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Recall that a CFG has terminals, variables, and rules.

Gq

S - 0S1 Shorthand:
S—R S—0S1]|R
R—>¢ R—>¢

Grammars generate strings

1.
2.

el

Write down start variable

Replace any variable according to a rule
Repeat until only terminals remain

Result is the generated string

L(G) is the language of all generated strings
We call L(G) a Context Free Language.

Example of G; generating a string

Tree of S S Resulting
substitutions / string
“parsetree” (0SS 1 0S1

0S1 00511
F|{ 00R11
€ 0011 € L(G,)

L(Gy) = {0%1¥| k > 0}



Which of these are valid CFGs?

Cl: B—>OBl|£
B1—> 1B

a) C, onlyB— OB
b) C, only
c) Both C; and C,
d) Neither

S—0S | S1
R - RR




How many reasonable distinct meanings
does the following English sentence have?

The boy saw the girl with the mirror.
(a) 1
)W
(c) 3 or more




GZ G3

EDE+T | T E—E+E | ExE | (E) ]| a
T—>TxF | F
F—(E)|a

Both G, and G5 recognize the same language, i.e., L(G,) = L(G3).
However G, is an unambiguous CFG and G5 is ambiguous.



albla|b]a a
—\ input appears on a “tape”

C Sc%matsc diagram for DFA or NFA

g stack Schematic diagram for PDA

NN

Operates like an NFA except can write-add or read-remove symbols

from the top of stack. £ 3
push pop

Example: PDA for D = {Ok1k| k >0}
1) Read Os from input, push onto stack until read 1.

2) Read 1s from input, while popping Os from stack.

3) Enter accept state if stack is empty. (note: acceptance only at end of input)



Defn: A Pushdown Automaton (PDA) is a 6-tuple (Q,%,T, 4, q,, F)

Y. input alphabet
[’ stack alphabet

0: QX2 XTe > P(Q XT) Accept if some thread is in the accept state
5(q,a,¢c) = {(r;,d), (ry,e)} at the end of the input string.

Example: PDA for B = {ww®|w € {0,1}* } sampleinput: [0][1]1]1]1]0

1) Read and push input symbols.
Nondeterministically either repeat or go to (2).

2) Read input symbols and pop stack symbols, compare.
If ever # then thread rejects.

3) Enter accept state if stack is empty. (do in “software”)

The nondeterministic forks replicate the stack.

This language requires nondeterminism.




Theorem: If A is a CFL then some PDA recognizes A
Proof: Convert A’s CFG to a PDA

E-E+T | T
T-—> ..
F- .. CFG

IDEA: PDA begins with starting variable and guesses substitutions.
It keeps intermediate generated strings on stack. When done, compare with input.
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Input:

Instead, only substitute variables when on the top of stack.

d

+

d

X

da

If a terminal is on the top of stack, pop it and compare with input. Reject if +.
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E+T
T+TxF
F+Fxa

da+axXxXa

e s e



G, E—E+T|T

Theorem: If A is a CFL then some PDA recognizes A T TxF | F
Proof construction: Convert the CFG for A to the following PDA. F—(E) | a
1) Push the start symbol on the stack.
2) If the top of stack is
Variable: replace with right hand side of rule (nondet choice).
Terminal: pop it and match with next input symbol. .
E
3) If the stack is empty, accept. VAN
E+T E+T
/ /1IN
Example: aj*fjajx|a T+TxF ';' '5 X IT
E E F T a + T T F+Fxa '|E '|E ?
+ + + w T X a+axa a a a
T T T T F
NN\ NN\ NN\ AVAYS "\ N\ NN NN\




Is every Regular Language also
a Context Free Language?

E)RES

(b) No
(c) Not sure




Recognizer Generator

Regular DFA or NFA Regula.\r
language expression
Context Free Context Free
D)
language Grammar

Context Free
languages

Regular
languages
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