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Last Time

Review — FIRST Sets

Building LL(1) Parsers

* Transforming grammars:
* Left factoring
e Left-recursion elimination

* Building the selector table

 FIRST Sets
/ You Should Know \
* The intuition behind FIRST and FOLLOW
 The formal definition of FIRST sets

Parsing



Today’s Outline

FOLLOW Sets

Building LL(1) Parsers
e LL(1) Game Plan

* Finish up FIRST Sets
* FOLLOW Sets

Parsing



Perspective: Where we're At

LL(1) Game Plan

Parsers are a bit tricky!

 Sadly, you need to know this
to build a compiler frontend

The underlying concepts of
FIRST and FOLLOW will be
useful for LL(1) and other
parsers

e (We’ll talk about 1 other kind
—the LR parsers, which is
what BISON generates).




What We're Doing: The Big Picture

LL(1) Game Plan

Example Grammar Turni
s Selector Table
this...

S:=(S5)

= )

(5} T B e o).
|£ this...

so we can do
this...

A
| |
(
Input Stream Nonterminal 5 Terminal 5
( } eof S Actions ) Actions )
Po Py P, eof Po=( » eof Po=( - eof P,=}
Syntax Look Syntax Look Syntax Look
e Ahead Stack Ahead Stack Ahead



What We're Doing: The Big Picture

Building the LL(1) Selector Table

Uses
Uses
/\ \)Ses
FIRST (X) FIRST () FOLLOW (X) Fill Cells
Step 1. Step 2. Step 3. Step 4.

Build FIRST sets Build FIRST sets Build FOLLOW sets Place productions
for single for RHS symbols for Nonterminals
symbols of strings

the grammar



LL(1) Selector Table Algorithm

Building LL(1) Selector Table

for each production X ::= o
1f £ 1s in FIRST (o)
put X ::= o 1n Table[X] [t]
1f ¢ 1s in FIRST (o)
for each £t in FOLLOW (X)
put X::= o 1in Table[X] [t]

We rely on FIRST sets and FOLLOW sets for table construction
But these sets will be useful even beyond the LL parsers



LL(1) Parsers Revisited: Big Picture

LL(1) The Big Picture

Grammar Selector Table Token stream Predicted Parse Tree

PSS =XbX nn_ c b a c eof S
Pl P2 Pl

P, bb o 1 1 13 1, /l\
P, | Xu=aX )I( b, X
p C X P P, N
4 c./ a¢ )’(
Cv
pop S pop X pop ¢ pop b pop X pop a pop X pop ¢
push X b X push ¢ look++ look++ push a X look++ push c look++ Pop eof
/\ /\ /\ /\ /‘\ /\ /\ /\ Accept!
c
b b b a
s | € x| ¢ X |C x| b x | d x| @ x | € c | € eof
eof | g eof| |, eof | |, eof| |, eof| |, eof | |, eof | |5 eof| |5 l




LL(1) Parsers Revisited: Big Picture

Grammar
P, S::=XbX
P, bb
P, I Xu=aX
P, C

LL(1) The Big Picture

Selector Table Token stream Predicted Parse Tree
ST T :
R T
P [ Pa] | Py /I\
X b¢ X
P, P, ! N
<, a, X
I
Cv

LL(1) Parser “Résumé”

* Goals: to expand the leftmost nonterminal

e Skills: always knows the first leaf of the
leftmost nonterminal’s subtree



LL(1) Parsers Revisited: Big Picture

LL(1) The Big Picture

LL(1) Parser “Résumé”

* Goals: to expand the leftmost nonterminal

e Skills: always knows the first leaf of the
target nonterminal’s subtree

In an LL(1) grammar this is a sufficient skillset!
e Can choose correct production when target’s
first leaf token is given
e Can choose correct production when there is
no leaf token based on next subtree over

10



FIRST Set Intuition

LL(1) The Big Picture

FIRST(X): The set of terminals that begin strings derivable from X,

and also, if X can derive €, then € is in FIRST(X).

Example Grammar Fragment

Does P3 apply to this lookahead?
* Yes, if bisin FIRST(Z)

Y

C

o | [o
Syntax Stack Look ahead

Ps

Yi=ZX
Y
— T — T~
Z X VA
| /N
b R
|
b

11



FIRST Set Intuition

LL(1) The Big Picture

FIRST(X): The set of terminals that begin strings derivable from X,
and also, if X can derive €, then € is in FIRST(X).

Example Grammar Fragment P, Y. =ZX

Does P3 apply to this lookahead? Y
— T~
* Yes, if bisin FIRST(2) z/\x .
* Yes, if €isin FIRST(Z) and b is in FIRST(X) | | |
g b €
Y

C

o | [o
Syntax Stack Look ahead




FIRST Set Intuition

LL(1) The Big Picture

FIRST(X): The set of terminals that begin strings derivable from X,
and also, if X can derive €, then € is in FIRST(X).

Example Grammar Fragment P, Y. =ZX

Does P3 apply to this lookahead?

* Yes, if bisin FIRST(Z) /\ /l\

* Yes, if €isin FIRST(Z) and b is in FIRST(X) Y b Y
* VYes, if £ is in FIRST(Z) and FIRST(X), z/\x z/\x
and b can FOLLOW right after Y | | | |
&E & & &

Y

C

o | [o
Syntax Stack Look ahead




FIRST(X): The set of terminals that begin strings derivable from X,

FIRST Set Intuition

LL(1) The Big Picture

and also, if X can derive €, then € is in FIRST(X).

Example Grammar Fragment P,

Does P3 apply to this lookahead?

Yes, if b is in FIRST(Z)
Yes, if € is in FIRST(Z) and b is in FIRST(X)

Yes, if € is in FIRST(Z) and FIRST(X),
and b can FOLLOW right after Y

Y

C

o | [o
Syntax Stack Look ahead

Yi=ZX

We're interested in
a more general

question...

14



FIRST Set Intuition

LL(1) The Big Picture

P, | X::=a¥Yc
P, | ¢
Example Grammar Fragment P, Y. =ZX
p, | £:=b
P. | a
Does P3 apply to this lookahead? At what lookahead tokens does P3 apply?

* Yes, if bis in FIRST(Z) * Those in FIRST(Z)

* Yes, if £ is in FIRST(Z) and b is in FIRST(X) * If isin FIRST(Z), those in FIRST(X)

* VYes, if € is in FIRST(Z) and FIRST(X), * If gisin FIRST(Z) and FIRST(X),

and b can FOLLOW right after Y those that follow Y

Y

C

o | [o
Syntax Stack Look ahead




Today’s Outline

FOLLOW Sets

Building LL(1) Parsers

e LL(1) Game Plan

* Building a Grammar’s FIRST sets
* FOLLOW Sets

Parsing

16



FIRST Sets: Review what we know

Building a Grammar’s FIRST Sets

Building FIRST for a terminal t Building FIRST for ¢
FIRST(t) ={t} FIRST(e) ={ &}

/Building FIRST for a symbol string a N
Let a be composed of symbols o, a, ... a,
C,: add FIRST(a,) - &
C,: Forallk<n:if a, ... o 4 is nullable, add FIRST(a,) - €
G If a, ... a, is nullable, add ¢ )

/Building FIRST for a nonterminal X )
For all productions with X on the LHS and a = a, a, ... an on the RHS
C,: add FIRST(a,) - &
C,: Forallk<n:if a, ... o 4 is nullable, add FIRST(a,) - €
\_ C;: If a, ... a, is nullable, add ¢ Y,

Building FIRST for a nonterminal X
For all productions with X on the LHS (i.e. X ::= a)
Add FIRST(a) to FIRST X




FIRST Sets: Review what we know

Building a Grammar’s FIRST Sets

Building FIRST for a terminal t Building FIRST for ¢
FIRST(t) ={t} FIRST(e) ={ &}

/Building FIRST for a symbol string a N
Let a be composed of symbols o, a, ... a,
C,: add FIRST(a,) - &
C,: Forallk<n:if a, ... o 4 is nullable, add FIRST(a,) - €
G If a, ... a, is nullable, add ¢ )

Mutually recursive (dependency loop)!
This means that there’s one additional step we need...
Building FIRST for a nonterminal X

For all productions with X on the LHS (i.e. X ::= a)
Add FIRST(a) to FIRST X

18



Building FIRST for all Grammar Symbols

Building Grammar’s FIRST Sets

/For each nonterminal of the grammar \
Loop over for all productions (of the form X ::= a, wlog)
Add FIRST(a) to FIRST(X)
(if a set hasn’t been computed, use {}, the empty set)
until saturation (no set changes)

NG /
P p
=Q 1 AN
Ia Q 1 QAl
Q:=PO o ~
|b P O b
|
d

FIRST(P) € FIRST(Q) S FIRST(P)



Tricks for Computing FIRST Sets

Building Parser Tables

* Begin by computing the
single-symbol FIRST sets for

each production’s LHS S=XbX
* Run until saturation | €
Xu:=aX
* Can help to work bottom-up | &

* Compute symbol-string FIRST
sets for each production’s RHS

e Stay hydrated!



Today’s Outline

FOLLOW Sets

Building LL(1) Parsers

e LL(1) Game Plan

* Building a Grammar’s FIRST sets
* FOLLOW Sets

Parsing

21



Selector Table Dependencies

Building the Selector Table

for each production X ::= o
1f £t is in FIRST (o)
put X ::= o 1n Table[X] [t]
1f ¢ 1s 1n FIRST (o)
for each £t in FOLLOW (X)

put X::= o 1n Table[X] [t]
Uses
uses
Uses \%35\
FIRST (X) FIRST () FOLLOW (X) Fill Cells

LHS FIRST sets RHS FIRST sets FOLLOW sets Place productions



Follow Set Intuition

LL(1) The Big Picture

Example Grammar Fragment P,

Does P3 apply to this lookahead?

Yes, if b is in FIRST(Z)
Yes, if € is in FIRST(Z) and b is in FIRST(X)

Yes, if € is in FIRST(Z) and FIRST(X),
and b can FOLLOW right after Y

Y

C

o | [o
Syntax Stack Look ahead

— T
VA X
| |
€ £
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Again, The Parse tree Perspective

Consider the Trees

FIRST(X): The set of terminals that begin strings derivable from X,

b € FIRST(A)

S
l
A
N
Y e
T~
Z d e

"\

b

k
b € FIRST(A)

I

A
I
/ G R
]
e f f

f € FIRST(A)

and also, if X can derive g, then € is in FIRST(X).

S

I

A
PN
Z M R
I
€ € g

g € FIRST(A)

£ € FIRST(A)



Again, The Parse tree Perspective

Consider the Trees

FIRST(X): The set of terminals that begin strings derivable from X,
and also, if X can derive g, then € is in FIRST(X).

FOLLOW(X): The set of terminals that begin strings derivable right after X,

Yields { e }

and EOF if there could be no terminals after subtree

>m

o—>r
o— >

Y R
|
m f

Yields { m }

S

TN

W R
||
€ f

Yields { f }

ésR

/
G
I
b

S
/A
AN

p G O

N—0O— @

I
£ €

Yields {z }

{e, m,f, z eof }

A W
A
I
&

Yields { eof }

N

" (A
/\

a p

Yields { eof }



The Importance of FOLLOW

Building Parser Tables

I .s X oo X

X
a
3

X X

wn
o
o



The Importance of FOLLOW

Building Parser Tables
I S:=Xb S:=Xb FIRST(Xb) ={a, b }
S:=Xb S
FIRST(a)={a}
X:i=€

X:=a
X



The Importance of FOLLOW

Building Parser Tables

X b Xb FIRST(X b)={a, b}

b S

X On

:;:: FIRST(a)={a}

a € We need to know that
X b follows X
to place this

M X

pa
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The Importance of FOLLOW

Building Parser Tables
X b Xb FIRST(X b)={a, b}
S:=Xb S
X = a FIRST(a)={a}
Xi=€

a € We need to know that
X b follows X
to place this

29



FOLLOW Sets, Formally

Building Parser Tables

FOLLOW(X) = {t‘(tEZAS;aXtB)V(t=eof/\S;aX)}



Example: Building Follow Sets

Building Parser Tables

FOLLOW(X) for each nonterminal X

C,: If X'is the start nonterminal, add eof

Forall Z::= a X B (where a and/or B may be empty)
C,: Add FIRST(B) — {€}
C;: If € is in FIRST(B) add FOLLOW(Z)
C,: If B is empty add FOLLOW(Z)

Repeat for each nonterminal until saturation

31



Grammar
®S::=a
®S:=bR
©Q:=¢
OR:=Qc
®@R:=QS
OR:=QQ

FOLLOW(X) for nonterminal X

C,: If Xis the start nonterminal, add eof

Forall Z::= a X B (where o and/or B may be empty)
C,: Add FIRST(B) — {€}
C;: If € is in FIRST(B) add FOLLOW(Z2)
C,: If B is empty add FOLLOW(Z)

Repeat for each nonterminal until saturation

FIRST(S) ={a, b}
FIRST(Q) ={¢}
FIRST(R) ={c, a, b, €}
FIRST(Qc) ={c}
FIRST(QS)={a, b}
FIRST(QQ) ={ ¢ }

= FOLLOW(S) = { eof }
FOLLOW(Q)
FOLLOW(R)

Building Follow(S)

C,: Sis the start nonterminal, so add eof

Rules of theformZ ::=a X
R:= Q

C,: B is empty, so add nothing

C;: B is empty, so N/A

C,: Bis empty, so add FOLLOW(R),
which is currently nothing

32



Grammar
®@S5S:=a
®S:=bR
©Q:=¢
OR:=Qc
®@R:=QS
OR:=QQ

FOLLOW(X) for nonterminal X

C,: If Xis the start nonterminal, add eof

Forall Z::= a X B (where o and/or B may be empty)
C,: Add FIRST(B) — {€}
C;: If € is in FIRST(B) add FOLLOW(Z2)
C,: If B is empty add FOLLOW(Z)

Repeat for each nonterminal until saturation

FIRST(S) ={a, b}
FIRST(Q) ={ ¢}
FIRST(R) ={c, a, b, €}
FIRST(Qc) ={c}
FIRST(QS)={a, b}
FIRST(QQ) ={ ¢ }
FOLLOW(S) = { eof }
=» FOLLOW(Q)
FOLLOW(R)

Building Follow(Q)

C,: N/A (Q not the start nonterminal)

Rules of theformZ ::=a X

R ::=[Q|c | adds{c}

R ::=[Qls C,: Bisc,add FIRST(c)-€ ={c}

Cy: Bisc, € € FIRST(c), so N/A

o)
I
@)

Q

C,: Bis not empty, so N/A
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Grammar
®S::=a
®S:=bR
©Q:=¢
OR:=Qc
®@R:=QS
OR:=QQ

FOLLOW(X) for nonterminal X

C,: If Xis the start nonterminal, add eof

Forall Z::= a X B (where o and/or B may be empty)
C,: Add FIRST(B) — {€}
C;: If € is in FIRST(B) add FOLLOW(Z2)
C,: If B is empty add FOLLOW(Z)

Repeat for each nonterminal until saturation

FIRST(S) ={a, b}
FIRST(Q) ={¢}
FIRST(R) ={c, a, b, €}
FIRST(Qc) ={c}
FIRST(QS)={a, b}
FIRST(QQ) ={ ¢ }
FOLLOW(S) = { eof }
=» FOLLOW(Q)
FOLLOW(R)

Building Follow(Q)

C,: N/A (Q not the start nonterminal)

Rules of theformZ ::=a X

R:=[Q|lc adds{c}

R ::=|Q|S | adds {a,b} C,: BisS, FIRST(S)-e={a,b}

C;: BisS, € € FIRST(S), so N/A

o)
I
@)

Q

C,: Bis not empty, so N/A
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Grammar
®S::=a
®S:=bR
©Q:=¢
OR:=Qc
®@R:=QS
OR:=QQ

FOLLOW(X) for nonterminal X

C,: If Xis the start nonterminal, add eof

Forall Z::= a X B (where o and/or B may be empty)
C,: Add FIRST(B) — {€}
C;: If € is in FIRST(B) add FOLLOW(Z2)
C,: If B is empty add FOLLOW(Z)

Repeat for each nonterminal until saturation

FIRST(S) ={a, b}
FIRST(Q) ={¢}
FIRST(R) ={c, a, b, €}
FIRST(Qc) ={c}
FIRST(QS)={a, b}
FIRST(QQ) ={ ¢ }
FOLLOW(S) = { eof }
=» FOLLOW(Q)
FOLLOW(R)

Building Follow(Q)

C,: N/A (Q not the start nonterminal)

Rules of theformZ ::=a X

R:=[Q|lc adds{c}

R::=/Q|S adds {a,b} C,: BisQ, FIRST(Q)-e={}

R::zaa adds{} C3: B|S Q,ZiS R,g EFlRST(Q),
add FOLLOW(R) = {}

C,: Bis not empty, so N/A

R:=Q|Q| adds{}

35



Grammar
®S::=a
®S:=bR
©Q:=¢
OR:=Qc
®@R:=QS
OR:=QQ

FOLLOW(X) for nonterminal X

C,: If Xis the start nonterminal, add eof

Forall Z::= a X B (where o and/or B may be empty)
C,: Add FIRST(B) — {€}
C;: If € is in FIRST(B) add FOLLOW(Z2)
C,: If B is empty add FOLLOW(Z)

Repeat for each nonterminal until saturation

FIRST(S) ={a, b}
FIRST(Q) ={¢}
FIRST(R) ={c, a, b, €}
FIRST(Qc) ={c}
FIRST(QS)={a, b}
FIRST(QQ) ={ ¢ }
FOLLOW(S) = { eof }
=» FOLLOW(Q)
FOLLOW(R)

Building Follow(Q)

C,: N/A (Q not the start nonterminal)

Rules of theformZ ::=a X

R:=[Q|lc adds{c}

R:=[Qls adds {a,b} C,: Bisempty,soadd{}

C,: Bis empty, so N/A

R:=|QQ adds{}

C,: Bisnotempty, ZisR,
R ::=QlQ addS{} add FOLLOW(R)={}
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Grammar
®S::=a
®S:=bR
©Q:=¢
OR:=Qc
®@R:=QS
OR:=QQ

FOLLOW(X) for nonterminal X

C,: If Xis the start nonterminal, add eof

Forall Z::= a X B (where o and/or B may be empty)
C,: Add FIRST(B) — {€}
C;: If € is in FIRST(B) add FOLLOW(Z2)
C,: If B is empty add FOLLOW(Z)

Repeat for each nonterminal until saturation

FIRST(S) ={a, b}
FIRST(Q) ={¢}
FIRST(R) ={c, a, b, €}
FIRST(Qc) ={C}
FIRST(QS)={a, b}
FIRST(QQ) ={ ¢ }
FOLLOW(S) = { eof }
» FOLLOW(Q)={c, a, b
FOLLOW(R)

Building Follow(Q)

C,: N/A (Q not the start nonterminal)

Rules of theformZ ::=a X

R:=[Q|lc adds{c}

R ::=|Q|S adds {a,b}

I
@)

Q adds{}

}

R:=Q|Q| adds{}
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Grammar
®S::=a
®S:=bR
©Q:=¢
OR:=Qc
®@R:=QS
OR:=QQ

FOLLOW(X) for nonterminal X

C,: If Xis the start nonterminal, add eof

Forall Z::= a X B (where o and/or B may be empty)
C,: Add FIRST(B) — {€}
C;: If € is in FIRST(B) add FOLLOW(Z2)
C,: If B is empty add FOLLOW(Z)

Repeat for each nonterminal until saturation

FIRST(S) ={a, b}
FIRST(Q) ={ ¢}
FIRST(R) ={c, a, b, €}
FIRST(Qc) ={c}
FIRST(QS)={a, b}
FIRST(QQ) ={ ¢ }
FOLLOW(S) = { eof }
FOLLOW(Q)={c,a, b
= FOLLOW(R)

Building Follow(R)
C;: N/A (R not the start nonterminal)

Rules of the formZ ::=a X 3

S::=b[R| adds { eof }

C,: Bisempty, add {}

C;: Bis empty, N/A

} C,: ZisS, add FOLLOW(S) = { eof }
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Grammar
®@S5S:=a
®S:=bR
©Q:=¢
OR:=Qc
®@R:=QS
OR:=QQ

FOLLOW(X) for nonterminal X

C,: If Xis the start nonterminal, add eof

Forall Z::= a X B (where o and/or B may be empty)
C,: Add FIRST(B) — {€}
C;: If € is in FIRST(B) add FOLLOW(Z2)
C,: If B is empty add FOLLOW(Z)

Repeat for each nonterminal until saturation

FIRST(S) ={a, b}
FIRST(Q) ={ ¢}
FIRST(R) ={c, a, b, €}
FIRST(Qc) ={c}
FIRST(QS)={a, b}
FIRST(QQ) ={ ¢ }
FOLLOW(S) = { eof }
FOLLOW(Q)={c,a, b
= FOLLOW(R) = { eof }

S:= bE adds { eof }

}
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Grammar
®S:=a
®S:=bR
©Q:=¢
OR:=Qc
O@R:=QS
OR:=QQ

FOLLOW(X) for nonterminal X
C,: If Xis the start nonterminal, add eof

Forall Z::= a X B (where o and/or B may be empty)
C,: Add FIRST(B) — {&}
C;: If € is in FIRST(B) add FOLLOW(Z2)

C,: If B is empty add FOLLOW
Repeat for each nonterminalluntil saturation

FIRST(S) ={a, b}
FIRST(Q) ={¢}
FIRST(R) ={c, a, b, €}
FIRST(Q €) = { ¢}
FIRST(QS)={a, b}
FIRST(Q Q) = { & }
FOLLOW(S) = { eof }
FOLLOW(Q)={c,a, b
®» FOLLOW(R) = { eof }

All done?

}
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Grammar | FOLLOW(X) for nonterq/ A >
®S:=a C,: If Xis the start
©S:=bRrR |ForallZ:=aXp(

eQ: < Add FIRST(B Recall Computing
07 - LHRS FOLLOW(Q)
N
We used a set that {
later Changed! onterminal)
_ mZ:=a X
FIF
FIRST Gy , |
FIRST(Q Q) = O R adds {a,b} CY B is empty, so add { }
FOLLOW(S) = { epf } C,: Bisdxqpty, so N/A
® FOLLOW(Q) R:=[QQ adds{}
C,: BisnotemptINgisR,
FOLLOW(R) add FOLLOW(R) = {}

R:=Q|Q| adds{}




Grammar FOLLOW(X) for nonterminal X
®S:=a C,: If X is the start nonterminal, add eof
©S:=bR |ForallZ:=aXp (whereaand/or B may be empty)

©Q:=¢ C,: Add FIRST(B) — {€}
OR:=Qc C;: If € is in FIRST(B) add FOLLOW(Z2)
@R:=QS C,: If B is empty add FOLLOW(Z)

Repeat for each nonterminal until saturation
OR:=QQ P

FIRST(S) ={a, b}

PSA
FIRST(Q) ={e} Run FOLLOW and FIRST
FIRST(R) ={c, a, b, €} computations until saturation
FIRST(Q¢c) ={c}
FIRST(QS)={a, b}

Round 2 Round 3

FIRST(QQ) ={ ¢ }

FOLLOW(S) = { eof } FOLLOW(S) = { eof } FOLLOW(S) = { eof }

FOLLOW(Q)={c,a, b} FOLLOW(Q) ={¢c, a, b, eof } FOLLOW(Q) ={c, a, b, eof }
= FOLLOW(R) = { eof } FOLLOW(R) = { eof } FOLLOW(R) = { eof }



Review: Set Dependencies

Building LL(!) Selector Table

Uses
Uses
NS
@ FIRST ( @ FIRST (o) @ FOLLOW (X) Fill Cells
Step 1. Step 2. Step 3. Step 4.

Build FIRST sets Build FIRST sets Build FOLLOW sets Place productions
for single for RHS symbols for Nonterminals
symbols of strings

the grammar

Oh yeah, It's@@llicomingitogether
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LL(1) Selector Table Algorithm

Building LL(1) Selector Table

for each production X ::= «
for each terminal €t in FIRST (o)
put X ::= o 1n Table[X] [t]

1f ¢ 1s in FIRST (o)
for each €t in FOLLOW (X)
put X::= o 1in Table[X] [t]
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LL(1) Selector Table Algorithm

Building LL(1) Selector Table

Time permitting: Examples



Table[X][t] CFG FIRST(S) = {a, ¢ d}
FIRST (B = {a,c
for each production X ::= « = Bc|DB FIRSTED)) _ Ed E}i
for each terminal t in FIRST () = ab|cS - !
put X ::= o in Table[X][t] FIRST(Bc) = {a,c}
if ¢ is in FIRST (a) D == dfe FIRST(DB) = {d,a,c}
for each terminal t in FOLLOW (X) FIRST(ab) = {a}
put X ::= o in Table[X] [t] FIRST (cS) = {c}
FOLLOW (S) = {eof,c}
a b C d eof FOLLOW (B) = {c, eof }
FOLLOW (D) ={a,c}
S For each production X ::= «
B:=ab B ab
3 ab Look at terminals in FIRST(a) ={a }:
Put B::=a b @ Table[B][a]
gisnotin FIRST(a)={a }:
D Done with this production



Table[X][t] CFG FIRST(S) = {a, ¢ d}
FIRST (B = {a,c
for each production X ::= « = Bc|DB FIRSTED)) _ Ed E}i
for each terminal t in FIRST () = ab|cS - !
put X ::= o in Table[X][t] FIRST(Bc) = {a,c}
if £ is in FIRST (q) D == d]e FIRST(DB) = {d,a,c}
for each terminal t in FOLLOW (X) FIRST(ab) = {a}
put X ::= o in Table[X] [t] FIRST (cS) = {c}
FOLLOW (S) = {eof,c}
a b C d eof FOLLOW(B) = {C, EOf}
FOLLOW (D) ={a,c}
S For each production X ::= «
D:.=¢ D ¢
3 ab Look at terminals in FIRST(a) ={ €}
There are none
Because ¢ is in FIRST(a)
D c : Look at everything in Follow(X) ={a, ¢}

Put D ::= € @ Table[D][a]
Put D ::= ¢ @ Table[D][c]



Table[X][t] CFG FIRST(S) = {a,cd}
FIRST (B = {a,c
for each production X ::= « = Bc|DB FIRSTED)) _ Ed E}i
for each terminal t in FIRST () = ab|cS - !
put X ::= o in Table[X][t] FIRST(Bc) = {a,c}
if ¢ is in FIRST (a) D == dfe FIRST(DB) = {d,a,c}
for each terminal t in FOLLOW (X) FIRST(ab) = {a}
put X ::= o in Table[X] [t] FIRST (cS) = {c}
FOLLOW (S) = {eof,c}
a b C d eof FOLLOW(B) = {C, EOf}
FOLLOW (D) ={a,c}
DB DB _
S For each production X ::= «
S::=DB S DB
b Look at terminals in FIRST(a) ={d, a, ¢ }
a
B Put S ::= D B @ Table[S][d]
Put S ::= D B @ Table[S][a]
Put S ::= D B @ Table[S][c]
D € g

gisnotinFIRST(a)={d, a, c}:

Done with this production



Table[X][t] CFG FIRST(S) = {a, ¢ d}
FIRST (B = {a,c
for each production X ::= « = Bc|DB FIRSTED)) _ Ed E}i
for each terminal t in FIRST () = ab|cS - !
put X ::= o in Table[X][t] FIRST(Bc) = {a,c}
if £ is in FIRST (q) D == d]e FIRST(DB) = {d,a,c}
for each terminal t in FOLLOW (X) FIRST(ab) = {a}
put X ::= o in Table[X] [t] FIRST (cS) = {c}
FOLLOW (S) = {eof,c}
a b C d eof FOLLOW(B) = {C, EOf}
FOLLOW (D) ={a,c}
DB DB _
S For each production X ::= «
Bc Bc S::=Bc¢ S Bc
b Look at terminals in FIRST(a) ={a, c }
a
B Put S ::= B C @ Table[S][a]
Put S ::= B C @ Table[S][c]
gisnotin FIRST(a)={a }:
D € g

Done with this production



Table[X][t] CFG
for each production X ::= « S = Bc|DB
for eacf ' \in FIRST (o) B = ab]|cS
ifpzti‘: Collision! e [X][t] D = d|e
Grammar is 'n FOLLOW (X)
for « : 1n
oul 790 LL(T) lp1ex 4]
\_ J
a b C d eof
DB DB
S
Bc Bc
ab 4 Another )
B Collision!
Grammar is
still not LL(T
\_ ( ))
D £ &

FIRST (S)
FIRST (B)
FIRST (D)
FIRST (B c)

FIRST (D B)

FIRST (a b)
FIRST (c S)

FOLLOW (S)
FOLLOW (B)

{a,c,d }
{a,c}
{d, e}
{a,c}
{d,a,c}
{a}
{c}

{ eof, c}

= {c, eof }

FOLLOW (D) ={a,c}
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Review: Selector Table Dependencies

Review Lecture 9 — FIRST Sets

Uses
Uses
v/\ Uses ‘%es_\
FIRST (X) FIRST () FOLLOW (X) Fill Cells
Step 1. Step 2. Step 3. Step 4.

Build FIRST sets Build FIRST sets Build FOLLOW sets Place productions
for single for RHS symbols for Nonterminals

symbols of strings

the grammar



A Parse [ree Perspective

Building LL(1) Selector Table: FIRST sets, single symbol

FIRST(X): The set of terminals that begin strings derivable from X,
and also, if X can derive g, then € is in FIRST(X).

S S S S
~ T~ | | | '
niA e A A A A
N ZN I AT /N
b p Y e Z G R Z M R T P
T~ ] I |
Z d e e f f £ & g € ¢
N
b k
b € FIRST(A) b € FIRST(A) | f € FIRST(A) g € FIRST(A) £ € FIRST(A)
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