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Why should you care?

Discrete Event SystemsDiscrete Event Systems

Being based on natural phenomena,
Science is often explained by continuous variables

GravitationMechanics Electrodynamic



Being based on natural phenomena,
Science is often explained by continuous variables

GravitationMechanics Electrodynamic

solved by differential equations

Being based on natural phenomena,
Science is often explained by continuous variables

GravitationMechanics Electrodynamic

Many complex systems are not continuous…

computer
systems

Somewhere inside Google datacenters

transportation
systems

NYC subway system



software
systems

amazon.com home page

Those systems are determined by
discrete events

Train arrivals

Customers requests

Telephone calls

Incoming data

Equipment failures

…

Design Discrete Event Systems

Model

Analyze

Test

Optimize

In this course, you’ll learn how to 

Design

Model

Analyze

Test

Optimize

some examples

automata & petri nets

average-, worst-case viewpoint

out of a specification

proof system properties

minimize the system size



Roger WattenhoferLaurent Vanbever Lothar Thiele

Stochastic processAutomatas Specification model

There will be 3 professors in the course

Part I Part II Part III

Roger WattenhoferLaurent Vanbever Lothar Thiele

Stochastic processAutomatas Specification model

Week 1-5 Week 6-10 Week 11-13

Roger WattenhoferLaurent Vanbever Lothar Thiele

Stochastic processAutomatas Specification model

Course organization

Lectures

Exercices

Materials

Thursday 1pm-3pm

@ETZ 9

Thursday 3pm-5pm

@ETZ 9
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Automata & languages

A primer on the Theory of Computation



The imitation game (2014)

Benedict Cumberbatch Alan Turing (1912-1954) Alan Turing (1912-1954)

created computer science 
as we know it

invented a universal computer 
model, the Turing machine

broke German cyphers, 
most notably Enigma

invented the Turing Test 
to distinguish human from machine

Brief CV

studied the fundamental 
limitations of computers

invented a universal computer 
model, the Turing machine

Can a computer compute anything?



Given an arbitrary 

program P & an input I

Halting problem
Alan Turing, 1936

Decide whether P will

halt, eventually

loop, forever

when run on I

This problem cannot be solved

by a computer (no matter its power)

Many other problems were shown
to be “uncomputable”

https://en.wikipedia.org/wiki/List_of_undecidable_problems

b 
 
ca 

a 
 
ab 

ca 
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Given a set of dominos:

Make a list of them s.t.

the top string equals  

the bottom one, e.g.

abc 
 
c 

a 
 
ab 

b 
 
ca 

ca 
 
a 

a 
 
ab 

(repetitions 
are allowed)

Post-correspondance
problem
Emil Post, 1946



In this part of the course,
we’ll learn about what is “computable” and “not”

regular
language

context-free
language

turing
machine

Part 1

Part 2

Part 3

vendor
machines

programming
languages

computer

We’ll study three models of computation,
from the least powerful to the most

expressive
power

regular
language

context-free
language

turing
machine

Part 1

Part 2

Part 3

Automata & languages

A primer on the Theory of Computation

regular
language

context-free
language

turing
machine

Part 1

Automata & languages

A primer on the Theory of Computation



Definition

Finite Automata

Part I: Regular Languages

Design

Examples

Regular operations

closure

union et al.

1

2

3

4

Thu Sept 22

•
•
• Eats your money if you don’t have correct change.

• You’re told to “implement” this functionality.

1/1

1/2

Overkill?!?

1/3

Why this was overkill…

•
–

• Don’t really need int’s
–

• Don’t need to know how to add integers to model vending machine
–

•



1/4

Vending Machine “Logics”

1/5

• Only needed two coin types “D” and “Q” 
–

•
–

•

• Next: generalize and abstract…

1/6

•

•
•

–

–

1/7



1/9

“start” “accept”

What strings are “accepted”?

1/10

•
•

1/11

•
•

• The “input string” and the tape containing it are implicit in the definition. 

Further explaining is needed for understanding how FA’s interact with 

•
•

1/12

•

depending on whether the FA’s final state was an accept state.



1/13

•

depending on whether the FA’s final state was an accept state.

•

•

depending on whether the FA’s final state was an accept state.

1/14

•

depending on whether the FA’s final state was an accept state.

•

•

•

depending on whether the FA’s final state was an accept state.

•

1/15

•

•

1/16

•

•

•

•

•

•



1/17

• rocess…

• “You are the automaton” method
–
–
–
–

– Like an automaton, you don’t see the end of the string, 

•

1/18

Find the automata for…

Language consists of all strings with substring “001”, 

More examples in the book and in the exercises…

1/19

•

•

1/20

•

•

•
– Unary prime numbers: { 11, 111, 11111, 1111111, 11111111111, … }

, … } = { 1
– , 0, 1, 00, 11, 000, 010, 101, 111, …} 

•

•



1/21

•

•

1/22

•

•

•

•

•

1/23

•

1/24

•

• Question:  Huh? What’s wrong with this automaton?!? 
and reads a “b”? 



1/25

•

• Question:  Huh? What’s wrong with this automaton?!? 
and reads a “b”? 

•

•

• Question:  Huh? What’s wrong with this automaton?!?
and reads a “b”?

1/26

•

• Question:  Huh? What’s wrong with this automaton?!? 
and reads a “b”? 

•

•

•

• Question:  Huh? What’s wrong with this automaton?!?
and reads a “b”?

•

1/28

•

1/29

•

•

Since there’s only a finite number of finite strings, 

•



1/30

•

•

Since there’s only a finite number of finite strings, 

•

•

•

Since there’s only a finite number of finite strings,

1/35

•

•
–
–
–
–

1/36

–

Operation Symbol UNIX version Meaning

Union | Match one of the 
patterns

Concatenation implicit in UNIX Match patterns in 
sequence

Kleene-star * * Match pattern 0 or 
more times 

Kleene-plus + + Match pattern 1 or 
more times

1/37



1/38

•

– ’
– Here the pattern “ ” is matched by any line containing a vowel.
–

1/39

•

– ’
– Here the pattern “ ” is matched by any line containing a vowel.
–

•

•

– ’
– Here the pattern “ ” is matched by any line containing a vowel.
–

1/40

•

– ’
– Here the pattern “ ” is matched by any line containing a vowel.
–

•

•

•

– ’
– Here the pattern “ ” is matched by any line containing a vowel.
–

•

1/41

•
– )’
– Here the pattern “ ”  has been repeated. Parentheses have been 



1/42

•
– )’
– Here the pattern “ ”  has been repeated. Parentheses have been 

•

•
– )’
– Here the pattern “ ”  has been repeated. Parentheses have been

1/43

•

– )*$’
–

1/44

•

– )*$’
–

•

•

– )*$’
–

1/45

•

– )*$’
–

•

•

, … }

•

– )*$’
–



1/46

•

•

– )+$’

1/47

•

•

– )+$’

•

•

•

– )+$’

1/48

•

•

– )+$’

•

, … 

•

•

– )+$’

1/49

•

•

• No.’s 2 and 3 are deferred until we learn about NFA’s. 
•



1/50

•

1/51

Let’s start by drawing M

•

•

1/52

•

•

1/53

•

•

•

•

•



1/54

•

•

1/55

•

1/56

•

•

1/57

•

•

•

•



1/58

• The difference of two sets is defined by A - B = {x A | x B}

• In other words, 

1/59

• The difference of two sets is defined by A - B = {x A | x B}

• In other words, 

• The difference of two sets is defined by A - B = {x A | x B}BB

• In other words,

•
•

1/60

•
•

1/61

•
•



1/62

•

•

•

1/63

•

•

•

•

•

•

•

1/64

•

•

•

•

•

•

•

•

1/65



1/66

•

•

• Tough question: Can’t we do a similar trick for concatenation?


