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Teaching ”formal” methods



When

Teaching ”formal” methods



Wh en And why then?

n the last year of
nigh-school, students’
orains are still
flexible.




When

They're excited at
what’s coming,
at university.




When

They’re excited at
what’s coming;

but they’re not sure
what it will be.




When

In their first year of
university, they are
still vulnerable to
believing what you
tell them.

When | was at high-school, some of
my teachers were so ignorant | could
hardly stand to have them around.

(apologies to Mark Twain)

When | was in first year at
university, | was astonished at
how much teachers must have
improved in those four years.




“Their brains are open.”

When ? N OW! (apologies to Paul Erdos)
Thats “why now”.

first year

In their first year of
university, they are

still vulnerable to
believing what you
tell them.

Take advantage of that!



Seize the day!

a

as early as possible



What we hope will happen in 1st year

Discrete Elementary
Mathematics Logic

Introduction to Programming
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What often happens in 1st year

T——’

Introductiohg to Programming in ...

2?7
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Pl C k one ”Just copy-in the red stuff for now.”

Introduction to Programming in ... ???

public class HelloWorld {

public static void main(String[] args) { print("Hello, World!")
System.out.printin("Hello, World!");
}
}
#include <iostream>
int main() {
std::cout << "Hello World!" << std::endl;
#include <stdio.h> return O;
int main() { }
printf("Hello, World!\n");
return O;
}

main = putStrLn "Hello, World!"

12



” An expression is evaluated, and stored in a named location.”

”A loop goes 'round and ‘round until its condition is false.”

"Loops’ edge-cases are particularly important.”

13



// Sum the array numbers into s.
#define N 10
int numbers[N];
int s= 0; Needs some
. . documentation
int main() {

int n= 0; however!

while (n!=N) {
s= s+numbers[n];
n= n+1l;

14



Typical 1st-year exercise: sum an array

// Sum the array numbers into s.

#define N 10
int numbers[N];
int s= 0;

int main() {
int n= 0;
while (n!=N) {
s= s+numbers[n];
n= n+1l;

14

Needs some
documentation
however!

PART II

Start simple



// Sum the array numbers into s. 100°%
#define N 10

int numbers[N];

int s= 0; // Initialise s.

Nicely laid out.
Well documented!

int main() {
int n= 0;
while (n!=N) {
s= s+numbers[n]; // Add current number,
n= n+1; // and move to next one.

// The sum of numbers is now 1n s.
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// Sum the array numbers into s. 100°%
#define N 10

int numbers[N];

int s= 0; // Initialise s.

Nicely laid out.
Well documented!

int main() { ...but how do you check that your
int n= 0; program is correct?
while (n!=N) {
s= s+numbers[n]; // Add current number,
n= n+1; // and move to next one.

// The sum of numbers is now 1n s.
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// Sum the array numbers into s. 100°%
#define N 10
int numbers[N];

int s= 0; // Initialise s.
"'-. . .."‘.".

Nicely laid out.
Well documented!

int main() {
int n= 0;
while (n!=N) { e
s= s+numbers[n]; // Add current number,
n= n+1; // and move to next one.

Is this code-review enough?

// The sum of numbers is now 1n s.

17




// Sum the array numbers into s. 100°%
#define N 10

int numbers[N];

int s= 0; // Initialise s.

Nicely laid out.
Well documented!

No!! It’s important, but
it’s not enough. You
must also...

int main() {
int n= 0;
while (n!=N) {
s= s+numbers[n]; // Add current number,
n= n+1; // and move to next one.

// The sum of numbers is now 1n s.

Test it, of course! But first
18 let’s look at code reviews.




Extract from _
A code review

It's much the same. e

Methods,

1.3 When does a program “work” ?

In Python:

p.5

1.3 When does a program “work”?

Suppose we have a sequence A[0:N] of numbers, indexed from 0 inclusive to N exclu-

sive, and we want to calculate their sum. |Does this program work?

s= 0 # Start from zero.
for n in range(N): (1.2)
s= s+A[n] # Add the current element.

To answer that question, we must check various things.

Is the intended sum s correctly initialised? | Yes. Are all the sequence elements
A[n] of A comsidered, exactly once? | Yes.. And does the n-indexing remain within
the bounds of the sequence? (We remind ourselves that the elements of A[0:N] are
indexed from O up to N-1, and that n in range(N) iterates over 0,1,...,N-1.)
Again Yes. Is the correct operator + being used in the loop body? | Yes.

So overall Yes. It does work. For a program of that (tiny) size, we can be sure
we've checked everything.
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Extract from This applies to both code reviews
and testing.

It's much the same. e

Methods,

In Python:

1.3 When does a program “work” ?

Or does it work, really... What does that mean? It does run without crashing. But
you can’t say that something works (or doesn’t) unless you know what it’s supposed to
do. And there’s nothing “officially” associated with (1.2) that says what it’s actually
for. All we have is the text “...we have a sequence A[0:N] of numbers, and we
want to calculate their sum.” written in a paragraph nearby (in this case, just above
the program code). What if there had been a page break in the source-text file, in
between? When asking whether a program works we have to point not only to the
program, but also to a description of what it’s supposed to do. (See Sec. 18.2.3.)

So it’s probably a good idea to include a (rough) description of the program’s
purpose as part of the program itself, say as a comment at its beginning. That would
give us

# ——- Sum the elements of sequence A[O:N].
s= 0 (1.3)
for n in range(N): s= s+A[n]

20
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Extract from This applies to both code reviews
and testing.

It's much the same. e

Methods,

In Pyth()n: e 1.3 When does a program “work” ?

Or does it work, really... What does that mean?|It does run without crashing. But
you can’t say that something works (or doesn’t) uniess you know what it’s supposed to
do. And there’s nothing “officially” associated with (1.2) that says what it’s actually
for. All we have is the text “...we have a sequence A[0:N] of numbers, and we
want to calculate their sum.” written in a paragraph nearby (in this case, just above
the program code). What if there had been a page break in the source-text file, in
between? When asking whether a program works we have to point not only to the
program, but also to a description of what it’s supposed to do. (See Sec. 18.2.3.)

So it’s probably a good idea to include a (rough) description of the program’s

purpose|as part of the progriam itself, say as a comment at its beginning. [That would
give us B
4
# ——- Sum the elements of sequence A[O:N].
s= 0 (1.3)

for n in range(N): s= s+A[n]
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The blue comments are essentially
//What thiS Statement did.,/ Actually, “what it was

supposed to do.”

// Sum the array numbers into s.

// Initialise s.

// Add current number,
// and move to next one.

// The sum of numbers is in s.

21



But the blue could instead have been...
”What was made true here?”

// Sum the array numbers into s.

[/ Toiesioliga o
/7 L °

_—
T —

// The sum of numbers is in s.

22



The cost-free alternative —Whatit-did—

"What’s true here?”

e —
// Invariant: s == SUM numbers[0O:n]
-
o move—to—trext—omre—
// Postcondition: s == SUM numbers[O0:N]

23



The cost-free alternative “What’s true here?”

AND

Given the BLUE, you can
generate the GREY.

// Invariant: s == SUM numbers[0O:n]

// Postcondition: s == SUM numbers[0:N]



The cost-free alternative

// Sum the array numbers into s.
#define N 10
int numbers[N];

int s= 0;
' Given the BLUE, you can

generate the BLACK.

int main() {
int n= O; (and 0<=n<=N)
// Invariant: s == SUM numbers[0O:n]

while (n!=N) {
s= s+numbers[n]; / 1 500/0
n= n+1;

s D ™

// Postcondition: s == SUM numbers[0:N]

25



The cost-free alternative

// Sum the array numbers into s.
#define N 10

int numbers([N]; they

Given the BLUE,‘ydﬁ can
generate the BLACK.

“After taking this course | felt as if | was
privy to a powerful ancient magic.
Everything that was introduced was so

useful yet not yet known to most CS
students.”

v
<

// Postcondition: s == SUM numbers[0:N]

26



Summary so far when to introduce it
how to present it
assessment ¢¢¢

coming later

Start at the same time as the existing
first programming course; use the same
course structure; set the same

exercises...
but explain and document them with...

...”What’s true here?”

27

detailed
example

follows
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Carroll Morgan

Formal

Chapter 2 of this: Methods,
OW Informally

How to Write
Programs
That Work

A more detailed example of how to present "how”

p.25

Using invariants

2.1 Introduction

In this chapter, we will go through a program-design process in three different ways,
but all three for the same problem. The first two ways will use a conventional approach
(although we do mention invariants, after the fact, to help check them); but the third

uses an invariant before the fact, to help design the program in the first place.’

)
O

@ :

1 This problem was taken from a first-year university course “Introduction to Programming in C”.

Gain their confidence; and yours:
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Chapter 2 of this: Methods,
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How to Write

Programs
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Using invariants to ¢

2.1 Introduction

In this chapter, we will go through a program-design process in three different ways,
but all three for the same problem. The first two ways will use a conventional approach
(although we do mention invariants, after the fact, to help check them); but the third

uses an invariant before the fact, to help design the program in the first place.’

N
$C3
@\5

1 This problem was taken from a first-year university course “Introduction to Programming in C”.

PA RT I I I Gain their confidence; and yours:




H OW Lots of detail @ @ will mean ”just

here, but skim this...”

2.2 The longest Good subsegment problem

Assume we have a property Bad(a,b,c) of three integers, for some (not yet made
precise) property of “badness” Here are some examples of what Bad(a,b, c) might
be:

¢ All equal: a = b = ¢ is bad.

In a run, up or down: ecither a+1 =band 6+1 =c,ora—1=>0and b—-1 =c.

Able to make a triangle: thus a+b+c¢ > 2 (e max b max ¢).

The negation (i.e. opposite) of any of the above.

Suppose further we are working (as usual) with a sequence A[0:N] and that we have
implemented a Boolean funetion Bad(n) that determines Bad(A[n], A[n+1],A[n+2])
for us. (Note that the function Bad has just one argument n but examines A in three
places.) Tt is a programming error —index out of range— if n<0 or n+3>N.

1 This problem was taken from a first-year university course “Introduction to Programming in C”,
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HOW Make sure the requirements are clear!

The requirements for this program might be written as follows:

H OHE H H H K

--- Determine the length of the longest Good subsegment
--- of sequence A[0:N], where a (Good subsegment has no
——— subsegment of three (consecutive) elements inside it
--- that is Bad.

-—— Assume that the Boolean function Bad(n) determines
--- whether A[n:n+3] is Bad, for 0<=n<=N-3.

Gave this to chatGPT later!

The program’s specification, making the requirements more precise, might be

-++ # Program text goes here.

# Pre: Bad(n) is well defined for 0<=n and n+3<=N.

This practice is actually
pretty good already.

# PosT: good == “a largest value such that

# there is a low with O<=low and low+good<=N and
# for no n with low<=n and n+3<=low+good

ul does Bad(n) hold.”

30



How

Takes about 1/2 hour to do this on the board —
with contributions from the class.

2.3 First attempt: operational intuition and diagrams

A straightforward approach to solving the above problem might be along these lines.
‘ First go through all of sequence A and store its “bad-subsegment positions” in an
extra array B. Then find the differences between adjacent elements of B.

@ @ Just skim this...

# Find starting points of Bud subsegments.
if Bad(b): B[bads] ,bads= b,bads+1

Find the bad subsegments.

/ Measure their separations.

good= good max (B[n]-B[n-1]1+1) # ...give subsequent Guood’s.
31




How

Finally —after

some careful thought— set good to the largest of those differences.?

in helper-sequence B
This too @ @ ;\O&;(\

3 The “careful thought” here —which is actually fun— is to figure out what the longest Good sub-
segment can be that includes neither Bad subsegment A[b0O:b0+3] nor Bad subsegment A[bl:b1+3],
where b0<bl and they are the two adjacent bad positions with diff ==b1-b0. It must start at-or-
after bO+1, in order to leave out A[bO:b0+3], and it must end at-or-before bi+2-1 to leave out
A[bl:b1+3]. So its greatest possible length is “where it starts” minus “where it ends” plus 1, that
is (b1+2-1)-(b0+1)+1 which simplifies to b1-b0+1. Since the largest such b1-b0 is diff itself, the
correct value for good is diff--1 and not diff+2 as we initially guessed ahove.

'I'his “guessing” and then “tweaking until correct” is a common approach  especially because it
25 tun. But is it reliable?

32



# Sequence B must have length at least N-2.

bads= 0 # Number of Bad subsegments found.

for b in range(N-2): # Find starting points of Buad subsegments.
if Bad(b): B[bads],bads= b,bads+1
# Now we know where the Had subsegments are.

if bads==0: good= N # Special case.

else:
good= B[0]+2 # First [3nd subsegment gives first (iood subsegment.
for n in range(l,bads): # More Bad subsegments... except last.

good= good max (B[n]-B[n-1]+1) # ...give subsequent Good’s.
good= good max (N-B[bads-1]-1) # Very last Bad subsegment.

And skim @ &
these too
@@

Figure 2.2 Sketches to checkkindex calculations in (2.3) above

B[0]+1 Blbads-1]+1
|

BUT it is actually fun

becauseifeelstothen;' .~ L | [ ] ‘ ‘ ‘ [ BN J J

like rocket science.

f ol + i
6’@\\\ 0 Bln-1]+1 (B[n]+1+1) - (B[n-1}+1) B[n]+1 N-1
@
oo The length of subsegment A[low:high] is high-low in all cases.

33



Not done in class
2.4 Second attempt: operational intuition and a caterpillar

—O-lines-of code—

Figure 2.3 Second program 8 lines of code, no extra sequence (Sec. 2.4)

a0,al,good= -1,-1,0 # Pretend there is a Had subsegment at -1.

while True: \
al= al+l # Look for the next [Dad subsegment.

1

if al+3>N: # There isn’t one.
good= good max (N-a0-1) # Take last a0 into account.
break

if Bad(al): # Found one: update good from a0,al and carry on.

- # ~ . s N o
good,al= good max (al-aO+1), al

This second program improves the first in two major ways: it doesn’t need an extra sequence
B, and there are fewer special cases.

(@[~JoJofaJelnr]-

Remove B |
Replace with a0,al.
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More "How”...?

Wait a minute...!

What does all this have to do with
"Informal methods”?

About 1/2 hour to do the 1st version
with audience participation
on the board...

...will have prepared them for a still better
"how” that even 1st-years will understand.

35



2.5 Third attempt: use an invariant to design the program

Next slide

~a

Ce

Figure 2.4 Third program: recommended method

# Pre: Bad(n) is well defined for 0<=n and n+3<=N.

# Invi(n) is “good is the length
i of a longest Good subsegment of A[:n].”
# Inv2(n) is “A[low:n] is the longest Good suffix of A[:n].”

# INv: Invi(n) and Inv2(n) and 0<=n<=N

...... Not 9 lines with an extra sequence "B”. I I OW?

...... Nor 8 lines once "B” is finessed away.

# PosT: Invi(N). r
A
A\
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2.5 Third attempt: use an invariant to design the program

Next slide

~a

CC

- 1

2

4

Figure 2.4 Third program: recommended method

Pre: Bad(n) is well defined for 0<=n and n+3<=N.

#*
# Invi(n) is “good is the length

# of a longest Good subsegment of A[:n].”

# Inv2(n) is “A[low:n] is the longest Good suffix of A[:n].”

# INv: Invi(n) and Inv2(n) and 0<=n<=N

...... Not 9 lines with an extra sequence "B”. I I OW?

...... Nor 8 lines once "B” is finessed away.

a

P
# PosT: Invi(N). (.
[ @ &
. N

R / oy This is
= \\\‘f/éét-; where they

*
-

¥
‘%A;\\\Eﬁ really Wé::
Y,
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Figure 2.4 Third program: recommended method

# PRe: Bad(n) is well defined for 0<=n and n+3<=N.

# Invi(n) is “good is the length
# of a longest Good subsegment of A[:n].”
# Inv2(n) is “A[low:n] is the longest Good suffix of A[:n].”

11F n,good,low= 0,0,0

# INv: Invi(n) and Inv2(n) and 0<=n<=N
— while n!'=N:

Hs | if n>=2 and Bad(n-2): low= n-1
— good,n= good max (n+l-low), n+l

# PosT: Invi(N). A celebrity program? o

No extra array “B” is used (2.3). (It's unnecessary)

No off-line sketches are required (Fig. 2.2 for (2.3) ). (No rocket science)
There are no mysterious —1 initialisations (2.4).

There is no special treatment needed for the beginning or the end of A (or both). cases)
max is used only once.

It is the shortest (only half the size, at 4 lines  not 8 or 9).

We do not need to check it afterwards (though we maust test it: Sec. 19.3) since

it was checked automatically by the construction process as we went along.*

Ch.2
4 All three programs in this chapter were run on thousands of sample A’s, generated by Python's
hypothesis tester: it confirmed that their answers were equal in every generated case. 37
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% Poat: TowlN); Anyone can do it. o

o W
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max is used only once.
It is the shortest (only half the size, at 4 lines  not 8 or 9).
We do not need to check it afterwards (though we maust test it: Sec. 19.3) since
it was checked automatically by the construction process as we went along.*

Ch.2
4 All three programs in this chapter were run on thousands of sample A’s, generated by Test it, of
hypothesis tester: it confirmed that their answers were equal in every generated case. course! 38



”This course radically changed the way I view
programming, and has certainly improved my
programming skills immensely. This course
should be compulsory for all Computer
Science students, or have its contents
integrated into first year.”

Anyone can do it.

Everyday programs
2 Using invariants to design loops
Data structures and their encapsulation

Concurrency — and how to check it
Machine-assisted program checking, and testing

39



Anyone can do it?
Fourth attempt: chatGPT,

after the May 2026 FMOZ meeting
at the University of Queensland
organised now 10 times annually by
Kirsten Winter and Graeme Smith.

Write a Python program which, given a sequence A
of numbers of length N, finds the length of the
longest subsegment of A that does not contain a
Bad subsegment, where Bad(n) is true just when
A[n:n+3] is Bad.

40



ChatG PT ti d i Ed Comments removed, to fit on one slide.

/(‘:,
i] N= len(A) (/’;, (};yf“
2 if N<3: return N {;”‘\‘S
3 bad start= [False]*N (Q\ r
4 for n in range(N-2): CEE,
5 if Bad(n): bad_start[n]= True /”
6 max_ length= 0 @
7 left= 0
8 last _bad_start= -1
9 for right in range(N):
10 if right>=2 and bad start[right-2]:
11 last bad start= right-2
12 if last bad start >= left:
13 left= last bad start+l
14 current length= right-left+ 1
15 if current length > max length:
16 max_ length= current_ length

41



Assessment






PART IV

biting the bullet

Assessment

Disclaimer: This section is rather
dense, and so I will skim it.

It is not a "How it must be done.”
but rather an example of "How it
can be done.”

There will be other ways, and |
hope you might suggest some.
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Assessment

biting the bullet

Usually in programming courses —especially when
the numbers are large— marks for programming
exercises are based on “auto-marking”.

1 ,OOO _ma\'k \nere.
test-cases s not
no formal logic

Dafny Can’t au

re 4 -
45 € ther.




Assessment PRt

The students must be graded a/so on how they
construct programs.

That "by construction” focus must somehow be

auto-marked even when the student numbers
are large.

In earlier years (from 2010),
the numbers were much
smaller.

ol , S UNSW course
ollowing are two ways In that was (In-)Formal Methods:

done: in 2022 and (differently) in 2023. the Lost Art
i COMP 6721




Assessment in 2022 pricly

The project for the whole term in 2022 was TeX’s paragraph
layout program (essentially dynamic programming), arguably
too complex for 1st-years of course. But at that stage we were
dealing with 2nd-years and higher.

A large-ish program template was given, with "\What should be
true here?” assertion-like statements already embedded in it.

The students had to fill-in or complete code that would make
those assertions true. (They were not allowed to change the
assertions, of course.)

There were also weekly quizzes
(explained in the 2023 section below).
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Assessment 1n 2023

There were two principal assessments:
quizzes and project.

The auto-marked Moodle quizzes were
every week, randomised, and on “basic

stuft”. Best 7 out of 9 taken, (so messing
one up is not fatal...)

and worth 40% overall.
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Overall 2023 assessment per week

Weekly quiz.
Two attempts allowed. | 4o/
Opens 1200 Friday;
closes 2359 Monday.

| Participation for this week to be entered.
closes 2359 following Monday

~
% | Opens 1000 Tuesday; | 10%
| l ‘.

Next slides question texts open for viewing;
possible answers not yet shown.
Download it; jot-down your own likely
answers during the week.

0pm1mn‘mud¢y;dounatdmo

Weekly assignment specification and r

T

-

One-hour lecture,

Weekly assignment opens for answers:
one attempt only.
Use your own likely answers to select from the
multiple cholces offered. 50%

Opens 1200 Friday (after the tutorial), closes
2359 Monday. !

DQDDD

y One-hour grouped
Two-hour lecture tutorial/lecture

This is just the
structure.
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quizzes

Weekly quiz, two attempts allowed. P e IO wo
Opens 1200 Friday, closes 2359 Monday. coses 2359 Monday,

Fri, Sat, Sun, Mon

Wk sssmer spchcsion weekly assignment-portion
mﬁ%mﬁm specification, and question texts,
e e open for viewing from 1000 Tuesday;
Tue, does not close \ does not close.
e‘\& But possible answers are not shown (yet).
() Download it, jot-down your own likely
%é\%o \&5/ answers during the week.

> X in 9 portions

one attempt only.

Weekly assignment-portion opens for answers  |vse you own ikely answers o seect rom e

muitiple choices offered. 50%

1200 Friday (after the tutorial), closes 2359 Opens 1200 Frday (ater the utoria), coses

2359 Monday.

Fri, Sat, Sun, Mon
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Weekly quiz, two attempts allowed.
Opens 1200 Friday, closes 2359 Monday.

Fri, Sat, Sun, Mon

Weekly quiz. W
Two attempts allowed.
Opens 1200 Friday;
closes 2359 Monday.

Two examples follow
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Randomised quiz: 3

This program assumes sequence A is in ascending order, and finds two
elements of it that sum to x --- if there are any. (The two elements can be
the same element in A.) If there are none, it indicates that as well. (See the

print statement at the end-) # Post: high<low and "None there."
or @<=low,high<N and A[low]+A[high]==x

Make sure you study the invariant before you begin! It says that if there is
any x-summing pair in A at all, then there must be one in the part of A that
has not yet been examined. Note that the pair does not have to be two
different elements: it can be a single element added to itself.

Assertions WTH1 and WTH2 are for you to figure out (but you do not need
to say here what they are). They are written there as hints, to indicate that
they are important.

Remember! A statement is incorrect if it does not establish the assertion
just after it, even if by some miracle the entire program works anyway.
And any statements commented "Decrease variant." must actually do so.

You must “obey” the “what‘s true comments” (assertions) that are there.
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Three different templates for this
program, delivered randomly

Program and “what’s-true-here” comments

# Pre: 0<=N and A[@:N] ascending

# Inv: If A[il+A[j]l==x
for some @ <= i,j < N
then A[i]+A[j]==x
for some low<=i, j<=high .

~ A

while %

# Inv and WTH1

# Var: V == high-low

if Al[lowl+Al[high] ¥

53

€ YIIAA 10} ZINQD"

Weeldy quiz.
Two attempts allowed.
Opens 1200 Friday;
closes 2359 Monday.

Commentary

Precondition.

Initialisation.

Inv an implication.

Pair still there?

Inv and Grd.

Capture variant.

Case 1...



Many (randomised) possible answers, only one correct

Program and “what’s-true-here” comments

# Pre: @<=N and A[@:N] ascending

# Inv: If Ali]l+A[j]l==x
for some @ <= i,] < N
then A[i]+A[j]==x
for some low<=i,j<=high .

1

while { v

low <= high:
# 1 low < high:
True:

# Ve low != high:

if Al[lowl+A[high] W

54

Commentary

Precondition.

Initialisation.

Inv an implication.

Pair still there?

Inv and Grd.

Capture variant.

Case 1...

***€ YIIMA 10} ZINQD"**



# Invariant maintained.

elif A[low]+A[high] v

# Invariant maintained.

else: # WTH2

# 7 <= high-low < V
# Invariant still true.
# Inv and ((not WTH1) or WTH2).

# Post: high<low and "None there."
or @<=low,high<N and Al[low]+A[highl==

)

> € )9IM 10} ZIND*

else: W

&

Decrease variant.

Case 2...

Decrease variant.

What now?

Variant decreased.

Implies postcondition.

Print outcome.
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# 1

# P

if

elsé

# Invariant maintained.

elif A[low]+A[high] v

# Invariant maintained.

else: # WTH2

# 7 <= high-low < V
# Invariant still true.
nv and ((not WTH1) or WTH2).

ost: high<low and "None there."
or @<=low,high<N and Allow]+A[high]==

Allow]+A[high]==x: print(low,high)

Decrease variant.

Case 2...

Decrease variant.

What now?

Variant decreased.

Implies postcondition.

Print outcome.

€ )OIM 10} ZINO***

low <= high: print(low,high)

low < high: print(low,high)

Note! No formality needed for this.

Allow]+A[high]!=x: print("None.")
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This is the quiz for Week 4

57

Notice this ”formality” of elementary propositiqnal
calculus is after the previous Quiz (for Wee

In particular, it was not a prerequisite for the
programming exercise in Week 3.

If (A=>D) and (D=>B)
If False

If A

If AorC

If B=>C

If (C=>A)and (C<=A)
If A=>(not A)

If notD

then
then
then
then
then
then
then
then

then

¢
{

"Eyes” here means
that this well be
shown larger on
the next slide.

i B
[3][ True || B=>A 'l A=>B '

|A<=D || not A 'l CorBor A'| (blank) I| CorB '| C or not A'
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Place in each box on the right a correct formula
from the choices below, so that "IF left-hand side
THEN right-hand side". (Reason about each question
independently of the others.)

Use (blank) if necessary to evict an answer so
that you can put it back somewhere else.

(Double-click should also work, however.)

If (A=>D) and (D=>B) then
If | False then | 111 |
it A then | ]
i AorC then | [his is randomised, and indeed
it B=>C then “False” implies anything.
If (C=>A)and (C<=A) then
It A=>(not A then But there’s only one way to get
oot Hhen them all right.
then

f B ]
@M' B=>A || A=>B || A<=D || not A l C or B or A} (blank) || CorB || C or not A'



The emphasis here is not on using sequent calculus,
or natural deduction, or truth tables, or tableaux, or...

If
If
If
If
If
If
If
If
If

(A=>D) and (D=>B)
False

A

AorC

B=>C

(C=>A) and (C<=A)
A=>(not A)

not D

B

then
then
then
then
then
then
then
then

then

A=>B

C

It’s not about
formality.

B=>A

CorBorA

True

Cornot A

not A

A<=D

CorB

@I True l| B=>A 'l A=>B 'l A<=D || not A || CorBorA ll (blank) l| CorB 'l C or not A'
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It is instead about making your propositional reasoning as familiar as your
reasoning about arithmetic. You don’t need PEANO to check your shopping bill.




weekly assignment-portion

Questions revealed on Mon, but possible answers

revealed only on Fri.

-

Just one of these, split into 9 steps

B
Weekly assignment opens for answers:.
Weekly assignment specification and one attempt only.

Tu

:osslb:‘ am;p?mfm'mﬁ Use your own likely answers fo select from the
. multiple choices offered.
Download it; jot-down your own likely
answers during the week. ; .
Opens 1000 Tuesday; does not close. Opens 1200 F";;gg(‘g:’ the.tutonal). closes
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Weekly stages
of the whole-
term
assignment

Questions
revealed on
Mon, but
possible
answers
revealed only
on Fri.

y answers:
‘Weekly assignment specification and o Ml o
e e oot cnans. |Use your own likely answers to select from the
Download your

Opens y

= ¢ Sioioicio

Two-hour lecture
10-12 Ainsworth202 ||~ tutorialflectu re
U 11-12 Elec Eng G09
One-ho
11-12

ur lecture,
OMB 230
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May 28, 2024

Univ. of New South Wales
Computer Science
COMP 6721

(In-)Formal Methods:
The Lost Art ©
2023 Term 2

Assignment Part I
Weeks 1-5

~

J)

...the (big)
assignment:
a single
program
constructed
step-by-step

throughout
the whole

1

erm.




Assignment Part I: Weeks 1-5

This is Part I of comMP 6721’s single Programming Assignment, delivered
one portion per week for Weeks 1-5. It will be followed, after flex week, by Part
IT for Weeks 7-10. It is (thus) divided into 5+4 = 9 portions overall.

Every Tuesday morning during term (excluding flex), the coming week’s
portion of the Assignment text and its questions —but not yet their possible
multi-choice answers— will be added here, and students should from that point
begin to think about what their answers to the current week’s portion should
be. Clarification may of course be sought during the week — but Friday’s
lecture/tutorial will not focus on the Assignment. Most of Friday’s lecture will
instead be based on other exercises, from the course textbook or elsewhere, and
will be done in small groups with lecturer/tutor assistance and encouragement.

Only on Friday afternoon (i.e. after the lecture/tutorial) will the week’s
Assignment multiple-choice answers become available on Moodle: from then
until the deadine on the following Monday at midnight there will be a fixed
time-limit for answering (say 30 minutes, but possibly varying from week to
week), and only one submission is allowed.
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)
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—Week 1—

1 Simple searching: is character x

Program 1

# -~ Find whsther a single character in some character string.
found~ x in targot # Thic ic the vhole program!

# Pout: Booloan 'found’ ic whetker ‘x’ ocsure in ‘target’.

63

Week 1
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Week 1

Program 1

# —— Find whether a single character in some character string.

found= x in target # This is the whole program!

# Post: Boolean ‘found’ is whether °‘x’ occurs in ‘target’.




),

Question 1 In everyday prose (like this), “Boolean” i oftan written capi-
talised; but “integer” is usually not. Why is that?

Question 2 Some say that commutative operators should have symmetric sym-
bols for them. Consider the infix bitwise-and operator “&" in C — is it com-
mntative? Isits “&" symbol symmetric??

Question 3 As for Question 2, bur this time for “&&" in C. Is the “&&”
operatar commutative? Is the “&&"” symbol symmetric?

Question 4 Why do | (as a personal preference) write “=" left-adjusted in
assignment statements, for example “x= y" rather than “x = y”?

Question 5 Why don't we need to write “found==True” in the pesteondition
of Prog. 17
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What's the use of these !?

Question 1 In everyday prose (like this), “Boolean” is often written capi-
talised; but “integer” is usually not. Why is that? [

Question 2 Some say that commutative operators should have symmetric sym-
bols for them. Consider the infix bitwise-and operator “&” in €' — is it com-
mutative? Is its “&” symbol symmetric?? |

Question 3 As for Question2, but this time for “&&” in C. Is the “&&”
operator commutative? Is the “&&” symbol symmetric? —

Question 4 Why do I (as a personal preference) write “=" left-adjusted in
assignment statements, for example “x= y” rather than “x = y” 7 [

Question 5 Why don’t we need to write “found==True” in the postcondition
of Prog.1? [

To encourage curiosity in general.
They are not about writing a particular program.
66




—Week 3—

I 3 More ambitious searching, Week 3

this time for one string in another

If we follow the algorithmic pattern from earlier, using source and target
instead of x and target, we’d get something like

Program9

),
)

t=0
while DDD and source!=target[t:t+S]: t= t+1 #14
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3 More ambitious searching,
this time for one siring in another

If we follow the algorithmic pattern from earlier, using source and target
instead of x and target, we’d get something like

Program9

t= 0
while DDD and source!=target[t:t+S]: t= t+1 # 14

In the second conjunct, we have used the fact that Python can compare whole
strings as a primitive operation, as in source!=target[t:t+S] . Note however

that CCC (from Prog.4) has changed, to become DDD .
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—Week 4—

4 Program Algebra: a more basic program

4.1 Transform while preserving correctness

We now (finally!) address the issue of the string-to-string comparison in the
loop-guard: how do we reduce it to character-to-character comparisons only?
Here is Program 11 again, without its WTH annotations:

Program 13, that is Prog. 11 without its WTH annotations.

t=0
# Inv: as in Prog. 10 earlier.
while DDD and source!=target[t:t+S]: t= t+1

Since (we imagine) comparisons of whole strings will not be allowed in our (final)
programming language, the loop-guard’s “source!=target[t:t+S]” will not
be “transliteratable”. So we have to replace it by something more basic.

Suppose —worse— that we have been given that job, of transforming Prog. 13
into an equivalent program (without string-to-string comparison),

"' but we don’t even know what Prog. 13 is supposed to do.

We have simply been asked to transform it — without knowing its purpose. '

What’s important is (only) that the new version does whatever the old version
did (whatever that was), but without using string-to-string comparisons.

We’ll use program algebra, so called because x+y = y+x, an example of
arithmetic algebra, is true no matter which numbers x and y stand for, or what
physical things those numbers might describe: we can make that substitution
anywhere. Similarly, in program algebra we want to replace one program above
by another one that does just what the original program did, no matter what
that was; and then use it in place of the original — anywhere we like.

19 “Transform” is being used here somewhat informally: it’s somewhere between “translate”

and “transliterate”. The main point remains that we do not need to think about the program’s ' ' '
EEN

purpose.

Week 4
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Program13, that is Prog. 11 without its WTH annotatiomns.

t=0
# Inv: as in Prog. 10 earlier.
while DDD and source!=target[t:t+S]: t= t+1

# Inv: 0<=t<=T
# and (forall n | 0<=n<t and EEE - source!=target[n:n+S])

n+S<=T
70



Program13, that is Prog. 11 without its WTH annotations.

t=0
# Inv: as in Prog. 10 earlier.
while DDD and source!=target[t:t+S]: t= t+1

# Inv: 0<=t<=T
# and (forall n | 0<=n<t and EEE - source!=target[n:n+S])

Some program algebra takes Prog. 13 to Programi4.

t=0
while DDD and source!=target[t:t+S]: t= t+1

o ~

while DDD:
|if source==target[t:t+S]: break # <-- Replace this With
t= t+1

= # The grey text remains the same.

t= 0
# Inv: as above in Prog. 10.
while DDD:

# This replaces<:>.

s= 0

# Invl: 0<=s<=S and sourcel[:s]==target[t:t+s]
while s!=S and sourcels]==target[t+s]: s= s+1
if FFF: break

t= t+1




t=0

Now we have two

Program13, that is Prog. 11 without its WTH annotations.

o o in Frog. 10 cartien invariants, which we

while DDD and source!=target[t:t+S]: t= t+1

# Inv: 0<=t<=T

discovered simply by

# and (forall n | 0<=n<t and EEE - source!=target[n:n+S]) belng methodlcal
Some program algebra takes Prog. 13 to Program1i4. \
t= 0
while and source!=target[t:t+S]: t= t+1
2
C. = t=0
o) while
% |if source==target[t:t+S]: break # <-- Replace this With
o t= t+1
A
% /
\ = # The grey text remains the same. m
t= 0 EEE
T # Inv: as above in Prog. 10. / \’&
\&
: >
And the first # This replaces@. @Q?
one we had | =7 s= 0 __—
| d # Invl: 0<=s<=S and sourcel[:s]==target[t:t+s]
already, while s!=S and sourcels]==target[t+s]: s= s+1
from earlier if FFF: break
(simpler) )
work.
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# WTH-comments omitted.
import Parameters
source,target= Parameters.Get ()

S,T= len(source),len(target)

s,t= 0,0

Program21.py

The code needed here is generated
by the invariants we already have.

/

while GGG:

if sourcel[s]==target[t+s]: s,t= HHH,III

else: s,t= JlJ,KKK

No nested loop
necessary!!!

if s==S:
print(f"Found ’{source}’ at

target [{t}:{t+S}]=="{target [t:t+S]}’.")

else: print(£"Did not find ’{source}’ in ’{target}’.")

Mid-term break coming: and already
they_have done something many_could
not have done before.

The cost is minimal: just a different
way of thinking.

This way of thinking is not
hard. It has (unfortunately)
merely been forgotten.
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This way of thinking is not
hard. It has (unfortunately)
merely been forgotten.




First-year students can understand that,

if it's pointed out to them.

75

It is, after all, the
principal message
from Floyd'’s
ground-breaking
paper in 1967:

" Annotate the lines,
not the boxes” .

1967!

We’ve had 60
years to do that.




Figure 1.1 Flowchart for program (1.17)
N ) It is, after all, the
< This is the precondition for

e i progrin principal message
' from Floyd’s
s,n= 0,0 .
~ground-breaking
Each assertion is true at the .
|m.mmmm paper in 1967:

{ 0<=N }

{ 0<=n and n<=N and s==3JA[0:n] )

passes through it.
Y
"° ” Annotate the lines,
T not the boxes”.
{ 0<=n and n<N and s==§JA[0:n] } { n==N and s==F}A[0:n] )}

l This weakening of the

pal it sﬂ\[n] gk assertion is allowed: it
| just discards information
about n that we don't
{ 0<=n and n<=N and s==JA[0:n] ) { s==FA[0:N] } - need anymore.

' w

This is the postcondition

for the whole program, 1 9 67 !

First-year students can understand that, We've had 60
o : years to do that.
if it's pointed out to them. 76




6 Can it go faster?

We will finish off by discussing the whole program Prog. 21 of Sec. 5 just above: it
can be made drastically more efficient in some cases, and here are two examples.

Suppose source is “abac” and target is “ababac”. Program 21 will
start with s,t= 0,0, going on to match “aba-" against “aba---"; but then
the comparison of “c” at source[3] against “b" at target [0+3] will fail.
At that point we’ll have s,t==3,0, and Prog. 21 will take its else-branch.

Comparisons will then restart after the else’s assignment s,t= JJJ,KKK.
But (at least) the first new comparison is pointless: it is already known that

target[1] is “b” (because previously it matched source[1] ) and so source [0]

(which is “a” ) cannot possibly match target[0+1]. Thus t can be set to
some higher value than KKK in this case, leading to a faster progression through
target.

Program21.py

# WTH-comments omitted.

import Parameters
source,target= Parameters.Get ()
S,T= len(source),len(target)

s,t= 0,0

while GGG:
if source[s]==target([t+s]: s,t= HHH,III
else: s,t= JJJ,KKK

if s==S:
print(f"Found ’{source}’ at target[{t}:{t+S}]1=="{target[t:t+8]}’.")
else: print(f"Did not find ’{source}’ in ’{target}’.")

Part 11 of this Assignment.

See you in Week 7: have a nice Flex!
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Flexibility week

This is where curiosity pays off: they will
spend part of their "off week” wondering
about this course

oD

77
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°

"Secret” — the students
Flve Wee kS Iate r 0o do not know until this
point what program they
have made.

End of term

13 The complete program

Optional Exercise 8

Congratulations! You’ve now finished coding the complete _

-algorithm, which searches for source in target in time linear in the sum
of the string lengths.

Enjoy it by putting all of our work together: the main-program code from
Prog. 25 and the longest-prepo-memoising code from Prog. 30 made into a func-
tion as above, Prepoes(string) whose returned value is assigned to jumps.

Be sure to test your program. 3°
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Summary Seize the day

Teach rigorous methods

to first-years
without formal logic It can be done.
the benefit is huge




annotate lines,
not boxes

Teach rigorous, Floyd-style sequential reasoning Wlthout

requiring formal logic first. part]
Everyday programs

Teach data-refinement and encapsulation without

requiring formally expressed “commuting diagrams”
*

Partl | | Formai
between layers. N
y (not covered in this talk) Data structures | |5
v and their encapsulation

Teach concurrency without requiring labelled transition

systems and (co-)simulations. Port I

Concurrency —
and how to check it

Educate —and recruit— your teaching
assistants, and assess all that using
auto-marking as far as possible.

et T ———— Camae-sap

-

*T'E YABAN 403 ZING)

TZL9 dWOD
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Zhiming Liu Thanks for your attention!
Zili Zhang

Jonathan Bowen
SETSS Chongqing UNSW Dongol et al
Teacher’s manual 2014  Student view 2023 ACM paper 2024 CUP text 2026

— 8 2 S O S A O N I PO T R O PO TSNP

* Student’s-eye view ChatGPT Outward Bound Binary Search




Another student’s-eye view
| did COMP6721 (Informal Methods) in Term 2 2023.

The subject is a great introduction to formal verification,
focusing on high-level concepts and their
oractical applications and providing a solid
foundation for future mathematically heavy
verification courses. Overall, the subject has a
moderate workload and great potential for
high marks when consistent effort is made to
stay up-to-date and revise the content throughout the

term. | would highly recommend this course to anyone who
wants to write better code and be more aware of the
fundamental logic of basic control structures...

83 (my emphasis)



(there’s more)

The entire term has one big assignment

and each week is one segment of this that slowly
builds up to a really elegant final solution. The
assignment walks you through everything you need,

laying out a set of premises and asking you what
the conclusion would be.

For example, some assignment questions give you a
template for a program to achieve a specific purpose
and ask you what the loop guard or invariant is that
results in it achieving its purpose.



chatGPT and Chapter 2

Write a Python program which, given a sequence A

of numbers of length N, finds the length of the

longest subsegment of A that does not contain a mecec
Bad subsegment, where Bad(n) is true just when

A[n:n+3] is Bad.

"To solve this problem, we need to find the longest
continuous subsegment of an array A that does not
contain any "Bad" subsegment of length 3. A
subsegment of A from index i to j (inclusive) 1is
valid if it does not contain any index n such that

A[n:n+3] is Bad and i \le n \le j-2. ChatGPT

"We can solve this efficiently in O(N) time using a

sliding window (or two-pointer) approach.Here is the

complete Python program. You will need to replace

the placeholder is bad three elements function

with your specific definition of what makes three

elements "Bad".pythondef

is bad three elements(a,b,c):” 85



def find longest good subsegment(A): 1 / 2
Finds the length of the longest subsegment of A that
does not contain any Bad subsegment of length 3.

N = len(A)
if N < 3:
return N
# Step 1: Precalculate which starting indices 'n’
# trigger a Bad subsegment
# bad#}@art[n] will be True if A[n:n+3] is Bad
bad start = [False] * N
for n in range(N —X):
if is bad three elements(A[n], A[n+l], A[n+2]):
bad start[n] = True

# Step 2: Sliding window to find the longest valid subsegment
max_ length = 0
left = 0

# We maintain the latest (rightmost) index

# where a Bad subsegment starts

# inside or just before our current window.

last bad start = -)( 86



# We maintain the latest (rightmost) index

# where a Bad subsegment starts 2/2
# inside or just before our current window.
last bad start = -1

for right in range(N):
# If the window expands to include a new 3-element
# block ending at 'right’',
# check if the start of this block (right - X
# is marked as Bad.
if right >= 2 and bad_start[right —)(]:
last bad start = right -)(

# If a Bad subsegment starts inside our current window,
# we must shrink the window by moving 'left’' past that
# Bad start index.
if last_bad_start >= left:

left = 1ast_bad_start-+)(

# Calculate the length of the current valid window
current length = right - 1eft-+)(
if current length > max length:

max_ length = current_length

return max_ length e 8 ] remrs e e e —————————



Convince them that they
need this course

In the very first lecture, there was a
surprise quiz on “Binary Search”. It
was marked later —-by hand- and
returned only at the very end of term,
but it did not contribute to assessment.

It was more to show the students how
much they had learned.
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Ihdexed fon~ O (;thuﬂ;) 4o N (exc\US':'Q\.
Thes He RV ey clenents e

Alo] < AL -+ L A[W-1] .
. on iﬂ’r-eapf ¥ 4o be SO-GL'&  +le BVVRs.

The Proar om wvites 4o One vevicble n, s o~
IS 4o be He whex o X - A t'f S ik

theve . \JC X § hot Heve, Hen v shoulA

ndex e Lust veve ne A Het is j«-eodc‘e\/ Ao X
Lj ro vave i A s greader tlon ), e

N should Le set -LD 1\,

Voo can use ohev, A—vapwo-g Vow foble c,

"Eyes” here

means that this
[ will be shown

(; larger on the
next slide.

Hand-written,
informal
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Hand-written,
informal

Youv- ‘:mﬁfow»\ verds .Fvom -[-\«ve-z V""V'.U"H'QS :

. & sofed owvven A dﬁ, ih‘\'eji(S, of s\e N),
Indexed {von~ O ths;cvf/) +o N (exclusie) .

Thue He RVY # clenewts mre
Alo) € ALY LS AMN-1]
.« O (.\/\’c-eapf 74 —L: £€, SO.GL'!: "~ "H{_ 0.\/‘/0:1.
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Hand-written,
informal

—W«z Lt W ande wvites 4o One Vw’c:b(e/ V\ e o~
< 4o be e W dex tg X 1w A !J: "t Ky
'HA'EWQ. I x s not Heove, flen v shoulat
mdex e Lot veve o A Het is Greckes Man 3.

|—f o vawe I A 3\feo-*ﬁr tlom X, Aler
N should be et -LD ~.

YOJ Cor~ USe 0+Lw, —kmpwm\g, Vow loble ¢,
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. come  (Fal (In -) Foonahu Mefthods
E‘Wj Sewroi/\, waT Tre Lost Art

Sovteck: lest eleament s AN-1)
Afo) < ACD... elc.
L v/7 lookivg for
vay ACo,N), %, n :
VRV CJ )) ) bu\@,g.ﬁ‘wm (‘f-\%eﬂe)
vav Ly, m
R ,@’Ow) ‘/\\3‘/\\ V\/\\-Dt\Ouﬁ
ass«'jw\r@"\'t /\]/ [\/\QH’"_)(Q, afsicj‘w/key{f:
Ah:= Fwo vrlves Sepruvoted,
Rj By & commr
, <2 £2
Lhtle 1 h do +2 hich?
m:= £ ,Lf&\j;/ _g(o}v/\u'mbr'\

z? £?

$7

Y
/i{E] x then

—

else

7

o

C—

/\\_/CLOLSQ L7 clowg W7

set n o

’\\_/-H'AQ covvect vee

CcM
Week 1

Just fill-in
the blanks

92



S

° In Programming Pearls, Jon Bentley wrote that professional programmers who wer
of hours”, to code binary search, in “the language of their choice”, at the end —in
rcported that they had found correct code for the task. But once they tested the
about half-an-hour each), apparently some 90% of them found bugs [8, p. 36].

Bentley goes on to say that Knuth, in his Sorting and Searching, wrote that the fi
program was published in 1946, but the first published bug-free version did not a
(33, Sec.6.2.1].

Bug free? Perhaps not yet: the binary-scarch overflow bug was discovered or
Ex.18.1.

rrrrrrrrrrrrr For the students,
T the success rate
was about the

same as In
Bentley’s case:

p.199

Ol’]ly ~10% .
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For the students,
& o the success rate
' was about the
< same as In
% Bentley’s case:

%0%%}. Only ~1 OO/O .
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