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ID of a PDA: ¢ ol
(state, remaining input, stack contents
(q,aw,sZ) |- (g, w, +2)
MeANS d(q,ﬂ\,s) - {(q‘,+>, -3

Notation: |- denotes W\V\\-[-}p\e moves
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Consider 4 sequence of transitions: (p, w, S) =% (g, y, T).

D QP)VO%JQ H(%Yilﬂ
@4 weu'2) Y=y
© U@WQMQW\TW
@ @ ¢ s dﬁ,

don (b1 ) ¥ (4.4T)

stack a\wo\y%s f,

never empty

¢
(gk, wic % |-

Can we vemove $ 7

Wuat if no step can boti,
pop & pV\SL\(‘?

‘

(p ¢y P (OW/T|>

T= T4, i el oot



PDA {o CFG

Construct G from PDA: PDA accets w iff G generates w.
Modify PDA:
A One accepting state ga.

Slia

A Stacik s eMp'{’y at beg]vw\]ng and At end.

X Eacl, fransition either pusies or pops but not boti,.
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PDA to CFG -y v p ~~,
Lemma: A@ﬂ{) =Sk w = w s.t. (P,W,e> |-* (q,e,e> U D

L=1wl (g0, w, e) -5 (g4, ¢, ¢) 3 = { w devived from Alg0g4) §
sww% ) WgWJ D
Tdea
Take w n L First move must be pusl, and ast move must be pop.
Eitter w = wlw? and for some intermediate v,
(40, wlw?, e) =% (r, w2, e) |-* (g4, e, e) A
e,W\})\-j $rack o QG
- (OLO,UO’L,Q)H‘(Y,E,E)

—> qu,y A‘(‘,‘LQ
= w0, Wy

or, w = aw'b and (ng, aw'b, e) |- (p‘, w'b, c) |-* (q,‘, b, <) |- (gra\, e, e)
v?ﬂrﬁ é(\jw\\w\ b%‘/\&é\ k,ot)be/} ab B, Uoek not e,vv\j)i?j,amove cant pop + push
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e\ gwb\fc Selp uvinkion

I %W“ X, hen (p,x,e> - (q,e,e)

g7 % obydah
Proof by nduction on k=lengti, of devivation of x {rom A(P,q\f st — 8 NASLQ’
Base case: k=1 Alpp) => e (pee) =% (pee). Vv | W ) 1,7 ¢
Tnd. Hyp.: Simt drue for k=1...n . \g% i F}fr —L
Tnd. Step: To prove stmi for k=n+1.
Alpa) B> ). => o 2> o ntl fimes => x

qur = Apr Arq =>% x /*

S f@&xﬂxz
o ©)

(P,X1,e> {"* (r,e,e) & (r,XZ,e) l"* (q,,e,e>.
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(px1 x2, e) [-% (¢ x2e). /

Comb]vx}ng,

(p, %;Le\) |-* (q, e, e).
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JEs (p,x,e> - (q,e e), hen A(p,q) =yX x, T Lt
Tnduction on k = number of fransitions. |
\
Base case: k=0, so p=g, X=e. QTS b\’\deg . Q q%FF 7 8> L5 &7%
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Case analysis | oY l\b

Stack s eW\P-Fy only at beg}vw\}mg and At end
Fist symbol pusted (<) must be popped at last.
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Since .‘e X‘b, C) -* (q,‘, b, C> houdt eW\P-fy]V\g

stack, none of s {ransifions can depend on fle

By IH, A<P‘q-‘\) =>x ',

c on the stack. So, tle followng is also a valid Therefore, A(p,q) => a A(P ;4> b =>\ﬂ/\\iﬂ o
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CFG 4o PDA
Construct PDA from G: G generates w i ff PDA accepts w.

PDA: NOv\—de-PerM}v\}s-Hca\\y guess the derivation/parse free S

5.0 Sk {
- L 0B i%
§7 O \/Q = O\\A D
3 s g
s,A for rule A—u
a,a—e¢ for terminal a
NS
_ =7 0.0
Ex. Generate PDA for £ 0T > g, lole

S>aTblb, T->Tale =) 0. %






Stow $at ...
{w over {A,b,c} : #A(W} = #‘b<w>

L = above language

L1 = aXxb*xck

Prove t1,a4 L intersect L1 is ot CFL
Then prove LAt L is not CFL
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Closure under NOPREFIX ok thiadl. Wi

NOP<L> = { w i L s.t. no propev Pre—pn( O—F W s L} NO@

3
%@Jk<1: nFE W vww_m>1§ %vi}f

LL’%&EMW\' LWOL} LLUL

- (L
Wiat s NOP(LT) = 9
Wiat s NQPLZ) = ¢ LY
Wiat s NOP(LT U L2) = 9 o

Prove 4Lt L1is CFL, L2 s CFL and L s CFL
@HOW fo prove NOP(L) s NOT CFL? ~ Ly U S
Led L3 = a®x bX cc X :
Wiat s LY = NQP(D wmtevsect | 39 2 %& 0 W//LE

How 4o prove +hat L4 is not CFL? 34 &b % .




Prove L = { w=a* b* : Hlaw) I= #bw) and #Hlaw) 1= 2 #bw) § s CFL
Diide L=L10U LZ U L3 and show tiat eact, 1s CFL

Exercise: Stow $uat L1 = { w=a*b* : Hlaw) < #bw) § s CFL
Exercise: Stow $had L2 = { w=a®b* : Hlaw) > 2 #bw) §1s CFL

Sitow 4at L3 = { w=aXbXx . #(b,w) < #(a,w> <72 #(b,w> }
Let 1 = #aw), #(o0)

Stow $at i=k+21L and 3=k+u\.



