The CoCalc Computing Environment

Hal Snyder*
October 11, 2017

Keywords: Python, Jupyter, R language, data science, sagemath, collabo-
ration.

What is CoCalc?

CoCalc is a cloud-based service that makes a large collection of state-of-the-art
open-source mathematical software available to any user with a web browser
and an internet connection. The intent is to make time spent by the working
scientist as productive and fulfilling as possible.

The CoCalc platform supports dozens of programming languages, including
Python, Sage, R, Julia, C, C++4, Haskell, Scala, and thousands of libraries and
packages, including

e statistical and machine learning software for data science
e computer algebra systems for symbolic mathematics
e scientific packages for physical sciences and bioinformatics

Users can do mathematical computation without having to install and main-
tain operating systems, compilers and interpreters, libraries, and packages.

If a package is needed that is not already available, there are often ways to
install it in the user’s project. In addition, requests to install packages globally
are generally processed in less than a day.

Work that extends across several programming languages and toolsets can
take place within a consistent setting with minimal friction.

Built for Mathematics

CoCalc was introduced in April 2013 (using the name “SageMathCloud”) by
William Stein, the lead developer of SageMath, as a hosted platform for the
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Figure 1: Sage worksheet with side chat showing ETEX.

SageMath software system. From its earliest versions, CoCalc has included
support for computer algebra and numerical computation systems, including
Sage, R language, SymPy, NumPy, SciPy, GNU Octave, PARI/GP, GAP,
Singular, and Maxima.

The three most common file formats, Jupyter notebooks (.ipynb), Sage
worksheets (.sagews), and Markdown files (.md), all support BTEX.

A full-featured text editor for IATEX documents and a customizable build sys-
tem make it possible to create complicated KTEX documents using several INTEX
engines — pdflatex, latexmk, and xelatex — with most packages preinstalled.
Dynamic typeset content is possible with SageTeX for Sage, and Rnw /knitr for
R.

CoCalc chat supports Markdown with embedded EXTEX, both in stand-alone
“chat room” files and in side chat panes viewable in terminal sessions, notebooks,
and files open for editing.

Open Source

Most of the CoCalc code base, including over 240,000 lines of user interface
and server-side code, is open source, and you can very easily run it on your
own computer using Docker. The public website https://cocalc.com uses
Kubernetes to provide much more scalability and security, and relies on some
code that is not open source. All the software tools, packages, and libraries
provided to users through CoCalc are open source.

This has the usual benefits:

e there are no “black box” secret computations


http://www.sagemath.org/
https://www.r-project.org/
http://www.sympy.org/en/index.html
http://www.numpy.org
http://www.scipy.org
https://www.gnu.org/software/octave/
https://pari.math.u-bordeaux.fr/
https://www.gap-system.org/
https://www.singular.uni-kl.de/
http://maxima.sourceforge.net/
https://github.com/sagemath/sagetex
https://cocalc.com

e users are not locked into the CoCalc platform

The underlying environment for CoCalc projects is Ubuntu Linux. Users
comfortable with shell programming may open multiple terminal sessions in the
browser to their projects. Workflows can extend beyond the CoCalc platform to
users’ remote systems using SSH integration techniques.

Software packages are frequently updated. The CoCalc team tracks major
releases as well as doing rolling updates of package sets. It’s also possible to
install almost anything locally in a project.

Robust Data Storage

CoCalc provides data-recovery methods and automatic backups should a user
want to revert versions or accidentally delete everything.

The system stores several hundred read-only snapshots of all the user’s files,
which they can easily browse. This lets them recover older versions of files that
might not have been edited via the web-editor (e.g., edited by vim or emacs via
a terminal), or obtain past versions of data files output from computations.

If they use the web-editor, every change to a file is recorded and stored
indefinitely on our servers at roughly a 2-second resolution. This high definition
file history can be viewed using TimeTravel which includes a mode showing
precisely the changes between two points in time and who made them.

Since internet connections can be unreliable, a user can continue editing and
changes will be merged into the live document when they reconnect.

Collaboration and Teaching

The owner of a CoCalc project may invite any number of collaborators.

Users can collaborate in real time while editing virtually any file type. Each
collaborator has a separate cursor which is visible to all users who have the file
open. There is no explicit limit on the number of simultaneous users.

Both the client and server sides of the Jupyter notebook were completely
rewritten in CoCalc for improved collaboration.

Video chat is available by clicking a button in the side chat panel.

CoCalc has been used for teaching courses at university level for several
years. Subjects include pure and applied mathematics, data science, physics,
and bioinformatics.

There is an integrated course management system for working with students
in courses and workshops. An instructor can push an assignment file to all
students, let them work on it, then collect it later, grade it, and return the
graded files.

For finished results, any file or folder in a project may be shared (published).
It is then viewable without a CoCalc login, on a read-only basis.


http://blog.sagemath.com/cocalc/2017/09/08/using-ssh-with-cocalc.html
http://blog.sagemath.com/jupyter/2017/05/05/jupyter-rewrite-for-smc.html
http://blog.sagemath.com/jupyter/2017/05/05/jupyter-rewrite-for-smc.html
https://github.com/sagemathinc/cocalc/wiki/Teaching

O Projects (&' LaTeX examples x £ Halsnyder @ About (B Help Q = 34ms ~

= Files @ New "D Log QFind 4 Settings [ example.tex b4 O .example.tex.sage-history x >

9 [ "R Open 9 Revert live e 4 rpinutes ago to less than a minute ago,
TimeTravel = Changes File version to this revisions 9 to 10 (of 10)
Hal Snyder
—

Q B a A ¥

57 57 Now we evaluate the following block:
58 58 \begin{sageblock}

59 59 E = EllipticCurve("37a")

60 60 \end{sageblock}

61 Note: You can't do assignment inside \verb|\sage| macros, since Sage doesn't
61 You can't do assignment inside \verb|\sage| macros, since Sage doesn't
62 62 know how to typeset the output of such a thing. So you have to use a

63 63 code block. The elliptic curve $E$ given by $\sage{E}$ has discriminant
64 64 $\sage{E.discriminant()}$.
65 65

Figure 2: Edit history showing difference between two versions.
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Figure 3: Compiling an R Markdown File.



Additional Resources

In summary, CoCalc offers an extensive open-source mathematical computing
and authoring environment that eliminates the work of installing software and
supports several forms of collaboration.

To learn more about CoCalc, create a free account at https://cocalc.com.

Free accounts provide unlimited projects and collaborators, with 3GB of
disk space per project. There are charges for upgrades, including more disk
space, CPU power, and outside network access. For more about pricing, see
https://cloud.sagemath.com/policies/pricing.html

There is a wealth of tutorial and reference information at the CoCalc wiki at
https://github.com/sagemathinc/cocalc/wiki.

Articles about new features and system internals can be found at the CoCalc
blog, http://blog.sagemath. com.

Source code is on GitHub at https://github.com/sagemathinc/cocalc.

Historical note: CoCalc was previously known as SageMathCloud. It was
renamed in May, 2017.


https://cocalc.com
https://cloud.sagemath.com/policies/pricing.html
https://github.com/sagemathinc/cocalc/wiki
http://blog.sagemath.com
https://github.com/sagemathinc/cocalc
http://blog.sagemath.com/cocalc/2017/05/20/smc-is-now-cocalc.html

