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Managing Transitions of Double-Array for Fast Insertion and Deletion

B AE!
Hidemi SHIGEKOSHI

1. [FC®IC

FoAR, F—EERZERICRRFT 5 2 0BRAL AL
D, F-ZBRTHER I, B cLLERTS
AEETHY, F—OHRRBEHF—HTRELF—RIC
KEFT 57, F—BHIBRxEREFLUEOFE L LIC
ELAVSh3 Y,

FSADT—2EED 1 DI, FRUENEET, LB
RNV 8Y M X TVERI D BB, LL, BT
IVEHE, BRZERT HBIC, BEBEESOHUF SN
DRFEATHHERDERNRETH D, F—08M - H]
RLEDRETHB LIZEART, T—EN—RDEF L
BN ERDRBICRETBHECANETHS. BE
TR, EINDOREATHEEREZNAMY A~ LT,
KREHERYAL) LLTEHET S LT, KERERD
BERERMZIEITEFES Y VREIN TSN, BB
LD ZRELT 5FETR AL,

KES, KMEO ik, BREN1DTHEHSICTS

TR T, HIFRLEORRIEIERZIET 2 FEERE
Liz. TNLOFER, Bz @mEd 2 FETE A
V. HRS DX, 1 RTTES EFTIZICERT T, HEOER
TLERFOMAZERY A MK OEET S LT, BEE
BORBICEY 2REZINHT 2 FEE2RELE. Ly
L, BREEZIGT 520, EBLEOHIEZ 1 DEE
TBEXTETIVES| LZRBICEERT 2RENDS.

AKX TR, XTWVEINCH /a2 RO 1 RykdH| %
RIT, BHRAICBIEBROZEHL, BRERICH
RGBT LT, F—0iBhn - HIBRLEZ 5
LT 2FEZRET 5. £, BEBREEDERBICL-T
AREAERY A NDEERFEZEET 5T LT, BIMLE
DEZBHNREZRS.

LITF, 2 ETE T )VESHIDIEM - HIBRILEIC DUV TN,
3ET, BN - HIRLEOEHELFEZRETS. 48T
REFHICHRN - ZROFHIZ 5 X, 5 B TARBIOR
BESBOBERDND.

2. FT7IEIDENM - BIR0E
ARETIE, F9XTIVESOME LB - HIBRILEICD
WAL, BEEFIC X AWELC DV TIHENS,

2.1 YINEFIDOHE

X7 IVEFE 2 &RD 1 Xtk Base & Check # W
T, B s hoBBHE o IC KBS t NDOEBZX (1)
KX DEHETS L2, i s D Base fHICIIBEBLEIA

T KBR#E K2, Osaka Kyoiku University

s IR
Takuma KURAMITSU  Hisatoshi MOCHIZUKI

2R x#B

ROEZRERT HIODOEEM, BEBAHIRt D Check
BB TOER (LUF, B Z2E&WMT 5. LT,
F—ZHBRT2EBEORERZ L LREL, Hifsic
BII5EHE o LEBEER t OMZ (0, t), BBES
{(alv tl)) (a2a t2)’ B (a'kv tk); 1<k S' by |} %R(s)’
EBREES {a1, a2, -+, ax} & L(s), BEBEEEAER
{t1, ta, -+, te} 2 T(s) LEALTS. £/, £EHADE
FHE A LERLT 5.

=B
{ Genir o)

XTNVEFIFT S AOHRE LTHERATOERSF
RER, ThDNOBEREAFHERLTS. REHESR
&, Check fli% 0 LLFICT 3 C & THOHRERAL, £
FRERYAMCKIDERTS 39, RERERICBY
% Base {72 VU A b DHEHFDY > Y, Check fER YD X b
DHTFNDY 7 LTRHVWAZ L TRARY A M 2E
W95, LT, ¥70VES | ETRVEHDEHEERZEA
FRERLNC, RAFEHERE TOHBEARNICBT 28/
BRODNEE X T IVETNC B B ERIRET 5.

RTIVEHNE, bS5A LOBEH-5HE 5 (LT, B
A LF—R 1M1 WEER BRI, F—ORBICKIS
BB (# ¢ BAMT B, i, LEESZIH
T50I, F—HRICHRELREIBESUERE TR
FoAREE UTHEEL, ZNLIBOBBREXENE LT
1 RICEES Tail ICAEHIY 5 2. ZEMINOD Base fHiid, B
F1) Tail IZHEM U7 SCFRIONMEZ AEIC U TRMNT 5.

BB A, @), b, .-, ‘@ ONEPRBEZ ZNFN O,
1,--,,5 2L, F—%%5 {“aabba#”, “adc#”, “aabe#”}
EBRLIEETNVEIERLIGRT. FSADEHEEL
THERALTOERCAFHAERES T, 9, 10, 1113, Hi&
02Ny XETEIRMBHEBRY A MK OEHET 3.

HEORE R AT OE SR Z B E LR, WD
FIELEVWEREZY VT IVEIREMSR. FIZE, HE30
REHAIZEOBE N 2 BROHiE 6 ThHb, MHBHE
BEMEELEVEE 2 3V IVEIETHS.

7 ® 9 10 1
Base [ 7 2 ]2 FEEAEEEINAEEE
1] 2 4 120 4a]-7]-9]-10

b

M1 X7IVEF]
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: ] ERAHEES T(3)={4), T(6)=¢ ERIBL, B4 D
2.2 EMLEDMBER Check fi% 7T ICEHT 5. 20, T(2) % 51 M5
ATIVEIG, F—DOEMIBNTHR s ICEBE  HIRRL, Hif6Z2EBRE ¢ ICXHE4MD0OBERLL
AW EXBEBRAEE Rt EFRICERT HHE, HiA LTERT 5.
t =Base[s] + a WRFEABERTHNIEBBEERTE 1 DR TIVEIFNICF— “asbedt” ZBhNL =& 7 IVEd
50, BUCFSADEHRE LTHEAT A TONREEZRSY JER2IRL, RMEAEEY X S ORESICOWV TR
RETS D, COBmERERT BIIF, s (Fid T5. HM2iRTEIIE, FoAEASHIBRLEAEHE
HimR t OBEIA Check[t]) @ Base lEZZE LU TERBE R T, HIKRER) HiM3 ORI EREENSLF
RS T(s) (F72id T(Checklt])) DOfEMIGHZEE L, HIRBERRZEROBEXHOFREAESELLTH
L, ZBES R(s) (7213 R(Check[t]) ZEHEBT S FIRULDSWRBZERD. kX 7 )IVEFIIRMEHE
HENDHD. BRICKETIEBEGOEREN DR BYAMDOKRBECHIREEZBMT S 59 M, UM
2, BREGOHERICETAHEZNEI TE 529, AHHBHAESL LTHA LD VHIRRERNER
IR(s)] < [R(Checklt])] THIUSHIA s D Base %, = §5&, BBEAZHERTARCKERESRY X Mk
5 T UTHE R Check[t] D Base 2 ZET 5. ko &I ZEEM NG 5.
T, X7 )VECHIOBMNETIE, HiE s KB 2BBRE
& R(s) REUST ZMBARE L, R(s) BEUET B72ic 23 FIRLEOMES
i&, X7 )VES L% Basels| 15 Base[s]+ | £ | £ T X7 VBB 313 % F—DHIRIE, HIENROF—2k
IKFEAE L, Check N s THAHHIM s DEBAHSET  RUTEXINVESICEREATHDT LEMHREL, BhEL
NTRDOFBZRENDHS. RIS EEIRT 2L TERTS 2. T, EFAD
ZTI)VEFE, iR s DEBES R(s) EEHERTS HIFRIC X DEUIABLAEH R 2T RTHRET 5.
B, XIREHAERY A M2ZEEL T {newBase + z; BlzE, ®1 DX TIVEFINSF— “aabba#t” ZHIFR
zeL(s)} WINTKRMHERE L % 3 EKEl newBase T 57, L5 ZHIBRT 21546, #id 3 MEETHE
R, HifF s DEBEBAEHEES T(s) ZFHEENES  F— “aabed” ZHFITE S, YU IIVHIE 4, 8 R
{newBase +z; x € L(s)} "BETS. 2T, T(s) D  Blcks. XTI)IVEFIIHIGR U /= HEH RO R RS %R
BRt ZHHBRESOER Y IKBHT 555, BB &, RBHIEIEREAM DOV VU IIVEEATHBIEE, F—
(1) BT rIc, T(t) 1B BBEED Check 5 MBI KEAEAUED S Y 5 VEEE b 54 EhbH
tICEFET B, D% T(s) Z T4 LA SHIKRT 5. BRL, B Tail T 5 C & THIFRUEZEET 5.
K1 OXTIVEFIC, F— “aabe#” ZBINT B HIiC K 1 DX T )VEFIH S F— “aabba#” FHIRLEXT
DVTERS. BREE @, @’, DICKOEH4EFTE IVEHNZRIITTY. F—OHIBRIC K DHiR 3 IZEEHi N
BLER, CKIIZEBEBDEZBINTOVARNVD, i %D, F— “aabe##” OWEE “be#t” ZEIF| Tail LI
BRADS CREDHDEBEREERTIHNENDHS. LHL, FizlcERT 3.
Base[4]=3 ICEBM ‘¢ DNEREIRE 3 ZNA T-EiE 6 & HIBRILIEIE, HIBRL 2ESM RO BE Sz RS %08
BICHFRERTH L DERVEET . EHIRNETH, X, BRILHEAN IV ITNVHEMELEHET S (WL
FTXTVEELEELT RA)={(D, 5), (¢, 8)} & T, SVZVHE) MECHOT, BIE L X
R(Check[6))=R(2)={(‘a’, 3), (‘d’, 6)} ZEUEL, BEH  NESIREET ZRENDS. Tie, HIRNEZEDET
IR(4)| & |[R(2)] ZHET 5. ZNFhOBREHNELL EERAFERERE CIKFET ARERESRKMEML, 2
1o, BEHIE 6 OBEiISR 2 O Base [HAEET 5. K HHMEMETTS 50,
AERY A M Z2HRICEE LT, newBase I L(2) D% w
BEEMA LABENT X TREAERICES newBase 6 24 BB
ZERL, R(2) ZHERT 2120, T(2) DEERTHS KEF D, KES O 3y I/ EHEOBHSSIcBIT S
Hi5 3, Hif6 22N ENGHSSEA0EZCHLHA  Check HEAMTRS T RICKD, YV IIVHER OQ)
7(6+2), HifH 10(6+d’) NBET B, corE, TQ)D  TIIFEERELL. £k, HIRLEZRVERTEXT
IVERFIDZERINZRIME T 3 2B E R T B Tz, &K

d
a b
0 D@ 3 ® 60 ® @ ® 9 ©® n 0 D @ ® 4 5 ® 7 8 9 10 1
Base [ 3] 1 1 6] 9] 3| 4]-9[3][6[11]7]0 Base [ 4] 1 2] 9] 8] 7] 7]915]1w]11] o
Check [=11] 1 {1 [ o[ 71 4424 -3]2]-9 Check [-11] 1 1 f 2] 0ol 8l 2 -5|-4]-1]-9]-10
Tail | | al]b|b]al#]#Jc[#]a] T 1] Tail | [ aJb[ b]al#[# [c[#]bJe] #]
K2 BEERNEB%ZOX T IVES 3 HIBRLEB®RO X 7 VEH]
2
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FRERL ZONBEH A2 ORFEHERICES)
THIET, FTNVEIIDHR—-Y ALy a w275 F
EEREREL. INHOmX TR, EREFOEIRICDOV
TOFERIITON TR

ikt S ERESORRICEYT 2REAEER IS
% jz I EF Sibling ZFIZICERY, "BHEAER (2) 1K
RIBERUAMCXOEHTAFERRERLED. O
FhiE, HAHACBI B2 HBHEZ O(1) THETES
T8, UL L HIBREZ S TE 20, EREHR
1 OBBTA2ETREIIESN L ERBICEET S
EhHb.

Sibling[Base[s] + a;] = Base[s] + @i4+1
{ Sibling|Base|s| + ax] = Base[s] + a1 (2)
(1<i<k-—1)

COMEICHL, FEELIX, ERAHRNDY VIBE
HY AEFZRT5C LT, EREAONRICET 20
ERAEISIHHT A FHEERRELEL Y.

FERER) A ORI L T, Fir5iE, HiRE
REGELULTHAALDOVWHIBERZAERERY X
FORBEIGEINT A2 FERRERLE Y. UT, HIRE
FEreAERERY X FOERIGENT 5 5% LIFO
X, BERIGEMY 574 % FIFO AR LS. FIFO 75
KT, BERESZHERT HRDICKERERY AL+ Z
EETAE, FHEIAESE UTHIFA LD VHIRRESR
ZEELEW®, LIFO ARIC BN EHRIC 7%
%. UL, HIRESADEFRIHENTICRERERY X b
BACERL, X7IVESOEBMBMETT 5.

FKHELEZ, X7 I)VEHE—ERBICHBILTETay 7
TERAFAERZEREL, FRENAESOFERICEZAL
KT B 70y JORHZEIET 52 LT, KREAEED
ERICEKD 1 F—H7bOBMEEOBINENGT 3 F
ERRERLEY. BRF—EMEMLTY, ZRREE
FREOWTNODIRICE T LRV ENIREENT
WABD, TRy EICAFERBERBRHIRERESOR
RICKB LU TzEEE EDOERZERT 5 /- H ORI
L, BEMEEHT HUENRNEICES.

3. EBTEOEHE .
AETIE, ¥£9, KF Sibling & Child ZE/zICaI T
BEHROBRESZERL, F—0:BINHE & HIFRULIED
BHE(LEREFERRETS. K, REEHRT THIRE
REHEAATAC LT, ERMHBEZET IS TIGEMNE
DOEELER 2 FEERET 5.

3.1 EBRESODEEE

AE T, F3EY Sibling I & 5 A S OERE &,
Eo% Child 2 & 2 BRAHRORBICOWTEHEAL, £
D%, BBRESOEISHEICDOVTHATS. Xic, Hlkk
I BT B> TIVHIEAEICDWTHAT 5.

%9, REFEODORS Sibling ICDOWTHHATS. R
(1) &b, HiE s OBBREH R t &, HA s D Base f#

LHiIEt \OBBENONIFETES. 22T, &Y
Sibling IC B HROHRBES TlEARL, RBHRNDE
BEZEMT 2FEZRET S. EREEZRBT 5D
DA Mg, EFIOLBEREZRFT 55 MEX D &/
T, HEBESERMNT S XD LES] Sibling D 1 8
D0 OEBEIMFITE S, HiK s DEBMEES L(s)
Z, X (3)IRIERY A MK DEMT 5.
Sibling[Base[s] + a;] = @41
{ Sibling(Base[s] + ax] = a1 (3)
(1<i<k-—1)
iR t OBEIA s I Check]t] 22T 52 L THET
&, Higdt ORBHEANOERMED Sibling[t] #2875
CLTHURTEA®, HiFt DRBHR v, R (4) %
ACTHRTE 5.

v = Base[Check[t]] + Sibling]t] (4)

Ric, & Child iIDWTHIAT 5. EREAZIUGT
R, REHEOEHEOATIE, BEBATAL 1 DBEYT
ZETEINVENLERBICEET 20ENDS. T
T, &% Child Z# 72 C R TEBEHROEBEE
BT BT LT, BREMRADY VI Z2ERT 5FEE
RET5.

M2 DOF—EEEEFELUEREFEDOX 7IVES %K
CRT. HiS 2 O Child ficid L(2)={‘a), ‘') DER
‘@’ ZIGM L, 8 7 O Sibling fEICIE S HEI 10 NDE
B d ZRmT 5.

£d%Y Sibling & Child %2 W72 BRES DEEHEI
DWTEHIAT . Hif s KB 2BBES R(s) 1T, BB
BES L) "oEHTES. K5 ITRTEE GetLabel
X, L(s) ZEBT 37291, Hiff s 121 % Base &
Child fEh 5 BRAERSZERL, BN s OBBEHIRE
B T(s) ZEELT, L(s) DERZES label IHEWT 5.

BE%Y GetLabel ZFWVT, B 41RT X 7)VES ] S8
M2 DEBEER L(2) ZBIS I 251%E X %. FH1 T,
Base[2]+Child[2]=6+‘a’=7 & D i 2 DEBAHE 7 &
skeb, FIE 2 THBHI 10 ~DERFE Sibling[7)="d’ %£H
89 %. Z0D% base[2]+Sibling[7]=6+'d’=10 & b BH
Sefirs 10 23R, FBHiA 7 DB Sibling[10]=‘a’
ZHST . TT T, Sibling[l0]=‘a’ & Child[2]=‘a’ M
—HL, INTOEBEERZERE LR, L2)={a,

OO & -]

d
a b
0 O @ 3 ® 6 ® @ ® 9 ® n
Base [ 9] 1 ]6] 0] 3] 4]9]2]6]u]-7]3
Check [ 3 1 [ 1 |=11] 7| & | 4 |2 4] 029
Sibling 1 | a ble b |d]|lc]|a
Child a | a b b
Tail [ [ a]b]b]a]#[#Jc [#[#] [ ]

B4 REFEOXTIVEG
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BE%¢ GetLabel
B8 : Hils

FIE 1: BB EEH 2 DREG

5 label=¢ L L, BBEHIR tIC 1 DHOEBBIEHE
72 Base[s]+Child[s] 2t + 9 3.
FIE 2: BBEEESONE

BE label I W BEH AN\ DEBHE Sibling[t] Z38M3
%. Sibling[t] & 1 DHDERLEHR\DERR Child[s]
BELCTHENERTL, 25 ThFnd ¢ I BHis
Base[s]+Sibling[t] 2+t v + UTFIH 2 Z# DR .

BA# IsSingle
518 Higt

B t ~OEBHE t — Base[Check[t]] & Sibling[t] A*—
I N TRUE 2R L, %5 TN FALSE %K.

5 BH% GetLabel, FH%X IsSingle

‘d’} ZEIST 5. B GetLabel ZHV 52 & T, BHE
BOEZHEIOEE CEBESEEIS TE 5720, B
HOFHLERNS.

iz, B% Sibling & Child & HW IR I3 %
YUTNHERECDONTEHATS. K (1) &b, Hifte
NDERHE a 13 t — Base[Check[t]] K X DEUETE 3. £
fe, REBERZR (3) IKRIERYAMIEDEMT S
fe®h, Himt WV TIVERTHNE, Sibling[t] I3
HtN\OERE L EEMTSE. o7, a & bH—FHL
TeHE, HiRt BV VIVEIRTSHS. K5 I1TRTER
IsSingle (&, Himlt \OEBENS O(1) T¥ I NAE
21T, Him ¢ B 7 IVEIR THNE TRUE %iRT.

3.2 HIFEROEEZX

AHEITIE, FIFO AROAMHAERY X Mg L 7=H|
RERERMCERNHE L, EshR2ET I8N
WBOEFEZR S FEERET 5.

XTIVERNOER 02 hy, F7NVERAPTEL
BAOKRBHERE hpee ETBET 3. hgy hmaz
ZBROAFHEZOEZ n 2L, AEBEER
€1, €2, ***, Em, €m41, *°*, € (M < n) & LTzEE
DORFBHABERVZAFNER 6 ICRT. 7220, hmes BIED
Emil, " 0, € WHIRERTHY, ¥ 7IVERFILOIESE L
REAERDOIEFRIZEELZV. REAEEREY X MCH]
RERMFE LR OVIFEE, Check[ho] Y ~RAmas 1K 5.
BB, ho, & hmar BRERERY X ROy R EHRIFIC
HHITZ2ERTH A7, HRDESERICHOEZL.

XTNVEFITE, ¥V 7 IVERRIERT BB, HlRiiN
EREFAEZVA DO —BICEIBTE2 5. 22T, 4
RERZ Y VU IVEHROFRE S UTHNET S, &
VT IVEIROFIREIE Snode ZEE T BB Get &,
FRERY X N DOREZRBICHIBRER Enode 23809 58
B Put X 7ITRY.

4

FEAEE REMAER
——
hh e e2 en  hmx emt1  em2 en
Base o~ > o —p
= B 500 b
—_———
HIAESR
X6 REAESREYAR
BA% Get

Check[ho)# —hmar THIRERNEET UL, Snode
ICHIBRE #F —Check[hg]) Z XY b5 3. 25 Thi
g, Snode KARFEABRYVALNOREBEETH S
Baselhg] Z2v +9 5. RERERV AN 2EHT
% Tz %, Base[—Check[Snode]] IC Base[Snode] %,
Check[Base[Snode]] I —Check|[Snode] Zt&MT 5. Z
D&, Snode ZBRUTHKTT 5.

B Put
3150 HIBRESR Enode

next WARBEHBERV A NOBRBEDERTH S
—Checklho] 2ty + 9 5. Z0OM%, KMEHEEY A b
’ITNDY VU ZERET 5729, Base[Enode] I< hy %,
Base[next] i Enode Z¥W 9 4. BiANDY ¥ 7% E
K9 B 7%, Check[Fnode] IZ —next %, Checklhg] I
—Enode ZH#9 5.

X7 B Get, B Put

B Get I3V IVHI R OFBRW S ZRITTE L&D
BRVS. B Get X, REAERY X MHIBRERD
FETHDOENZHW L, FET S HEEREBEDHIRE
REBMAL, FEURDSRRIAEAERY X b OJ%HE
BERZIRY.

REFETIE, B Put ZAVTREAERY RO
REBERBICHIRERZEMT 22 LT, REFAEEY Z M
HICHIRRERMNEF T 5 LIFO AXOMESEEML, 3
BHRREORSICET 2HMAREONHEZRS. %
Tz, -BEEK Get Z WV THIBRERZ > > JIVE R OVERREE
CEAIFY 52T, REAERY R MESICHIBRERD
EMY 5 FIFO ARDOMBRZEML, ZHRSHRETO
AFZRS.

4. FHME

REBICKXOREBEINZFES UUT, FEY) Lo
BICKOBRRINETFED UUT, FEN) 2UBFEL
U, JBINFERE & HIBRESRE, F—EARERT B OICRE
AERERIC DOV CEMEY 5.

4.1 ERFM

9, BRSOV TEMET 5. LT, BT 3F—
DODEEZ I, BBEORE |2 |, BRERAEEREE TOXME
HEZRDOREFE e 2T 5.

(8 2 431D
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NS AHETH DA T IVED | OBINIER, EESRE
Liairhid O(l) TH%. LHL, MESARELEERE,
ERESOHF LEBREADHEBRICITORFEHER
YA NDOEBICFREEZETS. LT, BEBESORISHIC
X7 )VEFH|ZEET 5 EE% SL B, BREGOHFEE
FRRCRMAERY A M 2EBE T S5EEZ SFEE L, Z
NZNOEZFTHET 5.

Him r OEBEES L(z) KEEN2EBRBIcBI 5N
HERBEEOR/MERZ A L L, HiEz DBBES RQ) &
Hi§9 B0 SL Bz i 5. FiEY TiE, R(z) D
HGRHC, & 7)VES| Lic BRI TEET 2 BB AR
DEH TN TEZRGICANS 20, SLEEE | X | BTH
5. AHROEREZTIFENTE, FEY L0 SL
BT 50, BRAHIRE 1 DEETR2ETHA IV
BHZARBICHANT1,, BRAEAES T(z) Z2EET S
fe¥h, SLEIEIZ A+ 1+ |R(z)| BITHS. KL,
REFEE, ERAHSEZ-RICERL, T(z) ZEEL
T R(z) ZBU8 T %728, SL B |R(z)| Eic& D, fi
FIRICEEA SL EEEIHIS 5.

FEY O SF EBIIRET Oe) THB Y B, BEF
EEFENGZ, FRESESE LTHV IO VHIRESR
ZRERERY A FORBENEMT 58, FEY &
D% SF BIEZHINIT 2 REMEN D 5. RBEFELFEN
DARFEABERY X FOFHRIZ, RETHEEBRIC X O FMHT
%. SL B & SF EEZIHIT 5 REFELEMNIES
HMFELVEEETHELEAS.

R, HIFRRERICDOWCEIHMET 5. X 7)VERFIDOHIRRL
HIX O() DHERIIBICNZ, F—HRNCARELEHSZE
ET21DICARHRORBLEY VI NVHENBETH
%. LT, ABHRZEIST 5BICE T IVESZEET
mEZ SSEfE L, v IVHEORMETER L SS H
BUCOWTRHMES 5.

FHEY Tk, BERO Check H2FIHTR LT, B
KFFELFEN TiZ, 5 Sibling ZRIHT A LT, ¥
YU NVHIEORREEEER O(1) 129 5.

RABHROBSRICE 7 IVES ZEET 2 H0ENH D
FEYDSSEEIO( S| Icks. —F, BEFEL
F¥E N T, EP) Sibling ZFIA LT, RpHimz—RIC
G TESY, SSEER 1 ICAS. DD ehs,
RBEFEEFENEZ, FEY L0 LERLEIEETH
BELERS.

RBIC, F—HEEEBRT B DN ERIEREES
SR BRBEEOME L, FFRHICOVTHMT 5. &
FiE L GRS Tail KAEZEERRIEIF LW, &Y
Base, Check, Sibling, Child IcDWTFMET 5. LT,
BEFND 1 BRH T 0 I BREERE L, RREHAER
ECOBRRBZFTET 5.

Bi% Base & Check % 1 BEH 7z D 4byte OBz
WTEHRL, BRESZENT 2F % N OB Sibling
Z1EEDHD dbyte, EREREMNT 2REFEOES

5

Sibling & Child % 1 B#H 7z O 1byte DEFIEHNTHE
Rl &o7T, BREFE FRY, FENBI3 1
HimdH Tz D OFEEBHIZZhF N 10byte, 8byte, 12byte
TH5. REFHEIIED Sibling & Child ICBEBREEZIEM
57, B Sibling ICHIRESZEMT H5FEN Kb
1 BiRd iz 0 OFEEREBIN NS V. L L, REFHRITF
EY LHBT % & 1 Himbiz b OFLIEHEEN 1.25 S
mng 3.

HIRET R 2 BRI T A REFELFEY X, BAFEH
BENFENIODENIVWEEZS. BREFHECBITS
FEAERY X N OZRIERE TERRMICFTHES 5.

4.2 RERMFM

REFHEOENIMZERT 2D, MFEEOLBRERS
Intel Pentium Dual 1.6GHz, Fedora?7 L TfT->/%. T
T, RMEAERY A FOBMAERZFUET 512, BFF
%O Sibling & Child 2%# L, LIFO FX THREH
BREEHELEFE (LT, LIFO) #HbETERL:.

EERTIE, TV A LICHM Uz 20 BREOEEEE (LT,
F—HEHE) & 20 FEOHABEER ULT, F—%£46
D) ZF—HEELLUTHAL, &F—£852FNTFhoY
ZLEIETE T NVESNCHZL, ZOHTRNTOF—%H|
Brl7z. EBRTIEREY lbyte & U THY, F—DRE
EHUHEIC ASCII a— REBHWz. e, BH Tail 2 1 8
£HTz D 1byte DEFERNTEBRL .

£, FF—KEEBERTIEOEEEE, SL FH,
SF [EI%y, 5, SRR, TRIsh®R, TR,
IARTOF—ZHIRT HEED SS B, HIBREEEZRT.
ZTT, SLE#%L, SF |, SSE#EZZUHT L DL
EE e U, EEEEEER Tail 2 < S8R5 HERE
BREEOAEILT 3.

DIFTR, £9EFHEOBMFRER & HIBREFRIC DOV TEE
fliL, XRic, X7 IVEFIDOEENR L F—EE5E2HTT S
Te DI RHER BRI DOV TEHMEYT 5.

9, BIREICOVWTEMMT 5. R1ISRT XS,
BRERFERMFEI OBESHEZER UL, UT, 8F
DOEZEEE, SL B, SF EICOVTIMEST 5. £1 &
D, 20 ARBDF—HEERYERT IRICERENFRE U
Rix, BEFELBOTF—HEEE TIT.0% F—£4
JT93.8%, FEYIKBNTH—EEE T984%, F—
£45JT999.0% FENLCBNTF—ESE T67.1%,
F—HEEH5ITT669% Tholz. TDXSIC, F—%8M
T BRI EEDHEBICRET 5720, BN E RS
2T EMEMMBORELICENTHEEVES. T T
T, FENE, F1IRT LI, BAERSEAIMFE
HEXOKEL, HFHEBBEERT 3 HEOMEBRIBHHR
FREZETHLEENE VD, BHEREEDDE.

BERFREEFEYRPFENIER, £1IRTE51E,
SL E$t% 97.4%~99.1% MKl Lz, T 6ic, REFHER
HIRREEZREHERY A FOBBRBIGENT 529, F
EY LT SF EHESF—HEEE T 68.7%, F+—%H85

(& 253D
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JTT746%MHI LIz, UL, EEFED SF BEITFiE
N kb&Zw. Thid, FEN OEHEREHS DK VEE
EEICTHS.

RiZ, BRI DOWTIMEYT 5. REFHELFEN
¥, WEHEAZ O(1) THETES%Y, O 2 |) THYE
TABEFEYIHNUT, £1IRT &S ICHIRREER 2+ —

A E T84.2%, F—5%8HJ T82.7% Ml L 7.

Ric, BFEOEBMBIZOVWCEEST 3. £ 1R
T X3, FIFO ARDAMBHERY A M ZHWVAFEN
DOZERRIE, FEY LHBLUTETT S, chuasl,
BRFEOZMMRIL, LIFO AROEFHEZY AR
FIEAETH -T2, Thid, REFEDHIRERZZRY
CERIFATESC LERT.

BIBIC, F—HRE5PBET B RDICKRERMERKICD
WCFHES 5. REFER, 1 HE5SE0 OFBIFEY
KO kREVED, FEY XL TEERAENF—ESE
T 20.7%, F—%E6 T T22.0% My 5. Lal, B
FHELD 1HRHZ0 OFENRE L, ZEMEMETT
AZFENIHLTE, REREEF—EEE T 32.7%,
F—EE5 T T31.4% BB L.

DLk, BEFEEBRNE LHIRLEOERLICENT
BT LB RUI. FEYIIHUTE, REEESF—

A ET2.7%, ¥—8& 71T 22.0%BEinUkED, BE
Rl Z+—%E5E T92.8%, F—8£85J T92.3%HlEL,
HIRRERRE 2 +—8E E T 84.2%, F—5£8J T82.7% Hl
BUTz. £, FENKNLUTE, ZEEEEF—%5E
T32.7%, F—%A8 T T314% BB L, HERBEE2T—
#£45E T45.3%, F+—584J T54.8% BB L7z,

5. BbUIC

R TIE, 2 AROEF) Sibling & Child I & 0 BEBE
EAZEEL, BRESOIEORBHEORE, v F
WVHZEORMETREEZMG T 5 Z & T, BN L Hlk
Wz EET 2FEERE L. 2, BREROE
EBR > TREHAEZYANDEEFERLEET S
& T, ERMREER L ODEMAEESHET 2FE
ERREU. B, HHE 20 AEICBUSEBRERELD,
BEFHIZ, KALHA BOFE L U TR
% 46.0%~92.8% HIB L, HIPREFE%A 31.4%~83.9% Hl
WLz,
BRESEEEYT 3FEE, KHS O DRELEAR—
TalyyavikbHETES. S%OFEL LT, By
Sibling & Child ZF]fH LT, E¥| Tail & =5hR0%
HAR—vaLryarkEREL, RVAFLRIGHATSC
BT N3.
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HESRERE (s) 0.20| 4.00| 053] 0.34
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on Software Engineering, Vol. 15, No. 9, pp. 1066—
1077, 1989.

3) KEFfHiE, ZREME, BARIEHE, FLE—. X 7)VEH]
&2 BREFNEHBFOEFEEFRFE. SHUNER
=, 8 11 BFEXRKEFHREE, pp. 745-748, 2005.

4) MNEEE, FRAAR. BASELHEICBY 23RN
HEBHER VIV X L. BRAEZEPRRE
(FI-80/NL-169), pp. 117-122, 2005.

5) KEFRH, REME, BAHIERE, FE—. X 7)VEH]
KB % F—HIFRDOZR(CT . BN ERCEE,
Vol. 44, No. 5, pp. 1311-1320, 2003.

6) KHE, KB, REFE, BAHERE, SRET, &L
E—. BEFEX TIVEHNC BT 3 BB PETEE
RoF—HIRRE. EHILEEY SRS, Vol. 47, No. 6,
pp. 1894-1902, 2006.

7) BNERE, BNE LAAR. ERAEHSEATZEAL
eI RBBICBI 2 ENFEOEE. BEHRNEEE
BiZeR (FI-82/DD-54), No. 33, pp. 1-6, 2006.

8) BEFXE, HFARE, PIEZ, BEmEMK, AR, B
BAERESOEHICK DX T NVESIOEHFiE. B
7 BRI R 7 4 — 5 L (FIT2008), pp. 109-110,
2008.

9) KHE, HAHESE, ZREMER, BAHERE, FTIE—. X7
IVBCHNC X 2 BIEEE ORI & A, HIRLEERE
71 BI2EKAE, pp. 263264, 2009.

(% 2 5D



