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A Space Complexity Calculation Method of
Optimized Packrat Parsers

Kota MizusHiMA, ! ATust MAEDAT!
and YOSHINORI YAMAGUCHI!

Packrat parsing is drawing attention of researchers as an alternative to main-
stream parsing algorithms such as LL- or LR-family. Packrat parsing can handle
any languages that parsing expression grammars (PEGs) can express and the
set of languages is strictly larger than the one that LL- or LR-family can express.
Also, packrat parsers parse any input in linear time. But packrat parsers re-

quire linear space because of memoization of all intermediate parsing results. In
our previous study, we proposed to extend PEGs with cut operators to remove
unneeded memoized space. If grammar writers properly insert cut into gram-
mars, packrat parser generators can generate packrat parsers that only require
almost constant space for memoization in practice. However, checking whether
we have sufficient cut operators inserted in grammars is not an easy problem.
Grammar writers have to check grammars carefully and measure heap usage by
actually running the generated parser. In this presentation, we propose a static
anaylysis method for PEG grammars with cut operators to automatically esti-
mate the amount of space used by the generated parsers. Applying our method,
grammar writers can automatically check whether sufficient cut operators are
inserted without actually running the parser. Our method resolves an impor-
tant and practical problem of the packrat parser generator proposed in our
previous study. And also, our method provides a measure to the impact of cut
operators on the space complexity of packrat parsers generated from extended
PEGs.
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B(e1/627 V) = B(e1,V) A Blea, V) S(e1/e2,V,C) = {(e1,C)}US(e2,V,C)

Blei 1 ez/es, V) = B(e1,V) A B(e2, V) A B(es, V) S(e1 1 ez2/es, V,C) if Bounded(e1) = S(ez,V,C)U S(es,V,C)
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S(el 1 62/63,V, C) {(61,0)} U S(EQ, V, C) @] S(€37 V, C)

S(eies,V,C) = S(e1,V,C)U S(e2, V,C)
S(ex,V,C) if Bounded(e) = 0

S(ex, V,C) = {(e,O)}

S((e1 7 e2)*,V,C) if Bounded(e1) = S(e2,V,C)

S((e1 7T e2)%,V,C) = {(e1,O)}US(e2,V,C)
S(e, V,C) = 0

S(m " V,C) = 0

S(&e, V,C) if Bounded(e) = 0

S(&e, V,C) = {(e,O)}

S('e,V,C) if Bounded(e) = 0

S(te,V,C) = {(e,O)}

00000000000000 BoundedOOOOOOOOOOOODODOOOOSOOO
0405000 6070009010000 110120000000000000000000
000o00oo0oo0oobO0o0obD0oUO0/000DUoo0oooooO«x000000
goooooooooboooooooooooooooooboooboooboooooDobo
gooooboooooooobooooooooboooooooooboboDboooobo
goooobooooooobooooooboboooobooooobobooooDboo
gooooooooboooooooobooooooooobobooooooDoobooooooDoboo
oo

gobooodoobobo&g0O0O0O 'obOo0oooooooobboooooobooogoooon
goooboooooooooooboooOoooobooboOooooooocobooooobooa
goooboboooooobooooboooooOooooboobooOobO0ooooobooboOoooobooo
goboooooooooooo

gooooooooooboobooobcOoOoooOoOoOoOoOoOooboOoDOOCcOOoOoooooboo
ojoooooooobooboooooooOo100o0ooobOboOoOobOobOOObOObObODbboOoOoOo
gooooobooooooooooooobooobOoboooboobooboboOooooboOboooDoboo
gooboooobooooboocoooboooboobCOobobOboOoOOOOODObOOObObOOODOOO
goooooooooooooooooboooooooobooboooooooooobooOobo
OO0 PEGOOOOOOOOOOOOOOOOCOODOOOOOOOOOOOODODOOOOO
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goboooooboooobooooooooobooooboooooobboOooDbobo

54 0 0O O

O000oO0o00bo0o0oo0o00o200000 PEGOOOOOOOOODOOOOO
goooboboooooboboooooooboobodoooboboooooooooooobooa
gooobooboodoooooss3tuooobooooooooooooooooooboobooon
goboodooboooooooooooobooooooooooo

o I0O0O

M — Eu;n;
E — P(("" 1 E/e);
P — u(u E' n)n / ng" "b";

o OOMO
A parser generated from this grammar may require unbounded space
because the following expressions are unbounded:
E in P

o OO

M «— Ell;ll;
E < P 1 E/e);
P — u(u T E n)u ngn / "b";

o 00OO

A parser generated from this grammar requires only bounded space.
6. DOoOoooOooo

ooo0ooooOOoobooOOoooOO0oO0boO0b00O00200000 packrat parsing0 00
O000000000000Grimm 0000000000 70Grimm 00000 0Opackrat
parser 000 Rats!00000000CRaets/0 PEGOOODODODODODOOOOOOOOOO
Java0OOOOOOOOOOOOOOOOORets/00000000000O0O0OODOO0OO
gooooboooooooooooooobooOoooOooooooboooOooooooboo
Oo0O000ooOoO0O000000O0O0000000000D0000 ChunksOOOOOOO
goooboooocooooobooooooobbOoOo0oOo0on0nn Transient DOOOOO
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85 000 Packrat Parser 000000000 OODOOO

0000000000000 00LALR()ODOODO0ODOO0OOO0ODOOODOOO0OOOODOO
0000000000000 00000oo00oo00ooo0ooooOoon Rats!/0O
O0000000000000 packrat parser 000 O(n) DOOOO0OOOOOOOO
000000000 0Opackrat parsing 0000000000000 O0O0 mOOOO0OOO
gobooooooOoooooOoOoooOooooOoobDoO0 nOOOODOOODOOO emn
COcO0OOOU000O0ODODOOOOU0O0O0ODOOOUO0O0OODORets!OOOO0OOO cOOO M
goboodoooUdbOnODbOOO0ODOODOOOODOODOOO

0000000000 PEGOOODOOO Mouse OODOOO®ODOODO packrat parser
000OOo000O00bOoO00ooO0oUoDooo.OMouseDOOOOOODOOOOOODO
0000000000000 00000O0MouseJO0O0OOOOO O(n)DD0UOOOODOO
000000000000 0O0MouseDOOOOOODOOOOOODOOOOOODO
00000000000 Mouse0OODDOOOOOOODOOODOODODOOODOOOODOO
J0o0do0o0ooOd0oo0obO00oo0obOo0ooOdoo0ooooOOoooOoDooogooDo
O(rn)D00DO0O0O0ODDOODOO

0000000000000000000o0oooooo0dgdoooooCooO0O0O PEG
00000000O0o0o0DOo0D0oo0oDooo0oooooOoooooDoooooo
0000000000000 0U0000U0000o0oooooooooo00dd Rats!/O
0000o0oo00ooooo000ooooo0googoooooooooooogo
O0Mouse 00 0000000000000 0O0OOO0ODOOODOOODOOOOOODOO
0000oo00d0doodoooooooooooooooooooooogoooooo
goboooooooo

7. 0O g

goooooooooOooOoOoOoboOoOoO000UoOoOooOobDOobo0doooUOooDoo
000000000000 packrat parser 000 Yapp 00000000 O0OOODOODOO
OO0 PEGOOOODODDOOOOODUOOOUOOOODOODOOOOODOOOOOOOOO
gobOOo00DbO0o00ooO0o0O0ooOoobbO00oDboUO0O0On JavadDOO Java 1.400 XML
000000000 JSONDO PEGOOOOODOOO Yapp DOOODOODOODOD bounded

1 000D000% 000000000000 0000000000000000000 PEGOODOODO
oooo
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MemberDecl «

Type Identifier FormalParameters 7T ...
/ VOID Identifier FormalParameters T ...
/ Identifier FormalParameters 1 ...

/ &INTERFACE 1 InterfaceDeclaration
/ &CLASS 1 ClassDeclaration

/ Type VariableDeclarator

(COMMA 1 VariableDeclarator)x

05 Javal PEGOOO
Fig.5 A fragment of Java PEG.

Element «—

"<" NAME (S Attribute) * S? (
">" 1 Content "</" NAME S7 ">"

/s

)

06 XMLO PEGOOO
Fig.6 A fragment of XML PEG.

dodoodoooooooobooobooooooooooooboooooooooooo
O000000000oooooogddJaval 0000000 OOOPEG for Java 1.5
O0000Java 150000000000 000000O0ODODODOOOOXMLOOOOO
0 0 0O 00O 0 Extensible Markup Languageld XMLO 1.0900000000000000
000000000O0JSONOOOOOOOECMA-262'Y 000000000000 OO
0000ooooooooooooooo

00000000D00oooooooO Javad PEGOOOODO 5mXMLOOOOOOO
PEGOOOOO 60000 JSONDO PEGOO 700000O0D0OOOCOOOQO MemberDecl
OJava0000000CO0O0O0O0OOElement 0 XMLOOOOOJSONO JSON OO
oo0oooooooooo

000000oooD PEGUOODODOOOCOOO boundedDO0O0OO0OO0 1000000
00000000000 PEGOOOOOOOOODOOODOOO bounded OO bounded O
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JSON « S Object EOT;
Object «— LBRACE RBRACE / LBRACE Members RBRACE;
Members « Pair ((RBRACE) 7 COMMA Pair)x;

07 JSONO PEGOODO
Fig.7 A fragment of JSON PEG.

01 Java/XML/JSON O PEGUOOOOODOO bounded 00000
Table 1 The number of bounded quallifiers needed in Java/XML/JSON PEG.

Java XML  JSON
gooo 182 24 26
bounded O 1 0 0
bounded 00O 00O 3 0 0
bounded OO 5 8 4
bounded 00000000 O0DOODDOODOODODO | 120 8 4

O000OO0bounded 000000000 DODOODOOOOOOOboundedD00O000ODO0OO
000000000000 00000 boundedDO0DODOOODO0O

0100000XMLOOO JSOND PEGODODOOODOOOOODOOODOO bounded
00000000000 00000000D0000O00000000000Javad PEG O
00000000000 bounded D0 O0DOO0D0DO0O0O000OO00OO0DODODOODOODOOO
000 JavaDO0O0OODOO0O0OODOOODOOOOO00O0 boundedDO0DOO0OD0OO0ODODOO
000000000000 000000000000Obounded 000000000000
0000000000000 oO0ODO0000DoOo0OCODbounded D0 O00O00O0OOOOOO
O0000ooooonoJaval PEGOODOOODODOOOOOOODODOOOOOOOOO
O00000O0bounded DOODODOOOOOOODOODO Java O OO Statementd 0000
O Expression0 000000 bounded D0 O0D0OO0O0O0Obounded 00O O00OO0OODOODO

bounded 00000000000 0OODOOOOOXMLOOO JSONO PEGODOOODO 10
O00O0Javald PEGOUOUOODO 102000000000000000000O0O00O0OCOO
O00000oU00ooU00ooUooUooLOU0oUDOooUOooOooUoOoOdJava/XML/JSON
O PEGUODOOUOO0OODODOOOOOOUOODODDO bounded 0ODDODOCOOOOOOOO
O0o00ooooooooooo

000000000 0O0ooOoooO0d Vol.4 No.2 7791 (Mar. 2011)

8. DOU0OODOCOOOboundedD0O0ODOOOOODOOOOO

O00oO0or0oO0o0o0on0oO0dJava/XML/JSON O PEG O bounded D00 0000
goooooooooooooooboobooooobooboooooobooooooooon
00000000000 bunded 0000000000 0O0O00OCCOOOOOOO0O0OO
goooo

8.1 ODUOOOOOOOO0OO

O00000Obunded 0000000000000 O0DOOOOOOOOOOOOOOO
goooooooooooooobooooobooooobobooooooobooooDobooo
goooboooooooobooooooOooooobooOoboooooobooboOooooDono
O000000000000000COCDO0000000000000 bounded 000
O000000000000000Javald PEGOOOO 8 0000000000000
gooooboooooooooooooobooOobooooboooooooooooooooDoonoo
O bounded 0000000000 OCO0ODO bounded 00000000 OCCODODOOOOO
oo0o ...00000D0D0O0O0O0OCOCOOOCCODOOCOOO 100000 Javald PEG
0000 bounded 000000 COOO0OO0Obunded DOOOOOOOO0O0O0O0O0OOO
OODOOC0OO0O00 bounded 00000000000 OJaval PEGOOOOOOOO
gobooooooooboooobooobooo

OO0OXMLO XMLO PEGOOOOOOOOOOOOOOOOOOOOOOODOO9
0000100000000 0000 bounded 000 O0O0O0OODOOOODOOOOOOO
O000000000XMLOOO JSONO PEGOOOUOOObounded 00000000
0000000000 bunded 0000000000 DOO0OOCOOOOOOOO0OOO
oo

8.2 UUO0OO0OOO0OOOOOOOOOOOODOOOO

gobooboobobooooooboboooooooooobooooooobooboOoooooDooboo
gboooboooodoooobooooboooobooOoOoooOobOOoboboobOOobooboOoDo
00000000 bounded 000000000000 O0000OO0O0O0O JavaO PEG
gobobooob1ooobooooooobooboooobo0oooooOooobOOoOoOoOoDoo
OO00O000000O00O0O00000000000000D0O000000bounded 0000
00000000 bounded 00O000O0JSONDO XMLO PEGOOOOOODOOOOO
O00OSBounded DOOO0OODOOO0OO0O0O0O0DODO bounded 0O0DODODOOOOOO0O0OO
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//
// Lexical Structure
//
Y e - -
// JLS 3.6-7 Spacing

// - -
bounded {

Spacing
= ( [ \f\t\r\nl+
ARVALGRLVANDLIL YA
/7" (VINe\n] D) * [\r\n]
)k

// WhiteSpace
// TraditionalComment

// EndOfLineComment

/1 --- ---
// JLS 3.8 Identifiers
e —-- —--

Identifier = !Keyword Letter LetterOrDigit* Spacing?;

Letter = [a-z] / [A-Z] / [_$] ;

LetterOrDigit = [a-z] / [A-Z] / [0-9] / [_$] ;
ASSERT = "assert" 'LetterOrDigit Spacing? ;
BREAK = "break" 'LetterOrDigit Spacing? ;
CASE = "case" 'LetterOrDigit Spacing? ;
CATCH = "catch" 'LetterOrDigit Spacing? ;
CLASS = "class" 'LetterOrDigit Spacing? ;
CONTINUE = "continue" 'LetterOrDigit Spacing? ;
DEFAULT = "default" 'LetterOrDigit Spacing? ;
DO = "do" 'LetterOrDigit Spacing? ;
ELSE = "else" 'LetterOrDigit Spacing? ;
SL_EQU = =" Spacing?;

SR = ">>"I[=>] Spacing?;

SR_EQU = ">>=n Spacing?;

STAR = "x"I"=" " Spacing?;

STAR_EQU = k=t Spacing?;

TILDA = " Spacing?;

EOT = !_ ;

}

08 Javal PEGUOOUOOOODOOOOD
Fig.8 Rules representing lexical structure in Java PEG.

000000000000 0000000000 bounded DO0DO0O0O0O0O0O0O0O0O0OODO
Javal PEGOOOOOOODOOOOOOOOOOO

83 OUOUOOOOOUOOOOOOOObOOOOOOObOOOUODbOO

8100 820000000C00000CO000O0ODOOO0OODOOOOOODOO bounded
gbooobooooooocoobooooobooobooooooooOooboboobOooooDo
gboooobooboooooboooobooooobooooobooboOoboboooOobooboooDoo
00000000000 bounded DOODOOOO0O0O00000000O0O00O0O0OO Java
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O PEGUOOOOO8100 8200000000000 0ODODDOOODODOOOOOOO
OO0O0O0OSBounded DO O0O0OO0O0OCOOO0O0OODOCOOOUOODODOOCOOOOOOOJava
O PEGOOOUOUOOJavaOODODODOOOOOOO BlockStatement 000000000
Expression 000000000 bounded 00O00O0O0O0OOO

000000 2000000000000 00000000O0DOOoDO0o0oDOUOoOoOoOO
000000000000 0oooo0Obunded 000000000000 OOOOO0O
0000000000000 00000000000000000 switchOOOOOOO
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bounded VersionNum = ([a-zA-Z0-9_.:]1 / "-")+ ;

bounded Misc = COMMENT / S ;
EncodingDecl = S "encoding" Eq ("’" EncName "’"
/ "\"" EncName "\"")

bounded EncName = [A-Za-z] ([A-Za-z0-9._] / "-")* ;
bounded S ="/ "\t / "\r" / "\n")+ ;
LETTER = [a-zA-Z] ;
DIGIT = [0-9] ;
NAME_CHAR = LETTER / DIGIT / "." / "=" / "_" / ":" ;
bounded NAME = (LETTER / "_" / ":") NAME_CHARx ;
bounded ENTITY_REF = "&" NAME ";" ;
bounded CHAR_REF = "&#x" [0-9a-fA-F1+ ";" / "&#" [0-9]+ ";" ;
REFERENCE = ENTITY_REF / CHAR_REF ;
EOT =1_;
bounded ATT_VALUE = "\"" (["<&"] / REFERENCE)* "\""

/ "™ (["<&’] / REFERENCE)* "’" ;

09 XMLO PEGOOOODOODOODOOD
Fig.9 Rules representing lexical structure in XML PEG.

O000000000000SBounded 000000000000 OOOOOODOOOO
oooooooDDOoOO0 switchOOOOODODOOOOOOOOOOO0OO0OO0OO0O0O0O0O0O0O0
gobodooooobooooboooboooobooboOooboooooooboooobboooon
8.4 SBounded DOOO0OOOOOOOOOOO
8100000000000 000D0OO00D0 bounded 000000 O0O0O0DOOOOXML
0O JSONO PEGUOOOOOD 1 0000000000000 O0DO0O00O0OOO0OO
000000000 bounded D0O0DODOODOOOO0O0O00O0OJSONO XMLDO PEGO
OO0OoOOoOoOoODOoOOXMLOOOOOOOODOOOODODODOmMOOD bounded 00O
OO000O0SBounded DOOOO0OD0ODOO YappOODOOOOODOOOODOOOODODODOO

000000000 0O0ooOoooO0d Vol.4 No.2 7791 (Mar. 2011)

Number = (INT FRAC EXP / INT EXP / INT FRAC / INT) S ;
INT = ("-")? ([1-9] [0-9]* / "0");

FRAC = "." [0-9]+ ;

EXP = E [0-9]+ ;

E = "e+" / "e-" / "E+" / "E-" / "e" / "E" ;

TRUE = "true" S ;

FALSE = "false" S ;

NULL = "null" S ;

EOT = !_ ;
COMMA = "," S ;
COLON = ":" S ;

LBRACE = "{" S ;
RBRACE = "}" S ;
LBRACKET = "[" S ;
RBRACKET = "]" S ;
S = ( [ \f\t\r\n]+
e Q/ k
/ "//" D\l D [\r\n]

)*
010 JSONUO PEGUOOOOOOOOOOOODO
Fig. 10 Rules representing lexical structure in JSON PEG.

bounded DO0DOODO0O0O0O0OO0ODObounded 00000000 O0O0OOODDOOODOOODOO
O00O00JSONO PEGO Yepp OO0OODOOO 120000000000000000
oo sbooooooooooooobooobobooooooobooooooooooDooOoobobo
000000000000 O0ODO0000000D0 sO kundedDOOODOOOOOOODODO
00 sO bounded OO D00 JSONDO PEGOOOOOODOOOODOOD 1300000
goboo iNnToooobooooboooboooooobooooooboooooooDo
O000000000000000 INTO bounded DDDOOODOOOOOOOO
O00000Yepp OOO0O0O0D0O0DOOO bounded 00000000000 OO0ODODO
OO0 bounded 00 O0DO0O0O0O0O0ODODOOOOOOXMLO PEGOOOOOO YappOOO
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= ClassType (COMMA ClassType)*
// - - - - ;
// Types and Modifiers
//====mmm TTTTTTTTTTTTTTTTTTToTTToTTooTT oo Modifier
bounded { = ( "public"
Type / "protected"
= (BasicType / ClassType) Dim* / "private"
; / "static"
/ "abstract"
ReferenceType / "final"
= BasicType Dim+ / "native"
/ ClassType Dimx / "synchronized"
> / "transient"
/ "volatile"
ClassType / "strictfp"
= Identifier (DOT Identifier)x* ) !LetterOrDigit Spacing?
ClassTypeList }

011 Javal PEGOOOODOOOOOOOOODO
Fig.11 Rules that include rules representing type names in Java PEG.

A parser generated from this grammar may require unbounded space
because the following expressions are unbounded:

(Il/*" ((!(ll*/ll) .))* ll*/ll) in s
012 JSONO PEGUOUOOOObounded 000000000 DOOODOO
Fig. 12 Displayed message in JSON PEG if no bounded qualifiers are added.

000000000000 bounded 00D 00000000000 OOOJaval PEGO
00000000 Yepp OOOODOOOOOO bounded DODOOOO0O0OOOO0O0DOO
OODO0O0OO0D0 bounded 0000000 YeppOOOOOOOOOOOOOOJavaOdOO
000000000 00000O0D00000Obounded 0000 O0O00O0O00OOOO0OO
bounded 00O OOOOODODOOOCOODOODOOOOOO
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A parser generated from this grammar may require unbounded space
because the following expressions are unbounded:

INT in Number
018 JSONO PEGUOOOOOOO SO bounded 00000000 0OOOODO
Fig. 13 Displayed message in JSON PEG if a bounded qualifier is added to rule S.

8.5 0000000 boundedOOOOOOOOOOOOO

830000000000 Obounded 0000000000000 O0O0O0O0O0O0O0O0OO
OO0000DO0O0O0O00000OD0OC0DOO000Obunded 00000 O0O00O00OOCOOOO
gboooboobobooooobooooboooobooooboooobooDoOobooo
gbooobooocobooooboooooooooOooobOooOooobDOobOOoOonbOonn
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00000 bounded OO0 O0OOOSBounded D O0O0O0OOCOOOOO0O0O0OOOOO
gooooooooobooboooobooooboooobooooboobooobooobbooooOoo
bounded 00O OO0O0O0O0O0O0OOO0O0OOOCOOOO0OOOOOOOOOOODOOOO
O000000000000000000D00000000SBounded0 00000000
O0000000000000000000000SBounded 000000000000
O000opPEGOOOOOOOOOOODOOOOOOOOOOOI0O0O0O0O00O0O0O0O
gbobooooooodooooooooodo ooobobouobbooboboobooboooDo
goooooboooooooooooooooooobooooooboooooobooOoboOoooOoo
O00000000D00D0 bounded DODOOOOO0O0O0O0OOODOOOOOOOOOO
goboboooooooooooobooooobooboOoooboOoboOoloooooooo 50
O00000000000000O0O0C0C00000000000000D0D00 bounded O
gobooooooobooooooobooboo

ooo000000Javad PEGOOOOOOOOOOOOCOOOOOOOO Javald PEG
gboooboooooboooooobooooooooooooooooooooooooDo
O0000000000000O0O00CO0O000000000000000 bounded O 0O
gboooboboooooboobooooboboooooooboooooobooooboooboonJava
OooOoOoOO0O0O0O0O0DOODOO0O00000000000 bounded DOOOOOOODO
gobooooboooooooboooobobooo

9. 0 0O O

oo0oooooo0oo0o0ooO0oooO0oO0O0 PEGOOOOOOODOOOOOOO
gooobooboodoooooooboobooooobobooooooooooooooooa
000o00o00oo00oo00oo0o0oo0oo0oo0 PEGOOODOOOOOOODOOO
gobodooooobooooboooooooboooobooooooo

gooboobooodooooooooboooooooooboOoboOooooboOobOooooDobooo
O0000000000D0D0O0 bunded 00000000000COO0O0O000000O0O
gobooooooooooooooboooooobooooooobobooooobooOoboboooo
O0Java0 XML OODOOOOOJSONOOOOOO PEGOOOOOOO bounded 00O
ooooo0o0o0ooooooooooOoOOO00 PEGOOOOOODOOOOODODOOOOO
O00000000000D0D0D0 bounded D0O0O0DODO0O0O0OOCOOOO0O0O00000OO
gooooooooooooboooooboooooooo0oooooboooooooobooo
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