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Some quotes

Computer science is no more about computers
than astronomy Is about telescopes
- Edsger W. Dijkstra [maybe]

Studying programming languages without formal semantics
would be like studying physics without math
- from the web

All models are wrong, but some are useful
- George Box

Subjects are divided in two categories:
1) too difficult matters, that CANNOT be studied
2) easy matters, that DO NOT NEED to be studied

- back of a t-shirt
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Key question

Given two programs p and q:

are they "equivalent"?

Do they behave the same?

Is it safe to replace one with the other in any context?

are they "congruent"?
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Roberto Bruni and Ugo Montanari
Models of Computation

Texts in Theoretical Computer Science (an EATCS series)
https://www.springer.com/book/9783319428987



https://www.springer.com/book/9783319428987

Textbooks

Roberto Bruni ¢ - g
Ugo Montanari A
‘ ’

; | & ; : Y
Models of o | £% I m
Computation w I/

Roberto Bruni and Ugo Montanari
Models of Computation

Texts in Theoretical Computer Science (an EATCS series)
https://www.springer.com/book/9783319428987

O'REILLY

%rammmg

Software f a Concurrent World

Second Edition ‘
ﬁ > Introducmg

i© 3

~ Second Edition



https://www.springer.com/book/9783319428987

Textbooks

o P
Roberto Bruni (1 4 % %
Ugo Montanari A
w

| b O AT

Models of \
. N w
Computation I / |

Roberto Bruni and Ugo Montanari
Models of Computation

Texts in Theoretical Computer Science (an EATCS series)
https://www.springer.com/book/9783319428987

B

g e Reactive
jii:ﬁ:lz; e Robin Milner S y 5 te ms A Compositional
‘ ~ Communication e et Approach to
liginceleibleiinle]

(Ind e | Verification
Concurrency L

Performance

Modelling

Joe ArmstroQ
Pfalz

e
N
Edited by Susannah Davidson \ ! 4
] LR el
BURD RELIABLE ?
SCALABLE PROGRANS = .
)
: { 3

CAR FOARE RS ROVIOW



https://www.springer.com/book/9783319428987

Course activities

o 49 . attend classrooms:
unaiel g - Velaiag) ask questions!



Course activities

>y 1—;» ...°_ attend classrooms:
= e 2 ke ask questions!

2
a 2
learn theorems - @
b2




Course activities

=y 40 .. attend classrooms:
jrivyiel § - Wioagi) ask questions!

2
d 2
learn theorems - @
b2

solve ALL your

‘ €9
= = homeworks
V4 : f( (at least try to)




Course activities

.. 49 .. attend classrooms:
TG BT ask questions!

learn theorems =

N

/ solve ALL your

& @
— | — homeworks
p % A (at least try to)

give the exam o




Be proactive!

Let’'s spell out definitions together

% find the least (non-unitary) divisor d of n>1
for n=21 the result is d=3




Be proactive!

Correct me if I'm wrong

$ find the index i1 of the last occurrence of n in a
% example: for n=5, a=[3,5,7,5,9] the result is 1i=3
i := length(a)-1;

while ( i>0 && n'=a[i] ) do {
i = 1i-1;

}



Be proactive!

Sometimes tricky questions!

Can you find the

the mistake?
1 4567




Interaction protocol

when | will ask questions such as:

“does the program c satisfy the property p?”

there are the 3 possible answers

O vyes
Ono
O don’t know

you are welcome to take your time... but then
please pick one option whenever | ask questions in these classes
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Prerequisites

Basic set theory: functions, relations

f:A—B sets as functions
(characteristic function)

RQAXB fNZN%B

(1 ne N
\ 0 otherwise

fn(n) = <

functions as relations

Ry = {(a, f(a)) | a € A} N ={n| fx(n) =1}



Prerequisites

First order logic




Prerequisites

First order logic




Prerequisites

First order logic




Implication is a
tricky concept

under which circumstances is the following promise broken?

“If Rob Bery wins the election, | promise to leave the country”
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(4 cards game)

'Y

Which cards must be turned over to
make sure the following statement is true?

“If the front face of a card bears an even
number, then its back face is red.”
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(Peter Cathart) Wason Selection Task

(with beers)

A policeman enters a local in Florida where a large sign reminds customers that:

“to drink beer you must be over 16 years old”

a 14-year-old teenager who is drinking at the counter.
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(Peter Cathart) Wason Selection Task
(with beers)

A policeman enters a local in Florida where a large sign reminds customers that:

“to drink beer you must be over 16 years old” (TODﬁlN;KW "

B i

'YOU MUST BE OVER
: & | 16 XEARS OLD

a 14-year-old teenager who is drinking at the counter.

Which customers should the policeman check to verify that the rule is respected?
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Strings and context-free grammars

B* = {¢,0,1,00,01,10,11,000,...}
A:x=¢| 0A| 1B

B:x=0B | 1A
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Prerequisites

Conjectures vs theorems

a natural number p is prime
if it cannot be written as the product of two smaller numbers

n [s n prime? 2" — 1 [s 2" — 1 prime?
2 yes 3 yes

3 yes ] yes

4 no: 4 =2.2 15 no: 15 =3-5

d yes 31 yes

6 no. 6 =2-3 63 no: 63 =7-9

] yes 127 yes

8 no: 8 =2-4 255 no: 255 =15-17
9 no: 9=3-3 511 no: SIl =7-73
10 no: 10 =2 - 1023 no: 1023 = 31 - 33



Prerequisites

Conjectures vs theorems

Which way to prove or disprove the above conjectures?

22



An Appetiser
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The problem

e
st

Two concurrent processes share a single-use resource

They can communicate using shared memory

We want to guarantee that there are no conflicts
when the processes access the resource

No strict alternation of naive turn taking is imposed

24



Peterson’s mutual exclusion algorithm (1981)

Two processes Pl, P2

(initial value 1is arbitrary)

o0 00 o0 00 o0 0P o° o©

Process Pl 1n pseudocode
while (true) {

bl := true ;

k := 2 ;

while (b2 && k==2) skip ;

bl := false

o 00 o9 o0° o9 o©

% Process P2 is analogous to Pl

Two boolean variables bl, b2 (both initially false)
when Pi wants to enter the critical section, then it sets bi to true
An integer variable k, taking values in {1,2}

the process Pk has priority over the other process

non critical section

Pl wants to enter the critical section
Pl gives priority to the other process
Pl waits its turn

Pl enters the critical section

Pl leaves the critical section

25



Which question?

Does Peterson’s algorithm work??

What does it mean that “it works™? What do we expect?
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Which question?

Does Peterson’s algorithm work??

What does it mean that “it works™? What do we expect?

(Progress)
If the resource is available, no process is forced to wait

(Bounded Waiting)
No process will wait forever for the resource
(otherwise the easiest solution is no one gets in)

(Mutual Exclusion)
P1 and P2 are never In the critical section at the same time
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Hyman’s mutual exclusion algorithm (1966)

Two processes H1l, H2

Two boolean variables bl, b2 (both initially false)

when Hi1 wants to enter the critical section, then 1t sets bi to true
An integer variable k, taking values in {1,2}

(initial value 1is arbitrary)

the process Hk has priority over the other process

o0 o0 o0 o0 o0 o0 o0P° o9

Process Hl1 in pseudocode
while (true) {
bl := true ;
while (k==2) {
while (b2) skip ;
k := 1;

non critical section

Hl wants to enter the critical section
while H2 has priority

H1l waits

Hl sets priority to itself

o o0 o° o9 o©

Hl enters the critical section
H1l leaves the critical section

o0 o©

% Process H2 1s analogous to HI

27



The question
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The question

Does Peterson’s algorithm satisfy mutual exclusion?

Does Hyman'’s algorithm satisfy mutual exclusion?

For the answers be patient and wait November lectures
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