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THE STORY S0 FAR. ..

v If we want to know what can/cannot be computed,
it's enough to consider decision problems.

V" Every decision problem corresponds to a language.
a set of inputs (finite strings) where the answer is yes.

v' DFAs (aka. deterministic finite automata a.k.a. deterministic finite state
machines) can model any deterministic mechanism with a finite number
of configurations (finite memory).
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A JEWEL OF THEORETICAL COMPUTER SCIENCE
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The following are equivalent:

v" Thereis a DFA accepting the language L.
V' [Rabin and Scott] There's an NFA accepting L.

v [Kleene] L can be described by a regular expression.
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DFAs + NONDETERMINISM = NFAS

An NFA is a has the magic power to ‘guess’ the right way to go, and can even
change states without reading input (€ transitions).

NFA accepts the string if there exists at least one accepting path.
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WHAT's Acceptepz  (bbz bz aaab? ba?)
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REGULAR EXPRESSIONS: SIMPLE LANGUAGE SPECIFICATIONS

By example:
v 17 1(00)*

{w €{0,1}* |wis a sequence of (zero or more) ones}
U
{w €{0,1}* |wis a1 followed by an even number of zeros. }

v b(eala)(r|d)

{bear,bead, bar,bad }
v (0[1)(0[1)1(0[1)*

{w €{0,1}" | Ws third characterisa 1}
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REGULAR EXPRESSION INGREDIENTS

A regular expression s can be:
v 0
v € (orA)
V' Asingle character from the alphabet (e.g.. a or 0)
V' Concatenation: 1112
V' Union:ry Uty
v Repetition (Kleene Star): 7.
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REGULAR EXPRESSIONS IN PRACTICE

Unix's egrep command does line-by-line search for text matching a regular

expression.

egrep "hh' /usr/share/dict/words
egrep A /usr/share/dict/words
egrep "(xqlhq)"' /usr/share/dict/words
egrep "Ay.Fy$! /usr/share/dict/words

Many systems, including egrep add extra operations (mostly, but not
entirely, abbreviations)
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REs 10 THE RESCUE!

practical

OH NO! THE KILLER || BUT TO FIND THEM WE'D HAVE TO SEARCH PERL extraction
MUST HAVE ROLLOWED| | THROUGH 200 MB OF EMAILS LOOKING FOR and report
HER ON VACATION! || SOVETHING FORMATTED LIKE AN ADORESS! language

/
) ~— IT5 HOPELESS!
ﬁ Email Address
\b[A-Z0-9._%-]1+@[A-20-9.-]1+\.[A-Z]{2,4)}\b

Options: case insensitive

www. html

T KNOW REGUAR
EXPRESSIONS .

Googae

I Code Search*/

ﬁ XX Google Code Search

About Google Code Search

\
I // f Frequently Asked Questions
1. What kind of code are you crawling?

2. What regexp syntax does Code Search support?
XZ 3. What programming lanquages do you support?

but how does regular expression
matching actually work? —>
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The following are equivalent:

v" Thereis a DFA accepting the language L.
V' [Rabin and Scott] There's an NFA accepting L.

v [Kleene] L can be described by a regular expression.
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CAN THIS BE SIMULATED BY A DFA?
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CAN WE TURN THIS REGULAR EXPRESSION INTO AN NFA?

1% 1(00)*

Not covered in this class: DFAs to regular expressions



Turing Machines
\

NONREGULAR LANGUAGE THEOREM

Given a language L, two strings x and y are distinguishable if there is some
string z such that xz € Landyz & L, or vice-versa.

If strings are distinguishable, running them through a state machine for L
must lead you to different states.

If there is an infinite set of pairwise-distinguishable strings, then none of
them can lead you to the same state-machine state. Thus, there cannot by a
finite state machine recognizing L.

Alanguage is regular if it can be recognized by a finite state machine, and
nonregular otherwise.
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CONCLUSIONS

Any computeris a finite state machine.

Hence, there are questions it provably cannot answer. (E.g., “is the input a
palindrome?”)

But it sure seems like computers can answer these questions (until we run
out of memory), so maybe this isn't so helpful in practice?

Perhaps we should consider more powerful models of computation.
(But not too powerfull Why?)
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ALAN TURING

Enigma machine ~ The axis's
encryption engine

2007

Bletchley Park

1946
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TURING MACHINES

A simple model of universal computation.
v Control/Program: a finite state machine

v' Data: An infinite tape, with a read/write head.
Initially blank except for the input string.

v’ Steps determined by current state + current symbol;
Can overwrite current symbol, and move left or right.

v" Can stop (and say yes/no) or not.
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T™M Demo(s)

http://ironphoenix.org/tril/tm/

http://www.youtube.com/watch?v=cYw2ewo06c4
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