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Improvement technique of memory efficiency of Packrat Parsing
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Packrat parsing is a parsing technique that combines memoization with backtracking recur-
sive descent parser. It can handle any grammars that can be expressed in powerful grammar
notation called parsing expression grammar (PEG). Generated parsers can analyze its input
in linear time. However, to memoize intermediate result, packrat parsing requires storage area
proportional to the input size. In this paper, we propose the packrat parser generator system
that disposes unnecessary storage area by adding the notion of a cut operator to PEG. Cut
operators is the notion we borrowed from Prolog that can be used by programmers to ‘cut
off’ an alternative execution branch of a choice point in a syntax rule when the alternative
should not be tried for suppressing unnecessary backtracking. When an alternative is removed
by execution of a cut operator (and thus the parser can make sure that no backtracking can
occur before a particular input positon), the memoization storage kept against backtracking
can be deallocated and reclaimed dynamically. We believe that, for most pratical grammars,
parsers which only use bounded memory size can be generated by appropriate insertion of cut
operators in syntax rules. Although memory efficiency that can be achieved by hand-insertion
of cut operators would be valuable, it is awesome and error-prone. In this paper, we also pro-
pose a technique to reduce required storage area by statically detecting syntax rules which
memoization is unnecessary and another technique for automatically inserting cut operators
without changing meanings of syntax rules.
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L, Main O FETHHIC JVM 2MEHA+T 5 —7H 4 X
% 64MB IZHEL T a s T AEFETTHZ LIk
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F9°, Java 7’0 7T LAOESREITIZOWTIE, Ty
MELIZWARTH v MY OFEDF N AE D ZhHEN
WHELTWDHDOD, Rats!& ~_THAE, By M
D CHOHEBRENRLNT, WL bATIOH A X
LTI OQ) DEMBHEETH LMD L TR R
B, I, Java =V OFERIEHL-Z7 7 A4 LD
PA ZARRKRENHDOTH 200KB 172720 DO TH
52 k&, BEITHATZ K 91T Rats!HZEMIFH R =2 4%
L~ CUET DT Dk A IRk 21T o T D
72012, JVM O-Xms 47V a3 LV THRETE Di/hO
=7 A XTHDH 2MB THRET21TH 2 &N
TERZENFRRTHDL EBExOND. £z, FAX
78 20KB 725 40KB O, RatshZht_Th v b A
D DOFHBHBEMNCE =T EHERL T 7 A LD 2D
BTN, TNbDT7 7 A NMTONWTHR TR L

7

A, HETHEME LT, —2ORSLIMEFICH
KTHDHZENbIoT. AREIERICHEM L PEG
TIEH v FE+HSICHA LI TNz, —D20
TRROREPERTHLHGH, TORSILDOMTE
A DETAEERAHIRT 2 Z &N TERNIE
DB L-bDEEZBND.

—74, XML 7 7 A VORESFEITIZOWTIE, By
MEL & RatslDEL L EWRTYH, Iy NEYDF
NRIBIZAE Y ERLEINTEY, ANWENEZ
THMER e —T VA X XFTFE D> TV, Th
X, By MAYOBA TIFRERFHE R XML F o7
FARRLAAV NORKEICE>TRED—FT, A
INER LT 7 7 A VOB E LT XML OEHR O
IFZ2NHDD, THFARRLTAL F—210) DRI
BWZDIZATI OV A ZBREER L THMLER e — 71
MEDBERET, By MY OR—F OZEMEH R E
FEINC O(1) ThotoZ &k, AIOFA XK E
W (IMB BAE) 7291, ZERFHEROZEDRARICH &
bl ThbHEE 5.

INHOFERNG, By NEBEUNFRAT L Z LI
foT, AR L TEMFEERMNEE O(1)
ThHDEI =V EAERTHZENARTHY, £
B U Tz = KA AN A% 2 & A ARET
HLERDLND.
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BIARDI20IZ, AR ST S—F O STRRATIREE A3,
BRELIE—T VA RZLoTED L IITENT D
ZEHHILZ. e —7 A XoEEICIE, EBR1 LR
L9212 IJVM oigdh4 7> g > -Xms & -Xmx Z
L7z. #lxi¥, java -Xms5m -Xmx5m ... &5 52
LTk o»T, b= A X% 5MB ITHE L CHESiR
HradTo7c. T OEEE, LT~~~ T
~—IRAOT =2 DT 7 A IWEMNTT D DI o
TR & 7 7 A VOEFA X035 RD T2 (10 BIFH
L7z PHEZER). EROBREIE S5 LR6 0k
2ol 7B, 7T 7 ORI SURITIHCHEE L
Jeb—7 A X (-Xms & -Xmx ([ K VIEE) &, #thb
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HOMA 0 THETF—X1L, FET Db —F¥ A X
BWTHSURIT 252 T T 52 ENTE e olol b %
£LTW5.
FROFERNPDITET, Iy " EBATDIZ LICL-
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T, MELT AT A XBRNEL ol b
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BWENTZZ LT = NF vy =il vy FLRTL
RolZ Il iBEEBEXLND. £, Java 7
07T AONTCiX Rats!D )5 H 2~3 (SR & T
HDHDWIKL, XML 7 7 A VO Tl Yapp OF5
NIEREEGHTHS Z nbrd. FKFIZSWT
TV ONBEZLNER, £9, Java 7077 LD
SHEEFRICTBWT RatshUITLBRIHBO b D% %
DOFEFEMAHL72720IZ, RatshZBWTHERENH S X
HRIIEEZRTHT-0N, XML O IEERE TIER
U PEG #tic LTHEE L=, Rats! THEREM H
DX RIEERITR ST RN T NI FRE X
5D, BIOKKRE LTIE, A B0 T — X i
2% Rats!& Yapp & TERD728, iU X - THERE
WERLIZENS ZEBBRXOND. £z, TNbHD
FERIND, Ty MY OR—Y W& 2Rl b A4T -
TW5 RatsZH~THMIGHIZEW DT TiEZe <, +
DHERAICIZED Z RN D.

6.3 £ B 3

4.3 Wi IR L= ARE e X B(LOBRETEE Java O
PEG( #v MEL, 5Y) B LOXML OF 7 & b
PEG (A L, ENZT ORI D A EIBR
B oo a A Lz, EBROFERIL, F 1(Java)

BLOE 2(XML) 0 Xk 5 2757

#& 1 Java @ PEG BT A ELIN DML T DK

AT EA%
Jrv MEL | 183 176
7y bAY 183 176

% 2 XML ® PEG 2B\ T A B{L &N 5 IEE 5 DK

WA A%
Sy hMEL | 24 21
1y MY | 24 18

ZORERG, Iy MEBATLZLIZEST, R
Hp AT LOBREFIEONREZYWETE RN H
5L, EHE5MPEGICBWTY 10 fHAR D5
DOIERIFE B D A EALDBREFTEEIC /2> TV D Z &R
D, MOFFHEONEERIZ OV T H R URE O
OIS LBRETERNWET D E, ZOFED
RN, STEOHIN K E < 7o 0 EHEC 22 213 EFEx)
MIC/NSRDEERD. ZD®D, HOHREU LD
HEOEERICZOFERTE2EALTLHEVS
BERADRNEEZ LN,

7. REFEOHEE

7 M2, W HIZE-TE, SEOBMEZEZ T
LESIZLERHDH. ZhiE, Iy hOFFAICE-T, &
IR 5NNy 7 b Ty P& R A->TLED Z
BB THD. Hlzix, 4.1 HoHEXo PEG
DAy NEFFANT DHALETZ T 2 EZ LU FOCEESR
IZOWTEZD.

E - P"+"TE/P"—"TE/P
P T ngn npn / nen

ZZT, P ORYIORREL T a" DRI > b A
AZINTWNDT=D, "a","a+a","a-a",... &\ o¥iZ
LIS ORLS Z T TE 7o IpoTLE H. AIFLRIC
BIDH Y ML, MPHORELOTZDITEA LD
ThHY, TOXIRLEOEREERD LI v b
HERLTHhARNL, BN EEX 5.

ZOHEITIE, FROTy FOMESESET S0
W2, By NeBEFFAT DO TIEICONTEES
119, SUEOBERPE D H22WEETH T > N &2 0P R
DEHEBFATEIE, By NEFEITHRAT 5 Ak
LI, FEEOREERTE DWREEN S S, iU,
[T, A #{EED PEG O L LT, 1y b T,T,/A



LD PEG ORICH LTHA LT, To 1 Tp/A
ELTHERMBEDLRNMNE S 2 EHES 2 M &
EZDZELINTED. Ay FEFALTHERNED
LRV Z EEHETHITE, T, & A OZHTLE5E
28 disjoint THDHEH Dy, DF Y LITFORD- S
TV DN EHET ONERSD. 72, PEG 35
T 255 (PEL) OEFEIZ, 516N ANFIN
HLTRBEIHTHZETHY, £ETOANEWEET
LT (BlxiEe &9 PEG OB ZET 5
SHEIIMEROXTINEELEARIT/RD) T L D3HR 3)
THERENTWD T, HETRERMETIZOATR
WEEZx5. Lo, Zo#E (PEL @ disjointness
OHE) FREREMETH S Z LRSS TN S,
7085, L(Ta) 1E T, 2B T 2558 CUTFSIOESR) &
KLTWD.

L(Ta) N L(A) =0

ZDED, TurT ML Thy M HBEEEAR

REMEHIET DITE, KO RSFRHIE & WV 2 3
DD, BEMITE, AZSEILEZ A, & Ay BRHo
78 LT (A = Agly), R TuTy/Ag 12w b EHIA
LTy T T/As ELTHERNEDLRWR DI,
FBRITR Dl /A T 7 B ERALT L 1 Tu/A
LTCHHODCERPEDLRNI L, Ty & Ty B
Efﬁ%%ﬁf“&)%’o L&, MELEHSFED disjointness
ZHIET HDREICERTE L 2L E2FMT 5 (ERE
FEO disjointness (ZOWTIX, FHEHET D FIEN
FET %)), 9, ABPKOBEZLTND LTS, =
T, A, OZETHEENEMSTHEICRDEIITA

EoEIY D, £z, D PEG OZHET 5B ER
SHTHLNE D POHER—MRITRERRETH D H
EOMEIARHATH D720, HHNITT, & A, OZER
THEMMDIEBFIEICRD X5 ICnET 5 (Flx X
Aif"OZIHT 5 5EIEH O EH S “C?)é)

TuTy/AaAp(Ta AdlEEHE T2 ZET 5 2)

To & Ag BEBICEMEFEZHATLIXNTHDTZ
O, WORNRMIZSINDINE I DEHETE .

Lr(R(T'a)) N Lr(R(Aq)) =0
R(e) : L(e) #M&+ 5 SHERT EHES
Lr(r) : ERRH - $2HT 5208

Lr(R(e)) I L(e) #0E LTV H72), Lol
72 LTV AR BITRORXGIZ L TWDLEFRD.

L(Ta) NL(A,) = 0

9

ZOXDPIZ SN TNAD ENS Z &, AluIh/Aa
W2y FEFALTT, [ Th/As &£ LTHERBED
HRNVEWNS ZEThDID, AT Tp/AICHy b
FHALT, To T Th/A ELTHEMRBEDLRNE
EHOENTED.

722, ZOHBRAFELE HE5AD0ELLED
MR L Cliﬁ‘@ﬂlﬁ v FEFATE RN E WS BER
BEET 5. PEGIZBWTIE, 2K ed 0EILLED
WO L%E, E = eE /e btWHBTEELT DD (ex
XN EBHEMICFRILTH D), ZDEXE, e LW H
T~y F TR0 ) OFBICH D720, E b~y
FT2RURD. Z07H, NFThy bEHATS
BAIE E OBERNZS Yy hEfALTE <« e 1E /¢
ELTHEMRNEDLRNWZ Enbnd. —F, BE
HAFEEZHEHAT L L 2B 256, | OFLOX
e WZIT SR, EEOXTINEELHELETHY,
Lr(R(g)) bEERIAEBE O LTI E LRI DT
O, By FNEFHATLHZENTE 2 (BBICE 2L,
eElTe B2 NE LTS VT 4 7 ADZET B SN
BELGTHLIHAIIIN Y FERATE ZARESNH
L0, WY, ZHETLSWENEESITR LA LR
TLOREWITEN). e I ERER EOIEIC
BT, HHEFRD 0L, O IR LITHHT 57
O, Ay FEEEFRATLIROT VT Y XL LG
DELRELT, ZoOMEREMBITL, BEEFFEA
FEOEMMITEED LEZOND. HIZE, 545
Tl repeated S LIZIXRFMEH R BN ELT D56
N LFEERLEDN, BVIRLIZH Y M BBIRICHH
AT DHZERTENIE, TOH v MTE>TAE(LHE
WA HIRCTE 25412, repeated i b & [AAE DR
RERFHHEERNE AT HAERMERE LICER TX 57
e 5.

8. F & &

A2 TIE, packrat parsing D EFESE LT,
Ty NOBANERE LT, Ty l\%l**fﬂii@@] IZH
W5 Z Lz Xk - T, packrat parsing (& & %A% ST
DFEITIER @ﬁi@ﬁ%fcﬁnﬂtnﬁﬂi@ﬁ DR TS
LB E%E, FERICE S TURTZENTE . FRZ,
RETIRIC L - T, 4 F T packrat parsing 237 FC
b5 & SN TV KB XML 7 7 A L O SCAgHT
ENERATADFETREOIIRENEEZTND

SHROMEE LTI, £, BRELEZV Y FABF
AFEORERZETOND. TEHTELLIZLIIZ,
BUROFEL T TR 7T 0 75 I FS3EO X
B L THATIERNWEBZONH7HTHDH. R
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R AEALDOBRETIEL, HEVRNR LN T-
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Z T2,
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(T2 42 1 7 AAT)
(CFH? 452 A 7 AERGR)

K8 BXK

WEFn 58 AEAE. Pk 18 AEFLEKR
F AR RO, FMESLER
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VB a—Z YA T AR SR
MERAY. Tar T I TEREOM
SCRRMTIZ RS 2 AR FR I e 5.
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1994 FEBEHEFR AR TR PP .77
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(BEHEFEEARSE 1997 4E) . 1997 4E
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