
Intro to Formal Methods Lecture 1
CS 5860 Fall 2014 Weds. Aug. 27

Lecture 1

Lecture Plan

Course Requirements:

Readings and lecture notes will be on the course home page or handed out.

There will be a few problem sets, roughly every other week, not very hard.

Everyone will do a project paper that I will grade.

There might be a final exam.

Background expected:

Know at least one modern typed high level programming language, e.g. Java, C],
OCaml.

Knowledge of basic discrete math numbers and induction/recusion proofs trees
and recursive algorithms on them, e.g. Binary Search Trees.

Basic systems: threads, concurrency, some protocol, e.g. TCP IP.

We will cover new material for most of you.

1. Types and specifications presented formally.

2. Correct by construction programs, e.g. guarenteed to meet their specifications, con-
structed from proofs and proof sketches.

3. Constructive reasoning.

4. Coinductive data structures - streams, co-trees (spreads).

5. Event types and event logic.

6. Executable specification languages.

Information about you:

Undergraduate degree.

Experience with proofs and discrete mathematics.

Programming language you know, really well, moderately well.

Any background in formal methods/proof about programs.

Experience building systems, e.g. compilers, protocols.
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A question to you:

Why are CS departments world wide experiencing large enrollments?

Do you worry about software errors? Heartbleed bug? Virus on your computer? Iden-
tity theft? Errors in critical systems - airplanes, trains (driverless), cars, infrastructure
failure - power grid, air traffic control.

My interest in formal methods is twofold and more.

1. The research problems fascinate me because they lie at the heart of computer science.

2. Results of the research have proven useful, and we have experienced their value.

NASA verified chip

Ensemble system

Synthesis of Multi-Paxos

3. Many people have used some of the early advances we made at Cornell

Proofs-as-programs

Constructive type theory

Solution to open theoretical questions

Influence on mathematics - highest standards of proof ever acheived

4. The core ideas in the subject deal with the nature of individual knowledge and shared
knowledge. They have made an impact in philosophy and the foundations of mathe-
matics. They will change the way mathematics and computer science are taught.

Logical types and the specifictaion of computer

Constructive solutions to problems:

1. Is there always a bigger prime?
Two ways to solve it

By contradiction: suppose not, say on p1, p2, ..., pm

By construction: given any n, find a bigger prime

2. Is there a 17-gon? That means a 17 sided regular polygon. Gauss constructed one.

3. Are there two irrational numbers a and b such that ab is rational? What about this
solution?

Consider
√

2
√
2
. It is either rational or not. If

√
2
√
2

is rational, take a =
√

2,

b =
√

2. If not, then let a =
√

2
√
2

and take b =
√

2. Then (
√

2
√
2
)
√
2 =
√

2
2

= 2.

Another proof, a =
√

2, b = 2 ∗ log2(3), both are irrational, and ab = 2
2∗log2(3)

2 =
2log2(3) = 3
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The argument about 22∗ log2(3)
2 = 3, so a =

√
2. b = 2 ∗ log2(3) versus either

take a =
√

2 and b =
√

2 OR take a =
√

2
√
2

and b =
√

2, depends on knowing

whether
√

2
√
2

is rational or irrational and we gave no way of deducing that in
the argument.

We will see that in computer science, we usually want the choice to be decidable by some
computation so we look at computation meanings for the logical operators.

The sipmlest one turns out to be implication, A⇒ B.

Let us look at some simple “laws” about ⇒ :

A⇒ A (law I)

A⇒ (B ⇒ A) (law K)

(A⇒ B)⇒ ((B ⇒ C)⇒ (A⇒ C)) (law P)

(B ⇒ C)⇒ ((A⇒ B)⇒ (A⇒ C)) (law B)
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