
CPSC 421/501

- Continue § 1.1 of [Sip]

- The
"

cost of excluding E from {93,6 , 9,0903,
- More on DFA's

06,091315 , . . .}

-

AB
,
AaB

,
Ao B

,
A
* }

take regular
#

languages
,

give new
-

why AaB and At are regular
-

languages
awkward with DFA 's

e.g , { as , as }*

- Start § 1.2 of ⑤ p)
- NFA 's : non - determinism

- How they help with AaB
,
A*



Breakout Room Questions !

① Give a DFA that recognizes

(a) { E , -0,2 ,
4 ,6,8 , 00,02 , 04,06 ,

08
, 10,12 ,

14
,
- - - )

(b) Same
,
but exclude E

(C ) i . . .
" E and do not

allow leading O 's

② Give a DFA that recognizes

{ 013,6 , 9 , 12,15 , 18,21 , -

-
-)

③ Is there a DFA that recognizes

{ 0,7 , 14,21 , 28,35 , 42 , . - - }



④ How
many

states needed to

recognize { as , at} by a DEA

⑤ How many states needed to

recognize { as , at }
*

by a DFA

⑥ How many states needed to

recognize { as , at }
*

by an
MFA

⑦ If an NFA has 1000 States
,

its corresponding DFA may
have roughly 2

""

States
.

Is there a relatively quick way
to see if the NFA accepts a given string ?



Canvas Survey ! Roughly 40 students responded

- About I wanted no breakout rooms ( nmoobtly 5mm
break)

-
n it

,
i . randomized breakout rooms

-
L ' Ii 1 . student selected " I ,

[Preference you can express ?

Mostly covering
textbook ( Sip) , sometimes handouts

for DFA 's
,
look at (Sip] ,

Exercises 1. I - 1.6

far DFA 's
,
§ lil

e.g , 1.5 Aa
A

be A = Answers

÷
-

Review DFA 's = finite automata
,
D= deterministic

L over E -

- {a ,b7

Take L -- { anbnlnc.TN} -- { ab , aabb , aaabbb ,
a"b4 , . - . §

turns out to be non - regular (
prove this

later )



A language is regulars if it is recognized by
some DFA .

Example :

L -- { we {a ,b3* / w has an even
# of a 's}
I

→

'

⑧ ÷÷¥÷.
So far so far

→O -

- start

Sta
w - T

,
- - . 6h

, Tie {a ,b}

L = { e ,
aa

,

aab
,
aba

,
baa

, ?a%
. . .

}

L
:¥÷÷ =L

aa
, aab.aba.baa.aaa.gg

. .

}
t



Leavy recognized by →@RbnfoQbca.b
" "

→ Opb
affa

b ⑧2b

(
even

→

?
op

b

r:*: ±÷f Is
posit even

#
a 's

-

Complement of Leven
,

IIIs

( Le:÷T' or { a. b3*h↳¥
.

Using notation
'
.

A ,B sets
,

As B={ inept
wet B }



L → Lamp

→
b

b

→

? Opb →⑤
b

star

,

start? after
noa's

noa's Op b

posit even
#
a 's posit even

#
a 's

Tells us ! L is regular ⇒ time is regular
Pf : Switch accepting ← rejecting states

.

#

Theorems ? If A
,
B languages over E

Ao B = { w , wz f w
,
c- A

,
WEB )

At =L w
.
- - wi. I " dp }

If A ,B regular ,
so is AaB

,
A*

.



Example: E = { a} .

L = { as} a

Q
→o→¥÷¥÷÷÷¥

.3

(
*

= f e , a
'

,
Noa's a

'

,
ah

,
a
"

,
-
-- )

recognises

)
{as}
*

Mr

EYa) , L = { a .

"

,
as )
*

L = { E , a" ,
as

,
a
"
a
"

,
a
" as

,
asa;

aSas ,
.
. - }

To recognize { a" , as) with DFA is



no

↳ { e. am ,
as

,

as
,
aa

,
a'
o

,
a
"

,
a' 3. a
"

,

= 3 if
a

,

not in L : a .ci , a
> sagat

,
a
' ' a'9 . .

. }
You can show !

↳ fee ,
ah
,
as

,
as
,
a
"

,
a
"

,
a
"

,
a
'

? . .. }
p
--
-

everything

Write a DFA to
recognize this ,

a
"

,
h> ' 7-

Claim : a
" 4L but an EL for n> 12

⇒ ( Myhill- Herder)

→④to.io. - - - ie
.

-paid



[
*

tricky ,

# States to recognize L*
can be much larger than

to recognise
L

Also

( fast) o ( fast) -

- gas , ask
- n

-

" I
'

{ say , age's . . ) )aairIys"
concatenate last aid last

Ao B = { w ,wz / WEA
,
coat B}

If WE Ao B then for some k
,

W'T
,
.

- Oh ,
then Ti - - . Te E A

real - - ok c- B



but you are not
told what is l

.

-

For this reason : introduce

NFA ( 81.2 ( Sip])

Ion
-deterministic finite automata

we will use NFA to show

A.B regular ,
then A - B

,
A*

are also regular .
-

Break 10:26:45
10:31:45

-



Idea : L -

- L • fans
'

←
Accept ⇐Fire .cn?,aY . . } →⑧TO

a
Accra Last →⑧ TO -20

.

.
.
. .

.

↳
Start : → 0 . -90 first language!

jump shoreline

→ ⑧ TO -90 second language
-

m-

SI
"
→OI

,

Lz → ⑥→ o 9c-

⇒ → o

Lila
→ ⑥→ O 00

need -

"

jump
C- state "



Formally HFA = ( Q ,
E

,
8
, go , F)

Set ofbut
g : ax Ee

.

→ Sgb,sets (Q)
P

E
,
= EYE}

or : Q x Ee → power ( Q )

H=non-detrmmis#
Deterministic

g
b

Hon -deterministic

as 0
where

← 0 to e-,

£ ¥0 you don't

process the

next letter



e.g. Ls Lah
,
as)*

④÷
.To

Recognise { a! as} IT
936

→ ⑧

Typically i use jumps when recognize A - B

At

Another NFA for fall ,asf

←
a

→⑧ ⇒⑨ t
a-



a

⑧T⑨-i④
See at Ez or a

.

.

Can move either from 93→ 94

qz→ 000

Language recognized by en NFA

is { w / there is someallowable path thru HFA

that reaches a fmalllacceptng stint)
Next time ?

-

more examples of NFA

-

any languages arecognized by an NFA

is regular , i.e .

. . . . some DFA .




