
Lecture

- HWI due (Tues) on grade scope

- Today : DFA minimisation, practice problems,
wrap up Regular languages



Regular
-

'

Languages - summary

1
.

DFAS and Regular Languages

2. NEAS ,

and equivalence with DF As

3. Closure Properties Of Regular Languages

4. Regular Expressions
and Equivalence With Regular Languages

5
. Proving that a language

is Not regular :

Pumping Lemma

☒ DEA state minimization
← we won't cover



other Practice problems

?⃝ construct a DFA M accepting the Language

corresponding to the regular expression (0+1)*011 Cot ,)*



other Practice problems

?⃝ construct a DFA M accepting the Language

corresponding to the regular expression (0+1)*011 Cot ,)*
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DFA : °→?⃝1_④1→91
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q
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other Practice problems

① construct a DFA M accepting the Language

corresponding to the regular expression (0+1)*011 Cot ,)*

1-

DFA : -9%0%-1>0%1*7" '

0%

0,1

NFA : →°→④±⑨⇒⑤2Q1



other Practice problems

?⃝ Write regular expressions for the following languages

(a) the set of all we {0,14 that do Not contain

the sits string 00



other Practice problems

?⃝ write regular expressions for the following languages

(a) the set of all we {0,14 that do Not contain

the sits string 00

(1+01)%(2+0) = 111-01)* t (11-01)*0

>

⑨ 1- IT = (01-1)
"

Hi -0,1, } .
. .

- -

@ c- 15 : 00,01
,
10

, 11



other Practice problems

?⃝ write regular expressions for the following languages

(a) the set of all we {0,14 that do Not contain

the sits string 00

(1+01)*(2+0)

(b) The set of all we {0 , , ]* that contain
at least 3 f 's



other Practice problems

?⃝ Write regular expressions for the following languages

(a) the set of all we {0,14 that do Not contain

the sits string 00

(11-01)*(2+0)

(b) The set of all we {0 , , ]* that contain
at least 3 f 's

(0--11)*1 (0+1)*1 (01-1)*3 ( Ott)

(c) w contains exactly 3 1 's

0*10*10*18



other Practice problems

?⃝ Let L = { an I n is prime }

Prove that L is Not regular .

Ex
.

W = aaaaa ( n=s ) c- L

K
.

w= aaaaaaa Cn=7) c- L

W= aaaa (n' 4) ☒ L



other Practice problems

?⃝ Let L = { an 1 n is prime }

Prove that L is Not regular .

P¥ Assume for contradiction
that L is regular,

- Let it be

a K-state DFA that accepts L

K
.

• Let w = a:P where p is a prime
number

, p 3K .

Note that WEL .



other Practice problems

③ Let L = { an I n is prime }

Prove that L is not regular .

PN¥ Assume for contradiction
that L is regular,

. Let it be

a K-state DFA that accepts L

K
.

• Let w = AP where p is a prime
number

, p 3K .

Note that WEL
,
so w should be accepted by M .

• By Pumping Lemma,
we can write w = xyz , lxy / ⇐ K , lyl

> 0

such that for all i
,
W

'
= ✗ yiz is also accepted by M

• since lxyl ← K
and P > k

,
w =¥i¥i ,

utv±k- P

• pick [ =p +1 .



other Practice problems

③ Let L = { an 1 n is prime }

• Let w = IP where p is prime, p 3K. Note
that WEL

.

• By Pumping Lemma,
we can write w = xyz , lxy / ⇐ K , lyl

> o

sum. that for all i
,
w

'
= ✗ yiz is also in L

.

• Since lxy / ← K
and P > k

,
w = OMON OP

-u- V

II ¥ ,
Utv 1k£ P K

.

• Pick I =p +1 ,

then WI , ✗ yaz = qutvcptitp
- u -✓

= qvcptitp
- v ::÷= avptp ÷ vitp - v

= apart D

i. w
'

☒ L
,
sone've reached a unmeaning

.

"
"
""

pcvtp



other Practice Problems ^

we E? looks like

e.g. 48,11%11%1112-Let 5={1%1,1%111,111,41%41,41} =

Let B = { we 2¥ / the bottom row of w (as a binary number)
equals the sum of the top two rows }

'

☒

"

I 1

Examples : ④ e B +9¥ -

O l

?⃝%) * B +÷



other Practice problems .

?⃝ Let 5=11%1,1%111,111,41%41,41 }

Let B = { we 2¥ / the bottom row of w (as a binary number)
equals the sum of the top two rows }

0 I 1

Examples : (9) e B t÷

0 I

①%) * B +

oooI
prove that B is regular.



other Practice problems
^

④ Let 5={1%1,1%111,111,41%41,41}

Let B = { we §* / the bottom row of w (as a binary number)
equals the sum of the top two rows }

0 I 1

Examples : (9) e B +0¥

?⃝%) & B
0 I

1-

OOO1

Idea : Show that BR is regular (and therefore
so is B)

In general if L
-

is a language L E E*
,

LR = { w 1 WR c- a }



Exempt

let L ⇒&WI w starts with a 1 } Can 6. B)

LR = { w/ w ends in a 1 }

Wf = ooo , E LR W
,

= I 0 00

vi. ¢1
00] c-<

WE = 00 11 C- LR

WJZ = 1 11 10 ☒ LR wz
= 011 1 I ☒ 2



other Practice problems
^

④ Let 5={1%1,1%111,111,41%41,41}

Let B = { we 2¥ / the bottom row of w (as a binary number)
equals the sum of the top two rows }

1
! 5

Examples :
w= c- B W

'? to ! §
tooooo

w= * B
we § ?

' °

9-

Idea : Show that BR is regular (and therefore
so is B)

① Show : it language L c- Ese
,

Lts regular if and only if LR is regular.



other Practice problems
^

④ Let 5={1%1,1%111,111,41%41,41}

Let B = { we 2¥ / the bottom row of w (as a binary number)
equals the sum of the top two rows }

1
! 5

Examples :
W' (9) c- B W

'? to ! §

W= ?⃝%) * B wt? j 8
' °

¥I 1

Idea : Show that BR is regular (and therefore
so is B)



other Practice problems

④ Let E
,

' { (%)
,
(F)

,
(1) ( ? ) , & ) ,

,
} Let ☐ = { we 1 the bottom row of w Cas a binary number)

equals the sum of the top two rows }

1

A
"" ¥ "" ""

.

To ✗
← accepts

BR

. ¥ .AHHHH :)
1

I

g.



other Practice problems

?⃝ state if each
of the inequalities is true / False .

Justify your answer .

(a) (rstr)* = rcsrtr)*

(01-1)%1=(01-17101-1)?rs c- (rstÑ
-

¥
rs ☒ rcsrtr )*

⇐ ⑤ c- Crstr)*
c- ☒ rcrsrtrt



other Practice problems

?⃝ state if each
of the inequalities is true / False .

Justify your answer .

(a) (rstr)* = rcsrtr)*

Not equal .
{ C- lrsitryt

,

{
'$ rcsrtr)*

rs c- ( rstro
,
rs ☒ rcsrtr)*

i



other Practice problems

?⃝ state if each
of the inequalities is true / False .

Justify your answer .

(b) sfrsts)* = r*. s (

r.ir#.s)*rsESCrstsPrse



other Practice problems

?⃝ state if each
of the inequalities is true / False .

Justify your answer .

(b) sfrsts)* = r*. s (

r.ir#.s)*Nors&s(rsts)*rsers(rr*s)*srrsc-r*sCrr*s7,srrs$sCrsts)*



other Practice problems

?⃝ state if each
of the inequalities is True / False .

Justify your answer .

(c) (rts)* = (r* + F)
*

un ☒ • +5T$
i

all possible
we Eris }*

£ L @*

+ see )*)
so the language on Rt L[(r%s•)* ]

,

contains the language en the left side , L[Crts)*]
on theother hand

,
L[CAST] is all stump, so same

.



other Practice problems

?⃝ state if each
of the inequalities is true / False .

Justify your answer .

(c) (rts)* = (r
*

+ F)
*

Yes . Both Languages are the same :

H L Crist]e Lcr -+ 5) *] :
LEA] c- LEND

,
LesDe LES -D

i. L¢rtsDe LET + 8)]
i. LEAST] a- LEM + e)

*]



other Practice problems

?⃝ state if each
of the inequalities is true / False .

Justify your answer .

(c) (rts)* = (r*+s*)*

:(Ii) LfCr*+s•Y ] a- L [ cri.si ] :

Suire Llcrtsj ] = Eris = all strings over E-- { a ,b}
,

it follows that L ( ( riots' )*] a- Lccrts)"]
( since every language is a subset of Er

,
s3* )


