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SURVEY
Please take some time and fill out the survey.
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[ONLINE] Interactive High-Performance Computing with Jupyter

20-22 April 2021
CET timezone
A Interactive exploration and analysis of large amounts of data from scientific simulations, in-situ
Registration visualization and application control are convincing scenarios for explorative sciences. Based on the
) ) re Jupyter or JupyterLab, a way has been available for some time now that
SU rve-?rs Fe with reproducible computing while at the same time meeting the challenges of
e range of different software workflows.

Even on supercomputers, the method enables the creation of documents that combine live code with
narrative text, mathematical equations, visualizations, interactive controls, and other extensive output
However, a number of challenges must be mastered in order to make existing workflows ready for
interactive high-performance computing. With so many possibilities, it's easy to lose sight of the big
picture. This course provides a detailed introduction to interactive high-performance computing.

The following topics are covered:

« Introduction to JupyterLab

e Customizing JupyterLab

e JupyterLab on HPC resources

e Using JupyterLab as a proxy

* Remote visualization within JupyterLab

e Jupyter Interactive Widget Ecosystem

e Utilizing supercomputers with JupyterLab
e Extending JupyterLab

* Jupyter-JSC under the hood

Prerequisites:

Experience in Python

“ T\ -'

https://events.prace-ri.eu/event/1162/
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JUPYTER KERNEL 2

How to create your own Juypter Kernel oy s

IdM

https Ju&fr' ssh - tunnel

Jupyter Kernel
A “kernel” refers to the separate process

which executes code cells within a Jupyter notebook. O
Jupyter Kernel ® -
= run code in different programming languages
and environments. My Own
= can be connected to a notebook (one at a time). Virtual Environment
= communicates via ZeroMQ with the JupyterLab. Python Kernel
= Multiple preinstalled Jupyter Kernels can be found on our O
clusters

= Python, R, Julia, Bash, C++, Ruby, JavaScript
» Specialized kernels for visualization, quantumcomputing

You can easily create your own kernel which for example
runs your specialized virtual Python environment.
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JUPYTER KERNEL

1. Create/Pimp new virtual Python

1.

Login to JupyterLab and open terminal

Lnode:> module

Lnode:>

Lnode:
Lnode:

Lnode:

vV V V

module
module
module

module

. Load required modules

purge
use S$OTHERSTAGES
load Stages/2020
load GCCcore/.9.3.0
load Python/3.8.5

Load extra modules you need for your kernel

Lnode:> module load <module you need>

‘ JupyterLab

environment (1) 2 Howe

hitps Ju&fr' ssh - tunnel

lient

pyter
me

@: }
o6

Building your own Jupyter kernel
IS athree step process

1.Create/Pimp new virtual Python environment
venv

2.Create/Edit launch script for the Jupyter kernel
kernel.sh

3.Create/Edit Jupyter kernel configuration
kernel.json

Create a virtual environment named <venv_name> at a path of your choice:

Lnode:> python -m venv --system-site-packages <your path>/<venv_name>

Activate your environment

Lnode:> source <your path>/<venv _name>/bin/activate
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JUPYTER KERNEL

1. Ensure python packages installed in the virtual environment
are always prefered

(<venv name>) Lnode:> export PYTHONPATH=\
${VIRTUAL ENV}/lib/python3.8/site-packages:${PYTHONPATH}

2. Install Python libraries required for communication with Jupyter
(<venv_name>) Lnode:>

pip install --ignore-installed ipykernel
3. Install whatever else you need in your Python virtual environment (using pip)

(<venv_name>) Lnode:>

pip install <python-package you need>
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‘ JupyterLab

hitps Ju&fr' ssh - tunnel

lient

1. Create/Pimp new virtual Python environment (2) e

Building your own Jupyter kernel
IS athree step process

1.Create/Pimp new virtual Python environment
venv

2.Create/Edit launch script for the Jupyter kernel
kernel.sh

3.Create/Edit Jupyter kernel configuration
kernel.json
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JUPYTER KERNEL

2. Create/Edit launch script for the Jupyter kernel (1) L =" s Hones

1. Create launch script, which loads your Python virtual environment
and starts the ipykernel process inside:

(<venv_name>) Lnode:> touch ${VIRTUAL ENV}/kernel.sh

2. Make launch script executable

(<venv_name>) Lnode:> chmod +x ${VIRTUAL ENV}/kernel.sh

3. Edit the launch script for your new Jupyter kernel
(<venv_name>) Lnode:> vi ${VIRTUAL ENV}/kernel.sh
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hitps Juﬁlfr' ssh - tunnel
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Building your own Jupyter kernel
IS athree step process

1.Create/Pimp new virtual Python environment
vVenv

2.Create/Edit launch script for the Jupyter kernel
kernel.sh

3.Create/Edit Jupyter kernel configuration
kernel.json
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JUPYTER KERNEL

#!/bin/bash

# Load required modules
module purge

module load $OTHERSTAGES
module load Stages/2020
module load GCCcore/.9.3.0
module load Python/3.8.5

# Load extra modules you need for your kernel

#module load <module you need>

# Activate your Python virtual environment

source <your path>/<venv_name>/bin/activate

JupyterLab
JupyterLab Jupyter-
‘ https ﬁlﬂ) ssh - tunnel JupyterLal
Server
ion

|||||

2. Create/Edit launch script for the Jupyter kernel (2) - =—"— e =

Server

Building your own Jupyter kernel
IS athree step process

1.Create/Pimp new virtual Python environment
Venv

2.Create/Edit launch script for the Jupyter kernel
kernel.sh

3.Create/Edit Jupyter kernel configuration
kernel.json

# Ensure python packages installed in the virtual environment are always prefered

export PYTHONPATH=${VIRTUAL ENV}/lib/python3.8/site-packages:${PYTHONPATH}

exec python -m ipykernel $@
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JUPYTER KERNEL
3. Create/Edit Jupyter kernel configuration (1)

1. Create your Jupyter kernel configuration files

(<venv_name>) Lnode:>

python -m ipykernel install --user --name=<my-kernel-name>

2. Update your kernel file to use the lauch script

(<venv_name>) Lnode:>
vi ~/.local/share/jupyter/kernels/<my-kernel-name>/kernel. json
{

"argv": [

‘ JupyterLab

hitps Ju&fr' ssh - tunnel

lient

Unity-
IdM

pyter
= UNICORE] e

&

Building your own Jupyter kernel
IS athree step process

1.Create/Pimp new virtual Python environment
venv

2.Create/Edit launch script for the Jupyter kernel
kernel.sh

"<your path>/<venv_name>/kernel.sh",

"
m-,

"ipykernel launcher",

3.Create/Edit Jupyter kernel configuration
kernel.json

n_fu ,
"{connection_ file}"

1,
"display name": "<my-kernel-name>",

"language": "python"
}
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JUPYTER KERNEL

Run your Jupyter kernel configuration

Run your Jupyter Kernel
1. https://jupyter-jsc.fz-juelich.de

2. Choose system where your Jupyter kernel is installed
in~/.local/share/jupyter/kernels

3. Select your kernel in the launch pad or click the kernel name.

Conda
How to base your Jupyter Kernel on a Conda environment:

https://gitlab.version.fz-juelich.de/jupyter4jsc/j4j_notebooks/-
/blob/master/001-Jupyter/Create_JupyterKernel _conda.ipynb

Project kernel

On request Jupyter kernel can be made available to a whole
project. They are installed then to

SPROJECT/.local/share/jupyter/kernels
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JupyterLab
JupyterLab ]
u er-
hitps ,_m, ssh - tunnel JupyterLab
Server
JupyterLab Extension
Client

ipyter
.
. Jupyter ( Jupyter
UIE:S{ fd UNICORE| Notebook oama Kernel
browser Server @

hpe cluster

= C  Code Format notebock ©) @ git

1.1. Introducing IPython and the Jupyter Notebook

Hello world!
— Jupyter my_notebook ssames A Logou
File Edit View Inser Cell Kerne Widget Help Trusted | Python3 ©
B+ xx @B 4+ ¢ N B C Code o=
In [1]: print("Hello world!")

Hello world!
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JupyterLab
https Jupyter- - JupyterLab
Hub ssh - tunnel e -
JupyterLab Extension
Client
' Extension
. Jupyter Jupyter
S h 0 rt Ccu t . bl | unicore Notebook VA, ] Yeermel
browser Server @

hpe cluster

You do NOT want to build your own kernel,
every time you QUICKLY need a package or module.

« ¢ o QA= fz-jusiich.de, -3 EanD @S0 @ O =

You are lucky —we can show you a workaround / hack(!): S gauucu
1. https://jupyter-jsc.fz-juelich.de |

2. Click on the Github-Icon in the sidebar
3. Goto “001-dupyter”
4,

Open Modify _JupyterKernel _at NotebookRuntime.ipynb

Extending the default kernel

What's the trick
os.execve (f"{venv folder}/bin/python", args, env)

Workflow L

1. Create a Python virtual environment at any location. T C z

2. WITHIN the notebook
— restart the kernel’s python interpreter
— of that Python virtual environment
— with the correct environment variables set.
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