A Procedure for Parsing (contd.)

S — (9)S
Grammar: S — a
S — ¢

case TOKEN_A: /* Production 2 */
consume(TOKEN_A);
return;

case TOKEN_CLOSE_PAREN:

case TOKEN_EOF: /* Production 3 */
return;

default:
/* Parse Error */

Predictive Parsing: Restrictions

1. May not be able to choose a unique production

In general, we may need a backtracking parser:
Recursive Descent Parsing

S — aBd
B — b
B — be
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A Procedure for Parsing
S — (9)S
Grammar: S — a
Today’s Lecture S — e
e Predictive Parsing
e Parsing Tables Algorithm parse_S() {
switch (input_token) {
e FIRST and FOLLOW case TOKEN.OPEN_PAREN: /* Production 1 */
e LL parsing and LL(1) grammars consume(TOKEN_OPEN_PAREN);
parse_S();
consume(TOKEN_CLOSE_PAREN);
parse_S();
return;
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Predictive Parsing

A — a S — ASB
Grammar:
B — b S — €

Algorithm parse_A() {
consume(TOKEN_A); /* Production 1 */

return;

Algorithm parse_B() {
consume( TOKEN_B); /* Production 2 */

Predictive Parsing (contd.)

A — a S — ASB
Grammar:
B — b S — e

Algorithm parse_S() {
switch (input_token) {

case TOKEN_A: /* Production 3 */
parse_A();
parse-S();
parse_B();
return;

case TOKEN_B:

case TOKEN_EOF: /* Production 4 */

return; return;
} }
}
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Recursive Descent Parsing FIRST and FOLLOW
Grammar: S — (59)S |a]e
S — aBd e FIRST(X) = First character of any string that can be derived from
Grammar: B — b X
B — bc FIRST(S) = {(, a,€}.
] o FOLLOW(A) = First character that, in any derivation of a string in
Algon'fhm pfzrse_B() { the language, appears immediately after A.
switch (input_token) { . FOLLOW(S) = {), EOF}
case TOKEN_B: /* Production 2 */
consume(TOKEN_B); S
return;
case TOKEN_B: /* Production 3 */ a € FIRST(C)
consume(TOKEN_B);
consume(TOKEN_C); b € FOLLOW(C)
return;
1}
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FIRST and FOLLOW

A — a S — ASB
Grammar:

B — b S — €
FIRST(X): First terminal in some « such that

X = o

FOLLOW (A): First terminal in some f such that

S = aAp.

Definition of FIRST

A — a
Grammar:
B — b S — €

S — ASB

FIRST(c) is the smallest set such that

a= ‘ Property of FIRST ()

a, a terminal a € FIRST ()

. A—e€G@= ¢ € FIRST(a)
A, a nonterminal

A— B€G,B+#e= FIRST(B) C FIRST(c)

FIRST(X1) — {€} C FIRST (o)

X, Xoy oo, Xy | RIRST(X:) € FIRST ()

FIRST(S) = {a, e} FOLLOW(S) = {b, EOF } a string of ter- i< ¢ FIRST(X;)
. i i€ ]
FIRST(A) = {a} FOLLOW(A) = {ab} minals  and ! ’
FIRST(B) = {b} FOLLOW(B) = {b, EOF} nonterminals <€ FIRST(R)
! ifVj <k €€ FIRST(X;)
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Parsing Table Table-driven Parsing
A — a S — ASB
Grammar: , A — a S — ASB
B — b 5 — e Grammar:
B — b S — e
Algorithm parse_S() {
switch (input_token) {
casep:r?ffé\)/.,A: /* Production 3 */ Parsing Table:
parse_S();
parse_B();
return; INPUT SYMBOL
case TOKEN_B:
case TOKEN_EOF: /* Production 4 */ NONTERMINAL a ‘ b ‘ EOF
turn;
S S—ASB|S—e|S—e
INPUT SYMBOL A A—a
NONTERMINAL a | b ‘ EOF
5 [s—asB[s—e|s—c] B B—b
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A Procedure to Construct Parsing Tables

Algorithm table_construct(G) {
for each nonterminal A and terminal a
MJA,a] = L /* initialize entries to error */

foreach A — a € G {

Recursive Descent Parsing: Restrictions

Grammar cannot be left-recursive

Example: E — E+FE | a

Algorithm parse_E() {
switch (input_token) {
case TOKEN_a: /* Production 1 */

parse_E();
for each a € FIRST () such that a # € consume(TOKEN_PLUS);
add A — « to M[A, al; parse_E();
if e € FIRST () return;
for each b € FOLLOW (A) case TOKEN_a: /* Production 2 */
add A — o to M[A,b]; consume(TOKEN_a);
}} return;
}
}
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Constructing Parsing Table
Definition of FOLLOW
A — a S — ASB
Grammar:
A — a S — ASB B = b 5 e
Grammar:
B — b S — e
: FIRST(S) = {a e} FOLLOW(S) = {b, EOF}
FOLLOW (A) is the smallest set such that
FIRST(A) = {a} FOLLOW(A) = {ab}
A | Property of FOLLOW (4) FIRST(B) = {b} FOLLOW(B) = {b, EOF }
EOF € FOLLOW (S)
=S, the start symbol
Book notation: $ € FOLLOW(S) INPUT SYMBOL
B—aABeG FIRST(B) — {¢} C FOLLOW (A) NONTERMINAL a | v | EOF
B A
s or FOLLOW (B) C FOLLOW (A) s S—ASB | S—e | S—re
B —» aAB, ¢ € FIRST(B) 1 Py
B B —b
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Parsing with LL(1) Grammars

LL(1) Grammars
INPUT SYMBOL
Grammars for which the recursive descent parsing table has no NONTERMINAL id ‘ + EOF
multiple entries. E E—idFE
E — idE E' E —+EEFE | E —e¢
$E id+id$ | FE = idE'
i i
B — +EE $E'd | id + id$
B — e S5 +id$ —  d+EE
INPUT SYMBOL SE'E+ + id$
NONTERMINAL id + EOF SE'E id$ = id+idBE
— $E'E'id ids
E FE—idE SE'E' $ —  id+idE
! ! i !
E EF —+FEE |E —¢ $E' $ —  id+id
$ $
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Removing Left Recursion
Removing Left Recursion: An Example
A — Aa
A — b E — E+EFE
F — id
L(A) = {b,ba, baa, baaa, baaaa, . .. } (!
E — idF
A — DA
E' — + EF
A" — aA E — ¢
A — €
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LL(1) Derivations

Left to Right Scan of input
Leftmost Derivation
(1) look ahead 1 token at each step

Alternative characterization of LL(1) Grammars:
Whenever A — a | € G
1. FIRST (o) N FIRST(B) = { }, and
2. if & == € then FIRST(8) N FOLLOW (A) = { }.

Corollary: No Ambiguous Grammar is LL(1).
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Next Lecture

Shift-Reduce Parsing
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