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Agenda

1. Explaining Notebooks
2. Initial IDE Integrations

3. Native IDE Integration

4. Technical Challenges




Explaining Notebooks
Interactive Python (IPython)

Python 3.6.3 | packaged by conda-forge | (default, Nov 4 2017, 10:13:32)
Type 'copyright', ‘'credits' or 'license' for more information
IPython 7.0.0.dev — An enhanced Interactive Python. Type '?' for help.

In [1]: from numpy.fft import x @ @® Figure 1
...: from numpy import arange
..: a = arange(32)
..: A= fft(a)
: T = fftfreq(32)
500 - ® o
In [2]: %matplotlib tk 200]
. « Started In
In [3]: from matplotlib.pyplot import stem
400 -
In [4]: stem(f, abs(A))
Out[4]: <Container object of 3 artists>
In [5]: _.[] 300 -
add_callback eventson °
basel] t_child ¢ E t P th d pp t
heseline get_chiling Xecute rython coae sni elsS
200 -
9|9
100 -
» Multimedia Output
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Python Notebooks

I P [y]: N{:}t e bo O k Modulation Last Checkpoint: Jan 05 11:01 (autosaved)

Edit WView nsert Ce Kernel Helf
& G B 4+ ¥ © © » H Code ji:—: Toolbar: | None j

An angle modulated signal generally can be written as

[ J
R el * Released in 2011
In a phase modulated (PM) system, the phase is proportional to the message
‘i”[t} = 'I':pm'(t}
In a frequency modulated (FM) system, instatantaneous frequency deviation is proportional to the message

1 d

fi(t) — f. = kym(t) = o It o(t)

In [12]: from numpy.fft import fft,fftfreqg

S et » Main Features from IPython

int m = empty(len(t))
for k in range(len(t)):

int m[k] = trapz(m[0:k],t[0:K])
u = cos(2*pi*250*t + 2*pi*100*int m)
subplot(211)
plot(t,m)

Lt « Code and documentation

OQut[12]: [<matplotlib.lines.Line2D at 8xd3a490c=]
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» Presented as web app
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Jupyter Notebook

. Jupyter Running Code Last Checkpoint: 10 months ago (o

File Edit View Run Kernel Settings Help
B+ XTO @ » m C » Markdown v Interface  Python 3 (ipykernel) O

Running Code

First and foremost, the Jupyter Notebook is an interactive environment for writing and running code. The notebook is capable of running code in a wide range of languages.
However, each notebook is associated with a single kernel. This notebook is associated with the IPython kernel, therefore runs Python code.

« Split off in 2014

Code cells allow you to enter and run code

Run a code cell using Shift-Enter or pressing the P> buttoninthe toolbar above:

» Language agnostic

There are two other keyboard shortcuts for running code:
e Alt-Enter runsthe current cell and inserts a new one below. P U I P t h K /
e Ctrl-Enter runthe current cell and enters command mode. S e S y O n O S O er/ 7 e
Managing the Kernel

Code is run in a separate process called the Kernel. The Kernel can be interrupted or restarted. Try running the following cell and then hit the Il button in the toolbar

» Hugely popular

import time
time.sleep(10)

If the Kernel dies you will be prompted to restart it. Here we call the low-level system libc.time routine with the wrong argument via ctypes to segfault the Python

interpreter:




Jupyter Extension for VS Code + Theia

File Edit Selection View Go Debug Terminal Help DataSciencelsCool.ipynb* - connect-petdetector - Visual Studio Code

@ EXPLORER @ testpy = DataSciencelsCoolipynb* X

(—

X i—: :)e:tt:SyciencelsCoo... s hel."&woru—lld ¢ C reated by M iC rOSOft i n 2 O] 9

v CONNECT-PETDETECTOR

» OPEN EDITORS O M0+ b8 8 ™ P
M

import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

> scripts p = np.linspace(9,20,100) ® DiSpIOyS OS O Web V/.eW

.gitignore

> Images

classify.ipynb ;
classify.ipyn (3] plt.plot(p,np.sin(p))
DataSciencelsCo... U plt.show()

.'5.' demo_completed.py > b M t.

ﬁ  Works in Theia out-of-the-box

fl LICENSE 100
I' myenv.yml 0.75
i) README.md

% score.py

= scupioms * Complicated Language support

= testipynb

% testpy

* Fairly slow

+
on3.7364-bit @DOAO




Native Notebooks in VS Code

)
)

un Terminal - — 2 notebook-example 8 [0 o - O X

@ @ demo_notebook.ipynb X g @M -
=

B demo_notebook.ipynb > M¢ Demo Notebook in VSCode

+ Code -+ Markdown » RunAll O Restart == Clear All Qutputs | [ Variables := Outline

2 B8 -

" Demo Notebook in VSCode
E;> v/ from matplotlib import rcParams, cycler

A T » New Ul feature in 2021

2 custom_lines = [Line2D([0], [0], color=cmap(®.), lw=u),
EE; 3 Line2D([0], [®], color=cmap(.5), lw=4),
Line2D([0], [©], color=cmap(l.), lw=u4)]

fig, ax = plt.subplots(figsize=(10, 5))
lines = ax.plot(data)

8 ax.legend(custom_lines, ['Cold', 'Medium', 'Hot']l); ® LO n g u O g e O g n O StiC

0 1 ON O

o » Support for custom kernels
' » VS Code API
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Native Notebooks in VS Code + Theia (?)

@ File Edit Selection View Go Run Terminal - &« £ notebook-example OB @ o - O X

@ @ demo_notebook.ipynb X & M -
@ demo_notebook.ipynb > M# Demo Notebook in VSCode

[Q + Code —+ Markdown | [» RunAll 'O Restart == Clear All Outputs | [ Variables = Outline - & Python 3.11.5

-

" Demo Notebook in VSCode

h> v/ from matplotlib import rcParams, cycler
&

i « Not based on the webview API

2 custom_lines = [Line2D([0], [0], color=cmap(®.), lw=u),
EE; 3 Line2D([0], [®], color=cmap(.5), lw=4),
Line2D([0], [©], color=cmap(l.), lw=u4)]

fig, ax = plt.subplots(figsize=(10, 5))
lines = ax.plot(data)

OD:X.1egend(custom_1ines, [‘Cold', 'Medium', 'Hot'l); ® C O m p I ete Iy n eW frO n te n d U I

20 1 = Cold

e | W’
'f

0 ON N

15 -

 Additional VS Code API

10 -

... a lot of work for Theia
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Notebook Communication

Notebook Editor

Frontend

(Python)
Notebook Kernel

Backend




Notebook Communication

Notebook Editor

Frontend \

(Python)
Notebook Kernel

Backend




Notebook Communication

Notebook Editor —» Kerr)el
Service
A
Frontend
Reqgistration
Notebook Kernel <G> Plugin
Kernel

Backend Plugin Host




Notebook Communication

Notebook Editor —» Kerr)el
Service
Frontend
Execution
\ 4
Notebook Kernel <G> Plugin
Kernel

Backend Plugin Host




Notebook Communication

Notebook Editor > Kerr)el
Service
A
Frontend
Result
Notebook Kernel <G> Plugin
Kernel

Backend Plugin Host




Notebook Communication

Notebook Editor Outputs

Editor | | Editor — Kerr)el < > | Output
Service

Editor | | Editor Output
A A

Frontend
\ 4

Notebook Kernel <> Plugin

Kernel

Backend Plugin Host




Notebook Communication ~25 000 LoC

Outputs Text Editors
Notebook Editor — Kerr)el < » | Output Editor | | Editor
Service
Output Editor | | Editor
A A
Frontend
\ 4 \ 4
Diagnostics | | References | | Highlighting
Notebook Kernel <> Plugin
Kernel
coae Renamin
Completion J

Backend Plugin Host




Various Performance Issues...

» Rendering a large amount of Monaco editors
- Lazy rendering in DOM

» RPC bottleneck when opening a large notebook
- Batching RPC calls

» Rendering a lot of outputs
- Uhm, let’s see...

» Browser specific issues...




Notebook Communication - Performance

Outputs Text Editors
Kernel
Notebook Editor —» Selection « » | Output Editor | | Editor
Service : :
Output Editor | | Editor
A A
Frontend Document
Updates
\ 4
Diagnostics | | Highlighting | | Editor Documents
Notebook Kernel > Plugin Doc Doc
Kernel
Code Doc 5
Completion oc

Backend Plugin Host




Notebook Layouting

1 pop_dict

Pythion
[Hovedstaden™: 1.84,
"Sjaelland’: 0.84,
"Syddanmark’: 1.22,
Midtjylland™ 1.32,
"Mordjylland’: 0.59}

Dy, 5 - @

1 pop_series = pd.Series(pop_dict)
2 pop_series

Python

Hovedstaden 1.84
Sjaelland 0.84
Syddanmark 122
Midtpylland  1.32
Mordjylland  0.59
dtype: floatbd

import plotly.graph_objects as go

1
2
3 fig = go.Figure(

4 data=[go.Bari{x=[1, 2, 3], yv=[1, 3, 2])],

5 layout=dict(title=dict(text="& Figure Specified By A Graph Object™))
6

7

8

)

fig.show()
0,08 Python

A Figure Specified By A Graph Object




Notebook Layouting — Naive View

1 pop_dict

Pythion

{Hovedstaden™- 1.84,
"Sjeelland’: 0.84,
"Syddanmark’: 1.22,
"Midtjylland™: 1.32,
‘Mordjylland’: 0.59}

=

1 pop_series = pd.Series(pop_dict)
2 pop_series

Python

Hovedstaden 1.84
Sjaslland 0.84
Syddanmark 122
Midtpylland  1.32
Mordjylland  0.59
dtype: floatbd

import plotly.graph_objects as go

Iframes

data=[go.Bar(x=[1, 2, 3], y=[1, 3, 2])],
layout=dict(title=dict(text="& Figure Specified By A Graph Object™))
)

fig.show()
5 Python

A Figure Specified By A Graph Object




Notebook Layouting — Backlayer Webview

1 pop_dict

Python

[Hovedstaden™: 1.84,
"Sjaelland’: 0.84,
‘Syddanmark’: 1.22,
Midtjylland™: 1.32,
‘Mordjylland’: 0.59}

N e = T

1 pop_series = pd.Series(pop_dict)
2 pop_series

Python

Hovedstaden 1.84
Sjaslland 0.84
Syddanmark 122
Midtpylland  1.32
Mordjylland  0.59
dtype: floatbd

Singlet
—>
import plotly.graph_objects as go
Iframe
data=[go.Bar(x=[1, 2, 3], y=[1, 3, 2]},
layout=dict(title=dict(text="& Figure Specified By A Graph Object™))
)

e = LR R R R

ca

fig.show()
W 0,08 Python

A Figure Specified By A Graph Object




Notebook Layouting — Backlayer Webview

) b i i
| | | |
> | | | |
- 1 pop_dict : : : :
V. Vi Vi \,  Python
[Hovedstaden™ 1.84,
"Sjaelland’: 0.84,
‘Syddanmark’: 1.22,
Midtjylland™: 1.32,
‘Mordjylland’: 0.59}
) ) 0 0
=en | ! !
/( 1 | | |
g 1 pop_sefies 4| pd.Series(pop dict) : : :
2 pop series | I I |
| | | |
J/ \Jy J, J, Python

Hovedstaden 1.84
Sjaelland 0.84
Syddanmark 122
Midtpylland  1.32
Mordjylland  0.59
dtype: floatbd

Height i i i i
eig . . . .
[ | | I I
LS M g 1 import plu:utj[y.gr"aph_nl:ljects as go : : :
Notitication S | | |
3 fig = gn.Fiéur‘EE : : :
- data=[go.Bar(x=[1, 2, 3], y=[1, 3, 2])], I I I
5 lay, ut=4|ict|jtitle=dict(text=";—‘-. Figure Specified By A araph Ghject"b] : :
6 | | | |
| | | |
| | | |
fig.show() : : : :

W 0.0 \1/ \1/ \1/ \1/ Python

A Figure Specified By A Graph Object




Notebook Layouting — Editor Overlay

1 pop_dict
Python

[Hovedstaden™ 1.84,
"Sjaelland’: 0.84,

: mark’: 1.22,
‘Midtjylland™: 1.7
Mordjylland’: 0.59

S
o>
o>

o>

Ly [ B

1 pop_series
2 pop_series

pd.Series(pop _dict)

Python

Hovedstaden 1.84
Sjaelland 0.84
anmark 77
Midtpylland 1.32
Mordjylland  0.59
dtype: floatb4

- /
Height I
NOtifiCdtiOn import plotly.graph_objects as go

/}\
|
|
|
|
|
|
|
|
|
|

o>
>
>

fig = go.Figure(
data=[go.Bar(x=[1, 2, 3], y=[1, 3, 2])],
layout=dict(title=dict(text="& Figure Specified By A Graph Object™))

)

e = LR R

ca

fig.show()

W 0,08 Python
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