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Kleene's Tleorem
Regv\\ﬂw \ﬂmgv\ﬂ\gei Lﬂmg\/\ﬂges O'F Regexes

TL\W\: Regv\\d\r \Amg&/\ﬂ\ges Av e eg‘_v\]\/ﬂ\\ev\-[» -[»0 DFA

Regex is not as powerful as Java

Qegex 1S Okﬂ\y Lov vev}JFy}vxg pAHem\s

ke C variable names, URLs ... (lexical m\.>
Coan Regex ver}&“y swax of C Pr09rmms(,7



Tim: Tf L s accepted by an NFA
ten L is decribed by A regex.

(Proof uses GNFA -- Coming Mp)

Coro\\ﬂwy:
Regv\\ﬂw eXpression = DFA = NFA



Generalized NFA (BNFA)

X arcs between states arve labeled witl, regex

A mput read by multiple alplabets at A time
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1. Unigue start state witl, wo }—vxcom}v\g <~

2. Unigue accept state with no outgoing —>
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2. =Y between every other pair, ncl. self-loops



GNFA Formalization

GNFA is described by Y, S, 40, qwt)
X sed of states

X set of mput alplabets 2, @/%70 %ji,%/
X stact state g0 <Q

X Linal state gf < & |
X feansition function 3 : @"’%’& : Qupreason

Hrere is a Regex between every source and dest. states)

G-foD)—> R 1 ackepollfrssibe el

GNFA accepts sei,tnf s = sT ... sk and tlere exists a seq. of states vO ... vk

240 = 40 |
3. vk = af
4. for all il sie (5l ) ST 5 (o)



Pvoof of fLeorem:

1. DFA/NFA -> GNFA

7. GNFA -> Reduced GNFA
3. Reduced GNFA -> Regex

3-state _y 5-state S 4-state
DFA GNFA GNFA

’

regular 2-state 3-state
expression GNFA [<— GNFA




DFA/NFA -> GNFA
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1. Add unigue stard and end stades:
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2. Qemove AV\y (non“-fevm]nﬂ\o S-PA-PRQ by W\Od]'(:y]v\g

regexes on affected avcs, in an itevative manner
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Do 41is for EVERY 41 s.4. gr'] -> 42 -> q’l




wivle (Hstates > 2):

a <~ some ntermediate state

/] vemove q N O)vyes
%@/@
Lov vy order w (g1, 4\):
evevy ordeved pa (q q;) @@
// d qrj need not be distinct %5 &
R = ¢
PUP= ¢ // q.] cannot be -pw\d\\ state

d)ée__ ig} // q‘) CAV\V\O‘[’ be S-[’d\r-[» s-M-Pe
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G = <R,S,d,20,at> -> G'=<KR" S, 4, g{O',_qp, 4J€‘>CL§> I WLICh gm is vremoved

RLRER Mot
AN P = 20h@) U lhrau.S (altn)-36:3
onve -[—L\ﬂ\-f L(Q—> = L(Q—‘)
= Tf G accepts w fLen G accepts w.
D T

<= I£ G' accepts w then G accepts w.



GNFA -> Regex

3. Stop wien 2 {erminal stafes ave lefd.

Return regex on arc between +iem.
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(D= L) = — [(R)

Lemma: Sv\ppose Ris +e final regex lef4.
Tien, LIN) = LR).



Idemthfy]vxg C comments

Des}gvx NEA 4o }dewﬁ?y valid multiline comments®?

/* I am a simple but
* three-1line/3-1l1ine
x xlong* **multi-linexx
* comment
*/
Wiat s 4 lexer
See Litp:/lwww.cs.man.ac.ui/ ™ piji/es2T1/{lexdoc.Liiml



. Yo {O\\\‘;\’; Y= QL ﬂ,DlZE
HOW\OMOYPL\'SW\ £ 0= 502

£ W)= 2% concatenation respecting function
Cons]der A‘P ("Abe'B X And Y UC<O\M\O>: 402 102 202222

Let £0) be a Lomomorplism from strings over X o strings over V.
flxy) = £6)H(y) for any strings ¥, y over X.
Show $nad,
1 £(e) = ¢
I£ £(e) = y over Y, theny = £le) = £lee) = £(e)fle) = yy-
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2. Tf L over X is regular, then ’F(L> 15 vegular.

R= (out¥oorlouay¥, F(0) =ab, $C)=be

£(R) = (ab ch)*ababbc_(abUbQ)* _r o 014520

o

How 4o prove +his fact? [ L{Z‘) b JSLCL)



s
Y4, T€ L over Y s regular, f =L

frem { xover X @ £(x) m L §is regular.
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