Scaling -
Reproducible Research
Carol Willing ~ wimeaiao”

FCMWF
October 15, 2019

@WillingCarol



S

an Die

A\

TN

go, CA

LB NIRRT Skl T, FE NG

Lo s Ui e e e v
o AT e










N
N

"




.y 4&\ a«wb % - " )
<R ¥, A
,.auiflﬂ\.( daape
W .\%t, .

;‘“l\aﬂ.
(4

\\\\\\\\\\\\I\ :

: _@ Sy | ecoeemmnia-on

ST ﬂm,.,mﬂ._._.w g @vl —
4l 524 DE_ / EE-BAT;
ot S8

d B N

=a ,wril ,.r
' », n:;g,



The typhoon came out of the sea
first as a deep hollow roar.

-Pearl S. Buck
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These charts show the evolution of the position and intensity of tropical cyclones (TCs) in the ECMWEF high-resolution (HRES) and ensemble (ENS) forecasts. They
provide an objective measure of the uncertainty in the current forecast. These products are generated for all TCs that have been officially observed at the initial
time of the forecast.
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These charts show the evolution of the position and intensity of tropical cyclones (TCs) in the ECMWF high-resolution (HRES) and ensemble (ENS) forecasts. They
provide an objective measure of the uncertainty in the current forecast. These products are generated for all TCs that have been officially observed at the initial
time of the forecast.
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London ... 12:00p - 4:00p

United Kingd... Sat, Oct 12 Sat, Oct 12
A& . Linnea/V 2%

@ YDunno how much the US news is covering
typhoon 19, but it's pretty bad. Mandatory
evacuation notices for the Hino districts
_near the river, but none for my area yet.

~

/

A~ . Linnea/') >%

@ YThings are okay here so far, and my
room's on the 4th floor with pretty thick
wire-enforced windows so | think it's
only the relatively safe side all things
\considered

~
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khave to

Might head to the closest evacuation
center depending on how the news looks
getting closer to when the typhoon hits,
but safe for now + prepared to book it if |

~N

/ 9:00 AM

“.. Linnea/V) >%

ﬁ'll try to keep you guys pOSteCD 9:00 AM

“.. Linnea/") >%

N

\woods

the peak of the typhoon expected to hit
in about 30 min & last for about 3 hours
before it passes and hino's out of the

\

/ 10:22 AM




| was surrounded by the madness,
the unreason, of uncontrolled,
undisciplined enerqgy.
-Pearl S. Buck

@WillingCarol 1



Super Typhoon
Hagibls

View of Super Typhoon
Hagibis south-west of
Japan, as captured by
the Copernicus
Sentinel-3 satellite on
08 October at 00:16
UTC.

Copyright: 2019 European
Union, contains modified
Copernicus Sentinel data
2019, processed by
EUMETSAT




Title Typhoon Hagibis

Released 10/10/2019 4:45 pm

Copyright contains modified Copernicus
Sentinel data(2019), processed by ESA,
CC BY-SA 3.0 1GO
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“® . Linnea/') %

In the end japan had a record typhoon,

whirlwinds, tsunami, volcanic eruption, and
earthquakes all at once

1:40 PM
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<& . Linnea/") %

Wind, water, earth, and fire. All that's left

Is for godzilla to crawl out of the bay and
vaporize chiba

1:41 PM

That's quite the day. | am using that quote in
Read 2
a1 e LMY Keynote
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Jupyter

Notebook

: J u ther 12-Measles (unsaved changes) ﬂ

File Edit View Insert Cell Kernel Widgets Help Not Trusted |Py1hon3 @]
B+ x A& B 4+ ¥ N B C Markdown : Cellfoolbar ~ Dashboard View: | </> | 88 +~ &

LTALUQIIUY 1TU LII—J-U’

bandSize=10

In [13]: json = chart.to_dict()

In [15]: chart2 = Chart.from_dict(json)
chart2.display()
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A Jupyter Notebook document with a visualization of measles data.
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Trending in open source

See what the GitHub community is most excited about today.

Repositories Developers Trending: today ~ All languages
Unknown languages
. : C+
aymericdamien / TensorFlow-Examples % Star :
JavaScript
TensorFlow Tutorial and Examples for beginners
Jupyter Notebook
Jupyter Notebook W 12,340 ¥ 4,115  Built by &1 Gl | -] 3 W 23 stars today
® Jupyter Noteboo , Y 4, ul an-..J | Mokeilo

Objective-C++

| |
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Hierarchical Attention Nel
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https://github.com/trending/jupyter-notebook
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Growth
ACM Award
Industry adoption

Creative uses

Open Source Book

jupyter +
‘\./

Jupyter receives the ACM Software
System Award

It is our pleasure to announce that Project Jupyter has been awarded the

2017 ACM Software System Award, a significant honor for the project. We

are humbled to join an illustrious list of projects that contains major
highlights of computing history, including Unix, TeX, S (R’s predecessor), the
Web, Mosaic, Java, INGRES (modern databases) and more.

Officially, the recipients of the award are the fifteen members of the Jupyter
steering council as of November 2016, the date of nomination (listed in
chronological order of joining the project): Fernando Pérez, Brian Granger,
Min Ragan-Kelley, Paul Ivanov, Thomas Kluyver, Jason Grout, Matthias
Bussonnier, Damian Avila, Steven Silvester, Jonathan Frederic, Kyle Kelley,

Jessica Hamrick, Carol Willing, Sylvain Corlay and Peter Parente.
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JupyterLab

File Edit View Run
+ [ +] *
m / notebooks /

Name

8 audio

B images

M Altairipynb

A} Cpp.ipynb

M Data.ipynb

M| Fasta.ipynb

A Julia.ipynb

Kernel Tabs Settings Help

C B + X 0O M » m C Markdown v Python3 O

In Depth: Linear Regression

Just as naive Bayes (discussed earlier in In Depth: Naive Bayes Classification) is a good starting point for classification tasks, linear regression models are a good starting point for
regression tasks. Such models are popular because they can be fit very quickly, and are very interpretable. You are probably familiar with the simplest form of a linear regression model
(i.e., fitting a straight line to data) but such models can be extended to model more complicated data behavior.

In this section we will start with a quick intuitive walk-through of the mathematics behind this well-known problem, before seeing how before moving on to see how linear models can be
generalized to account for more complicated patterns in data.

Webeginw ~  File Edit View Run Kernel Tabs Settings Help

*’ o

M Lorenz.ipynb
@ lorenz.py
R.ipynb
untitled.dio
untitled1.dio
untitled2.dio
untitled3.dio
untitled4.dio
untitled5.dio

DDODDDDDDD @

untitled6.dio

0 B 7 & Python3|Idle
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= . .
smatplotl W <h1><font 2 Launcher X Al Altair.ipynb ® %] Output View X
import ma color="#f37626">pyt</font>hon
import se not<font @ Notebook Seattle Weather: 2012-2015
import nu @ color="#f37626">e</font>book</h1> 40
)
o
. ) gl = 5 30
Simple @ s Tvee - C C 8
v 3 p s. \
We will stat g 2 e d 3
Python 3 C++11 C++14 C++17 > 3o g »
Raw NBConvert Format K] g SESTNRI. 2 €
- 10 48 Loy Ml Y
where a is | v E - g:: B s P
Consider tf - O 5 0
Advanced Tools ~ Y ) R -
rng = np. * Cell Metadata Julia 11.0 phylogenetics R Jan 01 Mar 01 May 01 J;\.t')‘l Sep 01 Nov 01
s e
x = 10 * O (Python 3.7)
y = 2 ¥ drizzle
plt.scatt fog
. B console ! —
o
H

snow .

sun

15 { — Py
"kernelspec": { ﬂ | @& (@ 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
"display_name": "Python 3", Number of Records

Notebook Metadata

L "language": "python", Dythan 2 Cast Casin 01217
"name": "python3"
} Py #| Julia.ipynb X #| Lorenz.ipynb [ ] A/ R.ipynb X
5 "language_info": { B+ X O » m ¢ Markdown v Juial B + X 0O [ » m C Markdown v Python3 C B + X O [ » ®m C Markdown ~
"codemirror_mode": {
"name": "ipython",
0 "version": 3 .
), lia hon notebook
"file_extension": ".py",
-5 "mimetype": "text/x-python"
“name": "python", ’ using RDatasets, Gadfly eee ggplot(data=iris, aes(x=Sepal.Len
“nbconvert_exporter": plot(dataset("datasets","iris"), x="Se smatplotlib inline
-10 "python", i i i i i i
2 "pygments_lexer": from ipywidgets import interactive, fixed
"ipython3", ! . .
We can use "version": "3.6.7" We explore the Lorenz system of differential
}, ’ equations:
from skle "toc-autonumbering": ’ % . . . o [
- "toc-showcode" : R 3 x=o0(y—x)
A

s

""toc-showmarkdowntxt":

} v y=px—y—2xz - hilud| S R
‘ . z=—fz+xy e o

. Let's change (o, f3, p) with ipywidgets and
examine the trajectories.

SepalWidth

eigen(x) from lorenz import solve_lorenz e

Eigen{Complex{Float64}, Complex{Float w = interactive(solve_lorenz,sigma=(0.0,50. head(iris)

64},Array{Complex{Float64},2},Array{Co % X

mplex{Float64},1}} . . . : Sepal.Length Sepal.Width Petal.Length

eigenvalues: interactive(children=(FloatSlider(valu 51 35 14

10-element Array{Complex{Float64},1}: e:wjo: description='sigma‘, max=50.0), Flo

4.793881566545466 + 0.0im atSlider(value=2.666666666666.. 4.9 3.0 1.4
—-M.0Q445080A350Q5808 + A Aim - - - .-

0 B 6 & Python3|Idle Mode: Command @& Ln1,Col1 Lorenz.ipynb
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Fie
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View

et Col

“ornel

Help
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Pyonld O

Install AboutUs Community Documentation NBViewer JupyterHub Widgets Blog

JupyterLab 1.0: Jupyter’s Next-Generation Notebook
Interface

JupyterLab is a web-based interactive development environment for Jupyter notebooks, code, and
data. JupyterLab is flexible: configure and arrange the user interface to support a wide range of
workflows in data science, scientific computing, and machine learning. JupyterLab is extensible and
modaular: write plugins that add new components and integrate with existing ones.

Try it in your t&)wser Install JupyterLab

jupyter.org demo
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http://jupyter.org

()

jupyter.org demo


http://jupyter.org
http://jupyter.org

VISUALIZING OUR DATA

yt and jupyter
widgets

1107

1107

10 -30

10 41

10 -32

https://github.com/munkm/widgyts

npm package @data-exp-lab/yt-tools
https://github.com/data-exp-lab/rust-yt-tools/

Irber Junior LC. Oxidizing Python: writing N &

extensions in Rust [version |; not peer

reviewed]. F1000Research 2018, 7(ISCB so ) |
Comm ]):955 (poster) (https://doi.org/ g -
10.7490/f1000research. | 115726.1)

x {(cm)
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https://doi.org/10.7490/f1000research.1115726.1
https://doi.org/10.7490/f1000research.1115726.1

Qs = APYVOLUIEC .AQalabCLo JdldodsUvu L.l )

p3.clear()

p3.figure(controls=False)
p3.volshow(hdz.data.T, level=[0.6, 0.8, 0.9],

|  opacity=[0.01, 0.03, 0.05], controls=False)
X, Y, 2, u, v, w = np.random.random((6, 1000))*2-1
quiver = p3.quiver(x, v, 2, u, v, w, s=0.05, ss=0.1)
p3.show()

Ipyvolume

https://towardsdatascience.com/multivolume-
rendering-in-jupyter-with-ipyvolume-cross-
language-3d-visualization-6438904 7634a
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Healthy Best Practices




Simplified Notebook Cycle

Ten Simple Rules for

Phase Rules Reproducible Research in
o Jupyter Notebooks
Organizing ® 0 ( * -
and “ a . Adam Rule et al.
documenting
Tell a story Document Add
the process divisions
O
= /7 TP
— with o
code Modularize Record Use version Build a pipeline
code dependencies control
Preparing
to
i Share Enable Contribute https://github.com/jupyter-quide/jupyter-quide
data exploration

https://github.com/jupyter-guide/ten-rules-jupyter
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Keep up with changes




Proceed cautiously
with
projects
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so—
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. o
~ Jupyterhub
@] -
Zero to

A tutorial to help install and
manage JupyterHub with

Kubernetes

Quick search

upyterhub

Next »

Zero to JupyterHub

JupyterHub is a tool that allows you to quickly utilize cloud computing infrastructure to manage a
hub that enables users to interact remotely with a computing environment that you specify.
JupyterHub offers a useful way to standardize the computing environment of a group of people
(e.g., for a class of students or an analytics team), as well as allowing people to access the hub

remotely.

This growing collection of information will help you set up your own JupyterHub instance. It is
in an early stage, so the information and tools may change quickly. If you see anything that is in-

correct or have any questions, feel free to reach out at the issues page.

Creating your JupyterHub

This tutorial starts from “step zero” and walks through how to install and configure a complete
JupyterHub deployment in the cloud. Using Kubernetes and the JupyterHub Helm chart provides

sensible defaults for an initial deployment.

zero-to-jupyterhub.readthedocs.io


https://zero-to-jupyterhub.readthedocs.io/en/latest/

o, —————— g TR W W —————

Papermill
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Pipelines

< & (© 127.0.0.1:3000 a w S & ® o 0O :

@ D A G S T E R Select a pipeline...

DAGSTER

Runs Schedule ® 0.6.0.post0 £ Reload

O

No pipeline selected

Select a pipeline in the navbar

Dagster 0.6.0

https://medium.com/dagster-io/dagster-0-6-0-impossible-princess-898b459375e0
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Pipeline
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flexibility




—
Team Compass for JupyterHub and On this page
Binder s\ift}(:yc}c::\tfzzti‘eam Compass?

agenda  this month We sail together

Code of Conduct

This page contains links to the notes from team meetings with the JupyterHub communi-
ty. For more some more technical information and links to various JupyterHub reposito-

Plan
Execute E=
Change

https://jupyterhub-team-compass.readthedocs.io

https://github.com/jupyterhub/team-compass


https://jupyterhub-team-compass.readthedocs.io/
https://github.com/jupyterhub/team-compass
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Notebooks to web

https://blog.jupyter.org/and-
voil%C3%A0-f6a2c08a4a93
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https://blog.jupyter.org/and-voil%C3%A0-f6a2c08a4a93
https://blog.jupyter.org/and-voil%C3%A0-f6a2c08a4a93

Binder

myvbinder.or

Binder 2.0 blog post
elifesciences: Share

your interactive
research environment

Nature article about
Binder

@WillingCarol

mybinder.org

Thanks to Google Cloud and OVH for sponsoring our computers &

& binder

Turn a Git repo into a collection of interactive
notebooks

Have a repository full of Jupyter notebooks? With Binder, open those notebooks in an
executable environment, making your code immediately reproducible by anyone,

anywhere.
Build and launch a repository
GitHub repository name or URL
GitHub repository name or URL GitHub ~
Git branch, tag, or commit Path to a notebook file (optional)
Git branch, tag, or commit Path to a notebook file (optional) File v

Copy the URL below and share your Binder with others:

Fill in the fields to see a URL for sharing your Binder. [‘g]

Copy the text below, then paste into your README to show a binder badge: 2

47


http://mybinder.org
http://mybinder.org
https://blog.jupyter.org/binder-2-0-a-tech-guide-2017-fd40515a3a84
https://elifesciences.org/labs/8653a61d/introducing-binder-2-0-share-your-interactive-research-environment
https://elifesciences.org/labs/8653a61d/introducing-binder-2-0-share-your-interactive-research-environment
https://elifesciences.org/labs/8653a61d/introducing-binder-2-0-share-your-interactive-research-environment
https://www.nature.com/articles/d41586-018-01322-9
https://www.nature.com/articles/d41586-018-01322-9
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Zenodo DOIs now work with BinderHub

gke.mybinder.org

(run by the mybinder.org team)

\‘”

ovh.mybinder.org
(run by the OVH team)
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Binder Team Retweeted

Kirstie Whitaker @kirstie_j - Aug 10 v
The first #NeuroHack19 project team built an awesome brain visalisation

B ' d
too! It's so BEAUTIFUL © 9 ¥

@
m b I n d e r. O r Check it out for yourself via @mybinderteam at

mybinder.org/v2/gh/matanmaz....

README.md

Code at: github.com/matanmazor/Bra...

BrainViz

M 9 launch binder
LY

This project was created as part of Neurohackademy 2019.

Contributors: Anna Jafarpour, Matan Mazor, Liberty Hamilton. Thanks also to Noah Benson, developer of neuropythy.
Description of project: With BrainViz we can visualize neural activity in selected ECOG contacts.
How to get involved: Please get in touch with one of the contributors.

This is a tool to create an interactive 3D brain in your browser. You can select points (or electrodes) on the brain to look at
activity from those points. A dropdown menu will allow you to select the stimulus for which you are plotting a response.

input
Example Brain image is from https://zenodo.org/record/996814#.XU29UZNKi_s for 3D visualization. ECOG data is

synthetic for demonstration, that is from a hf5 format file containing: data['/ecog/condition1'] = numpy array of dim [elecs
x time] data['/ecog/condition2'] = numpy array of dim [elecs x time] data['/times'] = vector of times

interactive visualization

The electrodes of interest can be selected by mouse or dropdown menu. There is also a dropdown menu to select
conditions.

output

3D brain with electrodes overlay. The color of selected electrodes changes.

@WillingCarol


http://mybinder.org
http://mybinder.org
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11 Binder Team Retweeted

Kirstie Whitaker @kirstie_j - Feb 22 Y

WHAT A GREAT FRIDAY! #RainCloudPlots in a @turinginst hosted
@mybinderteam instance!! FROM MY PHONE in the park! |4 W @
¥z 2 & Way to go Sarah!

#TuringWay #BinderHub #ComeToOurWorkshops: eventbrite.co.uk/o/the-

N7
-

turing-w... & &

From a

‘ ?®
& binder
beta Further, the raincloud function works equally well

®
h O n e I n Turn a Git repo into a collection of with a list or np.array, if you prefer to use those
: : instead of a dataframe input:
interactive notebooks

Have a repository full of Jupyter notebooks? With Binder, open
those notebooks in an executable environment, making your code In [ 1 ] : "

I immediately reproducible by anyone, anywhere
® # Usage with a list/np.array input

dx = list(df["group”"]); dy = list(df["s
ax=pt.RainCloud(x = dx, y = dy, palette

Build and launch a repository

""" . o L A - 7 ¥ L e 70 0N B
G TR, i oot = | | g Lo e TR
ordinary cods = 2 - el | - . Taltrersr ) MR ot N 7 - 805
= fgure 9-1.9n¢ 32.9%8 Feb 22,2 \ '3 kS vt L | =~ ORI 728 A T
SRadisr e R e e = meanplot_rc-1.paf 40.1 XB Feb 22,2
label: figure 7 = meanplot_re-1.png S.7xe Feb 22, 2 S
;;; ..................................... - pretty_rc-1.pdf 40.2 % Feb 22, 2
ordinary text without R code =5 pretty_re 1.p0¢ SAxB Fedb 22,2
= repdata2-1.pef 343K  Feb22,2
g T = repdata2-1.pag 6.1 KB Feb 22,2
e | op ) " repdatad-1.pef JMEKB  Feb22,2
$ include: logi TRUE = repdatal-1.png 6458 Fe 22,2 BB
$ eoho 1051 TRiS " repdatad-1.pef W.AKE  Feb 22,2
.......................................... = repdatad-1 png S.6KE Feb 22,2
.\‘s. k. il el S s = striated-1, par $7.7 X8 Feb 22, 2

@WillingCarol 56
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Research use-cases Tech developments
e CMIP6 Climate data analysis e Data discovery through JupyterLab
e |arge scale hydrological modelling e |[nteractivity: Widgets & Dashboards
e (Geophysical simulations and e JupyterHub: Using and managing

INVErsions shared computational infrastructure

| 5 V.
Fernando Joe Laurel Kevin Paul Lindsey Chris Yuvi
Perez Hamman Larsen Heagy Holdgraf Panda
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Canadian Open Neuroscience Platform

CONP N Jupyter Book
PCNO Signature of Alzheimer disease .
Binder

This work includes packages, scripts, and notebooks for the following article A signature of

Signature of Alzheimer disease cognitive deficits and brain atrophy that is highly predictive of progression to Alzheimer’s dementia.
Home Here is a brief description of each item in the repository: d u p yt e r
Simulating signature of Alzheimer o ‘ o _
* Proteus - a Python package by Christian Dansereau. Proteus was built on scikit-learn and it a n d a S
Powered by Jupyter Book offers machine learning tools to make highly confident predictions
» vcog_hpc_prediction_simulated_data.ipynb - a Jupyter notebook containing analyses that .
give a highly predictive signature (HPS) of Alzheimer’s disease dementia from cognitive and S C I
structural features using simulated data y

o simulation_script.py - a Python script that generates simulated data from raw data . .
» simulated_data.csv - a comma separated value file that contains simulated data S C I k I t I e a r n
» spm_container - an Octave package containing wrappers for SPM12 functions for

segmentation and DARTEL

matplotlib
It is rendered here using Jupyter Book, with compute infrastructure provided by the Canadian Open a t p Ot I
Neuroscience Platform (CONP).

https://simexp.github.io/vcog_hps_ad_book/intro.htmi seaborn

@WillingCarol b9
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Why strive for
reproducible research?




Reproducible research
improves prediction




prediction =
Impact




Scaling reproducible
research improves science
and
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15 October -9:10

Carol Willing (Willing Consulting / Project Jupyter; Twitter:
@WillingCarol)

Scaling reproducible research with Project Jupyter

Jupyter notebooks have become the de-facto standard as a scientific and
data science tool for producing computational narratives. Over five million
Jupyter notebooks exist on GitHub today. Beyond the classic Jupyter
notebook, Project Jupyter's tools have evolved to provide end to end
workflows for research that enable scientists to prototype, collaborate,
and scale with ease. JupyterLab, a web-based, extensible, next generation
interactive development environment enables researchers to combine
Jupyter notebooks, code and data to form computational narratives.
JupyterHub brings the power of notebooks to groups of users. It gives
users access to computational environments and resources without
burdening the users with installation and maintenance tasks. Binder
builds upon JupyterHub and provides free, sharable, interactive
computing environments to people all around the world.
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