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In 2021, Nature named Jupyter as one of ten computing projects that transformed science

CODE

TEN CgMPIITER

THAT

TRANSFORMED
SCIENCE

From Fortran to preprint archives, these
advances in programming and platforms
sent biology, climate science and physics
to new heights. By Jeffrey M. Perkel

wepolled dozens of researchers over the past
year to develop a diverse line-up of ten soft-
ware tools that have had a bigimpact on the
world of science.

Language pioneer:

the Fortran compiler (1957)

The first modern computers weren’t user-
friendly. Programming was literally done by
hand, by connecting banks of circuits with

wires. lan-

code,but

edge of the computer’s architecture, pumng
freach of

y

That changed in the 1950s with the dcvcl
oopment of symbolic languages — in particular
the formula translation’ language Fortran,
i atIBM

in San Jose, California. Using Fortran, users

ablei ions, suchasx=3+5.A il
thenturned such directionsinto fast, efficient
machine code.

It still wasn’t easy: in the early days, pro-
grammers used punch cards to input code,

of them. Still,
aclimatologist at Princeton University in New
Jersey, Fortranmade pmgrammmgacccssnblc
scientists.

“For we
computer] by ourselves” Manabe says. Heand

of the first successful climate models.

used in climate modelling, fluid dynamics,
‘computational chemistry —any discipline that
involves complex linear algebra and requires
powerful computers to crunch numbers
quickly. The resulting code s fast, and there
arestill plenty of

n 2019, the Event Horizon Telescope
team gave the world the first glimpse
of what a black hole actually looks like.
But the image of a glowing, ring-shaped
object that the group unveiled wasn'ta
conventional photograph. It was com-
puted — amathematical transformation
of data captured by radio telescopesin
the United States, Mexico, Chile, Spain and
the South Pole'. The team released the pro-

10,000 times the memory and clock speed
that his lab-built compuu:r had s m 1967, when
hebegan his pri work.

have quite phenomenal amounts of compux
ingatour handstoday,” he says. “Troubleis, it
still requires thinking.”

Enter the scientist-coder. A powerful com-
puter is useless without software capable of
tackling research questions — and researchers
whoknow how towriteitanduseit. “sturch

to write it. Vintage Fortran code bases are still
i icking in lab:

ers worldwide. "Old-time programmers knew
what they were doing,” says Frank Giraldo, an
applied mathematician and climate modeller
atth li

California. “They were very mindful of memory,
because they had solittle of it.”

Monterey,

Signal processor:

fastFourier

When radioastronomers scan the sky, they
capture a cacophony of complex signals
ing with time. To the

gramming code it used to ish that

feat ide the articles that saysNulchue Hong, director of the Software

i i 0 ienti Id Institute, in

see— and build on— whatithad done. UK,an izati i to
It's From ing the and use of soft-

astronomy to zoology, behind every great i “It yaspectof

scientific finding of the modern age, thereis  the conduct of research.”

a computer. Michael Levitt, a computational
biologist at Stanford University in California
who won a share of the 2013 Nobel Prlzc in

Scientific discoveries rightly get top bill-
ing in the media. But Nature this week looks
behind the scenes, at the key pieces of code

Chemistry for his work on
strategies for modelling chemical struc-
ture, notes that today’s laptops have about

that h over the past
few decades.
Although no list like this can be definitive,

021 Springer Nature Limited. Al rights

nature of those radio waves, they need to see
what those signals look like as a function of
frequency. A mathematical process called a
Fourier allows todo
that. Theproblemis thatit'sinefficient, requir-
ing N° calculations for a dataset of size N.

In 1965, US mathematicians James Cooley
and John Tukey worked out a way to acceler-
atethe process. Using recursion, a divideand
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of' in. For says.

The Image)

»
» . Geoffrey Hinton, acomputer scientist at the
University of Toronto, Canada, Al research-
,“ . . ers dismissed the latter approach as “non-
. v sense”. In 2012, Hinton's graduate students
’ ‘ Alex Krizhevsky and llya Sutskever proved
. » otherwise.
1 . The venue was ImageNet, an annual com-
Y as here. train
anAlona database of one million images of
justone of these things that became averb,”  now more generally viewed asobviousand  every the ingalgo-

Eddy says. “You just talked about BLASTing
your sequences.”

natural,” Ginsparg says. “In that sense, it's like
asuccessful research project.”

rithmona s:paratc image set. At the time,
the best algorithms mmau:gnnzcd about

of them,
Preprint powerhouse: Dataexplorer: and Sutskever's AlexNet, a ‘deep-learning’
arXiv.org (1991) IPython Notebook (2011) reduced
Inthe late 1980s, high-energy physicists rou- Pérez was agraduate student “in ff that error rate to 16% (ref. 10). “We basically

tinely sent physical copies of their

manuscripts to colleagues by post for com-
mentand as a courtesy — but only to aselect
few. "Those lower in the food chainrelied on

search of pr * in 2001 when
he decided to take on a core component of
Python.

Python is an interpreted language, which

halved the error rate, or almost halved it,”
notes Hinton.

Hinton says the team’s success in 2012
reflected the combination of a big-enough

the beneficence of those on the A-list, and [ means programs are executed line by line.

iri sat lite i i K i newly emergent power of graphical process:
were out of the privi loop ffcall-and-resp d-eval ingunits —
entirely,” wrote physicist Paul Ginsparg in [l printloop deand [ designed to

2011 (ref. 7).
In 1991, Ginsparg, then at Los Alamos
National Laboratory in New Mexico, wrotean

Subscribersreceived daily lists of preprints,
- With

aprogram nllcd an mlcrpmlcr cxu:ulcs n A
REPL
but Pérez noted that Python’s wasn't built for
science. It didn't allow users to easily preload
modules of code, for instance, orkeep datavisu-

each i ithanarticleids

asingle e-mail, users across the world could
submit or retrieve an article from the lab’s
computer system, get lists of new articles or

The result was IPython, an ‘i

formance. "Suddenly we could run (the algo-
rithm) 30 times faster,” he says, “or learn on
30timesas much data”

The real algorithmic breakthrough, Hinton
says, actually occurred three years earlier,
when his lab crcatcd aneural network that
than

Python interpreter that Pérez unveiled in
December 2001. A decade later, physicist

could conventional Als that had been refined
over decades. "Itwasonly lightly better; Hin-

search by author or title. ger, ing tonsays. “But ly wasthe g
Ginsparg i i three launch- thewall”

months, i ig! gy lingthe IPython Notebookandkick startinga || Those victories heralded the rise of

physic: ity. Buta colleague data-science deep learning in the lab, the clinic and

himtoretainthe articlesindefinitely. “That was

Like other computational notebooks,

toarchive”hesays.

IPython code, results,

and textina single document. But

more. They're why mobile phones are able
to understand spoken queries and why
image-analysis wols can readily pick out

And they are

own disci- cellsin
pline.In 1993, Ginsparg migratedthesystemto [l wasopen-source, inviting contributions from [ why AlexNet takesits place among themany
theWorld Wide Web,andin the fla ity. Andit

nameit gons by todly arXiv. org
Nowini

Python, a popular language for scientists. In
2014, IPython evolved into Project Jupyter,

1.8 million preprints — all available for free —
and attracts more than 15,000 issi

and some 30 million downloads per month.
It y thearXivi

ular service,” the editors of Nature Photonics
wmu: a dcudc agoon the occzsmn of the

ers as easily as on their own laptops.

“For data scientists, Jupyter has emerged
asa de facto standard,” Nature wrotein 2018
(ref.9). Atthe time, there were 2.5million Jupy-

vides researchers witha ras( and cunvcmtnl

ter on the GitHub code-sharing
platform; today, there are nearly 10 million,

ing the hassle and time required
for peer review at a conventional journal
Thesite’s success catalysed a boom

the ones rhn document the 2016

tools that have fundamentally transformed
science, and with them, the world.

Jeffrey M. Perkel is technology editor at
Nature.

Take a survey at go.nature.com/10-computer-
codes to weigh in on our code selections.
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TOP CHOICES FOR SCIENCE CODE

Readers voted on which of the ten software codes in
this article had the biggest impact on their work.
They could choose up to three. Here are the results.

Fortran compiler

1,872 survey responses

Fast Fourier transform

IPython Notebook /
Jupyter

arXiv

BLAS

3
Q1

BLAST
Biological databases
NIH Image / ImageJ / Fiji

AlexNet

General circulation
model of the climate
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interactive computing across all programming languages



Pycharm
scripts (.py files) Visual Studio Code

see
[ ] flasky - hh.py

s > xiangjie > Document omics-pipeline-master > omxpipelin

flasky | % hh.py
[& Projectv €3 & — fehhey
I flasky flask Flask
v B veny
Include
Lib app = Flask(__name__)
Scripts
& pyvenv.cfg
% hh.py s
1l External Librar hello():
P9 Scratches and Consoles

p.route(

@app.route(

index():

oute(
showuser (username) :
.format (username)

B Torminal s Q Event Log

4 spaces <No interpreter> ‘i

Python

d
& . 3 g data in the notebook '+

ndom. randn (

random. randn(

Click on a function to see
documentation.

Next steps »

IPython



Pycharm
scripts (.py files) Visual Studio Code

xiangjie > Documents % > omics-pipeline-master > omxpipeline bulkRNA-pipeline.py e
Created on Sun Jul 21 2019

@author: Xiangjie Zhao
@email: > hao@genetics.ac.cn

/S/S/& A pipeline for bulk RNA-seq analysis

from __future__ import (division, print_function, absolute_import, unicode_literals)
from os.path import join as join_path
from datetime import datetime

import os, subprocess

Python import argparse

try:
from future_builtins import ascii, filter, hex, map, oct, zip

J,
% if os.sys.version_info.major > 2:
\72( Xrange = range

OmicsException(Exception):

IPython




Pycharm
scripts (.py files) Visual Studio Code

] flasky - hh.py

flasky @ hh.py

Projectv € =

v B flasky flask Flask
/>§<\>’55/ v [ venv
/g/ Include
§é< > B Lib app = Flask(__name__)
> Scripts

& pyvenv.cfg

% hh.py
il External Libraries hello():

© Scratches and Consoles

@app.route(

Python @app.route('/"')

index():

o
e
5
3]
2
n
M
H

@app.route(
showuser (username) :
.format (username)

= TODO © Problems B Terminal ¥ Python Packages % Python Console Q) Event Log
16:1 CRLF UTF-8 4 spaces <No interpreter> ‘im

IPython Jupyter



Pycharm
scripts (.py files) Visual Studio Code

Python

z%gg X = np.random.randn(l,

X = np.random.randn(1l,

array( [[-0.62501251, -0.3

Ipython (20014F) Jupyter



Pycharm
scripts (.py files) Visual Studio Code

6«8/ File Edit View Run Kernel Tabs Settings Help

: # Intro.ipynb X iris.csv & matplotlib.png
& a8 . Python (Pyodide) © | Delimiter: |, +
\\ sepal_length
i / data/ q o - +
)656\-' An example: visualizing data in the notebook '+ 51
Name Last Modified 2o

& barvl.json a month ago Below is an example of a code cell. We'll visualize some simple data using two popular packages in Python. We'll use
B fasta-example fasta a month ago NumPYy to create some random data, and Matplotlib to visualize it.
::]

& matplotlib.png amonth ago

47
46
Note how the code and the results of running the code are bundled together. 5
54

matplotlib pyplot as plt 46
numpy as np

Museums_in_DC.geojson amonth ago

5

Pyth “
X, Yy, scale = np.

yt On fig, ax = plt. O 8
54

48

ax.set(title y a8

plt. 0 43

58

57

ax. (x=x, y=y, c-scale, s=np.abs(scale)
e r fat 3

Some random data, created with JupyterLab!

O
;.' ©
°

3 Show Contextual Help

Click on a function to see
documentation.

Next steps *

This is just a short introduction to JupyterLab and Jupyter Notebooks. See below for some more ways to interact with

Simple iris.csv

IPython Jupyter (2014%F)
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;VI File Edit View Run Kernel Tabs Settings Helpl %ﬁ*ﬁ

M B * C

#| figure4-geneClustering.ipy X =+ Terminal 1 ar

X

T

“+ { T > = » i imiter: | tab Qgi

A ) X DO 0O < &  Python 3 (ipykernel) Of || Delimiter: 42.99 12/1 2944(3;;.::@.84% 66 97 3

Sys,7:0210 3.29, 2.63, 2.58
530* corel5.87% user, 3.59% sys, 0
.53% idler 8903 80:14.50 1

gene_clustering.tsv

[7]: ompone )6 Gene

™/ .- [HPA-single_cell / figure4 / peas

Name - Last Modified

Notebook C(EHALHSH)HETT)

[71: (60, 79)

ABHD2
ADCYAP1R1

72982* com.appl605e
93.20 lcom.apple.We

19.3

01678.
88116 00438.

13040%0top 1 6.6 00:33.
08.99 2/1 O0iod 52601 09637.
18315 Wind93lerver 5.5 80836.
20.11 22/1 6ft Po 48.1 10701.
72982*% com.apple.We 25.9 01:2
394* WindowServer 100.2 80: 5:
1w launchd 8.2  01:49.
73040* top 6 00:12.
/1 Ocom.apple.We 4 01:50.
430* coreaudiod 4 09:27.
com.apple.We 4 00:38.
kernel task 3 36:05.
WindowServer 2 80:27.
AirPlayXPCHe 2. 00:02.
2
1
i
1
1
1
(]

gene_clust... 8 minutes ago

ADIPOR1
ADIPOR2
ADRA1A
ADRA1B
ADRA1D
ADRA2A
ADRA2B
ADRA2C
ADRB1
ADRB2
ADRB3
AGTR1
AGTR2
ALDH1A1

fig, ax = plt.subplots()
[ gene_clust... 4 days ago X [i+1 for i ir (60)1]
N y = pca.explained_vari C
ax.bar(x,y)

ax. t |x,y,alpha 0.8, s=7
plt.show()

Microsoft Po 10:09.
bluetoothd 05:16.
NeteaseMusic 00:39.
com.apple.We 00:34.
donotdisturb 11:01.
VTDecoderXPC 00:26.
Notification 06:18.
5

WOOBUVDOHADNWO®
MWANNKHWHENUANKNW

H x/3CH

(command+b)

umap_c usfer.pa

£ Show Contextual Help

A scatter plot of *yx vs. *xx with varying marker size and/or color.
Parameters

. ] » 7 .
x, y : float or array-like, shape (n, ) Y i& ‘EEEU% KZ 1;%' )
The data positions. [Zl _[/ (Command+l

float or array-like, shape (n, ), optional
The marker size in pointsik2.
Default is ‘‘rcParams['lines.markersize'] sk 2'°.

array-like or list of colors or color, optional
The marker colors. Possible values:

- A scalar or sequence of n numbers to be mapped to colors using
kcmapx_and_knormk.

1 M 1 & Python 3 (ipykernel) | Idle

Mode: Edit & Ln5, Col11 figure4-geneClustering.ipynb




— File Edit View Run Kernel Tabs Settings Help 7 1 3% 24 BT Notebook

N M| Untitled1.ipynb o + E@gﬁ%%igg%ﬁ

B + X0 [ »||lm C »]|]|Code v # | Python 3 (ipykernel) [[O

O | %fcel /TRl STl Rl SETEEElE (), T o4
A E 5 #A~Notebook (H) —, IR Y HfcellPIZRA (A7) =

— [ 1:

B ™M v &

»

X —"cell, BRFUAAIGER, BITRERSEZEBERE T

0] 2 {8k Python 3 (ipykernel) | Idle Mode: Command & Ln1, Col1 Untitled1.ipynb



HrE—>Notebook

o M5

{88 Python 3 (ipykernel) | Idle Ln 1, Col 1

|
o M5 @

Python 3 (ipykernel) | Idle Ln1, Col1

("Hello World!")
Hello World!

0 5 {88 Python 3 (ipykernel) | Idle : €

Ln1,Col20 Untitled4

("Hello World!")
Hello World!

("Hello World!")
Hello World!

o M5 &

Mode: Command | &

Python 3 (ipykernel) | Idle

Ln1,Col1 Untitled4.i

{JupyterfIHello World4} 43 Notebook ] P P #/E AL =X,

Untitled4.

Untitled4.

NN b

% NENTERIE N\ 71 =

G T i NS I8 4T

AT @fﬂ‘Esciﬁ)\)
I AN A& Fran 4, et

1X B AR EE N c v RR A2
S FAENG T — P cell
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=Flcell2EHY

B + XOO» = C » % Python 3 (ipykernel) O

B ™MV & F

("Hello World!'")

BRAR—RBRRIRENXF.

¥ Python 3 (ipykernel) (J

("Hello World!"')

BRAR—REMIRNXF.

# Python 3 (ipykernel) O

("Hello World!'")

HAR—BREIENXTF,




('"Hello World!'"')

BRAR—REMIRNXF,

=Flcell2EHY

Markdown (fF2 2 FHiAm)
Code (y2Hi=0 FomAy)
Raw (ap 2 H=0 Mo Ar) r 3

I'm a subtitle.

('"Hello World!"')
Hello World!

HRAR—BREIRNNF,

Run

PAMarkdown i) iEvE &7

LY ETIEFERIE S (Python)
BATHMERBERERNE TN T

p G a0 OB




: File Edit View Run Kernel Tabs Settings Help

UNTITLED.IPYNB A| Untitled.ipynb X |+

- B + X O [ » m C » Markdown v # Python 3 (ipykernel) O

O Introduction to the JupyterLab AV & P B

An example: visualizing data

= in the notebook '+ *xkJupyterLabkx* is a next-generation web-based user interface for Project Jupyter. It enables you to work with documents and

activities such as Jupyter notebooks, text editors, terminals, and custom components in a flexible, integrated, and extensible

Next steps % manner. It is the interface that you're looking at right now.

» Otherinotebookslintthis *xFor an overview of the JupyterLab interfacexx, see the kkJupyterLab Welcome Tourxx on this page, by going to
demo and following the prompts.

Other sources of > xkSee Alsoxx: For a more in-depth tour of JupyterLab with a full environment that runs in the cloud, see
information in Jupyter (https://mybinder.org/v2/gh/jupyterlab/jupyterlab-demo/HEAD?urlpath=1ab/tree/demo).

s

Below is an example of a code cell. We'll visualize some simple data using two popular packages in Python. We'll use
(https://numpy.org/) to create some random data, and (https://matplotlib.org) to visualize it.

Note how the code and the results of running the code are bundled together.

matplotlib pyplot plt
numpy np

X, y, scale np.random. randn(3, 100)
fig, ax = plt.subplots()

ax.scatter(x=x, y=y, c=scale, s=np.abs(scale)#*500)
ax.set(title="Some random data, created with JupyterLab!")
plt.show()

3

This is just a short introduction to JupyterLab and Jupyter Notebooks. See below for some more ways to interact with tools in
the Jupyter ecosystem, and its community.

Here are some other notebooks in this demo. Each of the items below corresponds to a file or folder in the *xfile browser to
the left*x.

(Lorenz.ipynb) uses Python to demonstrate interactive visualizations and computations around the
(httpns://en.wikinedia.ora/wiki/lorenz svstem). It shows off basic Pvthon functionalitv. includina more visualizations.

0 5 {8 Python 3 (ipykernel) | Idle Mode: Command & Ln4, Col1 Untitled.ipynb




File Edit View Run Kernel Tabs Settings Help

UNTITLED.IPYNB ("] Untitled.ipynb X |+

- B + X O [ » m C » Markdown v # Python 3 (ipykernel) O

O Introduction to the JupyterLab

e Introduction to the JupyterLab

in the notebook "+
JupyterLab is a next-generation web-based user interface for Project Jupyter. It enables you to work with documents and activities such as Jupyter

notebooks, text editors, terminals, and custom components in a flexible, integrated, and extensible manner. It is the interface that you're looking at right

Other notebooks in this now.
demo

Next steps X

Other ot For an overview of the JupyterLab interface, see the JupyterLab Welcome Tour on this page, by going to Help —> Welcome Tour and following

information in Jupyter the prompts.

See Also: For a more in-depth tour of JupyterLab with a full environment that runs in the cloud, see the JupyterLab introduction on
Binder.

An example: visualizing data in the notebook '+

Below is an example of a code cell. We'll visualize some simple data using two popular packages in Python. We'll use NumPy to create some random
data, and Matplotlib to visualize it.

Note how the code and the results of running the code are bundled together.

matplotlib pyplot plt
numpy np

X, Y, scale = np.random.randn(3, 100)
fig, ax = plt.subplots()

ax.scatter(x=x, y=y, c=scale, s=np.abs(scale)*500)
ax.set(title="Some random data, created with JupyterLab!")
plt.show()

Some random data, created with JupyterLab!

0 5 {8 Python 3 (ipykernel) | Idle Mode: Command & Ln1, Col1 Untitled.ipynb
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o

»

File Edit View Run Kernel Tabs Settings

UNTITLED.IPYNB
- B + X
Introduction to the JupyterLab

An example: visualizing data
in the notebook "+

Next steps *

Other notebooks in this
demo

Other sources of
information in Jupyter

0 M5 @&

A| Untitled.ipynb

Python 3 (ipykernel) | Idle

Help

X [+
Code v

Y=ys S=SLatc; S=IPsuauS\SLa i/ TIvY]
ax.set(title="Some random data, created with JupyterLab!")
plt.show()

OB » = Cc »

GAsSCULLCT VA=A

# Python 3 (ipykernel)

X

This is just a short introduction to JupyterLab and Jupyter Notebooks. See below for some more ways to interact with tools in
the Jupyter ecosystem, and its community.

Here are some other notebooks in this demo. Each of the items below corresponds to a file or folder in the *xfile browser to
the leftx*.

(Lorenz.ipynb) uses Python to demonstrate interactive visualizations and computations around the
(https://en.wikipedia.org/wiki/Lorenz_system). It shows off basic Python functionality, including more visualizations,
data structures, and scientific computing libraries.
- (sqlite.ipynb) demonstrates how an in-browser sqlite kernel to run your own SQL commands from the
notebook. It uses the (https://github.com/jupyterlite/xeus—-sqlite-kernel).

— *xxMore on using JupyterLabxx: See

thorough information about how to install and use JupyterLab.
— xkMore interactive demosxx: See (https://try.jupyter.org)
ecosystem.

— xkLearn more about Jupyterxx: See

project, its community and tools, and how to get involved.
— %xJoin our discussionsxx: The (https://discourse.jupyter.org) is a place where many in the Jupyter
community ask questions, help one another, and discuss issues around interactive computing and our ecosystem.

(https://jupyterlab. readthedocs.io/en/stable/) for more

for more interactive demos with the Jupyter

(https://docs.jupyter.org) to learn more about the

We explore the Lorenz system of differential equations:

$$
{aligned}
{x} & =
{y} & =
{z} & = -
{aligned}

(y=x)
X =y = Xz
Z + Xy

$$

Let's change (\\( \), \\( \), \\( \)) with ipywidgets and examine the trajectories.

®

Mode: Command Ln 7, Col1

Untitled.ipynb
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Other notebooks in this NeXt Steps ‘),\

demo

Other sources of This is just a short introduction to JupyterLab and Jupyter Notebooks. See below for some more ways to interact with tools in the Jupyter ecosystem,

information in Jupyter and its community.

Other notebooks in this demo
Here are some other notebooks in this demo. Each of the items below corresponds to a file or folder in the file browser to the left.

e Lorenz.ipynb uses Python to demonstrate interactive visualizations and computations around the Lorenz system. It shows off basic Python
functionality, including more visualizations, data structures, and scientific computing libraries.

e sqlite.ipynb demonstrates how an in-browser sqlite kernel to run your own SQL commands from the notebook. It uses the jupyterlite/xeus-
sqlite-kernel.

Other sources of information in Jupyter

More on using JupyterLab: See the JupyterLab documentation for more thorough information about how to install and use JupyterLab.

More interactive demos: See try.jupyter.org for more interactive demos with the Jupyter ecosystem.

Learn more about Jupyter: See the Jupyter community documentation to learn more about the project, its community and tools, and how to get
involved.

Join our discussions: The Jupyter Community Forum is a place where many in the Jupyter community ask questions, help one another, and
discuss issues around interactive computing and our ecosystem.

We explore the Lorenz system of differential equations: M"YV & FE

x=o0(y—x)
y=px—y—Xxz
z=—fz+xy

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

0 5 {8 Python 3 (ipykernel) | Idle Mode: Command & Ln1, Col1 Untitled.ipynb
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Running JupyterLab remotely

— Jupyterserver

Section Navigation
Operators

Managing multiple extensions
Configuring Extensions

Migrating from Notebook Server
Running a public Jupyter Server
Security in the Jupyter Server

Configuring Logging

Users Operators Developers Contributors Other

Running a public Jupyter Server

The Jupyter Server uses a two-process kernel architecture based on ZeroMQ, as well as Tornado
for serving HTTP requests.

©® Note

By default, Jupyter Server runs locally at 127.0.0.1:8888 and is accessible only from
localhost . You may access the server from the browser using
http://127.0.0.1:8888 .

This document describes how you can secure a Jupyter server and how to run it on a public

interface.

Important

This is not the multi-user server you are looking for. This document describes how
you can run a public server with a single user. This should only be done by someone who
wants remote access to their personal machine. Even so, doing this requires a thorough
understanding of the set-ups limitations and security implications. If you allow multiple
users to access a Jupyter server as it is described in this document, their commands may
collide, clobber and overwrite each other.

If you want a multi-user server, the official solution is JupyterHub. To use JupyterHub,
you need a Unix server (typically Linux) running somewhere that is accessible to your
users on a network. This may run over the public internet, but doing so introduces
additional security concerns.

Securing a Jupyter server

You can protect your Jupyter server with a simple single password. As of notebook 5.0 this can be
done automatically. To set up a password manually you can configure the ServerApp.password
setting in jupyter_server_config.py .

Q O

= On this page
Securing a Jupyter server
Prerequisite: A Jupyter server
configuration file
Automatic Password setup
Preparing a hashed password
Adding hashed password to
your notebook configuration
file
Using SSL for encrypted
communication
Running a public notebook
server
Running the notebook with a
customized URL prefix
Embedding the notebook in
another website
Using a gateway server for
kernel management

Known issues

B Show Source

https://jupyter-server.readthedocs.io/en/stable/operators/public-server.html
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Thanks for your attention!



