CSCI 256: Theory of Computing Normal Forms for CFGs

- ACFGG=(V, S, P, isin Chomsky Normal
Form (or CNF) ifdl productionsin P are of the
formA® BCor A® a, whereA,B,Cl V and
al s.

CHAPTER 7
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= Eliminaeunit productions A® B for A,BI V.
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= Eliminating Usel ess Symbol s = Properties of useful symbols

- A symbol XI VNS is generatingif XP w for
wi S. Notethat every XI S is generating
sincewl S* can be X itsdf.

- A symbol XI VNS is useful for agrammar
G=(V,S,P,S) if thereis some derivation of the
foomSP aXb b w, wheewl S".

- A symbol XI VNSisreachableifthereisa
derivation SP aXb for a,bl (V+S)".

- 1fXI VNSisnot useful, wesay it is useless

= Eliminating usd ess symbols from agrammar
will not change the language generated.
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Normal Forms for CFGs
Theorem 7.2

- Leat G=(V,S,P,S) beaCFG, and assume tha
L(G)* A i.e. G generates at least onestring. Let
G1=(V4,54,P1,S) be the grammar obtained by the
following steps:

A Round#1: Eliminate nongenerating symbolsand dl
productions involving one or more of these symbols.
Let Go=(V2,S,,P,,9 bethis new grammar.

A Round #2: Eliminaed! symbolstha are
unreachablein thegrammar G,.

= Then G, has no usdess symbols, and L(G;)=L(G).

Normal Forms for CFGs

Theorem 7.4

- Thefollowing dgorithm finds dl and only the
generating symbols of grammar G=(V,S,P,S).

"*BASIS: Every al Sisgeneraing.

" INDUCTION: Suppose(A®a)l P, and every
symbol of a isdready known to be generating.
Then Aisgeneding. Notethat thisruleindudes
the casewherea=e.
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= Used for “Round #1” of Theorem 7.2 ...

B. Juliano © 2002, based on notes by J. Uliman m
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Theorem 7.6 Example:

= Given the gramma G=(V,S,P,S) where

P. S® AB|C B® 1|A0
A® OB|C C® AC|C1

- Thefollowing dgorithm finds dl and only the
reachable symbols of grammar G=(V,S,P,S):
" BASIS: Sisreachable
= Applying “ Round #1” (Theorem 7.4):
= Since0,11 Sare“in’, B® 1impliesBl Vis“in”
- So, A® OB and S® AB imply A S V ae“in.”

= Used for “Round #2” of Theorem 7.2 ... = Nothing more can beadded, so CT Visa
nongenerating symbol tha can be diminated dong

with any production that mentionsit.
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" INDUCTION: Supposeit has been determined
that Al Visrescheble Thenfordl (A®a)i P, dl
symbolsinal (V+S)* are dso reachable.
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Normal Forms for CFGs Normal Forms for CFGs

Exampl €, continued ...
= So, defineG,=(V,,S,,P,,S) where
P,, S® AB B® 1|A0
A® 0B
= Applying “ Round #2” (Theorem7.6):
= SinceSl Vis“in, then ABl Vae“in”
- 0,11 Sare“in”
= So, dl symbols arereachablein G..

- Eliminating e-Productions

* Ifalanguagel has aCFG, thenL—-{ €} hasa
CFG without e-productions.

“Ifd L, thenLitsdfisL—{e}, soL hasaCFG
without e-productions.

- AvaiableAl Visnullableif Ab e

Chapter 7: Properties of CFLs
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- If Alisnullable then whenever A appearsin a
production body, say B® CAD, A might (or might
not) derivee.

uliano © 2002, based on notes by J. Ullman I-I_I:I_I:u

= Letting G;=G,, G; has no usdess symbols.

B. Juliano © 2002, based on notes by J. Uliman I-I_I:I_I:’

Normal Forms for CFGs
Theorem 7.9

= If the grammar G;=(V,S,P1,S) is constructed
from grammar G=(V,S,P,S) by the construction
for eliminating e-productions given be ow,
thenL(G;) = L(G){€}.
A Round #1: Determined| nullable symbols of G.
A Round #2: For each (A® X;Xow XJI P, k31,
supposem of thek X;’saenulleblesymbols. G;

will have 2™ versions of this production, wherethe
nullable X;’sin &l possible combinétions are ether

Normal Forms for CFGs

Theorem 7.7

= In any gramma G=(V,S,P,S), theonly nullable
symbol s are the variabl es found by the
following agorithm:

" BASIS: If(A® e)l P, then Aisnullable

** INDUCTION: If(B® C,C,w C)I P, whereeach
Gl Visnullable then Bisnullable

Chapter 7: Properties of CFLs
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(Hence, weonly need to consider productions with
dl-vaiablebodies.) present or absent. If m=k, exclude the case when

;
dl X'sareabsent.
B. Juliano ® 2002, based on note: B. Juliano © 2002, based on notes by J. Ullman

April 26, 2002 © B. Juliano, Computer Scence @ CSU, Chico Page3




Normal Forms for CFGs
Exampl e, continued ...

Normal Forms for CFGs

Example
= Applying “ Round #2” (from Theorem 7.9).
= Productions added from S® AB:
S® AB|A|B
= Productions added from A® aAA:
A® aAA|aAla
= Productions added from B® bBB:
B® bBB|bB|b

- Given the grammar G=(V,S,P,S) where

P. S® AB
A® aAAle B® bBB|e

= Applying “ Round #1” (Theorem7.7):
- A,Bi Varenullablefrom A® e and B® e.

= S V nullablefrom S® AB.
= So, dl vaidilesin V aenullable.

B. Juliano © 2002, based on notes by J. Uliman m
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= So, defineG,=(V,S,P;,S) where
P S® AB|A|B B® bBB|bB|b

A® aAA|aAla
B. Juliano © 2002, based on notes by J. Ullman

Normal Forms for CFGs Normal Forms for CFGs

= Eliminating Unit Productions Theorem 7.11

= Thefollowing inductive construction dgorithm
finds exactly theunit pairs for aCFG G:

= A unit production is aproduction of the form
A® Bwhere ABI V.
- A pair (AB), where AP B using only unit - BASIS: (AA)isaunit par for any variable Al V.

productions, is cdled aunit pair. , o _
= INDUCTION: If(AB)isaunitpar, and B® Cis

aproduction where Cl V, then (A,C) is aunit pair.

Chapter 7: Properties of CFLs
Chapter 7: Properties of CFLs
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Normal Forms for CFGs

- Cleaning up grammars
1. Eliminate e-productions
2. Eliminate unit productions
3. Eliminate usd ess symbols

Normal Forms for CFGs

Theorem 7.13

= If grammar G;=(V,S,P,,S) is constructed from
grammar G=(V,S,P,S) by thefollowing
a gorithm for eliminating unit productions:
A Round #1: Finddl theunit pairsof G.
A Round #2: For each unit pair (A,B), addto P, dl

theproductions A®a whereB®a is anonunit
productionin P. Notetha A=B ispossible in that
way, P, contains dl the nonunit productionsin P.

- Then, L(G,) = L(G).

B. Juliano © 2002, based on notes by J. Uliman I-I_I:I_I:H

Theorem 7.14

- If G isaCFG generaing alanguage that
contains & |east one string other than e, then
thereis another CFG G, such tha L(G,) =

L(G)-{ €}, and G; has no e-productions, unit

productions, or usdess symbols. m

Chapter 7: Properties of CFLs
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Normal Forms for CFGs Normal Forms for CFGs

= Chomsky Normal Form = Procedure for Converting to CNF

- EBEvey CFL without e has agrammar
G=(V,S,P,S) in which dl productions arein
one of two simple forms, ether

- A® BC, where AB,CI V: or

1. Clean-up the grammar (via Theorem7.14)

2. Arrangetha dl productions with bodies of
length 2 or more consist only of variables.

* For each al S, introduce anew variable

- A® a, where Al V andal S. A, and aproduction A,® a.

= Further, G has no usdess symbols. Such a

Igirczja:nmm%rri é I\SIGII: d to bein Chomsky Normal entire body, by A,

B. Juliano © 2002, based on notes by J. Uliman m B. Juliano © 2002, based on notes by J. Uliman m
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* Replace ain any body, whereit is not the




From Figure 7.4 (b) of IATLC, Hoperoft, Motwani, & Uliman, 2001.

Normal Forms for CFGs Normal Forms for CFGs

= Procedure for Converting to CNF, continued ...

3. Bregk productions with bodies of length 3 or
moreinto acascade of productions, each with
abody consisting of two variables.

* For each production A® B,B,w B, k33,
introduce k-2 new variables C;,Co,w ,Cyo.

* Replacetheorigind production
A® B,B,w B, by thek-1 productions

A® BC, X
C1® BZCZ Ck—3® Bk—ZCk—Z

I | 00

Detail of Step #3: For each production A® B,.B,w B,
k& 3, introduce k-2 new variables C;,Cow ,C, _,.

B. Juliano © 2002, based on notes by J. Uliman m
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From Figure 7.4 (a) of IATLC, Hoperoft, Motwani, & Ullman, 2001.

Normal Forms for CFGs Normal Forms for CFGs

Theorem 7.16

- 1fG=(V,S,P,9 is aCFG whose language
contains a |east one string other than e, then
thereis agrammar G; in Chomsky Normal

Form, such that L(G;) = L(G)-{ €.

Chapter 7: Properties of CFLs
Chapter 7: Properties of CFLs

Detail of Step #3: Replace the original production

A® B;B,w By by k-1 cascading productions.
B. Juliano © 2002, based on notes by J. Ullman B. Juliano © 2002, based on notes by J. Ullman
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B. Juliano © 2002, based on
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Pumping Lemma for CFLs

Parsetree, T, for wi L:

Note: w = aab, where ) A
a,bl S, and|w| = the
number of leavesin T.

B. Juliano © 2002, based on notes by J. Ulimar

om Figure 7.4 (b) of IATLC, Hoperoft, Motwani, & Ullman, 2001

-'1I5

Every sufficiently long stringwl L must havea

long pathinits parsetree. m

April 26, 2002 © B. Juliano, Computer Scence @ CSU, Chico
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Pumping Lemma for CFLs

Theorem 7.17
- Suppose we have aparsetree T according to a

CNF gramma G=(V,S,P,S), and suppose tha
theyidd of thetreeiswl S". Ifthelength of the
longest path in T isn, then |w| £ 21,

B. Juliano © 2002, based on notes by J. Ulimar

Pumping Lemma for CFLs

Theorem 7.18 (The pumping lemma for CFLS)
- Let L beaCFL. Then there exists aconstant of

the pumping lemma, n, such that if zis any
string in L such that |zF n, we can write
Z=uwxy, subject to the following conditions:
A lwx|En;
A vxle— a lesst oneof the strings pumped must not
beempty; and

A fordl i3 0, uviwxiyl L — thetwo substrings v and x
may be “pumped’ any number of times and the

resulting string is still in L.

Page7




i From Figure 7.6 of IATLC, Hapcroft, Motwani|

Dividing the string z=uvwxy
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From Figure 7.7 (b) of IATLC, Hoperoft, Motwani,
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From Figure 7.7 (a) of IATLC, Hoperoft, Motwani, & Uliman, 2001.

Pumping Lemma for CFLs
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Underlying idear Initia configuration prior to pumping ...
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From Figure 7.7 (¢) of IATLC, Hoperoft, Motwani, & Ullman, 2001.

Pumping Lemma for CFLs

What's importantis

notthe number of y b
repefions g A .
- the keyis good form / .+~ o ™
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Result of pumping the (sub)stringsv and x twice.

B. Juliano © 2002, based on notes by J. Ullman m
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Pumping Lemma for CFLs Pumping Lemma for CFLs

Pr oof outline: Pr oof outline:

- Let LbeaCFL. Le thaebeaCNF CFG for L
with mvariables. Pick n=2m,

- Because CNF grammars have bodies of no more
than 2 symbols, astring z where |zf n must have
some path with at least m+1 variables.

= Thus, some variable must gppear (a |east) twice
on the path.

= Comparewith the PL for RL using aDFA argument
about apath longer than the number of states.

B. Juliano © 2002, based on notes by J. Uliman m

- Focus on some path that is aslong as any path
inthetree. In this path, we can find some
duplication of some variable A anong the
bottom m+1 variables on the path.

- Let thelower A derivew and the upper A derive
VWX.

= CNF guarantess that [vwx| £ n and vx ! e.

- By repeatedly replacing the lower A’s tree by the
upper A’s tree, we seeuv 'wx'y has aparse tree

for al i3 0.
B. Juliano © 2002, based on notes by J. Ullman
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Closure Properties of CFLs Closure Properties of CFLs

= Substitutions

= Substitutions

- Let S bean dphabet, and suppose that for
every al S, wechoosealanguagel,. These
chosen languages can be over any a phabets,
not necessarily S and not necessarily the same.

= This choice of languages defines afunction s
(asubstitution) on S, and we shd |l refer toL,

ass(a) for each al S.

B. Juliano © 2002, based on notes by J. Uliman m
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Closure Properties of CFLs

= Substitutions

- Ifw=aa,w a,l S, thens(w) is the language
over dl strings x;X,Ww X, such that string x; is
in thelanguage s(&), for 1£i£n.

= In other words,

- s(w) is the concatenation of the languages

S(ay)s(@a)w s(ay)-
- s(L) istheunion of s(w) for al wi L.

B. Juliano © 2002, based on notes by J. Ul

Closure Properties of CFLs

= Construct anew grammar G¢=(V¢TGPGS) for
s(L) as follows:

** V¢istheunion of Vand dl the V;'s for al S.

* T¢istheunion of dl the Ty’sfor al S.
" P¢consists of:
i dl productionsin any P, for al S.

i the productions of P, but with esch al S
replaced by S, everywhere a occurs.

April 26, 2002 © B. Juliano, Computer Scence @ CSU, Chico
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Closure Properties of CFLs

Theorem 7.23 (Substitution Theorem)

- IfLisaCFL over dphabet S, andsisa
substitution on S such that s(a) is aCFL for
each al S, thens(L)isaCFL.

Pr oof:

- ldea TakeaCFG G=(V,S,P,S) for L and
replace each al S by the start symbol S, of a
CFG Ga=(V4, Ta,Pa,Sy) for the language s(a).

= Assuming no (variable) symbol Aisintwo or more
of Vand any ofthe V' s

uliano © 2002, based on notes by J. Uliman m

f Xm
uliano © 2002, based on notes by 3, Ullman m

Motwani, & Ullman, 2001.

Closure Properties of CFLs

= A pasetreein G¢begins with aparsetreein G and
finishes with many parse trees, each onein one of the
grammars G, 5
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Closure Properties of CFLs Closure Properties of CFLs

= Applications of the Substitution Theorem = Applications of the Substitution Theorem

Theorem 7.24 Pr oof:

= CFLs are dosed under the following operations: = Union: LetL,and Ly beCFLs. ThenL1NL>is
the language (L), where language L={ 1,2}, and

* Union substitution sis defined by s(1)=L4 and s(2)=L.

" Concatendtion - Concatenation: Let L and Ly be CFLs. Then
L1L, isthelanguage s(L), where language
L={12}, and substitution s is defined by
S(1)=L; and s(2)=L>.

B. Juliano © 2002, based on notes by J. Uliman m
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* Closure (*) and Positive Closure (+)

** Homomorphism

B. Juliano © 2002, based on notes by J. Uliman m

Closure Properties of CFLs Closure Properties of CFLs

= Applications of the Substitution Theorem = Applications of the Substitution Theorem

Pr oof: Pr oof:

= Closure and Positive Closure: IfLqisaCFL,
L isthelanguage {1} *, and substitution sis
defined as s(1)=L 4, thenL{*=s(L). Similaly, if
L isinstead thelanguage { 1} +, then L1+=s(L).

= Homomorphism Let L be CFL over S and
h ahomomorphism onS. Le substitution s
be defined as s(a)={ h(a)} forall al S. Then

h(L)=s(L).

Chapter 7: Properties of CFLs
Chapter 7: Properties of CFLs

B. Juliano © 2002, based on notes by J. Uliman m B. Juliano © 2002, based on notes by J. Uliman m
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of IATLC, Hoperoft, Motwani, & Uliman, 2001.

Closure Properties of CFLs Closure Properties of CFLs

= CombiningaPDA and aFA torunin padld to crestea
new PDA ...

Theorem 7.25 (Closure under Reversal)

- |fLisaCFL, thensoisLR

AND |-+ Ao/

IECEl

Theorem 7.27 (Intersection with a
Regular Language)

Chapter 7: Properties of CFLs
Chapter 7: Properties of CFLs

= IfLisCFL and RisRL, theLORisaCFL.

B. Juliano © 2002, based on notes by J. Ullman m B. Juliano © 2002, based on notes by J. Ullman | -_L-J:ﬂ

Closure Properties of CFLs Closure Properties of CFLs

Formdly ... Theorem 7.29
= Given:
- PDA P=(Qp, S, G, dp, qp, Zo, Fp) that accepts L = Thefollowing aretrue about CFLsL, L,, and
by find state; and Ly, andaRL R
= DFA A=(Qa,S,dp Fp) for R.
oS a ) - L-RisaCFL.

= Construct

PDA P¢=(Qp Qa S G d, (@p.aa). Zo, Fp' Fa)
whereis d((q,p), a, X) defined to bethe set of dl pairs
((r,s), g such tha:

" s=Da(p,a); and

(.91 dr(g.aXx)
B. Juliano © 2002, based on notes by J. n B. Juliano © 2002, based on notes by J. Uliman
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- L isnot necessarily aCFL.

- L1 —Lyisnot necessarily aCFL.
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Closure Properties of CFLs

Theorem 7.30 (Closure under
I nver se Homomor phisms)

- Let L beaCFL and h ahomomorphism. Then
h-1(L) isaCFL.

Pr oof:

- Let CFL L bedefined over dphabet T, :S® T*, and
PDA P = (Q,5,Gd,00,.Zo,F) where L(P)=L.

= Construct P¢= (Q¢S,Gd¢(qp,e),Zo,F { €}) where

" Q4 Q T" wherefor every (g,X)1 Q¢xi T isa
suffix (not necessarily proper) of h(a)l T* for al S.

B. Juliano © 2002, based on notes by J. Uliman
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Closure Properties of CFLs
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B. Juliano © 2002, based on notes by J. Ul

of IATLC, Hoperoft, Motwani, & Ullman, 2001
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Closure Properties of CFLs

= Construction of P¢= (Q¢S,Gd¢(do,€), Zo.F {€}) ...

** d¢isdefined by thefollowing rules:
. d¥(g.e),aX) = {((q.h@), X)} fordl al S
andate gl Q and X G
If(p,9 1 d(g,b,X), wherebl T or b=g, then
((P.x), 9 1 d€(q,bx), & X).
" Thestat staeof P¢ (qo,©), isthestart state of P
with an empty buffer.
Hence, to show L(P® = h-{L(P)),
" (AohW).ZoH (Ped U (dow.Zots ((Pe).ed

B. Juliano © 2002, based on notes by J. Uliman

Decision Properties of CFLs
Recd| the following (linear!) conversion agorithms:
= CFG to PDA conversion (see Theorem6.13)

- PDA that accepts by find stateto PDA that
accepts by empty stack (see Theorem6.11)

- PDA tha accepts by empty stack to PDA tha
accepts by find state (see Theorem6.9)

What about conversions between PDAs and CFGs?

B. Juliano © 2002, based on notes by J. Ul
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Decision Properties of CFLs Decision Properties of CFLs

Theorem 7.31 (Complexity of Converting
among CFGs and PDAS)

= Thereis an O(n3) dgorithm that takes aPDA P
whose representation has length n and produces a
CFG of length & most O(n3). This CFG
generates the same language as P accepts by
empty stack.

Theorem 7.32 (Running Time of
Conversion to CNF)

= Given agrammar G of length n, we can find an
equivaent CNF grammar for G in time O(n2);
the resulting granmar has length O(n2).

= Primarily dueto the suba gorithm for unit pair
construction and dimination of dl unit productions.

B. Juliano © 2002, based on notes by J. Uliman m

Chapter 7: Properties of CFLs
Chapter 7: Properties of CFLs

= Optiondly, we can cause G to generae the
language that P accepts by find state.

B. Juliano © 2002, based on notes by J. Uliman m

of IATLC, Hoperoft, Motwani, & Ullman, 2001

Decision Properties of CFLs
- Testing Emptiness of CFLs

= CFL Lisempty ifand only if Sof G = (V, S,

P, S) is not generating. Chain of all posifions where
imtarating a variable appears.

%4 ! Clouni

Al T | 4 . :_-_._“ an
B | yax A ==K |¢ |D]|B |

Decision Properties of CFLs

- Testing MembershipinaCFL

= CYK Algorithm by J. Cocke, D. Younger (1967)
and T. Kasami (1965).

= “dynamic progranming’ agorithm

- lnputs:
= CNF gramma G= (V,S,P,S) for CFL L
- w=ajaw ayl S*

Chapter 7: Properties of CFLs
Chapter 7: Properties of CFLs

= Output:

: - Dedision, in O(n3) time, whether Wi L.
(Links frombodies of productions with variables

currently unknown to be generating
B. Juliano © 2002, based on notes by J. Ullman B. Juliano © 2002, based on notes by J. Ullman
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é - Example: é - ldeabehind CYK Algorithm ...
© - Gi he followi i f CNF G: o
= Given thefollowing productions of CNF G = S® AB w = baaba
ket S ® AB|BC 8 S ® BC
z A® BA|a g A ® BA baab  aaba
o = B ® CC
i B® CClb i C® AB baa aab aba
3 C® AB]|a 5 A® a
=4 = B® b ba aa ab ba
S = Test membership of baaba in L(G). 5
C® a b a a b a

Determine the parse tree for w, w|=n, by incrementdly

considering substrings of w of length 1,2, v ,n.
B. Juliano © 2002, based on notes by J. Ullman
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é = ldeabehind CYK Algorithm ... é = ldeabehind CYK Algorithm ...

O O

= S® AB w = baaba 5 S ® AB w = baaba

& S ® BC & S ® BC

2 A ® BA baab  aaba 2 A ® BA baab  aaba

2 B® CC 5 B® CC

8¢ C® AB baa aab aba o C® AB baa aab aba

o A® a T A® a {SA} {B} {SC} {SA}

= B® b ba aa ab ba = B® b ba aa ab ba

& {B} {AC {AC} {B} {AC} @) {B} {AC} {AC} {B} {AC}
C® a b a a b a C® a b a a b a

For substrings of w with length = 1 For substrings of w with length = 2

April 26, 2002 © B. Juliano, Computer Scence @ CSU, Chico Page 15
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é - ldeabehind CYK Algorithm ... é - ldeabehind CYK Algorithm ...

(@) O

S S® AB w = baaba S S® AB w = baaba

3 S ® BC 3 S ® BC /E {SAC}

2 A ® BA baab ~ aaba 3 A ® BA baab  aaba

g B® CC £ {B} {B} £ B® CC /E {B} {B}
baa aab aba baa aab aba

. C® AB . C® AB

5 A® a {SA} {B} {SC} {SA} 5 A® a {SA} {B} {SC} {SA}

‘g B® b ba aa ab ba ‘g B® b ba aa ab ba

) {B} {AC} {AC} {B} {AC} ) {B} {AC} {AC} {B} {AC}

C® a b a a b a

For substrings of w with length = 3

C® a b a a b a

For substrings of wwith length = 4

Decision Properties of CFLs Decision Properties of CFLs

é = ldeabehind CYK Algorithm ... é - CYK Algorithm detall

o {SAC} o - _ : _ -
b S ® AB w= baaba e Given CFGG = (V,S,P,9) in CNF, w=ajagw an S
3 S ® BC yis {SAC} 3 = Fill out " n matrix X as follows:

= =

qé A ® BA baab aaba 5 X, = AQV . @A} a P |

2 B® CC £ {B} {B} 15

.. C® AB baa aab aba B

~ ~

- A® a {SA} {B} {SC} {SA} - @} BCEg P .
5 B® b ba aa ab ba s Xij = AgV , BgX,,,CagX,,; I
&) {8} {AC} {AC} {B} {AC} 5 iRKP

C® a b a a b a
= W L(G) ifand only if ST X p.

For substrings of w with length =5

April 26, 2002 © B. Juliano, Computer Scence @ CSU, Chico Page 16
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Decision Properties of CFLs
9 - Going back to our example earlier ...
6 1 2 3 4 5
“i 1, (B | {SA s £ |[{SAC}
5 2| {ACH| {B} | {B} [{SAG}
] s
o
- A ® BA 3| fAC}| {SC} | {B}
g B ® CC 4|piB | {SA
5 C® AB
O A® a 5| 5{AC}
B ® b
C® a

Chapter 7: Properties of CFLs
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Decision Properties of CFLs

= Preview of Undecidable CFL Problems

= Undecidability— there are problems we
cannot solve by any agorithm that can run on
acomputer.

= Thefollowing are undecidabl e
* Isagiven CFG G ambiguous?
" Isagiven CFL L inherently ambiguous?
* Aretwo CFLs, L1 and Lo, thesame?

* Isagiven CFL L egud to S*, where S isthe

a phabet of L?
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