CMSC 330: Organization of
Frogramming Languages

Theory of Regular Expressions
DFAs and NFAsS

Feminders

« Project 1 due Sep. 24

Homework 1 posted
Exam 1 on Sep. 25

Exam topics list posted
Practice homework (and solutions) posted
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Frevious Course Review

» I5 | 5 defined} means the set of string 5 such
that s is chosen or defined as given

» 52 Ameans s is an element of the set A
De Morgan's Laws:

(AN B) = AXU BY

(AU B)* = AN BY

There exists and for all symbaols
Elc...
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Review

» Basic parts of a regular expression?

concatenation, |, *, =, @, {a)

« What does a DFA do?

« Basic parts of a DFA?

alphabat, =at of states, start state, Cinal stakes,
Eramsition functieom (X, 0. q,. F, &l
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Example DFA

— 50 ="Haven't &e2n anything yet® OF "s2en zero of maore b's” OR
"Lasl symb<l s2en waes 3 b”

— &1 ="Last symbol seen was an 3

— GBI ="Last two symDokE EESn Wers 30"

— 53 ="Last res symoolks 522n wers abb”
= Language?
= (a|b)*abb
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Motes about the DFA definition

« Can not have more than one transition keaving a
state on the same symbol

— the transition function must be a valid function)

« Can not have transitions with no or empty [abels
— the transitions must be labeled by alphabet symbols
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Nondeterministic Finite Automata (NFA)

= An NFAIs a >-tuple (Z, Q, q,, F, &) where
— L5 an alghabat
— 0 is a nonempty set of states
— gy Q2 i5 the star state
— F £ 2 is the set of final siates
« Thers may ba d, 1, ar many
— &€ Q= (X u{e) x Q specifies the NFA's transibons

» TranslRkans on ¢ are aliowead — can optionally take thage
transhions without consuming any Ingut

= Zanm have more than one tranelon for 3 given siate and symiool

« An NFA accepts s if there is af least one path from
its gtart to final state on s

T

NFA for (a|b)*abb

mh

= ba
— Has paths to esther 20 or 51
— Meither is final, so rejected
= babaabb

— Has paths to different states
— One leads to 52, so0 accepted
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Another example DFA

- i y b e . % —
& e
.|__.--.“f _
[P

Y, ____' L
« Language?
= (ablaba)*
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NFA for (ablaba)*

%

» aba
— Has paths to states 50, 51
« ababa

— Has paths to 50, 51
— Need to use e-transition
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Relating R.E.'s to DFAs and NFAs

» Regular expressions, NFAs, and DFAs accept
the same languages!

can
transfarm

DFA - NFA
can _."Illlr:Er'
transform ,-'“ tranefarm

re ’  (weldscuss this nex

Reducing Regular Expressions to NFAs

= Goal: Given regular expression e, construct NFA: <e> =
(£. Q. q;, F. 8)

— Ramember r.2. definad racursively fram primitive r.2. languages

— Invarlant |F| = 1 In cur MFAs
= Recal F = s=tof finel sigies

» Base case: 5

. ‘_ o

| 1] A : -.:‘?' 1
=
3= = |13}, {20, 51}, S04, {S1}, (20, 3, 31} )
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Reduction (cont'd)

* Bacecase &

2= = (g, [SOY, SO, IS0V, &)

« Base case, @
r { ﬁc‘l

| =o E =

A L

2@ = (@, {50, 51). 50, {513, &)
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Reduction (cont'd)

Reduction (cont'd)

* |nduction; AB
\?F-hhl - ll - ’_,,_-“ I|-f--||;'I I-I: '- rl@
LS ) iy L _ -
' "
<A <Bx=

—<A= = (L, Q, g, . O
—<B* = (L Qg G {fgh Gg)
— <AB® = (L Ufg, Quuls, g, [zl B0 Bz(fs, £ ggl} )
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« |nduction: AB
h"'i.--'--,__ i N W e
:ﬂ a, | ™ j h@ L™ 1 I-IE 4 hl@
L g L o
T S
A= <B=
TR oSS ke
Fractice

» Draw the NFA for these regular expressions
using exactly the reduction method:

— ab
— hello

» Write the formal (5-tuple) NFA for the same
regular expressions
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Reduction (cont'd)

» |nduction: {A|B)

LT 1 .ll -\.F -
LTI r w
i 1
= ."'\—"H.\_.-'-.
w ’ Iy - ", ,:.-" -
s L
—'.-. I- !

Reduction (cont'd)

* Induction: (AB) . -~

: ay .I---Ilr '!I---l-I '

. J 4
ﬁ- |
| F? L] q?
%, }._._ﬁ'

U e, e -"‘ul i
. _E,-"P y .-:I" ':'-._: !
-

— <AF = [La, Qa, q, {fad. Ba)
— <B= = (g, Ug, ge {f=) Og)

— <[A|B)> = [EAUEs QUQ:W{S0.51). SO, {S1,

Bal Bgl{S0.6.94), (S0.EGg), (Fae51) (feES1)))
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