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Non Deterministic LR Parser LRO
©000000000 00000

Parseur LR in motion

The parser only read the names of constructed tokens
On a ST, it only looks at the root label.

Grammar : Reconstructing the tree :

LR

(exp) ::= (exp)—(terme) 3 7 42 0
| (terme)
(terme) ::= (terme)x(fac)
| (fac)
(fac) ::= ((exp))
| —(fac)
| (NB)

v

SLR
(o]e]
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Non Deterministic LR Parser LRO SLR
©000000000 00000 00

Parseur LR in motion

The parser only read the names of constructed tokens
On a ST, it only looks at the root label.
Grammar : Reconstructing the tree :
(exp) ::= (exp)—(terme) (fac) 7 42 0
| (terme) |
(NB)
(terme) ::= (terme)x(fac) |
| (fac) 3
(fac) ::= ((exp))
| —(fac)
| (NB)

v
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Parseur LR in motion

The parser only read the names of constructed tokens
On a ST, it only looks at the root label.
Grammar : Reconstructing the tree :
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| (terme) | |
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Non Deterministic LR Parser
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Parseur LR in motion

The parser only read the names of constructed tokens
On a ST, it only looks at the root label.

Grammar : Reconstructing the tree :
(exp) ::= (exp)—(terme) (terme) * (fac) 42 0
| (terme) I I
(fac) (NB)
(terme) ::= (terme)x(fac) ' |
(NB) 7
| (fac) |
3
(fac) = ((exp))
| —(fac)
| (NB)
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Parseur LR in motion

The parser only read the names of constructed tokens
On a ST, it only looks at the root label.

Grammar : Reconstructing the tree :
(exp) ::= (exp)—(terme) (terme) 42 0
| (terme) 7N
(terme) * (fac)
(terme) ::= (terme)*(fac) ' '
(fac) (NB)
| (fac) | |
NB 7
(fac) = ((exp)) < | )
| —(fac) 3
| (NB)
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Parseur LR in motion

The parser only read the names of constructed tokens
On a ST, it only looks at the root label.

Grammar : Reconstructing the tree :
(exp) ::= (exp)—(terme) (terme) (NB) 0
| (terme) 7N |
(terme) * (fac) 42
(terme) ::= (terme)*(fac) ' '
(fac) (NB)
| (fac) ! |
NB
(fac) = ((exp)) < | ) [
| —(fac) 3
| (NB)
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Parseur LR in motion

The parser only read the names of constructed tokens
On a ST, it only looks at the root label.

Grammar : Reconstructing the tree :
(exp) ::= (exp)—(terme) (terme) (fac) 0
| (terme) 7N I
(terme) * (fac) (NB)
(terme) ::= (terme)*(fac) ' ' \
(fac) (NB) 42
| (fac) | |
NB
(fac) = ((exp)) < | ) 7
| —(fac) 3
| (NB)
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Parseur LR in motion

The parser only read the names of constructed tokens
On a ST, it only looks at the root label.

Grammar : Reconstructing the tree :
(exp) ::= (exp)—(terme) (terme) (fac) (NB)
| (terme) 7N I |
(terme) * (fac) (NB) 0
(terme) ::= (terme)x*(fac) ' ' \
(fac) (NB) 42
| (fac) | |
NB
(gac) = ((exp)) e
| —(fac) 3
| (NB)
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Non Deterministic LR Parser LRO
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Parseur LR in motion

The parser only read the names of constructed tokens
On a ST, it only looks at the root label.

Grammar : Reconstructing the tree :
(exp) ::= (exp)—(terme) (terme) (terme) * (fac)
| (terme) 7N I I
(terme) * (fac) (fac) (NB)
t = (t £ ' ' ' \
(terme) (terme)x(fac) (£2c) (B) (B) o
| (fac) | | |
(fac) = ((exp)) <N‘B> [ “2
| —(fac) 3
| (NB)
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Non Deterministic LR Parser
©000000000

LRO
00000

Parseur LR in motion

The parser only read the names of constructed tokens
On a ST, it only looks at the root label.

Grammar : Reconstructing the tree :
(exp) ::= (exp)—(terme) (exp) - (terme)
| (terme) : 7N
(terme) (terme) * (fac)
(terme) ::= (terme)x(fac) 7N ! !
(terme) * (fac) (fac) (NB)
| (fac) | | | |
(fac) ::= ((exp)) {fac) (NB) (NB) 0
| | |
| (NB) 7 42
|
| () !
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Non Deterministic LR Parser
0O@00000000 00000

Concept of the non-deterministic parser

Idea : write a non-deterministic shift-action automaton

Action :
Shifts :
. e apply the uncovered rule,
e read a word of terminal and non
. e create a node,
terminals

e |ook for the pattern of a rule. o reload the automaton

(begining).
(epr) - (epr) ¥
— L L ] > (epr)— (epr)-(epr)
reload

Remark : X remplace Char
> = T UN is the set of terminals 4 non-terminals
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Non Deterministic LR Parser
00@0000000 00000

First attemp

Idea : Same as for the lexer
e a small automaton for each rule that “test” the patern,
e preceded by a delaying loop,
e adds actions and takes the sum.

Remark : such an action is called reduct

- .

(epr) (epr) ( - ()
0 0 0 0 []
- * (epr) (epr)
0 0 0 []
(epr) (epr) ) x
ba
AN A S

(epr)—(epr)-(epr)  (epr)—(epr)*(epr)  (epr)—((epr))  (epr)—-(epr (epr)— (Nb)
relancer relancer relancer relancer relancer
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Non Deterministic LR Parser
00@0000000

First attempt

Idea : Same as for the lexer
e a small automaton for each rule that “test” the patern,
e preceded by a delaying loop,
e adds actions and takes the sum.

Remark : such an action is called reduct

A T T T T e T |

| (epx)r—r(epr)-(epr) | | (epr)—e(epr)i(epr) | | (epr)—re((epr)) | (epr)—ro-(epr) | | (epr)—re(id)
| (epr) | (epr) 1« | | ()
(epr)—(epr)e-(epr) | | (epr)—(epr)ex(epr) | | (epr)rs(o(epr)) | (epr)r-e(epr) | | (epr)—(Nb)e
x (epr) (epr)
(epr)—(epr)-e(epr) | | (epr)—(epr)+e(epr) | | (epr)rr((epr)e) | (epr)—r-(epr)e
[ tepr) | (epr) D b
| (epr)—>(epr)-(epr)e | | (epr)r—+(epr)*(epr)e | | (epr)—((epr))e 2

i I I

(epr)—(epr)-(epr)  (epr)—(epr)x(epr)  (epr)—((epr))  (epr)—-(epr (epr)—(Nb)
Flavien BRIENORGET M 4 CofSIANSEE 1 om up Parsers (LR)EIANCET relancer relanger,



Non Deterministic LR Parser
000@000000 00000 (o]e]

Automaton of the LR parser in motion
= x = T

(epr) — @ (epr)-(epr) (epr) — @ (epr) * (epr) (epr) > e((epr)) || (epr)~—e-(epr) (epr) — o (Wb) ‘

1 (epr) | (epr) 1 1- [ (wb)
(epr) > (epr) o (epr) (epe)r(o{opr)) | | (epr) o (opr) | | (epr) s mye
- * [ (epr) ] (epr)
(epr) > (epr)-o (epr) | | (opr)rr (apr) o (epr) | [ (oprys(epr o) || (opr)rr-(oprye
1 (epr) | (epr) D b
(epr) > (epr)-(epr) | | (opr)rs (epr) « (eprye | [ (epr)is((opr))e X
I= = I

(epr)— (epr)-(epr)epr)— <epr> (epr)(ep > (<epr>)<epr?H-<ePr (epr)— (Nb)
relancer relan rela relancer relancer

(epr) — (epr) @+ (epr)

(NB) * (NB) — (NB) x (NB) §
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
000@000000 00000 (o]e]

Automaton of the LR parser in motion
> > >

(opr) e (epr)-(epr) | [ (opr) e (opr) = (opr) | | (opr)o((epm)) | | (epr)—re-(epr)
| (epr) [ (epr) 1 1- ()
(opr) > (opr) o~ (epr) (opr) (o (epm)) | | (epr) -0 (epr) | | (epr)r () o
- * | (epr) (epr)
(opr) > (opr)-e (epr) | [ (opr) > (epr) v (opr) | [ (opr)r((opr) o) | | (epr)—s-(opr)e
| (epr) [ (epr) D X
(opr) > (opr)-(opr)e | | (opr) s (epr)« (epr)e | | (opr)r((opr))e X
I = I

(epr)i—(epr)-(epr)epr)— (epr):*(epr) (ep > (<epr>)<epr?H-<ePr (epr)— (Nb)
relancer relancer rela relancer relancer

(epr) — (epr) @ * (epr)
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Non Deterministic LR Parser
000@000000 00000 (o]e]

Automaton of the LR parser in motion
> > >

(epr) — @ (epr)-(epr) (epr) — @ (epr) * (epr) (epr) —e((epr)) | | (epr)+—>e-(epr) (epr) — o (Wb) ‘

| (epr) [ (epr) 1 1- (b)
(opr) > (opr) o~ (epr) (opr) (o (opr)) | | (epr) -0 (epr)
- * | {epr) | (epr)
(opr) > (opr)-e (epr) | [ (opr) > (epr) v (opr) | [ (opr)r((opr) o) | | (epr)—s-(opr)e
| (epr) [ (epr) D X
(opr) > (opr)-(opr)e | | (opr) s (epr)« (epr)e | | (opr)r((opr))e X
I = I

(epr)i—(epr)-(epr)epr)— (epr):*(epr) (ep > (<epr>)<epr?H-<ePr (epr)— (Nb)
relancer relancer rela relancer relancer

(epr) — (epr) @ * (epr)

(B) B (NB) - (NB) + (NB) §
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
000@000000 00000 (o]e]

Automaton of the LR parser in motion
o b s T

(epr) — @ (epr)-(epr) (epr) — @ (epr) * (epr) (epr)—e((epr)) || (epr)r—>e-(epr) (epr) — o (Nb) ‘

| (epr) | (epr) 1 1- [ ()

(epr) — (epr) o-(epr) (epr) — (epr) @+ (epr) (epr) (@ (epr)) || (epr)r—>-e(epr) (epr) — (Nb) ®
- * [ {epr) | (epr)
(epr) — (epr)-® (epr) (epr) — (epr) @ (epr) (epr)—((epr)e) || (epr)r—>-(epr)e

| (epr) | (epr) D T
(epr) — (epr)-(epr) ® (epr) — (epr) * (epr) ® (epr) —((epr))e >
I I I

(epr)i—(epr)-(epr)epr)— (epr)* (epr><epr>H(<ePr>)(eprf'—>-<epr
relancer relancer relancer relancer

(expr)
\
(NB) % (NB) — (NB) x (NB) §
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
000e000000 Q0000 00

Automaton of the LR parser in motion
> > >

(epr) — @ (epr)-(epr) (epr) — @ (epr) * (epr) (epr) —e((epr)) | | (epr)+—>e-(epr)

| (epr) [ (epr) 1 1- (Nb)

(epr) — (epr) o-(epr) (epr) — (epr) @ * (epr) (epr) (e (epr)) || (epr)+—>-o (epr) (epr) — (Nb) ®
- * | (epr) (epr)
(epr) — (epr)-e (epr) (epr) > (epr) * @ (epr) (epr) —((epr)®) | | (epr)+—>-(epr)e

| (epr) [ (epr) D b
(epr) — (epr)-(epr) e (epr) — (epr) * (epr) e (epr)—((epr))e >
Iz Iz Jz

(epr)i—(epr)-(epr)epr)— (epr):*(epr) (ep > (<epr>)<eprkﬁ+-<epr (epr)— (Nb)
relancer relancer rela relancer relancer

(NB) * (NB) — (NB) x (NB) §
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
000@000000 00000 (o]e]

Automaton of the LR parser in motion
> > >

(opr) e (epr)-(epr) | [ (opr) e (opr) = (opr) | | (opr)o((epm)) | | (epr)—re-(epr)
| (epr) [ (epr) 1 1- ()
(opr) > (opr) o~ (epr) (opr) (o (epm)) | | (epr) -0 (epr) | | (epr)r () o
- * | (epr) (epr)
(opr) > (opr)-e (epr) | [ (opr) > (epr) v (opr) | [ (opr)r((opr) o) | | (epr)—s-(opr)e
| (epr) [ (epr) D X
(opr) > (opr)-(opr)e | | (opr) s (epr)« (epr)e | | (opr)r((opr))e X
I = I

(epr)i—(epr)-(epr)epr)— (epr):*(epr) (ep > (<epr>)<epr?H-<ePr (epr)— (Nb)
relancer relancer rela relancer relancer

(epr) — (epr) @ * (epr)

(expr)
|
(B) B (NB) - (NB) + (NB) §
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
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Automaton of the LR parser in motion
> > >

(opr) e (epr)-(epr) | [ (opr) e (opr) = (opr) | | (opr)o((epm)) | | (epr)—re-(epr)
| (epr) [ (epr) 1 1- ()
(opr) > (opr) o~ (epr) (opr) (o (epm)) | | (epr) -0 (epr) | | (epr)r () o
- * | (epr) (epr)
(opr) > (opr)-e (epr) | [ (opr) > (epr) v (opr) | [ (opr)r((opr) o) | | (epr)—s-(opr)e
| (epr) [ (epr) D X
(opr) > (opr)-(opr)e | | (opr) s (epr)« (epr)e | | (opr)r((opr))e X
I = I

(epr)i—(epr)-(epr)epr)— (epr):*(epr) (ep > (<epr>)<epr?H-<ePr (epr)— (Nb)
relancer relancer rela relancer relancer

(epr) — (epr) @ * (epr)

(expr)
|

(NB) - — (WB) * (NB) §
\ \ \

3 42 0
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Non Deterministic LR Parser
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Automaton of the LR parser in motion
> > >

(epr) — @ (epr)-(epr) (epr) — @ (epr) * (epr) (epr) —e((epr)) | | (epr)+—>e-(epr) (epr) — o (Wb) ‘

| (epr) [ (epr) 1 1- (b)
(opr) > (opr) o~ (epr) (opr) (o (opr)) | | (epr) -0 (epr)
- * | {epr) | (epr)
(opr) > (opr)-e (epr) | [ (opr) > (epr) v (opr) | [ (opr)r((opr) o) | | (epr)—s-(opr)e
| (epr) [ (epr) D X
(opr) > (opr)-(opr)e | | (opr) s (epr)« (epr)e | | (opr)r((opr))e X
I = I

(epr)i—(epr)-(epr)epr)— (epr):*(epr) (ep > (<epr>)<epr?H-<epr (epr)— (Nb)
relancer relancer rela relancer relancer

(epr) — (epr) @ * (epr)

(expr)
\

(xB)  « (nB) B (NB) x  (NB) §
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
000@000000 00000 (o]e]

Automaton of the LR parser in motion
o b s T

(epr) — @ (epr)-(epr) (epr) — @ (epr) * (epr) (epr)—e((epr)) || (epr)r—>e-(epr) (epr) — o (Nb) ‘

| (epr) | (epr) 1 1- [ ()

(epr) — (epr) o-(epr) (epr) — (epr) @+ (epr) (epr) (@ (epr)) || (epr)r—>-e(epr) (epr) — (Nb) ®
- * [ {epr) | (epr)
(epr) — (epr)-® (epr) (epr) — (epr) @ (epr) (epr)—((epr)e) || (epr)r—>-(epr)e

| (epr) | (epr) D T
(epr) — (epr)-(epr) ® (epr) — (epr) * (epr) ® (epr) —((epr))e >
I I I

(epr)i—(epr)-(epr)epr)— (epr)* (epr><epr>H(<ePr>)(eprf'—>-<epr
relancer relancer relancer relancer

(expr)  (expr)
\ \
(NB) % (NB) — (NB) x (NB) §
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
000e000000 Q0000 00

Automaton of the LR parser in motion
> > >

(epr) @ (epr)-(epr) (epry—re((epr) | [ (epr) —o-(epr)
(epr) (epr) 1 1- | (wb)
(opr) > (opr) o-(epr) | | (opr)— (epr) o Copr) | | (opr(o (epm)) | | (epr)r-oepr) | [ (epr)s (e
- * | (epr) | (epr)
(opr) > (opr)-e (epr) | [ (opr) > (epr) v (opr) | [ (opr)r((opr) o) | | (epr)—s-(opr)e
| (epr) [ (epr) D X
(opr) > (opr)-(opr)e | | (opr) s (epr)« (epr)e | | (opr)r((opr))e X
I = I

(epr)i—(epr)-(epr)epr)— (epr):*(epr) (ep > (<epr>)<epr?'—>-<epr (epr)— (Nb)
relancer relancer rela relancer relancer

(epr) — o (Nb) ‘

-

(NB) * (NB) — (NB) x (NB) §
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
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Automaton of the LR parser in motion
> > > >

(epryrro (epr)-(epr) | | (epr) e (epryx(epr) | | (epr)i>e((epr)) || (epr)rso-(opr)
(epr) (epr) 1« I- | (wb)
(epr) (o (epr)) | [ (epr) -0 (opr)
- * [ (epr) | (epr)
(epryrs (epr)-o (epr) | [ (opr) > (opr) <o (epr) | [ (epr)is((epr)e) | (epryrr-(eprye
[ (epr) | (epr) D x
(epr) s (epr)-(eprye | [ (oprys (opryx(eprye | [ (epr)is((epr))e Y
Iz Iz Iz

(epr)i—(epr)-(epr)epr)— (epr):*(epr) (ep > (<epr>)<epr?H-<epr (epr)— (Nb)
relancer relancer rela relancer relancer

(epr) — o (Nb) ‘

(epr)— (lib) e

(B) B (NB) - (NB) * (NB) §
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
000e000000 Q0000 00

Automaton of the LR parser in motion
> > > >

(epr) — @ (epr)-(epr) (epr) — @ (epr) * (epr) (epr) —e((epr)) | | (epr)+—>e-(epr)

| (epr) [ (epr) 1 1- | ()

(epr) — (epr) o-(epr) (epr) — (epr) @ * (epr) (epr) (e (epr)) || (epr)+—>-o (epr) (epr) — (Nb) ®

- * | (epr) [ (epr)

(epr) — o (Nb) ‘

(epr) > (opr)-e (epr) (epr)>((epr)e) | | (epr)—s-(opr)e
(epr) (epr) D X
(opr) > (opr)-(opr)e | | (opr) s (epr)« (epr)e | | (opr)r((opr))e X

Iz Iz Jz

(epr)i—(epr)-(epr)epr)— (epr):*(epr) (ep > (<epr>)<epr?'—>-<epr (epr)— (Nb)
relancer relancer rela relancer relancer

e

(NB) * (NB) — (NB) x (NB) §
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
000@000000 00000 (o]e]

Automaton of the LR parser in motion
> > > >

(epr) — @ (epr)-(epr) (epr) — @ (epr) * (epr) (epr) —e((epr)) | | (epr)+—>e-(epr)

] (epr) | (epr) 1 ( 1- | ()
(epr)’—’<epr)' (epr) (epr) (o (epr)) | | (epr)~>-e(epr) (epr)—(Nb)e
- * l epr) l (epr)
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(epr) — @ (epr)-(epr) (epr) — @ (epr) * (epr) (epr) —e((epr)) | | (epr)+—>e-(epr) (epr) — o (Wb) ‘

1 (epr) | (epr) 1 1- [ (wb)
(ope) - (opr) o~ (epr) (opr) (o (epm)) | [ (ope)is-o(epr) | [ (epryr (o) e
- * [ {epr) [ (epr)

(epr) — (epr)-e (epr) (epr) > (epr) * @ (epr) (epr) —((epr)®) | | (epr)+—>-(epr)e

[(epr) [ (epr) D x

(epr) — (epr) @ * (epr)

(epr) > (epr)-(epr) e (epr)+— (epr) * (epr) @ (epr)—>((epr))e >
Iz b3 Jz
(epr)— (epr)-(ep ePr>'—>(<ePr>)<ePr? -(epr (epr)— (Nb)
relancer re ancer elancer relancer
(expr) (expr)
/ AN / AN
(expr) | (expr)  (expr) | (expr)
| | | |
(NB)  (NB) — (NB) x (NB) §
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
000e000000 Q0000 00

Automaton of the LR parser in motion
> > >

(epr) — @ (epr) * (epr) (epr) —e((epr)) | | (epr)+—>e-(epr) (epr) — o (Wb) ‘

(epr) [ (epr) 1 1- [ ()

(epr) — (epr) o-(epr) (epr) — (epr) @ * (epr) (epr) (e (epr)) || (epr)+—>-o (epr) (epr) — (Nb) ®
- * | {epr) | (epr)
(epr) — (epr)-e (epr) (epr) > (epr) * @ (epr) (epr) —((epr)®) | | (epr)+—>-(epr)e

| (epr) [ (epr) D X
(opr) > (opr)-(opr)e | | (opr) s (epr)« (epr)e | | (opr)r((opr))e X

Iz Iz Jz

(epr)+ (epr)-(epr)epr)r (epr) «(epr) (epr)i+({epr)) (epr)+ - {epr (epr)-(Nb)
relancer rela relancer

relancer relancer
(expr) (sxpr)

/ N / N
(expr) | (expr) (expr) | (expr)
\ \ \ \
(NB) x (NB) — (NB) x (NB) §
| | | |
3 7 42 0
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Non Deterministic LR Parser
000@000000 00000 (o]e]

Automaton of the LR parser in motion
> > > >

N

(epr) — @ (epr)-(epr)

(opr)— o (epr) x(epr) | | (epr) —>o((epr)) | [ (opr) —o-(epr)
(epr) [ (epr) 1 - ()
(opr) > (opr) o (epr) | | (opr)—>(o (opr) | [ (opr) -0 (opr)
- IE | {epr) | (epr)
(opr) > (opr)-e (epr) | [ (opr) > (epr) v (opr) | [ (opr)r((opr) o) | | (epr)—s-(opr)e
| (epr) [ (epr) D X

X

(epr) — o (Nb) ‘

(epr)— (lib) e

(epr) — (epr)-(epr) ® (epr) > (epr) * (epr) (epr) > ((epr))®

Iz Iz Jz

(epr)—(epr)-(epr)epr)— (epr)*(epr) (epr)—({epr)) (epr?H-<ePr (epr)—(Nb)
relancer relancer relancer relancer relancer

(expr) (expr)
/ N / N
(expr) | (expr) (expr) | (expr)
\ \ \ \
(xB)  « (nB) B (NB) x  (NB) §
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
000e000000 Q0000 00

Automaton of the LR parser in motion
> > > >

(epr) — @ (epr)-(epr) (epr) — @ (epr) * (epr) (epr) —e((epr)) | | (epr)+—>e-(epr)

| (epr) [ (epr) 1 1- [ ()

(epr) — o (Nb) ‘

(epr) — (epr) o-(epr) (epr) — (epr) @ * (epr) (epr) (e (epr)) || (epr)+—>-o (epr) (epr) — (Nb) ®
- * | {epr) | (epr)
(epr) > (epr) * @ (epr) (epr) —((epr)®) | | (epr)+—>-(epr)e

(epr) [ (epr) D X
(opr) > (opr)-(opr)e | | (opr) s (epr)« (epr)e | | (opr)r((opr))e X

Iz Iz Jz

(epr)+ (epr)-(epr)epr)r (epr) «(epr) (epr)i+({epr)) (epr)+ - {epr (epr)-(Nb)
relancer rela relancer

relancer relancer
(expr) (expr)

/ N / N
(expr) | (expr) (expr) | (expr)
\ \ \ \
(NB) x (NB) — (NB) x (NB) §
| | | |
3 7 42 0
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Non Deterministic LR Parser
000@000000 00000 (o]e]

Automaton of the LR parser in motion
> > > >

(epr) — @ (epr)-(epr) (epr) — @ (epr) * (epr) (epr) —e((epr)) | | (epr)+—>e-(epr) (epr) — o (Wb) ‘

] (epr) | (epr) 1 ( 1- | ()
(epr) — (epr) e-(epr) (epr) — (epr) @ (epr) (epr) (o (epr)) | | (epr)~>-e(epr) (epr)—(Nb)e
1- IE [ (epr) ] (epr)
(epr) — (epr)-e (epr) (epr) — (epr) * o (epr) (epr)+—((epr)e) || (epr)—-(epr)e
(epr) | (epr) D) X
(epr) — (epr) * (epr) e (epr)—((epr))e >
b Iz Jz

(epr)—(epr)-(epr)epr)— (epr)*(epr) (epr)—({epr)) (epr?H-<ePr (epr)—(Nb)
relancer relancer relancer relancer relancer

(expr) (expr)
/ N / N
(expr) | (expr) (expr) | (expr)
\ \ \ \
(wB) x (wB) — (wB) « (uB) [§)
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
000@000000 00000 (o]e]

Automaton of the LR parser in motion
> > > >

(opr) - o (opr)-(spx) | | (opr) = o (opr) w(opr) | [ (eprr—ratepm)) | [ (opr) > o-(opr) | [ (opr)ratm) |
[ (epr) | (epr) 1 l- | ()
(opr) > (opr) o-(epr) | | (epr) > (apr) o (opr) | | (opr)i(o (epr)) || (oprys-o epr) | [ (epryrs () e
l- IE | (epr) | {epr)
(opr) > (opr)-o (epr) | [ (epr) > (epr) o topr) | [ (opr)r((opr) ) || (eprys-tepre
[ (epr) | (epr) D T

(epr) — (epr)-(epr) ® ’ (epr) — (epr) * (epr) ® (epr) —((epr))e® pN

b Iz Iz
PI>H(epr>*<epr><ePr>H((ePr>)(epr?'—*(epr (epr)— (Nb)
relancer relancer relancer relancer

(expr)
~ I
(expr) (expr)
/ N / N
(expr) | (expr) | (expr) | (expr)
[ [ [ [
(NB) % (NB) — (NB) % (NB) §
| | | \
3 7 42 0
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Non Deterministic LR Parser
0000800000 00000 (o]e]

Failure of our attempt
> x PN > >

(epr) — @ (epr)-(epr) (epr) — @ (epr) * (epr) (epr) > e((epr)) || (epr)~—e-(epr) (epr) — o (Wb) ‘

1 (epr) | (epr) 1 1- [ (wb)
(epr) > (epr) o (epr) (epe)r(o{opr)) | | (epr) o (opr) | | (epr) s mye
- * [ (epr) ] (epr)
(epr) > (epr)-o (epr) | | (opr)rr (apr) o (epr) | [ (oprys(epr o) || (opr)rr-(oprye
1 (epr) | (epr) D b
(epr) > (epr)-(epr) | | (opr)rs (epr) « (eprye | [ (epr)is((opr))e X
I= = I

(epr)— (epr)-(epr)epr)— <epr> (epr)(ep > (<epr>)<eprkﬁ+-<epr (epr)— (Nb)
relancer relan rela relancer relancer

(epr) — (epr) @+ (epr)

(expr)
/ AN
(expr) (expr) (expr)
| | |
(NB) % (NB) — (NB) =x (NB)
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
O000e00000 Q0000 00

Failure of our attempt
> > >

X
N

(opr) e (epr)-(epr) | | (epr) o (opr)x(opr) | | (opr)iso((epr)) (opr)— o (1)

| (epr) [ (epr) 1 - ()
(opr) > (opr) o-(epr) | | (opr)— (epr) o Copr) | | (opr(o (epm)) | | (epr)r-oepr) | [ (epr)s (e

- * | (epr) (epr)

(opr) > (opr)-e (epr) | [ (opr) > (epr) v (opr) | [ (opr)r((opr) o) | | (epr)—s-(opr)e

| (epr) [ (epr) D X
(opr) > (opr)-(opr)e | | (opr) s (epr)« (epr)e | | (opr)r((opr))e X

I = I

(epr)+ (epr)-(epr)epr)r (epr) «(epr) (epr)i+({epr)) (epr)+ - {epr (epr)-(Nb)
relancer rela relancer

relancer relancer

/ AN
(expr) (expr) (expr)
| | |
(NB) % (NB) — (NB) x (NB)
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
0000800000 00000 (o]e]

Failure of our attempt
> > >

¥
AR
(epr)— o (epr)-(epr) | | (epr) e (epr)x(epr) | | (epr)— o((epr))
[ (epr) | (epr) 1« - (Nb)
(epr) > (epr) o-(epr) (epr) 1> ( (epr)) | [ (epryrr-o(epr) | [ (oprys (abye
- * [ (epr) (epr)
(epryrs (epr)-o (epr) | [ (opr) > (opr) <o (epr) | [ (epr)is((epr)e) | (epryrr-(eprye
[ (epr) | (epr) D x
(epr) s (epr)-(eprye | [ (oprys (opryx(eprye | [ (epr)is((epr))e Y
Iz Iz Iz

(epr)i—(epr)-(epr)epr)— (epr):*(epr) (ep > (<epr>)<epr?H-<ePr (epr)— (Nb)
relancer relancer rela relancer relancer

(epr) — (epr) @ * (epr)

(expr)
/ AN
(expr) (expr) (expr)
| | |
(vB) « (vB) 8 (NB) x (NB)
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
000000000 Q0000 00

Failure of our attempt
> > > > >

(epr) — @ (epr)-(epr) (epr) — @ (epr) * (epr) (epr) —e((epr)) | | (epr)+—>e-(epr)

| (epr) [ (epr) 1 -

(epr)— o (Nb) ‘

(epr) — (epr) o-(epr) (epr) — (epr) @ * (epr) (epr) (o (epr)) (epr) — (Nb) ®
- * | (epr) (epr)
(epr) — (epr)-e (epr) (epr) > (epr) * @ (epr) (epr) —((epr)®) | | (epr)+—>-(epr)e

| (epr) [ (epr) D X
(opr) > (opr)-(opr)e | | (opr) s (epr)« (epr)e | | (opr)r((opr))e X

Iz Iz Jz

(epr)+ (epr)-(epr)epr)r (epr) «(epr) (epr)i+({epr)) (epr)+ - {epr (epr)-(Nb)
relancer rela relancer

relancer relancer
(expr)
(expry | (expe) {onpe)
(NB) % (NB) — (NB) x (NB)
3 om0
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Non Deterministic LR Parser
0000800000 00000 (o]e]

Failure of our attempt
> > > > >

(epr) — @ (epr)-(epr) (epr) — @ (epr) * (epr) (epr) —e((epr)) | | (epr)+—>e-(epr) (epr) — o (Wb) ‘

| (epr) [ (epr) 1 1- [ (wb)
(opr) > (opr) o~ (epr) (opr) (o (epm)) | | (epr) -0 (epr) | | (epr)r () o
- * | (epr) (epr)
(epr) > (opr)-e (epr) | | (epr) > (epr) o (opr) | | (opr)is((opr) @)
| (epr) [ (epr) D X
(opr) > (opr)-(opr)e | | (opr) s (epr)« (epr)e | | (opr)r((opr))e X
I = I

(epr)— (epr)-(epr)epr)— (epr)* <epr>(epr>'—>(<epr>)(epr?H-<ePr (epr)—(Nb)
relancer relancer relancer relancer relancer

(epr) — (epr) @ * (epr)

(expr)
/ AN

(expr) (expr) (expr)

| | |

(B) « (NB) — (vB) @ (vB)
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
0000800000 00000 (o]e]

Failure of our attempt
> > > > >

(opr) > o (opr)-(opx) | | (opr) = o (opr) w(opr) | [ (opr)—ra(Gop)) | [ (opr) > o-(opr) | [ (eprrratm) |
| (epr) [ (epr) 1 1- [ (wb)
(opr) > (opr) o~ (epr) (opr) (o (epm)) | | (epr) -0 (epr) | | (epr)r () o
- * | {epr) | (epr)
(opr) > (opr)-e (epr) | [ (opr) > (epr) v (opr) | [ (opr)r((opr) o) | | (epr)—s-(opr)e
| (epr) [ (epr) D X

(opr) > (opr)-(opr)e | | (opr) s (epr)« (epr)e | | (opr)r((opr))e X

Iz Iz Jz
(0P g (epeeps)pe)« ep) (opr) () HERGEICHRR (o))

(epr) — (epr) @ * (epr)

expr)  {expr)
/ AN \
(expr) (expr) /(expr)
| | |
(NB) % (NB) — (NB) x (NB)
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser
0000800000 00000 (o]e]

Failure of our attempt
> x PN > >

(epr) — @ (epr)-(epr) (epr) — @ (epr) * (epr) (epr) o ((epr)) ‘ (epr) — @-(epr) (epr) — o (Wb) ‘

| (epr) [ (epr) 1 1- [ ()

[ (epr) > (epr) @-(enr) [ (epr)i— (epr) @ (evr) [ (evr)i—>(@(epr)) ‘[ (epr)—>-e (epr) ‘ [ (epr)i— (Nb) @ ‘
Why is it critical ?
(Conflict resolutions may resolve this ?)

The unary '-' has precedence over everything else, it will thus be selected
before everything else in any reasonable determinisation...

We can have similar issues with non-ambiguous grammars.

expr)  {expr)
/ AN \
(expr) (expr) /(expr)
| | |
(NB) % (NB) — (NB) x (NB)
\ \ \ \
3 7 42 0
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Non Deterministic LR Parser

0000080000 00000 (o]e]

What can we do ???
Force the more elements in the ND automaton

Non-terminal are to be created when last seen.

Thus there is no way any non-terminal exist after the point of an action.
L Actions are only taken on terminal peak.

Only creat non terminal where we need them

Do not “test” each rule each step with a >-loop,
L try a rule where we may need the created non-terminal.
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Non Deterministic LR Parser
0O00000e000 00000

Second attempt

Actions taken on terminal peak are easy to deal with, but
how to try a rule where we may need the created NT

(epr)+— o (epr)-(epr) (epr) — @ (epr) * (epr) (epr)+—e((epr)) || (epr)—>eo-(epr) (epr) — @ (Nb) ‘

| (epr) | (epr) 1 l- [ ()

(epr) — (epr) o- (epr) (epr) — (epr) @ * (epr) (epr) (@ (epr)) || (epr)r—>-o(epr) (epr) —(1b) ®

[- [+ [(epr) — [f(epr)

(epr)— (epr)-e (epr) (epr) — (epr) x @ (epr) (epr)+—((epr)e) || (epr)—-(epr)e

| (epr) | (epr) D T

(epe) > (epr)-(op) e | [ (opr) > (epmy = (epmre | [ (epe i ((epe))e T
7 7 7
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Non Deterministic LR Parser
0O00000e000 00000 (o]e]

Second attempt

Actions taken on terminal peak are easy to deal with, but

how to try a rule where we may need the created NT
e add a dumy state for each non-terminal N,
meaning : "l neet to create a N”
v
(epr)
(opr o Gopr)-(opr) | [ (oprretopr)(opr) | [ (opr) v o((op) | [ (opr)—va-(opn) | [ topr) ey |
] (epr) | (epr) 1 I- | (wb)
(epr) s (opr) o-(opr) | | (epr)r>(epr)ex(opr) | | (apr)rs(o(epr)) || (spr)—s-0(epr) | | (opr)r—>(m)e
[- IE | (epr) | (epr)
(epr) s (opr)-e{opr) | | (epr)r>(epr)xo(opr) | | (epr)r>((opr)e) || (opr)s-(opr)e
] (epr) | (epr) D) T
(epr)—+ (opr)-(epr)e | | (epr)r>(epr)(epr)e | | (epr)>((opr))e T
7 7 7
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Non Deterministic LR Parser
0O00000e000 00000 (o]e]

Second attempt
Actions taken on terminal peak are easy to deal with, but
how to try a rule where we may need the created NT

e add a dumy state for each non-terminal N,
meaning : “l neet to create a N"

e only the pricipal one S is initial,

= {epr)

(epr)+— o (epr)-(epr) (epr) — @ (epr) * (epr) (epr)+—e((epr)) || (epr)—>eo-(epr)

| (epr) | (epr) 1 l- [ ()

(epr) > (o (epr)) (epr) > (0 o

(opr) e ) |

(epr) — (epr) o- (epr) (epr) — (epr) @ * (epr) (epr) - (epr)

[- IE | (epr) | (epr)
(epr)+— (epr)-e (epr) (epr) > (epr) x o (epr) (epr)+—>((epr)e) (epr)+—>-(epr) e

| (epr) [ (epr) D T
(opr) s (epr)—(opr)e | [ (oprrs Cepmracepmre | [ Ceprros ((eprh)e T

7 7 7
)i (epr)-(opr) o (opr) s (opr) (e (opr)r-(opr  (epr) > ()

epr epr. r) —( (epr
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Non Deterministic LR Parser
0O00000e000 00000

Second attempt
Actions taken on terminal peak are easy to deal with, but
how to try a rule where we may need the created NT

e add a dumy state for each non-terminal N,
meaning : “l neet to create a N"

e only the pricipal one S is initial,

e add e-transitions toward rules, meaning : ‘“choose a way to reduce it”

= (epr)

(epr)+— o (epr)-(epr) (epr)+> e (epr)* (epr) (epr)+—>e((epr)) ‘ (epr)+— - (epr) (epr) e (Nb)
| (epr) [ (epr) I( [- | (wb)
(epry (op) o-Cope) | [[(eprys copyonton) | [[Copm) (o o) | [opm) oo tope) | [Geprys e
[- IE | (epr) | (epr)
(epr)+— (epr)-e (epr) (epr) > (epr) x o (epr) (epr)+—>((epr)e) (epr)+—>-(epr) e
| (epr) [ (epr) D T
(opry s (epr)—(opr)e | [ (oprrs Cepmracepmre | [ Ceprros ((eprh)e T

ks 7 7
)i (epr)-(opr) © (opr) s (apr) (e (opr)o-(opr  (epr) > ()

epr epr. ) ((epr
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Non Deterministic LR Parser
0O00000e000 00000 (o]e]

Second attempt
Actions taken on terminal peak are easy to deal with, but
how to try a rule where we may need the created NT

e add a dumy state for each non-terminal N,
meaning : "l neet to create a N”

e only the pricipal one S is initial,
e add e-transitions toward rules, meaning : “choose a way to reduce it”

e for each rules of the form M—w;eNws, add an e-transition toward N
meaning : “a N is expected here, we may create it"
—> (epr>

<epr m((ep <epr>~»- (epr) <epr>~>-<m>>

(epr)+— o (epr)-(epr) <5P1') e (e (epr>

| {epr) _e | (epr)/

[ (opr) = opr) o-(opr) | fopr) - (opr) o fopr) <epr>~( <epr>>] <epr>~o<epr> (epry <m=>
[- 1y | (epr) | (epr)
(epr) > (epr)-o (epr) | [ (opryrs (epr) o (epr) | [ (epr)is((eprro) || (epryrr-(eprye
[ (epr) [ (epr) D T
(epr) 1> (epr)-(epr)e | [ (epryrs (epr)x(eprye | [ (epr)is((epr))e T

ks 7 7
)12 (epr)-(epr) (opr) e (epr) (opr) (opr)o-(opr  (epr) > ()

epr) — —>((epr))
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Non Deterministic LR Parser
0000000800 00000 (o]e]

Second attempt in motion
(epr) ¢ e

(epr) e (epr)-(epr) (epr) — @ (epr) s{epr) (epr)—o( ) (epr) > e-(epr) (epr)— e (Nb)
| (epr) < (eps) A\CC 1- | (wb)

(epr) — (epr) o-(epr) epr>H(ePr>°*/(/{pr) (epr) (o (epr)) ‘ (epr) —>-o (epr) (epr) —(Nb) ®
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The Non-Deterministic Automaton

Let's try it again

e shifts reading each rules,
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The Non-Deterministic Automaton
Let's try it again
e shifts reading each rules,
e an additional state for each non-terminal N,
Yy
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W
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The Non-Deterministic Automaton
Let's try it again
e shifts reading each rules,
e an additional state for each non-terminal N,
e of which the principal is initial,
V.
(pre)
B [ tprertama) (ore) | [ (con) v ooy | [ qoprrontopn) | [ opr) o m)
l (cmd) l (epr) l— l (Nb)
| (prg) > (cmd) o (prs) | (cnd) > (epr) o | | (epr) -0 (epr) | | (epr)is (Wb)e
| (prg) E [ (epr)
T ] (prg) — (cnd) (prg)e | | (cnd)rs(epr)i e | | (epr)s-(epr)e
T
T T T
v
Flavien BREFGART (PREYZ ESRASPREn - bottoml SIPERSERAR)  (epr) - (epr (epr) > (Nb) 11/18



Non Deterministic LR Parser
000000000 e

00000

The Non-Deterministic Automaton

Let's try it again

shifts reading each rules,

an additional state for each non-terminal N,
of which the principal is initial,

add e-transitions toward each rule,

(pre) (cmd) (epr)
€ €
€

B [ tprerotama) (ore) | [ (coa) o goprys | [ qoprrontopm) | [ opr) o )
l (cmd) l (epr) l— l (Nb)
[ (or) > Ccnyaore) | [ (cma) s (opr) @i | [ (epryo-o(epr) | [ (opr) > (e

| (prg) E [ (epr)

T [ tprey> (cna) orere | [ (ama)s (opr)i e | [ Gopr)o-(opr) o

T
T T T
v

Flavien BREFGART

(epr) — (Nb)

(P{ﬁ),' z{ég)?pdpq)ar&?n : bottomgﬁ%dﬁa:r:sne%pﬁ? R) LT

(epr)—-(epr
ractart

(o]e]
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Non Deterministic LR Parser
000000000 e 00000

The Non-Deterministic Automaton
Let's try it again

e shifts reading each rules,

e an additional state for each non-terminal N,
e of which the principal is initial,

e add e-transitions toward each rule,

e for each state Mi—w;eNws,, add an e-transition toward N

o) | o [ea)] E
N €
’ (pre) s e ’ (p}g{»—).(cmd) (prg) ‘ (cnd)— e (epr); ‘ (epr) s o (b)
l (cmd) l (epr) l l (Nb)
l (prg) — (cmd) o (prg) ‘ (cmd) — (epr) ®; (epr)—>-o (epr) (epr) —(Nb)e
| (prg) E [ (epr)
T ’ (prg) — (cmd) (prg) @ (cmd) > (epr); @ (epr)—>-(epr)e
T
T T T
v

Flavien BRETFEARTS (PR BT - boon By (P (epr (epry ()

rackart

(o]e]

11/ 18
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Pseudo-determinisation : Parser LRg

(o]e]

T S:= ¢
| TS
T ::= TbT
S TeS | c
S T—TebT
Sire s TesTheT T
S—eTS T Sise b T b————— T—~TbTe
T S—eTS T—eThbT k— A Tr>TebT
T—eTbT T T—ec b
T—ec

S—e T—TbT

Flavien BREUVART

CM 4 Compilation : bottom-up Parsers (LR)

12 /18
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Pseudo-determinisation : LR, Parser

(epr) — (Nb)

T

(epr)— (Nb) e

) ‘ >
(epr)
(epr) @ (epr)-(epr) (epr)
(eprhsr>® (epr)* (epr) | 7 |

(epr) — o-(epr)
(epr) i— o ((epr))
(epr)— o (Nb)

(epr) —>-o (epr)
(epr) (epr)
(epr) — @ (epr)-(epr)
(epr) — e (epr) * (epr)
(epr) — o-(epr)
(epr) — o ((epr))
(epr) — @ (Wb)

‘| {epr) — (epr) @ (epr)

{epr)+— (epr) o-(epr)

Ik

(epr) (s (epr))
(err)

(epr)

(epr) —((epr) )
(epr) — (epr) e-epr)
(epr) > (epr) @ (epr)

[

Conflict resolution

(epr)r>-(epr)e
(epr) — (epr) o-(epr)
(epr) — (epr) @+ (epr)

AN

(epr) > (epr)-(epr)

(epr)
exepr)-(epr)

il

(epr)

— (epr)~—>(epr)-(epr)e
(epr)+— (epr) o-(epr)

(epr) — (epr) @+ (epr)

T~

(epr) — (epr) * (epr) ®

(epr) +— (epr) e (epr)
(erm)

(epr)— (epr) o-(epr)
(epr) — (epr) * (@epr)

o

Remark: we will use the word “reduce” for “action” to match literature

e Precedence : solve some shift-action and action-action conflicts

e Associativity : solve other shift-action conflicts

e But not allways sufficient to solve conflicts...

A grammar which LRy parser is deterministic is called a LRy grammar

Flavien BREUVART

CM 4 Compilation : bottom-up Parsers (LR)
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Some usual conflicts

T—T+ Te T—T+ Te T
o S O re e O Evoa”
T T T
ToT+T ToT+T Sese
Associativity Precedence Not arrising from
right associativity : * precedence : ambiguity
L choose the shift L choose the shift eg, when no a after S
left associativity : + precedence : Need of stronger algo

L, choose the action L, choose the action L SLR, LALR, LRI ...

Flavien BREUVART CM 4 Compilation : bottom-up Parsers (LR) 14 /18
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Contflicts solved by precedence and associativity

(epr)—(epr)-(epr)

(epr)=(epr)-s (epr) %ﬁ WT

< | (epr)(epr)-(epr)e

- (epr)r— (epr)e-(epr)

1 (epr)>(epr)es(epr)

(epr)r—(epr)+e(epr)

Shift/reduce from precedencq

(epr)+—(epr)ex(epr)
Vs

(epr)—(epr)-(epr)e
Choose the prioritized rule

Flavien BREUVART CM 4 Compilation : bottom-up Parsers (LR) 15 /18
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Contflicts solved by precedence and associativity

(epr)—(epr)-(epr)

<epr>H<§pf>-°<epr> %} WT/{*}

< | (epr)(epr)-(epr)e

- (epr)r— (epr)e-(epr)

1 (epr)>(epr)es(epr)

(epr)r—(epr)+e(epr)

Shift/reduce from precedencq

(epr)+—(epr)ex{epr)
Vs

(epr)—(epr)-(epr)e
Choose the prioritized rule
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LRO
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Contflicts solved by precedence and associativity

(epr)r—(epr)-o(epr)

(epr)> (epr) e (epr)

Shift/reduce from precedencqa

(epr)+—(epr)ex{epr)
Vs

(epr)—(epr)-(epr)e
Choose the prioritized rule

T

| (epr)>(epr)ex(epr)

(epr) - (epr)-(epr)
1719

(epr)r—(epr)-(epr)e
(epr)r— (epr)e-(epr)

(epr)

Shift/reduce from associativity

(epr)r—(epr)e-(epr)

Vs
(epr)r—(epr)-(epr)e
Choose the shift if right asso.
Choose reduce reduce if right asso.

Flavien BREUVART

CM 4 Compilation : bottom-up Parsers (LR)
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Conﬂlcts solved by precedence and associativity

(epr)r—(epr)-o(epr)

(epr)— (epr)*e{epr)

Shift/reduce from precedenc%

(epr)ex(epr)
Vs

(epr)—(epr)-(epr)e
Choose the prioritized rule

(epz)—

T

</*

Y

(epr)-(epr)
17/
(epr) > (epr)-(epr)o

(epr)r— (epr)e-(epr)
(epr)r—(epr)ex(epr)

{epr)—
(epr)

Shift/reduce from associativity

(epr)e-(epr)

Vs
(epr)r—(epr)-(epr)e
Choose the shift if right asso.
Choose reduce reduce if right asso.

(epr)—

Warning: decision-making dlffers drastically from the lexer's.

Flavien BREUVART

CM 4 Compilation : bottom-up Parsers (LR)
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Warning, “non-ambiguous” conflicts may

remain
-
S+—TeS
S T—TebT
Si—e S T—TbeT
Sr>eTS T Sie b T
T S—eTS T—eTbT
T—eTbT T Tr—ec
Tr—ec T—eThT
T—ec
c
T
Sre Tr—ce
N
Flavien BREUVART CM 4 Compilation T bot@m-up Parsers (LR) S—TS

S:= ¢
| TS
T ::= TbT
T
T—TbTe
T—TebT
b
T
v
T TbT,

shift-reduce conflict

my be resolved
by associativitys
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(o]e]

Warning, “non-ambiguous” conflicts may

S

T—TbeT

T—eThT
T—ec

= €
| TS
T ::= TbT
| ¢
.
L ——— T TbTe
ke I TesTebT
b

remain
T
S+—TeS
S T—TebT
S—e S
S—eTS T Si—e b
T S—~eTS
T—eTbT T
Tr—ec T—eThT
T—ec

shift-reduce conflict

b
Flavien BREUmtificial conf"@tompi\ationTbﬁGm-up Parsers (LR)

T—TbT
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Warning, “non-ambiguous” conflicts may

(o]e]

remain
T S:= ¢
| TS
T ::= TbT
Si>TeS |
S T TebT
Si—e S T—ThbeT T
S—>eTS T Sise b T | ——— TThTe
T S—eTS TseThT ke | TsTebT
T—ec b
T—eThT
: artificial conflict

(no ambiguity)

No c¢ can follow a S

shift-reduce conflict T

T—TbT

'3
Flavien BREUmtificial conf"@tompi\ationTbﬁGm-up Parsers (LR)

16 / 18



0000000000 00000

SLR Parser:
narrowing conditions of actions

If a would-be NT can’t be followed by peeked at terminal
there is no reason to take the action

This is why we compute “follows” :
the set of terminals that may eventually follow a given non-terminal.

SLR
0

Idea : narrowing reductions paths to Follows only

Same construction as LRy except that reduction action N +— w are are
narrowed to Follow(/N) (before or after determinisation).

0J

a a

T becomes Follow(N)

N—w N—w

Flavien BREUVART CM 4 Compilation : bottom-up Parsers (LR)
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“Firsts” : terminals that
may eventually start a non-terminal

Prior to “follows”, let’s look at easier “firsts”

Definition of Firstg(N) C TU{c}

there exists a syntactic tree G rooted by N

c E Firstg(N) < { . . .
c(N) which leftmost terminal leaf is c.

Example with S
S .= ABc A/B
A= € o / \ Thus
b € First(S
| aA B B € First(S)
B:= ¢
| BbB b c

Flavien BREUVART CM 4 Compilation : bottom-up Parsers (LR) 18 /18
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“Follows” : terminals that
may eventually follow a non-terminal.

Definitions of Followg(N) C LU{$}

There exists a ST G with an internal node N

@ & relllerie(i) = { sl efimest sominell eas UG OF 4 s o

Example ins

S
S:=AB / ‘
T A B Thus
Au= e / a € Follow(A)
| aA A ¢ € Follow(A)
B:= ¢ A \
a a c

| BbB

Flavien BREUVART CM 4 Compilation : bottom-up Parsers (LR) 19 /18
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Optimization : linear time

The constructed SLR automaton can be of quadratic

complexity
a
a S
The grammar S := aS|e produce the s
automaton : . $
Si—e S—aS

Flavien BREUVART CM 4 Compilation : bottom-up Parsers (LR)

SLR
(o]e}
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Example of non-linear execution

Motlu: @ a a a a a a a a a $

Flavien BREUVART CM 4 Compilation : bottom-up Parsers (LR) 21 /18
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Example of non-linear execution

@\% | T
$
$
$
Si—e

S—a$S

Motlu: afl@l a a a a a a a a $
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Example of non-linear execution

@\% | T
$
$
$
Si—e

S—a$S

Motlu: a af@ a a a a a a a $
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Example of non-linear execution
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$
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Example of non-linear execution
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$
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Example of non-linear execution
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$
$
$
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Example of non-linear execution

@\% | T
$
$
$
Si—e

S—a$S

Motlu: @ a a a a a a a af@ §
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Example of non-linear execution

a
@\Z | T
$
$
Si—e

S—a$S

Motlu;aaaaaaaaaa.
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Example of non-linear execution
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Example of non-linear execution

S—e S—aS

Motlu;aaaaaaaaaa.$
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Example of non-linear execution

R

S—a$S

Motlu;aaaaaaaaaasl
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Example of non-linear execution

Motlu: @ a a a a a a a a § $

a‘S
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Example of non-linear execution
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Example of non-linear execution

@\% | T
$
$
$
Si—e

S—a$S

Motlu: a a a a a a a af@ s§s $
a s
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Example of non-linear execution

S—e S—aS

Motlu;aaaaaaaaa-$
a S
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Example of non-linear execution

R

S—a$S

Motlu;aaaaaaaaasl

a S
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Optimization : linear time

The constructed SLR automaton can be of quadratic
complexity

The grammar S := aS|e produce the
automaton :

Solution
e In the buffer (which is now a stack), also memorizes the id of the
state we came from.

e at the end of reduction, the automaton is restarted from the state
given in the stack and on the created NT.

This is a stack automaton (with actions).

Flavien BREUVART CM 4 Compilation : bottom-up Parsers (LR) 22 /18
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Example of linear execution

Motlu:8 a a a a a a a a a $
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Example of linear execution

1

S+ a(S

Motlu:1ad@l a a a a a a a a $
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Example of linear execution

1

S+ a(S

Motlu:1a2af@l a a a a a a a $
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Example of linear execution

1

S+ a(S

Mot lu:1a2a2afdl a a a a a a $
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Example of linear execution

1

S+ a(S

Mot lu:1a2a2a2a2ad a a a a $
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1

S+ a(S

Mot lu:1a2a2a2a2a2ad@ a a a $
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S+ a(S
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Example of linear execution

1

S+ a(S

Mot lu:1a2a2a2a2a2a2a2aj@l a $
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Example of linear execution

1

S+ a(S

Mot lu:1a2a2a2a2a2a2a2a2aj@ §
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Example of linear execution

%Ka ’—2@‘ S T
$/
$
$
S e S — a(S)
Mot lu : § $

27
Flavien BREUVART CM 4 Compilation : bottom-up Parsers (LR) ' N 23 /18



SLR

0000000000 00000 (o]e}

Links to literature

Stack automata LR “GoTo"s = non-terminal

shifts
The state idea are pushed into a ) )
stack The shift/goto table is the
~» Stack automata are required to | 2utomaton table.
recognize a grammar without

backtracking A “shift” labeled by a

non-terminals is called “goto”.
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