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LL(k) and LR(K)

* LL(k) : (L)eft-to-right parse, (L)eft-most
derivation, k-symbol lookahead. Based on
looking at the next k tokens, an LL(K) parser
must predict the next production. We have been
looking at LL(1).

* LR(K) : (L)eft-to-right parse, (R)ight-most
derivation, k-symbol lookahead. Postpone
production selection until the entire right-hand-
side has been seen (and as many as k symbols
beyond). LR parsers perform a rightmost
derivation backwards!
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LL(k) vs. LR(k) reductions (SLR(1) as well)
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For LL(1), augment Grammar with end-of-input

Gé:(Né’TB’P?;1S)
N.={E E.T.T,FS}y T,={+%(),id$}
.3 { “‘} 3 f

P, :
€—> E@ ($is end of input marker)
E>TE

E' > +T E'| ¢

TSFT

T'> *FT'|e

F— (E) |id 4




Leftmost derivations

weT’ a,fe(NUT)
Given : WA/ and a production A — y
a leftmost derivation step is written as

WA/B :>Im Wj/ﬂ



A left-most derivation of (x+y)

S=,, ES$
=, TE'$
=, FT'E'$
= (E)T'E'$
=, (TEYT'E'$
= (FT'E)T'E'$
= (XT'E)T'E'S
=, (XE')T'E'$
=, (X+TE)T'E'$
=, (X+FT'E)T'E'$
=, (X+yT'E)T'E'$
=, (X+yE)T'E'$
=, (X+y)T'E'$
=, (X+y)E'$
=i (X+Y)$

Idea : Can we turn left - most
derivation s into a stack
machine (a PDA)? Perhaps this

will work :If S = wa$ then
w has been read from the
Input and « Is on on the stack.
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This looks promising. But can we make

it work?

Input stack via production
(X+y)$ S S—>E$
(Xx+y)$ ES E—>TE'
(X+y)$ TE'S T-o>FT
(X+y)$ FT'E'$ F > (E)
(X+y)$ (E)T'E'S  match

X+ Y)$ E)YT'E'$ E—>TE
X+ Y)$ TE')T'E'$ T>FT
X+Y)$ FT'E)T'E'$ F—id
X+ Y)$ IdT'E')T'E'S  match
+Y)$ T'E'T'E'$S T'>¢ 7



But how do we automate selection of
the production to use at each step?

Input stack via production
+V)$ EYT'E'$ E'> +TE'
+Y)$ +TE)T'E'$S  match

y)$ TE)T'ES T->FT

v)$  FT'EDT'E'$S F—id
v)$  idT'E)T'E'$S  match
)$ TENT'ES T'>e

)$ EVT'E'$ E'>e¢
)% JT'E'$  match

$ T'E'$ T'>e¢
$ E'S E'>¢

$ $  accept! g



FIRST (we will see how to compute later)

FIRST(a)={aeT|3Be(NUT), a="aj|

S > E$
E>TE

E' >4+T E'|e

T>FT

T'—> *FT'|e
-5 (E) |id

FI
FI

RST(S) ={(,Ic

RST(E) ={(,id }

}

FIRST(E') ={+,¢}
FIRST(T)={(,1d }
FIRST(T')={*,&}
FIRST(T)={(,1d }



FOLLOW (we will see how to compute later)

FOLLOW(A)={a|3a B, S =" cAaf|

S—>ES$

E>TE FOLLOW(E) ={), $}

E' >+TE'|e FOLLOW(E')={),$}

T SFT FOLLOW(T) ={+,),$}
T'> *FT'le FOLLOW(T')={+,),$}
- 5 () |id FOLLOW(F) ={+*,),$}

")'e FOLLOW(E)?
S=>ES=TES=FT'E'S= (E)T'E'S 10



The LL(1) Parsing table M
forall AeN,aeT, M[A, a] = {}
foreach Ae N
for each production A > «
If ac FIRST(ax)anda# ¢
then M[A a]= M[A a]u{A—a}
elseif ¢ € FIRST(«)
then foreachb € FOLLOW(A)
M[A b]=M[Ab]JU{A—a}
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Table M for grammar G,

E eote ETE'
' E'—>+TE' E'>e E'—>e¢
T T-oFT T >FT
T' T —> g T *FT T'5¢ T'>¢
F Foid F — (E)



The LL(1) Parsing Algorithm

a. = LexNextToken()
X:=TopOfStack()
while (X #$)
if X =a (*amatch *)
then pop; a : = LexNextTaken()
else If M[X,a] ={X — &/
then pop; push « (leftmost symbol on top)
X = TopOfStack () 13



Now use M to parse (xty) ...

Input stack action

(X+Yy)$ S M[S, (]={S —» E$}
(X+y)$ E$ M[E,(]={E > TE'"}
(X+y)$ TE'S MIT,(]={T > FT'}
(X+y)$ FT'E'$ M[F,(]={F > (E)}
(X+Y)$ (E)T'E'$  match

X+ Y)$ E)YT'E'S M[E,id]={E > TE"}
X+Y)$ TE)T'E'$S MIT,id]={T > FT'}
X+Y)$ FT'E')T'E'$ M[F,id]={F —>1d}
X+Y)$ IdT'E')T'E'$S  match

+VY)$ T'ENT'E'S M[T'+]={T'> &}
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.. kachunk, kachunk, kachunk ...

Input stack action
+Y)$ EY)T'E'$ MI[E' +]={E'—> +TE'}
+Vy)$ +TE)T'E'S  match
V)3 TE)T'E'$ MI[T,id]={T - FT'}

V)$  FT'EVT'E'S  M[F,id]={F —id}
y)$  idT'E)T'E'$S  match
)$ T'EVT'ES M[T )] ={T'> &}

)$ EYT'E'S  M[E')]={E'> &}
)$ JT'E'$S  match

$ T'E'$ M[T"$]={T"'> ¢}
$ E'S  M[E' $]={E'> &}

$ $  accept 15



NULLABLE
NULLABLE( &) = true

if and only if & = «.

NULLABLE (&) =true
NULLABLE(c)= false (ceT)

NULLABLE (A) = (AeN)
v NULLABLE (2)
NULLABLE (X8)= (X eT UN)

NULLABLE (X) A NULLABLE (#) 16



Computing FIRST

forallaeT, FIRST(a) ={a}
forall Ae N, FIRST(A) ={}
while FIRST changes
If A— gisa production
then FIRST(A) .= FIRST(A) u{&}
If A— X, X,---X, Isaproduction
then j=1; done :=false
while not doneand j<k
FIRST(A) :=FIRST(A) U (FIRST(X;)-{&})
If NULLABLE(X;)
then j:=j+1
else done :=true
If j=k+1then FIRST(A)=FIRST(A)u{e}
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Computing FOLLOW

forall A N, FOLLOW(A) ={}
FOLLOW(S) ={%} (Sis the start symbol)
while FOLLOW changes
if A— aBfis aproduction (Be N, S # &)
then FOLLOW(B) .= FOLLOW(B) U (FIRST(S2) -{¢})
if A— aBfIs aproduction and € € FIRST( )
then FOLLOW(B) .= FOLLOW(B) wFOLLOW(A)
If A— aBis aproduction (B € N)

then FOLLOW(B) := FOLLOW(B) U FOLLOW(A)
18



Many grammars cannot be parsed LL(1)

S —>d | XYS FIRST FOLLOW

y S {acd} {
—Cle Y {c} {a,c,d}

X >Y|a X {a,c} {a,c,d}

MI[S,d]={S —>d,S > XYS}
This Is ambiguity!

Grammar Is not LL(1)!
19




Bottom-up (LR) parsing to the rescue!
G, =(N,,T,,R, E)

N, ={E, T, F} T, ={+*,(),1d}
E->E+T|T T->T*FIF F->(E)|

P P )/ o

With LR parsing we no

longer have to eliminate

left recursion from the
20 grammar!




