US‘\'n% T Pump.yua Lemma _ﬁ, CFL< Feb 12,2026

Cloum: L=Z w#m)/ WE Ea)ijéf s not CF,

Proof : BW06. $ L s CFR Then i} has & pemprs Copstarnt —
eall 1+ p.
(onsider +1e sivméz, w=alb#a b
Note Not Jwl 3 p ond we L so by PL. f, CFLs,
W= uvxyz where Ly xyz & ?%L,’ﬁ;ﬁ*) and
> l\/‘ﬁc&( € p
@) lv*aul >0
©) av”xgbz EL V20
Case . Vi Comtzns ¥#

=2 pump) down waked = disogpear, So
571 qu/ﬁlg Sh Cannot £€ € L.

=&
case2. U IS before $#, Y s cfier ’#—‘l heth  pon-empty
= V¥ gmwong her bleck %% bfs
end ¢ is pel in 2** Llocle 3 Us/ Ld@
= pumfers wp once somases s before 4
whie et INeA2BSing  flem  affen iy
" vesubny shog 3 nst W L
=&
Case 3. VT and gy Qre on Sume Side of :#5 or one is empl.
= ,owpma, up 5:1/&(5 a sh,vaL Ted™ Gas move
[ethers on one sile of &  tran e ofhon sile.
= Yegul‘ﬁl/\a shivg 3 net €L,
<&

All cases [ead & contadicton. S0 L is ot <F. &



Theoveuw-5 TThe [anauuaa_L’CIasf CFl. is closed urder
U ° * Reverse [etHen- Substihdion

PmoF ° %ta, (onshuchOn . Lagcose —(3»./ Tre Stedex

Hint = use CFG&s. T helphd, yeu

Ceen asSSwime m 3mmmar TS

in CNF.

Theorew ! The Iav\ﬁmajc—c&ass CFL ts ot closed under
n CMp\emen‘l' b 0 )Cge(e/y\ce

Pmo(:g We Wil ghow tatr CFL i8S not closed weder /) .

M Tre bllowry twe (rnyuages are CF <
70K | wm 203 $al ket l l,& 203
However| Nev mitasecktsn (s
L R T
have alteady swoun o be  NoT Context~Free . (N

Cpth’fMCvj—

Tt e clace CFPL  (oere cloted under Complemenct
(ard e Knos i+ is closed wnder Um\)nB/ (1PN

¥ woud alseo be closed wnrder (\) ba DQMGYF“S;

—

L.n L, = (Trn V) qu %awpwm-



Differerce  TH e cluce CPL  were closed under diflerence
(ara we Knoo i+ (S closed wrdey € 3/ e
¥ woud alse ke cloed wrder (,Dvw]ole;mevd’:

E = 2*4- L %d[ﬂew»ce.

\

Kaowrn CEL



