CS522 6-B. Deterministic Left Parsers

6-B Deterministic Left Parsers
Let G = (N, T, P, S) Is a context-free grammar. A non-deterministic
Left Parser Lp = ((T" x V), =, (X, S), {(g, €)}, P, t) with
- = {(&, A) 5> "% (e, a) € (T x V)| (A - o)) eP}
guess A as a.. non-deterministic.
U{(a, a) > % (g, €) e (T"x V)9 a e}
verify a € X: deterministic.

Consider two guess actions B — 3| J where 3 = [3.
(e, B) > 5P (€, B) or (g, B) > 7P (¢, B) is non-deterministic.
Consider L(3) and L(3)!

Def.L:(NUT)" > 2T L) ={x e Tla="x,xe T} Iinfinite.
But L(B) and L(') may be infinite.
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CS522 6-B. Deterministic Left Parsers

- First: (NUT) = 27 where T =g} uT U T2 L. TK
First (o) = kiL(a) = {k:x e T a =" x,x e T'} finite.
If First, (B) m First (B) = 9, then lookahead string y and y

(v, B) =L (v, B) y € First(B) and (y, B) > (Y, B) Y € First(p)
deterministic'

& L4
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CS522 6-B. Deterministic Left Parsers

Computation of First(a) fora e (NU T)".
First (o) = First (X X,...X)) where a = X1 X,...X.
= First (Xq) @ First (X,) @ ... ® First(X,,) where
First (a) = {a}, a € T(basis).
@ 2T x 2T 5 2T

A®,B=kAB={kixy e T¥xeAYyeB}

for a € T do First(a) = {a} od; for A € N do First(A) := O od;

repeat
for A e Ndo
for A > X X5..X,, € Pdo
for 1:=1to n do First(A) := First,(A) &, First,(X;) od
od od

until First,(A) does not change
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CS522 6-B. Deterministic Left Parsers

Example Gueyp:E>E+T|T

ToS>T*F|F
Fo>al|(E)
F: Firsty(a)={a} Firsty((E)) ={(}
-~ (a, F) »F2(aq, a) ((, F) > 2B ((, (E)) deterministic!
T: Firsty(T*F)={a, } First;(F) = {a, (}

(@ T) > @ T*F) (a, T) > "F (a, F) non-deterministic!

((T)>"TF(( T*F) ((, T) »>'F ((, F) non-deterministic!
E: Firsty(E+T)={a, (} Firsty(T) = {a, (}

- (a, E) >F2F T (@, E + T) (a, E) »FT (a, T) non-deterministic!
((, E) >E2E T (L E+ T) ((, E) =E2T((, T) non-deterministic!

.. Non-deterministic for T and E!
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CS522 6-B. Deterministic Left Parsers

A grammar rule A - Aa € P is said to be left recursive.

If A— Aa € P, A=" Ao does not terminate! . FA > B e P
A — Aa | B, then A =" Ba”.
First (Aa) m First (B) # <, since First (Aa) o First (A) o First,(B).
. If a grammar has left recursive rule, the left parser is non-determin-
Istic!

Change the left recursion to right recursion.
A->Ac|B= A->BAA 5 oA |e (A=PBA =" Ba).
Gpexp: E > TE’

EE—>+TFE |¢
To>FT
T">*FT |e
F >al|(E)

Left factoringA > o |oay= A—>acA’,A > B]|y.
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6-B. Deterministic Left Parsers

F: Firsty(a) = {a}, Firsty((E)) ={(}

(a, F) > 2 (3, a), ((F) =>F® (( (E))  deterministic!
T Firsty(* FT°) ={*} Firsty(e) = {&}

=TT (@ *FT) (s, T') > 7% (g, €) non-deter.!
T:  Firsty(F T") = {*}

*, T)>"F * F 1) deterministic(unique rule)!
E’: Firsty(* FT)={*} Firsty(c) = {c}

(*, E") E2>+TE (+ + TE) (s, E") =EF 7% (¢, £) non-deter.!
E: Firsty(T E’) = {+}

(+,E) >5F2TE (+, TEY) deterministic(unique rule)!

We are happy exceptforE’ > cand T — «.
What can | do?

11/18/16

Kwang-Moo Choe 6



05322 6-B. Deterministic Left Parsers
Consider Follow,(E”) and Follow,(T’) or k:z in the figure!
Follow,: N — 2T

Follow,(A) = {kiz € TS =" aAz,z € T} finite.
Follow,(T") = {+, ), €}, Follow,(E’) = {), ¢}
T: Firsty(*FT)={*}

First,(e) @1 Follow(T’) = {+, ), €} two sets are disjoint!

(%, T) T2 FT (% = F T7)

(+, T) > 7% (+,8), 0, T) > 20,0, (&, ') > (e, )

deterministic!
E’: Firsty(+ T E’)={+}

First,(c) ®; Follow,(E’) =), } two sets are disjoint!
(+’ E’) _)E’—>+TE’ (+, + T E,)
(), E’) 5E2(), &), (&, E’) F 2% (g, ¢) deterministic!
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CS522 6-B. Deterministic Left Parsers

Parsing table for Gpeyp.: SLL{PTIN, T] — 2.

Gpexp: E > TFE {a, (}

E'—>+TE |¢ {+} {), €}

T>FT {a, (}

T">*FT | {*} {+,) €}

F—>al(E) {a} {C

a ( * + ) &($)
E E-TE ES>TFE
E’ E'>+TE' E">¢ E —>¢
T To>FT To>FT
T’ T">*FT T —>¢ T"—>¢e T —>¢

F F>a F->(E)

Parsing table for Gpgyp.: SLL1PT[N, T]— P. ... deterministic!
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CS522 6-B. Deterministic Left Parsers

Ex. a ( * + ) (%)

E E->TE E->TE’

E’ EE—>+TFE’ E’—>e¢ E’—>¢
T T-HFT T>FT

T T>*FT T —>e¢ T —>¢ T —>¢
F F-o>a F—->(E)

(@a*a+a E) = @B>@TE) @ra+a TE)= BD2@F) @*a+a FT' E)

= @@ @xa+a,aT E)= @26 (ra+a T E)

= OTPE T ra+ g *FT E) =, 0260 @+ 8, FTE) = @PD2@0 @+a,aT E)
:L(a,a)—>(s,s) (+a, T E :L(+,T’)—>(+,8) (+a, E”) :>L(+,E’)—>(+,+TE’) (+a,+T E)

= (268 (o, T E) = @T)2@FT) (o FT B = @203 g, a T EY)

= B2 (6, " E7) = 01700 (6, ) = 05769 (g, ).
T\) E
P o+ 1 E

N

|
a’ € a €
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CS522 6-B. Deterministic Left Parsers

Adding Iookahead string kK:yz e Tgkfor guess B as 3.

&£

(X, B) > (X, B) € (T x V* ) x (Tﬁk x V") for B — B P where
X e First () ®, Follow(B) = k:yz.
LL(k) Parser
Left-to-right Scan in Leftmost derivation with k-lookahead symbols

Strong LL(k) Parser(SLL(k) Parser)
SLL(k) grammars — LL(k) grammars
But SLL(1) grammars = LL(1) grammars

11/18/16 Kwang-Moo Choe 10
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Compare three grammars fora+a+aora*a*a
Gexp: E>E+T|T*Flal(E) E—->E+T|T E-STFE

EE>+TE |¢
T— T*Fla|(E) To>T*F|F T-o>FT
T">*FT |¢
F— al(E) F—>a|(E) F—o>al|(E)
E E
E + T E/'\T T B
E+ T £+ T ‘ F +T FE
| |
6‘1 6‘1 '|L |T a a F+4\E'
|
|’: a a F ¢
a 2
good! unit production + IS right associative

How about right parsers?
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