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1. About schedula

schedula is a dynamic flow-based programming environment for python,
that handles automatically the control flow of the program. The control flow
generally is represented by a Directed Acyclic Graph (DAG), where nodes are the
operations/functions to be executed and edges are the dependencies between them.

The algorithm of schedula dates back to 2014, when a colleague asked for a
method to automatically populate the missing data of a database. The imputation
method chosen to complete the database was a system of interdependent physical
formulas - i.e., the inputs of a formula are the outputs of other formulas.
The current library has been developed in 2015 to support the design of the
CO2MPAS tool [https://github.com/JRCSTU/CO2MPAS-TA] - a CO2 vehicle simulator [https://jrcstu.github.io/co2mpas/model/?url=https://jrcstu.github.io/co2mpas/model/core/CO2MPAS_model/calibrate_with_wltp_h.html]. During the developing
phase, the physical formulas (more than 700) were known on the contrary of the
software inputs and outputs.


1.1. Why schedula?

The design of flow-based programs begins with the definition of the control flow
graph, and implicitly of its inputs and outputs. If the program accepts multiple
combinations of inputs and outputs, you have to design and code all control flow
graphs. With normal schedulers, it can be very demanding.

While with schedula, giving whatever set of inputs, it automatically
calculates any of the desired computable outputs, choosing the most appropriate
DAG from the dataflow execution model.


Note

The DAG is determined at runtime and it is extracted using the shortest path
from the provided inputs. The path is calculated based on a weighted directed
graph (dataflow execution model) with a modified Dijkstra algorithm.



schedula makes the code easy to debug, to optimize, and to present it to a
non-IT audience through its interactive graphs and charts. It provides
the option to run a model asynchronously or in parallel managing automatically
the Global Interpreter Lock (GIL), and to convert a model into a web API
service.



1.2. Dataflow Execution Model

The Dispatcher is the main model of schedula
and it represents the dataflow execution model of your code. It is defined by
a weighted directed graph. The nodes are the operations to be executed.
The arcs between the nodes represent their dependencies. The weights are used to
determine the control flow of your model (i.e. operations’ invocation order).

Conceptually, when the model is executed, input-data flows as tokens along the
arcs. When the execution/dispatch()
begins, a special node (START) places the data onto
key input arcs, triggering the computation of the control flow. The latter is
represented by a Directed Acyclic Graph (DAG) and it is defined as the shortest
path from the provided inputs. It is computed using the weighted directed graph
and a modified Dijkstra algorithm. A node is executed when its inputs and domain
are satisfied. After the node execution, new data are placed on some or all of
its output arcs. In presence of cycles in the graph, to avoid undesired infinite
loops, the nodes are computed only once. In case of an execution failure of a
node, the algorithm searches automatically for an alternative path to compute
the desired outputs. The nodes are differentiated according to their scope.
schedula defines three node’s types:


	data node: stores the data into the solution. By default, it is executable
when it receives one input arch.


	function node: invokes the user defined function and place the results
onto its output arcs. It is executable when all inputs are satisfied and it
has at least one data output to be computed.


	sub-dispatcher node: packages particular dataflow execution model as
sub component of the parent dispatcher. Practically, it creates a bridge
between two dispatchers (parent and child) linking some data nodes. It allows
to simplify your model, reusing some functionality defined in other models.




The key advantage is that, by this method, the scheduling is not affected by the
operations’ execution times. Therefore, it is deterministic and reproducible.
Moreover, since it is based on flow-based programming, it inherits the ability
to execute more than one operation at the same time, making the program
executable in parallel. The following video shows an example of a runtime
dispatch.
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2. Installation

To install it use (with root privileges):

$ pip install schedula





or download the last git version and use (with root privileges):

$ python setup.py install






2.1. Install extras

Some additional functionality is enabled installing the following extras:


	io: enables to read/write functions.


	plot: enables the plot of the Dispatcher model and workflow
(see plot()).


	web: enables to build a dispatcher Flask app (see
web()).


	sphinx: enables the sphinx extension directives (i.e., autosummary and
dispatcher).


	parallel: enables the parallel execution of Dispatcher model.




To install schedula and all extras, do:

$ pip install 'schedula[all]'






Note

plot extra requires Graphviz. Make sure that the directory
containing the dot executable is on your systems’ path. If you have not
you can install it from its download page [https://www.graphviz.org/download/].
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3. Tutorial

Let’s assume that we want develop a tool to automatically manage the symmetric
cryptography. The base idea is to open a file, read its content, encrypt or
decrypt the data and then write them out to a new file. This tutorial shows how
to:



	define and execute a dataflow
execution model,


	extract a sub-model, and


	deploy a web API service.








Note

You can find more examples, on how to use the schedula library, into the
folder examples [https://github.com/vinci1it2000/schedula/tree/master/examples].




3.1. Model definition

First of all we start defining an empty Dispatcher
named symmetric_cryptography that defines the dataflow execution model:

>>> import schedula as sh
>>> dsp = sh.Dispatcher(name='symmetric_cryptography')





There are two main ways to get a key, we can either generate a new one or use
one that has previously been generated. Hence, we can define three functions to
simply generate, save, and load the key. To automatically populate the model
inheriting the arguments names, we can use the decorator
add_function() as follow:

>>> import os.path as osp
>>> from cryptography.fernet import Fernet
>>> @sh.add_function(dsp, outputs=['key'], weight=2)
... def generate_key():
...     return Fernet.generate_key().decode()
>>> @sh.add_function(dsp)
... def write_key(key_fpath, key):
...     with open(key_fpath, 'w') as f:
...         f.write(key)
>>> @sh.add_function(dsp, outputs=['key'], input_domain=osp.isfile)
... def read_key(key_fpath):
...     with open(key_fpath) as f:
...         return f.read()






Note

Since Python does not come with anything that can encrypt/decrypt files, in
this tutorial, we use a third party module named cryptography. To install
it execute pip install cryptography.



To encrypt/decrypt a message, you will need a key as previously defined and your
data encrypted or decrypted. Therefore, we can define two functions and add
them, as before, to the model:

>>> @sh.add_function(dsp, outputs=['encrypted'])
... def encrypt_message(key, decrypted):
...     return Fernet(key.encode()).encrypt(decrypted.encode()).decode()
>>> @sh.add_function(dsp, outputs=['decrypted'])
... def decrypt_message(key, encrypted):
...     return Fernet(key.encode()).decrypt(encrypted.encode()).decode()





Finally, to read and write the encrypted or decrypted message, according to the
functional programming philosophy, we can reuse the previously defined functions
read_key and write_key changing the model mapping (i.e., function_id,
inputs, and outputs). To add to the model, we can simply use the
add_function method as follow:

>>> dsp.add_function(
...     function_id='read_decrypted',
...     function=read_key,
...     inputs=['decrypted_fpath'],
...     outputs=['decrypted']
... )
'read_decrypted'
>>> dsp.add_function(
...     'read_encrypted', read_key, ['encrypted_fpath'], ['encrypted'],
...     input_domain=osp.isfile
... )
'read_encrypted'
>>> dsp.add_function(
...     'write_decrypted', write_key, ['decrypted_fpath', 'decrypted'],
...     input_domain=osp.isfile
... )
'write_decrypted'
>>> dsp.add_function(
...     'write_encrypted', write_key, ['encrypted_fpath', 'encrypted']
... )
'write_encrypted'






Note

For more details on how to create a Dispatcher
see: add_data(),
add_func(),
add_function(),
add_dispatcher(),
SubDispatch,
MapDispatch,
SubDispatchFunction,
SubDispatchPipe, and
DispatchPipe.



To inspect and visualize the dataflow execution model, you can simply plot the
graph as follow:

>>> dsp.plot()  
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4. Asynchronous and Parallel dispatching

When there are heavy calculations which takes a significant amount of time, you
want to run your model asynchronously or in parallel. Generally, this is
difficult to achieve, because it requires an higher level of abstraction and a
deeper knowledge of python programming and the Global Interpreter Lock (GIL).
Schedula will simplify again your life. It has four default executors to
dispatch asynchronously or in parallel:



	async: execute all functions asynchronously in the same process,


	parallel: execute all functions in parallel excluding
SubDispatch functions,


	parallel-pool: execute all functions in parallel using a process pool
excluding SubDispatch functions,


	parallel-dispatch: execute all functions in parallel including
SubDispatch.








Note

Running functions asynchronously or in parallel has a cost. Schedula
will spend time creating / deleting new threads / processes.



The code below shows an example of a time consuming code, that with the
concurrent execution it requires at least 6 seconds to run. Note that the
slow function return the process id.

>>> import schedula as sh
>>> dsp = sh.Dispatcher()
>>> def slow():
...     import os, time
...     time.sleep(1)
...     return os.getpid()
>>> for o in 'abcdef':
...     dsp.add_function(function=slow, outputs=[o])
'...'
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5. Contributing to schedula

If you want to contribute to schedula and make it better, your help is very
welcome. The contribution should be sent by a pull request. Next sections will
explain how to implement and submit a new functionality:


	clone the repository


	implement a new functionality


	open a pull request





5.1. Clone the repository

The first step to contribute to schedula is to clone the repository:


	Create a personal fork [https://help.github.com/articles/fork-a-repo/#fork-an-example-repository] of the schedula [https://github.com/vinci1it2000/schedula] repository on Github.


	Clone [https://help.github.com/articles/fork-a-repo/#step-2-create-a-local-clone-of-your-fork] the fork on your local machine.
Your remote repo on Github is called origin.


	Add [https://help.github.com/articles/fork-a-repo/#step-3-configure-git-to-sync-your-fork-with-the-original-spoon-knife-repository]
the original repository as a remote called upstream, to maintain updated
your fork.


	If you created your fork a while ago be sure to pull upstream changes into
your local repository.


	Create a new branch to work on! Branch from dev.






5.2. How to implement a new functionality

Test cases are very important. This library uses a data-driven testing approach.
To implement a new function I recommend the test-driven development cycle [https://en.wikipedia.org/wiki/Test-driven_development#Test-driven_development_cycle]. Hence, when you think that the code is ready,
add new test in test folder.

When all test cases are ok (python setup.py test), open a pull request.


Note

A pull request without new test case will not be taken into
consideration.





5.3. How to open a pull request

Well done! Your contribution is ready to be submitted:


	Squash your commits into a single commit with git’s
interactive rebase [https://help.github.com/articles/interactive-rebase].
Create a new branch if necessary. Always write your commit messages in the
present tense. Your commit message should describe what the commit, when
applied, does to the code – not what you did to the code.


	Push [https://help.github.com/articles/pushing-to-a-remote/] your branch to
your fork on Github (i.e., git push origin dev).


	From your fork open [https://help.github.com/articles/creating-a-pull-request-from-a-fork/] a pull request in the correct branch.
Target the project’s dev branch!


	Once the pull request is approved and merged you can pull the changes from
upstream to your local repo and delete your extra branch(es).
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6. Donate

If you want to support [https://donorbox.org/schedula] the schedula
development please donate.
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7. API Reference

The core of the library is composed from the following modules:

It contains a comprehensive list of all modules and classes within schedula.

Docstrings should provide sufficient understanding for any individual function.

Modules:



	dispatcher

	It provides Dispatcher class.



	utils

	It contains utility classes and functions.



	ext

	It provides sphinx extensions.



	cli

	Define the command line interface.
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7.1. dispatcher

It provides Dispatcher class.

Classes



	Dispatcher

	It provides a data structure to process a complex system of functions.
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7.1.1. Dispatcher


	
class Dispatcher(*args, **kwargs)

	It provides a data structure to process a complex system of functions.

The scope of this data structure is to compute the shortest workflow between
input and output data nodes.

A workflow is a sequence of function calls.

————————————————————————

Example:

As an example, here is a system of equations:

\(b - a = c\)

\(log(c) = d_{from-log}\)

\(d = (d_{from-log} + d_{initial-guess}) / 2\)

that will be solved assuming that \(a = 0\), \(b = 1\), and
\(d_{initial-guess} = 4\).

Steps

Create an empty dispatcher:

>>> dsp = Dispatcher(name='Dispatcher')





Add data nodes to the dispatcher map:

>>> dsp.add_data(data_id='a')
'a'
>>> dsp.add_data(data_id='c')
'c'





Add a data node with a default value to the dispatcher map:

>>> dsp.add_data(data_id='b', default_value=1)
'b'





Add a function node:

>>> def diff_function(a, b):
...     return b - a
...
>>> dsp.add_function('diff_function', function=diff_function,
...                  inputs=['a', 'b'], outputs=['c'])
'diff_function'





Add a function node with domain:

>>> from math import log
...
>>> def log_domain(x):
...     return x > 0
...
>>> dsp.add_function('log', function=log, inputs=['c'], outputs=['d'],
...                  input_domain=log_domain)
'log'





Add a data node with function estimation and callback function.



	function estimation: estimate one unique output from multiple
estimations.


	callback function: is invoked after computing the output.




>>> def average_fun(kwargs):
...     '''
...     Returns the average of node estimations.
...
...     :param kwargs:
...         Node estimations.
...     :type kwargs: dict
...
...     :return:
...         The average of node estimations.
...     :rtype: float
...     '''
...
...     x = kwargs.values()
...     return sum(x) / len(x)
...
>>> def callback_fun(x):
...     print('(log(1) + 4) / 2 = %.1f' % x)
...
>>> dsp.add_data(data_id='d', default_value=4, wait_inputs=True,
...              function=average_fun, callback=callback_fun)
'd'
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7.1.1.1. __init__


	
Dispatcher.__init__(dmap=None, name='', default_values=None, raises=False, description='', executor=False)

	Initializes the dispatcher.


	Parameters:

	
	dmap (schedula.utils.graph.DiGraph, optional) – A directed graph that stores data & functions parameters.


	name (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – The dispatcher’s name.


	default_values (dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str], dict [https://docs.python.org/3/library/stdtypes.html#dict]], optional) – Data node default values. These will be used as input if it is not
specified as inputs in the ArciDispatch algorithm.


	raises (bool [https://docs.python.org/3/library/functions.html#bool]|callable|str [https://docs.python.org/3/library/stdtypes.html#str], optional) – If True the dispatcher interrupt the dispatch when an error occur,
otherwise if raises != ‘’ it logs a warning. If a callable is given
it will be executed passing the exception to decide to raise or not
the exception.


	description (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – The dispatcher’s description.


	executor (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – A pool executor id to dispatch asynchronously or in parallel.

There are four default Pool executors to dispatch asynchronously or
in parallel:


	async: execute all functions asynchronously in the same process,


	parallel: execute all functions in parallel excluding
SubDispatch functions,


	parallel-pool: execute all functions in parallel using a process
pool excluding SubDispatch functions,


	parallel-dispatch: execute all functions in parallel including
SubDispatch.
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7.1.1.2. add_data


	
Dispatcher.add_data(data_id=None, default_value=empty, initial_dist=0.0, wait_inputs=False, wildcard=None, function=None, callback=None, description=None, filters=None, await_result=None, **kwargs)

	Add a single data node to the dispatcher.


	Parameters:

	
	data_id (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – Data node id. If None will be assigned automatically (‘unknown<%d>’)
not in dmap.


	default_value (T, optional) – Data node default value. This will be used as input if it is not
specified as inputs in the ArciDispatch algorithm.


	initial_dist (float [https://docs.python.org/3/library/functions.html#float], int [https://docs.python.org/3/library/functions.html#int], optional) – Initial distance in the ArciDispatch algorithm when the data node
default value is used.


	wait_inputs (bool [https://docs.python.org/3/library/functions.html#bool], optional) – If True ArciDispatch algorithm stops on the node until it gets all
input estimations.


	wildcard (bool [https://docs.python.org/3/library/functions.html#bool], optional) – If True, when the data node is used as input and target in the
ArciDispatch algorithm, the input value will be used as input for
the connected functions, but not as output.


	function (callable, optional) – Data node estimation function.
This can be any function that takes only one dictionary
(key=function node id, value=estimation of data node) as input and
return one value that is the estimation of the data node.


	callback (callable, optional) – Callback function to be called after node estimation.
This can be any function that takes only one argument that is the
data node estimation output. It does not return anything.


	description (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – Data node’s description.


	filters (list [https://docs.python.org/3/library/stdtypes.html#list][function], optional) – A list of functions that are invoked after the invocation of the
main function.


	await_result (bool [https://docs.python.org/3/library/functions.html#bool]|int [https://docs.python.org/3/library/functions.html#int]|float [https://docs.python.org/3/library/functions.html#float], optional) – If True the Dispatcher waits data results before assigning them to
the solution. If a number is defined this is used as timeout for
Future.result method [default: False]. Note this is used when
asynchronous or parallel execution is enable.


	kwargs (keyword arguments, optional) – Set additional node attributes using key=value.






	Returns:

	Data node id.



	Return type:

	str [https://docs.python.org/3/library/stdtypes.html#str]






See also

add_func(), add_function(),
add_dispatcher(), add_from_lists()



——————————————————————–

Example:

Add a data to be estimated or a possible input data node:

>>> dsp.add_data(data_id='a')
'a'





Add a data with a default value (i.e., input data node):

>>> dsp.add_data(data_id='b', default_value=1)
'b'





Create a data node with function estimation and a default value.



	function estimation: estimate one unique output from multiple
estimations.


	default value: is a default estimation.




>>> def min_fun(kwargs):
...     '''
...     Returns the minimum value of node estimations.
...
...     :param kwargs:
...         Node estimations.
...     :type kwargs: dict
...
...     :return:
...         The minimum value of node estimations.
...     :rtype: float
...     '''
...
...     return min(kwargs.values())
...
>>> dsp.add_data(data_id='c', default_value=2, wait_inputs=True,
...              function=min_fun)
'c'








Create a data with an unknown id and return the generated id:

>>> dsp.add_data()
'unknown'
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7.1.1.3. add_dispatcher


	
Dispatcher.add_dispatcher(dsp, inputs=None, outputs=None, dsp_id=None, input_domain=None, weight=None, inp_weight=None, description=None, include_defaults=False, await_domain=None, inputs_prefix='', outputs_prefix='', **kwargs)

	Add a single sub-dispatcher node to dispatcher.


	Parameters:

	
	dsp (Dispatcher | dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str], list [https://docs.python.org/3/library/stdtypes.html#list]]) – Child dispatcher that is added as sub-dispatcher node to the parent
dispatcher.


	inputs (dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str], str [https://docs.python.org/3/library/stdtypes.html#str] | list [https://docs.python.org/3/library/stdtypes.html#list][str [https://docs.python.org/3/library/stdtypes.html#str]]] | tuple [https://docs.python.org/3/library/stdtypes.html#tuple][str [https://docs.python.org/3/library/stdtypes.html#str]] | 
(str [https://docs.python.org/3/library/stdtypes.html#str], ..., dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str], str [https://docs.python.org/3/library/stdtypes.html#str] | list [https://docs.python.org/3/library/stdtypes.html#list][str [https://docs.python.org/3/library/stdtypes.html#str]]])) – Inputs mapping. Data node ids from parent dispatcher to child
sub-dispatcher. If None all child dispatcher nodes are used as
inputs.


	outputs (dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str], str [https://docs.python.org/3/library/stdtypes.html#str] | list [https://docs.python.org/3/library/stdtypes.html#list][str [https://docs.python.org/3/library/stdtypes.html#str]]] | tuple [https://docs.python.org/3/library/stdtypes.html#tuple][str [https://docs.python.org/3/library/stdtypes.html#str]] | 
(str [https://docs.python.org/3/library/stdtypes.html#str], ..., dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str], str [https://docs.python.org/3/library/stdtypes.html#str] | list [https://docs.python.org/3/library/stdtypes.html#list][str [https://docs.python.org/3/library/stdtypes.html#str]]])) – Outputs mapping. Data node ids from child sub-dispatcher to parent
dispatcher. If None all child dispatcher nodes are used as
outputs.


	dsp_id (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – Sub-dispatcher node id.
If None will be assigned as <dsp.name>.


	input_domain ((dict [https://docs.python.org/3/library/stdtypes.html#dict]) -> bool, optional) – A function that checks if input values satisfy the function domain.
This can be any function that takes the a dictionary with the inputs
of the sub-dispatcher node and returns True if input values satisfy
the domain, otherwise False.


Note

This function is invoked every time that a data node reach
the sub-dispatcher node.






	weight (float [https://docs.python.org/3/library/functions.html#float], int [https://docs.python.org/3/library/functions.html#int], optional) – Node weight. It is a weight coefficient that is used by the dispatch
algorithm to estimate the minimum workflow.


	inp_weight (dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str], int [https://docs.python.org/3/library/functions.html#int] | float [https://docs.python.org/3/library/functions.html#float]], optional) – Edge weights from data nodes to the sub-dispatcher node.
It is a dictionary (key=data node id) with the weight coefficients
used by the dispatch algorithm to estimate the minimum workflow.


	description (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – Sub-dispatcher node’s description.


	include_defaults (bool [https://docs.python.org/3/library/functions.html#bool], optional) – If True the default values of the sub-dispatcher are added to the
current dispatcher.


	await_domain (bool [https://docs.python.org/3/library/functions.html#bool]|int [https://docs.python.org/3/library/functions.html#int]|float [https://docs.python.org/3/library/functions.html#float], optional) – If True the Dispatcher waits all input results before executing the
input_domain function. If a number is defined this is used as
timeout for Future.result method [default: True]. Note this is
used when asynchronous or parallel execution is enable.


	inputs_prefix (str [https://docs.python.org/3/library/stdtypes.html#str]) – Add a prefix to parent dispatcher inputs nodes.


	outputs_prefix (str [https://docs.python.org/3/library/stdtypes.html#str]) – Add a prefix to parent dispatcher outputs nodes.


	kwargs (keyword arguments, optional) – Set additional node attributes using key=value.






	Returns:

	Sub-dispatcher node id.



	Return type:

	str [https://docs.python.org/3/library/stdtypes.html#str]






See also

add_data(), add_func(), add_function(),
add_from_lists()



——————————————————————–

Example:

Create a sub-dispatcher:

>>> sub_dsp = Dispatcher()
>>> sub_dsp.add_function('max', max, ['a', 'b'], ['c'])
'max'





Add the sub-dispatcher to the parent dispatcher:

>>> dsp.add_dispatcher(dsp_id='Sub-Dispatcher', dsp=sub_dsp,
...                    inputs={'A': 'a', 'B': 'b'},
...                    outputs={'c': 'C'})
'Sub-Dispatcher'





Add a sub-dispatcher node with domain:

>>> def my_domain(kwargs):
...     return kwargs['C'] > 3
...
>>> dsp.add_dispatcher(dsp_id='Sub-Dispatcher with domain',
...                    dsp=sub_dsp, inputs={'C': 'a', 'D': 'b'},
...                    outputs={('c', 'b'): ('E', 'E1')},
...                    input_domain=my_domain)
'Sub-Dispatcher with domain'
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7.1.1.4. add_from_lists


	
Dispatcher.add_from_lists(data_list=None, fun_list=None, dsp_list=None)

	Add multiple function and data nodes to dispatcher.


	Parameters:

	
	data_list (list [https://docs.python.org/3/library/stdtypes.html#list][dict [https://docs.python.org/3/library/stdtypes.html#dict]], optional) – It is a list of data node kwargs to be loaded.


	fun_list (list [https://docs.python.org/3/library/stdtypes.html#list][dict [https://docs.python.org/3/library/stdtypes.html#dict]], optional) – It is a list of function node kwargs to be loaded.


	dsp_list (list [https://docs.python.org/3/library/stdtypes.html#list][dict [https://docs.python.org/3/library/stdtypes.html#dict]], optional) – It is a list of sub-dispatcher node kwargs to be loaded.






	Returns:

	
	Data node ids.


	Function node ids.


	Sub-dispatcher node ids.








	Return type:

	(list [https://docs.python.org/3/library/stdtypes.html#list][str [https://docs.python.org/3/library/stdtypes.html#str]], list [https://docs.python.org/3/library/stdtypes.html#list][str [https://docs.python.org/3/library/stdtypes.html#str]], list [https://docs.python.org/3/library/stdtypes.html#list][str [https://docs.python.org/3/library/stdtypes.html#str]])






See also

add_data(), add_func(), add_function(),
add_dispatcher()



——————————————————————–

Example:

Define a data list:

>>> data_list = [
...     {'data_id': 'a'},
...     {'data_id': 'b'},
...     {'data_id': 'c'},
... ]





Define a functions list:

>>> def func(a, b):
...     return a + b
...
>>> fun_list = [
...     {'function': func, 'inputs': ['a', 'b'], 'outputs': ['c']}
... ]





Define a sub-dispatchers list:

>>> sub_dsp = Dispatcher(name='Sub-dispatcher')
>>> sub_dsp.add_function(function=func, inputs=['e', 'f'],
...                      outputs=['g'])
'func'
>>>
>>> dsp_list = [
...     {'dsp_id': 'Sub', 'dsp': sub_dsp,
...      'inputs': {'a': 'e', 'b': 'f'}, 'outputs': {'g': 'c'}},
... ]





Add function and data nodes to dispatcher:

>>> dsp.add_from_lists(data_list, fun_list, dsp_list)
(['a', 'b', 'c'], ['func'], ['Sub'])
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7.1.1.5. add_func


	
Dispatcher.add_func(function, outputs=None, weight=None, inputs_defaults=False, inputs_kwargs=False, filters=None, input_domain=None, await_domain=None, await_result=None, inp_weight=None, out_weight=None, description=None, inputs=None, function_id=None, **kwargs)

	Add a single function node to dispatcher.


	Parameters:

	
	inputs_kwargs (bool [https://docs.python.org/3/library/functions.html#bool]) – Do you want to include kwargs as inputs?


	inputs_defaults (bool [https://docs.python.org/3/library/functions.html#bool]) – Do you want to set default values?


	function_id (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – Function node id.
If None will be assigned as <fun.__name__>.


	function (callable, optional) – Data node estimation function.


	inputs (list [https://docs.python.org/3/library/stdtypes.html#list], optional) – Ordered arguments (i.e., data node ids) needed by the function.
If None it will take parameters names from function signature.


	outputs (list [https://docs.python.org/3/library/stdtypes.html#list], optional) – Ordered results (i.e., data node ids) returned by the function.


	input_domain (callable, optional) – A function that checks if input values satisfy the function domain.
This can be any function that takes the same inputs of the function
and returns True if input values satisfy the domain, otherwise
False. In this case the dispatch algorithm doesn’t pass on the node.


	weight (float [https://docs.python.org/3/library/functions.html#float], int [https://docs.python.org/3/library/functions.html#int], optional) – Node weight. It is a weight coefficient that is used by the dispatch
algorithm to estimate the minimum workflow.


	inp_weight (dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str], float [https://docs.python.org/3/library/functions.html#float] | int [https://docs.python.org/3/library/functions.html#int]], optional) – Edge weights from data nodes to the function node.
It is a dictionary (key=data node id) with the weight coefficients
used by the dispatch algorithm to estimate the minimum workflow.


	out_weight (dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str], float [https://docs.python.org/3/library/functions.html#float] | int [https://docs.python.org/3/library/functions.html#int]], optional) – Edge weights from the function node to data nodes.
It is a dictionary (key=data node id) with the weight coefficients
used by the dispatch algorithm to estimate the minimum workflow.


	description (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – Function node’s description.


	filters (list [https://docs.python.org/3/library/stdtypes.html#list][function], optional) – A list of functions that are invoked after the invocation of the
main function.


	await_domain (bool [https://docs.python.org/3/library/functions.html#bool]|int [https://docs.python.org/3/library/functions.html#int]|float [https://docs.python.org/3/library/functions.html#float], optional) – If True the Dispatcher waits all input results before executing the
input_domain function. If a number is defined this is used as
timeout for Future.result method [default: True]. Note this is
used when asynchronous or parallel execution is enable.


	await_result (bool [https://docs.python.org/3/library/functions.html#bool]|int [https://docs.python.org/3/library/functions.html#int]|float [https://docs.python.org/3/library/functions.html#float], optional) – If True the Dispatcher waits output results before assigning them to
the workflow. If a number is defined this is used as timeout for
Future.result method [default: False]. Note this is used when
asynchronous or parallel execution is enable.


	kwargs (keyword arguments, optional) – Set additional node attributes using key=value.






	Returns:

	Function node id.



	Return type:

	str [https://docs.python.org/3/library/stdtypes.html#str]






See also

add_func(), add_function(),
add_dispatcher(), add_from_lists()



——————————————————————–

Example:

>>> import schedula as sh
>>> dsp = sh.Dispatcher(name='Dispatcher')
>>> def f(a, b, c, d=3, m=5):
...     return (a + b) - c + d - m
>>> dsp.add_func(f, outputs=['d'])
'f'
>>> dsp.add_func(f, ['m'], inputs_defaults=True, inputs='beal')
'f<0>'
>>> dsp.add_func(f, ['i'], inputs_kwargs=True)
'f<1>'
>>> def g(a, b, c, *args, d=0):
...     return (a + b) * c + d
>>> dsp.add_func(g, ['e'], inputs_defaults=True)
'g'
>>> sol = dsp({'a': 1, 'b': 3, 'c': 0}); sol
Solution([('a', 1), ('b', 3), ('c', 0), ('l', 3), ('d', 2),
          ('e', 0), ('m', 0), ('i', 6)])
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7.1.1.6. add_function


	
Dispatcher.add_function(function_id=None, function=None, inputs=None, outputs=None, input_domain=None, weight=None, inp_weight=None, out_weight=None, description=None, filters=None, await_domain=None, await_result=None, **kwargs)

	Add a single function node to dispatcher.


	Parameters:

	
	function_id (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – Function node id.
If None will be assigned as <fun.__name__>.


	function (callable, optional) – Data node estimation function.


	inputs (list [https://docs.python.org/3/library/stdtypes.html#list], optional) – Ordered arguments (i.e., data node ids) needed by the function.


	outputs (list [https://docs.python.org/3/library/stdtypes.html#list], optional) – Ordered results (i.e., data node ids) returned by the function.


	input_domain (callable, optional) – A function that checks if input values satisfy the function domain.
This can be any function that takes the same inputs of the function
and returns True if input values satisfy the domain, otherwise
False. In this case the dispatch algorithm doesn’t pass on the node.


	weight (float [https://docs.python.org/3/library/functions.html#float], int [https://docs.python.org/3/library/functions.html#int], optional) – Node weight. It is a weight coefficient that is used by the dispatch
algorithm to estimate the minimum workflow.


	inp_weight (dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str], float [https://docs.python.org/3/library/functions.html#float] | int [https://docs.python.org/3/library/functions.html#int]], optional) – Edge weights from data nodes to the function node.
It is a dictionary (key=data node id) with the weight coefficients
used by the dispatch algorithm to estimate the minimum workflow.


	out_weight (dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str], float [https://docs.python.org/3/library/functions.html#float] | int [https://docs.python.org/3/library/functions.html#int]], optional) – Edge weights from the function node to data nodes.
It is a dictionary (key=data node id) with the weight coefficients
used by the dispatch algorithm to estimate the minimum workflow.


	description (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – Function node’s description.


	filters (list [https://docs.python.org/3/library/stdtypes.html#list][function], optional) – A list of functions that are invoked after the invocation of the
main function.


	await_domain (bool [https://docs.python.org/3/library/functions.html#bool]|int [https://docs.python.org/3/library/functions.html#int]|float [https://docs.python.org/3/library/functions.html#float], optional) – If True the Dispatcher waits all input results before executing the
input_domain function. If a number is defined this is used as
timeout for Future.result method [default: True]. Note this is
used when asynchronous or parallel execution is enable.


	await_result (bool [https://docs.python.org/3/library/functions.html#bool]|int [https://docs.python.org/3/library/functions.html#int]|float [https://docs.python.org/3/library/functions.html#float], optional) – If True the Dispatcher waits output results before assigning them to
the workflow. If a number is defined this is used as timeout for
Future.result method [default: False]. Note this is used when
asynchronous or parallel execution is enable.


	kwargs (keyword arguments, optional) – Set additional node attributes using key=value.






	Returns:

	Function node id.



	Return type:

	str [https://docs.python.org/3/library/stdtypes.html#str]






See also

add_data(), add_func(), add_dispatcher(),
add_from_lists()



——————————————————————–

Example:

Add a function node:

>>> def my_function(a, b):
...     c = a + b
...     d = a - b
...     return c, d
...
>>> dsp.add_function(function=my_function, inputs=['a', 'b'],
...                  outputs=['c', 'd'])
'my_function'





Add a function node with domain:

>>> from math import log
>>> def my_log(a, b):
...     return log(b - a)
...
>>> def my_domain(a, b):
...     return a < b
...
>>> dsp.add_function(function=my_log, inputs=['a', 'b'],
...                  outputs=['e'], input_domain=my_domain)
'my_log'
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7.1.1.7. blue


	
Dispatcher.blue(memo=None, depth=-1)

	Constructs a BlueDispatcher out of the current object.


	Parameters:

	
	memo (dict [https://docs.python.org/3/library/stdtypes.html#dict][T,schedula.utils.blue.Blueprint]) – A dictionary to cache Blueprints.


	depth (int [https://docs.python.org/3/library/functions.html#int], optional) – Depth of sub-dispatch blue. If negative all levels are bluprinted.






	Returns:

	A BlueDispatcher of the current object.



	Return type:

	schedula.utils.blue.BlueDispatcher
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7.1.1.8. copy


	
Dispatcher.copy()

	Returns a deepcopy of the Dispatcher.


	Returns:

	A copy of the Dispatcher.



	Return type:

	Dispatcher





Example:

>>> dsp = Dispatcher()
>>> dsp is dsp.copy()
False
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7.1.1.9. copy_structure


	
Dispatcher.copy_structure(**kwargs)

	Returns a copy of the Dispatcher structure.


	Parameters:

	kwargs (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Additional parameters to initialize the new class.



	Returns:

	A copy of the Dispatcher structure.



	Return type:

	Dispatcher
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7.1.1.10. dispatch


	
Dispatcher.dispatch(inputs=None, outputs=None, inputs_dist=None, wildcard=False, no_call=False, shrink=False, rm_unused_nds=False, select_output_kw=None, _wait_in=None, stopper=None, executor=False, sol_name=(), verbose=False)

	Evaluates the minimum workflow and data outputs of the dispatcher
model from given inputs.


	Parameters:

	
	inputs (dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str], T], list [https://docs.python.org/3/library/stdtypes.html#list][str [https://docs.python.org/3/library/stdtypes.html#str]], iterable, optional) – Input data values.


	outputs (list [https://docs.python.org/3/library/stdtypes.html#list][str [https://docs.python.org/3/library/stdtypes.html#str]], iterable, optional) – Ending data nodes.


	inputs_dist (dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str], int [https://docs.python.org/3/library/functions.html#int] | float [https://docs.python.org/3/library/functions.html#float]], optional) – Initial distances of input data nodes.


	wildcard (bool [https://docs.python.org/3/library/functions.html#bool], optional) – If True, when the data node is used as input and target in the
ArciDispatch algorithm, the input value will be used as input for
the connected functions, but not as output.


	no_call (bool [https://docs.python.org/3/library/functions.html#bool], optional) – If True data node estimation function is not used and the input
values are not used.


	shrink (bool [https://docs.python.org/3/library/functions.html#bool], optional) – If True the dispatcher is shrink before the dispatch.


See also

shrink_dsp()






	rm_unused_nds (bool [https://docs.python.org/3/library/functions.html#bool], optional) – If True unused function and sub-dispatcher nodes are removed from
workflow.


	select_output_kw (dict [https://docs.python.org/3/library/stdtypes.html#dict], optional) – Kwargs of selector function to select specific outputs.


	_wait_in (dict [https://docs.python.org/3/library/stdtypes.html#dict], optional) – Override wait inputs.


	stopper (multiprocess.Event, optional) – A semaphore to abort the dispatching.


	executor (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – A pool executor id to dispatch asynchronously or in parallel.


	sol_name (tuple [https://docs.python.org/3/library/stdtypes.html#tuple][str [https://docs.python.org/3/library/stdtypes.html#str]], optional) – Solution name.


	verbose (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – If True the dispatcher will log start and end of each function.






	Returns:

	Dictionary of estimated data node outputs.



	Return type:

	schedula.utils.sol.Solution





——————————————————————–

Example:

A dispatcher with a function \(log(b - a)\) and two data a and b
with default values:
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7.1.1.11. extend


	
Dispatcher.extend(*blues, memo=None)

	Extends Dispatcher calling each deferred operation of given Blueprints.


	Parameters:

	
	blues (Blueprint | schedula.dispatcher.Dispatcher) – Blueprints or Dispatchers to extend deferred operations.


	memo (dict [https://docs.python.org/3/library/stdtypes.html#dict][T,schedula.utils.blue.Blueprint|Dispatcher]) – A dictionary to cache Blueprints and Dispatchers.






	Returns:

	Self.



	Return type:

	Dispatcher





——————————————————————–

Example:

>>> import schedula as sh
>>> dsp = sh.Dispatcher()
>>> dsp.add_func(callable, ['is_callable'])
'callable'
>>> blue = sh.BlueDispatcher().add_func(len, ['length'])
>>> dsp = sh.Dispatcher().extend(dsp, blue)
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7.1.1.12. form


	
Dispatcher.form(depth=1, node_data=none, node_function=none, directory=None, sites=None, run=True, view=True, get_context=none, get_data=none, subsite_idle_timeout=600, basic_app_config=None, stripe_event_handler=<function Base.<lambda>>)

	Creates a dispatcher Form Flask app.


	Parameters:

	
	depth (int [https://docs.python.org/3/library/functions.html#int], optional) – Depth of sub-dispatch API. If negative all levels are configured.


	node_data (tuple [https://docs.python.org/3/library/stdtypes.html#tuple][str [https://docs.python.org/3/library/stdtypes.html#str]], optional) – Data node attributes to produce API.


	node_function (tuple [https://docs.python.org/3/library/stdtypes.html#tuple][str [https://docs.python.org/3/library/stdtypes.html#str]], optional) – Function node attributes produce API.


	directory (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – Where is the generated Flask app root located?


	sites (set [https://docs.python.org/3/library/stdtypes.html#set][Site], optional) – A set of Site to maintain alive the
backend server.


	run (bool [https://docs.python.org/3/library/functions.html#bool], optional) – Run the backend server?


	view (bool [https://docs.python.org/3/library/functions.html#bool], optional) – Open the url site with the sys default opener.


	get_context (function | dict [https://docs.python.org/3/library/stdtypes.html#dict], optional) – Function to pass extra data as form context.


	get_data (function | dict [https://docs.python.org/3/library/stdtypes.html#dict], optional) – Function to initialize the formdata.


	subsite_idle_timeout (int [https://docs.python.org/3/library/functions.html#int], optional) – Idle timeout of a debug subsite in seconds.


	basic_app_config (object [https://docs.python.org/3/library/functions.html#object], optional) – Flask app config object.


	stripe_event_handler (function, optional) – Stripe event handler function.






	Returns:

	A FormMap or a Site if sites is None and run or view is True.



	Return type:

	FormMap | Site
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7.1.1.13. get_node


	
Dispatcher.get_node(*node_ids, node_attr=none)

	Returns a sub node of a dispatcher.


	Parameters:

	
	node_ids (str [https://docs.python.org/3/library/stdtypes.html#str]) – A sequence of node ids or a single node id. The id order identifies
a dispatcher sub-level.


	node_attr (str [https://docs.python.org/3/library/stdtypes.html#str], None, optional) – Output node attr.

If the searched node does not have this attribute, all its
attributes are returned.

When ‘auto’, returns the “default” attributes of the searched node,
which are:



	for data node: its output, and if not exists, all its
attributes.


	for function and sub-dispatcher nodes: the ‘function’ attribute.







When ‘description’, returns the “description” of the searched node,
searching also in function or sub-dispatcher input/output
description.

When ‘output’, returns the data node output.

When ‘default_value’, returns the data node default value.

When ‘value_type’, returns the data node value’s type.

When None, returns the node attributes.








	Returns:

	Node attributes and its real path.



	Return type:

	(T, (str [https://docs.python.org/3/library/stdtypes.html#str], …))





Example:
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7.1.1.14. get_sub_dsp


	
Dispatcher.get_sub_dsp(nodes_bunch, edges_bunch=None)

	Returns the sub-dispatcher induced by given node and edge bunches.

The induced sub-dispatcher contains the available nodes in nodes_bunch
and edges between those nodes, excluding those that are in edges_bunch.

The available nodes are non isolated nodes and function nodes that have
all inputs and at least one output.


	Parameters:

	
	nodes_bunch (list [https://docs.python.org/3/library/stdtypes.html#list][str [https://docs.python.org/3/library/stdtypes.html#str]], iterable) – A container of node ids which will be iterated through once.


	edges_bunch (list [https://docs.python.org/3/library/stdtypes.html#list][(str [https://docs.python.org/3/library/stdtypes.html#str], str [https://docs.python.org/3/library/stdtypes.html#str])], iterable, optional) – A container of edge ids that will be removed.






	Returns:

	A dispatcher.



	Return type:

	Dispatcher






See also

get_sub_dsp_from_workflow()




Note

The sub-dispatcher edge or node attributes just point to the
original dispatcher. So changes to the node or edge structure
will not be reflected in the original dispatcher map while changes
to the attributes will.



——————————————————————–

Example:

A dispatcher with a two functions fun1 and fun2:
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7.1.1.15. get_sub_dsp_from_workflow


	
Dispatcher.get_sub_dsp_from_workflow(sources, graph=None, reverse=False, add_missing=False, check_inputs=True, blockers=None, wildcard=False, _update_links=True, avoid_cycles=False)

	Returns the sub-dispatcher induced by the workflow from sources.

The induced sub-dispatcher of the dsp contains the reachable nodes and
edges evaluated with breadth-first-search on the workflow graph from
source nodes.


	Parameters:

	
	sources (list [https://docs.python.org/3/library/stdtypes.html#list][str [https://docs.python.org/3/library/stdtypes.html#str]], iterable) – Source nodes for the breadth-first-search.
A container of nodes which will be iterated through once.


	graph (schedula.utils.graph.DiGraph, optional) – A directed graph where evaluate the breadth-first-search.


	reverse (bool [https://docs.python.org/3/library/functions.html#bool], optional) – If True the workflow graph is assumed as reversed.


	add_missing (bool [https://docs.python.org/3/library/functions.html#bool], optional) – If True, missing function’ inputs are added to the sub-dispatcher.


	check_inputs (bool [https://docs.python.org/3/library/functions.html#bool], optional) – If True the missing function’ inputs are not checked.


	blockers (set [https://docs.python.org/3/library/stdtypes.html#set][str [https://docs.python.org/3/library/stdtypes.html#str]], iterable, optional) – Nodes to not be added to the queue.


	wildcard (bool [https://docs.python.org/3/library/functions.html#bool], optional) – If True, when the data node is used as input and target in the
ArciDispatch algorithm, the input value will be used as input for
the connected functions, but not as output.


	_update_links (bool [https://docs.python.org/3/library/functions.html#bool], optional) – If True, it updates remote links of the extracted dispatcher.






	Returns:

	A sub-dispatcher.



	Return type:

	Dispatcher






See also

get_sub_dsp()




Note

The sub-dispatcher edge or node attributes just point to the
original dispatcher. So changes to the node or edge structure
will not be reflected in the original dispatcher map while changes
to the attributes will.



——————————————————————–

Example:

A dispatcher with a function fun and a node a with a default value:


  
    
    

    7.1.1.16. plot
    

    

    
 
  

    
      
          
            
  
7.1.1.16. plot


	
Dispatcher.plot(workflow=None, view=True, depth=-1, name=none, comment=none, format=none, engine=none, encoding=none, graph_attr=none, node_attr=none, edge_attr=none, body=none, raw_body=none, node_styles=none, node_data=none, node_function=none, edge_data=none, max_lines=none, max_width=none, directory=None, sites=None, index=True, viz=False, short_name=None, executor='async', render=False, run=False)

	Plots the Dispatcher with a graph in the DOT language with Graphviz.


	Parameters:

	
	workflow (bool [https://docs.python.org/3/library/functions.html#bool], optional) – If True the latest solution will be plotted, otherwise the dmap.


	view (bool [https://docs.python.org/3/library/functions.html#bool], optional) – Open the rendered directed graph in the DOT language with the sys
default opener.


	edge_data (tuple [https://docs.python.org/3/library/stdtypes.html#tuple][str [https://docs.python.org/3/library/stdtypes.html#str]], optional) – Edge attributes to view.


	node_data (tuple [https://docs.python.org/3/library/stdtypes.html#tuple][str [https://docs.python.org/3/library/stdtypes.html#str]], optional) – Data node attributes to view.


	node_function (tuple [https://docs.python.org/3/library/stdtypes.html#tuple][str [https://docs.python.org/3/library/stdtypes.html#str]], optional) – Function node attributes to view.


	node_styles (dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str]|Token, dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str], str [https://docs.python.org/3/library/stdtypes.html#str]]]) – Default node styles according to graphviz node attributes.


	depth (int [https://doc