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Answers to last time

¥ Useful languages beyond LL(1)?
¥ Almost all of them: C, Java, ...

¥ssueif x if y else z

¥ Standard bx is to hack the parser




Today

¥ Push-down automat:
¥ Push-down parsers
¥ CFG derivatives

¥ Parse strings

¥ Derivative parsers




Motivation

¥ Need to go beyond LL(k) or LK)
¥ No parser-generator available

¥Need to parse ambiguous grammar




Learning goal

Be able to write YACC In less than 500 lines.

And, handleany CFG.




Push-down automato

¥ Mechanical form of context-free languag

¥ Given a string, it accepts or it does not*




PDA components

Formally, a push-down autamaton is a 7-tuple @Q,A, I',!, o, "o, F), where

. the setQ contains control states; and

. the setA is the input alphabet; and

. the setl’ is the stack alphabet; and
. therelation! ! (Q" (A#{"}H)" )" (Q" !") is the transition relation; and

. the control stategy $ () is the start state; anc

. the tape charactert#yy $ ! is the initial stack character; and

. the statesF'! () are bnal/accepting states.
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ConbPgurations

A machine configuration Is
the complete state of a machine
for some point in its execution.




Example: x86

¥ Value of every byte in RAM
¥ Values of all registers
¥ Values of CPU Rags

¥ Value of program counter




Example: DFA

¥ Remaining inpui

¥ Current control-stateg




PDA conpPguration




PDA conpPguration

Conbguration

* | I
$$" = A" 1" Q

t 1

String Stack  State




Initial conPguration
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ConbPguration transitio

(1 )" S# X

(=):! —P()




Transition: Big 1dea

¥ Maybe consume an input character

¥ Maybe pop off the top stack character
¥ Maybe push several stack characters

¥ Maybe transition to a new control char

¥ Mix and match; PDA is nondeterministic




ConbPguration transitio

(q,a,#) ! (d,%)
(a:%# : %aq) %" (W% %),




ConbPguration transitio

h

(q,",#)! (d,%

#o4q) % (%% + %),
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CheckKking acceptanc

(W, &', q) %™ (", %, q) g% F
w3 LQA!, o #,F).
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Accepts!




Example: Balanced (




Balanced




Deterministic PDA

!deterministic $ (Q AT F) ( (Q ) F!)
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Recognizing CFGS




Big 1dea

¥ Use terminals + nonterminals for stack
¥ Start with the CFGOs starting symbol
¥ If nonterminal on top, replace with a rule

¥ If terminal on top, pop it and consume it




CFG => PDA

(A,N,R,ny)

v
(Q1A1! 1#10()1!01F)




CFG => PDA

Q — {Oﬂiqmatcqu}
l = AUN U{$}

Y = $.
F = {0}




CFG => PDA




CFG => PDA

I.n! % for every (n! $$R

SO S—

13" no,$# | PI"#

a,al"#




Optimizations

¥ Use brst sets
¥ Breadth-brst




Parsing
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Parse trees

teT=A+(RxT")




Examplef)

B
P

( ? ) '—? (B — (B)B, ((,(B —1,0)),(B —1,0))
€ €




Strategy

¥ Include reduction rule hints in PDA

¥ Construct the tree in bottom-up fashior




CFG => PDA =>Tree

Q= {% On, G}
I = A %N %R %{$)

Yo = 3.
F = {%}




CFG => PDA =>Tree

s if(n —s...8,) €R




CFG => PDA =>Tree

Sy if(n—s;...s,) €R

y




Pop-labeled transitior

1)" S#IT°# 3







Parsing machine

p$1 =" &T

) &










Rule 3

$%"$ or $%°< $

(B! (.9




Derivatives, reloadeo
WARNING:

RESEARCH
AHEAD




Derivatives

DL = {w:cw! L}




Example

D¢ {foo, frak,bar} = {oo,rak}




Derivative of CFL

D(L(G)) = L(A,N ,R,ny)




Nonterminals

N =N #{D¢n):n" N}




Rules

foreachrule ($ s;...54), If the sequences; ... s is nullable, then:
[Dc(n) $ De(Si+1)Siv2 - Sm]” R,

and if m = 0, then :
D.(n$! ),

and
N$ s;...sm)" R




Start symbol

n!() = Dc(no)




Matching

w! D¢(L)
cw! L.




Optimizing derivative

¥ Compute D¢ lazily -- when derived, Prstec

¥ Short-circuit computation oncé appears




Parsing strategy

¥ Augment language to emit parse strings




Parse strings

¥ Post-order rendering of a parse tree

¥ Encodes information to rebuild parse tres




Example

([B! ')[B'! '[B! (B)B]




Parsing machine

$%2 $
(5,79 — ($,a: th

$%n# S1...Sm $




Example



B! (B)B]




Derivative machine

rG=(AN,R,ng)

G" — (A J R, N, R", n())




ConbPgurations

"$" = A %Lce(A" R)




(aw, L) =2 (w, D.(L))




Reduce

r$ brst(L)

(w, L) # " (w, Dy (L)),




INntuition trivia

¥ Derivative of context-sensitive closed?

¥ Derivative of Turing-recognizable possibl




Project questions?




