OpenDreamKit

Work Package 4: User Interfaces




Overview

The general goals of WP4:
Improve existing Jupyter tools (T4.2)
Build new tools in the Jupyter ecosystem (T4.3, 4.8)

Improve OpenDreamKit components, especially where they interact with each
other (T4.1,4.4,4.5,4.12)

Demonstrate effectiveness in scientific applications (T4.9, 4.11, 4.13)

Work on Active Documents (T4.6, 4.7)
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Overview

Goal: Provide unified interfaces for OpenDreamKit VREs
Broad categories of work:

e Connect with underlying computational software

e Notebook interfaces

o Bring notebooks to more communities
o Improve working with notebooks
o Collaborative workspaces

e Interactive documents and documentation




Milestone M6: Prototype VRE for mathematical researchers

User story: a group of mathematical researchers with access to common
computational resources, such as a shared lab computer or cloud servers,
shall be able to deploy a prototype VRE with JupyterHub, integrating
OpenDreamKit components. The Jupyter kernels for mathematical software
developed as part of OpenDreamKit make computational mathematical
components accessible in a Jupyter environment, enabling a Jupyter-based
deployment of the relevant tools for the researchers.

OpenDreamKit produces tools for researchers to use. WP4 is about making
those tools accessible to researchers and research results accessible to

others.
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OpenDreamKit bet on Jupyter notebooks

It has paid off!

e Millions of notebooks online (over 3M on GitHub alone)
e June 2018, Jupyter awarded prestigious 2017 ACM Software System Award

e Previous winners include: UNIX, TCP/IP, the Web, TeX, Java, GCC, LLVM




Background: Jupyter notebooks

Document with code, prose, maths, visualization
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This is the posterior probability. What does it look like as a function of our prior, p € [0, 1]?

figsize(12.5, 4)

p = np.linspace(0, 1, 50)

plt.plot(p, 2*p/(l+p), color="#348ABD", lw=3)
plt.title("Are there bugs in my code?");

Are there bugs in my code?
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Background: Jupyter notebooks

It also has support for rich, interactive Ul components:

. from notebooks.lorenz import solve_lorenz
w=interactive(solve_lorenz,sigma=(0.0,50.0),rho=(0.0,50.0))
w

Sigma s — 11.50

beta ; J 2.33

— 21.80

rho




Background: Jupyter notebooks

Web-based interactive computing environment D
Browser

Language-agnostic protocol for computation
HTTP(S) [ Websocket

{ Notebook Server ]

Singular
Kernels




Background: JupyterHub

Extensible VRE built around Jupyter [ Browser ]

A
[ Configurable HTTP Proxy

/ pmtmnnnssinnaaaaas " \ {/user/[name]/

i Authenticator

. .
e e e 5

User Database
:\,. ................. /api/auth Notebook
i  Spawner
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Notebook Interfaces

Key areas:

e Improve working in notebooks
e Improve working with notebooks
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https://opendreamkit.org/try/try/

Highlight: OpenDreamKit kernels

e Now 117 Jupyter kernels (49 when ODK started), 6 contributed to by ODK.

e Further improved kernels from first reporting period (GAP PARI, Slngular)
Delivered as D4.7, and MMT as part of WP6 | g

Draw(canvas3) ;

e Also contributed to kernels: cling (C++), SageMath

~ Jupyter PARIdemo notebook (autosaved) PIRE | Logout ‘ ’ ‘
T —— e File  Edit View Insert  Cell  Kemel  Widgets  Help Trusted| & |PARIGP O ‘
Sing el

® 4+ < A B A% MAn B C B Code Bl e

In [12): L = Uuninit(lfuncreate(1), [100]); ﬁ
In [13]: ploth|y=0, 100, Ufunhardy(L, y)); . .

-------

o
100 [ XJ
[ 1)
o nE Soe 11
1funhardy(L,t): variant of the Hardy L-function attached to L, used for plotting on the critic
al line.
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https://mybinder.org/v2/gh/gap-system/gap-docker-binder/master
https://mybinder.org/v2/gh/sebasguts/SingularBinderDemo/master?filepath=brnoeth.ipynb

KPIl: ODK Kernels on GitHub

Notebooks found on GitHub using each kernel (code):

SageMath: 6199
Xeus-cling: 684
GAP: 63
Singular: 8
PARI/GP: 3
MMT: 1
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https://mybinder.org/v2/gh/minrk/odk-data/master?filepath=odk-kernels.ipynb

Highlight: nbdime

View Run Kemel Tabs Settings Help

an | [ notebookBipynb x

*» 0 F, % 5

B + X O [ » = C Makdwnv O git

No Kernel!

# checking Numba JIT toolchain
import numpy as np
image = np.zeros((1024, 1536), dtype = np.uint8)

from pylab import imshow, show
from timeit import default_timer as timer
from numba import autojit

@autojit
def mandel(x, y, max_iters):
¢ = complex(x, y)
z=0.0j
for i in range(max_iters):
z=2%2+c
if (z.real*z.real + z.imag*z.imag) >= 4:
return i
return max_iters

def create_fractal(min_x,
height = image.shape[0]
width = image.shape[1]
pixel_size_x = (max_x - min_x) / width
pixel_size_y = (max_y - min_y) / height

mex_x, min_y, max_y, image, iters , mandelx):

for x in range(width):
real = min_x + x * pixel_size_x
for y in range(height):
imag

in_y +y * pixel_size
color = mandelx(real, imag, iters)
image[y, x] = color
start = timer()
create_fractal(-2.0, 1.0, -1.0, 1.0, image, 20 , mandel)
dt = timer() - start

print ("Mandelbrot created by numba in %f s" % dt)
inshow(image)
show()

Mandelhrot_created hy_numha_in 3.516329 s

gt Diff git: notebooks X
[ ]

Hide unchanged cells

‘ <ggplot: (-9223372036842967499)> [

In [3] In [2]

o ¥ checking Numba JIT toolchain +

import numpy as ny
image = np.zeros(
= np.uint8)

2 import numpy as np

image = np.zeros((1624, 1536), dtype
= np.uint8)

<

==

dime_test_repo/notebookB.ipynb

# checking Numba JIT toolchain

P
(1024, 1536), dtype

Outputs changed

&)

Mandelbrot created by numba in 2.054421 s ‘

‘Mandelbrot created by numba in 3.516329 s

[

1000

Further development on the nbdime project, delivered in the first period
D4.6). Has been met with enthusiasm, adoption in the community.
Jupyter Notebook and Jupyter Lab extensions, git integration.
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Highlight: real-time collaboration

e DA4.15 prototype and plan for live collaboration in JupyterLab.
Optimistic about good integration during the final year of ODK.

'Notebook Server ; :Browser
: WebSocket '
1 Communication !

CRDT
Content

)—-— Adapter
! ! Model
Manager: : E
Broadcast ' ;
and i i
History i : CRDT
o+ o
: ~ : CRDT
E ) ! Adapter @ Content

e = Model

O




Highlight: 3D visualization in Jupyter notebooks

e D4.12: Jupyter extension for 3D vis, demonstrated with fluid-dynamics

e Packages:
o k3d-jupyter
o ipydatawidgets
o ipyscales
o unray

e Improved distribution




Highlight: Dynamic documentation and exploration system

e Delivered D4.16 as two new packages,
built on Jupyter widgets for interactively

¢ s vy
print(event)

exploring objects in Sage e e

display(menu, explorer)

Curve [ 11a3 V‘

Elliptic Curve defined by y*2 +y = x3 - x"2 over Rational Field

o Sage Combinat Widgets v |
o Sage Explorer p—-— o
B Invariants: (4, 0, 1, -1) ( oos— 1 15

Category: Category of schemes over Rational Field

ovi
Conductor: 11
2

Cremona Label: 11a3

Genus: 1
9 Back
Menus \ Call Help
~ EllipticCurve_rational_field_with_category File: sage/schemes/elliptic_curves/ell_rational_field.py (starting at line

1137)

Return the modular symbol associated to this elliptic curve, with
padic_lseries given sign.
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Interactive Documents

Key areas:

e Active Documents

e Interactive Documentation

17



Highlight: Active Documents Workshop

Workshop on live documents hosted in Oslo. Resulted in new package:
thebelab, for embedding execution on any page, integrating tools from
JupyterLab and MyBinder.org, demonstrating value of coordination.

3D plots are functional with the threejs backend:

e threejs', online=True)

P 3d(x"2 + y"2, (x,-2,2), (Y.,-2,2), viewer
Vrun)
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Highlight: MathHub notebook integration

MathHub.info is a portal for active mathematical documents. As part of D4.11, a
notebook integration with MathHub was added. This allows:

e Authoring MathHub documents as a Notebook
e Interactively exploring existing MathHub documents as a Notebook.

@ MathHub Applications ~ Help ~ Admin About

Library

Library
Hello World Examples for The Math-in-the-Middle
MathHub.info Ontology
This Library contains various paradigmatic The Math-in-the-Middle Ontology is a
"Hello World" Examples for MathHub curated theory-graph representation of

mathematical knowledge that serves as an
integrating ontology for mathematical
software systems and services.




Highlight: Sage documentation

e Refactorisation of SageMath’s Sphinx documentation system as part of D4.13

e Improve Sphinx support for Cython projects.
o Enabled building proper documentation for fpylll, CyPari2, CySignals.

e To completely enable Cython documentation out of the box, Python needs to
be fixed. For this, we submitted PEP (Python Enhancement Proposal) 580.
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Highlight: PARI bindings

e Improved PARI/GP bindings delivered as D4.10

e CyPari2 used to be part of SageMath, but it was made a separate package in
D4.10 (see also D4.1). This ties into WP3.

In [1]: from cypari2 import Pari
pari = Parif()
In [2]: | E = pari.ellinit([-82, 0]); E

Out(2]: [0, O, O, -82, O, O, -164, 0, -6724, 3936, 0, 35287552, 1728, Vecsmall([1]
), [vecsmall([e4, 11)1, [0, O, O, O, O, O, 0, O]]

In [3]: E.ellanalyticrank()
Out[3]: [3, 106.734807462587]




KPI: JupyterHub deployments

Local CoCalc instance at Universitat Zurich.
o Deployed September 2015 - February 2016.
o People involved: @pdehaye, @williamstein
Instance of JupyterHub deployed by the Mathrice group
o Host Infrastructure: France Girille's LAL cloud
o Users: members of math labs in France
o Main use case: casual use
Local JupyterHub instance at Université Paris Sud / Paris Saclay
o Host Infrastructure: France Girille's LAL cloud
o Users: personnel and students of UPSud / Paris Saclay
o Main use case: use in classroom (Python, Sage, C++), casual use
o People involved: @VivianePons, @nthiery, @gouarin
JupyterHub instance deployed on USheffield's HPC system
o People involved: @mikecroucher
JupyterHub instance(s) deployed at UVSQ
o Main use case: use in classroom (Sage, Python, C, Apache Spark),
casual use
o People involved: @defeo

JupyterHub and Binder instances deployed on EGI
infrastructure
Easy deployment of live GAP/SageMath/... notebooks
with mybinder, thanks to the Docker containers (#58);
potential alternatives: Debian packaging and Conda
packaging.

o People involved: @nthiery, ...
Local instance of CoCalc (using the Docker container)
at the University of Gent

o Main use case: teaching for mathematics

students

Deployed at jupyter.mathhub.info

o With MMT kernel

o People involved: @tkw1536
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https://github.com/pdehaye
https://github.com/williamstein
https://jupyter.math.cnrs.fr/hub/
http://mathrice.fr/
http://jupytercloud.lal.in2p3.fr/
https://github.com/VivianePons
https://github.com/nthiery
https://github.com/gouarin
http://docs.iceberg.shef.ac.uk/en/latest/using-iceberg/accessing/jupyterhub.html
https://github.com/mikecroucher
https://opendreamkit.org/2018/10/17/jupyterhub-docker/
https://github.com/defeo
https://github.com/OpenDreamKit/OpenDreamKit/issues/mybinder.org
https://github.com/OpenDreamKit/OpenDreamKit/issues/58
https://wiki.debian.org/DebianScience/Sage
https://wiki.sagemath.org/Conda
https://wiki.sagemath.org/Conda
https://github.com/nthiery
https://jupyter.mathhub.info
https://github.com/tkw1536

Highlight: Simulagora

e Logilab VRE deployment for application development and deployment.

Can use JupyterLab for application development, which can then be deployed
with a simplified parameters form input.

Geometry ‘ Measures Summary ‘

Outils de calcul mécanique

Geometry: | RRA CPY

Material name: ‘ Z2CND1712

User material

Material name: ‘ I

Length (1) ‘ 20

Z ‘mm

The material must be defined in the user data directory.

Radius 1 (R1) ‘ 5 z ‘mm

Add to the user list

Radius 2 (R2) ‘ 3 S ‘mm

Thickness (e) ‘ 1 z ‘mm




KPI: Usage/impact statistics (since last reporting period)

Nbdime: 855 stars on github, 64 contributors (36 in 12 months prior), 611
comments, 239 new issues (241 closed).

Thebelab: 44 stars, 15 contributors, 151 new issues (118 closed), 323
comments.

K3D-Jupyter: 48 stars, 14 contributors, 140 new issues (129 closed), 303
comments.

5 Mat Leonard d N
: \ Follow | v
@MatDrinksTea Wt o

nbdime has changed my life. Diffing jupyter
notebooks in git, wow. Just wow. o
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