CS522 Strong LL (k) parsing
Strong LL (k) parsing
Computation of First.

Letk>0,Abeasetand o, p € A . Then we define
o0 ® B = kiap.

LORA X AT > ASK binary operation on A.
where AK= A0 ATUAZ U= {gdu AU A2 ..U A
o KUAST U AZE2 U AK
We define languages and First, of o e (NU ) and K = (NU X).

L@)={weX|a= w
First (o) = ki L(c)

LK) ={weX|aecK, a= w
First(K) = k:L(K)
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CS522 Strong LL (k) parsing
Divide and conquer on the computation of Firsty.
1. Firsty: 25" — 25 Let Ly, L, =", Then
FirStk(Lle) = FlrStk(Ll) @k FlrStk(Lz) = k:Lle.
2. Firsty (NUZ) - 25 Leto= X ... X, 1<¥i<n, X e NUZ.
First(a) = First (X ... Xy)
= FlrStk(Xl) @k FlrStk(Xz) @k @k Firstk(Xn).
3. Firs: NUZ - 2%
First (a) = {a}, ifa e Z. basis
Firsty (A) = {x € Firsty(a)] A— a € P} recursion

We also define Follow: N —> 257 Let A e N. Then
Follow(A) = {kize | S=" xAZ}
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CS522 Strong LL (k) parsing

Guess-verifyparser M= (NU X, 2, T, S {e}, $, |)
forG=(N,X, P9

VA>wmeP A|—>(DR|EF, guess A asa.
VaeZ, ala— | eI, verify a e .
S =im  XAY =im XBy =m XYY =m XYZ

*

$S| xyz$:>* $yRA|yz$:>$yRBR|yz$:>* $yR| = $|8$

Nondeterminism
IfA>a|pBeP azp.
guessAasa or 3 nondeterministic

Adding k-lookahead symbolsy where |y| < k.
"AsaeP,  AlysallyeT,

5/1/08 Kwang-Moo Choe 3



CS522 Strong LL (k) parsing

wherey e First(a) @, Follow(A)
Guess A as a on lookahead y only.

We define LAYA — a) = First(a) @, Follow(A).

Guess and verify parser with adding k-lookahed symbols, LA (A — a),
Is called strong LL (k) parser.

If LA(A —> a) " LA(A — B) = &.
deterministic guessA as o or § on LAY(A — a) or LAY(A — B).

Gisstrong LL(k) grammar, if

VA—>a|BePazB, LA(A— a) N LA(A— B) = D.
Srong LL(K) parser isdeterministic, if and only if G isstrong LL(K).
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CS522 Strong LL (k) parsing

Theorem Gisnot LL(K), if Gisleft recursive.
A—Aa|p
Aisleft recursive.

Proof First,(Aa) o First(A)

o First(B)
. LAYA = Aa) A LAYA —B) S First(p) # @

Removal of |eft recursion
A—Aa |
A= Boc*
A— BA
A —> oA |e
Left factrong
A—aB | ay
A — oA
A—>Bly
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CS522 Strong LL (k) parsing
LL(1) parsing
Let T, T, 3 . Consider
Ty @1 T = Firsty(TTy)
= Firsty(Ty), ife ¢ Ty.
= Firsty(T,) U Firsty(T,), ife € T, € € T,
= Firsty(T,) U Firsty(T,) -{e}, If € € T4, € ¢ To(otherwise).

Firsty: NUS — 25 = 2l v X, First; <> nullable U First.
nullable: N U £ — {true, false}

nullable(A) = true, iff A= «.

First NU X — 2>,
First(a) = {a}, Ifa e X.

First(A) = {ae I|A= ax,xe X'}
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CS522 Strong LL (k) parsing

Recursive formula for First(A), A € N.
First(A) o{ac XA aap e Pa= & basis
First(A) o {a e First(B)] A— aBB € P, o= ¢} recursion

Followy: N — 25 = 2{e8 V2
Followy: N — 28tV X,
Followy(A) = {Ly e {e} UZ| S= xAy, x,ye 2}
e € Followq(9).

(We may add new end marker $inX and € <> $.)
Recursive formula for Follow(A)
Follow(S) o {&} basis
Follow(A) o {a € First()| B —> aAB € P} basis

Follow(A) o {a e Follow(B)| B— aAB € P, = &}recursion
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CS522 Strong LL (k) parsing

Wedefinel cNx Nandr < N x N.
Al B,ifA—> aBp e P, a= &, and (left dependency relation)
ArB,ifB— aAB e P, = ¢. (right dependency relation)

Formula for First(A) and Follow(A)

First(A) o{ac XA aap e Pa= & basis
={ae X| Al a}

First(A) o {a € First(B)| Al B} recursion

Follow(9) o {¢} basis

Follow(A) o {a € First(B)| B —> aAB € P} basis

Follow(A) o {a € Follow(B)| Ar B} recursion
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CS522 Strong LL (k) parsing

Let Aand Bbetwo setsand x, y € A, Rc Ax A andf, g. A — 2B,
Compute f for given Rand g,

f(x) =2 9(x) basis

f(x) o f(y) wherex Ry recursion
- T 29(9) L Lyry f(Y)

Nothing elseisin f(x) fixed point

f(¥) = g(x) U Uyry f(Y)
Then f(X) =g{b € g(y)| xR v} iteration

Reachable vertices in the graph R.
depth-first search
topological order
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CS522 Strong LL (k) parsing

Algorithm Compute f(x) with g(x) and R.
input g: A— 25 Rc A x A output: f: A — 25.

var S stack of A; N: A — Depth.
function Trav(x: A, d: Depth);
push xonto S, N(X) = d; f(x) := a(x); |A|
fory e Awherex Ry do
If (N(y) = 0) then Trav(y, d+1) fi;
N(x) = min(N(x), N(y)); f(x):=f(x) wi(y) od |R]
If (N(X) = d) then repeat
y := pop of S N(y) :=Infinity; f(y) := f(x) until (y = x) fi
end function Trav

for x e Ado N(x) := 0O; f(x) .= & od,;
for x e Awhere (N(X) = 0) do Trav(x, 1) od
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LL(1) analysis.
1. Remove useless symbols and productions, if any.
2. Remove left recursion, and do left factoring, if any.

3. VA € N, compute nullale(A).
4. VA e N, compute |-relation and initial First(A) in basis using nullable.
5.YA e N, compute First(A) using |I-relation and
initial First(A) by traversing [-graph.
4. VA e N, compute r-relation and initial Follow(A) in basis
using nullable and First(f).
5. YA e N, compute Follow(A) using r-relation and
Initial Follow(A) in basis by traversing r-graph.
6. VA— a e P, compute LA{(A — «) using First and Follow.
7."A—>a|BePoazB,if LAJ(A— a) N LA(A— B)= &, LL(D);
otherwise not LL(1).
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CS522

Example Expression grammar

E>E+T|T

To>T*F|F

F—o>al|(E)
Removal of |eft recursion

nullable

E>TFE no
EE—>+TFE |¢ yes
T—o>FT no
To>*FT |¢ yes
F—o>al|(E) no

LA(E >+ TE') = {+}
LA(T > *FT)={*}
LA1(F —> a) = {a}

oo LL(2).

5/1/08

Strong LL (k) parsing

Init. First Init. Follow
a, ( €,) &)
+ + g, )
a, ( + g ), t
* * 8,), +
a,( a( * g ), Tt

LAYE =€) = {e,)
LA(T =€) ={g,), +}
LA(F = (E))={(
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CS522
LL.PT: Nx (£ U {e}) > 2".
LL,PT(A, 8 = {A— a]a e LAJ(A— a)}
Fact GisLL(1),if VA e N, Ya e X, [LL4PT(A, a)| < 1.

LL,PT a + * ( )
E E->TE E-TE
E E'—>+TE E'—¢
T T-FT T—>FT
T T —¢ T —>=*FT T —>e¢
F F->a F—(E)
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CS522 Strong LL (k) parsing

Algorithm LL(1) parsing
input LL;PT: N x (£ U {e}) > P; input stringx € 2.

var Sack; stackof NUX;aeS;ye Y.
push Sonto Jack; a:= 1.x; y:= x:|x|-1

repeat
X := pop of Sack;
If(XeN)=

If (LL{PT(X, @) = X—> a) = push a onto Sack;
Make subtree with root X and o’ s as children.
| LL{PT(X, @) = & = syntax error fi
| Xe2)=Iif (X=a)=a:= 1y, y:=Vy:|yl-1
| (X#a) = syntax error fi
fi
until (Sack empty); if (y=¢) = O.K. | (y#¢€) = syntax error fi
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Recursive descent parser
function pE: if (iI="a’) or (iI="(") = pT, pE

| otherwise = syntax error fi
function pE’: if (I="+") = verify(‘+’); pT; pE’
| (I="))or (i='¢") = skip
| otherwise = syntax error fi
function pT: if (i="a’) or (I="() = pF; pT’
| otherwise = syntax error fi
function pT’: if (I="*") = verify(‘*’); pF; pT’
| (I="+")or (i="))or (i="¢’) = sKip
| otherwise = syntax error fi

function pF: if (iI='a’) = verify('a’)
| (1=°C) = venfy((); pE; verity(’)’)
| otherwise = syntax error fi
1:= 1:x y:= X|X-1; pE; iIf (y=¢) = O.K. | (y#¢) = syntax error fi
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