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This talk

M

® A practical talk — hopefully things you can act on
® A combination of several things:

® What is happening in the new campus-wide python programming course
® Practical ideas on using programming (exercises, projects, exams)
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Teaching experience

® 02450: Introduction to machine learning and data mining

® My first experience teaching
® Went from approx. 100 students/year to 1100 students/year
® Mainly an administrative challenge

® 02465: Introduction to reinforcement learning and control theory

® Core course in bachelor of artificial intelligence (KID)
® Small course (100 students)
® Challenge: Diverging programming competences/motivation

® 02002: Python Programming

® Will run from fall 2023
® Pretty much all students at DTU will take this course
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Why care about programming?
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Summary

Unitgrade: Autograding solution used in 02465:

® Shallow extension of unittests
® Student experience
® Requires less work to set up than codejudge

® Vedranas exam from introduction to programming
® Alcestes exam from the CPP course and exercise 6

CMU Autolab: Platform used at CMU and many other universities

® Functions like a container for tests
® Fully text-configured

® https://gitlab.compute.dtu.dk/tuhe/unitgrade
® Videos: https://youtu.be/jCI9AZZASFcQ

® https://autolabproject.com/
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https://gitlab.compute.dtu.dk/tuhe/unitgrade
https://youtu.be/jC9AzZA5FcQ
https://autolabproject.com/
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Uni d h d =
nitgrade: what got me starte =
() Codejudge - Chromium v A X
A Codejudge x o+ <
<« C @ dtu.codejudge.net/02105-f21/exercise/12125/iew o < % O &
4 CODPEJUDGE Algorithms and Data Structures 1 > Exercises > Weekplan 1 > Peakpoint (Algorithm 1) Tue Herlau &
Xercise =

02105-F21

Implement Algorithm 1 from the pseudo code (Peakpoint 1) given on the slides. (solutions that give dif ferent output than

Exercises the pseudo code will not be accepted even if they provide a correct peakpoint)
Input format
* Line 1: The number N of integers inthe array (1 < N).
« Line 2: The integers in the array separated by a space.
Output format
« Line 1: The index (0-indexed) of the found peakpoint in the array.
Show sample test data
Submit Solution
Language | Pypy (7.3.1, Python 3.6) v hon
Comment @ rs -‘“ py‘. ) t t.\“‘e
- EZmml 10 Yo' . e fiVS
p— tnis is
Source Code | 172" sy<7stdin. read() a“ ‘d‘n
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Online autograders

® They do many things

® Exercise descriptions

® Administrative tasks (student onboarding, grading, exports)
® Calendar-tasks (due-date, handling delays)

® Assignment handin

® Plagiarism checking

* An IDE

® A Cl/CD system (upload code and run)

® Various forms of automation/ideas about organizing exercises
® A test system
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My goals

M

User experience: Best allow students to solve their programming problems

Administrative ease: Make the course software, tests, and written
material easy to write and maintain
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User experience

M

® Which test system best allows students to fix problems in their homework?
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User experience

M

® Which test system best allows students to fix problems in their homework?

® Which test system best allow me to fix problems in my code?
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User experience
® Which test system best allows students to fix problems in their homework?
® Which test system best allow me to fix problems in my code?

® \Web-based tests

® No debugger
® | ocal/remote code (or use the bad online IDE)
® Increased run-time (can tests be run in isolation?)
® Blackboxing (environment, packages, file locations, how code is called)
® Drivers
® Preprocessors
® Postprocessors
® Hacks (cat, fix-floats, etc.)
® Adopt conventions from the tool (is reading from stdin optimal?)
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User experience

® Which test system best allows students to fix problems in their homework?
® Which test system best allow me to fix problems in my code?

® \Web-based tests

® No debugger
® | ocal/remote code (or use the bad online IDE)
® Increased run-time (can tests be run in isolation?)
® Blackboxing (environment, packages, file locations, how code is called)
® Drivers
® Preprocessors
® Postprocessors
® Hacks (cat, fix-floats, etc.)
® Adopt conventions from the tool (is reading from stdin optimal?)

® Unittests:
® Best-practice for 25 years
® Use your favorite IDE: Debugger + autocomplete + inline documentation
® Test are runable in isolation
® Transparency; everything is python
® Everything can be unittested
® Student learns relevant skills (unittesting)
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Example: Intro to python exam

Setup: pip install unitgrade
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The height of the water in a pond changes daily governed by two contributions: the constant decrease of
height due to the water outflow and the variable increase of height due to the rain. Given the water height
for one day and the rain value r, the water height for the next day can be computed as

htoday = Pyesterday +7 — 2.

If the computed value is negative it should be replaced by 0, indicating that the pond is empty. The
computation can be repeated for any number of days, as long as we have rain values.

B Problem definition

Write a function water_height which takes an initial water height hy and a vector r with rain values for
a number of days as input. The function should return a water height after the days have passed. The
function should also work if r contains only one or no days. (In case of no days, hg should be returned.)

B Solution template

def water_height(h0, r):
# insert your code

return h
Input
ho A non-negative number with initial water height.
r A vector with rain values (non-negative numbers) for a number of days. A vector may contain

multiple, only one, or no elements.

Output
h The water height after the number of days has passed.
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intropython

Example: Writing your own test
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The height of the water in a pond changes daily governed by two contributions: the constant decrease of
height due to the water outflow and the variable increase of height due to the rain. Given the water height
for one day and the rain value r, the water height for the next day can be computed as

htoday = Pyesterday +7 — 2.

If the computed value is negative it should be replaced by 0, indicating that the pond is empty. The
computation can be repeated for any number of days, as long as we have rain values.

B Problem definition

Write a function water_height which takes an initial water height hy and a vector r with rain values for
a number of days as input. The function should return a water height after the days have passed. The
function should also work if r contains only one or no days. (In case of no days, hg should be returned.)

B Solution template

def water_height(h0, r):
# insert your code

return h
Input
ho A non-negative number with initial water height.
r A vector with rain values (non-negative numbers) for a number of days. A vector may contain

multiple, only one, or no elements.

Output
h The water height after the number of days has passed.
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intropython

Casestudy: Introduction to python (Vedrana)

Codejudge

® 5 problems

® 11 tests per problem
® 60 files

® 282 lines of code
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Unitgrade

® 5 problems
® 11 tests per problem
® 3 files

® 127 lines of code

Bonus: My version contains a
handout stub for students to work
with.

Teaching programming at scale 8.5.2023



Casestudy: Introduction to python (grading)

My Course ~ Announcements Course Content v Help v Piazza online QA

Assignments > Project part 1: Dynamical Programming > Submissions

Project part 1: Dynamical Programming - Submissions

Publish All Edit Assignment Email Groups Without Submissions ‘Add Feedback Files Submission Log
Users Submissions

Q | Show Search Options

@ Download  Email & MarkasRead % MarkasUnread i Delete @ Publish Feedback

( Submission Date Last Name a , First Name Delete

Published: 14 March, 2022 10:18 PM
Feedback Read: 18 March, 2022 10:52 AM

Group 1
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Casestudy: Problem set 6 (Alceste)

M

02393 C++ Programming Exercises

Assignment 6

To be handed in via CodeJudge — [https://dtu. codejudge.net/02393-621/assignnents

1 A class for fractions of integers

The goal of this

ssignment is to implement a class of fractions of integers supporting some basic
operations like addition and multiplication. You can use the following interface for the class
starting point and modify it at will:

class fraction {

private:
// Interna

Class representing fractions i e

int denominator;

public:
// Class constructor
fraction(int n, int d);

/1 Methods to update the fraction
void add(fraction £);
void mult(fraction £);
void div(fraction £);

// pisplay method
void display(void);

The main idea for the class above is that a fraction # is represented by two integers (the
numerator a and the denominator b) and several methods are provided to support arithmetic
operations on fractions. For example:

e fraction(int n, int m) constructs the fraction

o void add(fraction £) updates a fraction by adding fraction f to it.

o void mult(fraction £) updates a fraction by multiplying it by fraction f.
o void div(fraction £) updates a fraction by dividing it by fraction f.
Your task.

Write a program that reads sequences of simple expressions from cin, each having
one of the following forms

ea/b+c/d

ea/bxc/d
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Casestudy: Problem set 6 (Alceste)
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® Problem set 6, create a Fraction class with addition

Codejudge

® 1 problem
® 8 files (.in, .ans)
® 2 tests

® 12 lines of code (only specifies input &
output; contains more code in LaTeX)

15 DTU Compute

Unitgrade

® 1 problems
® 2 files
® ( tests

® 36 lines of code

Bonus: Contains more specific tests,
generates handout files, contains a
solution, and allows automatic checks
of implementation for later
refactoring.
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Features: Automation

1 Working with fractions (fractions.py)

0 c2eespublc Casssmtans » 024555l Ppsines » 47585 \ # cpp_course/ fraction
1 class Fraction:
Projet information
Ol Pipeine #7585 riggered 1 month agady @) tuhe s det
B Repository )
& °  Final commit before refactoring of the toolbox to gym>=0.26.x
13 Merge requests o .
@ cien @ 12jabs for master in 140 minutes and 2 seconds (queued for § seconds) ’ A8 =T, e
o . # Conputes [ = f1 + 2 (uhere f1 and f2 are both Fraction-objects and
ipelines f1=self, fo-other.
> ecitszed < t=self, f2-other)
Edtor s roturn £
Jobs w
12 Norsated merge equests found. .
Schedues n def __mil_(self, other):
# Ouerurite to inplement f = f1 + f2
TestCases Pipeline  ficcc n roturn £
@ Security & Compliance M
@ Deployments - id . deploy 5 dof __truediv__(self, other):
BRI . # Overurite to implement f = f1/12, or more specificall
O @ewss  © @bt O @ (S @ poges G) M roturn £
s [ ) @bz @ Q@ues © © pagesceos »
1 Anaiytics » " Creates a string representation. Tou can use it as
- @ s @ Qw3 @ 2 “print (str(Fraction(1,2))) to output 1/2"""
a roturn £"({self.n} / {self.u})"
X Snippets
@ Settings

When done, you should be able to create two fractions objects and add them using
the + -operator, which will be transformed to a call of the form £1.__add__(£2) as so:

1 # cpp_course/fractions.py
2 11 - Fraction(1, 2) # Aepresents 1/2
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Casestudy: Exam in C++4 Course 2021

M

® Exam set for 2021

® 4 problems

Codejudge Uniterad
i nitgrade
e 72 files (1)
_ ® 6 files (4 problems + 1 test + 1 deploy)
® 16 .yml files

] ® 116 lines of code
® 18 .ans files

) ® More tests
® 552 lines of code (excluding .ans files)
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MU Autolab =

o
8 codell x | W unitee x | @ Unitgr X | @ Unitgr x | & whe/ x | & examp x | &b tuhe/ x | &Y pipeiin x | % projec x | © Guide x | [ 13374 x | @ cuide x | @ Forme X @ Aucol x 5 siack | x | @ Mail-t x | [ spects x | + ©
Cc @ autolabproject.com < % 0O &

Carnegie
Mell()n Cornell University (?’ . @]’ @
UniveI'Si ty Unlversgx(/) LCJ)|fd grolorado

NYU

N
UTGERS
GEORGETOW(, R wisnneronsme M
UNIVERSITY ﬂl Arizona State @ UNIVERSITY  Millersville University

University
Universit /&Y UNIVERSITY OF
.[é at Buffalty @ GEORGIA

GROVECITY 4
e COLLEGE

UNIVERSITY qf WISCONSIN

LA CROSSE.

BITS Piani
4 K KI;I;ISGORPCLL&Q' ?uﬁ UNIVERSITY ROTTERDAM

THE UNIVERSITY of
NEW ORLEANS

B rustiab202211..tar A showall X

18 DTU Compute Teaching programming at scale 8.5.2023


autolab1

CMU Autolab

® Classic autograder: Students, classes, assignments.

® Sign-up can be handled using student email (confirmation emails)

Hello

Admin Options
© v gt 152022,757 rm GESTUTC s230)
5 Loyt i A 1 202,737 pm CEST VT 6290)

Wamiog.

Danger Zone

A heloar oA etowr
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autolab2
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Test development =
® An assignment is a single .tar file:
® t|.dr:
® The container will copy your autograder files the students into the same
directory
® Then it calls autograde_Makefile R ) ~ o

® You return json with the scores to stdout

® Fasy to call e.g. a unittest script

[
g

® Tests can be run locally

® Many examples online
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Easy to automate

® Unitgrade allows one-line deployment to an autolab .tar file for upload

output_tar =

X | W uher

10.16167.1582000

x| W e

1016167158000 utoPopuiat

)
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deploy_assignment(name, INSTRUCTOR BASE=instructor base, INSTRUCTOR GRADE FILE=f"{instructor base}/{name}/{instructor}",
STUDENT_BASE=student_base, STUDENT GRADE_FILE=f"{student base}/{name}/{student}",
autograde_image_tag-autograde_image)

21

s 102Reportz

CS 102 Report 2

Admin Options

Danger Zone

CAOptions

DTU Compute

@ ove:September 20t 2021, 641 pm CEST

) Lastdayto handin: September 20th 2021, 6:41 pm CEST

Warning:Submiting ate may resitintheusage ofagrace day or 3
grace ety

‘kvﬂ'&'ﬂ

ndin_16_of16:oken X
Las modifecs September 201 2021,
Linesofcodes 264

Fleszes 2540

restrrgniont

s 102Report2
Feedback

> Rawouput

Weekl
Status
v

v

The same problem as before with nicer titles
Staus
v

v

Summary
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