not the data are from a fit, by default False






	Returns

	Trace data to generate a plot with dash



	Return type

	Dict













          

      

      

    

  

    
      
          
            
  
generate_figure


	
generate_figure(data_source: str, parent_regions: Iterable[str], regions: Iterable[str], title: str, y_title: str, data_transform_fuction: Callable = None, subsets: Iterable[str] = ['confirmed'], plot_settings: Iterable[str] = [], fit_model: str = None) → Dict[source]

	Creates the Figure data for a plot


	Parameters

	
	data_source (str) – name of the data source


	parent_regions (Iterable[str]) – names of the parent_regions which should be plotted


	regions (Iterable[str]) – names of the regions which should be plotted


	title (str) – Title of the plot


	y_title (str) – caption of the y-axis


	data_transform_fuction (Callable, optional) – function which should be applied on the data, by default None


	subsets (Iterable[str], optional) – subsets of the data which should be ploted, by default [“confirmed”]


	plot_settings (Iterable[str], optional) – settings which should be used for the plot, by default []


	fit_model (str, optional) – name of the fit model which should be used, by default None






	Returns

	figure data of the plot



	Return type

	Dict













          

      

      

    

  

    
      
          
            
  
generate_plot_sub_data


	
generate_plot_sub_data(raw_data: pandas.core.frame.DataFrame, region: str, subset: str, color: str, hide_raw_data: bool = False, fit_data: pandas.core.frame.DataFrame = None) → List[Dict][source]

	Function to generate the data used to plot raw data and/or its fit


	Parameters

	
	raw_data (pd.DataFrame) – Actual case data


	region (str) – region name of the data, needed to generate the legend


	subset (str) – subset name of the data, needed to generate the legend


	color (str) – color of the trace, needed so raw data and fits have the same color


	hide_raw_data (bool, optional) – Whether or not to hide the raw data, by default False


	fit_data (pd.DataFrame, optional) – Data used to plot a fit, by default None






	Returns

	List of traces which should be ploted



	Return type

	List[Dict]













          

      

      

    

  

    
      
          
            
  
plotly_color_cycler


	
plotly_color_cycler(plot_index: int) → str[source]

	Colorcycler on base of the plotly default colors,
to ensure that raw data and fits have the same color


	Parameters

	plot_index (int) – index of the current plot



	Returns

	Color to be used for a plot



	Return type

	str













          

      

      

    

  

    
      
          
            
  
data_functions


Submodules








	covid19_data_analyzer.data_functions.analysis

	



	covid19_data_analyzer.data_functions.data_utils

	



	covid19_data_analyzer.data_functions.scrapers

	















          

      

      

    

  

    
      
          
            
  
analysis


Submodules








	covid19_data_analyzer.data_functions.analysis.exponential_curve

	



	covid19_data_analyzer.data_functions.analysis.factory_functions

	



	covid19_data_analyzer.data_functions.analysis.logistic_curve

	












Functions


Summary







	get_fit_data

	Convenience function to quickly get the fitted data from the supported sources.















          

      

      

    

  

    
      
          
            
  
exponential_curve


Submodules

















Functions


Summary







	batch_fit_exponential_curve

	Implementation of batch_fit_model, for the exponential curve model.



	fit_data_exponential_curve

	Implementation of fit_data_model, with setting specific to the exponential curve model















          

      

      

    

  

    
      
          
            
  
batch_fit_exponential_curve


	
batch_fit_exponential_curve()[source]

	Implementation of batch_fit_model, for the exponential curve model.


See also

fit_data_exponential_curve(), batch_fit_model()











          

      

      

    

  

    
      
          
            
  
fit_data_exponential_curve


	
fit_data_exponential_curve(covid19_data: pandas.core.frame.DataFrame, parent_region: str, region: str, data_set: str = 'confirmed') → Dict[str, Union[lmfit.model.ModelResult, pandas.core.frame.DataFrame]][source]

	Implementation of fit_data_model, with setting specific to
the exponential curve model


	Parameters

	
	covid19_data (pd.DataFrame) – Full covid19 data from a data_source


	parent_region (str) – parent_region of the data which should be fitted,
needs to be in covid19_region_data.parent_region


	region (str) – region which data should be fired, needs to be in covid19_region_data.region


	data_set (str, optional) – which subdata schold be fitted, need to be of value
[“confirmed”, “recovered”, deaths], by default “confirmed”






	Returns

	Result dict with keys “model_result” and “plot_data”.


	model_result: lmfit.model.ModelResult
	result of the fit, with optimized parameters



	plot_data: pd.DataFrame
	Same as covid19_region_data, but with an resetted index and
and added fir result









	Return type

	Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]]






See also

fit_data_model()











          

      

      

    

  

    
      
          
            
  
factory_functions


Submodules

















Functions


Summary







	batch_fit_model

	Generic function to fit a fit_function to the data of all data sources and save them to file



	calc_extrema

	Calculates the supremum and infimum of a given function func, with the parameters and their errors given by param_df, over the values of x.



	fit_data_model

	Generic function to fit lmfit.Model models, onto a regional subset covid data.



	fit_regions

	Function to fit all regions of a covid dataset



	fit_subsets

	Function to fit the subsets of a regional covid data



	predict_trend

	Generic function to predict a trend from fitted data















          

      

      

    

  

    
      
          
            
  
batch_fit_model


	
batch_fit_model(fit_function: Callable, model_name: str, fit_func_kwargs: dict = {}) → None[source]

	Generic function to fit a fit_function to the data of all data sources and
save them to file


	Parameters

	
	fit_function (Callable) – Implementation of a model with fit_data_model


	model_name (str) – Name of the model which is fitted, used to generate the path


	fit_func_kwargs (dict, optional) – Additional kwargs passed to fit_function, by default {}









See also

fit_subsets(), fit_regions()











          

      

      

    

  

    
      
          
            
  
calc_extrema


	
calc_extrema(x: numpy.ndarray, func: Callable, param_df: pandas.core.frame.DataFrame, func_options: dict = {}, brute_force_extrema: bool = False) → Tuple[numpy.ndarray][source]

	Calculates the supremum and infimum of a given function func,
with the parameters and their errors given by param_df, over the values of x.


	Parameters

	
	x (np.ndarray) – Values the supremum and infimum should be calculated over


	func (Callable) – Functions used to calculate the supremum and infimum


	param_df (pd.DataFrame) – DataFrame with parameters and errors


	func_options (dict, optional) – options for func, by default {}


	brute_force_extrema (bool, optional) – Whether or not to calculate supremum and infimum from all permutations
of adding and subtracting the errors from the parameters.
For some functions, i.e. the logistic curve, this is needed, since simply
adding or subtracting the errors from the parameter can lead to supremum and/or
infimum to cross the result with the exact parameters., by default False






	Returns

	supremum, infimum



	Return type

	Tuple[np.ndarray]













          

      

      

    

  

    
      
          
            
  
fit_data_model


	
fit_data_model(covid19_region_data: pandas.core.frame.DataFrame, model: lmfit.model.Model, data_set: str = 'confirmed', init_params: dict = {}, free_var_name: str = 'x') → Dict[str, Union[lmfit.model.ModelResult, pandas.core.frame.DataFrame]][source]

	Generic function to fit lmfit.Model models, onto a regional subset covid data.


	Parameters

	
	covid19_region_data (pd.DataFrame) – covid19 DataFrame for one region


	model (lmfit.Model) – [description]


	data_set (str, optional) – which subdata schold be fitted, need to be of value
[“confirmed” | “recovered” | deaths], by default “confirmed”


	init_params (dict, optional) – initial parameters for a fit, they depend on the model, by default {}


	free_var_name (str, optional) – name of the free variable used by the model, by default “x”






	Returns

	Result dict with keys “model_result” and “plot_data”.


	model_result: lmfit.model.ModelResult
	result of the fit, with optimized parameters



	plot_data: pd.DataFrame
	Same as covid19_region_data, but with an resetted index and
and added fir result









	Return type

	Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]]













          

      

      

    

  

    
      
          
            
  
fit_regions


	
fit_regions(covid19_data: pandas.core.frame.DataFrame, fit_function: Callable, data_source: str, fit_func_kwargs: dict = {}) → Tuple[pandas.core.frame.DataFrame, pandas.core.frame.DataFrame][source]

	Function to fit all regions of a covid dataset


	Parameters

	
	covid19_data (pd.DataFrame) – Full covid19 data from a data_source


	fit_function (Callable) – Implementation of a model with fit_data_model


	data_source (str) – name of the data source, only needed to print debug information


	fit_func_kwargs (dict, optional) – Additional kwargs passed to fit_function, by default {}






	Returns

	fitted_plot_data, fitted_param_results


	fitted_plot_data:
	actual fitted data, which can be used for plotting



	fitted_param_results:
	fit parameters









	Return type

	Tuple[pd.DataFrame, pd.DataFrame]






See also

fit_subsets(), batch_fit_model()











          

      

      

    

  

    
      
          
            
  
fit_subsets


	
fit_subsets(fit_function: Callable, covid19_data: pandas.core.frame.DataFrame, row: pandas.core.series.Series, subsets: Iterable, data_source: str, fit_func_kwargs: dict = {}) → Tuple[pandas.core.frame.DataFrame, pandas.core.frame.DataFrame][source]

	Function to fit the subsets of a regional covid data


	Parameters

	
	fit_function (Callable) – Implementation of a model with fit_data_model


	covid19_data (pd.DataFrame) – Full covid19 data from a data_source


	row (pd.Series) – Row of of a dataframe only containing unique value pairs for
“region” and “parent_region”


	subsets (Iterable) – Iterable of subset names


	data_source (str) – name of the data source, only needed to print debug information


	fit_func_kwargs (dict, optional) – Additional kwargs passed to fit_function, by default {}






	Returns

	fitted_region_plot_data, fitted_param_subset


	fitted_region_plot_data:
	actual fitted data, which can be used for plotting



	fitted_param_subset:
	fit parameters for a region









	Return type

	Tuple[pd.DataFrame, pd.DataFrame]






See also

fit_data_model(), fit_regions(), batch_fit_model()











          

      

      

    

  

    
      
          
            
  
predict_trend


	
predict_trend(fit_result: Dict[str, Union[lmfit.model.ModelResult, pandas.core.frame.DataFrame]], days_to_predict: int = 30, func_options: dict = {}, param_inverted_stderr: Iterable[str] = [], brute_force_extrema: bool = False) → pandas.core.frame.DataFrame[source]

	Generic function to predict a trend from fitted data


	Parameters

	
	fit_result (Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]]) – result of fit_data_model or its implementation


	days_to_predict (int, optional) – number of days to predict a trend for, by default 30


	func_options (dict, optional) – options for the function of model, by default {}


	param_inverted_stderr (Iterable[str], optional) – iterable of parameternames with should be inverted,
to calculate the extrema. , by default []


	brute_force_extrema (bool, optional) – Whether or not to calculate supremum and infimum from all permutations
of adding and subtracting the errors from the parameters.
For some functions, i.e. the logistic curve, this is needed, since simply
adding or subtracting the errors from the parameter can lead to supremum and/or
infimum to cross the result with the exact parameters., by default False






	Returns

	DataFrame with columns “date”, “trend”, “trend_sup” and “trend_inf”


	date: pd.Datetime
	date of the values



	trend: float
	predicted trend



	trend_sup: float
	supremum of the trend



	trend_inf: float
	infimum of the trend









	Return type

	pd.DataFrame






See also

fit_data_model(), calc_extrema(), params_to_df()











          

      

      

    

  

    
      
          
            
  
logistic_curve


Submodules

















Functions


Summary







	batch_fit_logistic_curve

	Implementation of batch_fit_model, for the logistic curve model.



	fit_data_logistic_curve

	Implementation of fit_data_model, with setting specific to the logistic curve model



	predict_trend_logistic_curve

	Implementation of fit_data_model, with setting specific to the logistic curve model















          

      

      

    

  

    
      
          
            
  
batch_fit_logistic_curve


	
batch_fit_logistic_curve()[source]

	Implementation of batch_fit_model, for the logistic curve model.


See also

fit_data_logistic_curve(), batch_fit_model()











          

      

      

    

  

    
      
          
            
  
fit_data_logistic_curve


	
fit_data_logistic_curve(covid19_data: pandas.core.frame.DataFrame, parent_region: str, region: str, data_set: str = 'confirmed', sigma: Union[int, float] = 5) → Dict[str, Union[lmfit.model.ModelResult, pandas.core.frame.DataFrame]][source]

	Implementation of fit_data_model, with setting specific to
the logistic curve model


	Parameters

	
	covid19_data (pd.DataFrame) – Full covid19 data from a data_source


	parent_region (str) – parent_region of the data which should be fitted,
needs to be in covid19_region_data.parent_region


	region (str) – region which data should be fitted, needs to be in covid19_region_data.region


	data_set (str, optional) – which subdata schold be fitted, need to be of value
[“confirmed”, “recovered”, deaths], by default “confirmed”


	sigma (int, optional) – initial value for the parameter ‘sigma’ of the logistic curve model,
by default 14






	Returns

	Result dict with keys “model_result” and “plot_data”.


	model_result: lmfit.model.ModelResult
	result of the fit, with optimized parameters



	plot_data: pd.DataFrame
	Same as covid19_region_data, but with an resetted index and
and added fir result









	Return type

	Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]]






See also

fit_data_model()











          

      

      

    

  

    
      
          
            
  
predict_trend_logistic_curve


	
predict_trend_logistic_curve(fit_result: Dict[str, Union[lmfit.model.ModelResult, pandas.core.frame.DataFrame]], days_to_predict: int = 30) → pandas.core.frame.DataFrame[source]

	Implementation of fit_data_model, with setting specific to
the logistic curve model


	Parameters

	
	fit_result (Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]]) – result of fit_data_model or its implementation


	days_to_predict (int, optional) – number of days to predict a trend for, by default 30






	Returns

	DataFrame with columns “date”, “trend”, “trend_sup” and “trend_inf”


	date: pd.Datetime
	date of the values



	trend: float
	predicted trend



	trend_sup: float
	supremum of the trend



	trend_inf: float
	infimum of the trend









	Return type

	pd.DataFrame






See also

predict_trend(), fit_data_model(), calc_extrema(), params_to_df()











          

      

      

    

  

    
      
          
            
  
get_fit_data


	
get_fit_data(data_source: str, model_name='logistic_curve', kind='plot') → pandas.core.frame.DataFrame[source]

	Convenience function to quickly get the fitted data from the supported sources.


	Parameters

	
	data_source (str) – Name of the source the fitted data was fetched from.


	model_name (str, optional) – Name of the model which was used for fitting, by default “logistic_curve”


	kind (str, optional) – kind of data you want to retrieve, by default “plot”






	Returns

	Plot data or parameters, depending on ‘kind’



	Return type

	pd.DataFrame



	Raises

	
	ValueError – If the model_name isn’t supported


	ValueError – If the data_source isn’t supported
















          

      

      

    

  

    
      
          
            
  
data_utils


Submodules

















Functions


Summary







	calc_country_total

	Calculates the total for each country from the covid_df, where only data for regions was present before



	calc_worldwide_total

	Calculates the worldwide total.



	get_daily_growth

	Calculates the daily growth values



	get_data_path

	Returns the Path object of a path in data and creates the parent folders if they don’t exist already



	get_fit_param_results_row

	Returns a row containing all fitted parameters for a region, which can than be combined to a fit param results dataframe



	get_growth_rate

	Calculates the growth rate values



	get_infectious

	Calculates the number of still infectious people.



	get_shifted_dfs

	Helper function to shift the date of the covid data by a given time and gain DataFrames which can be used to calculate the growth and growth rate.



	params_to_df

	Returns a DataFrame with the values and stderr of the params



	params_to_dict

	Converts fit result parameters to a dict



	translate_funkeinteraktiv_fit_data

	Helperfunction to prevent Fitting overhead, which would be caused if the same dataset with de and en region names would be fitted.















          

      

      

    

  

    
      
          
            
  
calc_country_total


	
calc_country_total(covid_df: pandas.core.frame.DataFrame) → pandas.core.frame.DataFrame[source]

	Calculates the total for each country from the covid_df,
where only data for regions was present before


	Parameters

	covid_df (pd.DataFrame) – covid19 DataFrame (needs to be in uniform style)



	Returns

	Dataframe containing the totals for countries, which before only had
their regions listed.



	Return type

	pd.DataFrame













          

      

      

    

  

    
      
          
            
  
calc_worldwide_total


	
calc_worldwide_total(covid_df: pandas.core.frame.DataFrame, parent_region_label='parent_region', region_label='region') → pandas.core.frame.DataFrame[source]

	Calculates the worldwide total.


	Parameters

	
	covid_df (pd.DataFrame) – covid19 DataFrame (needs to be in uniform style)


	parent_region_label (str) – name of the parent_region column


	region_label (str) – name of the region column






	Returns

	Dataframe containing the worldwide totals.



	Return type

	pd.DataFrame













          

      

      

    

  

    
      
          
            
  
get_daily_growth


	
get_daily_growth(covid_df: pandas.core.frame.DataFrame) → pandas.core.frame.DataFrame[source]

	Calculates the daily growth values


	Parameters

	covid_df (pd.DataFrame) – Full covid19 data from a data_source



	Returns

	covid19 DataFrame, with daily growth values instead of totals.



	Return type

	pd.DataFrame













          

      

      

    

  

    
      
          
            
  
get_data_path


	
get_data_path(sub_path: str) → pathlib.Path[source]

	Returns the Path object of a path in data and
creates the parent folders if they don’t exist already


	Parameters

	sub_path (str) – subpath in data directory



	Returns

	Path to a file in data



	Return type

	Path













          

      

      

    

  

    
      
          
            
  
get_fit_param_results_row


	
get_fit_param_results_row(region: str, parent_region: str, subset: str, fit_result: Dict[str, Union[lmfit.model.ModelResult, pandas.core.frame.DataFrame]]) → pandas.core.frame.DataFrame[source]

	Returns a row containing all fitted parameters for a region,
which can than be combined to a fit param results dataframe


	Parameters

	
	region (str) – Value of the fitted region


	parent_region (str) – Parent region of the fitted region


	subset (str) – Subset of the regions data which was fitted


	fit_result (Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]]) – Result of fit_data_model or its implementation






	Returns

	Row of fit param results dataframe, for the fitted region



	Return type

	pd.DataFrame






See also

covid19_data_analyzer.data_functions.analysis.factory_functions.fit_data_model()











          

      

      

    

  

    
      
          
            
  
get_growth_rate


	
get_growth_rate(covid_df: pandas.core.frame.DataFrame) → pandas.core.frame.DataFrame[source]

	Calculates the growth rate values


	Parameters

	covid_df (pd.DataFrame) – Full covid19 data from a data_source



	Returns

	covid19 DataFrame, with growth rate values instead of totals.



	Return type

	pd.DataFrame













          

      

      

    

  

    
      
          
            
  
get_infectious


	
get_infectious(covid_df: pandas.core.frame.DataFrame) → None[source]

	Calculates the number of still infectious people.
This function uses the mutability of DataFrames,
which is why it doesn’t have a return value


	Parameters

	covid_df (pd.DataFrame) – Dataframe containing all covid19 data













          

      

      

    

  

    
      
          
            
  
get_shifted_dfs


	
get_shifted_dfs(covid_df: pandas.core.frame.DataFrame, time_shift: Union[int, float] = 1, time_shift_unit: str = 'D') → Tuple[pandas.core.frame.DataFrame, pandas.core.frame.DataFrame][source]

	Helper function to shift the date of the covid data by a given time
and gain DataFrames which can be used to calculate the growth and growth rate.


	Parameters

	
	covid_df (pd.DataFrame) – Full covid19 data from a data_source


	time_shift ([int,float], optional) – value by which the time should be shifted, by default 1


	time_shift_unit (str, optional) – unit of the time shift , by default “D”






	Returns

	shifted and unshifted covid19 data, with date, parent_region and region as index



	Return type

	Tuple[pd.DataFrame, pd.DataFrame]













          

      

      

    

  

    
      
          
            
  
params_to_df


	
params_to_df(params: lmfit.parameter.Parameters, param_inverted_stderr: Iterable[str] = []) → pandas.core.frame.DataFrame[source]

	Returns a DataFrame with the values and stderr of the params


	Parameters

	
	params (lmfit.Parameters) – fit result parameters


	param_inverted_stderr (Iterable[str], optional) – iterable of parameternames with should be inverted,
to calculate the extrema. , by default []






	Returns

	DataFrame with columns “value” and “stderr”, parameternames as index



	Return type

	pd.DataFrame













          

      

      

    

  

    
      
          
            
  
params_to_dict


	
params_to_dict(params: lmfit.parameter.Parameters, kind: str = 'values') → dict[source]

	Converts fit result parameters to a dict


	Parameters

	
	params (lmfit.Parameters) – fit result parameters


	kind (str, optional) – [“values”, “stderr”], by default “values”






	Returns

	Dict containing the parameternames as key and the values or stderr as values



	Return type

	dict













          

      

      

    

  

    
      
          
            
  
translate_funkeinteraktiv_fit_data


	
translate_funkeinteraktiv_fit_data()[source]

	Helperfunction to prevent Fitting overhead,
which would be caused if the same dataset with de and en
region names would be fitted.
Rather than fitting twice, this function simply translates
the german region names to the english ones, which were both extracted by
‘get_funkeinteraktiv_data’.









          

      

      

    

  

    
      
          
            
  
scrapers


Submodules








	covid19_data_analyzer.data_functions.scrapers.JHU

	



	covid19_data_analyzer.data_functions.scrapers.funkeinteraktiv

	












Functions


Summary







	get_data

	Convenience function to quickly get covid19 data from the supported sources.















          

      

      

    

  

    
      
          
            
  
JHU


Submodules

















Functions


Summary







	get_JHU_data

	Retrives covid19 data from JHU (Johns Hopkins University) and transforms it to a uniform style https://github.com/CSSEGISandData/COVID-19



	get_JHU_data_subset

	Retrives covid19 data subset from JHU (Johns Hopkins University) https://github.com/CSSEGISandData/COVID-19















          

      

      

    

  

    
      
          
            
  
get_JHU_data


	
get_JHU_data(update_data: bool = False) → pandas.core.frame.DataFrame[source]

	Retrives covid19 data from JHU (Johns Hopkins University)
and transforms it to a uniform style
https://github.com/CSSEGISandData/COVID-19


	Parameters

	update_data (bool, optional) – Whether to fetch updated data or not, if the locally saved data
doesn’t include today.



	Returns

	Dataframe containing the covid19 data from JHU



	Return type

	pd.DataFrame






See also

get_JHU_data_subset()











          

      

      

    

  

    
      
          
            
  
get_JHU_data_subset


	
get_JHU_data_subset(subset: str) → pandas.core.frame.DataFrame[source]

	Retrives covid19 data subset from JHU (Johns Hopkins University)
https://github.com/CSSEGISandData/COVID-19


	Parameters

	subset (str) – Name of the subset, currently ‘confirmed’ or ‘deaths’
see: https://github.com/CSSEGISandData/COVID-19/issues/1250



	Returns

	Dataframe containing the covid19 data subset from JHU



	Return type

	pd.DataFrame













          

      

      

    

  

    
      
          
            
  
funkeinteraktiv


Submodules

















Functions


Summary







	get_funkeinteraktiv_data

	Retrives covid19 data from morgenpost API, which is used to generate the following website: https://interaktiv.morgenpost.de/corona-virus-karte-infektionen-deutschland-weltweit/



	get_funkeinteraktiv_language_data

	Helperfunction to select in which language the region and parent_region values should be represented















          

      

      

    

  

    
      
          
            
  
get_funkeinteraktiv_data


	
get_funkeinteraktiv_data(update_data: bool = False, language: str = 'de') → pandas.core.frame.DataFrame[source]

	Retrives covid19 data from morgenpost API, which is used to generate the following website:
https://interaktiv.morgenpost.de/corona-virus-karte-infektionen-deutschland-weltweit/


	Parameters

	
	update_data (bool, optional) – Whether to fetch updated data or not, if the locally saved data
doesn’t include today.


	language ("de"|"en", optional) – Language in which the region and parent_region values should be represented






	Returns

	Dataframe containing the covid19 data from morgenpost.de



	Return type

	pd.DataFrame













          

      

      

    

  

    
      
          
            
  
get_funkeinteraktiv_language_data


	
get_funkeinteraktiv_language_data(covid19_data: pandas.core.frame.DataFrame, language: str) → pandas.core.frame.DataFrame[source]

	Helperfunction to select in which language the region and parent_region
values should be represented


	Parameters

	
	covid19_data (pd.DataFrame) – covid19 DataFrame from “https://funkeinteraktiv.b-cdn.net/history.v4.csv”


	language ("de"|"en") – Language in which the region and parent_region values should be represented






	Returns

	[description]



	Return type

	pd.DataFrame






See also

get_funkeinteraktiv_data()











          

      

      

    

  

    
      
          
            
  
get_data


	
get_data(data_source: str = 'funkeinteraktiv_de', update_data: bool = False) → pandas.core.frame.DataFrame[source]

	Convenience function to quickly get covid19 data from the supported sources.


	Parameters

	
	data_source ("funkeinteraktiv_de"|"funkeinteraktiv_en"|"JHU", optional) – source from which the data should be fetched, by default “funkeinteraktiv_de”


	update_data (bool, optional) – Whether to fetch updated data or not, if the locally saved data
doesn’t include today.






	Returns

	covid19 DataFrame



	Return type

	pd.DataFrame



	Raises

	ValueError – If data_source is not supported













          

      

      

    

  

    
      
          
            
  
Contributing

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

You can contribute in many ways:


Types of Contributions


Report Bugs

Report bugs at https://github.com/s-weigand/covid19-data-analyzer/issues.

If you are reporting a bug, 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.







Fix Bugs

Look through the GitHub issues for bugs. Anything tagged with “bug” and “help
wanted” is open to whoever wants to implement it.




Implement Features

Look through the GitHub issues for features. Anything tagged with “enhancement”
and “help wanted” is open to whoever wants to implement it.




Write Documentation

covid19-data-analyser could always use more documentation, whether as part of the
official covid19-data-analyser docs, in docstrings, or even on the web in blog posts,
articles, and such.




Submit Feedback

The best way to send feedback is to file an issue at https://github.com/s-weigand/covid19-data-analyzer/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 contributions
are welcome :)









Get Started!

Ready to contribute? Here’s how to set up covid19_data_analyser for local development.


	Fork the covid19_data_analyser repo on GitHub.


	Clone your fork locally:

$ git clone git@github.com:your_name_here/covid19_data_analyser.git







	Install your local copy into a virtualenv. Assuming you have virtualenvwrapper installed, this is how you set up your fork for local development:

$ mkvirtualenv covid19_data_analyser
$ cd covid19_data_analyser/
$ python setup.py develop







	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, check that your changes pass flake8:

$ flake8 covid19_data_analyser










	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

Before you submit a pull request, check that it meets these guidelines:


	The pull request should include tests.


	If the pull request adds functionality, the docs should be updated. Put
your new functionality into a function with a docstring, and add the
feature to the list in README.rst.


	The pull request should work for Python 3.6, 3.7 and 3.8, and for PyPy. Check
https://travis-ci.com/s-weigand/covid19-data-analyzer/pull_requests
and make sure that the tests pass for all supported Python versions.
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  Source code for covid19_data_analyzer.dashboard.index

import os

from covid19_data_analyzer.dashboard.app import app
from covid19_data_analyzer.dashboard.components import LAYOUT

app.layout = LAYOUT


[docs]def run_dashboard_server():
    if "PRODUCTION_DOCKER" in os.environ:
        DEBUG = False
    else:
        DEBUG = True
    app.run_server(host="0.0.0.0", port=8050, debug=DEBUG)



if __name__ == "__main__":
    run_dashboard_server()




          

      

      

    

  

    
      
          
            
  Source code for covid19_data_analyzer.dashboard.components.data_plots

from dash.dependencies import Input, Output
import dash_core_components as dcc
import dash_html_components as html


from covid19_data_analyzer.dashboard.app import app
from covid19_data_analyzer.dashboard.utils.plot import generate_figure
from covid19_data_analyzer.dashboard.utils.data_loader import DASHBOARD_FIT_PARAM_DATA

from covid19_data_analyzer.data_functions.data_utils import (
    get_daily_growth,
    get_growth_rate,
)

DATA_PLOTS = html.Div(
    [
        html.Div(
            [
                dcc.Checklist(
                    id="plot_settings",
                    options=[
                        {"label": "Log Plot", "value": "log_plot"},
                        {"label": "Hide Raw Data", "value": "hide_raw_data"},
                        {"label": "Show fitted parameters", "value": "show_params"},
                    ],
                    value=[],
                    labelStyle={"display": "inline-block"},
                ),
            ],
            className="plot_settings_div",
        ),
        dcc.Markdown(id="fit_params"),
        dcc.Markdown("### Plots"),
        dcc.Graph(id="data_plot"),
        dcc.Graph(id="growth_plot"),
        dcc.Graph(id="growth_rate_plot"),
    ]
)


PLOT_INPUTS = [
    Input("source_select", "value"),
    Input("parent_regions", "value"),
    Input("regions", "value"),
    Input("subsets", "value"),
    Input("plot_settings", "value"),
    Input("fit_model", "value"),
]


[docs]@app.callback(
    Output("fit_params", "children"), PLOT_INPUTS,
)
def update_fit_param_table(
    data_source, parent_regions, regions, subsets, plot_settings, fit_model
):
    if "show_params" in plot_settings and fit_model is not None:
        fit_param_df = DASHBOARD_FIT_PARAM_DATA[data_source][fit_model]
        fit_param_df = fit_param_df[
            fit_param_df.parent_region.isin(parent_regions)
            & fit_param_df.region.isin(regions)
            & fit_param_df.subset.isin(subsets)
        ]
        fit_param_df_md = fit_param_df.set_index("parent_region").to_markdown()
        return f"### Fitted Parameters\n\n{fit_param_df_md}"
    elif "show_params" in plot_settings:
        return "#### In order to see the fitparameters you need to first select a 'Fitmodel'"
    else:
        return ""



[docs]@app.callback(
    Output("data_plot", "figure"), PLOT_INPUTS,
)
def update_data_plot(
    data_source, parent_regions, regions, subsets, plot_settings, fit_model
):
    return generate_figure(
        data_source=data_source,
        parent_regions=parent_regions,
        regions=regions,
        title="data",
        subsets=subsets,
        y_title="count (people)",
        plot_settings=plot_settings,
        fit_model=fit_model,
    )



[docs]@app.callback(
    Output("growth_plot", "figure"), PLOT_INPUTS,
)
def update_growth_plot(
    data_source, parent_regions, regions, subsets, plot_settings, fit_model
):
    return generate_figure(
        data_source=data_source,
        parent_regions=parent_regions,
        regions=regions,
        data_transform_fuction=get_daily_growth,
        title="daily growth",
        subsets=subsets,
        y_title="growth (people/day)",
        plot_settings=plot_settings,
        fit_model=fit_model,
    )



[docs]@app.callback(
    Output("growth_rate_plot", "figure"), PLOT_INPUTS,
)
def update_growth_rate_plot(
    data_source, parent_regions, regions, subsets, plot_settings, fit_model
):
    return generate_figure(
        data_source=data_source,
        parent_regions=parent_regions,
        regions=regions,
        data_transform_fuction=get_growth_rate,
        title="growth rate",
        subsets=subsets,
        y_title="growth rate",
        plot_settings=plot_settings,
        fit_model=fit_model,
    )





          

      

      

    

  

    
      
          
            
  Source code for covid19_data_analyzer.dashboard.components.data_selection

from dash.dependencies import Input, Output
import dash_core_components as dcc
import dash_html_components as html


from covid19_data_analyzer.dashboard.app import app
from covid19_data_analyzer.dashboard.utils.controls import (
    generate_dropdown_options,
    generate_selector,
    get_available_subsets,
)

from covid19_data_analyzer.dashboard.utils.data_loader import DASHBOARD_DATA
from covid19_data_analyzer.data_functions.scrapers import ALLOWED_SOURCES

from covid19_data_analyzer.data_functions.analysis import IMPLEMENTED_FIT_MODELS


SOURCE_SELECTION = html.Label(
    [
        "Data source",
        dcc.Dropdown(
            id="source_select",
            placeholder="Select a data source",
            options=generate_dropdown_options(ALLOWED_SOURCES),
            multi=False,
            clearable=False,
        ),
    ]
)
PARENT_REGION_SELECTION = html.Label(
    [
        "Parent region",
        dcc.Dropdown(
            id="parent_regions",
            placeholder="Select a parent region of the data",
            options=[],
            value=None,
            multi=True,
            clearable=False,
            disabled=True,
        ),
    ]
)
REGION_SELECTION = html.Label(
    [
        "Regions",
        dcc.Dropdown(
            id="regions",
            placeholder="Select a region of the data",
            options=[],
            value=None,
            multi=True,
            disabled=True,
        ),
    ]
)
SUBSET_SELECTION = html.Label(
    [
        "Data Subsets",
        dcc.Dropdown(
            id="subsets",
            placeholder="Select data subset",
            options=[],
            value=None,
            multi=True,
            disabled=True,
        ),
    ]
)
FITMODEL_SELECTION = html.Label(
    [
        "Fitmodel",
        dcc.Dropdown(
            id="fit_model",
            placeholder="Select fit model",
            options=generate_dropdown_options(IMPLEMENTED_FIT_MODELS),
            value=None,
            multi=False,
            disabled=True,
            clearable=True,
        ),
    ]
)

DATA_SELECTION = html.Div(
    [
        SOURCE_SELECTION,
        PARENT_REGION_SELECTION,
        REGION_SELECTION,
        SUBSET_SELECTION,
        FITMODEL_SELECTION,
    ],
    className="data_selection",
)


[docs]@app.callback(
    [
        Output("parent_regions", "options"),
        Output("parent_regions", "disabled"),
        Output("dl_format", "disabled"),
        Output("subsets", "disabled"),
    ],
    [Input("source_select", "value")],
)
def update_parent_regions(data_source):
    if data_source:
        covid19_data = DASHBOARD_DATA[data_source]
        parent_regions = covid19_data.parent_region.sort_values().unique()
        return (generate_dropdown_options(parent_regions), *[False] * 3)
    else:
        return ([], *[True] * 3)



[docs]@app.callback(
    [
        Output("regions", "options"),
        Output("regions", "disabled"),
        Output("fit_model", "disabled"),
    ],
    [Input("source_select", "value"), Input("parent_regions", "value")],
)
def update_regions(data_source, values):
    if data_source and values:
        covid19_data = DASHBOARD_DATA[data_source]
        selector = generate_selector(covid19_data.parent_region, values)
        regions = covid19_data[selector].region.sort_values().unique()
        return (generate_dropdown_options(regions), *[False] * 2)
    else:
        return ([], *[True] * 2)



[docs]@app.callback(
    [Output("subsets", "options"), Output("subsets", "value")],
    [Input("source_select", "value")],
)
def update_subsets(data_source):
    if data_source:
        covid19_data = DASHBOARD_DATA[data_source]
        subsets = get_available_subsets(covid19_data)
        return generate_dropdown_options(subsets), subsets
    else:
        return ([],) * 2





          

      

      

    

  

    
      
          
            
  Source code for covid19_data_analyzer.dashboard.components.download_area

from dash.dependencies import Input, Output
import dash_core_components as dcc
import dash_html_components as html

import flask

from covid19_data_analyzer.dashboard.app import app
from covid19_data_analyzer.dashboard.utils.controls import generate_dropdown_options
from covid19_data_analyzer.dashboard.utils.download import generate_download_buffer

DOWNLOAD_AREA = html.Div(
    [
        html.Label(
            [
                "Download format",
                dcc.Dropdown(
                    id="dl_format",
                    placeholder="Select a download file format",
                    options=generate_dropdown_options(["csv", "xls"]),
                    value=None,
                    clearable=False,
                    disabled=True,
                ),
            ]
        ),
        html.A(
            html.Button("Download Raw Data", id="download-button"),
            id="download-link",
            target="_blank",
        ),
    ],
    className="download_area",
)


[docs]@app.callback(
    [Output("download-link", "href"), Output("download-link", "target")],
    [Input("source_select", "value"), Input("dl_format", "value")],
)
def update_download_link(data_source, dl_format):
    if data_source and dl_format:
        return (
            f"/download_data?data_source={data_source}&dl_format={dl_format}",
            "_blank",
        )
    else:
        return "#", "_self"



[docs]@app.server.route("/download_data")
def download_data():
    data_source = flask.request.args.get("data_source")
    dl_format = flask.request.args.get("dl_format")
    download_dict = generate_download_buffer(data_source, dl_format)
    return flask.send_file(
        download_dict["buffer"],
        mimetype=download_dict["mimetype"],
        attachment_filename=download_dict["file_name"],
        as_attachment=True,
        cache_timeout=0,
    )





          

      

      

    

  

    
      
          
            
  Source code for covid19_data_analyzer.dashboard.utils.controls

from typing import Iterable

import pandas as pd


[docs]def generate_dropdown_options(values: Iterable[str]):
    """
    Generates Dropdown options from a list

    Parameters
    ----------
    values : Iterable[str]
        Iterable with the option values

    Returns
    -------
    Dict
        Options for the Dropdown
    """
    options = []
    for value in values:
        options.append({"label": value, "value": value})
    return options



[docs]def get_available_subsets(covid19_data: pd.DataFrame) -> list:
    """
    Returns a list of subsets which are available on the dataset

    Parameters
    ----------
    covid19_data : pd.DataFrame
        [description]

    Returns
    -------
    list
        List of available subsets
    """
    column_selector = covid19_data.columns.isin(
        ["confirmed", "recovered", "deaths", "still_infectious"]
    )
    return covid19_data.columns[column_selector].to_list()



[docs]def generate_selector(df_column: pd.Series, values: Iterable[str]):
    """
    Generates a selector based on values are in df_columns

    Parameters
    ----------
    df_column : pd.Series
        DataFrame colum which values should be compared to the values of values
    values : Iterable[str]
        Iterable of column values

    Returns
    -------
    pd.Series
        Boolean pd.Series which can be used as selector for the dataframe
    """
    selector_data = []
    for value in values:
        selector_data.append(df_column == value)
    return pd.DataFrame(selector_data).apply(any)





          

      

      

    

  

    
      
          
            
  Source code for covid19_data_analyzer.dashboard.utils.data_loader

from typing import Dict

import pandas as pd

from covid19_data_analyzer.data_functions.scrapers import ALLOWED_SOURCES, get_data
from covid19_data_analyzer.data_functions.analysis import (
    get_fit_data,
    IMPLEMENTED_FIT_MODELS,
)


[docs]def get_fit_data_dict(kind: str) -> Dict[str, Dict[str, pd.DataFrame]]:
    return {
        data_source: {
            model_name: get_fit_data(data_source, model_name, kind)
            for model_name in IMPLEMENTED_FIT_MODELS
        }
        for data_source in ALLOWED_SOURCES
    }



DASHBOARD_DATA: Dict[str, pd.DataFrame] = {
    data_source: get_data(data_source) for data_source in ALLOWED_SOURCES
}

DASHBOARD_FIT_PLOT_DATA = get_fit_data_dict("plot")
DASHBOARD_FIT_PARAM_DATA = get_fit_data_dict("params")




          

      

      

    

  

    
      
          
            
  Source code for covid19_data_analyzer.dashboard.utils.download

from typing import Dict

import io

import pandas as pd

from covid19_data_analyzer.dashboard.utils.data_loader import DASHBOARD_DATA


[docs]def generate_download_buffer(data_source: str, file_format: str) -> Dict:
    """
    Transdorms a dataframe to a given fileformat as buffer,
    which can be used for flask.send_file

    Parameters
    ----------
    data_source : str
        Name of the data source
    file_format : "csv" | "xls
        Format the file should be downloaded in

    Returns
    -------
    Dict
        dict containing the buffer, mimetype and filename
    """
    buffer = io.BytesIO()
    covid19_data = DASHBOARD_DATA[data_source]
    file_name = f"covid19_data_{data_source}"
    if file_format == "xls":
        with pd.ExcelWriter(buffer, engine="xlsxwriter") as excel_writer:  # noqa: E0110
            covid19_data.to_excel(excel_writer, sheet_name="sheet1", index=False)
        mimetype = "application/vnd.openxmlformats-officedocument.spreadsheetml.sheet"
        file_name += ".xls"

    elif file_format == "csv":
        with io.StringIO() as str_buffer:
            covid19_data.to_csv(str_buffer, index=False)
            buffer.write(str_buffer.getvalue().encode("utf-8"))
            str_buffer.close()
        mimetype = "text/csv"
        file_name += ".csv"

    buffer.seek(0)
    return {"buffer": buffer, "file_name": file_name, "mimetype": mimetype}





          

      

      

    

  

    
      
          
            
  Source code for covid19_data_analyzer.dashboard.utils.plot

from typing import Callable, Dict, List, Iterable

import pandas as pd
from plotly.colors import DEFAULT_PLOTLY_COLORS

from covid19_data_analyzer.dashboard.utils.data_loader import (
    DASHBOARD_DATA,
    DASHBOARD_FIT_PLOT_DATA,
)


[docs]def plotly_color_cycler(plot_index: int) -> str:
    """
    Colorcycler on base of the plotly default colors,
    to ensure that raw data and fits have the same color

    Parameters
    ----------
    plot_index : int
        index of the current plot

    Returns
    -------
    str
        Color to be used for a plot
    """
    mod_index = plot_index % len(DEFAULT_PLOTLY_COLORS)
    return DEFAULT_PLOTLY_COLORS[mod_index]



[docs]def generate_figure(
    data_source: str,
    parent_regions: Iterable[str],
    regions: Iterable[str],
    title: str,
    y_title: str,
    data_transform_fuction: Callable = None,
    subsets: Iterable[str] = ["confirmed"],
    plot_settings: Iterable[str] = [],
    fit_model: str = None,
) -> Dict:
    """
    Creates the Figure data for a plot

    Parameters
    ----------
    data_source : str
        name of the data source
    parent_regions : Iterable[str]
        names of the parent_regions which should be plotted
    regions : Iterable[str]
        names of the regions which should be plotted
    title : str
        Title of the plot
    y_title : str
        caption of the y-axis
    data_transform_fuction : Callable, optional
        function which should be applied on the data, by default None
    subsets : Iterable[str], optional
        subsets of the data which should be ploted, by default ["confirmed"]
    plot_settings : Iterable[str], optional
        settings which should be used for the plot, by default []
    fit_model : str, optional
        name of the fit model which should be used, by default None

    Returns
    -------
    Dict
        figure data of the plot
    """
    if data_source and regions:
        plot_data = []
        plot_index = 0
        data = DASHBOARD_DATA[data_source]
        data = data[data.parent_region.isin(parent_regions)]
        if data_transform_fuction is not None:
            data = data_transform_fuction(data)
        if fit_model is not None:
            fit_plot_data = DASHBOARD_FIT_PLOT_DATA[data_source][fit_model]
            if data_transform_fuction is not None:
                fit_plot_data = data_transform_fuction(fit_plot_data)
        else:
            fit_plot_data = None
        for subset in subsets:
            for region in regions:
                color = plotly_color_cycler(plot_index)
                plot_sub_data = generate_plot_sub_data(
                    raw_data=data,
                    region=region,
                    subset=subset,
                    hide_raw_data="hide_raw_data" in plot_settings,
                    color=color,
                    fit_data=fit_plot_data,
                )
                for plot_sub_data_entry in plot_sub_data:
                    plot_data.append(plot_sub_data_entry)
                plot_index += 1
        return {
            "data": plot_data,
            "layout": {
                "title": title,
                "clickmode": "event+select",
                "yaxis": {
                    "type": "log" if "log_plot" in plot_settings else "linear",
                    "title": y_title,
                },
                "xaxis": {"title": "Date"},
            },
        }
    else:
        return {"data": [], "layout": {"title": title}}



[docs]def generate_plot_sub_data(
    raw_data: pd.DataFrame,
    region: str,
    subset: str,
    color: str,
    hide_raw_data: bool = False,
    fit_data: pd.DataFrame = None,
) -> List[Dict]:
    """
    Function to generate the data used to plot raw data and/or its fit

    Parameters
    ----------
    raw_data : pd.DataFrame
        Actual case data
    region : str
        region name of the data, needed to generate the legend
    subset : str
        subset name of the data, needed to generate the legend
    color : str
        color of the trace, needed so raw data and fits have the same color
    hide_raw_data : bool, optional
        Whether or not to hide the raw data, by default False
    fit_data : pd.DataFrame, optional
        Data used to plot a fit, by default None

    Returns
    -------
    List[Dict]
        List of traces which should be ploted
    """
    plot_sub_data = []
    if not hide_raw_data:
        raw_region_data = raw_data[raw_data.region == region]
        raw_data_trace = create_trace(raw_region_data, region, subset, color)
        plot_sub_data.append(raw_data_trace,)
    if fit_data is not None:
        fit_region_data = fit_data[fit_data.region == region]
        if len(fit_region_data) and not fit_region_data[subset].isna().any():
            fit_data_trace = create_trace(
                fit_region_data, region, subset, color, is_fit=True
            )
            plot_sub_data.append(fit_data_trace,)

    return plot_sub_data



[docs]def create_trace(
    data: pd.DataFrame, region: str, subset: str, color: str, is_fit: bool = False
) -> Dict:
    """
    Function to generate the Plot trace of a single dataset,
    with the appropriate style (raw data -> marker, fit -> line)


    Parameters
    ----------
    data : pd.DataFrame
        Data which should be plotted
    region : str
        region name of the data, needed to generate the legend
    subset : str
        subset name of the data, needed to generate the legend
    color : str
        color of the trace, needed so raw data and fits have the same color
    is_fit : bool, optional
        Whether or not the data are from a fit, by default False

    Returns
    -------
    Dict
        Trace data to generate a plot with dash
    """
    name = f"{region} {subset}"
    if is_fit:
        mode = "line"
        name = f"fit {name}"
    else:
        mode = "markers"
    return {
        "x": data.date,
        "y": data[subset],
        "name": name,
        "mode": mode,
        "marker": {"size": 8, "color": color},
        "line": {"color": color},
        "hoverlabel": {"namelength": -1},
    }





          

      

      

    

  

    
      
          
            
  Source code for covid19_data_analyzer.data_functions.analysis

import pandas as pd

from covid19_data_analyzer.data_functions.data_utils import get_data_path
from covid19_data_analyzer.data_functions.scrapers import ALLOWED_SOURCES


IMPLEMENTED_FIT_MODELS = ["exponential_curve", "logistic_curve"]


[docs]def get_fit_data(
    data_source: str, model_name="logistic_curve", kind="plot"
) -> pd.DataFrame:
    """
    Convenience function to quickly get the fitted data from the supported sources.

    Parameters
    ----------
    data_source : str
        Name of the source the fitted data was fetched from.
    model_name : str, optional
        Name of the model which was used for fitting, by default "logistic_curve"
    kind : str, optional
        kind of data you want to retrieve, by default "plot"

    Returns
    -------
    pd.DataFrame
        Plot data or parameters, depending on 'kind'

    Raises
    ------
    ValueError
        If the model_name isn't supported
    ValueError
        If the data_source isn't supported
    """
    if model_name in IMPLEMENTED_FIT_MODELS and data_source in ALLOWED_SOURCES:
        if kind == "plot":
            fitted_plot_data_path = get_data_path(
                f"{data_source}/{model_name}_model_fit_plot_data.csv"
            )
            return pd.read_csv(fitted_plot_data_path, parse_dates=["date"])
        elif kind == "params":
            fitted_param_results_path = get_data_path(
                f"{data_source}/{model_name}_model_fit_params.csv"
            )
            return pd.read_csv(fitted_param_results_path)
        else:
            raise ValueError("The value of 'kind' need to be 'plot' or 'params'.")

    elif model_name not in IMPLEMENTED_FIT_MODELS:
        raise ValueError(
            f"The model '{model_name}' is not in "
            "IMPLEMENTED_FIT_MODELS ({IMPLEMENTED_FIT_MODELS}). "
            "If you just implemented a new model, make sure to add it to"
            "'IMPLEMENTED_FIT_MODELS'."
        )
    else:
        raise ValueError(
            f"The data_source '{data_source}', is not supported.\n"
            f"The supported values for 'data_source' are {ALLOWED_SOURCES}"
        )





          

      

      

    

  

    
      
          
            
  Source code for covid19_data_analyzer.data_functions.data_utils

from typing import Dict, Iterable, Tuple, Union
from pathlib import Path

import lmfit
import pandas as pd


[docs]def get_data_path(sub_path: str) -> Path:
    """
    Returns the Path object of a path in data and
    creates the parent folders if they don't exist already

    Parameters
    ----------
    sub_path : str
        subpath in data directory

    Returns
    -------
    Path
        Path to a file in data
    """
    data_base_path = Path(__file__).parent.parent / "data"
    data_path = data_base_path / sub_path
    if data_path.suffixes == []:
        data_path.mkdir(parents=True, exist_ok=True)
    else:
        data_path.parent.mkdir(parents=True, exist_ok=True)
    return data_path



[docs]def get_infectious(covid_df: pd.DataFrame) -> None:
    """
    Calculates the number of still infectious people.
    This function uses the mutability of DataFrames,
    which is why it doesn't have a return value

    Parameters
    ----------
    covid_df : pd.DataFrame
        Dataframe containing all covid19 data
    """
    if covid_df.columns.isin(["recovered"]).any():
        recovered = covid_df.recovered.fillna(0)
    else:
        recovered = 0
    deaths = covid_df.deaths.fillna(0)
    covid_df["still_infectious"] = covid_df.confirmed - recovered - deaths



[docs]def calc_country_total(covid_df: pd.DataFrame) -> pd.DataFrame:
    """
    Calculates the total for each country from the covid_df,
    where only data for regions was present before

    Parameters
    ----------
    covid_df : pd.DataFrame
        covid19 DataFrame (needs to be in uniform style)

    Returns
    -------
    pd.DataFrame
        Dataframe containing the totals for countries, which before only had
        their regions listed.
    """
    total_df = pd.DataFrame()
    for (parent, date), group in covid_df.groupby(["parent_region", "date"]):
        if parent != "#Global":
            country_total = group.sum()
            country_total.parent_region = "#Global"
            country_total.region = f"{parent} (total)"
            country_total["date"] = date
            total_df = total_df.append(country_total, ignore_index=True)
    return total_df



[docs]def calc_worldwide_total(
    covid_df: pd.DataFrame, parent_region_label="parent_region", region_label="region"
) -> pd.DataFrame:
    """
    Calculates the worldwide total.

    Parameters
    ----------
    covid_df : pd.DataFrame
        covid19 DataFrame (needs to be in uniform style)
    parent_region_label: str
        name of the parent_region column
    region_label: str
        name of the region column

    Returns
    -------
    pd.DataFrame
        Dataframe containing the worldwide totals.
    """
    global_country_df = covid_df[covid_df[parent_region_label] == "#Global"]
    worldwide_total_df = global_country_df.groupby(["date"]).sum()
    worldwide_total_df[parent_region_label] = "#Global"
    worldwide_total_df[region_label] = "#Worldwide"
    worldwide_total_df.reset_index(inplace=True)
    return worldwide_total_df



[docs]def get_shifted_dfs(
    covid_df: pd.DataFrame,
    time_shift: Union[int, float] = 1,
    time_shift_unit: str = "D",
) -> Tuple[pd.DataFrame, pd.DataFrame]:
    """
    Helper function to shift the date of the covid data by a given time
    and gain DataFrames which can be used to calculate the growth and growth rate.

    Parameters
    ----------
    covid_df : pd.DataFrame
        Full covid19 data from a data_source
    time_shift : [int,float], optional
        value by which the time should be shifted, by default 1
    time_shift_unit : str, optional
        unit of the time shift , by default "D"

    Returns
    -------
    Tuple[pd.DataFrame, pd.DataFrame]
        shifted and unshifted covid19 data, with date, parent_region and region as index
    """
    unshifted_data = covid_df.set_index(["date", "parent_region", "region"])
    shifted_data = covid_df.copy()
    shifted_data.date = shifted_data.date + pd.Timedelta(
        time_shift, unit=time_shift_unit
    )
    shifted_data = shifted_data.set_index(["date", "parent_region", "region"])
    return unshifted_data, shifted_data



[docs]def get_daily_growth(covid_df: pd.DataFrame) -> pd.DataFrame:
    """
    Calculates the daily growth values

    Parameters
    ----------
    covid_df : pd.DataFrame
        Full covid19 data from a data_source

    Returns
    -------
    pd.DataFrame
        covid19 DataFrame, with daily growth values instead of totals.
    """
    unshifted_data, shifted_data = get_shifted_dfs(covid_df)
    daily_increase = unshifted_data - shifted_data
    return daily_increase.dropna().reset_index()



[docs]def get_growth_rate(covid_df: pd.DataFrame) -> pd.DataFrame:
    """
    Calculates the growth rate values

    Parameters
    ----------
    covid_df : pd.DataFrame
        Full covid19 data from a data_source

    Returns
    -------
    pd.DataFrame
        covid19 DataFrame, with growth rate values instead of totals.
    """
    daily_growth = get_daily_growth(covid_df)
    unshifted_data, shifted_data = get_shifted_dfs(daily_growth)
    # the '+1' is needed to prevent zero division
    growth_rate = unshifted_data / (shifted_data + 1)
    return growth_rate.dropna().reset_index()



[docs]def params_to_dict(params: lmfit.Parameters, kind: str = "values") -> dict:
    """
    Converts fit result parameters to a dict

    Parameters
    ----------
    params : lmfit.Parameters
        fit result parameters
    kind : str, optional
        ["values", "stderr"], by default "values"

    Returns
    -------
    dict
        Dict containing the parameternames as key and the values or stderr as values
    """
    result_dict = {}
    for name, param in params.items():
        if kind == "values":
            result_dict[name] = param.value
        elif kind == "stderr":
            result_dict[name] = param.stderr
    return result_dict



[docs]def params_to_df(
    params: lmfit.Parameters, param_inverted_stderr: Iterable[str] = []
) -> pd.DataFrame:
    """
    Returns a DataFrame with the values and stderr of the params

    Parameters
    ----------
    params : lmfit.Parameters
        fit result parameters
    param_inverted_stderr : Iterable[str], optional
        iterable of parameternames with should be inverted,
        to calculate the extrema. , by default []

    Returns
    -------
    pd.DataFrame
        DataFrame with columns "value" and "stderr", parameternames as index
    """
    param_vals = params_to_dict(params)
    param_stderrs = params_to_dict(params, kind="stderr")
    param_df = pd.DataFrame({"values": param_vals, "stderr": param_stderrs})
    param_df.loc[param_inverted_stderr, "stderr"] = -param_df.loc[
        param_inverted_stderr, "stderr"
    ]
    return param_df



[docs]def get_fit_param_results_row(
    region: str,
    parent_region: str,
    subset: str,
    fit_result: Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]],
) -> pd.DataFrame:
    """
    Returns a row containing all fitted parameters for a region,
    which can than be combined to a fit param results dataframe

    Parameters
    ----------
    region : str
        Value of the fitted region
    parent_region : str
        Parent region of the fitted region
    subset:str
        Subset of the regions data which was fitted
    fit_result : Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]]
        Result of fit_data_model or its implementation

    Returns
    -------
    pd.DataFrame
        Row of fit param results dataframe, for the fitted region

    See Also
    --------
    covid19_data_analyzer.data_functions.analysis.factory_functions.fit_data_model
    """
    flat_params_df = pd.DataFrame(
        [{"region": region, "parent_region": parent_region, "subset": subset}]
    )
    params_df = params_to_df(fit_result["model_result"].params)
    transformed_df = (
        params_df.reset_index()
        .melt(id_vars="index", var_name="kind")
        .sort_values("index")
    )
    new_index = transformed_df["index"] + " " + transformed_df["kind"]
    transformed_df = (
        transformed_df.set_index(new_index).drop(["index", "kind"], axis=1).T
    )
    flat_params_df = flat_params_df.join(transformed_df.reset_index(drop=True))
    return flat_params_df



[docs]def translate_funkeinteraktiv_fit_data():
    """
    Helperfunction to prevent Fitting overhead,
    which would be caused if the same dataset with de and en
    region names would be fitted.
    Rather than fitting twice, this function simply translates
    the german region names to the english ones, which were both extracted by
    'get_funkeinteraktiv_data'.
    """
    source_dir = get_data_path("funkeinteraktiv_de")
    target_dir = get_data_path("funkeinteraktiv_en")
    translate_path = source_dir / "translation_table.csv"
    translate_df = pd.read_csv(translate_path).rename(
        {"label_parent_en": "parent_region", "label_en": "region"}, axis=1
    )
    region_df = translate_df[["region", "label"]].set_index("label", drop=True)
    parent_region_df = translate_df[["parent_region", "label_parent"]].set_index(
        "label_parent", drop=True
    )
    translate_dict = {**parent_region_df.to_dict(), **region_df.to_dict()}
    for source_file_path in source_dir.glob("*model_fit*.csv"):
        data_df = pd.read_csv(source_file_path)
        rel_path = source_file_path.relative_to(source_dir)
        target_file_path = target_dir / rel_path
        data_df.replace(translate_dict).to_csv(target_file_path, index=False)





          

      

      

    

  

    
      
          
            
  Source code for covid19_data_analyzer.data_functions.scrapers

import pandas as pd

from covid19_data_analyzer.data_functions.scrapers.funkeinteraktiv import (
    get_funkeinteraktiv_data,
)
from covid19_data_analyzer.data_functions.scrapers.JHU import get_JHU_data

ALLOWED_SOURCES = ["funkeinteraktiv_de", "funkeinteraktiv_en", "JHU"]


[docs]def get_data(
    data_source: str = "funkeinteraktiv_de", update_data: bool = False
) -> pd.DataFrame:
    """
    Convenience function to quickly get covid19 data from the supported sources.

    Parameters
    ----------
    data_source : "funkeinteraktiv_de"|"funkeinteraktiv_en"|"JHU", optional
        source from which the data should be fetched, by default "funkeinteraktiv_de"

    update_data : bool, optional
        Whether to fetch updated data or not, if the locally saved data
        doesn't include today.

    Returns
    -------
    pd.DataFrame
        covid19 DataFrame

    Raises
    ------
    ValueError
        If data_source is not supported
    """
    if data_source == "funkeinteraktiv_de":
        return get_funkeinteraktiv_data(update_data=update_data, language="de")
    elif data_source == "funkeinteraktiv_en":
        return get_funkeinteraktiv_data(update_data=update_data, language="en")
    elif data_source == "JHU":
        return get_JHU_data(update_data=update_data)
    else:
        raise ValueError(
            f"The data_source '{data_source}', is not supported.\n"
            f"The supported values for 'data_source' are {ALLOWED_SOURCES}"
        )





          

      

      

    

  

    
      
          
            
  Source code for covid19_data_analyzer.data_functions.analysis.exponential_curve

from typing import Dict, Union

import numpy as np
import pandas as pd

import lmfit
from lmfit.models import ExponentialModel

from covid19_data_analyzer.data_functions.analysis.factory_functions import (
    batch_fit_model,
    fit_data_model,
)


[docs]def fit_data_exponential_curve(
    covid19_data: pd.DataFrame,
    parent_region: str,
    region: str,
    data_set: str = "confirmed",
) -> Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]]:
    """
    Implementation of fit_data_model, with setting specific to
    the exponential curve model

    Parameters
    ----------
    covid19_data : pd.DataFrame
        Full covid19 data from a data_source
    parent_region : str
        parent_region of the data which should be fitted,
        needs to be in covid19_region_data.parent_region
    region : str
        region which data should be fired, needs to be in covid19_region_data.region
    data_set : str, optional
        which subdata schold be fitted, need to be of value
        ["confirmed", "recovered", deaths], by default "confirmed"

    Returns
    -------
    Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]]
        Result dict with keys "model_result" and "plot_data".

        model_result: lmfit.model.ModelResult
            result of the fit, with optimized parameters
        plot_data: pd.DataFrame
            Same as covid19_region_data, but with an resetted index and
            and added fir result

    See Also
    --------
    fit_data_model

    """

    def exp_func(x, amplitude=1, decay=1):
        return amplitude * np.exp(-x / decay)

    data_selector = (covid19_data.region == region) & (
        covid19_data.parent_region == parent_region
    )
    covid19_region_data = covid19_data.loc[data_selector, :].reset_index(drop=True)
    current_max = covid19_region_data[data_set].max()
    init_params = {
        "amplitude": current_max * 1e-3,
        "decay": -covid19_region_data.shape[0] / 7,
    }
    exp_model = ExponentialModel()
    exp_model.func = exp_func
    fit_result = fit_data_model(
        covid19_region_data, exp_model, data_set=data_set, init_params=init_params,
    )
    return fit_result



[docs]def batch_fit_exponential_curve():
    """
    Implementation of batch_fit_model, for the exponential curve model.

    See Also
    --------
    fit_data_exponential_curve
    batch_fit_model

    """
    batch_fit_model(
        fit_function=fit_data_exponential_curve, model_name="exponential_curve"
    )





          

      

      

    

  

    
      
          
            
  Source code for covid19_data_analyzer.data_functions.analysis.factory_functions

from typing import Callable, Dict, Iterable, Tuple, Union
import itertools

import numpy as np
import pandas as pd

import lmfit

from covid19_data_analyzer.data_functions.data_utils import (
    get_fit_param_results_row,
    params_to_df,
)

from covid19_data_analyzer.data_functions.scrapers import ALLOWED_SOURCES, get_data
from covid19_data_analyzer.data_functions.data_utils import (
    get_data_path,
    get_infectious,
)


[docs]def fit_data_model(
    covid19_region_data: pd.DataFrame,
    model: lmfit.Model,
    data_set: str = "confirmed",
    init_params: dict = {},
    free_var_name: str = "x",
) -> Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]]:
    """
    Generic function to fit lmfit.Model models, onto a regional subset covid data.

    Parameters
    ----------
    covid19_region_data : pd.DataFrame
        covid19 DataFrame for one region
    model : lmfit.Model
        [description]
    data_set : str, optional
        which subdata schold be fitted, need to be of value
        ["confirmed" | "recovered" | deaths], by default "confirmed"
    init_params : dict, optional
        initial parameters for a fit, they depend on the model, by default {}
    free_var_name : str, optional
        name of the free variable used by the model, by default "x"

    Returns
    -------
    Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]]
        Result dict with keys "model_result" and "plot_data".

        model_result: lmfit.model.ModelResult
            result of the fit, with optimized parameters
        plot_data: pd.DataFrame
            Same as covid19_region_data, but with an resetted index and
            and added fir result

    """
    region_data = covid19_region_data.copy().reset_index(drop=True)
    x = np.arange(region_data.shape[0])
    y = region_data[data_set].values
    result = model.fit(y, **{free_var_name: x, **init_params})
    region_data[f"fitted_{data_set}"] = result.best_fit
    return {"model_result": result, "plot_data": region_data}



[docs]def calc_extrema(
    x: np.ndarray,
    func: Callable,
    param_df: pd.DataFrame,
    func_options: dict = {},
    brute_force_extrema: bool = False,
) -> Tuple[np.ndarray]:
    """
    Calculates the supremum and infimum of a given function func,
    with the parameters and their errors given by param_df, over the values of x.

    Parameters
    ----------
    x : np.ndarray
        Values the supremum and infimum should be calculated over
    func : Callable
        Functions used to calculate the supremum and infimum
    param_df : pd.DataFrame
        DataFrame with parameters and errors
    func_options : dict, optional
        options for func, by default {}
    brute_force_extrema : bool, optional
        Whether or not to calculate supremum and infimum from all permutations
        of adding and subtracting the errors from the parameters.
        For some functions, i.e. the logistic curve, this is needed, since simply
        adding or subtracting the errors from the parameter can lead to supremum and/or
        infimum to cross the result with the exact parameters., by default False

    Returns
    -------
    Tuple[np.ndarray]
        supremum, infimum
    """
    if brute_force_extrema:
        error_permutation_df = pd.DataFrame(
            itertools.product(*zip(param_df.stderr, -param_df.stderr)),
            columns=param_df.index,
        )
        param_permutation_df = error_permutation_df + param_df.value
        result_permutation_df = param_permutation_df.apply(
            lambda params: func(x, **{**params.to_dict(), **func_options}),
            axis=1,
            result_type="expand",
        )
        supremum = result_permutation_df.max()
        infimum = result_permutation_df.min()
    else:
        supremum_params = (param_df.value + param_df.stderr).to_dict()
        infimum_params = (param_df.value - param_df.stderr).to_dict()
        supremum = func(x, **{**supremum_params, **func_options})
        infimum = func(x, **{**infimum_params, **func_options})
    return supremum, infimum



[docs]def predict_trend(
    fit_result: Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]],
    days_to_predict: int = 30,
    func_options: dict = {},
    param_inverted_stderr: Iterable[str] = [],
    brute_force_extrema: bool = False,
) -> pd.DataFrame:
    """
    Generic function to predict a trend from fitted data

    Parameters
    ----------
    fit_result : Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]]
        result of fit_data_model or its implementation
    days_to_predict : int, optional
        number of days to predict a trend for, by default 30
    func_options : dict, optional
        options for the function of model, by default {}
    param_inverted_stderr : Iterable[str], optional
        iterable of parameternames with should be inverted,
        to calculate the extrema. , by default []
    brute_force_extrema : bool, optional
        Whether or not to calculate supremum and infimum from all permutations
        of adding and subtracting the errors from the parameters.
        For some functions, i.e. the logistic curve, this is needed, since simply
        adding or subtracting the errors from the parameter can lead to supremum and/or
        infimum to cross the result with the exact parameters., by default False


    Returns
    -------
    pd.DataFrame
        DataFrame with columns "date", "trend", "trend_sup" and "trend_inf"

        date: pd.Datetime
            date of the values
        trend: float
            predicted trend
        trend_sup: float
            supremum of the trend
        trend_inf: float
            infimum of the trend

    See Also
    --------
    fit_data_model
    calc_extrema
    params_to_df
    """
    model_result = fit_result["model_result"]
    func = model_result.model.func
    x = np.arange(model_result.ndata, model_result.ndata + days_to_predict)
    param_df = params_to_df(
        model_result.params, param_inverted_stderr=param_inverted_stderr
    )
    params = param_df.value.to_dict()
    date = fit_result["plot_data"].date.max() + pd.Series(x).apply(
        lambda x: pd.Timedelta(x + 1, unit="D")
    )
    trend = func(x, **{**params, **func_options})
    sup, inf = calc_extrema(
        x,
        func,
        param_df,
        func_options=func_options,
        brute_force_extrema=brute_force_extrema,
    )
    trend_df = pd.DataFrame(
        {"date": date, "trend": trend, "trend_sup": sup, "trend_inf": inf}
    )
    return trend_df.set_index(x)



[docs]def fit_subsets(
    fit_function: Callable,
    covid19_data: pd.DataFrame,
    row: pd.Series,
    subsets: Iterable,
    data_source: str,
    fit_func_kwargs: dict = {},
) -> Tuple[pd.DataFrame, pd.DataFrame]:
    """
    Function to fit the subsets of a regional covid data

    Parameters
    ----------
    fit_function : Callable
        Implementation of a model with fit_data_model
    covid19_data : pd.DataFrame
        Full covid19 data from a data_source
    row : pd.Series
        Row of of a dataframe only containing unique value pairs for
        "region" and "parent_region"
    subsets : Iterable
        Iterable of subset names
    data_source : str
        name of the data source, only needed to print debug information
    fit_func_kwargs : dict, optional
        Additional kwargs passed to fit_function, by default {}

    Returns
    -------
    Tuple[pd.DataFrame, pd.DataFrame]
        fitted_region_plot_data, fitted_param_subset

        fitted_region_plot_data:
            actual fitted data, which can be used for plotting
        fitted_param_subset:
            fit parameters for a region

    See Also
    --------
    fit_data_model
    fit_regions
    batch_fit_model
    """
    region = row.region
    parent_region = row.parent_region
    fitted_param_subset = pd.DataFrame()
    fitted_region_plot_data = None
    print(f"Fitting data for: {region}, from {data_source}")
    for subset in subsets:
        try:
            fit_result = fit_function(
                covid19_data, parent_region, region, subset, **fit_func_kwargs
            )
            fit_param_row = get_fit_param_results_row(
                region, parent_region, subset, fit_result
            )
            fitted_param_subset = fitted_param_subset.append(
                fit_param_row, ignore_index=True
            )
            fitted_data_column = f"fitted_{subset}"
            plot_data = fit_result["plot_data"][
                ["date", "region", "parent_region", fitted_data_column]
            ].copy()
            plot_data = plot_data.rename(columns={fitted_data_column: subset})
            if fitted_region_plot_data is None:
                fitted_region_plot_data = plot_data[
                    ["date", "region", "parent_region", subset]
                ]
            else:
                fitted_region_plot_data = pd.merge(
                    fitted_region_plot_data,
                    plot_data,
                    on=["date", "region", "parent_region"],
                )
        except (ValueError, TypeError):
            print(f"Error fitting data for: {region} {subset}, from {data_source}")
    if fitted_region_plot_data is None:
        return pd.DataFrame(), pd.DataFrame()
    else:
        return fitted_region_plot_data, fitted_param_subset



[docs]def fit_regions(
    covid19_data: pd.DataFrame,
    fit_function: Callable,
    data_source: str,
    fit_func_kwargs: dict = {},
) -> Tuple[pd.DataFrame, pd.DataFrame]:
    """
    Function to fit all regions of a covid dataset

    Parameters
    ----------
    covid19_data : pd.DataFrame
        Full covid19 data from a data_source
    fit_function : Callable
        Implementation of a model with fit_data_model
    data_source : str
        name of the data source, only needed to print debug information
    fit_func_kwargs : dict, optional
        Additional kwargs passed to fit_function, by default {}

    Returns
    -------
    Tuple[pd.DataFrame, pd.DataFrame]
        fitted_plot_data, fitted_param_results

        fitted_plot_data:
            actual fitted data, which can be used for plotting
        fitted_param_results:
            fit parameters

    See Also
    --------
    fit_subsets
    batch_fit_model
    """
    subset_selector = covid19_data.columns.isin(["confirmed", "deaths", "recovered"])
    subsets = covid19_data.columns[subset_selector]
    regions_df = covid19_data[["region", "parent_region"]].drop_duplicates("region")
    fitted_param_results = pd.DataFrame()
    fitted_plot_data = pd.DataFrame()
    for _, row in regions_df.iterrows():
        fitted_region_plot_data, fitted_param_subset = fit_subsets(
            fit_function=fit_function,
            covid19_data=covid19_data,
            row=row,
            subsets=subsets,
            data_source=data_source,
            fit_func_kwargs=fit_func_kwargs,
        )
        fitted_param_results = fitted_param_results.append(
            fitted_param_subset, ignore_index=True
        )
        fitted_plot_data = fitted_plot_data.append(
            fitted_region_plot_data, ignore_index=True
        )

    get_infectious(fitted_plot_data)

    fitted_param_results.sort_values(["parent_region", "region"], inplace=True)
    fitted_plot_data.sort_values(["date", "parent_region", "region"], inplace=True)
    return fitted_plot_data, fitted_param_results



[docs]def batch_fit_model(
    fit_function: Callable, model_name: str, fit_func_kwargs: dict = {},
) -> None:
    """
    Generic function to fit a fit_function to the data of all data sources and
    save them to file

    Parameters
    ----------
    fit_function : Callable
        Implementation of a model with fit_data_model
    model_name : str
        Name of the model which is fitted, used to generate the path
    fit_func_kwargs : dict, optional
        Additional kwargs passed to fit_function, by default {}

    See Also
    --------
    fit_subsets
    fit_regions
    """
    for data_source in ALLOWED_SOURCES:
        covid19_data = get_data(data_source)
        fitted_plot_data, fitted_param_results = fit_regions(
            covid19_data=covid19_data,
            fit_function=fit_function,
            data_source=data_source,
            fit_func_kwargs=fit_func_kwargs,
        )
        fitted_plot_data_path = get_data_path(
            f"{data_source}/{model_name}_model_fit_plot_data.csv"
        )
        fitted_param_results_path = get_data_path(
            f"{data_source}/{model_name}_model_fit_params.csv"
        )

        fitted_param_results.to_csv(fitted_param_results_path, index=False)
        fitted_plot_data.to_csv(fitted_plot_data_path, index=False)





          

      

      

    

  

    
      
          
            
  Source code for covid19_data_analyzer.data_functions.analysis.logistic_curve

from typing import Dict, Union

import pandas as pd

import lmfit
from lmfit.models import StepModel


from covid19_data_analyzer.data_functions.analysis.factory_functions import (
    batch_fit_model,
    fit_data_model,
    predict_trend,
)


LOGISTIC_MODEL = StepModel(form="logistic")


[docs]def fit_data_logistic_curve(
    covid19_data: pd.DataFrame,
    parent_region: str,
    region: str,
    data_set: str = "confirmed",
    sigma: Union[int, float] = 5,
) -> Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]]:
    """
    Implementation of fit_data_model, with setting specific to
    the logistic curve model

    Parameters
    ----------
    covid19_data : pd.DataFrame
        Full covid19 data from a data_source
    parent_region : str
        parent_region of the data which should be fitted,
        needs to be in covid19_region_data.parent_region
    region : str
        region which data should be fitted, needs to be in covid19_region_data.region
    data_set : str, optional
        which subdata schold be fitted, need to be of value
        ["confirmed", "recovered", deaths], by default "confirmed"
    sigma : int, optional
        initial value for the parameter 'sigma' of the logistic curve model,
        by default 14

    Returns
    -------
    Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]]
        Result dict with keys "model_result" and "plot_data".

        model_result: lmfit.model.ModelResult
            result of the fit, with optimized parameters
        plot_data: pd.DataFrame
            Same as covid19_region_data, but with an resetted index and
            and added fir result

    See Also
    --------
    fit_data_model
    """
    data_selector = (covid19_data.region == region) & (
        covid19_data.parent_region == parent_region
    )
    covid19_region_data = covid19_data.loc[data_selector, :].reset_index(drop=True)
    center = covid19_region_data[
        covid19_region_data[data_set] > covid19_region_data[data_set].max() / 2
    ].index.min()
    init_params = {
        "amplitude": covid19_region_data[data_set].max(),
        "center": center,
        "sigma": sigma,
    }
    fit_result = fit_data_model(
        covid19_region_data, LOGISTIC_MODEL, data_set=data_set, init_params=init_params
    )
    return fit_result



[docs]def predict_trend_logistic_curve(
    fit_result: Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]],
    days_to_predict: int = 30,
) -> pd.DataFrame:
    """
    Implementation of fit_data_model, with setting specific to
    the logistic curve model


    Parameters
    ----------
    fit_result : Dict[str, Union[lmfit.model.ModelResult, pd.DataFrame]]
        result of fit_data_model or its implementation
    days_to_predict : int, optional
        number of days to predict a trend for, by default 30


    Returns
    -------
    pd.DataFrame
        DataFrame with columns "date", "trend", "trend_sup" and "trend_inf"

        date: pd.Datetime
            date of the values
        trend: float
            predicted trend
        trend_sup: float
            supremum of the trend
        trend_inf: float
            infimum of the trend

    See Also
    --------
    predict_trend
    fit_data_model
    calc_extrema
    params_to_df
    """

    return predict_trend(
        fit_result,
        days_to_predict=days_to_predict,
        func_options={"form": "logistic"},
        brute_force_extrema=True,
    )



[docs]def batch_fit_logistic_curve():
    """
    Implementation of batch_fit_model, for the logistic curve model.

    See Also
    --------
    fit_data_logistic_curve
    batch_fit_model
    """
    batch_fit_model(fit_function=fit_data_logistic_curve, model_name="logistic_curve")





          

      

      

    

  

    
      
          
            
  Source code for covid19_data_analyzer.data_functions.scrapers.JHU

import pandas as pd


from covid19_data_analyzer.data_functions.data_utils import (
    get_data_path,
    get_infectious,
    calc_country_total,
    calc_worldwide_total,
)


[docs]def get_JHU_data_subset(subset: str) -> pd.DataFrame:
    """
    Retrives covid19 data subset from JHU (Johns Hopkins University)
    https://github.com/CSSEGISandData/COVID-19

    Parameters
    ----------
    subset : str
        Name of the subset, currently 'confirmed' or 'deaths'
        see: https://github.com/CSSEGISandData/COVID-19/issues/1250

    Returns
    -------
    pd.DataFrame
        Dataframe containing the covid19 data subset from JHU
    """
    JHU_subset = pd.read_csv(
        f"https://raw.githubusercontent.com/CSSEGISandData/COVID-19/master/csse_covid_19_data/csse_covid_19_time_series/time_series_covid19_{subset}_global.csv"  # noqa: E501
    ).drop(["Long", "Lat"], axis=1)
    JHU_subset.rename(
        columns={"Country/Region": "parent_region", "Province/State": "region"},
        inplace=True,
    )
    global_selector = JHU_subset["region"].isna()
    JHU_subset.loc[global_selector, "region"] = JHU_subset[global_selector][
        "parent_region"
    ]
    JHU_subset.loc[global_selector, "parent_region"] = "#Global"
    date_columns = JHU_subset.columns.drop(["region", "parent_region"])
    tranformed = JHU_subset.melt(
        id_vars=["region", "parent_region"],
        value_vars=date_columns,
        var_name="date",
        value_name=subset,
    )
    tranformed["date"] = pd.to_datetime(tranformed["date"])
    return tranformed



[docs]def get_JHU_data(update_data: bool = False) -> pd.DataFrame:
    """
    Retrives covid19 data from JHU (Johns Hopkins University)
    and transforms it to a uniform style
    https://github.com/CSSEGISandData/COVID-19

    Parameters
    ----------
    update_data : bool, optional
        Whether to fetch updated data or not, if the locally saved data
        doesn't include today.

    Returns
    -------
    pd.DataFrame
        Dataframe containing the covid19 data from JHU

    See Also
    --------
    get_JHU_data_subset
    """
    local_save_path = get_data_path("JHU/covid19_infections.csv")
    if local_save_path.exists():
        JHU_data = pd.read_csv(local_save_path, parse_dates=["date"])
    if not local_save_path.exists() or update_data:
        print("Fetching updated data: JHU")
        confirmed = get_JHU_data_subset("confirmed")
        deaths = get_JHU_data_subset("deaths")
        recovered = get_JHU_data_subset("recovered")
        JHU_data = pd.merge(confirmed, deaths, on=["date", "region", "parent_region"])
        JHU_data = pd.merge(JHU_data, recovered, on=["date", "region", "parent_region"])
        country_total = calc_country_total(JHU_data)
        JHU_data = JHU_data.append(country_total, ignore_index=True)
        JHU_data = JHU_data.append(calc_worldwide_total(JHU_data), ignore_index=True)
        get_infectious(JHU_data)
        JHU_data.sort_values(["date", "parent_region", "region"], inplace=True)
        JHU_data.set_index("date").to_csv(local_save_path)
    return JHU_data





          

      

      

    

  

    
      
          
            
  Source code for covid19_data_analyzer.data_functions.scrapers.funkeinteraktiv

import pandas as pd

from covid19_data_analyzer.data_functions.data_utils import (
    get_data_path,
    get_infectious,
    calc_worldwide_total,
)


[docs]def get_funkeinteraktiv_language_data(
    covid19_data: pd.DataFrame, language: str
) -> pd.DataFrame:
    """
    Helperfunction to select in which language the region and parent_region
    values should be represented

    Parameters
    ----------
    covid19_data : pd.DataFrame
        covid19 DataFrame from "https://funkeinteraktiv.b-cdn.net/history.v4.csv"
    language : "de"|"en"
        Language in which the region and parent_region values should be represented

    Returns
    -------
    pd.DataFrame
        [description]

    See Also
    --------
    get_funkeinteraktiv_data
    """
    target_labels = ["region", "parent_region"]
    language_labels_de = ["label", "label_parent"]
    language_labels_en = ["label_en", "label_parent_en"]
    if language == "de":
        rename_dict = dict(zip(language_labels_de, target_labels))
        drop_list = language_labels_en
    else:
        rename_dict = dict(zip(language_labels_en, target_labels))
        drop_list = language_labels_de
    return covid19_data.drop(drop_list, axis=1).rename(columns=rename_dict)



[docs]def get_funkeinteraktiv_data(
    update_data: bool = False, language: str = "de"
) -> pd.DataFrame:
    """
    Retrives covid19 data from morgenpost API, which is used to generate the following website:
    https://interaktiv.morgenpost.de/corona-virus-karte-infektionen-deutschland-weltweit/

    Parameters
    ----------
    update_data : bool, optional
        Whether to fetch updated data or not, if the locally saved data
        doesn't include today.

    language: "de"|"en", optional
        Language in which the region and parent_region values should be represented

    Returns
    -------
    pd.DataFrame
        Dataframe containing the covid19 data from morgenpost.de
    """
    translation_table_path = get_data_path("funkeinteraktiv_de/translation_table.csv")
    local_save_path_de = get_data_path("funkeinteraktiv_de/covid19_infections.csv")
    local_save_path_en = get_data_path("funkeinteraktiv_en/covid19_infections.csv")
    if language == "de":
        local_save_path = local_save_path_de
    else:
        local_save_path = local_save_path_en
    if local_save_path.exists():
        funkeinteraktiv_data = pd.read_csv(local_save_path, parse_dates=["date"])
    if not local_save_path.exists() or update_data:
        print("Fetching updated data: funkeinteraktiv")
        columns_to_drop = [
            "id",
            "parent",
            "lon",
            "lat",
            "levels",
            "updated",
            "retrieved",
            "source",
            "source_url",
            "scraper",
        ]
        funkeinteraktiv_data = pd.read_csv(
            "https://funkeinteraktiv.b-cdn.net/history.v4.csv", parse_dates=["date"],
        ).drop(columns_to_drop, axis=1)
        funkeinteraktiv_data.fillna(
            {"label_parent": "#Global", "label_parent_en": "#Global"}, inplace=True
        )
        funkeinteraktiv_data = funkeinteraktiv_data.append(
            calc_worldwide_total(funkeinteraktiv_data, "label_parent", "label"),
            ignore_index=True,
        )
        get_infectious(funkeinteraktiv_data)
        funkeinteraktiv_data.sort_values(
            ["date", "label_parent", "label"], inplace=True
        )

        get_funkeinteraktiv_language_data(funkeinteraktiv_data, "de").set_index(
            "date"
        ).to_csv(local_save_path_de)

        get_funkeinteraktiv_language_data(funkeinteraktiv_data, "en").set_index(
            "date"
        ).to_csv(local_save_path_en)

        funkeinteraktiv_data[
            ["label_parent", "label", "label_parent_en", "label_en"]
        ].drop_duplicates().to_csv(translation_table_path, index=False)

        funkeinteraktiv_data = get_funkeinteraktiv_language_data(
            funkeinteraktiv_data, language=language
        )
    return funkeinteraktiv_data





          

      

      

    

  

    
      
          
            
  Source code for lmfit.models

"""Module containing built-in fitting models."""
import time

from asteval import Interpreter, get_ast_names
import numpy as np

from . import lineshapes
from .lineshapes import (breit_wigner, damped_oscillator, dho, doniach,
                         expgaussian, exponential, gaussian, linear, lognormal,
                         lorentzian, moffat, parabolic, pearson7, powerlaw,
                         pvoigt, rectangle, skewed_gaussian, skewed_voigt,
                         split_lorentzian, step, students_t,
                         thermal_distribution, voigt)
from .model import Model

tiny = np.finfo(np.float).eps


class DimensionalError(Exception):
    """Raise exception when number of independent variables is not one."""


def _validate_1d(independent_vars):
    if len(independent_vars) != 1:
        raise DimensionalError(
            "This model requires exactly one independent variable.")


def fwhm_expr(model):
    """Return constraint expression for fwhm."""
    fmt = "{factor:.7f}*{prefix:s}sigma"
    return fmt.format(factor=model.fwhm_factor, prefix=model.prefix)


def height_expr(model):
    """Return constraint expression for maximum peak height."""
    fmt = "{factor:.7f}*{prefix:s}amplitude/max({}, {prefix:s}sigma)"
    return fmt.format(tiny, factor=model.height_factor, prefix=model.prefix)


def guess_from_peak(model, y, x, negative, ampscale=1.0, sigscale=1.0):
    """Estimate amp, cen, sigma for a peak, create params."""
    if x is None:
        return 1.0, 0.0, 1.0

    sort_increasing = np.argsort(x)
    x = x[sort_increasing]
    y = y[sort_increasing]

    maxy, miny = max(y), min(y)
    maxx, minx = max(x), min(x)
    cen = x[np.argmax(y)]
    height = (maxy - miny)*3.0
    sig = (maxx-minx)/6.0

    # the explicit conversion to a NumPy array is to make sure that the
    # indexing on line 65 also works if the data is supplied as pandas.Series
    x_halfmax = np.array(x[y > (maxy+miny)/2.0])
    if negative:
        height = -(maxy - miny)*3.0
        x_halfmax = x[y < (maxy+miny)/2.0]
    if len(x_halfmax) > 2:
        sig = (x_halfmax[-1] - x_halfmax[0])/2.0
        cen = x_halfmax.mean()
    amp = height*sig*ampscale
    sig = sig*sigscale

    pars = model.make_params(amplitude=amp, center=cen, sigma=sig)
    pars['%ssigma' % model.prefix].set(min=0.0)
    return pars


def update_param_vals(pars, prefix, **kwargs):
    """Update parameter values with keyword arguments."""
    for key, val in kwargs.items():
        pname = "%s%s" % (prefix, key)
        if pname in pars:
            pars[pname].value = val
    pars.update_constraints()
    return pars


COMMON_INIT_DOC = """
    Parameters
    ----------
    independent_vars : ['x']
        Arguments to func that are independent variables.
    prefix : str, optional
        String to prepend to parameter names, needed to add two Models that
        have parameter names in common.
    nan_policy : str, optional
        How to handle NaN and missing values in data. Must be one of:
        'raise' (default), 'propagate', or 'omit'. See Notes below.
    **kwargs : optional
        Keyword arguments to pass to :class:`Model`.

    Notes
    -----
    1. nan_policy sets what to do when a NaN or missing value is seen in the
    data. Should be one of:

        - 'raise' : Raise a ValueError (default)
        - 'propagate' : do nothing
        - 'omit' : drop missing data

    """

COMMON_GUESS_DOC = """Guess starting values for the parameters of a model.

    Parameters
    ----------
    data : array_like
        Array of data to use to guess parameter values.
    **kws : optional
        Additional keyword arguments, passed to model function.

    Returns
    -------
    params : Parameters

    """

COMMON_DOC = COMMON_INIT_DOC


class ConstantModel(Model):
    """Constant model, with a single Parameter: ``c``.

    Note that this is 'constant' in the sense of having no dependence on
    the independent variable ``x``, not in the sense of being non-varying.
    To be clear, ``c`` will be a Parameter that will be varied
    in the fit (by default, of course).

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})

        def constant(x, c=0.0):
            return c
        super().__init__(constant, **kwargs)

    def guess(self, data, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = self.make_params()

        pars['%sc' % self.prefix].set(value=data.mean())
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class ComplexConstantModel(Model):
    """Complex constant model, with wo Parameters: ``re``, and ``im``.

    Note that ``re`` and ``im`` are 'constant' in the sense of having no
    dependence on the independent variable ``x``, not in the sense of
    being non-varying. To be clear, ``re`` and ``im`` will be Parameters
    that will be varied in the fit (by default, of course).

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 name=None, **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})

        def constant(x, re=0., im=0.):
            return re + 1j*im
        super().__init__(constant, **kwargs)

    def guess(self, data, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = self.make_params()
        pars['%sre' % self.prefix].set(value=data.real.mean())
        pars['%sim' % self.prefix].set(value=data.imag.mean())
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class LinearModel(Model):
    """Linear model, with two Parameters ``intercept`` and ``slope``.

    Defined as:

    .. math::

        f(x; m, b) = m x + b

    with  ``slope`` for :math:`m` and  ``intercept`` for :math:`b`.

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(linear, **kwargs)

    def guess(self, data, x=None, **kwargs):
        """Estimate initial model parameter values from data."""
        sval, oval = 0., 0.
        if x is not None:
            sval, oval = np.polyfit(x, data, 1)
        pars = self.make_params(intercept=oval, slope=sval)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class QuadraticModel(Model):
    """A quadratic model, with three Parameters ``a``, ``b``, and ``c``.

    Defined as:

    .. math::

        f(x; a, b, c) = a x^2 + b x + c

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(parabolic, **kwargs)

    def guess(self, data, x=None, **kwargs):
        """Estimate initial model parameter values from data."""
        a, b, c = 0., 0., 0.
        if x is not None:
            a, b, c = np.polyfit(x, data, 2)
        pars = self.make_params(a=a, b=b, c=c)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


ParabolicModel = QuadraticModel


class PolynomialModel(Model):
    r"""A polynomial model with up to 7 Parameters, specified by ``degree``.

    .. math::

        f(x; c_0, c_1, \ldots, c_7) = \sum_{i=0, 7} c_i  x^i

    with parameters ``c0``, ``c1``, ..., ``c7``.  The supplied ``degree``
    will specify how many of these are actual variable parameters.  This
    uses :numpydoc:`polyval` for its calculation of the polynomial.

    """

    MAX_DEGREE = 7
    DEGREE_ERR = "degree must be an integer less than %d."

    def __init__(self, degree, independent_vars=['x'], prefix='',
                 nan_policy='raise', **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        if not isinstance(degree, int) or degree > self.MAX_DEGREE:
            raise TypeError(self.DEGREE_ERR % self.MAX_DEGREE)

        self.poly_degree = degree
        pnames = ['c%i' % (i) for i in range(degree + 1)]
        kwargs['param_names'] = pnames

        def polynomial(x, c0=0, c1=0, c2=0, c3=0, c4=0, c5=0, c6=0, c7=0):
            return np.polyval([c7, c6, c5, c4, c3, c2, c1, c0], x)

        super().__init__(polynomial, **kwargs)

    def guess(self, data, x=None, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = self.make_params()
        if x is not None:
            out = np.polyfit(x, data, self.poly_degree)
            for i, coef in enumerate(out[::-1]):
                pars['%sc%i' % (self.prefix, i)].set(value=coef)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class GaussianModel(Model):
    r"""A model based on a Gaussian or normal distribution lineshape (see
    https://en.wikipedia.org/wiki/Normal_distribution), with three Parameters:
    ``amplitude``, ``center``, and ``sigma``.
    In addition, parameters ``fwhm`` and ``height`` are included as constraints
    to report full width at half maximum and maximum peak height, respectively.

    .. math::

        f(x; A, \mu, \sigma) = \frac{A}{\sigma\sqrt{2\pi}} e^{[{-{(x-\mu)^2}/{{2\sigma}^2}}]}

    where the parameter ``amplitude`` corresponds to :math:`A`, ``center`` to
    :math:`\mu`, and ``sigma`` to :math:`\sigma`.  The full width at
    half maximum is :math:`2\sigma\sqrt{2\ln{2}}`, approximately
    :math:`2.3548\sigma`.

    """

    fwhm_factor = 2*np.sqrt(2*np.log(2))
    height_factor = 1./np.sqrt(2*np.pi)

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(gaussian, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        self.set_param_hint('sigma', min=0)
        self.set_param_hint('fwhm', expr=fwhm_expr(self))
        self.set_param_hint('height', expr=height_expr(self))

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = guess_from_peak(self, data, x, negative)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class LorentzianModel(Model):
    r"""A model based on a Lorentzian or Cauchy-Lorentz distribution function
    (see https://en.wikipedia.org/wiki/Cauchy_distribution), with three Parameters:
    ``amplitude``, ``center``, and ``sigma``.
    In addition, parameters ``fwhm`` and ``height`` are included as constraints
    to report full width at half maximum and maximum peak height, respectively.

    .. math::

        f(x; A, \mu, \sigma) = \frac{A}{\pi} \big[\frac{\sigma}{(x - \mu)^2 + \sigma^2}\big]

    where the parameter ``amplitude`` corresponds to :math:`A`, ``center`` to
    :math:`\mu`, and ``sigma`` to :math:`\sigma`.  The full width at
    half maximum is :math:`2\sigma`.

    """

    fwhm_factor = 2.0
    height_factor = 1./np.pi

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(lorentzian, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        self.set_param_hint('sigma', min=0)
        self.set_param_hint('fwhm', expr=fwhm_expr(self))
        self.set_param_hint('height', expr=height_expr(self))

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = guess_from_peak(self, data, x, negative, ampscale=1.25)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class SplitLorentzianModel(Model):
    r"""A model based on a Lorentzian or Cauchy-Lorentz distribution function
    (see https://en.wikipedia.org/wiki/Cauchy_distribution), with four
    parameters: ``amplitude``, ``center``, ``sigma``, and ``sigma_r``.

    In addition, parameters ``fwhm`` and ``height`` are included as constraints
    to report full width at half maximum and maximum peak height, respectively.

    'Split' means that the width of the distribution is different between
    left and right slopes.

    .. math::

        f(x; A, \mu, \sigma, \sigma_r) = \frac{2 A}{\pi (\sigma+\sigma_r)} \big[\frac{\sigma^2}{(x - \mu)^2 + \sigma^2} * H(\mu-x) + \frac{\sigma_r^2}{(x - \mu)^2 + \sigma_r^2} * H(x-\mu)\big]

    where the parameter ``amplitude`` corresponds to :math:`A`, ``center`` to
    :math:`\mu`, ``sigma`` to :math:`\sigma`, ``sigma_l`` to
    :math:`\sigma_l`, and :math:`H(x)` is a Heaviside step function:

    .. math::

        H(x) = 0 | x < 0, 1 | x \geq 0

    The full width at half maximum is :math:`\sigma_l+\sigma_r`. Just as with
    the Lorentzian model, integral of this function from ``-.inf`` to
    ``+.inf`` equals to ``amplitude``.
    """
    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(split_lorentzian, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        fwhm_expr = '{pre:s}sigma+{pre:s}sigma_r'
        height_expr = '2*{pre:s}amplitude/{0:.7f}/max({1:.7f}, ({pre:s}sigma+{pre:s}sigma_r))'
        self.set_param_hint('sigma', min=0)
        self.set_param_hint('sigma_r', min=0)
        self.set_param_hint('fwhm', expr=fwhm_expr.format(pre=self.prefix))
        self.set_param_hint('height', expr=height_expr.format(np.pi, tiny, pre=self.prefix))

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = guess_from_peak(self, data, x, negative, ampscale=1.25)
        sigma = pars['%ssigma' % self.prefix]
        pars['%ssigma_r' % self.prefix].set(value=sigma.value, min=sigma.min, max=sigma.max)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class VoigtModel(Model):
    r"""A model based on a Voigt distribution function (see
    https://en.wikipedia.org/wiki/Voigt_profile), with four Parameters:
    ``amplitude``, ``center``, ``sigma``, and ``gamma``.  By default,
    ``gamma`` is constrained to have a value equal to ``sigma``, though it
    can be varied independently.  In addition, parameters ``fwhm`` and
    ``height`` are included as constraints to report full width at half
    maximum and maximum peak height, respectively.  The definition for the
    Voigt function used here is

    .. math::

        f(x; A, \mu, \sigma, \gamma) = \frac{A \textrm{Re}[w(z)]}{\sigma\sqrt{2 \pi}}

    where

    .. math::
        :nowrap:

        \begin{eqnarray*}
            z &=& \frac{x-\mu +i\gamma}{\sigma\sqrt{2}} \\
            w(z) &=& e^{-z^2}{\operatorname{erfc}}(-iz)
        \end{eqnarray*}

    and :func:`erfc` is the complementary error function.  As above,
    ``amplitude`` corresponds to :math:`A`, ``center`` to
    :math:`\mu`, and ``sigma`` to :math:`\sigma`. The parameter ``gamma``
    corresponds  to :math:`\gamma`.
    If ``gamma`` is kept at the default value (constrained to ``sigma``),
    the full width at half maximum is approximately :math:`3.6013\sigma`.

    """
    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(voigt, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        self.set_param_hint('sigma', min=0)
        self.set_param_hint('gamma', expr='%ssigma' % self.prefix)

        fexpr = ("1.0692*{pre:s}gamma+" +
                 "sqrt(0.8664*{pre:s}gamma**2+5.545083*{pre:s}sigma**2)")
        hexpr = ("({pre:s}amplitude/(max({0}, {pre:s}sigma*sqrt(2*pi))))*"
                 "wofz((1j*{pre:s}gamma)/(max({0}, {pre:s}sigma*sqrt(2)))).real")

        self.set_param_hint('fwhm', expr=fexpr.format(pre=self.prefix))
        self.set_param_hint('height', expr=hexpr.format(tiny, pre=self.prefix))

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = guess_from_peak(self, data, x, negative,
                               ampscale=1.5, sigscale=0.65)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class PseudoVoigtModel(Model):
    r"""A model based on a pseudo-Voigt distribution function
    (see https://en.wikipedia.org/wiki/Voigt_profile#Pseudo-Voigt_Approximation),
    which is a weighted sum of a Gaussian and Lorentzian distribution function
    that share values for ``amplitude`` (:math:`A`), ``center`` (:math:`\mu`)
    and full width at half maximum ``fwhm`` (and so have  constrained values of
    ``sigma`` (:math:`\sigma`) and ``height`` (maximum peak height).
    A parameter ``fraction`` (:math:`\alpha`) controls the relative weight of
    the Gaussian and Lorentzian components, giving the full definition of

    .. math::

        f(x; A, \mu, \sigma, \alpha) = \frac{(1-\alpha)A}{\sigma_g\sqrt{2\pi}}
        e^{[{-{(x-\mu)^2}/{{2\sigma_g}^2}}]}
        + \frac{\alpha A}{\pi} \big[\frac{\sigma}{(x - \mu)^2 + \sigma^2}\big]

    where :math:`\sigma_g = {\sigma}/{\sqrt{2\ln{2}}}` so that the full width
    at half maximum of each component and of the sum is :math:`2\sigma`. The
    :meth:`guess` function always sets the starting value for ``fraction`` at 0.5.

    """

    fwhm_factor = 2.0

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(pvoigt, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        self.set_param_hint('sigma', min=0)
        self.set_param_hint('fraction', value=0.5, min=0.0, max=1.0)
        self.set_param_hint('fwhm', expr=fwhm_expr(self))
        fmt = ("(((1-{prefix:s}fraction)*{prefix:s}amplitude)/"
               "max({0}, ({prefix:s}sigma*sqrt(pi/log(2))))+"
               "({prefix:s}fraction*{prefix:s}amplitude)/"
               "max({0}, (pi*{prefix:s}sigma)))")
        self.set_param_hint('height', expr=fmt.format(tiny, prefix=self.prefix))

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = guess_from_peak(self, data, x, negative, ampscale=1.25)
        pars['%sfraction' % self.prefix].set(value=0.5, min=0.0, max=1.0)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class MoffatModel(Model):
    r"""A model based on the Moffat distribution function
    (see https://en.wikipedia.org/wiki/Moffat_distribution), with four Parameters:
    ``amplitude`` (:math:`A`), ``center`` (:math:`\mu`), a width parameter
    ``sigma`` (:math:`\sigma`) and an exponent ``beta`` (:math:`\beta`).
    In addition, parameters ``fwhm`` and ``height`` are included as constraints
    to report full width at half maximum and maximum peak height, respectively.

    .. math::

        f(x; A, \mu, \sigma, \beta) = A \big[(\frac{x-\mu}{\sigma})^2+1\big]^{-\beta}

    the full width have maximum is :math:`2\sigma\sqrt{2^{1/\beta}-1}`.
    The :meth:`guess` function always sets the starting value for ``beta`` to 1.

    Note that for (:math:`\beta=1`) the Moffat has a Lorentzian shape.

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(moffat, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        self.set_param_hint('sigma', min=0)
        self.set_param_hint('beta')
        self.set_param_hint('fwhm', expr="2*%ssigma*sqrt(2**(1.0/max(1e-3, %sbeta))-1)" % (self.prefix, self.prefix))
        self.set_param_hint('height', expr="%samplitude" % self.prefix)

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = guess_from_peak(self, data, x, negative, ampscale=0.5, sigscale=1.)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class Pearson7Model(Model):
    r"""A model based on a Pearson VII distribution (see
    https://en.wikipedia.org/wiki/Pearson_distribution#The_Pearson_type_VII_distribution),
    with four parameters: ``amplitude`` (:math:`A`), ``center``
    (:math:`\mu`), ``sigma`` (:math:`\sigma`), and ``exponent`` (:math:`m`).
    In addition, parameters ``fwhm`` and ``height`` are included as constraints
    to report estimates for the full width at half maximum and maximum peak height,
    respectively.

    .. math::

        f(x; A, \mu, \sigma, m) = \frac{A}{\sigma{\beta(m-\frac{1}{2}, \frac{1}{2})}} \bigl[1 + \frac{(x-\mu)^2}{\sigma^2}  \bigr]^{-m}

    where :math:`\beta` is the beta function (see :scipydoc:`special.beta`)
    The :meth:`guess` function always gives a starting value for ``exponent``
    of 1.5.  In addition, parameters ``fwhm`` and ``height`` are included as
    constraints to report full width at half maximum and maximum peak height,
    respectively.

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(pearson7, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        self.set_param_hint('expon', value=1.5, max=100)
        fmt = ("sqrt(2**(1/{prefix:s}expon)-1)*2*{prefix:s}sigma")
        self.set_param_hint('fwhm', expr=fmt.format(prefix=self.prefix))
        fmt = ("{prefix:s}amplitude * gamfcn({prefix:s}expon)/"
               "max({0}, (gamfcn(0.5)*gamfcn({prefix:s}expon-0.5)*{prefix:s}sigma))")
        self.set_param_hint('height', expr=fmt.format(tiny, prefix=self.prefix))

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = guess_from_peak(self, data, x, negative)
        pars['%sexpon' % self.prefix].set(value=1.5)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class StudentsTModel(Model):
    r"""A model based on a Student's t distribution function (see
    https://en.wikipedia.org/wiki/Student%27s_t-distribution), with three Parameters:
    ``amplitude`` (:math:`A`), ``center`` (:math:`\mu`) and ``sigma`` (:math:`\sigma`).
    In addition, parameters ``fwhm`` and ``height`` are included as constraints
    to report full width at half maximum and maximum peak height, respectively.

    .. math::

        f(x; A, \mu, \sigma) = \frac{A \Gamma(\frac{\sigma+1}{2})} {\sqrt{\sigma\pi}\,\Gamma(\frac{\sigma}{2})} \Bigl[1+\frac{(x-\mu)^2}{\sigma}\Bigr]^{-\frac{\sigma+1}{2}}


    where :math:`\Gamma(x)` is the gamma function.

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(students_t, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        self.set_param_hint('sigma', min=0.0, max=100)
        fmt = ("{prefix:s}amplitude*gamfcn(({prefix:s}sigma+1)/2)/"
               "(sqrt({prefix:s}sigma*pi)*gamfcn({prefix:s}sigma/2))")
        self.set_param_hint('height', expr=fmt.format(prefix=self.prefix))
        fmt = ("2*sqrt(2**(2/({prefix:s}sigma+1))*"
               "{prefix:s}sigma-{prefix:s}sigma)")
        self.set_param_hint('fwhm', expr=fmt.format(prefix=self.prefix))

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = guess_from_peak(self, data, x, negative)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class BreitWignerModel(Model):
    r"""A model based on a Breit-Wigner-Fano function (see
    https://en.wikipedia.org/wiki/Fano_resonance), with four Parameters:
    ``amplitude`` (:math:`A`), ``center`` (:math:`\mu`),
    ``sigma`` (:math:`\sigma`), and ``q`` (:math:`q`).

    .. math::

        f(x; A, \mu, \sigma, q) = \frac{A (q\sigma/2 + x - \mu)^2}{(\sigma/2)^2 + (x - \mu)^2}

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(breit_wigner, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        self.set_param_hint('sigma', min=0.0)

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = guess_from_peak(self, data, x, negative)
        pars['%sq' % self.prefix].set(value=1.0)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class LognormalModel(Model):
    r"""A model based on the Log-normal distribution function
    (see https://en.wikipedia.org/wiki/Lognormal), with three Parameters
    ``amplitude`` (:math:`A`), ``center`` (:math:`\mu`) and ``sigma``
    (:math:`\sigma`).
    In addition, parameters ``fwhm`` and ``height`` are included as constraints
    to report estimates of full width at half maximum and maximum peak height,
    respectively.

    .. math::

        f(x; A, \mu, \sigma) = \frac{A}{\sigma\sqrt{2\pi}}\frac{e^{-(\ln(x) - \mu)^2/ 2\sigma^2}}{x}

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(lognormal, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        self.set_param_hint('center', min=1.e-19)
        self.set_param_hint('sigma', min=0)

        fmt = ("{prefix:s}amplitude/max({0}, ({prefix:s}sigma*sqrt(2*pi)))"
               "*exp({prefix:s}sigma**2/2-{prefix:s}center)")
        self.set_param_hint('height', expr=fmt.format(tiny, prefix=self.prefix))
        fmt = ("exp({prefix:s}center-{prefix:s}sigma**2+{prefix:s}sigma*sqrt("
               "2*log(2)))-"
               "exp({prefix:s}center-{prefix:s}sigma**2-{prefix:s}sigma*sqrt("
               "2*log(2)))")
        self.set_param_hint('fwhm', expr=fmt.format(prefix=self.prefix))

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = self.make_params(amplitude=1.0, center=0.0, sigma=0.25)
        pars['%ssigma' % self.prefix].set(min=0.0)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class DampedOscillatorModel(Model):
    r"""A model based on the Damped Harmonic Oscillator Amplitude
    (see https://en.wikipedia.org/wiki/Harmonic_oscillator#Amplitude_part), with
    three Parameters:  ``amplitude`` (:math:`A`), ``center`` (:math:`\mu`) and
    ``sigma`` (:math:`\sigma`).
    In addition, the parameter ``height`` is included as a constraint
    to report the maximum peak height.

    .. math::

        f(x; A, \mu, \sigma) = \frac{A}{\sqrt{ [1 - (x/\mu)^2]^2 + (2\sigma x/\mu)^2}}

    """

    height_factor = 0.5

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(damped_oscillator, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        self.set_param_hint('sigma', min=0)
        self.set_param_hint('height', expr=height_expr(self))

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = guess_from_peak(self, data, x, negative,
                               ampscale=0.1, sigscale=0.1)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class DampedHarmonicOscillatorModel(Model):
    r"""A model based on a variation of the Damped Harmonic Oscillator (see
    https://en.wikipedia.org/wiki/Harmonic_oscillator), following the
    definition given in DAVE/PAN (see https://www.ncnr.nist.gov/dave/) with
    four Parameters: ``amplitude`` (:math:`A`), ``center`` (:math:`\mu`),
    ``sigma`` (:math:`\sigma`), and ``gamma`` (:math:`\gamma`).
    In addition, parameters ``fwhm`` and ``height`` are included as constraints
    to report estimates for full width at half maximum and maximum peak height,
    respectively.

    .. math::

        f(x; A, \mu, \sigma, \gamma) = \frac{A\sigma}{\pi [1 - \exp(-x/\gamma)]}
                \Big[ \frac{1}{(x-\mu)^2 + \sigma^2} - \frac{1}{(x+\mu)^2 + \sigma^2} \Big]

    where :math:`\gamma=kT` k is the Boltzmann constant in :math:`evK^-1`
    and T is the temperature in :math:`K`.

    """

    fwhm_factor = 2.0

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(dho, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        self.set_param_hint('sigma', min=0)
        self.set_param_hint('gamma', min=1.e-19)
        fmt = ("({prefix:s}amplitude*{prefix:s}sigma)/"
               "max({0}, (pi*(1-exp(-{prefix:s}center/max({0}, {prefix:s}gamma)))))*"
               "(1/max({0}, {prefix:s}sigma**2)-1/"
               "max({0}, (4*{prefix:s}center**2+{prefix:s}sigma**2)))")
        self.set_param_hint('height', expr=fmt.format(tiny, prefix=self.prefix))
        self.set_param_hint('fwhm', expr=fwhm_expr(self))

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = guess_from_peak(self, data, x, negative,
                               ampscale=0.1, sigscale=0.1)
        pars['%sgamma' % self.prefix].set(value=1.0, min=0.0)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class ExponentialGaussianModel(Model):
    r"""A model of an Exponentially modified Gaussian distribution
    (see https://en.wikipedia.org/wiki/Exponentially_modified_Gaussian_distribution) with
    four Parameters ``amplitude`` (:math:`A`), ``center`` (:math:`\mu`),
    ``sigma`` (:math:`\sigma`), and  ``gamma`` (:math:`\gamma`).

    .. math::

        f(x; A, \mu, \sigma, \gamma) = \frac{A\gamma}{2}
        \exp\bigl[\gamma({\mu - x  + \gamma\sigma^2/2})\bigr]
        {\operatorname{erfc}}\Bigl(\frac{\mu + \gamma\sigma^2 - x}{\sqrt{2}\sigma}\Bigr)


    where :func:`erfc` is the complementary error function.

    """
    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(expgaussian, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        self.set_param_hint('sigma', min=0)
        self.set_param_hint('gamma', min=0, max=20)

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = guess_from_peak(self, data, x, negative)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class SkewedGaussianModel(Model):
    r"""A variation of the Exponential Gaussian, this uses a skewed normal distribution
    (see https://en.wikipedia.org/wiki/Skew_normal_distribution), with Parameters
    ``amplitude`` (:math:`A`), ``center`` (:math:`\mu`),  ``sigma`` (:math:`\sigma`),
    and ``gamma`` (:math:`\gamma`).

    .. math::

       f(x; A, \mu, \sigma, \gamma) = \frac{A}{\sigma\sqrt{2\pi}}
       e^{[{-{(x-\mu)^2}/{{2\sigma}^2}}]} \Bigl\{ 1 +
       {\operatorname{erf}}\bigl[
       \frac{{\gamma}(x-\mu)}{\sigma\sqrt{2}}
       \bigr] \Bigr\}

    where :func:`erf` is the error function.

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(skewed_gaussian, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        self.set_param_hint('sigma', min=0)

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = guess_from_peak(self, data, x, negative)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class SkewedVoigtModel(Model):
    r"""A variation of the Skewed Gaussian, this applies the same skewing
      to a Voigt distribution (see
      https://en.wikipedia.org/wiki/Voigt_distribution).  It has Parameters
      ``amplitude`` (:math:`A`), ``center`` (:math:`\mu`), ``sigma``
      (:math:`\sigma`), and ``gamma`` (:math:`\gamma`), as usual for a
      Voigt distribution, and add a Parameter ``skew``.

    .. math::


       f(x; A, \mu, \sigma, \gamma, \rm{skew}) = {\rm{Voigt}}(x; A, \mu, \sigma, \gamma)
       \Bigl\{ 1 +  {\operatorname{erf}}\bigl[
       \frac{{\rm{skew}}(x-\mu)}{\sigma\sqrt{2}}
       \bigr] \Bigr\}

    where :func:`erf` is the error function.

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(skewed_voigt, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        self.set_param_hint('sigma', min=0)
        self.set_param_hint('gamma', expr='%ssigma' % self.prefix)

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = guess_from_peak(self, data, x, negative)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class ThermalDistributionModel(Model):
    r"""Return a thermal distribution function.

    Variable ``form`` defines
    the kind of distribution as below with parameters ``amplitude``
    (:math:`A`), ``center`` (:math:`x_0`) and ``kt`` (:math:`kt`). The
    following distributions are available:

    - ``bose`` (the default) Bose-Einstein distribution
    - ``maxwell`` Maxwell-Boltzmann distribution
    - ``fermi`` Fermi-Dirac distribution

    The functional forms are defined as:

    .. math::
        :nowrap:

        \begin{eqnarray*}
        & f(x; A, x_0, kt, {\mathrm{form={}'bose{}'}})  & = \frac{1}{A \exp(\frac{x - x_0}{kt}) - 1} \\
        & f(x; A, x_0, kt, {\mathrm{form={}'maxwell{}'}})  & = \frac{1}{A \exp(\frac{x - x_0}{kt})} \\
        & f(x; A, x_0, kt, {\mathrm{form={}'fermi{}'}})  & = \frac{1}{A \exp(\frac{x - x_0}{kt}) + 1} ]
        \end{eqnarray*}

    see http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/disfcn.html

    Comments:

    - ``kt`` should be defined in the same units as ``x`` (:math:`k_B = 8.617\times10^{-5}` eV/K).
    - set :math:`kt<0` to implement the energy loss convention common in
      scattering research.

    """
    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 form='bose', **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'form': form, 'independent_vars': independent_vars})
        super().__init__(thermal_distribution, **kwargs)
        self._set_paramhints_prefix()

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        if x is None:
            center = 0
            kt = 1
        else:
            center = np.mean(x)
            kt = (max(x) - min(x))/10

        pars = self.make_params()
        return update_param_vals(pars, self.prefix, center=center, kt=kt)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class DoniachModel(Model):
    r"""A model of an Doniach Sunjic asymmetric lineshape
    (see https://www.casaxps.com/help_manual/line_shapes.htm), used in
    photo-emission, with four Parameters ``amplitude`` (:math:`A`),
    ``center`` (:math:`\mu`), ``sigma`` (:math:`\sigma`), and ``gamma``
    (:math:`\gamma`).
    In addition, parameter ``height`` is included as a constraint.

    .. math::

        f(x; A, \mu, \sigma, \gamma) = \frac{A}{\sigma^{1-\gamma}}
        \frac{\cos\bigl[\pi\gamma/2 + (1-\gamma)
        \arctan{((x - \mu)}/\sigma)\bigr]} {\bigr[1 + (x-\mu)/\sigma\bigl]^{(1-\gamma)/2}}

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(doniach, **kwargs)
        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        fmt = ("{prefix:s}amplitude/max({0}, ({prefix:s}sigma**(1-{prefix:s}gamma)))"
               "*cos(pi*{prefix:s}gamma/2)")
        self.set_param_hint('height', expr=fmt.format(tiny, prefix=self.prefix))

    def guess(self, data, x=None, negative=False, **kwargs):
        """Estimate initial model parameter values from data."""
        pars = guess_from_peak(self, data, x, negative, ampscale=0.5)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


DonaichModel = DoniachModel   # for back-compat


class PowerLawModel(Model):
    r"""A model based on a Power Law (see https://en.wikipedia.org/wiki/Power_law),
    with two Parameters: ``amplitude`` (:math:`A`), and ``exponent`` (:math:`k`), in:

    .. math::

        f(x; A, k) = A x^k

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(powerlaw, **kwargs)

    def guess(self, data, x=None, **kwargs):
        """Estimate initial model parameter values from data."""
        try:
            expon, amp = np.polyfit(np.log(x+1.e-14), np.log(data+1.e-14), 1)
        except TypeError:
            expon, amp = 1, np.log(abs(max(data)+1.e-9))

        pars = self.make_params(amplitude=np.exp(amp), exponent=expon)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


[docs]class ExponentialModel(Model):
    r"""A model based on an exponential decay function
    (see https://en.wikipedia.org/wiki/Exponential_decay) with two Parameters:
    ``amplitude`` (:math:`A`), and ``decay`` (:math:`\tau`), in:

    .. math::

        f(x; A, \tau) = A e^{-x/\tau}

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'independent_vars': independent_vars})
        super().__init__(exponential, **kwargs)

    def guess(self, data, x=None, **kwargs):
        """Estimate initial model parameter values from data."""
        try:
            sval, oval = np.polyfit(x, np.log(abs(data)+1.e-15), 1)
        except TypeError:
            sval, oval = 1., np.log(abs(max(data)+1.e-9))
        pars = self.make_params(amplitude=np.exp(oval), decay=-1.0/sval)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC



[docs]class StepModel(Model):
    r"""A model based on a Step function, with three Parameters:
    ``amplitude`` (:math:`A`), ``center`` (:math:`\mu`) and ``sigma`` (:math:`\sigma`).

    There are four choices for ``form``:

    - ``linear`` (the default)
    - ``atan`` or ``arctan`` for an arc-tangent function
    - ``erf`` for an error function
    - ``logistic`` for a logistic function (see https://en.wikipedia.org/wiki/Logistic_function)

    The step function starts with a value 0, and ends with a value of
    :math:`A` rising to :math:`A/2` at :math:`\mu`, with :math:`\sigma`
    setting the characteristic width. The functional forms are defined as:

    .. math::
        :nowrap:

        \begin{eqnarray*}
        & f(x; A, \mu, \sigma, {\mathrm{form={}'linear{}'}})  & = A \min{[1, \max{(0,  \alpha)}]} \\
        & f(x; A, \mu, \sigma, {\mathrm{form={}'arctan{}'}})  & = A [1/2 + \arctan{(\alpha)}/{\pi}] \\
        & f(x; A, \mu, \sigma, {\mathrm{form={}'erf{}'}})     & = A [1 + {\operatorname{erf}}(\alpha)]/2 \\
        & f(x; A, \mu, \sigma, {\mathrm{form={}'logistic{}'}})& = A [1 - \frac{1}{1 +  e^{\alpha}} ]
        \end{eqnarray*}

    where :math:`\alpha  = (x - \mu)/{\sigma}`.

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 form='linear', **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'form': form, 'independent_vars': independent_vars})
        super().__init__(step, **kwargs)

    def guess(self, data, x=None, **kwargs):
        """Estimate initial model parameter values from data."""
        if x is None:
            return
        ymin, ymax = min(data), max(data)
        xmin, xmax = min(x), max(x)
        pars = self.make_params(amplitude=(ymax-ymin),
                                center=(xmax+xmin)/2.0)
        pars['%ssigma' % self.prefix].set(value=(xmax-xmin)/7.0, min=0.0)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC



class RectangleModel(Model):
    r"""A model based on a Step-up and Step-down function, with five
    Parameters: ``amplitude`` (:math:`A`), ``center1`` (:math:`\mu_1`),
    ``center2`` (:math:`\mu_2`), `sigma1`` (:math:`\sigma_1`) and
    ``sigma2`` (:math:`\sigma_2`).

    There are four choices for ``form``, which is used for both the Step up
    and the Step down:

    - ``linear`` (the default)
    - ``atan`` or ``arctan`` for an arc-tangent function
    - ``erf`` for an error function
    - ``logistic`` for a logistic function (see https://en.wikipedia.org/wiki/Logistic_function)

    The function starts with a value 0, transitions to a value of
    :math:`A`, taking the value :math:`A/2` at :math:`\mu_1`, with :math:`\sigma_1`
    setting the characteristic width. The function then transitions again to
    the value :math:`A/2` at :math:`\mu_2`, with :math:`\sigma_2` setting the
    characteristic width. The functional forms are defined as:

    .. math::
        :nowrap:

        \begin{eqnarray*}
        &f(x; A, \mu, \sigma, {\mathrm{form={}'linear{}'}})   &= A \{ \min{[1, \max{(0, \alpha_1)}]} + \min{[-1, \max{(0,  \alpha_2)}]} \} \\
        &f(x; A, \mu, \sigma, {\mathrm{form={}'arctan{}'}})   &= A [\arctan{(\alpha_1)} + \arctan{(\alpha_2)}]/{\pi} \\
        &f(x; A, \mu, \sigma, {\mathrm{form={}'erf{}'}})      &= A [{\operatorname{erf}}(\alpha_1) + {\operatorname{erf}}(\alpha_2)]/2 \\
        &f(x; A, \mu, \sigma, {\mathrm{form={}'logistic{}'}}) &= A [1 - \frac{1}{1 + e^{\alpha_1}} - \frac{1}{1 +  e^{\alpha_2}} ]
        \end{eqnarray*}


    where :math:`\alpha_1  = (x - \mu_1)/{\sigma_1}` and
    :math:`\alpha_2  = -(x - \mu_2)/{\sigma_2}`.

    """

    def __init__(self, independent_vars=['x'], prefix='', nan_policy='raise',
                 form='linear', **kwargs):
        kwargs.update({'prefix': prefix, 'nan_policy': nan_policy,
                       'form': form, 'independent_vars': independent_vars})
        super().__init__(rectangle, **kwargs)

        self._set_paramhints_prefix()

    def _set_paramhints_prefix(self):
        self.set_param_hint('center1')
        self.set_param_hint('center2')
        self.set_param_hint('midpoint',
                            expr='(%scenter1+%scenter2)/2.0' % (self.prefix,
                                                                self.prefix))

    def guess(self, data, x=None, **kwargs):
        """Estimate initial model parameter values from data."""
        if x is None:
            return
        ymin, ymax = min(data), max(data)
        xmin, xmax = min(x), max(x)
        pars = self.make_params(amplitude=(ymax-ymin),
                                center1=(xmax+xmin)/4.0,
                                center2=3*(xmax+xmin)/4.0)
        pars['%ssigma1' % self.prefix].set(value=(xmax-xmin)/7.0, min=0.0)
        pars['%ssigma2' % self.prefix].set(value=(xmax-xmin)/7.0, min=0.0)
        return update_param_vals(pars, self.prefix, **kwargs)

    __init__.__doc__ = COMMON_INIT_DOC
    guess.__doc__ = COMMON_GUESS_DOC


class ExpressionModel(Model):

    idvar_missing = "No independent variable found in\n %s"
    idvar_notfound = "Cannot find independent variables '%s' in\n %s"
    no_prefix = "ExpressionModel does not support `prefix` argument"

    def __init__(self, expr, independent_vars=None, init_script=None,
                 nan_policy='raise', **kws):
        """Generate a model from user-supplied expression.

        Parameters
        ----------
        expr : str
            Mathematical expression for model.
        independent_vars : list of str or None, optional
            Variable names to use as independent variables.
        init_script : str or None, optional
            Initial script to run in asteval interpreter.
        nan_policy : str, optional
            How to handle NaN and missing values in data. Must be one of:
            'raise' (default), 'propagate', or 'omit'. See Notes below.
        **kws : optional
            Keyword arguments to pass to :class:`Model`.

        Notes
        -----
        1. each instance of ExpressionModel will create and using its own
           version of an asteval interpreter.

        2. prefix is **not supported** for ExpressionModel.

        3. nan_policy sets what to do when a NaN or missing value is seen in
        the data. Should be one of:

            - 'raise' : Raise a ValueError (default)
            - 'propagate' : do nothing
            - 'omit' : drop missing data

        """
        # create ast evaluator, load custom functions
        self.asteval = Interpreter()
        for name in lineshapes.functions:
            self.asteval.symtable[name] = getattr(lineshapes, name, None)
        if init_script is not None:
            self.asteval.eval(init_script)

        # save expr as text, parse to ast, save for later use
        self.expr = expr.strip()
        self.astcode = self.asteval.parse(self.expr)

        # find all symbol names found in expression
        sym_names = get_ast_names(self.astcode)

        if independent_vars is None and 'x' in sym_names:
            independent_vars = ['x']
        if independent_vars is None:
            raise ValueError(self.idvar_missing % (self.expr))

        # determine which named symbols are parameter names,
        # try to find all independent variables
        idvar_found = [False]*len(independent_vars)
        param_names = []
        for name in sym_names:
            if name in independent_vars:
                idvar_found[independent_vars.index(name)] = True
            elif name not in param_names and name not in self.asteval.symtable:
                param_names.append(name)

        # make sure we have all independent parameters
        if not all(idvar_found):
            lost = []
            for ix, found in enumerate(idvar_found):
                if not found:
                    lost.append(independent_vars[ix])
            lost = ', '.join(lost)
            raise ValueError(self.idvar_notfound % (lost, self.expr))

        kws['independent_vars'] = independent_vars
        if 'prefix' in kws:
            raise Warning(self.no_prefix)

        def _eval(**kwargs):
            for name, val in kwargs.items():
                self.asteval.symtable[name] = val
            self.asteval.start_time = time.time()
            return self.asteval.run(self.astcode)

        kws["nan_policy"] = nan_policy

        super().__init__(_eval, **kws)

        # set param names here, and other things normally
        # set in _parse_params(), which will be short-circuited.
        self.independent_vars = independent_vars
        self._func_allargs = independent_vars + param_names
        self._param_names = param_names
        self._func_haskeywords = True
        self.def_vals = {}

    def __repr__(self):
        """Return printable representation of ExpressionModel."""
        return "<lmfit.ExpressionModel('%s')>" % (self.expr)

    def _parse_params(self):
        """Over-write ExpressionModel._parse_params with `pass`.

        This prevents normal parsing of function for parameter names.

        """
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