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OPSPiggybacker

OPSPiggybacker is a tool to assist importing other simulation records into
OpenPathSampling for analysis. Because of the extensive metadata that OPS
tracks for each move, this isn’t completely trivial. The idea of
OPSPiggybacker is to request a reasonable set of inputs that a user of
another path sampling simulation tool can give, and then create from that a
file that can use most of OPS’s standard analysis tools.

The current version, 0.1, only aims to cover one-way shooting moves in a
single ensemble, as with TPS simulations. See the roadmap for future plans.


Installation

TODO




Overview

Since this combines OPS and some other sampler, you’ll need a little
familiarity with both. From the OPS side, you’ll need to set up an OPS
TransitionNetwork object that represents the simulation you’ll be
reading in. (For now, this only supports TPSNetwork (and possibly
FixedLengthTPSNetwork, although I haven’t tested that.) This includes
creating collective variables and volumes as always done in OPS.

You’ll also need to prepare you previous simulation in an input format that
can be read by OPSPiggybacker. Currently, we only support TPS simulations
with one-way shooting. Even within that, there are several options.


	create a one-way shooting summary file

	use the API with one-way (partial) trajectory input

	use the API with full trajectory input



In general, the summary file is probably the easiest approach for users to
implement. The two approaches that directly use the API are




What OPSPiggybacker does

The overall approach is very similar to the setup of an OPS simulation.
You use the standard OPS volume, collective variable, network, and ensemble
objects. The only things that change are the move scheme/path movers, and
the simulation object.

Instead of an OPS move scheme or OPS path movers, you build what we call a
mover stub. Currently, the ShootingStub is the only mover stub
supported. The ShootingStub is analogous to an
OneWayShootingMover in OpenPathSampling. It is initialized with an
ensemble, a selector (only UniformSelector is currently
supported) and optionally an engine.

Once you’ve defined the mover stub, you create a pseudo-simulator.
Currently, the only supported pseudo-simulator is the
ShootingPseudoSimulator. The pseudo-simulator plays the same role
as a PathSampling object in OpenPathSampling. It is initialized with a
storage, a set of initial_conditions (in the form of an
openpathsampling.SampleSet), a network, and a mover stub called
mover, which takes the place of the move scheme used in OPS.

Once this is done, you simply use the run method of the
ShootingPseudoSimulator to generate your file. However, whereas
the run method of the PathSampling object in OPS takes an integer with a
number of steps, in OPSPiggybacker, you must provide the output of your
previous simulation to the run method of the pseudo-simulator. The following
subsection will describe the moves.




Partial input trajectories




Full input trajectories

One of the input options for shooting moves is to use full input
trajectories (pre_joined=True). In this case, the input trajectory must
be an OPS format trajectory for the full trial trajectory. In addition,
the frames which are shared with other trajectories must be identical in
memory frames. Since this is quite hard to do, it is usually easier to use
the pre_joined=False version with partial input trajectories.

However, we full input trajectories, you don’t need to specify whether a
given trial was forward or backward: the OPSPiggybacker can figure that out
for you.

This is in
the format of a list of 4-tuples (replica, trial_trajectory,
shooting_point_index, accepted), where each 4-tuple represents a trial
move. In detail, the elements of the tuple are:


	replica: the replica ID. Currently always the same (usually 0).

	trial_trajectory: the generated trial trajectory, as an
openpathsampling.engine.Trajectory object. Note that there are two
tricky things here. First, this must be the entire trial trajectory (not
just the part generated during one-way shooting). Second, frames which are
shared between two trajectories much actually be the same object in
memory. This means that you have to rebuild the shooting process for your
trajectories. (TODO: find ways to make this part easier on people)

	shooting_point_index: the frame number of the shooting point from the
previous trajectory (counting from 0).

	accepted: boolean as to whether this trial move was accepted.



That’s it! If you can make that tuple for each of your moves, you can import
those moves into OPS for analysis.




API Reference



	One-Way Shooting Converters

	Mover Stubs

	Simulation Stubs
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One-Way Shooting Converters


	
class ops_piggybacker.TPSConverterOptions[source]

	



	Parameters:	
	trim (bool [https://docs.python.org/library/functions.html#bool]) – whether to trim the file trajectories to minimum acceptable
length (default True)

	retrim_shooting (bool [https://docs.python.org/library/functions.html#bool]) – whether the shooting point index given is based on an untrimmed
trajectory, and therefore needs to be shifted (default False).

	auto_reverse (bool [https://docs.python.org/library/functions.html#bool]) – whether to reverse backward trajectories (if the file version is
forward, instead of backward, default False)

	includes_shooting_point (bool [https://docs.python.org/library/functions.html#bool]) – whether the one-way trial trajectory includes the shooting
point, and therefore must have it trimmed off (default True)

	full_trajectory (bool [https://docs.python.org/library/functions.html#bool]) – whether the input trajectories are the full trajectories, instead of
the partial one-way trajectories (default False). Note that if you
use full_trajectory=True, you should also use auto_reverse=False.










	
__add__

	x.__add__(y) <==> x+y






	
__contains__

	x.__contains__(y) <==> y in x






	
__delattr__

	x.__delattr__(‘name’) <==> del x.name






	
__eq__

	x.__eq__(y) <==> x==y






	
__format__()

	default object formatter






	
__ge__

	x.__ge__(y) <==> x>=y






	
__getattribute__

	x.__getattribute__(‘name’) <==> x.name






	
__getitem__

	x.__getitem__(y) <==> x[y]






	
__getslice__

	x.__getslice__(i, j) <==> x[i:j]

Use of negative indices is not supported.






	
__gt__

	x.__gt__(y) <==> x>y






	
__hash__

	




	
__iter__

	




	
__le__

	x.__le__(y) <==> x<=y






	
__len__

	




	
__lt__

	x.__lt__(y) <==> x<y






	
__mul__

	x.__mul__(n) <==> x*n






	
__ne__

	x.__ne__(y) <==> x!=y






	
__reduce__()

	helper for pickle






	
__reduce_ex__()

	helper for pickle






	
__rmul__

	x.__rmul__(n) <==> n*x






	
__setattr__

	x.__setattr__(‘name’, value) <==> x.name = value






	
__sizeof__()  int

	size of object in memory, in bytes






	
__str__

	




	
auto_reverse

	Alias for field number 2






	
count(value)  integer -- return number of occurrences of value

	




	
full_trajectory

	Alias for field number 4






	
includes_shooting_point

	Alias for field number 3






	
index(value[, start[, stop]])  integer -- return first index of value.

	Raises ValueError if the value is not present.






	
retrim_shooting

	Alias for field number 1






	
trim

	Alias for field number 0










	
class ops_piggybacker.OneWayTPSConverter(storage, initial_file, mover, network, options=None, options_rejected=None)[source]

	Bases: ops_piggybacker.simulation_stubs.ShootingPseudoSimulator

Single-ensemble network shooting pseudo-simulator from external
trajectories.

This object handles a wide variety of external simulators. The idea is
that the user must create a “simulation summary” file, which contains
the information we need to perform the pseudo-simulation, where the
trajectories are loaded via mdtraj.


	
__delattr__

	x.__delattr__(‘name’) <==> del x.name






	
__format__()

	default object formatter






	
__getattribute__

	x.__getattribute__(‘name’) <==> x.name






	
__hash__

	




	
__reduce__()

	helper for pickle






	
__reduce_ex__()

	helper for pickle






	
__repr__

	




	
__setattr__

	x.__setattr__(‘name’, value) <==> x.name = value






	
__sizeof__()  int

	size of object in memory, in bytes






	
__str__

	




	
args()

	Return a list of args of the __init__ function of a class





	Returns:	the list of argument names. No information about defaults is
included.


	Return type:	list of str










	
base()

	Return the most parent class actually derived from StorableObject

Important to determine which store should be used for storage





	Returns:	the base class


	Return type:	type [https://docs.python.org/library/functions.html#type]










	
base_cls

	Return the base class





	Returns:	the base class


	Return type:	type [https://docs.python.org/library/functions.html#type]






See also

base()








	
base_cls_name

	Return the name of the base class





	Returns:	the string representation of the base class


	Return type:	str [https://docs.python.org/library/functions.html#str]










	
cls

	Return the class name as a string





	Returns:	the class name


	Return type:	str [https://docs.python.org/library/functions.html#str]










	
count_weaks()

	Return number of objects subclassed from StorableObject still in memory

This includes objects not yet recycled by the garbage collector.





	Returns:	dict of str –
the dictionary which assigns the base class name of each references
objects the integer number of objects still present


	Return type:	int [https://docs.python.org/library/functions.html#int]










	
default_name

	Return the default name.

Usually derived from the objects class





	Returns:	the default name


	Return type:	str [https://docs.python.org/library/functions.html#str]










	
descendants()

	Return a list of all subclassed objects





	Returns:	list of subclasses of a storable object


	Return type:	list of type










	
fix_name()

	Set the objects name to be immutable.

Usually called after load and save to fix the stored state.






	
from_dict(dct)

	Reconstruct an object from a dictionary representaiton





	Parameters:	dct (dict [https://docs.python.org/library/stdtypes.html#dict]) – the dictionary containing a state representaion of the class.


	Returns:	the reconstructed storable object


	Return type:	openpathsampling.netcdfplus.StorableObject










	
idx(store)

	Return the index which is used for the object in the given store.

Once you store a storable object in a store it gets assigned a unique
number that can be used to retrieve the object back from the store. This
function will ask the given store if the object is stored if so what
the used index is.





	Parameters:	store (openpathsampling.netcdfplus.objects.ObjectStore) – the store in which to ask for the index


	Returns:	the integer index for the object of it exists or None else


	Return type:	int or None










	
is_named

	True if this object has a custom name.

This distinguishes default algorithmic names from assigned names.






	
name

	Return the current name of the object.

If no name has been set a default generated name is returned.





	Returns:	the name of the object


	Return type:	str [https://docs.python.org/library/functions.html#str]










	
named(name)

	Name an unnamed object.

This only renames the object if it does not yet have a name. It can
be used to chain the naming onto the object creation. It should also
be used when naming things algorithmically: directly setting the
.name attribute could override a user-defined name.





	Parameters:	name (str [https://docs.python.org/library/functions.html#str]) – the name to be used for the object. Can only be set once





Examples

>>> import openpathsampling as p
>>> full = p.FullVolume().named('myFullVolume')










	
objects()

	Returns a dictionary of all storable objects





	Returns:	dict of str –
a dictionary of all subclassed objects from StorableObject.
The name points to the class


	Return type:	type [https://docs.python.org/library/functions.html#type]










	
parse_summary_line(line)[source]

	Parse a line from the summary file.

To control the parsing, set the OneWayTPSConverter.options (see
TPSConverterOptions).





	Parameters:	line (str [https://docs.python.org/library/functions.html#str]) – the input line


	Returns:	
	replica (0) –
always zero for now

	trial_trajectory (openpathsampling.Trajectory) –
one-way trial segments

	shooting_point_index (int) –
index of the shooting point based on the previous trajectory
(None if no previous trajectory)

	accepted (bool) –
whether the trial was accepted

	direction (1 or -1) –
positive if forward shooting, negative if backward














	
save(store)

	Save the object in the given store (or storage)





	Parameters:	store (openpathsampling.netcdfplus.ObjectStore or         openpathsampling.netcdfplus.netcdfplus.NetCDFPlus) – the store or storage to be saved in. if a storage is given then
the default store for the given object base type is determined and
the appropriate store is used.


	Returns:	the integer index used to save the object or None if the object
has already been saved.


	Return type:	int or None










	
save_initial_step()

	Save the initial state as an MCStep to the storage






	
set_observer(active)

	(De-)Activate observing creation of storable objects

This can be used to track which storable objects are still alive and
hence look for memory leaks and inspect caching. Use
openpathsampling.netcdfplus.base.StorableObject.count_weaks()
to get the current summary of created objects





	Parameters:	active (bool [https://docs.python.org/library/functions.html#bool]) – if True then observing is enabled. False disables observing.
Per default observing is disabled.






See also

openpathsampling.netcdfplus.base.StorableObject.count_weaks()








	
sync_storage()

	Will sync all collective variables and the storage to disk






	
to_dict()

	Convert object into a dictionary representation

Used to convert the dictionary into JSON string for serialization





	Returns:	the dictionary representing the (immutable) state of the object


	Return type:	dict [https://docs.python.org/library/stdtypes.html#dict]














	
class ops_piggybacker.GromacsOneWayTPSConverter(storage, network, initial_file, topology_file, options=None, options_rejected=None)[source]

	Bases: ops_piggybacker.one_way_tps_converters.OneWayTPSConverter


	
__delattr__

	x.__delattr__(‘name’) <==> del x.name






	
__format__()

	default object formatter






	
__getattribute__

	x.__getattribute__(‘name’) <==> x.name






	
__hash__

	




	
__reduce__()

	helper for pickle






	
__reduce_ex__()

	helper for pickle






	
__repr__

	




	
__setattr__

	x.__setattr__(‘name’, value) <==> x.name = value






	
__sizeof__()  int

	size of object in memory, in bytes






	
__str__

	




	
args()

	Return a list of args of the __init__ function of a class





	Returns:	the list of argument names. No information about defaults is
included.


	Return type:	list of str










	
base()

	Return the most parent class actually derived from StorableObject

Important to determine which store should be used for storage





	Returns:	the base class


	Return type:	type [https://docs.python.org/library/functions.html#type]










	
base_cls

	Return the base class





	Returns:	the base class


	Return type:	type [https://docs.python.org/library/functions.html#type]






See also

base()








	
base_cls_name

	Return the name of the base class





	Returns:	the string representation of the base class


	Return type:	str [https://docs.python.org/library/functions.html#str]










	
cls

	Return the class name as a string





	Returns:	the class name


	Return type:	str [https://docs.python.org/library/functions.html#str]










	
count_weaks()

	Return number of objects subclassed from StorableObject still in memory

This includes objects not yet recycled by the garbage collector.





	Returns:	dict of str –
the dictionary which assigns the base class name of each references
objects the integer number of objects still present


	Return type:	int [https://docs.python.org/library/functions.html#int]










	
default_name

	Return the default name.

Usually derived from the objects class





	Returns:	the default name


	Return type:	str [https://docs.python.org/library/functions.html#str]










	
descendants()

	Return a list of all subclassed objects





	Returns:	list of subclasses of a storable object


	Return type:	list of type










	
fix_name()

	Set the objects name to be immutable.

Usually called after load and save to fix the stored state.






	
from_dict(dct)

	Reconstruct an object from a dictionary representaiton





	Parameters:	dct (dict [https://docs.python.org/library/stdtypes.html#dict]) – the dictionary containing a state representaion of the class.


	Returns:	the reconstructed storable object


	Return type:	openpathsampling.netcdfplus.StorableObject










	
idx(store)

	Return the index which is used for the object in the given store.

Once you store a storable object in a store it gets assigned a unique
number that can be used to retrieve the object back from the store. This
function will ask the given store if the object is stored if so what
the used index is.





	Parameters:	store (openpathsampling.netcdfplus.objects.ObjectStore) – the store in which to ask for the index


	Returns:	the integer index for the object of it exists or None else


	Return type:	int or None










	
is_named

	True if this object has a custom name.

This distinguishes default algorithmic names from assigned names.






	
load_trajectory(file_name)[source]

	Creates an OPS trajectory from the given file






	
name

	Return the current name of the object.

If no name has been set a default generated name is returned.





	Returns:	the name of the object


	Return type:	str [https://docs.python.org/library/functions.html#str]










	
named(name)

	Name an unnamed object.

This only renames the object if it does not yet have a name. It can
be used to chain the naming onto the object creation. It should also
be used when naming things algorithmically: directly setting the
.name attribute could override a user-defined name.





	Parameters:	name (str [https://docs.python.org/library/functions.html#str]) – the name to be used for the object. Can only be set once





Examples

>>> import openpathsampling as p
>>> full = p.FullVolume().named('myFullVolume')










	
objects()

	Returns a dictionary of all storable objects





	Returns:	dict of str –
a dictionary of all subclassed objects from StorableObject.
The name points to the class


	Return type:	type [https://docs.python.org/library/functions.html#type]










	
parse_summary_line(line)

	Parse a line from the summary file.

To control the parsing, set the OneWayTPSConverter.options (see
TPSConverterOptions).





	Parameters:	line (str [https://docs.python.org/library/functions.html#str]) – the input line


	Returns:	
	replica (0) –
always zero for now

	trial_trajectory (openpathsampling.Trajectory) –
one-way trial segments

	shooting_point_index (int) –
index of the shooting point based on the previous trajectory
(None if no previous trajectory)

	accepted (bool) –
whether the trial was accepted

	direction (1 or -1) –
positive if forward shooting, negative if backward














	
save(store)

	Save the object in the given store (or storage)





	Parameters:	store (openpathsampling.netcdfplus.ObjectStore or         openpathsampling.netcdfplus.netcdfplus.NetCDFPlus) – the store or storage to be saved in. if a storage is given then
the default store for the given object base type is determined and
the appropriate store is used.


	Returns:	the integer index used to save the object or None if the object
has already been saved.


	Return type:	int or None










	
save_initial_step()

	Save the initial state as an MCStep to the storage






	
set_observer(active)

	(De-)Activate observing creation of storable objects

This can be used to track which storable objects are still alive and
hence look for memory leaks and inspect caching. Use
openpathsampling.netcdfplus.base.StorableObject.count_weaks()
to get the current summary of created objects





	Parameters:	active (bool [https://docs.python.org/library/functions.html#bool]) – if True then observing is enabled. False disables observing.
Per default observing is disabled.






See also

openpathsampling.netcdfplus.base.StorableObject.count_weaks()








	
sync_storage()

	Will sync all collective variables and the storage to disk






	
to_dict()

	Convert object into a dictionary representation

Used to convert the dictionary into JSON string for serialization





	Returns:	the dictionary representing the (immutable) state of the object


	Return type:	dict [https://docs.python.org/library/stdtypes.html#dict]
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Mover Stubs


	
class ops_piggybacker.ShootingStub(ensemble, selector=None, engine=None, pre_joined=True)[source]

	Bases: openpathsampling.pathmover.PathMover

Stub to mimic a shooting move.





	Parameters:	
	ensemble (paths.Ensemble) – the ensemble for the shooting mover

	selector (paths.ShootingPointSelector or None) – the selector for the shooting point. Default None creates a
UniformSelector. Currently, only UniformSelector is supported.

	engine (paths.engines.DynamicsEngine) – the engine to report as the source of the dynamics

	pre_joined (bool [https://docs.python.org/library/functions.html#bool]) – whether the input trial trajectories are pre-joined into complete
trajectories, or take partial one-way segments which should by
dynamically joined. Currently defaults to pre_joined=True (likely to
change soon, though).










	
mimic

	paths.OneWayShootingMover

the mover that this stub mimics






	
__delattr__

	x.__delattr__(‘name’) <==> del x.name






	
__format__()

	default object formatter






	
__getattribute__

	x.__getattribute__(‘name’) <==> x.name






	
__hash__

	




	
__reduce__()

	helper for pickle






	
__reduce_ex__()

	helper for pickle






	
__repr__

	




	
__setattr__

	x.__setattr__(‘name’, value) <==> x.name = value






	
__sizeof__()  int

	size of object in memory, in bytes






	
args()

	Return a list of args of the __init__ function of a class





	Returns:	the list of argument names. No information about defaults is
included.


	Return type:	list of str










	
base()

	Return the most parent class actually derived from StorableObject

Important to determine which store should be used for storage





	Returns:	the base class


	Return type:	type [https://docs.python.org/library/functions.html#type]










	
base_cls

	Return the base class





	Returns:	the base class


	Return type:	type [https://docs.python.org/library/functions.html#type]






See also

base()








	
base_cls_name

	Return the name of the base class





	Returns:	the string representation of the base class


	Return type:	str [https://docs.python.org/library/functions.html#str]










	
cls

	Return the class name as a string





	Returns:	the class name


	Return type:	str [https://docs.python.org/library/functions.html#str]










	
count_weaks()

	Return number of objects subclassed from StorableObject still in memory

This includes objects not yet recycled by the garbage collector.





	Returns:	dict of str –
the dictionary which assigns the base class name of each references
objects the integer number of objects still present


	Return type:	int [https://docs.python.org/library/functions.html#int]










	
depth_post_order(fnc, level=0, **kwargs)

	Traverse the tree in post-order applying a function with depth

This traverses the underlying tree and applies the given function at
each node returning a list of the results. Post-order means
that subnodes are called BEFORE the node itself is evaluated.





	Parameters:	
	fnc (function(node, **kwargs)) – the function run at each node. It is given the node and the
optional (fixed) parameters

	level (int [https://docs.python.org/library/functions.html#int]) – the initial level

	kwargs (named arguments) – optional arguments added to the function






	Returns:	flattened list of tuples of results of the map. First part of
the tuple is the level, second part is the function result.




	Return type:	list of tuple(level, func(node, **kwargs))








See also

map_pre_order(), map_post_order(), level_pre_order(), level_post_order()








	
depth_pre_order(fnc, level=0, only_canonical=False, **kwargs)

	Traverse the tree of node in pre-order applying a function

This traverses the underlying tree applies the given function at
each node returning a list of the results. Pre-order means
that subnodes are called AFTER the node itself is evaluated.





	Parameters:	
	fnc (function(node, **kwargs)) – the function run at each node. It is given the node and the
optional parameters

	level (int [https://docs.python.org/library/functions.html#int]) – the initial level

	only_canonical (bool, default: False) – if True the recursion stops at canonical movers and will hence be
more compact

	kwargs (named arguments) – optional arguments added to the function






	Returns:	flattened list of tuples of results of the map. First part of
the tuple is the level, second part is the function result.




	Return type:	list of tuple(level, fnc(node, **kwargs))








See also

map_pre_order(), map_post_order(), level_pre_order(), level_post_order()








	
descendants()

	Return a list of all subclassed objects





	Returns:	list of subclasses of a storable object


	Return type:	list of type










	
fix_name()

	Set the objects name to be immutable.

Usually called after load and save to fix the stored state.






	
from_dict(dct)

	Reconstruct an object from a dictionary representaiton





	Parameters:	dct (dict [https://docs.python.org/library/stdtypes.html#dict]) – the dictionary containing a state representaion of the class.


	Returns:	the reconstructed storable object


	Return type:	openpathsampling.netcdfplus.StorableObject










	
idx(store)

	Return the index which is used for the object in the given store.

Once you store a storable object in a store it gets assigned a unique
number that can be used to retrieve the object back from the store. This
function will ask the given store if the object is stored if so what
the used index is.





	Parameters:	store (openpathsampling.netcdfplus.objects.ObjectStore) – the store in which to ask for the index


	Returns:	the integer index for the object of it exists or None else


	Return type:	int or None










	
in_out

	List the input -> output relation for ensembles

A mover will pick one or more replicas from specific ensembles.
Alter them (or not) and place these (or additional ones) in specific
ensembles. This relation can be visualized as a mapping of input to
output ensembles. Like

ReplicaExchange
ens1 -> ens2
ens2 -> ens1

EnsembleHop (A sample in ens1 will disappear and appear in ens2)
ens1 -> ens2

DuplicateMover (create a copy with a new replica number) Not used yet!
ens1 -> ens1
None -> ens1





	Returns:	
	list of list of tuple ((openpathsampling.Ensemble,)

	openpathsampling.Ensemble) –
a list of possible lists of tuples of ensembles.









Notes

The default implementation will
(1) in case of a single input and output connect the two,
(2) return nothing if there are no out_ensembles and
(3) for more then two require implementation






	
input_ensembles

	Return a list of possible used ensembles for this mover

This list contains all Ensembles from which this mover might pick
samples. This is very useful to determine on which ensembles a
mover acts for analysis and sanity checking.





	Returns:	the list of input ensembles


	Return type:	list of openpathsampling.Ensemble










	
is_named

	True if this object has a custom name.

This distinguishes default algorithmic names from assigned names.






	
join_one_way(input_trajectory, partial_trial, shooting_point, direction)[source]

	Create a one-way trial trajectory





	Parameters:	
	input_trajectory (paths.Trajectory) – the previous complete trajectory

	partial_trial (paths.Trajectory) – The partial (one-way) trial trajectory. Must not include the
shooting point.

	shooting_point (paths.Snapshot) – the snapshot for the shooting point – must be a member of the
input trajectory

	direction (+1 or -1) – if positive, treat as forward shooting; if negative, treat as
backward shooting






	Returns:	the complete trial trajectory




	Return type:	paths.Trajectory












	
keylist()

	Return a list of key : subtree tuples





	Returns:	A list of all subtrees with their respective keys


	Return type:	list of tuple(key, subtree)










	
legal_sample_set(sample_set, ensembles=None, replicas='all')

	This returns all the samples from sample_set which are in both
self.replicas and the parameter ensembles. If ensembles is None, we
use self.ensembles. If you want all ensembles allowed, pass
ensembles=’all’.





	Parameters:	
	sample_set (openpathsampling.SampleSet) – the sampleset from which to pick specific samples matching certain
criteria

	ensembles (list of openpathsampling.Ensembles) – the ensembles to pick from

	replicas (list of int or all) – the replicas to pick or ‘all’ for all














	
map_post_order(fnc, **kwargs)

	Traverse the tree in post-order applying a function

This traverses the underlying tree and applies the given function at
each node returning a list of the results. Post-order means
that subnodes are called BEFORE the node itself is evaluated.





	Parameters:	
	fnc (function(node, kwargs)) – the function run at each node. It is given the node and the
optional (fixed) parameters

	kwargs (named arguments) – optional arguments added to the function






	Returns:	flattened list of the results of the map




	Return type:	list (fnc(node, **kwargs))







Notes

This uses the same order as reversed()


See also

map_pre_order(), map_post_order(), level_pre_order(), level_post_order()








	
map_pre_order(fnc, **kwargs)

	Traverse the tree in pre-order applying a function

This traverses the underlying tree applies the given function at
each node returning a list of the results. Pre-order means
that subnodes are called AFTER the node itself is evaluated.





	Parameters:	
	fnc (function(node, **kwargs)) – the function run at each node. It is given the node and the
optional parameters

	kwargs (named arguments) – optional arguments added to the function






	Returns:	flattened list of the results of the map




	Return type:	list (fnc(node, **kwargs))







Notes

This uses the same order as iter()


See also

map_pre_order(), map_post_order(), level_pre_order(), level_post_order()








	
map_tree(fnc)

	Apply a function to each node and return a nested tree of results





	Parameters:	
	fnc (function(node, args, kwargs)) – the function run at each node node. It is given the node
and the optional (fixed) parameters

	kwargs (named arguments) – optional arguments added to the function






	Returns:	nested list of the results of the map




	Return type:	tree (fnc(node, **kwargs))












	
move(input_sample, trial_trajectory, shooting_point, accepted, direction=None)[source]

	Fake a move.





	Parameters:	
	input_sample (paths.Sample) – the input sample for this shooting move

	trial_trajectory (paths.Trajectory) – the trial trajectory generated by this move

	shooting_point (paths.Snapshot) – the shooting point snapshot for this trial

	accepted (bool [https://docs.python.org/library/functions.html#bool]) – whether the trial was accepted

	direction (+1, -1, or None) – direction of the shooting move (positive is forward, negative is
backward). If self.pre_joined is True, the trial trajectory is
reconstructed from the parts. To use the exact input trial
trajectory with self.pre_joined == True, set direction=None














	
name

	Return the current name of the object.

If no name has been set a default generated name is returned.





	Returns:	the name of the object


	Return type:	str [https://docs.python.org/library/functions.html#str]










	
named(name)

	Name an unnamed object.

This only renames the object if it does not yet have a name. It can
be used to chain the naming onto the object creation. It should also
be used when naming things algorithmically: directly setting the
.name attribute could override a user-defined name.





	Parameters:	name (str [https://docs.python.org/library/functions.html#str]) – the name to be used for the object. Can only be set once





Examples

>>> import openpathsampling as p
>>> full = p.FullVolume().named('myFullVolume')










	
objects()

	Returns a dictionary of all storable objects





	Returns:	dict of str –
a dictionary of all subclassed objects from StorableObject.
The name points to the class


	Return type:	type [https://docs.python.org/library/functions.html#type]










	
output_ensembles

	Return a list of possible returned ensembles for this mover

This list contains all Ensembles for which this mover might return
samples. This is very useful to determine on which ensembles a
mover affects in later steps for analysis and sanity checking.





	Returns:	the list of output ensembles


	Return type:	list of Ensemble










	
save(store)

	Save the object in the given store (or storage)





	Parameters:	store (openpathsampling.netcdfplus.ObjectStore or         openpathsampling.netcdfplus.netcdfplus.NetCDFPlus) – the store or storage to be saved in. if a storage is given then
the default store for the given object base type is determined and
the appropriate store is used.


	Returns:	the integer index used to save the object or None if the object
has already been saved.


	Return type:	int or None










	
select_sample(sample_set, ensembles=None, replicas=None)

	Returns one of the legal samples given self.replica and the ensemble
set in ensembles.





	Parameters:	
	sample_set (openpathsampling.SampleSet) – the sampleset from which to pick specific samples matching certain
criteria

	ensembles (list of openpathsampling.Ensembles or None) – the ensembles to pick from or None for all

	replicas (list of int or None) – the replicas to pick or None for all














	
set_observer(active)

	(De-)Activate observing creation of storable objects

This can be used to track which storable objects are still alive and
hence look for memory leaks and inspect caching. Use
openpathsampling.netcdfplus.base.StorableObject.count_weaks()
to get the current summary of created objects





	Parameters:	active (bool [https://docs.python.org/library/functions.html#bool]) – if True then observing is enabled. False disables observing.
Per default observing is disabled.






See also

openpathsampling.netcdfplus.base.StorableObject.count_weaks()








	
sub_replica_state(replica_states)

	Return set of replica states that a submover might be called with





	Parameters:	replica_states (set of openpathsampling.pathmover_inout.ReplicaState) – 


	Returns:	


	Return type:	list of set of ReplicaState










	
submovers

	Returns a list of submovers





	Returns:	the list of sub-movers


	Return type:	list of openpathsampling.PathMover










	
to_dict()

	Convert object into a dictionary representation

Used to convert the dictionary into JSON string for serialization





	Returns:	the dictionary representing the (immutable) state of the object


	Return type:	dict [https://docs.python.org/library/stdtypes.html#dict]










	
tree()

	Return the object as a tree structure of nested lists of nodes





	Returns:	the tree in nested list format


	Return type:	nested list of nodes
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Simulation Stubs


	
class ops_piggybacker.ShootingPseudoSimulator(storage, initial_conditions, mover, network)[source]

	Bases: openpathsampling.pathsimulator.PathSimulator

Pseudo-simulator for shooting-only mimics.





	Parameters:	
	storage (openpathsampling.netcdfplus.Storage) – file to store OPS-ready analysis

	initial_conditions (openpathsampling.SampleSet) – sample set giving the OPS version of the initial conditions

	mover (ShootingStub) – stub to mimic the shooting mover

	network (openpathsampling.TransitionNetwork) – transition network with information about this system










	
__delattr__

	x.__delattr__(‘name’) <==> del x.name






	
__format__()

	default object formatter






	
__getattribute__

	x.__getattribute__(‘name’) <==> x.name






	
__hash__

	




	
__reduce__()

	helper for pickle






	
__reduce_ex__()

	helper for pickle






	
__repr__

	




	
__setattr__

	x.__setattr__(‘name’, value) <==> x.name = value






	
__sizeof__()  int

	size of object in memory, in bytes






	
__str__

	




	
args()

	Return a list of args of the __init__ function of a class





	Returns:	the list of argument names. No information about defaults is
included.


	Return type:	list of str










	
base()

	Return the most parent class actually derived from StorableObject

Important to determine which store should be used for storage





	Returns:	the base class


	Return type:	type [https://docs.python.org/library/functions.html#type]










	
base_cls

	Return the base class





	Returns:	the base class


	Return type:	type [https://docs.python.org/library/functions.html#type]






See also

base()








	
base_cls_name

	Return the name of the base class





	Returns:	the string representation of the base class


	Return type:	str [https://docs.python.org/library/functions.html#str]










	
cls

	Return the class name as a string





	Returns:	the class name


	Return type:	str [https://docs.python.org/library/functions.html#str]










	
count_weaks()

	Return number of objects subclassed from StorableObject still in memory

This includes objects not yet recycled by the garbage collector.





	Returns:	dict of str –
the dictionary which assigns the base class name of each references
objects the integer number of objects still present


	Return type:	int [https://docs.python.org/library/functions.html#int]










	
default_name

	Return the default name.

Usually derived from the objects class





	Returns:	the default name


	Return type:	str [https://docs.python.org/library/functions.html#str]










	
descendants()

	Return a list of all subclassed objects





	Returns:	list of subclasses of a storable object


	Return type:	list of type










	
fix_name()

	Set the objects name to be immutable.

Usually called after load and save to fix the stored state.






	
from_dict(dct)

	Reconstruct an object from a dictionary representaiton





	Parameters:	dct (dict [https://docs.python.org/library/stdtypes.html#dict]) – the dictionary containing a state representaion of the class.


	Returns:	the reconstructed storable object


	Return type:	openpathsampling.netcdfplus.StorableObject










	
idx(store)

	Return the index which is used for the object in the given store.

Once you store a storable object in a store it gets assigned a unique
number that can be used to retrieve the object back from the store. This
function will ask the given store if the object is stored if so what
the used index is.





	Parameters:	store (openpathsampling.netcdfplus.objects.ObjectStore) – the store in which to ask for the index


	Returns:	the integer index for the object of it exists or None else


	Return type:	int or None










	
is_named

	True if this object has a custom name.

This distinguishes default algorithmic names from assigned names.






	
name

	Return the current name of the object.

If no name has been set a default generated name is returned.





	Returns:	the name of the object


	Return type:	str [https://docs.python.org/library/functions.html#str]










	
named(name)

	Name an unnamed object.

This only renames the object if it does not yet have a name. It can
be used to chain the naming onto the object creation. It should also
be used when naming things algorithmically: directly setting the
.name attribute could override a user-defined name.





	Parameters:	name (str [https://docs.python.org/library/functions.html#str]) – the name to be used for the object. Can only be set once





Examples

>>> import openpathsampling as p
>>> full = p.FullVolume().named('myFullVolume')










	
objects()

	Returns a dictionary of all storable objects





	Returns:	dict of str –
a dictionary of all subclassed objects from StorableObject.
The name points to the class


	Return type:	type [https://docs.python.org/library/functions.html#type]










	
run(step_info_list)[source]

	



	Parameters:	step_info_list (list of tuple) – (replica, trial_trajectory, shooting_point_index, accepted) or
(replica, one_way_trial_segment, shooting_point_index, accepted,
direction)










	
save(store)

	Save the object in the given store (or storage)





	Parameters:	store (openpathsampling.netcdfplus.ObjectStore or         openpathsampling.netcdfplus.netcdfplus.NetCDFPlus) – the store or storage to be saved in. if a storage is given then
the default store for the given object base type is determined and
the appropriate store is used.


	Returns:	the integer index used to save the object or None if the object
has already been saved.


	Return type:	int or None










	
save_initial_step()

	Save the initial state as an MCStep to the storage






	
set_observer(active)

	(De-)Activate observing creation of storable objects

This can be used to track which storable objects are still alive and
hence look for memory leaks and inspect caching. Use
openpathsampling.netcdfplus.base.StorableObject.count_weaks()
to get the current summary of created objects





	Parameters:	active (bool [https://docs.python.org/library/functions.html#bool]) – if True then observing is enabled. False disables observing.
Per default observing is disabled.






See also

openpathsampling.netcdfplus.base.StorableObject.count_weaks()








	
sync_storage()

	Will sync all collective variables and the storage to disk






	
to_dict()

	Convert object into a dictionary representation

Used to convert the dictionary into JSON string for serialization





	Returns:	the dictionary representing the (immutable) state of the object


	Return type:	dict [https://docs.python.org/library/stdtypes.html#dict]
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  Source code for ops_piggybacker.simulation_stubs

import openpathsampling as paths

[docs]class ShootingPseudoSimulator(paths.PathSimulator):
    """Pseudo-simulator for shooting-only mimics.

    Parameters
    ----------
    storage : openpathsampling.netcdfplus.Storage
        file to store OPS-ready analysis
    initial_conditions : openpathsampling.SampleSet
        sample set giving the OPS version of the initial conditions
    mover : ShootingStub
        stub to mimic the shooting mover
    network : openpathsampling.TransitionNetwork
        transition network with information about this system
    """
    def __init__(self, storage, initial_conditions, mover, network):
        super(ShootingPseudoSimulator, self).__init__(storage)
        self.scheme = paths.LockedMoveScheme(mover, network)
        self.scheme.movers = {'shooting': [mover.mimic]}
        self.scheme.choice_probability = {mover.mimic: 1.0}
        self.scheme._real_choice_probability = {mover.mimic: 1.0}
        self.mover = mover
        self.sample_set = initial_conditions
        self.initial_conditions = initial_conditions
        self.network = network
        self.root_mover = self.scheme.move_decision_tree()
        self._path_sim_mover = paths.PathSimulatorMover(mover.mimic, self)


[docs]    def run(self, step_info_list):
        """
        Parameters
        ----------
        step_info_list : list of tuple
            (replica, trial_trajectory, shooting_point_index, accepted) or
            (replica, one_way_trial_segment, shooting_point_index, accepted,
            direction)
        """
        mcstep = None

        if self.step == 0:
            if self.storage is not None:
                self.storage.save(self.scheme)
            self.save_initial_step()

        for step_info in step_info_list:
            self.step += 1
            if len(step_info) == 4 and not self.mover.pre_joined: # pragma: no-cover
                raise RuntimeError(
                    "Shooting trial trajectories not pre-joined: " +
                    "step_info must be (replica, trial_segment, " +
                    "shooting_pt_idx, accepted, direction)")

            replica = step_info[0]
            trial_trajectory = step_info[1]
            shooting_point_index = step_info[2]
            accepted = step_info[3]
            direction = None
            if len(step_info) == 5:
                direction = step_info[4]

            input_sample = self.sample_set[replica]

            if shooting_point_index < 0:
                shooting_point_index += len(input_sample.trajectory)

            shooting_point = input_sample.trajectory[shooting_point_index]

            subchange = self.mover.move(input_sample, trial_trajectory,
                                        shooting_point, accepted, direction)

            change = paths.PathSimulatorMoveChange(
                subchange=subchange,
                mover=self._path_sim_mover,
                details=paths.MoveDetails(step=self.step)
            )
            samples = change.results
            new_sampleset = self.sample_set.apply_samples(samples)
            mcstep = paths.MCStep(
                simulation=self,
                mccycle=self.step,
                previous=self.sample_set,
                active=new_sampleset,
                change=change
            )

            if self.storage is not None:
                self.storage.steps.save(mcstep)
            if self.step % self.save_frequency == 0:
                self.sample_set.sanity_check()
                self.sync_storage()

            self.sample_set = new_sampleset

        self.sync_storage()
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  Source code for openpathsampling.pathmover

"""
Created on 19.07.2014

@author: Jan-Hendrik Prinz
@author: David W. H. Swenson
"""

import abc
import logging
import random

import numpy as np
import openpathsampling as paths
from openpathsampling.netcdfplus import StorableNamedObject, StorableObject
from openpathsampling.pathmover_inout import InOutSet, InOut
from ops_logging import initialization_logging
from treelogic import TreeMixin

logger = logging.getLogger(__name__)
init_log = logging.getLogger('openpathsampling.initialization')


# TODO: Remove if really not used anymore otherwise might move to utils or tools
def make_list_of_pairs(l):
    """
    Converts input from several possible formats into a list of pairs: used
    to clean input for swap-like moves.

    Allowed input formats:
    * flat list of length 2N
    * list of pairs
    * None (returns None)

    Anything else will lead to a ValueError or AssertionError

    Parameters
    ----------
    l : list
        input list, either flat list of length 2N, a list of pairs or None

    Returns
    -------
    list of pairs
    """
    if l is None:
        return None

    _ = len(l)  # raises TypeError, avoids everything else

    # based on first element, decide whether this should be a list of lists
    # or a flat list
    try:
        _ = len(l[0])
        list_of_lists = True
    except TypeError:
        list_of_lists = False

    if list_of_lists:
        for elem in l:
            assert len(elem) == 2, "List of lists: inner list length != 2"
        outlist = l
    else:
        assert len(l) % 2 == 0, "Flattened list: length not divisible by 2"
        outlist = [
            [a, b] for (a, b) in zip(l[slice(0, None, 2)], l[slice(1, None, 2)])
        ]
    # Note that one thing we don't check is whether the items are of the
    # same type. That might be worth doing someday; for now, we trust that
    # part to work.
    return outlist


class SampleNaNError(Exception):
    def __init__(self, message, trial_sample, details):
        super(SampleNaNError, self).__init__(message)
        self.trial_sample = trial_sample
        self.details = details


class SampleMaxLengthError(Exception):
    def __init__(self, message, trial_sample, details):
        super(SampleMaxLengthError, self).__init__(message)
        self.trial_sample = trial_sample
        self.details = details


class MoveChangeNaNError(Exception):
    pass


class PathMover(TreeMixin, StorableNamedObject):
    """
    A PathMover is the description of a move in replica space.
    
    Notes
    -----
    A pathmover takes a SampleSet() and returns MoveChange() that is
    used to change the old SampleSet() to the new one.

    SampleSet1 + MoveChange1 => SampleSet2

    A MoveChange is effectively a list of Samples. The change acts upon
    a SampleSet by replacing existing Samples in the same ensemble
    sequentially.

    SampleSet({samp1(ens1), samp2(ens2), samp3(ens3)}) +
        MoveChange([samp4(ens2)])
        => SampleSet({samp1(ens1), samp4(ens2), samp3(ens3)})

    Note, that a SampleSet is an unordered list (or a set). Hence the ordering
    in the example is arbitrary.
    
    Potential future change: `engine` is not needed for all PathMovers
    (replica exchange, ensemble hopping, path reversal, and moves which
    combine these [state swap] have no need for the engine). Maybe that
    should be moved into only the ensembles that need it? ~~~DWHS

    Also, I agree with the separating trial and acceptance. We might choose
    to use a different acceptance criterion than Metropolis. For example,
    the "waste recycling" approach recently re-discovered by Frenkel (see
    also work by Athenes, Jourdain, and old work by Kalos) might be
    interesting. I think the best way to do this is to keep the acceptance
    in the PathMover, but have it be a separate class ~~~DWHS
    """

    __metaclass__ = abc.ABCMeta

    def __init__(self):
        StorableNamedObject.__init__(self)

        self._in_ensembles = None
        self._out_ensembles = None
        self._len = None
        self._inout = None

    #        initialization_logging(logger=init_log, obj=self,
    #                               entries=['ensembles'])

    _is_ensemble_change_mover = None

    @property
    def is_ensemble_change_mover(self):
        if self._is_ensemble_change_mover is None:
            return False
        else:
            return self._is_ensemble_change_mover

    _is_canonical = None

    @property
    def is_canonical(self):
        return self._is_canonical

    @property
    def default_name(self):
        return self.__class__.__name__[:-5]

    # +-------------------------------------------------------------------------
    # | tree implementation overrides
    # +-------------------------------------------------------------------------

    @property
    def _subnodes(self):
        return self.submovers

    @property
    def identifier(self):
        return self

    @staticmethod
    def _default_match(original, test):
        if isinstance(test, paths.PathMover):
            return original is test
        elif issubclass(test, paths.PathMover):
            return original.__class__ is test
        else:
            return False

    @property
    def submovers(self):
        """
        Returns a list of submovers

        Returns
        -------
        list of openpathsampling.PathMover
            the list of sub-movers
        """
        return []

    @staticmethod
    def _flatten(ensembles):
        if type(ensembles) is list:
            return [s for ens in ensembles for s in PathMover._flatten(ens)]
        else:
            return [ensembles]

    # +-------------------------------------------------------------------------
    # | analyze effects of sample sets
    # +-------------------------------------------------------------------------

    def move_replica_state(self, replica_states):
        return self.in_out.move(replica_states)

    def sub_replica_state(self, replica_states):
        """
        Return set of replica states that a submover might be called with

        Parameters
        ----------
        replica_states : set of `openpathsampling.pathmover_inout.ReplicaState`

        Returns
        -------
        list of set of `ReplicaState`

        """
        return [replica_states] * len(self.submovers)

    def _generate_in_out(self):
        if len(self.output_ensembles) == 0:
            return {
                InOutSet([])
            }
        elif len(self.input_ensembles) == 1 and len(self.output_ensembles) == 1:
            return InOutSet([
                InOut(
                    [((self.input_ensembles[0], self.output_ensembles[0], 0), 1)]
                )])
        else:
            # Fallback could be all possibilities, but for now we ask the user!
            raise NotImplementedError(
                'Please implement the in-out-matrix for this mover.')

    @property
    def in_out(self):
        """
        List the input -> output relation for ensembles

        A mover will pick one or more replicas from specific ensembles.
        Alter them (or not) and place these (or additional ones) in specific
        ensembles. This relation can be visualized as a mapping of input to
        output ensembles. Like

        ReplicaExchange
        ens1 -> ens2
        ens2 -> ens1

        EnsembleHop (A sample in ens1 will disappear and appear in ens2)
        ens1 -> ens2

        DuplicateMover (create a copy with a new replica number) Not used yet!
        ens1 -> ens1
        None -> ens1

        Returns
        -------
        list of list of tuple : (:obj:`openpathsampling.Ensemble`,
        :obj:`openpathsampling.Ensemble`)
            a list of possible lists of tuples of ensembles.

        Notes
        -----
        The default implementation will
        (1) in case of a single input and output connect the two,
        (2) return nothing if there are no out_ensembles and
        (3) for more then two require implementation
        """
        if self._inout is None:
            self._inout = self._generate_in_out()

        return self._inout

    def _ensemble_signature(self, as_set=False):
        """Return tuple form of (input_ensembles, output_ensembles).
        
        Useful for MoveScheme, e.g., identifying which movers should be
        removed as part of a replacement.
        """
        inp = tuple(self.input_ensembles)
        out = tuple(self.output_ensembles)
        if as_set:
            inp = set(inp)
            out = set(out)
        return inp, out

    @property
    def ensemble_signature(self):
        return self._ensemble_signature()

    @property
    def ensemble_signature_set(self):
        return self._ensemble_signature(as_set=True)

    @property
    def input_ensembles(self):
        """Return a list of possible used ensembles for this mover

        This list contains all Ensembles from which this mover might pick
        samples. This is very useful to determine on which ensembles a
        mover acts for analysis and sanity checking.

        Returns
        -------
        list of :class:`openpathsampling.Ensemble`
            the list of input ensembles
        """
        if self._in_ensembles is None:
            ensembles = self._get_in_ensembles()

            self._in_ensembles = list(set(self._flatten(ensembles)))

        return self._in_ensembles

    @property
    def output_ensembles(self):
        """Return a list of possible returned ensembles for this mover

        This list contains all Ensembles for which this mover might return
        samples. This is very useful to determine on which ensembles a
        mover affects in later steps for analysis and sanity checking.

        Returns
        -------
        list of Ensemble
            the list of output ensembles
        """

        if self._out_ensembles is None:
            ensembles = self._get_out_ensembles()

            self._out_ensembles = list(set(self._flatten(ensembles)))

        return self._out_ensembles

    def _get_in_ensembles(self):
        """Function that computes the list of input ensembles
        """
        return []

    def _get_out_ensembles(self):
        """Function that computes the list of output ensembles

        Default is the same as in_ensembles
        """
        return self._get_in_ensembles()

    @staticmethod
    def legal_sample_set(sample_set, ensembles=None, replicas='all'):
        """
        This returns all the samples from sample_set which are in both
        self.replicas and the parameter ensembles. If ensembles is None, we
        use self.ensembles. If you want all ensembles allowed, pass
        ensembles='all'.

        Parameters
        ----------
        sample_set : `openpathsampling.SampleSet`
            the sampleset from which to pick specific samples matching certain
            criteria
        ensembles : list of `openpathsampling.Ensembles`
            the ensembles to pick from
        replicas : list of int or `all`
            the replicas to pick or `'all'` for all
        """
        mover_replicas = sample_set.replica_list()

        if replicas == 'all':
            selected_replicas = sample_set.replica_list()
        else:
            selected_replicas = replicas

        reps = list(set(mover_replicas) & set(selected_replicas))
        rep_samples = []
        for rep in reps:
            rep_samples.extend(sample_set.all_from_replica(rep))

        # logger.debug("ensembles = " + str([ensembles]))
        # logger.debug("self.ensembles = " + str(self.ensembles))
        if ensembles is None:
            ensembles = 'all'

        if ensembles == 'all':
            legal_samples = rep_samples
        else:
            ens_samples = []
            if type(ensembles) is not list:
                ensembles = [ensembles]
            for ens in ensembles:
                # try:
                #     ens_samples.extend(sample_set.all_from_ensemble(ens[0]))
                # except TypeError:
                ens_samples.extend(sample_set.all_from_ensemble(ens))
            legal_samples = list(set(rep_samples) & set(ens_samples))

        return legal_samples

    @staticmethod
    def select_sample(sample_set, ensembles=None, replicas=None):
        """
        Returns one of the legal samples given self.replica and the ensemble
        set in ensembles.

        Parameters
        ----------
        sample_set : `openpathsampling.SampleSet`
            the sampleset from which to pick specific samples matching certain
            criteria
        ensembles : list of `openpathsampling.Ensembles` or `None`
            the ensembles to pick from or `None` for all
        replicas : list of int or None
            the replicas to pick or `None` for all

        """
        if replicas is None:
            replicas = 'all'

        logger.debug(
            "replicas: " + str(replicas) + " ensembles: " + repr(ensembles))
        legal = PathMover.legal_sample_set(sample_set, ensembles, replicas)
        for sample in legal:
            logger.debug(
                "legal: (" + str(sample.replica) +
                "," + str(sample.trajectory) +
                "," + repr(sample.ensemble) +
                ")")
        selected = random.choice(legal)
        logger.debug(
            "selected sample: (" + str(selected.replica) +
            "," + str(selected.trajectory) +
            "," + repr(selected.ensemble) +
            ")")
        return selected

    @abc.abstractmethod
    def move(self, sample_set):
        """
        Run the generation starting with the initial sample_set specified.

        Parameters
        ----------
        sample_set : SampleSet
            the initially used sampleset
        
        Returns
        -------        
        samples : MoveChange
            the MoveChange instance describing the change from the old to
            the new SampleSet

        """

        return paths.EmptyMoveChange()  # pragma: no cover

    def __str__(self):
        if self.name == self.__class__.__name__:
            return self.__repr__()
        else:
            return self.name


class IdentityPathMover(PathMover):
    """
    The simplest Mover that does nothing !

    Notes
    -----
    Since is does nothing it is considered rejected everytime!
    It can be used to test function of PathMover

    Parameters
    ----------
    counts_as_trial : bool
        Whether this mover should count as a trial or not. If `True`, the
        `EmptyMoveChange` returned includes this mover, which means it gets
        counted as a trial in analysis of acceptance. If `False` (default),
        the mover for the returned move change is `None`, which does not get
        counted as a trial.
    """
    def __init__(self, counts_as_trial=False):
        super(IdentityPathMover, self).__init__()
        self.counts_as_trial=counts_as_trial

    def move(self, sample_set):
        mover = self if self.counts_as_trial else None
        return paths.EmptyMoveChange(mover=mover)


###############################################################################
# GENERATORS
###############################################################################

class SampleMover(PathMover):
    def __init__(self):
        super(SampleMover, self).__init__()

    @classmethod
    def metropolis(cls, trials):
        """Implements the Metropolis acceptance for a list of trial samples

        The Metropolis uses the .bias for each sample and checks of samples
        are valid - are in the proposed ensemble. This will give an acceptance
        probability for all samples. If the product is smaller than a random
        number the change will be accepted.

        Parameters
        ----------
        trials : list of openpathsampling.Sample
            the list of all samples to be applied in a change.

        Returns
        -------
        bool
            True if the trial is accepted, False otherwise
        details : openpathsampling.MoveDetails
            Returns a MoveDetails object that contains information about the
            decision, i.e. total acceptance and random number

        """

        shoot_str = "MC in {cls} using samples {trials}"
        logger.info(shoot_str.format(cls=cls.__name__, trials=trials))

        trial_dict = dict()
        for trial in trials:
            trial_dict[trial.ensemble] = trial

        accepted = True
        probability = 1.0

        # TODO: This isn't right. `bias` should be associated with the 
        # change; not with each individual sample. ~~~DWHS
        for ens, sample in trial_dict.iteritems():
            valid = ens(sample.trajectory)
            if not valid:
                # one sample not valid reject
                accepted = False
                probability = 0.0
                break
            else:
                probability *= sample.bias

        rand = random.random()

        if rand > probability:
            # rejected
            accepted = False

        details = {
            'metropolis_acceptance': probability,
            'metropolis_random': rand
        }

        if accepted:
            result_str = "accepted"
        else:
            result_str = ("rejected. Acceptance probabilty "
                          + str(probability))

        logger.info("Trial was " + result_str)

        return accepted, details

    @property
    def submovers(self):
        # Movers do not have submovers!
        return []

    def _called_ensembles(self):
        """Function to determine which ensembles to pick samples from

        Returns
        -------
        list of Ensemble
            the list of ensembles. Samples can then be selected using
            PathMover.select_sample
        """

        # Default is that the list of ensembles is in self.ensembles
        return []

    def move(self, sample_set):
        # 1. pick a set of ensembles (in case we allow to pick several ones)
        ensembles = self._called_ensembles()

        # 2. pick samples from these ensembles
        samples = [self.select_sample(sample_set, ens) for ens in ensembles]

        try:
            # 3. pass these samples to the generator which might throw
            # engine specific exceptions if something goes wrong.
            # Most common should be `EngineNaNError` if nan is detected and
            # `EngineMaxLengthError`
            trials, call_details = self(*samples)

        except SampleNaNError as e:
            e.details.update({'rejection_reason': 'nan'})
            return paths.RejectedNaNSampleMoveChange(
                samples=e.trial_sample,
                mover=self,
                input_samples=samples,
                details=paths.MoveDetails(**e.details)
            )
        except SampleMaxLengthError as e:
            e.details.update({'rejection_reason': 'max_length'})
            return paths.RejectedMaxLengthSampleMoveChange(
                samples=e.trial_sample,
                mover=self,
                input_samples=samples,
                details=paths.Details(**e.details)
            )

        # 4. accept/reject
        accepted, acceptance_details = self._accept(trials)

        # update details
        kwargs = {}
        kwargs.update(call_details)
        kwargs.update(acceptance_details)

        details = MoveDetails(**kwargs)

        # 5. and return a PMC
        if accepted:
            return paths.AcceptedSampleMoveChange(
                samples=trials,
                mover=self,
                input_samples=samples,
                details=details
            )
        else:
            return paths.RejectedSampleMoveChange(
                samples=trials,
                mover=self,
                input_samples=samples,
                details=details
            )

    @abc.abstractmethod
    def __call__(self, *args):
        """Generate trial samples directly

        PathMovers can also be called directly with a list of samples that are
        then used to generate new samples. If the Mover is used as a move
        the move will first determine the input samples and then pass these to
        this function
        """

        # Default is that the original samples are returned
        return args

    def _accept(self, trials):
        """Function to determine the acceptance of a trial

        Defaults to calling the Metropolis acceptance criterion for all returned
        trial samples. Means all samples most be valid and accepted.
        """
        return self.metropolis(trials)


###############################################################################
# SHOOTING GENERATORS
###############################################################################

class EngineMover(SampleMover):
    """Baseclass for Movers that use an engine

    Notes
    -----

    A few comments for developers working with subclasses of
    ``EngineMover``: This class is intended to do most of the grunt work for
    a wide range of possible engine-based needs. Remember that your
    ``selector`` can select first or final points, e.g., to extend a move.
    In order to help you find your way through the ``EngineMover`` code,
    here is an overview of what various private methods do:

    * ``__call__``: Creates the trial. Two steps: (1) make the trajectory;
      (2) assemble a sample to return
    * ``_build_sample``: assembles the final sample
    * ``_make_forward_trajectory``/``_make_backward_trajectory``: creates
      the actual trajectory, using :class:`.PrefixTrajectoryEnsemble` or
      :class:`.SuffixTrajectoryEnsemble` to ensure reasonable behavior (see
      below for further discussion)
    * ``._run``: this is what is called by ``__call__``, and it in turn
      calls the functions to make the trajectories (depending on the nature
      of the mover). Frequently, this is the only thing to override (two-way
      shooting, shifting).
    """

    default_engine = None
    reject_max_length = True

    # this will store the engine attribute for all subclasses as well
    _included_attr = ['_engine']

    def __init__(self, ensemble, target_ensemble, selector, engine=None):
        super(EngineMover, self).__init__()
        self.selector = selector
        self.ensemble = ensemble
        self.target_ensemble = target_ensemble
        self._engine = engine

    def to_dict(self):
        dct = super(EngineMover, self).to_dict()
        dct['engine'] = self.engine
        return dct

    @property
    def engine(self):
        if self._engine is not None:
            return self._engine
        else:
            return self.default_engine

    @engine.setter
    def engine(self, engine):
        self._engine = engine

    def _called_ensembles(self):
        return [self.ensemble]

    def _get_in_ensembles(self):
        return [self.ensemble]

    def _get_out_ensembles(self):
        return [self.target_ensemble]

    def __call__(self, input_sample):
        initial_trajectory = input_sample.trajectory
        shooting_index = self.selector.pick(initial_trajectory)

        try:
            trial_trajectory, run_details = self._run(initial_trajectory,
                                                      shooting_index)

        except paths.engines.EngineNaNError as e:
            trial, details = self._build_sample(
                input_sample, shooting_index, e.last_trajectory, 'nan')

            raise SampleNaNError('Sample with NaN', trial, details)

        except paths.engines.EngineMaxLengthError as e:
            trial, details = self._build_sample(
                input_sample, shooting_index, e.last_trajectory, 'max_length')

            if EngineMover.reject_max_length:
                raise SampleMaxLengthError('Sample with MaxLength', trial, details)

        else:
            trial, details = self._build_sample(
                input_sample, shooting_index, trial_trajectory)

        trials = [trial]
        details.update(run_details)

        return trials, details

    def _build_sample(
            self,
            input_sample,
            shooting_index,
            trial_trajectory,
            stopping_reason=None
            ):

        initial_trajectory = input_sample.trajectory

        if stopping_reason is None:
            bias = self.selector.probability_ratio(
                initial_trajectory[shooting_index],
                initial_trajectory,
                trial_trajectory
            )
        else:
            bias = 0.0

        # temporary test to make sure nothing went weird
        # old_bias = initial_point.sum_bias / trial_point.sum_bias
        # assert(abs(bias - old_bias) < 10e-6)
        # assert(initial_trajectory[shooting_index] in trial_trajectory)

        # we need to save the initial
        trial_details = {
            'initial_trajectory': initial_trajectory,
            'shooting_snapshot': initial_trajectory[shooting_index]
        }

        if stopping_reason is not None:
            trial_details['stopping_reason'] = stopping_reason

        trial = paths.Sample(
            replica=input_sample.replica,
            trajectory=trial_trajectory,
            ensemble=self.target_ensemble,
            parent=input_sample,
            mover=self,
            bias=bias
        )

        return trial, trial_details

    def _make_forward_trajectory(self, trajectory, shooting_index):
        initial_snapshot = trajectory[shooting_index]  # .copy()
        run_f = paths.PrefixTrajectoryEnsemble(self.target_ensemble,
                                               trajectory[0:shooting_index]
                                              ).can_append
        partial_trajectory = self.engine.generate(initial_snapshot,
                                                  running=[run_f])
        trial_trajectory = (trajectory[0:shooting_index] +
                            partial_trajectory)
        return trial_trajectory

    def _make_backward_trajectory(self, trajectory, shooting_index):
        initial_snapshot = trajectory[shooting_index].reversed  # _copy()
        run_f = paths.SuffixTrajectoryEnsemble(self.target_ensemble,
                                               trajectory[shooting_index + 1:]
                                              ).can_prepend
        partial_trajectory = self.engine.generate(initial_snapshot,
                                                  running=[run_f])
        trial_trajectory = (partial_trajectory.reversed +
                            trajectory[shooting_index + 1:])
        return trial_trajectory

    # direction is an abstract property to disallow instantiation
    # of the EngineMover unless we use a concrete subclass that sets this.
    # This is not super elegant but is the way to do it with abstract classes

    @abc.abstractproperty
    def direction(self):
        return 'unknown'

    def _run(self, trajectory, shooting_index):
        """Takes initial trajectory and shooting point; return trial
        trajectory"""
        shoot_str = "Running {sh_dir} from frame {fnum} in [0:{maxt}]"
        logger.info(shoot_str.format(
            fnum=shooting_index,
            maxt=len(trajectory) - 1,
            sh_dir=self.direction
        ))

        if self.direction == "forward":
            trial_trajectory = self._make_forward_trajectory(
                trajectory, shooting_index
            )
        elif self.direction == "backward":
            trial_trajectory = self._make_backward_trajectory(
                trajectory, shooting_index
            )
        else:
            raise RuntimeError("Unknown direction: " + str(self.direction))

        return trial_trajectory, {}


class ForwardShootMover(EngineMover):
    """A forward shooting sample generator
    """

    def __init__(self, ensemble, selector, engine=None):
        super(ForwardShootMover, self).__init__(
            ensemble=ensemble,
            target_ensemble=ensemble,
            selector=selector,
            engine=engine
        )

    @property
    def direction(self):
        return 'forward'


class BackwardShootMover(EngineMover):
    """A Backward shooting generator
    """

    def __init__(self, ensemble, selector, engine=None):
        super(BackwardShootMover, self).__init__(
            ensemble=ensemble,
            target_ensemble=ensemble,
            selector=selector,
            engine=engine
        )

    @property
    def direction(self):
        return 'backward'


class ForwardExtendMover(EngineMover):
    """
    A Sample Mover implementing Forward Extension
    """
    _direction = "forward"

    def __init__(self, ensemble, target_ensemble, engine=None):
        super(ForwardExtendMover, self).__init__(
            ensemble=ensemble,
            target_ensemble=target_ensemble,
            selector=paths.FinalFrameSelector(),
            engine=engine
        )

    @property
    def direction(self):
        return 'forward'


class BackwardExtendMover(EngineMover):
    """
    A Sample Mover implementing Backward Extension
    """
    _direction = "backward"

    def __init__(self, ensemble, target_ensemble, engine=None):
        super(BackwardExtendMover, self).__init__(
            ensemble=ensemble,
            target_ensemble=target_ensemble,
            selector=paths.FirstFrameSelector(),
            engine=engine
        )

    @property
    def direction(self):
        return 'backward'


###############################################################################
# REPLICA EXCHANGE GENERATORS
###############################################################################

class ReplicaExchangeMover(SampleMover):
    """
    A Sample Mover implementing a standard Replica Exchange
    """
    _is_ensemble_change_mover = True

    def __init__(self, ensemble1, ensemble2, bias=None):
        """
        Parameters
        ----------
        ensemble1 : openpathsampling.Ensemble
            one of the ensemble between to make the repex move
        ensemble2 : openpathsampling.Ensemble
            one of the ensemble between to make the repex move
        bias : list of float
            bias is not used yet

        """
        # either replicas or ensembles must be a list of pairs; more
        # complicated filtering can be done with a wrapper class
        super(ReplicaExchangeMover, self).__init__()
        # TODO: add support for bias; cf EnsembleHopMover
        self.bias = bias
        self.ensemble1 = ensemble1
        self.ensemble2 = ensemble2

        initialization_logging(logger=init_log, obj=self,
                               entries=['bias', 'ensemble1', 'ensemble2'])

    def _called_ensembles(self):
        return [self.ensemble1, self.ensemble2]

    def _get_in_ensembles(self):
        return [self.ensemble1, self.ensemble2]

    def _get_out_ensembles(self):
        return [self.ensemble1, self.ensemble2]

    def _generate_in_out(self):
        return InOutSet([
            InOut([
                ((self.ensemble1, self.ensemble2, 1 * InOut._use_move_type), 1),
                ((self.ensemble2, self.ensemble1, 1 * InOut._use_move_type), 1)
            ])
        ])

    def __call__(self, sample1, sample2):
        # convert sample to the language used here before
        trajectory1 = sample1.trajectory
        trajectory2 = sample2.trajectory
        ensemble1 = sample1.ensemble
        ensemble2 = sample2.ensemble
        replica1 = sample1.replica
        replica2 = sample2.replica

        from1to2 = ensemble2(trajectory1)
        logger.debug("trajectory " + repr(trajectory1) +
                     " into ensemble " + repr(ensemble2) +
                     " : " + str(from1to2))
        from2to1 = ensemble1(trajectory2)
        logger.debug("trajectory " + repr(trajectory2) +
                     " into ensemble " + repr(ensemble1) +
                     " : " + str(from2to1))

        trial1 = paths.Sample(
            replica=replica1,
            trajectory=trajectory1,
            ensemble=ensemble2,
            parent=sample1,
            mover=self
        )
        trial2 = paths.Sample(
            replica=replica2,
            trajectory=trajectory2,
            ensemble=ensemble1,
            parent=sample2,
            mover=self
        )

        return [trial1, trial2], {}


class StateSwapMover(SampleMover):
    def __init__(self, ensemble1, ensemble2, bias=None):
        """
        A move to swap states for state changing samples

        This does a replica exchange with prededing PathReversal and
        will only succeed if initial and final state are different

        Parameters
        ----------
        ensemble1 : openpathsampling.Ensemble
            one of the ensemble between to make the swap move
        ensemble2 : openpathsampling.Ensemble
            one of the ensemble between to make the swap move
        bias : list of float
            bias is not used yet

        Notes
        -----
        So, if ensemble1 goes from A to B, then ensemble2 must go from B to A.
        """
        # either replicas or ensembles must be a list of pairs; more
        # complicated filtering can be done with a wrapper class
        super(StateSwapMover, self).__init__()
        self.bias = bias
        self.ensemble1 = ensemble1
        self.ensemble2 = ensemble2

        initialization_logging(logger=init_log, obj=self,
                               entries=['bias', 'ensemble1', 'ensemble2'])

    def _called_ensembles(self):
        return [self.ensemble1, self.ensemble2]

    def _get_in_ensembles(self):
        return [self.ensemble1, self.ensemble2]

    def _get_out_ensembles(self):
        return [self.ensemble1, self.ensemble2]

    def _generate_in_out(self):
        return InOutSet([
            InOut([
                ((self.ensemble1, self.ensemble2, -1 * InOut._use_move_type), 1),
                ((self.ensemble2, self.ensemble1, -1 * InOut._use_move_type), 1)
            ])
        ])

    def __call__(self, sample1, sample2):
        # convert sample to the language used here before

        # it is almost a RepEx move but the two trajectories are reversed
        trajectory1 = sample1.trajectory.reversed
        trajectory2 = sample2.trajectory.reversed
        ensemble1 = sample1.ensemble
        ensemble2 = sample2.ensemble
        replica1 = sample1.replica
        replica2 = sample2.replica

        from1to2 = ensemble2(trajectory1)
        logger.debug("trajectory " + repr(trajectory1) +
                     " into ensemble " + repr(ensemble2) +
                     " : " + str(from1to2))
        from2to1 = ensemble1(trajectory2)
        logger.debug("trajectory " + repr(trajectory2) +
                     " into ensemble " + repr(ensemble1) +
                     " : " + str(from2to1))

        trial1 = paths.Sample(
            replica=replica1,
            trajectory=trajectory1,
            ensemble=ensemble2,
            parent=sample1,
            mover=self
        )
        trial2 = paths.Sample(
            replica=replica2,
            trajectory=trajectory2,
            ensemble=ensemble1,
            parent=sample2,
            mover=self
        )

        return [trial1, trial2], {}


###############################################################################
# SUBTRAJECTORY GENERATORS
###############################################################################

class SubtrajectorySelectMover(SampleMover):
    """
    Picks a subtrajectory satisfying the given subensemble.

    If there are no subtrajectories which satisfy the subensemble, this
    returns the zero-length trajectory.

    Attributes
    ----------
    ensemble : openpathsampling.Ensemble
        the set of allows samples to chose from
    sub_ensemble : openpathsampling.Ensemble
        the subensemble to be searched for
    n_l : int or None
        the number of subtrajectories that need to be found. If
        `None` every number of subtrajectories > 0 is okay.
        Otherwise the move is only accepted if exactly n_l subtrajectories
        are found.

    """

    _is_ensemble_change_mover = True

    def __init__(self, ensemble, sub_ensemble, n_l=None):
        super(SubtrajectorySelectMover, self).__init__(
        )
        self.n_l = n_l
        self.ensemble = ensemble
        self.sub_ensemble = sub_ensemble

    def _called_ensembles(self):
        return [self.ensemble]

    def _get_in_ensembles(self):
        return [self.ensemble]

    def _get_out_ensembles(self):
        return [self.sub_ensemble]

    @abc.abstractmethod
    def _choose(self, trajectory_list):
        return [], {}

    def __call__(self, trial):
        initial_trajectory = trial.trajectory
        replica = trial.replica
        logger.debug(
            "Working with replica " + str(replica) +
            " (" + str(initial_trajectory) + ")")

        subtrajs = self.sub_ensemble.split(initial_trajectory)
        logger.debug("Found " + str(len(subtrajs)) + " subtrajectories.")

        if (self.n_l is None and len(subtrajs) > 0) or \
                (self.n_l is not None and len(subtrajs) == self.n_l):
            subtraj, selection_details = self._choose(subtrajs)

            bias = 1.0

            trial = paths.Sample(
                replica=replica,
                trajectory=subtraj,
                ensemble=self.sub_ensemble,
                parent=trial,
                mover=self,
                bias=bias
            )

            trials = [trial]
        else:
            trials = []
            selection_details = {}

        return trials, selection_details


class RandomSubtrajectorySelectMover(SubtrajectorySelectMover):
    """
    Samples a random subtrajectory satisfying the given subensemble.

    If there are no subtrajectories which satisfy the subensemble, this
    returns the zero-length trajectory.

    Attributes
    ----------
    ensemble : openpathsampling.Ensemble
        the set of allows samples to chose from
    sub_ensemble : openpathsampling.Ensemble
        the subensemble to be searched for
    n_l : int or None
        the number of subtrajectories that need to be found. If
        `None` every number of subtrajectories > 0 is okay.
        Otherwise the move is only accepted if exactly n_l subtrajectories
        are found.

    """

    def _choose(self, trajectory_list):
        return random.choice(trajectory_list), {}


class FirstSubtrajectorySelectMover(SubtrajectorySelectMover):
    """
    Samples the first subtrajectory satifying the given subensemble.

    If there are no subtrajectories which satisfy the ensemble, this returns
    the zero-length trajectory.

    Attributes
    ----------
    ensemble : openpathsampling.Ensemble
        the set of allows samples to chose from
    sub_ensemble : openpathsampling.Ensemble
        the subensemble to be searched for
    n_l : int or None
        the number of subtrajectories that need to be found. If
        `None` every number of subtrajectories > 0 is okay.
        Otherwise the move is only accepted if exactly n_l subtrajectories
        are found.

    """

    def _choose(self, trajectory_list):
        return trajectory_list[0], {}


class FinalSubtrajectorySelectMover(SubtrajectorySelectMover):
    """
    Samples the final subtrajectory satifying the given subensemble.

    If there are no subtrajectories which satisfy the ensemble, this returns
    the zero-length trajectory.

    Attributes
    ----------
    ensemble : openpathsampling.Ensemble
        the set of allows samples to chose from
    sub_ensemble : openpathsampling.Ensemble
        the subensemble to be searched for
    n_l : int or None
        the number of subtrajectories that need to be found. If
        `None` every number of subtrajectories > 0 is okay.
        Otherwise the move is only accepted if exactly n_l subtrajectories
        are found.

    """

    def _choose(self, trajectory_list):
        return trajectory_list[-1], {}


###############################################################################
# REVERSAL GENERATOR
###############################################################################

class PathReversalMover(SampleMover):
    def __init__(self, ensemble):
        """
        Parameters
        ----------
        ensemble : openpathsampling.Ensemble
            the specific ensemble to be reversed in
        """
        super(PathReversalMover, self).__init__()
        self.ensemble = ensemble

    def _called_ensembles(self):
        return [self.ensemble]

    def _get_in_ensembles(self):
        return [self.ensemble]

    def _generate_in_out(self):
        return InOutSet([
            InOut([
                ((self.ensemble, self.ensemble, -1 * InOut._use_move_type), 1)
            ])
        ])

    def __call__(self, trial):
        trajectory = trial.trajectory
        ensemble = trial.ensemble
        replica = trial.replica

        reversed_trajectory = trajectory.reversed

        valid = ensemble(reversed_trajectory)
        logger.info("PathReversal move accepted: " + str(valid))

        bias = 1.0

        trial = paths.Sample(
            replica=replica,
            trajectory=reversed_trajectory,
            ensemble=ensemble,
            mover=self,
            parent=trial,
            bias=bias
        )

        return [trial], {}


class EnsembleHopMover(SampleMover):
    _is_ensemble_change_mover = True

    def __init__(
            self, ensemble, target_ensemble, change_replica=None, bias=None):
        """
        A Mover that allows the change between ensembles.

        Parameters
        ----------
        ensemble : openpathsampling.Ensemble
            the initial ensemble to be jumped from
        target_ensemble : openpathsampling.Ensemble
            the final ensemble to be jumped to
        change_replica : int of None
            if None the replica id of the chosen sample will not be changed.
            Otherwise the replica id will be set to change_replica. This is
            useful when hoping to ensembles to create a new replica.
        bias : float, dict or None (default)
            gives the bias of accepting (not proposing) a hop. A float will
            be the acceptance for all possible attempts. If a dict is given,
            then it contains a list of ensembles and a matrix. None means
            no bias

        Notes
        -----
        The bias dict has the following form :

            .. code-block:: python

                {
                    'ensembles' : [ens_1, ens_2, ens_n],
                    'values' : np.array((n,n))
                }

        The numpy array contains all the acceptance probabilties. If possible
        a HopMover should (as all movers) be used for only a specific hop and
        not multiple ones.
        """
        super(EnsembleHopMover, self).__init__()
        # ensembles -- another version might take a value for each ensemble,
        # and use the ratio; this latter is better for CITIS
        self.ensemble = ensemble
        self.target_ensemble = target_ensemble
        self.bias = bias
        self.change_replica = change_replica

        initialization_logging(
            logger=init_log,
            obj=self,
            entries=['bias']
        )

    def _called_ensembles(self):
        return [self.ensemble]

    @property
    def submovers(self):
        return []

    def _get_in_ensembles(self):
        return [self.ensemble]

    def _get_out_ensembles(self):
        return [self.target_ensemble]

    def __call__(self, rep_sample):
        ens_from = self.ensemble
        ens_to = self.target_ensemble

        logger.debug("Selected sample: " + repr(rep_sample))
        replica = rep_sample.replica

        if self.change_replica is not None:
            replica = self.change_replica

        logger.info(
            "Attempting ensemble hop from {e1} to {e2} replica ID {rid}".format(
                e1=repr(ens_from), e2=repr(ens_to), rid=repr(replica)))

        trajectory = rep_sample.trajectory
        logger.debug("  selected replica: " + str(replica))
        logger.debug("  initial ensemble: " + repr(rep_sample.ensemble))

        logger.info("Hop starts from legal ensemble: "+str(ens_from(trajectory)))
        logger.info("Hop ends in legal ensemble: "+str(ens_to(trajectory)))


        # TODO: remove this and generalize!!!
        if type(self.bias) is float:
            bias = self.bias
            logger.info("Using fixed bias " + str(bias))
        elif type(self.bias) is dict:
            # special dict
            ens = self.bias['ensembles']
            e1 = ens.index(ens_from)
            e2 = ens.index(ens_to)
            bias = float(self.bias['values'][e1, e2])
            logger.info("Using dict bias " + str(bias))
        else:
            bias = 1.0
            logger.info("Using default bias: self.bias == " + str(self.bias))

        trial = paths.Sample(
            replica=replica,
            trajectory=trajectory,
            ensemble=ens_to,
            mover=self,
            parent=rep_sample,
            bias=bias
        )

        details = {
            'initial_ensemble': ens_from,
            'trial_ensemble': ens_to,
            'bias': bias
        }

        return [trial], details


# ****************************************************************************
#  SELECTION MOVERS
# ****************************************************************************

class SelectionMover(PathMover):
    """
    A general mover that selects a single mover from a set of possibilities

    This is a basic class for all sorts of selectors, like RandomChoice,
    RandomAllowedChoice. The way it works is to generate a list of weights
    and pick a random one using the weights. This is as general as possible
    and is chosen because it also allows to store the possibilities in a
    general way for better comparison

    Attributes
    ----------
    movers : list of openpathsampling.PathMover
        the PathMovers to choose from
    """

    def __init__(self, movers):
        super(SelectionMover, self).__init__()

        self.movers = movers

        initialization_logging(init_log, self,
                               entries=['movers'])

    @property
    def submovers(self):
        return self.movers

    @property
    def is_ensemble_change_mover(self):
        if self._is_ensemble_change_mover is not None:
            return self._is_ensemble_change_mover
        sub_change = False
        for mover in self.movers:
            if mover.is_ensemble_change_mover:
                sub_change = True
                break
        return sub_change

    def _generate_in_out(self):
        return InOutSet(set.union(*[sub.in_out for sub in self.submovers]))

    def _get_in_ensembles(self):
        return [sub.input_ensembles for sub in self.submovers]

    def _get_out_ensembles(self):
        return [sub.output_ensembles for sub in self.submovers]

    @abc.abstractmethod
    def _selector(self, sample_set):
        pass

    def move(self, sample_set):
        weights = self._selector(sample_set)

        rand = np.random.random() * sum(weights)

        idx = 0
        prob = weights[0]
        logger.debug(self.name + " " + str(weights))
        while prob <= rand and idx < len(weights):
            idx += 1
            try:
                prob += weights[idx]
            except IndexError as e:
                msg = ("Attempted to get index " + str(idx) + " from " +
                       str(repr(weights)) + ": ")
                e.args = tuple([msg + e.args[0]] + list(e.args[1:]))
                raise

        logger_str = "{name} ({cls}) selecting {mtype} (index {idx})"
        logger.info(logger_str.format(
            name=self.name,
            cls=self.__class__.__name__,
            idx=idx,
            mtype=self.movers[idx].name
        ))

        mover = self.movers[idx]

        kwargs = {
            'choice': idx,
            'chosen_mover': mover,
            'probability': weights[idx] / sum(weights),
            'weights': weights
        }

        details = MoveDetails(**kwargs)

        path = paths.RandomChoiceMoveChange(
            mover.move(sample_set),
            mover=self,
            details=details
        )

        return path


class RandomChoiceMover(SelectionMover):
    """
    Chooses a random mover from its movers list, and runs that move. Returns
    the number of samples the submove return.

    For example, this would be used to select a specific replica exchange
    such that each replica exchange is its own move, and which swap is
    selected at random.

    Attributes
    ----------
    movers : list of PathMover
        the PathMovers to choose from
    weights : list of floats
        the relative weight of each PathMover (does not need to be normalized)
    """

    def __init__(self, movers, weights=None):
        super(RandomChoiceMover, self).__init__(movers)

        if weights is None:
            weights = [1.0] * len(movers)

        self.movers = movers
        self.weights = weights

        initialization_logging(init_log, self,
                               entries=['weights'])

    def _selector(self, sample_set):
        return self.weights


class RandomAllowedChoiceMover(RandomChoiceMover):
    """
    Chooses a random mover from its movers which have existing samples.

    This is different from random choice moves in that this mover only picks
    from sub movers that actually can succeed because they have samples in all
    required input_ensembles

    Attributes
    ----------
    movers : list of PathMover
        the PathMovers to choose from
    weights : list of floats
        the relative weight of each PathMover (does not need to be normalized)
    """

    def _selector(self, sample_set):
        if self.weights is None:
            weights = [1.0] * len(self.movers)
        else:
            weights = list(self.weights)  # make a copy

        # this is implemented by setting all weights locally to zero that
        # correspond to movers that will potentially fail since the required
        # input ensembles are not present in the sample_set

        present_ensembles = sample_set.ensembles

        for idx, mover in enumerate(self.movers):
            for ens in mover.input_ensembles:
                if ens not in present_ensembles:
                    # ens might be required but is not present
                    weights[idx] = 0.0

        return weights


class FirstAllowedMover(SelectionMover):
    """
    Chooses a first mover that has samples in all required ensembles.

    A mover can only safely be run, if all inputs can be satisfied.
    This will pick the first mover from the list where all ensembles
    from input_ensembles are found.

    Attributes
    ----------
    movers : list of PathMover
        the PathMovers to choose from
    weights : list of floats
        the relative weight of each PathMover (does not need to be normalized)

    """

    def _selector(self, sample_set):
        weights = [1.0] * len(self.movers)

        present_ensembles = sample_set.ensembles

        found = False

        for idx, mover in enumerate(self.movers):
            if not found:
                for ens in mover.input_ensembles:
                    if ens not in present_ensembles:
                        # ens might be required but is not present
                        weights[idx] = 0.0

                if weights[idx] > 0.0:
                    found = True
            else:
                weights[idx] = 0.0

        return weights


class LastAllowedMover(SelectionMover):
    """
    Chooses the last mover that has samples in all required ensembles.

    A mover can only safely be run, if all inputs can be satisfied.
    This will pick the last mover from the list where all ensembles
    from input_ensembles are found.

    Attributes
    ----------
    movers : list of PathMover
        the PathMovers to choose from
    weights : list of floats
        the relative weight of each PathMover (does not need to be normalized)

    """

    def _selector(self, sample_set):
        weights = [1.0] * len(self.movers)

        present_ensembles = sample_set.ensembles

        found = False

        for idx, mover in reversed(list(enumerate(self.movers))):
            if not found:
                for ens in mover.input_ensembles:
                    if ens not in present_ensembles:
                        # ens might be required but is not present
                        weights[idx] = 0.0

                if weights[idx] > 0.0:
                    found = True
            else:
                weights[idx] = 0.0

        return weights


class ConditionalMover(PathMover):
    """
    An if-then-else structure for PathMovers.

    Returns a SequentialMoveChange of the if_move movepath and the then_move
    movepath (if if_move is accepted) or the else_move movepath (if if_move
    is rejected).
    """

    def __init__(self, if_mover, then_mover, else_mover):
        """
        Parameters
        ----------
        if_mover : openpathsampling.PathMover
        then_mover : openpathsampling.PathMover
        else_mover : openpathsampling.PathMover
        """
        super(ConditionalMover, self).__init__()
        self.if_mover = if_mover
        self.then_mover = then_mover
        self.else_mover = else_mover
        initialization_logging(init_log, self,
                               ['if_mover', 'then_mover', 'else_mover'])

    def _generate_in_out(self):
        return InOutSet({
            self.if_mover.in_out + self.then_mover.in_out
        } | {
            self.if_mover.in_out + self.else_mover.in_out
        })

    def sub_replica_state(self, replica_states):
        if_replica_states = self.if_mover.in_out.move(replica_states)
        return [
            if_replica_states,
            self.then_mover.in_out.move(if_replica_states),
            self.else_mover.in_out.move(if_replica_states),
        ]

    @property
    def submovers(self):
        return [self.if_mover, self.then_mover, self.else_mover]

    def _get_in_ensembles(self):
        return [sub.input_ensembles for sub in self.submovers]

    def _get_out_ensembles(self):
        return [sub.output_ensembles for sub in self.submovers]

    def move(self, sample_set):
        subglobal = sample_set

        ifclause = self.if_mover.move(subglobal)
        samples = ifclause.results
        subglobal = subglobal.apply_samples(samples)

        if ifclause.accepted:
            if self.then_mover is not None:
                resultclause = self.then_mover.move(subglobal)
            else:
                resultclause = paths.EmptyMoveChange()
        else:
            if self.else_mover is not None:
                resultclause = self.else_mover.move(subglobal)
            else:
                resultclause = paths.EmptyMoveChange()

        return paths.SequentialMoveChange([ifclause, resultclause], mover=self)


class SequentialMover(PathMover):
    """
    Performs each of the moves in its movers list. Returns all samples
    generated, in the order of the mover list.

    For example, this would be used to create a move that does a sequence of
    replica exchanges in a given order, regardless of whether the moves
    succeed or fail.
    """

    def __init__(self, movers):
        """
        Parameters
        ----------
        movers : list of openpathsampling.PathMover
            the list of pathmovers to be run in sequence
        """
        super(SequentialMover, self).__init__()
        self.movers = movers
        initialization_logging(init_log, self, ['movers'])

    @property
    def submovers(self):
        return self.movers

    @property
    def is_ensemble_change_mover(self):
        if self._is_ensemble_change_mover is not None:
            return self._is_ensemble_change_mover
        sub_change = False
        for mover in self.movers:
            if mover.is_ensemble_change_mover:
                sub_change = True
                break
        return sub_change

    def _generate_in_out(self):
        total = self.submovers[0].in_out

        for pp in range(1, len(self.submovers)):
            new_pos = self.submovers[pp].in_out
            total = InOutSet(set.union(*[
                total,
                InOutSet(
                    sum([total, new_pos], InOutSet())
                ),
                new_pos
            ]))

        return total

    def sub_replica_state(self, replica_states):
        ret = list()
        ret.append(replica_states)
        for sub in self.submovers[:-1]:
            replica_states = sub.in_out.move(replica_states)
            ret.append(replica_states)

        return ret

    def _get_in_ensembles(self):
        return [sub.input_ensembles for sub in self.submovers]

    def _get_out_ensembles(self):
        return [sub.output_ensembles for sub in self.submovers]

    def move(self, sample_set):
        logger.debug("Starting sequential move")

        subglobal = sample_set
        movechanges = []

        for mover in self.movers:
            logger.debug("Starting sequential move step " + str(mover))

            # Run the sub mover
            movepath = mover.move(subglobal)
            samples = movepath.results
            subglobal = subglobal.apply_samples(samples)
            movechanges.append(movepath)

        return paths.SequentialMoveChange(movechanges, mover=self)


class PartialAcceptanceSequentialMover(SequentialMover):
    """
    Performs each move in its movers list until complete or until one is not
    accepted. If any move is not accepted, further moves are not attempted,
    but the previous accepted samples remain accepted.

    For example, this would be used to create a bootstrap promotion move,
    which starts with a shooting move, followed by an EnsembleHop/Replica
    promotion ConditionalSequentialMover. Even if the EnsembleHop fails, the
    accepted shooting move should be accepted.
    """

    def _generate_in_out(self):
        total = self.submovers[0].in_out

        for pp in range(1, len(self.submovers)):
            new_pos = self.submovers[pp].in_out
            total = InOutSet(set.union(*[
                total,
                InOutSet(
                    sum([total, new_pos], InOutSet())
                )
            ]))

        return total

    def move(self, sample_set):
        logger.debug("==== BEGINNING " + self.name + " ====")
        subglobal = paths.SampleSet(sample_set)
        movechanges = []
        for mover in self.movers:
            logger.info(str(self.name)
                        + " starting mover index " + str(self.movers.index(mover))
                        + " (" + mover.name + ")"
                       )
            # Run the sub mover
            movepath = mover.move(subglobal)
            samples = movepath.results
            subglobal = subglobal.apply_samples(samples)
            movechanges.append(movepath)
            if not movepath.accepted:
                break

        logger.debug("==== FINISHING " + self.name + " ====")
        return paths.PartialAcceptanceSequentialMoveChange(
            movechanges, mover=self)


class ConditionalSequentialMover(SequentialMover):
    """
    Performs each move in its movers list until complete or until one is not
    accepted. If any move in not accepted, all previous samples are updated
    to have set their acceptance to False.

    For example, this would be used to create a minus move, which consists
    of first a replica exchange and then a shooting (extension) move. If the
    replica exchange fails, the move is aborted before doing the dynamics.

    ConditionalSequentialMover only works if there is a *single* active
    sample per replica.
    """

    def _generate_in_out(self):
        return InOutSet(sum([sub.in_out for sub in self.submovers], InOutSet()))

    def move(self, sample_set):
        logger.debug("Starting conditional sequential move")

        subglobal = sample_set
        movechanges = []

        for mover in self.movers:
            logger.debug("Starting sequential move step " + str(mover))

            # Run the sub mover
            movepath = mover.move(subglobal)
            samples = movepath.results
            subglobal = subglobal.apply_samples(samples)
            movechanges.append(movepath)

            if not movepath.accepted:
                break

        return paths.ConditionalSequentialMoveChange(
            movechanges, mover=self)


# class ReplicaIDChangeMover(PathMover):
#     """
#     Changes the replica ID for a path.
#     """
#
#     def __init__(self, replica_pair):
#         super(ReplicaIDChangeMover, self).__init__()
#         self.replica_pair = replica_pair
#         initialization_logging(logger=init_log, obj=self,
#                                entries=['replica_pairs'])
#
#     def move(self, sample_set):
#         rep_from = self.replica_pair[0]
#         rep_to = self.replica_pair[1]
#         rep_sample = self.select_sample(sample_set,
#                                         replicas=rep_from)
#
#         logger.info(
#             "Creating new sample from replica ID " + str(rep_from) +
#             " and putting it in replica ID " + str(rep_to))
#
#         # note: currently this clones into a new replica ID. We might later
#         # want to kill the old replica ID (and possibly rename this mover).
#
#         new_sample = paths.Sample(
#             replica=rep_to,
#             ensemble=rep_sample.ensemble,
#             trajectory=rep_sample.trajectory,
#             parent=rep_sample,
#             mover=self
#         )
#
#         # Can be used to remove the old sample. Not used yet!
#         # kill_sample = paths.Sample(
#         #     replica=rep_from,
#         #     trajectory=None,
#         #     ensemble=rep_sample.ensemble,
#         #     parent=None,
#         #     mover=self
#         # )
#
#         kwargs = {
#             'rep_from': rep_from,
#             'rep_to': rep_to
#         }
#
#         details = MoveDetails(**kwargs)
#
#         return paths.AcceptedSampleMoveChange(
#             samples=[new_sample],
#             mover=self,
#             input_samples=[rep_sample],
#             details=details
#         )


class SubPathMover(PathMover):
    """Mover that delegates to a single submover
    """

    def __init__(self, mover):
        """
        Parameters
        ----------
        mover : :class:`openpathsampling.PathMover`
            the submover to be delegated to
        """
        super(SubPathMover, self).__init__()
        self.mover = mover

    @property
    def submovers(self):
        return [self.mover]

    @property
    def is_ensemble_change_mover(self):
        return self.mover.is_ensemble_change_mover

    def _get_in_ensembles(self):
        return self.mover.input_ensembles

    def _get_out_ensembles(self):
        return self.mover.output_ensembles

    def _generate_in_out(self):
        return self.mover.in_out

    def sub_replica_state(self, replica_states):
        return [replica_states]

    def move(self, sample_set):
        subchange = self.mover.move(sample_set)
        change = paths.SubMoveChange(
            subchange=subchange,
            mover=self
        )
        return change


class EnsembleFilterMover(SubPathMover):
    """Mover that return only samples from specified ensembles
    """

    def __init__(self, mover, ensembles):
        """
        Parameters
        ----------
        mover : :class:`openpathsampling.PathMover`
            the submover to be delegated to
        ensembles : nested list of :class:`openpathsampling.Ensemble` or None
            the ensemble specification
        """
        super(EnsembleFilterMover, self).__init__(mover)
        self.ensembles = ensembles

        if not set(self.mover.output_ensembles) & set(self.ensembles):
            # little sanity check, if the underlying move will be removed by the
            # filter throw a warning
            raise ValueError(
                'Your filter removes the underlying move completely. ' +
                'Please check your ensembles and submovers!')

    def move(self, sample_set):
        # TODO: This will only pass filtered samples. We might split
        # this into an separate input and output filter if only one
        # side is needed

        filtered_globalstate = paths.SampleSet([
            samp for samp in sample_set if samp.ensemble in self.ensembles
        ])
        subchange = self.mover.move(filtered_globalstate)
        change = paths.FilterByEnsembleMoveChange(
            subchange=subchange,
            mover=self
        )
        return change

    def _get_in_ensembles(self):
        # only filter the output, not the input
        # return self.mover.input_ensembles
        return self.ensembles

    def _get_out_ensembles(self):
        return self.ensembles

    def _generate_in_out(self):
        return self.mover.in_out.filter(self.ensembles)

    def sub_replica_state(self, replica_states):
        return [{rs.filter(self.ensembles) for rs in replica_states}]


class OneWayShootingMover(RandomChoiceMover):
    """
    OneWayShootingMover is a special case of a RandomChoiceMover which
    combines gives a 50/50 chance of selecting either a ForwardShootMover or
    a BackwardShootMover. Both submovers use the same shooting point
    selector, and both apply to the same ensembles and replicas.

    Attributes
    ----------
    selector : :class:`openpathsampling.ShootingPointSelector`
        The shooting point selection scheme
    ensemble : :class:`openpathsampling.Ensemble`
        Ensemble for this shooting mover
    """

    def __init__(self, ensemble, selector, engine=None):
        movers = [
            ForwardShootMover(
                ensemble=ensemble,
                selector=selector,
                engine=engine
            ),
            BackwardShootMover(
                ensemble=ensemble,
                selector=selector,
                engine=engine
            )
        ]
        super(OneWayShootingMover, self).__init__(
            movers=movers
        )

    @classmethod
    def from_dict(cls, dct):
        mover = cls.__new__(cls)

        # override with stored movers and use the init of the super class
        # this assumes that the super class has movers as its signature
        super(cls, mover).__init__(
            movers=dct['movers']
        )

        return mover

    @property
    def ensemble(self):
        return self.movers[0].ensemble

    @property
    def selector(self):
        return self.movers[0].selector


class OneWayExtendMover(RandomChoiceMover):
    """
    OneWayShootingMover is a special case of a RandomChoiceMover which
    gives a 50/50 chance of selecting either a ForwardExtendMover or
    a BackwardExtendMover. Both submovers use the same same ensembles
    and replicas.

    Attributes
    ----------
    ensemble : :class:`openpathsampling.Ensemble`
        valid ensemble
    """

    def __init__(self, ensemble, target_ensemble, engine=None):
        movers = [
            ForwardExtendMover(
                ensemble=ensemble,
                target_ensemble=target_ensemble,
                engine=engine
            ),
            BackwardExtendMover(
                ensemble=ensemble,
                target_ensemble=target_ensemble,
                engine=engine
            )
        ]
        super(OneWayExtendMover, self).__init__(
            movers=movers
        )

    @classmethod
    def from_dict(cls, dct):
        mover = cls.__new__(cls)

        # override with stored movers and use the init of the super class
        # this assumes that the super class has movers as its signature
        super(cls, mover).__init__(
            movers=dct['movers']
        )

        return mover


class AbstractTwoWayShootingMover(EngineMover):
    def __init__(self, ensemble, selector, modifier, engine=None):
        super(AbstractTwoWayShootingMover, self).__init__(
            ensemble=ensemble,
            target_ensemble=ensemble,
            selector=selector,
            engine=engine
        )
        self.modifier = modifier

    # required for concrete class; not really used
    @property
    def direction(self):  # pragma: no cover
        return 'bidrectional'

    def _make_forward_trajectory(self, trajectory, initial_snapshot,
                                 shooting_index):
        fwd_ens = paths.PrefixTrajectoryEnsemble(
            self.target_ensemble,
            trajectory[0:shooting_index]
        )
        fwd_partial = self.engine.generate(initial_snapshot,
                                           running=[fwd_ens.can_append])
        return fwd_partial

    def _make_backward_trajectory(self, trajectory, initial_snapshot,
                                  shooting_index):
        # run backward
        bkwd_ens = paths.SuffixTrajectoryEnsemble(
            self.target_ensemble,
            trajectory[shooting_index + 1:]
        )
        bkwd_partial = self.engine.generate(initial_snapshot.reversed,
                                            running=[bkwd_ens.can_prepend])
        return bkwd_partial

    def _run(self, trajectory, shooting_index):
        # to override the default implementation in EngineMover
        raise NotImplementedError

class ForwardFirstTwoWayShootingMover(AbstractTwoWayShootingMover):
    def _run(self, trajectory, shooting_index):
        """
        The actual shooting process (after shooting point is chosen).

        Parameters
        ----------
        trajectory : :class:`.Trajectory`
            input trajectory
        shooting_index : int
            index of the shooting point within `trajectory`

        Returns
        -------
        trial_trajectory : :class:`.Trajectory`
            the resulting trial trajectory
        details : dict
            details dictionary (includes modified shooting point)
        """
        shoot_str = "Running {sh_dir} from frame {fnum} in [0:{maxt}]"
        logger.info(shoot_str.format(
            fnum=shooting_index,
            maxt=len(trajectory) - 1,
            sh_dir="Forward-first"
        ))

        original = trajectory[shooting_index]
        modified = self.modifier(original)

        fwd_partial = self._make_forward_trajectory(trajectory, modified,
                                                    shooting_index)
        # TODO: come up with a test that shows why you need mid_traj here;
        # should be a SeqEns with OptionalEnsembles. Exact example is hard!
        mid_traj = trajectory[0:shooting_index] + fwd_partial
        bkwd_partial = self._make_backward_trajectory(mid_traj, modified,
                                                      shooting_index)

        # join the two
        trial_trajectory = bkwd_partial.reversed + fwd_partial[1:]

        details = {'modified_shooting_snapshot': modified}
        return trial_trajectory, details


class BackwardFirstTwoWayShootingMover(AbstractTwoWayShootingMover):
    def _run(self, trajectory, shooting_index):
        """
        The actual shooting process (after shooting point is chosen).

        Parameters
        ----------
        trajectory : :class:`.Trajectory`
            input trajectory
        shooting_index : int
            index of the shooting point within `trajectory`

        Returns
        -------
        trial_trajectory : :class:`.Trajectory`
            the resulting trial trajectory
        details : dict
            details dictionary (includes modified shooting point)
        """
        shoot_str = "Running {sh_dir} from frame {fnum} in [0:{maxt}]"
        logger.info(shoot_str.format(
            fnum=shooting_index,
            maxt=len(trajectory) - 1,
            sh_dir="Backward-first"
        ))

        original = trajectory[shooting_index]
        modified = self.modifier(original)

        bkwd_partial = self._make_backward_trajectory(trajectory, modified,
                                                      shooting_index)
        # TODO: come up with a test that shows why you need mid_traj here;
        # should be a SeqEns with OptionalEnsembles. Exact example is hard!
        mid_traj = bkwd_partial.reversed + trajectory[shooting_index + 1:]
        fwd_partial = self._make_forward_trajectory(mid_traj, modified,
                                                    shooting_index)

        # join the two
        trial_trajectory = bkwd_partial.reversed + fwd_partial[1:]

        details = {'modified_shooting_snapshot': modified}
        return trial_trajectory, details


class TwoWayShootingMover(RandomChoiceMover):
    def __init__(self, ensemble, selector, modifier, engine=None):
        movers = [
            ForwardFirstTwoWayShootingMover(
                ensemble=ensemble,
                selector=selector,
                modifier=modifier,
                engine=engine
            ),
            BackwardFirstTwoWayShootingMover(
                ensemble=ensemble,
                selector=selector,
                modifier=modifier,
                engine=engine
            )
        ]
        super(TwoWayShootingMover, self).__init__(movers=movers)

    @classmethod
    def from_dict(cls, dct):
        # see also OneWayShootingMover for this
        mover = cls.__new__(cls)
        super(cls, mover).__init__(movers=dct['movers'])
        return mover

    @property
    def ensemble(self):
        return self.movers[0].ensemble

    @property
    def selector(self):
        return self.movers[0].selector

    @property
    def modifier(self):
        return self.movers[0].modifier


class MinusMover(SubPathMover):
    """
    Instance of a MinusMover.

    The minus move combines a replica exchange with path extension to swap
    paths between the innermost regular TIS interface ensemble and the minus
    interface ensemble. This is particularly useful for improving sampling
    of path space.
    """
    _is_canonical = True

    def __init__(self, minus_ensemble, innermost_ensembles, engine=None):
        try:
            innermost_ensembles = list(innermost_ensembles)
        except TypeError:
            innermost_ensembles = [innermost_ensembles]

        segment = minus_ensemble._segment_ensemble
        sub_trajectory_selector = RandomChoiceMover([
            FirstSubtrajectorySelectMover(
                ensemble=minus_ensemble,
                sub_ensemble=segment,
                n_l=minus_ensemble.n_l
            ),
            FinalSubtrajectorySelectMover(
                ensemble=minus_ensemble,
                sub_ensemble=segment,
                n_l=minus_ensemble.n_l
            ),
        ])
        sub_trajectory_selector.named("MinusSubtrajectoryChooser")

        repexs = [ReplicaExchangeMover(
            ensemble1=segment,
            ensemble2=inner
        ) for inner in innermost_ensembles]

        repex_chooser = RandomChoiceMover(repexs)
        repex_chooser.named("InterfaceSetChooser")

        extension_mover = RandomChoiceMover([
            ForwardExtendMover(
                ensemble=segment,
                target_ensemble=minus_ensemble,
                engine=engine
            ),
            BackwardExtendMover(
                ensemble=segment,
                target_ensemble=minus_ensemble,
                engine=engine
            )
        ])

        extension_mover.named("MinusExtensionDirectionChooser")
        self.engine = extension_mover.movers[0].engine
        if self.engine is not extension_mover.movers[1].engine:
            raise RuntimeWarning("Forward and backward engines differ?!?!")

        mover = \
            EnsembleFilterMover(
                ConditionalSequentialMover([
                    sub_trajectory_selector,
                    repex_chooser,
                    extension_mover
                ]),
                ensembles=[minus_ensemble] + innermost_ensembles
            )

        self.minus_ensemble = minus_ensemble
        self.innermost_ensembles = innermost_ensembles
        initialization_logging(init_log, self, ['minus_ensemble',
                                                'innermost_ensembles'])

        super(MinusMover, self).__init__(mover)


class SingleReplicaMinusMover(MinusMover):
    """
    Minus mover for single replica TIS.

    In SRTIS, the minus mover doesn't actually keep an active sample in the
    minus interface. Instead, it just puts the newly generated segment into
    the innermost ensemble.
    """

    def __init__(self, minus_ensemble, innermost_ensembles,
                 bias=None, engine=None):
        try:
            innermost_ensembles = list(innermost_ensembles)
        except TypeError:
            innermost_ensembles = [innermost_ensembles]

        if bias is None:
            bias = ""  # TODO temp for storage until real bias
        self.bias = bias
        self.minus_ensemble = minus_ensemble
        self.innermost_ensembles = innermost_ensembles

        # TODO: Until we have automated detailed balance calculations, I
        # think this will only be valid in the case of only one innermost
        # ensemble.  But I think you only want to use it in the case of only
        # one innermost ensemble anyway. The following warns us:
        if len(innermost_ensembles) > 1:
            logger.warning(
                "Probably shouldn't use SingleReplicaMinusMover with MISTIS")

        segment = minus_ensemble._segment_ensemble

        hop_innermost_to_segment = RandomAllowedChoiceMover([
            EnsembleHopMover(innermost, segment, bias=bias)
            for innermost in innermost_ensembles
        ])

        # TODO: again, works for single interface set, but there has to be a
        # smarter way to do this in the MISTIS case
        hop_segment_to_innermost = RandomChoiceMover([
            EnsembleHopMover(segment, innermost, bias=bias)
            for innermost in innermost_ensembles
        ])

        forward_minus = ConditionalSequentialMover([
            hop_innermost_to_segment,
            ForwardExtendMover(segment, minus_ensemble, engine=engine),
            FinalSubtrajectorySelectMover(minus_ensemble, segment),
            hop_segment_to_innermost
        ])

        backward_minus = ConditionalSequentialMover([
            hop_innermost_to_segment,
            BackwardExtendMover(segment, minus_ensemble, engine=engine),
            FirstSubtrajectorySelectMover(minus_ensemble, segment),
            hop_segment_to_innermost
        ])

        mover = EnsembleFilterMover(RandomChoiceMover([backward_minus,
                                                       forward_minus]),
                                    ensembles=innermost_ensembles)

        # we skip MinusMover's init and go to the grandparent
        super(MinusMover, self).__init__(mover)


class PathSimulatorMover(SubPathMover):
    """
    This just wraps a mover and references the used pathsimulator
    """

    def __init__(self, mover, pathsimulator):
        super(PathSimulatorMover, self).__init__(mover)
        self.pathsimulator = pathsimulator

    def move(self, sample_set, step=-1):
        details = MoveDetails(
            step=step
        )

        return paths.PathSimulatorMoveChange(
            self.mover.move(sample_set),
            mover=self,
            details=details
        )


class MultipleSetMinusMover(RandomChoiceMover):
    pass


def NeighborEnsembleReplicaExchange(ensemble_list):
    movers = [
        ReplicaExchangeMover(
            ensemble1=ensemble_list[i],
            ensemble2=ensemble_list[i + 1]
        )
        for i in range(len(ensemble_list) - 1)
    ]
    return movers


def PathReversalSet(ensembles):
    return map(PathReversalMover, ensembles)


class PathMoverFactory(object):
    @staticmethod
    def OneWayShootingSet(selector_set, interface_set, engine=None):
        if type(selector_set) is not list:
            selector_set = [selector_set] * len(interface_set)

        mover_set = []
        for (selector, iface) in zip(selector_set, interface_set):
            mover = OneWayShootingMover(
                selector=selector,
                ensemble=iface,
                engine=engine
            )
            mover.named("OneWayShootingMover " + str(iface.name))
            mover_set.append(mover)

        return mover_set

    @staticmethod
    def TwoWayShootingSet():
        pass

    @staticmethod
    def NearestNeighborRepExSet():
        pass


class Details(StorableObject):
    """Details of an object. Can contain any data
    """

    def __init__(self, **kwargs):
        super(Details, self).__init__()
        for key, value in kwargs.iteritems():
            setattr(self, key, value)

    _print_repr_types = [paths.Ensemble]
    _print_nothing_keys = ["__uuid__"]

    def __str__(self):
        # primarily for debugging/interactive use
        mystr = ""
        for key in self.__dict__.keys():
            obj = self.__dict__[key]
            if key in self._print_nothing_keys:
                pass  # do nothing!
            elif any([isinstance(obj, tt) for tt in self._print_repr_types]):
                mystr += str(key) + " = " + repr(obj) + '\n'
            else:
                mystr += str(key) + " = " + str(self.__dict__[key]) + '\n'
        return mystr


class MoveDetails(Details):
    """Details of the move as applied to a given replica

    Specific move types may have add several other attributes for each
    MoveDetails object. For example, shooting moves will also include
    information about the shooting point selection, etc.

    TODO (or at least to put somewhere):
    rejection_reason : String
        explanation of reasons the path was rejected

    """

    def __init__(self, **kwargs):
        super(MoveDetails, self).__init__(**kwargs)


# leave this for potential backwards compatibility
class SampleDetails(Details):
    """Details of a sample

    .. note:: Deprecated in OpenPathSampling 0.9.3
          `SampleDetails` will be removed in OPS 2.0.0
    """

    def __init__(self, **kwargs):
        super(SampleDetails, self).__init__(**kwargs)
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  Source code for ops_piggybacker.mover_stubs

import openpathsampling as paths

class NoEngine(paths.engines.DynamicsEngine):
    pass

[docs]class ShootingStub(paths.pathmover.PathMover):
    """Stub to mimic a shooting move.
    
    Parameters
    ----------
    ensemble : paths.Ensemble
        the ensemble for the shooting mover
    selector : paths.ShootingPointSelector or None
        the selector for the shooting point. Default None creates a
        UniformSelector. Currently, only UniformSelector is supported.
    engine : paths.engines.DynamicsEngine
        the engine to report as the source of the dynamics
    pre_joined : bool
        whether the input trial trajectories are pre-joined into complete
        trajectories, or take partial one-way segments which should by
        dynamically joined. Currently defaults to pre_joined=True (likely to
        change soon, though).

    Attributes
    ----------
    mimic : paths.OneWayShootingMover
        the mover that this stub mimics

    """
    def __init__(self, ensemble, selector=None, engine=None, pre_joined=True):
        super(ShootingStub, self).__init__()
        if engine is None:
            engine = NoEngine()
        if selector is None:
            selector = paths.UniformSelector()  # default
        self.engine = engine
        self.selector = selector
        self.ensemble = ensemble
        self.pre_joined = pre_joined
        self.mimic = paths.OneWayShootingMover(ensemble, selector, engine)

[docs]    def join_one_way(self, input_trajectory, partial_trial,
                     shooting_point, direction):
        """Create a one-way trial trajectory

        Parameters
        ----------
        input_trajectory : paths.Trajectory
            the previous complete trajectory
        partial_trial : paths.Trajectory
            The partial (one-way) trial trajectory. Must *not* include the
            shooting point.
        shooting_point : paths.Snapshot
            the snapshot for the shooting point -- must be a member of the
            input trajectory
        direction : +1 or -1
            if positive, treat as forward shooting; if negative, treat as
            backward shooting

        Returns
        -------
        paths.Trajectory
            the complete trial trajectory
        """
        shooting_idx = input_trajectory.index(shooting_point)
        if direction > 0:
            joined_trajectory = (input_trajectory[:shooting_idx+1] +
                                 partial_trial)
        elif direction < 0:
            joined_trajectory = (partial_trial +
                                 input_trajectory[shooting_idx:])
        else: # pragma: no cover
            raise RuntimeError("Bad direction for shooting: " +
                               str(direction))
        return joined_trajectory

        

[docs]    def move(self, input_sample, trial_trajectory, shooting_point, accepted,
             direction=None):
        """Fake a move.

        Parameters
        ----------
        input_sample: :class:`paths.Sample`
            the input sample for this shooting move
        trial_trajectory: :class:`paths.Trajectory`
            the trial trajectory generated by this move
        shooting_point: :class:`paths.Snapshot`
            the shooting point snapshot for this trial
        accepted: bool
            whether the trial was accepted
        direction: +1, -1, or None
            direction of the shooting move (positive is forward, negative is
            backward). If self.pre_joined is True, the trial trajectory is
            reconstructed from the parts. To use the exact input trial
            trajectory with self.pre_joined == True, set direction=None
        """
        initial_trajectory = input_sample.trajectory
        replica = input_sample.replica
        ensemble = input_sample.ensemble

        if not self.pre_joined:
            trial_trajectory = self.join_one_way(initial_trajectory,
                                                 trial_trajectory,
                                                 shooting_point,
                                                 direction)

        # determine the direction based on trial trajectory
        shared = trial_trajectory.shared_subtrajectory(initial_trajectory)
        if len(shared) == 0:
            raise RuntimeError("No shared frames. " 
                               + "Were these shot from each other?")

        if shared[0] == trial_trajectory[0]:
            choice = 0  # forward submover
        elif shared[-1] == trial_trajectory[-1]:
            choice = 1  # backward submover
        else:  # pragma: no cover
            raise RuntimeError("Are you sure this is 1-way shooting?")

        details = paths.Details(
            initial_trajectory=initial_trajectory,
            shooting_snapshot=shooting_point
        )

        trial = paths.Sample(
            replica=replica,
            trajectory=trial_trajectory,
            ensemble=ensemble,
            parent=input_sample,
            # details=trial_details,
            mover=self.mimic.movers[choice]
        )

        trials = [trial]
        # move_details = paths.MoveDetails()

        if accepted:
            inner = paths.AcceptedSampleMoveChange(
                samples=trials,
                mover=self.mimic.movers[choice],
                details=details
            )
        else:
            inner = paths.RejectedSampleMoveChange(
                samples=trial,
                mover=self.mimic.movers[choice],
                details=details
            )

        rc_details = paths.MoveDetails()
        rc_details.inputs = []
        rc_details.choice = choice
        rc_details.chosen_mover = self.mimic.movers[choice]
        rc_details.probability = 0.5
        rc_details.weights = [1, 1]

        return paths.RandomChoiceMoveChange(
            subchange=inner,
            mover=self.mimic,
            details=rc_details
        )
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  Source code for ops_piggybacker.one_way_tps_converters

"""
Conversion helpers for one-way TPS simulations

These classes are used to make it very easy to convert from existing one-way
TPS simulations. They require the user to do the following:

1. Create an OPS network representing their TPS simulation.
2. Create a summary file, which consists of one line per MC step, where each
line is the space-separated ``file_name shooting_point direction accepted``,
where ``file_name`` is the name of the file for the partial trajectory,
``shooting_point`` is the index of the shooting point from (from zero) in
the *previous* trajectory, ``direction`` tells whether this was a forward
or backward shot, and ``accepted`` tells whether the path was accepted.
3. If the input trajectories are full trajectories instead of only the
partial one-way trajectories for each move, then you need to provide an
addition element on each line (after ``accepted``) for the
``shooting_point_in_trial``, which is the index of the shooting point in the
trial trajectory.

Valid values for forward ``direction`` include ``+1``, ``1``, ``FW``,
``forward``, with backward given by ``-1``, ``BW``, or ``backward``.

Valid values for a trajectory that is ``accepted`` are ``T``, ``True``,
``1``, ``Y``, and ``Yes``. If the trajectory is not accepted, use ``F``,
``False``, ``0``, ``N``, or ``No``.

In general, we suggest the ``FW``/``BW`` pair for ``direction``, and
``True``/``False`` for ``accepted``. These tend to be most readable.
"""

import os
import openpathsampling as paths
import ops_piggybacker as oink
from openpathsampling.engines.openmm.tools import ops_load_trajectory

from collections import namedtuple

_tps_converter_option_list = ('trim retrim_shooting auto_reverse '
                              + 'includes_shooting_point full_trajectory')


[docs]class TPSConverterOptions(namedtuple("TPSConverterOptions",
                                     _tps_converter_option_list)):
    """
    Parameters
    ----------
    trim : bool
        whether to trim the file trajectories to minimum acceptable
        length (default True)
    retrim_shooting : bool
        whether the shooting point index given is based on an untrimmed
        trajectory, and therefore needs to be shifted (default False).
    auto_reverse : bool
        whether to reverse backward trajectories (if the file version is
        forward, instead of backward, default False)
    includes_shooting_point : bool
        whether the one-way trial trajectory includes the shooting
        point, and therefore must have it trimmed off (default True)
    full_trajectory : bool
        whether the input trajectories are the full trajectories, instead of
        the partial one-way trajectories (default False). Note that if you
        use full_trajectory=True, you should also use auto_reverse=False.
    """
    __slots__ = ()

    def __new__(cls, trim=True, retrim_shooting=False, auto_reverse=False,
                includes_shooting_point=True, full_trajectory=False):
        return super(TPSConverterOptions, cls).__new__(
            cls, trim, retrim_shooting, auto_reverse,
            includes_shooting_point, full_trajectory
        )



[docs]class OneWayTPSConverter(oink.ShootingPseudoSimulator):
    """
    Single-ensemble network shooting pseudo-simulator from external
    trajectories.

    This object handles a wide variety of external simulators. The idea is
    that the user must create a "simulation summary" file, which contains
    the information we need to perform the pseudo-simulation, where the
    trajectories are loaded via mdtraj.
    """
    def __init__(self, storage, initial_file, mover, network, options=None,
                 options_rejected=None):
        # TODO: mke the initial file into an initial trajectory
        if options is None:
            options = TPSConverterOptions()
        if options_rejected is None:
            options_rejected = options
        self.options = options
        self.options_rejected = options_rejected

        self.initial_file = initial_file  # needed for restore
        traj = self.load_trajectory(initial_file)
        # assume we're TPS here
        ensemble = network.sampling_ensembles[0]
        initial_trajectories = ensemble.split(traj)
        if len(initial_trajectories) == 0:  # pragma: no cover
            raise RuntimeError("Initial trajectory in " + str(initial_file)
                               + " has no subtrajectory satisfying the "
                               + "TPS ensemble.")
        elif len(initial_trajectories) > 1:  # pragma: no cover
            raise RuntimeWarning("More than one potential initial "
                                 + "subtrajectory. We use the first.")

        initial_trajectory = initial_trajectories[0]

        initial_conditions = paths.SampleSet([
            paths.Sample(replica=0,
                         trajectory=initial_trajectory,
                         ensemble=ensemble)
        ])

        self.extra_bw_frames = traj.index(initial_trajectory[0])
        final_frame_index = traj.index(initial_trajectory[-1])
        self.extra_fw_frames = len(traj) - final_frame_index - 1
        # extra -1 bc frame index counts from 0; len counts from 1

        self.summary_root_dir = None
        self.report_progress = None
        super(OneWayTPSConverter, self).__init__(
            storage=storage,
            initial_conditions=initial_conditions,
            mover=mover,
            network=network
        )

        # initial_states = self.network.initial_states
        # final_states = self.network.final_states
        # TODO: prefer the above, but the below work until fix for network
        # storage
        initial_states = [self.network.sampling_transitions[0].stateA]
        final_states = [self.network.sampling_transitions[0].stateB]

        all_states = paths.join_volumes(initial_states + final_states)

        self.fw_ensemble = paths.SequentialEnsemble([
            paths.AllOutXEnsemble(all_states),
            paths.AllInXEnsemble(all_states) & paths.LengthEnsemble(1)
        ])
        self.bw_ensemble = paths.SequentialEnsemble([
            paths.AllInXEnsemble(all_states) & paths.LengthEnsemble(1),
            paths.AllOutXEnsemble(all_states)
        ])
        self.full_ensemble = paths.SequentialEnsemble([
            paths.AllInXEnsemble(all_states) & paths.LengthEnsemble(1),
            paths.AllOutXEnsemble(all_states),
            paths.AllInXEnsemble(all_states) & paths.LengthEnsemble(1)
        ])
        self.all_states = all_states


    def load_trajectory(self, file_name):
        raise NotImplementedError(
            "Can't instantiate abstract OneWayTPSConverter: Use a subclass"
        )

    @staticmethod
    def _get_direction(val):
        """Identifies the direction based on val"""
        is_forward = ['+1', '1', 'FW', 'F', 'FORWARD']
        is_backward = ['-1', 'BW', 'B', 'BACKWARD']
        if val.upper() in is_forward:
            return +1
        elif val.upper() in is_backward:
            return -1
        else:  # pragma: no cover
            raise ValueError("Unrecognized direction: " + str(val))

    @staticmethod
    def _get_accepted(val):
        is_true = ['1', 'T', 'TRUE', 'Y', 'YES', 'ACC']
        is_false = ['0', 'F', 'FALSE', 'N', 'NO', 'REJ']
        if val.upper() in is_true:
            return True
        elif val.upper() in is_false:
            return False
        else:  # pragma: no cover
            raise ValueError("Unknown truth value for acceptance: " +
                             str(val))

[docs]    def parse_summary_line(self, line):
        """Parse a line from the summary file.

        To control the parsing, set the OneWayTPSConverter.options (see
        :class:`.TPSConverterOptions`).

        Parameters
        ----------
        line : str
            the input line

        Returns
        -------
        replica : 0
            always zero for now
        trial_trajectory : openpathsampling.Trajectory
            one-way trial segments
        shooting_point_index : int
            index of the shooting point based on the previous trajectory
            (None if no previous trajectory)
        accepted : bool
            whether the trial was accepted
        direction : 1 or -1
            positive if forward shooting, negative if backward
        """
        #print line
        splitted = line.split()
        assert 4 <= len(splitted) <= 5, \
            "Incorrect number of fields in input: " + line

        replica = 0
        file_name = splitted[0]
        full_file_name = os.path.join(self.summary_root_dir, file_name)
        trajectory = self.load_trajectory(full_file_name)
        shooting_index = int(splitted[1])
        direction = self._get_direction(splitted[2])
        accepted = self._get_accepted(splitted[3])

        if accepted:
            options = self.options
        else:
            options = self.options_rejected

        # if reversed, make sure time is in the right direction
        if options.auto_reverse and direction < 0:
            trajectory = trajectory.reversed

        old_extra_bw_frames = self.extra_bw_frames
        old_extra_fw_frames = self.extra_fw_frames

        # if reversed, make sure time is in the right direction
        # ensure the trajectory doesn't have extra frames
        if options.trim and not options.full_trajectory:
            len_pre_trim = len(trajectory)
            if direction > 0:
                # in the forward direction, we do an extra check which can
                # make this much faster (otherwise, this is quadratic until
                # OPS supports some of the ideas of path ensemble theory).
                # The BW part doesn't need this bc it will already be linear
                # in this case.
                # Check whether amy states are in that traj
                if any(self.all_states(s) for s in trajectory):
                    segments = self.fw_ensemble.split(trajectory)
                else:
                    segments = []
                # If following not true, simulation failed. Perhaps max
                # length or simulation crash? Should be fine as rejected
                if len(segments) > 0 or accepted:
                    trajectory = segments[0]
                if accepted:
                    self.extra_fw_frames = len_pre_trim - len(trajectory)
            elif direction < 0:
                segments = self.bw_ensemble.split(trajectory)
                if len(segments) > 0 or accepted:
                    trajectory = segments[-1]
                if accepted:
                    self.extra_bw_frames = len_pre_trim - len(trajectory)

        if options.trim and options.full_trajectory:
            # all segments that could be generated by TPS are identified by
            # the full_ensemble.split, and the one that has the shooting
            # point in it is the one that we actually identify
            segments = self.full_ensemble.split(trajectory)
            shooting_index_in_trial = int(splitted[4])
            shooting_frame = trajectory[shooting_index_in_trial]
            shooting_segments = [seg for seg in segments 
                                 if shooting_frame in seg]
            if len(shooting_segments) > 1:  # pragma: no cover
                raise RuntimeError("Your shooting point appears more"
                                   + " than once!")
            new_traj = shooting_segments[0]
            new_extra_bw_frames = trajectory.index(new_traj[0])
            final_frame_index = trajectory.index(new_traj[-1])
            new_extra_fw_frames = len(trajectory) - final_frame_index - 1
            trajectory = new_traj
            if accepted:
                self.extra_bw_frames = new_extra_bw_frames
                self.extra_fw_frames = new_extra_fw_frames

        if options.retrim_shooting:
            if shooting_index >= 0:
                shooting_index -= old_extra_bw_frames
            else:
                shooting_index += old_extra_fw_frames


        # if this is a full trajectory, cut it down to one-way segments
        if options.full_trajectory:
            shooting_index_in_trial = int(splitted[4])
            if options.retrim_shooting:
                if shooting_index_in_trial >= 0:
                    shooting_index_in_trial -= new_extra_bw_frames
                else:
                    shooting_index_in_trial += new_extra_fw_frames

            shoot_pt = 0 if options.includes_shooting_point else 1
            if direction > 0:
                trajectory = trajectory[shooting_index_in_trial+shoot_pt:]
            elif direction < 0:
                trajectory = trajectory[0:shooting_index_in_trial+1-shoot_pt]

        # remove shooting point from trial, if necessary
        if options.includes_shooting_point:
            if direction > 0:
                trajectory = trajectory[1:]
            else:
                trajectory = trajectory[:-1]

        return (replica, trajectory, shooting_index, accepted, direction)


    def run(self, summary_file_name, n_trajs_per_block=None):
        # this will basically create the move_info_list for part of the
        # summary_file, and then call super's RUN
        summary = open(summary_file_name, 'r')
        if self.summary_root_dir is None:
            self.summary_root_dir = os.path.dirname(summary_file_name)
        lines = [l for l in summary]
        n_steps = len(lines)

        if n_trajs_per_block is None:
            n_trajs_per_block = n_steps

        line_num = 0
        while line_num < n_steps:
            if self.report_progress is not None:
                self.report_progress.write("Working on MC step " +
                                           str(line_num) + "\n")
                self.report_progress.flush()

            end = min(line_num + n_trajs_per_block, n_steps)
            block = lines[line_num:end]
            moves = [self.parse_summary_line(l) for l in block]
            super(OneWayTPSConverter, self).run(moves)
            line_num += n_trajs_per_block



[docs]class GromacsOneWayTPSConverter(OneWayTPSConverter):
    def __init__(self, storage, network, initial_file, topology_file,
                 options=None, options_rejected=None):
        self.topology_file = topology_file
        mover = oink.ShootingStub(ensemble=network.sampling_ensembles[0],
                                  selector=paths.UniformSelector(),
                                  pre_joined=False)

        super(GromacsOneWayTPSConverter, self).__init__(
            storage=storage, network=network, initial_file=initial_file,
            mover=mover, options=options, options_rejected=options_rejected
        )

[docs]    def load_trajectory(self, file_name):
        """Creates an OPS trajectory from the given file"""
        return ops_load_trajectory(file_name, top=self.topology_file)
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  Source code for openpathsampling.netcdfplus.base

import inspect
import logging
import weakref
import uuid
from types import MethodType

logger = logging.getLogger(__name__)


class StorableObject(object):
    """Mixin that allows objects of the class to to be stored using netCDF+

    """

    _weak_cache = weakref.WeakKeyDictionary()
    _weak_index = 0L

    _base = None
    _args = None

    observe_objects = False

    INSTANCE_UUID = list(uuid.uuid1().fields[:-1])
    CREATION_COUNT = 0L

    @staticmethod
    def get_uuid():
        StorableObject.CREATION_COUNT += 2
        return uuid.UUID(
            fields=tuple(
                StorableObject.INSTANCE_UUID +
                [StorableObject.CREATION_COUNT]
            )
        )

    def reverse_uuid(self):
        return StorableObject.ruuid(self.__uuid__)

    @staticmethod
    def ruuid(uid):
        return uuid.UUID(int=int(uid) ^ 1)

    def __init__(self):
        self.__uuid__ = StorableObject.get_uuid()

    @staticmethod
    def set_observer(active):
        """
        (De-)Activate observing creation of storable objects

        This can be used to track which storable objects are still alive and
        hence look for memory leaks and inspect caching. Use
        :meth:`openpathsampling.netcdfplus.base.StorableObject.count_weaks`
        to get the current summary of created objects

        Parameters
        ----------
        active : bool
            if `True` then observing is enabled. `False` disables observing.
            Per default observing is disabled.

        See Also
        --------
        :meth:`openpathsampling.netcdfplus.base.StorableObject.count_weaks`

        """
        if StorableObject.observe_objects is active:
            return

        if active:
            # activate and add __init__

            def _init(self):
                StorableObject._weak_cache[self] = StorableObject._weak_index
                StorableObject._weak_index += 1

            StorableObject.__init__ = MethodType(_init, None, StorableObject)
            StorableObject.observe_objects = True

        if not active:
            del StorableObject.__init__

    @staticmethod
    def count_weaks():
        """
        Return number of objects subclassed from StorableObject still in memory

        This includes objects not yet recycled by the garbage collector.

        Returns
        -------
        dict of str : int
            the dictionary which assigns the base class name of each references
            objects the integer number of objects still present

        """
        summary = dict()
        complete = list(StorableObject._weak_cache)
        for obj in complete:
            name = obj.base_cls_name
            summary[name] = summary.get(name, 0) + 1

        return summary

    def idx(self, store):
        """
        Return the index which is used for the object in the given store.

        Once you store a storable object in a store it gets assigned a unique
        number that can be used to retrieve the object back from the store. This
        function will ask the given store if the object is stored if so what
        the used index is.

        Parameters
        ----------
        store : :class:`openpathsampling.netcdfplus.objects.ObjectStore`
            the store in which to ask for the index

        Returns
        -------
        int or None
            the integer index for the object of it exists or `None` else

        """
        if hasattr(store, 'index'):
            return store.index.get(self, None)
        else:
            return store.idx(self)

    @property
    def cls(self):
        """
        Return the class name as a string

        Returns
        -------
        str
            the class name

        """
        return self.__class__.__name__

    def save(self, store):
        """
        Save the object in the given store (or storage)

        Parameters
        ----------
        store : :class:`openpathsampling.netcdfplus.ObjectStore` or \
        :class:`openpathsampling.netcdfplus.netcdfplus.NetCDFPlus`
            the store or storage to be saved in. if a storage is given then
            the default store for the given object base type is determined and
            the appropriate store is used.

        Returns
        -------
        int or None
            the integer index used to save the object or `None` if the object
            has already been saved.
        """
        store.save(self)

    @classmethod
    def base(cls):
        """
        Return the most parent class actually derived from StorableObject

        Important to determine which store should be used for storage

        Returns
        -------
        type
            the base class
        """
        if cls._base is None:
            if cls is not StorableObject and cls is not StorableNamedObject:
                if StorableObject in cls.__bases__ \
                        or StorableNamedObject in cls.__bases__:
                    cls._base = cls
                else:
                    if hasattr(cls.__base__, 'base'):
                        cls._base = cls.__base__.base()
                    else:
                        cls._base = cls

        return cls._base

    @property
    def base_cls_name(self):
        """
        Return the name of the base class

        Returns
        -------
        str
            the string representation of the base class

        """
        return self.base().__name__

    @property
    def base_cls(self):
        """
        Return the base class

        Returns
        -------
        type
            the base class

        See Also
        --------
        :func:`base()`

        """
        return self.base()

    @classmethod
    def descendants(cls):
        """
        Return a list of all subclassed objects

        Returns
        -------
        list of type
            list of subclasses of a storable object
        """
        return cls.__subclasses__() + \
            [g for s in cls.__subclasses__() for g in s.descendants()]

    @staticmethod
    def objects():
        """
        Returns a dictionary of all storable objects

        Returns
        -------
        dict of str : type
            a dictionary of all subclassed objects from StorableObject.
            The name points to the class
        """
        subclasses = StorableObject.descendants()

        return {subclass.__name__: subclass for subclass in subclasses}

    @classmethod
    def args(cls):
        """
        Return a list of args of the `__init__` function of a class

        Returns
        -------
        list of str
            the list of argument names. No information about defaults is
            included.

        """
        try:
            args = inspect.getargspec(cls.__init__)
        except TypeError:
            return []
        return args[0]

    _excluded_attr = []
    _included_attr = []
    _exclude_private_attr = True
    _restore_non_initial_attr = True
    _restore_name = True

    def to_dict(self):
        """
        Convert object into a dictionary representation

        Used to convert the dictionary into JSON string for serialization

        Returns
        -------
        dict
            the dictionary representing the (immutable) state of the object

        """
        excluded_keys = ['idx', 'json', 'identifier']
        keys_to_store = {
            key for key in self.__dict__
            if key in self._included_attr or (
                key not in excluded_keys and
                key not in self._excluded_attr and
                not (key.startswith('_') and self._exclude_private_attr)
            )
        }
        return {
            key: self.__dict__[key] for key in keys_to_store
        }

    @classmethod
    def from_dict(cls, dct):
        """
        Reconstruct an object from a dictionary representaiton

        Parameters
        ----------
        dct : dict
            the dictionary containing a state representaion of the class.

        Returns
        -------
        :class:`openpathsampling.netcdfplus.StorableObject`
            the reconstructed storable object
        """
        if dct is None:
            dct = {}

        if hasattr(cls, 'args'):
            args = cls.args()
            init_dct = {key: dct[key] for key in dct if key in args}
            non_init_dct = {key: dct[key] for key in dct if key not in args}
        else:
            args = {}
            init_dct = dct
            non_init_dct = {}

        try:
            obj = cls(**init_dct)

            if cls._restore_non_initial_attr:
                if len(non_init_dct) > 0:
                    for key, value in non_init_dct.iteritems():
                        setattr(obj, key, value)
            else:
                if cls._restore_name:
                    if 'name' in dct:
                        obj.name = dct['name']

            return obj

        except TypeError as e:
            if init_dct and args:
                err = (
                    'Could not reconstruct the object of class `%s`. '
                    '\nStored parameters: %s \n'
                    '\nCall parameters: %s \n'
                    '\nSignature parameters: %s \n'
                    '\nActual message: %s'

                ) % (
                    cls.__name__,
                    str(dct),
                    str(init_dct),
                    str(args),
                    str(e)
                )
            else:
                err = e
            raise TypeError(err)


class StorableNamedObject(StorableObject):
    """Mixin that allows an object to carry a .name property that can be saved

    It is not allowed to rename an object once it has been given a name. Also
    storage usually sets the name to empty if an object has not been named
    before. This means that you cannot name an object, after is has been saved.
    """

    def __init__(self):
        super(StorableNamedObject, self).__init__()
        self._name = ''
        self._name_fixed = False

    @property
    def default_name(self):
        """
        Return the default name.

        Usually derived from the objects class

        Returns
        -------
        str
            the default name

        """
        return '[' + self.__class__.__name__ + ']'

    def fix_name(self):
        """
        Set the objects name to be immutable.

        Usually called after load and save to fix the stored state.
        """
        self._name_fixed = True

    @property
    def name(self):
        """
        Return the current name of the object.

        If no name has been set a default generated name is returned.

        Returns
        -------
        str
            the name of the object
        """
        if self._name == '':
            return self.default_name
        else:
            return self._name

    @name.setter
    def name(self, name):
        if self._name_fixed:
            raise ValueError((
                'Objects cannot be renamed to `%s` after is has been saved, '
                'it is already named `%s`') %
                (name, self._name))
        else:
            if name != self._name:
                self._name = name
                logger.debug(
                    'Nameable object is renamed from `%s` to `%s`' %
                    (self._name, name))

    @property
    def is_named(self):
        """True if this object has a custom name.

        This distinguishes default algorithmic names from assigned names.
        """
        return self._name != ""

    def named(self, name):
        """Name an unnamed object.

        This only renames the object if it does not yet have a name. It can
        be used to chain the naming onto the object creation. It should also
        be used when naming things algorithmically: directly setting the
        .name attribute could override a user-defined name.

        Parameters
        ----------
        name : str
            the name to be used for the object. Can only be set once

        Examples
        --------
        >>> import openpathsampling as p
        >>> full = p.FullVolume().named('myFullVolume')

        """
        if self.name == self.default_name:
            self.name = name
        return self


def create_to_dict(keys_to_store):
    def to_dict(self):
        return {key: getattr(self, key) for key in keys_to_store}

    return to_dict
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  Source code for openpathsampling.pathsimulator

import time
import sys
import logging
import numpy as np
import pandas as pd

from openpathsampling.netcdfplus import StorableNamedObject, StorableObject

import openpathsampling as paths
import openpathsampling.tools

from openpathsampling.pathmover import SubPathMover
from ops_logging import initialization_logging
import abc

logger = logging.getLogger(__name__)
init_log = logging.getLogger('openpathsampling.initialization')


class MCStep(StorableObject):
    """
    A monte-carlo step in the main PathSimulation loop

    It references all objects created and used in a MC step. The used mover,
    and simulator as well as the initial and final sampleset, the step
    number and the generated movechange.

    Attributes
    ----------
    simulation : PathSimulation
        the running pathsimulation responsible for generating the step
    mccycle : int
        the step number counting from the root sampleset
    previous : SampleSet
        the initial (pre) sampleset
    active : SampleSet
        the final (post) sampleset
    change : MoveChange
        the movechange describing the transition from pre to post
    """
    def __init__(self,
                 simulation=None,
                 mccycle=-1,
                 previous=None,
                 active=None,
                 change=None
                 ):

        super(MCStep, self).__init__()
        self.simulation = simulation
        self.previous = previous
        self.active = active
        self.change = change
        self.mccycle = mccycle


class PathSimulator(StorableNamedObject):
    """Abstract class for the "main" function of a simulation.

    Parameters
    ----------
    storage : :class:`.Storage`
        Storage file for results

    Attributes
    ----------
    save_frequency : int
        Results should be sync'd (saved to disk) after every
        ``save_frequency`` steps. Note: subclasses must directly implement
        this, the attribute is just a placeholder.
    output_stream : file
        Subclasses should write output to this, allowing a standard way to
        redirect any output.
    allow_refresh : bool
        Whether to allow the output to refresh an ipynb cell; default True.
        This is likely to be overridden when a pathsimulator is wrapped in
        another simulation.
    """
    __metaclass__ = abc.ABCMeta

    calc_name = "PathSimulator"
    _excluded_attr = ['sample_set', 'step', 'save_frequency',
                      'output_stream']

    def __init__(self, storage):
        super(PathSimulator, self).__init__()
        self.storage = storage
        # self.engine = engine
        self.save_frequency = 1
        self.step = 0
        initialization_logging(
            logger=init_log, obj=self,
            entries=['storage']#, 'engine']
        )
        self.sample_set = None
        self.output_stream = sys.stdout  # user can change to file handler
        self.allow_refresh =  True

    def sync_storage(self):
        """
        Will sync all collective variables and the storage to disk
        """
        if self.storage is not None:
            self.storage.sync_all()

    @abc.abstractmethod
    def run(self, n_steps):
        """
        Run the simulator for a number of steps

        Parameters
        ----------
        n_steps : int
            number of step to be run
        """
        pass

    def save_initial_step(self):
        """
        Save the initial state as an MCStep to the storage
        """
        mcstep = MCStep(
            simulation=self,
            mccycle=self.step,
            active=self.sample_set,
            change=paths.AcceptedSampleMoveChange(self.sample_set.samples)
        )

        if self.storage is not None:
            self.storage.steps.save(mcstep)
            self.storage.sync_all()


class BootstrapPromotionMove(SubPathMover):
    """
    Bootstrap promotion is the combination of an EnsembleHop (to the next
    ensemble up) with incrementing the replica ID.
    """
    def __init__(self, bias=None, shooters=None, ensembles=None):
        """
        Parameters
        ----------
        bias : None
            not used yet, only for API consistency and later implementation
        shooters : list of ShootingMovers
            list of ShootingMovers for each ensemble
        ensembles : list of Ensembles
            list of ensembles the move should act on

        Notes
        -----
        The bootstrapping will use the ensembles sequentially so it requires
        that all ensembles have a reasonable overlab using shooting moves.

        """
        self.shooters = shooters
        self.bias = bias
        self.ensembles = ensembles
        initialization_logging(logger=init_log, obj=self,
                               entries=['bias', 'shooters', 'ensembles'])

        ens_pairs = [[self.ensembles[i], self.ensembles[i+1]]
                     for i in range(len(self.ensembles)-1)]

        # Bootstrapping sets numeric replica IDs. If the user wants it done
        # differently, the user can change it.
        self._ensemble_dict = {ens : rep for rep, ens in enumerate(ensembles) }
        
        # Create all possible hoppers so we do not have to recreate these
        # every time which will result in more efficient storage
        mover = paths.LastAllowedMover([
            # writing an algorithm this convoluted can get you shot in Texas
            paths.PartialAcceptanceSequentialMover(
                movers=[
                    shoot,
                    paths.EnsembleHopMover(
                        ensemble=enss[0],
                        target_ensemble=enss[1],
                        change_replica=self._ensemble_dict[enss[1]]
                    )
                ]
            ) for (enss, shoot) in zip(ens_pairs, shooters)
        ])

        super(BootstrapPromotionMove, self).__init__(mover)


class Bootstrapping(PathSimulator):
    """Creates a SampleSet with one sample per ensemble.
    
    The ensembles for the Bootstrapping pathsimulator must be one ensemble
    set, in increasing order. Replicas are named numerically.
    """

    calc_name = "Bootstrapping"

    def __init__(
            self,
            storage,
            engine=None,
            movers=None,
            trajectory=None,
            ensembles=None
    ):
        """
        Parameters
        ----------
        storage : openpathsampling.storage.Storage
            the storage all results should be stored in
        engine : openpathsampling.DynamicsEngine
            the dynamics engine to be used
        movers : list of openpathsampling.PathMover
            list of shooters to be used in the BootstrapPromotionMove
        trajectory : openpathsampling.Trajectory
            an initial trajectory to be started from
        ensembles : nested list of openpathsampling.Ensemble
            the ensembles this move should act on
        """
        # TODO: Change input from trajectory to sample
        super(Bootstrapping, self).__init__(storage)
        self.engine = engine
        paths.EngineMover.default_engine = engine  # set the default
        self.ensembles = ensembles
        self.trajectory = trajectory

        sample = paths.Sample(
            replica=0,
            trajectory=trajectory,
            ensemble=self.ensembles[0]
        )

        self.sample_set = paths.SampleSet([sample])

        if movers is None:
            pass # TODO: implement defaults: one per ensemble, uniform sel
        else:
            self.movers = movers
        initialization_logging(init_log, self,
                               ['movers', 'ensembles'])
        init_log.info("Parameter: %s : %s", 'trajectory', str(trajectory))

        self._bootstrapmove = BootstrapPromotionMove(
            bias=None,
            shooters=self.movers,
            ensembles=self.ensembles
        )

    def run(self, n_steps):
        bootstrapmove = self._bootstrapmove

        cvs = []
        n_samples = 0

        if self.storage is not None:
            cvs = list(self.storage.cvs)
            n_samples = len(self.storage.snapshots)

        ens_num = len(self.sample_set)-1

        if self.step == 0:
            self.save_initial_step()

        failsteps = 0
        # if we fail n_steps times in a row, kill the job

        while ens_num < len(self.ensembles) - 1 and failsteps < n_steps:
            self.step += 1
            logger.info("Step: " + str(self.step)
                        + "   Ensemble: " + str(ens_num)
                        + "  failsteps = " + str(failsteps)
                       )
            paths.tools.refresh_output(
                ("Working on Bootstrapping cycle step %d" +
                " in ensemble %d/%d .\n") %
                ( self.step, ens_num + 1, len(self.ensembles) ),
                output_stream=self.output_stream,
                refresh=self.allow_refresh
            )

            movepath = bootstrapmove.move(self.sample_set)
            samples = movepath.results
            new_sampleset = self.sample_set.apply_samples(samples)

#            samples = movepath.results
#            logger.debug("SAMPLES:")
#            for sample in samples:
#                logger.debug("(" + str(sample.replica)
#                             + "," + str(sample.trajectory)
#                             + "," + repr(sample.ensemble)
#                            )


            mcstep = MCStep(
                simulation=self,
                mccycle=self.step,
                previous=self.sample_set,
                active=new_sampleset,
                change=movepath
            )


#            logger.debug("GLOBALSTATE:")
#            for sample in self.sample_set:
#                logger.debug("(" + str(sample.replica)
#                             + "," + str(sample.trajectory)
#                             + "," + repr(sample.ensemble)
#                            )



            if self.storage is not None:
                # compute all cvs now
                for cv in cvs:
                    n_len = len(self.storage.snapshots)
                    cv(self.storage.snapshots[n_samples:n_len])
                    n_samples = n_len

                self.storage.steps.save(mcstep)

            self.sample_set = new_sampleset

            old_ens_num = ens_num
            ens_num = len(self.sample_set)-1
            if ens_num == old_ens_num:
                failsteps += 1

            if self.step % self.save_frequency == 0:
                self.sample_set.sanity_check()
                self.sync_storage()

        self.sync_storage()

        paths.tools.refresh_output(
            ("DONE! Completed Bootstrapping cycle step %d" +
            " in ensemble %d/%d.\n") %
            ( self.step, ens_num + 1, len(self.ensembles) ),
            output_stream=self.output_stream,
            refresh=self.allow_refresh
        )


class FullBootstrapping(PathSimulator):
    """
    Takes a snapshot as input; gives you back a sampleset with trajectories
    for every ensemble in the transition.

    This includes

    Parameters
    ----------
    transition : :class:`.TISTransition`
        the TIS transition to fill by bootstrapping
    snapshot : :class:`.Snapshot`
        the initial snapshot
    storage : :class:`.Storage`
        storage file to record the steps (optional)
    engine : :class:`.DynamicsEngine`
        MD engine to use for dynamics
    extra_interfaces : list of :class:`.Volume`
        additional interfaces to make into TIS ensembles (beyond those in
        the transition)
    extra_ensembles : list of :class:`.Ensemble`
        additional ensembles to sample after the TIS ensembles
    forbidden_states : list of :class:`.Volume`
        regions that are disallowed during the initial trajectory. Note that
        these region *are* allowed during the interface sampling
    initial_max_length : int
        maximum length of the initial A->A trajectory
    """
    calc_name = "FullBootstrapping"

    def __init__(self, transition, snapshot, storage=None, engine=None,
                 extra_interfaces=None, extra_ensembles=None,
                 forbidden_states=None, initial_max_length=None):
        super(FullBootstrapping, self).__init__(storage)
        self.engine = engine
        paths.EngineMover.default_engine = engine  # set the default
        if extra_interfaces is None:
            extra_interfaces = list()

        if forbidden_states is None:
            forbidden_states = list()
        interface0 = transition.interfaces[0]
        ensemble0 = transition.ensembles[0]
        state = transition.stateA
        self.state = state
        self.first_traj_ensemble = paths.SequentialEnsemble([
            paths.OptionalEnsemble(paths.AllOutXEnsemble(state)),
            paths.AllInXEnsemble(state),
            paths.OptionalEnsemble(
                paths.AllOutXEnsemble(state) & paths.AllInXEnsemble(interface0)
            ),
            paths.OptionalEnsemble(paths.AllInXEnsemble(interface0)),
            paths.AllOutXEnsemble(interface0),
            paths.OptionalEnsemble(paths.AllOutXEnsemble(state)),
            paths.SingleFrameEnsemble(paths.AllInXEnsemble(state))
        ]) & paths.AllOutXEnsemble(paths.join_volumes(forbidden_states))

        self.initial_max_length = initial_max_length

        if self.initial_max_length is not None:
            self.first_traj_ensemble = (
                paths.LengthEnsemble(slice(0, self.initial_max_length)) & 
                self.first_traj_ensemble
            )

        if extra_ensembles is None:
            extra_ensembles = []
        self.extra_ensembles = [
            paths.TISEnsemble(transition.stateA, transition.stateB, iface,
                              transition.orderparameter)
            for iface in extra_interfaces
        ] + extra_ensembles

        self.transition_shooters = [
            paths.OneWayShootingMover(selector=paths.UniformSelector(), 
                                      ensemble=ens,
                                      engine=self.engine) 
            for ens in transition.ensembles
        ]

        self.extra_shooters = [
            paths.OneWayShootingMover(selector=paths.UniformSelector(), 
                                      ensemble=ens,
                                      engine=self.engine) 
            for ens in self.extra_ensembles
        ]
        self.snapshot = snapshot.copy()
        self.ensemble0 = ensemble0
        self.all_ensembles = transition.ensembles + self.extra_ensembles
        self.n_ensembles = len(self.all_ensembles)
        self.error_max_rounds = True


    def run(self, max_ensemble_rounds=None, n_steps_per_round=20,
            build_attempts=20):
        #print first_traj_ensemble #DEBUG
        has_AA_path = False
        subtraj=None
        while not has_AA_path:
            self.engine.current_snapshot = self.snapshot.copy()
            self.engine.snapshot = self.snapshot.copy()
            self.output_stream.write("Building first trajectory\n")
            sys.stdout.flush()
            first_traj = self.engine.generate(
                self.engine.current_snapshot, 
                [self.first_traj_ensemble.can_append]
            )
            self.output_stream.write("Selecting segment\n")
            sys.stdout.flush()
            subtrajs = self.ensemble0.split(first_traj)
            if len(subtrajs) > 0:
                # if we have a short enough path go ahead
                subtraj = subtrajs[0]
                # check that this is A->A as well
                has_AA_path = self.state(subtraj[-1]) \
                    and self.state(subtraj[0])

            build_attempts -= 1
            if build_attempts == 0:
                raise RuntimeError(
                    'Too many attempts. Try another initial snapshot instead.')

        self.output_stream.write("Sampling " + str(self.n_ensembles) +
                                 " ensembles.\n")
        bootstrap = paths.Bootstrapping(
            storage=self.storage,
            ensembles=self.all_ensembles,
            movers=self.transition_shooters + self.extra_shooters,
            trajectory=subtraj
        )
        bootstrap.output_stream = self.output_stream
        self.output_stream.write("Beginning bootstrapping\n")
        n_rounds = 0
        n_filled = len(bootstrap.sample_set)
        while n_filled < self.n_ensembles:
            bootstrap.run(n_steps_per_round)

            if n_filled == len(bootstrap.sample_set):
                n_rounds += 1
            else:
                n_rounds = 0
            if n_rounds == max_ensemble_rounds:
                # hard equality instead of inequality so that None gives us
                # effectively infinite (rounds add one at a time
                msg = ("Too many rounds of bootstrapping: " + str(n_rounds)
                       + " round of " + str(n_steps_per_round) + " steps.")
                if self.error_max_rounds:
                    raise RuntimeError(msg)
                else:  # pragma: no cover
                    logger.warning(msg)
                    break
            n_filled = len(bootstrap.sample_set)

        return bootstrap.sample_set


class PathSampling(PathSimulator):
    """
    General path sampling code. 
    
    Takes a single move_scheme and generates samples from that, keeping one
    per replica after each move. 
    """

    calc_name = "PathSampling"

    def __init__(
            self,
            storage,
            move_scheme=None,
            sample_set=None,
            initialize=True
    ):
        """
        Parameters
        ----------
        storage : :class:`openpathsampling.storage.Storage`
            the storage where all results should be stored in
        move_scheme : :class:`openpathsampling.MoveScheme`
            the move scheme used for the pathsampling cycle
        sample_set : :class:`openpathsampling.SampleSet`
            the initial SampleSet for the Simulator
        initialize : bool
            if `False` the new PathSimulator will continue at the step and
            not create a new SampleSet object to cut the connection to previous
            steps
        """
        super(PathSampling, self).__init__(storage)
        self.move_scheme = move_scheme
        if move_scheme is not None:
            self.root_mover = move_scheme.move_decision_tree()
            self._mover = paths.PathSimulatorMover(self.root_mover, self)
        else:
            self.root_mover = None
            self._mover = None

        initialization_logging(init_log, self,
                               ['move_scheme', 'sample_set'])
        self.live_visualizer = None
        self.status_update_frequency = 1

        if initialize:
            samples = []
            if sample_set is not None:
                for sample in sample_set:
                    samples.append(sample.copy_reset())

            self.sample_set = paths.SampleSet(samples)

            mcstep = MCStep(
                simulation=self,
                mccycle=self.step,
                active=self.sample_set,
                change=paths.AcceptedSampleMoveChange(self.sample_set.samples)
            )

            self._current_step = mcstep

        else:
            self.sample_set = sample_set
            self._current_step = None

        self.root = self.sample_set

        if self.storage is not None:
            self.save_current_step()

    def to_dict(self):
        return {
            'root': self.root,
            'move_scheme': self.move_scheme,
            'root_mover': self.root_mover,
        }

    @classmethod
    def from_dict(cls, dct):

        # create empty object
        obj = cls(None)

        # and correct the content
        obj.move_scheme = dct['move_scheme']
        obj.root = dct['root']
        obj.root_mover = dct['root_mover']

        obj._mover = paths.PathSimulatorMover(obj.root_mover, obj)

        return obj

    @property
    def current_step(self):
        return self._current_step

    def save_current_step(self):
        """
        Save the current step to the storage

        """
        if self.storage is not None and self._current_step is not None:
            self.storage.steps.save(self._current_step)

    @classmethod
    def from_step(cls, storage, step, initialize=True):
        """

        Parameters
        ----------
        storage : :class:`openpathsampling.storage.Storage`
            the storage to be used to hold the simulation results
        step : :class:`openpathsampling.MCStep`
            the step used to fill the initial parameters
        initialize : bool
            if `False` the new PathSimulator will continue at the given step and
            not create a new SampleSet object to cut the connection to previous
            steps.

        Returns
        -------
        :class:`openpathsampling.PathSampling`
            the new simulator object
        """
        obj = cls(
            storage,
            step.simulation.move_scheme,
            step.sample_set,
            initialize=initialize
        )

        return obj

    def restart_at_step(self, step, storage=None):
        """
        Continue with a loaded pathsampling at a given step

        Notes
        -----
        You can only continue from a step that is compatible in the sense
        that it was previously generated from the pathsampling instance.

        If you want to switch the move scheme you need to create a new
        pathsampling instance. You can do so with the constructor or using
        the classmethod `from_step` which simplifies the setup process

        Parameters
        ----------
        step : :class:`MCStep`
            the step to be continued from. You are always free to chose any step
            which can be used to fork a simulation but for analysis you may
            only use one path of steps.
        storage : :class:`Storage`
            If given this will change the storage used to store the generated
            steps

        """
        if step.simulation is not self:
            raise RuntimeWarning(
                'Trying to continue from other step. Please use the '
                '`.from_step` method to create a new PathSampling object '
                'instead.')

        if storage is not None:
            self.storage = storage

        self.step = step.mccycle
        self.sample_set = step.active
        self.root = step.simulation.root

        self._current_step = step

    def run_until(self, n_steps):
        # if self.storage is not None:
        #     if len(self.storage.steps) > 0:
        #         self.step = len(self.storage.steps)
        n_steps_to_run = n_steps - self.step
        self.run(n_steps_to_run)

    def run(self, n_steps):
        mcstep = None

        # cvs = list()
        # n_samples = 0

        # if self.storage is not None:
        #     n_samples = len(self.storage.snapshots)
        #     cvs = list(self.storage.cvs)

        initial_time = time.time()

        for nn in range(n_steps):
            self.step += 1
            logger.info("Beginning MC cycle " + str(self.step))
            refresh = self.allow_refresh
            if self.step % self.status_update_frequency == 0:
                # do we visualize this step?
                if self.live_visualizer is not None and mcstep is not None:
                    # do we visualize at all?
                    self.live_visualizer.draw_ipynb(mcstep)
                    refresh = False

                elapsed = time.time() - initial_time

                if nn > 0:
                    time_per_step = elapsed / nn
                else:
                    time_per_step = 1.0

                paths.tools.refresh_output(
                    "Working on Monte Carlo cycle number " + str(self.step)
                    + "\n"
                    + "Running for %d seconds - %5.2f steps per second\n" % (
                        elapsed,
                        1.0 / time_per_step
                    )
                    + "Expected time to finish: %d seconds\n" % (
                        1.0 * (n_steps - nn) * time_per_step
                    ),
                    refresh=refresh,
                    output_stream=self.output_stream
                )

            time_start = time.time() 
            movepath = self._mover.move(self.sample_set, step=self.step)
            samples = movepath.results
            new_sampleset = self.sample_set.apply_samples(samples)
            time_elapsed = time.time() - time_start

            # TODO: we can save this with the MC steps for timing? The bit
            # below works, but is only a temporary hack
            setattr(movepath.details, "timing", time_elapsed)

            mcstep = MCStep(
                simulation=self,
                mccycle=self.step,
                previous=self.sample_set,
                active=new_sampleset,
                change=movepath
            )

            self._current_step = mcstep
            self.save_current_step()

            # if self.storage is not None:
            #     # I think this is done automatically when saving snapshots
            #     # for cv in cvs:
            #     #     n_len = len(self.storage.snapshots)
            #     #     cv(self.storage.snapshots[n_samples:n_len])
            #     #     n_samples = n_len
            #
            #     self.storage.steps.save(mcstep)

            if self.step % self.save_frequency == 0:
                self.sample_set.sanity_check()
                self.sync_storage()

            self.sample_set = new_sampleset

        self.sync_storage()

        if self.live_visualizer is not None and mcstep is not None:
            self.live_visualizer.draw_ipynb(mcstep)
        paths.tools.refresh_output(
            "DONE! Completed " + str(self.step) + " Monte Carlo cycles.\n",
            refresh=False,
            output_stream=self.output_stream
        )


class CommittorSimulation(PathSimulator):
    """Committor simulations. What state do you hit from a given snapshot?

    Parameters
    ----------
    storage : :class:`.Storage`
        the file to store simulations in
    engine : :class:`.DynamicsEngine`
        the dynamics engine to use to run the simulation
    states : list of :class:`.Volume`
        the volumes representing the stable states
    randomizer : :class:`.SnapshotModifier`
        the method used to modify the input snapshot before each shot
    initial_snapshots : list of :class:`.Snapshot`
        initial snapshots to use
    direction : int or None
        if direction > 0, only forward shooting is used, if direction < 0,
        only backward, and if direction is None, mix of forward and
        backward. Useful if using no modification on the randomizer.
    """
    def __init__(self, storage, engine=None, states=None, randomizer=None,
                 initial_snapshots=None, direction=None):
        super(CommittorSimulation, self).__init__(storage)
        self.engine = engine
        paths.EngineMover.default_engine = engine
        self.states = states
        self.randomizer = randomizer
        try:
            initial_snapshots = list(initial_snapshots)
        except TypeError:
            initial_snapshots = [initial_snapshots]
        self.initial_snapshots = initial_snapshots
        self.direction = direction

        all_state_volume = paths.join_volumes(states)

        # we should always start from a single frame not in any state
        self.starting_ensemble = (
            paths.AllOutXEnsemble(all_state_volume) &
            paths.LengthEnsemble(1)
        )
        # shoot forward until we hit a state
        self.forward_ensemble = paths.SequentialEnsemble([
            paths.AllOutXEnsemble(all_state_volume),
            paths.AllInXEnsemble(all_state_volume) & paths.LengthEnsemble(1)
        ])
        # or shoot backward until we hit a state
        self.backward_ensemble = paths.SequentialEnsemble([
            paths.AllInXEnsemble(all_state_volume) & paths.LengthEnsemble(1),
            paths.AllOutXEnsemble(all_state_volume)
        ])

        self.forward_mover = paths.ForwardExtendMover(
            ensemble=self.starting_ensemble,
            target_ensemble=self.forward_ensemble
        )
        self.backward_mover = paths.BackwardExtendMover(
            ensemble=self.starting_ensemble,
            target_ensemble=self.backward_ensemble
        )

        if self.direction is None:
            self.mover = paths.RandomChoiceMover([self.forward_mover,
                                                  self.backward_mover])
        elif self.direction > 0:
            self.mover = self.forward_mover
        elif self.direction < 0:
            self.mover = self.backward_mover

    def run(self, n_per_snapshot, as_chain=False):
        """Run the simulation.

        Parameters
        ----------
        n_per_snapshot : int
            number of shots per snapshot
        as_chain : bool
            if as_chain is False (default), then the input to the modifier
            is always the original snapshot. If as_chain is True, then the
            input to the modifier is the previous (modified) snapshot.
            Useful for modifications that can't cover the whole range from a
            given snapshot.
        """
        self.step = 0
        snap_num = 0
        for snapshot in self.initial_snapshots:
            start_snap = snapshot
            # do what we need to get the snapshot set up
            for step in range(n_per_snapshot):
                paths.tools.refresh_output(
                    "Working on snapshot %d / %d; shot %d / %d" % (
                        snap_num+1, len(self.initial_snapshots),
                        step+1, n_per_snapshot
                    ),
                    output_stream=self.output_stream,
                    refresh=self.allow_refresh
                )

                if as_chain:
                    start_snap = self.randomizer(start_snap)
                else:
                    start_snap = self.randomizer(snapshot)

                sample_set = paths.SampleSet([
                    paths.Sample(replica=0,
                                 trajectory=paths.Trajectory([start_snap]),
                                 ensemble=self.starting_ensemble)
                ])
                sample_set.sanity_check()
                new_pmc = self.mover.move(sample_set)
                samples = new_pmc.results
                new_sample_set = sample_set.apply_samples(samples)

                mcstep = MCStep(
                    simulation=self,
                    mccycle=self.step,
                    previous=sample_set,
                    active=new_sample_set,
                    change=new_pmc
                )

                if self.storage is not None:
                    self.storage.steps.save(mcstep)
                    if self.step % self.save_frequency == 0:
                        self.sync_storage()

                self.step += 1
            snap_num += 1


class DirectSimulation(PathSimulator):
    """
    Direct simulation to calculate rates and fluxes.

    In practice, this is primarily used to calculate the flux if you want to
    do so without saving the entire trajectory. However, it will also save
    the trajectory, if you want it to.

    Parameters
    ----------
    storage : paths.Storage
        file to store the trajectory in. Default is None, meaning that the
        trajectory isn't stored (also faster)
    engine : paths.engine.DynamicsEngine
        the engine for the molecular dynamics
    states : list of paths.Volume
        states to look for transitions between
    flux_pairs : list of 2-tuples of (state, interface)
        fluxes will calculate the flux out of `state` and through
        `interface` for each pair in this list
    initial_snapshot : paths.engines.Snapshot
        initial snapshot for the MD

    Attributes
    ----------
    transitions : dict with keys 2-tuple of paths.Volume, values list of int
        for each pair of states (from_state, to_state) as a key, gives the
        number of frames for each transition from the entry into from_state
        to entry into to_state
    rate_matrix : pd.DataFrame
        calculates the rate matrix, in units of per-frames
    fluxes : dict with keys 2-tuple of paths.Volume, values float
        flux out of state and through interface for each (state, interface)
        key pair
    n_transitions : dict with keys 2-tuple of paths.Volume, values int
        number of transition events for each pair of states
    n_flux_events : dict with keys 2-tuple of paths.Volume, values int
        number of flux events for each (state, interface) pair
    """
    def __init__(self, storage=None, engine=None, states=None,
                 flux_pairs=None, initial_snapshot=None):
        super(DirectSimulation, self).__init__(storage)
        self.engine = engine
        self.states = states
        self.flux_pairs = flux_pairs
        if flux_pairs is None:
            self.flux_pairs = []
        self.initial_snapshot = initial_snapshot
        self.save_every = 1

        # TODO: might set these elsewhere for reloading purposes?
        self.transition_count = []
        self.flux_events = {pair: [] for pair in self.flux_pairs}

    def run(self, n_steps):
        most_recent_state = None
        last_interface_exit = {p: -1 for p in self.flux_pairs}
        last_state_visit = {s: -1 for s in self.states}
        was_in_interface = {p: None for p in self.flux_pairs}
        local_traj = paths.Trajectory([self.initial_snapshot])
        self.engine.current_snapshot = self.initial_snapshot
        for step in range(n_steps):
            frame = self.engine.generate_next_frame()

            # update the most recent state if we're in a state
            state = None  # no state at all
            for s in self.states:
                if s(frame):
                    state = s
            if state: 
                last_state_visit[state] = step
                if state is not most_recent_state:
                    # we've made a transition: on the first entrance into
                    # this state, we reset the last_interface_exit
                    state_flux_pairs = [p for p in self.flux_pairs 
                                        if p[0] == state]
                    for p in state_flux_pairs:
                        last_interface_exit[p] = -1
                    # if this isn't the first change of state, we add the
                    # transition
                    if most_recent_state:
                        self.transition_count.append((state, step))
                    most_recent_state = state

            # update whether we've left any interface
            for p in self.flux_pairs:
                state = p[0]
                interface = p[1]
                is_in_interface = interface(frame)
                if not is_in_interface and was_in_interface[p]:
                    if state is most_recent_state:
                        last_exit = last_interface_exit[p]
                        # successful exit
                        if 0 < last_exit < last_state_visit[state]:
                            flux_time_range = (step, last_exit)
                            self.flux_events[p].append(flux_time_range)
                        last_interface_exit[p] = step
                was_in_interface[p] = is_in_interface

            if self.storage is not None:
                local_traj += [frame]

        if self.storage is not None:
            self.storage.save(local_traj)

    @property
    def transitions(self):
        prev_state = None
        prev_time = None
        results = {}
        for (new_state, time) in self.transition_count:
            if prev_state is not None and prev_time is not None:
                lag = time - prev_time
                try:
                    results[(prev_state, new_state)] += [lag]
                except KeyError:
                    results[(prev_state, new_state)] = [lag]
            prev_state = new_state
            prev_time = time
        return results

    @property
    def rate_matrix(self):
        transitions = self.transitions
        rates = {t : 1.0 / np.array(transitions[t]).mean() 
                 for t in transitions}
        rate_matrix = pd.DataFrame(columns=self.states,
                                   index=self.states)
        for t in rates:
            rate_matrix.set_value(t[0], t[1], rates[t])
        return rate_matrix

    @property
    def fluxes(self):
        results = {}
        for p in self.flux_events:
            lags = [t[0] - t[1] for t in self.flux_events[p]]
            results[p] = 1.0 / np.mean(lags)
        return results

        # return {p : 1.0 / np.array(self.flux_events[p]).mean()
                # for p in self.flux_events}

    @property
    def n_transitions(self):
        transitions = self.transitions
        return {t : len(transitions[t]) for t in transitions}

    @property
    def n_flux_events(self):
        return {p : len(self.flux_events[p]) for p in self.flux_events}
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class TreeMixin(object):
    """
    A mixin that provides basic tree handling.

    A tree is basically a node with children of the same type. The mixin
    requires to implement `.subnodes` to contain a list of children.

    The `__contains__` operator requires `_default_match` to be implemented.
    Otherwise is defaults to a comparison between two elements.
    """

    @staticmethod
    def _indent(s):
        """
        Helper function to print indented subtrees

        Parameters
        ----------
        s : str
            string representation of a tree to be indented

        Returns
        -------
        str
            the indented representation
        """
        spl = s.split('\n')
        spl = [' |  ' + p if p[0] == ' ' else ' +- ' + p for p in spl]
        return '\n'.join(spl)

    @property
    def _subnodes(self):
        return []

    def __iter__(self):
        """
        Traverse the whole tree in pre-order

        Returns
        -------
        Iterator
            an iterator that traverses the tree in pre-order
        """
        yield self
        for subchange in self._subnodes:
            for change in subchange:
                yield change

    def __getitem__(self, item):
        """
        Return the n-th subchange

        Returns
        -------
        MoveChange
            the n-th subchange if this MoveChange uses underlying changes
        """
        if type(item) is int:
            return self._subnodes[item]

        if type(item) is list:
            # this is assumed to be a tree
            if self._default_match(item[0], self):
                if len(item) > 1:
                    for ch in self._subnodes:
                        r = ch[item[1]]
                        if r is not None:
                            return r
                    return None
                else:
                    return self
            else:
                return None


    def __reversed__(self):
        """
        Traverse the whole tree in post-order

        Returns
        -------
        Iterator
            an iterator that traverses the tree in post-order
        """
        for subchange in self._subnodes:
            for change in reversed(subchange):
                yield change

        yield self

    def __len__(self):
        """
        Returns the total number of Changes mad in a move.

        Returns
        -------
        int
            the number of (Sub)MoveChanges in this MoveChange

        """
        if self._len is None:
            self._len = len(list(iter(self)))

        return self._len

    def key(self, change):
        tree = self.keylist()
        return [leave for leave in tree if leave[1] is change ][0][0]

    @classmethod
    def _check_tree(cls, tree, branch, match):
        WILDCATS = {
            '*' : lambda s : slice(0,None),
            '.' : lambda s : slice(1,2),
            '?' : lambda s : slice(0,2),
            ':' : lambda s : slice(*map(int, s.split(':')))
        }
        MATCH_ONE = ['.', '?', '*']

        if branch[0] not in MATCH_ONE and not match(tree[0], branch[0]):
            return False
        else:
            if len(branch) > 1:
                sub = branch[1]
                sub_branch = [branch[0]] + branch[2:]
                if type(sub) is str:
                    region = None
                    for wild in WILDCATS:
                        if wild in sub:
                            region = WILDCATS[wild](sub)
                            break

                    if region is None:
                        raise ValueError('Parse error. ONLY ' + str(WILDCATS.values()) + ' as wildcats allowed.')

                    if region.start < len(tree):
                        # check that there are enough children to match
                        for left in range(*region.indices(len(tree))):

                            sub_tree = [tree[0]] + tree[1+left:]
                            if cls._check_tree(sub_tree, sub_branch, match):
                                return True

                    return False
                else:
                    if len(tree) > 1:
                        if not cls._check_tree(tree[1], sub, match):
                            return False
                        else:
                            # go to next sub in branch
                            if len(branch) > 2:
                                if len(tree) > 2:
                                    return cls._check_tree([tree[0]] + tree[2:], sub_branch, match)
                                else:
                                    return False
                    else:
                        # still branch, but no more tree
                        return False

        return True

    def _check_head_node(self, items):
        tree = self.tree()
        return self._check_tree(tree, items, self._default_match)

    @staticmethod
    def _default_match(original, test):
        """
        A function determining the way single nodes are matched

        This function is used to test for __contains__

        Parameters
        ----------
        original : node
            the original node to be tested
        test : node-like
            the object a node should be tested for

        Returns
        -------
        bool
            True if the original is of type test. This depends on the
            actual implementation

        Notes
        -----
        Default is to test for equality `original == test`, often we might
        also allow for testing of classes, subclasses, e.g.
        [1,2,3] as a node could be tested for list and return True
        """
        if original == test:
            return True
        else:
            return False

    def __contains__(self, item):
        """
        Check if a node or a tree is in self

        The tree structure is as follows

        1. A tree consists of nodes
        2. Each node can have zero, one or more children
        3. Each child is a node itself

        The tree structure in openpathsampling is expressed as

        1. The tree structure is given as a nested list of lists ...
        2. The first element in the list is the node
        3. Element 2 to N are the children.
        4. Children are always wrapped in brackets

        node = [element, [child1], [child2], ... ]

        A tree can be a subtree if the subtree (always starting from the top)
        fits on top of the tree to match. Here child nodes are ignored as long
        as the mask of the subtree fits.

        In searching wildcats are allowed. This works as

        1. slice(start, end) means a number of arbitrary children between
            start and end-1
        2. '*' means an arbitrary number of arbitrary children. Equal to slice(0, None)
        3. None or '.' means ONE arbitrary child. Equal to slice(1,2)
        4. '?' means ONE or NONE arbitrary child. Equal to slice(0,2)
        5. 'n:m' is equal to slice(n,m), e.g. '0:3'

        Examples
        --------
        >>> tree1 = [mover1, [mover2]]
        >>> tree2 = [mover1, [mover2], [mover3]]
        >>> tree3 = [mover1, [mover2], [mover4, [mover5]]]
        >>> tree4 = []

        Parameters
        ----------
        item : node or tree
            the node or tree to be checked

        Returns
        -------
        bool
            True if the node is in the tree or if the subtree is in the tree

        """
        if type(item) is list:
            return self._check_head_node(item)

            # Disable checking for submoves for now. I think we will not
            # use this ?!?

            # the head node did not fit so continue trying subnodes
#            for sub in self.subnodes:
#                if item in sub:
#                    return True
        else:
            for x in self:
                if self._default_match(x, item):
                    return True

        return False

    def tree(self):
        """
        Return the object as a tree structure of nested lists of nodes

        Returns
        -------
        nested list of nodes
            the tree in nested list format
        """
        return [self] + [ ch.tree() for ch in self._subnodes]

    def map_tree(self, fnc):
        """
        Apply a function to each node and return a nested tree of results

        Parameters
        ----------
        fnc : function(node, args, kwargs)
            the function run at each node node. It is given the node
            and the optional (fixed) parameters
        kwargs : named arguments
            optional arguments added to the function

        Returns
        -------
        tree (fnc(node, \*\*kwargs))
            nested list of the results of the map
        """
        return [fnc(self)] + [ ch.map_tree(fnc) for ch in self._subnodes]

    @property
    def identifier(self):
        """
        A unique identifier to build the unique key for a position in a tree

        Returns
        -------
        hashable object
            the unique (hashable) key to identify each node

        Notes
        -----
        This is often specific to the node type and hence overridden by the
        target tree
        """
        return hex(id(self))

    def keylist(self):
        """
        Return a list of key : subtree tuples

        Returns
        -------
        list of tuple(key, subtree)
            A list of all subtrees with their respective keys
        """
        path = [self.identifier]

        result = list()
        result.append( ( path, self ) )
        mp = []
        for sub in self._subnodes:
            subtree = sub.keylist()
            result.extend([ ( path + mp + [m[0]], m[1] ) for m in subtree ])
            mp.extend([subtree[-1][0]])

        return result

    def map_post_order(self, fnc, **kwargs):
        """
        Traverse the tree in post-order applying a function

        This traverses the underlying tree and applies the given function at
        each node returning a list of the results. Post-order means
        that subnodes are called BEFORE the node itself is evaluated.

        Parameters
        ----------
        fnc : function(node, kwargs)
            the function run at each node. It is given the node and the
            optional (fixed) parameters
        kwargs : named arguments
            optional arguments added to the function

        Returns
        -------
        list (fnc(node, \*\*kwargs))
            flattened list of the results of the map

        Notes
        -----
        This uses the same order as `reversed()`

        See also
        --------
        map_pre_order, map_post_order, level_pre_order, level_post_order
        """
        return [ fnc(node, **kwargs) for node in reversed(self) ]

    def depth_post_order(self, fnc, level=0, **kwargs):
        """
        Traverse the tree in post-order applying a function with depth

        This traverses the underlying tree and applies the given function at
        each node returning a list of the results. Post-order means
        that subnodes are called BEFORE the node itself is evaluated.

        Parameters
        ----------
        fnc : function(node, \*\*kwargs)
            the function run at each node. It is given the node and the
            optional (fixed) parameters
        level : int
            the initial level
        kwargs : named arguments
            optional arguments added to the function

        Returns
        -------
        list of tuple(level, func(node, \*\*kwargs))
            flattened list of tuples of results of the map. First part of
            the tuple is the level, second part is the function result.

        See also
        --------
        map_pre_order, map_post_order, level_pre_order, level_post_order
        """

        output = list()
        for mp in self._subnodes:
            output.extend(mp.depth_post_order(fnc, level + 1, **kwargs))
        output.append((level, fnc(self, **kwargs)))

        return output

    def map_pre_order(self, fnc, **kwargs):
        """
        Traverse the tree in pre-order applying a function

        This traverses the underlying tree applies the given function at
        each node returning a list of the results. Pre-order means
        that subnodes are called AFTER the node itself is evaluated.

        Parameters
        ----------
        fnc : function(node, \*\*kwargs)
            the function run at each node. It is given the node and the
            optional parameters
        kwargs : named arguments
            optional arguments added to the function

        Returns
        -------
        list (fnc(node, \*\*kwargs))
            flattened list of the results of the map

        Notes
        -----
        This uses the same order as `iter()`

        See also
        --------
        map_pre_order, map_post_order, level_pre_order, level_post_order
        """
        return [ fnc(node, **kwargs) for node in iter(self) ]

    def depth_pre_order(self, fnc, level=0, only_canonical=False, **kwargs):
        """
        Traverse the tree of node in pre-order applying a function

        This traverses the underlying tree applies the given function at
        each node returning a list of the results. Pre-order means
        that subnodes are called AFTER the node itself is evaluated.

        Parameters
        ----------
        fnc : function(node, \*\*kwargs)
            the function run at each node. It is given the node and the
            optional parameters
        level : int
            the initial level
        only_canonical : bool, default: False
            if `True` the recursion stops at canonical movers and will hence be
            more compact
        kwargs : named arguments
            optional arguments added to the function


        Returns
        -------
        list of tuple(level, fnc(node, \*\*kwargs))
            flattened list of tuples of results of the map. First part of
            the tuple is the level, second part is the function result.

        See also
        --------
        map_pre_order, map_post_order, level_pre_order, level_post_order
        """

        output = list()
        output.append((level, fnc(self, **kwargs)))

#        print self.is_canonical, only_canonical, not only_canonical or not self.is_canonical

        if not only_canonical or not self.is_canonical:
            for mp in self._subnodes:
                output.extend(mp.depth_pre_order(fnc, level + 1, only_canonical=only_canonical, **kwargs))

        return output





          

      

      

    


    
        © Copyright 2016, David W.H. Swenson.
      Created using Sphinx 1.3.5.
    

  

