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• Need to teach Formal Methods (FM)

– Why?

• Current FM representation in curricula

– What? 

• Actions 

– How? 

• Alternate between content and polls

– We need your involvement
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Why teach Formal Methods?
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A bit of history
- We started “FM4All” in December 2022 @ FME Business meeting

- I presented the Teaching Committee (TC) status
- Brijesh Dongol (TC member) was in the “Foundation of Programming Languages

(FPL)”committee in the ACM Curriculum Task Force
- He reported there was very little FM, only in two “Knowledge Areas”, and elective

- In FPL
- In Software Engineering (SE)

- Cliff Jones (in the meeting) suggested we do something about it
- The FME board got on board

- Especially the chair→ Ana Cavalcanti
- We thought we could influence the ACM 2023 version of the curriculum
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Why did we start FM4All?

- We contacted the ACM curriculum chairs and they asked these questions

- Does every Computer Scientist need to know Formal Methods?

- Aren’t Formal Methods just for the safety-critical industry?

- Isn’t the current offer of Formal Methods education adequate?

- We want(ed) FM to be a core competency for Computer Scientists

- Launched FAoC Special Issue call addressing the 3 questions

- Summary of papers in December 2024 Inroads issue of the ACM

- The Role of Formal Methods in Computer Science Education
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FAoC Special Issue papers
- Addressed ACM’s questions

- Does every Computer Scientist need to know Formal Methods?

- Does Every Computer Scientist Need to Know Formal Methods?

- Aren’t Formal Methods just for the safety-critical industry?

- Formal Methods in Industry

- Isn’t the current offer of Formal Methods education adequate?

- On Formal Methods Thinking in Computer Science Education

21.5.2026 FM4All @ FM26 7

https://dl.acm.org/doi/10.1145/3670795
https://dl.acm.org/doi/10.1145/3670795
https://dl.acm.org/doi/10.1145/3670795
https://dl.acm.org/doi/10.1145/3670795
https://dl.acm.org/doi/10.1145/3670795
https://dl.acm.org/doi/10.1145/3670795
https://dl.acm.org/doi/10.1145/3670795
https://dl.acm.org/doi/10.1145/3670795
https://dl.acm.org/doi/10.1145/3670795
https://dl.acm.org/doi/10.1145/3670795
https://dl.acm.org/doi/10.1145/3689374
https://dl.acm.org/doi/10.1145/3689374
https://dl.acm.org/doi/10.1145/3689374
https://dl.acm.org/doi/10.1145/3689374
https://dl.acm.org/doi/10.1145/3689374
https://dl.acm.org/doi/10.1145/3670419
https://dl.acm.org/doi/10.1145/3670419
https://dl.acm.org/doi/10.1145/3670419
https://dl.acm.org/doi/10.1145/3670419
https://dl.acm.org/doi/10.1145/3670419
https://dl.acm.org/doi/10.1145/3670419
https://dl.acm.org/doi/10.1145/3670419
https://dl.acm.org/doi/10.1145/3670419
https://dl.acm.org/doi/10.1145/3670419


There is need
• For systematically teach FM

• Lets check

– The industry need

– The education status
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Industry using FM
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Industry What verified Tools / Methods Example

Aerospace Flight control software,… Astrée, Frama-C, CompCert Airbus A380 flight control

Semiconductors Processor correctness Model checking, theorem proving Intel / AMD CPU verification

Automotive Autonomous, safety logic Model checking, runtime verification Autonomous driving systems

Medical Devices Life-critical control Model checking Pacemakers, infusion pumps

Railways Signalling & interlocking B-Method Metro/train control systems

Finance & Crypto Security & protocols Theorem proving, SMT Ethereum smart contracts

Cloud / Distributed Systems
Consistency, fault tolerance, 

authorization
TLA+, Dafny, Z3

AWS S3, DynamoDB, AWS 

authorization engine

Operating Systems Kernel correctness Isabelle/HOL seL4

Defense & Space Mission-critical systems Coq, SMT solvers DARPA / Draper systems

Industrial Automation Embedded control Model checking PLC / factory systems
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Formal Methods in Industry
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• Formal methods are widely applied in industry … elicitation of requirements and the 
early design phases all the way to the deployment, configuration, and runtime 
monitoring of actual systems. 

• Formal methods allow one to precisely specify the environment in which a system 
operates, the requirements and properties that the system should satisfy, the models 
of the system used during the various design steps, and the code embedded in the 
final implementation, as well as to express conformance relations between these 
specifications. 

• We present … well-known success stories from the safety-critical domain, like railways 
and other transportation systems, but also … lithography manufacturing and cloud 
security in e-commerce... testimonies from a number of representatives from industry
... 

• These persons are spread geographically, including Europe, Asia, North and South 
America, …. 

• We thus make a case for … in particular of the capacity to abstract and mathematical 
reasoning that are taught as part of any formal methods course. These are 
fundamental Computer Science skills that graduates should profit from when working 
as computer scientists in industry, as confirmed by industry representatives.

1121.5.2026

From the paper
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Do we have a tipping point?
• Amazon Web Services (AWS)

– Verify their software 
• Summer 2024 → replaced IAM service with a verified one 

– without anyone noticing
• Security policies proven correct

– Formally Verified Cloud-Scale Authorization (ICSE, 2025)
– Great talk @AWS re:Inforce 2025

• AWS → publicly presented formal verification as a factor driving customer adoption and 
workload migration toward AWS 
– Byron Cook, FLOC’2018 keynote

• For the first time
– Industry companies not catching up to proof and verification → left behind!
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Over a period of four years, we built a new authorization 
engine, one that behaves functionally the same as its 
predecessor, using the verification-aware programming 
language Dafny. We can now confidently deploy 
enhancements and optimizations while maintaining the 
highest assurance of both correctness and backward 
compatibility. We deployed the new engine in 2024 without 
incident and customers immediately enjoyed a threefold 
performance improvement

1) Rather than prove correct the existing engine, written in 
Java, we found it more effective to write a new engine in 
Dafny, a language built for verification from the ground up, 
and then compile the result to Java. 

2) To ensure performance, debuggability, and to gain trust 
from stakeholders, we needed to generate 
readable, idiomatic Java code, essentially a transliteration of 
the source Dafny. 
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Universities
• How many universities in the world?

– 50K? → https://en.uhomes.com/blog/how-many-universities-are-there-worldwide?

– UNESCO

• ~15K in 78 countries →
https://www.sciencedirect.com/science/article/pii/S0272775718300414?

– WHED (World Higher Education Database)

• 21K → https://whed.net/home.php? 

– 264 million students in 2023 → https://unesdoc.unesco.org/ark:/48223/pf0000394112
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How many universities teach FM?
• How many universities teach CS? 

– About 75% → EdTechChronicle, Times Higher Education

• How many universities teach FM?

– ~15–25%

– FM appears as

• Optional courses

• Modules inside Software Engineering, Programming Languages areas

• Graduate-only offerings
– Top-tier / research-intensive universities: ~60–80%

– Mid-tier: ~20–40%

– Many institutions: 0% explicit FM
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How many Software Engineers know 
FM?
• We now come back to the Industry state of the art

– Lots of industries are aware and want to use FM → Amazon hires 60 FM specialists!

– HOWEVER: FM users → niche, industrial pockets

• How many Software Engineers in the world?

– > 30 millions!

• Developer Nation / SlashData estimates ~27M developers (2021) and ~47M (2025)

• Evans Data estimates ~26–29M professional developers

• How many Software Engineers are capable of applying FM?

– Well below 300k!

– < 1%
21.5.2026 FM4All @ FM26 17
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Gap

21.5.2026

┌──────────────────────────────┐
│ Industry adoption growing                  │
│ • AWS (TLA+)                │
│ • Intel (hardware FM)      │
│ • Airbus (avionics)   …      │
└──────────────────────────────┘

▲
│   GAP
│   (skills shortage)
▼

┌──────────────────────────────┐
│ SUPPLY limited               │
│ • Few FM courses         │
│ • Limited hands-on training                 │
│ • Fragmented curricula       │
└──────────────────────────────┘

Metric Estimate

Software engineers 
worldwide

>30 million

FM-capable engineers <300000

FM workforce share <1%

Universities teaching FM 
systematically

very small minority

18FM4All @ FM26



We have a gap
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The bottleneck for formal methods adoption
• is not tools/demand
• is the shortage of people trained to use them

• “Lack of graduates qualified to apply formal methods”
→ Rooting Formal Methods within Higher Education Curricula for Computer Science and 
Software Engineering -- A White Paper (2021)

• Skills & education = major adoption barriers
→ Formal Methods in Dependable Systems Engineering: A Survey of Professionals from 
Europe and North America (2020)

• Academia–industry gap 
→ The 2020 Expert Survey on Formal Methods (2020)
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Why do we teach so little FM?
• Misconceptions

– Perceived mathematical difficulty for learning Formal Methods
• Rooting Formal Methods within Higher Education Curricula for Computer Science and Software 

Engineering -- A White Paper (2021) 
– Software engineers dislike math

• How Important are Formal Methods and Formal Logic for Software Engineering Education?
(2025) 

• Companies hire Computer Science students before they graduate
– Bypass of complete formal education
– Graduates 

• Slow career growth due to incomplete education
– Companies

• Lack of specialists
– The Role of Formal Methods in Computer Science Education (2024)
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ACM Curriculum
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What is “the ACM Curriculum”?
•
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ACM Curriculum Context
• ACM curriculum 

– Curricular guidelines with worldwide recognition
– Reference point for CS curricula worldwide

• Most recent → CS2023

• Some other undergraduate CS curricula

– “All India Council for Technical Education”

– ”101 Plan” →Ministry of Education in China, 2024

– Parallel and Distributed Computing 2020

– Computing Curricula, 2020, ACM+IEEE

• Holistic view, relations between CS and SW Eng, SW Security, Data Science
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History

• 1968 → classification of subject areas and course (ACM)

• 1978 → core and elective courses (ACM)

• 1991 → revision, together with IEEE-CS

• 2001 → focus on CS

– Computer Engineering, Software Engineering → their own curricular guidelines

• 2008 → interim revision of ‘01 version

• 2013 →most recent before the present ‘23

• 2023 → AAAI joins ACM and IEEE-CS
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Knowledge vs Competency

• Knowledge model

– What is taught

• Focus on content

– First 5 editions only this

• Competency model

– What is learnt

• Focus on outcomes

– Since 2013

21.5.2026 FM4All @ FM26
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Knowledge model
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Skill levels
• Students → expected to show proficiency in topics at different skill levels

• Time to cover topic → depends on skill level

– Time needed for instructing how to apply a concept >
time needed for instructing how to explain the concept

• Number of topics to be packaged in a typical course

– Depends on expected skill levels + time needed to cover the topics at those skill 
levels

• Minimum size of a curriculum → depends on 

– List of core topics

– Skill levels for these core topics
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Skill levels
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Professional dispositions
• Malleable values, beliefs, attitudes enabling consistent behaviors desirable in a 

workplace

• Examples

– Persistent, self-directed

– Communicative, collaborative

• Vary by KA, e.g.

– Persistent → essential in Intro courses

– Self-directed → essential in advanced courses

– Collaborative → essential in group projects

– Meticulous → essential in math foundations
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Competency areas
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• Competency area ⊆ Knowledge model
• Competency area of a curriculum

• Set of KAs on which said curriculum is focused
• Have to be chosen coherently

• For guidelines → CS-2023 includes 3 competency areas deemed “representative”
A. Software development → programmer
B. Systems development → student able to provide essential services, including 

non-functional requirements
C. Applications development → student prepped with problem-specific/solution-

specific knowledge
• A. prerequisite for B. and C.
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Core topics

• CS-Core 

– Every CS graduate must know these

– Every CS curriculum expected to cover all CS-Core topics

– Included in > 50% of all KUs

• KA-Core

– Topics recommended for in-depth studies

– Included in > 75% of all KUs

– A curriculum may choose to focus on KA-topics of some KAs in more 
depth/breadth than others
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Skills take time
• Desired skill levels → determine time needed for instructing CS-Core/KA-Core topics

– Recommended, not prescribed

• Time needed → expressed in instruction hours

– Instruction hours → spent in classroom imparting knowledge regardless of how

– Students expected to study more individually

• CS-2023 → 270h of instructional time for CS-Core topics

– All CS curricula must include all 270h

• The min for a CS curriculum

• + KA-Core topics in competency area

• + complementary non-core topics
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Curriculum
• Made of courses

– Not KAs

• Many courses can be carved out of a KA

• A course can contain topics from several KAs

– About 40 instructional hours

• CS-2023

– Gives recommendations on how to package topics into courses
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Sections in a Knowledge Area

• Preamble→ describes KA, includes
– Changes in KA since CS-2013

– Optional overview of KUs in the KA
• Table with CS-Core and KA-Core hours assigned to KA
• List of KUs, each of which having

– CS-Core, KA-Core, Non-core topics → enumerated
– CS-Core and KA-Core illustrative learning outcomes → also enumerated

• Professional dispositions most relevant to the KA
• Math requirements for the KA → both required and desired
• Suggestions for packaging courses from the KA

• The committee members who reviewed and revised the KA recommendations
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17 
Knowledge Areas

42

Competency areas
• Software Development → SDF, AL, 

FPL, SE
• Systems Development → SF, AR, OS, 

PDC, NC, SEC, and DM
• Application development → GIT, AI, 

SPD, HCI, SEC, DM

SEP, MSF → part of all competency areas
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Current FM representation in 
CS-2023
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FM in 2 
Knowledge Areas

45



Foundations of 
Programming 
Languages (FPL)

21.5.2026

- CS-2023
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2 Knowledge Units (KU) in FPL
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Software 
Engineering (SE)

21.5.2026

- CS-2023
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1 KU in SE
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We tried to add FM in CS-2023



We argued that 

– Formal methods thinking is fundamental in CS education 

– Every computer scientist needs to know formal methods 

– Teaching formal methods

• need not come at the cost of displacing other engineering aspects of CS 

– Formal methods 

• potential to support and strengthen the presentation and knowledge in all these 
subdisciplines

• suggestions for educators on how to incorporate formal methods into CS 
education
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Actions
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Proposed Actions

1. Guidelines for teaching Formal Methods

– Supported by FME

2. Formal Methods “Knowledge Area” (FM-KA)

– For inclusion in the ACM Computer Science Curriculum

– Define knowledge units, topics, propose courses

– Link Formal Methods topics with existing computer science KUs in 

• Databases, Automata, Programming, … 

– Seek worldwide academic and industry support
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Community effort
• Adoption to ACM Curriculum

– If and when community supports teaching FM in universities

– Remember their questions

- Does every Computer Scientist REALLY need to know Formal Methods?

- AreN’T Formal Methods just for the safety-critical industry?

- IsN’T the current offer of Formal Methods education adequate?

• FME Guidelines

– FME’s goal → represent the community of FM people
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FM4All people
• Layers of involvement

– Core committee→most active group

• Produce initial draft

• Incorporate community revisions

• Produce public version for presentation to ACM

– Advisory Committee→ people in key roles who can support our work

• Advice on major drafts

• Promotion of inclusion to ACM curriculum 
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Core Committee
• Luigia Petre (Finland)

• Brijesh Dongol (UK)

• Stefan Hallerstaede (Denmark) 

• Thierry Lecomte (France, Industry)

• Elvinia Riccobene (Italy) 

• Peter-Michael Osera (USA) 

• Graeme Smith (Australia)

• Kristine Yvonne Rozier (USA)

• Natarajan Shankar (USA) 

• Cliff Jones (UK) 

• Catherine Dubois (France)
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Plan for feedback processing
Sections Feedback Opens Feedback Closes Feedback Integration

Knowledge Units April 2026 May 2026 June 2026

Topics July 2026 August 2026 September 2026

Core/Elective October 2026 November 2026 December 2026

Learning Objectives January 2027 February 2027 March 2027

Professional dispositions April 2027 May 2027 June 2027

Math requirements July 2027 August 2027 September 2027

Courses October 2027 November 2027 December 2027

Preamble January 2028 February 2028 March 2028
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Action Plan Timeline
• 2025

– Create initial content

• 2026-2027/Early 2028

– Present work progress biannually at major conferences

• At least

– Online presentations, held per KA section

– Get feedback from community

– Integrate feedback

• 2028

– Publish research, expand industry collaboration

21.5.2026 FM4All @ FM26 59



FM-KA
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Structure
• Preamble→ describes KA, includes

– Changes in KA since CS-2013
– Optional overview of KUs in the KA

• Table with CS-Core and KA-Core hours assigned to KA
• List of KUs, each of which having

– CS-Core, KA-Core, Non-core topics → enumerated

– CS-Core and KA-Core illustrative learning outcomes → also enumerated
• Professional dispositions most relevant to the KA
• Math requirements for the KA → both required and desired
• Suggestions for packaging courses from the KA
• The committee members who reviewed and revised the KA recommendations
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Start from KU or LO?
• KU = Knowledge Unit

• LO = Learning Outcome/Objective

• We started with 6 LOs

– LO1: Explain system correctness (as conformance to specified expected behaviour)

– LO2: Explain the benefits of specifying systems before their development

– LO3: Develop rigorous specifications/models of system components

– LO4: Evaluate through rigorous proof whether a system satisfies a specification

– LO5: Develop rigorous reasoning and/or formal proofs

– LO6: Apply tools to assist with program reasoning

21.5.2026 FM4All @ FM26 62



LOs correspond to KUs
• Correctness

• Why specification

• Specification

• Modelling

• Analysis

• Proof

• Tools

• Applications
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Open for feedback

• Here you can find the first community feedback form:

– https://forms.gle/7vmMs8UpmA3xYMrL8

• Deadline May 31, 2026, AoE
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Feedback form to fill
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Formal Methods for All
FM4All
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