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Abstract In this paper, we propose a model of schema versions for objeci-oriented databases,
called RiBS. At the heart of this model is the concept of Rich Base Schema(RiBS). In our model, each
schema version 1s in the form of class hierarchy view over one base schema, called RiBS, which has
richer schema information than any existing schema version in the database. Users are supposed to
concern only with schema versions. Direct schema updates on schema versions are allowed, which are,
if necessary, automatically propagated to RiBS.

We first describe the structural part of the model and then introduce a set of invariants which
should be always satisfied by structural parf. As the third element of cur model, we give a set of
schema update operations, of which semantics are defined so as to preserve all the invariants. Another
contribution of this paper is the work on schema version merging within RiBS model. We identify
several conflicts in schema version merging, and touch upon our solutions to these conflicts.
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AR o EM 2 Axie AANAERE Fuq 3
2ol 7hsd A7 48 4 vt ols) Ze AAE
“phantom &2 & 4 %1} ©] phantom A&, 2
E AAE x4le] sd FHAE stk dithe AAA
g dlelel mde] A3 oFtdr}. mapd], 27)d ¥
A Aol ARE o]9 P& phantom HA AFE T
g S JAEE FHof gl

T84 =4 2 (#A8 oF 923 $X(No
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Multiple Classification)) 27|v} BAJ A, A=
2.3 & ZYA Ay A2us AT 2ok &
=3

2234 4 1o)Mgl @o), RiBS EddA 27|}
WA gl AA e owlg dE ol A,
ERQg AArt FA o4ty Zeia wAY qliaElA A
Az BejE 71 YrhodAxz o] Hpew A A
F doje} mde) Yo guisR] s ~7)v WA
o] ojuE Fejge} Fo)

F24 23 3 7 259 8] 4 g Wy
CvizEs ZF &4 A po)d s 712 aFokde
H=A] shte] g Z1] g Bov(aem, e
718 &4 Blpu)o| S48k gl

F44 23 4 RiBSY 7t 7RFYLE, 5 29
 HAWAM s 3] G WA cve] e
dE 7|8 G2 B(CVIe 23tEolof gt}

A9 BEY FaA-e Al g8 § 2A0 v 2
= 2 HAdge Jrde JE FP2Ee Fe
Ripse 718 289 A FUsites gujeirt,

U cviesnies B(CVy) = WRIBS)

6. RIBS 2@ A7(0} X HZHE A

o] FollM= RiBS B9 wkAT 74 84 A7
o} wd gk d4kge]) diE) At o] Q8L =
A T A IE - F SVDGS BEE 4T GNET
2710t WAl 279 B3E A% 814 AR
270} M7 Q2=([3] - oz FRAT B8 A7)0
AR A g gitg] RiBSY tE A7v wAd
et d&el frsoll wlel AEgA TR Folth
* SVDG &% 2
1. Derive SV from parent-iist
2. Delete SV
3. Set current schema version to SV
# A7k WA il
L 718 7ol RiBSe} 9¥S FA) gke 2o ¥
A QABEA 271v WA CSvest % F
£ 2719 WA i)

(1) Change the name of a class version ¢

2o

-

{2) Change the name of a propery version v

{3) Drop an existing class version ¢

{4) Drop an existing property version v from a
class version C

(5) Drop an edge to remove class version S as
a superclass of another class version C
{6) Change the ordering of superclasses of a
class version C
2. 71% 27Ivt RiBSe 4%g FE 270 WA o
4=
{1) Add an edge to make class version S a
superclass of class version C
(2) Add a new property version v to a class
version C
3. 718 279 RiBSs} vhE ZFvl wiRe) H3S
P &7ul WA daE
(1) Create a new class version C

6.1 SVDGZEE M

Derive SV from parent-list; $¥elA A5 wek
o] o ARE parent-listol A& olv] EAFHE i
opgsl 27ln} WA(GlE B 2 widelat Scho)
A Az 2719 WalolE A4 27 wacl @
& HAFHLE Frsed ALggo Zdd, 5 o
A2 ZF|vh WA A MZE 270 AL F2F 9§
£ MR g 27nt JEE dhle A" A7)0 B
B2 B%E dfok @k o] “2vnl MM 59" F@4)
st e the AelA Arsh.

Delete SV b3} 2710k A SV7F 9 o4 #)e]
eldfo] oA W ol Hagls B¢, SVE SVDGHA
AASE, SV BElEe BE 270t JRE 4]
ghr}, Sve] ArAl 94k ARR SV BE AF|ul ¥
AL gve] A 276 HAUF any)Ee] MEE X2
2717 WAe] Aot ZEx, |E 27wt WA digk
AAE FEEA gent

Set CSV(current schema version) to SV; A&
At Z2aPe] dolelulo]~E HElr He} Apale]
ALEE HA 270 BlHoR SVE AP sked AHEE
v ddtejnh

6.2 ~7|0F WA gt

&9 EiAE v gRel, RiBS EddA AlFEe
A A7lvl @A M aEe @R "HA) A7)0 ¥
A Csvel 27Irt AKE WAsA dch o)d &4
A olg @ikg AANAF dolehulelze J AEE
ol &8|A 27|ut WAL AEIH)ASE AFES 12 F
frAasict 2, o9} 22 HE Wlelde RiBS =
oA A HaE FHlA, WA 2§59 270 HwH 4
AEd dside B Ado] ofHrHRd 97 7

£ 2.
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1460 A1 788 =52 (B)
B =2dAe, 4 Ee Al ik sy -
F, ATEE A Slo] Be o) oprlsie ¢
A & AWFg. AA 270 A3 A9 QMg A

e (1718 F=s) niEd.

621 S @Y A

o] ke Al A u vl CSVelA S WA
CE AT ol ¥ WA 9 AR 49/398
gl WASAM Cco ARx AAsHA Do oW C}
A a9Eds WA CGud #4% 29gua A
4. 2l BE FAF A2 wAE), PCO) Gt
AzE HF 92U vHe] @3], CoA Feld
AY FAEL 09 BE F/H sgdaedA AA
=

RiBS EdoA 2E Sus 8@ Ao =g
Bl EE zherh webd, shue] el wEg A
& o A YamlEe] eSS oFA AT
& AQre] FAl) A, olgk BHsle], 7)Ee &
Flul WA #BE AFE[321,32]AM% A FAA
Aol sloleh AslE, AAEE S ?ﬂiﬁl—q

& dlelgno] Ao A G 1A S Wl eltH3,21].
ATk o] MTEe 94?‘5? [3)elA 1gd A=A, Jr
A AA8e ©E NelA 2z 28 xHobject

identity)E zliiad jé}'zﬁlt ‘dangling reference” A
7b ek7lge) 298 A A2 DBMS, ObjectStore[21]
AMe AAEE AAE FRIa Je O BE A4
Sl &g A AEAE nil2 AlEFgo2H o] A
& siAasta vk 2EAL o] Wy €A A7|8 WA
o Aade AL eWaEl=s W Asith A 312
o RE 02 A&F[32] A4 FHshes EeR F9

28] 2HE Y g2 gauEs]) B9e uv §
f5he ek
RiBS RAME & 9o 71ed ® shte] Ay

geo] EAgnt &, Fula Bd C9) C9 =8F 9
HE Extent(C)E A 27vt BjA CSVAA A A s}
£ Zolt}. o] AUt 2w, o] 27w} WA ko)
SFHUS W, Extent(C)o] £3te ojd HAx vlo]
o Csvel gl WMAE B el Brbssith o
Alnrele, CSvelA 54 AAlge e AlAsde
olujel A, whA] U&7 Bt A15E AFsle #AY
dlelepmie) =) R 7leR wigksich dAR AR
Heleple]2 Holl 85 AFE(612]= BAF deolg
2ol Ko AAE o) &sleln =83
me), AR A Heolelmdeae] AA JHAS T

g A g2 Al dHoletd Oigk FHe @s)a)

A 5 A A 10 ZO810)

Hol oy Rl TAE dolelude) Aydne
ez ztol7l Aok AARE dHelgl mddM= 3
o] SdlaE OB ZEHsy JdEIHEY ZARlex
AME7ReEla, welA A 54 EIHEY o
o2 AAe] AEAE MR 4 Qdok o), AR
Holgl male] oy EAL FaA W AbAg AE
AW#A Aurgsl e phantom AH FE EAE o)

g,
SV

Gt

15

- phantom
reference

2.8 2 Phantom 4] = &4

a9 294 BHAR R, Fdl WA Cr 4HE H
A= AA cl& AA a2eld AAgEAe] digt F=
(reference)& B34 HTo] zhesich ey, Fes
A 2] AA AREe 23hd A cle AR 270
HA CSValdllAe oW Fd2 we dxmEes %
M= Gl Brbsdith &, clo] 27]v WA SV
e AAQd Aolel), H =i
phantom 7 3= EAE si2dsl7] $ls] S nA
o] AAle] ATEE g3 o] L. CSVoﬂ"']
2= HE Co YEHE Extent(C)o &
ANE EFoE Co 53 AH9E9 H]Zd se] 9
2HERE 7= Aotk o& Eof, Iy 2004
Extent(C)O] &3l 28 AAS Extent(B)E &7
Aoty thE ] ASel gle], " A H
Ao Co JAREE o FAE Asos AT
£7F 971 dEel AlRAz) "aHow g A
2 BAE AAsef gk

phantom

A
= B

3) ] phantom 2% F2= FAle RBS 2y " ze] ol
g, A2 veletRde] Jo) i FFoz IAAY
& Ik Fe FEY BLI} ok

4) &, B+(S) = B+(S) u B+O)2] 2lv|ei),
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6.2.2 A~ vjHe F51

o] ¢ike SE F#l2 WA Co A FFYsE
PO F7Re, o] dike] Atz Fel2 HA Gy,
39 axiomEe] 9, S¢| AHo|AE e
o), a3y, g o] dike] FA 27wl WA CSVY)
A FE A(redundant ISA) AAE dAA He
A, o] ke AR
e e F ASE AeEae RiBSe A7)
o] sfEEnh AdE, o F9EU2 HAY F
@zk o)Hel], 27wl @E]Rl), @A A0 ¥
A CSVyelA C9 A9NEda SE AN &
A7), Mze] SE CY AHFUaR Frsle Ay
olt}), EAe, CSV7) obd th2 27|v wzdle] 27
o wAAMe s 18] o|n| RiBSe] ¥sle A
Bl gl ASolt) o] ¥ ASE RiBSUL BE 2/
Y AdSA ISA(RIBS)I (B(S),B(C))S) ¥
B2 AHxEe & 2tk (B(S),B(C))7} ISA'(RiBS)
of :apsjo]l UA & AL, BS)7 B(C)E AW A
g2 Frhdrt

slw ° SV-j
S +©J\/

RIiBS °
C280

a9 3 49gas vy 71

2@, o) AHA RiBSHE 8 A% @At &
A & gtk &, od AHASole RBSAA B(S)e 2/
77 A9FUaFy s Bo)e AR AEHs
ololx FH A& BAZ) B Ho o8 g, 2
g 3& wzl A7)0k B SVe) SVield fEE &
Svela EEl= WA AZF S8l WA CY A3 49
FHl2g F/EAT APtk a2y, o] Fe SV
A FEl2 wlA B A9FHas CE % AL,

RiBSH= 5 A4 oAy wAadg. o A$e
RiBS REdxE  ISAB(C)L,B(A))E AASZ

ISA(B(C),B(B))E FAET).

5) @, ols] gl AFTEI BB FRE S Feue
45 A9,

623 Al 292 W A4

o] @ike CSVlel AEe Fd vAE 2 AAR
o). olm) CSVe] 22 o] = wHe] EAY A
%, o] dake ARELD. FFEAY A 3§ UEAF]Y)
SaiA, o] ddake Co 712 FW2=E RIBSH) A4S
o gt} AA"E 7RGz S WA 0y F
Aagds WAL 7B FUAE A9 Aegea
Z #en 44" 7E 292t BC)E ARE.

o] dae RiBSS|H OE 27nf BlAdE 9
A7 Dok 2y WA s} 018 AR S BC)
T o] Al g8 A= AAVIEE, B2 270
WAEE BC)7L od Fes wzle] gagE 77
El2ox &317] geth 2dd, £E4 241 44 9
e, AEe B A BC)E EE &7|v wEd
E3 Z2 vAY idE 7B gdlXo] T
o} @t} wWeld, CSVE AYE g A7)0 Hgy
£ g¥a Wi gadE B2 Zead FEAA
oF Ft) $4, B4 7|0 W F¥2 WA Se 3
Fele Sl WA So] FAT A, 5y oz
E 718 Ze8s BS) BC)E F718d oA ¢
Afde, S9 7IEEHAE Y2HE 7E FYx
of Teelal Y SEUA WR@ FrEL o UlEL
AgE ANEE 29 oS Bysid 5857 wEel,
633 & F=zs}r] whad

6.24 719} WA dite] YA AuiE

¥ 4E golA 49 RIBS A7EA 27k $w3 4
AhEe] AHA AEs A JEeltiue A ArkE
o] AYH Auree (171 FlHe] uh) EelA a
(Cp)E A3 ks ol {44 <8g = 3L
ng B AdME aCplel ounk A48 2usii

aCpie S WA Co 2ZE SYSH: HASS
g pE 42 £4 WzeE e g &4
HAE disl, ANSQ RiBSY ¥ &£4& A"
o}k o] ¢gte] AMTEY olslE w7198, 228dA A}
£ o8 Hxh g 19M R Ro|, &7n}
svael Eg2 WA Cld AR F0E £4 de &
2 @ C39] g8 AEok oluf C3oA FE &4
de] A=, Cl'el #7182 d¢) olrtAg, 718 274
RiBSe #A419] 718 £4& "Hom o adx 29
1¢] delM RiBSe] ¥ BC32 &4 a7 8l o
A C39 &4 WA do 718 HHhez Ao 3
o} Q3 o CLdrE o188 o8 22 Vs S
T vk B =gdMe, 4450 #@sle], sl 29
2 WA ColA Aes AY 42 ¢ 2ZE A/

te
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selgde wHos AsHe A A4S Auge st
AP a3, 7 AREHase 2% S44 o
ARE FAWL I, o1E 45 4 HISE 2
A5 B £4L daez sy Ev s FHs)
W oalCphe Cd 4 sl WA s 9aEhu
A, pEREY A& &4 po] FE £38 CuY 7R
g 2oA] gel, o]F B(ip)E MEET} olxle] 7%

G o, RiBS Rdel B4 Co] RE IS
HHE] 1? 718 FEle RiBSOIA B(C)E w92
th2zo]7] wffo)t,

¥ 4 2710 A7 Al 337 Aa

Operations Semantics
Drop an  existing [CSV |if C = Obj ect then Reject
class version C else B (Cup) = B{Cep) u B (C)

fnr cach subclass Can of C
P(Co) = C then P{Cyn) = PIC)
olsr remove G from P(Ca J:

Add dl‘l edge  to |RiBS |if B(S) & P'(B(C)) then no action

make S 5 p clse add B(S) to P(B(C))
as a superclass o 5 7
4 oy | add S to P(C)

class version C CsvV W C.p)
Create a new class | ppo | create a bas 3
AR B IHBS | create a base class be
as a subclass of S5 [cgy | et be as BIC)

add S to P(C)

initialize B'(C) to {be}

for all p € LIXC), a(Ch)

other | 3C; in SV, where B(S) € B(C3),
SVs | add be to BAC)

7. J|EL AlE

7.1 A gE

2~7|v} A3} (schema evolution)el]l o 714 83
olgp59] sl A Wi object adaptation) - 2,
27uk WA G e AAEY TS AR &
Flutell wrA] wlEE 24 - ok e]s} TSt AA
A& dlolehle)2: 27|v) g #d $17E(3,24,32) ©1
QoA ZA TR HZ el Aok A whee
A 73 Adeferred update)e]g} Eal whfold, Z)
A o] WAL 27|wle] AR & ARV}, 22T
Aol "og FalA HAR FHIEE Al ¢]Fo
AH14,32]. FHA B2e FHA] 72 (immediate one)
old} Hal= wlesm Azlul WH die] o]RolA:
Aol Qs We BE AAE Xl ¥gto] o]Fo]

B oE=ellAl Agkele RiBS REe A4 27wt A
Aads #hR AREY AYd FHS Fa 7
woll, AA ] wae] B g2 AT La'@P‘] e
o guh, RiBS RHelAE, A o]k Edle &
2F520 AAF 53 27wt el BAlshe 27
vl @gel o] dFE WA HE A H8] TR %

4 REg A HEg 98 AHEE £ ok
7.2 7|0 BiE SE
67‘"0%1*1 AFE vlgh Po), 27|n WA B T
& 2 oolakg] oju] EAIShe 27nF MAEL AP
*1 3}1—}—4 A& 2278 ML e A4k a2
I, o] 4k& AR AA Ak Holepno] 2] el 3
7z§°ﬂ e FEA AEE = Ark A, 2AAAE
dlolehlel=g] %] Al @Aleltk tiA o] ZAelA
= oy "o 2snp dAzEe] BoEA Ha 2zt
AlEEe Hojeho)Ag] TR &9 HAS HYAA
ok agm, ol RE AFvE AR AFe] vt
A FAA "ok AR, oW AEXy) ol Exshe
27\l Apale]l Fe] Qv REEVS FEA
A4le] 27nE AR dary) §idh
2Ee RiBS Ede] A7) W@ S3olA g
F 3 oF olfEH °)E °lsrES ddse gxd
ISHATH17]. B =8olxe B dase
E9 8 wsiA s Asgskaeh A7)vk W
3ol AAE We-e (1712 F=xdr] g
721 277 v Sl dAlse 55
57 olde] A7)ul MASA shie] dum 29
vl BAS AR A s £ U9 FUA
P2 o|F 2Eo] YAFI
1. E-&°lool(homonyms) &A1 Z7] & 270}
ER)‘) 1317“01] &3 B olde] FEaEA)
> oy MEZ o 7R ¥
VJ frFI' ;\14. ES B8olelel &)
) WAl BET
401 synonyms) WA Z17] o2 27wl
g WA & F oA ol F(54)
HAEo] o]F2 EYAT A2 Ze 7|E S
(HAE 71 G071 I elEL olg5 e &Y
2(&40) wixelg} Rad.
olg} #2 olF FEY 9L, vl vH B o
Aol & 27)v} MWl EYHQ 27)v} WA
£ o], S ¥ 02 WA, AR Y A
A A4ks vliolt
ol o]& Ed|, RiBS =de] A7|u} WA 25 7

ﬂ."O

ré.i offe g Hr
FJ‘{‘

HolMe “YiadE olF  FE"(extent migration
conflict)o]g} B2l= FF2 FEo| dATY. 53
= ¥ 27 v disl, riBse EA8RE sl 7

BoZ2gA per) 1) ols 27nl WA hel Y|REF
Hag s S Mol fla, 2) 7 27ul e

A M2 G2 78 SPLE e S92 v g2
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HE 72 Ze2d &8u) bee ‘Y2UE o)F FE 9 § 270E AY¥ & U siFE MultiView
< zZretfa Tl oS Sof, ¥ 44 B ¥ W ES R ok (121904 AA/2AE dloleh]
2 Ce 27u WA SV, SVE S8 o ﬂ*%ﬂﬁ o]  o]& AAHIS UniSQLelM AAE He) elvlelt) A
F 258 2ed 3, SV sVele & 7R A M-, WAE, HAddA-S nHsiA 4
22 e il wFe] EAEkA] gt &4, 71H AAEE HE Aosie WS Ak [BlaAs AA
il Ce SVOIME B(CVe £8te b, SVl A& HE o886 £7]n 38 Ee g o)dse

ME BYCV &3tk 3, CV.s CVae Zrl EeE ALY
GE 718 29ag deth oW 718 Fd O F RiBS RH%= 279} wde] RiBSel WE weld R
A7t He A g 2L ootk AEE &7t ZE A ol AT} WEs Zoldn I, ©

HANMNE CVast OVl tigste A2 S22 W & Wid RBS Bde thge £ Aol7t sk =, 7
HEo) YAHEH, 718 FY& CF o= Filla Wl & WHdME, AR 79 27vE @A A 8
o giRE 7B 2¥2d XTFAI=G sk A7 ' A9, ol F 2AvkE A% F F 27vE A
BRI} o] J2UE o)F FEL ANAY dolg = Zo] Ao} dke WM, RiBS EulleAe A7vl H
W] chFgsu el TP A& oz dske 270 WAL 49 SR8 5
At

SVui SV-j 8.2 A7|0} Fal/HE oIy
(©w) A4 ) 5 131604 AAAG dlojeielag
BCICYm) = A BCCvay < B A% 7ok Mg ALoZ AdPd o] Ave AE
BCHCVm) = (A.C} BCHCvn) = (R.C/ ORION dolelmdle] ) WA 248 343 AQH],
sye] FH8LE 27k WA g B P2 @9l
Rins B FHE o)olA k. H3 s U

FHe 4 270 WAle] ReAE AABe] HAE A
() -

s A5e FAVT. AW, RiBS BWAME
£ A7l BE 27m B el st d
o Zol7} Qleh. elw, o) ARME 24 shiel 2

PR PR o AT ARE 20 MAE AT S e
8. T o7 ¥, RiBSelAe 270t v g ALTe 2N
DAG(Direct Acylic Graph) E?}A 27 HA fFE
B RiBS RAlF #A¥E AFEelre A AAAL B x93k

Eﬂo]EJruﬂo] Bl #3k AT7[161227) 9 2=7v} Jsl/ 27)n} le%oﬂ 1@1 L e dpEe [26)& £
Aol #g A7F[3,10,13,20,21,22,24,26321 8 & F A 9tk o] dFE BHE FIM &9 JEE MYsia,
of. mela, Av0ek WAl BRd pE Rolm ﬂ]"]EJr 278} um; A}cu AA F, 270 WA S
wlo]2 27|wl Bitel] #E A7[4,14,25)7F e, A9 =deld piBs 2y g FASI AR, o]
wRMNE 270 Hd FEE AAg oA g # #AFE phantom A ZZ9} e F@Ad g 317
Az A, b ¥4, 2700 B0 Yol WA o ol4E

8.1 YN X|&F HIo[EMHIOlA 7 o di& AEHL AA SR FEshar ok

i)

DAY velehelze] R A3-<E B, =y ol5 ~7|n} wxslel Ha HolYelx FElas W
tlelet 94 AF, WE718 Bars-S AHAFEF o] BY(Class Versioning)old} ¥Ele 2FE 477 AR
olehile] ol ME o] &3y 8 AAAGE delet = 0[1020). o) dFolA= wlzldel dide] HA) o]
oA Hel AL 9T A7) xxcgﬂo} gt [1] ol Ehilo)2: 2y} ohe} g9 Sdizelct 53, [20]
O_{2} AAAZ DBMS)A 2] W “ﬂﬂ"—]’“’ = M F2 AA WHIdynamic instance conversion)
T gtk o] He BAeze FHa AEEE AT oy wWFUS e FdPa Ay Aad
7 Fela(virtual classes)®] AL EF Utk CLOSQLE Alghldh o S¥AAME dlzllEE 3
(27104 Ad(global) ZAutel ] AMEGe] Fad e AANE odejAe] 2 WA QEuexg il

I‘LI"
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M OAIE & A HFa, HIee 87 (context)d
ote} 42 e RHoE AT RiBSH 9=
A2 elde], ATsls ARl a¥iel WA CSVHA
ayEle s wRe gqlez dFEds A
o] @yel wWigg ol g A, ez WY g
He 27ul B At g 4 Sl o
HAEE A deA9E 27)0e Aok g
ol gleh{13).

WA doleho) 2 AlAslEe B &AM
H, 27} g 7S AFRTi3,2432]. olg AT
Ee 270 Fgel BEG FAXY 2T oH-F,
1) 27k Jgdsry &u], 2) 27vh WHE AF <
2o 17 APk AR ol Mz WA o
g3 Ze zZHddaz sddge ARG 27EY
g BAA 2ASE AL, ol FEY =AE %
=3l WelelA 7t 27 ARAASe) gujE A9
gt} o)y 2hle)d RiBS RYlE o] x|y
golela B4 ik spAe, @i Fae] ohjel, &
Flul WMAE RiBSSr B oA RaAY 7IL
ANz AXEE, Z1REH 27 AFdske ou|E o
5 £Z24 wEe g AFeEe AYE PR

9.8 &

AR T AA/AAR delelwe]s AlAHSo)
N2 SEREES(HE Bo|, f(WWW), PCTE,
Repository 512} B8 A7|dl @] 278 dFHA7]
71 Gaie 270k WA FVs8] AFo] Bl of
£ A8, 2 =AM QAT deleHoAE 9¢
7ok BlA 2 RiBSE At & 270 8Fe
712 276l RiBSY e B2 A%TE HE s,
ARgARE @A 290 HAE dgeR Yol elsE
HsA gl

2} 27 MRe 438 A¥e WA AEhi, o
A4 de, 4o w, AEHLE RIBSE AW
Hc). phantom AL} AA Y dEFzslst 2L o)
@A Hanomaly) & L7198 24 FdL =Hstn
Z 70} WA wR d4Ee AuEs o8 FEA
AL RENEES Ao upAgew, A7)0l wlH
58 24 dyste Bl #84 2EEE 49
851 RiBS del #adL AFaigc

B dA7e gdse) ¥ Folx) wake d3E 59
s §rk AAZE, G920 e g4F o
AEE =d43tT o)5e] MTER AFese delth

dE B9, B partitioning), T2 EFclass
merging), 54 Z@2(dynamic class){},11,23,30] 2}
A1 ANsg Fotste Adold o AYe B P
#et wdly A% RBSY AEstelg b e
2, B3 A6 43 A7)0 wd 715 AFE 95
RiBS md¢ 2} FHRAE Fpshe dFeink 53,
o] GFE 9 BWWW view)[1531] 71%5& AFshe=
H ESAY Aotk ojgt NS, AAY BAE
Ao s JP-FoX{role-class)E Ao GAT[23)
7F Red, 947 A8 4E A4y Zh 939
AR @77 "asideln 2o

HIE

ra
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