
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Lessons of Teaching Formal Methods with Isabelle

Jacobsen, Frederik Krogsdal; Villadsen, Jørgen

Published in:
Proceedings of Isabelle Workshop 2022

Publication date:
2022

Document Version
Peer reviewed version

Link back to DTU Orbit

Citation (APA):
Jacobsen, F. K., & Villadsen, J. (2022). Lessons of Teaching Formal Methods with Isabelle. In Proceedings of
Isabelle Workshop 2022

https://orbit.dtu.dk/en/publications/65d2448a-e3f8-4aa1-af8f-2e9c40e5800f


Lessons of Teaching Formal Methods with Isabelle

Frederik Krogsdal Jacobsen and Jørgen Villadsen

Technical University of Denmark, Kongens Lyngby, Denmark

Abstract

We present our recent experiences teaching two courses on formal methods which use
Isabelle/Pure and Isabelle/HOL. We explain our overall approach and our experiences with
implementing beginner-friendly tools to help students understand how Isabelle works. We
also describe the issues that we often see students struggle with when attempting to learn
how to program and prove theorems using Isabelle, and suggest ideas for potential solutions
to some of these concerns.

1 Introduction

At the Technical University of Denmark, we currently teach two courses on logic and automated
reasoning using Isabelle as our main tool. The first course is a BSc level course on Logical
Systems and Logic Programming. This course serves as an introduction to logic as well as logical
programming in Prolog, and we use Isabelle to teach the logic part of the course. The second
course is a MSc level course on Automated Reasoning. This course serves as an introduction
to automatic and interactive theorem proving, and we use Isabelle to formalize and exemplify
nearly all concepts taught in the course.

Figure 1 shows the (mandatory) courses leading to our BSc course on Logical Systems and
Logic Programming. It also shows our MSc course on Automated Reasoning and other courses
with our BSc course among the prerequisites.

We have previously described the curriculum of our courses and how they fit into the overall
program in [12]. The present paper describes the experiences since then. 77 students took the
BSc course in autumn 2021 and 43 students the MSc course in spring 2022. More information
about the courses is available here:

https://courses.compute.dtu.dk/02156/ https://courses.compute.dtu.dk/02256/

The BSc course has run for many years, but has recently become more Isabelle-oriented. The
MSc course has run for a few years, and has been designed around Isabelle from the begin-
ning. We have developed a number of tools and associated reading material to support a
gentle introduction to logic in Isabelle, and additionally use the “Programming and Proving in
Isabelle/HOL” tutorial [7] as a main component of our MSc course.

Our approach is to start by introducing logic in a system which is much simpler, but thus
also much less overwhelming, than Isabelle. From this, we progress through systems that
gradually begin to look more like the “real” Isabelle experience, until we arrive at Isabelle/HOL.
Additionally, we introduce some basic proof methods such as induction and rule inversion. Some
of this has to happen in parallel due to time constraints, but the pacing of each component of
the courses is such that students can constrain themselves to learning about a few aspects of
using Isabelle at a time.

Overall our approach is different than previous uses of the Agda, Coq and Isabelle proof
assistants in computer science courses [5,6,8,9]. These courses generally start by introducing the
proof assistant, and then build up the complexity through repeat exposure to concepts within
the proof assistant itself. It is our experience, however, that this approach is very difficult to
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Year
1 2 3 4 . . .
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(mandatory)
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Automated
Reasoning

Program
Verification

Formal Aspects
of Software
Engineering

Artificial
Intelligence and

Multi-Agent Systems

Logical Theories
for Uncertainty
and Learning

Figure 1: Selected courses surrounding our sequence of logic-oriented courses in the first row.

understand for some students, who may become “stuck” almost immediately. At the scale of
our courses we do not have the option of individually guiding students onto the right track for
more than a few minutes, and so we are interested in an approach that allows every student to
independently move forward with only limited individual guidance.

In the next sections, we describe our experiences using Isabelle in each of the components
of our courses.

2 Experiences with tools interfacing with Isabelle

As part of our course material, we have designed several tools that aid the use of formalized
logic for beginners [1,2,4]. The first of these, the Natural Deduction Assistant (NaDeA) [10], is
a graphical web interface for creating natural deduction proofs. These proofs may be exported
to a proof system which is deeply embedded in Isabelle/HOL for verification. Another tool is
the Sequent Calculus Verifier (SeCaV) [3], which is a sequent calculus proof system for the same
logic, and an “Unshortener” which is a web app that translates a short, readable syntax into
proofs in Isabelle while giving instant feedback on any mistakes in the proof. Both the NaDeA
interface and the SeCaV Unshortener are external web apps which are not implemented using
Isabelle (a few parts are in fact implemented as functions in Isabelle and translated to JavaScript
using SMLtoJS). We could imagine an even tighter integration by implementing similar tools
directly in Isabelle/jEdit as a sort of “beginner mode”, but we have not yet attempted to do
so. The tools are available here:

https://nadea.compute.dtu.dk/ https://secav.compute.dtu.dk/
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We have developed these tools to make formal proofs easier to get started with, and to provide
a gentle introduction to Isabelle. While the Isabelle/jEdit interface is very powerful, it can also
be overwhelming for beginners, and so can the logic of Isabelle/HOL, and even Isabelle/Pure.
The NaDeA interface is designed such that syntax errors are impossible to input, since the user
must always choose from a finite set of options that make sense in the context when inputting
formulas or proof rules. The proofs created in this graphical environment can then be exported
to Isabelle proofs, which students can study and understand, though they may not be able to
write proofs directly in the Isabelle syntax. Our experience is that students initially find this
helpful and intuitive, but that they quickly begin to find the constrained interface tedious and
slow when they understand the syntax of formulas and the most common proof patterns.

Next, we have designed the SeCaV tool, which allows the students to input formulas and
proofs as text. This is much faster than choosing from a set of options for each connective
and proof rule, but allows for syntax errors and misapplication of proof rules. Our tool warns
students if their proof has syntax or logical errors, but this is still a step down in intuitiveness
since these types of errors are not possible at all in the NaDeA tool. On the other hand, the
proofs in this tool look much more like the “real” Isabelle proofs that they can be exported
to. In fact, the translation consists essentially only of adding some Isabelle syntax such as
cartouches and proof methods, which is why we call the web app the “Unshortener”. Our
experience is that students can, after having used this tool to prove some formulas, begin to
write Isabelle proofs directly, though only by following the very strict structure imposed by the
tool.

Our goal with these tools is to prepare students to write “real” Isabelle proofs [2]. After
having used the tools, they are used to proofs that look essentially like proofs in Isabelle/Pure,
and in the next section, we will explain how we introduce this and progress to Isabelle/HOL.

3 Building up to the full Isabelle experience

In contrast to the tools mentioned above, where we explored the pedagogical benefits of using a
deep embedding approach to logical modelling, here we employ a logical framework modelling.
We have developed a series of Isabelle/Pure theories with a natural deduction formalization of
intuitionistic and classical logic [11]:

• Pure I: Intuitionistic propositional logic

• Pure I Quantifiers: Intuitionistic higher-order logic

• Pure True: Classical higher-order logic

These developments are based on the Pure/Examples by Makarius in the Isabelle sources. The
final theory includes a concise proof of Cantor’s theorem. The formalizations give rise to simple
and natural teaching examples. We have a large set of exercises and in general the solutions
work in Isabelle/HOL too — a feature that is appreciated by the students and aids their
understanding of structured proofs in Isabelle/Isar [13]. By moving through these increasingly
complicated systems, students are able to train proof techniques while having to learn only a
few concepts in each step.

After progressing through this series of systems, students have learned all of the essential
proof rule of Isabelle/HOL, and can thus write and prove purely logical formulas. They have not,
however, seen functions, inductive definitions, proof automation, or any of the more advanced
features of Isabelle/HOL. The final component of our MSc course introduces these concepts.
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4 Learning to program and prove in Isabelle/HOL

One of the learning goals of our MSc course is that students should be able to actually use an
interactive theorem prover to prove theorems. We thus also need our students to get acquainted
with “the real” Isabelle/HOL, including concepts such as functions and inductive definitions,
and not just the logic. For this purpose, we primarily use the tutorial “Programming and
Proving in Isabelle/HOL” [7]. During the course, students are asked to read the tutorial and
solve every exercise, either as part of weekly exercise sessions, or as part of assignments. The
students progress through the tutorial throughout the semester such that Isabelle concepts and
keywords are introduced as needed for the rest of the course.

Our experience is that students find it quite difficult to solve the exercises, even when get-
ting help and hints from teaching assistants. Many of our students do not have functional
programming experience (though this is an explicit prerequisite for our course, our institution
does not have strict prerequisites), which could explain some of the difficulties. We have con-
sidered whether a brief introduction to functional programming using Isabelle could help bring
all students up to speed, but have not yet attempted to implement this in our course. Even
then, it is our experience that even the more capable students sometimes have a difficult time
understanding and remembering the commands and proof methods introduced in the tutorial.
Students will thus often either search for examples online or attempt to look up commands and
proof methods in the Isar reference manual [13], which often leaves them confused due to the
higher technical level of the explanations. One possible solution could be to create a “beginner”
version of the reference manual which contains only concepts introduced in the tutorial.

It is also our experience that the exercises in the tutorial are of widely varying difficulty.
Some exercises, such as the final exercise, are so difficult that only a handful of students out
of a large cohort make significant progress at all, and only one or two can complete it, even
when given hints by teaching assistants. One possible solution could be to add more “easy”
exercises, but it is difficult to come up with exercises that are relatively easy without being
trivial. Another possibility is to break up the more difficult exercises into a series of exercises
that guide the reader onto the right path, e.g. by suggesting intermediate lemmas. We believe
that this is a worthwhile endeavour, especially for those exercises which we use as parts of
assignments, but note that creating a robust guided series of exercises is difficult, since bad
choices made by a student in one of the early exercises can often make the later exercises much
more difficult.

While students thus find following the tutorial difficult, our experience is that most students
do eventually solve many of the exercises. Additionally, most students are able to use Isabelle at
least somewhat proficiently at the end of our course. While this is not enough for all students to
go out into the world and begin solving real problems using Isabelle, it is enough for interested
students to pursue e.g. thesis projects about formalizations in Isabelle.

5 Conclusions and future work

We have explained our approach for teaching students formalized logic and how to use Isabelle.
We have detailed some of the issues we have experienced that students have while attempting
to learn how to use Isabelle, and how our tools were designed to alleviate these. We have also
explained some of the issues we encountered when implementing our tools, and some possible
future directions in which we think they could be improved.

We are currently grading the students based on a two hour exam and six assignments handed
in during the course.
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Figure 2: Test version of SeCaV with the unshortened proof to the left and the Isabelle/HOL
output to the right.

Our tools are still under development, and we continuously evaluate whether they should
be changed or supplemented with new tools. As an example, fig. 2 shows a test version of
the SeCaV Unshortener with line numbers and syntax highlighting. Numbers are used for
predicates and functions but we also have a version which uses strings [4].

We believe there are still many possibilities for improving the user experience of Isabelle
for beginners, and we hope that others will also share their concerns, approaches and tools to
stimulate fruitful discussion and ventures in this direction. We believe there are valuable discus-
sions to be had not only about the design of concrete systems, but also about the possibilities
for interplay and continuity between different systems and Isabelle itself, including coherence
between the interfaces of tools and pen-and-paper proofs.
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