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Updatability of Relational Database Views based on Pro Forma
Guessing of Update Intention

YOSHIFUMI MASUNAGA"®

Abstract: Given that views are not base relations stored in a database but virtual in the sense of being merely “definitions” of
queries issued to a database, the updatability of views poses a formidable problem, although there is no problem as long as views
are subject to query. While the view update problem has attracted the attention of many scientists and business people, and much
research and development has been reported since views were first introduced, a complete resolution to this problem is still an
open issue unfortunately. In this paper, a novel concept to resolve this problem is introduced which is called “view updatability
based on pro forma guessing of update intention.” First, the updatability of seven basic views, which are defined by using union
operation, difference set operation, intersection operation, Cartesian product operation, projection operation, selection operation,
and join operation, respectively, is clarified in a systematic manner. Second, based on the result, an algorithm is presented to
determine whether a given view, defined arbitrarily by using seven basic view-defining operators recursively, is updatable or not.
View updatability, based on pro-forma guessing of update intention, differs essentially from the traditional approach in the sense
that certain views actually become updatable in this new approach while they are not updatable in the traditional sense. This is
due to the fact that in certain cases the user’s view update intention can be guessed uniquely by checking the “extension” of each
view update transformation candidate, which is calculated using temporarily materialized views. Consequently, a unified solution
is applied to the view update problem which, until now, had not been thoroughly resolved.
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(database state) > & E = — K B (view state)~D “BI%EL”

(function) CH D L EEXET DI ENDIGED. s, & H DHFFA
TIZBT LT —HZRN—ADREE, VEE2—EHK, V(s,)
X (FOZ  IZBITA)E 2 —DIREE, u & V(s )ITH L
THERATSNTEERBRIEL T 2L E, u PEBFE
(translatable) TH 2 L 1%, u & s, ~OFHEAEICERT 2RI
&£ 23 72 < (no side effects) 7> > — & (unique) 72 2% #i
(translation) T WfFFET B & Z L EHETH[2]. T742bL, K
1 O AHAXFH (commutative diagram) B3 T 5 & X &I .
2B, BB TICRIERN 20 E0E, a(V(s,)) = V(T(u)(s.)) 2
BT H I L ERT D, BB TIC-BHEER LI &3
WMRORMMEH DL AL LENLL, TOHBIXT IZ
REBEN DTz, ZOBRPREELZHITONLRWeDE L
TW5. £72, M1 ORISR EELE 2D bO TR
WS, WEBTEEZR Zefb & LT, BHRRT — 2 X—2R(C
*F L CRFHREH 20T 720 2 & (no extraneous update) b
VI TH DD, RPECTRINDEREMIAEY Trb)
HWICZDOFRMZMIZ L CWDHDT, I 2 CIERBICEY L
F 720,

LR, XM 7T7e—FTiE, 7—FX—X Tk
T N BABIE R EO— BRI EZE LoD, Ve
79 % Y (criteria) G E T D & IE LWAEINAIREIZ 2 5 D
Dy, FOFRMEEBRFNCHALNILES ELT, ZTRET
% < O NS X 12[2,3,4,6,7,9,10,11].

V(o) ——u—=>u(V(s))=V(T(u)(s;)

r|

\Y% T \%

oy

se— T(u) =>T(u)(s,)

Bl BZ o BN T 2 — BT R u WAMATRETH 5
R N E T
Figure 1 Commutative diagram of representing translatability

of view update u at time < .

Lo L2d s, Ea—HHEEOWERETIZONT,
WESCHY T 7' — T 13 % O R AR ~ D FEARRIRERA % 5- 2
2HOTEH LN, RADRDH Y, BBRE(semantic)7” 71—
FRBEINDZ L L72o72[5]. 20T 7 a—F TN
77 —FCHRELNTEEHBT O—EMEE VI HKE R
D57 bz, RBLED “BW ZHR L TEHZERD
EWATREMEARE L LS &35, 2FY, Ba—THME
D TEWRINTH D Z &0 - SN0 Th 5.
s L, ZHROBRIEBHREEZ RENICHRELL S &
FTE, 2= LORVEVEZBELT, TOEHEREZA
BT 5 UL0EERNZ EbHALNICR ST EE, =—F
DA UET v a v EMBIASR, BREAHIEL TE =
— DO F A REME A I L B = —F Y — L TAILOR 23
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EEhTWaI8].

FRo X HiZ, Va—oBHMEIIEXNRT e —F
PicE EELT, BRMIC L EE e EE A TS Z
EBRBALNICRY, MBEREIIETEORBE L 2o TH A
ol EEE, V—va sy —2X—208ETY,
SQL-89, SQL-92, SQL:1999, SQL:2008 TH H AlfE/2 &2 —
DR ENTHED, M TIRENTH H[12,13,14,15].

T, BRI CTREM R Y = —HHafetks, =
NETICRWEZ T T2 Z &M TERNNES T,
FOREREN, KRETRET D “EHFEROARRIHEE
WES Pa—0FHAEE Thob. 07 7u—Fig,
INETORH - B%AT Fu—F, Zhizitk#ly s
u—FLEEY, TRE 2 —~OFEFRIENLHRATHE
MDA TYH, Ea—2—RHIZ~T I 754 AL
Ta—VOEFEREMHERL, —FHT, TOEHFEROE
BBEMEZRICEIT L TCEORE, Zhix oL HEmfo
N LD, EROTHKRLTHD &, 22—V N7
L7-HEHERDEXEZ —FIC MR T 25880850,
ZORFIII(Z =PI L S LHEND D EIX L2V T)E
OERFRKE > TEY b= a P OFEFHEIT, FrED
Ea—HFHzERIELT5b0ThHAS.

T, ARETHE, H2ETE2—, &3 ETHERET
T —FICL D2 — DA, 4 ETEHEMD
STCHIHERNC SN =T e —FIc LD ¥ 2 — O HEH A hE
P, S ETRMICER SN E = — OB H afRett ) E
TAIT)ZLEH LD, $6EIFRTHD.

2. Ea—F&HEZOEKEH

21 Faoa—5F&

Ea—ZRPIZEA LTy FE.F Codd)id, a—%Y
L— a PARBEHREAONTER L[] AREbLZENh
W) . Ea—Iifi+25 Y v—y g FAREEAIIRO
7oL 5 EAEK, AEGHENE, LEESEAE, B
PSR, WEEE, BERE, &6EE. 2 TIEED
MSEHEIRRT DT, KL< b AHMELZIY . Zhb
TOOEAREREEHNTERIND T OOHEARE 2 — T
DLEBYTHD R & S ZFIfi . (union compatible)725E Y
L—yardidrls, Vi—ya A REOTMEAHER
o T, FIEAE2—RUS NEFRSIND. FEkICEE
At a2—R-S, LFELEALEL—RNSHNEHIND. R &S
EF)lL—varedilE RXSIFEEEE=2—THD. V
L— 3 Y R(AL A2, ..., An)DEMHEER X = {Al’, A2, ...,
AR} FOREEA ZH - T, L2 —R[X] BEHSH
%, UL—3i 3 RALA2, ..., An)DBM Al & Aj 80 -t
B W] BE72( 0 -comparable)f, R D Ai & Aj LD 6 -8R =
—IEZR[AIOAj]THD. UL — a2 RALLA2, ..., An)E Y
L—3i 3 S$BLB2, ...,Bm)® Ai & Bj LD §-EEE =
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—IE R[Ai 0 Bj]S & EHF 5(Z 21T Ai & Bj 1% 0 -FLifal ).
Ea—ZInb 7 o0RKE = —HE A2 FIFISEM L
TROELIIZERIND.
[E&E 1] (L=2—ER)
. FEUVL—raryRIZEa2—Thsb.
2. Vi, V2 2t a—L35L %, V1 & V2BFML7
51F, (Viuv2), (Vi—V2), (ViINV2)HLE2—T
»HbD.
3. V1, V2% b a—t35L%, (VIXV2IL=2—T
»H5D.
4. Vaba—tTnLx, (VIXDZEa—Thsb. =
i, XizVoggEsTths.

5. VabEa—¢t7T5L¢ %, (V[Ai@Aj])ﬂilf‘:L“—“C“&)Z).

T2, ALk AT O RTREE .
6. Vi, V2 2t a—L9 5 L%, (VI[Ai0BjlV2ixE
2—Thd. ZZIZ, AL & BjiL0-thEkalpe & 3 5.
7. 1.5 6. TERINDILDODOHRN, Ea—Thb.
EFZOF CTHEIAEH SN TWAR, ZHEHEAN 225
6 ZHIRICAVWTERIND B a—DFUMIT 2B 512
DO—BFIATH) BTG LTS, Zhix, HROICE
BEINT-C2—DOFEHFHAREEZHET LT LY X LD
WSLD(ER 5 '), ok, BARA L 2 —I3Eera—IC
WLAHDT, FHEE2—ERIEALTHIVET S,
2.2 Ea—0ERKE®
o — BRI 2 BRI T e —F TIE, Ea—
W29 D BHTER u OB EAM 2 KD DB, EAE 22—
OEWEWYFTE LTWA[S5]. —fICREZV L—y gt
T5LE, RENBEFEZHERI L—2a L LTRT Xy
TAY L=y a FLRBOREK{t | tER}EZTOEK
(meaning) & ERT DI ENEARTH L. LN~ T, FuE
AL 2—RUS DEWRIZ{t|tER V tES}THDH. F 1127
DDA 2 —DEKREE LOORT. Va—0FEKLR
MNE 2 —OTHF A FEME & BRmIC ED L 5 1T o> T
MFRETRT.

#£1 7THO0HAE 2 — L FOEMER

Table 1 Seven basic views and their meaning representations.

o — OfEE Ea—n E 2 — DO BE R
i

MESE 2 — RUS {t|[tER V tES}

EEA 2 — R—S {t|[tER A— (t€8)}

LEEA L = RNS {t|[tER A tES}

EHEE 2 — RXS {(r,s)|[TER N sES}

T2 — R[X] {u| uEdom(Al°) X dom(A2°)
X+« Xdom(AK)A(TtE
R)(t[X] = u)}

IR 2 — R[Ai 0 Aj] | {t|tERA t[Ai] 0 t[Aj]}

MAE2— R[Ai 0 Bj]S | {(t, wtERAuESAL[AI] 0
u[Bj]}
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3. Ea—DEHAIESE—HEXET7 ITO—F—

Vo —HHREIL N E TS - BN T T r—F

ThROLERMT 7o —F 0 LRI SN &z
P, BERLTEELVWI &, Ca—0FHmaerix
E o — BN FER O BRI BEET D AR
VL—varyR2OT, Ea—%8H+5L0no 28, b
HALFMERNEITENTHEEDT —F _— 2 DIREE
(AL AB L )NTED b0, 2 21E, e 22—
HIBRATRED 2 ) LW\ ol mBIC A2 LD K51, Hx o
B CX 1 CoR L7z AR RS T 2 02D C& 7o
T, BHERBBITIND VR LHFAICE N T,
— B, A2 —RNERINZE XL, FHUIXLT
FAT SN WD DEIBRER b Z T Thuvn2 &)
MEZMHZ )L LTEREVWHIZETHD. ZDLE, b
2 —OEHAMREMEITIRDO LS ICEREND.
[ 2] (v = — D aEElE)
ViEEa—L95. VAEHAHRES L, W/ 54 o,
WZR D FHEER w (2 LT, X1 ORI A
HEERWS. ZZIT, BELITHIBR, A, HDOVITE
BOWTANET D,

EC, RAMT Tu—F 0L E T, Ea—OFEH A REN
MEZEFTHLDIZENTEEZDE, T DOERAE 2 —%
KRB LTORT. TORERET, R20FE 45— Eashb
LBV THILID, HEToOMEHAET 5.

FP, Ea—V I U TENER v X¥ITIN L,
u WEBTTEEDMRFE T B 72 DI T 2 KD 721 hiE
ROV, FOEDICE 2—OBWRIREHFHL TV
ZETHD. mITT, TOEMKEFE 2 oRT
[#61 1] FEs v = — I XHIBRATHE

FIEAEE 2 —RUSIZH v 7Lty DHIFRER d = delete t,
from RUS BRITENELED. 5L 3K ERUS
DOEWEMIZS20NEND Z LG, RUS DEKROS
E, TRDbL(tER)AT(ES) M L7 Tidie b
2. 2R, d & R ~OD ty DHIRER dI = delete t, from
R & S ~®D ty DHIEREER d2 = delete to from S 1ZAEHT 5
WA T(EERT D LIhd. ZOERE#HDO D
L, W DIFZNCEBWTY, Wi b Xy T
DOHIFRERICHFLTYH, 2D LI L TEESH HEHE
fMToObETR 1 OBRABKLT L. LiedisT,
FtE S B o — I FHIBRFIBECH D L fEmft i oh .
[#6] 2] BAKEA L = —IFHIBRA ATHE

BARMAE 2 —~DHIFREREZZBELTAHALS. £ T,
2R d L7, 220%Y L—3 3 R(A,B)={(a,b),
(@’,b), (a, b)} & S(B, C) = {(b, ), (b, ¢"), (b’, )} 3 H 1, HE
A E = —R*S = {(a, b, ¢), (a, b, "), (a’, b, ¢), (a’, b, ¢), (a,
b, BMELNTEE TS,
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R ] R*3
A |B B |C 4 |B |C
a |[b b o|c a |b |c
g [b b c a |b |¢
a (v L & |h |c
# |b | ¢
a |b |c

X2 HREESE2—R*S DAL AKX R

Figure 2 An instance of natural join view R*S.

FTIZHEL, R*S OFERITKANOBEY TH D :

{tt, VEERAvEdom(C) A (TsES)([B] =s[B]Av =s[C])}
DED, “Ho T wE=(a,b, )RS DILTHDHTZHODY
FEO 51T, DR DT TH Y 2>2(b, )XS DT T
HHZLE” LWIHEBKRELSE TS, BETIUE, Bk
W7 7 e—FIcLE, “R¥S o ¥ v 7w EHIRT 2
LWV LT, wHRS OFEWEMIE SR RDHEND T
ETHLING, wiTEOREEZMTZT, 2EV (@, bR D
TETRLRDD, HHNIED, )RS DIL TR RDEM, &
HZWVEEOW BTN D0, E0H L EEMTHDL” &
EoTWVDH I LiThD.

ZHUCEY, eI, BAREAE 2 — RIS HHH T
NVEEA DL = {(a, b, o)} ZHIBR L7\ & 5 2R d = delete
(a, b, ¢) from R*S AFAIT I NT=HE, TNEEBTHICT
WIRT 3 DOEMERMNH D Z L 2T ICEHTE S

T1(d) = delete (a, b’) from R

T2(d) = delete (b’, ¢) from S

T3(d) = do both T1(d) and T2(d)

EHICHL ) —OBEKRMNT e —FRNEEL TS Z &
%, Ihb 3 DONRBENEMR TR OBEKRNZENE R
FRTETCWDENWIZLETHD.2FD, ERRoBEICIE
fEDNC T1I TH, T2 TH, HAHWE T3 IZL-TTSH, Al
ERZERESEDZ 72K, R¥S 6 DI 2 TEHIRYT S
TENRTEDLN, TNOREMHATROERITE -7 K
RoTNDEN) ZEEPMITRLE TS, 2FED, &
Pl T1 3R S 2 DI FEHR Ta, )23 R &0 ) BR
HERSTFBETHY, B T2 PR SND OIFFEMR
T, ) S EWVHBREMEE LB ATHY, TLTE
BT3B EN D DITEMF TR, b)) R &\ 5 BIfRME L
), S &) BIRMEEFEIRFIC KRS T2HETH D.

LinL, ZOEBOBEREZMET 57-0ICEE2—F
HEROBERICHDEMHRTED LS RERPEA LD
AT D LENH D0, [R*S 75 D1 ZHIFR L7V
LWV S 2=V OERZT TIIER AR TINEMRT 50
TEHCHD. LEERoT, (ZOHE)E LATEIERMN

WL WA EBO-EERTELRVOT, HREAY

= — [ FHIBRAATEETH D & fmfTiT b d. —ikis, e
Bz —ZoWTH FERZGmESRATE 5.
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4. BEHFEEONBHHEANICESICEL—DE
FrElRETE

FK2OE AFNIERMT 7o —F IS B a—OFE
AREMEDRAEZRL TS, £ 2T, BHEE 2 —/S
B — 3B, FA, EHRIITSTRARETHD.
FHERIEIL, HIBR & 2K FRABRIED RS &2 2 T
L5, Ea—HIBRARATRED 2 WX AR ATREZR & I E
BICEBRAAREEMmIN T, ARECRET S ‘8
FER ORI K-S B a—BH R & “HEiE
FHIE” 1L DX D RBRAITET D < B R STk
RThHb.
41 EHERONAHRICE DI Ea—DBEHAIEEYE
DEZF
TOHLWEZFIE, ERET e —FEBEELoOOY,
EfE 2 —/A a2 — 0N EH R L R 2R E A2 JEH L
Ea—OFEFHAGENE, ba—~r A ¥ T a3 I
5T L7, WRICETIZEDDLZEEZER LTS,

3EOHEMI 2 TRLIZL DI, T 7 —Fizkn
T, &2 EREERMA L 2 —BHIBRA W RE &b S 4L
ZMEVZIE, B3 OORBENAEL, ZOEERIIE
WA a—~r A E T 7 a R LTIREETE 2D
LM LI Tho Tz, £IZT, Z0O& 5 RBEHRIENE
U E S BICFEMIZOT L THRDZ L & Lz, £k
B, BURMBIRMENE T TH, BEHTRMPIIT SR
EZDOREOT — 2 _X—ADRIEIZ L - TE, B a—(&HIH
Ea—) & —MC~T U T 74 XL, BHER L LW
ERIZFETLTHD E, £D “4M7 (extension)H H L —
PRFAIT LR EROBR A —FIC “HE” T 5 545
ARHY, TORIZOEBRTE 2 —FTHEIT> T LW,
LT AEZFIATEE N, ZOMABG 2 RIRT.

(%61 3] BARKA B = —I3EROHENNIZ IS X HIBR T HE

B2 IR L7 BARMAE 2 —R*SIZXH LT, ¥y 7LD
4 D 2= {(@, b, c), (a, b, ) DHIERZEXRK d = delete D2 from
R*S MEATEINTELHBEEBERLTHD. TOFERIIXL
T, BWHT 7 a—FICE ST EREMAZRD D &, KIS
AT 3ODONRBEBSDHZ ENLND

T1(d) = delete (a, b) from R

T2(d) = delete {(b, ¢), (b, ¢’)} from S

T3(d) = do both T1(d) and T2(d)

Z OBEBEMEN BRI T 7 —F TiE, £ 28§ 4 5NTR
Lzl Bh, HIBRARAREL amEn g, Lal, ZZ
T, R*S #2vT V774X L dx#FT7+5 LI, TI %
RIZEITL, TOMRY L— a3 b S ZHBREALT,
HOREa—%~<T U7 74 XL TEMBERM T1 OAEE K
OTHDE, TNITR*S—D2 L7220 (—IXEEAHEA), ~
TIVT T4 XINTER*SICHT D dOEITREREFE L & 72
L EEmMD. —F, T2 RT3 2RICETT S L4RITH
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\IZR¥S—{D2U {(a’, b, c), (a’, b, c)}} & 720, BIWERANRAE
TLZEBGND. DFEY, ME— T1 2FTLEGEAICR
D 1 OFERIBENLT D &N ZORFETHNY,
FxlxZoRNE [2—FNREHRFBA E 2 —R*S (2%}
LT D2 OHIBRERZRITL TE 00, TOFERITAEA
WCH S UMD D b 20V, 2—FNTERLTWDL H
v TVEEOHIBRE T EREBLCE D EBEM NI 720 L o7
FHH(ZRN THOT, o LEHRTTI YT HH
%, OFED RMPHEZ v T (a, b)EHIFRT 5 Z LICHNST 5
FLMPHA LT D2 OHIFRERIC/R 272D TH A 5 & HEH
(guessing) LC, TDOX I a—HHEITH | 2L L LTz
Z DL E, R*S ~OHIBRER d IZT/MERIHEIN KL S & £ #
AR TH D, —IICHRREA B = — 3B RHERIC S

ZHIBRATRECTH D &9 .

7E, BRI ZIT 1200 Lo T, BT EBOBE
BRIED R SN D DT TldAeWnZ L4 R T, LR LE
HHI 2 1ZTDX S RBITHSD.

Fro, FEBEY2—IIxT 2% v 7 VE) O AZR,
EEAE2—DLOX v TVEHOFIBRER, HBEAY
2= 5 OHIFRERIIEHROBHERMEN A T 52, Zhbid
SEEFRE L CHLMIETERVD T, REMIFHA i §E

Thod. LIehoT, ZREL 2 —RHLBEEESE 2 —~D
H o TIVEEDOEBER G AREMIZARARETH 5.
4.2 EFEEROABBENIZR I 7T 2OEAE 1 —DE
ESTIETEC
ko L0, HHEROIEMHERIZE S Ea—0F
FATREMEIL, WERAL T 7o —F OfERZ I L TWDH DT,
PERFFHREE SN 2= ZDH LT Fu—Fn
ETCHLHEHRETH D, W, HERET T u—F THRHAR
AREL 2o TV A B a—E EHEROMATDS H, ¥
ETHRZOH LT Fa—F THEHAFEL 725 B HET
bDH. FIT, TO XD BRMEE 12 HOHH b Ff A %O
MWRL, ERO/FREE LD TE2OE IFNITRT.
FT, BHREZHIREFAORINERZD Z EITKBRM
AT 272010, “EHEERE 2E8ATH.

[#i61 4] FiEA © = — X BB ERATHE

EBEHORN R Loy TNVEEHIRLTCLES Z &
<, BIBEEHHEICEESBL TERERZK T T 5 HHIE
FEHBERELSE9. 2L, BHA® DBMS Tt 94
LTREINTWDN, EEMICHVITON TN RIETH
L. BEHEHIBRE FNISHESIFFEAL WD 2 DOMI L2 H
FIRIEORIN & AT R T 7o —F Tlx, FELGE =
—DOERIY, FIEA Y 2 —IFHIBRFTRE T 2 S AR A g
ROT, ERATRELHESND. UL, BEEERIEC
WExix, FEAE 2 —FEEEHRRETHDH. N2 —
WWHHATE, HEEA Y 2 — [ IEBERAETHD.
WIZ, PR T 7 r—F Tk, Bt —A =2 —
OB ARTEETH > - I ONWTERT 5.
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(%61 5] EALE = — 3B RIHERNIZ 25D = A TR
— AL 9 Z L7 <, R={(al, bl), (a2, b2)}, S = {(cl, d1),
(c2,d2)}&95. K3IZRES, TNHOEMEE2—V=R
XS DA VARV AZRT. T T, VIZ, v T NLVDOE
A 11 = {(a, b, c, d)} DFFAZR il = insert Il into R XS 73%&
TENZETH. VOEMDD, (a,b)ER A (c,d)ES B
AL LN E WT WD T, Z O ABRE FEHR 45 H—
DOIEHEA T(@I) = {insert (a, b) into R, insert (c, d) into S} 73
Bohnsb. Lo, TRV VITiX{(a, b, cl, dl), (a, b, c2,
d2), (al, bl, ¢, d), (al,bl,c,d) } HIFFAINTLE, #EK
W7 7a—F IR LTS L IICHARARETH S.

L7 L, b L VIZI2={(@a3,b3,cl,dl), (a3, b3, c2,d2)} &
FALEZWEWIERD2NH 12T DL, VOEKRND,
ZEHAFEAR T(i2) = {insert (a3, b3) into R, insert {(cl, d1), (c2,
d2)}into S} NESLNE. ZDELE, TONBEHEL TH
HE,RXSHUI2 &7, ZOFFATRITZE I LTI,
T, S~OXy TVESOIAL, B S ICBET
DT, SIZMLDOEALESI S RN LITEET 2.
DFEY,VICRZFALIZW & D BRI EM R TR IZ(a3,
bH)EFFHA LN EWITRWEGERREAE LI BRITEN
DRSS EHERTE S, oF Y, EEE = —I3BRH
IR SEFHARBETHSH. 728, ZoOHE, IMEHEIT
il 3 TR LI K D REBEMOBHRME A RET 57201
BBE L 7= 0 Tk < BB 72— 2 Loy DO 720,
BWERIDRAELCRWZ L 2R T 272 DITHEEL TV 5.

R s R
A B C o
al bl cl di
al b2 2 dz2

E

s

bl|cl|dl
bl |c2|d2

o E R

X3 EEE2—RXSDOA L AX LR

Figure 3 An instance of Cartesian product view R X S.

[#6] 6] HAiL = —i%, FMIERAWLL TWIUE, 4
TEHIHERN T Hs & 2 ml B

s ERUL, M3WWRLEZERME2—V=RXS &%&
25. ¥, Vo vy 7 AR U={(al,bl,cl,dl),(al,bl, c2,
d2)} > EHLER pl= rewrite {(al, bl, cl, dl), (al, bl, c2,
d2)} of RXS to {(a3, b3, c1, d1), (a3, b3, c2, d2)} FEHE B
7ol 5 83 TWo T BRKA B 2 —DBA L RERIZ,
EFEE = —V L UICBI L TOMERIHERINIC HD X HIBR v RE T
HY, ZOEORIEROMRN—E2ZEHUE TI(d]) = delete
(al,bl) fromR TH 5. Hi\ T, BRBEREZER ST D720
WZiE, VOBEWSS, @65 ISR U )RIGT DIRAEK
P2 DNFEH SN DR, TIVTER TE2)0Z Xk EH
TEDLZERGND. 2L X, B TIADE TE2)ILER
gk p1 1ZBI L CRiNE(compatible) L TV 5, &AW THIZ
TR b1 IZWALLTVD, &0V H 2 LIicT 5.
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LU, UDEHRER 2 =rewrite {(al, bl, cl, dl), (al, bl,
2, d2)} of RXS to {(al, bl, ¢3, d3), (al, bl, c4, d4)} 3%+
LNTHEAEITE, FROEHBTIOLE VIZUICEL TH
RN K SEHIBREETH DI OO0, VOEKEDL &
(2, i3 =insert {(al, bl, c3, d3), (al, bl, c4, d4)} into RXS %
FHLES 295 L, T@i3) = {insert (al, bl) into R, insert
{(c3, d3), (c4, d4)} into S}V FEfTEI NI BV LTk
5. UL, TURFATIND &AL VU {(al, bl, ¢3, d3),
(al, bl, c4, d4), (a2, b2, c3, d3), (a2, b2, c4, d4)} & 72 0, EIfE
FANEELTREBE LD, ZhiE, T@hE T332 r2 2
BLTHESE L TR NS RAELERETHS.

DFEY, ERE 2 —ICERIRARITENTSGE, £T
ORI G L o T & v TR L TOMNERIHERNIC
SHIRTTRENRGET 5. b LTI 20, WV TiThnb
FEABRAED AT L CTIT DI T HIBRERAE & WY LTV 5 23
FELRED. DFY, EEE = —IF, FHMESRPWILL T
Whig, SAMBRHERNCE S X EWAiETH D, fEA L a—
DEBRIRIZONT Y, &< FAERRERPERIND.

Pk, BB ROIMERHERNC LS B a—DEFralfe
PEDOBRARNT-, R2OEIFNHREELDD. 20
FER, BT 7o —F L RRETRELH LT I'r
—FDOE 2 —BHRREDENE —HRR L o TN D,

# 2 TOOHAY 2 —OTH AR L4
Table 2  List of updatability of 7 basic view definitions.

KA 2—0D E& i) R E MO ek 7a—
FHIH A AOHERNZ -5 < FIZ K D HH AT
BB AT REME REME
MEAE =— | ik O O
LN X * X
Hf O X
ZEAE 22— | HIbR X * X
A O O
EH X * X
HLmEESE = | HIBR X * X
- A O O
i X * X
EfE 2 — 5 © X
A © X
Fith OISR ML) | X
o ANER IS O O
LN O(FEXF—%5FL) | O(FEXF—%25ET)
L (] O(Fx—%al)
JBIRE = — HIlBR O O
A O O
Hi O O
fEAEa— Al © X
A © X
Fth O(HHHRM L) | X

O, X kMY Fu—F THFRE, T O HHEKD
SMEHIHERNC S T e —F THEBT AR, O @ EEERETE
#rrge. X* o KRBT, 2 £ T
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5. —BRMICERShEa—DOEH RN

o —3ER LRI NTEY 7 >OEARFEE % IR0
WA SN TERIND. AETIE, ZOXIIT—RNIC
ERINTZE2—, HiZEa—L0), OFHAlfEEE &
DESZLTHEL TN 2, TOFEEZWRLD.

51 Ea—EB/AET—SBE
Ea—DEHREEZTEFE 1 T, FIMI T 2—2EH
TOHERLLEDOT, —RICER SN E2—0R525
N5 LTOMNT TN D Z L lfThbh, Ea—E%
AR(view definition tree) 3G HA 5. 7 DD K = —HFILHIA
HLEWVF 2HOHAEFTHDHDOT, La—ERATL2—
R ET D 2 53 A(binary tree) & 72D, 2 HER T OEES
HE, EEEE, BAEETOREND, ZOKBIERA
(ordered tree) & 72 % . L7273 o T lEMEE S #8 32 (breadth-first
search) S F[RECTH 5.

T, Ea—OBEFAREEHET VI RLETr s
FIVITAREL T L0, Ea—ERAD /) — F(node)
DT —ZHEELM 4 O@Y & T 5. VNAME 7 1 —/L RIZ
I%/ — FO#RIF, VDEF 7 4 —)L RIZIZED /) — R%&EE
T DHIDITFELITHE L BRI T 5/ — R
HEOEA Base &%), LLINK 7 4 —/L K, RLINK 7 4 —
NRIZIEZFDO 2 —%2BRT LD PR E 2 —
REY L—a r~DRA B EEINT DH(ENL RN
B4 NULL &9 5).

NODE
VNAME
VDEF
LLINK
RLINK

4 Ya—ERAD/—FOTF—ZHEiE

Figure 4 Data structure of a node of view definition tree.

T, BARRICHIN] 7 TERRAIEELZSND)E
2— SE@BIE 2 E#L, TOLa—EH/ALZET 2HK
DT —HEEZR 51T T.

[#617] £ =2— SE@MiiEL &= —E&RA

FEIVL—var& LT, HEFEES, B4, TR
W) & HPGH &S, #HM4, PFrEtRdy, kT
ta— SE@ffit WIROXLIIZERSI NI LT D .

SE@HEi = (KB = SE’D[HTE = % 5]

(FRP[FTEf = ‘B ) [(HBE S, B4, ATE)
ZIZT, P a—1=((*tLE[E = SE'DITRE = &
FIGBMFTER = B4°]), B a2 —2=(Fh B[R =
‘SE’]), B = —3= M [FIEH = ‘B D TH 5. 72ds,
F)l—varo/)—ReEYL—va FR—HTS.
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SE@HHE
GREE, A, F
LLINK
RLINK=NULL

g a—1
[P/ = $6r1&E=S1
LLINK

RLINK ——l

hfEE1—2 e 21—3
(W78 = SE'] (LTt - TR
LLINK LLINK
RLINK=NULL

RLINK=NULL

#HE #BFY
Base Base
LLINK=NULL LLINK=NULL
RLINK=NULL RLINK=NULL

5 ta— SE@Miik & T2 0AK0T — 4G
Figure 5 Data structure of a binary tree representing view
SE@Yokohama.

52 EHEROABHERNICE I Ea—DEFEMN
HEFILITY) XL
[T =Y XA D] THEROMEHHERIZE S B a—
OEFAHEMEHET LY XA
Vabta—¢L, uk VIIEITEISNEEHERETS.
UREQ(P) = NODE(P)~ D ¥ #H B3k,
UREL(P) = NODE(P)D BT Z R ~DBIEE, L35,
DI. [#I#{k] V O 2 —EJ/RAEZIED. P « 0 (F),
UREQ(0) = w, UREL(P) = 1 (1 (Z“BH#A>, 0 |F«pi
), ZZIC 0 EPENy ERETDERA &K
PIXE = —EZADIREIETHE 0, NERIGESCEERIE
121,2, ...; Npax (Nimax = 0) & BT 5).

D2, [BTHME] B LP=Np72hH, D8IZITL. &5 Th
FAuE, L UREL(P) =1 725, D3 1217<. b L
UREL(P)=0725,P—P+] & LTD2IZRES.

D3. [£ZMH] £ 2 ©F 3 ¥ ESMH L, % VDEFP) —
UREQ(P) DEHFlREMEA LS. b L« , “©», “O07
nh, FNFN D4, D5, D67, FnLshE, D7
1217<.

D4. [HERMTOE 2 —HEAEH] & L VDEFP)= U, —,
N 725, UREQ(P)% LLINK(P)& RLINK(P) TV > 7 &
AT R ORIz %3 5 FH ER UREQ(LLINK(P))
& UREQRLINK(P)IZHAR DX ML, P—P+l & L
T D2 ICRED. b L, VDEF(P) =EINEH RS,
UREQ(LLINK(P) %KD << FKEL, PP+l £ LT
D2 2K 5. b L VDEF(P) = §iE% C© UREQ(P) = H
855k 72 &5, UREQ(LLINK(P)Z 4K % _< HEL, P«
P+1 & LT D2IZE5. b L UREQ(P) = fHAEHE 72
5, HENTEF—2EDIF UREQ(LLINK(P)) Z 2R % ~
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HEL,P—P+1 & LT D2IZED. T NITL,
D7 1247<.

DS. [EFHEROATEHHERIZE D B o — B A #]
UREQ(P) = HIBRER 2 AZER DS, NODEP) %
—BMIC~7 U774 XL, UREQP)ZFEITT 5. &
DOFERIZIL-SE UREQP)ZMi5E L, ¥ @ UREQ(P)%
UREQ(LLINK(P)) & UREQ(LLINK(P))(ZZE#ad 2 {54
T1, T2, T3 %R ® 5. KIZ, NODE(LLINK(P)) &
NODE(LLINK(P)) & — I~ 7 U 7 74 XL, £h
i o CTHBEMIZOWTHIEEFHET S, L, Tl
TOHEHFAEER S, RLINK(P)TU 7 S84y
ARDOAETH /) — RiZx LT URELP) = 0 L& ET 5.
H L T2 D&% 5, LLINKP)TY ¥ 7 SNz mAko
2TH /) — RIZH L TURELP)=0 L#FETDH. b L
T3 D #H 72 & UREL(P)DEAEIZ L7, PP+l & L
T D2ICES. b LEFAMRE TR T 4uE, D7 1247 <.
UREQ(P) = HMERDOG 6, FRICAR LT 5703,
B LEOMSIVEA RS LT HIE, D7ICFTL.

D6. [EHEEHTO L o —EHTTH]

VDEF(P) = U D&, BEHEEHEIZL Y UREQ(P)IX
FHLE R UREQ(LLINK(P)) & UREQ(RLINK(P))IZ ZE #a
S %. VDEF(P) = HEHEFE OHE, EHEIEHIEICL
Y UREQ(P)IFEHE R UREQ(LLINK(P)IZZEH#: X
5. T, PP+l LT D2ICKES.

D7. [BEHARAEE]V T u B LT, EHARE T .

D8. [BEHAHE]V T u 2L T, BHARETHD. FEVU L
—a UHESOFERNL, BB LI ER AR A SR LT
Bohns.

T, o7 a3 RAO8EL, v a— SE@iE 12
HOHIBRERNPFITENTZHEEHAEL T Ial—a
v LT A RO 2o

[#61 8] v = — SE@#IEDTH rIEM:HIE
v o — SE@FRiIZfEbi/=EY L— 3 U 4EE &Y
DA AZ L AFTH 6 IS NT-@Y &L, FDLE, BV
2 —|Zxh L THRAT ENTHIBRESR d 13K D@D & 75 -
d = delete (003, #5A, K41) from SE@tfix
() (A7 v 7' Dl) SE@MIEDE 2 —EJ/BARZIERT H(K
5). TRERRRIEIC 7 — RERBIfT 5. TXTOP(Z
DOBITIE, 0~5 =Ny )k LT UREL(P) = 1 L% ET
5. P=0,UREQ(0)=d & {&E\ T, D2297<.

(2) (AT v 7 D2) P=0 # Ny 2> UREL(0)=1 720D T,
D3 1247<.

(3) (#7 v 7' D3) VDEF(0)iX, NODE(0) = SE@#i& 23
Mt =—1 OEEFS, L4, HTR]LONFE L2 —
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ThbdZLZmLTWD. % VDEF(0)—UREQ(0)% # 2
HEIFITEBRS DL, HEIX “O” 72D T, D4ITIT
<.

4) (A7 v 7 D4) VDEFO)IZH ¥ EE T, UREQ(0) = Hll
FREER 72 DT, UREQ(0)% UREQ(LLINK(0)) = UREQ(1)
=dI = delete {(003, &5AK, K41, *, * * *)} from R
2—1 (ZEMT S, 222, * IIHMEE O NULL &
#T. P—P+1 L LT D2IZESD.

(B) (AT 27 D2) P=1 # Ny 2O UREL(1)=172DT,
D3 1247<.

(6) (A7 v 7 D3) VDEF(1)I%, NODE(l) = Rt 2—1
DH E = —2(= NODE(2)) & H [ £ = —3(= NODE(3))
DR = HHFZ] LOFEE 2 —ThD I a1
TW5. % VDEF(1)—UREQ(1)% % 2 % 3 Sl CHE B R
5&, HEIZ “©O” 2o T, D5SIT L.

(7) (A7 > 7 D5)  ZOHIBRREM I E B OIMER
HERNZ X > T2 &b, UREQ(1) = HIBRER 70T,
NODE(NZ~T V7 74 ALK 7), UREQ(1)ZRIZE
179 %. ZOE, TRt 2—10156% 71003, &
A, K41, SE, K41, Al, BER)DBHIFREN D Z L 2m5.
TN XY, UREQZEZRD X HIZHETE D ¢
UREQ(1) = d2 = delete {(003, i, K41, SE, K41, Al, £f
)} from R E=—1. HWT, FEE=—2 LHE
23 K~ T VT 74 XL, d2 O 3 DDZH
BEMiZRITLC, TNOHONENRZIT AN LD NG
PHET S, 22, 3 DOEBEMITKOEY TH D

T1(d2) = delete {(003, #3A, K41, SE)} from HHE 2 —2
T2(d2) = delete {(K41, Al, £¥%)} from FHE = —3
T3(d2) = do both T1(d2) and T2(d2)
ZDFER, TIA2)DHHIK 1 DA Z S E 5 2
LMD, FZT, RLINK()TU 7 SRTWDHES
DARDE ) — FPIZx LT, UREL(P)=0 &3 5. P
PHI (> TP=2)L LT, AT v 7 D2ICRD.
T, AT v 7 D2, D3, D4, D2, D2, D3, D2, D8 & 4T
THZ LKV, SE@FEIEIT d 1B L CHIBRATRETH 5.

a4 =1
HAHS [tAS e BiiE
001 ERE K41 NE
003 FEE S K4l SE
006 = K41 SE
007 Y Kb5 SE
010 B K&5 NE
013 T3 KBE1 SE
e

WIS RS P Hh
K41 AT iR
K&5 DB 73
KB1 PL HE

e H£YL—a B LEMOAf 28R
Figure 6 Instances of base relations EMP and DEPT.
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R a—1

HABE |AE | MR BiE WAEET | WPAE | ekt
03 ot R4l SE Ei1 a1 HWE
006 = Ra1 SE Ka1 Al s
wr | #vE K55 sE K55 DB 1

7 RIS T IV T I XS E 2 —1

Figure 7 Temporarily materialized intermediate view 1.

6. BHYIC

AHETIE, ZHETEDORFVBH LN > TR
STV b=y aF AT —FRX—=2D 2 —HHMEE “H
BER OGRS S BRI WO BEX &
FIWCEAT D LTI VBR LIz, 5%, WEax bo
{2 B Lo, BIEIm TREMZERIEREY
—3 g FNTF—HR—2AFEE SQL Db 2 —HPR— FEhE
D FEE WL PERRIC T T -BARZ R T 5 TETH D.

B ARARTEREZWEEWIAEREKSRA 0SS,
Inc. B AR N IEHTT 5.
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