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Design and Implementation of Packrat Parsing
to Parse Grammars That Have Multiple Left
Recursions at an Input Position

YOSHIAKI SHIRATA, ! MASATO Kryamafl
and HYo ASHIHARAT!

There is Packrat Parsing among parsing methods. Packrat Parsing can parse
backtracking and unlimited look-ahead in linear parse time. And Packrat Pars-
ing is Recursive Descent Parsing. So, Packrat Parsing can’t parse left recursive
rules. Traditionally, we must remove left recursions by converting to right
recursions to parse same inputs as original recursion when parse left recursive
rules. There are grammars that can’t be parsed with this method because some
left recursions can’t be converted to right recursions. Alessandro et al made
possible to support left recursive rules without converting in Packrat Parsing.
But the method can’t parse some grammars that have multiple left recursions
at an input position. This paper presents method to parse grammars that have
multiple left recursions and implementation and evaluation of this method.
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01 0DO0ooOo 1
Fig.1 Grammar and input 1.

01.APPLY-RULE(R, P)

02. let m = RECALL(R, P)

03. if m = NIL

04. then let Ir = new LR(FAIL, R, NIL, LRStack)

05. LRStack « Ir

06. m «— new MEMOENTRY (R.body, P)
07. MEMO(R, P) <« m

08. let ans = EVAL(R.body)

09. LRStack <+ LRStack.next

10. m.pos < Pos

11. if Ir.head # NIL

12. then Ir.seed « ans

13. return LR-ANSWER(R, P, m)
14. else m.ans < ans

15. return ans

16. else Pos < m.pos

17. if m.ans is LR

18. then SETUP-LR(R, m.ans)

19. return m.ans.seed

20. else return m.ans

02 APPLY-RULEOOOOODO
Fig.2 APPLY-RULE procedure.

LR: (seed: AST,rule: RULE, head: HEAD, next: LR)
RULEOO rule 00000000000 COO0O0OOOOHEADOO heaedOOOOOOODO
0000000000000 0000HEADOOOOOOOOOOOO

HEAD: (rule: RULE, involvedSet, evalSet: SET OF RULE)
rule 000000000 head rule 000 00O O involvedSet O involved rule 0 0 0 O O
gooad

SETUP-LROO0O0OOOOOO 30000SETUP-LROODOOOOOOOODOOOODO

000000 LRStackOO0O0O0O0O0O0O0O0CDOODOOOOOCDOOOOOOOOGODOODOO
000 HEADOOOOOOOOO
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01.SETUP-LR(R, L)

02. if L.head = NIL

03. then L.head < new HEAD(R, {}, {})

04. let s = LRStack

05. while s.head # L.head

06. do s.head < L.head

07. L.head.involvedSet « L.head.involvedSet U {s.rule}
08. s «— s.next

03 SETUP-LROODODOOO
Fig.3 SETUP-LR procedure.

01.LR-ANSWER(R, P, M)
02. let h = M.ans.head
03. if h.rule # R

04. then return M.ans.seed

05. else M.ans «— M.ans.seed

06. if M.ans = FAIL

07. then return FAIL

08. else return GROW-LR(R, P, M, h)

04 LR-ANSWER OOOOOO
Fig.4 LR-ANSWER procedure.
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HEADS: POSITION — HEAD
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goooobooooooobooooooobbooobobooooo
RECALLOOODOOOOODO 6 00U00ORECALLOOOOOOOODOOOOOOOODO
gobooooboooooooooon
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01.GROW-LR(R, P, M, H)
02. HEADS(P) « H
03. while TRUE

04. do

05. Pos «— P

06. H.evalSet «— COPY (H.involvedSet)
07. let ans = EVAL(R.body)

08. if ans = FAIL or Pos < M.pos

09. then break

10. M.ans < ans

11. M.pos < Pos

12. HEADS(P) « NIL
13. Pos «— M.pos

14. return M.ans

05 GROW-LROOOOOD
Fig.5 GROW-LR procedure.

01.RECALL(R, P)

02. let m = MEMO(R, P)

03. let h = HEADS(P)

04. if h = NIL

05. then return m

06. if m = NIL and R ¢ {h.rule} U h.involvedSet
07. then return new MEMOENTRY (FAIL, P)
08. if R € h.evalSet

09. then h.evalSet < h.evalSet \ {R}

10. let ans = EVAL(R.body)
11. m.ans < ans
12. m.pos < Pos

13. return m

06 RECALLOOOOOO
Fig.6 RECALL procedure.
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A, 0 | LR(Fail,A,Head(S,{A}.{})). 0 a, 0 | Match, 1

(a)

(b)

Fig.8 Grammar and input 2.
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Memo
0 |Match, 3

A, 0 | Match,
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b, 1 | Match,
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WIN | =W

(c)
07 0O0O0OOOOOOO
Fig.7 Case of success with traditional method.
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Fig.9 Case of failure with traditional method.
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01.APPLY-RULE(R, P)

02. let m = RECALL(R, P)

03. if m = NIL

04. * then let Ir = new LR(FAIL, R, HEADTABLE(R, P), LRStack)

05. LRStack « Ir

06. m < new MEMOENTRY (Ir, P)

07. MEMO(R, P) <« m

08. let ans = EVAL(R.body)

09. LRStack «— LRStack.next

10. * if ans # Match or m.pos < Pos

11. * then m.pos + Pos

12. if Ir.head # NIL

13. then Ir.seed «— ans

14. return LR-ANSWER(R, P, m)
15. * else m.ans <« ans

17. return ans

18. else Pos < m.pos

19. if m.ans is LR

20. * then if R = m.ans.rule or m.ans.head = NIL
21. then SETUP-LR(R, m.ans, P)
22. return m.ans.seed

23. else return m.ans

010 00000 APPLY-RULEOOOOOO
Fig.10 Proposal APPLY-RULE procedure.

01.LR-ANSWER(R, P, M)
02.* let h = HEADTABLE(RO P)
03. if h.rule # R

04. then return M.ans.seed

05. else M.ans «— M.ans.seed

06. if M.ans = FAIL

07. then return FAIL

08. else return GROW-LR(R, P, M, h)

011 00000 LR-ANSWEROOOOOO
Fig.11 Proposal LR-ANSWER procedure.
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01.RECALL(R, P)

02. let m = MEMO(R, P)

03. let hs = HEADS(P)

04. if hs = NIL

05. then return m

06.* if m = NIL and R ¢ {h.top.rule} U hs.top.involvedSet
07. then return new MEMOENTRY (FAIL, P)

08.% if R € hs.top.evalSet

09. * then hs.top.evalSet « hs.top.evalSet \ {R}

10. let ans = EVAL(R.body)

11. m.ans < ans

12. * if ans # Match or m.pos < Pos
13. * then m.pos «— Pos

14. return m

012 00000 RECALLOOOOOO
Fig.12 Proposal RECALL procedure.

Oo0oO0O0O0O00000000 GROW-LROOOOOOOOOOOOOOOOOODODOO
OOHEADSOOOOOOOOOOOOOOOO
HEADS: POSITION — Stack(HEAD)

0000 RECALLOOOUOOOOOO0OOCOOOOOOOOOOOOOOOOOOOO
goboboooobooooobi12018.000D00D00ODO

0000 SETUP-LROOOOOOOO 13000000 GROW-LRODOOOOOO
014 000000000000 GROW-LROOOOOOODODOODOOOooOooooo
gooobooooooooboooooboboooonol2ols.oobcooooooooboa
OOO0OHEADTABLEOOOOOOOO (2)000000000000O00O00OOOOO
gooogoo

000000000 8UUuoUoUUUoOoOoUUOO 15(eiooOooooooon
O000AQOOOOOOOOOOOOSETUP-LROOOOOOOOOOOOOOOOO
HEADTABLEO AJDOU0OU0OOOOOO0OOUOOOOOOO 15(b)00000oOOOoOsSo

0000000000000 00000 HEADTABLEOD SOOOOOOOOOOOOO

000000000000 HEADTABLEOOUOOOOOOOOOOOODOOOOOADO
00000000000o0oUo0o0oUD 15(c)00D0O00DLOOODODADQODOOOOO

O00D0O00D0OO0DO0DGROW-LROOOOOOUOODOOODOOOO 15(d)000o0ooo

GROW-LROOOOOOOOO AODODOOOODOOOOOOGROW-LROOOOOODO

000000000 0OoDoOoooOd Vol.4 No.2 104-115 (Mar. 2011)

01.SETUP-LR(R, L, P)

02. if L.head = NIL

03. * then HEADTABLE(R, P) <« new HEAD(R, {}, {})
04. let s = LRStack

05. while s.head # L.head

06. do s.head < L.head

07. L.head.involvedSet « L.head.involvedSet U {s.rule}
08. s «— s.next

09.* HEADTABLE(R, P) < L.head

018 00000 SETUP-LROOOOOO
Fig.13 Proposal SETUP-LR procedure.

01.GROW-LR(R, P, M, H)
02. HEADS(P).push(H)
03. while TRUE

04. do

05. Pos — P

06. H.evalSet «— COPY (H.involvedSet)
07. * HEADTABLE(R, P) — H

08. let ans = EVAL(R.body)

09. if ans = FAIL or Pos < M.pos

10. then break

11. M.ans « ans

12. * if ans # Match or m.pos < Pos

13. * then M.pos < Pos

14.* HEADS(P).pop
15. Pos «— M.pos

16. return M.ans

014 00000 GROW-LROOOOOO
Fig.14 Proposal GROW-LR procedure.
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A, 0 | LR(Fail,A,Head(A,{}.{})). 0

(a)

input: "aab”

__HeadTable
“b” S| (S{Ax})
& Al (A0

a Memo
0 | LR(Fail,S,Head(S,{A}.{})), 0
0

LR(Fail, A,Head(S,{A}.{})). 0
(b)

(s) input: “aab”
__HeadTable

(A) “b” [s[(s4ALD

input: "aab”
_ HeadTable (A) “a” AlAGD
S1(84A)H o
Al (ALD) 4 Memo
“a” S, 0 | LR(Match,S,Head(S,{A}L{})). 3
Memo A, 0 | Match, 2
S, 0 | LR(Fail,S,Head(S,{A}.{})). 0 a, 0 | Match, 1
A, 0 | LR(Match,A,Head(S,{A},{})). 1 a, 1 | Match, 2
a, 0 |Match, 1 a, 2 | MisMatch, 2
b, MisMatch, 1 b, 2 | Match, 3
(c) (d)
e input: "aab”
e “p” __HeadTable
S| (S{AL)
(A) “a  [A[(A0.0)
“a” Memo
S, 0 | Match, 3
A, 0 | Match, 1
a, 0 | Match, 1
b, 1 | MisMatch , 1
a, 1 | Match, 2
b, 2 | Match, 3
a, 2 | MisMatch , 2
a, 3 |MisMatch, 3

(e)

015 0000000000

Fig. 15 Case of success with proposal method.
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Fig.16 Grammar and input 3.
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Fig. 17 Case of failure with proposal method.
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01.GROW-LR(R, P, M, H)
02.* HEADS(P).push(H)
03. while TRUE

04. do

05. Pos «— P

06. H.evalSet «— COPY (H.involvedSet)

07. ** let IrSet = H.involvedSet.filter(Memo(- , p) is LR)
08. * HEADTABLE(R, P) «— H

09. let ans = EVAL(R.body)

10. if ans = FAIL or Pos < M.pos

11. ** then if H.involvedSet.filter(Memo(- , p) is LR) = IrSet
12. then break

13. M.ans « ans

14. * if ans # Match or m.pos < Pos

15. * then M.pos < Pos

16. HEADS(P).pop
17. Pos «— M.pos

18. return M.ans

018 0U0O0OO0O0O0DOO GROW-LROOOOOO
Fig. 18 Improved proposal GROW-LR procedure.
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e _HeadTable L SO EBREHT
S| (S4ALY) L ADZE BT
Al(ADD) Memo
Memo A, 0 | Match, 2
S, 0 | LR(Match,S,Head(S,{A},{})). 1 b, 0 | Match, 1
A, 0 | LR(Fail,A,Head(S,{A},{})). 0 1 |Match, 2
b, 0 | Match, 1 2 | MisMatch, 2
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Fig. 19 Case of success with improved proposal method.

(4) DOOOODODOUOOOOODOOOO
(1)DDDDDDDDDDDDDDDD4)DDDDDDDDDDDDDDDDDDDDD
00021 00000020000000000210000 Java0DO00O00O0O0O00OY

000000000 0OoDoOoooOd Vol.4 No.2 104-115 (Mar. 2011)

“this”
“this.x”
“this.x.y”
“this.x.m()”
“x[i[i]-y”
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Fig. 20 Java Primary expressions.
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Fig.21 Java’s Primary expressions.
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Fig.22 Grammar using for performance

i Fig.23 Grammar using for evaluating linearity.
comparison.
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Fig.24 Analysis time of evaluating grammar containig left recursion with traditional method and

proposal method.
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Fig.25 Analysis time of evaluating grammar supporting proposal method.
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