L = { aibjck : i > j * k }

L = {aibj : j = 4i + 2 }  

L = {w ( {a, b, c}* : every a has a matching b and a matching c somewhere in w (and no b or c is considered to match more than one a)}  

For example, L includes aabcbc, aabcbccc, and bccbbba.  But the strings aabbc, bcbcaaa, and ab are not in L.

L {anbm : n + m = 2(mod3), n ( 1, m ( 1}

Example

L = {bam1bam2b…bamn : n ( 2, m1, …, mn ( 0, 

and mi ( mj for some i, j}

A NDPDA for L:

A CFG for L:

Prove that L is not regular.

Finding an Unambiguous Grammar

3.2.B. L = {w ( {a, b}* : w contains equal numbers of a's and b's}

(a) 
S ( aSb


S ( bSa


S ( (

S ( SS

(b) (i) S ( SS ( aSbS ( aaSbbS ( aabbaSb ( aabbab 

    (ii) S ( SS ( SSS ( aSbSS ( aaSbbSS ( aabbSS ( aabbaSbS ( aabbabS 

( aabbab  

Two different parse trees, but the same bracketing [a[ab]b][ab]   (just ('s in different places).

Worse:

    (iii) S  ( aSb ( aSSb ( aabSb ( [a[ab][ba]b]

(c) So we've got an ambiguous grammar.

(d) What if we try to fix it the same way we fixed balanced parentheses (getting rid of ( except at the top):




S ( (



S ( T




T ( ab




T ( aTb




T ( ba




T ( bTa




T ( TT

But this doesn't work:

[aabb] [ab]                                    [a [ab] [ba] b]

S ( (




S ( Ta


/* A region first

S ( Tb


/* B region first

Ta ( A

/* just a single A region


Ta ( AB

/* two regions, an A followed by a B

Ta ( ABTa
/* we write this instead of Ta ( TaTa 

Tb ( B



Tb ( BA

Tb ( BATb
A ( A1
/* this A region can be composed of a 





single balanced set of a's and b's 

A ( A1A
/* or it can have arbitrarily many such 





balanced sets.

A1 ( aAb
/* a balanced set is a string of A regions 





inside a matching a, b pair

A1 ( ab
/* or it bottoms out to just the pair a, b

B ( B1

B ( B1B

B1 ( bBa

B1 ( ba

Is L Regular?

L = {w ( {a, b}* : w contains equal numbers of a's and b's}

Chomsky Normal Form



E ( E + T



E ( T



T ( T * F



T ( F



F ( (E)



F ( id

Step 3. 


E (* T, F

T (* F

G" = 



E ( E + T


T ( T * F


F ( (E)


F ( id

Then we add:


E ( T * F


E ( (E)


E ( id


T ( (E)


T ( id


Step 4. 



E ( EPT


T ( TMF


F ( LER


F ( id


E ( TMF


E ( LER


E ( id


T ( LER


T ( id


P ( +


M ( *


L ( (


R ( )


Step 5. 



E ( E E'


E' ( PT


T ( T T'


T' ( M F


F ( L F'


F' ( E R


F ( id


E (T T'  


E ( LF'

E ( id

T ( L F'


T ( id


P ( +


M ( *


L ( (


R ( ) 

Prove that context free languages are closed under difference with any regular language.  

Prove that L = {anbmcndm: n ( m} is not context free using the pumping lemma for context free languages. 

Convert the following context free grammar to Chomsky Normal Form.  Show your steps.

S ( aAa | bBb | (
A ( C | a

B ( C | b

C ( CDA | (
D ( A | B | ab

Construct a CFG for L = {w: w is the binary representation of a non-negative integer multiple of 4 without leading zeros}

Construct a CFG for L = {aibjck: 3i ( 5k + 2}

Show that L(G) is deterministic context free by constructing a deterministic PDA for L$.  G is as follows:

S ( aSb | aS | SS | (
True or false:

a. The set of regular languages over some alphabet ( is a subset of the set of context free languages over the same alphabet.

b. If a context free grammar is not in regular grammar form it cannot generate a regular language.

c. A PDA accepts an input string if and only if it consumes all input and leaves the PDA in a final state.

d. Practical parsers use nondeterminism to help them find the correct parse for a given input.

e. If L1 and L2 are context free languages, then L1* ( (L1L2 ( ((L10)) is context free. 

f. If a language is finite, it cannot have a context free language as a subset.

g. Given the context free grammar, S ( SaSb | (, the following is a valid leftmost derivation for the string ababab.


S ( SaSb ( SaSbaSb ( SaSbaSbaSbS ( aSbaSbaSbS ( abaSbaSbS ( ababaSbS ( abababS ( ababab

h. The grammar in part (g) is ambiguous.

i. There are context free languages for which it is not possible to construct an unambiguous grammar.

j. The program yacc uses a top-down parsing algorithm with one symbol look-ahead.

k. The set of context free languages over a single character alphabet is precisely the set of regular languages over that same alphabet.

l. Pumping is the mechanism by which context free grammars generate infinite languages.

m. There is an algorithm to construct a rightmost derivation from a derivation tree and an algorithm to construct derivation tree from a rightmost derivation.

n. Consider the CFG given by the following rules:  S ( SS | aSb | bSb | bSa | aSa | (.  Is L(G) regular?

o. Is the intersection of two regular languages a context free language? 
p. If a context free language is inherently ambiguous, can it be deterministic context free?

q. If a PDA is in a final state and it has an empty stack, then it accepts the input string.

r. A regular language can be a superset of a context free language.

s. The context free pumping theorem is used to prove languages are context free.

t. It is sometimes possible to infer the entire CFG for a CFL from just the parse tree of a single string in that language.

u. All finite languages are context free.

v. If a language is not CFL, it is not regular.

Give a CFG for L = {anbmcp:  1 ( n ( m < 2n}.  


Consider the following PDA, M.  Give a formal definition of L(M).  Show that L(M) is deterministic context free.
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Convert the following grammar to Chomsky Normal Form.  Show your steps.

A ( ( | cAB

B ( d | cdA | A | B

Prove that L = { w ( {a, b, c, d}*: 

#b(w) ( #c(w) ( #d(w) ( 0 } is not context free using the context free pumping theorem.  You may additionally use any relevant closure properties.

Short answer with justification:

a. Does yacc recognize a wider class of languages than the deterministic context free languages?  

b. What property must a CFG have if the leftmost derivation of a string in L(G) is always exactly the same as the rightmost derivation of the same string?

c. When is nondeterminism useful in a PDA?  

d. When is nondeterminism problematic in a PDA?

e. Can yacc be used to recognize an inherently ambiguous language?

f. What does it imply when you go to use the CFL pumping theorem and you cannot find a string w, which is guaranteed to be long enough?

Give a CFG for L = { anb*cn+mamb* }

Give a CFG for L = { anbm: 2n ( 3m }

Give a CFG for L = a(a(b)+a ( b(a(b)+b(a(b)+

Give a CFG for L = {x: (w,y, w(x(y ( {anbn}}

Given a CFG G, and a regular expression (, create a decision procedure for determining whether there is any string w such that w (L(G) and w ( L(().

Create a PDA that recognizes the following language: 

{ x(y(z: y ( a* and x, z ( {b,c}* and |y| = |x| + |z| }

Label the transitions of your PDA with numbers and use the labels to identify groups of transitions that make your PDA nondeterministic.  If your PDA is deterministic, say so.
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