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/ Building The LL(1) Parser \

1. Remove left recursion.
2. Left factor the grammar.

3. Counstruct transition diagrams for each

production:
IF Expr () THEN Stat () ELSE Stat ()
) ) ) ()
() / / C) / _/ @D

(a) Compute FIRST(A) for each
grammar symbol A.

(b) Compute FOLLOW(A) for each

nonterminal A.
4. Simplify the transition diagrams.

5. Construct the recursive procedures.

~

. /
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/ FIRST Sets \

e FIRST(«) is the set of terminals that
begin strings derived from «.

e FIRST-sets help us solve problem 3.

prog — decl | stat
stat — if.--|id() |while---
decl — int id|real id

PROCEDURE prog ();
IF curr_tok € {if,id,while} THEN stat()}
ELSIF curr_tok € {int,real} THEN decl()
ELSE syntaz error ENDIF;

END;

PROCEDURE stat (); ---

PROCEDURE decl (); ---

END;
END;

FIRST(stat) = {if,id,while}

\ FIRST(decl) = {int,real}

/
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/ FIRST Sets...

e FIRST(a) is the set of terminals that
begin strings derived from «;, ie.
FIRST(a) = {a | a a terminal, a = af}.

Example Grammar:
TE'
+TE'|¢€
FT
*FT |e
(E)|id

E —

E
T
T
F

Ll

FIRST sets:

{( id}
{¢ id}

FIRST(E) =
FIRST(T) =
FIRST(F) = {(id}

FIRST(E') = {+,¢}
FIRST(T') = {*,¢}

. /
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/ Computing FIRST Sets... \

T —» FT
T — *FT|e

E —» TE
E' = +TE'|e

F 5 (E)|id

1. FIRST(+) = {+}, FIRST(*) = {*}, etc.,
because of point 1.

2. € € FIRST(E'), € € FIRST(T"), because of
point 2.

3. (,id € FIRST(F'), because of point 3.

(F)
4. (,id € FIRST(T), because
(,id € FIRST(F'),and T — F T".
(
(

(,id € FIRST(FE), because

(,id € FIRST(T), and E — T E'.

6. + € FIRST(E'), * € FIRST(T"), because
\\ E'5+TFE andT —*xFT'.

/
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/ Computing FIRST Sets \

V grammar symbols A, Compute FIRST(A):

REPEAT until no more changes:
1. IF A is a terminal THEN
FIRST(A) = {A}.

2. IF A is a nonterminal, and there
is a production A — e THEN
€ is in FIRST(A).

3. IF A is a nonterminal, and there
is a production A — Yi---Y) THEN
FOR ¢z := 1 to k—1 DO
IF € € FIRST(Y1) A --- A € € FIRST(Y;
and a (# €) € FIRST(Y;41) THEN
a is in FIRST(A);

IF € € FIRST(Y1) A --- A€ € FIRST(Y%)

THEN € is in FIRST(A); /

N
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4 N

e We let $ symbolize end-of-input.

FOLLOW Sets

e FOLLOW(A) is the set of terminals that
can follow right after the nonterminal A
in some sentential form. FOLLOW(A) =
{a|a a terminal, S = aAaj}.

e $ € FOLLOW(A) if A is the rightmost
symbol in a sentential form, i.e. § = aA.

E > TE T — FT
E' - +TE'|e| T — *xFT|e
F— (E)|id
FOLLOW sets:
FOLLOW(E) = {),$}
FOLLOW(T) {+),$}
FOLLOW(F) = {+%,),$}
FOLLOW(E') = {),$}}
FOLLOW(T') = {+,),$}}

N /
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/ FOLLOW Sets... \

E —> TE T - FT
E' = +TE'|e| T — *FT|e

~
/

F o (B)|id
e ) is in FOLLOW(E), because

E=TE = FT'E' = gET’E’.

e +is in FOLLOW(T'), because
E=TE = T[+[T'E'.
e * is in FOLLOW(F'), because

E=TE = FT'E' = FEFT’E'.

Computing FOLLOW Sets

e ) is in FOLLOW(F'), because

E=TE = FT'E'= (E)T'E' =

a production A — aBf where ¢ € FIRST((3) THEN

Add everything in FIRST(/3) (except €) to FOLLOW(DB).
Add everything in FOLLOW(A) to FOLLOW(B).

(TE'YT'E' = (FT'E')T'E' =

\\ (FENT'E' = gFT’E’. /

. IF there is a production A — aBf THEN
. IF there is a production A — aB OR

1. Add $ to FOLLOW(S).

e Let S be the start symbol and $ the end-of-file marker.

REPEAT until no more changes:

-
.
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/ LL(1) Grammars \

s e A grammar is LL(1) if we can construct
2 a recursive descent parser that handles it
. @ a (without using backtracking).
v o

g ©n SI e LL(1) stands for
~ —~~
(j]o = Dl = — The input is scanned from
= § eft—to—right.
o =]
j & — The parse produces a eftmost
E derivation.
o0 o) — We have token lookahead.
= 5
= 3 Formal Definition:
= Q e . .
a, < Ul A grammar is LL(1) iff for any two
g o -~ D) productions
O 5 Ao alp

R the following conditions hold

1. FIRST(a) NFIRST(B) =0

\2. If 8 = € then FIRST(a) N FOLLOW(A) = 0/
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ample ( )

O—O—0©

ample (a)

E —- TE T — FT
TI

El
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+TE'
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ample ()

005020
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ample (e)

Q@%@

ample ()

O@%@

PROCEDURE E();
LOOP
TO;
IF cur_tok = + THEN

cur_tok := ne t_token()
ELSE E IT ENDIF
ENDLOOP;

')
O—0O—0©
PROCEDURE T();
LO0OP
FO;
IF cur_tok = * THEN
cur_tok := ne t_token()
ELSE E IT ENDIF
ENDLOQOP;
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PROCEDURE F();
IF cur_tok = ( THEN

cur_tok := ne t_token();

EQ;

IF cur_tok = ) THEN
cur_tok := ne t_token()

ELSE syntaxz error ENDIF
ELSIF cur_tok = id THEN

cur_tok := ne t_token();
ELSE syntaz error ENDIF
END;
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ere s the parser coded in

Predi ti e Parsing

e ust as with lexical analysis, we can
either hard-code a top-down parser, or
build a generic table-driven interpreter.
The latter is called a  edi ti e e.

e Instead of using recursion we store the

current state of the parse on a stack:
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Predi ti e Parsing...
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S A, =
$E id+id#*id$
$E'T id+id*id$ | E - TE'
$E'T'F | id+id*id$ | T — FT'
$E'T'id | id+id*id$ | F — id
$E'T' +id*id$
$E' +id*id$ | 7" — €
$E'T+ +id*id$ | E' — +TFE’
$E'T id*id$
$SE'T'F id*id$ | T — FT'
$E'T'id id*id$ | F — id
SE'T' *id$
$E'T'Fx *id$ | T' — *F'T’
$SE'T'F id$
$E'T'id id$ | F — id
SE'T’ $
$E’ $| T =€
$ $| E —e¢
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S A, =
$E id+*$
$E'T id++$ | E - TE'
$E'T'F | id+x$ | T — FT'
$E'T'id | id+*$ | F — id
$E'T' +%$
$E’ +*$ | T — €
$SE'T+ +x$ | B/ — +TE'
$E'T *$ 0
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rror e O er

uit on first error. Considered
unacceptable. ut, with fast
parse-edit-compile-cycles, why not

. Repair the error by inserting deleting
tokens, to turn the erroneous program

into a legal one.

. Repair the error by guessing what the

programmer meant.
Simple error handling;:

. Skip tokens untila n  oni in token
is found.

. The tokens in FOLLOW(A) are in the
S NCH set.

. If the language has a a hierarchical
structure prog — proc — stat — e pr,
then add FIRST sets of higher constructs
to the S NCH sets of higher ones.
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rror e oer ...
o-0—0Lo
W
PROCEDURE F();
CONST S NCH = FOLLOW(F) FIRST(stat);
IF cur_tok = ( THEN
cur_tok := ne t_token();
EQ;
IF cur_tok = ) THEN
cur_tok := ne t_token()

ELSE WHILE cur_tok ¢ S NCH DO
cur_tok := ne t_token() ENDDO

ENDIF
ELSIF cur_tok = id THEN

cur_tok := ne t_token();
ELSE WHILE cur_tok ¢ S NCH DO

cur_tok := ne t_token() ENDDO

ENDIF;
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ample

h<

h<
N A

round FIRST( ) FIRST(Y) FIRST( )

1

2 ; € )

3 ) ;€ y 1€

4 s , € y »€

5 9 b € 70 €
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eadings and

€ eren es

e Read Louden, pp. 143 1 6.

e 1, the Dragon ook:
i 111
e e 1215

e ie e e i
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() FLL (X

amp e
F LL

()

round F LL
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amp e

PRODUCTION  —
FIRST( )=={ }

= , = —

PRODUCTION — .Y,
FIRST( Y )=={,
= , =

b
N
= , = —
N

= , =

PRODUCTION Y —
FIRST( )=={ }

= Y, =Y —

PRODUCTION YV — €:
FIRST(e)=={¢}
FOLLOW(Y)={ , , }

}

<N

= Y =Y —e
= Y =Y e
= Y, =Y —e¢
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PRODUCTION  —
FIRST( )=={ }
= , = —

PRODUCTION — Y:
FIRST(Y)=={ ,¢}
FOLLOW(Y)={ , , }

, = =Y
, = =Y
, —Y
, 8 —Y

4l
I

Il

e ote that this grammar is not LL(1): it
has multiple entries in some table cells.

e The grammar is, in fact, ambiguous.
The string d can be derived in more

than one way.
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PRODUCTION S —+ A  :
FIRST(A )=={, }

= S5 =5-4

= S5 =54

PRODUCTION A — A:
FIRST( A)=={ }
= A =A- A

PRODUCTION A —
FIRST( )=={ }
= A, =A—

PRODUCTION  —
FIRST( )=={ }
= , = —

PRODUCTION  —
FIRST( )=={ }
= , = =
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