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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)

T « 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 I
e Ctrl-Enter runthe current cell and enters command mode. S e S y O n O S O erl , 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:




Thela IDE Project

File Sample Menu Edit Selection View

I-—I:ﬁ EXPLORER
1

» OPEN EDITORS
~ THEA
browser_modules

github

configs
dev-packages
doc
examples
logo
> B3 node modules
~ B3 packag
» B3 bulk-edit
> B3 callhierarchy
» B3 collaboration
» B3 console

» B3 node_modules
» B3 scripts

» B3 shared

W E I

~ B9 menu

2 browser-menu-module.ts
B browser-menu-plugin.ts
i context-menu-context.ts

> B3 messaging
R = S S S

> NPM SCRIPTS
» TIMELIME
pas 1-9 huebner/terminalURl <3

Go Run Terminal # browser-menu-plugin.ts - theia - Theia

Electron Example

i, browser-menu-plugints 2 @

.corePreferences| "wins
.showMenuBar(menuBar, preference);

1

menuBar.disposed.connect( ()
preferencelistener.dispose();
keybindinglListener.dispose();

eturn menuBar;

showMenuBar({menuBar:
preference && ['cl
menuBar. clearMenus();
menuBar.acti
.TillMen

vate
vateMenu
velndex
veMenu

7] open veMenu
[ 1async function

[ 1async arrow fun
fillMenuBar|{menusar: MenuBardl

el =
mmandRegistry =
menu menuModel . children
if {CompoundMenuNode.is(menu)) {
.creat
u{menulidget);

menuBar.cle

/A Problems 3 X C

~ B browser-menu-plugints

, preference:
e"].includes(preference)

(method) Widget.activate(): woid

eMenullidget(menu, commands :

Expected an assignment or function call and instead saw an expression. eslint(n

Property "'acti’ does not exist on type 'DynamicMenuBarWidget'

Missing semicolon. eslin

i browser-context-menu-renderer.s

OUTLINE

e v ¥ MenuBarwidget
£ activateMenu
9 triggerMenultem
~ +O BrowserMenuOptions
£ commands
¥ context
#2 contextkKeyService
£2 rootMenuPath
A ‘Es BrowserMainMenuFactory
/2 contextKeyService
® context
commandRegistry
® menuCommandExecutor
® corePreferences
® keybindingRegistry
menuProvider
fP createMenuBar
£ showMenuBar
£p fillMenuBar
fP createContextMenu
& createMenuWidget
0 createMenuCommandRegistry
D registerMenu
¢~ (get) services
~ 43 DynamicMenuBarWidget
previousFocusedElement
» P constructor
» EP activateMenu
» €D triggerMenultem
~ 4 MenuServices
#2 commandRegistry
/2 keybindingRegistry
% contextKeyService
® context
® menuWidgetFactory
commandExecutor
~ «0 MenuWidgetFactory
2 createMenuWidget
~ % DynamicMenuWidget
previousFocusedElement
£ constructor
Ln95 Col25 CRLF UTF-8 Spacessd {} TypeScript O B

« Created in 2017 by TypeFox

» Designed as a successor to

Eclipse Rich Client Platform (RCP
e Custom extension mechanism

» Support for VS Code plugins




Thela IDE Project
Popular Usage

File Edit Selection View Go Terminal Help

Mbed Programs — Mbed Studio

Active program ®oAMo maincpp X

©

mbed-os-example-pelion-5 = if (m2m_deregister res->set_execute_function(deregister) != true} {
printf("m2m_post_res->set_execute function() failed\n"};
Target return -1;

=% DISCO-L475VG-IOTO1A (B-L475E-10T...~

Build fil
uild profife m2m_factory reset res = M2MInterfaceFactory::create device()->create resource(M2MDevice: :FactoryReset);

Debug ~ if (m2m_factory_reset_res) {
m2m_factory_reset_res-»set_execute function(factory reset);

}

G 8 € O

»Fv D 1
printf("Register Pelion Device Management Client\n\n™};
> I crazyflie-firmware

¥

> BB mbed blinky #ifdef MBED_CLOUD_CLIENT_SUPPORT_UPDATE =y
> Bmmbed-os-empty . cloud_client = new MbedCloudClient(client_registered, client_unregistered, client error, NULL, update_progress}; e
#else

> Il mbed-os-example-aws

cloud_client = new MbedCloudClient(client_registered, client_unregistered, client_error);
> Il mbed-os-example-aws-2 #endif e
> IR mbed-os-example-blinky T I
> IR mbed-os-example-blinkynewprog cloud_client->add_objects(m2m_obj_list); . —_
> I mbed-os-example-blockdevice cloud_client->setup(network); . -

> Il mbed-os-example-for-azure

> Il mbed-os-example-kvstore

~ [l mbed-os-example-pelion-5
> I github

> M update-config flush_stdin_buffer(); Blink | Arduino IDE 2.0.0-beta.2
> M bootloader

® @
> B BUILD while{cloud client_running) { °° n ®  Arduino Uno -

int in_char = getchar();

t.start(callback(&queue, &EventQueue::dispatch_forever));
queue.call every(500@, value increment);

> I drivers
> & mbed-cloud-client @ Problems X M Qutput X [ DebugConsole X 8 Librari Blink.ino
> & mbed-os bedt I ons
» [DuE=E %zlibizzzmpEMIon void setup() {
& gitignore
& .mbed )
B p——— > COMPONENT WIFI_ESP32 (TS pinMode (LED_BUILTIN, OUTPUT);

3

G+ main.cpp

& mbed appjson > COMPONENT_WIFI_ISM43362 mbed-o0s-5.15
€ mbed_cloud client_user_config.h

void loop() {
digitalWrite(LED_BUILTIN, HIGH);
delay(1000);
digitalWrite(LED_BUILTIN, LOW);
delay(1000);

C mbed_cloud_dev_credentials.c
= README.md »> COMPONENT_NUSD master--5

€ update_default_resources.c

W o0 NOWUL & WN P

=
S

> @ mbed-os-example-sockets

=
=

> mbed-cloud-client 4.3.0

e
w N

mbed-os 5.15.0

=
E-Y

pelion-e2e-python-test-library 0.2.1

[ mbed-os-example-pelion-5 & 0/A0

Output
Sketch uses 924 bytes (2%) of program storage space. Maximum is 32256 bytes.

Compilation complete.

UTF-8 #¥ Arduino Uno [not connected] A1 [

TypeFrox

o000

EXPLORER: MY-PROJECT ... 1) &

v B, my-project
@ > B3 assets

> B3 build

> B3 config

> B lib

~ B source
> B3 assets
> B3 components
v 3 states

v B3 HelloWorldScreenState

config.h
€ game.c
GameEvents.h
C globals.c
macros.h

pluginsConfig.h

romHeader.h

.gitignore
B config.make
LICENSE
Domy—project.theia-workspace

readme.md

(R A % Beta > Built-In

~ NAVIGATOR
PAGES LIBRARY

v (@] pagel
= statusBar
5 headerBar
~ B fiWrapper
[B) button1
> [E page2
> (@ page3

~ COMPONENTS

-: - Btn

®oAs X3

C HelloWorldScreenState.c
HelloWorldScreenState.h

My Project (Workspace)

€ HelloWorldScreenState.c X

BUILD PROJECT

B3 my-project > source > states > HelloWorldScreenState > € Hellc

U2

i0S

)| page

void HelloWorldScreenState::destructor()

{

Base: :destructor();

void HelloWorldScreenState::enter(void* owner

{

Base::enter(this, owner);

GameState::loadStage(GameState::safeCast(t

GameState: :startClocks(GameState: :safeCast

HelloWorldScreenState: :print(this);

VIPManager: :pushBackPostProcessingEffect(V

Game: :enableKeypad(Game: :getInstance());

g

| pagel.pg

v~ |Phone 13 Pro Max ~

fiWrapper

cma - carcerc_ _ale/ o L AW N\

oo ————
I
|

Page1

(Btn] button

76%

@

£¥ Building LowPowerIndicator...

(21/30) Building
Compiling asset:
Compiling file:

Compiling class:

(22/30) Building
Compiling class:
Compiling asset:
Compiling class:
Compiling asset:
Compiling asset:
Compiling file:

Linking libAutomaticPause-beta

(23/30) Building
Compiling file:
Compiling class:

Linking libSaveDataManager-beta

(24/30) Building
Compiling file:

vuengine//other/LowPowerIndicator/Low

Compiling class:

l A0 ®0

Ln1,Col1 LF UTF-8 TabSize:4 C [ B8

THEMES
Fit b Button: button1
Theme | baseTheme v +
Class Names +
sf-button @

Combined Styles

© 00:48 , Beta >_ PID 71083

Linking libLowPowerEntity-beta

Linking libI18n-beta

s > 2

Il8n
languages/Languages.
vuengine//other/I18n
I18n (complexity: 1)

AutomaticPause

AutomaticPauseManage
images/AutomaticPaus
AutomaticPauseScreen
images/AutomaticPaus
stages/AutomaticPaus
vuengine//other/Auto

SaveDataManager
vuengine//other/Save
SaveDataManager (com

LowPowerIndicator

LowPowerManager (com

T

[J No Device Connected [*4 BH



Nintendo Virtual Boy
IDE bulilt on Thela

[ N | My Project (Workspace)

EXPLORER: MY-PROJECT ... ooo C BUILD PROJECT

v Epmy-project B3 my-project > source > states > HelloWorldScreenState > € Hellc

@ > B assets

> B3 build HelloWorldScreenState: :destructor()

> B3 config =
> B9 lib ¥ Building LowPowerlndicator...
Base::destructor(); =

@

", £
v B3 source O 00:48 S VBeta >_ PID 71083

> B3 assets Linking libLowPowerEntity-beta

> B3 components = (21/30) Building I18n
HelloWorldScreenState: :enter( * owner T Compiling asset: languages/Languages.
~ [ states == o ) -
= Compiling file: vuengine//other/I18n
v B3 HelloWorldScreenState Compiling class: I18n (complexity: 1)

€ HelloWorldScreenState.c Base: :enter(this, owner); Linking 1ibI18n-beta

HelloWorldScreenState.h 2 (22/30) Building AutomaticPause

S Compiling class: AutomaticPauseManage

config.h == Compiling asset: images/AutomaticPaus
GameState: : loadStage(GameState: :safeCast(t = r e < .

game.c e Compiling class: AutomaticPauseScreen
Compiling asset: images/AutomaticPaus
Compiling asset: stages/AutomaticPaus
globals.c GameState::startClocks(GameState: : safeCast Compiling file: vuengine//other/Auto

macros.h 7 Linking libAutomaticPause-beta

GameEvents.h

(23/30) Building SaveDataManager

HelloWorldScreenState: :print(this); - Compiling file: vuengine//other/Save
romHeader.h - Compiling class: SaveDataManager (com

pluginsConfig.h

.gitignore Linking libSaveDataManager-beta

& config.make VIPManager: :pushBackPostProcessingEffect(V (24/30) Building LowPowerIndicator

& LICENSE Compiling file:
vuengine//other/LowPowerIndicator/Low
Compiling class: LowPowerManager (com

Do my-project.theia-workspace

Game: : enableKeypad(Game: :getInstance());
& readme.md

A0 ®0
e e e e e e A P EL o e e e e e AT e o\

®0OA?2 £ Beta [> Built-In Ln1, Col1 LF UTF-8 TabSize:4 C [




Jupyter Extension for VS Code

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

EXPLORER = DataSaencelsCoolipynb* X

v OPEN EDITORS SN R
@ test.py . M
X = DataSciencelsCoo... helsBlworld

- CONNECT-PETDETECTOR

[ 1 import numpy as np : T
‘ i import pandas as pd ¢ Creqted by MICrOSOft In 20] 9
2 images import matplotlib.pyplot as plt
> scripts p = np.linspace(9,20,100)

.gitignore

= i rninb
classify.ipynb

plt.plot(p,np.sin(p))

oetasenceiCo. U v | L p1e. shou() - Displays as a Webview

% demo_completed.py I YT

demo.ipynb M

R LICENSE 100

I' myenv.ymli 0.75

i) README.md 0.50 °

» Complicated Python support
setup.ipynb
test.ipynb

® testpy

 Fairly slow

+
on3.7364-bit @DOAO




Jupyter Extension for VS Code + Thela

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

ERL RSN @ testpy = DataSciencelsCoolipynb* X

v OPEN EDITORS S 0O+ b 8 8 D

1
; < Soussmn. & - Created by Microsoft in 2019

v CONNECT-PETDETECTOR
-nporf numpy as np

import pandas as pd
import matplotlib.pyplot as plt
{fE ? “KWHS p = np.linspace(9,20,100)

* Displays as a Webview

classify.ipynb :
H5 assiTy.Ip) ~ || 31 plt.plot(p,np.sin(p))
DataSciencelsCo... U plt.show()
% demo_completed.py

> images

’A ’v L t
= demo.ipynb M

R ucense  Complicated Python support

% score.py

= setup.ipynb o o
= testipynb U - ¢ FO I rly S I OW

® testpy

e Worksin Theia out-of-the-box

+
on3.7364-bit @DOAO




Native Notebooks I1n VS Code

><é File Edit Selection View Go Run Terminal --- < -~ notebock-example 08 0o - O X
ﬁ;j @ demo_notebook.ipynb X & [0
B demo_notebook.ipyr Ms De otebook in VSCode
[Q + Code -+ Markdown [ Run All O Restart == Clear All Qutputs | [ Varizbles = Outline &=, Python 3.11.5
5
B e ["

| Dﬁemo Notebook in VSCode

h> v/ from matplotlib import rcParams, cycler
9

By oo st i e e * New Ul feature in 2021

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

fig, ax = plt.subplots(figsize=(10, 5))
lines = ax.plot(data)
ax.legend(custom_lines, ['Cold', 'Medium', 'Hot']);

_* Language agnostic

00 3 0N O £

o » Supyport for custom kernels
. » VS Code AP

@ i 6 2I0 4'0 6'0 8'0 1(')0

3

_ ®0A0 W0 # LiveShare

Cell 1 of 116




Notebook Communication

Notebook Editor

Frontend

(Python)
Notebook Kernel

Backend




Notebook Communication

Notebook Editor

Frontend \

(Python)
Notebook Kernel

Backend




Notebook Communication

Kernel
Notebook Editor —»  Selection

Service

A

Frontend
Reqgistration

Notebook Kernel <G> Plugin

Kernel

Backend Plugin Host




Notebook Communication

Kernel
Notebook Editor —»  Selection

Service

Frontend
Execution
\ 4

Notebook Kernel <G> Plugin

Kernel

Backend Plugin Host




Notebook Communication

Kernel
Notebook Editor —»  Selection
Service
A
Frontend
Result
Notebook Kernel <G> Plugin
Kernel

Backend Plugin Host




Notebook Communication

Notebook Editor
Kernel

Editor | | Editor | | Output | —» Selection

Editor | | Editor | | Output Service
A A
Frontend
\ 4
Notebook Kernel <G> Plugin
Kernel

Backend Plugin Host




Notebook Communication

Notebook Editor Outputs
Kernel
Editor | | Editor —>  Selection |« > | Output
: . Servi
Editor | | Editor STVIES Output
A A
Frontend
\ 4
Notebook Kernel > Plugin
Kernel

Backend Plugin Host




Notebook Communication ~20 000 LoC

Outputs Text Editors
Kernel
Notelbook Editor —>  Selection |« > | Output Editor | | Editor
Service : :
Output Editor | | Editor
A A
Frontend
\ 4 \ 4
Diagnostics | | References | | Highlighting
Notebook Kernel <> Plugin
Kernel
Code Renamin
Completion J

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
| | | |
> | | | |
g 1 pop_dict : : : :
\l/ \1/ \l/ \l/ Python
[Hovedstaden™ 1.84,
"Sjaelland’: 0.84,
‘Syddanmark’: 1.22,
Midtjylland™: 1.32,
‘Mordjylland’: 0.59}
) ) 0 0
=en | ! !
/( I | | |
g 1 pop_sefies 4| pd.Series(pop dict) : : :
2 pop series | I I I
| | | |
Jy Vi Jy Jy 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 ° 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
NOtifiCOtiOn import plotly.graph_objects as go

3
|
|
|
|
|
|
|
|
|
|

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

/N

/N
|
|
|
|
|
|
|
|
|
|
|
|

X5 I
|
|
|

1.5

______________________>

0.5

85

1.5 2.5

|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
I
|
|
|
[
[
[
[
[
[
I
|
|
|
|
|
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Demo
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