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we 0,13 w has both 00 and 11 as substrings

ofD D ofD p o A D DCo DODEootflla

we a b W contains 2 b's that are not

immediately followed by an a

G bD bbabbEtb atD fb EbbHaab5Eb bIDD of µd
atb abfbf b at b b

Recall from last time

Pumping Lemma

Reg language
L over an alphabet Σ

integer p O such that

WE L Iw p we have that

x y
Z Σ where W Xy Z

and

1 i o xyiz EL

2 lyl 0

3 lxyl P Note Last time

A B is notregular



cg

Let Leg we a b
ᵗ

aCw w

Claim Leg is not regular

Proof BWOC Leg is regular Then it

has a pumping constant
P

Consider the string
at b

a'b EL and I albP p so by P L

abP xyz where lyl 0 lxykp and

xy 2 EL

rpm Observe

Aaa a b bb b y at for some

tyt 70

pumping
down once must yield another

string in Leg by the P L

ar tbp E L so

contradicts deft of Leg

Leg is not regular II

aPbP aaaa a bbbb b

up



Balanced strings of Parentheses

Let Bal we the parens are

balanced

e g 7 C C C 7 C CI

But NOT X C C

aside what makes a string of pavens

balanced

w w

prefixes s of w s s

Claim Bal is not regular

Proof BWOC Bal is regular Then it
has

a pumping
constant P

Consider the string
P Day

P P
Bal and

P

p



by P L
P

xyz where ye
and lay and xyiz EL iso

y
ᵗ
for some 70

Iz e Bal ie
Ptt

Bal by P.L

it is not balanced

i iiiiiiiw.at

Claim EvenPal is not regular

Proof BWOC EverPal is regular
Then it has a pumping constant p

Consider the string at bb at

apbba.PEEvenPal and I abbat 1 p hence

apbbat xyzs.t.ly 0 10 and

xy'z EverPal izo.io y at for some to

attbbate Even Pal

Even Pal is not regular E



Prime a I n is prime
aa aaa aaaaa

Claim Prime is not regular
Proof BWOC S Prime is regular

Then it has a pumping
constant call it p

Let q be smallest prime PH

at E Prime and 1am p so by P L

at xyz where ly 70 lay lap and xyizepr.me
Hi 0

i e ath ai lol all e Prime t i o

Note that tool 12.1 72 Chow do we know this

Take i lool 121

By P L at'd al 4 all e prime

ie belt 121 104 121 yl is prime number

But it has a factor lettlyl which is 32
I go prime is not regular Ma



Closure Theorems for Regular languages

RL is closed under A Y complement

reverse

Use closure theorems to get simpler proofs

A B isnotregof non regularity

Claim Leg is not regular

Proof BWOC Leg is regular

Then so is Leg n L atb

i e so is A B

we already proved A B is notrey

Leg is
not regular II

We can use closure theorems

given a difficult L Suppose it is reg
Then so is L n some known regLang

and I
and L V some known reg lang



and one of these is betterbehaved easy

to use P.L on or is already known
to be

Non regular


