Finite Automata

Part One



Computability Theory



What problems can we solve with a computer?
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What kind of
computer?



Computers are Messy

Bd-Bit Interunit Transfer Bus

S2-Bit Data Bus

Tﬁ“‘ = Core
.
' 32.61 Data Bus 32 Clocks | ek L
T o ,.-'gg Cortrol
inear &ddress
il Q
{ ,l? J\ } £ ‘J\ } Bus Interface . A2—431
P, P BE #_BE3#
Barrel Shitter | paser Segmuergatln:un 2 Cache Unit #ﬁ Aldress
n Paging 3 32 Lrrivers
Incles Urit 0
Bus , " Wirite Butiers
) . Descriptor Physical rd
Register File P , ¥ = 432
32 REQISTEFS Address g Hh':.-‘tE-' .raz L
. Cache LoD 31
Litnit and Tranzlation | ;| DataBus
AL Aftribute PLA, LnEnkfaf::de ey ;2 Transceivers ”
Liffer
ADSEWRE DICE MACR PCD
128 Bus Cortrol | pyyT RO LOCK# PLOCK #
EOFF# AZ0M%E ERER HOLD
. HLDAREZET SRESET IMNTR
Displacement Bus . Sreetihar || Request | NMISMIZ SMIACTE STP CLKA
| . - |~ Sequencer a
Microdnstriction
32 Byte Code Burd Bus | BRDY# BLAST#
Code ClieLe Cortrol ”
iy S Stream
A | Instruction (g 2 1B Etes Cache | e Mg FLUSH# SHOLD EADSH
Protection Test| Decade Contral
Uit F—] 24 —
Decoded
Cantrol ROM | Instruction Eoundary Scan
Path Cantral TCK
TS
TOD

http://www.intel.com/design/intarch/prodbref/272713.htm



Computers are Messy
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Computers are Messy
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We need a simpler way of
discussing computing machines.



An automaton (plural: automata) is a
mathematical model of a computing device.
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Why Build Models?

« Mathematical simplicity.

o It is significantly easier to manipulate our
abstract models of computers than it is to
manipulate actual computers.

 Intellectual robustness.

» If we pick our models correctly, we can make
broad, sweeping claims about huge classes of
real computers by arguing that they're just
special cases of our more general models.



Why Build Models?

« The models of computation we will explore in
this class correspond to different conceptions of
what a computer could do.

 Finite automata (next two weeks) are an

abstraction of computers with finite resource
constraints.

« Provide upper bounds for the computing machines
that we can actually build.

 Turing machines (later) are an abstraction of
computers with unbounded resources.

« Provide upper bounds for what we could ever hope to
accomplish.



What problems can we solve with a computer?



What problems can we solve with a computer?
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what is a
*oroblem?”



Problems with Problems

« Before we can talk about what problems
we can solve, we need a formal definition
of a “problem.”

« We want a definition that

e corresponds to the problems we want to solve,
« captures a large class of problems, and
« is mathematically simple to reason about.

 No one definition has all three properties.



Formal Language Theory



Strings

An alphabet is a finite set of symbols called
characters.

« Typically, we use the symbol X to refer to an alphabet.

A string over an alphabet 2 is a finite sequence of
characters drawn from 2.

Example: If 2 = {a, b}, some valid strings over X include
d

aabaaabbabaaabaaaabbb
abbababba

The empty string contains no characters and is
denoted €.



Languages

* A formal language is a set of strings.

« We say that L is a language over 2 if it is a
set of strings over 2.

 Example: The language of palindromes over
2 ={a, b, c} is the set

{¢g, a, b, ¢, aa, bb, cc, aaa, aba, aca, bab, ... }

« The set of all strings composed from letters in
2 is denoted X*.

 Formally, we say that L is a language over X if
L C >*,



The Model

« Fundamental Question: Given an
alphabet X and a language L over X, in
what cases can we build an automaton
that determines which strings are in L?

« The answer depends on both the choice
of L and the choice of automaton.

 The entire rest of the quarter will be
dedicated to answering these questions.



To Summarize

« An automaton is an idealized
mathematical computing machine.

A language is a set of strings.

« The automata we will study will accept as
input a string and (attempt to) determine
whether that string is contained in a
particular language.




What problems can we solve with a computer?



Finite Automata



A finite automaton is a simple type of
mathematical machine for determining
whether a string is contained within some
language.



Each finite automaton consists of a set
of states connected by transitions.
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The Story So Far

A finite automaton is a collection of states joined
by transitions.

Some state is designated as the start state.
Some states are designated as accepting states.

The automaton processes a string by beginning in
the start state and following the indicated
transitions.

If the automaton ends in an accepting state, it
accepts the input.

Otherwise, the automaton rejects the input.



Time-Out For Announcements!



Problem Set Logistics

 Problem Set Four checkpoint was due at
12:50PM today.

 We'll return graded PS3's and graded
PS4 checkpoints by Wednesday at
12:50PM.

« Remainder of PS4 is due a week from
today at the start of class.



Midterm Logistics

« Midterm is this Thursday from 7PM - 10PM.
Locations divvied up by last (family) name:

« Aba - Mes: Go to Annenberg Auditorium.
« Mex - Zoc: Go to Cubberly Auditorium.

« Closed-book, closed-computer, open one
double-sided 8.5” x 11” sheet of notes.

« Covers material up through and including
graphs (Lectures 00 - 08) and material from
PS1 - PS3.



Practice Midterm Exam

* Practice midterm exam is tonight from
7/PM - 10PM in Annenberg Auditorium.

 Highly recommended!

 Can't make it? No worries! We'll post the
practice exam on the course website.

« Solutions will be available at the practice
exam and in hardcopy in the solutions
filing cabinet.



Even More Practice Problems

« We've released a new set of practice
problems (based on the popular topics

from Google Moderator) on the course
website.

« Solutions will be released on Wednesday.

e Solutions to the practice problems from
Friday are now available in hardcopy.



Your Questions



“What would be the most usetful study
strategy for our midterm? Crank through a
ton of practice problems? Read the course
reader? Review the lecture slides? I know

"all of the above" is best, but if we had to
prioritize?”

My vecommendation is to quickly figure out what your strengths and
weaknesses are and focus your studuing etforts on fhe areas in which
you need improvement, Take the practice exam to identify where you
could use some extra practice, Review the slides to make sure you get
the definifions, then do lofs of practice problems. It you need more
practice, read the course notes,




“What sorts of proof-formatting, formulas,
definitions, etc. would you suggest we put

on our cheat-sheet for the midterm
Thursday?”

Everyone's different, Again, figure out what
your own strengths and weaknesses are, Is
there something you keep forgetting? Ave
there ferms Thal you gel contused? Are
there particular proofs you like that you're
worried you're going to forget? Put fhat

kind of information on your nofes sheeft,




“Why are the answers to problem sets and
checkpoint problems only available in hard
copy? There have been many times when I
know I and many others could have found
the answers useful but didn't get a copy in
lecture and couldn't make it to Gates.”

This one has a
long answer.
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Back to CS103!
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A finite automaton does not accept as
soon as it enters an accepting state.

A finite automaton accepts if it ends in
an accepting state.
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What Does This Accept?

No matter where we
starT in The auTomaton,
after seeing Two 1's, we

end up in accepting
state 4.
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What Does This Accept?

No matter where we
start in The auTomaton,
atfer seeing two 0's,
we end up in accepting
state 4..
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What Does This Accept?

This auTomaton
accepts a string itf
the string ends in 00

or M,




The language of an automaton is the
set of strings that it accepts.

If D is an automaton, we denote the
language ot D as ¥ (D).

YD) ={we2X*|Dacceptsw }
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The Need for Formalism

e In order to reason about the limits of
what finite automata can and cannot do,
we need to formally specity their
behavior in all cases.

 All of the following need to be defined or
disallowed:

« What happens if there is no transition out of
a state on some input?

« What happens if there are multiple
transitions out of a state on some input?



DFAs

- ADFA is a

e Deterministic
 Finite
e Automaton

« DFAs are the simplest type of automaton
that we will see in this course.



DFAs, Informally

« A DFA is defined relative to some
alphabet 2.

e For each state in the DFA, there must be
exactly one transition defined for each
symbol in .

e This is the “deterministic” part of DFA.
 There is a unique start state.

« There are zero or more accepting states.
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Is this a DFA over {0, 1}7?




Is this a DFA over {0, 1}7?




Is this a DFA?



Is this a DFA?




Is this a DFA?

- _— o s F & s
- Ll = ’ i r

2 - Ly e e
"'-”;_. ¥ i " |-I -_"'._E? "r

Drinking Family of Aardvarks



Designing DFAS

« At each point in its execution, the DFA
can only remember what state it is in.

 DFA Design Tip: Build each state to
correspond to some piece of information
you need to remember.

« Each state acts as a “memento” of what
you're supposed to do next.

« Only finitely many different states = only
finitely many different things the machine
can remember.
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More Elaborate DFASs

L =1{w]|wisaC-style comment }
Suppose the alphabet is

2={{a */}
Try designing a DFA tor comments:

Some Test cases:

ACCEPTED RETECTED
/*a*/ [ **
[**/ /**/a/*aa*/
[ *K** [ aaa/**/

/*aaa*aaa*/ /*/
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More Elaborate DFASs

L =1{w]|wisa C-style comment }




Next Time

 Regular Languages

« What is the expressive power of DFAs?
« NFAS

« Automata with Magic Superpowers!
« Nondeterminism

« Nondeterminisic computation.
« Intuitions for nondeterminism.
 Programming with nondeterminism.



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134
	Slide 135
	Slide 136
	Slide 137
	Slide 138
	Slide 139
	Slide 140
	Slide 141
	Slide 142
	Slide 143
	Slide 144
	Slide 145
	Slide 146
	Slide 147
	Slide 148
	Slide 149
	Slide 150
	Slide 151
	Slide 152
	Slide 153
	Slide 154
	Slide 155
	Slide 156
	Slide 157
	Slide 158
	Slide 159
	Slide 160
	Slide 161
	Slide 162
	Slide 163
	Slide 164
	Slide 165
	Slide 166
	Slide 167
	Slide 168
	Slide 169
	Slide 170
	Slide 171
	Slide 172
	Slide 173
	Slide 174
	Slide 175
	Slide 176
	Slide 177
	Slide 178
	Slide 179
	Slide 180
	Slide 181
	Slide 182
	Slide 183
	Slide 184
	Slide 185
	Slide 186
	Slide 187
	Slide 188
	Slide 189
	Slide 190
	Slide 191
	Slide 192
	Slide 193
	Slide 194
	Slide 195
	Slide 196
	Slide 197
	Slide 198
	Slide 199
	Slide 200
	Slide 201
	Slide 202
	Slide 203
	Slide 204
	Slide 205
	Slide 206
	Slide 207
	Slide 208
	Slide 209
	Slide 210
	Slide 211
	Slide 212
	Slide 213
	Slide 214
	Slide 215
	Slide 216
	Slide 217
	Slide 218
	Slide 219
	Slide 220
	Slide 221
	Slide 222
	Slide 223
	Slide 224
	Slide 225
	Slide 226

