Lecture Yy

Anncuncement g -

®  OtCice hours start thu V\IQQJC.'_ (Check Ca(deer>

o HWA1 ouT ( check vu)eb()&ﬁ&)  Due In - weeks

o Revied Sessions (o‘olmcs\nou(ﬁ start  s00n  (see calendar)

handont  Com all revaw) S8 s AL

loe (:>os+ect on webpuge

o CxkraL su‘()(ﬁmm’\ta/ matera| of boHom of

W \a()ath_,



Closur= Pro()e/tie.s of RQﬁu(ar* Lamjuists E’k
. N R

L.
@ f Leif regular  then f_=‘£wes_" ((wx {1 ulo (‘eju(qr

@ £ L s regulal, then L 2w [ wevvy v (Ve eld

¢ requ (ar

@ % L\ o rnd 1’1. are f‘eﬁd(d(; then L,-l' Lz s ?\w( we—L’ or We("z,j
s /&5;,4(0{-

@ 1€ L\ and, L‘L are (‘eju(ar‘) then L‘. L“L:i““l W @n he VV(IH*-Q»I/\
af Vv

whae Uel,
OAOQ ve L'Lj



The closure ?@(QV‘F\L& are usetu) for SV\N\“nD hat « (;A/suq§<

1S ulanr,
3 L.

/_\—/‘\_(/——’/_\

L: ?\/\IJ wJ Neey on QKQCQ #\O\) Q‘_J
o (V\Ila?E
W

L

Cxample

» SO L=L_‘+LL

o (onn show L ¢ er\A[df‘ 2 s-l-e/c. "

Fuzt  comstvach DFAs {or L,\ and L&

then since r*eﬁu(af (OWSMOL%QS A Closed
wnder  Uion ) | Guers

el L=r4r, s reqular



@ IF L s m?ular +hea L s rejudaf:

k Le€ M  be e« PPA  for L

Pl

Conshuct M based ot M

O N0
M o \©?

—
O (7

, M:(Q'io)i)’:)g)
(. )
M2 (@9, 2 F\§),

- - %cLeQ{ q&F

/L-—CLVJ JENAN L,j

Prod of el Skefch

(D) sl Yudeg! wel = wE
W ed by M S W »jaled
qcm{)\ 147 ) \

D Jweg” K N\W
RSN GFQQ;{-QS}\EJ MW l:;(LQ(M\



@ T L s fQﬂula:") then L_” s also (‘Qadqf“
L)f = iw | w=w, A R e cach W gL, o somd t?oz

Proot 14
et M be a DFA for L *O/’éo?@
O~ NP

€

~O~ /O\?%)
{{;“" ~oP
~_

3

NVEA M for LR

SRR ARxfboola for PM o % rRdnedy of wnstucha-



Cramplts
Z/fqiw]wgfcms‘fgmh%oxiﬁ MEG,J}\

oL
mmww: LOt (el Wo = o9 e [

z
A\

> x o
w(wz’et, y Ww, € C ) \JJ(WLV&/\QL

L ?i(/\;l w hes (QBTV\ 32 Lz: %L«/( wkuj/%% ’.gz
1

L+ L = Q[ wel o0 WG L, S

Cov Q-IK&VVYLL: fLlo0ood € L'-fL_L

LW‘L-L;i\Ul WA W wWel wnd Woe L, ¢



« < J L VoL oo~ VY

o ~ A

= V (,.”(,..'”,‘L
K?O \/Vv
[ 4/

(j( s s cnfinsi< (anless L2 P o0 & fd)
=3 L?iag



@ Ig L\) LZ_ avd (\ccx,((a(') ‘+hen Ll{-L‘L Is fQﬁM(d!/‘

: N = (R0l nn Fos £ ) accept L
@(‘ g\;g,&dl\ Let b )R B T ¢ [
? / N?,’ (S‘— isﬁ,;-—')sﬁ-g) So ) \:.,_ ) 2) Sz_> G(C?" L'L

|

N': Wb@ N ° ) V \Cf >@

ORNG O~ P

€
N O—— =0
G Ry Ky
O O

S @ ¢ v\leL) o WE L7_ — w antY)Jfﬁ)‘ lf\d N

PE O conednaus Ny .
W ascgted by edte, N o N



PE O conednas,

D Show ;1§ weli+l, then w acCQ,m‘Qd Q\Z- A

Snce wel tL, W s o((({(lﬂcf b\& ot lecest e

Lase (L) 2 W ey fe.l b% W,
we wveed 49 shod Fhat i A R, w s also
&cc&(M h‘ N
Snee  w acuaekal /41 /\/\ ) AR 1S @ Cowvu{ad\ﬁf\
peth of Nooon w Hed ends o somi acce(+
Stade C(b N‘ . So w N‘ take UNR(‘ s -t S\ -
ardl then follod ALY iy m@u&a\m« Q\ N on W
Casc(iy) W acceyied VR )
< u? 2 Samy c&fsurr\am’t,



?(: Ot conedne, Qo\/\&\\\/\u@&,

@ Show 2 6§ WA Ll fhw W s pt accgoled
ot
SW(QQ, w & L‘|+L’L “hee meang aL( W\A’fﬁ”}’d’%
Fa’f"’\s % /\/\ o w L,Qa& fo o NOW“QCQ\?‘* Stat e

ond s.m\la/l] ol lec«bé% Paﬁ’ls D’L ,/\/1
lead 40 o W &Q;Q_f* ste\.

SO when we run lUl o vJ) W hetinr  we
kake the U()(\ef £~ dorshor o the
loMer  ¢~ansiNor 5, el Casl we
Can NVES recAck an acaegﬁrj stafe
and Hwedere W oy f‘P\:\QS;{\_Q_aQ % !



@ I€ Lo,L, or feju(a/) then L]‘L_L is Pejulct(‘ Y C,Qe VY,

b s
< AN
RS
?Md\ s g\
O ; O =0
N': Qﬁo/é \Cf 5@ M_L QEO/A\’\\—HC?
O~ o 0
N ——
O RGO RO
o~ N2 O
M, N-
Exerciser Work out the formal constmction andl NE \/\)\ V\/z

Pmo& o€ corrrciness £oe ®~®



W | wcan e, wntf en
as w w, whee

W'QLl ol

leL 3



A duechions o pry ) corrtebuss

(prak € L L, ae <guden 50

pecrw,(cz/\
wJ o consiracieal /\}\ W NEAg I L_’ LL

gt VYwe 37
- —> W cepled ‘
weL-L, 7 aeergtd by v
WA Lol T W Mot accqled bﬁ '



IRe qular Qvaprtssqé ns

Now we o) gire  an c@uivalent charackeriz akion of

reyu lar L,a/juajbs.

A r‘ejular‘ prvcss]om over Z. s anofher (o(ﬁf{ererd% WC(\{ of
descfthlhj o~ Lar\juuljﬁ.\

DFAs : o Mmading characterization of
a Lar\juLcLSQ,

(‘cju.la/‘ expxesslém ©an wnduchge definhiare o€
o (anguase using OPQN{“!O\/LS
¥+ -



eome examples of rqular expms.é)ons ovrr £-tab

P L-¢

2. € L-%¢eg

2. @ L=t

iy, a_*[a, L ~%abg

¢ abbe [ = L abbe ]

@. (atb) L = ic) ac, laC.) aac, abc) loac.) /abC)
aaac, aalaa) -, bbbe j

= Swes® jnat end in ' and



Forma (| Dek mbon ol « Q—(ju(ar‘ 6(’/&(35);‘)/\

Let £ be a finik cﬂf/‘lab{‘é

@ R = & for sl @ e Z

€ \aasa Cas?s

9 *
@ R-?
@ - gl”ll where IZ’ )&L cerd V‘Q)‘u(cu"
{XPKSS';M\ o\ i

where R\) 2 ar resu(a/’

@ 'Z = (l\' R‘L
Rypussions ovA rall

® X ;(@,\& wherk K' s o regalar”

m(m,s.w"h A A -

> NAC : 6~ boolc + -~ Cun%)

"y o (co(LCa( CI/\a'ﬁﬂ”\}



More. Examples

l. ((on}(ou)‘{ou))* —4 — S~

2. (ox »)%- H- (040"

3 1*.0_15«

e ﬂa‘ \{ [6 }’V\ (\ wWJ O ) O \
fwea | . bl & Zﬂ zg



Theorevn Lek 2 be a« finde odphq(oe«t.

The class of Llanquages over 2, 4ot are Nju(ar
s eqund to the class of Lar\juaje.s Hhat are descnbed

ba Fejudaf‘ OKP»QSS)}M S

Pooft  hase 20 directionce®

(]) L has o /‘Qjot(af QXFVQSSldy\ —> L has wn OFA
( and Hhere o€ L has o DEA s L 1 resuqu’)

QO [ has o OFA Cor NFA) —= L has o regular
QKP/ﬁssz’bV\,



= 7\{; Ol 90l ©0ODI1) ., E
\ ) ) o



Theorevn Lek 2 be a« finde odphc«(oe«t.

The class of Llanquages over 2, 4ot are Nju(ar
s eqund to the class of Lar\juaje.s Hhat are descnbed

ba Fejudaf‘ OKP»QSS)}M S

Pooft  hase 20 directionce®

(]) L has o /‘Qjot(af QXFVQSSldn —> L has wn OFA

<Pmofr uses closure fropem‘fQSl )

QO [ has o OFA Cor NFA) —= L has o regular

(Mr&w} QKP’““’W“



L]} L has o /‘eju(af QXFVQSSIO‘V\ — [ has wn OFA

Pro of bg wductiort orn |€VI§'H\ of mjuk‘/\ Q\P’Cgs\é"\ for L,

G ol
Base cases ;| L= ()"

L= @ @
| = el «e s, ;‘L\)
) a,;@



Proot by nducton on lensth of regular epesion for L.

T rductwre _S'te()'_
WD hﬁP: For any L deccnbed bj o PQSq(cM (k()&ss(éy/\ \nual\iznj
ak moest K o‘ozmhm ¥ 1, ® ) L has an NEA

<Lhow OJLLJ L. descrlbed [6\1 r(ﬁ WKJQ{W we 2z .= GIOQ/EK'fJO-VJA
has  wn NTA



Trduckwe sie();
TWD V\\&Pf For q/\j L &egc_thCa b\J o f\QSLL(QV\ <.><())C§S(2)7/\ \r\\lélv‘lﬂj

ak mest K o‘om\hm ¥t , L has an NFEA

<how . CUL(j L. descnlboed B‘J rt_j WKJS{W wWe Zhm .= GPQ/CQLIO_/‘U
V\US an NFA

3 cases 1 W) L :([—13* where L, N desenbed L«J
((-l-) L= L‘fLL
(i) L= oL,

recu lar ex‘Drf-‘Slgm
using - = i o(WQrannb(lS

(1 Kollows laj Closure ?m()edj @ see L=t slde
@ o Y N O fom e [(ecturd

Gy ot @



