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Examples to show how to use ExoSOFTmodel

Contents:
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The primary objects/classes and likelihood function for ExoSOFTmodel

Contents:








	
class ExoSOFTmodel.model.ExoSOFTdata(epochs_di, epochs_rv, rapa, rapa_err, decsa, decsa_err, rv, rv_err, rv_inst_num, data_mode, pasa=False)[source]

	Bases: object

An object to contain all the necessary data arrays and parameters to 
calculate matching predicted data with the model.  All member variables 
will remain constant throughout.

Notes:
-Except for rv_inst_num array, all other arrays must be ndarrays of double


precision floating point numbers (dtype=np.dtype(‘d’)).


-Arrays, epochs_di, rapa, rapa_err, decsa, and decsa_err must all have same length.
-Arrays, epochs_rv, rv, rv_err and rv_inst_num must all have same length.

Inputs:
rv_inst_num = ndarray of positive signed or unsigned integers, of same length


as epochs_rv, rv, and rv_err.







	
class ExoSOFTmodel.model.ExoSOFTmodel(sd)[source]

	Bases: object






	
class ExoSOFTmodel.model.ExoSOFTparams(omega_offset_di, omega_offset_rv, vary_tc, tc_equal_to, di_only, low_ecc, range_maxs, range_mins, num_offsets)[source]

	Bases: object










	
	Directly Varried
	Model Inputs
	Stored Parameters
	


	
	direct_pars
	model_in_pars
	stored_pars
	


	i
	Parameter
	Parameter
	Parameter
	units




	0
	Mass of Primary (m1)
	m1
	m1
	Msun





.$$ FILL THIS OUT!!!!


	
check_range()[source]

	Determine if all parameters in the full list are within their 
allowed ranges.
Range arrays corrispond to parameters in:
[m1, m2, parallax, long_an, e, to/tc, p, inc, arg_peri, v1,v2,...]






	
make_model_in()[source]

	Convert directly varied parameters into a comprehensive list
of those used ans inputs to during model calculations.

model_in_params: [m1,m2,parallax,long_an,e,to,tc,p,inc,arg_peri,arg_peri_di,arg_peri_rv,a_tot_au,K]






	
make_stored(chi_squared)[source]

	Push values in model_in_params, offsets and the resulting 
chi_squared_3d into an array to be stored on disk during ExoSOFT.  
Not sure how to make this work with emcee or other tools...






	
stored_to_direct(pars)[source]

	take a set of parameters matching ‘stored_pars’ and make the 
directly varied versions matching ‘direct_pars’.
Note:
direct_pars: [m1,m2,parallax,long_an,e OR sqrt(e)*sin(arg_peri),to/tc,p,inc,arg_peri OR sqrt(e)*cos(arg_peri),v1,v2...]
stored_pars: [m1,m2,parallax,long_an,e,to,tc,p,inc,arg_peri,a_tot_au,chi_sqr,K,v1,v2...]










	
ExoSOFTmodel.model.ln_posterior(pars, Model)[source]

	Calculates the likelihood for a given set of inputs.
Then calculate the natural logarithm of the posterior probability.

-Model is of type ExoSOFTmodel.  Currently just holds resulting fit values.
-Data is of type ExoSOFTdata, containing all input data and params to 
produce predicted values of matching units, and arrays for predicted values.
-Params is of type ExoSOFTparams, an class containing functions for 
calculating versions of the ‘pars’ used as model inputs, and a version 
that would be for storing to disk when ran in ExoSOFT.
-Priors is of type ExoSOFTpriors, containing funtions for each parameter’s
prior, a function calculate combined prior given list of params, and any 
variables necessary for those calculations.
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Cython tools for ExoSOFTmodel

Contents:
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Priors for ExoSOFTmodel

Contents:








	
class ExoSOFTmodel.priors.ExoSOFTpriors(ecc_prior=True, p_prior=True, inc_prior=True, m1_prior=True, m2_prior=True, para_prior=True, inc_min=0.0, inc_max=180.0, p_min=0.0, p_max=300.0, para_est=0, para_err=0, m1_est=0, m1_err=0, m2_est=0, m2_err=0)[source]

	Bases: object

Choices:
inclination: (None,True,’sin’,’cos’) True indicates default of ‘sin’
eccentricity: (None,True) True indicates default of ‘2e’
period: (None,True) True indicates default of ‘log’
mass of primary: (None,True,’IMF’,’PDMF’) True indicates default of ‘PDMF’
mass of companion: (None,True, ‘IMF’,’PDMF’,’CMF’) True indicates default of ‘CMF’
parallax: (None,True) True indicates default of ‘gauss’


	
cmf_prior(m2, m1)[source]

	from equation 8 of Metchev & Hillenbrand 2009






	
ecc_prior_fn(ecc)[source]

	




	
gaussian(x, mu, sig)[source]

	




	
imf_prior(m)[source]

	From table 1 of Chabrier et al. 2003






	
inc_prior_fn(inc)[source]

	




	
m1_prior_fn(mass)[source]

	




	
m2_prior_fn(m2, m1)[source]

	




	
p_prior_fn(p)[source]

	




	
para_prior_fn(para)[source]

	




	
pdmf_prior(m)[source]

	From table 1 of Chabrier et al. 2003






	
priors(pars)[source]

	Combined priors for a single step in the chain.  This can be called 
to form the priors ratio OR when accounting for the priors when 
producing the posteriors during post-processing.

Input array needs the first elements to be:
[m1, m2, parallax, long_an, e, to, tc, p, inc, arg_peri]
This can be the full ‘model_in_pars’, ‘stored_pars’ or a truncated 
version with just these parameters.






	
priors_ratio(pars_prop, pars_last)[source]

	Calculates the priors ratio.

Input arrays need the first elements to be:
[m1, m2, parallax, long_an, e, to, tc, p, inc, arg_peri]
This can be the full ‘model_in_pars’ or a truncated version with 
just these parameters.






	
test_priors(pars_prop, pars_last)[source]

	Just for testing no errors occur while trying to caculate the
priors ratio.  Nothing returned.
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Simple start-up tools for ExoSOFTmodel

Contents:








	
ExoSOFTmodel.tools.load_di_data(filename)[source]

	Load the astrometry data into a numpy array.

file format:
title 
column headers
data
.
.
.

Data must be in the columns:
obsDate[JD] x[“] x_error[“] y[“] y_error[“]
OR if pasa key in settingsAdvanced ==True, then:
obsDate[JD] PA[deg] PA_error[deg] SA[“] SA_error[“]






	
ExoSOFTmodel.tools.load_rv_data(filename)[source]

	Load the radial velocity data into a numpy array.  Provided jitter values 
will be added in quadrature with the errors.

file format:
title 
column headers
data
.
.
Empty line between data sets
data
.
.

Data must be in the columns:
obsDate[JD] RV[m/s] RV_error[m/s] jitter[m/s] datasetNumber[int]
NOTE: datasetNumber is optional, if not provided they will be automatically set to 0,1,2... following the order of the data in the file.


If jitter is not provided, it will be assumed zero.







	
ExoSOFTmodel.tools.load_settings_dict(settings_filename)[source]

	A way to load in settings from a settings an ExoSOFT type settings file.

Users can choose to copy and modify the one provided in the ‘examples’ 
directory to match the system they are working on, or write their own 
function like this to load in the required parameters/arrays... that 
comprise all the inputs for ExoSOFTpriors, ExoSOFTdata and ExoSOFTparams.

NOTE: THE DICTIONARY KEY WORDS USED HERE DO NOT WORK FOR OLD EXOSOFT SETTINGS FILES.  NEED TO CHANGE ALL OF THEM TO THIS FORMAT EVENTUALLY!!!!






	
ExoSOFTmodel.tools.make_starting_params(pars, n, scale=0.01)[source]

	Creates an array of starting guesses tightly centered on the input 
parameters.
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  All modules for which code is available


		ExoSOFTmodel.model


		ExoSOFTmodel.priors


		ExoSOFTmodel.tools






          

      

      

    


    
        © Copyright 2016, Kyle Mede, Timothy D. Brandt.
      Created using Sphinx 1.3.5.
    

  

search.html


    
      Navigation


      
        		
          index


        		
          modules |


        		The Exoplanet Simple Orbit Fitting Toolbox "model" 1.0 documentation »

 
      


    


    
      
          
            
  Search


  
  
  
    Please activate JavaScript to enable the search
    functionality.
  


  

  
    From here you can search these documents. Enter your search
    words into the box below and click "search". Note that the search
    function will automatically search for all of the words. Pages
    containing fewer words won't appear in the result list.
  


  
    
    
    
  

  
  
  
  


          

      

      

    


    
        © Copyright 2016, Kyle Mede, Timothy D. Brandt.
      Created using Sphinx 1.3.5.
    

  

_modules/ExoSOFTmodel/priors.html


    
      Navigation


      
        		
          index


        		
          modules |


        		The Exoplanet Simple Orbit Fitting Toolbox "model" 1.0 documentation »


          		Module code »

 
      


    


    
      
          
            
  Source code for ExoSOFTmodel.priors

#@Author: Kyle Mede, kylemede@astron.s.u-tokyo.ac.jp or kylemede@gmail.com
from __future__ import absolute_import
from __future__ import print_function
import numpy as np
from . import constants as const
import sys

[docs]class ExoSOFTpriors(object):
    """
    Choices:
    inclination: (None,True,'sin','cos') True indicates default of 'sin'
    eccentricity: (None,True) True indicates default of '2e'
    period: (None,True) True indicates default of 'log'
    mass of primary: (None,True,'IMF','PDMF') True indicates default of 'PDMF'
    mass of companion: (None,True, 'IMF','PDMF','CMF') True indicates default of 'CMF'
    parallax: (None,True) True indicates default of 'gauss'
    """
    def __init__(self,ecc_prior=True, p_prior=True, inc_prior=True, 
                 m1_prior=True, m2_prior=True, para_prior=True, inc_min=0.0,
                 inc_max=180.0, p_min=0.0, p_max=300.0, para_est=0, 
                 para_err=0, m1_est=0, m1_err=0, m2_est=0, m2_err=0):   
        ## choices   
        # choices:2e  
        self.e_prior = ecc_prior
        # choices:log
        self.p_prior = p_prior
        # choices:sin, cos
        self.inc_prior = inc_prior
        # choices:IMF, PDMF
        self.m1_prior = m1_prior
        # choices:CMF, IMF, PDMF
        self.m2_prior = m2_prior
        # choices:gauss
        self.para_prior = para_prior
        ## values necessary to calculate priors
        self.inc_min = inc_min
        self.inc_max = inc_max
        self.p_min = p_min
        self.p_max = p_max
        self.para_est = para_est
        self.para_err = para_err
        self.m1_est = m1_est
        self.m1_err = m1_err
        self.m2_est = m2_est
        self.m2_err = m2_err
        
[docs]    def test_priors(self, pars_prop, pars_last):
        """Just for testing no errors occur while trying to caculate the
        priors ratio.  Nothing returned. """
        val = self.combinedPriors(pars_prop, pars_last)
        if False:
            print('test priors ratio value = '+str(val))

                
[docs]    def priors_ratio(self, pars_prop, pars_last):
        """
        Calculates the priors ratio.
        
        Input arrays need the first elements to be:
        [m1, m2, parallax, long_an, e, to, tc, p, inc, arg_peri]
        This can be the full 'model_in_pars' or a truncated version with 
        just these parameters.
        """
        try:
            priorsRatio = self.priors(pars_prop) / self.priors(pars_last)
            return priorsRatio
        except:
            print("An error occured while trying to calculate the priors ratio.")
            sys.exit(0)

        
[docs]    def priors(self, pars):
        """
        Combined priors for a single step in the chain.  This can be called 
        to form the priors ratio OR when accounting for the priors when 
        producing the posteriors during post-processing.
        
        Input array needs the first elements to be:
        [m1, m2, parallax, long_an, e, to, tc, p, inc, arg_peri]
        This can be the full 'model_in_pars', 'stored_pars' or a truncated 
        version with just these parameters.
        """
        # model_in_params: [m1,m2,parallax,long_an,e,to,tc,p,inc,arg_peri,arg_peri_di,arg_peri_rv,a_tot_au,K]
        # stored_pars: [m1,m2,parallax,long_an,e,to,tc,p,inc,arg_peri,a_tot_au,chi_sqr,K,v1,v2...]
        comboPriors = 1.0
        try:
            if self.e_prior:
                #print 'ePrior before'#$$$$$$$$$$
                comboPriors*=self.ecc_prior_fn(pars[4])
                #print('e prior = ',self.ecc_prior_fn(pars[4]))
            if self.p_prior:
                #print 'pPrior before'#$$$$$$$$$$
                comboPriors*=self.p_prior_fn(pars[7])
                #print('p prior = ',self.p_prior_fn(pars[7]))
            if self.inc_prior:
                #print 'incPrior before'#$$$$$$$$$$
                comboPriors*=self.inc_prior_fn(pars[8])
                #print('inc prior = ',self.inc_prior_fn(pars[8]))
            if self.m1_prior:
                #print 'M1Prior before'#$$$$$$$$$$
                comboPriors*=self.m1_prior_fn(pars[0])
                #print('m1 prior = ',self.m1_prior_fn(pars[0]))
                #print 'M1Prior after'#$$$$$$$$$$
            if self.m2_prior:
                #print 'M2Prior before'#$$$$$$$$$$
                comboPriors*=self.m2_prior_fn(pars[1],pars[0])
                #print('m2 prior = ',self.m2_prior_fn(pars[1],pars[0]))
                #print 'M2Prior after'#$$$$$$$$$$
            if self.para_prior:
                #print 'parPrior before'#$$$$$$$$$$
                comboPriors*=self.para_prior_fn(pars[2])
                #print('para prior = ',self.para_prior_fn(pars[2]))
                #print 'parPrior after'#$$$$$$$$$$
            return comboPriors
        except:
            print("An error occured while trying to calculate the combined sigle priors.")
            sys.exit(0)

        
    ##########################################################################
    ####### Not to those who wish to write their own prior functions #########
    # Only change the code and not the name of the functions or their inputs.#  
    ##########################################################################          
[docs]    def ecc_prior_fn(self, ecc):
        ## UPGRADE TO INCLUDE FURTHER STRINGS TO INDICATE ECC PRIOR OPTIONS FROM KEPLER AND OTHER SURVEY RESULTS #$$$$$$$$$$$$$$$$$$$$
        ret = 1.0
        if ecc!=0:
            if (self.e_prior is True) or (self.e_prior is '2e'):
                if (self.p_min*const.daysPerYear)>1000.0:
                    ret = 2.0*ecc
        return ret

                  
[docs]    def p_prior_fn(self, p):
        ret = 1.0
        if p!=0.0:
            if (self.p_prior is True) or (self.p_prior is 'log'):
                ret = 1.0 / ( p * np.log( self.p_max / self.p_min ) )
        return ret

        
[docs]    def inc_prior_fn(self, inc):
        ret = 1.0
        if inc not in [0.0,90.0,180.0]:
            mn = self.inc_min*(const.pi/180.0)
            mx = self.inc_max*(const.pi/180.0)
            inc_rad = inc*(const.pi/180.0)
            if (self.inc_prior is True) or (self.inc_prior is 'sin'):
                ret = np.sin(inc_rad) / np.abs(np.cos(mn)-np.cos(mx))
                
            elif self.inc_prior is 'cos':
                ret =  np.cos(inc_rad) / np.abs(np.cos(mn)-np.cos(mx))
                
        return ret

        
[docs]    def m1_prior_fn(self, mass):
        ret = 1.0
        if mass!=0:
            # First check if a gauss prob should be also calculated.
            if self.m1_est!=self.m1_err!=0:
                ret*=self.gaussian(mass, self.m1_est, self.m1_err)
            # Then caculate requested mass function prior.
            if (self.m1_prior is True) or (self.m1_prior is "PDMF"):
                ret*=self.pdmf_prior(mass)
                
            elif self.m1_prior is "IMF":
                ret*=self.imf_prior(mass)
                
        return ret

        
[docs]    def m2_prior_fn(self, m2, m1):
        ret = 1.0
        if 0.0 not in [m2,m1]:
            # First check if a gauss prob should be also calculated.
            if self.m2_est!=self.m2_err!=0:
                ret*=self.gaussian(m2, self.m2_est, self.m2_err)
            # Then caculate requested mass function prior.
            if (self.m2_prior is True) or (self.m2_prior is "CMF"):
                ret*=self.cmf_prior(m2, m1)
                
            elif self.m2_prior is "PDMF":
                ret*=self.pdmf_prior(m2)
                
            elif self.m2_prior is "IMF":
                ret*=self.imf_prior(m2)
                
        return ret

            
[docs]    def para_prior_fn(self, para):
        ret = 1.0
        if para!=0.0:
            ## this needs parallax in arc sec, but standard in ExoSOFT is mas, so /1000
            ret = 1.0/((para/1000.0)**4.0)
            #print('para 1/**4 ',1.0/(para**4.0))
            if self.para_est!=self.para_err!=0:
                ## a Gaussian prior centered on hipparcos and width of 
                #  hipparcos estimated error
                ret*=self.gaussian(para, self.para_err, self.para_est)
                #print('para gauss ',self.gaussian(para, self.para_err, self.para_est))
        return ret

            
[docs]    def imf_prior(self, m):
        """From table 1 of Chabrier et al. 2003"""
        a = 0.068618528140713786
        b = 1.1023729087095586
        c = 0.9521999999999998
        # calculate IMF specific to mass of object
        if m<1.0:
            d = (a/m) * np.exp( (-(np.log10(m)+b)**2) / c )
        else:
            d = 0.019239245548314052*(m**(-2.3))
        return d

    
[docs]    def pdmf_prior(self, m):
        """From table 1 of Chabrier et al. 2003"""
        a = 0.068618528140713786
        b = 1.1023729087095586
        c = 0.9521999999999998
        # calculate PDMF specific to mass of object
        if m<1.0:
            d = (a/m)*np.exp((-(np.log10(m)+b)**2)/c)
        elif m<3.47:
            d = 0.019108957203743077*(m**(-5.37))
        elif m<18.20:
            d = 0.0065144172285487769*(m**(-4.53))
        else:
            d = 0.00010857362047581295*(m**(-3.11))
        return d

    
[docs]    def cmf_prior(self, m2, m1):
        """from equation 8 of Metchev & Hillenbrand 2009"""
        beta = -0.39
        d = (m2**(beta)) * (m1**(-1.0*beta-1.0))
        return d

    
[docs]    def gaussian(self,x,mu,sig):
        return np.exp(-np.power(x - mu, 2.) / (2 * np.power(sig, 2.)))



#END OF FILE
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  Source code for ExoSOFTmodel.tools

#@Author: Kyle Mede, kylemede@astron.s.u-tokyo.ac.jp or kylemede@gmail.com
from __future__ import absolute_import
import numpy as np
import os
import shutil
import KMlogger

log = KMlogger.getLogger('main.tools',lvl=100,addFH=False)

[docs]def load_di_data(filename):
    """
    Load the astrometry data into a numpy array.
    
    file format:
    title 
    column headers
    data
    .
    .
    .
    
    Data must be in the columns:
    obsDate[JD] x["] x_error["] y["] y_error["]
    OR if pasa key in settingsAdvanced ==True, then:
    obsDate[JD] PA[deg] PA_error[deg] SA["] SA_error["]
    """
    epochs_di = []
    rapa = []
    rapa_err = []
    decsa = []
    decsa_err = []
    try:
        if filename[-4:]!='.dat':
            filename = filename+'.dat'
        fl = open(filename, 'r')
        lines = fl.readlines()
        fl.close()
        for line in lines:
            #print "line was:'"+line+"'"
            #log.debug("line was:'"+line+"'")#$$$$$$$$$$$$$$$$$$$$$$$$
            if len(line.split())>2:
                if line.split()[0].replace('.','',1).isdigit() and line.split()[3].replace('.','',1).replace('-','',1).isdigit():
                    epochs_di.append(float(line.split()[0]))
                    rapa.append(float(line.split()[1]))
                    rapa_err.append(float(line.split()[2]))
                    decsa.append(float(line.split()[3]))
                    decsa_err.append(float(line.split()[4]))
                    #print repr([float(line.split()[0]),float(line.split()[1]),float(line.split()[2]),float(line.split()[3]),float(line.split()[4])])
        epochs_di = np.array(epochs_di,dtype=np.dtype('d'))
        rapa = np.array(rapa,dtype=np.dtype('d'))
        rapa_err = np.array(rapa_err,dtype=np.dtype('d'))
        decsa = np.array(decsa,dtype=np.dtype('d'))
        decsa_err = np.array(decsa_err,dtype=np.dtype('d'))
    except:
        log.critical("a problem occured while trying to load DI data. \nPlease check it is formatted correctly.")
    return (epochs_di, rapa, rapa_err, decsa, decsa_err)



[docs]def load_rv_data(filename):
    """
    Load the radial velocity data into a numpy array.  Provided jitter values 
    will be added in quadrature with the errors.
    
    file format:
    title 
    column headers
    data
    .
    .
    Empty line between data sets
    data
    .
    .
    
    Data must be in the columns:
    obsDate[JD] RV[m/s] RV_error[m/s] jitter[m/s] datasetNumber[int]
    NOTE: datasetNumber is optional, if not provided they will be automatically set to 0,1,2... following the order of the data in the file.
          If jitter is not provided, it will be assumed zero.
    """
    epochs_rv = []
    rv = []
    rv_err = []
    rv_inst_num = []
    try:
        if filename[-4:]!='.dat':
            filename = filename+'.dat'
        fl = open(filename, 'r')
        lines = fl.readlines()
        fl.close()
        datasetNumLast = 0
        jitterLast = 0
        lastWasDataLine=False
        thisIsDataLine = False
        for line in lines:
            #print "line = "+line  #$$$$$$$$$$$$$$$$$
            lastWasDataLine=thisIsDataLine
            thisIsDataLine=False
            if len(line.split())>2:
                if line.split()[0].replace('.','',1).isdigit() and line.split()[1].replace('.','',1).replace('-','',1).isdigit():
                    thisIsDataLine=True
                    epochs_rv.append(float(line.split()[0]))
                    rv.append(float(line.split()[1]))
                    #if jitter was provided on first line of data set
                    if len(line.split())>3:
                        try:
                            jitterLast = float(line.split()[3])
                        except:
                            log.error("could not convert 4th element of split into jitter.  4th element was: "+str(line.split()[3]))
                    rv_err.append(np.sqrt(float(line.split()[2])**2+jitterLast**2))
                    #if datasetNum was provided on first line of data set
                    if len(line.split())>4:
                        try:
                            datasetNumLast = float(line.split()[4])
                        except:
                            log.error("could not convert 5th element of split into datasetNum.  5th element was: "+str(line.split()[4]))
                    rv_inst_num.append(datasetNumLast)
            if lastWasDataLine and (thisIsDataLine==False):
                jitterLast = 0
                datasetNumLast+=1
                #print 'incrementing datasetNum'  #$$$$$$$$$$$$$$$$$
        epochs_rv = np.array(epochs_rv,dtype=np.dtype('d'))
        rv = np.array(rv,dtype=np.dtype('d'))
        rv_err = np.array(rv_err,dtype=np.dtype('d'))
        rv_inst_num = np.array(rv_inst_num,dtype=np.dtype('i'))
    except:
        log.critical("a problem occured while trying to load RV data.  \nPlease check it is formatted correctly.")
    return (epochs_rv, rv, rv_err, rv_inst_num)


[docs]def load_settings_dict(settings_filename):
    """
    A way to load in settings from a settings an ExoSOFT type settings file.
    
    Users can choose to copy and modify the one provided in the 'examples' 
    directory to match the system they are working on, or write their own 
    function like this to load in the required parameters/arrays... that 
    comprise all the inputs for ExoSOFTpriors, ExoSOFTdata and ExoSOFTparams.
    
    NOTE: THE DICTIONARY KEY WORDS USED HERE DO NOT WORK FOR OLD EXOSOFT SETTINGS FILES.  NEED TO CHANGE ALL OF THEM TO THIS FORMAT EVENTUALLY!!!!
    """   
    # First see if try to remove any old settings files.
    try:
        os.remove('./ExoSOFTmodel/temp/settings.py')
    except:
        pass
    cwd = os.getenv('PWD')
    tmp_dir = '.'
    #tmp_dir = os.path.dirname(os.path.abspath(settings_filename))
    tmp_settings_filename = os.path.join(tmp_dir,'__settings.py')
    tmp_init = os.path.join(tmp_dir,"__init__.py")
    kill_init = False
    if os.path.exists(tmp_init)==False:
        kill_init = True
        f = open(tmp_init,'w')
        f.close()
        
    # Copy settings file to temp dir
    shutil.copy(settings_filename,tmp_settings_filename)
    # cd into temp dir, import settings then cd back to pwd
    if tmp_dir!='.':
        os.chdir(tmp_dir)
    from __settings import settings as sd
    if kill_init:
        os.remove(tmp_init)
    os.remove(tmp_settings_filename)
    if tmp_dir!='.':
        os.chdir(cwd)
    
    ## load up modified versions of dictionary elements needed by ExoSOFTpriors, ExoSOFTdata and ExoSOFTparams.
    #[m1, m2, parallax, long_an, e, to/tc, p, inc, arg_peri]
    range_mins = [sd['m1_min'], sd['m2_min'], sd['para_min'], sd['long_an_min'], 
                  sd['ecc_min'], sd['t_min'], sd['p_min'], sd['inc_min'], 
                  sd['arg_peri_min']]
    for i in range(len(sd['offset_mins'])):
        range_mins.append(sd['offset_mins'][i])
    range_maxs = [sd['m1_max'], sd['m2_max'], sd['para_max'], sd['long_an_max'], 
                  sd['ecc_max'], sd['t_max'], sd['p_max'], sd['inc_max'], 
                  sd['arg_peri_max']]
    for i in range(len(sd['offset_maxs'])):
        range_maxs.append(sd['offset_maxs'][i])
    
    sd['range_maxs'] = range_maxs
    sd['range_mins'] = range_mins
    sd['num_offsets'] = len(sd['offset_mins'])
    
    return sd

    
[docs]def make_starting_params(pars,n,scale=0.01):
    """
    Creates an array of starting guesses tightly centered on the input 
    parameters.
    """
    # pars: [m1,m2,parallax,long_an, e/sqrte_sinomega,to/tc,p,inc,arg_peri/sqrte_cosomega,v1,v2...]
    starting_params = []
    for i in range(n):
        p = []
        for j in range(len(pars)):
            s = scale
            if pars[j]>1e4:
                # make scale smaller for To/Tc
                s = scale*0.001
            p.append( np.random.normal(pars[j],s*pars[j]) )
        starting_params.append(p)
    starting_params = np.array(starting_params,dtype=np.dtype('d'))
    return starting_params


#EOF
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  Source code for ExoSOFTmodel.model

#@Author: Kyle Mede, kylemede@astron.s.u-tokyo.ac.jp or kylemede@gmail.com
from __future__ import absolute_import
from __future__ import print_function
import numpy as np
from .cytools import orbit, model_input_pars
from .tools import  load_di_data, load_rv_data
from .priors import ExoSOFTpriors
import KMlogger
from six.moves import range

log = KMlogger.getLogger('main.model',lvl=100,addFH=False)

[docs]class ExoSOFTmodel(object):
    """
    """
    def __init__(self,sd):
        
        ####################
        ## member variables
        ####################    
        #resulting fit values   
        self.chi_squared_3d = 0
        self.chi_squared_di = 0
        self.chi_squared_rv = 0
        self.prior = 0
        self.sd = sd
        ## TRACK BEST CHI SQUAREDS FOUND SO FAR IN HERE?
        ## makes more sense to change this to 'ExoSOFTresults' and name the object 'Results'??!!
        ## load in the RV and Astrometry (DI) data
        (epochs_di, rapa, rapa_err, decsa, decsa_err) = load_di_data(self.sd['di_dataFile'])
        (epochs_rv, rv, rv_err, rv_inst_num) = load_rv_data(self.sd['rv_dataFile'])
        
        ## prior functions??
        self.Params = ExoSOFTparams(self.sd['omega_offset_di'], 
             self.sd['omega_offset_rv'], self.sd['vary_tc'], self.sd['tc_equal_to'], 
             self.sd['data_mode'], self.sd['low_ecc'], self.sd['range_maxs'], self.sd['range_mins'], 
             self.sd['num_offsets'])
    
        self.Data = ExoSOFTdata(epochs_di, epochs_rv, rapa, rapa_err, decsa, decsa_err,
                 rv, rv_err, rv_inst_num,self.sd['data_mode'], self.sd['pasa'])
    
        self.Priors = ExoSOFTpriors(ecc_prior=self.sd['ecc_prior'], 
             p_prior=self.sd['p_prior'], inc_prior=self.sd['inc_prior'], 
             m1_prior=self.sd['m1_prior'], m2_prior=self.sd['m2_prior'], 
             para_prior=self.sd['para_prior'], inc_min=self.sd['inc_min'],
             inc_max=self.sd['inc_max'], p_min=self.sd['p_min'], p_max=self.sd['p_max'],
             para_est=self.sd['para_est'], para_err=self.sd['para_err'], 
             m1_est=self.sd['m1_est'], m1_err=self.sd['m1_err'], m2_est=self.sd['m2_est'], 
             m2_err=self.sd['m2_err'])

    
[docs]class ExoSOFTparams(object):
    """
    
    
    
    +---+--------------------+---------------+-------------------+-------+
    |   |  Directly Varried  | Model Inputs  | Stored Parameters |       |
    +---+--------------------+---------------+-------------------+-------+
    |   |    direct_pars     | model_in_pars |   stored_pars     |       |
    +---+--------------------+---------------+-------------------+-------+
    | i |     Parameter      |   Parameter   |     Parameter     | units |
    +===+====================+===============+===================+=======+
    | 0 |Mass of Primary (m1)|      m1       |        m1         |  Msun |
    +---+--------------------+---------------+-------------------+-------+
    .
    .
    .$$ FILL THIS OUT!!!!
    
    """
    def __init__(self, omega_offset_di, omega_offset_rv, vary_tc, tc_equal_to, 
                 di_only, low_ecc, range_maxs, range_mins, num_offsets):
        # params that effect calculating the full list of params from the directly varied one
        self.omega_offset_di = omega_offset_di
        self.omega_offset_rv = omega_offset_rv
        self.vary_tc = vary_tc
        self.tc_equal_to = tc_equal_to
        self.di_only = di_only
        self.low_ecc = low_ecc
        ## max/min ranges
        self.maxs = range_maxs 
        self.mins = range_mins
        ## prep versions of all param arrays
        self.num_offsets = num_offsets
        # direct_pars: [m1,m2,parallax,long_an,e OR sqrt(e)*sin(arg_peri),to/tc,p,inc,arg_peri OR sqrt(e)*cos(arg_peri),v1,v2...]
        self.direct_pars = np.zeros((9+num_offsets),dtype=np.dtype('d'))
        # model_in_params: [m1,m2,parallax,long_an,e,to,tc,p,inc,arg_peri,arg_peri_di,arg_peri_rv,a_tot_au,K]
        self.model_in_pars = np.zeros((14),dtype=np.dtype('d'))
        # stored_pars: [m1,m2,parallax,long_an,e,to,tc,p,inc,arg_peri,a_tot_au,chi_sqr,K,v1,v2...]
        self.stored_pars = np.zeros((13+num_offsets),dtype=np.dtype('d'))
        self.offsets = np.zeros((num_offsets),dtype=np.dtype('d'))
        #check_pars: [m1, m2, parallax, long_an, e, to/tc, p, inc, arg_peri]
        self.check_pars = np.zeros((9+num_offsets),dtype=np.dtype('d'))
        self.taea = np.zeros((2),dtype=np.dtype('d'))
        
[docs]    def make_model_in(self):
        """
        Convert directly varied parameters into a comprehensive list
        of those used ans inputs to during model calculations.
        
        model_in_params: [m1,m2,parallax,long_an,e,to,tc,p,inc,arg_peri,arg_peri_di,arg_peri_rv,a_tot_au,K]
        """        
        model_input_pars(self.direct_pars, self.low_ecc, self.tc_equal_to, 
                   self.vary_tc, self.di_only, self.omega_offset_di, 
                   self.omega_offset_rv, self.model_in_pars)
        self.offsets = self.direct_pars[9:]
        #print('self.offsets = '+repr(self.offsets))
        ## Wrap periodic params into allowed ranges.  ie. long_an and arg_peri
        m_par_ints = [3,9]
        min_max_ints = [3,8]
        for i in [0,1]:
            if self.mins[min_max_ints[i]] > self.model_in_pars[m_par_ints[i]]:
                #print('par was '+str(model_input_pars[m_par_ints[i]]))
                self.model_in_pars[m_par_ints[i]]+=360.0
                #print('now '+str(model_input_pars[m_par_ints[i]]))
            elif self.model_in_pars[m_par_ints[i]] > self.maxs[min_max_ints[i]]:
                #print('par was '+str(model_input_pars[m_par_ints[i]]))
                self.model_in_pars[m_par_ints[i]]-=360.0

                #print('now '+str(model_input_pars[m_par_ints[i]]))
        #print(repr(self.model_in_pars))
    
[docs]    def stored_to_direct(self,pars):
        """ take a set of parameters matching 'stored_pars' and make the 
        directly varied versions matching 'direct_pars'.
        Note:
        direct_pars: [m1,m2,parallax,long_an,e OR sqrt(e)*sin(arg_peri),to/tc,p,inc,arg_peri OR sqrt(e)*cos(arg_peri),v1,v2...]
        stored_pars: [m1,m2,parallax,long_an,e,to,tc,p,inc,arg_peri,a_tot_au,chi_sqr,K,v1,v2...]
        """
        direct_ary = np.zeros((9+self.num_offsets),dtype=np.dtype('d'))
        direct_ary[0:4] = pars[0:4]
        if self.low_ecc:
            direct_ary[4] = np.sqrt(pars[4])*np.sin(np.radians(pars[9]))
            direct_ary[8] = np.sqrt(pars[4])*np.cos(np.radians(pars[9]))
        else:
            direct_ary[4] = pars[4]
            direct_ary[8] = pars[9]
        if self.vary_tc:
            direct_ary[5] = pars[6]
        else:
            direct_ary[5] = pars[5]
        direct_ary[6:8] = pars[7:9]
        direct_ary[9:] = pars[13:]
        return direct_ary

        
[docs]    def make_stored(self,chi_squared):
        """ 
        Push values in model_in_params, offsets and the resulting 
        chi_squared_3d into an array to be stored on disk during ExoSOFT.  
        Not sure how to make this work with emcee or other tools...
        """
        # model_in_params: [m1,m2,parallax,long_an,e,to,tc,p,inc,arg_peri,arg_peri_di,arg_peri_rv,a_tot_au,K]
        # stored_pars: [m1,m2,parallax,long_an,e,to,tc,p,inc,arg_peri,a_tot_au,chi_sqr,K,v1,v2...]
        self.stored_pars[0:10] = self.model_in_pars[0:10]
        self.stored_pars[10] = self.model_in_pars[12] #a_tot_au
        self.stored_pars[11] = chi_squared
        self.stored_pars[12] = self.model_in_pars[13] #K
        self.stored_pars[13:] = self.offsets[:]

         
[docs]    def check_range(self):
        """Determine if all parameters in the full list are within their 
        allowed ranges.
        Range arrays corrispond to parameters in:
        [m1, m2, parallax, long_an, e, to/tc, p, inc, arg_peri, v1,v2,...]
        """        
        self.check_pars[0:5] = self.model_in_pars[0:5]
        if self.vary_tc:
            self.check_pars[5] = self.model_in_pars[6]
        else:
            self.check_pars[5] = self.model_in_pars[5]
        self.check_pars[6:9] = self.model_in_pars[7:10]
        self.check_pars[9:] = self.offsets[:]
        
        if len(self.check_pars)!=len(self.maxs)!=len(self.mins):
            print("LENGTH OF CHECK_PARAMS IS NOT EQUAL TO LENGTH OF MINS OR MAXS!!!")
        in_range = True
        for i in range(len(self.check_pars)):
            if (self.check_pars[i]>self.maxs[i]) or (self.check_pars[i]<self.mins[i]):
                in_range = False
        return in_range



[docs]class ExoSOFTdata(object):
    """
    An object to contain all the necessary data arrays and parameters to 
    calculate matching predicted data with the model.  All member variables 
    will remain constant throughout.
    
    Notes:
    -Except for rv_inst_num array, all other arrays must be ndarrays of double 
     precision floating point numbers (dtype=np.dtype('d')).
    -Arrays, epochs_di, rapa, rapa_err, decsa, and decsa_err must all have same length.
    -Arrays, epochs_rv, rv, rv_err and rv_inst_num must all have same length.
    
    Inputs:
    rv_inst_num = ndarray of positive signed or unsigned integers, of same length
                  as epochs_rv, rv, and rv_err.
    """
    def __init__(self, epochs_di, epochs_rv, rapa, rapa_err, decsa, decsa_err,
                 rv, rv_err, rv_inst_num, data_mode, pasa=False):
        
        self.epochs_di = epochs_di
        self.epochs_rv = epochs_rv
        # x/RA/PA
        self.rapa = rapa
        self.rapa_err = rapa_err
        self.rapa_model = np.zeros((len(epochs_di)),dtype=np.dtype('d'))
        # y/Dec/SA
        self.decsa = decsa
        self.decsa_err = decsa_err
        self.decsa_model = np.zeros((len(epochs_di)),dtype=np.dtype('d'))
        # RV
        self.rv = rv
        self.rv_err = rv_err
        self.rv_model = np.zeros((len(epochs_rv)),dtype=np.dtype('d'))
        # dataset/instrument number
        self.rv_inst_num = rv_inst_num
        self.data_mode = data_mode
        self.pasa = pasa


[docs]def ln_posterior(pars, Model):
    """
    Calculates the likelihood for a given set of inputs.
    Then calculate the natural logarithm of the posterior probability.
    
    -Model is of type ExoSOFTmodel.  Currently just holds resulting fit values.
    -Data is of type ExoSOFTdata, containing all input data and params to 
    produce predicted values of matching units, and arrays for predicted values.
    -Params is of type ExoSOFTparams, an class containing functions for 
    calculating versions of the 'pars' used as model inputs, and a version 
    that would be for storing to disk when ran in ExoSOFT.
    -Priors is of type ExoSOFTpriors, containing funtions for each parameter's
    prior, a function calculate combined prior given list of params, and any 
    variables necessary for those calculations.
    
    """    
    ## convert params from raw values
    Model.Params.direct_pars = pars
    Model.Params.make_model_in()
        
    ## Range check on proposed params, set ln_post=zero if outside ranges.
    ln_post = -np.inf
    in_range = Model.Params.check_range()
    if in_range:         
        ## Call Cython func to calculate orbit. ie. -> predicted x,y,rv values.
        orbit(Model.Params.model_in_pars, Model.Params.offsets, Model.Data.pasa, 
              Model.Data.data_mode, Model.Data.epochs_di, Model.Data.epochs_rv, 
              Model.Data.rv_inst_num, Model.Data.rapa_model, 
              Model.Data.decsa_model, Model.Data.rv_model, Model.Params.taea)
                
        chi_sqr_rv, chi_sqr_rapa, chi_sqr_decsa = 0, 0, 0
        if (len(Model.Data.epochs_rv)>0) and (Model.Data.data_mode!='DI'):
            chi_sqr_rv = np.sum((Model.Data.rv-Model.Data.rv_model)**2 / Model.Data.rv_err**2)
        if (len(Model.Data.epochs_di)>0) and (Model.Data.data_mode!='RV'):
            chi_sqr_rapa = np.sum((Model.Data.rapa-Model.Data.rapa_model)**2 / Model.Data.rapa_err**2)
            chi_sqr_decsa = np.sum((Model.Data.decsa-Model.Data.decsa_model)**2 / Model.Data.decsa_err**2)
        chi_sqr_3d = chi_sqr_rv + chi_sqr_rapa + chi_sqr_decsa
        # Remember that chisqr = -2*log(Likelihood).  OR,
        ln_lik = -0.5*chi_sqr_3d
        #print('ln_lik',ln_lik)
        ## Make version of params with chi_sqr_3d for storing during ExoSOFT
        Model.Params.make_stored(chi_sqr_3d)
        #print('stored_pars',Model.stored_pars)
        ## store the chi sqr values in model object for printing in ExoSOFT.
        #print('chi_sqr_3d',chi_sqr_3d)
        Model.chi_squared_3d = chi_sqr_3d
        Model.chi_squared_di = chi_sqr_rapa + chi_sqr_decsa
        Model.chi_squared_rv = chi_sqr_rv
        
        ## Calculate priors
        prior = Model.Priors.priors(Model.Params.model_in_pars)
        Model.prior = prior
        #print('np.log(prior)',np.log(prior))
        #print('prior ',prior)
        ## calculate lnpost
        ln_post = np.log(prior) + ln_lik
        #print('ln_post ',ln_post)
        
    return ln_post


#EOF
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