Deterministic Parsing: LL(k) Grammars

LL(A) Grammars

LL(k)

Introduction

left-to-right scan—‘ L Amount of lookahead

leftmost derivation

e IS this top-down or bottom-up parsing

?

e \What decision does the parser have to

make at each intermediate step
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Deterministic Parsing: LL(k) Grammars Introduction

Example

Chapter 16, Exercise 3(c)

S — ABCH
A — aA| X
B — bBc| A
C — cA|dB| A

Suppose we wish to parse a string p. If we
have reached

* * 7
S — uAv — uxv — p,
L L L

where v € >*, how can we determine which A

rule to use 7

CS 4114 Lecture Notes 2



Deterministic Parsing: LL(k) Grammars

Lookahead Sets

Introduction

G = (V,X,P,S) with no useless symbols,

AeV, and A—weP

LA(A) = {ze€X*|S== uAv=ux € X*}

LA(A — w)

= {2 €X*| S= vAv=— vwv == uzx € ~*}

Example

S — A|B|A

A — adAla

B — aB|b
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Deterministic Parsing: LL(k) Grammars Introduction

Length £ Lookahead Sets

Truncation of X € P(X*):

trunc(X)
= {uveX||u <k}U{u|l|ul =k and uv € X}

LAL(A) = trunc,(LA(A))
LAL(A—w) = truncy(LA(A— w)
Example — use £ =2

S — A|B|A
A — aAla

B — aB|b
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Deterministic Parsing: LL(k) Grammars Introduction

Strong LL(k) Grammars

Endmarkers: Add rule
S' s S#F

sO lookahead always exactly k£ symbols.

Definition 16.3.1. Let G=(V,X,P,S) be a
CFG with endmarker #*. G is strong LL(k)
if there are two leftmost derivations

* E S
S :L> u1Avq :L> U1TV1 :L>u1zw1

X X
S :L> usAvo :L> UDYVD :L>u2zw2,

where w1, un, wy,ws> € * and z € ¥, then

T =1y.

Theorem 16.3.2. G is strong LL(k) if and
only if, for each A € V, the sets LAL(A— w;)
partition LAL(A).
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Deterministic Parsing: LL(k) Grammars Introduction

Chapter 16, Exercise 3(c)

S — ABCH#
A — aA| A
B — bBc| A
C — cA|dB]| A
LA{(S— ABC#) = ?
LAl(A—>aA) = 7 LAl(A—>>\) = 7
LA{(B—bBc) = 7? LA{(B— X)) = 7
LA{(C —cA) = LA{(C —dB) = 7
LAl(C—>>\) =
Is the grammar strong LL; ?
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Deterministic Parsing: LL(k) Grammars Introduction

Computing LA, (A— w) Sets

For u e (VUX)* and k > 0,

FIRST . (u) = trunck({x|u%x,x62*}).

For AeV and k > 0O,

FOLLOW,(A) = {z € FIRST;(v) | S:;>UA?}}.

Example. Compute FIRST> and FOLLOW,
sets for the grammar of Chapter 16, Exercise
3(c).

S — ABCHH
A — aA| A
B — bBc| A
C — cA|dB| A
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Deterministic Parsing: LL(k) Grammars Introduction

Theorem 16.2.5. Let G=(V,>X,P,S) be a
CFG. For k>0, AeV,and A—w € P, we
have

LAk(A) = tl’Ul’le(FIRSTk(A)FOLLOV\/k(A))
and

= trunc,(FIRST (w)FOLLOW,(A)).

Example. Compute LA, sets for the
grammar of Chapter 16, Exercise 3(c).

S — ABCHH
A — aA| X
B — bBc| A
C — cA|dB| A
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Deterministic Parsing: LL(k) Grammars

Introduction

Construct FIRST,, Sets

Algorithm 16.4.1

Construct _FIRST(G)
>G=(V,X,PNS)
for a € > do F'(a) + {a}

for AcV
do F(A) « 0
if A—M\NcP
then F(A) « {\}

repeat
for AcV do F/'(A) « F(A)

for A— uqunr...up € P with n >0

do F(A) «

F(A) U trunci,(F'(u)F'(us) - - F'(un))

until F(A) = F/(A) for every Ac V
for A€V do FIRST.(A) + F(A)
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Deterministic Parsing: LL(k) Grammars

EXAMPLE

Introduction

Construct FIRST, sets for grammar of

Exercise 3(b).

S — AB#H#
A — aAb|B
B — aBc| A

FIRST,(S) =

FIRST,(A) =

FIRST,(B) =
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Deterministic Parsing: LL(k) Grammars Introduction

construct FOLLOW, Sets
Algorithm 16.5.1

Construct_FOLLOW(G)
>G=(V,X,PS)

> Need FIR () orec 1%
FL(S)
or 1% S o FL( )
r t
or V oFL( ) FL( )
or P
o FL( )
i V
th FL( ) FL( )
or o to
o (FIR ( ) )
i 1%
th FL( ) FL( )
tl FL( )=FL( ) oreer 1%

or V o FOLLOW ( ) FL( )



EXAMPLE CONT NUED

o tr t t orgr mm r
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FOLLOW (S) =

FOLLOW ()

FOLLOW ( )




EXAMPLE CONT NUED
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