

    
      
          
            
  


Parsl - Parallel Scripting Library

Parsl is a Python library for programming and executing data-oriented workflows (dataflows) in parallel.
Parsl  scripts  allow  selected Python  functions  and  external  applications  (called apps)  to
be connected by shared input/output data objects into flexible parallel workflows.
Rather than explicitly defining a dependency graph and/or modifying data structures, instead
developers simply annotate Python functions and Parsl constructs a dynamic, parallel execution
graph derived from the implicit linkage between apps based on shared input/output data objects.
Parsl then executes apps when dependencies are met. Parsl is resource-independent,
that is, the same Parsl script can be executed on a laptop, cluster, cloud, or supercomputer.

Parsl can be used to realize a variety of workflows:


	Parallel dataflow in which tasks are executed when their dependencies are met.


	Interactive and dynamic workflows in which the workflow is dynamically expanded during execution by users or the workflow itself.


	Procedural workflows in which serial execution of tasks are managed by Parsl.





Note

Parsl collects anonymous usage statistics for reporting and
improvement purposes. To understand what stats are collected and to disable
collection please refer to the usage tracking guide [http://parsl.readthedocs.io/en/latest/userguide/usage_tracking.html]




You can adapt this file completely to your liking, but it should at least
contain the root toctree directive.
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Quickstart

To try Parsl now (without installing any code) experiment with our hosted tutorial notebooks [https://mybinder.org/v2/gh/Parsl/parsl-tutorial/master].


Installation

Parsl is available on PyPI, but first make sure you have Python3.5+

>>> python3 --version





Parsl has been tested on Linux and MacOS.


Note

As of Parsl v0.7.2 we are switching to an opt-in model for anonymous usage tracking. To help support the
Parsl project we request that users opt-in where possible by setting PARSL_TRACKING=true in their environment
or by setting usage_tracking=True in the configuration object (parsl.config.Config). To read more about
what information is collected and how it is used see Usage statistics collection.




Installation using Pip

While pip and pip3 can be used to install Parsl we suggest the following approach
for reliable installation when many Python environments are avaialble.


	Install Parsl:

$ python3 -m pip install parsl









To update a previously installed parsl to a newer version, use: python3 -m pip install -U parsl


	Install Jupyter for Tutorial notebooks:

$ python3 -m pip install jupyter










Note

For more detailed info on setting up Jupyter with Python3.5 go here [https://jupyter.readthedocs.io/en/latest/install.html]






Installation using Conda


	Install Conda and setup python3.6 following the instructions here [https://conda.io/docs/user-guide/install/macos.html]:

$ conda create --name parsl_py36 python=3.6
$ source activate parsl_py36







	Install Parsl:

$ python3 -m pip install parsl









To update a previously installed parsl to a newer version, use: python3 -m pip install -U parsl




Installation of Optional Packages

Parsl supports several optional components that require additional module installations.
For example support for Amazon Web Services, Extreme Scale Executor etc require additional packages that
can be installed easily via pip using a pip extras option.

Here’s a list of the components and their extras option:


	Amazon Web Services (Cloud) : aws


	Google Cloud : google_cloud


	Kubernetes : kubernetes


	Extreme Scale Executor (Supercomputing) : extreme_scale


	Logging monitoring data to a database: monitoring


	Jetstream (NSF Cloud) : jetstream




Optional extras can be installed using the following syntax:

$ python3 -m pip install parsl[<optional_package1>, <optional_package2>]










For Developers


	Download Parsl:

$ git clone https://github.com/Parsl/parsl







	Install:

$ cd parsl
$ pip install .
( To install specific extra options from the source :)
$ pip install .[<optional_pacakge1>...]







	Use Parsl!







Requirements

Parsl requires the following:


	Python 3.5+




For testing:


	nose


	coverage




For building documentation:


	nbsphinx


	sphinx


	sphinx_rtd_theme










          

      

      

    

  

    
      
          
            
  


Parsl tutorial

Parsl is a native Python library that allows you to write functions that execute in parallel and tie them together with dependencies to create workflows. Parsl wraps Python functions as “Apps” using the @App decorator. Decorated functions can run in parallel when all their inputs are ready.

For more comprehensive documentation and examples, please refer our documentation [http://parsl.readthedocs.io/en/latest/].


[ ]:






import parsl
import os
from parsl.app.app import python_app, bash_app
from parsl.configs.local_threads import config

#parsl.set_stream_logger() # <-- log everything to stdout

print(parsl.__version__)








Configuring Parsl

Parsl separates code and execution. To do so, it relies on a configuration model to describe the pool of resources to be used for execution (e.g., clusters, clouds, threads).

We’ll come back to configuration later in this tutorial. For now, we configure this example to use a local pool of threads [https://en.wikipedia.org/wiki/Thread_computing] to facilitate local parallel execution.


[ ]:






parsl.load(config)








Apps

In Parsl an app is a piece of code that can be asynchronously executed on an execution resource (e.g., cloud, cluster, or local PC). Parsl provides support for pure Python apps (python_app) and also command-line apps executed via Bash (bash_app).






Python Apps

As a first example let’s define a simple Python function that returns the string ‘Hello World!’. This function is made into a Parsl App using the @python_app decorator.


[ ]:






@python_app
def hello ():
    return 'Hello World!'

print(hello().result())







As can be seen above, Apps wrap standard Python function calls. As such, they can be passed arbitrary arguments and return standard Python objects.


[ ]:






@python_app
def multiply (a, b):
    return a * b

print(multiply(5,9).result())







As Parsl apps are potentially executed remotely they must contain all required dependencies in the function body. For example, if an app requires the time library it should import the library in the function.


[ ]:






@python_app
def slow_hello ():
    import time
    time.sleep(5)
    return 'Hello World!'

print(slow_hello().result())










Bash Apps

Parsl’s Bash app allows you to wrap execution of external applications from the command-line as you would in a Bash shell. It can also be used to execute Bash scripts directly. To define a Bash app the wrapped Python function must return the command-line string to be executed.

As a first example of a Bash app let’s use the Linux command echo to return the string ‘Hello World!’. This function is made into a Bash App using the @bash_app decorator.

Note, that in this case the echo command will print ‘Hello World!’ to stdout. In order to use this output we need to tell Parsl to capture stdout. This is done by specifying the stdout keyword argument in the app function. The same approach can be used to capture stderr.


[ ]:






@bash_app
def echo_hello(stdout='echo-hello.stdout', stderr='echo-hello.stderr'):
    return 'echo "Hello World!"'

echo_hello().result()

with open('echo-hello.stdout', 'r') as f:
     print(f.read())










Passing data

Parsl Apps can exchange data as Python objects (as shown above) or in the form of files. In order to enforce dataflow semantics, Parsl must track the data that is passed into and out of an App. To make Parsl aware of these dependencies the app function includes inputs and outputs keyword arguments.

We first create three test files named hello1.txt, hello2.txt, and hello3.txt containing the text “hello 1”, “hello 2”, and “hello 3”.


[ ]:






for i in range(3):
    with open(os.path.join(os.getcwd(), 'hello-%s.txt' % i), 'w') as f:
        f.write('hello %s\n' % i)







We then write an App that will concentate these files using cat. We pass in the list of hello files (input) and concatenate the text into a new file named all_hellos.txt (output).


[ ]:






@bash_app
def cat(inputs=[], outputs=[]):
    return 'cat %s > %s' %(" ".join(inputs), outputs[0])

concat = cat(inputs=[os.path.join(os.getcwd(), 'hello-0.txt'),
                    os.path.join(os.getcwd(), 'hello-1.txt'),
                    os.path.join(os.getcwd(), 'hello-2.txt')],
             outputs=[os.path.join(os.getcwd(),'all_hellos.txt')])

# Open the concatenated file
with open(concat.outputs[0].result(), 'r') as f:
     print(f.read())








Futures

When a normal Python function is invoked, the Python interpreter waits for the function to complete execution and returns the results. In case of long running functions it may not be desirable to wait for completion, instead it is preferable that functions are executed asynchronously. Parsl provides such asynchronous behavior by returning a future in lieu of results. A future is essentially an object that allows Parsl to track the status of an asynchronous task so that it may, in the future, be
interrogated to find the status, results, exceptions, etc.

Parsl provides two types of futures: AppFutures and DataFutures. While related, these two types of futures enable subtly different workflow patterns, as we will see.






AppFutures

AppFutures are the basic building block upon which Parsl scripts are built. Every invocation of a Parsl app returns an AppFuture which may be used to manage execution of the app and control the workflow.

Here we show how AppFutures are used to wait for the result of a Python App.


[ ]:






@python_app
def hello ():
    import time
    time.sleep(5)
    return 'Hello World!'

app_future = hello()

# Check if the app_future is resolved
print ('Done: %s' % app_future.done())

# Print the result of the app_future. Note: this
# call will block and wait for the future to resolve
print ('Result: %s' % app_future.result())
print ('Done: %s' % app_future.done())










DataFutures

While AppFutures represent the execution of an asynchronous app, the DataFuture represents the files it produces. Parsl’s dataflow model, in which data flows from one app to another via files, requires such a construct to enable apps to validate creation of required files and to subsequently resolve dependencies when input files are created. When invoking an app, Parsl requires that a list of output files be specified (using the outputs keyword argument). A DataFuture for each file is
returned by the app when it is executed. Throughout execution of the app Parsl will monitor these files to 1) ensure they are created, and 2) pass them to any dependent apps.


[ ]:






# App that echos an input message to an output file
@bash_app
def slowecho(message, outputs=[]):
    return 'sleep 5; echo %s &> {outputs[0]}' % (message)

# Call echo specifying the output file
hello = slowecho('Hello World!', outputs=[os.path.join(os.getcwd(), 'hello-world.txt')])

# The AppFuture's outputs attribute is a list of DataFutures
print(hello.outputs)

# Also check the AppFuture
print ('Done: %s' % hello.done())

# Print the contents of the output DataFuture when complete
with open(hello.outputs[0].result(), 'r') as f:
     print(f.read())

# Now that this is complete, check the DataFutures again, and the Appfuture
print(hello.outputs)
print ('Done: %s' % hello.done())








Data Management

Parsl is designed to enable implementation of dataflow patterns. These patterns enable workflows to be defined in which the data passed between apps manages the flow of execution. Dataflow programming models are popular as they can cleanly express, via implicit parallelism, the concurrency needed by many applications in a simple and intuitive way.






Files

Parsl’s file abstraction abstracts local access to a file. It therefore requires only the file path to be defined. Irrespective of where the script, or its apps are executed, Parsl uses this abstraction to access that file. When referencing a Parsl file in an app, Parsl maps the object to the appropriate access path.


[ ]:






from parsl.data_provider.files import File

# App that copies the contents of 1 or more files to another file
@bash_app
def copy(inputs=[], outputs=[]):
     return 'cat %s &> %s' % (inputs[0], outputs[0])

# Create a test file
open(os.path.join(os.getcwd(), 'cat-in.txt'), 'w').write('Hello World!\n')

# Create Parsl file objects
parsl_infile = File(os.path.join(os.getcwd(), 'cat-in.txt'),)
parsl_outfile = File(os.path.join(os.getcwd(), 'cat-out.txt'),)

# Call the copy app with the Parsl file
copy_future = copy(inputs=[parsl_infile], outputs=[parsl_outfile])

# Read what was redirected to the output file
with open(copy_future.outputs[0].result(), 'r') as f:
     print(f.read())










Remote Files

Parsl is also able to represent remotely accessible files. In this case, you can instantiate a file object using the remote location of the file. Parsl will implictly stage the file to the execution environment before executing any dependent apps. Parsl will also translate the location of the file into a local file path such that any dependent apps can access the file in the same way as a local file. Parsl supports files that are accessible via Globus, FTP, and HTTP.

Here we create a File object using a publicly accessible file with random numbers. We can pass this file to the sort_numbers app in the same way we would a local file.


[ ]:






from parsl.data_provider.files import File

@python_app
def sort_numbers(inputs=[]):
    with open(inputs[0].filepath, 'r') as f:
        strs = [n.strip() for n in f.readlines()]
        strs.sort()
        return strs

unsorted_file = File('https://raw.githubusercontent.com/Parsl/parsl-tutorial/master/input/unsorted.txt')

f = sort_numbers(inputs=[unsorted_file])
print (f.result())








Composing a workflow

Now that we understand all the building blocks, we can create workflows with Parsl. Unlike other workflow systems, Parsl creates implicit workflows based on the passing of control or data between Apps. The flexibility of this model allows for the creation of a wide range of workflows from sequential through to complex nested, parallel workflows. As we will see below, a range of workflows can be created by passing AppFutures and DataFutures between Apps.






Sequential workflow

Simple sequential or procedural workflows can be created by passing an AppFuture from one task to another. The following example shows one such workflow, which first generates a random number and then writes it to a file.


[ ]:






# App that generates a random number
@python_app
def generate(limit):
      from random import randint
      return randint(1,limit)

# App that writes a message to a file
@bash_app
def save(message, outputs=[]):
      return 'echo %s &> {outputs[0]}' % (message)

# Generate the random number
message = generate(10)
print('Random number: %s' % message.result())

# Save the random number to a file
saved = save(message, outputs=[os.path.join(os.getcwd(), 'sequential-output.txt')])

# Print the output file
with open(saved.outputs[0].result(), 'r') as f:
      print('File contents: %s' % f.read())










Parallel workflow

The most common way that Parsl Apps are executed in parallel is via looping. The following example shows how a simple loop can be used to create many random numbers in parallel.


[ ]:






# App that generates a random number
@python_app
def generate(limit):
    from random import randint
    return randint(1,limit)

# Generate 5 random numers
rand_nums = []
for i in range(5):
    rand_nums.append(generate(10))

# Wait for all apps to finish and collect the results
outputs = [i.result() for i in rand_nums]

# Print results
print(outputs)










Parallel dataflow

Parallel dataflows can be developed by passing data between Apps. In this example we create a set of files, each with a random number, we then concatenate these files into a single file and compute the sum of all numbers in that file. In the first two Apps files are exchanged. The final App returns the sum as a Python integer.


[ ]:






# App that generates a random number
@bash_app
def generate(outputs=[]):
    return "echo $(( RANDOM )) &> {outputs[0]}"

# App that concatenates input files into a single output file
@bash_app
def concat(inputs=[], outputs=[], stdout="stdout.txt", stderr='stderr.txt'):
    return "cat {0} > {1}".format(" ".join(inputs), outputs[0])

# App that calculates the sum of values in a list of input files
@python_app
def total(inputs=[]):
    total = 0
    with open(inputs[0], 'r') as f:
        for l in f:
            total += int(l)
    return total

# Create 5 files with random numbers
output_files = []
for i in range (5):
     output_files.append(generate(outputs=[os.path.join(os.getcwd(), 'random-%s.txt' % i)]))

# Concatenate the files into a single file
cc = concat(inputs=[i.outputs[0] for i in output_files], outputs=[os.path.join(os.getcwd(), 'all.txt')])

# Calculate the sum of the random numbers
total = total(inputs=[cc.outputs[0]])
print (total.result())








Examples






Monte Carlo workflow

Many scientific applications use the monte-carlo method [https://en.wikipedia.org/wiki/Monte_Carlo_method#History] to compute results.

If a circle with radius  is inscribed inside a square with side length  then the area of the circle is  and the area of the square is . Thus, if  uniformly distributed random points are dropped within the suqare then approximately  will be inside the circle.

Each call to the function pi() is executed independently and in parallel. The avg_three() app is used to compute the average of the futures that were returned from the pi() calls.

The dependency chain looks like this:

App Calls    pi()  pi()   pi()
              \     |     /
Futures        a    b    c
                \   |   /
App Call        avg_points()
                    |
Future            avg_pi






[ ]:






# App that estimates pi by placing points in a box
@python_app
def pi(total):
    import random

    # Set the size of the box (edge length) in which we drop random points
    edge_length = 10000
    center = edge_length / 2
    c2  = center ** 2
    count = 0

    for i in range(total):
        # Drop a random point in the box.
        x,y = random.randint(1, edge_length),random.randint(1, edge_length)
        # Count points within the circle
        if (x-center)**2 + (y-center)**2 < c2:
            count += 1

    return (count*4/total)

# App that computes the average of the values
@python_app
def avg_points(a, b, c):
    return (a + b + c)/3

# Estimate three values for pi
a, b, c = pi(10**6), pi(10**6), pi(10**6)

# Compute the average of the three estimates
avg_pi  = avg_points(a, b, c)

# Print the results
print("A: {0:.5f} B: {1:.5f} C: {2:.5f}".format(a.result(), b.result(), c.result()))
print("Average: {0:.5f}".format(avg_pi.result()))








Execution and configuration

Parsl is designed to support arbitrary execution providers (e.g., PCs, clusters, supercomputers) and execution models (e.g., threads, pilot jobs, etc.). Instead, the configuration used to run the script tells Parsl how to execute apps on the desired environment. Parsl provides a high level abstraction, called a Block, for describing the resource configuration for a particular app or script.

Information about the different execution providers and executors supported is included in the Parsl documentation [https://parsl.readthedocs.io/en/latest/userguide/execution.html].

Above we used built-in configuration for running with threads. Below we will illustrate how to create a config for different environments.






Local execution with threads

As we saw above, we can configure Parsl to execute apps on a local thread pool. This is a good way to parallelize execution on a local PC. The configuration object defines the executors that will be used as well as a range of other options such as authentication method (e.g., if using SSH), checkpoint files, and executor specific configuration. In the case of threads we define the maximum number of threads to be used.


[ ]:






from parsl.config import Config
from parsl.executors.threads import ThreadPoolExecutor

local_threads = Config(
    executors=[
        ThreadPoolExecutor(
            max_threads=8,
            label='local_threads'
        )
    ]
)










Local execution with pilot jobs

We can also define a configuration that uses Parsl’s HighThroughputExecutor. In this mode, pilot jobs are used to manage the submission. Parsl creates an interchange to manage execution and deploys one or more workers to execute tasks. The following config will instantiate this infrastructure locally, it can be extended to include a remote provider (e.g., Cori, Theta, etc.) for execution.


[ ]:






from parsl.providers import LocalProvider
from parsl.channels import LocalChannel
from parsl.config import Config
from parsl.executors import HighThroughputExecutor

local_htex = Config(
    executors=[
        HighThroughputExecutor(
            label="htex_Local",
            worker_debug=True,
            cores_per_worker=1,
            provider=LocalProvider(
                channel=LocalChannel(),
                init_blocks=1,
                max_blocks=1,
            ),
        )
    ],
    strategy=None,
)










Running a workflow using a configuration

We can now run the same workflow using either of the two configurations defined above.

First we clear the current configuration and then load one of the two configurations we defined above. You can change these configurations back and forth to see the same workflow executed using different execution methods. You will notice that executing using the HighThroughputExecutor takes longer as it has to start interchange/worker processes locally before executing the tasks.

Note: the ‘’parsl-workflows’’ notebook shows how to execute a Parsl workflow on a remote resource.


[ ]:






parsl.clear()
#parsl.load(local_threads)
parsl.load(local_htex)








[ ]:






@bash_app
def generate(outputs=[]):
    return "echo $(( RANDOM )) &> {outputs[0]}"

@bash_app
def concat(inputs=[], outputs=[], stdout="stdout.txt", stderr='stderr.txt'):
    return "cat {0} > {1}".format(" ".join(inputs), outputs[0])

@python_app
def total(inputs=[]):
    total = 0
    with open(inputs[0], 'r') as f:
        for l in f:
            total += int(l)
    return total

# Create 5 files with random numbers
output_files = []
for i in range (5):
     output_files.append(generate(outputs=[os.path.join(os.getcwd(), 'random-%s.txt' % i)]))

# Concatenate the files into a single file
cc = concat(inputs=[i.outputs[0].filepath for i in output_files],
            outputs=[os.path.join(os.getcwd(), 'combined.txt')])

# Calculate the sum of the random numbers
total = total(inputs=[cc.outputs[0]])

print (total.result())













          

      

      

    

  

    
      
          
            
  


FAQ


How can I debug a Parsl script?

Parsl interfaces with the Python logger. To enable logging of Parsl’s
progress to stdout, turn on the logger as follows. Alternatively, you
can configure the file logger to write to an output file.

import parsl

# Emit log lines to the screen
parsl.set_stream_logger()

# Write log to file, specify level of detail for logs
parsl.set_file_logger(FILENAME, level=logging.DEBUG)






Note

Parsl’s logging will not capture STDOUT/STDERR from the apps themselves.
Follow instructions below for application logs.






How can I view outputs and errors from apps?

Parsl apps include keyword arguments for capturing stderr and stdout in files.

@bash_app
def hello(msg, stdout=None):
    return 'echo {}'.format(msg)

# When hello() runs the STDOUT will be written to 'hello.txt'
hello('Hello world', stdout='hello.txt')








How can I make an App dependent on multiple inputs?

You can pass any number of futures in to a single App either as positional arguments
or as a list of futures via the special keyword inputs=[].
The App will wait for all inputs to be satisfied before execution.




Can I pass any Python object between apps?

No. Unfortunately, only picklable [https://docs.python.org/3/library/pickle.html#what-can-be-pickled-and-unpickled] objects can be passed between apps.
For objects that can’t be pickled, it is recommended to use object specific methods
to write the object into a file and use files to communicate between apps.




How do I specify where apps should be run?

Parsl’s multi-executor support allows you to define the executor (including local threads)
on which an App should be executed. For example:

@python_app(executors=['SuperComputer1'])
def BigSimulation(...):
    ...

@python_app(executors=['GPUMachine'])
def Visualize (...)
    ...








Workers do not connect back to Parsl

If you are running via ssh to a remote system from your local machine, or from the
login node of a cluster/supercomputer, it is necessary to have a public IP to which
the workers can connect back. While our remote execution systems can identify the
IP address automatically in certain cases, it is safer to specify the address explicitly.
Parsl provides a few heuristic based address resolution methods that could be useful,
however with complex networks some trial and error might be necessary to find the
right address or network interface to use.

For IPyParallelExecutor the address is specified in the Config
as shown below :

# THIS IS A CONFIG FRAGMENT FOR ILLUSTRATION
from parsl.config import Config
from parsl.executors import IPyParallelExecutor
from parsl.executors.ipp_controller import Controller
from parsl.addresses import address_by_route, address_by_query, address_by_hostname
config = Config(
    executors=[
        IPyParallelExecutor(
            label='ALCF_theta_local',
            controller=Controller(public_ip='<AA.BB.CC.DD>')          # specify public ip here
            # controller=Controller(public_ip=address_by_route())     # Alternatively you can try this
            # controller=Controller(public_ip=address_by_query())     # Alternatively you can try this
            # controller=Controller(public_ip=address_by_hostname())  # Alternatively you can try this
        )
    ],
)


.. note::
   Another possibility that can cause workers not to connect back to Parsl is an incompatibility between
   the system and the pre-compiled bindings used for pyzmq. As a last resort, you can try:
   ``pip install --upgrade --no-binary pyzmq pyzmq``, which forces re-compilation.





For the HighThroughputExecutor as well as the ExtremeScaleExecutor, address is a keyword argument
taken at initialization. Here is an example for the HighThroughputExecutor:

# THIS IS A CONFIG FRAGMENT FOR ILLUSTRATION
from parsl.config import Config
from parsl.executors import HighThroughputExecutor
from parsl.addresses import address_by_route, address_by_query, address_by_hostname

config = Config(
    executors=[
        HighThroughputExecutor(
            label='NERSC_Cori',
            address='<AA.BB.CC.DD>'          # specify public ip here
            # address=address_by_route()     # Alternatively you can try this
            # address=address_by_query()     # Alternatively you can try this
            # address=address_by_hostname()  # Alternatively you can try this
        )
    ],
)






Note

On certain systems such as the Midway RCC cluster at UChicago, some network interfaces have an active
intrusion detection system that drops connections that persist beyond a specific duration (~20s).
If you get repeated ManagerLost exceptions, it would warrant taking a closer look at networking.






parsl.dataflow.error.ConfigurationError

The Parsl configuration model underwent a major and non-backward compatible change in the transition to v0.6.0.
Prior to v0.6.0 the configuration object was a python dictionary with nested dictionaries and lists.
The switch to a class based configuration allowed for well-defined options for each specific component being
configured as well as transparency on configuration defaults. The following traceback indicates that the old
style configuration was passed to Parsl v0.6.0+ and requires an upgrade to the configuration.

File "/home/yadu/src/parsl/parsl/dataflow/dflow.py", line 70, in __init__
    'Expected `Config` class, received dictionary. For help, '
parsl.dataflow.error.ConfigurationError: Expected `Config` class, received dictionary. For help,
see http://parsl.readthedocs.io/en/stable/stubs/parsl.config.Config.html





For more information on how to update your configuration script, please refer to our configuration guide
here.




Remote execution fails with SystemError(unknown opcode)

When running with Ipyparallel workers, it is important to ensure that the Python version
on the client side matches that on the side of the workers. If there’s a mismatch,
the apps sent to the workers will fail with the following error:
ipyparallel.error.RemoteError: SystemError(unknown opcode)


Caution

It is required that both the parsl script and all workers are set to use python
with the same Major.Minor version numbers. For example, use Python3.5.X on both local
and worker side.






Parsl complains about missing packages

If parsl is cloned from a Github repository and added to the PYTHONPATH, it is
possible to miss the installation of some dependent libraries. In this configuration,
parsl will raise errors such as:

ModuleNotFoundError: No module named 'ipyparallel'

In this situation, please install the required packages. If you are on a machine with
sudo privileges you could install the packages for all users, or if you choose, install
to a virtual environment using packages such as virtualenv and conda.

For instance, with conda, follow this cheatsheet [https://conda.io/docs/_downloads/conda-cheatsheet.pdf] to create a virtual environment:

# Activate an environmentconda install
source activate <my_env>

# Install packages:
conda install <ipyparallel, dill, boto3...>








zmq.error.ZMQError: Invalid argument

If you are making the transition from Parsl v0.3.0 to v0.4.0
and you run into this error, please check your config structure.
In v0.3.0, config['controller']['publicIp'] = '*' was commonly
used to specify that the IP address should be autodetected.
This has changed in v0.4.0 and setting 'publicIp' = '*' results
in an error with a traceback that looks like this:

File "/usr/local/lib/python3.5/dist-packages/ipyparallel/client/client.py", line 483, in __init__
self._query_socket.connect(cfg['registration'])
File "zmq/backend/cython/socket.pyx", line 528, in zmq.backend.cython.socket.Socket.connect (zmq/backend/cython/socket.c:5971)
File "zmq/backend/cython/checkrc.pxd", line 25, in zmq.backend.cython.checkrc._check_rc (zmq/backend/cython/socket.c:10014)
zmq.error.ZMQError: Invalid argument





In v0.4.0, the controller block defaults to detecting the IP address
automatically, and if that does not work for you, you can specify the
IP address explicitly like this: config['controller']['publicIp'] = 'IP.ADD.RES.S'




How do I run code that uses Python2.X?

Modules or code that require Python2.X cannot be run as python apps,
however they may be run via bash apps. The primary limitation with
python apps is that all the inputs and outputs including the function
would be mangled when being transmitted between python interpreters with
different version numbers (also see parsl.dataflow.error.ConfigurationError)

Here is an example of running a python2.7 code as a bash application:

@bash_app
def python_27_app (arg1, arg2 ...):
    return '''conda activate py2.7_env  # Use conda to ensure right env
    python2.7 my_python_app.py -arg {0} -d {1}
    '''.format(arg1, arg2)








Parsl hangs

There are a few common situations in which a Parsl script might hang:


	Circular Dependency in code
If an app takes a list as an input [https://docs.python.org/3/library/functions.html#input] argument and the future returned
is added to that list, it creates a circular dependency that cannot be resolved.
This situation is described here [https://github.com/Parsl/parsl/issues/59] in more detail.


	Workers requested are unable to contact the Parsl client due to one or
more issues listed below:


	Parsl client does not have a public IP (e.g. laptop on wifi).
If your network does not provide public IPs, the simple solution is to
ssh over to a machine that is public facing. Machines provisioned from
cloud-vendors setup with public IPs are another option.


	Parsl hasn’t autodetected the public IP. See Workers do not connect back to Parsl for more details.


	Firewall restrictions that block certain port ranges.
If there is a certain port range that is not blocked, you may specify
that via the Controller object:

from libsubmit.providers import Cobalt
from parsl.config import Config
from parsl.executors.ipp import IPyParallelExecutor
from parsl.executors.ipp_controller import Controller

config = Config(
    executors=[
        IPyParallelExecutor(
            label='ALCF_theta_local',
            provider=Cobalt(),
            controller=Controller(port_range='50000,55000')
        )
    ],
)
















How can I start a Jupyter notebook over SSH?

Run

jupyter notebook --no-browser --ip=`/sbin/ip route get 8.8.8.8 | awk '{print $NF;exit}'`





for a Jupyter notebook, or

jupyter lab --no-browser --ip=`/sbin/ip route get 8.8.8.8 | awk '{print $NF;exit}'`





for Jupyter lab (recommended). If that doesn’t work, see instructions here [https://techtalktone.wordpress.com/2017/03/28/running-jupyter-notebooks-on-a-remote-server-via-ssh/].




How can I sync my conda environment and Jupyter environment?

Run:

conda install nb_conda





Now all available conda environments (for example, one created by following the instructions here) will automatically be added to the list of kernels.







          

      

      

    

  

    
      
          
            
  


Reference guide







	parsl.set_stream_logger

	Add a stream log handler.



	parsl.set_file_logger

	Add a stream log handler.



	parsl.app.app.python_app

	Decorator function for making python apps.



	parsl.app.app.bash_app

	Decorator function for making bash apps.



	parsl.app.futures.DataFuture

	A datafuture points at an AppFuture.



	parsl.config.Config

	Specification of Parsl configuration options.



	parsl.dataflow.futures.AppFuture

	An AppFuture wraps a sequence of Futures which may fail and be retried.



	parsl.dataflow.dflow.DataFlowKernelLoader

	Manage which DataFlowKernel is active.



	parsl.data_provider.data_manager.DataManager

	The DataManager is responsible for transferring input and output data.



	parsl.data_provider.files.File

	The Parsl File Class.



	parsl.executors.base.ParslExecutor

	Define the strict interface for all Executor classes.



	parsl.executors.ThreadPoolExecutor

	A thread-based executor.



	parsl.executors.IPyParallelExecutor

	The IPython Parallel executor.



	parsl.executors.ipp_controller.Controller

	Start and maintain a IPythonParallel controller.



	parsl.executors.HighThroughputExecutor

	Executor designed for cluster-scale



	parsl.executors.ExtremeScaleExecutor

	Executor designed for leadership class supercomputer scale



	parsl.executors.swift_t.TurbineExecutor

	The Turbine executor.



	parsl.channels.LocalChannel

	This is not even really a channel, since opening a local shell is not heavy and done so infrequently that they do not need a persistent channel



	parsl.channels.SSHChannel

	SSH persistent channel.



	parsl.channels.SSHInteractiveLoginChannel

	SSH persistent channel.



	parsl.providers.AWSProvider

	A provider for using Amazon Elastic Compute Cloud (EC2) resources.



	parsl.providers.CobaltProvider

	Cobalt Execution Provider



	parsl.providers.CondorProvider

	HTCondor Execution Provider.



	parsl.providers.GoogleCloudProvider

	A provider for using resources from the Google Compute Engine.



	parsl.providers.GridEngineProvider

	A provider for the Grid Engine scheduler.



	parsl.providers.JetstreamProvider

	



	parsl.providers.LocalProvider

	Local Execution Provider



	parsl.providers.GridEngineProvider

	A provider for the Grid Engine scheduler.



	parsl.providers.SlurmProvider

	Slurm Execution Provider



	parsl.providers.TorqueProvider

	Torque Execution Provider



	parsl.providers.KubernetesProvider

	Kubernetes execution provider :param namespace: Kubernetes namespace to create deployments.



	parsl.launchers.SimpleLauncher

	Does no wrapping.



	parsl.launchers.SingleNodeLauncher

	Worker launcher that wraps the user’s command with the framework to launch multiple command invocations in parallel.



	parsl.launchers.SrunLauncher

	Worker launcher that wraps the user’s command with the SRUN launch framework to launch multiple cmd invocations in parallel on a single job allocation.



	parsl.launchers.AprunLauncher

	Worker launcher that wraps the user’s command with the Aprun launch framework to launch multiple cmd invocations in parallel on a single job allocation



	parsl.launchers.SrunMPILauncher

	Launches as many workers as MPI tasks to be executed concurrently within a block.



	parsl.launchers.GnuParallelLauncher

	Worker launcher that wraps the user’s command with the framework to launch multiple command invocations via GNU parallel sshlogin.



	parsl.launchers.MpiExecLauncher

	Worker launcher that wraps the user’s command with the framework to launch multiple command invocations via mpiexec.



	parsl.monitoring.db_logger.MonitoringConfig

	












	parsl.app.errors.AppBadFormatting

	An error raised during formatting of a bash function.



	parsl.app.errors.AppException

	An error raised during execution of an app.



	parsl.app.errors.AppFailure

	An error raised during execution of an app.



	parsl.app.errors.AppTimeout

	An error raised during execution of an app when it exceeds its allotted walltime.



	parsl.app.errors.BadStdStreamFile

	Error raised due to bad filepaths specified for STDOUT/ STDERR.



	parsl.app.errors.BashAppNoReturn

	Bash app returned no string.



	parsl.app.errors.DependencyError

	Error raised at the end of app execution due to missing output files.



	parsl.app.errors.InvalidAppTypeError

	An invalid app type was requested from the @App decorator.



	parsl.app.errors.MissingOutputs

	Error raised at the end of app execution due to missing output files.



	parsl.app.errors.NotFutureError

	A non future item was passed to a function that expected a future.



	parsl.app.errors.ParslError

	Base class for all exceptions.



	parsl.executors.errors.ControllerError

	Error raise by IPP controller.



	parsl.executors.errors.ExecutorError

	Base class for all exceptions.



	parsl.executors.errors.ScalingFailed

	Scaling failed due to error in Execution provider.



	parsl.executors.exceptions.ExecutorException

	Base class for all exceptions.



	parsl.executors.exceptions.TaskExecException

	Task execution raised an error in the remote process.
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Doc Docs


Tutorial

The tutorial notebooks need to be synced manually for now. When changes are made, the notebook
has to be converted to .rst format, and placed under docs/quick/Tutorial.rst.

The commands to perform the conversion are:


$ jupyter nbconvert –to rst Tutorial.ipynb
$ sed -i ‘s/ipython3/python/g’ Tutorial.rst







Documentation location

Documentation is maintained in Python docstrings throughout the code. These are imported via the
autodoc [http://www.sphinx-doc.org/en/stable/ext/autodoc.html] Sphinx extension in
docs/devguide/dev_docs.rst. Individual stubs for user-facing classes (located in stubs) are
generated automatically via sphinx-autogen.  Parsl modules, classes, and methods can be
cross-referenced from a docstring by enclosing it in backticks (`).




Remote builds

Builds are automatically performed by readthedocs.io and published to parsl.readthedocs.io
upon git commits.




Local builds

To build the documentation locally, use

$ make html








Regenerate module stubs

If necessary, docstring stubs can be regenerated using

$ sphinx-autogen reference.rst
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