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Right-Regular Context-Free Parsing

Recurring scheme in programming languages: Lists of sth...
s

Alternative idea: Regular Expressions
S—={(ba)ib

107/288

Left Recursion

Theorem:

Let a grammar & be reduced and left-recursive, then & is not LL(k)
for any .

Proof:

Letwlog. A—Af|la € P
and A be reachable from S

Assumption: Gis LL(k)

=First(a 8" v) N
First, (e 8" y) =0

Case1: (3—*e¢ — Contradiction !!!
Case2: B —"w # ¢ == Firsty(aw®~) N Firsty(aw" ' v)#£0

Right-Regular Context-Free Parsing

Recurring scheme in programming languages: Lists of sth...
S—b | Sab
Alternative idea: Regular Expressions
S—=(ba)'b
Definition: Right-Regular Context-Free Grammar
A right-regular context-free grammar (RR-CFQG) is a
4-tuple G = (N, T, P, S) with:
@ N the set of honterminals,
@ T the set of terminals,

@ P the set of rules with regular expressions of symbols as rhs,
@ S e N the start symbol
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ldea 1: Rewrite the rules from G to (G):

A—aelP
if aeNUT

a € Regext
Q; € RegexTﬁN
a; € RegexTﬁN

b)) f
(o) [oo] (o) if

...and generate the according LL(k)-Parser M f@

Ll il

Idea 2: Recursive Descent RLL Parsers:

Recursive descent RLL(1)-parsers are an alternative to table-driven
parsers; apart from the usual function scan (), we generate a
program frame with the lookahead function expect () and the main
parsing method parse () :

int next;
boolean expect(Set E){
if ({e,next}NE = 0){
cerr << "Expected” << E << "found” << next;
return false;

}

return true;

void parse(){
next = scan();
if (lexpect(First;(5))) exit(0);
8();

if (lexpect({EOF})) exit(0);
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Definition:
An RR—CFG Glis called RLL(1),
if the corresponding CFG (&) is an LL(1) grammar.

Reinhold Heckmann

Discussion
@ directly yields the table driven parser ]\me for RLL(1) grammars

@ however: mapping regular expressions to recursive productions
unnessessarily strains the stack
— instead directly construct automaton in the style of Berry-Sethi

Idea 2: Recursive Descent RLL Parsers:

Foreach A — o ¢ P, we introduce:

void A
generate(o)

}

with the meta-program generate being defined by structural
decomposition of «:

generate(ry)
if (lexpect
generate(rs)

generate(ry...rp) =
irst1(r2))) exit(0);

if (lexpect(First(ry))) exit(0);
generate(ry)

generate(e)

generate(a)) =
generate( A) '

‘consume();

109/288

111/288




Idea 2: Recursive Descent RLL Parsers: dea 2: Recursive Descent RLL Parsers:

generate(r*) = hile (next € F.(r)) { generate(r™) = while (next € F (7)) {
generate(r) generate(r)
}
generate(ry | ... |ry) = switch(next) { generate(ry | ... |rp) = switch(next) {
labels(Firsty(r;)) generate(r,) break ; labels(First1(r;)) generate(r,) break ;
labels(Firsty(r).)) generate(ry) break ; labels(Firsty (1)) generate(ry) break ;
} }
labels({a1,...,m}) = label(ay): ... label(ay,): labels({a1,...,am}) = label(ay): ... label(am):
label () = caseq label(a) = casew
label(e) = default label(e) = default
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Topdown-Parsing

Discussion
@ A practical implementation of an RLL(1)-parser via recursive
descent is a straight-forward idea

@ However, only a subset of the deterministic contextfree
languages can be parsed this way.
@ As soon as Firsty(_) sets are not disjoint any more,

Chapter 4
Bottom-up Analysis
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Idea:

We delay the decision whether to reduce until we
know, whether the input matches the right-hand-side of a rule!

Donald Knuth

Construction: | Shift-Reduce parser M/

@ The input is shifted successively to the pushdown.

@ Is there a complete right-hand side (a handle) atop the
pushdown, it is replaced (reduced) by the corresponding
left-hand side
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Shift-Reduce Parser

Observation:

@ The sequence of reductions corresponds to a reverse
rightmost-derivation for the input

@ To prove correctnes, we have to prove:

(e, w) " (A, €) iff A—"w

@ The shift-reduce pushdown automaton A7 s in general also
non-deterministic

@ For a deterministic parsing-algorithm, we have to identify
computation-states for reduction

—— LR-Parsing
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Shift-Reduce Parser

Example:

W n
111
SAEES

Sy

The pushdown automaton:

States: qo, f,a, b, A, B, S;
Start state: ¢,
End state: f
qo alqoa
a el A
A b| Ab
b e| B
AB|le| S
QS | € /

Reverse Rightmost Derivations in Shift-Reduce-Parsers

ldea: Observe reverse rightmost-derivations of 151

[nput:
counter x 2 + 40

Pushdown:

(q’n)
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Bottom-up Analysis: Viable Prefix

a~v isviablefor [B-—~e| iff S}, aBwv

[ |

[ ]

Lo |

with a=a ... ap
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Characteristic Automaton

Observation:

The set of viable prefixes from (N U T')* for (admissible) items can be
computed from the content of the shift-reduce parser’s pushdown
with the help of a finite automaton:

States: |Items

Start state: [[S" — e 5]
Final states: {[B—~e] | B—~ € P}
Transitions:

(1) ([A—aeXplX[AsaXef]), X e (NUTAaXp € P
(2) ([A—aeBpfe [B— ofy]r, A—=aBp,|B—~vy € F;

The automaton ¢(G) is called characteristic automaton for G.
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Bottom-up Analysis: Admissible ltems

Theitem [B—~ep] iscalled admissible for o' iff
S—haBv with o = avy:

wwith a=a; ... a,

Characteristic Automaton

For example: E — E4+T | T
T — TxF | F
F — (EB) | int
q0 £
[s—-E [S'—E.]

|E >.E+T}—E>‘E >E.+T}—+>‘E sE+oT ! ‘E LE+Te

| E—> oT ! ‘ E—Toe
[T e ey ey e |
F
———1

( E )
[F>e(E)}=[F > (+E) | —=[F~(E+) [F—(E)-

[ o]l st |
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Characteristic Automaton

For example: E — E+T | T
T — TxF | F
F — (E) | int

S'— oE S'—E-

\ E—> oE+T }—E>‘ E >Ee+T }—+>‘ E-—>E+sT ! \ E >E+Te

‘E—»g ! ‘E—»T-
\ T— .T*F}—T>\ T—TexF }—*>\ TﬂT*:f}—F—m
‘TH-F g ‘TaF-

( E )
[E=+(E) F—~{F—(~E) |>[F—(E+) |~{[F—~(£)-

Canonical LR(0)-Automaton

Observation:

The canonical L 2(0)-automaton can be created directly from the
grammar.

Therefore we need a helper function 7  (e-closure)

3 (q)=quU{[B— e~] | B—~ € P,

A—aeB'pf] € q,
B’ —* B f}

We define:
States: Sets of items;
Start state: 67 {[S" — e 5]}
Final states: {¢ | [A—ae] € ¢}
Transitions: §(q, X) =0 {[A—~aXe 8] |[A—~aeXj] € ¢}
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Canonical LR(0)-Automaton

The canonical LR(0)-automaton LR(() is created from ¢(G) by:
@ performing arbitrarily many e-transitions after every consuming
transition
@ performing the powerset construction

... for example:
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Characteristic Automaton

For example: E — E4+T | T
T — TxF | F
F — (EB) | int

N E

¢ O E +
|E4>¢E+T }—»‘EHEo+T }—»‘EHE+.T

| E—> oT ! ‘ E—Toe

T
‘EHE+T.

T—TxFe

O T * F
|T4>-T*F}—>‘ T—TexF }—:—\ T— T .F}
S

«F
[7—.F |T—F. ]

( E
|Fa-(E) }—»‘FH(-E) }—»\FH(E-)
A

‘F%int- ‘

[F~(E).

|F% sint
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Canonical LR(0)-Automaton

Observation:

The canonical L 2(0)-automaton can be created directly from the
grammar.
Therefore we need a helper function 7  (e-closure)

6. (q)=quU{[B— eq] | By € P,
[A—a eB' f] € q,
B’%*Bﬂ}
We define:

States] Sets of items;
Start state:|o; {[5" + e ST}

Final states: {¢ | [A— ae] € ¢}
Transitions: (¢, X) =0/ {[A —~a X e []

[A—ae X | € q}

Canonical LR(0)-Automaton

For example:

S = E

EFE — E+T T
T — TxF | F
F — (F) | int
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Canonical LR(0)-Automaton

For example: S - E
E — E+T | T
T — TxF F
F — (E) | int

LR(0)-Parser

|dea for a parser:

@ The parser manages a viable prefix « = X; ... X,, onthe
pushdown and uses LR(() , to identify reduction spots.

@ It can reduce with A — ~ , if [A — ~ e] is admissible for «

Optimization:

We push the states instead of the X; in order not to process the
pushdown’s content with the automaton anew all the time.

Reduction with A — ~ leads to popping the uppermost || states and
continue with the state on top of the stack and input A.

Attention:

This parser is only deterministic, if each final state of the canonical
LR(0)-automaton is conflict free.
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Canonical LR(0)-Automaton

The canonical LR(0)-automaton LR(() is created from ¢(G) by:
@ performing arbitrarily many e-transitions after every consuming
transition
@ performing the powerset construction

... for example:

LR(0)-Parser

Idea for a parser:

@ The parser manages a viable prefix a = X, ...X,, on the
pushdown and uses LR(() , to identify reduction spots.

@ It can reduce with A — ~ , if [A — ~ e] is admissible for «

Optimization:
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We push the states instead of the X in order not to process the
pushdown’s content with the automaton anew all the time.

Reduction with[A]— ~ leads to popping the uppermost || states and
continue with the state on top of the stack and input A.

Attention:

This parser is only deterministic, if each final state of the canonical
LR(0)-automaton is conflict free.
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Canonical LR(0)-Automaton

For example: S - E
E — E+T | T
T — TxF | F
r — (E) | int

Hrm)

F7 B9 %p?4

fo% B4

Canonical LR(0)-Automaton

For example: S - E
E — E+T | T
T — TxF | F
F — (E) | int

*

@
E —+Te

10 T—>T*-F @)
| | F > e(E) E— E+Te
Fl F o eint * T 3 TexF
@
N
(
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LR(0)-Parser LR(0)-Parser

|dea for a parser:

... for example: @ The parser manages a viable prefix « = X;...X,, onthe
pushdown and uses LR(() , to identify reduction spots.
n = {[S=FEsd], @ It can reduce with A —  , if [A s~ e] is admissible for a
[E—~E e +T]}
@ = {[E—Teé, g = {[E—E+Tae, Optimization:
[T — T exF} [T —T exFl} We push the states instead of the X; in order not to process the
o - pushdown’s content with the automaton anew all the time.
a5 = {[T— e} wo = AT T« o]} Reduction with A — ~ leads to popping the uppermost || states and
@ = {[F—inte]} g1 = {[F—=(E)e]} continue with the state on top of the stack and input A.
The final states ¢, g2, o contain more than one admissible item Attention:
= non deterministic! This parser is only deterministic, if each final state of the canonical
LR(0)-automaton is conflict free.
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