LL(K): Deterministic top-down parsing
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So far ...

« Formal languages and automata
* General prsing tch
~ Top-down - Bort
 Dietiorai nom aectioral
* Chrtparsing

ey
Coming next
« Deterministi context-free parsing
+ Probabilistc context-free parsing
« Dependency parsing

Recap: top-down parsing

« Generalideas try to generate the input using the grammar rules
~ Initalize with the start symbol

RHS in the grammar

= When  follow one, backtrack

~ Repeat untl input sentence s generated (or fafled)

« If we always expand the left-most symbol first, the parser is directional, the
resulting derivation is the left-most derivation

« Parsing proceeds with two actions:

predict expanding all RHSS of the left-most non-terminal

match if terminal, it has to match

Top-down parsing: an example
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Top-down parsing

« If we follow the predicted productions, we obtain a leftmost derivation

‘e descent parser

* Resastoedsen parers e p-dowr.
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« Lots. y work, P

« Most of the unnecessary workis done in predict

« In this lecture we will look at ways to reduce this

« For some grammars, the unnecessary predictions can be completely avoided,
resulting in a deferministic parser

pon-terminal s ,mpnsmmm asa
procedure
« For each symbol on a RHIS, we either
- call the sub-procedure (another
nonterminal]
- or match the input symbol

procedure A()
selectarule A = X1, X
fori = Itokdo
£, anonterminalthen
i)
s,  ctentinput then
advance the input pointer

retumn error

Recursive descent parser

+ The interesting idea is that now the parser is a program in a(ny)
programming language

Table driven parsing
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Table driven parsing: uxnmplc FIRST and FOLLOW sets
non-term. input (lookahead ) « FIRST and FOLLOW sets are useful for both
— = - = « FIRST set of a non-terminal A, FIRST(A), is the set of /
S, Sy N SNV s Nbvr s aew T T e I
= o o e T N
SR recovery during parsing

Computing the FIRST set

« The FIRST set of a terminal symbol contains only itself
. FIRST s

5o
symbols are added to any ofthe sets
Foreach ule X — Y)Ys...¥, i the grammar,
placeal erminals n FRSTQY) .. Yo ¢
& e FRSTY) for a1, . 3 st FRSTO)
ifthe rule processed is X — ¢,2dd ¢ to FIRST(X)
e, FRST st f any sental form, FIRST(X,Xz.. o) can e compute
“Fori~
1. Adda uwkw,,,m‘,,mx‘mnmx,x, )
2 e ¢ FRSTIX
el rRTIX o

K, add € to FIRST(X\ Xz ... Xy)

Computing the FOLLOW set

+ Calculate the FIRST sets
1. Place 8 in the FOLLOW(S)

2. Fora production A «Bf, add everything in FIRST(§) except o

3. Fora production A — aB, or A — aBf where FIRST(R) contains ¢, add al

tems in FOLLOW(A) to FOLLOW(B)

4. Repeat 3 until no more items are added to any of the FOLLOW sets




LL(1) grammars
+ A grammar s called and LL(1) grammar, if we can find  table similar o our

example:
then

B iy pa
the grammar s an LL(1) grammar

« Ls stand for Left-to-right and Leftmost derioation, (1) indicates the number of
Iookahead symbols needed

« If we increase the number of lookahead symbols, we get LL(k) grammars

- LY with a top-down p: backtracking

« Not every context free grammar is LL(k)

« But, programming language grammars are mostly LL(1)

LL(1) grammars

formal defnition

+ Ifa grammar is LL(1) then whenever A — acand A — B are two rules in
the grammar, then
~ The sets o non-terminals of strings derived from o and B are disfoint
~ Only one (or none) of xand f can derive the empty string

1B = ¢, acannot start with a terminal that may follow A

- FIRST(x) and FIRST(§) are disoint
£ s FIRST(3), then FIRST() and FOLLOW(A) are disint ets

Construction of LL(1) table

« I there are no ¢ productions, the table can be easily constructed from the
FIRST sets.
+ Otherwise, after computing FIRST and FOLLOW sets, the following
procedure flls the LL(1) table:
~ Foreachrule A — o i the grammar
1. Foreach terminala n FIRST (), add A — 10 tabe cll [, o]
2 164 i IRST(o),then o exch eminl b i FOLLOW(A)8dd A — o ale
el [A.b]

Example
cleating FIRSTsts

S BA A 5 aBAle B CD D bCDlc C - cSeld

+ Repeat until no additions

© < i ST ot =
1. ko add ¢ to FIRST(X)
2. if the rule processed s X —+ €,
add ¢ to FIRST(X)

Example Example
o S BA A aBAle B (D Do bCDIe C o ckeld
1L ORI e G w6 wo ) o [ &) & ohen bk ale a|s
2 Foraproducton A — o3P, add 5 YR
Co T TR Q00 < Foreshrule A  wnthegammar A3 g
5 oo
T o el n FIRST (), 204
3. ForA — aB,orA — aBp where A > mableclha] @ 5 [
FIRST(B) contains €, add items in 2. If ¢ i in FIRST(), then for cach terminal b~ _D | ¢ | BCD. <

FOLLOW(A) to FOLLOW(B)

in FOLLOW(A) add A — o to table cell
fanl

Summary
- LL(1)

wsing top-down parsers

+ Like any top-down parser, et recursion necds additional care

5 L0

guag

‘rammars are mostly LL(1)

« LL(k) parsing is intuitive and relatively casy to construct by hand, but LR(k)
‘grammars (bottom-up, determiistic) are more powerful (next lecture)

+ Suggested reading: Grune and Jacobs (2007, ch.8), Aho etal. (2007, Section
14)

Next
+ Deterministic bottom-up parsing
+ Suggested reading: Grune and Jacobs (2007, ch.9), Aho et al. (2007, Section
1547)

Acknowledgments, references, additional reading material
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Exercise
computethe FIRST and FOLLOW sets, and LL(1) tablefor § —+E5Q|a Q—+eSe E—b.



http://dickgrune.com/Books/PTAPG_1st_Edition/BookBody.pdf
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