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Notebooks
“It’s been a source of ongoing bafflement and consternation for the past 29 years, that with the exception of 
a few people who get it, the community at large hasn’t really adopted it, It’s incalculable, literally ... how 
much is lost, and how much time is wasted, and how many results are misinterpreted or are 
misrepresented.” — Theodore Gray, inventor of the Mathematica interface (2018)



Spreadsheets show the 
data and hide the code

IDEs show the code 
and hide the data



Spreadsheets show the 
data and hide the code

IDEs show the code 
and hide the data

Notebooks show (some of) 
the data and (some of)  
the code



Notebooks are about…

Computational 
exploration

Computational 
narrative

Literate programming

Scientific communication

REPLs, shells, 
scratchpads

Scientific process



Computational exploration
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(loop 
  (print 
    (eval 
      (read))))



Mathematical 
notebooks caught 
fire in the late 80s



[Mathematica demo]



IPython was born as Mathematica for Python

Fernando Perez

“I was a graduate student in physics at 
CU Boulder […] I was a heavy user of 
the Mathematica notebooks and liked 
them a lot. I started using Python in 
2001 and liked the language, but its 
interactive prompt felt like a crippled 
toy compared to the systems 
mentioned above or to a Unix shell. 
[…] I then wrote a python startup file 
to provide [capturing results] and 
some other niceties such as loading 
Numeric and Gnuplot, giving me a 
'mini-mathematica' in Python.”

Fernando Perez. “The IPython notebook: a historical retrospective” 2012



[IPython demo]



IPython got a web-based notebook in 2011

Fernando Perez. “The IPython notebook: a historical retrospective” 2012



IPython became Jupyter in 2014



• Interactive programming allows for incremental construction 
and execution of programs 

- Originally with REPL, then later enhanced REPLs (e.g. IPython), finally notebooks 
- Keep values in memory while programming!! 
- Close connection to dynamically typed languages 

• Code cells enable co-location of code and rich outputs 
- Text, plots, images, interactive widgets 

• Auxiliary tools for managing notebook structure 
- Collapsing code, entire sections

Notebooks as tools for computational exploration



Computational narrative



Literate programming centers text over code
@ This program has no input, because 
we want to keep it rather simple. 
[...] 

\[The program text below specifies the 
‘‘expanded meaning’’ of [...]\] 

@<Program to print...@>= 
program print_primes(output); 
const @!m=1000; 
@<Other constants of the program@>@; 
var @<Variables of the program@>@; 
begin @<Print the first |m| prime 
numbers@>; 
end.

Donald Knuth. “Literate Programming” 1984

Weave

program print_primes(output); 
const m=1000; rr=50; cc=4; ww=10; 
var p:array[1..m] of integer;

Tangle



Inform7 compiler

Physically Based Rendering



Jupyter was seen as a new kind of literate programming

“We therefore refer to the workflow exposed by computational 
notebooks as "literate computing": it is the weaving of a 
narrative directly into a live computation, interleaving text with 
code and results to construct a complete piece that relies 
equally on the textual explanations and the computational 
components. For the goals of communicating results in 
scientific computing and data analysis, I think this model is a 
better fit than the literate programming one, which is rather 
aimed at developing software in tight concert with its design 
and explanatory documentation.”

Fernando Perez. “"Literate computing" and computational reproducibility: IPython in the age of data-driven journalism” 2013



LIGO gravitational waves notebook



• Literate programming laid the foundation for interleaving text 
and code 

- Focus on (a) nested, named code holes with (b) separate code / doc outputs 

• Notebooks provide text cells for rich text commentary 
- Mathematica provides nested structure, Jupyter is linear 

• In theory, notebooks are a better rhetorical technology for 
technical communication

Notebooks as tools for computational narrative



Notebooks in the modern day





“Anyone could inspect [IPython] code and modify it, 
contributing their changes back to the common cause. It was a 
deliberate decision. “I was interested in both the ethical aspect 
of being able to share my work with others,” Pérez told me—he 
came from Colombia, where access to proprietary software was 
harder to come by—“and there was also a more epistemological 
motivation.” He thought that if science was to be an open 
enterprise, the tools that are used to do it should themselves be 
open. Commercial software whose source code you were legally 
prohibited from reading was “antithetical to the idea of science,” 
where the very purpose is to open the black box of nature.”



Notebooks are usually more code than text

Rule, Tabard, and Hollan. “Exploration and Explanation in Computational Notebooks” 2018

I could find zero documented cases of a published paper generated 
directly from a Jupyter notebook!



Notebooks are dubiously reproducible

Samuel and Mietchen. “Computational reproducibility of Jupyter notebooks from biomedical publications” 2023

“Out of 27,271 Jupyter notebooks from 2,660 GitHub repositories 
associated with 3,467 publications, 22,578 notebooks were written in 
Python, including 15,817 that had their dependencies declared in 
standard requirement files and that we attempted to re-run 
automatically. For 10,388 of these, all declared dependencies could be 
installed successfully, and we re-ran them to assess reproducibility. Of 
these, 1,203 notebooks ran through without any errors, including 879 
that produced results identical to those reported in the original 
notebook, and 324 for which our results differed from the originally 
reported ones. Running the other notebooks resulted in exceptions.”

879 / 27,271 = 3%!!



The future of notebooks



Design dimensions of computational notebooks

Lau et al. “The Design Space of Computational Notebooks: An Analysis of 60 Systems in Academia and Industry” 2020



Design dimensions of computational notebooks

Lau et al. “The Design Space of Computational Notebooks: An Analysis of 60 Systems in Academia and Industry” 2020



Reactive notebooks auto-execute cells (sometimes)

“marimo guarantees your notebook code, outputs, and 
program state are consistent. This solves many problems 
associated with traditional notebooks like Jupyter.”

Front page:

Deep in the docs:
“marimo does not track mutations to objects, e.g., mutations like 
my_list.append(42) or my_object.value = 42 don't trigger reactive re-runs 
of other cells. Tracking mutations reliably is impossible in Python.”



Time-traveling notebooks improve revision

Li et al. “Kishu: Time-Traveling for Computational Notebooks” 2024

Sato and Nakamaru. “Multiverse Notebook: 
Shifting Data Scientists to Time Travelers” 2024



Narrative is moving towards Markdown++
--- 
title: "matplotlib demo" 
format: 
  html: 
    code-fold: true 
jupyter: python3 
--- 

For a demonstration of a line plot on a polar 
axis, see @fig-polar. 

```{python} 
#| label: fig-polar 
#| fig-cap: "A line plot on a polar axis" 

import numpy as np 
import matplotlib.pyplot as plt 

r = np.arange(0, 2, 0.01) 
# ... 
plt.show() 
``` 

Quarto



Narrative is moving towards Markdown++

## Step 1: Construct the Quadtree 

We begin with [a set of two-dimensional input points]
(`layout=false, step=0`). [...] 

With 
[each](`layout=false, step=Math.min(step + 1, 77)`) 
[subsequent](`layout=false, step=Math.min(step + 1, 77)`) 
[insertion](`layout=false, step=Math.min(step + 1, 77)`), 
more fine-grained cells are added until all points reside in 
their own cell. 

_Advance the slider to add each point and produce the full 
quadtree_. 

~~~ js {bind=step} 
Inputs.range([0, 77], { step: 1, label: 'Inserted Points' }) 
~~~ 

Living Papers



Narrative is moving towards Markdown++


