Programming Language Syntax:
* Top-down Parsing

Read: Scott, Chapter 2.3.2 and 2.3.3

Lecture Outline

= Top-down parsing, conclusion
= Predictive parsing
= LL(1) parsing table
= FIRST, FOLLOW, and PREDICT sets
= LL(1) grammars

m Quiz 2
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FIRST and FOLLOW sets

= Let a be any sequence of nonterminals and
D Zefo ok koo APPUCATIONS OF

terminals 6EMIM AR PRODUCT WS
= FIRST(a) is the set of terminalg a that begin the strings
derived from a. E.g., expr $$ = id..,, thus id in
FIRST(expr $$)
= If there is a derivation a =* g, then g is in FIRST(a)

= Let A be a nonterminal
= FOLLOW(A) is the set of terminals b (including special
end-of-input marker $$) that can appear immediately to

the right of A in some sentential form:
start =* . Ab...=*... Kl expee b trucfal

exupr §¢ => Jeau fenu_tall §F =>
id faahr.laZL SJeru_ta;l &
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Notation:

Comput|ng FIRST a is an arbitrary sequence

of terminals and nonterminals

= Apply these rules until no more terminals or € can be
added to any FIRST(a) set
(1) If a starts with a terminal a, then FIRST(a) ={a }
(2) If ais a nonterminal X, where X — g, then add e to
FIRST(a) <
(3) If ais a nonterminal X — Y,Y,...Y, then add a to
FIRST(X) if for some i, a isn FIRST(Y;) and ¢ is in all of
FIRST(Y7), ... FIRST(Y.,). If e isin all of FIRST(Y), ...
FIRST(Y%), add e to FIRST(X).
« Everything in FIRST(Y;) - {&} is surely in FIRST(X)
= If Y; does not derive g, then we add nothing more;
Otherwise, we add FIRST(Y>) - {e}, and so on

Similarly, if ais Y;Y,...Y,, we'll repeat the above




Warm-up Exercise

start — expr $$
expr — term term_tail term_tail — + term term_tail | &
term — id factor tail factor _tail — * id factor tail |

FIRST(term) ={ id }
FIRST(expr) = 74}
FIRST(start) = 1
FIRST(term_tail) = 1+, €%
FIRST(+ term term_tail) = 3 +
FIRST(factor _tail)= 7 ¥, €3
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Exercise &y 5 Y }n -
A-=¢ STeNG Y frow Ay

tart > S B—>zS|e
fs‘::sé\sy ijS||e h=> sepy =>CDy =>Dy
A >BCD|e D—>wS SP2WSY = whAyy=
wyy
Compute FIRST sets:
FIRST(x S) = {%7 FIRST(S) =%y, % v,w}
FIRST(Ay) =7 %% Vv,wi FIRST(A)=%¢,%,v,w}
FIRST(B )=3%,Vv,W] FIRST(B)= % €]
FIRST(z s §%§ FIRST(C) = § v, ¢}
FIRST(v S) = §v} FIRST(D) = § w}
FIRST(w S) = w3




Notation:

Comput|ng FOLLOW A,B,S are nonterminals.

a,B are arbitrary sequences
of terminals and nonterminals.

= Apply these rules until nothing can be added to
any FOLLOW(A) set

(1) If there is a production A — aB, then everything
in FIRST(B) except for & should be added to

FOLLOW(B)

(2) If there is a production A — GB, or a production
A — aBp, where FIRST(B) contains e, then
everything in FOLLOW(A) should be added to

FOLLOW(B)

Pocowse: St =% o Ab... = v o Bb...
o ’ 6: berciou(s) must be B fiuod (R) as .
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Warm-up Jeerer foil. uhartl

7 Cr Lo e
L 7 " A /'}

start jﬂ(g_ﬁ_\/f
expr— term term_tai term_tail — + term term_tail | &

term — id-fgctor_tai/ factor_tail — * id factor tail | €

FOLLOW(expr) ={ $$ }
FOLLOW(term _tail) = 5 %]

FisT (feantail ) 363 < rouow (te)
FOLLOW(term) = 2 ) $¢ 4 rasoufeee) © pouwsrw er)
FOLLOW(factor tail) = 5 #¢ ,+5 rouow () cruoutfoch. )

expr o = ferw feru-tail 3¢ —> Mtu_j- ferw teru_tail 28 =>ferm+ )l&wg}f
+ W Foltow (fenu.) ¢ N FoLLow (ferw)
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Exercisg FLoW(s) € Forcow(s)

,/\
start—)gs/s B—)z§|s
S—>xS|Ay C—>vS|e
A‘—)Q_CQF: D—>wS

~—

Compute FOLLOW sets:
FOLLOW(A) = %]
FOLLOW(B) = 1% 4
FOLLOW(C) = iw}
FOLLOW(D) = 1%
FOLLOW(S) = § &, v, w, %]
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PREDICT Sets

[FIRST(a)
if a does not derive e
PREDICT(A — a) ==

Ja b o (FIRST(a) — {e}) U FOLLOW(A)
— if a derives e -
~,

/
Z
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Constructing LL(1) Parsing Table

= Algorithm uses PREDICT sets:

foreach production A — a in grammar G
foreach terminal a in PREDICT(A — a)

add A — ainto entry parse_table[A,a]

= [f each entry in parse_table contains at most
one production, then G is said to be LL(1)

btitg— oo e

Programming Languages CSCI 4430, A. Milanova Ahﬁ?ﬁ 11

11

Exercise

start - S $$ B—>zS|e

S—>xS|Ay C—>vS|e

A—>BCD|e D—->wS (

Compute PREDICT sets: S )’xs /Ay //(y Ay [Ay
PREDICT(S »x S)= 7%} — '
PREDICT(S »Ay)= 15 ZuW] =rwst(4y)
PREDICT(A — BCD) = [ % Vi W}

PREDICT(A —» &)= 37
.. efc...

[ [Y [2][v]w
A | - }8 /Bcp/ecp(/ BCD
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Writing an LL(1) Grammar

= Most context-free grammars are not LL(1)
grammars

= Obstacles to LL(1)-ness

= Left recursion is an expr — expr + term | term
obstacle. Why? term — term * id | id

= Common prefixes are

an obstacle.
Why?

stmt - if b then simtelse simt |
if b then stmt |

a I ASC16M
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Removal of Left Recursion

= Left recursion can be removed from a grammar
mechanically

= Started from this left recursive expression
grammar:

expr — expr + term | term
term —term * id | id

= After removal of left recursion, we obtain this
equivalent grammar, which is LL(1):

expr — term term_tail
term_tail — + term term_tail | €
term — id factor _tail
factor_tail - * id factor tail | e 14
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Removal of Common Prefixes

= Common prefixes can be removed mechanically
as well by using left-factoring

= Original if-then-else grammar:
oly

—

stmt - if b then stmt'else stmt' |
if b then stmf, |
a K

= After left-factoring:

stmt - if b then stmtelse part | a
else_part —»else simt | €
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start — stmt $$
ExerCi se stmt - if b then simtelse part| a
else_part —»else stmt | ¢

= Compute FIRSTs:

FIRST(stmt $$), FIRST(if b then stmt else_part),
FIRST(a), FIRST(else stmt)

= Compute FOLLOW:
FOLLOW(else_part)

= Compute PREDICT sets for all 5 productions and fill
in the LL(1) parsing table. Is the grammar LL(1)?
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start — stmt $$
Exe rCiSG stmt - if b then simtelse _part | a
else_part —»else simt | €

= Compute FIRSTs:

FIRST(stmt $8) = 3 ¢, 0.3

FIRST(if b then stmtelse_part) = % 'L} }
FIRST(a) = § aj

FIRST(else stmt)= 3 @}
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stert > Stlgs —
ExerCi se stmt > if b then stmt_else_pa | a

else_part\—) elsestmf | ¢

= Compute FOLLOW:  preoier (elye_part — tlie shadt- )= F2lse
PRepier (elte. port — €)= 22[4@) 344

FOLLOW(else_part) = % 1%, l’i&e §
HXLOW(Q(H’-W* ) = Follo W ( Sfw 1[-)

/

ol CWFUCT
.- & 7
[ [oke [»7=
olie. ort ele shuf-
. ¢
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start — stmt $$
Exe rCi se stmt - if b then simtelse _part | a
else_part —» else stmt | €

= Isthe grammar/LLga?—\
I

W bt 2f b Hoo o’ el a
Sd(w.{' Shek
bl shor _eleporb 5 ey st eleport
/ N\ € Y N
. chel Blie port bf b fla. skt etepavt else 3kt
(,afloH’wu l " . [ ( I
/N a g a
o o %!h«l-
O
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