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ABSTRACT

Multilevel database security is a security management which provides clearance levels for
users. It also provides classification labels for the data. Most multilevel secure database systems
employ the mandatory access control as proposed by Bell and La Padula. Most research works
apply the multilevel secure technique to conventional relational databases. This research project's
proposes an extension to the mandatory access control so that it suits our application
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proposed to be used on the data model.
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Patient Name | PC | Diagnosis | DC | Age | AC | Room | RC | TC
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Patient Name | PC | Diagnosis | DC | Age | AC | Room | RC | TC
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2.4 Tuaadueala luaIuvsadIDaIRa
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= 3/ dy a1 cs’
Hlpseadenuguasae T

R(A, C,, A, C, ..., A, C, TC, CC)

aa ' ~ [ a o o d a
A, Ao uemm3iideya (Data Attribute) iu@uiiudeyalug mdeyadeduiutining
& fio izﬁmmﬁaga (Classification Label) @11 51 A
TC fio szaunuilaoansluszAund (Tuple Class)
aa o ' aa A 9 <3 d o ar
muuenmsinnnanuuiumuenniinn 1814uduueas1idmiy CC (Creator Class)

Yo 4 VY o w 4 P 2 v o o 1 @Y
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Jsznoudasmsnszimazaniui i laseadieediansafed TRACKING REPORTS(
TNAME, ACTION, LOCAT) Tassadtamssdi Usznoudiodevesfgninniy TNAME $ago
1IN9IN "Target Name" aziilufonan, msnsziluvaiziii ACTION 1A LOCAT #0110

a l

[ v ¥ ]
LOCATION iflugounidgnaaaivegluvasiu arssiiiuaisiandredsdadeyalu
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o @ aa ' a o o ¢ - d  w "
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AsEAUNY INAVsZAY C1 waz €2 finnuisedodeyaudndenyes JOHN CONNER
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M13190 2.8 AI90199aTuA1319 TRACKING_REPORTS

TNAME IN_C | ACTION AT C | LOCAT LC C| TC cCC

JOHN CONNER | CI phone Cl Airport Cl Cl | Cl]
JOHN CONNER | C2 meeting someone | C2 S&P Restaurant | C2 C2 | C2

2.4.2 mysunljateya
o ¥ Y d vq Yo a
ﬂ1'i'll'i'U"I.l‘éﬂ‘\lﬂlillﬁﬂ1ﬂﬂ1Ull¢lilllﬂalﬂﬂllﬂﬁlﬂﬁ L‘S'!vlﬂﬂl‘lfﬂ'tﬁﬁlﬂﬂﬂ'luﬂﬂﬂ1ﬂ'ijTulﬂ
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ﬁﬂLLﬂﬁﬂﬂﬂuu1‘uHu»iﬂ"lﬁﬂﬂ‘.i‘l]ﬂ‘j‘\ﬁlﬂl;!ﬁB'Iil‘!J'i&’,ﬂﬂ‘Uﬂ'JUﬂ1ﬁdl®i’fﬂ']llﬂﬁ1ﬂﬁi§1uﬁﬁ'lﬂﬂ'lfN
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109 ualueyils lon WHERE ansoiigadeyamariiswegainla

2.4.2.1 M3 INSERT
o Y a oy d ¥y a e o
Amualiund t € r msiudeyaadluas1uduIARAIZADIN {CC] IMADTZAVVDI
AUDINUNIIOAINDI5ZAUAN 1/1de INSERT uazeuisaiimualandesnisimunnd
Vo at 3 3 @ @ o vy ' ¥ n’r‘
WuszavlanlAmmiz luszduamewazszaudini S luszydeyamiuiusvauly
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e o - o v o 1 ar aa
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1w o b P “ v o ]
{TC] szinuszaudedoendids INSERT e Idiiludeyavesszammiunazauisoueamiu
¥ 3 ' w v o a ¥ o o o " e o
18 uadensszy gec) Nsvaulailuddsiidaiionnld dmsuiiedaanuyana dnduly

ar o a H o o : d Y] 3
5EAY C2 1INM3AAMIY JOHN CONNER Miianuniulasdnauniueausunn Waduiinsg

DONAIAS

INSERT INTO TRACKING REPORTS
VALUES ('JOHN CONNER', 'meeting someone', 'S&P Restaurant')

LEVELS 'ME'

- 2 5 . j 2
iesnmsninudeyailuludnyazsiosu Salinsdmuadeyaiiud 114l
b4 o 1

YoyauszavyeIaues uaunuvz Imds INSERT  astnsauldszuuiimsisondids

¥
ao Ty

INSERT INTO TRACKING REPORTS
VALUES ('JOHN CONNER','C2', 'meeting someone', 'C2', 'S&P Restaurant', 'C2','C2','C2')
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S-user's data-A

cmd

C-user's data-A

pull

cmd

U-user’s data-A

31U 2.1 anwansalumsianisesndids uazs 1o seninszauaulaeasiy

@ ar o ¥ y: a -3 o M
unduluszau s1 weanudeyaluaisie 28 Tanamua uazinsandeyavenindu

o Ao W w @ ¥ M M A
7¢AU C1 uag C2 'nllﬂ'ﬂilﬂl‘lﬁlﬂ'lﬂﬂ'lﬂ JOHN CONNER Nﬂaﬂ‘lui:ﬂﬂ S1 1.}11’1'1'1”“!5308159\3
o w A W ~ = =] s L= 0= ¥
N13AIENMNINISAY C1 aziypvayaaniunain C2 ﬂ".l'lllﬂlﬁ'hl‘llﬂiTﬂlﬁﬂlﬂnlﬂﬁﬂﬂﬂﬂﬂ'liqlﬂ

A o ad o o A ¥ o_ o @ A0 - 3
ANUIFDNUIDUARIINIZAUADITEAUAND JOHN CONNER llﬂ Iﬁﬂﬂ'lﬂﬁ‘i:ﬁﬂl]‘l‘lﬂ’lﬂ'l‘i AdvBLD
[ Ad o o' ns'dydl ar [ P

1'3"114l"ﬁﬂﬂ[’]iiﬁﬂﬂﬂﬂ\]ﬂﬂ‘dﬂﬂllﬂﬂ“']lﬁ'uﬂeluﬂuﬂﬂ t[TNﬁC] unﬁmzﬂu S1 ﬂﬂﬂﬂ'lfl'@l‘ﬂulﬂﬁ

AdNoanAdil

UPLEVEL TRACKING REPORTS

GET ACTION FROM C1, LOCAT FROM C2
WHERE TNAME = 'JOHN CONNER'

HAYOIRITI UPLEVEL Wufaa1s19n 2.9

M13190 2.9 A1001900ya 1UM519 TRACKING REPORTS Maaf1d3 UPLEVEL

TNAME IN_ C ACTION AT C LOCAT LC C|TC cCC
JOHN CONNER | CI,C2 | phone Cl S&P Restaurant | C2 S1 | SI
JOHN CONNER | CI phone Cl Airport Cl Cl | Cl
JOHN CONNER | C2 meeting someone | C2 S&P Restaurant | C2 C2 |2

ja & 5. o i
UOININAVUINATI UPLEVEL Aounduu Taslitlmuie JOHN CONNER 91000932 A1
v
AN TN C] 39sznoudluszduaesssdu fie C1 uaz €2 Hunisaanudiniuen

d e a ™ =
TuRaUIEAD I NIANNNINGINITAIINADITEAY C1, C2 8193 JOHN CONNER lagpaunin
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N w o ¥V a o o a3 ¥ o
AN TN C] nudhdiiannuduaudmivdeyaves JOHN CONNER lamidivaaneu
o = 4 o 1 aa 3 3/
youduoaiiaiiu Ak, TC —> Ai, Ci 4114da C1 sonannguuenm3ionadugo iuns
o ¥ ad & ay Yy a 4 a s & ' a’: -:'s 3/ a
Amualieudanilsgunsoll ldfvaniiafor luszauniieg mniu uazinlvszdauanu
Qs o [~ ar “ A a &S )
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UPLEVEL TRACKING REPORTS
GET ACION FROM C1
WHERE TNAME = 'JOHN CONNER'

¥ o o a @ 1 ¥
Usznoudrugamdusafueanne i

UPDATE TRACKING REPORTS
SET TN_C = ADD _LV(TN_C,'Cl'), ACTION =
(SELECT ACTION
FROM TRACKING REPORTS
WHERE TNAME = 'JOHN CONNER' AND AT C ='CI' AND TC ='CI' AND CC ='CI")
WHERE TNAME = 'JOHN CONNER' AND TC ='SI' AND CC ='SI'

INSERT INTO TRACKING_REPORTS
SELECT TNAME, TN_C, ACTION, AT _C, null, 'S1",'SI", 'SI'
FROM TRACKING_REPORTS
WHERE TNAME = "JOHN CONNER' AND AT C="CI'
AND TC='CI' AND CC="CI'
AND NOT EXISTS( SELECT TNAME
FROM TRACKING_REPORTS
WHERE TNAME ="'JOHN CONNER' AND TC ='SI' AND CC ='S1");
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dmiunsal lulidoyaves JOHN CONNER agluszau s1 Timamaundlmid ) dmin

o= o " H L] L] A o ' o A L3 0'/
uenm3iaoun luldeglueylsz Ton GET Wiy null Taviiszaumiiu s1 Failudeondida
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2.4.2.3 M3 UPDATE
Aldannsneentida UPDATE “lufhumm:um"?ié"l%’nfluéﬁ%’ni‘fumtmxﬁnfuﬁman
Tau qce) thmmoanuannsoudlyldiasids ua:munuﬁﬁ]uéﬁ%’nﬁu dnindu
apamsud lvdoyaluaista TRACKING REPORTS pniidoyainsdiuluszduganiilau
swana ldae Taoideondida liamnsod 14 sindeyalumsei 2.9 deinduszdu 2
nswaneyavesauAaludMeIanIA9IN "S&P Restaurant” Apsmisiaouiiiu "Siam

Paragon” @13130%1 19 laseenmidanane 111l
UPDATE TRACKING REPORTS
SET LOCAT = 'Siam Paragon'

WHERE TNAME = "JOHN CONNER'

A13197 2.10 A29813%ya U159 TRACKING REPORTS niaf1dd UPDATE

TNAME TN C ACTION AT C LOCAT LC C|TC cCC
JOHN CONNER | C1,C2 | phone Cl Siam Paragon c2 S1 | S1
JOHN CONNER | Cl phone Cl Airport (64 Cl | Cl
JOHN CONNER | C2 meeting someone | C2 Siam Paragon Cc2 c2z|C2

e; ei W = o & ci
minasunasamunvesggnaamuluszay 2 uenmievinnasunasluyuues
Yo 19 C2 udrdadananeszau S1 Aoiieanndlyszau s1 1aldanuTindlvdmsy
' ¥ "
Joyadomund iy JOHN CONNER 1d195za1 C2 iwgede 1dlunswaundsgudeya

¥ . »
uplnaiudesl¥aesnids UPDATE asae 11)il

UPDATE TRACKING REPORTS
SET LOCAT = 'Siam Paragon’, LT C='C2', TN_C = ADD_LV(TN C, 'C2))
WHERE TNAME = 'JOHN CONNER' AND TC = 'C2' AND CC ='C2'

UPDATE CRIMINALS

SET LOCAT = 'Siam Paragon’

WHERE TNAME = 'JOHN CONNER' AND TO_ NUM(TC) > TO NUM('S")
ANDLT C="C2'

Tudids UPDATE usnifumsnlasumlasdeynaniuindmsudoyaluszdu €2 10a uae
A v d’ﬂ y 4 .8 2 o v Y
iiesnindeyathiludoyangnimuaiuluszauvesaueadoyaves JOHN CONNER Abd
" » '
Whudeyaniiasinszay C2 ivsdioaniu Aoaiinmisiiuszau c2 aalu TN ] mindali'ld

o o { :4, o { Ll i o é
fmua’ll dmSudids UPDATE Raeniuilunsud lvluszdunganiluniifeszdu s1 &

{ ar o é 4 o
Tatinmsasdoyaaaunnnizau €2 il imsldfaddu To NUM Fuilumisnlfousindnus
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szauTUiludauie I 1FmsnlSouiion 18 dmfumavinnisudTvdoyalunsaiiiluds
—
A15190 2.10
Y - a A & ad w P ~
daniinisnldounlai¥eves JOHN CONNER duilufduanuewnusunudilfion
= L g "y YA ' ¥ a n’: =) o A Ve =
mileudoyaves JOHN CONNER 1il1diidnas liluda dniuniniiszauiigandiiinisda
¥ Pt a ad a 4 gy o ¥ o o 4 A
Yoyaii 1 laensdinadunsomnaduld vinmseh 29 dwnnminduluszdu 2 nlasuie

N ¥
JOHN CONNER 111 JOHN LENNON aaofidaieafiieaves aadueaianadl

UPDATE TRACKING REPORTS
SET TNAME ='JOHN LENNON'
WHERE TNAME = '"JOHN CONNER'

w o o @ 1 y

waansnmseenmideinansluaise 211 luneagaiio Jeyavessoiihimunoves
¥ . v
szau €2 wnilulidlu JOHN LENNON udiiesvinidminduszau s1 1dasdeyacaiun
¥93 JOHN CONNER 11910 C2 tiledoyaves JOHN CONNER luiiegonaeliud deya
aoundesgnszyilu "null" wazszAviinmualu (TN C] Avsauszau c2 sonlide

4 ' ' “ "
11199910 JOHN CONNER 11i1dunein €2 8nua lludaiiiios c1 mmiu dmindeya JOHN

o 3 A - vy oo ¥

CONNER luszau 1 Tameliiiesninmsaunionsudludn deyaves JOHN CONNER

[ 3 4 124 9/ d’ 1 a o 4 i 4
‘hﬁzﬂ‘u S1 ﬂﬂ\'lQﬂﬁULuﬂﬂﬂTﬂ1UNﬂlﬂyﬁUﬂgﬂ5Q1H53@1‘1]?11\11!?1']

A13197 2.11 10613901 1UA1519 TRACKING REPORTS Maamds UPDATE

TNAME IN_C ACTION AT C LOCAT LC C|TC ccC
JOHN CONNER | ClI phone Cl null C2 S1 | SI
JOHN CONNER | CI phone Cl Airport Cl Cl | CI
JOHN LENNON | C2 meeting someone | C2 S&P Restaurant | C2 C2z|cC2

¥
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Adaeafueaves Tuaawueaiaauuuimirluwaun ldiueafeauiasgiu

£ o w {0 w o o 4 J : o o @

Uszneudoniiafids DELETE uaz@s1ds UPDATE WanFuiignaeiuieldsesiuiids
»

J o o o o ar a
mariiie RM_LV dluflanduldauszduainlasadivesnsingaszauailasanioluy
t{TN_C] 29619191 RM_LV( 'C2,S1', 'C2) nuwdainmsaussaunuilanassainsunn

a 9 A ad w o a o o & A
N19YNPONIINBUNANIIFY 1251055z Toanadwioenuuilu S1 uazdnflanFunilaie
INLB aslvaeuniszaunnulasanveyluganiiulasaionie’li daed1asu INLB(
'C2,81', 'C2) asnnlszAuANulasafivInduynnisuegludunnnisdionse ludiis
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UPDATE TRACKING_REPORTS
SET TNAME ="JOHN LENNON', TN_C ='C2'
WHERE TNAME ="'JOHN CONNER' AND TC ='C2' AND CC ='C2’

DELETE FROM TRACKING REPORTS
WHERE TNAME = 'JOHN CONNER' AND
AND TO NUM( TC) > TO NUM('C2") and TN C ='C2'

UPDATE TRACKING_REPORTS
SETTN_C=RM_LV(TN_C, 'C2"
WHERE TNAME = 'JOHN CONNER'
AND LNUM( TC) > TO_NUM('C2") and INLB( TN_C,'C2") =1

UPDATE TRACKING REPORTS

SET ACION = null

WHERE TNAME = 'JOHN CONNER'
AND TO_NUM( TC) > TO_NUM( 'C2")
ANDAT C="C2

UPDATE TRACKING REPORTS

SET LOCAT = null

WHERE TNAME ='JOHN CONNER'
AND TO NUM( TC) > TO_NUM( 'C2")
ANDLC C="C2'

- : dy d'l a 9 (] .q' & ad o
Tugamdmamuatiduiesniniinsud lvdeya luduvestoithnunedauilufdndauen
o (Y] 4 o o o o nl.'
wusun luswanusaidumsud lvgeslu JOHN LENNON Tussauvosnouosdmsy fids

DELETE uazdna1uf1dd UPDATE daunilumsaun1uisenine JOHN CONNER d1M5u

]
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» ] ) . v

T2A1 C2 DENNINUANNIZAUNGINT Tuf1da DELETE aglunsdinszaunganiiadiaunin
iin9INMsAsdoyaimniz JOHN CONNER 910 C2 1fiaszduiduniufed TN C] = C2
@ o’: A [ 1A 1 Yy £ 9 o o "
AnTuliie JOHN CONNER luszdu c2 luiinde ludavedesihnmsavundluszaugani
iis f1ds UPDATE daunilumsauanuiyeiduyesninyaszauanuasadio (TN C] #1o
3 o o A o o w d o o =

M3 15Wan%u RM_LV tWeauszav c2 von Tuaesdids UPDATE gamodmsunenns

a A ad o o ¥ =
UIDUY umﬂmnﬂtmanuawwmunﬁmgmﬂauuﬁ]u null

2.4.2.4 Md31 DELETE
o QII 1 -] II‘-’ A o o ﬂ‘l
s DELETE daundwfds UPDATE feusnsinauanuiyeluszdnvesdoandida
Y o ] v ar ' d‘o:l =2 g9 o n’: 9 o st o ' W
liﬂ’JUQ’(.‘NHﬁﬂi:‘ﬂ'LI‘FIE]'J':ﬂﬂfldﬂ’ﬂﬂlm'lﬁﬂﬂ'umgaiﬂﬂiSﬂUuu.l‘]Jﬂ’Jﬂ mmumamammau«n

Tumsieh 2.9 Srminduluszay €2 ivmisaudeya JOHN CONNER aonu3aitoudoion

¥
s

= =1 a =1
ANLOAVDI LUAAID LD ARIT]
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DELETE FROM TRACKING REPORTS
WHERE TNAME = "JOHN CONNER'

Yoyaveutlmue JOHN CONNER luszavu 2 gnavesnhl vlduaiuugaluass

{ s o o w o w v:v
2.9 filinsAsvoyannszay C2 Analinansznu lArowadnindan1s 19819 DELETE 11Aa

-
AN 2.12

M13197 2.12 198139932 11UA1319 TRACKING REPORTS HAaafi1d73 UPDATE

TNAME IN_C ACTION AT C LOCAT LC C|TC cCC
JOHN CONNER | CI phone Cl null C2 St | 81
JOHN CONNER | Cl phone Cl Airport Cl Cl | Cl

¥
=1

ar 4 ar F=%"J dl ar " L
{{TN_C] gnan C2 poniioaninuadluszay 1 3 lulidoyanunninszay €2 sIuegaie

udntuwau1vindida DELETE wuidganudeyaaniuinauan €2 desgnilaouilu null

o W a o o £ @ o a '
MAUDAANOAVINTFIUIINAINI DELETE A UDUTIAAWAUAITS UPDATE NW1um

o lusrdusadunmsaudeyaluszdu c2 imuivziunsudly

DELETE FROM TRACKING REPORTS
WHERE TNAME = 'JOHN CONNER' AND TC ='C2' AND CC ='C2'

DELETE FROM TRACKING REPORTS
WHERE TNAME = 'JOHN CONNER'’
AND TO NUM( TC) > TO_ NUM( 'C2) AND TN _C ='C2'

UPDATE TRACKING REPORTS
SET TN _C=RM LV(TN_C,'C2)
WHERE TNAME = 'JOHN CONNER'

AND LNUM( TC) > TO_NUM( 'C2") and INLB( TN C, 'C2) = I

UPDATE TRACKING REPORTS

SET ACION = null

WHERE TNAME = 'JOHN_CONNER'
AND TO_NUM( TC) > TO_NUM( 'C2")
AND AT C="'C2'

UPDATE TRACKING REPORTS

SET LOCAT = null

WHERE TNAME = 'JOHN CONNER'
AND TO_NUM( TC) > TO_NUM( 'C2")
ANDLC C="'C2'
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iRednagnau Tduddmiudiedislumaiei 2.9 fidalideyavin C1 Banilaszduaniu Md
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a ¥ [ W 1 o
AN 3.1 VDYAUNTIY ‘i]'lﬂﬂ'l‘i'l\'lﬁjl.hﬂlﬂﬂ

Name Status | from_date fo_date

Kenneth Robert | serious 1997-11-19 1997-11-21
Alexis May serious | 1997-11-19 | 1997-11-27
Natalie Sue serious 1997-11-19 1997-11-25
Kelsey Ann serious | 1997-11-19 | 1997-11-26
Brandon James serious 1997-11-19 1997-11-26
Nathan Roy serious | 1997-11-19 | 1997-11-28
Joel Steven critical 1997-11-19 1997-11-20
Joel Steven serious | 1997-11-20 1997-11-26
Kenneth Robert | fair 1997-11-21 1998-01-03
Alexis May fair 1997-11-27 | 1998-01-11
Alexis May fair 1997-12-02 | 9999-12-31
Alexis May fair 1997-12-02 | 9999-12-31
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Name Status
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Alexis May | fair
Alexis May | fair
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VALUES (433, 'h’, CURRENT _DATE, DATE ’9999-12-31")
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UPDATE LOT
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DELETE FROM LOT
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INSERT INTO LOT
SELECT DISTINCT 799, °’s’, CURRENT DATE, DATE "9999-12-31°
FROM LOT
WHERE EXISTS (SELECT *
FROM LOT
WHERE LOT ID_NUM = 799
AND TO DATE = DATE *9999-12-31")

UPDATE LOT
SET TO_DATE = CURRENT_DATE
WHERE LOT_ID NUM =799

AND GNDR_CODE <= ’s’

AND TO_DATE = DATE ’9999-12-31"
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INSERT INTO LOT
SELECT LOT_ID_NUM, GNDR_CODE, DATE *1998-10-22’, TO_DATE
FROM LOT
WHERE LOT_ID NUM = 234
AND FROM_DATE <= DATE ’1998-10-01’
AND TO DATE > DATE ’1998-10-22’

UPDATE LOT
SET TO_DATE = DATE ’1998-10-01
WHERE LOT ID NUM = 234
AND FROM _DATE < DATE ’1998-10-01"
AND TO_DATE >= DATE *1998-10-01’

UPDATE LOT
SET FROM_DATE = DATE *1998-10-22’
WHERE LOT_ID NUM = 234
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AND FROM_DATE < DATE ’1998-10-22"
AND TO _DATE >= DATE ’1998-10-22

DELETE FROM LOT
WHERE LOT ID NUM = 234

AND FROM DATE >= DATE "1998-10-01"
AND TO _DATE <= DATE ’1998-10-22’
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INSERT INTO LOT
SELECT LOT ID NUM, GNDR CODE, FROM DATE, DATE *1998-03-01’
FROM LOT
WHERE LOT ID NUM = 799
AND FROM_DATE < DATE *1998-03-01"
AND TO DATE > DATE *1998-03-01°

INSERT INTO LOT
SELECT LOT_ID_NUM, GNDR_CODE, DATE *1998-04-01°, TO_DATE
FROM LOT
WHERE LOT_ID NUM = 799
AND FROM DATE < DATE *1998-04-01"
AND TO _DATE > DATE "1998-04-01"

UPDATE LOT
SET GNDR_CODE = s’
WHERE LOT_ID_NUM = 799
AND FROM _DATE < DATE ’1998-04-01°
AND TO DATE > DATE ’1998-03-01"

UPDATE LOT
SET FROM_DATE = DATE *1998-03-01"
WHERE LOT _ID NUM =799
AND FROM_DATE < DATE ’1998-03-01"
AND TO_DATE > DATE *1998-03-01°

UPDATE LOT
SET TO_DATE = DATE *1998-04-01’
WHERE LOT_ID NUM = 799

AND FROM_DATE < DATE *1998-04-01’
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DELETE FROM LOT
WHERE LO_ID NUM =234
AND (TO DATE - FROM_DATE MONTH) > INTERVAL ’3° MONTH

miaunuunailigiu ua:ﬁﬁumﬁgmiafvzﬁ’wﬁuﬁanﬁa‘fﬁxﬁﬂifuﬂ?aq iiesnniiuni
Wlumandou dmdunmsudledeyai biculsnauilumsdredsduiindeans (msau
HUUeIENINED)  dwmsunuudanairilvgiuileetiu nazddumamissivziinnuFudon
winamsavuuy Tiaulanm

msUSudgesdeyannetiiidifamanldounlasvesTuaa ( vadoyauiaedees
naiuee niedlussaluinanaluouiaa nieernaziimsnlaoumlasluilegiunie
auna) hidudunarilegtiunedrdumamsaldmivnislsuladeyauny hiaulenan
Yudrwdenis1nudoeaueausilniudimsiinlyedeyaludnuuziin 1814 hive

o

HN



UN 4

Tns9a319veagIuvoyadualn

ar a s fda 1 s e [~ Aay ¥
msUflzagrudeyaFeduiuing lgog luilsyiuIniiguauifamuumdneaiala

]
= 1 '

- A 4w ' < Y o ¥ ¥
HU lﬂuﬁﬂﬂ'ﬂ“1“103013”17-15“5'lxlﬂnll]Jﬂ'JUﬂq]UWU"FBU'UﬂQ‘Uﬂnﬂ ANLIATLAE A

3\ ¥ o

o u’: o 2 = 9 9 =1 Ey 1 =&
53?1'1J‘1)’U'Ilﬂiﬂ'ﬂllﬂﬁﬂﬂﬂtl TIUIINTTAANNHUIGVDIVDY DAY 1uﬂﬂu1ﬂﬂﬁ1ﬁﬂ%ﬂﬂﬂ1ﬂuﬂ

y wa o
el udeyaiinuamiAvesdueaiiala

4.1 Tmm%’nua:mmnmmﬁaquavm?ﬁ‘;

1 4 A Yo ° 3 a o w o o A Vet
Tassadwiuguveudueadia i1 laimsihgudeyamiduiusmaaulaune vl
o v 3 o an 1a ¥ "
anuawssossulunnudesmsveasla luuspuanash lullugwudeyasudnums
LN s ar ar ar : 4 £ {
wpanuanliAvenal uazszauanulasaionatoszay anlune 19 1dnuasaaIun
¥ - ey 1 : 9 a a P ﬂ = o [
Apan13 lasmsiiunuautiamaniud l Taomuneduiniluszydeszauninlaoany
' Y 9 4 Yy A‘ o
1 unszAuNDa M30 tuple class (TC) 5TYANA3107 creator class (CC) HAZNUITTAVAIIY

Vasassldiuennsindeyaudazda 10y Taseadadal
R(A, C,, A, C,, ..., A, C, VT S, VT E, TT S, TT E, TC, CC)

msmudnguauianidesduludiuusnvenaniszauanuilasasvniinai
ar n’r’ ¥ a =a J o 1 dy
TAUTUITIABININMIINNYBILONNS TV ULIAIAE Tl
A aa 3 do d b oA oy Ao d ¥ o
A, folunenniiveyandanu lugudeyasuidvisudeyanianulugudoyaids
o o o = ' =1 9 d’ ] [] o ' s ¥
duiusuuulnd uaminiisadeyaiignueneen legludiunuanaenuvesnanazuand iy
b
fuvesszausunlasany
- w . o ) o ' Y Hu o o &
C, fnszauarimlasanvuesdeya Wudveniuiiudeyain Idinnvinszaula iissen
» ]
Tugwdeyauvniiszauainlasadonatsszduil aansmihdeyavinszduduuniiuves
o Y8 A o o vy c? 3 o o 3 Ve wa | 3 L 4
szauau1d Ralinisminudeyaii Idiwivinszdvla vagim ilinumniadeiudeya’ld
Tavdn TudarumIszyveassaunulasanuiues
- ﬂ s o o 1 - o 1 1
TC ( Tuple-Class ) n3oiluszaunnulasanvluszauuninanieiludisueniuilu

1 1 [ 1 & ﬂ 3 o o‘r’ ' o =2 (9 9/ o2
voya luIzAl ia AL uLiH'IJENIﬂU‘i:ﬁUUH LANAMIIIN C.. ‘Vl‘iSI!ENi:Sﬁ‘U'I]EN'lIE]UﬂﬂﬂQ‘H"I

u
-

wielu (rc] Aeiludoyai TdTumsousuluszavdnm



40

> i o ' o y_¥ y =
CC ( Creator-Class ) iludszydediiimsadaniniiuszaulaiiudadia s 1dmy

"
- |

d’d’ e ¥V ' 4 ] 3 ¥ s 4 5150'
ﬂ’J'llJﬂ”ﬂﬂ‘iC’llHllllﬂlWEl!lﬂ'it UNFINN mmmmmwaualmzﬂuma 2

= -

a = o Cand @ o n’: o Y
ﬂ"lilWlJ‘UBQLLEWIﬂ‘i'1]']LWE]‘5f)s‘l‘iUﬂﬂlﬁll‘l]ﬁ‘llﬂﬂﬂ'ﬂl]'ﬂﬁE]ﬂﬂtl'ﬂﬂ1ﬂ'i$ﬂ‘l]uu1‘ﬂclﬁllﬂ'l‘i
. 3 »
= ] 3 1 ar o o as J
!Wﬂqu‘I}B\i{l'ﬁuuﬁl‘ﬁuﬂﬂiﬂﬂfﬂﬂ[‘l]QI.LEIﬂ‘UE)i_.lﬁllﬂﬁS'iSﬂ'lJ‘b'llﬂFJﬂ‘ﬂ'lﬂﬂu‘lll'izﬂULm'] o
yq ¢ v > ¥ a o ay a4 A - ' W =
MHUBQ‘UBQP;I‘I‘tﬂlﬂﬁgiZﬂ‘Uﬂzijﬂﬂ‘ﬂﬂlﬁuﬁlﬂU?ﬂNEl'lﬂll‘llﬂllﬂﬁ'ﬂlﬁ!JE!'LI HIBUANATINU LIAZD19U

vy ' o ' gy v & : d’ﬂ =) w ¥ b ] [ |
ms 1gdeyasuiulunediunld Faimuatiilumnadoiiu duestoyaivissauRg)

" e ¥ a3 - s 3 a e Y a = A P g
TaolitiugumniansdiunainzmiounugudoyaFaduiusilng nseyaldndoya

e
¥ ] ¥
[3 ¥ =S "oa

= ar : d  w o o ° o
AEITUNTWUNAATHANUBNNUTUNAIWITOUINFINUALAMINUTIUIUTZAUFUAIIY
o da [ u‘: ' s P
Yaeansiiiogianua 1ANANAUAMINAINITONIIA
¥
$IuIuTzAUTUANUY AN Y LAY

& o

a1 718 lidnaswauvesnaiy
o w o J Y v o 4
BYAIZYNIINATIUIULDITUBYAUMUIBIANNTAVD
a @ 2 WY
AMunaIMaIaLuNn 14
. i i‘] A 44 b 'ﬂ a
VT S ( Valid Time Start ) 1ilugaisuvasmunaie ndeyaiuilui
b ) ¥
VT E ( Valid Time End ) iifugadugavesnunaidge hdoyaiuilueis Taslisauga
@ ' ¥ ¥
nawanarud lla
" ] " ¥
= s 2 a o o ¥ b
TT S ( Transaction Time Start ) tugaisuduvesniunam & mihmsunndeyaiidh
T
2

»
TT_E ( Transaction Time End ) iiugadugavosnunan/ndudrdmindeymiudaiiu

Ce

a ' a [ Y ¥ Fy -
Tlﬁ\'lﬂg ﬂznﬂu'ﬂu "AnoAnIa” EI']"‘Iﬂ‘Uﬂll‘ﬁuuqﬂElﬂ'hlﬂﬂﬁuf!ﬂ'uﬂQnﬁ‘]ﬂ:ﬁf}ﬂlﬂﬁﬂulﬁul’)ﬁ’]

Magiiuvagiimsudly
o 1 Ao aqy =y a0 v ¥ S w Y 2 '
nmsusuiih Misenseiideyaiiutsnussdugsu Madaamnsodumdoyalundas
. ' ' 2 < Y W 4 4
$2anm wiveunuveus niuiluanuilszneudioiunatsnnuye uazerwlaoumlas
' ¥ g
o [ a L | e o o o a o o
Tamasanar maiuiindeyaduineiudiner 18alinnudny Bnias1 181 anT 194 19
4 I vy v ¥ dyy o = a g o
msuf lvdeya1ade Aniumisasivdeudeyan lAnoiuiin 13 lueda Tuaaiindeaunse
[ ¥y ] s
seaiulddnsuiu
¥ =] aad v ¥ = o ' et
Joyalumsudueaiiaiidsznoudrsanunainnaedoyalumsiufernu ed1alsna
o ¥V YA o ] ¥ a o o o« any v [
asasmundeyaseninldinnuminsausugudeyaieduiusilng 14 msuisdeya
ﬂ an ca & A4 aa o o da o ¥ yq 3 r
ponilunaiia NAniAoNAveInNuMAIwsZAVYeInuaeany NN mua G 19ua
ay v & o a ¥y ' o P a4 aa £ a4 aa
azauillAnilsszdu nazasalims l9deyasuiussauould nasdnlianisneiidves
i - g o a A 4
naunedou lgswaziboa Mauludennudemess mannsonldounlasldaue nwld
'Y Pei ' ™ ' @ [ w o Y d a A A
Yoyanuanaramuluudazszay nsl¥munaniludiidimuademeess uazanuigeies
4 = Y o a o oA A oA ¥ W
vennisilasuulassivazidon uaninndnsizianmingetensennuinalededoya

M30ABYANA



41

£ < L=
4.2 ﬂ’J'Iil‘l‘iN'lEl'llﬂx‘l'llByﬂ‘lHﬂ'li'lx‘llﬂﬂ!i’]ﬂ‘l.lﬂ

) = o Ao @ ' o w A ' ﬂ
ﬂﬂaaiuﬂ]i13ﬂlﬂULﬂulﬂﬁUﬂnﬂ15anQ‘UBHﬂlﬁuﬁBQﬁ’Juﬁ_fﬂmﬂﬂ TIUVDITWITUIUUY

o

o

1 H u"‘ a = ar a a4
dunoatongauAuvesszuugudeyanilszauanuilasatsnaluszAuNABN) YO IIaIaY
a v o Y Y] Y o ! a9 £ 4
awigan weu Iueamu Tamwizdeyalussavvesnueanazszaudmndi wazdndoniisne
- B ) ° PP a - ' ' : [V ﬂ
mslasundasud ludeyamusai lanszauaueaniogeniuniniu a1t 1uunives
=3 ] ° ]
Yoyalumsrudueaiiaud) diuvesswaus lddmualinid (Tc) = « uag o] = cc
w w < g y o
Tau te tag ce Wuszaunnuasasoniold Tlumaueaa sxiluswaufaomo t = cc 11U
A g 9k a o‘/’ 3 9 ¥ w 9 n’: © o o ] <
AodlFluszamiueailudaiedoya uazveuiudeymiudmivszauaues eo1alsna
[ ] .::’ -y A Y [ [ o E = o w Ly
YoyaludiuswauiinSouailounulduonesnuiedisFanusindeyaiiludmids Taols
o o o a 4 o v o o't
¢[TC] = te' ag t[CC] = cc' TuRpvoyatiifumdanaeiio w < cc Yoyamdaliga)szanln
v 9 E Wt o oa ko 1 @ e [
adnanudeandesvesdoya Iadlszansnmmsldnulunnuuandaszaua sy
Y o ar s o ;J Yyq Yo o o
Ainuyseendmidalvglatnuiymn
o =t 3 = 3 o ' = o o o "
aedminldlsznoumsstuinstldvndredisnudanuyananindninanninduuma
4 q v ° v v Yaqg 3o a '
ria 15l uMsAIMuANIUAI8 JOB ID A1omsszyAn1viinisana iy ( TNAME 6011910
n’: a d’ ¥ a o o o ar Y
"Target Name" ) Wiaapaundlumisisii 4.1 filudoyaxiiadids vinszduanuasasos 14
» 4 2 Y
smual3li 1> c1 > Ul wazdoyamolumsndiudl (TC) < dcc) Fasanaunliiiiums
peneamdInInTzay S1 Iminduszdu C1 uazszau Ul 1diinisihaaaiu JACK ROBIN
u’: te o s -.‘.'I ' o a o M ar =] 9 A
AauaTun 10 nuoou 5esllTaslulismuasnian wWnduszau 1 awsousaiuldines
ar ar =1 = [ ' [ 1
U0 ARLIABUDIVY HAZTNTUITAY Ul uouruieandaannife wiinszdu C1 gand
o " 1 [~ " 3 4 ° o o H " T a n’:
52 U1 ua iawisousawiunndasldiiesnnifudmdanszauiiganiliun ul daiu
- 1o aw F 9 [l yo - o a u': 1o H ) o
c1 v luiianssvitedeyaludiuil mdsluuorunldesnmidalidaua un s Auviou A
9 o 'é o ¥ 9 3 o R o : Ya o H
sy Bl T _s) WuiunGmideyadignsiuiin dniudeyailieuin s nSouiaiiou
uwumshdanis Baramd wash 1T_E] 1852y Milunasamaneiiuiuiininiigamii

& o = 4 o o ’v a 1 o
W'l Feife 9999-12-31 Tinnuminedeyai lasumsiiuiiniidaiiuiiegaudailegiiu

o 3 . " 3 o
A3197 4.1 Yeyaniseanimidaniold luwaoueaiia

JOB ID | JI C | TNAME TFN C | VT § VT E TS T E IC | CcC
337 Cl1 JACK ROBIN | Cl 2006-09-10 | 9999-12-31 | 2006-09-05 | 9999-12-31 | C1 | SI
337 Ul JACK ROBIN | Ul 2006-09-10 | 9999-12-31 | 2006-09-10 | 9999-12-31 | Ul | S|




42

¥
1 o W V2 "o o [
Tunaazdeyalumisanuannsolunisuesgniia vusgiuszauanulasase

4 o ' «: = a : a 4 Y a
Yoyan ldsvoygramniuliueuiu1d TasuuaanudalusesiinnuAaneinunisanam

b
mauma:umnﬁuﬁau

ey ar i o A : o 1 3/ =1 ¥
1. Yeyaiiveniulaodldnszdumiiniu Usznoudioiuassdiuie Yeyaiiluves

Vg ¥ ¥ an yq @ o " & w o v 8 s
Tavd 104 uazdeyanvuinanglyluszaudind Fadoyanduineinszauaing i
A 4 v o wgw & o 4 “Ii_l y ¥ "
asoneziaoundasldvunudldluszdudnnsailudivesdoyarniinis
i W 3 Yo @ o '
nlasumlasdeya mstudeyamilouduilunis Pnaleldiudeyaluszdudind

L]

Tinezimsnlasunalas ledralsaviimsud lvaw 1@ ee0190m Tusia

¥ — yq ¥ ] v o 3 > yq ¥ @ 4o ' X
2 magaﬂghmmiE}mu'lﬂumﬂmjayasﬁu‘i:ﬂumm@mm Llf’l$1u§$ﬂ‘u‘nﬂ1ﬂ3] llﬂf:l‘

¥ - Y A o 3q 3 - v o ' ' o w
ﬁ51QlLﬂ'J11Ni]&'ﬂﬂﬂllizﬂll‘Uf]\iﬂ‘l‘lﬂﬂﬂﬁiﬂﬁ'lﬂ'ﬂﬂjﬂ AIDYINTUNTIIDDNATTIVNIN

=n

szAugand vnmseh 4.1 wihlueerdailudeyavesszau U, iszylae (TC]

[~ [ 1 e [ =1 o 4
uaz U, amnseusuiiuld uauodani lansoueaiuldluszdu ¢, wieuily

J o A o 1 ) o
Foyangnadiulavszdy s, Fuiluszauganiuas lildiudeyaluszduvesau
=

o
»

] . ¥
nstiuiiiimwz ludeyadnuuziiludmdidoneaaunluszduarunniu

»
=

o & v Vo o > d"ﬁ ¥
Ul&ﬁ‘lullﬂ'nl8\153ﬂ'ﬂﬂ11‘n.|53ﬂ6Ullﬂﬂ']ﬂﬂlauﬁﬂ‘lﬂiﬂﬂ'ﬁUBMEU( NIMUHITIVUD

v L4
@ o

£
U
9/ - ] vq ¥ v @ dAn 1Ay - '

doyaauazimneinizaudinn ) laodl¥szamiuinhifideyavesunldueglu

3]

e o=

3 &

=2 1 Yo o o u’;
vvesnueuwtatoyariu hilasunisvensulavgl4luszamiv

“

b

»

= ~ a ~ s M g 3
Tumsei 4.2 Wumseildnsaumsithdanuyanaiiyalssasmimeinudoyavesd
o Yo Y 1Ay va ° o
ngnliaaniu 1dun Fedgnlidaaiu ( TNAME ), msasziluvmeiu ( ACTION ), uay
4 Jﬂ v & wog P dy v
@0un (| LOCAT ) arsniidlumsiunwizsisausaiulisuiludesdinedul cc Ala
WosaniedeyanisAaniuves JACK ROBINIATidoyavesyanadenaieglumuszduy
18un s1, c1 uaz U1 Tunoausnuenl@duiioTun 15 fuviou 2006 szau s1 l@sumatiuiin
i’d’ ' lz 1o ‘d'. o 9 = s " Y o " ld.'
o dauaiui 10 Auoiou iudumisudailigiui JAcK BoBIN Idindeungiau
o s 4 0’: [ ;
noanda il Tavdeyanmualddsdoyasinszau Ul Yungldein (AT C] uaz {LC C]
i(] w = o Y ' ‘?_I Y o g @ Vet ¥ v
Audszydeszavvestoyaintudeyaunszay Ul ualudud 16 1ainsud ludoyald
¥ Py Y o ¥ aa o o A o - A
voyatdugaas duisuiugudeyauvulnafegnavnialuiui 16 vwes uazlinnuie
Tnsinaawndnasuiumunaimstiiuinndeilosdulasl (TT E] veunusnasaiu

= A A !d’ ' ' : to A =2 g
{{TT_S] Tuuadnees munamianuse lnitioglusisnaidauaiun 10 e 13 Aueou



43

=

' : - o A = ° o = i o Yt a
mnfuiduiuanuFodudmivaniunaaaiu “Alpine  course” unandy laimsilaou
arFonniinedeluszay Ul uszau c1ludmvesaniuinaniulihily "Amari Hotel"
n’: e o 3 w:r’ d"qw Ao At 3o a = lij 1 d'd] a
aaugJun 13 Wudull Fonfuluseuiiiiveyandsten lasunmsiiunnduiludeyanilusie
dmiu s1 egaeaunifeuninaeaazundinay Taog1dein (TT_E] Gallquauiiaiiuega

@ 1 3 " aa = o £
audailontiu v IdnSoueiiouiennitin LOCAT iimanfasunlasdeyaiitnma nis
o o 1 l¢¥ a - ¥ g ' WV vy " i
Amsadan it dudshuaasimuiusawsagusnidveanaunusaz

aa " a a & o e ' - o w i b 4
wenn3 01 1ded1adas: danilddoyalumsafiihusuiiRasindids "UPLEVEL" haz 14
o5u1oms 1Fauluundaly Wumstuduanudennszdu c1 Tududi 13 hlddoyalu
ar Py a ] = ¥ o et 3 a o 1
szau s1 wavuaziuualr lmiinfaeanidoiu uazez lulinsaudeyaAuoon duru

Tuneusniiuee

a 3 a o =)
M13191 4.2 Yoyaaanuyana lu Tumaoueaia

TNAME IN_C ACTION | AT C | LOCAT Ic.c VT S VI E IT S IT E rc
JACK ROBIN Ul relax u1 Alpine course u1 2006-09-10 9999-12-31 2006-09-15 2006-09-16 Sl
JACK ROBIN | Ul relax Ul Alpine course Ul 2006-09-10 2006-09-13 2006-09-16 9999-12-31 S1
JACK ROBIN | C1,Ul relax u1 Amari Hotel C1 2006-09-13 9999-12-31 2006-09-16 9999-12-31 S1
JACK ROBIN | CI relax Ci1 Amari Hotel C1 2006-09-10 9999-12-31 2006-09-11 9999-12-31 Cl
JACK ROBIN | Ul relax Ul Alpine course Ul 2006-09-10 9999-12-31 2006-09-11 9999-12-31 ul

Y s =3 I L=
4.3 ﬂ;]‘llﬂ‘l.l@ﬂ‘l.l‘lulﬂﬂli)ﬂ‘ljﬂ

Y o w . . o aa i q Y a °
nY¥e1/9RY (Integrity Constraints ) Tudmeaiadiuduaruguhilfiiannusinauves
] L
Foyanioluamse uanirsuenmilosinnsnIuguMBIiadoyad I FouINMITsTAUAIIY
Yasanuvawsyay uarguauiAveddaIsudlondl ngiinasnndidaniren 15lunsas
) o o 4 g ¥ ¥ g A
FoymnluszAuanulasadsvesauiead uanuaeandssvestoyanislumseniuises
[ ¥
9 v 1]

nez1dnaae liidw

4.3.1 npvevsnunsuiulwdueain

P wa a a4 a Aag v g A Y w0 a dp yva 1 V!

lnuauiAvesduiniaadmivwueaiifegaionumidiu Tamaui ldtinisna1ilu

1 o s ¥ o 4 o
ff':l‘il‘llﬂ&ﬂ'ﬂnﬂﬁi)ﬂﬂu‘ﬁﬁ'ltJi:;’ﬂ‘lJ‘UB\‘l [5] £51‘1ﬂ1‘11ﬂ13!.Lf?l"l'\l'lﬁ’liﬂ’ﬂillﬁlﬂzﬂuﬂﬂiﬁlﬂﬁﬂlﬂﬂl'ﬂ

Taun

€

@ o a

- NYUDIIALDUAR ( Entity Integrity )

¥
o o = o

v v . o .
- NRVDUIAUNIINAVOYABIBOU ( Polyinstantiation Integrity )

€

Aqn 3 ar ;

- npdetianuvoInuFeNAYBYATZAUAINT ( Belief-based Integrity )

-




Y e e d ad = x
- NYVOAAUNWOLTVUAY ( Foreign Key Integrity )

Y e w v =S 9 ' " .
- NHVDIIAUNTONINVDYIATIATTN ( Referential Integrity )

Y o s g o a 9 o V ' > a
151 1diimIlfulisunn Tuaawuneass venanmsdivlvnszsunlaiedanu

wa ar 3/ o e £ 3
qmﬁuumaam's{lmﬂumwaununuumnmm'lﬂmu

43.2 ngVelInuIBUAR ( Entity Integrity )
1 4, iuAcnanuenwisuivesnse g Tasiideyadlu r iuldamungdodiuiouad

g A
NABLUBYING LD ¢ e F

1. A4, € A4, =A)F null
2. 4,4, € 4, =>C]=dC) (Vufe 4, TszAuannlaeanufoinu)

3. t[VT S] <t([VT_E]uaz t{TT _S] <t[TT E]

¥ o n’: a o o d £ o 9 " 2 1
Tudosmuausmivuinn TueaFsduiusuasgiugaildinile1dn lidiuealaly
" a aa o o o
matluanialugnuennsitvesRondnuenwusun 4,
5 & aa a o o v @ I
Yosmuanassfonnuennitnlu 4, tszauanuiasanvasanuianualutniniieg
£ ] 9 = Qdc‘dﬁy = o
Tnile 1891 4, iNavineuARNLNUF RN
¥ o o y & Y a o A Y o a ¥ o
TungdenawilumssmualigadugamunardeuiandmsondoudugaiEudu nsi
a t':' [ =3 = b 4 q,: Ted 0 — = = -
isunazFugansamulSouadeudeyariu hifisrsnarniiusiuas Suumiiouvez

annun lutinnunuelag luase R

Y o s a ¥ R . P .
4.3.3 NHVBIAUMINAVIYAB1HOH ( Polyinstantiation Integrity )
o ar a : =3 4
Foyaluasn R dlulilnwngdeiunsiiadeyadidounaeio 1 <i<n Taoil A,

d  a o

Aonanuewnusuy lunsaid ludnawriesdsasimusasivualdi Al, TC, CC —> Ai,

-~

£
. o wa ar @ o o o =3
ci uin'ldswduguanifves lumuTuSauds duluaungdetsdumsiiadoyadadoun

' 8 w ' o ' o
aoiloand lufiaoand tuaz ¢ Tao t # ¢ vude 1 lduno nReadu

t{A1, TC, CC] = [Al, TC,CC] A[VT_S, VT _E]overlap '[VT_S, VT E]

A t[TT S, TT E] overlap t’[TT S, TT_E]



45

L o > o 1 o é A [ ]
Tungdersiuiilulsz Toausnilumsimualdiszduniis uaziludoyaisznmmiialin
o o ' s o 9 A ar ar
eluAId Ms 0115109 s alRonARLBNN S UN TaINuIA uA) taz luaealsz Tuada
o Yy w o a Y o & & 3 u,: N Y vt
yusunmissimualvidetisduluilse Toausnifa l@moanila o namiannivfeass luiiun
A - v @ o A d W 4 [ w A [ o w A
aulandouruiu laviinduanuenw s UNATIAUTEAIALINY taziufdansos1091u

=} ar ¥
wiounula

M13190 4.3 Yoyavnadiulumisne DETECTIVES Naziiangietiafiy

CODE CN FN ]
NAME C FULLNAME C DEPARTMENT C| ¥Vrs ¥T E rs ITE rc | cC

SHERRY | U2 TINA STONE | U2 WATCH SECTION | U2 | 2006-10-05 | 2006-11-10 | 2006-10-01 | 9999-12-31 u2 | L2

|
SHERRY | U2 TINA STONE | U2 BOMB SQUAD U2 | 2006-11-01 9999-12-31 2006-10-01 | 9999-12-31 v2 | u2

¥

P A o 9 as s Vg ¥ v =1 A
A1T1N9N 4.3 l'ﬂuﬂﬁ'NVILﬂUﬂBUﬂﬂlBQUﬂﬁniuﬂuﬂmﬂuﬂhﬁ$‘1JU§1H°UBL_IﬂlE)mﬂﬁUﬂ

L a
[}
-

sznouldlv¥ei5und10du (CODNAME),  ¥8933 (FULLNAME)  Uagniiuau
¥
(DEPARTMENT) nnng¥eiiasnuist lidesnts ifannudideunasinauvesdeya 9in

A o L] o é 0’1 1 '
Yoyaniolumsniideyavenindu SHERRY egatuiudeanidansasaualldusvend

Y Yt o 4 ¥ o ¥ @ @ o 4
ﬂalgﬂ1ﬁUﬂ15'U'u“ﬂ“'if]Uﬂuﬂ‘!ﬂ1ﬂnﬁ1ﬂ5’lul‘h’ﬂiﬁl‘lu'}lu‘ﬂ 1 F!ﬁ'lﬂu 2006 llﬁgﬂQﬂQIﬁULﬂfﬂ']T

L ; 3 =2 Y V9 o nl’d a A9 ' Y 14

mi3tiuniniigndessuiailegiiu uadeyavenindy SHERRY fifinunainaandiainldegn
bl ]
¥170914 WATCH SECTION Aauauil 5 aainy 2006 3uiia 10 wgasn1sou 2006 Tuuaiusn
&£ w o o g o ' ¥ - a Ao o '
FaFounuiudeymindu SHERRY lusrsdumdeungainissundaiianulumiisau
[ i d
BOMB SQUAD sauaasluunindesdndis msiimunamugeui Minadoyadideudu
aoun2 ludiuveinedini CODENAME iaz FULLNAME uaziian s iniuvesdoyadn i
Asanuveanonuin lurdudeungaimsoudndidi I liaunsoagl 1dimindu
¥

SHERRY 1a%1971m Tumidnau "WATCH SECTION" 38 "BOMB SQUAD" Asuiudeyalu

d’ [] = Y @ a oy : 3
M13194.3 LI11!?!3lllﬂﬂg'uE)U\'lﬂllﬂ']ilﬂﬂ‘llﬂyaﬂi'l‘ﬁﬂu

YV o ar -5'. é vr oy w 0 .
434 ﬂ:]‘llﬂi]-%ﬂ‘l.l‘\lﬂiﬂ'JliJlﬂBﬂmﬂﬂﬁﬂﬁgili:ﬂﬂnN ( Belief-based Integrity )

o v o 3 1 & Vet Yy w ' 4 o
ﬂ'ﬁﬂﬂQﬂuﬂ'J'lll'ﬁll‘“uﬁ‘UﬂﬂllUll_ﬁ53“31353’;ﬁu‘lfuiﬂﬂﬂ31ﬁﬁﬂﬂﬂﬁﬂﬁﬂu lﬂuﬁ’]u“u»'lﬂ

¥

o

mlddeyaliinanudiniuduiioanineindeyandinansznuaAsAUIZHIIIZTAVFY
~ a A ¥ Y - v o ' 3 J " o
wosninluTumaueaiinimsveulideyanszaudniannsonszvodoyavugszaAuga

« u

9 o e

ni 18 TaseaTulid dngdoenuiuld ¢ dudeyaluaisaaziiuliawngdenmuves
4 o v s U g .
AnureiuAevdyaszAuaInAlenng uad (€ruay 1 <i<n, §144)] # null A {C] <

ATC) wazdl ¢ € r 7 £14,) = 44,) A C[TC] € {(C,] A £(TC] = £[C) = dC) A £[CC] = ACC)



46

A P[A] = 4] A C[VT S, VT E] cover {VT_S, VT_E] A t[TT_S, TT_E] cover {[TT S,
TT E)

¥ o A v o Y ¥ v M Y Ay ' @ a

Tlﬂﬂlf]'l,l“ﬁﬂ'&lﬂ'lﬁUll‘lﬂi]1ﬂ33ﬂ1]ﬂ1ﬂ')1ﬁﬂaﬁﬂﬂﬂaﬂ»]ﬂ11ﬂﬂ ﬂmu‘uayaﬂg‘lusxmmwﬂﬂ

i o Ay :
ANDATIININUNTITYUYIY AU

13197 4.4 ToyavedIulua13 19 DETECTIVES hagdiangdetisny

CODE CN FN D
NAME B = FULLNAME | _C | DEPARTMENT c | vrs VT E s ITE Tc | cC
KORN U202 | JANE U2 | WATCH SECTION | €2 | 2006-11-01 | 9999-12-31 | 2006-10-05 | 9999-12-31 | S1 | SI
KIR C1 NULL U2 | WATCHSECTION | C1 | 2006-11-01 | 9999-12-31 | 2006-10-05 | 9999-12-31 | CI | CI
KORN c2 JOAN C2 | WATCHSECTION | C2 | 2006-11-01 | 9999-12-31 | 2006-10-05 | 2006-11-05 | €2 | C2
TEQUILA | Ul JACK Ul | POLICE OFFICE Ul | 2006-11-01 | 9999-12-31 | 2006-11-01 | 9999-12-31 | U1 | U1

1519903V IWAIAIDY1391AA19519 DETECTIVES 1un13131 4.4 tileaninmasimualiil

szaunnulasanluszauuenns iiuemmilevinszauund v iawisaadieniny

[

v a i o o aa A d o
ﬁﬂﬂﬂaa\'ﬁ‘&i‘ﬁ'TNIE]HﬂﬁﬁI’]Uﬁ'NiSﬁUﬂ'J]ll'ljflOﬂﬂUﬂUllBTl'ﬂ'iU'Jguuﬂﬂlﬂﬁf]i]'lﬂﬁﬂﬂ anLUIDwW

' ¥
=2 a

WUSUN 18 ANnuaeandesnnuioilinensiiveyaluszaudiniieguainauesseniy 910
Yoyalumnailumsuiideyavenindudloiudszau luuoausndeyavenindu KORN

{unodui FULLNAME 1ag DEPARTMENT 1Hudeyanfasuiein U2 uaz C2 audiau i

o

" d. =1 ar A o o
W12097 WATCH SECTION #1alimsAsdoyaniainizau C2 Faaoandeanungdoreny
M Ay dy 1A o a Yy o oo g 41 a 1 aa
Aelideyatiogeseluszau c2 uaziivoyansaiu uaed1alsnaluliegessnasasrsnaini

2 g & o o o o ¥ ¥ o - a
nsAsdeyanendInIniun s wgrsmonlludadeyaves KORN luszav 2 vz hifiogesa
o o [ o o : ' [ Y [ o
aanszyluaedul TT E Asudehideandesnumaivesnistiunin uazluneduii

z =) oA 4 J d‘ ar ' o 14
FULLNAME 1iul&limsszyiide JANE Failudeyaiiaunninszdy vz uanduluiiung
b ¥
w 1 a w W [} ad a W

Yoyaves KORN Tuszdn U2 egesananiuludiuiindlumsaziiiaderaiy

o o -:; o = = gy - ]

dmFuuninaenindy KIR Imsaedoya FULLNAME 11910 U2 fisuilu NULL uaz'hi

o " = " a o o [ L]

fiveya KIR Tuszdy U2 egiaon lulAlunmsaziiangdeinuudedialamsizmsszydu

' ' w =] | w
NULL fio luifideyaluszavars nSediiegideuilu NULL @i

4.3.5 nVeranuNeIs9UAL ( Foreign Key Integrity )

¥
o A

(3 Y o o d A da A @ = Y w e ad
ﬂﬁﬂ’l‘H‘Nﬂ‘UfJUQﬂ‘lJﬂﬂﬁi]'uﬂUIJﬂQﬂﬂﬁ?ﬂﬂﬂQﬂﬂﬂﬂﬂﬂﬂﬂlﬂuﬂﬂﬂﬁu

1. Weissufoniu NULL w5e luitlun'ld

¥
2. NN 4,4, € FK apailuszaunimnlaeaturuanuimua




47

o s o [ v 4 a H
Tudesmuansn mileudulugmdoyaFaduiusing dauludefiaouiumilon

3 o o ada = 1 a ad o o g o " o
VDUIAUIBUARA ﬂﬂﬂ1‘l~’fllﬂ1‘r‘lﬁll'l"]iﬂ‘llﬂ»iﬂﬂﬂﬁﬂuflwwu'iu'ﬂuiﬁﬂﬂﬂ’]'luﬂﬁﬂﬂﬂum'lﬂu

4.3.6 NYUBLIAUNII1IDIVEYAN 1A ( Referential Integrity )
ad ¢ ad @ o = o
Tunsdinnessuddthmiadmuald - iWhudeyalumsieiihinisdauas r, iudoyalu
4 ¥ - - @ w3 1 o o
manngnonialase, € r, uaziiy, € r, Wuszitulawngdetduideiie dmiumn

t,[FK] # null

1. t[FK]=t[4K]
2. t[TC)=t[TCI A t[CC]l=1t[CC]
3. t[VT_S VT E]covert,[VT_S VT_E] A t[TT_S TT_E] cover t,[TT_S TT E]

P Y q,: ' ar { o
I TC waz cc mifumiumneanunWeeusy vazidhudiadruawzdoyovesszay

a o 1w ¥ Y o dy & ¥ - ) ' ' o ¥ A
woaumniu ludegamodfidedadeyangndiadeseg lusranaivesdagndia tieanin

Y ay Ay &£ 1 a
ﬂﬂﬁﬂﬂlﬂyﬁﬂﬂ’ldﬂdﬂq%‘ﬂ



=
unns

MNP VIAAIDMD AR

E ¥ ¥ aw A ¥ P
Tuumilnandams IFauvesgudoyaluanudssyeas e TMuaaatannuaIsnves
3 dy 9 ar 1 d' ::' o o o LV | d;. Y d'l
gudeyail 151 lasndmedialszneuluseesaneinudninaunindume Iaeiiesninun
] o (] 1 oy 9/ :;;
nouq wagiidaounnisesuisuazidnls vinisideanisgiudoyandeyaainisn
ﬂd‘ Y c’.: Ay c;w ‘i‘_] a o v 3
nlasunasldiseass uaziideyandeamsdatluanuauiuanaasinanudi laveayana

4 o A — ' a
511"‘[ Ly Ua ﬁ’luﬁznnmﬂm:ﬁmfluﬂmm

5.1 mMamuuaszauruanulasany

dninannindy MhnumsdvaaudeyadiAgliciovreguinuis taznaloniuieau
" : A ] 2= ' o Yo ¥ - A =l - : ar
vounsangy hidszasnaaeniisan mlv lasudeyainaimndouniousnimilosiniiu o9
¥
] L ° = @ o o o °
1 liszaenadeamniitoyal)1Fluneiivey dnfumadninanunindy uiludenos
3 Al Vo ] ¥ Ao ] a A 4 ] 3/
AruRugua Yoyai IASuNIINMUIIUAIE ATumInm1Bndiniis e 15lunts
[ ] ¥ »

asuwlugmdeyaiitneadeaduna uaslinaessausuinsmosanfinsasmuyana

° ' o w o & [ ] v ar r " a
msmaulumizsnuvesdninauindy Funjaflumitsnubess &l vty (
Special Cell), wiawamtlaaiuuazaoAANBN13310 (Anti-Terrorist Cell ), nuiavaudhsz 3a

»

( Watch Section ) AZMUIBIUAIIIN ( Police Office ) Manuamiauilungutos nwlu
v & v =2 U 14 o = ot 1A A ¥ ¥ ¥
MU AA 1 53 n ngqu sniuluszau TS Timsanguidsane Iauseniugudeyald
: - 3y ¥ o A ar 1 'ﬂ 1 ] 4 o [}
Nanua wesninudiezegluszaumedny uammiuavaznques luaunsousanunu 14

v & o d
neraatluseAuFuRagIi |

{TS}
{S1,S2, .., Sn}
{C,C2, ., Co}
{Uj.,Uva., Un}

] ¥
U7 5.1 szavuguaeludninapninduy



49

] [ % o d' 9o d; ¥ o o
ﬂ'l‘iI.IJJ\311‘N')U\'I11!ﬂ11JTSﬂUﬂ’)'llJ‘lJﬂf)ﬂﬂUYlllﬂﬂ'mUﬂ‘I'ngBiﬁfT'IlJ'liﬂ'Sﬂ'H’lﬂ'J"lllﬂ'lJﬂ‘lEﬂ'Ll

v
a

o 3 o 3 aa [ @ o 9 oo A
pann3 azdendnmsvesgmdoyaiidszdunnulasadonawszavi liinduannse
4y o A @ o 1 1ay YA Y1 o A e g
yourudeyaluszauynsnuemsoszaudind ualdosniufe wihegluszauaoanun

3 ¥
Nissaueariuiu ldmmnioaminuenszauaai duna1 1and 19 usza Secret ($)
- [ T : ' Y A o o " =3 o 3 e YV '
Sszavdenilu s uaz s2 Maaesngluszau@oriunliawisoueanuiula v
4 w = 9 " P ' o ¥ ° a v
anninveariudeyainideanninduvesiadesrhe sauiaveyamsiaubnaay

o o v A Aad 9 Y 3 s - ° = 3 o - o
ff’luﬂﬂ'luuﬂaﬂll')'ﬁﬂ]i‘lﬂll'l‘\lﬂ‘!‘llflgﬁﬂ'lﬂﬂuﬂﬁ'lﬂ'ﬂ'lﬂ ADNINITAUAALAAUDI HIDUI

o

3 o " ' o 3 o ' q’ &£ 9 9q ¥ o
magaimmumam‘m&ﬂum'imn:im Chﬂjﬂii[ﬂ‘izﬂUﬁ’NuEﬂﬁ]ﬂ‘u’IUﬂQ‘Ui’)léﬂ‘ﬂﬂﬂﬂjﬁﬁ&ﬂﬂl

2]

o

ar s : 14 3 o t o n'all " Y ; U A'l Y yq ¥V o
WY ﬂﬂuuﬂ“Ill‘ilf]l'l.aﬁﬂsl’t’ﬂlﬂﬁﬂ'iBﬁ‘ﬂﬂ"liﬂWUﬂDﬂﬂ'lfN ﬂfIi:ﬂUﬁ"lﬂ’ﬂ lWO1HN1ﬂ‘UQﬂ‘€U

e

»
o 9

o o o o . 9 o ey
Jyrnihnsdudeyauazswaudeyamudida 1 uaiinanndeyalunnszausudealuil

¥
o/ = @

d' b f.'l d'ca dll o v ot () ] o
mslaoulasdeyalasyanaduiiiniesmineuenszauaaiu hitwgluszdusunean
- o v =2 v d [] = W 9 ' [T o u’: aa a
nSeand sawdeganin lannsanldeunlasdeya’ld nannldimaszausuiianslu

3 g4 A 14 [ " 3/ [ : o A q Y a o
Foyavosmueaduiuaz hiimsimedwszausuiu tie hiliinannuduau
A o o 4 o a ¥ ¥ o d'dy =) 4
nmsminduluszauniioimsmudeyadh Tl luszduawedluniiisweioninsisnu
o N A Y ' < vy @ ey
swwnudanaruie i wnummsavengnmveansaaanthmingladis aliguauia
¥ a v HdAy ) 4 Ao a
yoanaudnReIdesluiiidae nazilessnanudeniidensnuansanlasunlas’ld
& ~ " : A 1 g a
e Famsn)avulasusazaieniikaniznuasdeyalunaiss szay
= 3 4 4 Ay ya ' 1 @ 1 o v [ =1 v
fidoyadnszinnuilain 18msaonea lUgszauars uashivszduauouiula Wy
¥ ]
JouanaannuuIfaiuguAuYeg udoyaniissauanulanadonawizAy Msnunea
¥V [l o " a da ] o 3o d’ 3 P 9 A
Foyagluszavaruiludania uaz linaii s 1a5nwingiliduniia uazuondeyai

" [] 9 = 1 4 A ¥ a.u S ¥ 9 o
mmmmmu'lﬂmanmunm ma"lmwmmmmmmsﬂumﬂmmvmgmﬂuauanu

.

wawszau adwiusmnsademsuazdszauanlddsardeoyalugmdoya unun
- s dld [ - ¥ = - o =1 % " 1 [ o
milouiuueaninedeyaivInuAuIAe STAUVUNDANUTZTAVAN ua luansaniezls
o a 'a 9 @ e A A Vo1 A oA Y]
1aian mwmwmsmwan"a"lmsﬂumavmuu'mm'mu‘mnamﬂsznammumma‘lnmn
- o 1] [}
Woala Aoonae
o d A u’: ' 9 a 9 =1
anuaselumsveaiuludueaiidiu anwuanarsnng mdeyalnduas nlsoy
= " 1 9 A 3 a o ' 3 g YA ] o A oA a
miloudnsweariuldmssdoyaiiduilegiuminiy uaz li'ldlimamisszdunseiiszay
=) [ : 1 I~ I=1 o 3 i \
@iy ualudueadmisimusasmuannuamusalunsueaiuilvenianaii
) ¥ P a w a ~ - o 4 A ¥ o A
mmmsfuawm;.a'n6’1&8unm’;m‘luianﬂﬂm{luﬂsm5ﬂnm‘nuu*nfmsamu"lﬂuummﬂﬁ
v . ¥
uennniudirnineeniludeyaiiiiueuinafenamineimuams wensiniu Yoyads

] o o o o o '
llUQDﬂﬂlﬂ“ﬂﬁ1U'ﬁ$ﬂU 13 ']?nll']5ﬂllf)ﬂl'HU‘lﬁyﬁluﬁ3ﬂ'l]1lﬂ§ﬁum§uﬁ333ﬂ'un1ﬂ'ﬂ



50

§ A & waw 9o v 4 Y Y
munumghmsﬂxgmmmmmmmms:uugm'uagnuunxmﬂﬂﬂgmmmwugm

4 ° vq ¥ [
e TR 1Fmus o 11418 Tuguzvesdldniedesnuuugiudoya 151 ldaql
ANMUANTOVAD DAL LazvpINAI0013YITNB UM TUIE IS UIUYBIMS I NINTUT

¥
Tnssadansnaasae li

- DETECTIVES ( CODENAME, CN C, FULLNAME, FN_C, DEPARTMENT, D C,
VT S, VT E, TT S, TT E, TC, CC) lﬂumﬂ&ﬁuaﬂiwzﬂztﬁum’faymmﬁnﬁu Usznoudin
Founzmiova

- TARGETS ( TNAME, TN_C, BIRTHDAY, B_C, ADDRESS, A_C, VT S, VT_E, TT_S,
TT_E, TC, CC) rﬂums1uﬁmwazlﬁumaanﬂmmuﬁgﬂﬁﬂmuﬂiznaué’hﬁmﬁﬂuazﬁmj

- JOBS( JOB_ID, JI_C, OBJECTIVE, O_C, JOB_TYPE, JT_C, VT_S, VT_E, TT_S, TT_E,
TC, cC) finihit fmuau uazdoyaiidosmsdalii

- JOB_DET( JOB_ID, JI_C, CODENAME, CN_C, VT S, VT_E, TT_S, TT_E, TC, CC)
ﬁmuﬂﬁ'ﬂﬁ'uﬁ%"uﬁwam:nuﬁﬂmmﬁymi]ﬁré"hmmuﬁm nawAu

-JOB_TAR(JOB_ID, JI C, INAME, TN_C) smuaithminelusuvesdgnaaniueisiiy
oA wau il

- TRACKING_REPORTS( TNAME, TN_C, ACTION, AT _C, LOCAT, LC_C, VT S,
VT E, TT S, TT_E, TC) iiumsnuenswaziboaveathmnuihimsaaam lihezdu ms

AsER MR A0 IUN

namus 3 ldgamuidveaudueadiaiide Tasmseonuuusuenmsosnu
Tavlidosmilsdaonniianuduiirvoudumoada Weoonuuulugduuudaduiug
WIAIFIU nFammiuininslduenm3iaszduamulasaiuluszduuna (tc) Aerdaund
(CC) f’nmummn?ﬁ’n:ﬁ"ummﬂaﬂﬂﬁu'luszﬁmmw?ﬁa'\'fau_a‘luﬁfftsﬂ%ﬁadawquann?
Famudae ¢ wuld ¢ unerlua1s1e DETECTIVES 149 {CODENAME] Hszauniy
Yasanvszauuenniiiniu {CN C]

Widninannindy flszneudaonguvenindu ferezmausuiiundunisiiani
oudluiiunenuziilsznoudanindumaivau vioomezilunudes 51185 mualiudoz
nzjwmmiﬁnmﬂymjaaam“lﬁﬁs:ﬁummﬂaaﬂﬁwmmum FpthmsinisRuTues
mirsanudlugail siimuanguueninduiias iy mneddeyafiufianusunely
ﬂ'c'juFilmwuﬁ'umaua:"l%'%’ayas'anﬁ'mfwuﬂ nSsuailouiifivamsiudsaimindunnaudh

c‘\ -~ 9 =) o
WIUNWUNT E)llf’]nl‘ll‘\mll”f’llﬂtl’)ﬂu



51

13190 5.1 Yoyalua1s13 DETECTIVES

CODE CN FN D
NAME € | FULLNAME | _C | DEPARTMENT el ves VT E TS ITE rc | cc
VODKA | TS | JONATHAN | TS | SPECIAL CELL TS | 2006-11-01 | 9999-12-31 | 2006-10-05 | 9999-12-31 | TS | TS
GIN S1 | JANE SI | WATCHSECTION | SI | 2005-02-01 | 9999-12-31 | 2005-01-05 | 2006-10-05 | SI | SI
GIN S1 | JANE S | WATCHSECTION | SI | 2005-02-01 | 2006-11-01 | 2006-10-05 | 9999-12-31 | SI | SI
GIN S1 | JANE $1 | ANTI-TERRORIST | S1 | 2006-11-01 | 9999-12-31 | 2006-10-05 | 9999-12-31 | SI | SI
SHERRY | S2 | JOANNE S2 | WATCHSECTION | S2 | 2006-11-01 | 9999-12-31 | 2006-10-05 | 9999-12-31 | s2 | S2
KIR C1 | JOHN C1 | WATCHSECTION | CI | 2006-11-01 | 9999-12-31 | 2006-10-05 | 9999-12-31 | €1 | C1
KORN c2 | JOAN Cc2 | WATCHSECTION | C2 | 2006-11-01 | 9999-12-31 | 2006-10-05 | 9999-12-31 | €2 | €2
TEQUILA | Ul | JACK Ul | POLICE OFFICE Ul | 2006-11-01 | 9999-12-31 | 2006-11-01 | 9999-12-31 | Ul | UL

\ o o a LY o dy = Y a o
1NA3199 5.1 1dadumgmssivenindu GIN 1adsi Tuuosnaenindy GIN Guih
' 4 o oA v o ° [ ]
Foyadhgszuugudeyaioiui 1 quamius 2005 Taoidmiauiumitsau WATCH
o o o o A v o A Y oy
SECTION Tudui 1 quaius 2005 50011 ualuiun s garnu 2006 1atimgmisainasanis
Ysmindu GIN e Tegiinuiivau ANTI-TERRORIST Tuiuil 1 waasniou 2006 Yeya
4 a 4 y 4w 2wy 4

Tuuanasuiamsilasulasdeyaiinoiuinly dniu  TT_E] luuaanansdsasnninis
Y1 9 s " 3 -i s ciq’ d': [ u,.r’ P - 1 ey
ulvdoyadanan Piieszy fuiduganiumse aniuluuaiaudumsaaiuiingszia

=y 4 1o 1 A id. o = L o
Auinueg UM WATCH SECTION Fuiludeyanduilusiegmats GIN T
1 WATCH SECTION 9399ufiaiudi 1 wasmisou 2006 naaniudeyamindu GIN nfaou

v ¥ "
191919711 ANTI-TERRORIST  Tuduin 1 wyadniou 2006 uazilumuniuiGeouauia
o [ 14 o o o ' o A o
foyiiu Tavta Lisismuanlaou wiuldduscunsodmuanaldededassiuyndoyaves
] ] v »
vindulinesiudessindeduilumizsau diefimsnlasunlaaluudasaiaezgniuin 1l
1 - 9 Y o o & ¥ a - v o =4 vy

ptazidoa uluana11dninstiuin aceavudeyaidungnilasu lludneszgriny13de

¥ 1 v
nanvauaa luauunInLeMa D wn NG

5.2 7199 SELECT

"
o

¥
s lemdatistuuuaae il

“u

[NONSEQUENCED VALIDTIME AND TRANSACTIONTIME]
SELECT 4/, 4,...]

FROM R

[WHERE p]

[LEVELS [[[]... EXCEPT L[/ ]...]
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INSERT INTO DETECTIVES
VALUES('SHERRY", 'TINA STONE', 'U2', NULL, 'U2', DATE '2006-10-05', DATE '9999-12-31",
CURRENT _DATE, DATE '9999-12-31', 'U2', 'U2', 'U2")

INSERT INTO DETECTIVES
SELECT CODENAME, CODENAME _C, FULLNAME, FULLNAME_C,
DEPARTMENT, DEPARTMENT C VT S, DATE 200-11-01', TT_S, TT_E, TC, CC
FROM DETECTIVES
WHERE CODENAME = 'SHERRY' AND TC ='U2' AND CC = "U2"
AND VT _S < DATE '200-11-01' AND VT_E > DATE "200-11-01"
AND TT_E = DATE '9999-12-31'

INSERT INTO DETECTIVES( CODENAME, CODENAME _C, FULLNAME, FULLNAME C,
DEPARTMENT, DEPARTMENT C, VT S, VT E, TT S, TT E TC, CC)
SELECT CODENAME, CODENAME _C, FULLNAME, FULLNAME_C,
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DEPARTMENT, DEPARTMENT _C, DATE '9999-12-31', VT _E, TT_S, TT_E, TC, CC
FROM DETECTIVES
WHERE CODENAME = 'SHERRY' AND TC = 'U2' AND CC ="'U2'
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AND TT_E = DATE '9999-12-31"
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VALIDTIME '[2006-09-02, 2006-09-20)
UPLEVEL TRACKING REPORTS
GET ACTION FROM U1

WHERE TNAME ='ROBERT SIMSON'

M13191 6.4 Yoyadiotianeuldfmids UPLEVEL

™ AT Lc
TNAME C | ACTION _C | Locar c|vrs VT E TS TE c

ROBERT SIMSON | S1 PLAY GOLF | S1 ALPINE COURSE | S1 2006-09-10 2006-09-25 2006-09-15 9999-12-31 Sl

ROBERT SIMSON | Ul RELAX Ul ALPINE COURSE | Ul | 2006-09-05 | 2006-09-15 | 2006-09-20 | 9999-12-31 Ul

A13137 6.5 YoyafIetanaslFiids UPLEVEL

™ AT I
TNAME ¢ | ActioN ¢ | Ltocar clvrs VT E s TE TC
ROBERT SIMSON | SI PLAY GOLF | SI | ALPINE COURSE | Si | 2006-09-10 | 2006-09-15 | 2006-09-15 | 20060921 | Si
ROBERT SIMSON | Ul RELAX Ul | NULL S1 | 2006-09-05 | 2006-09-10 | 2006-09-21 | 9999-12-31 | Si
ROBERT SIMSON | UL,S1 | RELAX Ul | ALPINECOURSE | S1 | 2006-09-10 | 2006-09-15 | 2006-09-21 | 9999-12-31 | S1
ROBERT SIMSON | SI NULL Ul | ALPINECOURSE | S1 | 2006-09-15 | 2006-09-20 | 20060921 | 9999-12-31 | SI
ROBERT SIMSON | S1 PLAY GOLF | S1 | ALPINE COURSE | SI | 2006-09-20 | 2006-09-25 | 2006-09-21 | 9999-12-31 | Si
ROBERT SIMSON | U1 RELAX Ul | ALPINE COURSE | UI | 2006-09-05 | 2006-09-20 | 2006-09-20 | 9999-12-31 | U1
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INSERT INTO TRACKING REPORTS( TNAME, TNAME_C, ACTION, ACTION C,
LOCAT, LOCAT _C, VT_S, VT_E, TT_S, TT_E, TC, CC)
SELECT TNAME, TNAME_C, ACTION, ACTION_C, LOCAT, LOCAT C,
VT _S, DATE '2006-09-02', DATE '2006-09-21', TT _E, TC, CC
FROM TRACKING_REPORTS
WHERE TNAME ='ROBERT SIMSON'
AND TC ="'SI' AND CC = TC
AND VT _S < DATE '2006-09-02' AND VT _E > DATE '2006-09-02'
AND TT_E = DATE '9999-12-3 1"

INSERT INTO TRACKING_REPORTS( TNAME, TNAME C, ACTION, ACTION C,
LOCAT, LOCAT _C, VT S, VT_E, TT_S, TT_E, TC, CC)
SELECT TNAME, TNAME_C, ACTION, ACTION C, LOCAT, LOCAT C,
DATE '2006-09-20', VT_E, DATE '2006-09-21', TT_E, TC, CC
FROM TRACKING REPORTS
WHERE TNAME = 'ROBERT SIMSON'
AND TC ='SI' AND CC = TC
AND VT _S < DATE '2006-09-20' AND VT _E > DATE '2006-09-20'
AND TT_E = DATE '9999-12-31'

Tufda INSERT usnmimisdadoyanisdudnoeen assmsmudeyadn T Inidegiln 6.17
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new tuple

31t 6.17 umunamadsnndids UPLEVEL
Foyalun1ana 6.4 daudui 20 S 25 fuorou 2006 Seglusedy si uazlinseuaquis
ATUIIA1YBeATs UPLEVEL ﬁquu'ﬁqﬁmﬁmﬁ%’nmi’f’ayatﬁﬂus:ﬁ"u S1 #1133 ROBERT
SIMSON ‘IidunedWii ALPINE CORSE saustufi 20 &4 25 futou 2006 f1ds INSERT #
donhimIsadoyanadneen aasnsiiudeyad luinidlugidi 6.18 uazwadng

uaaalumsnan 6.5 10 5

PV
PA [ )
new tuple .

3UM 6.18 MuANa M99 INA1d9 UPLEVEL
Y - 9 =Y [ o Y 1 4:: U o oA [] :1' 1
dminiideyaduegluszdy s1 udr Franaeglunanduiiviadiuiiegluniunains
n32MIN1509MTe UPLEVEL uda fansdesinuideyaiduer]d Aaons INSERT uadlva

Y (] =y 4 L) o o o'c
Tafideyauaulumunaineguenimilonisniziiveafds UPLEVEL 1sgneudivaes
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» ¥ v
Mde INSERT Tuaeansaine mdoudinunndiouazuaizilin 617 uaz 618 lugia
AUNAIAWATUN 10 T3 15 fuIon 2006 1INAI519N 6.4 Tideyaiduegluszdu 1 uazil
dl J o r o o Q" o : o
doyandvanmisasuinluszdu Ul uazegmoldnunsziivesiida UPLEVEL dniudeai
= 3 ' o o o ' 3 ¥ g s
M15A9dDYya1 ROBERT SIMSON Masfinreusgdaiiudeyasin Ul uazdoyaaniuinl
sameglueyiss Toa GET 1WSnudeyaiduie ALPINE COURSE 101 13 nadntuaasluundi
aAWveIM13199 6.5 TavlFgamds INSERT lumisasdoyaludiungouiviu uazegniola
PA 1]
INSERT INTO TRACKING REPORTS( TNAME, TNAME_C, ACTION, ACTION _C,
LOCAT, LOCAT_C, VT S, VT_E, TT S, TT_E, TC, CC)
SELECT R1.TNAME, ADD_LV( RI.TNAME_C, 'Ul"), R2.ACTION, 'U1',
R1.LOCAT, R1.LOCAT _C,

CASE WHEN R1.VT_S>=R2.VT_S AND RI1.VT_S > DATE '2006-09-02'
THEN R1.VT S
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WHEN R2.VT_S > R1.VT_S AND R2.VT_S > DATE '2006-09-02'
THEN R2.VT S
ELSE DATE '2006-09-02' END,
CASE WHEN RI.VT E <= R2Z.VT_E AND RL.VT_E < DATE '2006-09-20'
THEN RI.VT E
WHEN R2.VT E <RI.VT E AND R2.VT_E < DATE '2006-09-20'
THEN R2.VT E
ELSE DATE 2006-09-20' END, DATE '2006-09-21', DATE '9999-12-31', R1.TC, R1.CC
FROM TRACKING REPORTS RI, TRACKING REPORTS R2
WHERE R1.TNAME ='ROBERT SIMSON' AND R1.TNAME = R2.TNAME
AND R1.TC ='SI' AND R1.CC =R1.TC
AND RI.ACTION_C <> 'UI"
AND R2.TC ='Ul' AND R2.CC = R2.TC AND R2.ACTION_C =R2.TC
AND RI.VT_S <R2.VT_E AND R2.VT S <RI.VT E
AND R1.VT_S < DATE '2006-09-20' AND DATE 2006-09-02' <R1.VT E
AND R2.VT S < DATE '2006-09-20' AND DATE 2006-09-02' <R2.VT E
AND RI.TT E=DATE '9999-12-31' AND RL.TT E=R2.TT E;

o J , dl ' o Ll = { ) o
Rnsasdeyatuinluduniideyangluszauaranie lunil 1d14Weddu AbD Lv iiu

£

‘W d o ar a g o o ' A o =< g !l ﬂ T &
\'iﬂﬂ'l'ﬁ‘i‘l.“‘i'lil'izﬂ‘ﬂﬂ']'lllﬂﬁﬂﬂﬂﬂ‘llE)Q'izﬂ‘].lﬁ'l@ﬂ'l’l'lﬂ"lﬁﬂ@‘llﬂll‘ﬁ '1Jl, HATIUHUIVDILTEN

o o S o o o & Y i
72AUANU0ANUDIRONANUENHUTUN MUNAINTL INSERT Huaaalugii 6.19
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INSERT INTO TRACKING REPORTS( TNAME, TNAME_C, ACTION, ACTION_C,
LOCAT, LOCAT C, VT S, VT E, TT S, TT_E, TC, CC)
SELECT R1.TNAME, 'Ul', R2.ACTION, 'UI", null, 'S1",
CASE WHEN R2.VT_S > DATE '2006-09-02"
THEN R2.VT S
ELSE DATE '2006-09-02' END,
CASE WHEN R1.VT S>R2.VT E
THEN R2.VT_E
ELSE R1.VT S END, DATE 2006-09-21', DATE '9999-12-31", R1.TC, R1.CC
FROM TRACKING REPORTS R1, TRACKING REPORTS R2
WHERE R1.TNAME = 'ROBERT SIMSON'
AND R2.TNAME = R1.TNAME
AND RI.ACTION_C <> 'UI'
AND R2.TC ='U1' AND R2.CC = R2.TC AND R2.ACTION_C =R2.TC
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AND R2.VT S <RIL.VT S AND DATE '2006-09-02' <R2.VT _E
ANDRI.TC="'SI' ANDRI.CC=RILTC
AND RI.VT S > DATE '2006-09-02' AND R1.VT_S < DATE '2006-09-20'
AND NOT EXISTS(
SELECT R3. TNAME
FROM TRACKING_REPORTS R3
WHERE R1.TNAME = R3. TNAME
AND R3.ACTION_C <='UI'
AND R3.TC =RI1.TC AND R3.TC =R3.CC
AND R3.VT_S<RI1.VT_S AND R3.VT_E > DATE 2006-09-02'
AND R3.TT _E = DATE '9999-12-31I"
)
AND RIL.TT E = DATE '9999-12-31I'
AND R2.TT E = DATE '9999-12-31";

PV ! )
PA -

PVonlower |

new tuple IP 7‘.‘1

31l 6.20 muna iz IumeEiiudeyanunariansde

L3 o

o o ° 2 3 " [ o n:-iv = '
Ad9 INSERT faninisasteyaninszavarngdeyaluszavaunda hiideyasslsey

IMWIZBYITHINaNAIaAluzlN 6.21

PA —
PV on lower P

new tuple }— :-j

11 6.21 munaunwzdugounudun lulidoyaruegasanaie

1in3 19A1da INSERT fatl

INSERT INTO TRACKING REPORTS( TNAME, TNAME C, ACTION, ACTION C,
LOCAT, LOCAT C, VT S, VT E, TT_S, TT_E, TC, CC)
SELECT R1.TNAME, 'U1', R4.ACTION, ‘U1', null, 'SI',
CASE WHEN R4.VT S>RI.VT E
THEN R4.VT S
ELSE RI.VT_E END,
CASE WHEN R2.VT S>R4.VT E
THEN R4.VT E
ELSE R2.VT_S END,
DATE '2006-09-21', DATE '9999-12-31', R1.TC, R1.CC
FROM TRACKING REPORTS R, TRACKING REPORTS R2, TRACKING REPORTS R4
WHERE R1.TNAME ='ROBERT SIMSON' AND R1.TNAME = R2.TNAME
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AND R4.TNAME = R1.TNAME
AND R1.TC ='SI' AND R1.CC =RI.TC
AND R2.TC ='SI' AND R2.CC = R2.TC
AND R4.TC ='U1' AND R4.CC = R4.TC AND R4.ACTION_C = R4.TC
ANDRI.VT_E <R2.VT_S
AND R1.VT_S < DATE 2006-09-20' AND DATE 2006-09-02' < R1.VT_E
AND R2.VT_S < DATE '2006-09-20' AND DATE '2006-09-02' < R2.VT_E
AND R1.ACTION_C < 'Ul'
AND R2.ACTION_C <-'UI'
AND R4.VT_S <R2.VT SANDRI.VT E<R4.VT E
AND NOT EXISTS(
SELECT R3.TNAME
FROM TRACKING_REPORTS R3
WHERE R3.TNAME = R1. TNAME
AND R3.ACTION C <'UI'
AND R3.TC = R1.TC AND R3.TC = R3.CC
AND RI.VT E <R3.VT_EANDR3.VT S<R2VT S
AND R3.TT_E = DATE '9999-12-31"
)
AND RLTT_E = DATE '9999-12-31' AND R1.TT E=R2.TT E AND R4TT E=RIL.TT E;
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PA R
PV on lower ; \
new tuple } - :4,

31l 6.22 munauemzdrunmedailudeyamunarinamemn

- Vo o ol
I35 19¥A1d9 INSERT f4id

INSERT INTO TRACKING_REPORTS( TNAME, TNAME_C, ACTION, ACTION_C,
LOCAT, LOCAT C, VT S, VT_E, TT S, TT_E, TC, CC)
SELECT RI.TNAME, 'Ul', R2.ACTION, 'U1', null, 'SI',
CASE WHEN R2.VT S >RI.VT E
THEN R2.VT S
ELSE RI.VT_E END,
CASE WHEN DATE '2006-09-20' > R2.VT E
THEN R2.VT _E
ELSE DATE '2006-09-20' END, DATE '2006-09-21', DATE '9999-12-31", R1.TC, R1.CC
FROM TRACKING_REPORTS R1, TRACKING REPORTS R2
WHERE R1.TNAME = 'ROBERT SIMSON'
AND RI.ACTION C < 'Ul'
AND R2.TNAME = R1.TNAME
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AND R2.TC ='UI' AND R2.CC = R2.TC AND R2.ACTION_C =R2.TC
AND R2.VT S < DATE 2006-09-20' AND R1.VT_E <R2.VT_E
AND RI.TC="SI"AND RI1.CC=RI.TC
AND RI.VT E <DATE 2006-09-20' AND R1.VT_E > DATE "2006-09-02'
AND NOT EXISTS(
SELECT R3.TNAME
FROM TRACKING REPORTS R3
WHERE R1.TNAME = R3. TNAME
AND R3.ACTION C <'UI'
AND R3.TC=RIL.TC AND R3.TC = R3.CC
AND R3.VT_S <DATE "2006-09-20' AND R3.VT_E>RIL.VT E
AND R3.TT_E = DATE '9999-12-31"
)
AND RIL.TT_E = DATE '9999-12-31"
AND R2.TT_E = DATE '9999-12-31";

vindoyalumisian 6.4 Franaszndeiuin 5 HaTum 10 duieu 2006 lifideyaves
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Whnia #3310% 623 mavinfmda INSERT tiogluundfiasaninaisian 65 Tuuennsin
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PV
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I R
P

PV on lower [

new tuple %

P e A . o Y a
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=) Ve u.-! o d’
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INSERT INTO TRACKING REPORTS( TNAME, TNAME_C, ACTION, ACTION C,
LOCAT, LOCAT C, VT S, VT E, TT S, TT_E, TC, CC)
SELECT R2.TNAME, 'U1', R2.ACTION, ‘U1, null, 'SI',
CASE WHEN R2.VT S > DATE '2006-09-02"
THEN R2.VT S
ELSE DATE '2006-09-02' END,
CASE WHEN DATE '2006-09-20' > R2.VT_E
THEN R2.VT _E
ELSE DATE '2006-09-20' END,DATE 2006-09-21', DATE '9999-12-31", 'S, 'S1'
FROM TRACKING REPORTS R2
WHERE R2. TNAME = 'ROBERT SIMSON'
AND R2.TC = 'U1' AND R2.CC = R2.TC AND R2.ACTION_C = R2.TC
AND R2.VT S < DATE 2006-09-20' AND DATE '2006-09-02' < R2.VT E
AND NOT EXISTS(
SELECT R1.TNAME



80

FROM TRACKING _REPORTS RI

WHERE R1.TNAME ='ROBERT SIMSON'
AND RI.TC ='SI' AND R1.CC = RL.TC
AND RL.VT_S < DATE "2006-09-20' AND R1.VT_E > DATE '2006-09-02'
AND RL.TT_E = DATE '9999-12-3 1"

)
AND R2.TT_E = DATE '9999-12-31";
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= o ’ = ¥ o o £y ¥
Tunsaiin lufidoyangluszduaraidesnisasdoyaldiimssmualdilu NULL 1vn

) a g o o o . ' o e 4 . w ¥
Tidoyauaguarlusziuaues Tudids INSERT ae hliidunsdinimsmdendiiumadio
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Aa31n 6.24

a
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v
PA | >

PV on lower | )

new tuple H
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INSERT INTO TRACKING REPORTS( TNAME, TNAME_C, ACTION, ACTION C,
LOCAT, LOCAT C, VT S, VT E, TT S, TT_E, TC, CC)
SELECT R1.TNAME, R2.TNAME_C, null, 'UI", R2.LOCAT, R2.LOCAT C,
CASE WHEN R2.VT_S > DATE 2006-09-02'
THEN R2.VT S
ELSE DATE '2006-09-02' END,
CASE WHEN R1.VT S>R2.VT E
THEN R2.VT E
ELSE RI.VT_S END,
DATE '2006-09-21', DATE '9999-12-31', R2.TC, R2.CC
FROM TRACKING_REPORTS R1, TRACKING_REPORTS R2
WHERE R1. TNAME = 'ROBERT SIMSON'
AND R2.TNAME = R1.TNAME
AND R2.ACTION_C < 'Ul'
AND R2.TC ='SI' AND R2.CC = R2.TC
AND R2.VT_S <RI.VT_S AND DATE '2006-09-02' <R2.VT_E
AND R1.TC ='Ul' AND R1.CC = RI1.TC AND R1.ACTION_C =RI.TC
AND RI.VT_S > DATE '2006-09-02' AND R1.VT_S < DATE '2006-09-20"
AND NOT EXISTS(
SELECT R3.TNAME
FROM TRACKING REPORTS R3
WHERE R1.TNAME = R3.TNAME
AND R3.TC = R1.TC AND R3.TC = R3.CC AND R3.ACTION_C = R3.TC
AND R3.VT S<RI.VT S ANDR3.VT_E > DATE '2006-09-02'
AND R3.TT_E = DATE '9999-12-3]'
)
AND R1.TT_E = DATE '9999-12-31'
AND R2.TT_E = DATE '9999-12-31";
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PV
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PV on lower } -

new tuple

a '

c;. a [F= 0} ar A Y 1 (P s ' 1
317 6.25 warnuad Tmifiauihniansdifideyaduegua i TuszAuansznieman

INSERT INTO TRACKING REPORTS( TNAME, TNAME C, ACTION, ACTION_C, LOCAT,
LOCAT C,VT 8, VT E,TT §, TT E, TC,CC)
SELECT R1.TNAME, null, 'Ul", R4.LOCAT, R4.LOCAT C,
CASE WHEN R4.VT_S>RIVT E
THEN R4.VT_S
ELSE R1.VT_E END,
CASE WHEN R2.VT S>R4.VT E
THEN R4.VT E
ELSE R2.VT S END,
DATE "2006-09-21', DATE '9999-12-31', R4. TNAME_C, R4.TC, R2.CC
FROM TRACKING REPORTS R1, TRACKING REPORTS R2, TRACKING_REPORTS R4
WHERE R1.TNAME = 'ROBERT SIMSON' AND R1.TNAME = R2.TNAME AND R4. TNAME =

R1.TNAME

AND R4 ACTION_C < Ul
AND R1.TC ='Ul' AND R1.CC = R1.TC AND R1.ACTION_C =RI.TC

AND R2.TC ='Ul' AND R2.CC = R2.TC AND R2.ACTION C =R2.TC
AND R4.TC ='S1' AND R4.CC = R4.TC
ANDRI.VT E<R2.VT S
AND R1.VT_S < DATE 2006-09-20' AND DATE '2006-09-02' < R1.VT_E
AND R2.VT_S < DATE '2006-09-20' AND DATE '2006-09-02' < R2.VT_E
AND R4.VT S <R2.VT SANDRI.VT E<R2.VT E
AND NOT EXISTS(

SELECT R3.TNAME

FROM TRACKING REPORTS R3

WHERE R3.TNAME = R1.TNAME
AND R3.TC = R1.TC AND R3.TC = R3.CC AND R3.ACTION_C =R3.TC

AND RI.VT E <R3.VT EANDR3.VT S<R2VT S
AND R3.TT E = DATE '9999-12-31'

)
AND R1.TT_E = DATE '9999-12-31' AND R1.TT_E =R2.TT_E AND R4.TT E =RI.TT E;
8/ ~ [ " @ A = o =1
nndoyaveuthnunelumsien 6.4 Tugiwaiszninaiun 15 6320 fAurwu 2006 3
YoyaiAuved ROBERT SIMSON ogluszau s1 ualifideyasgluszau ul uazeglu
AUAINTEAIUeIMds UPLEVEL 1¥éids INSERT lumsudludeyaifiegiaulviiu

NULL nsai iiimuna luszaudnd uailuszaugan mevnasgili 6.26
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PV
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new tuple —)
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' tY
1im3 19A1Ya INSERT fail

INSERT INTO TRACKING REPORTS( TNAME, TNAME C, ACTION, ACTION _C,
LOCAT, LOCAT C, VT S, VT E, TT S, TT_E, TC, CC)
SELECT R1.TNAME, R2Z.TNAME _C, null, 'UI', R2.LOCAT, R2.LOCAT C,
CASE WHEN R2.VT S>RI.VT E
THEN R2.VT S
ELSE R1.VT_E END,
CASE WHEN DATE 2006-09-20' > R2.VT_E
THEN R2.VT E
ELSE DATE '2006-09-20' END,
DATE '2006-09-21', DATE '9999-12-31', R2.TC, R2.CC
FROM TRACKING REPORTS R, TRACKING REPORTS R2
WHERE R1.TNAME = 'ROBERT SIMSON'
AND R2.TNAME = R1.TNAME
AND R2.ACTION C <>'Ul'
AND R2.TC ='SI' AND R2.CC =R2.TC
AND R2.VT_S < DATE '2006-09-20' AND R1.VT E<R2.VT E
AND R1.TC ='Ul' AND R1.CC =R1.TC AND R1.ACTION C =RI.TC
AND R1.VT_E < DATE 2006-09-20' AND R1.VT_E > DATE '2006-09-02'
AND NOT EXISTS(
SELECT R3.TNAME
FROM TRACKING REPORTS R3
WHERE R1.TNAME = R3.TNAME
AND R3.TC =‘UI' AND R3.TC = R3.CC AND R3.ACTION_C = R3.TC
AND R3.VT_S < DATE '2006-09-20' AND R3.VT E>RI.VT E
AND R3.TT_E = DATE '9999-12-31'
)
AND RI.TT_E = DATE '9999-12-31'
AND R2.TT_E = DATE '9999-12-31";
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199 UPDATE @300 11
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UPDATE TRACKING_REPORTS
SET TT_E = DATE '2006-09-21"
WHERE TNAME = 'ROBERT SIMSON'
AND ACTION_C <="UI'
AND TC ='SI"AND TC = CC
AND VT_S < DATE 2006-09-20" AND DATE '2006-09-02' <VT_E
AND TT_E = DATE '9999-12-31";
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CREATE OR REPLACE TRIGGER DETECTIVES SEQ DUPLICATE
AFTER INSERT OR UPDATE ON DETECTIVES
DECLARE
VALID INTEGER;
BEGIN
SELECT 1 INTO VALID
FROM DUAL
WHERE NOT EXISTS(
SELECT D1.CODENAME
FROM DETECTIVES D1, DETECTIVES D2
WHERE D1.CODENAME = D2.CODENAME AND D1.TC = D2.TC AND D1.CC = D2.CC
ANDDI.TT S<D2.TT EANDD2.TT S<DI.TT E
ANDDI.VT S<D2.VT EAND D2.VT S<DI.VT E
AND D1.ROWID '= D2.ROWID
);
EXCEPTION
WHEN NO DATA FOUND THEN
RAISE_APPLICATION_ERROR( -20001, 'CODENAME MUST BE SEQUENCED UNIQUE));
END DETECTIVES SEQ DUPLICATE;
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A Multilevel Secure Bitemporal Database
System

Worawit MEANRACH, and Suphamit CHITTAYASOTHORN

Abstract—Multilevel  database security is a  security
management which provides clearance levels for users. It also
provides classification labels for the data. Most multilevel secure
database systems employ the mandatory access control as
proposed by Bell and La Padula. Most research works apply the
multilevel secure technique to conventional relational databases.
This research project proposes an extension to the mandatory
access control so that it suits our application requirements.
Moreover, the support of bitemporal database features is also
included. Both valid time and transaction time are added to the
already complex multilevel secure relational database. Integrity
rules for this new model are introduced and finally, an extension
to the SQL language is proposed to be used on the data model.

Index Terms—Databases, Dimensional Databases, Multilevel
Security, Temporal Databases

I. INTRODUCTION

Multilevel secure (MLS) database systems are database
systems that provide several clearance security levels for

users. The clearance levels are attached to each attribute
and also attached to tuples. According to current literatures [3-
11], users whose clearance level is equal or higher than the
clearance level of the data items can read them. Users may
write facts and the facts can then be accessed by users whose
clearance level is higher than or equal to the one who writes.
These read and write properties are according to the classic
simple security properties proposed by Bell and La Padula [2].
At present, most MLS research works are based on the
relational database model.

A temporal database is a database that supports some
aspects of time, not counting user-defined time (an
uninterpreted attribute domain of date and time). There are
three major categories based on the relational model namely
the valid time state table, transaction time state table and
bitemporal tables. Conventional database applications
nowadays assume that all the facts which are kept in the
database are ™true"™. This assumption follows the 2-value
logic: "If found then true, if not found then false." If a fact is
updated, the new fact replaces the old one. For example, John
Doe decided to change his first name by the end of 2002 and
became Peter Doe. After the update took place, there is no
John Doe in the database. Any new reports and queries that
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refer to the person, even the ones that refer back to the data
before the end of 2002, refer to him as Peter Doe.

A kind of temporal database table called "'valid time state
table™ has been introduced. Valid time start and valid time end
are attached to the end of each tuple of a relation. The
insertion of each tuple to such a relation requires a timestamp
of the valid time of the facts on the tuple. This insertion
activity is trivial. The hard parts are delete and update
operations.

A temporal delete operation is not the same as a
conventional delete one. It may involve marking the old tuple
to be valid up to the deletion date, insert a new tuple and
delete the existing tuple. The actual operations required
depend on the relationship between period of validity of the
fact to be deleted and the period of applicability of the
deletion.

Temporal updates face similar challenges. Qne cannot
replace an old fact by a new fact. The tuple that contains the
new fact may be marked invalid and new tuples may need to
be inserted. The actual operations required depend on the
relationship between period of validity of the fact to be
updated and the period of applicability of the update. Once the
temporal delete and update operations are properly performed,
queries on facts which are true over periods of time are
possible.

A transaction time state table is intended to be used for facts
whose state is not supposed to be changed according to time.
For example, the height of a mountain is assumed not to be
changed with respect to human life. However, with better
measurement technology, different values of the height are
recorded for each measurement time. The transaction time
state table keeps facts and the time those facts are recorded (or
believed to be true).

Bitemporal database tables keep facts whose states can be
changed in time (valid time) and the time that they are
recorded. [12-14]

This research paper presents an original approach to
incorporate the concept of multilevel secure database on
bitemporal databases. Only one previous work on MLS and
temporal database is found [1] based only on valid time state
table. A motivation of this work is our intention to create an
MLS database system for an intelligence organization. There
are many user levels range from Top to Public. Top officers
not only would like to see facts entered by lower-level officers
but also would like to enter facts to users with different
clearance levels under them. Officers with different clearance
levels may see different facts of the same real situation.
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Lower-level officers may enter facts which are valid over
period of time, according to their belief, as reports to higher
level officers. A higher level officer may choose to accept
("'up-level™) a fact from one of the facts reported to him on the
same subject matter.

According to the application requirements, the MLS simple
security properties have to be modified in order to allow facts
entered by higher level users to be seen by lower level ones.
Also, both valid time and transaction time are required in this
MLS environment. In summary, this paper describes the
logical data structure for an MLS bitemporal database.
Integrity constraints and an SQL-like data manipulation
language for the MLS bitemporal database tables are also
presented.

II. MULTILEVEL SECURE DATABASE

The major difference between a conventional database and a
multilevel secure database is that the conventional one has
only one level of data. Permitted users of the conventional
database are allowed to have access to the same data. MLS
database, on the other hand, has several security clearance
levels for the users and security labels for data objects such as
files, records or fields. Data classification levels can range
from Top Secret (75), Secret (S), Classified (C) and
Unclassified (U). User's clearance levels are also classified this
way. The hierarchy is 7S>S§> C> U.

Existing MLS database systems all follow two following
basic rules [2]:

1) The Simple Security Property: A subject can read an
object only when it has the same or higher clearance level than
the classification level of the object.

2) The *-Property: A subject can write an object only when
its clearance level is the same or lower than the classification
level of the object.

SHIP OBJ DEST | TC
Enterprise Spying Mars TS
Enterprise Spying Pluto C
Enterprise Shipping Pluto 8]
Fig. 1. A SOD classic MLS instance
SHIP OBJ DEST
Enterprise Shipping Pluto

Fig. 2. A SOD classic MLS instance at level U/

In brief, a subject can read an object which is written by
someone with a lower security level and can write/overwrite
and object so that someone higher can read it as well. As an
example, Fig. 1 shows a classic MLS table SOD (Starship,
Objective, Destination). 7C is the tuple class which represents
the classification level of each tuple. A TS-subject can see all
data since it has the highest clearance level. A C-subject can
s¢e only the last two tuples and a U-subject can see only the
last tuple. In the case that the U-subject is the lowest level
subject, it should see the tuple without the TC attribute as
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shown in Fig. 2. The MLS characteristic that allows different
users to have different views on the same database is called

SHIP | SC OBJ OC | DEST | DC | TC
Enterprise | U Spying C Mars TS | TS
Enterprise | U Spying C Pluto U &
Enterprise | U | Shipping | U Pluto U U

polyinstantiation.
Fig. 3. A SOD MLS instance

Classification levels can also be assigned to each attribute as
well. As an example, Fig.3 shows security labels SC, OC, DC
which are used to keep classification levels of SHIP, OBJ and
DEST respectively. The tuples show objectives and
destinations of the Enterprise as seen by users from different
levels. The TS users see that the ship goes to Mars for a spying
mission but the U users see it as going to Pluto for shipping
and the C users see a spying mission at Pluto. Higher level
users also see lower level tuples. Classification levels at the
attributes show the origin of the facts. For example, the fact
that the Enterprise goes spying is originated at the C level and
believed by 7S. Similarly, the fact that its destination is Pluto
is originated by U and believed by C. The fact that it actually
goes to Mars is both originated and believed by TS.

M. MULTILEVEL SECURE BITEMPORAL DATA MODEL (MSBD)

A. Data Structure

The proposed MSBD model incorporates more labels to the
MLS database. A tuple creator classification CC is introduced
to each tuple to denote the originator of the tuple. Valid time
and transaction time are also introduced to each attribute. The
structure is as follows:

R( A, TT), VT,, C), A5, TTs, ¥VT5, Cs, ..., Ay, TT,, VT, C,
TC, CC)

The motivation behind the introduction of the time labels is
because we would like to see the fact which is believed to be
true at present, facts that were believed to be true in the past
and even those which are expected to be true in the future. The
creator class is introduced because we would like to know the
clearance level of the creator so that we will know if the tuple
is generated from a higher level as a command or propagate up
from a lower level as a report.

The MSBD model allows both commands and reports.
Unlike other MLS systems that allow only reports up to the
higher level, we introduce the concept that a higher-level
subject should be able to write and allow lower-level ones to
see. The newly introduced creator level CC identifies the
creator of a tuple. For eachtuple t € relation instance r,

ift{TC] = t[CC] the tuple is a report one;

ift{TC] < t{CC] the tuple is a command one.

Time granularity can be specified at the creation of the
table. It could be month, week, day, minute or second or more
detailed ones. The open-close format of the time interval is
used through out the paper. The beginning symbol '[' denotes
the beginning of the period and ')’ denotes the end of the
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SHIP STT SVT sSC OBJ OTT ovT OC | DEST DTT DVT | DC | TC | CC
Enterprise [3.0) | [4) |U Shipping | [3.0) | [7.11) U, Mars [30) | [7I1D) | C G el
Enterprise [3.0) [4,0) U, Shipping | [3,) [7.11) U, Mars [3.0) [7.11) | U, U, U,
Enterprise [3.0) [4,0) U, Spying [3.20) [8.11) U, Uranus | [3,00) | [9.12) | U; U, U,
Voyager [3,0) [4,%0) U, Spying [3,0) [7.11) U, Pluto [3,:0) [7,12) | U, U, U,

Fig. 4. A SOD MSBD instance

period but excluding the specified time. For example the
period [1Jan04,1Jan05) means the period from and including
1Jan04 to 31Dec04. This kind of period format is used by the
temporal database community because it is easy to check time
period continuity and overlapping. In the case that the end time
is 'o0’, it means the fact is a current fact.

B. User Hierarchy

In the original MLS database, there are different subject
levels as previously described. In the MSBD model, we
introduce multiple subject levels within the same clearance
level. For example, instead of having only a U level, we allow
several U levels U, U,,...,U,. This is a useful feature since a
higher level subject may choose to write a fact to only some of
the U-level subjects and may also want to see facts entered by
only some of the U-level subjects. This is a discretionary
access control since U; cannot see U,'s facts and vise versa.
Fig. 5 show the user hierarchy of the MSBD model.

{75}
A
15}
A
{c}
A
{Ul. (j‘?)---Un}

Fig 5. A user hierarchy for the MSBD model

IV. INTEGRITY RULES

The MSDB model has six integrity rules namely:
e  Entity Integrity
e Polyinstantiation Integrity
¢ Belief-based Integrity
e Command and Report Integrity
e Foreign Key Integrity
* Referential Integrity

A. Entity Integrity

Let 4; be the apparent primary key of R such that instance r
of R satisfies the entity integrity when each and every ¢ € r:

1)A; € Ay = 1[A;] # null

2)A4;, A; € Ay = 1[C]] = ([C]] ( That is Ay belong to the same
level)

3)A, 4; € A= ([TT] = ([TT]) A{VT] = 1[VT}]

4)A; ¢ Ay = 1[C]] = t[CA] ( when CA, is the classification of
the apparent primary key)

5)A; & A= f[TT] c {TT) A VT < H[VTi]

B. Polyinstantiation Integrity

Instance r of R satisfies polyinstantiation integrity when 1 <
i < n, where 4, is the apparent primary key,
DA, TT, TT;,..., TT,, TC, CC 2> C;
2)A4,, C, C, TT;, TT,, ..., TT, CC > A;

The actual primary key of the relation is A;, C;, Cs, ...
TC, CC can be obtained as follow:

A‘l, T'T;, TT;I, . TTm TC, cC~> C;,

A, C, TT, TT,,..., TT,, TC, CC > A4;, C;

. Gy,

C. Belief-based Integrity

Belief-based integrity is a key property in MLS database. It
allows consistent propagation of facts from lover levels to
higher levels. The belief-based integrity is defined as follow:

Instance r of a multilevel relation R satisfy belief-based
integrity whent € rand 1 <7 <n, if #{4,] # null A {{C;] < H{TC]
and there exist#' € r such thattT4,, C;] = 1[4, C,] A t[TC] =
1G] = {C) A t1CC] = H{[CC] A 114} = f]A]) A TT)] < tTTT)]
ATT] < tTIT]

This integrity rule is based on the concept that a c-tuple
comprises all facts which are accepted by a c-subject which
may not be the creator of the facts.

D.Command and Report Integrity

A relation R satisfies Command and Report integrity if a
tuple ¢ € relation instance r has {VT}] = [fisarsis tosiopi)s HLTT;] =
[Zistarti» tistopi) that follows the conditions:

1) Vhystopi < tistars = H{TC] = H{CC]

2) Vostopi 2 tisari = t[TC] = {CC] v t[TC] < {CC]

3) There is no other periods apart from the ones specified by
the above two rules.

The first rule allows the valid time period of a fact can be
the time in the past only when the fact is a reported one. The
second one allows reports and commands to be in the present
time and the future. The last one enforces that the command
cannot be given to the time in the past.

E. Foreign Key Integrity
This one enforces that all foreign key value must have the
same level:
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1) All 4, A; € FK must have the same level.
2)4, 4, € FK=> {TT] =TT A {VT] = 1[VT}

F. Referential Integrity

In the case that a foreign key value is not null, let », be an
instance of a referencing relation and r, be an instance of a
referenced relation and f;, € r; and t; € r, The referential
integrity is satisfied if
1) 4,[FK] = 1:[4K]
2)4[TC] = £[TC]

3) 1[Crx] Z 12[Cax]
4) 4;[TTrg] < 12[TTax]

The second rule enforces that both the primary and
secondary key must belong to the same tuple level. The third
one 1;[Crx] = t:[Cax] allows the value to be propagated from
a lower level and the last one allows a value to be borrowed up
from a lower level.

V.AN MSBD SQL LANGUAGE

An extension to the SQL language is proposed. Several
keywords are introduced to support the new concepts. The
temporal part is obtained from the TSQL language [12]. MLS
keywords on levels are added as follow:

e me is the level of the current user.

e anyone is every levels that can see the data.

e Below(]) is all level which is lower than [ where / is
the level of the current user.

e Above(l) is all level which is higher than / where /
is the level of the current user.

A. INSERT command:
[VALIDTIME PERIODS (4,[.4,],...) VALUES (ai.a]....)
INSERT INTO R(A[,4]...)
VALUES (al. al. ...)
[LEVELS J[./]... EXCEPT /,[,/,]...]

The INSERT command may have a valid time specified to
enforce that the facts which are to be inserted are true during
the specified period. Levels play important roles here since
they determine the intension of the insert. If the level in the
LEVEL clause is the current level, then the insert is a report
activity. Some higher level users are expected to read and use
the data. In the case that the levels are lower than the current
user’s level, then the insert is a command to some lower level
ones.

B. UPLEVEL command:

[VALIDTIME PERIODS (4,[,4,]....) VALUES (a[,q],...)

UPLEVEL R

GET 4, FROM ¢/[, 4, FROM ¢]] ...

[WHERE p]

When higher-level subjects would like to use facts entered
by lower-level users by bringing the facts to be their own facts,
an UPLEVEL statement can be used. This command brings the
required data from a specified lower level up to the current
user’s level. The uplevel activity must follow the belief-based
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integrity rule.

After the UPLEVEL statement is applied, the system may
insert new rows or replace existing rows with new values. As
an example, an S-subject has seen and verified that the facts
entered by Ul are true. It then uplevels the facts to be its own
facts on the 22™ of a month. This can be done by using the
command:

VALIDTIME PERIODS (SHIP) VALUES ([14,20))
UPLEVEL SOD

GET OBJ FROM U1, DEST FROM Ul

WHERE SHIP = 'Enterprise'

A new tuple will be created. The new S-level tuple will have
the same apparent primary key and level as the Ul subject
between the day 14 to 20.

C. UPDATE command:
[VALIDTIME PERIODS (4,[,4,],...) VALUES (a[,a],...)
UPDATE R
SET 4;=s[, 4=5s] ...
WHERE p
[LEVELS /j[,1])... EXCEPT /,[./,]...]

The UPDATE command can be applied by a current-level
subject as a report purpose. It can be used as a command on
lower levels. The command can be applied to data which has
the same classification level as the clearance level of the user.
As an example, suppose a Ul subject knows that during the
day 17 and 18 the Enterprise will come to Earth, the
corresponding UPDATE statement will be as follows:

VALIDTIME PERIODS (DEST) VALUES ([17,18))
UPDATE SQD

SET DEST = 'Earth'

WHERE SHIP = 'Enterprise'

D DELETE Command.

[VALIDTIME PERIODS (4,[,4],...) VALUES (a[.a],...)
DELETE

FROM R

[WHERE p]

[LEVELS /[,}]... EXCEPT L,[,],.]...]

The subject who would like to delete tuples must have a
clearance level equal to the classification level of the tuples.
Of course, tuples which satisfy the WHERE condition will be
deleted. Other tuples at higher level that use values from the
deleted tuples will also be deleted or have attribute values set
to null.

Note that in all of the above cases, transaction time will be
automatically recorded after the operations are completed.
Also, INSERT, UPDATE and DELETE activities are temporal
activities. UPDATE and DELETE, in particular, are not
always physically deleted. Some of the them may physically
have the Valid time marked as no longer valid only.
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SHIP STT SVT | SC OBJ OTT ovT oC DEST DTT DVT DC | TC | CC
Enterprise [22,0) | [14,0) | U, Exploration | [22,00) | [15.17) U, Uranus [22,23) [16,18) U, S S
Enterprise [22,20) [140) | U, Exploration | [22,00) | [15,17) U, Uranus [23.0) [16,17) U, S S
Enterprise [22,00) | [14,00) | U, | Exploration | [22,e0) | [15,17) U, Earth [23,25) [17,18) U, S S
Enterprise [200) | [14,0) | Uy | Exploration | [20,00) | [15,17) U, Uranus | [20,23) [16,18) U, U | U
Enterprise [20,0) | [14,20) | U, | Exploration | [20,00) | [15,17) U, Uranus [23,00) [16,17) U, u |y
Enterprise [20.0) | [14,0) | Uy | Exploration | [20,00) | [15,17) U, Earth [23,0) [17,18) U, u | U

Fig. 6. The query result of a temporal query

Examples of these temporal operations can be found in [12].

E. SELECT statement:

[NONSEQUENCED VALIDTIME AND
TRANSACTIONTIME]

SELECT A4,[, A>...]

FROM R

[WHERE p]

[LEVELS 4[,/]... EXCEPT 4,[/,,]...]

The SELECT statement has both the temporal and
multilevel secure extension. The detail of its functionality
would require a separate paper. However, we can give an
example here. Suppose an S-subject would like to find a
mission record on the day 22. This is a "sequenced" valid time
and "nonsequenced" transaction time. The SELECT statement
is as follow:

VALIDTIME AND NONSEQUENCED
TRANSACTIONTIME

SELECT *

FROM SOD

WHERE TRANSACTIONTIME(SOD) OVERLAPS TIME
l22l

LEVEL anyone

The query result is as shown in Fig 6.

V1. CONCLUSION

This paper presents the combination of Multilevel Secure
(MLS) and Temporal Database concepts. This new concept
enables users and data to be classified. Data are introduced to
the system both for report purpose and for command purpose.
Valid time and transaction time are also introduced so that one
could request information which are true in the past, present
and future together with the record time. Integrity rules and an
extension to the SQL language is also described.
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