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Implementation of Integrity Maintenance System
of Database Query under Updating

TsukAasa Kubou,t NOBUHIRO KATAOKAt and TADANORI MIZUNOftt

In many mission-critical systems, databases are updated by transaction processing, and are
queried by batch processing to make statistics and so on. It is necessary that the processing
of both can be executed at the same time for the efficient operation. The integrity of the
querying result can be maintained by using a bitemporal database even while data are being
updated. However, in actual operations of mission-critical systems, various kinds of problems
occur, such as the incorrect input of the data or being behind in the data entry. Then, it is
necessary that the bitemporal database can support those problems. In this paper, we show
the case to have applied the bitemporal database to a mission-critical system, as an imple-
mentation of the method to maintain the integrity of the querying result under data being
updated. By this case, we confirmed that the integrity of the querying result was maintained
under data being updated, and that various corrections done by the actual operations of the
system were reflected to the result. Furthermore, we confirmed that it is effective for the data
corrections not only of a short term but also for a long term, and that the correction of the
data could be managed from the both sides of the correction by the internal process and the
correction of the business.
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Fig.1 Snapshot of transaction time database.

oooboooooobD 00000 e <t<tqg OO
goboooooooootoooooooooooon
goooboooooooooooooocoonoooon
oobood
gobooooooooooobooooobooooo
gooooor1000000070 1000000
goooboooodobooooooobooooooa
ID=0020ID =0030ID=004000000000
ocooooooobooooooovbo 2000000
gooooboooooboooooobooTo 2000
OO0 ID=005000000000000000O70O
lgb000ooooooooboooobo vo 2000
goboobooooooooooooooooonoooon
goooboooooooooobooooooonoooo
gooooooooDbObODbOObOO000000000o
23 00000O0OO0ODOO
oooooooooorbo10000000000
goooobooooooooooooooooooon
goooooooooobooboooo1000o0o0vo
lo00oboocoooooobooobooooooon
OoOv0200070200000000 ID =005
gobobooooooobooooovyoi10o000oo0o0
gobooooboooooooboooooo
oobooooooooooobooboooooooo
gooobooooboooooooboobooooooo
gobooooooooboooooooboooono

3. DOoO0OoOobOOoooooobooog

000000000000000000000000
230000000000000000

3.1 0000000O00O00O00000
00D00000000000D0O00O00O0000
ooo® RO

R(K,T,V,A) (1)
0000000000000000000

00000000007, 0000000000
0000000000000 000000000
000000 7, 00000 “now” 00000
00000000000D00000000000
0000000000000000000000
ooooooooon
o V={V,,Vy}
0oo00o0o0000000O00vV, 000000
00000000000000vV, 0000000
0000000000000000000000
0000000000 “now” 000000000
0D0D0D000000D00D00D0000000
0000000000000 000000000n
00000000000000000000000
ooooooon
o A={A), -, A}
0oooDOoooOoooon
3.2 00000000000
000D00000000000000000000
0000D0000D000000022000000
000000000D000000000000000
0000000000 0D00D00000000000
0000000000 000D00000000000
00D000000000D00D00000000000
0oo0oo0Ooooooo
RODODODOODOOD 00000 t, 000
0000000000000 00O0o0o00O0n ¢ 0
ooo0o00 T = {7,717,y 00000 t, 0000
oo v ={V,Vy} 00000000000000
Ri(ti,t2) 0000000
Ry(t1,t2) = {r|r € RAr[T.] < t1 At1 < r[T4]
AT[Va] < ta Ata < 7[Va]} (2)
U000rT,]0r[Ty)0r[V,]dr[V,) O ROOOOD
oooo -0 7,07,0V,0V, 000000000
000000000000000000000000
000 t00000000000000¢, >¢00
0000000000 ¢ 000000000000
000000000000000000000



218 gooooooooooooooo

T=HR—2QKEE (7/28%)
RERET—IIL

A2H| Ta | Td | Va | Vd | $45 |
7/1 | 7/1 | now | 7/1 | now | 6,600
7/2 | 7/2 | now | 7/2 | now | 1,000

A&T—TI

ID | Ta | Td | Va | Vd | 8| |[(D]@]Q) R%

001 [ 7/1 [ now | 7/1 | now | 1,000 | | @ | @

002 | 7/1 [ 7/2 | 7/1 | now | 2000 | | @ EEA
002 | 7/2 | now | 7/1 | now | 2,100 ° EEH
003 | 7/1 [ 7/2 | 7/1 | now | 1000 | | @ 21l

004 | 7/2 | now | 7/1 | now | 3,500 [ ) &0

005 | 7/2 | now | 7/2 | now | 1,000 Q|| 7/20AH8

AE2T—TNORFvF vt
(1) t1=7/1, t2=7/1
ID [ Ta | Td| Va|Vd| &8
001 | 7/1 | now | 7/1 | now | 1,000
002 | 7/1 ] 7/2 [ /1 | now | 2,000
003 | 7/117/2 [ 7/1 | now | 1,000
A& 4000

(2) t1=7/2, t2=7/1
ID [ Ta | Td [ Va | Vd | #48
001 | 7/1 | now | 7/1 | now | 1,000
002 | 7/2 | now | 7/1 | now | 2,100 |4
004 [ 7/2 | now [ 7/1 | now | 3,500

A3f[ 6,600

(3) t1=17/2, t2=7/2
[0 [Ta[Td[Va|Vd[ %8
(005 [ 7/2 [ now [ 7/2 | now [ 1,000 |«

CH

1,000

02 0000O000O0ooOooooooobooooooo
Fig.2 Snapshot of bitemporal database.
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Fig.3 Composition of resident information system.
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Fig.4 Dataflow of resident information system.
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Fig.5 Expression of valid time attribute.

00o0 vV, 00000000000
e ID=001-2000020000000000
oooo
0oo0ID=001-10 T,=6/20000000
000000000 602000702000000
000000000000ID=001—-10 T,=7/3
0703000000000000000000000
00000000000000000000000
00050 (2)00000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 00000
(3) 00DDO0OO00DDDOO0OODODOO0O00
000000000000000000000000
00000000000 D000D000D000D0000n
00000000000 0000000000000
000000000000000000000000
0000 140000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
0000000000000 000O0oooooto
0e000000000000000O0ODOOOO
00000000D000000ON,ON,DO0DO0DOD
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000060 20000000000060 3
00000000D0000oo (1)000oooon
60 2000000000000060200000
0000000000 D0OoO(Uoooooon
060200000000000000603000
00000O0O0ID=002—-100007ID=003—1



220 gooooooooooooooon June 2007
T—4R—2Q KB T—8R—ZADKME
6/2M KN [Na, Nd): 2 —H =R (EH B) 8/20 R [Na, Nd): A —+ =560 (B B)

D Ta Td Va vd Na Nd | e K4 1EF D Ta | Td [ Va | Vd [ Na | Nd EX K& £ |
001-1 | 6/2 | now | 6/1 [ now | 6/2 | now | 4 | BE#i ABR [ 1T 001-1] 6/2 | now | 6/1 [ now | 6/2 | now ES Bl XBR [ 1TH

002-1 | 6/2 | now | 5/31 | now | 6/2 | now | 8EA | ZFE RER | 2T

003-1 | 6/2 | now [ 5/21 | now | 6/2 | now | th | HIEx =&F [ 3T

6/3D R AE
ID Ta Td | Va Vd | Na | Nd | e Jit] {ERT

001-1 | 6/2 | now | 6/1 | now | 6/2 | now | Hi* | B#| AER

002-1 | 6/2 [ 6/3 [5/31 [ now | 6/2 [ now [ 8&A [ #® &g [ 2T H

002-1 | 6/3 [ now [5/31 [ now | 6/2 [ now [ &&A | & Rep

003-1 | 6/2 [ 6/3 [5/21 [ now | 6/2 [ now [ ths [ HiB =3 [3TH | [@

004-1 [ 6/3 | now [ 5/21 [ now | 6/2 | now [ xA [ i&f0 4TH

(1) bSHHavBR=6/2, EBHE=6/2

D Ta Td | Va Vd | Na | Nd | ®eh ] {ERT
001-1 | 6/2 | now | 6/1 | now | 6/2 | now | tH*% | B5%l] KEB | 1TH
002-1 | 6/2 | 6/3 | 5/31 | now | 6/2 | now | 8A | ZFE RER | 2TH
003-1 | 6/2 | 6/3 [5/21 | now | 6/2 | now | ti% | Hift =ER | 3TH
(2) bS5y ay ER=6/3, MBI B =6/2

D Ta Td Va vd Na Nd | B K& 1XF
001-1 | 6/2 | now | 6/1 | now | 6/2 | now | if | W% AR [ 1T
002-1 | 6/3 | now [ 5/31 [ now | 6/2 | now | 8A | &= X&R | 5T
004-1 | 6/3 | now [ 5/21 | now [ 6/2 | now [ #&A [ iEmn 4T

06 O0O0O0OOOOOOOODODODODODOOO
Fig.6 Snapshot by user-defined time: notification date.
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Fig.7 Correction of data by feature of business.
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Fig.8 Query with specified valid time.
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