CS 839 Systems
Verification

Lecture 3: Induction

T LOVE MATHEMATICS. ISN'T IT
ASTONISHING HOW IT JUST
WORKS IN SO MANY AREAS2
HOW CAN ONE FIELD OF
STUDY APPLY EVERYWHERE
FROM THE SCALE OF INFINITE
MULTIVERSES TO THE
BEHAVIOR OF QUARKS>/

HOW ABOUT INSTEAD OF
CALLING IT "MATHEMATICS"
WE CALLED IT WHAT IT |S:
“TALKING PRECISELY ABOUT
PRECISE THINGS”

YISN'T IT A MIRACLE THAT
TALKING PRECISELY ABOUT
PRECISE THINGS IS USEFUL
IN ASTRONOMY ANVD
ECONOMICS?" "ISN'T IT
UNCANNY HOW TALKING
PRECISELY ABOUT PRECISE
THINGS HELPS WITH PHYSICS
AND CELL BIOLOGY>"

PATREON.COM/ZACHWEINERSMIT

SEE HOW STUPID YOU SOUND-)

SMBC-COMICS COM




Learning outcomes

1. Informally reason about disjunction and exists
2. Appreciate the nuances of induction




Rocqg demo: Disjunctions




Safe vs unsafe tactics Which of these are safe?
Define a safe tactic as one that if the

goal is true, creates only true goals.

Recall some tactics:

intros
destruct
left

right
reflexivity
simpl

Short exercise, just gets them thinking about the semantics of each tactic.



Rocq demo: exists




Exercise: informal exists proof







Induction

Transition to digital whiteboard



First example: sum of 1..n

1+2+---+n=n(n+1)/2




Principle of induction
Have some P : nat — Prop
Show P(0)

Show Vk, P(k) — P(k + 1)

Derive Vn, P(n)




Another example

Imagine a 2D plane

There is a hole of radius 3 at the origin




Crawler dynamics




Formalization

We need to formalize this a bit to prove it.
The crawler's behavior can be described by a sequence of states, where a state is just the coordinates. A sequence is good enough because the crawler moves
one discrete step at a time.
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Exercise: finite example

transitions t7 (1, j)

(eg. tr(1,2) = true, tr(2,4) =
false)

To prove: Vi, e(i) # 6




