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RUUBEAMBED AL EA. I £ EATHBRIELN R T A TE YR HAARKE A F i3t
HERE ERT SR L LRG0 LR AR

XBR: TEAARAS AT HAR MAFL . BALEREL K4 TR AMAA

MmEZFSES. TP ZEERIRS: A

B AL R B A R B BB Y — T R R RAE. A U B R
HERE . FESSHBTERES XK MERSEEFRL TEINBEANTR. HEAREZ
i AR RS M RRE T & PR T RS A M AR 2SO E I 7R R
R TR FE.IFESHE A R AH OODB (ohject oriented datahase MEFIE L EH
PFERMT IRk R TSN TR FARE.ZES N TEHNMRREE. — R R
38 4 S A Ak P 1B BT B0 T R L O A R N AR T AR AL B, SR 1~ 3 )RR
MEE A TR GTHRAERH DR EMEREATREETE LR - ER Y
K AGEHHEBEA HOAZHABENE A MREEE. 7 —-MHRREREH M mEEE
MIIE S HZREERTRERKO T EAMERMEN MEREXEZHFHLT MBS AR
F k. a4, 5 BB T EHRE R (propagation pattern)iE S . HIBS E RS E 58 A B+ RERY
T B A2 6 TR O AR A L - A AL B SR # S E AT UL (software poly-
morphicy reuse mechanism). AR X #i% 7 68 & H G E A EA O R BT L, LA ERE [
propagation pattern 7 7% M7 Bl EREAE HEIHIEF RS WRFULAGEEEM, Lu
Ling "' #£ 1 7T FE R (pattern refinement) F O FAMMSBEAREHTE L. AXHETE
0] B B AR R A B AR L B B R AR TR R R ARG 2 TR R A 1 K
B AT KT B L XIEF (path-independence program) g AR 4 16 5 AL S ES . BRIE R XE
HUEMA PLIEF > L& - FESME TS SR EREES . MEMEX F LI RRERE. T
MWARETEEAEZ G UEN PSR 2EM FHER T PLIEFHEER S ERNE.

« WP BN 1999-08 21, M BH. 2006 06-29
BEME: AR O3 FHBHARIRIE BT H B3 306-4D02-02-9
RS WERQ—. B EHA AR BT, EEWHFER BN RRER . 208 £ B BEE0IB-).
Bk THEE. EEWRTEE 0SSR BEF 065 L. EREMAN . LB, S0 08 i) 3 2 BKIE A
WHL94G ). 2. LA HMEE  EEHRNE A RIBE RS,
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1 BEEXES

1.1 BEXES

—~ T 1) R B PR AR AT AT m A kRN T A & e R TE A E X

EXL — T HEAMEE—T=HC=(V,E.L). AV EULES . 1T HEER—1T
X ERNEE=EAUEC,EA R—1MZIERF VXV, EREWBEER ECR T ZILRAV
XLXV  RREZRNSIAXRLE +FHPES . BrEEN TER

A 1.mE 1 iR,V = {Root,Person, Student , Teacher,Course,Classroom } , EA= { (Person,
Roct ), (Course, Root), (Classroom, Root), (Student, Person ), (Teacher, Person)}, EC =

{(Student,s courses [ 10 ], Course}, { Teacher, t courses [ 5], Course), (Course, classroom,

% \\

i W
@;\;den?@) d‘éa(‘he;% |::> EC relation

—— EA relaion®
s_courses[ 10

Classroom) ).

T_courses[ 5 |

lassroom’
O OA L, O, GIEE.OFE . D8 .BNCH . @FAD.

Fig.1 A schema digraph
Bl — M EREFRE

BX2 E—ARAAMESR HERES « THBEE v 08 e, YHYH RO T EE -
MDD u=v;(2) FIEL TR G ) EEC;(3) 3w €V ' #u B o' Fo B R u—u' su —v.
CPRBERBEFEC FHM—TERESEEXRE.ZEH 1 P,Student—Course, Course—Classroom,
BRI Student—Classroom.

B3 —PHEAAERER EEA e T —BAE K v, BN a~"v, SRS RUHLL T
FANENT (1) w3 (2) M Flik v BEERME—, Bl Gl yv) (idgva). - . Coidw) BEME— 1.

EE 1 . Student—'Classroom. MR « FEME —FiK v, M2 K« —Tv.

EX 4 M mE RS DR D ZJLH D=, PC, ). FTEV B F.T#
B F Em G HEES T LR EBHA A . PC RGHANKR. PC=(TH, B, ¥

* THGhough) 348 & b2 53 B9 EC 34.

* B(bypass) &~ 1% # H 5% L2 By EC 4.

w2 FE I HEL D BIEY —EHEE D Source Student Through (Student,
s_courses[ 10],Course )Destination Classroom, %R T Student—+Course—~Classroom. P& 5 F
R Student , 22 5 T R Classroom. IF PC #3531, TH & EC i1 (Student ,s_courses[ 10],Course) ,B
K.

L2 —4%8)

B3R D PLRRENTBERS —BREFZITTOEEANY FREZE . ABELXBENE

wr

PI print _clzssroomNo
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D Source Student Destination Classroom

MA Classroom (print (classroomNo) )

% 117 PI print_classroomNo ERF 4 » 1 Source Student Destination Classroom 2 & 5%
M MA Classroom{(print (classromNe) ) F2 7 B 5 ¥ 2 LB, Classroom B35, (print (class-
roomNo R #%2% EWEEN C+HBA. ERFEITA—AIHIFEHRERC-+i5 5 . BREHA
R EDPHAT. BRMA KX T 1 JTESE/CH + 4 E5%. 08 2 FiRy LR ASFRATHE
RME2TR PLEFR—MIFSFHANENES E—MH OODB ., BRI HZH L ZEHE, B
ABEH HEER s _courses|i]. classroom. print (classroomNo ). 3 25548 T 57 A8 B 0H s 20 4 g
e, LA 4.

void Student! : print- classramMNo{ )
{int i:

for (i=0;i<C10:i4+
s.courses| i . print.classromNo() ;

} 3
Srudent | 4 Course! ; print- classroomMo( )
s_courses| 1G | {classroom. print_ classroomNo() 3 }

classroom

[ Course [——"—" Classroom

void Course! X print. classroomNn()
{print(classtoomNo) ; }

Fig 2 Compiling results of Fig. 1 for method ‘print_classroomMNo’
Bz “print _classroomNo” iy gk 4E B b 0 S1ELS B

B 4. BERAAE 1 PEHI Tutor fE8 Teacher #9726, Student L i fiER i i () (¥ Tu-
tor Bf EIRABHLE. ot 1 BALHE 3, A RS ITIS R OE 4 iR, 7R 3 g 0 3 fIREX
KESHARTLUEA. BREE 3 &, LERMEEBET K Student—Tutor—~Course—+Classroom,
AR 3 HHIEEBRE D A TRARHEEN A2, 758 3 (R P 3R 2 E M. B EmE
SRBEFILATREMT B E 3 0E W, e B E RN

tutor. t_courses| i J. classroom. print (classroomMNo ).

void Student; ; print_classrom()
{tutor. print. classToomNo; | Titor
void Teacher:: print_classcoomNo{ )

{int i " Tuter |

for {i=0;i<5u+1)

t_courses] 1 ], print_classtoomNo( b ; t_courses[ 5]
} -

void Course! ; print. classroomMNo( ) Course
1 Classroom, print{ ClassraomMNe) ; ) "
void Classroom: ; print_classroomNo( ) | Classroom
classroom {print(ClassrcomNo} ; }
Fig. 3 An evolved schema of Fig 1 Fig. 4 Compiling results of Fig 3 for methad ‘print_classroomNo’
B3 B —AEiE B4 7 print_classtoomNo™ £k B 3 4 ) 2 5 44 R

BT R EXEE SEANARBFHAL, BE W B RRE, R FILE KBNS
R A2 A T BT LA 38 A R MR S TR IS B BRI 4.
1.3 BAUEX

EXSBEAXBENEANLEN). E—TERXAEC=V,E,.L)H BEEXET « £
—A-ZILHA M, D, MA>.

cME--DHEA.

P DR—MEEHE.
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c MA B THEMRBES, TERNw,C) K w E— T8 A, weV;C RSB H & M
MERBEBS.ENTE » HEALFERLE.

EX(HEEXXIEENEANY). R o=WM,D.MAORELERRAGNEG FR—P IR
EXREFT NE BB DB HEELAFE-FILERFRELT NRNKE « B GIREHN,
LR G Fla)—'T (a).

H LR E AT AR S, “print _classroomNo” g1 B 1 fE 3 HEAEMERS .

B T(BEXZXETNIHERTN. 2152 REBMERAME G2 i 61 HALTR, o
B—THELXTE RIMNEX o A TR GL 5 G2 RIFET S8, 25 B0 R LT R 68:

DY w, HPGe.0)EMA(e) R wEGLVTME weG2(V);

2V CHA(w, O MA() R C 7 CL1.G2 B 4 A S EE.

PA BRI S RIE G1 WARE G2 5 W — A B TR 26 T IE A MA S5 W B0 1 E fe
RHARMhE. Kb &E(OERNFENRHES PR LAERLAE R E P HFELE, W print_
classroom” 7 g Y Classroom HELAFIEE 1 ME 3 PAE. &F OB, BEER FPITHCH
+ BR) B % 58 B[R] —FR T BE. 4N print(classroomNo)TEE 1 5E 3 A PHITHHES. ETH
e, AT IES RIRMIE 6 FIE X 7 BFMBEA EAR A LB K.

2 FHMETEM

BR PLIE & A AL B A R RATE A A AR, R R R A MRS, e
EXEEHEREMN. FRATH.

B 5. BiRER 1 LB, BTN Student 2400 L B class_advisor . Teacher ZF &, L& 5 #
A AR LML A THsHPILES ., B 5 7 H &M Stuent B| Classroom B9 B2 , — % & Student
—+Course—>Classroom . B — % B Student—Teacher—=Course—Classroom . 1% % T F %5 8
—RBEEEE B B s mEXELCSHT A 3 BT AREA.

Person

(Class_advisor

Student — X Teacher
s_courses| 10 ] S
// t_courses] 5]

classroom

Fig.5 An unequivalent schema of Fig. 1 for method ‘print_classroomNo’
Bl5 5 R 8 T “print_classroomNo” 77 B B JE 34 885K

AT RGN, A TEMER WA E L. DA EELE Student Fh iy LiX— %Kik
class_advisor . M & KA SMERXELBEE. HER - IMFRHELTFR . EEREERGELE
Ko XA A MEFER. TR FERRRX B8,

ENS(EMERTL). ClLE-MHEAEFME.GC2ZREHGL HETIR. « RBEBLEIET & a
MTGCLM G2 BEAMENEHSEFREIAR ATEE, MK G2 2 Gl WET « FIEFMEA T,
X Gl(a)RG2(a).

HESN 5 PR, 3 &E 1 &F “print _classroomNo” 7 2 K X 4k

THAHSMBEXFAMNF TR,

R GCZRGLATHRELRET « WEMEREA, (U F TR T &4
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L e NMFEET C1 5 G20 GL: Fla) =" (), G2, FCa)—~"T"(a).

(2) e %t G2 J G1 FThRERTE.

EYGLRGI RTHELXIBES « WEMENFEL . MHEN 8 8 . 0F GL W62 N33
HEBEERAETRMENADE X8 B4  BDABYERT Gl 562. W« R ERT 1
HO2,BECL G2 F i —3k T 38 SELEORDHAEHRE. KR FELBELE
FHeEGCLM G2 LEREADERME AR Y T BAAR R W il X 5 T & R ERE
HoeR—NZXEAMDMA HPMARR B FE o EKNBENES TES MA XH w,C
IR LEE MARR N w.C HEHE, B HXE L 7 PR EGTSERE. TR T
Gl 5C2 RBATEN. ¥ . LEAGCOMERE L. MEm 1 BiE. H

Bl 3 R 1 5T “print_classroomNo™ J 15 8 S5 41 88 24 40, AR IE, B 1 g EA
DEFAFELRFCEXEAEFHEEHERN. — S EGEEME, 2ZF L RE S £ AR
B MAEFE 4 R R AR ] 6 R ).

Bl 6: 7ER 6(a) ¥, student 251 like_course LB HEREEER FHIRE, HiE 6 HE
dislike . course TR RFEARER EWIFE. WBEKE L LIE T “print classroomNo” i F Bl
KRR A 6O B SITH M A B R FREBREE, WA sS4 R ER L
MIRBHHET EPERARTEEMERNBAHY EEATEREEEREDONE T LELS
B (RS %S ER®MELE S, student B — B 3% Classroom , B , Classroom (print (class-
roomNo ) ) —HIFE B 6 () 5 FHRITIENEFESHE). Bt RIBETB(OHENLER
RS EREHSERBEERIEFEDOPNME TEESR 2O WA EELL
HI—BME. A07E M 6 9, i1 Student 4E | Course 44, BLUR BRIZERME — , {H7E Ca) (b)Y TG 4~ st oh,
BEXREXNSR R Bt BERIE S AL B R R B 1% 4 E SR Bk

like_ course dislike_coursc

vlassroom . classroom
(a) 43
Fig. 6 An unequivalent schema evolution which is satisfied with the prerequisite of thevrem 1

6 LA TR AN B AR A TR 5 IR (L BT
3 RAAHFARXNRUEE

TR 1e) X 2 55090 P 0 A5 2038 b 41 2 2 H Banerjee % A7E Orion “8U3R MR P2k B R £
B AR SCRL I £ 254 S R AL 19 45 26 4 of

31 BB EER

AEXCRAT Peters R R BEAABER T BiTHERT B —HM. £
BRI 7IE L BT RS (1) BOT8A RSB i 2 2 (base class ), [ 4 R4 =,
BRERTEAERTAE SN TR 508, (2) ARG HREIE Ne( 5 Pe(T),
UGB MBI M CRRI7 PR 2 WA ML HXH A WHE A M BN TRt 551
BRI R 7 ], A= 0w

AR1IP HONNO=T I O=HWOIN.

F 2R T AP PO NOWEE PLG TG H ).
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Table 1 Notation of the axiomartic model

F 1 MAERECS UM

G Whole schema digraph™
Root Root™
§ s is a class in G
P Immediate superclass of class (%
PL() All superclassses of class £, including ¢
Ny Native variables and methods of class ¢®
ey Inkerited variables and methods of class ¢
Fass Al variables and methods of class ¢, including N (¢) and H()®
a, {(f{e), T Results applying the unary function [ to (¥ »& Ty®

MR HE. DRSS @G Tl —2 . BB AR A EEEL. D2 W
HBE . OEL L @Bl ST LA TR, @R kR A ] b ik, @3
MR R NS T OF -l FEET o cC B INE R,

Table 2
*2

Axiom™ Description®

Closurc® Vet PG
Acyclicity™ ¥ rEGab Ua (PLI) PG
Rooctedness™ J Root €GN tEG{{Root € PLUN AP (Ront) =& 1)

Superclass® (PL()Y) Y€ C,PLIN=Ua (PL{) , Py Uit}
Interface™ (I (s> Ve Gl =N UH )

Inheritance™ (Ef(2)) ViC G H) = Ua, (I (x) Pie))
MAR.CHA . DB OLH,.OF R, O, 0% 1.08 2.

32 FhEARLEE

221 AEMLZR =
.2.1.1 &/ B
N(y=NG¢)+{x};
(Y sEGIA LE PLIsY) recompute H (), TG //RBER 2 HHAA S MAH S EFITE HGF IG)

while (3 tm, & PLUMY Y A (Y «€ PT program) A (um causes & Fla)) —1"T(ﬂ))

do

fcreate new_tm N (new . .tm) =N (im}; "

(W sECIAGmEPGY) (PGsY=P(s)tinewo_tmbs PUsO)=P(s)— lem)s) [/ H tm RO B 4E M A5 &
New_tm

NUm)=NGm)+HGm); [/ m @ EBEEATILE S AGEXNELES FE I Nem)y=TGm)

NGmy=NGm) —{oks Hlom RBAHFHILE o

Plm)y={Root}; //tm AER"X —4HE%

}

Hh EEGETR o MFEE: P M FEEROBEEMNMEERR XATESFBTEY
PIEBWIEE TS 2 & F BT Mg #linf i 5 B BN class_advisor IIEEA 1 L, JER T
%M Student B Classroom W42, I B ERBEBRXRESAERETFTHAREE B MESN
Troublemaker, F#% tm. #4, B 5 4 Student 255 B — 4> Troublemaker. 7 LA H PR 18]
B—H%E New tm EHFNR m HEZEE oL tm MERHEXPIETR EZREF-—TE
% Root MNE 7 AR (FXEAHRBUXZBBILE 4. HE m AANATESHEIen) . &
BFH@m)S N (XHEREAITAERERLRER mBREES FERPIEF). RIVERK
B B PEHE EEB 7 F,New_student #H LT Student HEHF & class_advisor, Student &
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HATEEXR. WRRAFIFES A Troublemaker 2, M B BRI K H 5 FEBLA 1 B 16

------ > Virtual relation®
s_courses 10]

Fig. 7 An equivalent schema digraph with Fig. 1 for method ‘print_classroomMNo?
B7 — T 581X T “print_classroomNo™ 77 B 54 B =77 11

TS FEMBTEMBRBICGEE « RELU EEEMEIMNELS & 5 REEM.

i W BB LLEE

WM HEXPEENLER - 25 REFBIEMOCHFENBERXES « WEAERE,
MESEBTR - nEHR: £, BRFFBANSFER 5EEAZ4.

Q) AHEBER - MAER: Z L. FHTETHRERARES « WERERM,WEY « £
—PEZRAM,D,MA MR —AFEED R, T « MIEEER D 5 MA RE. X TH
m— R R I, MA WA T REE Tk (E A MA th w. C 1E M n—4 %
THS w,CRX HERNEETIED. EDP  BESERE 2 ANF I T HEBER -
AT, FAB SRS EANEP £ K Troublemaker 2 (Troublemaker %Eﬂﬂﬁ%é@ rRAE W
TR MERK Pk, EM—NBER AHFLET F 817 WBEE— EREREHY
BEXXREFWEMAEBR TRIE. BRENEAUEG FATHEEEEERLTES &8
EFEABEREXES « NEASRANGRASZ AT, WH#ER 5 EEXSH. O
3.2.1.2 ESE Z&rALTE IR

A 8 R T RN BITHHMN ESE REHTHFMREA ML E. EABATE R I 5.
B 55 R TIAL BB A R S — G #E  b, #2 class_advisor HIEMAZE Student 1,617
— R, A SR . PITEFRES RAILHERA T, A Student Bf Classroom 3 B 4 B
. ESE 4bEL 4R # ] R E T E - M BT BEE A R ESE TR ITE T R BAE 8()
FHEANE . WRPIBFERESEZNSTHACHAR PI FiE EXFREREEA,
Mzt AR ESEEGFMEL b FRETXEFA SR ABOR AT E B4k, M50 5 w2
20 LA
3.22 ME:PMRTE -

N@)=NG)—{x},
(¥ s€GI)A GE PL(s)) recompute H (), T(s);
while (3 tm€G) A (V¥ «€ PI program) A ¢E PL(tm)) A

(¢m causes{G:F(a(! =T (a)}V (ais not functional in variant in evolved G}
do

A { creat new_tm, N (new_itm)=NC(tm);

¥V sEGIA GmEPG)) {P(S)=P()+ {new_tm)} ; P(s)=P()— {tm} s}
Plnew_tm)=P(m) ;N (@m)=NUm)+HUm) iNGm)=N(m)+{z};
Plem)=1{Root);

}
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@9_1’50@ Scherma change request
\\ e 7.77‘@‘?777 N
Add an instance variable®

- ,/—L-i‘-\
Studen; gﬁ‘l@f_r/‘ lclass,advimr:'[bacher 0 Studcm

L= . 1

@qrsel j@ :7 Virwal relaufg) |nforr1(r i 1
(el,: T - o
[bchema prepossessmg m.)clde‘TL )}i Person ™

; (]asaroom is not umqu? T /1 Iy \\
: rnachahie frcm Studem 8 /‘—___ PE progx'lm hecker 455 8dvISOr
- : ‘Cﬁm@f‘ﬁxiﬁﬁs

e Person, [ ESE procmsnr\ J% P

@H‘;@ /( Tass advisors, - F‘)E LX\LUIU] 7 —‘ DUTNE sl CT:—H_I"ZQ?_D)

(b

Ki‘NéW ﬂﬁml_—‘rﬁﬁm >

;(,rtdl va student to substitute i
i student and add an instance vanable
;cla'ﬁ advisar: weacher 10 new_ smdt:n ”/

IR AL, QNI — 9 R G0 % AR s T R r"’)’”ﬁiﬁ’#’ﬁﬁ )EBBIJ:.@%%
(DESE 17 %% . & Student2k 1B M — 3 3k Classroom 2 , 681 #t New studerat 38 {085, H New_ -.mdem%ﬁj}[]&'?[ﬁ

Fig. &8 Complere FSE procedure for an equivalent schema evolution

Bl g %mtﬁﬁﬁ&%%ﬁﬁE%%Mﬂﬁﬂ

KRB BT s WA — B EFITE TN H )16, St P A M H X
— W BR A R P, U AT BE 5 303 40 R BRI, R R @08 New om 2838 48 tm 25,5 B = M\ New_
tm BER tm BB H R HB AN BB E S 3. 2. 11 FE 9, srAb B

F LARMA-FH RATH M —T 8l 6. 61 6 Hﬁﬁﬁ?ﬁ"fb?'ﬁif?ﬁi’ﬁ%%?@ Student |k py 722
& like course:Course M2 5B — P H 3 & dislike course;Course. iIX — @ AL E R 1] & 58 2 W B —
MHAE like_course:Course FIEHN-—P# 4 B dislike_course;Course BI& I8 E. G HERA
El5HEER L. BEEHOE O MBERTHARE 0 S MR E. B REEAR, = HiEs
EHMA AR E ET Orion LIFMHSILARKA ST RIS S TR CCaR8TH A
R ).

Gudcnt @::ﬂ;nt
. dislike _course

Cl a%mcm
QEED *(Clasroort>

Fig. 9 An equivalent schema evolution whth Fig 6{a)

o IEI5CO AT AL R E L
4 EMXRENESERENRL

ERNER T EDim 250 & PUB S M EAmME - S8 " k. X8, AR MEMHER
HTRIE.EHNEH T H—-NE. i 7 p, BRI —F FHiE S (ID>AF B2 £ Person 35,
EATER Student MG XL A X — DI AR BN B Stodent BRR Person #9725 X
ML BARERPARREN, T X a8, AR E T X A PLH. 2 F Student 5
Person Z @@ T BRI THEM X F & Student WARETE B MM LY B Hikokyl, B
MIRATLATFRA#G .

(1) 3 New-tm #5088 250 RGHATH R B R B X T B ¥ A S OB m 25,
{8 Bt SR 4R R B9 B AR

@) HH P ERE EHM tm B iR E R tm B X B A A New-tm 26, |
New-tm 85 (1 F 2% — B4k FAF New-tm 7% 5 L BT X - 5 b 341

like co:.nme
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it New-um 5 un ZRIE Y - EEH N, BRTE ESE @b .o XE# &= BEN
S5HOR A R AL & New-tm W LIHEE tm BB EART W — DA B2 RS
B ERFENAZE B — ARG B 8 EMEAUL IR AT, R A HE X RE
{5 AR IR T A L

TE ESE gt  BAIF MBI X RIBERM T HEHBE L@ sl £@ 3. -2 APFR
4 Student 2500 L class advisor: Teacher T B, B~ P MG ixHELELER. B
EOHHSEMERBEABE BT E S)MBEE L RE L T — 3 G i E kA L &
GEFTLAHAATER HE A 8 (D) MM ( R ZE3R A 8(c) 119 New student ZEBR 1 Student 2. i [
) Student 2R HFFE P RAT LA W F /5 — 2847 28 2L e 28 A9 F P o o] DB A 1A Ca) B
AGLH L E (P Y New_student 283§ 25 F P 22 A 0] WL R AT EE 9806 A& DL nf 4l L8 B
Student 2547310 B8 Person S0 T80, 20bE, F 400 AB 14 42 a8 200 fhooh T 1 P v LS o8 4 i 1
APALE2E AR HELCREER, EEY2RES T 2R BN 2 5. IR
BB O IR T 0 T8O (BRI #3055 S R 7 I 5 A T S L B PRI . | 3 S i M U
b, FIP 3 S 30 A AR 4k 59 BR 8 X 0E SCIRE 30k DA A, i A 2 35 hn B () 40 B BRI 2 b BL RN AY £
MR 25 K.

§ R HRLE

1 S B Bk P L AT 3 e DA B B AT D0 0GR B E M “ Troublemaker 7 28 43 85
L ARZU—NFFE BN E R ER. RO LDFEEC A R B2 LR E X PLEEY
B E SRR R, 7E ESE R0, S48 WS X E A I S IRt B 5 ] dnfay b 3 B
. TR 8O, i — M B P T A Student 220 class_advisor : Teacher "% 8 , U] & SR E
FHEEA RS RR T 8o R M A R T ESE R85 Y Rr A U 0L X AR TR
BRI A P A B2 R INIE 8o iy P AR E AR 2 T % S sl 1 o 1 a3 W 1
filn 15 e R LA 2 R W 2 A R AL it RO R Al ke 3 PR VE AL AT & TR AR AN 8o R T Sto-
dent 288 B9 4 52 ) e BUNR B R R b R R 6 B T A Bl 8 (b) HTRY Student 2K {AFE L, FiZAP
& 8(h) FFH B K Student 22 8(c) 1 New_student 28, KL X HRAFFEH SGR K. &K1
AAERR T AL UG R R A 28 B At 4280 i 9E 7 Ah 3.

TE E N A6 18 1] A 52 800 e IR B A T AR b i B R AL R B B
Ml E AR A PR R OFE ET . EEENRE R R RN LR
R B Sl P D1 — 4 B8 RS o B9 07 2 X AR — N RS B S5 B X e Y I oA ER A B A AR RO
S0 H At BT A RRA . SR BOTA S RO PE R - - BUbE R A ok T AR R RO . R SCIR I T - FIER A
“EAR AL AR R A E R T AR E S B SR AT A L AL AR A TR
TERIR] BB A 1+ 2 A RBFEAT S B An#E 1 8 b, T 5k JE03k T B 8 () W) Student 85
FEFIFEE SRR MITI A SE AR N 8(b) A Student 2 p W H R RATIADZRY
AR, HE AR p B o R R - 81 T7E R 8(b) 4 Y Student 28R L3R E 8(c)H ) New _student
B, EZHERTFEILFORBE T student 293 R I AE BB 152 New _student ZEA9 3 382 4], {A New_
student 2SR Btk Student B R E — P class_advisor. B I, AT XA Student 2
AN R ) New _student 2 () 5t 5 HETAB 4T M AR . P — #F 42 R K Student BE R AR R T
). B — o RMEHN BA class _advisor 3 MHAFHE H New . student 250 & 58 8 G It £
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FRYBEADPAHL EHEG A NA MY, RIESREX A B, 8. B 3G T Su-
dent M IR AL A — TR class _advisor BIELR T B 8(b) dh &Y Student 3 a3t g2 304, 40
B 10 B,

An instince variable of class Stwdent in Fig 8(h) includes:

All methods and va_r_i.ables of Student inthe_global schema:@_
Vanable class advisor of new_smdent in the global ghema@) i~
_ [
< Srudent w
\ / Class _advisor
Cowrse

QU8 by P ) Student®f B L F BIE Q4 B = #7 Swudeni s B BT
HWE S5, D2 mEs g g New_studen: 35 il class_advisor 4 & .

lig. 1¢  Evolved chject sketch map
B B EREE

BEZBED . RITWESE RERHN T T ERZSWEAXMENG. YEE SO F  RELAP,
PR RLERIT M FHELELBR TE 8T MERER R K New_student 2Kik 4 K
Student UG AR ATH] SCh PG R P B R LR MM RANBELERYHP PN ZAPERRE
BAPHTL T —F1E4] .

For each existing instance of Student Get _type class_advisor of New _student.,
KB —ANEREMW Student BT HAF SN —4 class _advisor BB, EF B BT New_student
% XHJRE I Student FEAYH R E BN H WA P Y Stodent BHHRT. BHPLE
BB T A New stadent 229y class _advisor X FR, RERSE—-THUR2ET
New-student, Fi} F R BEME I iZ 3T S8 class_advisor X — &4, Kb & S5 3t A M BAF]
Rm.

WARE Eo i, B SO HRRBEFRART OAENN R LA ERR. EERNES
FEMMIENNR R —ERRT T XNTRSFEIM. XETHATFKRE - MEEN
FHETS. MARTAREISME S, MR LA 7 KN4 &S5, X 8% g
HAEM B A7 g o, 1 B2 5000 DORE F P X Ak i R, 8 “Get_type " “Lose
type”,“Get_method”." Lose_method "4 1% | 15 3] , B B 4 41— M W R MM F0R. WAL S 4L H)
SREGEMET MR FEMLIL, BRAKBL THRBEMNTFHE M — S S RERE.

6 & it

RSCRHUT B TCCIE T R A e SRl b 5 R R 0K AT S0 R R 1L g

(D BEEXEAE -MEPRANEMNNRES, ERAKRL B FEAWELS & 8K
FEmE.

(2) SR AT ALHLAH B B G aE A S (2 47 B/ £ 69 PT BT M E i, LB R ERHT
MBI fh 4915 X

(3) FHEBXFR LG Z B A, RITEHR T BAER 4.

(4) WALBRE T A RPUH.
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Ahstract ; The schema in object-oriented database (OODB) ollen experiences considerable changes during the
development for typical application areas. After the update, the existing spplication programs based on the [ormer-
ly schema have to be modified ar rewritten, which makes a great deal of application programs obsolctc. This paper
addresses the problem by providing equivalent schema evolution (ESE) mechanism based on path-independence
(PD) program. Path-Independence program is emploved as OODB’s specification formalism for enhsneing the
adaptability of database program against the schema evolution. Equivalent schema evolution can make the existing
path-independence language reuse withont any medification after the schema has heen updated. In addition, a solu-
tion approach of remaining the equivalent schema evolution mechanism is described in this paper as a effective
working system, which as its essential [eature requires the system lo support virtual relation mechanism and oh-
ject-evolving technology.

Key words. adapiive software specification and development; schema evolution; object.oriented database; soft-

warc rensc; virtual relation
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