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An Incremental LR Parsing Method and its Evaluation

HisAsHI NAKAIL,} YOSHIYUKI YAMASHITAtt and IKUO NAKATAtt

If a source program is modified, then the modified program has to be recompiled as a
whole even if the modification only involves a few symbols. Much time could be saved if the
new code can be obtained by recompiling a limited portion of the source which contains the
modification. This is the way in which so-called incremental compilers work. Several pars-
ing methods for incremental compilation have been investigated. One of the incremental LR
parsing methods is the Sassa’s method. It is simple, but there may be subtrees re-constructed
in the reparsing which are the same as in the previous parsing. In this paper, we propose a
more efficient incremental parsing method that reuses these subtrees. The reuse of subtrees
can be applied to erroneous source programs. Jalili’s method is similar to ours. It also uses
the subtrees to reconstruct a parse tree. His method to find the reusable subtrees is top-down,
while our method to find reusable nodes is bottom-up. In our method, these are found during
the LR parsing action, so it is more efficient. We implemented and evaluated these three
methods, and we showed that our method is more efficient than others.
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Fig. 1 Parse trees of w = rzy and w = zz,y.
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Fig. 2 Re-configuration using Jalili method.
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Table 1 Result of execution.
& O ET [::3 23
[ Ak [ Jalili | 4 | A%k [ Jalili | v
1 A
1 7.13 7.16 6.40 0.65 2.61 0.74
2 7.10 6.98 6.42 0.63 2.13 0.80
3 7.07 7.05 6.44 0.64 1.81 0.77
4 7.11 7.11 6.44 0.64 1.53 0.77
5 7.05 7.10 6.43 0.64 1.24 0.73
6 7.15 7.03 6.40 0.63 0.93 0.76
7 7.10 7.09 6.38 0.46 0.67 0.42

GIEES

1 7.14 7.33 | 6.68 0.43 | 2.58 | 0.57
2 7.12 7.26 | 6.63 0.47 | 1.99 | 0.63
3 7.02 | 7.42| 6.67 0.47 | 1.64 | 0.62
4 7.15 7.43 | 6.61 0.47 | 1.38 1 0.61
5 7.08 7.40 | 6.70 0.46 | 1.12| 0.59
6 7.13 7.34| 6.60 0.44| 0.80| 0.61
7 7.15 | 7.37| 6.62 0.25| 0.53 ] 0.26
2 29.64 | 29.54 | 26.16 1.33 ] 2.90 | 11.06
3 30.42 | 31.02 | 28.84 3.321 4.4412.64

H{7id ms

program test(output);
const m = 10;
var x:integer;

begin
e T 1
x:=m;
write(x);
x:=m; @
write(x);
x:=m; 3)
write(x);
e = @)
x:=m;
write(x);
x:=m; 5
write(x);
=TT (6)
write(x);
----- €p)]
end.

HE5 EMAV/-XT771 0
Fig. 5 Source file for experiment.

SR LTAS. Lz, FREBos s3>
FEEOXETIR7TUY S L FHEERLEBOE T L
LTiedhsh s,

BETENMICRL L, HAEEOEELALITL
EBENE, LTFIBIE LT, AF—F 22 FOEERL

¥RITXEEXGL L LTERTY.
G1l:

stmt_seq : stmt_seq SEM stmt (1

| stmt )

Z it Pascal-S @ yacc i D ) LOA T — b A ¥
FOBRLERTHSOREARTHS. 1 O2DAT— b
A hERTstmt iz, FRELD NS LBWLEFE (1
EAERLY) oD FIT, TOHRELO—E
EFTHHAT—PAY FPEUTOBIEICEHL, A%
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stmt_seq a

stmt_seq ,

stmi_seq

stmt_seq |

stmt

1 stmt 2

stmt 3

SEM SEM

LE: VIS B o P

SEM
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stmt_sec
q [

stmi_seq ¢

stmt 4 stmt 5 stmt 6

SEM SEM

D e—

B

Be LikGl oBEAOH
Fig. 6 A parse tree of grammar G1.
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27 5.

4.1 X DOHE A

GlLIZL> THMBSNEIHE 6 DL ) IZHIT SN
TWT, FIAIHZIIX “zo” MR BHBEETE R
5. ro idstmt S MESNEXTHLETEH, 7,
stmt : 10 ICLXABILEAEI L. D stmt & stmto
LRYIEICT D, D stmto KKDOWTGLD (1) b
LR IEZ2BUHPHEIY, stmtseq D/ — F
MER SN D, Th%stmtseqo ERT. FDHEAIC
LI sAHETVWADT, £Ia20 DY 7 MY
SR FCOBERIEMITECTRILTH 5.

AF—F A PN L THABAT— b AL P2
ATHORTENICARTRD I >BERZLNS (E
6).

- -

—

1. AF— b AV FHDRNIZAT— b A2 M REAT
% (A OLLE)

2 AF—FAVIERF—PAYIFOMICAT— b
A b2EATSH (BONE)
3. AF—FALFBIOBIZAT— AL FEEAT

% (C D)

e DHETIX, FOEAIIEHL stmt O FRAT A
A, TOKRIZHHZDET % stmty, £ T HE, stmty
EF oKL LDTHADVTOKRE IR AD
ER SN 3. ZDstmt % stmt, LT 5. 0%, Gl

D (1) 12> T, stmt_seq: stmt_seqo SEM stmt;
ORLASEIY, TOBATEEHRZITL IV LI
5 (A7).

L7hSoT, TA MIBEAME & IZBER , stmty
WEIND /- FEn IKFET A, 7, stmtseq:
stmt_seqo SEM stmt; DETIZL B TR ML AL/
O, AAME Cost(l+n) ERTIENTES.

K2 Jalili O FEIZBA L THRETT 5. Jalili O B
WKBWTIEH 6 D ADKED LLIZB (5 L<IXC)
D BE~OEAD 2 B IIFIITELZTRERS
R\,

ADNBOEHE, M6 DBIAIAESEKOBRAL
FTHALDVFOEGZ B/ SV, ZOBITARD
SEEIT.

SEIIE 8 OABTRTHFIH>TIiIThh b,
stmtseq @/ — FEBR{CEELZIIFNLE ()
—F) HATAEEII»HBIAMITONRA LIS
% stmtseq D/ — N p IZHBIT 2, BEFEIZITp
\Zstmtseq DT/ — FOE k 2T 725 DIZpFl§
. L7:HoT, IR X Cost(2kp) L%, F1:,
stmt; DBIAED/SAIZEBFEEFNLEHAET H1E
¥(I0Hh B3 A M stmty ORED/SA LD — F
Baqllhhlds., ZHELOHEILELqgIIE/ —FD
F/—=F¥me2»d7b0llkBlT 540, Lo
T, TA LI Cost(2mq) L% 5.

TOERRIZIEL T PRBEOL BIZ ) - FEAERTATIRAPEAR
Y7210/~ FVEMHMTAEIAMIBECIRELD, =
NEGFILEE N S I N -

EE kit Gl OWHENTIE (2) OBEIZ X > T 1O AR 280
DAl C8(3) Tdh b, Lo, mizEFhFhodHHEAIC
LOoTEDLLOT, ZITREFRLDOVEEERZ S,
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stmt_seq
I3
stmt_seq s
o ot mMamE D stmt_seq a
o
'-':' stmt_seq 5
S .
4 [
L)
Sl stmise
A -t
4
S stmt_seq
.
5
5
5
s"‘:: . /ﬂil . /ﬂi‘z /s‘<3 Slmld stmt 4 stmit
- ~ SNYAN WA
5 SEM SEM .
1
‘\
stmt_seq AN
O e P4 O JETHE S OB ARG IR & M U
d [ NP A S A i3 T T
stmt o
SEM
EGRAL 7o BB ST b D MBS
T ART—FAY MIOKRFEA~DEA (% DT
Fig. 7 Insertion to the head of a statement sequence (Sassa method).
e ~
-3 s )]
Pt Stmi_seq o J
’_/” - —
_-"Tstmt_seq g __~"
- -
,”//’/‘ -
~=7 stmi_se -
PR s _— qi"
”,/ ’,¢
-
’/ -
~7stmt_seq 5 ,~
. k
e e
- 4
-7 ,,’
LA <
_-Sumseq ;s
~ -
stmt_seq I stmt_seq
o
stmt stmt stmt

\
1
stmt H stmty stmty 4 5
ZCS .;§§§' Zﬁk /A\ /\\ Zﬁ&
SEM SEM
SEM (’& SEM SEM /’:/
Ar iR A HEIH L 7-u AT @ O T OAKBEATLLANT & 3 5 72D W R T & v

WX o THHIAE D S
DERSTIILAAT L W] U o> THFINTE 133

NS W AR o)

LAl Ry RS

EB I L 7- 8B I S AT AN
8 RA7—FAYMIDOKHEH~OEA Jalili DY)
Insertion to the head of a statement sequence (Jalili method).

stmty D/ — KITIZHD/ — FEIPH»LI LIRS,

Fig. 8
L7222 THEADHETO n % Jalili DFETD ¢ 12

EATHMBLAT— b AL MIDOFITIEIRVIEE,
ThbbH6 DB T CoOBEIZIZ, EEBOET

IZ& o> THE S/ stmt_seq D% p’(< p), IAEkIZ
K/ —FOFOF/ —FOBE kLTHE, ThHLD

HEOREEZADT, TA M Cost(kp) E% 5.
FHEICART LT X2 L TEBT L. k4DH

ETRR/stmt; 2BRHATL2008K5ETHS. B
)

FIRIZEIPOROFNEMIZ - FERTWL
7%, stmty, OFFBICIZEFDOBRED =7 2 H 5

BERZI-ODOPEREKRIZEBITIAN Cost(1+4q) T

H5.
I CHBEYMHEIZT A0 stmty 235K 5
BT AL g=logon THhA. F7:, ke EH

#i2 Gl O#MEAN TH BN ¥ 4T 5 A%, Jalili ik
T HEHEOL— F T THREN IO A, Tib
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5, L= 25 GlOLNLTETOFEIINT BHES
Pirbhsd, ZOLEOKEIrrbb /) — FBE r
e

L7zh>Tax M
4 . Cost(l +n)

EH#E . Cost(l + q) = Cost(1+logan)
Jalili # :Cost(2kp) + Cost(2mq) + Cost(r)
= Cost(2kp + 2m logzn + r)
b L <12 Cost(kp +7)
b, q<n DT, KHERIEAZELY LHER
BT BITON A LD 5.

EBERTHHR 1 OFB 2RI ICROND L)
CEARAES (n) PWRICKEVESIE, KAHEB
U Jalili #:1, 4L D LREATTHEIRNT
EWGDD.

Jalili O HFERFEAMBIZHENIKFL TS L
Bahrsb, Fiud, HH1D1, 102 1D3 LR
TWIoNn, BRITRMPERL TWbsIl b
Dhb. Thabb, RN pHBVidp OKE S
KFELTWAS, 107 TIEEKFEL Jalili ETIREI
BIZGILOLNLVTOBTIA MIIZFERICTH B I
bbb o¥, EROBITBMICERNHL I L0
b Cost(r) @D RKEVWDDTHAE I LG5,
TOT T LOBENRKELL R->T, 7y 2O A b
DEREIPHETIZON Cost(r) 1IKEL LS.

EBOTUY T 1L VY EEOLETIE ¢ < logan
Tdhb. -k 21X, pascal & & for it

forstmt : FOR for-expr DO stmt;

EloTwah, ZITRXFEIF—=27 2K LTWA,
Z DA, for-expr Rstmt IZFEINE ) —FOK
(B {, forstmt 23t % ¢ 123 TH L. EE,
kp >q EREES. L7:doT, Jalili oFETHI
AMIEFETHOIAMIALTA%LED Cost(r)
DOFEIRIDPDPDBERDLIENTE S,
BITOMEL S EICLT, BRITICh2bD/—F
BERD, hEEk2IRT.

¥, HE1 T Jalili FOIT A MIEET B L,
(1) BT, (2)~(7) ISHBMTIAMPRILT
W, RIDEROEARIZZ-TEY, LTS
ENEILEENTWES,

IR EEADHEIZOWT S, RH7-TX
M, Q)~(7) TRIEZFE—-THH, 1 DERKER
bENEEFEL TV 5,
K20EB2TEFENIAMNIFH1ObDE
BMUTHaHH, £1TEHEBE L LY HHEEB 213 L
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™2 BT hrDS - FE
Table 2 Numbers of nodes for reparsing.

iip13 Jalili ¥ 4

g+ 1 kp | mgq r T n

1 (1) 4 19 3 4 48 10
(2) 5 | 33 o 4| 37 10

(3) 5 | 27 ol 4| 31 10

(4) 5 | 21 0| 4| 25 10

(5) 5| 15 o| 4|19 10

(6) 5 9 0 4| 13 10

(N 2 3 of| 4| 7 2

2 4 9 0 20 29 253
3 62 7 18 20 66 318

z 13HUH 10 (1) T 2kp+2mg+ 71 (YD stmt_seq
~DREDH k = 1), (2)~(7) B LU 2 Td kp+r.
it} 3 T2 2kp+ 2mg + r. Bl 3 TOKGHIIBIT
b g M T ETichrbors/— FEL

T, BLOBHEE»P>TwE, CHIIBFETE2
KOKESOBNNZIEZLDTHSH. KOBFFAIZM
FTERLIAMTITR A0, ERIZIEFRBHI LD
AN B LBETBETLILENS D, HE 2
HEH1I1TOM-—7 CHOHI0EOBEIVLEL RS
7o, ETEFMAMAL TV 5,

4.2 X %HIRRY 2184

BUBRICBI L CIIEARRIZH 72 IS A L7285 L
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AMBIZOWTHE TR TE L DHFE LB TOH|
BIZFNFIIHTIITR. COZLIERLI D125
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EFRBREFRHVTUTOG2O LI I iER Rt 5>
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G2:

stmt_seq : stmt SEM stmt_seq
| stmt

G2IlE->TAT— F A2 MO 9 D & 5 (CHRAT
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DEDI “stmto;” ¥EALET 5.

A DFETIE, BXBERGAEY LoDk
ER SN TV BITARKOBEDFHRET, T42bb,
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D) —=F»obBoTnBERETAHE, “stmto;” 1§
ABOBEMBITO IR ML Cost(np) &% 5.

Jalili DFHE B L UAHEDHETIHEAMBOEE
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stmt_seq
stmt_seq ,

stmt_seq |

stmt_seq ,

mmq ,

stmt ~ SEM stmt, SEM stmt, SEM stmt, SEM stmt
B9 AiHReAVI LRI L RTAOH

Fig. 9 A parse tree using syntax representation with
right recursion.
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