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Installation


Requirements


	Python 2.7.x

	OpenBabel (2.3.2+) or/and RDKit (2014.03)

	Numpy (1.8+)

	Scipy (0.13+)

	Sklearn (0.13+)

	ffnet (0.7.1+) only for neural network functionality.

	joblib (0.8+)




Note

All installation methods assume that one of toolkits is installed. For detailed installation procedure visit toolkit’s website (OpenBabel, RDKit)



Most convenient way of installing ODDT is using PIP. All required python modules will be installed automatically, although toolkits, either OpenBabel (pip install openbabel) or RDKit need to be installed manually

pip install oddt





If you want to install cutting edge version (master branch from GitHub) of ODDT also using PIP

pip install git+https://github.com/oddt/oddt.git@master





Finally you can install ODDT straight from the source

wget https://github.com/oddt/oddt/archive/0.1.1.tar.gz
tar zxvf 0.1.1.tar.gz
cd oddt-0.1.1/
python setup.py install








Common installation problems

ffnet requires numpy.distutils during installation, and you are trying to install ffnet without numpy. You have to install numpy first.

pip install numpy





Then you can install ODDT

pip install oddt










Usage Instructions

You can use any supported toolkit united under common API (for reference see Pybel [https://open-babel.readthedocs.org/en/latest/UseTheLibrary/Python_Pybel.html] or Cinfony [https://code.google.com/p/cinfony/]). All methods and software which based on Pybel/Cinfony should be drop in compatible with ODDT toolkits. In contrast to it’s predecessors, which were aimed to have minimalistic API, ODDT introduces extended methods and additional handles. This extensions allow to use toolkits at all it’s grace and some features may be backported from others to introduce missing functionalities.
To name a few:


	coordinates are returned as Numpy Arrays

	atoms and residues methods of Molecule class are lazy, ie. not returning a list of pointers, rather an object which allows indexing and iterating through atoms/residues

	Bond object (similar to Atom)

	atom_dict, ring_dict, res_dict - comprehensive Numpy Arrays containing common information about given entity, particularly useful for high performance computing, ie. interactions, scoring etc.

	lazy Molecule (asynchronous), which is not converted to an object in reading phase, rather passed as a string and read in when underlying object is called

	pickling introduced for Pybel Molecule (internally saved to mol2 string)




Atom, residues, bonds iteration

One of the most common operation would be iterating through molecules atoms

mol = oddt.toolkit.readstring(‘smi’, ‘c1cccc1’)
for atom in mol:
    print atom.idx






Note

mol.atoms, returns an object (AtomStack) which can be access via indexes or iterated



Iterating over residues is also very convenient, especially for proteins

for res in mol.residues:
    print res.name





Additionally residues can fetch atoms belonging to them:

for res in mol.residues:
    for atom in res:
        print atom.idx





Bonds are also iterable, similar to residues:

for bond in mol.bonds:
    print bond.order
    for atom in bond:
        print atom.idx








Reading molecules

Reading molecules is mostly identical to Pybel [https://open-babel.readthedocs.org/en/latest/UseTheLibrary/Python_Pybel.html].

Reading from file

for mol in oddt.toolkit.readfile(‘smi’, ‘test.smi’):
    print mol.title





Reading from string

mol = oddt.toolkit.readstring(‘smi’, ‘c1ccccc1 benzene’):
    print mol.title






Note

You can force molecules to be read in asynchronously, aka “lazy molecules”. Current default is not to produce lazy molecules due to OpenBabel’s Memory Leaks in OBConverter. Main advantage of lazy molecules is using them in multiprocessing, then conversion is spreaded on all jobs.



Reading molecules from file in asynchronous manner

for mol in oddt.toolkit.readfile(‘smi’, ‘test.smi’, lazy=True):
    pass





This example will execute instantaneously, since no molecules were evaluated.




Numpy Dictionaries - store your molecule as an uniform structure

Most important and handy property of Molecule in ODDT are Numpy dictionaries containing most properties of supplied molecule. Some of them are straightforward, other require some calculation, ie. atom features. Dictionaries are provided for major entities of molecule: atoms, bonds, residues and rings. It was primarily used for interactions calculations, although it is applicable for any other calculation. The main benefit is marvelous Numpy broadcasting and subsetting.

Each dictionary is defined as a format in Numpy.


atom_dict

Atom basic information


	‘coords‘, type: float16, shape: (3) - atom coordinates

	‘charge‘, type: float16 - atom’s charge

	‘atomicnum‘, type: int8 - atomic number

	‘*atomtype’, type: a4 - Sybyl atom’s type

	‘hybridization‘, type: int8 - atoms hybrydization

	‘neighbors‘, type: float16, shape: (4,3) - coordinates of non-H neighbors coordinates for angles (max of 4 neighbors should be enough)



Residue information for current atom


	‘resid‘, type: int16 - residue ID

	‘resname‘, type: a3 - Residue name (3 letters)

	‘isbackbone‘, type: bool - is atom part of backbone



Atom properties


	‘isacceptor‘, type: bool - is atom H-bond acceptor

	‘isdonor‘, type: bool - is atom H-bond donor

	‘isdonorh‘, type: bool - is atom H-bond donor Hydrogen

	‘ismetal‘, type: bool - is atom a metal

	‘ishydrophobe‘, type: bool - is atom hydrophobic

	‘isaromatic‘, type: bool - is atom aromatic

	‘isminus‘, type: bool - is atom negatively charged/chargable

	‘isplus‘, type: bool - is atom positively charged/chargable

	‘ishalogen‘, type: bool - is atom a halogen



Secondary structure


	‘isalpha‘, type: bool - is atom a part of alpha helix

	‘isbeta‘, type: bool' - is atom a part of beta strand






ring_dict


	‘centroid‘, type: float16, shape: 3 - coordinates of ring’s centroid

	‘vector‘, type: float16, shape: 3 - normal vector for ring

	‘isalpha‘, type: bool - is ring a part of alpha helix

	‘isbeta‘, type: bool' - is ring a part of beta strand






res_dict


	‘id‘, type: int16 - residue ID

	‘resname‘, type: a3 - Residue name (3 letters)

	‘N‘, type: float16, shape: 3 - cordinates of backbone N atom

	‘CA‘, type: float16, shape: 3 - cordinates of backbone CA atom

	‘C‘, type: float16, shape: 3 - cordinates of backbone C atom

	‘isalpha‘, type: bool - is residue a part of alpha helix

	‘isbeta‘, type: bool' - is residue a part of beta strand




Note

All aforementioned dictionaries are generated “on demand”, and are cached for molecule, thus can be shared between calculations. Caching of dictionaries brings incredible performance gain, since in some applications their generation is the major time consuming task.



Get all acceptor atoms:

mol.atom_dict[‘is_acceptor’]
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Submodules




oddt.datasets module




oddt.interactions module

Module calculates interactions between two molecules (proein-protein, protein-ligand, small-small).
Currently following interacions are implemented:



	hydrogen bonds

	halogen bonds

	pi stacking (parallel and perpendicular)

	salt bridges

	hydrophobic contacts

	pi-cation

	metal coordination

	pi-metal







	
oddt.interactions.close_contacts(x, y, cutoff, x_column='coords', y_column='coords')[source]

	Returns pairs of atoms which are within close contac distance cutoff.





	Parameters:	x, y : atom_dict-type numpy array



Atom dictionaries generated by oddt.toolkit.Molecule objects.





	cutoff : float

	Cutoff distance for close contacts



	x_column, ycolumn : string, (default=’coords’)

	Column containing coordinates of atoms (or pseudo-atoms, i.e. ring centroids)











	Returns:	x_, y_ : atom_dict-type numpy array


Aligned pairs of atoms in close contact for further processing.















	
oddt.interactions.hbond_acceptor_donor(mol1, mol2, cutoff=3.5, base_angle=120, tolerance=30)[source]

	Returns pairs of acceptor-donor atoms, which meet H-bond criteria





	Parameters:	mol1, mol2 : oddt.toolkit.Molecule object



Molecules to compute H-bond acceptor and H-bond donor pairs





	cutoff : float, (default=3.5)

	Distance cutoff for A-D pairs



	base_angle : int, (default=120)

	Base angle determining allowed direction of hydrogen bond formation, which is devided by the number of neighbors of acceptor atom to establish final directional angle



	tolerance : int, (default=30)

	Range (+/- tolerance) from perfect direction (base_angle/n_neighbors) in which H-bonds are considered as strict.











	Returns:	a, d : atom_dict-type numpy array



Aligned arrays of atoms forming H-bond, firstly acceptors, secondly donors.





	strict : numpy array, dtype=bool

	Boolean array align with atom pairs, informing whether atoms form ‘strict’ H-bond (pass all angular cutoffs). If false, only distance cutoff is met, therefore the bond is ‘crude’.



















	
oddt.interactions.hbond(mol1, mol2, *args, **kwargs)[source]

	Calculates H-bonds between molecules





	Parameters:	mol1, mol2 : oddt.toolkit.Molecule object



Molecules to compute H-bond acceptor and H-bond donor pairs





	cutoff : float, (default=3.5)

	Distance cutoff for A-D pairs



	base_angle : int, (default=120)

	Base angle determining allowed direction of hydrogen bond formation, which is devided by the number of neighbors of acceptor atom to establish final directional angle



	tolerance : int, (default=30)

	Range (+/- tolerance) from perfect direction (base_angle/n_neighbors) in which H-bonds are considered as strict.











	Returns:	mol1_atoms, mol2_atoms : atom_dict-type numpy array



Aligned arrays of atoms forming H-bond





	strict : numpy array, dtype=bool

	Boolean array align with atom pairs, informing whether atoms form ‘strict’ H-bond (pass all angular cutoffs). If false, only distance cutoff is met, therefore the bond is ‘crude’.



















	
oddt.interactions.halogenbond_acceptor_halogen(mol1, mol2, base_angle_acceptor=120, base_angle_halogen=180, tolerance=30, cutoff=4)[source]

	Returns pairs of acceptor-halogen atoms, which meet halogen bond criteria





	Parameters:	mol1, mol2 : oddt.toolkit.Molecule object



Molecules to compute halogen bond acceptor and halogen pairs





	cutoff : float, (default=4)

	Distance cutoff for A-H pairs



	base_angle_acceptor : int, (default=120)

	Base angle determining allowed direction of halogen bond formation, which is devided by the number of neighbors of acceptor atom to establish final directional angle



	base_angle_halogen : int (default=180)

	Ideal base angle between halogen bond and halogen-neighbor bond



	tolerance : int, (default=30)

	Range (+/- tolerance) from perfect direction (base_angle/n_neighbors) in which halogen bonds are considered as strict.











	Returns:	a, h : atom_dict-type numpy array



Aligned arrays of atoms forming halogen bond, firstly acceptors, secondly halogens





	strict : numpy array, dtype=bool

	Boolean array align with atom pairs, informing whether atoms form ‘strict’ halogen bond (pass all angular cutoffs). If false, only distance cutoff is met, therefore the bond is ‘crude’.



















	
oddt.interactions.halogenbond(mol1, mol2, **kwargs)[source]

	Calculates halogen bonds between molecules





	Parameters:	mol1, mol2 : oddt.toolkit.Molecule object



Molecules to compute halogen bond acceptor and halogen pairs





	cutoff : float, (default=4)

	Distance cutoff for A-H pairs



	base_angle_acceptor : int, (default=120)

	Base angle determining allowed direction of halogen bond formation, which is devided by the number of neighbors of acceptor atom to establish final directional angle



	base_angle_halogen : int (default=180)

	Ideal base angle between halogen bond and halogen-neighbor bond



	tolerance : int, (default=30)

	Range (+/- tolerance) from perfect direction (base_angle/n_neighbors) in which halogen bonds are considered as strict.











	Returns:	mol1_atoms, mol2_atoms : atom_dict-type numpy array



Aligned arrays of atoms forming halogen bond





	strict : numpy array, dtype=bool

	Boolean array align with atom pairs, informing whether atoms form ‘strict’ halogen bond (pass all angular cutoffs). If false, only distance cutoff is met, therefore the bond is ‘crude’.



















	
oddt.interactions.pi_stacking(mol1, mol2, cutoff=5, tolerance=30)[source]

	Returns pairs of rings, which meet pi stacking criteria





	Parameters:	mol1, mol2 : oddt.toolkit.Molecule object



Molecules to compute ring pairs





	cutoff : float, (default=5)

	Distance cutoff for Pi-stacking pairs



	tolerance : int, (default=30)

	Range (+/- tolerance) from perfect direction (parallel or perpendicular) in which pi-stackings are considered as strict.











	Returns:	r1, r2 : ring_dict-type numpy array



Aligned arrays of rings forming pi-stacking





	strict_parallel : numpy array, dtype=bool

	Boolean array align with ring pairs, informing whether rings form ‘strict’ parallel pi-stacking. If false, only distance cutoff is met, therefore the stacking is ‘crude’.



	strict_perpendicular : numpy array, dtype=bool

	Boolean array align with ring pairs, informing whether rings form ‘strict’ perpendicular pi-stacking (T-shaped, T-face, etc.). If false, only distance cutoff is met, therefore the stacking is ‘crude’.



















	
oddt.interactions.salt_bridge_plus_minus(mol1, mol2, cutoff=4)[source]

	Returns pairs of plus-mins atoms, which meet salt bridge criteria





	Parameters:	mol1, mol2 : oddt.toolkit.Molecule object



Molecules to compute plus and minus pairs





	cutoff : float, (default=4)

	Distance cutoff for A-H pairs











	Returns:	plus, minus : atom_dict-type numpy array


Aligned arrays of atoms forming salt bridge, firstly plus, secondly minus















	
oddt.interactions.salt_bridges(mol1, mol2, *args, **kwargs)[source]

	Calculates salt bridges between molecules





	Parameters:	mol1, mol2 : oddt.toolkit.Molecule object



Molecules to compute plus and minus pairs





	cutoff : float, (default=4)

	Distance cutoff for plus-minus pairs











	Returns:	mol1_atoms, mol2_atoms : atom_dict-type numpy array


Aligned arrays of atoms forming salt bridges















	
oddt.interactions.hydrophobic_contacts(mol1, mol2, cutoff=4)[source]

	Calculates hydrophobic contacts between molecules





	Parameters:	mol1, mol2 : oddt.toolkit.Molecule object



Molecules to compute hydrophobe pairs





	cutoff : float, (default=4)

	Distance cutoff for hydrophobe pairs











	Returns:	mol1_atoms, mol2_atoms : atom_dict-type numpy array


Aligned arrays of atoms forming hydrophobic contacts















	
oddt.interactions.pi_cation(mol1, mol2, cutoff=5, tolerance=30)[source]

	Returns pairs of ring-cation atoms, which meet pi-cation criteria





	Parameters:	mol1, mol2 : oddt.toolkit.Molecule object



Molecules to compute ring-cation pairs





	cutoff : float, (default=5)

	Distance cutoff for Pi-cation pairs



	tolerance : int, (default=30)

	Range (+/- tolerance) from perfect direction (perpendicular) in which pi-cation are considered as strict.











	Returns:	r1 : ring_dict-type numpy array



Aligned rings forming pi-stacking





	plus2 : atom_dict-type numpy array

	Aligned cations forming pi-cation



	strict_parallel : numpy array, dtype=bool

	Boolean array align with ring-cation pairs, informing whether they form ‘strict’ pi-cation. If false, only distance cutoff is met, therefore the interaction is ‘crude’.



















	
oddt.interactions.acceptor_metal(mol1, mol2, base_angle=120, tolerance=30, cutoff=4)[source]

	Returns pairs of acceptor-metal atoms, which meet metal coordination criteria
Note: This function is directional (mol1 holds acceptors, mol2 holds metals)





	Parameters:	mol1, mol2 : oddt.toolkit.Molecule object



Molecules to compute acceptor and metal pairs





	cutoff : float, (default=4)

	Distance cutoff for A-M pairs



	base_angle : int, (default=120)

	Base angle determining allowed direction of metal coordination, which is devided by the number of neighbors of acceptor atom to establish final directional angle



	tolerance : int, (default=30)

	Range (+/- tolerance) from perfect direction (base_angle/n_neighbors) in metal coordination are considered as strict.











	Returns:	a, d : atom_dict-type numpy array



Aligned arrays of atoms forming metal coordination, firstly acceptors, secondly metals.





	strict : numpy array, dtype=bool

	Boolean array align with atom pairs, informing whether atoms form ‘strict’ metal coordination (pass all angular cutoffs). If false, only distance cutoff is met, therefore the interaction is ‘crude’.



















	
oddt.interactions.pi_metal(mol1, mol2, cutoff=5, tolerance=30)[source]

	Returns pairs of ring-metal atoms, which meet pi-metal criteria





	Parameters:	mol1, mol2 : oddt.toolkit.Molecule object



Molecules to compute ring-metal pairs





	cutoff : float, (default=5)

	Distance cutoff for Pi-metal pairs



	tolerance : int, (default=30)

	Range (+/- tolerance) from perfect direction (perpendicular) in which pi-metal are considered as strict.











	Returns:	r1 : ring_dict-type numpy array



Aligned rings forming pi-metal





	m : atom_dict-type numpy array

	Aligned metals forming pi-metal



	strict_parallel : numpy array, dtype=bool

	Boolean array align with ring-metal pairs, informing whether they form ‘strict’ pi-metal. If false, only distance cutoff is met, therefore the interaction is ‘crude’.





















oddt.metrics module




oddt.spatial module

Spatial functions included in ODDT
Mainly used by other modules, but can be accessed directly.


	
oddt.spatial.angle(p1, p2, p3)[source]

	Returns an angle from a series of 3 points (point #2 is centroid).Angle is returned in degrees.





	Parameters:	p1,p2,p3 : numpy arrays, shape = [n_points, n_dimensions]


Triplets of points in n-dimensional space, aligned in rows.







	Returns:	angles : numpy array, shape = [n_points]


Series of angles in degrees















	
oddt.spatial.angle_2v(v1, v2)[source]

	Returns an angle between two vecors.Angle is returned in degrees.





	Parameters:	v1,v2 : numpy arrays, shape = [n_vectors, n_dimensions]


Pairs of vectors in n-dimensional space, aligned in rows.







	Returns:	angles : numpy array, shape = [n_vectors]


Series of angles in degrees















	
oddt.spatial.dihedral(p1, p2, p3, p4)[source]

	Returns an dihedral angle from a series of 4 points. Dihedral is returned in degrees.
Function distingishes clockwise and antyclockwise dihedrals.





	Parameters:	p1,p2,p3,p4 : numpy arrays, shape = [n_points, n_dimensions]


Quadruplets of points in n-dimensional space, aligned in rows.







	Returns:	angles : numpy array, shape = [n_points]


Series of angles in degrees















	
oddt.spatial.distance(XA, XB, metric='euclidean', p=2, V=None, VI=None, w=None)

	Computes distance between each pair of the two collections of inputs.

The following are common calling conventions:


	Y = cdist(XA, XB, 'euclidean')

Computes the distance between \(m\) points using
Euclidean distance (2-norm) as the distance metric between the
points. The points are arranged as \(m\)
\(n\)-dimensional row vectors in the matrix X.



	Y = cdist(XA, XB, 'minkowski', p)

Computes the distances using the Minkowski distance
\(||u-v||_p\) (\(p\)-norm) where \(p \geq 1\).



	Y = cdist(XA, XB, 'cityblock')

Computes the city block or Manhattan distance between the
points.



	Y = cdist(XA, XB, 'seuclidean', V=None)

Computes the standardized Euclidean distance. The standardized
Euclidean distance between two n-vectors u and v is


\[\sqrt{\sum {(u_i-v_i)^2 / V[x_i]}}.\]

V is the variance vector; V[i] is the variance computed over all
the i’th components of the points. If not passed, it is
automatically computed.



	Y = cdist(XA, XB, 'sqeuclidean')

Computes the squared Euclidean distance \(||u-v||_2^2\) between
the vectors.



	Y = cdist(XA, XB, 'cosine')

Computes the cosine distance between vectors u and v,


\[1 - \frac{u \cdot v}
         {{||u||}_2 {||v||}_2}\]

where \(||*||_2\) is the 2-norm of its argument *, and
\(u \cdot v\) is the dot product of \(u\) and \(v\).



	Y = cdist(XA, XB, 'correlation')

Computes the correlation distance between vectors u and v. This is


\[1 - \frac{(u - \bar{u}) \cdot (v - \bar{v})}
         {{||(u - \bar{u})||}_2 {||(v - \bar{v})||}_2}\]

where \(\bar{v}\) is the mean of the elements of vector v,
and \(x \cdot y\) is the dot product of \(x\) and \(y\).



	Y = cdist(XA, XB, 'hamming')

Computes the normalized Hamming distance, or the proportion of
those vector elements between two n-vectors u and v
which disagree. To save memory, the matrix X can be of type
boolean.



	Y = cdist(XA, XB, 'jaccard')

Computes the Jaccard distance between the points. Given two
vectors, u and v, the Jaccard distance is the
proportion of those elements u[i] and v[i] that
disagree where at least one of them is non-zero.



	Y = cdist(XA, XB, 'chebyshev')






Computes the Chebyshev distance between the points. The
Chebyshev distance between two n-vectors u and v is the
maximum norm-1 distance between their respective elements. More
precisely, the distance is given by


\[d(u,v) = \max_i {|u_i-v_i|}.\]





	Y = cdist(XA, XB, 'canberra')




Computes the Canberra distance between the points. The
Canberra distance between two points u and v is


\[d(u,v) = \sum_i \frac{|u_i-v_i|}
                     {|u_i|+|v_i|}.\]





	Y = cdist(XA, XB, 'braycurtis')




Computes the Bray-Curtis distance between the points. The
Bray-Curtis distance between two points u and v is


\[d(u,v) = \frac{\sum_i (u_i-v_i)}
              {\sum_i (u_i+v_i)}\]





	Y = cdist(XA, XB, 'mahalanobis', VI=None)




Computes the Mahalanobis distance between the points. The
Mahalanobis distance between two points u and v is
\((u-v)(1/V)(u-v)^T\) where \((1/V)\) (the VI
variable) is the inverse covariance. If VI is not None,
VI will be used as the inverse covariance matrix.



	Y = cdist(XA, XB, 'yule')




Computes the Yule distance between the boolean
vectors. (see yule function documentation)



	Y = cdist(XA, XB, 'matching')




Computes the matching distance between the boolean
vectors. (see matching function documentation)



	Y = cdist(XA, XB, 'dice')




Computes the Dice distance between the boolean vectors. (see
dice function documentation)



	Y = cdist(XA, XB, 'kulsinski')




Computes the Kulsinski distance between the boolean
vectors. (see kulsinski function documentation)



	Y = cdist(XA, XB, 'rogerstanimoto')




Computes the Rogers-Tanimoto distance between the boolean
vectors. (see rogerstanimoto function documentation)



	Y = cdist(XA, XB, 'russellrao')




Computes the Russell-Rao distance between the boolean
vectors. (see russellrao function documentation)



	Y = cdist(XA, XB, 'sokalmichener')




Computes the Sokal-Michener distance between the boolean
vectors. (see sokalmichener function documentation)



	Y = cdist(XA, XB, 'sokalsneath')




Computes the Sokal-Sneath distance between the vectors. (see
sokalsneath function documentation)



	Y = cdist(XA, XB, 'wminkowski')




Computes the weighted Minkowski distance between the
vectors. (see sokalsneath function documentation)



	Y = cdist(XA, XB, f)




Computes the distance between all pairs of vectors in X
using the user supplied 2-arity function f. For example,
Euclidean distance between the vectors could be computed
as follows:

dm = cdist(XA, XB, lambda u, v: np.sqrt(((u-v)**2).sum()))





Note that you should avoid passing a reference to one of
the distance functions defined in this library. For example,:

dm = cdist(XA, XB, sokalsneath)





would calculate the pair-wise distances between the vectors in
X using the Python function sokalsneath. This would result in
sokalsneath being called \({n \choose 2}\) times, which
is inefficient. Instead, the optimized C version is more
efficient, and we call it using the following syntax.:

dm = cdist(XA, XB, 'sokalsneath')












	Parameters:	XA : ndarray


An \(m_A\) by \(n\) array of \(m_A\)
original observations in an \(n\)-dimensional space.




XB : ndarray


An \(m_B\) by \(n\) array of \(m_B\)
original observations in an \(n\)-dimensional space.




metric : string or function


The distance metric to use. The distance function can
be ‘braycurtis’, ‘canberra’, ‘chebyshev’, ‘cityblock’,
‘correlation’, ‘cosine’, ‘dice’, ‘euclidean’, ‘hamming’,
‘jaccard’, ‘kulsinski’, ‘mahalanobis’, ‘matching’,
‘minkowski’, ‘rogerstanimoto’, ‘russellrao’, ‘seuclidean’,
‘sokalmichener’, ‘sokalsneath’, ‘sqeuclidean’, ‘wminkowski’,
‘yule’.




w : ndarray


The weight vector (for weighted Minkowski).




p : double


The p-norm to apply (for Minkowski, weighted and unweighted)




V : ndarray


The variance vector (for standardized Euclidean).




VI : ndarray


The inverse of the covariance matrix (for Mahalanobis).







	Returns:	Y : ndarray


A \(m_A\) by \(m_B\) distance matrix is returned.
For each \(i\) and \(j\), the metric
dist(u=XA[i], v=XB[j]) is computed and stored in the
\(ij\) th entry.







	Raises:	An exception is thrown if ``XA`` and ``XB`` do not have

the same number of columns.














oddt.virtualscreening module




Module contents


Open Drug Discovery Toolkit

Universal and easy to use resource for various drug discovery tasks, ie docking, virutal screening, rescoring.



	toolkit : module,

	Toolkits backend module, currenlty OpenBabel [ob] and RDKit [rdk].
This setting is toolkit-wide, and sets given toolkit as default
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oddt.docking package


Submodules




oddt.docking.AutodockVina module




Module contents
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oddt.scoring package


Subpackages



	oddt.scoring.descriptors package
	Submodules

	oddt.scoring.descriptors.binana module

	Module contents





	oddt.scoring.functions package
	Submodules

	oddt.scoring.functions.NNScore module

	oddt.scoring.functions.RFScore module

	Module contents





	oddt.scoring.models package
	Submodules

	oddt.scoring.models.classifiers module

	oddt.scoring.models.neuralnetwork module

	oddt.scoring.models.regressors module

	Module contents












Module contents
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oddt.scoring.descriptors package


Submodules




oddt.scoring.descriptors.binana module




Module contents
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oddt.scoring.functions package


Submodules




oddt.scoring.functions.NNScore module




oddt.scoring.functions.RFScore module




Module contents
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oddt.scoring.models package


Submodules




oddt.scoring.models.classifiers module




oddt.scoring.models.neuralnetwork module




oddt.scoring.models.regressors module




Module contents
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oddt.toolkits package


Submodules




oddt.toolkits.ob module


	
class oddt.toolkits.ob.AtomStack(OBMol)[source]

	Bases: object






	
class oddt.toolkits.ob.Bond(OBBond)[source]

	Bases: object

Attributes







	atoms
	


	isrotor
	


	order
	






	
atoms

	




	
isrotor

	




	
order

	








	
class oddt.toolkits.ob.BondStack(OBMol)[source]

	Bases: object






	
class oddt.toolkits.ob.Residue(OBResidue)[source]

	Bases: object

Represent a Pybel residue.


	Required parameter:

	OBResidue – an Open Babel OBResidue

	Attributes:

	atoms, idx, name.



(refer to the Open Babel library documentation for more info).


	The original Open Babel atom can be accessed using the attribute:

	OBResidue



Attributes







	atoms
	


	idx
	


	name
	






	
atoms

	




	
idx

	




	
name

	








	
oddt.toolkits.ob.pickle_mol(self)[source]

	




	
oddt.toolkits.ob.readfile(format, filename, opt=None, lazy=False)[source]

	




	
oddt.toolkits.ob.unpickle_mol(source)[source]

	






oddt.toolkits.rdk module

rdkit - A Cinfony module for accessing the RDKit from CPython


	Global variables:

	Chem and AllChem - the underlying RDKit Python bindings
informats - a dictionary of supported input formats
outformats - a dictionary of supported output formats
descs - a list of supported descriptors
fps - a list of supported fingerprint types
forcefields - a list of supported forcefields




	
class oddt.toolkits.rdk.Atom(Atom)[source]

	Bases: object

Represent an rdkit Atom.


	Required parameters:

	Atom – an RDKit Atom

	Attributes:

	atomicnum, coords, formalcharge

	The original RDKit Atom can be accessed using the attribute:

	Atom



Attributes







	atomicnum
	


	coords
	


	formalcharge
	


	idx
	Note that this index is 1-based and RDKit’s internal index in 0-based.


	neighbors
	


	partialcharge
	






	
atomicnum

	




	
coords

	




	
formalcharge

	




	
idx

	Note that this index is 1-based and RDKit’s internal index in 0-based. Changed to be compatible with OpenBabel






	
neighbors

	




	
partialcharge

	








	
class oddt.toolkits.rdk.AtomStack(Mol)[source]

	Bases: object






	
class oddt.toolkits.rdk.Fingerprint(fingerprint)[source]

	Bases: object

A Molecular Fingerprint.


	Required parameters:

	fingerprint – a vector calculated by one of the fingerprint methods

	Attributes:

	fp – the underlying fingerprint object
bits – a list of bits set in the Fingerprint

	Methods:

	The “|” operator can be used to calculate the Tanimoto coeff. For example,
given two Fingerprints ‘a’, and ‘b’, the Tanimoto coefficient is given by:


tanimoto = a | b






Attributes







	raw
	






	
raw

	








	
class oddt.toolkits.rdk.Molecule(Mol=None, source=None, protein=False)[source]

	Bases: object

Represent an rdkit Molecule.


	Required parameter:

	Mol – an RDKit Mol or any type of cinfony Molecule

	Attributes:

	atoms, data, formula, molwt, title

	Methods:

	addh(), calcfp(), calcdesc(), draw(), localopt(), make3D(), removeh(),
write()

	The underlying RDKit Mol can be accessed using the attribute:

	Mol



Attributes







	Mol
	


	atom_dict
	


	atoms
	


	canonic_order
	Returns np.array with canonic order of heavy atoms in the molecule


	charges
	


	clone
	


	coords
	


	data
	


	formula
	


	molwt
	


	num_rotors
	


	res_dict
	


	ring_dict
	


	sssr
	


	title
	





Methods







	addh()
	Add hydrogens.


	calcdesc([descnames])
	Calculate descriptor values.


	calcfp([fptype,opt])
	Calculate a molecular fingerprint.


	clone_coords(source)
	


	draw([show,filename,update,usecoords])
	Create a 2D depiction of the molecule.


	localopt([forcefield,steps])
	Locally optimize the coordinates.


	make3D([forcefield,steps])
	Generate 3D coordinates.


	removeh()
	Remove hydrogens.


	write([format,filename,overwrite])
	Write the molecule to a file or return a string.






	
Mol

	




	
addh()[source]

	Add hydrogens.






	
atom_dict

	




	
atoms

	




	
calcdesc(descnames=[])[source]

	Calculate descriptor values.


	Optional parameter:

	descnames – a list of names of descriptors



If descnames is not specified, all available descriptors are
calculated. See the descs variable for a list of available
descriptors.






	
calcfp(fptype='rdkit', opt=None)[source]

	Calculate a molecular fingerprint.


	Optional parameters:

	
	fptype – the fingerprint type (default is “rdkit”). See the

	fps variable for a list of of available fingerprint
types.

	opt – a dictionary of options for fingerprints. Currently only used

	for radius and bitInfo in Morgan fingerprints.












	
canonic_order

	Returns np.array with canonic order of heavy atoms in the molecule






	
charges

	




	
clone

	




	
clone_coords(source)[source]

	




	
coords

	




	
data

	




	
draw(show=True, filename=None, update=False, usecoords=False)[source]

	Create a 2D depiction of the molecule.


	Optional parameters:

	show – display on screen (default is True)
filename – write to file (default is None)
update – update the coordinates of the atoms to those


determined by the structure diagram generator
(default is False)



	usecoords – don’t calculate 2D coordinates, just use

	the current coordinates (default is False)







Aggdraw or Cairo is used for 2D depiction. Tkinter and
Python Imaging Library are required for image display.






	
formula

	




	
localopt(forcefield='uff', steps=500)[source]

	Locally optimize the coordinates.


	Optional parameters:

	
	forcefield – default is “uff”. See the forcefields variable

	for a list of available forcefields.



steps – default is 500





If the molecule does not have any coordinates, make3D() is
called before the optimization.






	
make3D(forcefield='uff', steps=50)[source]

	Generate 3D coordinates.


	Optional parameters:

	
	forcefield – default is “uff”. See the forcefields variable

	for a list of available forcefields.



steps – default is 50





Once coordinates are generated, a quick
local optimization is carried out with 50 steps and the
UFF forcefield. Call localopt() if you want
to improve the coordinates further.






	
molwt

	




	
num_rotors

	




	
removeh()[source]

	Remove hydrogens.






	
res_dict

	




	
ring_dict

	




	
sssr

	




	
title

	




	
write(format='smi', filename=None, overwrite=False, **kwargs)[source]

	Write the molecule to a file or return a string.


	Optional parameters:

	
	format – see the informats variable for a list of available

	output formats (default is “smi”)



filename – default is None
overwite – if the output file already exists, should it


be overwritten? (default is False)






If a filename is specified, the result is written to a file.
Otherwise, a string is returned containing the result.

To write multiple molecules to the same file you should use
the Outputfile class.










	
class oddt.toolkits.rdk.MoleculeData(Mol)[source]

	Bases: object

Store molecule data in a dictionary-type object


	Required parameters:

	Mol – an RDKit Mol



Methods and accessor methods are like those of a dictionary except
that the data is retrieved on-the-fly from the underlying Mol.

Example:
>>> mol = readfile(“sdf”, ‘head.sdf’).next()
>>> data = mol.data
>>> print data
{‘Comment’: ‘CORINA 2.61 0041  25.10.2001’, ‘NSC’: ‘1’}
>>> print len(data), data.keys(), data.has_key(“NSC”)
2 [‘Comment’, ‘NSC’] True
>>> print data[‘Comment’]
CORINA 2.61 0041  25.10.2001
>>> data[‘Comment’] = ‘This is a new comment’
>>> for k,v in data.iteritems():
...    print k, “–>”, v
Comment –> This is a new comment
NSC –> 1
>>> del data[‘NSC’]
>>> print len(data), data.keys(), data.has_key(“NSC”)
1 [‘Comment’] False

Methods







	clear()
	


	has_key(key)
	


	items()
	


	iteritems()
	


	keys()
	


	update(dictionary)
	


	values()
	






	
clear()[source]

	




	
has_key(key)[source]

	




	
items()[source]

	




	
iteritems()[source]

	




	
keys()[source]

	




	
update(dictionary)[source]

	




	
values()[source]

	








	
class oddt.toolkits.rdk.Outputfile(format, filename, overwrite=False)[source]

	Bases: object

Represent a file to which output is to be sent.


	Required parameters:

	
	format - see the outformats variable for a list of available

	output formats



filename



	Optional parameters:

	
	overwite – if the output file already exists, should it

	be overwritten? (default is False)





	Methods:

	write(molecule)
close()



Methods







	close()
	Close the Outputfile to further writing.


	write(molecule)
	Write a molecule to the output file.






	
close()[source]

	Close the Outputfile to further writing.






	
write(molecule)[source]

	Write a molecule to the output file.


	Required parameters:

	molecule












	
class oddt.toolkits.rdk.Smarts(smartspattern)[source]

	Bases: object

Initialise with a SMARTS pattern.

Methods







	findall(molecule)
	Find all matches of the SMARTS pattern to a particular molecule.






	
findall(molecule)[source]

	Find all matches of the SMARTS pattern to a particular molecule.


	Required parameters:

	molecule












	
oddt.toolkits.rdk.base_feature_factory = <MagicMock name='mock.Chem.AllChem.BuildFeatureFactory()' id='140558883852176'>

	Global feature factory based on BaseFeatures.fdef






	
oddt.toolkits.rdk.descs = []

	A list of supported descriptors






	
oddt.toolkits.rdk.forcefields = ['uff']

	A list of supported forcefields






	
oddt.toolkits.rdk.fps = ['rdkit', 'layered', 'maccs', 'atompairs', 'torsions', 'morgan']

	A list of supported fingerprint types






	
oddt.toolkits.rdk.informats = {'inchi': 'InChI', 'mol2': 'Tripos MOL2 file', 'sdf': 'MDL SDF file', 'smi': 'SMILES', 'mol': 'MDL MOL file'}

	A dictionary of supported input formats






	
oddt.toolkits.rdk.outformats = {'inchikey': 'InChIKey', 'sdf': 'MDL SDF file', 'can': 'Canonical SMILES', 'smi': 'SMILES', 'mol': 'MDL MOL file', 'inchi': 'InChI'}

	A dictionary of supported output formats






	
oddt.toolkits.rdk.readfile(format, filename, *args, **kwargs)[source]

	Iterate over the molecules in a file.


	Required parameters:

	
	format - see the informats variable for a list of available

	input formats



filename





You can access the first molecule in a file using the next() method
of the iterator:


mol = readfile(“smi”, “myfile.smi”).next()



	You can make a list of the molecules in a file using:

	mols = list(readfile(“smi”, “myfile.smi”))



You can iterate over the molecules in a file as shown in the
following code snippet:
>>> atomtotal = 0
>>> for mol in readfile(“sdf”, “head.sdf”):
...     atomtotal += len(mol.atoms)
...
>>> print atomtotal
43






	
oddt.toolkits.rdk.readstring(format, string, **kwargs)[source]

	Read in a molecule from a string.


	Required parameters:

	
	format - see the informats variable for a list of available

	input formats



string





Example:
>>> input = “C1=CC=CS1”
>>> mymol = readstring(“smi”, input)
>>> len(mymol.atoms)
5








Module contents
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#-*. coding: utf-8 -*-
## Copyright (c) 2008-2011, Noel O'Boyle; 2012, Adrià Cereto-Massagué; 2014, Maciej Wójcikowski;
## All rights reserved.
##
##  This file is part of Cinfony.
##  The contents are covered by the terms of the BSD license
##  which is included in the file LICENSE_BSD.txt.

"""
rdkit - A Cinfony module for accessing the RDKit from CPython

Global variables:
  Chem and AllChem - the underlying RDKit Python bindings
  informats - a dictionary of supported input formats
  outformats - a dictionary of supported output formats
  descs - a list of supported descriptors
  fps - a list of supported fingerprint types
  forcefields - a list of supported forcefields
"""

import os
from copy import copy
import gzip

import numpy as np

import rdkit
from rdkit import Chem
from rdkit.Chem import AllChem, Draw
from rdkit.Chem import Descriptors
from rdkit import RDConfig

_descDict = dict(Descriptors.descList)

import rdkit.DataStructs
import rdkit.Chem.MACCSkeys
import rdkit.Chem.AtomPairs.Pairs
import rdkit.Chem.AtomPairs.Torsions
### ODDT ###
from rdkit.Chem.Lipinski import NumRotatableBonds
from rdkit.Chem.AllChem import ComputeGasteigerCharges
from rdkit.Chem.Pharm2D import Gobbi_Pharm2D,Generate

backend = 'rdk'

elementtable = Chem.GetPeriodicTable()

# trap errors since it's still new feature
try:
    from rdkit.Chem import CanonicalRankAtoms
except ImportError:
    pass

# PIL and Tkinter
try:
    import Tkinter as tk
    import Image as PIL
    import ImageTk as PILtk
except:
    PILtk = None

# Aggdraw
try:
    import aggdraw
    from rdkit.Chem.Draw import aggCanvas
except ImportError:
    aggdraw = None

fps = ['rdkit', 'layered', 'maccs', 'atompairs', 'torsions', 'morgan']
"""A list of supported fingerprint types"""
descs = _descDict.keys()
"""A list of supported descriptors"""

_formats = {'smi': "SMILES",
            'can': "Canonical SMILES",
            'mol': "MDL MOL file",
            'mol2': "Tripos MOL2 file",
            'sdf': "MDL SDF file",
            'inchi':"InChI",
            'inchikey':"InChIKey"}
_notinformats = ['can', 'inchikey']
_notoutformats = ['mol2']
if not Chem.INCHI_AVAILABLE:
    _notinformats += ['inchi']
    _notoutformats += ['inchi', 'inchikey']

informats = dict([(_x, _formats[_x]) for _x in _formats if _x not in _notinformats])
"""A dictionary of supported input formats"""
outformats = dict([(_x, _formats[_x]) for _x in _formats if _x not in _notoutformats])
"""A dictionary of supported output formats"""

base_feature_factory = AllChem.BuildFeatureFactory(os.path.join(RDConfig.RDDataDir,'BaseFeatures.fdef'))
""" Global feature factory based on BaseFeatures.fdef """

_forcefields = {'uff': AllChem.UFFOptimizeMolecule}
forcefields = _forcefields.keys()
"""A list of supported forcefields"""

def _filereader_mol2(filename):
    block = ''
    data = ''
    n = 0
    with gzip.open(filename) if filename.split('.')[-1] == 'gz' else open(filename) as f:
        for line in f:
            if line[:1] == '#':
                data += line
            elif line[:17] == '@<TRIPOS>MOLECULE':
                if n>0: #skip `zero` molecule (any preciding comments and spaces)
                    yield Molecule(source={'fmt': 'mol2', 'string': block})
                n += 1
                block = data
                data = ''
            block += line
        # open last molecule
        if block:
            yield Molecule(source={'fmt': 'mol2', 'string': block})

def _filereader_sdf(filename):
    block = ''
    n = 0
    with gzip.open(filename) if filename.split('.')[-1] == 'gz' else open(filename) as f:
        for line in f:
            block += line
            if line[:4] == '$$$$':
                yield Molecule(source={'fmt': 'sdf', 'string': block})
                n += 1
                block = ''
        if block: # open last molecule if any
            yield Molecule(source={'fmt': 'sdf', 'string': block})

def _filereader_pdb(filename, opt = None):
    block = ''
    n = 0
    with gzip.open(filename) if filename.split('.')[-1] == 'gz' else open(filename) as f:
        for line in f:
            block += line
            if line[:4] == 'ENDMDL':
                yield Molecule(source={'fmt': 'pdb', 'string': block, 'opt': opt})
                n += 1
                block = ''
        if block: # open last molecule if any
            yield Molecule(source={'fmt': 'pdb', 'string': block, 'opt': opt})

[docs]def readfile(format, filename, *args, **kwargs):
    """Iterate over the molecules in a file.

    Required parameters:
       format - see the informats variable for a list of available
                input formats
       filename

    You can access the first molecule in a file using the next() method
    of the iterator:
        mol = readfile("smi", "myfile.smi").next()

    You can make a list of the molecules in a file using:
        mols = list(readfile("smi", "myfile.smi"))

    You can iterate over the molecules in a file as shown in the
    following code snippet:
    >>> atomtotal = 0
    >>> for mol in readfile("sdf", "head.sdf"):
    ...     atomtotal += len(mol.atoms)
    ...
    >>> print atomtotal
    43
    """
    if not os.path.isfile(filename):
        raise IOError, "No such file: '%s'" % filename
    format = format.lower()
    # Eagerly evaluate the supplier functions in order to report
    # errors in the format and errors in opening the file.
    # Then switch to an iterator...
    if format=="sdf":
        return _filereader_sdf(filename)
    elif format=="mol":
        def mol_reader():
            yield Molecule(Chem.MolFromMolFile(filename, *args, **kwargs))
        return mol_reader()
    elif format=="pdb":
        def mol_reader():
            yield Molecule(Chem.MolFromPDBFile(filename, *args, **kwargs))
        return mol_reader()
    elif format=="mol2":
        return _filereader_mol2(filename)
    elif format=="smi":
        iterator = Chem.SmilesMolSupplier(filename, delimiter=" \t",
                                          titleLine=False, *args, **kwargs)
        def smi_reader():
            for mol in iterator:
                yield Molecule(mol)
        return smi_reader()
    elif format=='inchi' and Chem.INCHI_AVAILABLE:
        def inchi_reader():
            for line in open(filename, 'r'):
                mol = Chem.inchi.MolFromInchi(line.strip(), *args, **kwargs)
                yield Molecule(mol)
        return inchi_reader()
    else:
        raise ValueError, "%s is not a recognised RDKit format" % format


[docs]def readstring(format, string, **kwargs):
    """Read in a molecule from a string.

    Required parameters:
       format - see the informats variable for a list of available
                input formats
       string

    Example:
    >>> input = "C1=CC=CS1"
    >>> mymol = readstring("smi", input)
    >>> len(mymol.atoms)
    5
    """
    format = format.lower()
    if format=="mol" or format=="sdf":
        mol = Chem.MolFromMolBlock(string, **kwargs)
    elif format=="mol2":
        mol = Chem.MolFromMol2Block(string, **kwargs)
    elif format=="pdb":
        mol = Chem.MolFromPDBBlock(string, **kwargs)
    elif format=="smi":
        mol = Chem.MolFromSmiles(string, **kwargs)
    elif format=='inchi' and Chem.INCHI_AVAILABLE:
        mol = Chem.inchi.MolFromInchi(string, **kwargs)
    else:
        raise ValueError,"%s is not a recognised RDKit format" % format
#    if mol:
    return Molecule(mol)
#    else:
#        raise IOError, "Failed to convert '%s' to format '%s'" % (
#            string, format)


[docs]class Outputfile(object):
    """Represent a file to which *output* is to be sent.

    Required parameters:
       format - see the outformats variable for a list of available
                output formats
       filename

    Optional parameters:
       overwite -- if the output file already exists, should it
                   be overwritten? (default is False)

    Methods:
       write(molecule)
       close()
    """
    def __init__(self, format, filename, overwrite=False):
        self.format = format
        self.filename = filename
        if not overwrite and os.path.isfile(self.filename):
            raise IOError, "%s already exists. Use 'overwrite=True' to overwrite it." % self.filename
        if format=="sdf":
            self._writer = Chem.SDWriter(self.filename)
        elif format=="smi":
            self._writer = Chem.SmilesWriter(self.filename, isomericSmiles=True)
        elif format in ('inchi', 'inchikey') and Chem.INCHI_AVAILABLE:
            self._writer = open(filename, 'w')
        elif format in ('mol2'):
            self._writer = gzip.open(filename, 'w') if filename.split('.')[-1] == 'gz' else open(filename, 'w')
        else:
            raise ValueError,"%s is not a recognised RDKit format" % format
        self.total = 0 # The total number of molecules written to the file

[docs]    def write(self, molecule):
        """Write a molecule to the output file.

        Required parameters:
           molecule
        """
        if not self.filename:
            raise IOError, "Outputfile instance is closed."
        if self.format in ('inchi', 'inchikey', 'mol2'):
            self._writer.write(molecule.write(self.format) +'\n')
        else:
            self._writer.write(molecule.Mol)
        self.total += 1


[docs]    def close(self):
        """Close the Outputfile to further writing."""
        self.filename = None
        self._writer.flush()
        del self._writer



[docs]class Molecule(object):
    """Represent an rdkit Molecule.

    Required parameter:
       Mol -- an RDKit Mol or any type of cinfony Molecule

    Attributes:
       atoms, data, formula, molwt, title

    Methods:
       addh(), calcfp(), calcdesc(), draw(), localopt(), make3D(), removeh(),
       write()

    The underlying RDKit Mol can be accessed using the attribute:
       Mol
    """
    _cinfony = True

    def __init__(self, Mol = None, source = None, protein = False):
        if hasattr(Mol, "_cinfony"):
            a, b = Mol._exchange
            if a == 0:
                molecule = readstring("smi", b)
            else:
                molecule = readstring("mol", b)
            Mol = molecule.Mol

        self.Mol = Mol
        ### ODDT ###
        self.protein = protein
        self._atom_dict = None
        self._res_dict = None
        self._ring_dict = None
        self._coords = None
        self._charges = None
        # lazy
        self._source = source # dict with keys: n, fmt, string, filename

    # lazy Molecule parsing requires masked Mol
    @property
    def Mol(self):
        if not self._Mol and self._source:
            self._Mol = readstring(self._source['fmt'], self._source['string']).Mol
            self._source = None
        return self._Mol

    @Mol.setter
    def Mol(self, value):
        self._Mol = value

    @property
    def atoms(self): return AtomStack(self.Mol)
    @property
    def data(self): return MoleculeData(self.Mol)
    @property
    def molwt(self): return Descriptors.MolWt(self.Mol)
    @property
    def formula(self): return Descriptors.MolecularFormula(self.Mol)
    def _gettitle(self):
        # Note to self: maybe should implement the get() method for self.data
        if "_Name" in self.data:
            return self.data["_Name"]
        else:
            return ""
    def _settitle(self, val): self.Mol.SetProp("_Name", val)
    title = property(_gettitle, _settitle)
    @property
    def _exchange(self):
        if self.Mol.GetNumConformers() == 0:
            return (0, self.write("smi"))
        else:
            return (1, self.write("mol"))

    # cache frequently used properties and cache them in prefixed [_] variables
    @property
    def coords(self):
        if self._coords is None:
            self._coords = np.array([atom.coords for atom in self.atoms])
        return self._coords

    @property
    def charges(self):
        if self._charges is None:
            self._charges = np.array([atom.partialcharge for atom in self.atoms])
        return self._charges

    #### Custom ODDT properties ####
    @property
    def sssr(self):
        return [list(path) for path in list(Chem.GetSymmSSSR(self.Mol))]
    @property
    def num_rotors(self):
        return NumRotatableBonds(self.Mol)

    @property
    def canonic_order(self):
        """ Returns np.array with canonic order of heavy atoms in the molecule """
        tmp = self.clone
        tmp.removeh()
        return np.array(CanonicalRankAtoms(tmp.Mol), dtype=int)

    @property
    def atom_dict(self):
        # check cache and generate dicts
        if self._atom_dict is None:
            self._dicts()
        return self._atom_dict

    @property
    def res_dict(self):
        # check cache and generate dicts
        if self._res_dict is None:
            self._dicts()
        return self._res_dict

    @property
    def ring_dict(self):
        # check cache and generate dicts
        if self._ring_dict is None:
            self._dicts()
        return self._ring_dict

    @property
    def clone(self):
        return Molecule(copy(self.Mol))

[docs]    def clone_coords(self, source):
        self.Mol.RemoveAllConformers()
        for conf in source.Mol.GetConformers():
            self.Mol.AddConformer(conf)
        return self


    def _dicts(self):
        # Atoms
        atom_dtype = [('id', 'int16'),
                 # atom info
                 ('coords', 'float16', 3),
                 ('radius', 'float16'),
                 ('charge', 'float16'),
                 ('atomicnum', 'int8'),
                 ('atomtype','a4'),
                 ('hybridization', 'int8'),
                 ('neighbors', 'float16', (4,3)), # non-H neighbors coordinates for angles (max of 6 neighbors should be enough)
                 # residue info
                 ('resid', 'int16'),
                 ('resname', 'a3'),
                 ('isbackbone', 'bool'),
                 # atom properties
                 ('isacceptor', 'bool'),
                 ('isdonor', 'bool'),
                 ('isdonorh', 'bool'),
                 ('ismetal', 'bool'),
                 ('ishydrophobe', 'bool'),
                 ('isaromatic', 'bool'),
                 ('isminus', 'bool'),
                 ('isplus', 'bool'),
                 ('ishalogen', 'bool'),
                 # secondary structure
                 ('isalpha', 'bool'),
                 ('isbeta', 'bool')
                 ]

        a = []
        atom_dict = np.empty(self.Mol.GetNumAtoms(), dtype=atom_dtype)
        metals = [3,4,11,12,13,19,20,21,22,23,24,25,26,27,28,29,30,31,37,38,39,40,41,42,43,44,45,46,47,48,49,50,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,87,88,89,90,91,
    92,93,94,95,96,97,98,99,100,101,102,103]
        for i, atom in enumerate(self.atoms):

            atomicnum = atom.atomicnum
            partialcharge = atom.partialcharge
            coords = atom.coords
            atomtype = atom.Atom.GetProp("_TriposAtomType") if atom.Atom.HasProp("_TriposAtomType") else atom.Atom.GetSymbol()
#            if self.protein:
#                residue = pybel.Residue(atom.OBAtom.GetResidue())
#            else:
#                residue = False
            residue = None

            # get neighbors, but only for those atoms which realy need them
            neighbors = np.zeros(4, dtype=[('coords', 'float16', 3),('atomicnum', 'int8')])
            neighbors['coords'].fill(np.nan)
            for n, nbr_atom in enumerate(atom.neighbors):
                neighbors[n] = (nbr_atom.coords, nbr_atom.atomicnum)
            atom_dict[i] = (atom.idx,
                      coords,
                      elementtable.GetRvdw(atomicnum),
                      partialcharge,
                      atomicnum,
                      atomtype,
                      np.clip(atom.Atom.GetHybridization()-1, 0, 3),
                      neighbors['coords'],
                      # residue info
                      residue.idx if residue else 0,
                      residue.name if residue else '',
                      False, #residue.OBResidue.GetAtomProperty(atom.OBAtom, 2) if residue else False, # is backbone
                      # atom properties
                      False, #atom.OBAtom.IsHbondAcceptor(),
                      False, #atom.OBAtom.IsHbondDonor(),
                      False, #atom.OBAtom.IsHbondDonorH(),
                      atomicnum in metals,
                      atomicnum == 6 and np.in1d(neighbors['atomicnum'], [6,1,0]).all(), #hydrophobe
                      atom.Atom.GetIsAromatic(),
                      atomtype in ['O3-', '02-' 'O-'] or atom.formalcharge < 0, # is charged (minus)
                      atomtype in ['N3+', 'N2+', 'Ng+'] or atom.formalcharge > 0, # is charged (plus)
                      atomicnum in [9,17,35,53], # is halogen?
                      False, # alpha
                      False # beta
                      )

        # Match features and mark them in atom_dict
        feats = base_feature_factory.GetFeaturesForMol(self.Mol)
        translate_feats = {'Donor':'isdonor',
                   'Acceptor':'isacceptor',
                   'NegIonizable':'isminus',
                   'PosIonizable':'isplus',
                   'Aromatic':'isaromatic',
                   'Hydrophobe':'ishydrophobe'
                   }
        feat_atom_ids = {}
        for f in feats:
            if f.GetFamily() in translate_feats:
                if not translate_feats[f.GetFamily()] in feat_atom_ids:
                    feat_atom_ids[translate_feats[f.GetFamily()]] = tuple()
                feat_atom_ids[translate_feats[f.GetFamily()]] += f.GetAtomIds()
        for key, aids in feat_atom_ids.items():
            atom_dict[key][np.array(aids)] = True

        ### FIX: remove acidic carbons from isminus group (they are part of smarts)
        atom_dict['isminus'][atom_dict['isminus'] & (atom_dict['atomicnum'] == 6)] = False

#        if self.protein:
#            # Protein Residues (alpha helix and beta sheet)
#            res_dtype = [('id', 'int16'),
#                         ('resname', 'a3'),
#                         ('N', 'float16', 3),
#                         ('CA', 'float16', 3),
#                         ('C', 'float16', 3),
#                         ('isalpha', 'bool'),
#                         ('isbeta', 'bool')
#                         ] # N, CA, C

#            b = []
#            for residue in self.residues:
#                backbone = {}
#                for atom in residue:
#                    if residue.OBResidue.GetAtomProperty(atom.OBAtom,1):
#                        if atom.atomicnum == 7:
#                            backbone['N'] = atom.coords
#                        elif atom.atomicnum == 6:
#                            if atom.type == 'C3':
#                                backbone['CA'] = atom.coords
#                            else:
#                                backbone['C'] = atom.coords
#                if len(backbone.keys()) == 3:
#                    b.append((residue.idx, residue.name, backbone['N'],  backbone['CA'], backbone['C'], False, False))
#            res_dict = np.array(b, dtype=res_dtype)
#
#            # detect secondary structure by phi and psi angles
#            first = res_dict[:-1]
#            second = res_dict[1:]
#            psi = dihedral(first['N'], first['CA'], first['C'], second['N'])
#            phi = dihedral(first['C'], second['N'], second['CA'], second['C'])
#            # mark atoms belonging to alpha and beta
#            res_mask_alpha = np.where(((phi > -145) & (phi < -35) & (psi > -70) & (psi < 50))) # alpha
#            res_dict['isalpha'][res_mask_alpha] = True
#            for i in res_dict[res_mask_alpha]['id']:
#                atom_dict['isalpha'][atom_dict['resid'] == i] = True

#            res_mask_beta = np.where(((phi >= -180) & (phi < -40) & (psi <= 180) & (psi > 90)) | ((phi >= -180) & (phi < -70) & (psi <= -165))) # beta
#            res_dict['isbeta'][res_mask_beta] = True
#            atom_dict['isbeta'][np.in1d(atom_dict['resid'], res_dict[res_mask_beta]['id'])] = True

        # Aromatic Rings
        r = []
        for path in self.sssr:
            if self.Mol.GetAtomWithIdx(path[0]).GetIsAromatic():
                atom = atom_dict[atom_dict['id'] == path[0]]
                coords = atom_dict[np.in1d(atom_dict['id'], path)]['coords']
                centroid = coords.mean(axis=0)
                # get vector perpendicular to ring
                vector = np.cross(coords - np.vstack((coords[1:],coords[:1])), np.vstack((coords[1:],coords[:1])) - np.vstack((coords[2:],coords[:2]))).mean(axis=0) - centroid
                r.append((centroid, vector, atom['isalpha'], atom['isbeta']))
        ring_dict = np.array(r, dtype=[('centroid', 'float16', 3),('vector', 'float16', 3),('isalpha', 'bool'),('isbeta', 'bool'),])

        self._atom_dict = atom_dict
        self._ring_dict = ring_dict
        if self.protein:
            self._res_dict = res_dict

[docs]    def addh(self):
        """Add hydrogens."""
        self.Mol = Chem.AddHs(self.Mol)


[docs]    def removeh(self):
        """Remove hydrogens."""
        self.Mol = Chem.RemoveHs(self.Mol)


[docs]    def write(self, format="smi", filename=None, overwrite=False, **kwargs):
        """Write the molecule to a file or return a string.

        Optional parameters:
           format -- see the informats variable for a list of available
                     output formats (default is "smi")
           filename -- default is None
           overwite -- if the output file already exists, should it
                       be overwritten? (default is False)

        If a filename is specified, the result is written to a file.
        Otherwise, a string is returned containing the result.

        To write multiple molecules to the same file you should use
        the Outputfile class.
        """
        format = format.lower()
        # Use lazy molecule if possible
        if self._source and 'fmt' in self._source and self._source['fmt'] == format and self._source['string']:
            return self._source['string']
        if filename:
            if not overwrite and os.path.isfile(filename):
                raise IOError, "%s already exists. Use 'overwrite=True' to overwrite it." % filename
        if format=="smi" or format=="can":
            result = Chem.MolToSmiles(self.Mol, **kwargs)
        elif format=="mol":
            result = Chem.MolToMolBlock(self.Mol, **kwargs)
        elif format=="mol2":
            result = Chem.MolToMol2Block(self.Mol, **kwargs)
        elif format=="pdb":
            result = Chem.MolToPDBBlock(self.Mol, **kwargs)
        elif format in ('inchi', 'inchikey') and Chem.INCHI_AVAILABLE:
            result = Chem.inchi.MolToInchi(self.Mol, **kwargs)
            if format == 'inchikey':
                result = Chem.inchi.InchiToInchiKey(result, **kwargs)
        else:
            raise ValueError,"%s is not a recognised RDKit format" % format
        if filename:
            print >> open(filename, "w"), result
        else:
            return result


    def __iter__(self):
        """Iterate over the Atoms of the Molecule.

        This allows constructions such as the following:
           for atom in mymol:
               print atom
        """
        return iter(self.atoms)

    def __str__(self):
        return self.write()

[docs]    def calcdesc(self, descnames=[]):
        """Calculate descriptor values.

        Optional parameter:
           descnames -- a list of names of descriptors

        If descnames is not specified, all available descriptors are
        calculated. See the descs variable for a list of available
        descriptors.
        """
        if not descnames:
            descnames = descs
        ans = {}
        for descname in descnames:
            try:
                desc = _descDict[descname]
            except KeyError:
                raise ValueError, "%s is not a recognised RDKit descriptor type" % descname
            ans[descname] = desc(self.Mol)
        return ans


[docs]    def calcfp(self, fptype="rdkit", opt=None):
        """Calculate a molecular fingerprint.

        Optional parameters:
           fptype -- the fingerprint type (default is "rdkit"). See the
                     fps variable for a list of of available fingerprint
                     types.
           opt -- a dictionary of options for fingerprints. Currently only used
                  for radius and bitInfo in Morgan fingerprints.
        """
        if opt == None:
            opt = {}
        fptype = fptype.lower()
        if fptype=="rdkit":
            fp = Fingerprint(Chem.RDKFingerprint(self.Mol))
        elif fptype=="layered":
            fp = Fingerprint(Chem.LayeredFingerprint(self.Mol))
        elif fptype=="maccs":
            fp = Fingerprint(Chem.MACCSkeys.GenMACCSKeys(self.Mol))
        elif fptype=="atompairs":
            # Going to leave as-is. See Atom Pairs documentation.
            fp = Chem.AtomPairs.Pairs.GetAtomPairFingerprintAsIntVect(self.Mol)
        elif fptype=="torsions":
            # Going to leave as-is.
            fp = Chem.AtomPairs.Torsions.GetTopologicalTorsionFingerprintAsIntVect(self.Mol)
        elif fptype == "morgan":
            info = opt.get('bitInfo', None)
            radius = opt.get('radius', 4)
            fp = Fingerprint(Chem.rdMolDescriptors.GetMorganFingerprintAsBitVect(self.Mol,radius,bitInfo=info))
        elif fptype == "pharm2d":
            fp = Fingerprint(Generate.Gen2DFingerprint(self.Mol,Gobbi_Pharm2D.factory))
        else:
            raise ValueError, "%s is not a recognised RDKit Fingerprint type" % fptype
        return fp


[docs]    def draw(self, show=True, filename=None, update=False, usecoords=False):
        """Create a 2D depiction of the molecule.

        Optional parameters:
          show -- display on screen (default is True)
          filename -- write to file (default is None)
          update -- update the coordinates of the atoms to those
                    determined by the structure diagram generator
                    (default is False)
          usecoords -- don't calculate 2D coordinates, just use
                       the current coordinates (default is False)

        Aggdraw or Cairo is used for 2D depiction. Tkinter and
        Python Imaging Library are required for image display.
        """
        if not usecoords and update:
            AllChem.Compute2DCoords(self.Mol)
            usecoords = True
        mol = Chem.Mol(self.Mol.ToBinary()) # Clone
        if not usecoords:
            AllChem.Compute2DCoords(mol)

        if filename: # Note: overwrite is allowed
            Draw.MolToFile(mol, filename)
        if show:
            if not tk:
                errormessage = ("Tkinter or Python Imaging "
                                "Library not found, but is required for image "
                                "display. See installation instructions for "
                                "more information.")
                raise ImportError(errormessage)
            img = Draw.MolToImage(mol)
            root = tk.Tk()
            root.title((hasattr(self, "title") and self.title)
                       or self.__str__().rstrip())
            frame = tk.Frame(root, colormap="new", visual='truecolor').pack()
            imagedata = PILtk.PhotoImage(img)
            label = tk.Label(frame, image=imagedata).pack()
            quitbutton = tk.Button(root, text="Close", command=root.destroy).pack(fill=tk.X)
            root.mainloop()


[docs]    def localopt(self, forcefield = "uff", steps = 500):
        """Locally optimize the coordinates.

        Optional parameters:
           forcefield -- default is "uff". See the forcefields variable
                         for a list of available forcefields.
           steps -- default is 500

        If the molecule does not have any coordinates, make3D() is
        called before the optimization.
        """
        forcefield = forcefield.lower()
        if self.Mol.GetNumConformers() == 0:
            self.make3D(forcefield)
        _forcefields[forcefield](self.Mol, maxIters = steps)


[docs]    def make3D(self, forcefield = "uff", steps = 50):
        """Generate 3D coordinates.

        Optional parameters:
           forcefield -- default is "uff". See the forcefields variable
                         for a list of available forcefields.
           steps -- default is 50

        Once coordinates are generated, a quick
        local optimization is carried out with 50 steps and the
        UFF forcefield. Call localopt() if you want
        to improve the coordinates further.
        """
        forcefield = forcefield.lower()
        success = AllChem.EmbedMolecule(self.Mol)
        if success == -1: # Failed
            success = AllChem.EmbedMolecule(self.Mol,
                                            useRandomCoords = True)
            if success == -1:
                raise Error, "Embedding failed!"
        self.localopt(forcefield, steps)



[docs]class AtomStack(object):
    def __init__(self,Mol):
        self.Mol = Mol

    def __iter__(self):
        for i in range(self.Mol.GetNumAtoms()):
            yield Atom(self.Mol.GetAtomWithIdx(i))

    def __len__(self):
        return self.Mol.GetNumAtoms()

    def __getitem__(self, i):
        if 0 <= i < self.Mol.GetNumAtoms():
            return Atom(self.Mol.GetAtomWithIdx(i))
        else:
            raise AttributeError("There is no atom with ID %i" % i)


[docs]class Atom(object):
    """Represent an rdkit Atom.

    Required parameters:
       Atom -- an RDKit Atom

    Attributes:
        atomicnum, coords, formalcharge

    The original RDKit Atom can be accessed using the attribute:
       Atom
    """

    def __init__(self, Atom):
        self.Atom = Atom
    @property
    def atomicnum(self): return self.Atom.GetAtomicNum()
    @property
    def coords(self):
        owningmol = self.Atom.GetOwningMol()
        if owningmol.GetNumConformers() == 0:
            raise AttributeError, "Atom has no coordinates (0D structure)"
        idx = self.Atom.GetIdx()
        atomcoords = owningmol.GetConformer().GetAtomPosition(idx)
        return (atomcoords[0], atomcoords[1], atomcoords[2])
    @property
    def formalcharge(self): return self.Atom.GetFormalCharge()
    ### ODDT ###
    @property
    def idx(self):
        """ Note that this index is 1-based and RDKit's internal index in 0-based. Changed to be compatible with OpenBabel"""
        return self.Atom.GetIdx()+1
    @property
    def neighbors(self):
        return [Atom(a) for a in self.Atom.GetNeighbors()]
    @property
    def partialcharge(self):
        if self.Atom.HasProp('_TriposPartialCharge'):
            return float(self.Atom.GetProp('_TriposPartialCharge'))
        if not self.Atom.HasProp('_GasteigerCharge'):
            ComputeGasteigerCharges(self.Atom.GetOwningMol())
        return float(self.Atom.GetProp('_GasteigerCharge').replace(',','.'))

    def __str__(self):
        if hasattr(self, "coords"):
            return "Atom: %d (%.2f %.2f %.2f)" % (self.atomicnum, self.coords[0],
                                                    self.coords[1], self.coords[2])
        else:
            return "Atom: %d (no coords)" % (self.atomicnum)


[docs]class Smarts(object):
    """A Smarts Pattern Matcher

    Required parameters:
       smartspattern

    Methods:
       findall(molecule)

    Example:
    >>> mol = readstring("smi","CCN(CC)CC") # triethylamine
    >>> smarts = Smarts("[#6][#6]") # Matches an ethyl group
    >>> print smarts.findall(mol)
    [(0, 1), (3, 4), (5, 6)]

    The numbers returned are the indices (starting from 0) of the atoms
    that match the SMARTS pattern. In this case, there are three matches
    for each of the three ethyl groups in the molecule.
    """
    def __init__(self,smartspattern):
        """Initialise with a SMARTS pattern."""
        self.rdksmarts = Chem.MolFromSmarts(smartspattern)
        if not self.rdksmarts:
            raise IOError, "Invalid SMARTS pattern."

[docs]    def findall(self,molecule):
        """Find all matches of the SMARTS pattern to a particular molecule.

        Required parameters:
           molecule
        """
        return molecule.Mol.GetSubstructMatches(self.rdksmarts)



[docs]class MoleculeData(object):
    """Store molecule data in a dictionary-type object

    Required parameters:
      Mol -- an RDKit Mol

    Methods and accessor methods are like those of a dictionary except
    that the data is retrieved on-the-fly from the underlying Mol.

    Example:
    >>> mol = readfile("sdf", 'head.sdf').next()
    >>> data = mol.data
    >>> print data
    {'Comment': 'CORINA 2.61 0041  25.10.2001', 'NSC': '1'}
    >>> print len(data), data.keys(), data.has_key("NSC")
    2 ['Comment', 'NSC'] True
    >>> print data['Comment']
    CORINA 2.61 0041  25.10.2001
    >>> data['Comment'] = 'This is a new comment'
    >>> for k,v in data.iteritems():
    ...    print k, "-->", v
    Comment --> This is a new comment
    NSC --> 1
    >>> del data['NSC']
    >>> print len(data), data.keys(), data.has_key("NSC")
    1 ['Comment'] False
    """
    def __init__(self, Mol):
        self._mol = Mol
    def _testforkey(self, key):
        if not key in self:
            raise KeyError, "'%s'" % key
[docs]    def keys(self):
        return self._mol.GetPropNames()

[docs]    def values(self):
        return [self._mol.GetProp(x) for x in self.keys()]

[docs]    def items(self):
        return zip(self.keys(), self.values())

    def __iter__(self):
        return iter(self.keys())
[docs]    def iteritems(self):
        return iter(self.items())

    def __len__(self):
        return len(self.keys())
    def __contains__(self, key):
        return self._mol.HasProp(key)
    def __delitem__(self, key):
        self._testforkey(key)
        self._mol.ClearProp(key)
[docs]    def clear(self):
        for key in self:
            del self[key]

[docs]    def has_key(self, key):
        return key in self

[docs]    def update(self, dictionary):
        for k, v in dictionary.iteritems():
            self[k] = v

    def __getitem__(self, key):
        self._testforkey(key)
        return self._mol.GetProp(key)
    def __setitem__(self, key, value):
        self._mol.SetProp(key, str(value))
    def __repr__(self):
        return dict(self.iteritems()).__repr__()


[docs]class Fingerprint(object):
    """A Molecular Fingerprint.

    Required parameters:
       fingerprint -- a vector calculated by one of the fingerprint methods

    Attributes:
       fp -- the underlying fingerprint object
       bits -- a list of bits set in the Fingerprint

    Methods:
       The "|" operator can be used to calculate the Tanimoto coeff. For example,
       given two Fingerprints 'a', and 'b', the Tanimoto coefficient is given by:
          tanimoto = a | b
    """
    def __init__(self, fingerprint):
        self.fp = fingerprint
    def __or__(self, other):
        return rdkit.DataStructs.FingerprintSimilarity(self.fp, other.fp)
    def __getattr__(self, attr):
        if attr == "bits":
            # Create a bits attribute on-the-fly
            return list(self.fp.GetOnBits())
        else:
            raise AttributeError, "Fingerprint has no attribute %s" % attr
    def __str__(self):
        return ", ".join([str(x) for x in _compressbits(self.fp)])
    @property
    def raw(self):
        return np.array(self.fp)


def _compressbits(bitvector, wordsize=32):
    """Compress binary vector into vector of long ints.

    This function is used by the Fingerprint class.

    >>> _compressbits([0, 1, 0, 0, 0, 1], 2)
    [2, 0, 2]
    """
    ans = []
    for start in range(0, len(bitvector), wordsize):
        compressed = 0
        for i in range(wordsize):
            if i + start < len(bitvector) and bitvector[i + start]:
                compressed += 2**i
        ans.append(compressed)

    return ans


if __name__=="__main__": #pragma: no cover
    import doctest
    doctest.testmod()
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  Source code for oddt.toolkits.ob

import gzip
import pybel
from pybel import *
import copy_reg
import numpy as np
import openbabel as ob
from openbabel import OBAtomAtomIter,OBTypeTable
from oddt.spatial import angle, angle_2v, dihedral

backend = 'ob'
# setup typetable to translate atom types
typetable = OBTypeTable()
typetable.SetFromType('INT')
typetable.SetToType('SYB')

# setup ElementTable
elementtable = ob.OBElementTable()

# hash OB!
pybel.ob.obErrorLog.StopLogging()

def _filereader_mol2(filename, opt = None):
    block = ''
    data = ''
    n = 0
    with gzip.open(filename) if filename.split('.')[-1] == 'gz' else open(filename) as f:
        for line in f:
            if line[:1] == '#':
                data += line
            elif line[:17] == '@<TRIPOS>MOLECULE':
                if n>0: #skip `zero` molecule (any preciding comments and spaces)
                    yield Molecule(source={'fmt': 'mol2', 'string': block, 'opt': opt})
                n += 1
                block = data
                data = ''
            block += line
        # open last molecule
        if block:
            yield Molecule(source={'fmt': 'mol2', 'string': block, 'opt': opt})

def _filereader_sdf(filename, opt = None):
    block = ''
    n = 0
    with gzip.open(filename) if filename.split('.')[-1] == 'gz' else open(filename) as f:
        for line in f:
            block += line
            if line[:4] == '$$$$':
                yield Molecule(source={'fmt': 'sdf', 'string': block, 'opt': opt})
                n += 1
                block = ''
        if block: # open last molecule if any
            yield Molecule(source={'fmt': 'sdf', 'string': block, 'opt': opt})

def _filereader_pdb(filename, opt = None):
    block = ''
    n = 0
    with gzip.open(filename) if filename.split('.')[-1] == 'gz' else open(filename) as f:
        for line in f:
            block += line
            if line[:4] == 'ENDMDL':
                yield Molecule(source={'fmt': 'pdb', 'string': block, 'opt': opt})
                n += 1
                block = ''
        if block: # open last molecule if any
            yield Molecule(source={'fmt': 'pdb', 'string': block, 'opt': opt})

[docs]def readfile(format, filename, opt=None, lazy=False):
    if lazy and format == 'mol2':
        return _filereader_mol2(filename, opt=opt)
    elif lazy and format == 'sdf':
        return _filereader_sdf(filename, opt=opt)
    elif lazy and format == 'pdb':
        return _filereader_pdb(filename, opt=opt)
    else:
        return pybel.readfile(format, filename, opt=opt)


class Molecule(pybel.Molecule):
    def __init__(self, OBMol = None, source = None, protein = False):
        # lazy
        self._source = source # dict with keys: n, fmt, string, filename

        # call parent constructor
        super(Molecule,self).__init__(OBMol)

        self.protein = protein

        #ob.DeterminePeptideBackbone(molecule.OBMol)
        # percieve chains in residues
        #if len(res_dict) > 1 and not molecule.OBMol.HasChainsPerceived():
        #    print "Dirty HACK"
        #    molecule = pybel.readstring('pdb', molecule.write('pdb'))
        self._atom_dict = None
        self._res_dict = None
        self._ring_dict = None
        self._coords = None
        self._charges = None

    # lazy Molecule parsing requires masked OBMol
    @property
    def OBMol(self):
        if not self._OBMol and self._source:
            self._OBMol = readstring(self._source['fmt'], self._source['string'], opt=self._source['opt'] if 'opt' in self._source else {}).OBMol
            self._source = None
        return self._OBMol

    @OBMol.setter
    def OBMol(self, value):
        self._OBMol = value

    @property
    def atoms(self):
        return AtomStack(self.OBMol)

    @property
    def bonds(self):
        return BondStack(self.OBMol)

    # cache frequently used properties and cache them in prefixed [_] variables
    @property
    def coords(self):
        if self._coords is None:
            self._coords = np.array([atom.coords for atom in self.atoms])
        return self._coords

    @coords.setter
    def coords(self, new):
        [a.OBAtom.SetVector(v[0],v[1],v[2]) for v, a in zip(new, self.atoms)]
        # clear cache
        self._cache = None


    @property
    def charges(self):
        if self._charges is None:
            self._charges = np.array([atom.partialcharge for atom in self.atoms])
        return self._charges

    def write(self, format="smi", filename=None, overwrite=False, opt=None):
        format = format.lower()
        # Use lazy molecule if possible
        if self._source and 'fmt' in self._source and self._source['fmt'] == format and self._source['string']:
            return self._source['string']
        else:
            return super(Molecule,self).write(format=format, filename=filename, overwrite=overwrite, opt=opt)

    ### Backport code implementing resudues (by me) to support older versions of OB (aka 'stable')
    @property
    def residues(self):
        return [Residue(res) for res in ob.OBResidueIter(self.OBMol)]

    #### Custom ODDT properties ####
    def __getattr__(self, attr):
        for desc in pybel._descdict.keys():
            if attr.lower() == desc.lower():
                return self.calcdesc([desc])[desc]
        raise AttributeError('Molecule has no such property: %s' % attr)

    @property
    def num_rotors(self):
        return self.OBMol.NumRotors()

    def _repr_svg_(self):
        return self.write('svg', opt={'d':None}).replace('\n', '')

    @property
    def canonic_order(self):
        """ Returns np.array with canonic order of heavy atoms in the molecule """
        tmp = self.clone
        tmp.write('can')
        return np.array(tmp.data['SMILES Atom Order'].split(), dtype=int)-1

    @property
    def atom_dict(self):
        # check cache and generate dicts
        if self._atom_dict is None:
            self._dicts()
        return self._atom_dict

    @property
    def res_dict(self):
        # check cache and generate dicts
        if self._res_dict is None:
            self._dicts()
        return self._res_dict

    @property
    def ring_dict(self):
        # check cache and generate dicts
        if self._ring_dict is None:
            self._dicts()
        return self._ring_dict

    @property
    def clone(self):
        return Molecule(ob.OBMol(self.OBMol))

    def clone_coords(self, source):
        self.OBMol.SetCoordinates(source.OBMol.GetCoordinates())
        return self

    def _dicts(self):
        # Atoms
        atom_dtype = [('id', 'int16'),
                 # atom info
                 ('coords', 'float16', 3),
                 ('radius', 'float16'),
                 ('charge', 'float16'),
                 ('atomicnum', 'int8'),
                 ('atomtype','a4'),
                 ('hybridization', 'int8'),
                 ('neighbors', 'float16', (4,3)), # max of 4 neighbors should be enough
                 # residue info
                 ('resid', 'int16'),
                 ('resname', 'a3'),
                 ('isbackbone', 'bool'),
                 # atom properties
                 ('isacceptor', 'bool'),
                 ('isdonor', 'bool'),
                 ('isdonorh', 'bool'),
                 ('ismetal', 'bool'),
                 ('ishydrophobe', 'bool'),
                 ('isaromatic', 'bool'),
                 ('isminus', 'bool'),
                 ('isplus', 'bool'),
                 ('ishalogen', 'bool'),
                 # secondary structure
                 ('isalpha', 'bool'),
                 ('isbeta', 'bool')
                 ]

        a = []
        atom_dict = np.empty(self.OBMol.NumAtoms(), dtype=atom_dtype)
        metals = [3,4,11,12,13,19,20,21,22,23,24,25,26,27,28,29,30,31,37,38,39,40,41,42,43,44,45,46,47,48,49,50,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,87,88,89,90,91,
    92,93,94,95,96,97,98,99,100,101,102,103]
        for i, atom in enumerate(self.atoms):

            atomicnum = atom.atomicnum
            # skip non-polar hydrogens for performance
#            if atomicnum == 1 and atom.OBAtom.IsNonPolarHydrogen():
#                continue
            atomtype = typetable.Translate(atom.type) # sybyl atom type
            partialcharge = atom.partialcharge
            coords = atom.coords

            if self.protein:
                residue = Residue(atom.OBAtom.GetResidue())
            else:
                residue = False

            # get neighbors, but only for those atoms which realy need them
            neighbors = np.zeros(4, dtype=[('coords', 'float16', 3),('atomicnum', 'int8')])
            neighbors['coords'].fill(np.nan)
            for n, nbr_atom in enumerate(atom.neighbors):
                # concider raising neighbors list to 6, but must do some benchmarks
                if n > 3:
                    break
                nbr_atomicnum = nbr_atom.atomicnum
                neighbors[n] = (nbr_atom.coords, nbr_atomicnum)
            atom_dict[i] = (atom.idx,
                      coords,
                      elementtable.GetVdwRad(atomicnum),
                      partialcharge,
                      atomicnum,
                      atomtype,
                      atom.OBAtom.GetHyb(),
                      neighbors['coords'], #n_coords,
                      # residue info
                      residue.idx if residue else 0,
                      residue.name if residue else '',
                      residue.OBResidue.GetAtomProperty(atom.OBAtom, 2) if residue else False, # is backbone
                      # atom properties
                      atom.OBAtom.IsHbondAcceptor(),
                      atom.OBAtom.IsHbondDonor(),
                      atom.OBAtom.IsHbondDonorH(),
                      atomicnum in metals,
                      atomicnum == 6 and np.in1d(neighbors['atomicnum'], [6,1,0]).all(), #hydrophobe
                      atom.OBAtom.IsAromatic(),
                      atomtype in ['O3-', '02-' 'O-'] or atom.formalcharge < 0, # is charged (minus)
                      atomtype in ['N3+', 'N2+', 'Ng+'] or atom.formalcharge > 0, # is charged (plus)
                      atomicnum in [9,17,35,53], # is halogen?
                      False, # alpha
                      False # beta
                      )

        if self.protein:
            # Protein Residues (alpha helix and beta sheet)
            res_dtype = [('id', 'int16'),
                         ('resname', 'a3'),
                         ('N', 'float16', 3),
                         ('CA', 'float16', 3),
                         ('C', 'float16', 3),
                         ('isalpha', 'bool'),
                         ('isbeta', 'bool')
                         ] # N, CA, C

            b = []
            for residue in self.residues:
                backbone = {}
                for atom in residue:
                    if residue.OBResidue.GetAtomProperty(atom.OBAtom,1):
                        if atom.atomicnum == 7:
                            backbone['N'] = atom.coords
                        elif atom.atomicnum == 6:
                            if atom.type == 'C3':
                                backbone['CA'] = atom.coords
                            else:
                                backbone['C'] = atom.coords
                if len(backbone.keys()) == 3:
                    b.append((residue.idx, residue.name, backbone['N'],  backbone['CA'], backbone['C'], False, False))
            res_dict = np.array(b, dtype=res_dtype)

            # detect secondary structure by phi and psi angles
            first = res_dict[:-1]
            second = res_dict[1:]
            psi = dihedral(first['N'], first['CA'], first['C'], second['N'])
            phi = dihedral(first['C'], second['N'], second['CA'], second['C'])
            # mark atoms belonging to alpha and beta
            res_mask_alpha = np.where(((phi > -145) & (phi < -35) & (psi > -70) & (psi < 50))) # alpha
            res_dict['isalpha'][res_mask_alpha] = True
            for i in res_dict[res_mask_alpha]['id']:
                atom_dict['isalpha'][atom_dict['resid'] == i] = True

            res_mask_beta = np.where(((phi >= -180) & (phi < -40) & (psi <= 180) & (psi > 90)) | ((phi >= -180) & (phi < -70) & (psi <= -165))) # beta
            res_dict['isbeta'][res_mask_beta] = True
            atom_dict['isbeta'][np.in1d(atom_dict['resid'], res_dict[res_mask_beta]['id'])] = True

        # Aromatic Rings
        r = []
        for ring in self.sssr:
            if ring.IsAromatic():
                path = ring._path
                atom = atom_dict[atom_dict['id'] == path[0]]
                coords = atom_dict[np.in1d(atom_dict['id'], path)]['coords']
                centroid = coords.mean(axis=0)
                # get vector perpendicular to ring
                vector = np.cross(coords - np.vstack((coords[1:],coords[:1])), np.vstack((coords[1:],coords[:1])) - np.vstack((coords[2:],coords[:2]))).mean(axis=0) - centroid
                r.append((centroid, vector, atom['isalpha'], atom['isbeta']))
        ring_dict = np.array(r, dtype=[('centroid', 'float16', 3),('vector', 'float16', 3),('isalpha', 'bool'),('isbeta', 'bool'),])

        self._atom_dict = atom_dict
        self._ring_dict = ring_dict
        if self.protein:
            self._res_dict = res_dict

### Extend pybel.Molecule
pybel.Molecule = Molecule

[docs]class AtomStack(object):
    def __init__(self,OBMol):
        self.OBMol = OBMol

    def __iter__(self):
        for i in range(self.OBMol.NumAtoms()):
            yield Atom(self.OBMol.GetAtom(i+1))

    def __len__(self):
        return self.OBMol.NumAtoms()

    def __getitem__(self, i):
        if 0 <= i < self.OBMol.NumAtoms():
            return Atom(self.OBMol.GetAtom(i+1))
        else:
            raise AttributeError("There is no atom with Idx %i" % i)


class Atom(pybel.Atom):
    @property
    def neighbors(self):
        return [Atom(a) for a in OBAtomAtomIter(self.OBAtom)]
    @property
    def residue(self):
        return Residue(self.OBAtom.GetResidue())

pybel.Atom = Atom

[docs]class BondStack(object):
    def __init__(self,OBMol):
        self.OBMol = OBMol

    def __iter__(self):
        for i in range(self.OBMol.NumBonds()):
            yield Bond(self.OBMol.GetBond(i))

    def __len__(self):
        return self.OBMol.NumBonds()

    def __getitem__(self, i):
        if 0 <= i < self.OBMol.NumBonds():
            return Bond(self.OBMol.GetBond(i))
        else:
            raise AttributeError("There is no bond with Idx %i" % i)


[docs]class Bond(object):
    def __init__(self, OBBond):
        self.OBBond = OBBond

    @property
    def order(self):
        return self.OBBond.GetBondOrder()

    @property
    def atoms(self):
        return (Atom(self.OBBond.GetBeginAtom()), Atom(self.OBBond.GetEndAtom()))

    @property
    def isrotor(self):
        return self.OBBond.IsRotor()



[docs]class Residue(object):
    """Represent a Pybel residue.

    Required parameter:
       OBResidue -- an Open Babel OBResidue

    Attributes:
       atoms, idx, name.

    (refer to the Open Babel library documentation for more info).

    The original Open Babel atom can be accessed using the attribute:
       OBResidue
    """

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

    @property
    def atoms(self):
        return [Atom(atom) for atom in ob.OBResidueAtomIter(self.OBResidue)]

    @property
    def idx(self):
        return self.OBResidue.GetIdx()

    @property
    def name(self):
        return self.OBResidue.GetName()

    def __iter__(self):
        """Iterate over the Atoms of the Residue.

        This allows constructions such as the following:
           for atom in residue:
               print atom
        """
        return iter(self.atoms)



class Fingerprint(pybel.Fingerprint):
    @property
    def raw(self):
        return _unrollbits(self.fp, pybel.ob.OBFingerprint.Getbitsperint())

def _unrollbits(fp, bitsperint):
    """ Unroll unsigned int fingerprint to bool """
    ans = np.zeros(len(fp)*bitsperint)
    start = 1
    for x in fp:
        i = start
        while x > 0:
            ans[i] = x % 2
            x >>= 1
            i += 1
        start += bitsperint
    return ans

pybel.Fingerprint = Fingerprint

### Monkeypatch pybel objects pickling
pickle_format = 'mol2'
[docs]def pickle_mol(self):
    if self._source:
        return unpickle_mol, (self._source,)
    else:
        return unpickle_mol, ({'fmt': pickle_format, 'string': self.write(pickle_format), 'data': dict(self.data.items())},)


[docs]def unpickle_mol(source):
    mol = Molecule(source=source)
    if 'data' in source:
        mol.data.update(source['data'])
    return mol

copy_reg.pickle(Molecule, pickle_mol, unpickle_mol)





          

      

      

    


    
        © Copyright 2015, Maciej Wojcikowski.
      Created using Sphinx 1.3.1.
    

  

_modules/oddt/interactions.html


    
      Navigation


      
        		
          index


        		
          modules |


        		Open Drug Discovery Toolkit 0.1.8 documentation »


          		Module code »

 
      


    


    
      
          
            
  Source code for oddt.interactions

"""Module calculates interactions between two molecules (proein-protein, protein-ligand, small-small).
Currently following interacions are implemented:
    * hydrogen bonds
    * halogen bonds
    * pi stacking (parallel and perpendicular)
    * salt bridges
    * hydrophobic contacts
    * pi-cation
    * metal coordination
    * pi-metal
"""

import numpy as np
from oddt.spatial import dihedral, angle, angle_2v, distance

__all__ = ['close_contacts',
            'hbond_acceptor_donor',
            'hbond',
            'halogenbond_acceptor_halogen',
            'halogenbond',
            'pi_stacking',
            'salt_bridge_plus_minus',
            'salt_bridges',
            'hydrophobic_contacts',
            'pi_cation',
            'acceptor_metal',
            'pi_metal']

[docs]def close_contacts(x, y, cutoff, x_column = 'coords', y_column = 'coords'):
    """ Returns pairs of atoms which are within close contac distance cutoff.
        
        Parameters
        ----------
            x, y : atom_dict-type numpy array
                Atom dictionaries generated by oddt.toolkit.Molecule objects.
            
            cutoff : float
                Cutoff distance for close contacts
            
            x_column, ycolumn : string, (default='coords')
                Column containing coordinates of atoms (or pseudo-atoms, i.e. ring centroids)
        
        Returns
        -------
            x_, y_ : atom_dict-type numpy array
                Aligned pairs of atoms in close contact for further processing.
    """
    if len(x[x_column]) > 0 and len(x[x_column]) > 0:
        d = distance(x[x_column], y[y_column])
        index = np.argwhere((d > 0) & (d <= cutoff))
        return x[index[:,0]], y[index[:,1]]
    else:
        return x[[]], y[[]]


[docs]def hbond_acceptor_donor(mol1, mol2, cutoff = 3.5, base_angle = 120, tolerance = 30):
    """Returns pairs of acceptor-donor atoms, which meet H-bond criteria
    
    Parameters
    ----------
        mol1, mol2 : oddt.toolkit.Molecule object
            Molecules to compute H-bond acceptor and H-bond donor pairs
        
        cutoff : float, (default=3.5)
            Distance cutoff for A-D pairs
        
        base_angle : int, (default=120)
            Base angle determining allowed direction of hydrogen bond formation, which is devided by the number of neighbors of acceptor atom to establish final directional angle
        
        tolerance : int, (default=30)
            Range (+/- tolerance) from perfect direction (base_angle/n_neighbors) in which H-bonds are considered as strict.
    
    Returns
    -------
        a, d : atom_dict-type numpy array
            Aligned arrays of atoms forming H-bond, firstly acceptors, secondly donors.
        
        strict : numpy array, dtype=bool
            Boolean array align with atom pairs, informing whether atoms form 'strict' H-bond (pass all angular cutoffs). If false, only distance cutoff is met, therefore the bond is 'crude'.
    """
    a, d = close_contacts(mol1.atom_dict[mol1.atom_dict['isacceptor']], mol2.atom_dict[mol2.atom_dict['isdonor']], cutoff)
    #skip empty values
    if len(a) > 0 and len(d) > 0:
        angle1 = angle(d['coords'][:,np.newaxis,:],a['coords'][:,np.newaxis,:],a['neighbors'])
        angle2 = angle(a['coords'][:,np.newaxis,:],d['coords'][:,np.newaxis,:],d['neighbors'])
        a_neighbors_num = np.sum(~np.isnan(a['neighbors'][:,:,0]), axis=-1)[:,np.newaxis]
        d_neighbors_num = np.sum(~np.isnan(d['neighbors'][:,:,0]), axis=-1)[:,np.newaxis]
        strict = (((angle1>(base_angle/a_neighbors_num-tolerance)) | np.isnan(angle1)) & ((angle2>(base_angle/d_neighbors_num-tolerance)) | np.isnan(angle2))).all(axis=-1)
        return a, d, strict
    else:
        return a, d, np.array([], dtype=bool) 
    

[docs]def hbond(mol1, mol2, *args, **kwargs):
    """Calculates H-bonds between molecules
    
    Parameters
    ----------
        mol1, mol2 : oddt.toolkit.Molecule object
            Molecules to compute H-bond acceptor and H-bond donor pairs
        
        cutoff : float, (default=3.5)
            Distance cutoff for A-D pairs
        
        base_angle : int, (default=120)
            Base angle determining allowed direction of hydrogen bond formation, which is devided by the number of neighbors of acceptor atom to establish final directional angle
        
        tolerance : int, (default=30)
            Range (+/- tolerance) from perfect direction (base_angle/n_neighbors) in which H-bonds are considered as strict.
    
    Returns
    -------
        mol1_atoms, mol2_atoms : atom_dict-type numpy array
            Aligned arrays of atoms forming H-bond
        
        strict : numpy array, dtype=bool
            Boolean array align with atom pairs, informing whether atoms form 'strict' H-bond (pass all angular cutoffs). If false, only distance cutoff is met, therefore the bond is 'crude'.
    """
    a1, d1, s1 = hbond_acceptor_donor(mol1, mol2, *args, **kwargs)
    a2, d2, s2 = hbond_acceptor_donor(mol2, mol1, *args, **kwargs)
    return np.concatenate((a1, d2)), np.concatenate((d1, a2)), np.concatenate((s1, s2))


[docs]def halogenbond_acceptor_halogen(mol1, mol2, base_angle_acceptor = 120, base_angle_halogen = 180, tolerance = 30, cutoff = 4):
    """Returns pairs of acceptor-halogen atoms, which meet halogen bond criteria
    
    Parameters
    ----------
        mol1, mol2 : oddt.toolkit.Molecule object
            Molecules to compute halogen bond acceptor and halogen pairs
        
        cutoff : float, (default=4)
            Distance cutoff for A-H pairs
        
        base_angle_acceptor : int, (default=120)
            Base angle determining allowed direction of halogen bond formation, which is devided by the number of neighbors of acceptor atom to establish final directional angle
        
        base_angle_halogen : int (default=180)
            Ideal base angle between halogen bond and halogen-neighbor bond
        
        tolerance : int, (default=30)
            Range (+/- tolerance) from perfect direction (base_angle/n_neighbors) in which halogen bonds are considered as strict.
    
    Returns
    -------
        a, h : atom_dict-type numpy array
            Aligned arrays of atoms forming halogen bond, firstly acceptors, secondly halogens
        
        strict : numpy array, dtype=bool
            Boolean array align with atom pairs, informing whether atoms form 'strict' halogen bond (pass all angular cutoffs). If false, only distance cutoff is met, therefore the bond is 'crude'.
    """
    a, h = close_contacts(mol1.atom_dict[mol1.atom_dict['isacceptor']], mol2.atom_dict[mol2.atom_dict['ishalogen']], cutoff)
    #skip empty values
    if len(a) > 0 and len(h) > 0:
        angle1 = angle(h['coords'][:,np.newaxis,:],a['coords'][:,np.newaxis,:],a['neighbors'])
        angle2 = angle(a['coords'][:,np.newaxis,:],h['coords'][:,np.newaxis,:],h['neighbors'])
        a_neighbors_num = np.sum(~np.isnan(a['neighbors'][:,:,0]), axis=-1)[:,np.newaxis]
        h_neighbors_num = np.sum(~np.isnan(h['neighbors'][:,:,0]), axis=-1)[:,np.newaxis]
        strict = (((angle1>(base_angle_acceptor/a_neighbors_num-tolerance)) | np.isnan(angle1)) & ((angle2>(base_angle_halogen/h_neighbors_num-tolerance)) | np.isnan(angle2))).all(axis=-1)
        return a, h, strict
    else:
        return a, h, np.array([], dtype=bool)


[docs]def halogenbond(mol1, mol2, **kwargs):
    """Calculates halogen bonds between molecules
    
    Parameters
    ----------
        mol1, mol2 : oddt.toolkit.Molecule object
            Molecules to compute halogen bond acceptor and halogen pairs
        
        cutoff : float, (default=4)
            Distance cutoff for A-H pairs
        
        base_angle_acceptor : int, (default=120)
            Base angle determining allowed direction of halogen bond formation, which is devided by the number of neighbors of acceptor atom to establish final directional angle
        
        base_angle_halogen : int (default=180)
            Ideal base angle between halogen bond and halogen-neighbor bond
        
        tolerance : int, (default=30)
            Range (+/- tolerance) from perfect direction (base_angle/n_neighbors) in which halogen bonds are considered as strict.
    
    Returns
    -------
        mol1_atoms, mol2_atoms : atom_dict-type numpy array
            Aligned arrays of atoms forming halogen bond
        
        strict : numpy array, dtype=bool
            Boolean array align with atom pairs, informing whether atoms form 'strict' halogen bond (pass all angular cutoffs). If false, only distance cutoff is met, therefore the bond is 'crude'.
    """
    a1, h1, s1 = halogenbond_acceptor_halogen(mol1, mol2, **kwargs)
    a2, h2, s2 = halogenbond_acceptor_halogen(mol2, mol1, **kwargs)
    return np.concatenate((a1, h2)), np.concatenate((h1, a2)), np.concatenate((s1, s2))


[docs]def pi_stacking(mol1, mol2, cutoff = 5, tolerance = 30):
    """Returns pairs of rings, which meet pi stacking criteria
    
    Parameters
    ----------
        mol1, mol2 : oddt.toolkit.Molecule object
            Molecules to compute ring pairs
        
        cutoff : float, (default=5)
            Distance cutoff for Pi-stacking pairs
        
        tolerance : int, (default=30)
            Range (+/- tolerance) from perfect direction (parallel or perpendicular) in which pi-stackings are considered as strict.
    
    Returns
    -------
        r1, r2 : ring_dict-type numpy array
            Aligned arrays of rings forming pi-stacking
        
        strict_parallel : numpy array, dtype=bool
            Boolean array align with ring pairs, informing whether rings form 'strict' parallel pi-stacking. If false, only distance cutoff is met, therefore the stacking is 'crude'.
        
        strict_perpendicular : numpy array, dtype=bool
            Boolean array align with ring pairs, informing whether rings form 'strict' perpendicular pi-stacking (T-shaped, T-face, etc.). If false, only distance cutoff is met, therefore the stacking is 'crude'.
    """
    r1, r2 = close_contacts(mol1.ring_dict, mol2.ring_dict, cutoff, x_column = 'centroid', y_column = 'centroid')
    if len(r1) > 0 and len(r2) > 0:
        angle1 = angle_2v(r1['vector'],r2['vector'])
        angle2 = angle(r1['vector'] + r1['centroid'],r1['centroid'], r2['centroid'])
        strict_parallel = ((angle1 > 180 - tolerance) | (angle1 < tolerance)) & ((angle2 > 180 - tolerance) | (angle2 < tolerance))
        strict_perpendicular = ((angle1 > 90 - tolerance) & (angle1 < 90 + tolerance)) & ((angle2 > 180 - tolerance) | (angle2 < tolerance))
        return r1, r2, strict_parallel, strict_perpendicular
    else:
        return r1, r2, np.array([], dtype=bool), np.array([], dtype=bool)


[docs]def salt_bridge_plus_minus(mol1, mol2, cutoff = 4):
    """Returns pairs of plus-mins atoms, which meet salt bridge criteria
    
    Parameters
    ----------
        mol1, mol2 : oddt.toolkit.Molecule object
            Molecules to compute plus and minus pairs
        
        cutoff : float, (default=4)
            Distance cutoff for A-H pairs
    
    Returns
    -------
        plus, minus : atom_dict-type numpy array
            Aligned arrays of atoms forming salt bridge, firstly plus, secondly minus
    
    """
    m1_plus, m2_minus = close_contacts(mol1.atom_dict[mol1.atom_dict['isplus']], mol2.atom_dict[mol2.atom_dict['isminus']], cutoff)
    return m1_plus, m2_minus


[docs]def salt_bridges(mol1, mol2, *args, **kwargs):
    """Calculates salt bridges between molecules
    
    Parameters
    ----------
        mol1, mol2 : oddt.toolkit.Molecule object
            Molecules to compute plus and minus pairs
        
        cutoff : float, (default=4)
            Distance cutoff for plus-minus pairs
    
    Returns
    -------
        mol1_atoms, mol2_atoms : atom_dict-type numpy array
            Aligned arrays of atoms forming salt bridges
        
    """
    m1_plus, m2_minus = salt_bridge_plus_minus(mol1, mol2, *args, **kwargs)
    m2_plus, m1_minus = salt_bridge_plus_minus(mol2, mol1, *args, **kwargs)
    return np.concatenate((m1_plus, m1_minus)), np.concatenate((m2_minus, m2_plus))


[docs]def hydrophobic_contacts(mol1, mol2, cutoff = 4):
    """Calculates hydrophobic contacts between molecules
    
    Parameters
    ----------
        mol1, mol2 : oddt.toolkit.Molecule object
            Molecules to compute hydrophobe pairs
        
        cutoff : float, (default=4)
            Distance cutoff for hydrophobe pairs
    
    Returns
    -------
        mol1_atoms, mol2_atoms : atom_dict-type numpy array
            Aligned arrays of atoms forming hydrophobic contacts
        
    """
    h1, h2 = close_contacts(mol1.atom_dict[mol1.atom_dict['ishydrophobe']], mol2.atom_dict[mol2.atom_dict['ishydrophobe']], cutoff)
    return h1, h2


[docs]def pi_cation(mol1, mol2, cutoff = 5, tolerance = 30):
    """Returns pairs of ring-cation atoms, which meet pi-cation criteria
    
    Parameters
    ----------
        mol1, mol2 : oddt.toolkit.Molecule object
            Molecules to compute ring-cation pairs
        
        cutoff : float, (default=5)
            Distance cutoff for Pi-cation pairs
        
        tolerance : int, (default=30)
            Range (+/- tolerance) from perfect direction (perpendicular) in which pi-cation are considered as strict.
    
    Returns
    -------
        r1 : ring_dict-type numpy array
            Aligned rings forming pi-stacking
        
        plus2 : atom_dict-type numpy array
            Aligned cations forming pi-cation
        
        strict_parallel : numpy array, dtype=bool
            Boolean array align with ring-cation pairs, informing whether they form 'strict' pi-cation. If false, only distance cutoff is met, therefore the interaction is 'crude'.
        
    """
    r1, plus2 = close_contacts(mol1.ring_dict, mol2.atom_dict[mol2.atom_dict['isplus']], cutoff, x_column='centroid')
    if len(r1) > 0 and len(plus2) > 0:
        angle1 = angle_2v(r1['vector'], plus2['coords'] - r1['centroid'])
        strict = (angle1 > 180 - tolerance) | (angle1 < tolerance)
        return r1, plus2, strict
    else:
        return r1, plus2, np.array([], dtype=bool)


[docs]def acceptor_metal(mol1, mol2, base_angle = 120, tolerance = 30, cutoff = 4):
    """Returns pairs of acceptor-metal atoms, which meet metal coordination criteria
    Note: This function is directional (mol1 holds acceptors, mol2 holds metals)
    
    Parameters
    ----------
        mol1, mol2 : oddt.toolkit.Molecule object
            Molecules to compute acceptor and metal pairs
        
        cutoff : float, (default=4)
            Distance cutoff for A-M pairs
        
        base_angle : int, (default=120)
            Base angle determining allowed direction of metal coordination, which is devided by the number of neighbors of acceptor atom to establish final directional angle
        
        tolerance : int, (default=30)
            Range (+/- tolerance) from perfect direction (base_angle/n_neighbors) in metal coordination are considered as strict.
    
    Returns
    -------
        a, d : atom_dict-type numpy array
            Aligned arrays of atoms forming metal coordination, firstly acceptors, secondly metals.
        
        strict : numpy array, dtype=bool
            Boolean array align with atom pairs, informing whether atoms form 'strict' metal coordination (pass all angular cutoffs). If false, only distance cutoff is met, therefore the interaction is 'crude'.
    """
    a, m = close_contacts(mol1.atom_dict[mol1.atom_dict['isacceptor']], mol2.atom_dict[mol2.atom_dict['ismetal']], cutoff)
    #skip empty values
    if len(a) > 0 and len(m) > 0:
        angle1 = angle(m['coords'][:,np.newaxis,:],a['coords'][:,np.newaxis,:],a['neighbors'])
        a_neighbors_num = np.sum(~np.isnan(a['neighbors'][:,:,0]), axis=-1)[:,np.newaxis]
        strict = ((angle1>(base_angle/a_neighbors_num-tolerance)) | np.isnan(angle1)).all(axis=-1)
        return a, m, strict
    else:
        return a, m, np.array([], dtype=bool)


[docs]def pi_metal(mol1, mol2, cutoff = 5, tolerance = 30):
    """Returns pairs of ring-metal atoms, which meet pi-metal criteria
    
    Parameters
    ----------
        mol1, mol2 : oddt.toolkit.Molecule object
            Molecules to compute ring-metal pairs
        
        cutoff : float, (default=5)
            Distance cutoff for Pi-metal pairs
        
        tolerance : int, (default=30)
            Range (+/- tolerance) from perfect direction (perpendicular) in which pi-metal are considered as strict.
    
    Returns
    -------
        r1 : ring_dict-type numpy array
            Aligned rings forming pi-metal
        
        m : atom_dict-type numpy array
            Aligned metals forming pi-metal
        
        strict_parallel : numpy array, dtype=bool
            Boolean array align with ring-metal pairs, informing whether they form 'strict' pi-metal. If false, only distance cutoff is met, therefore the interaction is 'crude'.
        
    """
    r1, m = close_contacts(mol1.ring_dict, mol2.atom_dict[mol2.atom_dict['ismetal']], cutoff, x_column='centroid')
    if len(r1) > 0 and len(m) > 0:
        angle1 = angle_2v(r1['vector'], m['coords'] - r1['centroid'])
        strict = (angle1 > 180 - tolerance) | (angle1 < tolerance)
        return r1, m, strict
    else:
        return r1, m, np.array([], dtype=bool)
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  Source code for oddt.spatial

"""Spatial functions included in ODDT
Mainly used by other modules, but can be accessed directly.
"""

import numpy as np
from scipy.spatial.distance import cdist as distance

__all__ = ['angle', 'angle_2v', 'dihedral', 'distance']

# angle functions
[docs]def angle(p1,p2,p3):
    """Returns an angle from a series of 3 points (point #2 is centroid).Angle is returned in degrees.
    
    Parameters
    ----------
    p1,p2,p3 : numpy arrays, shape = [n_points, n_dimensions]
        Triplets of points in n-dimensional space, aligned in rows.
    
    Returns
    -------
    angles : numpy array, shape = [n_points]
        Series of angles in degrees
    """
    v1 = p1-p2
    v2 = p3-p2
    return angle_2v(v1,v2)


[docs]def angle_2v(v1, v2):
    """Returns an angle between two vecors.Angle is returned in degrees.
    
    Parameters
    ----------
    v1,v2 : numpy arrays, shape = [n_vectors, n_dimensions]
        Pairs of vectors in n-dimensional space, aligned in rows.
    
    Returns
    -------
    angles : numpy array, shape = [n_vectors]
        Series of angles in degrees
    """
    dot = (v1*v2).sum(axis=-1) # better than np.dot(v1, v2), multiple vectors can be applied
    norm = np.linalg.norm(v1, axis=-1)* np.linalg.norm(v2, axis=-1)
    return np.degrees(np.arccos(np.clip(dot/norm, -1, 1)))


[docs]def dihedral(p1,p2,p3,p4):
    """Returns an dihedral angle from a series of 4 points. Dihedral is returned in degrees.
    Function distingishes clockwise and antyclockwise dihedrals.
    
    Parameters
    ----------
    p1,p2,p3,p4 : numpy arrays, shape = [n_points, n_dimensions]
        Quadruplets of points in n-dimensional space, aligned in rows.
    
    Returns
    -------
    angles : numpy array, shape = [n_points]
        Series of angles in degrees
    """
    v12 = (p1-p2)/np.linalg.norm(p1-p2)
    v23 = (p2-p3)/np.linalg.norm(p2-p3)
    v34 = (p3-p4)/np.linalg.norm(p3-p4)
    c1 = np.cross(v12, v23)
    c2 = np.cross(v23, v34)
    out = angle_2v(c1, c2)
    # check clockwise and anticlockwise
    n1 = c1/np.linalg.norm(c1)
    mask = (n1*v34).sum(axis=-1) > 0
    if len(mask.shape) == 0:
        if mask:
            out = -out
    else:
        out[mask] = -out[mask]
    return out


def rmsd(ref, mol, ignore_h = True, canonize = False, normalize = False):
    """Computes root mean square deviation (RMSD) between two molecules (including or excluding Hydrogens). No symmetry checks are performed.
    
    Parameters
    ----------
    ref : oddt.toolkit.Molecule object
        Reference molecule for the RMSD calculation
    
    mol : oddt.toolkit.Molecule object
        Query molecule for RMSD calculation
    
    ignore_h : bool (default=False)
        Flag indicating to ignore Hydrogen atoms while performing RMSD calculation
    
    canonize : bool (default=False)
        Match heavy atoms using OB canonical ordering
    
    normalize : bool (default=False)
        Normalize RMSD by square root of rot. bonds
    
    Returns
    -------
    rmsd : float
        RMSD between two molecules
    """
    if ignore_h:
        if canonize:
            ref_hvy = ref.coords[ref.canonic_order]
            mol_hvy = mol.coords[mol.canonic_order]
        else:
            hvy_map = np.array([atom.idx-1 for atom in mol if atom.atomicnum != 1])
            mol_hvy = mol.coords[hvy_map]
            ref_hvy = ref.coords[hvy_map]
        if mol_hvy.shape == ref_hvy.shape:
            rmsd = np.sqrt(((mol_hvy - ref_hvy)**2).sum(axis=-1).mean())
            if normalize:
                rmsd /= np.sqrt(mol.num_rotors)
            return rmsd
    else:
        if mol.coords.shape == ref.coords.shape:
            rmsd = np.sqrt(((mol.coords - ref.coords)**2).sum(axis=-1).mean())
            if normalize:
                    rmsd /= np.sqrt(mol.num_rotors)
            return rmsd
    # at this point raise an exception
    raise Exception('Unequal number of atoms in molecules')

def distance_complex(x, y):
    """ Computes distance between points, similar to distance(cdist), with major difference - allows higher dimmentions of input (cdist supports 2). But it's 2-6 times slower, so use distance unless you have to nest it wit a for loop."""
    return np.sqrt(((x[...,np.newaxis,:]-y)**2).sum(axis=-1))
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  Source code for scipy.spatial.distance

"""
=====================================================
Distance computations (:mod:`scipy.spatial.distance`)
=====================================================

.. sectionauthor:: Damian Eads

Function Reference
------------------

Distance matrix computation from a collection of raw observation vectors
stored in a rectangular array.

.. autosummary::
   :toctree: generated/

   pdist   -- pairwise distances between observation vectors.
   cdist   -- distances between between two collections of observation vectors
   squareform -- convert distance matrix to a condensed one and vice versa

Predicates for checking the validity of distance matrices, both
condensed and redundant. Also contained in this module are functions
for computing the number of observations in a distance matrix.

.. autosummary::
   :toctree: generated/

   is_valid_dm -- checks for a valid distance matrix
   is_valid_y  -- checks for a valid condensed distance matrix
   num_obs_dm  -- # of observations in a distance matrix
   num_obs_y   -- # of observations in a condensed distance matrix

Distance functions between two vectors ``u`` and ``v``. Computing
distances over a large collection of vectors is inefficient for these
functions. Use ``pdist`` for this purpose.

.. autosummary::
   :toctree: generated/

   braycurtis       -- the Bray-Curtis distance.
   canberra         -- the Canberra distance.
   chebyshev        -- the Chebyshev distance.
   cityblock        -- the Manhattan distance.
   correlation      -- the Correlation distance.
   cosine           -- the Cosine distance.
   dice             -- the Dice dissimilarity (boolean).
   euclidean        -- the Euclidean distance.
   hamming          -- the Hamming distance (boolean).
   jaccard          -- the Jaccard distance (boolean).
   kulsinski        -- the Kulsinski distance (boolean).
   mahalanobis      -- the Mahalanobis distance.
   matching         -- the matching dissimilarity (boolean).
   minkowski        -- the Minkowski distance.
   rogerstanimoto   -- the Rogers-Tanimoto dissimilarity (boolean).
   russellrao       -- the Russell-Rao dissimilarity (boolean).
   seuclidean       -- the normalized Euclidean distance.
   sokalmichener    -- the Sokal-Michener dissimilarity (boolean).
   sokalsneath      -- the Sokal-Sneath dissimilarity (boolean).
   sqeuclidean      -- the squared Euclidean distance.
   wminkowski       -- the weighted Minkowski distance.
   yule             -- the Yule dissimilarity (boolean).

"""

# Copyright (C) Damian Eads, 2007-2008. New BSD License.

from __future__ import division, print_function, absolute_import

import warnings
import numpy as np
from numpy.linalg import norm

from scipy.lib.six import callable, string_types
from scipy.lib.six.moves import xrange

from . import _distance_wrap
import collections


def _copy_array_if_base_present(a):
    """
    Copies the array if its base points to a parent array.
    """
    if a.base is not None:
        return a.copy()
    elif np.issubsctype(a, np.float32):
        return np.array(a, dtype=np.double)
    else:
        return a


def _copy_arrays_if_base_present(T):
    """
    Accepts a tuple of arrays T. Copies the array T[i] if its base array
    points to an actual array. Otherwise, the reference is just copied.
    This is useful if the arrays are being passed to a C function that
    does not do proper striding.
    """
    l = [_copy_array_if_base_present(a) for a in T]
    return l


def _convert_to_bool(X):
    if X.dtype != np.bool:
        X = X.astype(np.bool)
    if not X.flags.contiguous:
        X = X.copy()
    return X


def _convert_to_double(X):
    if X.dtype != np.double:
        X = X.astype(np.double)
    if not X.flags.contiguous:
        X = X.copy()
    return X


def _validate_vector(u, dtype=None):
    # XXX Is order='c' really necessary?
    u = np.asarray(u, dtype=dtype, order='c').squeeze()
    # Ensure values such as u=1 and u=[1] still return 1-D arrays.
    u = np.atleast_1d(u)
    if u.ndim > 1:
        raise ValueError("Input vector should be 1-D.")
    return u


def minkowski(u, v, p):
    """
    Computes the Minkowski distance between two 1-D arrays.

    The Minkowski distance between 1-D arrays `u` and `v`,
    is defined as

    .. math::

       {||u-v||}_p = (\\sum{|u_i - v_i|^p})^{1/p}.

    Parameters
    ----------
    u : (N,) array_like
        Input array.
    v : (N,) array_like
        Input array.
    p : int
        The order of the norm of the difference :math:`{||u-v||}_p`.

    Returns
    -------
    d : double
        The Minkowski distance between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    if p < 1:
        raise ValueError("p must be at least 1")
    dist = norm(u - v, ord=p)
    return dist


def wminkowski(u, v, p, w):
    """
    Computes the weighted Minkowski distance between two 1-D arrays.

    The weighted Minkowski distance between `u` and `v`, defined as

    .. math::

       \\left(\\sum{(w_i |u_i - v_i|^p)}\\right)^{1/p}.

    Parameters
    ----------
    u : (N,) array_like
        Input array.
    v : (N,) array_like
        Input array.
    p : int
        The order of the norm of the difference :math:`{||u-v||}_p`.
    w : (N,) array_like
        The weight vector.

    Returns
    -------
    wminkowski : double
        The weighted Minkowski distance between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    w = _validate_vector(w)
    if p < 1:
        raise ValueError("p must be at least 1")
    dist = norm(w * (u - v), ord=p)
    return dist


def euclidean(u, v):
    """
    Computes the Euclidean distance between two 1-D arrays.

    The Euclidean distance between 1-D arrays `u` and `v`, is defined as

    .. math::

       {||u-v||}_2

    Parameters
    ----------
    u : (N,) array_like
        Input array.
    v : (N,) array_like
        Input array.

    Returns
    -------
    euclidean : double
        The Euclidean distance between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    dist = norm(u - v)
    return dist


def sqeuclidean(u, v):
    """
    Computes the squared Euclidean distance between two 1-D arrays.

    The squared Euclidean distance between `u` and `v` is defined as

    .. math::

       {||u-v||}_2^2.


    Parameters
    ----------
    u : (N,) array_like
        Input array.
    v : (N,) array_like
        Input array.

    Returns
    -------
    sqeuclidean : double
        The squared Euclidean distance between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    dist = ((u - v) ** 2).sum()
    return dist


def cosine(u, v):
    """
    Computes the Cosine distance between 1-D arrays.

    The Cosine distance between `u` and `v`, is defined as

    .. math::

       1 - \\frac{u \\cdot v}
                {||u||_2 ||v||_2}.

    where :math:`u \\cdot v` is the dot product of :math:`u` and
    :math:`v`.

    Parameters
    ----------
    u : (N,) array_like
        Input array.
    v : (N,) array_like
        Input array.

    Returns
    -------
    cosine : double
        The Cosine distance between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    dist = 1.0 - np.dot(u, v) / (norm(u) * norm(v))
    return dist


def correlation(u, v):
    """
    Computes the correlation distance between two 1-D arrays.

    The correlation distance between `u` and `v`, is
    defined as

    .. math::

       1 - \\frac{(u - \\bar{u}) \\cdot (v - \\bar{v})}
               {{||(u - \\bar{u})||}_2 {||(v - \\bar{v})||}_2}

    where :math:`\\bar{u}` is the mean of the elements of `u`
    and :math:`x \\cdot y` is the dot product of :math:`x` and :math:`y`.

    Parameters
    ----------
    u : (N,) array_like
        Input array.
    v : (N,) array_like
        Input array.

    Returns
    -------
    correlation : double
        The correlation distance between 1-D array `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    umu = u.mean()
    vmu = v.mean()
    um = u - umu
    vm = v - vmu
    dist = 1.0 - np.dot(um, vm) / (norm(um) * norm(vm))
    return dist


def hamming(u, v):
    """
    Computes the Hamming distance between two 1-D arrays.

    The Hamming distance between 1-D arrays `u` and `v`, is simply the
    proportion of disagreeing components in `u` and `v`. If `u` and `v` are
    boolean vectors, the Hamming distance is

    .. math::

       \\frac{c_{01} + c_{10}}{n}

    where :math:`c_{ij}` is the number of occurrences of
    :math:`\\mathtt{u[k]} = i` and :math:`\\mathtt{v[k]} = j` for
    :math:`k < n`.

    Parameters
    ----------
    u : (N,) array_like
        Input array.
    v : (N,) array_like
        Input array.

    Returns
    -------
    hamming : double
        The Hamming distance between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    return (u != v).mean()


def jaccard(u, v):
    """
    Computes the Jaccard-Needham dissimilarity between two boolean 1-D arrays.

    The Jaccard-Needham dissimilarity between 1-D boolean arrays `u` and `v`,
    is defined as

    .. math::

       \\frac{c_{TF} + c_{FT}}
            {c_{TT} + c_{FT} + c_{TF}}

    where :math:`c_{ij}` is the number of occurrences of
    :math:`\\mathtt{u[k]} = i` and :math:`\\mathtt{v[k]} = j` for
    :math:`k < n`.

    Parameters
    ----------
    u : (N,) array_like, bool
        Input array.
    v : (N,) array_like, bool
        Input array.

    Returns
    -------
    jaccard : double
        The Jaccard distance between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    dist = (np.double(np.bitwise_and((u != v),
                                     np.bitwise_or(u != 0, v != 0)).sum())
            / np.double(np.bitwise_or(u != 0, v != 0).sum()))
    return dist


def kulsinski(u, v):
    """
    Computes the Kulsinski dissimilarity between two boolean 1-D arrays.

    The Kulsinski dissimilarity between two boolean 1-D arrays `u` and `v`,
    is defined as

    .. math::

         \\frac{c_{TF} + c_{FT} - c_{TT} + n}
              {c_{FT} + c_{TF} + n}

    where :math:`c_{ij}` is the number of occurrences of
    :math:`\\mathtt{u[k]} = i` and :math:`\\mathtt{v[k]} = j` for
    :math:`k < n`.

    Parameters
    ----------
    u : (N,) array_like, bool
        Input array.
    v : (N,) array_like, bool
        Input array.

    Returns
    -------
    kulsinski : double
        The Kulsinski distance between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    n = float(len(u))
    (nff, nft, ntf, ntt) = _nbool_correspond_all(u, v)

    return (ntf + nft - ntt + n) / (ntf + nft + n)


def seuclidean(u, v, V):
    """
    Returns the standardized Euclidean distance between two 1-D arrays.

    The standardized Euclidean distance between `u` and `v`.

    Parameters
    ----------
    u : (N,) array_like
        Input array.
    v : (N,) array_like
        Input array.
    V : (N,) array_like
        `V` is an 1-D array of component variances. It is usually computed
        among a larger collection vectors.

    Returns
    -------
    seuclidean : double
        The standardized Euclidean distance between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    V = _validate_vector(V, dtype=np.float64)
    if V.shape[0] != u.shape[0] or u.shape[0] != v.shape[0]:
        raise TypeError('V must be a 1-D array of the same dimension '
                        'as u and v.')
    return np.sqrt(((u - v) ** 2 / V).sum())


def cityblock(u, v):
    """
    Computes the City Block (Manhattan) distance.

    Computes the Manhattan distance between two 1-D arrays `u` and `v`,
    which is defined as

    .. math::

       \\sum_i {\\left| u_i - v_i \\right|}.

    Parameters
    ----------
    u : (N,) array_like
        Input array.
    v : (N,) array_like
        Input array.

    Returns
    -------
    cityblock : double
        The City Block (Manhattan) distance between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    return abs(u - v).sum()


def mahalanobis(u, v, VI):
    """
    Computes the Mahalanobis distance between two 1-D arrays.

    The Mahalanobis distance between 1-D arrays `u` and `v`, is defined as

    .. math::

       \\sqrt{ (u-v) V^{-1} (u-v)^T }

    where ``V`` is the covariance matrix.  Note that the argument `VI`
    is the inverse of ``V``.

    Parameters
    ----------
    u : (N,) array_like
        Input array.
    v : (N,) array_like
        Input array.
    VI : ndarray
        The inverse of the covariance matrix.

    Returns
    -------
    mahalanobis : double
        The Mahalanobis distance between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    VI = np.atleast_2d(VI)
    delta = u - v
    m = np.dot(np.dot(delta, VI), delta)
    return np.sqrt(m)


def chebyshev(u, v):
    """
    Computes the Chebyshev distance.

    Computes the Chebyshev distance between two 1-D arrays `u` and `v`,
    which is defined as

    .. math::

       \\max_i {|u_i-v_i|}.

    Parameters
    ----------
    u : (N,) array_like
        Input vector.
    v : (N,) array_like
        Input vector.

    Returns
    -------
    chebyshev : double
        The Chebyshev distance between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    return max(abs(u - v))


def braycurtis(u, v):
    """
    Computes the Bray-Curtis distance between two 1-D arrays.

    Bray-Curtis distance is defined as

    .. math::

       \\sum{|u_i-v_i|} / \\sum{|u_i+v_i|}

    The Bray-Curtis distance is in the range [0, 1] if all coordinates are
    positive, and is undefined if the inputs are of length zero.

    Parameters
    ----------
    u : (N,) array_like
        Input array.
    v : (N,) array_like
        Input array.

    Returns
    -------
    braycurtis : double
        The Bray-Curtis distance between 1-D arrays `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v, dtype=np.float64)
    return abs(u - v).sum() / abs(u + v).sum()


def canberra(u, v):
    """
    Computes the Canberra distance between two 1-D arrays.

    The Canberra distance is defined as

    .. math::

         d(u,v) = \\sum_i \\frac{|u_i-v_i|}
                              {|u_i|+|v_i|}.

    Parameters
    ----------
    u : (N,) array_like
        Input array.
    v : (N,) array_like
        Input array.

    Returns
    -------
    canberra : double
        The Canberra distance between vectors `u` and `v`.

    Notes
    -----
    When `u[i]` and `v[i]` are 0 for given i, then the fraction 0/0 = 0 is
    used in the calculation.

    """
    u = _validate_vector(u)
    v = _validate_vector(v, dtype=np.float64)
    olderr = np.seterr(invalid='ignore')
    try:
        d = np.nansum(abs(u - v) / (abs(u) + abs(v)))
    finally:
        np.seterr(**olderr)
    return d


def _nbool_correspond_all(u, v):
    if u.dtype != v.dtype:
        raise TypeError("Arrays being compared must be of the same data type.")

    if u.dtype == np.int or u.dtype == np.float_ or u.dtype == np.double:
        not_u = 1.0 - u
        not_v = 1.0 - v
        nff = (not_u * not_v).sum()
        nft = (not_u * v).sum()
        ntf = (u * not_v).sum()
        ntt = (u * v).sum()
    elif u.dtype == np.bool:
        not_u = ~u
        not_v = ~v
        nff = (not_u & not_v).sum()
        nft = (not_u & v).sum()
        ntf = (u & not_v).sum()
        ntt = (u & v).sum()
    else:
        raise TypeError("Arrays being compared have unknown type.")

    return (nff, nft, ntf, ntt)


def _nbool_correspond_ft_tf(u, v):
    if u.dtype == np.int or u.dtype == np.float_ or u.dtype == np.double:
        not_u = 1.0 - u
        not_v = 1.0 - v
        nft = (not_u * v).sum()
        ntf = (u * not_v).sum()
    else:
        not_u = ~u
        not_v = ~v
        nft = (not_u & v).sum()
        ntf = (u & not_v).sum()
    return (nft, ntf)


def yule(u, v):
    """
    Computes the Yule dissimilarity between two boolean 1-D arrays.

    The Yule dissimilarity is defined as

    .. math::

         \\frac{R}{c_{TT} + c_{FF} + \\frac{R}{2}}

    where :math:`c_{ij}` is the number of occurrences of
    :math:`\\mathtt{u[k]} = i` and :math:`\\mathtt{v[k]} = j` for
    :math:`k < n` and :math:`R = 2.0 * (c_{TF} + c_{FT})`.

    Parameters
    ----------
    u : (N,) array_like, bool
        Input array.
    v : (N,) array_like, bool
        Input array.

    Returns
    -------
    yule : double
        The Yule dissimilarity between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    (nff, nft, ntf, ntt) = _nbool_correspond_all(u, v)
    return float(2.0 * ntf * nft) / float(ntt * nff + ntf * nft)


def matching(u, v):
    """
    Computes the Matching dissimilarity between two boolean 1-D arrays.

    The Matching dissimilarity between two boolean 1-D arrays
    `u` and `v`, is defined as

    .. math::

       \\frac{c_{TF} + c_{FT}}{n}

    where :math:`c_{ij}` is the number of occurrences of
    :math:`\\mathtt{u[k]} = i` and :math:`\\mathtt{v[k]} = j` for
    :math:`k < n`.

    Parameters
    ----------
    u : (N,) array_like, bool
        Input array.
    v : (N,) array_like, bool
        Input array.

    Returns
    -------
    matching : double
        The Matching dissimilarity between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    (nft, ntf) = _nbool_correspond_ft_tf(u, v)
    return float(nft + ntf) / float(len(u))


def dice(u, v):
    """
    Computes the Dice dissimilarity between two boolean 1-D arrays.

    The Dice dissimilarity between `u` and `v`, is

    .. math::

         \\frac{c_{TF} + c_{FT}}
              {2c_{TT} + c_{FT} + c_{TF}}

    where :math:`c_{ij}` is the number of occurrences of
    :math:`\\mathtt{u[k]} = i` and :math:`\\mathtt{v[k]} = j` for
    :math:`k < n`.

    Parameters
    ----------
    u : (N,) ndarray, bool
        Input 1-D array.
    v : (N,) ndarray, bool
        Input 1-D array.

    Returns
    -------
    dice : double
        The Dice dissimilarity between 1-D arrays `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    if u.dtype == np.bool:
        ntt = (u & v).sum()
    else:
        ntt = (u * v).sum()
    (nft, ntf) = _nbool_correspond_ft_tf(u, v)
    return float(ntf + nft) / float(2.0 * ntt + ntf + nft)


def rogerstanimoto(u, v):
    """
    Computes the Rogers-Tanimoto dissimilarity between two boolean 1-D arrays.

    The Rogers-Tanimoto dissimilarity between two boolean 1-D arrays
    `u` and `v`, is defined as

    .. math::
       \\frac{R}
            {c_{TT} + c_{FF} + R}

    where :math:`c_{ij}` is the number of occurrences of
    :math:`\\mathtt{u[k]} = i` and :math:`\\mathtt{v[k]} = j` for
    :math:`k < n` and :math:`R = 2(c_{TF} + c_{FT})`.

    Parameters
    ----------
    u : (N,) array_like, bool
        Input array.
    v : (N,) array_like, bool
        Input array.

    Returns
    -------
    rogerstanimoto : double
        The Rogers-Tanimoto dissimilarity between vectors
        `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    (nff, nft, ntf, ntt) = _nbool_correspond_all(u, v)
    return float(2.0 * (ntf + nft)) / float(ntt + nff + (2.0 * (ntf + nft)))


def russellrao(u, v):
    """
    Computes the Russell-Rao dissimilarity between two boolean 1-D arrays.

    The Russell-Rao dissimilarity between two boolean 1-D arrays, `u` and
    `v`, is defined as

    .. math::

      \\frac{n - c_{TT}}
           {n}

    where :math:`c_{ij}` is the number of occurrences of
    :math:`\\mathtt{u[k]} = i` and :math:`\\mathtt{v[k]} = j` for
    :math:`k < n`.

    Parameters
    ----------
    u : (N,) array_like, bool
        Input array.
    v : (N,) array_like, bool
        Input array.

    Returns
    -------
    russellrao : double
        The Russell-Rao dissimilarity between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    if u.dtype == np.bool:
        ntt = (u & v).sum()
    else:
        ntt = (u * v).sum()
    return float(len(u) - ntt) / float(len(u))


def sokalmichener(u, v):
    """
    Computes the Sokal-Michener dissimilarity between two boolean 1-D arrays.

    The Sokal-Michener dissimilarity between boolean 1-D arrays `u` and `v`,
    is defined as

    .. math::

       \\frac{R}
            {S + R}

    where :math:`c_{ij}` is the number of occurrences of
    :math:`\\mathtt{u[k]} = i` and :math:`\\mathtt{v[k]} = j` for
    :math:`k < n`, :math:`R = 2 * (c_{TF} + c_{FT})` and
    :math:`S = c_{FF} + c_{TT}`.

    Parameters
    ----------
    u : (N,) array_like, bool
        Input array.
    v : (N,) array_like, bool
        Input array.

    Returns
    -------
    sokalmichener : double
        The Sokal-Michener dissimilarity between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    if u.dtype == np.bool:
        ntt = (u & v).sum()
        nff = (~u & ~v).sum()
    else:
        ntt = (u * v).sum()
        nff = ((1.0 - u) * (1.0 - v)).sum()
    (nft, ntf) = _nbool_correspond_ft_tf(u, v)
    return float(2.0 * (ntf + nft)) / float(ntt + nff + 2.0 * (ntf + nft))


def sokalsneath(u, v):
    """
    Computes the Sokal-Sneath dissimilarity between two boolean 1-D arrays.

    The Sokal-Sneath dissimilarity between `u` and `v`,

    .. math::

       \\frac{R}
            {c_{TT} + R}

    where :math:`c_{ij}` is the number of occurrences of
    :math:`\\mathtt{u[k]} = i` and :math:`\\mathtt{v[k]} = j` for
    :math:`k < n` and :math:`R = 2(c_{TF} + c_{FT})`.

    Parameters
    ----------
    u : (N,) array_like, bool
        Input array.
    v : (N,) array_like, bool
        Input array.

    Returns
    -------
    sokalsneath : double
        The Sokal-Sneath dissimilarity between vectors `u` and `v`.

    """
    u = _validate_vector(u)
    v = _validate_vector(v)
    if u.dtype == np.bool:
        ntt = (u & v).sum()
    else:
        ntt = (u * v).sum()
    (nft, ntf) = _nbool_correspond_ft_tf(u, v)
    denom = ntt + 2.0 * (ntf + nft)
    if denom == 0:
        raise ValueError('Sokal-Sneath dissimilarity is not defined for '
                            'vectors that are entirely false.')
    return float(2.0 * (ntf + nft)) / denom


def pdist(X, metric='euclidean', p=2, w=None, V=None, VI=None):
    """
    Pairwise distances between observations in n-dimensional space.

    The following are common calling conventions.

    1. ``Y = pdist(X, 'euclidean')``

       Computes the distance between m points using Euclidean distance
       (2-norm) as the distance metric between the points. The points
       are arranged as m n-dimensional row vectors in the matrix X.

    2. ``Y = pdist(X, 'minkowski', p)``

       Computes the distances using the Minkowski distance
       :math:`||u-v||_p` (p-norm) where :math:`p \\geq 1`.

    3. ``Y = pdist(X, 'cityblock')``

       Computes the city block or Manhattan distance between the
       points.

    4. ``Y = pdist(X, 'seuclidean', V=None)``

       Computes the standardized Euclidean distance. The standardized
       Euclidean distance between two n-vectors ``u`` and ``v`` is

       .. math::

          \\sqrt{\\sum {(u_i-v_i)^2 / V[x_i]}}


       V is the variance vector; V[i] is the variance computed over all
       the i'th components of the points.  If not passed, it is
       automatically computed.

    5. ``Y = pdist(X, 'sqeuclidean')``

       Computes the squared Euclidean distance :math:`||u-v||_2^2` between
       the vectors.

    6. ``Y = pdist(X, 'cosine')``

       Computes the cosine distance between vectors u and v,

       .. math::

          1 - \\frac{u \\cdot v}
                   {{||u||}_2 {||v||}_2}

       where :math:`||*||_2` is the 2-norm of its argument ``*``, and
       :math:`u \\cdot v` is the dot product of ``u`` and ``v``.

    7. ``Y = pdist(X, 'correlation')``

       Computes the correlation distance between vectors u and v. This is

       .. math::

          1 - \\frac{(u - \\bar{u}) \\cdot (v - \\bar{v})}
                   {{||(u - \\bar{u})||}_2 {||(v - \\bar{v})||}_2}

       where :math:`\\bar{v}` is the mean of the elements of vector v,
       and :math:`x \\cdot y` is the dot product of :math:`x` and :math:`y`.

    8. ``Y = pdist(X, 'hamming')``

       Computes the normalized Hamming distance, or the proportion of
       those vector elements between two n-vectors ``u`` and ``v``
       which disagree. To save memory, the matrix ``X`` can be of type
       boolean.

    9. ``Y = pdist(X, 'jaccard')``

       Computes the Jaccard distance between the points. Given two
       vectors, ``u`` and ``v``, the Jaccard distance is the
       proportion of those elements ``u[i]`` and ``v[i]`` that
       disagree where at least one of them is non-zero.

    10. ``Y = pdist(X, 'chebyshev')``

       Computes the Chebyshev distance between the points. The
       Chebyshev distance between two n-vectors ``u`` and ``v`` is the
       maximum norm-1 distance between their respective elements. More
       precisely, the distance is given by

       .. math::

          d(u,v) = \\max_i {|u_i-v_i|}

    11. ``Y = pdist(X, 'canberra')``

       Computes the Canberra distance between the points. The
       Canberra distance between two points ``u`` and ``v`` is

       .. math::

         d(u,v) = \\sum_i \\frac{|u_i-v_i|}
                              {|u_i|+|v_i|}


    12. ``Y = pdist(X, 'braycurtis')``

       Computes the Bray-Curtis distance between the points. The
       Bray-Curtis distance between two points ``u`` and ``v`` is


       .. math::

            d(u,v) = \\frac{\\sum_i {u_i-v_i}}
                          {\\sum_i {u_i+v_i}}

    13. ``Y = pdist(X, 'mahalanobis', VI=None)``

       Computes the Mahalanobis distance between the points. The
       Mahalanobis distance between two points ``u`` and ``v`` is
       :math:`(u-v)(1/V)(u-v)^T` where :math:`(1/V)` (the ``VI``
       variable) is the inverse covariance. If ``VI`` is not None,
       ``VI`` will be used as the inverse covariance matrix.

    14. ``Y = pdist(X, 'yule')``

       Computes the Yule distance between each pair of boolean
       vectors. (see yule function documentation)

    15. ``Y = pdist(X, 'matching')``

       Computes the matching distance between each pair of boolean
       vectors. (see matching function documentation)

    16. ``Y = pdist(X, 'dice')``

       Computes the Dice distance between each pair of boolean
       vectors. (see dice function documentation)

    17. ``Y = pdist(X, 'kulsinski')``

       Computes the Kulsinski distance between each pair of
       boolean vectors. (see kulsinski function documentation)

    18. ``Y = pdist(X, 'rogerstanimoto')``

       Computes the Rogers-Tanimoto distance between each pair of
       boolean vectors. (see rogerstanimoto function documentation)

    19. ``Y = pdist(X, 'russellrao')``

       Computes the Russell-Rao distance between each pair of
       boolean vectors. (see russellrao function documentation)

    20. ``Y = pdist(X, 'sokalmichener')``

       Computes the Sokal-Michener distance between each pair of
       boolean vectors. (see sokalmichener function documentation)

    21. ``Y = pdist(X, 'sokalsneath')``

       Computes the Sokal-Sneath distance between each pair of
       boolean vectors. (see sokalsneath function documentation)

    22. ``Y = pdist(X, 'wminkowski')``

       Computes the weighted Minkowski distance between each pair of
       vectors. (see wminkowski function documentation)

    23. ``Y = pdist(X, f)``

       Computes the distance between all pairs of vectors in X
       using the user supplied 2-arity function f. For example,
       Euclidean distance between the vectors could be computed
       as follows::

         dm = pdist(X, lambda u, v: np.sqrt(((u-v)**2).sum()))

       Note that you should avoid passing a reference to one of
       the distance functions defined in this library. For example,::

         dm = pdist(X, sokalsneath)

       would calculate the pair-wise distances between the vectors in
       X using the Python function sokalsneath. This would result in
       sokalsneath being called :math:`{n \\choose 2}` times, which
       is inefficient. Instead, the optimized C version is more
       efficient, and we call it using the following syntax.::

         dm = pdist(X, 'sokalsneath')

    Parameters
    ----------
    X : ndarray
        An m by n array of m original observations in an
        n-dimensional space.
    metric : string or function
        The distance metric to use. The distance function can
        be 'braycurtis', 'canberra', 'chebyshev', 'cityblock',
        'correlation', 'cosine', 'dice', 'euclidean', 'hamming',
        'jaccard', 'kulsinski', 'mahalanobis', 'matching',
        'minkowski', 'rogerstanimoto', 'russellrao', 'seuclidean',
        'sokalmichener', 'sokalsneath', 'sqeuclidean', 'yule'.
    w : ndarray
        The weight vector (for weighted Minkowski).
    p : double
        The p-norm to apply (for Minkowski, weighted and unweighted)
    V : ndarray
            The variance vector (for standardized Euclidean).
    VI : ndarray
        The inverse of the covariance matrix (for Mahalanobis).

    Returns
    -------
    Y : ndarray
        Returns a condensed distance matrix Y.  For
        each :math:`i` and :math:`j` (where :math:`i<j<n`), the
        metric ``dist(u=X[i], v=X[j])`` is computed and stored in entry ``ij``.

    See Also
    --------
    squareform : converts between condensed distance matrices and
                 square distance matrices.

    Notes
    -----
    See ``squareform`` for information on how to calculate the index of
    this entry or to convert the condensed distance matrix to a
    redundant square matrix.

    """

#         21. Y = pdist(X, 'test_Y')
#
#           Computes the distance between all pairs of vectors in X
#           using the distance metric Y but with a more succinct,
#           verifiable, but less efficient implementation.

    X = np.asarray(X, order='c')

    # The C code doesn't do striding.
    [X] = _copy_arrays_if_base_present([_convert_to_double(X)])

    s = X.shape
    if len(s) != 2:
        raise ValueError('A 2-dimensional array must be passed.')

    m, n = s
    dm = np.zeros((m * (m - 1)) // 2, dtype=np.double)

    wmink_names = ['wminkowski', 'wmi', 'wm', 'wpnorm']
    if w is None and (metric == wminkowski or metric in wmink_names):
        raise ValueError('weighted minkowski requires a weight '
                            'vector `w` to be given.')

    if callable(metric):
        if metric == minkowski:
            def dfun(u, v):
                return minkowski(u, v, p)
        elif metric == wminkowski:
            def dfun(u, v):
                return wminkowski(u, v, p, w)
        elif metric == seuclidean:
            def dfun(u, v):
                return seuclidean(u, v, V)
        elif metric == mahalanobis:
            def dfun(u, v):
                return mahalanobis(u, v, V)
        else:
            dfun = metric

        k = 0
        for i in xrange(0, m - 1):
            for j in xrange(i + 1, m):
                dm[k] = dfun(X[i], X[j])
                k = k + 1

    elif isinstance(metric, string_types):
        mstr = metric.lower()

        #if X.dtype != np.double and \
        #       (mstr != 'hamming' and mstr != 'jaccard'):
        #    TypeError('A double array must be passed.')
        if mstr in set(['euclidean', 'euclid', 'eu', 'e']):
            _distance_wrap.pdist_euclidean_wrap(_convert_to_double(X), dm)
        elif mstr in set(['sqeuclidean', 'sqe', 'sqeuclid']):
            _distance_wrap.pdist_euclidean_wrap(_convert_to_double(X), dm)
            dm = dm ** 2.0
        elif mstr in set(['cityblock', 'cblock', 'cb', 'c']):
            _distance_wrap.pdist_city_block_wrap(X, dm)
        elif mstr in set(['hamming', 'hamm', 'ha', 'h']):
            if X.dtype == np.bool:
                _distance_wrap.pdist_hamming_bool_wrap(_convert_to_bool(X), dm)
            else:
                _distance_wrap.pdist_hamming_wrap(_convert_to_double(X), dm)
        elif mstr in set(['jaccard', 'jacc', 'ja', 'j']):
            if X.dtype == np.bool:
                _distance_wrap.pdist_jaccard_bool_wrap(_convert_to_bool(X), dm)
            else:
                _distance_wrap.pdist_jaccard_wrap(_convert_to_double(X), dm)
        elif mstr in set(['chebychev', 'chebyshev', 'cheby', 'cheb', 'ch']):
            _distance_wrap.pdist_chebyshev_wrap(_convert_to_double(X), dm)
        elif mstr in set(['minkowski', 'mi', 'm']):
            _distance_wrap.pdist_minkowski_wrap(_convert_to_double(X), dm, p)
        elif mstr in wmink_names:
            _distance_wrap.pdist_weighted_minkowski_wrap(_convert_to_double(X),
                                                         dm, p, np.asarray(w))
        elif mstr in set(['seuclidean', 'se', 's']):
            if V is not None:
                V = np.asarray(V, order='c')
                if type(V) != np.ndarray:
                    raise TypeError('Variance vector V must be a numpy array')
                if V.dtype != np.double:
                    raise TypeError('Variance vector V must contain doubles.')
                if len(V.shape) != 1:
                    raise ValueError('Variance vector V must '
                                     'be one-dimensional.')
                if V.shape[0] != n:
                    raise ValueError('Variance vector V must be of the same '
                            'dimension as the vectors on which the distances '
                            'are computed.')
                # The C code doesn't do striding.
                [VV] = _copy_arrays_if_base_present([_convert_to_double(V)])
            else:
                VV = np.var(X, axis=0, ddof=1)
            _distance_wrap.pdist_seuclidean_wrap(_convert_to_double(X), VV, dm)
        # Need to test whether vectorized cosine works better.
        # Find out: Is there a dot subtraction operator so I can
        # subtract matrices in a similar way to multiplying them?
        # Need to get rid of as much unnecessary C code as possible.
        elif mstr in set(['cosine', 'cos']):
            norms = np.sqrt(np.sum(X * X, axis=1))
            _distance_wrap.pdist_cosine_wrap(_convert_to_double(X), dm, norms)
        elif mstr in set(['old_cosine', 'old_cos']):
            norms = np.sqrt(np.sum(X * X, axis=1))
            nV = norms.reshape(m, 1)
            # The numerator u * v
            nm = np.dot(X, X.T)
            # The denom. ||u||*||v||
            de = np.dot(nV, nV.T)
            dm = 1.0 - (nm / de)
            dm[xrange(0, m), xrange(0, m)] = 0.0
            dm = squareform(dm)
        elif mstr in set(['correlation', 'co']):
            X2 = X - X.mean(1)[:, np.newaxis]
            #X2 = X - np.matlib.repmat(np.mean(X, axis=1).reshape(m, 1), 1, n)
            norms = np.sqrt(np.sum(X2 * X2, axis=1))
            _distance_wrap.pdist_cosine_wrap(_convert_to_double(X2),
                                             _convert_to_double(dm),
                                             _convert_to_double(norms))
        elif mstr in set(['mahalanobis', 'mahal', 'mah']):
            if VI is not None:
                VI = _convert_to_double(np.asarray(VI, order='c'))
                if type(VI) != np.ndarray:
                    raise TypeError('VI must be a numpy array.')
                if VI.dtype != np.double:
                    raise TypeError('The array must contain 64-bit floats.')
                [VI] = _copy_arrays_if_base_present([VI])
            else:
                V = np.cov(X.T)
                VI = _convert_to_double(np.linalg.inv(V).T.copy())
            # (u-v)V^(-1)(u-v)^T
            _distance_wrap.pdist_mahalanobis_wrap(_convert_to_double(X),
                                                  VI, dm)
        elif mstr == 'canberra':
            _distance_wrap.pdist_canberra_wrap(_convert_to_double(X), dm)
        elif mstr == 'braycurtis':
            _distance_wrap.pdist_bray_curtis_wrap(_convert_to_double(X), dm)
        elif mstr == 'yule':
            _distance_wrap.pdist_yule_bool_wrap(_convert_to_bool(X), dm)
        elif mstr == 'matching':
            _distance_wrap.pdist_matching_bool_wrap(_convert_to_bool(X), dm)
        elif mstr == 'kulsinski':
            _distance_wrap.pdist_kulsinski_bool_wrap(_convert_to_bool(X), dm)
        elif mstr == 'dice':
            _distance_wrap.pdist_dice_bool_wrap(_convert_to_bool(X), dm)
        elif mstr == 'rogerstanimoto':
            _distance_wrap.pdist_rogerstanimoto_bool_wrap(_convert_to_bool(X),
                                                          dm)
        elif mstr == 'russellrao':
            _distance_wrap.pdist_russellrao_bool_wrap(_convert_to_bool(X), dm)
        elif mstr == 'sokalmichener':
            _distance_wrap.pdist_sokalmichener_bool_wrap(_convert_to_bool(X),
                                                         dm)
        elif mstr == 'sokalsneath':
            _distance_wrap.pdist_sokalsneath_bool_wrap(_convert_to_bool(X), dm)
        elif metric == 'test_euclidean':
            dm = pdist(X, euclidean)
        elif metric == 'test_sqeuclidean':
            if V is None:
                V = np.var(X, axis=0, ddof=1)
            else:
                V = np.asarray(V, order='c')
            dm = pdist(X, lambda u, v: seuclidean(u, v, V))
        elif metric == 'test_braycurtis':
            dm = pdist(X, braycurtis)
        elif metric == 'test_mahalanobis':
            if VI is None:
                V = np.cov(X.T)
                VI = np.linalg.inv(V)
            else:
                VI = np.asarray(VI, order='c')
            [VI] = _copy_arrays_if_base_present([VI])
            # (u-v)V^(-1)(u-v)^T
            dm = pdist(X, (lambda u, v: mahalanobis(u, v, VI)))
        elif metric == 'test_canberra':
            dm = pdist(X, canberra)
        elif metric == 'test_cityblock':
            dm = pdist(X, cityblock)
        elif metric == 'test_minkowski':
            dm = pdist(X, minkowski, p=p)
        elif metric == 'test_wminkowski':
            dm = pdist(X, wminkowski, p=p, w=w)
        elif metric == 'test_cosine':
            dm = pdist(X, cosine)
        elif metric == 'test_correlation':
            dm = pdist(X, correlation)
        elif metric == 'test_hamming':
            dm = pdist(X, hamming)
        elif metric == 'test_jaccard':
            dm = pdist(X, jaccard)
        elif metric == 'test_chebyshev' or metric == 'test_chebychev':
            dm = pdist(X, chebyshev)
        elif metric == 'test_yule':
            dm = pdist(X, yule)
        elif metric == 'test_matching':
            dm = pdist(X, matching)
        elif metric == 'test_dice':
            dm = pdist(X, dice)
        elif metric == 'test_kulsinski':
            dm = pdist(X, kulsinski)
        elif metric == 'test_rogerstanimoto':
            dm = pdist(X, rogerstanimoto)
        elif metric == 'test_russellrao':
            dm = pdist(X, russellrao)
        elif metric == 'test_sokalsneath':
            dm = pdist(X, sokalsneath)
        elif metric == 'test_sokalmichener':
            dm = pdist(X, sokalmichener)
        else:
            raise ValueError('Unknown Distance Metric: %s' % mstr)
    else:
        raise TypeError('2nd argument metric must be a string identifier '
                        'or a function.')
    return dm


def squareform(X, force="no", checks=True):
    """
    Converts a vector-form distance vector to a square-form distance
    matrix, and vice-versa.

    Parameters
    ----------
    X : ndarray
        Either a condensed or redundant distance matrix.
    force : str, optional
        As with MATLAB(TM), if force is equal to 'tovector' or 'tomatrix',
        the input will be treated as a distance matrix or distance vector
        respectively.
    checks : bool, optional
        If `checks` is set to False, no checks will be made for matrix
        symmetry nor zero diagonals. This is useful if it is known that
        ``X - X.T1`` is small and ``diag(X)`` is close to zero.
        These values are ignored any way so they do not disrupt the
        squareform transformation.

    Returns
    -------
    Y : ndarray
        If a condensed distance matrix is passed, a redundant one is
        returned, or if a redundant one is passed, a condensed distance
        matrix is returned.

    Notes
    -----

    1. v = squareform(X)

       Given a square d-by-d symmetric distance matrix X,
       ``v=squareform(X)`` returns a ``d * (d-1) / 2`` (or
       `${n \\choose 2}$`) sized vector v.

      v[{n \\choose 2}-{n-i \\choose 2} + (j-i-1)] is the distance
      between points i and j. If X is non-square or asymmetric, an error
      is returned.

    2. X = squareform(v)

      Given a d*d(-1)/2 sized v for some integer d>=2 encoding distances
      as described, X=squareform(v) returns a d by d distance matrix X. The
      X[i, j] and X[j, i] values are set to
      v[{n \\choose 2}-{n-i \\choose 2} + (j-u-1)] and all
      diagonal elements are zero.

    """

    X = _convert_to_double(np.asarray(X, order='c'))

    if not np.issubsctype(X, np.double):
        raise TypeError('A double array must be passed.')

    s = X.shape

    if force.lower() == 'tomatrix':
        if len(s) != 1:
            raise ValueError("Forcing 'tomatrix' but input X is not a "
                             "distance vector.")
    elif force.lower() == 'tovector':
        if len(s) != 2:
            raise ValueError("Forcing 'tovector' but input X is not a "
                             "distance matrix.")

    # X = squareform(v)
    if len(s) == 1:
        if X.shape[0] == 0:
            return np.zeros((1, 1), dtype=np.double)

        # Grab the closest value to the square root of the number
        # of elements times 2 to see if the number of elements
        # is indeed a binomial coefficient.
        d = int(np.ceil(np.sqrt(X.shape[0] * 2)))

        # Check that v is of valid dimensions.
        if d * (d - 1) / 2 != int(s[0]):
            raise ValueError('Incompatible vector size. It must be a binomial '
                             'coefficient n choose 2 for some integer n >= 2.')

        # Allocate memory for the distance matrix.
        M = np.zeros((d, d), dtype=np.double)

        # Since the C code does not support striding using strides.
        # The dimensions are used instead.
        [X] = _copy_arrays_if_base_present([X])

        # Fill in the values of the distance matrix.
        _distance_wrap.to_squareform_from_vector_wrap(M, X)

        # Return the distance matrix.
        M = M + M.transpose()
        return M
    elif len(s) == 2:
        if s[0] != s[1]:
            raise ValueError('The matrix argument must be square.')
        if checks:
            is_valid_dm(X, throw=True, name='X')

        # One-side of the dimensions is set here.
        d = s[0]

        if d <= 1:
            return np.array([], dtype=np.double)

        # Create a vector.
        v = np.zeros((d * (d - 1)) // 2, dtype=np.double)

        # Since the C code does not support striding using strides.
        # The dimensions are used instead.
        [X] = _copy_arrays_if_base_present([X])

        # Convert the vector to squareform.
        _distance_wrap.to_vector_from_squareform_wrap(X, v)
        return v
    else:
        raise ValueError(('The first argument must be one or two dimensional '
                         'array. A %d-dimensional array is not '
                         'permitted') % len(s))


def is_valid_dm(D, tol=0.0, throw=False, name="D", warning=False):
    """
    Returns True if input array is a valid distance matrix.

    Distance matrices must be 2-dimensional numpy arrays containing
    doubles. They must have a zero-diagonal, and they must be symmetric.

    Parameters
    ----------
    D : ndarray
        The candidate object to test for validity.
    tol : float, optional
        The distance matrix should be symmetric. `tol` is the maximum
        difference between entries ``ij`` and ``ji`` for the distance
        metric to be considered symmetric.
    throw : bool, optional
        An exception is thrown if the distance matrix passed is not valid.
    name : str, optional
        The name of the variable to checked. This is useful if
        throw is set to True so the offending variable can be identified
        in the exception message when an exception is thrown.
    warning : bool, optional
        Instead of throwing an exception, a warning message is
        raised.

    Returns
    -------
    valid : bool
        True if the variable `D` passed is a valid distance matrix.

    Notes
    -----
    Small numerical differences in `D` and `D.T` and non-zeroness of
    the diagonal are ignored if they are within the tolerance specified
    by `tol`.

    """
    D = np.asarray(D, order='c')
    valid = True
    try:
        s = D.shape
        if D.dtype != np.double:
            if name:
                raise TypeError(('Distance matrix \'%s\' must contain doubles '
                                 '(double).') % name)
            else:
                raise TypeError('Distance matrix must contain doubles '
                                '(double).')
        if len(D.shape) != 2:
            if name:
                raise ValueError(('Distance matrix \'%s\' must have shape=2 '
                                 '(i.e. be two-dimensional).') % name)
            else:
                raise ValueError('Distance matrix must have shape=2 (i.e. '
                                 'be two-dimensional).')
        if tol == 0.0:
            if not (D == D.T).all():
                if name:
                    raise ValueError(('Distance matrix \'%s\' must be '
                                     'symmetric.') % name)
                else:
                    raise ValueError('Distance matrix must be symmetric.')
            if not (D[xrange(0, s[0]), xrange(0, s[0])] == 0).all():
                if name:
                    raise ValueError(('Distance matrix \'%s\' diagonal must '
                                     'be zero.') % name)
                else:
                    raise ValueError('Distance matrix diagonal must be zero.')
        else:
            if not (D - D.T <= tol).all():
                if name:
                    raise ValueError(('Distance matrix \'%s\' must be '
                                      'symmetric within tolerance %d.')
                                     % (name, tol))
                else:
                    raise ValueError('Distance matrix must be symmetric within'
                                     ' tolerance %5.5f.' % tol)
            if not (D[xrange(0, s[0]), xrange(0, s[0])] <= tol).all():
                if name:
                    raise ValueError(('Distance matrix \'%s\' diagonal must be'
                                      ' close to zero within tolerance %5.5f.')
                                     % (name, tol))
                else:
                    raise ValueError(('Distance matrix \'%s\' diagonal must be'
                                      ' close to zero within tolerance %5.5f.')
                                     % tol)
    except Exception as e:
        if throw:
            raise
        if warning:
            warnings.warn(str(e))
        valid = False
    return valid


def is_valid_y(y, warning=False, throw=False, name=None):
    """
    Returns True if the input array is a valid condensed distance matrix.

    Condensed distance matrices must be 1-dimensional
    numpy arrays containing doubles. Their length must be a binomial
    coefficient :math:`{n \\choose 2}` for some positive integer n.

    Parameters
    ----------
    y : ndarray
        The condensed distance matrix.
    warning : bool, optional
        Invokes a warning if the variable passed is not a valid
        condensed distance matrix. The warning message explains why
        the distance matrix is not valid.  `name` is used when
        referencing the offending variable.
    throws : throw, optional
        Throws an exception if the variable passed is not a valid
        condensed distance matrix.
    name : bool, optional
        Used when referencing the offending variable in the
        warning or exception message.

    """
    y = np.asarray(y, order='c')
    valid = True
    try:
        if type(y) != np.ndarray:
            if name:
                raise TypeError(('\'%s\' passed as a condensed distance '
                                 'matrix is not a numpy array.') % name)
            else:
                raise TypeError('Variable is not a numpy array.')
        if y.dtype != np.double:
            if name:
                raise TypeError(('Condensed distance matrix \'%s\' must '
                                 'contain doubles (double).') % name)
            else:
                raise TypeError('Condensed distance matrix must contain '
                                'doubles (double).')
        if len(y.shape) != 1:
            if name:
                raise ValueError(('Condensed distance matrix \'%s\' must '
                                  'have shape=1 (i.e. be one-dimensional).')
                                 % name)
            else:
                raise ValueError('Condensed distance matrix must have shape=1 '
                                 '(i.e. be one-dimensional).')
        n = y.shape[0]
        d = int(np.ceil(np.sqrt(n * 2)))
        if (d * (d - 1) / 2) != n:
            if name:
                raise ValueError(('Length n of condensed distance matrix '
                                  '\'%s\' must be a binomial coefficient, i.e.'
                                  'there must be a k such that '
                                  '(k \choose 2)=n)!') % name)
            else:
                raise ValueError('Length n of condensed distance matrix must '
                                 'be a binomial coefficient, i.e. there must '
                                 'be a k such that (k \choose 2)=n)!')
    except Exception as e:
        if throw:
            raise
        if warning:
            warnings.warn(str(e))
        valid = False
    return valid


def num_obs_dm(d):
    """
    Returns the number of original observations that correspond to a
    square, redundant distance matrix.

    Parameters
    ----------
    d : ndarray
        The target distance matrix.

    Returns
    -------
    num_obs_dm : int
        The number of observations in the redundant distance matrix.

    """
    d = np.asarray(d, order='c')
    is_valid_dm(d, tol=np.inf, throw=True, name='d')
    return d.shape[0]


def num_obs_y(Y):
    """
    Returns the number of original observations that correspond to a
    condensed distance matrix.

    Parameters
    ----------
    Y : ndarray
        Condensed distance matrix.

    Returns
    -------
    n : int
        The number of observations in the condensed distance matrix `Y`.

    """
    Y = np.asarray(Y, order='c')
    is_valid_y(Y, throw=True, name='Y')
    k = Y.shape[0]
    if k == 0:
        raise ValueError("The number of observations cannot be determined on "
                         "an empty distance matrix.")
    d = int(np.ceil(np.sqrt(k * 2)))
    if (d * (d - 1) / 2) != k:
        raise ValueError("Invalid condensed distance matrix passed. Must be "
                         "some k where k=(n choose 2) for some n >= 2.")
    return d


def cdist(XA, XB, metric='euclidean', p=2, V=None, VI=None, w=None):
    """
    Computes distance between each pair of the two collections of inputs.

    The following are common calling conventions:

    1. ``Y = cdist(XA, XB, 'euclidean')``

       Computes the distance between :math:`m` points using
       Euclidean distance (2-norm) as the distance metric between the
       points. The points are arranged as :math:`m`
       :math:`n`-dimensional row vectors in the matrix X.

    2. ``Y = cdist(XA, XB, 'minkowski', p)``

       Computes the distances using the Minkowski distance
       :math:`||u-v||_p` (:math:`p`-norm) where :math:`p \\geq 1`.

    3. ``Y = cdist(XA, XB, 'cityblock')``

       Computes the city block or Manhattan distance between the
       points.

    4. ``Y = cdist(XA, XB, 'seuclidean', V=None)``

       Computes the standardized Euclidean distance. The standardized
       Euclidean distance between two n-vectors ``u`` and ``v`` is

       .. math::

          \\sqrt{\\sum {(u_i-v_i)^2 / V[x_i]}}.

       V is the variance vector; V[i] is the variance computed over all
       the i'th components of the points. If not passed, it is
       automatically computed.

    5. ``Y = cdist(XA, XB, 'sqeuclidean')``

       Computes the squared Euclidean distance :math:`||u-v||_2^2` between
       the vectors.

    6. ``Y = cdist(XA, XB, 'cosine')``

       Computes the cosine distance between vectors u and v,

       .. math::

          1 - \\frac{u \\cdot v}
                   {{||u||}_2 {||v||}_2}

       where :math:`||*||_2` is the 2-norm of its argument ``*``, and
       :math:`u \\cdot v` is the dot product of :math:`u` and :math:`v`.

    7. ``Y = cdist(XA, XB, 'correlation')``

       Computes the correlation distance between vectors u and v. This is

       .. math::

          1 - \\frac{(u - \\bar{u}) \\cdot (v - \\bar{v})}
                   {{||(u - \\bar{u})||}_2 {||(v - \\bar{v})||}_2}

       where :math:`\\bar{v}` is the mean of the elements of vector v,
       and :math:`x \\cdot y` is the dot product of :math:`x` and :math:`y`.


    8. ``Y = cdist(XA, XB, 'hamming')``

       Computes the normalized Hamming distance, or the proportion of
       those vector elements between two n-vectors ``u`` and ``v``
       which disagree. To save memory, the matrix ``X`` can be of type
       boolean.

    9. ``Y = cdist(XA, XB, 'jaccard')``

       Computes the Jaccard distance between the points. Given two
       vectors, ``u`` and ``v``, the Jaccard distance is the
       proportion of those elements ``u[i]`` and ``v[i]`` that
       disagree where at least one of them is non-zero.

    10. ``Y = cdist(XA, XB, 'chebyshev')``

       Computes the Chebyshev distance between the points. The
       Chebyshev distance between two n-vectors ``u`` and ``v`` is the
       maximum norm-1 distance between their respective elements. More
       precisely, the distance is given by

       .. math::

          d(u,v) = \\max_i {|u_i-v_i|}.

    11. ``Y = cdist(XA, XB, 'canberra')``

       Computes the Canberra distance between the points. The
       Canberra distance between two points ``u`` and ``v`` is

       .. math::

         d(u,v) = \\sum_i \\frac{|u_i-v_i|}
                              {|u_i|+|v_i|}.

    12. ``Y = cdist(XA, XB, 'braycurtis')``

       Computes the Bray-Curtis distance between the points. The
       Bray-Curtis distance between two points ``u`` and ``v`` is


       .. math::

            d(u,v) = \\frac{\\sum_i (u_i-v_i)}
                          {\\sum_i (u_i+v_i)}

    13. ``Y = cdist(XA, XB, 'mahalanobis', VI=None)``

       Computes the Mahalanobis distance between the points. The
       Mahalanobis distance between two points ``u`` and ``v`` is
       :math:`(u-v)(1/V)(u-v)^T` where :math:`(1/V)` (the ``VI``
       variable) is the inverse covariance. If ``VI`` is not None,
       ``VI`` will be used as the inverse covariance matrix.

    14. ``Y = cdist(XA, XB, 'yule')``

       Computes the Yule distance between the boolean
       vectors. (see yule function documentation)

    15. ``Y = cdist(XA, XB, 'matching')``

       Computes the matching distance between the boolean
       vectors. (see matching function documentation)

    16. ``Y = cdist(XA, XB, 'dice')``

       Computes the Dice distance between the boolean vectors. (see
       dice function documentation)

    17. ``Y = cdist(XA, XB, 'kulsinski')``

       Computes the Kulsinski distance between the boolean
       vectors. (see kulsinski function documentation)

    18. ``Y = cdist(XA, XB, 'rogerstanimoto')``

       Computes the Rogers-Tanimoto distance between the boolean
       vectors. (see rogerstanimoto function documentation)

    19. ``Y = cdist(XA, XB, 'russellrao')``

       Computes the Russell-Rao distance between the boolean
       vectors. (see russellrao function documentation)

    20. ``Y = cdist(XA, XB, 'sokalmichener')``

       Computes the Sokal-Michener distance between the boolean
       vectors. (see sokalmichener function documentation)

    21. ``Y = cdist(XA, XB, 'sokalsneath')``

       Computes the Sokal-Sneath distance between the vectors. (see
       sokalsneath function documentation)


    22. ``Y = cdist(XA, XB, 'wminkowski')``

       Computes the weighted Minkowski distance between the
       vectors. (see sokalsneath function documentation)

    23. ``Y = cdist(XA, XB, f)``

       Computes the distance between all pairs of vectors in X
       using the user supplied 2-arity function f. For example,
       Euclidean distance between the vectors could be computed
       as follows::

         dm = cdist(XA, XB, lambda u, v: np.sqrt(((u-v)**2).sum()))

       Note that you should avoid passing a reference to one of
       the distance functions defined in this library. For example,::

         dm = cdist(XA, XB, sokalsneath)

       would calculate the pair-wise distances between the vectors in
       X using the Python function sokalsneath. This would result in
       sokalsneath being called :math:`{n \\choose 2}` times, which
       is inefficient. Instead, the optimized C version is more
       efficient, and we call it using the following syntax.::

         dm = cdist(XA, XB, 'sokalsneath')

    Parameters
    ----------
    XA : ndarray
        An :math:`m_A` by :math:`n` array of :math:`m_A`
        original observations in an :math:`n`-dimensional space.
    XB : ndarray
        An :math:`m_B` by :math:`n` array of :math:`m_B`
        original observations in an :math:`n`-dimensional space.
    metric : string or function
        The distance metric to use. The distance function can
        be 'braycurtis', 'canberra', 'chebyshev', 'cityblock',
        'correlation', 'cosine', 'dice', 'euclidean', 'hamming',
        'jaccard', 'kulsinski', 'mahalanobis', 'matching',
        'minkowski', 'rogerstanimoto', 'russellrao', 'seuclidean',
        'sokalmichener', 'sokalsneath', 'sqeuclidean', 'wminkowski',
        'yule'.
    w : ndarray
        The weight vector (for weighted Minkowski).
    p : double
        The p-norm to apply (for Minkowski, weighted and unweighted)
    V : ndarray
        The variance vector (for standardized Euclidean).
    VI : ndarray
        The inverse of the covariance matrix (for Mahalanobis).

    Returns
    -------
    Y : ndarray
        A :math:`m_A` by :math:`m_B` distance matrix is returned.
        For each :math:`i` and :math:`j`, the metric
        ``dist(u=XA[i], v=XB[j])`` is computed and stored in the
        :math:`ij` th entry.

    Raises
    ------
    An exception is thrown if ``XA`` and ``XB`` do not have
    the same number of columns.

    """

#         21. Y = cdist(XA, XB, 'test_Y')
#
#           Computes the distance between all pairs of vectors in X
#           using the distance metric Y but with a more succint,
#           verifiable, but less efficient implementation.

    XA = np.asarray(XA, order='c')
    XB = np.asarray(XB, order='c')

    #if np.issubsctype(X, np.floating) and not np.issubsctype(X, np.double):
    #    raise TypeError('Floating point arrays must be 64-bit (got %r).' %
    #    (X.dtype.type,))

    # The C code doesn't do striding.
    [XA] = _copy_arrays_if_base_present([_convert_to_double(XA)])
    [XB] = _copy_arrays_if_base_present([_convert_to_double(XB)])

    s = XA.shape
    sB = XB.shape

    if len(s) != 2:
        raise ValueError('XA must be a 2-dimensional array.')
    if len(sB) != 2:
        raise ValueError('XB must be a 2-dimensional array.')
    if s[1] != sB[1]:
        raise ValueError('XA and XB must have the same number of columns '
                         '(i.e. feature dimension.)')

    mA = s[0]
    mB = sB[0]
    n = s[1]
    dm = np.zeros((mA, mB), dtype=np.double)

    if callable(metric):
        if metric == minkowski:
            for i in xrange(0, mA):
                for j in xrange(0, mB):
                    dm[i, j] = minkowski(XA[i, :], XB[j, :], p)
        elif metric == wminkowski:
            for i in xrange(0, mA):
                for j in xrange(0, mB):
                    dm[i, j] = wminkowski(XA[i, :], XB[j, :], p, w)
        elif metric == seuclidean:
            for i in xrange(0, mA):
                for j in xrange(0, mB):
                    dm[i, j] = seuclidean(XA[i, :], XB[j, :], V)
        elif metric == mahalanobis:
            for i in xrange(0, mA):
                for j in xrange(0, mB):
                    dm[i, j] = mahalanobis(XA[i, :], XB[j, :], V)
        else:
            for i in xrange(0, mA):
                for j in xrange(0, mB):
                    dm[i, j] = metric(XA[i, :], XB[j, :])
    elif isinstance(metric, string_types):
        mstr = metric.lower()

        #if XA.dtype != np.double and \
        #       (mstr != 'hamming' and mstr != 'jaccard'):
        #    TypeError('A double array must be passed.')
        if mstr in set(['euclidean', 'euclid', 'eu', 'e']):
            _distance_wrap.cdist_euclidean_wrap(_convert_to_double(XA),
                                                _convert_to_double(XB), dm)
        elif mstr in set(['sqeuclidean', 'sqe', 'sqeuclid']):
            _distance_wrap.cdist_euclidean_wrap(_convert_to_double(XA),
                                                _convert_to_double(XB), dm)
            dm **= 2.0
        elif mstr in set(['cityblock', 'cblock', 'cb', 'c']):
            _distance_wrap.cdist_city_block_wrap(_convert_to_double(XA),
                                                 _convert_to_double(XB), dm)
        elif mstr in set(['hamming', 'hamm', 'ha', 'h']):
            if XA.dtype == np.bool:
                _distance_wrap.cdist_hamming_bool_wrap(_convert_to_bool(XA),
                                                       _convert_to_bool(XB),
                                                       dm)
            else:
                _distance_wrap.cdist_hamming_wrap(_convert_to_double(XA),
                                                  _convert_to_double(XB), dm)
        elif mstr in set(['jaccard', 'jacc', 'ja', 'j']):
            if XA.dtype == np.bool:
                _distance_wrap.cdist_jaccard_bool_wrap(_convert_to_bool(XA),
                                                       _convert_to_bool(XB),
                                                       dm)
            else:
                _distance_wrap.cdist_jaccard_wrap(_convert_to_double(XA),
                                                  _convert_to_double(XB), dm)
        elif mstr in set(['chebychev', 'chebyshev', 'cheby', 'cheb', 'ch']):
            _distance_wrap.cdist_chebyshev_wrap(_convert_to_double(XA),
                                                _convert_to_double(XB), dm)
        elif mstr in set(['minkowski', 'mi', 'm', 'pnorm']):
            _distance_wrap.cdist_minkowski_wrap(_convert_to_double(XA),
                                                _convert_to_double(XB), dm, p)
        elif mstr in set(['wminkowski', 'wmi', 'wm', 'wpnorm']):
            _distance_wrap.cdist_weighted_minkowski_wrap(_convert_to_double(XA),
                                                         _convert_to_double(XB),
                                                         dm, p,
                                                         _convert_to_double(w))
        elif mstr in set(['seuclidean', 'se', 's']):
            if V is not None:
                V = np.asarray(V, order='c')
                if type(V) != np.ndarray:
                    raise TypeError('Variance vector V must be a numpy array')
                if V.dtype != np.double:
                    raise TypeError('Variance vector V must contain doubles.')
                if len(V.shape) != 1:
                    raise ValueError('Variance vector V must be '
                                     'one-dimensional.')
                if V.shape[0] != n:
                    raise ValueError('Variance vector V must be of the same '
                                     'dimension as the vectors on which the '
                                     'distances are computed.')
                # The C code doesn't do striding.
                [VV] = _copy_arrays_if_base_present([_convert_to_double(V)])
            else:
                X = np.vstack([XA, XB])
                VV = np.var(X, axis=0, ddof=1)
                X = None
                del X
            _distance_wrap.cdist_seuclidean_wrap(_convert_to_double(XA),
                                                 _convert_to_double(XB), VV, dm)
        # Need to test whether vectorized cosine works better.
        # Find out: Is there a dot subtraction operator so I can
        # subtract matrices in a similar way to multiplying them?
        # Need to get rid of as much unnecessary C code as possible.
        elif mstr in set(['cosine', 'cos']):
            normsA = np.sqrt(np.sum(XA * XA, axis=1))
            normsB = np.sqrt(np.sum(XB * XB, axis=1))
            _distance_wrap.cdist_cosine_wrap(_convert_to_double(XA),
                                             _convert_to_double(XB), dm,
                                             normsA,
                                             normsB)
        elif mstr in set(['correlation', 'co']):
            XA2 = XA - XA.mean(1)[:, np.newaxis]
            XB2 = XB - XB.mean(1)[:, np.newaxis]
            #X2 = X - np.matlib.repmat(np.mean(X, axis=1).reshape(m, 1), 1, n)
            normsA = np.sqrt(np.sum(XA2 * XA2, axis=1))
            normsB = np.sqrt(np.sum(XB2 * XB2, axis=1))
            _distance_wrap.cdist_cosine_wrap(_convert_to_double(XA2),
                                             _convert_to_double(XB2),
                                             _convert_to_double(dm),
                                             _convert_to_double(normsA),
                                             _convert_to_double(normsB))
        elif mstr in set(['mahalanobis', 'mahal', 'mah']):
            if VI is not None:
                VI = _convert_to_double(np.asarray(VI, order='c'))
                if type(VI) != np.ndarray:
                    raise TypeError('VI must be a numpy array.')
                if VI.dtype != np.double:
                    raise TypeError('The array must contain 64-bit floats.')
                [VI] = _copy_arrays_if_base_present([VI])
            else:
                X = np.vstack([XA, XB])
                V = np.cov(X.T)
                X = None
                del X
                VI = _convert_to_double(np.linalg.inv(V).T.copy())
            # (u-v)V^(-1)(u-v)^T
            _distance_wrap.cdist_mahalanobis_wrap(_convert_to_double(XA),
                                                  _convert_to_double(XB),
                                                  VI, dm)
        elif mstr == 'canberra':
            _distance_wrap.cdist_canberra_wrap(_convert_to_double(XA),
                                               _convert_to_double(XB), dm)
        elif mstr == 'braycurtis':
            _distance_wrap.cdist_bray_curtis_wrap(_convert_to_double(XA),
                                                  _convert_to_double(XB), dm)
        elif mstr == 'yule':
            _distance_wrap.cdist_yule_bool_wrap(_convert_to_bool(XA),
                                                _convert_to_bool(XB), dm)
        elif mstr == 'matching':
            _distance_wrap.cdist_matching_bool_wrap(_convert_to_bool(XA),
                                                    _convert_to_bool(XB), dm)
        elif mstr == 'kulsinski':
            _distance_wrap.cdist_kulsinski_bool_wrap(_convert_to_bool(XA),
                                                     _convert_to_bool(XB), dm)
        elif mstr == 'dice':
            _distance_wrap.cdist_dice_bool_wrap(_convert_to_bool(XA),
                                                _convert_to_bool(XB), dm)
        elif mstr == 'rogerstanimoto':
            _distance_wrap.cdist_rogerstanimoto_bool_wrap(_convert_to_bool(XA),
                                                          _convert_to_bool(XB),
                                                          dm)
        elif mstr == 'russellrao':
            _distance_wrap.cdist_russellrao_bool_wrap(_convert_to_bool(XA),
                                                      _convert_to_bool(XB), dm)
        elif mstr == 'sokalmichener':
            _distance_wrap.cdist_sokalmichener_bool_wrap(_convert_to_bool(XA),
                                                         _convert_to_bool(XB),
                                                         dm)
        elif mstr == 'sokalsneath':
            _distance_wrap.cdist_sokalsneath_bool_wrap(_convert_to_bool(XA),
                                                       _convert_to_bool(XB),
                                                       dm)
        elif metric == 'test_euclidean':
            dm = cdist(XA, XB, euclidean)
        elif metric == 'test_seuclidean':
            if V is None:
                V = np.var(np.vstack([XA, XB]), axis=0, ddof=1)
            else:
                V = np.asarray(V, order='c')
            dm = cdist(XA, XB, lambda u, v: seuclidean(u, v, V))
        elif metric == 'test_sqeuclidean':
            dm = cdist(XA, XB, lambda u, v: sqeuclidean(u, v))
        elif metric == 'test_braycurtis':
            dm = cdist(XA, XB, braycurtis)
        elif metric == 'test_mahalanobis':
            if VI is None:
                X = np.vstack([XA, XB])
                V = np.cov(X.T)
                VI = np.linalg.inv(V)
                X = None
                del X
            else:
                VI = np.asarray(VI, order='c')
            [VI] = _copy_arrays_if_base_present([VI])
            # (u-v)V^(-1)(u-v)^T
            dm = cdist(XA, XB, (lambda u, v: mahalanobis(u, v, VI)))
        elif metric == 'test_canberra':
            dm = cdist(XA, XB, canberra)
        elif metric == 'test_cityblock':
            dm = cdist(XA, XB, cityblock)
        elif metric == 'test_minkowski':
            dm = cdist(XA, XB, minkowski, p=p)
        elif metric == 'test_wminkowski':
            dm = cdist(XA, XB, wminkowski, p=p, w=w)
        elif metric == 'test_cosine':
            dm = cdist(XA, XB, cosine)
        elif metric == 'test_correlation':
            dm = cdist(XA, XB, correlation)
        elif metric == 'test_hamming':
            dm = cdist(XA, XB, hamming)
        elif metric == 'test_jaccard':
            dm = cdist(XA, XB, jaccard)
        elif metric == 'test_chebyshev' or metric == 'test_chebychev':
            dm = cdist(XA, XB, chebyshev)
        elif metric == 'test_yule':
            dm = cdist(XA, XB, yule)
        elif metric == 'test_matching':
            dm = cdist(XA, XB, matching)
        elif metric == 'test_dice':
            dm = cdist(XA, XB, dice)
        elif metric == 'test_kulsinski':
            dm = cdist(XA, XB, kulsinski)
        elif metric == 'test_rogerstanimoto':
            dm = cdist(XA, XB, rogerstanimoto)
        elif metric == 'test_russellrao':
            dm = cdist(XA, XB, russellrao)
        elif metric == 'test_sokalsneath':
            dm = cdist(XA, XB, sokalsneath)
        elif metric == 'test_sokalmichener':
            dm = cdist(XA, XB, sokalmichener)
        else:
            raise ValueError('Unknown Distance Metric: %s' % mstr)
    else:
        raise TypeError('2nd argument metric must be a string identifier '
                        'or a function.')
    return dm
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  Source code for mock

# mock.py
# Test tools for mocking and patching.
# Copyright (C) 2007-2012 Michael Foord & the mock team
# E-mail: fuzzyman AT voidspace DOT org DOT uk

# mock 1.0
# http://www.voidspace.org.uk/python/mock/

# Released subject to the BSD License
# Please see http://www.voidspace.org.uk/python/license.shtml

# Scripts maintained at http://www.voidspace.org.uk/python/index.shtml
# Comments, suggestions and bug reports welcome.


__all__ = (
    'Mock',
    'MagicMock',
    'patch',
    'sentinel',
    'DEFAULT',
    'ANY',
    'call',
    'create_autospec',
    'FILTER_DIR',
    'NonCallableMock',
    'NonCallableMagicMock',
    'mock_open',
    'PropertyMock',
)


__version__ = '1.0.1'


import pprint
import sys

try:
    import inspect
except ImportError:
    # for alternative platforms that
    # may not have inspect
    inspect = None

try:
    from functools import wraps as original_wraps
except ImportError:
    # Python 2.4 compatibility
    def wraps(original):
        def inner(f):
            f.__name__ = original.__name__
            f.__doc__ = original.__doc__
            f.__module__ = original.__module__
            f.__wrapped__ = original
            return f
        return inner
else:
    if sys.version_info[:2] >= (3, 3):
        wraps = original_wraps
    else:
        def wraps(func):
            def inner(f):
                f = original_wraps(func)(f)
                f.__wrapped__ = func
                return f
            return inner

try:
    unicode
except NameError:
    # Python 3
    basestring = unicode = str

try:
    long
except NameError:
    # Python 3
    long = int

try:
    BaseException
except NameError:
    # Python 2.4 compatibility
    BaseException = Exception

try:
    next
except NameError:
    def next(obj):
        return obj.next()


BaseExceptions = (BaseException,)
if 'java' in sys.platform:
    # jython
    import java
    BaseExceptions = (BaseException, java.lang.Throwable)

try:
    _isidentifier = str.isidentifier
except AttributeError:
    # Python 2.X
    import keyword
    import re
    regex = re.compile(r'^[a-z_][a-z0-9_]*$', re.I)
    def _isidentifier(string):
        if string in keyword.kwlist:
            return False
        return regex.match(string)


inPy3k = sys.version_info[0] == 3

# Needed to work around Python 3 bug where use of "super" interferes with
# defining __class__ as a descriptor
_super = super

self = 'im_self'
builtin = '__builtin__'
if inPy3k:
    self = '__self__'
    builtin = 'builtins'

FILTER_DIR = True


def _is_instance_mock(obj):
    # can't use isinstance on Mock objects because they override __class__
    # The base class for all mocks is NonCallableMock
    return issubclass(type(obj), NonCallableMock)


def _is_exception(obj):
    return (
        isinstance(obj, BaseExceptions) or
        isinstance(obj, ClassTypes) and issubclass(obj, BaseExceptions)
    )


class _slotted(object):
    __slots__ = ['a']


DescriptorTypes = (
    type(_slotted.a),
    property,
)


def _getsignature(func, skipfirst, instance=False):
    if inspect is None:
        raise ImportError('inspect module not available')

    if isinstance(func, ClassTypes) and not instance:
        try:
            func = func.__init__
        except AttributeError:
            return
        skipfirst = True
    elif not isinstance(func, FunctionTypes):
        # for classes where instance is True we end up here too
        try:
            func = func.__call__
        except AttributeError:
            return

    if inPy3k:
        try:
            argspec = inspect.getfullargspec(func)
        except TypeError:
            # C function / method, possibly inherited object().__init__
            return
        regargs, varargs, varkw, defaults, kwonly, kwonlydef, ann = argspec
    else:
        try:
            regargs, varargs, varkwargs, defaults = inspect.getargspec(func)
        except TypeError:
            # C function / method, possibly inherited object().__init__
            return

    # instance methods and classmethods need to lose the self argument
    if getattr(func, self, None) is not None:
        regargs = regargs[1:]
    if skipfirst:
        # this condition and the above one are never both True - why?
        regargs = regargs[1:]

    if inPy3k:
        signature = inspect.formatargspec(
            regargs, varargs, varkw, defaults,
            kwonly, kwonlydef, ann, formatvalue=lambda value: "")
    else:
        signature = inspect.formatargspec(
            regargs, varargs, varkwargs, defaults,
            formatvalue=lambda value: "")
    return signature[1:-1], func


def _check_signature(func, mock, skipfirst, instance=False):
    if not _callable(func):
        return

    result = _getsignature(func, skipfirst, instance)
    if result is None:
        return
    signature, func = result

    # can't use self because "self" is common as an argument name
    # unfortunately even not in the first place
    src = "lambda _mock_self, %s: None" % signature
    checksig = eval(src, {})
    _copy_func_details(func, checksig)
    type(mock)._mock_check_sig = checksig


def _copy_func_details(func, funcopy):
    funcopy.__name__ = func.__name__
    funcopy.__doc__ = func.__doc__
    #funcopy.__dict__.update(func.__dict__)
    funcopy.__module__ = func.__module__
    if not inPy3k:
        funcopy.func_defaults = func.func_defaults
        return
    funcopy.__defaults__ = func.__defaults__
    funcopy.__kwdefaults__ = func.__kwdefaults__


def _callable(obj):
    if isinstance(obj, ClassTypes):
        return True
    if getattr(obj, '__call__', None) is not None:
        return True
    return False


def _is_list(obj):
    # checks for list or tuples
    # XXXX badly named!
    return type(obj) in (list, tuple)


def _instance_callable(obj):
    """Given an object, return True if the object is callable.
    For classes, return True if instances would be callable."""
    if not isinstance(obj, ClassTypes):
        # already an instance
        return getattr(obj, '__call__', None) is not None

    klass = obj
    # uses __bases__ instead of __mro__ so that we work with old style classes
    if klass.__dict__.get('__call__') is not None:
        return True

    for base in klass.__bases__:
        if _instance_callable(base):
            return True
    return False


def _set_signature(mock, original, instance=False):
    # creates a function with signature (*args, **kwargs) that delegates to a
    # mock. It still does signature checking by calling a lambda with the same
    # signature as the original.
    if not _callable(original):
        return

    skipfirst = isinstance(original, ClassTypes)
    result = _getsignature(original, skipfirst, instance)
    if result is None:
        # was a C function (e.g. object().__init__ ) that can't be mocked
        return

    signature, func = result

    src = "lambda %s: None" % signature
    checksig = eval(src, {})
    _copy_func_details(func, checksig)

    name = original.__name__
    if not _isidentifier(name):
        name = 'funcopy'
    context = {'_checksig_': checksig, 'mock': mock}
    src = """def %s(*args, **kwargs):
    _checksig_(*args, **kwargs)
    return mock(*args, **kwargs)""" % name
    exec (src, context)
    funcopy = context[name]
    _setup_func(funcopy, mock)
    return funcopy


def _setup_func(funcopy, mock):
    funcopy.mock = mock

    # can't use isinstance with mocks
    if not _is_instance_mock(mock):
        return

    def assert_called_with(*args, **kwargs):
        return mock.assert_called_with(*args, **kwargs)
    def assert_called_once_with(*args, **kwargs):
        return mock.assert_called_once_with(*args, **kwargs)
    def assert_has_calls(*args, **kwargs):
        return mock.assert_has_calls(*args, **kwargs)
    def assert_any_call(*args, **kwargs):
        return mock.assert_any_call(*args, **kwargs)
    def reset_mock():
        funcopy.method_calls = _CallList()
        funcopy.mock_calls = _CallList()
        mock.reset_mock()
        ret = funcopy.return_value
        if _is_instance_mock(ret) and not ret is mock:
            ret.reset_mock()

    funcopy.called = False
    funcopy.call_count = 0
    funcopy.call_args = None
    funcopy.call_args_list = _CallList()
    funcopy.method_calls = _CallList()
    funcopy.mock_calls = _CallList()

    funcopy.return_value = mock.return_value
    funcopy.side_effect = mock.side_effect
    funcopy._mock_children = mock._mock_children

    funcopy.assert_called_with = assert_called_with
    funcopy.assert_called_once_with = assert_called_once_with
    funcopy.assert_has_calls = assert_has_calls
    funcopy.assert_any_call = assert_any_call
    funcopy.reset_mock = reset_mock

    mock._mock_delegate = funcopy


def _is_magic(name):
    return '__%s__' % name[2:-2] == name


class _SentinelObject(object):
    "A unique, named, sentinel object."
    def __init__(self, name):
        self.name = name

    def __repr__(self):
        return 'sentinel.%s' % self.name


class _Sentinel(object):
    """Access attributes to return a named object, usable as a sentinel."""
    def __init__(self):
        self._sentinels = {}

    def __getattr__(self, name):
        if name == '__bases__':
            # Without this help(mock) raises an exception
            raise AttributeError
        return self._sentinels.setdefault(name, _SentinelObject(name))


sentinel = _Sentinel()

DEFAULT = sentinel.DEFAULT
_missing = sentinel.MISSING
_deleted = sentinel.DELETED


class OldStyleClass:
    pass
ClassType = type(OldStyleClass)


def _copy(value):
    if type(value) in (dict, list, tuple, set):
        return type(value)(value)
    return value


ClassTypes = (type,)
if not inPy3k:
    ClassTypes = (type, ClassType)

_allowed_names = set(
    [
        'return_value', '_mock_return_value', 'side_effect',
        '_mock_side_effect', '_mock_parent', '_mock_new_parent',
        '_mock_name', '_mock_new_name'
    ]
)


def _delegating_property(name):
    _allowed_names.add(name)
    _the_name = '_mock_' + name
    def _get(self, name=name, _the_name=_the_name):
        sig = self._mock_delegate
        if sig is None:
            return getattr(self, _the_name)
        return getattr(sig, name)
    def _set(self, value, name=name, _the_name=_the_name):
        sig = self._mock_delegate
        if sig is None:
            self.__dict__[_the_name] = value
        else:
            setattr(sig, name, value)

    return property(_get, _set)



class _CallList(list):

    def __contains__(self, value):
        if not isinstance(value, list):
            return list.__contains__(self, value)
        len_value = len(value)
        len_self = len(self)
        if len_value > len_self:
            return False

        for i in range(0, len_self - len_value + 1):
            sub_list = self[i:i+len_value]
            if sub_list == value:
                return True
        return False

    def __repr__(self):
        return pprint.pformat(list(self))


def _check_and_set_parent(parent, value, name, new_name):
    if not _is_instance_mock(value):
        return False
    if ((value._mock_name or value._mock_new_name) or
        (value._mock_parent is not None) or
        (value._mock_new_parent is not None)):
        return False

    _parent = parent
    while _parent is not None:
        # setting a mock (value) as a child or return value of itself
        # should not modify the mock
        if _parent is value:
            return False
        _parent = _parent._mock_new_parent

    if new_name:
        value._mock_new_parent = parent
        value._mock_new_name = new_name
    if name:
        value._mock_parent = parent
        value._mock_name = name
    return True



class Base(object):
    _mock_return_value = DEFAULT
    _mock_side_effect = None
    def __init__(self, *args, **kwargs):
        pass



class NonCallableMock(Base):
    """A non-callable version of `Mock`"""

    def __new__(cls, *args, **kw):
        # every instance has its own class
        # so we can create magic methods on the
        # class without stomping on other mocks
        new = type(cls.__name__, (cls,), {'__doc__': cls.__doc__})
        instance = object.__new__(new)
        return instance


    def __init__(
            self, spec=None, wraps=None, name=None, spec_set=None,
            parent=None, _spec_state=None, _new_name='', _new_parent=None,
            **kwargs
        ):
        if _new_parent is None:
            _new_parent = parent

        __dict__ = self.__dict__
        __dict__['_mock_parent'] = parent
        __dict__['_mock_name'] = name
        __dict__['_mock_new_name'] = _new_name
        __dict__['_mock_new_parent'] = _new_parent

        if spec_set is not None:
            spec = spec_set
            spec_set = True

        self._mock_add_spec(spec, spec_set)

        __dict__['_mock_children'] = {}
        __dict__['_mock_wraps'] = wraps
        __dict__['_mock_delegate'] = None

        __dict__['_mock_called'] = False
        __dict__['_mock_call_args'] = None
        __dict__['_mock_call_count'] = 0
        __dict__['_mock_call_args_list'] = _CallList()
        __dict__['_mock_mock_calls'] = _CallList()

        __dict__['method_calls'] = _CallList()

        if kwargs:
            self.configure_mock(**kwargs)

        _super(NonCallableMock, self).__init__(
            spec, wraps, name, spec_set, parent,
            _spec_state
        )


    def attach_mock(self, mock, attribute):
        """
        Attach a mock as an attribute of this one, replacing its name and
        parent. Calls to the attached mock will be recorded in the
        `method_calls` and `mock_calls` attributes of this one."""
        mock._mock_parent = None
        mock._mock_new_parent = None
        mock._mock_name = ''
        mock._mock_new_name = None

        setattr(self, attribute, mock)


    def mock_add_spec(self, spec, spec_set=False):
        """Add a spec to a mock. `spec` can either be an object or a
        list of strings. Only attributes on the `spec` can be fetched as
        attributes from the mock.

        If `spec_set` is True then only attributes on the spec can be set."""
        self._mock_add_spec(spec, spec_set)


    def _mock_add_spec(self, spec, spec_set):
        _spec_class = None

        if spec is not None and not _is_list(spec):
            if isinstance(spec, ClassTypes):
                _spec_class = spec
            else:
                _spec_class = _get_class(spec)

            spec = dir(spec)

        __dict__ = self.__dict__
        __dict__['_spec_class'] = _spec_class
        __dict__['_spec_set'] = spec_set
        __dict__['_mock_methods'] = spec


    def __get_return_value(self):
        ret = self._mock_return_value
        if self._mock_delegate is not None:
            ret = self._mock_delegate.return_value

        if ret is DEFAULT:
            ret = self._get_child_mock(
                _new_parent=self, _new_name='()'
            )
            self.return_value = ret
        return ret


    def __set_return_value(self, value):
        if self._mock_delegate is not None:
            self._mock_delegate.return_value = value
        else:
            self._mock_return_value = value
            _check_and_set_parent(self, value, None, '()')

    __return_value_doc = "The value to be returned when the mock is called."
    return_value = property(__get_return_value, __set_return_value,
                            __return_value_doc)


    @property
    def __class__(self):
        if self._spec_class is None:
            return type(self)
        return self._spec_class

    called = _delegating_property('called')
    call_count = _delegating_property('call_count')
    call_args = _delegating_property('call_args')
    call_args_list = _delegating_property('call_args_list')
    mock_calls = _delegating_property('mock_calls')


    def __get_side_effect(self):
        sig = self._mock_delegate
        if sig is None:
            return self._mock_side_effect
        return sig.side_effect

    def __set_side_effect(self, value):
        value = _try_iter(value)
        sig = self._mock_delegate
        if sig is None:
            self._mock_side_effect = value
        else:
            sig.side_effect = value

    side_effect = property(__get_side_effect, __set_side_effect)


    def reset_mock(self):
        "Restore the mock object to its initial state."
        self.called = False
        self.call_args = None
        self.call_count = 0
        self.mock_calls = _CallList()
        self.call_args_list = _CallList()
        self.method_calls = _CallList()

        for child in self._mock_children.values():
            if isinstance(child, _SpecState):
                continue
            child.reset_mock()

        ret = self._mock_return_value
        if _is_instance_mock(ret) and ret is not self:
            ret.reset_mock()


    def configure_mock(self, **kwargs):
        """Set attributes on the mock through keyword arguments.

        Attributes plus return values and side effects can be set on child
        mocks using standard dot notation and unpacking a dictionary in the
        method call:

        >>> attrs = {'method.return_value': 3, 'other.side_effect': KeyError}
        >>> mock.configure_mock(**attrs)"""
        for arg, val in sorted(kwargs.items(),
                               # we sort on the number of dots so that
                               # attributes are set before we set attributes on
                               # attributes
                               key=lambda entry: entry[0].count('.')):
            args = arg.split('.')
            final = args.pop()
            obj = self
            for entry in args:
                obj = getattr(obj, entry)
            setattr(obj, final, val)


    def __getattr__(self, name):
        if name == '_mock_methods':
            raise AttributeError(name)
        elif self._mock_methods is not None:
            if name not in self._mock_methods or name in _all_magics:
                raise AttributeError("Mock object has no attribute %r" % name)
        elif _is_magic(name):
            raise AttributeError(name)

        result = self._mock_children.get(name)
        if result is _deleted:
            raise AttributeError(name)
        elif result is None:
            wraps = None
            if self._mock_wraps is not None:
                # XXXX should we get the attribute without triggering code
                # execution?
                wraps = getattr(self._mock_wraps, name)

            result = self._get_child_mock(
                parent=self, name=name, wraps=wraps, _new_name=name,
                _new_parent=self
            )
            self._mock_children[name]  = result

        elif isinstance(result, _SpecState):
            result = create_autospec(
                result.spec, result.spec_set, result.instance,
                result.parent, result.name
            )
            self._mock_children[name]  = result

        return result


    def __repr__(self):
        _name_list = [self._mock_new_name]
        _parent = self._mock_new_parent
        last = self

        dot = '.'
        if _name_list == ['()']:
            dot = ''
        seen = set()
        while _parent is not None:
            last = _parent

            _name_list.append(_parent._mock_new_name + dot)
            dot = '.'
            if _parent._mock_new_name == '()':
                dot = ''

            _parent = _parent._mock_new_parent

            # use ids here so as not to call __hash__ on the mocks
            if id(_parent) in seen:
                break
            seen.add(id(_parent))

        _name_list = list(reversed(_name_list))
        _first = last._mock_name or 'mock'
        if len(_name_list) > 1:
            if _name_list[1] not in ('()', '().'):
                _first += '.'
        _name_list[0] = _first
        name = ''.join(_name_list)

        name_string = ''
        if name not in ('mock', 'mock.'):
            name_string = ' name=%r' % name

        spec_string = ''
        if self._spec_class is not None:
            spec_string = ' spec=%r'
            if self._spec_set:
                spec_string = ' spec_set=%r'
            spec_string = spec_string % self._spec_class.__name__
        return "<%s%s%s id='%s'>" % (
            type(self).__name__,
            name_string,
            spec_string,
            id(self)
        )


    def __dir__(self):
        """Filter the output of `dir(mock)` to only useful members.
        XXXX
        """
        extras = self._mock_methods or []
        from_type = dir(type(self))
        from_dict = list(self.__dict__)

        if FILTER_DIR:
            from_type = [e for e in from_type if not e.startswith('_')]
            from_dict = [e for e in from_dict if not e.startswith('_') or
                         _is_magic(e)]
        return sorted(set(extras + from_type + from_dict +
                          list(self._mock_children)))


    def __setattr__(self, name, value):
        if name in _allowed_names:
            # property setters go through here
            return object.__setattr__(self, name, value)
        elif (self._spec_set and self._mock_methods is not None and
            name not in self._mock_methods and
            name not in self.__dict__):
            raise AttributeError("Mock object has no attribute '%s'" % name)
        elif name in _unsupported_magics:
            msg = 'Attempting to set unsupported magic method %r.' % name
            raise AttributeError(msg)
        elif name in _all_magics:
            if self._mock_methods is not None and name not in self._mock_methods:
                raise AttributeError("Mock object has no attribute '%s'" % name)

            if not _is_instance_mock(value):
                setattr(type(self), name, _get_method(name, value))
                original = value
                value = lambda *args, **kw: original(self, *args, **kw)
            else:
                # only set _new_name and not name so that mock_calls is tracked
                # but not method calls
                _check_and_set_parent(self, value, None, name)
                setattr(type(self), name, value)
                self._mock_children[name] = value
        elif name == '__class__':
            self._spec_class = value
            return
        else:
            if _check_and_set_parent(self, value, name, name):
                self._mock_children[name] = value
        return object.__setattr__(self, name, value)


    def __delattr__(self, name):
        if name in _all_magics and name in type(self).__dict__:
            delattr(type(self), name)
            if name not in self.__dict__:
                # for magic methods that are still MagicProxy objects and
                # not set on the instance itself
                return

        if name in self.__dict__:
            object.__delattr__(self, name)

        obj = self._mock_children.get(name, _missing)
        if obj is _deleted:
            raise AttributeError(name)
        if obj is not _missing:
            del self._mock_children[name]
        self._mock_children[name] = _deleted



    def _format_mock_call_signature(self, args, kwargs):
        name = self._mock_name or 'mock'
        return _format_call_signature(name, args, kwargs)


    def _format_mock_failure_message(self, args, kwargs):
        message = 'Expected call: %s\nActual call: %s'
        expected_string = self._format_mock_call_signature(args, kwargs)
        call_args = self.call_args
        if len(call_args) == 3:
            call_args = call_args[1:]
        actual_string = self._format_mock_call_signature(*call_args)
        return message % (expected_string, actual_string)


    def assert_called_with(_mock_self, *args, **kwargs):
        """assert that the mock was called with the specified arguments.

        Raises an AssertionError if the args and keyword args passed in are
        different to the last call to the mock."""
        self = _mock_self
        if self.call_args is None:
            expected = self._format_mock_call_signature(args, kwargs)
            raise AssertionError('Expected call: %s\nNot called' % (expected,))

        if self.call_args != (args, kwargs):
            msg = self._format_mock_failure_message(args, kwargs)
            raise AssertionError(msg)


    def assert_called_once_with(_mock_self, *args, **kwargs):
        """assert that the mock was called exactly once and with the specified
        arguments."""
        self = _mock_self
        if not self.call_count == 1:
            msg = ("Expected to be called once. Called %s times." %
                   self.call_count)
            raise AssertionError(msg)
        return self.assert_called_with(*args, **kwargs)


    def assert_has_calls(self, calls, any_order=False):
        """assert the mock has been called with the specified calls.
        The `mock_calls` list is checked for the calls.

        If `any_order` is False (the default) then the calls must be
        sequential. There can be extra calls before or after the
        specified calls.

        If `any_order` is True then the calls can be in any order, but
        they must all appear in `mock_calls`."""
        if not any_order:
            if calls not in self.mock_calls:
                raise AssertionError(
                    'Calls not found.\nExpected: %r\n'
                    'Actual: %r' % (calls, self.mock_calls)
                )
            return

        all_calls = list(self.mock_calls)

        not_found = []
        for kall in calls:
            try:
                all_calls.remove(kall)
            except ValueError:
                not_found.append(kall)
        if not_found:
            raise AssertionError(
                '%r not all found in call list' % (tuple(not_found),)
            )


    def assert_any_call(self, *args, **kwargs):
        """assert the mock has been called with the specified arguments.

        The assert passes if the mock has *ever* been called, unlike
        `assert_called_with` and `assert_called_once_with` that only pass if
        the call is the most recent one."""
        kall = call(*args, **kwargs)
        if kall not in self.call_args_list:
            expected_string = self._format_mock_call_signature(args, kwargs)
            raise AssertionError(
                '%s call not found' % expected_string
            )


    def _get_child_mock(self, **kw):
        """Create the child mocks for attributes and return value.
        By default child mocks will be the same type as the parent.
        Subclasses of Mock may want to override this to customize the way
        child mocks are made.

        For non-callable mocks the callable variant will be used (rather than
        any custom subclass)."""
        _type = type(self)
        if not issubclass(_type, CallableMixin):
            if issubclass(_type, NonCallableMagicMock):
                klass = MagicMock
            elif issubclass(_type, NonCallableMock) :
                klass = Mock
        else:
            klass = _type.__mro__[1]
        return klass(**kw)



def _try_iter(obj):
    if obj is None:
        return obj
    if _is_exception(obj):
        return obj
    if _callable(obj):
        return obj
    try:
        return iter(obj)
    except TypeError:
        # XXXX backwards compatibility
        # but this will blow up on first call - so maybe we should fail early?
        return obj



class CallableMixin(Base):

    def __init__(self, spec=None, side_effect=None, return_value=DEFAULT,
                 wraps=None, name=None, spec_set=None, parent=None,
                 _spec_state=None, _new_name='', _new_parent=None, **kwargs):
        self.__dict__['_mock_return_value'] = return_value

        _super(CallableMixin, self).__init__(
            spec, wraps, name, spec_set, parent,
            _spec_state, _new_name, _new_parent, **kwargs
        )

        self.side_effect = side_effect


    def _mock_check_sig(self, *args, **kwargs):
        # stub method that can be replaced with one with a specific signature
        pass


    def __call__(_mock_self, *args, **kwargs):
        # can't use self in-case a function / method we are mocking uses self
        # in the signature
        _mock_self._mock_check_sig(*args, **kwargs)
        return _mock_self._mock_call(*args, **kwargs)


    def _mock_call(_mock_self, *args, **kwargs):
        self = _mock_self
        self.called = True
        self.call_count += 1
        self.call_args = _Call((args, kwargs), two=True)
        self.call_args_list.append(_Call((args, kwargs), two=True))

        _new_name = self._mock_new_name
        _new_parent = self._mock_new_parent
        self.mock_calls.append(_Call(('', args, kwargs)))

        seen = set()
        skip_next_dot = _new_name == '()'
        do_method_calls = self._mock_parent is not None
        name = self._mock_name
        while _new_parent is not None:
            this_mock_call = _Call((_new_name, args, kwargs))
            if _new_parent._mock_new_name:
                dot = '.'
                if skip_next_dot:
                    dot = ''

                skip_next_dot = False
                if _new_parent._mock_new_name == '()':
                    skip_next_dot = True

                _new_name = _new_parent._mock_new_name + dot + _new_name

            if do_method_calls:
                if _new_name == name:
                    this_method_call = this_mock_call
                else:
                    this_method_call = _Call((name, args, kwargs))
                _new_parent.method_calls.append(this_method_call)

                do_method_calls = _new_parent._mock_parent is not None
                if do_method_calls:
                    name = _new_parent._mock_name + '.' + name

            _new_parent.mock_calls.append(this_mock_call)
            _new_parent = _new_parent._mock_new_parent

            # use ids here so as not to call __hash__ on the mocks
            _new_parent_id = id(_new_parent)
            if _new_parent_id in seen:
                break
            seen.add(_new_parent_id)

        ret_val = DEFAULT
        effect = self.side_effect
        if effect is not None:
            if _is_exception(effect):
                raise effect

            if not _callable(effect):
                result = next(effect)
                if _is_exception(result):
                    raise result
                return result

            ret_val = effect(*args, **kwargs)
            if ret_val is DEFAULT:
                ret_val = self.return_value

        if (self._mock_wraps is not None and
             self._mock_return_value is DEFAULT):
            return self._mock_wraps(*args, **kwargs)
        if ret_val is DEFAULT:
            ret_val = self.return_value
        return ret_val



class Mock(CallableMixin, NonCallableMock):
    """
    Create a new `Mock` object. `Mock` takes several optional arguments
    that specify the behaviour of the Mock object:

    * `spec`: This can be either a list of strings or an existing object (a
      class or instance) that acts as the specification for the mock object. If
      you pass in an object then a list of strings is formed by calling dir on
      the object (excluding unsupported magic attributes and methods). Accessing
      any attribute not in this list will raise an `AttributeError`.

      If `spec` is an object (rather than a list of strings) then
      `mock.__class__` returns the class of the spec object. This allows mocks
      to pass `isinstance` tests.

    * `spec_set`: A stricter variant of `spec`. If used, attempting to *set*
      or get an attribute on the mock that isn't on the object passed as
      `spec_set` will raise an `AttributeError`.

    * `side_effect`: A function to be called whenever the Mock is called. See
      the `side_effect` attribute. Useful for raising exceptions or
      dynamically changing return values. The function is called with the same
      arguments as the mock, and unless it returns `DEFAULT`, the return
      value of this function is used as the return value.

      Alternatively `side_effect` can be an exception class or instance. In
      this case the exception will be raised when the mock is called.

      If `side_effect` is an iterable then each call to the mock will return
      the next value from the iterable. If any of the members of the iterable
      are exceptions they will be raised instead of returned.

    * `return_value`: The value returned when the mock is called. By default
      this is a new Mock (created on first access). See the
      `return_value` attribute.

    * `wraps`: Item for the mock object to wrap. If `wraps` is not None then
      calling the Mock will pass the call through to the wrapped object
      (returning the real result). Attribute access on the mock will return a
      Mock object that wraps the corresponding attribute of the wrapped object
      (so attempting to access an attribute that doesn't exist will raise an
      `AttributeError`).

      If the mock has an explicit `return_value` set then calls are not passed
      to the wrapped object and the `return_value` is returned instead.

    * `name`: If the mock has a name then it will be used in the repr of the
      mock. This can be useful for debugging. The name is propagated to child
      mocks.

    Mocks can also be called with arbitrary keyword arguments. These will be
    used to set attributes on the mock after it is created.
    """



def _dot_lookup(thing, comp, import_path):
    try:
        return getattr(thing, comp)
    except AttributeError:
        __import__(import_path)
        return getattr(thing, comp)


def _importer(target):
    components = target.split('.')
    import_path = components.pop(0)
    thing = __import__(import_path)

    for comp in components:
        import_path += ".%s" % comp
        thing = _dot_lookup(thing, comp, import_path)
    return thing


def _is_started(patcher):
    # XXXX horrible
    return hasattr(patcher, 'is_local')


class _patch(object):

    attribute_name = None
    _active_patches = set()

    def __init__(
            self, getter, attribute, new, spec, create,
            spec_set, autospec, new_callable, kwargs
        ):
        if new_callable is not None:
            if new is not DEFAULT:
                raise ValueError(
                    "Cannot use 'new' and 'new_callable' together"
                )
            if autospec is not None:
                raise ValueError(
                    "Cannot use 'autospec' and 'new_callable' together"
                )

        self.getter = getter
        self.attribute = attribute
        self.new = new
        self.new_callable = new_callable
        self.spec = spec
        self.create = create
        self.has_local = False
        self.spec_set = spec_set
        self.autospec = autospec
        self.kwargs = kwargs
        self.additional_patchers = []


    def copy(self):
        patcher = _patch(
            self.getter, self.attribute, self.new, self.spec,
            self.create, self.spec_set,
            self.autospec, self.new_callable, self.kwargs
        )
        patcher.attribute_name = self.attribute_name
        patcher.additional_patchers = [
            p.copy() for p in self.additional_patchers
        ]
        return patcher


    def __call__(self, func):
        if isinstance(func, ClassTypes):
            return self.decorate_class(func)
        return self.decorate_callable(func)


    def decorate_class(self, klass):
        for attr in dir(klass):
            if not attr.startswith(patch.TEST_PREFIX):
                continue

            attr_value = getattr(klass, attr)
            if not hasattr(attr_value, "__call__"):
                continue

            patcher = self.copy()
            setattr(klass, attr, patcher(attr_value))
        return klass


    def decorate_callable(self, func):
        if hasattr(func, 'patchings'):
            func.patchings.append(self)
            return func

        @wraps(func)
        def patched(*args, **keywargs):
            # don't use a with here (backwards compatability with Python 2.4)
            extra_args = []
            entered_patchers = []

            # can't use try...except...finally because of Python 2.4
            # compatibility
            exc_info = tuple()
            try:
                try:
                    for patching in patched.patchings:
                        arg = patching.__enter__()
                        entered_patchers.append(patching)
                        if patching.attribute_name is not None:
                            keywargs.update(arg)
                        elif patching.new is DEFAULT:
                            extra_args.append(arg)

                    args += tuple(extra_args)
                    return func(*args, **keywargs)
                except:
                    if (patching not in entered_patchers and
                        _is_started(patching)):
                        # the patcher may have been started, but an exception
                        # raised whilst entering one of its additional_patchers
                        entered_patchers.append(patching)
                    # Pass the exception to __exit__
                    exc_info = sys.exc_info()
                    # re-raise the exception
                    raise
            finally:
                for patching in reversed(entered_patchers):
                    patching.__exit__(*exc_info)

        patched.patchings = [self]
        if hasattr(func, 'func_code'):
            # not in Python 3
            patched.compat_co_firstlineno = getattr(
                func, "compat_co_firstlineno",
                func.func_code.co_firstlineno
            )
        return patched


    def get_original(self):
        target = self.getter()
        name = self.attribute

        original = DEFAULT
        local = False

        try:
            original = target.__dict__[name]
        except (AttributeError, KeyError):
            original = getattr(target, name, DEFAULT)
        else:
            local = True

        if not self.create and original is DEFAULT:
            raise AttributeError(
                "%s does not have the attribute %r" % (target, name)
            )
        return original, local


    def __enter__(self):
        """Perform the patch."""
        new, spec, spec_set = self.new, self.spec, self.spec_set
        autospec, kwargs = self.autospec, self.kwargs
        new_callable = self.new_callable
        self.target = self.getter()

        # normalise False to None
        if spec is False:
            spec = None
        if spec_set is False:
            spec_set = None
        if autospec is False:
            autospec = None

        if spec is not None and autospec is not None:
            raise TypeError("Can't specify spec and autospec")
        if ((spec is not None or autospec is not None) and
            spec_set not in (True, None)):
            raise TypeError("Can't provide explicit spec_set *and* spec or autospec")

        original, local = self.get_original()

        if new is DEFAULT and autospec is None:
            inherit = False
            if spec is True:
                # set spec to the object we are replacing
                spec = original
                if spec_set is True:
                    spec_set = original
                    spec = None
            elif spec is not None:
                if spec_set is True:
                    spec_set = spec
                    spec = None
            elif spec_set is True:
                spec_set = original

            if spec is not None or spec_set is not None:
                if original is DEFAULT:
                    raise TypeError("Can't use 'spec' with create=True")
                if isinstance(original, ClassTypes):
                    # If we're patching out a class and there is a spec
                    inherit = True

            Klass = MagicMock
            _kwargs = {}
            if new_callable is not None:
                Klass = new_callable
            elif spec is not None or spec_set is not None:
                this_spec = spec
                if spec_set is not None:
                    this_spec = spec_set
                if _is_list(this_spec):
                    not_callable = '__call__' not in this_spec
                else:
                    not_callable = not _callable(this_spec)
                if not_callable:
                    Klass = NonCallableMagicMock

            if spec is not None:
                _kwargs['spec'] = spec
            if spec_set is not None:
                _kwargs['spec_set'] = spec_set

            # add a name to mocks
            if (isinstance(Klass, type) and
                issubclass(Klass, NonCallableMock) and self.attribute):
                _kwargs['name'] = self.attribute

            _kwargs.update(kwargs)
            new = Klass(**_kwargs)

            if inherit and _is_instance_mock(new):
                # we can only tell if the instance should be callable if the
                # spec is not a list
                this_spec = spec
                if spec_set is not None:
                    this_spec = spec_set
                if (not _is_list(this_spec) and not
                    _instance_callable(this_spec)):
                    Klass = NonCallableMagicMock

                _kwargs.pop('name')
                new.return_value = Klass(_new_parent=new, _new_name='()',
                                         **_kwargs)
        elif autospec is not None:
            # spec is ignored, new *must* be default, spec_set is treated
            # as a boolean. Should we check spec is not None and that spec_set
            # is a bool?
            if new is not DEFAULT:
                raise TypeError(
                    "autospec creates the mock for you. Can't specify "
                    "autospec and new."
                )
            if original is DEFAULT:
                raise TypeError("Can't use 'autospec' with create=True")
            spec_set = bool(spec_set)
            if autospec is True:
                autospec = original

            new = create_autospec(autospec, spec_set=spec_set,
                                  _name=self.attribute, **kwargs)
        elif kwargs:
            # can't set keyword args when we aren't creating the mock
            # XXXX If new is a Mock we could call new.configure_mock(**kwargs)
            raise TypeError("Can't pass kwargs to a mock we aren't creating")

        new_attr = new

        self.temp_original = original
        self.is_local = local
        setattr(self.target, self.attribute, new_attr)
        if self.attribute_name is not None:
            extra_args = {}
            if self.new is DEFAULT:
                extra_args[self.attribute_name] =  new
            for patching in self.additional_patchers:
                arg = patching.__enter__()
                if patching.new is DEFAULT:
                    extra_args.update(arg)
            return extra_args

        return new


    def __exit__(self, *exc_info):
        """Undo the patch."""
        if not _is_started(self):
            raise RuntimeError('stop called on unstarted patcher')

        if self.is_local and self.temp_original is not DEFAULT:
            setattr(self.target, self.attribute, self.temp_original)
        else:
            delattr(self.target, self.attribute)
            if not self.create and not hasattr(self.target, self.attribute):
                # needed for proxy objects like django settings
                setattr(self.target, self.attribute, self.temp_original)

        del self.temp_original
        del self.is_local
        del self.target
        for patcher in reversed(self.additional_patchers):
            if _is_started(patcher):
                patcher.__exit__(*exc_info)


    def start(self):
        """Activate a patch, returning any created mock."""
        result = self.__enter__()
        self._active_patches.add(self)
        return result


    def stop(self):
        """Stop an active patch."""
        self._active_patches.discard(self)
        return self.__exit__()



def _get_target(target):
    try:
        target, attribute = target.rsplit('.', 1)
    except (TypeError, ValueError):
        raise TypeError("Need a valid target to patch. You supplied: %r" %
                        (target,))
    getter = lambda: _importer(target)
    return getter, attribute


def _patch_object(
        target, attribute, new=DEFAULT, spec=None,
        create=False, spec_set=None, autospec=None,
        new_callable=None, **kwargs
    ):
    """
    patch.object(target, attribute, new=DEFAULT, spec=None, create=False,
                 spec_set=None, autospec=None, new_callable=None, **kwargs)

    patch the named member (`attribute`) on an object (`target`) with a mock
    object.

    `patch.object` can be used as a decorator, class decorator or a context
    manager. Arguments `new`, `spec`, `create`, `spec_set`,
    `autospec` and `new_callable` have the same meaning as for `patch`. Like
    `patch`, `patch.object` takes arbitrary keyword arguments for configuring
    the mock object it creates.

    When used as a class decorator `patch.object` honours `patch.TEST_PREFIX`
    for choosing which methods to wrap.
    """
    getter = lambda: target
    return _patch(
        getter, attribute, new, spec, create,
        spec_set, autospec, new_callable, kwargs
    )


def _patch_multiple(target, spec=None, create=False, spec_set=None,
                    autospec=None, new_callable=None, **kwargs):
    """Perform multiple patches in a single call. It takes the object to be
    patched (either as an object or a string to fetch the object by importing)
    and keyword arguments for the patches::

        with patch.multiple(settings, FIRST_PATCH='one', SECOND_PATCH='two'):
            ...

    Use `DEFAULT` as the value if you want `patch.multiple` to create
    mocks for you. In this case the created mocks are passed into a decorated
    function by keyword, and a dictionary is returned when `patch.multiple` is
    used as a context manager.

    `patch.multiple` can be used as a decorator, class decorator or a context
    manager. The arguments `spec`, `spec_set`, `create`,
    `autospec` and `new_callable` have the same meaning as for `patch`. These
    arguments will be applied to *all* patches done by `patch.multiple`.

    When used as a class decorator `patch.multiple` honours `patch.TEST_PREFIX`
    for choosing which methods to wrap.
    """
    if type(target) in (unicode, str):
        getter = lambda: _importer(target)
    else:
        getter = lambda: target

    if not kwargs:
        raise ValueError(
            'Must supply at least one keyword argument with patch.multiple'
        )
    # need to wrap in a list for python 3, where items is a view
    items = list(kwargs.items())
    attribute, new = items[0]
    patcher = _patch(
        getter, attribute, new, spec, create, spec_set,
        autospec, new_callable, {}
    )
    patcher.attribute_name = attribute
    for attribute, new in items[1:]:
        this_patcher = _patch(
            getter, attribute, new, spec, create, spec_set,
            autospec, new_callable, {}
        )
        this_patcher.attribute_name = attribute
        patcher.additional_patchers.append(this_patcher)
    return patcher


def patch(
        target, new=DEFAULT, spec=None, create=False,
        spec_set=None, autospec=None, new_callable=None, **kwargs
    ):
    """
    `patch` acts as a function decorator, class decorator or a context
    manager. Inside the body of the function or with statement, the `target`
    is patched with a `new` object. When the function/with statement exits
    the patch is undone.

    If `new` is omitted, then the target is replaced with a
    `MagicMock`. If `patch` is used as a decorator and `new` is
    omitted, the created mock is passed in as an extra argument to the
    decorated function. If `patch` is used as a context manager the created
    mock is returned by the context manager.

    `target` should be a string in the form `'package.module.ClassName'`. The
    `target` is imported and the specified object replaced with the `new`
    object, so the `target` must be importable from the environment you are
    calling `patch` from. The target is imported when the decorated function
    is executed, not at decoration time.

    The `spec` and `spec_set` keyword arguments are passed to the `MagicMock`
    if patch is creating one for you.

    In addition you can pass `spec=True` or `spec_set=True`, which causes
    patch to pass in the object being mocked as the spec/spec_set object.

    `new_callable` allows you to specify a different class, or callable object,
    that will be called to create the `new` object. By default `MagicMock` is
    used.

    A more powerful form of `spec` is `autospec`. If you set `autospec=True`
    then the mock with be created with a spec from the object being replaced.
    All attributes of the mock will also have the spec of the corresponding
    attribute of the object being replaced. Methods and functions being
    mocked will have their arguments checked and will raise a `TypeError` if
    they are called with the wrong signature. For mocks replacing a class,
    their return value (the 'instance') will have the same spec as the class.

    Instead of `autospec=True` you can pass `autospec=some_object` to use an
    arbitrary object as the spec instead of the one being replaced.

    By default `patch` will fail to replace attributes that don't exist. If
    you pass in `create=True`, and the attribute doesn't exist, patch will
    create the attribute for you when the patched function is called, and
    delete it again afterwards. This is useful for writing tests against
    attributes that your production code creates at runtime. It is off by by
    default because it can be dangerous. With it switched on you can write
    passing tests against APIs that don't actually exist!

    Patch can be used as a `TestCase` class decorator. It works by
    decorating each test method in the class. This reduces the boilerplate
    code when your test methods share a common patchings set. `patch` finds
    tests by looking for method names that start with `patch.TEST_PREFIX`.
    By default this is `test`, which matches the way `unittest` finds tests.
    You can specify an alternative prefix by setting `patch.TEST_PREFIX`.

    Patch can be used as a context manager, with the with statement. Here the
    patching applies to the indented block after the with statement. If you
    use "as" then the patched object will be bound to the name after the
    "as"; very useful if `patch` is creating a mock object for you.

    `patch` takes arbitrary keyword arguments. These will be passed to
    the `Mock` (or `new_callable`) on construction.

    `patch.dict(...)`, `patch.multiple(...)` and `patch.object(...)` are
    available for alternate use-cases.
    """
    getter, attribute = _get_target(target)
    return _patch(
        getter, attribute, new, spec, create,
        spec_set, autospec, new_callable, kwargs
    )


class _patch_dict(object):
    """
    Patch a dictionary, or dictionary like object, and restore the dictionary
    to its original state after the test.

    `in_dict` can be a dictionary or a mapping like container. If it is a
    mapping then it must at least support getting, setting and deleting items
    plus iterating over keys.

    `in_dict` can also be a string specifying the name of the dictionary, which
    will then be fetched by importing it.

    `values` can be a dictionary of values to set in the dictionary. `values`
    can also be an iterable of `(key, value)` pairs.

    If `clear` is True then the dictionary will be cleared before the new
    values are set.

    `patch.dict` can also be called with arbitrary keyword arguments to set
    values in the dictionary::

        with patch.dict('sys.modules', mymodule=Mock(), other_module=Mock()):
            ...

    `patch.dict` can be used as a context manager, decorator or class
    decorator. When used as a class decorator `patch.dict` honours
    `patch.TEST_PREFIX` for choosing which methods to wrap.
    """

    def __init__(self, in_dict, values=(), clear=False, **kwargs):
        if isinstance(in_dict, basestring):
            in_dict = _importer(in_dict)
        self.in_dict = in_dict
        # support any argument supported by dict(...) constructor
        self.values = dict(values)
        self.values.update(kwargs)
        self.clear = clear
        self._original = None


    def __call__(self, f):
        if isinstance(f, ClassTypes):
            return self.decorate_class(f)
        @wraps(f)
        def _inner(*args, **kw):
            self._patch_dict()
            try:
                return f(*args, **kw)
            finally:
                self._unpatch_dict()

        return _inner


    def decorate_class(self, klass):
        for attr in dir(klass):
            attr_value = getattr(klass, attr)
            if (attr.startswith(patch.TEST_PREFIX) and
                 hasattr(attr_value, "__call__")):
                decorator = _patch_dict(self.in_dict, self.values, self.clear)
                decorated = decorator(attr_value)
                setattr(klass, attr, decorated)
        return klass


    def __enter__(self):
        """Patch the dict."""
        self._patch_dict()


    def _patch_dict(self):
        values = self.values
        in_dict = self.in_dict
        clear = self.clear

        try:
            original = in_dict.copy()
        except AttributeError:
            # dict like object with no copy method
            # must support iteration over keys
            original = {}
            for key in in_dict:
                original[key] = in_dict[key]
        self._original = original

        if clear:
            _clear_dict(in_dict)

        try:
            in_dict.update(values)
        except AttributeError:
            # dict like object with no update method
            for key in values:
                in_dict[key] = values[key]


    def _unpatch_dict(self):
        in_dict = self.in_dict
        original = self._original

        _clear_dict(in_dict)

        try:
            in_dict.update(original)
        except AttributeError:
            for key in original:
                in_dict[key] = original[key]


    def __exit__(self, *args):
        """Unpatch the dict."""
        self._unpatch_dict()
        return False

    start = __enter__
    stop = __exit__


def _clear_dict(in_dict):
    try:
        in_dict.clear()
    except AttributeError:
        keys = list(in_dict)
        for key in keys:
            del in_dict[key]


def _patch_stopall():
    """Stop all active patches."""
    for patch in list(_patch._active_patches):
        patch.stop()


patch.object = _patch_object
patch.dict = _patch_dict
patch.multiple = _patch_multiple
patch.stopall = _patch_stopall
patch.TEST_PREFIX = 'test'

magic_methods = (
    "lt le gt ge eq ne "
    "getitem setitem delitem "
    "len contains iter "
    "hash str sizeof "
    "enter exit "
    "divmod neg pos abs invert "
    "complex int float index "
    "trunc floor ceil "
)

numerics = "add sub mul div floordiv mod lshift rshift and xor or pow "
inplace = ' '.join('i%s' % n for n in numerics.split())
right = ' '.join('r%s' % n for n in numerics.split())
extra = ''
if inPy3k:
    extra = 'bool next '
else:
    extra = 'unicode long nonzero oct hex truediv rtruediv '

# not including __prepare__, __instancecheck__, __subclasscheck__
# (as they are metaclass methods)
# __del__ is not supported at all as it causes problems if it exists

_non_defaults = set('__%s__' % method for method in [
    'cmp', 'getslice', 'setslice', 'coerce', 'subclasses',
    'format', 'get', 'set', 'delete', 'reversed',
    'missing', 'reduce', 'reduce_ex', 'getinitargs',
    'getnewargs', 'getstate', 'setstate', 'getformat',
    'setformat', 'repr', 'dir'
])


def _get_method(name, func):
    "Turns a callable object (like a mock) into a real function"
    def method(self, *args, **kw):
        return func(self, *args, **kw)
    method.__name__ = name
    return method


_magics = set(
    '__%s__' % method for method in
    ' '.join([magic_methods, numerics, inplace, right, extra]).split()
)

_all_magics = _magics | _non_defaults

_unsupported_magics = set([
    '__getattr__', '__setattr__',
    '__init__', '__new__', '__prepare__'
    '__instancecheck__', '__subclasscheck__',
    '__del__'
])

_calculate_return_value = {
    '__hash__': lambda self: object.__hash__(self),
    '__str__': lambda self: object.__str__(self),
    '__sizeof__': lambda self: object.__sizeof__(self),
    '__unicode__': lambda self: unicode(object.__str__(self)),
}

_return_values = {
    '__lt__': NotImplemented,
    '__gt__': NotImplemented,
    '__le__': NotImplemented,
    '__ge__': NotImplemented,
    '__int__': 1,
    '__contains__': False,
    '__len__': 0,
    '__exit__': False,
    '__complex__': 1j,
    '__float__': 1.0,
    '__bool__': True,
    '__nonzero__': True,
    '__oct__': '1',
    '__hex__': '0x1',
    '__long__': long(1),
    '__index__': 1,
}


def _get_eq(self):
    def __eq__(other):
        ret_val = self.__eq__._mock_return_value
        if ret_val is not DEFAULT:
            return ret_val
        return self is other
    return __eq__

def _get_ne(self):
    def __ne__(other):
        if self.__ne__._mock_return_value is not DEFAULT:
            return DEFAULT
        return self is not other
    return __ne__

def _get_iter(self):
    def __iter__():
        ret_val = self.__iter__._mock_return_value
        if ret_val is DEFAULT:
            return iter([])
        # if ret_val was already an iterator, then calling iter on it should
        # return the iterator unchanged
        return iter(ret_val)
    return __iter__

_side_effect_methods = {
    '__eq__': _get_eq,
    '__ne__': _get_ne,
    '__iter__': _get_iter,
}



def _set_return_value(mock, method, name):
    fixed = _return_values.get(name, DEFAULT)
    if fixed is not DEFAULT:
        method.return_value = fixed
        return

    return_calulator = _calculate_return_value.get(name)
    if return_calulator is not None:
        try:
            return_value = return_calulator(mock)
        except AttributeError:
            # XXXX why do we return AttributeError here?
            #      set it as a side_effect instead?
            return_value = AttributeError(name)
        method.return_value = return_value
        return

    side_effector = _side_effect_methods.get(name)
    if side_effector is not None:
        method.side_effect = side_effector(mock)



class MagicMixin(object):
    def __init__(self, *args, **kw):
        _super(MagicMixin, self).__init__(*args, **kw)
        self._mock_set_magics()


    def _mock_set_magics(self):
        these_magics = _magics

        if self._mock_methods is not None:
            these_magics = _magics.intersection(self._mock_methods)

            remove_magics = set()
            remove_magics = _magics - these_magics

            for entry in remove_magics:
                if entry in type(self).__dict__:
                    # remove unneeded magic methods
                    delattr(self, entry)

        # don't overwrite existing attributes if called a second time
        these_magics = these_magics - set(type(self).__dict__)

        _type = type(self)
        for entry in these_magics:
            setattr(_type, entry, MagicProxy(entry, self))



class NonCallableMagicMock(MagicMixin, NonCallableMock):
    """A version of `MagicMock` that isn't callable."""
    def mock_add_spec(self, spec, spec_set=False):
        """Add a spec to a mock. `spec` can either be an object or a
        list of strings. Only attributes on the `spec` can be fetched as
        attributes from the mock.

        If `spec_set` is True then only attributes on the spec can be set."""
        self._mock_add_spec(spec, spec_set)
        self._mock_set_magics()



class MagicMock(MagicMixin, Mock):
    """
    MagicMock is a subclass of Mock with default implementations
    of most of the magic methods. You can use MagicMock without having to
    configure the magic methods yourself.

    If you use the `spec` or `spec_set` arguments then *only* magic
    methods that exist in the spec will be created.

    Attributes and the return value of a `MagicMock` will also be `MagicMocks`.
    """
    def mock_add_spec(self, spec, spec_set=False):
        """Add a spec to a mock. `spec` can either be an object or a
        list of strings. Only attributes on the `spec` can be fetched as
        attributes from the mock.

        If `spec_set` is True then only attributes on the spec can be set."""
        self._mock_add_spec(spec, spec_set)
        self._mock_set_magics()



class MagicProxy(object):
    def __init__(self, name, parent):
        self.name = name
        self.parent = parent

    def __call__(self, *args, **kwargs):
        m = self.create_mock()
        return m(*args, **kwargs)

    def create_mock(self):
        entry = self.name
        parent = self.parent
        m = parent._get_child_mock(name=entry, _new_name=entry,
                                   _new_parent=parent)
        setattr(parent, entry, m)
        _set_return_value(parent, m, entry)
        return m

    def __get__(self, obj, _type=None):
        return self.create_mock()



class _ANY(object):
    "A helper object that compares equal to everything."

    def __eq__(self, other):
        return True

    def __ne__(self, other):
        return False

    def __repr__(self):
        return '<ANY>'

ANY = _ANY()



def _format_call_signature(name, args, kwargs):
    message = '%s(%%s)' % name
    formatted_args = ''
    args_string = ', '.join([repr(arg) for arg in args])
    kwargs_string = ', '.join([
        '%s=%r' % (key, value) for key, value in kwargs.items()
    ])
    if args_string:
        formatted_args = args_string
    if kwargs_string:
        if formatted_args:
            formatted_args += ', '
        formatted_args += kwargs_string

    return message % formatted_args



class _Call(tuple):
    """
    A tuple for holding the results of a call to a mock, either in the form
    `(args, kwargs)` or `(name, args, kwargs)`.

    If args or kwargs are empty then a call tuple will compare equal to
    a tuple without those values. This makes comparisons less verbose::

        _Call(('name', (), {})) == ('name',)
        _Call(('name', (1,), {})) == ('name', (1,))
        _Call(((), {'a': 'b'})) == ({'a': 'b'},)

    The `_Call` object provides a useful shortcut for comparing with call::

        _Call(((1, 2), {'a': 3})) == call(1, 2, a=3)
        _Call(('foo', (1, 2), {'a': 3})) == call.foo(1, 2, a=3)

    If the _Call has no name then it will match any name.
    """
    def __new__(cls, value=(), name=None, parent=None, two=False,
                from_kall=True):
        name = ''
        args = ()
        kwargs = {}
        _len = len(value)
        if _len == 3:
            name, args, kwargs = value
        elif _len == 2:
            first, second = value
            if isinstance(first, basestring):
                name = first
                if isinstance(second, tuple):
                    args = second
                else:
                    kwargs = second
            else:
                args, kwargs = first, second
        elif _len == 1:
            value, = value
            if isinstance(value, basestring):
                name = value
            elif isinstance(value, tuple):
                args = value
            else:
                kwargs = value

        if two:
            return tuple.__new__(cls, (args, kwargs))

        return tuple.__new__(cls, (name, args, kwargs))


    def __init__(self, value=(), name=None, parent=None, two=False,
                 from_kall=True):
        self.name = name
        self.parent = parent
        self.from_kall = from_kall


    def __eq__(self, other):
        if other is ANY:
            return True
        try:
            len_other = len(other)
        except TypeError:
            return False

        self_name = ''
        if len(self) == 2:
            self_args, self_kwargs = self
        else:
            self_name, self_args, self_kwargs = self

        other_name = ''
        if len_other == 0:
            other_args, other_kwargs = (), {}
        elif len_other == 3:
            other_name, other_args, other_kwargs = other
        elif len_other == 1:
            value, = other
            if isinstance(value, tuple):
                other_args = value
                other_kwargs = {}
            elif isinstance(value, basestring):
                other_name = value
                other_args, other_kwargs = (), {}
            else:
                other_args = ()
                other_kwargs = value
        else:
            # len 2
            # could be (name, args) or (name, kwargs) or (args, kwargs)
            first, second = other
            if isinstance(first, basestring):
                other_name = first
                if isinstance(second, tuple):
                    other_args, other_kwargs = second, {}
                else:
                    other_args, other_kwargs = (), second
            else:
                other_args, other_kwargs = first, second

        if self_name and other_name != self_name:
            return False

        # this order is important for ANY to work!
        return (other_args, other_kwargs) == (self_args, self_kwargs)


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


    def __call__(self, *args, **kwargs):
        if self.name is None:
            return _Call(('', args, kwargs), name='()')

        name = self.name + '()'
        return _Call((self.name, args, kwargs), name=name, parent=self)


    def __getattr__(self, attr):
        if self.name is None:
            return _Call(name=attr, from_kall=False)
        name = '%s.%s' % (self.name, attr)
        return _Call(name=name, parent=self, from_kall=False)


    def __repr__(self):
        if not self.from_kall:
            name = self.name or 'call'
            if name.startswith('()'):
                name = 'call%s' % name
            return name

        if len(self) == 2:
            name = 'call'
            args, kwargs = self
        else:
            name, args, kwargs = self
            if not name:
                name = 'call'
            elif not name.startswith('()'):
                name = 'call.%s' % name
            else:
                name = 'call%s' % name
        return _format_call_signature(name, args, kwargs)


    def call_list(self):
        """For a call object that represents multiple calls, `call_list`
        returns a list of all the intermediate calls as well as the
        final call."""
        vals = []
        thing = self
        while thing is not None:
            if thing.from_kall:
                vals.append(thing)
            thing = thing.parent
        return _CallList(reversed(vals))


call = _Call(from_kall=False)



def create_autospec(spec, spec_set=False, instance=False, _parent=None,
                    _name=None, **kwargs):
    """Create a mock object using another object as a spec. Attributes on the
    mock will use the corresponding attribute on the `spec` object as their
    spec.

    Functions or methods being mocked will have their arguments checked
    to check that they are called with the correct signature.

    If `spec_set` is True then attempting to set attributes that don't exist
    on the spec object will raise an `AttributeError`.

    If a class is used as a spec then the return value of the mock (the
    instance of the class) will have the same spec. You can use a class as the
    spec for an instance object by passing `instance=True`. The returned mock
    will only be callable if instances of the mock are callable.

    `create_autospec` also takes arbitrary keyword arguments that are passed to
    the constructor of the created mock."""
    if _is_list(spec):
        # can't pass a list instance to the mock constructor as it will be
        # interpreted as a list of strings
        spec = type(spec)

    is_type = isinstance(spec, ClassTypes)

    _kwargs = {'spec': spec}
    if spec_set:
        _kwargs = {'spec_set': spec}
    elif spec is None:
        # None we mock with a normal mock without a spec
        _kwargs = {}

    _kwargs.update(kwargs)

    Klass = MagicMock
    if type(spec) in DescriptorTypes:
        # descriptors don't have a spec
        # because we don't know what type they return
        _kwargs = {}
    elif not _callable(spec):
        Klass = NonCallableMagicMock
    elif is_type and instance and not _instance_callable(spec):
        Klass = NonCallableMagicMock

    _new_name = _name
    if _parent is None:
        # for a top level object no _new_name should be set
        _new_name = ''

    mock = Klass(parent=_parent, _new_parent=_parent, _new_name=_new_name,
                 name=_name, **_kwargs)

    if isinstance(spec, FunctionTypes):
        # should only happen at the top level because we don't
        # recurse for functions
        mock = _set_signature(mock, spec)
    else:
        _check_signature(spec, mock, is_type, instance)

    if _parent is not None and not instance:
        _parent._mock_children[_name] = mock

    if is_type and not instance and 'return_value' not in kwargs:
        mock.return_value = create_autospec(spec, spec_set, instance=True,
                                            _name='()', _parent=mock)

    for entry in dir(spec):
        if _is_magic(entry):
            # MagicMock already does the useful magic methods for us
            continue

        if isinstance(spec, FunctionTypes) and entry in FunctionAttributes:
            # allow a mock to actually be a function
            continue

        # XXXX do we need a better way of getting attributes without
        # triggering code execution (?) Probably not - we need the actual
        # object to mock it so we would rather trigger a property than mock
        # the property descriptor. Likewise we want to mock out dynamically
        # provided attributes.
        # XXXX what about attributes that raise exceptions other than
        # AttributeError on being fetched?
        # we could be resilient against it, or catch and propagate the
        # exception when the attribute is fetched from the mock
        try:
            original = getattr(spec, entry)
        except AttributeError:
            continue

        kwargs = {'spec': original}
        if spec_set:
            kwargs = {'spec_set': original}

        if not isinstance(original, FunctionTypes):
            new = _SpecState(original, spec_set, mock, entry, instance)
            mock._mock_children[entry] = new
        else:
            parent = mock
            if isinstance(spec, FunctionTypes):
                parent = mock.mock

            new = MagicMock(parent=parent, name=entry, _new_name=entry,
                            _new_parent=parent, **kwargs)
            mock._mock_children[entry] = new
            skipfirst = _must_skip(spec, entry, is_type)
            _check_signature(original, new, skipfirst=skipfirst)

        # so functions created with _set_signature become instance attributes,
        # *plus* their underlying mock exists in _mock_children of the parent
        # mock. Adding to _mock_children may be unnecessary where we are also
        # setting as an instance attribute?
        if isinstance(new, FunctionTypes):
            setattr(mock, entry, new)

    return mock


def _must_skip(spec, entry, is_type):
    if not isinstance(spec, ClassTypes):
        if entry in getattr(spec, '__dict__', {}):
            # instance attribute - shouldn't skip
            return False
        spec = spec.__class__
    if not hasattr(spec, '__mro__'):
        # old style class: can't have descriptors anyway
        return is_type

    for klass in spec.__mro__:
        result = klass.__dict__.get(entry, DEFAULT)
        if result is DEFAULT:
            continue
        if isinstance(result, (staticmethod, classmethod)):
            return False
        return is_type

    # shouldn't get here unless function is a dynamically provided attribute
    # XXXX untested behaviour
    return is_type


def _get_class(obj):
    try:
        return obj.__class__
    except AttributeError:
        # in Python 2, _sre.SRE_Pattern objects have no __class__
        return type(obj)


class _SpecState(object):

    def __init__(self, spec, spec_set=False, parent=None,
                 name=None, ids=None, instance=False):
        self.spec = spec
        self.ids = ids
        self.spec_set = spec_set
        self.parent = parent
        self.instance = instance
        self.name = name


FunctionTypes = (
    # python function
    type(create_autospec),
    # instance method
    type(ANY.__eq__),
    # unbound method
    type(_ANY.__eq__),
)

FunctionAttributes = set([
    'func_closure',
    'func_code',
    'func_defaults',
    'func_dict',
    'func_doc',
    'func_globals',
    'func_name',
])


file_spec = None


def mock_open(mock=None, read_data=''):
    """
    A helper function to create a mock to replace the use of `open`. It works
    for `open` called directly or used as a context manager.

    The `mock` argument is the mock object to configure. If `None` (the
    default) then a `MagicMock` will be created for you, with the API limited
    to methods or attributes available on standard file handles.

    `read_data` is a string for the `read` method of the file handle to return.
    This is an empty string by default.
    """
    global file_spec
    if file_spec is None:
        # set on first use
        if inPy3k:
            import _io
            file_spec = list(set(dir(_io.TextIOWrapper)).union(set(dir(_io.BytesIO))))
        else:
            file_spec = file

    if mock is None:
        mock = MagicMock(name='open', spec=open)

    handle = MagicMock(spec=file_spec)
    handle.write.return_value = None
    handle.__enter__.return_value = handle
    handle.read.return_value = read_data

    mock.return_value = handle
    return mock


class PropertyMock(Mock):
    """
    A mock intended to be used as a property, or other descriptor, on a class.
    `PropertyMock` provides `__get__` and `__set__` methods so you can specify
    a return value when it is fetched.

    Fetching a `PropertyMock` instance from an object calls the mock, with
    no args. Setting it calls the mock with the value being set.
    """
    def _get_child_mock(self, **kwargs):
        return MagicMock(**kwargs)

    def __get__(self, obj, obj_type):
        return self()
    def __set__(self, obj, val):
        self(val)
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