COCALC/SAGE PRIMER

AIT-BUDAPEST

Andras Aszodi

A quick-and-dirty guide on how to use CoCalc (formerly known as SageMathCloud),
especially for homework assignments.
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SAGE

NumPy

SciPy

A general-purpose computer
algebra system written in
Python. It focuses on number
theory and symbolic algebra,
but can be used for numerical
calculations as well. Can
handle integer and rational
vectors/matrices in a special
way.
https://www.sagemath.org

Collection of Python packages
for working with multi-
dimensional real arrays.
Vectors and matrices are
special cases of these arrays.
NumPy provides linear algebra
operations as well.
https://www.numpy.org

Collection of Python packages
for scientific computation,
based on NumPy. Provides
linear algebra, statistics,
special functions, interpolation,
optimization, integration, ...
https://www.scipy.org
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available from SAGE

import numpy as np
import scipy as sp

NumPy and SciPy are two large Python packages for scientific computing. SAGE
makes these available by default or you can ‘import’ them in the usual manner. SAGE
is a computer algebra system that would like to be an open-source replacement of
Wolfram Mathematica. It is not quite there yet... ®



SAGE in the cloud

cocalc.com AIT's CoCalc

"Collaborative Calculation in the
Cloud" that makes SAGE, Python, Julia,
R, ... avaiable via a webapp. Free
access with very limited CPU and RAM
resources. Server is located in the US.

Free version of CoCalc in a Docker
container. Runs in a VM hosted in
Germany on 4 CPUs and 16 GB RAM.

Network access from Budapest is fast.




Sign up for CoCalc

AIT CoCalc installation upport Sign In Sign Up

https://sage.interquadrat.eu
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CoCalc at AIT

A SageMath/Cocalc installation for
teaching computational biology.

An instance of CoCalc hosted by Aquincum
Institute of Technology

Sign In Sign Up _

You are requested to create an account on https://sage.interquadrat.eu.This is the
free version of CoCalc hosted at an AIT server. You will need a registration token
which will be provided by me. Once you signed up please let me know by sending me
an e-mail to aaszodi@ait-budapest.com so that he can "enrol" you to the course.

Please read the Sage online help at https://cocalc.com/help and my short tutorial at
https://www.interquadrat.eu/biocyb/cocalc.php as well.



Teaching workflow with CoCalc

Course

Students are enrolled into >
the course by the

professor. They see the
course as a "Project". Students

Professor

Assignment Assign Student copy

] homework
Collection of IPython Students run the
notebooks, Python source

Vs e i & i notebooks, add code and
flies gtcfn a directary: answers to assignments.

Collect
homework

Prof's copy Graded copy

Professor checks the Students read the

results, optionally adds Grade professor's comments
comments and grades homework and make changes if
the homework. necessary.

CoCalc's "course management" provides homework assignment, collection and
grading functionality. We will follow this general workflow during the course.



Weekly timeline

Homework Homework

assigned returned

~10am 5pm
Class Deadline | Deadline Il
2pm -4 pm 10am 5pm

XS DERDEDEDYD

‘ﬁ_,

Work on your assignments Correction time

You have 48 hours to complete
the assignments. Start working
on them ASAP while your
memories of the lecture are still
fresh.

If you made a mistake,
you can correct it and get
a better grade for your
assignment.

Homework will be assigned by Tuesday 10 am the latest. Then you'll have two days to
work on them. Most assignments shall take no longer than about 30 minutes to
complete. It is advisable to do them as soon as possible while your memories of the
class are still fresh in your mind. This will help you understand the topic better.

On Thu 10am | will collect your work and grade it. Your graded homework with
possible comments will be returned by Friday 5pm. If you like your grade then you
have nothing to do. If you made mistakes then you'll have 24 hours to correct them. |
will collect the corrected work after Sat 5pm and re-grade it.

You can always send me an email if something is unclear. While | am not going to do
your homework for you :-), I'll help if necessary.



Example project page

2 Projects [JDeleted [ Hidden ®
! ®
@ Create New Project...
on SRrhonys’: thet e descrption 4 R Andras Aszédi B
Stopped
5 minutes ago

Ubuntu2004 (official)

Load any older projects...

The course

You get enrolled into the course by
the professor. It is usually called
20XX-fall or 20XX-spring
where 20XX is the current year. Here
we use a course called test.

When you log into CoCalc, you will see our course as your "project", corresponding to
a subdirectory under the main "biocyb" directory.



The teacher assigns a homework task

O Projects % Biocybernetics X o]
Files ®New CLog QAFind # Settings W Processes REATRR I X
[ File v [2) Save Trave -+ A

Students (1) Assignments (1) Handouts (0) Configuration Shared Project

®

Assignment Name Due Date ¥
¥ biocyb/assignmentsfintro

E> Open... Due [ Peer Grading...
m > Collect... [ Skip entering grades
© (1 /1 assigned) ® (1 /1 collected)
Student 1. Assign to Student 2. Collect from Student 3. Record homework grade.
Joe Tarhonya E Open £ Open Enter grade...
6 minutes ago now

This is how | will assign a new homework to you. You won't see this page.



The student receives the assignment

\ rojects % Joe Tarhonya - test X

[SIEEE] ©ONew TlLog AFind # Settings M Processes Assignment location
® @ New . biocyb - % .
Once you received your first assignment, it
£ Check Al will appear as a new directory under
1 item — Click checkbox to the left of a file to copy, download, etc biocyb/assignments
Type Name in your project.
O = blocyb
Assignment files
Most homework assignments consist
of several IPython notebooks. Please
make sure you run all of them!
O Projects 5 Joe Tarhonya - test X B Account _1
M‘ New Log AFind #Settings #Processes & Priva
| ® @ New v blocyb | assignments / Intro ®
[ check Al XL Upload @ @
10 Click cr t ¢ 3 f py, downic
ype Name Date Modified ¥ Size
O o linalg ] — ago 12.1 KB

The assignments are provided as IPython/Jupyter notebooks which have the *.ipynb
extension. Occasionally | add Python support modules or PDF handouts to guide you.



Working on your assignment

1s % Joe Tarhonya - test X

Files ®New TLog A Find # Settings 8 Processes [l N- Y X

File Edit View Insert Cell Kernel Help Kernel will start when you run code | CPU Memory
»Run MStop STab O w Markdown vV = @ O Hant Vvalidate
alternatively, you can use NumPy to achieve the same effect. This notebook lets you try out both.

your convenience the slide titles are also indicated in this notebook.

) Account L,A

4

O Flle v = |i&F 0O 0 £ a ra ® Format [ console Notebook Vv

In this notebock you will work with vectors and matrices using SAGE. SAGE provides its own syntax for linear algebra operations;

Open the CoCalc linear algebra primer at https://www.interquadrat.eu/biocyb/downloads/cocalc_linalg.pdf and try out the commands on the slides. For

() chat fob Private]

= m x

sageMath &

1
& Edit i

gemath.org/htmijen/utol Code in the cells

sfindex. html

In [ ]: es NumPy.

“NumPy-style syntax { np.feo' instead of “numpy.f

import numpy a;tnp Shift-Enter to run it!

Read the comments carefully and
e by importing it sgain so that yeu have to type| then write the necessary code. Hit

Vectors

In [ ]: #* TAS

## C 3 ors (1.0, 3.0, 2.0) and (-2.0, 1.5, 3.4).

# st and save the vectors in the variables “xs” and “ys
2.01)

ys = vector([-2.0, 1.5, 3.4))

## Use the SAGE sy
X8 = vector([1.0,3

In [ ]: ## TASK:
## Create the same vectors using NumPy syntax, save them in “xn” and “yn
xn = np.array([1.0,3.0,2.0))
yn = np.array([(-2.0,1.5,3.4))

This screenshot shows a Jupyter notebook as it appears in CoCalc. Most notebook
cells contain only comments that provide instructions on how to solve the task at
hand. You are supposed to enter Python code and then run it. The notebooks are

auto-saved every minute.

When working on your assignments keep your lecture notes at hand because the

assignments often refer to aspects that we discussed in class.
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The teacher collects, grades, returns

Assignment Name Due Date ¥

¥ biocyb/assignments/intro

& Open... Due

llected)

7igncd)

[ Peer Grading.. QO Delete

[ Skip entering grades

(0 / 1 returned)
Student 1. Assign to Student 2. Collect from Student 3. Record homework grade. 4. Return to Student
Joe Tarhonya £ Open E> Open i
7 minutes ago less than a minute ago A
Well done, Joe!
Collecting Grading & returning

Students do not submit their
assignments, the teacher
collects them. This is
somewhat unusual.

The grade is free text,
sometimes you get
explanations. Then your
homework is returned.

This is from my perspective again. Remember, you do not submit your assignment,
but rather | will collect it. After grading I'll return them to you.
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The graded assignment

=YY ONew ClLog QFind # Settings ¥ Processes
® ® New v ¢ | biocyb | assignments
[ Check All
2 items — Click checkbox to the left of a file to copy, download, etc. Graded assignment
. i Your assignment with the
o0 = graded-intro ]— grade is returned to you in this
directory.
O T 2 intro di
(\ Projects 3~ Joe Tarhonya - test X
N
New ClLog QFind 4 Settings #Processes
' ® ® New v ¢ | biocyb | assignments | graded-intro
The returned assignment
Check the returned notebook | . . iic 1o copy, download, etc
for teacher comments. You | S Your grade
may be asked to fix »
something. DO NOT EDIT L This is a small text file with
HERE! GRADE.md your grade and possible free-
] 5 STUDENT - Joe Tarhonya.t: format comments in it.

If you are asked to fix something in your assignment worksheet, it is much better if
you edit the original assignment, because | can re-collect it. This way we eventually
reach a stage where the assignment is correctly done.



