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Answers to last time

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

Issue: if x 1f y else z

Standard fix is to hack the parser




Today

Push-down automata
Push-down parsers
CFG derivatives
Parse strings

Derivative parsers




Motivation

® Need to go beyond LL(k) or LR(k)

® No parser-generator available

® Need to parse ambiguous grammars




Learning goal

Be able to write YACC in less than 500 lines.

And, handle any CFG.




Push-down automaton

® Mechanical form of context-free language

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




PDA components

Formally, a push-down autamaton is a 7-tuple (Q, A, T, 9, qo, Yo, F'), where

. the set () contains control states; and

. the set A is the input alphabet; and

. the set 1" 1s the stack alphabet; and

. the relation § C (Q x (AU{e}) xI') x (@ x I'*) is the transition relation; and
. the control state gy € () is the start state; and

. the tape character v, € I' is the initial stack character; and

. the states F' C () are final/accepting states.
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Configurations

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 flags

Value of program counter




Example: DFA

® Remaining input: w

® Current control-state: g




PDA configuration

ceEXL=A"XxI"XxQ




PDA configuration

Configuration

v
ceEXL=A"XxI"XxQ

t 1

String  Stack  State




Initial configuration
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Configuration transition

(=) C X XX

(=) : 2 — P(X)




Transition: Big idea

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 hondeterministic




Configuration transition

(q,a,7v) 0 (¢,
(a:d,y:9,q) =" (@7 +7,4),




Configuration transition

(q,€,7) 0 (¢',7")

(@, v :9,q) =" (@7 #+7,¢).
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Recognition strategy




Checking acceptance

(w, (Y0),q0) =" (6,7, 4") g € F
w < ’C(Q7A7F757 QOv/yOaF)'
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Accepts!




Example: Balanced ()




Balanced




Deterministic PDA

5deterministic < (Q X A X F) — (Q X F*)
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Recognizing CFGs




Big idea

Use terminals + nonterminals for stack
Start with the CFG’s starting symbol
If nonterminal on top, replace with a rule

If terminal on top, pop it and consume it




CFG => PDA

(A7 N7 R7 TL())

v

(Qv A7 F7 57 qo, )0, F)




CFG => PDA

Q — {QO7Qmatch7QF}
'=AUNU({$}

Y = $.
IS {QF}










Optimizations

® Use first sets

® Breadth-first




Parsing
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Parse trees

teT =A+ (RxT")




Example: ()

(B— (B)B,((,(B = ¢€)),),(B—=¢€())




Strategy

® |nclude reduction rule hints in PDA

® Construct the tree in bottom-up fashion




CFG => PDA => Tree

@ = {90, 9m, qr }
'=AUNURU{$!}

Yo = $.

I = {QF}
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CFG => PDA => Tree




Pop-labeled transition

(=) C Y XTI x¥







Parsing machine

Y EeEW =X xXT7

(—) C U x U













Derivatives, reloaded
WARNING:

RESEARCH
AHEAD




Derivatives

D.L ={w:cw € L}




Example

D¢ {foo, frak,bar} = {oo, rak}




Derivative of CFL

D.(L(G)) = L(A,N', R ,n))




Nonterminals

N' =NU{D.n):ne N}




Rules

for each rule (n — s1...s,,), if the sequence s; ... s; is nullable, then:
[Dc(n) — Dc(Sz’—l—l)Si—I—Q Ce Sm] - R/,

and if m = 0, then :
D.(n — 0),

and
(n—81...8,) € R




Start symbol




Matching

w € D.(L)
cw € L.




Optimizing derivative

® Compute D, lazily -- when derived, firsted

® Short-circuit computation once & appears




Parsing strategy

® Augment language to emit parse strings




Parse strings

® Post-order rendering of a parse tree

® Encodes information to rebuild parse tree




Example

(|[B — €¢])|B — €||B — (B)B|.
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Example






Derivative machine

G: (A,N,R,TL())

G = (A @ R,N,R/,TL()>




Configurations

§€2:A*X JCF(AUR)







Reduce

r € first(L)

(w, L) =" (w, Dy(L)),




Intuition trivia

® Derivative of context-sensitive closed?

® Derivative of Turing-recognizable possible!?




Project questions?




