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§ 1.3 * Regular Expression → Regular languages
(
give the algorithm)

- State Theorem ! Regular Language → Regular Expr .

( give an example but skip the algorithm)

avoid
-

§ 1.4 - Instead of
"

pumping
lemma

"

we will use the
"

Myhill - Merode Theorem
"
:

Also -5 - to prove some languages arenotr-e.la
-

to find minimum
# states in a DFA

for some languages
t

For Thursday ,
we'll have student selected

breakout rooms i you'll need Zoom? 5.3
.

O

-



§ "3 Upshot { Regular Languages} , { Described by
✓ a regular expression)

recognized by a

Dfrf

Regular Expression ! If E is an alphabet , a regular

expression over § :

x i

① If TEE ,
T is a regular expression

①
"

E
"

is a regular expression ③ ¢ ( 91¥ )

if Ri
,
Rz regular expressions ,

then

④ (Run) ⑤ Kora) ⑥ ( RT )

are also regular expressions
-

[Sip) gives a bunch of examples

say E -

- La ,
b}

,
then

{
*
a .aE* = ( aub )* aa Ca - b)

*

= ( aub)
#

o GoGo ( aub )*

could be ( carb)* . a) o ( co ( aubI* )



* * notationdescribes
{a ,

b } a {alofa} - ha , b) in § i. I

or E*aaE* in shorthand

① Iaaf = { we E* I w has aa as a substrng }

② @* u a)of bb) = IS
*

bblufabb} = s*bb

= { west I w ends in bb }

③ (au bb) o (aa) = { aaa
,
bbaa}

or ( a obb ) aa
-

Is ab e (aub)*

Is ab E language that Caleb)* describes

(aub)
*

as set { a ,b3*= { all strings over { a .bz }

④ a*ub* as a set { at } u { 5*3
= { e. a , ca , a3430 { E , b,5,53 . - 3

s f w f w consists only of a's
buildKy or only of b's }
⑤ ( as# • Cast , f asmttn I m ,n=G5h .}



Thmi Any regular expression describes a

regular language .
-
-

PI : ① Er } ② LE} ③ { 3=0 are regular

languages ; if R
, ,R, are regular , then so are

Rio Rz
,

R ,oRz
,
and Rik

r
HFA 's help us

In more detail 43 ← →0500
← er,

de

= things in E not in {503

We'll just assume this w/o proof :

Thin : Any regular language is described

by a regular expression .

Example : L - { 93,6 , 9,12 ,
. - } c { on ,

- →
9)
*

=



DFA :

yes Hit
→ O I ns.sf etc

.

hi
a⑧

Boas "

Algorithm
"

In Section § 1.3
,
there is an algorithm

DFA → regular expression
-

The regular expression for { 93,49 , 12,15 ,. -}

-

is quite long . - -



§ 1.4 Hen regular languages .

Replace
'

pimping lemma
"

with Myhill - Merode

theorem .

-

Idea ?

ay, @Abq
DEA

→& 7*0092 } L⇒ .

e.s .

a

fundamental Observation :

!
A
-

'

a get to q ,
-
"

t

ab " " 9 .
- i

aab
"

"

9 ,

I

{ wc.si/aweLtg=fweE/abweL}
i.e

.

aw EL ⇐ abw c. L



Gwen S alphabet , LCE
*

write for u

Accepting futures
L
( ee) - f w I uw EL }

=

e
's ' L =L we Ea .BY/whjsegact4 }2 a's

Accfut Ll aaa) = { w/ aaa we L )
= ¢

Acc Fut Ll a baby = { w/ ababw EL}
= f w I w has exactly } = b*

① a 's

= f E
,
b
,
b
'

,
53
, . -
7

Acc Fut Ll a) = { w f w
, skates exactly}



Accfuthl E) = Aafut , lab )

= Accfutlb ) = { w sit . I za's)
-

so '
. Accfut! E ) s L

za 's ①
Accfuthla) = Lone a ②
Accfvthlaa) = Lo as = b*

Accfuthlaaa) = ¢ ④
③

⇒ c
,
a
,

aa
,
aaa have to land

in different States of any DFA

for L " L
za 's

DFA : Ab ab ab Rab
→ q. 93
F in t t



I:S: !÷
. as!÷!:÷

size
of

{ Accfutnlu) / ues's )

= minimum number of States in DFA

accepting L .

Break ! My watch 10:23
→

10:28

-

Myhill - Herode Them ! For an alphabet E ,

Los's

shoe of { Aafuthlu) / u
* } :

- if finite
,

= min # states for a DFA for L

- if infinite
, L is not regular



L " L
za's

⑥
a
,
ab

, bab

is
,
hi

,-1µg
Ets

b
•÷÷÷¥*a .aaa.cat

Proof ! d) #

{ Accfutulu, I west } E ¥stiff
(2)

# { Aafvtdull net} -3 Its staff

idea : states ←s T

Initial state ⇒ Acc futile )

final state ←s Accfutcwu that contain E



[ = { w f
w contains 31 a

and u

32 b 's
)

Daft LIE) =L = { w/ EW EL }

/
' ' Lar I wel }

start stale

Accad b) = { w/ contains 31 a & 3lb)

Accfuthla) = { i .
. . ( 30 a's ) & > 2b 's }

Acc futz ( ab) -- { "
i - -

' ' & 31 b )

Aca Futa I b.b) = { " in . 31 a's & Gob's))
Acc Fut
,
( abb) = f w I > Ca's & Zob's)

= [
*

Accfuthlabbabbbbaa) = S*=AafutL( abb)



Thmt L -- { Oni l ne IN}

= 101 , 0011 , 000111 ,
0494

,
-
- - J is nonregular

Rough reason : O
- -
O

,

have to know
how mamey-

--
-

- - - - -

Next time :

Ace futz ( E ) = { 01 , 0011,00114. .}
Act Fut Ll o) = { A

, 011,00111 , . -}
Act fufu ( go) = { 11 ,

013,044
,
. . )

!

Update to Zoom 5.3 . something



HW 3
,Grup ,

Probs

Consider

{ DFA 's (QE ,

-5
, go ,f) /

for some me IN

y

E- { 1,2, my :[my}
⑨

f a . Eh ,
4,23

, Liam ,
-
-
-

a notion of
"

algorithm
"


