
If C
,
andLe areRegular languages :

regular, these areDFA
regular :

NFA
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%

Say we have a function

f that takes a language
- 1

,
"C

- [
,

= /L
,C and returns another

language .
Want to show if (is regular

,
then fIC) is regular.



How : 1) Describe an algorithm that takes a

regular expression R and outputs a

regular expression R' s .
t
. ((R) = f (L(R)).

2) Describe an algorithm that takes a DEA M

and outputs an NFA M' sit . ((M) = f (((M))·



wR : = Ga
if w = E

XRa if w = ax

L
*
= En * / w + L3.

Commo : If (is regular, then (* is regular.
-

&roof (via regular expressions) :

Let C Go a regular language.
There is a regular expression R sit

. ( = ( (R).

Assume for any proper subexpression S of R

that ((s)a is regular and has a vogular



expressioSt
There are fire cases :

R = 0 : Then
,
lot R

&
= R

.
L
*
= L =0
,
so

c(RP) = < (R) = 1
&

A = w for a string w : RR = nR

R = A + B
.
R = An + BR
&a
exist by IH B

((QP) = ((AM) ((BR) = L(A)
P
U((@

"
= ((A +B)

Suppose R : AB .
Let R

&
= BRAR



Suppose R =A Lot &
*
= (AM)

In all casess we
found anogular expression R

&

sit
.
((RP) = ((R)*

Therefore ((R)
&

is regular

Proof (vinNFATrnstruction) .
Let M = (2

,
Q
,

5

,
A
,
6) Go an arbitrary DFA

that accepts L .

Will construct an NFA with multiple start
states MR = /E

,
Q&
,
SR
,

AB
,
SR) that



accepts2 *
&

Want to "reverse the transitions"
R

M NFA MM& : DFA

Q = Q
=

& = A

AB = G53
01 Ou 11 018

6
*
/g, a) = Ep16(p, a) = q3 for all q Q

all a t E



palin(() := Ew/ wow* 3 : the first half

of even-length palindromes in L.

If QUEL
,

Then Oll0/Epalin (2)

Lemma : If (is regular, then palin (L) is

regular.

&6 : Let M = (2
,

Q
,
5, A, 6) Ge an arbitrary

DFA that acceptsL .



M : 011 01

10N8 sh01101 ->= A-h
r =A-

00101

Build an
NFA M= 2

,
Q
,
S; A, 6)

Q = Q x Q (q , r)

S' = G(s, r) 1r
+ A3

A = 2(h,h))h = Q3

S'((q , r), a)
= G(b(q, a) , p)(f(p, a) = 13



rov-suffix (2) = [xy1xyR + L3 .
If 10010101 = (100 10101) + L

,

then (100 . 110101) = 10011010s + ver-suffix)()

Lemma
: If ( is regular, ner-suffix (2) is

regular
Proof : Lot M : /E, Q, s,

A
,
8) Go an arbitrary

DFA that accepts L ...
100

1000 N

--h r =A



100
NE "001 "switch

M- M
modest

N h

Make an NFA M with etransitions.
& target of MR

a = Qv(q + Q)
& current state of MR

S' = 453
A = G(h , h)1h = Q3



S' (q , a) = 58(q ,a)} for all
g

+ Q
,

a
+ E

S'(g , g)
= [(q, r)/r + A3 for all go Q

&
S'((h

, q) , a) = <(h, p))f(p, a) = q3
time

to read

↑ y

go backwards

while chocking y
S'((h

, g), 9) = 0


