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Abstract: Since syntax error handling is essential to program development, there has been much research
for finding better error handling algorithms. An evaluation of a new algorithm requires implementation of
a parser, but this can be very costly since evaluation of practical scale languages also requires altering a
parser generator or outputting codes. This paper shows that, when a researcher wants to propose a new
error handling method, extensible parser generator developed in our lab enables the researcher to implement
it easily. Our parser generator also enables developers of language processors to skillfully choose and in-
troduce more suitable error handling methods. In this research, we analyzed some already-existing syntax
error handling methods, extracted common features from them, and then implemented these as libraries. We
also implemented individual error handling methods as extensible functions on our parser generator. Since
each of the error handling methods we treated was language-independent, we made a parser by giving Java
grammar to the generator. As a result, we reproduced the same verification details of those methods as first
proposed. The extensible functions could be implemented in fewer than 200 lines. Consequently, using our
generator and methods will significantly contribute to the research of the syntax error handling method.
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Fig. 1 The concept of a parser Depager generated.
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Fig. 2 The concept of adding action functions.
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Fig. 3 The concept of adding error handling functions.
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end @inside.yyerrok
end end
def yyerror
@inside.yyerror
end
end
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Fig. 4 An extension of the method using error production rules.
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DEBUG = true
def initialize *args # Ik

super

end
def errhandle # FEFEDT T —ILA
super

removed = [] if DEBUG
loop do
Q@keys.each do |keyl
v = stack & key T GOTO 7— 7I)LZ&F\\7=fH
next if v BT T —

expected = expected_tokens(v)

stack << [key, :NT] << v # i&j0& HEROHF

return
end
end
AT ARy 7PN S, exit
removed.unshift (f#if A X v 7 D KEDFS) if DEBUG
fRfF ARy 2 &Ky T
end

end

end

class Depager::LALR::ErrHandleParser < Depager::LALR::AdvancedParser; end

class PanicMode_Recovery < Depager::LALR::ErrHandleParser

@keys = basis.class::PanicMode_KEYS %Xt d % ID DORSNZAML -5 D

if ASHIDOKREF TIZ expected I(ZH FNIMUFLTVFMLET S

basis.lex_read(0) 7% expected (Z&H FNMR\H, basis.lex_delete(0)
removed << basis.lex_delete(0) IZ X WHIPRL 7252541 if DEBUG
puts "succeeded: #{key Dil5},\n removed: #{removed}" if DEBUG

5 AEE—FLI—EZHIRE LTRBLZSD

Fig. 5 An extension of the method of panic mode.
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LT % A, FERUREC T4 B,
hr

DX ANEIET B 720D Depager DIEGRIL, 40
RO T — R SAERTE 7.
4.2.3 I%iL

SOOI —WMHFEZ, ADNFIHPSED N =27 v OHIEO
AL o THTh N G720, HEBMEZDO =27 Y200
THI e D, ZOD, TITIERBEHAREVWIET
Bakzfr) 2k e L, 2OEE LTE Java (14) DH D
EERAZ., TT-RGAET TV TO T L% 6 I
NG

CCTIREBRDZD, X6 (ZE LIRS R RO
& 912 Depager ~DFgik & LTH 2 72,

%PanicMode_KEYS{
:variable_initializers,

hY

:expression_statement

COF Y TINTUT T L BB L SR RS
Bom 2R 7 1I2RY. 2R, S, (E1) 122w Tk
T T 5B 3 Y OWGIZH 72 5 LFHIOHIRIC L ) 220
BFOEH#E AD L CHAB LTSI EDGh 5. (E2)
& (E3) 122\ T3, expression_statement, § &b B4
Fex—tLTwaed, Wb REDOEI au XK

5.2 72

F TV AR EEKEZEIGT A2 ETCRELTWS., TAb e
5, Y FN7ars aho 3 o CORY) 2 9RT

WL, #NEhTI—25601HET 252 & TANFIDOKE
I TR TNz & iR L 7.
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public class SampleJava {
public static final String[] S = {
"Hello," /* , I <} (E1) */ "World" };
public static void main(String[] args) {
// 2anvikly (E2)
System.out.print(S[0])//;

// IaprzanryTbREER (E3)
System.out.println(S[1] + *1°)/x ; */:
}
}

6 MY EEAL JavaDY N Tar T

Fig. 6 A sample program contains three errors in Java.

SampleJava.java:2: syntax error(...),
unexpected :STRING_LITERAL, expecting
succeeded: variable_initializers,

removed: [:STRING_LITERAL, :STRING_LITERAL]

SampleJava.java:5: syntax error(...),
unexpected :IDENTIFIER, expecting ... .
succeeded: expression_statement,

removed: [:name, :L_PARENTHESE,
:R_PARENTHESE]

rargument_list_q,

SampleJava.java:5: syntax error(...),
unexpected :COLON, expecting ... .
succeeded: expression_statement,

removed: [:name, :L_PARENTHESE,
:R_PARENTHESE, :COLON]

accept

rargument_list_q,

7 BRE—-FLT LI X B HH
Fig. 7 The output of the method of panic mode.

4.3 Corchuelo 5 DF%
4.3.1 ®E

Corchuelo 5 DOFFEL, T —FOFEFASY v 7 1T —
R L2 el e 3 5 ADFNIT L, k9 5
EREZEEREHTAZLI2L) 2T =5 0EEE A
LTETH L. MEOREEEEL L CiE, BIERZIC N EOK
”%%%l?-*<&7bﬁ§%# Hrwizznr 7k
DOEPCTANHNORBIZE > G EICHET e b,

7528 L1, EHLC ikﬁﬂ«@% AL DA, A
DHNOFEZ ORI, ANHIrS YT T ws72320
BEOWT a2 L D), BITAY v 7 R0 O ATIFNNZE
LT 2EREZET. LoaL, 72821350050 A
RICIHGE S 2 bR 2 BROMBR L 2ER B E, T —N
O ETREZ BB OMAEE (KETIE I N % NfEERY) &
MAZ LT %) BERICFETLEVRD, £22TIO
FHETIE, 20 &) ZOEERHORDS, kdDHEVE
DIFAEHIRIZE D0 (FOBOMEARFTIEZIA L &
IERZ LT 5) 2%, WHT A, ZOEDPFH—TH5H
bDIZOWTIE, FIEEDREEITED LN TV,
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4.3.2 FEi

2 OB AE 8 12T, JOFITIIETTS — BB
11X % errhandle AV v FIZL D, 79 try_repair X
Vo RENOH L CEY 2 BEERT 2L, b LES»
WEZNEFRY OANFNIFEBISHEH L ChlE LT, =
T EET DN E 25,

BROEFRTIE, ROICEOERZ 1O2HEL, 1
EXRa—ICANS, DL, Fa—056ixd I A MOEVE
BlE 120 L, ZRUSF LRI T-o T T —E %
LaWER (A, Bk, ANOT7 ) owiFnhrit 1
B 72475 BB O T XTE2EME LT F o — 12N
THILEEBYVET. ZOBRLOETHMEE, Fa—n
SHLY H L 7B CEBAIA RIS LT 25470,
Fa =N Lol AL A, BREDOEEIIBERYOH
TR EET 20D, exit ZIFUH L TR Z 22T
T35,

PRI L) OE TR BRI O N2E121E, £h
ZANFNGEM L COE S E5,. ZhidF 4 75 LALex
DFEHETH 5 lex_insert (), lex_delete() WA Z &
TIEH LB IZFEEDTHETH - /2.

COFERIE 1T0 TR ICIND B 2 L AT E 7,

4.3.3 &Gt

COFEE, EELOHPEEHTLTLED L) 2kl
LLT=PoTHMEPRETH B LB RENT W5 T2
& 5], BRI R Z WL LT, Java (1.4) 12X D
6 IR L7za—FEHWTiTo 7.

X 9 WRTHEDLD, 32T RTOMWBLZT—H 5[
BIHZLIEIL, MffEB ) o — Iz FThT
WAL EMR L. 72 LAN T 72 EETIE, 3200

module Corchuelo_Module
DEBUG = true # A v ¥ —YHKR
# TILTYXLDINTA—X

N =3
Nt = 10
Ni =4
Nd = 3
# BB OKI

DELETE = false
FMOVE = nil

end

class Depager: :LALR: :ErrHandleParser <

Depager: :LALR: :AdvancedParser; end

class Corchuelo_Recovery <
Depager: :LALR: :ErrHandleParser
include Corchuelo_Module

def initialize(xargs) # #JHi{L
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super
Qqueue = []

end

def errhandle # FEFRD T T —uLHL
super

@queue << Corchuelo_Configuration.new(fiffff A X v 27)
result = try_repair
if result && result.repaired?
if DEBUG # [HEIZKIIL7ZGEDA Y 2=
puts "repair succeeded #{result ® repair}"
end
index = 0
result.repair_each do |r]|
case r
when DELETE # &% : Hlkk
basis.lex_delete(index)
when FMOVE # & : A %&iED S
index += 1
else # &R : fiA
basis.lex_insert(ID #»' r D#&UiFl T, index)
index += 1
end
end
else
puts "repair failed" if DEBUG # [u|fHZcHiIF
exit
end
Qqueue %729 5
end
def next_conf # RDFlEZ L DI T
@queue ZMEED I A NTHIHIZY —HL,
FEEHZ LD U TRY
end
def add(conf) # HUWAIEZ ¥ 2 —IBMT 5
Qqueue << conf if
conf.repaired? || conf.more_repair?
end
def try_shift(conf, act, repair) # BEFHDOY 7 b
conf . spush(act) .rpush(repair)
TRICHATHEZR[H, try_reduce(conf, v)
end
def try_reduce(conf, act)
conf.reduce (T & % GHEEE
end
def try_repair # A[AEZUER QBRI —T
while (conf = next_conf) && !conf.repaired?
try_ER1(conf)
try_ER2(conf)
try_ER3(conf)
end
conf
end
def try_ER1(conf) # #f AIZ & &R O
return unless conf.more_insertion?

shifti = basis.lex_read(conf.index)
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expected_tokens(conf.state).each do |il
next if i == shifti # try_ER3 T{79
c = conf.clone

loop do

if a.nil? # T7 —
break
elsif a == ACC # ZH
c.index BWATIDKERS,
add(c.spush(a) .rpush(i) .make_repaired)
break
elsif a > 0 # Y7 b
try_shift(c, a, i)
add(c)
break
else # =G
try_reduce(c, a)
end
end
end
end
def try_ER2(conf) # HIFRIZ & 2 &R O
add(conf.clone.lex_forward.rpush(DELETE)) if
conf .more_deletion?
end
def try_ER3(conf) # ANZXIZHED D LIZX2EBD
return unless t = basis.lex_read(conf.index)
c = conf.clone.lex_forward
loop do
a = c.state ¥ t TV ¥ aviF—7NEFI\\WfE
if a.nil? # L7 —
break
elsif a == ACC # ¥
add(c.spush(a) .rpush(FMOVE) .make_repaired)
break
elsif a > 0 # ¥ 7 b
try_shift(c, a, FMOVE)
c.judge unless c.repaired?
add c
break
else # J®JC
try_reduce(c, a)
end
end
end

end

class Corchuelo_Configuration # [
include Corchuelo_Module
attr_reader :index
def initialize(stack, index = 0, repair = nil)
@stack = stack.clone
@index = index

Qrepair = repair ? repair.clone : []

Q@repaired = false
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a=c.state ¥ i TV Z¥arysF—7N&i [\l

%\rﬁm‘

end
def state(n = 0) # AX v 7 DREEIKT
@stack[-n - 1]
end
def cost
@repair WO A & HIFREANEDE % KT
end
def more_repair?
Q@repair.size < Nt
end
def more_insertion?
Orepair WD AD < Ni
end
def more_deletion?
Qrepair WOHIFROE < Nd
end
def repaired?
Q@repaired
end
def judge
make_repaired if Qrepair.size > N &&
@repair DKE N FHEH4LT FMOVE
end
def clone
self.class.new(@stack, @index, @repair)
end
def reduce(v, x)
@stack.pop x
@stack << v
end
def spush(v)
@stack << v; self
end
def rpush(v)
Qrepair << v; self
end
def lex_forward
Q@index += 1; self
end
def make_repaired
Qrepair OAKREIZHEET D FMOVE % HIFR
Q@repaired = true
self
end
def repair_each(&block)
Q@repair.each &block
end

end

[ 8 Corchuelo 5Tz fiiks L TR LZd D

Fig. 8 An extension of Corchuelo’s method.

Wrrs—n9b, Mo El, E2IC2o0W T FIIE
LWATE 113 Java (1.4) 12D 2 WELS & LTERZR
“*2 (STAR), ¢.’ (DOT) #MFA SN A EIED R S 7.
CHF 431 HTHRRZZE I, TOFHEIIBVTHAS
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SampleJava.java:2: syntax error ... .
repair succeeded ["ins STAR"]

SampleJava. java:5: syntax error ... .
repair succeeded ["ins DOT"]
SampleJava.java:5: syntax error ... .
repair succeeded ["ins SEMICOLON", "del"]

accept

X 9 Corchuelo HDOFiEIZ & 2 M
Fig. 9 The output of Corchuelo’s method.

NLFTDOHEEENIZ POARTH Y, ZNHHE NI
LWBRBRED O ENHNEIRE N L D IFERIIKGF S 2720
TH5.

4.4 McKenzie 5 DF&
4.4.1 BE

McKenzie 5 DF:1E, L5 — 2 L7 & 2 J55H &
35 ANIFNZ, #imrt s O A L HIB % 2 e EkE
LTI ooz ilAbFTiETHL. ZORE
&, kFART 1 2% 7 b TENEHIIOP LR D,
72721, AR 2R T IRHIBROX G E LawvZ L %R
oL LTBY, HALHIBRONEIZERISZEL v,
B ICIZIF AT A N EHIBR T A F2SH B EAE
L, EfEICET 2 MEE0mp»HiH AT 505 Off A2
A bE, HIBRT52E50OHBRI A ORI D OhNE
Wb,
4.4.2 E

FH L L CIE, HIRE SO R M2 ANOYIETERT
A, AAMIOLEOEREL,

%COST{
MWL T AD Y YR AT A MA, BBt A MA
WM 5B Y YR AT A B, BT A B

hY

L) 7=~y MEARRAoFIcEERTE s L)L,

INSERTION_COST = {

Wi 5 Ay YR => fH AT A b,
Wi B Y ARV => F A2 X B,
}
DELETION_COST = {

Wi AD Y YRV => HlkEa X ba,
Wi B Y YR => {2 X B,

}

EVI)IER TR D 7 5 AICEEAL L) ICT 5.
CDODATIOYLRIE B0 7RO T — PS5 AKRT %
ZEMWTET.

—h, EBICCOaX rOEREFMAT 5T T — WD
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AR, B 10 DX ) ICREARTE, FFEL2EELEL,
ZNBEOPITADIINEH LTI - Z# T 5
mhEnb.

EAE DR & 72 5 7 7 A Mckenzie_Configuration 121,
AT LT OV LT 255 L v o 7o e Fic
WA BEC5HI52E, HIBRY 5505 505 0 DEf %
Fa—lZANTBL. U, Fa—25kd A MOEF

class Depager::LALR: :ErrHandleParser <
Depager: :LALR: : AdvancedParser; end

class Mckenzie_Recovery <
Depager: :LALR: :ErrHandleParser

DEBUG = true # A vt — YR

AFTER_READ = 3 # JULEHARIZSIH R 05 H

def initialize(*args) # #IHi{k
super
Qrecovering = 0 # VHRD DL FHDOAN Y Vv &
@icost = [nil, nil] # fiA2 A b
@dcost = [nil, nill # HlERa 2 b

each_term do |il

@icost[i] =
basis.class::INSERTION_COST[ID %' i O#&¥iads]
@dcost[i] =
basis.class::DELETION_COST[ID %' i O#&¥zt =]
end
end
def errhandle # EERDT 7 —If
super

new_recovery = Qrecovering ==
conf = recover # ¥
save_configuration(@recovering, new_recovery)
conf.deletion_times.times{ basis.lex_delete(0) }
conf.insertion_each_with_index do |t, index|
basis.lex_insert(ID 7% t D#Uiil =, index)
end
puts "ins: #{conf @ inserted}, " +
"del: #{conf.deletion_times}" if DEBUG
end

def after_shift

super
@recovering -= 1 if Qrecovering > 0

end

def before_error # VHREDKHIA v 2 —IVERLIRN
super

basis.errshow = Qrecovering ==
end
def save_configuration(index, new_recovery)
if new_recovery # LB D TR : HiL < {RF}
Q@error_stack = stack.clone
la_array DOZEHEHH index IZRZE T,
basis.lex_to_array
else # VLHRD : BERSTEH
old_size = basis.la_array.size
la_array OEHEHH index II7RDET,

10
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basis.lex_to_array
return if old_size == basis.la_array.size
end
Qerror_read = basis.get_tokens(index)
end
def restore_configuration # {fffL 7ZElEDE T
basis.stack = Qerror_stack.clone
basis.replace_tokens (Qerror_read)
end
def clear_queue
Qqueue = []
end
def enqueue(conf)
Q@queue << conf
end
def delete_min
Qqueue % IAMDHIFETY —HLU,
JEHHEER A D L TR
end
def recover
if Qrecovering == 0 # V. HRK D TR
clear_queue
enqueue (Mckenzie_Configuration.new (fifff A X v 7))
else # VHEKED
restore_configuration
end
until Qqueue.empty?
conf = delete_min
if conf.deleted_empty?
# DA MHPERIN TN D DHHEIHE
expected = expected_tokens(
conf.state) .select{|i| @icost[il}
expected.each do |il
a = conf.state ¥ i Ty ZvavyF—7)%
B/l
if a.nil? || a == ACC # T5—7%#l
elsif a > 0 # Y7 b
enqueue (conf.insert(a, i, @icost[i]))
else # ®JG
do_reduce(conf.clone, a, i)
end
end
end
if i = basis.lex_read(conf.index)
enqueue (conf.delete(@dcost[i])) if @dcost[il]
return conf.tap{

Q@recovering = AFTER_READ + conf.count } if

expected_tokens_stack(conf.stack).include? (i)

end
end
puts "recovery failed" if DEBUG
exit
end
def do_reduce(conf, a, i)

N

conf.reduce (2K 5T
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a = conf.state ¥ i TT7 /¥ avy—7 &L\l
if a.nil? || a == ACC # L7 —»%H
elsif a > 0 # Y7 b
enqueue (conf.insert(a, i, @icost[il]))
else # J&=JC
do_reduce(conf, a, i)
end
end

end

class Mckenzie_Configuration # Hli&
attr_reader :index, :cost, :stack
def initialize(stack, index = 0, inserted = [],
cost = 0)
@stack = stack
@index = index
Q@inserted = inserted
Q@cost = cost
end
def clone
self.class.new(@stack.clone, @index,
@inserted.clone, Qcost)
end
def insert(dstack, dinserted, dcost) # ffiAL 7zflE
self.class.new(@stack + [dstack], @index,
@inserted + [dinserted], Qcost + dcost)
end
def delete(dcost) # HIFRL 7zfidi&
self.class.new(@stack, @index + 1,
Q@inserted, Q@cost + dcost)
end
def reduce(v, x)
@stack.pop x
@stack << v
end
def deleted_empty?
@index == 0
end
def state(n = 0)
@stack[-n - 1]
end
def insertion_each_with_index(&block)
@inserted.each_with_index &block
end
def deletion_times
@index
end
def count
Q@inserted.size
end

end

10 McKenzie 5 DTz ke LTtk L72b D
Fig. 10 An extension of McKenzie’s method.
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PEWERZ 12 L, Zhicxt LADFIOEIR S
IT7 =R LR VIO AT 72 A 2 R T BEMOT
NTHEF 2T LI L2 ET. A LHIBROIE
ERERITEE L 2o, AW TE, HIRT 255
B0 THLLGEDOREET L. ZOHE L O T 5
&, Fa—25H0 L7 REOBEAHA R IZED) LT
Bis (EBIIIBBRT A4 7Y a v OEREDZD, Y
L 7l 1k LIFARHIR 4T o 720 O % F 2 — (2H5HA
L72BICHIEZ4T)) D, Fa—DRbholaTh 5.

BERIZL VBN MEOBEHREICO VT, 200
BOHIGRT A5 721) lex delete () T #E1 & LIFONH
L7:t, AT S50 % ZILFI lex_insert () & W
TANINFEATHDATH 5.

2L ZOFETIE, EEBICHECZ T =25 E hna
EDPBREEEN TV 2D, R O ANFIOIEEHED 1 DDA
THhb. Z0O, AHHO 2 FHUKOTFI2LY, M
BIRR T 23T 7 — A & 5 1] RE 1A Y
WEWR L, ZORMBEIZOWTIE, O 35U THE
ORESCT 7 — e S A 54121, IERTO RIE T OB iE
(f@HT A 5 v 7 L ATIFIOFRY OH) IR, £ D[k
VZHRIR S L7 B & B\ 7 AR 2 © TR L U) 70 145 % 12
FLHETIE TS 2. ZOxHL B3 3CHk [6] i
TN T) ALK RICEENT, 7IVT) X20MhEx ML
ERLLODFT T arE LTRHRAESNTHREEDTH S
S, Al FEEIZEDLI L E LT,

CDIFHFDA T Y MIEHEHEL, after_shift
AV RTFZ )AL FLTWL, TR0 &7 AHTICH
ORESC T 7 — Bl S5 4121E, RERIC3 st v
T NTDHHTH A0, MEROREICTBRS.

VERDICHETH L, HXT 7 —HRILERORE %
B BT A Y v 7 & ANFIONEE, [IEEROENT TF
Xz 5NTLE D 720, ZORMEEENICHEREL TB <
ANFIOLERIZIE LALex 12 X DI E 15 get_tokens ()
PHHTE, BUEDOANTN 2 REF LI ANFITEEHLR 5
B2121d replace_tokens () * FIHTE 5.

C DFEHIT 140 TR TIT) T L TEL
4.4.3 I&iL

ZOFHEIZONWTYH, HEOREO/0, Java (1.4) &
LT 6 Da— FEMITSELZ ETHILZIT>72. 2D
TR I X NOMErH 5720, T A DDESE
WX DARERIIRL L. AR ET LT — FIZBWTHEL
72T <, 6 CHIfFSNAERLETIELL LD L)
%t DA 72IIHIBR 2 BEEIAT ) L) IZa X P Eik
EL7, ZOLEIOWNAPR 11 THLH. ZOHRELD
EllZ2oWTIIRITTWwAr a2 v~ %2iFA, E2 2o\ Tldik
FTTwatIaor oA, E3IZ2o20WTidTy —HtE
Bo15s (aury) ZHIEKL, KT TWE2EIaa 0
FAZAT) ZETZT—DHEEL TSI LD G0 5.
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SampleJava.java:2: syntax error(...),
unexpected :STRING_LITERAL, expecting ... .
ins: [:COMMA], del: O

SampleJava.java:5: syntax error(...),
unexpected :IDENTIFIER, expecting ... .
ins: [:SEMICOLON], del: O

SampleJava.java:5: syntax error(...),
unexpected :COLON, expecting ... .
ins: [:SEMICOLON], del: 1

accept

11 McKenzie b OFFIZ & 5 HTIH)
Fig. 11 The output of McKenzie’s method.
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