
Jan 22 2026 Pumping Lemma

using it to prove languages
are not regular

For each of the following languages either prove

it is regular or prove it is not regular

L a b't i j 0 and itj 5

bbbbbtabbbbtaabbbtaaabbtcacabtaaac.LI
a b 1,530 and i j s

a b 14530 and i j O mod 5

a b i j 2000

we a b w W W where w Wal and

a w w Tricky

W a 23 1 every letter in w appears
at least twice

e g unprosperousness

we a b3 w w

hint use a closure theorem we'll over it today in class
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Claim Lo is not regular
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9 a bick if i then j k Tricky

we a b alw w

Claim L is not regular

Proof BWOC Suppose is regular

Then so is n L a bᵗ

Observe that n L atb A B

But A B is not regular

is not regular No

Ls w f a b3ᵗ w W Wa Iw we and

a w wz

Claim Ls is not regular

Proof

Consider the string b aab

That string is EL and has length p so



by P L braab xyz where ly so key p

and xy zEL i 0,1 2

Note that the halfway mark is between the a's

Ib aabb b
in

W W2

and that y bt for some 0

Hence pumping up once
will add t b's

into first block of b's

if t is odd resulting string
is L because
halfway mark

it is of odd length

if t is even result ibkjb ibaabubbb.be
and this string's first half has 0 a's

While the second half has 2 a's

so resultingstring is Ls

5 Ls is not regular II



Practice using closure theorems

1 L w e a b w w

Claim L is not regular
Proof BWOC L is regular

Then so is In L a bᵗ by closure Thms

Note that In L a b A B
which we have shown is not regular

L is not regular ME

2 L we a b3 w has 3 b's and

the number of a's between first 2 b's

is number of a's between 2ⁿᵈ 2 b's

Claim L is not regular
Proof BWOC L is regular

Then so is L n LC.ba ba b

by the Closure Theorems for RLS

Note that Ln L bat bat b barbarb no

call that language L

Claim2 L is not regular
Proof BWOC L is regular

Let p be its pumping constant

p



Consider the string w
barbarb

Then by P L since we L and w p
w xyz where long p 181 0

and say 2 EL is 0

By we have 2 cases for y
case 1 y bat for some t 0

Pumping up once yields a string
with too many b's to be in L

case 2 y at for some 1

Pumping up once yields
bap barb t 1 which is

not a string in L

L is not regular B1 claim

Since L is not regular neither is L Ka


