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Section 1.2 (Sip] NFA's :

- HEA example (with Flq , a) = ¢ )
-

Them : L recognized by an NFA ⇒
i . . . I . Some DFA

o

- Corollary ! Regular languages closed upader

n
,
U

, complement , o
,

*

Section 1.3 [Sip] Regular Expressions :

- Def of Regular Expression : any
U
,

o

,
*

of { single letter)
,
{ E}

,
0

- thin ! L described by a regular expression

⇐ L is regular .

Some searching for reg . exp .

in strings[ is to actually build HFAIDFA
.

]



Breakout Room Questions :

seen

① How many states needed to ← before

recognize { as , at }
*

by a DFA

seen

② How many states needed to
←
before

recognize { as , at }
*

by an
NFA

③ 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 ?



④ Give an NFA that

recognizes

A L " f we go , if I t!! If Ig last symbol )

/ = fo ,M*o his o lo .r5

fundament! for . - ri. I '

Ii? .

r! : Tito .
")

b
⑤ Give a DFA that recognizes

L in question④



Remark : Same bonus question for Hw
# 2 can be

solved and submitted for HW # 3
,

but only counted once
.

-

Bonus question : Last years I gave bonus questions

for zero credit
.

These are beyond material .

And # submissions was 0
.

This
year ,

bonus questions addition 10%
,

so this can add between O and 1% to
your

total grade .

t

HEA is like a DFA but ( say Efa ,big)
C

④→
O ¥-70 could have

Fgb & X, no b arrows

DEAF ⇐FAX,
"

jump
" "

reading the empty string ,E
"

HFA
,

H - non-deterministic : A string is accepted

by an NFA if there is at least one way
to

go thru NFA
and get to an accepting state

.

-
- -
- - - -

-
-
- -

e 'S '

E :{a ,b,g
→O ⑧ recognizes

↳ ha
,
c }



e.g . w= abb as input
i
'
read an A

→
←
.

start retd +hears, I
then you read b

but there are no

b arrow

each possible path
, you

can have

⑧↳ of mtg: stars

-

why HEA 's ? L
,

-

. { as }*= { aaa# a star operation.
over a

( Kem : S * = words
ar
* language(

= S with star operation) "

{ a
"

/ B divides k }

Lz , Las }*= { all 5 divides d)

Lili. la
's l

l 's ÷ : ) .sk,
aaaa

- - a
= a' 3 = {as)*o{ asf

im
start to read some, a 's

when do
you go

from L
, to Lz



HFA
#

Dafoe
,

→⑧TO -70
I

be:L
,

→⑧ to -705050

NFP for I

LoL ,
→ ⑨ TO -40
Eb#

-

-

-

⑧ to -85050
Without

-

-

- -

,

[ jump I
→⑧to -40
Bb#^
⑧ to -85050

non- determinism

I
, ;¥÷÷%

.

2 possible next ⇒
- - -

steps



The ' . If Li , Lz are regular ,
i.e

.

there are

DEA 's recognizing Li ,Lz ,
then L

,
o Lz is

regular .

Procedure -

- these are valid
C
'

! L
, strings

DFA fol
,

→d is

DFA for L
, ↳ ←

' these are

# O ⑥ 0 valid h

s strings
✓ eliminate ⑧ o

O

,

'

HEA for → F-
- s

-

-

L
,
ol
,

1)

Procedure : lil jump
from ⑧ in first machine to →C

in second

(2) eliminate →O in second

How DEA for Li
,
DFA for Lz M) NFA for

Lio Lz .

-

Observe ! A DFA is an HFA
.

Ard for any NFA , there is an equivalent DFA,



i.e
.

if an NFA recognizes a language ,

L
, then

there is a DFA recognising
'

L
.

-

Rem : P : poly time algorithms ,
p pp

NP = non-deterministic polytime algorithms(-9106-1)
NFA allows a

"

look ahead
"

idea

0

okayto
yao

How to convert an NFA to an equivalent DFA :

a 0 as I go , a" . - i , qs)
Nfp to O

b

take oO o

Idea : State set of DFA = Power (Q)

'

s when considering the NFA ,

{ Eo , q , iqg? are all possible
States



a HFA for

A {a•,a3y*
" '

→⑧a →⑨
✓

non - deterministic
comp treetree

Idea : Initially {go} ① •

← list all
Reading a :

B L ! ←{ 9 , } ② •

← possible
1.→ 7

, Ilg StatesReading next a : Igo ,qz}③ . .

I
.
I d l l

," "

at 19 , , 9.) ④ a •

3
" " " " lalita

.
?e% !! !

Problem : If NFA has m states =/ QI G fer HEA

DFA has 2M states = (Powerful

Remark : States of DFA

once we're at { go ,qz,E ,} - Q
each takes G- f-

Really have only 5 reachable States



Breakout
rooms ? I suggest

③ ,
then & er 48

and make sure that you're

comfortable with HEA's
,
DFA's

and taking HEA -i DFA

( lo ! 27 - 10:37]



Question③ ( Is this in [Sip) textbook )
NFA has States go ,q , , . - - Raag s

'

can we
"

implement
"

the corresponding DFA

with a practical algorithm ?

DEA states are subsets of Q :

can be there , car
can't

E. a-
- -
-

-

{ aaa

example can can't can gain - - - can 't ← { can )can 't }

a ⑧ l l
- - -

O
← oh

read on ←
state

l l ( Aloe bits)

go thru → Inert symbol
theNFA read

( Kcc bits )



Solution '
. If NFA has m states

DFA state G m - bits f ? }←s{ CITY }
There is an loalgorithm for each symbol of

input take polytime in
# NEA States

,
m

.

( Don't generate a table of 2M States +

transitions)

Breakout room ① & ② { as
,
at}*

= Li - -} ? not easy . -

Breakout room ④ &⑤ we will

discuss these when we cover

non - regular languages & min
# States of DFA for a given language .



HEA's t DFA's !

If 4,4 regular ⇒

404
,

LF
,
L ,uLz is regular

⇒ any
"

regular expression
"

← § ,}
e.g . {Abc }*bb{ ac.be} (Srp)

hr@pants a language drecognizable

by an HFA


