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About me

e Background: Computer science

e Department: Application Support

e Currently:
= backend developer —> interactive computing
= containers



Introduction

>>> this
The Zen of Python, by Tim Peters

Beautiful is better than ugly.

Explicit 1s better than
Simple is better than
1S better than compllcated.




What is, Why Jupyter? (1)

Python is popular

Aug 2020 Aug 2019 Change Programming Language Ratings Change
1 2 S C 16.98% +1.83%
2 1 v Java 14.43% -1.60%
3 3 Python 9.69% -0.33%
4 4 C++ 6.84% +0.78%

https://www.tiobe.com/tiobe-index/

Programming Language 2020 2015 2010 2005 2000 1995 1990 1985
Java 1 2 1 2 3
Cc 2 1 2 1 1 2 1 1

Python 3 7 6 6 22 20



https://www.tiobe.com/tiobe-index/

What is, Why Jupyter? (2)

ane
ZJupyter Lorenz Differential Equations s [
File Edit View nsert  Cel Keme Help Python3 O
B+ x & B 4+ % »+ B C Cod % Cell Toolbar: | Nene
e
= Jupyter weicometoP Exploring the Lorenz System
. - o In this Notebook we explore the Lorenz system of differential equations:
i=aly=-2x)
2 + x99 8B 4+ 4+ 1 ; v
Y=px-y-x
I==f14xy
This is one of the classic systems in non-linear differential equations. It exhibits a range of
s u te r complex behaviors as the parameters (@, f, p) are varied, including what are known as chaotic
— J py solutions. The system was originally developed as a simplified mathematical model for
atmospheric convection in 1963,
Welcome to the In [7)t interact(Lorenz, N=fixed(10), angle=(0.,360.),
o={0.0,50.0),B=(0.,5), p={0.0,50.0))
This Notebook Server was
He angle 308.2
a
—:‘5 il max_time 12
o3 5 Don't rely on this san| T
a 2 o ”
_ = g = Your server is hosted thar B 28
l/._ .\ N | P 28

Run some Python

To run the code below:

1. Click on the cell to se
2 Press SHIFT+ENTER

A full tutorial for using the

In [ ]: %matplotlib inline
import pandas as pd

import numpy as np
import matplotlib

Notebook

web application that allows you to create and share documents that contain live code, equations, visualizations.




Jupyter Notebook on HPC

e Local:
Using Anaconda, anyone can install and run Jupyter Notebooks on their
local computer.

« HPC: Infrastructure-specific

= security concerns
» shared file systems
» metadata transactions



Jupyter Notebook on HPC

e Local:
Using Anaconda, anyone can install and run Jupyter Notebooks on their
local computer.

o« HPC: Infrastructure-specific

= security concerns
» shared file systems
» metadata transactions

. SSH setup
. Jupyter notebook setup
. SSH to the remote system and start Jupyter notebook

. Start Jupyter notebook with --no-browser and --port
. Create an SSH "local port forward"
. Open Jupyter notebook with your "Local" browser




What we provide @ DKRZ




What we provide @ DKRZ

o Convenient way: Jupyterhub
= user-friendly
= full user support
= continuous maintenance and update



What we provide @ DKRZ

o Convenient way: Jupyterhub
= user-friendly
= full user support
= continuous maintenance and update
e Old school: Single Jupyter notebooks (ssh based)
= ./start jupyter [Options]
= limited support (?)
= port forwarding can be annoying

= Jupyterhub advanced spawner? [~


https://www.dkrz.de/up/systems/mistral/programming/jupyter-notebook

Roadmap

2017 11-2019 . 08-2020
'

- Deployment of Jupyterfub start working on the new r Broduction
- E]H’_HESF,HWHET Jupyterhub server. ¥
maintenance T
update

é \ f&lected test users \ J
Jupyterhub 1.0 start_jupyter } Y jhetest Y Jupyterhub 2.0
>$ o L)
. ¢ 1

2013 Maintenance 03'2020

ssh script Release of the Beta version




What’s new?
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JupyterHub

How it works?

HTTP Proxy

Config.py -—

Hub .

nnnnnnnnnn

~ ﬂ

9 | Authenticator

Spawners

o Manages authentication

o Spawns single-user notebook
servers on-demand

e Gives each user a complete
server



How it works on Mistral?

Spawning workflow

Server Options

h 4
DKRZSpawner

shared, prepost, compute, compute2




[ ) ® <[> [Em] & jupyterhub.dkrz.de @] i} a

JupyterHub Jupyter* @ DKRZ | =+

@ D KRZ Slurm Mistral Documentation
DEUTSCHES

KLIMARECHENZENTRUM

6o to DKRZ home

— Jupyterhub

Welcome to Jupyterhub @ DKRZ

Jupyterhub is a multi-user server to serve Jupyter Notebooks to a large number of users. It is integrated with our Mistral's batch scheduling system to allocate computing
resources and launch Jupyter Notebooks directly on the HPC system. It therefore also supports the execution of parallel computation.

Sign in with your DKRZ account

Forgot your password? First time user?

Technical documentation

Please consult the technical documentation to get started with Jupyterhub. Username:

Password:

© Deutsches Klimarechenzentrum




REST Web services
Q‘)DI{HZ Home Token Admin Services~

announcement

accounts

Announcements (Admin) Accounts

Announcement Project/Account S (comma separated;
) ° Qos ( P ) * normal is the default
bm0146 express qos and will have no
The prepost partition is in high demand right now. Average queueing time for prepost currently is 16 hours while on compute or compute2 it is well below one hour. Please check If effect when spawning
your job can be run on the compute or compute2 partitions and switch if possible. These partitions also contain nodes with 128G of memory and more. k20200 express,normal training your notebook.
bmx825 express

Available features (partition, feature)
compute, 256G

compute, 646

compute, 1286

prepost 2566

shared,646

gpu,m40,10246




Documentation

Quick Start Spawner options Kernels Systems Tutorials Changelog DKRZ User Portale

@ DI(RZ Overview

Q, Search the docs ...
Welcome to Jupyterhub @ DKRZ!

Welcome to Jupyterhub @
DKRZ!

Indices and tables

Jupyterhub is a multi-user server for Jupyter notebooks that allows to execute the notebook directly on the DKRZ

HPC system Mistral. It therefore also supports the execution of parallel computation.

@n"f

~ Jupyterhub

Technical documentation

Phaazs cansut the e s

© Note
JupyterHub is available at https:/jupyterhub.dkrz.de for all DKRZ users who have access to Mistral

and who are allowed to submit batch jobs.

A Wamning
DKRZ operates the jupyterhub server in extended testing phase, which means that we do not
guarantee fulltime availabilty of the system and some more limitations documented here.

Any input/request 1s welcome!




JupyterLab (1)

File Edit View Run Tabs  Setting
1 A machine-learning.ipynb 7 Dask Graph

B+ XD 0O Code
F:I'i

, threads per
ry_limit

Client Cluster

Schedule! Workers:

Dashboard: “ Cores:

I temp Memory:

Al dask-jobque
ification

sklearn.model se
LEH pd

# Dask Task Stream

Dask Workers




JupyterLab (2)

switching between classic/lab

<« c @ | & jh-test.dkrz.de:8000/user/k204213/preset/tree/home/dkrz/k20421:
£+ Most Visited B DKRZ [ Python [E5Github €@ Dask fFor Parallel Com... @ JupyterHub 2 JupyterHub  JupyterHub E5AAI @ JupyterHub B3 slurm

<Z=> DKRZ

Files Running Clusters Nbextensions
Select items to perform actions on them.

0 -~ W/ home/ dkrz / k204213 Name <

—

O intake-esm

—

3 sing_cache

O sing_tmp

O singularity
& DYMOND_BENCHMARK.ipynb
& pytorch_mistral.ipynb

[3 ga00043_python.txt

J

jupyter_preload

[J

jupyterhub_slurmspawner_20072599. log

[J

jupyterhub_slurmspawner_20150913.log

[J

jupyterhub_slurmspawner_20150958.log

J

jupyterhub_slurmspawner_20461470.log

[J

jupyterhub_slurmspawner_20461597 log

J

i rberba s clorrnemaarnar INASTITEA Len




Agenda

o Introducton

e Spawning process
e Kernels

e Extensions

e Q& A



Spawner options




Overview

@ D K R Z Home Token Admin Services~ Slurm Mistral Documentation ® Logout

DEUTSCHES
KLIMARECHENZENTRUM

Spawner Options

Preset profiles




Preset options form

Choose from the list Available profiles

Select a job profile:

Server Options

5 GB memory, 2 cores, shared, 12:00h
10 GB memory, 4 cores, shared, 12:00h

. 64 GB memory, 24 cores, 1 node, compute, 8:00h
2.5 6B memory, 1 core, shared, 12:00h oo

Account (--account): 10 6B memory, 2 core, prepost, 12:00h
20 GB memory, 4 core, prepost, 12:00h

256 GB memory, 24 core, 1 node, prepost, 12:00h
5 GB memory, 1 core, miklip, 12:00h

T~

Select a job profile:

<>

Reservation (--reservation):

QoS (--qos):




Advanced options form (1)

| Server Options
Display a Account (--account)

list of your
accounts K
bm0146 e List of
Partition (--partition) available
Shared dv partitions

Reservation (--reservation) Time (hours) (--time)

None v 1.00

Number of cores (--cpus-per-task) Memory (MB) (--mem)

1 1024
. QoS (--gos)
Partition
Qos Vg
“
Log File Name You can
Jupyterhub_slurmspawner d rename the
log file

Request Features/Constraints (--constraint)

SLURM features
related to & “
partitions
User interface
- Notebook

Jupyter Notebook d - Jupyter Lab
- Terminal




Advanced options form (2

Parameter

Account

Partition

Reservation

Time

Number of cores

Memory

Qo5

Log File Name

Request Features

User interfaces

Mandatory

Yes

Yes

MNa

Mo (Default: 1 Hour)

Mo (Default: 1 core)

Mo (Default: 1024 MB)

MNo

Mo (Default:

jupyterhub_slurmspawner_advanced)

MNo

Mo (Default: notebook)

Description

Project that should be charged

Partition to run the job

Resources reserved for certain

time/accounts

The maximum amount of time your job
can take before Slurm forcefully kills it.

Mumber of threads (logical cores) per task.

The total amount of RAM to allocate.

Quality of Service often puts the job in
high priority queue (e.g. training).

Motebook log

MNode-features requested for the job.

Motebook/Lab/Terminal




Advanced options form (3)

, Server Options
Ser‘ver' O PT 10 nS Error: sbatch: error: you have to specify less than 48 CPUs for 'shared’ partition -

current specification is 72 sbatch: error: Batch job submission failed: Error generating

Error: sbatch: error: CPU count per node can not be satisfied sbatch: error: Batch job . .
job credential

submission failed: Requested node configuration is not available

Value must be less than or equal to 1024000

Value must be less than or equal to 72 ) Meme. R

Number -y -l el \ (--r r'w' (B T4 A

23 ; 5000000 :




Advanced options form (3)

, Server Options
Ser‘ver' O PT 10 nS Error: sbatch: error: you have to specify less than 48 CPUs for 'shared’ partition -

current specification is 72 sbatch: error: Batch job submission failed: Error generating

Error: sbatch: error: CPU count per node can not be satisfied sbatch: error: Batch job . .
job credential

submission failed: Requested node configuration is not available

Value must be less than or equal to 1024000

Value must be less than or equal to 72 ) Meme. R

Number -y -l el \ (--r r'wu (B T4 A

‘ 73 .

<>

5000000

@ DKRZ Home Token Admin Services~ Slurm m Documentation
/

DEUTSCHES ) . .
KLIMARECHENZENTRUM Mistral configuration




Named servers

Server Options

Select a job profile:

— o Named servers allow you to have more
than one server running in the same
fime
o Currently 2 allowed: preset and

advanced
o Extendable --> HLRE 4 --> more



Stop your server

Z JupyterLab X

© | & ht
¥ Most Visited FSDKRZ B Python FSGithub & Dask for Parallel Com... @ JupyterHub  JupyterHub Z JupyterHub FSAAI @ JupyterHub FSslurm @ Discover - Kibana

dkrz.de/user/k204213/preset

n o & @ =

: File Edit View Run Kernel Tabs Settings Help

+ [ +] * c [
= Launcher
/- /dkrz [ k204213 /
o Name - Last Modifisd home/dkrz/k204213
B dask-worker-space 5 days ago
@ B intake-esm 17 days ago IEI Notebook
M sing_cache a month ago
I sing_tmp a month ago
() N
B singularity a month ago
A DYMOND_BENCHMARK.ipynb a month ago
(3 g300043_python.ixt 3 months ago Python 2 {using Python 2 Pythen 3 (using Python 3 Pythen 3
the module bleeding edge the module bleeding edge unstable (using
O jupyter_preload 3 months ago
A pytorch_mistral.ipynb 11 days ago
A test.ipynb 7 days ago E Console
A tuterialipynb 5 days ago

A A& A& A @

Python 2 {using Python 2 Pythen 3 (using Python 3 Pythen 3
the module bleeding edge the module bieeding edge unstable (using

Other

v E
Terminal Text File Markdown File Show Contextual
Help

oMo & Launcher




Kernels

Lﬂ‘

§
f o
o J—. R

uUser
-
: 2 Ju
\.; J




What is happening in the background

User browses to https:ifjupyterhub.dkrz.de/user/notebooksinotebook.ipynb

browser notebook server kernel

' '
' '
i ——
'

i

]

i
i
1 grabs kemelspec from ipynb

fetches notebook file starts up the kemel

Jfapifcontents/notebook.ipynb

L
[ [FeroMQ connection started |

parses .ipynb JS0M structure
«— Creates JSOM representation

fetches fapifsessions
to get websocket URL

A

[websockets connection started|

Jupyter protocol
ower websockets

Jupyter protocaol
over ZeroMQ

Execule "1+1"
Exscuts "1+1"

Users types "1+1"

in a cell i

Execute "1+1"

3

o]




Default system kernels

Kernel Source module

Python 2 python/2.7.12

Python 2 anaconda2/bleeding_edge
Python 3 anaconda3/bleeding_edge

Python 3 unstable python3/unstable

"We will have a new Python about every half year, which is going to be called 'python3/YYYY.MM-compilerversion'. The first
one is 'python3/2020.02-gcc-9.1.0™".



Bring your own environment (1)
e Conda

mkdir $HOME/kernels
conda create --prefix $HOME/kernels/tensorflow ipykernel python=3.Xx

source activate $HOME/kernels/tensorflow

python -m ipykernel install --user --name tensorflow --display-name="ten
conda deactivate

e Virtualenv

python -m pip
python -m virtualenv
/ /to/ -kernel/ /

pip ipykernel
python -m ipykernel




Bring your own environment (2)

Default

uargV": [
"/path/to/kernel/bin/python",
Il_m”,
"ipykernel_launcher",
Il_f”,
"{connection_file}"

1,

"display_name": "new-kernel",
Illanguagell: Ilpythonll

Customized

}

nargv": [
"/path/to/kernel/bin/python",
1 _mll ,
"ipykernel_launcher",
1" _-F" ,
"{fconnection_file}"

1

"display_name": "new-kernel",

Illanguage": ||pyth0n||’

"env": {
"variable": "value",

b




Bring your own environment (2)

Default

uargV": [
"/path/to/kernel/bin/python",
Il_m”,
"ipykernel_launcher",
Il_f”,
"{connection_file}"

1,

"display_name": "new-kernel',
"language": "python"

Customized

nargv": [
"/path/to/kernel/bin/python",
1 _mll ,
"ipykernel_launcher",
1" _-F" ,
"{fconnection_file}"

1

"display_name": "new-kernel",

Illanguage": ||pyth0n||’

"env": {
"variable": "value",

b

more advanced: use executable scripts! --> check the doc


https://jupyterhub.gitlab-pages.dkrz.de/jupyterhub-docs/kernels.html

Using/Changing the kernels

_ JupyterLab .

2 Launcher

D Name

B conda-envs

@ B jupyterhub_module
B kernels

B nofebooks

BB singularity

M| dask-jobgueue.ipynb

| =
-
* -
-
™ -
- "0
.. File Edit WView Run Kernel Tabs Settings Help
- s 1 Interrupt Kernel I,
W/ -/ dkrz [k204213 | Restart Kemel... 0,

Restart Kernel and Clear All Outputs. ..
Restart Kernel and Run All Cells...

Shut Down Kernel
Shut Down All Kernels...

Change Kernel. ..

w -

3 minutes ago

home/dkrz/k204213

E Notebook

Python 3

A

new-kernel

A

Pythaon 2 (using
the module

A

Python 2
bleeding edge

Select Kernel

Select

Select kernel for: "Untitled.ipynb”

o

Python 3 (using
the module

Python 3

Start Preferred Kernel

Use No Kernel
No Kernel
Start Other Kernel
new-kemel
Python 2 (using the module python/2.7.12)

.

Python 2 bleeding edge (using the module anaconda2/bleedin

the module python/3 5. 2)

LW . «h i -

Available kernels

A

Python 3
bleeding edge

L




Using/Changing the kernels

Classic Jupyter Upoaa |[New=] 2

MNotebook

Python 2 (using the module python/2.7.12) e
Pythan 2 bleeding edge (using the module anaconda2/bleeding_edge)
Python 3 (using the module python/3.5.2)
N e w - > Python 3 bleeding edge (using the module anacondald/bleeding_edge)
Python 3 unstable (using the module python3/unstable)
work-eny
Other
Cell Kemnel Help Text File
Feld
M Run  Interrupt el kB
Terminal
Restart KB
Restart & Cl Output
seta saruted 3 months ago 30.1 kB
. jobquet Restart & Run All ir
e finished 1 Reconnect
" Shutdown i
o . <-- Change kernel
~'f ('--mer Change kernel 4 Python 2 (using the module python/2.7.12)
return 1 Python 2 bleeding edge (using the module anaconda2bleeding edge)
: SLURMCluster(cores=2,
mEITIGrj"=" 10GB" , PYtth 3

processes=4, Python 3 (using the module python/3.5.2)
queue="compute",
project="k20200"
interface="ib8") new-keme

Python 2 bleeding edge (using the module anaconda3/bleeding_edge)




Debugging




Debugging

e preset spawner
= jupyterhub_slurmspawner_preset_{slurm_job_id}.log



Debugging

e preset spawner
= jupyterhub_slurmspawner_preset_{slurm_job_id}.log

e advanced spawner
» default: jupyterhub_slurmspawner_advanced_{slurm_job_id}.log
= customized: you_name_it.log



Debugging

e preset spawner
= jupyterhub_slurmspawner_preset_{slurm_job_id}.log

e advanced spawner
» default: jupyterhub_slurmspawner_advanced_{slurm_job_id}.log
= customized: you_name_it.log

o @&«1 g [-H E LP @&5 1 9°

QOQQ Qo‘x
O e

o

)

i
@é



Extensions




Jupyter extensions (1)

Files Running Clusters Mbextensions

Configurable nbextensions

Nbextensions

disable configuration for nbextensions without explicit compatibility (they may break your notebook environment, but can be useful to show for nbextension development)

filter:

O (some) LaTeX environments for Jupyter
O Autopep8

O Code Font Size

O CodeMirror mode extensions

O datestamper

O Exercise

O Gist-it

O Hide input all

O Initialization cells

O jupyterimod/main

O 2to3 Converter
O AutoSaveTime

O

Code prettify

O Collapsible Headings

Ooooooao

Equation Auto Numbering
Exercise2

Help panel

Highlight selected word
isort formatter

Keyboard shortcut editor

O AddBefore

O Autoscroll

O Codefolding

O Comment/Uncomment Hotkey
O ExecuteTime

O Export Embedded HTML

O Hide Header

O highlighter

& jupyter_server_proxy/tree

O Launch QTConsole

O appmode/main

O Cell Filter

O Codefolding in Editor

& contrib_nbextensions_help_item
O Execution Dependencies

O Freeze

O Hide input

O Hinterland

& jupyter_tensorboard/tree

O Limit Output

Q




Jupyter extensions (2)

Enabling/Disabling extensions

Enable:

jupyter nbextension enable <nbextension require path>

Example:

jupyter nbextension enable appmode/main

Disable:

jupyter nbextension disable <nbextension require path>




(@]

File Edit View Run Kel

Jupyter extensions (3)

mel  Tabs Settings Help

Juser/k204213/advanced/proxy/8787/

AGGREGATE TIME PER ACTI

BANDWIDTH WORKERS

GRAPH MEMORY BY KEY

PROFILE SERVER CPU

NBYTES

CLUSTERS C + NEW

ON

COMPUTE TIME PER KEY

BANDWIDTH TYPES PROFILE

WORKERS

NPROCESSING

CLUSTER MAP

TASK STREAM

PROGRESS

Dask Labextension

0, " machine-learning.ipynb L] 1 Dask Graph
B+ XTO [0 » m C » Code v M. O

ke

l [1:

from dask.distributed import Client, progress

client = Client(processes=False, threads_per_worker=4,
n_workers=3, memory limit='2GB')
client

from sklearn.datasets import make_classification
from sklearn.svm import SVC

from sklearn.model selection impert GridSearchcv
import pandas as pd

X, y = make classification(n_samples=1080, random state=0)
X[:s51]

param grid = {"C": [0.001, .01, 6.1, 8.5, 1.0, 2.0, 5.0, 108.0],
"kernel": ['rbf', 'poly', 'sigmoid'l,
"shrinking”: [True, False]}
1/ Dask Task Stream
grid_search = GridSearchCV(SVC(gamma='auto', random_state=8, probability=True)
param_grid=param grid,
return_train score=False,
iid=True,
cv=3,

Dask Workers. x




Jupyter extensions (4)
hitps://github.com/oschuett/appmode

— Jupyter example_app Last Checkpoint 2 minutes ago (unsaved changes) A | Logout : Ju pyter Edit App Logout

File Edit View nset  Cell Kemel Widgets Help Trusted | Python2 O

X Appmode

B 4+ 3 & B & ¥ MRun B C Cod B

In [1]: from _ future__ import division

import ipywidgets as ipw ( ) del AC
output = ipw.Text(placeholder="0", layout=ipw.Layout(width="212px"), disabled=True ‘ ’ B 8 9 /
def on _click(btn):
if h;n:;‘qescrlpunn = "=": 4 5 6 -
output.value = str(eval(output.value))
except: 1 2 3 -
output.value "ERROR"
elif btn.description "AC":
output.value = 0 = +
elif btn.description == "del":
output.value = output.value[:-1]
else:

output.value = output.value + btn.description

def mk btn(description):
btn = ipw.Button(description=description, layout=ipw.Layout(width="58px"))
btn.on_click(on_click)

return btn
rowd = ipw.HBox([mk_btn(d) for d in ("(" , "AC")])
rowl = ipw.HBox([mk_btn(d) for d in ("7" "/ "1
row2 pw.HBox ([mk_btn(d) for d in ("4 "x*x "))
row3 pw.HBox([mk_btn(d) for d in ("1" = Sl
rowd = ipw.HBox([mk_btn(d) for d in ("&v, ".", "= "1
ipw.VBox( (output, rowe, rowl, row2, row3, rowd))

( ) del AC
7 8 9 !
4 5 6 -
1 2 3

0 = +

In [ ]:

A Jupyter extensions that turns notebooks into web applications.



https://github.com/oschuett/appmode

Jupyter extensions (5)

Do you need more?

Voila JupyterLab Git TensorBoard

Output Examples

aropousaropout keep probabily

... support@dkrz.de

“The JupyterLab development team is excited to have a robust third-party extension community. However, we do not review third-
party extensions, and some extensions may introduce security risks or contain malicious code that runs on your machine.”




Future work

1. Sharing services/extensions
 shared notebooks repositories (Git/hub/lab)
e external sharing services
e WPS
2. Enhanced spawning queue for Jupyterhub
3. More dedicated system kernels and extensions (e.g. ML)
4. Speed up loading Python packages (HLLR4)
S. Containerlze Jupyterhub
6. Binder for Mistral?



Feedback? Questions?

s-_
jupyter
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e Jupyterhub @ DKRZ
e Technical documentation
e support@dkrz.de



https://jupyterhub.dkrz.de/
https://jupyterhub.gitlab-pages.dkrz.de/jupyterhub-docs/index.html

