Definition of Regular Language
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If a DFA recognizes a language L,

A DFA’s Language then L is a regular language

« For DFAM = (Q, %, 0, qo, F)

» M accepts wif 6(gy,w) € F

« M recognizes language {w| M accepts w}

Definition: A DFA’s language is a regular language



An NFA's Language?

- For NFA N = (Q, %, 6, qo, F)

Intersection ... ... With accept states ...

« N accepts w it 6((]07 ’LU) NF 7& @ ... is not empty set
* |.e,, accept If final states contains at least one accept state

« Language of N=L(N) = {,w | S(QO,w) NEF # @}

Q: What kind of languages do NFAs recognize?



Concatenation Closed for Reg Langs?

« Combining DFAs to recognize concatenation of languages ...

... produces an NFA

SO to prove concatenation is closed ...

... we must prove that NFAs also recognize regular languages.

Specifically, we must prove:
NFAs < regular languages



‘If and only If” Statements

XY = “Xifandonlyif Y7 = Xiffy = X<=>Y
Represents two statements:

1. =>ifX, thenY
« “forward” direction

2. <ifY, thenX
* “reverse” direction



How to Prove an “Iff” Statement

XY = “Xifandonlyif Y7 = Xiffy = X<=>Y
Proof has two (If-Then proof) parts:

1. =>ifX, thenY
e “forward” direction
« assume X, then use it to prove Y

2. <ifY, thenX

« “reverse” direction
« assume Y, then use it to prove X



Proving NFAs Recognize Regular Langs

Theorem:
A language L is regular if and only if some NFA N recognizes L.

Full Statements
&
Justifications?

Proof: 2 parts

= If L iIs regular, then some NFA N recognizes it
(Easier)
. We know: If L Is regular, then a DFA exists that recognizes it.
« So to prove this part: Convert that DFA — an equivalent NFA (see HW 4)

& If an NFA N recognizes L, then L is regular. “equivalent” =
“recognizes the same language”




= If L 1S regular, then some NFA N recognizes it

Statements Justifications

1. Lis aregular language 1. Assumption fra s
2. A DFA M recognizes L 2. Def of Regular lang (Coro)
3. Construct NFA N = CONVERTys (M) 3. See hw 4!

4. DFA M is equivalentto NFAN 4. See Equiv. table! <mmm
5. An NFA N recognizes L 5. 277 B e
6. If Lis a regular language, 6. By Stmts #1and #5

then|some NFA N recognizes it




“Proving” Machine Equivalence (Table)

Let: DFA M = (Q, %, 4, qo, F)
NFA' N = CONVERT,s nea(M)

A

5(q0,w) c I’ for some string w Note:

extra column

/

If M acceptsw ...
Then we know ...

There i1s some sequence of states: r, ...r, where r,e Q and

1= 4o and ry, € F Exercise left for HW

Then N accepts?/rejects? w because ... Show that you know how an NFA computes

Justification #1?
There is an accepting sequence of set of states in N ... for string w




“Proving” Machine Equivalence (Table)

Let: DFA M = (Q,%,6, qo, F)
NFA' N = CONVERTz yea(M)

(qo,w) € F for some string w

0
0(go, w) & F for some string)/v’

M accepts? N accepts? Justification

w Yes See justification #1
If M rejectsw’ .5 W No 7?77 See justification #2?

Then we know ...

Exercise left for HW
Then N accepts?/rejects? w' because ... Show that you know how an NFA computes

Justification #27? / /




Proving NFAs Recognize Regular Langs

Theorem:
A language L is regular if and only if some NFA N recognizes L.

Proof:

M = If L is regular, then some NFA N recognizes it.
(Easier)
. We know: If L Is regular, then a DFA exists that recognizes it.
« So to prove this part: Convert that DFA — an equivalent NFA! (see HW 4)

& If an NFA N recognizes L, then L is regular. “equivalent” =
(Harder) “recognizes the same language”

. We know: for L to be regular, there must be a DFA recognizing it
« Proof Idea for this part: Convert given NFA N — an equivalent DFA




How to convert NFA-DFA?

A finite automaton is a S-tuple (Q, X, 6, qo, F'), where

1. @ is a finite set called the szates, <
2. Y is a finite set called the alphabet, : ]

3. 0: Q x ¥— Q) is the transition function,

4. qo € () 1s the start state, and

5. F C Q is the set of accept states. A nondeterministic finite automaton
is a S-tuple (Q, %, 9, qo, F'), where

. 1. @ is a finite set of states,
Proof 1dea: > T is a finite alphabet
Let each “state” of the DFA T TS TR i o .
= set of states in the NFA 3.0: Q x ¥.—>P(Q) is the transition function,
4. gy € () 1s the start state, and
5. F C @ is the set of accept states.



Symbol read @ Start

T
@ NFA computation can
{ e be in multiple states
\ DFA computation can
0 - only be in one state
TR So encode:
@ @ @ @ a set of NFA states
as one DFA state
T
This is similar to the proof strategy from
@ @ @ @ @ “Closure of union” where:
(GEETEEEE ‘ a state = a pair of states
(2) (2



Convert NFA-DFA, Formally

+LetNFAN = (Q, 22, 3, qo, F')
 An equivalent DFA M has states Q' = P(Q) (power set of Q)



Example:

+ Let NFA N, =(Q), X2, 9, qo, F')
« An equivalent DFA D has states

P(Q) (power set of Q)

The NFA N4

A DFA D that is equivalent to the NFA N,



NFA-DFA

Have: NFA N = (Qura 2, Onrar Gonrar Frira)
Want: DFA D = (Qpra 2, Sprar Gonrar Fora)

iy U= P Ohes) A DFA state = a set of NFA states

gs = DFA state = set of NFA states
2. Forgse€eQppuanda€l

No empty transitions

* Opralgs, a)= A DFA step = an NFA step for all states in the set

3. qopra = 190nFA)

4. Fpea=1{gs € Qpea | gs contains accept state of N}




